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Abstract

Field experiments were conducted during the period 2005-2009 at the Lithuanian Institute of Agricul-
ture’s Joniskelis Experimental Station on a clay loam Endocalcari-Endohypogleyic Cambisol (CMg-n-
w-can). The objective of this study was to estimate the effects of organic and sustainable farming sys-
tems on the balance of biogenic elements in the soil with a low (1.98-2.01%) and medium (2.10-2.40%)
humus content, fertilized with farmyard manure, cereal straw, pea vines and biomass of various catch
crops. The crop rotation, expanded in time and space, consisted of perennial grasses — red clover (7rifo-
lium pretenses L.) and meadow fescue (Festuca pratensis Huds.), winter wheat (7riticum aestivum L.),
pea (Pisum sativum L.) and spring barley (Hordeum vulgare L.) with grasses as an undersown crop. The
investigated measures were assessed in a grass-cereal sequence: perennial grasses — winter wheat +
catch crops — pea. In the sustainable farming systems, to promote straw mineralization mineral nitro-
gen fertilizers N, were used in the form of ammonium nitrate.

It was found that in the catch crop the highest dry matter mass and the amount of nutrients were accumu-
lated in the white mustard grown with buckwheat or white mustard grown as a monocrop. The balance
of the main nutrients (NPK) was negative in the organic farming system in both humus backgrounds,
using only green manure for fertilization. NP balance (and K — significantly) was positive in the organic
farming system, where green manure and farmyard manure were incorporated. NPK balance was posi-
tive in the soil low in humus content when farmyard manure was used for winter wheat and N, | for straw
mineralization in the sustainable farming system. Only the nitrogen balance was negative in the soil
with medium humus content because of the better growth conditions for crops and higher removal with
the wheat yield. Unlike green manure, farmyard manure incorporated for winter wheat in the organic
agrosystem secured a positive balance of NPK. However, due to the low mineralization rate in clay loam
Cambisol, farmyard manure increased the yield of the second rotation member — pea more effectively
than that of winter wheat.

Key words: Gleyic Cambisol, organic and sustainable farming systems, catch crops, green manure,
farmyard manure, nutrient balance.

Introduction

Anthropogenic activity has a clear effect on  products and mineral fertilizers intended for crop

ecosystems, because it stimulates the domination of
components, useful for human beings. In intensive
farming, fertilization systems targeted at yield in-
crease are based on the plant nutrition needs, but
little attention is paid to the maintenance of ecosys-
tem productivity (Hoffmann, Johnsson, 2000; Nie-
der etal., 2003; Lutzow et al., 2006; Liaudanskiené,
2009). Intensive use of chemical plant protection

productivity enhancement results in the atrophy
of natural, self-regulatory processes in the soil
(Buciené, 2003). Rational soil management in com-
bination with maintenance of ecological balance
helps to increase crop fertility and to keep its poten-
tial productivity. In order to reduce environmental
pollution and to maintain safe environment, it is im-
portant to select prevention means appropriately by
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including nutrients, not absorbed by plants, into bio-
logical circulation (Eitminavic¢iiité, 1994; Di et al.,
2002; Kriaucitinieng, 2008; Arlauskiené et al., 2009).
Anthropogenic activity must be directed towards the
increase of stability in an agrosystem by improving
the state of crops and fauna (Buciené, 2003). The
process of biologization in agriculture is one of the
main factors, maintaining the natural productivity of
soil as well as stability of ecosystem (Shaxson, 1998;
Buciené, 2003; Maiksténiené et al., 2008).

In order to protect the ecosystems from the
effects of chemical means, alternative agricultural
systems are being developed. However, these agri-
cultural systems must often solve the problems of
nutrient balance, because the issue of versatile plant
nutrition arises. Mineral fertilizers help in forming
an appropriate balance of nutrient ratio more easi-
ly than in the cases when sustainable and organic
farming is applied, where plant nutrition is solved
by organic manure and limited content of mineral
fertilizers (Gale, Gilmour, 1988; Bhogal et al.,
2000; Deng, Motore, 2000). Seeking to preserve
nutrients, especially readily migrating nitrogen, in
the ploughlayer, to reduce nutrient leaching losses
and to provide as long as possible protection of the
soil surface from the direct adverse effects of the at-
mospheric phenomena, promoting soil degradation,
we cultivated catch crops after the main crops in the
agrosystems (Tripolskaja, 2005). Under Lithuania’s
conditions, during the warm period, the soil is cov-
ered with crops for only 3—4 months a year, while in
the autumn with a prolonged rainy period, the risk
of nutrient leaching during main crops’ post-harvest
arises. Catch crops accumulate in their phytomass
the nutrients that are left in the soil after the main
crops, and what is the most important, keep nitro-
gen in the topsoil layer (Stopes, Philipps, 1994;
Marcinkeviciené et al., 2008). Literature sources
indicate that some plants, cultivated as catch crops,
such as buckwheat, with the help of specific root
exudates are capable of assimilating various forms
of phosphorus; therefore it can accumulate more
biomass, also enrich the soil with nutrients which
will be used by plants, grown subsequently. Having
incorporated the phytomass of catch crops as green
manure, nutrients are released during the process
of mineralization and can be assimilated by subse-
quent main crops (Tripolskaja, 2005; Maiksténiene,
Arlauskiené, 2007; Tausojamoji zemdirbysté...,
2008). It is important to form combinations of main
and catch crops from plants with different biologi-
cal properties for symbiosis between them (Hoff-
mann, Johnsson, 2000; Buciené, 2003). There is
little research into the effects of technologies used

