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IEVADS

Darba aktualitate

Pasaulg ir daudz pétijumu par augsnes telpiskas izplatibas likumsakaribam (Jenny,
1941; Hudson, 1992; McBratney, 1998; Phillips, Marion, 2005). Tie parada dazadu
vides faktoru nozimi augS$nu procesu attistiba, morfologija un ipasibas. Tradicionali
par galvenajiem dabiskajiem augsnes veidoSanas faktoriem tiek uzskatiti cilmiezis,
klimats, reljefs, biologiskie faktori (augu un dzivnieku valsts) un augsnes veidoSanas
ilgums (augsnes vecums). Svariga nozime augsnes veidosanas procesa ir antropogénajai
darbibai. Minétie faktori nosaka procesus augsn€ un tas attistibu, pieméram, organisko
vielu uzkraSanos, podzolésanos, lesivésanos, glejoSanos un citus procesus. Savukart
mingto procesu attistiba, ka arT mijiedarbiba dazados vides apstaklos ir loti atSkirigas, un
tas arT biezi nosaka augsnu daudzveidibu (Targulian, Krasilnikov, 2007). Vienlaikus tiek
atzits, ka pastav daudz problému saistiba ar konkrétas augsnes klasifikacijas lietoSanu
augsnes telpiskas izplatibas likumsakaribu noskaidrosana, tapec daudzviet augsnes
zinatnieki joprojam nav vienojusies par konkrétu vides apstaklu ietekmi uz augsnes
telpisko izplatibu regionala un lokala aspekta (Gray et al., 2009). Nepilnigas zina$anas
par vides apstakliem dazreiz noved pie augsnes veidoSanas procesu parvert€Sanas vai
nenovertesanas, kas rada konkrétas augsnes klasifikacijas lietoSanas un to savstarpgjas
salidzinaSanas problémas (Reintam, 2002). A. Makbratnijs (McBratney et al., 2003)
norada, ka ir griti atrast pétfjumus, kuros ir skaidri aprakstitas likumsakaribas starp
dazadiem augsnes veidoSanas faktoriem un to daudzveidigo ietekmi uz augsni.

Latvija lidz Sim relativi maz ir pétitas tieSi meza augsnes un to izplatibas likum-
sakaribas. Lielako ieguldijumu meza augsnu izpete ir devis Henrihs Mezals (Mezals,
1980), petot brinzemju veidosanas likumsakaribas. Latvija tikpat ka nav veikta meza
zemju augsnu kart€Sana. Padomju perioda, sadarbojoties institiitam ,.Zemes projekts”
ar Leningradas Vissavienibas lauksaimniecibas aerofotogeodézisko instititu, méroga
1 : 100 000 ir veikta 11 Latvijas rajonu meza zemju augs$nu kart€Sana (Nikodemus,
2001). Zemes izmantoSanas un augsnes aizsardzibas politikas dokumentos tiek uzsvérts,
ka Latvija tuvakaja laika viens no nozimigakajiem uzdevumiem ir veikt meza augSnu
kartesanu (Zemes parvaldibas..., 2010).

Ne mazak svariga nozime meza augsSnu telpiskas izplatibas likumsakaribu
noskaidrosana ir oglekla bilances aprékinasanai, p&tot meza ekosistému lomu oglekla
piesaisteé, ka arT meza ekosistemu kritiska limena aprékinasanai, modelgjot vides
piesarnojuma risku. Ieprieks mingto likumsakaribu izp@te ir svariga ari, planojot zemes
izmanto$anu un apsaimnieko$anu. Tas viss kopuma nosaka p&tfjumu aktualitati.

Latvija lidz $im lielakaja dala augsnes pétfjumu tikusi izmantota nacionala
augsnes klasifikacija, kas rada zinamas problémas augsnes informacijas apmaina Eiropa
un pasaule (Karklins, 2005). Tapéc promocijas darba, petot savstarpgjas izplatibas
likumsakaribas starp augsni un geologiskajiem nogulumiem, reljefu un meza tipiem, tika
lietota starptautiska FAO WRB (The international Food and Agricultural Organization
soil classification system World Reference Base for Soil Resources) augsnu klasifikacija.



Promocijas darba liela uzmaniba pieversta augsnes attistibai péc lauksaimniecibas
zemju apmezo$anas. Minétais jautajums ir aktuals Latvija, jo, lidzigi ka daudzviet Eiropa,
liela dala meZa zemju ir veidojusas uz bijusajam lauksaimniecibas zemém. No 1925. lidz
2007. gadam meza platibas Latvija ir palielinajusas no 25 lidz 54,7% (Kronitis, 1991;
Vasilevskis, 2007; Latvijas statistika, 2010). Aprékini liecina, ka dabiski apmeZojusos
lauksaimniecibas zemju platiba Latvija ir 298 tikst. ha, turklat visintensivak dabiska
apmezoSanas notikusi valsts austrumu dala (Lazdins, 2011). Tatad Latvija meza zemju
vecums ir dazads, un tas atskirigi ietekm@ augsnes genézi (augsnes veidoSanas procesus),
morfologisko pazimju un fizikalo un kimisko Tpasibu mainibu.

Promocijas darba mérkis

Noskaidrot aug$nu un to TpaSibu mainibas likumsakaribas Latvijas meza ekosist€mas
un to ietekmgjoSos vides faktorus.

Promocijas darba uzdevumi

1. Apkopot zinatnisko literatiru par augS$nu veidoSanos, daudzveidibu un tas
ietekm&josajiem faktoriem meza ekosistemas.

2. Izmantojot starptautiski akceptetas metodes, noskaidrot
2.1. meza augsnu telpisko izplatibu ietekm&josos vides faktorus;
2.2. meza aug$nu fizikalo un kimisko ipasSibu telpisko mainibu atkariba no

geologiskajiem nogulumiem un meZa tipiem.

3. Noskaidrot lauksaimniecibas zemju apmezo$anas ietekmi uz augs$nu morfologiju un

augs$nu fizikalajam un kimiskajam ipasibam glacigénos nogulumos.

Darba novitate

Promocijas darba izpé&tita nozimigako vides faktoru (geologisko nogulumu, meza
tipu) ietekme uz meza augs$nu telpisko izplatibu, genézi un ipasibam. Iepriek§ minétas
izpétes rezultatus var uzskatit par novitati ka Latvija, ta arT visa ledaja nogulumu
akumulacijas apgabala Eiropa un Ziemelamerika.

Starpdisciplinaras zinatniskas izp€tes rezultata, izmantojot vides zinatnes,
geografijas, geologijas, biologijas un kimijas pétijumu metodes, iegiita informacija par
Latvijas meZa aug8nu TpaSibu izmainam p&c lauksaimniecibas zemju apmezosanas.

Pirmo reizi Latvija ir novértéta ne tikai meza augSnu daudzveidiba atbilstosi
starptautiskajai FAO WRB aug$nu klasifikacijai (IUSS Working Group, 2007; Karklins,
2008) un Latvijas m&roga izpetiti to ietekmgjosie faktori, bet arT ieglita informacija par
augsnes genézes, morfologijas un fizikalo un kimisko ipasibu izmainam dazada vecuma
meza zemes, kur parastas egles (Picea abies (L.) H. Karst.), ara bérza (Betula pendula
Roth.), baltalk$na (4lnus incana (L.) Moench) un parastas apses (Populus tremula L.)
kokaudzes ir veidojusas uz bijusajam lauksaimniecibas zemeém.

Praktiska izmantoSana

Promocijas darba izstrades laika ieglitos rezultatus, atzinas, ieteikumus, izstradatos
risindjumus un rekomendacijas iesp&jams izmantot vides petijumos, samazinot petjjumu
izmaksas, aug$pu kart€Sana, to metozu uzlaboSana, atvieglojot augSnu geografiskas



izplatibas robezu noteikSanu un dzilrakumu profilu izveli, ka ari vides procesu un
augsnes tipu un 1pasibu (t. sk. granulometriska un kimiska sastava) mainibas modelésana
un prognoze$ana, pieméram, oglekla bilances aprékinasana, ka ar1 kartéSana. legiitie
rezultati ir butiski teritoriju racionala un ilgtsp&jiga apsaimniekosana.

legiita informacija un rezultati ir nozimigi arT starptautiska méroga saistiba ar
ainavu ekologiskas sukcesijas gaitas ietekmes izpéti uz augsnes genézi, morfologiju un
Tpasibam, apmeZzojot lauksaimnieciba izmantojamas zemes.

legiitie rezultati ir svarigi tadu problému risinasana, kas saistitas ar augs$pu
informacijas harmonizaciju starptautiska méroga. Viens no augS$nu kart€Sanas
risingjumiem ir optimiz&t Latvijas teritorijas augsnu kartéSanu méroga 1 : 50 000, jo
$aja meroga ir pieejama pietiekosi detalizeta informacija par Latvijas dabas resursiem,
geologiskajiem nogulumiem, vides problémam, meZa tipiem un koku sugu sastavu.

Promocijas darba iegiitie rezultati nakotng uzlabos un atvieglos augspu kart€sanu
regionala méroga (1 : 50 000) boreali nemorala regiona, kur augsnes ir veidojusas uz
vela Vislas apledojuma (glacialajiem) nogulumiem, ko sedz postglacialie eolie, jiras,
ezeru, aluvialie un purvu nogulumi.

Petijuma rezultatu aprobacija

Promocijas darba rezultati ir apspriesti un atspoguloti 10 zinatniskas publikacijas,
2 starptautiskos zinatniskos kongresos, 12 starptautiskas zinatniskas konferences,
13 Latvijas m&roga konferences.

Promocijas darba pétijumu rezultati ir izmantoti akadémiskos bakalaura un magistra
studiju kursos Latvijas Universitates Geografijas un Zemes zinatnu fakultate, ka ar1 vadot
piecus bakalaura darbus un sniedzot konsultacijas divu magistra darbu izstradasana.

Publicetie petijuma rezultati
Zinatniskas publikacijas

1. Kasparinskis R., Nikodemus O. 2012. Influence of Environmental Factors on Forest
Soil Spatial Distribution and Diversity in Latvia. Estonian Journal of Earth Sciences.
61(1):48-64. (Zurnals ir indekséts §adas zinatnisko izdevumu datubazes: Science
Citation Index Expanded™ (Web of Science); GEOBASE database (Elsevier/Geo
Abstracts); SCOPUS® database; EBSCO Publishing database (Academic Search
Premier).)

2. Kasparinskis R., Kukuls I., Nikodemus O., Rolavs N., Tabors G. 2011.
Lauksaimniecibas zemju apmezo$anas ilgtermina ietekme uz augsnes morfologiju
un T1pasibam. Mezzinatne. 24(57):17.-40. (Rakstu krajums ir indeks@ts $adas
zinatnisko izdevumu datubazes: CAB Abstracts; AGRIS.)

3. Grantina L., Seile E., Kenigsvalde K., Kasparinskis R., Tabors G., Nikolajeva V.,
Jungerius P., Muiznieks I. 2011. The Influence of the Land Use on Abundance and
Diversity of Soil Fungi: Comparison of Conventional and Molecular Methods of
Analysis. Environmental and Experimental Biology. 9:9-21. (Zurnals ir indeksgts
§ada zinatnisko izdevumu datubaze: Thomson Reuters.)



10.

Kasparinskis R., Nikodemus O., Kukuls 1., Tabors G., Freimane A. 2011. Changes
of Soil Properties and Processes Due to Afforestation of Agricultural Lands. Book of
proceedings ,, 100 years Bulgarian Soil science, International Conference”. 1:241-
245.

Kukuls I., Kasparinskis R., Ansone L. 2010. Lauksaimniecibas zemju apmezo$anas
ietekme uz augsnes humusu. Latvijas Universitates Raksti, 767. séj. Zemes un vides
zindtnes. 93.-103. (Rakstu krajums ir indekséts zinatnisko izdevumu datubazg —
AGRIS.)

Grantina L., Seile E., Malinovskis U., Tabors G., Kasparinskis R., Nikolajeva
V., Muiznieks I. 2009. Particular Characteristics of Soil Microbial Communities
in Forest Stands Infected with Heterobasidion Parviporum and Armillaria spp.
In: Microorganisms in Industry and Environment From Scientific and Industrial
Research to Consumer Products. Proceedings of BioMicroWorld2009 — III
International Conference on Environmental, Industrial and Applied Microbiology.
World Scientific Publishing Company Pte Ltd. 86-91.

Nikodemus O., Kasparinskis R., Tabors G. 2008. Soil Mapping in Latvia According
to the International FAO WRB 2006 Soil Classification. Problems and Solutions.
Vagos. 80(33):68-74. Lithuanian University of Agriculture. (Zurnals ir indekséts
zinatnisko izdevumu datubazé — CAB Abstracts.)

Nikodemus O., Kasparinskis R., Kukuls I. 2012. Influence of Afforestation on Soil
Genesis, Morphology and Properties in Glacial Till Deposits. Archives of Agronomy
and Soil Science. In press. (Zurnals ir indekséts $adas zinatnisko izdevumu
datubazes: EBSCO; SCOPUS.)

Ruskule A., Nikodemus O., Kasparinska Z., Kasparinskis R., Brumelis G. 2012.
Patterns of Afforestation on Abandoned Agriculture Land in Latvia. Agroforestry
systems. In press. (Zurnals ir indekséts $adas zinatnisko izdevumu datubazes:
Science Citation Index Expanded (SciSearch); SCOPUS,; EBSCO; Elsevier Biobase;
Geobase; VINITI - Russian Academy of Science.)

Grantina L., Bondare G., Janberga A., Tabors G., Kasparinskis R., Nikolajeva V.,
Muiznieks I. In press. Monitoring Seasonal Changes of Northern Temperate Zone
Spruce Forest Soil Microbial Populations. Estonian Journal of Ecology. (Zurnals
ir indekséts $adas zinatnisko izdevumu datubazés: Cambridge Scientific Abstracts;
IBIDS database; ISI® database; Scopus® database; Academic Search Premier
(EBSCO Publishing database), WilsonWeb.)

Zinojumi starptautiskajos kongresos un konferences, publicétas tezes

1.

Kukuls I., Kasparinskis R., Nikodemus O., Ansone L. 2011. The accumulation of
the organic matter and the change of humification process following afforestation of
abandoned farmland. In: Program and Abstracts Book “Soil Science in a Changing
World”. Wageningen, The Netherlands, 273.

Kasparinskis R., Nikodemus O., Kukuls I., Tabors G., Freimane A. 2011. Changes
of Soil Properties and Processes Due to Afforestation of Agricultural Lands. In:

Book of proceedings ,, 100 years Bulgarian Soil science, International Conference”.
Sofia, Bulgaria, 1:241-245.



10.

11.

12.

Kasparinskis R., Nikodemus O. 2010. Environmental factors influence on forest soil
spatial distribution and diversity in Latvia. In: Book of Abstracts of geoENV 2010 //
8th International conference on Geostatistics for Environmental Applications. Ghent
University, Belgium, 188-191.

Ruskule A., Nikodemus O., Kasparinska Z., Kasparinskis R. 2010. Impacts of
natural reforestration of abandoned agricultural land on structure of rural landscape
in Latvia. In: PECSRL the Permanent European Conference for the Study of the
Rural Landscape, 24th Session — Living in Landscapes: Knowledge, Practice,
Imagination. University of Latvia, Faculty of Geography and Earth Sciences, 119.
Ruskule A., Nikodemus O., Kasparinska Z., Kasparinskis R. 2010. Paterns of
afforestation process in abandoned agriculture land in Latvia. In: Forest landscape
and global change: New frontiers in Management, Conservation and restoration.
Book of abstracts of the IUFRO Landscape Ecology Working Group International
Conference, September 21-27. Braganca, Portugal, 78.

Kasparinskis R., Nikodemus O. 2009. Soil degradation risk assessment
opportunities in Latvia. In: Proceedings of the International conference of Soil
degradation, February 17-19. Riga, Latvia, 98.

Kasparinskis R., Nikodemus O., Zelchs V. 2008. Influence of geological factors on
soil forming and morphology in coastal Lowland, Latvia. In: Proceedings of 33rd
International Geological Congress, August 6-14. Oslo, Norway.

Kasparinskis R., Nikodemus O., Zelchs V. 2008. Role of Geological Factors
on Soil Forming and Morphology in Western Latvia Coastal Plains. In: Book of
Abstracts ,, EuroSoil 2008”. Blum W. E. H., Gerzabek M. H., Vodrazka M. (Eds.)
Europe Soil Congress, August 25-29, Vienna, Austria, 116.

Grantina L., Malinovskis U., Tabors G., Kasparinskis R., Nikolajeva V., Muiz-
nieks I. 2009. Particular Characteristics of Soil Microbial Communities in Forest
Stands Infected with Heterobasidion Parviporum and Armillaria spp. In: Program
and Abstracts of the SNS PATHCAR Nordic/Baltic Forest Pathology Meeting, 28"
of September — 2" of October 2009. Palanga, Lithuania, 44.

Nikodemus O., Kasparinskis R., Tabors G. 2008. Soil Mapping in Latvia
According to the International FAO WRB 2006 Soil Classification. Problems and
Solutions. The international scientific conference to commemorate 50 years jubilee
of Lithuanian Soils Science Society at the Lithuanian Academy of Sciences ,,Soil in
sustainable environment”. September 24-26, Lithuanian University of Agriculture.
Kasparinskis R. 2007. Land degradation assessment challanges and Latvian
perspective. International workshop on Land Degradation Risk Assessment and
Criteria Development methodologies in Europe. 21.-22. septembris. Nica, Latvija.
Kasparinskis R., Nikodemus O. 2007. Svétes pagasta aug$nu kart€Sanas re-
zultati atbilsto$i starptautiskajai FAO WRB 2006 aug$nu klasifikacijai. Pasaules
vides fonda, VSIA ,Vides projekti” un ANO Attistibas programmas istenota
projekta ,Latvijas kapacitates nodroSinasana ANO konvencijas ,,Par cinu pret
partuksne$osanos/zemes degradaciju” ievieSanai” seminars ,,Augsnu informacijas
izmanto$ana teritorialplanosana”, 24. oktobris, Svéte, Latvija.



Zinojumi konferences Latvija un publicétas tezes

1.

10.

11.

Kasparinskis R., Kukuls I., Nikodemus O. 2011. Lauksaimniecibas zemju
aizaugSanas ietekme uz augS$nu gen€zi, morfologiju un Tpasibam. Apvienotais
pasaules latvieSu zinatnieku 3. kongress un letonikas 4. kongress. Sekcija ,,Vides
kvalitate Latvija: esosais stavoklis, izaicinajumi, risinajumi”, 50.-51.

Eglite K., Kasparinskis R. 2011. Slapekla bilance nitratu jutigajas teritorijas Latvija.
Apvienotais pasaules latviesu zinatnieku 3. kongress un letonikas 4. kongress.
Sekcija ,,Vides kvalitate Latvija: esoSais stavoklis, izaicinajumi, risinajumi”,
37.-38.

Kasparinskis R., Kukuls I., Nikodemus O., Tabors G., Liepin$ 1. 2011. Augsnes
morfologisko un fizikali kimisko Tpasibu maina lauksaimniecibas zemju apmezo$anas
rezultata. Geografija, geologija, vides zinatne. Referatu tézes. Riga: LU Geografijas
un Zemes zinatgu fakultates 69. zinatniska konference, 114.-115.

Rolavs N., Freimane A., Kasparinskis R. 2011. Podzol&Sanas procesa raksturojums
Zvardes apkartné. Geografija, geologija, vides zinatne. Referatu tézes. Riga: LU
Geografijas un Zemes zinatgu fakultates 69. zinatniska konference, 207.-209.
Kukuls 1., Kasparinskis R., Ansone L. 2011. Lauksaimniecibas zemju apmezo$anas
ietekme uz augsnes humusu. Geografija, geologija, vides zinatne. Referatu tézes.
Riga: LU Geografijas un Zemes zinatnu fakultates 69. zinatniska konference, 136.
Kasparinskis R., Nikodemus O., Tabors G., Liepin$ I. 2010. Podzol&S$anas procesa
attistiba meZu augsnés. Geografija, geologija, vides zinatne. Referatu tézes. Riga:
LU Geografijas un Zemes zinatnu fakultates 68. zinatniska konference, 113.-114.
Zadina M., Kasparinskis R. 2010. Augsnes granulometriska sastava ietekme uz
lauksaimniecibas zemju augsnes virskartas struktiiragregatu stabilitati. Geografija,
geologija, vides zinatne. Referatu tézes. Riga: LU Geografijas un Zemes zinatnu
fakultates 68. zinatniska konference, 254.-255.

Eglite K., Stalidzans D, Kasparinskis R., Timbare R. 2010. Augsnes granulometriska
sastava nozime nitratjonu dinamika nitratu jutigajas teritorijas Latvija. Geografija,
geologija, vides zinatne. Referatu tézes. Riga: LU Geografijas un Zemes zinatnu
fakultates 68. zinatniska konference, 73.

Bondare G., Grantina L., Tabors G., Kasparinskis R., Nikolajeva V., Muiznieks I.
2010. Augsnes mikroorganismu populaciju sezonalas izmainas. Referatu tezes.
Riga: LU Biologijas fakultates 68. zinatniska konference.

Kasparinskis R., Tabors G., Nikodemus O., Stalidzans D. 2009. Augsnu veido$anas
un morfologija Piejuras zemiené. Geografija, geologija, vides zinatne. Referatu
teézes. Riga: LU Geografijas un Zemes zinatnu fakultates 67. zinatniska konference,
66.-68.

Zadina M., Kasparinskis R., Liepins I. 2009. Lauksaimnieciba izmantojamo augsnu
struktliragregatu stabilitates noteikSanas metodikas aprobacija Svétes pagasta.
Geografija, geologija, vides zinatne: Referatu t€zes. Riga: LU Geografijas un Zemes
zinatnu fakultates 67. zinatniska konference, 153.-154.
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12. Liepins 1., Kasparinskis R., Tabors G. 2007. Meza augs$nu izp&tes rezultati
Kurzemes mezu ekosistemas 2006. gada. Geografija, geologija, vides zinatne.
Referatu tézes. Riga: LU Geografijas un Zemes zinatnu fakultates 65. zinatniska
konference, 235.-237.

13. Kasparinskis R. 2005. Ekologisko procesu telpiskas izpausmes Rigas pilsétas
dabas teritorijas. Geografija, geologija, vides zinatne. Referatu tézes. Riga: LU
Geografijas un Zemes zinatnu fakultates 63. zinatniska konference, 178.-179.

Autora ieguldijums

Promocijas darba autors lauka darbu apstaklos ir piedalijies vairak neka 80 augsnes
parauglaukumu apraksti§ana, nosakot novietojumu reljefa, geologisko nogulumu geng-
tisko izcelsmi un sastavu, mezaudz€ domingjosas koku sugas, to vecumu un meza tipu;
aprakstijis dzilrakumu profilus atbilstosi starptautiskajai F40 WRB augsnu klasifikacijai;
veicis fotofiksaciju un ievacis paraugus no augsnes genétiskajiem horizontiem; piedalijies
$adu projektu 1stenosana, kas saistiti ar promocijas darba izstradasanu:

* LR Zemkopibas ministrijas meza attistibas fonda, meza monitoringa /CP Forest,
pétnieciskas programmas Forest Focus un Latvijas Valsts mezzinatnes instittta
»Silava” vaditais projekts ,,Meza augsnu inventarizacija un mezu biologiskas
daudzveidibas novertésana BioSoil”,

« ANO Attistibas programmas un Pasaules Vides fonda projekts ,Latvijas
kapacitates nodrosinasana ANO konvencijas ,,Par cinu pret partuksnesoSanos/
zemes degradaciju” ieviesanai” un LR Zemkopibas ministrijas meza attistibas
fonda un Latvijas Valsts mezzinatnes institlita ,,Silava” vaditais izp€tes projekts
»Mezsaimniecibas pielagosana klimata izmainam”;

* Latvijas Zinatnes padomes grants ,Lauksaimnieciba izmantojamo zemju
apmezo$anas ainavekologisks vértgjums (09.1118)”;

 Latvijas Zinatnes padomes grants ,,Geografisko un geologisko procesu un faktoru
ietekme uz Latvijas dabas apstakliem un sabiedribu (09.1568)”.

Latvijas Universitates Geografijas un Zemes zinatnu fakultates augs$nu laboratorija
promocijas darba autors ir organizgjis 208 augsnes paraugu sagatavosanu un piedalijies
to (zavesana Iidz gaissausam stavoklim, sijasana) turpmako fizikalo (augsnes
granulometriska sastava noteikSana) un kimisko analizu (pH,.; apmainas elementu
(Ca*, Mg, K*, AP, Fe**, Mn*) 0,1M BaCl, $kiduma izvilkuma; nesilikatu jeb ,,brivo”
vai ,,amorfo” Al, Fe, Mn savienojumu 0,2M skaba amonija oksalata $kiduma) noteikSana
atbilstos$i USDA (The United States Department of Agriculture) (2004) un FSCC (Forest
Soil Co-Ordinating Centre) (2006) metodém, izmantojot atomabsorbcijas spektrometru.

Promocijas darba autors ir statistiski analizgjis iegiitos datus, ka arT interpretgjis
rezultatus.
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Pateicibas

Promocijas darbs izstradats ar Latvijas Zinatnes padomes grantu ,,Lauksaimnieciba
izmantojamo zemju apmezo$anas ainavekologisks vertejums (Nr. 09.1118)”, ,,Geografisko
un geologisko procesu un faktoru ietekme uz Latvijas dabas apstakliem un sabiedribu
(Nr. 09.1568)” un Eiropas Sociala fonda projekta ,,Atbalsts doktora studijam Latvijas
Universitate” Nr. 2009/0138/1DP/1.1.2.1.2/09/IPIA/VIAA/004 finansialu atbalstu.

Bitiska nozime promocijas darba izstradasana bija LR Zemkopibas ministrijas
Meza attistibas fonda, meza monitoringa /CP Forest, pétnieciskas programmas Forest
Focus un Latvijas Valsts meZzzinatnes institita ,,Silava” vaditajam projektam ,,Meza
aug8$nu inventarizacija un mezu biologiskas daudzveidibas novértésana BioSoil”, ka ari
ANO Attistibas programmas un Pasaules Vides fonda projektam ,,Latvijas kapacitates
nodrosinasana ANO konvencijas ,,Par cinu pret partuksnesosanos/zemes degradaciju”
ievieSanai” un LR Zemkopibas ministrijas MeZza attistibas fonda un Latvijas Valsts
mezzinatnes institlita ,,Silava” vaditajam izp&tes projektam ,,MezZsaimniecibas pielagosana
klimata izmainam”.

Promocijas darba autors izsaka pateicibu darba vaditajiem — Latvijas Universitates
Geografijas un Zemes zinatnu fakultates prof. Dr. geogr. Olgertam Nikodemus, prof.
Dr. habil. chem. Marim Klavinam, ka arT visiem, kas palidz€jusi darba rezultatu
sasniegSana, 1pasi Dr. silv. Andim Lazdinam, prof. Dr. geol. Vitalijam ZelCam, prof.
Dr. biol. Viesturam Melecim, prof. Dr. biol. Guntim Brimelim, Dr biol. Guntim
Taboram, Dr: biol. Didzim Elfertam, Dr: chem. Lindai Eglitei, Mg. biol. Leldei Grantinai,
Mg. sc. mundi amb. Ingum Liepinam, Mg. geogr. Martinam Lukinam, laborantam
Konstantinam Viliguram, doktorantam Imantam Kukulam, ka arT Didzim Stalidzanam,
Naurim Rolavam, Jurijam Rakutam un Valtam Vindedzim.

Ipasi sirsnigu pateicibu par atbalstu promocijas darba autors izsaka savai gimenei —
Ainai, Zanei, Laurai Livai un Ralfam Rudolfam Kasparinskiem, ka art Agrim Briedim.
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1. MEZA AUGSNU PETIJUMI LATVIJA

Kartgjot visu lauksaimniecibas zemju augsnes méroga 1 : 10 000, Latvija ir uzkrata
relativi bagata informacija par lauksaimniecibas zemju augsném (Boruks u. c., 1967;
Boruks u. c., 2001; Boruks u. c., 2002; Karklins, 2005). Latvijas 11 administrativajiem
rajoniem ir sastaditas lauksaimniecibas un meza zemju aug$nu kartes méroga 1 : 100 000.
KartéSana veikta, balstoties uz genétisko aug$nu klasifikaciju. Uz min&tas augsnu
informacijas bazes 20. gs. vidd ir izstradata Latvijas augsnes karte me&roga 1 : 400 000
(Manpas, 1977; Mezals, 1980; Karklins, 2005), kuru joprojam izmanto dazados augsnes
resursu un vides parskatos. Tomer §1 kartografiska informacija ir relativi nepreciza, jo
triikst precizu datu par meza zemju augsném (Nikodemus et al., 2008).

Latvijas meza augsnu izp&té nozimigako ieguldijumu devis Henrihs Mezals (1980),
kas pétijis brinaugs$nu veidoSanos un Latvijas meza aug$nu humusu. Atseviski p&tfjumi
par skabarzu mezaudzu augsném ir Adolfam Krauklim un Anitai Zarinai (2002), par
atsevisku augu sabiedribu izplatibu — Marim Laivigam (1977, 1984, 1998, 2000, 2001).
No 1990. lidz 1992. gadam regionala meza monitoringa laika M. Laivina (Laivins$ u. c.,
1993) vadiba ir izpétitas arT meza augSnu kimiskas pasibas. Ir zinams, ka vegetacijas
mainiba ir atkariga no abiotiskajiem faktoriem, tomér, ka secinajusi Solvita Riisina
(2007), informacija $aja zina Latvija ir nepilniga.

Nozimigu informaciju par augsnes geokimisko sastavu sniedz Latvijas geokimiskas
karte$anas rezultati méroga 1 : 500 000 (Gilucis, Seglins, 2003). Kartésana veikta no
1999. Iidz 2002. gadam. Pamatojoties uz Siem datiem, Aivars Gilucis (2007) ir petijis
mikroelementu un makroelementu satura un izplatibas likumsakaribas Latvijas augSnu
virsgjos horizontos, arT meza augsnés. Mingtajos petijumos tika konstatéts, ka tradicionala
»genétiska” augsnu klasifikacija regionalos geokimiskos pétijumos nav piemérojama
augsnu geokimisko analizu datu sadali$anai izlasés un to turpmakajiem novert&jumiem.
Kimiskie elementi ar identisku uzvedibu hipergénos apstaklos Aivara Giluca promocijas

Kartgjot vides piesarnojumu, vairakos pétljumos par izpetes objektu izmantota
augsne, ka ar1 petits smago metalu saturs meza aug$nu horizontos (Brumelis, Nikodemus,
1995; Briumelis et al., 2002). Integrala monitoringa ietvaros ir veikti p&tfjumi par kimisko
vielu plismam Latvijas priezu mezu ekosistémas, ar1 augsnés (Danilevica u. c., 2004;
Terauda, Nikodemus, 2006, 2007; Térauda, 2008).

Apkopojot visus Sos pétljumus, var secinat, ka kopuma Latvija trikst korektas
informacijas par meza augsném, to izplatibas likumsakaribam, veidoSanas procesiem un
TpasStbam. Augsnu izpete galvenokart izmantota Latvijas augSnu klasifikacija, kas nedod
iespgju nodro$inat starptautiskas institlicijas ar tam saprotamu informaciju (Karklins,
2002, 2005). Turklat Latvija tiek lietotas Padomju Savieniba standartizétas metodes un
interpretacijas, kas butiski atSkiras no starptautiski izmantotajam metodeém. Atseviskus
petijumus saistiba ar datu transformaciju no Latvija ieprieks izmantotajam uz starptautiski
rekomend@&tajam metodém, lietojot analitisko metozu savstarp&ju salidzinasanu, ir veicis
Aldis Karklin$ (Karklins, 1997; 2005).
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Visaptverosa meza augSnu izpete, ka ari aprakstiSana atbilstosi starptautiskajai
FAO WRB aug$nu Kklasifikacijai Latvija uzsakta 2005. gada Eiropas pirma Iimena
meza monitoringa, ES programmas Nr. 2152/2003 par mezu un vides mijiedarbibas
monitoringu Kopiena (Forest Focus) un starptautiskas sadarbibas programmas (/CP
Forests) starptautiska projekta ,,MeZza aug$nu inventarizacija un biologiskas daudzveidibas
novertésana” (BioSoil) ietvaros. Mingtaja projekta piedalijas arT §1 promocijas darba
autors. Pamatojoties uz monitoringa rezultatiem, ir sagatavoti vairaki parskati (Zadeika,
2005, 2006; Lazdins, 2008) un atseviskas publikacijas par Latvijas mezu augsném un to
Tpasibam (Bardule u. c., 2009; Kasparinskis, Nikodemus, 2012).

Izmantojot starptautisko FAO WRB augsnu klasifikaciju, 2007. gada ir aprakstitas
un kartetas Sveétes un Nicas pagasta augsnes (Nikodemus et al., 2008). Tas ir viens no
pirmajiem méginajumiem Latvija lietot ieprieks minéto klasifikaciju lauksaimniecibas un
meza zemju augsnu kartesana.

Latvija Iidz $im nozimigakos petfjumus par lauksaimniecibas zemju apmezoSanu
specialos stadfjumos un to ietekm&josam augS$nu Tpasibam ir veikusi LVMI ,Silava”
zinatnieki (Kaposts, 2006; Daugaviete, 2004; Daugaviete u. c., 2008; Bardule, Lazdins,
2010). M. Daugaviete (2004) ir noskaidrojusi arT Latvija izplatitakajam koku sugam
vispiemérotakos augsanas apstaklus, veicot lauksaimniecibas zemju apmezoSanu.

Savukart L. Grantinas vadiba (Grantina et al., 2009, 2011) ir veikti atseviski p&ttfjumi,
lietojot konvencionalas un molekularas mikrobiologijas metodes, lai noskaidrotu augsnes
mikroorganismu sabiedribu mainibu saistiba ar lauksaimniecibas zemju aizaugsanu.
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2. MEZA AUGSNU TELPISKA MAINIBA UN TO
IETEKMEJOSIE FAKTORI

2.1. Literataras apskats

Augsnes zinatne (angl. — pedology) tradicionali ir saistita ar augsnes morfologijas,
veidoSanas faktoru un procesu klasifikacijas, geografijas un kart€Sanas pétijjumu
virzieniem (Sokolov, 1996; Buol et al., 2003; Bockheim et al., 2005). Augsnes segas
telpiskas likumsakaribas saistiba ar vides apstaklu ietekmi uz augsnes veidoSanos,
augsnes procesiem un evoliiciju pasaul€ ir plasi pétita (Fridland, 1976; Ibafiez et al.,
1995, 1998; McBratney, 1992, 1998; Phillips, Marion, 2005). Augsnes veidoSanas faktoru
izp@te ir ciesi saistita ar gen&tiskas augsnu klasifikacijas attistibu (Buol et al., 1973), kura
augsnes tiek grupétas jeb iedalitas p&c to gengzes, t. i., péc augsnu veidoSanas apstakliem
un procesiem, ka ar péc augs$nu svarigakajam argjam (morfologiskajam) un iek$gjam
(fizikalajam, kimiskajam) ipasibam (Skujans, 1970).

Misdienas augsnes zinatné popularaka pieeja ir balstita uz izstradato augsnes
veidosanas faktoru vienadojumu (aprakstits turpmak), kas ir augsnes veidosanas faktoru
kompleksu likumsakaribu vienkar$oSanas lidzeklis matematiska izteiksmé& un dod iesp&ju
augsnes Tpasibu interpretaciju nodro$inat attieciba uz tas genétisko vésturi. Tomér no
pragmatiska skatpunkta Sis vienadojums nekad lidz Sim nav atrisinats (Crowther, 1953;
Kline, 1973; Phillips, 1998; Bockheim et al., 2005).

19. gs. otraja pusé V. V. Dokucajevs pirmais atzina, ka augsne veidojas klimata,
dzivo organismu, reljefa un cilmieza mijiedarbibas rezultata (Bockheim et al., 2005).
Dokucajevs un velak Glinka (Glinka, 1914), Dzofijs (Joffe, 1936) un Marbuts (Marbut,
1927) uzskatija, ka augsnes evoliicijas faktori ir c€loni, kas nosaka augsnes veidoSa-
nos un Tpasibas. Savukart Dzofijs (Joffe, 1936) pazinoja, ka augsnes veidosanas faktori
veido apstaklu kopumu, kas nosaka augsnes veido$anas procesus. Saja sakard Sovs
(Shaw, 1932) izstradaja pirmo augsnes veidoSanas faktoru vienadojumu:

S=M(C+V)T+D,

kur M = cilmiezis, C = klimats, V' = dzivie organismi, 7 = laiks, D = augsnes
izmainas erozijas un uzkraSanas procesu rezultata.

Tomér vélak Dzenijs (Jenny, 1941) pazinoja, ka augsnes veidoSanas c€lonu
interperetacija ir atSkiriga, jo katru augsnes ipasibu var aplikot gan ka c€loni, gan
ka ietekmi. Atbilstosi vina viedoklim augsnes veidoSanas faktori nav c€loni, bet ir
neatkarigie mainigie.

Lidz ar to vins precizgja Sova (Shaw, 1932) augsnes veidoanas faktoru vienadojumu,
izsakot to sadi:

S=f(ko,rct

un saglabajot apgalvojumu, ka augsnes un augsnes 1pasibas ir funkcija, ko veido $adi
ietekméjosie faktori: klimats (k), dzivie organismi (o), reljefs vai topografija (r), cilmiezis
(c), laiks (2).
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Iepriek§ mingtais vienadojums apraksta augsni ka dabisku kermeni, kura telpisko
izplatibu nosaka dazadu vides faktoru sist€miska mijiedarbiba (Hudson, 1992; Bockheim
et al., 2005).

Misdienas Makbretnijs (McBratney et al., 2003) papildinaja So modeli, izveidojot
jaunu septinu faktoru scorpan modeli, kuru iesp&ams izmantot digitala augsnes
kartésana. Jaunais modelis ietvéra arT papildu faktorus: s — augsnes Tpasibu (atribiitu)
prognozi un n — geografiska novietojuma prognozi (Gray et al., 2009). Lai gan musdienas
geostatistikas izmantoSana, kas balstas uz augsni ietekmé&joSo faktoru analizi, atvieglo
augsnes kartéSanu, tomer pastav uzskati (Moore et al., 1993; Gessler et al., 1995; Hengl
et al., 2004), ka vél joprojam ir nepilnigas zinasanas par vides parametru un augsnes
telpiskas mainibas funkcionalajam likumsakaribam.

Promocijas darba, pétot meza augSnu un to ipasibu izplatibas likumsakaribas, no
iepriek§ minctajiem faktoriem lielaka uzmaniba veltita cilmiezim (geologiskajiem
nogulumiem), vegetacijai (meza tipiem), reljefam, ka ari cilvéku saimnieciskajai
darbibai (lauksaimniecibas zemju apmezosanai). Mingto faktoru ietekmes izp&tei tik liela
uzmaniba pieveérsta tapéc, ka tie Latvijas meza ekosistémas regionala un lokala méroga
ir vismainigakie.

Vides faktori nosaka augsnes veido$anas procesus un augsnes genézi, ari organisko
vielu akumulaciju, podzolesanos, lesivéSanos, glejosanos un citus procesus. Dazados
vides apstak]os minéto procesu mijiedarbiba ir loti atSkiriga un nosaka arl augspu
daudzveidibu (Phillips, Marion, 2004; Targulian, Krasilnikov, 2007). Vides faktoru
loma augs$nu veidoSana (Jenny, 1941; Bockheim, 2005), procesu attistiba (Targulian,
Krasilnikov, 2007), augsnes segas telpiskaja izplatiba ir plasi un ilgstosi pétita (Ibafiez
et al., 1995, 1998; McBratney, 1992, 1998; Burrough, 1993; Saldafa, Ibafiez, 2007;
Phillips, Marion, 2005). Taja pasa laika zinatnieki atzinusi (McBratney et al., 2003), ka ir
relativi maz pettfjumu, kuros skaidri ir aprakstita augsnes veidosanas faktoru mijiedarbiba,
turklat $7 informacija ir kvalitativa, tadel ir nepiecie$ama kvantitativa informacija par
pastavosajam likumsakaribam starp augsni un vides faktoriem, lai uzlabotu augsnes datu
iegiiSanu un augsnes modelésanu (Gray et al., 2009). Ir griiti korekti prognozét augsnes
Ipasibas katra ainavas punkta, jo So Ipasibu telpiska daudzveidiba ir loti liela (Burrough
et al., 1997).

FAO WRB augsnu pamatgrupu izplatibas modeléSanu un kart€$anu no ainavu meéroga
lidz globalam m&rogam var uzlabot, papildinot zinaSanas par noteiktam likumsakaribam
starp $Tm augS$nu pamatgrupam un augsnes veidoSanas faktoriem (Gray et al., 2011).
Tadgjadi tiks veikts ieguldijums ne tikai tradicionalajas augsnes izp€tes programmas,
bet arT kvantitativas augsnes modeléSanas un kart€Sanas programmas, kuras klast
arvien nozimigakas augsnes datu iegiSana pasauleé (Grunwald, 2005; Hartemink, 2006;
Lagacherie et al., 2007).

Tapéc, neraugoties uz daudziem pétijjumiem iepriek§ minétaja joma, $adi petjumi
biis aktuali arT nakotng, jo vl arvien ir nepilnigas zinaSanas par vides apstaklu ictekmi
uz augsnes morfologiju, genézi, procesiem un to telpiskajam izpausmém. Augsnes
veidosanas faktoru nepictickama izpéte rada problémas, kas saistitas ar likumsakaribu
noskaidrosanu un rezultatu interpretaciju atbilstosi dazadam augsnu klasifikacijam. Tapéc
augsnes zinatnieki joprojam nav vienojusies par dazadu vides apstaklu ietekmi uz augsnes
telpisko izplatibu regionala un lokala aspekta (Gray et al., 2009). Ta ka informacija par



16

augsném ir nepietickama, pastav augsnes veidoSanas procesu parvert€sanas risks, ka art
problémas, kas saistitas ar augS$nu klasifikaciju lietoSanu un savstarp&ju salidzinasanu
(Reintam, 2002).

