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Research on the effect of horn shavings and horn core powder fertilizers, produced from
cattle horn waste, on mineral nitrogen and its forms in soil layers of 0-30 and 30-60 cm was
carried out in 2008-2010 on the farm of organic production in the Centre of Agroecology
at Aleksandras Stulginskis University in Kazliskés village, Kaunas region. Organic win-
ter wheat was grown for this research. Before sowing and in the stage of tillering organic
winter wheat was treated with fertilizers of horn shavings and horn core powder, which
resolved in the period of autumn-spring and spring-summer. During the period of win-
ter wheat tillering (BBCH 21-23) and at the end of vegetation in the period of complete
maturity (BBCH 89) soil layer of 0-30 cm contained an increased amount of nitrogenous
compounds. Intensity of degradation was different in different years as it depended on me-
teorological conditions during the period of winter wheat vegetation. In the event of warm
and humid weather more compounds of mineral nitrogen were formed and this increase
due to fertilization was essential. Leaching of nitrogen compounds into the deeper layer of
30-60 cm was different in different years and depended on the meteorological conditions
during the vegetation period of winter wheat. In the event of higher weather tempera-
ture and more humid air during vegetation period of winter wheat horn shavings and
horn core powder significantly increased amount of nitrogen compounds in this soil layer.
Additional treatment of winter wheat in tillering stage (BBCH 21-23) with different rates
of horn shavings increased the amount of mineral nitrogen compounds in soil, though this
amount was different in different years. In 2008-2009 strong correlation between horn
shavings rates and the amount of nitrate nitrogen in 0-30 cm layer of soil was found, while
correlation with the amount of ammonium and mineral nitrogen was found to be very
strong. Meanwhile in 2009-2010 no correlation between nitrate nitrogen and fertilizer ra-
tes was determined, while correlation with amounts of ammonium and mineral nitrogen
was weak. In 2008-2009 in the deeper layer of 30-60 cm correlation between horn shaving
rates and nitrate nitrogen was found to be weak, while correlation with amounts of ammo-
nium and mineral nitrogen was found to be moderate. In 2009-2010 correlation between
fertilizer rates and forms of mineral nitrogen was found to be weak.
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INTRODUCTION

than 15 million tons of animal by-products. Ani-
mal by-products are used to produce gelatin, ani-

European Commission has established that only
68% of bird, 62% of pig, 54% of cattle and 52%
of sheep or goat mass is used in food production.
Each year, European Union (EU) produces more

* Corresponding author. E-mail: saulius.zibutis@gmail.com

mal feed, cosmetics, medicines and diagnostic
medical devices. As subproducts of animal origin
are rich in proteins, after certain processing they
could be used as nitrogen source in the process
of growing different plants (Swisher, 2006; Gaskell,
Smith, 2007; Mondini et al., 2008).
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Commission Regulation (EC) No. 889/2008 of
5 September 2008, which determines the detailed
rules for implementation of Council Regulation
(EC) No. 834/2007 on organic production and
labeling and control of organic produce, contains
Annex No. 1 “Fertilizers and soil conditioners men-
tioned in Part 1 of Article 3” which implies that or-
ganic production could use blood meal, hoof and
horn shavings, meat powder, bone meal, bone meal
without gelatin, etc. as soil conditioners (Commis-
sion Regulation (EC) No. 889/2008, 2008). Present-
ly there are fertilizers, certified in the system of or-
ganic production, based on processed subproducts
of animal origin. Such fertilizers and soil condi-
tioners are applied to agricultural plants especially
in worked-out land with small content of organic
materials (Van-Camp et al., 2004; Pekarskas, 2008).
Research has shown that fertilizers of animal origin
resulted in increased amounts of nitrogen in soil
superior to those produced by fertilizers of plant
origin; however, larger rates of these fertilizers sig-
nificantly increased the amount of NH,* in soil
which resulted in temporary decrease of biomass of
microorganisms (Cayuela et al., 2009).

Bone tissue in soil decomposes significantly
more slowly than other animal subproducts sui-
table for application as fertilizers. Fertilizers and
soil conditioners made from animal bone tissues
could be used as slow-release nitrogen fertilizers.
In slow-release nitrogen fertilizers nutrients are
gradually released therefore decreasing the ex-
tent of leaching and improving efficiency of nit-
rogen usage. It is rather complicated to research
biodegradability of organic materials and release
of mineral nitrogen into soil because the amount
of mineral nitrogen changes due to other factors
as well. Accumulation of mineral nitrogen and its
dynamics in soil depends on soil texture, humus,
conditions of plant vegetation period, type of plant
grown, agricultural technologies, mineral and or-
ganic fertilizers used, their rates and method of
application (Mary et al., 1998; Mosier et al., 1998;
Antil et al.,, 2005; Loges et al., 2006; Dambrevil-
le et al., 2008; Miller et al., 2008).

