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The experiments were performed in stationary cylindrical lysimeters,
which were filled with soil typical of the Eastern Lithuanian region:
sandy loam and loamy sand soil (Haplic Luvisol). In the experiment,
the main aim was to investigate the balance of nitrogen (N), phosphorus
(P) and potassium (K) in the sandy loam and loamy sand Haplic Luvisol
and to evaluate their effectiveness and suitability for the light texture
soil and agricultural crop harvest in organic agriculture. It was found
that, in general, during the three years of the experiment, the balance
of N in the sandy loam and loamy sand soil was negative, but fertiliza-
tion with organic sapropel showed the positive results: less N leaching
losses content, compared to other organic-organic fertilizers. Fertiliza-
tion with cattle manure did not ensure the P positive element balance, in
both types of soils, due to a small amount of P in the fertilizer and a high
accumulation in the yield. The amount of potassium added each year
with NPK fertilizer ensured a positive element balance only in the sandy
loam soil.
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INTRODUCTION

about the history and functioning of the agro-
ecosystem possibilities. In agriculture, all factors

Organic agriculture based on natural processes
in the soil, and the nutrition of cultivated plants
relates only to natural plant nutrients. According
to the principles of organic agriculture, fertiliza-
tion requires soil rather than plants. In an organic
farm, soil fertility is particularly essential. With-
out the use of synthetic mineral fertilizers, yields
and the success of economic activity are directly
dependent on soil fertility from vitality to a level
of cultivation (Ahlvik et al., 2014; Timmusk et al.,
2017; Timsina, 2018).

The importance of nutrient balance has over-
grown from the historical side to make decisions

are observed and combined from past information
to the current prediction process of nutrient cy-
cle, which helps to create soil management prac-
tices. Sustainability of a production system implies
optimum yields that can be maintained with a
minimum or an acceptable environmental conse-
quence through an organic fertilizer (Fess, Bened-
ito, 2018). Those three NPK elements monitored
and analysed not long ago have become a starting
point for a study of nutrients balance in agricul-
ture. These small-scale tillage system studies have
developed into common world practice. In gen-
eral, the agro-ecosystem is analysed as a whole,
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combining all land uses in that region. Still, some of
the studies were dedicated to only one crop or crop
rotation (El-Ramady et al., 2014; Jones et al., 2017).

Each of those three nutrients has a specific
importance. Nitrogen is the most critical element
for plant harvest growing because it is often de-
ficient and yields obvious benefits. N fertilization
generally increases yield. Nitrogen is continually
cycled among plants, soil organisms, soil organic
matter, water and the atmosphere. Scientists con-
clude that organic farming produces lower or
similar levels of nitrate leaching compared to in-
tegrated or conventional agriculture. The greatest
risk is faced when N released from organic ferti-
lizers does not coincide with the level of uptake
by crops or when N fertilization rates start to
exceed those calculated (based on known yields)
(Doltra, Olesen, 2013; Delin, Stenberg, 2014; Du-
ran et al., 2016). Nitrogen (N) indicators are key
for characterizing farm performance, because of
the role of N in food production and environ-
mental sustainability. A systematic monitoring of
N balance at the farm level could contribute to
understanding differences in N management and
impacts among farms.

Nowadays, phosphorus (P) is an element of
the main interest. It is associated with limited or
abundant global soil reserves. Currently, P re-
lease into the biosphere is triple times higher in
connection with a higher rate of used fertilizers
and growth of livestock husbandry production
in the world. In some agricultural soils, the ac-
cumulated P is subsequently washed into deeper
layers and acts eutrophically. Phosphorus is less
mobile in soil, and leaching loss is lower as com-
pared to other nutrients. Besides, phosphate is
extraordinarily reactive and binds strongly with
iron, calcium, and other elements present in soils.
Phosphorus losses vary from one event to another
(Islam et al., 2015; Khan et al., 2017).

Many researchers confirm the importance of
fertilizer efficiency in the soils with a very light
texture, which prevents nutrient leaching from
the arable soil layer to deeper layers (Diacono,
Motemourro, 2015; Belén et al., 2016).

Scientists found that due to the excessive ma-
nure use in agricultural lands with the main ele-
ments as N and P, leaching contributes to the in-
creased NO,” concentrations and eutrophication
of groundwater process (Li et al., 2018).

Although potassium (K) plays a significant role
in the plant growth process, it comes as a forgot-
ten element, and it is considered less critical than
N or P. Potassium reserves in the world seem to be
adequate for hundreds of years. Still, the produc-
tivity of soils in the future will increasingly depend
on its efficient use (Zorb et al., 2014).