Lai analiz€tu augsnes segas telpisko izplatibu, zinatnieki p&d&jas desmitgades ir
pieversusies augSnu daudzveidibas talizp&tei un mérijjumiem (McBratney et al., 2003;
Minasny et al., 2010; Dobos et al., 2006), ka arT augsnes klasifikacijas vienibu telpiskas
variacijas prognozesanai. Tapéc pasaulé ir aktuali pétijumi par augSnu informacijas
iegiSanu, izmantojot netieSos vides datus (pieméram, reljefu, augsnes cilmiezi, zemes
lietojumveidu) (McBratney et al., 2003; Grimm, Behrens, 2010; Gray et al., 2011).
Lai noskaidrotu likumsakaribas starp augsném, to ipasibam un vides faktoriem,
misdienas pétfjumos datu statistiskaja apstradé tiek lietotas dazadas metodes. Svarigi
ir noskaidrot likumsakaribas starp augsnes ipasibam un vides faktoriem, ka ari noteikt
augsnu ,,mainigos” un salidzinat noteikumus (likumus), ko nosaka modelis ar ekspertu
zinasanam balstitiem likumiem (McKenzie, Ryan, 1999; Qi, Zhu, 2003; Bui, 2004; Bui et
al., 2006). Petijumos par augsnes telpisko prognozesanu tiek izmantotas arT kvantitativas
likumsakaribas starp augsnes atkarigajiem mainigajiem un augsnes veidojoSajiem
faktoriem, lai prognozetu augsnes ainavas vienibas neapsekotas teritorijas (Moran,
Bui, 2002; Grinand et al., 2008).

Neraugoties uz augsnes datu pieaugoSo pieprasijumu, relativi augstas izmaksas un
laiks, kas nepieciesami tradicionalaja augsnu karteSana, nozimé, ka biezi tie nav pieejami,
tade] augsnes digitalas kartéSanas tehnologijas (McBratney et al., 2003; Dobos et al.
2000) ir attisttjusas, lai nodroSinatu relativi atras un péc iesp&jas precizakas metodes
telpisko augsnes mainigo prognozesana (Grimm, Behrens, 2010).

Augsnu daudzveidibu defing ka augsnes Tpasibu vai augsnes klaSu variaciju teritorija
(McBratney, Minasny, 2007). Augsnes segas daudzveidibu nosaka ilgsto$as izmainas
gan horizontala, gan vertikala dimensija (Guo et al., 2003). Augsném raksturiga augsta
telpiska daudzveidiba dazados mérogos — sakot ar lokalo un beidzot ar globalo mérogu
(Garten et al., 2007). Daudzveidiba mezos var biit krietni lielaka neka Iidzigu teritoriju
nemeza zemju augS$nu daudzveidiba (Phillips, Marion, 2005). Vairakos pé&tijumos
(Heuvelink, Webster, 2001; Ettema, Wardle, 2002) ir dazadi viedokli par augsnu Tpasibu
un procesu, ki arl augsnes biotas telpiskajam variacijam. Sajos pétijumos atzits, ka
dabiskas variacijas augsta pakape dazreiz traucé vai kav€ precizu augsnes merjumu
kvantificésanu un mérogoSanu atbilstosi izSkirtsp&jai, kas nepiecieSama dazadam
analizém. Tadel nepiecieSams izprast augSnu telpisko daudzveidibu un izplatibu,
lai varétu precizak kvantificEt augsnes ipasibas un procesus visos méerogos (Garten
et al., 2007).

Viena no nozimigakajam ainavu ekologijas izp&tes problémam ir izprast, ka augsnes
Tpasibas un procesus var attiecinat no telpiski stka méroga (augsnes parauglaukums) uz
telpiski plasu mérogu (ekosistéma) (Garten et al., 2007).

Viens no visvairak pétitajiem jautdjumiem ir augsnes IpaSibu maina saistiba ar
ainavas raksturu. Tradicionali augsnes telpisko dazadibu attélo kartés, galvenokart
pamatojoties uz augsnes — teritorijas geomorfologijas — savstarpgjam likumsakaribam
(Hudson, 1992). Sada aspekta miisdienas plasi tiek izmantota digitala augsnes kartésana,
kas ir atkariga no statistiskajam likumsakaribam starp méritajiem augsnes novérojumiem
un dazadajiem vides apstaklu ietekm&josiem faktoriem parauglaukumos. Lidz ar to, ja
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pastav kliida parauglaukuma, tas var radit kltdu likumsakaribas (Cressie, Kornak, 2003).
Citas kliidas likumsakaribu noskaidrosana rodas vides apstaklu telpisko datu neskaidribas
del. Tos lieto augsnes digitalaja karté$ana, un tiem biezi ir dazada izcelsme, vecums,
mgerogs, izskirtsp&ja, dazadas kart€Sanas shémas un/vai apkopojuma Iimenis (Heuvelink,
1998; Bishop et al. 2006; Behrens et al., 2008; Grimm, Behrens, 2010).

Tadgjadi augsnu un vides faktoru likumsakaribu pétijumi lauj uzlabot zinasanas par
augsnu izplatibu (Bui, Moran 2001). Ieklaujot §1s likumsakaribas augsnes karté$ana un
model&sana, tiek uzlabota telpiska prognozesana, ka arT datu ekstrapolacija no references
(reprezentativam) teritorijam uz plasaku teritoriju (Lagacherie et al., 2001).

Augsnu seciba un to izkartojums daba ir atkarigs no dazadiem vides faktoriem,
piem&ram, augsnes cilmicza sastava, reljefa un vegetacijas tipiem (Sommer, Schlichting,
1997), turklat konstatéts, ka augsnes segas dazadibu nosaka arT augsnes mitruma apstakli
(Dowling et al., 2003; Blyth et al., 2004), ka arT augu sabiedribu telpiska izplatiba
(Chapin et al., 1987; Fu et al., 2004).

Pamatojoties uz augsnes Tpasibam, iesp&jams prognozet vegetacijas telpisko izplatibu
(Palo, 2005). Igaunijas zinatnieki (Uuemaa et al., 2008) ir secinajusi, ka augsne ir
informativakais un integrativakais ainavas faktors, kas var tikt izmantots ainavas vienibu
analizg. Jau sen ir atzits (Odum, 1959), ka vegetacijas telpisko vienibu prognozésana ir
viena no primarajam ekologijas problemam (Dale, 2000; Palo et al., 2005). Pieméram,
augsnes veidoSana biotiska faktora lomu ir griti novertét, jo vienlaikus mijiedarbojas
dazadi faktori, pieméram, klimats, vegetacija un augsne. Turklat vegetacija ir nozimigs
mainigais faktors, kas rada augsnes TpaSibu atSkiribas. Tadg], p&tot vegetacijas un
augsnes savstarpgjas likumsakaribas, uzmaniba javelta diviem aspektiem: vegetacijai
un augsnes morfologijai, ka arT vegetacijai un augsnes kimiskajam ipasibam (Birkeland,
1984). Igaunija A. Palo (Palo, 2005), noskaidrojot likumsakaribas starp vegetacijas
un augsnes tipiem un Tpasibam, konstatSja, ka ar baribas vielam bagatam augsném ir
mazak cieSu saistibu ar vegetacijas tipiem, turpretim augsném ar zemu baribas vielu
saturu $adas sakaribas ir labak izteiktas (Palo et al., 2005). Augsne ir biitisks faktors, kas
ietekmé vegetaciju, turklat augsne parada augu sabiedribu attistibas potencialu (Kolli,
Ellermie, 2001) un ir konstatets, ka cilvéku saimnieciska darbiba ietekme augsni (Palo et
al., 2004). Tadgjadi, mainoties augsnes ipasibam, var tikt traucéta potencialas vegetacijas
seguma prognozesana.

So iemeslu dé] likumsakaribu noskaidroana starp augsnes veidosanas faktoriem un
mainigajiem augsnu kart€s ir viena no lielakajam augsnu kartéSanas problémam, tapéc
daudzveidigo augsnes resursu geografiskas izplatibas izpratnes iegli§anai ir nepiecieSami
daudzi pétijumi smalkakos m&rogos (Guo et al., 2003; Caniego et al., 2006). Lidz ar to
var secinat, ka augS$nu pétfjumos ir loti svarigi izmantot péc iesp&jas reprezentativaku
teritoriju atkariba no méroga.

Lai gan petfjumi par faktoriem, kas nosaka aug$nu telpisko izplatibu, pasaul€ ir
veikti dazados regionos, tomér nav statistiski droSas informacijas par augs$nu telpiskas
izplatibas kontiiram boreali nemoralaja regiona, kur augsnes ir veidojusas galvenokart
uz vela Vislas leduslaikmeta glacialajiem nogulumiem, kas ir parveidoti lidz dazadai
pakapei ar postglacialajiem eolajiem, juras, ezeru un fluvialajiem procesiem, un kur
aptuveni 10% no teritorijas sedz purvi (Karklins u. c., 2009; Zel¢s et al., 2011).
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2.2. Petijumu materiali un metodes

2.2.1. Augsnu telpiskas izplatibas izpéte

Laika posma no 2006. I1dz 2010. gadam Eiropas pirma [imena meza monitoringa, ES
programmas Nr. 2152/2003 par mezu un vides mijiedarbibas monitoringu (Forest Focus)
un starptautiskas sadarbibas programmas (ICP Forests) starptautiska projekta ,,Meza
augs$nu inventarizacija un biologiskas daudzveidibas novértésana” (BioSoil) ietvaros tika
veikti petijumi 95 parauglaukumos. Papildus mingtajiem parauglaukumiem promocijas
darba izstradasanas vajadzibam monitoringa relativi vaji reprezentétajos regionos 2011.
gada tika ierikoti un aprakstiti 18 parauglaukumi (2.1. att.).
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2.1. attéls. Petijjuma parauglaukumu vietas un kvartara nogulumi Latvija
(peéc Latvijas geologiskas kartes, 1981)
Figure 2.1. Location of sampling sites within this study and the Quaternary deposits
in Latvia (after the Geological Map of Latvia, 1981)
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Parauglaukumos tika izrakts augsnes dzilrakums un aprakstita augsne atbilstosi
starptautiskajai F40 WRB augsnu klasifikacijai (IUSS Working Group, 2007). Augsnu
paraugi tika ievakti no augsnes profilu genétiskajiem horizontiem, un to fizikalas un
kimiskas analizes tika veiktas atbilstosi /CP meza monitoringa metodém (FSCC, 2006).

Lauka darbos tika noteikts arT parauglaukumu novietojums reljefa, augsnes
cilmiezis — kvartara un pirmskvartara nogulumiezi, mezaudze domingjosas koku sugas un
meza tipi. Zemes segums tika noteikts, izmantojot CORINE Land Cover 2005 datus, kas
raksturo zemes virsmas (bio)fizikalo segu meroga 1 : 100 000. Atbilstosi CORINE Land
Cover 2005 datiem mezi Latvija iedalami 3 klas@s: lapu koku mezi (11 parauglaukumos),
skuju koku mezi (47 parauglaukumos) un jauktic mezi (55 parauglaukumos). Kvartara
nogulumi tika analiz&ti, nemot vera to granulometrisko sastavu un sastopamibu reljefa.
Mezu tipi tika noteikti atbilstosi Latvijas meza ekosistemu klasifikacijai (Buss, 1981).

2.2.2. Datu statistiska apstrade

Datu statistiskas analizes, lietojot generalizétos linearos modelus (GLM), iz-
mantojot R 2.11.1 programmu, tika veiktas, lai noskaidrotu likumsakaribas (baitiskuma
Itmenis = p < 0,05) starp augSnu un augsnes cilmiezu novietojumu reljefa, zemes
lietojumu, augsnes granulometrisko sastavu, meza tipu un domingjoso koku sugu telpisko
izplatibu. Saja pétijuma izmantoti DZ. A. Neldera un R. V. N. Vederbérna (Nelder,
Wedderburn, 1972) izveidotie un P. Makalega un Dz. A. Neldera (McCullagh, Nelder,
1989) pilnveidotie generalizétie linearie modeli. Tie dod iesp&ju apstradat arT citus datu
tipus, kam nav raksturigs normals sadalijums (Quinn, Keough, 2002) un kas nerada
problémas, kuras saistitas ar terminu ,,nenormala klfida”. Tapec ir iesp&jams izvairities
no situacijam, kad datu transformacijas ir neefektivas un rada kltidas (piem&ram, kad
atkarigais mainigais ir kategorisks).

Katrs faktora tips tika definéts attiecigi sastopamibai (0 — nav konstatéts, 1 — ir
konstatgts) parauglaukumos, lai noskaidrotu kvartara nogulumu tipa, novietojuma reljefa,
zemes lietojuma, meza tipa un koku sugu ietekmi uz augsnu telpisko izplatibu.

Akaika (angl. — Akaikes) informacijas kritérijs (A/C) parada generalizétu
informacijas kriteriju katram atbilstoSajam parametriskajam modelim (Sakamoto et al.,
1986). Zemakas AIC vértibas labak apraksta atbilstoSos generaliz&tos linearos modelus.

P-vertibu korekcijas tika veiktas, izmantojot Homela (angl. — Hommels) lidz-
svaro$anas metodi (Hommel, 1988). ST metode ir korekta gadfjumos, kad hipotezu testi
ir neatkarigi vai pozitivi asociéti (Sarkar, 1998; Sarkar, Chang, 1997). LidzsvaroSanas
metodes ietver Bonferoni (Bonferroni) korekciju, kura p-vertibas tiek multiplicétas
(pavairotas) ar salidzinajumu skaitu.

Datu statistiskaja apstradé un p-vértibu lidzsvaro$ana netika icklauti mainigie
(augsnu pamatgrupas — Phaeozem, Umbrisol; geologiskie nogulumi — Litorinas juras,
aluvialie; meza tipi — slapjais métrajs (Vaccinioso-sphagnosa), purvajs (Sphagnosa),
niedrdjs (Caricoso—phragmitosa), métru arenis (Vacciniosa mel.) un métru kadrenis
(Vacciniosa turf. mel.)), kas sastopami mazak neka 3 parauglaukumos.

Mezaudzeé domingjoso koku sugu, ka arT granulometriska sastava kvantitativas
vertibas (1-100%) tika izmantotas tadu telpisko likumsakaribu noskaidro$ana, kadas
pastav starp augsném un kvartara nogulumiem.
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2.3. Rezultati

Latvija atrodas Eiropas ziemelaustrumu dala, boreali nemoralaja starpzona, kur
sastopami gan skuju koku, gan lapu koku mezi (Hytteborn et al., 2005). Meza platiba ir
3,53 miljoni hektaru jeb 54,7% no Latvijas teritorijas (Latvijas statistika, 2010). Mezaudzi
veido galvenokart tris domingjosas koku sugas — parasta priede (Pinus sylvestris L.),
parasta egle (Picea abies (L.) H. Karst.) un ara bérzs (Betula pendula Roth.) —, kas
izplatitas aptuveni 74% no meza platibas.

Klimats Latvija ir mérens, ar ikgadgjo vid&jo nokrisnu daudzumu 700-800 mm,
no kuriem aptuveni 500 mm izkrit karstaja perioda. lkgadgja videja gaisa temperatiira
ir +5,5 C". Augnes ir veidojusas galvenokart uz véla Vislas apledojuma (glacialajiem)
nogulumiem (malsmilts, vidgjs mals, smilSmals, mals, grants, smilts), ko parsedz dazadi
postglacialie eolie, jiiras, ezeru, aluvialie un purvu nogulumi (Zel¢s et al., 2011).

Petijumi tika veikti 17 meza tipos (Latvijai raksturigi 23 meza tipi). No pétitajiem
113 parauglaukumiem sausienu meza tipos atradas 67 parauglaukumi, slapjainu meza
tipos — 11, arenos — 19, purvainos — 4, bet kiidrenos — 12 parauglaukumi.

Latvija mezi ir izplatiti uz Joti daudzveidigam augsném, kas veidojusas uz dazadiem —
galvenokart neviendabigiem — kvartara nogulumiem, dazviet arl vaji konsolidétiem
pirmskvartara terigénajiem vai cietajiem karbonatu nogulumieziem (2.1. tab.). Kopuma
augsnes ar augstu telpisko daudzveidibu sedz relativi plasu teritoriju un ir veidojusas
uz glacigénajiem (31 parauglaukums), glaciolimniskajiem (27 parauglaukumi),
glaciofluvialajiem (20 parauglaukumi) un Baltijas juras dazadu attistibas stadiju —
Litorinas juras, Baltijas ledus ezera — nogulumiem (11 parauglaukumi) (2.1. tab.). Augsnu
daudzveidibas aspekta relativi viendabigi ir eolo kapu nogulumi (7 parauglaukumi),
kur sastopamas Arenosol (6 parauglaukumi) un Podzol (1 parauglaukums) augsnu
pamatgrupas (2.1. tab.). Histosol augsnes izplatitas uz organog€najiem nogulumiem
(16 parauglaukumi).

Augstaka augS$nu daudzveidiba ir raksturiga glacigénajiem un glaciolimniskajiem
nogulumiem, kur konstatéta augstaka augsnes granulometriska sastava daudzveidiba
(smilts, malsmilts, smil§mals, putekli, mals). Glacigénajos nogulumos biezi sastopamas
sadas augsSnu pamatgrupas: Luvisol (10 paraugl.), Albeluvisol (7 paraugl.), Cambisol
(6 paraugl.) un Stagnosol (5 paraugl.), savukart glaciolimniskajos nogulumos — Planosol
(6 paraugl.), Stagnosol (5 paraugl.), Gleysol (5 paraugl.) un Luvisol (4 paraugl.)
(2.1. tab.).

Iegiito datu analizé izmantojot generalizétos linearos modelus (GLM), tika
konstatéts (2.2. tab.), ka augsnu grupu izplatiba ir cie$i saistita ar noteiktiem augsnes
cilmieziem. Bitiskas telpiskas likumsakaribas (p < 0,05) pastav starp Baltijas ledus
ezera nogulumiem un Podzol; glaciofluvialajiem nogulumiem, eolajiem nogulumiem
un Arenosol; organogénajiem nogulumiem un Histosol; glacigénajiem nogulumiem
un Cambisol, Luvisol un Albeluvisol. Gleysol un Planosol augsnes ir cie$i saistitas
ar glaciolimniskajiem nogulumiem. Turklat Stagnosol telpiska izplatiba nav ciesi
saistita ar noteiktu augsnes cilmiezi, bet §Is augS$nu pamatgrupa biezi sastopama uz
glaciolimniskajiem un glacigénajiem nogulumiem, kur augsnes cilmiezi veido relativi
smags granulometriskais sastavs.
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2.1. tabula
Augsnu pamatgrupu (IUSS Working Group, 2007) sastopamiba parauglaukumos dazadu
kvartara nogulumu teritorijas
Table 2.1.
Soil groups (IUSS Working Group WRB, 2007) in sampling sites within the areas of
Quaternary deposits

AugSnu pamatgrupas
(sastopamiba parauglaukumos)
Kvatara nogulumu tipi -
sastopamiba - 3 g |2 ~ I~ Iz
pa(rauglall:)ukumos) E 3 < § § § § 3 -§ § ;§
fel8 |§~ 1§ ¥s5 2 f5 5~ a5~
SRR R A RN IR R I
Eolas kapas (7) — 1 — — 6
Litorinas jira (2) — | — 1 — 1 — | — | — | — | — | —
Baltijas ledus ezers (9) | — 1 4 — — 1 3 —
Aluvialie (1) — — | — — 1 —
Glaciofluvialie (20) — | — 2 3 1 — 1 — 1 12 | —
Glaciolimniskie (27) — 5 1 6 5 2 1 4 3 —
Glacigenie (31) — 2 — 1 5 — 7 10| — | — 6
Organogeénie (16) 66| - - - - - —|—| = — | —
2.2. tabula

Sakaribas starp kvartara nogulumiem un aug$nu pamatgrupam (IUSS Working Group,
2007). Butiskas sakaribas (biitiskuma Iimenis = p < 0,05) ir izceltas
Table 2.2.
Relationships between Quaternary deposits and soil groups (IUSS Working Group WRB,
2007). The significant relationships (the level of significance p < 0.05) are highlighted

Auginu pamatgrupas
(sastopamiba parauglaukumos)
Kvartara nogulumu tipi - § -
(sastopamiba parauglaukumos) g E < § § § _E § §
28§ /5§85 ¥ 3. 5| 8¢ |8~
RT|ICL|AX|RCc|aT | X2 || =2 |0
Eolie AIC | — | — 66 — | — — — 109 —
Q) I 0,71 — — | 0,006 | —
Baltijas ledus ezera AIC | — | 62 56 — | — — — 123 —
(8) p — 10,870,002 — | — | — — | 040 | —
Glaciofluvialie AIC | — 67 71 80 66 — 106 —
19 p | — | — 1071]029/038] 059 | — |0,0004 —
Glaciolimniskie AIC | — | 56 66 65 78 66 88 121 —
(25) p — 10,03| 0,71 |0,03]0,37| 059 | 0,66 | 024 | —
Glacigénie AIC | — | 62 — 70 | 78 56 75 — 34
E1)) p | — 087 — 1029]038 0,009 | 0,001 *
Organogeénie AIC 4 — — — | — — — — —
(16) p * — — — | —= _ — — —

* — augSnu pamatgrupas ir sastopamas noteiktos kvartara nogulumos.
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Detalizgjot augSnu pamatgrupu un to priedékla modifikatoru likumsakaribas
ar parauglaukumiem dazados geologiskajos nogulumos, tika konstatétas bitiskas
likumsakaribas (p < 0,05) dalai augs$nu pamatgrupu un kvartara nogulumu (2.3. tab.).

Albic Arenosol augsne ir biezi sastopama eolajas kapas un glaciofluvialajos smilts un
grants nogulumos (2.3. tab.). Siem augsnes cilmieziem raksturiga relativi zema katjonu
apmainas kapacitate (KAK = 2,8-10,4 cmol_kg"), kas attista podzoléSanas procesu un
I1dz ar to arT Albic horizonta veidoSanos.

Baltijas ledus ezera smiltaju lidzenumos, kur ir traucgta dabiska drenaza, konstattas
bitiskas likumsakaribas (p < 0,05) ar Endogleyic Histic Podzol (2.3. tab.). Sajos
lidzenumos biezi ir sastopamas Endogleyic Arenosol augsnes.

Savukart Albic Podzol augsnes nav saistitas ar noteiktiem augsnes cilmieziem
un ir sastopamas dazadas genézes nogulumos, kur izplatiti smilSaini augsnes cilmiezi.
Turklat Calcic Endostagnic Endogleyic Cutanic Luvisol, Stagnic Cutanic Albeluvisol
un Stagnic Cambisol telpiska izplatiba ir cieSi saistita ar glacigénajiem nogulumiem
(2.3. tab.). Virsudenu filtracija ir traucéta morénas, kur apakskarta raksturigs relativi
smags granulometriskais sastavs (smilSmals, puteklains smilSmals, viegls mals un mals),
veidojot Stagnic un Gleyic krasu salikumu, kas morfologiski liecina par Stagnic un
Endogleyic priedekla modifikatoriem.

Lai gan daudzas augs$nu pamatgrupas (Gleysol un Planosol) ir ciesi saistitas ar
glaciolimniskiem nogulumiem, tomér netika konstatétas butiskas likumsakaribas starp
Siem nogulumiem un augs$nu pamatgrupu priedékla modifikatoriem.

Pétijuma rezultati parada, ka augsnes granulometriskais sastavs ir nozimigs faktors,
kas nosaka meza augsnu telpisko daudzveidibu véla Vislas apledojuma (glacialajos)
nogulumos un Holoc€na eolajos, jiiras, ezeru, aluvialajos nogulumos. Arenosol un
Podzol sastopamiba ir galvenokart saistita ar smilSainiem nogulumiem. Citu augsnu
pamatgrupu sastopamiba nav ciesi saistita ar noteiktu augsnes granulometriska sastava
dalinu frakciju dominanci. Citu augsnu pamatgrupu izplatiba drizak ir atkariga no tadiem
faktoriem ka, pieméram, dazadi mitruma apstakli. Granulometriska sastava ietekme uz
aug$nu pamatgrupu un meza tipu telpisko izplatibu ir aprakstita 3.3. un 3.4. nodala.

Sausienos atrodas 67 profili no pétitajiem 113 parauglaukumiem, kur izplatitakas
augsnes ir Arenosol (24 paraugl.), Luvisol (13 paraugl.), Albeluvisol (9 paraugl.), Podzol
(6 paraugl.), Planosol (5 paraugl.) un Stagnosol (4 paraugl.) (2.6. tab.), savukart Cambisol
(3 paraugl.), Phaeozem (2 paraugl.) un Umbrisol (1 paraugl.) aug$nu pamatgrupas ir
relativi maz izplatitas. 11 parauglaukumos tika konstatéti slapjaini, kur atbilstosi FAO
WRB augsnu klasifikacijai konstatetas $adas augs$nu pamatgrupas: Stagnosol, Cambisol,
Planosol, Gleysol, Podzol un Arenosol. Areni (19 paraugl.) daudzos gadijumos ir
sastopami tajas pasas augsnés ka slapjaini, kur Luvisol, Umbrisol un Cambisol tika
konstatgtas attiecigi 3 parauglaukumos. Turklat 4 purvainu un 12 kiidrenu meza tipos ir
sastopama Histosol augs$nu pamatgrupa (2.4. tab.). Pamatojoties uz faktu, ka noteikSanas
kriterijs (ktdras slana biezums) Histosol augsnu pamatgrupas un purvainu, ka art kiiddrenu
izdaliSanai ir [1dzigs, So meza tipu izplatiba ir saistita ar Histosol.
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2.4. tabula
Meza tipu sastopamiba parauglaukumos dazadas augSnu pamatgrupas
(IUSS Working Group, 2007)

Table 2.4.
Forest site types in sampling sites within different soil groups
(IUSS Working Group WRB, 2007)
Meza tipi
(sastopamiba parauglaukumos)
Sausieni Slapjaini | Purvaini Areni Kiidreni
Augsnu .
pamatgrupas @ 2 e
(sastopamiba S T = |8 2
@ —~ —_~ 1] D

paraug- o - ) (S =T < B I B =B I
laukumos) Q § 2 = .% § § E S

e lzl-|a|E 8 |g |8 |55 5|5 %%

z2lelB12 2z |2 |2 |2 |&|2l2|2 |52

clEIC 22|52 £ |& |7 |55\ 5|5 F
SlElglE|E 2= |2 |z |8 |E|5 = |g |8 |=

= & 8 |8 |© |8 |8 = = 2 o |2 |2 |2 B |=

@A |2 =8> |0 |& 7 - z z ;|2 e |

Histosol (16) | —| —| —| —|—|—| — | — | 2 2 —l—]111]181|3
Gleysol (8) —_ = — =] =] — 1 — | — | —| 4|3 | = _
Podzol (9) — |1 | —[4]1|— 1 — | — | — 1|1 |—|—|—|—
Planosol (10) | —| — | — |3 | 2 | —| — 2 (R S IS I 20 PSS S R
Stagnosol (12) | — | — | — | — | — | 4 | — | 4 | — | — | — |3 |1 |—|—|—
Phaeozem 2) | — | —|—| 1 |—| 1| —| — | — | —m |—|—|—|—|—|—
Albeluvisol 9) | — | — | —| 5 | 2 | 2 SN N U [N [ N — _
Luvisol (14) — | — =142 |7 — = =1 === _
Umbrisol 2) | —| —|— | —| 1 | — = — =1 _ _
Cambisol (6) | —|— | —| 1|2 |— 2 | — | — =1 _ _
Arenosol 25) | 3 | 5|6 | 5|41 1 S R [ S — _ _

Lai gan daudzi meza tipi ir saistiti ar daudzam aug$nu pamatgrupam, tikai dazos
gadijumos tika konstattas biitiskas (p < 0,05) telpiskas likumsakaribas starp augSnu
pamatgrupam un meza tipiem, piem&ram, Albeluvisol un damaksni (Hylocomiosa);
Arenosol un métraju (Vacciniosa); Stagnosol un slapjo véri (Myrtillosa-polytrichosa);
Gleysol un platlapju areni (Mercurialiosa mel.) un Saurlapju areni (Myrtillosa mel.);
Luvisol un garsu (degopodiosa) (2.5., 2.6. tab.).

Sils (Cladinoso-callunosa) un lans (Myrtillosa) ir izplatiti uz Arenosol augsném
pétitajos parauglaukumos. Slapja vera telpiska izplatiba ir tuva bitiskai sakaribai ar
Cambisol, savukart garsai — ar Stagnosol. Tomer butiskas telpiskas likumsakaribas netika
konstatétas Podzol un Planosol augs$nu pamatgrupam ar noteiktiem meza tipiem, jo $Ts
augsnes ir relativi [1dzigi sastopamas gan sausienos, gan slapjainos un arenos.



25

‘spdn.idipuiwd niis3ny sppy12jou 1undoisos 41 1d1y vzoul — 4

— — — — = = = — = — (S0) josouaty
—_ —_ —_ —_ — — — — 970 4] (01) josounjq
—_ —_ —_ _ —_ — — — — — (¥1) jostang
—_ —_ —_ —_ —_ —_ —_ —_ — —_ (6) 10s1anjaq1y
_ —_ _ — — — — — L6%0 c8 (9) 19s1qun)
—_ _ —_ — — — — — L6%0 c8 (6) 192pod
—_ — — — — — 9€°0 8¢ 6€°0 €8 (T1) 1050usv}s
— — — — — — 100°0 9¢ 10°0 LL (8) 1054219
* 6l * 9¢ * I — — — — (91) 1050351
d J1IV d o1V d o1y d o1V d o1V (sowmyne[snered
(¢) stuaapmy nldepeid | (8) stuaipny nidepineg (1) stuaapny NN () stuaae nldeperd (€1) stuaag nldermeg eqruedoyses)
.IpNy| [UEX sednagyewred
(sowmnynegnered eqiuedolses) 1dn) BZIA nissny

PAYSIYSIY 31k (S0°0 > d 9uBIYIUSIS JO [9A3] 9Y)}) sdIysuone[a.a JuedYIugIs Jo sased 3y I,
*(LO0T ‘“TUM dnoao 3uppiopy SSNI) sdnoas [1os pue [1os 3edad pue [erourw paurep uo sadA) 931s 153.10) 3Y) UM sdiysuone[dy
9°C 21911
SBI[IZI a1 (SQ°0 > d = STuduwI| ewInysnnq) seqrieyes seysnpng
*(L007 ‘dnoany Sunjiopy SSNI) wednigiewed nigdne un wardy ezow waneuisnsou daels seqrieyes

vingvy "9°¢
‘spdn.idypuind nits3ny sppy12jou 1undoisos 41 1d1y vzoul — 4
— — — — —_ — 0€0 06 (060 88 96°0 811 *« | CEJT00 [ oF [ x| TC () 10souauy
— — — — €0 S9 —_ — |06°0] 88 96°0 811 — | — — — || — (01) 10sounjq
— — — — —_ — #0000 | 6L [ 060 | 68 96°0 811 — | — — i e (1) 1081am7
— — — — — — 170 76 1060 88 S0°0 [41! — | — — — || — (6) 10814m]2q]y
— — — — 60°0 €9 — — [8L°0] L8 96°0 SII — — — I e (9) 1081qUIn)
— — — — — — — — |06°0] 68 3] SII — | —J¢golo0s |—| — (6) 102pod
— — — — 10°0 6§ 10 68 | — | — — — — | — — — || — (T1) 1050u3DIg
— — — — 90 L9 —_ — | — | — — — — | — — — || — (8) 1054219
* 91 * 91 — — — — | — | — — — — | — — I e (91) 10850181
d [ D1v | d | DIV d oIV d [DIv] d [o1v| d DIV [ d [D1v]| d [D1v | d [D1v | (sownynesnered
(2) sleapaiN | (7) sleaing | (6) stioA steldels | (S1) esieD) | (1) SLRA | (€7) stusyeweq | (9) sue | (9) slendin | (€) SIS eqruredojses)
areAIng murelde[s aIsSnes sednagyewred
(soumnynegnered eqiuedolses) 1dn) BZal nisgsny

P3YSIYSIY 1. (S0°0 > d urdYIuSIS Jo [9A9] 9Y)) sdiysuone[a.a JuedyIugis Jo sased ay [,
*(L00T ‘DI dnoa) Suppiops SSNI) sdnoas [ros pue [10s jedad pue [erdur uo sadA) 31s 353.10) YY) UM sdiysuon e[y
T o1qnL
SeIEIZI a1 (S0°0 > d = SIuduI| ewnyspnq) seqrieyes seyspng
*(L007 ‘dnoan Sunjiopy SSNI) wednigiewed niggne un wardy vzow woilejoprosted zew eYIAR ‘wdileysiqep die)s seqrieyes
vpngoy "¢'c



26

Augsnu pamatgrupu priedékla modifikatoru lietoSana datu analizé lava precizak
noteikt biitiskas likumsakaribas starp noteiktu aug$nu un meza tipu telpisko izplatibu
(2.7., 2.8. tab.). GLM statistiskas analizes arT ]ava detaliz&t batiskas (p < 0,05) likum-
sakaribas starp meza tipiem un Arenosol aug$nu pamatgrupu.

Albic Arenosol ir galvenokart izplatitas eolajas kapas, kur sastopami metrajs un
lans. Endogleyic Arenosol augsnes ir veidojusas galvenokart Baltijas ledus ezera smiltaju
lidzenumos, kur ir izplatits 1ans. Hypoferralic Rubic Arenosol augsnes ir veidojusas
glaciofluvialajos nogulumos, kur sastopams métrajs un lans, turklat konstatéta butiska
(p < 0,05) likumsakariba starp Calcic Endostagnic Endogleyic Luvisol un glacigéno
nogulumu telpisko izplatibu, kur sastopama garSa. Taja paSa laika neatkarigi no
geologiskajiem nogulumiem butiskas sakaribas tika konstatétas starp Luvic Calcic
Endogleyic Stagnosol un garsas telpisko izplatibu. Tomér $aja gadijuma netika konstatetas
butiskas likumsakaribas starp sadiem sausienu meza tipiem — veéri, damaksni un augsnu
pamatgrupam ar priedekla modifikatoriem.

Ciesa likumsakariba (p < 0,05) tika konstatSta starp Cutanic Albeluvisol, Calcic
Endogleyic Cutanic Luvisol un glacigénajiem nogulumiem, kam raksturigas vaji drenctas
mineralaugsnes ar relativi smagu granulometrisko sastavu. Endostagnic Luvisol, Stagnic
Cambisol un Stagnic Albeluvisol augsnes ir izplatitas uz glacigénajiem nogulumiem.

Slapjais veris ir izplatits uz Endogleyic Stagnosol, Luvic Gleysol, Endogleyic Planosol
un Stagnic Cambisol, tomér $aja gadijuma netika konstattas butiskas likumsakaribas
starp slapjo veéri un noteiktiem aug$nu pamatgrupu priedékla modifikatoriem.

Ciesa likumsakariba (p < 0,05) tika konstatSta starp nosusinatas mineralaugsnes
meza tipu — platlapju areni un Luvic Gleysol. Tomér $aja gadijuma netika konstat€tas
bitiskas sakaribas starp Saurlapju areni un noteiktiem aug$nu pamatgrupu priedekla
modifikatoriem.

Petfjuma rezultati paradija, ka galvenokart meza tipu telpisko izplatibu nenosaka
augsnes pamatgrupas, iznemot sausienu meza ekosisteémas, kur sils, métrajs un lans ir
ciesi saistiti ar Arenosol, damaksnis — ar Albeluvisol, garsa — ar Luvisol un visi pétitie
purvainu un kiidrenu meza tipi — ar Histosol. Novertgjot likumsakaribas starp augsnu
pamatgrupu priedékla modifikatoriem un meza tipiem, daudzos gadijumos sausienos
pastav bitiskas likumsakaribas starp noteiktam aug$pu pamatgrupam un métraju, lanu
un garsu (2.7. tab.).

Tika konstatets, ka domingjoSo koku sugu izplatiba mezaudzg ir relativi mazak
saistama ar noteiktam augS$nu pamatgrupam salidzinajuma ar meza tipu un augsnu pa-
matgrupu sastopamibu. Domingjosas koku sugas mezaudz€ Latvijas meza ekosistémas —
piem@ram, priede, egle un bérzs — ir sastopamas uz visam pétitajam augsnu pamatgrupam
(2.9. tab.). Parauglaukumos priedes ir izplatitas uz Arenosol (32,8% gadijumu), Histosol
(16,4%) un Podzol (11,9%) augS$nu pamatgrupam. Eglu kokaudzes ir galvenokart iz-
platitas uz Luvisol (14,4%), Histosol (13,0%), Stagnosol (13,0%), Planosol (13,0%)
un Arenosol (11,6%), bet berzi — uz Histosol (18,8%), Stagnosol (15,0%) un Planosol
(15,0%) augsnu pamatgrupam.
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2.8. tabula
Sakaribas starp slapjainpu un arenu mezZa tipiem un augSnu pamatgrupam ar priedékla
modifikatoriem (IUSS Working Group, 2007). Biitiskas sakaribas
(butiskuma Iimenis = p < 0,05) ir izceltas
Table 2.8.
Relationships between forest site types on wet and drained mineral soil and soil groups with
prefix qualifiers (IUSS Working Group WRB, 2007). The cases of significant relationships
(the level of significance p < 0.05) are highlighted

Slapjaini (sastopamiba Areni

AugSnu pamatgrupas ar parauglaukumos) (sastopamiba parauglaukumos)

priedekla modifikatoriem
(sastopamiba
parauglaukumos) © as3) )
AIC p AIC p AIC p
Albic Arenosol (13) — — — — _ _

Endogleyic Arenosol (5) — — — — — _

Slapjais véris Saurlapju arenis | Platlapju arenis

Ferralic Arenosol (7) — — — — _ _

Hypoferralic Arenosol (5) — — — — — —
Rubic Arenosol (10) — — — — — —
Albic Podzol (7) — — 89 0,87 — —
Histic Podzol (5) — — 88 0,87 — —
Endogleyic Podzol (4) — — 88 0,87 — —
Endogleyic Planosol (8) 67 0,62 85 0,28 — —
Luvic Planosol (6) — — 87 0,72 — —
Stagnic Cambisol (4) 66 0,62 88 0,87 — —
Endogleyic Stagnosol (6) 63 0,12 — — 37 0,11
Luvic Stagnosol (5) — — 88 0,87 36 0,11
Calcic Stagnosol (6) — — — — 37 0,11
Luvic Gleysol (6) 66 0,62 83 0,08 32 0,01
Stagnic Albeluvisol (4) — — — — — —
Cutanic Albeluvisol (7) — — — — — —
Endogleyic Luvisol (6) — — — — — —

Cutanic Luvisol (7) — — — — _ _
Calcic Luvisol (7) — — — — — _
Endostagnic Luvisol (4) — — — — _ _

Latvija ozolu kokaudzes galvenokart ir sastopamas uz Luvisol (33,3%) augSnu pam-
atgrupas. Lidziga telpiska izplatiba ir raksturiga apSu kokaudzém. Citas koku sugas (osis,
baltalksnis, melnalksnis, klava) parauglaukumos bija loti vaji parstavétas. No ieprieks
minétajam koku sugam tikai melnalksnis ir izplatits uz noteiktas augs$nu pamatgrupas —
uz Planosol, savukart citas koku sugas parauglaukumos mezaudzges ir izplatitas uz daza-
dam augsném.

GLM analize (2.10. tab.) paradija, ka ciesa likumsakariba (p < 0,05) pastav starp
priezu kokaudzeém un Arenosol, eglu kokaudzém un Cambisol un ozolu kokaudzém un
Luvisol augsnu pamatgrupu.
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2.9. tabula

Domingjoso koku sugu sastopamiba parauglaukumos dazadas augSnu pamatgrupas
(IUSS Working Group, 2007)

Table 2.9.
Dominant tree species in sampling sites within different soil groups
(IUSS Working Group WRB, 2007)
Koku sugas (sastopamiba parauglaukumos)
Auginu Priede | Egle | Berzs | Meln- | Balt- Osis | Ozols | Apse | Klava
pamatgrupas 67) (69) (53) | alksnis | alksnis (6) (21) ®) @)
“) (6)
Histosol 11 9 10 — — 1 1 — —
Gleysol 5 4 5 — 1 2 1 — 1

Stagnosol 2 9 8 — 1 1 4 2 —
Podzol 8 5 2 — — — — — —
Cambisol 1 5 3 — — — — — —
Albeluvisol 4 7 4 1 2 1 3 1 —
Luvisol 7 10 6 — 1 — 7 4 —
Planosol 5 9 8 3 — — — — —
Arenosol 22 8 4 — — — 4 1 —
Umbrisol 1 2 2 — 1 — — — —
Phaeozem 1 1 1 — — 1 1 — —

2.10. tabula

Sakaribas starp dominéjosam koku sugam un aug$nu pamatgrupam
(IUSS Working Group, 2007). Biitiskas sakaribas (buitiskuma limenis = p < 0,05) ir izceltas
Table 2.10.
Relationships between dominant tree species and soil groups
(IUSS Working Group WRB, 2007). The cases of significant relationships
(the level of significance p < 0.05) are highlighted

Augsnu Koku sugas (sastopamiba parauglaukumos
pamatgrupas Priede Egle Bérzs Ozols
(sastopamiba 47) 21 (22) (18)
parauglaukumos) AIC )2 AIC )2 AIC P AIC P
Histosol (16) 159 0,97 113 0,98 117 0,88 105 0,90
Gleysol (8) 159 0,97 — — 117 0,88 106 0,90
Stagnosol (12) 151 0,18 112 0,98 117 0,88 104 0,55
Podzol (9) 154 0,24 112 0,98 118 0,88 — —
Cambisol (6) 157 0,80 105 0,05 118 0,88 — —
Albeluvisol (9) 158 0,97 111 0,96 118 0,88 106 0,90
Luvisol (13) 155 0,40 112 0,98 — — 97 0,006
Planosol (10) 153 0,25 110 0,48 113 0,16 — —
Arenosol (25) 141 0,0004 — — 111 0,28 106 0,90

Kopuma generalizéto linearo modelu pieeja liecina, ka pastav vajas bitiskas
likumsakaribas starp augS$nu pamatgrupu telpisko izplatibu un novietojumu reljefa un
zemes lietojumu.
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2.4. Diskusija

Kvartara nogulumiem, to genétiskai izcelsmei un sastavam (granulometriskajam
un kimiskajam) ir licla nozime aug$nu pamatgrupu telpiskaja izplatiba. Latvija augsnes
ar smilSainu granulometrisko sastavu ir galvenokart saistitas ar Baltijas ledus ezera un
LitorTnas juras, eolajiem, glaciofluvialajiem un glaciolimniskajiem nogulumiem, kur
Podzol un Arenosol ir domingjos$as augs$nu pamatgrupas. Kvartara nogulumu vecumam
arT ir butiska nozime So augsnu telpiskaja izplatiba. Lai gan Podzol augSnu pamatgrupa
Latvijas meza ekosistémas ir izplatita uz relativi dazadiem geologisko nogulumu ti-
piem, tomér ta ir ciesak saistita ar Baltijas ledus ezera nogulumiem, kas ir salidzinosi
senaki (13 500-10 000 gadi) (Gelumbauskaite, 2009) neka LitorTnas jiras nogulumi
(88006600 gadi) (Raukas, 1997; Saarse et al., 2006; Reintam et al., 2008) un eolie
nogulumi (Reintam et al., 2001).

