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IEVADS

Udens resursus izmanto dazadu tautsaimniecibas nozaru darbibas
nodro§inasanai. Nozimigakas nozares, kas pater€ virszemes un pazemes iidenus,
Latvija ir komunalie pakalpojumi (aptuveni 45%), lauksaimnieciba (aptuveni
25%) un rapnieciba (aptuveni 20%) (Vides politikas pamatnostadnes 2021).
Bitiska slodze uz iek§zemes fideniem ir piesarnojums ar augu baribas vielam
(biogénajiem elementiem), kuru galvenie avoti ir riipniecibas un komunalie
noteklideni, ka ar1 lauksaimniecibas notece (Eiropas Revizijas Palata 2016;
HELCOM 2021). Latvija atrodas Baltijas jura piekrasté, kas ir viena no
piesarnotakajam juram pasaulé (Baltic Sea 2021). Saskana ar HELCOM Baltijas
juras ricibas planu un Eiropas Ekonomikas Kopienas 2019. gada zinojumu,
lauksaimnieciba (lauksaimnieciskas izcelsmes nitratu - slapeklis) ir galvenais
virszemes idenu izkliedeta (difuza) piesarnojuma avots, kas galvenokart saistits
ar paaugstinatam augu baribas vielu un kimisko vielu emisijam (European
Commision Report 2019; HELCOM 2007). Baltijas jura ar upju noteci nonak
aptuveni 78% no visa slapekla un 95% no visa fosfora piesarnojuma (Eiropas
Revizijas Palata 2016).

Augu baribas vielu iznese ar lauksaimniecibas noteci ir nenoverSams
process, ja augu baribas vielu daudzums augsné parsniedz augiem nepieciesamo
vielu uznemsanas iespgjas, veidojas virszemes fidenu piesarnojums ar augu
baribas vielam. Ka nozimigaka negativa slapekla un fosfora savienojumu
piesarnojuma izpausme noteikta intensiva eitrofikacijas procesu norise
(paaugstinata augu augSanas un atmirSanas intensitate, augu baribas vielu
piesarnojuma dgl), ka art hipoksijas procesa (samazinata skabekla koncentracija)
norise iek§zemes tdensobjektos (Howarth 2008; Moore et al. 2010), ka arT Rigas
licT un Baltijas jura (HELCOM 2021). Lai ari ilgtermina Baltijas juras tidens
kvalitate uzlabojas, zinojuma par Baltijas jiiras stavokli (periodam no 2011. lidz
2016. g.) secinats, ka aptuveni 96% Baltijas jlras regiona teritorijas ir noverteta
ar sliktu un vid&ju kvalitati, tostarp visa atklata jiiras zona un 86% piekrastes
tidenu (HELCOM 2018). Udens sistéma ir vienota, tadé] Baltijas jiras tidens
kvalitati ietekmé iekSzemes teritorija eso$o virszemes tdensobjektu ekologiska
kvalitate, t.sk., augu baribas vielu koncentracija un apjoms.

Labas virszemes un pazemes tidenu kvalitates nodroSinasanai un tidens
resursu ilgtsp€jigas izmantoSanas veicinasanai, ka arT idens resursu aizsardzibas
nodroSinasanai un kvalitates uzlaboSanai, izveidoti un ieviesti vairaki
reglament€josi Eiropas Savienibas un Latvijas méroga dokumenti un normativie
akti. Nozimigakie dokumenti ES limeni ir Eiropas Parlamenta un Padomes
Direktiva 2000/60/EK sisteémas izveidei par ricibu tdens politikas joma
(pienemta 2000. gada 23. oktobri) (Udens struktiirdirektiva) un Padomes
Direktiva 91/676/EEK (pienemta 1991. gada 12. decembri) attieciba uz Gdenu
aizsardzibu pret piesarpojumu, ko rada lauksaimnieciskas izcelsmes
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nitratu - slapeklis (Nitratu direktiva), ka art 1974. un 1992. gada Baltijas jiras
regiona juras vides aizsardzibas konvencija (Helsinku konvencija). Nitratu
direktiva noradita prasiba dalibvalstim identificét ipasi jutigas zonas (zemes
platibas, kur nonak @ideni, ko ietekmé vai var ietekm@t piesarnojums), izstradat
ricibas programmu un Tstenot taja ietvertos pasakumus, lai ierobezotu visu veidu
slapekli saturosa meslojuma izmantoSanu un sakartotu kiitsmeslu uzglabasanas
kartibu, veikt idens monitoringu, ka arT noteikta NO3 maksimali pielaujamas
koncentracijas robezvertiba (EU Nitrates Directive 1991). HELCOM 2021. gada
oktobra zinojuma secinats, ka 2007. gada izvirzitais merkis Baltijas jiirai sasniegt
labu ekologisko kvalitati 2021. gada nav sasniegts, 2021. gada HELCOM
Baltijas jliras ricibas plans atjaunots un taja noteikts dalibvalstim Ilidz
2025. gadam novérst un butiski samazinat visa veida piesarnojumu, t.sk.,
piesarnojumu ar augu baribas vielam (HELCOM 2021). Udens struktiirdirektiva
(2000/60/EK) sakotngji noteikts merkis Iidz 2015. gadam sasniegt labu virszemes
tidens stavokli (stavoklis, kadu virszemes tidensobjekts sasniedz tad, kad gan
ekologiskie, gan fizikali-kimiskas kvalitates raditaji ir vismaz “labi”) visiem
virszemes Gdensobjektiem ES (EU Water Framework Directive 2000). Kvalitates
faktori  ekologiskas kvalitates raditaju  klasifikacijai upeém Udens
struktirdirektiva (2000/60/EK) noteikti: biologiskie faktori, hidromorfologiskie
faktori un fizikali-kimiskas kvalitates faktori (EU Water Framework Directive
2000). Noteiktaja termina meérkis kopuma tika sasniegts 40% ES virszemes
tdensobjektu (EEA 2018). Lai nodrosinatu noteikta meérka izpildi, direktivas
prasiba tika parskatita un noteikts visu Udensobjektu labu kvalitativo un
kvantitativo stavokli sasniegt Iidz 2027. gadam (Vides politikas pamatnostadnes
2021). Vienlaicigi Vides aizsardzibas nozares vidgja termina politikas planosanas
dokumenta, kuru izstrada VARAM “Vides politikas pamatnostadnes 2021. —
2027. gadam”, kura mérki ir pakartoti Latvijas ilgtsp&jigas attistibas stratégijas
1idz 2030. gadam un Latvijas nacionalas attistibas planam 2021. — 2027. gadam,
noteikts mérkis lidz 2027. gadam virszemes fidensobjektu ipatsvaram, kuri atbilst
augstai un labai ekologiskai kvalitatei sasniegt 35% (ietver biologisko,
hidromorfologisko un fizikali-kimisko raditaju novért€§jumu), ka ari noteikts
samazinat slapekla un fosfora slodzes Baltijas jura atbilstosi HELCOM Baltijas
jiiras ricibas plana noteiktajiem mérkim (Vides politikas pamatnostadnes 2021).
Lai skaidrotu augu baribas vielu zudumu iemeslus un rastu pamatojumu
virszemes Udensobjektu ekologiskas kvalitates uzlaboSanas risinajumiem,
nepiecieSams noteikt agrohidrologiskos faktorus, kuri ietekmé lauksaimniecibas
noteces sastavu un augu baribas vielu izskaloSanos no lauksaimniecibas
teritorijam.



Pétljuma meérkis: novertét agrohidrologisko faktoru ietekmi uz
lauksaimniecibas noteces kvalitativajiem raditajiem Latvija.

Pétljuma uzdevumi:

1. noteikt dabiskos un antropogénos faktorus, kas ietekmé augu baribas
vielu zudumus;

2. raksturot nozimigako dabisko faktoru ietekmi uz slapekla un fosfora
savienojumu izskalo$anos lauksaimniecibas notecu pétijjuma teritorijas Latvija
drenu lauka, maza sateces baseina un upes liment;

3. raksturot nozimigako antropogéno faktoru ietekmi uz slapekla un
fosfora savienojumu izskalo$anos lauksaimniecibas note¢u pétijuma teritorijas
Latvija drenu lauka un upes Iiment;

4. novertet dabisko un antropogéno faktoru savstarp&jas saistibas ietekmi
uz slapekla un fosfora savienojumu izskalosanos upes izpé&tes [Tmeni.

Aizstavesanai izvirzita téze: dabiskie un antropogénie agrohidrologiskie
faktori ietekmé gada vid&jo Niop, NO3-N, NH4-N, Piop un PO4-P koncentraciju
mainibu lauksaimniecibas notecu pétijuma objektos.

Promocijas darba zinatniska novitate: darbam ir augsta zinatniska
nozime Latvijas un starptautiska konteksta, jo augu baribas vielu zudumu
ietekm&joSo faktoru analize ar augstu detalizacijas pakapi, tris savstarpgji
pakartotos izpetes I[imenos (drenu lauka, maza sateces baseina un upes limenis)
Latvija veikta pirmo reizi. Darba novitate ietver augsnes granulometriska sastava,
kultiraugu, drengto platibu 1patsvara, ka arT dzivnieku vienibu skaita sateces
baseina ka atsevisku faktoru ietekmes izvert§jumu uz augu baribas vielu
koncentracijam. Papildus veikta pétijjuma zinatnisko novitati nosaka
daudzfaktoru (vidgja gaisa temperatira, gada vidéjo nokri$nu summa, drenéto
platibu ipatsvars dalbaseina, maksligo (urbano) platibu ipatsvars dalbaseina,
lauksaimniecibas platibu Tpatsvars dalbaseina, mezu un dabisko platibu Ipatsvars
dalbaseina, mitrzemju (purvu) ipatsvars dalbaseina, tdenstilpnu patsvars
dalbaseina, grants Tpatsvars dalbaseina, malainu augs$nu Tpatsvars dalbaseina,
smilSainu augs$nu patsvars dalbaseina, malsmilts augsnu Tpatsvars dalbaseina,
smilSmala augSnu TIpatsvars dalbaseina, purva (kudras) aug$nu Tpatsvars
dalbaseina, vidgjais dzivnieku vienibu skaits dalbaseina pétijuma perioda)
summaras ietekmes izvertgjums uz gada videjo Niop, NO3-N, NH4-N, Pkop un
POs-P koncentraciju vertibam lauksaimniecibas note¢u pétijuma objektos.
legiitie rezultati, kas raksturo nozimigakos agrohidrologiskos faktorus, kas
ietekm& lauksaimniecibas noteces kvalitati, sniedz priekSstatu par
nepiecieSamajiem pasakumiem un ievieSanai piemérotam teritorijam, lai
uzlabotu noteces kvalitati Latvijas valsts méroga un citviet.

Promocijas darba praktiskais pielietojums: darbam ir praktiska
pielietojuma iesp&jas Latvijas un starptautiska konteksta, jo nosakot nozimigakos
dabiskos un antropogénos agrohidrologiskos faktorus, kas ietekmé augu baribas
vielu izskaloSanos no lauksaimniecibas platibam Latvija un izvertgjot faktoru
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saistibu, mijiedarbibu un ietekmi, rezultatus iesp&jams izmantot augu baribas
vielu zudumu prognozesanai lidzvertigas lauksaimniecibas teritorijas, ka arl
rezultatus iespgjams izmantot ierosindgjumu izstradei par augsnes un tdens
apsaimniekoS$anas pasakumiem lauksaimniecibas zemés, izmantot upju baseinu
apsaimniekoSanas planu veidosana, ka arT Nitratu direktivas (91/676/EEK) mérka
“samazinat Udens piesarnojumu, ko rada lauksaimnieciskas izcelsmes
nitratu - slapeklis, un novérst turpmaku $adu piesarnojumu” un Udens
struktiirdirektivas (2000/60/EK) mérka “apturét stavokla pasliktinaSanos ES
tdenstilpn&s un sasniegt “labu stavokli” Eiropas up€s, ezeros un gruntsiidenos”
izpildei.

Petfjuma izmantoti dati par Lauksaimniecibas noteCu monitoringa
pétijumiem dazados savstarpgji saistitos izp&tes Iimenos (drenu lauks, mazais
sateces baseins un upe), kuru realizacijas nepiecieSamibu nosaka Vides politikas
pamatnostadnes 2021. — 2027. gadam un uz tas pamata izstradata Vides
monitoringa programma 2021. — 2026. gadam, 2. nodala “Udenu monitoringa
programma”. Vides politikas pamatnostadnes 2021. — 2027. gadam 2. sadala
noteikti mérki valsts vides monitoringa joma un 2.2.7. punktad raksturots
rezultativais raditdjs “nodrosinats Lauksaimniecibas note¢u monitorings” (Vides
politikas pamatnostadnes 2021). Papildus promocijas darba izstrad€ izmantoti
projekta “Latvijas upju baseinu apsaimniekoSanas planu ievieSana laba virszemes
udens stavokla sasniegSanai” (LIFE GoodWater IP, LIFE18 IPE/LV/000014)
istenoSanas gaita iegitie dati un VSIA “Latvijas Vides geologijas un
meteorologijas centra” meteorologisko novérojumu dati.
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1. LIDZSINEJO PETIJUMU ANALIZE

Nodala konspektivi raksturoti virszemes tidenu kvalitati ietekméjoSie
apstakli, lauksaimniecibas noteces kvalitati un kvantitati ietekmgjosie
agrohidrologiskie faktori, ka arT aprakstita dabisko un antropogéno faktoru
ietekme uz lauksaimniecibas noteces sastavu.

1.1. Virszemes iidenu kvalitati ietekméjoSie apstakli

Pieejamais saldiidens resurss veido aptuveni 1% no visiem adens
krajumiem (Rogers 2008), ta sadalijums pasaules regionos ir neviendabigs. Tiek
prognozets, ka lidz ar iedzivotaju skaita palielinaSanos, pieprasijums péc
saldiidens palielinasies par aptuveni 1% gada (WWAP 2018), vienlaicigi 1idz
2025. gadam apgabalos, kuros ir Gdens trikums, dzivos aptuveni 1.8 miljardi
cilveku (Rogers 2008). Udens izmanto$anu ietekmé ta kvalitate un kvantitate,
vietai raksturigie klimatiskie un meteorologiskie apstakli, ka ari ekonomikas,
ripniecibas un lauksaimniecibas nozares attistiba, mainigi idens patérina modeli,
valstu normativais regul&jums razo$anas un tidenssaimniecibas jomas (WWAP
2017). Udens resursa izmanto$anu ietekmé ari ta sp&ja izkliedet dazadas vielas —
tdens spgj iz8kidinat vairak vielu ka jebkura cita zinama viela uz plangtas, tadel
ir pastiprinati jutigs pret piesarnojumu. Udens piesarnojuma veidus iedala
kategorijas atkariba no piesarnojuma Ipasibam un izcelsmes avota:

e  Kkimisks (neorganiskas vielas, naftas produkti, virsmaktivas vielas,
pesticidi, organiskas vielas), fizikals (siltuma piesarnojums, atkritumi) un
biologisks piesarnojums (Gidensobjektam neraksturigu dzivnieku, augu, s€nu,
baktgriju, virusu klatbiitne);

e  punktveida (koncentréts) un difiizais (izklied€tais) piesarnojums.

Udens aprité ir iesaistiti visi tidens resursi, t.sk., litosferas un atmosferas
udeni, tadel izmainas jebkura fidens sisteémas tikla posma var radit k&des efektu,
apdraudot @idens resursus globali: gruntsiidenus, drenu noteci un virszemes
tdenus, t.sk., gravju tiklu, upes, ezerus, jiiras un okeanus (Zhang et al. 2021).
Udenim piemit dabiska pa3attiridanas sp€ja, tacu, lidz ar patérina palielina8anos
un palielinato notekiidenu apjomu, ka arT riipniecibas nozares attistibu, tira idens
resursa daudzums globali samazinas, tadél ir nepiecieSams iesp&u robezas
samazinat un limitét Gidens piesarnojumu.

Latvija ir bagata ar tidens resursiem: 12 400 upju, strautu un lielo gravju,
ap 4 000 ezeru un Gidenskratuvju kopa aiznem 3.7% no valsts teritorijas (VARAM
2013). Udenu aizsardzibas un ilgtsp&jas nodro§inasanai regionala méroga Latvija
tiek veidoti upju baseinu apgabalu apsaimniekoSanas plani (Daugavas, Gaujas,
Lielupes un Ventas upju baseins), kas tiek izstradati 6 gadu periodam (jaunakais
2021. — 2027. g.). Upju monitoringa rezultati apkopoti VSIA “Latvijas Vides,
geologijas un meteorologijas centrs” (LVGMC) veidota ikgadgja parskata par
virszemes un pazemes tidenu stavokli (Upju baseinu apgabalu apsaimniekoSanas
plani 2021). Saskana ar LVGMC parskatiem, kura tdensobjektu kvalitates
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kopgjais vertgjums ir noteikts pec fizikali — kimiskajiem un biologiskajiem
raditajiem, kur noteicosais ir biologisko raditaju novertéjums, virszemes aidenu
kvalitates monitoringa rezultati liecina, ka augstai vai labai ekologiskai kvalitatei
2015. gada atbilst 31% tdensobjektu (50 noveérojumu stacijas), 2016. gada 24%
(85 noverojumu stacijas), 2017. gada 21% (136 novérojumu stacijas), 2018. gada
32% tudensobjektu (144 novérojumu stacijas), 2019. gada 30% tdensobjektu
(137 novérojumu stacijas), 2020. gada 52% tidensobjektu (69 novérojumu
stacijas) (LVGMC 2021b). LVGMC 2020. gada parskata secinats, ka augstai
kvalitatei atbilst 21% tidensobjektu, labai kvalitatei atbilst 31% tdensobjektu,
vidgjai kvalitatei atbilst 43% tudensobjektu, sliktai un loti sliktai ekologiskas
kvalitates klasei atbilst attiecigi 4% un 1% tidensobjektu (LVGMC 2021c¢).

Lai novertétu lauksaimniecibas noteces kvalitati un kvantitati
ietekm@josos faktorus, jaizverté slodzes uz virszemes tidensobjektiem Latvija.
Latvijas iekSzemes Gdenu galvenie slodzu avoti ietver riipniecibu un komunalo
saimniecibu (Gidens resursu izmantoSana, notekiidenu apjoms, novadiSana,
bistamo vielu noplude), noteci no lauksaimniecibas zem&m (augu baribas vielu
apjoms, difuzais (izkliedetais) un punktveida piesarnojums), iekSzemes
rupniecisko un individualo zveju un akvakultiras produkcijas razoSanu,
sveszemju un invazivo sugu skaita palielinaSanos Rigas lict un Baltijas jura,
hidromorfologiskos parveidojumus (HES, dambji, polderi u.c.), klimata izmainas
(gaisa temperatiiras izmainas), plidus (butisks nokrisnu daudzums 1sa laika
perioda), tirismu un rekreaciju, ka ar parrobezu piesarnojoso vielu parnesi,
(Vides politikas pamatnostadnes 2021).

Lauksaimniecibu ietekm&é dazadi dabigie, ekonomiskie, socialic un
politiskie faktori, t.sk. raksturigais klimats, zemes lietosanas veids, ka arT sateces
baseinu raksturigie biogeografiskie apstakli (Geographical Factors Influencing
Agriculture 2020). P&dgja pusgadsimta laika lauksaimniecibas nozare ir
paplasinajusies un intensific§jusies, lai apmierinatu palielinato partikas
pieprasijumu, ko izraisfjusas iedzivotdju skaita izmainas (European Commision
Report 2019). Lauksaimniecibas platibas aiznem aptuveni 47% no visu 27 ES
dalibvalstu un Apvienotas Karalistes teritorijas, lauksaimniecibas produkcijas
apjoms laikposma no 2010. gada Iidz 2019. gadam palielinajas par 14.5%
(European Commision Report 2019). Lauksaimniecibas nozare ir ne tikai
lielakais pasaules saldiidens resursu paterétajs, bet ar1 veicina fidens piesarnosanu
(Bechmann et al. 2009; WWAP 2017). Lai ari eitrofikacijas procesa un zilalgu
attTstibu idensobjektos (1.1. attéls), ka ari to apjomu ietekmé dazadi faktori, t.sk.,
ilgstoSa augsta gaisa temperatiira (veicina tdensaugu attistibu), mazs v&ja
plismas atrums (aizkavé @idens sajauk$anos) un saules radiacija (alges absorbé
saules gaismu, paaugstinot fidens temperatiiru), intensivu procesa izplatibu
veicina arT palielinata slapekla un fosfora attieciba Gdent (WWAP 2017).
Udenstilpés palielinoties augu baribas vielu daudzumam, palielinas tajas eso$o
tidensaugu un organismu apjoms, tdenT iz§k1duSais skabeklis tiek izmantots gan
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to augSanai, gan sadaliSanas procesa, kas rezult€jas ar paaugstinatu skabekla
daudzuma patérinu un ietekmé skabekla pieejamibu lokali izplatitajiem
dzivajiem organismiem (WWAP 2017).

1.1. att. Eitrofikacijas process Baltijas jiira, satelitatteli, 2005. g. julijs

A: (WWF 2011), B: (Kostianoy et al. 2006)

Helsinku konvencija ir pirma starptautiska vienoSanas pasaulg jiiras vides

aizsardzibai, kura eitrofikacija tika atzita ka butisks process, kas liecina par
Baltijas juras tdens kvalitates pasliktinasanos. Ta tika pienemta 1974. gada
(Latvija parakstita 1992. gada) un 2007. gada apstiprinata stratégiska ricibas
plana (HELCOM Baltijas jliras ricibas plana) ietvaros dalibvalstu saistosajos
dokumentos joprojam tiek integréti dazadi pasakumi ar mérki eitrofikacijas
procesa samazinasanai un novérSanai. Augu baribas vielu zudumu izmainas
perioda no 1900. g. Iidz 2014. g. apkopotas 1.2. attela.
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att. Augu baribas vielu zudumi Baltijas jira perioda no 1900. g. lidz
2014. g. (HELCOM 2018)

Pétfjuma perioda augu baribas vielu zudumi ir samazinajusies, tacu

kopuma parsniedz vai ir tuvu maksimali pielaujamai vertibai.
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1.2. Lauksaimniecibas noteces kvalitati un kvantitati ietekméjosie
agrohidrologiskie faktori

HELCOM Baltijas jiiras ricibas plana (2021) eitrofikacijas segmenta ka
galvenas ieklautas piecas t€mas: augu baribas vielu daudzuma mérku Istenosanas
parraudziba, lauksaimnieciba, atmosferas slapekla emisijas, notekiidenu sektors
un baribas vielu parstrade. Lauksaimniecibas téma ka parvaldibas mérkis noteikts
samazinat cilvéku darbibas raditu augu baribas vielu iznesi, ka galvenie
ekologiskie mérki noraditi: augu baribas vielu koncentraciju daudzums tuvs
dabiskajam ITmenim, dzidrs tidens, dabisks algu ziedé$anas limenis, dabiska augu
un dzivnieku izplatiba, ka arT dabisks skabek]a ITmenis.

Lai sasniegtu labu Baltijas jiras ekologisko kvalitati ilgtermina,
HELCOM Baltijas juiras ricibas plana 2021. gada atjaunotaja versija, maksimala
pielaujama Nyop Un Pyop izskaloSanas Baltijas jtira noteikta 792 209 tonnas Nkop
un 21 716 tonnas Pkop gada, t.sk., Rigas licT 88 417 tonnas Ngp un 2 020 tonnas
Prop (HELCOM 2021). Lai sasniegtu noteiktos mérkus, nepiecie$ams izvertet
faktorus, kas veicina Baltijas juras piesarnojumu ar augu baribas vielam.

