AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

19. Schafer-Landefeld L., Brandhuber R., Fenner S.hKddl., Stockfisch N. (2004) Effects of agricultura
machinery with high axle load on soil propertiemnofmally managed field§oil and Tillage Research
75, 75-86.

20. Ulrich S., Hofmann B., Tischer S., Christen, O.@8pInfluence of tillage on soil quality in a lohgrm
trial in Germany. InSoil Management for SustainabilitReiskirchen, Germany, 110-116.

ZIEM AJU LABIBU PIESATIN AJUMS AUGU SEKAS STRUKTURA: EFEKTIVIT ATE
UN ILGTSPEJIBA

Velykis A., Satkus A., Slepetiene A.

Lietuvas Zemkofbas institita Jonigelu izmeginajumu stacij laika period no 1998.-2002. gadam
mala augsas Gleyic Cambisotika veikti sekojosi ptijumi: A. Augu sekas ar dadam ziengju un
vasagju kultaru proporcigm (1. Bez zieraju kultiraugiem; 2. 25% ziedju kultaraugu; 3. 50%
ziemgju kultiraugu; 4. 75% ziempu kultoraugu; 5. 100% zie@ju kultiraugu), audgot
viengadgos un daudzgagos zlaugus, vasaras un ziemas kvieSus, flitikn miezus; B. Augsnes
apstades sistmas (1. Konvenciaita — arSana; 2. ligt§piga — arSana § zlaugiem, bezarSanas
apstade [Ec laltbam). Retjjuma rezuliti paadija, ka ziemju labibu proporcijas paliel@Sana augu
sekas strukira samazina augsnes sabfaras palipi, uztur produlvakas mitruma rezerves,
uzlabo tdens-gaisa attiglou un humifikicijas procesu augsn samazina daudzgapb nezlu
daudzumu un paaugstina augu sekas produttivitSamaziatas apsfides izmantoSana
ilgtspejigaja sisEma noteica organisko vielu mineradidjas pazemiasanos un humusa daudzuma
palielinaSanos augsn Saidzinot ar vasaju labibam, zienaju labibas bija toleramakas pret
samaziatu augsnes ap4atti.

COMPARISON OF METHODS FOR THE DETERMINATION OF PHOS PHORUS IN
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Abstract

Plant available phosphorus determination by theeEglRiehm (DL) method (LV ST ZM 82-97) is
provided for use in the agrochemical research afFmmdzolic and other soils. However, the
method is not suited for characterizing resourdeth® available phosphorus in carbonatic soils.
The research goal was to develop methods for etigndhe available phosphorus supply in
calcareous soils. By the standard method (Egner-Ridte)btained results of phosphorus content
was compared with those presented by the Olsen Maklich-3 method. The analysis of
correlation and regression were employed for comgahe data of available phosphorus content
in soil samples determined by different methods,wedl as t-test was used for determing
phosphorus content change. When analysing Paire@l8am Test (n=145) the most significant
correlation (r=0.95) was determined between the asoaf phosphorus obtained by the Egner-
Riehm and Olsen methods. Changes in the results obtained Bgrler-Riehm and Olsen methods
revealed that in alkaline (pH.7.5) soils with Ca@0ntent above 5%, a certain amount of available
phosphorus does not pass into calcium lactate @idra The Olsen method is the most suited
method for phosphorus extraction in carbonatic soilsgusiaHCQ as an extracting agent.