Soils in south-eastern Lithuania are not
the most suitable for the organic farming, but
the incorporation of organic fertilizers should cre-
ate the conditions that prevent losses of sustain-
ability of the primary nutrients in the soil and op-
timize the yield of crops without elements losses.
Calculations of plant nutrient balance are the op-
timal way to help farmers to carry out agricultural
work purposefully as well as monitor the losses of
nutrients through harvest and leaching.

The research aimed to evaluate the balance of
N, P, K, and the change tendency of biogenic ele-
ments with the use of organic fertilizers and to de-
termine their efficiency and suitability on the light
texture soil and agricultural crop harvest in organ-
ic agriculture.

MATERIALS AND METHODS

Experiment location

The experiment was set up at the Voké Branch of
the Lithuanian Research Centre for Agriculture
and Forestry (2016-2018). The research was car-
ried out in 24 plots of stationary concrete cylin-
drical lysimeters (1.35 m depth). They were filled
with the Haplic Luvisol (WRB, 2015) soil from
two sides: 12 plots for one side (each surface area
1.75 m?) were filled with sandy loam and 12 plots
from another side (each covering 1.75 m?*) with
loamy sand, typical of the Eastern Lithuanian re-
gion. The experiment treatment (with three rep-
lications) was as follows: 1) control (without fer-
tilizers), 2) NPK fertilizers (Provita, phosphorite
powder, potassium magnesia), 3) 40 t ha™' sapro-
pel and 4) 60 t ha! manure. In the experiment,
the following fertilizers were used: manure - cat-
tle manure with straw, sapropel - organic (from
Keréplis Lake, Trakai District). The rates for sapro-
pel and manure fertilizer are presented in natural
matter and the amount of incorporated elements
is calculated in dry matter. In dry matter, the rate
of fertilizers was as follows: sapropel — 8.52 t and
cattle manure - 9 t.
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NPK fertilizers were added before seeding:
the summer barley at the rate N, P_ K., the po-
tato tubers N, P, K. and the peas in the growing
year N P_ K. (the roots of the peas fixing nitro-
gen from the air, it is recommended to take care
of phosphorus (P) and potassium (K) insertion for
optimal bacterial activity).

Sapropel and manure fertilizers were inserted
in the first year of the experiment, and the effect
on crop yield, soil chemical properties and biogen-
ic element circulation was monitored next year.
NPK ecological fertilizer was inserted every year
before seeding.

Ekoagros certified ecological fertilizers such as
Provita, phosphorite powder and potassium magne-
sia (Patentkali) in 2006 as suitable natural ecologi-
cal fertilizers for ecology farming. Provita fertilizers
are made from processed pig bristles according to
a special technology that removes moisture, crush-
es the bristles and compresses them into pellets.
The fertilizer composition is 14.0% N,_. The ferti-
lizer is a neutral reaction and, therefore, does not
acidify the soil. Phosphorite powder is the source
of P for plants obtained by grinding phosphorites.
It contains 20% of P,O,. Potassium magnesia (Pat-
entkali) is a source of K for plants in organic farms.
Fertilizers were made from natural marine sedi-
ments. They contain 30% K,O (Table 1).

The studies involved growing crops in three-
year crop rotation: spring barley (Hordeum vul-
gare L., 2016) > potato (Solanum tuberosum L.,
2017) > pea (Pisum sativum L., 2018).

All works were carried out manually. Barley
grain, potato tubers and pea seeds were seedlings
in the third decade of April. Barley (in 2016) and
peas (in 2018) were seeded in the rate 200 kg ha™
seeds, with a 12 cm gap between each row. The po-
tatoes tubers (in 2017) were planted by nine on
each lysimeter plot.

Table 1. Agrochemical characteristics of fertilizers

Full crop yield was harvested at the end of plant
maturity and manually. The crop yield samples
were taken from each lysimeter plot and sent to
the laboratory for analysis: barley grain and straw,
potatoes tuber and pea seeds and straw. The yield
of the plants was determined by weighing (t ha™).

