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Introduction

An essential element of site-specific management is to measure soil properties.
One of the most important parts of site-specific management is nutrient management.

While some of the site characteristics can be constant in a farm level, the
heterogeneity of the soil properties is high regarding different fields, and even in the
same field.

Site-specific nutrient-management has a 100 year-old history in Hungary. Some
pioneer of the fertilization experiments: Cserhati Sandor (Cserhati and Kosutany, 1887;
Cserhati, 1900),’Sigmond Elek (Sigmond, 1904; 1930). Even in this time it was evident
that agricultural soils are different in terms of fertility, and it should be taking into
account during the planning of fertilization. The national fertilization advisory system
was founded in 1979 and since nowadays it affects the nutrient management practice.

Calculation methods and factors were modified during the last years, but the
extraction methods did not changed, however Hungarian scientists, in accordance with
the international trends, studied the development and adaptation of new soil
measurement methods.

Researchers of the Agricultural University of Debrecen started to study the well-
known 0,01 M CaCl, method in 1990. The advantages of this method are: the
concentration of the salt solution is similar like the soil solution, therefore solubility is
nearly the same; multielemental, therefore the macro elements and easily oxidizable
organic nitrogen could be also measured; suspension could be easily filtered.

The aim of my study was to compare the conventional methods with the 0,01 M
CaCl, method and to measure the influence of soil- and agronomical factors on this
relationship in a representative dataset and in long-term experiments.

| also aimed to prepare recommendations for the extension of soil measurement

methods, and for site-specific nutrient management.



Materials and methods

Soil Information and Monitoring System

The concept of the Soil Information and Monitoring System (SIMS) was
developed in 1991 by the Institute of Soil Science and Agricultural Chemisty of the
Hungarian Academy of Science. Soil sampling was started in 1992. The aim of the
system was the evaluation and monitoring of the Hungarian soil conditions. Sampling
sites characterize the chemical and physical properties of the Hungarian soils. From the
1236 sampling sites 865 are located in agricultural land. | measured soil samples from
629 sampling sites collected in 2004. 1 received the physical and chemical

characteristics, AL-P, -K and soil type of these soils from the SIMS dataset.

Long-term experiment of Karcag

The long-term fertilization and crop rotation experiment is located in the
Research Institute of Karcag of the University of Debrecen. The experiment was set up
according to the guidelines National Fertilization Long-term Experiments in 1965, in
split-plot arrange and in four replications.

The B17 experiment is a wheat-corn-corn-wheat biculture and NPK long-term
fertilization experiment. The treatments are presented in the 1. table. The nitrogen
fertilizer was ammonium-nitrate in split application (50-50%, autumn-spring).
Phosphorous and potassium was applied in autumn. For the 1% and 3" replications lime
was applied in the 20" (14,5 t ha) and 32" (11 t ha) of the experiment. The primary
tillage was plowing.

The experimental soil is meadow chernozem (FAO: Luvic Phaeosem), saline in
the deeper layers. The depth of the humus containing layer is 90 cm. Humus content is
2,5-2,9%, therefore the N-supply is medium. According to the AL-P and —K the P- and
K-supply capacity of the soil is very weak and good, respectively (Buzas et al., 1979).
The KCI-pH is 5-5,5. Soil texture is clay-loam, and the limit of plasticity is 47.



1. table: NPK treatments of the B17 experiment of Karcag (kg NPK ha™)

(1971-)
Treatments 1971-1987 1987-
N P K N P K*
NoPoKo - _ _ - _ _
N1PoKo 50 - - 100 - -
N1P1Ko 50 22 — 100 26 -
N1P2Ko 50 44 - 100 52 —
N2PoKo 100 - - 150 - —
N2P1Ko 100 22 - 150 26 -
N2P2Kg 100 44 - 150 52 -
N3PoKo 150 - - 200 - -
N3sP1Ko 150 22 — 200 26 -
N3P2Ko 150 44 - 200 52 -
N1PoK1 50 - 83 100 - 83/166

