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Abstract

Far as is known there is no relevant  information about the status of total and organic
phosphorus in Croatian soils, so aim of this study was to determine the total and organic
phosphorus in soils of the eastern Croatia. In total were collected 94 soil samples and the soil
pH, organic matter as well as the total phosphorus content and organic phosphorus content
were analyzed. All samples were grouped according to soil pH and organic matter in two groups
(pHKCl <6, pHKCl > 6, organic matter< 2%, organic matter> 2%). Analyzed samples showed
significant amounts of total phosphorus with minimal content of 329.84 mg P2O5 kg-1, while
the maximum value determined by the total phosphorus was 1732.19 mg P2O5 kg-1 with an
average of 713.03 mg P2O5 kg-1. The content of organic phosphorus in soils ranged from 3,44
mg P2O5 kg-1 to 292,55 mg P2O5 kg-1, with the portion of organic phosphorus in total
phosphorus from 0.54% to 78.29%.. Seen from the humus content in the soil, very low humic
soil had an average of 12.0% of organic phosphorus, while fairly humic soil had an average of
7.1% organic phosphorus. Also, the results showed that the minimum (0.54%) and maximum
(78.29%) portio of organic phosphorus in total phosphorus soils recorded within broad
categories humic poor soils. Although it was expected, there was no significant differences
between the amount of organic phosphorus in soil and organic matter content, but large
influence of organic matter content to the correlation of certain fractions of phosphorus in the
soil were determined (r = 0.89).
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Introduction

Total phosphorus are all fractions of phosphorus that exist in the soil and all organic and
inorganic forms of phosphorus and oxidation of organic compounds and inorganic dissolution
by acids necessary to determine the total amount of phosphorus in the soil. Many authors
point out that there is an essential difference between the total and plant available phosphorus
in the soil. Total phosphorus can be successfully predicted from the content of humus and
common extraction methods such as Olsen or Bray (Bundy & Good, 2003) and few
parameters are important for predicting the total phosphorus in the soil: the physical
properties of the soil, the amount of water in soil chemical properties and organic matter
(Ulen et al., 2000).
In most agricultural soils, organic P comprises 30-80 % of total P. The largest fraction of
oragnic P over 50 % appears to be in form of phytin and its derivate (Tarafdar & Claassen,
1988). The significance of these organic P compounds for the P nutrition of plants is not clear.
Generally, it is assumed that plants take up P as inorganic phosphate from the soil solution
and than phosphatases, either from plant root or soil microorganisms, must first hydrolyze
organic P compounds in soil (Hayes et al, 2000).
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Materials and methods

In total were collected 94 soil samples from eastern Croatia and the soil pH (ISO 10390),
organic matter (ISO 14235) as well as the total phosphorus content (ISO 11466) and organic
phosphorus content (Kuo, 1996.) were analyzed. All samples were grouped according to soil
pH and organic matter in two groups and several subgroups (pHKCl <6, pHKCl > 6, organic
matter< 2%, organic matter> 2%). Total organic phosphorus determined by annealing
samples. The method is based on the annealing process, which translates into an organic
phosphorus inorganic form, and then determines the total amount of organic phosphorus by
comparing the amount of phosphorus in the sample inorganic with or without prior annealing.
Concentration of total phosphorus in both samples (with or without annealing) is calculated
by the equation:
Total P (mg kg-1) = P conc (mg ml-1) x 50 / g
g = weighs soil
P = total organic P annealing - total P without annealing
Total phosphorus in the soil was determined destruction of soil samples with aqua regia (ISO
11466, 1995). Concentration of total phosphorus was determined by ICP-OES technique
(induced coupled plasma-optical emission spectrometry) and expressed as mg P l-1. The result
then was converted into mg P2O5 kg-1.

Results and discussion

Total phosphorus in soil consists of organic and inorganic forms of phosphorus, and
considering that the method for determination of total phosphorus in the soil complicated
analyzes were made on 94 samples, primarily to study the relationship between the total,
organic and inorganic phosphorus in the soil. Criteria for samples distributions was pHKCl,
(Figure 1).
Highly acidic soil (pHKCl <4) were presented with the lowest number of samples (13), and
most of the samples were from a group of slightly acidic soils (23).

Figure 1. Soil samples distribution according to pHKCl
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In the analyzed samples showed significant amounts of total phosphorus from 329.84 mg
P2O5 kg-1, to 1732.19 mg P2O5 kg-1 with an average value of 713.03 mg P2O5 kg-1 (Table
1).