There is a continuous metabolism going on in
soil and due to biochemical processes taking pla-
ce in soil residues of animal and plant origin are
decomposed to simpler organic derivatives and
mineral compounds which in their turn repeat-
edly get into metabolic cycle of nutrients (Kan-

deler, Gerfried, 1993; Grigalitiniené et al., 2003).
To provide themselves with energy and elements
of nutrition, microorganisms require a certain
ratio of materials for building their tissue. When
amounts of organic and mineral materials chan-
ge in soil, an increase or decrease in numbers
of microorganisms as well as succession of their
breeds are observed (Cavigelli et al., 1998; Brady,
Weil, 1999; Bending et al., 2002; Bengtson et al.,
2003). Microorganisms of many different phy-
siological groups take part in decomposition of
organic materials. In the beginning stages of de-
grading organic residues spores non-forming bac-
teria take part, later spore-forming bacteria join
in and finally micromycetes (Luko$itiniené et al.,
1997; Montgomery, 1998).

The amount of mineral nitrogen in soil chan-
ges noticeably throughout the year, depending on
the qualities of the soil, agrotechnology used, fer-
tilization and meteorological conditions. In spring,
when temperature rises, more intensive minera-
lization and nitrification take place as a result of
which a sharp increase in the amount of non-orga-
nic nitrogen is observed. If this increased amount
of nitrogen corresponds in time to the needs of
agricultural plants, they manage to appropriate it.
The process of mineralization becomes more active
as the soil gets warmer and reaches 10 °C and it is
at its most intensive pace during the summer with
the greatest amounts of nitrogen produced at soil
temperature of 25-35 °C (Nicolardot et al., 1994).

In 2001-2004 at the Vézaiciai branch of the
Lithuanian Institute of Agriculture experiments
on prevalence of microorganisms participating
in transformation of nitrogen in soil were carried
out. The possible nitrate depression was determi-
ned in June while valuating the succession of mi-
croorganisms transforming nitrogen compounds.
The activity of microorganisms was high and the
content of nitrogen was low. Later on, after 10-15
weeks of plant vegetation (in July-September), the
content of nitrogen in the soil increased again. At
the end of the period plant vegetation stops. Mo-
reover, a decrease of microorganisms was determi-
ned. Therefore, the possibility of nitrate pollution
occurs 20 weeks following the beginning of plant
vegetation (in September and October) (Piaulo-
kaité-Motuziené, Koncius, 2006).

It is very important to predict the speed of
mineralization in soil when choosing rates of
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fertilization in the period of vegetation for economic
and environmental purposes. High levels of fertili-
sation reduce the possibilities to appropriate nitro-
gen and increase leaching of nitrates (Benbi, Richter
2002; Jagadamma et al., 2007; Mengel et al., 2006).

There are two main factors determining trans-
formations of nitrogenous compounds in soil. The
first factor is the amount of potentially minerali-
zable nitrogenous compounds. It depends on the
processes of mineralization-fixation, which in
their turn are connected to C:N ratio in the orga-
nic part of soil. A certain kind of organic nitrogen
(waste, plant residues, soil humus) is also a factor
affecting the amount of potentially mineralizable
nitrogen in soil. The second factor is the speed of
mineralization. This factor depends on characte-
ristics of soil, environmental conditions and the
quality of organic fertilizers in soil. Humidity of
soil, amount of oxygen, pH and temperature are
some of the environmental conditions affecting the
speed of mineralization (Schimel, Bennett, 2004).

Fertilizers, especially nitrogen ones, are one of
the means in solving problems of supplying inha-
bitants with food. However, ineffective use of nitro-
gen fertilizers may cause nitrates leach into ground
water and pollute rivers as well as other water clus-
ters (Jensen, Hauggaard-Nielsen, 2003; Dobermann,
Cassman, 2004; Eisman et al., 2005). Efficiency of
nitrogenous fertilizers differs greatly throughout the
years of research and is greatly dependent on the
humidity and warmth in the spring and summer pe-
riod. Nitrogenous fertilizers were the most efficient
in wet years, while in the years of moderate humi-
dity their efficiency declined by 30-6% and in dry
years by 35-62% (Janusauskaité, Sidlauskas, 2004).

It has been established that hydrothermal con-
ditions of period of vegetation are closely connec-
ted to nutrients appropriated by plants which in-
evitably leads to changes in chemical composition
of plants (Alaru et al., 2003).

Research carried out in south-eastern Lithuania
demonstrated that decomposition speed of orga-
nic materials and migration of mineralized chemi-
cal elements in soil depend primarily on hydrot-
hermal regime. Approx. 36.9% of annual filtration
were measured at spring time while in autumn
and winter soil water filtration was lower — 22.8%
and 26.3%, respectively. In summer time most of
soil water evaporated or was assimilated by plants
(Tripolskaja, Sidlauskas, 2010).

Loss of biogenic elements due to leaching is
connected not only with agrarian use of soil, but
also with climatic factors, namely amount of pre-
cipitation and air temperature. Annually Lithua-
nian territory on average gets 675 mm of preci-
pitation with average air temperature of 6.2 °C,
which preconditions filtration of atmospheric
precipitation and certain leaching of chemical ele-
ments form arable layer of soil (Galvonaité et al.,
2007).

Research carried out at the Lithuanian Institu-
te of Agriculture only found reliable correlation
between meteorological conditions (hydrother-
mal regime) in vegetation period and nitrate con-
centration in water when growing sugar beat as
well as annual and perennial grasses, while cor-
relation with amount of ammonium in water was
found when growing winter wheat, annual grasses
and barley. More nitrates leached when plants of
annual sowing were grown. In case of perennial
plants lesser amounts of nitrates leached (Adomai-
tis et al., 2004).