N:P:1Ky 50 22 83 100 26 83/166
N:P2Ky 50 44 83 100 52 83/166
N2PoK1 100 - 83 150 - 83/166
N2P:1K1 100 22 83 150 26 83/166
N2P2K1 100 44 83 150 52 83/166
N3PoK1 150 - 83 200 - 83/166
N3P:1Ky 150 22 83 200 26 83/166
N3P2Ky 150 44 83 200 52 83/166
N4P3K> 200 65 83 250 79 83/207
* Remark: 83 kg K/ha for winter wheat 166 /207 kg K/ha for corn

Soil sampling was made in each year (2007-2009) after harvest. | received the
CEC values of the soils for the 2007 year and the AL-P and —K for the 2007 and 2008
years from the researchers of the Institute. Winter wheat was seeded in 2007-2008 and
corn was planted in 2009-2010.

Long-term experiment of Hajdubészormény

The NPK fertilization and plant density experiment was set up by Dr. Sarvari
Mihaly in Hajdiboszormény.

The 3-factorial experiment has three replications in strip design. The plots of two
varieties, PR38A79 (FAO 300) and PR37Y12 (FAO 390), from the 8 corn hybrid
existing in the experiment, were sampled. The NPK treatments are presented in the 2"
table.



2. Table: NPK treatments of the long-term experiment of Hajdibdszérmény
(kg NPK hal) (1989-)

Treatments N P K
NoPoKo 0 0 0
NaoP11Kos 40 10.9 24.9
NgoP22Kso 80 21.8 49.8
N120P33K7s 120 32.7 747
N160P24K 100 160 43.6 99.6
N200Ps5K 125 200 54.5 124.5

Fertilization was made in spring, and plant residue was mixed into the soil. The
primary tillage was plowing.

The experimental soil was meadow (FAO: Luvic Phaeosem). The humus
containing layer is 50 cm deep. According to the humus content (3,5%) the N-supply is
good. According to the AL-P and —K contents of the soil the P- and K-supply capacity
are weak and very weak, respectively (BUZAS et al., 1979). The pH of the soil in KCI
is 6,1. Soil texture is clay and the limit of plasticity is 54.The average depth of water

table is. The soil sampling was made in 2010 spring, before fertilization and planting.

Analytical methods

Soil measurements were made on the chemical laboratory of the Department of
Agrochemistry and Soil Science, University of Debrecen.

Soil preparation: After soil sampling we stored the samples in plastic bags, than
air dried them. After sieving (<2mm) we stored samples in paper bags.

0,01 M CaCl, method: 0,01 M CaCl; soil extraction was made according to
Houba et al. (2000). 5 g of prepared soil was shaken with 50 ml of solution for 2 hours.

After 10 minutes of centrifugation (2500 rpm) (MLW T54, NDK) we collected
the supernatant solution for further analysis. N- and P-content was measured by a
Continuous Flow Analyzer (Scalar SANPLUSSYSTEM, Scalar, Breda, the Netherlands).
Total N content was determined after UV-destruction. Total N contains the inorganic
fractions (NO3-N + NHz-N) and the easily extractable organic N fraction (Norg). Norg IS
the difference of total N and inorganic N.

K content was measured after filtering and the precipitation of Ca by oxalic acid
by a UNICAM-SP95B (Pye Unicam Ltd., Cambridge, England) spectrophotometer.
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Calculation of nutrient balance

| calculated the nutrient-balance of the long-term experiments. The agronomical
nutrient balance was calculated by the difference of the plant nutrient uptake and
nutrient content of the fertilizers, that doesn’t take into account other inputs or outputs.
Agronomic balance shows if fertilization could cover the plant uptake.

Nutrient mobilization and other inputs (nutrient content of seed, atmospheric
deposition, N-fixation of microbes) could be take into account in the net nutrient

balance by the nutrient uptake of plants in the control treatment (Németh, 1995).

Statistical analysis

For the statistical analysis | used the SPSS 13. program. Normality test was
performed by Kolmogorov Smirnov test and graphical methods. Outliers were filtered
by box-plot graph. Extreme outliers were excluded from further analysis.

Relationship between different extraction methods was measured by correlation
and regression analysis.

