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ANOTACIJA

LagzdinS A. Shpekla un fosfora savienojumu nopiides anaize
lauksaimnieaba izmantotajas platibas: Promocijas darbs inZenierzinu (Dr.sc.ing.)
doktora ziatniska grada iediSanai. Jelgava: Latvijas Lauksaimnlegs universite,
2012. 165 Ipp., 16 tabulas, 25¢4it146 bibliogifijas avoti.

Promocijas darbs iz@nlats Latvijas Lauksaimni@bas universiites Lauku
inZenieru fakulites Vides unadenssaimnigbas katedr laika posm no 2006. idz
2012. gadam.

Darba merkis ir noskaidrot lauksaimni@aa izmantojamo plabu noteces
kvalitati pec shpeKa un fosfora savienojumu konceadijam un nopiidem, izpetit
lauksaimniecisks darlibas raita izkliedéta piesirpojuma &lonsakatbas un dot
zinatniski pamatotus ieteikumus lauksaimniEs notéu kvalitates klasifikicijas
izveidei.

Darba merka sasniegSanai izviriti sekojoSi uzdevumi:

e anali£t lauksaimniethas notéu monitoringa ilgtermja datus par spekla un
fosfora savienojumu konceatijam un nopiidem, ka af datus par
agrohidrolgiskajiem un meteorofgskajiem apgikliem Etamags teritorigs;

e izpetit ilgtermina un sezaodlas shpela un fosfora savienojumu konceitiju un
noplides izmajas noteé no lauksaimnieta izmantotagm platbam dazdos
izpetes imenos;

e noteikt un analizt adequ piesrnojuma ar slpela un fosfora savienojumiem
veidoSaAs &lonus daZdos Latvijas agroklimatiskajos rajonos un
lauksaimnietbas intensittes apsklos;

e aprolet lauksaimnietbas notéu kvalitates \ErteSanas metodiku, sagatavot
ieteikumus par kaja slapela un kogja fosfora koncenticiju robezlielumiem
adenu kvalitates klasifikicijai lauksaimnieta izmantotajs zemngs.

Promocijas darbs struk@jums.

levads. Pamatota darba aktuatit un nepiecieSaiba, formuéti zinatniska
darba narki un uzdevumi, ertéta Etjjuma novitite, sniegts promocijas darieklauto
publikaciju saraksts, &rtéts autora devums promocijas darieklauto publikiciju
sagatavoSar sniegts autora pubkkiju un konferetu refeatu saraksts par promocijas
darba tematiku.

Pétijuma teoretiskas nostdnes Nodda raksturota lauksaimnidzas zemju
nosusiasSanas nepiecieSaoa un Latvijas lauksaimnigzas notéu monitoringa
sisema.

Materiali un metodika. Nodda sniegts Latvijas lauksaimnig@s noteu
monitoringa staciju un amo teritoriju apraksts, deféti tdepu paraugu ieakSanas
principi un kimiska sasiva testSanas metodes,akan apskattas [@tijuma gai
izmanto&is materatiskas statistikas metodes un to pielietoSanas inteagjat

Rezultati un Diskusija. Analizéti autora iegtie petjumu rezulsti par
meteorolgisko apsiklu fonu [@tamajas teritorigs, noteces kvanti@ajiem
parametriem un lauksaimnibas notéu tdenu kvalitati dazdos izgtes imenos un
lauksaimniecisis daribas intensittes apgiklos. Sniegti ieteikumiidenu kvalitates
standartu noteikSanai lauksaimnlgcizmantojanas teritorigs.

Secirajumi. Sniegtas atbildes uz izvitajiem promocijas darba uzdevumiem.

Izmantotie informacijas avoti. Apkopots izmantoto inforatijas avotu pilns
bibliografiskais apraksts.



ANNOTATION

Lagzdins A. Analysis of nitrogen and phosphorus lezhing in the
agricultural areas: Thesis for Doctoral Degree in Engineering Scien(@r.sc.ing.).
Jelgava: Latvia University of Agriculture, 2012.51¢., 16 tables, 25 figures, 146
sources of bibliography.

The research was carried out at the Departmenmneirémental Engineering
and Water Management, Faculty of Rural Engineeiliatyia University of Agriculture
from September 2006 up to May 2012.

The main objective of this doctoral thesisis to determine the quality of
agricultural runoff based on the concentrations kadls of nitrogen and phosphorus
compounds, to study the causes of agricultural aimtsource pollution, and to create
scientifically based criteria for water quality €&ification in agricultural areas.

Tasks of the work:

e To analyse the long-term agricultural runoff moriig data concerning
concentrations and loads of nitrogen and phosphmogpounds, as well as data
on agrohydrological and meteorological conditianghie study sites;

e To study the long-term and seasonal trends in botitentrations and loads of
nitrogen and phosphorus compounds at differentadsaales of measurement;

e To identify and to analyse the impact factors ofragen and phosphorus
pollution in different agro-climatic regions of @ and under diverse intensity
of agricultural management practices;

e To develop the methods for establishing water gualiandards adopted for
agricultural runoff and to designate the numeriteda for water quality classes
regarding concentrations of total nitrogen andltpteosphorus in agricultural
runoff.

The structure of the Thesis.

Introduction. The purpose of the chapter is to justify the d¢aply and
necessity of the Thesis, to define the main objecand tasks of the research, to
describe scientific novelty, to present list ofestific publications included in the
Thesis, to evaluate the contribution of the autihathe writing of the publications, as
well as to present the list of other publicationd aonference attendance.

Theoretical Outline of the Research The overview of the necessity of
agricultural land drainage and agricultural runmibnitoring system in Latvia is given
within this chapter.

Materials and Methods The chapter includes the description and
characteristics of agricultural runoff monitoringes, the principles of water quality
sampling and chemical analysis of water in labagatand the mathematical statistical
methods used for data interpretation.

Results and Discussion The chapter deals with the analysis of obtained
research results on meteorological conditions aagmrunoff in study sites, and shows
the evaluation of water quality in agricultural aneithin different spatial and temporal
scales and under diverse intensity of agriculturadnagement practices. The
recommendations for the classification system bamedutrients concentrations in
agricultural runoff are included in this chaptemas|.

Conclusions The answers to the tasks defined in Thesis asepted within
this chapter.

Bibliography. The chapter presents bibliographic descriptiothefinformation
sources used in preparation of the Thesis.
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IEVADS

Udequ resursi ir villi svafngi dzvai dabai un ekonomigk izaugsmes
nodroSirasanai. Labas kvalites adens nepiecieSams plasSa spektrackdvvajadzbou
apmieriraSanai, pierefram, dzeram utdens apgde, rekracija, lauksaimnietba,
rapniedba, partikas produktu razoSanzivsaimnietba, elektroenetijas iegu, turklat
piepragums Ec @ turpina palieliaties. No otras puses, inténa cilveka saimniecisk
dariba, [dzas dafla notiekoSajiem procesiem, var tieSi vai netieSiaigt tdegu
piesirpojumu, &del jautjums paridenu resursu kvaliti un ilgtsgEjigu izmantoSanu
Klast arvien aktalaks.

Udequ  kvalitati  iespgjams  noertet pec  kimiskapm, fizikalajam un
biologiskapgm ipagbam. Biogtno elementu (galvenak, skpeka un fosfora organiskie
savienojumi un neorganiskie joni) satuf&lepos ir viens nokimiska sasiva
raksturojoSiem krérijiem, kura nozmibu nosaka dgibas procesu nodrod$ana
adenskatuves un tdenstegs (Heathwaite, 1993; Heathwaite, 1997]a¥nS un
CimdinS, 2004). Paaugstitas biogno elementu koncerntrijas tadern var izraist
eitrofikaciju, kas izpauzasakpalielimata biolgsisko procesu intengite, rezulita tiek
veicimata dgu un citu adensaugu, tai skaitmakroftu, atistiba, td¢jadi pasliktiras
udequ kvalitate un izmantoSanas iggas (SEPA, 1994; Smith et al.,, 1999; USGS,
1999; USEPA, 2000; Merrington et al., 2002; DeBa2904; KavinS un Cimdps,
2004; Oquist et al., 2007; HELCOM, 2009). Eitrafikas procesu ietekénsamazias
udenu esttiska vertiba un rekracijas iespgjas gan iek§os udenos, gan Baltijasiira,
paaugstiatas prinaras produkcijas sekas var izjaukt natm tdepu ekosistmu
funkcioreSanu, pieréram, @rmeriga organisks vielas veidosas, palielirits skibela
pa€trins ir clonis skibela tikumamudenos, kas negati ieteknt bentisko organismu
un \ertigo zivju davesvides kvalitti un vairoSaaAs procesus (Stalnacke, 1996;
HELCOM, 2005, HELCOM, 2006).

Latvija ir ratificgjusi virkni starptautiskas n@mes dokumentu par vides
kvalitates saglafisanu un uzlaboSanu, tai skail994. gad Konvenciju par Baltijas
juras regiiona jaras vides aizsar@lau, kas ziama ar ka Helsinku konvencijaHelsinki
Convention 2008). Lai sekmtu Baltijas jiras ekolgisko atvesmpsSanu un ekolgska
lidzsvara sagla@8anu, cilku veseibas, dzvo resursu uniyas ekosigimu aizsardibu,
Baltijas jura valstis un Eiropas EkonomisKopiena, konvencijas principu un sast
ietvaros, ir apému&s ar atbilstoSiem likumdoSanas un administram fidzeKiem
samaziat un no\erst Baltijas jiras vides piegnoSanu Helsinki Convention2008).

KopS konvencijas parakS8anas augu bdras elementu samazjoms
udenstegs un Baltijas #ra galvenokirt sasniegts uzlabojot aiSanu liekkajos
punktveida piegnojuma avotos,ados kK notekidenu atiriSanas ietaises un razoSanas
notekidenu izlaides. Turprika pie@rnojuma samaz@sana s gmtaks un dirgaks
process, jo uzmaba ir ppievers telpiski izkliedtajam (difizajam) piedrnojumam ar
bioggnajiem elementiem, kas veidojasrmperigi meslojot lauksaimnieva izmantoss
platbas (HELCOM, 2007). Saska ar Helsinku Komisijas jauka ikgackja zinojuma
datiem daudas Baltijas jiras rgiona valsis lauksaimnieba ir liekkais sipelda un
fosfora emisijas avots gan i€iss adenos, gan Baltijasija. Upju slodZzu sadgumu
petijjumu rezulsti liecina, ka ar noteci no lauksaimnieciskdarlibas ietekratajam
teritorijam Baltijas fira norak 79% no sipela un 78% no fosforadenpu transpomritas
izkliedeta piedirnojuma slodzes (HELCOM, 2011). Baltijasras vides aizsardlzas
komisija regudri pieprasa dabvalsim veidot Piednojuma slodzes uz Baltijagiru
apkopojumus (Pollution Load Compilation), kura izdiSanas metodika nosaka, ka



punktveida un izklieeto avotu ratta emisijaadert un gaig ir jaméra un paprkina
balstoties uz ziatniskam meto@m.

Lidz ar iestSanos Eiropas Savidm (ES) Latvijai KuvuSas saistoSas Efenu
aizsardmas likumdo3anas aktu ptaas. $das pragas ES dabvalsim nosaka
vairakas direkivas, piedrmojuma ar biognajiem elementiem kontekiska tematiski
atbilstogkas pieminamas ES Niitu direkiva (91/676/EEC, 1991) un ESdequ
struktirdirektiva (2000/60/EC, 2000),udas stratgijas pamatdirekva (2008/56/EC,
2008), no direktvam izrieto&is tiesbu normas ielautas Latvijas likumos, attieg
likuma Par piedrmojumu (Par piegrpojumu, 2001) uridens apsaimniekoSanas likiim
(Udens apsaimniekoSanas likums, 2002), un atbilsteddjnistru kabineta noteikumos.

ES Nitiatu direkiva ir izstadata, lai aizsargiu cilvéeku veseilbu un adens
ekosistmas, samazitu udepu piedrnojumu ar nitdtiem, kuri veidojuSies
lauksaimnieciskas dailas rezultta, un nowrst falaku S%da veida piesnojuma
lesgEjamiibu. ES Nitatu direkiva un pakrtotie Latvijas likumdoSanas akti prasa izpild
adenu monitoringa programmas uicibas programmas p@saotajas un piedrnojuma
riskam pakautaps jeb ipaSi juigajs teritorips. Kriteriji riskam paKauto teritoriju
noteikSanai ir augsta mitjonu koncenticija virszemes un pazemesdenos
(50 mg " NO; vai 11.3 mg T N-NO;) vai iek§zemes un piekrastesiequ
eitrofikacija. IpaSi juigajps teritorigs lauksaimnietbai tiek noteikti obligti
lerobezojumi un prabas saigba ar visa veida @slojuma pielietoSanas apjomiem un
izkliedes laikiem, organigk méslojuma uzglaiSanu un cituadens vides kvaliti
apdraudosu intemgas lauksaimniabas praksi (91/676/EEC, 1991).

Udequ struktirdirekfiva ir ES tietbu akts, kura @rkis ir nodroSiat tdegu
resursu, tai skait iek&jo virszemesudenu, parejas tudenu, piekrastesadenu un
gruntsidenu, integ€tu aizsardibu un ilgtsgjigu apsaimniekoSanu. Dir@éka prasa
salrtot dalbvalstuadenssaimnigbu atbilstoSi ES prasam. Udegu strukftirdirekfiva
sniedz valsts un paSvatd iesidem likumdoSanas pamatuidenu kvalitates
saglalasanai un uzlaboSanai, nosakot, kiz 12015. gadam nepiecieSams sasniegtu labu
vai augstu ekolgisko unkimisko statusu visos virszemadenos. Saskaa ar Udenu
strukiirdirektivas pratham izveidoti 4 upju baseinu apgabali (Daugavas, upesk,
Ventas un Gaujas), noteikti priekSnoteikumi So upjoaseinu apgabalu
apsaimniekoSanas aolu un paskumu programmu izsidei un tajos ielaujamai
informacijai, nodefirets tdenu iedalfjums tipos unadensobjektos, izstdatas pragas
sasniedzamajiem vides kvates nerkiem tdensobjektos, upju baseina apgabala
informacijas sistmai izveidei un monitoringa si@has veidoSanai, ekalskajai
klasifikacijai un kimiskas kvalitates \érteSanai, izmantojot piecas klases (augsta, laba,
vidgja, slikta unloti slikta). Upju baseinu apgabalu apsaimniekoSapasau un
paskumu programmu ievieSanai ifvjeicina ilgtsgjiga un raciodla Gdegpu resursu
izmantoSana unapodroSina to ilgtermpia aizsardiba, BnNOVErs vai psamazina
piesirpojoSo vielu novamanatdenu ekosistmas (Udens apsaimniekoSanas likums,
2002).

Latvijas Lauksaimnigbas universiites Vides unadenssaimnigbas katedra
(VUS) kop$ 1994. gada veic lauksaimfiies notéu monitoringu. Monitoringa @rkis
ir noteikt un izértet lauksaimniecisks darlibas ietekmi uzidenu kvalitati, pastipriratu
uzmanbu pieErsot biogno elementu izné€s savstarfji saisttos [Etnieabas timenos
(VMP, 2010). Lauksaimni@bas notéu monitoringa sig€ima ietver tis ipasi izhivetas
monitoringa stacijas (@Bze, Mellupte, Vienzierite) ar nerbavem un aparairu, kas
izvietotas da#dos Latvijas agroklimatiskajos g@nos, un Brzes upes sateces baseina
virszemesidenu kimiska sasiva monitoringu. Lauksaimni@izas notéu monitoringa
dati nepiecieSami, lai sekgi izpilditu LR starptautisks saisibas, proti, apgkinatu
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piesirpojuma slodzes uz Baltijagru, nemot \era Helsinku konvencijas prasas, reizi 4
gados atskaitos attietgajam ES institicijam par Nitétu direkivas izpildi, un noteiktu
kritérijus lauksaimnietbas notéu kvalitates \érteéSanai Udepu  struktirdirektivas
levieSanas skgtima.

Darba merkis

Promocijas darba énkis ir noskaidrot lauksaimnigza izmantojamo plabu
noteces kvaliiti pec shpela un fosfora savienojumu konceaaijam un nopiidem,
izpetit lauksaimniecisks darbbas ratta izkliedeta piesirpojuma &lonsakarbas un dot
zinatniski pamatotus ieteikumus lauksaimnies notéu kvalitates klasifikicijas
izveidei.

Petnieciskie uzdevumi:

e anali£t lauksaimnietbas notéu monitoringa ilgtermia datus par speka un
fosfora savienojumu konceatijam un noplidcm, ka ai datus par
agrohidrolgiskajiem un meteorofgskajiem apgikliem pEtamags teritorigs;

e izpéetit ilgtermina un sezodlas shpela un fosfora savienojumu konceaaiju un
noplides izmajas noteg¢ no lauksaimnieta izmantotagm platbam dazados
izpétes imenos;

e noteikt un analigt adepu piedrnojuma ar slpeka un fosfora savienojumiem
veidoSaAs &lonus daZdos Latvijas agroklimatiskajos rajonos un
lauksaimnietbas intensittes apgiklos;

e aprolzt lauksaimnietbas notéu kvalitates \ErteSanas metodiku, sagatavot
ieteikumus par kopa slapeka un kogja fosfora koncensciju robezlielumiem
adenu kvalitates klasifikicijai lauksaimnietha izmantotajs zengs.

Darba zinatniska novitate:

e sistenatiska veida apkopoti un analiti lauksaimnietbas notéu monitoringa
izpildes laika (1995. — 2010.9.) iegie dati paradenu kvalitati, kvanti@ati un
meteorolg@iskajiem apgikliem pEtamajas teritorigs (I, 1l, 1, IV un V
publikacija);

e noteikta meteorolkgisko apsiklu ietekme uz virszemes un drefdenu noteces
hidrologisko un hidré&imisko rezmu (I, lll publikacija);

e izpétita shpeKa un fosfora savienojumu konceatiju un noptizu ilgtermipa un
sezonla mainba savstag)i pakartotos Etnieabas tmenos (I, II, 11, 1V, V
publikacija);

e noskaidrota dadu augu seku un &slojuma refImu ietekme uz drenadegu
kvalitati (V publikacija);

e balstoties uz ilggado nowrojumu rezulitiem, aprobta tdepu kvalitates
klasifikacijas metodika un skaitliskie keitji lauksaimniegbas notéu kvalitates
raksturoSanai @ kopeja slapea un kogja fosfora koncenscijam (I un IV
publikacija).

Promocijas darba rezultatu aprobacija

Promocijas darba rezatt ir iek]auti ¢etras publi@tas ziratniskaps publikacijas
un viera monogafija. Esmu koresporgbsSais autors I, Il un IV publicijai un
piedaijies Il un V publikacijas sagatavosan Fetijjuma rezuliti prezengti 10
zinatniskas konferenés, no kuim 6 starptautiska @&noga, un publigti 9 zinatnisko
konferergu teZu kiajumos.
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Promocijas darba ieklautas publikacijas

Lagzdins A., Jansons V., Sudars R., Abramenko K122 Scale Issues for
Assessment of Nutrient Leaching from Agriculturabnd in Latvia. Hydrology
Research,Vol. 43, No. 4, p. 383 - 399. Pubiikja pieejama IWA Publishing
zinatniskas informacijas kiatuve. (1 publikacija)

Jansons V., Lagzdins A., Berzina L., Sudars R. aAt@nko K. (2011) Temporal
and Spatial Variation of Nutrient Leaching from Agdtural Land in Latvia: Long
Term Trends in Retention and Nutrient Loss in ailage and Small Catchment Scale.
Scientific Journal of Riga Technical UniversitfEnvironmental and Climate
TechnologiesSeries 13, Vol. 7, p. 54 - 65. Pulalija cittta EBSCO, CSA/ProQuest,
VINITI datu bazes. (Il publikacija)

Lagzdins A., Jansons V. (2010) Application of Statal Methods for Analysis
of Agricultural Runoff Monitoring Data.Scientific Journal of Riga Technical
University Environmental and Climate Technologi€series 13, Vol. 5, p. 65 - 71.
Publikacija citeta EBSCO, CSA/ProQuest, VINITI datdaas. (Il publikacija)

Lagzdip$S A., Jansons V., Abramenko K. (200Bdequ kvalitites standarta
noteikSana § biogno elementu koncenitijas noteé no lauksaimnieba
izmantotajgm platbam. Latvijas Lauksaimnigbas universiites RakstiNr. 21 (316),
96. - 105. Ipp. Publicija citeta CAB Abstracts un AGRIS datuigs. (IV publikacija)

Jansons V., Lagza$ A., Abramenko K., Timbare R., Vircavs V. (2007)
Lauksaimnietbas izrai#ta nitratu piesrpojuma riska anate Latvia. No:
Lauksaimnieibas un grtikas risku va@dana : monogffija. Latvijas Lauksaimniabas
universiaite. LR ZM Rirtikas un veterifirais dienests. RTU Mod&anas un imitcijas
katedra. Jelgava: Latvijas Lauksaimibes universiite, 525. - 543. Ipp. Publikija
citeta AGRIS datu fiwe. (V publikacija)

Zinatnisko konferenéu tezes

Lagzdps A., Jansons V. (2011) Naprauktu nerijumu noZme shpeKka
savienojumu nopldes @tijumos.No: Latvijas Universiétes 69. ziatniski konferences
Zemes un vides zitpu sekcija Klimats un zdeni. Refefitu t€zes. Rga: Latvijas
Universitite, 144. - 146. Ipp.

Lagzdins A., Jansons V. (2010) Application of Sttatal Methods for Analysis
of Agricultural Runoff Monitoring Dataln: Environmental Science and Education in
Latvia and Europe: From Green Projects to Green i8gc Proceedings of 4
International Conference. Jelgava: Latvia UnivgrsitAgriculture, p. 56 - 57.

Lagzdins A., Jansons V., Abramenko K. (2010) Apgdlien of SWAT Model to
the Berze Agricultural Catchmentin: Hydrology: From Research To Water
Management. The XXVI Nordic Hydrological Conference. Nordic Hydogical
Programme Report, No. 51. Riga: University of Latiress, p. 87.

LagzdpS A., Jansons V., Abramenko K. (2010) Drendenu kvalitates
istermha mainba. No: Latvijas Universifites 68. ziatniski konference:Klimata
maintba unizdegi. Rakstu kiijums. Rga: LU Akadmiskais apgds, 61. - 62. Ipp.

Lagzdins A., Jansons V. (2009) Nitrate Monitoring@sRlts in Agricultural
Catchments.In: Research for Rural Development 2008nnual 18" International
Scientific Conference Proceedings. Jelgava: LatWaiversity of Agriculture,
p. 327 - 331.

Lagzdip$ A., Jansons V., Abramenko K. (2008) Dramenu kvalitate atkatba
no augu sekas un asloSanas r@ma. No: Latvijas Universifites 66. ziatniska
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konference Geogufija. Geolggija. Vides ziatne RefeAtu tezes. Rga: LU
Akademiskais apads, 95. - 97. Ipp.

Lagzdins A., Jansons V., Abramenko K. (2007) Assesd of Water Quality
Concerning Nutrients in Agricultural Runofin: Diffuse Phosphorus Loss: Risk
Assessment, Mitigation Options and Ecological E$fét River BasinsProceedings of
The 5th International Phosphorus Workshop (IPW5rhAis: University of Aarhus,
p. 313 - 315.

Lagzdins A., Jansons V., Abramenko K. (2007) Ciasgion of the Water
Quality for Nutrients in Agricultural Runoffn: Proceedings of Fifth Study Conference
on Baltex. Publication No. 38 Kuresaare: International BALTEX Secretariat
Publication, p. 202 - 203.

LagzdipS A., Jansons V., Abramenko K. (2000pepu kvalitates \ertéSana
lauksaimnietba izmantotajs platbas pEc biogno elementu koncernirijas. No:
Latvijas Universi@tes 65. ziatniski konferenceGeografija. GGeolggija. Vides ziatne
Refertu tezes. Rga: LU Akadmiskais apads, 292. - 293. Ipp.

PiedaliSanas konferen@s promocijas darba rezul&tu zinoSanai

Lagzdip$ A., Jansons V. Nagrauktu nerjjumu noZme shpeka savienojumu
noplides @tijumos. Latvijas Universigites 69. ziatniskz konferences Zemes un vides
zinatpu sekcija: Klimats umdeni. Riga, Latvija, 2011. gada 2. felaris.

Lagzdins A., Jansons V. Application of Statistiddethods for Analysis of
Agricultural Runoff Monitoring Data4th International Conference “Environmental
Science and Education in Latvia and Europe: Frone&sr Projects to Green Society”.
Jelgava, Latvia, Latvia University of Agricultur@ctober 22, 2010. (Postera@jums)

Lagzdins A., Jansons V., Abramenko K. ApplicatidnSWAT Model to the
Berze Agricultural Catchmenthe XXVI Nordic Hydrological Conference ,Hydrology:
From research to water managementRiga, Latvia, University of Latvia,
August 9 - 11, 2010. (Postera@jums)

LagzdpS A., Jansons V., Abramenko K. Dremuegu kvalitates istermia
mairniba. Latvijas Universigtes 68. ziatniski konference ,Klimata maia unazdeni”.
Riga, Latvija, 2010. gada 19. felaris. (Postera aiojums)

Lagzdins A., Jansons V. Nitrate Monitoring Resultg\gricultural Catchments.
The International Scientific Conference “Researdn Rural Development 2009".
Jelgava, Latvia, Latvia University of Agricultudgay 20 - 22, 2009.

Lagzdip$ A., Jansons V., Abramenko K. Drefdenu kvalitate atkatha no augu
sekas un msloSanas ra@ma. Latvijas Universiftes 66. ziatniskis konferences
» Geogfija, geolqgija, vides ziatne” sekcija: Hidrolgziskie procesi unidens vides
kvalitate. Riga, Latvija, 2008. gada 31. jaams.

Lagzdins A., Jansons V., Abramenko K. AssessmentWater Quality
Concerning Nutrients in Agricultural RunoffThe 5th International Phosphorus
Workshop (IPW5)Silkeborg, Denmark, September 3 - 7, 2007. (Pastiaojums)

Lagzdins A., Jansons V., Abramenko K. Classifiqatid the Water Quality for
Nutrients in Agricultural Runoff.5th Study Conference on BALTEX (Baltic Sea
Experiment)Kuressaare, Saaremaa, Estonia, June 4 - 8, 2003tefa ziojums)

Lagzdins A., Jansons V., Abramenko K. Classificatid the Water Quality for
Nutrients in Agricultural RunoffThe International Scientific Conference “Research f
Rural Development 2007”.Jelgava, Latvia, Latvia University of Agriculture,
May 16 - 18, 2007.
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Lagzdn$ A., Jansons V., Abramenko KUdeyu kvalitites \&rteéSana
lauksaimnietba izmantotajs platbas Ec biogno elementu konceritijas. Latvijas
Universitites 65. ziatniskais konferences (jeogafija, geolsija, vides ziatne”
sekcija: Klimata mairba unizdegi. Riga, Latvija, 2007. gada 30. janis.

Autora devums promocijas darka ieklauto publikaciju sagatavoSam

e Scale Issues for Assessment of Nutrient LeachiogfAgricultural Land in

Latvia (I publikacija)

Esmu publikicijas korespongoSais autors, kas ietver lauksaimiibes noteéu
monitoringa datu un meteor@isko datu sistematiziju un statistisko an#i,
kartogifiskas informacijas noforngSanu, publikcijas rezulitu grafisika materila
izveidi un publilacijas nodéu tekstalas ddas raksSanu, tai skait petijuma rezuliitu
interpreticiju un apkoposanu.

e Temporal and Spatial Variation of Nutrient Leachfrgm Agricultural Land in
Latvia: Long Term Trends in Retention and Nutrikoss in a Drainage and
Small Catchment Scale (Il pubiigija)
Ka Iidzautors esmu piedpés publikacijas sagatavoSanai nepiecieSamo
monitoringa datu atl@sun anaize, ka ai grafiski materiéla sagatavosSanun Etijuma
rezulétu apkopoSanun interpreicija.

e Application of Statistical Methods for Analysis oAgricultural Runoff

Monitoring Data (1l publikicija)

Esmu ziiatniska raksta izstides koresporgjoSais autors, kas ietver pulddgas
tematiskajai specifikai nepiecieSamo lauksaimitias notéu monitoringa datu atlasi
un tadeau resursu @tfjumos pielietoto datu statistidsk anagizes metozu izl un
pielietoSanu, publikcijas grafiskk materila izveidi un publikcijas nod&u tekstalas
ddas raksBanu, & af petijjuma rezulitu un seciajumu formukSanu.

e Udequ kvalitates standarta noteikSana@&cpbioggno elementu konceriijas
note@ no lauksaimnieba izmantotagm platbam (IV publikacija)

Esmu koresporgjoSais autors publicijas sagatavosan kas ietver
lauksaimnietbas notéu monitoringa datu sistemai@ju un anatzi, publikacijas
rezuléaitu grafisika materila izveidi un publiicijas nod#u tekstalas ddas raksSanu,
petijjuma rezulitu apkoposSanu, ieteikumu sniegSanu un agaimu izdarsanu.

e lLauksaimnietbas izraia nitratu pie@rmojuma riska ana@e Latvip
(V publikacija)
Ka Iidzautors esmu piedpés publikacijas sagatavoSanai nepiecieSamo
monitoringa datu atl@sun anaize, ka ai grafiski materiéla sagatavosSanun Etijuma
rezulétu apkopoSanun interpreicija.
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1. PETIJUMA TEOR ETISK AS NOSTADNES

Nodda raksturota lauksaimnigzas zemju nosusiBanas nepiecieSaba
Latvija, ka af sniegts Latvijas lauksaimnigaas notéu monitoringa raksturojums, t.sk.,
monitoringa realiacijas normawa baze un lauksaimnigbas rafta piesirpojuma
noteikSana savstadjp pakartotos izjgtes imenos.

1.1. Lauksaimnie@bas zemju nosusifiSanas nepiecieSatba Latvij a

Udens aprites cikls ietekingan dabasidenu kimiska sasiva, gan difiza
piesirpojuma veidoSanos lauksaimrilex izmantotajs teritorigs (Mander et al., 1998;
de Vos, 2001; Randall and Mulla, 2001; Wolfe, 200derrington et al., 2002;
Vuorenmaa et al., 2002;l&vinS un CimdaS, 2004; Magner et al., 200Bakhshet al.,
2006; Oquist et al., 2007; Bechmann et al., 2008)ens apriti dab kvantitaivi
raksturoudens bilance (&erts, 2004). Meteorofgsko un hidrolgisko apsiklu cieSo
savstarpjo saistbu apliecinaidens bilances viadojums (1.) upju baseinam (Ward and
Robinson, 2000; DeBarry, 2004jv2rts, 2004):

P-ET-R-AV=0 (1)

kur, P — nokrigi (mm);
ET — evapotransgicija (mm);
R — notece (mm);
AV —1udens k#jumu pieaugums baseifmm).

Notece ir idenu kvantiéiti raksturojoSs lielums, kasutiba ir nokrisau un
evapotranspiicijas starfba (Armstrong and Burt, 1993). ligggte noerojumu dati
liecina, ka Latvii nokrigjiu parpalikums veido vidji 250 mm noteces &hi gadi
(Skinkis, 1986; Stalnacke et al., 2003y&rts, 2004).

Piejuras klimats ar izteiktu mitrumaagalikumu nosaka lauksaimnieas
zemju nosusiiBanas nepiecieSabu, vaikuma gadjumu intentva zemju
lauksaimniecisk izmanto$ana bez nosuaanas Latvij nav iespjama (Kinkis, 1986).
Augsnes nosus#danai izmanto draudu (drenuikis) un vagjus giavjus (Sauka, 1987;
Turtola and Paajanen, 1995; Ritter and Shirmohamr2801; Ahiablame et al., 2011).
Lauksaimnietbas zemju nosusiBanai ir gan poZitie, gan negavie aspekiti.

Intengvas nosusiiSanas ar dreédu galvenie ieguvumi ir saisit ar augsnes
mitruma samazisanu un gruniglens imepa pazemiasSanu (Sauka, 1987; Ritter and
Shirmohammadi, 2001),akieteknt pavasar iesggjama atraka augsnes mehaiia
apstide. llgaks vesefacijas periods seken kultaraugu augSanu, akai nodroSina
augsiikas un stabikas razas (Sauka, 1987; Grazhdani et al., 1996isOeal., 2007).
Ar dreraZzu regugjot mitruma refmu tiek uzlabotas augsnes fizliks un kimiskas
ipasbas. Labi aisfita augu saku sisema uzirdina augsni, sal atliekam sadaloties,
veidojas saku ejas, kuras selkdimikroorganismu un augsnes faunas darb(Sauka,
1987). NosusifiBanas rezuita samazias augsnes siltumietilpa un siltumvaispgja,
augsneatrak iesilst (Nikodemus et al., 2008). Nosusas augsnes dak sasalst, kas
veicina #s uzirdiraSanu un strukirddinu veidoSanos, uzlabk§ augsnes
udenscaurlaitha (Sauka, 1987). Drepa veicinaadens vertiklo kustbu un samazina
virszemes noteces uidens erozijas riskuadéjadi samazinot sedimentu un fosfora
norakSanuadensteés (Zucker and Brown, 1998).
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Ka noamigakais drefdzas negavais aspekts minams vieglkiStoSo nitatjonu
izskaloSaas no augsnes, ko veiciatra vertikala idens kugba (Turtola and Paajanen,
1995; Grazhdani et al., 1996; Randall and Mull®12®akhshet al., 2006; Tiemeyer et
al., 2006; Oquist et al., 2007). Augu un augsndganrganismu neugmtie nitatjoni
no augsnes profila nék gruntsidenos, drenu sistmu, vdgjo gravju un upju notegs un
piesirmo s Bakhshet al., 2006; Tiemeyer et al., 2006; Nikodemus let 2008;
Ahiablame et al., 2011).

1.2. Latvijas lauksaimniedbas not&u monitoringa raksturojums

Lauksaimnietbas not&u monitoringa izpildes nepiecieS#m nosaka Vides
monitoringa programma 2009. — 2012. gadam (VMPQ204as izstidata pamatojoties
uz Vides monitoringa programmas pamatadstm 2009. — 2012. gadam (VMPP,
2009). Lauksaimni@bas notéu monitoringa programmas sddair ieauta Vides
monitoringa programmas 2009. — 2012. gadadenu monitoringa programinun @s
saturu un realiriju, saskaa ar iepriekSmigtajiem dokumentiem, reglament

e LR normatvie akti, t.sk. Vides aizsardzas likums (Vides aizsarthas likums,
2006)Jdens apsaimnieko3anas likuni&leéns apsaimnieko$anas likums, 2002),
Likums Par piesrpojumu (Par piespojumu, 2001), MK noteikumi Nr. 33
.,Noteikumi par adens un augsnes aizsatuz no lauksaimniecigs darbbas
izraigta pie@arnojuma ar nititiem” (Noteikumi par adens..., 2011), MK
noteikumi Nr.92 “Pragas virszemesidenu, pazemesidenu un aizsargjamo
teritoriju  monitoringam un monitoringa programmu stiadei’(Prasbas
virszemedidegu..., 2004);

e ES direkivas un to vadihijas, t.sk.Udenu struktirdirektiva (2000/60/EC, 2000)
un s vadinijas virszemesidenu kimiskajam monitoringam (Guidance on
Surface Water..., 2009),akain Nitratu direkiva (91/676/EEC, 1991) urag
vadiinijas monitoringam (Guidelines for the monitoring2004);

e starptautisks konvencijas, t.sk. Helsinku konvencijaéle{sinki Convention
2008).

Lauksaimnietbas notéu monitoringa datus izmanto, laiitg priekSstatu par
lauksaimnietbas ratto adenu piesirnojumu, & mairibas raksturu unétoniem, noteiktu
izraigta piesirpojuma slodzes un ietekmes udenpu resursiem, nartétu veiktoidepu
aizsardibas paskumu  efektiviiti, izveidotu kompleksu sateces baseina
apsaimniekoSanasapiu.

Lauksaimnietbas notéu monitoringa programmasstenoSanas ietvaros tiek
noteikta un izerteta lauksaimniecisis darbas ra@ta telpiski izkliectta (diftiza) un
punktveida tdepu piegrnojuma ietekme uz virszemes un pazeméadenu
kvalitativajiem @ditajiem. Promocijas dagbtiek petiti izkliedeta adepu piesirpojuma
iemesli un radas sekas, nodalot lauksaimrieas izklie@dto piedrnojumu no
lauksaimnietbas punktveida vaiaklas citas nozares antro@og piesirpojuma.

Lauksaimnietbas notéu monitoringa uzdevumi, ad&jt tos promocijas darba
specifikai, ir sekojosi:

e nodroSirat korektus datus par lauksaimrieas nozares nomni adenu
piesirposan;

e noteikt ilglaiaga izkliedeta piesirpojuma telpiskos un laika trendus;

e nodroSinat datus par lauksaimnidaas ratto fona piedrnojumu;
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e noteikt atsevigu hidrolgsisku procesu ietekmi uz bidgo elementu noptlem
(pavasara pali, epizodiskigali, augsnesdens erozija);

e izpetit N un P savienojumu transfoficijas procesus savst@p saisitos
petniedbas tmenos, piendram, augsnes profils - drenu 8isla - mazais sateces
baseins;

e sagatavot datus par emisijas koeficientiem, rakggm biogno elementu
koncenticijam un noteces apjomiem dabs zemes lietojuma veidos, kas
nakotne palidzetu pielietot un kalibgt hidrokimiskos un hidrolgiskos modaus;

e vakt un apkopot datus, lai izgtfatu pamatojumu likumdoSanas aktacilbas
programmu priekSlikumiem par lauksaimniggs izraiga piesirpojuma
samaziasSanu (Lauksaimniglbas notéu (nopiides)..., 2003).

Lauksaimnietbas izkliedta piesirpojuma veidoSanos nosaka &k faktoru
mijiedarlaba, k& noZmigakie minami klimatiskie ap8kli, sateces baseina topafija,
geolagija, vegetacijas sadivs, augsu ipadbas, apsaimniekoSanas veids un intetesit
to ietekne mairas udens objektu hidrolgiskais reZms unadegpu kimiskais sasvs
(Magette, 2001). ddel, lai nowrtetu So un citu faktoru namibu, daZdas pasaules
valsts piln\ertigi lauksaimnietbas notéu kvalitates @Etijumi noris vaiikos savstami
pakartotos imenos, kur imepu iz\ele ir atkaiga no @tijuma probleratikas un ndroga
(Armstrong and Burt, 1993; Johnes and Burt, 199%kdRainen et al., 1997; Magette,
2001; Nash et al., 2002; Kyllmar, 2004; Deelstralet2005; Bechmann et al., 2007).
Starptautiskaj prak€ lauksaimnietbas notéu monitoringu realig Sados imenos:

augsnes profils (lizimetrs);
drerets izneginajumu lauchs;
drenu lauks;

mazais sateces baseins;
upe.

Latvija lauksaimnietbas izkliedta piedirpojuma [@tjumos da#das
kombiracijas tiek izmantoti¢etri no iepriekSmigtajiem kmeniem, augsnes profila
limenis, kui butu iesgjams noskaidrot bidgno elementu transforinijas augsé un
augsnesiden, pagaidm ir ieceres stadij Bérzes monitoringa objektidenu kvalitate
tiek analizta drenu lauka — mazsateces baseina — upesndnos, Mellupte
izméginajuma laucau — drenu lauka — mazsateces baseinarienos, Vienzierite drenu
lauka — maz sateces baseinarlenos.

Drenétu izmeéginajumu laucinu limeri tiek noteikti augu bapas elementu
izskaloSahs procesi augsn atkatba no neslojuma veida un devas, iestes laika,
augu sekas un augsnes ajis (Lauksaimni@bas notéu (nophdes)..., 2003).
Petijjuma uzdevums ir noteikt bi@mo elementu emisijas koeficientus adiezm
kultaraugiem un résloSanas ramiem, kas rakstagi Latvija izmantotagm augu sekm
(VMP, 2010). legtos rezulitus iespjams izmantot modefanas vajadbam.
lzmeginajumu lauchu drenu sigimas ir norobezotas ar kandreram, nepiéaujot
adenu piephdi no blakus eso&an teritoriam. Notece no katras drenu sisias tiek
novadta uz svrstigiem kausiiem, kas atrodas monitoringa stacifs, datu logeris
fikse svarstigo kausau apgzienu skaitu, zinot kaugil tilpumu, tiek apgkinats noteces
apjoms.Udens parauggemsana noris autdiski, proporcioli caurpiidumam.

Drenu lauka liment tiek noteikta augu b#ras vielu nopide, kuru ietekra
dazdu lauksaimniedbas kultiru kopums, daudzpiga ngslojuma pielietoSana un
augsnes apgsires veidi un laiks. Noteces kvalitad un kvantitatvo nerijjumu veikSana
notiek monitoringa stacijaska, kura atrodas drenu kolektora iztekagnaka un t&j
nostiprirata trijstira formas prgazne. $das @rgaznes un metodika tiek plasi

aokrwnhE
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izmantotas ar citu valstu ziatnieku lauksaimnigbas notéu kvalitates @tijjumos
(Grant et al., 1996; Deelstra et al., 1998; DeBa@04; Deelstra et al., 2004;
Bechmann et al., 2005; Bechmann and Stalnacke,; 265 2005; Tanner et al., 2005;
Kylimar et al., 2006; Klgve et al., 2010). Latvijek izmantotas trijsira pargaznes ar
izgriezuma laki 60° (Berze) vai 99 (Mellupite, Vienzienite), izgriezuma bekis var kit
no 20 lidz pat 128 Caurptidumu apgkina datu logeris,nemot \éra pargaznes
izgriezuma leki un tidens Imeni uz @rgaznes.Udens imepa nErjjumus veic datu
logeris ik @c 10 mirutem, balstoties uz 6 amjumiem tiek apgkinats stundas vigais
tidens Imenis, logera atmi tiek fikséti 24 merijumi diennaki. Udens parauggemsana
noris autoratiski un ir proporcioala caurpiidumu swrstibam. Lai nodroSiatu adens
paraugunemsanas proporcionait caurpiidumam, regudlri javeic iestaita paraugu
nemsSanas caurteces apjoma korekcija, it gevspecifiskos hidrolgiska rezma
periodos (pavasara pali, rudens lietavas, vasaragmas mamlens periodi).

Maza sateces baseinairheri nosaka kofio lauksaimnietbas ietekmi uz
bioggno elementu noptiém heterogna sateces baseirar daZdiem saimniekoSanas un
zemes lietojuma veidiem, ar kt§gu reljefu un augsm (Lauksaimnieibas notéu
(noplades)..., 2003; VMP, 2010). Sdimern domirgjosajam zemes lietojuma veidam,
vairak ka 50% no sateces baseina teritorijas,abtj lauksaimnietba izmantojamai
zemei. Udens imequ neriSanai un caurpbuma apgkinasSanai izlive daZda veida
pargaznes, visvaik izmantoika gan Skandiavijas valsts, gan Latvi ir Krampa tipa
pargazne (Deelstra et al., 1998; Deelstra et al., 2B&Ehmann et al., 2005; Bechmann
and Stalnacke, 2005). Mazsateces baseinamern un drenu laukaimen tiek
nodroSirata vienotu principu un idlzigu nEriekartu izmantoSanaadens imepa
merjjumiem, datu vietbu saglabSara logeru atmia unadens parauggemsaa, lidz ar
to ieditie rezulfti ir korekti un savstai salidzinami.

Upes imenis ietver [Etijumus maza (< 100 kfh un vidsja sateces baseina
(100 — 1000 krf) upes, upju baseinu ied@ims tis grugs Ec sateces baseina fitss
un citiem kri€rijiem noteikts LR zpojuma par Udenu struktirdirekfivas izpildi
(LVGMA, 2005). Mazo upjuimen (Alaves upe) nosaka koréka zemes lietojuma
veida ietekmi uzudenu kvalitati, Sap gadjuma lauksaimnietbas zemju, savukt,
vidgju upju imen (Bérzes upe) iesfams noteiktadenu kvalitati upes iztek, ka ai
upes dibaseinos, kuros ir sastopami adizzemes lietojuma veidi (lauksaimnibas
zeme, mezs, purvs), topafiskie apsikli, punktveida piesrpojuma avoti (liellopu un
cuku kompleksi, apdwotas vietu notelldenu atiriSanas ietaises)akan nowrtéjama
adenskatuvju ietekme uz biogno elementu aiztures procesiem (hidroelektrostaciju
uzpludirgjumi un ezeri). Vidjo upju fmenis nav lauksaimnigzas notéu monitoringa
visparpienemta sagtvdaa, t&u lauj noErtét un saidzinat piesarnojuma samaziasanos
aiztures un aid@idiSaras procesu ietekendazdos hidrogifiska tikla posmos.

Lai noskaidrotu lauksaimnidzas razoSanas interiitizmeéginajumu lauchu,
drenu lauka un maz sateces baseinacétpieabas Imepos, LLU Vides un
tdenssaimniabas katedras darbinieki reizi gadpseko attiaga baseina zemnieku
saimnietbas. ApsekoSanas laikiek veikta aptauja, kariegast datus par galvenajiem
saimniekoSanas indikatoriem, piemam, kultiraugu seka, apt& platiba, €5anas un
razas noskSanas datums, razas apjom@skeslu, minedlméslu un augu aizsartras
IidzeKu izkliedes apjomi un termi.

legatie dati var tikt izmantoti augu bidas vielu bilances gijumos baseina
saimnie@bas. ShpeKa un fosfora ieneses un izneses sbarpaksturo biogno elementu
parpalikumu vai defitu augsi. Parpalikuma gaguma pasiv adenstéu piegarnojuma
risks.
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2. MATERI ALI UN METODIKA

Nodda sniegts Latvijas lauksaimnigx@s notéu monitoringa staciju ungamo
teritoriju apraksts, defii tdepu paraugu iedkSanas principi urkimiska sasiva
testSanas metodesalan apskaitas @Etijuma gait izmantois materatiskas statistikas
metodes un to pielietoSanas interpcgé.

2.1. Lauksaimnie@bas not&u monitoringa vietu apraksts

Veicot Etjumus par tdepu kvalitati raksturojoso d@peda un fosfora
savienojumu koncer#ciju un nopitizu izmaham, ka af par hidrolgiskajiem un
meteorolg@iskajiem apgkliem, tika izmantoti Latvijas Lauksaimnié&as universites
Vides unadenssaimniabas katedras veiktlauksaimnietbas notéu monitoringa dati
un valsts SIA ,lLatvijas Vides,geolasijas un meteorolgijas centra” (LVGMC)
meteorolg@isko noErojumu dati, kas iegi laika posm no 1995. 1dz 2010. gadam.
Izkliedeta piesirpojuma monitoringa stacijas ,Mellag” (Saldus novads), ,Bze”
(Dobeles novads) un ,Vienziate” (Jaunpiebalgas novads) atrodas atjie¥entas,
Lielupes un Gaujas upju baseinu apgabalos. Mongaristaciju atrasas vietas

noraditas 2.1. a#a.
IGAUNIJA W<¢>E

BASEINU APGA

BALTIJAS JURA . )
RIGAS JURAS

KRIEVIJA
3APJU BASEINU APGABALS

LIETUVA

Apziméjumi

A Monitoringa stacija BALTKRIEVIJA
— Upe
Ipasi jutigas teritorijas 0 5 50 100 km

D Upju baseinu apgabals
Avots: ZMNI un VUS geotelpiskie dati

2.1. att. Lauksaimnie@bas not&u monitoringa staciju izvietojums unipasi jutigas
teritorijas Latvij a.