Vairakos citu autoru pétijumos ir pieradits, ka piesarnojumu ietekmée
daudzi faktori un to mijiedarbiba, t.sk., dabisko un antropogéno faktoru:

e  Misselbrook et al. (1995) pétijuma norada, ka noteces apjomu, ka
arT augu baribas vielu zudumu apjomu, ietekme augsnes tips (augsnes infiltracijas
koeficients un tdens uzkraSanas sp&ja), atmosferas nokriSnu daudzums un
intensitate, ka ar1 zemes virsmas slipums;

e  Mander et al. (1998) pétijuma apstiprina, ka augu baribas vielu
zudumus ietekmé zemes lietojuma veids un meteorologiskie apstakli;

e  Tumas (2000) pétijuma par izkliedéta (diftizd) piesarnojuma
avotiem Lietuva, secindjis, ka slapekla un fosfora savienojumu transportésanu no
lauksaimniecibas teritorijam uz virszemes Gdensobjektiem ietekmé klimats un
pielietotas lauksaimniecibas prakses;

e  Randall un Mulla (2001) pé&tijuma secinats, ka nekontrolgjamiem
faktoriem, ka pieméram, atmosferas nokriSniem un augsnes organisko vielu
mineralizacijai ir butiska ietekme uz noteci, augu baribas vielu koncentraciju un
zudumiem;

e  Sharpley et al. (2001) p&tijuma par forfora zudumiem, secinats, ka
faktori, kas ietekm& Pyop zudumus ir augsnes granulometriskais sastavs,
organisko vielu saturs augsné un augsnes infiltracijas koeficients, papildus
secinats, ka POs-P zudumus galvenokart ietekmé erozija, tacu janem vera art
virszemes un drenu notec€ izSkidusa fosfora formu transports uz virszemes
tdenstilpném;

e Dinnes et al. (2002) pétijuma secinats, ka NO3-N izskaloSanos
izraisa dazadu faktoru kombinacija, tostarp augsnes apstrade, melioracijas
sist€émas sateces baseina, kultlraugu izvéle, organiskas vielas saturs augsné, ka
arT gaisa temperatiira un atmosferas nokrisni;
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e  Stalnacke et al. (2003) pétijuma par ilgtermina tendencém augu
baribas vielu koncentracijam Latvijas upgs, secinats, ka paaugstinati augu baribas
vielu zudumi no lauksaimniecibas teritorijam novérojami pie intensivas
meéslosanas lidzeklu lieto$anas, Tpasi situacijas, kad méslojuma deva parsniedz
kultiirauga baribas vielu vajadzibas;

e Sileika et al. (2005) pétijuma par faktoriem, kas ietekm& Nyop UN
Pkop zudumus no maziem sateces baseiniem Lietuva, secinaja, ka nozimigi ir gan
klimatiskie faktori, gan agronomiskie faktori, pieméram, augsnes apstrade,
méslosana, ka arT majlopu blivums. M@&sloSanas lidzeklu pastiprinasana lietoSana
sateces baseina rada lielakus slapekla zudumus (15 kg ha * gada), savukart lieli
fosfora zudumi nove@roti sateces baseinos ar izteiktu paugurainu reljefu un
malainu augsnes tipu (0.318 kg ha ! gada);

e Udawatta et al. (2006) pétjjuma par slapekla zudumiem no
lauksaimniecibas teritorijam secinajis, ka slapekla zudumus ietekmé ainavas
iezimes, atmosferas nokrisni, augu seka un slapekli saturosa minerala méslojuma
lietoSanas laiks;

e  Absalon un Matysik (2007) pétijjuma par tdens kvalitates
izmainam Polijas upg€, secinaja, ka liela nozime ir noteces apjomam;

e  Buciene et al. (2007) un Singh et al. (2008) veiktajos p&tijumos
noradits, ka vietas ar augstu dzivnieku blivumu ir paklautas virszemes tidenu
piesarnojumam ar augu baribas vielam;

e  Cherry etal. (2008) pétijuma secinats, ka NO3z-N zudumus ietekmé
parmérigs méslosanas devu apjoms, augu baribas vielu satura neizvértéSana
kiitsméslos, augu baribas vielu izkliedé$ana nepareiza laika, rudens ar$ana, ka ari
Pkop zudumus ietekmé erozija;

e  Leone et al. (2008) pétijuma literatliras apskata norada, ka Piep
zudumus ietekmé mijiedarbiba starp vairakiem faktoriem, pieméram, klimatu,
melioracijas sisttmam sateces baseina, augsnes granulometrisko sastavu,
buferjoslas, vegetaciju (kultiraugu) un reljefu;

e Kyllmar et al. (2014) pétijuma par Zviedrijas lauksaimniecibas
monitoringa sateces baseiniem, noteikts, ka Nyop UN Piop zudumi atskiras atkariba
no klimata, augsnes granulometriska sastava, aramzemes Tpatsvara, kultiiraugu
veida un dzivnieku blivuma;

e Piniewski et al. (2014) pétijuma par iesp&jamiem nakotnes
scenarijiem saisttba ar augu baribas vielu zudumiem Polijas Baltijas jiiras
piekrastei piegulo$a tidensobjekta, secinats, ka galvenie augu baribas vielu
zudumu ietekmétaji ir klimata parmainas un lauksaimnieciskas darbibas
intensivitate (35 gadu laika NO3-N un POs-P zudumus palielinas par 20%);

e  Rupp et al. (2018) ilgtermina p&tijuma par augsné eso$a augiem
pieejama fosfora savienojumiem, literatiiras apskata norada, ka Pyop zudumi
saistiti ar atmosferas nokrisnu daudzumu, fosforu saturosu méslosanas Iidzeklu
izmantoSanu un mala saturu augsné;
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e  Petersen et al. (2021) pétijuma noteikts, ka pastav saistiba starp
vidgjo Nkop Un NO3-N koncentraciju lauksaimniecibas notecg un nokrisniem,
klimata Tpatnibam, noteces slani, ieprieksgja gada noteces slani, ikgadgjo dienu
skaitu ar negativam gaisa temperatiiram, lauksaimnieciba izmantojamo zemju
platibu sateces baseina, majlopu blivumu, kultiiraugu, kiitsméslu novietnu izvéli,
kiitsmeslu iestrades laiku un metodi, augsnes apstrades laiku.

Saskana ar augstakminéto secinams, ka pastav daudzi dabiskie un
antropogénie faktori, kas var ietekm&t augu baribas vielu izskaloSanos no
lauksaimniecibas teritorijam, tadeél promocijas darba turpmakajas nodalas
izvertetie faktori izveleti balstoties uz diviem kriterijiem:

° raksturoti literatira biezak minétie faktori, kam ir noteikta
nozimiga ietekme uz lauksaimniecibas noteces kvalitati un kvantitati;

e ietekmgoSo faktoru izvéli limité geotelpiskas informacijas un
monitoringa datu pieejamiba.

1.2.1. Dabisko faktoru ietekme uz lauksaimniecibas noteces sastavu

Talakai analizei izvéléti vairakos pétijumos (Clark, Mueller, and Mast
2000; lital et al. 2010; Petersen et al. 2021) noraditie nozimigakie dabiskie
faktori, kas ietekmé lauksaimniecibas noteces kvalitati:
e  meteorologiskie faktori:
*  gaisa temperatiira;
= atmosferas nokrisni;
(] notece;
e  augsnes Tpasibas (granulometriskais sastavs);
e reljefs (virsmas slipums).
Nozimigako dabigo faktoru ietekmes uz lauksaimniecibas noteci
kvalitates un kvantitates novertéSanai augstakminétie faktori pétiti detalizétak.

Gaisa temperatiira ir meteorologiskais faktors, kas atkarigs no Saules
radiacijas nevienmérigas piepliides pa méneSiem un sezonam (Klimats Latvija
2021). Gaisa temperatiiras sezonalas, gada izmainas, ka ari maksimalas un
minimalas vertibas ietekme lauksaimniecibas procesu norisi, t.sk., paaugstinata
vidgja gaisa temperatiira ietekmé kultiiraugu augSanas sezonas ilgumu, ka art
augsanas faktorus, vasara veicina iztvaikoSanas procesu un potenciali samazina
noteces apjomu un ziema veicina sniega kusanu un potenciali palielina noteces
apjomu (Deelstra et al. 2011). LVGMC meteorologisko datu analize liecina, ka
no 1961. g. lidz 2020.g. ir novérojama vienmériga gaisa temperatiras
paaugstinasanas, kas ir izteikta gan vid€jas gaisa temperatiras vertibas, gan
minimalas un maksimalas gaisa temperatiiras vertibas (LVGMC 2021).
Stuntebeck et al. (2011) petijums liecina, ka Pyop notecg ir augstaka periodos, kad
augsne nav sasalusi (p<0.05) (Pkop 1.13 — 4.21 mg L?) salidzinajuma ar
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periodiem, kad augsne ir sasalusi (Pkop 0.60 — 2.68 mg L). Vegetacijas sezonas
ilgumam (t.i., dienu skaitam gada, kad diennakts vidgja temperatiira ir vismaz
+5°C) ir bitiska ietekme uz NOs-N izskaloSanas apjomu, jo vegetacijas perioda
augi NOs-N izmanto augSanas procesu nodrosinasanai un tadgjadi tiek noveérsta
vai samazinata NOs-N izskaloSanos (Andersen et al. 2014).

Atmosféras nokri$ni raksturo meteorologisko informaciju. Nokri$ni
rodas atmosferai piesatinoties ar fidens tvaikiem, kas, sasniedzot kondensacijas
punktu, gravitacijas ietekm& nokrit no makoniem. IzSkir vairakas nokriSnu
formas, kam piemit sezonals raksturs: lietus, sniegs, krusa un rasa (LVGMC
2014). Nokrisnu ietekme uz noteces apjomu ir ievérojama, pat dazu dienu
intensivi nokri$ni var izraisit vidgjas gada noteces apjoma palielinasanos
(Andersen et al. 2014; Randall and Mulla 2001; De Vos 2001). Noteces
daudzumu siltaja sezona ietekmé nolijusa lietus apjoms un ta intensitate, nokrisnu
ilgums, gaisa temperatiira, turpretl ziemas sezona ietekmé sniega kartas biezums,
sniega kuSanas atrums un intensitate. Noteci ietekmé& arT nokriSnpu daudzuma
sezonalais sadalfjums (t.i., kopg€jais gada nokrisnu daudzums salidzindjuma ar
vegetacijas sezonas laika izkrituSiem nokrisniem) (Udawatta et al. 2006).
Ekstrémi izkritu$o nokri$nu daudzumi veicina izteikti palielinatu noteci un
tadgjadi izraisa nozimigu Nkop izskaloSanos (ygarden et al. 2014), vienlaicigi
spécigas lietusgazes un nozimigs noteces daudzums izraisa mazakus NOs-N
zudumu ka atkartotas mérenas lietusgazes ar nelielu noteces daudzumu (Jakab et
al. 2017). Nokrisnu trikums vasara (sausuma periods) izraisa palielinatus Niop
zudumus nakamajas sezonas, galvenokart lauksaimniecibas zemes, kuras augsni
apstrada rudeni (Bechmann and Bge 2021).

Notece ir fidens aprites sauszemes posms, kad Gidens parvietojas pa
zemes virsmu, augsni un iezu slaniem. Izskir pazemes un virszemes noteci.
Virszemes notece veidojas Tslaicigu un intensivu nokri$nu (lietus veida) vai
sniega kuSanas laika. Virszemes noteces rezultata var veidoties Gdens augsnes
erozija, kuras apstaklos ar augsnes dalinam un organisko vielu saistitie fosfora
savienojumi var nonakt drenu sistémas un tdenstec€s (Tunney, Brookes, and
Johnston 1997). Drenu notece var biit nozimiga Nigp (89%) un Piop (76%)
zudumus sekmgjosa noteces komponente (Bechmann and Bge 2021). Pastav
saistiba starp nokriSnu un noteces apjomu, ka ari starp noteces apjomu un
Niop Zudumiem (Absalon and Matysik 2007; @ygarden et al. 2014; Randall and
Mulla 2001). Noteces apjomam ir sezonals raksturs (@ygarden et al. 2014).

Augsnes 1pasibas un reljefs. Zemes resursi, kas ietver augsni, tas
ipasibas un reljefu, ir nozimigi lauksaimnieciskdas produkcijas razo$anas
nodro$inasanai. Augsnes izmantoSanu ietekme reljefa Ipatnibas (zemes virsmas
slipums, augstums virs jiiras Iimena), augsnes augliba (t.sk., organisko vielu
nodro§indjums, augsnes reakcijas  Iimenis, biologiska  aktivitate),
granulometriskais sastavs, mitruma reZims un drenazas sistémas, gan arl procesi,
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ka pieméram, augsnes erozija, augsnes noplicinaSana, sasaloSanas un
piesarnosana (Busmanis 1999; Misselbrook et al. 1995). Augsnés, kuras ir veikta
drenazas izbiive, tidens infiltracijas process norisinas straujak, pétijjuma Lietuva
(Povilaitis et al. 2015) secinats, ka augu baribas vielu daudzums, kas tiek
transportéts ar drenazas sisttmu novaditajiem fideniem, ir atkarigs no augsnes
struktiiras, attiecigi augu baribas vielu zudumi smilSainas augsnés biezi vien ir
divreiz lielaki ka zudumi smilSmala augsn€s. Nogazes slipums un virsmas
apstakli ietekmé NO3z-N zudumus, jo ietekmé infiltracijas atrumu un infiltréta
tdens apjomu, Jakob et al. (2017) pétijuma konstatéts, ka stavakas nogazes
palielinas virszemes notece un Nyop zudumi caur drenazas sisttmam ir mazaki, jo
infiltracija ir kaveta.

1.2.2. Antropogéno faktoru ietekme uz lauksaimniecibas noteces sastavu

Lai arT dabiskajiem faktoriem ir nozime uz lauksaimniecibas noteces
kvalitati, tidens resursa raksturojoSos raditajus ietekmé ari cilvéka darbibas.
Pétfjumos (Abid and Lal 2009; European Commission 2019; Grote, Craswell,
and Vlek 2005; Merseburger, Marti, and Sabater 2005) iz3kir vairakus nozimigus
antropogénos faktorus, kas ietekmé lauksaimniecibas noteces sastavu:

. zemes lietojuma veida patsvars sateces baseina;

e  kultlirauga Tpatsvars sateces baseina;

e  melioracijas sisteémas (drengto platibu Ipatsvars sateces baseina);

e agronomiskie faktori (izkliedéta slapekli saturo$a minerala
méslojuma apjoms);

e  majdzivnieku novietnes (dzivnieku vienibu skaits sateces baseina).

Nozimigako antropogéno faktoru ietekmes uz lauksaimniecibas noteces
kvalitati novertésanai augstakminétie faktori pétiti detalizetak.

Zemes lietojuma veids ir zemes raksturojums, pamatojoties uz tas
izmanto$anu. Saskana ar zemes seguma karté$anas (Corine Land Cover CLC)
nomenklatiiru, tiek izdalitas 5 grupas: maksligas (urbanas) platibas,
lauksaimniecibas platibas, mezi un dabiskas platibas, mitrzemes (purvi),
udenstilpnes, kas detalizétak sadalitas 44 klasés. Latvijas teritorijai CLC
karté$ana veikta vairakas reizes, sakot ar 1985. gadu, jaunaka veikta 2018. gada
(CLC 2018). P&tijuma par augu baribas vielu un zemes lietoSanas veidu saistibu,
novérota pozitiva un cieSa saistiba starp sateces baseina esosajam udenstilpném
un vid&jo NHs-N koncentraciju vértibu, savukart sateces baseina palielinoties
lauksaimniecibas zemju Tpatsvaram, palielinds Nkop, NO3z-N, Piop un PO4-P
koncentraciju vertibas. Sateces baseina samazinoties mezu un dabisko platibu
Ipatsvaram, palielinds Nkop, NO3-N, Piop Un PO4-P zudumi, ka arT maksligo
segumu platibas palielindgjums sateces baseina var veicinat Py un PO4-P
zudumus (Camara, Jamil, and Abdullah 2019; Huang et al. 2013; Siksnane and
Lagzdins 2021).
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McDowell un Omernik (1977) pétijuma zinoja, ka vidgja NOs-N
koncentracija bija ievérojami augstaka (2 — 6 mg L) sateces baseinos, kuros
ir nozimigs lauksaimniecibas zemju Tpatsvars, salidzinot ar platibam, kuru
sateces baseina ir nozimigs meZa zemju ipatsvars (0.1 — 0.5mg L1).

Kultiraugs ir mérktiecigi audzéts augs noteikta lauksaimnieciba
izmantojamas zemes platiba. Kultiraugs un augu baribas vielu rezims ir
kontrolgjami faktori, kuri ietekm& NO3-N zudumus lauksaimniecibas notece
(Randall and Mulla 2001; Kyllmar et al. 2014). Pétijuma secinats, ka
kultiraugiem, kurus audz€ rindas, NOsz-N zudumi ir nozimigaki ka
daudzgadigajam kultaram (Randall and Mulla 2001), kuram saknes @ideni un
augu baribas vielas uznem ilgstosaka laika perioda, to apstiprina p&tijums, kura
secinats, ka augsnes, kuras apstrada rudent (attiecigi, uz tam audzg viengadigas
kulttiras) ir jutigakas pret augsnes un augu baribas vielu zudumiem, salidzinot ar
augsném, uz kuram audzg daudzgadigus kultiraugus (Bechmann and Bge 2021).
P&tjjuma Lietuva, zinatnieces Rudzianskaite un Miseviciene (2005) secindja, ka
pétijuma objektos NOs-N koncentracija notecé no daudzgadigajiem zalajiem bija
2.4 — 3.6 reizes zemaka ka notec€ no aramzemém. Vasaras perioda, samazinoties
hidrologiskajai aktivitatei, samazinas NOs3-N izskaloSanas, $ada NOsz-N
izskaloSanas dinamika nov€rojama neatkarigi no ta vai tiek séti ziemas, vai
vasaras kultiiraugi, jo riskam paklautaja laika perioda kultiraugi nesp&j uznemt
augsnes §kiduma eso$o NO3-N (Lagzdins et al. 2019; Martinez-Feria et al. 2018).

Melioracijas sistémas. Latvijas klimatam raksturigi, ka vid€jais nokriSnu
daudzums parsniedz iztvaikoSanu, tadeél nosusinaSanas sist€mu izblive un
uztur€Sana ir Tpasi svariga, lai samazinatu nelabveligu laika apstaklu ietekmi uz
zemju apstradi - sp&tu savlaicigi apstradat lauksaimnieciba izmantojamas zemes
(ar$ana, kultivé$ana, s&ja, méslojuma izkliede) (Skinkis 1986). Drenas pazemina
gruntsiidens ITmeni, pagarinot augu baribas vielu filtracijas celu augsng, ka arl
nodrosinot atru idens novadi no augsnes virskartas, atlaujot tehnikai parvietoties
pa laukiem (Sudars, Popluga, and Kreismane 2020). Udeni $kistosie slapekla un
fosfora savienojumi (NO3z-N un PO4-P) novérojami notecg, kas veidojas ar drenu
tdeniem, taCu virszemes noteces sastava noverojamsS pastiprinats augsnes un
organiskas vielas dalinu daudzums, ka ar1 tdent neskistoso slapekla un fosfora
savienojumu koncentracijas (Ahiablame et al. 2011; McDowell and Sharpley
2001; Nguyen and Sukias 2002).

Agronomiskie faktori un dzivnieku vienibu skaits sateces baseina
veicina augu baribas vielu izskaloSanos lauksaimniecibas notecé (Gupta et al.
2004; Howarth 2008; Quinn 2004; Sileika et al. 2005; Tumas 2000). Mé&slo$anas
pamatuzdevums ir nodro§inat optimalu kultiraugu razu, jo augiem nepiecieSamo
augu baribas vielu trikums var samazinat razibu, savukart parpalikums var
veicinat augu baribas vielu zudumus lauksaimniecibas notecg (Lal and Kimble
1997). Pétjjuma Rudzianskaite un Miseviciene (2005) zinoja, ka pastav bitiska
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meslosanas apjoma ietekme uz izskalota NO3-N koncentraciju lauksaimniecibas
notecg: palielinata mésloSanas Iidzeklu apjoma izmantosana veicina NOs-N
izskalosanos lauksaimniecibas notecg.

Lai ierobezotu NOs-N noklusanu lauksaimniecibas notecg, Nitratu
direktiva reglamentéta NO3z koncentracijas maksimali pielaujama robezvértiba
50 mg L' NO; (parrekinot 11.3 mg L NOz-N) (Agriculture and Natural
Resources University of California 2012; EU Nitrates Directive 1991).

Promocijas darba ietvaros, detalizéta agrohidrologisko faktoru analize tiek
veikta pamatojoties uz literatiras analizé noteiktajiem dabiskajiem un
antropogénajiem faktoriem, kas bitiski ietekm& lauksaimniecibas noteces
kvalitati, ka arT nemot véra pieejamo geotelpisko informaciju un monitoringa
datus.

2. MATERIALI UN METODES

Nodala konspektivi raksturota petijuma izmantoto izkliedeta (difuza)
piesarnojuma monitoringa objektu meteorologisko un hidrologisko novérojumu
datu izcelsme, pé&tijuma objekti, lauksaimniecibas noteces kvalitativa sastava
analizg pielietotas statistiskas un geotelpiskas informacijas analizes metodes.

2.1. Pétijjuma objektu raksturojums

Udens kvalitativo datu raksturo$anai, pétijuma izmantoti izKliedéta
(difuza) piesarnojuma monitoringa objektu dati:

e Latvijas Biozinatpu un tehnologiju universitates Vides un
tidenssaimniecibas katedras istenota Lauksaimniecibas noteCu monitoringa
ilgtermina dati (Beérzes, Mellupites, Vienziemites monitoringa objekti).
Lauksaimniecibas noteGu monitoringa realizaciju nosaka Vides politikas
pamatnostadnes 2021. — 2027. g. un uz tas pamata izstradata Vides monitoringa
programma 2021. — 2026. g., 2. nodala “Udenu monitoringa programma” (Vides
politikas pamatnostadnes 2021);

e  projekta “Latvijas upju baseinu apsaimniekosanas planu ieviesana
laba virszemes tdens stavokla sasniegSanai” (LIFE GoodWater IP, LIFE18
IPE/LV/000014) istenoSanas ietvaros iegutie dati (G264 Ages, L118 Auces,
V046 Edas un V093 Slocenes sateces baseini).

Lai raksturotu meteorologiskos apstaklus pétijuma, laika perioda no
1961.g. lidz 2021.g., izmantoti VSIA “Latvijas Vides geologijas un
meteorologijas centra” meteorologisko novérojumu dati (monitoringa stacijas
Dobele, Saldus un Zoseni).