Key words: available phosphorus, Olsen, Mehlich-3, Egner-Riehm

Introduction

Zemgale region, the “granary” of Latvia, is called reainly because of the fertile carbonatic (sod-
calcareous soils, gley soils), suitable for obtainimgh yields. In order to maintain and improve the
fertility of these soils, it is important to estireatorrectly their provision with plant availabletnent
resources. The necessary information is providethéydata of soil analysis which enable one tohset t
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rates of fertilization on economic and ecologiaaumds. In calcareous soils particularly importarthie
physically-chemical and chemical immobilization athé mobilization of phosphorus. Conversion of
phosphates into the plant unavailable form takasgboth on the surface of carbonates and in the so
solution, where the concentration of calcium iongasparatively high, as well as in the adsorption
complex of the soil (Braschét al., 2003). The binding of the available phosphorus lEnts into
insoluble compounds is influenced by the soil neactthe content of organic matter and the clayhin t
soil, the presence of iron compounds and moistud@f@ktl and Mattingly, 1975; Castro and Torrent,
1995; Carreira and Lajtha, 1997; Samadi and Gilk&99; Zhou and Li, 2001). Up to now in the
agrochemical research carried out in our countayntpavailable phosphorus determination in soils was
carried out by the Egner-Riehm (DL) method where calcagtate extraction (pH 3.5 — 3.7) was used as
the phosphate extracting agent. This standard mgtthd&ST ZM 82-97) is used for the agrochemical
research of sod-podzolic and other soils. Althoughex@erience and research in other countries proves
this particular method is not suitable for the caasgrization of plant available phosphorus resauice
carbonates containing soils. Carrying out the amalpy DL method carbonates and other alkaline
compounds neutralize hydrochloric acid of the eting agent by reducing its ability to dissolve
potential plant available phosphates, consequemtlye finformation is obtained about the rate of
phosphorus provided to plants (Zbiral, 2000). To meiee the available phosphorus in carbonatic soils
the most common is the Olsen method (Olsal., 1954; Watanabe and Olsen, 1965), where a solution
of 0.5 M natrium hydrogencarbonate (pH 8.5) is usethe extracting agent. The ions HCCO,* and
OH of the extracting agents reduce the amount &t i@as in the solution by sediment of Cag@s
well as the ions Af and Fé&" - in the form of hydroxides, thus increasing theiteat of unbind
phosphates in the solution. Another suitable etrgctagent for such soils is ammonium
hydrogencarbonate, which is the base of movable pbosplietermination in carbonatic soils according
to Machigin  {OCT 26205 - 84). Ammonium carbonate together with DTPA
(diethylenetriaminopentacetic acid) in several eeststates of the USA is used not only for plant
available phosphorus determination, but also forsihmiltaneous determination of several other plants
nutritive macro- and microelements (Soltanpour aclagb, 1977). Mehlich-3 method ((Mehlich, 1984)
is based on plant available compounds extractiomeiak acid solutions (0.2 M GHOOH and 0.013 M
HNQO;), to which ammonium fluoride N, ammonium nitrate NHO; and ethylene diamine
tetraacetic acid (EDTA) are added. It is known thig extraction possesses a better buffer abilitig i
less neutralized by the carbonates of the soilthod the results of this analysis better charaxtahe
relationship with the plant available phosphoru®amt of carbonatic soils (Traat al.,1990; Mallarino,
1997; Pierzynski, 2000). However the phosphorus ohitettion results obtained by this method in the
presence of carbonates frequently are considetabher (Mallarino and Sawyer, 1999). Application
possibilities of Mehlich-3 method were tested relyeim many European countries including Latvia by
comparing them with the existing standard methadsHte determination of plant available macro- and
microelements (Zbiral, 2000; Fotyma and Shepherd, 20Gdgled al.,2005; Timbareet al.,2006).
Carbonatic soils comprise only a small part ofatteas used for agriculture, therefore up to now
when carrying out agrochemical research, they wheteconsidered as a specific group and diverse
methods of plant available phosphorus extractioa mat applied to them. The aim of the research, on
the basis of the Soil and Plant Research Instdrdp rotation stationary archive collection of féand
soil monitoring and soil standard profile sampleaswo establish the most suitable extraction method
for the estimation of plant available phosphorus it@aates-containing soils.

Materials and Methods

There are 145 soil samples from Latvia UniversityAgriculture Soil and Plant Research Institutepcro
rotation stationary for different rate treatments ptosphorus fertilizers, the archive collection of
farmland soil monitoring and soil standard profile sampléh soil reaction pkt 6.05 — 8.67, carbonate
content from 0.08 to 18.2 %, organic matter contestnff.7 to 95.5 g k§ with clay fraction content
from 1.86 to 44.1 %, used in the research. The plaatadle phosphorus content of all samples was
determined by the following methods: 1) Egner-Rielmathod (LV ST ZM 82-97), where 0.04 M
calcium lactate extraction is used as an extracting ageng beidified by hydrochloric acid up to pH 3.5
— 3.7; 2) Olsen method (LVS ISO 11263:2002) — eximgcagent 0.5 M natrium hydrogencarbonate
solution, its reaction with natrium hydroxide reaches tieeipion of pH 8.5; 3) Mehlich-3 method where
solution of 0.2 M acetic acid + 0.015 M ammonium fider+ 0.013 M nitric acid + 0.25 M ammonium
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nitrate + 0.001M EDTA is used as an extracting ag&ht phosphorus in soil extract is measured
photometrically by the molybdate — ascorbic acid method.