on nutrient, especially nitrogen, immobilization in
the soil after harvesting of the main crops, when the
soil during the post-harvest period stays bare for a
long time.

The study was designed to ascertain the
effects of fertilization systems and catch crops on
the balance of the main biogenic elements in a clay
loam Gleyic Cambisol with a different humus con-
tent in organic and sustainable farming systems.

Materials and methods

Field experiments were conducted at the
Lithuanian Institute of Agriculture’s Joniskélis
Experimental Station during 2005-2009 on a
clay loam Endocalcari-Endohypogleyic Cambisol
(CMg-n-w-can).

The field experiment was arranged accord-
ing to the following design: soil humus content based
on the humus content scale developed by several
authors (Ilectpsxos, 1977; Lietuvos dirvozemiy...,
1998; Amacher et al., 2007) — factor A: 1) — low
(1.98-2.01%) and 2) —medium (2.10-2.40%). Farm-
ing systems — factor B: organic I, organic II, sustai-
nable I and sustainable II, are presented in Table 1.
In topsoil (0-25 cm) mobile P,O, in the soil with
a low humus content amounted to 75-101 mg kg,
with a medium humus content to 111-134 mg kg
and KO 207-235 and 221-240 mg kg, respec-
tively. The experiment was performed in a four-
course crop rotation expanded in time and space:
perennial grasses — red clover (7rifolium pretense
L.) and meadow fescue (Festuca pratensis Huds.),
winter wheat (7riticum aestivum L.), peas (Pisum
sativum L.) and spring barley (Hordeum vulgare L.)
with undersown perennial grasses. The influence of
different fertilization systems in sustainable and or-
ganic farming was investigated in the grass-cereal
sequence: perennial grasses — winter wheat + catch
crop — peas.

In organic I — after winter wheat, applied
with aftermath of perennial grasses as green manure
catch crops, narrow-leafed lupine (Lupinus angus-
tifolius L.) and oil radish Raphanus sativus L. var.
oleiformis Pers.) mixture was cultivated, in organic
II — after winter wheat, farmyard manure (FYM),
white mustard (Sinapis alba L.) as a monocrop was
cultivated. In sustainable I farming system — after
winter wheat, applied with FYM, white mustard was
cultivated in a mixture with buckwheat (Fagopyrum
esculentum Moench.) as green manure. In sustain-
able II — winter wheat, manured with aftermath of
perennial grasses and applied with mineral fertiliz-
ers N_P_K and N P, K _— for peas. Cereal straw

60" 60760 1074060
and pea vines were used as fertilizer (Table 1).
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Table 1. Crop sequence and fertilization in the farming systems

Farming systems (factor B)

Crops Organic [ Organic 11 Sustainable | Sustainable 11
Fertilization
Perennial grass - - - P, K,
Aftermath of perennial 40 tha! FYM + Aftermath of perennial

Winter wheat grass for

green manure

Straw + narrow-leafed

Pea lupine + oil radish

aftermath of perennial
grass for green manure

Straw +
white mustard

40 tha! FYM grass for green manure

+N P K

60" 60~ 60

Straw + N, + white
mustard +
buckwheat

Straw + N30 +
N, P, K

107 407760

Crop analysis. After emergence of crops,
four micro-field squares of 0.25 m? for record were
marked in every field. Composite samples were ta-
ken at harvesting of the main crops in every field in
main and secondary produce as well as the samples
of over-ground biomass of catch crops. Dry matter
(DM) content and concentrations (%) of the main
nutrients — nitrogen, phosphorus and potassium
(NPK) were determined in the samples and recal-
culations of the accumulated nutrients into kg ha™!
were performed. Nitrogen was determined by Kjel-
dahl method in the biomass of main and secondary
produce of the rotation crops as well as in catch
crops’ biomass, while phosphorus was measured
by colorimetric method and potassium by a flame
photometer.