Two types of Haplic Luvisol were used: sandy
loam and loamy. The agrochemical composition
of sandy loam soils was pH 6.3, N 0.059-0.085%,
C,, 1.45-2.05%, P,0, and K,0 208-244 and 90-
141 mg kg™'. The composition of loamy sand soil
was pH 5.0-5.2,N,_ 0.099-0.107%, C_,_1.81-1.98%,
P,O, and K,O 203-214 and 152-171 mg kg™

Analitical methods

All chemical parameters were determined in
the Agrochemical Research Laboratory of the Lith-
uanian Research Centre for Agriculture and For-
estry. The soil pH was identified in the distilled
water extract of 1 mol L' KCl using the ratio 1:2.5
w:v (20 g soil/50 g water). The soil samples were
shaken on an overhead shaker for 1 h and then
left to equilibrate for 20 h. The suspension was
then agitated for 10 min and the pH was mea-
sured immediately using a pH meter WTW 315i/
SET (Weilheim, Germany). Organic carbon (Corg)
content in the soil was determined by dry burn
(ISO 10694:1995. Determination of organic and
total carbon after the dry combustion). The mo-
bile phosphorus (P,0,) and potassium (K,0) were
determined by the LVP D-07:2016 standard (Eg-
ner-Riehm-Domingo (A-L) method). Total ni-
trogen (N, ) of soils was determined by the ISO
11261:1995 standard (Determination of total ni-
trogen — Modified Kjeldahl method).

In barley grains, straws, potatoes tuber and
pea seeds with straw cattle manure, sapropel N,
was determined by the Kjeldahl N distiller in ac-
cordance with the standard EN 13654-1:2012 (Soil

NPK
Fertilizer in dry matter, % Sapropel | Manure
Provita | Phosphorite powder | Potassium magnesia
Organic matter 74.8 87.8
Total nitrogen (N 14 2.0 1.9
Phosphorus (P,0Os) 14 20 0.6 0.12
Potassium (K,O) 0.2 30 0.18 2.16

NPK: Provita is nitrogen source, phosphorite powder is phosphorus source, potassium magnesia (Patenkali) is potassium source.
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improvers and growing media - Determination
of nitrogen. Modified Kjeldahl method), P and an
organic fertilizer (sapropel, manure) were deter-
mined in aqua regia by the spectrometric method
according to EN 13650:2001 (Soil improvers and
growing media — Extraction of aqua regia solu-
ble elements). Total K in crop yield and organic
fertilizers (manure, sapropel) were determined
according to EN 13650:2006 (Soil improvers and
growing media - Extraction of aqua regia soluble
elements). In filtrated water, nitrates (NO,) were
determined by the LST EN ISO-13395:2000 stand-
ard flow analysis (FIA) (Water quality. Nitrite ni-
trogen (NO,"), nitrate nitrogen (NO,") and their
sum flow analysis (CFA and FIA) and spectro-
metric detection). Potassium was determined by
the LST ISO 99643:1998 standard (atomic absorp-
tion spectrometry method), P in spectrometric, K
according to ISO 99643:1998 (Water quality — De-
termination of sodium and potassium - Part 3:
Determination of sodium and potassium by flame
emission spectrometry) using a flame emission
photometer PFP7 (Jenway, UK).

Filtrated water collection and calculation

The amount of precipitation was calculated from
1 March till 28 February next year (includes all 12
months). The amount of K and P infiltrate water
was determined by taking approximately 2.5% of
leached water from each of the lysimetric plots.
The amount (mg) of nutrient load leached (NL)
was computed as follows in Eq. (1) (Li et al., 2018):

NL=VTx C.. (1)

Here C_ is the concentration (mg L") of any of
the nutrients leached elements, and VT is the total
volume of water leached per hectare in a certain
period of (month, year) time (L).

The total volume (L) of water leached (VT) was
determined as follows in Eq. (2):

_ VBx10000 2
AC

VT

Here VB is the volume of water pumped from
the bucket lysimeter (L), and AC is the area of
the bucket lysimeter’s catch pan (m?).

Nitrogen was expressed as the pure ele-
ment kg ha! N in the soil nutrient balance.

Meteorological conditions

For the evaluation of meteorological data and con-
ditions, the data provided by the Vilnius Meteoro-
logical Station was used. During the experiment,
the meteorological conditions were very vari-
able: the year of excess humidity was followed by
a droughty year with little rainfall.

Judging from temperature shifts during the ex-
periment, there was a tendency for temperature to
increase throughout the seasons. The periods of
winter and spring 2016 demonstrated an increase
in temperature compared to the climatological
standard normal (SCN), which continued until
mid-summer and returned to the multi-annual
temperature range since mid-summer. Tempera-
ture distributions in 2017 showed lower tempera-
tures during the summer, while all other seasons
demonstrated higher temperatures compared to
the multi-annual value. The higher temperature
range was evident in 2018, when temperatures
were well above the standard climate tempera-
ture (+1.2 to 4.5°C), which was particularly pro-
nounced during the growing season and persisted
until the end of autumn season (+2.3 to 6.7°C).