Mathematical processing of obtained results froih &oalysis is carried out. Statistic indices of the
results of plant available phosphprus analysisdetermined for the sample. With different phosphorus
extraction methods for the comparison of obtainathdcorrelation and regression analysis is used, as
well as t-test for testing phosphorus content changes.

Results and Discussion

For the research of the methods comparison in #hected soil samples the plant available
phosphorus content was different. The main statistlices of determined phosphorus content for
extracting agents by the Egner-Riehm (DL), Mehliclaw3d Olsen, as well as differences in
methods by analyzing the whole sample are showvifabie 1. The average amount of phosphorus
extracted from the soil by calcium lactate ext@et(DL-P) was 79.6 mg kg by Mehlich-3
extracting agent (M-P) - 76.5 mg kgbut only 30.6 mg kg P passed into natrium
hydrogencarbonate (Ols-P). The median value by th€ nd Ols-P results were next to average
indices, but by the M-P results the median was sliglehjated (70.2 mg kgP) in the direction of
lower value. So DL-P and M-P with quite close averagntent indices, the maximum value were
267.3 and 418.9 mg KgP respectively. Differences in the extracted phosphamount by
mutually comparing Egner-Riehm, Mehlich-3 and Olsexiracting agents prove that, when
analyzing soil samples with sharply different pndigs, the obtained results vary markedly both in
soils with a low and high content of movable phaspk. The boundary of three standard
deviations by the correlation DL-P/Ols-P was exeekeith 3 cases, by the correlation DL/M-P — in
1 case, by the correlation M-P/OlIs-P — in 3 caseshénresearch when carrying out analysis of
methods that affect factors, the results of these samm@ee not included in the analysis.

Table 1. Statistic indices of phosphorus determinatgnlts for the analyzed samples

Difference, mg kg Correlation
n?gL kF;.’l n?éskgi m'\g Eg’.l DLP- DLP- DLP/ DLP/
Ols-P M-P Ols-P M-P
Average 79.6 30.6 76.5 48.9 3.03 2.89 1.39
Median 80.8 29.3 70.2 50.7 7.8 2.59 1.12
Minimum 0 0.81 0 -4.5 -213.7 0 0
Maximum 267.3 117.9 418.9 150.1 97.5 20.97 149.3

By carrying out results assessment of soil samplemical analysis, the mutual relationships
between phosphorus extraction methods are detedmi@®se linear relationship are found
between phosphorus amounts measured by the EgaelerRand Olsen methods, as well as the
Egner-Riehm and Mehlich methods (Fig. 1).

The relationship between Egner-Riehm and Olsen adsthad the highest correlation coefficient
(r = 0.95) there was a slightly lower relationshgivieen Egner-Riehm and Mehlich methods (r =
0.91) and the Mehlich and Olsen methods (r = 0.89%rdlis little data in literature about the
relationship between the Egner-Riehm and Olsen adsthbut similar linear correlation between
the Egner-Riehm and Mehlich-3 methods is recordisadl ia research in Estonia, where depending
on the humus content in the soil the correlatiogffiient has been found to be from r = 0.821 to
0.867 (Loideet al., 2005). But in the researches carried out at thetr€esf Agrochemical
Researches, it is found that correlation betweerptiosphorus determination results obtained by
the Egner-Riehm and Mehlich-3 methods is only ayertight (r = 0.61 — 0.62) (Timbaket al.,
2006).
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Figure 1. Mutual coherence of plant available phosphantent determined by the Egner-Riehm
and Olsen (A) and Egner-Riehm and Mehlich-3 (B) methods.