The article is focused on mineral nitrogen dy-
namics influenced by horn shavings and horn core
powder. Such cattle waste can be used as organic
fertilizer increasing the amount of mineral nitro-
gen in soil. Moreover, this would solve cattle horn
waste management problem.

The aim of this study was to investigate the
effect of cattle horn fertilizers, such as horn sha-
vings and horn core powder, on mineral nitrogen
content in different layers of soil at different stages
of ecologically grown winter wheat growth.

MATERIALS AND METHODS

Research on the effect of organic fertilizers made
from biodegradable waste of cattle horns, horn
shavings and horn core powder on nitrogen dy-
namics in soil was carried out in 2008-2010 in
the organic farm of Agroecology Centre at Alek-
sandras Stulginskis University, Kazliskés village,
Kaunas region (54°52" N, 23°51" E). In the area of
research soils were characterized as silty clay loam
(dp) (Endohypogleyi-Eutric Planosols — PLe-gln-w).

Powder of horn core and horn shavings are
made from the waste of cattle horns, accumulated
in the process of meat production in Lithuania.
Fertilizers are rich in organic matter and micro-
elements (Table 1).
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Table 1. Properties of horn shavings and horn core powder fertilizers

Fertilizer Organic Total nitrogen | Phosphorus | Potassium | Calcium | Magnesium
materials % % % % % %
Horn shavings (RD) 97 5.82 0.047 0.03 0.125 0.011
Horn core powder 39.72 6.43 9.41 0.08 218 0.443

(RGM)

In 2008-2009 and 2009-2010 the soil of the
experimental area was neutral to light alkaline,
moderately phosphorus rich, moderately potas-
sium rich. Considerably more humus and total
nitrogen was found in 2009-2010 (Table 2).

Organically grown winter wheat was treated
with horn shavings and horn core powder prior to
sowing by cultivating it into the ground. Fertilizers
were applied at a nitrogen rate of 30 kg ha' and in
spring at the stage of tillering (BBCH 21-23) at a
nitrogen rate of 50 kg ha™'. In spring the fertilizers
were spread on organically grown winter wheat, but
not inserted into soil. Rates of horn shavings were
spread in spring on growing winter wheat only.

During the horn fertilizer test, total (bruto)
experimental site area was 40 m* (4 x 10 m), neto
area — 22 m? (2.2 x 10 x 3 m). In 2008-2009 during
the test of horn shaving rates, bruto area was 30 m?
(3 x 10), neto area — 17.6 m? (2.2 x 8), in 2009~
2010 21 m?* (3 x 7) and 11.0 m? (2.2 x 5), respecti-
vely. Fertilizer rates tested were N, ,, N and N.

The test was carried out in four replications.
Winter wheat variety ‘Sirvinta 1” was sown with
seed rate of 250 kg ha™ of viable seeds. Winter
wheat was grown after mixture of peas and oats
for seed. No means of plant protection were used
during the period of the test, plants were not treat-
ed with potassium and phosphorus fertilizers.

Soil samples to test agrochemical properties
of soil (pH, phosphorus, potassium, humus and
total nitrogen) were taken from the test area with
a soil drill from the depth of 0-20 cm in 8-12
different test places and a composite soil sample
of 500 g was created. In total, for analysis three

soil samples were taken from the test area. Soil
samples were taken before sowing winter wheat.
Agrochemical properties were determined in
the Lithuanian Centre of Agrarian and Forestry
Sciences Branch Laboratory of Agrochemical
Research. Soil pH, ., was determined by poten-
tiometric method (ISO 10390), amount of active
phosphorus and potassium by A-L method, hu-
mus — by the method of dry burning (ISO 10694)
(amount of organic carbon X 1.724), amount of
total nitrogen - by Kjeldahl method.

According to the test design, in the research
site of horn shavings and horn core powder (test
on forms of horn fertilizers) soil samples to deter-
mine amount of nitrogen in soil were taken with
a soil drill from the depth of 0-30 and 30-60 cm
in 5-8 different places of neto area in four repli-
cations. Soil samples were taken in autumn befo-
re sowing, at the stage of winter wheat tillering
(BBCH 21-23) and complete maturity (BBCH
89). Amount of mineral nitrogen (N-NO,, N-
NH, and N__ ) was determined in the Laboratory
of Environmental Sciences at Aleksandras Stul-
ginskis University. During the research on the ra-
tes of horn shavings, the amount of mineral nit-
rogen was determined twice: at the tillering stage
of winter wheat and at the stage of complete ma-
turity. Tests were carried out in the Laboratory of
Institute of Environment at Aleksandras Stulgins-
kis University. The amount of mineral nitrogen
was determined by colorimetric method.

The data obtained was statistically evaluated by
the method of correlation and variance analysis
using ANOVA and STAT_ENG.