Izkliedeta (diftiza) piesarnojuma monitoringa objektiem, par kuriem dati
ievakti Lauksaimniecibas noteCu monitoringa TstenoSanas ietvaros, maza sateces
baseina un drenu lauka Itment ievakti kop§ 1995. gada un Bérzes upes Itment
kops 2005. gada, savukart dati, kas iegiti projekta LIFE GoodWater IP ietvaros,
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monitoringa objektiem G264 Age un V093 Slocene ievakti no 2020. g. maija lidz
2021. g. oktobrim un monitoringa objektiem L118 Auce un V046 Eda no 2021. g.
marta lidz 2021. g. decembrim.

Udens paraugi tiek ievakti un analiz&ti, ievérojot sistematiskumu un
regularitati, kas nodrogina ilgsto$u un nepartrauktu datu rindu pieejamibu. Udens
paraugu Kimiska sastava analizg8ana, lai noteiktu Nigp, NO3-N, NHs-N, Pyop Un
POs-P koncentracijas Gidens paraugos, norisinas akreditéta laboratorija.

Izkliedeta (difuza) piesarnojuma monitoringa objekti izvietoti dazados
Latvijas regionos un to atraanas vietas attélotas 2.1. attela.

Igaunija

Baltijas jira 5 _
o Rigas licis

A Vienziemite

V093 Slocene

7 Q..

Mellupite w;‘w\ upe
L118 Auce

Lietuva

Krievija

Dangava
e Baltkricvi
allkricvija
— Monitoringa objekti upes izpétes Itiment ‘
0 25 50 100 km
A Monitoringa objekti drenu lauka un sateces baseina izp&tes liment
2.1. att. Izkliedeta (difaza) piesarnojuma monitoringa objektu izvietojums
Latvija
2.1.1. Lauksaimniecibas note¢u monitoringa objekti

Lauksaimniecibas izkliedeta (diftiza) piesarnojuma p&tijumi norisinas tris
izp&tes [imenos: upes, maza sateces baseina un drenu lauka izp&tes liment (Beérzes
monitoringa objekta drenu lauka, maza sateces baseina un upes pétijumu limenos,
Mellupites un Vienziemites monitoringa staciju drenu lauka un maza sateces
baseina Iimenos, G264 Ages, L118 Auces, V046 Edas un V093 Slocenes upju
sateces baseinu izp&tes limenos).

Bérzes upe (hidrometriskais postenis Bérze - Balozi) ir Svétes upes
pieteka, kas ietek Lielupes upes sateces baseina teritorija, atrodas Latvijas
centralaja dala, Viduslatvijas zemienes Zemgales lidzenuma. Lauksaimniecibas
noteCu monitoringa ietvaros B@rzes upes sateces baseina fidens paraugi tiek
ievakti 15 Gidens paraugu nemsanas vietas, atbilstosi Bérzes upes sateces baseina
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platiba sadalita 15 dalbaseinos. B&rzes upes dalbaseini izdaliti izvertgjot dazadus
krit€rijus, piem&ram, zemes lietosanas veidu, pieteku izvietojumu, pieejamo celu
infrastruktiiru monitoringa veikSanai. Monitoringa objekta upes (dalbaseinu)
izpetes Iimenis attelots 2.2. attela.

4 Udens paraugu nemsanas vietas
— Valsts nozimes tidensnoteka
CORINE Land Cover 2018
B Maksligas platibas
B Lauksaimniccibas platibas
|| Mezi un dabiskas platibas
B Mitrzemes

Ui I Udenstilpnes

2.2. att. Bérzes upes izpétes limenis

Bérzes monitoringa objekts (stacija) (drenu lauka un maza sateces
baseina izpétes limenis) atrodas aptuveni 10 km attaluma no Bérze — Balozi
hidrometriska postena. Bérzes drenu lauka izp&tes Iimena sateces baseins ir
0.78 km?, savukart maza sateces baseina teritorija ir 3.75 km?. Monitoringa
objekta drenu lauka un maza sateces baseina izp@tes [Tmenis att€lots 2.3. attela.
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Bérzes drenu lauka
izpétes limenis

B&rzes maza sateces baseina
izp&tes limenis

A Bérzes monitoringa stacijas izp&tes [imeni
Drenas

= Drenu kolektori

—— Lielie drenu kolektori

= Gravji
Bérzes maza sateces baseina izpétes [Tmenis

Bérzes drenu lauka izp@tes limenis

2.3. att. Monitoringa objekts Bérze

Mellupites monitoringa objekts (stacija) (drenu lauka un maza sateces
baseina izpétes ITmenis) atrodas Latvijas rietumu dala (Saldus novads),
Viduslatvijas zemienes Vadakstes lidzenuma (Latvijas fizikali geografiska karte
2018). Mellupites drenu lauka izp&tes Imena sateces baseins ir 0.14 km?,
savukart maza sateces baseina teritorija ir 9.76 km?,

Vienziemites monitoringa objekts (stacija) (drenu lauka un maza
sateces baseina izp&tes limenis) atrodas Latvijas ziemelaustrumu dala (Saldus
novads), Vidzemes augstienes Piebalgas pauguraineé (Latvijas fizikali
geografiska karte 2018). Vienziemites drenu lauka izp&tes limena sateces baseins
ir 0.65 km?, savukart maza sateces baseina teritorija ir 5.89 km?.
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G264 Age (upes izp&tes limenis) iztek no Ages ezera, ietilpst Gaujas upes
sateces baseina. Ta atrodas Latvijas ziemelaustrumu dala. Monitoringa objekts
G264 Age sastav no 14 udens paraugu nemsanas vietam ar sateces baseinu
platibam 0.04 — 183.6 km?2.

L118 Auce (upes izp€tes limenis) ir Svétes upes pieteka, ta iztek no
Liclauces ezera, ietilpst Liclupes upes baseina, atrodas Latvijas centralaja dala.
Monitoringa objekts L118 Auce sastav no 15 tidens paraugu nemsanas vietam ar
sateces baseinu platibam 1.0 — 128.5 km?,

V046 Eda (upes izpétes ITmenis) ir Ventas laba krasta pieteka, ietilpst
Ventas upes baseina, atrodas Latvijas rietumu dala. Monitoringa objekts V046
Eda sastav no 13 oidens paraugu nemsanas vietam ar sateces baseinu platibam
9.1 -300.9 km?.

V093 Slocene (upes izpétes limenis) ietilpst Ventas upes baseina, atrodas
Latvijas rietumu dala Monitoringa objekts V093 Slocene sastav no 15 Gidens
paraugu nemsanas vietam ar sateces baseinu platibam 0.2 — 149.9 km?,

2.2. Pétijuma pielietoto datu apstrades metoZu izvéle un raksturojums

Gaisa temperatiiras, atmosféras nokri$nu un noteces apjoma analizei tiek
pielietota: datu apkopo$ana un sistematizéSana, aprakstosas statistikas analize,
parametru savstarpgjas saistibas noteikSana. Augu baribas vielu (Nkop, NO3-N,
NH4-N, Piop un POs-P) koncentraciju un zudumu analizei tiek pielietota: datu
apkoposana un sistematiz€Sana, aprakstosas statistikas analize, korelacijas un
regresijas analize, robezvertibu noveértgjums, geotelpiskas informacijas datu
analize, Manna-Kendala tests izmainu tendenéu noveért€Sanai, ka arl
daudzfaktoru regresijas analize.

Korelacijas un linearas regresijas analize veikta izmantojot MS Excel
funkcijas. Korelacijas analize, kura izmantots Pirsona korelacijas koeficients,
veikta izmanto saistibas noteik$anai starp divam datu kopam (Microsoft 2021),
petijuma pienemts, ka cieSu saistibu raksturo korelacijas koeficienta vértiba virs
0.7, vidg&ji ciesu 0.5 <r >0.7 un vaju vértiba zem 0.5.

Linearas regresijas analize, kas aprakstita ar linearas regresijas
vienadojumu, un determinacijas koeficientu (R?), izmantota saistibu funkcijas
noteik$anai starp divam datu rindam.

Datu atbilstiba normalajam sadalijumam izveérteta lietojot
programmas IBM SPSS Statistics 22 funkciju: Kolmogorova — Smirnova testu
(Kolmogorov-Smirnov) un secinats, ka Bérzes, Mellupites un Vienziemites drenu
lauka un maza sateces baseina izpétes limenos noteces (Mm), Niop, NO3-N,
NH2-N, Piop, PO4-P koncentraciju (mg L) un zudumu (kg ha'l) vertibas neatbilst
normalajam sadalfjumam, tadé] virszemes tidenu kvalitates izmainu tendencu
prognozesanai lietots neparametriskais Manna-Kendala tests.

Virszemes iudenu kvalitates izmainu tendencu novértésanai
izmantots modificéts Manna-Kendala (MK) tests (Libiseller and Grimvall 2002).
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MK tests ir neparametriskais tests, ar kuru parbauda, vai datiem ir raksturiga
augo$a vai dilstosa tendence, vai ari tie ir nejausi izvietoti laika (Curiac and
Micea 2023). MK testa vertibas tiek aprékinatas izmantojot C.Libiseller un
A.Grimvall (2002) MS Excel izveidoto un pielagoto makro programmu
MULTMK/PARTMK, kura ieklauta ne tikai sezonalo izmainu ietekme, bet ari
antropogéno un dabisko faktoru radito izmainu ietekme.

Daudzfaktoru regresijas analize tick izmantota dazadu hidrologisko un
meteorologisko datu izpété (Dimitriadou and Nikolakopoulos 2022; Holder
1985; Patel et al. 2016). Analize veikta, lai pétijuma perioda paraditu
agrohidrologisko faktoru summaro ietekmi uz rezultativas pazimes (augu baribas
vielu koncentraciju) izmainam. Daudzfaktoru regresijas analize veikta,
izmantojot IBM SPSS Statistics 22 programmas funkciju daudzfaktoru regresijas
analizes veik$anai (Linear regression). Daudzfaktoru regresijas analizg icklautas
rezultativas pazimes ir Nk, NO3z-N, NHs-N, Pxop un PO4-P koncentracijas.
Regresijas analizé ieklautas faktorialas pazimes izvEletas pamatojoties uz
literatiiras analiz€ noteiktajiem dabiskajiem un antropogénajiem faktoriem, kas
butiski ietekmé lauksaimniecibas noteces kvalitati, izvertgjot datu pieejamibu, ka
arT nemot vera, ka faktori nedrikst biit savstarpgji saistiti. Faktorialas pazimes ir
vidgja gaisa temperatiira, gada vid€jo nokri$nu summa, drengto platibu Ipatsvars,
vidgjais zemes virsmas slipums, zemes lietojuma veida Tpatsvars, augsnes
granulometriska sastava tipu Ipatsvars un vid€jais dzivnieku vienibu skaits
dalbaseina. Regresijas analize veikta Be&rzes upes izpetes Iimenim — 15
dalbaseiniem. Lai ieglitu statistiski ticamu rezultatu, pakapeniski izsl€gtas
faktorialas pazimes ar mazako statisko ticamibu, lidz visam regresijas analizé
izmantotajam faktorialajam pazim&m bitiskuma ITmenis ieklaujas 95% intervala
un tas uzskatamas par statistiski ticamam (Kafle 2019). Rezultati izteikti
regresijas vienadojuma veida:

Ymp) = Bo + (B X x)(By X x2) o (B X xp) (2.
kur

y — rezultativa pazime, mg L%;

n — faktorialo pazimju skaits vienadojuma, gab.;

p — ticamibas pakape, bez mérvienibas;

Bo — rezultativas pazimes koeficients (brivais loceklis), bez mervienibas;

B1, B2, Bn — faktorialo pazimju koeficienti, bez mérvienibas;

X1, X2, X, — faktorialas pazimes, mérvieniba atkariga no pazimes.

Udens kvalitates novertesana tiek veikta atbilstosi monitoringa objektu
sateces baseinu piederibai upes tipiem. Atbilstosi Lielupes, Ventas un Gaujas
upju baseinu apgabala apsaimniekoSanas planu 2016. — 2021. g. pielikumiem,
Beérzes upes tdensobjekti pieder 3. un 4. upju tipam, savukart monitoringa
objektu G264 Age, L118 Auce, V046 Eda un V093 Slocene sateces baseini
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pieder 3. upju tipam (Upju baseinu apgabalu apsaimniekoSanas plani 2021). Lai
drenu lauka un maza sateces baseina izp&tes ITmenos salidzinatu noteces kvalitati,
pétijuma ietveros tiek pienemts, ka Beérzes, Mellupites un Vienziemites
monitoringa objektu sateces baseini atbilst 2. upju tipam. Kvalitates raditaju
klases apzimé ar krasam: augsta kvalitate zila krasa, laba kvalitate zala krasa,
vidgja kvalitate dzeltena krasa, slikta kvalitate oranza krasa un loti slikta kvalitate
sarkana krasa. 2.1. tabula att€lota 2. un 3.tipa fizikali — kimisko kvalitates klasu
robezvertibas.

2.1. tabula. Fizikali — kimisko raditaju kvalitates klasu robeZvertibas upju

tipiem
Radi- . A : Loti
tis Tips - Laba Vidgja Slikta slikta
Nicp, <15 15-25 25-35 35-45 >4.5
mg L
NHa-

N, mg 2 <0.1 0.1-0.16 0.16 - 0.24 0.24 -0.32 >0.32
L-l

nf’éwlri'_ ) <0.045 |0.045-0.090 | 0.090-0.135 | 0.135-0.180 | >0.180
n’]\ékoiil <18 | 18-23 23-28 28-33 >3.3
NHa-

N, mg 3 <0.09 0.09-0.12 0.12 -0.15 0.15-0.18 >0.18
L-l
Pkop,
mg L

<0.05 | 0.05-0.075 | 0.075-0.100 | 0.100-0.125 | >0.125

Vidgjo NO3z-N koncentracijas maksimali pielaujama robezvertiba
atvasinata no Nitratu direktiva noteiktas NO3z koncentracijas (11.3 mg Lt NO3z-N)
(Agriculture and Natural Resources University of California 2012; EU Nitrates
Directive 1991). Udens kvalitates novértéianai Latvija nav reglament&tas PO4-P
koncentraciju robezvertibas.

Geotelpiskas informacijas datu analize veikta augsnes granulometriska
sastava, zemes lietojuma veida sadalfjuma, KultGraugu ipatsvara, dzivnieku
vienibu skaita, melioracijas sistému ietekmes novertésanai. Datu apstrade veikta
izmantojot programmu ArcGIS Pro 2.6.0. Geotelpiskie dati pieejami Latvijas
teritorijai, tadel datu apjoma samazinasanai, izgriezti (Clip funkcija) Bérzes upes
sateces baseina teritorijai. Lai novertétu ipatsvaru, ko dalbaseina aiznem katrs
augstakminétais faktora veids, programma ArcGIS Pro 2.6.0 tiek parrékinatas
platibas un iegiita faktisko platibu rinda. Iegttie dati tiek apstradati programma
MS Excel, datu att€losanai veidotas izkliedes diagrammas.

Zemes virsmas slipuma ietekmes izveértéSanai izmantoti Latvijas
Biozinatgu un tehnologiju universitates Vides un tidenssaimniecibas katedras dati
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par vid€jo zemes virsmas slipumu (%) Berzes upes dalbaseinu teritorijas, kas
atvasinati no digitala reljefa modela (LGIA 2023) un apkopoti MS Excel
programma.

Izkliedeéta slapekli saturoSa minerala méslojuma ietekmes
izvérteSanai izvelets Mellupites monitoringa stacijas drenu lauka izp&tes
Itmenis. Izverteti dati par petijjuma perioda (1995. — 2021. g.) izklied&to slapekla
méslojuma devu tirviela, Nyop zudumiem un zudumu Ipatsvaru.

3. REZULTATI UN DISKUSIJA

Nodala aprakstiti pétTjuma rezultati, kas raksturo eso$o situaciju izkliedéta
(diftza) piesarnojuma monitoringa objektos, analizéti dati par dabiskajiem un
antropogénajiem faktoriem, kas nozimigi ietekmé lauksaimniecibas noteces
kvalitati, ka arT dati par Gidens kimisko sastavu (Nkop, NO3-N, NH4-N, Pyop un
POs-P koncentracijas un zudumi), nemot vera pieejamos geotelpiskas
informacijas un monitoringa datus. Nodala veikts fizikali-kimisko raditaju
kvalitates klaSu robezvertibu novert€jums, aprakstosas statistikas analize,
parametru saistibas noteikSana, izmantots Manna-Kendala tests izmainu
tenden¢u noverté$anai, veikta geotelpiskas informacijas datu analize, ka arl
veikta daudzfaktoru regresijas analize.

3.1. Monitoringa objektu iidens kimiska sastava raksturojums

Bérzes, Mellupites un Vienziemites drenu lauka un sateces baseina izp&tes
Itmenos Gdens kvalitate tiek vertéta izmantojot ilgtermina datus par Nigp, NO3z-N,
NH4-N, Piop Un PO4-P gada vid€jam koncentraciju vertibam pétijjuma perioda
(1995. — 2021. g.) un pienemot, ka sateces baseini atbilst 2. tipam. Nozimigakie
rezultati apkopoti 3.1., 3.2. tabulas.

3.1. tabula. Gada vidéjo Nkop koncentraciju procentuails kvalitates klasu
sadalijums Berzes, Mellupites un Vienziemites monitoringa staciju drenu
lauka un sateces baseina izpétes Iimeni, 1995. — 2021. g.

Izpétes Monitoringa Kva!itﬁ,t & klas‘.’ .
Iimenis stacija Augsta, | Laba, | Vidgeja, | Slikta, _ Loti
% % % % slikta, %
Drenu lauka Bérze 0.0 0.0 0.0 0.0 100.0
izpetes Mellupite 0.0 0 0.0 3.7 96.3
limenis Vienziemite 59.3 40.7 0.0 0.0 0.0
Sateces Bérze 0.0 0.0 0.0 0.0 100.0
baseina Mellupite 0.0 148 | 185 37 29.7
1zpéetes
limenis Vienziemite 29.6 66.7 3.7 0.0 0.0

Salidzinot Mellupites un Vienziemites monitoringa objektu sateces
baseina un drenu lauka izp&tes Itmenus, Nkop koncentracijas sateces baseina
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izpetes Itmeni ir zemakas, attiecigi Udens kvalitates klase ir augstaka, tas
izskaidrojams ar dazadu noteces apjoma sadalijumu monitoringa objektu izp&tes
Itmenos. Salidzinot trTs monitoringa stacijas divos izp&tes [imenos, secinams, ka
Vienziemites drenu lauka izp€tes Iimeni Tdens kvalitate ir visaugstaka, kas
skaidrojams ar ekstensivas lauksaimniecibas razoSanas apstakliem sateces
baseina, kur lauksaimniecibas zemes tick audzéts ilggadigais zalajs.

3.2. tabula. Gada vidéjo Pkop koncentraciju procentuals kvalitates klasu
sadalijums Bérzes, Mellupites un Vienziemites monitoringa staciju drenu
lauka un sateces baseina izpétes Iimeni, 1995. — 2021. g.

Izpétes Monitoringa Kvalitates klase
lilgenis stacija Augsta, Laba, | Vidgja, | Slikta, Loti
% % % % slikta, %

Drenu Berze 185 70.4 11.1 0.0 0.0
Jauka Mellupite 40.7 445 7.4 37 37
1zpetes —

[imenis Vienziemite 81.5 185 0.0 0.0 0.0
Sateces Barze 3.7 14.8 33.3 334 14.8
baseina Mellupite 296 48.2 148 37 37
1zpéetes —

[imenis Vienziemite 74.1 14.8 7.4 3.7 0.0

Kopuma Pyop koncentracijas no nosusinatam lauksaimniecibas zemeém
uzskatamas par zemam, par ko liecina augstai un labai tidens kvalitatei raksturigo
vertibu augstais procentualais Tpatsvars, iznemot B&érzes maza sateces baseins
izpétes Itmeni. PEtTjumi liecina, ka sp&ciga lietus un sniega kuSanas laika mala
dalinas var izskaloties no mala augsném kopa ar saistito fosforu un veicinat Piop
zudumus (Eriksson et al. 2013; @ygarden, Kverner, and Jenssen 1997; Ulén,
Stenberg, and Wesstrom 2016), attiecigi vidgjas Pkop Bérzes maza sateces baseina
izpetes Itment skaidrojamas ar malainu augsnu lielo Tpatsvaru sateces baseina.

Udens kvalitates raksturoSanai upes Iimeni ka piemérs izvélets
monitoringa objekts V093 Slocene. Rezultati atspoguloti blokshémas veida, kas
shematiski att€lo upes plisanas virzienu un 15 @idens paraugu nemsanas vietas,
ka arT vidgas Nkop, NHs-N, Py un NOs-N koncentracijas (3.1. attéls).
Blokshémas apzimgjumi ar krasam izveleti atbilstosi fizikali — kimisko raditaju
kvalitates klasem, V093 Slocene sateces baseini pieder 3. upju tipam.
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GWSLDK1 GWSLTC
Nigg 257 Niop 28
NH:-N NH:N 027
Piop Prop 0.052
NO:-N | 208 NO-N 14
GWSLG2 GWSLG1 GWSLS GWSLT
Niop 101 Nigp 13.1 Nigp 34 Niop 78
NHeN [ 158 NH:+-N NH+N NH:N | 0.97
Pioy 0.125 Picp Pisp Piop 1.103
NO:-N 6.2 NO:-N 00 NO:-N 26 NOsN 5.2
GWSLA GWSLC GWSLI4 GWSLTS GWSLI3
Niop 69 Niop 52 Nigp 71 Nicp 45 Niop 49
NE-N [R005Y| | NE-N (008 | NHN NH:N NE-N 006
Pioy 0.056 Piop 0.053 Picp 0.051 Piop Piop 0.059
NOs-N 52 NOs-N 38 NOs-N 53 NO»N 33 NOs-N 35
GWSLVS GWSLVI GWSLVR
Nigp 3.7 Nigp 5.2 Nig 49
NH:N NH:N NH:N
. ) . Bl >,
NO-N 28 NO:-N E NO:N 32
GWSLR
Niop 33
NH:N
Prop
NO:N 25

3.1. att. Monitoringa objekta V093 Slocene Nkop, NH4-N, Pkop un NO3-N
vidéjas koncentraciju vertibas perioda no 2020. g. maija Iidz 2021. g.
oktobrim, mg L™

Visos monitoringa V093 Slocene dalbaseinos pétijuma perioda Nyop
koncentracijas atbilst sliktai vai loti sliktai kvalitates klasei. Vidgjas Puop
koncentracijas 13 dalbaseiniem atbilst augstai vai labi kvalitates klasei, ar
iznémumiem divos dalbaseinos, GWSLG2, GWSLT, kuros kopuma tdens
kvalitate atbilst sliktai Gidens kvalitates klasei (iznemot NO3-N koncentraciju
vertibas). Videja NO3-N koncentracijas robezvértiba par 9.5 mg L1 ir parsniegta
baseina GWSLDKI1, kur tdens paraugs tiek ievakts no drenu kolektora, kas ir
saskana ar literatlira apskatito melioracijas sistému ietekmi uz augu baribas vielu
izskalosanos (Randall and Mulla 2001).

