Scientific Journal of Riga Technical University
Environmental and Climate Technologies
2010

Volume 5

Seasonal Characterisation and Trends Study of
Nutrient Concentrations in Surface Water from
Catchments with Intensive Livestock Farming

Laima BerzinaPepartment of Environmental Engineering and Waten&gement_atvia University of Agriculture
Ritvars Sudard,atvia University of Agriculture Department of Eronmental Engineering and Water Management,
Latvia University of Agriculture

Abstract — Temporal changes in observed nitrogen and In addition, nutrient concentrations variation igriaultural
phosphorus losses to surface water were studied agricultural  catchments surface water is examined and a trealysis is
catchments in order to evaluate the achievement ofvater  .,qjaq oyt in order to investigate whether the ppeed
protection targets in Latvia. The aim of this study § to investigate h . icultural ti h ffectedrientt
the water quality measures in high density livestdc farming changes ',n ag,”cu ural practices have a ecg r
catchments. Long-term monitoring data (years 1996-m8) of ~Concentrations in the surface water. The study istnsf
water quality used in the analysis show a high anmi and comparing seasonal nutrient concentrations in sarfaaters
monthly variability of nutrients. The results demondrate little or ~ and the detection and quantification of the watelity trends
no reduction of nutrient concentrations in surfacewater. The  in surface water nutrient concentrations by the Magendall
results §uggest that water pfotectlpn measures foagricultural Seasonal Test and the Sens Slope Estimator. Uaddisg
production need to be further intensified. . .

the status of surface water and nutrient trendstrieeams and

Keywords- Livestock farming, nutrients, point source surface ~ conditions that affect them was possible thanks the

water pollution, seasonality, trends. agriculture run-off monitoring project provided bthe
Department of Environmental Engineering and Water
Management, Latvia University of Agriculture.

l. INTRODUCTION
Farming with high livestock density can lead to dbc Il MATERIAL AND METHODS
manure surpluses, which can result in surface wadéuation The study is based on the long-term (1996-2008)iemit

problems in rural regions. During the last yearsr¢his a concentration in surface water observation datanfitbree
tendency in Latvia to increase the number of bignahfarms, catchments (Bauska, Ogre, Auce) included in theonak
thereby livestock concentration in specific areas cause network for the agriculture run-off monitoring pregnme
nutrient pollution from point sources and subsetjygirevent designed to cover point source agriculture pollutan
the fulfillment of objectives of the Water Framewor investigation. In all agricultural catchments, tamount of
Directive (WFD, 2000/60/EC) and the Nitrates Direet livestock is remarkable (more than 250 LU) and nufsthe
(91/676/EEC). According to the assumption that peource cultivated land is under cereal crop cultivationhieh is
pollution is usually concentrated, it is consideesdthe most common in southern and central Latvia. The main
significant contamination source [1]. Generallye tbrigin of characteristics of all catchments are presenteddhle 1.
point source pollution is from one location, andréby runoff Results are compared with the diffuse source aliuicl
from a feedlot or overflows from hog lagoons andrrs!  pollution monitoring results to provide an ovendgtw of the
deposition on fields near streams, are examplegoéultural major water quality characteristics occurring inface waters.
point sources of contamination. However, possiloleree of The long term point source and diffuse source deahis
such types of pollution in agriculture can alsodssociated maintained by the Latvia University of AgricultufielU).

with a high number of livestock units or with higimimal
density (livestock units (LU) per ha) in a farm.cdeding to
HELCOM (Helsinki Commission - Baltic Marine