Statistical analysis. The statistical analysis
of data was performed using Anova for a two-factor
experiment from the program package Selekcija
(Tarakanovas, Raudonius, 2003).

Meteorological conditions. In 2005, the
growing season of the main crops was characterised
by less rainfall in July compared with the long-term
mean, therefore cereals matured early. In 2005, af-
ter cereal harvesting, September and October were
warmer and wetter than usual.

In 2006, during the growing season of the
main crops (May—July), when cereals grow in-
tensively and utilize nutrients from the soil, there
was also a shortage of moisture. The rainfall that
fell during that period accounted for only 38.9%
of the long-term mean. Meanwhile the mean daily
temperature in June and July was by 0.7 and 3.7°C
higher, respectively. The yield of the main crops
was low. However, the growing season of catch
crops (August—October 2006) was the most favour-

able for catch crops’ growing compared with the
other growing seasons. Minimal daily temperature
dropped below 10°C only in the second half of Sep-
tember. Moreover, in August, September and Oc-
tober the mean daily air temperature exceeded the
long-term mean by 1.5, 2.9 and 3.1°C. During the
growing season of catch cops the amount of precipi-
tation exceeded the long-term mean by 85.5 mm;
there was a lot of rainfall in August and October.

After a dry year 2006, the growing season
of the main crops (May—July 2007) was relatively
warm and wet. As a result, conditions were espe-
cially favourable for cereal growing. Catch crops
sown after cereal harvesting grew poorly. In August,
September, and October the mean daily temperature
was higher than the long-term mean, the minimal
daily air temperature dropped below 10°C already
at the end of August and persisted such all through
September, although the days were relatively warm.
Poor plant emergence and establishment was caused
by a droughtier first half of August, heavier rain oc-
curred only on August 20.

In 2008, the mean daily air temperature dur-
ing the main crops’ growing season differed little
from the long-term mean; however, this period was
one of the driest. The plants were short of moisture
already at early growth stages — May and June. This
impeded plant nutrient uptake from the soil. Catch
crops’ growing season was rather wet. However, pre-
cipitation distributed very unevenly. In August, the
rainfall exceeded the long-term mean by 48.6 mm;
in October by 29.3 mm. September was extremely
dry (rainfall amounted to as little as 6.5 mm).

Dry weather in 2009 April and May sup-
pressed germination and establishment of the main
crops. However, June and July were very wet.
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Figure. Meteorological conditions in the experimental periods

Results and discussion

In intensive agriculture, mineral fertiliza-
tion intended to meet plant nutritional needs poses
a threat to ecological balance. However, there is lit-
tle research into the effects of technologies used on
nutrient, especially nitrogen immobilization in the
soil after harvesting of the main crops, when the soil
during the post-harvest period stays bare for a long
time. Numerous research and recommendations
have indicated catch crops to be the best source
of nutrients (Buciené, 2003; Tripolskaja, 2005;
Marcinkeviciené et al., 2008). Perennial grasses
have a common complex of environmental fac-

tors for accumulation of nutrients (Karlsson-Strese
etal., 1998; Snapp et al., 2005). Some authors sug-
gest that grasses produce much biomass and restore
organic matter more rapidly.

In our research, the data averaged over 4
rotation fields showed that in the soil with low and
medium humus content, the lowest DM and nutrient
contents for winter wheat were incorporated with
aftermath of perennial grasses in organic I farming
system (Table 2).
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Table 2. DM and nutrient content, incorporated into the soil with aftermath of perennial grasses, FYM and

mineral fertilizers for winter wheat

2006-2008

Farming systems

Incorporation of DM and nutrients

(B) Type of organic matter (OM) DM N P K
t ha! kg ha'!
Low humus content in the soil

Organic [ Aftermath of perennial grasses 2.08 50.35 5.13 35.49
Aftermath of perennial grasses 1.84 42.64 4.11 31.75
Organic 1I 40 tha! FYM 6.65 136.10 58.21 208.01
Total 8.49 178.74 62.30 239.78
40 tha'! FYM 6.65 136.10 58.18 208.01

Sustainable I N,, for straw 30.00
Total 6.65 166.10 58.18 208.01
Aftermath of perennial grasses 2.02 49.74 491 37.97
Sustainable 11 NPK 70.00 100.00 120.00
Total 2.02 119.74 104.91 157.97

Medium humus content in the soil

Organic | Aftermath of perennial grasses 2.19 55.89 5.42 39.73
Aftermath of perennial grasses 2.05 49.78 5.05 38.08
Organic I1 40 tha! FYM 6.65 136.10 58.21 208.01
Total 8.70 185.88 63.23 246.09
40 tha! FYM 6.65 136.10 58.18 208.01