Lauksaimnieciskas darbibas ietekme izteikti novérojama tidens paraugu
nemsanas vietdas GWSLG2, GWSLG1 un GWSLDK1, kuras noverotas augstakas
vidgjas Nk koncentracijas un kuru sateces baseinos konstatéts augsts
lauksaimniecibas zemju ipatsvars.
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Augspus (GWSLTC) un lejpus (GWSLT) Tumes ciema ievakto tdenu
paraugu analizu rezultati liecina par negativu ciema ietekmi uz Tumes strauta
tdenu kvalitati, jo péc ciema izteikti palielinds Nkop, NHs-N un Pyop vidEjas
koncentracijas Gdeni, kas var liecinat par sadzives vai raZoSanas notekiidenu
nepilnigu attiriSsanu Tumes ciema vai Tumes ciema decentralizéto kanalizacijas
sistemu notekiidenu nonaksanu Tumes strauta.

Lai izvertetu ilgtermina tendences noteces (mm) vertibam, ka art Nop,
NOs-N, Pkop Un PO4-P koncentracijam (mg L) un zudumiem (kg hal), Bérzes,
Mellupites un Vienziemites monitoringa staciju drenu lauka un sateces baseina
izpétes Iimeniem veikts Manna-Kendala (MK) tests, aprékinatas MK testa
vertibas (MK-stat) apkopotas 3.3. un 3.4. tabulas.

3.3. tabula. MK testa vértibas noteces (mm), Nkop Un NOs-N koncentracijam
(mg L) un zudumiem (kg ha') Berzes, Mellupites un Vienziemites
monitoringa stacijas drenu lauka un sateces baseina izpétes limeni,

1995. - 2021. g.
Raditajs
_ Monito MK-
Izpetes |~ in0a | MK-stat, | MKsstat, | MK-stat, | MK-stat, stat
limenis | o 5o | notece, Nkop, NOs-N, Niop, .
] i 4 "1 NOs-N,
mm mg L mg L kg ha kg ha't

Drenu | Beérze | (#)0.055 | (1372 | ()1210 | (0512 | (-)0.506

lauka IMellupite| (-) 0.046 | (+)1.904 | (+)2.199" | (+)0.473 | (+)0.682
1zpéetes Vien-
limenis | . | (+)1854 | ()4338" | ()4.058" | (+)0.545 | (-)0.341

Sateces | Berze | (-)0.779 | (+)0546 | (+)0.984 | (-)0.807 | (-)0.226

baseina |Mellupite| (-) 1.215 | (+)2.614" | (+)2.933" | (+)0.901 | (+)1.818
1zpetes :
- . Vien- *
fimenis | .~ | (+)0.604 | ()2171" | (-)0.845 | (0004 | (+)0.088

* - statistiski ticams, p < 0.05.

Noteces tendenc€s verojamas regionalas atSkiribas. Izvert€jot Nygp UN
NOz-N zudumus Bérzes monitoringa stacija, drenu lauka un sateces baseina
izpétes limeni ir noverojama tendence samazinaties, pretgji Mellupites
monitoringa stacijas drenu lauka un sateces baseina izp&tes limeni ir tendence
palielinaties, tikmér Vienziemites monitoringa stacijas drenu lauka un sateces
baseina ltmen ir novérojamas dazadas tendences (drenu lauka izp&tes Itment Niop
koncentracijam ir tendence palielinaties un NO3-N samazinaties un sateces
baseina izpétes ITmeni pret&ji NOs-N koncentracijam ir tendence palielinaties un

32



Niop samazinaties), kas liecina par dazadu faktoru ietekmi uz Nyop Uun NO3-N
zudumiem.

3.4. tabula. MK testa veértibas Pkop Un PO4-P koncentracijam (mg L) un
zudumiem (kg ha') Berzes, Mellupites un Vienziemites monitoringa
stacijas drenu lauka un sateces baseina izpétes Iimeni, 1995. — 2021. g.

Raditajs
Izpétes Monitoringa | MK-stat, | MK-stat, | MK-stat, | MK-stat,
Iimenis stacija Pkop, PO4-P, Pkop, PO4-P,
mg L mg L kg hat kg ha!
Be -) 1.893 -) 0.686 -) 0.606 -) 0.327
Drenu lauka hiliad 0 © 0 0
[imenis Vienziemite | (-)2.243° | (-)1.714 | (+)0.865 | (+)1.168
Sateces Bérze (1)3.887" | ()2.902" | (-)2.550" | (-)1.182
baseina Mellupite | (-)1.112 | (+)0.473 | (-)2.661" | (-)0.499
1zpéetes
limenis Vienziemite | (-) 2.665" | (-) 2.735" (-) 1.017 (-) 0.992

* - statistiski ticams, p < 0.05.

Visos monitoringa objektos verojama tendence Pkop koncentracijam
samazinaties, turklat 4 no 6 objektiem vértibas ir statistiski ticamas. Lidzigas
tendences novérojamas PO4-P koncentracijas ar izn@mumu Mellupites sateces
baseina izpétes Iimeni, kur vé€rojama tendence POs-P koncentracijam
palielinaties.

Zemais statistiski ticamo MK testa rezultatu skaits saistits ar noteces
sezonalo un gada izmainu sadalijjumu monitoringa objektos. Lai ar1 MK testa
rezultati liecina, ka tendences ir atSkirigas un ir novérojami gadijumi, kad Nop,
NOs-N, Pixop un POs-P Kkoncentracijas un zudumi notec€ ir ar tendenci
samazinaties, tacu 3.3. un 3.4. tabulas apkopotie rezultati aptver visu p&tjjuma
periodu (1995. — 2021. g.), iesp&jams turpmako p&tjjumu gaita ir nepiecieSams
MK testu veikt dazadiem pétjjuma periodiem, kuros norisinajusas izmainas
normativajos aktos vai arl tajos ieviestas starptautisko normativu prasibas, lai
tendences raksturotu detalizétak.

3.2. Dabisko faktoru ietekme uz slapekla un fosfora savienojumu
izskalo$anos

3.2. apaksnodala veikta dabisko faktoru ietekmes Uz augu baribas vielu
koncentracijam izvertésana lauksaimniecibas noteces pétijuma teritorijas.

Gaisa temperatiiras un atmosferas nokriSnu mainiba p&tijjuma perioda
monitoringa objektos Berze, Mellupite un Vienziemite apstiprina LVGMC
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secingjumus par vidgja gaisa temperatiira paaugstinasanos un vid&ja nokrisnu
daudzuma samazinasanos Latvijas teritorija, kas liecina par klimata mainibu
(LVGMC 2021).

Gada videjas noteces saistiba ar nokriSniem B@rzes drenu lauka un
sateces baseina izp€tes [Tmeniem att€lota 3.2. att€la. Savstarp€ja saistiba starp
gada vid&jo nokris$nu summu (mm) un gada vid&jo noteci (mm), laika periodam
no 1995. lidz 2021. g. izvertéta izmantojot izkliedes diagrammas, savstarpg€jas
izskaidrojamibas pakapes raksturo$anai izmantota izkliedes diagramma un
linearas regresijas vienadojums.

A B
400.0 400.0
= ® £
£ 3000 % - £ 300.0 o
g o g R
. () .
£ *s g (% 3
°0 s o
= 200.0 i 200.0 ® '
1 K o— R
= ) 3 i
= " =
3 ® g r
<
1000 % o o T1000 o0
S oo o o % o
'y = 0.5443x - 142.29 @V = 0.5003x - 127.67
2=, R?=0.6383
00 R2=0.5192 00
300 500 700 900 1100 300 500 700 900 1100
Gada vidgjie nokriSni, mm Gada vidgjie nokriSni, mm

3.2. att. Gada vidéjas noteces (mm) un gada vidéjo P (mm) saistiba Bérzes
monitoringa stacijas drenu lauka (A) un sateces baseina (B) izpétes Iimeni,
1995. - 2021. g.

Izvert&jot savstarpgjo ietekmi starp noteci un nokriSniem Berzes,
Mellupites un Vienziemites monitoringa objektu drenu lauka un sateces baseina
izpetes Itmeni, palielinats nokriSnu daudzums veicina palielinatu noteces
daudzumu gan drenu lauka, gan sateces baseina izpé&tes [Tmeni, kas ir saskana ar
literattiras analiz€ noteikto (@ygarden et al. 2014; Randall and Mulla 2001),
nozimiga ir arT atmosferas nokrisnu izkriSanas sezonalitate.

Saistiba starp Nkop zudumiem un noteci att€lota B&érzes drenu lauka
(3.3. attels) un sateces baseina izp&tes Iimeni (3.4. attels).
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3.3. att. Nkop zudumu (kg ha't) un noteces (mm) saistiba Berzes, Mellupites
un Vienziemites monitoringa stacijas drenu lauka izpétes Itmeni,
1995.-2021. g.

Augu baribas vielu zudumu vertibas tiek aprékinatas summejot diennakts
vidgjo caurplidumu reizindjumu ar augu baribas vielas vid€jo diennakts
koncentraciju tidens parauga. Drenu lauka izp&tes liment (3.3. att€ls) noteces
apjoms izskaidro Nkop zudumus ar R? veértibam 0.51 Barzes, 0.54 Mellupites,
0.27 Vienziemites monitoringa stacija (p<0.001), kas liecina, ka augu baribas
vielu zudumus ietekmé arf citi faktori.

Drenu lauka izp&tes [Tmeni noteces apjoms izskaidro Piop zudumus ar R?
vertibam 0.59 Bérzes, 0.24 Mellupites, 0.10 Vienziemites monitoringa stacija
(p<0.001). Salidzinot ar Nkop zudumu izkliedi, Pxop zudumiem drenu lauka izp&tes
limenT ir mazaks vértibu diapazons.
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3.4. att. Nkop zudumu (kg hat) un noteces (mm) saistiba Berzes, Mellupites
un Vienziemites monitoringa stacijas sateces baseina izpétes limeni,
1995. — 2021. g.

Sateces baseina izp&tes ltment (3.4. att€ls) noteces apjoms izskaidro Nop
zudumus ar R? vértibam 0.60 Barzes, 0.47 Mellupites, 0.57 Vienziemites
monitoringa stacija (p<0.001). Maza sateces baseina izp&tes limeni salidzinot ar
drenu lauka izpétes Iimeni, sateces baseina izp&tes limeni vertibu izkliedes ir
mazakas, kas skaidrojams ar to, ka drenu lauka izp&tes IimenT Nyop zudumu
daudzuma izmainas izteikti reag€ uz noteces palielinaSanos (Povilaitis et al.
2015).

Sateces baseina izp&tes ITmeni noteces apjoms izskaidro Pyey zudumus ar
R? vertibam 0.53 Bérzes, 0.20 Mellupites, 0.02 Vienziemites monitoringa stacija
(p<0.001). Kopuma drenu lauka izp&tes Iimeni Pyop zudumu vertibas ir ar mazaku
izkliedi ka sateces baseina izp&tes ITmeni, kas skaidrojams ar virszemes noteces
ietekmi mazo sateces baseinu izp€tes Itment, kas drenu lauka izp&tes Iiment nav
izteikta.

Zemes virsmas slipuma ietekme izvértéta nosakot vidéjo zemes virsmas
slipuma Bérzes upes izpétes limeni (B&rzes upes dalbaseiniem) ietekmi uz augu
baribas vielu koncentracijam. Vidgjas Niop, NO3z-N, NH4-N, Pyop un POs-P
koncentraciju vertibas Beérzes upes dalbaseinos un lauksaimniecibas zemju
patsvars izskaidro ar R? 0.17, 0.16, 0.14, 0.24, 0.19 (p<0.001). Lai ar1
determinacijas koeficienti ir zemi, noverota tendence apstiprina literatiira
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apskatito, ka stavakas nogazes Niop, NOs-N koncentracijas ir zemakas, jo tidens
infiltracija ir kavéta un veidojas virszemes notece (Jakab et al. 2017), savukart
rezultati par Pyop Un PO4-P koncentraciju saistibu ar zemes virsmas slipumu ir
pretruna ar literattira apskatito, ka virszemes noteces rezultata var veidoties tidens
augsnes erozija un rezultéties ar izskalosanos (Lagzdin$ et al. 2019; Quinton,
Catt, and Hess 2001). Izvertgjot zemes virsmas slipuma ietekmi uz augu baribas
vielu koncentracijam, secinams, ka upes sateces baseina izp&tes Iimeni1 (B&rzes
upes dalbaseini) rezultati nesniedz pilnvertigu priek$statu par zemes virsmas
slipuma ietekmi uz lauksaimniecibas noteces kvalitati, tadel nepiecieSams
padzilinati pétit datus citos izp&tes Iimenos.

Augsnes ipasibu ietekme izvertéta nosakot augsnes granulometriska
sastava tipu ipatsvaru Bérzes upes dalbaseinos (B&rzes upes izpétes limen) un to
savstarp&ju ietekmi ar Ngop, NO3z-N, NH4-N, Pigp un POs-P koncentraciju
vertibam. Nozimigakie rezultati apkopoti 3.5., 3.6. att€los.
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3.5. att. Nkop (A) un NOs-N (B) (mg L) saistiba ar videja puteklaina
smilSmala (sMp2) ipatsvaru (%) Bérzes upes izpétes Iimeni, 2005. — 2021. g.
Gada vid&jo Nkp un NO3z-N koncentraciju vértibas Berzes upes
dalbaseinos vidgja puteklaina smil§mala (sMp2) Tpatsvars izskaidro ar R20.81 un
0.87 (p<0.001).
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3.6. att. Pwop (A) un POs-P (B) (mg L) saistiba ar vidéja puteklaina

smilSmala (sMp2) ipatsvaru (%) Bérzes upes izpétes Iiment, 2005. — 2021. g.

Gada vidgjas Pkop Un PO4-P koncentraciju vertibas Berzes upes
dalbaseinos vid&ja puteklaina smil§mala (sMp2) Tpatsvars izskaidro ar R2 0.59 un
0.63 (p<0.001). Vérojams plass vértibu diapazons grants (Gr), irdenas smilts (iS),
smaga un vidgja mala (M1), malainas grants (mGr), malsmilts (mS), puteklainas
malsmilts (mSp), smaga smilSmala (sM2), vidgja smilsmala (sM2), viegla
smilSmala (sM3), smaga puteklaina smilSmala (sMpl), viegla puteklaina
smilSmala (sMp3), saistigas smilts (sS), kiidras (T), labi sadalijusas kudras (1),
vid&ji sadalijusas kudras (vd), vaji sadalfjusas kiidras (vj) ipatsvaru ietekmes
raditajiem uz gada vid€jo Nkop, NO3-N, NHs-N, Piop Un PO4-P koncentraciju
vertibam (R? vértibas ir robeZas no 0.00 lidz 0.42 (p<0.001)).

3.3. Antropogéno faktoru ietekme uz slapekla un fosfora savienojumu
izskaloSanos

3.3. apaksnodala veikta antropogéno faktoru ietekmes uz augu baribas
vielu koncentracijam izveértéSana lauksaimniecibas noteces pétijuma teritorijas.

Zemes lietojuma veida sadalijuma ipatsvara ietekme izverteta Beérzes
upes izp&tes limenim (Beérzes upes dalbaseiniem). Lai raksturotu zemes lietojuma
veida Tpatsvara sateces baseina ietekmi uz augu baribas vielu koncentraciju
vertibam, veikta CLC 2018 datu analize. Zemes lietojuma veida sadalijumu
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Ipatsvara nozimigaka ietekme uz Nkop, NOs-N, Piop un PO4-P Koncentraciju
vertibam Berzes upes izpétes [iment attélota 3.7., 3.8. attelos.
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3.7. att. Nkop (A) un NO3-N (B) (mg L!) saistiba ar lauksaimniecibas zemju
ipatsvaru (%) Bérzes upes izpétes Iiment, 2005. — 2021. g.

Vidgjas Niop un NO3-N koncentraciju vertibas Bérzes upes dalbaseinos
lauksaimniecibas zemju Tpatsvars izskaidro ar R? ir 0.67 un 0.82 (p<0.001).
Korelacijas koeficients starp Ngp UNn NOs-N koncentraciju veérttbam un
lauksaimniecibas zemju Tpatsvaru sateces baseina ir 0.82 un 0.91 (p<0.001),
secinams, ka sateces baseina palielinoties lauksaimniecibas zemju Tpatsvaram,
Nkop Un NO3-N koncentracijas notecé palielinasies, kas ir saskana ar literatlira
izpétito (Huang et al. 2013; Mcdowell et al. 2001). Pretgji, apskatot Niop UN
NO3z-N koncentraciju vertibu saistibu ar meza un dabisko platibu Tpatsvaru, Nkop
un NOs-N koncentracijas notecé samazinasies (korelacijas koeficients ir -0.76 un
-0.85 (p<0.001)). Notecei no lauksaimniecibas platibam raksturigs augsts NOs-N
Tpatsvars, kas izskaidro cieSaku izskaidrojamibas pakapi starp videjam NOz-N
koncentracijam un lauksaimniecibas zemju Tpatsvaru sateces baseina.
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3.8. att. Pkop (A) un POs-P (B) (mg L") saistiba ar lauksaimniecibas zemju
ipatsvaru (%) Bérzes upes izpétes limeni, 2005. — 2021. g.

Vidgjas Pkop Un PO4-P koncentraciju vertibas Bérzes upes dalbaseinos un
lauksaimniecibas zemju Tpatsvars izskaidro ar R? ir 0.37 un 0.48 (0.001).
Korelacijas koeficients starp Pwop Un POs-P  koncentraciju vertibam un
lauksaimniecibas zemju Tpatsvaru sateces baseina ir 0.61 un 0.69 (p<0.001),
secinams, ka sateces baseina palielinoties lauksaimniecibas zemju Tpatsvaram,
palielinasies Pxop uUn POs-P koncentracijas notece, kas atbilst literatira
apskatitajam (McDowell and Sharpley 2001). Pretgji, apskatot koncentraciju
veértibu saistibu ar meza un dabisko platibu Ipatsvaru, Pyp un POs-P
koncentracijas notecé samazinasies (korelacijas koeficients ir -0.60 un -0.68
(p<0.001)).

Izvértéjot zemes lietojuma veida ietekmi uz augu baribas vielu
koncentracijam, secinams, ka, planojot tidens kvalitates uzlaboSanas pasakumus

Kultiiraugu ipatsvara sateces baseina ietekmes izveértéjums veikts
Beérzes upes izpetes Itmenim (Bérzes upes dalbaseiniem). Augu baribas vielu
koncentraciju saistibas ietekmei ar kultliraugu patsvaru Bérzes upes dalbaseinos
verojams plass vertibu diapazons (R? vértibas ir robezas no 0.00 Iidz 0.42
(p<0.001)). Vidgjas Nkop uUn NOs-N koncentraciju vertibas Berzes upes
dalbaseinos ziemas rap$a Tpatsvars izskaidro ar R? ir 0.33 un 0.40 (p<0.001).
Savukart gada vid€jas Pxop Un PO4-P koncentraciju vértibas ziemas kvieSu
ipatsvars Bérzes upes dalbaseinos izskaidro ar R? ir 0.28 un 0.35 (p<0.001).
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Gada vidgjo Nkop, NO3-N, NH4-N, Pkop un PO4-P koncentraciju vertibas
vasaras kvie§i, vasaras rap$i, lauku pupas, aramzeme, ilggadigie zalaji un
kukuriiza izskaidro ar R? no 0.00 1idz 0.27.

Melioracijas sistemu ietekmes izvertéjums veikts izvertgjot drenéto
platibu ipatsvara Bérzes upes dalbaseinos (Beérzes upes izpétes limenis) ietekmi
uz augu baribas vielu koncentracijam.

Gada vid&jas Nkop, NO3-N, NHs-N, Pyop un PO4-P koncentraciju vertibas
Bérzes upes dalbaseinos drenéto platibu Tpatsvars izskaidro ar R? 0.27, 0.39, 0.07,
0.24 un 0.27 (p<0.001). Izvertgjot melioracijas sistému ietekmi uz augu baribas
vielu koncentracijam, secinams, ka palielinoties drenéto platibu ipatsvaram
sateces baseina, lai arT determinacijas koeficients ir salidzinosi zems, vérojama
tendence tdent $kistosajam slapekla un fosfora savienojumu formu (NOs-N un
POs-P) koncentracijam palielinaties, tadel izvertgjot faktorus, kas sateces baseina
ietekm€ augu baribas vielu zudumus, janem véra drenéto platibu Tpatsvars.

Izkliedéta slapekli saturoSa minerala méslojuma ietekmes
izvertéjums veikts Mellupites drenu lauka izpétes limenim. P&tijuma perioda
pastav izteikta variacija starp ar izkliedéta slapekla daudzumu un Nyep zudumiem
un to procentualo attiecibu. Izvertgjot izkliedeta slapekla apjoma un Ngp
zudumus laika perioda no 1995. g. lidz 2021. g., vid&jais uzliktais méslojuma
daudzums ir 159.4 kg hat, Nkep zudumi 17.8 kg ha! un attiecigi vid&jie zudumi
notece sastada 13.4% no uzlikta meslojuma apjoma.

Dzivnieku vienibu skaita sateces baseina ietekmes izvertéjums veikts
Beérzes upes izpétes ltmenim (B@rzes upes dalbaseiniem). [zvertjot dzivnieku
vienibu skaita ietekmi uz Niop, NO3-N, NH4-N, Piop Un PO4-P koncentraciju
veértibam, secinams, ka dzivnieku vienibu skaits augu baribas vielu koncentraciju
vértibas izskaidro ar R 0.04, 0.01, 0.01, 0.16, 0.19 (p<0.001). Izvértgjot
dzivnieku vienibu skaita sateces baseina ietekmi uz augu baribas vielu
koncentracijam, secinams, ka upes sateces baseina izpétes Iimeni (B&rzes upes
dalbaseini) rezultati nesniedz pilnvertigu prieksstatu par dzivnieku vienibu skaita
uz lauksaimniecibas noteces kvalitati, tadel nepiecieSami padzilinati p&tijumi.

3.4. Dabisko un antropogeno faktoru savstarpéja ietekme uz slapekla un
fosfora savienojumu izskalo$anos

Lai izvértétu dabisko un antropogéno agrohidrologisko faktoru summaro
ietekmi uz augu baribas vielu vidéjam koncentracijam (rezultativajam pazimém
Niop, NO3-N, NH3s-N, Pyop un POs-P koncentracijam) pétijuma perioda, Bérzes
upes izpétes limenim (Beérzes upes dalbaseiniem) veikta daudzfaktoru regresijas
analize.

Daudzfaktoru regresijas analizes rezultati att€loti vienadojumos Nr. 3.1.
lidz Nr. 3.5.

41



Nyop (4095) = 289 + (—0.84 51) (0.04 X CLCppars) (0.09 x

X CLCy,,)(0.44 X GS,) @.1)
kur

Niop — rezultativa pazime, mg LY

sl — vidgjais zemes virsmas slipums dalbaseina, %;

CLCmaks — Zemes lietojuma veids: maksligo (urbano) platibu ipatsvars dalbaseina,
%;

CLCy, — zemes lietojuma veids: tdenstilpnu Tpatsvars dalbaseina, %;

GSp — augsnes granulometriska sastava: malainu augsnu Ipatsvars dalbaseina,
%.