Balstoties uz ikgagjo zemnieku saimnigbu aptauju rezuitiem, iesgjams
secirat, ka Berzes monitoringa stacijas sateces baseins rakistigogvus, Melluptes —
Vvidgji intengvus, bet Vienzieites — ekstefgus lauksaimniecigls razoSanas apkius
Latvija. Monitoringa staciju, §niedbas tmeau un nerjjumu raksturojums dots 2.1.
tabukb.
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Lauksaimnieabas not&u monitoringa staciju raksturojums

2.1. tabula

Domingjosas augsnes

Monitoringa |zpetes Platiba, Lauk_sa_lmnlefbas raksturojums gc Cau_rp_ﬁ duma Udensvparaugu Monitoringa
. - . zemjuipatsvars, . merjumu nemsanas .
stacija [tmenis ha granulometrisk . periods
% apfikojums metode
sasiva
Mazais s_atece 960 69 Krampa @argazne, Proporcioali 1995 — 2010.
baseins datu logeris caurphidumam
Drenu lauks Trijstara pargazne, | Proporcioali B
Mellupite (sisema) 12 100 SmilSnils datu logeris caurpfidumam 1995. - 2010.
Drergti N
iZmeginajumu 011625 X 100 Swvirstigi kaushi CF;LOrp?_lEjCJ?rr]ﬁ;m 1996. — 2010.
laucini p
SmilSnils LVGMC Nejauss
Bérzes upe 87205 58 . . hidrologiska 2005. — 2010.
malsmilts, smilts o .. paraugs
monitoringa stacijal
SmilSnls, MEerjjumi netiek Nejauss
Alaves upe | 9368 84 puteKains smilsnals, J o : 2005. — 2010.
) mals * veikti paraugs
Berze Modificéta Krampa
Mazais s_ateces 368 93 tlpg [argazne ar V-| Proporcioali 1995 — 2010.
baseins . veida profilu, datu | caurpidumam
PuteKRains mals | :
ogeris
Drgnu lauks 77 100 Trijstura [argazne, Proporcioali 1995 — 2010.
(sisema) datu logeris caurpfidumam
Mazais satece Praktiska profila Nejauss
basei 592 78 pargazne, : 1995. — 2010.
o aseins _ : paraugs
Vienzientte Malsmilts datu logeris
Drgnu lauks 67 100 Trijstura [argazne, Nejauss 1995. — 2010.
(sisema) datu logeris paraugs

* péc Latvijas augsu rajonu aprakstiem (Nikodemus et al., 2008).
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2.1.1. Berzes monitoringa stacija

Bérzes monitoringa stacija atrodas Latvijas cdaji dda (2.1. atéls),
Viduslatvijas zemienes Zemgala@ddenum. Reljefs §& teritorija ir lidzens, augstums
virs juras imepa vartE no 17 m idz 23 m. Lauksaimni@gsas zeme ir dreta 1964.
gad, drenu ieloves dziums 1.1 m, drenu atums 18 — 32 m. Mazsateces baseina
limern drergti 98% no baseina kefas plaibas, drenu laukairhenn 100%. Rrzes
monitoringa stacijas mazsateces baseina un drenu lauka ortofoto karteremud
sisEmam un novadgivi dota 2.2. atila.

Bérzes drenu lauka
monitoringa stacija

Bérzes maza sateces baseina
monitoringa stacija

Apziméjumi 0 05 i i

A Monitoringa stacija
e BE&rzes maza sateces baseina novadgravis

— Drenu sistéma

D Sateces baseins

Avots: LGIA, ZMNI un VUS geotelpiskie dati
2.2. att. Izpetes imeni Bérzes monitoringa stacip.
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2.2.,2.3., 2.6. alu veidoSaa izmantota valstsgentiras ,LatvijasGeotelpisks
informacijas aentiras” (LGIA) geotelpisk informacija, valsts SIA ,Zemkofbas
ministrijas nekustamigpaSumi” (ZMNI) melioécijas digiala kadastra inforricija par
lauksaimnietbas zemju nosusiBanas siS§tmam un Latvijas Lauksaimni®sas
universittes Vides uridenssaimnigbas katedras lauksaimnibas notéu monitoringa
geotelpiskis informacijas datubze.

Bérzes monitoringa stacija atrodgmasi jutgas teritorigs, kas noteiktas sasia
ar Nitratu direkivas kri€rijiem. Uz §m teritorijam attiecas paaugstitas pratasadens
un augsnes aizsafttai no lauksaimniecigk darfbas izraiga piedarmojuma ar
nitratiem, tai ska@, maksinali pielaujanis mine&lmeéslu skpekla izkliedes normas
(kg ha) kultaraugiem.

Petijuma period Sap monitoringa objekt galvenoldrt audztas cukurbietes,
ziemas kvieSi un ziemas rapsis. Kin#tugu procentilais sadajums gadu griezumir
mairigs un atkags no tirgus pieprasima, subsliju makgjumu politikas valstun ES
Kopgjas lauksaimniebas politikas un vides politikas virzieniem kogtkrlaika period.
20. gadsimta gmleja desmitgad domirgjosa kultara bija cukurbietes (cukura razoSanas
izejviela), savukrt, pec iestiSaris ES palieligjas ar ziemas rapsi (rapSulee ka
biodizeldegvielas sasvdda) un ziemas kvieSiem ass platbas. Par
lauksaimniecisks darlibas intensiiti Sapa regiona liecina iestidata mine@lméslojuma
un organisk méslojuma apjoma dati, kas i@t aptaujot lauksaimniekus. &ijuma
laika sateces baseina saimnimc laukos ga&l uz aramzemes hekt tika izkliedti
51 — 224 kg gpeKa frvielas, fosfora devas mais no 241dz 66 kg hd gadi.

Sateces baseina augsnes ir veidigjusz kvarira mognas nogulumiem, kurus
parklaj glaciolimniskie smilsrala, putefaina smildrala un mila nogulumi. Sa
regiona domirgjosas veknu karbo@taugsnes uz karbatiskiem cilmieziem ir daiyi
augigas un lauksaimni@gas aktivistem pienerotas augsnes (Nikodemus et al., 2008).
Saskaa ar starptautiski izmantoto Apvienotaa®ju Organizcijas (ANO) Rirtikas un
lauksaimnietbas organizcijas (FAO) augsu klasifikacijas sistmu Berzes monitoringa
stacijas apkaim sastopama Calcic Cambisol amgSgrupa (FAO, 2006). Augsnes
reakcija (pH) Saj petijumu objeka ir 7.5 — 7.9. Monitoringa staciju drenu laukadigs
limen konstagtais augsnes ¢iau procentalais daudzums dados horizontos apkopots
2.2. tabud.

2.2. tabula
Augsnes vir€jo horizontu granulometriskais sasivs monitoringa staciju
drenu lauka izpetes imert

Monitoringa Horizonts | Dziums, cm| Smilts, % Puteki, %| Mals, %
stacija

Ap 0-36 16 49 35
Berze Bw 36 - 50 10 54 36
Btg 50-78 3 41 56
Ap 0-26 38 45 16
Mellupite Btgl 26 - 45 21 50 29
Btg2 45 - 60 37 37 26
Btg3 60 - 80 48 27 25
Apl 0-30 57 29 14
N Ap2 30-45 58 28 14
Vienziemte BE 45 - 55 54 28 18
Bt 55-80 47 25 28
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Drenu lauka izptes imen péc granulometrisk sasiiva augsne da#dos
horizontos atbilst viegla putgk mala un smaga puték mala pamatgrupm, maz
sateces baseinarien galvenokirt sastopami puté&ina nala nogulumi (Jansons et al.,
1997). Augsnes granulometrisksasiva ipa3bas ietekrda noteces veidoSanos,
piemeram, smaga granulometrislsasiva augsas, kuis domire mala ddinas, adens
infiltr acija ir apgtinata un noris dnak neld@ viegla sagiva augsas, kués ir augsts
smilts un putelu ddinu daudzums (Braun and Kruijne, 1994; Ward and Rsuin
2000; Wolfe, 2001; Nikodemus et al., 2008), un biap elementu izskaloSanos —
malainas augsiés N un P savienojumu zudumi ir naéiz neka smilSairas augsis
(Hoffmann and Johnsson, 1999; Kronvang et al., 20rington et al., 2002; Havlin
et al., 2005; Bechmann et al., 2009; USDA, 2009).

2.1.2. Mellugtes monitoringa stacija

Mellupites monitoringa stacija atrodas valsts rietumua dé2.1. atéls),
Viduslatvijas zemienes Vadakst@dzZenuna. Baseina dom#jo%a ir velenu podzotta
(pec FAO - Stagnic Luvisol) augsne, kuras pH ir 6.7.6. Drenu lauka izgtes imen
granulometriskais sasts ir maings daZdos augsnes horizontos, no smi$anlidz
vieglam puteku malam (2.2. tabula), mazasateces baseirdomirgjoSie ir smilSnala
nogulumi (Jansons et al., 1997). Sateces bag@iiuma period lielakoties audzti
graudaugi — miezi un kvieSi. Monitoringa stacijagofoto karte un nosusiSanas
sisemas redzamas 2.3. @i

Mellupites maza sateces baseina -
monitoringa stacija

-] v
Mellupites drenu lauka §§

monitoringa stacija

Apzim&jumi 0 0.5 1 km
S |
A Monitoringa stacija === Mellupite
——— Drenu sistéma I Udenskrituve
Novadgrivis D Sateces baseins

Avots: LGIA, ZMNI un VUS geotelpiskie dati
2.3. att. Izpetes Eimeni Mellupites monitoringa stacip.
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Mellupité lauksaimniecisko datbu var raksturot X vidgji intensvu, par to
liecina ikga@djo zemnieku saimnigébu aptauju rezuiti. Izkliedeta slapeka apjoms
tirvielas vark no 38 1dz 118 kg hd gadi, savulart, fosforam no 10itiz 52 kg ha
gadh.

Mellupites izngginajumu kompleks, papildus maz sateces baseina un drenu
lauka tmenim, @tjumi tiek veikti af izmeginajuma laucou fmen. Kops 1996. gada
darbojas drenu si&nhas 16 laugios ar vi&jo drenu izlives dzjumu 1.1 — 1.2 m,
atalumu starp dreim 11 — 12 m un vienas drenu 8mgas plaibu 0.12 ha. Drenassp
butibas sa&c un novada augsnegidumu. Drenu sigai jabat pietiekoSi lielai, lai
varetu iedit meriSanai unuadens parauga sakSanai nepiecieSamo noteces apjomu
(stabilu un ilgstoSu caumdumu drenu noteces periyd No katra laugia drenu
sisemas noteci novada uz monitoringa stacijas pazerakgsat monitoringa stacijas
meriekartam — s\rstigiem kausiiem ar autoratisku adens parauggemsanu. Kausi
pieskgti datu logerim (2.4. &is).

Datu logeris caurteces
mérisanai par Krampa
pargazni un datu

uzglabasanas medulis

16 drenazas |zméginﬁjumu laucini (0,12 ha katrs)
ar dazadiem méslosanas variantiem

Macibu telpa

Krampa pargazne sateces baseina
caurteces mérisanai

Pargaznes izméri
p =80 sm
b =190 cm

#1! Kausinu sensoru signélu
g uztversanas modulis

Acina pargaznes Gdens
Tmena mérfjumiem

Drenu sistémas no |
16 lauciniem

= Novaddrena

Avots: VUS katedras afias

2.4. att. Mellupites maz sateces baseina monitoringa stacija ar piegjtam
izmeéginajumu laucinu drenu sisémam.

Ik gadu izngginajuma laucnos tiek izmantoti pieci ®@sloSanas rami —
nentslots lauks (MA), normla (MB) un dubulta (MC) minaiméslojuma deva,
katsnmesli (MD) un &kidrméslojums (ME). lest&data minealméslojuma daudzums un
laiks ir atkaflgs no augu sekizvélata kultirauga pragam. Saji izmeginajumi limen
lesEjams noteikt augu bdras vielu izskaloSanos atikea no nEslojuma veida,
iestrades laika, augu sekas un augsnes agestr Shematisks iZ@ginajuma lauchu
atelojums redzams 2.5. ali.
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Méslojuma reZims

Neméslots

Normala méslojuma deva

Dubulta méslojuma deva

Skidrmésli

|
|

Avots: VUS katedras afias

2.5. att. Drergti izmeéginajumu laucini Mellupites monitoringa stacip.

Mellupite ir vienga monitoringa stacija, kartiek veikti virszemes noteces
kvalitates @tijumi (turpmik tekst tiek lietots apungjums MV). Blakus izmiginajuma
laucipiem, atrodas virszemes notece&i¥anas laugs, kura plaba ir 0.55 ha. Laugs
ar vdniem ir norobezots no Mellages, notece tiek novetd uz sdrstigu kauspu, kas
registre virszemes noteces apjomu. Papildus hidiislajiem noérojumiem swrstigais
kaush$ tiek izmantots, lai proporciah caurpidumam akumwu tdens paraugu.
lerasti virszemes noteces veidagargadjumi ir saistti ar pavasara atkg@&m un
intengvam lietusgizém.

2.1.3. Vienzienites monitoringa stacija

Vienzienites monitoringa stacija atrodas Latvijas ziémstrumu da,
Vidzemes augstienes Piebalgas paugaraiienziemtes upes baseintirumu izneri,
augsne, reljefs un tirgus apldi ir mazk pieneroti lauksaimnietbai un tikai dids
saimnietbas razo tirgus produkciju, galverwk kartupgus un bietes. Migtas
saimnietbas atrodas sateces baseina vididsda

Vidgjais baseina plata iestdatais mineélméslojuma apjoms 4 — 5 kg N
ha' gadi. Ta ka aramzemes pldtas Bdsjos gados nepsniedz 5 — 10% no sateces
baseina kopplatas un lielkkaja dda no lauksaimniebas zeram tiek audzti
daudzgathie laji un ganti majlopi, tad Vienzierites baseins var kalpo# lpientrs
ekstensvai lauksaimnietbai un izmantojams, lai nésétu fona nopides
(koncentécijas) no lauksaimnigbas teritorigm. Vienzienmtes apkrtné sastopama
paugurainajam apvidum raksigi aug®u kopa — paaugstites vies veknu
podzolaugsne, ieplak palielirita mitruma apgklos veéngleja augsne (Nikodemus et
al., 2008), kuras pH ir 6.8 — 7.0e®®FAOQO klasifikacijas & atbilst Chromic Cambisol
augsnes tipam. Sajnonitoringa objekt saidzinajuma ar Berzi un Mellugti ir vieglaka
granulometrisk sasiiva augsne, proti, atsmilts (Jansons et al., 1997). Sateces baseins
atlots 2.6. a@tla. DiemZl Sap sateces basdinatkiriba no Berzes un Melluftes,
valsts SIA ,Zemkofbas ministrijas nekustamipasumi” melio&cijas digitla kadastra
informacija ir nepilriga un sniedz vigpigu ieskatu drenu sishu izvietojuna.
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Vienziemites mazi sateces baseina
monitoringa stacija

Apzim&jumi 0 0.5 1 km

A Monitoringa stacija = Vienziemite
Drenu sistéma E Sateces baseins

Novadgravis

Avots: LGIA, ZMNI un VUS geotelpiskie dati
2.6. att. Izpetes imeni Vienziemites monitoringa stacip.

2.1.4.Alaves upe

Alave ir Berzes upes labkrasta pieteka. 286 garums ir 24 km, sateces baseina
platba 93.68 krfy upes kritums 1.7 m / km. Upe gan aug&tean lejtee ir regukta un
uznem meliofcijas sistmu tidequs (Kavacs, 1994)Alave ietek 3 pietekas — Jugh
(15 km), Apguldes ezeraayis (11 km) un Aurufie (6 km).Alaves upes baseirpec
CORINE Land Cover 2000 Latvijg2003) datiem lauksaimnigias zemes aiem
84.3% no kopjas baseina platas, meziem Eti 14.7%. Tadgjadi Sis sateces baseins var
kalpot par lauksaimnig@ieas ra@ta difiiza piesirpojuma izEtes objektu.Alaves upes
sateces basedirsastopamie zemes lietojuma veidizokii 2.7. atéla.

Punktveida piesnojuma slodzi uz upi radé&tras apdwotas vietas — Penkule,
Kirpeni, Apgulde un Krintinas. Upes viatn ir stipri aizaugusi, to veicina augu teas
vielu izskaloSais no lauksaimni@bas zeram, turklat ai vesturiski upe ir tikusi
piesirpota un k& galvenais piesnojuma avots minams Padomju Savies laiki celtais
kolekfivas saimnietbas ,Penkule” tku komplekss, no kura ilgus gadasave reguhri
ieplada virca. Kop$ pagusa gadsimta beigm komplekss vairs nedarbojas.
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Apziméjumi

A Virszemes tidenu paraugu nemSanas vieta

Upe

Zemes lietojuma veids

I Pilsétas struktiira ar partraukumiem

_ | Neapidenota aramzeme

0 25 5 10 km _
i 1 ) Ganibas

Sarezgitas kultivéSanas aramzeme

1 imniecibas zemes ar ieveér j i augu valsts teritorijaim

Platlapju meZs
I Skujukoku meZs
Jauktais mezs
Parejosi mezu apgabali/kriimi
Udens objekti

Avots: ZMNI, CORINE Land Cover 2000 unG5 geotelpiskie dati
2.7. att. Zemes lietojuma veidAlaves upes sateces baséin

2.1.5. Brzes upe

Bérzes upes sateces baseins atrodas Latvijasileghtida. Berze ir S\etes upes
pieteka, kas atak ietek Lielug. Upes garums ir 117 km, sateces baseinaibplat
872.05 ki, upes kritums 1 m / km. Lighas kreig krasta pietekas ir Bikstupe (32 km)
un Licupe (14 km), lab krasta —-Alave (24 km), Sesava (24 km) un Gardene (17 km).
Bérzes upe akas Austrumkursas augstienes dienviddadadielauces paugurain
aptuveni 120 m virstiyas imepa, viegli paugurail apvidi, augSteg¢ upei sivi un
apaugusi krasti (Kavacs, 1994). Upes hidgako reiZmu ietekng aizsprosti, kas
izbuveti mazo hidroelektrostaciju datkas nodroSi@sanai, tai skait,Beérzes dzirnavu
HES” (adenskatuves virsmas laukums pie naila uzsidinagjuma fmepa ir 9.8 ha,
vidgjais dziums 1.23 m), ,Bikstu — Palejasdensdzirnavu HES” (pldia 11.3 ha,
vidgjais dziums 1.55 m), ,Dobeles HES” (ptha 3 ha, vidjais dziums 1.50 m) un
LAnnenieku HES” (plaba 28.8 ha, viglais dziums 2.8 m) (Glazava, 2004). Biogno
elementu saturu @zes upesidenos ietekmd ne tikai difizais, bet ar punktveida
piesrpojums, ko rada pigu un apdwotu vietu afirito notekidenu ievadSana
udenstee. Galvenie punktveida pias)otaji sateces basein ir  Dobele
(~ 650 tikst. nT gadi), Jaunpils (~ 115akst. nT gadi), Gardene (~ 40ikst. n? gadi),
Annenieki (~ 401ikst. nt gadi) un K&enieki (~ 35 ikst. n? gadi). Berzes upesidenu
hidrokimiskas kvaliites monitorings ietver paraugwemsSanu 15 dbaseinos
(2.8. attls).
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Apziméjumi

A Virszemes fidenu paraugu nemsanas vieta 0 5 10 , ZIO km

—— Hidrogrifiskais tikls
[ ] Dalbaseins

Avots: ZMNI un VUS geotelpiskie dati
2.8. att. Berzes upes dibaseini unadenu paraugu npemsanas vietas.

Polderu nosusi#$anas sisu izhives laikh Beérzes gultne tika regea un
iedamlzta, sikot no Livberzes apdwotas vietas, 6.5 km pirms ietekasd® Upe tiek
ievadti lielu melioracijas sistmu tideni (Kavacs, 1994). Bzes upes lejteces ltbaseinu
teritorijas Zemgales itlzenunma tiek istenota augstas interaés lauksaimniecigk
dartiba. Upes didaseinos ir sastopama zemes lietojuma veidadiaa (2.3. tabula),
tadejadi iesggjams noteikt un raksturot flmseia domirgjosa zemes lietojuma veida
ietekmi uz tdepu kvalitati, respekivi, noteikt zemes lietojuma veidiem raksgas
biogeno elementu koncentijas.

2.3. tabula
Zemes lietojuma veidi Brzes upes dibaseinos
Sateces Zemes lietojuma veids (% no sateces baseintbpt
baseina
identifikacijas | Lauksaimnietba| MezZs | Purvs| Udens| Apdwotas vietas

numurs

1 12.8 59.3 27.9 0.0 0.0

2 51.6 48.4 0.0 0.0 0.0

3 59.5 38.7 1.1 0.7 0.0

4 38.7 59.1 1.0 1.1 0.0

5 28.9 52.5 1.2 17.4 0.0

6 86.7 7.1 0.0 6.2 0.0
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2.3. tabulas turpijums

Sateces Zemes lietojuma veids (% no sateces baseintbpEt
baseina
identifikacijas | Lauksaimnietba| MeZs | Purvs| Udens| Apdwotas vietas

numurs
7 65.8 34.2 0.0 0.0 0.0
8 60.3 37.3 1.1 0.3 0.9
9 61.3 36.1 0.7 0.9 1.0
10 41.2 56.5 1.1 1.2 0.0
11 27.5 72.5 0.0 0.0 0.0
12 55.4 12.3 0.0 0.0 32.2
13 45.2 53.3 0.5 0.7 0.3
14 84.3 14.7 0.0 0.4 0.6
15 88.8 10.1 0.0 0.0 1.1

Avots: CORINE Land Cover 2000 infoatija un VUS geotelpiskie dati

Lauksaimniecisks darlibas ietekmi uzidepu kvalitati vispredzak iesggjams
nowertet 14. ddbaseia, purvu un mezu ietekmi attigg 1. un 11. dHpaseinos,
pilsetvides ietekmi — 12. daaseia.

2.2.Udenu paraugu ievakSanas principi un kimiska sastiva tesé$anas metodes

Udequ paraugu iedk3ana noris atbilstoSi tehniskaj iesggjam visos
monitoringa imenos noteikta reima ietvaros (2.1. tabulaJdepu paraugukimiska
sasiiva analizSana nepiecieSama, lai noteiktuapglda un fosfora savienojumu
koncentcijas adenn un raksturotu So savienojumu nagés un procesusidenu
ekosistmas. Katrsidepu paraugs tiek identifitcs nemSanas i un & identifikacijas
numurs (kods) tiek saglats lidz anaitiska procesa bein kimijas laboratorj un
rezulaitu ievadSanai datu dzes. Udepu paraugu sa@kSanas viegt tiek novietoti
polietilena konteineri, kuros autatiska reZma, proporcioali caurpidumam, tiek
lesiknéts un akumuits kopgjais adens paraugs, kas raksturo noteiktu laika posmu.
Konteineri [@c vidgja parauga ngemsanasiipigi iztirami no saneSiem un izskalojami
ar & paSa sasva udeni, kuru atbilstosaj parauganemsanas viét sa\ic paraugu
nemsSanas igkta. Mandila paraugoSanas fieda gadiuma tdenu paraugi tieknemti
noteiké vieta vienu reizi ni@ne§. Udens paraugus sav 0.5 | polietiena pudeds.
Paraugus pirms transpéganas uz laboratoriju uzgkbledusskap 2° — 4° C
temperaira. Par paraugu memsanu izdara atmes lauku nodrojumu zurila. Udenu
paraugu ie¥kSana noris saska ar Lauksaimniebas notéu (noplides) monitoringa
rokasgimat mingto metodiku (Lauksaimni@as notéu..., 2003).Udens paraugu
teseSana tiek veikta akreditis laboratorigs. No 1995. g.itlz 2005. g. un kops 2008. g.
udens paraugi tika tedt Latvijas Hidroekolgijas institita (LHEI) Hidrdkimijas
laboratorifi, savulért, no 2005. g.itz 2007. g. L\GMC Vides laboratorij. Udens
kimiska sasiva anaizes izpildtas iewerojot nosakmajam parametram atbilstoSas
teseSanas metodes (2.4. tabula). Laborasrijzmantois testSanas metodes ir
savstarpji pielidzinamas, 1dz ar to iegtie rezulfiti var tikt apvienoti viea datu kog.
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2.4. tabula
Udenu kimiska sasfiva teseSanas metodes

Normaivi tehniskas
Parametrs .. Analizes metode
dokumenicijas Nr.

N-NO, + N-NOs; |LVS EN ISO 13395:1996 * | Spektrofotometrija, nittu
slapela, nitatu skpelda un to
sumnara satura noteikSana ar
plaismas anates metodi

LVS EN ISO 13395:2004 ** | Spektrofotometrija, nittu
slapela, nitiatu skpelda un to
sumnara satura noteikSana ar
plaismas anates metodi
N-NH," LVS ISO 7150-1:1984 * Spektrofotometrija, indofenola
metode

LVS EN ISO 11732:2005** | Spektrofotometrija,
negrtrauktas pismas
indofenola metode

Niop LVS EN ISO 11905-1:1998 Minerafizijas metode,
oksicgjot ar peroksidisubitu
P-PQ* LVS EN ISO 6878:2005, Spektrofotometrija, amonija
4. dda molibdata metode
Prop LVS EN ISO 6878:2005, Spektrofotometrija, molibata
7. dda metode pc parauga

oksidcSanas ar peroksidisatti

* LHEI Hidrokimijas laboratorija
** LV GMC Vides laboratorija

Intengvas lauksaimniecidls produkcijas razoSanas &bdos zemju
apsaimniekalji tiecas c maksimli augstm kultiraugu raim, kas ir galvenais
iemesls nepamatoti augst neorganisk mine@alméslojuma un organigk meslojuma
izkliedes degm. Sada veida saimniekoSana palielinaapglkia (N) un fosfora (P)
savienojumu izskalosas risku (Ritter and Bergstrom, 2001; Hatch et 2002;
Bechmann and Stalnacke, 2005)dd] lauksaimniethas notéu monitoringa kontekst
butiski ir pieverst uzmaibu tieSi biogno elementu nopbem no lauksaimniaba
izmantojanam platbam (Lauksaimnietbas notéu (nophides)..., 2003; VMP, 2010).

2.3. Lauksaimnied@bas not&u monitoringa rezultatu aprékinu metodika

Bérzes, Mellufites un Vienzieftes monitoringa staéi$ maz sateces baseina
un drenu lauka iztes imen datu logeris veic neéptrauktus mdrijumus reizi 10
minateés. Logeris automtiski izrekina stundas vigJos rezulitus un saglabtos logera
atminas iekirta. Logera atmjas iekirta lauj uzkéat datus par ilgstosu laika periodu.
Reizi neneg tiek parbaudta logera darba un apkopotie dati lejuguleti dato. legatie
dati ir transformgjami un analiziami nemot \era datu aps@ides programmatas
specifiku. Datu logeris veic sekojoSus nglasus - datums, laiks, ie§#s baterijas
stavoklis, videja adens temperata, vickjais tdens imenis, caurgidums, iegknétais
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adenu paraugu skaits, maksifais un mininalais adens imenis, adens imepa
korekcija un elektrovatspzja.

Augu batbas elementu (B, Pcop) Noplide nerjjumu periodam tiek apkinata
sumngjot diennakts vidjo caurptidumu reiziajumu ar attietga augu babas elementa
vidgjo diennakts koncertciju aden (2. vieradojums).

L=0.012C *Q 2.)

kur, L —augu babas elementu nopde (kg hd);
C; — augu babas elementa vigha diennakts koncericija (mg I*);
Qi — vidgjais diennakts notecesasls (mm).

Elementa vidjo dienas koncertciju (C) iegast atbilstoSam laika periodam
interpokjot atsevigo meneSuadens paraugu konceatijas, jaudens paraugi tiekemti
epizodiski reizi nineg, vai attiecinot koncericijas \ertibu uz visu agdkina periodu, ja
udens paraugugem negrtrauké reAma (Lauksaimnietbas noteéu..., 2003).

2.4. Matemiatiskas statistikas metodes lauksaimni@bas not&u monitoringa datu
apstradei

Uzkrajoties kvantitatviem nerjumu datiem pafidenu kvalitati ieteknejoSajiem
faktoriem (nokrigu daudzums, noteces apjoms, gaisa temp@datka ai kimiska
sasiiva andizu rezulatiem, rodas nepiecieSaba [@Ec datu statistisis anaizes un
interpreticijas. Saj darks izmantofis statistisks metodes nosaka datu rirgagbas.

Pec Helsela and HirSa (Helsel and Hirsch, 20@&8eu resursu ziftnieku
analiZtie dati ierasti atbilst sekoja ipagbam :

e zentka vértiba ir nulle. Nav iesfjamas negatas \Ertibas;

e reti, toner regukri ir noverojamas ekstémas \rtibas — datu kopasétibas,
kuras ir ie¥rojami augstkas vai zerakas nek vairums;

e datu sadajuma asimetrija atti@ba pret aritngtisko vidcejo. Tiek attlotas
pétamas pazmes \rtibas un am atbilstoSie atktoSaras biezumi. Asimetrija
sagaidma, ja ekstmas \Ertibas atrodas via@rvirziem (augstas vai zemas);

e dati neatbilst noralajam sadajJumam. Daudzi statistiskie testi pEm, ka dati
atbilsts normlajam sadajumam, t&u adenu resursu datiem ierasti pigntaba
vai kreis asimetrija;

e sezoals raksturs. Daadas gada sezas \ertibam ir tendence iit augsikam vai
zemakam.

Zemak mingto uzdevumu izpildei izmantota datu statisiskapstides un
anaizes pakete SPSS 15.0 for Windows — , The StatisBeakage for Social Science”.
Petijuma izstides ga@i analiftie dati par nokriSu daudzumu (mm) un gaisa
temperairu (°C), noteces shiem (mm), biogno elementu koncercijam (Nop Mg rt
un Ropmg I') petamajs teritorifs.

Aprakstosa statistika. Aprakstod statistika izmanto inforatiju par visiem
kadas datu kopas elementiem, lai &pmatu izlases raksturlielumus — &tk lielumi
(aritmetiskais vidtjais, medina), izkliedes aditaji (variacijas koeficients), sad@ma
raditaji (asimetrija, ekscess), kvartiles (25%, 50% ufoJ5

Kolmogorova — Smirnova tests (One-Sample Kolmogorov-Smirnov Test)
Kolmogorova — Smirnova metodi izmanto, laripaudtu eksperimentaja petijuma
iegato datu jeb emipiska sadaljuma atbilsibou nornalajam sadajumam (Van Herpe
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and Troch, 2000; Helsel and Hirsch, 2002; Stengeal.e 2002; Taylor et al., 2005;
Varol andSen, 2009; Zhao et al., 2009; Fu et al., 2010). #iska sadajuma novirze
no nornala sadaljuma ar varbtibu P=0.95 tiek uzskah par ltisku, ja p-@rtiba ir
mazika par 0.05. Nulles hipeze gaduma empriskais sadajums hitiski neatg&iras no
normala sadaljuma (H: Xemp.=Xteor.; H: Xemp#Xteor.). leditie rezuliti nosaka
parametrisko vai neparametrisko metozu pielietojtunpnikaja datu apsade.

Manna-Vitneja U tests (Mann-Whitney U Test)Manna-Vitneja U tests ir
alternatva metode t-testam divu nesaistparaugkopu vigjo vertibu saidzinaSanai, ja
tas neatbilst noralajam sadajumam (Paura and Arhipova, 2002). Manna-Vitneja U
tests ir veiksmygi izmantots vaikos citu autoruidenu kvalitates @tijumos (Warner,
2000; Van Herpe and Troch, 2000; Stenger et aD22Borin et al., 2005; Heathwaite
et al., 2006; Zhao et al., 2009; Huang et al., 2088 petijuma tests ar Btiskuma
Iimenia=0.05 pielietots, lai salzinatu Ncop UN Rop koncentiicijas dazdos @tnieabas
limenos. Ja p-grtiba m@rsniedz latiskuma tmeni a, tad var uzskat ka datu kopas
butiski neat&iras.

Spirmena rangu korelacija (Spearman's Rank Correlationparmena rangu
korelcijas procedru izmanto, lai anali&u korekciju (ne vienngr linearu) starp datu
kopu &ditajiem, kas neatbilst norilajam sadajumam (Warner, 2000; Stenger et al.,
2002; Borin et al., 2005; Donohue et al., 2005; min and Hogue, 2009; Varol and
Sen, 2009; Moreno-Mateos et al., 2010; Delpla et26111). Koreicijas koeficients ¢
var kit robezs no -1 idz +1, negavs koeficients nada, ka viena aditaja augsis
vértibas ir saigtas ar otra aditaja zemajm vertibam jeb palielinoties vienaaditaja
veértibam otra samazis. Jo tuak koeficents ir 1, jo cieka ir korehcija starp diviem
mairigajiem. Neliela g vertiba ar var no&dit uz ieverojamu saigbu starp maifgajiem,
tas atkaigs no p-ertibas. Ja p-&rtiba ir mazka par latiskuma imeni @=0.05), tad
nulles hipotzi, ka koreicija nav (.=0) var norai®t, un apegkinato korekcijas
koeficentu uzskait par statistiski namigu. Saidzinot ar atbilstoSo parametrisko testu,
Sprmena rangu koratijas efektivifite ir 91% (Zar, 1984; Warner, 2000).18pena
rangu koredcijas anakze tika izmantota, lai gitu nokridiu ietekmi uz noteces
veidoSanos, jo hidrofgskais cikls ir cieSi saigs ar izkliedta piedrnojuma raSafis
iemesliem, K af, lai noskaidrotu noteces un bty elementu konceniiju
savstarpjo korehciju.

Manna—Kendala tests (Mann-Kendall Test) Manna-Kendala tests ura t
modifikacijas, piendram, Seasonal Kendall test (Hirsch and Slack, 19&K) plaSi
izmantotasiidenu kvalitates @tijumos (Stalnacke et al., 1999; Raike et al., 2003;
Stalnacke et al., 2003; Donohue et al., 2001; Bectmand Stalnacke, 2005; Granlund
et al., 2005; Kronvang et al., 2005; Kyllmar et, &006; lital et al., 2010). 1§
neparametrisis metodes dod ieg§ju nowerteét datu rindu, kas neatbilst nofifajam
sadafjumam, ilgtermha mainbas raksturu (Gilbert, 1987; Migliaccio et al., 201
Helsels and HirSs (2002) fornalka Manna-Kendala tests nosaka &ftibu tendenci,
proti, poziivs, negaws vai nav monotons trends, s#Hat ar maingo X. Testa
pielietoSanas ietvaros tiek @gimats statistiskais aditajs S, kura skaitlisk vertiba
raksturo trendu. Jaaditajs S ir pozitvs, tad iesgams apgalvot, ka Y artitbam ir
tendence palieldties, ja S ir negats, tad nogrojama Y \érttbu samaziiSaras
noteiké laika period, savulrt, ja S ir 0, tad nav n@ojams monotons trends nevien
virziena. Manna-Kendala trendu amzé tika veikta izmantojot datorprogrammu Time
Trends 3.1 (Time Trends, 2010). Sgjetijuma Manna-Kendala tests ar statisisk
batiskuma Tmeni ¢=0.05 tika izmantots, lai anadiu lauksaimnieibas notéu
monitoringa realizcijas laika konstagto bioggno elementu koncentiju izmapas
laika.
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3. REZULTATI UN DISKUSIJA

Nodda apraksiti promocijas darba rezali par analizto meteorolgisko,
hidrologisko un sipea un fosfora savienojumu datu kopu statistisko Isjatiau,
meteorolgiskiem un hidrolgiskajiem apsikliem Etamags teritorips, ka af raksturota
adenu kvalitate savstar§ji pakartotos iz@tes imenos, t.sk., dlpeda un fosfora
savienojumu koncer#ciju un noptizu mainba atkaiba no monitoringa staciju un
izpetes imenu specifikas. Noda doti ieteikumitadenu kvalitates standartu noteikSanai
pec shpela un fosfora savienojumiem lauksaimfB@dazmantojamas teritoripas.

3.1. Datu kopu statistisla sadatjuma raksturojums

Kolmogorova — Smirnova tests tiek plasi izmanttatisnoteiktu eksperimesiiaja
petijuma posna iegito datu (empiskais sadajums) atbilstou nornalajam
sadaljumam (Van Herpe and Troch, 2000; Stenger et &022 Helsel and Hirsch,
2002). Emjriska sadaljuma novirze no norata sadajjuma tiek uzskata par latisku, ja
p-vértiba ir mazka par a=0.05. leditie rezulaiti nosaka to, kuras s pareizkas
statistiskis datu apsides metodes turpikaja lauksaimnietbas noté&u monitoringa
rezuléitu anaizé — parametrisks vai neparametrigk.

Nokrispu un gaisa temper@au paraugkopu ariiska parbaude atbilgbai
normalajam sadajumam ar Kolmogorova — Smirnova testu sniedz sekojezulitu —
visas paraugkopas neatbilst natajam sadaljumam. Rc Kolmogorova — Smirnova
testa rezulfitiem nulles hipatzi var noraidt, jo visos gagumos p < 0.05.

Monitoringa staciju mazsateces baseina un drenudisi Etniedbas Imenos
noeroto notéu datu kopu anglskas parbaudes rezudti par atbilstbu normalajam
sadaljumam no#da, ka nulles hipeti pec Kolmogorova — Smirnova testa var nonaid
visu paraugkopu gadmos, jo p < 0.05. Notei datu kopas neatbilst nositajam
sadaijumam.

3.1. tabud apkopoti rezuliti par Nop Un Rop datu kopu an@ti atbilstbai
normalajam sadajumam, izceltas pdrtibas, kas liakas par 0.05. Nulles hipsi pec
Kolmogorova — Smirnova testa reztiém nevar noraitt Bérzes un Mellufies sateces
baseinu N, datu kogm, Mellugtes drenu lauka un MB izgginajuma laucha Ncp
datiem, k& af izmeginajuma lauchu MA, MC, MD Ngp un Rep datu kopm, visos
gadjumos p > 0.05. Rrgjas biogno elementu datu kopas neatbilst nalajam
sadaijumam, jo p < 0.05.

Talakai datu apstdei nornila sadaljuma gadiuma batu izmantojamas
parametrisks datu apsides metodes. Ggdmos, kad netiek apstipéita datu atbilsba
normalajam sadajumam, izmantojamas neparametfiskdatu apsiides metodes.
Neparametriskiem testiem nav Sigsr datu sadgums, tie var tikt izmantoti mam
datu kopm, lai izmantotu parametrisk metodes nepiecieSams peeczinat datu
sadaljumu (Marques de Sa, 2007)a ka pétijjuma turpirajuma tiek saidzinatas un
analiZtas gan noralajam sadajumam atbilstoSas, gan neatbilstoSas datu kopds, ta
izmantojamas neparametriskdatu apsiides metodes. Neparametriskie tegtdli tka
Manna-Kendala, Manna-Vitneja U un i8pena rangu koratija, var tikt izmantoti
gadjumos, kad parametrisko testu gmumi ir parkapti. Sie testi nepieprasa mago
atbilstbu nornalajam sadajumam vai viendaigu datu izkliedi (Morgan et al., 2004).
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3.1. tabula
Nkop UN Pyop koncentraciju datu kopu atbilstibas normalajam sadakjumam
analfitiska parbaude

Monitoringa stacija Btnieabas Imenis|  Parametrs partiba
Baseins Nkop 0.23
E Piop 0.00
Berze
Drenu sistma Niog 0.00
Piop 0.00
i Niop 0.06
Baseins o 29
i Niop 0.13
Drenu sistma P 5.0
MA N kop 0.05
Prop 0.25
MB Nkop 0.06
T Prop 0.01
Mellupite NG N 0.01
Prop 0.05
MD Niop 0.12
Piop 0.05
ME Niop 0.01
Piop 0.00
MV N kop 0.00
Piop 0.00
Baseins Nkop 0.00
- ' Piop 0.00
Vienzienite
Drenu sistma Nkop 0.00
Piop 0.00

3.2. Meteorolgiskie apstkli petamajas teritorij as

Monitoringa staciju geogafiskais novietojums Latvijas teritofij nosaka
meteorolg@isko un hidrolgisko apsiklu ipatribas, kuras ieteken smpemti Saules
starojuma daudzums, atmesfs cirkuficija, Baltijas jiras un Rgas jiras ica tuvums,
ka afi reljefs (KavinS et al., 2008). ®ama perioda (1995. — 2010. g.) un ilgtermai
(1948./1950. — 2010. g.) atmdsds nokrigu un gaisa temper@au dati iegiti LV GMC
noverojumu stacis Dobet, Saldi un Zo€nos, raksturo meteorglskos apsiklus
attieagi Beérzes, Melluftes un Vienzieftes sateces baseinos. Andlie pstama
perioda dati pada meteorolgisko apsiklu fonu monitogétajas teritorias, kas ietekm
hidrologisko uniidenu kvalitatvo raditaju rezul@tus. Rtama perioda un ilgternmia datu
saldzinajums sniedz ieskatu klimata madas rakstu.

3.2.1. Atmoséras nokriSni

Meteorolg@isko staciju nogrojumu dati liecina, ka lauksaimni®éas noteéu
monitoringa staciju teritods pasiv zimigas atgiribas izkrituSo atmos&fas nokrigu
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daudzumos (3.2. tabula)et®maja laika period vidgji gada visvairak nokrigau noweroti
Vienziemte (729 mm), maaks nokrifiu daudzums konsgis Mellupate (668 mm) un
Bérze (594 mm). Latvijas Univerdites zirtnieku [Etjjumos par nokrigu daudzumu
Latvijas teritorip noteiktais gada vigjo nokrisjiu daudzuma sadalms neatiras no
Sap pétijjuma nowerota, proti, Vidzemes un Rietumkursas augsigenr sastopams
lielaks nokriiu daudzums nekViduslatvijas zemiefiun Latgales augstienKlavins
et al., 2008).

3.2. tabula
Gada nokriSnu daudzums Etamajas teritorij as

Gads Brze Mellupte Vienzienite
1995 658 763 769
1996 524 587 581
1997 588 635 804
1998 703 740 926
1999 544 639 717
2000 507 597 670
2001 713 773 786
2002 677 595 615
2003 469 586 621
2004 616 604 725
2005 515 473 680
2006 487 579 452
2007 565 757 785
2008 531 650 826
2009 574 862 802
2010 827 855 908
Vidgji 594 668 729
Min 469 473 452
Max 827 862 926

Avots: LVGMC meteorolgisko norojumu dati

Saidzinot gada atmoafas nokriau daudzumu §amaj laika period
(3.2.tabula) ar ilggadi nowrotajiem (3.1. a#lls), iesgjams seciat, ka
lauksaimnietbas notéu monitoringa realizcijas laika eksperimerilajos objektos ir
bijusi gan vi&ji mitri, gan izteikti sausi, gan izteikti mitri ga Tadgjadi analizta
nokrigjiu datu rinda ir reprezentaf, jo sniedz ieskatu dados mitruma apsklos
petamajas teritorips. Sausam gadam atbilst 10% nodrgsims, viccjam jeb normlam
gadam 50% nodro&ijums, mitrus apgklus raksturo 90% nodro&ijums.

Nokrispgu daudzums un to sezdd mairtba nozmigi ietekn® noteces
veidoSanos (Ward and Robinson, 2000; Randall andaMR001; Vuorenmaa et al.,
2002; DeBarry, 2004; Magner et al., 20@8khshet al., 2006; Deelstra et al., 2008).
Eksperimeritla perioda (1995. — 2010. g.)émeSu vidjas nokriiu daudzuma artibas
ir apkopotas 3.3. tabal
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Avots: LVGMC meteorolgisko noverojumu dati

3.1. att. Gada nokridjiu daudzuma nodroSirajums monitoringa stacijas.

Visos [gtijuma objektos ir izteikta nokni$l izkriSanas sezondlte. Berzes
monitoringa stacij lielakais nokrigu daudzums vigJi méneg izkrit janija, julija un
oktobi (225 mm jeb 38% no vighs nokriiu summas ga), Mellupité atbilstoSi filij a,
augusi un oktobr (258 mm jeb 39%), turpretim Vienzié® — junija, julija un oktobt
(254 mm jeb 35%). wijs ir vienigais nenesis, kad nokrigi daudzums vis
monitoringa staclis ir lidzigs (Berze — 84 mm, Mellufpe — 81 mm, Vienziemte —
81 mm). Rrgjos nenesos ir nogrojams, ka Brzes monitoringa stadijsaidzinajuma ar
Mellupiti un Vienzieniti ir maziks nokri$iu daudzums, savak, Vienziemte vairak
nokrijiu nelkd Mellupite, sastopami aratsevig&i iznpémumi, piengram, Mellupte
augusta renes vidgji ir 95 mm nokrigu.
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MeneSa vidsjas atmosEras nokriSnu un gaisa temperatiras vertibas

3.3. tabula

Parametrs Period4 Janis Februiris| Marts | Apilis ‘ Maijs ‘ Jinijs ‘ Jilijs ‘ Augusts‘ Septembril's Oktobris | Novembris* Decembris| Gads
Berze

Temperaira, (/1950-1994 -4.4 -4.8 -1.2 5.0 10.9 15.0 16.7 15.9 11.6 6.7 1.7 -2.0 5.9
Temperaira, (/1995-2010 -2.9 -2.5 0.4 6.7 12.2 16.2 19.0 18.1 13.0 8.0 2.5 -1.9 7.4
NokriSpi, mm | 1950-1994 31.7 24.7 26.7 42.7 40.1 51.6 68.5 75.6 59.6 53.8 215 39.8 566.5
Nokrispgi, mm | 1995-2010 36.0 32.6 32.2 27.1 46.8 71.3 84.0 61.9 45.4 69.6 9.34 37.5 593.7
Mellupite

Temperaira, (]1948-1994 -4.3 -4.7 -1.2 4.7 10.8 14.5 16.3 15.9 11.3 6.7 1.7 -1.9 5.8
Temperaira, (1995-2010 -3.7 -3.5 -0.7 5.8 11.2 14.9 17.7 17.Q 11.7 6.4 1.4 -2.7 6.3
NokriSgi, mm | 1948-1994 42.0 29.0 34.4 40.2 41.6 60.7 76.6 74.8 69.4 66.6 296 54.1 652.3
Nokrispgi, mm | 1995-2010 41.8 35.2 34.2 36.3 49.0 60.0 80.6 95.0 59.3 82.5 295 41.7 668.5
Vienziente

Temperaira, (/1948-1994 -5.8 -6.1 -2.7 4.1 10.4 14.3 15.9 14.9 10.2 5.3 0.0 -3.8 4.7
Temperaira, (/1995-2010 -4.9 -4.9 -1.2 5.8 10.9 14.9 17.5 16.Q 10.7 5.6 0.5 -3.9 5.6
NokriSpi, mm | 1948-1994 49.6 36.6 37.3 47.0 54.1 70.8 80.4 88.6 77.9 67.1 466 56.4 730.4
NokriSgi, mm | 1995-2010 50.2 47.0 39.4 38.9 61.0 85.7 81.4 71.6 51.4 86.5 0.4 6 55.8 729.2

Avots: LVGMC meteorolgisko novrojumu dati
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Vasaras renesos liels nokrigu daudzums iztvaiko, tiek pméts augu aistiba
un lidz ar to noteci praktiski neveido (vasaras fa@ns periods), savai, ruden,
pazeminoties gaisa tempanam, tiek limiteti evapotranspiicijas procesi un veidojas
notece. lerasti ziemasemeSos nokrid sniega veid akumugjas un pavasara periad
strauji palielinoties gaisa temperedi, notiek sniega un ledus kuSana akas pavasara
pali, kas raksturojas ar gadielako tderigumu, ilgstoSi augstiemdens imegiem un
parasti arpaliequ apptiSanu (dverts, 2004).