TABLE 1
CHARASTERISTICS OF CACHMENTS

Environment  Protection Commission) guidelines, theatchment ﬁ;ea' Soils Land use | Farm type sgr‘é"é’?n%‘ﬂg

agricultural area or farm should be considered lastapot, if ;

it is a watershed with an animal density highentha LU per |5 ce 60 sandy  |grain Qgﬂgﬁ{gﬁed zlgj;i{aﬂon on

ha or an area with large animal farms with morentB&0 LU loam —\farming ;1990 (30 ha

that cannot demonstrate appropriate fertilizers amhure , pig farm,  |slurry

storage or application [2]. Bauska 800 | silt, loam ?;f‘r'rﬂng established |application on
The aim of the study is to estimate surface watmlity in in1970 |50 ha

the territories with a high number of livestock tufdirms by silty clay |moderate [PI9farm - runoff from

describing water quality parameters (total nitrqgéotal |9 800 lioam  [farming ‘l:'ggze‘j n gg Osé‘:]rsry

phosphorus, nitrates) variation with regard to tane season.
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The grab water samples from draining ditches were The analyzed water quality parameters show striking
analyzed for total phosphorusfp total nitrogen (M:) and seasonal variations for different reasons. Accaydio the
nitrate nitrogen (N@N). Water quality parameters are testedesearch [3, 5, 7, 8, 10], nutrient concentratiorey
in accordance with standard methods LVS EN ISO %180 throughout the year, largely due to the responsshémges in
LVS EN ISO 13395 (N;) and LVS EN ISO 15681-1 (). precipitation, ground water levels and flow ratS&ame of

A seasonal analysis including an evaluation of seals them depend on discharge and seasonality; but same
patterns of nutrients in surface water are conduée two magnified by agricultural activities. The Mann-Whey U test
seasons (summer and winter) by Mann-Whitney U dest used to compare nutrient concentrations in the semend
for twelve season (monthly data) by Kruskal-Wallihe winter months according to the Nitrate Directiveir(ier
seasonal patterns are also evaluated using box fplgirovide period: October — March, summer or vegetative peripril
a general overview of the trends and calculatingseeal — September) also affirms statistically significamtitrient
indices. The statistical significance of nutrieménds are concentrations differences (all p-values less @@2) between
determined by a Seasonal Kendall tdstis test is suitable for these two periods in all catchments. However, enpifactical
water quality data because it requires no assumptib level, the B, median values in the summer and winter are very
normality that is very important to investigate mtosource close in the Auce catchment. Figure 1 displays rtieglian
pollution [4]. It consists of the sum of the indlval MKs values of nutrient concentrations for the summet amter
values for each cyclic period, thereby removing $kasonal months separately and compares results with lomg (£996-
component. The magnitude of statistically significérends 2008) diffuse pollution monitoring data. This exaation of
was estimated according to the Seasonal Kendafpeslodata shows that )l values tend to be higher in the winter
estimator. while Py, values are higher in the summer months. Nitrogen

concentrations in agricultural streams can be lighing the
Il. RESULTS ANDDISSCUSION winter in connection with high water flows and thaw

The basic descriptive statistics of nutrient conaions in  Intensity of biological processes, however more spiorus
surface water regularly conducted over a perio®§:2008) &€ transported .durlng storms.Exploration of_ data also
at 3 catchments are summarized in Table 2. Theltsesuncludes comparison of observed values with longnte
demonstrate that nutrients in surface water tendetdighly agricultgral diffuse pollution monitoring resul@bservgd M.
variable. The highest values as well as the higrabiity for values in the Bauska and Auce catchments are glaagher
all nutrients are observed in the Bauska catchradnith is than the N, concentrations (median 7.20Nmg L) recorded
characterized by high animal density and the agpéo in the high input.agriculture ru_n—off monitoring tdbase.
(utilization) of manure. Despite the high manuresaapplied However, the med!an v:_;llues OfON'n Ogre decrease down to
on the fields, the median nitrate concentrations ath the level of medium input 1ag_r|culture run-off lortgrm
catchments are below the threshold value 11.3 thgfiINO,- Median value (3.3 § mg L°) in the winter, but in the
N established by the Nitrate Directive. Howevergthi SUMMer Ny concen_tlratlor! in the Ogre cgtchment _reach the
concentration of total nitrogen ) and total phosphorus Valueé (1.4 Ny mg L7) typical for the low input agriculture
(Po) are documented. . is the parameter that shows thegondnpns in Latvia. Median values of,Pare two arlld.more
greatest degree of variation throughout the stugiedod in times higher as the observed phosphorus concmrlatlh_llgh
all catchments except Ogre where farming activitee INPut agriculture farming conditions (0.12,Pmg L°).
abolished. The median values,Rn the Bauska and Ogre HOWeVer, Ry in the Auce catchment are close to the values
catchments are higher than the critical value a5ang -  typical for low input farming.
which is considered a minimum requirement for theidance
of eutrofication effects [11].

