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Abstract

Strip cropping is a form of intercropping in which two or more species of plants are
grown in adjacent strips. Strips should be wide enough for independent mechanical culti-
vation, but sufficiently narrow to allow for interaction between species. This may affect
not only the size and structure of yield, but also the chemical composition of the plants.

The aim of this study was to assess the impact of strip cropping and different weed
control methods on the content of iron and manganese and uptake by dent maize. The
study was conducted on a private farm in the village of Frankamionka in the district of
Zamoœæ. It was run from 2004 to 2006. It consisted of a field experiment established on
soil with an average Fe and Mn content. The experimental factors were two methods of
cultivation: sole cropping and strip cropping (common bean, dent maize, and spring wheat
in adjacent strips), and three methods of weed control: mechanical (inter-row cultivation
applied twice), mechanical-chemical (the herbicide Gesaprim 90 WG 1.5 kg ha–1 + single
inter-row cultivation), and chemical (the herbicides Gesaprim 90 WG 1.5 kg ha–1 + Mila-
gro 040 SC 1.5 L ha–1). Maize was grown for silage and harvested at the milky-wax stage.
Iron and manganese in the dry matter of maize were determined by atomic absorption
spectrometry (AAS) after digestion in HNO3 (extra pure) in accordance with PN EN ISO
6869:2002.

On average for the experiment, strip cropping of maize with common beans and spring
wheat increased the iron and manganese content in maize crop in comparison with sole
cropping. The Fe and Mn content varied depending on the position of a row in strip crop-
ping. Location adjacent to beans was more conducive to iron accumulation in maize, but
reduced the manganese content. Strip cropping significantly increased the uptake of both
iron and manganese by maize. The iron content was the highest where mechanical weed
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control was applied, while manganese was the highest where herbicides alone were used.
The uptake of iron and manganese was the highest under the chemical weed control me-
thod. The results confirm the impact of strip cropping on the uptake of these minerals by
maize and their content in the maize.

Key words: maize, strip cropping, weed regulation, iron, manganese, content, uptake.

WP£YW METOD UPRAWY I REGULACJI ZACHWASZCZENIA NA ZAWARTOŒÆ
I POBRANIE Fe I Mn PRZEZ KUKURYDZÊ PASTEWN¥

Abstrakt

Uprawa pasowa jest form¹ uprawy wspó³rzêdnej i polega na uprawie dwóch lub wiê-
cej gatunków roœlin w s¹siaduj¹cych pasach. Szerokoœæ pasów powinna umo¿liwiæ zarówno
niezale¿n¹ mechaniczn¹ uprawê roœlin, jak i wzajemne oddzia³ywanie. To z kolei mo¿e wp³y-
waæ nie tylko na wielkoœæ i strukturê plonu, ale równie¿ na sk³ad chemiczny roœlin.

Celem pracy by³a ocena wp³ywu uprawy pasowej i metod regulacji zachwaszczenia na
zawartoœæ oraz pobranie ¿elaza i manganu przez kukurydzê pastewn¹. Eksperyment polo-
wy przeprowadzono w gospodarstwie indywidualnym po³o¿onym we wsi Frankamionka
w powiecie zamojskim, w latach 2004-2006, na glebie o œredniej zasobnoœci w Fe i Mn.
Badanymi czynnikami by³y dwa sposoby uprawy: siew czysty i uprawa pasowa (w s¹siadu-
j¹cych pasach fasola zwyczajna, kukurydza pastewna, pszenica jara) oraz trzy metody re-
gulacji zachwaszczenia: mechaniczna (2-krotne opielanie miêdzyrzêdzi), mechaniczno-che-
miczna (herbicyd Gesaprim 90 WG 1,5 kg ha–1 + jednokrotne opielanie miêdzyrzêdzi);
chemiczna (herbicydy Gesaprim 90 WG 1,5 kg ha–1+ Milagro 040 SC 1,5 l ha–1). Kukury-
dzê pastewn¹ uprawiano na zielonkê i zbierano w fazie dojrza³oœci mleczno-woskowej. Za-
wartoœæ ¿elaza i manganu w suchej masie kukurydzy oznaczono metod¹ absorpcyjnej spek-
trofotometrii atomowej (ASA) po mineralizacji w HNO3 (ekstra czystym), zgodnie z norm¹
PN-EN ISO 6869:2002.