Sustainable I N,, for straw 30.00
Total 6.65 166.10 58.18 208.01
Aftermath of perennial grasses 1.89 46.03 4.79 38.26
Sustainable 1T NPK 70.00 100.00 120.00
Total 1.89 116.03 104.79 158.26

In organic II system, significantly higher
content of DM and nutrients was determined by
FYM 40 t ha'. In this system, in the soil low and
medium in humus content, incorporation of nitro-
gen with FYM and aftermath of perennial grasses
was by 3.5 and 3.3 times higher, phosphorus 12.1
and 11.7 times, potassium 6.8 and 6.2 times as
compared with organic I farming system. With the
application of FYM 40 t ha™' in organic II farming
system and aftermath of perennial grasses and mi-
neral fertilizers in sustainable I farming system, ap-
propriate reserves of the main nutrients — nitrogen,
phosphorus and potassium — for optimal yields of
winter wheat were incorporated.

In organic I farming system, with the ap-
plication of only aftermath of perennial grasses as
green manure, the yield of winter wheat was rather
low, not typical of productive soils and totalled 3.0
t ha'! of DM, therefore the amount of nutrients, re-
moved from the soil was slightly lesser (Table 3).
According to the averaged data of 4 crop rotation
fields, FYM application on a clay loam soil did not

increase winter wheat yield significantly due to the
slow mineralization of organic matter. The highest
grain yield was produced in more intensive sustain-
able II farming system, where green manure was
applied together with mineral fertilizers for wheat.
In this system, the grain yield in the soil low and
medium in humus was by 35.7 and 29.7% respec-
tively higher than in organic I farming system and
by 32.6 and 21.2% higher than in sustainable [ farm-
ing system without application of mineral fertiliz-
ers. In different fertilization systems in the soil with
higher humus content, winter crop grain yield tend
to increase inappreciably: throughout all farming
systems the grain yield was significantly (11.2%)
higher than in the soil with low humus content.

In organic farming systems with the appli-
cation of green manure, rather low contents of main
biogenic elements, especially phosphorus and potas-
sium, were removed from the soil with grain yield,
on average in both soil levels — 11.29 and 17.81 kg
ha!, respectively. Application of FYM had no sig-
nificant effect on grain yield increase, and accumu-
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lation of biogenic elements was not significantly
higher than that when only aftermath of perennial
grasses was applied as green manure. Significantly
higher content of accumulated biogenic elements in
the main production of winter wheat was observed
in sustainable Il farming system, when average
NPK rates were applied N —43.9%, P — 28.8% and

K — 28.3% more than in the cases when only af-
termath of perennial grasses was applied as green
manure. In the soil with medium humus content,
significantly higher yield of winter wheat was pro-
duced; therefore higher contents of nutrients were
accumulated and removed from the soil, N — 13.7%,
P—14.3% and K — 11.7%, respectively.

Table 3. Nutrients accumulated in winter wheat grain yield and removed from the soil

2006-2008
Soil humus content Farming system (factor B)
(factor A) Organic [ Organic I1 Sustainable I Sustainable 11 Mean A
DM tha'

Low 3.00 3.02 3.07 407 3.29
Medium 3.30 3.53 3.53 4.28 3.66
Mean B 3.15 3.28 3.30 4.18

LSD : A-0.285, B - 0.403, AB — 0.569
N kg ha'!

Low 49.26 48.48 50.10 72.31 55.04
Medium 54.20 58.84 60.67 76.56 62.57
Mean B 51.73 53.66 55.38 74.44

LSD . A-6.395, B —9.043, AB — 12.789
P kg ha’!

Low 10.56 9.92 10.72 13.95 11.29
Medium 12.01 11.46 12.20 15.91 12.90
Mean B 11.29 10.69 11.46 14.93

LSD: A-1.336, B —1.889, AB —2.672
K kg ha'!

Low 16.55 16.36 16.88 22.58 18.09
Medium 19.07 19.33 19.28 23.11 20.20
Mean B 17.81 17.85 18.08 22.85

LSD: A-1.972, B —2.789, AB — 3.944

Averaged over both humus backgrounds,
significantly higher winter wheat yield was obtained
if the crop had been applied with NPK fertilizers and
aftermath of perennial grasses compared with that
when only aftermath of perennial grasses was ap-
plied in organic I farming system, where the yield
was lower by 1.03 t ha', or 24.6%. Averaged over
both humus environments, during all crop rotation
with the application of FYM in sustainable [ farming
system and application of FYM and aftermath of per-
ennial grasses as green manure in organic Il farming
system, the yield was by 4.8 and 4.1% higher respec-
tively, compared to organic I farming system.

