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Abstract: Five steps of PK-fertilization were applied in sgriof 2004 on Pavlovac acid (pdd= 3.99) soil
(Bjelovar-Bilogora County) moderately supplied withosphorus (available®s according AL-method: 9.40
mg 100¢') in amounts as follows: a = ordinary fertilizatitkg ha®: 125 ROs + 82 K0), b = a + NPK-1, ¢ =
a+ NPK-2,d = a + NPK-3 and e = a + NPK-4. Thtilieer NPK 10:30:20 was source of P and K (usimg
amounts 416, 1249, 2082, 2916 and 3748 ki fa the treatments a, b, ¢, d and e, respecivalifrogen
amount (375 kg N hY was equilized for all five treatments by additimfncorrespondingle quantities of CAN
(calcium ammonium nitrate: 27% N). The experimeaswonducted in four replicates (basic plot 7. m
Subsequent intervention in the experiment was ({0 tones hY of half of the area with granulated
fertdolomite containing 24.0% Ca + 16.0% MgO + 3.0%t+ 2.5% ROs + 3.0% KO. Remaining two
replicates have been used as control. At thirdssoiipling two soil samples were taken from eackclmst.
Soil sampling (0-30 cm) were made in three termfbews: at start of the trial (April 3, 2004), Nember
15, 2005 and September 3, 2009. According to theltee of AL-method, the five steps of PK fertilizat
significantly increased the average content of ldelyphosphorus and potassium in soil. The limind ha
similar significant effect on the available phospi®but liming caused insignificant decrease iailable
potassium. Hence, mineral fertilization and limsighultaneously increased available phosphorusetietts
on the potassium were opposite. Also, mineralliestion and liming had a different impact on gul since
mineral fertilization significantly decreased andihg significantly increased soil pH.

Keywords: fertilization, liming, pH, phosphorus, potassium

Introduction

Low levels of plant available phosphorus alonerocéombination with potassium are
limiting factors of some field crops yields (Kova@e and Vukadinovic, 1992). Also,
there are examples where low levels of these tvidemi were in combination with low
soil pH reaction (acidic soils) and these soils amt common for efficient crop
production. Ameliorative fertilization and applicat of lime could be solution for
normalization of plant nutrition under that congiits (Kovacevic et al., 2007). The
influence of fertilization and liming on soil propies were investigated by numerous
authors (Bowszys et al., 2005; Hughes et al., 206¢anovic et al., 2006; Loncaric et
al., 2007; Rastija et al., 2008). The aim of thigogr was to determine the effects of
different rates of mineral fertilizer and liming sisbsequent intervention on the changes
in the soil chemical properties.

M aterials and methods

The field experiment

Five steps of PK-fertilization were applied in Apoif 2004 on Pavlovac acid (pH in
KCl = 3.99) soil (Bjelovar-Bilogora County) modesat supplied with phosphorus
(available ROs according AL-method: 9.40 mg 10€gin amounts as follows: a =
ordinary fertilization (kg h& 125 BOs + 82 K,0), b =a + NPK-1, c = a + NPK-2, d =
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a + NPK-3 and e = a + NPK-4. The fertilizer NPK 3@20 was source of P and K
(using in amounts 416, 1249, 2082, 2916 and 374Bakgfor the treatments a, b, ¢, d
and e, respectively. Nitrogen amount (375 kg N)haas equilized for all treatments by
addition of adequate quantities of CAN (calcium amnium nitrate: 27% N) were used.
Both fertilizers are products of Petrokemija Femit Factory in Kutina, Croatia. The
experiment was conducted in four replicates. Theeemental plot measured 772m
Soil sampling (taking by auger to 0-30 cm of deptfgre made in three terms as
follows: at starting of the trial (April 3, 2004lNovember 15, 2005 and September 3,
2009. Crop sequence since 2004 has been as folloaige (2004), soybean (2005),
maize (2006), wheat (2007), maize (2008), and mgpe9). Subsequent intervention
in the experiment was liming (10 tones'haf half of the area (the third and fourth
replicates) with granulated fertdolomite (produétRetrokemija Fertilizer Factory in
Kutina, Croatia) containing 24.0% Ca + 16.0% Mg@.6% N + 2.5% BOs + 3.0%
K,0. Remaining two replicates have been used asatodr third soil sampling two
soil samples were taken from each basic plot.

Soil characteristics

Nutritional status of soil was controlled by phospls and potassium extractions using
AL-method (Egner et al., 1960), which is the masgtiently used method in Croatia.
Soil pH reaction was analyzed according to standathods (1ISO, 1994) in water and
M KCI solution. Soil organic matter was determirigg sulfochromic oxidation (ISO,
1998). Also, hydrolytic acidity was determined bstraction of soil samples using Na-
acetate solution.

Results and discussion

Investigated soils were very acid (gi3,99) and according to AL method showed very
low phosphorus and moderate potassium content. @rgaatter was 1.93 % and
hidrolitycal acidity 6.92 cmol Kg (Table 1). The five steps of PK fertilization
significantly increased average of available phosps and potassium in soil. Compare
to control, phosphorus availability increased fr@0 to 21.43 mg 100gand
potassium from 17.8 to 25.55 mg 100@ighest NPK treatments).

