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Kopsavilkums

Latvijas zemnieku saimnids pedejos gados padas pre@zas lauksaimnieas elementi
un vispirms latbu kombainu apkojums raZu karSu veido3anai.abdd& etapa: raZzu kartes
izmantoSana saisa vispirms ar augs$ ipa3bu izgEti. (Vilde, Lapin$ et al. 2005). Tas namg, ka
saimnietbas javeido sava loia geogafiskas informacijas sistma. Augiu ipadbu izpEtes
materkli ir ka baze diferenétas, uzGIS bazetas resursus taupEss augsnes apéttes ievieSanai.
Latvija jau iepriek§jos gados ir veikti gjumi par augsnes apattes pagkumu optimizSanas
iesggjam, lietojot GPS (Lapins, Vilde, Berzinst. al, 2006). Rtijumu rezuliitu anaizes nerkis ir
sistematizt iegito datu matedlu un ieteikt augsnes apaties diferences kaitijus, lietojot lokalas
saimnietbasgeoggfiskas infornacijas sistmas.

LLU MPS "Vecauce" ,Kurpnieku” masa 47 stacioaros noérojuma punktos razoSanas
sgjumos 2004. - 2006.g. veiktepjumi par faktoru ietekmi uz ziemas kvieSu razu. dbeblgiskie
apstkli abos gados bija dtB1gi: 2005.9. raksturag ar pazemigtam vidéjam gaisa temperatam,
bet 2006.g. — ar izteikti zemu nokgi§ daudzumu unidiz ar to ar mitruma defittu augse.
Skaidrotas augsnes apstes diferences iesfas saigba ar augsu ipa3bu raksturojumu.
Koordinatu noteikSaa izmantota GPS. RaZu noteica ar Claas Lexion 428 @Reidoim razu
karttm, lietojot AGROCOM programmaitu. Ka raZu ietekrpjoSie faktori @titi augsnes A
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horizonta biezums, organik vielas saturs, penetromettigiretesiba augsnes @jos dz 50 cm
dzilumam, augsnes mitrums araartk un zem as. Augsnes pretabhs atkiribas konstaita
batiska nogrojumu izpildes laika un augsnes mitruma ietekméd&ens par aldrigu augsnes
irdinaSanas diuma iz\&li jaizdara augsnes pret#si \ertgjot saistba ar augsnes A horizonta
biezumu un irdiaSanai paredto tehnolgiju. AtSkiriga augsnes penetrometdsipretestba
augsnes zem araaa vairak ietekn€ raZzu par augsnes prefst fis virskarta. Augsnes
pretesitbas samazitanas pakumi japlano, ja augsnes pretésh zem aranicta 30 fidz 50 cm
dziluma ir robeZs 600 - 700 kPa cr.

Konstagts, ka augsnes pirngas un ar pamat apsiides dzjuma diferencei pieamnotas ir
Ap horizonta biezuma kartogrammas, kuru lietojueng vietspecifiski samazih pamat apsides
dzilumu, ja Ap horizonta biezums ir ligds par 36 cm. Eksperimenta plattas sagida 60.1 % no
kopplatbas (5.afils). Izmeginajumos konstats, ka GPS punktos ar paligio Ap horizonta
biezumu ir ar paaugstiats organisks vielas saturs, kas kop@mmazina araugsnes pirmsgs un
pamat apsfides minimalicijas lietojuma risku attigba uz ziemas kvieSu rai.

GPS punktos ar organik vielas saturu virs 2 % Ap horizonta &jals biezums 33.4 cm
bija bitiski maziks (P<0.05) nekpie organisko vielu satura augsvirs 2 % (38.8 cm). AtbilstoSi
pie Siem pasSiem GPS punktiem ar organisko vielursatickji 1.8 un 3.1 % ziemas kvieSakdu
iestades dzZiums bija attieri 3.2 un 3.7. cm (P<0.05) ugjas dziuma variciju koeficienta S%
lieluma 9.2 un 16.9 %. Tas liecina, ka fhats d¢as ar palieliatu organisko vielu saturu virs 2 %
un ai Ap horizonta biezumu virs 40 cralipto augsnes pirmsgs apstide vai af reiz ar €ju
pievelSana. Augsnes pirmapstes vai §jas optimizSanas nalkam var izmantot organisko vielu
vai afl Ap kartogrammas, kuru veido3anai lietotaisalalGIS izejmatedls cieSi kores.