Sis secinajums sakrit ar to pétijumu rezultatiem, kuri veikti D. P. Fransmeijera un
R. Proca vadiba (Fransmeier et al., 1963; Protz et al., 1984) un kuros konstatets, ka pilni-
ga Podzol profila izveidoSanas lidzigos klimatiskajos apstaklos (ka Latvija) norisinas ap-
tuveni 3000—10 000 gadus — lidzigi ka ASV, Zviedrija, Somija un Norvegija (Lundstrom
et al., 2000; Sauer et al., 2008; Mokma et al., 2004). Latvija Arenosol augsnu pamat-
grupa doming eolajos nogulumos, kas ir relativi jaunaki, — saskana ar p&tnieku atzinumu
(M. Nartiss et al., 2009) iekskontinentalo kapu vecums ir aptuveni 6,4—11,9 tiikstosi gadu
(p&c optiski stimulétas luminiscences metodes). Arenosol augsnu pamatgrupai raksturiga
zema katjonu apmainas kapacitate (KAK = 2,8-5, 4 cmol kg'), kas ir priek$noteikums
relativi atrai Spodic horizonta izveidei (IUSS Working Group, 2007).

Luvisol un Albeluvisol ir cie$i saistitas ar brivos kalcija karbonatus saturoSajiem
glacigénajiem nogulumiem (2.2. tab.). STm augsném ir konstatéta mala iluviala akumu-
lacija uz augsnes makroagregatu vertikalas virsmas B horizonta un Argic diagnostiska
horizonta veidosanas. Bitiska atSkiriba ir Albeluvic mélveidiguma veidoSanas starp
abam augS$nu pamatgrupam, kas norisinas aptuveni 4600—6200 gadu laika (Sauer
et al., 2009). Dazi pétnieki (Reintam, 2002; Kiihn, 2003; Sauer et al., 2009) uzsver
augsnes evolicijas ilgumu. Latvija $aja gadijuma augsnes veidoSanas vecums nevar
bt limitgjosais faktors Luvisol un Albeluvisol aug$nu evoliicija, jo $o augsnu vecums
ir lielaks par 10 000 gadiem visos parauglaukumos meza ekosist€mas, kas izplatitas
uz glacigénajiem nogulumiem. Luvisol, Albeluvisol aug$nu un geologisko nogulumu
izplatiba ir cieSi saistita ar mineralaugsnes virskartas granulometrisko sastavu. Turklat
Albeluvisol salidzinajuma ar Luvisol satur relativi vairak smilts dalinu un mazak mala
dalinu (2.11. tab.). Augsnes virskartas horizonti ir skabaki, un tiem raksturiga zemaka
katjonu apmainas kapacitate, tatad nozimigs faktors Albeluvisol augs$nu pamatgrupas
genéze ir dekarbonizacijas process (Kiihn, 2003; Sauer et al., 2008). Promocijas darba
rezultati apstiprina L. Reintema (Reintam, 2002) pétfjuma rezultatus, ka Latvija,
lidzigi ka Igaunija, Albeluvisol augsném ir raksturigs A/bic horizonts, kas var veidoties
lesivésanas, podzolésanas vai reduktmorfo procesu rezultata. Latvija meza ekosistemas
tikai atseviskos gadijumos Luvisol/ augsném ir konstatets vaji izteikts podzoléSanas
process, kas morfologiski kltist redzams ka E horizonts.

Bitiskas (p < 0,05) likumsakaribas starp Gleysol, Planosol augsnu pamatgrupam
un glaciolimnisko nogulumu telpisko izplatibu nosaka augsnes granulometriskais sastavs
(2.1. tab.) un relativi Iidzenais reljefs. Relativi smags augsnes granulometriskais sastavs
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(mals, smags puteklu mals, smags smil§mals) ietekm& sezonalus reducésanas apstaklus
un Stagnic krasu salikuma veido$anos augsnes profila.

Litologiska dazadiba, kas ir kritérijs Planosol augs$nu noteik$ana, ir raksturiga
daudziem glaciolimniskajiem nogulumiem.

2.11. tabula
Albeluvisol un Luvisol aug$nu pamatgrupu (IUSS Working Group WRB, 2007) minerala
virséja slapa granulometriskais sastavs, pH un katjonu apmainas kapacitate
Table 2.11.

and cation exchange capacity of the mineral topsoil layer of Albeluvisols
and Luvisols (IUSS Working Group WRB, 2007)

CaCI2

Soil texture, pH

CaCI2

Aug$nu pamatgrupas Mals | Putekli | Smilts pH Katjonu apmainas kapacitate
(slanu dzilums) (%) (%) (%) (CaCl,) (cmol kg™)
Albeluvisol (0-20 cm) 5,96 | 27,64 | 66,43 4,18 15,23
Albeluvisol (20-40 cm) | 12,08 | 29,55 | 58,39 5,12 10,33
Luvisol (0-20 cm) 17,82 | 34,90 | 47,27 4,63 27,58
Luvisol (2040 cm) 33,34 | 35,49 | 31,18 5,63 21,60

Nozimigs faktors vegetacijas izplatiba ir augsne — parametrs, kas nosaka potencialo
augu sabiedribu attistibu (Kolli, Ellermée, 2001). Meza augsnu izp&te Latvija paradija, ka
ne visos gadijumos pastav telpiskas izplatibas likumsakaribas starp meza tipiem un aug-
$nu pamatgrupam, un to priedékla modifikatoriem atbilstosi starptautiskajai FAO WRB
augsnu klasifikacijai (2.5., 2.6., 2.7., 2.8. tab.). Meza ekosist€mas uz sausam mineralaug-
sném — sils, métrajs, lans — ir ciesi saistitas (p < 0,05) ar baribas vielam nabadzigo Areno-
sol aug$nu pamatgrupu; garsas izplatibai ir bitiska (p < 0,05) sakariba ar baribas vielam
bagato Luvisol augsnu pamatgrupu; savukart mezotrofais damaksnis ir saistits ar Albelu-
visol augsnu pamatgrupas telpisko izplatibu. Lidzigas likumsakaribas ir novérotas Igauni-
ja, kur augsnes granulometriskais sastavs un augsnu augliba nosaka vegetacijas tipu izpla-
tibu un baribas vielam nabadzigas augsnes labi korel€ ar vegetacijas tipiem (Palo, 2005).

Mezu tipi uz slapjam kiidras augsném un nosusinatam kiidras augsném ir saistiti
ar Histosol, jo, ka aprakstits ieprieks, to noteikSanas kritériji ir lidzigi. Novertgjot
augsnu telpisko izplatibu saistiba ar mezaudzu sastavu un meza tipiem, ir janem vera,
ka mezaudzes ir dazadas sukcesijas stadijas, kas veidojusas atkariba no izcirtumu un
lauksaimniecibas zemju aizaugSanas. Tap&c loti dazads kokaudzu sastavs var attistities uz
ltdzigam augsném (Ruskule et al., in press) un augstaka korelacija veidojas tikai tad, kad
meza ekosistémas sasniedz to klimaksa stadiju. Pagajusa gadsimta 60. gados norisinajas
plasa homogénu eglu monokultiiru stadisana (Laivins, 1998), kad, nenemot véra augsnes
granulometrisko sastavu un teritorijas mitruma apstaklus, Latvijas mezi tika atjaunoti ar
eglu plantacijam. Sis fakts nav maznozimigs, jo ietekmé neatbilstibu starp augsném un
mezaudzu sastavu Latvija.

Novertgjot likumsakaribas starp augSnu pamatgrupu priedékla modifikatoriem un
meza tipiem, daudzos gadijumos tika atrastas biitiskas (p < 0,05) likumsakaribas starp
sausienu meza tipiem — métraju, lanu un garSu. To var izskaidrot ar faktu, ka augsnu
pamatgrupu priedékla modifikatoru kompleksi tiek izmantoti noteiktu augsnu rakstu-
roSana. Piem@ram, lans ir izplatits uz $adam raksturigam augsném: Hypoferralic Ferralic
Endogleyic Rubic Albic Arenosol, un gar$a daudzos gadijumos ir sastopama uz Luvic
Calcic Endogleyic Stagnosol un Calcic Endostagnic Endogleyic Luvisol.
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Mezotrofa damaksna un eitrofa véra telpiska izplatiba ir saistita ar relativi augstu
augSnu pamatgrupu un to priedekla modifikatoru daudzveidibu, tade]l pastav daudz
variaciju un dati ir nepietiekami, lai konstat€tu noteiktas likumsakaribas.

Augsnu pamatgrupu un to priedékla modifikatoru daudzveidibas nozimi atspogulo
arT likumsakaribas starp koku sugam, Land Cover 2005 klasém un augS$nu pamatgrupam.
Konstatéts, ka vegetacijas vienibu raksturo$ana lidz ar vispariguma pieaugumu (meZa
tips — mezaudz& domingjosas koku sugas — Land Cover 2005 klases) samazinas
likumsakaribas starp vegetacijas raksturigajiem tipiem un aug$nu pamatgrupam un
to priedekla modifikatoriem. Iesp&jams, ka labakas likumsakaribas var nodrosinat,
papildinot informaciju par biotisko vidi.

2.5. Kopsavilkums

Kopuma var secinat, ka ne vienm@r pastav cie$as likumsakaribas starp vegetacijas
tipiem un augsném, tapéc ir loti griiti prognoz&t nakotnes vegetaciju, par pamatu
izmantojot likumsakaribas starp augsném un vegetacijas tipiem (Palo et al., 2005;
Uuemaa et al., 2008). Potencialo augsnu, vegetacijas un meza tipu prognozesana ir griti
lietot augsnes informaciju atbilstosi starptautiskajai FAO WRB augsnu klasifikacijai
boreali nemoralaja regiona, kur augsnu cilmiezi veido dazads granulometriskais sastavs,
kas izveidojies glacialo kusSanas Gidenu un glacigéno nogulumu rezultata.

P&tfjuma rezultati parada, ka ir iespgjams konstatet likumsakaribas starp augsnu
pamatgrupu un vides faktoru telpisko izplatibu, lictojot generalizétos linearos modelus
datu statistiskaja analiz€, izmantojot R 2.//.]/ programmu.

Promocijas darbs parada, ka loti augsta aug$nu pamatgrupu daudzveidiba pastav
litologiski lidzigos kvartara nogulumos. Turklat daudzi meza tipi ir saistiti ar daudzam
augSnu pamatgrupam, kas atkarigas no augsnes cilmieza, novietojuma reljefa un mitru-
ma apstakliem.

No vienas puses, kvartara nogulumu un meza telpiskas izplatibas informacijas iegii-
Sanas risindjumi $aja promocijas darba var turpmak uzlabot augs$nu kartéSanu regionala
méroga. No otras puses, iegiita informacija nevar uzlabot licla méroga kartésanu. Tadel
turpmak ir nepieciesami detaliz&ti p&tijumi par augsnes Ipasibu un morfologijas, ka ari
augsnes granulometriska sastava izmainam augsnes katéna. Jebkura gadijuma, augsnu
kart€$ana par pamatu izmantojot geologiskas konturas, ir iesp&jams nodalit augsnu pa-
matgrupu asociacijas (grupas), jo ir griiti nodalit atseviSkas aug$nu pamatgrupas.

Pastavoso likumsakaribu noteikSana nakotné uzlabos aug$npu karté$anu (regionala
méroga 1 : 50 000, jo Sis mérogs ir standartmérogs telpiskaja planoSana Latvija, ka
ari taja ir pieejama meza tipu un geologisko nogulumu telpiska informacija) boreali
nemorala regiona, kur augsnes ir veidojusas uz véla Vislas leduslaikmeta glacialajiem
nogulumiem, ko sedz postglacialie eolie, jiiras, ezeru, aluvialie un purvu nogulumi.

Nakotné ir nepieciesams veikt pétijjumus, lai noskaidrotu starptautiskas FAO
WRB aug$nu klasifikacijas vajas un stipras puses un to lietoSanu meza ekosistemu
izpete. Izmantojot So klasifikaciju, ir noteiktas likumsakaribas starp aug$nu (dren&tu un
nedrenétu) telpisko izplatibu un vides faktoriem. Konstatéts, ka vides apstaklu ietekmi
uz meliorétajam augsném atspogulo meza tipi, nevis aug$nu pamatgrupas atbilstosi
starptautiskajai FAO WRB aug$nu klasifikacijai.
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3. MEZA AUGSNU KIMISKAIS SASTAVS
UN TO IPASIBAS

3.1. Literatiiras apskats

3.1.1. Augsnes cilmiezis un geologiskie nogulumi

Geologisko nogulumu izcelsme un sastavs (t. sk. mineralais un granulometriskais
sastavs) ir vieni no galvenajiem faktoriem, kas nosaka augsnes cilmieza un kopuma
arT augsnes IpaSibas. Smilts un puteklu dalinam, salidzinot ar mala dalinpam, piemit
mazaka baribas elementu adsorbcija, ka arT organomineralu kompleksu veidoSanas sp&ja
(Vanmechelen et al., 1997). Smilts dalinas sastav galvenokart no kvarca (SiO,), kas
ktmiska zina ir mazaktivs (Brady, Weil, 1996). Eiropas mezu ekosist€émas smilts nogulumi
visraksturigakie ir Podzol un Arenosol augsnés. Cambisol, Leptosol, Luvisol un Gleysol
augsnés relativi vairak ir mala dalinu (Vanmechelen et al., 1997). To neliclais izméers
un plaksnveida forma bitiski palielina mineralu virsmu, kas savukart palielina baribas
elementu adsorbciju uz mineralu virsmas un nosaka to atbrivosanos, t. i., nonaks$anu
augsnes Skiduma (Barber, 1995). Produktivakas augsnes ir smalka granulometriska
sastava augsnes, kuras doming puteklu dalinas (Vanmechelen et al., 1997).

Glacigénie nogulumi Latvija satur karbonatus, tani skaita kalcita (Ca[CO,]) un
dolomita (CaMg[CO,],) mineralus. lepriek$ mingtie minerali tidens un augsnes Skiduma
iedarbiba pakapeniski sadéd (Doner, Lynn, 1989), tapéc to kristaliskaja rezgi esosie
kimiskie elementi kliist pieejami augiem. M&rena klimata borealaja bioma tie var tikt
iznesti no augsnes virs€jiem slaniem (Vanmechelen et al., 1997). Karbonatu klatbatne
augsné ietekmé pH vertibu, kas atbilstosi zinatnieku uzskatiem (Kabara-Ilennunac,
Ilenanac, 1989) bitiski ietekmé mikroelementu kustigumu, migraciju un uznemsanu
ar augu sakném. F. de Koninks un E. van Rensts (De Coninck, Van Ranst, 1993) ir
konstatejusi, ka kalcita klatbutne augsné nodrosina pH,, , vertibu robezas no 6,8 lidz
8,0 un vairak. Karbonati tie$i var ietekmé&t arT mikroelementu uzvedibu augsné. Tie,
icklaujoties karbonatu struktiira vai veidojot kimiskos savienojumus, kliist mazkustigi
un uzkrajas augsne. Karbonatu klatbiitne ietekmé Fe un Mn kustigumu un lidz ar to
arl minéto mikroelementu pieejamibu augiem. Tomér zinatniskajas publikacijas tiek
atziméts, ka vissvarigaka nozime mikroelementu uzvedibas maina ir karbonatu ietekmei
uz augsnes pH (Kab6ara-Ilennuac, [leanuac, 1989).

Augsnes granulometriskais sastavs un arT brivo karbonatu klatbtitne augsné nosaka
katjonu apmainas kapacitati un piesatinajuma pakapi ar bazém. Mala augsném katjonu
apmainas kapacitate ir daudz augstaka neka smilts augsném. Katjonu apmainas procesa
augsnes Skiduma esosie katjoni tiek saistiti uz negativi ladéto koloidu virsmas, pieméram,
uz mala mineralu un organisko koloidu virsmas. Ar negativi ladétiem koloidiem parasti
saistas $adi apmainas katjoni: AP’*, Ca*", Mg**, H", K*, Na" un NH," (Bain, Smith, 1987).
Katjonu apmainas kapacitati bitiski ietekm@& augsnes mineralais sastavs un mineralu
dedesanas intensitate. Tapéc Eiropas mezu augsnés relativi zemakas katjonu apmainas
kapacitates vertibas ir Arenosol un Podzol augsn€m, kuram ir relativi zems mala dalinu
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saturs, savukart, palielinoties malu dalinu daudzumam, ka, pieméram, Cambisol augsném,
pieaug ari ir katjonu apmainas kapacitate (Vanmechelen et al., 1997).

Aptuveni 25% Eiropas mezu augsnu virsgjiem mineralajiem slaniem ir raksturigs
relativi zems piesatinajums ar bazém, kur baziskie katjoni veido mazak par 15% no kopgja
adsorb&to katjonu daudzuma. Sada situacija atseviski katjoni, pieméram, aluminijs, nonak
augsnes Skiduma un izraisa stresa apstaklus augsnes dzivajiem organismiem un augiem,
kas savukart ietekmé to funkcioné$anu un augsanu (Ulrich, 1995). Augsts piesatina-
jums ar bazém ir raksturigs augsném, kuram ir Calcic pazimes, turpretim augsném,
kuram ir Spodic un Albic pazimes, parasti ir zems bazes katjonu saturs (Vanmechelen
et al., 1997).

Mineralu ktmiskais sastavs un lidz ar to augsnes cilmiezis nosaka baribas elementu
daudzumu augsné. Mineralu dédésanas rezultata atbrivojas K, Ca, Mg un citi elementi,
kas nodro$ina biologiskos procesus meZzaudze (Barber, 1995). Minerali (kvarcs, lauks-
pati u. c.), kas veido smilts un puteklu frakciju, salidzinot ar mala mineraliem, parasti
ir nabadzigaki ar makroelementiem. Tapeéc Eiropas mezu augsnés baribas elementu
saturs palielinas lidz ar mala dalinu Tpatsvara pieaugumu (Vanmechelen et al., 1997).
Karbonatus nesaturosas rupja granulometriska sastava augsnes, pieméram, Arenosol
un Podzol, satur relativi maz kalcija (mazak par 2 g kg'), turpretim kalkainas augsnes
var saturét vairak neka 100 g kg' kalcija (Barber, 1995). Kalcijs ir daudzu iezu un
mineralu sastava, ari lauk$patos, vizlas, dolomita, gipsi un citos mineralos. Vislielakais
kopgja kalcija daudzums Latvija ir augsn&s uz mala cilmieziem (aptuveni 30 g kg?),
bet vismazakais — kapu smilts augsnés (< 1g kg') (Nikodemus u. c., 2008). Kalcija
saturu organiskajos slanos galvenokart nosaka Ca saturs dzilak esoSajos mineralaugsnes
slanos. Mingto likumsakaribu apliecina ari Eiropas mezu augsnés konstatcta butiska
korelacija starp kalcija saturu organiskajos slanos un minerala virs¢ja slani (Vanmechelen
et al., 1997).

Augsné 98% kalija ir augsnes mineralu sastava un tikai 2% augsnes $kiduma vai
apmainama forma (Nikodemus u. c., 2008). Kalijs augsnes $kiduma nonak mineralu,
pieméram, laukSpata un vizlas, dédésanas rezultata (Pratt, 1965). Augsnes paskabinasanas
paatrina bazisko katjonu, arT K* izskaloSanos no augsnes (Aber et al., 1989). Pastav ari
cits viedoklis (Nilsson, Bergkvist, 1983), proti, ka K" atbrivoSanos augsnes $kiduma
skabums praktiski neietekmé.

Kalija saturs augsnes mineralajos slanos nosaka arT ta saturu augsnes organiskajos
slanos. Organiskie slani ir relativi nabadzigi ar kaliju, ja augsnes mineralajos slanos ta
saturs ir relativi zems (Barber, 1995).

Fosfors ir nozimigs elements augu augSana. Péc S. A. Barbera (Barber, 1995),
augsné fosfors ir

1) augsnes $kiduma;

2) adsorb&ts uz mineralu virsmas;

3) mineralu sastava;

4) organiskaja viela.

Tiek uzskatits (Pritchett, Fisher, 1987), ka mezu augsnés fosfora galvenais avots
ir organiska viela un tapec augu nodrosinasana ar fosforu augsnes cilmieziem nav tik
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liela nozime ka ieprieks aprakstitajiem elementiem. Fosfora deficits parasti novérojams
vaji drenétas, skabas smilSainas vai smil§mala augsnés (Pritchett, Fisher, 1987). Skabo
Podzols augsnu Spodic horizonta liela dala fosfora atrodas dzelzs un aluminija fosfatu
veida, tapec tas var blit nepieejams augiem. Ja augsnes satur loti zemu dzelzs, aluminija
un mangana koncentraciju, lielaka dala fosfora skabajas augsn@s tiek izskalota no to
virskartas (Vanmechelen et al., 1997).

Neitralas un baziskas augsnés uz kalcita virsmas fosfatjonu adsorbcijas rezultata
veidojas kalcija fosfati, kas nodrosina fosfora fiksaciju, tapec karbonatus saturosas
augsnes satur ari vairak fosfora (Doner, Lynn, 1989). Augsnés ar Calcic pazimém ir
relativi augstaka fosfora vid€ja koncentracija minerala virskarta (Vanmechelen et al.,
1997). Augiem izmantojama fosfora saistiSanos augsné neskistoso savienojumu forma
nosaka arT mala saturs un dzelzs savienojumu klatbttne. TieSi mals daudzas augsnés
nodrosina galveno adsorbcijas virsmu fosfatiem — Tpasi tad, ja to koncentracija ir zema
(Nikodemus u. c., 2008). Fosfora $kistoso formu daudzums samazinas, pieaugot dzelzs
oksidu un kalcija karbonatu attiecibai augsné (Nikodemus u. c., 2008).

Magnijs augsnés ir sastopams apmainas katjonu forma, organisko nobiru sastava,
ka arT dazados mineralos, pieméram dolomita, kas labi $kist iidenT un augsnes skiduma
(Heald, 1965). Atkariba no augsnes cilmieza sastava un dédesanas intensitates, ka ari
augsnes reakcijas Mg saturs augsnés mainas loti plasa diapazona. Izteiktaks Mg deficits,
salidzinot ar citam augsném, ir Podzol, Arenosol un Histosol augsnés. Zems Mg saturs
(< 1000 mg kg) ir Eiropas meza augs$nu organiskaja slani. Savukart Cambisol, Luvisol,
Leptosol un Regosol augsnés vairak neka 75% gadijumu Mg saturs organiskaja slani
parsniedz 1000 mg kg (Vanmechelen et al., 1997).

Augsnés dzelzs ir sastopama relativi lielaka koncentracija neka citi mikroelementi.
Dzelzi saturoSie minerali, pieméram, getits (Fe,O,-H,0) un hematits (Fe O,), augsnés ir
sastopami biezi. Dzelzs ir daudzu silikatu mineralu galvena sastavdala, ka arT sastopama
iezu dedesanas produktos — oksihidratos, oksidos, jaunveidojumos, dazados trisvertigas
un divveértigas dzelzs neorganisko un organisko skabju kompleksos savienojumos.
Latvija visvairak dzelzs ir mala augsnés (vidgji 2%), bet vismazak kapu smiltaju
augsnés (ap 0,2%) (Nikodemus u. c., 2008). Ar1 Eiropas mezu augsnés dzelzs saturs
loti varié (Vanmechelen et al., 1997). Dzelzs kustigums augsné ir atkarigs no vides, tas
reakcijas un oksidéSanas apstakliem (KabGara-Ilenamac, [lerguac, 1989). Ar skabekli
bagata neitrala vide, kur augsnes tidens nesatur organiskas vielas vai satur tas relativi
maz, dzelzs augsné galvenokart ir (Fe(OH),) forma (Ilepennman, Kacumos, 1999), kas
nodrosina tas uzpemsanu ar augu sakném (Jones, Jarvis, 1981). Neorganisko savienojumu
oksidésanas un hidrolizes procesos pie pH < 5 divvertiga dzelzs pariet augsnes skiduma
koloidala stavokli. Anaeroba vidé dominé Fe?*, ka ari FeHCO,, FeSO,, FeCO,, bet ar
skabekli bagatos augsnes slanos tie kltist mazkustigi un uzkrajas (Ilepensman, Kacumos,
1999). Ar organiskajam vielam dzelzs veido noturigus fulvatus un mazmolekularus
oglekla kompleksus, kas pat neitrala vidé pasarga to no iesaistisanas hidrolizes procesos
(Nikodemus u. c., 2008). Savukart seviski kustiga dzelzs ir stipri skabos un skabos gleja
iidenos (Ilepenmsman, Kacumos, 1999), tapec ta migré uz dzilakajiem augsnes slaniem,
ka arT biezi tiek iznesta no augsnes. Dzelzs saturs augsné un vides reakcija ietekmé ar1
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citu ktmisko elementu uzvedibu. Koloidalie dzelzs hidroksidi skaba vidg ir pozitivi ladeti
un tapec piesaista anjonus, bet neitrala vidé negativi un tapec saista katjonus. Pirmaja
gadijuma Fe veido kompleksus ar P, As, Mo, Cr, bet otraja gadijuma ar Mn, Cu, Co, Ni
(ITepenbman, Kacumos, 1999).

Viens no izplatitakajiem metaliem Zemes garoza un augsné ir aluminijs. Augsné
tas atrodams aluminija oksida (ALO,) un hidroksidu, aluminija salu veida, ka arT
organomineralajos kompleksos un alumosilikatos (Nikodemus u. c., 2008). Ta saturs
Eiropas meza ekosistemu smilts augsnés var bt mazaks par 1000 mg kg, bet augsnés
ar alumosilikatu saturu ta koncentracija sasniedz 1000 000 mg kg'. Ta ka aluminijs ir
sastopams galvenokart neorganiskajas formas, augsnes organiskajos slanos aluminija
saturs atklaj augsnes minerala materiala saturu (Vanmechelen et al., 1997). Aluminija
kustigumu nosaka augsnes reakcija. Ja augsnes pH ir 5-8, aluminija hidroksidi tikpat
ka neskist iidenT un augsnes skiduma, tapec aluminijs ir mazkustigs (Kabara-Ilennnac,
[enauac, 1989). Skabas augsnés, samazinoties augsnes pH zem 5,5, aluminija kustigums
strauji palielinds un jonu apmainas procesos tas konkurg ar citiem katjoniem. Uzskata, ka
méreni humida klimata aluminijs ir mazkustigs (Ilepensman, Kacumos, 1999).

Mangans augsné adsorbcijas procesa konkuré ar dzelzi. Kop&jo augsnes manganu
veido mineralu sastava esosais Mn, organiski saistitais Mn, apmainas Mn un skiduma
esoSais Mn, turklat lidzsvaru starp iepriek§ minctajam formam batiski ietekmée
augsnes pH un reducéSanas—oksidésanas apstakli. Augsné mangans pastav tris dazados
oksidesanas veidos — Mn?*, Mn*" un Mn*". Skisto§aka apmainas Mn forma, ko absorb&
augu saknes, primari ir Mn?', kas arT veido kompleksus ar $kistosajiem un neskistos$ajiem
organiskajiem savienojumiem. Savukart labi aerétas augsnés Mn*" oksidgjas Iidz Mn**
un izgulsn&jas ka oksids. Augsné izplatitakie mangana minerali ir oksidi, kas sastopami
dzelzs—mangana konkrécijas, vai arT ka uzklajumi uz citiem mineraliem (Vanmechelen
et al., 1997).

3.1.2. Augsne ka meza ekosistému komponents

Augsne ir nozimigs meza ekosistému komponents, tapec koku ietekmes izpétei uz
augsnes veidoSanos un elementu apriti ir gara vésture. Par to liecina daudzas publikacijas
pagajusaja gadsimta (Shear, Stewart, 1934; Zinke, 1962; Challinor, 1968; Alban, 1982;
Crozier, Boerner, 1986; Boerner, Koslowsky, 1989; Boettcher, Kalisz, 1990; France et
al., 1989; Johnson, Todd, 1990; Binkley et al., 1992; Hobbie, 1992; Gower, Son, 1992;
Nordén, 1994; Binkley, 1995; Bockheim, 1997; Finzi et al., 1998a, b).

Relativi maz pétjjumu ir par augsnes Ipasibu ietekmi uz mezaudzu attistibu un to
telpisko izplatibu.

Mezaudzes sastavu un attistibu nosaka gan augsnes granulometriskais sastavs, gan
baribas vielu daudzums, gan arT augsnes reakcija. Daudzas augsnes ipasibas ir atkarigas
no granulometriska sastava, kas ir viens no nozimigakajiem faktoriem kokaudzu
izplatiba. Pieméram, parastais skabardis (Carpinus betulus L.) ir izplatits uz augsném,
kur ir augsts baribas elementu saturs (Krauklis, Zarina, 2002). K. Kirsteins un V. Eiche ir
uzsverusi, ka Belovezas garsa parastais skabardis ir sastopams tikai labi dren&tas augsnés
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uz smilSmala vai malsmilts, pa retam arT uz grants cilmieza, bet nekad nav sastopams
uz smilts cilmieza (Kirsteins, Eiche, 1933). Svariga nozime ir litologiskajam sastavam,
pieméram, atseviskos pétfjumos Cehija (Purdon et al., 2004) konstatéts, ka litologiskajos
rajonos, kur ir izplatitas augligakas augsnes ar augstu kalcija karbonatu un citu sarmu
mineralu daudzumu, paskabinasanas un lidz ar to arT mezaudzu defoliacija tiek kavéta
salidzinajuma ar mezaudz&m, kas izplatitas uz mazaugligakam augsném.

V. L. Pri¢ets un R. F. Fisers (Pritchett, Fisher, 1987) uzskata, ka skuju koku mezos
optimalais pH ir robezas no 5,2 lidz 6,2, bet lapu koku mezos no 5,8 lidz 6,2. Savukart
T. D. Landis (1989) secinajis, ka skujkokiem pH,  optimalas vértibas ir starp 5,0-6,0,
bet lapu kokiem starp 6,0-7,0. Citi zinatnieki atzist, ka skujkokiem piemeérotaki augSanas
apstakli ir skaba vidge, ja pH ir robezas starp 4,5 un 5,0 (Brix, Van den Driessche, 1974).
R. Rikala un H. J. Jozefeks (Rikala, Jozefek, 1990) konstat€jusi, ka Pinus sylvestris un
Picea abies stadu augSanai optimali apstakli ir tad, ja pH,, , ir 4,0-5,0.

Tatad katrai koku sugai ir sava optimala augsnes reakcija, bet kopuma uzskata, ka
augsnes pH,, , robezas no 5,0 Iidz 7,0 veido kokiem optimalus augSanas apstaklus, kuros
notiek mikroorganismu aktivitates picaugums un ir baribas elementu pieejamiba. Koku
sugu tolerance pret vides reakciju nosaka to, ka augsnes apstakli ictekmé augu sugu
sastavu vairak neka sugu sastavs iespaido augsnes reakciju. Turklat augsnes skabums
nosaka skabuma jutigo augu izplatibu (Vanmechelen et al., 1997).

Petfjumos konstatets, ka ne tikai augsnes IpasSibas ietekme atsevisku koku sugu
izplatibu, bet arT skuju koki un lapu koki dazadi iespaido mineralaugsnes 1pasibas un
meza zemsegu (Brais et al., 1995; Vesterdal, Raulund-Rasmussen, 1998; Rejsek et
al., 2010), ka arT tiem ir nozimiga ietekme uz augS$nu kimiskajam ipasibam (Binkley,
Valentine, 1991).

Veiktie petijumi (Zinke, 1962) parada, ka skujkoku apkartné ir zemaks pH,
N daudzums. Apmainas bazu summa un katjonu apmainas kapacitate ir relativi zemaka
koku tuvuma, bet pieaug lidz ar attalumu no koka stumbra. Ta ka skuju un lapu nobiru
ktmiskais sastavs atSkiras (Terauda, Nikodemus, 2006), tad atkariba no koku sugam
mainas ar1 augsnes 1pasibas, pieméram, organiskais ogleklis, kopg&jais slapeklis, pH,
apmainas katjonu daudzums un piesatinajums ar bazém (Birkeland, 1984). Sis augsnes
Tpasibas var mainities, izmainoties vides apstakliem (Birkeland, 1984), turklat atkariba
no koku sugam vecakas augsnés var bit lielakas kTmisko elementu satura atskiribas.

Tiek uzskatits, ka meza ekosist€émas attistibu un produktivitati galvenokart nosaka
baribas elementu rinkojums un ka meza nobiras ir visnozimigakais faktors Saja aprité
(Kavvadias et al., 2001). Nobiras ir viens no svarigakajiem baribas elementu avotiem
meza ekosistéma, un baribas elementi no organiskajam vielam mineralizacijas procesa
atbrivojas 1éni (Ukonmaanaho, 2001; T&rauda, 2008). Lidz ar to meZzu augSana un
produktivitate daudzos gadijumos ir atkariga no nobiru daudzuma, to veida un sadaliSanas
atruma (Kavvadias et al., 2001). Skuju koku nobiras sadalas 1énak salidzinajuma ar
lapu koku nobiram, tapéc augsnes zemsega uzkrajas nobiras (Berg, 2000). Lapu koku
audzges ir augstaka biologiska aktivitate, kas nodroSina organisko vielu degradaciju un
humifikaciju. Relativi skabas skuju koku mezaudzes augsnés augsnes fauna ir mazak
aktiva, tapec samazinas organisko vielu sajaukSanas apjoms ar mineralaugsni (Thuile,
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Schulze, 2006). Nedzivas zemsegas kimisko sastavu nosaka meza nobiru sastavs.
Piem@ram, Latvija priezu meza nobiras, salidzinot ar eglu un lapu koku nobiram,
konstatéta zema baribas vielu koncentracija un Iidz ar to baribas vielu dagradacijas
del arT neliela So vielu pieejamiba kokaudzei (Térauda, 2008). Lapu koku vainaga
(lapas, zaros u. c.) parasti ir augstaka slapekla, kalija, kalcija un magnija koncentracija
salidzinajuma ar skuju koku vainaga dalam (Bergmann, 1988). Tapéc mezos ar lapu
koku piejaukumu nobiras ir augstaks bazisko katjonu saturs, ka arT augstaka augsnes
pH vértiba (Binkley, 1995). Atskirigais nobiru sastavs un to degradacija izpauzas ari
podzol&sanas procesa, kas straujak norisinas skuju koku mezos, salidzinot ar lapu koku
meziem (Schulp et al., 2008).

P&tijumi liecina, ka meza zemsegas oglekla krajumu un augsnes organiska oglekla
krajumu veidoSanas ir atkariga no kokaudzes vecuma (Vesterdal et al., 2002) un biofizikala
raksturojuma. Savukart no augsnes tipa ir atkarigs organisko vielu sadaliSanas atrums un
energijas aprite meza ekosistéma. Turklat organisko vielu daudzums augsné ir atkarigs
no augsnes virs¢jo slanu organiskas vielas samazinasanas un palielinasanas funkcijas, ko
pavada degradacijas process, 1idz ar to mineralaugsnes A horizonta veidoSanas ir atkariga
no vegetacijas (Birkeland, 1984).

Kokaudze var ietekmé&t ne tikai augsnes kimiskas TpaSibas, bet ilgtermina ari
augsnes morfologiskas tpasibas (Phillips, Marion, 2004). Ir noskaidrots, ka Tstermina
kimiskas un biologiskas izmainas augsné atspogulo vegetacijas izmainas, turklat,
skujkokiem nomainot lapu kokus, vairakos gadu desmitos var bitiski izmainities
augsnes morfologiskas pazimes un augsnes veido$anas procesi (Certini et al., 1998;
Phillips, Marion, 2004). Daudzas augS$nu diagnostiskas pazimes un Tpasibas ir ciesi
saistitas ar vegetdcijas izmainam (Birkeland, 1984). Pieméram, skujkoku mezos
raksturiga podzol@Sanas procesa attistiba, bet Sis process var norisinaties art lapu koku
mezos. Turpretim depodzolizéSanas ir pret€js process, ja skujkoku mezus nomaina
lapu koku mezi, tap&c no lapu koku nobiram augsnes virskarta pieaug Ca daudzums,
bet, samazinoties skuju koku nobiram, B horizonta atbrivojas Fe un Mn (Lundstrom et
al., 2000). Petijumos konstatets, ka aptuveni 50 gados koku sugas var biitiski izmainit
augsnes kimiskas 1pasibas (Binkley, Valentine, 1991).

Balstoties uz apkopoto literattiru, tika pienemts, ka plasaka méroga augsnes fizikalo
un kimisko Tpasibu mainibu nosaka geologiskie nogulumi, no kuriem pamata ir atkarigas
augsnes cilmiezu Tpasibas un tatad arT augSnu veidoSanas un augSnu pamatgrupu
(FAO WRB) izplatiba. Savukart meza tipu un domingjoso koku sugu izplatiba ir atkariga
no abiem ieprieks mingtajiem faktoriem.

Ka zinams, augsnes profilu fizikalas un kimiskas ipasibas augsnes virskarta
nosaka augsnes veidoSanas procesi, piem&ram, mineralu dédéSana, podzolesanas,
lesivésanas, dekalcifikacija un dekarbonizacija, kuru izpausmes ir atkarigas no augsnes
profilu apakskartas — augsnes cilmieza fizikalajam un kimiskajam ipasibam (teritorijas
geologiskas uzbiives un geologisko nogulumu sastava). Tomér augsnes veidoSanas
procesus augsnes profila virskarta, iesp&jams, vairak ietekme augsnes veidosanas laiks,
vegetacija (meZa tipi un mezaudzé valdosas koku sugas), ka ari cilvéka saimnieciska
darbiba.
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3.2. Petijumu materiali un metodes

3.2.1. Lauka pétijumi un augsnes fizikalas un kimiskas analizes

Lauka pétfjumi un augsnes paraugu ievaksana veikta no 2006. Iidz 2008. gadam
Eiropas pirma limena meza monitoringa, ES programmas Nr. 2152/2003 par mezu un
vides mijiedarbibas monitoringu Kopiena (Forest Focus) un starptautiskas sadarbibas
programmas (ICP Forests) starptautiska projekta ,,Meza augS$nu inventarizacija un
biologiskas daudzveidibas noveértesana” (BioSoil) ietvaros 95 parauglaukumos.

Parauglaukumos tika izrakts augsnes dzilrakums un aprakstitas augsnes atbilstosi
starptautiskajai FAO WRB augsnu klasifikacijai (IUSS Working Group, 2007). Augsnu
paraugi tika ievakti no augsnes profilu genétiskajiem horizontiem, ka ari atbilstosi
ICP mezu monitoringa metodém no $adiem augsnes slaniem: O horizonts, 0—10 cm,
1020 cm, 2040 cm, 40-80 cm (FSCC, 2006). Tas nodroSina augsnu fizikalo un
kTmisko Tpasibu noteikSanu atbilstosi starptautiski akceptétam (standartmetodém) meza
monitoringa metodém.

Lauka darbos tika noteikts arT parauglaukumu novietojums reljefa, augsnes
cilmiezis — kvartara un pirmskvartara nogulumiezi, mezaudzé domingjosas koku sugas
un meza tipi. Kvartara nogulumi tika analiz&ti, nemot véra to granulometrisko sastavu
un sastopamibu reljefa. Meza tipi tika noteikti atbilstoSi Latvijas meza ekosist€mu
klasifikacijai (Buss, 1981).

Augsnes paraugu sagatavoSana laboratorija veikta atbilstos§i LVS ISO 11464
standartam (2005), savukart fizikalas un kimiskas analizes izdaritas atbilstosi ICP mezu
monitoringa metodém (FSCC, 2006) LVMI ,,Silava” Meza vides laboratorija un Latvijas
Vides, geologijas un meteorologijas agentuira.

Augsnes paraugiem tika noteikti un promocijas darba izmantoti $adi raditaji:

e granulometriskais sastavs (smilts, mala, puteklu dalinu saturs, %). Noteikts,

lietojot slapjo sijaSanu un sedimentacijas jeb pipetes metodi) atbilstosi LVS
ISO 11277 (2000) standartam;

e  kopgja slapekla koncentracija (g kg™'). Noteikta, izmantojot modificétu Kjeldala

metodi atbilstos$i LVS ISO 11261 (2002) standartam;

e  kopgja organiska oglekla koncentracija (g kg'). Noteikta atbilstosi LVS ISO

10694 : 1995 standartam;
e aktivais skabums pH,, . Noteikts augsnes suspensija 1 : 5 (V/V) udeni atbilstosi
LVS ISO 10390 (2002) standartam;

e apmainas katjonu (Ca*, Mg?, K%) koncentracija (cmol kg'). Noteikta 1M

amonija acetata ekstrakta, izmantojot atomabsorbcijas spektrometru;

e apmainas elementu (AI*, Fe**, Mn?") koncentracija (cmol kg'). Noteikta,

izmantojot atomabsorbcijas spektrometru;

e  katjonu apmainas kapacitate (cmol kg™);

e  karaltdent ekstrah&jamo elementu (Ca, Mg, K, Na, Mn, P, Fe) koncentracija (mg

kg™"). Noteikta karaladens izvilkuma, izmantojot atomabsorbcijas spektrometru
(Ca, Mg, K, Na, Mn, Fe) un spektrofotometru (P);
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e  skaba amonija oksalata ekstrah&jamo elementu (Al, Fe) koncentracija (mg kg™).
Noteikta, lictojot spektrometru;

e  karbonatu koncentracija (g kg'). Noteikta, augsni apstradajot ar 4 M HCI
atbilstosi LVS ISO 10693 : 1995;

e  piesatinajums ar bazém (%).

