
Introduction

One of the negative results of traditional agriculture
causing the degradation of the natural environment is the
permeation of bioelements introduced into the soil with
mineral fertilization beyond the agrosystem. Next to the
violance of soil microbiological balance, this phenome-
non contributes to the eutrophication of ground waters and
surface waters [1, 3, 14, 17, 18, 19]. The modern system
of agriculture, called “integrated agriculture,” according
to Kuœ and Fotyma [10], aims at the assurance of a stable
efficiency in a safe way for the natural environment. 

Fertilization is one of the important elements of plant
growing technology which has to be considered when in-
tegrated agriculture is being introduced. This agrotechni-
cal factor requires particular attention in the case of

plants, which need intensive fertilization. Maize belongs
to such plants. Doses of mineral fertilizers must be deter-
mined for definite crops by taking into consideration the
actual nutritive components available in the soil without
any excessive “fertilization for the future.” It is also im-
portant to use such fertilization methods which not only
exert a beneficial effect on plant nutrition but also in-
crease the utilization of fertilizer by plants. Such a fertil-
ization method is the localized fertilization permitting to
place the fertilizer in the root zone of young plants. As
reported by Peterson et al. [15], it permits us to limit the
size of phosphorus dose, because the fertilizer is better
utilized in the year of application, and to decrease phos-
phorus retardation rate, particularly in soil with a low
content of this element. In this connection, studies were
undertaken which refer to the effect of the fertilization
method with phosphates and phosphorus-and-nitrogen
fertilizers on uptake of mineral components by maize and
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the degree of phosphorus utilization from fertilizer de-
pending on fertilizer type and its dosage. 

Materials and Methods

Studies were carried out in the Experimental and Di-
dactic Farm in Swadzim near Poznañ in the years 2000-
2003. Field experiments were established as 3-factor
ones in a random split-plot design in 4 replications. The
1st-order factor included four phosphorus doses: 17.4 kg
P ha-1 (40 kg P

2
O

5
ha-1), 30.5 kg P ha-1 (70 kg P

2
O

5
ha-1),

43.6 kg P ha-1 (100 kg P
2
O

5
ha-1), 56.7 kg P ha-1 (130 kg

P
2
O

5
ha-1); 2nd-order factor included two types of fertiliz-

er: superphosphate (46% P
2
O

5
) and ammonium phos-

phate (18% N and 46% P
2
O

5
); 3rd-order factor included

two methods of fertilization: by broadcasting on the
whole surface before seed sowing and by fertilization in
rows together with seed sowing. Additionally, a control
plot was established fertilized with 120 kg N ha-1 (ammo-
nium nitrate 34% N), 0 kg P ha-1 and 107.9 kg K ha-1

(130 kg K
2
O ha-1 — 60% potash salt). 

Maize was sown using a point sowing machine
equipped with a fertilizer distributor for applying in rows.
Fertilizer coulters in relation to seed coulters were
arranged in such a way that the fertilizer was placed in
the soil 5 cm beside and 5 cm below the seeds. Phospho-
rus fertilization was done according to the scheme of the
experiment as foreseen for factors of 1st-order and 2nd-
order, while N and K fertilization was done before maize
sowing in the doses of 120 kg N ha-1 (ammonium nitrate
34%) and 107.9 kg K ha-1 (130 kg K

2
O ha-1 — 60% potash

salt). On the plots where ammonium phosphate was used,
the nitrogen dose (before sowing) was decreased by the
amount of nitrogen contained in this fertilizer. Hybrid
Mona (FAO 250) was the experimental plant. 

In the developmental phases of 2-3 leaves, 4-5 leaves,
6-7 leaves and 8-9 leaves, from each plot, 15 plants were
sampled. Analyses of the content of mineral components
were carried out on combined samples from fertilizer
combinations in the Chemical and Agricultural Station in
Poznañ. For the determination of phosphorus amounts
utilized from the fertilizer, the method of differences was

applied by comparing the phosphorus amount taken up
by plants in the fertilized plots with the amount of phos-
phorus in the plants from the not fertilized control plot.