Averaged data indicate that throughout all
crop rotation, averaged over both humus levels,
significantly highest content of main biogenic ele-
ments in the main production of winter wheat was
determined in the treatments producing higher grain
yield, i.e. in sustainable II farming system with

the application of minimal NPK rates and was N
—43.9%, P — 32.2%, and K — 28.3% more com-
pared to aftermath of perennial grasses application
as green manure. With the application of FYM as
well as FYM with aftermath of perennial grasses,
the content of biogenic elements in grain yield was
higher than in the control, when aftermath of peren-
nial grasses was applied as green manure.

The trends of changes in winter wheat straw
yield as well as accumulated biogenic elements
were identified to be similar to those of grain yield
(Table 4). In the first year of FYM effects straw and
grain yield insignificantly increased compared with
the treatments applied with green manure only. The
highest accumulation of DM in straw biomass was
identified in sustainable II farming system, where
average rates of mineral fertilizers were applied to-
gether with green manure, however, compared to
organic farming systems, a significant difference —
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17.1% — was observed only in the soil, with medium
humus content. Accumulation of the main biogenic
elements in straw, depending on organic manure ap-
plication, varied less. Significantly higher contents
of nitrogen and potassium in the soil with low and
medium humus content, 27.4 and 18.6% respec-
tively as well as 48.9 and 37.8% were accumulated
when winter wheat had been cultivated in sustain-
able II farming system with the application of mi-
neral fertilizers as compared to organic farming sys-

tem. Low content of phosphorus was accumulated
in straw and there were no significant differences
between farming systems. Soil humus content had
a significant effect only on the accumulation of ni-
trogen in straw: if wheat was cultivated in the soil
with medium humus content, accumulated nitrogen
content was 14.9% higher than in the soil with low
humus content. Soil humus content did not have any
significant effect on the accumulation of phospho-
rus and potassium in straw.

Table 4. Nutrients accumulated in winter wheat straw yield

2006-2009
Soil humus content Farming system (factor B)
(factor A) Organic I Organic 11 Sustainable I~ Sustainable IT Mean A
DM t ha'!

Low 2.89 2.82 2.76 3.43 2.98
Medium 3.16 3.47 3.37 3.70 3.43
Mean B 3.03 3.15 3.07 3.57

LSD,.: A— 0592, B—0.725, AB — 1026
N kg ha'!

Low 18.35 17.78 17.62 23.38 19.28
Medium 19.36 20.94 21.20 27.13 22.16
Mean B 18.86 19.36 19.41 25.26

LSD .. A-12.967, B - 15.881, AB —22.459
P kg ha'!

Low 3.59 3.44 4.02 3.56 3.65
Medium 4.12 4.75 4.66 3.78 4.33
Mean B 3.86 4.10 4.34 3.67

LSD :A-2.319,B -2.841, AB —4.017
K kg ha!

Low 23.97 24.23 23.95 35.70 26.96
Medium 26.08 29.98 29.55 35.95 30.39
Mean B 25.03 27.11 26.75 35.83

LSD,: A—22.791, B - 27.913, AB — 39.475

Our data support the findings obtained by
other authors who maintain that higher effect of
green manure is achieved with straw incorpora-
tion. The researchers suggest that under favourable
conditions the biomass of catch crops incorporated
into the soil with straw start to decompose in the
autumn (Lahti, Kuikman, 2003). Scientists of many
countries indicated that incorporation of catch crops
biomass for green manure has a different positive
effect (Abdallahi, N’Dayegamiye, 2000; Deng,
Motore, 2000; Kara, Penezoglu, 2000). Researchers
have reported that with straw incorporated together
with nitrogen-rich aboveground mass of catch crops
not only excess of mineral nitrogen in the soil, but
also soil humus is restored (Stumpe et al., 2000;
Arlauskiené et al., 2009). After main crops cultiva-

tion during their post-harvest period, in order to keep
the remaining nutrients in the soil from migrating to
deeper layers, catch crops are cultivated, which are
the main source of organic fertilizer (Tripolskaja,
2005; Tausojamoji zemdirbysté..., 2008). Catch
crops, especially lupin, that fix nitrogen from the
atmosphere, should be the reserve for enrichment of
soil by nitrogen (Arlauskiené, Maiksténiene, 2007).
In our research, analysis of catch crops, cultivated
during the post-harvest period as well as analysis
of accumulated biogenic elements in them indicated
that for both humus backgrounds the lowest con-
tent of accumulated DM and biogenic elements in
catch crops’ biomass was observed in the mixture of
narrow-leafed lupine and oil radish (Table 5). This
was determined by a genetic property of the plants
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(narrow-leafed lupine) — long vegetation, because
of which late in the autumn, with the days becom-
ing shorter, they accumulated lower biomass con-
tent compared with the plants characterised by short
vegetation (white mustard).