LVMI ,Silava” Meza vides laboratorija iegiitie dati tika validéti atbilstosi /CP

Forests rekomend&tiem algoritmiem un minimalam un maksimalam attiecigo parametru
vertibam (Clarke et al., 2008).

3.2.2. Datu statistiska apstrade

Augsnu fizikalo un Kkimisko TpaSibu datu statistiskaja apstradé tika analizetas
mineralaugsnes, tadél netika ieklauta Histosol aug$nu pamatgrupa. Izejas datu atlasé
netika ieklauti ari faktori (geologiskie nogulumi — Litorinas juras, aluvialie; augs$nu
pamatgrupas — Phaeozem, Umbrisol, meZza tipi — slapjais métrajs (Vaccinioso-
sphagnosa), purvajs — (Sphagnosa), niedrajs (Caricoso-phragmitosa), méetru arenis
(Vacciniosa mel.) un métru kiudrenis (Vacciniosa turf. mel.)), kas sastopami mazak neka
3 parauglaukumos.

Promocijas darba tika statistiski apstradati fizikalo un kimisko analizu dati
atlasttajiem 56 augsnes profilu nedzivas zemsegas O horizontiem, 74 augsnes profilu
agsnes mineralajiem virsgjiem (0—10 cm) un apakskartas (40—80 cm) slaniem. Tika nemts
vera, ka 10-20 cm un 20—40 cm slanus ietekm& dazadi augsnes veido$anas procesi, tadel
kopuma netika veltita uzmaniba padzilinatai So slanu datu analizei un interpretacijai.

Promocijas darba, lidzigi ka citos geokimiskajos (Reimann, Filzmoser, 1999;
Reimann et al., 2002; Gilucis, 2007) un meza aug$nu pétijjumos (Vanmechelen et al.,
1997), tika konstatéts, ka geokimiska lauka faktoru kombinaciju liela daudzveidiba
nelauj korekti izmantot parametriskas statistiskas metodes.

Augsnu pamatgrupu, geologisko nogulumu un meza tipu fizikala un kimiska sastava
satura sadalfjuma novertésanai tika izmantotas histogrammas (3.1. att.).

Parbaudot datu atbilstibu noteiktiem sadalfjuma veidiem péc FiSera dispersijas
kriterija, tika konstatéts (3.1. att.), ka tie ne vienmér atbilst normalam (atbilstosi Gausa
sadaltfjumam), tadel iegiito datu statistiskaja apstrad€ tika izmantotas parametriskas un
neparametriskas metodes, attiecigajos gadijumos apstradajot datu kopas — gan vidgjas
vertibas un standartnovirzes, gan medianu.

Augsnu fizikalo un kimisko 1pasibu statistiski butisku atSkirtbu noteikSanai starp
atlasitajiem geologiskajiem nogulumiem, aug$nu pamatgrupam un meZa tipiem tika
veikta normala sadalfjuma pieskirSana, veicot to transformaciju logaritmos. Statistiski
bitiskas (p < 0,05) atskiribas tika noteiktas, izmantojot 7ukey testu vienfaktora dispersiju
analizg, lietojot SPSS PASW Statistics 18 programmu. Turklat, nemot véra, ka atlasitajiem
datiem var€tu biit nevienadas dispersijas gradacijas klases, videjo starpibu vertésanai tika
izmantota Danneta (angl. — Dunnet §) korekcija.
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3.1. attéls. Kimisko elementu satura lognormala sadalijuma piemérs augsnes
mineralajos slanos
Figure 3.1. Lognormal distribution example of chemical elements content
of the soil mineral layers

Lietojot komponentanalizi, izmantojot PC-ORD 5.0 programmu, tika noskaidrotas
sakaribas starp geologiskajiem nogulumiem, aug$nu pamatgrupam, meza tipiem, gra-
nulometrisko sastavu 74 parauglaukumos un augsnes minerala virsgja slana (0—10 cm)
un apakskartas (40-80 cm) fizikalajam un kTmiskajam tpasibam:

»  granulometriskais sastavs (smilts, mala, puteklu dalinu saturs, %);

*  augsnes reakcija (pH,, );

*  katjonu apmainas kapécite'lte (cmol kg);

e piesatinajums ar bazém (%);

*  kopgja slapekla koncentracija (g kg');

*  kopgja organiska oglekla koncentracija (g kg™);

e apmainas katjonu (Ca*, Mg?*, K*) koncentracija (cmol kg);

e apmainas elementu (Al**, Fe**, Mn?") koncentracija (cmol kg™);

*  karaliideni ekstrahgjamo elementu (Ca, Mg, K, Na, Mn, P, Fe) koncentracija

(mg kg™);
* skaba amonija oksalata ekstrahgjamo elementu (Al, Fe) koncentracija
(mg kg™);

»  karbonatu koncentracija (g kg™).

Monte Carlo tests tika izmantots, lai parbauditu biitiskumu starp komponentanalizes
asim. Starp vides faktoriem un paraugu dispersiju tika noskaidroti Pirsona korelacijas
koeficienti (» > 0,50).
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3.3. Rezultati

3.3.1. Augsnu fizikalo un kimisko Ipasibu mainiba saistiba ar geologiskajiem
nogulumiem

Augsnes granulometriskais sastavs

Viens no nozimigakajiem faktoriem, kas ietekmé& augsnes kTmiskas Tpasibas, ir aug-
snes mineralais un granulometriskais sastavs. Visviendabigakie augsnes cilmiezi Latvijas
meza ekosistémas ir Litorinas juras, Baltijas ledus ezera un eolie nogulumi, kuros smilts
frakcijas daudzums parsniedz 95%. ArT glaciofluvialajiem nogulumiem raksturigs augsts
smilts dalinu saturs — 86%. Augsnes virskartas granulometriskais sastavs Sajos nogulu-
mos butiski neatSkiras no augsnes apakskartas granulometriska sastava (3.2. tab.).

Relativi mazak smilts dalinu ir glacigénajos nogulumos (3.1. tab.), kur minerala
virskarta vidgji satur 68%, bet apakskarta 58% smilts dalinu. Glaciolimniskajos nogu-
lumos smilts dalinu saturs augsnes virskarta ir 80%, bet 4080 cm dziluma — 87%. So
augsto smilts dalinu daudzumu glaciolimniskajos nogulumos iesp&jams skaidrot ar to,
ka lielaka dala mezu monitoringa parauglaukumu ir izvietoti nogulumos, kur augsnes
cilmiezi veido smilts nogulumi. Glaciolimnisko nogulumu augsnes, kur lielaku ipatsvaru
veido mala un puteklu dalinas, to relativi augstas auglibas dél Latvija galvenokart tiek
izmantotas lauksaimnieciba.

Relativi zemaks granulometriska sastava variaciju diapazons konstatSts eolajiem,
Baltijas ledus ezera un glaciofluvialajiem nogulumiem, bet augstakais — glacigénajiem
un glaciolimniskajiem nogulumiem. Sajos nogulumos 1idz ar dzilumu pieaug mala dalinu
saturs (3.1. tab.).

Analizgjot granulometriska sastava atskiribas starp geologiskajiem nogulumiem,
tika konstat@ts, ka statistiski batiski (p < 0,05) savstarpgji neatSkiras eolie un Baltijas
ledus ezera nogulumi, savukart glacigénie nogulumi statistiski bitiski neatskiras
no glaciolimniskajiem nogulumiem. Eolo un Baltijas ledus ezera nogulumu virsgja
slana un apakskartas granulometriskais sastavs butiski atSkiras no glacigénajiem
un glaciolimniskajiem nogulumiem, bet glaciofluvialo nogulumu granulometriskais
sastavs butiski atSkiras no glacigénajiem nogulumiem (3.2. tab.). Savukart virsgja slana
granulometriska sastava zina statistiski biitiski neatskiras glaciofluvialie nogulumi no
eolajiem, Baltijas ledus ezera un glaciolimniskajiem nogulumiem, bet vienlaikus pastav
to atSkiribas augsnes apakskarta. Iepriek$ aprakstitais parada, ka geologisko un augsnes
veido§anas procesu rezultata augsnes virskartas granulometriskais sastavs viena genétiska
noguluma tipa ietvaros ir kluvis daudzveidigaks.

Katjonu apmainas kapacitate

Smilts granulometriska sastava geologiskajiem nogulumiem (eolajiem, Baltijas
ledus ezera, glaciofluvialajiem) raksturiga zema katjonu apmainas kapacitate (mediana
6-12 cmol kg'). Nogulumu viena genétiska tipa robezas atsevisku augs$nu paraug-
laukumos katjonu apmainas kapacitate savstarpji maz atSkiras. Relativi smagaka
granulometriska sastava geologiskajos nogulumos (glaciolimniskajos, glacigénajos)
mingtais raditajs butiski palielinas un katjonu apmainas kapacitates mediana, pieméram,
glaciolimnisko nogulumu aug$nu minerala virskarta, sasniedz 22 cmol kg (3.1. tab.).
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Visos pétitajos geologiskajos nogulumos, iznemot glacigénos, virséja minerala slani
katjonu apmainas kapacitate ir relativi augstaka neka apakskarta. Glacigénajos nogulu-
mos noverojams pretejs process, jo mingtais raditajs 1idz ar dzilumu picaug (3.1. tab.).
Tas parada mezaudzes lielo nozimi pozitivi 1adéto katjonu (Ca?, Mg, K* u. ¢.) migracija
un akumuléSana augsnes virsgjos, tani skaita mineralajos, slanos.

3.1. tabula
Augsnes granulometriskais sastavs (%) un katjonu apmainas kapacitate (cmol kg™)
augsnes mineralajos slanos (0—10 cm un 40-80 cm) dazados geologiskos nogulumos
Table 3.1.

Soil texture (%) and cation exchange capacity (cmol kg™) of the mineral soil layers
(0-10 cm and 40-80 cm) within different geological deposits

Geologiskie Smilts Mils Putekli k;;:‘tgﬁgfe?c’;'ﬁ'{fgs.l)
mogulumi oo | St I Med. | vid. | St | Med. | vid | St |Med.| vid. | St | Med.
nov. nov. nov. nov.
Eolie
0-10cm | 94 | 6 98 2 1 2 4 5 2 8 2 8
40-80 cm | 98 3 99 1 1 1 2 3 0 4 1 4
Baltijas ledus ezera
0-10cm | 92 8 95 2 2 2 6 7 5 14 9 11
40-80 cm| 95 6 98 1 1 1 4 6 1 10 9 6
Glaciolimniskie
0-10cm | 68 | 28 | 80 | 10 | 14 4 22 119 | 14 25 15 22
40-80cm| 65 | 38 | 87 | 18 | 25 5 16 | 16 8 18 18 9
Glaciofluvialie
0-10cm | 86 7 86 4 3 3 11 7 10 19 15 12
40-80cm| 87 | 10 | 86 4 4 4 9 7 11 13 12 7
Glacigenie
0-10cm | 64 | 21 | 68 | 12 | 13 8 24 | 12 | 25 24 19 18
40-80cm| 61 | 20 | 58 | 17 | 14 | 16 | 22 | 10 | 20 26 17 20

Petfjums paradija, ka Latvijas meza ckosistémas loti zema katjonu apmainas
kapacitate ir augsném, kas veidojusas uz eolajiem nogulumiem, un tas statistiski
batiski atSkiras no visu paréjo nogulumu augsném (3.2. tab.). Kaut gan Baltijas ledus
ezera, glaciofluvialo un glaciolimnisko nogulumu augsnés savstarpgji novérojamas
granulometriska sastava atSkiribas, tom&r katjonu apmainas kapacitate starp min&to
nogulumu augsnu slaniem statistiski bitiski (p < 0,05) neatskiras. Savukart butiski atskiras
glacigéno nogulumu augsnes apakskartas katjonu apmainas kapacitates skaitliska vertiba
no Baltijas ledus ezera un glaciofluvialo nogulumu augsnes apakskartas skaitliskajam
vertibam (3.2. tab.). Min&to nogulumu augsnu virskarta katjonu apmainas kapacitates
skaitliskas vertibas savstarp€ji butiski neatskiras.

Pétijuma rezultati paradija, ka augsnes katjonu apmainas kapacitates izmainas ne
vienmér skaidri atspogulo augsnes granulometriska sastava mainu un Iidz ar to geologisko
nogulumu izcelsmi un litologisko sastavu. Katjonu apmainas kapacitati, seviski augsnes
virskarta, ietekmé ari vegetacija un augsnes veidoSanas procesi.
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Augsnes reakcija (pH, ) un karbonatu saturs

Latvijas meza ckosisteémas nedzivas zemsegas pHHZO mediana atkariba no augsnes
cilmieZa genézes mainas robezas no 3,7 lidz 4,5. Visos pétitajos geologiskajos nogulumos
lidz ar dzilumu augsnes reakcija (pH,, ) klust neitralaka (3.2. att.). Visskabakie augsnes
slani (O horizonts, ka arT mineralais virs€jais slanis) konstatéti augsném, kas veidojusas
uz eolajiem un Baltijas ledus ezera nogulumiem. Savukart visaugstakas pHHzo vertibas
augSnu O horizonta un minerala virsgja slani ir augsnés, kas veidojusas uz glacigénajiem
nogulumiem. Arl augsnes apakskarta visaugstakas medianas vértibas ir glacigéno un
glaciolimnisko nogulumu augs$nu apakskartai (pHHZO mediana attiecigi 7,3 un 6,7). Tas
skaidrojams ar karbonatu klatbiitni (3.2. att.).

Savstarpgji salidzinot geologisko nogulumu aug$nu pHH2O vertibas, tika konstatets,
ka starp dazadas izcelsmes geologiskajiem nogulumiem augsnes minerala virskarta ne-
pastav statistiski biitiskas atskiribas. Statistiski biitiski (p <0,05) atskiras tikai apakskartas,
ka veidojusas uz glacigénajiem un eolajiem, ka arT Baltijas ledus ezera nogulumiem.

8.00

7.00

6.00

PHy,o vertiba

Geologiskie nogulumi

3.2. attels. pH,, , medianas izmainas daZadu geologisko nogulumu augsnes minerala virsgja
slant un apakskarta
Figure 3.2. Changes of pH, , median of the mineral topsoil and subsoil layer within
different geological deposits
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Tapat savstarp&ji butiski atSkiras ari Baltijas ledus ezera un glaciolimnisko nogulumu
augsnes apakskarta (3.2. tab.). Tas tikai parada, ka geologiskie nogulumi mazak ietekme
meza ekosistému augsnes reakciju augsnes virskarta, iznemot gadijumus, kad tie satur
karbonatus. Relativi lielaka nozime augsnes reakcijas veidosana $eit ir vegetacijai un
augsnes veidosanas procesiem.

Ekstrahéjamie elementi (Ca, K, Mg, Mn, Fe, P)

Ekstrahgjamo elementu koncentracija augsné parasti ir saistita ar nogulumu mi-
neralu un granulometrisko sastavu. PEtitajos vienas genézes geologiskajos nogulumos
ekstrah&jamo elementu koncentracijai ir raksturigs relativi augsts variaciju diapazons
(3.3. tab.). Bitiski atskiras arT daudzu elementu koncentracija starp nogulumu tipiem.
Kopuma mazakas ekstrah&jamo elementu (Ca, K, Mg, Mn, Fe) koncentracijas konstatétas
Baltijas ledus ezera, eolajos un glaciofluvialajos nogulumos, turpretim relativi augstakas
So elementu koncentracijas ir glaciolimniskajos un glacigénajos nogulumos (3.3. tab.).
Seit ir arf lielaks mala un puteklu dalipu daudzums (3.1. tab.).

Visas augsnés (neatkarigi no geologisko nogulumu genézes) dzilak esosajos slanos,
salidzinot ar mineralo virskartu, ir augstaka ekstrah&jama Mg, Mn un Fe koncentracija.
Atskirigas izpausmes ir novérojamas Ca un K saturam. Baltijas ledus ezera un glaciolim-
niskajos nogulumos, salidzinot ar apakskartu, augstaka ekstrah&jama Ca koncentracija ir
virs€ja minerala slani. Savukart virskarta zemaka Ca koncentracija ir glacigénajos, gla-
ciofluvialajos un eolajos nogulumos. Ekstrah&jama K koncentracija nedaudz augstaka ir
augsnes minerala virskarta eolajos un Baltijas ledus ezera nogulumos (3.3. tab.). Kopgja
tendence ir $ada: augsnés, kas ir nabadzigas ar baziskajiem katjoniem, pateicoties vielu
biologiskajai apritei, Ca un K tiek koncentréts augsnes virsgjos slanos, savukart augsnés,
kuru cilmiezi satur karbonatus, bazisko katjonu vairak ir augsnes apakskarta.

Lidzigi granulometriskajam sastavam arl ekstrahEjamo elementu satura zina aug-
snes apakskarta starp dazadas gen€zes nogulumiem pastav batiskas (p < 0,05) sav-
starpgjas atdkiribas. Sis atkiribas tika konstatétas starp eolajiem, Baltijas ledus
ezera un glaciofluvialajiem, glacigénajiem, glaciolimniskajiem nogulumiem, ka ari
starp glaciofluvialajiem un glacigénajiem nogulumiem (3.2. tab.). Statistiski butiski
(p < 0,05) savstarpgji neatSkiras eolic nogulumi no Baltijas ledus ezera nogulumiem,
glaciofluvialie nogulumi no glaciolimniskajiem nogulumiem, ka arT glacigénie nogulumi
no glaciolimniskajiem nogulumiem.

Ka jau ieprieks tika atzimé&ts, augsnes mineralais un granulometriskais sastavs ir
viens no nozimigakajiem faktoriem, kas ietekmé ekstrah&amo elementu koncentraciju
dazados geologiskajos nogulumos. Vienigi ekstrah&amo P un Na koncentraciju tikpat
ka neietekm€ augsnes mineralu sastavs. Promocijas darba literatiras sadala atziméts, ka
P koncentraciju augsné vairak ietekmé vegetacija un augsnes reakcija, ka ari karbonatu
klatbuitne augsng, bet relativi mazak — augsnes granulometriskais sastavs. Tas atspogulojas
ari ieglito rezultatu statistiska analizg, jo, kaut gan starp dazadas genézes nogulumiem ir
noveérojamas medianu skaitlisko vertibu atskiribas, tomér lielakoties tas nav statistiski
bitiskas.
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Salidzinot ekstrahgjamo elementu koncentraciju atSkiribas ar apmainas elementu
koncentraciju atskirtbam (3.2. tab.), redzams, ka ekstrahgjama K, Mg, Fe un Mn
koncentracija geologiskajos nogulumos (eolie, Baltijas ledus ezera, glaciofluvialie), kur
parsvara ir smilts dalinas, bitiski atSkiras no nogulumiem, kur relativi daudz ir mala un
puteklu dalinas (glacigénie, glaciolimniskie).

Saja gadijuma apmainas katjonu koncentracija minétas atkiribas nav tik izteiktas.
Tas tikai parada, ka geologiskais faktors vairak ietekmé ekstrahgjamo elementu
daudzumu, nevis apmainas katjonu daudzumu augsné.

Reaggjosais Al un Fe

Augsnes skiduma eso$o amorfo Al un Fe formu saturu parada pétijuma noteikta
reag€josa Al un Fe koncentracija. Sos raditajus iespéjams izmantot augsnes genézes
procesu (piemeram, podzoléSanas, izskaloSanas, ieskaloSanas un akumulacijas procesa)
interpretacija.
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Geologiskie nogulumi

3.3. attéls. Reagejosa Al un Fe koncentracijas mediana dazadu geologisko nogulumu augsnu
slanos
Figure 3.3. Median concentration of reactive Al and Fe of soil layers within different
geological deposits

Augsnes minerala virs€ja slani zemaka reaggjosa Al koncentracija ir Baltijas
ledus ezera un eolo nogulumu (attiecigi 470 un 539 mg kg') augsnés, bet augstaka —
glaciofluvialajos, glacigénajos un glaciolimniskajos nogulumos (attiecigi 961, 1079
un 1246 mg kg'). Augsnes apakskarta zemaka reaggjosa Al koncentracija ir eolajos
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un glacigénajos nogulumos (attiecigi 744 un 785 mg kg'). Augstaka reaggjosa
Al koncentracija augsnes apakskarta ir glaciofluvialajos, glaciolimniskajos un Baltijas
ledus ezera nogulumos (attiecigi 905, 947 un 1095 mg kg') (3.3. att.). Eolajos un
Baltijas ledus ezera nogulumos podzol&Sanas procesa rezultata novérojams biitisks Fe un
seviski Al koncentracijas picaugums augsnes 20—40 cm slani, kas morfologiski atbilst B
horizontam. Reaggjosa Al koncentracija, salidzinot ar augsnes virséjo un apaksgjo slani,
nedaudz augstaka 20—40 cm slant ir arT glaciofluvialajos nogulumos (3.3. att.).

Reaggjosa Al un Fe koncentracija dazadas gengzes nogulumos savstarpgji statistiski
bitiski atSkiras galvenokart augsnes minerala virskarta, nevis apakskarta (3.2. tab.). Tas
parada organisko skabju nozimi Al un Fe migracija. Glaciolimniskajos, glaciofluvialajos
un glacigénajos nogulumos, kur reaggjosa Al un Fe augsnes cilmiezi ir daudz vairak
neka eolajos un Baltijas ledus ezera nogulumos, pateicoties zemajam pH, Al un Fe ir
tikusi iznesti no augsnes virskartas, un to koncentracija butiski palielinas B horizonta
(3.3. att.). Tomeér tas tik spilgti neizpauzas glaciolimniskajos, glaciofluvialajos un
glacigénajos nogulumos.

Izmantojot vienfaktora dispersijas analizi, p&tot augsnu fizikalo un kimisko ipa-
§ibu mainibu atkariba no geologiskajiem nogulumiem, minerala virsgja slani $adiem
raditajiem: pH,, ; piesatindjumam ar bazém; ekstrahgjamaja Ca, Na, P saturam; apmainas
Na*, AP*, Fe** saturam netika konstatetas statistiski bitiskas (p < 0,05) atskiribas starp
atskirigiem geologiskajiem nogulumiem (3.2. tab.).

Mineralaugsnes 40-80 cm slant butiskas atSkirtbas netika konstatétas Sadiem
raditajiem: piesatindgjumam ar bazém; reag€josajam Al saturam; apmainas Na’, Mn?',
AP, Fe** saturam (3.2. tab.).

Tas norada, ka augsnes virskarta, pateicoties augsnes veidoSanas procesiem un to
izpausmém, ka ari vegetacijai, samazinas geologisko nogulumu nozime, tapéc daudzi
augsni raksturojo$ie kimiskie un fizikalie raditaji atkariba no dazadas izcelsmes geo-
logiskajiem nogulumiem bitiski neatSkiras. Minétas atSkiribas nonivel& arT promocijas
darba izmantota pétjjumu metodika — augsnes paraugi atbilsto§i meza monitoringa
(ICP Forest) metodikai tika nonemti un analizéti pa augsnes slaniem, nevis augsnes
genétiskajiem horizontiem.

Bitiskas savstarp&jas atskiribas pétitajiem fizikalajiem un kimiskajiem raditajiem
netika konstatStas starp relativi vieglaka granulometriska sastava geologiskajiem
nogulumiem (eolie, Baltijas ledus ezera), ka arT starp relativi smagaka granulometriska
sastava geologiskajiem nogulumiem (glaciolimniskie, glacigénie). Tomér starp pirmo
un pédgjo iepriek§ mingto geologisko nogulumu grupu fizikalas un kimiskas ipaSibas
atskiras, jo iepriek§ minétie geologiskie nogulumi atSkiras péc izcelsmes un veidosanas
laika, ka arT granulometriska un minerala sastava, kas atspogulojas augsnu fizikalajas un
kimiskajas Tpasibas. Kopuma sie faktori ir nozimigakie un nosaka arT augsnes veidoSanas
procesus un augsnu auglibu, no ka savukart ir atkariga baribas vielam nabadzigu un
bagatu mezaudzu izplatiba.
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3.3.2. Augsnes fizikalas un kimiskas Ipasibas un meZaudzes sastavs

Lidzigi ka geologiskie nogulumi, arT mezaudzes sastavs atstdj butiski ietekmi uz
augsnes veidoSanas procesiem un morfologiju, ka arT augsnes fizikalajam un kimiskajam
Tpasibam.

Augsnes granulometriskais sastavs

Mezaudzes sastavs neietekm€é augsnes granulometrisko sastavu, bet tas ietekmée
kimisko sastavu. Sada aspekta arf tiek apskatitas minétas sakaribas. P&c augsnes gra-
nulometriska sastava satura visviendabigakie meza tipi ir sausieni — sils, métrajs, lans,
kur domingé smilts dalinas, kuru daudzums augsnes slanos parsniedz 93%. ArT damaksni
ir salidzinos$i augsts smilts dalinu Tpatsvars (> 82%). Vismazak smilts dalinu ir veri
(augsnes virsgja minerala slana mediana ir 54%, bet apakskarta — 47%). No pétitajiem
meza tipiem augstakais mala (mediana — 21%) un puteklu (mediana — 29%) dalinu saturs
ir verT apakskarta. Salidzinosi augsts mala un puteklu dalinu saturs ir arT slapja verT un
Saurlapju arent (3.4. tab.).

Silam, métrajam un lanam raksturigs zemakais granulometriska sastava satura
variaciju diapazons, bet augstakais variaciju diapazons ir vér, slapja vérT un Saurlapju
arent (3.4. tab.).

Kopuma augsnes granulometriska sastava zina starp lielako dalu meza tipu pastav
statistiski butiskas atskiribas (3.6. tab.), kas parada, ka Latvijas meza tipologija relativi
labi raksturo augsnes granulometrisko sastavu.

Pateicoties viendabigam augsnes granulometriskajam sastavam, statistiski butiski
(p < 0,05) neatskiras sils no metraja un lana, ka arT tadu mezu granulometriskais sastavs,
kuri ir saméra bagati ar baribas vielam, pieméram, damaksnis no slapja véra un Saurlapju
arena, ka ari slapjais veris no véra un Saurlapju arena.

Augsnes reakcija (pH

o)

Augsnes reakcija nedzivas zemsegas horizonta sila, mé&traja, 1ana, damaksni un
Saurlapju arenT ir stipri skaba (pHHZO mediana attiecigi no 3,6 Iidz 4,2), savukart slapja
veri un ari veri — vidgji skaba (mediana attiecigi 4,7 un 5,5) (3.4. att.). Augsnes virs¢ja
bet sila, slapja vérl un veri — vidgji skaba (3.4. att.). Tomér statistiski butiski augsnes
pHHzO atSkiras tikai v&rT no metraja, 1ana, damaksnpa, slapja véra un Saurlapju arena
(3.6. tab.).

P&tito augsnu reakcija 40-80 cm dzila slanT métraja ir videji skaba (mediana — 5,5),
bet lana, sila, damaksni un Saurlapju areni — vaji skaba (mediana attiecigi 5,9, 6,1, 6,2
un 6,6) un veéri, slapja vért — vaji baziska (pHHZO mediana ir 7,7). Eitrofo mezu tipu
(veris, slapjais veris) augsnes apakskartas pHHZO statistiski butiski atskiras no oligotrofo
(sils, me&trajs) un mezotrofo (lans, damaksnis) mezu tipu augsnes apakskartas reakcijas
(3.6. tab.). Statistiski batiski neatSkiras oligotrofo meza tipu (sils un métrajs) un mezotrofo
meza tipu (lans, damaksnis un Saurlapju arenis) augsnu reakcija, ka art eitrofo mezu tipu
(slapjais veris un veris) augsnu pHHZO.
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3.4. attéls. pH,, , medianas izmaipas dazadu mezZa tipu augSnu slanos
Figure 3.4. Changes of pH, , median of soil layers in different forest site types

Piesatinajuma pakape ar bazéem

Zema piesatinajuma pakape ar bazém ir oligotrofo meza tipu (sils, métrajs) augsnés,
kur minerala virsgja slani $1 raditaja mediana attiecigi ir 5 un 25%, bet apakskarta — 51
un 41%, ka arf atsevisku mezotrofo mezu tipu (lans (5%), damaksnis (18%), Saurlapju
arenis (27%)) augsnu minerala virsgja slani. Augsnes apakskarta zemaka piesatinajuma
pakape ar bazém ir 1ana (mediana — 37%) (3.4. tab.). Augstaka piesatinajuma pakape ar
bazem ir Latvijas eitrofo meza tipu (veris un slapjais veris) augsnés, kur minerala virsgja
slanT mediana attiecigi ir 44 un 46%, savukart apakskarta attiecigi — 69 un 91%. Augsnes
apakskarta salidzino$i augsts piesatinajums ar bazém ir ari mezotrofajos meza tipos
(damaksnis un Saurlapju arenis), kur minéta raditaja mediana attiecigi ir 63 un 78%.

Savstarpgji salidzinot dazadu meza tipu augsnu piesatindjuma pakapes ar bazem,
tika konstatéts, ka virs€ja minerala slani savstarpgji butiski (p < 0,05) atSkiras lans no
damaksna, véra un slapja vera, kuri, savukart, sava starpa butiski neatskiras (3.6. tab.).
Interesanti, ka, neskatoties uz relativi zemo piesatinajuma pakapi ar bazém sila un
metraja, petijuma netika konstatetas statistiski biitiskas atSkiribas starp min&to meza tipu
augsném un eitrofo meza tipu augsném. Saja gadijuma tomér nozimiga ir relativi augsta
piesatinajuma pakapes standartnovirze, kas sila un métraja attieciba pret vidgjo vertibu
ir augstaka neka lana.
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Savstarpgji salidzinot augs$nu apakskartas piesatinajuma pakapi ar bazeém, statistiski
butiskas atSkiribas starp meza tipiem netika konstatétas. Tas liecina, ka augsnes
apakskartas piesatinajuma pakape ar bazém nav vienigais krit€rijs meza tipu noteikSana
un ka viens un tas pats meza tips var atrasties uz cilmieziem, kas satur atskirigu apmainas
bazisko katjonu daudzumu.Meza tipi saistiba ar bazisko katjonu daudzumu augsné ir
nedaudz ciesak saistiti ar to daudzumu augsnes minerala virsgja slani, kur statistiski tiek
nodalits 1ans no damaks$npa, véra un slapja véra. Kopuma vertgjot augsnu piesatinajuma
pakapi ar bazém, secinams, ka meza tipi nav cieSi saistiti ar augsnes piesatinajuma
pakapi ar bazém, iznemot, iespgjams, garsu, kas $aja petjjuma netika pietickama skaita
apsekota, tapec garsas dati nav icklauti $aja statistiskaja salidzinajuma.

Katjonu apmainas kapacitate

Katjonu apmainas kapacitate raksturo maksimalo augsné saistito katjonu daudzumu,
ko noteiktos apstaklos augsnes cieta faze var apmainit pret $kiduma esosajiem katjoniem.
Apakskarta katjonu apmainas kapacitate augsta ir veéri (mediana attiecigi 17 cmol kg™?).
Virsgja minerala slant §is raditajs ir visaugstakais eitrofos meza tipos — verT un slapja
verd, kur mediana attiecigi ir 26 un 24 cmol kg''.

Zems $is raditajs ir oligotrofo meza tipu (sila un métraja) augsnés, ka arT lana.
So meza tipu augnu minerala virskarta mediana ir robezas no 6,0 lidz 10,0 cmol kg™,
savukart apakskarta $is raditajs ir zemaks (medianas attiecigi ir 4,0, 5,0 un 4,0 cmol kg')
(3.4. tab.).

Katjonu apmainas kapacitates zina statistiski bitiskas (p < 0,05) savstarp&jas
atSkiribas augsnes minerala virsgja slani konstattas starp silu un slapjo veri, ka ar 1anu
un damaksni. Savukart veris atSkiras no sila, metraja, 1ana un damaksna, kuri sava starpa
butiski neatskiras (3.6. tab.). Slapjais veris augsnes apakskarta batiski atSkiras no métraja
un lana, savukart métrajs — no véra un Saurlapju arena.

legiitie rezultati parada, ka piesatinajuma pakape ar baz€ém un katjonu apmainas
kapacitate augsnes minerala apakskarta dazados mezu tipos ir atkariga galvenokart no
geologisko nogulumu izcelsmes un sastava, savukart augsnes minerala virsgja slani Sie
radttaji butiski augstaki ir eitrofos mezu tipos (verT un slapja veri). To, iespgjams, nosaka
organisko vielu daudzuma pieaugums $ajos horizontos, ka a7 vielu biologiska aprite.

Organiskais ogleklis

C,, saturs Latvijas meza ekosistemas pétito augSnu profilos Iidz ar dzilumu
samazinas (3.5. tab.). Augstaka Co koncentracija meza augsnés ir nedzivas zemsegas
horizonta (313,65-432,50 g kg'), savukart virsgja minerala slani ta strauji samazinas
atkariba no meza tipa lidz 12,60-54,30 g kg!, bet augsnes apakskarta ir robezas no 1,00
lidz 5,60 g kg (3.5. tab.).

Coe zemaka koncentracija oligotrofo meza tipu augsnés nedzivas zemsegas
horizonta ir sila (mediana ir 358,90 g kg), bet relativi augstaka — métraja (mediana
ir 407,70 g kg'). Pateicoties organisko vielu mineralizacijas procesiem, vérl nedzivas
zemsegas horizonta Co koncentracija ir relativi mazaka neka oligotrofo mezu tipu
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augsnés (mediana ir 313,65 g kg™'). Saprotams, ka augsta Coe. koncentracija (mediana ir
432,50 g kg") ir nosusinata Saurlapju arent (3.5. tab.).

Zemaka Coe koncentracija minerala virs¢ja slani, ka arT apakskarta ir oligotrofo
meza tipu — sila un métraja — augsnés (mediana virskarta attiecigi ir 12,6 un un
14,75 g kg, bet apakskarta — 1,00 un 2,90 g kg"). Augstakais $is raditajs ir eitrofo meza
tipu — vera un slapja véra — augsnés, kur minerala virsgja slani mediana ir attiecigi 34,90
un 54,30 g kg'!, savukart apakskarta attiecigi 3,55 un 5,60 g kg'.

3.5. tabula
Cnrg. un N, koncentracija (g kg') O horizonta un augsnes mineralos slanos
(0-10 cm un 40-80 cm) dazados meZa tipos

Table 3.5.
Corg_ and N (g kg') concentration of O horizon and soil mineral layers
(0-10 cm and 40-80 cm) in different forest site types
C N
Meza tipi o kop.
Vid. St. nov. Med. Vid. St. nov. Med.

Sils

O horizonts 348,43 97,42 358,90 12,87 6,09 10,40

0-10 cm 11,20 3,42 12,60 0,33 0,15 0,30

40-80 cm 1,03 0,15 1,00 0,10 0,10 0,10
Métrajs

O horizonts 391,18 48,71 407,70 12,27 4,54 12,25

0-10 cm 17,98 10,33 14,75 0,53 0,41 0,50

40-80 cm 3,18 2,00 2,90 0,12 0,08 0,10
Lans

O horizonts 379,05 52,62 380,80 13,20 4,43 13,00

0-10 cm 21,90 15,16 16,35 0,65 0,21 0,55

40-80 cm 3,08 2,18 2,60 0,07 0,08 0,05
Damaksnis

O horizonts 358,32 106,21 365,20 14,48 4,70 15,95

0-10 cm 38,01 58,03 21,90 1,60 2,11 1,00

40-80 cm 3,72 2,47 3,60 0,18 0,12 0,20
Veris

O horizonts 317,33 155,90 313,65 15,00 6,95 14,45

0-10 cm 34,24 12,10 34,90 2,33 1,02 2,35

40-80 cm 4,54 3,00 3,55 0,33 0,16 0,30
Slapjais veris

O horizonts 353,78 128,14 398,80 17,82 5,48 18,20

0-10 cm 48,33 25,01 54,30 2,63 1,46 2,30

40-80 cm 5,01 2,51 5,60 0,27 0,17 0,20
Saurlapju arenis

O horizonts 394,32 94,14 432,50 18,67 5,43 18,20

0-10 cm 94,03 127,94 26,80 3,74 4,58 1,65

40-80 cm 4,64 3,12 3,95 0,23 0,18 0,20




55

Statistiski analizgjot C_ satura savstarpejas atSkiribas starp meZa tipu augsném, tika
konstatéts, ka nedzivas zemsegas horizonts p&c C,, satura augsnes horizonta dazados
meza tipos butiski neatskiras. Savukart C,,, saturs virs€ja minerala slani sila atskiras no
C__ satura $aja slani slapja veri un Saurlapju areni. ArT augsnes apakskarta C_ saturs

.Org. - - . . . v . —_ v . - - e v . Orgl
sila augsn@s atSkiras no iepriek$ min€to meza tipu augsném. Turklat §T meza tipa augsnes
atSkiras arT no damaksnpa un véra augsném (3.6. tab.).

Kopgjais slapeklis

N,,, saturs tapat ka C,,, saturs pétitajos augsnes profilos I1dz ar dzilumu samazinas
(3.5. tab.). Tas liecina par iesp&jamo mezaudzu ietekmi uz augstaku So pétito raditaju

saturu augsnes virskarta.

Augstakais N,,,. saturs meza tipos ir raksturigs nedzivas zemsegas horizonta, bet
augsnes virsgja minerala slani tas strauji samazinas. Augsnes apakskarta (40-80 cm) N,
koncentracija mediana pétitajos meZza tipos ir robezas no 0,05 lidz 0,30 g kg (3.5. tab.).

Lidzigi Corg. saturam arT N, - saturs ir zems sausienu oligotrofo meza tipu (sila,
métraja), ka ari lana augsnés, kur nedzivas zemsegas horizonta mediana attiecigi ir
13,00 g kg'. Augsnes virs€ja minerala slani Niop. koncentracijas mediana ieprieks
mingtajos meza tipos attiecigi ir $ada: sila — 0,30, métrgja — 0,50 un lana — 0,55 g kg’!
(3.5. tab.). Augsnes apakskarta Nkop‘ ir Joti maz (3.5. tab.).

Ny, daudzums ir lielaks eitrofo meza tipu (véra un slapja vera) augsnés, kur slapja
veri nedzivas zemsegas horizonta §1 raditaja mediana ir 18,20 g kg'. Tikpat augsta N,
koncentracija ir Saurlapju areni. Starp petitajam meza augsném arT minerala virsgja slant
vert un slapja vert tika konstatétas augstakas Niop. koncentracijas.

Analizgjot N,,, satura bitiskas (p < 0,05) savstarpgjas atskiribas starp meza tipiem,
tika konstatets (3.6. tab.), ka minerala virsgja slani veri, slapja vert un Saurlapju arent
Niop. koncentracija atSkiras no N, koncentracijas sila. Savukart sila N, koncentracija
Saja slani butiski neatSkiras no N, =~ koncentracijas métraja un lana. Lidzigas statistiski
butiskas atSkiribas tika noteiktas arT starp silu un damaksni.

Savukart apakskarta N koncentracija veri biitiski atSkiras no N, koncentracijas
métraja, lana un damaksni.

C,, un N, saturs augsng ir cieSi saistits ar meZaudzes sastavu un tas veidojosam
nobiram. Lielaka dala organisko vielu uzkrajas augsnes nedzivas zemsegas horizontos
un nosaka Sajos horizontos relativi augstu C,, un N, koncentraciju. Pateicoties lab-
veligakiem vides apstakliem, organisko augu atlieku mineralizacijas process straujak
norisinds eitrofos meza tipos, tapec verT un slapja verl augsnes virsgja minerala slani
ir vairak Corg., salidzinot ar mezotrofiem un oligotrofiem meza tipiem. Vert&jot statistis-
ki butiskas atskiribas pec iepriek§ minetajiem augsnes auglibas raditajiem, redzams, ka
lana augsnes ir [1dzigakas sila un métraja, nevis véra augsném. Tas lauj izvirzit hipotezi,
ka lana augsnes vairak atbilst oligotrofo meza tipu augsném, bet mazak — mezotrofo
meza tipu augsném.
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Ekstrah€jamie elementi (Ca, K, Mg, Mn, Fe)

Mazaks ekstrahgjamo elementu (Ca, K, Mg, Mn, Fe) saturs ir oligotrofo sausienu
meza tipu (sila un métraja) un mezotrofa meza tipa (lana) augsnes. Augsta So elementu
koncentracija ir meza tipos, kas veidojusies uz relativi smagaka granulometriska
sastava augsném, pieméram, eitrofos meza tipos (verT un slapja verl) un Saurlapju areni
(3.7. tab.).

Geologisko nogulumu ietekmes izpéte uz ekstrah§jamo elementu saturu augsné
paradija, ka to nosaka nogulumu genéze, konkréti — to mineralais un granulometriskais
sastavs. Tomer, ka rada minéto elementu koncentracijas dazados augsnes slanos, biitiska
nozime ir arT mezaudzes ietekmei, kas piedalas ekstrah&jamo elementu migracija un
nodrosSina to akumulaciju nedzivas zemsegas horizonta un augsnes minerala virsgja
slant. Nedzivas zemsegas horizonta visos meza tipos, iznemot véri un Saurlapju areni,
ir augstakais ekstrah&jamo elementu (Ca, K, Mn) saturs augsnes profila. V&ri lidz ar
dzilumu pieaug Ca, K un Mg saturs, savukart Saurlapju arent Iidz ar dzilumu palielinas K
un Mg saturs. Mg saturs lidz ar dzilumu pieaug arT damaksni, verT un slapja veri. Visos
pétito meza tipu augsnu profilos I1dz ar dzilumu palielinas Fe saturs (3.7. tab.).

Ekstrahgjamo elementu (Ca, K, Mg, Mn, Fe) saturam meza tipos raksturiga relativi
augsta standartnovirze (3.7. tab.). Tas tikai liecina, ka viena meza tipa augsnes kimiskais
sastavs var but loti atSkirigs. To apliecina ari fakts, ka starp lielako dalu meza tipu,
balstoties uz ekstrah&jamo elementu saturu augsné, seviski mineralajos slanos, netika
konstatgtas statistiski biitiskas atskiribas.