Temperature conditions in the years of studies were
favourable for the growth and development of maize (Table
1). In all experimental years, in comparison with the mean
value of many years, water deficiencies in the soil have oc-
curred. Periods of drought occurred in April and June of
2000, in May of 2001 and from May to June of 2003. 

Experiments were carried out on grey-brown podzolic
soils, medium sands, lying shallowly on sandy loam be-
longing to a good rye complex. The abundance in soil of
nutrition elements and soil acidity are shown in Table 1. 

The results of experiments were statistically evaluat-
ed using univariate analysis of variance and hypotheses
were tested at the level of α= 0.05.

Results and Discussion

In the phase of 2-3 leaves, the size of phosphorus
dose, the type of fertilizer and the method of fertilization
did not affect significantly the content of phosphorus, ni-
trogen, potassium, magnesium, calcium and sodium in
the dry mass of overground parts of maize (Table 2). The
effect of the studied factors on the content of some min-
eral components appeared in the phase of 4-5 leaves.

An increase of phosphorus fertilization level from 17.4
to 56.7 kg P ha-1 gradually increased the phosphorus content
in plants in the phase of 4-5 leaves and 6-7 leaves (Table 2).
In the phase of 8-9 leaves, P content increased only in the
range of doses from 17.4 to 43.6 kg P ha-1. However, it must
be noted that the dry mass of the sample with the highest
phosphorus dose of 56.7 kg P ha-1 was significantly higher
than the dry mass of the sample with the dose of 43.6 kg P
ha-1. This result agrees with the results of El-Hamdi and
Woodard [7] and Lu and Miller [11], where the increase of
phosphorus dose increased the percentage of this compo-
nent content. On the other hand, Fotyma and Naglik [8], in
their evaluation of the fertilization value of phosphorus and
potassium reserves in the soil, found only a slight and not
proven effect of phosphorus fertilization on the content of
this element in the vegetative plant parts, among others in
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Table 1. Weather and soil conditions in Swadzim.



maize. Pot experiments of Uziak and Szymañska [20]
showed that increased content of phosphorus in the environ-
ment caused an increase of the proportional content of this

component. According to those authoresses, a higher con-
tent of phosphorus in the biomass did not exert any influ-
ence on the proportional content of nitrogen, potassium, cal-

Phosphorus Utilization from Fertilizer ... 469

Table 2. Content of nutrients in the overground part of plants (2000-2003).

n. s. — non significant differences. * — mean only for 2002-2003



cium and magnesium. In my own studies, the levels of phos-
phorus fertilization had an effect on the content of nitrogen
and calcium but only in the phase of 4-5 leaves (Table 2).
The content of calcium decreased with the increase of phos-
phorus doses from 17.4 to 56.7 kg P ha-1, while the content
of nitrogen increased in the range of doses from 17.4 to
43.6 kg P ha-1. The statistically confirmed effect of phospho-
rus fertilization level on the content of potassium in the
phase of 8-9 leaves seems to be incidental. 

Application of ammonium phosphate increased the
content of phosphorus and nitrogen in dry mass in the
phases of 4-5, 6-7 and 8-9 leaves, as well as the con-
tent of magnesium in the phase of 8-9 leaves when
compared with plots fertilized with superphosphate
(Table 2). The increase of phosphorus and nitrogen
content took place simultaneously with the increase of
the dry mass of sample in cases when ammonium phos-
phate was used, as compared with superphosphate ap-
plication. On the other hand, in all mentioned develop-
mental phases, the contents of potassium and calcium,
depending on the studied forms of the fertilizers, were
decreasing. This result is confirmed by Moskal [12]
and Murphy [13]. According to them, the uptake and
utilization of phosphorus by plants depends on the up-
take of inorganic nitrogen compounds as a result of
mutual physiological relations in the metabolism of the
plant. 

