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INTRODUCTION

The soil organic matter, especially its fraction
referred to as humus, is one of the fundamental
factors influencing the soil properties and fertility
(Malhi and Lemke 2007, Pranagal 2004, Ryan et al.
2008). The plant material in various stages of de-
composition and conversion is a source of the soil
organic matter, both in crop fields, as well as in forest
soils (Kondratowicz-Maciejewska et al. 2012). In
agricultural soils, its main source are natural and
organic fertilizers as well as crop residues. Deepening
organic carbon deficit in soils is a very common
problem associated with intensive crop production
under conditions of limited use of organic fertilizers
(Pranagal 2004). It is estimated that most of soils have
lost 30–75% of the organic carbon resulting from
cultivation (Lal et al. 2007). Deficit of the soil organic
matter (SOM) is the largest, the better is the soil aeration
(Baledesdent et al. 2000, Gonet 2007), which is a func-
tion of particle size composition, soil structure, mo-
isture conditions, and the frequency and type of til-
lage applied. Hence, to maintain the fertility and pro-
ductivity of soils, any action aimed at in preservation
or increasing their abundance in organic matter,
is undertaken, including the use of appropriate crop
rotations (Fortuna et al. 2008, Ryan et al. 2008).
Moreover, it promotes the carbon sequestration and
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Influence of legume crops on content of organic carbon in sandy soil

Abstract:  The paper presents the results of a 3-year field experiment designed to evaluate the content of organic carbon in brown
soil (Haplic Cambisol Dystric) developed from a light loamy sand under legumes cultivation. Experimental factors were: species of
legume crop (colorful-blooming pea (Pisum sativum), chickling vetch (Lathyrus sativus), narrow-leafed lupin (Lupinus angustifo-
lius), methods of legumes tillage (legumes in pure culture and in mixture with naked oats) and mineral N fertilization (0, 30, 60, 90
kg N·ha–1). Cultivation of legumes on sandy soil did not result in an increase of organic carbon content in the soil after harvest as
compared to the initial situation, i.e. 7.39 vs. 7.76 g·kg–1 dry matter (DM), on average, respectively. However, there was the beneficial
effect of this group of plants on soil abundance in organic matter, the manifestation of which was higher content of organic carbon in
soils after legume harvest as compared to soils with oats grown (7.21 g·kg–1 DM, on average). Among experimental crops, cultivation
of pea exerted the most positive action to organic carbon content (7.58 g·kg–1, after harvest, on average), whereas narrow-leaved
lupin had the least effect on organic carbon content (7.23 g·kg–1, on average). Pure culture and greater intensity of legume cultivation
associated with the use of higher doses of mineral nitrogen caused less reduction in organic carbon content in soils after harvest.
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thus reduces the greenhouse effect (Derner and Schu-
man 2007, Lal et al. 2007).

One of the methods to counteract adverse changes
of soil property is to increase the participation of
humus-forming crops in a rotation. Many authors
indicate that the cultivation of legumes (Papilionaceae)
favors the accumulation of humus in the soil and also
increases the soil nitrogen pool (Drinkwater et al.
1998, Fortuna et al. 2008, Odunze 2003, Podleœny
2005, Yadav et al. 2003, Rutkowska and Piku³a 2013).
Due to the good chemical composition, legumes are
an important component of high-protein feed, as well
as a valuable component of the human diet. However,
as far, legumes make up a small part in crop structure
in Poland (about 2.5%), whereas in Western Europe
it reaches 5% (Podleœny 2005).

The aim of the study was to evaluate the effect of
selected legume crops grown in a pure stand and in
mixtures with oats on sandy soils, on the content of
organic carbon in soil.

MATERIALS AND METHODS

The strict field experiment in the triple-factorial
system by means of randomized sub-blocks (split-
split-plot) in 4 replicates was carried out in Lubliniec
Nowy near Lubaczów between 2003 and 2005. The
experiment was conducted on light dystrophic soil



53Influence of legume crops on content of organic carbon in sandy soil

(Haplic Cambisol Dystric) developed from light
loamy sand on loose sand deposited on a depth of 50
cm, of middle quality (good rye complex and quality
class IV b). The area of harvesting plots was 16 m2.
Winter rye was the forecrop. Experimental factors
were as follows:

(I) – species of legume crop: colorful-blooming
pea ('Sokolik' cv. at density of 125 plants·m–2, chickling
vetch ('Derek' cv. – 80 plants·m–2), narrow-leafed
lupin ('Sonet' – 125 plants·m–2);

(II) – methods of legumes tillage: legumes in pure
culture and in mixture (at proportion of 50% of norms
recommended for their pure culture) with naked oats
('Bajka' cv. – 550 plants·m–2);

 (III) – levels of N fertilization: A – control (without
nitrogen nutrition); B – feeding with 30 kg N·ha–1;
C – feeding with 60 kg N·ha–1; D – feeding with 90
kg N·ha–1.