Table 2. Agrochemical properties of experimental test site soil

Phosphorus Potassium o Total nitrogen
Year pH mg kg-! Mg kg"! Humus % %
2008-2009 7.2-7.4 118-155 108-124 1.84-2.28 0.109-0.122
2009-2010 74 134-147 100-140 3.17-3.34 0.184-0.213
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RESULTS AND DISCUSSION

Low positive temperatures that usually prevail
in late autumn, winter and spring do not inhi-
bit activity of microorganisms; however affect
their abundance and mobility. Soil’s organic ma-
terials are further decomposed and nitrogenous
compounds liberate, in spring they are more
abundant than in autumn. When the tempera-
ture rises, microorganism activity becomes more
significant, organic materials are decomposed
more intensively and more mobile nitrogenous
compounds liberate (Marion, Black, 1987; Tri-
polskaja et al., 2002). The amount of precipitation
and temperature has a great effect on liberation
of mineral nitrogen from organic compounds. In
spring when the weather becomes warmer this
process intensifies. Periodical processes of war-
ming-cooling taking place in winter and spring
could also affect the amount of nitrogen as they
enhance leaching of nitrogen (Sierra, 1997; Da-
lias et al., 2002; Sierra, 2002; Wang et al., 2006;
Germane et al., 2008; Ptil et al., 2010).

In different years of research different meteo-
rological conditions prevailed during vegetation
period of winter wheat. Those meteorological
conditions had an essential effect on degradation
of cattle horn waste fertilizers, horn core powder
and horn shavings as well as nitrogenous com-

pounds liberating in soil. In 2008 cattle horn fer-
tilizers were applied on September 18. The mean
annual precipitation was 176.3 mm in 2008. It is
less than annual average, moreover, warm weat-
her compared to annual temperatures prevailed.
In 2009 fertilizers were applied on September
10. Comparing weather conditions in autumn
of 2008, there was 73.7 mm more precipitation,
but the weather was cooler by 0.6 °C. Meteoro-
logical conditions in the period of winter-spring
played a decisive role for the amount of mineral
nitrogen in soil. In January-March 2009, before
soil samples were taken in the stage of winter
wheat tillering, there was 44.0 mm more preci-
pitation than in the same period in 2010 and the
weather was significantly warmer. Essential effect
was made by extremely cold weather in January
and February 2010. This slowed down minerali-
zation of nitrogen fertilizers in soil. The amount
of mineral nitrogen in soil in spring and summer
months was also affected by the amount of preci-
pitation and air temperature. In the stages of win-
ter wheat tillering and complete maturity in 2010
there was 109.5 mm more precipitation and the
average daily temperature was by 1.42 °C higher
than that at the same time in 2009. In 2010 me-
teorological conditions were far more favorable
for horn fertilizer decomposition than in 2009
(Figs. 1 and 2).

2008 (02009 w2010 ———1974-2006

Fig. 1. Average temperature during the period of winter wheat vegeta-
tion. Data from Kaunas meteorological station
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Fig. 2. Amount of precipitation during the period of winter wheat ve-
getation. Data from Kaunas meteorological station

A reliable correlation with 95% confidence
interval has been established between mineral
nitrogen in soil and meteorological conditions
of twenty days consisting of air temperature and
amount of precipitation. Mineral nitrogen is de-
pendent on air temperature with correlation resi-
lience at r = 0.41-0.45; n = 60, while it is depen-
dent on precipitation with correlation coefficient
resilience at r = 0.66-0.71; n = 60. Calculating
dependence of amount of mineral nitrogen on air
temperature according to equation of polynomial
regression, the relation has been found to be mo-
derate r = 0.41-0.45; n = 60 (Mazvila et al., 2006).

Horn shavings and horn core powder inser-
ted into the soil in autumn were decomposed due
to soil humidity and activity of microorganisms,
resulting in the increase of the amount of mi-
neral nitrogenous compounds. Increase was not
significant as fertilizers of cattle origin are long-
term fertilizers and under the effect of different
factors they are decomposed slowly and nitroge-
nous compounds are liberated by time. Fertili-
zers produced from cattle horn waste decompose
much more slowly than other organic fertilizers
(manure, composts) and this is why in spring at
the stage of winter wheat tillering no significant
increase in the amount of nitrate nitrogen was
observed.

In pre-sowing period treating organically
grown winter wheat with organic fertilizers made
from biodegradable waste of cattle horn, horn

shavings and horn core powder evoked an increa-
se of nitrate nitrogen in soil layers of 0-30 and
30-60 cm in early spring at the stage of winter
wheat tillering (BBCH 21-23) compared to the
amounts in autumn before sowing winter wheat
(Fig. 3).

0-30 cm layers of unfertilised soil in autumn
of 2008 contained 6.88 mg kg of nitrate nitro-
gen and in 2009 9.26 mg kg™' of nitrate nitrogen.
In spring during the period of tillering on winter
wheat nitrate nitrogen in soil increased by 1.31
and 1.37 mg kg™ respectively. Having been in-
serted into soil before sowing winter wheat, horn
shavings and horn core powder degraded during
autumn, winter and spring therefore increasing
nitrogen supply in soil. Under the effect of horn
shavings, nitrate nitrogen in soil increased by
1.62 and 2.39 mg kg' while as a result of treat-
ment with horn core powder, there was a 1.73 and
2.83 mg kg increase in nitrate nitrogen. As a result
of treatment with cattle horn fertilizers, during the
period of tillering nitrate nitrogen in soil increa-
sed by 0.64-0.83 mg kg™! and 0.14-1.14 mg kg™
or from 1% to 11% compared with unfertilised
plants. This increase in nitrate nitrogen was statis-
tically insignificant (p < 0.05). There was noticed
a trend that treatment with such fertilizers results
in increase of nitrate nitrogen in 0-30 layer of soil.
The amount of nitrate nitrogen increased more by
treating soil with horn core powder than horn sha-
vings (Fig. 3).
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Fig. 3. The amounts of nitric nitrogen (NO,-N) in soil top layer (0-
30 cm) in 2008-2010. Error bars are the least significant difference
(LSD,,). RGM - horn core powder, RD - horn shavings (horn meal),
No. fer. - no fertilization. The farm of organic production in the Centre of

