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Abstract

The article discusses the changes in energy accumulation in the biomass during a 21-year arable land renaturalisation
process. The relevance of renaturalisation studies in South-Eastern Lithuania is determined by the low-productivity
of'the soil covers in this area and low energy production obtained from traditional agricultural crops grown on low-
productivity agricultural soils. The aim of this study is to evaluate various methods of sandy loam Haplic Luvisol
renaturalisation by comparing the total energy accumulated on pine afforested land use, unmanaged and managed
grasslands against the productivity of the traditional agricultural systems. The accumulation of the total energy
under various land uses was governed by the plants and their cultivation period. Downward trend of productivity
during the period of 1995-2015: forest plants (195%) — fertilized managed grassland (162%) — fertilized cropland
(100%) — unfertilized managed grassland (95%) — unfertilized cropland (61%) — unmanaged grassland (50%).
When comparing the plant biomass production during the entire study period, it was established that mineral
NPK fertilization significantly (by 1.63 times) increased the energy productivity of the cropland. It is expedient
to preserve and expand the managed grasslands typical of the traditional Lithuanian landscape and crucial for
the conservation of biodiversity. Furthermore, the productivity of unfertilized managed grassland is adequate to
the productivity of the fertilized cropland, or exceeds it by 67% if NPK fertilizers are applied. Mineral NPK
fertilization significantly (by 1.71 times) increased the accumulated total energy of the managed grassland. The
accumulation of energy changes significantly in the fallowing fields. Natural vegetation plants of non-cultivated
sandy loam are not productive; they produce only half the amount of the total energy compared with the cropland

plants or fertilized managed grasslands.
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Introduction

Sandy soils of South-Eastern Lithuania are of
low productivity and diverse soil cover varies depending
on the ability of soil to accumulate organic carbon and
maintain adequate moisture regime. In low-productivity
sandy soils the yield is limited by moisture and often,
although fertilizers are used, its shortage results in
poor crop yield. Farmers in low-productivity soil areas
generally incur losses and, therefore, planting of forests
and grasslands can offer the solutions preventing the soil
from fallowing thus making its use more purposeful and
effective (Callesen, Ostergaard, 2008).

In order to meet the goals of multi-landscaping,
environmental biodiversity conservation, gas emission
reduction, development of energy resources and different
ways of renaturalisation could be selected; they are
considered as positive factors from the environment
conservation viewpoint. Non-agricultural activities and
afforestation could increase the area of forests instead of
throughout long time predominant agrarian landscape,
and the renaturalisation by establishing grasslands could
expand the areas of natural and managed grasslands that
are typical of traditional Lithuanian landscape and crucial

to the conservation of biodiversity. A specific land use
must be evaluated in a complex, since it preconditions
the cultivation of certain plants and the amount of the
obtained biomass, which then can be used in various
applications including food, feed, fibre or energy.

In Lithuania, the use of the accumulated
agricultural biomass for production of biofuels gains
increasing popularity, since it involves less pollution
and is promoted and enhanced on the political level
and leads to energy independence and diversification
of energy sources (European Energy..., 2014). Biomass
is an attractive renewable energy resource that could
promote the development of heat energy, fuel production
and new technologies (Cosentino et al., 2008). Although
renewable energy sources are not as efficient as fossil
sources, they have other advantages — no need for import
and less pollution. In the course of soil renaturalisation
processes, not only the minimal impact on the environment
is very important, but lower costs of obtaining biomass
of higher energy value are also essential (Renewable
energy..., 2012). In Lithuania, research on the evaluation
of plant biomass as energy resource is concentrated on
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grassland (Tilvikiené et al., 2012; Kadziuliené et al.,
2013; Skuodiené¢ et al., 2013), less frequently on forest
(Armolaitis et al., 2013) plant experiments; the use of
crop rotation biomass for energy is not very popular
(garauskis et al., 2014; Povilaitis et al., 2016).
Researchers of various fields — agronomists,
foresters, geographers and biologists emphasize the
need for studies of renaturalisation processes, which
encompass the monitoring of all types of land uses. In
this way it is possible to measure the impact of different
ways of conversion upon soil fertility. Efficiency of
the conversion of unproductive arable land into other
land uses could be assessed in various aspects — energy
productivity, carbon sequestration, soil fertility changes,
social, environmental, etc. Their general assessment may
provide a reasonable answer about the most appropriate
land uses in sandy loam soils. Total biomass energy is a
quantitative measure and one of the factors that, when
expressed, allows the calculations of energy balance in
different land uses and reflects the impact of the soil
and local conditions as well as plant cultivation potential
(Cosentino et al., 2008). Economic and environmental

considerations renewed the interest in opportunities to
improve plant cenoses, simultaneously maintaining a
sustainable use of soil and sustainable functioning of
agroecosystems (Durkaya et al., 2010).

