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INFLUENCE OF CROP ROTATION AND ROW SPACING 
ON WEED INFESTATION OF WINTER RAPE GROWN ON 
RENDZINA SOIL 
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Abstract. The aim of the research conducted on mixed rendzina soil (belonging to 
bonitation class IIIb and to defective wheat complex) in the Experimental Farm Bezek 
located near Chełm (51°19’ N; 23°25’ E) was to study the influence of 3-year crop 
rotation with the part of winter rape being 33, 66 and 100%, as well as of its different row 
spacing (25 and 33 cm) on the number, mass and species composition of weeds. Air dry 
mass of weeds in a winter rape canopy was not significantly modified by the part of rape 
in the crop rotation. However, significantly higher number of monocotyledonous weeds 
and weeds in total was noted in the rape grown at wider row spacing (33 cm). Papaver 
rhoeas L. was the predominant taxon constituting major mass of the weed infestation. The 
number of plants of this species was the greatest in the rape grown in monoculture as well 
as on plots with wider row spacing.  

Key words: Papaver rhoeas, rape monoculture, rape part in crop rotation, weed 
infestation structure 

INTRODUCTION  

In the recent years winter rape has been grown on a larger scale as a biofuel plant 
providing an alternative raw material for the fuel production. It is estimated that in 
Poland for the fuel purposes, apart from the yet farmed field, additionally, 
approximately 1-1.5 million ha can be sown [Jeżowski 2001, Tys et al. 2003]. On 
compact soils, such as rendzina soil, which are included in the group of minute soil, 
clay and loam, winter rape should be sown after forecrops early harvested from the field 
[Rudnicki et al. 2005]. General predominance of cereals in the sowing structure (74% in 
2008) limits the availability of good forecrops for winter rape [Rocznik Statystyczny... 
2009]. Therefore, it often has to be sown after cereals. In Poland 75 to 80% of winter 
rape is sown after cereals or after itself. Growing winter rape on such a phase of the 
crop rotation creates additional risk of occurrence of oppressive weed species, pests and 
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diseases [Kostrzewska and Zawiślak 2003, Statistical Yearbook 2009]. Weeds, apart 
from competing with crops, cause excessive raising of the top of the winter rape sprout 
over the soil surface as well as greater risk of frosting [Paradowski 2004].  

The aim of the experiment was to find out to what degree the growing part of winter 
rape in crop rotation and the diverse row spacing affect the number and species 
composition of weeds occurring in a canopy of this plant grown on rendzina soil.  

MATERIAL AND METHODS 

The experiment was conducted in the Experimental Farm Bezek located near Chełm 
(51°19’ N; 23°25’ E) in the years 2007-2009 with the use of random blocks method in 
four replications on mixed rendzina soil formed in the cretaceous age with 
granulometric composition of the dusty clay, belonging to the bonitation class IIIb and 
to the defective wheat complex. This soil was characterized by its base reaction (pH in  
1 mole KCl was 7.35). Its sorption complex was characterized by the high content of 
phosphorus and potassium as well as by very low content of magnesium (P – 117.8,  
K – 242 and Mg – 19 mg in a kg of soil, respectively). The content of organic carbon 
reached the high level of  2.47%. 

The research included 3-year crop rotation with various proportion of winter rape: 
A) 33%: winter wheat – winter wheat – winter rape, B) 66%: winter rape – winter wheat 
– winter rape, C) 100%: winter rape – winter rape – winter rape. The second experiment 
factor was the row spacing of rape, being 25 and 33 cm. The only interference in the 
setting of the seeder was activating every second coulter (spacing of 25 cm) and every 
third (spacing of 33 cm), which resulted in decreasing the sowing standard from 5 to  
4 kg of the coated seed material per 1ha, and hence in decreasing the planting of winter 
rape which on average was 70 plants·m-2 (spacing of 25 cm) and 57 plants·m-2 (spacing 
of 33 cm).  