Agroecology at ASU, 2008-2010

At the end of vegetation of winter wheat, at the
stage of complete maturity (BBCH 73) there was
less nitrate nitrogen in 0-30 layer of soil compared
to the period of tillering. Having treated soil with
horn shavings resulted in decrease of nitrate nitro-
gen (0.48 mg kg™ in 2008-2009 and 1.48 mg kg™
in 2009-2010). Application of horn core powder
resulted in 1.54 and 2.66 mg kg™ decrease res-
pectively and unfertilised soil had a decrease in
nitrate nitrogen of 0.65-2.73 mg kg™'. Comparing
unfertilised winter wheat with that treated with
organic fertilizers, at the end of vegetation period
of 2008-2009 in 0-30 cm layer no differences in
the amount of nitrate nitrogen were observed,
while in 2009-2010 treatment with horn shavings
and horn core powder resulted in essential increa-
se (p < 0.05) in nitrate nitrogen in soil (Fig. 3).

Winter wheat use great amounts of nitrogen in
their process of growth. Consequently, the decrea-
se in the amount of soil can be observed at the end
of the vegetation period. Treatment with horn sha-
vings and horn core powder resulted in the incre-
ased yield of winter wheat and this increase had
effect due to plant capability to use nutrients from
fertilizers applied (Zibutis et al., 2011). In summer
and spring of 2009-2010 meteorological condi-
tions were much more favorable for decomposition

of horn fertilizers than those in 2008-2009, as this
period was slightly warmer and more humid. This
creates more favorable conditions for microorga-
nism activity and solution of fertilizers themselves.

Less amount of nitrate nitrogen was found in the
layer of 30-60 cm compared with 0-30 cm layer.
The application of horn shavings increased the
amount of nitrate nitrogen by 1.15-2.55 mg kg™
in 30-60 cm soil layer, the treatment with horn
core powder resulted in 1.23-2.46 mg kg™ increa-
se, and the unfertilised soil had an increase of
0.36-2.36 mg kg (Fig. 4). Fertilizers compared
to unfertilised winter wheat did not have essential
effect (p < 0.05) on the amount of nitrate nitrogen
in the soil layer of 30-60 cm during the period of
winter wheat tillering.

Another research of horn fertilizers is in prog-
ress at the Centre of Agroecology in Aleksandras
Stulginskis University. The results show that cattle
horn fertilizers decomposed slowly and liberated
nitrate nitrogen was appropriated by growing win-
ter wheat and could not intensively leach to deeper
mineral soil layers.

Comparing the amount of nitrate nitrogen in
30-60 cm soil layer at the period of winter wheat
tillering and at the end of vegetation period, it was
determined that in 2008-2009 its values decreased,
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while in 2009-2010 the treatment with horn sha-
vings resulted in the increase of nitrate nitrogen in
this soil layer by 0.92-1.07 mg kg™ (Fig. 4). Com-
paring unfertilized winter wheat with those treated
with organic fertilizers at the end of vegetation pe-
riod in 2009 no essential differences in the amount
of nitrate nitrogen were observed. While in 2010 the
treatment with horn shavings and horn core powder
resulted in essential increase of nitrate nitrogen
(p < 0.05), however, if compared between themsel-
ves, the two kinds of organic fertilizers produced no
essential differences. Application of horn shavings
resulted in a greater increase of nitrate nitrogen than
the treatment with horn core powder (Fig. 4).

Due to damp and warm weather in spring—sum-
mer 2010, horn waste fertilizers decomposed more
effectively and as a result greater amounts of nitrate
nitrogen accumulated in 0-30 cm soil layer. This
amount could not be fully appropriated by winter
wheat and resulted in nitrate nitrogen leaching into
deeper soil layer of 30-60 cm. For this reason the
amount of nitrate nitrogen in this layer increased.
In 2009 during vegetation period there was less
precipitation and later leaching of nitrate nitrogen
decreased significantly. It has been determined that
leaching of nitrate nitrogen from arable layer into
deeper layers of soil is different in different years
and usually nitrogen is leached in the form of nitra-
tes (Errebhi et al., 1998; Owens et al., 2000).