During the experiment, meteorological condi-
tions were very uncontrasting. Significant changes
in precipitation were evident: the year of excess hu-
midity turned into a very dry year. The summer and
autumn of 2017 could be marked as an extremely
humid season with the highest rainfall (377 mm
in summer and 350 mm SCN; 271 mm in autumn
and 158 mm SCN) with 35-74% more rainfall than
the multi-annual precipitation value. Of greater
concern was heavy rainfall in the autumn, which
tended to leach unused nutrients into deeper soil
layers. In 2018, there was an annual decrease in pre-
cipitation, which deceased as much as 15-45% be-
low the multi-year standardized precipitation index
for all seasons (Fig. 1). In the case of lower rainfall,
a very important role was played by organic matter
in soil and its content, which was capable of main-
taining higher moisture content in soil needed for
the main biological processes to occur.

In terms of the amount of precipitation during
the experiment, we can notice an average annual
increase in precipitation, and the seasonal distri-
bution of the absolute minimum and maximum
values of precipitation are more clearly observed.
The most pronounced were the summer and au-
tumn periods; during each year of the experiment
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Fig. 1. Precipitation during the period of conduction of the experiment (data of the Vilnius Meteorological

Station)

in those seasons, the rainfall was the highest com-
pared to the annual rainfall.

The thermal and humidity conditions of
the plant vegetation period were described using
the agrometeorological indicator — G. Selianinov
(1928) hydrothermal coefficient (HTC) (Fig. 2)
which was calculated according to the formula in
Eq. (3) (Valiukas, 2017)

_Xp

HTC=—""—,
0.1x Xt

3)

where Zp is the amount of precipitation (mm) over
a period with an average temperature higher than

+10°C, and Xt is the sum of active temperature
(> +10°C) for the same period. If HTC >1.6, mois-
ture is too high; in the case of HTC = 1.0-1.5, hu-
midity is optimal; HTC = 0.9-0.8 shows low dryness;
HTC = 0.7-0.6 means middle dryness; if HTC = 0.5-
0.4, dryness is too high; HTC < 0.4 shows a very
severe drought. In Lithuania, the HTC is calculat-
ed from each day in a 30- or 31-day period when
the average air temperature is above +10°C. It uses
to describe the humidity condition during the active
vegetation period and at the same time when we
have an extreme event such as a very severe drought.

In 2016, after seeding and during the growth,
it was a good time for grain growth due to low
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Fig. 2. Hydrothermal coefficient during the period of the experiment (data of

the Vilnius Meteorological Station)
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precipitation; during the period of plant matura-
tion (according to the values of HTC (Selianinov,
1928)), the moisture conditions were dry or op-
timal, which allowed cereals to grow and mature.
In 2017, the vegetation period started in the first
decade of May. According to HTC, the time was
favourable for the sprouting of potatoe tubers;
during the growth period, the conditions were
unfavourable. When the leaves were growing and
when it started to bloom, the moisture was very
high, which affected the quality and quantity of
the potato harvest. In 2018, during the period
of active vegetation, pea growth and develop-
ment were unfavourable, fixed a very high dry-
ness, which gave us a very low yield supplement
(Fig. 2).

The balance of nutritious elements (NPK) was
calculated using the amount of nitrogen, phospho-
rus and potassium introduced in the soil with fer-
tilizers and seeds, elements quantity in infiltrated
water and the crop yield of barley, potatoes and
peas. The data were statistically processed using
the analysis of variance (ANOVA). The significant
differences between the means were established
by the least significant difference at a significance
level of p < 0.05 (Raudonius, 2017).

RESULTS AND DISCUSSION

Crops yield

Researchers talk about fertilizer effectiveness that
more depends on meteorological conditions, ferti-
lizer compounds, soil texture and fertilization time
(Janu$auskaté, 2014). Inserted organic fertilizer,
especially manure and sapropel in light-textured

soils, is an excellent source of soil organic matter,
which is not only supplement to humus in the sub-
soil but also protects the crop yield from unfavour-
able weather conditions during vegetation (Arslan
et al,, 2017). The significantly higher yield addition
was fixed in our experiment: yields were higher in
all crop growing years, as evidenced by the positive
benefits of organic fertilizers discussed above. With
the inserted manure fertilizer, the crop yield had a
higher rate in the sandy soil (in the first year, spring
barley yield was 2.8 t ha™', and in the second, po-
tato growing year it was 31.21 t ha™!), if we compare
with all fertilized treatment.

In the loamy sand soil, where there is more or-
ganic matter, the higher crop yield influence mostly
depends on meteorologic conditions. Despite en-
vironmental factors, the inserted manure fertilizer
in the soil maintained significantly higher yields in
all the experiment (barley yield 3.7 t ha™!, potato tu-
bers yield 32.74 t ha™!, pea seeds yield 2.88 t ha™").
With other inserted fertilizers, the crop yield was
slightly higher or similar to the control (without
fertilizer). A significantly higher crop yield with
manure was also mentioned in other research
(Thomas et al., 2019).

