
Anna P£AZA1, Feliks CEGLAREK,
Barbara G¥SIOROWSKA, Danuta BURACZYÑSKA
and Milena Anna KRÓLIKOWSKA

EFFECT OF INTERCROPS
ON THE CONTENT OF MINERAL NITROGEN IN SOIL

IN AUTUMN AND SPRING

WP£YW MIÊDZYPLONÓW NA ZAWARTOŒÆ AZOTU MINERALNEGO
W GLEBIE JESIENI¥ I WIOSN¥

Abstract: The aim of the present research was to determine the influence of undersown crops and stubble
crops on the content of mineral forms of nitrogen in soil profile in autumn and spring.

Field experiments were carried out at the Experimental Farm in Zawady, owned by the University of
Podlasie in Siedlce. The following combinations of intercrops were taken into account: control object (without
intercrop), undersown crops – biomass plowed down in autumn (white clover, Italian ryegrass), stubble crop –
biomass plowed down in autumn (oil radish), stubble crop – biomass left in the form of mulch (oil radish) till
spring. The content of nitrate and ammonia ions were determined twice, ie in autumn and spring, in two layers
of soil (0–30 and 31–60 cm). The results pointed out that, putting the intercrops into the cultivation limited the
content of mineral nitrogen in soil in autumn, and increased in spring. The highest concentration of nitrate and
ammonia ions was noted in soil in spring, when white clover was plowed down. When the surface of soil was
mulched with stubble crop from white mustard in the time of winter, it decreased the content of mineral
nitrogen in spring.
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In today’s agriculture more and more attention is paid to protect the soil environ-
ment. A special role is attributed to the intercrops, which may be regarded as
“accumulators” of unused nutrients in forecrop to plants subsequently incoming in the
crop rotation. Its leaching into groundwater of the areas covered with flora or litter is
several times smaller than the soil remaining in the black fallow [1–5]. Stubble crops
prolongs the duration of cover crops, and undersown crops moreover increases the
compactness of cornfield. On this basis, it appears that the contamination of agricultural
activity of watercourse and water tanks from farms growing the intercrops is smaller
than from farms growing plants only in the main yield [2, 5]. It is recommended to
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leave the stubble crops for a period of winter in the form of mulch [3, 6, 7]. This
solution should reduce the leaching of nitrates from the soil during the autumn–winter
period. Still there is a little on the subject of the experimental data. So there emerges
a need to conduct a study to determine the effect of undersown crops and stubble crops
on the content of mineral forms of nitrogen in the soil profile in spring and autumn.

Material and methods

Field experiments were carried out in 2000–2003 at the Experimental Farm in
Zawady, owned by the University of Podlasie in Siedlce. The researches were carried
out on a soil which was rated to autogenic soil, russet soil order, fawn soil type made
from hard sandy loam. This experiment was established on a very good cereal complex
soil, belonging to the quality class IVa. The arable layer of soil characterized with pH
6.4–6.6, Hh 0.916–0.921 cmol(+) kg–1, S 10.87–10.92 cmol(+) kg–1, T 11.79–11.84
cmol(+) kg–1, V 92.20–92.23 %, and the content of Ntot 0.684–0.695 g kg–1, in it
N-NH4 4.39–4.47 mg kg–1 and N-NO3 7.18–7.26 mg kg–1, assimilable forms:
P 50.2–50.8 mg kg–1, K 112.5–113.7 mg kg–1 and Mg 53.5–54.2 mg kg–1. The
experiment was a three-replicate split blocks design. The size of plot at the beginning
was 20 m2, and during the harvest it was 15 m2. The following combinations of
intercrops were taken into account: control object (without intercrop cultivation),
undersown crops – biomass plowed down in autumn (white clover 18 kg ha–1, Italian
ryegrass 30 kg ha–1), stubble crop – biomass plowed down in autumn (oil radish
30 kg ha–1), stubble crop – biomass left in the form of mulch till spring (oil radish
30 kg ha–1). Undersown crops were sown into spring barley cultivated for grain, and
stubble crops were sown after its harvest. In early spring mineral fertilizers were used:
60 kg N, 39.6 kg P and 99.6 kg K per 1 ha. Spring barley was sown in the first decade
of April. Undersown crops were sown into spring barley by the seeder across the rows
in a day of sowing of protective plant. The harvest of spring barley was made in the
third decade of July. After the harvest of spring barley on each plot which was assigned
to undersown crops cultivation the mineral fertilization was used: 60 kg N ha–1,
13.2 kg P ha–1 and 49.8 kg K ha–1. Oil radish which was cultivated in stubble catch
crop was sown in the first decade of August. In autumn, in third decade of October,
from each plot of undersown crop mean samples of fresh mass and after harvest
remnants were collected with its root mass from 30 cm of soil layer to establish the
yield of dry mass. Intercrops which were grown produced per 1 ha the following
quantities of dry mass: white clover 5.2 Mg ha–1, Italian ryegrass 6.3 Mg ha–1 and oil
radish 4.4 Mg ha–1. On the control object from the harvesting of spring barley to the late
autumn black fallow was maintained. Soil attempts, from each plot were collected
twice, ie in autumn (the third decade of October) and in spring (the first decade of
April), from two layers of soil (0–30 and 31–60 cm) to denote the contents of
ammonium and nitrate ions by calorimeter method [8]. Soil sample were collected by
using of soil gimlet. After soil sample collection (about 200 g) it was placed in a plastic
bag. These samples were kept in the refrigerated storage until the analysis. Received
results of researches were drawn up statistically. Average for significant sources of
variation were compared with the Tukey test.
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The experimental years was characterised with changeable weather conditions.
About the success of undersown crops decides the amount of rainfalls and temperature
during the months of the growing season (Table 1). The most favourable was year 2000.
A little bit worse weather conditions were noted in 2002, and the worse in 2001. Taking
into account the amount of rainfalls and temperatures, with the lack of rainfalls in
autumn–spring season it could be claimed that in every year of researches the lower
amount of rainfalls was noted. The warmest, with the lowest amount of rainfalls was
autumn–spring season in 2000/2001, and the coldest with higher amount of rainfalls
was 2002/2003 season.