Detaliztakiem Etijumiem par nokri§u ietekmi uz noteces un izkliesd
piesirpojuma veidoSanos ttu nepiecieSami specifiski dati, @adi ka nokrigu
intensiate, ilgums, atkrtoSars, pilienu izngri, pilienu enegija. Apjoms un intensite
ir svafigakie faktori, kas ietekm izkliedéto piesrnojumu. Piendram, viena apjoma
1slaiags, lielas intensites lietus rat$ lielaku noteci, nek ilgstoSs, mazas intensiies
(Wolfe, 2001).

3.2.2. Gaisa temperaira

Petamaja periodi (1995. — 2010.g.) n@votie gaisa temperatas dati
(3.3. tabula) nada, ka gada viga temperaira ir augika Zemgalesitizenuna (Bérze
7.4 °C) nek Vadakstes ilzenum (Mellupite 6.3 °C) un Vidzemes augstten
(Vienziemte 5.6 °C). Silikie meneSi visis monitoringa stadp ir bijusi pavasara un
vasaras sez@m (maijs — septembris), kad @jd gaisa temperata ir virs 10 °C.
Aukstakie ir ziemas raneSi (decembris — fehdus), kad vidja gaisa temperata ir
negaiva, Mellugtes un Vienzientes gagjuma afn marta ndnegs ir noverojama negava
temperaira, kas liecina, ka Sajos apvidos pavasarigjesiclak nelka Berze. Turpinot
salidzinat méneSu vi@jas gaisa temperatas monitoringa stadi, var seciat, ka Berze
ir par 0.8 °C (janaris, decembris) — 1.6 °C (oktobris) 8ks nek atbilstoSajos @nesos
Mellupité un par 0.9 °C (afiis) — 2.4 °C (febraris, oktobris) siliks nek Vienziemtg.
Mellupité un Vienzienité pavasara un vasarasmesos vidjas temperatras ir vieradas
(apilis, junijs) vai savstarfi lidzigas, ziemas BmeSos un rudens beigu pasm
(janvaris, februris, decembris un novembris) Melit® ir par 1.1 °C — 1.4°C siks
nela Vienziemte.

Siltaki apstikli pavasar nodroSina labsligaku vidi atrakai augu aistibai,
ilgakas pozitvas temperairas rudenpalielina vgetacijas perioda garumu. \¢etacijas
perioda garums selkimaugu balbas elementu izmantoSanu gan uz sauszemes
(kultaraugi, gambas, mezi), gandens vi@ (virsadens, peldlapu, zeidensuadensaugi,
mikroorganismi), idz ar to samaz#s tas slpeka un fosfora savienojumu daudzums,
kas vagtu izskaloties. Gaisa un augsnes tempeaaieteknz an slapeka savienojumu
transfornacijas procesus auggnpientram, nitrifikaciju (Van Miegroet and Johnson,
1993; Heathwaite et al., 1996;ld&inS un Cimdns, 2004; Havlin et al., 2005) un
denitrifikaciju (Magner et al., 2004; Nikodemus et al., 20@Bgnitrifikacijas process
Klust iesgjams, ja augsnes tempenat ir vismaz 2.7°C — 10°C (Firestone, 1982),
optimala temperaira 3 procesa norisei ir virs 25 °C (Vinten and Smith93). Rtjjuma
Zviedrija ir konstagts, ka sateces baseinos, kuros ir bijusi @#@ngada vidja
temperaira, nowrotas ar zenikas gada vigas kogja slapeka koncenticijas
(Kyllmar et al., 2006), jo tempermaa ir noteicoSais faktors organisk vielas un
kultaraugu atlieku transforacijai mineraliacijas procesu ietvaros (Kyllmar, 2004).

Apkopojot nokrigu un gaisa temper@au datu anakes rezulttus, var secit,
ka Berzes monitoringa stacijas tuvamsaldzinagjuma ar p@rejiem objektiem, ir
vissiltakie un saugkie apsikli, turpretim Vienzierité — vis\vesakie un mitékie.
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3.2.3. Klimata mairibas raksturs

Petama perioda (1995. — 2010.g.) un ilgterrai (1948./1950. — 1994.9.)
meteorolg@isko norojumu dati par nokrigu daudzumiem un gaisa temp@ram var
sniegt ieskatu klimata malmas rakstdr eksperimeriajas teritorigs, kas akotne
varetu ieteknet an hidrologisko un augu baoas elementu noftu reamus.

Atmosferas nokrigu daudzuma maihas iz\értéjums, saidzinot Etama perioda
un ilgtermhpa datus, pada, ka gada vigais nokridiu daudzums ir palielijies Berzes
(27 mm) un Mellupes (16 mm) monitoringa sta&sj, turpretim, Vienzieme tas ir
palicis praktiski nemaiigs (3.3. tabula). Nokn& mainbas @gtijumos hitiski ir skait
afn sezo@dlo maintbu, jo nokriju pieejariba ieteknd augu afistibu, tai skai
lauksaimnietbas kultiru (KlavinS et al., 2008). Nokrigl daudzuma izmaas nenesSu
griezuna apkopotas 3.2. &tf, skaitliskas \ertibas raksturo giamaj periodi noverota
izkrituSo nokri$iu daudzuma stafipu ar ilgtermna izmerito.
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Avots: LVGMC meteorolgisko norojumu dati

3.2. att. Nokrisnu daudzuma mairiba monitoringa stacijas.

Bérzes, Mellufites un Vienziemes staciju teritorf§s ir sastopamas gan Kgps,
gan atgirigas sezailas nokrisiu daudzuma izmaas. Maznounigas izmaias
izkrituSo nokrigiu daudzura visos monitoringa objektos ir rakstgas jandra un marta
meneSiem. Btamajas teritorigs nokrifiu daudzuma palielasaras ir sastopama \is
sezons: ziena — februiris, pavasar— maijs, vasar— junijs (iznemot Eerzi) un ruden—
oktobris. Nokridau samaziaSaras konstaita aprli, august (izpemot Mellupti),
septembr, novembt un decemiar Nakotng, saglahjoties esoSajai tendencei, nokiis
daudzuma samazigaras rudens beigu posimun ziemas @nesos ietek@s noteces
veidoSanos pavasara palu Riko samaziasies sniega un ledus daudzums, kagskus
les@joties pozitvam temperatram pavasar Nokriqjiu palieliraSaras vasaras sezan
(unijs, julijs) labweligi ieteknes kultiraugu afistbu lauksaimniedas teritorijs,
savukirt, samaziaSaras august un septembrnelab\ligi ieteknés kultiraugu razas
veidoSanos nosfjuma fizes.
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Salkdzinot fEtama perioda un ilgtermmia gada vidjas gaisa temperaas,
no\erots temperdiras pieaugums visos monitoringa objektosrzB palielimajums ir
vislielakais (1.5 °C), Vienziefit¢ 0.9 °C, savuirt, Mellupité noteikts viszerikais
temperairas pieaugums 0.5 °C.eB¢ visos gada m®neSos gaisa tempefied ir
paaugstigjusies, gkot no 0.1 °C decembrlidz pat 2.3 °C feb@r. Mellupite
temperaira ir pieaugusi periad no janvdra lidz septembrim, turpretim oktabr
novembt un decemhrtemperaira ir pazemigjusies. Vienzierne visos gada mgnesos,
izpemot decembri, kar ir kluvis auksiks par 0.1 °C, ir konstéts temperatras
pieaugums. Visizteildk temperaira ir palielirgjusies Erze, periodi no janvra lidz
oktobrim palielimjums ir liekks par 1 °C.

Konstattas atmosfras nokri@u un gaisa tempefau izmahas no#da, ka
nakotré varetu bit noverojamas sekojosas tendences:

e (gada noteces apjoms netiks oi ieteknets Berzé un Melluate, jo veidojas
balanss starp palielitu nokrigiu izkriSanas daudzumu un pieaugoSo gaisa
temperairu, Vienzienté iesfgjama noteces samazsaris, jo nav konstats
nokrigju daudzuma pieaugums;

e ziemas mineSos Visos gniedbas objektos, palielinoties gaisa tempnaif
sagaidms izteikts notece pieaugums ziemas tdans period, ka ietekne
palielinasies augu ba@pas elementu izskaloS&sun samazisies pavasara palu
izteiktums unadenngums. Ap#e et al. (2011) gfuma par klimata maitbas
ietekmi uz upju noteci Latvij modetja Bérzes un Vienzieftes upju noteces
pec Starpvaltbu grupa klimata izmau jaugjumos (The Intergovernmental
Panel on Climate Change) klimata stgiem A2 un B2. Ka viens no ptijjuma
rezul@tiem tiek mirgéts upju noteces palieliBaras ziemas rEnesos (decembris,
janvaris, februaris) gan gc A2, gan pc B2 klimata scedrijiem.

3.3. Noteces kvantitaitva analize

Noteces reima savstarf)a saisiba aradenu kvalitati ir pieradita vaiakos citu
autoru g@tijjumos (Armstrong and Burt, 1993; Sharpley and Rakein, 1997; Mander
et al., 1998; Stalnacke et al., 1999; Van Herpe Ewdh, 2000; Donohue et al., 2001;
Ritter and Bergstrom, 2001; McDowell et al., 208 rrington et al., 2002; Stalnacke
et al., 2003; Havlin et al., 2005; lital, 2005;¢#ia et al., 2005) ate] ir butiski analizt
noteci raksturojass skaitliskis \ertibas gtamajas teritorips. Laika period no 1995.
lidz 2010. gadam gan sateces baseina, gan dnervam [Vienziemteé gada vidjais
noteces &his (q) ir liekks nek Beérze un Melluate (3.3. atéls).

Salkdzinot monitoringa objektos konsttis noteces,apatur phta 3.2. nodé&
apskaitas atmosras nokri§u un gaisa temper@u sakaibas, kur Vienzieme vidgji
gad ir izkritusi visvaiik nokriqiu un gada vigja gaisa temperata ir viszenmaka. Tatu
noteces veidoSanos procesu ietekra tikai klimatiskie apskli, bet ar baseina virsmas
faktori, tadi ka reljefs, augsu granulometriskais sasts, geologiska uzhive,
mezainums (§nkis, 1986; Zverts, 2004).

Gada vi@ja notece Brzes un Melluftes drenu sistnu izgetes imen ir lielaka
neka sateces basain attiedgi par 2.85 mm un 12.70 mm, turpretim Vienziess
objeke lielaka notece konsteétia sateces baseiriaern, starpba 14.06 mm (3.3. &t6).
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Avots: VUS lauksaimnietbas notéu monitoringa dati

3.3. att. Gada vidjais noteces ginis monitoringa staciju izpetes kmenos
(1995. — 2010.9.).

Noteces gina atkiribas vienas monitoringa stacijas dgs imenos nevar bt
saisttas ar sateces baseinu &m daZdibu, jo noteces &ha apekinos tiek iewvrtets
drenu sigEmu un mazo sateces baseinu laukums. Vieriggsnizgtes imenos ieditie
notetu datu rezufiti atspoglo likumsakaigu noteces atti®ou monitoringa imenos,
proti, baseinaiimern notece ir liekka neld drenu lauk. Noteci sateces baseineido
regubra drenu, virszemes un gruidienu piephlide, kandr drenu lauk galvenoldrt
infiltr acijas tdeni. Epizodiski, pavasara un rudens sempndrenu noteci ietek@n
gruntsideni, kad grunt@dens imenis atrodas virs drenu ines dzjuma. Atsevikos
gadjumos drenu noteci papildinaiarirszemes notece, kas iapl ieplaks izvietotajs
filtrakas un &lak tiek novadta drenudadenu kolektos, nowerSot augsnes erozijas
iesggjamibu.  Sids risirgjums ir izveidots Mellupes drenu lauk Vienziemtes
monitoringa stacijas apkne ir ipasi labeligi aps#kli virszemes noteces naksanai
udensteg, jo sateces baseinam rak#fsr izteikts reljefs. Brzes sateces baseins un
drenu lauks atroda®dizera reljefa, tade] virszemes noteces pi@ple ir mininila, lidz ar
to abos izptes imenos noteces ahi praktiski neatkiras. Melluptes sateces basein
lauksaimnietba izmantois plaibas aipem 69%, kas ir mak nela Vienziemte
(78%). Lauksaimniabas zeras izhiveta dreriza sekmd mitruma prpalikuma
novadSanu no augsnes umenstegm, tad¢jadi lielaka drerto platbu procentala
attieaba pret nedretajam ieverojami veicina noteces veidoSanos sateces kmsein
Turklat Mellupites sateces baseinam ir rakgjar liekka mezaifba, kas preji
lauksaimnietbas zeram, veicinaiidens uzkiSanos mezu pldfas, samazinot noteces
veidoSanos. Dreo platbu attieGba sateces basainn mezainums ir galvenie iemesli
noteces apjomu d&#®ibam Mellupites sateces baseina un drenucsiss izgtes
l[imepos.

Noteces datu statistiskiaditaji (3.4. tabula) raksturo diennakts &d noteces
slani petamajas teritorias, ka ai sniedz ieskatu ikdienas noteces datu kogasbias,
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kas sadalas cetras vieradas ddas. Pirna jeb 25% kvartile nada \ertibu, kdz kurai
atrodas 25% no viasn \ertibam, 50% kvartile sakt ar medinu, tred jeb 75% kvartile
raksturo paunes rtibu, idz kurai atrodas 75% no wi® Vertibam, ceturd kvartile ir
maksinala konstagta vertiba. Sida detalizta datu anate apstiprina iepriek$ noteiist
noteces veidoSan likumsakaibas gtnieabas objektos.

3.4. tabula
Diennakts noteces datu kopu aprakstasstatistika (1995. — 2010.9.)
Bérze Mellupte Vienzienite
Monitoringa stacija ) Drenu , Drenu . Drenu
Baseins| _. Baseins| . Baseins| . _
sisema sisEma sisEma
Parametrs gmm gmm g mm g, m g, mm g, mm
Paraugu skaits 5844 5844 5844 5844 5844 5844
Aritmétiskais vidjais 0.446 0.454 0.637 0.672 0.76] 0.730
Kvartiles 25 0.011 0.000 0.056 0.020 0.050 0.030
50| 0.103 0.085 0.214 0.194 0.278 0.196
75| 0.419 0.455 0.667 0.792 0.862 0.6Q2

Avots: VUS lauksaimniebas notéu monitoringa dati

Maksimala vertiba notecesgijumu gadjuma, at¥kiriba no rejiem datu kopas
parametriem, atain@slaiagu notikumu, attiegi, vienas diennakts laikaizte&juso
adens apjomu. Vienzieft@ nowrotas maksinilas noteces artibas abos monitoringa
limenos vaigkkart parsniedz Brzé un Melluagte fiksétas. 3.5. tabul apkopotas
maksinalas notecesartibas un to &oni.

3.5. tabula
Maksimalas noteces @éoni (1995. — 2010.9.)
Monlto.rllnga Izpetes imenis| Notece, mm Datums abnis
stacija

Barze Baseins_ 16.239 13. 04. 1996 9 c_lienas T>0/°C
Drenu sistma 21.793 22.03. 201( 4 dienas T >0 7C

Mellupite Baseins_ 21.045 21.03.2010 3 c_lienas T>0]°C
Drenu sistma 22.816 21. 03. 201( 3dienas T >0 7C

Vienziente Baseins_ 41.595 28. 04. 2001 Nolg:ri§8.3 mm
Drenu sistma 55.322 14.05.199% Nokii$1l.6 mm

Avots: VUS un LMGMC dati

Vienzienté maksinilas noteces veidoSanos sefandivu dienu laik izkrituso
atmoséras nokrigu daudzums. Sateces baseiimaelt pirmas dienas nokrifu apjoms
(19 mm) akumudjas augsh, savulirt, otras dienas nokri§ (49.3 mm) ragla noteci.
Lidz\ertiga sitd@cija noerota ar Vienzienites drenu sistmas g@tijumos, kad pirmaj
diera nolijja 11.2 mm nokrisu un maksiralas noteces navoSanas dien40.4 mm.
Zemas temperatras Vidzemes augstiepavasara sezar3.3. tabula) neveicina strauju
sniega un ledus kuSanudt] maksinala notece $aj periodi neveidojas. Brzes un
Mellupites monitoringa stadi$ maksinalas noteces veidoSanos ietekpozitvu gaisa
temperalru iestdaris pavasara sezanka rezulfita notiek strauj$ atkusnis.kfka
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(1986) tijumi norada, ka dreétas augsnes sasalumanss graviticijasadens plismu
seviki neaiztur, ide] pavasar, kastot sniegam un ledunadens filtgjas cauri augsnes
profilam un veido noteci.

Vairakos [Etijjumos seciats, ka momenna notece palielasaras ir iemesls
paaugstiatam skpella un fosfora savienojumu koncedijam tden (Grant et al.,
1996; Laznik et al., 1999; de Vos, 2001; Magnealet2004; Klgve et al., 2010),¢ta
pastv af pregjs viedoklis, proti, palieliitas noteces agios notiek at§aidiSaras
procesi, kuru rezuta nitratjonu (N-NGs) koncenticijas samaziis (Hooda et al.,
1997; McDowell et al., 200Bakhsh et al., 2006

Noteces veidoSas sezonalite ietekn@ biogeno elementu izskaloSanos no
augsnes ati] ir svaiigi noteikt periodus, kuri Sajpspekd ir nozmigakie (3.4. attls).

Berzes Berzes drenu Mellupltes Mellupites Vlen2|emtesV|enziemtes
sateces sisEma sateces drenu sistma sateces drenu sistma
baseins baseins baseins

®mDec-Feb mMar-Mai = Jin-Aug ®Sep-Nov

100%
90% -
80% -
70% A
60% -
50% -
40% A
30% -
20% -
10% A
0%

Avots: VUS lauksaimniebas notéu monitoringa dati
3.4. att. Noteces sezaais sadaijums (1995. — 2010.9.).

Ziemas period, kad augsne ir diak vai sekik sasalusi, aiztek 29 — 39% no
gada noteces apjoma. Pavasara palu penaidojas 31 — 43% no gada noteces.
Atskiriba no ziemas sezonas, kad noteces apjoms akjasulgstosi, pavasanotece
veidojasisa laika period, pec pavasara palu maksimuma (ierasti 2 — Flas) notece
strauji samazifis. Vasaras sezonai rak§ga mininala notece, atsew®s gadiumos
tdens piisma S& periodi izsikst. Rudens lietavu ladkrodas 16 — 25% no noteces
daudzuma. Lai gan monitoringa staciju uréigs imegu starg ir noverojamas kopgas
noteces veidosan sezoalas ieames, tomdr pasiv afl zinamas procentila sadaijjuma
at&iribas, kas ir skaidrojamas ar koetiai vietai rakstuigiem klimatiskajiem, baseina
virsmas faktoriem un @amo plaibu nosusifSanas intengites &ditajiem (drenu
dzilums un savstagmis attilums).

Fon Stoés un Cwrs (von Storch and Zwiers, 1999) apgalvo, ka paeasa
rudens sezais mitras augsnes apklos gandiz viss izkrituSo nokrigu daudzums
parveidojas noteg jo mirctajas sezofs udens saisfanas sfja augsh ir neliela.
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Vasaras sezamokriqiu udens uzkijas sausajaugse, tiek patéréts augu atstiba vai
iztvaiko, &de] lietus mazsvagi ietekn® noteces veidoSanos. Skaitliski izkrituSo
nokrijiu daudzuma saidlu ar noteces apjomu var izteikt ari@pena koreicijas
koeficienta paldzbu.

Bérzes monitoringa sta@ijsateces baseinamen Sgrmena rangu koratijas
koeficients (¥) starp diennaktizkrituSo nokrigu daudzumu un tajpad laika period
konstagto noteci ir sadzinosi zems,s+0.11, t&u statistiski ticams, jo p=0.00. Drenu
lauku raksturojoSiem datiem koeficients igl wzemiks, =0.06, p=0.00. Mellujpes
sateces baseinainlen r=0.14, p=0.00, drenu lauka datiem=0.15, p=0.00.
Vienzientes sateces baseina noteces un ngkrifatiem ¢=0.15, p=0.00, drenu lauka
stacip noteiktais &0.16, p=0.00.

Analizgjot iegitos rezulitus ir janem \&ra monitoringa staciju teritodp
sastopamo aug8 granulometriskais sasts, kas nosaka augsnes hidrofitis
ipa8bas, noteces veido3mn kontekst ka nozZmigakas ir tdenscaurlaitha un
mitrumietilpiba (DeBarry, 2004). Augsnesdenscaurlaitbu raksturo infiltécijas
kapaciite, kura ir atkaga no augsnes poramas. Lielika porainba vieghika
granulometrisk sasiiva augsBs veicina adens infiltéciju, savulirt, samaziatas
porainbas apgiklos smaga granulometrisksasiva augsas tdens infiltacija tiek
butiski ietekneta (Ward and Robinson, 2000; Wolfe, 2001; Camerbrale 2002;
DeBarry, 2004; Nikodemus et al., 2008ddiens lauka mitrumietiijpa tiek lietots, lai
raksturotu to adens daudzumu ko augsnhegjsmoturet péc graviécijas udens
aizpliSanas. &a gadjuma ar adeni ir pildti ne tikai augsnes kapii, bet dagji ari
augsnes nekagpiias poras (Sauka, 1987). Notece veidojas, ja augsimuma daudzums
parsniedz lauka mitrumietiipu (DeBarry, 2004). Tradiciah Sads s&voklis tiek
sasniegts 2 — 3 dienagmlietus, atkaba no augsé esod mitruma daudzuma un
dziluma, Kk aid no izkrituSo nokrisu daudzuma (Wolfe, 2001). SmilSainu augs
(smilts, nalsmilts, smaga mismilts) pEtijumos konstats, ka notece veidojas, ja
nokrisau daudzums Ppsniedz 9 mm (Hofer et al., 2011), tukkada veida augss
notece var akties pat dazas stundagcpnokrifiu izkriSanas (Grant et al., 1996).
Papildus iepriekSmitajam lauka mitrumietilfpu ietekn® augsnes granulometriskais
sasiivs, mala veids, organisko vielu saturs, necaufigéd shna dziums un
evapotranspicija. Lauka mitrumietiltba gaduma malainas augsnes uztur vakr
adeni un ilgiku laika posmu neksmilSainas (Wolfe, 2001; DeBarry, 2004).

NokriSpu un noteces savst&[p saistbu raksturojoSie Spmena koreicijas
koeficienti skaidri atilo vertikalas tdenu kustbas tendences augsnes peofil
monitoringa staciju apvidos.cB¢ korekcijas koeficienti zeriki, jo tdens kugba Ena,
drenu izlives dziuma sastopams izteikts ala saturs augsn lauka mitrumietilpbas
sasniegSanai nepiecieSamsikig laiks nek Mellupité un Vienzienite, kur attie@gi ir
mazks nala saturs, adé] ai korehkcijas koeficienti Sajs teritorigs ir augsiki, adens
atrak filtrgjas cauri augsnes profilam veidojot noteci.

Sakdzinot Sprmena koreidcijas koeficientu #®rtibas, kas noteiktas starp
nokrigu un notéu datu kopm meénesu griezurm rodas secdjums, ka ciegka saistba
starp maifgajiem vids monitoringa stacip un abos iZgles imenos ir janvra,
februara, marta, augusta un novembranesos (3.6. tabula).

Izteikta mailgo korelicija ziemas r@neSos ir saifia ar limigtu
evapotranspiiciju procesu norisi negau gaisa temperatu ietekn¢ un pakipenisku
nokridqu transfornaciju note€. Skinkis (1986) noteces veidoZanatgiribas pa gada
sezoam skaidro ar gaisa tempeieds un atmosfas nokrigu ietekmes sezafo
nozimibu. Ta pientram, ziemas atkus laika un pavasar sniegam kstot noteces
lielumu par 57 — 87% nosaka gaisa tempeeatpar 11 — 27% nokf$ un par
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0.8 — 18% saules rautija. Turpret ruden mingto faktoru relaiva ietekn® ir attieagi
23 —41%, 48 — 71%, 4.5 — 22%.

3.6. tabula

NokriSpu daudzuma un noteces savsta@pa saistba pec S@rmena rangu

korelacijas krit érijiem (1995. — 2010.9.)

. Bérze Mellupte Vienzienite
Monitoringa
stacija Baseins] 2™ | Baseins] PNV | Baseins| Dren

sisEma sisema sisema

Menesis ' Is I's I's ls I's
Janvris 0.14 0.22 0.16 0.21 0.28 0.22
Februris 0.24 0.21 0.25 0.31 0.21 0.24
Marts 0.21 0.26 0.29 0.29 0.26 0.21
Aprilis 0.11 0.07* 0.17 0.08* 0.15 0.14
Maijs 0.01* 0.01* 0.12 0.03* 0.22 0.19
Janijs 0.18 -0.05* 0.08* -0.04* 0.10 0.13
Jalijs 0.19 0.13 0.20 0.09 0.19 0.22
Augusts 0.21 0.11 0.18 0.23 0.34 0.34
Septembris 0.11 0.06* 0.16 0.17 0.09* 0.04%
Oktobris 0.03* -0.07* 0.15 0.20 0.17 0.16
Novembris 0.12 0.13 0.25 0.28 0.21 0.16
Decembris 0.02* 0.00* 0.24 0.30 0.06* 0.16

* Koeficients nav statistiski ticams, jo p > 0.05

Izcelti Sprmena koreicijas koeficienti, kas liaki par 0.2

3.4.Udenu kvalitates anaize savstargji pak artotos izpetes imenos

Lauksaimnietbas notéu monitoringa ietvaros i@fp tdenu paraugukimiska
sasiiva anaizu rezuliiti sniedz ieskatu biagmo elementu izskaloSas procesos dados
lauksaimniecisks razoSanas intensties apgiklos. Paraugu skaits monitoringa stagij
un izpetes imenos ir savstargji atsirigs, jo vasaras madens period drenu un
virszemedidenstéu tadegpu plisma atsevigs ga@umos iz3kst.

Sauszemes augi un koki ki alges unadensaugi ir s§jigi uznpemt un patrét
tiden iz&idu3o sipekli, galvenokrt neorganisko amonija jonu (NH un nitatjonu
(NO3) veida (Van Miegroet and Johnson, 1993; Ritter and Beogst 2001; Hatch et
al., 2002; Merrington et al., 2002; Havlin et &005; Nikodemus et al., 2008). lerasti
amonija joni no augsnes izskasjneliek daudzun, jo relaivi viegli saistis ar negavi
ladetiem augsnes ata mine&liem un organisko vielu (Hatch et al., 2002; Nikodes et
al., 2008) un ir iesaigt vairakos transforracijas procesos, tai skaitasimikcija,
nitrifik acija, izgaroSana (Ritter and Bergstrom, 200Igws un CimdaS, 2004; Havlin
et al., 2005). T ka nitratjoni ir negalvi ladgti, tie nesaigts ar augsnes un organiskaj
dainam unatri izskalojas no augsnes horizontiem, &layt drenu un virszemes notec
(Merrington et al., 2002; Nikodemus et al., 2008).

Petamaja perioch Berzes un Mellugies monitoringa stad@i$ noerota nitratjonu
(N-NOg3) procentala attiedba pret Nop drenutidenos ir vierada - 90%, sateces baseina
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lTmen attiedgi 79% un 62%. Sateces baseimadn attieGba samazi#is, jo tdensteé
notiek tdequ atkaidiSaras un Kist iesgjams paSaitiSaras process, kura ietvaros
mikroorganismi unadensaugi savas w@fibas nodroSiEsanai izmanto pieejain
slapeka formas. Savukt, Vienziente nav noérojamas N-N@ un N, attieabas
at&iribas izgte Imepos, abosimepos & ir aptuveni 45%. Attieba ir saidzinoSi
neliela, jo mininali tiek izmantots organiskais un mia&is neslojums, sipela
savienojumi veidojas ilgstoSos dabiskos procesosobiliracija) un mazakos
daudzumos. Ekstetvas lauksaimniabas ap$iklos, kur lauksaimni@bas zeme tiek
izmantota K plavas un gabas, sipeklis iden vairak sastopams organiskajun
amonija jonu forra (Heathwaite et al., 1993). Mazo sateces baseifijumos Somg
konstatts, ka mezainos sateces baseings, Nalvenolkrt veido sipekia organisks
formas, savukt, lauksaimnietbas ietekrétajos baseinos nitjonu un amonija jonu
formas (Vuorenmaa et al., 2002). lepriekSgtiia procentalas attiegbas noiida, ka
intengvakos lauksaimniabas ap$iklos (Berze, Mellupte) augiem izmantojamo
slapela savienojumu daudzums ir palielis, vienlaiGgi palielimats ir af augu babas
elementu izskaloSas risks.

Fosfors augsh un adenn sastopams organisko un neorganisko savienojumu
forma (Sharpley and Rekolainen, 1997; Nikodemus et28l08). Augiem izmantojami
ir ader &istosie neorganiskie fagfoni: PQ;>, H,PO, un HPQ? (Leinweber et al.,
2002; Merrington et al., 2002). Augsnadens erozijas rezalh tiek noskalots ar
augsnes daam un organisko vielu saithis fosfors (Campbell and Edwards, 2001;
Leinweber et al., 2002). Virszemes noteces veidgmdjumos, kad izteikta reljefa
apstiklos intensvu lietus@zu vai sniega kuSanasdeni nesgj infiltr éties augsa
(Skinkis, 1986: Sharpley and Rekolainen, 1997%daT veidd no lauksaimnieba
izmantotajgm zentm tiek izskaloti 60 — 90% fosfora (Pietilainen dRekolainen, 1991,
Sharpley et al., 1992; Catt et al., 1998). Lai ¢alzkaja dda gadjumu P iznese no
augsnes notiek ar virszemes nevis pazemes note@jsevi&i regioni (Florida,
Rietumaustlija, Niderlande), kuros n@vota pastiprinata P izskaloSa&s ar drenu
udeniem (Sharpley and Rekolainen, 1997). Dré&denos saistais fosfors no#k lietus
adenim strauji pistot cauri augsnes profilam pa makrgmorun plaiam (Leinweber et
al., 2002).

Monitoringa objektos iedkto tdenu paraugu an@du rezuliitos konstatta
fosfatjonu (P-PQ*) procentdla attieaba pret Rop ir mairiga. Berze sateces baseina
izpetes imen attiedba ir 76%, drenu laukainhen 71%. Paaugstittas fosfitjonu
koncenticijas skaidrojamas aridzenam reljefam rakstigo noteces veidoSas
specifiku, kad virszemes notece sastopama retalvegaisiden istoSos fositjonus
transporgSanas meinisms ir vertikila idens kugba cauri augsnes profilam. Mellip
drenu sistmas iz@gtes imen procentdla attiedba ir 63%, karér sateces basairvien
51%, Saj limen izteiktaka Kist virszemes noteces ietekme adejadi an saistta veica
esod fosforaipatsvarsuden. Vienziemté gan sateces baseina, gan drenterist
izpétes imenos P-PQ* procentdla attiedba pret Ropir 11dZiga, attietyi 50% un 54%,
kas saigts ar ekstensas lauksaimniabas praktizSanu un izteikta reljefa apktiem
Sap petnieabas objekd.

Noteiktos apgiklos sipekia un fosfora savienojumu mijiedabla var Kat par
eitrofikacijas iemeslu. Agu atistibai optinala N un P daudzuma savstgpattieaba
adent ir 16:1, kas ir pastama K Redfielda attiea. lerojami zemaka N : P
attieadbas gaguma slapeklis ir limitgjoSais &su atistbas elements, savark, pie
augsikas N : P attiebas par limigjoSo Kast fosfors (Merrington et al.,, 2002;
HELCOM, 2009). Tiek uzskas, katdens kvaliites pasliktiaSaras notiek, ja Ry
koncenticijas tider parsniedz 0.05 mg™ un Redfielda attigba N : P ir 20 : 1 vai
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zenika. Ta&u eitrofikacijas procesu iegpmibu ietekng ne tikai N un P attiaba
ader, bet at citu vides faktoru mijiedaiba, t.sk.idens 8lums, temperata, dziums
un gaismas ktbatne (Pierzynski et al., 2000).

Mellupites dre@to izmeginajuma lauchu lmen vidgja petijuma period
nowverota Niop : Pop kONcentaciju attieaba vareé no 157 :1 norrlas mine&lmeslojuma
devas laugiu note€ lidz 467 : 1 dubulta min&méslojuma izkliedes laugu noteé.
Monitoringa staciju drenu laukunhert vidgja Nyop @ Pop koncenticiju attieaba ir
robezs no 50 : 1 Vienziemte |lidz 381 : 1 Brzes drenu lauka not®@cMazo sateces
baseinu imen zenika Nyop : Pop koncentiiciju attiegba konstaita Vienzienite
(67 : 1), augska Mellupites sateces baseina natell6 : 1. Rezudti norada, ka
ekstens/os lauksaimniabas apgiklos Vienzierites monitoringa stacijas teritarij
Nkop : Puop kONcenticiju attiedba ir zenaka nek intengvas lauksaimnigbas platbas
Bérze un Mellugte, kas ir saists ar izteikti zeram Nyop kOncenticijam Vienziemtes
monitoringa stacijas ifes imeyu note€s. Berzes upes dhaseinos My @ PBop
koncentéciju attiedba varé saidzinoSi plad diapazoaA, no 26: 1 lejpus Dobeles
pilsétas notekdenu atfriSanas iekrtam hidz 108 : 1Alaves upes dbaseil, kuram
rakstufga intensva lauksaimniecisk dartiba. Dobeles atfito notekidenu ievadSana
Bérzes up ir celonis paaugstiitam P savienojumu konceatijam upesitden (vidgja
Prop koncenticija — 0.107 mg1), kas prsniedz iepriek$migto dgu un cituidensaugu
atisibai nepiecieSamo minito B koncentaciju robezu 0.05 mg

Analizgjot sateces baseinu un dreflenu bioggno elementu &tibas, noteikti
janem \&ra monitoringa Imegpu specifika. Proti, akriba no sateces baseina, drenu
udeni uzskaimi par augsnesfumu, kud aiztures procesi praktiski nenotiek.

3.4.1. Drergtu izmeginajumu laucinu limenis

Petijums par drendidenu kvalitati veikts Mellugtes lauksaimniabas notéu
monitoringa stachi, kur izmeginajumu lauchu imen noteikta augu b#vas vielu
izskaloSams atkatha no augu sekas unasloSanas r@ma. Saj petniedbas tmen
iesgjams noteikt daddu kultiraugu spju izmantot augsh esoSos augu hbdas
elementus uratgjadi ai ietekmi uz biogno elementu izskaloSanos. Ang|at biogeno
elementu nopidi noteikti anem \&ra meteorolgiskie apsikli pétamaj teritorija.
Notece no 16 izRginajuma lauchiem (0.12 ha katrs) tiek novad uz monitoringa
stacijas mariekartam — s\arstigiem kausiiem, adens parauggemsana hidigmiskagm
anafzem tiek veikta autortiski proporcionli caurpiidumam.Udenu sasiva (Nep UN
Prop) dati iediti laika posna no 1996.1dz 2010. gadam.

Ik gadu izngginajuma laucnos tiek izmantoti pieci ®@sloSanas remi —
nentslots lauks (MA), normla (MB) un dubulta (MC) minatméslojuma deva,
katsmesli (MD) un idrmeslojums (ME). Uz laugiiem izklieckta minealméslojuma
un organisk meslojuma dati doti 3.7. tabaul lestadata meéslojuma daudzums ir atkass
no augu sekizveleta kultarauga pragam.

No 3.7. tabulas var seain ka augu sektiek izmantoti dazdi kultaraugi, kas
rakstuigi gan industgilajai (konvencioalajai) lauksaimnietbas sistmai (miezi, kviesi,
rapsis), gan bio@skajai lauksaimnigbai (auzaszbolins, zimi). Pirms &idrmeslojuma
un kiitsneslu izkliedes uz atti@gajiem izngginajuma laucpiem reizi 2 — 3 gados tika
nemti paraugi un anakts tokimiskais saswvs. Anaizu rezulati dod iesgju apgkinat
ar organisko mslojumu izklied&to biogno elementu daudzumu. Ukidrmeslojuma
laucipiem izkliedsta deva atbilst vigji 100 kg N h& un 72 kg ROs ha', savulart,
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pielietotais Kitsmeslu apjoms athilst 124 kg N fian 100 kg BOs ha’, kas ir gande

lidzvertigi dubulta mineziméslojuma devai.

3.7. tabula
Kult iraugu rotacija un mineralmeslojuma devas iznéginajuma laucinos
Normala méslojuma deva Dubulta ngslojuma deva
Gads Kultraugs N P,Os N P.Os
Mineralméslojums, kg ha®

1996 auzas +abolins 50 69 100 138
1997 abolins - - - -
1998 ziemas kviesi 70 46 140 92
1999 vasaras miezi 70 46 140 92
2000 ziemas rapsis 80 46 160 92
2001 zZiri 8 40 16 80
2002 vasaras miezi 12 46 24 92
2003 miezi +abolins 60 69 120 138
2004 abolins - - - -
2005 ziemas kviesi 30+60 46 30+120 92
2006 vasaras miezi 80 69 160 138
2007 ziemas rapsis 80 46 160 92
2008 ziemas kviesi 70 46 140 92
2009 vasaras mieZzi 80 69 160 138
2010 ziemas kviesi 70 46 140 92

Avots: VUS lauksaimnietas not&u monitoringa dati

Augu batbas vielu aprite augsnr atkafiga no izn@ginajuma lauchos pielietod
meéslojuma remma. Uz mineilméslojuma lauaiiem izkliecstais neslojumstden atri
gkist un ir viegli pieejamas kuitaugiem (Havlin et al., 2005). Ne@ais aspekts no
udequ piesirposanas vieddk ir saisits ar &du formu kusigumu augs® tas atri
izskalojas cauri augsnes profilamkidmeslojuma eso3ais N grsvas ir amonija jonu
veida, kas iratri izmantojams augiem augSanas praceégu to pielietoSana palielina
izskaloSaas risku, nemot \era amonija jonu transforaciju nitrifikacijas reakciju
ietvaros par nititjoniem. Katsmeslos liekka dda N un P ir organisko savienojumu
forma un augiem tie§ veida nav pieejama, to mobilizija par gistoSajiem
neorganiskajiem savienojumiem un
(Merrington et al., 2002; Havlin et al., 2005)at&neslu pielietoSana kuitaugu
mesloSaia var radt P p@rpalikumu, kam ir tendence akuraties augse, tadgjadi
atsgjot ilgtermina ietekmi (Merrington et al., 2002). Izkligidt organisko raslojumu
uz lauka gnem \era, ka dda neslos esos N klast augiem neizmantojamaj ki netiek
pakauta izskalo$a@s procesiem. Tas saist ar amonjaka zudumiem iztvaikojot. Sos
zudumus var samaznpec iesggjasatrak iestadajot skidrmeslus un kitsmeslus augsa

Lai saidzinatu dazdiem ngslojuma refmiem rakstuigas biogno elementu
koncenticijas, 3.5. afila apkopotas minialas, 25% kvartiles, meamas, 75%
kvartiles, maksiralas un ekstre@as Nop un Rop koncenticiju vertibas. Daidos

izskalaSannorit

pakipeniski

un &nam
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meéslojuma refmos konsta&tas koncenticijas no#ida par

biogno elementu

parpalikumu augs® kas netiek izmantots kalaugu afistba un ir paKkauts

izskaloSaas riskam (3.5. adts).
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MA — nengslots lauks; MB — noratla minetilméslojuma deva,
MC — dubulta minesiméslojuma deva; MD —itsnesli; ME — &idrmeéslojums.

Avots: VUS lauksaimniebas notéu monitoringa dati

3.5. att. Np un Pyop koncentracijas izmeginajuma laucinu note@ (1996. — 2010.9.).
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Analizgjot Nyop koncenticiju vertibas var secdt, ka MA gadjuma
saidzinajuma ar citiem ngsloSanas r@miem ir norota zenika minimala, maksinala,
ka aff vidgja vertiba (9.13 mg 1), tag pa% laika sastopami atsew ekstemi.
Palielinoties izkliedta minealmeslojuma apjomam augdas Kast af minimalas,
maksinalas un vidjas koncenticijas MB un MC re#mos, vidja verttba MB ir
9.61 mg I, MC — 10.54 mg't. Organisk méslojuma pielieto$anas laucis sprieZot
pec vidgji izkliedeta N apjoma, kKtsnmeslu izneginajuma lauchos vajadztu bit
augsikam koncenticijam neld skidrméslojuma, tdu 3.5. attla redzamie dati un
aprekinatas vidgjas \ertibas, attietgi MD — 10.45 mg Tt un ME — 10.96 mg™ to
neapstiprina. Tas skaidrojams ar specifiskajganiskaj meslojuma domirgjoSo N
formu jutibu pret izskaloSanos.tsnEslos esof organiskk N mobilizacija noris ilgaku
laika periodu nek skidrméslos, turkiit skidrméslojuma N parsvagé ir amonija jonu
veida, kas viedglk paKaujas prvertibam uz ciam N formam (nitrifikacija) un
izskaloSanai.

Kopgja fosfora koncenficijas izneginajuma lauchu tddenos nepada tik
izteiktu saistbu ar pielietat méslojuma veidu un dewn ka kopgja slapekda noerojumi.
MA un MB mgéslojuma refmu lauchos konstaitas koncenticijas atbilst izkliedto
minedmaslu apjomam, proti, vigla koncentiicija MA ir 0.067 mg T, kas ir zeraka
nekda MB — 0.096 mgf. Skaidrojumam nep#kujas dubultu minaméaslojuma lauaia
koncentécijas, kas ir ieerojami zenmakas nek normala mine&lméslojuma devas
laucinos, victja Pp koncenticija ir 0.056 mg t. Vidgja koncentacija ir pat zenaka
neki nentslota lauciha konstasta. Ss neadekatas sitdicijas skaidrojumam
nepiecieSama detaitaka andize, iespjams Rq, izskaloSanos idiski ietekne
izmeginajuma lauchu mikroreljefs. Savuit, katsmeslu un &idrmeslu pielietoSanas
laucini apstiprina organigsk méslojuma veidu saturapatribas, kur ktsnesli satur
vairak fosfora nek skidrmesli, lidz ar to izskaloSas MD ir noazmigaka.

Lai noteiktu @tijuma period noweroto koncenticiju at&kiribu hitiskumu
izmeginajuma lauchos, idens paraugu teéstanas rezudti tika analiZti izmantojot
Manna-Vitneja U testu. Konstb koncenticiju saidzinajums apkopots 3.8. talal

3.8. tabula
lzmeginajuma laucinu Nyop Un Piop koncentraciju atSkiribu batiskums
pec Manna-Vitneja U testa kritérijiem (1996. — 2010.9.)

Meslojumal MB MC MD ME
rezams

Nyop koncenticija

MA 1

MB 0.82 1

MC 0.02 0.04 1

MD 0.11 0.19 0.51 1

ME 0.01 0.03 0.87 0.32 1
Pwop kONcenticija

MA 1

MB 0.00 1

MC 0.08 0.00 1

MD 0.58 0.02 0.04 1

ME 0.24 0.00 0.51 0.14 1

Izceltas \ertibas kas nofda par latisku koncentaciju atiribu izn€ginajuma lauchos, p < 0.05.
Avots: VUS lauksaimnieibas notéu monitoringa dati
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Pec Manna-Vitneja U testa pielietoSanas &ams seciat, ka nemsloto
laucipu Nkop koncenticijas hitiski atkiras no dubultas mingiméslojuma devas un
skidrmeslojuma lauaios konstattajam, tapat par ltiskam koncenticiju atkirtbam
norada Manna-Vitneja U aditaji normala mine&lmeslojuma lauaius saidzinot ar
dubulta m@slojuma un EKidrméslojuma lauaiiem. Rirgjos gadjumos koncentciju
atXiribas ir neltiskas.

Pwp koncentiiciju savstarpais saidzimajums dod af§irigus rezufitus.
Skidrmeslojuma lauajos nowrotas koncenticijas hutiski atkiras tikai no norrala
meslojuma devu reprezegbSajiem lauaiiem. Nengsloto lauchu R koncenticijas
butiski atkiras tikai no norrala meéslojuma lauaios noteiktegm.

Gadjumi, kuros no®rotas koncenticijas at&iras nelatiski, noada par idzigu
biogeno elementu izskaloSam modeli. Téau gadjumos, kad sastopamaditiskas
at&iribas, augu bavas elementu zudumi drefdegpos ir daZdi un tiem pierit mairigs
raksturs.

Izmeginajuma lauchos MA, MB, MC, un MD no%rota N-NOs;™ procentdla
attieaba pret Nop drenutidepos ir 91 — 92%, Iddrmeslu izkliedes laucia attiedba ir
nedaudz lielka — 94%. Turpretim virszemes noteces dgmajuma lauk
iepriekSmirgta procentala attieaba ir ieverojami mazka 54%. & ka virszemes notece
ir saistta ar fosfora transporta mifismu, tad noteiktigjizverte P-PQ* procentala
attieaba pret R, Saji gadjuma ta ir 69%. Tatad Mellugtes sateces baseirar
virszemes noteci fosfors tiek izskalots galveirokkistoSo fosftjonu forma. Virszemes
notecei rakstiga videja Nyop koncenticija ir 6.53 mg 1, Piop 0.548 mg T

Dubulta mineflméslojuma refmu reprezerjoSie lauchi un tajos izkliedta
meéslojuma devas var tikt uzskits par rakstagam vidgji intensvas lauksaimniecigis
razoSanas ap#liem Latvija. Tadel vértejot augu sekas ietekmi uz biowp elementu
koncentacijam tiden par piendru iz\eléts tiesi Sis rasloSanas rams (3.6. atfils).

Izvertgjot dubulta minedlméslojuma refma izneginajuma lauchos konstaitas
Nkop UN Rop koncentiicijasiider, noerojamas sekojosas tendences :

e abolina augu sekataugSanas latksamazina kaja slapeka izskaloSanos, &a
abolina iearSanaggs gad ieverojami papildina N daudzumu au@suan veicina
N izskaloSanosakoss augu sekas laikpieneram, 1997. un 2004. gads;

e ziemas rapsis efeki patre augu baibas elementus, ko sekrigais vezetacijas
perioda laiks (~ 330 dienas)idt ar to notee samazids kogEja slapeKa
koncentécijas;

e 2005. gad noweroto augsto M, koncenticiju (24.83 mg 1) ir ietekngjusi divi
faktori. Pirmlart, adenu paraugs ir akumgusies ziemas amesSos, kad iesie
ziemas kvieSi augsnesoSos spela savienojums uzmt nespj, otrkart,
abolinS ka priekSaugs, kas 8psaisit N no atmosiras un fikst to augu sakés,
veicinaja N uzkasSanos augsn Viens hekdrs abolina gada laik var saigt 56 -
336 kg sipela (Havlin et al., 2005);

e 2006. gad konstatta paaugstiata Ny, koncenticija adert (19.13 mg 1)
reprezertt pavasara palu ietekmi, savank augsika pétijuma period noverota
Pwp Vertiba (0.252 mg ‘}) raksturo notecesakuma periodu fc vasaras
sausuma, kad augsne ir izzuvusi ura tagidojas plaisas. Augustaenes
izkrituSie nokrigi (132.6 mm, kas ir 23% no gada normas) sgkmP
izskaloSanos no augsnes.
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3.6. att. Np un Pyop koncentraciju izmainasaderi dubultas mineralmeslojuma devas pielietoSanas laugos (1996. — 2010.9.).

Avots: VUS lauksaimnietas not&u monitoringa dati



3.4.2. Drenu lauka imenis

Drenu udepu kvalitates datu izptes rezuliti atspoglo lauksaimnieiba
izmantof minefla un organisk meslojuma apjoma ietekmi. Monitoringa stasij
noveroto shpeka un fosfora savienojumu koncediju datu koam rakstutgie
statistiskie #ditaji apkopoti 3.9. tabal

(1995. — 2010.9.)