The aim of this study is to evaluate various
methods of sandy loam renaturalisation by comparing the
total energy accumulated during the cultivation of pine
afforested site, unmanaged and managed grasslands with
the productivity of the traditional agricultural systems.

Materials and methods

Experimental site and set up. Experimental
sites of the field trial were arranged in 1995 in the field
trial area (54°33'49.8” N 25°05'12.9" E) in Didziyjy
Lygainiy village, Vilnius district (Fig. 1). Experimental
sites are located in South-Eastern Lithuania, in the
zone with prevailing soil of a very low agronomic
value; the basic soil fertility is evaluated by <37 points
(The productivity..., 2011). Geomorphologically it is
a fluvioglacial area; the terrain is a slightly undulating
plain with a small inclination to the south.
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Figure 1. Design of the experiment

Experimental sites are arranged in continuously
cultivated cropland on a sandy loam Haplic Luvisol.
Experiment design comprised medium (unmanaged
and managed grasslands) and long (afforestation) term
treatments of land-use change. The arrangement of this
experimental site and results of the first few years are
presented in the publications of Petrovas (1999; 2000;
2001). The record area of each experimental site is
324 m? (18 x 18 m).

During the period of 1995 to 2004, various
agricultural crops were cultivated in the cropland site;
their relative share during the study period was the
following: perennial grasses (20%), row plants (30%),
cereal crops (30%) and cereal crops with perennial
grasses undercrop (20%); in 2005 the fallow was left
in the cropland site; from 2006 up to 2015 oil plants
(10%), buckwheat family (40%), perennial grasses
(10%), leguminous plants (10%) and cereal crops (30%)
were cultivated. Cropland site was subdivided into two
subplots; one subplot was unfertilized, while in the other
subplot mineral NPK fertilizers were used according to
the soil nutrient status (Table 1). Ammonium nitrate,
superphosphate and potassium chloride were used as
fertilizers. In cropland site, crop sowing and maintenance
were carried out in accordance with the recommended
cultivation technologies.

») and unfertilized (C
) and unfertilized (MG
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In managed grassland site, leguminous plants
(Fabaceae) (40%) and a mixture of 4 monocotyledonous
(Poaceae) grasses (60%) were cultivated. In 1995—
2006, in this site hybrid alfalfa (Medicago varia L.)
and a mixture of 4 grasses: red fescue (Festuca rubra
L.), bromegrass (Bromus inermis Leyss.), orchard grass
(Dactylis glomerata L.) and common meadow-grass (Poa
pratensis L.) were cultivated. After 12 years of research,
as the grassland grew old, it was re-sown in 2007, and
during 2008-2015 hybrid alfalfa (Medicago varial.)
and a mixture of four grasses: tall fescue (Festuca
arundinacea Schreb.), bromegrass (Bromus inermis
Leyss.), timothy (Phleum pratense L.) and meadow grass
(Poa pratensis L.) were cultivated.

Managed grassland site was subdivided into two
subplots; one subplot was unfertilized, while in the other
subplot mineral NPK fertilizers were used. In spring
after resumption of plant vegetation, N, P, K,  mineral
fertilizers were used in the fertilized subplot, the grass
was cut twice.

