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abstract

HALINIARZ, M., D. GAWĘDA, C. KWIATKOWSKI, M. FRANT and M. RÓŹAŃSKA-BOCZULA, 2014. 
Weed biodiversity in field pea under reduced tillage and different mineral fertilization conditions. Bulg. J. Agric. 
Sci., 20: 1340-1348

Soil, as the living environment of plants, is the most important factor affecting agrophytocenoses. Tillage is considered 
to be one of the basic elements modifying soil physical, chemical and biological properties and determining the germination, 
growth and development of both cropped vegetation and weeds. Therefore, a study was undertaken to determine the effects 
of long-term reduced tillage and mineral fertilization on weed biodiversity in field pea crops under the climatic conditions in  
south-east Poland. A field study was conducted in the period 1999–2006 (two crop rotations) on lessive soil (agricultural land 
class 2). The experiment included different tillage systems and two levels of mineral fertilization.  Field pea was grown in a 
four crop rotation: potato – spring wheat – field pea (edible form) – winter wheat. In the field pea crop, ploughless tillage and 
tillage with shallow pre-sowing ploughing, compared to plough tillage, resulted in an increase the number of weeds and air-dry 
weight of weeds in both crop rotations. In the second crop rotation, the study found an increase in the number and dry weight 
of weeds under the conditions of lower mineral fertilization compared to higher fertilization. Reduced tillage contributed to an 
increased proportion of perennial weeds in weed infestation, especially Elymus repens (L.) P.B. In the second crop rotation, the 
biodiversity of weed communities in the field pea crop was found to be lower compared to the period 1999-2002. 
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introduction 

Soil, as the living environment of plants, is the primary 
factor determining the flora of a particular area. It affects 
both the condition of the crop plant and unwanted vegetation, 
i.e. weeds. Soil tillage, which is of great importance in pro-
viding proper conditions for plant emergence and growth, is a 
key element of soil environment management (Małecka et al., 
2012). Any modifications in agronomic practices affect soil 
physical, chemical and biological properties as well as the in-
cidence of pests and diseases (Deike et al., 2008; Małecka et 
al., 2009, 2012; Velykis and Satkus 2012; Aziz et al., 2013). 
No-till leads to soil compaction, especially in the first years 
of its use, which can be a cause of inhibited plant emergence 

and poorer development of the root system as well as of 
greater pressure from pathogenic fungi and pests (Małecka 
et al., 2012). Hanavan et al. (2008) showed that in a field pea 
plantation Sitona lineatus (L.) colonization was lower and it 
occurred later under direct drilling conditions compared to 
conventional tillage. Furthermore, tillage modifications have 
a significant effect on weed emergence, the soil seed bank, 
and weed seed distribution in the soil profile (Torresen et al., 
2003; Wrzesińska et al., 2013; Légère et al., 2005; Ozpinar, 
2006; Chauhan and Johnson, 2009; Shirtliffe and Johnson, 
2012). Long-term reduced tillage leads to the accumulation 
of weed seeds in the topsoil (0-10 cm), which has a significant 
influence on weed infestation of a field (Torresen et al., 2003). 
Therefore, a study was undertaken to determine the effects of 
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long-term reduced tillage and mineral fertilization on weed 
biodiversity in field pea crops under the climatic conditions 
in south-east Poland.

materials and methods

A field study was conducted in the period 1999–2006 
(two crop rotations) at the Czesławice Experimental Farm 
(51° 18′ 23″ N, 22° 16′ 2″ E) belonging to the University of 
Life Sciences in Lublin. The experiment was set up as a split-
block design in four replicates. The area of each experimental 
plot was 180 m2. 

This static field experiment was carried out on lessive soil, 
classified as soil class II and good wheat soil complex. The 
plough layer was characterized by slightly acidic pH (6.5–6.6 
in 1 mol KCl), a humus content of 16.2 g kg-1 soil, a high 
content of phosphorus and potassium as well as a medium 
content of magnesium. 

Field pea (cv. ‘Agra’) was grown in a four crop rotation: po-
tato – spring wheat – field pea (edible form) – winter wheat; 
in the first crop rotation, all plants were grown simultane-
ously. The experiment compared three tillage systems and 
two levels of mineral fertilization.