3.9. tabula
Drenu lauku Niop Un Piop koncentraciju datu kopu aprakstosa statistika

Avots: VUS lauksaimniebas notéu monitoringa dati

Monitoringa stacija Brze Mellupte Vienzienite
Parametrs Np Prop Nkop Prop Nkop Prop
Paraugu skaits 162 162 154 154 191 191
Aritmetiskais vidsjais (mg 1Y) | 11.83 | 0.063| 7.18] 0.070 1.56  0.042
Standartkida 0.74 0.01 0.21 0.01 0.08 0.00
Variacijas koeficients (%) 80 121 36 144 69 98
Asimetrija 6.12 2.84 0.78 7.35 2.78 5.50
Ekscess 54.66 9.61 151 7250 11,05 4547
Minimums (mg 1) 0.06 | 0.005, 1.60f 0.003 0.32 0.005
Maksimums (mg't) 102.70| 0.473 | 16.80| 1.1068 7.50 0.433
Kvartiles 25 (mg1) 755 | 0.021, 5.60f 0.023 090 0.021
50 (mg) 10.20| 0.031| 6.85| 0.050 1.22 0.033
75 (mg) 14.20 | 0.074] 851 0.091 190 0.051

Bérzes un Melluftes monitoringa staciju teritoriju raksturojsSvidejas Neop
vértibas paida vaigkkart lielaku piesrmojumu saidzinajuma ar Vienzieniti. Vidéja
vértiba Berze ir 11.83 mg T, Mellupite — 7.18 mg t, Vienziemts — 1.56 mg T.
Augstka videja Pyop koncentacija Saj monitoringa imen apiekinata Mellugtes drenu
sisemas datu kopai - 0.070 md,|Bérzs - 0.063 mg |, Vienziemts - 0.042 mg 1.
Datu kopu anate ar Manna-Vitneja U testu liecina, ka drenu ladiaern Nop
saidzinajuma
lauksaimnietbas intensiites ietekme neatspolgyas. Bitiski atkiras Mellugtes un
Vienzienites koncenficijas, turpretim Brzes — Melluptes (p=0.19) un &zes -

koncenticijas at&iras

Vienziemtes (p=0.22) Ry koncenticijas savstag)i atsgiras nelntiski.

ktiski

(p=0.00).  Ryp

koncentéciju

Variacijas koeficients, kas izteikts procentosauta, ka Brzes drenu laukNyop
adenu koncenticiju vertibas vidji ir vairak izkliedétas ap aritrétisko vidjo nela
Mellupité un Vienzienite. Variacijas koeficientaaditajus Berze Sap gadjuma ietekne
vairakas augsis Nyop Vertibas (102.70 mg' 45.10 mgt, 37.80 mg1). R, variacijas
koeficientu \értibas monitoringa sta@g ir augsikas nek Nyop gadjuma, jo fosfors
relatvi cieSi saists ar augsnes Haam un izskaloSats, galvenokrt, ir saistta ar
gadjuma rakstura virszemes noteces tadaugsnes eroziju. Aug&iis varicijas
koeficients ir apkinats Mellugtes drenu lauka &, datu kopai, atad konkEetajam
izpetes Imenim ir rakstuiga nowroto R, koncenticiju izkliede plad diapazoa ap
aritmetisko vickjo raditaju. Tas skaidrojams ar virszemes noteces ridead drenu
sisema caur filtraku,adens plismai nesotitizi augsnesdens erozijas produktus
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Mellupttes drenu lauka By, asimetrijas koeficients (0.78) raksturo, ka datu
kopas ¥rtibas ir vienmarigi izkliedétas gan augto, gan zemo konceaifu virzierna, kas
apstiprina, ka i8datu kopa atbilst noraslajam sadajJumam. EBrzes un Vienzieiites
Nkop asimetrijas koeficienti pada pozitvu asimetriju jeb konceriiciju lielaka dda ir
zenikas nek aritmetiskais vidjais. Rop asimetrijas koeficienti viis monitoringa
stacips ir izteikti pozitvi — koncenticiju lielakais skaits novifgies zemo ertibu
virziem.

Kvartiles sadala datu rindagnibascetras vieradas ddas. 25% kvartile pada
to vertibu, lidz kurai atrodas 25% no wi® \ertibam, skot ar mininalo. 50% kvartile
sakiit ar medinu, 75% ¥rtibu no no@rojumiem raksturo attiegi 75% kvartile.
Aprekinatas kvartiles sniedz detaliiku ieskatu procentilaja datu kopas sad@ima
(Helsel and Hirsch, 2002).

Konstatta Pp maksinala vertiba visauggika ir Mellupites drenu lauk
(1.106 mg 1), kur izkivéts virszemes noteces uztsjs. Nkop koncenticiju maksinala
vértiba drenu lauku Tinert Berzes staclj (102.70 mg 1) vairakkart parsniedz
atbilstodis \ertibas Mellupts (16.80 mg 1) un Vienzierite (7.50 mg 1. Ka iemesls
maksinalo koncenticiju iesggjamibai var tikt mirgts paaugstiits augsd esod
mineila slapela apjoms, kas sausu apdt ietekn® nav ticis izmantots kuitaugu
attistiba. Turklat, augsnei vasarstrauji izZistot veidojs dzias makroskopiskas plaisas,
kuru dziums sasniedz 30 - 35 cm. Plaisas veicina npkrigru norakSanu drenu
sisema. Sadas sitacijas piendrs ir konstaits Berzes drenu lauk 2006. gada ruden
kad nowrota iepriekSmiata maksin&la koncenticija (3.7. atls).

= Caurptidums, l/ls ====N-NO3- koncenticija, mg/l
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Avots: VUS lauksaimnietas notéu monitoringa dati
3.7. att. N-NOy ekstremalas koncentracijas Berzes drenu lauka noteé
(08.11.2006 — 21.11.2006).
Izmantojot tradicioalas tdens paraugunemsSanas metodes, pieram,
proporciorali caurpidumam vai pc nejautbas principa, ir neiegs@ami noteikt
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islaidgas sipela savienojumu izmaas, analizt to gaitu un élonsakatbas. &de]
ne@rtrauktiem idens imenpu un nitatjonu (N-NG;) koncenticiju meérjjumiem tiek
izmantota daudzparametru zonde - YSI 6920 VariMmi veikti ar 5 mirmsu intendlu
aktivas hidrolgiskas darlibas period ruden, kad noerojamas lieikas shpeKa
savienojumu nojpides.

Drenu noteces akuma zondes nititu sensors uidija parsteidzoSi augstas
koncenticijas, vaik neki 150 mg T N-NOs. Nako$ajfis divas nedlas nitatu saturs
pazeminjas idz 40 mg T, kas aptuveni sakrita laboratorijadens anatés noteikto
N-NOs; koncenticiju 41.6 mg T, kas dod pamatu ddi) ka zondes konseifis
veértibas atbilst ralai tdequ kvalitatei. leditie rezulfiti pamato nitatjonu un citu
savienojumu izskaloSas no augsnes riska pieaugumikaing, jo klimata maimbas
attisibas scefiriji miisu rggionam prognoz augsikas temperaras vasat un ziena.

2006. gada ruderBerzes monitoringa objekta teritaiVSIA ,,Agrokimisko
petijjumu centrs” auggl monitoringa programmas ietvaros dea augsnes paraugus,
kuros tika noteikts paaugsiits augsa esod mineila slapeda daudzums. 2007. gada
pavasar veiktaps augsnes anats konstaits pazemidts augsh esod minefla
slapeda daudzums, kas skaidrojams ar iepriek&ioin sepeka savienojumu
izskaloSanos.

Noteces un biagno elementu saifktu var raksturot izmantojot 8mena rangu
korelcijas koeficientu. $da konteksi piemireSanas &rti ir tikai statistiski ticamie
koeficienti, fipec statistiski neticamie koraijas koeficienti netiek naditi. Noteces un
koncentciju savstarpjo saistbu saidzinaSanai izmantotas &neSiem rakstagas
akumukta noteces dha un koncen#ficiju vertibas. Brzes drenu laukpetijumu period
(1995. — 2010.9.), memot \era sadaljumu neEnesos, konstata zema saidta starp
noteci un Ry, koncenticijam, Sgrmena rangu koratijas koeficients ¢ ir 0.21.
Meénesu griezum vieriga statistiski ticard korehcija starp noteci un &,
koncentécijam ir petijuma perioda febrra nenesSiem, ¢&0.67. Koeficients nada, ka
palielinoties notecei attisggajp menes palielilis af Pyp koncenticijas. Mellupte
statistiski ticama un salzinoSi augsta koratija Ny, koncenticijam ar noteci ir
nowerota jinija un oktobt, rs attiedgi 0.62 un -0.73, B, koncenticiju gadjuma maija
(r<=0.55) un oktolar(r=-0.73). Negat/s korekcijas koeficients nosaka, ka palielinoties
notecei Ngp koncentiicijas samazi@ls. Ruden ierasti augsh ir maz shpeKa
savienojumu (p&téti vegetatvai augSanai un allg atistibai) un liela notece (izteikta
at¥aidiSaras), $idos apsiklos samaziis Np koncenticijas adeyos. Vienzierites
drenu lauk Nyop koncentiicijas un notece koreljanvari, febriari, apiilt un august,
visos gagumos £ > 0.59, savuikt, nepemot \era menesu sadgumu, koreficija starp
mairigajiem ir statistiski ticama un 3dkinoSi augsta &0.49). Augstie korakijas
koeficienti Vienzierité ir saisiti ar augsnes granulometrisko Sast ipagbam.
Malsmilts augs@ udenscaurlaiba ir augstka nek malainas augsas, adens atri
infiltr &jas cauri augsnes profilam veidojot notetdzl ar toaden &istoSie nitatjoni tiek
viegli izskaloti.

llgtermina apkopotie lauksaimnig@zas notéu monitoringa adenu kimiska
sasiiva anaizu rezuliti sniedz iespu izvertét bioggno elementu koncerriju
mairibas raksturu. 3.8. &té grafiski at€lotas pammes, S& gadjuma kopgja slapela
un kozja fosfora koncensciju, linearas atistibas tendencespjuma period.

Ta ka monitoringa viedm rakstutga daZda lauksaimniecisis darlbas
intensiate, tad nogrojami atkirigi bioggno elementu izskaloSas trendi. Trendu
noteikSanai izmantots Manna-Kendala tests, kurdidaofidepu kvalitaivo raditaju
mairibas virzienu. lesgami pozitvi un negatvi trendi, ki monotons trenda neesdra.
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3.8. att. Biogno elementu koncentaciju ilgtermi pa mainiba drenu lauku note@&s
(1995. — 2009.9.).

Laika posm no 1995. idz 2009. gadam @&zes un Melluges monitoringa
staciju drenu laukos konsgtg Nqp koncenticiju statistiski litisks (p < 0.05) poZis
trends, Manna-Kendala Sriiba attietgi, 4452 un 2493, ka#n Vienziemté noteikts
statistiski nebtisks (p = 0.08) negats trends (Manna-Kendala S = -1439).
Vienziemtes koncenfitiju trends norda, ka sturiski Saj teritorija ir bijusi
intengvaka lauksaimniecisk dartiba un esds razoSana papildus N piesojumu
nerada. Brzé un Mellugte lauksaimniecisk razoSana turpina intensigites.

Prop Koncenticijam netiek nogroti tik izteikti trendi ki Nyop analze. Berze un
Mellupité noweroti statistiski nebtiski (p > 0.05) trendi, savakt, Vienziemtei
rakstuigs statistiski btisks pozitvs trends (Manna-Kendala S = 1493). Pwait Rqp
koncentéciju trends ir saists vaiaku faktoru kombigaciju. Pirmlart, vesturiskas
lauksaimniecisis razoSanas ietekihaugs® ir uzkajies P, kas turpina izskalotiesi ar
vairakus gadus § organisk meslojuma izkliedes grtraukSanas (Suads et al., 2005).
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Otrkart, Sobid esod lauksaimnietbas parkuma apsiklos, Vienzierité arvien vaigk
aramzemes tiek izmantotas ganbas, kur turpias P izkliede, kas nelabligu faktoru
ietekn® var tikt noskalots ar virszemes note@i R saista veida vai infiltréties drenu
sisema ka P kisto$ forma.

3.4.3. Maa sateces baseinarhenis

Kopgja slapeka un kogja fosfora koncenticiju vidgjas \ertibas (3.10. tabula)
mazo sateces baseinu ds Tmen izteikti ataino lauksaimnigoas intensites
ietekmi. Berzé konstattas auggikas biogno elementu koncenmiijas, aritngtiskais
vidgjais Neop — 8.57 mg T, Pop 0.169 mg T, Mellupites sateces basaiizskaloto augu
bafbas vielu satursiden maziris, Np — 3.69 mg ', Pop 0.079 mg T, savulart,
Vienziemteé nowerotas viszerikas koncenticijas — Nop 1.69 mg T, Fop 0.039 mg 1.
Aritmétisko vidcgjo veértibu noadito tendenci apstiprina datu afzal ar Manna-Vitneja U
testu, kas statistiski ticami nosaka datu kopiiatsu kitiskumu. Testa pielietoSanas
rezuléti norada, ka monitoringa staag nowrotas Nop un Rep koncenticijas
savstarpji atskiras hitiski, jo visos gagumos p=0.00.

3.10. tabula
Mazo sateces baseinu iy, un Pyp koncentraciju datu kopu aprakstosa statistika
(1995. — 2010.9.)

Monitoringa stacija Brze Mellupte Vienzienite
Parametrs Rép Pop Nkop Pop Nkop Pxop
Paraugu skaits 180 180 184 184 196 196
Aritmétiskais vidsjais (mg I') 857 | 0.169| 3.69, 0.079 169 0.039
Standartkida 0.39 0.02 0.18 0.01 0.08 0.00
Variacijas koeficients (%) 61 120 66 123 68 141
Asimetrija 0.84 5.96 1.39 3.18 2.26 9.81
Ekscess 0.79| 4995 354 1287 7.52 117.97
Minimums (mg 1) 0.13 | 0.018{ 0.53| 0.004 0.01 0.003
Maksimums (mg't) 29.50 | 2.126| 16.30 0.709 750 0.712
Kvartiles 25 (mg 1) 453 | 0.075| 1.60f 0.026 1.00 0.019
50 (mg™) 7.70 | 0.116| 3.35| 0.045 140 0.029
75 (mg) 11.35| 0.190| 4.98| 0.087 195 0.042

Avots: VUS lauksaimniebas notéu monitoringa dati

Vienziemtes stacijas N, datu kopai ag@kinatais varicijas koeficients nada,
ka nowroto \ertibu izkliede ap ariti@tisko vidgjo ir 68%, kas ir negaitl augsts, jo
Vienziemtei rakstutgi ekstensvi lauksaimniecisks razoSanas ajkli. SaidzinoSi Rop
variacijas koeficients vias monitoringa stadp, dzigi ka drenu lauku imen, ir
saidzinoSi augstsatad datu kopas neviendghas, nogrotas koncenticijas izkliedttas
pla& diapazoa ap aritngtisko videjo vertibu.

Asimetrijas koeficents ir statistiskaditajs, ar kura patlzibu iesgjams noteikt
kads ir idenos esoSo bidgno elementu koncenmiiju izvietojums pret cendto asi,
respekivi, vai vaigk ir koncentécijas ar zeram (pozitva asimetrija), vai augsn
verttbam (negatva asimetrija) (Helsel and Hirsch, 2002).° koncenticijam
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noverojama pozilva asimetrija, atad liekka dda \ertibu ir zenakas nek vidgja
aritmetiska, ipasi izteikti tas ir Vienziemtes baseina konceatijam, kur asimetrijas
koeficients ir 9.809.

Zviedru ziratnieku g@Etijumos (Kyllmar et al., 2006) konstt$, ka sateces
baseinos, kuros dongjpSais augsu granulometriskais sass ir malsmilts vai smaga
malsmilts, nowrotas ie@érojami augstkas gada viglas N koncenticijas neld
malainu augdu (viegls mals, mals) baseinos. Prghkis nowrots saigba ar Rop
koncentdcijam, kur viegla mla un nala granulometrisk sasiva augsas P
izskaloSaas ir bijusi lieka. Latvijas apdklos galvenais naroto N un P
koncenticiju ietekntjoSais faktors ir izklieka meslojuma apjoms, nevis augsnes
granulometrisk sasiva ipatribas. Tikai vieadu nEslojuma devu gaguma augsnes
granulometriskais sasts Kiast nozmigs.

Sateces baseinos ktdba no drenu laukaiiepa tikai viers gadjuma nowerota
Pwp koncenticiju un noteces statistiski ticama ka@ja meneSu griezum kuru
nosaka izmantojot $pnena rangu koratijas koeficientu, proti, Brzes sateces basgin
oktobra m@nesSos ¢ -0.76. Atbilstod Ny, koncentiiciju kopsakaiba ar noteci ir
sastopama biak. Bérze maingo savstar§ja saistba visciedka ir janija (r<=0.57) un
oktobi (r=0.63), Mellupteé maija (r=0.56) un august(r=0.54), Vienziernte janvari
(r<=0.65) un decembi(rs=0.74). Sateces baseinos netiekanotas sezaili vienojosas
korelaciju tendences, Melldfe augsikas koreficijas nogrojamas mai, kad notece
péc pavasara paliem samaasnun augét izteikta maadens apaklos, savukrt,
Vienziemte ciedika saisiba starp maiigajiem konsta&ta nevegetacijas period, kad
notece veidoSanos neieteknuidenstéu baroSafis no atmosfras. Neemot \Era
sadaljumu nenesSos, viss monitoringa stadp nowroti statistiski ticami pozivi
korelacijas koeficienti starp N, koncenticijam un noteci, attiagi Berzeé rs=0.40,
Mellupité r=0.48 un Vienzieme r=0.48. Ry, koncenticiju un noteces kopsakbu
anaizes rezultti norada, ka Brzé un Mellugté korekcijas koeficienti ir negai,
attieagi r=-0.26 un &-0.25, kamdr Vienziemte apgkinatais korekcijas koeficients
starp maifgajiem ir poziivs, t&u nav statistiski ticams.

| publikacija konstagts, ka kopura N savienojumu koncermitiju izmaiam ir
tendence sekot noteces rea mainbai sateces bas@inAugstkas N savienojumu
koncentacijas norotas hidrolgiski aktvakajos periodos ziemas un pavasara s&zon

Mazo sateces baseirimiert konstattas biogno elementu ilgtermaa izmanas
pamlditas 3.9. atla. Baseinu imen Bérzé un Mellugteé nowerota statistiski btiska
(p < 0.05) Nop koncenticiju palieliraSaras, Manna-Kendala Sextiba Berze ir 2511,
Mellupité 2486. Vienziertie koncenticija ir palielimajusies statistiski nettiski.
Pozitvie trendi viennounigi ir saisiti ar augsto min@imeslojuma un organisk
meéslojuma lietoSanas intendit Mellupité un Vienzienité Manna-Kendala testa S
vértiba noida par pozivu, tau statistiski nettisku (p > 0.05), R, koncenticiju
trendu. Brzé konstagts statistiski btisks (p < 0.05) R, koncenticiju samazigjums,
Manna-Kendala testa S = -1661. Nagais trends Brze ir skaidrojams, ar augu sek
izmantoto kuliraugu maju salfdzinagjuma ar 90. gadu akuma posmu, kad galvenais
kultaraugs bija cukurbietes. Tradici@in cukurbieSu teritors tika ir izkliedts liels
organisk meslojuma apjoms, kas veid@a P koncenticiju palielimaSanos.
Samazinoties cukurbieSu piepgjamam, augu sekpar galvenajiem kuiraugiem kuva
kvieSi, miezi un rapsis, kuru yetaivajai atistibai nav nepiecieSami palicits P
daudzums, un Kkuri ir pragaki pret N.

Saldzinot biogno elementu trendus lauksaimnieas ietekratajas teritorigs
Skandinavijas valsts, iesgjams secift, ka [anija nowrojama Ngp koncenticiju
samazifasaris, negavais trends izteikiks smilSnala augsis nek smilSairas, savukrt
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Prop kOncenticijas monotons trends netiek rewots (Kronvang et al., 2005). Narija,
ievieSot augsnesdens erozijas samazianas pakumus, nogrojams negavs Nqp
koncentaciju trends lauksaimni@as notegs (Ulén et al., 2007). Zviediijstatistiski
butisks samazifjums konstaits nitatjonu un fosftjonu koncenticijas attie@gi
septhos un astpos mazajos sateces baseinos, &gmozitivs nitratjonu trends nosrots
viena sateces basein nitratjionu samazifjums saigts ar samazitu katsneslu
daudzumu izkliedi rudens sezorfKyllmar et al., 2006). Sondj lauksaimnietbas
ieteknEtajos sateces baseinos Bt gan pozilvi, gan negavi Ngop un Rep
koncentaciju trendi, kurus nosaka lauksaimnie&s intensitte sateces baseina teritarij
un biogno elementu aprites cikigatribas augsh un idensteé (Raike et al., 2003;
Granlund et al., 2005).
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3.9. att. Bioggno elementu koncentaciju ilgtermi pa mainiba mazo sateces baseinu
noteces (1995. — 2009.g.).
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3.4.4. Brzes upesimenis

Bérzes upes izies imenis ietver procesus, kas rakmjurlauksaimnietbas
teritorijam maz sateces baseina un drenu lauke&tep imenos. Papildus Sajlimen
uzmanba japievers af citiem biogno elementu noptles avotiem un to ietekmes uz
adenu kvalitati specifikai, piendram, mezu un purvu teritorijas, notelenpu atiriSanas
ietaiSu emisijas up Analizgjot adenu kvalitati Sap izpetes imen noteikti gnem \era
af biogeno elementu aiztures procesi, kas no@isiagEs, ezeros undenskatuves.

Bérzes upes dhaseinuidenu kvalitati raksturojods biogno elementu vigas
vértibas (3.10. adts) padda, ka piearnojumu ar sipeka un fosfora savienojumiem
veicina minekla un organisk meslojuma pielietoSana inteivas lauksaimniabas
platibas, piengram, 14. diaseins, kur atse8s gadumos nitatjonu koncenficijas
parsniedz Nitatu Direkiivas pi¢auto maksiralo vértibu — 11.3 mgt N-NOs. Petijuma
periodi (2005. — 2010.9.) Fsniegums konstatls éetras reizes ziemasemesos. Saj
dabaseia attieaba N-NQ attieaba pret Nop ir I1dziga kK mazo sateces baseinu
izpetes imen — 81%. Rrzes upes basean bez 14. dibaseina, ar 6. un 15.
lauksaimnietbas zemjupatsvars frsniedz 80% robezu. 6. laseins plabas zha ir
neliels, tdens pieplde no & Bérzes up ir minimala, t@apéc netiek noegrotas
paaugstiatas biogno elementu konceratrijas.

15. ddbaseinaidenu paraugi raksturo 8zes upes un to pietekidegpu kvalitati,
paraugs tielpemts pirms ietekas St. Tadé] Sap ddbaseila noteikt lauksaimniabas
zemju ietekmi uZidenu kvalitati ir apgiitinosi. Rc Udenu struktirdirektivas ievieSanas
zinojumos (Carl Bro, 2004; LgMA, 2005) lietotajiem robezlielumiem un
lauksaimnietbas notéu monitoringa veiktajiem gijumiem Brzes upesiudeau
kvalitate pirms ietekas S, vertgjot pec videjas koncenficijas Etijuma period,
vertgjama ki laba gan gc Neop, gan Rop raditajiem. Lai gan 8 reizes Sajidequ paraugu
nemsanas viétnoerotas afloti sliktai kvalitates klasei atbilstoSasy koncenticijas.

Sakotrgji  prognozta noZmiga slapeka savienojumu koncentiju
samaziasaras Annenieku HESudenskatuve (Nr.3 — Nr.6) neapstipripas, Nop
koncentécijas samaziis vickji par 5%, kopgja fosfora aizture ir iedrojamaka — 23%,
tas skaidrojams atro adens apmaias laikuadenskatuve. Galvenolirt P, aizture ir
noverojama laika posmno maijaidz oktobrim — vidji 29%. Laika posra no 2005. —
2010. gadam tikai 2 paraugemsanas rets nav konstata R, aizture, savult Niop
koncentaciju samaziajumam konkéts gada periods nav raksuys.

Zemaka vidgja Nkop koncentiicija nowrota 1. d¢pbasein, kur domirgjosas ir
purvu un mezu plabas. 1zteikti meziem Etas teritorijas raksturo 11. flaaseins, vida
Nikop koncentiicija ir 3.03 mg T un Rqp 0.051 mg T, MeZu un purvu dhaseinu notess
noerojama zeraka nitratjonu koncenticijas procentgia attieadba pret kopjo slapekli,
11. ddbasein ta ir 41%, savukrt, 1 ddbaseia 22%.

Dobeles pilstas notekdenu atiriSanas ietaiSu emisija upeaslert batiski
ietekme Pyop koncentiiciju, augSpus pilas vicja koncentiicija ir 0.046 mg T,
savuldrt, lejpus afrianas ietaén 0.107 mg t. Tadgjadi var seciat, ka Dobeles
pilsétas afiriSanas iekrtas efekivi samazina tikai gpela savienojumu konceitrijas
aden.
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Nr.4 Nr.7 Nr.8
Niop 1.97 Neop  4.23 Niop 3.93
N-NO; 0.99 N-NO;- 3.34 =>»N-NO; 2.94
Pror 0.049 [P 0.071 Prop 0.053
P-PQ* 0.027] |P-PQ* 0.052 P-PQ* 0.030

\ \

Nr.2 Nr.3 Nr.6 Nr.9 Nr.12 Nr.15
Niop 2.15 Niop 2.16 Niop 2.05 Niop 2.54 Niop 2.44 Niop 2.85
N-NO; 1.00 =>»{N-NO; 1.17 =»|N-NO; 1.14 =»{N-NO; 1.67 =>»IN-NO; 1.63 > N-NO; 2.03}—>
Pror 0.030 [P 0.044 (P 0.034 [P 0.046 [P 0.107 Pror 0.064
P-PQ* 0.011] |P-PQ* 0.024 |P-PQ* 0.015 |P-PQ* 0.029 |P-PQ*> 0.055 P-PQ* 0.047

1 1 1 1

Nr.1 Nr.5 Nr.10 Nr.13 Nr.14
Niop 1.79 Niop 2.12 Niop 1.97 Niop 2.51 Niop 5.49
N-NO;” 0.40 N-NO; 0.69 N-NO; 0.99 N-NO; 1.75 N-NO; 4.46
Peo 0.039 Peo 0.026 Peo 0.020 [P 0.031] [P 0.091
P-PQ* 0.018 P-PQ* 0.011 P-PQ* 0.009 |P-PQ* 0.021 |P-PQ* 0.073

Nr.11
Niop 3.03
N-NO; 1.23
Peo 0.051]
P-PQ* 0.031

Avots: VUS lauksaimnietas not&u monitoringa dati

3.10. att. Vidgjas N un P savienojumu koncenticijas (mg [') Berzes upes dibaseinos (2005. — 2010.g.).
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3.4.5. Sipekla un fosfora savienojumu aiztures procesi

lerasti @tijjumi par drenu (de Vos, 200Bakhsh et al., 20Q6un mazo sateces
baseinu (Sileika et al., 2005; Gelbrecht et al022Kyllmar et al., 2006)denu kvalitati
lauksaimnietbas ietekrdtajas teritorias tiek veikti atsevi, savstarpji nesaisiti. Saj
petijuma analiZti visi iesgEjamie paldrtotie monitoringaimeni.

Bérzeé drenu lauka 1mernm nowrotas auggkas vidjas Np koncenticijas
(11.83 mg 1) nela sateces basein8.57 mg 1), Alaves up (5.49 mg 1) un Berzes
upz pirms ietekas Site (2.85 mg 1). Skpeka zudumu ai§ribas daZdos monitoringa
limepos ir saistas aradenu atkaidiSanos un aiztures procesiem, kas nolénsteg,
ka af augsnes pi@sinataja un nepiestinataja zora (lital and Loigu, 2001). Turpretim
Prop VidEjas \ertibas auggkas ir mai sateces baseinariern (0.169 mg 1), Alaves up
(0.091 mg ) un Berzes up (0.064 mg 1) nekd drenu lauk (0.063 mg T). P
savienojumu izskaloSaa sateces baseinos ir afig@ no virszemes noteceslenu
piepliduma, kam grsvaé ir gadjuma raksturs. Drenadenos P koncenicija ir zema,
jo filtrgjoties cauri augsnes profilam P tiek pieggsgpie augsnes daam. lzpemums ir
smilSainas augsnes, kur P s&iahas spa ir zema (Tunney et al., 1997).

Variacijas koeficienta aoitaji Nyo, Berzes drenu lauk (80%) ir auggiki neka
sateces baseinanenn (61%), kas nada, ka drenu laukir izteikta koncen#ciju
izkliede plad diapazon ap aritn@tisko videjo. Rp koncenticiju vertibas ir vieridz
izkliedetas abosimenos, attietgi 121% drenu noté¢ 120% baseina. Tas liecina, ka
virszemes noteces ietekmeaSajonitoringa objekt nav no¥rojama.

Lai detali£ti raksturotu biogno elementu aiztures procesuséigs imenos,
izveidots 3.11. a#ts, kua redzamas miniglas, 25% kvartiles, meanas, 75% kvartiles
un maksinalas Nep Un Rop koncentaciju vertibas. Ekstredlas \ertibas tika izslgtas
no analizjamas datu kopas, joas liecina par gaguma rakstura bicgno elementu
izskaloSanos.

Bérzes monitoringa objektNo, koncentiiciju saidzinajums izEtes imenos
pamda izteiktu aiztures un &tSidiSaras procesu ietekmi. Palielinoties &ps imenim
Nkop koncenticijas samazifis. Udenstegs N savienojumi tiek transfoti gazveida
forma denitrifikacijas reakcis, organiskais N uzkjas sedimentos, augi un
mikroorganismi sa¥ atistba patré skistodis N formas,ipasSi veefacijas period
(Heathwaite, 1993; KavinS un Cimdis, 2004; Birgand et al., 2007).

Prop koncenticiju izmanas (3.11. a#ls) tik raciorilam skaidrojumam & Nop
gadjuma nepakaujas. Drenu lauk fosfora koncenficijas zemas, jo,udeniem
gravitacijas sgku ieteknt plastot cauri augsnes profilam, s#istveida ar augsnes un
organiskam ddinam esoSais P izskakg§ maz vai tiek akumels. Sateces basain
paSaftiriSaras procesi ir tikko #kusies, 1dz ar to Ry, koncenticijas saildzinoSi augstas.
Palielinoties izptes imenim Rqp koncenticijas samazi@is, idzgi ka tas no@rots Nep
raditaja anaize.

Mellupites monitoringa objekt apgkinatas N Vidgjas \ertibas drenu lauka
limen (7.18 mg 1) ir augsikas nek sateces basdimoteiktajis (3.69 mg ). Peop
vidgjas \ertibas baseinairhert ir 0.079 mg T, kan®r drenu lauk — 0.070 mg 1.
Safdzinajuma ar Berzi, samazinoties lauksaimnibas intensiitei, samazias af Niop
un Rp Videjas koncenticijas.
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3.11. att. Nop un Pyop koncentracijas iideri Berzes monitoringa stacijas izggtes
[imenos.

Nkop datu varicijas koeficientu ®rtibas Melluptes drenu lauk (36%) un
sateces basein(66%) ir zemas un savst@jptuvas. Tas nomg, ka koncen#ciju
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izkliede ap aritmtisko vickjo ir neliela, nav sastopamas eksir augstas
koncentacijas. Rop variacijas koeficienti ir augstiatad koncentciju dati izlieckti abos
monitoringa imenos, koeficients drenu lagk— 144%, sateces basgir- 123%.
Maksinglas \ertibas Nop drenu lauk (16.80 mg 1) un sateces basaifi16.30 mg 1) ir
savstarpji tuvas.

Aiztures procesu aridke iespjama at Sap monitoringa stadij. lzpétes imenos
noverotas mininalas, 25% kvartiles, mesas, 75% kvartiles un maksitas Nep un
Pwp koncenticiju vertibas vizualiztas 3.12. a#la. Dubulta mineidlmeslojuma
izméginajumu lauch$ iz\eléts aiztures procesu 3dtinaSanai, jo tas raksturo tipisku
minefalméslojuma devu pielietoSanu Melliips sateces baseina saimrhas.

Mellupites izgtes imenos Np aizture ir ie€rojama, satlizinot gan miniralas,
gan maksiralas, gan mednu \ertibas. Vidja vertiba izneginajumu lauchos ir
10.55 mg T, kas ir 32% vaitk neki drenu lauk un 65% vaigk neka sateces basein
konstagtas.

Analizgjot Pp koncenticiju izmanas iz@tes Imenos, iespjams seciat, ka
aiztures procesi Sajmonitoringa objekt ir neviennommigi. Sateces base@imoweroto
koncenticiju vidgja vertiba (0.079 mg¥) ir augsikas nek drenu lauk (0.070 mg 1)
un izneginajuma lauchos (0.056 mg 1. Savulart, Rwop koncenticiju diapazons
plagks un medinas rtiba ir augstka drenu lauk nela izmeginajuma lauchos un
sateces baseainDrenu lauk sastopama virszeméslenu un saigta fosfora piepide,
kas atgiritba no sateces baseinamkpa, neizgulsgjas un neakumae)as tdensteces
sedimentos. ddgjadi virszemesidenu plismas uztergji, nozimigi ietekng Piop
koncentéciju palielinraSanosidenos.

Vienzienites Nop Videjas koncenticijas, at&irtba no Berzes un Melluptes, ir
augsitikas sateces baseineen (1.69 mg 1), kan®r drenu lauk (1.56 mg 1. Vidgjas
Pwop koncentiicijas, fipat K& Nyop, ir zemas un savstajp tuvas, sateces bas@in
0.039mg T, drenu lauk 0.042 mg T. Ta ka Vienziemte ir eksterivas
lauksaimnietbas pierars, tad So objektu raksturojss \ertibas var tik uzskas par
piesairpojuma dabisko jeb fonarheni.

Variacijas koeficients I, koncenticiju datu kogm ir neliels abos monitoringa
limenos. Rop datus reprezegjpsSie varicijas koeficienti paida nozmigu koncentciju
izkliedi baseinaimen (141%) un samazitu drenu lauk (98%). Fosfora konceraitiju
izkliedi limenos nosaka djiba pret virszeme noteces veidoSanos izteikta aeljef
apstklos, liekka virszemes notecesenu piephides iespjaniba ir sateces baseina
limen.

Niwop koncenticiju maksinalas \ertibas gan sateces baseiimen gan drenu
lauka ir 7.50 mg T. Tas raksturo, ka ekstamas lauksaimniabas apgiklos
maksinalas Ncp Vertibas abosimeyos ir vienidzigas. Ry, maksinalas \ertibas sateces
baseia (0.712 mg 1) ir lielaka neks drenu lauk (0.433 mg 1), to nosaka sateces
baseinaidenu kvalitates saigba ar virszemes noteces ietekmi.

Bérzes monitoringa stacijas datu amal ar Manna-Vitneja U testu raoia, ka
noverotas Nep UN Rop koncentiiciju vertibas sateces basginn drenu lauk atkiras
butiski, abos gagumos p=0.00. Melluftes monitoringa sta@j abos monitoringa
ITmenos Np atkiras hutiski, p=0.00, savuitt, Bp vertibas itiski neatgiras, p=0.50,
kas notda, ka R, izskaloSais procesi monitoringarrhepos ir kdzgi. Vienziemtes
Niop kKOncenticijas gan sateces basgiman drenu laukatkiras itiski, p=0.03, Rop
datu kopu satizinsjlumam p-értiba ar ir 0.03, kas ir tuvu ditiskuma imenim, idz ar to
viennoZmigus secigjumus izdait nav iespjams.
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3.12. att. Nop un Pyop koncentracijas adent Mellupites monitoringa stacijas izgtes
[imenos.
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3.5. Biogno elementu nopiide

Petijjuma veikSanas laik (1995. — 2010.g.) konsttas izteiktas biogno
elementu nopides varicijas monitoringa objektos, izfes imepos un laikk. Noplade
raksturo izskaloto bidmo elementu daudzumu izteiktu kg Hatas ir noteikd laika
perioch noweroto koncenticiju un noteces apjomu reizjpms. Sateces baseinos un
drenu laukos noteiktNyop Un Rop NOplade gad no hekira apkopota 3.11. takul

Bérzes monitoringa stacijas sateces basdmart nowerota liebka videja Nkop
un Rop NOplide no hektra gad, attiedgi 14.90 kg ha® un 0.20 kg ha'. Mellupites
sateces baseinarlenim vidji gada apekinata 10.20 kg Nop un 0.17 kg Ry noplide
no hekira. Vienzierite Nyop Noplide Sad pad limen ir aptuveni tfs reizes maika
neka Beérzé un aptuveni divas reizes n#a nek Mellupite. Ekstens/os
lauksaimniecisks darlibas apsﬁiklos Np Noplide Vlen2|en1te sateces baseinarien
vidgji gada ir 5.74 kg ha™, Fop — 0.11 kg ha'. Samazinoties lauksaimnibas
intensiaitei samazias af nophdes ampliida, piendram, Vienzierit¢ Ny, Noplide
varic robe#s no 3.14 kg h# 1idz 9.04 kg h& gadi.

Latvija konstatta N noplide lauksaimnigbas ietekritajos mazajos sateces
baseinos iritlzvertiga Lietusa nowerotajai, kur 3 sateces baseinos N mdpl gad ir
5.7 — 15 kg hd (Sileika et al., 2005), kas skaidrojams @izigiem saimnieko$anas
apstkliem. Savukrt, Zviedria N nophkide atsevi§os sateces baseinos ir ¢gemjami
lielaka nekd Latvija noverota, 27 sateces baseinos N raf# varé no 2 idz 41 kg ha
gadi (Kyllmar, 2004). Bpat iewerojami lielkka N nopitide ir konstaita Nonggijas
lauksaimnietbas sateces baseinos (Deelstra et al., 2008). Rideopnazo sateces
baseinu izptes imer Lietuva ir robe#s no 0.1461Hz 0.318 kg hid gadi (Sileika et al.,
2005), Nonrggija varie no 0.3 idz 2.6 kg ha gadi, Anglija 0.2 — 6.0 kg ha gadi,
Zviedrija 0.09 — 0.83 kg ha gadi, Irija 0.3 — 1.6 (Ulén et al., 2007).aTka P
savienojumiudenstegs norak galvenolért ar virszemes noteci, kad tiek transptat
saistta veida esoSais fosfors (Heathwaite et al., 1996; Merangdt al., 2002; DeBarry,
2004), tad noinigs faktors Saj konteksi ir reljefs. Relatvi lidzena reljefa apatlos
Latvija virszemes notece veidaj reti, idz ar to P nopide ir zemka neld vairuma
apskaito Eiropas valstu.

Drenu lauka izptes imen lauksaimniethas intensiites ietekme samazs.
Bérze un Mellugte Nyop nophdes atiriba ir miningla, vidgji gada 0.2 kg h&.
Noplade Vienzierits (5.06 kg ha* vidgji gad) ir vairak ka tris reizes maika neki
Berze (18.06 kg hal) un Mellupte (17.86 kg ha?). Pwp Noplide no drenu Iauklem
lielaka ir Mellupite (0.18 kg ha™), kam seko nopbe Bsrzé (0.14 kg ha™) un
Vienziemtz (0.11 kg ha?).

Saldzinot nowrotas noptides monitoringaiienos, asecina, ka Brzes un
Mellupites drenu laukos b, noplide ir liekka nek sateces basein Vienziente
noplide abos imeyos ir idziga. Mazka N, noplide sateces baseinimieos ir
skaidrojama ar biagmo elementu aizturestidensaugu un mikroorganismu &gp
piesaistt, izgulsreSaras, transforracijas) un atkaidiSaris procesu intefgku norisi
saldzinajuma ar drenu lauk notiekoSajiem procesiemyd3 nopiide victja gadi Berze
ir lielaka sateces bas@imeka drenu lauk, Mellupité un Vienzienté abos imenos
noplide at§iras miningli (0.01 kg ha™) vai ir vierada. Berzes monitoringa objekt
neskatoties uzidzeno reljefu, sateces baseitradn novkrojama epizodiska virszemes
udequ piephide, kas ir noteicoSais apklis lielakam R, noplidem Saj |limen
saidzinajuma ar drenu lauku, kur virszeme notece neveidojadlu@gige P, noplides
abos monitoringaiinenos ir idzigas, jo gan sateces bageigan drenu lauk(virszemes
adenu filtraka) norojama virszemes noteces pigg.
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Nkop UN Pyop NOpliide no lauksaimnie@ba izmantotajam platibam (1995. — 2010.9.)

3.11. tabula

Monitoringa

stacia 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Vidgjais
Nop Nopliide (kg ha' gach)

Beérze

Baseins 1051] 17.10] 16.56| 14.73]| 18.90| 12.58] 21.36] 11.93] 12.11] 16.92] 13.07| 527 | 12.83] 17.57| 14.80| 22.18| 14.90
ggr:#a 19.62| 21.77| 26.77| 24.22| 14.57| 10.81| 12.53| 6.01 | 7.91 | 21.37| 11.65| 11.29| 37.28| 25.76 | 13.35| 24.05| 18.06
Mellupite

Baseins 8.06 | 7.09 | 11.16] 956 | 832 | 7.02 | 10.90] 10.11] 7.22 | 10.10] 8.23 | 11.82] 15.93] 8.71 | 11.07| 17.84] 10.20
Zg:#a 16.14| 11.49| 19.75| 20.72| 14.38| 17.92| 22.42| 16.50| 12.42| 13.04| 10.16| 18.40| 29.27| 19.79| 17.70| 25.69| 17.86
Vienzienite

Baseins 817 | 368 | 749 | 874 | 582 | 497 | 505 | 6.01 | 3.66 | 3.45 | 5.64 | 3.14 | 9.04 | 7.40 | 440 | 511 | 5.74
Zg:#a 6.98 | 326 | 7.17 | 533 | 693 | 493 | 486 | 528 | 360 | 582 | 555 | 2.94 | 498 | 448 | 431 | 448 | 506

Pyop NOpliide (kg ha' gada)

Bérze

Baseins 041 ] 052 ] 023 ] 026] 019 ] 012 028 0.15] 0.08] 0.16 | 0.20 | 0.03 | 0.05 ] 010 | 0.11 | 034 | 0.20
g;e%’:;‘a 023| 023] 013 | 015| 011 | 006 | 0.14 | 0.11 | 003 | 0.13| 0.06 | 0.05 | 0.11 | 0.14 | 0.13 | 050 | 0.14
Mellupite

Baseins 023] 014 ] 010 ] 024 027 ] 009 013 ] 015] 0.16 ] 032 | 0.06 | 036 | 022 | 004 | 008 | 012 | 017
g;e%’:;‘a 020| 012 | 011 | 077 | 018 | 010 | 0.13 | 026 | 0.11 | 0.10 | 0.09 | 0.18 | 0.21 | 0.10 | 0.12 | 0.13 | 0.18
Vienziemnite

Baseins 012 ] 004 ] 009 ] 014 ] 015] 009 | 0.17] 0.10] 0.09 ] 0.08 | 022 | 0.09 | 0.16 | 0.08 | 0.05| 004 | 011
gfﬁr:#a 0.08 | 004 | 008 | 010 | 0.13| 0.08| 0.16 | 0.09 | 0.08 | 0.16 | 0.20 | 0.11 | 0.11 | 0.10 | 0.07 | 0.10 | 0.11

Avots: VUS lauksaimniebas notéu monitoringa dati
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Biogeno elementu noptli nosaka N un P savienojumu koncaaijas aden un
noteces apjoms. Monitoringa staciju sateces basé&men vislielaka notece ir
konstagta ziemas un pavasara sez®i(3.4. agls). Noamigako Np Un Rop NOplades
veidoSagas periodu izerteSanai izveidots 3.13. at$, kui ilustréta noptides sezoila
mairiba.

Nkop m Dec-Feb ®mMar-Mai ®Jin-Aug = Sep-Nov
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Berze Mellupate Vienzienite

Avots: VUS lauksaimnietas not&u monitoringa dati

3.13. att. Nop un Pyop NoOpliides sezoalais sadaljums mazo sateces baseininhert
(1995. — 2010.9.).
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Nopludes sezailas varicijas nokda, ka laika posmno decembraidz maijam
aizplust lielaka dda (73% — 82%) speka un fosfora savienojumu no lauksaimmioac
ieteknEtajam teritoriam. Tadg], lai samazidtu bioggho elementu nopdi
iepriekSmirgtaja periodi un norstu lauksaimniecigls darfibas negavo ietekmi uz
vidi, nepiecieSams ievot labas lauksaimni@izas prakses nosgumus, piendram,
agronomiski pamatota augu maiun augseka, negefacijas period ddu aramzemes
klaj zalas platbas, starpkuiiru izmantoSana, &slojuma neizkliedSana uz sasalusas,
parmitras vai ar sniegu &las augsnes, ar daudzggidm zlajiem klatas aizsargjoslas
garudenste@m adens erozijas maziBanai (BuSmanis et al., 1999).

Noteces ietekmi uz bi@go elementu nopti iesgjams analizt ne tikai
sezoali, bet af gadu griezumm 3.11. tabu, kura apkopota M, un Rop Noplide gad
no sateces baseina h&kt, sastopamas gan augstas, gan zemasidesphertibas.
Petjumi  Somiga liecina, ka &das varicijas ir saistas ar katra gada
hidrometeorolg@iskapgm ipatribam (Vuorenmaa et al., 2002). Promocijas darba 312. u
3.3. nod#&s veikta monitoringa sta@g nowroto gaisa temperatu, atmostras
nokrijiu daudzuma un noteces amal Konstatti gan sausi, gan vigl mitri, gan mitri
gadi. Atkatba no noteces apjoma, masat Nyop Un Rop Noplides (3.14. adts). Ta
piemeram, ikgadjas Np variacijas Berzes monitoringa stacijas sateces bas@mart
ir no 5.27 kg ha' 2006. gad lidz 22.18 kg ha' 2010. gad. Min&ta minimala un
maksinala noplide ir saista ar konk&to gadutdenairibu, proti, 2006. gads ir izteikti
sauss (notecesaslis 39.9 mm), savukt, 2010. gad konstatts maksinilais noteces
slanis (305.7 mm) kops @rjumu akuma.

Bérzes maz sateces baseinamen intengvas lauksaimniabas, nalainas
augsnes un galzinoSi nelielu nokrigu un noteces agtlos pieaugot noteces apjomam
izteikti palielis Nop noplide, lina@ras regresijas vieslojums starp diviem
mairigajiem ir ar visaugsko ticambas pakpi, determincijas koeficients B=0.36.
Neskatoties uz maku noteci (vidji gada 163.0 mm) Ny, noplide no Erzes maz
sateces baseina ir lda nelkd Mellupité un Vienzienite.

Mellupite, kur tiek izmantotas makas ngslojuma devas, sastopamas Vigl
granulometrisk sasiva augsnes (smilsits) un liekka notece nekBerze, kopsakaba
starp noteci un Ny noplidi ir vajaka (R=0.11), tondr tendence saglalss,
palielinoties notecei palielas af noplide.

Vienziemté maz sateces baseinizpetes imen noteces un N, noplides
saistba ir Joti vaja (RP=0.02), turkht pregji Bérzes un Melluftes piengriem,
Vienziemté palielinoties notecei nofdle samazis. Tas va¥tu bit saistts ar
ekstens/ajiem saimniekoSanas afidiem, saidzinosi lielo noteci, kas veicinaapkeKa
savienojumu koncericiju atkaidiSanos.

