
Introduction

Nitrogen is the main factor influencing soil fertility as
well as yield quantity and quality. In the soil organic nitro-
gen form dominates but for plant nutrition and soil dynam-
ic changes most important is mineral nitrogen [1].
Mineralization of organic matter, fertilization, and rainfall
replenish content of mineral nitrogen in the soil, and simul-
taneously the content of nitrogen in the soil decreases due
to plant and microorganism uptake, leaching to the ground
water, and gas emissions [1, 2]. Applying slow-release
nitrogen fertilizer decreased nitrogen losses and environ-
mental pollution. Polyolefin coated urea (PCU, trade name
Meister® produced by Chissoasahi), belongs to this group of
fertilizers. Meister® is a combination of coated fertilizer
with nitrification inhibitor. Urea fertilizer is coated with
dicyandiamide, and then with polyolefin for controlling the
release of N on linear or a sigmoidal release pattern. The

longevity of fertilizer release is 40-140 days for the linear
type, and 60 days for the sigmoidal form [3].

Sucrosorgo – grass species – is characterized by high
effectiveness of photosynthesis and better water and nitro-
gen utilization in comparison to the other cultivated plants
[4]. High yielding sucrosorgo has nutrient requirements
similar to maize and depends on soil conditions needing
high nitrogen doses ranging from 45 to 224 kg N·ha-1 [4, 5].
Those high doses of nitrogen cause a rise of fertilization
cost and may cause environmental pollution [6, 7]. 

The main purpose of this investigation was assessment of
the content of mineral nitrogen (N-NO3 and N-NH4) in the
tilled layer (0-30 cm) and subsoil (30-60 cm), after applica-
tion of two forms of urea, and nitrogen content in sucrosorgo
leaves in the beginning of development of sweet sorghum.

Materials and Methods

Our paper presents results of the field experiment con-
ducted in 2010-12 in the experimental fields in Pawłowice
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belonging to the Department of Crop Production of
Wrocław University of Environmental and Life Sciences
obtained using the method of random sub-blocks with four
replications.

The following factors were studied: the type of urea
(urea vs. polyolefin coated urea – Meister®) and the dose of
nitrogen (60 kg N·ha-1,120 kg N·ha-1). The variants with fer-
tilizer were compared to the control without fertilizing. 

The experiment was established on the sandy loam soil
of V Polish bonitation class defined as Arenosol. The parti-
cle size structure of soil: sand (fraction 2.0-0.05 mm) 62%
at soil layer 0-27 cm and 49-60% (27-75 cm), silt (fraction
0.5-0.002 mm) 34% at soil layer 0-27 cm) and 35-38% (27-
75 cm), clay (< 0.002 mm) 4% at soil layer 0-27 cm and 5-
13% (27-75 cm) [8]. Soil pH 7.5 (soil layer 0-27 cm), 7.4-
7.6 (soil layer 27-75 cm), organic carbon 23 g·kg-1 (layer 0-
27 cm) and 10.8-18.7 (27-75 cm), Ntotal 1.44 g·kg-1 (layer
0-27 cm) and 0.98 (27-75 cm) [8]. The size of the plots was
14.7 m2 (7 m in length and 2.1 m wide). Mineral fertilizers
were applied before sowing in the following doses: 30.5 kg
P·ha-1, in the form of triple superphospate and 99.6 K·ha-1 in
the form of potassium salt. Nitrogen was applied according
to the scheme of the experiment. After application the fer-
tilizer was mixed with soil using spring tooth harrow. The
seeds of the Sucrosorgo 304 hybrid were sown in the sec-
ond decade of May by Wintersteiger plot seed drill.

Before sowing and at the beginning of the sorghum
shoot formation (~70 days after sowings – DAS), the con-
tents of N-NO3 and N-NH4 in the tilled layer of the soil (0-
30 cm) and in the subsoil (30-60 cm) were evaluated. Soil
samples were taken using a gouge auger set made by
Eijkelkamp Company. Directly after collection soil samples
were stored at -20ºC until mineral nitrogen analysis. The
nitrogen forms were indicated calorimetrically: N-NO3

using phenol-disulphonic acid, N-NH4 using potassium-
sodium tartrate, and Nessler reagent. Kjeldahl nitrogen

methods determine total nitrogen content in sorghum leaves
at the date of soil sampling, i.e. at the beginning of the shoot
formation from the youngest sorghum leaves taken from
the top of plants. 

The results were analyzed using Statistica software 10.0
ANOVA/MANOWA procedure and presented in the “box-
whiskers” diagram.

Results and Discussion

Weather conditions from sowing to soil sampling were
warmer and wetter than multi-year averages for the same
period. Temperature was higher by 0.8-1.0ºC, and amount
of rainfall was higher by 68.4-102.2 mm (Table 1). Climate
change and more humid weather conditions can increase
leaching of nitrogen to the ground water. Slow release fer-
tilizer is recommended on light soils where mineral nitro-
gen fertilizers are easily leached, or in rainy zones where
heavy rainfall accelerates nutrient leaching [3]. 

Higher content of N-NH4 was observed in the tilled
layer of the soil (0-30 cm), except for the plots fertilized by
urea in the amount of 60 kg·ha-1 (Figs. 1 and 2). After the
application of Meister® at the dose of 60 kg·ha-1, the amount
of ammonium in the tilled layer was around four times
higher than in the control. After application of the same
dose of urea, the amount of N-NH4 was similar to the val-
ues in the control object.

Higher nitrogen fertilizing, at the amount of 120 kg·ha-1,
did not cause accumulation of ammonium in the subsoil
(Fig. 2). After urea fertilizing the amount of ammonium
form of nitrogen was higher by 1.3 kg·ha-1, and when fertil-
izing with Meister® it was higher by 2.8 kg·ha-1 than with-
out fertilizing (control).