Forms of ammonium nitrogen in soil were
less abundant than those of nitrate. Comparing
the amount of ammonium nitrogen in soil layer
of 0-30 cm in autumn and in the stage of win-
ter wheat tillering it has been determined that
horn shavings increased by 0.26 and 0.96 mg kg™
(Fig. 5). Application of horn core powder resulted
in the increase of ammonium nitrogen by 0.39 and
0.52 mg kg™', while unfertilised soil had an increase
of 0.10 and 0.44 mg kg™'. At BBCH 21-23 changes
of ammonium nitrogen in 0-30 cm soil layer were
different in different years. In 2008-2009 after trea-
ting soil with horn shavings there was much more
ammonium nitrogen (p < 0.05) found than in an
unfertilised site and the site treated with horn core
powder. In 2009-2010 during vegetation period no
essential difference in the amount of ammonium
nitrogen content was found. It can be explained
by differences in meteorological conditions. Com-
paring the amount of soil ammonium nitrogen in
the stage of winter wheat tillering and at the end
of vegetation period it can be seen that ammo-
nium nitrogen in 0-30 cm soil layer decreased. In
2009-2010 during vegetation period after treating
winter wheat with horn shavings there was higher
ammonium nitrogen content than in unfertilised
site while in 2008-2009 no significant differences
in the amount of ammonium nitrogen were found

(Fig. 5).
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Fig. 4. The amounts of nitric nitrogen (NO,-N) in a deeper soil layer
(30-60 cm) in 2008-2010. Error bars are the least significant difference
(LSD,,). RGM - horn core powder, RD - horn shavings (horn meal),

No. fer. - no fertilization
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Fig. 5. The amounts of ammoniacal nitrogen (NH,-N) in soil top layer
(0-30 cm) in 2008-2010. Error bars are the least significant difference
(LSD,,). RGM - horn core powder, RD - horn shavings (horn meal),

No. fer. - no fertilization

Ammonium nitrogen content in 30-60 cm soil
layer was lower than in 0-30 cm. Comparing the
amount of ammonium nitrogen in tillering stage
(BBCH 21-23) with its amount in autumn it was
determined that the treatment with horn shavings
resulted in 0.46-1.72 mg kg™ increase in N-NH,
content, the treatment with horn core powder
increased it by 0.42-1.38 mg kg™, while unferti-
lised site demonstrated merely 0.16-1.36 mg kg™
increase (Fig. 6). In 2008-2009 application of horn
shavings resulted in a significantly greater amount
of ammonium nitrogen in soil (p < 0.05) than in
the unfertilised site as well as in the site fertilized
with horn core shavings. Comparing the amount
of ammonium nitrogen in soil in tillering stage
with its amount at the end of vegetation period it
can be seen that the amount of ammonium nitro-
gen in 30-60 cm layer of soil decreased. In 2009-
2010 during vegetation period horn core shavings
resulted in a significant increase in the amount of
ammonium nitrogen than it was found in unfer-
tilized site and in 2008-2009 no significant diffe-
rences in the amount of ammonium nitrogen were
found (Fig. 6).

The treating organically grown winter wheat
with organic fertilizers made from biodegrada-
ble waste resulted in the increase of mineral nit-
rogen in soil layer of 0-30 cm (Fig. 7). In spring
in tillering stage (BBCH 21-23) there was 1.75

and 1.47 mg kg™ of mineral nitrogen in unferti-
lised soil. Soil with horn shavings had 2.58 and
2.66 mg kg' more nitrogen than before sow-
ing, while application of horn core powder re-
sulted in mineral nitrogen increase of 2.26 and
3.22 mg kg''. In different years under the effect
of soil mineral nitrogen in winter wheat tillering
stage there was an increase of 1.12-1.27 mg kg™
or 10.23-11.60 per cent and 0.34-1.29 mg kg™ or
2.55-9.68 per cent. In 2008-2009 in winter wheat
tillering stage (BBCH 21-23) application of horn
shavings and horn core powder resulted in an es-
sential increase of the amount of mineral nitrogen
in 0-30 cm soil layer compared with unfertilised
winter wheat. In 2009-2010 differences in the
amount of mineral nitrogen were statistically in-
significant. In the stage of total maturity (BBCH
89) compared with tillering stage the amounts of
mineral nitrogen in 0-30 cm soil layer decreased.
Application of horn shavings resulted in mineral
nitrogen decrease of 1.32-1.92 mg kg™, appli-
cation of horn core powder resulted in decrease
of 2.17-3.26 mg kg™, while unfertilised sites had
a decrease of 1.14-3.3 mg kg™'. Comparing un-
fertilised winter wheat at the end of vegetation
in 0-30 cm soil layer in 2008-2009 no significant
differences in the amount of mineral nitrogen
were observed, while in 2009-2010 the application
of horn shavings resulted in an essentially greater
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Fig. 6. The amounts of ammoniacal ni-
trogen (NH,-N) in deeper soil layer
(30-60 cm) in 2008-2010. Error bars are
the least significant difference (LSD,,).
RGM - horn core powder, RD - horn
shavings (horn meal), No. fer. - no fer-
tilization

increase (p < 0.05), comparing to unfertilised soil.
Comparing fertilizers between themselves no si-
gnificant differences were found. Application of
horn core shavings resulted in a greater increase
than application of horn core powder (Fig. 7).
Comparing the amount of mineral nitrogen in
tillering stage (BBCH 21) with its amount in 30-
60 layer of soil found in autumn it was determined
that application of horn shavings increased the
amount of mineral nitrogen by 1.61-4.31 mg kg"
!, the application of horn core powder resulted in
an increase of 1.65-3.85 mg kg™', while unferti-
lised sites had an increase of 0.52-3.72 mg kg™
(Fig. 8). Fertilizers when compared with unfertili-
sed winter wheat did not have any essential effect
(p < 0.05) on the amount of mineral nitrogen in
30-60 cm layer in the stage of winter wheat tille-
ring. Comparing the amount of mineral nitrogen

in soil in tillering stage with its amount at the
end of plant vegetation it was determined that its
amount in 30-60 cm soil layer decreased. Appli-
cation on horn shavings resulted in a decrease of
0.04-2.65 mg kg', the application of horn core
shavings decreased the amount of mineral nitro-
gen by 0.36-2.35 mg kg, while unfertilised soil
had a decrease of 0.93-2.74 mg kg'. In 2009-
2010 during vegetation period after application
of horn shavings and horn core powder to win-
ter wheat there was significantly more mineral
nitrogen (p < 0.05) found in soil at the end of
vegetation than in the soil of unfertilised winter
wheat, while in 2008-2009 no significant diffe-
rences in the amount of mineral nitrogen were
found. Application of horn shavings resulted in
greater amounts of mineral nitrogen in soil than
application of horn core powder (Fig. 8).