Berzes upes izpétes Itmeni, pétijuma perioda, vid&jas Nkop koncentraciju
vertibas (3.1. vienadojums) statistiski ticami palielina malainu aug$nu Tpatsvars
dalbaseina, uUdenstilpnu un maksligo (urbano) platibu ipatsvars dalbaseina,
samazina vid€jais zemes virsmas slipums dalbaseina, savukart statistiski ticami
neietekmé vidgja gaisa temperatiira, gada vidgjo nokriSnu summa, drengto platibu
Ipatsvars dalbaseina, lauksaimniecibas platibu ipatsvars dalbaseina, mezu un
dabisko platibu patsvars dalbaseina, mitrzemju (purvu) Ipatsvars dalbaseina,
grants Ipatsvars dalbaseina, smilSainu augsnu Ipatsvars dalbaseina, malsmilts
augsnu Tpatsvars dalbaseina, smilSmala augs$nu ipatsvars dalbaseina, purva
(klidras) augs$nu Tpatsvars dalbaseina, vidgjais dzivnieku vienibu skaits
dalbaseina pétijuma perioda. Determinacijas koeficienta vertiba regresijas
vienadojumam ir 0.86.

N03N (7,0.95) = —5.99 + (_0.68 Sl) (0.03 X CLCmaks)
(0.07 XX CLCyo) (0.30 X GSy) (0.43 X GS,)(0.12 XX 3.2)
GS,,¢)(0.09 X GS,)

kur
NOsN — rezultativa pazime, mg L
sl — vid&jais zemes virsmas slipums dalbaseina, %;
CLCars —zemes lietojuma veids: maksligo (urbano) platibu ipatsvars dalbaseina, %;
CLCy, — zemes lietojuma veids: tdenstilpnu Tpatsvars dalbaseina, %;
GSgr — augsnes granulometriska sastava: grants Ipatsvars dalbaseina, %;
GSn, — augsnes granulometriska sastava: malainu augsnu ipatsvars dalbaseina, %;
GSs — augsnes granulometriska sastava: malsmilts aug8nu patsvars dalbaseina,
%;
GSsm — augsnes granulometriska sastava: smilSmala augsnu ipatsvars dalbaseina,
%.

Bérzes upes izpetes Iltmeni, pétljuma perioda, vidgas NOs-N
koncentraciju vertibas palielina malainu augSnu, grants, malsmilts augsnu,
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smil§mala augsnu Tpatsvars dalbaseina, Gdenstilpnu un maksligo (urbano) platibu
Ipatsvars dalbaseind, samazina zemes virsmas slipums dalbaseina, savukart
statistiski ticami neietekm& vidgja gaisa temperatiira, gada vidéjo nokrisnu
summa, drenéto platibu ipatsvars dalbaseina, lauksaimniecibas platibu Ipatsvars
dalbaseina, mezu un dabisko platibu ipatsvars dalbaseina, mitrzemju (purvu)
ipatsvars dalbaseina, smilSainu augS$nu ipatsvars dalbaseina, purva (kudras)
augsnu Tpatsvars dalbaseina, vidgjais dzivnieku vienibu skaits dalbaseina
pétijuma perioda. Determinacijas koeficienta vertiba regresijas vienadojumam ir
0.97.

NH,4N (50.05) = 0.151 + (—0.047 sI) (0.004 X CLCppas)

3.3
(0.016 X% CLC,,)(0.001 X CLC,,)(—0.005 X GSy5) @3
kur
NH,N — rezultativa pazime, mg LY
sl — vid&jais zemes virsmas slipums dalbaseina, %;
CLCars — zemes lietojuma veids: maksligo (urbano) platibu ipatsvars dalbaseina,
%;
CLCy, — zemes lietojuma veids: Gdenstilpyu patsvars dalbaseina, %;
CLC,, — zemes lietojuma veids: mezu un dabisko platibu Ipatsvars dalbaseina, %;
GSps — augsnes granulometriska sastava: malsmilts augSnu Ipatsvars

dalbaseina, %.

Bérzes upes izpétes Iimeni, pétijuma perioda, videéjas NH4-N
koncentraciju vertibas palielina Gdenstilpnu, maksligo (urbano) platibu, mezu un
dabisko platibu T1patsvars dalbaseina, samazina zemes virsmas slipums
dalbaseina, ka arT malsmilts augSnu ipatsvars dalbaseina, savukart statistiski
ticami neietekmé vidgja gaisa temperatiira, gada vidgjo nokrisnu summa, dren&to
platibu Ipatsvars dalbaseina, lauksaimniecibas platibu ipatsvars dalbaseina,
mitrzemju (purvu) Tpatsvars dalbaseina, grants Tpatsvars dalbaseina, malainu
augsnu Tpatsvars dalbaseina, smil$ainu augSnu Tpatsvars dalbaseina, smil$mala
augsnu Tpatsvars dalbaseind, purva (kiidras) aug$nu Tpatsvars dalbaseina, vid€jais
dzivnieku vienibu skaits dalbaseina p&tijuma perioda. Determinacijas koeficienta
vertiba regresijas vienadojumam ir 0.93.
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Prop (7,095) = —0.087 + (—0.120 s1) (0.001 X CLCppas)
(0.002 X CLCyp,) (0.002 X CLCy0)(0.005 X GS,,,)(0.002 X (3.4)
X GSgn)(0.001 X Dzv)

kur

Prop — rezultativa pazime, mg LY

sl — vidgjais zemes virsmas slipums dalbaseina, %;

CLCars — zemes lietojuma veids: maksligo (urbano) platibu ipatsvars dalbaseina,
%;

CLCp,, — zemes lietojuma veids: mitrzemju (purvu) patsvars dalbaseina, %;

CLCy, — zemes lietojuma veids: tdenstilpnu Tpatsvars dalbaseina, %;

GSp — augsnes granulometriska sastava: malainu augsnu Ipatsvars dalbaseina,
%;

GSsim — augsnes granulometriska sastava: smilSmala augsnu Tpatsvars dalbaseina,
%;

Dzv — vid&jais dzivnieku vienibu skaits dalbaseina, gab.

Beérzes upes izpetes Iimeni, petijuma perioda, vidgjas Pkop koncentraciju
vertibas palielina malainu un smil§mala aug$nu Ipatsvars dalbaseina, Gdenstilpnu,
mitrzemju (purvu), maksligo (urbano) platibu ipatsvars dalbaseina, vidgjais
dzivnieku vienibu skaits dalbaseina, samazina zemes virsmas slipums dalbaseina,
savukart statistiski ticami neietekmé vidéja gaisa temperatiira, gada vid€jo
nokris$nu summa, drenéto platibu Tpatsvars dalbaseina, lauksaimniecibas platibu
Ipatsvars dalbaseina, mezu un dabisko platibu ipatsvars dalbaseina, grants
Tpatsvars dalbaseina, smilSainu augS$nu ipatsvars dalbaseina, malsmilts augsnu
Tpatsvars dalbaseina, purva (kiidras) augsnu ipatsvars dalbaseina. Determinacijas
koeficienta vertiba regresijas vienadojumam ir 0.94.

POLP (7005) = —0.071 + (—0.010 sI) (0.001 X CLCaxs)
(0.001 X CLCyn,) (0.002 X CLCy0)(0.005 X GS,,)(0.001 X (3.5)
X GS52)(0.001 X Dzv)

kur

PO,P — rezultativa pazime, mg LY

sl — vidgjais zemes virsmas slipums dalbaseina, %;

CLCpars — zemes lietojuma veids: maksligo (urbano) platibu ipatsvars dalbaseina,
%;

CLCp,, — zemes lietojuma veids: mitrzemju (purvu) patsvars dalbaseina, %;

CLCy, — zemes lietojuma veids: tdenstilpnu Tpatsvars dalbaseina, %;

GSp — augsnes granulometriska sastava: malainu augSnu Ipatsvars dalbaseina,
%;

GSsim —augsnes granulometriska sastava: smilSmala augsnu Ipatsvars dalbaseina,
%;

Dzv — vidgjais dzivnieku vienibu skaits dalbaseina, gab.
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Berzes upes izpétes Itmeni, petjjuma perioda, videjas PO4-P koncentraciju
vertibas palielina malainu augs$nu Ipatsvars dalbaseina, Gdenstilpnu, maksligo
(urbano) platibu, mitrzemju (purvu) ipatsvars dalbaseina, smil§mala aug$nu
patsvars dalbaseina un vidgjais dzivnieku vienibu skaits dalbaseina, samazina
zemes virsmas slipums dalbaseina, savukart statistiski ticami neietekme vidgja
gaisa temperatiira, gada vid€jo nokriSnu summa, drenSto platibu ipatsvars
dalbaseina, lauksaimniecibas platibu Ipatsvars dalbaseina, mezu un dabisko
platibu 1patsvars dalbaseina, grants Ipatsvars dalbaseina, smilSainu aug$nu
Ipatsvars dalbaseina, malsmilts aug$nu Ipatsvars dalbaseina, purva (ktidras)
augs$nu Tpatsvars da]baseind. Determinacijas koeficienta vertiba regresijas
vienadojumam ir 0.95.

Izvertgjot regresijas vienadojumus vidgjam Niop, NO3-N, NH4-N, Piop Un
PO4-P koncentracijam Be@rzes upes izpétes [Tmenim (B&rzes upes dalbaseini)
pétijuma perioda, secinams, ka mijiedarbiba ar citiem faktoriem, augu baribas
vielu koncentracijas statistiski ticami samazina vidgjais zemes virsmas slipums
dalbaseina, ka arf statistiski ticami palielina maksligo (urbano) platibu ipatsvars
dalbaseina, ka arT Gdenstilpnu skaits dalbaseina. Kopuma izvertgjot faktorus, kas
savstarp€ji mijiedarbojoties ietekmé vid€jas Nkop, NO3z-N, NH4-N, Pyop Uun POs-P
koncentraciju vértibas, planojot tdens kvalitates uzlaboSanas pasakumu
ievieSanu, nepiecieSams pastiprinati pieverst uzmanibu raksturigajam zemes
lietojuma veidam sateces baseina, augsnes granulometriskajam sastavam (Ipasi
malainu, malsmilts un smilSmala augsnu Ipatsvaram), ka arT vidgjam dzivnieku
vienibu skaitam dalbaseina.

Petijuma raksturoti dabiskie un antropogénie faktori, kas ietekmé
lauksaimniecibas noteces kvalitati (Nkop, NO3-N, NH4-N, Pyxop un PO4-P
koncentracijas) pétijuma perioda un attiecigi sniedz priek$statu par nepiecieSamo
pasakumu Vvirzienu, lai uzlabotu noteces kvalitati. Pétjjuma Bérzes, Mellupites un
Vienziemites monitoringa staciju drenu lauka un sateces baseina izpé&tes limenim,
ka ar1 Bérzes upes (Bérzes upes dalbaseini), G264 Ages, L118 Auces, V046 Edas,
V093 Slocenes izpétes lTmenos aprékini veikti izmantojot gada vidgjas noteces,
Nkop, NO3-N, NHa-N, Pxop un PO4-P koncentraciju un zudumu vertibas. Lai
sniegtu priekslikumus par nepiecieSamajiem pasakumiem lauksaimniecibas
noteces kvalitates uzlaboSanai, nepiecieSami papildu pétijumi, kuros datus
apskatit ne tikai gada vid€jo vertibu griezuma, bet ari detalizé€taka Itment
(ménesu, sezonu griezuma).
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SECINAJUMI UN PRIEKSLIKUMI

1. Dabiskie un antropogenie faktori, kas var ietekm&t augu baribas vielu
zudumus no lauksaimnieciskas darbibas ietekmétajiem izkliedéta (difiiza) un
punktveida piesarnojuma avotiem, ir atmosfeéras nokri$ni, gaisa temperatira,
notece, augsnes tips (augsnes granulometriskais sastavs, augsnes infiltracijas
koeficients, organisko vielu saturs augsng€, augsnes tidens uzkraSanas spgja,
augsnes organisko vielu mineralizacija, erozija), reljefs (zemes virsmas slipums,
ainavas iezimes), zemes lietojuma veids (lauksaimnieciba izmantojamo zemju
platiba sateces baseina), aramzemes Tpatsvars, kultlrauga veids,
lauksaimnieciskas darbibas (augsnes apstrades veids un laiks, slapekla un fosfora
méslosanas lidzeklu lictoSanas laiks un devas, kiitsméslu iestrades laiks un
metode, kiitsméslu novietnu izvéle, augu baribas vielu satura neizvertésana
kiitsmeslos, augu seka, majdzivniecku blivums), melioracijas sist€mas,
buferjoslas, klimata parmainas.

2. Drenu lauka un sateces baseina izp€tes limeni gada vid€ja nokriSnu
daudzuma ietekme uz gada vid€jo noteci vertg§jama ka vidgja, jo abu
raksturlielumu linearas regresijas vienadojumu determinacijas koeficienti ir
robezas no 0.44 lidz 0.64. Iegiitie rezultati liecina, ka noteci ietekmé ne tikai gada
vidgjais nokrisnu daudzums, bet arT citi faktori, piem&ram, nokri$nu izkriSanas
sezonalitate, gaisa temperatiira, augsnes granulometriskais sastavs, kultfiraugs.
3. Noteces apjoma paliclinasanas drenu lauka izpétes Iimeni, salidzinot ar
maza sateces baseina izp&tes Itmeni, izteiktak veicina Ngp zudumu
palielinasanos, attiecigi Niop zudumi drenu izpétes Iiment ir jutigaki pret noteces
mainibu, pretgji Pxop Zudumu veértibas drenu lauka izpétes limenT ir ar mazaku
izkliedi neka sateces baseina izp€tes Iimen, kas liecina, ka maza sateces baseina
izpetes Iiment janem véra ne tikai drenu noteces, bet arl virszemes noteces
veidoSanas ietekme uz Piop Zudumiem.

4. Nozimigakais dabiskais faktors, kas upes izpétes limeni palielina gada
vidgjas Niop, NOs-N, Pyop Uun POs-P koncentraciju vertibas, ir vid€ja puteklaina
smilSmala (sMp2) Tpatsvars sateces baseina, savukart nozimigakais faktors, kas
palielina vidéjas NHs-N koncentraciju Veértibas ir saistigas smilts (sS) Tpatsvars
sateces baseind. letekme, kas ir statistiski mazak nozimiga, raksturiga citu
augsnes veidu Tpatsvaram sateces baseina, ka arf zemes virsmas slipumam.

5. Nozimigakais antropogénais faktors, kas upes izpétes limeni palielina gada
vid€jas Nkop, NO3z-N un POs-P vértibas ir lauksaimniecibas platibu Tpatsvars
sateces baseina, nozimigakais faktors, kas palielina gada vid&as NHs-N
koncentraciju vertibas ir ddenstilpju Tpatsvars sateces baseina, savukart
nozimigakais faktors, kas palielina gada vidgjas Pkop koncentraciju vértibas ir
papuves Tpatsvars sateces baseina. letekme, kas ir statistiski mazak nozimiga,
raksturiga citu zemes lietojuma veidu, kultiraugu Tpatsvaram, ka arT dren&to
platibu Tpatsvaram un dzivnieku vienibu skaitam sateces baseina.
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6. Augu baribas vielu (Nkop, NO3z-N, NH4-N, Pyop Uun PO4-P) koncentracijas
upes izpétes ltment statistiski ticami savstarpgji ietekmé sekojosi dabiskie un
antropogénie faktori, kurus nepiecieSams nemt vera vert€§jot un planojot
pasakumus augu baribas vielu samazinasanai no lauksaimniecibas zemém:

6.1. vidgjas Nkop koncentraciju vertibas palielina malainu augsnu
ipatsvars dalbaseina, Udenstilpnu un maksligo (urbano) platibu Tpatsvars
dalbaseina;

6.2. vidgjas NOs3-N koncentraciju vertibas palielina malainu augsnu,
grants, malsmilts augsnu, smilSmala augsnu Tpatsvars dalbaseina, idenstilpnu un
maksligo (urbano) platibu 1patsvars dalbaseina;

6.3. vidgjas NHs-N koncentraciju vertibas palielina wdenstilpnu,
maksligo (urbano) platibu, meZzu un dabisko platibu Ipatsvars dalbaseina un
vertibas samazina malsmilts augsnu Tpatsvars dalbaseina;

6.4. vidgjas Pkop koncentraciju vertibas palielina malainu un smil§mala
augsnu Tpatsvars dalbaseina, idenstilpnu, mitrzemju (purvu), maksligo (urbano)
platibu Tpatsvars dalbaseina, vidgjais dzivnieku vienibu skaits dalbaseina;

6.5. vidgjas PO4-P koncentraciju veértibas palielina malainu augsnu
patsvars dalbaseina, tidenstilpnu, maksligo (urbano) platibu, mitrzemju (purvu)
ipatsvars dalbaseina, smilSmala augS$nu Tipatsvars dalbaseina un vidgjais
dzivnieku vienibu skaits dalbaseina;

6.6. vid&jas Nkop, NO3-N, Pkop Un POs-P koncentraciju vertibas samazina
vid&jais zemes virsmas slipums dalbaseina.

7. Lai ne tikai raksturotu dabisko un antropogéno faktoru ietekmi uz tidenu
kvalitati pétijuma perioda, bet arl prognozetu augu baribas vielu izskaloSanos
ietekmé&joSos faktorus, nepiecieSsami pétijumi plasaka geografiska méroga,
ietverot papildu pétijjumu vietas drenu lauka, maza sateces baseina un upes
limenos, ka ari monitoringa rezultatu un geotelpiskas informacijas izp&ti ménesu
un sezonala griezuma.

8. Ilegitie rezultati par agrohidrologisko faktoru ietekmi uz lauksaimniecibas
noteces kvalitati, izmantojami ierosinajumu izstradei par augsnes un fidens
apsaimniekoSanas pasakumiem lauksaimniecibas zemé&s, upju baseinu
apsaimniekoSanas planu veidosana, ka ar1 rekomendaciju izstradei Nitratu
direktivas (91/676/EEK) un Udens struktiirdirektivas (2000/60/EK) meérku
izpildes sasniegSanai Latvija.
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INTRODUCTION

Water resources are used to support the activities of different sectors of
the economy. The most important sectors consuming surface and groundwater in
Latvia are utilities (about 45%), agriculture (about 25%) and industry (about
20%) (Vides politikas pamatnostadnes 2021). Pollution by nutrients (biogenic
elements), mainly from industrial and municipal wastewater, as well as
agricultural runoff, constitute major pressure on inland waters (Eiropas Revizijas
Palata 2016; HELCOM 2021). Latvia is located on the coast of the Baltic Sea,
one of the most polluted seas in the world (Baltic Sea 2021). According to the
HELCOM Baltic Sea Action Plan and the 2019 European Economic Community
Report, agriculture (nitrate-nitrogen from agriculture) is the main source of
diffuse pollution of surface waters, mainly due to increased emissions of nutrients
and chemicals (European Commision Report 2019; HELCOM 2007). The Baltic
Sea receives about 78% of all nitrogen and 95% of all phosphorus pollution in
river runoff (Eiropas Revizijas Palata 2016).

The removal of nutrients by agricultural runoff is an unavoidable process;
if the amount of nutrients in the soil exceeds the nutrient uptake capacity of the
plants, contamination of surface water with nutrients will result. Intensive
eutrophication processes (increased plant growth and death due to nutrient
pollution) and hypoxia (reduced oxygen concentrations) in inland water
bodies (Howarth 2008; Moore et al. 2010), as well as in the Gulf of Riga and the
Baltic Sea (HELCOM 2021), have been identified as the most important negative
effects of nitrogen and phosphorus pollution. Although water quality in the Baltic
Sea is improving in the long term, the State of the Baltic Sea Report (2011-2016)
concludes that about 96% of the Baltic Sea area is assessed as poor or medium
quality including the entire open sea area and 86% of coastal waters (HELCOM
2018). The water system is a single unit, so the water quality of the Baltic Sea is
influenced by the ecological quality of inland surface water bodies including the
concentration and quantity of nutrients.

In order to ensure good quality of surface and ground waters and to
promote sustainable use of water resources, as well as to protect and improve the
quality of water resources, a number of regulatory documents and normative acts
have been established and implemented at the European Union and Latvian level.
The most important documents at the EU level are Directive 2000/60/EC of the
European Parliament and of the Council establishing a framework for community
action in the field of water policy (adopted on 23 October 2000) (Water
Framework Directive) and Council Directive 91/676/EEC (adopted on 12
December 1991) concerning the protection of waters against pollution caused by
nitrates from agricultural sources (Nitrates Directive), as well as the 1974 and
1992 Convention on the Protection of the Marine Environment of the Baltic Sea
Area (Helsinki Convention). The Nitrates Directive requires Member States to
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identify areas of particular sensitivity (land areas where water is or may be
affected by pollution), to draw up an action programme and implement its
measures to limit the use of all forms of nitrogen fertilisers and to regulate manure
storage, to monitor water and to set a limit value for the maximum permissible
concentration of NOs;(EU Nitrates Directive 1991). HELCOM’s report of
October 2021 concludes that the 2007 target for the Baltic Sea to achieve good
ecological quality by 2021 has not been met; the HELCOM Baltic Sea Action
Plan was updated in 2021 and requires Member States to prevent and
significantly reduce all types of pollution, including pollution by nutrients, by
2025 (HELCOM 2021). The Water Framework Directive (2000/60/EC) initially
set the target of achieving good surface water status (the status a surface water
body achieves when both ecological and physicochemical quality indicators are
at least “good”) for all surface water bodies in the EU by 2015 (EU Water
Framework Directive 2000). The quality factors for the classification of
ecological quality indicators for rivers in the Water Framework Directive
(2000/60/EC) are: biological factors, hydromorphological factors and
physicochemical quality factors (EU Water Framework Directive 2000). Overall,
40% of EU surface water bodies met the target by the deadline (EEA 2018). To
ensure that the target is met, the directive has been revised to require all water
bodies to achieve good qualitative and quantitative status by 2027 (Vides
politikas pamatnostadnes 2021). At the same time, the medium-term policy
planning document of the environmental protection sector developed by the
Ministry of Environmental Protection and Regional Development (MEPRD),
entitled “Environmental Policy Guidelines 2021-2027”, whose objectives are
subordinate to the Latvian Sustainable Development Strategy 2030 and the
Latvian National Development Plan 20212027, sets to achieve that by 2027, the
share of surface water bodies of high and good ecological quality is 35%
(includes assessment of biological, hydromorphological and physicochemical
indicators), as well as requires reduction of the nitrogen and phosphorus loads in
the Baltic Sea in line with the targets set in the HELCOM Baltic Sea Action
Plan (Vides politikas pamatnostadnes 2021). In order to explain the causes of
nutrient losses and to provide a basis for solutions to improve the ecological
quality of surface water bodies, it is necessary to identify the agrohydrological
factors that influence the composition of agricultural runoff and the leaching of
nutrients from agricultural areas.
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Purpose of the study: to assess the impact of agrohydrological factors on
the quality indicators of agricultural runoff in Latvia.

Tasks of the study:

1. to identify the natural and anthropogenic factors affecting nutrient
losses;

2. to characterise the influence of key natural factors on the leaching of
nitrogen and phosphorus from agricultural runoff in the study areas in Latvia at
the drainage field, small catchment and river levels;

3. to characterise the impact of major anthropogenic factors on the
leaching of nitrogen and phosphorus compounds from agricultural runoff in the
study areas in Latvia at the drainage field and river levels;

4. to assess the interrelationships between natural and anthropogenic
factors on the leaching of nitrogen and phosphorus compounds at the river study
level.

Thesis to be defended: natural and anthropogenic agrohydrological
factors influence the annual mean variability of TN, NOs-N, NHs-N, TP and
PO4-P concentrations in agricultural runoff at the study sites.

