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Abstract

At present, chlorine counts as one of the elements which are essential for growth
and development of plants because it plays an important role in main physiological proces-
ses as well as in plant protection against diseases. In Poland, the problem of chlorine shor-
tage does not appear, therefore there are no studies on its present concentration and ac-
cumulation in field crops. However, the content of chlorine in plants and their tolerance
to its excess in soil are varied. Under conditions of its high availability in the environment,
its excessive accumulation is possible because chlorine is easily taken up from soil and
directly from air. The aim of this study has been to find out the concentration and accu-
mulation of chlorine in winter oilseed rape organs in dependence on N and Cl supply from
the flowering up to the full maturity phase. The experiment was conducted in a greenho-
use of IUNG-PIB, in Mitscherlich pots, where winter oilseed rape was cultivated. The first
experimental factor was nitrogen fertilization (1.4 and 2.8 g pot-1) and the second was chlo-
rine application (0, 0.47, 0.97 and 1.42 g pot-1). Chlorine concentration in plants was de-
pendent on N dose, which caused its decrease, and on Cl dose, which resulted in its incre-
ase. The most abundant in chlorine were leaves while flowers and developing siliques
contained the least of this element. Chlorine accumulated mainly in rape leaves. The accu-
mulation of chlorine in oilseed rape increased under higher plant supply in N and Cl. The
experimental plants showed a moderate supply in Cl, except the object fertilized with the
highest dose of chlorine.

Key words: nitrogen, chlorine doses, yielding, dynamic of chlorine uptake.
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WP£YW NAWO¯ENIA NA ZAWARTOŒÆ I POBIERANIE CHLORU
PRZEZ RZEPAK OZIMY W WARUNKACH DOŒWIADCZENIA WAZONOWEGO

Abstrakt

Obecnie chlor zaliczony jest do grupy sk³adników pokarmowych niezbêdnych do wzro-
stu i rozwoju roœlin, poniewa¿ odgrywa wa¿n¹ rolê w g³ównych procesach fizjologicznych
w roœlinach oraz w ich ochronie przed chorobami. W Polsce nie wystêpuje problem niedo-
boru tego sk³adnika, w zwi¹zku z czym nie s¹ prowadzone badania nad jego aktualn¹ za-
wartoœci¹ i akumulacj¹ w roœlinach uprawy polowej. Jednak¿e zawartoœæ chloru w roœli-
nach, a tak¿e ich tolerancja na jego nadmiar w glebie jest zró¿nicowana. W warunkach
du¿ej dostêpnoœci w œrodowisku mo¿e dojœæ do jego nadmiernej akumulacji, poniewa¿ chlor
jest ³atwo pobierany przez roœliny z gleby i bezpoœrednio z powietrza. Celem badañ by³o
poznanie zawartoœci i akumulacji chloru w organach rzepaku ozimego, w zale¿noœci od za-
opatrzenia w N i Cl, w czasie od kwitnienia do dojrza³oœci pe³nej roœlin. Doœwiadczenie pro-
wadzono w hali wegetacyjnej IUNG-PIB, w wazonach Mitscherlicha, w których uprawiano
rzepak ozimy. Pierwszym czynnikiem doœwiadczenia by³o nawo¿enie azotem (1,4 i 2,8 g wa-
zon-1), a drugim – stosowanie chloru (0, 0.47, 0.97 i 1.42 g Cl wazon-1). Zawartoœæ chloru
w roœlinach rzepaku zale¿a³a przede wszystkim od dawki N, która wp³ywa³a na jej obni¿e-
nie, i dawki Cl, która wp³ywa³a na wzrost koncentracji tego sk³adnika. Najbardziej zasobne
w chlor by³y blaszki liœciowe, a najmniej – kwiaty i rozwijaj¹ce siê ³uszczyny. G³ównym
miejscem gromadzenia chloru by³y liœcie. Akumulacja chloru w rzepaku wzrasta³a w wa-
runkach wiêkszego zaopatrzenia roœlin w azot i chlor. Roœliny doœwiadczalne wykazywa³y
œrednie zaopatrzenie w chlor z wyj¹tkiem obiektu nawo¿onego najwy¿sz¹ dawk¹ chloru.

S³owa kluczowe: azot, dawki chloru, plonowanie, dynamika pobierania Cl.

INTRODUCTION

Although information relating to chlorine appeared as early as the mid-
19th century (TOTINGHAM 1919 – after FIXEN 1993), this element was not tak-
en into consideration in plant cultivation until the 1970s, when it was dem-
onstrated that it could play an important role in plant production and this
finding stimulated further studies on Cl- effect on the growth and develop-
ment of some crops (JOHNSON et al. 1957, FIXEN 1993). Nowadays, chlorine as
a microelement is considered as one of the 16 nutrients essential for plant
growth. The main physiological role of chlorine is its participation in photo-
synthesis, activation of some enzymes, management of water status in the
plant and plant protection against diseases (FIXEN 1993). Under the condi-
tions present in Poland, chlorine deficit in plants practically does not occur,
which is why it is not taken into consideration during preparation of field
crops fertilization plans. In Polish literature, there are only few reports re-
lated to chlorine concentration in field crops. However, chlorine is the aim
of studies as a fertilizer component in cultivation of some vegetables
(NURZYÑSKI 1974, UZIAK et al. 1982, KOWALCZYK et al. 2008) or fodder plants
(MICHA£EK 1992). Is it also examined as a biomass element of energy plants
(BORKOWSKA, LIPIÑSKI 2007).
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The aim of this study has been to find out the concentration and accu-
mulation values of chlorine in oilseed rape organs in dependence on plants’
supply with N and Cl.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse, in Mitscherlich pots
filled with 6.5 kg of soil. Winter oilseed rape var. Liropa was grown, with 5
plants per pot. The first experimental factor was nitrogen dose: 1.4 and 2.8
g N per pot and the second factor was chlorine application (g per pot): 0.47,
0.97 and 1.44, which were compared to an object without chlorine supply
(control). Phosphorus, potassium, magnesium and some microelements were
applied in the same doses to all the pots, and plants were watered with
distilled water. Plants were harvested during the following developmental
stages assigned according to BBCH scale: T1 – 61 (flowering), T2 – 71
(beginning of seed development), T3 – 81 (beginning of seed maturity) and
T4 – 89 (full maturity). Chlorine concentration was analyzed using an
X-Unique II device produced by Philips. Three pots from each fertilizer ob-
ject were harvested on each term of harvest. The data presented in this
paper are mean values for objects and years of the study. The results were
statistically calculated with using of Statgraphics Plus 5.1 program.