No reguEjamiem faktoriem loklas GIS veidoSanai lietota augsnes penetromegrisk
pretestbas noteikSana GPS punktotidmu rezulfti par penetrometrisko augsnes pratast
izmaipnam liecirgja par to lielo un ftisko sezonaliti, ko raksturojam ar diviem pret@sas
noteikSanas rezatiem rudef un pavasar Konstagts, galvenais sezondlies €lonis augsnes
penetrometrisko pret@bti izmainas ir augsnes mitrums. Lai ighétos starp diviem iegpmajiem
augsnes pretabls noteikSanas iegpmajiem laikiem: rudenvai pavasay ka kriteriju lietojam
sakatbas un ietekmi uz ziemas kvieSu razu. Kortsatka palieliatas augsnes zem arafnias
pretesibas virs 600 kPa cif negalva ietekme pardas uz ziemas kvieSu razu pretbstnosakot to
pavasar Tau rudem pirms gjas noteiktai augsnes prefiésti un izveidotai GIS iratraks
pielietojums. Btjjumu rezulgti ,Kurpnieku” magva 2005. un 2006.9. apstipdija jau ieprieks
konstattos secigjumus, ka augsnes dizdinaSana izpildma, ja augsnes penetrometaisk
pretestba prsniedz 600 kPa crif . Uz augsnes penetromettiskpretegbas nérijumu datiem
veido& lokala GIS kartelava seciat, ka augsnes dhaidinaSanas koo apjomu ,Kurpnieku”
magva var samaziat par 48 % no koppldtas.

Atslegas \ardi
GPS,GIS, predza laukkogba, augsnes apatle, ziemas kviesi, augsnes raksturojums

Abstract

Investigations were carried out in 2004 — 2006 Astationary observation points on the
production plantations of the Kurpnieki massif, thecauce Research and Training Farm (Vecauce
RTF) of the Latvia University of Agriculture (LUA)nto the factors that affect the yields of winter
wheat. The differentiation possibilities of sollage were clarified in relation to the charactécis
of soil properties. The Global Positioning SysteaiPS) was applied to determine the coordinates.
The yield was determined by means of the yield migpsloped by using the Claas Lexion 420
GPS and the AGROCOM Software. As the factors dffgdahe yield were studied: the thickness of
horizon Ap of soil, the organic matter content, gfenetrometric resistance of soil in its deeper
layers to the depth of 50 cm, the soil and the ailibmoisture. A significant impact of the
observation time and soil moisture was establisbedthe differences in soil resistance. The
conclusion about the choice of a different soilsiewing depth should be drawn by evaluating soil
resistance in connection with the thickness ofttbezon Ap of soil and the technology intended
for soil loosening. The different penetration resmige of the subsoil layer affects the yield rather
than soil resistance in its upper layer. Measuresnfam the minimisation of soil resistance should
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be planned when the penetrometric resistance binsibé deeper layers to the depth of 30 to 50 cm
is within the range of 600 - 700 kPa &m

It was established that the main factor which d#ifeéiates the yields of winter wheat,
starting from the autumn of the sowing year and apring, was soil moisture. The GIS
cartograms allow site specific reduction of thettegf the basic tillage when the thickness of the
horizon Ap is greater than 36 cm. On the partdefdarea with an increased organic matter content
over 2 % and also when the thickness of horizonsApore than 40 cm the soil presowing tillage
or simultaneous sowing and rolling down should bedu The local GIS map allows a conclusion
that the total amount of the deep soil looseninthenKurpnieki massif can be reduced by 48 % of
the entire area.