In long-term experiments the effect of treatments was measured by One-Way
ANOVA and General Linear Model. Post-hoc analysis was performed by Duncan test.

The relationship between Norg (dependent variable) and the most important
physical and chemical soil characteristics was studied by PLS regression (Esposito
Vinzi et al., 2010). With this method we create latent variables (components) which are
related with the explanatory variables. Components that explains more than 1% of the
variance of Norg are included into the model.



Results
Soil Information and Monitoring System
The relationship between the NO3-N contents extracted by 0,01 M CaCl, and 1

M KCI is shown on the Figure 1. The correlation was close on the studied dataset
(r=0,79).
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Figure 1: Relationship between CaCl>-NOs-N and KCI-NOs-N (mg kg™)
(n=632)

Remark: Correlation is significant in the P<0.001 significance level

& — Standard error of the estimate

In spite of the methodological differences — including soil:extractant ratio,
concentration, extraction time — NOs-N extracted by different methods are in the same
order of magnitude.

To investigate the role of 0.01 M CaCl, extractable organic N it is important to
know the factors influencing the amount of CaCl>-Norg. Among factors discussed in the
literature the effect of soil properties could be studied on the SIMS dataset.

There was a medium correlation between CaClz2-Norg and humus content (r =
0.59), weak correlation between CaCl>-Norg and limit of plasticity (r = 0.49), clay, silt
and sand contents (0.26 <r < 0.40).

There were significant correlations between explanatory variables, therefore PLS
regression was performed to eliminate this effect. 47% of the variance of CaCl2-Norg



could be explained by the components. The relationship between the soil properties and

the components is presented in Figure 2.
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Figure 2. Explained variance for all variables in the model of extractable organic N,

which explained 47% of the variation in EON.

Remark: Bars with the same color are positively related to each other within the component
(black bars are positively correlated with EON, grey ones are negatively correlated with EON).

The most important soil properties affected CaCl2-Norg fraction were soil texture

related factors (clay, silt, loam-content and limit of plasticity) and humus content. There

were a negative correlation with sand content and positive with silt, clay, plastic limit

and humus. This result suggests that mineralization circumstances affects CaCl2-Norg

fraction.

Ratios of the different N fractions on different soil types are presented in Figure
3. The total CaCl,-extractable N contains NO3-N. The ratio of CaCl2-Norg (20-33%) was
between the NOs-N and NHas-N, which suggests that extractable organic N couldn’t be

neglected in plant nutrition. The ratio of CaCl2-Norg was 33% on meadow soils.
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Figure 3: Ratios of CaCl.-N fractions on different soil types

The relationship between K contents extracted by the conventional AL method and
0,01 M CacCl; is presented on Figure 4. The K content extracted by the AL, which is a

stronger extractant was on average three times higher than that of CaClo.
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Figure 4: Relationship between AL-K and CaCl,-K




The regression equation between the K contents extracted by different methods:

Y (CaClz-K) = 0.282 AL-K + 5.42 R?=0.58 0=512

Soil physical and chemical properties have a different effect on the extractable
K. Soils were divided into soil texture classes based on limit of plasticity. The average
K contents and the ratios of K extracted by different methods are presented in Table 3.
While soil texture affected AL-K the 0,01 M CaCl,-K was constant.

Table 3: The amount and the raio of AL and 0,01 M CaCl,-extracted K (mg kg™) as a
function of soil texture

CaCl,-K (mg kg?) AL-K (mg kg?)

Soil texture N ) ] AL-K/CaCl,-K
average min. max. average min. max.
Coarse sand 48 83.1 24 187 151 37 527 1.8
Sand 51 74.3 12 230 162 36 439 2.2
Sandy loam 107 78.4 9 440 238 41 1136 3.0
Loam 146 87.8 11 400 291 50 1200 3.3
Clay loam 149 87 15 450 313 65 1438 3.6
Clay 86 88.1 15 736 332 58 1135 3.8
Heavy clay 45 72.6 5 270 340 78 860 4.7
Total 629 83.2 - - 276 - - 3.3