Higher amounts of N-NO3 in both layers of the soil pro-
file was observed after application of urea (Figs. 3-4). 
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Table 1. Average air temperature and total rainfall from sowing to soil sampling. 

Year

Months/decade
Average/

Sum
V VI VII

1 2 3 1 2 3 1 2

Temperature (ºC)

2010 14.4 11.0 14.6 18.6 16.6 18.5 20.9 23.7 17.3

2011 10.2 16.0 17.9 20.5 18.7 18.2 18.1 20.3 17.5

2012 16.1 13.1 18.0 14.4 18.5 18.9 22.4 17.4 17.4

1981-2010 13.2 14.7 15.3 16.7 16.6 17.9 18.7 19.2 16.5

Rainfall (mm)

2010 32.1 75.6 33.0 12.2 20.7 0 2.8 24.3 200.7

2011 20.3 17.4 11.7 33.4 3.1 59.2 54.7 34.7 234.5

2012 49.2 6.5 8.0 25.7 59.5 0.5 42.8 38.5 230.7

1981-2010 15.2 18.8 18.6 18.2 20.3 24.2 27.8 26.9 132.3



The amount of nitrates was higher by 90.7% and 124.4%
(respectively, after fertilizing with 60 and 120 kg N·ha-1

compare to control object) in the tilled layer. While after the
application of Meister® the increase was respectively lower
by 17.8 and 85.9%. Similar tendencies were observed in the
subsoil.

In the presented result, the content of the ammonium
form of nitrogen was higher after the application of
Meister® than after the application of urea, and it was
decreasing together with the depth of the soil profile.
Similar results were obtained by Chen et al. [9] after appli-
cation of Meister® and urea in cotton cultivation. Lehmann
et al. [10], after fertilizing sorghum in the blooming phase
with a dose of 100 kg N·ha-1, observed the most N-NH4 in
the 15-30 cm layer (30 kg·ha-1) with the falling tendency in
the deeper layers. It is also confirmed by the studies of Adu-
Gyamfi et al. [11], who on the 40th day after sowing and
after fertilizing 50 kg N·ha-1 observed 16 mg·kg-1 N-NO3 in
the 0-15 cm layer and 7 mg·kg-1 in the 45-60 cm layer.
Lehmann et al. [10] observed a decrease of N-NO3 content
down to the 30-60 cm soil layer; in the deeper layer (60-90
cm) the accumulation of ammonium ions took place.

After fertilization, the total amount of mineral nitrogen
~70 days after sowing, at the soil layer 0-60 cm, was high-
er compared to control by 97.4, 125.3, 67.7, 72.5%, respec-
tively for urea (60 and 120 kg N per ha) and Meister® (60

and 120 kg N per ha) (Fig. 5). Nitrate form dominates inde-
pendently from the soil layer (Fig. 6). After the application
of Meister® (60 kg per ha), ammonium form content was
higher and represented 42.7% of total mineral nitrogen.

The content of total nitrogen in the youngest leaves in
the phase of shoot formation was not very diversified and
ranged from 25.9 g·kg of dry matter (leaves of non-fertil-
ized plants) to 29.2-29.3 g·kg of dry matter after fertilizing
with 60 kg of Meister® and 120 kg urea per ha (Fig. 7).
Similar results were observed by Traore and Maranville
[12] in the phase of forming sorghum shoots. After fertiliz-
ing with nitrogen in the amount of 100 kg·ha-1 they
observed 23.3 g of nitrogen·kg-1 dry matter and without fer-
tilizing it was little bit lower 22.2 g·kg-1. Those results were
less than in our own studies, both for 120 and for 60 kg
N·ha-1. Also, the difference in comparison to the control
variant was higher. Zhao et al. [5], after 30 days from sow-
ing observed that sorghum fertilized with maximum dose
had the highest N content in leaves (48 g·kg-1), while
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Fig. 1. Amount of NH4 (kg N·ha-1) in soil layer 0-30 cm.
A – before sowing
B – 70 DAS (control)
C-60 – 70 DAS urea 60 kg·ha-1

C-120 – 70 DAS urea 120 kg·ha-1

D-60 – 70 DAS slow realize urea (Meister®) 60 kg·ha-1

D-120 – 70 DAS slow realize urea (Meister®) 120 kg·ha-1
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Fig. 2. Amount of NH4 (kg N·ha-1) in soil layer 30-60 cm.
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Fig. 3. Amount of NO3 (kg N·ha-1) in soil layer 0-30 cm.
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Fig. 4. Amount of NO3 (kg N·ha-1) in soil layer 30-60 cm.
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Fig. 5. Amount of mineral nitrogen (kg N·ha-1) in soil layer 0-
60 cm.



sorghum fertilized with doses reduced to 20% of maximum
had the least N. After 40 days from fertilizing the content of
N in the leaves of the non-fertilized plants decreased to 20
g·kg-1 dry matter. 

Conclusions

1. Fertilizing with Meister®, in comparison to fertilizing
with urea, positively influenced the limitation of nitrate
accumulation in both layers of the soil, with higher
accumulation in the tilled layer of the less changeable
and better absorptive soil ammonium form.

2. In the initial stage of vegetation, the reserve of mineral
nitrogen in the soil satisfies the demand of sorghum,
and the content of total nitrogen in the leaves was slight-
ly differentiated by both the form and the dose of fertil-
izer.

3. Polyolefin-coated urea Meister® is offering the advan-
tages of nitrogen fertilizer with nitrification inhibitors
and reducing adverse environmental effects of nitrogen
fertilization.
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