The potato tubers yield was heavily depend-
ent on the soil texture. Due to the extraordinary
wet year, the sandy soil was not soaked and got
more air if we compare it to the loamy sand soil
(Table 2, Fig. 2). During the peas growing time
(due to the prevailing drought) the crop yield was
not very significant in the sandy loam soil, but in
the loamy sand fixed the higher crop yield-growth
and it mostly depends on organic content in soil
and moisture retention (Oliveira et al., 2020).

Table 2. Crop yields on two different soils Haplic Luvisol using organic fertilizers

Harvest, t ha™!

Fertilization Barley | Potato tubers Peas Barley | Potato tubers Peas
Sandy loam Loamy sand

Control (no-fertilizer) 1.69 17.49 1.96 2.01 23.72 2.66

NPK 191 20.72 2.09 2.30 22.00 2.57

40 t ha™! sapropel 1.28 24.35% 2.18 2.20 23.72 2.71

60 t ha™! manure 2.8% 31.21% 1.99 3.70% 32.74% 2.88%

LSDy; 0.54 6.79 0.24 0.32 8.76 0.99

NPK: Provita, phosphorite powder, potassium magnesia (Patenkali) fertilizers.

Note: * essentially the largest increase (LSDys < 0.05).
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Nutrition circulation

Nitrogen (N) indicators are the key for character-
izing farm performance, and appropriate manage-
ment of N is of key importance for an organic
fertilizer; it means that application of organic fer-
tilizer has to be approximately equal to crop yields,
N use efficiency has to increase, and N losses have
to decrease (Zhang et al.,, 2018). To get a higher
crop yield without loosening the soil organic mat-
ter, it is necessary to periodically input nutrients in
the soil to cover the losses. A systematic monitor-
ing of N balance at the farm level could contribute
to understanding differences in N management
and impacts among farms (Basak et al., 2020).

The nutrient accumulation in crop yield was
determined by the size and amount of individual
elements. Lisimeter plots with an inserted ma-
nure fertilizer show a quite high crop yield in all
three growing years and also element accumulation
in the sandy loam ranged from 117 to 200%, in
the loamy sand from 107 to 188%. In the loamy sand
soil we clearly see the positive effect of manure fer-
tilizers in the first crop growing year, element accu-
mulation is the highest, and in the sandy loam soil,
manure fertilizer had the positive effect in the sec-
ond, potato tubers growing year (Table 3). Our ex-
periment confirms the results of Jodaugiené and
other authors (2015) which state that the amount

Table 3. The amount of biogenic elements introduced into the Haplic Luvisol soils and release with harvest

Fertilization Input with fertilizers and seeds, kg ha™ Release with harvest, kg ha™
Barley Barley Potato tubers Peas Barley | Potato tubers | Peas
Sandy loam
Nitrogen
Control (no-fertilizer) 3.6 10.0 9.3 26.6 34.3 90.9
NPK 53.6* 70.0% 9.3 32.5 53.8% 93.1
40 t ha! sapropel 174.0* 10.0 9.3 24.4 61.0% 101.2
60 t ha! manure 174.6* 10.0 9.3 44.0% 68.9% 106.1*
LSDy; 25.5 14.98 0.16 11.11 13.99 15.51
Phosphorus
Control (no-fertilizer) 1.0 23.2 1.0 6.7 9.5 9.6
NPK 51.0* 83.2* 51.0% 7.4 11.0* 10.9
40 t ha™! sapropel 52.0* 23.2 1.0 5.3 14.2* 11.7*
60 t ha™! manure 11.8 23.2 1.0 11.4% 17.2* 12.4%
LSDy; 16.52 1.04 0.029 2.78 1.39 1.77
Potassium
Control (no-fertilizer) 1.1 16.8 2.3 8.2 68.2 21.6
NPK 51.1 76.8% 52.3% 8.9 82.8 25.7
40 t ha™! sapropel 16.4 16.8 2.3 6.1 95.2% 25.9%
60 t ha™! manure 195.5% 16.8 2.3 12.9* 124.6% 28.4*
LSDys 91.67 4.8 1.3 3.28 14.31 4.11
Loamy sand
Nitrogen
Control (no-fertilizer) 3.6 10.0 9.3 34.9 55.7 123.4
NPK 53.6% 70.0% 9.3 42.0* 69.7% 117.7
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Table 3. (Continued)