No agro-technical activity was performed in the
unmanaged grassland site and pine afforested site. During
the investigation period, natural vegetation phytocenoses
typical of sandy loam soils formed in the unmanaged
grassland site; its composition varied depending on
hydrothermal conditions of the growing season. Scots
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Table 1. Cropland plants and their fertilizationin C,_. . site
N PO, KO
Year Cropland plants
kg ha!
1995, 1999, 2003 spring barley (Hordeum vulgare L. nutans) 60 60 60
1996, 2000 potato (Solanum tuberosum L.) (with 40 t ha' manure) 90 60 120
spring barley (Hordeum vulgare L. nutans) and
1997 red clover (Trifolium pratense L.) undercrop 60 60 60
1998, 2002 red clover (Trifolium pratense L.) — 90 120
triticale (7riticosecale Wittmack) and
2001 red clover (Trifolium pratense L.) undercrop 4 + *
2004 potato (Solanum tuberosum L.) 90 60 120
2005 fallow — — —
2006 spring rape (Brassica napus L.) 100 50 70
2007, 2011, 2012, 2015 buckwheat (Fagopyrum esculentum Moench) 30 30 30
spring wheat (7riticum aestivum L.) and
2008 red clover (Trifolium pratense L.) undercrop 60 30 30
2009 red clover (Trifolium pratense L.) 0 30 60
2010, 2014 winter rye (Secale cereale L.) 60 30 30
2013 narrow-leaved lupine (Lupinus angustifolius L.) — 30 30

pine (Pinus sylvestris L.) grew in the pine afforested site;
the density of a 10 year-old site (in 2004) was 8547 trees
hal; in 2009 the thinning of the site was performed. The
density of 21 year-old (in 2015) trees was 3509 trees ha'.

Plant yield evaluation and energy assessment
of biomass productivity. Crop yield records in the
cropland site were taken at full maturity stage, at the
managed grassland site the first cutting was performed
at alfalfa flowering stage, the second cutting — during the
second ten-day period of August. Vegetation mass of the
unmanaged grassland was determined once during the
growing season, at the second ten-day period of June, on
the area of 0.25 m?. The number of replications was four.
The dry matter content in plants was determined after the
samples had been dried to constant moisture at 105°C.
Biomass of natural humidity and dry biomass of the main
and secondary plant production were assessed, excluding
root biomass. Potato tubers were evaluated as the main
production (Bolinder et al., 2007).

Volume of the pine afforested site was determined
considering the tree diameter (at 1.30 m height) as well
as the tree height and density. Data processing and pine
plantation volume calculations were performed using
the program developed at the Institute of Forestry,
Lithuanian Research Centre for Agriculture and Forestry,
which is intended for calculation of dendrometric (forest
valuation) indicators of tree stands. Tree branches and
needles were included into the tree volume records
(Global Forest..., 2015).

Biomass of straw, grain, perennial grasses and
pine trees is converted into a total energy (TE). Total
energy of cropland site, managed grassland site and
unmanaged grassland site is calculated using the Nering-
Zincenko equation (The productivity..., 2011):

TE = (0.0238 x CP + 0.03972 x CF, + 0.0188 x
CF,+0.0175 x NFE),

where TE is total energy, MJ kg' dm, CP —
crude protein, CF, — crude fat, CF, — crude fibre, NFE
—nitrogen-free extractive substances, g kg' dm.

For calculations, CP, CF,, CF, and NFE values
of particular plants according to the manual “Chemical
composition and nutritional value of fodder” were used
(Tamulis, 1986). Yield sum of dry matter yield of the

main and secondary production in the cropland site was
converted into biomass energy productivity. Tree volume
in the pine afforested site was converted into total energy.
Calculations were made according to the data of one of
Sweden’s largest forest companies “AF International”,
stating that one kilogram of dry wood corresponds to
19.2 MJ (Lindgren, Pedisius, 2003), and density of Scots
pine wood is 420 kg m (Lithuania’s National..., 2014).

The experimental data were analysed by a one
factor analysis of variance recommended in agronomy
science. Significance of the difference between the
means was determined according to the least significant
difference (LSD) at 0.05 probability level. The data were
processed using software ANOVA and Microsoft Office.

Meteorological conditions. In the course of the
experimental period (1995-2015), the weather conditions
of the plant growing season (April-September) were
very different. The average air temperature during the
growing season in Traky Voké was 14.2°C (varied from
13.2°C to 15.5°C) and was by 1.3°C higher than the
standard climate norm (SCN) of April-September. The
average rainfall was 373 mm (varied from 235 to 697
mm) and was only by 7% higher than the SCN (April-
September).

During the study period, 19% of the years were
very rainy, and 29% of the years were very droughty,
compared with SCN (April-September). A similar
situation was with temperatures — 19% of the years were
very hot and average temperature during the growing
season reached 15-15.5°C. Much higher temperatures
than the SCN (April-September) were recorded in 1999,
2002,2010and2011 (>2.1...2.6°C).In2010and 2011, the
rainfall was abundant and the average temperatures were
by 2.2-2.4°C higher than the SCN (April-September).
Lower and more close to the SCN (April-September)
temperatures were in 1996, 1997, 1998, 2000, 2003 and
2004 (>0.3 ... 0.9°C).