Statistiki butiskas (p < 0,05) (3.6. tab.) atSkiribas ekstrahgjamo elementu (Ca, K,
Mg, Mn, Fe) satura augsnes nedzivas zemsegas horizontos tika konstatéts starp $adiem
meza tipiem:

e  sils atSkiras no lana (péc Mg satura), damakspa (péc Mg satura), véra (péc K,

Mg, Fe, Mn satura), slapja véra (péc Ca, Mg satura), Saurlapju arena (péc Ca,
Mg satura);

e  métrdjs atSkiras no damaksna (péc Mg, Mn satura), véra (péc K, Mg, Fe, Mn

satura), slapja véra (péc Ca, Mg satura), Saurlapju arena (pec Mg satura);

e lans atSkiras no véra (pec K, Mg, Fe, Mn satura) un slapja véra (pec Ca, Mg

satura);

e  damaksnis atskiras no véra (p&c Mg un Fe satura) un slapja véra (péc Ca

satura);

e  v&ris atSkiras no Saurlapju arena (péc Fe satura).

Interesanti, ka starp vairumu meZa tipu aug$nu statistiski butiskas atSkiribas
novérojamas Mg saturda. lesp&jams, ka tas izskaidrojams ar relativi neliclo Mg
koncentracijas standartnovirzi viena meza tipa augsnés.

Augsnes mineralajos slanos — ka virskarta, ta arT apakskarta - lielakas dalas
ekstrah€jamo elementu saturs verT atS$kiras no métraja un lana (3.6. tab.), ka arT no
Saurlapju arena. leprieks§ tika izvirzita hipotéze, ka lana augsnes kimiskais sastavs
vairak atbilst oligotrofiem meza tipiem, bet datu statistiska apstrade paradija, ka
augsnes mineralajos slanos 1ana un métraja neviena pétita ekstrah&jama elementa saturs
statistiski buitiski neatSkiras. Savukart augsnes Mg saturs statistiki bitiski atSkiras lana
un damaksna minerala virsgja slani, bet apakskarta atskirigs ir K un Fe saturs. Ca un Mg
saturs atSkirigs ir 1ana un slapja vera mineralajos slanos, turklat mineralaja virsgja slani
butiski atSkiras arT K saturs So meza tipu augsnés.
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Kopuma eckstrahGjamo elementu satura augsnés biitiskas savstarpjas atSkiribas
nepastav starp oligotrofajiem meza tipiem (silu un métraju), ari starp métraju un lanu, ka
arT starp mezotrofajiem meza tipiem (damaksni un Saurlapju areni).

Rezultati rada, ka augsnes virsgjos slanos ekstrah&jamie elementi no augsnes cilmieza
nonak mezaudzu ietekmes rezultata gan ar nobiram, gan arT saknu darbibas rezultata.
Saja gadijuma nav maznozimiga ari mezaudzé domingjoso koku sugu ietekme.

Apmainas elementi (Ca?, Mg*, K%)

Tapat ka ekstrah&jamo elementu saturs, arT apmainas elementu saturs 1idz ar dzilumu
pétito meza tipu augSnu profilos samazinas, iznemot veri, kur augsné lidz ar dzilumu
palielinas apmainas Ca®" saturs. Kopuma zemakais apmainas elementu (Ca*', Mg, K*)
saturs ir oligotrofo meza tipu (sila un métraja) augsnés, bet augstakas to koncentracijas ir
eitrofo meza tipu (vera un slapja véra) augsnés (3.8. tab.).

3.8. tabula
Apmainas elementu (Ca**, Mg?*, K*) koncentracija (cmol kg') O horizonta un
mineralajos slanos (0—-10 cm un 40-80 cm) daZzados meZa tipos
Table 3.8.
Exchangeable elements (Ca**, Mg?*, K*) concentration (cmol kg) of O horizon and
soil mineral layers (0-10 cm and 40-80 cm) in different forest site types

Ca* Mg* K

Meza tipi - - -
Vid. | St. nov. | Med. | Vid. | St. nov. | Med. | Vid. |St. nov. | Med.

Sils

O horizonts | 7,30 6.20 4,99 1048 0,27 049 | 0.64 0,17 0,62

0-10 cm 0,27 0,37 0,10 | 0,05 0,05 0,03 | 0,02 0,01 0,02

40-80 cm 0,26 0,32 0,10 | 0,04 0,04 0,02 | 0,00 0,01 0,00
MEétrajs

O horizonts | 6,28 4,81 4,88 | 0,86 0,29 0,76 | 0,64 0,16 0,69

0-10 cm 0,85 1,47 0,15 10,08 0,11 0,03 | 0,03 0,02 0,03

40-80 cm 0,27 0,26 0,14 | 0,06 0,08 0,02 0,01 0,01 0,02
Lans
O horizonts | 8,56 5,81 5,98 1,05 0,42 0,97 0,70 0,34 0,55

0-10 cm 0,48 0,35 0,33 | 0,10 0,09 0,10 0,04 0,02 0,05

40-80 cm 0,83 1.52 0,17 | 0,07 0,09 0,03 0,01 0,01 0,01
Damaksnis

O horizonts | 7,39 8,57 5,85 1,29 1,21 0,79 0,73 0,60 0,60

0-10 cm 0,87 0,98 0,50 | 0,21 0,20 0,13 0,07 0,05 0,06

40-80 cm 1,27 2,24 0,59 | 0,32 0,52 0,14 | 0,04 0,04 0,03
Veris
O horizonts | 9,51 18,68 0,23 | 2,35 1,92 1,96 1,13 0,07 1,15
0-10 cm 4,77 6,00 1,55 | 0,88 0,73 0,62 | 0,18 0,10 0,18
40-80 cm 3,53 3,60 324 | 1,15 1,14 0,65 0,11 0,07 0,12
Slapjais véris
O horizonts | 27,45 | 18,03 | 32,10 | 0,76 0,05 0,76 | 0,54 0,55 0,32
0-10 cm 9,41 13,95 2,37 | 0,57 0,37 0,56 | 0,08 0,06 0,07
40-80 cm 2,61 2,33 1,71 | 0,57 0,34 0,57 | 0,06 0,04 0,05
Saurlapju arenis
O horizonts | 12,24 | 16,10 4,96 | 1,28 1,25 0,83 0,76 0,62 0,55
0-10 cm 1,45 1,52 0,55 | 0,53 0,75 0,23 0,08 0,04 0,06
40-80 cm 1,43 1,47 0,96 | 0,39 0,32 0,31 0,06 0,04 0,04
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Nedzivas zemsegas horizontd visiem pétitajiem meza tipiem salidzinajuma ar
augsnes mineralajiem slaniem ir raksturigs augstaks apmainas Ca*", Mg> un K saturs,
iznemot eitrofo meza tipu — véri, kur nedzivas zemsegas horizonta ir viszemaka Ca*
koncentracija (mediana — 0,23 cmol kg'). Véri apmainas Ca>* koncentracija lidz ar
dzilumu palielinas, un apakskarta ta sasniedz 3,24 cmol kg (3.8. tab.).

Ve&ri augsnes nedzivas zemsegas horizonta ir visaugstaka Mg”" un K* koncentraci-
ja (medianas attiecigi ir 1,96 un 1,15 cmol kg!), bet visaugstaka Ca*" koncentracijas
mediana O horizonta ir slapja véri (32,10 cmol kg'). Saja mezu tipa arT augsnes virsgja
minerala slani konstatéta augstaka §1 raditaja mediana — 2,37 cmol kg'. Apmainas
elementu zemakas koncentracijas medianas augsnes minerala virsgja slani un apakskarta
ir sila un métraja.

Salidzinot ar ekstrah&jamo elementu saturu, apmainas katjonu saturam starp mezu
tipu augsném ir konstatéts relativi maz statistiski butisku atskiribu (3.6. tab.). Izvertgjot
apmainas elementu (Ca*", Mg>*, K*) saturu nedzivas zemsegas horizonta, tika konstatgts,
ka K* saturs m&traja un verT statistiski butiski (p < 0,05) atSkiras. Dazadiem meza tipiem
augsnes mineralajos slanos visvairak atSkiras Mg?" un K* koncentracija. Iepriek§ minétas
jonu satura atSkiribas augsnes mineralajos slanos loti izteiktas ir ve€rim un slapjam
veérim salidzinajuma ar citiem pétitajiem meza tipiem. Ca®" koncentracija tikai augsnes
virs€ja minerala slani slapja verT atskiras no ta koncentracijas lana un damaksna augsnés
(3.6. tab.).

Rezultati rada, ka lidzigi ka granulometriska sastava un ekstrah&amo elementu
satura zina, arl péc apmainas elementu satura atSkirigakie ir oligotrofie (sils un
meétrajs) meza tipi, kuri ir izplatiti uz relativi nabadzigdm augsném, kas veidojusas
galvenokart smiltaju nogulumos, un eitrofie meza tipi — veris un slapjais veris, kuri ir
izplatiti uz relativi bagatakam augsném, kas veidojusas galvenokart glaciolimniskajos
un glacigénajos nogulumos. Turklat, pateicoties vielu biologiskajai apritei, baziskie
katjoni tiek akumuléti augsnes virsgjos slanos. Saja gadijuma nozime ir mezaudzu
produktivitatei, kas ir atkariga galvenokart no augsnes cilmieza minerala un lidz ar to
arT kTmiska sastava, turklat svariga ir arT mezaudz€ domingjoSo koku sugu iesp&jama
ietekme uz apmainas elementu akumulésanos augsnes virsgjos slanos.

Reagéjosais Fe un Al

Analizgjot, kada ir reag€josa Al un Fe koncentracija dazadu meZa tipu augsnes slanos,
tika konstatétas lidzigas likumsakaribas ka minéto raditaju izmainam augsnés dazados
geologiskajos nogulumos. Lielakai dalai meza tipu reaggjosa Al un Fe koncentracija
ir augstaka augsnes virs§ja minerala slani, izpemot lanu, damaksni un véri, kuros
visaugstakais reaggjosa Al saturs ir augsnes 20—40 cm slani, kas atbilst B horizontam
(3.5. att.). Lana Saja augsnes slani augstaks ir arT reag€josa Fe saturs. Minétas sakaribas
apliecina, ka augsnes paraugu nonemsana dazados dzilumos, nepemot véra augsnes
diagnostiskos horizontus, ne vienmér adekvati atspogulo augsnes veidoSanas procesus.
Oligotrofajos meza tipos, it seviski, ja podzolé$anas process nav tik intensivi noritgjis, B
horizonta augsgja robeza ir iesp&jama art lidz 10 cm dzilumam, B horizonts atspogulojas
arT paaugstinata reag€josa Al un Fe satura Saja augsnes slani. Savukart damaksni un veri
B horizonts parasti atrodas relativi dzilak, tas atspogulojas paaugstinata reaggjosa Al un
Fe satura 2040 cm dziluma.
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3.5. attéls. Reagejosa Al un Fe koncentracijas mediana dazadu meza tipu aug$nu slanos

Figure 3.5. Median concentration of reactive Al and Fe of soil layers in different
forest site types

Reaggjosa Al saturs nedzivas zemsegas horizonta un virsgja minerala slani, savstarpgji
salidzinot meza tipu augsnes, statistiski bitiski (p < 0,05) neatskiras. Butiskas atskiribas
starp meza tipiem pastav apakskarta, kur slapjais veris atSkiras no lana, damaksna un
vera, savukart Saurlapju arenis atSkiras no lana, damaksna un véra (3.6. tab.).

Reaggjosa Fe koncentracija statistiski batiskas (p < 0,05) savstarp&jas atSkiribas
konstatStas tikai augsnes mineralajos slanos starp véri un métraju, lanu, damaksni,
Saurlapju areni.

P&tfjumu rezultati parada, ka loti nozimigi Latvijas meza augs$nu TpasSibu raditaji ir
augsnes granulometriskais sastavs un arT vegetacijas sega. Meza aug$nu kopgjas fizikalo
un kimisko ipaSibu likumsakaribas saistiba ar augsSnu veidoSanas faktoriem sikak ir
analiz&tas diskusijas nodala.

3.4. Diskusija

Augsnes paraugosana biezi ir koncentréta uz augsnes organiskajiem un virsg€jiem
mineralajiem horizontiem, kuros tiek analizéti galvenokart apmainas elementi un pH
saistiba ar kokaudzu ietekmi (Stendahl et al., 2002). Tomér augsnes virsgjo slanu
datu izmantoSana rada problémas noskaidrot meza 1pasibu sakaribas, jo Sie slani nav
vietas kvalitates funkciju neatkarigie noteicgji, turklat tie vaji atspogulo cilmieza
ietekmi saistiba ar geokimisko un mineralo sastavu (Stendahl et al., 2002). Mineralu
dedesana ir viens no nozimigakajiem faktoriem, kas apgada mezus ar svarigakajiem
baribas elementiem, iznemot slapekli (Cole, 1995). Sakaribas starp vietas kvalitati un
kokaudzes neatkarigam ipasibam var uzlabot vietas klasifikacijas sistémas regionala
méroga (Stendahl et al., 2002).
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Geologiskie nogulumi un augsnes fizikalas un kimiskas ipasibas

Eiropas mezu ckosistémas augsnu fizikalas un kimiskas ipasibas galvenokart no-
saka augsnes mineralais un granulometriskais sastavs (Vanmechelen et al., 1997).
Dazada augsnes dalinu virsmas platiba ietekm@ sorbciju, mineralu skiSanu un elementu
atbrivosanos (Parry et al., 2011; Oelkers et al., 2009). Augspu un augsnes mineralu
plasa daudzveidiba butiski ietekme ekosistému funkciongsanu, zemes apsaimniekoSanu,
savukart raksturigas augsnes auglibas pazimes biezi tiek saistitas ar augsnes mineralo
sastavu (Page et al., 1967; Murashkina et al., 2007; Graham, O’Geen, 2010). Minerala
un granulometriska sastava telpiska dazadiba ir atkariga no teritorijas geologiskajiem
apstakliem, geologisko nogulumu veido$anas apstakliem un procesiem (Salminen et al.,
2008; Klassen, 2009).

Promocijas darba pétfjumu rezultati (3.3. tab.) paradija, ka Latvijas meza augsnu
mineralas virskartas un apakskartas granulometriskais sastavs vairums gadijumos starp
dazadas genézes nogulumiem statistiski biitiski atSkiras. Statistiski butiskas atskiribas
starp nogulumiem tika konstatStas ar1 ekstrah&jamo elementu (K, Mg, Mn), apmainas
elementu (Ca*, K", Mg*) un reaggjoso elementu (galvenokart Fe) satura. Augsnes
reakcija, ekstrah&jama P un Na saturs un — interesanti — ar1 ekstrah&jama Ca saturs
dazados geologiskajos nogulumos statistiski batiski tikpat ka neatskiras.

Latvijas meza ekosisteémas augsnes ar augstu mala un puteklu Tpatsvaru galvenokart
ir raksturigas glacigénajiem un arT glaciolimniskajiem nogulumiem (3.1. tab.). Augsnes
virsgja minerala slana fizikalo un ktmisko Tpasibu komponentanalize (3.6. a. att.) rada,
ka min&to nogulumu augsnes, salidzinot ar citas genézes nogulumiem, ir neviendabigas.
Augsném raksturigs augsts puteklu un mala dalinu saturs un Iidz ar to ar1 augstaka
katjonu apmainas kapacitate, piesatindjuma pakape ar bazém un pH,, . Eoliem, Baltijas
ledus ezera un glaciofluvialiem nogulumiem komponentanalizes grafika raksturiga zema
puteklu, mala un Iidz ar to arT zema katjonu apmainas kapacitate, piesatinajuma pakape
ar bazém un pH, ;. Mingto geologisko nogulumu augsném ir raksturiga relativi zema
dispersija (3.6. att.).

Augsnes virsgja minerala slana parauglaukumu izvietojums koordinatu plakng
statistiski butisks ir ar 1. un 2. asi (p = 0,001), kas kopuma izskaidro 65,79% no
kopgjas dispersijas. Ar 1. asi, kas izskaidro 48,29% no parauglaukumu kopgjas
dispersijas, ir konstateta bitiska (» > 0,50) pozitiva sakariba starp mala (» = 0,81)
un puteklu (» = 0,75) dalipu daudzumu un daudziem ekstrahgjamiem elementiem —
Fe (r=0,88), Mg (r=0,87), K (= 0,81), Ca (r=0,71), P (r = 0,61); augsnes pH, , (r
=0,59); N, (r=0,54), piesatinajuma pakapi ar bazém (» = 0,50) un katjonu apmainas
kapacitati (» = 0,50). Turpretim negativa sakariba ir starp smilts dalinu saturu (r =
—0,89) un ieprieks ming&tajiem raditajiem.

Tas tikai parada, ka augSnu kimisko 1pasibu raditaju neviendabigums parasti
ir saistits ar augsnes granulometrisko sastavu, kur§ mainas atkariba no teritorijas
geologiskajiem nogulumiem, ka ari to ietekm& augsnes veido$anas procesi. Ar 1. asi
netika konstat€ta butiska sakariba ar C_ saturu. Tas liecina, ka organiska oglekla
saturs augsnes virskarta nav saistits ar geologlsko nogulumu genézi.
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3.6. attéls. Augsnes minerala virséja slapa (a) un apakskartas (b) fizikalo (granulometriska

sastava satura (%)) un kimisko ipasibu (pH — pHHzO vertiba; ekstrahéjamie elementi

(mg kg') — Ca, Mg, K, P; N — kopgjais slapeklis (g kg'); C — organiskais ogleklis (g kg");
KAK - katjonu apmainas kapacitate (cmol kg"'); PB — piesatinajuma pakape ar bazem (%))
izvietojums ar komponentanalizi nodalitajas asis saistiba ar geologiskajiem nogulumiem

Figure 3.6. Distribution of the physical properties (soil texture [%]) and chemical properties
(pH - pHHZO value; extractable elements [mg kg'] — Ca, Mg, K, P; N — total
nitrogen [g kg']; C — organic carbon [g kg']; CEC — cation exchange capacity [cmol kg'];
BS — base saturation [%]) of the mineral topsoil (a) and subsoil (b) layers in the PCA axes

depending on geological deposits
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Komponetanalizes grafika 2. ass izskaidro 17,50% no augsnes paraugu raksturojoso
lielumu dispersijas. Saja gadijuma konstatéta negativa sakariba starp C,p (r=-091)
un N, (r = —0,80) saturu, savukart abiem Siem raditajiem ir pozitiva sakariba ar
pHHzo (r = 0,53). Tas parada organisko vielu lielo nozimi slapekla akumulacija augsné,
ka arT idenraza jonu koncentracija augsnes slanos. Organiska oglekla izmainas augsnes
virs€ja minerala slani nosaka mezaudzé domingjosas koku sugas (Vesterdal et al., 2008),
humifikacijas intensitate, kas savukart netiesi tomér ir saistita ar augsnes granulometrisko
sastavu. Tiek uzskatits, ka augsnes smalko dalinu (mals, putekli) daudzums ir viens no
nozimigakajiem faktoriem, kas ietekm& augsnes organiska oglekla saglabasanu (Oades,
1988; Hassink, 1997). Turklat augsnes mineralo dalinu lielums un sastavs bitiski ietekme
augsnes organiskas vielas mineralizaciju, daudzumu un izplatibu (Spain, 1990; Alvarez,
Lavado, 1998).

Augsnes apakskartas paraugu izvietojums komponentanalizes koordinatu plakné
statistiski bitisks (p = 0,001) ir tikai ar 1. asi, kas izskaidro 62,81% no paraugu kopgjas
dispersijas (3.6. b. att.). L1dzigi ka minerala virsgja slani, arT apakskarta pastav statistiski
bitiska pozitiva sakariba starp mala (» = 0,89), puteklu (» = 0,83) un ekstrah&jamo
elementu — Mg (r = 0,92), Fe (» = 0,92), K (r = 0,89), Ca (» = 0,56), P (r = 0,62) —
saturu, ka arT katjonu apmainas kapacitati (» = 0,72), augsnes reakciju (» = 0,70)
un piesatinajuma pakapi ar bazém (r = 0,62). Turpretim Siem raditajiem ir negativa
korelacija ar smilts dalinu saturu (» = —0,93). Augsnes apakskartas komponentanalizes
grafika vienu plejadi veido pHH20= ekstrahgjamais Mg un Ca, ka arT katjonu apmainas
kapacitate un piesatinajuma pakape ar bazém, bet otru plejadi — puteklu un malu daligu
daudzums, ka arT ekstrahgjamais K, P un Fe. Tas tikai parada, ka, lai gan daudzu
kimisko elementu koncentracija Latvijas mezu augsnés lidzigi ka Eiropa kopuma (De
Vos, Cools, 2011) ir saistita ar mala un puteklu dalinu saturu augsng, to koncentracijas
dispersiju var ietekm@t arT citi faktori.

Pieméram, augsnes katjonu apmainas kapacitati nosaka ne tikai mala dalinu, bet
arT organisko vielu daudzums (Horn et al., 2005; Liao et al., 2011). Lidz ar to augsnes
katjonu apmainas kapacitates telpisko mainibu nosaka gan augsnes cilmiezis, gan citi
faktori (Cambardella et al., 1994).

To veiktaja pétijuma parada ar dazadu augsnes kimisko un fizikalo raditaju
savstarpgjas korelacijas analizes. Latvijas meZza augsn@s, piemé&ram, pastav bitiska
(R% > 0,48) korelacija starp ekstrahjamo elementu (Mg, Fe) koncentraciju un mala un
puteklu dalinu saturu augsnes apakskarta (3.7. att.). Korelacija starp ieprieks min&tajiem
ekstrahgjamiem elementiem un mala dalinu saturu ir cieSaka (3.7. a, b att.) neka ar
puteklu dalinu saturu (3.7. c, d att.). Tas skaidrojams ar to, ka nozimiga makroelementu
dala ir ieklauta mala mineralu kristaliskaja rezgi, kas butiski palielina elementa
koncentraciju augsné, turklat svarigi ir ari tas, ka mala mineraliem, salidzinot ar puteklu
un smilts frakciju veidojoSiem mineraliem, piemit augstaka elementu adsorbcijas sp&ja
(Barber, 1995).

Augsnes minerala sastava ietekmi uz Latvijas meza augsSnu kimisko sastavu parada
ekstrahgjama Mg koncentracijas izmainas atkariba no mala un puteklu dalinu satura
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augsnes apakskarta. Linearas regresijas grafikos (3.8. att.) labi nodalita to augsnes
parauglaukumu kopa, kas izvietoti glacigénajos nogulumos Kurzemes dienvidu dala
(3.8. att.). Saja kopa lidzigi ka Latvija kopuma ir novérojama Mg koncentracijas
paliclinasanas Iidz ar mala un puteklu dalipu daudzumu picaugumu, tomér Kurzemé
mingta elementa koncentracija, ja ir viens un tas pats mala dalinu daudzums, ir augstaka.
Lidzigi rezultati iegiiti Latvijas augs$nu geokimiskaja karté$ana (Gilucis, Seglins,
2003). Kurzemg, salidzinot ar pargjo Latvijas teritoriju, relativi tuvu Zemes virsmai
sastopami dolomiti (buprep u np., 1979), tapéc glacigéno nogulumu veido$anas procesa
taja uzkrajusies dolomita minerali, kas satur Mg (Heald, 1965; Kab6ara-Ilennnac,
ITenaunac, 1989).
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3.7. attels. Ekstrahéjama Fe un Mg koncentracija (mg kg™)
atkariba no mala (a, b) un puteklu (c, d) dalinu satura (%)
augsnes 40—-80 cm slant (butiskuma Iimenis p = 0,05)

Figure 3.7. Extractable Fe and Mg concentration (mg kg') depending
on the content (%) of clay (a, b) and silt (¢, d) particles in the soil 40-80-cm layer
(the level of significance p = 0.05)
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3.8. attéls. Ekstrahgéjama Mg koncentracijas (mg kg') izmainas atkariba no mala (a) un
puteklu (b) dalinu satura (%) augsnes 40—-80 cm slani dazados
geologiskajos nogulumos (batiskuma Iimenis p = 0,05)

Figure 3.8. Changes of extractable Mg concentration (mg kg™) of soil 40-80 cm layer in
different geological deposits depending on content (%) of clay (a) and silt (b)

(the level of significance p = 0.05)

Atsevisku kimisko elementu formu koncentraciju, ka arf migraciju augsné nosaka
ar1 augsnes reakcija. Regresijas analizes uzrada butisku cieSu korelaciju starp reaggjo-
$as Fe koncentraciju un ekstrah&jamas Fe koncentraciju. Augsnes profila lidz ar dzilu-
mu minétas sakaribas kltst vajakas (3.9. att.), to iesp&jams skaidrot ar augsnes skabu-
ma samazinasanos. Tas ietekmé iepriek§ mingta metala atrasanas formu un kustigumu
(ITepenmsman, Kacumos, 1999).
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3.9. attels. Sakariba starp reagéjosa Fe un ekstrahéjama Fe koncentraciju (mg kg') augsnes
0-10 cm (a), 2040 cm (b) un 40-80 cm (c) slani (baitiskuma Iimenis p = 0,05)

Figure 3.9. Relationship between reactive Fe and extractable Fe concentration (mg kg™') of
soil 0-10 cm (a), 20-40 cm (b) and 40-80 cm (c) layer (the level of significance p = 0.05)
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3.10. attels. Ekstrahéjama Fe un reagéjosa Fe koncentracija (mg kg') atkariba
no pHHZO vertibas izmainam augsnes 0—10 cm (a, d), 2040 cm (b, €) un
40-80 cm (c, f) slant (biitiskuma Itmenis p = 0,05)

Figure 3.10. Extractable Fe and reactive Fe concentration (mg kg') dependent
on changes of pH,, , value of soil 0-10 cm (a, d), 20-40 cm (b, e)
and 40-80 cm (c, f) layer (the level of significance p = 0.05)
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Ieprieks teikto apliecina art korelacijas grafiki starp augsnes reakciju (pH, ;) un
dazadas formas Fe (3.10. att.). Saja gadijuma statistiski biitiska sakariba p&titajas augsnés
tika konstateta tikai augsnes virsgja slani, kur augsne ir skabaka.

Augsnes apakskarta petitajos parauglaukumos pH,,  vértiba ir robezas no 4,9
lidz 8,2, savukart augsnes virséja minerala slani no 3,6 lidz 7,7 (3.6. att.). Neorganisko
savienojumu oksidéSanas un hidrolizes procesos pie pH < 5 divvertigie dzelzs joni
pariet augsnes skiduma koloidala stavokli, turklat, ka aprakstijusi A. 1. Perelmans un
N. S. Kasimovs (Ilepensman, Kacumos, 1999), seviski kustigi dzelzs joni ir stipri skabos
un skabos gleja Gidenos, tapec dzelzs migré uz dzilakajiem augsnes slaniem, ka art biezi
tiek iznesta no augsnes. P&titajos augsnes parauglaukumos reaggjosas Fe saturs Gleysol
augsnu apakskarta ir loti zems (mediana — 387V mg kg™h). pHHZO vertiba $aja slant ir 6,55,
kas tom@r neveicina Fe jonu izskaloSanos. Saja augs$nu pamatgrupa augsnes Virsgja
minerala slani §is raditajs ir viens no augstakajiem (2038 mg kg'). Tas tikai parada, ka
Fe joni $ados apstaklos ir mazkustigi. Iepriek§ mingto apstiprina arT meza monitoringa
dati Eiropa (Vanmechelen et al., 1997). Augstakas Fe koncentracijas Eiropas meZzu
ckosistémas ir augsnés ar vidéju lidz augstu organiskas vielas saturu, ja pH ir robezas
no 4,0 11dz 6,0.

Ir zinams, ka reag€josa jeb amorfa Al un Fe saturs raksturo nesilikatu amorfos
savienojumus un atspogulo ar tiem saistitos kimiskos procesus augsné (OpsoB u ap.,
2005), piem&ram, paskabinasanos, savienojumu mobilizaciju izgulsné$anas cela, minera-
lu dédésanu un organomineralu savienojumu veidoSanos. Augsnes pH izmainas iectekmé
Al hidroksidu $kidibu fidenT un augsnes skiduma (KaGara-Ilenmmac, Ilenamac, 1989).
Skabas augsnés, samazinoties augsnes pH zem 5,5, Al kustigums strauji palielinas un
jonu apmainas procesos tas konkure ar citiem katjoniem (Ilepexsman, Kacumos, 1999).

Pétifjuma rezultati paradija, ka reaggjosa Al jonu koncentracija augsnes virsgja
minerala slani nav ciesi saistita ar pH, , mainu. Saja slani seviski skabas augsnés biezi
atrodas E horizonts, kura Al ir loti maz, un Iidz ar to skabakas augsnés biezi ir mazak ar1
Al jonu. Augsnes 20—40 cm slanT un apakskarta konstatéta butiska vidgji ciesa sakariba
starp reag&osa Al koncentraciju un augsnes reakciju. Saja gadijuma determinacijas
koeficients pieaug Iidz ar dzilumu (3.11. att.), jo virs§ja minerala slani, kas ir skabaks,
Al ir kustigaks un izskalojas no virskartas dzilakajos horizontos. Al uzkrasanas augsnes
20-40 cm slanT tika aprakstita arT promocijas darba 3.3. sadala.

Pétfjuma rezultati kopuma apliecina, ka Latvija, lidzigi ka Eiropa, meza augsnu
ktmisko 1paSibu veidoSana izSkiroSa nozime ir to granulometriskajam sastavam
(Vanmechelen et al., 1997), tomér atseviskus raditajus ietekme augsnes mineralu sastavs,
skabums, organisko vielu daudzums un sastavs, ka arT augsnes veidoSanas procesi.

Jau agrak Latvija dazados pétfjumos (Brumelis, Nikodemus, 1995) tika uzsverts,
ka augsnes tips biutiski ietekm& dazadu metalu saturu augsnes nedzivas zemsegas
horizonta. E. Térauda (2008) sava promocijas darba, p&tot vielu apriti priezu mezaudzg
uz smilts augsném, paradija, ka baribas vielu daudzums nobiras ir vairak atkarigs no
nobiru izsé8anas sezonas, meteorologiskajiem apstakliem, kokaudzes sastava un mazak
atkarigs no augsnes Tpasibam. Saja sakara veidojas zinamas pretrunas, tapéc interesanti
bija noskaidrot, k@ izmainas augsnes granulometriska sastava ietekmé dazadus augsnes
ktmiskos raditajus augsnes nedzivaja zemsega.
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3.11. attels. Reagejosa Al koncentracijas (mg kg') izmainas atkariba no pH,, , vertibas
augsnes 0—-10 cm (a), 20—40 cm (b) un 40-80 cm (c) slani (biitiskuma Iimenis p = 0,05)
Figure 3.11. Changes of reactive Al concentration (mg kg') dependent on pH,, , value of soil
0-10 cm (a), 20-40 cm (b) and 40-80 cm (c) layer (the level of significance p = 0.05)
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Augsnes virskartas un apakskartas granulometriska sastava un nedzivas zemsegas
horizonta kimisko ipaSibu komponentanalize (3.12. att.) parada, ka parauglaukumu
izvietojums koordinatu plakné statistiski butisks ir ar 1. un 2. asi (p = 0,001), kas
kopuma izskaidro 61,96% no kopgjas dispersijas. Turklat nedzivas zemsegas horizonta
paraugu kimisko ipasibu izvietojums atkariba no geologiskajiem nogulumiem, aug$nu
pamatgrupam (F4O WRB) un meza tipiem ir atkarigs no

1) nobiru daudzuma un sastava ietekmes, kas komponentanalizg saistita ar C, P un

N plejadi (2. ass);
2) virsgja minerala slana un apakskartas granulometriska sastava (1. ass).

Geologiskie nogulumi
Folie

Litorinas jiras
Baltijas ledus ezera
Glaciolimniskie
Glaciofluvialie
Glacigénie

Hd4XDpr

%o no dispersijas:
1. asij — 40,36%;
2. asij — 21,60%

3.12. attels. Nedzivas zemsegas horizonta Kimisko parametru (pH — pH,, ; ekstrahejamie
elementi — Ca, Mg, K, P (mg kg"); N — kopgjais slapeklis (g kg'); C — organiskais ogleklis
(g kg)) un augsnes virskartas (V_) un apakskartas (A_) granulometriska sastava (sm —
smilts dalinu saturs (%); pu — puteklu dalinu saturs (%); ma — mala dalinu saturs (%))
izvietojums ar komponentanalizi nodalitajas asis atkariba no geologiskajiem nogulumiem
Figure 3.12. Distribution of O horizon chemical properties (pH — pH,, ; extractable
elements [mg kg'] — Ca, Mg, K, P; N — total nitrogen (g kg"); C — organic carbon (g kg"))
and topsoil (V_) and subsoil (A ) soil texture (sm — sand content (%); pu — silt content (%);
ma — clay content (%) on the PCA axes depending on geological deposits

Ar 1. asi, kas izskaidro 40,36% no augsnes parauglaukumu dispersijas, ir konstaté-
ta butiska (» > 0,50) pozitiva sakariba starp virskartas un apakskartas puteklu (» = 0,84;
r=0,84), mala (» = 0,66; r = 0,77) saturu un nedzivas zemsegas horizonta ekstrah&jama
Mg saturu (r = 0,69) un pH, ; vertibu (» = 0,61). Turpretim negativa korelacija pastav
starp Siem raditajiem un augsnes virsgja minerala slana un apakskartas smilts dalinu sa-
turu (r = —0,92; r = —0,89). Ar 1. asi netika konstatetas biitiskas korelacijas ar nedzivas
zemsegas horizonta ekstrah&amo Ca, P, K, organiska C, ka arT kopgja N saturu nedzi-
vas zemsegas horizonta un minerala virs¢ja slana, ka ari apakskartas granulometrisko
sastavu.
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Turpretim ar 2. asi, kas izskaidro 21,60% no augsnes paraugu dispersijas, ir
konstatta butiska (» > 0,50) negativa korelacija starp organiska C (r = —0,86), kop&ja N
(r =-0,84) un ekstrahgjama P (r = —0,74) saturu nedzivas zemsegas horizonta. Ar 2. asi
netika konstatétas butiskas korelacijas ar nedzivas zemsegas horizonta augsnes reakciju,
ekstrah§jamiem elementiem — Ca, Mg, K, ka arT minerala virs¢ja slana un apakskartas
granulometrisko sastavu.

Vertgjot nedzivas zemsegas horizontu kimisko Tpasibu dispersiju atkariba no
granulometriska sastava, redzams, ka augsnés, kas veidojusas uz eolajiem un Baltijas
ledus ezera nogulumiem, dispersija ir zema. STm augsn@m ir raksturigs arf zems mala un
puteklu dalinu saturs virsg€ja minerala slani un apakskarta. Rezultatu izkliede nedzivas
zemsegas horizontos, tapat ka mineralajos horizontos, palielinas lidz ar mala un puteklu
dalinu satura ipatsvara piecaugumu.

Komponentanalizes rezultati parada, ka augsnes virsgja minerala slana un apakskar-
tas granulometriskais sastavs tieSi neietekmé nedzivas zemsegas horizonta ekstrah&ama
Ca, K un P saturu, ka arT organiska C un kopgja N daudzumu. Tas liecina par nobiru
sastava, ko nosaka mezaudzé domingjosas koku sugas, ka ari citu faktoru iesp&jamo ie-
tekmi. Savukart virs€ja minerala slana un apakskartas granulometriskais sastavs ietekmée
augsnes reakciju un ekstrah&jama Mg saturu nedzivas zemsegas horizonta. So raditaju
skaitliska vertiba palielinas 11dz ar mala un puteklu dalinu satura pieaugumu. Dalgji tas ir
skaidrojams ar to, ka augsnés, palielinoties mala dalinu daudzumam, pieaug ar1 Mg dau-
dzums un vielu biologiskas aprites dé] tas uzkrajas augsnes nedzivas zemsegas horizonta.

P&ttjuma rezultati kopuma paradija, ka Latvijas mezu ekosistemas augsnes nedzivas
zemsegas horizonta kimisko sastavu netie$i ietekmé augsnes granulometriskais sastavs,
tomer relativi lielaka nozime ir meZzaudzei un kopuma vielu biologiskajai apritei. Vértgjot
ieprieks izteikto viedokli, ka pastav zinama pretruna starp G. Brumela, O. Nikodemusa
(1995) un E. Téraudas (2008) petijuma rezultatiem, secinams, ka pretrunas tomeér nav, jo
patieSam, mainoties aug$nu granulometriskajam sastavam, mainas ar nedzivas zemsegas
horizonta Tpasibas un vienada granulometriska sastava augsnés baribas vielu daudzums
nobiras ir vairak atkarigs no nobiru izs€Sanas sezonas, meteorologiskajiem apstakliem un
kokaudzes sastava.

MeZaudze un augsnes fizikalas un kimiskas ipasibas

Augsnes hidrologiskais rezims un augliba nosaka augu sabiedribu izplatibu (Klli,
in Ellerméde, 2001; Palo et al., 2005). Komponentanalizes rada, ka augsnes parauglau-
kumu kopu ar relativi zemu iegiito rezultatu dispersiju virsgja minerala slant veido sils,
métrajs, 1ans, damaksnis, slapjais metrajs (3.13. a att.). Min&tajiem meza tipiem Vvirsgjo
augsnes mineralo slani veido smilts nogulumi, tapéc So meza tipu augsnes satur relativi
mazak baribas vielu, tam ir zemaka katjonu apmainas kapacitate un arT piesatinajuma
pakape ar bazeém.

Augsnes apakskartas komponentanalizg, balstoties uz augs$nu kimiskajam un fizi-
kalajam ipasibam, meza tipu grupas relativi labak var nodalit (3.13. b. att.). Visnevien-
dabigakie meza tipi péc augsnes apakskartas kimiskajam un fizikalajam ipasibam ir
veris, Saurlapju arenis un slapjais veris. lepriek§ mineta relativi liela eitrofo meza tipu
augsnu daudzveidiba ir arT galvenais iemesls, kapec starp meza tipu augsné€m lielakoties
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netika konstatStas statistiski butiskas atSkiribas. Vertgjot ieglitos rezultatus, joprojam
aktuals jautajums ir lana novietojums augsnes auglibas grupa. Analizgjot apakskartas
komponentanalizes grafiku (3.13. b att.) un balstoties uz 1. asi, kas raksturo augsnes
auglibu, redzams, ka lans atrodas viena grupa ar damaksni un métraju. Lidz ar to,
pamatojoties uz pasreiz ieglitajiem augsnu izp&tes rezultatiem, var uzskatit, ka Latvijas
meza tipu iedalijuma p&c auglibas robeza starp oligotrofiem un mezotrofiem tipiem ir loti
nosacita.
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3.13. attels. Augsnes minerala virséja slana (a) un apakskartas (b) fizikalo (granulometriska
sastava (%)) un kimisko parametru (pH — pHHZO; ekstrahéjamie elementi (mg kg') — Ca,
Mg, K, P; KAK - katjonu apmainas kapacitate (cmol kg'); PB — piesatinajuma pakape ar
bazeém (%)) izvietojums ar komponentanalizi nodalitajas asis atkariba no mezZa tipiem

Figure 3.13. Distribution of physical (soil texture [%]) and chemical (pH - pH,, ;
extractable elements [mg kg'] — Ca, Mg, K, P; CEC - cation exchange capacity [cmol kg'];
BS — base saturation [%]) properties of the mineral topsoil layer (a) and subsoil (b) in the
PCA axes depending on forest site types
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Komponentanalizes rezultati vienlaikus izvirza jautajumu par Saurlapju arena
atrasanos mezotrofo mezu tipu grupa. Meza monitoringa ictvaros veiktie pétijumi rada,
ka péc augsnes TpasSibam Saurlapju arenis ir 11dzigs eitrofiem meza tipiem, piem&ram,
veérim un slapjajam verim, nevis mezotrofiem meza tipiem.

Analizgjot augsnes parauglaukumu izvietojumu koordinatu plakné atkariba no
geologiskajiem nogulumiem (3.14. att.) un aug$pu pamatgrupam (3.15. att.) kompo-
nentanalizg tika konstatéts, ka mezaudzé domingjoso koku sugu izplatiba ir saistita ar
augsnes kimiskajam ipasibam, ko nosaka galvenokart granulometriskais sastavs.

Virs€ja minerala slana kimisko paSibu komponentanalizé (3.14. a, 3.15. a att.)
konstatéts, ka ar 1. asi, kas izskaidro 43,52% no augsnes paraugu dispersijas, ir konstateta
bitiska pozitiva korelacija starp mala (» = 0,81), puteklu (» = 0,75) dalinu saturu un egles
izplatibu (r = 0,50), ka arT ekstrah&jamo elementu saturu — Fe (» = 0,88), Mg (r = 0,87),
K (= 0,80), Ca (r = 0,70), P (» = 0,52), augsnes reakciju (» = 0,63), piesatinajumu ar
bazém (r = 0,52), katjonu apmainas kapacitati (» = 0,50), kop&jo N saturu (» = 0,50).
Turpretim Siem raditajiem pastav negativa sakariba ar smilts dalinu saturu (r = —0,88)
un priedes izplatibu (r = —0,68). Ar 1. asi netika konstatéta butiska sakariba ar organiska
C saturu.

Savukart ar 2. asi, kas izskaidro 15,66% no augsnes paraugu dispersijas, ir konstatcta
butiska negativa sakariba starp pH, , (= 0,50) un organiska C (r = —0,89), kopgja N
(r = —0,80) un ekstrahgjama P (» = —0,50) saturu. Tas norada, ka 2. ass ir saistama ar
organisko vielu ietekmi.

Apakskartas slani konstattas lidzigas fizikalo un kimisko Tpasibu sakaribas ar
koku sugam komponentanalizé (3.14. b, 3.15. b att.) ka virsg€ja minerala slani. Tomér
interesanti, ka apakskartas augsnes Tpasibam netika konstateta bitiska (» > 0,50) sakariba
ar egles izplatibu. To iesp&jams skaidrot ar egles virs€jo saknu sisttmu — eglu audzu
augSanas apstakli nav biitiski atkarigi no augsnes apakskartas fizikalajam un kimiskajam
Tpasibam. Turklat §T slana komponentanalizes rezultati parada, ka ar 2. asi, kas izskaidro
13,86% no paraugu dispersijas, pastav pozitiva bitiska sakariba starp bérza izplatibu
(r = 0,60) un augsnes reakciju (» = 0,50), ka arT ekstrah&jama Ca saturu (» = 0,50),
savukart Siem raditajiem pastav negativs gradients ar priedes izplatibu (» = —-0,51).