Key words
GPS, GIS, precision field management, soil tillagmter wheat, soil characteristics

Introduction

During recent years the elements of precision aljtie are appearing on Latvian farms, es
for instance, the equipment of grain harvestersiferformation of the yield charts. The next stage:
the application of the yield chart is connectedhwvilte investigation into soil properties (Vilde,
Lapin$S et al. 2005). It means that the farms should ftreir own local geographic information
system. The research material of the soil properseused as a basis for the introduction of
differentiated, GIS-based resources-saving sdélgil. Already in the previous years research was
conducted in Latvia into the possibilities to ogmthe measures of soil tillage by using the GPS
(Lapins, Vilde, Berzins, et. al. 2006). The aintloé analysis of the research results is to systemis
the obtained data material and to recommend therélifce criteria of solil tillage using the local
geographic information systems on the farms.

Materials and Methods

Field trials were carried out at the Vecauce Re$eand Training Farm of the Latvia
University of Agriculture during the years from 2D 2006. The weather conditions in both the
years were different: the year 2005 was charaetkriy/ lowered mean air temperatures but the
year 2006 — by a pronounced low rainfall and subsetimoisture deficit in the soil (Figures 1 and
2). During the production trials on the Tarso wintgheat variety at 47 stationary observation
points of the Kurpnieki massif the differentiatipossibilities of soil tillage were clarified in
relation to the characteristics of soil propertiBlse same wheat growing agrotechnology was used
on the entire massif, the principle of the singléfedence being applied at the GPS points.
Positioner Germin iQ 3600 was used to determinepttiat coordinates. The yield capacity was
determined by means of the yield maps developeddiyy the Claas Lexion 420 GPS and the
AGROCOM Software. The factors affecting the yieldieh were studied were: the thickness of
horizon Ap of soil; the organic matter content (@hhiwas determined in a certified agrochemical
soil laboratory); the penetrometric resistance a@f & the layers to the depth of 50 cm being
determined before the sowing of wheat (at the stdigme or two leaves in autumn, at the end of
the clostering stage in spring by means of thedliigknp Agrisearch Equipment) soil moisture in
the arable layer and under it, alongside with teagirometric resistance of soil determined by
means of the same Eijkelkamp Agrisearch Equipment.
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Figure 1. The mean day-and-night air temperatutberyears 2005 and 2006, °C
(acc. to Dobele HMS).
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Figure 2. The mean amount of precipitation inytears 2005 and 2006, mm
(acc. to Dobele HMS).

Analysis of the research and discussion

Uncontrolled factors: the organic matter contenthia soil and the thickness of horizon
Ap, which are of essential importance in the decisimaking system on the soil tillage
differentiation in the aspect of the yields of veintvheat (Figure 3). No linear correlation with the
yield was established for the granulometric cont#nsoil characterised in the trials as physical
clay content in soil, %.

The thickness cartograms of horizon Ap are appatprifor the differentiation of
presowing and the postsowing depth of soil tilldgeuse of which allows site specific reduction of
the depth of the basic tillage when the thicknelstiarizon Ap is greater than 36 cm. On the
experimental field it constitutes 60.1 % of theatadrea (Figure 5). It was established during the
field trials that there is increased organic mattentent at the GPS points with an increased
thickness of horizon Ap, which generally reduces thinimisation risk of the presowing tillage
and the basic soil tillage, too, in relation to yelds of winter wheat.
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Figure 3. Organic matter content in soil, thickneskorizon A p,
and the yield of winter wheat in the year 2006.

At the GPS points with an increased organic matetent over 2 % the average thickness
of horizon Ap of 33.4 cm was significantly less (F85) than with the organic matter content over
2 % (38.8 cm). Correspondingly, at the same GP8tpoiith the average organic matter content
1.8 and 3.1 % the introduction depths of the seédsnter wheat were 3.2 and 3.7 cm respectively
(P<0.05), and the values of the variations coeffitiS % of the sowing depth were 9.2 and 16.9 %.

5,0

£ 3,9
549 37 c 40 - £

£35 32 = = £ 3,0

) = 3 204

©3,0 o

i e B

“2.0 34 44

1,8 3,1 thckness of horizon Ap ,cm
organic matter content, %

Figure 4. Dependence of the sowing depth of wiwlezat
on the organic matter content and the thicknes®ozon Ap.