In autumn, before sowing winter rape, 30 kg·ha-1 N in the form of ammonium 
sulphate was applied (21% N), 45 kg·ha-1 P in the form of triple superphosphate (46% 
P2O5) and 120 kg·ha-1 K in the form of potassium salt (60% K2O). Under wheat 30 
kg·ha-1 P and 80 kg·ha-1 K was supplied. In spring, before the start of vegetation, winter 
rape was supplied with the second dose of 80 kg·ha-1 N and the third one (30 kg·ha-1) at 
the stage of budding.  

Cultivatoring was conducted after harvesting the forecrop. After about 7 days 
phosphoric-potassic fertilizers were applied and the sow ploughing was conducted. 
Then, after the soil rested (app. 10 days), the first dose of nitrogen was sown under 
winter rape and harrowing was carried out with the use of a medium harrow. Winter 
rape of the variety Castille was sown according to weather conditions in respective 
years from the 25th to 30th of August. Cruiser OSR 322 FS was applied to the coated 
seed material. 

In autumn, at the stage of one pair of winter rape leaves, Fusilade Forte 150 EC was 
applied against monocotyledonous weeds at a dose of 1.0 dm3·ha-1 (125 g of fluazifop-
P-butyl/lit of the preparation) as well as against dicotyledonous weeds Butisan Star 416 
SC at a dose of 3 dm3·ha-1 (333g of metazachlor and 83g of chinomerak in 1 dm3 of the 
preparation). In spring, after the start of vegetation, dicotyledonous weeds were 
controlled with Galera 334 SL herbicide in the amount of 0.35 dm3·ha-1 (267 g of 
chlopyralid + 67 g of pikloram in 1 dm3 of the preparation). Protection of winter rape 
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against pests and diseases was carried out in accordance with the current 
recommendations. Protection of winter wheat against dicotyledonous weeds was based 
on applying in spring, at the stage of spread, Chwastox Turbo 340 SL – Sarzyna 
(MCPA 250 g·dm-3 + dikamba 40 g·dm-3) at a dose of 2.5 dm3·ha-1, however common 
windgrass and common wild oat after the start of vegetation, were treated with Puma 
Universal 069 EW herbicide (fenoxaprop-P-ethyl 69 g·dm-3 + mefenpyr diethyl 75 
g·dm-3) in the amount of 1.2 dm3·ha-1. 

The condition of weed infestation of a winter rape canopy was determined with the 
use of the quantity-weight method 60 days after the spring application of herbicides. 
The number, species composition and air dry mass of the aboveground parts of weeds 
were determined. Evaluation of the weed infestation was carried out on every plot by 
appointing randomly 2 places limited with a frame of the area of 0.5 m2. 

Thus obtained results were statistically elaborated with the use of the analysis of 
variance while the differences, proved with the risk of error less than or equal to 5%, 
were considered as significant, and their significance was verified by Tukey’s test. 
Calculations were carried out with the ARSTAT statistical tool pack created in the 
Faculty of Applied Mathematics and Information Technology at the University of Life 
Sciences in Lublin. 

RESULTS 

The analysis of the species composition of weeds occurring in a winter rape canopy 
shows that the predominant species was Papaver rhoeas L. (Table 1). Regardless of 
varied row spacing, greater number of this species was noted where rape was sown after 
rape than on other plants in the crop rotations. The number of  Papaver rhoeas L. plants 
also depended on the row spacing as in a winter rape canopy sown with the spacing of 
33 cm there was more of it than with the spacing of 25 cm. Dicotyledonous species in 
large intensification also included Capsella bursa-pastoris (L.) Medic., Viola arvensis 
Murray and Galium aparine L. Their number was slightly higher on the plots with  
a greater row spacing. However, changes in the number of plants of this species under 
the influence of the forecrop were not observed. Among monocotyledonous species 
Agropyron repens (L.) Gould. was predominant as well as  Eqisetum arvense L. which 
was included in this group conditionally, belonging to the phylum Pteridophyta. The 
number of the species was greater on plots with the row spacing of rape being 33 cm 
compared to the row spacing of 25 cm. Crop rotation also visibly affected their number.  
Agropyron repens (L.) Gould. most numerously occurred on the plots with 66% part of 
winter rape, and Eqisetum arvense L. in 3-year monoculture of winter rape. 