Scientific novelty of the thesis: the work is of high scientific importance
in the Latvian and international context as the analysis of the factors influencing
nutrient losses with a high level of detail, at three subordinate levels of study
(drainage field, small catchment and river level) has been carried out for the first
time in Latvia. The novelty of the thesis includes the evaluation of the influence
of soil texture, agricultural crops, proportion of drained areas and number of
livestock units in the catchment as individual factors on nutrient concentrations.
In addition, the scientific novelty of the study is driven by the evaluation of the
summary influence of multiple factors (mean air temperature, mean annual
precipitation, proportion of drained areas in the sub-basin, proportion of artificial
(urban) surfaces in the sub-basin, proportion of agricultural areas in the sub-basin,
proportion of forests and natural areas in the sub-basin, proportion of wetlands
(marshes) in the sub-basin, proportion of water bodies in the sub-basin,
proportion of gravel in the sub-basin, proportion of clay soils in the sub-basin,
proportion of sandy soils in the sub-basin, proportion of loamy sand soils in the
sub-basin, proportion of sandy loam soils in the sub-basin, proportion of bog
(peat) soils in the sub-basin) for the annual mean values of TN, NOs-N, NH4-N,
TP and PO4-P concentrations at the agricultural runoff study sites. The obtained
results, which describe the most important agrohydrological factors influencing
the quality of agricultural runoff, provide insights into the necessary measures
and suitable areas for implementation to improve runoff quality at the national
level of Latvia and elsewhere.

Practical application of the thesis: the thesis has practical application in
the Latvian and international context, because by identifying the most important
natural and anthropogenic agrohydrological factors affecting the leaching of
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nutrients from agricultural areas in Latvia and assessing the relationships,
interactions and impacts of the factors, the results can be used to predict nutrient
losses in equivalent agricultural areas, and the results can be used to develop
suggestions for soil and water management measures in agricultural lands, to
develop river basin management plans, and to achieve the objective of the
Nitrates Directive (91/676/EEC) “to reduce water pollution caused by nitrates-
nitrogen from agricultural sources and to prevent such pollution” and the
objective of the Water Framework Directive (2000/60/EC) “to halt deterioration
in the status of EU water bodies and achieve ‘good status’ for Europe’s rivers,
lakes and groundwater”.

The study uses data of agricultural runoff monitoring studies at different
interconnected study levels (drainage field, small catchment and river), the
implementation necessity of which is determined by the Environmental Policy
Guidelines 2021-2027 and the Environmental Monitoring Programme 2021—
2026, Chapter 2 “Water Monitoring Programme”, developed on its basis. Section
2 of the Environmental Policy Guidelines 20212027 sets out the objectives for
national environmental monitoring and describes the performance indicator
“monitoring of agricultural runoff ensured” in Paragraph 2.2.7 (Vides politikas
pamatnostadnes 2021). In addition, data obtained in the course of implementation
of the project “Implementation of river basin management plans towards good
surface water status” (LIFE GoodWater IP, LIFEI8 IPE/LV/000014) and
meteorological observations data of the SLLC “Latvian Environment, Geology
and Meteorology Centre” were used in the development of the thesis.
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1. ANALYSIS OF PREVIOUS RESEARCH

This chapter summarises the conditions affecting surface water quality,
the agrohydrological factors affecting the quality and quantity of agricultural
runoff, and describes the influence of natural and anthropogenic factors on the
composition of agricultural runoff.

1.1. Conditions affecting surface water quality

Available freshwater represents about 1% of total water supplies (Rogers
2008), and is distributed heterogeneously across the world’s regions. Demand for
freshwater is projected to increase by around 1% per year as the population
grows (WWAP 2018), while around 1.8 billion people will live in water-stressed
areas by 2025 (Rogers 2008). Water use is influenced by water quality and
quantity, local climatic and meteorological conditions, economic, industrial and
agricultural development, changing patterns of water use, and national regulatory
frameworks for industry and water management (WWAP 2017). The use of water
is also affected by its ability to disperse substances — water can dissolve more
substances than any other known substance on the planet, making it more
susceptible to pollution. Water pollution is categorised according to the nature of
the pollution and its source:

e chemical (inorganic substances, petroleum products, surfactants,
pesticides, organic substances), physical (thermal pollution, waste) and
biological (presence of animals, plants, fungi, bacteria, viruses not specific to the
water body);

e  point source (concentrated) and diffuse pollution.

The water cycle involves all water resources, including lithospheric and
atmospheric waters, so changes in any part of the water system network can have
knock-on effects, threatening water resources globally: groundwater, drainage
and surface water, including the ditch network, rivers, lakes, seas and oceans
(Zhang et al. 2021). Water has a natural ability to purify itself, but with increasing
consumption, wastewater and industrial development, the amount of clean water
is decreasing globally, so we need to reduce and limit water pollution wherever
possible.

Latvia is rich in water resources: 12 400 rivers, streams and large ditches,
and around 4 000 lakes and reservoirs together cover 3.7% of the country’s
territory (VARAM 2013). To ensure water protection and sustainability at the
regional level the river basin management plans (Daugava, Gauja, Lielupe and
Venta river basins) are developed for a 6-year period (latest 2021-2027) in
Latvia. The results of river monitoring are summarised in the annual report on
the status of surface and groundwater (River Basin District Management Plans
2021) produced by the SLLC “Latvian Environment, Geology and Meteorology
Centre” (LEGMC). According to the reports of the LEGMC, where the overall
assessment of the quality of water bodies is based on physicochemical and

55



biological indicators, with the assessment of biological indicators being the most
important, the results of surface water quality monitoring show that high or good
ecological quality was achieved in 31% of water bodies in 2015 (50 observation
stations), in 24% of water bodies in 2016 (85 observation stations), in 21% of
water bodies in 2017 (136 observation stations), in 32% of water bodies in 2018
(144 observation stations), in 30% of water bodies in 2019 (137 observation
stations), and in 52% of water bodies in 2020 (69 observation stations) (LVGMC
2021b). The LEGMC 2020 report concludes that 21% of water bodies are of high
quality, 31% of water bodies are of good quality, 43% of water bodies are of
medium quality, 4% and 1% of water bodies are of poor and very poor ecological
quality classes respectively (LVGMC 2021c¢).

To assess the factors affecting the quality and quantity of agricultural
runoff, the pressures on surface water bodies in Latvia need to be addressed. The
main sources of pressures on Latvia’s inland waters include industry and
municipal management (water use, wastewater volume, discharge, leakage of
hazardous substances), runoff from agricultural land (nutrient load, diffuse and
point source pollution), inland industrial and individual fishing and aquaculture
production, increasing numbers of alien and invasive species in the Gulf of Riga
and Baltic Sea, hydromorphological alterations (hydropower plants, dams,
polders, etc.), climate change (change in ambient temperature), flooding
(substantial amount of precipitation over a short period of time), tourism and
recreation, as well as transboundary transfer of pollutants (Environmental Policy
Guidelines 2021).

Agriculture is influenced by a variety of natural, economic, social and
political factors including climate, land wuse and catchment-specific
biogeographical conditions (Geographical Factors Influencing
Agriculture 2020). Over the past half century, the agricultural sector has
expanded and intensified to meet the increased demand for food caused by
population change (European Commision Report 2019). Agricultural land covers
around 47% of the area of the EU-27 and the United Kingdom, with agricultural
production increasing by 14.5% between 2010 and 2019 (European Commision
Report 2019). The agricultural sector is not only the world’s largest consumer of
freshwater resources, but also contributes to water pollution (Bechmann et al.
2009; WWAP 2017). Although the development eutrophication process and the
extent of cyanobacteria in water bodies (Figure 1.1) are influenced by various
factors, including prolonged high air temperatures (which promote the growth of
aquatic plants), low wind speeds (which prevent water mixing) and solar
radiation (which allows algae to absorb sunlight, raising water temperatures),
increased nitrogen to phosphorus ratios in the water also contribute to the
intensification of the process (WWAP 2017). As nutrients increase in water
bodies, the volume of aquatic plants and organisms increases, dissolved oxygen
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is used for both growth and decomposition, resulting in increased oxygen demand
and affecting oxygen availability for locally distributed biota (WWAP 2017).

Figure 1.1. Eutrophication process in the Baltic Sea, satellite images,
July 2005
A: (WWF 2011), B: (Kostianoy et al. 2006)

The Helsinki Convention was the first international agreement in the
world to protect the marine environment and recognised eutrophication as a major
process that is indicative of the deterioration of the Baltic Sea’s water quality. It
was adopted in 1974 (signed in Latvia in 1992), and, as part of the Strategic
Action Plan (HELCOM Baltic Sea Action Plan) approved in 2007, various
measures to reduce and prevent eutrophication continue to be integrated into the
binding instruments of the Member States. The change in plant nutrient losses
between 1900 and 2014 is summarised in Figure 1.2.
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Figure 1.2. Nutrient losses to the Baltic Sea from 1900 to 2014
(HELCOM 2018)
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Nutrient losses have decreased over the study period, but are generally
above or close to the maximum permissible value.

1.2. Agrohydrological factors affecting the quality and quantity of
agricultural runoff

HELCOM’s Baltic Sea Action Plan (2021) includes five themes as focal
points in the eutrophication segment: monitoring of implementation of nutrient
targets, agriculture, atmospheric nitrogen emissions, wastewater sector and
nutrient recycling. The management objective of the agriculture theme is to
reduce human-induced nutrient inputs, with the main ecological objectives being:
nutrient concentrations close to natural levels, clear water, natural algal bloom
levels, natural distribution of plants and animals, and natural oxygen levels.

In order to achieve good long-term ecological quality in the Baltic Sea,
the HELCOM Baltic Sea Action Plan 2021 update sets the maximum permissible
leaching of TN and TP in the Baltic Sea at 792 209 tonnes TN and 21 716 tonnes
TP per year, including 88 417 tonnes TN and 2 020 tonnes TP in the Gulf of
Riga (HELCOM 2021). In order to achieve the objectives, it is necessary to assess
the factors contributing to the pollution of the Baltic Sea with nutrients.

Several studies by other authors have shown that pollution is influenced
by many factors and their interactions, including natural and anthropogenic
factors:

e the Misselbrook et al. (1995) study shows that runoff volume, as
well as the amount of nutrient losses, is influenced by soil type (infiltration
coefficient and water holding capacity of the soil), the amount and intensity of
precipitation and the slope of the land surface;

e the Mander et al. (1998) study confirms that nutrient losses are
influenced by land use and meteorological conditions;

e the Tumas (2000) study on diffuse pollution sources in Lithuania
concluded that the transport of nitrogen and phosphorus compounds from
agricultural areas to surface water bodies is influenced by climate and agricultural
practices applied;

e the study by Randall and Mulla (2001) concluded that
uncontrollable factors such as atmospheric precipitation and soil organic matter
mineralisation have a significant impact on runoff, nutrient concentrations and
losses;

e the Sharpley et al. (2001) study on phosphorus losses concluded
that the factors influencing TP losses are soil texture, soil organic matter content
and soil infiltration rate, and further concluded that PO4-P losses are mainly
influenced by erosion, but that the transport of dissolved phosphorus species in
surface and drainage runoff to surface water bodies must also be taken into
account;
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e the Dinnes et al. (2002) study concluded that NO3-N leaching is
caused by a combination of factors including soil treatment, drainage systems in
the catchment, crop choice, soil organic matter content, as well as air temperature
and atmospheric precipitation;

e the Stalnacke et al. (2003) study on long-term trends in nutrient
concentrations in Latvian rivers concluded that increased losses of nutrients from
agricultural areas occur with intensive fertiliser application, especially in
situations where fertiliser application rates exceed crop nutrient requirements;

e the Sileika et al. (2005) study on factors influencing TN and TP
losses from small catchments in Lithuania concluded that both climatic factors
and agronomic factors such as soil treatment, fertilisation and livestock density
are important. Increased fertiliser application in the catchment results in higher
nitrogen losses (15 kg ha*/year), while high phosphorus losses are observed in
catchments with pronounced hills and clay soil types (0.318 kg ha/year);

e the Udawatta et al. (2006) study on nitrogen losses from
agricultural areas concluded that nitrogen losses are influenced by landscape
features, atmospheric precipitation, crop rotation and the timing of application of
nitrogen-containing mineral fertilisers;

e the Absalon and Matysik (2007) study on water quality changes in
a Polish river concluded that runoff volume plays an important role;

e  Studies by Buciene et al. (2007) and Singh et al. (2008) show that
sites with high animal densities are prone to contamination of surface water with
nutrients;

e the Cherry et al. (2008) study concluded that NO3s-N losses are
affected by excessive fertiliser application rates, failure to assess the nutrient
content of manure, spreading nutrients at the wrong time, autumn ploughing, and
that TP losses are influenced by erosion;

e the literature review of the study by Leone et al. (2008) points out
that TP losses are influenced by interactions between several factors such as
climate, drainage systems in the catchment, soil texture, buffer strips, vegetation
(crops) and topography;

o the Kyllmar et al. (2014) study on Swedish agricultural monitoring
catchments found that TN and TP losses vary with climate, soil texture,
proportion of arable land, crop type and animal density;

e the Piniewski et al. (2014) study on possible future scenarios in
relation to nutrient losses in a water body adjacent to the Polish Baltic Sea coast
concluded that the main drivers of nutrient losses are climate change and the
intensity of agricultural activity (increasing NO3z-N and POs-P losses by 20% over
35 years);

e the Rupp et al. (2018) long-term study on plant available
phosphorus compounds in soil, in a literature review indicates that TP losses are
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related to atmospheric precipitation, phosphorus fertiliser application and soil
clay content;

e  the Petersen et al. (2021) study found that there is a correlation
between the average concentration of TN and NOs-N in agricultural runoff and
precipitation, climate features, runoff layer, previous year’s runoff layer, annual
number of days with negative temperatures, area of agricultural land in the
catchment, livestock density, crops, choice of manure storage, time and method
of manure application, time of soil treatment.

Based on the above, it is to be concluded that there are many natural and
anthropogenic factors that can influence the leaching of nutrients from
agricultural areas, therefore the factors evaluated in the following chapters of the
thesis have been selected on the basis of two criteria:

e the most common factors identified in the literature as having a
significant impact on the quality and quantity of agricultural runoff have been
described;

e the choice of influencing factors is limited by the availability of
geospatial information and monitoring data.

1.2.1. Influence of natural factors on the composition of agricultural runoff

The following most important natural factors affecting the quality of
agricultural runoff, as identified in several studies (Clark, Mueller, and Mast
2000; lital et al. 2010; Petersen et al. 2021), have been selected for further
analysis:

e  meteorological factors:
= air temperature;
= atmospheric precipitation;
. runoff;
e  soil properties (texture);
e topography (slope of the surface).

Air temperature is a meteorological factor that depends on the uneven
inflow of solar radiation over the months and seasons (Klimats Latvija 2021).
Seasonal and annual changes in air temperature, as well as its maximum and
minimum values, affect agricultural processes including increased average air
temperature affecting the length of the crop growing season as well as growth
factors, in summer by promoting evaporation and potentially reducing runoff, and
in winter by promoting snowmelt and potentially increasing runoff (Deelstra et
al. 2011). The analysis of meteorological data from the LEGMC shows that there
has been a steady increase in air temperature from 1961 to 2020, expressed in
terms of both mean air temperature values and minimum and maximum air
temperature values (LVGMC 2021). The Stuntebeck et al. (2011) study shows
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that TP in runoff is higher during periods when the soil is not frozen (p<0.05)
(TP 1.13-4.21 mg L) compared to periods when the soil is frozen (TP
0.60-2.68 mg L). The length of the growing season (i.e. the number of days per
year when the average daily temperature is at least +5 °C) has a significant effect
on NOs-N leaching rate, because during the growing season plants use NO3-N for
growth processes and thus NOs-N leaching is prevented or reduced (Andersen et
al. 2014).

Atmospheric precipitation describes meteorological information.
Precipitation is caused when the atmosphere becomes saturated with water
vapour, which falls from clouds by gravity after reaching a condensation point.
There are several forms of precipitation that are seasonal: rain, snow, hail and
dew (LVGMC 2014). The impact of precipitation on runoff is significant; even a
few days of heavy precipitation can lead to an increase in average annual
runoff (Andersen et al. 2014; Randall and Mulla 2001; De Vos 2001). Runoff in
the warm season is influenced by the amount and intensity of rainfall, the duration
of precipitation and air temperature, while in winter it is influenced by the
thickness of the snow layer, the speed and intensity of snowmelt. The seasonal
distribution of precipitation (i.e. total annual precipitation compared to
precipitation during the growing season) also affects runoff (Udawatta et al.
2006). Extreme precipitation events contribute to greatly increased runoff and
thus cause significant leaching of TN (@dygarden et al. 2014), while heavy rainfall
and significant runoff cause less NOs-N loss than repeated moderate rainfall
events with low runoff (Jakab et al. 2017). Lack of precipitation in summer
(period of drought) leads to increased TN losses in the following seasons, mainly
on agricultural land cultivated in autumn (Bechmann and Bge 2021).

Runoff is the terrestrial stage of the water cycle, when water moves over
the land surface, soil and rock layers. A distinction is made between subsurface
and surface runoff. Surface runoff is generated during short and intense
precipitation events (rain) or snowmelt. Surface runoff can lead to soil erosion by
water, which can release phosphorus compounds bound to soil particles and
organic matter into drainage systems and watercourses (Tunney, Brookes, and
Johnston 1997). Drainage runoff can be a significant contributor to TN (89%)
and TP (76%) losses (Bechmann and Bge 2021). There is a relationship between
precipitation and runoff volume, and between runoff volume and TN losses
(Absalon and Matysik 2007; @ygarden et al. 2014; Randall and Mulla 2001).
Runoff volume is seasonal (@ygarden et al. 2014).

Soil characteristics and topography. Land resources, which include
soils, their characteristics and topography, are important for agricultural
production. Soil characteristics are influenced by topography (slope, altitude),
soil fertility (including organic matter supply, soil reaction levels, biological
activity), texture, moisture regime and drainage systems, as well as processes
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such as soil erosion, soil depletion, salinisation and contamination (Bu$manis
1999; Misselbrook et al. 1995). Soils with drainage systems installed are more
likely to infiltrate water; a study in Lithuania found that the amount of nutrients
transported by drainage waters depends on the soil structure with losses of
nutrients in sandy soils often twice as high as in sandy loam soils (Povilaitis et
al. 2015). Slope gradient and surface conditions affect NOz-N losses by
influencing the infiltration rate and the volume of water infiltrated. The Jakob et
al. (2017) study found that steeper slopes increase surface runoff and TN losses
through drainage systems are lower as infiltration is facilitated.

1.2.2. Influence of anthropogenic factors on the composition of agricultural
runoff

While natural factors play a role in the quality of agricultural runoff,
human activities also affect the characteristics of water resources. Studies (Abid
and Lal 2009; European Commission 2019; Grote, Craswell, and Vlek 2005;
Merseburger, Marti, and Sabater 2005) identify a number of important
anthropogenic factors influencing the composition of agricultural runoff:

e the proportion of the type of land use in the catchment;

e the proportion of the crop in the catchment;

e  drainage systems (proportion of drained areas in the catchment);
e agronomic factors (amount of mineral nitrogen fertiliser spread);
o livestock facilities (hnumber of animal units in the catchment).

To assess the quality of the most important anthropogenic influences on
agricultural runoff, the above factors are studied in more detail.

Type of land use is a characterisation of land based on its use. According
to the land cover mapping (Corine Land Cover CLC) nomenclature, 5 groups are
distinguished: artificial (urban) surfaces, agricultural areas, forests and natural
areas, wetlands (marshes), water bodies, which are further subdivided into
44 classes. CLC mapping has been carried out for the territory of Latvia several
times, starting in 1985 and most recently in 2018 (CLC 2018). In a study on the
relationship between nutrients and types of land use, a positive and
strong relationship was observed between the presence of water bodies in the
catchment and the mean NH4-N concentration value, while an increase in the
proportion of agricultural land in the catchment increases the TN, NOs-N, TP and
PO4-P concentration values. In the catchment, decreasing forest cover and natural
areas lead to increased losses of TN, NOs-N, TP and PO4-P and increasing
artificial cover in the catchment can contribute to TP and PO4-P losses (Camara,
Jamil, and Abdullah 2019; Huang et al. 2013; Siksnane and Lagzdins 2021).

McDowell and Omernik (1977) reported in their study that mean NOs-N
concentrations were significantly higher (2-6 mg L) in catchments with a
significant proportion of agricultural land compared to areas with a significant
proportion of forest land (0.1-0.5 mg LY) .
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A crop is a purpose-grown plant on a given area of agricultural land.
Selection of agricultural crop and nutrient application are controllable factors
affecting NOs-N losses in agricultural runoff (Randall and Mulla 2001; Kyllmar
et al. 2014). The study concludes that row crops have more significant NOz-N
losses than perennial crops (Randall and Mulla 2001), whose roots take up water
and nutrients over a longer period of time; this is supported by a study which
found that soils processed in autumn (i.e. grown annual crops) are more sensitive
to soil and nutrient losses compared to soils grown with perennial crops
(Bechmann and Bge 2021). In a study in Lithuania, Rudzianskaite and
Miseviciene (2005) found that at the study sites, NO3-N concentrations in runoff
from perennial grassland were 2.4-3.6 times lower than in runoff from arable
land. During the summer period, as hydrological activity decreases, NOs-N
leaching also decreases; this NOs-N leaching dynamic is observed regardless of
whether winter or summer crops are sown, as during the period at risk the crops
are unable to take up the NOs-N in the soil solution (Lagzdin$ et al. 2019;
Martinez-Feria et al. 2018).

Drainage systems. Latvia’s climate is characterised by average rainfall
that exceeds evaporation, so the construction and maintenance of drainage
systems is particularly important to reduce the impact of adverse weather
conditions on land management — the ability to cultivate farmland in a timely
manner (ploughing, cultivation, sowing, fertiliser spreading) (Skinkis 1986).
Drainage lowers the water table, prolonging the filtration path of nutrients into
the soil and allowing water to drain quickly from the topsoil thus allowing
machinery to move through the fields (Sudars, Popluga, and Krei§mane 2020).
Nitrogen and phosphorus compounds soluble in water (NOs-N and POs-P) are
observed in drainage systems, while surface runoff contains increased soil and
organic matter particles and concentrations of nitrogen and phosphorus
compounds that are not soluble (Ahiablame et al. 2011; McDowell and Sharpley
2001; Nguyen and Sukias 2002).

Agronomic factors and number of livestock units in the catchment
contributes to leaching of nutrients in agricultural runoff (Gupta et al. 2004;
Howarth 2008; Quinn 2004; Sileika et al. 2005; Tumas 2000). The main objective
of fertilisation is to ensure optimum crop yields, as a lack of nutrients can reduce
yields, while a surplus can contribute to the loss of nutrients to agricultural
runoff (Lal and Kimble 1997). Rudzianskaite and Miseviciene (2005) reported in
their study that there is a significant effect of fertiliser application rate on leached
NOs-N concentrations in agricultural runoff: increased fertiliser application rate
contributes to NOs-N leaching in agricultural runoff.

In order to limit NOs-N to agricultural runoff, the Nitrates Directive sets
a maximum permissible NO; concentration limit of 50 mg Lt NOs (converted to
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11.3 mg L NOs-N) (Agriculture and Natural Resources University of California
2012; EU Nitrates Directive 1991).

In the framework of the thesis, a detailed analysis of agrohydrological
factors was carried out based on the natural and anthropogenic factors identified
in the literature analysis that significantly affect the quality of agricultural runoff,
as well as taking into account available geospatial information and monitoring
data.

