ENVIRONMENTAL ENGINEERING ISSN 2029-710@rint / ISSN 2029-7092 online
ISBN 978-9955-28-826-8 (1 Volume)

h .
The 8" International g:o.nfere.nce . ISBN 978-9955-28-827-5 (3 Volumes)
May 19-20, 2011, Vilnius, Lithuania

Selected papers http://enviro.vgtu.lt

© Vilnius Gediminas Technical University, 2011

THE IMPACT OF FERTILISER TYPES ON SOIL’'S MACRONUTRI ENTS AND
MICROLEMENTS CONTENT

Ana Leahu', Sonia Gutf, Georg Gutt®, Cristina Hretcanu®

1.2.3.4gtefan cel Mare” University, Faculty of Food Engiering, 13th University Street, Suceava, Romania
E-mail: tanaleahu@fia.usv.ro

Abstract. The main focus of this paper is the study of sailiacronutrients and microelements mobility under t
influence of mineral and organic fertilization. Twpecies of plants were cultivated: winter wh&aiticum aestivum
L.) and potato (8lanum tuberosum L.)JThe wheat was cultivated on the same lot dutimget out of four years of
crop rotation, while only one year was devotechtopotato. The evolution of microelements’ contrth aCu, Zn,
B, Mo, Mn,respectively, and pH from the fertile soil lay8rZ0 cm.) was thoroughly analyzed. Tiedification of
microelements content in the soil resulted on car&dhifrom the application of intensive nitrogenifezers on differ-
ent pre-fertilized plots with phosphorus and patass and on the other from the decrease of soillpEl fertilizers
applied to the soil changed the versatile phosghadatent due to the changes of the soil's pH vatue the adding
of organics or mineral phosphates. Soil pH deckémeboth versions: the control version and theavds fertilized
only with mineral fertilizers or using both minefeltilizers and manure. In our research, the \ahfMn, Zn, Cu
andB decrease, between certain limits, together withinheease of the nitrogen fertilizer dose appliespective
of the salt type used. Also, we remark that thesphorous content in the albic luvisol was low, tiaeral fertilizers
contributing to its increase of 3-12 g™ (depending on the treatments applied to) and ¢nsatile potassium suf-
fers insignificant variations.

Keywords: macronutrients, microelements, soils, multipleresgion analysis, versatiién, reducibleMn.

1. Introduction increases leading to the improvement of the plahition
with this element. This improvement can be explialso
Manures and fertilizers have, on a very large scales a result of the precipitation 88** and Mn?* ions in
similar effects on soils long-term productivity drefore  excess from the soil solution inducing toxicityesffs.
the addition of nutrients in either form is essantbr the Since soil pH seems to be the predominant factor in
maintenance of soil quality (Douglas and Edmea@@22  volved in the process of soils trace-metal solsation
The mineral long term fertilization had a signifita (Butcheret al 1989; Knightet al. 1998; Kashem and
effect on microelements’ content, causing even idiult Singh 2002), the proper evaluation of it s effactritical.
rectional changes. During the experience, soil pHrhe decrease in soil pH is related to the appboatf
decreased for both versions: the control versich thie  nitrogen (in itself or contained in phosphate fezer
variants fertilized only with mineral fertilizersr aussing  mixtures) (Tuett al. 2000; Kashem and Singh 2002).
both mineral fertilizers and manure. Higher concentrations and contents of hydrogen ion
After iron (Fe) and aluminumAl), manganeseMn)  (H*), aluminium AIF*) and manganeseMii®) found in
represents the most abundant chemical constituent acidic soils are known to be the major causes af po
rocks making up the earth shell (Davidescu 198d)l S plant growth due to their toxicity effects to plarand
contains transformetn under various forms associated micro organisms such as N-fixing bacteria. Molyhd®an
with the mineral and organic part. is also a component of some bacterial nitrogenask a
The variation within the content of microelementstherefore, is especially important for plants tha¢ in
was not proportional and resulted from: unilatéediiliza-  symbiosis with nitrogen-fixing bacteria such Rizo-
tion with phosphorus, acidifying effect of fertdi,s and bium Calcium, magnesium and molybdenum deficient
liming, which all blocked the solubility of micraghents plants exhibit poor growth. The negative effectofdity
in the soil (Kopé and Przetaczek-Kaczmarczyk 2006). on the rootlet absorption dfig can be explained as a
As a result of the limestone powder onto acid soilsresult of this competition betweéti” andAI** to occupy
the Ca content in the soil solution and the versatile ondhe same position on the ions transporting molecule
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through the cell membrane (Rengel and Robinsio®)198 on the same lot during three out of four yearsropao-