The fewest of the weed species, both monocotyledonous and dicotyledonous, were 
found in winter rape sown after 2-year cultivation of winter wheat (A). In total, there 
occurred 17 species: 13 dicotyledonous and 4 monocotyledonous (Table 1). The 
greatest species variety of the segetal flora was distinguishable for the crop rotation with 
66% and 100% proportion of winter rape, where 21 and 20 weed species were found. 
Worth noting is also the greater number of monocotyledonous and dicotyledonous weed 
species occurring on the plots with 33 cm of row spacing compared to the row spacing 
of 25 cm. 
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Table 1. Species composition and the number of weeds per 1 m2 of winter rape canopy 
depending on the crop rotation and the row rotation  

Tabela 1. Skład gatunkowy i liczba chwastów na 1 m2 łanu rzepaku ozimego w zależności od 
zmianowania i rozstawy rzędów 

  

Species – Gatunek 
Crop rotation  
Zmianowanie  

Row spacing 
Rozstawa rzędów  

cm 
Mean 

Średnia 
A* B C 33 25 

Dicotyledonous – Dwuliścienne 
Papaver rhoeas L. 30.0 33.8 47.4 41.2 33.0 37.1 
Capsella bursa-pastoris (L.) Medic. 10.5 11.1 12.0 11.6 10.8 11.2 
Viola arvensis Murray 6.5 7.9 5.4 8.2 5 6.6 
Galium aparine L. 4.0 5.6 6.9 6.7 4.3 5.5 
Veronica persica Poir. 1.8 2.0 2.6 1.9 2.3 2.1 
Stellaria media (L.) Vill. 0.5 1.1 1.4 1.7 0.3 1.0 
Matricaria maritima L. subsp. inodora 0.3 0.6 0.9 0.7 0.5 0.6 
Anthemis arvensis L. 0.5 0.4 0.5 0.4 0.6 0.5 
Convolvulus arvensis L. 0.3 0.2 0.3 0.4 0.2 0.3 
Galeopsis tetrahit L. 0.3 0.2 0.1 0.2 0.2 0.2 
Galinsoga parviflora Cav. 1.2 0.8 0.3 0.6 1.0 0.8 
Sonchus arvensis L. 0.2 0.1 0.1 0.1 0.1 0.1 
Amaranthus retroflexus L. 0.2 0.4 – 0.3 0.1 0.1 
Anagallis arvensis L. – 0.1 0.3 0.1 0.1 0.1 
Lamium amplexicaule L. – 0.1 0.3 0.1 0.1 0.1 
Fallopia convolvulus L. – – 0.3 0.2 – 0.2 
Euphorbia helioscopia L. – 0.2 – 0.1 – 0.1 
Total number of dicotyledonous weeds 
Razem chwasty dwuliścienne 56.3 64.6 78.8 74.5 58.6 66.6 

Number of dicotyledonous species  
Liczba gatunków dwuliściennych 13 16 15 17 15  

Monocotyledonous – Jednoliścienne 
Eqisetum arvense L.** 2.8 3.1 4.8 4.7 2.4 3.6 
Agropyron repens (L.) Gould 3.8 4.4 1.6 3.8 2.7 3.3 
Echinochloa crus-galli (L.) Beauv. 2.7 2.8 1.9 2.8 2.1 2.5 
Avena fatua L. 0.7 1.1 1.1 1.5 0.4 1.0 
Poa annua L. – 0.2 – 0.2 – 0.1 
Total number of monocotyledonous weeds 
Razem chwasty jednoliścienne 10.0 11.6 9.4 13.1 7.6 10.3 