In the phases of 4-5, 6-7 and 8-9 leaves, the fertiliza-
tion in rows method significantly increased the content
of phosphorus and nitrogen in the overground plant parts
in comparison with broadcast fertilization (Table 2). The
increase of these components occurred simultaneously
with the increase of the dry mass of sample by 60.9% in
result of fertilization in rows, as compared with broad-
cast fertilization. A reverse dependence was found in
cases of potassium and calcium, statistically confirmed
for calcium in the phases of 4-5, 6-7 and 8-9 leaves, and
for potassium in the phases of 6-7 and 8-9 leaves. A sig-
nificantly higher content of magnesium in the phase of
8-9 leaves was obtained in plots fertilized in rows in

comparison with plots fertilized by broadcasting on the
whole surface. In earlier studies, Dubas and Duhr [6]
found that as a result of fertilization in rows in relation
to broadcast fertilization, the content of phosphorus in
maize plants in the phase of 3-4 leaves increased by
1.9 g kg-1 of dry mass. Also El-Hamdi and Woodard [7]
and Rhoads and Wright [16] showed that maize fertil-
ized in rows took up in the 28th and 41st days from the
date of sowing more phosphorus than maize fertilized by
broadcasting. 

In case of fertilization in rows, in the phases of 6-7 and
8-9 leaves, phosphorus content gradually increased to-
gether with the increasing level of phosphorus fertiliza-
tion from 17.4 to 56.7 kg P ha-1 (Fig. 1). In broadcast fer-
tilization, the size of phosphorus dose did not change the
P content in the plants. In both discussed developmental
phases, fertilization in rows increased phosphorus content
in plants in all levels of phosphorus fertilization. 

In the phases of 4-5, 6-7 and 8-9 leaves, the contents
of phosphorus, nitrogen, potassium, magnesium and cal-
cium depended on the cooperation of fertilizer type and
the fertilization method (Figs. 2, 3). In all discussed de-
velopmental phases, fertilization in rows significantly in-
creased phosphorus content in the case of both studied
fertilizer types and the content of nitrogen increased only
in the case of ammonium phosphate when compared to
broadcast fertilization. Plots receiving fertilization in
rows with ammonium phosphate showed a higher con-
tent of phosphorus and nitrogen and a lower content of
potassium and calcium in comparison with plots receiv-
ing fertilization in rows with superphosphate. In the case
of broadcast fertilization, the fertilizer type did not deter-
mine the content of phosphorus, nitrogen, potassium,
magnesium and calcium in plants. The application of am-
monium phosphate in fertilization in rows increased the
content of magnesium in comparison with broadcast fer-
tilization in the phases of 6-7 and 8-9 leaves. The effect
of the interaction of fertilizer type and the method of fer-
tilization on Mg content in the phase of 4-5 leaves departs
from the remaining trends.
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Fig. 1. Content of phosphorus in the dry mass of overground parts of maize depending on phosphorus fertilization level and the method
of fertilization.



Factors studied in the experiment did not affect the
percentage of phosphorus uptake from fertilizer and from
soil in the phase of 2-3 leaves (Fig. 4). For the fertiliza-
tion objects, the mean percentage of P taken up from fer-
tilizer oscillated between 9.8% and 13.3%. An essential
effect of the studied factors became visible in the succes-
sive sampling terms.

An increase of phosphorus fertilization from 17.4 to
56.7 kg P. ha-1 caused a gradual increase of the amount
of phosphorus taken up from fertilizer in the develop-
mental phases of 4-5, 6-7 and 8-9 leaves (Fig. 4). Also,
the use of ammonium phosphate increased the percent-
age of P taken up from fertilizer in comparison with su-
perphosphate fertilization. The increase ranged between
6.4 point percent in the phase of 4-5 leaves and 13.7
point percent in the phase of 8-9 leaves. The greatest ef-
fect on the amount of phosphorus taken up from fertil-
izer was exerted by the fertilization method. Fertiliza-
tion in rows, as compared with broadcast fertilization,
increased the percentage of phosphorus uptake from fer-
tilizer by 24.7 point percent in the phase of 4-5 leaves,
by 39.7 point percent in the phase of 6-7 leaves and by
35.2 point percent in the phase of 8-9 leaves. The better
utilization of phosphorus from fertilizer applied in the
root zone, according to many authors [2, 4, 5, 9, 12], can
be explained by the fact that among the mechanisms of
ion transport in the soil in the direction of the physio-