Significantly more, on average for both hu-
mus backgrounds, 72.4% of DM in biomass was
accumulated by white mustard, cultivated in mix-

ture with buckwheat in sustainable I farming system
compared to organic I system. Moreover, this effect
resulted from mineral N, application for straw mi-
neralization. In the soil with medium humus content
accumulation of biogenic elements in catch crops
biomass was more intensive, however the differen-
ces were not significant, compared to the soil with
low humus content.

Table 5. Biomass of catch crops, cultivated after winter wheat and biogenic elements, accumulated in it

2006-2008
Soil humus content Farming system (factor B)
(factor A) Organic I Organic 11 Sustainable I ~ Sustainable I1 Mean A
DM t ha'

Low 1.07 1.09 1.82 — 1.33
Medium 1.03 1.35 1.80 — 1.39
Mean B 1.05 1.22 1.81 -

LSD,:A-0.592, B -0.725, AB - 1.026
N kg ha'!

Low 29.41 30.23 41.15 - 33.60
Medium 27.91 36.17 41.84 - 35.31
Mean B 28.66 33.20 41.49 -

LSD.:A-12.967, B - 15.881, AB —22.459
P kg ha'

Low 7.89 4.78 4.89 — 5.86
Medium 3.78 10.09 8.16 — 7.34
Mean B 5.84 7.44 6.53 -

LSD.:A-2.319,B -2.841, AB - 4.017
K kg ha'

Low 38.15 40.91 55.86 - 44.97
Medium 28.73 50.01 53.60 - 44.11
Mean B 33.44 45.46 54.73 -

LSD .. A-22.791, B - 27.913, AB - 39.475

Winter wheat straw was incorporated into
the soil and mineral fertilizer N, in the form of am-
monium nitrate was spread for its mineralization in
sustainable farming system; cultivation of peas af-
terwards in organic farming system led to low grain
yield. This could be influenced by straw, incorpo-
rated into the soil with high levels of lignin, which
is characterised by slow mineralization (Table 6).

More positive significant effect on grain
yield was exerted by white mustard, cultivated in
the soil with medium humus content, whose bio-
mass together with straw was incorporated into
the soil, compared with organic I farming system.
Similar yield changes were observed in sustainable
I farming system, where white mustard was culti-
vated in a mixture with buckwheat. The highest DM
content in peas was observed in sustainable II farm-
ing system in the soils with low and medium humus
content and was 43.0 and 46.0%, respectively, as

compared to crops, cultivated in organic | farm-
ing system. Medium humus content in the soil in
all farming systems had a significant (33.9%) posi-
tive effect on grain yield compared to that in the soil
with low humus content. Accumulation of biogenic
elements in pea grain yield and their removal from
soil were significantly influenced by pre-crop fertili-
zation and catch crops only in the soil with medium
humus content, where higher yield was obtained.

On average for both humus backgrounds,
significantly higher content of phosphorus and po-
tassium was accumulated in pea grain yield where
white mustard was cultivated as monocrop or in
mixture with buckwheat, compared with other catch
crops. The highest contents of biogenic elements
were accumulated in the yield of peas, cultivated
in sustainable II farming system; the difference,
as compared to organic | farming system, was N —
44.6%, P —45.7% and K — 40.6%.
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Table 6. Nutrients accumulated in the pea yield

20062008
Soil humus content Farming system (factor B)
(factor A) Organic I Organic 11 Sustainable I  Sustainable 11 Mean A
DM t ha'

Low 1.21 1.03 1.09 1.73 1.27
Medium 1.39 1.71 1.66 2.03 1.70
Mean B 1.30 1.37 1.38 1.88

LSD,:A-0.179,B - 0.253, AB - 0.358
N kg ha'!

Low 40.46 32.25 33.77 56.13 40.65
Medium 45.17 49.83 52.55 67.69 53.81
Mean B 42.82 41.04 43.16 61.91

LSD,.:A-8.070, B -11.413, AB — 16.141
P kg ha'!

Low 4.68 4.13 4.38 6.83 5.01
Medium 5.77 7.26 7.10 8.40 7.13
Mean B 5.23 5.70 5.74 7.62

LSD,: A—0.744, B - 1.052, AB — 1.488
K kg ha'!

Low 17.86 14.23 15.42 23.74 17.81
Medium 20.05 24.75 23.86 29.55 24.55
Mean B 18.96 19.49 19.64 26.65

LSD,.: A—2.176, B — 3.078, AB — 4.353

Changes of DM content in biomass of pea
vines were similar to those in the yield of pea grain.
On average 17.9% higher content of DM was ac-
cumulated in the soils with medium humus content,
than in the soils with low humus content (Table 7).