Œrednio w doœwiadczeniu, uprawa pasowa kukurydzy z fasol¹ zwyczajn¹ i pszenic¹ jar¹
wp³ynê³a na zwiêkszenie zawartoœci ¿elaza i manganu w kukurydzy w porównaniu z upra-
w¹ w siewie czystym. Zawartoœæ Fe i Mn zmienia³a siê w zale¿noœci od po³o¿enia rzêdu
w uprawie pasowej. S¹siedztwo z pasem fasoli sprzyja³o gromadzeniu wiêkszej iloœci ¿elaza
w kukurydzy, zmniejsza³o zaœ zawartoœæ manganu. Uprawa pasowa wp³ynê³a na istotne
zwiêkszenie pobrania zarówno ¿elaza, jak i manganu z plonem kukurydzy. Zawartoœæ ¿ela-
za by³a najwiêksza w warunkach stosowania mechanicznej regulacji zachwaszczenia, zaœ
manganu tam, gdzie stosowano wy³¹cznie herbicydy.

Pobranie z plonem ¿elaza i manganu by³o najwiêksze w warunkach stosowania che-
micznej metody regulacji zachwaszczenia. Potwierdzono wp³yw uprawy pasowej na zawar-
toœæ oraz pobranie sk³adników mineralnych z plonem.

S³owa kluczowe: kukurydza, uprawa pasowa, regulacja zachwaszczenia, ¿elazo, mangan,
zawartoœæ, pobranie.

INTRODUCTION

Strip cropping is used in many regions of the world to protect soil against
water and wind erosion and to reduce losses due to leaching of minerals
(BUCUR et al. 2007, ROGOBETE, GROZAV 2011). It involves two or more crop
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species grown in strips wide enough to allow for independent mechanical
cultivation, yet sufficiently narrow so that interaction between species oc-
curs. This system affects not only crop yield but also nutrient content in
plants, with the strength and direction of these changes depending on
a nutrient and on the neighbouring crops (LI et al. 2001, G£OWACKA 2010).
Maize is often selected for strip cropping because it responds to the edge
effect with significant increases in yield. It has the potential to produce
large amounts of both silage and grain of high nutritional value. Maize plays
an important role as animal feed, food for people and raw material for vari-
ous industries (SZYMAÑSKA et al. 2009). Therefore, as with other plants, the
nutritional value and composition as well as proportions of nutrients in maize
are very important to the health of humans and animals (GRAHAM et al.
2007, WHITE, BROADLEY 2009).

In the Polish literature, few studies deal with the impact of strip crop-
ping on weed infestation, yield and the content or uptake of macronutrients
(BURCZYK 2003, G£OWACKA 2008, G£OWACKA et al. 2011). There have been no
reports on the impact of strip cropping on the iron and manganese content
in plants. Therefore, the aim of this study was to evaluate the impact of
strip cropping and sole cropping, together with weed control methods, on
the content and uptake of iron and manganese in maize.

MATERIAL AND METHODS

Field experiments were carried out in 2004-2006, on a private farm lo-
cated in the village of Frankamionka in the district of Zamosc. The experi-
ment was set up in a split-plot randomized block design in four replications.
It was conducted on clayey silt soil with granulometric composition, slightly
acid (pH in 1 mol KCl dm–3 6.5), containing 19 g kg–1 organic matter and
with an average content of available forms of manganese and iron (219.4-
-230.6 mg Mn kg–1, 904-912 mg Fe kg–1).