It is a well-known fact that in case of the same exchangeable K there is more K
in the soil solution of a sandy soil than that of a clay soil. Exchangeable K usually
increase by the increasing clay content, but the soluble K doesn’t follow this tendency.
The reason of this fact is that clay soils fix K more than light-textured soils. The
regression on coarse sand and heavy clay soils can describe the differences (Figure 5).
We can see that the same CaCl>-K results in a relatively lower AL-K on the heavy clay
soil than that of on a sandy soil, therefore it can be concluded that CaCl.-K is mainly

related to easily available K and AL-K related to the amount of K reserves.
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Figure 5: Relationship between AL-K and CaCl.-K (mg kg) on coarse sand and heavy
clay soils

The relationship between pH and K contents are presented in Table 4. 0.01 M

CaCl.-K was constant but the AL-K increased as a function of pH.

Table 4: The amount and ratio of AL- and 0,01 M CaCl,-K (mg kg™?) as a function of

pH

CaCl-K (mg kg?) AL-K (mg kg?) AL-K/

PHic N avera i i CaCl>-K
ge min. max. average min.  max.

Very acidic 69 83.1 24 255 151.2 40 518 1.8
Acidic 109 74.3 18 398 161.7 70 1046 2.2
Slightly acidic 147 78.4 5 385 238 37 1200 3
Neutral 123 87.8 14 345 290.6 36 1438 3.3
Slightly alkaline 181 87 9 736 312.9 37 1136 3.6
Total 629 83.2 - - 275.9 - - 3.3

A huge difference was found between the amounts of CaCl,-P and AL-P (Figure
6).

CaCl2-P was less than 2% of AL-P. The regression equation was the following:

Y (CaCl,-P) = 0.0137 AL-P + 0.3478 R?2=0.31 0=171
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Figure 6: Regression between AL-P and CaCl>-P (n = 622)

CaCly- and AL-P contents of soils as a function of carbonate content are
demonstrated on Table 5. CaCl,-P decreased as a function of increasing carbonate
content, which is in accordance with the solubility of phosphate compounds. In contrast,
the amount of AL-P was bigger on soils with high carbonate content. The ratio of AL-P
and CaCl-P increased as a function of increasing carbonate content. | can be explained
by the acidic characteristic of AL, which allows to soluble P-reserves, like Ca-

phosphates.

Table 5: CaCl»-P and AL-P contents and ratios of AL-P and CaCl-P as a function of
carbonate content

CaClx-P (mg kg™) AL-P (mg kgl)

Carbonate content . . AL/CaCl,
average min. max. average min. max.

No carbonate 302 1.86%* 0.01 18.5 68? 1.3 510 37

Less carbonate 148 1.69° 0.05 11.0 110 8.7 470 65

Medium carbonate 142 1.31* 0.01 6.8 130° 7.4 420 99

High carbonate 30 0.69° 0.05 6.8 96°> 19.2 227 141

Total 622 1.64 94 57

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%
significance level
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Long-term experiment of Karcag

The 0.01 M CaCl: extractable NO3-N, NHs-N, Norg contents and total N in 2007-
2009 are presented in Table 6.

Table 6: Effect of long-term N fertilization on 0.01 M CaCl; extractable N fractions in
the long-term experiment of Karcag B17. (2007-2009)

Treatments NOs-N + NHsN - Norg - Niotal

(kgNha') — (mgkg®) OO (mgkgh) > (mgkgh) O (mgkgy) °O

2007
No 4.5 a 2.16 a 2.82 a 9.5 a
N100 8.7 b 3.47 b 3.08 a 15.3 b
N1s0 13.6 c 4.56 b 3.06 a 21.3 c
N200 22.8 d 4.33 b 3.38 b 30.5 d
Na2so 34.7 e 6.08 ab 447 c 45.2 e
Average 15.5 4.12 3.22 22.8

2008
No 4 a 3.16 a 4,62 a 11.8 a
N100 1.7 b 6.11 a 5.26 ab 19.1 b
N1so 9.7 bc 5.23 a 5.22 ab 20.2 b
N2oo 11.7 c 6.22 a 5.78 b 23.7 bc
N2so 13.1 C 6.43 a 1.27 c 26.8 C
Average 9.6 5.75 5.47 20.8

