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A field experiment was carried out in an organic certified field of the Experimental Station of
the Lithuanian University of Agriculture in 2003-2007. The soil type was Calc(ar)i Epihypogleyic
Luvisol (LVg-p-w-cc). Nitrogen balance was evaluated after four years of experiment. Four
7-year crop rotations with a different ratio of nitrogen fixing crops were compared: I — 43%
(grass-clover; grass-clover; winter wheat; spring barley; peas; winter wheat; spring barley);
IT - 43% (grass-clover; winter wheat; peas; spring barley; grass-clover; winter wheat; spring
barley); IIT - 29% (grass-clover; potato; oat; spring barley; peas; winter wheat; spring barley);
IV - 14% (grass-clover; winter wheat; potato; spring barley; winter rape; winter wheat; spring
barley). The catch crop was (1) included, (2) not included in rotations. The objective of our study
was to evaluate the influence of crop rotations with a different nitrogen fixing crop percentage
and catch crop (for green manure) on nitrogen balance in organic farming.

The least soil nitrogen loss (1.87 to 4.58 kg ha™') due to leaching to deeper soil horizons was
established in crop rotations IT and IV, in grass-clover and winter rape crop. The biggest nitrogen
loss (40.7 to 74.8 kg ha™') was found in the soil of crop rotation I in peas and in the soil of crop
rotation IIT in peas without a catch crop. Catch crop for green manure reduced nitrogen leaching
by 94.9% in the soil of crop rotation IIT in comparison with the same crop rotation (III) without
a catch crop. The amount of nitrogen leached to the deeper soil layers depended on nitrogen
content in the soil.

During the experiment, a negative nitrogen balance was established in the soil of all crop
rotations (-46.69 to —145.13 kg ha™'). The nitrogen balance was influenced by nitrogen uptake
from soil (r = -0.77, P < 0.05). The obtained data show that biological nitrogen suppliers are
very important in organic farming.
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INTRODUCTION

(K6phe, 1994; Van Dam, Leftelaar, 1998). Legumes are very
important nitrogen suppliers in ecological farming systems.
Scientists recommend to grow them with cereals to prevent the

Crop rotations in organic farming must focus not only on the pre-
vention of such problems as the spread of diseases, pests and weeds.
N self-supply in soil through the use of N-fixing and catch crops
is very important in organic farming (Askegaard et al.,2005).

Soil microbes release mineral nitrogen from organic mat-
ter. N-leaching is determined to a large degree by soil type, pre-
cipitation (rainfall), and N-concentration in soil (Zhao, 1993;
Lewan, 1994). Catch crops undersown into the main crop or
sown after their harvesting accumulate soil mineral N in un-
derground and terraneous parts (biological acumulation of
nitrates), and nitrate leaching from soil decreases. By the data
of N. Liitke Entrup (1995), I. K. Thomsen and B. T. Christensen
(1999) nitrogen leaching to deeper soil horizons was best dec-
reased by common ryegrass versus other catch crops. Other
authors indicate that postharvest catch crops, especially of the
Brassicaceae, are very effective for biological nitrogen fixation
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risk of nitrogen leaching (Torstensson et al., 1998; Olesen et al.,
2000; Korsaeth, 2008). Investigations in Sweden revealed that in
sandy loam soils without a catch crop during one-year period
there leached 39.2 kg ha™' N-NO, and with common ryegrass
as a catch crop 10.3 kg ha™'. M. Torstensson (2006) has reported
that N leaching in a crop rotation with a catch crop was reduced
by 13 kg ha™! year™ (34%) as compared with an identical crop
rotation without a catch crop. Ross et al. (2008) indicate that
the use of legumes, manure and N fertiliser affected soil N, but
the most important factor was the legume crop ratio in the crop
rotation.

The Helsinki Committee (HELCOM) February 6, 1992 re-
commendations No. 13/9 emphasize that it is necessary annually
calculate the plant nutrient balance for the purpose of the eco-
nomic and ecological evaluation of fertilization. It is considered
positive if the amount of nutrients brought into soil is higher
than nutrient uptake from the soil (Ma$auskas ir kt., 2000).
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By the data of S. Antanaitis, V. Masauskas and S. Lazauskas
(2007), in a bioorganic farming system when the nitrogen ba-
lance was supported with biological nitrogen by growing red
clover, even without organic fertilisers (manure) during a five-
year period the silt loam soil was not exhausted. Most of ni-
trate-N leached through drainage in arable soil; depending on
the year, it varied from 1.7 to 43 kg ha™', meanwhile in grassland
it did not exceed 5 kg ha™'.

The objective of our study was to evaluate the influence of
crop rotations with a different nitrogen-fixing crop percentage
and catch crop (for green manure) on nitrogen balance in or-
ganic farming.