Table 1

The weather conditions in the period of conducting investigations
according to the Meteorological Station in Zawady

Months

Temperature [oC] Rainfall [mm]

2000 2001 2002 2003
Average

from
1951–1990

2000 2001 2002 2003
Average
sum from

1951–1990

I –1.1 –1.1 –0.4 –3.7 –3.1 5.8 19.9 8.7 7.7 24.5

II 2.2 –1.9 3.2 –56 –3.2 24.5 9.4 37.5 4.7 23.3

III 3.7 1.5 4.0 1.4 1.0 19.2 3.6 15.8 7.0 27.0

IV 12.9 8.7 90 7.1 7.2 47.5 69.8 12.9 13.6 29.4

V 16.4 15.5 17.0 15.6 13.2 24.6 28.0 51.3 37.2 54.3

VI 19.5 17.1 17.2 18.4 16.2 17.0 36.0 61.1 26.6 69.3

VII 19.0 23.8 21.0 20.0 17.6 155.9 55.4 99.6 26.1 70.6

VII 19.1 20.6 20.2 18.5 16.9 43.6 24.0 66.5 4.7 59.8

IX 11.8 12.1 12.9 13.5 12.7 61.1 108.0 18.7 24.3 48.2

X 11.7 10.6 6.9 5.4 8.0 3.2 28.0 48.9 38.0 32.0

XI 6.7 2.3 3.8 4.7 2.6 32.6 28.0 16.1 14.7 39.2

XII 1.3 –6.6 –7.7 0.5 0.4 22.0 13.4 0.7 17.0 37.3

Results and discussion

Statistic analysis indicates the important influence of intercrops on the content of
mineral nitrogen which was determined in soil profile in autumn (Table 2). The highest
content of mineral nitrogen in soil was determined on control object, without intercrops
cultivation. It is consistent with the results of research of Fotyma [9] and Nowakowski
and Krüger [4], who found that in autumn at the end of the growing season of plants as
a result of reduced nitrogen taking up and mineralization of organic nitrogen may
increase the content of this component in the soil again. In own researches introduction
the intercrops to the cultivation, especially non-papilionaceous plants (Italian ryegrass
and oil radish) significantly decreased the content of mineral nitrogen in the soil. Also
after white clover the content of mineral nitrogen in soil was significantly lower than in
control object, but higher than noted after intercrops cultivation from non-papiliona-
ceous plants. Losses of mineral nitrogen in the soil found in late autumn following
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intercrops cultivation was clear, though far less than obtained in the other studies [1, 6,
7, 10]. It should be stressed that in conditions of intensive agriculture the quota of this
component remaining in the soil after the cultivation of cereals is large, hence the
greater impact of intercrop. Moreover in favourable habitat conditions (better soils,
longer growing season) biomass produced by intercrop is greater, and consequently also
higher intake of nitrogen.

Table 2

The effect of intercrops on the content of mineral forms of nitrogen in the soil
determined in the autumn [mg kg–1 d.m. of soil] (average from 2000–2002)

Intercrop

N-NH4
+ N-NO3

– Total

The layer of soil [cm]

0–30 31–60 0–30 31–60 0–30 31–60

Control object 4.83 2.36 7.23 4.83 12.06 7.19

White clover 2.12 1.37 4.81 2.34 6.93 3.71

Italian ryegrass 1.27 1.08 3.45 1.79 4.72 2.87

Oil radish 1.38 1.12 3.58 1.83 4.96 2.95

Oil radish – mulch 1.32 1.11 3.57 1.81 4.89 2.92

Average 2.18 1.41 4.53 2.52 6.71 3.93

LSD0.05 0.23 0.18 0.46 0.32 1.14 0.86

Analyzing this experiment data the content of mineral nitrogen in two layers of soil
clearly demonstrated a higher concentration of this component in the upper soil layer
than in bedrock. It is confirmed by Kuœ and Jonczyk researches [3]. Own researches and
Mazur et al [11] and Trawczynski [12] researches showed a higher content of nitrogen
than ammonium ion in two layers of soil. The concentration of mineral nitrogen
determined in the soil profile in spring was significantly modified by the factor of
experiment (Table 3).