BBCH73

1'3 .
16
‘_?“u"‘ 14
s
E
£ 12 -
=
E 10 4
=
3 - ﬁ
61 . . . . (N
Before BBCHZ1 | BBCHT3 Before BBCHZ1
sowing sowing
2008 2009 2010
®RGM0-30 ORDO-30 = Nofer. 0-30

Fig. 7. The amounts of mineral nitrogen
viye) in soil top layer (0-30 cm) in
2008-2010. Error bars are the least signi-
ficant difference (LSD). RGM - horn
core powder, RD - horn shavings (horn
meal), No. fer. - no fertilization
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Fig. 8. The amounts of mineral nitrogen
(N, ) in deeper soil layer (30-60 cm) in

Before BBCH21 | BBCH73 | Before BBCH21 | BBCH72 MIN®
sowing sowing 2008-2010. Error bars are the least signi-
2008 2000 2010 ficant difference (LSD). RGM - horn

®RGM 30-60 ORD 30-60 = No.fer. 30-60

core powder, RD - horn shavings (horn
meal), No. fer. — no fertilization

Having investigated the effect of horn shavings
rates on the amount of nitrate nitrogen in 0-30
layer of soil, it has been determined that in diffe-
rent years it had a different effect (Figs. 7-10). If in
2008-2009 during the period of vegetation there
was a strong correlation (r = 0.75) determined
between fertilizer rates and the amount of nitra-
te nitrogen (N-NO,) (Fig. 7), in 2009-2010 none
interrelationship was weak (r = -0.02) (Fig. 8).
A very strong correlation (r = 0.93) was found
between horn shavings rates and the amount of

ammonium nitrogen (N-NH,) in 0-30 cm layer
of soil in 2008-2009. However, in 2009-2010 there
was only strong positive correlation (r = 0.70).
Assessing the dependence of mineral nitrogen
(N_.) on treatment with different horn shavings
rates in 0-30 cm layer of soil it was determined
that in 2008-2009 there was a very strong corre-
lation (r = 0.95) between horn shavings rates and
the amount of mineral nitrogen in soil while in
2009-2010 the correlation was weak (r = 0.39)
(Figs. 9 and 10).

10
g - A
g y =0.0943x+4.642
r=0.95
7 y =0.0584x+3.1105
6 A r=093
IEJ.IJ
= 5
£
4 y=0.0358x+1.5315 4
3 r=0.75
2
1
0 T T T
0 14 28 42
Amount of fertilizer in Kg N ha™
< N-NO3 ON-NH4 A Nmin.

Fig. 9. Dependence of the amount of nitrate,
ammonium and mineral nitrogen in 0-30 cm
layers of soil on horn shavings rates. Farm of or-
ganic production in the Centre of Agroecology
at ASU, 2008-2009
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After the research of the effect of horn sha-
vings rates on the amount of nitrate nitrogen in a
deeper 30-60 cm soil layer it was determined that
fertilizers had a different effect on nitrate nitro-
gen in different years. In 2008-2009 during the
wheat vegetation period there was a strong po-
sitive correlation (r = 0.77) determined between
horn shavings rates and nitrate nitrogen (N-NO,)
while in 2009-2010 the correlation was weak
(r = 0.29). In 2008-2009 there was a moderate

5 -
4,5 b A
4 A
35 - y =0.0422x+1.9635
r=0.77
< 3 A
oo =0.0169x+1.312 O
X 25 A Y
o A r=0.61
2 P A
1,5 1

y=0.0253x+0.6515
0}5 o r :0??

0 T T T
0 14 28 42

Amount of fertilizer in Kg N ha?

<& N-NO3 ON-NH4 A Nmin.

Fig. 10. Dependence of the amount of nitrate, am-
monium and mineral nitrogen in 0-30 cm layers
of soil on horn shavings rates. Farm of organic
production in the Centre of Agroecology at ASU,
2009-2010

correlation (r = 0.61) determined between horn
shavings rates and the amount of ammonium nit-
rogen (N-NH,) while in 2009-2010 it was weak
(r = 0.45). Assessing the dependence of mineral
nitrogen (N_. ) on application of different fertili-
zer rates in 30-60 cm soil layer in 2008-2009 du-
ring the period of winter wheat vegetation a po-
sitive correlation of moderate strength (r = 0.77)
was determined, while in 2009-2010 it was weak
(r = 0.47) (Figs. 11 and 12).