Incorporation of white mustard as monocrop
or in mixture with buckwheat, cultivated as catch
crops, increased DM content in pea vines in more
productive soil, with medium humus content, the
differences were significant. The highest content
of DM accumulated in sustainable II farming sys-
tem, where mineral fertilizer N P, K  was spread
together with organic manure. The content of bio-
genic elements, accumulated in pea vines was rather
low, nitrogen and potassium — a little higher (Tab-
le 7). On average, in the soils of both humus levels
in sustainable II farming system, the content of ac-
cumulated nitrogen and potassium in pea vines was
significantly 53.7 and 62.9% respectively higher as
compared to organic I farming system; the differ-
ences of phosphorus were not significant.

Nutrient balance. Balance of nutrients in-
corporated and removed with the yield varied in dif-
ferent farming systems. In organic I farming system
in both soils with different contents of humus and
with the application of only aftermath of peren-
nial grasses as green manure, not considering low
removal with yields of winter wheat and peas, the

NPK balance of main nutrients was negative; main-
ly there was a lack of nitrogen for crops (Table 8).

In organic II farming system, where green
manure and FYM were incorporated in both humus
content environments, NP balance in the soil was
positive. Potassium balance in this system was sig-
nificantly surplus because of incorporation of FYM
containing high levels of potassium together with
green manure affected its total content and it sur-
passed the nutrient content removed with crop pro-
duction.

With the application of FYM in sustainable
I farming system for winter wheat and N, for straw
mineralization in the soil low in humus content, PK
balance was significantly positive, nitrogen balance
was insignificantly positive and in the soil medium
in humus content due to better crop growth condi-
tions and due to 15.0 and 52.3% higher yield of DM
of winter wheat and peas, respectively; as well as
due to higher removal, the balance was negative. In
sustainable II farming system in both humus envi-
ronments winter wheat yield was the highest due to
more readily available nutrients from mineral ferti-
lizers and made up on average 4.18 t ha''; the con-
tent of biogenic elements removed with the yield
determined negative nitrogen balance, while P and
K balance was insignificantly positive.
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Table 7. Nutrients accumulated in the biomass of pea vines

2006-2009
Soil humus content Farming system (factor B)
(factor A) Organic | Organic II Sustainable I ~ Sustainable II Mean A
DM t ha'!

Low 0.57 0.67 0.57 0.88 0.67
Medium 0.62 0.86 0.83 0.86 0.79
Mean B 0.60 0.77 0.70 0.87

LSD,.:A-0.088, B—0.125, AB - 0.177
N kg ha'!

Low 5.86 6.65 5.45 8.86 6.71
Medium 6.14 7.98 8.28 9.59 8.00
Mean B 6.00 7.32 6.87 9.22

LSD,.: A—-1.066, B —1.508, AB —2.133
P kg ha'!

Low 0.77 0.80 0.69 1.04 0.83
Medium 0.89 1.43 1.39 1.06 1.19
Mean B 0.83 1.12 1.04 1.05

LSD,.:A-0.407, B —0.576, AB — 0.815
K kg ha'!

Low 593 6.61 6.00 9.92 7.12
Medium 6.47 9.45 8.67 10.28 8.72
Mean B 6.20 8.03 7.34 10.10

LSD,.: A-1.060, B — 1.498, AB —2.119

05

Table 8. Balance of nutrients, incorporated in the soil and removed with the yield in the crop rotation of
perennial grasses, winter wheat and peas

2006-2008
Soil humus content Farming system (factor B)
(factor A) Organic [ Organic 11 Sustainable I~ Sustainable II Mean A
Nitrogen balance +/—

Low —93.95 53.76 32.03 —66.84 —-18.75
Medium -103.91 12.54 —-8.45 —94.45 48.57
Mean B —98.93 33.15 11.79 —80.65

LSD, .: A—-26.656, B —37.697, AB — 53.312
Phosphorus balance +/—

Low —16.45 44.13 38.59 76.56 35.70
Medium —19.3 36.95 31.58 72.92 30.54
Mean B —-17.88 40.54 35.09 74.74

LSD,.:A—-11.976,B —16.937, AB — 23.952
Potassium balance +/—

Low —45.93 171.75 134.98 45.87 76.67
Medium —56.34 142.36 104.2 37.44 56.92
Mean B —-51.14 157.06 119.59 41.66

LSD,.:A—29.976, B — 42.393; AB — 59.952
Conclusions

1. In a Gleyic Cambisol low (1.98-2.01%)
and medium (2.10-2.40%) in humus content, in the
organic system with the application of green manure
only and aftermath of perennial grasses for winter
wheat, straw and catch crops’ biomass for peas, the

NPK balance was negative, despite the low removal
with low crop yields.

2. Significantly highest contents of DM and
biogenic elements in the biomass was accumulated
by white mustard, cultivated as a catch crop in a
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monocrop or in a mixture with buckwheat as com-
pared to narrow-leafed lupine and oil radish mixture
with a longer growing season.