TABLE 2
STATISTICAL PARAMETERS OF THE NUTRIENT MONTHLY VALUES(MG L) IN SURFACE WATER
Catchment | Nutrient Mean Median Desitgfion Csz?igt?;t] of Skewnesg Kurtosis | Minimum | Maximum P Perce:t;les
NOs-N 6.953 6.000 5.768 83% 0.585 -0.491 0.010 26.000 (1.500 10.800
Bauska Niot. 16.793 11.260 26.976 161% 7.740 77.307 1.100 0P98. |5.700 17.700
Prot- 1.814 0.437 2.785 153% 3.338 17.865 0.010 22.000(0.178 2.800
NOs-N 2.267 1.200 6.472 285% 10.715 120.364 0.000 0m.7 |0.808 2.300
Ogre Niot. 3.914 2.600 7.421 190% 9.409 98.091 0.300 82.800{1.900 3.650
Prot- 0.570 0.518 0.376 66% 3.621 19.881 0.001 3.102 3690. 0.674
NOs-N 6.911 5.670 5.211 75% 1.014 0.711 0.100 24.500| .70@ 9.900
Auce Niot- 7.877 6.510 6.042 7% 1.853 5.758 0.600 39.300| 4503. 11.100
Prot. 0.025 0.018 0.029 115% 5.309 34.726 0.002 0.262 | .0130 0.026
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Fig.1. Median values of nutrient concentrationspimint source pollution
monitoring catchments comparing with agriculturidfuge pollution levels.

Table 3 represents all observed results accordinghé
research of the Latvia University of Agriculture] [6n the
status estimation of surface water chemical quatitgmall
agricultural streams. It is observed that in adtice areas
with small catchments, high water quality corregpmoto <1.5
mg L™ of Ny and <0.025 mg TP, good quality to 1.5-2.5
mg L Ny and 0.025-0.050 mg 1P, moderate quality to
2.5-7.5 mg [* Ny and 0.050-0.150 mgt Py, poor quality
to 7.5-10.5 mg [ Ny and0.150-0.250 mg t P. Higher
values are assigned to bad surface water quality.

Long term monitoring data show that more than 50%he
samples taken in the observation period in Bauskee links
to bad water quality measured in both ways ky Bnd R.
Water quality in the Ogre and Auce catchments latim to

observed I, concentrations mostly relate to moderate qualitppservations,

while water quality in the Ogre catchment are dyeaffected

of water quality conditions; because some waterlityua
variables may change dramatically. Nutrient conegiuns
vary throughout the year not only through the seaso
mentioned above, largely in response to changes in
precipitation and streamflow and in relation to ttime
elapsed since fertilizer or manure application. réfare the
next analyze of seasonal patterns in nutrients exanations

are done based on monthly data defined by the démgyuwith
which data are collected.