The experimental factors were as follows: 1) method of cultivation: a)
sole cropping, in which the size of plots was 23.75 m2 for sowing and 17 m2

for harvesting, with 10 rows of maize spaced at 50 cm, and b) strip crop-
ping, in which three crops – common bean, dent maize and spring wheat –
were grown side by side in strips of the width of 2.5 m each. Five rows of
maize were planted in each strip, spaced at 50 cm. The size of the maize
plots was 11.75 m2 for sowing and 10.5 m2 for harvesting; 2) method of
weed control: a) mechanical – inter-row cultivation twice; b) mechanical-
-chemical – the herbicide Gesaprim 90 WG 1.5 kg ha–1 (a.i. atrazine 135 g
ha–1) + inter-row cultivation; c) chemical – the herbicides Gesaprim 90 WG
1.5 kg ha–1 (a.i. atrazine 135 g ha–1) + Milagro 040 SC 1.5 L ha–1 (a.i.
nicosulfuron  60 g ha–1). The cultivar Veritis of dent maize (FAO 230-240)
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was sown between 25 April and 5 May. Mineral fertilization was applied
uniformly in the amount of 160 kg N ha–1, 40 kg P ha–1 and 108 kg K ha–1.
Maize was harvested at the milky-wax stage (BBCH 79/83), in the second
third of September. Spring wheat was harvested in the second third of Au-
gust (BBCH 89), and common beans in the last third of August or first week
of September (BBCH 88/89). A detailed description of the methodology of the
experiment can be found in an earlier study (G£OWACKA 2008). Meteorological
conditions during the years of the research are shown in Figure 1.

Each year prior to harvest, two maize plants were randomly collected
from middle rows of each plot. Additionally, from each plot with strip crop-
ping two maize plants were collected from the border rows adjacent to the
rows of common bean and spring wheat. After the plants were crushed,
dried and ground, the iron and manganese content in the samples (following
wet mineralization in extra pure HNO3) was determined by atomic adsorp-
tion spectroscopy (AAS) according to PN EN ISO 6869:2002. the results were
calculated on the dry weight basis. The analyses were performed at the
Agroecological Central Laboratory of the University of Life Sciences in Lub-
lin. The results were analyzed statistically using analysis of variance (KALA

2009). Differences between averages were evaluated by Tukey’s test. The
significance of differences was determined at a 95% confidence level.

Fig 1. Rainfall and air temperature in months April-August 2004-2006 against
the background of long-term means (1971-1988), according to the Meteorological Station
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RESULTS AND DISCUSSION

In the first year of the study, maize yield in the sole cropping was sig-
nificantly higher than in the strip cropping (Table 1). On average for the
study, however, maize yield was not significantly affected by the cropping
methods. Of the three methods of weed control, the mechanical method had
the least favourable effect on yield. The low maize biomass in this series
was probably due to the inadequate efectiveness of the mechanical weed
control treatments (ABDIN et al. 2000). The differences between the mechan-
ical-chemical and chemical methods were small and statistically insignifi-
cant. Some significant differences in the maize yield in successive years of
the study could be due to the weather conditions in the growing season.
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There was much less rainfall in 2005 and 2006 than in 2004 or than the
long-term average. Moreover in 2006 it was very unevenly distributed.

The iron content in plants is relatively high in comparison with other
micronutrients. It also varies markedly depending on the organ and the
developmental stage of the plant. In a study by SKOWROÑSKA and FILIPEK (2009),
the iron content was 15.5-29.0 mg kg–1 d.w. in the grain of maize, 47.5-
-77.0 mg kg–1 d.w. in leaves, and as high as 1,137.0-1,482.0 mg kg–1 d.w. in
roots. In the present study, the Fe content in the aboveground biomass of
maize ranged from 50.8 to 124.4 mg kg–1 d.w.; it varied significantly de-
pending on weather conditions in different years of the study, method of
cultivation and weed control method (Table 2). The iron content in the maize
grown in strip cropping with common bean and spring wheat was substan-
tially higher, by an average of 32%, than in sole cropping. ZANGH and LI
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(2003) also indicate that strip cropping affects not only crop yield, but also
the uptake and use of nutrients. Research by G£OWACKA (2011) shows that
the neighbouring plants in strip cropping affect the content of macronutri-
ents in maize. Plants in rows adjacent to common beans contain more phos-
phorus and less potassium than those from the middle rows and from rows
adjacent to wheat. LI et al. (2001) reported that wheat is more competitive
in the uptake of macronutrients such as N, P, and K than maize and soy
accompanying it in strip cropping. In the present study, too, the iron con-
tent in maize varied depending on the position of a row in a strip and the
adjacent plant. (Figure 2). On average, irrespective of the method of weed