3. In the organic agro-system, the applica-
tion of the green manure and 40 t ha'! of FYM for
winter wheat and catch crops biomass for peas, the
yield, due to specific properties of clay loam and slow
mineralization did not increase significantly; in the
soils, low and medium in humus content, NP balance
was positive, while that of K was high surplus.

4. In the sustainable farming system, the ap-
plication of 40 t ha! of FYM for winter wheatand N,
in the form of ammonium nitrate for straw minerali-
zation, as well as catch crops’ biomass for peas, NPK
balance in the soil low in humus content, was positive
and in the soil medium in humus content the nitrogen
balance was negative, due to the better conditions for
crop growth in the soil with a higher humus status
and higher removal with wheat yield.

5. In the sustainable farming system, with
the application of integrated fertilization system,
incorporation of aftermath of perennial grasses as
well as N P, K for winter wheat and N, P, K |
for peas, the wheat yield and accumulated content
of biogenic elements in it for both humus environ-
ments were the highest; however the nitrogen ba-
lance was positive, while that of PK was insignifi-
cantly positive.

6. Unlike green manure, FYM incorporated
for winter wheat in the organic agrosystem secured
a positive NPK balance. However, due to low mi-
neralization in a clay loam Cambisol, it increased
the yield of the second rotation member (peas) more
effectively, than that of the first rotation member
(winter wheat).
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Ivairiy organiniy trasy ir tarpiniy paséliy poveikis
agrosistemy biogeniniy elementy balansui

L. Masilionyte, S. Maiksténiene

Lietuvos agrariniy ir misky moksly centro Joniskélio bandymy stotis

Santrauka

Lauko bandymai atlikti 2005-2009 m. Lietuvos zemdirbystés instituto Joniskélio bandymy stotyje
sunkaus priemolio giliau karbonatingame giliau gléjiskame rudzemyje (Rdg4-k2), Endocalcari-Endo-
hypogleyic Cambisol (CMg-n-w-can). Tyrimy tikslas — mazo (1,98-2,01 %) ir vidutinio (2,10-2,40 %)
humusingumo dirvoZemyje istirti ekologinés bei tausojamosios zemdirbystés sistemy poveikj biogeniniy
elementy balansui, traSai naudojant mésla, zieminiy kvieciy Siaudus, Zirniy virkscias ir jvairiy tarpiniy
paséliy biomasg. Séjomaina isskleista laike ir erdvéje — daugiametés zolés (raudonasis dobilas (7rifo-
lium pratense L.) bei tikrasis eraiinas (Festuca pratensis Huds.)), Zieminis kvietys (Triticum aesti-
vum L.), séjamasis zirnis (Pisum sativum L.), mieZis (Hordeum vulgare L.) su jséliu. Tirtos priemonés
jvertintos javy ir zoliy grandyje: daugiametés zolés — zieminiai kvieciai + tarpiniai paséliai — zirniai.
Tausojamojoje zemdirbystés sistemoje Siaudy mineralizacijai skatinti panaudotos amonio nitrato for-

mos mineralinés azoto trgos (N, ).

Nustatyta, kad tarpiniy paséliy biomaséje daugiausia sausyjy medziagy ir didziausias joje sukaupty
biogeniniy elementy kiekis buvo baltgsias garstyCias auginant kartu su séjamaisiais grikiais arba jy
monopasélj. Ekologinéje Zemdirbystés sistemoje, esant abiem humusingumo fonams ir tr¢Simui pa-
naudojus tik Zaligjg trasa, pagrindiniy mitybos elementy NPK balansas buvo neigiamas. TreSimui pa-
naudojus zaligja trasa bei mésla ir esant mazam netekimui su derliumi, dirvozemyje NP balansas buvo
teigiamas, o K — ryskiai perteklinis. Tausojamoje zemdirbystés sistemoje, zieminius kvie¢ius patrgsus

méSlu ir Siaudy mineralizacijai — N, ,

mazo humusingumo dirvozemyje NPK balansas buvo teigiamas,

o vidutinio humusingumo dirvozemyje dél augaly aktyvesnio augimo ir didesnio netekimo su kvieciy
derliumi tik azoto balansas buvo neigiamas. Kitaip nei zalioji trasa, ekologinéje zemdirbystés siste-
moje zieminiams kvieCiams jterptas méslas uztikrino teigiamg NPK balansa, taciau dél létos mine-
ralizacijos sunkaus priemolio rudzemiuose efektyviau padidino kito séjomainos nario zirniy, o ne

zieminiy kvieciy derliy.

ReikSminiai zodziai: gléjiskas rudzemis, ekologiné ir tausojamoji zemdirbysté, méslas, tarpiniai au-

galai, zalioji tragSa, NPK balansas.