MATERIALS AND METHODS

A field experiment was carried out in an organic certified field
of the Experimental Station of the Lithuanian University of
Agriculture in 2003-2007. The experimental factors were: (1)
the ratio of nitrogen-fixing crops in a crop rotation, (2) with
and without a catch crop. Four 7-year crop rotations with a dif-
ferent ratio of nitrogen-fixing crops were compared: I — 43%
(grass-clover; grass-clover; winter wheat; spring barley; peas;
winter wheat, spring barley); IT — 43% (grass-clover; winter
wheat; peas; spring barley; grass-clover; winter wheat, spring
barley); ITI - 29% (grass-clover; potato; oat; spring barley; peas;
winter wheat, spring barley); IV - 14% (grass-clover; winter
wheat; potato; spring barley; winter rape; winter wheat, spring
barley). Catch crop was (1) included, (2) not included in crop
rotations. Nitrogen balance was evaluated after four years of ex-
periment.

The initial plot size was 126 m? with each plot replicated
three times.

The catch crop in all crop rotations was white mustard
Sinapis alba L. sown after the main crop. Straw of cereals and
the yield of catch crop were chopped and ploughed into the soil
in autumn.

To estimate nitrate leaching to deeper soil horizons, gal-
vanized 0.25 m’ tin lysimeters were installed at a depth of
40 cm in plots of all crop rotations with and without a catch
crop. Lysimeters were incorporated by hoses with water-gathe-
ring containers. Lysimetric water was collected from May 1
to October 30. Data of the Meteorological Station of Kaunas
Hydrometeorological Observatory were used for determining
the precipitation in the same period.

We measured precipitation permeated through the soil
(drainage water). The lysimetric method is based on the drai-
nage principle, so rainfall water permeated through the soil can
be established when a surplus in soil moisture occurs.

We determined the amounts of mineral (NO,_ and NH, )
nitrogen in lysimetric and rainfall water by the colorimetric me-
thod using disulphophenolic acid.

We established the content of nitrogen in absolutely dry
matter of grass-clover, peas and winter rape seeds. Crops for
yield determination were harvested manually from square plots
of 1 m* Grass-clover overground mass yield was expressed by
the content of absolutely dry matter t ha™', peas — by 14% of hu-
midity and absolutely clean grain mass, winter rape — by 8.5% of
humidity and absolutely clean grain mass. The content of nitro-
gen (mg kg™') in absolutely dry matter was determined by the
Kjeldhal method.

The N balance was calculated using Welte and Timmermann
(1985), Claupein (1994) models.

The N balance model when legumes are grown is as fol-
lows: B = (Nsymbiotical]y fxed T Nig precipitation) - (N, yiaa T N]eached); the
N balance model when legumes are not grown is as follows:
B.=N_ precipitation ~ (N, vaa T N,...)- The content of mineral ni-
trogen (ammonia and nitrate) in lysimeters and rainwater were
determined by the colorimetric method using disulphophenolic
acid; the content of nitrogen in absolutely dry matter of plants
was determined by the Kjeldhal method. Symbiotically fixed
atmospheric nitrogen was determined by the method of differ-
ence:N; =N (Rennie, 1984; Weaver, 1986).

in legumes in comparables

Table 1. Structure of four different seven-course crop rotations with and without catch crops

Catch crop Year Crop rotation |

Crop rotation Il

Crop rotation Il | Crop rotation IV

2003 Grass—clover Grass—clover Grass—clover Grass—clover
2004 Grass—clover Winter wheat Potato Winter wheat
2005 Winter wheat Peas Hulless oat Potato
Without 2006 Spring barley Spring barley Spring barley Spring barley
2007 Peas Grass—clover Peas Winter rape
2008 Winter wheat Winter wheat Winter wheat Winter wheat
2009 Spring barley Spring barley Spring barley Spring barley
2003 Grass—clover Grass-clover / Grass—clover / Grass—clover /
aftercrop for green manure  aftercrop for green manure aftercrop for green manure
2004 Grass—clover / Wi r'nter wheat / Potato Wiqter wheat /
aftercrop for green manure white mustard white mustard
Winter wheat / Peas / Hulless oat /
2005 white mustard white mustard white mustard Potato
With - -
2006 Spring barley / Spring barley Spring barley / Spring barley
white mustard white mustard
2007 Peas Grass—clover Peas Winter rape
Winter wheat / Winter wheat / Winter wheat / Winter wheat /
2008 white mustard white mustard white mustard white mustard
2009 Spring barley Spring barley Spring barley Spring barley

Note. A slash (/) indicates catch crop after the main crop.
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Statistical analyses. The mean values were compared
by the least significant difference test at P < 0.05 using
SYSTAT 10. To estimate the relationships between N leaching
and N concentration in the soil, N leaching and N uptake by
the crops, N balance in the soil and N uptake from the soil, re-
gression analyses were performed using SYSTAT 10 (SPSS Inc.,

2000).
RESULTS AND DISCUSSION

Calculations of nutrients requirement for an optimal crop yield
must be not limited only by estimating nitrogen removal with
harvest. It must be based on a full-scale analysis including all es-
sential nutrient inputs and removals in the plant-soil system.