Nitrogen fertilization was performed after sowing.
In low-cost objects (B), nitrogen nutrition was
applied in full in spring with a dose of 30 kg N·ha–1

at the shooting phase of cereals. With the medium-
cost growing level, the nitrogen fertilization was
divided into equal doses: 30 kg N in spring and 30 kg
N·ha–1 at the shooting phase of cereals, whereas at the
high-cost (D) – 50 kg N was applied in spring and 40
kg N·ha–1 at the shooting phase of cereals. Phosphorus-
potassium nutrition was constant at the level of 80 kg
P2O5·ha–1 (in the form of triple superphosphate – 46%)
and 120 kg K2O·ha–1 (in the form of potassium salt –
60%).

Each year, soil samples for laboratory analyses
were collected from the topsoil of individual objects
after crop harvest using the sampling stick. The organic
carbon content in soil samples was determined by

means of the Tiurin method. General physicochemical
properties of soils and available forms of macronu-
trients were determined by methods generally accepted
in the agricultural-chemical laboratories (Ostrowska
et al. 1991). Basic physicochemical and chemical
properties of soils before experiment are shown in
Table 1.

The results obtained were subject to fundamental
statistical processing (using Statistica 8 software) by
calculating arithmetic mean, standard deviation, and
straight correlation coefficients between means. The
triple-factorial variance analysis was also performed
by calculating the least square differences (LSDp=0.05)
between means applying Tukey procedure for
experiments from particular regions, although these
differences were statistically insignificant.

RESULTS AND DISCUSSION

The average content of organic carbon in soils after
the legumes cultivation was 7.39 g·kg–1 DM of soil,
which was lower content in comparison with the
situation before growing (7.76 g·kg–1 DM, on average)
(Table 2). Therefore, the experiment results did not
confirm the observations of many authors that culti-
vation of legumes increases the content of this element
in soils after harvest (Adeboye et al. 2006, Ba³uch
and Benedycki 2004, Gawe³ 2011, Ryan et al. 2008).
Kirchman et al. (2007) compared the influence of
organic (taking into account the legumes) and conven-
tional tillage on the soil properties. The authors
(Kirchman et al. 2007) recorded the decrease in
organic carbon content in soils of both systems, but
much lesser in organic variant. It can be assumed that
the mineralization of organic matter in sandy soil

TABLE 1. Selected properties of the
examined soil before the experiment
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occurred at faster rate during the study period than
organic matter gains from crop residues. Experiment
involving the cultivation of legumes on silty soil carried
out in an identical period (Hajduk et al. 2013) revealed
an increase in the amount of organic carbon after
harvest. This is confirmed by the observations of
Gawe³ (2011), who noted that the organic matter
reproduction rate, in the case of cultivation of legumes
and their mixtures, was positive and the greater the
heavier soil. Alegre et al. (2004) draw attention to
the impact of environmental moisture conditions on
the return of organic matter to the soil and grown with
woody forms of legumes under conditions of semi-arid
climate. Perhaps, less water in sandy soils (compared
to dusty ones) affected the lesser accumulation of
organic carbon. It should be noted, however, that the
content of organic carbon in the experimental soils
after harvest of oats grown under similar conditions,
was even lower – 7.21 g·kg–1 DM, on average, which
showed that the cultivation of legumes reduces the
losses of organic matter as a result of the cultivation
(Table 2). Similarly, the long-term study conducted
by Rutkowska and Piku³a (2013) at Grabów (Poland)
on soil classified as light loamy and sand texture showed
that the most important factor which stabilizes organic
carbon content in agricultural soils was crop rotation
with legumes.

Species of plant grown can significantly differentiate
the organic matter content in the soil (Alegre et al.
2004, Ba³uch and Benedycki 2004, Hajduk et al.
2013). Among the experimental crops, the pea cultivation
had the most advantageous effect on the content of
organic matter in soil after harvest (7.58 g C·kg–1 DM,
on average), whereas lupin – relatively the worst
effect on the content of organic matter (7.23 g C·kg–1

DM, on average). However, differences between
means were statistically insignificant (Table 3). For
each of the cultivated legume species, the pure culture
left more organic matter in the soil as compared to
their mixtures with oats. The smallest difference
between the organic carbon content of in soil after
cultivation in pure culture and mixes with oats was
observed for the pea. According to Gawe³ (2011),
mixtures of fine-grain legumes with grasses provide
25–27% more crop residues than legumes in the pure
culture.