Fertilization Input with fertilizers and seeds, kg ha™ Release with harvest, kg ha™
Barley Barley Potato tubers Peas Barley | Potato tubers | Peas
60 t ha™! manure 174.6* 10.0 9.3 65.5* 75.0* 130.8
LSDys 25.55 14.98 0.16 5.89 12.18 12.33
Phosphorus
Control (no-fertilizer) 1.0 23.2 1.0 10.5 14.2 13.8
NPK 51.0* 83.2* 50.0* 11.3 18.0 13.4
40 t ha! sapropel 52.1* 23.2 1.0 114 21.4* 13.9
60 t ha! manure 11.8 23.2 1.0 17.9%* 23.2% 14.7
LSDys 16.52 1.04 0.029 2.05 4.86 1.71
Potassium
Control (no-fertilizer) 1.1 16.8 2.3 10.7 102.1 33.2
NPK 51.1 76.8* 52.3* 12.5 128.6* 314
40 t ha™! sapropel 16.4 16.8 23 12.3 151.2% 33.2
60 t ha™! manure 195.5* 16.8 2.3 19.4* 167.8* 35.4
LSDys 91.67 4.8 1.3 2.15 26.27 3.74

NPK: Provita, phosphorite powder, potassium magnesia (Patenkali) fertilizers.

Note: * essentially the largest increase (LSD ; < 0.05).

of N, P and K accumulated by agricultural plants
is inversely proportional to the yield (Table 3).

Following the trends of food elements leaching,
the infiltration of precipitation depends not only
on the amount of precipitation and the cultivat-
ed agricultural crops but also on the soil texture
(Owuor et al., 2016; Karmakar et al., 2016). The
light texture soil, which has a low organic matter,
leached needed elements into groundwater, be-
cause of the huge amount of precipitation (Fig. 1).

All inserted ecological-organic fertilizers de-
creased nitrogen leaching losses in the sandy loam
soil in the first and second years after application.
Compared with all inserted fertilizers, we can see
that the organic sapropel fertilizer slightly increases
the nitrogen leaching in the first year (13.2 kg ha™'),
and in the second and third years we noticed more
leaching losses with the inserted manure fertilizer
(16.3 kg ha™' in the second year, 8.06 kg ha™' in the
third year) (Table 4).

In the first year, in the loamy sand the inserted
organic sapropel fertilizer increased the nitrogen
leaching losses (10.1 kg ha™). In the second experi-
ment year, the manure slightly increased the nitro-
gen leaching (15.9 kg ha™), if we compare with all
inserted fertilizers (Table 4).

Some researchers have found that N leaching
loss can range from 12 to 75 kg N ha™!, depending
on crop types, cropping system (irrigated or dry-
land), soil texture, N fertilization rate and climatic
conditions (Ross et al., 2008). In this case, we can
strongly say that nitrogen leaching losses depend
on soil texture, and an inserted fertilizer has a good
influence on nitrogen losses amount per year (Ta-
ble 4). In total, in all three years, we got less nitro-
gen leaching losses with the inserted organic sapro-
pel fertilizer in both types of soil (32.2 kg N ha™'in
sandy loam, 24.8 kg N ha™'in loamy sand).

The Ministry of Agriculture ordered by
the Agrochemical Research Laboratory of Lithu-
anian Research Centre for Agriculture and Forestry
published a report about the 2016-2017 year: non-
frozen ground in winter and moisture in summer,
which can encourage the main nutrient loss because
of the heavy precipitation (https://zum.Irv.lt). Phos-
phorus leaching levels are not very significant in
the sandy loam and loamy sand soils. Phosphorus
was located mainly in subsoil - in a biologically ac-
tive layer profile. The P penetration into the deeper
layers of the soil is generally low. The P significant
leaching depends on soil acidity and structure com-
position (Lynch, Wojciechowski, 2015).



The main plant mineral nutrition balance on using ecological fertilizers 57

Table 4. The main nutrient elements leaching in Haplic Luvisol soils

Leached elements, kg ha™

Fertilization Barley | Potato Peas Total Barley | Potato Peas Total
Sandy loam Loamy sand
Nitrogen
Control (no-fertilizer) 13.7 19.6 4.1 37.2 12.4 20.4 3.1 35.8
NPK 10.2** 15.8** 6.6* 32.5 7.3%* 15.4** 4.1* 26.8%*
40 t ha! sapropel 13.2 13.5* 55 32.2 10.1*¢* 11.3*%* 35 24.8**
60 t ha™ manure 11.1 16.3 8.1 354 7.0%* 15.9%* 2.4 25.3**
LSDys 2.11 1.99 1.04 4.45 1.77 1.67 0.60 4.87
Phosphorus
Control (no-fertilizer) 0.18 0.26 0.06 0.5 0.13 0.24 0.06 0.43
NPK 0.18 0.26 0.09 0.53 0.75% 0.28% 0.14* 1.17*
40 t ha! sapropel 0.14** 0.23** 0.08** 0.45 0.28 0.26% 0.09 0.63
60 t ha™! manure 0.11** 0.24** 0.07** 0.42 0.31 0.25 0.08 0.64
LSD,s 0.034 0.012 0.011 0.41 0.46 0.011 0.08 0.28
Potassium