TABLE 3

SURFACE WATER CHEMICAL QUALITY STATUS IN OBSERVRD CATCMENT®UE
TO STADY PERIOD

Water quality class Total
= é high |good | moderate*Poor |bad
g é % % of cases within season
2| & )
winter (1.3 |2.6 11.7 104 | 740| 100
Bauskajsummer | 5.1 | 11.5 37.2 11.5| 346 100
total 32 |71 245 11.0 | 54.2| 100
winter |0.0 |23.9 | 67.2 3.0 6.0 10
Nwt [Ogre |summer | 13.6] 59.1 25.8 0.0 1.5 100
total 6.8 |[41.4 46.6 1.5 3.8 10
winter 1.3 |39 40.3 14.3 40.3 100
Auce |summer | 13.2| 13.2 42.1 15.8 15.8 100
Total 72 |85 41.2 15.0 28.1 100
winter 0 0 19.5 19.5 61.0 100
Bauskalsummer | 2.6 | 1.3 12.8 10.3 73.1 100
total 13 |06 16.1 148 | 67.1| 100
winter |15 | 0.0 29 29 92.6 | 10(
Pot {Ogre |summer | 1.5 | 0.0 15 4.5 92.4 10P
total 15 |0.0 22 37 92,5 | 10(
winter [83.1|15.6 | 1.3 0.0 0.0 10
Auce |summer | 66.7| 23.1 6.4 2.6 13 100
total 748|194 3.9 1.3 0.6 10

Displaying data in box-whisker graphs allows fomare
effective visualization of seasonal nutrient vaoat and
changes over time and potential trends. The boskelniplot
(Figure 2) illustrate both the distribution and gpary
statistics (median, interquartile range (the bax the 25 and
75 percentiles), outliers and extremes) for monthly
showing that nutrient concentratioase
extremely variably between catchments and seasoumiers

by phosphorus. i concentrations in Ogre mostly fall in theor extreme values show observations that do nofoconto

bad water quality class. Contrary to the Ogre cataft, water
quality associated with phosphorus in the Auceloatmt is
acceptable. The threshold value of 11.3 m{NOs-N is

exeeded in 23% of all monthly observations in Baysk8%
and 0.6%, accordingly in the Auce and Ogre catclisndoe
to the study period.

Another important application of statistics in t&a to
water pollution control, is the understanding of #xtremes

10

the rest of the data in a particular database aditates a
possible presence of accidental nutrient releakerefore the
presence of point source pollution influence cormesre
evident because there are a large number of exiyelngh
nutrient concentration values that occur under ifipec
conditions. The unexpected extreme values of mimiare
typical for all catchments and may indicate accidkeloss of
nutrients. Nutrient concentrations in streams tglhyc are
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elevated during high spring stream flows; also therient period is typical for the Bauska catchment, whiteother

compounds tend to increase in the autumn (Septertbertimes the B variation is relatively small. Similar results cam
October) following manure application. Relativelarde from the Auce catchment.

interquartile ranges for ® in the Auce and Bauska The seasonal pattern of data is verified thg Kruskal
catchments indicate that these sampling sourceshigidy Wallis test. However, statistically significant féifences are
variable, while limited farming activities in the g@& not found for R, monthly variations in the Ogre catchment. It
catchment result in comparatively stable conceiotnatof N,  is important to note that phosphorus concentratianes still
throughout the year. A high variation of;Pin the vegetative comparatively high in the Ogre catchment.
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Fig. 2. Box-plots of nutrient monthly variations.
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components: trend-cycle (T, C), seasonal (S) amgjular (R)
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Fig.3. Seasonal decomposition results @f Bhd Ry: A-Bauska, Ni; B-Bauska, B:; C-Ogre, Ny; D-Ogre, Ry; E-Auce Nyt; F-Auce Ry.