Mercik et al. (2005) noted that the content of Corg,
under conditions of long-term fertilization experiments,
increases as a result of intensive mineral nutrition both
with and without application of manure. Legumes,
due to symbiosis with Rhizobium bacteria, are capable
of fixing atmospheric nitrogen. However, this
cooperation is effective at a later stage of the growing
season. Hence, some positive effect of small doses of
mineral nitrogen applied into the soil on the yield of
legumes was observed (Sparrow and Panciera 2001).
In the present experiment, impact of three rates of
nitrogen fertilization (0, 30, 60, and 90 kg N·ha–1) on
organic carbon resources in soils after crop harvest
was analyzed and the increasing trend was recorded
(Table 3): 7.28, 7.36, 7.41, 7.47 g C·kg–1 DM,
respectively. Ryan et al. (2008) found a similar tendency
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in crop rotation with legumes. In the experiment
involving 3 legume plants (soybean, cowpea, Cen-
trosema pascuorum), Adeboye et al. (2006) observed
the highest content of organic carbon in the soil at a
dose of 20 kg N·ha–1. These authors also observed a
tendency to reduce the amount of water-soluble
organic carbon fraction along with increasing the
nitrogen fertilization. Adeboye et al. (2006) also
noticed the largest amount of soil microbial biomass
C in variant without nitrogen nutrition. On the other
hand, Ba³uch and Benedycki (2004) recorded various
effect of mineral fertilization on the content of organic
matter in soil during the five-year experiment with
legume-grass mixtures. Usually the most preferable
effect in this case, was shown by the dose 60 kg N·ha–1.

The present study revealed statistically significant
positive correlations between the organic carbon con-
tent and hydrolytic acidity of the soil, the sum of
exchangeable alkali or the capacity of the soil sorption
complex relative to the cations (Table 4). Also, contents
of the total and available forms of potassium and
magnesium were proportional to the amount of organic
C in soil after the cultivation of legumes. Adeboye et
al. (2006) found positive correlation between the content
of organic carbon and soil pH in an experiment involving
legumes. The present experiment did not reveal such
a relationship, however contents of total and available
forms of potassium and magnesium was proportional
to the amount of organic C in the soil after the legumes
growing. This highlights the beneficial effect of
legume crops on physicochemical and chemical
properties of studied soils. On the other hand, what
is surprising, a negative and statistically significant
correlation between the amount of organic carbon and
total nitrogen in experimental soils, was disclosed. It
should be emphasized that this is a result of a significant
enrichment of soils with nitrogen at decreasing the
amount of organic carbon. This results a substantial
narrowing of C/N ratio, which highly improves the
availability of nitrogen for plants.

CONCLUSIONS

1. Cultivation of legumes on sandy soil did not result
in a considerable increase of organic carbon content
in the soil after harvest as compared to the initial
situation. However, there was the beneficial effect
of this group of plants on soil abundance in organic
matter, the manifestation of which was higher content
of organic carbon in soils after legume harvest as
compared to soils with oats grown.

2. Among experimental crops, cultivation of pea exerted
the most positive action to organic carbon content,
while that of narrow-leaved lupin – the least.

3. Pure culture and greater intensity of legume culti-
vation associated with the use of higher doses of
mineral nitrogen, caused less reduction in organic
carbon content in soils after harvest.
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Wp³yw uprawy roœlin motylkowatych na kszta³towanie zawartoœci
wêgla organicznego w glebie piaszczystej

Streszczenie: W pracy przedstawiono wyniki 3-letniego doœwiadczenia polowego, którego celem by³a ocena zawartoœci wêgla
organicznego w glebie brunatnej dystroficznej, wytworzonej z piasku gliniastego lekkiego w warunkach uprawy roœlin bobowatych.
Czynnikami doœwiadczenia by³y: gatunek roœliny (groch barwnie kwitn¹cy, lêdŸwian siewny, ³ubin w¹skolistny), metody uprawy
roœlin str¹czkowych (roœliny str¹czkowe w siewie czystym oraz w mieszaninie z owsem) i nawo¿enie mineralne N (0, 30, 60, 90 kg
N·ha–1). Uprawa roœlin motylkowatych na glebie piaszczystej nie spowodowa³a znacznego zwiêkszenia zawartoœci wêgla organicz-
nego w glebach po zbiorze plonów w porównaniu do stanu wyjœciowego (œrednio odpowiednio 7,39 i 7,76 g·kg–1 s.m.). Jednak¿e
mo¿na zauwa¿yæ korzystny wp³yw tej grupy roœlin na zasobnoœæ gleb w materiê organiczn¹, czego przejawem by³a wy¿sza zawartoœæ
wêgla organicznego w glebach po zbiorze plonów roœlin bobowatych w porównaniu do gleb obsianych owsem (œrednio 7,21 g·kg–1

s.m.). Spoœród uprawianych roœlin najkorzystniej na kszta³towanie zawartoœci Corg wp³ynê³a uprawa grochu siewnego (œrednia po
zbiorze plonów 7,58 g·kg–1), najmniej korzystnie uprawa ³ubinu w¹skolistnego (œrednio 7,23 g·kg–1). Siew czysty oraz wiêksza
intensywnoœæ uprawy roœlin motylkowatych, zwi¹zana z zastosowaniem wiêkszych dawek azotu mineralnego, powodowa³y w mniej-
szym stopniu obni¿enie zawartoœci Corg w glebie po zbiorze plonów.

S³owa kluczowe: wêgiel organiczny w glebie, roœliny motylkowate, nawo¿enie azotowe
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