Aluminum is the most important yield-limiting factin  tation, while only one year was devoted to the fgota

many acid soils (Foy 1988). We proposed for each sample the following types of
The commonly used management practice to amdertilizers:

liorate acid soils is through the surface applaratf lime - Super phosphate with 17P%0Os;

(Bolanet al 2003). The major contribution of lime is its - Ammonium nitrate with 33.5%;

ability to supplyCa?* which is essential for plant growth _ Nitro limestone cu 17.6% and 40%CaCO;;
(White and Broadley 2003) and also to neutralize th . ) ’
- Urea with 46.29%N;

toxicity effects ofH*, AP* andMn®" in the soil (Staley _
and Brauer 2006). - Manure with 0.46%N, 0.32%P,0s and 0.21%K,0, to
The decrease of pH below 5.5 may be explained by dried su.bstance; . o
the use of some fertilizers or the soil settiemiaoteases - Slaked lime powder with a neutralization powe98#6
the Mn solubility until toxic levels. The rootlek@dates asCaOunits;
contribute to the transformation of insolul®O, in com- - Potassium salt with 40%,0.
plexes with soluble Mn (Soon aAdshad 2005; Cairest The researches have been carried out for four years

al. 2008). The dominant forms dfln in ferromagnetic \which were started in 2005; only two species ohfsa
concretions composition (balls) an,0; .nH,O (Bajescu  \were cultivated: winter wheat and potato. The expent
1984). In order to become accessible for plantsoidldes  had six variants with the following content:

and hydroxides need to be reducedit’” ions. Between _ Non-fertilized and non-limed witness:

Mn?* from soil solution,Mn** changeable and superior : ; s
) . ! _ - Mineral nitrogen and phosphorus annually appferd
oxides ofMn there is a dynamic balance controlled by the tilizers: g phosp y app

complexity of reduction conditions (oxidation-retlan). M lied to th at it | riffeed
Accessibility of Mn?* depends on several factors, among anure appiied to the potato culture only, noriize
for the rest of the years;

which the most important are: pH, microbiologicetity, s _ -
organic matter (OM) and soil humidity regime. - Mineral NP annually applied fertilizers, plus manure to
the potato culture only;

The increase of pH in acid soils by adding limeston
decreases evidently the yield of solubb. The culti- - MineralNP annually applied fertilizers, + applied to soil
vated soils have had and currently have modificatiof liming in four stages;
their Mn content. Periodical investigations have shown Mineral NP annually applied fertilizers, + manure to the
Mn values between 280 and 3200 ppm total forms and potato culture, +soil liming applied in four stages
approximately 300 ppm mobile forms (Swaine 1955, g kg ofK,O/ha, considered as indispensable, were

Cottenie 1977; Davidescu 1981). A global averagaré  gpplied to variants 2 and 5 in the year when poteds
would be situated between 950 and 1000 ppm manganegyjiivated (see table 1).

(Davies 1980; Bajescu 1984).

The concentration oMn®* from soil solution de- Table 1.The experimented treatments on the albic luvise! du
creases by 100 times for each increasing pH unihg four years, for winter wheat and potato

(Reichman 2002). The pH-values over 6.5 are favera

o . . . . Winter wheat (Triti- | Potato (Solanum tubero-
2+
for the OXIda..tIOI’l oMn and its change into tri- or tetrava-| Variant | 0o chom ). sum L.)
lent inorganic forms is almost useless for plaKiargpet- 1 unfertilized unfertilized
yanet al. 2005). _ 2 60-80N+6050; 150N +60R05+60K,0
Various macro- and microelements are necessary fer - = . —

. - . . 3 mineral fertilizer mineral fertilizers
successful vital activity of plants. They are idroed in bal- 20 -50 Uha manure and
anced proportions and are not subject to selde‘am@mg. 4 manure residual mineral fertilizer's resid-

In this paper we focus on studying of soil's macro effect ual effect
nutrignts and microe!emeqt_s m_obility under theuefice 60-80N+60R0s, 150N +60R0s+60K,0
of mineral and organic fertilization. 5 mineral fertilizer and amendments residual
and manure’s resid{ effect
2. Materials and methods ual effect
60-80N+60R0; — 40 -50 t/ha manure and
The evolution of microelements’ content sucrCas 6 mineral fertilizer mineral fertilizers and
Zn, B, Mo,Mn, respectively, and pH from the fertile soil and amendmer manure residual effe

layer (0-20 cm.) was thoroughly analyzed. The ssidi
presented in this paper result from four yearsqfeé-