Table 1. Minimum, maximum and average of total and organic P

There was no significant differences between the minimum, maximum and average values of
total phosphorus in soils according to different acidity (Table 2). However, the lowest total
phosphorus was determined in slightly alkaline soils and followed by a total phosphorus in
highly acidic soils.
Table 2. Minimum, maximum and average of total and organic P in different range od soil pH

Many authors point out that there is an essential difference between the total and plant
available phosphorus in the soil (Al-Jaloud et al. 1998; Kuo, 1996). As proved by Bundy and
Good (2003) total phosphorus can be successfully predicted from the organic matter content
and common extraction methods such as Olsen or Bray. Four parameters are important for
predicting the total phosphorus in the soil: the physical properties of the soil, the amount of
water in soil, chemical properties and organic matter content (Ulen et al., 2000.).
As wall as total phosphorus, in the same number of samples organic phosphorus in the soil
were determined and the criteria for selecting samples were organic matter content (<2%
and> 2%) and soil pH.
The determined value of organic phosphorus in soils ranged from 3.44 to 292.55 mg kg-1
with an average of 56.9 mg kg-1 (Table 1). Distribution of samples at pH values showed that,
on average, the highest concentration of organic phosphorus were represented in the group of
highly acidic soils (81.69 mg kg-1) while in other groups were occurred approximately the
same value of organic phosphorus (Table 2).
Considering the organic matter content samples were divided into six groups: <1% organic
matter, 1.0-1.5% organic matter, 1.5-2.0% organic matter 2.0-2.5% organic matter, 2,5 - 3.0%
organic matter and> 3% organic matter. According to Gračanin these groups can be
categorized into three: very low humic soil (<1%), low humic soil (from 4 categories by
previous division: 1-3%), and plenty of humic soil (> 3%) (Figure 2).

Min 329,84 Min 3,44
Max 1732,19 Max 292,55
Average 713,03 Average 56,9

Total P2O5

 mgkg-1

Organic P2O5

 mgkg-1

pHKCl min max average pHKCl min max average

<4 373,69 1211,23 669,45 <4 6,3 292,55 81,69
4-5 457,06 1254,95 742,38 4-5 4,58 188,93 45,86
5-6 429,26 1175,39 724,21 5-6 3,44 201,52 62,77
6-7 408,09 1264,93 723,06 6-7 4,58 156,87 54,09
>7 329,84 1732,19 692,03 >7 11,45 237,59 50,38

Total P2O5

 mgkg-1

Organic -P2O5

 mgkg-1
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Figure 2. Soil samples distribution according to organic matter content

The share of organic phosphorus in total phosphorus were ranged from 0.54% to 78.29%. The
minimum proportion of organic phosphorus in total phosphorus was recorded in the sample
from the group moderately acidic soils (pHKCl 5-6), while the maximum share recorded in
samples from a group of highly acidic soils (pHKCl <4). The soils of extremely acidic reaction
was recorded the highest (14.32%) average share of organic phosphorus in total phosphorus
(Figure 3). Generally, the minimum registered share of organic phosphorus in total
phosphorus was in slightly humic moderately acidic soils (0,54 %), while the maximum share
was recorded in extremely low humic acid soils (78,29%).

Figure 3. Total and organic P share

10

18

22

19

12 13

0

5

10

15

20

25

< 1 1,0-1,5 1,5-2,0 2,0-2,5 2,5-3,0 >3

% organic matter

0,00

10,00

20,00

30,00

40,00

50,00

60,00

70,00

80,00

<4 4-5 5-6 6-7 >7

Total  and oragnic P ratio

min max average



IV International Symposium „Agrosym 2013“

485

In most soils, organic phosphorus is more than 50% of total phosphorus, mostly in the form of
inositol phosphate penta and hexa-related iron and aluminum (Borie & Rubio, 2003). Since
most plants can intake phosphorus exclusively in inorganic form enzyme phosphatase activity
in the soil are crucial.

Conclusion

pH reaction had no effect on the concentration of total and organic phosphorus in the eastern
Croatia soils. Also, although the amount of organic phosphorus in soil is closely related to the
amount of organic matter, expected results of their correlation were absent, but the organic
matter content significantly influenced the simplified fraction of phosphorus in the soil
(r=0,89). Seen from the organic matter content in the soil, very low humic soil had an average
of 12.0% of organic phosphorus, while fairly humic soil had an average of 7.1% organic
phosphorus. Different proportion of organic phosphorus in very low humic soils in relation to
humic soil, probably due to varying intensity of mineralization, C / P, N / P ratio, and
different enzyme phosphatase activities. Also, the increase in organic matter content of the
soil can be binding free inorganic phosphorus (Humate effect) affected by the decreased in the
share of organic phosphorus in the soil.
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