The results of the seasonal decomposition (using thesults are displayed in Figure 3. The trend-cgcmponent is
multiplicative model) procedure to divide time seriinto three
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Fig. 4. Original data time series and trends, iedejent variable in all graphs: time step.

estimated by smoothing the time series data usingjin®le
moving average with sp&requal to the length of seasonatity
Once the trend-cycle has been estimated, it carerneved
from the data. For a multiplicative model, thisdene by
dividing the original data by the estimated comptne

éé:%. 1)
t

The resulting estimates of the seasonal-irreguwarponent
are then averaged across all observations withth eaason
to remove the irregular component, resulting ireatimate of
the seasonal component. The seasonal componentheare
adjusted so that an average season has a valu®.dfdr a

multiplicative model, the estimated irregular coment is
obtained by dividing the observations by the edmarend-
cycle and seasonal components:

R Y,
R ==== 2
TC. S @

and then normalized so that the average residuzled..0
(corresponding to an index of 100).

The seasonal indices forNdata range from a low of 51 in
May to a high of 187 in March for the Bauska catehin This
indicates that there is a seasonal swing from 5X%he
average to 187% of the averagg; Moncentration throughout
the course of one complete cycle,Nconcentrations above

13
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long term average value are estimated in Decenda@yary, amplitude and variability of nutrient concentragobecomes
February and March. In the Ogre catchment, seasodigles rather stable in the Ogre catchment. Accordinghéoositive
for Ny sway from 69% in June to 158% in December fromir. CONcentration trends there is a risk of exceeding t
the average M. valuethroughout the course. Similarly thethreshold value of 11.3 mg'Lof NO;-N more often in the
highest seasonal indices in Ogre are estimatedftiober- future at the Auce catchment. In addition, conaditns of

February. N seasonal indices in the Auce catchment swdyr @nd Ry tend to increase in the last years of the
from 54% in July to 152% in November of averagg Malue observation period in the Bauska catchment. Stuahesit the

throughout the course. High values are also typioalthe trends in nutrient concentrations in Latvian rivegsponse to

winter and spring periods in the Auce catchments8aal ch_ange in agricultgre similarly highlight I_ittle ielvgence that
indices for Ry data range from a low of 27 in January to z;h's change in agricultural practices has immediatieience
high of 177 in June for the Bauska catchment, feotow of on decreases in nutrient concentrations [9].

81 in January to a high of 122 in May for the Ogatchment TABLE 4
and from a low of 69 in January to a high of 17®iurgust for RESULTS OFSEASONAL KENDALL TEST
the Auce catchment. High,P indices are typical for June- Seasonal
October in the Bauska and Auce catchments and Mag;J Catchment | Nutrient $endall pvalue | Slope
October-December in the Ogre catchment. The higNgst e Estimate
andPy; irregular indices are typical for the Bauska cateht.
For example, in the sample data, the large residudirch of NO-N | -63 0.267 0.064
2006 in the Bauska catchment, equaling to 432 atdicthat Bauska | Nt -15 0.792 -0.033
Nyt concentration in that month was 332% above whatlavou Phot 66 0.245 0.011
have been expected, given the estimated trend-cgnkd NOz-N -78 0.168 -0.042
seasonal effects. It is necessary to admit that hvigegular Ogre Niot -205 0.000 0.1
indices are very typical for July, August and Nowemfor the Pow 160 0.005 0.019
Bauska and Auce (_:atchments apd .July and Augusthir NON 167 0.003 0.269
Ogre catchment. High irregular indices appear 2-&htims
. " Auce Niot, 169 0.003 0.3

after the spring and autumn slurry deposition.

The next part of the study assesses trends foientitime Plot -67 0236 0.000
series. According to the previous data analysislt®smost
concentrations in surface waters show strong sehgaitterns. IV. CONCLUSIONS
Some possible causes of seasonal patterns inchibenatural The paper summarizes and examines some of the major