Results and discussion

Within the 21 years of the study, the data on
the accumulation of total energy in biomass (cropland,
managed and unmanaged grasslands) showed that
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productivity variation coefficients of different land
uses were similar, still during separate years, due to
changeable weather conditions, very high (from 42%
to 63%) variation of the accumulated total energy was
recorded (Table 2). In the soil fertilized with mineral NPK
the variations of total energy were smaller, indicating
that the balanced fertilization increase crop resistance to

adverse weather conditions, thus making the variations
of total energy by 10—12% smaller. The managed grasses
are more resistant to changes of hydrothermal conditions
compared with the cropland plants; therefore smaller
variation of the energy accumulated in the biomass was
recorded (42-54%).

Table 2. Accumulated total energy in different phytocenoses in 1995-2015, GJ ha'!

Experimental Total energy The coefficient of Sum of total
site minimum maximum average variation % energy
etilined 6.35 117.65 51.88 53 1038
nfertilized 3.75 104.19 31.86 63 637
Mchrtilizcd 40.23 169.49 93.65 42 1686
MG . i 19.72 126.04 54.71 54 985
Unmanaged/natural 5.72 46.51 24.77 58 520
grassland site
LSD,, = 16.595
Pine afforested site - - - - 2024

The summary of the annual data on total energy
accumulation in cropland site biomass during 1995-2015
reveals that traditional agricultural system using average
rates of mineral fertilizers in sandy loam soil yields the
biomass accumulating an average of 51.88 GJha'! of
energy per year. Fertilizer use was very efficient and,
compared with unfertilized cropland, the energy accumu-
lation in plant biomass increased significantly by 1.63
times or 20.02 GJ ha' per year (P < 0.05). According
to the surveys of foreign researchers, the balanced NPK
fertilization increased crop yield and consequently the
energy accumulation, especially in infertile soils (Wang

et al., 2015).
Annual analysis of plant productivity in
traditional agricultural system revealed obvious

differences in the productivity of various plants (Figs.
2-3). Fertilized potatoes accumulated the highest amount
of'total energy. Due to different meteorological conditions
during the growing season, the amount of accumulated
total energy in separate years varied 1.3—1.4 times, while
in the case of similar conditions (1996, 2000 and 2004)
the amounts of total energy did not essentially differ.

narrow leaved
lupine 6.35

spring rape 23,507 —

E spring barley 35.83! :

_ [ hickwheat 30 57—

spring wheat 48.97
E———

winter rye 57.94

|rcd clover 70.55

triticale 73.37

potato 85,36

Figure 2. Productivity average (GJ ha') of different
plants of fertilized cropland site, 1995-2015

In sandy loam soil, triticale and red clover
accumulated slightly lower amount of total energy (triticale
16% and red clover 21%) compared with potatoes. Unlike
potatoes, perennial grasses were characterized by high
productivity variation in separate years: during the dry year
of 2002 biomass productivity of fertilized red clover was
2.8-4.8 times lower in comparison with the productivity
obtained in 2009 and 1998. It should be noted that in
1998 fertilized cropland yielded the highest amount of
total energy, and the same year the amount of total energy
in fertilized grassland was also the highest, reaching
169.49 GJ ha'l. Favourable weather conditions in 1998
with an average air temperature of the growing season
close to the SCN and precipitation by 20% higher than the
SCN led to higher amount of accumulated energy.

Studies of other researchers confirm that potatoes
and perennial grasses accumulate the highest amounts of
energy, barley and wheat — slightly less (Arbaciauskas
etal., 2015). Above-ground biomass of triticale cultivated
in traditional agricultural system (2001) was also high
(73.37 GJ ha''), and during the study period triticale was
the only crop that surpassed the amount of total energy
accumulated by red clover (70.55 GJ ha'!). Meanwhile,
above-ground biomass accumulation of winter rye, spring
wheat (2008) and buckwheat was lower and amounted to
57.94, 48.97 and 39.57 GJ ha’!, respectively; even lower
accumulation was observed in spring barley — an average
of 35.83 GJ ha'. Productivity of fertilized buckwheat
varied 1.3—1.6 times during separate years (2007, 2011,
2012 and 2015), while that of spring barley (1995, 1997,
1999 and 2003) — only 1.1-1.2 times.