The experimental factors were as follows: 
I. Tillage systems: A – conventional (7 ploughings per 

crop rotation); B – reduced (3 ploughings per crop rotation); 
C – reduced (1 ploughing per crop rotation). Ploughing was 
replaced mainly by cultivating or disking. In the case of field 

pea, tillage in individual treatments was as follows: A, A1– 
skimming (10–12 cm) + double harrowing + autumn plough-
ing (18–20 cm); B, B1 – cultivating (10–12 cm) + harrowing 
+ shallow autumn ploughing to a depth of 15 cm; C, C1 – dis-
king (10–12 cm) + harrowing + subsoiling 35–40 cm. In the 
spring, cultivating (10–12 cm) + harrowing + sowing were 
done in all treatments. 

II. Mineral fertilization levels: a,a1 – 127.4 kg NPK ha-1 
and b,b1 – 191.2 kg NPK ha-1 on an average annual basis per 
crop rotation, including fertilization for field pea cropping: 
a,a1 – 112.6 kg NPK ha-1 (N – 20; P – 26.2; K – 66.4); b,b1 – 
168.9 kg NPK ha-1 (N – 30; P – 39.3; K – 99.6). 

Field pea was sown in the first 10-day period of April at a 
rate of 1.2 million seeds per 1 ha. Before sowing, seeds were 
dressed with Funaben T 480 FS (tiuram, carbendazim) at a 
rate of 200 g per 100 kg seeds. Immediately after sowing, 
Stomp 330 EC (pendimethalin) was used at 4 l ha-1. Decis 
2,5 EC (deltamethrin) at a rate of 0.3 l ha-1 or Fastac 100 EC 
(alpha-cypermethrin) at 0.12 l ha-1 were used to control pests, 
if necessary. 

During the years covered by the study, the growing sea-
sons of pea were characterized by varying weather conditions 
(Figure 1). The first growing season was very wet; the total 
rainfall was 465.6 mm and it was higher by as much as 108.0 
mm than the long-term mean. The seasons in 2000, 2001 and 
2006 can be considered to be average, since the total rain-
fall in particular years was close to the mean total rainfall 
for 1966-2002. On the other hand, the growing seasons in 
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fig. 1. rainfall and air temperature in the growing season of pea (april-august),  
according to the Meteorological Station in Czesławice
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2002, 2003, 2004 and 2005 were definitely dry. The aver-
age air temperature during the period from sowing to har-
vest in the years 1999, 2000, 2002 and 2003 was higher than 
the long-term mean for 1966-2002. The 2002 growing season 
was particularly warm and also characterized by the lowest 
amount of rainfall. During the duration of the experiment, the 
lowest average air temperatures for the months April-August 
were recorded in 2004 and 2005. 

Weed infestation of the crop was determined using the 
dry-weight-rank method at the pod and seed maturation stage 
(BBCH 81/82). The evaluation involved the determination 
of the botanical composition, number and air-dry weight of 
weeds. The sampling area was delineated with a 1 m × 0.5 m 
quadrat frame in two randomly selected places in each plot. 

The results obtained for the number and dry weight of 
weeds were analysed by Statistica 10.0 software using analy-
sis of variance, whereas the significance of differences was 
estimated by Tukey’s test at α = 0.05. Species diversity was 
assessed based on the number of species in the community 
and ecological biodiversity indices - Shannon’s diversity in-
dex H and Simpson’s dominance index C (Topham and Law-
son, 1982). These biological indices were calculated using the 
following formulas:

,
where: s – number of species, pi – the proportion of individu-
als of the i-th species to the total numbers of individuals.

results

In the first crop rotation of the present experiment, till-
age systems had the greatest effect on the number of weeds 
(F=140.37). The year of the study (F=94.70) and the interac-
tion of year with tillage system (F=30.26) also proved to be an 
important factor (Tables 1, 3). Mineral fertilization had very 
low importance and it was statistically insignificant (F=3.75) 
(Table 3). In the second crop rotation, the study showed the 
experimental factors to have a significantly smaller effect on 
the number of weeds in field pea. It should be noted, how-
ever, that the greatest impact was found in the case of tillage 
(F=15.69), similarly to the period 1999-2002. Unlike the first 
crop rotation, mineral fertilization proved to be an important 
factor here (p=0.013). This can be explained by the twice 
higher number of weeds in 2005 at the lower level of fertil-
ization compared to treatment b1 (Tables 1, 2, 3). In the plots 
with higher mineral fertilization (b1), the number of weeds 
was lower by 17.8 plant∙m-2 relative to that found under condi-
tions of the lower fertilization rates (a1). Replacing ploughing 
with disking and cultivating (C,C1), or shallow pre-sowing 
ploughing (B,B1), compared to the treatments with conven-
tional plough tillage (A,A1), resulted in an increase in the 
number of weeds by respectively 261.1 and 39.4% in the first 
rotation, while in the period 2003-2006 by 112.6 and 29.3%. 
The highest value of this trait was found in the unploughed 
plots (C, C1) in 2002 and 2003. The number of weeds dif-
fered significantly between experimental years, with its high-
est value in the 4th year of the first crop rotation and in the 3rd 
year of the second crop rotation (Tables 1, 3). 