and agricultural activities. Therefore the seasd¢feaidall test issues and choices involved in detecting and estigahe
is used to determine trends in the observed ntttiiere series. magnitude of temporal trends in measures of streater
The seasonal Kendall test is a non-parametric that quality in agricultural catcments influenced bymaource of
accounts for seasonality by calculating the Manmdé&l test pollution. An analysis of long-term records of the
on each ofm seasons separately, and then combining tif@ncentrations of major nutrients for high inteesianimal
results. The Sen slope is estimated as the mediamshslope agriculture sites in Latvia is reported. The resulf the
of all possible pairs of values representing th@mﬂade of preS_ent Study ShOYV that, deSpite |egis|ative effoot restrict
the trend.Results of the trend analysis are summarized futrient loading, little or no reduction of loadsish been
Figure 3 and Table 4. None of the studied catchsneith ~@chieved during the study period (1996-2008). Tratew
intensive farming activities show a clear decreashl,, and duality observations in the agricultural catchmentith
Pyt during 1996—-2008. By contrast, a slight increasblgf is |nten5|ve_ livestock farming .ShOW no 5|gn_|f|cant dward
detected in the Auce catchment. Statistically digant trends in the concentrations of nutrients. _S|gar1itc
decreasing trends of nutrients in monthly concéioina are downward trends are reve_aled fortmNgnd R in the

g : y L catchment where the farm is closed since 1992. Wéser
onl_y -c.)bserved. in the Ogre catchment whgre actlvm|fag upward trends revealed for N®I and for N, are recorded in
activities are interrupted. The strong nutrient camtration

qucti he O h b dhé the catcment with high-input agricultural activitieThere is a
reduction at the Ogre catchment can be reasonedn®y o ong seasonal structure in time series analysiilts,
reduction of agricultural activities. However, obssl

] ' g however also high values of irregular variation raftrient
concentrations of @& in the Ogre catchment still stay concentrations are detected and can be linked faitiing
comparatively high. _ o activities. Nutrient concentrations in catchmemtuenced of
The study results indicate that the impacts of simis of noint source pollutin increases as much as 2-5stithat of
nutrients on water quality show wide variations amdak giffuse pollution values detected. Especially high

responses to surface water quality increase camfmted in  concentrations of R are recorded a long period after the
the catchments observed. The findings of the swahfirm  josure of a farm.

that a decrease in nutrient concentrations anevétter quality

response to reduced manure application may be slogyv REFERENCES

limited. From the 2004 concentration of,)\ as well as

d d bel | t IIOtN ft hi EF:L thl. Berzina, L., Sudars, R., Jansons, Vlmpact of intensive livestock
roppe elow long term mean value after whic € farming on surface water quality in LatvidNater Management

14



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

2010

Volume 5

Engineering, Transactions of the Lithuanian Univigref Agriculture large-scale changes in land-use intensity andstifies. Journal of
2008, N 34, p. 106-117 Environmental Monitoring210, N 12, p. 178-188.

2. Criteria for Inclusion and Deletion of Hot Spotdelsinki: HELCOM, 8. Sileika, A.S, Gaigalis, K., Kutra, G., Smitiene, AFactors affecting N
2010-[viewed 1.10.2010.]. Available: and P losses from small catchments (LithuaniBpvironmental
http://www.helcom.fi/stc/files/Projects/JCP/Criggnbtspots. pdf Monitoring and Assessmer2005, N 102 p. 359-374

3. Dzalbe, I, Jansons, V., BuSmanis, P., Sudars, Rgriculture impact 9. Stalnacke,P., Grimvall, A., Libiseller, C., Laznik, M., Kokor ite, I.
assessment with agro-environmental indicatd®soceedings of the Trends in nutrient concentrations in Latvian rivargl the response to
Latvia University of Agriculture2005, vol. 15, N 310, p. 9-16 the dramatic change in agricultudaurnal of Hydrology 2003, vol. 8,

4. Hirsch, R.M., Slack, J.R.A nonparametric trend test for seasonal data N 283, p. 184-205
with serial dependencé&Vater Resources Researctf84, vol. 20, p. 10. Sudars, R., Jansons, V., Kvins, U., Dzalbe, l.Intengvas lopkofibas