This demonstrates that on the parts of the arda avitincreased organic matter content
over 2%, and the depth of horizon Ap over 40 cnlimgldown should be applied during the
presowing tillage or alongside with the sowing (Fg4). The cartograms of the organic matter or
Ap may be applied for the optimisation of the prignaoil tillage or sowing (see Figure 5) with
which thesource material used for the formation of the I@&t8 closely correlates.

The controlled factor, used to form the local GMas the penetrometric resistance of soil
determined at the GPS points. The research resulbsthe variations of the penetrometric
resistance of soil bore witness of their great assential seasonality characterised by two results
of the resistances determined in autumn and imgpit was established that the main factor of
seasonality in the variations of the penetrometgistances of soil is the moisture of the soil. In
order to make choice between the two possible tivien soil resistance is determined — autumn
and spring, the correlations and the impact onyibkl of winter wheat were used as the main
criterion (Figure 6).
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Figure 5. The GIS cartogram of the thickness ofzoor Ap in the Kurpnieki massif.

It was established that increased resistance ofsthesoil layer over 600 kPa &m
(resistance being determined in spring) has a ivegamhpact on the on the yield of winter wheat.
However, in autumn the soil resistance, which iteaeined before sowing, and the GIS has a
more positive impact. The research results of thars 2005 and 2006 in the Kurpnieki massif
confirmed the previous conclusions that deep loiogenf soil should be carried out when the
penetrometric resistance of soil exceeds 600 kP34 (s®e Figure 6).
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Figure 6. The yields of winter wheat in varioud sesistance intervals in the lower layer of the
arable land from 20 to 50 cm.

The local GIS map formed on the basis of the datheopenetrometric resistance measurements of

soil allowed the drawing of the conclusion that ttial amount of deep loosening of the soil in the
Kurpnieki massif can be reduced by 48 % of therertiea.
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Conclusions

Concerning the question of yield capacity of winidreat the organic matter content in soll
and the thickness of horizon Ap are of essentigortance in the decision making system about
the soil tillage differentiation.

The GIS cartograms allow site specific reductiontlod basic tillage depth when the
thickness of the horizon Ap is greater than 36 winich constituted 60.1 % of the total area of the
experimental field.

At the GPS points with the average organic matbetent 1.8 and 3.1 % the introduction
depths of the seeds of winter wheat were respégt8/2 and 3.7 cm (P<0.05), and the variation
coefficient of the sowing depth S % was respeqi@? and 16.9 %. This demonstrated that on the
parts of the area with the organic matter contgat 8 % and also the thickness of horizon Ap over
40 cm rolling down should be applied during thespreing soil tillage along with sowing.

The results of the variations of the penetromeggistances of soil bore witness of their
essential seasonality. The main factor of seadygnalas the moisture of soil. The significant
negative influence of increased resistance over I8 cnf (resistance being determined in
spring) of soil under the arable layer was esthblison the yield of winter wheat.

It was established that deep loosening of soilukhdbe carried out when the
penetrometric resistance of soil exceeds 600 kP& chhe local GIS map allows reduction of the
total amount of deep loosening of soil by 48 %hef ¢ntire area.
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Abstract

Experiments were conducted in 2001-2005 on sandyn|Calc(ar)i — Endohypogleyic
Luvisol on two sites. The first site’s soil was lwihigher amount of phosphorus and potassium
(available P 0.082 — 0.108, available K — 0.0 93.136 g kd), while the second site’s soil was
with lower amount of this nutrients (P 0.030 — B0K — 0.067 — 0.093 g K.

The best nitrogen balance (close to 0) was achiexezh nitrogen fertilisation rates were
adjusted according to the mineral nitrogen conitesbil in spring. When 60 t Haof manure were
applied once per crop rotation cycle, negativeogin balance was calculated only for the plots not
fertilised with nitrogen fertilisers.Nitrogen baltam was negative when crops were not fertilised
with manure and received average mineral fertibisatates or the rates calculated using balance
method, also in the case where winter wheat strag/ploughed-in once per crop rotation cycle. In
spring mineral nitrogen content in soils of plotstifised with different nitrogen fertilisation et
was quite similar. Mineral nitrogen content depehdeinly on precipitation (0-40 and 0-60 cm —
R =0.66 and 0.71)and somewhat less on air temper&R = 0.41- 0.45).
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