The soil pH (pHc) was slightly decreased by mineral fertilizatioorfi 3.99 to 3.38. At
the same time mineral fertilization had no sigmifit influence on soil organic matter
and hydrolytic acidity (Table 1). The resemblinguks were confirmed by Rastija et al.
(2006).

The liming had a similar significant effect on theailable phosphorus and the content
of available phosphorus were higher under limingditions (16.00 mg 100§ than on
control plots (9.40 mg 1009y. Similar effects regarding available phosphoruarev
observed by Loncaric et al. (2007) and Rastijale(2008). However, insignificant
decreased of available potassium was found unaéndi conditions (Table 1). Liming
is known to affect the availability of several glantrients but the extent of the lime
effect is usually difficult to quantify (Curtin arsimille, 1986). The major role of liming
was to overcome soil acidity and application ofdiim this trial increased soil pH from
pHkc 3.9 to pHc 4.55. As it was expected, the hydrolytic aciditpsMower after
liming and decreased from 6.92 to 4.88 cmol"kiylineral fertilization and liming
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simultaneously increased available phosphorus U860 mg 1009, but effects on the
potassium were opposite. In fact, slightly decreggif available potassium was found
after liming and fertilization (15.6 mg 108gcomparing to control treatment without
liming and fertilization (17.08 mg 100y The decrease of soluble AL-K content might
be the result of Ca — K cationantagonism in soilsad\ mineral fertilization in
combination with liming had a positive impact orilgiH and pHc increased up to
4,67. Organic matter content was independent ofettiézation and liming treatments.

Table 1.Soil chemical characteristics before and aftet tri

Soil property (0-30 cm)

pH AL-method (mg 1009 % Hydrolytic
acidity*
HO | KCI P,0s | K20 Humus cmol kg
The first soil sampling (before starting of thgpesiment: April 3, 2004)
Control 544 | 3.99 | 9.40 | 17.8 | 1.93 | 6.92
The second soil sampling (November 15, 2005) -tijga al., (2006)
Control 4.86 3.77 11.57 17.31 2.33 6.02
NPK-1 4.90 343 11.70 19.57 2.22 5.86
NPK-2 4.68 343 12.30 18.37 2.05 5.61
NPK-3 4.35 3.38 18.60 24.24 2.16 5.97
NPK-4 4.47 3.42 21.43 25.55 2.29 5.48
LSD 0.05 n.s. 0.23 0.69 0.58 n.s. n.s.
LSD 0.01 n.s. n.s. n.s.

Subsequent intervention on the NPK-fertilizaticeatments: liming of half of the
experiment area (Noveber 13, 2007) with granul&stdolomite (10 tons Ha containing
24.0% Ca + 16.0% MgO + 3.0% N + 2.5%0P+ 3.0% KO
The third soil sampling (Sept. 3, 2009): effedttirning (A1= control; A2 = Fertdolomite
10 tons hd), NPK-fertilization (five steps of B) and theinteractions
Effects of liming (the factor A)

Control (A1) 4.94 3.81 14.47 19.00 1.98 6.92

Lime (A2) 5.61 4.55 16.00 17.80 1.98 4.88
Effects of NPK-fertilization (the factor B)

Control (B1) 5.30 4.12 11.93 15.73 1.94 5.84
NPK-1 (B2) 5.17 4.10 12.33 17.13 2.00 5.87
NPK-2 (B3) 5.34 4.28 16.13 18.73 1.98 5.60
NPK-3 (B4) 5.28 4.18 16.67 20.10 1.98 6.02
NPK-4 (B5) 5.30 4.21 19.10 20.30 2.01 6.16

Effects of the AB interaction
Al A2 Al A2 Al A2 Al A2 Al A2 | Al| A2
Control (B1)| 492 | 567 | 3.80 | 444 | 11.1| 127 | 156 | 15.7 | 1.89 | 2.00 |6.82|4.85
NPK-1(B2) | 497 | 5.36 | 3.87 | 432 | 115 132 | 17.7| 16.6 | 2.09 | 1.91|6.54|5.20
NPK-2 (B3) | 494 | 576 | 3.80 | 4.77 | 144 17.8 19.7 | 17.8 | 1.95 | 2.00 | 6.56| 4.64
NPK-3 (B4) | 498 | 558 | 3.81 | 455 | 16.6 [16.719.5 21.4 | 18.8 | 1.95| 2.01|7.12{4.92
NPK-4 (B5) | 490 | 5.69 | 3.75 | 4.67 | 18.7 20.5| 20.1 | 2.03 | 1.99|7.57|4.78
The third soil sampling (Sept. 3, 2009): Statadtenalyses (ns = non-significant)

LSD -test 0.05 0.01] 0.04 0.0 0.05 0.0 0/05 001050 0.01| 0.050.01

A 0.11| 0.24| 0.10] 0.23 1.78 ns ns ns 0.520
B ns ns 1.72 2.37 1.61 222 ns 0.231
AB ns ns ns ns 0.3D.44
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Conclusions

Resulted showed that five steps of PK fertilizatisignificantly increased average
content of available phosphorus and potassium ih 3$be liming had a similar
significant effect on the available phosphorus hutthe same time insignificant
decreased available potassium. Hence, mineraliation and liming simultaneously
increased available phosphorus, but effects onpitassium were opposite. Also,
mineral fertilization and liming had a different paict on soil pH since mineral
fertilization significantly decreased and limingysificantly increased soil pH. Liming
and mineral fertilization had no influence on soijanic matter.
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