Fig. 11. Dependence of the amount of nitrate, am-
monium and mineral nitrogen in 30-60 cm lay-
ers of soil on horn shavings rates. Farm of organic
production in the Centre of Agroecology at ASU,
2008-2009
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Fig. 12. Dependence of the amount of nitrate,
ammonium and mineral nitrogen in 30-60 cm
layers of soil on horn shavings rates. Farm of or-
ganic production in the Centre of Agroecology
at ASU, 2009-2010

CONCLUSIONS

Organically grown winter wheat treated with fer-
tilizers from cattle horn shavings and horn core
powder decomposed during the periods of au-
tumn-spring and spring-summer. Therefore the
amount of mineral nitrogen compounds increased
in 0-30 cm soil layer. Intensity of decomposition
was different in different years depending on me-
teorological conditions in the period of wheat ve-
getation. In the event of warm and damp weather
more mineral compounds formed and due to fer-
tilization their increase was essential.

Leaching of mineral compounds into a deeper
30-60 cm layer was different in different years and
depended on meteorological conditions of wheat
growth period. Due to higher temperature and
greater humidity, horn shavings and horn core
powder significantly increased the content of mi-
neral nitrogen compounds in this layer.

Additional treatment of winter wheat with
different rates of horn shavings in tillering stage
increased the content of mineral nitrogen com-
pounds which was different in different years.
In 2008-2009 in 0-30 cm soil layer there was a
strong correlation between horn shaving rates
and nitrate nitrogen content. At the same time in

2009-2010 no relationships were found between
fertilizer rates and soil nitrate nitrogen contents.
Correlation between ammonium and mineral nit-
rogen was weak. In 2008-2009 in the deeper 30-
60 cm soil layer the correlation between fertilizer
rates and contents of nitrate nitrogen was weak,
while that between ammonium and mineral nit-
rogen was of moderate strength. In 2009-2010
the correlation between fertilizer rates and forms
of mineral nitrogen was weak.
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RAGU DROZLIU IR RAGU GELUONIU MILTU
TRASU, PAGAMINTU IS GALVIJU RAGU
ATLIEKU, POVEIKIS MINERALINIO AZOTO
KAITAI EKOLOGINIO UKIO DIRVOZEMY]JE

Santrauka

Tirtas galvijy ragy drozliy ir ragy geluoniy milty
poveikis mineraliniam azotui ir jo formoms 0-30
ir 30-60 cm dirvoZzemio sluoksniuose. Bandymams
auginti ekologiski zieminiai kvieciai. Tyrimai vyk-
dyti 2008-2010 m. Kauno rajono Kazliskiy kaime,
Aleksandro Stulginskio universiteto Agroekologijos
centro ekologinés gamybos ikyje. Zieminiai kvieciai
prie$ séja bei krimijimosi metu buvo patresti galvijy
ragy traSomis. Krimijimosi tarpsniu (BBCH 21-23) ir
vegetacijos pabaigoje pasiekus visiskg branda (BBCH
89) 0-30 cm dirvozemio sluoksnyje nustatyti didesni
mineralinio azoto junginiy kiekiai. Skirtingais metais
skaidymosi intensyvumas buvo nevienodas - tikétina,
jog tai lémé meteorologinés salygos kvieciy vegetaci-
jos metu. Esant $iltesniems ir drégnesniems orams,
treSimas mineralinio azoto junginiy kiekj dirvozemyje
padidino i§ esmés. Mineralinio azoto junginiy
i$siplovimas j gilesnj, 30-60 cm, sluoksnj atskirais
metais buvo skirtingas. Esant didesnei temperatiirai
bei drégnesniam orui, kvie¢iy vegetacijos metu ragy
drozlés ir ragy geluoniy miltai reik§mingai padidino
mineralinio azoto junginiy kiekj Siame dirvozemio
sluoksnyje. Papildomas zieminiy kvie¢iy tresimas
kromijimosi tarpsniu (BBCH 21-23) skirtingomis
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ragy drozliy normomis didino mineralinio azoto
junginiy kiekj dirvozemyje, kuris skirtingais metais
buvo nevienodas. 2008-2009 m. 0-30 cm dirvozemio
sluoksnyje tarp ragy drozliy normos ir nitratinio
azoto kiekio nustatytas stiprus, o tarp amoniakinio ir
mineralinio azoto kiekio - labai stiprus koreliacinis
rySys. 2009-2010 m. tarp traSy normos ir nitratinio
azoto kiekio koreliacinio rys$io nenustatyta, o tarp
amoniakinio ir mineralinio azoto kiekio jis buvo silp-
nas. Gilesniame, 30-60 cm, dirvoZzemio sluoksnyje
2008-2009 m. tarp ragy drozliy normos ir nitratinio
azoto kiekio nustatytas silpnas, o tarp amoniakinio
ir mineralinio azoto kiekio - vidutinio stiprumo ko-
reliacinis rys$ys. 2009-2010 m. tarp tra$y normos ir
mineralinio azoto formy nustatytas tik silpnas kore-
liacinis ry8ys. Skirtingais metais gauti rezultatai rodo,
kad trasos turi teigiama poveikj mineralinio azoto kie-
kiui dirvozemyje, taciau jy efektyvumas priklauso nuo
meteorologiniy salygy.

Raktazodziai: ekologinis ukininkavimas, ragy
drozlés, ragy geluoniy miltai, dirvoZemis, mineralinis
azotas, zieminiai kvieciai