Lidz ar to var secinat, ka relativi zemu augsnes paraugu dispersiju nosaka augsts
smilts dalinu saturs un priedes izplatiba biezak ir saistama ar Podzol un Arenosol augsnu
pamatgrupam, kas veidojusas uz eolajam kapam, Baltijas ledus ezera un glaciofluvialajiem
nogulumiem (3.14. a, 3.15. a att.). Savukart relativi augligakas teritorijas lidz ar mala
un puteklu dalinu satura palielinaSanos augsta profilu dispersija ir saistita ar egles
izplatibu galvenokart uz Albeluvisol, Stagnosol, ka ari Luvisol augS§nu pamatgrupam,
kas veidojusas galvenokart uz ledaja veidotajiem (glaciolimniskajiem un glacigénajiem)
nogulumiem (3.14. a, 3.15. a att.).

Augsnes minerala virséja slan1 dominé relativi smags granulometriskais sastavs
(virskarta galvenokart smilSmals). ArT bérza izplatibai ir raksturigs relativi smags
granulometriskais sastavs (virskarta galvenokart malsmilts, smaga malsmilts) un lidz ar
to augstaks piesatinajums ar bazém, augstaka katjonu apmainas kapacitate un neitralaka
augsnes reakcija. Tas raksturigs galvenokart Stagnosol augs$nu pamatgrupai.
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3.14. attels. Mezaudzé domingjoSo koku sugu (priede, egle, bérzs (%)) un augsnes virséja
minerala slapa (a) un apakskartas (b) granulometriska sastava (%)) un kimisko parametru
(pH - pHHZO; KAK - katjonu apmainas kapacitate (cmol kg'); PB — piesatinajuma pakape

ar bazém (%); ekstrahéjamie elementi (mg kg"') — Fe, P, K, Ca, Mg) izvietojums ar
komponentanalizi nodalitajas asis atkariba no geologiskajiem nogulumiem

Figure 3.14. Distribution of the tree species (pine, spruce, birch [%]) dominant in the
forest stands and the soil texture (%) and chemical properties (pH — pHHZO; KAK - cation
exchange capacity [cmol kg']; PB — base saturation [%]; extractable elements [mg kg'] -

Fe, P, K, Ca, Mg) of the mineral topsoil layer (a) and subsoil (b) in the PCA axes depending
on geological deposits
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3.15. attels. Mezaudzeé dominéjoso koku sugu (priede, egle, bérzs (%)) un augsnes virséja
minerala slana (a) un apakskartas (b) granulometriska sastava (%) un kimisko parametru
(pH - pH,, ,; KAK — katjonu apmaipas kapacitate (cmol kg'); PB — piesatinajuma pakape

ar bazém (%); ekstrahéjamie elementi (mg kg"') — Fe, P, K, Ca, Mg) izvietojums ar
komponentanalizi nodalitajas asis atkariba no augsnu pamatgrupam (FAO0 WRB)

Figure 3.15. Distribution of the tree species (pine, spruce, birch [%]) dominant in the
forest stands and the soil texture (%) and chemical properties (pH — pH,, ,; KAK — cation
exchange capacity [cmol kg']; PB — base saturation [%]; extractable elements [mg kg'] -

Fe, P, K, Ca, Mg) of the mineral topsoil layer (a) and subsoil (b) in the PCA axes depending
on soil groups (FAO WRB)
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Petfjums rada, ka galvenokart granulometriskais sastavs nosaka domingjoso koku
sugu izplatibu Latvijas meza ekosist€mas. Pieméram, egles un berza izplatiba ir saistita
ar relativi augligakam augsném, kur ir augstaks mala un puteklu dalinu saturs, ka ari
plass kimisko Tpasibu variaciju diapazons, turpretim priedes izplatiba ir saistita ar
nabadzigakam augsném un zemu kimisko Tpasibu variaciju diapazonu (3.15. att.).

Iepriek§ min&to apstiprina ari citi pétijumi Latvija. A. Bardules un kolegu (Bardule
u. c., 2009) publikacija noskaidrots, ka pastav ciesa korelacija starp valdoso skuju koku
sugu (priedi, egli), mezaudzes bonitati un mala dalinu ipatsvaru augsné, turklat §is
koku sugas vislabak aug malsmilts augsnés, kur mala dalinas veido 7-10%. Turpretim
lapu koku (bérzs, apse) audzgs, salidzinot bonitati un augsnes granulometrisko sastavu,
izteiktas likumsakaribas nav konstatétas (Bardule u. c., 2009).

Lidz ar to secinams, ka Latvijas mineralaugs$nu telpiskaja izplatiba un augSnu
kimisko ipasibu veidoSana, ka ari mezaudzu sastava noteikSana visbitiskaka nozime ir
augsnes granulometriskajam sastavam.

3.5. Kopsavilkums

Latvijas meza augsnu fizikalo un kimisko 1pasibu analize parada, ka $is 1paSibas
nosaka augsnes granulometriskais sastavs, ko, iespgjams, ietekm& arl mineralais
sastavs. Visviendabigakie augsnes cilmiezi Latvijas mezu ekosist€mas ir Litorinas
jiras, Baltijas ledus ezera un eolie nogulumi, kuros smilts frakcijas daudzums parsniedz
95%. A1 glaciofluvialajos nogulumos ir augsts smilts dalinu saturs. Augsnes virskartas
granulometriskais sastavs Sajos nogulumos biitiski neatSkiras no augsnes apakskartas
granulometriska sastava.

Relativi zemaks granulometriska sastava variaciju diapazons konstatéts eolajiem,
Baltijas ledus ezera un glaciofluvialajiem nogulumiem, bet augstakais — glacigénajiem
un glaciolimniskajiem nogulumiem. Sajos nogulumos Iidz ar dzilumu pieaug mala dalinu
saturs. L1dz ar to granulometriska sastava atskiribas un izmainas ir saistitas ar teritoriju
geologiskas veidoSanas apstakliem.

Loti zema katjonu apmainas kapacitate ir augsném, kas veidojusas uz eolajiem
nogulumiem, un tas statistiski buatiski atskiras no visu pargjo nogulumu augsném.
Visskabakie augsnes slani (O horizonts, ka arT virs€jais mineralais slanis) konstatéti
augsném, kas veidojusas uz eolajiem un Baltijas ledus ezera nogulumiem. Savukart
visaugstakas pH,, , vertibas augSpu O horizonta un minerala virsgja slani ir augsnés,
kas veidojusas uz glacigénajiem nogulumiem. ArT augsnes apakskartd visaugstakas
medianas vértibas ir glacigéno un glaciolimnisko nogulumu augsnu apakskartai. Tas
skaidrojams ar karbonatu klatbttni. Kopuma mazakas ekstrahgjamo elementu (Ca, K,
Mg, Mn, Fe) koncentracijas konstatetas Baltijas ledus ezera, eolajos un glaciofluvialajos
nogulumos, turpretim relativi augstakas So elementu koncentracijas ir glaciolimniskajos
un glacigénajos nogulumos.

Augsnes genézes procesu (pieméram, podzolésanas, izskalo$anas, ieskaloSanas un
akumulacija) interpretacija iesp&jams izmantot reag€josa Al un Fe koncentraciju, kas
parada augsnes $kiduma eso$o amorfa Al un Fe formu saturu. Pieméram, reagg€josa
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Al un Fe koncentracija dazadas gen€zes nogulumos savstarp&ji statistiski butiski
atSkiras galvenokart augsnes minerala virskarta, nevis apakskarta. Tas parada agresivo
fulvoskabju nozimi Al un Fe geokimiskajos procesos. Glaciolimniskajos, glaciofluvialajos
un glacigénajos nogulumos, kur reaggjosa Al un Fe augsnes cilmiezi ir daudz vairak
neka eolajos un Baltijas ledus ezera nogulumos, pateicoties zemajam pH, tas ir ticis
iznests no augsnes virskartas, un to koncentracija butiski palielinas B horizonta. Minéta
likumsakariba tik spilgti neizpauzas glaciolimniskajos, glaciofluvialajos un glacigénajos
nogulumos. ArT eolajos un Baltijas ledus ezera nogulumos podzol&sanas procesa rezultata
novérojams biitisks Fe un seviski Al koncentracijas pieaugums augsnes 20—40 cm slani,
kas morfologiski atbilst B horizontam.

Bitiskas savstarpgjas atSkiribas pétitajiem fizikalajiem un kimiskajiem radita-
jiem netika konstatetas starp relativi vieglaka granulometriska sastava geologiskajiem
nogulumiem (eolie, Baltijas ledus ezera), ka arT starp relativi smagaka granulometriska
sastava geologiskajiem nogulumiem (glaciolimniskie, glacigénie). Tomér starp pirmo
un pédgjo iepriek§s minéto geologisko nogulumu grupu fizikalas un kimiskas ipasibas ir
atSkirigas, jo iepriek§ minétie geologiskie nogulumi atSkiras péc izcelsmes un veidoSanas
laika, ka arT granulometriska un minerala sastava, kas atspogulojas augsnu fizikalajas
un kimiskajas ipasibas. Kopuma Sie faktori ir visnozimigakie un nosaka arT augsnes
veidoSanas procesus un augs$nu auglibu, no ka savukart ir atkariga baribas vielam
nabadzigu un bagatu mezaudzu izplatiba.

Petfjums rada, ka galvenokart granulometriskais sastavs nosaka domingjoso koku
sugu izplatibu Latvijas meza ekosistémas. Pieméram, egles un bérza izplatiba ir saistita
ar relativi augligakam augsném, kur ir augstaks mala un puteklu dalinu saturs, ka art
plass kimisko Tpasibu variaciju diapazons, turpretim priedes izplatiba ir saistita ar
nabadzigakam augsném un zemu kimisko TpasSibu variacijas diapazonu.

Virsgja minerala slana fizikalo un KkTmisko 1paSibu relativi zema dispersija ir
raksturiga sila, métraja, lana, damakspa un slapja métraja meza tipiem, kur augsnes
mineralo slani veido smilts nogulumi, tapéc So meza tipu augsnes satur relativi mazak
baribas vielu, tam ir zemaka katjonu apmainas kapacitate un ari piesatindgjuma pakape ar
bazem.

Augsnes apakskartas fizikalo un kimisko ipasibu zina visneviendabigakie meza tipi
ir veris, Saurlapju arenis un slapjais veris. lepriek§ minéta relativi liela oligotrofo meza
tipu augsnu daudzveidiba ir arT galvenais iemesls, kapéc starp meza tipu augsném lielako-
ties netika konstatetas statistiski biitiskas atSkiribas. Pec fizikalajam un kimiskajam 1pa-
Sibam, kas raksturo augsnes auglibu, konstatgts, ka lans atrodas viena grupa ar damaksni
un métraju. Lidz ar to, pamatojoties uz pasreiz ieglitajiem augSnu izp&tes rezultatiem, var
uzskatit, ka Latvijas mezu tipu iedalijuma p&c auglibas robeza starp oligotrofiem un me-
zotrofiem tipiem ir loti nosactta. Komponentanalizes rezultati vienlaikus izvirza jautaju-
mu par Saurlapju arena atraSanos mezotrofo mezu tipu grupa. Meza monitoringa ietvaros
veiktie petijumi rada, ka péc augsnes Tpasibam Saurlapju arenis ir [1dzigs eitrofiem meza
tipiem, pieméram, verim un slapjajam vérim, nevis mezotrofiem meza tipiem.
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4. AUGSNU IPASIBU MAINA LAUKSAIMNIECIBAS
ZEMJU APMEZOSANAS REZULTATA

4.1. Literataras apskats

Zemes pamesSana ir raksturiga cilvéces iezime mijiedarbiba ar ekosistémam ilga
laika posma. To parada pasaul€ plasi augosa tendence pamest lauksaimnieciba izmantotas
aramzemes. Piem@ram, zinatnieki (Cramer et al., 2008, péc Ramankutty, Foley, 1999)
konstat&jusi, ka kops§ pagajusa gadsimta 50. gadiem pasaulé strauji pieaugusas pamesto
aramzemju teritoriju platibas (4.1. att.).

250
200+
150+

1004

Teritorijas platiba (mlj. ha)

4.1. attéls. Pamesto aramzemju platibu izmainas pasaulé no 1700. Iidz 1990. gadam
(Cramer et al., 2008, péc Ramankutty, Foley, 1999)

Figure 4.1. Changes of abandoned arable lands in the world from 1700 to 1990 year
(Cramer et al., 2008, after Ramankutty, Foley, 1999)

Zemes apsaimniekoSana nozimigi ietekmé& augsnes veidoSanas procesus, tas
morfologiju un fizikalas un kimiskas ipasibas (Kristiansen, 2001; Wall, Hyténen, 2005;
Armolaitis et al., 2007). Daudzviet Eiropa paslaik aktuala probléma ir lauksaimniecibas
zemju atstaSana atmata un to pakapeniska apmezoSanas (Lipsky, 1995; Kristensen et al.,
2001; Mander, Kuuba, 2004; Sitzia et al., 2010). Lidz ar to mainas ne tikai ainava, bet
notiek arT pakapeniskas izmainas augsné.
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Lauksaimniecibas zemju apmezoSana ar skujkokiem, pateicoties nobiram, izraisa
butiskas izmainas mineralaugsnes virskarta, ko ietekmé& nobiru apjoms (Armolaitis et al.,
2007). Tapéc augsné palielinas organisko vielu daudzums (Paul et al., 2002; Vesterdal
et al., 2002) un ar to saistito katjonu aprite (Birkeland, 1984). Mineralaugsnes virskarta
samazinas pH (Reynolds et al., 1988; Alriksson, Olsson, 1995; Andersson et al., 2002;
Vesterdal et al., 2002; Ritter et al., 2003), kas sekmé& podzoléSanas procesa attistibu
(Miles, 1985).

Augsnes parveidoSanas procesi, seviski borealaja un nemoralaja bioma, noris 1&ni,
tadel kopuma relativi maz ir informacijas par lauksaimniecibas zemju apmezoSanas
ietekmi uz augsni un tas auglibu.

Viens no aktualajiem jautajumiem ir zemes lietoSanas veidu radikala mainga un to
iespgjama ietekme uz augsnes kvalitati ilgtermina (Lipenite, Karklins, 2011a). Latvija
$adus pétijumus par augsnes kvalitates, fizikalo un agrokimisko Tpasibu izmainam zemes
izmantoS$anas mainas konteksta ir uzsakusi Inara Lipenite un Aldis Karklin$ (Lipentte,
Karklins, 2011a, b). Noskaidrots, ka meza, salidzinot ar apstradajamam zemém, kur
licla dala izaudzétas biomasas tick novakta, palielinas organisko vielu ienese augsng,
taCu uzkrajums veidojas galvenokart O horizonta, turklat organiska oglekla uzkrasanas
tendences vairak raksturigas vajak iekultivétam smilts augsném, savukart smagaka
granulometriska sastava augsnés ar augstu augu baribas elementu nodro$inajumu pat
30 gadus p&c apmezoSanas organiska oglekla krajumi augsnes minerala dala samazinas
(Lipentte, Karklins, 2011a).

Latvija, tapat ka daudzviet Eiropa, dala meza zemju ir veidojusas uz bijusajam
lauksaimniecibas zemém. No 1925. Iidz 2007. gadam mezu platibas Latvija ir
palielinajusas no 25 Iidz 54,7% (Latvijas statistika, 2010). Lauksaimniecibas zemju
apmezosanas process Latvija notiek arT paslaik (Pengze, 2009; Ruskule et al., in press).
Pedgjos gadsimtos pakapeniskas zemes izmantosanas strukturalo izmainu d€] Latvija
bijusajas lauksaimniecibas zem@s sastopamas dazada vecuma meza zemes, kas paver
plasas iespé€jas izzinat lauksaimniecibas zemju apmeZoSanas ietekmi uz augsnes genezi,
morfologiju un Ipasibam.

Lidz Sim pasaule pétitas galvenokart smilts aug$pu izmainas saistiba ar
apmezo$anos (Armolaitis et al., 2007; Nielsen et al., 1999; Hagen-Thorn et al., 2004;
Smal, Olszewska, 2008; Wall, Hytonen, 2005; Alriksson, Olsson, 1995; Miller et al.,
2001; Paul et al., 2002, 2003). Smilts augsnés augsnes parveidoSanas procesi norisinas
relativi atrak neka smaga granulometriska sastava augsnés (smaga malsmilts, smilSmals,
mals), kuru morfologiskas un fizikalas un kimiskas izmainas tadé] ir relativi maz pétitas
(nozimigakie petijumi: Falkengren-Grerup et al., 2006; Vesterdal et al., 2002; He, Tang,
2008; Reintam, 2007).

Iepriek$ mingtais rosinajis izpé€ti veikt dazada vecuma meza zemés, kur parastas
egles (Picea abies (L.) H. Karst.), ara bérza (Betula pendula Roth.), baltalksna (4/nus
incana (L.) Moench) un parastas apses (Populus tremula L.) kokaudzes ir koloniz&jusas
bijusas lauksaimniecibas zemes un kur augsnes cilmiezi veido glacigénie nogulumi
(smaga malsmilts, smilSmals).
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4.2. Petijumu materiali un metodes

4.2.1. Lauka pétijumi un augsnes analizes

2009. gada pétijumi veikti astonos 25-200 gadus vecu meza zemju parauglaukumos.
Visi meza parauglaukumi tika ierikoti verT (Oxalidosa) 25-100 gadus vecas mezaudzes.
Meza zemju vecums noteikts, veicot specialu pétfjumu par Spindulu meza vésturi (Likins,
Nikodemus, 2011). Izp@tei izmantoti Latvijas Valsts vestures arhiva fondos Nr. 1679,
7404 un 6828 uzglabatie Nitaures muizas un draudzes un Annas muizas plani un kartes,
ka arT Latvijas Valsts mezzinatnes institiita ,,Silava” meziericibas arhiva materiali (no
1938. 11dz 2000. gadam) par Siguldas novada Nitaures mezniecibu, C&su virsmezniecibas
Nitaures un Zaubes mezniecibu. Kokaudzes vecums pétitajas mezaudzes noteikts, lietojot
Preslera svarpstu. Atbilstosi Latvijas mezu tipologijai (Buss, 1981) noteikti arT meza tipi
parauglaukumos.

Paral€li meza augsnu izpétei viens augsnes dziJrakums izdarTts ekstensivi izmantotas
ganibas. Dzilrakuma vieta izv€l&ta, pirms tam zond&jot augsni.

Augsnes rakums $aja gadijuma raksturo tipiskako augsnes profilu apsekotaja
zalaja. Petita lauksaimniecibas zeme nav arta kop$ pagajusa gadsimta 70. gadiem un
visu laika posmu izmantota ka ganibas, par ko papildus minétajai karSu un meziericibas
materialu izpétei liecina arT vietgjo iedzivotaju aptauja, kuras laika precizéta mezu un
lauksaimniecibas zemju izmantoSanas un apsaimniekoSanas vesture.

Augsnes paraugi lauksaimniecibas un meza zemées ievakti no katra augsnes horizonta
vai slana tris atkartojumos, péc tam izveidots vid€jais paraugs. Kopuma 9 augsnes
dzilrakumos no katra augsnes horizonta vai slana ievakti 52 vidgjie augsnes paraugi.
Augsnes profili aprakstiti atbilstosi starptautiskajai F40 WRB augsnu klasifikacijai (IUSS
Working Group, 2007). Turklat p&tijuma parauglaukuma noteikta geologisko nogulumu
genétiska izcelsme un sastavs, ka arT parauglaukumu novietojums reljefa.

Augsnes paraugu fizikalas un kimiskas analizes izdaritas Latvijas Universitates
Geografijas un Zemes zinatnpu fakultaté, ka ari Biologijas fakultaté. P&c paraugu
nogadaSanas laboratorija tie izzavéti lidz gaissausam stavoklim, tad mineralaugsnes
paraugi izsijati caur 2 mm sietu, bet organiskais materials — caur 4 mm sietu. P&c
paraugu sagatavoSanas analizém noteikts to granulometriskais sastavs, augsnes pH, .,
skaba amonija oksalata ekstrahgjama dzelzs [Fe ] un aluminijs [Al ], kop€jais slapeklis
[Nkop_], fosfors [Pkop_], kalcijs [CakopA], magnijs [MgkopA] un kalijs [K]mp_]. Analizes veiktas
atbilstosi FSCC (Forest Soil Co-Ordinating Centre) (2006) metodém.

Nosakot augsnes granulometrisko sastavu, paraugi apstradati ar 0,1M NaOH skidu-
mu. Granulometriskais sastavs noteikts, izmantojot pipetésanas metodi (Van Reeuwijk,
1995). Balstoties uz USDA augsnes granulometriska sastava iedalijumu, frakcija ar dali-
nu lielumu no 0,063 Iidz 2,0 mm klasificéta ka smilts, dalinas no 0,002 Iidz 0,063 mm —
ka putekli, bet smalkakas dalinas, kas mazakas par 0,002 mm — ka mals (FSCC, 2006).
Granulometriska sastava grupa noteikta, lietojot nomogrammu (Karklins, 2008).

Augsnes pH noteikts, izmantojot pH-metru WTW inoLab ar stikla elektrodu, 1M
KCI $kiduma (masas/tilpuma attieciba 1 : 2,5). Amorfa dzelzs (Fe ) un aluminijs (Al)
noteikts 0,2M amonija oksalata Skiduma pie pH 3 (USDA, 2004).
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Kopgja elementu (Ca, Mg, K), ka ari Fe, un Al koncentracija amonija oksalata
Skiduma noteikta ar atomabsorbcijas spektrometru Perkin Elmer Analyst 200.
Kopgjais N noteikts, izmantojot Kjeldala standartmetodi (ISO, 11261), bet kopgjais P —
ar spektrofotometru Zuzi 4210/20.

Humusvielas no augsnes ekstrah&tas ar 0,1M NaOH; skiduma—augsnes attieciba
10 : 1. Kopgja organiska oglekla (angl. — total organic carbon (TOC)) koncentracija
(mg L) noteikta 0.1IM NaOH ekstrakta, izmantojot kopg&ja oglekla analizatoru
Shimadzu TOC-Vesn. Noteiktais TOC (mg L) lietots, lai aprékinatu NaOH izdalama
organiska oglekla koncentraciju augsng (OC,, mg g"'). Fluorescences spektri noteikti
ar fluorescences spektrometru Perkin-Elmer LS-55.

Humifikacijas indekss (I, /I,.) aprékinats ka fluorescences intensitates (I) pie
510 nm attieciba pret fluorescences intensitati pie 460 nm (Kalbitz et al., 1999). Augsnes
ekstrakti ar 0,1M NaOH paskabinati Iidz pH < 2 ar koncentrétu H,SO,, izgulsnétas
huminskabes (HA) atdalitas centrifuggjot. Fulvoskabju koncentracija, izsakot to ka TOC
(mg L), noteikta ar kopgja oglekla analizatoru Shimadzu TOC-Vesn.

Visas fizikalas un kimiskas analizes izdaritas 3 atkartojumos. Laboratorijas analizu
rezultati uzskatiti par ticamiem, ja starpiba starp noteiktajam verttbam mazaka par
+ 5%.

4.2.2. Datu statistiska apstrade

Augsnes paraugu kimisko analizu rezultata iegtitie dati tika izmantoti datu statis-
tiskaja apstradé, analiz€ un interpretacija. To statistiskas analizes (vid&jas aritm&tiskas
vertibas un standartnovirzes) tika veiktas atseviski katram parametram un atseviski
katram genétiskajam horizontam, izmantojot Microsoft Excel 2007 programmu. Varian¢u
analize (vienfaktoru dispersijas analize (One-way ANOVA) tika veikta, lai noskaidrotu
Ap horizontu Tpasibu (pH,,, OC,,, organiskas vielas humifikacijas indekss I /I,
C,,, : C,,) biitiskas atSkiribas starp lauksaimniecibas zemi un meza zemém. P&c galvenas
hipotézes parbaudes detalizeti salidzinajumi tika veikti, izmantojot Tukey un Scheffe
HSD post-hoc testus (o = 0,05). Aprekini tika veikti, lietojot SPSS PASW Statistics 18
programmu.

Galveno komponentu analize tika veikta, izmantojot PC-ORD 5.0 programmu, lai
noskaidrotu sakaribas starp apmezosSanas vecumu (gadi) un vid&jo organiska oglekla
saturu, I, /I, un C, : C, mineralaugsnes O un Ap horizonta 8 parauglaukumos.
Monte Carlo tests tika veikts, lai parbauditu butiskumu galveno komponentu asim.
Komponentanaliz€ Pirsona korelacijas koeficienti (7) tika noskaidroti starp Siem faktoriem

un paraugiem.

4.3. Rezultati

Petijums veikts Latvijas centralaja dala, Vidzemes augstiené, vaji saposmota reljefa
(200-300 m virs jiiras Itmena). Teritorija domin€ morénas pauguri, kémi un plato virsas
pauguri (Lukins, Nikodemus, 2011). Augsnes cilmiezi morénu pauguros veido smilSmals
un mals, kémos — rupja smilts, bet plato virsas pauguros — mals. Lauksaimniecibas
zemju apmezos$anas ietekmes uz augsni novertéSanai pétijuma parauglaukumi ierikoti
lauksaimniecibas un meza zemes, kur augsnes cilmiezi veido glacigénie nogulumi.
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4.1. tabula
Parauglaukumu, kokaudzes un augsnes raksturojums pétijuma teritorija
Table 4.1.
Characterization of the sampling sites, forest stands and soils in the study area
w Meza . Augsnes granulo- .
g < Domingjosa koku suga | zemes Meza Augsnes metriskais sastavs C?CO3 N?v1e-
a %‘ (kvantitate) vecums | VoeU™MS pamatgrupa (virskarta/ dzilums tojl.lm_s
é, g (gadi) (gadi) | (FAO WRB) apakskarta) (cm) reljefa
— — — | Endostagnic | Smaga malsmilts/ 73 Nogaze
Cutanic smaga malsmilts
Luvisol
Picea abies (L.) H. 25 25 | Endostagnic | Smaga malsmilts/ | 104 | Virsotne
Karst. (100%) Cutanic smaga malsmilts
Albeluvisol
Picea abies (L.) H. 70 60 | Endostagnic | Smaga malsmilts/ 65 Virsotne
Karst. (80%); Cutanic smil$mals
Betula pendula Roth. Luvisol
(20%)
Picea abies (L.) H. 70 70 | Endostagnic | Smaga malsmilts/ 111 Virsotne
Karst. (50%); Cutanic smaga malsmilts
Betula pendula Roth. Luvisol
(30%),
Alnus incana
(20 %) +
Populus tremula
Picea abies (L.) H. 100 100 | Luvic Smaga malsmilts/ | 108 Virsotne
Karst. (90%); Stagnosol smaga malsmilts
Betula pendula Roth.
(10%)
Picea abies (L.) H. 100 100 | Luvic Smaga malsmilts/ 67 Nogaze
Karst. (90%); Stagnosol smilSmals
Betula pendula Roth.
(10 %)
Picea abies (L.) H. 150 100 | Endostagnic | Smaga malsmilts/ 65 Virsotne
Karst. (90%); Cutanic smilsmals
Betula pendula Roth. Luvisol
(10 %)
Picea abies (L.) H. 200 80 | Luvic Smaga malsmilts/ 90 Virsotne
Karst. (80%); Stagnosol smilsmals
Betula pendula Roth.
(10%);
Populus tremula L.
(10%)
Populus tremula 200 80 | Endostagnic | Smaga malsmilts/ 90 Virsotne
L.(80%); Cutanic smil§mals
Betula pendula Roth. Albeluvisol
(10%);
Picea abies (L.) H.
Karst. (10%)




86

Vidzemes augstien¢ klimats ir mérens. Gaisa vid&ja temperatiira julija ir +16,5 °C,
bet janvari —6 °C. Ikgadgjie nokrisni ir 750-850 mm, no kuriem aptuveni 500 mm izkrtt
vasara un rudeni. Faktiska iztvaikoSana sasniedz 67% no nokriSnu daudzuma, savukart
33% nokrisnu infiltrgjas augsné vai veido virszemes noteci (Krauklis, 2000).

Zaubes pagasta, kur veikts pétfjums, lauksaimniecibas zemes aiznpem 34,4% no
pagasta kopplatibas; 43,9% no minétajam zem&m 2005. gada netika apsaimniekotas
(Nikodemus et al., 2010), savukart lielu dalu no apsaimniekotajam zemém aizpema
ganibas un plavas.

Petitajos parauglaukumos augsnes mineralo virskartu veido smaga malsmilts,
bet cilmiezi — smaga malsmilts vai smil§mals. Péc starptautiskas F40 WRB augs$nu
klasifikacijas petitas augsnes atbilst Endostagnic Cutanic Luvisols, Endostagnic Cutanic
Albeluvisols un Luvic Stagnosols klasifikacijas vienibam (4.1. tab.). P&tfjuma netika
konstatétas augsnes grupu atSkiribas saistiba ar lauksaimniecibas zemju apmezoSanas
laiku.

Pé&titaja teritorija lauksaimniecibas zemes vé&sturiski ir apmezojusas vai ari péc
izstrades izcirtums atjaunojies ar parasto egli (Picea abies (L.) H. Karst.), ara bérzu
(Betula pendula Roth.), baltalksni (Alnus incana (L.) Moench) un parasto apsi (Populus
tremula L.).

Mezaudzes meza zemés, kuru vecums lidz 100 gadiem, veido koku sugas, kas ir
kolonizgjusas laukus tiilit p&c to izmantoSanas partrauks$anas. Savukart meza zemées, kas
vecakas par 150 gadiem, mezi vienreiz tikusi nocirsti un audze pec tam atjaunojusies
dabiski.

Pétjjuma konstatétas acimredzamas morfologisko pazimju izmainas augsnes
profilos atkariba no meza zemju vecuma. Trudvielu akumulacijas horizonti (Ap
horizonta biezums 21-27 cm) biezaki ir lauksaimniecibas zemes augsné un jaunakajas
meza zemes (4.2. att., 1., 2., 3. augsnes profils). Savukart 150 gadu veca meza zemé
(4.2. att., 7. augsnes profils), kur kokaudzi veido parasta egle, Ap horizonta biezums
ir tikai 6 cm; 200 gadu veca meza zemée (4.2. att., 8. augsnes profils), kur domingjosas
koku sugas ir ara bérzs un parasta apse, Ap horizonta biezums ir 18 cm. Izteikts A/bic
(E) horizonts tika konstatéts 70 gadus vecas un vecakas meza zemju augsnés (4.2. att.,
3., 7. un 8. augsnes profils). Savukart jaunakas meza zemju augsnés (4.2. att., 2. augsnes
profils) un lauksaimniecibas zemé (4.2. att., 1. augsnes profils) augsnes profila redzamas
tikai E horizonta pazimes. Te novérojams vaji izteikts A/beluvic mélveidigums, kas,
iesp&jams, saglabajies no perioda pirms lauksaimniecibas zemju ierikoSanas, un tas
redzams 1., 2. un 8. augsnu profila B horizonta.

Stagnic pazimes konstatetas visos augsnu profilos (4.2. att.). Stagnic krasu salikums
redzams lauksaimniecibas un relativi jaunako meza zemju aug$nu B horizonta 73—105 cm
dziluma. Vecakas meza zemes Stagnic krasu salikums novérojams EB un E horizonta
22-45 cm dziluma virs bliva B horizonta.

Kalcija karbonati pétitajos augsnu profilos ir sastopami 65-111 cm dziluma.
Vistuvak augsnes virskartai — 65 cm (4.2. att., 4.2. tab. ) dziluma — CaCO, ir 3. un
7. augdnu dzilrakuma. CaCO, sastopamibas dzilums pgtitaja apvidii nav saistits ar meza
zemes vecumu, lai gan to klatbttne var ietekmé@t augsnes veidosanas procesus.
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Augsnes profils Nr. 1
Endostagnic Cutanic Luvisol
Plava

Augsnes profils Nr. 2
Endostagnic Cutanic
Albeluvisol
Veéris
(100% Picea abies (L.)

H. Karst.)
Kokaudzes vecums: 25 gadi
Meza zemes vecums: 25 gadi

Augsnes profils Nr. 3
Endostagnic Cutanic Luvisol
Veris
(80% Picea abies (L.)

H. Karst.,

20% Betula pendula Roth.)
Kokaudzes vecums: 60 gadi
Meza zemes vecums: 70 gadi

Augsnes profils Nr. 5
Luvic Stagnosol
Veris

(90% Picea abies (L.)
H. Karst.,

10% Betula pendula Roth.)
Kokaudzes vecums: 100 gadi

Meza zemes vecums:
100 gadi

Augsnes profils Nr. 7
Endostagnic Cutanic Luvisol
Veris
(90% Picea abies (L.)

H. Karst.,

10% Betula pendula Roth.)
Kokaudzes vecums: 100 gadi

Meza zemes vecums:
150 gadi

Augsnes profils Nr. 8
Luvic Stagnosol
Veris
(80% Picea abies (L.)

H. Karst.,

10% Betula pendula Roth.,
10% Populus tremula L.)
Kokaudzes vecums: 80 gadi

Meza zemes vecums:
200 gadi

4.2. attéls. Parauglaukumu un augsnes profilu raksturojums

Figure 4.2. Description of sampling sites and soil profiles
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Augsnes horizontu granulometriskais sastavs pétitajas augsnés kopuma ir relativi
lidzigs. Augsnes virskarta dominé smaga malsmilts, bet cilmiezl — smilSmals un
2. parauglaukuma — smaga malsmilts. Augstaks mala dalinu daudzums visas augsnés,
iznemot 8. profilu, konstatgts tiesi zem aramkartas slana — BE un EB horizonta (4.3. att.).
Mala dalinas $ajos horizontos ir indikators mala iluvialai akumulacijai — par to liecina ar1
dalinu orientacija augsnes tukSumos, ka ar1 veidosanas in situ.

Relativi vecaka meza zemé (8. augsnes profils) salidzino$i liclaks mala dalinu
daudzums konstatéts Btg horizonta, kas atrodas dzilak par iepriekS minéto BE un EB

horizontu citos augsnu dzilrakumos (4.3. att.).
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Btg (36—65 cm)
Bgk
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Eg (35-41 cm)
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Btg2 (70-90 cm)
Bk
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Augsnes granulometriskais sastavs (%)

4.3. attéls. Augsnes granulometriskais sastavs plavu eksosistémas un

dazada vecuma meZa zemju augsnés

Figure 4.3. Soil texture in the soils of grassland and forest lands of different ages
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Vecakas meza zemées, salidzinot ar 25-gadigu meza zemi un lauksaimniecibas zemi,
pH, ., vertiba virs€ja minerala horizonta ir zemaka (4.4. a att.). Butiskas savstarpgjas
pH,, vertibu atSkiribas vecako mezu zemju (70, 150 un 200 gadus vecas meZa zemes)
virsgjos mineralajos horizontos petijuma netika konstatetas; ari O horizonta pH, ., nav
tiesi atkarigs no meza zemes vecuma.

KCl1

Pétijums paradija, ka plava, salidzinot ar meza zemi, augsnes Ap horizonta ir
augstaka Fe_ koncentracija (4.4. b att.). Savukart meZa zemju augsnés relativi augstaka
Fe, koncentracija ir zem Ap horizonta esoSajos horizontos, ari sekundaraja E un B
horizonta (3., 5. un 8. augs$nu profils). Minéta sakariba nav ipasi skaidra, jo 7. profila
augstaka Fe koncentracija ir tieSi Ap horizonta.

Lauksaimnieciba izmantojamo zemju un jaunako meza zemju augsnés, salidzinot ar
vecajam mezu zemém, izteikti augstaka Al koncentracija tika konstateta Ap horizonta
(4.4. b att.). Turklat Sajas augsnés Al koncentracija strauji samazinas dzilakajos
horizontos. Savukart vecako meza zemju EB horizonta Al koncentracija ir tikpat augsta
ka virsgjos mineralajos horizontos. Turklat 200 gadus vecas meza zemes EB horizonta
(8. augsnes profils) novérojama augstaka vidgja Al koncentracija (1611 mg kg')
Saja profila. Mingtais horizonts veidojies sekundaras podzolésanas procesa. Lidzigas
tendences noverotas ari citas relativi vecakas meza zemju augsnés.
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4.4. attels. pH,, (a) vidgja vertiba un Al un Fe_ vid€ja koncentracija un
standartnovirze (b) plavu ekosistémas un dazada vecuma meZa zemju augsnés
Figure 4.4. Average values and standard deviations of pH_, (a) and Al and
Fe_ concentration (b) in the soils of grassland and forest lands of different ages
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Lauksaimniecibas zemju apmezo$anas ietekmé augsnes organiska oglekla kon-
centraciju, un meza augsnés ta uzkrasanas notiek galvenokart O horizonta (4.5. a att.),
kur visos meza augsnu profilos koncentracija ir visaugstaka. Augsnes mineralajos hori-
zontos OC,, lielaka koncentracija ir Ap horizonta, turklat vecakas meza zemés ta ir
augstaka. Salidzinot ar lauksaimniecibas zem&m, meza zemju augsnés horizonta zem Ap
horizonta (EB horizonta) ir notikusi organiska oglekla ieskaloSanas no virskartas vai ar1
akumulacija, atmirstot sakném un citiem organiskajiem materialiem. Tomér visaugstaka
organiska oglekla koncentracija Ap horizonta nav visvecakajas meza zemes, bet gan
Endostagnic Cutanic Luvisol augsng, kas atrodas 70 gadu veca meza zeme (3. augsnes
profils). Loti liela OC . koncentracija ir ar1 3. augsnes profila EAp horizonta. Dati
rada, ka 70 gadu ilga laika posma p&c apmezoSanas sakuma organiska oglekla saturs
augsné ir pieaudzis. P&c 70 gadiem organiska oglekla daudzums augsnes Ap horizonta,
sasniedzot koncentraciju 14,8-24,8 mg g'!, nostabiliz&jas un vairs nepalielinas (4.2. tab.).

4.2. tabula
Organiska oglekla, organisko vielu humifikacijas indeksa vidéjas vertibas
un C,, : C,_, izmainas virsgjos augsnes horizontos saistiba ar meza zemes vecumu
Table 4.2.

Average values of organic carbon, humification index of organic matter
and C,, : C,, changes in the topsoil horizons depending on the age of forest land

Augsnes profila Nr. 1 2 3 4 5 6 7 8 9
Meza zemes vecums, gadi 0 25 70 70 100 100 150 200 200
0 | 320 | 452 | 384 | 452 | 30,1 | 444 | 408 | 328
oc horizonts (3.91) | (1,61) | (3,56) | (1,64) | (1,19) | (1,34) | (3,45) | (1,31)
NaOH
(mg g") Ap 10,7 | *11,2 [*36,8 2219|222 | 14,8 [*232 248" 189
horizonts | (2,17) | (1,97) | (1,62) | (1,71) | (1,62) | (1,73) | (1,5) | (2.93) | 2.31)
OC 0 O/Ap - | 287 | 123 | 175 | 2,04 | 2,03 | 191 | 1,65 | 1,74
(mg g horizonts
Organiskds ¢ | 057 | 069 | 0,62 | 071 | 058 | 0,68 | 0,66 | 0,62
vielas horizonts (0.01) | (0,02) | (0,02) | (0,01) | (0,04) | (0,01) | (0,01) | (0,01)
humifikacijas Ap 0,63 | 0,58 | 20,64 20,73 [°0,77 | *0,65 | ©0,78 | ®0,70 | ® 0,70
indekss L, /L, | horizonts | (0,01) | (0,02) | (0,01) | (0,02) | (0,01) | (0,01) | (0,02) | (0,02) | (0,01)
c . Ap 124 | 20,55 [*0,33 (0,37 0,56 | 0,49 | °0,34 | *0,35 [®0,39
HA® SR horizonts | (0,07) | (0,01) | (0,02) | (0,02) | (0,01) | (0,05) | (0,03) | (0,05) | (0,04)

2 — nav batisks.

b — ir bitisks (salidzinot lauksaimniecibas zemes un meZa zemes Ap horizonta augsnes Tpasibas,

izmantojot Tukey un Scheffe testu).

Ka jau iepriek§ atziméts, OC ,, koncentracija O horizonta visos gadijumos ir
augstaka neka Ap horizonta, un §Ts atskiribas ir vairak izteiktas relativi jaunakas meza
zem@s (2. augsnes profils). O un Ap horizonta, 2. augsnes profila organiskas vielas
humifikacijas indekss I, /I, ir vismazakais (4.2. tab.). Tai pasa laika minétais raditajs
augstako vertibu sasniedz O horizonta, 5. augsnes profila un Ap horizonta, 7. augsnes

profila. Tas liecina, ka humifikacijas process nav tiesi saistits ar meza zemes vecumu.
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4.5. attéls. Organiska C
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(a) un kopéja N (b), P (¢), K (d) vidéjas koncentracijas vertibas

un standartnovirzes plavu ekosistémas un dazada vecuma meZa zemju augsnés

Figure 4.5. Average values and standard deviations of organic C

(a) and total N (b),

NaOH

P (¢), K (d) concentrations in the soil profiles of grassland and forest lands

of different ages
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Vislielakas C,, : C,, vértibas konstatetas lauksaimniecibas zemes augsng, turpreti
meza zemgs tas ir relativi mazakas. Starp meza zemju augsném huminskabes salidzinosi
vairak satur lauksaimniecibas zemes, kas transformétas meza zemes relativi nesen
(2. augsnes profils), un 100 gadus veca meza zemé (5. augsnes profils), kur konstatéts

relativi augsts I, /I, indekss (4.2. tab.).

Komponentanalize parada videja organiska oglekla satura, I, /I,., C,,, : C., nozimi

O un Ap horizonta telpiskaja izplatiba 8 parauglaukumos atkariba no apmezoSanas
vecuma (4.6. att.).

* I MeiZa zemes vecums (gadi)
< %25
+70
A 100
v 150
200
OC_Ap
*
.
Axis 1
i
Cra:Cra_Ap
0C_0/A]
- _U/ap
Vecums A
Isio/Lsso_Ap

4.6. attels. O un Ap horizonta ordinacija atkariba no meZa zemes vecuma un vidéjam
organiska oglekla, I /1., C : C_ vertibam
(OC_Ap - OC,,, vidgja koncentracija (mg g"') Ap horizontd; OC_O/Ap — attieciba starp OC, .
vidgjo koncentraciju (mg g"') O un Ap horizontd; I, /1,., Ap — organiskas vielas humifikacijas
indekss 1, /I, Ap horizonta; C,,: C,, Ap—C,,: C,, Ap horizonta)
Figure 4.6. PCA ordination of the O and Ap horizons within sampling sites dependent on

age of forest land and average values of organic carbon, I, /I, ., C  :C_
(OC_Ap - OC,, average c.oncentrati(l)n.(mg g in Ap horizon; OC O/Ap - ratig between
OC,,,y average concentration (mg g) in O and Ap horizon; I, /I, Ap - organic matter

humification index I, /I, in Ap horizon; C,,, : C,, Ap - C,, : C,, in Ap horizon)

Komponentanalize izskaidro 81,39% no kopgjas augsnes paraugu variacijas
(4.6. att.). Toméer tikai 1. ass, kas izskaidro 58,80% no kopgjas variacijas, ir statistiski
butiska (p < 0,05). Ar pirmo asi tika konstateta biitiska pozitiva korelacija starp Ap
horizonta C, : C,, un attiecibu starp OC . vid&jo saturu O un Ap horizonta (r = 0,93;
r=0,86), turpreti ar $o gradientu negativa korelacija ir starp apmezoSanas vecumu un Ap
horizonta OC,, vidgjosaturu un I, /I, (r=-0,59; r = -0,81; r = -0,52).