Number of monocotyledonous species 
Liczba gatunków jednoliściennych 4 5 5 5 4  

Total number of weeds  
Liczba chwastów ogółem   66.3 76.2 88.2 87.6 66.2 76.9 

Number of species  
Liczba gatunków ogółem   17 21 20 22 19  

* A – winter wheat – winter wheat – winter rape – pszenica ozima – pszenica ozima – rzepak ozimy 
   B – winter rape  – winter  wheat – winter rape – rzepak ozimy – pszenica ozima – rzepak ozimy   
   C – winter rape  – winter rape  – winter rape – rzepak ozimy – rzepak ozimy – rzepak ozimy 
** Class – Gromada  Pteridophyta  
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Crop rotation systems did not significantly change the number of weeds in a winter 
rape canopy (Table 2). Nevertheless, in the group of monocotyledonous weeds a tendency 
was found of their greater number on plots with 66% proportion of rape in the crop 
rotation. With reference to dicotyledonous weeds and weeds in total, tendencies of their 
greater number occurred when rape proportion in the crop rotation being 66% and 100% 
compared to the crop rotations with its 33%. Regardless of the winter rape proportion in 
crop rotation, a significantly greater number of weeds in total and of monocotyledonous 
weeds was found in the canopy of the winter rape sown with the row spacing of 33 cm 
compared to the row spacing of 25 cm.  

 
Table 2.  Number of weeds per 1 m2 in a canopy of winter rape  
Tabela 2. Liczba chwastów na 1 m2 łanu rzepaku ozimego  
 

Species 
Gatunek 

Row spacing  
Rozstawa rzędów  

cm 

Crop rotation – Zmianowanie   Mean  
Średnia A B C 
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33 64.0     72.2     87.3    74.5 

25 48.6 57.0 70.3 58.6 

mean – średnia 56.3 64.6 78.8 66.6 

LSD0.05 – NIR0,05 
 between crop rotations – między zmianowaniami                    ns – ni  
 between spacing of rows – między rozstawami rzędów  ns – ni 
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 33 12.8     13.2     13.3     13.1 

25   7.4 10.0   5.5   7.6 

mean – średnia 10.1 11.6   9.4 10.4 

LSD0.05 – NIR0,05 
 between crop rotations – między zmianowaniami               ns – ni   
 between spacing of rows – między rozstawami rzędów      4.5 

To
ta

l  
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33 77.0     85.4     100.5     87.6 

25 55.8 67.0 75.9 66.2 

mean – średnia 66.4 76.2 88.2 76.9 

LSD0.05 – NIR0,05 
 between crop rotations – między zmianowaniami           ns – ni    
 between spacing of rows – między rozstawami rzędów    16.8 

ns – ni – non-significant differences – różnice nieistotne 
 
On plots with the row spacing of 25 cm there was a tendency of a smaller air dry 

mass of weeds in a canopy of winter rape than with the spacing of 33 cm. Similar 
differences also occurred between crop rotation plots, where the air dry mass of weeds 
increased together with the increase of the winter rape proportion in the crop rotation 
(Table 3). 
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Table 3.  Air dry mass of weeds in a canopy of winter rape, g·m-2 
Tabela 3. Powietrznie sucha masa chwastów w łanie rzepaku ozimego, g·m-2 
 

Row spacing  
Rozstawa rzędów  

cm 

Crop rotation – Zmianowanie    Mean  
Średnia A B C 

33 219.0 225.8 292.5 245.8 
25 190.4 204.8 240.8 212.0 

Mean – Średnia 204.7 215.3 266.6 228.9 

LSD0.05 – NIR0,05 
between crop rotations – między zmianowaniami                               ns – ni 
between spacing of rows – między rozstawami rzędów    ns – ni 

ns – ni – non-significant differences – różnice nieistotne 

DISCUSSION 

One of the basic problems in the winter rape cultivation technology is weed 
infestation of its canopy. It particularly occurs in agricultural systems where far-
reaching simplifications of crop rotation are applied and where the number of plants per 
unit of area is decreased to maximum. 

Own research did not prove statistically the significant influence of the crop rotation 
system on the number and air dry mass of the aboveground parts of weeds. However, 
the research proved the significantly greater number of weeds in total and of 
monocotyledonous ones in the winter rape canopy grown with wider row spacing. 
Nevertheless, it did not have a significant influence on the differences in the air dry 
mass between different row spacing of rape, although some similar tendencies occurred. 