Table 3

The effect of intercrops on the content of mineral forms of nitrogen in the soil
determined in the spring [mg kg–1 d.m. of soil] (average from 2001–2003)

Intercrop

N-NH4
+ N-NO3

– Total

The layer of soil [cm]

0–30 31–60 0–30 31–60 0–30 31–60

Control object 5.34 3.74 8.82 6.85 14.36 10.54

White clover 7.16 2.76 19.26 5.74 26.42 8.50

Italian ryegrass 5.81 2.12 13.84 3.80 19.65 5.92

Oil radish 6.47 2.38 14.12 3.97 20.86 6.35

Oil radish – mulch 5.63 1.86 10.75 2.69 16.38 4.55

Average 5.72 2.57 13.16 5.01 18.93 7.57

LSD0.05 0.67 0.34 1.32 0.60 1.26 0.89
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Introduction of intercrops into the cultivation significantly increased the content of
mineral nitrogen in the soil, especially after white clover plowing down. This positive
impact which aim is to stimulate the processes of mineralization of organic nitrogen in
the soil, referred to as “priming effect” [7, 9, 12]. Significantly lower content of mineral
nitrogen in the soil was recorded after plowing down of the non-papilionaceous plants,
and the lowest after oil radish left in the form of mulch till spring. Kuœ and Joñczyk [3]
and Nowakowski and Krüger [4] claimed that intercrop biomass left till spring on the
surface of the field is degraded slower than on objects with ploughing. It has shown that
the use of such a solution poses less risk of potential loss of nitrogen from the soil
during the autumn–winter period. Analyzing the content of mineral forms of nitrogen in
the soil, in spring and autumn higher concentration of nitrate ions was noted than
ammonium ions. It is similar to Möler and Stiner [7] and Mazur et al [11] researches. It
should be noted, that problems with limiting the losses of nitrogen in the soil, including
the cultivation of intercrops, gain a particular relevance in recent period.

Conclusion

1. Intercrops introduction into the cultivation significantly reduced the content of
mineral nitrogen in the soil in autumn, and increased in spring. The highest
concentration of nitrate and ammonium ions was noted in soil in spring, after white
clover plowing.

2. Mulching the surface of the soil in the period of winter by stubble crop from oil
radish significantly decreased the content of mineral nitrogen in the soil in spring. In
autumn and spring, on every object the highest concentration of nitrate ions was noted
than ammonium ions.

3. The top layer of soil characterized with higher mineral nitrogen content than the
lower layer.
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Katedra Szczegó³owej Uprawy Roœlin
Akademia Podlaska w Siedlcach

Abstrakt: Celem przeprowadzonych badañ by³o okreœlenie wp³ywu wsiewek miêdzyplonowych i miêdzy-
plonów œcierniskowych na zawartoœæ mineralnych form azotu oznaczonego w profilu glebowym jesieni¹
i wiosn¹.

Badania polowe przeprowadzono w RSD w Zawadach nale¿¹cej do Akademii Podlaskiej w Siedlcach.
W doœwiadczeniu badano nastêpuj¹ce kombinacje miêdzyplonów: obiekt kontrolny (bez miêdzyplonu),
wsiewka miêdzyplonowa – biomasa przyorana jesieni¹ (koniczyna bia³a, ¿ycica wielokwiatowa), miêdzyplon
œcierniskowy – biomasa przyorana jesieni¹ (rzodkiew oleista), miêdzyplon œcierniskowy – biomasa pozosta-
wiona do wiosny w formie mulczu (rzodkiew oleista). Zawartoœæ jonów amonowych i azotanowych
oznaczono dwukrotnie, tj. jesieni¹ i wiosn¹, w dwóch warstwach gleby (0–30 i 31–60 cm). Otrzymane wyniki
pozwalaj¹ stwierdziæ, i¿ wprowadzenie do uprawy miêdzyplonów zmniejsza³o zawartoœæ azotu mineralnego
w glebie jesieni¹, a zwiêksza³o wiosn¹. Najwiêksze stê¿enie jonów amonowych i azotanowych odnotowano
w glebie wiosn¹, po przyoraniu koniczyny bia³ej. Mulczowanie powierzchni gleby w okresie zimy
miêdzyplonem œcierniskowym z rzodkwi oleistej zmniejsza³o zawartoœæ azotu mineralnego wiosn¹.

S³owa kluczowe: wsiewka miêdzyplonowa, miêdzyplon œcierniskowy, mulcz, azot mineralny, gleba
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