A summarized nitrogen balance in the soil during the expe-
rimental period (May—October 2007) is presented in Table 2. The
atmospheric N deposition with rainfall to soil was 7.86 kg ha™'.

The annual atmospheric nitrogen deposition with rainfall was
10 to 15 kg ha™ per year (http://www.ktl.mii.lt/aa/dir43.html).

There are nitrogen inputs from symbiotic N fixation in
crop rotations with legumes. Schmidke and Rauber (1993)
indicate that the content of symbiotic fixed nitrogen in the
above-ground part of clover is 53.3-89.6%, and Schnotz
(1995) indicates 68.6%. Our experimental data showed that

symbiotic fixed nitrogen reached in clover 47.2 to 56.0% and in
peas 12.4 to 21.8%. In crop rotation IV, grass-clover addition-
ally derived from the atmosphere 95.2 to 97.4 kg ha™! nitrogen.
In crop rotations I and III, peas additionally derived from the
atmosphere 9.07 to 14.1 kg ha™' nitrogen. Asymbiotically fixed
nitrogen in the soil reached less than 1 kg ha™' per year (Lamb
etal., 1987).

Nitrogen content in grass-clover over-ground mass (two
harvests) reached 99.1 to 99.2%, in pea seeds 46.3 to 94.4%, in
winter rape seeds 95.2 to 97.6% of all assimilated and irrever-
sible nitrogen in soil.

The least losses of nitrogen (1.87 to 4.58 kg ha™') through
leaching to deeper soil horizons were established in soil of crop
rotations II and IV where grass-clover and winter rape were
grown. In the latter crop rotations, catch crops for green manure
had no influence on nitrogen leaching. The biggest nitrogen
losses (40.7 to 74.8%) through leaching to deeper soil horizons
were established in crop rotation I where peas were grown, and
in crop rotation III where peas were grown without a catch crop
for green manure. The amount of nitrogen leached to deeper
soil horizons was 35.8-53.7% of all nitrogen losses. In the soil of
crop rotation III, the catch crop decreased by 94.9% the amount
of nitrogen leached to deeper soil horizons as compared without
a catch crop in the same crop rotation.

Table 2. Influence of crop rotation and catch crop for green manure on nitrogen balance in soil

Crop rotations

Nitrogen components I I i v
Without cC | €Cforgreen | without cc | CCforgreen | \without cc | CCfor green | \without cc | CC for green
manure manure manure manure
N input (kg ha™) 7.86 7.86 7.86 7.86 7.86 7.86 7.86 7.86
1. Rainfall
2. Fixed by N-fixing crops 9.07 123 95.2 97.4 1.7 14.1 - -
Total 16.93 20.16 103.06 105.26 19.56 21.96 7.86 7.86
N uptake (kg ha™)
1. Crop yield 729 69.6 246.3 2003 64.6 64.8 114.9 90.2
2. Leaching to deeper 40.7 49.6 1.89 1.87 74.8 3.85 2.84 4.58
soil horizons
Total 113.6 119.2 248.19 202.17 139.4 68.65 117.74 94.78
N balance in soil, kgha' -96.67 -99.04 -145.13 -96.91 -119.84 -46.69 -109.88 -86.92

Note: (C— catch crop. Crop rotations with different ratio of nitrogen fixing crops: | — 43% (grass—clover; grass—clover; winter wheat; spring barley; peas; winter wheat, spring
barley); Il — 43% (grass—clover; winter wheat; peas; spring barley; grass—clover; winter wheat, spring barley); Il — 29% (grass—clover; potato; oat; spring barley; peas; winter
wheat, spring barley); IV — 14% (grass—clover; winter wheat; potato; spring barley; winter rape; winter wheat, spring barley).
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Fig. 1. Relationship between N leaching and mineral N content in soil

Fig. 2. Relationship between N loss and N-uptake by the crops from the soil
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The amount of nitrogen leached to deeper soil horizons de-
pends on mineral nitrogen content in soil; a positive, strong signif-
icant correlation between these indexes was established (Fig. 1.)

The more nitrogen was assimilated from soil by agricultural
plants, the bigger loss of nitrogen was established. A positive,
very strong significant correlation was established between ni-
trogen assimilation from soil by agricultural plants and nitrogen
loss (Fig.2).