Of all the cropland plants cultivated throughout
the whole study period, spring rape was characterized by
a particularly low amount of accumulated energy; these
plants are more demanding in terms of soil fertility. The
fertilized plants (in 2006) accumulated 23.59 GJ ha'! per
year. Compared with productive plants of the fertilized
cropland subplot, the productivity of spring rape was on
average 3 times lower. Therefore, if rape is cultivated
in infertile soils, fertilization and plant protection
measures should be very carefully selected in order to
ensure competitive yields of these crops compared with
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conventional plants. The lowest amount of total energy
in fertilized cropland subplot was recorded for narrow-
leaved lupine; it was as low as 6.35 GJ ha'! (in 2013). Such
low productivity was mainly due to anthracnose, which
irreversibly damaged seeds, stems, stalks, inflorescences
and pods. The studies performed in Lithuania show that
widely spread anthracnose could reduce the grain yield of
sensitive lupine varieties by as much as 1.5 to 3.3 times
(Semaskiené, 2009). As aresult, cultivation of plant species
that are less sensitive to soil fertility could not prevent from
the yield losses due to disease or pest damage.

In the unfertilized subplot, the differences in the
productivity (up to 28 times) of various plants are also
obvious; narrow-leaved lupine yielded the lowest biomass
productivity —only 3.75 GJ ha! (in 2013), and the highest
productivity was recorded for red clover — 104.19 GJ ha!

120

(in 1998). Clover and triticale are capable of the best use
of potential soil fertility; they accumulate the highest
amounts of total energy in unfertilized soil, meanwhile
the productivity of potatoes reduces. Productivity of other
plants in unfertilized cropland subplot in decreasing order
was the following: winter rye, buckwheat, wheat, barley
and the least productive were spring rape and narrow-
leaved lupine. Low energy accumulation by spring rape
has been already noted (Vaisvila et al., 2015), but it could
be increased with the help of mineral NPK fertilizers.
Compared with cropland site, the grassland
phytocenosis was characterized by higher productivity as
well as slightly higher difference of the average accumulated
total energy between fertilized and unfertilized subplots
(Fig. 3). During the study period, the fertilized subplot
yielded 93.65 GJ ha'! per year, while the unfertilized
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Figure 3. Total energy accumulated every year in different phytocenoses during 1995-2015
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— 5471GJ ha'. Fertilization of managed grassland
phytocenoses with mineral NPK fertilizers increased the
annual energy accumulation by 38.94 GJ ha’'; therefore
the fertilized managed grassland was significantly by 1.71
times more productive (P < 0.05). It was revealed that
the yield of managed grassland, consisting of Poaceae
grass sward, is best increased by nitrogen fertilizers and
especially their interaction with the phosphorus and
potassium fertilizers (Vai$vila et al., 2015).

Analysis of separate years shows the lowest
productivity of fertilized grassland recorded in 2002
— 40.23 GJ ha', i.e. approximately 4.2 times lower
than the maximum productivity in 1998. The survey of
hydrometeorological conditions of the year 2002 showed
that the reason for poor biomass yield was very dry
(36% less rainfall than the SCN) and hot (>2.6°C higher
temperature than the SCN) growing season.

The highest yield of unfertilized grassland was also
recorded in 1998 and amounted to 126.04 GJ ha!, while the
lowest yield was in 2009 and amounted to 19.72 GJ ha’,
being by 6.4 times lower than the highest productivity.

When the fertilized cropland site is transformed
into unmanaged grassland, the energy accumulation
significantly changes (P < 0.05). During the entire study
period, the average annual total energy accumulated in
the unmanaged grassland was the lowest (24.77 GJ ha').
Unmanaged grassland phytocenosis was by 2.2 times less
productive in comparison even with the unfertilized managed
grassland (P < 0.05); however, compared with unfertilized
cropland cenosis, the productivity of unmanaged grassland

only slightly differed and the difference was insignificant
(P > 0.05). Undoubtedly, the cultivation of cropland plants
without fertilization is irrational.

A detailed analysis of total energy accumulation
of cropland in sandy loam soils reveals economically
uncompetitive conditions of traditional agricultural
systems that are dependent on low productivity, weather
conditions and potential of cultivated crops. Unused
and low-productivity land produces low amount of total
energy. Meanwhile, research results on managed grasses
growing in sandy loam soil indicate a good potential of
these plants for total energy accumulation.