Analizgjot Pp noplades saisbu ar noteces daudzumu mazajos sateces baseinos,
iesgEjams secift, ka Berzé Pp noplides kopsakapa ar noteci ir izteikika un cieska
(R°=0.46) nek Niop gadjuma. Atskiriba no Berzes sateces baseina Meil@mtsevigos
gados, kad ndrota maza notece,§ noplade ir palielirata. Sida nevienndimiba
atspoglojas linearas regresijas viemlojuma determiicijas koeficiend (R?), kas ir
0.06. Vienzierte lielakaja dda gadjumu palielinoties noteceiyk, noplide samazis.
Malainam augsim (Berze) ir relalvi augsta fosfora saisStinas sfja, tadejadi mazas
noteces gaguma fosfors izskalgs maz, fosfora zudumi no atkinas augsnes
galvenolirt notiek virszemes noteces tad tdens erozijas ietek@n(Turtola and
Paajanen, 1995). Smilsam augs@m ir limitéta fosfora sais¥anas sfa, tade] an
nelielas noteces gadmos fosfors tiek izskalots sdfinoSi daudz. SmilSainu augs
sateces baseinos fosfora zudumus ietekevis horizortla tdens kugba (virszemes
notece), bet gan ar veriila (drenu sistmas) (Heathwaite, 1997).
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3.14. att. Nop un Pyop Nopliide atkariba no sateces baseina noteces
(1995. — 2009.9.).

Lauksaimnietbas notéu petijumos Zviedrij (Kyllmar, 2004; Kyllmar et al.,
2006), Skotij (Edwards et al., 1990; Hooda et al., 1997; Petrgl.e 2002) un Bigija
(Van Herpe and Troch, 2000), konstai ka sipela savienojumu koncefrijam
aden un noptidém ir poziiva koreficija ar aramzemegpatsvaru sateces basein
Palielinoties aramzemes proceiifyai attieGbai pret garbam, meziem, atmain,
ilggadigajiem zlajiem, palieliris shpeka savienojumu izskaloSasm Jansons et al.
(2003) raksturojis Brzes, Mellufites un Vienziemes Nop nNoplizu un aramzemes
procentdla ipatsvara sateces baseikopsakaibas, @tijuma izmantojot datus, kas
iegati laika posm no 1994.1dz 1999. gadam. Promocijas dagada veida anatei ir
iesejams izmantot pagaritas datu rindas (3.15. @), kas pretzak raksturotu
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saistbu starp maifgajiem. 3.15. atfs noiada, ka palielinoties aramzemgsatsvaram
sateces baseinpalieliras af Nyop noplide.

¢ Bérze M Mellupite A Vienziemte
25
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Avots: VUS lauksaimniebas notéu monitoringa dati

3.15. att. Nop nopliide atkariba no aramzemegdpatsvara sateces basein
(1995. — 2009.9.).

Saldzinot abos §ijumos ie@itos regresijas viawojuma determifcijas
koeficientus R, var seciat, ka Jansons et al. (2003) a&jginatais koeficients ir augaks
(R?=0.71) nek 3aj promocijas darbnoteiktais (=0.65). llgtermpa datu izmanto3ana
ietekn® linearas regresijas vieadojuma pierdrotibu datu anatei, palieliritas datu
izkliedes gaguma kopsakaiba Kast \ajaka. Kopsakabu kitu iesg@jams uzlabot, ja
tiktu nowersta eksmo \ertibu ietekme.

Pwop NOplides saisba ar aramzem@patsvaru sateces baseinvaja un adgjadi
arn gratak prognozjama (3.16. a#ls). Regresijas viadojuma determiicijas
koeficients B=0.09. Rop noplides tendence iada pati l& Nyop gadjuma — palielinoties
aramzemegpatsvaram sateces baggipalielinas af Pp noplide.

3.16. atEls apliecina, ka fosfora savienojumu nuge vare plad amplitida. P
savienojumu iznesi no augsnes g@miermna, gan ilgtermma ietekne dreriza,
meslojuma apjoms, izkliedes laiks un forma (neordeaiss vai organiskais &slojums),
gadjuma rakstura meteoralsko un hidrolgisko apsiklu kopums, piegram, straujs
atkusnis, intensas lietusgzes, k afn sateces baseinpatnbas, pieraram, idensteces
gultne, adensteces krastu erozija, topagfga un augsnegpasbas (Heathwaite, 1997,
McDowell et al., 2002; Merrington et al., 2002; Ndemus et al., 2008).
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¢ Bérze MMellupite A Vienziemte
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3.16. att. Rop noplade atkariba no aramzemedpatsvara sateces basein
(1995. — 2009.9.).

ASV ka viens no N un P savienojumu nogés samaziasanas pakumiem tiek
izmantots kontr@ita dreriZza, kas safizinajuma ar tradicioalo dreraZzu var samazit
noteces daudzumu aptuveni par 30%, N savienojumesizpar 45%, & ai P
savienojumu transportu ar virszemes noteci par 4R@mtroletajai drerazai ir maza
letekme uz P savienojumu vegti& kustbu augsa (Ritter and Shirmohammadi, 2001).
Petijjumos Lietud nowerots, ka kontrdta dreraza nalsmilts augsBs samazina noteci
par 25% un ni@tjonu noptidi par 20 — 28% (Ramoska et al., 2011). Sauykviedrija
konstagts idz pat 94% noteces un mtjonu noplides samaziums, K af 85% Rop
noplides samazimums kontroétas drermzas apgiklos saidzinajuma ar tradicioalo
drerazu (Wesstrom et al., 2001). Kontgtils dreraza palielinandens uztwssSaras laiku
augsme, ka ieteknt dda udens iztvaiko vai tiek patta augu atsfiba
evapotranspiicijas procesu ietvaros. Anaerobie agBt ieteknme biologisko un
kimiskos procesus augsnAtkariba no augsnes tipa, sezonas un klimata notiek
nitratjonu satura izmamas aderm un augsh. Nitratjonu satursiden un augsh
samazifs, jo nitatjonus uzem mikroorganismi un augi, denitrifikijas procesu
rezuléta tas noak atmoséra jau gizveida sivoklt (Wesstrom et al., 2001).

3.6.Udenu kvalitates standartu noteikSana pc shpekla un fosfora savienojumiem
lauksaimnieabas ietekn®tajas teritorij as

Nosakot udenu kvalitates klaSu krigriju  robezrtibas notecei no
lauksaimnietbas zeram, izmantoti lauksaimni&sas notéu monitoringa hidrgimiskie
dati, kas iegti Bérzes un Melluftes monitoringa sta@$ drenu si$imu un mazo satece
baseinu izptes imenos laika posr no 1994. idz 2006. gadam,akan Alaves upes

72



udepu kvalitati raksturojoSie hp un Rop koncenticiju dati, kas nogroti periodi no
2005. 1dz 2010. gadam.

Sateces baseini i2\ti, jo tie reprezert plaibas ar intensu lauksaimniecisko
darlibu Latvija, kur lauksaimnieba izmantojamo zemjupatsvars vaik ka 60%.
Bérzes un Mellutes stacijs ieditie adenu kvalitates rezuliti apvienoti viea datu
paraugkop.

Petijjumu rezulita iegitie empriskie dati aps#dati un analiZti izmantojot
matenatiskas statistiskas metodes. Monitoringa rexult datu paraugkopai tiek
izveidotas norrala sadaljuma liknes, kuras raksturo savstgrsaisttas skaifu rindas,
tai skaif petamas pazmes \értibas un am atbilstoSos atttoSaras biezumus jeb
frekvences. Atkaba no nowrojumu skaita ieteicain klaSu interdla garuma
noteikSanai lieto Sterdzesa (3.) vai Breksa (4mfdu (Arhipova un Blina, 1999).

Sap petijuma drenu lauka un mazateces baseina monitoringanénu klasu
intenala garuma agkinos izmantota Breksa formula (4.), jo goejumu skaits ir
>100, savulirt, upesimen SterdZzesa formula (3.), jo né@ejumu skaits ir < 100.

Ja n< 100, lieto Sterdzesa formulu:

_ Xmax = Xmip (3)

¢ T13321g(n)

Ja n > 100, izmanto Breksa formulu:

— Xmax - Xmin
5 Ta(n) (4.)

kur, n—nogrojumu skaits;
¢ — kladu interdlu garums (mg1);
Xmax— NOVErojumu paraugkopas liga vertiba (mg 14);
Xmin — NOErojumu paraugkopas mia vertiba (mg 1).

Udenu kvalitates standartu / kétiju noteikSanai pc bioggnajiem elementiem
izmantota ASV Vides aizsarttas gentiras United States Environmental Protection
Agency un Eiropas Komisijas Apvienot(European Commission Joint Research
Centrg petijumu centra ieteikto metodiku, kuras pamnat procentdlo robezu
noteikSana, izmantojot noat sadaifjuma iknes (USEPA, 2000; Cardoso et al., 2001,
Rivers and Lakes..., 2003). Noila sadaljuma liknes kombiacija ar nowroto
koncentéciju procentdla nodroSiajuma \ertibam sniedz iesfju noteikt robezertibas
udequ piedrnpojuma iz\erteSanai (3.17. adts). Robezertibu noteikSanai un atbsanai
iesgEjams izmantot ar citu sadajumu fiknes, pieraram, gamma sadgimu. Lai
noteiktu, kurs sadauims pretzak raksturo empiskos datus,aveic datu kopu andiska
parbaude. 8da veida prbaudi iespjams veikt ar STATGRAPHICS Centurion
datorprogrammu. Ja nénojumu skaits ir neliels (g 30), datu atloSanai izmantojamas
gamma sadglma kknes, ja n > 30, norata sadaljuma kiknes.

Kvalitates klasu dajumam izmantdts procentalas robezas iesaka saisar
sekojosu amkinu nodroSiajumu : < 10% augsta, 10% -25% laba, 25% - 75% ¢&jajd
75% - 90% slikta, > 90%woti slikta kvali@te.
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Avots: VUS lauksaimnieibas notéu monitoringa dati

3.17. att.Udenu kvalitates klaSu robezertibu noteikSana (drenu lauka pienars).

PrieksSlikumusidegu kvalitates daljumam klass Latvijai izstadajusi SIA ,Carl
Bro Latvija”. Kvalitates klases attiecimas uz seSu tipu am. Upju tipi noteikti
balstoties uz sateces baseina laukumu, kritumuaurstes atrumu un gultnes
raksturojumu. Sa&j adepu kvalitates klasifikicija lauksaimnietbas notekas nav
ieklautas. T ka lauksaimnietbas notekm visatbilsto8kas ir potonila tipa mais upes
(t.s. Alave), tad tieSi Stipa upju robeZertibas lietotas salzimaSanai ar ptijuma
iegutajiem rezulitiem. SIA ,Carl Bro Latvija” izveidais robezertibas tiek izmantotas
atskaies par Udenu struktirdirekfivas ievieSanu Latuj (Carl Bro, 2004; L\GMA,
2005). \ertgjot lauksaimnietbas noteces, pielietot SIA ,Carl Bro Latvija” idi&
kvalitates &ditaju verteSanas skalu néhlu ieteicams,pemot \era faktisko tdenu
kvalitati drenu sistmas un melioficijas sistmu notelds lauksaimniea izmantojanas
zents. Drenu sigimu notecei un notecei no mazajiem sateces baseimegar pierarot
upju notecei izshdatas adegpu kvalitates standartuértibas. Hidrogifiska tikla sakuma
(drenu sistmas, novadgwji, mazie sateces baseini) btog elementu konceniijas
uden parasti ir paaugstitas saldzinagjuma ar ugm. Vadoties pc Siem &ditajiem,
drenu sissmu un mazu sateces baseinmdn izpildit Udeqpu strukfirdirektivas
pamatuzdevumu ,sasniegt labidens kvaliiti” nevars. Par to liecina gijumu
rezul@éta izveidotaisidenu kvalitates klaSu dajums (3.12. tabula).

3.12. tabula liecina, ka sdrimajuma ar SIA ,Carl Bro Latvija” ieteikumiem
drenu noteces kvaiites \ertcSanai pc koggja slapea koncenticiju kritérija
nepiecieSams valkkart samaziat pragbas visu klasSu ietvaros un lda samazinat
prasbas mazo sateces baseinu un upju notecesdtgalirteSanai (vidjas, sliktas un
loti sliktas kvaliites klags). Nowrtgjot udenu kvalitati pec kopeja fosfora
koncenticijam, drenu sigfmu un mazo sateces baseinu notecei var noteikt pat
stingiakus \erteSanas kritrijus augstas un labas kvates klags neld SIA ,Carl Bro
Latvija” priekslikumos migtas robezertibas, kas noteiktas potafa tipa mazm upgm
(Carl Bro, 2004; L\GMA, 2005).
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3.12. tabula

Udenu kvalitates klaSu robezertibas pec N iop Un P yop koncentracijam

Nkop (MY rl)
E\ggﬁtes Drenu lauks Sateces baseijns  Upe SIA{_;&%Z,,&O
Augsta <45 <15 <1.0 <15
Laba 45-55 15-25 10-15 15-25
Vidgja 5.5-10.0 25-75 1.5-85 25-35
Slikta 10.0-12.0 7.5-105 8.5-11.0 35-45
Loti slikta >12.0 > 10.5 >11.0 >4.5

Piop(mg )
Augsta <0.015 <0.025 < 0.050 <0.045
Laba 0.015 - 0.020 0.025 - 0.05( 0.050-0.075 04090
Vidgja 0.020 - 0.075 0.050 - 0.150 0.075-0.125 009035
Slikta 0.075-0.135 0.150 - 0.250 0.125-0.150 13B.-0.180
Loti slikta >0.135 > 0.250 > 0.150 >0.180

Lai gan gada griezuindala notiekoSie procesi ir maigi (vegetacijas attstiba,
nokrijiu daudzums, gaisa tempenat, noteces apjoms) un ajstetekmi uz tadequ
kvalitati, tomer, izstiadajot tdegu kvalitates \ertéSanas standartus, tos nevagidnemt
Vera, jo nelitu velams atsevi§ klasificét idenu kvalitati dazados gada periodos.

Autora Etijjuma gaif izstadato tdepu kvalitates standartu ievieSanautu
objekivak izvertet Soudenstéu kvalitati, noteikt piedrmojuma imeni, ka afn seknttu
ricibas programmas iz4tti, lai uzlabotutidenu savokli lauksaimnietha izmantotajs

platibas.
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SECINAJUMI

llggadgie lauksaimnie®as notéu monitoringa dati (1995. — 2010. g.) pida, ka
lauksaimnietbas ietekritajas teritorips difizais tdepu piegrnojums ar sipela
un fosfora savienojumiem ir atkgs no antropagnas ietekmes (lauksaimnidias
zemju izmantoSanas interxé), dabiskajiem faktoriem (meteorglskie un
hidrologiskie apsikli), ka aff no @Etnieabas imepa (dremti izmeéginajuma laucai,
drenu lauks, mazais sateces baseins, upe).

Petijuma nowerotapm shpeka un fosfora savienojumu konceadijam un
noplideém ir raksturga liela maifibba monitoringa staciju ietvarosa laii sezoala,
ikgackja un ilgtermpa griezum. Augstkas vicjas biogno elementu
koncenticijas un nopides ir konstatas Brzes monitoringa sta@ij zenzkas
Vienziemtes. At&iribas nosaka augsmestiadata minealmeslojuma un organigk
meéslojuma daudzums sateces baseina saifagec Sezoalas un ikgadjas
slapela un fosfora savienojumu konceitiju un nopiizu izmahas ir saigtas
attieagi ar noteces rému un apjomu. Liekie skpela un fosfora savienojumu
zudumi no augsnes ierasti notiek pavasara pala laknevegetacijas period, kad
augi maz ugem augsé esods augu babas vielas. llgtermpa intengvas
lauksaimniecisks razoSanas apgios shpeKa savienojumu koncemtijam ir
tendence palielities.

Ciedika korehcija starp noteci un N, koncenticijam, ki aif starp nokrigu un
noteces datiemge Sprmena rangu korétijas apeékiniem nowerota Vienzienites
monitoringa stacli, savulirt, zenika savstarpja saistba Berzes monitoringa
stacip. Mainigo kopsakabu at&iribas saigtas ar augsnes granulomettisasiva
ipatribam petamajas teritorips. Berze korekcijas koeficienti nokrisiem un noteci
zeniki, jo adens plisma augshir Ieéna, drenu iefives dzjuma augs®s sastopams
augsts rala ddinu saturs, lauka mitrumietiilpas sasniegSanai nepiecieSamakigg
laiks neld Mellupité un Vienzienite, kur attie@gi ir mazks mala saturs, adel an
korekcijas koeficienti Sajs teritorips ir augsiki. Vieglaka granulometrisk sasiva
augsis udensatrak infiltrgjas cauri augsnes profilam veidojot noteddzl ar to
adenn &kistoSie nitatjoni tiek viegli izskaloti, idel Vienziemte pasév cieSa
korelacija starp noteci un QJ, koncenticijam neka Berze un Mellugte.

Monitoringa staciju mazajos sateces baseingtégpimen konstatts, ka sipeka
savienojumu nopildém ir cieSa pozitva korekcija ar aramzemegpatsvaru sateces
basein. Palielinoties aramzemes proceidyai attiegbai pret gatbam, meziem,
atmaam, ilggadgajiem zlajiem, palieliras shpeKa savienojumu izskaloSas Rp
noplidei ir epizodisks raksturs un saist ar aramzema@patsvaru sateces basein
vaja un &dgjadi an grutak prognozjama.

Biogéno elementu koncentiju anaize izfEtes imenos noéda, ka palielinoties
izpetes imenim shpeka savienojumu konceatijas samaziis aiztures,
atkaidiSaris un savstagjas transformacijas procesu ietekén Fosfora
koncentéciju mainiba izgEtes imenos ir neviennoimiga un atkaga no virszemes
notecesudenu piephiduma drenu sisinu un mazo sateces baseinmenos un
punktveida piesrpojuma slodzes upjdrhen.

Uzstdot parak augstas pralsas lauksaimnig@bas notecei, zemniekiemi$ gniti
izpildit Udepu struktirdirekfivas pamatuzdevumu — ,2015. gadasniegt labu
adens kvalisti”. Petijjuma rezuliti lauj seciat, ka lauksaimniabas zemju drenu
sisemas par labutdenu kvalitates robeZlielumu, artgjot pec kopeja slapela
koncenticijas, vaBtu piemt 4.5 — 55 mg i mazos sateces baseinos
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1.5 — 2.5 mg'1, potonila tipa mazs ugs 1.0 — 1.5 mgi. Savulart, vértgjot pec
kopgja fosfora koncentcijas, par labutdenu kvalitates robezlielumu drenu
sisemas vaftu uzskat 0.015 — 0.02 mg i mazos sateces baseinos
0.025 — 0.05 mgl, savulart, mazajs uges 0.05 — 0.075 mg'l

Lauksaimnietbas notéu monitorings daaxdos izg@Etes imepos ir nodeigs
instruments, lai noteiktu un paretiz lauksaimnietbas nozares ietekmi uenu
kvalitati un nowrtétu agrovides pagkumu efektivifiti piesarnojuma samazasanai,
kuru realizcija nepiecieSama saska ar Udenu strukfirdirekivas un Nitatu
direktivas ievieSanu Lat\dj
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Scale issues for assessment of nutrient leaching
from agricultural land in Latvia
Ainis Lagzdins, Viesturs Jansons, Ritvars Sudars and Kaspars Abramenko

ABSTRACT

This paper deals with water quality assessment and recommendations for a classification system
based on nitrogen (N) and phosphorus (P) concentrations. In order to evaluate the influence of
agricultural intensity, climate and hydrology on water quality, the long-term data (from 1995 to 2009)
collected in three Latvian diffuse pollution monitoring sites (Berze, Mellupite and Vienziemite) were
analysed. Measurements were carried out within areas where agriculture was the main source of
diffuse nutrient loading at four spatial scales, i.e. experimental plot, drainage field, small catchment
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and river. The available long-term data series shows large variations in nutrient concentrations,
depending on the intensity of agricultural production system and the scale of measurements. The
concentrations of total N are higher at the plot scale, decreasing when the spatial scale of
measurements increase. The proposed simplified classification system (five classes) was based
upon the assumption that good chemical status for rivers in agricultural areas represent
concentrations of total N < 1.5 mgL~" and total P < 0.075 mg L~", while in small catchments total
N <2.5mgL "and total P < 0.050 mg L~ and in subsurface drainage water total N < 5.5 mgL~" and

total P <0.020mg L™,

Key words | agricultural runoff, monitoring scales, nitrogen, phosphorus, probability distribution

INTRODUCTION

Excessive amounts of nutrients can lead to eutrophication,
which harms the water environment affecting water ecologi-
cal status and use for human needs. In several investigations
(USGS 1999; Randall & Mulla 2001; Vuorenmaa et al. 2002)
it was reported that water balance of the humid soils causes
nitrogen and phosphorus leaching from natural and agricul-
tural sources. The nutrient concentrations in streams
strongly correlate with the percentage of arable land in
agriculture - the main source of diffuse pollution. This
was noted in several studies concerning scale of monitoring
by Jansons et al. (2003) in Latvia, Sileika et al. (2005) in
Lithuania, and Kyllmar et al. (2006) and Ulén & Folster
(2007) in Sweden. HELCOM (2009) reported that diffuse
inputs constitute 71% of the total nitrogen and 44% of
total phosphorus load into surface waters within the Baltic
Sea catchment area. Agriculture alone contributed about
80% of diffuse load of nitrogen. However, the role of

doi: 10.2166/nh.2012.122

agriculture may be somewhat more significant as a result
of increased implementation of nutrient removal measures
in the municipal sector.

The accelerated nutrient enrichment or eutrophication
of water bodies from anthropogenic sources have become
a significant water quality problem in most EU countries.
In 1991, the Nitrate Directive (ND) was imposed with the
aim of reducing concentrations of nitrogen in water ecosys-
tems (EC 1991). The later European Water Framework
Directive (WFD), imposed in 2000, introduced new targets
for water quality at levels closer to those which may be
seen under natural conditions, without considerable
human impact, i.e. good water quality should be reached
by 2015 (EC 2000). In view of the requirements of the ND
and WFD and the future implementation of the directives,
a list of possible quantitative water quality parameters will

also be valuable for decision making, for water management
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planning and assessment of the efficiency of planned
measures, e.g. Action Programs (ND) and Programs of
Measures (WFD).

Water quality evaluation requires consideration of the
water body types at different spatial and geographical
scales. In humid soils this can be analysed at several differ-
ent scales: (1) drainage plot scale, (2) drainage field scale,
(3) small agricultural catchment scale and (4) river scale.
Each scale has the following specific meaning in water qual-
ity evaluation:

1. Drainage plot scale: represents the relationships between
soil, plant, nutrients and water. The nutrients leaching
from farm land with different application rates and
timing of mineral and organic fertilizers for various
crops and soil management are studied in this scale.

2. Drainage field scale: shows integrated effects of crop
rotation and application of fertilizers on the water qual-
ity. At this scale it may be possible to aggregate the
results of plot studies, and to relate them to patterns of
nutrient transport at the drainage field outlet.

3. Small agricultural catchment scale: represents the influ-
ence of variations erosion

soil types

in farming practices,

processes, and topography within the
catchment.

4. River scale: the impact of the climate conditions, land use
distribution, different pollution sources, including point
sources, and retention processes from headwaters to the
downstream part of the river on water quality can be

analysed.

A long-term sampling programme is necessary due to
the large variability that can occur annually in the intensity
of nutrient/algal problems, due to timing of weather (pri-
marily scouring storm events or persistent low flow events
with long residence time) and seasonality of nutrient
runoff. Ideally, water quality monitoring programmes pro-
duce long-term datasets compiled over multiple years, to
capture the natural, seasonal and year-to-year variations in
nutrient concentrations.

In Latvia, the agricultural runoff monitoring programme
to determine the impact of agriculture on water quality was
started in 1995. Cooperation with the Nordic countries pro-
moted the establishment of the network of monitoring
stations in Berze, Mellupite and Vienziemite sites with

hydraulic measurement structures and recording equipment.
The Department of Environmental Engineering and Water
Management of Latvia University of Agriculture is respon-
sible for this monitoring programme (Jansons 2009).

The main objectives of the study presented in this paper
were: (i) to analyse water quality data (total N and total P)
obtained in different spatial scales and under different inten-
sity of agricultural practices, (ii) to evaluate losses of total N
and total P in catchment and drainage field scales, and (iii)
to create scientifically based criteria for water quality classi-
fication in agricultural areas.

MATERIALS AND METHODS
General description of the monitoring sites

The selected research sites of Berze, Mellupite and Vienzie-
mite are situated in the different parts of Latvia (Figure 1)
and represent regions with various climatic conditions, soil
texture, slopes and farming intensity. According to the
WED, four river basin districts have been established in
Latvia. Study sites represent Lielupe, Venta and Gauja
river basin districts. Under the ND, EU countries had to
identify nitrate vulnerable zones (NVZ). Only Berze moni-
toring site is located within NVZ where the action
programmes with measures concerning good agricultural
practices should be implemented.

Long-term (1995-2009) variation of runoff conditions
and total N and total P concentrations were analysed in
four spatial scales. The small catchments studied vary in
size from 368 to 960 ha and all of them are dominated by
agricultural land that generally has tile-drainage (depth
1.1-1.3 m, and spacing between drains of 10-32m). As
stated by Jansons et al. (2003), the size of small catchments
for the assessment of non-point source agricultural runoff
of N and P to surface water is usually less than 10 km?.
The percentage of arable land in agriculture within catch-
ments ranges substantially, from 5 to 10% in Vienziemite
to 80 to 90% in Berze, while in Mellupite arable land rep-
resents 60 to 70%. The land in the drainage fields in Berze
and Mellupite was used for arable crops. Drainage fields
are situated within or nearby the catchments. The area of
fields varies from 12 to 77 ha. Tile drainage has open
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Figure 1 I River basin districts within Latvia and location of the study sites.

inlets for surface water in places where surface runoff is
likely to accumulate. Open inlets are positioned preferably
at the upstream end of the drain pipe in order to reduce
the chance of the pipe being blocked by sedimentation
(Ritzema 1994). Surface water inlets can be the pathway
for the direct inflow of eroded soil particles during the sur-
face runoff events. In studied sites the impacts from point
sources, such as scattered households or animal farms, can
be considered as negligible. Description of monitoring con-
ditions and scales is presented in Table 1.

Berze monitoring site is situated in the central part of
Latvia. The soil texture within the catchment is silt clay
loam according to FAO (2006) classification. Due to natural

Table 1 | Main characteristics of monitoring sites and scales

GAUJARIVER BASIN DISTRICT

. Vienziemite

60 Kilometers

ESTONIA

1L

A

RUSSIA

i
N

BELARUS

soil fertility, this region can be characterised with relatively
intensive cropping system compared with the present farm-
ing conditions in Latvia. Nitrogen fertilizer and manure
application vary among catchment fields from 51 to
224kgha™! year™! while the phosphorus application
ranges from 24 to 66 kg ha™' year™'. The landscape in this
area is flat, therefore the risk of the surface runoff is rather
low. During the study period the three main crop types
were sugar beet, oilseed rape and winter wheat. The crop
proportion within the catchment changes over the years
and is influenced by market demand. Recently, winter oil-
seed rape has become essential for biofuel production. In
addition to drainage field and small catchment scale water

Monitoring site Monitoring scale Area (ha) Agricultural land (%) Flow measurement structure Water sampling procedure
Berze Alave River 9368 74 No measurements Manual
Small catchment 368 98 V-shape Crump weir Flow proportional
Drainage field 77 100 Triangular weir Flow proportional
Mellupite Small catchment 960 69 Crump weir Flow proportional
Drainage field 12 100 Triangular weir Flow proportional
Plot 0.36 100 Tipping buckets Flow proportional
Vienziemite Small catchment 592 78 Combined profile weir Manual
Drainage field 67 100 Triangular weir Manual
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quality, monitoring of the Alave River began in 2005. For
Latvia, the Alave River is a small-sized river (catchment
area <100km?) with a high percentage of agricultural
land in the catchment. The Alave River and Berze site are
located within the same region, thus evaluation of water
quality can be carried out in three spatial scales.

The Mellupite catchment represents the western part of
the country. The farming in this catchment is moderately
intensive and typical for the present situation in agriculture
in Latvia. The average application of nitrogen within this
catchment ranges from 38 to 118 kg ha™! year™, while the
phosphorus application rate varied from 10 to 52 kg ha™
year~'. The main soil texture in the catchment is loam.
The main crops in the catchment are cereals, i.e. winter
wheat and spring barley. Experimental drainage plots were
constructed in the Mellupite site in order to estimate the
impact of different fertilization treatments on the water qual-
ity. Five treatments in three replicates are applied, i.e.
normal mineral fertilizer rate, double mineral fertilizing
rate, unfertilized, manure and slurry applications. Normal
mineral fertilizer application plots are considered to have
similar fertilizing rates as in the drainage and small catch-
ment and therefore have been chosen for our evaluation of
water quality in different spatial scales.

The Vienziemite monitoring stations are located in the
north-eastern part of Latvia and it is a typical example
of low input agricultural land use which can be used as a
reference site for water quality assessment. A large pro-
portion of the agricultural land is pasture, used for
extensive cattle farming. Almost no fertilizers (average
4-5kgNha™! year™!) are applied in this study site. Soil
texture of this area is sandy loam which is a less favourable
soil for agriculture. The landscape in the Vienziemite catch-
ment is rather hilly for Baltic conditions.

Measurement program

The flow measurements in monitoring sites were based on
fixed measurement structures and automatic data and
sampling equipment for continuous water level registration
and water sampling (Table 1). The water level was recorded
hourly, while composite water samples were collected
monthly based on a flow proportional sampling procedure,
apart from the Vienziemite site where water samples were

collected manually. Logger-triggered sampling frequency
was usually 5-10 subsamples per day. The number of ana-
lysed water samples varied among monitoring sites and
scales because sometimes monitored streams dry out
during the summer. The total N and total P load (kgha™?)
was calculated by multiplying the analysed concentrations
of the composite water samples with the total volume of
water that had discharged during the corresponding water
sampling period. The linearly interpolated daily values
were accumulated to calculate annual nutrient load values.
Analysis of water samples for the detection of content of
total N (Latvian Standards 1999) and total P (Latvian Stan-
dards 2005) in the water was carried out in laboratories
according to Latvian Standard methods. Data of agricultural
activities, such as crop rotations, timing and amount of min-
eral and organic fertilizers application and harvested yields,
were collected from interviews with the farmers.

Long-term records at the nearest meteorological stations
indicate the differences in climatic conditions. The obser-
vations were carried out by the Latvian Environment,
Geology and Meteorology Centre.

Statistical analysis

As stated by Warner (2000), box and whisker plots can be
used for graphical presentations of the total N and total P
concentrations. The box and whisker plots show the mini-
mum value, 25th percentile, median value, 75th percentile
and maximum value of data set. Side by side, these types
of plots are convenient for determining differences in
medians and similarity in spreads. The box and whisker
plots could also be used to calculate and show outliers
and extremes of data set. It has been described by Berzina
et al. (2008) that interquartile range (IQR) can be used for
the identification of outliers and extremes. IQR is the differ-
ence between the first (25th percentile) and third quartiles
(75th percentile). Any observations which are more than
1.5 xIQR and more than 3xIQR above the third quartile
or below the first quartile can be assumed as outliers or
extremes, respectively. It is well known that observations
with values considerably different from the others in the
data set (e.g. Helsel & Hirsch 2002) are often cause for con-
cern. In the present context, outliers can have three causes:
(i) a measurement or recording error; (ii) an observation
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from a population not similar to that of most of the data, e.g.
a flood caused by a dam break rather than by precipitation;
or (iii) a rare event from a single population that is greatly
skewed. The box and whisker plots calculations and visual-
isations were performed by the software package SPSS
(SPSS 2006).

The probability distribution functions could be used to
represent a random variable and to determine the prob-
ability of occurrence. A number of probability functions,
such as cumulative, normal, empirical and gamma, have
been used in hydrological, climate and water quality studies
by Tung & Hathhorn (1988) and von Storch & Zwiers
(1999). In this study gamma distribution curves are used to
illustrate nutrient concentration probability.

The Mann-Kendall test is the commonly used non-
parametric method of detecting statistical trends in time
series. In this study, the Mann-Kendall trend test with
statistical significance p < 0.05 was used to analyse long-
term changes in nutrient concentrations. Helsel & Hirsch
(2002) stated that the Mann-Kendall test can be used as a
test to determine whether Y values (concentrations) have no
trend or tend to increase/decrease with X variable (time).
The Mann-Kendall test involves computing a statistic (S),
which is the difference between the number of pluses, the
number of times the Ys increase as the Xs increase, minus
the number of minuses, the number of times the Ys decrease
as the Xs increase. If S is a large positive value, then there is
evidence of an increasing trend in the data. If Sis a large nega-
tive value, then there is evidence of a decreasing trend in
the data. If the value of Mann-Kendall S is close to 0, it can
be assumed that no temporal trend in concentrations is
revealed. Mann-Kendall trend analysis was carried out
using the software Time Trends (Time Trends 2010).

RESULTS AND DISCUSSION
Climatic conditions and discharge

Jansons ef al. (2003) noted that Latvia is situated in a humid
and moderately mild climatic region where rainfall exceeds
evaporation, resulting in percolation losses from the soil.
The highest mean annual air temperature was registered in

Berze (7.5°C), followed by Mellupite (6.4°C) and

Vienziemite (5.6 “C). The snow cover in Latvia has an average
duration of 80-90 days. The heavy snow cover and low temp-
eratures in the north-eastern part of Latvia (Vienziemite) has
an impact on water discharge in springtime. In this area snow
and ice starts to melt later over a longer time period compared
with other monitoring sites that are located in the central
(Berze) and western parts (Mellupite) of country.

There was also a gradient in precipitation among the study
areas. The mean daily precipitation in Berze was 1.58 mm,
while in Mellupite it was 1.80 mm and in Vienziemite it was
1.96 mm. The daily mean precipitation values designate the
same tendency as annual precipitation patterns. On the
annual scale mean precipitation rate range from 578 mm in
Berze and 656 mm in Mellupite to 717 mm in Vienziemite.

Site specific discharge is influenced by the temporal dis-
tribution of precipitation within a particular time period. It
has been studied and approved by Jaynes et al. (2001),
Vanni et al. (2001), Randall & Mulla (2001) and Oquist
et al. (2007). Annual discharge varied greatly among
research sites and study years, following the trends in pre-
cipitation. The time series of annual precipitation and
water discharge data for monitored sites during the period
1995-2009 are illustrated in Figures 2, 3 and 4. Mean
annual discharge in both small catchment and drainage
tield scales was highest in Vienziemite, 278 mm and
261 mm, respectively, while the lowest was in Berze,
153 mm in the small catchment and 155 mm in the drainage
tield. A typical feature that can be discerned from precipi-
tation and discharge patterns is that in the Mellupite site
the relationship between water discharges in both monitor-
ing scales was very similar. In contrast, the discharges in
Berze and Vienziemite vary considerably among study
scales.

There is clear evidence that water discharge differences
between monitored sites can be explained by precipitation
rates in the particular study site, for example high rainfall
in Vienziemite leads to high water discharge. In addition,
soil texture properties within specific regions have an
important role in the amount of drainage runoff from the
soil profile. Sandy soils have less water field capacity
than clay or silt loam soils, therefore leaching is induced
more quickly in lighter soils. Poorly drained silt clay
loam soil in the Berze catchment has higher water
storage capacity, thus discharge responds slowly, whereas
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Figure 2 | Annual precipitation and water discharge in the Berze monitoring site.

well-drained sandy loam soil in Vienziemite promotes
faster water percolation through soil profile which results
in higher discharge volumes.

As expected in this climate, snowmelt in winter, spring
floods and the rainy season in autumn were periods of high-
est discharge, and discharge was lowest in summer. The
cumulative distribution of discharge (Figure 5) shows the
time periods of intensive water flow, which also affects
the nutrient losses. As described by von Storch & Zwiers
(1999), in spring and autumn the wet soil has a lower

Precipitation  ~®=Discharge ofsmall catchment

2005

2006
2007
2008
2009

capacity to store water so almost all rainfall is directly trans-
ferred to discharge.
precipitation is much more variable and the dry soil is
able to store a significant amount of water. Thus, minor

In summer the occurrence of

rain events have little impact on the discharge.
Nutrient concentrations

In several investigations (e.g. Armstrong & Burt 1993;
McDowell et al. 1997; Sharpley & Rekolainen 1997;
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Figure 3 | Annual precipitation and water discharge in the Mellupite monitoring site.
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Figure 4 | Annual precipitation and water discharge in the Vienziemite monitoring site.

Van Herpe & Troch 2000; Donohue ef al. 200r; Iital 2005;
Bakhsh et al. 2007) it has been found that water discharge
is the main transport pathway of nutrient contents from
the soil profile into streams, therefore, hydrological patterns
of monitoring sites must be taken into account when analys-
ing nutrient concentrations. Both total N and total P
concentrations data showed high variability over time,
study sites and monitoring scales that were caused by the
site specific land management activities and farming prac-
tices, including different farming intensity and application
rate of mineral and organic fertilizers. Nutrient concen-
trations in runoff for the three monitoring sites are
provided in Table 2. The results present minimum, maxi-
mum and mean values and coefficients of variation for all
water samples during the monitoring period (1995-2009).
The highest mean concentrations of total N were observed
in plots and drainage fields compared with small catchments
and rivers in the Berze and Mellupite sites, while in the
Vienziemite site variation in N concentrations between
monitoring scales was insignificant. The maximum concen-
tration of total N (102.7 mgL~') was observed in the
Berze drainage field in the autumn of 2006 when drainage
discharge began after a very dry period in summer.

Due to the high temporal and spatial variation of total P
concentrations it was difficult to draw conclusions regarding
the variability of total P values in different monitoring

scales. As described by Heathwaite (1997) and Sharpley &
Rekolainen (1997), P may be exported via surface and sub-
surface hydrological pathways. Both particulate and
dissolved P fractions are transported in surface runoff. Par-
ticulate P includes P adsorbed onto organic-rich clay
particles and silt-sized soil fractions eroded during flow
events and constitute the major proportion of P transported
from cultivated land via surface runoff. Most of the subsur-
face transport of P is assumed to be in the soluble fraction
where concentrations of soluble P percolating through soil
are low, due to sorption of P by P-deficient sub-soils, excep-
tions occur in soils where adsorption affinity and capacity
for P are low. For example, acid organic, sandy and peaty
soils may have high leaching potential. In the autumn of
1998 in the drainage field scale in the Mellupite site
(1.106 mg L) and in the autumn of 1995 in the Berze
small catchment (2.126 mgL™"), water quality measure-
ments showed a large increase in concentrations of P
when soil erosion, due to the high surface runoff, was
observed. In the Mellupite case, high concentrations of
total P was a result of surface runoff inflow in the tile drai-
nage system via open inlets.

The monthly concentrations of total N, presented as box
and whisker plots (Figure 6), are used to describe seasonal
variations in N leaching among study sites and scales. The
variability in concentrations of total N in the Berze small
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Figure 5 | Cumulative distribution of the monthly mean discharge, 1995-2009.

catchment is strongly related with the seasonal fluctuations
of water discharge, while in the drainage field scale the con-
centrations are relatively stable over the seasons and do not
follow water discharge patterns. The highest measured nitro-
gen concentrations of the Berze drainage field (102.7 and
45.1mgL™Y) are not shown in Figure 6. High concen-
trations of total N in the autumn in the Mellupite drainage
field outlet in the autumn season can be explained with
the combination of fast response of tile drains to hydrologi-
cal processes and post-harvest tillage that increase the

erosion of the soil. In the Vienziemite site in both

September

October
November
December

monitoring scales, the snow melt period could affect the
increase of total N concentrations. In most cases data of
monthly concentrations of the total N show seasonal fluctu-
ations, with the lowest levels in the dry period of summer,
and the highest from late autumn to spring. This agrees with
earlier findings in large river scale studies in Latvia reported
by Stélnacke et al. (2003). Thus, this study proved that
within the small catchment and drainage field scales N leach-
ing from agricultural land follows the seasonal patterns of
water discharge and leaching mainly appears during the
high discharge periods (autumn and spring seasons).
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Table 2 | Nutrient concentrations in monitoring sites, 1995-2009

Total N (mgl~")

Total P (mg 1~ ")

Monitoring site ber of pl Mini Maximum Mean CV (%) Minimum Maximum Mean CV (%)
Berze

Alave River 57 0.80 19.90 5.28 82 0.032 0.243 0.097 49
Small catchment 167 0.90 29.50 8.63 62 0.018 2.126 0.165 121
Drainage field 154 1.90 102.70 12.09 79 0.010 0.473 0.060 117
Mellupite

Small catchment 172 0.53 16.30 3.68 67 0.004 0.709 0.082 122
Drainage field 142 1.60 16.80 725 37 0.003 1.106 0.072 144
Plot 64 2.80 31.67 10.10 53 0.004 0.686 0.097 91
Vienziemite

Small catchment 185 0.43 7.50 1.71 59 0.009 0.712 0.041 139
Drainage field 179 0.32 7.50 1.60 68 0.006 0.433 0.044 96

The trend analysis of nutrient concentrations was per-
formed to characterise changes in concentrations over the
study period. The results of the analysis of long-term
trends of the N and P concentrations were interpreted
using the Mann-Kendall test statistic. This statistical par-
ameter is used to prove increases, decreases, or no
temporal trend in the concentrations over the period of
measurements. The trends in total N and total P concen-
trations determined in this study are presented in
Figures 7-10, where time series of date are shown on the
X-axis and the nutrient concentrations on the Y-axis.

In the catchment scale, statistically significant (p < 0.05)
upward trends in total N concentrations were revealed in the
Berze and Mellupite sites, Mann-Kendall S value 2511 and
2486, respectively. Within these sites agricultural activities
are intensive with rather high mineral and organic fertilizers
applications, in Berze up to 224 kg of N ha™! year™! and in
Melupite up to 118 kg of N ha™! year™!, whereas in Vienzie-
mite the total N concentrations had increased statistically
insignificantly (p=0.40), Mann-Kendall S value 730
(Figure 7). In the drainage field scale the situation was simi-
lar with a pronounced statistically significant (p < 0.05)
upward trend in total N concentrations in Berze (Mann-
Kendall S=4452) and Mellupite (Mann-Kendall S=
2493), while in Vienzimite a statistically insignificant (p =
0.08) downward trend was fixed, Mann-Kendall S =-1439
(Figure 8). A substantial increase of total N leakage in the

Berze drainage field was related to changes of dominant
crop type in the catchment area, from sugar beets to cereals,
and with excessive application of mineral and organic fertili-
zers mentioned by farmers during annual interviews.

In the small catchment scale, total P concentrations had
a statistically insignificant (p > 0.05) upward trend during
the study period in Mellupite (Mann-Kendall S=104) and
Vienziemite (Mann-Kendall S = 512), in Berze a statistically
significant (p < 0.05) downward trend was detected, Mann-
Kendall S=-1661 (Figure 9). It is evident from the inter-
views in the Berze catchment that farmers recently had
changed the type of applied mineral fertilizers from rather
expensive but high quality complex fertilizers to straight
nitrogen fertilizers application which may have led to soil
depletion, it resulted in increasing trend in total N and
decreasing in total P. Total P concentrations at the drainage
field scale were relatively low and with statistically insignifi-
cant (p > 0.05) trends in Berze (Mann-Kendall S = 365) and
Mellupite (Mann-Kendall S = —12), while in Vienziemite an
upward trend in total P concentrations (Mann-Kendall S =
1493) was close to the level of statistical significance (p =
0.07) (Figure 10). The specific character of total P transport,
i.e. the main source of phosphorus losses was occasional ero-
sion events induced by surface runoff, has to be taken into
consideration when the trend analysis of total P concen-
trations is performed. Therefore, in most cases a minor
temporal trend in total P concentrations can be observed.
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Figure 6 | Monthly minimum, 25th percentile, median, 75th percentile, maximum, outlier (O) and extreme (*) concentrations of total N, 1995-2009.

Long-term data series are required to assess agricultural
runoff pollution at different spatial scales. Agricultural
emissions and retention processes of total N were studied

in the Berze and Mellupite sites. The box and whisker
plots are used in Figures 11 and 12 to illustrate total N con-
centrations and retention between study scales. In the
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Figure 7 | Long-term trends in total N concentrations at the small catchment scale.
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Figure 8 [ Long-term trends in total N concentrations at the drainage field scale.

Berze site the highest concentrations of total N are
observed in the drainage field scale, concentrations
decrease when the scale of measurements increases
(Figure 11). In the small catchment and Alave River total
N concentrations decreased due to dilution and retention
processes in streams, i.e. denitrification, organic matter sto-
rage in sediments, sediment sorption, and plant and
microbial uptake, especially in the vegetation season.
Extreme and outlying total N concentrations can be

observed to be more frequent in plot and field scales

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

rather than in small catchment and river scales due to vul-
nerability and a faster response to extreme meteorological
and runoff conditions. In the Mellupite site the importance
of retention processes on water quality are clearly demon-
strated in Figure 12. The specific character of monitoring
scales has to be taken into consideration when the analysis
of water quality in different scales is performed. For
example, runoff from the experimental plots can be con-
sidered as soil solution where the impact of retention
processes is rather low.
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Figure 9 | Long-term trends in total P concentrations at the small catchment scale.
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Figure 10 | Long-term trends in total P concentrations at the drainage field scale.

Nutrient losses

The study showed that large temporal variations in total N
and total P losses can occur and that, over years of monitor-
ing, they are influenced by land management, farming
practices and weather conditions. The results of nutrient
losses are presented in Tables 3 and 4. In the Berze catch-
ment N load ranged from 5.27 kg ha™? year™ in 2006 to
21.36 kg ha™! year! in 2001. For the same study site and
scale annual total, P load varies from 0.03 kg ha ! in 2006
to 0.52 kg ha™! in 1996. Generally, large temporal variations

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

in annual losses are determined by the variations in
annual discharge. It has also been found in small agricul-
tural catchments in Norway, Estonia and Latvia by
Deelstra et al. (2008). The above mentioned lowest N and
P losses in the Berze catchment occurred in 2006 when
the lowest annual site specific discharge (39.9 mm) was
measured. The highest N loss in the Berze catchment
was caused by the highest measured annual discharge
(229.5 mm) in 2001. The highest P loss in 1996 was a
result of very fast snow melts which generated soil erosion.
The measured monthly discharge and losses in April were
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139.3 mm and 0.44 kg ha™!, respectively, which was 81% of
the yearly discharge and 85% of the annual P load.

There was also large spatial variation in loads between
study sites. During the study period the highest and lowest
mean annual nutrient losses in the catchment scale were

i

measured in Berze (e.g. 14.42kgha™' year™! of N and
0.19 kgha™! year™* of P) and Vienziemite (e.g. 5.78 kg
ha!year™ of N and 0.11 kg ha™' year™" of P), respectively.
Berze is located in the central part of Latvia with the
most fertile soils where intensive and high nutrient input

agricultural production is common, while Vienziemite is

situated in northeast of Latvia, characterized as a representa-
tive area of low input agriculture. The changes in
nutrient losses can be directly related to the nutrient balance,
which often shows imbalance of the inputs to the soil system
(fertilizers) with its normal outputs (high yields) in many
farms of the Berze and Mellupite catchments. Studies in
the field scale of Berze and Mellupite indicate that situation
could be improved in the future if farmers are able to
introduce better nutrient management practice; timing
and rate of application of mineral and organic fertilizers
and agricultural technologies promoting high yields
(nutrient output). Poor handling of animal manure in farms
could be the reason for the increase of nutrient content in
surface and subsurface water. This situation has been noted
and concluded from the interviews with farmers.