510° 460
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Lidz ar to var secinat, ka Ap horizonta OC_ , vidgjais saturs un I /I, norada
uz humifikacijas procesa attistibu lidz ar meza zemes vecuma palielinasanos, tomér $o
procesu nevar tiesi saistit tikai ar meza zemes vecumu, iesp&jams, to ietekme, piemeéram,
koku sugas vainagu blivums un citi faktori.

. (4.5. b att.) koncentracija augstaka ir meza zemes, kas vecakas par 70 gadiem,
nevis ekstenswl izmantota plava un 25 gadus veca meza zemg. ST likumsakariba novérota
ne tikai Ap horizonta, bet arT dzilakos mineralajos horizontos. Tomér p&tijumu rezultati
rada, ka ar1 N, koncentracijas izmainas nedzivaja zemsega un augsnes minerala virskarta
nav tiesi saistitas ar meza zemju vecumu.

Izvertgjot P koncentraciju (4.5. ¢ att.) dazada vecuma meza zemju augsngs,
konstatgts, ka meza zemés, kas vecakas par 70 gadiem, kopg&ja P koncentracija E un EB
horizonta samazinas, bet picaug dzilak esosaja Bt horizonta.

150 un 200 gadus vecas meza zemju augsnes Ap un ApE horizonta, salidzinot
ar jaunakam meZa zemju un lauksaimniecibas augsném, K, = koncentracija ir relativi
zemaka (4.5. d att.). Pieaugot meza zemju vecumam, samazinds minéta elementa
koncentracija ApE horizonta un citos horizontos, kas atrodas tieSi zem Ap horizonta.
Elementa koncentracija péc lauksaimniecibas zemju apmezoSanas nemainas dzilakos
mineralajos horizontos.

Izpete konstatets, ka augsnes mineralajos horizontos Iidz ar dzilumu palielinas Ca,
un Mg, koncentracija, augsnes cilmiezi sasniedzot attiecigi 22108 + 9797 mg kg ;
9420 + 2754 mg kg!' (4.7. a, b att.).

a) b)
Ap (0-27 cm) Ap (0-27 cm)
Profils Nr. 1 BEs (27-42 cm) BEs (27-42 cm)
- Bis (42-73 cm)
Plava Bts (42-73 cm)
> Bgkl (73-100 cm) Bgkl (73-100
Bgk2 Bgk2
0(0-2 0 (0-2 cm)
Profils Nr. 2 Apl é,mcc,m,,)) Apl (2-10 em)

Ap2 (10-23 cm)
BEs (23-39 cm)
Bt1 (39-79 cm)
Bt2 (79-104 cm)
Bgk |

Ap2 (10-23 ecm)
25 gadus BEs (23-39 ¢cm)

veca meZa zeme B (3979 em)
2 (79-104 cm)
Bgk

”

Profils Nr. 3 g v

EAp (9-24 cm)

70 gadus BEtg (24-37 cm)

veca meZa zeme Bsg (3765 m)
Bgk

0 (0-4 cm)

Ap (4-9 cm)
EAp (9-24 cm)
BEtg (24-37 cm)
Bsg (37-65 cm)
Bgk

xﬂﬂitn- HHHIE ﬂﬂziljl“ Hﬂﬂ!ﬂ ﬂﬂﬁﬂzﬂn ;“;

g nﬂﬂn“ HJL

0 (0-2 cm)
Profils Nr. 5 Al%‘flim)) Ap (2-13 cm)

100 gadus ApEB (13-25 cm) Algg‘B (13-25 em)H
M EBts (25-40 cm) s (25-40 cm)
veca meZa BEg (40-57 cm) BEg (40-57 cm)
Btg (57-108 cm) Btg (57-108 cm)
zeme Bl Bk
| 0 (0-6 cm)

O (06 cm)

Profils Nr. 7 Ap (6-12 cm) Erép( ;(ZZ 2:{—
150 gadus o e m EBtg (22-36 cm)
. EBtg (22-36 cm) Big (22-36 em)
veca meZa zeme Btz (3H5Bch) Bak
0 (0-3 cm)
g ede Ap (3-8 cm)

Profils Nr. 8 ApE (8-21 cm) ApE (8-21 cm) H
EB (21-35 cm) EB (21-35 cm)
200 gadus e e ;m) Eg (35-41 cm)
veca meZa zeme Btgl (41-70 cm) B2 (70-00 emy

Btg2 (70-90 cm)
Bk

1000 2000 3000 4000 5000

o

0 1600 2600 3000 4000
Kopgjais Ca (mg kg'l) Kopéjais Mg (mg kg-l)
4.7. attéls. Kopéja Ca un Mg vidéjas koncentracijas un standartnovirze
plavu ekosistémas un daZada vecuma meZa zemju augsnés
Figure 4.7. Average values and standard deviation of total Ca and Mg concentration
in the soils of grassland and forest lands of different ages
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No vienas puses, tas liecina par $o elementu ienesi no augsnes virskartas tas
dzilakajos horizontos, to varétu izraisit dekalcifikacijas un podzol&Sanas procesu norise,
bet, no otras puses, strauj$ koncentracijas picaugums atklaj augsnes cilmieza sastavu.

4.4. Diskusija

Augsnes veidoSanas parasti tiek uzskatita par 1&nu procesu (Montagne et al., 2008),
kuru V. Targuljans un P. Krasilpikovs (Targulian, Krasilnikov, 2007) p&c norises atruma
iedala tiTs galvenajas klas€s: atrs (10'2 gadi), vidgjs (10°* gadi), léns (10°¢ gadi).
M. Vilkinsons un citi p&tnieki (Wilkinson et al., 2005) uzskata, ka augsnes veidoSanas,
lai rastos pilns augsnes profils, notiek vid&ji 10* lidz 10° gadu ilga perioda. Turpreti $1
pétijuma rezultati liecina, ka morfologiskas izmainas augsnés boreonemorala starpzona
attistas daudz atrak.

Rezultatu sadala aprakstitas izmainas Ap horizonta biezuma un E horizonta sagla-
basanos vecakas meza zem&s pétitajos augsnes parauglaukumos iesp&jams skaidrot ar
zemkopibas un augsnes apstrades vesturisko gaitu. Latvija lidz 1940. gadam aramzemju
virs€jo slani uzirdinaja tikai Iidz 15 cm dzilumam (Boruks, 2003), tap&c augsnés, kas
veidojusas uz glacigénajiem nogulumiem, netika skarts E horizonts. Savukart padomju
perioda augsni apvérsa lidz pat 25 cm dzilumam, sajaucot E un Ap horizontu (1. un
2. augs$nu profils). Tadel E horizonta pazimes, kas veidojusas ilgstosa laika posma, pirms
zemju izmantoSanas lauksaimnieciba un vé&lakas teritorijas apmezosSanas ir saglabajusas
100, 150 un 200 gadus vecas meza zemju augsnés (5., 7. un 8. augsnes profils), bet nav
noveérojamas augsnés, kas kultivétas padomju laika.

Pétijuma sekundaras podzoléSanas pazimes tika konstatétas vecako meza zemju
augSnu profilos. Par podzolésanas procesu attistibu liecina ta pazimes Ap horizonta
(5., 7. un 8. augsnu profils) un trisvértigo oksidu uzkrasanas virs E horizonta, veidojoties
sekundarajam EB horizontam. Tade&] var piekrist augSnu zinatniekiem (Mellor,
1985; Alexander, Burt, 1996; Stiitzer, 1998), kuri norada, ka podzol€Sanas procesa
morfologiskas pazimes ir novérojamas jau 100 gadus kop$ ta sak$anas. P&tijums rada,
ka sekundara B horizonta (tas veidojies virs primara E horizonta (4.2. att.)) pazimes
(augsnes krasa 7,5YR 3/4; 10YR 5/4) boreonemoralajas starpzonas augsnés, kas
izveidojusas uz glacigénajiem nogulumiem, iesp&jams konstatét 100 gadus pec tam, kad
notikusi lauksaimniecibas zemju apmezoSanas.

Mala iluviala uzkrasanas uz vertikalo makroagregatu virsmam B horizonta konstat&ta
visas pétitajas augsnés. Tas norada uz lesivéSanas procesa attistibu. P&c zinatniskas
literatiiras datiem, $is process parasti norisinas relativi ilga laika posma. D. Sauera un
citu zinatnieku (Sauer et al., 2008) p&tljuma rezultati liecina, ka A/beluvic melveidigums
attistas 4600-6200 gadu laika. Mala dalinu parklajuma izp&te pasaul€ liecina par vismaz
tris dazadam mala iluvialajam faze€m, un jaunakai no tam, visticamak, ir antropogéna
izcelsme (Kithn, 2003). Saja gadfjuma mala uzklajumu veidoSanos atseviski zinatnieki
(Slager, Van de Wetering, 1977, Kwaad, Miicher, 1977) saista ar meZu zemju
transformésanu lauksaimniecibas zemés, kas, pateicoties liduma zemkopibas attistibai,
ir noritgjusi visa Latvijas teritorija, ieskaitot pétito teritoriju, — par to liecina augsnes Ap
horizonta un dzilakajos horizontos atrastas oglites.
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Liduma zemkopibas attistiba acimredzot notikusi 13.—18. gadsimta (Zunde, 1999),
tapec zemes izmantoSanas veids $aja perioda, iesp&jams, vairakas reizes ir mainijies.
P&tfjuma rezultati uzrada aptuveni vienadu A/beluvic mélveidiguma izpausmi neatka-
rigi no ta, kad pedgjo reizi lauksaimniecibas zemes transformetas meza zemes (2. un
8. augsnu profils). Vienlaikus atkariba no meza zemes vecuma atskirigs ir iluviala mala
uzkrasanas dzilums augsné. lesp&jams, tas liecina, ka lesivé$anas procesu ir ietekmgju-
si atSkiriga zemes izmantoSana ped&jo 200 gadu laika. Vecakajas meza zemju augsnés
lielakais mala daudzums (8. augsnes profils) konstatéts Bt horizonta 41-70 cm dziluma,
turprett citas augsnés vairak mala daligu ir 22-40 cm dziluma. Relativi nelielo mala un
augsto smilts dalinu Tpatsvaru vecako meza zemju virs€jos mineralajos horizontos un
relativi biezako E horizontu (4.2. att.) var skaidrot ne tikai ar lesivéSanas procesa norisi,
bet arT ar mineralu dédésanu, ko izraisa kompleksas zemas molekulmasas organiskas
skabes (Aristovskaya, Zykina, 1977; Lundstrom, 1993). Mingtais process notiek galve-
nokart E horizonta (Lundstrom et al., 2000). Iesp&jamibu, ka tas noris aktivak péc lauk-
saimniecibas zemju apmezosanas, apstiprina arT fakts, ka meza zem&m un lauksaimnie-
cibas zem&m huminskabju un fulvoskabju attieciba Ap horizonta ir atskiriga (4.2. tab.).

Pieaugot meZa zemes vecumam, pH, ., samazinas ne tikai Ap horizonta, bet ari
dzilakajos horizontos. Augsnes pH, ., izmainas nosaka arT Fe_koncentraciju augsné (Smal,
Olszewska, 2008). Tadel, no vienas puses, ekstrahgjamas Fe augstaka koncentracija ir
zalaja Ap horizonta un vecaku meza zemju dzilakajos EB un Btg horizontos. Tomeér,
no otras puses, Fe_ liclaka koncentracija var noradit arf uz Fe’* izskaloSanos no augsnes
virskartas horizontiem podzolgSanas rezultata.

Augstaka Al koncentracija meZa zemes augsnes virskartas horizontos, salidzinot
ar lauksaimniecibas zemi, liecina, ka podzoleSanas process palielina Al koncentraciju
sekundari iluvialajos horizontos meza zemes, kas veidojusas uz bijusajam lauksaimnie-
cibas zem&m.

Svarigs process, kas norisinas péc lauksaimniecibas zemju apmeZzoSanas, ir O
horizonta veidoSanas. Ka liecina pétjjuma rezultati, O horizonta biezums (2—-6 cm)
(4.2. att.) un organisko vielu saturs (4.2. tab.) uz baribas vielam bagata minerala slana
ir nemainigs ilgaka laika posma. Art OC, ,, koncentracija O horizonta ilgaku laiku
saglabajas nemainiga. Savukart Ap horizonta straujam OC_ , picaugumam sakuma
perioda (p&c lauksaimniecibas zemes apmezoSanas) seko bitiska ta koncentracijas
samazinasanas. lepriek§ minéta likumsakariba sakrit ar daudzu citu zinatnieku petijumu
rezultatiem (Paul et al., 2002; Cerli et al., 2006). Organiska oglekla samazinasanas,
kas notiek augsné ilgstosaka perioda peéc mezu stadisanas, tiek skaidrota ar izmainam
organisko vielu mineralizacijas atruma, ar ienesto oglekla daudzumu un veidu, ka arT ar
baribas vielu nepiecieSamibu meZa augiem. Japiekrit K. Kerli un vina kolégiem (Cerli et
al., 2008), ka ogleklis p&c lauksaimniecibas zemju apmezoSanas A horizonta kltst daudz
kustigaks un sak parvietoties dzilakajos augsnes slanos. ST likumsakariba novérota ari
augsnés, kas veidojusas uz relativi smaga granulometriska sastava glacigénajiem
nogulumiem.

P, un N koncentraciju atSkiribas dazadu meZaudzu O horizonta ir atkarigas
no nobiru sastava (Terauda, Nikodemus, 2006). Dazadais mezaudzu sastavs nosaka ar1

O horizonta kimiska sastava atskiribas.
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4.5. Kopsavilkums

Organisko vielu picaugums augsnes dzilakajos slanos palielina tajos arT slapekla
koncentraciju. Turklat lauksaimniecibas zemju apmezosanas ietekmé arT kopgja P un K
migraciju augsné, tapéc vecakas meza zemés triidvielu akumulacijas horizonta sama-
zinas P, un K koncentracija. Taja pasa laika noverots minéto elementu koncen-
tracijas pieaugums dzilak esosajos B horizontos. Iepriek§ minéto procesu d€l augsnes
auglibas izmainas, kas norisinas lauksaimniecibas zemju apmeZzoSanas rezultata, ir
vertgjamas dazadi. No vienas puses, podzoléSanas un citu procesu rezultata samazinas
baribas vielu daudzums triidvielu akumulacijas horizonta, bet, no otras puses, organiskas
vielas un tadgjadi ar1 baribas vielas uzkrajas O horizonta. Kopuma §is petijums rada, ka
augsnes glacigénajos nogulumos (smaga malsmilts, smil§mals) lauksaimniecibas zemju
morfologiskas pazimes saglabajas lidz 100 gadiem. Sekundaras podzolésanas pazimes
augsnes profilos noveérotas 100 gadus péc apmezosanas sakuma, turklat augsnes profila
200 gados nav izveidojusies Albic un Spodic horizonti, kas atbilstu diagnostiskajiem
kriterijiem.

Petfjuma rezultati rada, ka podzoleésanas process aizkavéti noris relativi augligas
augsnés dazada vecuma meZza zemé&s, kas ir veidojusas uz glacigénajiem nogulumiem
(smaga malsmilts, smilSmals). To galvenokart nosaka salidzinosi augstais puteklu un
mala dalinu saturs, kas saistits ar relativi augstu pH, ., vertibu un kopgja kalcija, magnija
un kalija daudzumu augsnes cilmiezi. P&tljuma konstatets, ka p&c lauksaimniecibas
zemju apmezoSanas augsnes pH, ,, organisko vielu un ekstrah&jama aluminija un dzelzs
saturs izmainas daudz atrak neka augsnes diagnostiskas pazimes tas profila.

Petfjuma rezultati lauj labak izprast un skaidrot meza augsnu telpiskas izplatibas
likumsakaribas Latvija. Pedgja gadsimta meza platibas valstl ir divkarSojusas, tapec
secinams, ka vairak neka puse So mezu ir veidojuSies uz bijusajam lauksaimniecibas
zem@m. Joprojam nav noskaidrota lauksaimniecibas zemju apmezoS$anas ietekme uz
augu baribas vielu izmainam, jo to daudzums dzilakajos augsnes slanos samazinas, bet
palielinas O horizonta un Ap horizonta virsgja slani. Turpmakajos zinatniskajos projektos
vElama augiem pieejamo elementu izp&te, lai izzinatu, ka augsnes auglibu ietekmé
lauksaimniecibas zemju apmezosana.
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5. PETIJUMU REZULTATU KOPSAVILKUMS

Promocijas darba 2. sadala parada, ka Latvijas meza ekosistémas regionala méroga
pastav liela augsnu telpiska mainiba, kuru galvenokart nosaka augsnes granulometriskais
sastavs, kas ir ciesi saistits ar teritorijas geologisko nogulumu genétisko tipu izplatibu un
sastavu. Piem@ram, Latvija relativi viendabigas augsnes ar augstu smilts dalinu saturu ir
galvenokart saistitas ar Baltijas ledus ezera, Litorinas jiiras un eolajiem nogulumiem, kur
Podzol un Arenosol ir domingjosas augsnu pamatgrupas. Turpretim |oti augsta augSnu
pamatgrupu (atbilstosi starptautiskajai £40 WRB augsnu klasifikacijai) daudzveidiba
pastav litologiski 1idzigos kvartara nogulumos (glacigénajos, glaciolimniskajos,
glaciofluvialajos).

Savukart daudzu meza tipu izplatibu nosaka ar vairakas aug$nu pamatgrupas, kas
atkarigas no augsnes cilmieza IpaSibam, novietojuma reljefa un mitruma apstakliem.
Tadel nakotné ir nepiecieSams veikt petfjumus, lai noskaidrotu starptautiskas F40 WRB
augsnu klasifikacijas vajas un stipras puses un to lictoSanu meza ekosistému izpete.

Augsnes granulometriska sastava liclo nozimi apstiprina ari promocijas darba
3. sadala, kur pieradits, ka kvartara nogulumi, to genétiska izcelsme un sastavs
(granulometriskais un kimiskais) ietekm€ augsnu cilmiezu kimiskas 1pasibas (karbonatu
saturu, pH,, , piesatinajuma pakapi ar bazém, katjonu apmainas kapacitati, ekstrah&jamo
elementu (Ca, K, Mg, Mn, Fe) un reaggjosa Al un Fe daudzumu), ka ari meza ekosistému
un mezaudzé domingjoso koku sugu izplatibu un attistibu. Mezaudzes neiespaido
augsnes granulometrisko sastavu, tomér tam ir liela nozime kimisko elementu apritg, jo
mezaudzes ietekm@ augsnes veidoSanas procesus un kimisko sastavu augsnes virskarta,
piem@ram, ekstrahgjamo elementu (Ca, K, Mg, Mn, Fe), reaggjosa Al un Fe, apmainas
katjonu (Ca*", Mg*", K*), ka ar1 Co Un N, daudzumu, pH,, ; vertibu, katjonu apmainas
kapacitati.

Bitiskas savstarp&jas atskiribas pétitajiem fizikalo un kimisko pasibu raditajiem
netika konstatStas starp relativi vieglaka granulometriskd sastava geologiskajiem
nogulumiem (eolie, Baltijas ledus ezera), ka ari starp relativi smagaka granulometriska
sastava geologiskajiem nogulumiem (glaciolimniskie, glacigénie). Tomér starp pirmo
un pedgjo iepriek$ minéto geologisko nogulumu grupu fizikalas un kimiskas ipasibas ir
atskirigas, jo iepriek§ minétie geologiskie nogulumi atskiras pec izcelsmes un veidosanas
laika, ka arT granulometriska un minerala sastava, kas atspogulojas augs$nu fizikalajas
un kimiskajas 1pasibas. Kopuma $ie faktori ir visnozimigakie un nosaka arT augsnes
veidoSanas procesus un augsnu auglibu, no kuriem savukart ir atkariga baribas vielam
nabadzigu un bagatu mezaudzu izplatiba.

Petfjums rada, ka galvenokart granulometriskais sastavs nosaka domingjoso koku
sugu izplatibu Latvijas mezu ekosisteémas. Piem&ram, egles un bérza izplatiba ir saistita
ar relativi augligakam augsném, kur ir augstaks mala un puteklu dalinu saturs, ka ari
plass kimisko TpaSibu variaciju diapazons, turpretim priedes izplatiba ir saistita ar
nabadzigakam augsném un zemu kimisko 1pasibu variacijas diapazonu.

Virsg€ja minerala slana fizikalo un kimisko IpasSibu relativi zema dispersija ir
raksturiga sila, métraja, lana, damakspa un slapja métraja meza tipam, kur augsnes
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mineralo slani veido smilts nogulumi, tapéc So meza tipu augsnes satur relativi mazak
baribas vielu, tam ir zemaka katjonu apmainas kapacitate un arT piesatinajuma pakape ar
bazém.

Augsnes apakskartas fizikalo un kimisko 1pasibu zina visneviendabigakie meza tipi
ir veris, Saurlapju arenis un slapjais veris. lepriek§ minéta relativi liela oligotrofo meza
tipu augsnu daudzveidiba ir arT galvenais iemesls, kap€c starp meza tipu augsném lielako-
ties netika konstatgtas statistiski biitiskas atSkiribas. Pec fizikalajam un kimiskajam Ipa-
Sibam, kas raksturo augsnes auglibu, konstatéts, ka lans atrodas viena grupa ar damaksni
un métraju. Lidz ar to, pamatojoties uz pasreiz iegiitajiem augs$nu izpétes rezultatiem, var
uzskatit, ka Latvijas meZza tipu iedalfjuma p&c auglibas robeza starp oligotrofiem un me-
zotrofiem tipiem ir loti nosactta. Komponentanalizes rezultati vienlaikus izvirza jautaju-
mu par Saurlapju arena atraSanos mezotrofo mezu tipu grupa. Meza monitoringa ietvaros
veiktie pétijumi rada, ka p&c augsnes Ipasibam Saurlapju arenis ir lidzigs eitrofiem meza
tipiem, pieméram, verim un slapjajam vérim, nevis mezotrofiem meza tipiem.

Bitiska nozime augsnes, arT meza zemju augsnu, veidoSanas procesa ir cilvéka
saimnieciskajai darbibai. Promocijas darba 4. sadala ir pieradits, ka augsnes morfologijas
un Tpasibu maina ir saistita ar lauksaimniecibas zemju dabisku apmezoSanas procesu.
ST procesa rezultata vecakas meza zem@s tridvielu akumulacijas horizonta samazinas
P, un K, koncentracija. Taja pasa laika novérots mineto elementu koncentracijas
picaugums dzilak esosajos B horizontos. Tomér saistiba ar ieprieck§ minétajiem procesiem
augsnes auglibas izmainas, kas norisinas lauksaimniecibas zemju apmezosSanas rezultata,
ir veért€jamas dazadi. No vienas puses, podzoléSanas un citu procesu rezultata samazinas
baribas vielu daudzums tridvielu akumulacijas horizonta, bet, no otras puses, organiskas
vielas un tadgjadi ari baribas vielas uzkrajas O horizonta. Turklat Sis pétijums rada,
ka augsnes glacigénajos nogulumos (smaga malsmilts, smilSmals) lauksaimniecibas
zemju morfologiskas pazimes saglabajas lidz 100 gadiem. Sekundaras podzol&sanas
pazimes augsnes profilos noveérotas 100 gadu laika p&c apmezoSanas sakuma, turklat
augsnes profila 200 gados nav izveidojusies A/bic un Spodic horizonti, kas atbilstu
diagnostiskajiem kriterijiem.

Petfjuma rezultati rada, ka podzoleésanas process relativi lénak noris augligas
augsnés, kas veidojusas uz glacigénajiem nogulumiem (smaga malsmilts, smil§Smals). To
galvenokart nosaka salidzinosi augstais puteklu un mala dalinu saturs, kas nosaka augstu
pH,, vertibu un kopgja Ca, Mg un K daudzumu augsnes cilmiezi. Pétijuma konstatets,
ka péc lauksaimniecibas zemju apmeZoSanas augsnes pH, ,, organisko vielu un ekstrahé-
jama aluminija un dzelzs saturs izmainas daudz atrak neka augsnes diagnostiskas pa-
zimes tas profila.

P&tijuma rezultati lauj labak izprast un skaidrot meza augsnu telpiskas izplatibas
likumsakaribas Latvija. Pedgja gadsimta meza platibas valstl ir divkarSojusas, tapec
secinams, ka vairak neka puse $o mezu ir veidojusies uz bijusajam lauksaimniecibas
zemém. Joprojam nav noskaidrota lauksaimniecibas zemju apmezoS$anas ietekme uz
augu baribas vielu izmainam, jo to daudzums dzilakajos augsnes slanos samazinas, bet
palielinas O horizonta un Ap horizonta virsgja slani. Turpmakajos zinatniskajos projektos
velama augiem pieejamo elementu izp€te, lai izzinatu, ka augsnes auglibu ietekmée
lauksaimniecibas zemju apmezoSana.
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SECINAJUMI

Geologiskie nogulumi un to sastavs ir viens no galvenajiem faktoriem, kas nosaka
augSnu pamatgrupu (atbilstosi starptautiskajai FAO WRB augs$nu klasifikacijai)
sastopamibu un arT augsnes fizikalas un kimiskas 1pasibas. Daudzveidigakas augsnes
ir raksturigas glacigénajiem, glaciolimniskajiem un glaciofluvialajiem nogulumiem.
Augsnu daudzveidibas zina relativi viendabigakas ir eolas kapas, kur sastopamas
tikai Arenosol un Podzol augsnes. Histosol augsnes ir izplatitas uz organogénajiem
nogulumiem.

Sausienu meza tipi ir izplatiti uz Arenosol, Luvisol, Albeluvisol, Podzol, Planosol un
Stagnosol augsném, savukart relativi mazak uz Cambisol, Phaeozem un Umbrisol
augsnu pamatgrupam.

Slapjainu meza tipi ir izplatiti uz Stagnosol, Cambisol, Planosol, Gleysol, Podzol
un Arenosol augS$nu pamatgrupam. Turklat areni daudzos gadijumos ir sastopami
uz tam pasam augsném. Ta ka noteikSanas kriterijs (kuidras slana biezums) Histosol
augsnu pamatgrupas un purvainu, ka arf kiidrenu nodaliSanai ir lidzigs, Sie meza tipi
ir izplatiti uz Histosol aug$nu pamatgrupas.

Augs$nu pamatgrupu priedékla modifikatoru lietoSana datu analizé lava precizak
konstatét butiskas sakaribas starp noteiktu augs$nu un meza tipu telpisko izplatibu.
Daudzos gadijumos tika atrastas biitiskas sakaribas starp sausienu meza tipiem —
métraju, lanu un garsu, jo augSnu pamatgrupu priedékla modifikatoru kompleksi
tiek izmantoti noteiktu aug$nu raksturosana.

Augsnes profilos lidz ar dziluma palielinasanos pieaug augsnu fizikalo un kimisko
ipasibu sakaribas, kas apstiprina, ka augsnes TpaSibas galvenokart ir atkarigas no
augsnes cilmieza ipasibam, ko savukart nosaka geologisko nogulumu sastavs.
Latvijas mezu augsnés virskarta norisinas dazadi augsnes veido$anas procesi,
pieméram, organisko vielu akumulacija, lesivéSanas, izskalo$anas, eluviacija,
podzolésanas, dekalcifikacija, dekarbonizacija, glejoSanas, un tie ir atkarigi gan
no teritoriju geologiskas uzblives un veidoSanas apstakliem, to sastava, augsnes
veidosanas vecuma, mezu pasreizgjas un vesturiskas apsaimnickosanas, kokaudzeém
un to sastava un citiem faktoriem.

Geologisko nogulumu izplatiba nosaka augsnes granulometrisko sastavu, kas ir
viena no nozimigakajam augsnes fizikalajam Tpasibam, kura ietekme& augsnes
cilmieza kimisko sastavu, pieméram, ekstrah&jamo elementu (Ca, K, Mg, Mn, Fe)
un reaggjosa Al un Fe daudzumu, katjonu apmainas kapacitati, piesatinajuma pakapi
ar bazém, karbonatu saturu, pH,, , vertibu.

Augsnes granulometriskais sastavs ietekmé Latvijas meza ekosistému un mezaudze
domingjoso koku sugu izplatibu un attistibu, tomér mezaudzes neiespaido augsnes
granulometrisko sastavu, bet virskarta ietekm& augsnes veidoSanas procesus un
kimisko sastavu, pieméram, ekstrahgjamo elementu (Ca, K, Mg, Mn, Fe), reaggjosa
Al un Fe, apmainas katjonu (Ca*, Mg*, K%), ka ari Corg. un Nkop. daudzumu, pH,
vertibu, katjonu apmainas kapacitati.
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8.

10.

11.

Konstatéts, ka vegetacijas vienibu raksturo$ana lidz ar vispariguma pieaugumu (meZa
tips — mezaudz€ domingjosas koku sugas — Land Cover 2005 klases) samazinas
sakaribas starp vegetacijas raksturigajiem tipiem un aug$nu pamatgrupam, ka ari
to priedékla modifikatoriem. Iesp&jams, ka labakas sakaribas var iegit, uzlabojot
informaciju par biotisko vidi.

Péc lauksaimniecibas zemju apmezoS$anas novérojama podzol€Sanas procesa
attistiba, par ko liecina augsnes morfologiskas pazimes (sekundara E un B horizonta
veidoSanas), pH, ., samazinaSanas pirmajos 70 gados péc lauksaimniecibas zemju
apmezoS$anas. Izmainas reaggjosa (amorfa) Al un Fe satura augsnes horizontos
norisinas daudz atrak, neka konstat€jamas augsnes diagnostiskas pazimes augsnes
profila.

Lauksaimniecibas zemju apmezoSana ietekm& arT augsnes organiska oglekla
saturu. Liela dala organiska oglekla meza augsnés uzkrajas augsnes O horizonta.
O horizonta (mull un moder tipa) biezums pétitajas meza augsnés nav atkarigs no
meza zemes vecuma, bet to ietekmé gan domingjosa vegetacija, gan ari augsnes
mineralas virskartas kimiskais sastavs.

Kopuma bijusajas lauksaimniecibas zem@s uz glacigénajiem nogulumiem péc
to apmezoSanas, salidzinot ar vecam meza zemém, norisinas intensivaka vielu
biologiska aprite un podzol&$anas process norit relativi lénak. To iesp&jams skaidrot
ar relativi augstaku puteklu un mala dalinu saturu, kas saistits ar relativi augstu
pH,, vertibu un kopgja kalcija, magnija un kalija daudzumu augsnes cilmiezI.
Turklat lauksaimniecibas zemju morfologiskas pazimes augsnes profilos saglabajas
Iidz 100 gadiem péc apmezoSanas, tomér augsnes profila 200 gadu laika neizvei-
dojas Albic un Spodic horizonti atbilstosi to diagnostiskajam Tpasibam.
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PRIEKSLIKUMI

Balstoties uz iegiitajiem kokaudzu, mezu, augs$nu pamatgrupu un kvartara nogulumu
telpiskas izplatibas sakaribu risinajumiem, ieteicams veikt meza augS$pu regionalo
kartesanu méroga 1 : 50 000, jo Latvija Sis mérogs ir telpiskas planosanas standartmérogs,
ka arf taja ir pieejama meza tipu un geologisko nogulumu telpiska informacija.

No vienas puses, kvartdra nogulumu un meza telpiskas izplatibas informacijas
iegliSanas risindgjumi S$aja promocijas darba var turpmak uzlabot augSnu karteSa-
nu regionala méroga. No otras puses, iegltd informacija nevar uzlabot licla méroga
kartesanu. Tade|] turpmak ir nepiecieSami vispusigi pétljumi par augsnes Ipasibu un
morfologijas, ka arT augsnes granulometriska sastava izmainam augsnes katéna. Jebkura
gadljuma aug$nu kart€$ana, par pamatu izmantojot geologiskas konturas, ir iespgjams
nodalit augS$nu pamatgrupu asociacijas (grupas), jo ir griti nodalit atseviskas augsnu
pamatgrupas.

Nakotn€ ir nepiecieSams veikt petijumus, lai noskaidrotu starptautiskas FAO WRB
augSnu klasifikacijas vajas un stipras puses un to lietoSanu meza ekosist€mu izpéte.
Izmantojot So klasifikaciju, ir atklatas likumsakaribas starp augsnu (dren&tu un nedrengtu)
telpisko izplatibu un vides faktoriem. Konstatets, ka vides apstaklu ietekmi melioreta-
jas augsnés atspogulo meza tipi, nevis augSnu pamatgrupas atbilstosi starptautiskajai
FAO WRB augsnu klasifikacijai.
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Summary

In this thesis, for the first time in Latvia, an assessment of forest soil diversity in
accordance with the international FAO WRB soil classification has been carried out, its
influencing factors have been studied, as well as information in connection with soil
genesis and changes in the morphology and physical and chemical properties of forest
lands of different ages developed on former agricultural lands has been obtained.

The results show that geological deposits and their composition is one of the main
factors determining the occurrence of soil groups and also their physical and chemical
properties. Geological deposits determine the soil texture, which in turn affects the
chemical composition of the soil parent material: extractable elements (Ca, K, Mg, Mn, Fe)
and content of reactive Al and Fe, cation exchange capacity, base saturation, carbonate
content, pH,, , value. Soil texture has impact on the distribution and development of
forest ecosystems and tree species in forest stands in Latvia as well as on soil-forming
processes and topsoil chemical composition, e.g., extractable elements (Ca, K, Mg, Mn,
Fe), reactive Al and Fe, exchangeable cations (Ca*, Mg*, K*), as well as Curg_ and N
content, pH,, ; value and cation exchange capacity.

Following the afforestation of agricultural lands, the development of podzolization
process is observed, and the following characteristics are indicative of this process: soil
morphological features (development of the secondary E and B horizon), decrease in
pH,, value during the first 70 years after the afforestation of agricultural lands and
changes in the content of reactive (amorphous) Al and Fe within the soil horizons, which
occur more rapidly than changes in the soil diagnostic features and profile formation.

In general, following afforestation of the former agricultural lands on glacigenic
deposits, in comparison to older forest lands, occurrence of more intensive biological
turnover of substances and delay of podzolization process is observed. Furthermore,
the morphological features of agricultural land are preserved in the soil profiles for up
to 100 years after afforestation; however, the diagnostic properties of Albic and Spodic
horizons have not developed in the soil profile after 200 years.

Key words: soil texture, geological deposits, age of forest land, FAO WRB soil
classification, forest types, soil genesis.
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General characteristics of the doctoral thesis

Topicality of the doctoral thesis

There are many studies in the world about soil spatial distribution relationships
(Jenny, 1941; Hudson, 1992; McBratney, 1998; Phillips, Marion, 2005). Investigations
show the importance of different environmental factors in the development of soil
processes, morphology and properties. Traditionally, the main natural soil forming
factors are considered: soil parent material, climate, topography, biological factors
(flora and fauna) and time of soil formation (soil age). Anthropogenic activities have an
important role in the soil formation process. These factors determine processes in the soil
and its development, e.g., humus accumulation, podzolization, lessivage, gleyzation etc.
However, the development of the abovementioned processes as well as their interactions
in different environmental conditions are very diverse, often determining the soil diversity
as well (Targulian, Krasilnikov, 2007).

At the same time, it has been recognized that there are many problems related to the
use of a specific soil classification in establishing the soil spatial distribution relationships.
As a result, soil scientists have so far not reached an agreement on the influence of
specific environmental conditions on the spatial distribution of soil in regional and local
aspects (Gray et al., 2009). Incomplete knowledge about environmental conditions may
sometimes lead to the overestimation of soil-forming processes and cause problems in
the application and comparison of soil classifications (Reintam, 2002).

McBratney et al. (2003) have observed that it is difficult to find studies in which
correlations between different soil-forming factors and multivariate functions are clearly
described.

Until now, forest soils and their distribution relationships in Latvia have been studied
relatively little. Henrihs Mezals (1980) has made a major contribution in forest soil
research, investigating the relationships of brown soils formation. Almost no mapping
of forest soils has been done in Latvia. During the Soviet period, in collaboration of
the Land Project Institute (“Zemes projekts”) and the Leningrad All-Union Agriculture
Aecrophotogeodesical Institute, Latvian forest soil mapping was performed in 11 districts
at a scale 1:100,000 (Nikodemus, 2001). The land use and soil protection policy
documents highlight the mapping of forest soils as one of the most important tasks in the
near future in Latvia (Zemes parvaldibas..., 2010).

Carbon balance calculation, investigating the role of forest ecosystems in carbon
sequestration, as well as forest ecosystems critical level calculation, modeling the risk of
environmental pollution, play no less important role in establishing the spatial distribution
relationships of forest soils. Research of the abovementioned relationships is important
also in land use planning and management. All these aspects account for the novelty of
the doctoral thesis.

Until now, in Latvia, the national soil classification has for the most part been used
in soil investigations, causing certain problems in soil information exchange in Europe
and the world (Karklins, 2005). Therefore, in the doctoral thesis, the international FAO
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WRB soil classification was used for investigating correlations between the distribution
of soil and geological deposits, between topography and forest types. In the doctoral
thesis, a great deal of attention is focused on soil development after afforestation of
agricultural lands. In Latvia this question is urgent, because, similarly to Europe, large
areas of woodland have formed on former agricultural lands. Between 1925 and 2007,
the area of forest in Latvia increased from 25 to 54.7% (Kronitis, 1991; Vasilevskis,
2007; Latvijas statistika, 2010). Calculations indicate that the area of naturally afforested
agricultural lands in Latvia is about 298,000 ha. Besides, natural afforestation has been
more intense in the eastern part (Lazdins, 2011). Accordingly, the age of forest lands
in Latvia is different, and this factor diversely impacts the genesis of soil (soil-forming
processes), change of morphological features and physical and chemical properties.

Novelty of the study

e  For the first time in Latvia, an assessment of forest soil diversity has been performed
in accordance with the international FAO WRB (7The international Food and
Agricultural Organization soil classification system World Reference Base for Soil
Resources) soil classification (IUSS Working Group, 2007; Karklins, 2008).

e Influence of the most important environmental factors (geological deposits, forest
types) on the spatial diversity, genesis and properties of forest soils has been
studied.

e Local scale information related to changes in soil genesis, morphology and physical
and chemical properties in glacigenic deposits within differently aged forest lands,
where spruce (Picea abies (L.) H. Karst.), birch (Betula pendula Roth.), grey alder
(Alnus incana (L.) Moench) and aspen (Populus tremula L.) forest stands have
colonized former agricultural lands, has been obtained.

The aim of the thesis

To clarify the relationships of changes of soils and their properties in forest
ecosystems and their influencing factors in Latvia.

The tasks of the thesis:

1. To summarize the scientific literature on soil formation, diversity and its influencing
factors in forest ecosystems.

2. Using internationally accepted methods, to clarify:

2.1. The environmental factors influencing the forest soil spatial distribution;

2.2. The spatial changes of forest soil physical and chemical properties depending on
geological deposits and forest types.

3. To find out the impact of afforestation of agricultural lands on soil morphology and
soil physical and chemical properties in glacigenic deposits.

Hypothesis, thesis of the study

The diversity of soils and their physical and chemical properties in the forest
ecosystems in Latvia is dependent mainly on the soil texture, which is determined by
the genetic origin of geological deposits and formation time. These factors also have an
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impact on the distribution and development of forest stands, which, in turn, influence the
properties of topsoil.

Characterization of the methods

The doctoral thesis consists of three parts. In first part, the influencing factors of
forest soil spatial distribution are studied. In the second part, the physical and chemical
properties of soils and their changes depending on geological deposits and forest stand
composition are described. In the third part, local-scale changes of soil properties in
glacigenic deposits following the afforestation of agricultural lands are investigated.

In the forest ecosystems of Latvia over a period from 2006 to 2011, field work
investigations and laboratory analyses of physical and chemical properties of soil
samples were carried out in accordance with the ICP forest monitoring methods (FSCC,
2006) in a total of 122 sampling sites. Statistical processing and analysis of the collected
data were done by using these software programs: Microsoft Office Excel 2007, SPSS
PASW Statistics 18, PC-ORD 5.0, R 2.11.1. Generalized linear models (GLM), One-way
analysis of variance (ANOVA) (Tukey and Scheffe HSD post-hoc tests) and the principal
components analysis were performed as part of the statistical analysis of data.

Approbation of the results

The results of the doctoral thesis have been discussed and presented in 10 scientific
publications, 2 international scientific congresses, 12 international scientific conferences,
13 local scientific conferences in Latvia.

The results of the doctoral thesis have been used in study courses at the level of
bachelor and master at the Faculty of Geography and Earth Sciences, University of
Latvia, as well as in supervising 5 bachelor’s theses and in consulting 2 master’s theses.

The most important publications (related to the thesis)
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1. Concise summary of the doctoral thesis

1.1. Theoretical justification of the study

Forest soil research in Latvia

Relatively abundant information about the soils of agricultural lands in Latvia has
been collected in the process of mapping the soils of all agricultural lands at a scale
of 1:10,000 (Boruks et al., 1967, 2001, 2002; Karklins, 2005). In total, soil maps of
agricultural and forest lands at a scale of 1:100,000 have been prepared for 11 from the
26 administrative districts in Latvia. The soil mapping has been performed on the basis
of genetic soil classification. In the middle of the 20" century, on this soil information
basis, were produced a soil map at a scale of 1:400,000 was prepared (Mannas, 1977;
Mezals, 1980; Karklins, 2005), and it is still used in different reports of soil resources
and the environment. However, this cartographical information is relatively incorrect,
because of the lack of precise data about the soils of forest lands (Nikodemus et al.,
2008).