Fig. 2. The influence of row position in a strip on the iron content in maize plants

control, the iron content in maize growing in rows adjacent to beans was
higher than in maize from middle rows or rows growing adjacent to wheat,
between which there was no pronounced difference. Changes in the iron
content in plants from individual rows were similar, irrespective of the meth-
od of weed control (Figure 3).

The manganese content in the aerial parts of a plant to some extent
depends on the properties of a species (SZTEKE et al. 2004, BOWSZYS et al.
2006, ROGÓ¯, NIEMIEC 2010, RACHOÑ et al. 2012) and can range widely from 20
to 500 mg kg–1 d.m. In our study, the manganese content in the maize
ranged from 8.4 to 28.3 mg kg–1 d.w. and was similar to that noted by
RABIKOWSKA and PISZCZ (2004), but much lower than what is reported to be
optimal in animal feed (GORLACH, 1991, FALKOWSKI et al. 2000).

Strip cropping decreased the manganese content in maize only in the
first year of the experiment. In the following years and on average for the
experiment, the manganese content was significantly higher in strip crop-
ping, by an average of 16.4%, than in sole cropping (Table 3). Differences in
the manganese content in maize depending on the crop adjacent to the row
of maize in a strip were different than in the case of iron. The lowest man-
ganese content was noted in rows adjacent to common bean, while the high-
est content was observed in middle rows (Figure 4). G£OWACKA et al. (2011)
reported that maize grown in a row adjacent to wheat contained more calci-
um than maize grown adjacent to beans. The ability of different plant spe-
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cies to take up minerals from soil is affected by the unequal valency and
cation exchange capacity of their roots (DRAKe et al. 1951). This exchange
capacity in dicotyledonous plants such as beans is twice that of monocots.
Moreover, the accumulation of available forms of manganese in soil can be
depressed by magnesium and calcium ions (SIENKIEWICZ et al. 2009). Our
analysis of changes in the manganese content in plants from each row un-
der different methods of weed control reveals that wherever the mechani-
cal-chemical and chemical methods were used, the manganese content was
the lowest in maize from rows adjacent to common beans. When mechani-
cal treatments alone were applied, the highest Mn content was in maize
from the center row, with insignificant differences between the rows border-
ing with beans and with spring wheat (Figure 5).

High-yielding crops contain smaller quantities of micronutrients per unit
weight in relation to their availability in soil than crops that produce less
biomass, because theformer are unable to take up from soil sufficiently large
amounts of nutrients, which in turn are ‘diluted’ in the high biomass of the
plant (CAKMAK 2004). This was confirmed in the present study with respect
to iron. The highest iron content was noted in the maize from sites where
mechanical weed control alone was used. Significantly less iron was accu-
mulated by plants when the mechanical-chemical or chemical method was
used. However, the differences between these methods were not significant
(Table 2). These methods were conducive to the production of large quanti-
ties of biomass by maize (Table 1). The negative correlation between the
volume of maize yield and the iron content in biomass is confirmed by the

Fig. 3. The influence of a row position in a strip and weed control method on the iron
content in maize plants
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Fig. 4. The influence of a row position in a strip on the manganese content in maize plants
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Pearson’s correlation coefficient (r = -0.471, p < 0.05). The manganese con-
tent, however, was the lowest in mechanically-weeded maize (Table 3). In-
ter-row cultivation repeated twice did not completely eliminate weeds from
maize rows; the dominant species of weeds, i.e. Echinochloa crus-galli,
Chenopodium album, and Galinsoga parviflora, are much more competitive
than maize in the uptake of manganese, containing 7-10-fold more of this
element, which could have resulted in its limited availability for maize.