727-732. ietekme uzidens vidi.LLU Rakstj 2005, vol. 15 N 310, p. 40-49

5. Kyllmar, K., Carlsson, C., Gustafson, A., Ulen, B.,Johnsson H. 11. van Dijk, G.M., van Liere, L., Amiraal, W., Bannink, B.A., Cappon,
Nutrient discharge from small agricultural catchisern Sweden. J.J. Present state of the water quality of European rsivand
Characterisation and trend&griculture, Agriculture, Ecosystems and implications for managemenBcience of Totalal Environmerit994, N
Environment2006, N 115, p 15-26 145, p. 187-195

6. Lagzdin$, A., Jansons, V., Abramenko, KUdeyu kvalitates standarta
noteikSana g biogno elementu koncentijas noteé no  Laima Berzina, Mg.Sc.
lauksaimnietha izmantotadm platbam. [Seting of the Water Quality Faculty of Information Techhnology, Latvia Univeysof Agriculture
Standarts for Nutrients in Runoff from Agricultursdnd] LLU Rakstj  Adress: Liela street 2, LV-3001, Jelgava, Latvia
2008, Vol. 21, N 315, p. 96-105 Phone: +37163022037
7. Pachel, K., Loigu, E., Ital, A., Pihlak, M., Leisk, U. (2010). Recent e-mail: Laima.Berzina@Ilu.lv
trends in nutrient concentrations in Estonian sveas a response to

Ritvars Sudars,Dr.sc.ing.

Faculty of Information Techhnology, Latvia Univeysof Agriculture
Adress: Liela street 2, LV-3001, Jelgava, Latvia

Phone: +37163022037

e-mail: ritvars.sudars@llu.lv

Laima Berzipa, Ritvars Sudirs. Biogeno elementu koncenthcijas virszemesiadenos sezoalo svarstibu un trendu analize intendvas lopkopbas
apstaklos Latvija

Petijuma analiztas biogno elementu koncenija virszemesiudens objektos lopka@pas saimnigbas ar augstu denieku bivumu, lai noertstu
lauksaimniecisis razoSanas rad koncentéta piesimojuma ietekmi uzidens kvaliites izmaham. Udens kvaliftes noerojumi hidrogafiska tikla stkuma
posna dod iespju vistieSik no\ertet piesirpojuma ar biognajiem elementiem @beklis un fosfors) slodzi un raksturu. Kopailiogeno elementu koncentriju
izmaipas udepos raksturo liela maiba, ko nosaka dabisko un antropog faktoru mijiedartba. Rakst detalizti apskaitas biogno elementu koncentiju
sezolas s\wrstibas, kas dod priekSstatu par lauksaimniésisiezoSanas slodZu ietekmes intatisgada griezu Nowverojumu rezuliiti trijas saimnietbas,
kas izvietotas nifitu jutigaf teritorija Latvija, tikai atsevi§os gagjumos nofida uz augstu un labu virszemesmu kvalitati. Sezoala Manna-Kendala testa
rezulti neapstiprina itiskas biogno elementu koncentiju samaziajuma tendences akias lauksaimniecigis daribas ap$iklos laika period no 1996.1dz
2006. gadam. Navojumu postehAuce konstdts statistiski btisks pozitvs nitiatu un koggja slipeka koncenticiju trends, turldt piesirpojuma \ertibam ir
tendence pieaugt tieSiegisjos gados. Ja augsnes #rgatinatas ar biognajiem elementiem &sloSanas rezuita, tad to izskaloSa@s no lauksaimnigbas
teritorijam var turpiraties vaieikus gadu desmitusp organisk meslojuma lietoSanasaptrauk3anas.