In general, in the drainage field scale, total N load are
higher if arable land is the dominated land use type. For
example, in the Mellupite site losses of total N in the drai-
nage field was higher than in the small catchment. The
exceptions monitored in the Berze site during 1999-2003
and in 2005 are related to higher annual discharge in the
small catchment which resulted in higher losses of
N. Generally, higher losses of total P in the catchment
scale in the majority of the monitoring years may be
explained by regular surface runoff and eroded material
direct inflow in the open streams, which is the main path-
way of total P transport, while surface runoff inflow in
drainage systems via open inlets is rare and has occasional
character. It should be mentioned that N and P losses in
the Berze, Mellupite and Vienziemite small catchments
are lower compared with similar agricultural catchments
in central southern Sweden where leaching losses from
arable land of 32 kgha™' of total N and 0.31 kgha™' of
total P were estimated by Ulén et al. (2004).

Nutrient standards

For EU member states, the overall aim of the WFD is to
achieve ‘good ecological status’ and ‘good chemical status’
in all water bodies by 2015. The WFD suggest that
member states develop scientific information concerning
levels of nutrients that cause water quality problems. In
Latvia the issue of water quality standards has not yet
been implemented in legislation.
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Table 3 | Total N losses (kg ha=" year~"), 1995-2009
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Monitoring site 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  Mean
Berze

Small catchment 10.51 17.10 16.56 14.73 1890 1258 21.36 11.93 12.11 16.92 13.07 527 12.83 17.57 14.80 14.42
Drainage field 19.62 21.77 26.77 24.22 1457 10.81 1253 6.01 791 2137 11.65 1129 37.28 25.76 13.35 17.66
Mellupite

Small catchment 8.06 7.09 11.16 9.56 832 7.02 1090 10.11 722 10.10 823 11.82 1593 871 11.07 9.69
Drainage field 16.14 11.49 19.75 20.72 14.38 17.92 2242 1650 1242 13.04 10.16 1840 29.27 19.79 17.70 17.34
Vienziemite

Small catchment 8,17 3.68 749 874 582 497 505 6.01 366 345 564 314 904 740 440 578
Drainage field 698 326 7.17 533 693 493 486 528 3.60 582 555 294 498 448 431 509
Table 4 | Total P losses (kg ha~" year~"), 1995-2009

Monitoring site 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Mean
Berze

Small catchment 041 052 023 026 019 012 028 015 0.08 016 020 0.03 005 010 011 0.19
Drainage field 023 023 0.13 0.15 0.11 006 014 011 003 013 0.06 005 011 0.14 013 0.12
Mellupite

Small catchment 023 0.14 0.10 024 027 0.09 013 015 0.16 032 006 036 022 004 008 0.17
Drainage field 020 012 0.11 0.77 018 0.10 013 026 011 010 0.09 018 021 0.10 0.12 0.18
Vienziemite

Small catchment 0.12 0.04 009 0.14 0.15 009 017 010 0.09 0.08 022 0.09 016 008 005 0.11
Drainage field 0.08 0.04 0.08 010 013 0.08 016 009 008 016 020 011 0.11 010 0.07 0.11

A water quality standard defines the goals for a water
body by designating scientifically confirmed criteria to pro-
tect streams and establish control measures to improve
existing water quality. In order to formulate water quality
standards for drainage fields, small catchments and rivers
influenced by agriculture, the method recommended by
US Environmental Protection Agency (US EPA 2000) and
the European Commission Joint Research Centre (Cardoso
et al. 2001) was applied in this study. Agricultural runoff
monitoring data collected in several scales during 1995-
2009 could be used to define the criteria values for nutrients
concentrations. Percentile selection of data plotted as prob-
ability distribution curves were used to establish boundaries
of classes for water quality criteria. According to WFED, five
classes of water quality could be designated using the follow-
ing percentiles: (1) <10% excellent quality, (2) 10-25% good
quality, (3) 25-75% fair quality; (4) 75-90% poor quality;

and (5) >90% bad quality. Cumulative distribution and
gamma curves of total N and total P concentrations at the
catchment scale are illustrated in Figures 13 and 14. The
joined data set of the Berze and Mellupite nutrient concen-
trations was used to define water quality standard criteria.
Data from Vienziemite were not included because the site
can be characterized as having low input agriculture refer-
ence conditions. Nutrient values for water quality criteria
determined in this study are given in Table 5. Nutrient cri-
teria numeric ranges, developed at the national level using
existing databases of agricultural runoff monitoring, could
be used to derive specific criterion values of water quality
used to evaluate the success of control measures and
action programme of ND.

The most important finding of the research is that water
quality criteria for nitrogen in the drainage water, as well as
for small catchments with intensive agriculture, should be
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Table 5 ] Nutrient values for water quality criteria
Total N (mgL™") Total P (mgL™")
Quality class Drainage field Small catchment River Drainage field small catchment River
Excellent <4.5 <1.5 <1.0 <0.015 <0.025 <0.050
Good 45-5.5 1.5-2.5 1.0-1.5 0.015-0.020 0.025-0.050 0.050-0.075
Fair 5.5-10.0 2.5-7.5 1.5-8.5 0.020-0.075 0.050-0.150 0.075-0.125
Poor 10.0-12.0 7.5-10.5 8.5-11.0 0.075-0.135 0.150-0.250 0.125-0.150
Bad >12.0 >10.5 >11.0 >0.135 >0.250 >0.150
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less stringent than for rivers, otherwise it will not be possible
to fulfill the objectives set by the WED.

CONCLUSIONS

The main conclusions are as follows:

o The results of the study indicate that concentrations of
total N vary in all study sites following the seasonal fluc-
tuations of water discharge. In small catchment and
drainage field scales, higher mean concentrations of
total N were observed in Berze compared with the
Mellupite and Vienziemite sites. The variations in total
P concentrations are related to the large impact of
occasional surface runoff events that promote P transport
from soil to water.

The concentrations of total N in agricultural areas
depend on the spatial scale of measurements. In general,
concentrations decrease when the scale of measurements
increases. For example, in the Berze site higher concen-
trations of total N were found in the drainage field
scale and these decreased in the small catchment and
river scale. The variation in concentrations can be
explained by different conditions for retention processes
within spatial scales, e.g. denitrification, organic matter
storage in sediments, sediment sorption, and plant and
microbial uptake.

The study showed that compared with intensively farmed
area in the Berze site the nutrient losses were lower in the
Mellupite and Vienziemite sites. Increased losses of total
N and total P in Berze are caused by substantially higher
mineral and organic fertilizer application rates, which
often exceed the needs of agricultural crops.

Longterm agricultural runoff monitoring data can be
useful to develop scientifically based criteria for water
quality assessment.

The important finding of the research is that water quality
standards for nitrogen in the drainage water, as well as for
small catchments with intensive agriculture, should be
less stringent than for rivers, otherwise it will not be poss-
ible to fulfill the objectives — good water quality status in
2015, set by the WFD. Recommended classification for
values of the nutrient quality status could be used for the

purpose of monitoring and evaluation agro environment
measures of Rural Development Plan in Latvia.
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Temporal and Spatial Variation of Nutrient Leaching
from Agricultural Land in Latvia: Long Term Trends
in Retention and Nutrient Loss in a Drainage and
Small Catchment Scale

Viesturs Jansons', Ainis Lagzdins, Laima Berzina®, Ritvars Sudars®, Kaspars Abramenko’, ’Latvia University of
Agriculture

Abstract - Agricultural run-off monitoring and losses of
nitrogen (N), phosphorus (P) from small (60 — 960 ha) catchments
and drainage fields (12 — 77 ha) in Latvia were analyzed. The
catchments represent areas with different agricultural
production intensity, landscape, soils and climate. Results from
the long-term monitoring show (i) large differences in levels of
losses between the catchments and fields with different farming
intensity, (ii) large annual and interannual variability due to
climate impact and soil conditions, (iii) few time trends in
nutrient losses. These results are discussed in relation to pollution
from non-point and point sources. Besides, these data
demonstrate changes in agriculture driven by large-scale changes
in land-use intensity. However, despite the increased
implementation of mitigation methods by farmers, improvements
in water quality at the catchment scale can take a long time.
Long-term monitoring programmes to detect trends are
required.

Keywords — Agriculture, monitoring, nutrients

I. INTRODUCTION

High nutrient levels in the surface waters can result from
several agricultural pollution sources [1, 6, 7, 8, 10, 11, 14,
and 26]. Non-point (diffuse) agricultural pollution or
agricultural run-off is a major issue causing the pollution of
surface water ecosystems in Latvia [12, 13, and 26]. The
pollution of surface water due to nutrient input from diffuse
sources is not easy to observe, measure and mitigate [23, 25,
and 26]. Non-point agricultural pollution occurs everywhere
and always, and agro-environmental measures to reduce
emissions in agriculture can provide limited results. A major
cause of point source agricultural pollution comes from
manure management arising from large-scale animal farming.
Point source pollution is commonly associated with surface
run-off from farm territories, manure storage, leakage from
manure and urine reservoirs and other sources of poor manure
management practices [1, 7, 9, and 24]. Therefore, in an
assessment of agricultural run-off, it is crucial to be able to
estimate the impact of animal farming and diffuse pollution on
water quality by an apportionment of both agricultural
pollution sources from the other types of pollution. In order to
comply with EU regulations e.g., Nitrate Directive (ND) [22]
and Water Framework Directive [3], it is important to
understand the effect of the leaching of nitrates and other plant
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nutrients on eutrophication phenomenon. Monitoring of water
pollution by agricultural run-off in Latvia has been
implemented by the Department of Water Management and
Environmental Engineering of Latvia University of
Agriculture since 1994 [12, 15].

II. MATERIAL AND METHODS

A.  Monitoring of diffuse agricultural pollution

An assessment of diffuse agricultural pollution has been
implemented in three monitoring stations and four sampling
points (Fig. 1). Diffuse pollution monitoring stations are
placed in three small catchments (river basins < 10 km2). The
Bérze, Mellupite and Vienziemite sites are located in different
parts of Latvia and represent regions with different climate,
soil, slopes, crops and farming intensity [8, 10, 14]. There are
no another non-agricultural pollution sources located in these
catchments. The soils at the monitoring sites are imperfectly to
poorly drained. Most of the agricultural land in the small
catchments is drained with tile drains (depth 1.1 — 1.3 m,
spacing between drains 10 — 32 m).

However, monitoring of agricultural run-off in regions with
humid climate is performed at several geographical scales.
Nutrient losses from arable land might be measured at a
drainage field level. Field scale run-off represents a combined
effect on the water quality from farming practice, crop
rotation, application of fertilizers, etc.
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Fig. 1. Agricultural pollution monitoring stations and monitoring points in
Latvia.
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The integrated influence on nutrient run-off of variations in
farming practices, erosion, soil and topography within the
small drainage basin (catchment) might be studied in a better
way than on the field scale. In a small catchment scale,
emission rates (loads) that can contribute to the nutrient
enrichment of the surface water ecosystem can be examined.
The method complies with the EU ND Monitoring Guidelines
[5, 19, 20], the internationally accepted practice [26, 27] and
methods proposed in Latvia [19]. A description of the
monitoring stations and monitoring points in Latvia can be
found in Table 1. A monitoring station is a monitoring site
equipped with a hydraulic structure to discharge
measurements with data loggers. Permanent stations with
structures and advanced equipment are used for diffuse
pollution assessment in the Lielupe (Bérzes station), the Venta
(Mellupites station) and the Gauja (Vienziemites station) river
basin districts since 1994. For the apportionment of the point
and non-point (diffuse) pollution sources, Skriveri (since year
2000), Bauska (since year 1995) and Auce (since year 2004)
monitoring points have been established on the small
catchment scale. Monthly grab samples are collected at the
monitoring points, however the discharge is modeled.

Specific hydraulic structures, i.e. Crump, V-shape Crump
and combined profile weirs and data loggers for continuous
and automatic measurements have been used in Bérze,
Vienziemite and Mellupite monitoring stations. Data loggers
measure the water level on the weir and calculate discharge
continuously. Generally, automatic flow proportional
sampling triggered by data logger was used in the stations.
Based on a flow proportional sampling procedure, monthly
composite water samples were collected. The grab sampling
method used in the monitoring points have lower statistical
power because the sampling frequency and method is less
sufficient to cope with the high variability of water quality [35,
18] and the quick response to local meteorological conditions.

The parameters analysed included total N, NO;-N, NH;-N,
total P, PO,-P and pH. Water analyses were performed
according to the standard methods.

The landscape of the Bérze site is flat lowland and 98 % of
the catchment soils are cultivated. Due to natural high soil
fertility, winter wheat has become the main crop in the Bérze
catchment. The share of arable crops increased up to 80-90 %
during 1994 - 2010. Farmers are using modern equipment, and
rather intensive technology for Latvia conditions. The Bérze
catchment is characterised by relatively intensive crop
production and modern technologies, as compared to the
present average conditions in Latvia, e.g. a fertilizer
application in few fields reached 170 kg N ha™! year™ in 2010.
However, by contrast, farms in the Vienziemite catchment
apply low amounts of fertilizers (on average 4 kg N ha year’
Y. The Vienziemite site is a typical example of low input
farming and could be used as a reference site for the
assessment of water quality in agricultural catchments. The
Mellupite catchment represents average farming conditions
and could be considered typical for present agriculture in
Latvia. Three large farms are using intensive agricultural
technology, whereas a few farms produce only for self-

consumption with low fertilization rates and without

pesticides.
TABLE I
DESCRIPTION OF THE AGRICULTURAL POLLUTION MONITORING SITES (DIFFUSE
POLLUTION)
Site, monitoring, % . . -
level for water ﬁ;ea, cultiv i\’lam*sml DesF rl]pttlon of
sampling ated ype agricuiture
Monitoring stations
Vienziemite, CEsu
district Chromic .
Small catchment 592 78 Cambisol tIjow input
Sandy loam arrmpg
Drainage field 67 100 Low input
farming
Mellupite, Saldus
district )
Small catchment 960 69 Stagmc Moderately
Luvisol i .
intensive
Loam, clay ;
loam farming
Drainage field 12 100 Intensive grain
farming
Bérze, Dobeles Calcric
district Cambisol
Small catchment 368 98 In'ceptsol Intensive grain
Silty clay farming
. loam . .
Drainage field 77 100 Intensive grain
farming
Monitoring points
Vecauce, Dobeles Gleyic
district Cambisol Intensive grain
Small catchment 60 90 Sandy loam farming
Bauska, Bauskas Chromic
district. Cambisol Intensive
Small catchment 750 95 Silt loam farming, mixed
crops
Skriveri, Uutric
Aizkraukles Podzoluvisol
district Silty clay Moderately
Small catchment 890 40 loam intensive
farming

* FAO soil classification

B.  Monitoring of the point source agricultural pollution

Monitoring of the point source agricultural pollution in
Latvia was implemented in three small catchments, where
pollution from large livestock farms has an impact on water
quality [1, 7, 9, and 24]. The Bauska, Vecauce and Ogre sites
are characterized by large applications of animal manure
(slurry). The catchments were previously a part of large state
and collective farms that specialized in pig production. A
description of the point source pollution monitoring sites is
presented in Table 2.

The Vecauce (LLU Vecauce, ”Pipolu” farm) farm started
pig production in 1990 and produces about 1 000 — 2 000
pigs per year today. In the upper part of the Vecauce farm
catchment (60 ha), forest and wetlands cover 5 ha (9 %). 30
ha of the catchment area are used for slurry application. On
average, 200 m3 slurry per ha and year have been applied on
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winter grains during the vegetation seasons from 1995 -
2010. This application rate corresponds to a nutrient supply
of approximately 180 - 360 kg N ha' and 13-26 kg P ha™.
Previous experience demonstrated that the main principles of
good agricultural practice are used in manure handling in the
Vecauce farm.

The Bauska (”Strautu”) farm was established in 1970 and
reached full production (12 000 fattening pigs per year,
55000 m’ pig slurry per year) in 1976. Until 1987 tractor-
driven tankers were used for slurry application. In 1987 a
slurry irrigation system (226 ha) was installed. Today the pig
production is 8 000 — 10 000 fattening pigs per year, but the
slurry utilization area is only 50 hectares, due to changes in
land use after privatization. Slurry has been applied on
grassland fields throughout the whole year. On average 900
m® of slurry has been applied per ha annually, representing a
nutrient supply of approximately 630 kg total N ha™' and 80
kg P ha™' that does not meet the requirements of ND (170 kg

N ha'). Simultaneous grab sampling is performed
downstream from the farm and in the upstream part of the
catchment to assess the impact of point agricultural
pollution.

The Ogre farm was completely closed after 15 years of
production in 1992. The farm produced about 30 000 pigs
per year prior to its closure. Earth lagoons were used for
slurry storage and still remain full of slurry at this farm. Soil
in the surrounding territory of the Ogre farm is still polluted
due to improper manure handling during 1977 - 1991. Slurry
was applied by tractor tankers and sprinkler irrigation on 240
ha of land and several leakage accidents took place from the
lagoons. Old pollution still has an impact on water quality in
that catchment [1].

The measurements in Bauska, Ogre and Vecauce were
based on manual water sampling at regular intervals (once
per month) since year 1995.

TABLE II
DESCRIPTION OF THE AGRICULTURAL POLLUTION MONITORING SITES (POINT SOURCE POLLUTION)
; i % Area, Cultivated . o .
Site, monitoring level ha land, % Soil Description of agriculture
Auce, monitoring point
Small catchment in slurry 60 90 Sandy loam Intensive grain farming, arable land 80 %. Slurry
application area application on 30 ha within catchment.
Bauska monitoring point
Small catchment in slurry 800 95 Silt loam Intensive farming, mixed crops. Slurry dumping site on
application area including pig 50 ha and pig farm within catchment.
farm
Ogre monitoring point
Small catchment in slurry 300 25 Silty clay loam, Moderately intensive farming, old slurry lagoons and

application area including pig
farm

Silt loam

polluted territory of former pig farm within catchment,
farm closed in 1992.

C. Climate and Hydrology

Latvia is situated in a humid and moderately mild climatic
region where rainfall exceeds evaporation, resulting in
percolation losses from the soil during spring and autumn.
The annual precipitation in Latvia is 550 - 750 mm per year.
A wide range of precipitation from 1994 - 2010 was
characterized by dry years in 1996, 2006, normal years in
1994, 2004, and wet years in 2007 and 2010.

Similarly, maximum and minimum extremes were
observed in the water discharge (Fig. 2) in the monitoring
catchments during the period of 1994 - 2010. The year 2006
was the driest since 1974 (run-off 116 mm per year in the
Vienziemite site) and 1995 was a wet year with the run-off
467 mm per year at the same Vienziemlte monitoring site.
The wide range of climatic and hydro meteorological
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conditions at the Bérze and Mellupite sites was illustrated by
a run-off ranging from less than 100 mm to more than 300
mm [2, 3, and 26].

To obtain values for the runoff from the manure utilization
points and the Mellupite catchment area, the METQ96 model
was used. The model contains sub routines for snow
accumulation and ablation, soil moisture accounting,
groundwater and capillary fringe accounting, runoff
generation and a simple routing procedure. Input parameters
to the model are daily values for temperature, precipitation
and the vapor pressure deficits which are standard
meteorological data that are available in meteorological
stations in Latvia. A detailed description of the model is
given by A. Ziverts et al. [16].
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Fig. 2. Water discharge in small catchment scale in the monitoring station sites.

D. Nutrient run-off

Nutrient leakage was calculated by multiplying the nutrient
(Niot> Pior) concentrations of the composite water samples with
the total volume of water discharged during the corresponding
water sampling period. The research in the small catchment
scale demonstrates that the rapid response of discharge due to
rainfall or snowmelt and fast changes in water quality
parameters caused nutrient enrichment on a local scale in
small catchment or drainage field are observed more often
than at the large river scale. Usually, during the flood period
more frequent water sampling could be recommended, as
mentioned in ND [17, 19, 22,].

In order to calculate of nutrient run-off for the
corresponding measurement period, the daily nutrient
concentrations (C;) are interpolated from monthly nutrient
values [19].

V'=001>'C *Q, (1)
where
V - nutrient run-off, kg ha™ year™;
C, - average daily concentrations, mg I"';
Q; - average water discharge, mm.
Hourly and daily discharges (Q;) are calculated
automatically by a data logger, where water level

measurements are performed every 2 - 3 minutes. Moreover,
the data logger calculates the volume of the water discharged
over the hydraulic structure and after bypass of certain amount
of water sends a signal to the water sampling pump. Our
experience shows that the logger-triggered sampling
frequency could be 10 - 15 subsamples per day. One water
proportional composite sample consists of a large number of
subsamples gathered during a period of one month, i.e., 12

2002
2003
2004
2005
2006
2007
2008
2009
2010

Average 1994
-2010

water samples were collected, if there was discharge all year
around.

III. RESULTS AND DISCUSSION

A.  Nutrient concentrations

EU ND monitoring guidelines [5] for the implementation of
Article 3.1 propose that long term (20 - 30 years) nitrate trends
have been analyzed for:

o Yearly average values;

o Winter period values;

e Maximal concentrations of nitrates.

The guidelines [5] suggest that the presence of nitrate
nitrogen (NO;™ - N) during the winter period (October —
March) better describes the potential amount of available
nitrogen resulting in eutrophication in summer. When
analyzing nutrient impact during the vegetation season, it is
more useful to measure the total nitrogen (Ny,).

However, EU Water directives and guidelines [4, 20, 21,
22] do not explain what values of nitrate concentrations should
be used (e.g., average annual, winter or maximum peak
nitrate) to compare the limit value for nitrates established by
ND - 50 mg I NO;” or 11.3 mg I’ NOy - N [5, 22].
Therefore, the assessment of nitrate concentrations was
performed for maximum peak NOs™ - N, winter concentrations
of the NO;™ - N and summer concentrations of the N.

B.  Nitrate concentrations

Limit values of nitrate (11.3 mg I"") established by the
Directive were often exceeded in the small catchment and
drainage run-off from fields with intensive farming in the
Bérze monitoring site since the year 1996 (Fig. 3 and 4).
Generally, drainage field run-off has higher nitrate
concentrations and a higher risk that threshold values of ND
could be exceeded.
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Surprisingly, high nitrate values in the Bérze drainage field
run-off were found in November 2006, when drainage run-off
appeared after the dry summer - autumn period. As shown in
Fig. 3, the nitrate concentration may be extremely high. The
VSIA “Centre for Agrochemical Research” has analyzed
mineral nitrogen in several fields. Data of the soil mineral
nitrogen, presented in, provide the information on soil leakage
potential in the autumn of 2006 resulting in high
concentrations when drainage run-off started in November.
Run-off transported a considerable amount of nitrogen that

was accumulated in the soil during the summer and early
autumn due to the dry and hot weather conditions [13]. In
addition, the soil had many cracks and macro pores. In the
small catchment scale (Fig. 4), long-term concentration trends
of different nitrogen compounds show an increase by 50 -
90% during 1994 - 2010.

Due to the extremely high nitrate values in 2006/2007 in the
drainage field scale (Fig. 3), trends are impossible to evaluate.
However, summer N, concentration values increased by 20%.
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Fig. 3. Annual average nitrogen concentrations in drainage field run-off, Bérze monitoring station.
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Fig. 4. Annual average nitrogen concentrations in small catchment run-off, B&rze monitoring station.

With regard to the Nitrate Directive, it should be noted that
the limit values of nitrate (11.3 mg I"") established by the
Directive were exceeded in the drainage field of the MellupTte
site during 2006 - 2008 (Fig. 5). Similarly to the Bérze site in
that the field farmer used intensive technologies and farming
methods. In the small catchment scale (Fig. 6) in the Mellupite
site, the limit concentrations of nitrates were exceeded only
during 2003. Both on the catchment and the field scale, long-
term nitrate concentrations show an upward trend (Fig. 6). In
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the Vienziemite site, which could be used as a reference site
with low input agriculture, both on the catchment and the
drainage field scale, during the period of 1994 — 2010,
nitrogen concentrations close to the limit values of ND were
not determined. Annual average concentrations in plot and
field scale have a relatively small difference (Fig. 7 and 8),
which could be attributed to normal variation. Long-term
trends show no significant increase or decrease of nitrogen
compounds in the Vienziemite site during 1994 - 2010.

115



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

DOI: 10.2478/v10145-011-0028-9 2011
16,0
=== Max NO3/N == Winter NO3/N ==fe= Summer Ntot
14,0
o
{=)]
£
c
2
o
c
7]
(5]
c
5]
O
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Years
Fig. 5. Annual average nitrogen concentrations, Mellupite drainage field.
16,0 17—
«=¢=Max NO3/N == Winter NO3/N =fe= Summer Ntot
14,0 *
- 12,0 /\
-t
2 /\
£
<
ie]
£
=4
(4]
(5]
[=4
Q
o
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Years
Fig. 6. Annual average nitrogen concentrations, Mellupite small catchment.
6,0
e=g==Max NO3/N == Winter NO3/N A == Summer Ntot
50
o
(=]
E
-3
2
s
E
[]
Q
c
o
o
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Years
Fig. 7. Annual average nitrogen concentrations, Vienziemite field drainage.
116

Volume 7

59



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

DOI: 10.2478/v10145-011-0028-9

2011

Volume 7

4,5

@ ==¥=Max NO3/N == \Winter NO3/N === Summer Ntot

4,0

3,5

3,0

2,5

2,0
15
1,0

Concentration, mg L

0,5

0,0 T T T T 1 T T

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Years

Fig. 8. Annual average nitrogen concentrations, Vienziemite small catchment.

C. Nutrient run-off in the diffuse pollution monitoring sites

Nutrient run-off from diffuse pollution monitoring sites is

TABLE III

ANNUAL AVERAGE DISCHARGE AND NUTRIENT RUN-OFF FROM DIFUSSE

presented in Fig. 9, 10 and 11. Monitoring results have POLUTION SOURCES
demonstrated the evident influence of water discharge on Discharge Run-off Run-off
. . . . . » i i 1 ’
nutrient run-off. High precipitation rates determined Manitering siation mm Nuy kg/ha - Pug, kg/ha
continuous discharge on the small catchment scale during the e —— - b year
wet years of 2007 and 2010. Even field drainage has a short Vidiziémits MOAloring stanon
period without discharge in June at the Bérze site. The results Small catchment, 592 ha 290 5.6 0.11
indicated that the highest nitrogen leakage was measured in Field drainage, 67 ha 251 46 0.13
the years 2007, 2008 and 2010. The research has shown that, - — -
. . K . . . K Mellupite monitoring station
despite high nitrogen concentrations in field drainage in the
Bérze station, high nitrogen run-off was observed in the Small catchment, 960 ha 233 1c2 013
Mellupite site. This was accompanied by an increase in Field drainage, 12 ha 246 17.9 0.13
discharge in the Mellupite drainage systems. On the small Bérze monitoring station
catcfhme]r;t scale, relaitgvel(}i/ 1nter;ls'1v§ farmlr}g in the foerlrlgsie Small catchment, 368 ha 164 146 034
ion (Bé ute 1gher nutr - a
region (Bérze) contributed to a higher nutrient run-off (Table by yinge 76m 3 178 0.50
3). Relatively low nutrient levels were measured in
Vienziemite, in the site with low input agriculture.
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Fig. 9. Nitrogen run-off from diffuse pollution sources, Bérze monitoring station.
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Fig 11. Nitrogen run-off from diffuse pollution sources, Vienziemite monitoring station.

Our study showed that, compared with diffuse nitrogen loss, causing deteriorating water quality in the field drainage
pollution, phosphorus run-off has no direct correlation with and catchment scale. During 1994 to 2010 the highest
the intensity of agriculture. In the case of phosphorus, nutrient  phosphorus run-off was observed in the Bérze site (Fig. 12 and
problems are related to excess precipitation and/or snowmelt  13) during the spring flood.
which can lead to surface runoff induced erosion and nutrient
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Fig. 13. Phosphorus run-off from diffuse pollution sources in field drainage scale, Bérze, Mellupite, Vienziemite monitoring stations.

D. Nutrient run-off in the point source pollution monitoring ha™ Ny, year) than leaching from diffuse pollution catchment.
points Compared with diffuse pollution catchment, phosphorus run-

. . . . off was more than 10 times higher, reaching extremely high
Nutrient run-off from agricultural point sources (animal values (169 kg ha' Py, year) in 2009. High phosphorus

fasm) for the Bausl‘<a monitoring point s presenied in Fig. 14 leaching was still observed in the Ogre farm that was closed in
and 15. Overloading fields with manure from too many 1992 [7, 24]

animals or using improper manure handling practices caused
an average nitrogen leaching of about 2 times higher (49 kg
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Fig. 14. Nitrogen run-off from point source pollution, Bauska farm monitoring point.
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Fig. 15. Phosphorus run-off from point source pollution, Bauska farm monitoring point.

IV. CONCLUSIONS

Our research demonstrates how many nutrients may be
released into the water environment by leaching in Latvia. It is
essential that the relevant monitoring methods and long term
monitoring programs are implemented for the assessment of
agricultural pollution sources. Due to the climatic conditions,
the available data show a high variation in the water quality in
both spatial and temporal terms. The total nutrient run-off
greatly depends on nutrient concentrations and water
discharge, especially in flood periods. On the field drainage
scale, nitrate concentrations are often higher than the nitrate
limit value set by the Nitrate Directive.

The increased intensity of farming has resulted in an
upward trend in both nutrient concentrations and nutrient run-
off. Weather-driven hydrology, agricultural land use (acreage
of arable land) and fertilizer application are the main factors
which impact diffuse source nutrient run-off.

Poor manure handling practices could substantially increase
the point source nutrient runoff from agriculture, e.g., as
regards to phosphorus leaching, it could be increased more
than 10 times, compared with diffuse pollution sources.

National agricultural policy and support measures should
integrate agro-environmental requirements to mitigate nutrient
pollution of inland water ecosystems.

REFERENCES

1. Berzina, L., Sudars, R.., Jansons, V.Impact of intensive livestock
farming on surface water quality in Latvia. Water Management
Engineering, Transactions of the Lithuanian University of Agriculture,
water Management Institute of Lithuania. 2008. (34), ISSN 1382-2335,
p.106-117.

2. Deelstra, J., Eggestad, H.O., Iital, A., Jansons, V. Hydrology in small
agricultural catchments; pathways and their impact on nutrient and soil
loss. In: Hermann, A. & Schumann, S. (Eds). International Workshop on

Status and perspectives of Hydrology in Small basins. Hahnenklee,
Germany, 2009. ISBN 978-3-89720-996-1, p. 75 — 79.

Deelstra, J., Eggestad, H.O., Iital, A., Jansons, V. & Barkved L. J.
Time resoslution and hydrological characteristics in agricultural
catchments. IAHS Publ. 336, 2010. ISBN 978-1-907161-08-7, p. 138 —
143.

Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for
Community action in the field of water policy. Official Journal of the
European Communities. 22.12.2000. p. L327/1-1.327/72.

Draft Guidelines for the Monitoring Required under the Nitrates
Directive, updated 26/03/2003. Nitrate Commission. Brussels.

Iital, A., Pachel, K., Loigu, E., Pihlak, M., and Leisk, U. Recent
trends in nutrient concentrations in Estonian rivers as a response to
large-scale changes in land-use intensity and life-styles. Journal of
Environmental Monitoring. 12 (2010), p. 178—188.

Haraldsen,T.K., Jansons, V., Spricis, A., Sudars, V, and Vagstad, N.
Influence of long-term heavy applications of pig slurry on soil and water
quality in Latvia. In: Towards Sustainable Land Use. Advances in
GeoEcology 31. Reiskirchen, Germany. 1998. p. 621-628.

Jansons V. (1996). Lauksaimniecibas note¢u monitorings Latvija
[Monitoring of agricultural run-off in Latvia]. LLU raksti Nr. 6 (283),
Jelgava, 109-115. Ipp. (in Latvian).

Jansons V., Vagstad N., Deelstra., J. Nutrient losses from agricultural
areas in Latvia. In: Agriculture and the Environment. Challenges and
Conflicts for New Millenium. Turner, S; Alford, D. (ed.). Proceedings of
ADAS conference 14-16 April 1999. University of Warwick, England.
p. 83-92.

Jansons, V., Vagstad, N., Sudars, R., Deelstra, J., Dzalbe, I,
Kirsteina D. Nutrient Losses from Point and Diffuse Agricultural
Sources in Latvia. Landbauforschnung Volkenrode. Volume 1, (52/1).
2002.p 9-17.

Jansons, V., Busmanis P., Dzalbe 1. and Kirsteina D. Catchment and
drainage field nitrogen balances and nitrogen loss in three agriculturally
influenced Latvian watersheds. European Journal of Agronomy 2003.
Volume 20. p.173-179.

Jansons, V., Sudars, R., Klavin§, U. Vides risku vadiba
lauksaimnieciba. [Management of the Environmental Risk in
Agriculture]. In:  Monografija: Lauksaimniecibas un partikas risku
vadiba. 2007. Jelgava. 494.-503. Ipp. (in Latvian).

120 63



13. Jansons, V., Abramenko, K., Timbare, R., A.Lagzdins., Vircavs, V.
Lauksaimniecibas izraisita nitratu piesarpojuma riska analfze Latvija.
(Risk assessment of the agricultural pollution with nitrates in Latvia).
Monografija: Lauksaimniecibas un partikas risku vadiba. 2007. Jelgava,
,p.525-543, (in Latvian).

14. Jansoms, V., Abramenko, K., Timbare, R., Beérzina, L. Risk
assessment of the agricultural pollution with nitrates in Latvia. In:
Proceedings of Latvia University of Agriculture 2009. No. 22 (316),
ISSN 1407-4427. p.1-11.

15. Jansons, V., Sudars, R. Dimensions of Agri-Environmental Research in
the Department of Environmental Engineering and Water Management.
In: Proceedings of the International Scientific Conference. Latvia
University of Agriculture — 70. 2009. ISBN 978-9984-48-007-7,
Jelgava. p. 47 - 58.

16. Krams, M., Ziverts, A. 1993. Experiment of conceptual mathematical
ground water dynamics and run-off modeling in Latvia. Nordic
Hydrology, vol.24, No.4.

17. Lagzdigs, A., Jansons, V., Abramenko, K. Setting of the Water
Quality Standards for Nutrients in Runoff from Agricultural Land
(Udenu  kvalitates standarta noteiksana péc biogéno elementu
koncentracijas notece no lauksaimnieciba izmantotajam platibam). LLU
Raksti 21 (315), 2008; p. 96-105 (in Latvian).

18. Lagzdins, A., Jansons V. Application of Statistical Methods for
Analysis of Agricultural Runoff Monitoring Data. Scientific Journal of
Riga Tehnical University: Environmental and Climate Tehnologies,
2010. Series 13, Vol. 5, ISSN 1691-5208, p. 65-71.

19. Lauksaimniecibas notefu (nopliides) monitoringa rokasgramata.
[Quidelines for monitoring of agriculural run-off] LVA . 2003. 34. Ipp.
LVGMC madjas lapa http://www.meteo.lv/public/27998.html, (in
Latvian)

20. LR MK noteikumi Nr. 92. (ar groz. 27.01.2009.) Prasibas virszemes
ddenu, pazemes fidenu un aizsargdjamo teritoriju monitoringam un
monitoringa programmu izstradei

21. LR MK noteikumi Nr. 33. “Par tidens un augsnes aizsardzibu no
lauksaimnieciskdas darbibas izraisitd piesdmojuma ar nitratiem”
(2011.gada 11 janvarl.).

22. Nitrate Directive No 91/676/EEC of 12 December 1991 concerning
the protection of waters against pollution caused by nitrates from
agricultural sources. Official Journal of the European Communities.
31.12.91. p. L375/1-L375/8.

23. Stalnacke P., Vagstad N., Tamminen T., Wassmann P., Jansons V,
and Loigu E. Nutrient runoff and transfer from land and rivers to the
Gulf of Riga. Hydrobiologia 410. 1999. p.103-110.

24. Sudars, R., Jansons, V., Klavins, U., Dzalbe, L. Intensivas lopkopibas
ietekme uz tdens vidi [Impact of the intense animal farming on water
environment]. Latvijas Lauksaimniecibas universitates raksti. Nr 15
(310), 2005. Jelgava. 40. - 49. Ipp. (in Latvian).

25. Vagstad, N., Jansons, V., Loigu, E., and Deelstra. Nutrient losses
from agricultural areas in the Gulf of Riga drainage basin. Ecological
Engineering, 14, 2000. p.435-441.

26. Vagstad N., Stalnacke P., Andersen, H.E., Deelstra, J., Gustafson,
A., Ital, A., Jansons, V., Kyllmar, K., Loigu, E. and Rekolainen, S.
Nutrient Losses from Agriculture in the Nordic and Baltic Countries.
TemaNord 2001: 591. Nordic Council of Ministers, 2001. Copenhagen,
ISSN 0908-6692. p.74.

27. Vagstad, N., Stalnacke, P., Andersen, H.E., Deelstra, J., Jansons, V.,
Kyllmar, K., Loigu, E., Rekolainen, S. and Tumas, R. Regional
variations in diffuse nitrogen losses from agriculture in the Nordic and
Baltic regions. Hydrology and Earth System Sciences, 8 (4). 2004. p.
651-662.

Viesturs Jansons, Dr.sc.ing., professor, Faculty of
Rural Engineering, Latvia University of Agriculture.
V.Jansons is a member of academic staff of the
Department of Environmental Engineering and
Water Management since 1975. He has an
experience of 17 years in monitoring and
assessment of impact of agriculture on surface water
quality, monitoring of the agricultural run-off (non-
point pollution) in different geographical scales.
Since 1994, he has been involved in many national
and international projects (BEAROP, Gulf of Riga
and BSRP) concerning impact of agricultural
pollution sources on inland water quality in Latvia. He represented Latvia in
HELCOM PITF/TC WG on Agriculture and HELCOM TFSA for BA21 in

64

the Agricultural Sector. He was member (2004-2006) of Environment
Security panel of NATO Science for Peace Programme. As a teacher, besides
LLU courses, he is involved in Baltic University programme and NOVA-
BOVA MSc and PhD courses.
Address: 19 Akademijas Street, Jelgava, LV-3001
Phone: +371 630 29851

E-mail: viesturs jansons@llu.lv

Ainis Lagzdins, Mg.sc.ing., lecturer, Faculty of
Rural  Engineering, Latvia  University  of
Agriculture. A. Lagzdins started to work as
academic staff in the Department of Environmental
Engineering and Water Management, Latvia
University of Agriculture in 2005. He has
Bachelor’s degree in Environmental Science (2004)
and Master’s degree in Environmental Engineering
(2006). Since 2006 he is a doctoral student of study
program ,Environmental Engineering”. The theme
of PhD thesis is ,,Analysis of the water quality concerning nutrients in the
agricultural runoff”, The main research topics are water quality of agricultural
runoff in different agro-climatic regions of Latvia and modeling of the water
quality and quantity. A. Lagzdins has been involved in several national and
Nordic/Baltic cooperation projects on assessment and modeling of nutrients
leakage.

Address: 19 Akademijas Street, LV-3001, Jelgava, Latvia

Phone: +371 63029851

E-mail: ainis.lagzdins@llu.lv

Ritvars Sudars, Dr.sc.ing., professor, Faculty of
Rural  Engineering, Latvia  University  of
Agriculture. R.Sudars is a part of academic staff of
the Department of Environmental Engineering and
Water Management since 1981 and dean of Faculty
of Rural Engineering since 2002. The main research
area is point source nutrient run-off from
agricultural areas for slurry utilisation. PhD thesis
“Influence of slurry application on the water quality
in Latvia” was defended in Latvia University of
Agriculture (1998). He has participated in different
local and international projects related to the
agricultural run-off, as well as he is author of more than 40 publications.
Adress: 19 Akademijas Street, Jelgava, LV-3001

Phone: + 371 63027709

E-mail: Ritvars.sudars@llu.lv

Kaspars Abramenko, Mg.sc.ing., lecturer, Faculty
of Rural Engineering, Latvia University of
Agriculture. Since 2000 he is among the academic
staff in the Department of Environmental
Engineering and Water Management. In 2002 he
graduated MSc studies on  Environmental
Engineering Science. Experience of 13 years
research in agricultural impact assessment on water
bodies and water quality modeling is connected to
his PhD thesis “Agricultural diffuse source pollution
in Latvia”. He mainly deals with multi scale
agricultural run-off monitoring data collection in
Latvia to estimate pollution source apportionment within river basins. As a
scientist he is involved in national water monitoring programmes and
international research projects BEAROP, BSRP, COST, RECOCA concerning
nutrient losses from agricultural land. Since 2010 he participates in the ESF
project ,Establishment of interdisciplinary scientist group and modeling
system for groundwater research”.

Address: 19 Akademijas Street, LV-3001, Jelgava, Latvia

Phone: +371 63029908

E-mail: kaspars.abramenko@llu.lv

Laima Berzina, Mg.Sc., lecturer, Latvia University
of Agriculture, Department of Environmental
Engineering and Water management since 2008.
Laima Berzina is also a part of academic staff of
Faculty of Information Technologies, Latvia
University of Agriculture since 2001. The main
research area is point source water pollution from
agricultural sources and statistical analysis of

121



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

DOI: 10.2478/v10145-011-0028-9 2011

Volume 7

environmental pollution. She has participated in several local projects,  E-mail: laima berzina@llu.lv
international and local conferences related to environmental pollution risk

analysis. She is writing PhD thesis “Point Source Water Pollution from

Agricultural Activities in Nitrate Vulnerable Zones”.

Address: Liela street 2, LV-3001, Riga, Latvia

Phone: +371 630 29908

Viesturs Jansons, Ainis Lagzdin§, Laima Bérzina, Ritvars Sudars, Kaspars Abramenko. Augu baribas vielu izskalo§anas no lauksaimniecibas zemém
Latvija mainiba laika un telpa: Noplides un aiztures ilggadigie trendi mazos sateces baseinos un drenu sistémas

Lauksaimnieciba var izsaukt paaugstinatu ddenu vides piesarpojumu. LLU uzsaka lauksaimniecibas piesarpojuma monitoringu 1994.g., izveidojot monitoringa
sistému lauksaimniecibas difiza un punktveida piesarnojuma noteik3anai. Augu barTbas elementi - slapek]a un fosfora savienojumi fidenos var nonakt no dazada
rakstura piesarpotdjiem. Difuzais piesarpojums dod galveno slapek]a piesarnojuma daju Latvijas virszemes tidenos. Difiizais piesarnojums ar slapek]a un fosfora
savienojumiem eksist€ vienmér un visur, to var tikai dalgji samazinat ar agro-vides pasakumiem. Punktveida piesarnojums lauksaimnieciba saistits ar nesakartotu
katsmeslu saimniecibu lielajas lopkopibas fermas. Parasti lauksaimniecibas intensifikacija un Jaura specializacija noved pie paaugstinatas vides piesamoganas,
kuras nover$anai vajadzigie finansu resursi var bit lielaki, ka Tslaicigais ieguvums no raZo3anas intensifikacijas. ES un Latvijas likumdo3anas akti prasa kontrolzt
lauksaimniectbas ietekmi uz fdens vidi, lai samazinatu piesarpojumu ar slapekli un citiem biogéniem elementiem. Darba apskatiti ilggadiga (1994.g. - 2010.g)
lauksaimniectbas piesarnojuma monitoringa rezultati, kas parada, ka nitratu slapek]a koncentracijas ir atkarigas no monitoringa sistémas limena (drenu lauks,
mazais sateces baseins) un lauksaimnieciskas raZoSanas intensitates. Izmantojot ilggadigas datu rindas, noverteta biogéno elementu koncentraciju mainiba un
at8kiribas drengtos laukos un mazos sateces baseinos. Mazo sateces baseinu limenT nitrdtu robezvertiba visbiezak tiek parsniegta B&rzes monitoringa stacija,
platibas ar intensivu lauksaimniecibu. Ilggadigi novéroto (1994. - 2010.g.) slapekla savienojumu trendu analize uzrada koncentraciju pieaugumu Bérzes un
Mellupites stacijas un nenozimigas izmainas Vienziemites stacija. Bérzes monitoringa stacija, intensivas lauksaimnieciskas raZosanas apstakjos, atsevidkos
gadfjumos (ziemas periods) nitratu koncentracijas ievérojami pérsniedza Nitratu direktivas noteiktos robeZlielumus. Vienziemites stacija (ekstensiva
lauksaimnieciba) slapek|a koncentracijas ir zemas un tuvas dabiski tiriem Gdeniem. Augstakas slapekla un, it seviski, Gdequ ekosistémam bistama fosfora
koncentracijas novérotas punktveida piesarnojuma monitoringa postenos Bauska un Ogre.

Buectype Snconc, Aiinnc Jlarspunem, Jlanma Bepanns, Patsape Cynape, Kacnape AGpamenxo. 3MeHeRAs Bo BpeMeRH H TePPATOPHHE BHMHBAHHS
THTATEILHBIX BENIECTB pacTeHmii u3 cenbxosyroamii B Jlaremm: MuorojeTnbie TpenIBs! BBIHOCA H 32JepKKH B (aceiilax mMaioro Bomo3aGopa u B
ApPeHAXHBIX CHCTEMAX

Cenbckoe X03HCTBO MOXET CIOCOOCTBOBATH MOBHIIEHHOMY 3arpsS3HEHHIO BoxHoil cpensl. JICXY Hauana MOHMTOPHHT CENbCKOXO3SHCTBEHHOTO CTOKA B 1994
rofy, cosnasas B JIaTBUM cUCTEMY MOHUTOPHHIa ANs onpeneneHust Andy3HOro U TOYEYHOrO 3arpsA3HEHUs OT CeNbCKOro XoasificTea. [uTaTenbHble BelecTsa
PAaCTeHHil — coelMHeHus asota U docdopa NMOCTYNAOT B BOAHbIE OOBEKTHI OT 3arpsAsHUTeNeil pasHoro xapakrepa. JuddysHoe 3arpssHenye AaeT OCHOBHYIO
4acTh 3arps3HEHIs a30THBIMA COCAMHEHUAMH, [IOCTYNAIOWMMU B TIOBEPXHOCTHbIE Bobl. JluddysHoe 3arpsHenne asoTom U GochopoM CymecTByeT Beerna u
Be3/le, €r0 MOXXHO TOJIbKO YMEHBLLIMTH MEPONPUATUSMU MO 3aLUTe arpocpefsl. TouedHoe 3arps3HEHNe OT CENbCKOro X03sAiiCTBA CBS3AHO C HEMOMagKaMi B
NPUMEHEHMH OpraHW4eckoro yaoGpeHus B Gomblumx SkuBOTHOBOmYeckux depmax. Kak npaBuio, MHTEHCH(MKALHA CENBCKOro Xo3sicTBAa W y3Kas
CreUUaNU3alus NPUBOAUT K IMOBBILICHHOMY 3arPA3HEHUIO CPEAb, /Ul YCTPAaHEHHs KOTOPOro MOHAA00ATCA Gonbline GUHAHCOBBIE PECYPChl, 4eM BpeMEHHAs
Tojb3a OT nHTeHcHuKauun npoussoncTsa. Hopmsl 3akononarensctsa EC u JlaTBuu isi CHIKCHHS 3aTPS3HEHNA a30TOM M IPYTHMU GHOTEHHBIME IeMEHTaMH,
TpeGYIOT YCTAHOBUTE KOHTPONb BIMSHHMS CENBCKOTO XO3ANCTBA Ha BONHYIO Cpelly. B paGoTe mpuBOZsTCS pe3ynsTaTsl MHorometHero (1994 - 2010 IT.)
MOHHUTOPHHT2 3arPS3HEHHs OT CENBCKOr0 X03sHCTBA, KOTOPHIE MOKA3BIBAIOT, YTO KOHIEHTPAIMH HUTPATHOTO a30Ta 3aBUCSAT OT yPOBHS MOHUTOpUHTa (6acceitn
Mayoro Bo03abopa U APEHaXHAs CUCTEMA) U YPOBHS MHTeHCH(UMKAUUH Npou3BOACTBA. Mcrons3ys faHHbBle MHOTONETHUX HAGIIONEHNIL, OleHe s U3MEHEHHS
KOHLIEHTpAlli OHOTEHHBIX SMEMEHTOB W HX pasnuuust B GacceifHax Mamoro Bomosaopa M B JAPEHaXHBIX CHCTemax. B GacceifHax Manmoro BomoszaGopa
npezenbHble KOHUEHTPAM! HUTPATHOTO a30Ta YacTO MPEBBIIIAIOTCSA HA CTAHUNH MOHMTOPHHTA «BErze», B yroamsx ¢ MHTEHCUBHHBIM CENbCKUM XO3SHCTBOM.
AHanu3 TpeH/0B MHoroneTHux Habmonenuit (1994 - 2010 rr.) mokasslBalOT MPUPOCT KOHLUEHTPALUMH HA CTAHLMSIX MOHMTOpMHTa «Berze» n «Mellupite» n
He3HaYNTeNbHble U3MeHeHus B «Vienziemite». Ha cramuum MonuTOpuHra «BErze», B YC/IOBHSX WHTEHCUBHOTO CENbCKOXO3AMCTBEHHOrO MpOM3BOLCTBA, B
OTAENIBHEIX Cllydasx (3UMHUH NePHON) KOHLEHTPAUUH HUTPATHOTO a30Ta CYNIECTBEHHO MPEBBILIANN Npe/ielbHble KOHUEHTPALNH, YCTaHOBNeHHble HutparHoii
Hupextysoii. Ha cranuun «Vienziemite» (3KCTEHCHBHOE CeNbCKOE XO035HCTBO) KOHLEHTPALUMH HUTPATHOTO a30Ta HU3KHME M GIU3KH K QOHOBOI KOHLIEHTpaL1K
NpUPOAHbIX BOX. CaMble BBICOKME KOHLEHTpAlMM a30Ta M OCOGEHHO OMAcHOTO /I BOAHBIX 3KOCHCTEM COeMHeHMil (ochopa Habmomamuch B mocTax
MOHHTOpPHHTA TOYEYHOro 3arps3HeHus Bauska u Ogre.
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Application of Statistical Methods for Analysis of
Agricultural Runoff Monitoring Data

Ainis Lagzdins, Latvia University of Agriculture, Viesturs Jansons, Latvia University of Agriculture

Abstract — The paper presents a study on water quality concerning
nutrients in relation to the hydrological and meteorological
conditions in three agricultural catchments in Latvia. Statistical
analysis, i.e., descriptive statistics, Kolmogorov—Smirnov test, Mann-
Whitney U test, Spearman’s Rank-Order correlation and
cumulative probability function has been wused to quantify
relationships between variables. Results of the study could be used to
evaluate the impact of agricultural intensity on water quality.