In order to find out which of the tested phosphadasermination methods mutually differ by the
influence of different soil properties, the assesdnud coherence changes of the determined P
amount by the Egner-Riehm and Olsen was carriedooseparate parts of the sample; taking into
consideration agrochemical characterization of shenples. The obtained results proved that
phosphorus extraction methods tested in the rasetia@w a good mutual correlation in weak acid
and neutral soil reaction. The quantities of thehbg correlation coefficient for the relationship
between Egner-Riehm and Olsen methods (r = 0.967) @re determined in the exchange acidity
interval pHc 6.6 — 7.5. By the increase of soil acidity up toxghb, the coherence between
phosphorus amounts extracted by applying theseadettshows little tendency to reduce, which
could be related to the fact, that the Olsen metadbe applied for phosphorus determination in
neutral and alkaline soils, but is not suitablegbosphorus determination in acid soils (Mallarino,
Sawyer, 1999). Also in alkaline soils phl7.5 — 8.6, the coherence between Egner-Riehm and
Olsen methods becomes weaker (r = 0.81), thereforeuld be assumed, that the phosphorus
amount, determined by the Egner-Riehm in calciuntatac extraction, does not adequately
characterize plant available phosphorus in the $bibse relationships could get more convincing
confirmation by analyzing soil sample of greater voluma wider pH interval.

By comparing plant available phosphorus amountsrdebed by the Egner-Riehm and Mehlich-3,
it is evident, that in the pH interval from 6 to té&rrelation coefficient (r = 0.92 — 0.94) is lower
than for the coherence between the Egner-RiehmQGiadn methods, which matches with the
obtained coherence also for the whole soil Pair@uife analyzed. However, with soil alkalinity
becoming higher, the coherence between the phaogplanount determined by the Egner-Riehm
and Mehlich-3, markedly becomes weaker (r = 0.50)s Thakes us think that the Mehlich-3
method is still less suited for phosphorus deteatiom in alkaline soils than the Egner-Riehm
method. For soils with a reaction abovecpHy.5, the coherence between Mehlich-3 and Olsen is
very weak (r = 0.29). For weak acid and neutral stlils correlative relationship between
phosphorus amounts determined by these methodshts(t = 0.96 — 0.98). Our obtained results
are confirmed also by research mentioned in thenstic literature. For example, in the Czech
Republic (Zbiral, 2000) it was determined that iflsswith the pHc higher than 7.1, the amount
of extracted phosphorus, measured by the Mehliche?hmdl, depends on soil reaction and
exchange calcium content. The plant available phasghamount, extracted from the soil by the
Egner-Riehm, Olsen and Mehlich-3 methods, was affiealso by the carbonate content. With the
carbonate content not exceeding 5%, there wass& dorrelative coherence between the tested
methods. The highest correlation coefficient (r =5D.@ found between the phosphorus amount
which has passed into calcium lactate extractiahratrium hydrogencarbonate extraction. In soll
samples, in which the carbonate content exceededtt&oherence between the methods was
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considerably weaker. The correlation coefficient tfee coherence between the Egner-Riehm and
Olsen methods was 0.44, but between the Egner-Riehm arlitiM@methods — 0.49.

The correlation of phosphorus determination resultsich in the Egner-Riehm and Olsen case
(correlation DL-P/Ols-P) for the analyzed soil RdirSample was 2.35 on average, but by the
Egner-Riehm and Mehlich-3 methods (correlation DMHP) — 1.17, with changing soil exchange
acidity, decreased. This tendency is more typical tfer correlation between the phosphorus
determination results (r = 0.53) shown the by EdrRiehm and Olsen methods, when, with the
increase of soil alkalinity, in calcium lactate extion (Egner-Riehm method) the passed
phosphorus amount decreased (Fig. 2). The cormlaficesults by the Egner-Riehm and Mehlich-
3 methods varied from 0 to 5.51 not depending ohreaction. For soil samples with a diverse
carbonate content the most essential changes ard baiween the results of the Egner-Riehm and
Olsen methods. With the increase of carbonate cgrtes DL-P/Ols-P correlation decreases (r =
0.71). This proves that in alkaline soils, rich inbzarates, a certain part of the potential plant
available phosphorus amount does not pass into calcitatdaextraction.
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Figure 2. Influence of soil reaction and carbonate comtertorrelations of phosphorus
determination results by the Egner-Riehm and Olsen mé¢biod/Ols-P) and the results by the
Egner-Riehm and Mehlich-3 method (DL-P/M-P).