Control (no-fertilizer) 14.69 19.93 10.27

44.88 16.75 20.31 5.16 42.22

NPK 19.03* 27.22% 10.12 56.37* 19.27* 22.54* 7.04* 49.52%
40 t ha™' sapropel 21.34* 22.98% 11.79% 56.11* 17.47* 25.23% 7.47* 50.12*
60 t ha™! manure 17.56* 20.53 9.51** 47.59 17.09 22.27* 6.13* 45.48*

LSDy;s 0.97 1.86 0.62 4.03 0.712 0.81 0.35 2.07

NPK: Provita, phosphorite powder, potassium magnesia (Patenkali) fertilizers.

Note: * essentially the largest increase (LSDys);

** essentially the largest decrease (LSDy,).

Scientists have found that nitrate anions in-
crease K leaching from the soil when using higher
N rates, especially with manure fertilizers. How-
ever, this statement was not proved in our experi-
ment (Filho et al., 2014; Timsina, 2018). Timsina
(2018) declares that only nutrients that are not
used in plant growth are leached out from agro-
ecosystems. Even in unfavourable weather, the ef-
fect of temperature extremes and heavy rain con-
ditions during the active vegetation time may
increase the nutrient loss (Barlow et al., 2015; Hat-
field, Prueger, 2015).

NPK balance

The balance of plant nutrients mainly depends on
the fertility of agricultural plants, which in the sus-
tainable farming system is lower than in the inten-
sive one. It also depends on the soil composition
and weather conditions during the vegetation pe-
riod (Rajawat, 2019; Zhang et al., 2018).

Estimation of nutrients material uptake in three-
year crop rotation shows a quite high K nutrient
uptake with the inserted manure in the sandy loam
soil — 516%, and in the loamy sand soil it is 695%.
In the loamy sand soil, a high N uptake with NPK
fertilizer (159%) was fixed, and after application of
manure we clearly see a good accumulation of P
nutrient (115%). Higher crop yields also result in
more nutrient losses that do not return to the soil
(Wood et al., 2018; Pekarskas, 2012). Inserted or-
ganic fertilizers not only provide nutrients for agri-
cultural crops during the vegetation time, but also
the supplement to the soil humus (Mieldazys et al.,
2019; H-Kattoof et al., 2019). The small K amount
of sapropel fertilizer added did not ensure a positive
balance, which may, in the short future, only mean
decreasing of the soil organic matter.

The highest P consumption was calculated with
the inserted manure fertilizer in the sandy loam
soil, up to 115%, and in the loamy sand soil it was



58 Auksé Burakova, Eugenija Baksiené, Almantas RaZukas

157%. Phosphorus is a very essential element
for plants as it helps the healthy development of
the root system and also hastens maturity. It is
necessary for harvest formation and its deficiency
reduces the crop yield (Abbas et al., 2018; Sid-
diqui et al., 2015). The lowest amount of P was
with the manure fertilizer, and it resulted in a

negative balance in the sandy loam (-5.4 kg ha™)
and loamy sand soils (-20.4 kg ha™'). No signifi-
cant use of phosphorus is visible in NPK fertilizers
every year and in total (16% in sandy loam, 23% in
loamy sand), so an attempt can be made to reduce
the amount of phosphorus added before seeding
(Table 5). Performance of the phosphorus source of

Table 5. The balance of basic nutrients (NPK) in differently fertilized Haplic Luvisol

