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Abstract

STOILOV, G., D. DOCHEV and K. KOUMANOV, 1999.Investigations on fertigation on
three soils. II. Migration and localization of phosphorus. Bzlg. J. Agric. Sci., 5: 615-620

The experiment was carried out in lysimeters on three soil types: alluvial-meadow soil (Fluvisol) -
sandy loam, cinnamon-forest soil (Luvisol) - clay loam, and smolnitsa (Vertisol) - clay. The fertilizers -
urea [CO(NH2)z] a"d phosphoric acid (H3POa), were supplied through the irrigation systenL the annual
amounts being partitioned to monthly doses.

It was found that, the application of phosphoric acid (H3POa) through the systems for micro-irrigation
increased considerably the migration ability of phosphorus, compared to traditional methods of fertigation
and irrigation. The mobile phosphorus was distributed concentrically - with maximal concentrations
under the point of dripping, despite the pattem of wetting, the root activity, or the soil type . Forming a sig-
nificantly deep zone with high content of available phosphorus and with a favorable soil moisture, the fer-
tigation proved to provide optimal conditions for supplying of the fruit-tree speties with phosphorus and
for increasing the effectiveness of tlre phosphorus-fertilization.
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and if applied by traditional ways, they
move downward with the irrigation water
not more than 20 or 30 mm (Bucks et al.,
1982; Rolston et al., 1986). Therefore, if
not mechanically introduced in depth, the
phosphoric fertilizer remains positionally
unavailable for the deep root system ofthe
most perennial crops and particularly of the
fruit trees.

Plants grow better when the phosphorus
is applied by a trickle irrigation system
(Miller et al., 1980). It was found that the
mobility of orthophosphates in the soil was
considerably greater when they were
applied through a drip-irrigation systern,
compared to the other ways of fertilization

Introduction

The application of phosphorus through
the systems of micro-irrigation requires an
increased attention because ofthe chemical
precipitation and the emitter clogging,
inherent for most of the phosphoric fertiliz-
ers (Bucks and Nakayama, 1980; Rolston et
al., 1986). To prevent the precipitation, it is
recommended pH of irrigation water to be
lowered by adding of phosphoric acid (or
sulfuric acid) when the phosphoric fertilizer
is being injected (Rauschkolb et al.,1976;
Nakayama, 1986).

The phosphoric fertilizers are known
with an extremely low mobility in the soil
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(Bar-Yosef and Sheikholsami, 1976; Miller
et al., 1980). According to Rauschkolb et al.
(1976), after a fertilization rate of 39 kg
P/ha, the orthophosphatic ions advanced
30cm vertically and 25 cm horizontally
from the point of dripping. O'Neill et ai.
(1979) also found that the phosphorus per-
vaded a larger volume when it was applied
by a drip-irrigation system as orthophos-
phoric acid. Moreover, the orthophosphoric
acid lowered pH of the irrigation water and
practically prevented the problem of phos-
phate precipitation under a three-day irriga-
tion regime.

The objectives of this article are phos-
phorus' migration and localization, after
applying ofphosphoric acid in the root zone
of a peach tree, determined by the soil wet-
ting pattern and the specific soil character-
istics of three soil types, basic for the
peach-growing in Bulgaria. The irrigation
water redistribution in the soil with a view
to the application efficiency and the spatial
distribution of root water uptake, as well as
the nitrogen's migration and localization
were discussed in previous articles
(Koumanov et al., 1998; Stoilov et al.,
1999). The present results were obtained at
the Institute of Fruit-Growing in Plovdiv
during the period 1994-1997.

Table I

Material and Methods

The invesfigation was carrid out in a lysi-
metric unit on three soil types: alluvial-meadow
soil (Fluvisol), cinnamon-forest soil (Luvisol),
and smolnitsa (Vedisol), and with peach trees
of Redhaven cultivar on G7-677 rootstock. The
soil characteristics and the experimental set up
are described in detailes in previous article (see
Part I h this issue) (Koumanov et al., 1998;
Stoilov et al., 199) (Tables I and 2).

The migration and the localization of
applied phosphorus were examined by soil
sampling.

The content of mobile phosphorus (PzOs)
in the soil samples was determined in laitaie
extract (Dl-method), colorimetrically with
hydrazin-sulphate as a reducer.

Results and Discussion

The migration of mobile phosphorus in
the root zone is illustrated by soil types on
Figures I to 3, combining the results of the
quadruple soil sampling in 1995. The appli
cation ofphosphoric acid through the drip-
irrigation system changed considerably the
phosphorus concentrations in the soil as
well as it has increased significantly the
phosphorus mobility.