2009
No 6.2 a 1.47 a 4,48 a 12.2 a
N100 11.2 ab 2.31 a 3.59 a 17.1 ab
N1s0 15 bc 2.18 a 3.98 a 21.2 ab
N200 19.6 cd 3.3 a 4 a 26.9 bc
N2so 23 d 4.68 a 4,67 a 32.4 c
Average 15.2 2.65 3.93 21.8

2007-2009 (average)

No 49 a 2.26 a 3.98 a 11.1 a
N100 9.2 b 3.96 a 3.97 a 17.1 b
Nis0 12.8 b 3.99 a 4.09 a 20.9 b
N2oo 18.0 o 4.62 a 4.39 a 27.0 C
N2so 23.6 d 5.73 a 5.47 b 34.8 d
Average 134 4.17 421 21.8

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%
significance level

In 2007, 2008 and 2009 each N rate increased significantly the amounts of NOs-

N and Nta fractions, however there were smaller differences between the NO3-N and
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Niwota cOntents of different treatments in 2008 and 2009. The highest NOs-N content was
detectable in 2007, which could be explained by the drought in 2007 April. This is the
period of intensive tillering and stem extension, therefore drought stress in this stage
decreased N-uptake dramatically.

The amounts of Norg fraction were significantly affected by N-fertilization in
2007 and 2008, which could be explained by the indirect effects of fertilization. N
fertilization increases the root development and intensive rooting increases
microbiological activity as well. The indirect effect of N-fertilization proven by the
significant relationship between winter wheat yield and Norg in 2007 (r=0.53) and in
2008 (r=0.47). Regression was studied between the yield and Norg because yield is
strongly related to total biomass production (Figure 7).

The relationship between corn yield in 2009 and Norg could not be proven. The
straw was harvested in the experiment, therefore the different results could be explained
by the different rooting and depth of active root zone of the winter wheat and corn.
However the total biomass/root production of corn is usually higher, winter wheat roots
are mainly concentrated in the upper soil layer. The active root system and the increased
microbial activity in the shallow soil layer increased the easily extractable organic N,

which was sampled and measured during this study.
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Figure 7: Relationship between the yield of winter wheat and Norg content after harvest
(n=160) (2007, 2008)

** Correlation is significant in the P=0,01 significance level

*** Correlation is significant in the P=0,001 significance level
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Earlier measurements proved that the growing season affects Norg fraction, which
could be explained by the effects of precipitation and temperature on biomass
production and microbiological activity. Seasonal changes of Norg could be detected in
the long-term experiment of Karcag (Figure 8). Average Norg contents of the different
years were significantly differ. The average Norg content of 2008 was 70% higher than
that of in 2007.

It can be concluded that in a given growing site seasonal effect is the most

important factor influencing Norg..
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Figure 8: Average Norg content in 2007-2009
Error bars represents the confidence interval (P=5%)
*Significant difference: Averages signed with the same letter didn’t differ on the p<5%
significance level

Relationship between agronomic N balance and CaCl>-N fractions was studied
by regression analysis (Figure 9, 10, 11). In 2007 there was close correlation between
agronomic N balance, CaCl>-Ntta and NO3z-N (r=0.86; r=0.87), while medium
correlation was found between N balance and NHz-N (r=0.65).

CaCl>-Nwta and NO3z-N were closely related to N balance in 2008 as well
(r=0.75; r=0.8), but the steepness of the curve was lower. In 2008 Norg and N balance
were also related (r=0.54).

There were significant, close relationship between N balance, CaClz-Niotar and
NO3-N in 2009 (r=0.93; r=0.93).
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Figure 9: Relationship between CaCl>-N fractions and agronomic N balance
(n=20; 2007)
*** Correlation is significant in the P=0.001 significance level
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Figure 10: Relationship between CaCl.-N fractions and agronomic N balance
(n=20; 2008)
*** Correlation is significant in the P=0.001 significance level
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Figure 11: Relationship between CaCl>-N fractions and agronomic N balance
(n=20; 2009)
*** Correlation is significant in the P=0.001 significance level

The close relationship between CaCl2-Ntwtar and agronomic N balance prove that
the decreasing or increasing of soil N reserves causes the decrease or increase in the
amount of CaCl>-Nwta, While the regression equations were different in each year.
However soil properties are constant, the seasonal effects causes significant differences
between years.