Keywords — Agriculture, monitoring, nutrients, statistical analysis.

I. INTRODUCTION

In the Baltic Sea catchment area, the major anthropogenic
source of waterborne nitrogen (N,,) and a significant source of
phosphorus (P,) are diffuse inputs. They constitute 71% of
the nitrogen and 44% of the phosphorus load in the surface
waters within the catchment area. Moreover, agriculture and
managed forestry are responsible for the most of the
waterborne diffuse pollution that reaches Baltic Sea —
agriculture alone contributed to about 80% of the Ny, diffuse
load. Excessive amounts of nutrients can lead to
eutrophication and cause accelerated growth of algae and
plants, often resulting in undesirable effects [1]. In the future a
reduction of nutrient loadings has to be achieved through
proper implementation of national action plans and HELCOM
recommendations, as well as through the implementation of
European Union directives, such as the Water Framework
Directive [2] and the Nitrates Directive [3].

To assess the impact of agriculture on water quality,
monitoring of agricultural runoff was implemented in Latvia
since 1994. Cooperation with the Nordic countries promoted
the establishment of a network of monitoring stations (Berze,
Mellupite, Vienziemite) with hydraulic —measurement
structures and recording equipment. The monitoring includes
measurements in several spatial scales, i.e., small catchment
and drainage fields. The study catchments vary in size from
368 to 960 ha and all of them are dominated by arable land
that mainly is tile-drained. Land in drainage fields is used for
arable crops. The impacts from point sources such as scattered
households or animal farms can be considered as negligible.

Nutrient leaching is known to be strongly dependent on
hydrology, which is influenced by seasonal patterns of
meteorological conditions [4, 5, 6], therefore, monitoring data,
e.g., Ny and Py, concentrations, water discharge, precipitation
and air temperature were chosen for statistical analysis. The
paper presents data collected during the period 1995-2008.

The main objectives of the study presented in this paper
were: (i) to analyze water quality data (N, and Py,) obtained

under agricultural practices with different intensity; (ii) to
evaluate the relationship between water discharge and
precipitation data; and (iii) to compare Ny and Py
concentrations between spatial scales within one monitoring
site and between different monitoring sites.

II. MATERIALS AND METHODS

A. Site description

Three small catchments and drainage fields (Berze,
Mellupite and Vienziemite) are located in different parts of
Latvia and represent regions with various meteorological
conditions, soils, slopes and farming intensity.

The Berze monitoring site is situated in the central part of
Latvia and can be characterized with relatively intensive crop
production in comparison with the present farming conditions
in Latvia. Fertilizer and manure application in some fields has
reached 160 kg N ha' year'. The soil type within the
catchment is silt clay loam according to FAO [7] classification
that is productive soil for agricultural activities. The landscape
in this area is flat.

The Mellupite catchment represents the western part of
country and the average farming situation that might be typical
for the present agriculture in Latvia. The average use of
mineral fertilizers and manure ranges from 10 to 40 kg N ha
year . The main soil type in the catchment is loam.

The Vienziemite monitoring stations are located in the
north-eastern part of Latvia and are a typical example of low
input agricultural land use and can be used as reference site for
water quality assessment. Almost no fertilizers (only 4 -5 kg
N ha! year") are applied in this study site. Soil type of this
area is sandy loam which is a less favorable soil for
agriculture. The landscape in the Vienziemite catchment is
rather hilly for Baltic conditions. The main characteristics of
the monitoring sites are presented in Table I.

The flow measurements in monitoring sites were based on
fixed measurement structures and automatic data and sampling
equipment for continuous water level registration and water
sampling. Composite water samples were collected monthly
based on a flow proportional sampling procedure in Berze and
Mellupite, manually water samples was taken in Vienziemite.
The number of analyzed water samples varies among
monitoring sites and scales because sometimes monitored
streams dry out during the summer time. Analysis of water
samples was carried out in laboratories according to Latvian
Standard methods for total N [8] and total P [9].
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TABLE I
MAIN CHARACTERISTICS OF MONITORING SITES
P s ’ ’ e . Area, o Soil
Monitoring site Monitoring scale Location of monitoring points ha Arable land, % Flow measurement structure
Latitude 56° 42' 11.62" N
Small catchment 368 98 Modified C V-wei
T CATEmENt | | ongitude 23° 22 46.68" E RCLATTp VowEE
Berze Latinde 56242 6757 N Silt clay loam
tlm e (] " ) "
Drai field 100 Triangular wei
ranage he Longitude 23°22' 72.82" E CRngarelr
t‘ o U 3 "
Brullncment | et 270N 960 69 Crummp weir
) Longitude 22° 14' 12.53"E
Mellupite Latitude 56° 29' 68.64" N Loam
itude X
Drai field 100 Triangul i
rinage e Longitude 22° 13'67.13" E rangwarwerr
Latitude 57° 08' 12.91"N
. Small catchment Loriginf de25° 5429 01" E 592 78 Combined profile weir
Vienziemite e 0838 AN Sandy loam
titude 57° 06' 35.44"
Drai field 100 Triangul i
g Longitude 25° 55' 41.55" E as ek

B. Statistical analysis

Descriptive  statistics (e.g., maximum, minimum, mean,
median, skewness and quartiles) was used in the initial phase of a
statistical analysis to describe the basic features of the data in a
study. This type of analysis was performed for precipitation, air
temperature, discharge and N, and P, concentration data.

The Kolmogorov—Smirnov test can be used [10, 11, 12] to test
normality of water quality, discharge and meteorological data. If
the significance level (p value) is less than 0.05, then the data
cannot be considered as normally distributed, and if the p-value is
greater than 0.05, there is insufficient evidence to suggest the
distribution normal.

Nonparametric tests (e.g., chi-square, Spearman, Mann-
Whitney) have fewer assumptions and often can be used when the
assumptions of a parametric test are violated. For example, they
do not require normal distribution of variables or homogeneity of
variances [13].

Spearman’s rank correlation procedure was used to identify
monotonic (but not necessarily linear) correlations among
constituents, providing a measure of the intensity of association
between two variables. Spearman’s correlation coefficient (ry) is
the linear correlation coefficient computed on the ranks of data
instead of actual values. This coefficient ranges from -1 to, 1; a
negative coefficient indicates that the higher ranks of one variable
are related to the lower ranks of the other variable. The closer the
absolute value of r; is to 1, the greater is the correlation between
the two variables. A small r, value, however, can still be
significant, depending on the associated p value. If this p value is
less than the significance level (p<0.05), then the null hypothesis
of no correlation (or r=0) is rejected, and the correlation
coefficient computed is considered statistically significant [14].

The Mann—Whitney U-test was used to compare means of two
independent data sets. The test was applied to compare nutrient
concentrations between the drainage field and the small
catchment within one monitoring site. The comparison of N and
P data between different study sites monitoring scales was done
as well. Significance level (p value) helps to decide whether or
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not the means of two data sets are equal. If p value is less than
0.05 than the difference between data sets is significant.

Probability functions could be used to represent a random
variable, e.g., nutrients concentrations, water discharge,
meteorological conditions, and to determine the probability of
occurrence. A number of probability functions like cumulative,
normal, empirical have been used in hydrological, climate and
water quality studies [12].

The statistics were carried out using the SPSS sofiware,
version 15.0, and STATGRAPHICS Centurion XV.

1. RESULTS AND DISCUSSION

A. Descriptive statistics of meteorological conditions

Latvia is situated in a humid and moderately mild climatic
region where rainfall exceeds evaporation, resulting in
percolation losses from the soil during the spring and autumn
[15]. Long-term records at the nearest meteorological stations
indicate the differences in meteorological conditions.
Observations were carried out by the Latvian Environment,
Geology and Meteorology Centre. The results of air temperature
and precipitation daily and annual data analysis for the period
1995-2008, along with the 60-year normals (1948-2008) are
presented in Table II. Descriptive statistics of meteorological data
shows that during the study period warmest and driest conditions
were at the Berze site compared to other catchments, meanwhile
in Vienziemite - the coldest and wettest. The mean daily
precipitation in Berze was 1.58 mm, in Mellupite 1.76 mm and in
Vienziemite 1.95 mm. The lowest mean annual rainfall during the
years 1995-2008 was in Berze (578.6 mm), while in Mellupite
641.2 mm and in Vienziemite 711.2 mm which is quite close to
60-year normals for the regions.

The mean annual air temperature during the observation period
was higher on the Zemgale plain (Berze 7.54°C) than on the
Vadakste plain (Mellupite 6.42°C) and on the Vidzeme highland
(Vienziemite 5.66°C). If these values compare with 60-year
normals it may be concluded that temperature has increasing
trend which varies from 0.49°C up to 1.41°C.
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TABLEII
DESCRIPTIVE STATISTICS OF PRECIPITATION AND AIR TEMPERATURE DATA

Monitoring site Berze | Mellupite | Vienziemite | Berze | Mellupite | Vienziemite
Statistics Precipitation, mm Air temperature, °C
N 5114 | 5114 5114 5114 | 5114 5114
Daily mean 1.58 1.76 1.95 7.59 6.45 5.62
Daily median 0.00 0.00 0.20 7.48 6.50 5.70
Daily maximum 46.10 | 57.40 67.60 2744 | 2640 25.97
Daily quartiles 25 0.00 0.00 0.00 0.89 0.10 -0.78
50 0.00 0.00 0.20 7.48 6.50 5.70
75 1.60 1.60 2.20 15.15 | 13.92 13.53
Annualmean 1995 | 5766 | 412 | 7112 754 | 642 5.66
-2008
f‘;‘gg‘s“l mean 1948 1 5603 | 649.7 725.9 631 | 593 4.93

The warmer conditions in the spring secure a more favorable
environment for the faster development of plants, longer positive
temperature in the autumn extend the growing season of plants.
During the vegetation period when the air temperature is above +
5°C, the potential risks for enhanced nutrient leaching are reduced
due to N and P uptake by agricultural crops and aquatic plants
[16].

B. Descriptive statistics of discharge data

There are several processes that influence water discharge:
precipitation in the drainage area, storage of water in the soil
(texture, infiltration rate, etc.) and evapotranspiration rate [12, 17,
18]. The influence of the first two above mentioned processes is
discussed in this study.

Descriptive statistics of discharge data are presented in Table
III. During the study period, the highest mean daily water
discharge within the catchment scale was measured in the
Vienziemite monitoring site (0.76 mm day"), medium in
Mellupite 0.61 mm day”, while the lowest in Berze (0.43 mm

day™). A similar pattern of water discharge was found in the
drainage field monitoring scale.

The maximum daily discharge was observed in the
Vienziemite catchment (41.60 mm day™) and it was several times
higher than in Berze (16.24 mm day) and Mellupite (13.36 mm
day™). The reasons for these maximum levels vary. In the Berze
catchment, the maximum discharge was caused by snowmelt in
April of 1996 when the air temperature for 9 days was above
zero. In Mellupite and Vienziemite, the maximum discharge
occurred after heavy rainfall, 60.3 mm of precipitation within 4
days in May of 1997 and 68.3 mm within 2 days the end of April
0f 2001, respectively.

The mean annual discharge during the observation period
ranges from 156.55 mm in the Berze catchment to 279.38 mm in
Vienziemite. The results show that the main water discharge
occurs during the rainy period in the fall and spring flood (from
October to May), while during the summer months, discharge is
low and stable.

TABLEIII
DESCRIPTIVE STATISTICS OF DISCHARGE DATA

Monitoring site and scale Berze Ber'ze Mellupite Me].lupite Vienziemite Vieflziemite
catchment drainage field catchment drainage field catchment drainage field
Statistics q, mm q, mm q, mm q, mm q, mm q, mm
N 5114 5114 5114 5114 5114 5114
Mean 043 0.43 0.61 0.64 0.76 0.71
Median 0.10 0.08 0.21 0.17 0.27 0.17
Max 16.24 16.13 13.36 14.26 41.60 5532
Quartiles 25% 0.01 0.000 0.05 0.01 0.05 0.02
50% 0.10 0.08 0.21 0.17 0.27 0.17
75% 040 0.46 0.65 0.72 0.87 0.58
Annual mean 1995 - 2008 156.55 156.20 22197 233.63 279.38 258.17
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There is clear evidence that the water discharge differences
between monitored sites can be explained by the precipitation rate
in a particular study site, for example higher rainfall in
Vienziemite leads to higher water discharge. In addition, soil
properties within specific regions regulate water discharge. Sandy
soils contain less water at field capacity than clay or silt loam
soils and leaching is therefore induced more quickly in lighter
soils. Poorly drained silt clay loam soil in the Berze catchment
can store more water longer therefore discharge respond slowly,
whereas well drained sandy loam soil in Vienziemite promotes
faster water infiltration through soil profile that results in high
discharge volumes.

C. Descriptive statistics of nutrient concentration data

In several investigations [11, 16, 19, 20, 21, 22] it has been
found that water discharge as a transport pathway must be taken
into account when analyzing trends in nutrient concentrations.
The Nyt and Py concentration data showed high variability over
time, study sites and monitoring scales.

The specific character of monitoring scales has to be taken into
account when the analysis of catchment and drainage water
quality is performed. Discharge from drainage fields in
comparison with catchment scale can be considered as soil
solution where retention processes is rather low.

Plants generally take up N as NOs, or NH," from the soil
solution [23]. These forms of N are leaching out in appreciable
amounts by water passing through the soil profile. This is because
there is no significant adsorption of soluble forms of N on soil

particles [22, 24, 25]. The export from small agricultural
catchments consists mostly of dissolved inorganic constituents
and smaller amounts of organic N [26]. Thus NO;-N contributes
on average 90% of the annual total N export in the Berze and
Mellupite drainage field scale and in catchment scale 79% and
62%, respectively. In both monitoring scales of Vienziemite NO5”
-N and N proportion is less significant — 45%.

The studies carried out in Finland and USA [27, 28] shows that
phosphorus is transported in dissolved and particulate forms.
Particulate P includes P sorbed by soil particles and organic
matter eroded during flow events and constitutes the major
proportion of P transported from cultivated lands (60-90%).
Amounts of P transported from catchment are a function of
catchment hydrology, in terms of when and where surface runoff
occurs, soil P content, and amount P added as fertilizer or
manure. This assumes that in most cases, P export from
catchment occurs in surface rather than subsurface runoff,
although it is recognized that in some regions, notably Florida,
Western Australia and the Netherlands, most P is transported in
drainage waters [21].

Obtained stream water concentration data clearly indicates
impact of agricultural intensity on water quality. The highest
mean nutrient concentrations was observed in the Berze
catchment (N, 8.37 mg I, Py, 0.167 mg 1), in the Mellupite
mean concentration of Ny was 3.70 mg 1" and Py, 0.086 mg I,
while in the Vienziemite catchment the lowest concentrations
were detected, Ny 1.72 mg I and Py, 0.042 mg I (Table IV).

TABLE IV
DESCRIPTIVE STATISTICS NUTRIENT CONCENTRATION DATA

x&fﬁ:ﬁng site Berze Ca Berze Dr Mellupite_Ca Mellupite_Dr Vienziemite Ca | Vienziemite Dr
Statistics N, P, Nig Pi, N, P, Niws P, Nis Py, S Pi,
mgl’ | mgl mgl" [ mgl" | mgl" | mgl" | mgl" | mgl" | mgl' | mgl' | mgl' [ mgl
N 157 157 145 145 160 160 132 132 176 176 169 169
Mean 837 0.167 12.05 0.056 3.70 0.086 7.30 0.074 1.72 0.042 | 1.64 0.045
Median 7.64 0.116 10.20 0.030 3.30 0.051 7.00 0.054 1.50 0.030 | 1.39 0.035
Minimum 0.90 0.018 1.90 0.010 0.53 0.004 1.60 0.005 0.43 0.009 | 032 0.006
Maximum 29.50 2.126 102.7 0.417 16.30 0.709 16.80 1.106 7.50 0712 | 7.50 0.433
Skewness 1.00 6.293 6.07 2.766 1.44 2.980 0.69 7.330 1.96 9318 | 2.62 5414
Quartiles 25 4.50 0.074 7.36 0.021 1.60 0.027 5.60 0.025 1.00 0.019 | 0.90 0.022
50 7.64 0.116 10.20 0.030 3.30 0.051 7.00 0.054 1.50 0.030 | 1.39 0.035
75 10.8 0.190 14.70 0.064 5.08 0.098 8.78 0.093 2.13 0.045 | 2.00 0.056

The mean nutrient concentrations at the drainage field scale
represent the same influence of applied mineral and organic
fertilizers as in small catchments. Mean concentrations of Ny in
Berze (12.05 mg I'"y and Mellupite (7.30 mg 1) are several times
higher than in Vienziemite (1.64 mg I'"). Whereas concerning Py
concentrations, such differences are not observed, Py, in Berze
0.056 mg I'', in Mellupite 0.074 mg I'' and in Vienziemite 0.045
mg 1.
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The maximum value of Ny, was fixed in the fall of 2006 in the
Berze drainage field (102.70 mg I'"). This extreme value can be
explained by the start of water discharge in tile drains after the
dry period of summer. The maximum concentration of P, as well
was obtained in Berze (2.126 mg I™"), this time in small catchment
scale. The possible reason for this extreme can be sugar beet
harvesting and land tillage in combination with precipitation
under high soil moisture conditions.
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Hydrologic and water quality data are typically skewed,
meaning that data sets are not symmetric around the mean or
median, with extreme values extending out longer in one
direction. When extreme values extend the right tail of the
distribution it is positive skewness, in this case most of values are
low, when the tail extends to the left, is called negative skew and
majority of values is high [29]. Within all study sites and scales
skewness coefficients that represent Ny, concentration data are
insignificantly positively skewed which means that most of
values are dispersed around mean value. At the same time, Piy

concentrations are importantly positively skewed, in this case a
majority of concentrations are low with some outliers, for
instance skewness coefficient for the Vienziemite catchment
concentrations is 9.318.

The time series of small catchment N, concentrations
indicated an upward trend at two study sites (Berze and
Mellupite) where agricultural activities are crop production
oriented. Low intensity farming practice in Vienziemite results in
persistent invariable trend of concentrations (Fig. 1).
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Fig. 1. Time series of Nix concentrations in study catchments, 1995 —2008.

It has been reported [30] that N, concentrations and leaching
losses differ, depending on the scale of measurement,
concentrations decrease when the scale of measurement
increases. A decrease of N, concentration within the catchment
scale in comparison with the drainage field is mainly related with
retention processes in streams, i.e., denitrification, organic matter
burial in sediments, sediment sorption, and plant and microbial
uptake. This study approved the above mentioned statement
except at Vienziemite site where Ny, and Py, concentrations in
both scales vary negligible. Py concentrations in Berze and
Mellupite are higher in catchment scale due to surface runoff
transport of additional P in eroded matter. P in rivers and streams
although can be retained by adsorption onto streambed sediments,
sedimentation, and via uptake by algae and aquatic macrophytes
[16].

D. The Kolmogorov—-Smirnov test

The Kolmogorov—Smirnov test is successfully used by
investigators to examine the distributions of data sets [10, 11, 12,
29]. In our study tests detected an abnormal distribution of
precipitation, air temperature, and water discharge data at
significance level 0=0.05. Normality within nutrient data sets was
approved in case of Berze (0=0.196), Mellupite (0=0.073)
catchment and Mellupite drainage field (0=0.305) Ny
concentration data. Nonparametric tests can applied on data sets
that did not show a normal distribution and if compare normal
and non-normal distribution data.

E. Spearman'’s correlation coefficients

Spearman's correlation coefficients (r;) between precipitation
and discharge show a very weak relationship in all study sites. In
the small catchment of Berze, the determined ry was 0.111 (p =
0.00), in drainage field r; = 0.055 (p = 0.00), in Mellupite small
catchment r; = 0.121 (p = 0.00), in drainage field r, = 0.139 (p =
0.00), and in Vienziemite catchment r; = 0.161 (p = 0.00), in
drainage field r; = 0.161 (p = 0.00), p value indicates that the
given correlation coefficients are statistically reliable. Factors that
affect redistribution of moisture, and thus field capacity, i.e., soil
texture, type of clay, organic matter content, depth of wetting and
antecedent moisture, presence of impeding layers, and
evapotranspiration, have to be considered [18]. For example, clay
soils in Berze hold more water longer than sandy soils in
Vienziemite. In further studies of relationships between
precipitation and discharge, attention should be paid on the time
that is needed to reach field capacity in specific study sites. In
other words, how fast hydrology responds to rainfall events.

F. The Mann-Whitney U test

The Mann-Whitney U test can be used when it is not possible
to make the assumptions required for parametric test, so it may be
desirable to use a non-parametric test that can be applied under a
less restrictive set of assumptions [12]. The test was applied in
several other water quality studies [10, 11, 14]. The significance
level 0.05 is used to determine differences between two data sets.
The results of this test shows that differences between the Berze
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site drainage field and catchment Ny, and P, data sets are
significant, in both cases p=0.00. Differences between drainage
field and catchment concentrations are not significant in
comparison to Py data sets in Mellupite site (p=0.57) that indicate
simila leaching patterns of Py, in both monitoring scales within
this area. There are no significant differences in Ny (p=0.17) and
P (p=0.06) concentrations within monitoring scales at the
Vienziemite site.

On comparing nutrient concentrations between spatial scales
within different monitoring sites, it can be summarized that
concentrations vary widely with one exception, P, concentrations
in Berze and Vienziemite drainage fields are not significantly
different (p=0.97). Generally, results show that the intensity of
agricultural practice increase the variability of nutrient
concentrations between monitoring scales.

G. Normal probability distribution plots

Normal probability distribution plots can be used in the
analysis of meteorological, discharge and water quality data. In
this study an example of analysis of yearly precipitation data of
the Mellupite monitoring site is discussed and presented in Fig. 2.

99.9
99

95 y /
80 p
50
20 s

Probability, %

640 740
Precipitation, mm

840 940

Fig. 2. Normal probability distribution of the yearly precipitation of Mellupite
monitoring site, 1948 —2008.

The evaluation of precipitation data is possible if one uses the
gradation of probability percentage. For instance, 10% of
probability represents dry year, 25% - semi dry year, 50% -
average or normal year, 75% - semi wet year and 90% - wet year.
The annual mean precipitation (641.21 or approximately 50% of
probability) during the research period (1995-2008) can be
evaluated as a normal or average value for the Mellupite site.
Although, during the study period dry year in 2005 (472.8 mm)
and wet year in 2001 (773.2 mm) is recorded.

Iv. CONCLUSIONS

The main conclusions that can be drawn from the present
results are as follows:

e Obtained stream water concentration data clearly indicates
the impact of agricultural intensity on water quality. The highest
mean nutrient concentrations during the study period within the
catchment scale were observed in Berze (N 8.37 mg I, Py,
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0.167 mg '), while the lowest in Vienziemite (N 1.72 mg I'
and P 0.042 mg I"). The mean nutrient concentrations at the
drainage field scale represent the same influence of applied
mineral and organic fertilizers as in small catchments.

e Spearman's correlation coefficients between precipitation
and discharge show a very weak relationship in all study sites and
monitoring scales.

o The results show that the intensity of agricultural practices
increase the variability of nutrient concentrations between
monitoring scales and sites. Differences between drain field and
catchment concentrations are not significant in comparison to Py
data sets in Mellupite site (p=0.57) and both Ny, (p=0.17) and Py,
(p=0.06) concentrations within the Vienziemite site. Only Py,
concentrations in the Berze and Vienziemite drainage fields are
not significantly different (p=0.97) in comparison to the nutrient
concentrations between spatial scales within different monitoring
sites.

e The main explanation of the variability in nutrient
concentrations and losses among study sites is the intensity of
agricultural management which is human caused activity, other
natural factors, i.e. meteorological conditions, water discharge,
soil type and slope, can be considered as secondary.
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Ainis Lagzding, Viesturs Jansons. Statistisko metoZu pielietojums lauksaimniecibas notetu monitoringa datu analize

Piesamojums ar biogénajiem elementiem (slapek]a un fosfora savienojumi) ir viens no Gidenu kvalitati raksturojoSiem kritérijiem. Pastiprinats biogéno elementu satura pieaugums
ieverojami palielina biologisko procesu intensitati denstilpgs un Gdenstecgs (eitrofikdcija) un ir iemesls vairakam nevélamam sekam. Veicot pétfjumus par idenu kvalitati
raksturojoso slapekla un fosfora savienojumu koncentrdciju un noplizu izmainam, ka arf par hidrologiskajiem un meteorologiskajiem apstakliem, tika izmantoti Latvijas
Lauksaimniecibas universitates Vides un tidenssaimniecibas katedras veikta lauksaimniecibas notedu monitoringa dati, kas iegiiti divos izpétes limenos Bérzes, Mellupites un
Vienziemites objektos laika posma no 1995. lidz 2008. gadam. Bérzes monitoringa stacijas sateces baseins raksturo intensivus, Mellupites — vidgji intenstvus, bet Vienziemites —
ekstensivus lauksaimniecibas apstaklus Latvija.

legiito datu analizei izmantota apraksto§a statistika, Kolmogorova-Smirnova tests, Spearman rangu korelacija, Mann-Whitney U tests. Apkopojot aprakstosas statistikas sniegto
informaciju par nokriSpu daudzumu un gaisa temperatliram, var secinat, ka Berzes monitoringa stacijas tuvuma ir vissiltakie un sausakie apstakli, turpretim Vienziemitg -
visvesakie un mitrakie. Kopgja slapekla un kopgja fosfora koncentrécijas vidgjas vertibas izteikti ataino lauksaimniecibas intensitati pétamajas teritorijas. Bérze sateces baseina
Iimenf (s ir visaugstakis, aritmétiskais Vidgjais N, — 8.37 mg I, Py, 0.167 mg I, MellupTté Ny, - 3.70 mg I, Py, 0.086 mg I, savukart Vienziemite viszemakas - Nigp 1.72
mg 1", Py 0.042 mg I

Kolmogorova-Smirnova testa rezultti liecina, ka meteorologiskie un note€u dati neatbilst normalajam sadalfjumam, atbilstiba normalajam sadaljumam konstateta Berzes un
Mellupites mazas sateces baseina Ny, koncentraciju datu kopam, ka arf Mellupites drenu lauka Ny, datu kopai. Spearman rangu korelacijas analize liecina, ka visas monitoringa
stacijas un pétniecibas limenos nokrisnu un noteces savstarpgja saistiba ir neliela. Mann-Whitney U testa rezultati norada, ka B&rzé noveéroto Ny, un Pyo, koncentraciju vértibas
sateces baseind un drenu lauka atSkiras bitiski, turpretim Mellupites Ny, koncentrécijas, ka arf Vienziemites Niop Un Py, koncentracija abos monitoringa Iimenos biitiski
neatskiras.

Aiianc Jlarsanabw, Buecrype Suconc. Vicmosb30Banme CTATHCTHYECKAX MeTONOB B AHA/TH3E JAHABIX Ce/TbCKOX03AHCTBEHHOr0 MORHTOPHHTA CTOKOB

3arpsisHenrie GHOTEHHBIME 37eMeHTamMu (a30Ta 1 docdopa) SBIAETCS OTHUM U3 KPUTEPHEB XapaKTepU3YIOUIMM KadecTBO BOJBIL YBENMUEHUE COJEPKAHUE MUTATETHBIX
BEIECTB 3HAYNTEIHHO YBETMYMBAET MHTEHCHBHOCTH OMONIOTMHYECKMX MPOLECCOB B BOAE (3BTpo(MKalmMs) M sBISETCS NMPUYHHON pPsAa HEraTMBHBIX MOCHeACTBUi. B
TPOBeIEHNE HCCIIENOBAHNIT Ha XapaKTepHCTHKH Ka1ecTBa BOJBI 10 KOHLEHTPALIH a30Ta U Goc)opa M M3MEHEHHs CTOKa, a TAK:Ke Ha TMAPONIOTMEeCKHE H METEOPOSIOTMHYECKIE
YCIOBHS GBLTH UCTIONB30BAHBI JAHHbIE CETECKOXO3ACTBEHHOr0 MOHUTOPHHTA CTOKOB, KOTOPHIH peamsyer Kadenpa 1o oxpare cpefib 1 BOTHOMY X03sticTsy Jlatsutickoro
CeTbeKOX03sHCTBEHHOr0 YHUBEpCUTeTa, JJaHHBIE [TOJYEHHBI B IBYX Pa3BEIOHBIX YPOBHSX B MOHHTOPHEIX CTaHIBITX bepse, Memymite u Buensuemute B mepuozie BpeMeHu
¢ 1995 110 2008 romy. Yenosus semiezienue B bepse MOKHO XapakTepyu30BaTh Kak HHTEHCHBHEIE, B MeJTyTiTe cpeHeit HHTEHCHBHOCTH, B BieH3ieMiTe — SKCTEHCHBHBIE.

B pesyJisTaTe aHAIM3a JAHHBIX UCTIONb30BaHA OMHCATENbHAs CTAaTHCTHKa, TecT Kolmogorova — Smirnova, koppenstus Spearman, Mann-Whitney U Tect. [Togsons urorn
ONUCATENBHON CTATUCTHYECKE HACYET HH(OPMALMHA 1O KOJMYECTBE OCAAKOB M TEMIIEPaTyphl BO3IyXa, MOXKHO CJIENaTh BBIBOJI, YTO 1O CPABHEHHIO C IPYTHMM CTAHUUSIMU
MOHUTOpUHTA BOIM3K Bep3e camble TeIIIble i CyXie YCIIOBHS, B TO BpeMs kak BO3M Buensuemute - XononHele 1 BlaxHble. Cpeue BeMMIMHbl OOLIEro a3ota U obLLero
(ocopa npexcTasisieT MHTEHCHBHOCTE CeNbCKOX03sCTBEHHBIX paiioHoB. CpeHie Be4uHbI B Bepae cambie Boiluye, 061mmit a3ot - 8.37 mg 1", obumit occhop - 0.167 mg I
!, B Mesynure o6t asor - 3.70 mg 1, 06wt docop - 0.086 mg I, B Toxe Bpemst B BrieHsieMiTe caMbie Huskue, 001wt asot - 1.72 mg I, obuwmit docdop - 0.042 mg 1,
Pesynprarsl Kolmogorov — Smimov Tecta yKasbIBaeTcs, 4TO METEOpOJIOTHYECKHE JAHHbIE ¥ JaHHBIE CTOKA HEPacTpe/eieHbl HOPMATBHO, HOPMATLHOTO pacTIpeieNieH st
oBHapy KeHO B JIaHHBIX a30Ta Ha ypoBHe Gacceiio Bepse u Menynute, a Taioke B JaHHBIX a30Ta HAa YPOBHE IpeHakbX Bonocoopos Menyrnure. Koppensums Spearman
TOKA3bIBAET, YTO OTHOLIEHHS MEKILY OCAIKAMK M CTOKA EBJIETCS HU3KMMHU B BCEX CTAHLMSX MOHMTOPHHTA H FICCIIEIOBAHBIX YPOBHSX. PesynbTatel ncnbitannii Mann-Whitney
U TecToM NMOKa3bIBatoT, uTo B Bepse koHueHTpauuu o6Lero azora 1 o6Luero ¢ocdopa CyLIECTBEHHO OTIMYAETCA Ha YPoBHE GacceiiHa u ApeHaxHoro mors. B Toxe Bpems
KOHLEHTpauuy ofiuero azora B MemynuTe Ha ypoBHe GaccelfHa, a Taloke BEMYMHBI 0fLIero asora 1 obutero gocdopa B Buensuemure B 000MX pasBeIOUHBIX YPOBHIX
CYLIIECTBEHHO HEOTINIAETCS.
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Udenu kvalitates standarta noteik§ana péc biogéno elementu
koncentracijas notecé no lauksaimnieciba izmantotajam platibam
Setting of the Water Quality Standards for Nutrients in Runoff from
Agricultural Land

Ainis Lagzdins, Viesturs Jansons, Kaspars Abramenko
LLU Vides un idenssaimniecibas katedra
Department of Environment Engineering and Water Management, LLU
e-mail: Ainis.Lagzdins@llu.lv

Abstract. The paper deals with surface water quality assessment and recommendations for the classification
system based on nutrients concentrations. For EU Member States, the overall aim of the Water Framework
Directive (WFD) is to achieve “good ecological status” and “good surface water chemical status” in all water
bodies by 2015. Human activities, including the use of fertilizer and manure in agriculture, have caused
widespread increase in the content of nitrogen and phosphorus in the streams. Therefore agricultural runoff is
the main subject of research. To determine nutrient concentrations in drainage outlets and small catchments,
water quality data was collected monthly over twelve years (1994-2006) in two agricultural monitoring
sites “Berze” and “Mellupite” with the measurement structures and water sampling equipment. All available
total nitrogen (N ) and total phosphorous (P) concentration data were analyzed using normal distribution
curves. According to Stergess formula, class intervals (c) depending on the number of observations (n) were
calculated. Percentile selections of data plotted as frequency distribution were used to establish boundaries of
water quality standards. The research showed that in small agricultural streams good chemical status represents
concentrations of < 2.5 mg N_ L' and < 0.05 mg P L"', but in drainage system water —<5.5 mg N L' and
<0.02mgP_ L. The most important finding of the research is that water quality standards for drainage water
as well as for small catchments with intensive agriculture should be less stringent than for rivers, otherwise it
will not be possible to fulfill the objectives set by the WFD.

Key words: nitrogen, phosphorous, agricultural runoff, water quality standards.

Ievads
Nodro§indjums ar augstas kvalitates Tdens
resursiem ir  bitisks  cilvéka  saimnieciskas

darbibas priek$nosacijums. Pazemes un virszemes
fidenus cilvéks izmanto ne tikai ka dzeramo
tideni, bet arT ripnieciba, partikas produktu
razo$ana, elektroenergijas ieguve, zivsaimnieciba,
lauksaimnieciba, ka ari rekredcijas vajadzibam.
Vienlaicigi Gdenu kvalitate ir loti nozimigs faktors
gan saldiidens, gan jiiras ekosistému funkciongsana.

Cilveka saimnieciska darbiba tiesi vai netiesi var
izraisit Gidenu piesarnojumu. DaZadas riipnieciskas
razotnes, pils€tu infrastruktiira, transports un
lauksaimnieciba ir potencidlie piesarnojuma avoti,
kuri ietekmé tdenu kvalitati. Piesarnojums var tiesi
nonakt virszemes un pazemes fidenos, var lénam
parvietoties uz dzilakiem pazemes idenu horizontiem,
uzkraties virszemes Gdenos, ka arT nogulsnéties
no atmosferas. Piesdrnojums rodas no punktveida
avotiem, piem&ram, apdzivotu vietu notekiidenu
attiriSanas iekértu izplides vietas, no lielfermu

96

notekiideniem, ka ari no izkliedétiem (difuizajiem)
avotiem — noteces no lauksaimniecibas platibam vai
apdzivotam teritorijam.

Lauksaimnieciskas darbibas radita izkliedeta
piesarnojuma ietekmétie mazie sateces baseini un
drenu sist€émas ir hidrografiska tikla sakuma posms,
kura iesp&jams novertet piesarpojuma ar biogénajiem
elementiem (slapeklis un fosfors) slodzi. Biogéno
elementu nopliidi no diftizajiem avotiem ietekmé
laika un telpas faktori, piem&ram, mainigi klimatiskie
un  hidrologiskie  apstakli, geomorfologiskas
ipatnibas, augu seka un zemes lietojuma veids, tadg|
to salidzindjuma ar punktveida piesarnojuma avotiem
ir gritak kontrolét un novértét (Vuorenmaa et al.,
2002).

Intensiva  lauksaimnieciba ir  viens no
galvenajiem izkliedéta piesarnojuma ar biogénajiem
elementiem emisijas avotiem, kas apdraud pazemes
fidenu kvalitati, izraisa virszemes un jiras Gdenu
eitrofikaciju, Baltijas jura dzilidens zonas skabek]|a
deficitu un toksinu izdalo3o zilalgu paradiSanos. Par
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to liecina petfjumi ASV (The Quality of..., 1999),
ES (Nutrients in European ecosystems, 1999), ka arT
Baltijas jiiras valstis (Nutrient Pollution to..., 2005).

Lidz ar iestaSanos Eiropas Savieniba Latvija ir
apnémusies izpildit ES vides aizsardzibas prasibas.
Udenustruktirdirektiva (Directive 2000/60/EC, 2000)
ir normativais akts, kas nosaka fidenu aizsardzibas
un ilgtsp€jigas apsaimniekoSanas principus un
uzdevumus Eiropas Savienibas dalibvalstis. Ta
paredz vienotu aizsardzibu un apsaimniekoSanas
sistému visiem Gdeniem: upém, ezeriem, piekrastes
fideniem, ka arT pazemes tideniem, nosakot, ka tiem
jasasniedz laba Gidenu kvalitate [idz 2015. gadam.

Udenu struktiirdirektiva prasa sakartot dalibvalstu
fidenssaimniecibu atbilsto§i ES prasibam. Latvija
direktiva ir iestradata Udens apsaimnieko3anas
likuma (Udens apsaimnieko3anas likums, 2002) un
vairakos atbilstoSos Ministru kabineta noteikumos
(MK noteikumiNr. 118,2002; Nr. 179, 2003; Nr. 283,
2003; Nr. 681, 2004; Nr. 736, 2003; Nr. 92, 2004; Nr.
858, 2004). Direktiva nosaka gan apzinat pasreizgjo
idenu stavokli un iegiit papildu datus, izpildot Gidenu
monitoringu, gan uz situdcijas raksturojuma pamata
izveidot ricibas programmu, kas uzlabotu tidenu
kvalitati.

ES direktivas un atbilstoSie Latvijas Republikas
normativie akti nosaka tikai atseviskus ddens
kvalitates robeZlielumus, piem&ram, nitratu saturs
tidenos nedrikst parsniegt 50 mg L' NO,” (11.3 mg
L' N-NO,"). ES dalibvalstis kopgji fidens kvalitates
standarti, nosakot kvalitates dalfjumu klas&s p&c augu
baribas elementu koncentracijam, nav izstradati.
Udenu kvalitates veértgsanas sistémas izveidoSana ir
prieksnosactjums ES normativo aktu izpildei. Latvija
nepiecieSsams noteikt TGdepu kvalitates standartus
notecei no lauksaimnieciba izmantotajam platibam
ta, lai tiktu nodro§inata iek§zemes tidenu ekosistémas
funkcionéSana, ka ari lai blitu iespgjams sasniegt
labas idegu kvalitates biologiskos raditajus.

Darba meérkis ir analizét datus, kas raksturo
kvalitati notecei no lauksaimnieciba izmantotajam
platibam (drenu sisttmu un mazo sateces baseinu
fdeni), un izverteét paSreiz€jas upju tdensobjektu
vértesana izveletas biogéno elementu robezvertibas.

Pétniecibas darba uzdevumi ir:

— novertet  Gdepu  kvalitati  notecei  no
lauksaimniecibas zemém, izmantojot ASV un ES
ieteikto metodiku,

— noteikt SIA ,,Carl Bro Latvija” priekslikumu
atbilsttbu ~ Gdenu  sateces baseiniem ar
lauksaimnieciba izmantojamo zemju Tpatsvaru
vairak neka 60%,

— dot ieteikumus drenu sistému un mazo sateces
baseinu (melioracijas sistému) tidenu kvalitates
klasu izveidei intensivas lauksaimniecibas
apstak]os.

Materiali un metodes

Latvijas normativajos aktos upju tidenu kvalitates
standarti vél nav noteikti. Pagaidu Kklasifikacijas
sisttma izveidota Danijas un Latvijas valdibu
kopprojekta ,,ES Udenu struktiirdirektivas 2000/60/
EC ievie$ana Latvija”, kura izpilditajs bija danu
konsultantu firma ,,Carl Bro” a/s sadarbiba ar
Latvijas konsultantu firmu SIA ,,Carl Bro Latvija”.
Tika ieteiktas piecas kvalitates klases (augsta,
laba, vidgja, slikta, loti slikta); katru no tim
raksturo noteikti biologiskie un kimiskie kritériji —
saprobitates indekss, iz§kidusais skabeklis (minimala
koncentracija) (mg L), biokimiskais skabekla
patérin§ (BSP,) (mg L), kopgja fosfora saturs
(P,,,) (mg L), kopégja slapekla saturs (Nkop) (mg
L") un amonija slapekla saturs (N-NH,") (mg L)
(Transposition and Implementation ..., 2004). Ja dati
liecina, ka fidensobjekts, nemot véra iepriek§minétos
kriterijus, atbilst dazadam kvalitates klasém, to iedala
attieciga klas€ péc vissliktakas kvalitates parametra.
Kvalitates klases attiecinamas uz se$u tipu upém.
Upju tipi noteikti, balstoties uz sateces baseina
laukumu, kritumu, straumes atrumu un gultnes
raksturojumu. Ta k& lauksaimniecibas notecei
visatbilsto$akas ir potomala tipa mazas upes, tad tiesi
8T tipa upju robezvertibas péc SIA ,,Carl Bro Latvija”
ieteikumiem lietotas salidzinaSanai ar pétijjuma
iegiitajiem rezultatiem. Biogéno elementu (N, un
P, ) ieteiktas robezvértibas redzamas 1. tabula.

STA ,,Carl Bro Latvija” ieteikumos, nosakot
katras upju adenu ekologiskas kvalitates klases

1. tabula / Table 1

Upju tidenu kvalitates klases péc SIA ,,Carl Bro Latvija” priekslikumiem
River water quality classes according to recommendations of ,,Carl Bro Latvija” Ltd

Augsta / Laba/ Vidgja / Slikta / Loti slikta /
High Good Moderate Poor Bad
Nk‘)P/Ii‘O‘ <1.5 1.5-2.5 2.5-3.5 3.5-4.5 >4.5
mgL
Plﬁpg/LI?}m <0.045 0.045-0.090 0.090-0.135 0.135-0.180 >0.180
LLU Raksti 21 (315), 2008; 96-105 97
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biogéno elementu robezvertibas, netika izmantotas
lauksaimniecibas note¢u monitoringa datu bazes un
statistiskas datu apstrades metodes, k@ arT netika nemti
véra Gidenos pakapeniski notiekosie procesi (noteces
atSkaidiSanas, sanesu nogulsnésanas, denitrifikacija
u.c.), kuros notiek augu baribas elementu aizture.
Lidz ar to notecei no lauksaimnieciba izmantotajam
platibam, kur tikai sakas idenu kvalitates veidoSanas,
ir janosaka atSkirigas jeb mazak stingras kvalitates
prasibas neka upju fideniem.

Vertgjot kvalitates klasu kritériju robezvertibu
pamatotibu notecei no lauksaimniecibas zemém,
izmantoti LLU Vides un tdenssaimniecibas katedras
veikta  lauksaimniecibas notefu  monitoringa
hidrokimiskie dati, kas iegiiti monitoringa stacijas
,Mellupite” (Saldus rajons) un ,B&rze” (Dobeles
rajons), attiecigi Ventas un Lielupes upju baseinu
apgabalos, laika no 1994. I1dz 2006. gadam.

Monitoringa stacijas un Iidz ar to arT sateces
baseini izvEleti, jo tie reprezentg platibas ar intensivu
lauksaimniecisko darbibu Latvija (lauksaimnieciba
izmantojamo zemju Tpatsvars vairdk neka 60%).
Monitoringa staciju un sateces baseinu raksturojums
apkopots 2. tabula. Stacijas iegiitie rezultati apvienoti
viena datu paraugkopa.

Sateces baseina un drenu sistémas ITmenT
automatiska reZima uz mériekartas tiek noteikts tidens
Iimenis un izrékinats tam atbilstoSais caurplidums.
Abos monitoringa Iimenos automatiski, proporcionali
caurplidumam, polieteléna konteineros tick atstiknéti
un uzkrati kompoziti Gdenu paraugi. Ne retak ka
reizi ménesT Gidenu paraugi tiek nogadati Latvijas
Hidroekologijas institiita kimijas laboratorija, kur ar

akreditétam test€Sanas metodem LVS 340:2001 un
LVS EN 1189:1996 nosaka attiecigi kopgja slapekla
un kopgja fosfora savienojumu koncentracijas.
Savaktas datu rindas dod iesp&u analiz€t noteces
apjomu un kvalitati lauksaimnieciba izmantojamas
platibas.

Pétfjumu rezultata iegiitie empiriskie dati
apstradati un analiz€ti, izmantojot matematiskas
statistiskas metodes. No monitoringa rezultatu
datu paraugkopas izveidotas vidgjo, maksimalo un
minimalo vértibu liknes, ka arT normala sadalfjuma
[tknes, kuras raksturo savstarpgji saistitas skaitlu
rindas: pétamas pazimes vértibas un tam atbilstoSie
atkartofands bieZzumi jeb frekvences. Atkariba no
novérojumu skaita ieteicama klasu intervala garuma
noteikSanai lieto Sterdzesa vai Breksa formulu
(Arhipova, Balina, 1999).

Ja n<100, lieto SterdZesa formulu:

¢ = K - X (+3321gm) ", (1)

jan>100, izmanto Breksa formulu:

c= (Xmax - Xmin )X (5 1g(n))—l 2 (2)

kur
n— noverojumu skaits;
c— klagu intervalu garums, mg L'";
X — novérojumu paraugkopas lielaka vértiba,
max
mg L
— novérojumu paraugkopas mazaka veértiba,
mg L.