Henrihs Mezals (1980) has made a major contribution in forest soil research,
investigating the relationships of brown soils formation. Individual studies about
hornbeam forest stands have been conducted by Adolfs Krauklis and Anita Zarina (2002).
Further investigations related to the distribution of separate plant communities have been
carried out by Maris Laivigs$ (1977, 1984, 1998, 2000, 2001). Within the framework of
regional forest monitoring under the supervision of M. Laivins (Laivin$ et al., 1993),
the chemical properties of forest soils have also been studied from 1990 till 1992. It is
known that changes in vegetation are dependent on abiotic factors; however, Solvita
Risina (2007) has concluded that the information is incomplete in this respect.

The results of geochemical mapping in Latvia (Gilucis, Seglins, 2003) performed
at a scale of 1:500,000 over a period from 1999 to 2002 provides important information
about the geochemical composition of soil. On the basis of these data, Aivars Gilucis
(2007) has investigated the content and distribution relationships of microelements and
macroelements in topsoil horizons in Latvia, including forest soils.

In general, to summarize all these studies, it can be concluded that there is a lack of
correct information about forest soils, their distribution relationships, formation processes
and properties in Latvia. The Latvian soil classification has previously been used in the
soil research, and this classification does not provide information comprehensible to
international institutions (Karklins, 2002, 2005). Furthermore, standardised methods and
interpretations of the Soviet Union — which differ substantially from internationally used
methods — have been used in Latvia. Individual studies related to the transformation
of data from the methods previously used in Latvia to internationally recommended
methods by performing mutual comparison of analytical methods were performed by
Aldis Karklin$ (Karklins, 1997; 2005).

Comprehensive research of forest soils as well as their description according to
the international FAO WRB soil classification were started in Latvia in 2005, within
the framework of the European first-level forest monitoring, the EU programme
No. 2152/2003 on the monitoring of forests and environmental interactions in the
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Community (Forest Focus) and the international project “Inventory of forest soils and
assessment of forest biological diversity ‘BioSoil’” under the international collaboration
programme (ICP) Forests. The author of this doctoral thesis participated in this project.
Based on the monitoring results, several reports (Zadeika, 2005, 2006; Lazdins, 2008)
and individual publications related to forest soils and their properties in Latvia were
produced (Bardule u.c., 2009, Kasparinskis, Nikodemus, 2012).

Soil description and mapping on the basis of the international FAO WRB soil
classification were performed in Svéte and Nica rural municipalities in 2007 (Nikodemus
et al., 2008). That was one of the first attempts to use the abovementioned classification
in the mapping of agricultural and forest lands in Latvia.

1.2. Materials and methods

1.2.1. Research of soil spatial distribution and its physical and chemical properties
at a regional scale

Field investigations and laboratory analyses

From 2006 till 2010, under the international project “Inventarization of forest soils
and assessment of forest biological diversity ‘BioSoil’” of the Forest Focus research
programme (No. 2152/2003) of the International Co-operative Programme (ICP)
Forest and the European first-level forest monitoring, investigations were carried out
in 95 sampling sites of ICP Forest monitoring and, in 2011, for the purposes of this
thesis, in additional 18 sampling sites within relatively poorly represented regions of this
monitoring (Fig. 1).
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Digging of the deep soil profiles and soil profile description according to the
international WRB soil classification (IUSS Working Group WRB 2007) were performed
in the sampling sites. The field works were carried out to determine the site topography
and parent material: Quaternary deposits and pre-Quaternary sedimentary rock, the
dominant tree species of the forest stand and forest site types in the sampling plots. The
forest site types were described according to the Latvian forest ecosystem classification
(Buss, 1981). Land cover was described by using data from CORINE Land Cover 2005,
which characterize the (bio)physical cover of the earth’s surface at a scale of 1:100,000.

Soil samples were collected form genetic horizons of soil profiles, as well as
according to the ICP forest monitoring methods from the following layers: O horizon,
0-10 cm, 10-20 cm, 20—40 cm, 40-80 cm (FSCC, 2006). Physical and chemical analyses
of soil samples were performed according to the ICP forest monitoring methods (FSCC,
2006) in the Forest Environment Laboratory of the Forest Research Institute “Silava”
and in the Latvian Environment, Geology and Meteorology Agency.

The following properties of soil samples were determined and used in the doctoral
thesis:

. Soil texture (sand, silt, clay content, %);

»  Total nitrogen content (g kg™');

»  Total organic carbon content (g kg);

*  Active acidity pH,, ;

«  Exchangeable cations (Ca*", Mg*', K*) content (cmol kg);

¢ Exchangeable elements (AI**, Fe**, Mn?") content (cmol kg™);

»  Cation exchange capacity (cmol kg™);

. Extractable elements (Ca, Mg, K, Na, Mn, P, Fe) content (mg kg!) in aqua

regia solution;

»  Extractable elements (Al, Fe) content (mg kg') in acid ammonium oxalate

solution;

e Carbonate content (g kg™);

*  Base saturation (%).

The data obtained in the Forest Environment laboratory of the Forest Research
Institute “Silava” were validated according to the algorithms recommended by the ICP
Forests and the minimal and maximal values of the relevant parameters (Clarke et al.,
2008).

Data statistical analysis

A generalized linear model (GLM) analysis, using R 2.11.1 software, was carried
out to investigate the correlations (the level of significance p < 0.05) between soil spatial
distribution and parent material, topographical situation, land cover, soil texture, forest
site types and tree species.

Variables occurring in less than three sampling sites were not included in the raw
data selection.

Each type of factors was defined by the quantitative value of occurrence (0 — not
observed, 1 — observed) in the sampling sites. Corrections of p-values were performed
by Hommel’s adjustment method.
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Quantitative values (1-100%) of tree species in forest stands and soil texture were
used to confirm the relationships between the spatial distribution of soils and Quaternary
deposits.

Physical and chemical properties of mineral soils were included in the data statistical
analysis; therefore, the Histosols soil group was excluded.

Statistical analysis for the following raw data was performed in the doctoral thesis:
O horizons — 56 soil profiles; mineral topsoil (0-10 cm) and subsoil (40-80 cm) — 74 soil
profiles. It was taken into account that the layers of 10-20 cm and 20-40 cm are affected
by different soil-forming processes; therefore, attention in general was not focused on a
detailed analysis and interpretation of the data of these layers.

It was established in the verification of data conformity for certain distribution types
according to the Fisher criteria of dispersion that the data did not always correspond
to the normal (according to Gaussian distribution); therefore, the parametrical and
nonparametrical methods were used in the data statistical processing, which means that
data sets were processed in appropriate cases — their average value, standard deviation
and median value.

For the determination of statistically significant differences of the soil physical
and chemical properties between selected geological deposits, soil groups and forest
site types, normal distribution appropriation was performed by transformation into
logarithms. Statistically significant (p<0.05) differences were determined by means of
the Tukey test in One-way analysis of variance (ANOVA), using SPSS PASW Statistics
18 software. Furthermore, taking into account that the selected data could have unequal
dispersions in gradation classes, Dunnet’s adjustment was used for the assessment of the
average differences.

Correlations between geological deposits, soil groups, forest site types and soil
texture in the topsoil layers (0-10 cm) and subsoil layer (40-80 cm) of the soil sampling
sites (74) were determined through the principal component analysis of physical and
chemical properties by using PC ORD 5.10 software.

A Monte Carlo test was used in determining the significance of the PCA axes. The
Pearson correlation coefficients (r>0.50) were determined between environmental factors
and PCA scores of the samples.

1.2.2. Research of changes in soil properties in glacigenic deposits related to the
afforestation of agricultural lands at a local scale

Field investigations and soil analyses

Field investigations were carried out in 2009 in the forest lands of different ages
(25200 years) in eight sampling sites, which were established in a forest site of the
Oxalidosa type. The age of forest lands were determined by performing special
investigation into the history of Spinduli forest (Ltukins, Nikodemus, 2011). The forested
areas were surveyed on-site, determining the forest stand species and, using a Pressler’s
auger — the tree age. The forest site types were described according to the Latvian forest
ecosystem classification (Buss, 1981).
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One soil profile was taken from extensively used grassland with a topography
similar to the forest sampling sites. The location of the deep soil profile was chosen by
prior soil augering.

Soil samples in agricultural and forest lands were collected from each soil horizon
or layer in three repetitions, then forming an average sample. In total, 52 average soil
samples were collected from the genetic horizons of nine soil profiles. Soil profiles in the
sampling plots were described according to the international FAO WRB classification
system (IUSS Working Group WRB, 2007). Furthermore, the genetic origin, composition
and topography of geological deposits were determined in the sampling sites.

Air-dried mineral soil samples were sieved through a 2-mm sieve, and the organic
materials were sieved through a 4-mm sieve. After preparation of the soil samples, their
physical and chemical analyses (soil texture, ammonium oxalate extractable iron [Fe ]
and aluminum [Al ], soil pH,, total nitrogen [N _] and phosphorus [P _1], calcium
[Ca, ], magnesium [Mg ], potassium [K_]) were conducted according to the FSCC
(2006) methodology at the Faculty of Biology and the Faculty of Geography and Earth
Sciences of the University of Latvia.

To determine the particle sizes, the samples were treated with 0.1 M NaOH to
break down the aggregates. Sands were sieved and fractions finer than 0.05 mm were
determined by pipette analysis (Van Reeuwijk, 1995). On the basis of the USDA soil
texture classes, the fractions from 0.063 to 2.0 mm were classified as sand, those from
0.002 to 0.063 mm — as silt, and those finer than 0.002 mm — as clay (FSCC, 2006). Soil
texture groups were determined by using a nomogram (Karklins, 2008).

The soil pH was measured with a glass electrode pH-meter WTW inoLab in 1 M
KCI (1:2.5 mass-to-volume ratio). Amorphous iron (Fe)) and aluminium (Al ) were
determined with 0.2 M acid ammonium oxalate solution at pH 3 (USDA 2004).

The total element (Ca, Mg, K) content as well as Fe and Al concentrations in
the acid ammonium oxalate solution were determined using an atom absorption
spectrophotometer Perkin-Elmer AAnalyst 200. The total N was estimated using the
standard Kjeldahl method (ISO 11261), whereas the total P — using a spectrophotometer
Zuzi 4210/20.

Humic substances were extracted from the soil with 0.1 N NaOH, with a solution/
soil ratio of 10 : 1. The total organic carbon concentration (TOC, mg L") was determined
in 0.1IM NaOH solution using a Shimadzu TOC-Vcsn analyser. The determined TOC
(mg L") was used to calculate the soil NaOH extractable organic carbon concentration
(OCy, 0> Mg g"). Fluorescence spectra were recorded using a fluorescence spectrometer
Perkin—Elmer LS755.

The organic matter humification index (I, /I, ) was calculated as fluorescence
intensity (I) ratio at 510 nm to 460 nm wavelength (Kalbitz et al. 1999).

Soil extracts (0.1M NaOH) were acidified with concentrated H,SO, to pH<2, the
precipitated humic acids (HA) were removed by centrifugation. The concentration of
fulvic acid (FA) was expressed as TOC (mg L), measured with a total organic carbon
analyser Shimadzu TOC — Vcsn.

Chemical analysis of the elements was carried out in triplicate. The laboratory
results were considered acceptable when the difference between the values obtained was
less than +5%.
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Data statistical analysis

Statistical analyses (arithmetic mean values and standard deviations) were calculated
separately for each parameter and each genetic horizon using Microsoft Excel 2007
software. One-way analysis of variance (ANOVA) was performed to determine whether
there was a significant differentiation in the studied Ap horizon properties (pH, ., OC__.,,»
organic matter humification index I, /I,, C,,:C.,) between the agricultural and forest
lands. After verification of the general hypothesis, detailed comparisons were made with
the Tukey and Scheffe HSD post-hoc tests (0=0.05). Calculations were performed using
SPSS PASW Statistics 18 software.

The principal component analysis (PCA) with PC-ORD 5.0 software was carried
out to investigate the correlations between the afforestation age (years) and the mean
content of organic carbon, I, /I, and C,,:C,, in the O and Ap horizons within 8 soil
sampling sites. A Monte Carlo test was used testing determining the significance of PCA
axes. Pearson’s correlation coefficients (r) were determined between these factors and

the PCA scores of the samples.

1.3. Results and discussion

1.3.1. Spatial inconstancy of forest soils and its influencing factors at a regional scale

In Latvia, forests are situated on soils of relatively high diversity, formed on
different, mainly unconsolidated Quaternary deposits, in some places, also on weakly
consolidated pre-Quaternary terrigenous or hard carbonate sedimentary rock.

Using generalized linear models, it was established that the prevalence of soil
groups are closely linked to specific parent materials. A significant correlation (p <
0.05) of spatial distribution exists between the Baltic Ice Lake sediments and Podzols;
glaciofluvial deposits, aeolian sediments and Arenosols; organic deposits and Histosols;
and glacigenic deposits and Cambisols, Luvisols and Albeluvisols. Gleysols and Planosols
are closely associated with glaciolacustrine deposits. Furthermore, the spatial distribution
of Stagnosols is not linked to specific parent material, but they occur most frequently in
glaciolacustrine and glacigenic deposits, where the parent material has a relatively heavy
soil texture.

When specifying the main groups of particular soils and their prefix qualifier
relationships with sampling sites in geological structures, a significant correlation (p <
0.05) to the Quaternary deposits was generally established for a part of the soil groups.
For example, Albic Arenosols occur most frequently in aeolian dunes and glaciofluvial
sand and gravel deposits. These parent materials of soil are characteristic with a relatively
low cation exchange capacity (CEC=2.8-10.4 cmol_kg™), which promotes the process of
podzolization and development of the A/bic horizon.

In spite of the fact that most soil groups (Gleysols and Planosols) are closely related
to glaciolacustrine deposits, no significant correlation between these deposits and soil
prefix qualifiers was established.
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Although several forest site types were related to most soil groups, only in some
cases there was a significant correlation (p < 0.05) between the spatial distributions
of soil groups and forest site types, e.g. Albeluvisols and Hylocomiosa; Arenosols and
Vacciniosa; Stagnosols and Myrtilloso-polytrichosa; Gleysols and Mercurialiosa mel.
and Myrtillosa mel.; Luvisols and Aegopodiosa.

Cladinoso-callunosa and Mpyrtillosa are common only on Arenosols within the
studied sampling sites. The spatial distribution of Myrtilloso-polytrichosa is close to
significant correlation with Cambisols, while Aegopodiosa is near to a close correlation
with Stagnosols. However, no significant correlation of certain forest site types with
Podzols and Planosols was established, because it occurs relatively equally often within
forest site types on dry and wet mineral soil and drained mineral soil.

The usage of the prefix qualifier of soil groups in data processing enabled to define
more precisely significant spatial distribution correlations between some particular forest
site types and soils.

The study results showed that, in general, the spatial distribution of forest site
types is not determined by soil groups, except dry forest ecosystems, where Cladinoso-
callunosa, Vacciniosa and Myrtillosa are closely related to Arenosols, Hylocomiosa to
Albeluvisols, Aegopodiosa to Luvisols, and all of the investigated forest site types on
wet and drained peat soil are related to Histosols. Assessing the correlation between
the soil group prefix qualifiers and forest site types, in most cases within dry mineral
soil, significant correlations between specific soil groups and Vacciniosa, Myrtillosa and
Aegopodiosa were detected.

It was established that the distribution of the dominant tree species in a forest site
stand is relatively less associated with a particular soil group compared to the forest
site type and soil group occurrence. The dominant tree species in the forest stands of
the forest ecosystems of Latvia, such as pine, spruce and birch, are found on all of the
studied groups of soils.

The generalized linear model analysis revealed a significant correlation (p < 0.05)
between pine stands and Arenosols, spruce stands and Cambisols, and oak stands and the
Luvisols soil group.

Overall, the generalized linear model approach suggests that there are weak
significant correlations between the spatial distribution of soil groups and topographical
situation and land cover.

Quaternary deposits, their genetic origin and composition (granulometric and
chemical) have the highest bearing on the spatial distribution of soil groups. In Latvia,
soils with sandy soil texture are mainly related to the Baltic Ice Lake and Litorina Sea,
acolian sediments, and glacioaquatic (glaciofluvial and glaciolacustrine) deposits, where
Podzols and Arenosols are the dominant soil groups. The age of Quaternary deposits
also plays a significant role in the spatial distribution of these soils. Although Podzols in
the Latvian forest ecosystems are present in relatively different types of deposits, they
are more closely related with the Baltic Ice Lake sediments that are comparatively older
(13,500-10,000 calendar years before present [cal yr BP]) (Gelumbauskaité, 2009) than
the Litorina Sea (8800-6600 cal yr BP) (Raukas, 1997; Saarse et al., 2006; Reintam et
al., 2008) and aeolian sediments (Reintam et al., 2001).
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Luvisols and Albeluvisols are closely related to free carbonates-containing glacigenic
deposits. The illuvial accumulation of clay on the vertical macroaggregate surfaces of B
horizons and formation of Argic diagnostic horizon were observed in these soils. The
fundamental difference is the Albeluvic tonguing between both soil groups that developed
over a time period of 4600-6200 years (Sauer et al., 2009).

In this case in Latvia, the age of soil formation could not be the limiting factor in the
evolution of Luvisols and Albeluvisols, because the age of these soils in all the sampling
sites of forest ecosystems that developed on glacigenic deposits exceeds 10,000 cal yr
BP. The distribution of Luvisols, Albeluvisols and geological deposits is closely related to
the mineral topsoil texture. Furthermore, A/beluvisols contain relatively more sand and
less clay particles than Luvisols. The topsoil horizons are acidic and have a lower cation
exchange capacity, which confirms that the decarbonatization process is an important
factor in the development of A/beluvisols (Kiihn, 2003; Sauer et al., 2008).

The results of the doctoral thesis confirm L. Reintam’s (2002) research results, i.e.
that in Latvia, similarly to Estonia, the A/bic horizon that can be formed as a result of
lessivage, podzolization or reductomorphic processes is characteristic of Albeluvisols.
In the forest ecosystems of Latvia, a weakly expressed podzolization process that
morphologically becomes apparent as the E horizon, which diagnostically mismatches
the A/bic horizon, is only occasionally observed in Luvisols.

Significant correlations (p<0.05) between the spatial distribution of Gleysols,
Planosols and glaciolacustrine deposits are determined by the soil texture and relatively
flat topography. Relatively heavy soil texture (clay, silty clay, sandy clay loam) affects
the development of seasonal reducing conditions and the Stagnic colour pattern within
the soil profile.

Lithological discontinuity, which is the criterion for determination of Planosols, is
characteristic of most of the glaciolacustrine deposits.

The forest soil research in Latvia showed that spatial distribution correlations do
not always exist between forest site types, soil groups and prefix qualifiers according to
the international FAO WRB soil classification. In forest ecosystems on dry mineral soil,
Cladinoso-callunosa, Vacciniosa and Myrtillosa are closely related to the nutrient-poor
Arenosols, while Aegopodiosa has a significant correlation to the nutrient-rich Luvisols,
and the mesotrophic Hylocomiosa forest site type is related to Albeluvisols. Similar
correlations were observed also in Estonia, where the soil texture and productivity
determine the distribution of vegetation site types with which the nutrient-poor soils
have a good correlation (Palo, 2005).

Forest site types on wet peat and drained peat soil are related to Histosols,
because their determination criteria are similar. Assessing the correlation of the spatial
distribution of soils with the forest stand composition and forest site types, one should
take into account that forest stands are in different stages of succession formed due to
the overgrowing of agricultural lands and clearings. As a result, a very different stand
composition may develop on soils of the same kind (Ruskule et al., in press), and higher
correlation develops only when ecosystems reach their climax stage. The planting of
homogeneous spruce monocultures in the 1960s (Laivins, 1998), when, notwithstanding
the soil texture and territory drainage, the Latvian forests were renewed by planting
spruce, has an equally important effect on the disparity between soils and forest stand
composition in Latvia.
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The importance of the diversity of soil groups and prefix qualifiers is also reflected
in the analysis of correlations between tree species, Land Cover 2005 classes and soil
groups. It was established that with the generality increase of a vegetation characteristics
unit (forest site type — dominant tree species in a forest stand — Land Cover 2005
class), a decrease in correlations between the characteristic types of vegetation and soil
groups, and their prefix qualifiers was observed. It is possible that better correlations
could be provided by improving the information on biotic environment.

1.3.2. Change of soil physical and chemical properties at a regional scale

The influence of geological deposits and soil texture

The results of the doctoral thesis showed that, in many cases, the soil texture of
mineral topsoil and subsoil are statistically significantly different in the geological
deposits of different geneses in forest soils in Latvia.

Statistically significant differences in the content of extractable elements (K, Mg,
Mn), exchangeable elements (Ca*", K*, Mg*") and reactive elements (mainly Fe) of the
deposits were detected. Statistically significant differences were not established in the soil
pH,, value, extractable P and N content, and — interestingly — extractable Ca content.

In the Latvian forest ecosystems, soils with high clay and silt content are mainly
characteristic of the glacigenic and also glaciolacustrine deposits. The principal component
analysis of the physical and chemical properties of the mineral topsoil layer (Fig. 2a)
shows that the soils of the aforementioned geological deposits are not homogeneous in
comparison to other genetic types of geological deposits.

The high content of silt and clay particles is characteristic of the soils, and therefore
also the higher cation exchange capacity, base saturation and pH, .. In the principal
component analysis, the eolian, Baltic Ice Lake sediments and glaciofluvial deposits are
characterised by low content of silt and clay, and also by low cation exchange capacity,
base saturation and pH,, , value. Low dispersion is characteristic of the soils of these
Quaternary deposits (Fig. 2).

The PCA shows that the heterogeneity of the most part of chemical properties of
soils is related to soil texture which change depending on the geological deposits in
the respective area. Besides, this heterogeneity is also due to soil formation processes.
Significant correlations were not established for the content of Corg. with respect to axis
1, which means that the content of organic carbon in topsoil is not related to the genesis
of geological deposits. Tree species in forest stands and humification intensity determine
the changes of organic carbon in the mineral topsoil (Vesterdal et al., 2008); at the same
time, the humification intensity is indirectly related to soil texture.

In the PCA graph (Fig. 2b) of subsoil, one group of parameters is formed by pH,,
extractable Mg and Ca, as well as cation exchange capacity and base saturation, and
another group — by the amount of silt and clay particles as well as extractable K, P and
Fe. This result shows that, in spite of the fact that the concentrations of most chemical
elements in the forest soils in Latvia, similarly as it is in Europe (De Vos, Cools, 2011),
are related to clay and silt content in soil, the dispersion of their concentration could be
affected by other factors as well.
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Figure 2. Distribution of the physical properties (soil texture [%]) and chemical properties
(pH - pH,,  value; extractable elements [mg kg™'] — Ca, Mg, K, P; N — total nitrogen
[g kg']; C - orgamc carbon [g kg']; CEC - cation exchange capacity [cmol kg']; BS — base
saturation [%]) of the mineral topsoil (a) and subsoil (b) layers in the PCA axes depending
on geological deposits

In the forest soils of Latvia, there is a significant (R*>0,48) correlation between
the concentration of extractable elements (Mg, Fe) and the content of clay and silt in
subsoil (Fig. 3). The aforementioned extractable elements have a closer correlation with
the content of clay particles (Fig. 3a, 3b) than with the content of silt particles (Fig. 3c,
3d). This could be explained by the fact that an important part of the macroelements are
included in the crystalline lattice of clay minerals, thereby significantly increasing the
concentration of elements in soil. Furthermore, an important aspect is that the minerals
that form the silt and sand fraction have higher adsorption capacity than clay minerals
(Barber, 1995).
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Figure 3. Extractable Fe and Mg concentration (mg kg™') depending
on the content (%) of clay (a, b) and silt (c, d) particles in the soil 40-80-cm layer
(the level of significance p = 0.05)

In general, the study results confirm that in Latvia, similarly to forest soils in Europe
(Vanmechelen et al., 1997), the soil texture has crucial importance in the formation of
chemical properties of forest soils. At the same time, individual parameters are affected
by soil acidity, the amount and composition of organic matter, as well as soil-forming
processes.

Forest stand and soil physical and chemical properties

The PCA results show that the cluster of soil sampling sites with relatively low
dispersion in mineral topsoil layer is formed by Cladinoso-callunosa, Vacciniosa,
Mpyrtillosa, Hylocomiosa and Vaccinioso-sphagnosa (Fig. 4a). Sandy deposits form the
mineral topsoil layer in these forest site types, and this explains that the soils of these
forest site types contain relatively less nutrients and have lower cation exchange capacity
and base saturation.

More heterogeneous forest site types by their subsoil chemical and physical
properties are Oxalidosa, Myrtillosa mel. and Myrtilloso-polytrichosa. The relatively
high diversity of the soils of eutrophic forest site types is also the main cause why there
were not established any statistically significant differences between the soils of forest
site types.

Assessing the obtained results, a relevant issue is the location of the Myrtillosa forest
site type in the group of soil fertility. Analyzing the PCA graph of subsoil (Fig. 4b) on the
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basis of axis 1, which characterizes the soil fertility, it can be observed that Myrtillosa
are in one group with the Hylocomiosa and Vacciniosa forest site types. Therefore,
considering the obtained results, one can see that the border between the oligotrophic
and mesotrophic forest site types in the classification by the fertility of Latvian forests is
quite provisional. Simultaneously, the PCA results raise a question about the location of
Mpyrtillosa mel. in the group of mesotrophic forest site types.
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Figure 4. Distribution of physical (soil texture [%]) and chemical (pH — pH,, ,; extractable

elements [mg kg'] — Ca, Mg, K, P; CEC - cation exchange capacity [cmol kg']; BS — base

saturation [%]) properties of the mineral topsoil layer (a) and subsoil (b) in the PCA axes
depending on forest site types
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Investigations within the framework of forest monitoring show that, judging by the
soil properties, Myrtillosa mel. is closer to eutrophic forest site types, e.g. to Oxalidosa
and Myrtilloso-polytrichosa, than to forest site types.

Analyzing the distribution of soil sampling sites depending on geological deposits
as well as soil groups in the PCA plane of coordinates (Fig. 5), it was established that the
distribution of the dominant tree species in the forest stands is related to soil chemical
properties mainly determined by soil texture.

Similar correlations between physical and chemical properties and tree species in
the PCA were established in the subsoil layer and mineral topsoil layer. However, it is
interesting that no significant (r>0,50) correlation was established between the subsoil
properties and the distribution of spruce. It can be explained with the topsoil roots
system of spruce, as a result of which, the growth conditions of spruce stands are not
substantially dependent on subsoil physical and chemical properties.

Furthermore, it can be concluded that the relatively low dispersion of sampling sites
of soils is determined by the high content of sand particles. Consequently, the distribution
of spruce is frequently connected to the Podzols and Arenosols soil groups (Fig. 5a)
formed in eolian dunes, Baltic Ice Lake sediments and glaciofluvial deposits (Fig. 5a). At
the same time, in relatively fertile areas, with the increase in the content of clay and silt
particles, the high dispersion of soil profiles is related to spruce distribution mainly on
the Albeluvisols, Stagnosols as well as Luvisols soil groups (Fig. 5a) that are formed in
glacial deposits (glaciolacustrine and glacigenic).

In the mineral topsoil layer, a relatively heavy soil texture (mainly loam in the
topsoil) dominates. A relatively heavy soil texture, and thus higher base saturation, cation
exchange capacity and more neutral soil reaction, is also characteristic of the distribution
of birch (mainly loamy sand, sandy loam in the topsoil).

The study shows that soil texture mainly determines the distribution of the dominant
tree species in the forest ecosystems of Latvia. For example, the distributions of spruce
and birch are related to relatively fertile soils, where there is a higher content of clay and
silt and a wider diapason of chemical properties. Furthermore, the distribution of pine is
related to poorer soils and a low diapason of varieties of chemical properties.

Other investigations in Latvia confirm the aforementioned results, e.g. Bardule et
al. (2009) have found that close correlations exist between the dominant coniferous tree
species (pine, spruce), site quality and clay content in the soil.

Thus it can be concluded that soil texture has the most essential role in the spatial
distribution of mineral soils in Latvia as well as in the formation of soil chemical
properties and determination of forest stand composition.
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Figure 5. Distribution of the tree species (pine, spruce, birch [%]) dominant in the forest

stands and the soil texture (%) and chemical properties (pH — pH
CEC - cation exchange capacity [cmol kg']; BS — base saturation [%]; extractable

.
H,0°

elements [mg kg'] - Fe, P, K, Ca, Mg) of the mineral topsoil layer (a) and subsoil (b) in the
PCA axes depending on soil groups (FAO WRB)



142

1.3.3. Change of soil properties in glacigenic deposits following the afforestation of
agricultural lands at a local scale

In the research, the changes in the soil profiles and morphological properties were
observed depending on the age of forest lands. Ploughing (Ap) horizons (21-27 cm)
were thicker in the soils of agricultural lands and in younger forest lands. However, the
thickness of the Ap horizon in 150-year-old and in 200-year-old forest land is 6-18 cm.
The expressed Albic (E) horizon was determined in the soils from 70-year-old and older
forest lands, while only the E horizon properties were observed in the soils of younger
forest lands and in agricultural land. The Stagnic properties were observed in all of the
soil profiles.

Calcium carbonates were present in the studied soil profiles at a depth of 65-111
cm. It was established that the depth at which the carbonates are found does not depend
on the forest land age, although this may affect soil formation.

The overall soil texture of the soil horizons in the studied soil profiles was relatively
similar (Fig. 6). Sandy loam dominated in the top layer and in the 2" soil profile, whereas
loam dominated in the parent material. A higher clay particle content in the BE and EB
horizons is indicative of the illuvial accumulation of clay and its formation in situ.

In older forest lands, compared with 25-year-old forest and agricultural lands, the
mean value of pH,, is lower in the mineral soil surface horizon. Substantial differences
in the mean pH,, values were not found among the mineral soil surface horizons of 70-,
150- and 200-year-old forest lands; also pH, . of the O horizon is not directly dependent
on the age of forest land.

KCl

The investigation showed that the Fe  concentration in the soil Ap horizon is higher
in grassland than in forest land. However, the forest land soil profiles had a relatively
higher concentration of Fe_ in the deeper horizons, including the secondary forming E
and B horizons.

The highest value of Al concentration in the agricultural soils and relatively recent
forest lands was detected in the Ap horizon, while it decreased sharply in deeper horizons.
However, the concentration of Al in the deeper EB horizon of older forest land soils was
as high as in the topsoil mineral horizons.

The afforestation of agricultural land affects the soil organic carbon content. The
most part of organic carbon in forest soils accumulates in the O soil horizon, where
the concentration is highest in all forest soil profiles. The organic C , concentration
was highest in the top mineral soil horizons (Ap), especially in older forest lands. In
comparison to agricultural lands, in the forest soils below the Ap horizon (in the EB
horizon), organic carbon has leached there from the topsoil or accumulated from necroded
roots or other organic materials.

The data show an increase in organic carbon in the period of 70 years from the
beginning of afforestation. After this time, the concentration does not increase and
becomes stable at 14.8-24.8 mg g’

Obviously, OC,, was higher in the O horizon than in the Ap horizon in all cases,
and these differences were more pronounced in the relatively younger forest lands.
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Figure 6. Soil texture in the soils of grassland and forest lands of different ages

The highest value of C,:C,, was found in the agricultural soil, while this parameter
was relatively lower in the forest soils. Among the forest soils, humic acids were
comparatively more concentrated in the agricultural lands that have been transformed
relatively recently as well as in the 100-year-old forest land, where a relatively high

Ism/I 250 index was also found.

The principal component analysis shows the role of the mean content of organic
carbon L, /1, ., C, :C_ in the spatial distribution of the O and Ap horizons in 8 sampling
plots according to afforestation age. The PCA results regarding the OC,_, mean content
(mg g") and L, /I, in the Ap horizons point to the development of humification process
with the increase in the age of forest land, although this process is not directly related to
the age of forest land and is possibly affected by other factors (e.g., tree species, canopy

density, etc.).
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The total N in the forest land soils that are older than 70 years was higher than
in the extensively used grassland and 25-year-old forest land. This rule was observed
not only in the Ap horizon but also in the deeper mineral horizons. However, the study
results show that changes in the total N concentration in the O horizon and mineral
topsoil are not directly related to the age of forest lands.

Studying the concentration of the total P in soils according to the age of forest
lands, it was found that, in the forest lands older than 70 years, the total P concentration
decreases in the E and EB horizons and increases in the deeper Bt horizon.

150 and 200 years old forest land soils had a relatively lower K concentration in
the Ap and ApE horizons in comparison with younger forest land and grassland soils.
With the age increase of forest lands, the decrease of this parameter was observed in the
ApE and other horizons located directly below the Ap horizon. The concentration of this
parameter has not changed in the deeper mineral soil horizons after the afforestation of
agricultural lands.

It was established in the study that the total Ca and Mg concentrations increase
with depth, reaching 22,108+9797 mg kg and 9420+2754 mg kg™ in the parent material
respectively. On the one hand, this fact indicates that these elements are carried from
topsoil to deeper horizons due to the processes of decalcification and podzolization. On
the other hand, the rapid increase of concentration shows the compositon of soil parent
material.

Soil formation is classically considered to be a slow process (Montagne et al., 2008).
According to Targulian and Krasilnikov (2007), general knowledge allows a tentative
grouping of pedogenic processes in terms of characteristic times into three main classes:
rapid (10'-10? years), medium-rate (10°—~10* years), and slow (10°—10° years). Wilkinson
et al. (2005) give 10* to 10° years as an average age for the development of soil profile.
By contrast, the results of this study show that morphological changes in soil develop
much faster in the boreal-nemoral zone.

The previously described differences in the thickness of the Ap horizon and
preservation of the E horizon in older forest soils in the investigated sampling sites
could be explained by the historical tillage and cultivation of soil. In Latvia until 1940,
scarification of the upper layer of arable soils was performed only to a depth of 15 cm
(Boruks, 2003), which resulted in an unaffected E horizon in the soils of glacigenic
deposits. However, during the Soviet period, soils were ploughed up to 25 cm deep, which
resulted in mixed E and Ap horizons (soil profiles 1 and 2). Therefore, the characteristics
of the E horizon that had developed over a long period before afforestation remain in
100-, 150- and 200-year-old forest land soils (soil profiles 5, 7 and 8), whereas they are
no longer visible in the soils that had also been cultivated in the Soviet period.

Secondary podzolization was detected in the soil profiles of older forest lands, being
indicative of the eluviation process in the Ap horizon and accumulation of sesquioxides
in the surface of the E horizon, forming a secondary EB horizon. Thus, I can agree with
the previous studies (Mellor, 1985; Alexander, Burt, 1996; Stiitzer, 1998) suggesting that
the morphological features of podzolization process are observable as early as within
100 years. This study shows that it is possible to detect in the boreal-nemoral zone the
characteristics of the secondary B horizon (soil colour 7.5YR 3/4; 10YR 5/4), which has
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formed above the primary E horizon, in soils that have formed on glacigenic deposits
within 100 years after the afforestation of agricultural land.

[lluvial accumulation of clay on the vertical macroaggregate surfaces of B horizons
was found in all of the studied soils. This is indicative of lessivage occurring during
soil development. According to literature, lessivage usually takes place over a relatively
long period. The results of the study by Sauer et al. (2008) show that Albeluvic tonguing
develops within 4600 to 6200 years. The characteristics of the clay coatings suggest at
least three different phases of clay illuviation, the youngest of which is most probably
of an anthropogenic origin (Kiihn, 2003). In this case, other scientists (Slager, Van de
Wetering, 1977; Kwaad, Miicher, 1977) relate the formation of clay particles to the
transformation of forest lands into agricultural lands. This transformation has also
occurred in Latvia, including the investigation area, where charcoal in the Ap and deeper
horizons of soils were discovered.

The results show an approximately uniform expression of Albeluvic tonguing in soil
profiles independently of the last transformation of agricultural land into forest land. In
the same time, conditionally to the age of forest land, the depth of illuvial accumulation
of clay particles in soils is different, suggesting that the different use of land within the
last 200 years could have affected the process of lessivage. The relatively low content
of clay particles and the highest sand content, as well as a relatively thicker E horizon
in the mineral topsoil of oldest forest lands can be explained not only by the lessivage
process but also by mineral weathering taking place due to the action of complex organic
acids of low molecular mass (Lundstrom, 1993). The aforementioned process occurs
in the E horizon in particular (Lundstrom et al., 2000). The likelihood of more active
occurrence of the aforementioned process after the afforestation of agricultural lands is
also confirmed by the differences in ratios between the humic acids and fulvic acids in
the Ap horizon between forest land and agricultural land.

With the increasing age of forest land, pH, ., decreases not only in the Ap horizon
but also in the deeper horizons. Concentration of Fe_ also determine the changes of pH,
value in soil (Smal, Olszewska, 2008). Therefore, on the one hand, the concentrations
of Fe, are higher in the Ap soil horizon in grassland and in the deeper EB and Btg
horizons of older forest land soils. However, on the other hand, the higher concentration
of Fe_ might indicate to the leaching of Fe** from the soil surface horizons as a result of
podzolization.

A higher Al concentration in the soil surface horizons of woodland compared
with agricultural land suggests that podzolization increases the Al concentration in the
secondary illuvial horizons of the forest lands formed on former agricultural lands.

An important process occurring after the afforestation of agricultural lands is the
formation of the O horizon. As shown by the results of the research, the thickness of the
O horizon (2-6 cm) and the organic matter content on the nutrient-rich mineral layer
do not change over an extended period. Although the concentration of OC,, remains
unchanged in the O horizon, in the Ap horizon, a rapid increase in this concentration
(after the afforestation of agricultural land) is followed by a substantial decrease. This
observation coincides with the results of other studies (Paul et al., 2002; Cerli et al.,
20006) that explain the reduction in soil carbon after the planting of forests by an increase
in the rate of mineralization of the organic matter accumulated in the soil, the quantity
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and type of incoming carbon, as well as the need for nutritients by young forest plants.
I agree with Cerli et al. (2008) that carbon in the A horizon becomes more mobile and
starts to move to the deeper soil layers after the afforestation of agricultural land. This
relationship has also been observed in soils developed on the glacigenic deposits of a
relatively heavy soil texture.

The differences between the P and N, concentrations in the O horizon of different
forest stands are dependent on the composition of litter (Terauda, Nikodemus, 2006). The
differences in chemical composition of the O horizon are also determined by different
forest stands.
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2. Conclusions

Geological deposits and their composition is one of the main factors that determine
the occurrence of soil groups (according to the international FAO WRB soil
classification) and also their physical and chemical properties. More diverse soils are
characteristic of glacigenic, glaciolacustrine and glaciofluvial deposits. In the aspect
of soil diversity, eolian dunes, where only Arenosols and Podzols are distributed,
are more homogeneous. Histosols are distributed on organic deposits.

Dry mineral soil forest site types are distributed mainly on such soil groups as
Arenosols, Luvisols, Albeluvisols, Podzols, Planosols and Stagnosols, and relatively
less on Cambisols, Phaeozems and Umbrisols.

Wet mineral soil forest site types are distributed on Stagnosols, Cambisols,
Planosols, Gleysols, Podzols and Arenosols. Furthermore, forest site types on
drained mineral soils in many cases occur on the same soils. Forest site types on
wet peat and drained peat soil are related to Histosols, as their determination criteria
(thickness of the peat layer) are similar.

The usage of the prefix qualifiers of soil groups in data processing enabled to define
more precisely the significant correlations between the spatial distributions of forest
site types and soils. In most cases, significant correlations were found between
soil groups and prefix qualifiers in dry mineral soil forest site types Vacciniosa,
Mpyrtillosa and Aegopodiosa. This finding can be explained by the fact that the
complex of prefix qualifiers of soil groups is used for characterizing one specific
soil.

Increasing correlations of soil physical and chemical properties with the increase of
depth confirms that the properties of soil are mainly dependent on the properties of
its parent material that are determined by the composition of geological deposits.
This can be explained with the occurrence of different soil-forming processes on
the surface of forest soils in Latvia, e.g., accumulation of organic matter, lessivage,
leaching, eluviation, podzolization, decalcification, decarbonisation and gleyzation
that are dependent on the geological structure and forming conditions of the
territories, their composition, age of soil formation, actual and historical forest
management, forest stands, their composition and other factors.

Distribution of geological deposits determine soil texture, which is one of the
most important physical properties of soil that affects the chemical compositon of
soil parent material, e.g. content of extractable elements (Ca, K, Mg, Mn, Fe) and
reactive Al and Fe, cation exchange capacity, base saturation, carbonate content,
pH,,, value.

Soil texture affects the distribution and development of tree species in forest stands
in the Latvian forest ecosystems; however, forest stands do not have an influence
on soil texture, instead affecting the surface soil formation processes and chemical
composition, e.g. the amount of extractable elements (Ca, K, Mg, Mn, Fe), reactive
Al and Fe, exchangeable cations (Ca?', Mg*, K*), as well as CorgA and N, pHHZO
value, cation exchange capacity.
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10.

11.

It was established that a decrease in correlations among the characteristic types of
vegetation, soil groups and their prefix qualifiers was observed with the generality
increase of a vegetation characteristics unit (forest site type — dominant tree species
in a forest stand — Land Cover class). It is possible that better correlations could be
obtained by improving the information on biotic environment.

Following the afforestation of agricultural lands, the development of podzolization
process is observed, indicated by the morphological features of soil (development
of secondary E and B horizon), decrease in pH,, value in the first 70 years after the
afforestation of agricultural lands, changes in the content of reactive (amorphous)
Al and Fe within soil horizons occur more rapidly than changes in soil diagnostic
features and profile formation.

The afforestation of agricultural lands also affects the soil organic carbon content. In
forest soils, the O horizon accumulates the most part of organic carbon. Thickness
of the O horizon (mull and moder type) does not depend on the age of forest land,
instead being affected by the dominant vegetation, as well as chemical composition
of mineral topsoil in the investigated forest soils.

In general, following the afforestation of former agricultural lands on glacigenic
deposits, in comparison to older forest lands, the occurrence of more intensive
biological turnover of substances and delay of podzolization process is observed.
It can be explained with the relatively high content of silt and clay particles that, in
turn, is related to the relatively high pH, ., value and amounts of total Ca, Mg and K
in the soil parent material. Furthermore, the morphological features of agricultural
land in soil profiles are preserved for up to 100 years after afforestation, although the
Albic and Spodic horizons did not develop according to their diagnostic properties
in the soil profile after 200 years.
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