logically active root surface, in the case of phosphorus,
the diffusion process plays a crucial role. The flow of
ions takes place in agreement with the concentration
gradient modified by the presence of plant root. Hence,
fertilization in rows is more effective than the broadcast
fertilization in reference to the uptake, particularly in
the case of components which have small mobility like
phosphorus. The diffusion process takes place quicker
in a moist environment than in a dry one. The placement
of fertilizer in the zone of young plant roots increases
the utilization of phosphorus even in periods of drought,
and such conditions were prevailing during three out of
the four years of studies. 

In the phase of 6-7 leaves, the percentage of phospho-
rus taken up from fertilizer depended on the cooperation
of the dose of phosphorus and fertilizer type and the dose
of phosphorus and fertilization method (Fig. 5). In all lev-
els of phosphorus fertilization, the use of ammonium
phosphate or the application of fertilization in rows in-
creased the percentage of phosphorus taken up from fer-
tilizer when compared with superphosphate and broad-
cast fertilization respectively. The increase of phospho-
rus doses from 17.4 to 56.7 kg P. ha-1 applied in the form
of ammonium phosphate or fertilization in rows gradual-
ly increased the uptake of phosphorus from fertilizer as
compared with the use of superphosphate and broadcast
fertilization, respectively. 

Fig. 2. Phosphorus and nitrogen content in the dry mass of overground parts of maize depending on fertilizer type and method.
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In the phases of 4-5, 6-7 and 8-9 leaves, the amount
of phosphorus taken up from fertilizer by maize depend-
ed on the interaction between fertilizer type and the
method of its application (Fig. 6). Fertilization in rows
with superphosphate as well as with ammonium phos-
phate increased the percentage of P taken up from fer-
tilizer in comparison with broadcast fertilization. Am-
monium phosphate applied in fertilization in rows es-
sentially increased the uptake of phosphorus by plants
in comparison with the use of superphosphate. With
broadcast fertilization, the type of fertilizer had no ef-
fect on the uptake of phosphorus from fertilizer, al-
though there was a tendency similar to cases of fertil-
ization in rows. 

Conclusion

Phosphorus content in the initial development stage
of maize and phosphorus utilization from fertilizer in-
creased with the increasing phosphorus fertilization level.
These changes resulted from the beneficial effect of fer-
tilization in rows on phosphorus content and its uptake
from fertilizer in cases of all fertilization levels. When
broadcast fertilization was used, the values of the men-
tioned features did not change with the increasing doses
of phosphorus.

Fertilization in rows increased phosphorus content in
the overground parts of young maize plants and the per-
centage of phosphorus uptake from fertilizer in compar-
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Fig. 3. Content of potassium, magnesium and calcium in the dry mass of overground parts of maize depending on fertilizer type and
method.
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Fig 4. Phosphorus percentage taken up from fertilizer and from soil.



ison with broadcast fertilization. The differences were
significantly higher in cases where ammonium phos-
phate was used as compared with the use of superphos-
phate. Fertilization in rows also increased the content of
nitrogen and decreased the content of potassium and cal-
cium in young plants. An increase of nitrogen occurred
only in cases when ammonium phosphate was used. The
application of ammonium phosphate increased the con-
tent of phosphorus and nitrogen in young plants and de-
creased the content of potassium and calcium as com-
pared with superphosphate independent of the fertiliza-
tion method.

The presented studies indicate that row fertilization
of maize with a two-component fertilizer such as ammo-
nium phosphate supplies a still stronger justification for
maize cultivation in the system of integrated agriculture.
Such methods of fertilization, thanks to the favourable
effect on the uptake of phosphorus and nitrogen, and on
the utilization degree of phosphorus from the fertilizer,
contributes both to the protection of the natural environ-
ment and stimulates the early development of maize, par-
ticularly when temperature and moisture conditions are
unfavourable for this plant. 
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