X

min

2. tabula / Table 2

Monitoringa staciju un sateces baseinu raksturojums
Characteristics of monitoring stations and watersheds

Monitoringa stacija / Limenis / Level Platiba, ha / Augsne / Aprikojums /
Monitoring station Area, ha Soil Equipment
Mazais sateces Krampa pargazne, datu
baseins / 960 logeris / Crump weir,

Small catchment data logger

Mellupite Smil$mals /
Drenu Loam Trijstlira pargazne, datu
sistéma / Drainage logeris / Triangular weir,
system data logger
Mazais sateces Modificéta Krampa tipa
baseins / 368 pargazne ar V-veida profilu,
Small catchment Puteklains datu logeris / Modified

Bérze smil§mals / Crump V-weir, data logger

Silty clay
Drenu loam Trijstiira pargazne, datu
sistéma / Drainage 77 logeris / Triangular weir,
system data logger
98 LLU Raksti 21 (315), 2008, 96-105
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Balstoties uz ASV (Nutrient Criteria ..., 2000)
un ES (Cardoso et al.,, 2001; River and lakes ...,
2003) ieteikto vért€Sanas metodiku, uz tdenu
kvalitates raditaju normala sadalfjuma likném atliktas
procentualas robezas, kuras atdala Gidenu kvalitates
raditaju veértibas noteiktu klasu ietvaros. Par nosaciti
nepiesarnotu dabas @denu stavokli (fona veértiba)
iesaka uzskatit vid€jo lielumu starp nepiesarpotu upju
(fona upes) kvalitates raditaja koncentraciju ar 75%
nodro§indjumu un par&jo upju koncentraciju ar 25%
nodroSingjumu (1. attéls). Kvalitates klasu dalfjumam

Fona vertiba /

izmantotas procentualas robezas iesaka saistit ar §adu
aprékinu nodro§inajumu: <10% — augsta, 10%—25%
— laba, 25%— 75% — vidgja, 75%—90% — slikta, >90%
— loti slikta kvalitate.

Rezultati un diskusija

P&tamaja perioda, izmantojot datus no Mellupites
monitoringa stacijas, maza sateces baseina [imenf tika
noteikti ménesu vid&jie, maksimalie un minimalie
noteces daudzumi (2. attéls). Konstatéto vértibu
intervali ir Tpai mainigi gada rudens, ziemas un

25 Fona upes / Reference value
Reference streams .
- 0,
220 \ e 23 % Visas upes /
§ h E All streams
g15 7 i i
= : :
2 i ;
E10 7 i 1
8 ' -
2 i i
< 5 /;/ i
i i
0 T — 1 T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

koncentracija / concentration, mg L’

1. att. Fona koncentraciju noteik$ana péc ASV Vides aizsardzibas agentiiras metodikas.

Fig.

1. USA Environmental Protection Agency method recommended for determination of reference values.
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2. att. Ménesu vidgja, maksimala un minimala notece (1994.-2006. g.).
Fig. 2. Monthly average, maximal and minimal runoff (1994-2006).
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pavasara perioda, bet ne tik izteikti mainigi vasaras
perioda. Sadas noteces svarstibas (palielindSanos)
aukstaja perioda ietekm& gaisa temperatiru un
atmosféras  nokriSnu  nepastavigums, augsnes
sasalfana, sniega akumulacija un kuSana. Savukart
vasaras perioda, kad sastopamas augstakas pozitivas
temperatiiras, noteci liela méra var samazinat
evapotranspiracija (iztvaikoSana no augsnes un
augiem), Gidens uzkraSanas augsné un pieplides/
noplides procesi no gruntsiidepiem.

Gada griezuma ar noteci saistitie dabas procesi ir
mainigi. Vegetacijas stavoklis, nokrispu daudzums,
gaisa temperatiira, noteces daudzums un intensitate
pa gadiem ir galvenie mainigie, kas nosaka Gidenu
kvalitati sateces baseinda. Kopgja slapekla ménesu
vidéjo koncentraciju novérojumos ir konstatétas
tendences, kuras var salidzinat ar noteces slana
vid&jo vertibu svarstibam (2. un 3. attéls). Ménesu
vidgjas veértibas ir dazadas, tom&r koncentraciju
izmainas vasaras ménegos nav tik izteiktas, salidzinot
ar gada mitrakajiem periodiem. Ziemas, rudens un
pavasara periodos koncentraciju vidgjas veértibas ir
lielakas un ar lielaku svarstibu amplitidu ilggadiga
griezuma.

Maksimalas kopgja slapekla koncentracijas
novérotas parmitros rudens periodos péc izteikti
sausam vasaram. 2003. gada sausuma periods,
kas ilga no augusta sakuma lidz septembra vidum,
un tam sekojoSais lielais noteces daudzums bija
célonis konstatétajai maksimalajai kopgja slapekla
koncentracijai ideni— 15.97 mg L. Savukart, peksns
kopgja slapek]a koncentracijas paaugstindjums parasti

tiek saistits ar lietusgazeém; §1 fenomena skaidrojumam
lieto terminu ,,skalo$anas efekts” (Burt et al., 1993).

Galvenais mehanisms tam, ka fosfora savienojumi
nonak tdeni, ir virszemes noteces procesi. No ta
izriet, ka ja neveidojas virszemes notece, tad arl
fosfora nopliide ir nenozimiga (Tunney et al., 1997).
Mellupites sateces baseina virszemes notecei ir
neregulars, gadijuma raksturs, 1idz ar to monitoringa
postenT konstatétas vid&jas fosfora koncentraciju
vertibas ir nevienm@&rigas un svarstas plasas robezas
—n0 0.055 mg L' [1dz 0.135 mg L.,

Monitoringa stacijas ,,Mellupite” un ,Beérze”
iegiitie sateces baseinu Gdenu kvalitati raksturojosie
dati parada batiskas atSkiribas starp ziemas un
vegetacijas periodiem (attiecigi oktobris—marts un
aprilis—septembris). Ziemas perioda analizéti 150
fidenu paraugi, vegetacijas perioda— 134. Vegetacijas
perioda ieglits mazak paraugu, jo vasara izteikta
sausuma apstaklos Gdensteces ir izsikusas. Vertibas
attélotas, izmantojot normala sadalfjuma Iiknes
(4. attéls). Periodi defin&ti saskana ar Nitratu
direktivas monitoringa vadliniju (Draft guidelines for
..., 2003) ieteikumiem.

Ziemas perioda, it Tpai gados ar mainigiem laika
apstakliem un nepastavigu sala periodu, tiek novérotas
ievérojami augstakas kopgja slapekla koncentracijas.
Lidz ar to nakotné klimata izmainu rezultata
varétu palielinaties biogéno elementu nopliides no
lauksaimnieciba izmantotajam platibam. Vegetacijas
periods ir zimigs ar biogéno elementu intensivu
izmantoSanu augu attistibas procesos gan augsnes,
gan Gdens vidg, tade| konstatétas kopgja slapekla
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3.att. N, koncentracijas mazajos sateces baseinos (1994.-2006. g.).
Fig. 3. N, concentrations in small catchments (1994-2006).
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4. att. Sezonalas N, koncentraciju atSkirtbas mazajos sateces baseinos.
Fig. 4. Seasonal differences in N concentrations in small catchments.
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5. att. N, _koncentraciju salidzindjums drenu sistémas un mazajos sateces baseinos.
Fig. 5. A comparison of N, concentrations in drainage systems and in small catchments.

vértibas ir zemakas. Salidzinot ziemas un vasaras
visbiezak novérotas kopgja fosfora koncentracijas,
var secinat, ka vértibu at3kiribas ziema ir 0.11 mg L,
vasara — 0.064 mg L. Lai gan ziemas un vegetacijas
periodi ir savstarpgji nesalidzinami (gaisa un @idens
temperatd as, nokriSpu daudzums un intensitate,
noteces slanis), tomér miisu pétjjuma ietvaros,
veidojot tidenu kvalitates klasu dalfjuma ieteikumus,
sezonalas atSkiribas netiek nemtas veéra.

Drenaza ietekmé@ augsnes fidens reZima izmainas,
ka arT noteces kvalitati nosusinatajas platibas, Tpasi
lauksaimniecibaintensiviizmantotajasteritorijas(Burt
et al.,, 1993). Drenaza uzlabo kultiraugu augsanas
apstaklus un palielina razu, jo iespgjama atraka
s€ja pavasarl, samazinds augsnes parmitrinajums,
palielinds augsnes temperatiira, tiek veicinati aerobie
procesi augsné (Oquist et al., 2007). Aerobie procesi
augsné pastiprina organiska slapekla transformaciju

LLU Raksti 21 (315), 2008; 96-105

nitratu slapeklt, kas var vieglak izskaloties no augsnes
profila ar drenu noteci (Burt et al., 1993). Savukart
baseina Iiment sakas nitratu slapek|a aiztures procesi,
pasi vegetacijas perioda.

Mellupites un Beérzes monitoringa stacijas
konstateta nitratu slapekla procentuala attieciba
pret kop€jo slapekli baseinu [fmeni ir 62%, drenu
sistemu tdenos — 90%. Tadgjadi ari kopgja slapek]a
koncentracijas drenu fidenos ir augstakas (5. attéls).

No drenu sisttmam virszemes #denstecg
nonakusais organiskais un neorganiskais slapeklis
tiek izmantots un transform&ts tdens floras
metabolisma procesos. Sajos procesos piedalas tidens
makrofiti, krastu makrofiti, alges, mikro-heterotrofi
un denitrifikacijas  baktérijas. Transformacijas
procesi, tadi ka nitrifikacija un denitrifikacija,
parnes slapekla savienojumus no ddens vides
biota, atmosfera vai sedimentos (Burt et al., 1993).
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Koncentraciju samazina$anos baseinu [imenf ietekm@
ne tikai transformacijas un patéré8anas procesi, bet
arT virszemes noteces pieplidums un ar to saistita
drenu noteces tdenu at§kaidiSana.

Fosfora ~ zudumus  no lauksaimnieciba
izmantotajam platibam var izraisit vairaki procesi.
Svarigakie no tiem ir iidens izraisita augsnes erozija,
virszemes notece un notece, kas veidojas, Gidenim
filtrgjoties cauri augsnes profilam (izskaloSanas).
Lielakai dalai augsnu ir liela fosfora Kkimiskas
saistianas spgja, tade] fosfora savienojumu
izskalo§ands no augsnes vairuma gadfjjumu ir
nieciga (Tunney et al., 1997). Nereti vairak neka
90% no kopégja fosfora savienojumu daudzuma var
atrasties organisku savienojumu veida vai saistiti ar
suspendéto vielu (Klavip§, Cimdins, 2004). Fosfors
tiek transportéts iz§kidusa un dalinu forma. Dalinu
forma fosfors ir saistits ar augsni un organiskam
vielam. Udens plismas veidotas augsnes erozijas

rezultata tas ir paklauts noskaloSanai un veido
lielako fosfora noplides dalu no lauksaimnieciba
apstradatajam platibam. Atkariba no noskalotas
augsnes Tpadibam augi ir sp&jigi biologiski uzpemt
no 10% lidz 90% no dalinu forma esosa fosfora.
Notece no ganibam, dren&tam platibam un meZiem
fosfora forma, kas ir pilniba pieejama augu
izmantoSanai (Tunney et al., 1997). Salidzinot
P koncentracijas drenu sisttmu un mazo sateces
baseinu tdenos (6. attéls), redzams, ka visbiezak
novérotas koncentracijas drenu Gdenos ir mazakas
neka sateces baseina. Mazajos sateces baseinos
drenu noteci papildina virszemes notece un augsnes
ddens erozijas produkti.

Ieteikumi
Priekslikumus fadenu kvalitates dalfjjumam
klasés Latvijai izstradajusi SIA ,,Carl Bro Latvija”
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6.att. P, koncentracijas drenu sistémas un mazajos sateces baseinos.
Fig. 6. P_ concentrations in drainage systems and in small catchments.
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7. att. Udenu kvalitates klasu robeZvértibas.
Fig. 7. Water quality classification boundaries.
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3. tabula / Table 3

Ieteicamais idenu kvalitates dalijjums (N, un P, ) pgc LLU pétijumiem
Evaluation for water quality (N, and P ) according to LLU data

Nkop /Nlot » Mg L Pkop / Plol » Mg Lt
Agricultural Agricultural
area area
Kvalitate / . :
Quality Drenu S]:l/izzl:s “Carl Bro” Drenu 1;4;61216 “Carl Bro”
sistémas / .. sistémas / s .ce's
Drainage baseini / Drainage baseini /
s stemgs Small sy ten;gs Small
Y catchments Y catchments
Augsta / High <4.5 <l.5 <l1.5 <0.015 <0.025 <0.045
Laba / Good 4.5-5.5 1.5-2.5 1.5-2.5 0.015-0.020 0.025-0.050  0.045-0.090
Vidgga.l 5.5-10.0 2.5-7.5 2.5-3.5 0.020-0.075  0.050-0.150  0.090-0.135
Moderate
Slikta / Poor 10.0-12.0 7.5-10.5 3.5-45 0.075-0.135 0.150-0.250 0.135-0.180
I];Zg slikta/ >12.0 >10.5 >4.5 >0.135 0.250 >0.180

(1. tabula). Tacu pielietot So ieteikto kvalitates
raditaju vertesanas skalu nebiitu ieteicams, nemot
vera faktisko @idenu kvalitati drenu sistémas un
melioracijas  sisttmu notekas lauksaimnieciba
izmantojamas zemé&s (LLU monitoringa rezultati
no 1994. lidz 2006. gadam stacijas ,,Mellupite”
un ,,Bérze”). Vadoties péc Siem raditdjiem, drenu
sisttmu un mazu sateces baseinu Itmeni izpildit
Udenu struktiirdirektivas pamatuzdevumu ,,sasniegt
labu tidens kvalitati” nevargs. Par to liecina p&tijumu
rezultata izveidota drenu sistému fidenu kvalitates
klasu dalfjuma salidzinajums ar SIA ,Carl Bro
Latvija” priekslikumiem (7. attéls).

SIA,,CarlBroLatvija” un pétijumagaitaizstradatie
priek$likumi apkopoti 3. tabula. No tabulas redzams,
ka, noveértgjot fosfora savienojumus Gdenos, drenu
sistému notecei var noteikt pat stingrakus vértesanas
kritérijus neka upém péc SIA ,,Carl Bro Latvija”
ieteikumiem. Lidzigi varétu rikoties ar koncentraciju
veért§jumu (augsta un laba kvalitate) melioracijas
sistému novadgravjiem un notekam. Tacu Seit biitu
jasamazina prasibas vidgjas, sliktas un [oti sliktas
kvalitates iideniem.

Veértgjot slapekla savienojumus, nepiecie$ams
vairakkart samazinat prasibas drenu noteces kvalitatei
un dalgji samazinat prasibas novadgravju un tdens
noteku noteces kvalitatei.

Secinajumi

1. Udenu kvalitates standartu/kritériju noteikSanai
ieteicams izmantot ASV Vides aizsardzibas
agentiiras un Eiropas Komisijas Apvienota
pétijumu centra ieteikto metodiku, kuras pamata
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ir procentudalo robezu noteikSana, izmantojot
normala sadalfjuma liknes.

Lai gan gada griezuma daba notiekoSie procesi
ir mainigi (vegetdcijas attistiba, nokri$nu
daudzums, gaisa temperatiira, noteces apjoms)
un atstaj ietekmi uz tdenu kvalitati, tomér,
izstradajotiidenu kvalitates vértésanas standartus,
tos nevajadz&tu npemt vera, jo nebilitu vélams
atseviski klasificét tidegu kvalitati dazados gada
periodos.

Drenu sistému notecei un notecei no mazajiem
sateces baseiniem nevar piemé&rot upju notecei
izstradatas tdenu kvalitates standartu vértibas.
Hidrografiska tikla sakuma (drenu sistémas,
novadgravji, mazie sateces baseini) biogéno
elementu koncentracijas ddeni parasti ir
paaugstinatas salidzindjuma ar upém.

IevieSot SIA ,,Carl Bro Latvija” priekslikumus
fidenu kvalitates vertéSanai drenu sistému un
mazo sateces baseinu limeni, izpildit Udegu
struktiirdirektivas pamatuzdevumu ,,sasniegt
labu Gdens kvalitati” nevarés. LLU pétijuma
gaita izstradato kvalitates standartu ievieana
lautu objektivak izvertét So idenstecu kvalitati,
noteikt piesdrpojuma ITimeni, ka ari sekmétu
ricibas programmas izstradi, lai uzlabotu
fidenu stavokli lauksaimnieciba izmantotajas
platibas.

Pétijuma rezultati lauj secinat, ka par labu idenu
kvalitates robezlielumu, vertgjot péc kopgja
slapekla koncentracijas, drenu sisteémas varétu
pienemt 4.5-5.5 mg L', mazos sateces baseinos
—1.5-2.5mg L.
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6. Savukart, vértgjot péc kopgja fosfora
koncentracijas, par labu udenu kvalitates
robezlielumu drenu sistémas varétu uzskatit
0.015-0.020 mg L', mazos sateces baseinos —
0.025-0.050 mg L.
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11.6. LAUKSAIMNIECIBAS IZRAISITA NITRATU
PIESARNOJUMA RISKA ANALIZE LATVIJA
RISK ASSESSMENT OF THE AGRICULTURAL POLLUTION
WITH NITRATES IN LATVIA

Abstract

EU and LR legislation obligate the control and mitigation of impact of the
agriculture (nitrate pollution) on environment. Assessment of the long data series (1994
— 2006), obtained from non point source agricultural run-off monitoring programme,
has shown that nitrate nitrogen concentrations depends on the scale of monitoring
system (drainage plots, drainage field, small catchments’) and intensity of agricultural
production system. The available long data series and use of variability curves allow
the determination of nitrate concentration variations in the plot, drainage field and
small catchments’ scale. The article provides estimation of risk to reach nitrates
concentrations over limits for nitrates (11.3 mg I N/NO™ ). High risk to reach nitrates
concentrations over limits has been found (about 25 % of samples) in field drainage of
Berze monitoring site. With regard to the small catchments ’scale nitrates concentrations
over limits could be expected (12% of samples) in the Berze small catchment with high
intensity of agriculture.

Key words: agriculture, nitrates, pollution risk.

Kopsavilkums

ES un LR piepemtie likumdoSanas akti prasa kontrolét un ierobeZot intensivas
lauksaimniecibas (nitratu piesarnojuma) ietekmi uzidens vidi. Raksta apskatitiilggadiga
(1994. — 2006. g.) izkliedéta (diftizd) lauksaimniecibas piesarpojuma monitoringa
rezultati, kas parada, ka nitratu slapekla koncentracijas ir atkarigas no monitoringa
sisttmas Iimena (izméginajumu laucini, drenu lauks, mazais sateces baseins) un
lauksaimniecibas intensitates. Izmantojot ilggadigas datu rindas un teorétiskas ilguma
liknes, paraditas nitratu savienojumu koncentraciju atSkiribas izm&ginajumu laucinu,
drenu lauku un mazo sateces baseinu limepos. Novertets nitratu koncentracijas
robezlieluma (11.3 mg I' N/NO",) parsniegSanas risks. Augsts robezvertibas
parsniegSanas risks pastav notecés no drenu lauka (25% gadijumu Bérzes monitoringa
stacija). Mazo sateces baseinu Iimeni nitratu robezvertiba visbiezak (12% gadijumu)
tiek parsniegta B&rzes monitoringa stacija, platibas ar intensivu lauksaimniecibu.

Atslégas vardi: lauksaimnieciba, nitrati, piesarpojuma risks

Ievads
Introduction

Lauksaimnieciba, tapat ka jebkura cita cilvéka saimnieciska darbiba, atstaj biitisku
ietekmi uz vidi, it seviski Gidens vides stavokli. Drenu sistémas, novadgravjos, strautos
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un mazajas upés fidenu notece tikai Skiet tira, faktiski ta ir augu baribas elementus
(N; P; K un mikroelementi) un citus savienojumus saturos Skidums. Noteces sastavu
un piesarnojuma risku nosaka augsnes tips, tas mehaniskais sastavs, ar klimatiskiem
apstakliem saistitie organisko vielu mineralizacijas procesi augsn, iestradatais
méslojums (devas un termini), kultiraugu spgja izmantot augu baribas vielas razas
veidoganai, noteces veido$anas apstak]i un daudzi citi faktori, ka ari So faktoru kompleksa
mijiedarbiba (Position statement., 2000). Protams, ar bez cilvéka saimnieciskas darbibas
daba vienmeér biis novérojams tidenu dabiskais (fona) piesarpojums.

Baltijas jiiras baseina valstis lauksaimnieciba ir nozimigakais slapekla un viens no
galvenajiem fosfora savienojumu piesarpojuma avotiem (HELCOM., 2003a, 2003b),
kas var palielinat virszemes un jiras Gidenu eitrofikaciju (11.5. attéls) un izsauc Gdegu
piesarpojumu ar nitratiem'.

Avots / Source HELCOM, 2007

11.5. att. Baltijas jiiras eitrofikacija (hlorofila vidgjas vertibas) julija - augusta
2002. un 2005. g.

Fig. 11.5 Eutrophication of Baltic Sea (average chlorophyll value) July — August,
in 2002 and 2005

Ievarojot Eiropas Savienibas (ES) likumdoSanas aktus (direkfivas) Latvijai
nepieciefams realizét ES valstim obligatos pasakumus lauksaimnieciba un Udenu
vides aizsardziba (Jansons, et al., 2005). Sadu pasakumu izpildi no ES dalibvalstim
un kandidatvalstim prasa Nitratu direktiva (Nitrate Directive, 1991), ka ar1 ES Eiropas
fidens politiku reglament&josa direktiva (Directive 2000/60/EC, 2000). Nitratu direktiva

! Ar terminu “nitrati” apzimé NO,™ jonu neatkarigi no ta kada savienojuma veida tas atrodas un kads bija
ta izcelsmes avots.
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(ND) pienemta, nolika aizsargat cilvaku veselibu un Gdenu ekosistsmis surmuzingty _

Tdens piesarpojumu ar nitratiem un citiem tidequ eitrofikaciju sekmgjosiem augu baribas
clementiem no lauksaimnieciskas izcelsmes piesarpojuma nopliides avotiem. ND un
tai pakartotie LR likumdosanas akti (LR MK noteikumi Nr. 531, 2001) prasa izpildit
Gdenu monitoringa programmas un ricibas programmas piesarpotajas un piesirnojuma
riskam paklautajas teritorijas (nitrate vulnerable zones®), kuras nonak vai nakotné
var€lu nonakt, ja lauksaimnieciba netick veikti athilstofas ricibas programmas, ar
slapek]a savienojumiem piesarpoti idepi. Baltijas jiras baseina valsiim, ki arT Latvijai
Rigas juras Iic eitrofikacija (11.5. attéls) un to veicino3ais piesarpojums ar slapekla un
fosfora savienojumiem vargtu biit ka viens no galvenajiem riska faktoriem, lai noteiktu
piesarpojuma riskam pakJautajas teritorijas. Eksisté divas alternativas:

® noteikt visu valsts teritoriju ka riskam paklautu;

= noteikt da]a valsts teritorijas vienu vai vairdkas riskam paklautas zonas.

Kritériji riskam paklauto teritoriju noteikSanai ir augsta nitratu koncentracija
Udenos (robezvertiba 50 mg I NO", vai 11.3 mg I N/NO™,) vai tidequ eitrofikacija,
kuras kriterijus ES normativie akti neprecizé. Latvija par riskam paklautam teritorijam
lauksaimnieciba noteikti Rigas, Jelgavas, Dobeles un Bauskas rajoni (Jansons, et al.,
2005). Sajas teritorijas lauksaimniecibai tiek noteikti obligati ierobeZojumi un prasibas
(Code of Good Agricultural Practice®), galvenokart attieciba uz visa veida meslojuma
pielietoSanu, organiska meslojuma uzglabasanu un citu tidens vides kvalitati apdraudosu
intensivas lauksaimniecibas praksi (LR MK noteikumi Nr. 53 1, 2001; BuSmanis, et al.,
1999). Nereti §is prasibas rada papildus izdevumus un palielina lauksaimniecibas
produkcijas izmaksas. Saskana ar direktivu ES Dalibvalstim, Jaizstrada un piesarnojuma
riskam paklautajas teritorijas jaisteno ricibas programmas (action programmes)
lauksaimniecibas izsaukta piesarnojuma, it seviski nitratu piesdrnojuma un eitrofikacijas,
samazinaSanai Uidepos. Dalibvalstim reizi detros gados jaatskaitas ES Vides direktorita
Nitratu komisijai par idenu monitoringa, ricibas programmu rezultatiem un japarskata
riskam pak]auto teritoriju robeZas péc monitoringa programma noteikta nitratu satura vai
eitrofikacijas kritérija. Tade] svarigi, uzkrajot ilggadigas monitoringa datu rindas, analizét
augu baribas elementu, it seviski nitratu, koncentracijas un to transformacijas procesus
Udenu ekosistema, ka arf nitratu robezlielumu parsnieg8anas risku (varbiitibu).

Materiali un metodes
Materials and methods

Lauksaimniecibas note¢u monitorings Latvija
Agricuktural run-off monitoring in Latvia

Viens no ES dalibvalstu uzdevumiem ir izveidot harmonizétu un miisdienu
prasibam atbilstoSu tidepu monitoringa sistému lauksaimniecibas izraisita piesarnojuma

2 LR likumdoSanas aktos — Ipai jutigas teritorijas
8 LR likumdoS$anas aktos — Labas lauksaimniecibas prakses nosacijumi
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kontrolei (Implementation of Council Directive, 2002, Nitrate Commission, 2003; Ital,
2005). Lauksaimniecibas notefu monitoringa sistéma Latvija, Lietuvd un Igaunija
izveidota pamemot Zviedrijas un Norvégijas pieredzi, metodes un tehnologijus
(Deelstra, 2004, Jansons, 1996, 1998, Vagstad, 2001, LVA, 2003). Lauksaimniecibas
diftizais (izklied&tais) piesdrpojums Latvija tiek noteikts trijas, ar atbilsto§am
meériekartam aprikotas, monitoringa stacijas un 3 @idens kvalitates monitoringa punktos
(11.6. attels).

Kt . MY
AGRICULTURAL RUN-OFF MONITORING SITES ‘s, ,
LAUKSAIMNIECIBAS NOTECU NONITORINGA VIETAS r

€5 WONITORING STATION 4 MONITORING POINT
MONITORINGA STACLIA. ~  JONITORINGA POSTRENIS

-
Paneveys i
Avots: LLU Vides un tidenssaimniecibas katedras dati
Source: Data of Department of Environmental Engineering and Water Management of LLU

11.6. att. Lauksaimniecibas izklied&ta piesarpojuma monitoringa staciju un
postenu novietojums
Fig. 11.6 Agricultural run-off monitoring stations and points

Humida klimata apstaklos lauksaimniecibas noteces monitorings (Jansons, 1998;
Vagstad, et al., 2001; Ital, 2005; Kyllmar., et al 2006) parasti tiek izpildits vairakos
savstarpgji pakartotos limenos (11.7. attéls). ST metodika atbilst ES ieteiktajam ND
monitoringa vadlinijam (Nitrate Commission, 2003).

Pilnvertigs lauksaimniecibas note¢u monitoringa komplekss (LVA, 2003) sastav
no trijiem savstarpgji pakartotiem limeniem:

1.  Izmégingjumu (drenu) laucinu limenis;
2. Lauka (drengta) limenis;
3. Maza sateces baseina limenis.

Drenu laucinu Iimeni tiek pétiti augu baribas elementu izskaloanas procesi
augsné. Sie izméginajumu laucigu ir nelieli, sava starpa norobeZoti ar kontiirdrenam,
regularu drenu sistému bloki. Notece tick novadita uz monitoringa stacijas meriekartam
— svarstigiem kausiniem ar automatisku tidens paraugu pemsanu. Kausinu apgasanos
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Mazais sateces Drenu lauks lzméginajumu (drenu) laucipi

baseins Drainage field Drainage plots
Small catchment

11.7. att. Lauksaimniecibas noteces monitoringa Iimeni
Fig. 11.7 Scales of the agriculural run-off monitoring

fiksg datu logeris un kontrolei ari mehanisks skaititajs. Saja izméginajumu [imeni var
noteikt augu baribas vielu izskaloganos atkariba no kultiirauga un méslojuma reZima.
Latvija izm&gindjumu laucigu sistéma izveidota viena monitoringa stacija — Mellupite
(11.7. tabula), Saldus rajona. Mellupites baseina monitoringa stacijas kompleksa
darbojas drenu sistemas 15 laucipos ar vidgjo drenu izblives dzilumu 1.2 m, attalumu
starp drenam 11 m un vienas drenu sistémas platibu 0.12 ha. Pétfjumu uzdevums ir
noteikt noplides (biogéno elementu emisijas) koeficientus daZadiem kultiiraugiem
Latvija tipiskas augu sekas. M&sloSanas reZIms tiek noteikts atbilstosi dotas augu sekas
prasibam. Ilggadigu petfjumu rezultata (tipiskas augus sekas aprites laiks 4 — 5 gadi)
var noskaidrot idens kvalitates modeléSanai nepiecieSsamos nopliides koeficientus.

Drenu lauka Iimeni tiek noteiktas augu baribas vielu noplides no drenéta
lauka. Notcces meériSana notick stacijas biives méraka ar (rijstiira pargdzai, kur Lick
merits caurpludums un automatiski, proporcionali caurtecei pemti Gidens paraugi.
Limenu mérfjumus ar 1 mm precizitati veic datu logeris, katras 2 — 3 minites nosakot
caurplidumu, aprekina stundas vidgjos, katru diennakti uzkrajot atmina 24 nolasfjumus.
AtkarTba no ieprogrammétas caurteces logeris dod signalu Gidens paraugu pemsanas
iekartai. Pielaujama datu logera aizstaSana ar limnografu un nejausu @idens paraugu
(grab samples) nemoana reizi menesi, jo tchniski pilnigi aprikotu monitoriuga staciju
izblive prasa iev&rujamnas izmaksas. Izvéloties paraugu nemsanas rezimu, tie biitu j japem
proporcionali caurpliidumu svarstibam vairakas reizes diena. BieZa paraugu nemsana
precizak raksturo slapckla savienojumu saturu Gidegos (lal, 2005; LVA, 2003). Lauka
limeni nosaka integréto, dazadu I/s kultiru, méslojuma un augsnes apstrades, ietekmi
uz noplides raditajiem. Latvija visds lauksaimniecibas noteu monitoringa stacuas
(Berze, Mellupite un Vienziemite) izveidots $is monitoringa Iimenis.

Nozimigaka monitoringa sistémas sastavdala (ltal, 2006; Jansons, 1998; LVA,
2003) ir mazais sateces baseins (small catchment). Baseina lielums, lai varétu uzskaitit
raZoSanas intensitatei raksturojoSos lielumus (zemes izmantoSanas veidus, kultiru
raZas, lopkopibu, meslo$anu u.t.t), parasti ir 3 — 25 km? robeZas. Bez tam, pie lielakam
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baseina platibam, pleaug meéramie caurplidumi un sadardzinas mérbavju konstrukcijas
(Ital, 2005; LVA, 2003). Saja limeni nosaka kopgjo lauksaimniecibas ietekmi heterogéna
sateces baseina ar daZadam saimniekoSanas metodém un zemes lietoSanas veidiem,
ar daZadu reljefu un augsném. Baseina nepielauj koncentréta piesarpojuma avotus
(kanalizacija, lielas lopkopibas fermas), kuri var bitiski ietekm&t noteces kvalitati.
Caurpliduma mériSanai izblivé pargaznes. Meérfjumus un fidens paraugu nemsanu veic
péc tﬁdas pasas metodikas ar datu logeriem aprikotam mériekﬁrtﬁm kﬁ lauka Hme);la
stacijas. Sknveru Vecauces un Bauskas postel;los nav merbuves un cita tehniska
aprikojuma, nejausus tidens paraugus (grab samples) nem reizi ménesi, caurplidumus
nosaka ar matematiskds model&8anas palidzibu izmantojot meteorologiskos datus
(Ziverts, et al., 1999). Sajos postenos Gidens kvalitates monitorings uzsakts velak, 1995.
—2004. gados, tadg| $ie dati nav apskatiti miisu darba.
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Udens paraugi neatkarigi, no to savak3anas metodes, tiek analizéti reizi ménesi
péc standarta metodém (LVS 340:2001, LVS 339: 2001, LVS ISO 7150/1-1984, LVS
EN 1189:1996). Udens paraugu kimiskajas analizss tiek noteikti sekojosi parametri:
N ,N/NO,N-NH, P,p» P/PO*, K, pH.

op Papil&us slﬁpeicla savienojumu noteik§anai iidens paraugos ar kimiskam analizém
laboratorija, kop§ 2006. g. sakta slapek]a savienojumu mérisana ar automatisku zondi,
veicot automatiskus nitratu mérijumus ar noteiktu laika intervalu. P&tfjumos izmantota
ASV razota YSI 6920-C-M zonde ar daZadiem tidens kvalitates parametru sensoriem.
Zondes nitratu sensora noteik§anas robezu intervals 0 — 200 mg I'! N/N O, sensorajitiba
atkariba no mérfjumu intervala 0.001 — 1 mg I'' N/NO™',, mé&rfjumu precizitate + 10%.

Kultiraugiem pieejama augsnes minerald slapekla daudzuma analizes péc
standarta metodikas (LVS EN ISO/IEC 17025) izpilditas VSIA Agrokimisko Détijumu

centrs.

Rezultati
Results

Nitratu koncentracijas
Nitrate concentrations

Maza sateces baseina un drenu lauka Iimenis

Udens kvalitates paraugi lauksaimniecibas note¢u monitoringa stacijas apskatitaja
perioda nemti reizi ménesi. Sausos gados sateces baseina limeni un drenu lauka limeni
vasara notece nav noverota. Kopg€jais savakto tidens paraugu skaits 13 gadu laika
atseviskas monitoringa stacijas ir 110 — 160 paraugi (11.8. tabula).

11.8. tabula / Table 11.8

- Nitratu koncentracija baseina un drenu lauka notece, 1994. — 2006. g.
Nitrate concentration in the run-off of field drainage and catchment, 1994 — 2006

Monitoringa ~ Paraugu  N/NO", Koncentracijas / N/NO' | Concentrations

vieta skaits Vidgjas Minimalas Maksimalas CV,

Monitoring  Number of ~ Average Minimal Maximal %
site samples mg 1!
Maza sateces baseina Iimenis / Small catchment scale
Mellupite 137 2.62 0.01 14.30 91
Bérze 144 6.72 0.01 20.10 63
Vienziemite 160 0.80 0.01 4.09 91
Lauka limenis / Field drainage scale
Mellupite 110 6.32 0.13 16.60 42
Bérze 133 9.00 1.30 97.30 94
Vienziemite 153 0.81 0.02 5.70 101
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Augstakas videjas nitratu koncentracijas novérotas Bérzes monitoringa stacija,
kur daudzos gadijumos nitratu koncentracijas sateces baseina un drenu lauka noteces
(11.8. attels) parsniedz ND noteikto robezlielumu 11.3 mg 17 N/NO™,. Mellupites
baseina viena gadijuma un etras reizes drenu lauka notecg parsniegts is robeZlielums.
Vienziemites baseina robeZlielums netiek parsniegts. Bérzes un Mellupites monitoringa
stacijas novérojama pakapeniska nitratu koncentracijas palielinaSanas.

Mazie sateces baseini / Small catchments

N/NO, mg/1
25,00
—o— Bérze -=- Vienziemite —a— Mellupite

20,00 o

e
° °

L]

15,00 ®

10,00

5:00 7 Mell r-L

e

fenziemite

0,00 g : . : . ~*
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

NINO; mg/ Drenu lauki / Drainage fields
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0,00 § Aienziemite
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11.8 att. Nitratu koncentracija mazajos sateces baseinos un drenu laukos,
1994. — 2006. g.
Fig. 11.8 Nitrate concentrations in small catchments and drainage fields, 1994 — 2006
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Vienziemites monitoringa stacija, ekstensivas lauksaimniecibas apstaklos,
koncentraciju pieauguma tendences nav noverotas. Drenu lauka notec@s’ intensivi
apsaimniekotas platibas (Berze, Mellnupite) vidjais nitratu saturs ir augstaks neka no
sateces baseina. Vienziemites stacija nitratu saturs notecg abos monitoringa IImenos
maz at$kiras un ir tuvs dabiska fona [imenim.

Visis monitoringa stacijas un monitoringa limegos noveérojamas bitiskas nitratu
koncentraciju izmainas laika. Variacijas koeficients ir robeZas no 42 — 101%. Augstakas
koncentracijas novérotas 2006. gada rudeni, p&c sausas un karstas 2006. gada
vasaras.

Drenu izméginajumu lauku limenis

Udens kvalitates paraugi Mellupites monitoringa stacijas nemti reizi ménesi.
lerobezota viena drenu izméginajumu laucigu platiba (0.12 ha) un nelielais ideni
uztveroso drenu cauru]vadu garums parasti salsina drenu darbibas laiku, noteces apjomu
un savako fidens paraugu skaitu. Drenu notece parasti veidojas pavasara palu un rudens
pludu periodos. Ari izm&ginajumu laucigu noteces nitratu saturs (11.9. tabula) ir loti
mainigs.

Varidcijas koeficents atkaribd no mesloSanas reZima ir robezas no 43 lidz
70%. Dalgji to var izskaidrot ar atSkirigu augu seku un katrai mainigo (atbilstoSo)
méslosanas apjomu pa izméginajumu gadiem. Lai gan nitratu videjas vertibas atskiras,
piem@ram, $kidrméslu varianta vidgja nitratu koncentracija ir par 2.3 mg I'! augstaka
neka variantd bez mésloganas, pie dotd Gidens paraugu skaita un statistisko aprékinu
nozimibas limepa 0=0,05 bitiskas atSkiribas starp variantiem pieradit vél nevar.
Tade] turpmakaja analizé nitratu saturs izméginajumu laucigu Iimeni uzskatits par
vienu paraugu kopu un t salidzinata ar drenu lauka un maza sateces baseina nitratu
koncentracijam.

Ekstremalas nitratu koncentraciju risks

Ar parastajam nitratu mériSanas un {idens paraugu analizes metodém gruti
noteikt islaicigas nitratu koncentraciju izmaipas, to gaitu un analizét $o izmainu
célonus. 2006. gada novembri, atjaunojoties drenu notecei Bérzes monitoringa stacija
(11.9. attgls), ar automatisko zondi veiktie mérfjumi uzradija loti augstas nitratu
koncentracijas.
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11.9att. Nitratu ekstremalas vertibas drenu lauka notece, 8.XI — 21. XI. 2006
Fig. 11.9Nitrate run-off extremes in field drainage run-off, 8. XI — 21. XI. 2006

Merjjumus izpildot ar 5 minG$u intervalu, drenu noteces sakumia zondes
nitratu sensors uzradija parsteidzo$i augstas koncentracijas, vairak, ka 150 mg I".
NakoSajas divas nedglas nitratu saturs pazeminajas lidz 40 mg 17, kas aptuveni
sakrita ar 21. XI. Laboratorijas Udens analiz€ noteikto nitratu koncentraciju
41.6 mg 1.

VSIA Agrokimisko pétijumu centrs dazadas Jaunbgrzes pagasta vietas 6 laukos
augSnu monitoringa programmas ietvaros izpilda kultiraugiem pieejama augsnes
minerala slapekla analizes (11.10. tabula ).

Péc 11.10. tabulas datiem redzams, ka 2006. gada sausas un karstas
vasaras ietekm& augsné rudeni uzkrzjies ievérojams augu neizmantotais minerala
slapekla apjoms. Bez tam, augsnei vasara strauji izzistot izveidojas dzilas
makroskopiskas plaisas (11.10. attéls). Plaisu izméramais dzilums sasniedza
30-35cm.
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11.10. tabula / Table 11.10

Minerala slapek]a saturs augsng, 2006.g. rudens — 2007.g. pavasaris
Content of the soil mineral nitrogen, autumn 2006 — spring 2007

Minerila slapekla saturs, mg kg sausas
augsnes / Content of the mineral nitrogen,

Lauka Asligls:il: ’ mg kg™ dry soil
nosal.lkums Soil layer 2006.g. rudeni / 2007.g. pavasari /
Freld (cm) autumn spring
NO,-N NH -N NO,-N  NH-N

0-30 21.4 6.6 2.6 4.1
Silaraji 30-60 6.8 33 6.1 3.1
60 —90 1.3 2.7 8.2 2.7

0-30 23 3.6 22 3
Dzelzaraji 30-60 0.5 3.1 0.8 24
60 —-90 0.5 2.9 0.6 23
0-30 16.6 4.1 7.1 2.9
Klaipini 30-60 33 33 5.7 3.1
60 —90 0.9 3.4 5.1 2.6
0-30 11.4 3.9 3.4 3.5
Pukes 30-60 1.7 3.1 3.1 3.2
60 —90 1.3 2.6 24 2.7
- 0-30 14 4.1 3.5 32
Vaverites 30 -60 9.6 34 5.5 34

60 — 90 1.9 3 4.9 3
0-30 34 3.7 59 3.7
Kapas 30-60 18.9 3.7 79 33
60 —-90 7.1 3.2 11.3 3.1

537

159



11.10. att. Augsnes plaisas drenu lauka Bérze, 19. VI. 2006
Fig. 11.10 Soil macro pores in drainage field Berze, 19. V1. 2006

Minéto apstak]u kombinacija vargja izsaukt paaugstindtu nitratu izskaloSanas
risku 2006. g. rudeni, kas realiz&jas ar nokri§pniem bagataja un siltaja novembra —
janvara méne$os. legiitie rezultati pamato nitratu un citu savienojumu izskaloSanas
no augsnes riska pieauguma nakotng, jo klimata mainibas attistibas scenariji miisu
regionam prognozé karstaku vasaru un siltaku, nokriSpiem bagataku ziemu.

Diskusija
Discussion

Ilggadigo (1994. — 2006. g.) datu rindas ir pietickamas, lai objektivi varetu
spriest par nitratu koncentracijam notece. Tacu koncentracijas biitiski svarstas pa
gadiem, sezonam, ir atkarigas no metrologisko un citu faktoru nejausa kombinacijas
(Position statement, 2000) un tad€] to videjos lielumus ir griiti salidzinat un novertet.
Hidrologija ilggadigu caurplidumu noveérojumu noveértéSanai idensteces tradicionali
izmanto empiriskds un teorctiskas ilguma liknes (Ziverts, 1997). Ilguma likgu
attglogana logaritmiska méroga lauj uzskatami salidzinat dazadas noverojumu rindas un
mainigu lielumu kopas. Metodes pielieto$anai nepiecieSams pietiekami liels ilggadigu
noveérojumu skaits. Miisu gadijuma 12 novérojumu gados savakto nitratu analizu skaits
mazos sateces baseinos un drenu laukos ir robezas no 110 1idz 160, kas uzskatams par
pietieko$u novérojumu rindu salidzina$anai. Izmantojot $adas ilguma liknes (Sudars,
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et al., 2005) uzskatami iesp€jams att€lot nitratu savienojumu koncentraciju atSkiribas
mazajos sateces baseinos un drenu laukos (11.11. un 11.12. attéls).

11.11. att€la Iiknes parada nitratu koncentraciju notecé no izméginajumu laucigu
drenam (noteci veido izskalo¥anas no augsnes profila), notecé drenu lauka Imeni
(noteci veido virszemes un drenu notece) un maza sateces baseina [iment, kur, atkariba
no gada perioda, notece var veidoties dazadas proporcijas no virszemes noteces, drenu
noteces un pazemes tdenu pieplides. Mellupites baseina Iimeni un drenu lauka liment
robeZvertibas parsniegSanas riska varbiitiba ir daZi procenti. Tacu izm&ginajumu
laucinu Iimeni, kur drenu notece veidojas no augsnes Skiduma, nitratu robezvertibas
parsniegSanas risks ir vairak ka 25% (11.11. tabula).

4
N/NO;mgl Mellupite
100 +

10 83

0,1 ¥
;

-~ “varbiifiguma % ;- -

o0t - s zméginajumu laucini/ Drainage plots
. x Drenu lauks / Field drainage

o Mazais sat baseins / Small catchment

0,001 e

11.11. att. Ilggadigi novéroto N/NO™, koncentraciju ilguma liknes, Mellupite
Fig. 11.11 Probability distribution curves for N/NO, concentration, Mellupite site

Liknes 11.12. attéla parada nitratu koncentracijas baseinu un drenu lauka Iimenos
dazadas, péc lauksaimniecibas zemju izmantoSanas intensitates, monitoringa vietas.
Zemgalei raksturigas intensivas lauksaimniecibas apstaklos Beérzes monitoringa
stacija N/NO”', robezveértibu parsnieglanas riska varbutiba ir 25 % baseina un
12% drenu lauka ITmeni. Ari Mellupites monitoringa stacija pastav neliela nitratu
robezvertibas parsniegSanas riska varbiitiba drenu lauka Iimeni (3%) un baseina limeni
(1%). Vienziemites baseina ekstensivas lauksaimniecibas apstaklos robeZvertibu
parsniegSanas risks nepastav.
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N/NOz;mg I"!

Drenu lauka limenis / Drainage field scale
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11.12. att. Ilggadigi novéroto N/NO, koncentriciju ilguma Itknes, Mellupite
Fig. 11.12 Probability distribution curves for N/NO”, concentration, Mellupite site
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11.11. tabula / Table 11.11

Nitratu koncentracijas péc teorétiskam ilguma Iitknem
Nitrate concentrations from probability distribution curves

o ) ) N/NO?, mgl’
Momtox:mg'a v1cfta / Imenis Varbiutigums, % / Probability, %
Monitoring site / scale
1 5 10 25 50 75 90
Berze
Drenu lauks / drainage field ~ 36.1 20.1 132 103 7.6 54 39
Mazais sateces baseins 19.6 147 123 89 5.8 33 1.6
small catchment
Mellupite
Drenu izméginajumu lauki 28.6 20.1 176 13.1 94 71 56
drainage plots
Drenu lauks / drainage field 132 99 89 74 58 44 32
Mazais sateces baseins 11.4 7.6 59 3.7 5.8 44 32
small catchment
Vienziemite
Drenu lauks / drainage field 3.2 21 1.6 1.0 06 03 0.2
Mazais sateces baseins 37 23 1.8 1.1 0.5 0.2 0.15

small catchment

Secinajumi

Conclusions

» Jegitieilggadiguiidenskvalitatesnovérojumudati(1994—2006. g.)lauksaimniecibas
notedu monitoringa vietas pierada, ka virszemes tidenu piesarposanas ar nitratiem
risks ir atkarigs no lauksaimniecibas zemju izmantos$anas intensitates un merjjumu
(monitoringa) limena.

= Visaugstakaisnitratupiesarpojumarobezveértibas (11.3mg1' N/NO™',) parsniegSanas
risks pastav Gidens nopliidei no augsnes profila. Talak, pakapeniski augu baribas
vielu aiztures (retention) procesos notiek nitratu koncentraciju samazinaSanas.
Maza sateces baseina Iimeni nitratu piesarnojuma risks jau ir ievérojami zemaks.

=  Nitratu robeZvertibas parsniegsanas riska analize pierada lauksaimniecibas izsaukta
piesarnojuma riskam paklauto teritoriju (Bauskas, Dobele, Jelgavas un Rigas rajoni)
noteik3anas pamatotibu. Nakotng, pieaugot lauksaimniecibas intensitatei un nitratu
piesarpojuma riskam, arT citos rajonos vajadzes parskatit riskam paklauto teritoriju
robeZas.

»  Realizgjoties klimata mainibas scenarijiem (karstakas, sausakas vasaras un siltakas,
nokri$niem bagatas ziemas) pieaugs nitratu un citu savienojumu izskaloSanas risks
no augsnes.
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