In the research conducted by Kostrzewska [1998] concerning weed competitiveness 
in a winter rape canopy sown both in the crop rotation and monoculture, it was 
indicated that in the crop rotation without herbicide application, the weed floristic list 
included on average 22 taxons, and their concentration per 1 m2 was 246 plants of the 
total biomass 107 g. In the winter rape monoculture sown without herbicides, the 
number of weeds per unit of area and their mass were compared to crop rotation 3.2 and 
4.6-times greater respectively. In the crop rotation with herbicide application the 
decrease of weed number by 66% and of their dry mass by 56% was observed. In winter 
rape monoculture the limitation of the weed number after herbicide application was 
82%, and of dry mass 65%.  

In the time of their 3-year research on winter rape sowing Radecki et al. [2003] 
indicated the occurrence of 42 weed species, among which prevailed short-lived species 
of: Chenopodium album L., Viola arvensis Murray and Stellaria media (L.) Vill. 
Similarly to own research, on some individual plantations the problem constituted 
Papaver rhoeas as well as Matricaria maritima subsp. inodora (L.) Dostal, Gallium 
aparine L. and Capsella bursa-pastoris (L.) Medik. On the field after cereals, particular 
problem constituted self-seeding cereals. Adamiak [2004], just as Budzyński et al. 
[2005], identified Stellaria media (L.) Vill. and Viola arvensis Murray, as predominant 
weeds in a winter rape canopy.   

Franek and Rola [2000] proved that significant influence on the yield value of 
winter rape have not only winter weeds such as Stellaria media (L.) Vill., Gallium 
aparine L., Anthemideae, Thlaspi arvense L., Capsella bursa-pastoris (L.) Medik. or 
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the self-seeding winter crops, but also freezing species such as: Chenopodium album L., 
Sinapis arvensis L., Galinsoga parviflora Cav. and self-seeding spring crops. 

CONCLUSIONS 

1. Proportion of winter rape in 3-year crop rotation did not significantly change the 
number and air dry mass of weeds occurring in a canopy of this plant. 

2. Growing winter rape with row spacing of 33 cm to a much greater extent 
stimulated growth of monocotyledonous weeds and weeds in total than growing it with 
row spacing every 25 cm.  

3. Significant differences of the number of monocotyledonous weeds and weeds in 
total did not have representation in air dry mass of the aboveground parts of weeds.  

4. The results of the research indicate the possibility of increasing the part of winter 
rape in the sowing structure as well as the possibility of increasing the row spacing thus 
decreasing the demand for the seed material without the need of additional expenses on 
deweeding. 
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WPŁYW ZMIANOWANIA I ROZSTAWY RZĘDÓW NA ZACHWASZCZENIE 
RZEPAKU OZIMEGO UPRAWIANEGO NA RĘDZINIE 

Streszczenie. Celem badań przeprowadzonych na rędzinie mieszanej (należącej do klasy 
bonitacyjnej IIIb i kompleksu pszennego wadliwego) w Gospodarstwie Doświadczalnym 
w Bezku koło Chełma (51°19’ N; 23°25’ E) było zbadanie oddziaływania trzyletniego 
płodozmianu z udziałem rzepaku ozimego, wynoszącym 33, 66 i 100%, oraz zróżni-
cowanej rozstawy jego rzędów (25 i 33 cm) na liczbę, masę i skład gatunkowy chwastów. 
Powietrznie sucha masa chwastów w łanie rzepaku ozimego nie była istotnie 
modyfikowana przez udział rzepaku w zmianowaniu. Odnotowano natomiast istotnie 
większą liczbę chwastów jednoliściennych i chwastów ogółem w rzepaku uprawianym  
w szerszej rozstawie rzędów (33 cm). Taksonem dominującym i stanowiącym główną 
masę zachwaszczenia był Papaver rhoeas L. Liczba roślin tego gatunku była największa 
w rzepaku uprawianym w monokulturze oraz na obiektach, w których stosowano szerszy 
rozstaw rzędów.  

Słowa kluczowe: monokultura rzepaku, Papaver rhoeas, struktura zachwaszczenia, 
udział rzepaku w zmianowaniu 
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