The dose of amendments was established in order to

ments, which were started in 2005. The main regeardieutralize the entire hydrolytic acidity, accorditaythe
relation: toneCaOha=Ahx0.84=5.6x0.84=4.70t

method was the continuation of the activities ia #x-
perimental fields of Agricultural Research and DOepe

The dose has been divided into fractions and agplie

ment Station Suceava - Romania. Two species ottglanfor four years: in the first year for wheat, in thecond

were cultivated: winter wheaf iticum aestivum L.and

year for potato, in the third year for wheat andalffy, in

potato Solanum tuberosum LJhe wheat was cultivated fourth years again for winter wheat.
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Winter wheat Triticum aestivum [..is moderately tol- nitrogen fertilizers, nitrification of ammoniac fos of
erant to acidity and potat8¢lanum tuberosum Lak well. nitrogenous fertilizers and accentuate leachingthaf

The data processing has been made by varian@®luble salts into the processed soils, assortimentin-
analysis, for poly-factorial experiences, the eigrares eral fertilizers containing none of the basic casiaused
being repeated four times and the harvesting aféheo by plants, which complete the soil reserves and re-

lot being of 12-18 establish the saturation degree with bases.
3. Chemical determinations £ 6l T
Soil samples have been analyzed from the chemical 540
point of view. 520
- pH was determined in water extract (soil: water = pH 500

1:2.5).

- Easily assimilated phosphorou® gkg?) was deter-
minate by the Egner-Riehm Domingo method; phos-
phorous was extracted from soil by an acid solutbn
ammonium acetate lactate buffered at pH 3.7;

- Easily assimilated potassiuid (ngkg™), the potassium 3 war h E =
. 4 warg @ &
cations were measured by flame-photometry from the 5 2 oI
buffered ammonium acetate-lactate extract at pH 3.7 oA
(Egner-Riehm-Domingo method); D440450 460450  O4.505.00
- The versatile Mn forms, (soluble in 1 N ammonium ofo0-520 mE0S40 0 OFA-5A0
acetate solution with pH 7.0), Mn easily reducible ] o .
(soluble in ammonium acetate + 0.2% hydroquinone); Fig 1. Variation of pH depends of variants and year of fe
. . . tilization
- The versatile form oMn (active Mn) was obtained by _ o
summation of exchangeable and easily deductible Mn. This hypothesis is supported by the work of Raphaél

Soil samples were mineralized by HNO; and Lambert (Lamberet al. 2007). The application of phos-
HCIO, solution and afterwards the precipitate was solubi@hate fertilizers had a clear acidifying effect. the rate
by hydrochloric solution. of fertilizer application increases, the reductminpH is

In this solution the total content of microelensent €nhanced (Lambeet al 2007).

(Mo, Cu, Fe, Mnand Zn) was determined by means of If the specific consumption of phosphorous for ihea
atomic absorption spectrometry in air acetylenméla. is 12 kg P,Og/tones, for a planned harvest of 2.4 tones,
Boron was determined b{Cl method, its content 27-6 kgP;Os was consumedin the soil 32.4 kg>,05/ha

was read by UV — VIS spectrophotometer Cintra 400 demained which were added to the existing reserve.
420 nm wavelength. So it can be explained by the fact that in thet firs

The analytical data were statistically calculatedY®a", in the variant 2 fertilized by mineral feaérs con-
Analysis of variance (one-way ANOVA) was performedtaining 60kgP,0s, the_lPAL content was 16 rigy~, and
on 3 soil properties (pHP,0s (Mglkg™), K,O (mgkg?)  inthe witness 13 nikg™ P only.

to test the null hypothesis of any overall treattreffect It results an increase of 0.016 MgOs/kg or 0,007
on individual soil properties. mg P/kg in soil. In four years of consecutive aggutiion

of 60 kgP,Os/ha the increase was approximately of 0.028
4. Results and discussion mgkg™ P (see figure 2).

The effect of liming on the concentration of micro-
elements in soil solution was initially by a chargfesoil
reaction.

The albic luvisol from Suceava has a small to very
small content of versatile phosphorous (becausmrit
tains only 14 (midg™ P in the 0-20 cm layer) and an ob-
vious need of phosphorous fertilizers.

In the witness sample without fertilizers and
amendments, the pH value decreased from 5.4 ifirite
years to 5.1 in the sixth years (see figurel).