We established a negative nitrogen balance in the soil of
all crop rotations during the experimental period - from 46.69
t0145.13 kg ha™'. Nitrogen balance in the soil was influenced by
removed from soil nitrogen amount (r = -0.77, P < 0.05). A nega-
tive, strong, significant correlation between nitrogen balance in
the soil and nitrogen removed from soil was calculated (Fig. 3).
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Fig. 3. Relationship between N balance in soil and N exported from soil with crop
production

CONCLUSIONS

The least nitrogen loss (1.87 to 4.58 kg ha™') due to leaching to
deeper soil horizons was found in crop rotations IT and IV, where
respectively grass-clover and winter rape were grown. The big-
gest nitrogen loss in the soil (40.7 to 74.8 kg ha™') was estab-
lished in crop rotation I where peas were grown, and in crop
rotation IIT under the pea crop without a catch crop. Catch crop
for green manure decreased the content of leached nitrogen by
94.9% as compared with no catch crop in crop rotation III. The
content of nitrogen leached to deeper soil horizons depends on
the content of mineral nitrogen in the soil (r = 0.80, P < 0.05).

We established a negative nitrogen balance in the soil in all
crop rotations during the experiment period (from -46.69 to
-145.13 kg ha™). Nitrogen balance was influenced by the nitro-
gen amount removed from soil (r = -0.77, P < 0.05). These data
prove the importance of biological nitrogen support in organic
farming.
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SEJOMAINU IR TARPINIU PASELIY ZALIAJAI TRASAI
ITAKA DIRVOS AZOTO BALANSUI EKOLOGINEJE
ZEMDIRBYSTEJE

Santrauka

Tyrimai atlikti 2003-2007 m. Lietuvos Zemés tkio universiteto Ban-
dymy stotyje. Tyrimy lauko dirvoZemis karbonatingas sekliai gl¢jiskas
iSplautzemis — IDg8-k. Azoto balansas buvo skaiciuotas po 4 mety nuo
tyrimo pradzios. Tyrimo A veiksnys - 4 septyniy nariy sé¢jomainy ro-
tacijos su skirtinga azotg fiksuojanciy augaly dalimi: I - 43% (daugia-
metés Zolés; daugiametés zolés; Zieminiai kvieciai; vasariniai mieZiai;
zirniai; Zieminiai kvieciai; vasariniai mieziai); IT — 43% (daugiametés
zolés; zieminiai kvieciai; Zirniai; vasariniai mieziai; daugiameteés Zolés;
zieminiai kvieciai; vasariniai mieziai); III - 29% (daugiametés Zolés;
bulves; belukstés avizos; vasariniai mieZiai; Zirniai; Zieminiai kvieciai;
vasariniai mieziai); IV — 14% (daugiametés Zolés; zieminiai kvieciai;
bulvés; vasariniai mieziai; Zieminiai rapsai; Zieminiai kvieciai; vasari-
niai mieziai). B veiksnys - tarpinis pasélis: 1) su tarpiniu paséliu; 2) be
tarpinio pasélio. Tyrimy tikslas — jvertinti s¢jomainy rotacijy su skir-
tinga azotg fiksuojanciy augaly dalimi ir tarpiniy paséliy Zaliajai trasai
jtaka azoto balansui dirvoje ekologinéje zemdirbystéje.

Maziausi azoto nuostoliai (nuo 1,87 iki 4,58 kg ha!) dél i§plovimo j
gilesnius dirvozemio horizontus nustatyti Il ir IV s¢jomainy dirvoje, ku-
rioje augo atitinkamai raudonyjy dobily ir pasariniy motiejuky misinys
ir Zieminiai rapsai. DidZiausi azoto nuostoliai (nuo 40,7 iki 74,8 kg ha™")
nustatyti I séjomainos dirvoje, kurioje augo Zirniai, ir III s¢jomainos
dirvoje, kurioje augo Zirniai ir nebuvo augintas tarpinis pasélis Zaliajai
trasai. III s¢jomainos dirvoje tarpinis pasélis Zaliajai tra$ai, lyginant su
jo nenaudojimu, 94,9%. sumazino iplauto azoto kiekj. ] gilesnius dir-
vozemio horizontus i$plauto azoto kiekis priklausé nuo dirvoje esancio
mineralinio azoto kiekio (r = 0,80, P < 0,05). Tiriamuoju laikotarpiu
visy séjomainy dirvoje nustatytas neigiamas azoto balansas - nuo
-46,69 iki -145,13 kg ha™'. Azoto balansui dirvoje turéjo jtakos i$nesto
i§ dirvos azoto kiekis (r = -0,77, P < 0,05). Sie duomenys jrodo, kad eko-
loginéje zemdirbystéje yra labai svarbus biologiniai azoto tiekéjai.

RaktazodZiai: azoto balansas, s¢jomainy rotacijos, tarpiniai pasé-
liai, ekologiné Zemdirbyste