Average amounts of CaCl»-P and AL-P in each year are demonstrated in Table
8. It can be concluded that AL-P increased consequently an an effect of increasing P

fertilizer rates, CaCl-P only increased as an effect of higher P rates.
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Table 8: Effect of long-term P-fertilization on the amounts of 0.01 M CaCl, and AL
extractable P, yield and agronomic P balance in the long-term experiment of Karcag

(2007-2009)

Treatments Yield P balance** CaCl,-P AL-P

(gPha’)  (tha)  (gha)  (mgkg’) SO (mgkgy ST ALPICaCLP
2007 (winter wheat)

Po 3.8 -18.4 1.04 a 13.8 a 13

P2 6.1 -3.3 1.10 a 35.6 b 32

Pas 6.0 23.6 1.57 b 76.0 c 48

Pes 6.9 45.2 4.27 c 127.9 d 30

Average 5.3 1.38 44.7 32
2008 (winter wheat)

Po 5.9 -28.4 0.96 a 12.8 a 13

P2 6.8 -6.5 0.95 a 295 b 31

Pas 6.8 19.9 1.67 b 71.2 c 43

Pes 6.7 46.2 5.65 c 119.7 d 21

Average 6.5 1.40 40.7 29
2009 (corn)

Po 9.0 -50.9 0.97 a

P2 9.5 -27.6 0.93 a

Pas 9.2 0.4 131 b

Pes 8.2 31.8 2.23 c

Average 9.1 1.12
2007-2009

Po -97.7 1.04 a

P2 -37.4 1.10 a

Pas 43.9 1.57 b

Pes 123.1 4.27 c

Average 1.38

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%

significance level

** Agronomic P balance: difference of the P fertilizer rate and plant P uptake

Relationship between the agronomic P balance and P extracted by CaCl, and AL

was measured by regression analysis (Figure 12, 13, 14). There was a close significant

relationship between AL-P and P balance (r2007=0.94; r2008=0.92). The relationship was

linear, and proved that AL-P is closely related to the changes in P reserves.
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Figure 12: Relationship between AL-P and agronomic P balance (n=80; 2007-2009)
*** Correlation is significant in the P=0.001 significance level

The relationship between P balance and CaCl,-P was non-linear (r2007=0.77;

r2008=0.77; r2000=0.79) and significant (Figure 13, 14), but the correlation was less close

than in case of AL-P.
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Figure 13: Relationship between CaCl,-P and agronomic P balance (n=80; 2007, 2008),
and preliminary P-limits according to Jaszberenyi and Loch (2001) (2 mg kg
*** Correlation is significant in the P=0.001 significance level
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In 2009 the P balance was mainly negative as an effect of high corn nutrient uptake. In

accordance with the negative P balance CaCl,-P amount was low (Figure 16).

3 5 CaClL-P (me kz!)
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Ri=Da2060%**
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Figure 14: Relationship between CaCl,-P and agronomic P balance (n=80; 2009), and
preliminary P-limits according to Jaszberenyi and Loch (2001) (2 mg kg™?)
*** Correlation is significant in the P=0.001 significance level

Two replications of the experiment were treated by CaCOg, therefore the effect
of liming, K fertilization and the interaction of them could be measured. Both factors
(P<0.001) and the interaction (P<0.05) affected the amount of CaCl>-K and only K
fertilization affected the amount of AL-K (P<0.001). The amounts and ratio of CaCl.-K
and AL-K are represented in Table 9.
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Table 9: Effect of long-term K-fertilization on the amounts of 0.01 M CaCl, and AL
extractable K, yield and agronomic K balance in the long-term experiment of Karcag
(2007-2009)

Treatments Yield Kbalance** CaCl,-K AL-K
(kgKha® liming)  (thad)  (kghal) (mokgd) 07 (mgkgy SO° AL-K/CaClK

2007 (buza)