Jlaiima Bep3unsi, PutBape Cyaapc. AHaau3 Ce30HHBIX KOJ1e0aHHMil M TPeHJ0B KOHLEHTPAIMH OHOTeHHBIX JJ1eMEHTOB B IOBEPXHOCTHBIX BOJaX B
YCI0BHSIX HHTEHCHBHOTO KHBOTHOBO/ICTBA B JlaTBHM

B wuccneoBanni mpoaHATH3UPOBAHA KOHIIEHTPAIMs OHOTCHHBIX JJIEMEHTOB Ha O0OBEKTaX MOBEPXHOCTHBIX BOJ| B JKHBOTHOBOTUECKHX XO3SHUCTBAX C GOIBIION
IUIOTHOCTBIO JKHBOTHBIX, C LIEJIbIO OLICHKH BIMSHUS KOHLEHTPUPOBAHHOIO 3arps3HEHMs, 00pa30BaBILIErocs B IPOLIECCE CEbCKOX03IHCTBEHHOIO POU3BO/ICTBA,
Ha M3MEHEHHe KauyecTBa Bozbl. HabmoaeHus 3a KauecTBOM BOZBI B HAUaJbHOI CTaAUK TUAPOrpadhMIecKoil CeTH MO3BOJIIET HanOo0Iee TOUHO ONPEASIIUTh 00BEM
1 XapakTep 3arpsi3HCHUsT OMOTCHHBIME dlIeMeHTaMu (a30T 1 Gocdop). B 11eoM n3MeHeHnsIM KOHIIEHTPAIMH OHMOreHHBIX JJIEMEHTOB B BOJIC XapaKTEPHO BBHICOKOE
HEIIOCTOSTHCTBO, YTO OOYCIIOBJICHO B3aWMOCBSI3bI0 TPUPOIHBIX W AHTOPIOTCHHBIX (HaKTOPOB. B IMyOIMKAIMK JETATbHO PACCMOTPEHBI CE30HHBIE KOJICOAHMS
KOHIICHTpAlUX OHOTCHHBIX JIEMEHTOB, YTO JAaeT MPEACTaBICHHE O BISHUM WHTCHCHBHOCTH HArpy3KH CEIbCKOXO3SIHCTBEHHOTO MPOU3BOJACTBA B TEUCHHH rOJa.
Pesynbrarsl HaOMIOMCHNUI B TPEX XO3SIACTBAX, KOTOPBIE PACIIONOKEHBI B JIaTBUM Ha TEPPUTOPUH YYBCTBHUTENHHOW K HHTPATAM, TOJIBKO B HEKOTOPBIX CITydasx
YKa3pIBAIOT HA BBICOKOE W XOpOIIEe KAYeCTBO MOBEPXHOCTHBIX BOX. Pe3ymbrarhl ce3oHHOro Tecra Manua-KeHmana He MOATBEPXKIAIOT CYIIECTBCHHYIO
TEHACHLHIO CHWKCHHUS KOHICHTPAUKM OMOTEHHBIX 3JEMEHTOB BO BPEMsi aKTHUBHOI CENbCKOXO3SHCTBEHHON AesrenbHOCcTH B mepuon ¢ 1996 mo 2006 ron. B
MecTe HabmoIeH it B Ayiie 0OHApYKEH CTATUCTHIECKU CYIIIECTBEHHO MOJIOYKUTEIBHBIN TPEHI KOHIICHTPAIMI HATPATOB U OOIIETO a30Ta, IPHIEM HaOII01aeTCs
TEHICHIMS YBEIMYEeHHsT 00BEMOB 3arpsI3HCHUI HMEHHO B TIOCIICAHUH TPHU Tofa. Eciu movBa mpechiieHHa GHOTeHHBIMU DIIEMEHTAMH B PE3yJbTaTe YI00pEHH,
TOrJa WX BBHIMBIBAHHE C CEJIBbCKOXO3SHCTBEHHBIX TEPPUTOPUIH MOXKET INPOJOIDKATCS HECKONBKO JACCATWIICTHH TOCie NPEKPALICHHsT HCIOIb30BaHUs
OPTaHUYeCKOro yIo00peHusl.
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