Input with Taken with harvest Balance after Nutrients taken,
Fertilization fertilizers and and leached with three-year crop % (taken x 100)/
seeds, kg ha! rainfall rotation inserted
Sandy loam
Nitrogen
Control (no-fertilizer) 22.9 189 -166.1 825
NPK 132.9 211.9 -79 159
40 t ha! sapropel 193.3 218.8 -25.5 113
60 t ha! manure 193.9 2544 -61.4 131
Phosphorus
Control (no-fertilizer) 25.2 26.3 -1.1 104
NPK 185.2 29.8 155.4 16
40 t ha! sapropel 76.2 31.7 445 42
60 t ha! manure 36.0 414 -5.4 115
Potassium
Control (no-fertilizer) 20.2 142.9 -122.7 707
NPK 180.2 155.1 25.1 86
40 t ha! sapropel 35.5 183.3 -147.8 516
60 t ha! manure 214.6 213.49 -1.11 99
Loamy sand
Nitrogen
Control (no-fertilizer) 22.9 294.8 -227 1087
NPK 132.9 255.8 -122.9 192
40 t ha™! sapropel 193.3 267.4 -74.1 138
60 t ha! manure 193.9 296.6 -102.7 153
Phosphorus
Control (no-fertilizer) 25.2 38.9 -13.7 154
NPK 184.2 43.9 140.3 23
40 t ha™' sapropel 76.2 47.3 29.1 62
60 t ha'! manure 36.0 56.4 -20.4 157
Potassium
Control (no-fertilizer) 20.2 188.2 -168.5 932
NPK 180.2 222.1 -41.8 123
40 t ha™' sapropel 355 246.9 -211.3 695
60 t ha! manure 214.6 268.1 -53.5 125

NPK: Provita, phosphorite powder, potassium magnesia (Patenkali) fertilizers.
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phosphorite powder lasts for a dozen years (Pekars-
kas, 2012; Helal et al., 2019).

The results show quite high N uptake rates of
the inserted NPK organic fertilizer: N 159% in
sandy loam soil and N 192% in loamy sand soil.
Provita as an organic fertilizer is very effective in
fertilizing soils but in the future a little more N
nutrient may be necessary to avoid the negative
balance in soil.

The inserted amount of N with manure fertili-
zers in the sandy loam and loamy sand soils en-
sured the positive balance, after three-year crop
rotation (Table 5). The cattle manure tendency
of a prolonged effect on agricultural crop harvest
may range from 3 to 4 or from 7 to 8 years and
besides does contribute to the amount of humus
formation in the subsoil. When organic fertilizers
are applied to the soil, there is a high probability
of leaching during the heavy precipitation (Tam-
pere et al.,, 2014; Bley et al., 2017) and it part-
ly confirms the tendencies of nutrient leaching,
published by other scientists (Table 5).

CONCLUSIONS

1. The three-year balance results of P and K nu-
trients in the sandy loam show that the NPK and
sapropel fertilization ensures positive nutrients
for all treatment time. In the loamy sand soil with
the before-mentioned fertilizers, the result was only
P positive balance.

2. With the NPK fertilizer we got the highest ni-
trogen consumption in crop production as a result
of a negative balance in both types of soil. All other
remaining fertilizers got less N to consume but
the result was the same which, in the short future,
only mean the decreasing of soil organic matter.

3. In light texture soils such as sandy loam and
loamy sand, sapropel fertilization showed the posi-
tive results of less N leaching losses content. Based
on these results, sapropel fertilizing in the light tex-
ture soils with a poor hummus amount from less N
losses may be recommended.
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AUGALU MINERALINES MITYBOS
PAGRINDINIU ELEMENTU BALANSAS
NAUDOJANT EKOLOGINES TRASAS

Santrauka
Tyrimai atlikti stacionariuose cilindro formos lizimetruose,
kurie pripildyti Ryty Lietuvos regionui biadingu dirvoZemiu:
paprastojo i$plautzemio priesméliu ir paprastojo i$plautze-
mio lengvu priemoliu (Haplic Luvisol). Eksperimento metu
buvo stebima pagrindiniy maisto elementy (azoto (N), fos-
foro (P) ir kalio (K)) apykaita naudojant ekologines trasas,
kad buty jvertintas jy efektyvumas ir tinkamumas lengvos
struktiros dirvoZzemiuose ir augaly derliuje. Nustatyta, kad
per trejus eksperimento metus paprastojo i$plautZemio
priesmélyje ir paprastojo i$plautzemio lengvame priemolyje
N balansas buvo neigiamas, bet patresus sapropeliu rezulta-
tai tapo teigiami — maziausias i$plautas N kiekis, palyginti
su kitomis ekologinémis organinémis tragSomis. P teigiamo
elementy balanso neuZtikrino kraikiniu galvijy méslu pa-
trestuose laukeliuose ir abiejy tipy dirvoZemiuose dél mazo
su traSomis jterpto jo kiekio bei didelio sukaupto kiekio
derliuje. Kiekvienais metais jterpiamas kalio kiekis su NPK
trag$omis uztikrino teigiama elemento balansa tik paprastojo
iSplautzemio priesmélyje.

Raktazodziai: derlius, i$siplovimo nuostoliai, NPK ba-
lansas, organinés trasos