The weather conditions substantially affected the iron and manganese
content in maize. The smallest amounts of Fe and Mn in the dry matter of
the maize were noted in 2005, which was characterized by low rainfall in
July and August. The highest iron content was observed in 2004, and the
highest manganese content appeared in 2006, the last year of the study
(Tables 2 and 3). The impact of weather conditions on the absorption of
micronutrients and their higher content in plants in years with more rain-
fall is also confirmed by the results of other experiments (RAJCAN, SWANTON

2001, SZTEKE et al. 2004, KLIKOCKA 2011).
The uptake of manganese and iron by plants is competitive, with Mn

activity greater than that of Fe, especially where pH is acidic (ROGÓ¯ 2009).
In our study, the manganese content in maize was positively correlated with
the iron content – r = 0.410 (p < 0.05). According to FALKOWSKI et al. (2000),
an optimal Fe/Mn ratio in maize for animal feed should be 1.5-2.5:1. When
the value is less than 1.5, symptoms of Mn toxicity and Fe deficiency ap-
pear, and when it is above 2.5 there is harmful excess of iron and symp-
toms of Mn deficiency. Therefore, it is important to maintain an appropriate

Fig. 5. The influence of a row position in a strip and weed control method
on the manganese content in maize plants
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balance between these two elements. However, the value of this ratio in
different species of plants has a much broader range, which appears to be
a taxonomic characteristic. In plants of the families Solanaceae, Brassicace-
ae, and Chenopodiaceae, the ratio is greater than 4, while for the families
Fabaceae and Poaceae the optimum Fe/Mn ratio is 2.5-4. In our experi-
ment, the Fe/Mn ratio was 4.9 in strip cropping and 4.6 in sole cropping,
which was close to that characteristic of the Poaceae family, but well above
the limit proposed for animal feed. The lowest Fe/Mn ratio was found in
maize grown with chemical weed control, while the highest was noted in
maize weeded mechanically (Table 4).

In a study by RABIKOWSKA and PISZCZ (2004), the uptake of manganese by
maize ranged from 128 to 375 g from 1 ha. The manganese uptake by maize
was similar in the present study: an average of 289 g per 1 ha (123-430.8 g
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from 1 ha). On average for the experiment, significantly more manganese
was taken up by maize grown in strip cropping with spring wheat and com-
mon beans than in sole cropping (Table 5). The least manganese was taken
up by maize from plots weeded mechanically, significantly more from plots
where the mechanical-chemical weed control was applied, and the most in
the case of chemical weed control. Pearson’s correlation coefficients confirm
a close relationship between the uptake and micronutrient content, r = 0.831
(p < 0.001), and between the uptake and yield, r = 0.819 (p < 0.001). On
average in the experiment, strip cropping significantly increased the uptake
of iron by maize compared to sole cropping (Table 6). The total uptake of
iron was the lowest when the mechanical weed control method was used.
A significantly higher uptake of micronutrients was noted for the mechani-
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cal-chemical and chemical methods of weed control. However, the differenc-
es between these two methods were not significant. The correlation analy-
sis confirmed no significant relationship between the iron uptake and maize
yield. Instead, it confirmed the close relationship between uptake of this
micronutrient and its content in the biomass of the maize, r = 0.691
(p < 0.001), which is consistent with results obtained by MAZUR and SIENKIE-
WICZ (2009).
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CONCLUSIONS

1. Strip cropping of maize with common beans and spring wheat signifi-
cantly increased both the content and uptake of iron and manganese by
maize in comparison with sole cropping.

2. The iron content was highest in the maize where the mechanical
method of weed control was used, while manganese content and iron and
manganese uptake was highest in the case of the chemical weed control.

3. The study confirms the influence of neighbouring plant species in
strip cropping on the uptake of different amounts of iron and manganese by
maize. Location next to common beans was more conducive to the accumu-
lation of iron in maize, but reduced the manganese content.
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