In a 21-year-old pine afforested site the
accumulated total energy amounted to 2024 GJ ha’,
and even low-productivity sandy loam Haplic Luvisol
allowed to obtain high amount of the accumulated total
energy (195% compared with the fertilized cropland).

While evaluating the soil renaturalisation
processes, the analysis of the changes in the sum of
total energy during various periods (1995-2004 and
2005-2015) was performed; it combined the productivity
parameters of cropland, managed grassland and
unmanaged grassland sites as well as the productivity of
pine afforested site. It was assessed that during the first
decade (1995-2004) the highest productivity was recorded
for the pine afforested site — 1358 GJ ha!. By 34% lower
amount of accumulated energy of the pine afforested
site during the second decade of renaturalisation (in
2005-2015) was due to wood thinning in 2009 and the
slowdown of the forest increment after 2004 (Fig. 4).
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Figure 4. Relative productivity of phytocenoses in different land uses during 1995-2004 and 2005-2015 periods

Studies of other researchers confirm our
experimental results on the effectiveness of afforestation
Veteikis (2012) indicate that the processes of vegetation
cover changes, forest formation are most rapid in sandy
and sandy loam soils, slightly slower — in loams, and the
slowest — in peat soils. After a certain period of time,
although the forest is still very young, its growth is no
longer as intense as during the first 10 years (Niskanen
et al., 2008). Karpavicius (2004) showed that pine, as
a species with a deep root system, is less sensitive to
changing climatic conditions than other species, not to
mention sensitive crop plants. However, in low-yield
areas the processes of land conversion into forests and/
or natural forest overgrowth could not be downright
promoted, because, under favourable weather conditions,
other land uses could also accumulate similar amounts of
total energy in their biomass.

Ahighamount oftotal energy is also accumulated
in fertilized grassland phytocenoses (162% compared
with the fertilized cropland site) where the total energy
produced in the course of the study period amounted to
1686 GJ ha'. The unfertilized grassland accumulated
985 GJ ha'! of energy, and according to the productivity
(95% compared with the fertilized cropland) equalled the
fertilized cropland. However, when comparing the data
of separate land uses, it should be noted that fallow was
left in cropland site for a year and no yield was obtained
then, and during the managed grassland renovation no
yield was obtained for three years.

Studies have shown that in low-productivity
soils of Eastern Lithuania (VaiCiulyté, Baksiené, 2011)
as well as soils of other groups and climatic conditions
(Nemeiksiené et al., 2010; Alonso et al., 2012) perennial
grasses produce really good yields and are more productive
than other plants. These results show that it is appropriate
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to preserve and expand the managed grasslands that are
characteristic of the traditional Lithuanian landscape and
crucial for the conservation of biodiversity.

Transformation of cropland into unmanaged
grassland fundamentally changes the energy accumulation
in phytocenosis. Total energy accumulated during the first
10 years in the unmanaged grassland was 249 GJ ha'!, and
for the entire study period amounted to 520 GJ ha™'. The low
energy accumulation in unmanaged grassland biomass is due
to lower productivity potential of naturally growing plants
compared to crops. The unmanaged grassland phytocenosis
accumulated the least energy (50%), compared to fertilized
cropland, so it is obvious that unmanaged grasslands are
useless even in low-yield soils.

Despite the fact that grasslands originating as a
result of fallowing are non-productive, part of them should
be retained because of their importance to many farmland
animals and insects, and with increasing production of
biofuels and implementation of climate change mitigation
policies, the other part of the unused land could become
important for increasing bioenergy production.

Theperformedcomparisonofenergy productivity
resulting from the conversion of infertile arable lands is
only one of the evaluation criteria for the selection of
the most appropriate land use in light textured soils. The
assessment of energy potential should be considered in
parallel with the environmental, agronomic and biological
aspects. The planning guidelines and the related decision-
making on land use should be comprehensively analysed,
taking into account local conditions.