The obtained relationship prove that up to now Egmer-Riehm standard method used in
agrochemical research of soils in Latvia incompjeteharacterises the sufficiency of plant
available phosphorus in carbonatic soils with aalatle reaction. According to the results of the
research carried out and the data of literature abisous that in calcareous soils the Olsen method
would be more suitable. Types of phosphorus compgutiteir transformations and binding
mechanisms in these soils are different from seh&re the dominate binding of phosphates in
aluminium and iron compounds and in anion adsomptiomplex. Consequently, the use of one
and the same plant available phosphorus determimatiethods in acid and neutral, as well as in
alkaline carbonatic soils actually is not reasoeabhe same way, depending on the soil reaction
and carbonate content, sufficiency levels of soil phogghalso should be differentiated
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Conclusions

Close correlative coherence (r = 0.89 — 0.95) isrdeteed among plant available phosphorus
determination results obtained from the soil sample (BxXhalyzing these samples by the Egner-
Riehm, Olsen and Mehlich-3 methods. In alkaline saiish in carbonates, the relationship
between the results by the Egner-Riehm and Olsenyedlsas between the Egner-Riehm and
Mehlich-3 methods become weaker. The correlatiophafsphorus content results determined by
the Egner-Riehm and Olsen method with the increéseil alkalinity essentially decreases, which
proves that extraction of potential plant availapleosphorus resources with calcium lactate
extraction is insufficient. Similar relationship beten the correlation by the Egner-Riehm and
Mehlich-3 results was poorly expressed. For therdgetstion of plant available phosphorus in
alkaline carbonatic soils the most suitable is the®method.
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FOSFORA NOTEIKSANAS METOZU SAL IDZIN AJUMS KARBONATUS SATUROSAS
AUGSNES

Vucans R., Liperite I., Livmanis J.
LLU LF Augsnes un augu Zimiskaa institita veikti augsnes gijumi augu sekas staciama
at&irigu fosfora masloSanas normu variantiem, lauksaimiti@cizmantojamo zemju augsnes
monitoringa un augdl etalonprofilu paraugu ana kolekcijai. Visiem paraugiem noteikts augiem
viegli izmantojam fosfora satursge: 1) Egnera-Rna metod (LV ST ZM 82-97), k& ekstraentu
lietojot 0.04 M kalcija laktta &idumu, kas pagbinats ar alsskabi Iidz pH 3.5 — 3.7; 2) Olsena
metodi (LVS I1SO 11263:2002) — ekgiemts 0.5 M atrija hidroggnkarborata &idums, kura
reakcija ar atrija hidrokgdu precizta lidz pH 8.5; 3) Mliha-3 metodi & ekstragentu izmanto
0.2 M etkskabes + 0.015 M amonija flutta + 0.013 M glpelskabes + 0.25 M amonija nitra +
0.001M EDTA &idumu. Fosfors augsnes izvilkkumos noteikts fotomdtriggc molibdita —
askorbinskabes metodes.
Noteikta cieSa korelata sakaiba (r = 0.89 — 0.95) starp augiem viegli izmanta@jaiosfora
noteikSanas rezaliem, kas ie@ti augsnes paraugu kopai (n=145), arg@diz S30s paraugusep
Egnera-Rma, Olsena un Bliha-3 metodm. Baziskas, ar karboitiem bagtas augsas, sakaiba
starp Egnera-fRna un Olsena,&ai starp Egnera-ffha un Meliha-3 metoZu rezuitiem pawjinas.
Pec Egnera-Rma un Olsena metodes notaikbsfora satura rezalu attiegba, pieaugot augsnes
baziskumam, btiski samazias, kas liecina par nepilgu augiem potengli izmantojamo fosfora
resursu ekstrakciju ar kalcija laka &idumu. Egnera-Rna un Meliha-3 rezulgtu attiegbai lidzga
sakatba bija \ji izteikta. Augiem viegli izmantojam fosfora noteik3anai aziskas karboitus
saturods augshs vaiik pientrota ir Olsena metode.
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