The statistical evaluation of the sources of variation in 
the first crop rotation demonstrates that the year of the study 

table 1 
number of weeds per 1 m2 of pea crop in 1999-2002 and 2003-2006

Years Tillage systems Levels of mineral fertilization MeanA,A1 B,B1 C,C1 a,a1 b,b1
1999 13.6 16.9 38.4 23.8 22.1 23.0
2000 24.0 34.0 86.8 51.6 44.9 48.2
2001 9.4 20.7 21.8 21.1 13.4 17.3
2002 36.3 44.4 153.3 81.0 74.9 78.0
Mean 20.8 29.0 75.1 44.4 38.8 -
LSD0.05 tillage systems - 8.39; years - 10.66; tillage systems x years - 23.75 
2003 23.7 47.2 135.1 72.4 64.8 68.6
2004 29.7 41.2 51.7 41.5 40.1 40.8
2005 67.9 81.2 81.2 101.8 51.7 76.8
2006 43.9 43.8 83.2 63.0 50.8 56.9
Mean 41.3 53.4 87.8 69.7 51.9 -
LSD0.05 tillage systems – 20.70; fertilization – 14.07; years – 26.29; tillage systems х years – 58.57
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(F=70.60) and tillage system (F=23.37) had a great effect on 
weed dry weight. This trend continues throughout the peri-
od 2003-2006, during which the values F=61.58 and F=18.52 
were obtained for year and tillage system, respectively. As 
in the case of the number of weeds, mineral fertilization was 
observed to significantly affect weed weight (p=0.004) in 
the second crop rotation. Nevertheless, its influence on the 
trait in question was significantly lower (F=8.71) compared 
to year and tillage system (Table 4). The dry weight of weeds 
in the treatment with ploughless tillage (C) and with shallow 
pre-sowing ploughing (B) was higher compared to the treat-
ments with conventional plough tillage (A) by respectively 
102.5 and 11.1% in the first crop rotation, whereas in the pe-
riod 2003-2006 it was higher by 70.8 and 23.3%. An increase 
in weed weight as a result of replacing ploughings by disking 
and cultivating (C,C1) was most evident in the years 2000 
and 2003 (Table 2). In the second crop rotation (2003-2006), 

the study showed an increase in weed dry weight under the 
conditions of lower mineral fertilization (a1), which was 12.7 
g∙m-2 compared to that found in treatment b1. The highest 
value of the trait in question in the plots with lower mineral 
fertilization was found in 2005. The dry weight of weeds dif-
fered significantly between years (Tables 2, 3, 4).

Weed infestation of pea was significantly affected by 
weather conditions during the study period (Figure 1 and Ta-
bles 1, 2, 3, 4). The highest number and dry weight of weeds 
were found in the years 2002, 2003 and 2005, which were 
characterized by a small amount of rainfall, much different 
from the long-term mean. An insufficient amount of rain-
fall was observed especially in the month of sowing (April), 
which resulted in poor competitiveness of pea against weeds. 
A high dry weight of weeds was also found in the year 2000 
in which high rainfall and the highest air temperature were 
recorded in April. 

table 2 
air-dry matter of weed in g m-2 of pea crop in 1999-2002 and 2003-2006

Years Tillage systems Levels of mineral fertilization MeanA, A1 B, B1 C, C1 a, a1 b, b1
1999 21.4 20.1 32.1 21.0 28.1 24.6
2000 67.4 69.8 112.8 86.9 79.7 83.3
2001 5.8 12.0 13.7 9.0 12.1 10.6
2002 17.6 22.5 68.2 36.0 36.2 36.1
Mean 28.0 31.1 56.7 38.2 39.0 -
LSD0.05 tillage systems – 11.07; years - 14.06; tillage systems х years - 31.32
2003 46.8 64.0 122.8 73.1 82.6 77.9
2004 17.1 20.9 18.3 19.4 18.0 18.7
2005 84.6 93.9 100.6 115.1 70.9 93.0
2006 28.1 39.1 60.4 49.8 35.3 42.6
Mean 44.2 54.5 75.5 64.4 51.7 -

LSD0.05
tillage systems – 12.63; fertilization – 8.59; years – 16.05; tillage systems х years – 35.74; 

fertilization х years – 26.94

table 3 
F-value and probability of the significance of main effects and their interaction for number of weeds in 1999-2002 
and 2003-2006