Ko 5.2 -77.3 46 a 182 a 4.0

Ko + liming 5.3 -78.5 37 b 197 a 5.3

Kss 5.7 -1.4 129 c 356 b 2.7

Kegs + liming 5.2 4.7 95 d 339 b 3.6

Average 5.3 77 269 35
2008 (buza)

Ko 6.8 -101.5 57 a 198 a 3.5

Ko + liming 6.1 -91.2 45 a 199 a 4.4

Kas 6.8 -19.0 150 b 357 b 2.4

Kegs + liming 6.2 -9.6 117 c 333 b 2.8

Average 6.5 92 272 3.0

2009 (kukorica)

Ko 9.2 -167.0 52 a

Ko + liming 9.8 -178.3 42 b

Kies 8.2 -66.5 98 c

Kigs + liming 9.5 -90.3 75 d

Average 9.2 66
2007-2009

Ko -115.3 51 a

Ko + liming -116.0 41 b

Ksare6 -29.0 126 c

Kss/ig6 + Iiming -31.7 96 d

Average 78

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%
significance level
** Agronomic K balance: difference of the K fertilizer rate and plant K uptake

Relationship between K balance, CaCl.-K and AL-K are presented in Figure 15,
16 and 17. There was significant close correlation between CaCl,-K, AL-K and

agronomic K balance. Both methods indicated well the changes in K reserves.
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Figure 15: Relationship between agronomic K balance, CaCl>-K and AL-K (2007)
*** Correlation is significant in the P=0.001 significance level
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Figure 16: Relationship between agronomic K balance, CaCl>-K and AL-K (2008)
*** Correlation is significant in the P=0.001 significance level

21



H
I~
D

° o
y=0,40o/X+ 117,15 e v

R =0756%% &9 4
v
O
°<><>° 0

e .00

H
) &)
D

dQo
D

P
D

X &

D

I

Extracted K (mg kg™)

) &)
D

D

-250 -150 -50 50
K-balance (kg ha™)

| B K-balance — CaCl>-K |

Figure 17: Relationship between agronomic K balance, CaCl>-K and AL-K (2009)

*** Correlation is significant in the P=0.001 significance level

Long-term experiment of Hajdubdszormény

Average amounts of 0.01 M CaCl; extractable N fractions of the different NPK

treatments are shown on Table 10. Average inorganic N fraction was less than that of in

the Karcag experiment, while yields in the same year were higher. Only the highest N

rate could increase CaCla-Niotal.

Agronomic N balances are also presented on the Table. The N balance was

negative in each treatment.

Table 10: Effect of fertilization on CaCl; extractable N fractions (n=24; 2010)

Yield N balance NOs-N SD* NH4*-N SD* Norg  SD* Nigta SD*
Treatments (t ha‘l) (kg ha‘l) (mg kg'l)

NoPoKo 5.1 -120 3.31 a 0.99 a 646 a 10.76 a
Na4oP11Ko2s 9.4 -206 3.86 a 2.03 a 6.14 a 1204 a
NsgoP22Kso 9.9 -172 3.93 a 1.47 a 5.97 a 11.37 a
Ni20P33sK7s  10.1 -133 4.18 a 2.00 a 6.29 a 1247 a
N160P44K100 9.9 -84 4.01 a 1.20 a 6.05 a 11.25 a
N2ooPssKis  10.1 -55 7.06 b 3.66 b 6.89 a 1760 b
Average 4.39 1.89 6.30 1258

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%

significance level
** Agronomic N balance: difference of the N fertilizer rate and plant N uptake

The amounts of CaCl>-P, AL-P and the agronomic P balance are presented in

Table 11. Long-term fertilization didn’t increase CaCl.-P and AL-P increased only as an
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effect of highest rate. P balance was negative in each treatment, which could be
explained by the high yields. The CaCl>-P contents of the experimental soil were
compared to the preliminary P limits according to Jaszberényi and Loch (2001). The
preliminary limit value on clay and pH 6-7 soils is between 0,5 and 1 mg kg*. The
amount of CaCl>-P was higher than the limit value suggesting that phosphorous is not a
limiting factor in the studied experiment.