The pH decreases in acid soils used as arable were
observed in other researches too and explaineccassa-
quence of the decrease of saturation degree withshan- @010 mi0-20 0 2Z0-30
der the influence of natural and anthropogenic eldgm

Alike elements caused increased consumption of ba-  Fig 2. Variation ofP,Os depends of variants and year of
sic cations in order to increase the harvest byaideof fertilization
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In fact the increase was of 3 lg" P, showing that We found statistically significant differences &P
an increase of the phosphate solubility in soibab- 0.05) only in P205 (m§g”) (becauser> F crit) and
curred, process amplified by the addition of linoest there is not statistically significant differencespH and
However, the values remain at low level so thattese  K,O (mgkg™) mean values.
soil types even greater doses of phosphorousizersl The mobility of microelements in the soil suffers
can be applied. changes, on the one hand under the action of thesin

The association of mineral fertilizers with amend-trial and organic fertilizers and, on the other dhamder
ments did not induce significant changes in thewmhof  the action of the amendments (see table 4).
soluble K in the soil.

The summary statistics of soil parameters as a&ftect Table 4. Summary statistics of measured microelements Cu,
by the 6 variants of fertilization (presented ie table 1)  Zn, B, Mo and Mn in the soil (nigg™)
is shown in the table 2.

Statistics Cu 7n B | Mo Reducibl{VersatilgAccessibl
Table 2. Summary statistics of measured the soil ByQs i Mn Mn Mn
_l _l . .gs
(mglkg~), K-O (mgkg™) under the influence of fertilizers and | \jean+ (0.333424.16640.09840.1104 47.833+ | 26.166¢ 72.5001
amendments St. Dev] 1.538| 3.669[0.0090.015 11.107 | 9.020 8.871
Para-l. . . Sample variant CV(%)[16.470 1518 9.1p 13.63 23.220| 34470  12.280
metersSta“Stlc 1 > 3 2 = 5 St. Dev., standard deviation; CV(%), coefficienvafiation in percent.
Meanzt| 527545.100 | 5.225 5.150 5.300H 5.425 We remark that the distributions of Cu, Zn, B, Mo

pH St. Dev{ 0.126 [0.271 | 0.096 | 0.208 |0.141 | 0.150
CV(%) | 2.389| 5.313] 1.837 4.03492.660| 2.765

and Mn respectively, can be considered of low-varég

Versatile Mn has the maximum values for the cogffits

P,O. éVIeani 13.508H16.508416.500H20.75@23.00823.25¢{  of vari_ation CV (%). o

mgRg t. Devy 0.577| 0.577] 1.291] 3.500 | 3.559] 3.096 Simardet al 1988, sowed that application of CaCO
CV(%)| 4.274| 3.497| 7.824 16.8415.47413.31§ resulted in a decrease of the concentration of avaesp

Mean: |52, 50a54.008H64.25055.25052.50a57.256¢  and zinc in soil solution. _ _
KO |[st. Dev| 2.887| 3.266| 2.062| 8.617 2.887| 8.180 The forms of versatile and reducible Mn are typical

y .
MIRG™ ov(o6) | 5.400| 6048 3204 155des.a00 1426  (see figure 3).

St. Dev., standard deviation; CV(%), coefficientafiation in percent.

20 |
W AocesshleMn

O'ersatie Mn

We remark that the distributions of pPLOs K50, re-
spectively, can be considered of low-variance, thgat
no. 4 has the maximum values for the coefficiefitzaoa-
tion CV(%) for P,0s (mgkg™) andK,O (mgg?) and the
variant no. 2 has the maximum values for the coeffis

microelement
(mg/ kg)

of variation for pH. 0.
One-way ANOVA is used to determine if there is sta- (B2
tistically significant difference (see table 3) weén the 1 2 3 4 5 8
means of soil pH, s (mgkg"), K,O (mgkg™) and the Variant
influence of fertilizers and amendments used ioibteat- Fig 3. Variation of microelement§u, Zn, B, MandMn
ments respectively. The null hypothesis is thantieans are in soil (Mgkg™) T
equal: H: Mean 1 = Mean 2 = ... = Mean @.he alternate
hypothesis Hlis that at least one of the means is different. The content of versatile Mn in soil without amend-

ments but fertilized is lower than in the variamtih
amendments, the content of reducible Mn did notesuf
any change. The phosphorous acid anions get formed
probably with the versatile Mn compounds at lowaus