RESULTS AND DISCUSSION

It is known nowadays that chlorine occurs in plants as free anions or
loosely bound with places of exchange and is presents in more than 130
organic compounds (ENGVILD 1986). Chlorine concentration in cv. Liropa
oilseed rape was dependent on nitrogen and chlorine doses, plant organs
and, to a smaller degree, developmental phases of plants (Table 1). These
observations are in accord with the research completed by BAR-TSUR and
RUDICH (1987) and FIXEN (1993). The richest in Cl were leaves, and the poor-
est – flowers and developing siliques. The Cl content in stems and leaves
was in the middle position. According to KOWALCZYK et al. (2008) and VAN

STEVENINCK et al. (1988), concentration of chlorine in leaves reflects its avail-
ability in soil or nutrient solution. Chlorine content in leaves is closely con-
nected with its concentration in chloroplasts because when chlorine defi-
ciency occurs in nutrient solution, its concentration in chloroplasts decreases.
High concentration of chlorine in leaves reflects its important role in photo-
synthesis and can have a close relationship with plants’ resistance against
diseases (FIXEN 1993), analogously to sulphur (PODLEŒNA et al. 2005). Accord-
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ing to XU et al. (2000), flowers have less Cl than the other organs. Besides,
these authors stated that fruits and seeds, which are predominantly fed by
phloem, are characterized by low concentration of Cl ions. The chlorine con-
centration determined in seeds remained on a level of an average concen-
tration found in stems and was not dependent on this nutrient’s dose while
wheat straw contained more chlorine than grain. Higher nitrogen fertiliza-
tion increased chlorine concentration in seeds but decreased it in leaves,
stems and roots, which can be explained by dilution effect in the enlarged
mass of plants (the data are not presented). Chlorine concentration in oilseed
rape increased under conditions of its greater availability, like in spring
wheat (FIXEN 1993) and cotton (BAR-TSUR, RUDICH 1987), which results from
the ease at which chlorine ions are taken up by plants and from efficient
translocation of chlorine over short and long distances in plants (MARSCHNER

1995). As oilseed rape plants matured, an increase of Cl concentration in
some organs was observed, which can be explained by its passive uptake by
roots and high mobility (MARSCHNER 1995). However, SCHUMACHER (1988 – after
FIXEN 1993) found that its content in spring wheat had an increasing tenden-
cy 1-2 weeks before heading and then decreased. According to UZIAK et al.
(1982), chlorine concentration in plants is an important indicator of their
supply in this element with respect to their sensitivity to Cl. These authors
observed a close relationship between retarded growth as well as inferior
yielding and high chlorine concentration in bean plants. According to JOHN-
SON et al. (1957), concentration about 0.007-0.01% Cl indicates shortage of this
element, while WHITE and BROADLEY (2001) recognize that deficit symptoms
are observed when Cl concentration in tissues is lower than 0.1-5.7 mg⋅g-1

dry mass. Toxicity occurs if chlorine content ranges between 4-7 mg⋅g-1 dry
mass in chlorine sensitive plants and 15-50 mg⋅g-1 dry mass in Cl tolerant
species. Based on these values and assuming that rape is not sensitive to
Cl, it is possible to state that the experimental plants showed a moderate
supply in Cl with the exception of oilseed rape, which received the highest
dose of chlorine. ARNOLD (1955 – after NURZYÑSKI 1974) maintains that the
degree of plants’ sensitivity to chlorine ions is not motivated because for
chlorine there is no upper or lower limit of tolerance. However, its excess
causes harm due to high salt concentration in general or to the shortage
of other nutrients.

The higher dose of nitrogen applied in the experiment caused an in-
crease of chlorine accumulation, mostly in leaves and seeds of oilseed rape
(Table 1), an effect that was also found in sugar beet (MORANGAN 1987). Fur-
thermore, it was observed that the total uptake of this element increased
together with a Cl dose and progressing growing season. This was the con-
sequence of elevated chlorine accumulation in leaves and stems. The small-
est amounts of Cl were found in flowers, which is in agreement with the
observations of WHITE and BROADLEY (2001).
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CONCLUSIONS

1. The biggest concentration and accumulation of chlorine was found
in leaves and the smallest - in flowers and young siliques.

2. Higher doses of N and Cl applied in the experiment had varied effects
on chlorine concentration in oilseed rape organs: chlorine caused an increase
in its concentration in plants while nitrogen had a depressing effect.

3. The highest dose of chlorine caused excessive Cl concentration
in oilseed rape plants, in contrast to its lower doses, which positively influ-
enced the mineral composition of plants.
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