Conclusions

1. Accumulation of total energy in phytocenoses
of various land uses depends on the plant species and the
duration of their cultivation. During the first decade of land
use transformation, higher productivity was recorded in
pine afforested site (1358 GJ ha!") and fertilized managed
grassland site (803 GJ ha'). In the second decade, pine
biomass increment reduced by half and became lower
than that of managed grassland. Downward trend of
productivity in the period of 1995-2015: forest plants
(195%) — fertilized managed grassland (162%) —
fertilized cropland (100%) — unfertilized managed
grassland (95%) — unfertilized cropland (61%) —
unmanaged grassland (50%).

2. In sandy loam Haplic Luvisol, the accumulated
total energy of cropland site is significantly influenced by
the weather conditions, and this led to a very high (53—
63%) variation of total energy during separate years of
study. Managed grasslands are more resistant to adverse
weather conditions, and total energy accumulation in plant
yield was characterized by lower variation (42—54%).

3. The use of recommended fertilizer rate for
cropland plants enabled the accumulation of more than
70 GJ ha' in the biomass of potato, triticale and red
clover. The cultivation of spring rape and narrow-leaved
lupine is rather risky, because in the case of unfavourable
growing conditions or high disease incidence their energy
yield amounts to only from 6.35 GJ ha'! (narrow-leaved
lupine) to 23.59 GJ ha™! (spring rape).

4. The use of mineral NPK fertilizers increased
the total energy accumulation of cropland plants and
managed grasslands on average by 1.63—1.71 times.
Fertilization increased crop resistance to adverse weather
conditions, resulting in 10-12% decrease of the total
energy variation.

5. On low-productivity sandy loam Haplic
Luvisols, bioenergy production is more rational than
traditional agricultural systems (cropland) due to
1.62—1.95 times higher amount of accumulated energy.
Meanwhile, areas of even lower productivity can be
assigned for fallows to perform ecological biodiversity
enhancement and conservation functions.
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Energijos sukaupimas biomaséje taikant jvairias Zeménaudas
priesmélio paprastajame iSplautZzemyje (Haplic Luvisol)

A. Kazlauskaité-Jadzevicé, S. Marcinkonis, E. Baksiené

Lietuvos agrariniy ir misky moksly centro Vokés filialas

Santrauka

Straipsnyje jvertinti ariamy Zemiy 21 mety laikotarpio renatiiralizacijos procesy energijos sukaupimo biomaséje
poky¢iai. Renatiiralizacijos tyrimy aktualumas Pietry¢iy Lietuvoje yra nulemtas Sios teritorijos dirvozemiy dangos
mazo nasumo ir mazo energijos kiekio, gaunamo i§ menkos agrarinés vertés dirvozemyje auginamy tradiciniy
augaly. Tyrimo tikslas — jvertinti jvairius priesmélio i§plautzemio (Haplic Luvisol) renatiiralizacijos biidus lyginant
pusyne, dirvone ir kultiirinéje pievoje auginty augaly sukauptg bendrosios energijos kiekj su tradicinés zemdirbystés

sistemos produktyvumu.

Ivairiose zeménaudose sukauptas bendrosios energijos kiekis priklausé nuo auginty augaly ir jy auginimo trukmés.
1995-2015 m. laikotarpiu produktyvumo kitimo kryptis mazéjancia linkme buvo: misko augaly (195 %) — trestos
pievos (162 %) — trgsto séjomainos lauko (100 %) — netreStos pievos (95 %) — netreSto séjomainos lauko (61
%) — dirvono (50 %). Palyginus per visa tyrimo laikotarpj auginty augaly produktyvuma nustatyta, kad treSimas
mineralinémis NPK tragSomis s¢jomainos lauko energinj produktyvuma esmingai padidino 1,63 karto. Pazymétina,
kad kultliriniy Zolyny produktyvumas nenaudojant mineraliniy trasy prilygo tresto s¢jomainos lauko produktyvumui,
o patresus NPK traSomis ji virSijo net 67 %. TreSimas mineralinémis NPK traSomis kulttirinés pievos sukaupta
bendrosios energijos kiekj esmingai padidino 1,71 karto. Dirvonuojanciuose laukuose energijos sukaupimas esmingai
pakito. Nedirbamy priesmélio dirvoZzemiy natliraliai susiformavusi augalija yra neproduktyvi — joje sukaupiama
dvigubai maziau bendrosios energijos, palyginus su trestu séjomainos lauku arba netresta kulttrine pieva.

ReikSminiai zodZiai: antzeminé biomasé¢, dirvonas, pieva, pusynas, s¢jomainos laukas.
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