Table 3. Analysis of variance (ANOVA: Single Factor) sum-
mary for soil parameters pH®; (mgkg™) and KO (mgRg™)
depending on treatment methods

bility in the AL reagent. When the amendments are ap-
Soil | Source of | ool il s | £ | P F |2 plied, the content of versatile Mn did not suffeydosses
param}. variation valug crit of mobility depending on pH. This special variatgemse
Botween can be explained too as a consequence of the apacti
pH |Groups 0.267 |5 0.0%3.740 0.176.7730.326 between the phosphorous acid ions with the Ca from
Within Groups|0.553 18 0.031 amendments. As Ca is more electropositive than iMn,
b0, Between 1 allows Mn to remain to greater extent as ver_skbiim.
mgmg.1Gf°UP5 319.3  $63.8610.4030.0002.7720.74B From the agrochemical point of view microelements
Within Groups| 110J5 18 6.189 are important as reserve and also as assimilabtasfo
K,0 gfct)vt\:zgn ost 4780402743 0057740430 from the point of view of the microelement_s tramgfem
mg[laglwithin Groups| 51803 1828.7p2 one compartment to another under the influencehef t
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natural and anthropogenic physical, chemical ar@ bi
logical conditions as well.

The reaction of soil is very important for the \aers
tility of microelements in soil. In general, thetioas
solubility decreases with the pH increasing andsiel-
bility of anions (in fact Mo) increases with the pH

5. Conclusions

1. The soil reaction decreases lightly during toerf
years of observations both in the witness and sasnpl
fertilized by N and P, but also in the samples with
amendments applied periodically.

Humus influences mobility because of its fixing 2. The phosphorous content in the albic luvisol Veas

power made by carboxylic and phenol groups siniar
the chelating capacity of organic matter. The iafice of
clayey particles is similar whereas soil humidihdaem-
perature stimulate the concentration of microelemém
soil solution.

the mineral fertilizers contributing to its increasf 3-
12 mdkg® and depending on the treatments applied to.
The versatile potassium suffers insignificant Vias.

3. Mineral and natural fertilization was the factat
significantly determined the concentration of micro

The results of Sanders (Sanders 1983) showed minorelements in soil.

and irregular decreases in soil solution of theceairation
of copper with an increase of pH. This effect ig dol the
fact that copper almost always occurs in soil smuin a
chelate form and a rate of formation of these cemngs
only to a small extent depends on soil solution.

The soluble copper in the ammonium acetate
EDTA solution varied between 7-11 g™ Cu, depend-
ing on the nitrogenous fertilizer dose applied, liheest
value being registered in unfertilized witness skmp
whereas the highest one for the maximal dose oigen
fertilizer.

Zinc extracted by ammonium acetate - EDTA solu-

tion at pH 7 has shown very high values; in thecallovi-
sol from Suceava it was about 10 times higher tiwen
extracted zinc byICl 0.1 N solution from similar soils of
the Radauti Depression. The lowest values werdrauta
in unfertilized witnesses and the highest onesdis s
fertilized by different nitrogen doses (see tablel ad-
dition, the fertilizer itself can influence metallgbility in
soil. It s phosphate contain has a certain effectZa
solubility (Lambertet al.2007).

Boron extracted from soil by ammonium acetate
EDTA solution offered values of 0.08 g™ in the un-
fertilized witness and 0.10-0.11 g™’ in the fertilized
lots. The nitrogen fertilizers increase the exedct
amount of boron.

An increase of boron concentration in soil solution

under soil liming could be caused by an increasadsf
sorption of this element on soil particles of thaics

4. The general rule is that the mobility of micerakents
Cu, Zn, Mn and B decreases with the increase of pH
value, influenced by the amendments applied and con
versely, the mobility increases with the pH deceedis

the case of molybdenum, mobility occurs conversely.
The mineral fertilizers caused a decrease of theeo
tration of versatile manganese, zinc and coppefewhi
the concentration of boron and molybdenum was in-
creased. It was surprisingly to observe a certain i
crease of the values in the case of molybdenum, ex-
plained by the increased humus content in soilepic
ing the content of active Mn which was generallghi

the concentration of the other microelements was in
normal limits.

5. Through neutralization of soil reaction (variarénd 6),
liming caused a decrease of the concentration ofgaa
nese, zinc and copper in soil solution, while thacen-
tration of boron and molybdenum was increased.

6. As shown in the results and discussion secti@npb-
tained only one statistically significant differenéor
PZOS.

_7. The long-term fertilization with organic feraérs does

not result in significant increases in phosphorod a

mobile potassium of soil content. There is a good

correlation between the content of microelement an
nitrogen rates used, irrespective of the type ofemal
soil enhancer applied.
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