2. MATERIALS AND METHODS

This chapter briefly describes the origin of meteorological and
hydrological observation data of the diffuse pollution monitoring sites used in the
study, the objects of the study, the statistical and geospatial information analysis
methods applied in the analysis of the qualitative composition of agricultural
runoff.

2.1. Description of the study objects

To characterize the water quality data, the study uses data from diffuse
pollution monitoring sites:

e long-term data from the agricultural runoff monitoring programme
implemented by the Department of Environmental Engineering and Water
Management, Latvia University of Life Sciences and Technologies (Berze,
Mellupite, Vienziemite monitoring sites). The implementation of the monitoring
of agricultural runoff is determined by the Environmental Policy Guidelines
2021-2027 and the Environmental Monitoring Programme 2021-2026,
Chapter 2 “Water Monitoring Programme”, developed on its basis (Vides
politikas pamatnostadnes 2021);

e  dataobtained in the implementation of the project “Implementation
of river basin management plans of Latvia towards good surface water status”
(LIFE GoodWater IP, LIFE18 IPE/LV/000014) (the catchments of G264 Age,
L118 Auce, V046 Eda and V093 Slocene).

In order to describe the meteorological conditions in the study period from
1961 to 2021, meteorological observation data of the SLLC “Latvian
Environment, Geology and Meteorology Centre” (monitoring stations Dobele,
Saldus and Zoséni) were used.

For the diffuse pollution monitoring sites for which data have been
collected in the framework of the implementation of the agricultural runoff
monitoring programme, data have been collected at the level of small catchment
and drainage field since 1995 and at the level of the Berze River since 2005, while
the data collected under the LIFE GoodWater IP project for the monitoring sites
of G264 Age and V093 Slocene were collected from May 2020 to October 2021
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and for the monitoring sites of L118 Auce and V046 Eda from March 2021 to
December 2021.

Water samples are collected and analysed in a systematic and regular
manner that ensures the availability of continuous and uninterrupted data series.
The analysis of the chemical composition of water samples for the determination
of TN, NOs-N, NHs-N, TP and PO4-P concentrations in water samples is carried
out in an accredited laboratory.

Diffuse pollution monitoring sites are located in different regions of
Latvia and their locations are shown in Figure 2.1.
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Figure 2.1. Location of diffuse pollution monitoring sites in Latvia
2.1.1. Monitoring sites for agricultural runoff

There are three levels of research on diffuse agricultural pollution: river,
small catchment and drainage field (drainage field, small catchment and river
study levels of the Berze monitoring site, drainage field and small catchment
levels of the Mellupite and Vienziemite monitoring stations, G264 Age, L118
Auce, V046 Eda and V093 Slocene River catchment study levels).

The Berze River (hydrometric station Berze—Balozi) is a tributary of the
Svete River, which flows into the catchment of the Lielupe River, and is located
in central Latvia, in the Zemgale plain of the Central Latvia lowland. As part of
the monitoring of agricultural runoff in the catchment of the Berze River, water
samples are collected at 15 sampling points, and accordingly, the area of the
catchment of the Berze River is divided into 15 sub-basins. The sub-basins of the
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Berze River have been selected based on various criteria such as land use,
location of tributaries, available road infrastructure for monitoring. The level of
study of the river (sub-basins) of the monitoring site is shown in Figure 2.2.
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Figure 2.2. Study level of the Berze River

The Berze monitoring site (station), which consists of drainage field and
small catchment level, is located approximately 10 km away from the
hydrometric station Berze-Balozi. The area of the catchment of the Berze
drainage field study level is 0.78 km?, while the small catchment area is 3.75 km?2.
The study level of the drainage field and small catchment of the monitoring site
is shown in Figure 2.3.
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Figure 2.3. Berze monitoring site

The Mellupite monitoring site (station) consisting of drainage field and
small catchment level is located in the western part of Latvia (Saldus County), in
the Vadakste plain of the Central Latvia lowland (Latvijas fizikali geografiska
karte 2018). The area of the catchment of the Mellupite drainage field study level
is 0.14 km?, while the small catchment area is 9.76 km?.

The Vienziemite monitoring site (station), which includes drainage field
and small catchment level, is located in the north-eastern part of Latvia (Cesis
County), in the Piebalga Hills of the Vidzeme highlands (Latvijas fizikali
geografiska karte 2018). The area of the catchment of the Vienziemite drainage
field study level is 0.65 km?, while the small catchment area is 5.89 km?.
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G264 Age (river level) flows out of Lake Age and is part of the catchment
of the Gauja River. It is located in north-eastern Latvia. The monitoring site G264
Age consists of 14 water sampling sites with catchment areas of 0.04-183.6 km?,

L118 Auce (river level) is a tributary of the Svéte River; it flows out of
Lake Lielauce, belongs to the Lielupe River basin, and is located in the central
part of Latvia. The monitoring site L118 Auce consists of 15 water sampling sites
with catchment areas of 1.0-128.5 km?,

V046 Eda (river level) is a tributary of the right bank of the Venta River,
is part of the Venta River basin and is located in the western part of Latvia. The
monitoring site V046 Eda consists of 13 water sampling sites with catchment
areas of 9.1-300.9 km?,

V093 Slocene (river level) is part of the Venta River basin, located in the
western part of Latvia. The monitoring site V093 Slocene consists of 15 water
sampling sites with catchment areas of 0.2-149.9 km?.

2.2. Choice and characteristics of data processing methods used in the
study

The analysis of air temperature, atmospheric precipitation and runoff is
carried out using data collection and systematisation, descriptive statistical
analysis, parameter correlation. The analysis of concentrations and losses of
nutrients (TN, NOs-N, NHs-N, TP and PO4P) uses data compilation and
systematisation, descriptive statistical analysis, correlation and regression
analysis, threshold assessment, analysis of geospatial data, the Mann-Kendall test
for trend assessment, and multivariate regression analysis.

Correlation and linear regression analysis was performed using MS
Excel functions. The correlation analysis using the Pearson’s correlation
coefficient is used to determine the association between two datasets (Microsoft
2021); the study assumes that a strong association is characterised by a
correlation coefficient value above 0.7, moderately strong by 0.5 <r > 0.7, and
weak by a value below 0.5.

The linear regression analysis, described by a linear regression equation
and a coefficient of determination (R?), is used to determine the association
function between two data series.

The data conformity to the normal distribution was evaluated using
the IBM SPSS Statistics 22 function: Kolmogorov-Smirnov test, and it was
concluded that at the study levels of the drainage fields and small catchments of
Berze, Mellupite and Vienziemite, the values of runoff (mm), TN, NOs-N,
NH4-N, TP, PO4-P concentrations (mg L-1) and losses (kg ha-*) do not follow a
normal distribution, therefore, the non-parametric Mann-Kendall test was used to
predict trends in surface water quality.

To assess trends in surface water quality a modified Mann-Kendall
(MK) test was used (Libiseller and Grimvall 2002). The MK test is a non-
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parametric test that examines whether the data have an increasing or decreasing
trend or are randomly distributed over time (Curiac and Micea 2023). MK test
values are calculated using the macro program MULTMK/PARTMK developed
and adapted for MS Excel by C. Libiseller and A. Grimvall (2002), which
includes not only the effects of seasonal variation but also the effects of
anthropogenic and natural variation.

Multivariate regression analysis is used to study a wide range of
hydrological and meteorological data (Dimitriadou and Nikolakopoulos 2022;
Holder 1985; Patel et al. 2016). The analysis was carried out to show the
cumulative effect of agrohydrological factors on changes in the result attribute
(nutrient concentrations) over the study period. The multivariate regression
analysis was performed using the multivariate regression program function of
IBM SPSS Statistics 22 (Linear regression) for carrying out regression analysis.
The result attributes included in the multivariate regression analysis are the
concentrations of TN, NOs-N, NH:-N, TP and PO4-P. The factorial attributes
included in the regression analysis were selected on the basis of natural and
anthropogenic factors identified in the literature analysis as having a significant
impact on the quality of agricultural runoff taking into account the availability of
data and the need for the factors to be uncorrelated. Factorial attributes are mean
air temperature, mean annual precipitation, proportion of drained area, mean land
surface slope, proportion of land use type, proportion of soil texture type and
mean number of livestock units per sub-basin. Regression analysis was carried
out for the Berze River study level — 15 sub-basins. To obtain a statistically
reliable result, the factorial attributes with the lowest statistic significance were
progressively excluded until all factorial attributes used in the regression analysis
have a significance level within the 95% confidence interval and are considered
statistically reliable (Kafle 2019). The results are expressed as a regression
equation:

Ymp) = Bo + (Br X x1) (B2 X x3) oo (B X Xz) (2.0),
where

y — result attribute, mg L,

n — number of factorial attributes in the equation, pcs;

p — degree of confidence, without unit of measurement;

Bo — factor of the result attribute (free term), without unit of measurement;

B1, B2, Bn — coefficients of factorial attributes, without unit of measurement;

X1, X2, X, — factorial attributes, unit of measurement depends on the attribute.

Water quality assessment is carried out according to the catchment type
of the monitoring sites. According to the annexes of the river basin management
plans 20162021 for the Lielupe, Venta and Gauja river basins, the water bodies
of the Berze River belong to river types 3 and 4, while the catchments of the
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monitoring sites G264 Age, L118 Auce, V046 Eda and V093 Slocene belong to
river type 3 (Upju baseinu apgabalu apsaimniekoSanas plani 2021). In order to
compare the runoff quality at the drainage field and small catchment study levels,
in this study it is assumed that the catchments of the monitoring sites of Berze,
Mellupite and Vienziemite correspond to river type 2. The quality indicator
classes are indicated by colours: high quality is blue, good quality is green,
medium quality is yellow, poor quality is orange and very poor quality is red.
Table 2.1 shows the limit values for the physicochemical quality classes for
types 2 and 3.

Table 2.1. Threshold values for physicochemical indicator quality classes
for river types

(I:Qtdolr Type Good Medium Poor \[)/(??r/
m;'\:_’-l <15 | 1525 2535 3545 | >45
mﬂﬁ’ 2 | <01 | 01016 | 016024 | 024032 | >0.32
m;PL‘.l <0.045 | 0.045-0.090 | 0.090-0.135 | 0.135-0.180 | >0.180
ng,NL'-l <18 1823 2328 2833 3.3
mﬂ_’\i 3 | <009 | 009012 | 012-015 | 015-0.18 | >0.18
ngPL‘.1 <0.05 | 0.05-0.075 | 0.075-0.100 | 0.100-0.125 | >0.125

The maximum permissible limit value for mean NOs-N concentrations is
derived from the NOs concentration (11.3 mg L™ NOs-N) set in the Nitrates
Directive (Agriculture and Natural Resources University of California 2012; EU
Nitrates Directive 1991). There are no regulated limit values for PQO4-P
concentrations for water quality assessment in Latvia.

Geospatial information data analysis was used to assess the impact of
the soil texture, land use distribution, proportion of crops, number of animal units,
drainage systems. Data processing was performed using the ArcGIS Pro 2.6.0
software. Geospatial data are available for the territory of Latvia, so to reduce the
amount of data, they have been cut out for the catchment area of the Berze River
(Clip function). In order to estimate the proportion of each of the above types of
factors in the sub-basin, the ArcGIS Pro 2.6.0 software is used to recalculate the
areas and obtain a series of actual areas. The obtained data are processed in MS
Excel, and scatter plots are created to display the data.

To assess the impact of land surface slope, data from the Department of
Environmental Engineering and Water Management, Latvia University of Life
Sciences and Technologies, on the average land surface slope (%) in the sub-
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basin areas of the Berze River, derived from the digital elevation model (LGIA
2023) and compiled in MS Excel, were used.

To assess the impact of the application of mineral fertiliser containing
nitrogen, the drain field study level of the Mellupite monitoring station was
selected. Data on nitrogen fertiliser (pure substance) application rate, TN losses
and loss rates during the study period (1995-2021) were evaluated.

3. RESULTS AND DISCUSSION

This chapter describes the results of the study, characterizing the current
situation at diffuse pollution monitoring sites, analyses data on natural and
anthropogenic factors that significantly affect the quality of agricultural runoff,
and data on water chemistry (TN, NO3z-N, NHs-N, TP and PO.-P concentrations
and losses) taking into account the available geospatial information and
monitoring data. The chapter includes an assessment of the threshold values for
the physico-chemical indicator quality classes, descriptive statistics analysis,
parameter correlation, the Mann-Kendall test for trend assessment, analysis of
geospatial data, and multivariate regression analysis.

3.1. Description of the water chemistry at the monitoring sites

Water quality in the Berze, Mellupite and Vienziemite drainage field and
catchment study levels is assessed using long-term data on annual mean
concentrations of TN, NO3-N, NH4-N, TP un PO.-P over the study period (1995—
2021) and assuming that the catchments are of river type 2. The main results are
summarised in Tables 3.1 and 3.2.

Table 3.1. Percentage distribution of annual mean TN concentrations in
quality classes at the drainage field and catchment study levels of the
Berze, Mellupite and Vienziemite monitoring stations, 1995-2021

Monitoring Quality class
Study level station High, | Good, | Medium, Poor, Very
% % % % poor, %
Drainage Berze 0.0 0.0 0.0 0.0 100.0
field study Mellupite 0.0 0 0.0 3.7 96.3
level Vienziemite 59.3 40.7 0.0 0.0 0.0
H Berze 0.0 0.0 0.0 0.0 100.0
sctﬁtdcy :25’;} Mellupite 00 | 148 | 185 37 20.7
Vienziemite 29.6 66.7 3.7 0.0 0.0

Comparing the catchment and drainage field study levels of the Mellupite
and Vienziemite monitoring sites, TN concentrations are lower at the catchment
study level and the water quality class is consequently higher; this can be
explained by the different distribution of runoff volumes at the study levels of the
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monitoring sites. Comparing the three monitoring stations at the two study levels,
it can be concluded that the water quality is the highest at the Vienziemite
drainage field study level, which can be explained by the extensive agricultural
production conditions in the contributing area, where permanent grass is grown
on agricultural land.

Table 3.2. Percentage distribution of annual mean TP concentrations in
quality classes at the drainage field and catchment study levels of the
Berze, Mellupite and Vienziemite monitoring stations, 1995-2021

Monitoring Quality class
Study level station High, Good, | Medium, | Poor, Very
% % % % poor, %
Drainage Berze 18.5 70.4 11.1 0.0 0.0
field study Mellupite 40.7 445 7.4 3.7 37
level Vienziemite | 815 | 185 0.0 0.0 0.0
Catchment Berze 3.7 14.8 33.3 33.4 14.8
n 3
study level Mellyplt_e: 29.6 48.2 14.8 3.7 3.7
Vienziemite 74.1 14.8 7.4 3.7 0.0

In general, TP concentrations from drained agricultural land are
considered to be low, as indicated by the high percentages of values for high and
good water quality except at the study level of the small catchment of the Berze
site. Studies have shown that during heavy rainfall and snowmelt, clay particles
can leach out of clay soils together with bound phosphorus and contribute to TP
losses (Eriksson et al. 2013; @ygarden, Kverner, and Jenssen 1997; Ulén,
Stenberg, and Wesstrom 2016), accordingly, the mean TP concentrations at the
study level of the small catchment of the Berze site are due to the high proportion
of clay soils in the catchment.

The monitoring site V093 Slocene has been selected as an example for the
characterisation of water quality at the river level . The results are presented as a
block diagram showing the flow direction of the river and the 15 water sampling
sites, as well as the mean concentrations of TN, NHs-N, TP and NOs-N
(Figure 3.1). The colour coded markings in the block diagram correspond to the
physico-chemical quality classes; V093 Slocene catchments belongs to river
type 3.
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Figure 3.1. Mean values of concentrations of TN, NH4-N, TP and NOs-N at
monitoring site V093 Slocene for the period from May 2020 to October
2021, mg L*

All sub-basins of the monitoring site V093 Slocene have TN
concentrations in the poor or very poor quality class during the study period. The
mean TP concentrations for the 13 sub-basins are in the high or good water
quality class with the exception of two sub-basins, GWSLG2, GWSLT, which
are in the poor water quality class (except NOs-N concentration values). The
mean NOs-N concentration limit value of 9.5 mg L? is exceeded in basin
GWSLDKZ1 where the water sample is collected from a drainage collector, which
is in line with the literature on the impact of drainage systems on leaching of
nutrients (Randall and Mulla 2001).

The impact of agricultural activities is strongly observed at water
sampling sites GWSLG2, GWSLG1 and GWSLDK1, which have the highest
mean TN concentrations and a high proportion of agricultural land in their
catchments.

The results of the analyses of water samples collected upstream
(GWSLTC) and downstream (GWSLT) of the Tume Village indicate a negative

73



impact of the village on the water quality in the Tume Stream as the mean
concentrations of TN, NHs-N and TP in the water downstream the village
increase significantly, which may indicate incomplete treatment of municipal or
industrial wastewater in the Tume Village or discharge of wastewater from
decentralised sewerage systems located in the Tume Village into the Tume
Stream.

In order to assess long-term trends in runoff (mm) as well as
concentrations (mg L) and losses (kg hat) of TN, NOs-N, TP and PO4-P, the
Mann-Kendall (MK) test was performed for the drain field and catchment study
levels of the monitoring stations of Berze, Mellupite and Vienziemite. The
calculated MK test values (MK-stat) are summarised in Tables 3.3 and 3.4.

Table 3.3. MK test values for runoff (mm), TN and NOs-N concentrations
(mg Lt) and losses (kg ha?) at the drainage field and catchment study level
of the monitoring stations of Berze, Mellupite and Vienziemite, 1995-2021

Indicator
Monito )
Study | Vg | MKestat, | MK-stat, | MK-stat, | MK-stat, I;/tlzi
level . runoff, TN, NOs-N, TN, Y
station NOs-N
mm mg L mg L™ kg har! kg ha'l

Draina | Berze | (+)0.055 | (1372 | (1210 | (0512 | (-)0.506

ge field |Mellupite | (-)0.046 | (+)1.904 | (+)2.199" | (+)0.473 | (+)0.682

study Vienzie-
level .
mite

Catch Berze (-)0.779 (+)0.546 | (+)0.984 | (-)0.807 | (-)0.226

ment | Mellupite | (-) 1.215 | (+)2.614" | (+) 2.933" | (+)0.901 | (+)1.818

study Vienzie-
level mite (+) 0.604 (-) 21717 (-) 0.845 (-) 0.004 | (+)0.088

* - statistically reliable, p < 0.05.

(+)1.854 | (-)4.338" | (-)4.058" | (+)0.545 | (-)0.341

There are regional differences in trends of runoff. When assessing the
losses of TN and NOs-N at the Berze monitoring station, there is a decreasing
trend at the drainage field and catchment study level, in contrast to an increasing
trend at the drainage field and catchment study level at the Mellupite monitoring
station. Meanwhile, different trends are observed at the drainage field and
catchment levels of the Vienziemite monitoring station (at the drainage field
level, TN concentrations tend to increase and NOs-N concentrations tend to
decrease, and at the catchment level, TN concentrations tend to increase and
NOs-N concentrations tend to decrease) indicating the influence of different
factors on TN and NOs-N losses.
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Table 3.4. MK test values for TP and POs-P concentrations (mg L) and
losses (kg ha?) at the drainage field and catchment study level of the
monitoring stations of Berze, Mellupite and Vienziemite, 1995-2021

Indicator
Study level | MOMIONNG | MK.stat, | MK-stat, | MK-stat, | MK-stat,
station TP, PO4-P, TP, POu-P,
mg L mg L kg hat kg ha!
Berze (-)1.893 | (-)0686 | (-)0.606 | (-)0.327

Drainage
field study Mellupite (-)2.329" | (-)0.774 (-)1.338 (-) 0.383

level Vienziemite | (-)2.243° | (1714 | (+)0.865 | (+)1.168
Berze (-)3.887 | (-)2.902" | (-)2.550" | (-)1.182
Catchment ; -
Mellupite -)1.112 +) 0.473 -) 2.661 -) 0.499
study level p () (+) () ()
Vienziemite | (-) 2.665" | (-)2.735° | (-)1.017 | (-)0.992
* - statistically reliable, p < 0.05.

All monitoring sites show a decreasing trend in TP concentrations, with 4
out of 6 sites showing statistically reliable values. Similar trends can be observed
in PO4-P concentrations,with the exception of the Mellupite catchment the study
level, where PO4-P concentrations tend to increase.

The low number of statistically reliable MK test results is due to the
seasonal and annual distribution of runoff at the monitoring sites. Although the
results of the MK test show that the trends are different and there are cases where
the concentrations and losses of TN, NOsz-N, TP and PO4-P in runoff are
decreasing, the results summarised in Tables 3.3 and 3.4 cover the whole study
period (1995-2021), and it may be necessary in future studies to perform the MK
test for different study periods where changes in legislation have taken place or
international regulations have been introduced to characterise the trends in more
detail.

3.2. Effect of natural factors on leaching of nitrogen and phosphorus
compounds

Sub-chapter 3.2 assesses the effect of natural factors on nutrient
concentrations at the agricultural runoff monitoring sites.

The variability of air temperature and precipitation during the study
period at the monitoring sites of Berze, Mellupite and Vienziemite confirms the
conclusions of the LEGMC about the increase in average air temperature and
decrease in average precipitation in the territory of Latvia, which are indicative
of climate variability (LVGMC 2021).
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Relation of annual mean runoff to precipitation for Berze drainage
field and catchment study levels is shown in Figure 3.2. The relationships
between annual mean precipitation (mm) and annual mean runoff (mm) for the
period 1995-2021 are assessed using scatter plots; a scatter plot and a linear
regression equation are used to describe the degree of relationships.
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Figure 3.2. Relationship between annual mean runoff (mm) and annual
mean P (mm) at the drainage field (A) and catchment (B) study level of the
Berze monitoring station, 1995-2021

When assessing the interactions between runoff and precipitation at the
drainage field and catchment study levels of the Berze, Mellupite and
Vienziemite monitoring sites, increased precipitation contributes to increased
runoff at both the drainage field and catchment study levels, which is consistent
with the literature review (@ygarden et al. 2014; Randall and Mulla 2001);
seasonality of atmospheric deposition is also important.

The relationship between TN losses and runoff is illustrated at Berze
drainage field (Figure 3.3) and catchment (Figure 3.4) study levels.
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Figure 3.3. Relationship between TN losses (kg ha') and runoff (mm) at the
drainage field study level of Berze, Mellupite and Vienziemite monitoring
stations, 1995-2021

The plant nutrient loss values are calculated by summing the daily average
flow times the daily average concentration of the nutrient in the water sample. At
the drain field study level (Figure 3.3), runoff volume explains the loss of TN
with R? values of 0.51 for Berze, 0.54 for Mellupite and 0.27 Vienziemite
monitoring stations (p<0.001), suggesting that other factors also influence the
losses of nutrients.

At the drainage field study level, runoff volume explains the TP losses
with R? values of 0.59 for Berze, 0.24 for Mellupite and 0.10 for Vienziemite
monitoring stations (p<0.001). Compared to the dispersion of TN losses, TP
losses have a smaller range of values at the drainage field study level.
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Figure 3.4. Relationship between TN losses (kg ha') and runoff (mm) at the
catchment field study level of Berze, Mellupite and Vienziemite monitoring
stations, 1995-2021

At the catchment study level (Figure 3.4), runoff volume explains the TN
losses with R? values of 0.60 for Berze, 0.47 for Mellupite and 0.57 for
Vienziemite monitoring stations (p<0.001). The small catchment study level has
a lower dispersion of values compared to the drainage field study level, which
can be explained by the fact that at the drainage field study level, TN loss rate
changes react strongly to increases in runoff (Povilaitis et al. 2015).