Physical end chemical properties of the investigated soils

Soil properties Soils

alluvial-
meadow

crnnamon
forest

smolnitsa

2.7
1.43
0.16

64.8
24.3
10.9
7.9
0.9
4.5
9.4

25.4

Particle density, g/cnrl
Bulk density, g/crnl
Field capacity, kglkg
Content of sand* (2 :0.05 mm), %)
Content of silt* (0.05 + 0.002 mm), %
Content of clay* (< 0.002mm) , %o

Soil reaction, pH
Humus content, o/o

lt!opi!" phosphorus (PzOs) mg/100g
Mobile potassium (K2O) mg/100g
Exchange capacity, mgeq/100 g

2.6
l.l9
0.24

40.0
25.8
34.2
7.5
1.0
1.4
7.8

47.4

2.7
t.23
0.35

34.7
t4.2
51.1

7.3
2.2
4.7

10.0
62.1

* According to the classification of the USDA (Soil Survey Stafi, l9Z5)



Fertigation. Migration and Lolalization of Phosphorus

Table 2
Fertilization rates (grams/tree) supplied in each lysimeter and their partitioning during the
months of the irrigation season (in 7o from the total)

617

Year Ferti-
lizers

Fertil. rate,

dtree

Monthly parts of the fertil. rate

April,Yo May,Yo June, o/o July,Yo Aug.,Yo Sep., oz

Provided N
scheme PzOs

165.0
84.0

I15.5
55.4

165.0
84.0

125.4
57.1

t2
t7

l8
t7

l8
t7
l8
t7

28
t7
8
t7
28
t7
28
t7

l8
t7
l8
t7
l8
t7
l8*
17*

t4
l6
l4
l6
t4
t6

10
l6
10
t6
l0
t6

1995

t996

1997

N
Pzos

N
Pzos

N
Pzos

t2
l7
t2
t7

* The experiment was ceased on 02.08.1997.

For seven days phosphorus has moved
in the alluvial-meadow soil to 15 cm in
depth while horizontally it can be found at
almost 50cm from the point of dripping,
Figure l. Of course, its radial spread is due
rather to the superficial water spill on this
soil type than to a real migration in the soil.
In the cinnamon-forest soil (Figure 2) and
in the smolnitsa (Figure 3) phosphorus has
moved downward to 20 cm and radially to
25 cm. The maximal concentrations are
under the point of dripping, respectively 29
mg/100g in the alluvial-meadow soil, 70
mg/100g in the cinnamon-forest soil, and
80 mg/100g in the smolnitsa.

During the next two weeks, the migra-
tion of mobile phosphorus has advanced
mostly downward reaching 25 cm in the
alluvial-meadow soil and 30 cm in the cin-
namon-forest soil, while in the smolnitsa
some part has been drawn below the inves-
tigated thirty-centimeter layer. In the smol-
nitsa, it is observed also a lateral migration
to almost 50cm from the point of dripping.
Again, the highest concentrations are under
the dripper, but in all three soils they have
decreased respectively to 19 mg/100g, 30
mg/10g, znd 43 mg/100g.

At the end of the fourth week, in all
three soils, the zone of increased phospho-
rus content is shrunk upward, probably due
to an interaction between the phosphoric

acid and the soil, resulting in less soluble
compounds.

The obtained in 1996 and in 1997 data
for the phosphorus content and its distribu-
tion in the eighty-centimeter layers of the
investigated soils are illustrated on Figures
4 to 6 and on Figures 7 to 9 respectively.
Despite of the pattern of wetting, of the root
activity, or of the soil type, the mobile
phosphorus is distributed concentrically -
with maximal concentrations under the
point of dripping.

In the alluvial-meadow soil, the phos-
phoric fertilizer has moved to 30-50 cm in
depth and radially to 75 cm from the drip-
ping-point, with a maximal concentration of
32 mg/l0o g (Figures 4 afi,7).

In the cinnamon-forest soil (Figures 5 and
8), the highest concenhation is 88-92 mg/100
g while the phosphorus has moved downward
to 30-40 cm, and radially to 50 cm.

The greatest depth, down to 75 cm, has
been reached by phosphorus in the smolnit-
sa, Figures 6 and 9. The radius ofhorizon-
tal spread is 50-60 cm and the highest con-
centrations are respectively 94 mg/100 g in
1996 and 65 mg/100 gin1997.

It should be noted that the quantitative
differences found between the investigated
soil types, the eventual reasons being simi-
lar to those discussed in relation to the
behaviour of nitrogen (Stoilov et al., 1999),
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Fig. l. Migration of the phosphoms (P2Oj in
the alluvial-meadow soil after applying of the
maximal fertilization dose on 26.06.1995; mgfu

could not influence in principle the spatial
distribution of phosphorus in the soil under
fertigation. Nevertheless, the common prin-
ciples of phosphorus' migration and local-
ization manifest themselves with specific
for each soil concentrations, velocities of
translocation, and patterns of distribution,
determined by the characteristics of the
concrete soil type.

Conclusions

The application of phosphoric acid
(H3PO4) through the systems for micro-irri-
gation increases considerably the migration
ability of phosphorus, cornpared to tradi-
tional methods of fertigation and irrigation.
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Fig. 2. Migration of the phosphorus @2O5) in
the cinnamon-forest soil after applying of the
maximal fertilization dose on 26.06,1995; mgJ|q

The mobile phosphorus is being distributed
concentrically - with maximal concentra-
tions under the point of dripping, despite
the pattern of wetting, the root activity, or
the soil type. Forming a significantly deep
zone with high content of available phos-
phorus and with a favorable soil moisture,
the fertigation provides optimal conditions
for supplying the fruit-tree species with
phosphorus and for increasing the effective-
ness of the phosphorus-fertilization.
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