Table 11: Effect of fertilization on CaCl,- and AL-P (n=24, 2010.)

P balance CaCl-P | sD* | AL-P | SD*

Treatments (kg ha')) (mg kg

NoPoKg -62 0.71 a 55.3 ab
NaoP11K25 -118 1.68 a 315 a
NgoP22,Kso -111 0.95 a 35.8 a
N120P33K75 -101 1.14 a 53.1 ab
N160P 42K 100 -87 0.77 a 62.8 ab
N200Ps5K 125 -82 1.37 a 84.4 b
Average -94 1.10 53.8

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%
significance level
** Agronomic P balance: difference of the P fertilizer rate and plant P uptake

The average CaCl>-K and AL-K amounts and agronomic K balance are
presented in Table 12. As an effect of highest fertilizer rate both K fractions increased
significantly.

I compared CaCl,-K values to the preliminary K limit values determined by
Jaszberényi et al (1999) on the basis of long-term experiments. For clay soils they
suggested the 50-60 mg kg™ value. The amount of CaClz-K didn’t reach this value in
the experiment. According to the AL-K value the K-supply capacity of the soil is weak.
The weak K-supply of the soil and smectite-dominated clay mineral composition

explains low CaCl>-K values.
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Table 12: Effect of fertilization on CaCly- and AL-K (n=24, 2010.)

Treatments K balance** | CaClz-K SpD* AL-K SpD* AL-K/
(kg NPK ha?) (kg hal) (mg kg?) (mg kg?) CaCl-K
NoPoKo -106 30.8 a 138.6 ab 4.5
NaoP11K2s -191 37.3 a 140.4 ab 3.8
NgoP22Kso -172 33.3 a 135.0 a 4.1
N120P33K7s -148 35.1 a 142.2 ab 4.1
N160P 44K 100 -115 32.6 a 149.5 bc 4.6
N200Ps5K 125 -99 45,2 b 156.2 C 3.5
Average -139 35.7 143.7 4.0

*Significant difference: Averages signed with the same letter didn’t differ on the p<5%

significance level
** Agronomic K balance: difference of the K fertilizer rate and plant K uptake

Correlation between AL- and 0.01 M CaCl>-K was presented on Figure 18.
Correlation was linear and medium (r=0.56). In the experiment of Karcag | found a

close correlation between the different K fractions (r=0.93-0.95). These results could be

explained with the differences between the clay mineral compositions of the two soils.

While the soil of Hajduboszormény experiment is clay, and it has high K reserves, the

dominated clay mineral is smectite, which fixate K. In the soils of Karcag experiment

dominated clay mineral is illite, which has a good K-supply.
The ratio of AL-K and CaCl>-K was 4.
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&5 y =0,3213x - 10,44
R>=0,3003
50 +* /
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Figure 18: Regression between CaCl>-K and AL-K (n=24; 2010.)
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New and novel scientific results

1. According to the results it could be stated that 0.01 M CaCl; extracted P- and K-
contents couldn’t be calculated from the AL-P and —K contents with regression
analysis.

2. It can be concluded that 0.01 M CaCl>-Niwtar fraction was mainly related to
fertilization.

3. It was demonstrated that the amount of CaCl2-Norg Was between the NOz-N and
NHs-N fractions, on control soils it was 33% of the CaCl>-Nwtar fraction,
therefore the amount of CaCl2-Norg couldn’t be neglected in N-supply.

4. According to the results of a representative dataset and long-term experiments
CaCl>-Norg fraction was mainly related to soil texture and soil organic matter
content and in a given soil it could be modified by seasonal effects, fertilization
and crop rotation.
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Practical scientific results

1.

It can be concluded that CaCl2-Notal fraction is closely related to fertilization and
agronomic N balance, therefore this parameter could be a useful tool to the
determination of side dressing and topdressing N rates.

According to the results, 0.01 M CaCl> method is able to detect the
environmentally harmful surplus P content of soil.

In contrast with the AL-K, the amount of CaCl>-K is not related to soil texture or
the pH of soil, therefore 0.01 M CaCl> could be a complementary method
besides AL for the determination of K-supply of soils.
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