At the catchment field study level, runoff volume explains the TP losses
with R? values of 0.53 for Berze, 0.20 for Mellupite and 0.02 for Vienziemite
monitoring stations (p<0.001). In general, the TP loss values at the drainage field
study level have a lower dispersion than at the catchment study level, due to the
influence of surface runoff at the small catchment study level, which is not
pronounced at the drainage field study level.

The effect of land surface slope was assessed by determining the average
effect of land surface slope at the Berze River study level (for 15 sub-basins of
the Berze River) on nutrient concentrations. Mean values of TN, NO3z-N, NH4-N,
TP and POs-P concentrations in the sub-basins of the Berze River and the
proportion of agricultural land are explained by R? of 0.17, 0.16, 0.14, 0.24, 0.19
(p<0.001). Although the coefficients of determination are low, the observed trend
confirms the literature that steeper slopes have lower concentrations of TN,
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NOs-N because water infiltration is inhibited and surface runoff is generated
(Jakab et al. 2017), while the results on the relationship of TP and PO4-P
concentrations with land surface slope contradict the literature that surface runoff
can lead to soil erosion and leaching (Lagzdin$ et al. 2019; Quinton, Catt, and
Hess 2001). When assessing the effect of land surface slope on nutrient
concentrations, it can be concluded that the results at the catchment level (sub-
basins of the Berze River) do not provide a complete picture of the effect of land
surface slope on the quality of agricultural runoff, and therefore more in-depth
investigation of the data at other study levels is needed.

The influence of soil properties was assessed by determining the
proportion of types of soil texture in the sub-basins of the Berze River (Berze
River study level) and their interactions with TN, NOsz-N, NHs-N, TP and PO4-P
concentration values. The main results are summarised in Figures 3.5 and 3.6.
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Figure 3.5. Relationship of TN (A) and NOz-N (B) (mg L-!) to the
proportion (%) of medium dusty sandy loam (sMp2) at the Berze River
study level, 2005-2021

The values of the annual mean TN and NOs-N concentrations in Berze
River sub-basins are explained by medium dusty sandy loam (sMp2) with R? of
0.81 and 0.87 (p<0.001).
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Figure 3.6. Relationship of TP (A) and PO4-P (B) (mg L™!) to the proportion
(%) of medium dusty sandy loam (sMp2) at the Berze River study level,
2005-2021

The annual mean values of TP and PO4-N concentrations in Berze River
sub-basins are explained by medium dusty sandy loam (sMp2) with R? of 0.59
and 0.63 (p<0.001). There is a wide range of values for effect indicators for the
proportion of gravel (Gr), loose sand (iS), heavy and medium clay (M1), clayey
gravel (mGr), loamy sand (mS), dusty loamy sand (mSp), heavy sandy loam
(sM2), medium sandy loam (sM2), light sandy loam (sM3), heavy dusty sandy
loam (sMpl), light dusty loam (sMp3), cohesive sand (sS), peat (T), well
decomposed peat (I), medium decomposed peat (vd), poorly decomposed peat
(vj) on the annual mean values of TN, NOs-N, NH4-N, TP and POs-P
concentrations (R? values ranging from 0.00 to 0.42 (p<0.001)).

3.3. Effect of anthropogenic factors on leaching of nitrogen and phosphorus
compounds

Sub-chapter 3.3 assesses the effect of anthropogenic factors on nutrient
concentrations in the agricultural runoff monitoring sites.

The effect of the proportion of land-use type distribution is assessed
for the Berze River study level (for the sub-basins of the Berze River). To
characterise the effect of the proportion of land use type in the catchment on plant
nutrient concentration values, CLC 2018 data were analysed. The most
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significant effects of land-use type distribution on TN, NOs-N, TP and PO.-P
concentration values at the Berze River study level are shown in Figures 3.7 and
3.8.
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Figure 3.7. Relationship of TN (A) and NOs-N (B) (mg L) to the
proportion (%) of agricultural lands at the Berze River study level,
2005-2021

Mean values of TN and NOs-N concentrations in the sub-basins of the
Berze River are explained by the proportion of agricultural land with R? of 0.67
and 0.82 (p<0.001). The correlation coefficient between TN and NO3z-N
concentration values and the proportion of agricultural land in the catchment is
0.82 and 0.91 (p<0.001); it can be concluded that as the proportion of agricultural
land in the catchment increases, TN and NOs-N concentrations in runoff will
increase, which is in agreement with the literature (Huang et al. 2013; Mcdowell
et al. 2001). Conversely, when looking at the relationship of TN and NOs-N
concentration values to the proportion of forest and natural areas, TN and NO3-N
concentrations in runoff will decrease (correlation coefficient -0.76 and -0.85
(p<0.001)). Runoff from agricultural areas is characterised by a high proportion
of NOs-N, which explains the closer degree of correlation between mean NO3-N
concentrations and the proportion of agricultural land in the catchment.

81



A B

0.080 0.080
° y = 0.0007x - 0.0045
= 0.070 0070 R2=0.5058
£ 0.060 b S > 0060 °
s ® g 0
S 0050 8 S 0050
s = o
£ 0040 o £ 0.040 o
e o 3 9
S 0.030 ° S 0.030 o -
o R o -®
T 0020 e, %0020 2
@) ° . @
. 4
0.010 = y=0.0006x + 0.0123 0.010 o®
R2=0.4111
0.000 0.000
0 50 100 0 50 100
Agricultural areas, % Agricultural areas, %

Figure 3.8. Relationship of TP (A) and PO4-P (B) (mg L) to the proportion
(%) of agricultural lands at the Berze River study level, 2005-2021

Mean values of TP and PO4-P concentrations in the sub-basins of the
Berze River and the proportion of agricultural land are explained by R? of 0.37
and 0.48 (0.001). The correlation coefficient between TP and POs-P
concentration values and the proportion of agricultural land in the catchment is
0.61 and 0.69 (p<0.001); it can be concluded that as the proportion of agricultural
land in the catchment increases, TP and PO4-P concentrations in runoff will
increase, which is in agreement with the literature (McDowell and Sharpley
2001). Conversely, when looking at the relationship of the concentration values
to the proportion of forest and natural areas, TP and PO4-P concentrations in
runoff will decrease (correlation coefficient -0.60 and -0.68 (p<0.001)).

The effect of land use type on nutrient concentrations suggests that the
proportion of agricultural land should be considered when planning measures to
improve water quality in the catchment.

Effects of crop proportion in the catchment have been assessed for the
Berze River study level (15 sub-basins of the Berze River). The effect of the
relationship of nutrient concentrations to crop proportion in the sub-basins of the
Berze River shows a wide range of values (R? values between 0.00 and 0.42
(p<0.001)). Mean values of TN and NO3-N concentrations in the sub-basins of
the Berze River are explained by the proportion of winter rape with R? of 0.33
and 0.40 (p<0.001). Meanwhile, mean values of TP and PO4-P concentrations in
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the sub-basins of the Berze River are explained by the proportion of winter wheat
with R? of 0.28 and 0.35 (p<0.001).

The annual mean values of TN, NOs-N, NH4s-N, TP and POs-P
concentrations are explained by spring wheat, spring rape, field beans, arable
land, permanent grassland and maize with R2 ranging from 0.00 to 0.27.

The effect of drainage systems has been assessed by evaluating the effect
of the proportion of drained areas in the sub-basins of the Berze River (Berze
River study level) on nutrient concentrations.

Annual mean values of TN, NOs-N, NHs-N, TP and PO4-P concentrations
in the sub-basins of the Berze River are explained by the proportion of drained
areas with R? of 0.27, 0.39, 0.07, 0.24 and 0.27 (p<0.001). When assessing the
effect of drainage systems on nutrient concentrations, it can be concluded that,
although the coefficient of determination is relatively low, the proportion of
drained areas in the catchment tends to increase with increasing proportion of
soluble forms of nitrogen and phosphorus compounds (NO3-N and POs-P), so the
proportion of drained areas should be taken into account when assessing factors
affecting nutrient losses in the catchment.

The assessment of the impact of the application of mineral fertiliser
containing nitrogen was carried out for the Mellupite drainage field. During the
study period, there is a marked variation between the amount of nitrogen applied
and TN losses and their percentage. When assessing the losses of the amount of
nitrogen applied and TN for the 1995-2021 period, the average fertiliser
application rate is 159.4 kg ha, TN losses are 17.8 kg ha!, and, accordingly, the
average losses in the runoff amount to 13.4% of the applied fertiliser.

Effects of the number of animal units in the catchment have been
assessed for the Berze River study level (sub-basins of the Berze River).
Evaluating the effect of the number of animal units on the values of TN, NOs-N,
NHs-N, TP and POs-P concentrations, it was found that the number of animal
units explain the values of plant nutrient concentrations by R? of 0.04, 0.01, 0.01,
0.16, 0.19 (p<0.001). When assessing the effect of the number of animal units in
the catchment on plant nutrient concentrations, it can be concluded that the results
at the catchment level (sub-basins of the Berze River) do not provide a complete
picture of the effect of the number of animal units on the quality of agricultural
runoff, and therefore in-depth studies are needed.

3.4. Mutual effect of natural and anthropogenic factors on leaching of
nitrogen and phosphorus compounds

In order to assess the cumulative effect of natural and anthropogenic
agrohydrological factors on the mean nutrient concentrations (TN, NO3z-N, NHs-
N, TP and PO.-P concentrations) in the study period, a multivariate regression
analysis was performed for the Berze River study level (sub-basins of the Berze
River).
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The results of the multivariate regression analysis are shown in equations
3.1t0 3.5.

TN (4,095) = 2.89 + (=0.84 51) (0.04 X CLCppqs) (0.09 X

X CLCyu,)(0.44 X GSp,) 3.1)
where
TN — result attribute, mg L;
sl — average slope of the ground surface in the sub-basin, %;

CLCpars —type of land use: proportion of artificial (urban) surfaces in the
sub-basin, %;

CLCy, — type of land use: proportion of water bodies in the sub-basin, %;

GSp, —soil granulometric composition: proportion of clayey soils in the
sub-basin, %.

During the study period, at the Berze River study level the mean values of
TN concentrations (Equation 3.1) are statistically significantly increased by the
proportion of clay soils in the sub-basin, proportion of water bodies and artificial
(urban) surfaces in the sub-basin, are reduced by the average land surface slope
in the sub-basin, but are not statistically significantly affected by the mean air
temperature, mean annual precipitation, proportion of drained areas in the sub-
basin, proportion of agricultural areas in the sub-basin, proportion of forests and
natural areas in the sub-basin, proportion of wetlands (marshes) in the sub-basin,
proportion of gravel in the sub-basin, proportion of sandy soils in the sub-basin,
proportion of loamy sand soils in the sub-basin, proportion of sandy loam soils
in the sub-basin, proportion of bog (peat) soils in the sub-basin, the average
number of animal units in the sub-basin over the study period. The coefficient of
determination for the regression equation is 0.86.

NOsN (7095) = —5.99 + (—0.68 sI) (0.03 X CLCpqs)
(0.07 XX CLCyo) (0.30 X GSyp) (043 X GSp)(0.12 X (3.2)
X GSs)(0.09 X GSsp)

where
NO3zN — result attribute, mg L%,
sl — average slope of the ground surface in the sub-basin, %;

CLCmaks —type of land use: proportion of artificial (urban) surfaces in the
sub-basin, %;

CLCy, — type of land use: proportion of water bodies in the sub-basin, %;
GSgr — soil granulometric composition: proportion of gravel in the sub-basin, %.
GS, —soil granulometric composition: proportion of clayey soils in the

sub-basin, %;
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GSps —soil granulometric composition: proportion of loamy sand soils in the
sub-basin, %.

GSsm —soil granulometric composition: proportion of sandy loam soils in the
sub-basin, %.

During the study period, at the Berze River study level the mean values of
NOs-N concentrations are increased by the proportion of clay soils, gravel, loamy
sand and sandy loam soils in the sub-basin, proportion of water bodies and
artificial (urban) surfaces in the sub-basin, are reduced by the land surface slope
in the sub-basin, but are not statistically significantly affected by the mean air
temperature, mean annual precipitation, proportion of drained areas in the sub-
basin, proportion of agricultural areas in the sub-basin, proportion of forests and
natural areas in the sub-basin, proportion of wetlands (marshes) in the sub-basin,
proportion of sandy soils in the sub-basin, proportion of bog (peat) soils in the
sub-basin, the average number of animal units in the sub-basin over the study
period. The coefficient of determination for the regression equation is 0.97.

NH4N (5,0.95) = 0.151 + (_0.04'7 Sl) (0.004’ X CLCmaks)

(0.016 XX CLCyy)(0.001 X CLCp,)(—0.005 X GSpys) 3

where
NH,N — result attribute, mg L;
sl — average slope of the ground surface in the sub-basin, %;

CLCmaks —type of land use: proportion of artificial (urban) surfaces in the
sub-basin, %;

CLCy, — type of land use: proportion of water bodies in the sub-basin, %;

CLCy, —type of land use: proportion of forests and natural areas in the
sub-basin, %;

GSpms —soil granulometric composition: proportion of loamy sand soils in the

sub-basin, %.

During the study period, at the Berze River study level the mean values of
NH4-N concentrations are increased by the proportion of water bodies, artificial
(urban) surfaces, forests and natural areas in the sub-basin, are reduced by the
land surface slope in the sub-basin, as well as the proportion of loamy sand soils
in the sub-basin, but are not statistically significantly affected by the mean air
temperature, mean annual precipitation, proportion of drained areas in the sub-
basin, proportion of agricultural areas in the sub-basin, proportion of wetlands
(marshes) in the sub-basin, proportion of gravel in the sub-basin, proportion of
clay soils in the sub-basin, proportion of sandy soils in the sub-basin, proportion
of sandy loam in the sub-basin, proportion of bog (peat) soils in the sub-basin,
the average number of animal units in the sub-basin over the study period. The
coefficient of determination for the regression equation is 0.93.
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TP (7095 = —0.087 + (—0.120 sI) (0.001 X CLCpnays)
(0.002 X CLCpp,) (0.002 X CLC,,)(0.005 X GS,,)(0.002 X (3.4)
X GS)(0.001 X Dzv)

where

TP — result attribute, mg L;

sl — average slope of the ground surface in the sub-basin, %;

CLCiars —type of land use: proportion of artificial (urban) surfaces in the sub-
basin, %;

CLCp, — type of land use: proportion of wetlands (marshes) in the sub-basin, %;

CLCy, — type of land use: proportion of water bodies in the sub-basin, %;

GSy, —soil granulometric composition: proportion of clayey soils in the
sub-basin, %;

GSom —soil granulometric composition: proportion of sandy loam soils in the
sub-basin, %;

Dzv — average number of animal units in the sub-basin, pcs.

During the study period, at the Berze River study level the mean values of
TP concentrations are increased by the proportion of clay and sandy loam soils
in the sub-basin, proportion of water bodies, wetlands (marshes), artificial (urban)
surfaces in the sub-basin, the average number of animal units in the sub-basin,
are reduced by the land surface slope in the sub-basin, but are not statistically
significantly affected by the mean air temperature, mean annual precipitation,
proportion of drained areas in the sub-basin, proportion of agricultural areas in
the sub-basin, proportion of forests and natural areas in the sub-basin, proportion
of gravel in the sub-basin, proportion of sandy soils in the sub-basin, proportion
of loamy sand soils in the sub-basin, proportion of bog (peat) soils in the sub-
basin. The coefficient of determination for the regression equation is 0.94.

POLP (7005) = —0.071 + (—0.010 sI) (0.001 X CLCaxs)
(0.001 X CLC,p,) (0.002 X CLCy0)(0.005 X GS,)(0.001 X (3.5)
X GSsm)(0.001 X Dzv)

where
PO,P — result attribute, mg L;
sl — average slope of the ground surface in the sub-basin, %;

CLCrars —type of land use: proportion of artificial (urban) surfaces in the
sub-basin, %;

CLCp,, — type of land use: proportion of wetlands (marshes) in the sub-basin, %;

CLCy, — type of land use: proportion of water bodies in the sub-basin, %;

GSp, —soil granulometric composition: proportion of clayey soils in the
sub-basin, %;

GSsm —soil granulometric composition: proportion of sandy loam soils in the
sub-basin, %;

Dzv — average number of animal units in the sub-basin, pcs.
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During the study period, at the Berze River study level the mean values of
PO4-P concentrations are increased by the proportion of clay soils in the sub-
basin, proportion of water bodies, artificial (urban) surfaces, wetlands (marshes)
in the sub-basin, proportion of sandy loam soils in the sub-basin and the average
number of animal units in the sub-basin, are reduced by the land surface slope in
the sub-basin, but are not statistically significantly affected by the mean air
temperature, mean annual precipitation, proportion of drained areas in the sub-
basin, proportion of agricultural areas in the sub-basin, proportion of forests and
natural areas in the sub-basin, proportion of gravel in the sub-basin, proportion
of sandy soils in the sub-basin, proportion of loamy sand soils in the sub-basin,
proportion of bog (peat) soils in the sub-basin. The coefficient of determination
for the regression equation is 0.95.

The regression equations for the mean concentrations of TN, NOs-N,
NHa-N, TP and PO4-P for the Berze River study level (Berze River sub-basins)
over the study period show that, in interaction with other factors, nutrient
concentrations are statistically significantly reduced by the average slope of the
land surface in the sub-basin and are statistically significantly increased by the
proportion of artificial (urban) surfaces in the sub-basin, as well as the number of
waterbodies in the sub-basin. In summary, when considering the factors that
interact to influence the mean values of TN, NOs-N, NHs-N, TP and PO4-P
concentrations, it is necessary to pay more attention to the type of land use in the
catchment, the granulometric composition of the soil (especially the proportion
of clay, loamy sand and sandy loam soils) and the average number of animal units
in the sub-basin when planning water quality improvement measures.

The study describes the natural and anthropogenic factors influencing the
quality of agricultural runoff (concentrations of TN, NO3-N, NH4-N, TP and
POs-P) during the study period and accordingly provides insight into the direction
of actions needed to improve the quality of runoff. In the study, for the drainage
field and catchment study levels of the monitoring stations Berze, Mellupite and
Vienziemite, as well as for the study levels of the Berze River (sub-basins of the
Berze River) of G264 Age, L118 Auce, V046 Eda, V093 Slocene, the annual
mean runoff and the values of TN, NOs-N, NH4-N, TP and PO4-P concentrations
and losses were used for the purpose of calculations. In order to provide
suggestions on the necessary measures to improve the quality of agricultural
runoff, further studies are needed that look at data not only of annual averages,
but also at a more detailed level (monthly, seasonal).
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CONCLUSIONS AND SUGGESTIONS

1. Natural and anthropogenic factors that can influence nutrient losses from
diffuse and point sources affected by agricultural activities include atmospheric
precipitation, air temperature, runoff, soil type (soil granulometric composition,
soil infiltration coefficient, soil organic matter content, soil water storage
capacity, soil organic matter mineralisation, erosion), topography (land surface
slope, landscape features), type of land use (area of agricultural land in the
catchment), proportion of arable land, type of crop, agricultural practices (type
and timing of soil treatment, timing and rates of nitrogen and phosphorus fertiliser
application, timing and method of manure application, choice of manure storage,
failure to assess nutrient content of manure, crop rotation, livestock density),
drainage systems, buffer strips, climate change.

2. At the drainage field and catchment study level, the influence of annual
mean precipitation on annual mean runoff is considered to be moderate, with
coefficients of determination between 0.44 and 0.64 for the linear regression
equations for both attributes. The results show that runoff is influenced not only
by average annual precipitation, but also by other factors such as seasonality of
precipitation, air temperature, soil texture and crop.

3. Increasing runoff volume at the drainage field study level compared to the
small catchment study level contributes more strongly to the increase in TN
losses, and consequently TN losses at the drainage study level are more sensitive
to runoff variability; in contrast, TP loss values at the drainage field study level
have less dispersion than at the catchment study level suggesting that at the small
catchment study level the influence of surface runoff generation on TP losses
should be taken into account, in addition to drainage runoff.

4.  The most significant natural factor contributing to the annual mean values
of TN, NOs-N, TP and PO4-P concentrations at river study level is the proportion
of medium dusty sandy loam (sMp2) in the catchment, while the most significant
factor contributing to the mean values of NH4-N concentrations is the proportion
of cohesive sand (sS) in the catchment. The effects, which are statistically less
significant, are characteristic to the proportion of other soil types in the catchment
and the slope of the land surface.

5. The most significant anthropogenic factor increasing the annual mean
values of TN, NOs-N and PO4-P at the river study level is the proportion of
agricultural land in the catchment, the most significant factor increasing the
annual mean values of NH4-N concentrations is the proportion of water bodies in
the catchment, and the most significant factor increasing the annual mean values
of TP concentrations is the proportion of fallow land in the catchment. The
effects, which are statistically less significant, are characteristic to the proportion
of other land uses, the proportion of crops, as well as the proportion of drained
areas and the number of livestock units in the catchment.
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6.  The concentrations of nutrients (TN, NO3z-N, NHs-N, TP and PO.-P) at the
river study level are statistically significantly correlated with the following
natural and anthropogenic factors, which need to be taken into account when
assessing and planning measures to reduce nutrients from agricultural land:

6.1. theaverage TN concentration values are increased by the proportion
of clay soils in the sub-basin, water bodies and artificial (urban) surfaces in the
sub-basin;

6.2. the average values of NO3-N concentrations are increased by the
proportion of clay soils, gravel, loamy sand soils, sandy loam soils in the sub-
basin and the proportion of water bodies and artificial (urban) surfaces in the sub-
basin;

6.3. the average values of NH4-N concentrations are increased by the
proportion of water bodies, artificial (urban) surfaces, forests and natural areas in
the sub-basin and are reduced by the proportion of loamy sand soils in the sub-
basin;

6.4. the average values of TP concentrations are increased by the
proportion of clay and sandy loam soils in the sub-basin, water bodies, wetlands
(marshes), artificial (urban) surfaces in the sub-basin, the average number of
animal units in the sub-basin;

6.5. the average values of POs-P concentrations are increased by the
proportion of clay soils in the sub-basin, proportion of artificial (urban) surfaces,
wetlands (marshes) in the sub-basin, proportion of sandy loam in the sub-basin
and the average number of animal units in the sub-basin;

6.6. the mean values of TN, NO3z-N, TPand PO4-P concentrations are
reduced by the average slope of the land surface in the sub-basin.

7. In addition to characterising the influence of natural and anthropogenic
factors on water quality during the study period, predicting the factors influencing
nutrient leaching requires studies at a wider geographical scale including
additional study sites at drainage field, small catchment and river levels, as well
as studies of monitoring results and geospatial information at monthly and
seasonal scales.

8. The results on the effect of agrohydrological factors on the quality of
agricultural runoff can be used to develop suggestions for soil and water
management measures in agricultural lands, river basin management plans, as
well as recommendations for implementation of the Nitrates Directive
(91/676/EEC) and the Water Framework Directive (2000/60/EC) to meet the
water quality objectives in Latvia.
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