Source of variation 1999-2002 2003-2006
F p F p

Years 94.7 0.000** 4.92 0.004**
Tillage systems  140.37 0.000** 15.69 0.000**
Levels of mineral fertilization 3.75 0.057 6.43 0.013*
Years х tillage systems  30.26 0.000** 4.08 0.001**
Years х levels of mineral fertilization 0.22 0.885 2.44 0.072
Tillage systems х  
levels of mineral fertilization 0.36 0.702 0.52 0.600
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In the first crop rotation, weed communities were domi-
nated by annual species in all experimental treatments (Table 
5 and Figure 2). In the plough treatment (A), Galinsoga cili-
ata (21.2%), Veronica arvensis (17.2%) and Galium aparine 
(11.4%) had the highest percentage contribution to weed in-
festation. Reduced tillage resulted in a decline in the num-
bers of these species. Under ploughless tillage conditions (C), 
compared to treatment A, the percentages of the above-men-
tioned taxa in the weed community decreased by 44%, 58% 
and 83%, respectively. On the other hand, the reduction in 
tillage operations contributed to a substantial increase in the 
numbers of Apera spica-venti, which accounted for as much 
as 50.5% of total weed infestation in treatment C. Among 
perennial weeds, Elymus repens was predominant and its 
proportion in weed infestation slightly increased under re-

duced tillage conditions. In the conservation tillage system 
during the period 2003-2006, the percentage of perennial 
weeds in weed infestation was observed to increase mark-
edly; this increase was 46.1% in treatment B1 and 150.3% in 
treatment C1 (Table 6 and Figure 2). This was caused by the 
higher incidence of Elymus repens. During the second crop 
rotation, Galinsoga ciliata was the most numerous annual 
weed; under conventional tillage conditions, it accounted for 
as much as 55.9% of total weed infestation, in treatment B1 
– for 39.3%, whereas in the no-ploughing treatment its per-
centage was 30.3%. In treatment C1, similarly as in the first 
crop rotation, Apera spica-venti had a high proportion in the 
weed community (21.6%). In treatment B1, this species oc-
curred in very low numbers, whereas in treatment A1 it was 
not found to occur.  

table 4 
F-value and probability of the significance of main effects and their interaction for weight of weeds in  
1999-2002 and 2003-2006 

Source of variation 1999-2002 2003-2006
F p F p

Years 70.6 0.000** 61.58 0.000**
Tillage systems  23.37 0.000** 18.52 0.000**
Levels of mineral fertilization 0.05 0.833 8.71 0.004**
Years х tillage systems  3.95 0.002** 5.44 0.000**
Years х levels of mineral fertilization 0.64 0.592 7.31 0.000**
Tillage systems  
х levels of mineral fertilization 0.61 0.548 0.09 0.915

table 5 
percentage of dominant species of weeds in the pea (mean from 1999-2002)

Weed species Tillage systems Levels of mineral fertilization
A B C a b

I. Short-lived  
Galinsoga ciliata (Raf.) S. F. Blake 21.2 19.3 11.8 15.4 14.9
Viola arvensis Murray 17.2 14.5 7.2 10.6 10.6
Galium aparine L. 11.4 5.5 1.9 3.6 5.2
Chenopodium album L. 9.6 5.5 1.9 3.8 4.1
Apera spica-venti (L.) P. Beauv. 8.2 11.8 50.5 33.3 35.8
Galinsoga parviflora Cav. 2.9 2.4 1.9 2.9 1.3
Matricaria maritima ssp. inodora (L.) Dostál 2.9 2.4 1.3 1.8 1.8
Stellaria media (L.) Vill. 2.9 2.4 2.1 2.3 2.3
Other short-lived weeds 9.3 12.1 6.3 8.0 8.8
Total short-lived weeds 85.6 75.9 84.9 81.6 84.8
II. Perennial      
Elymus repens (L.) Gould 7.7 16.6 11.5 13.7 10.1
Other perennial weeds 6.7 7.5 4.7 4.7 5.1
Total perennial weeds 14.4 24.1 15.1 18.4 15.2
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table 6 
percentage of dominant species of weeds in the pea (mean from 2003-2006)

Weed species  Tillage systems Levels of mineral fertilization
A1 B1 C1 a1 b1

I. Short-lived %     
Galinsoga ciliata (Raf.) S. F. Blake 55.9 39.3 30.3 45.9 28.9
Galium aparine L. 8.5 5.1 1.8 2.6 6.2
Galinsoga parviflora Cav. 7.7 10.5 3.6 6.5 6.6
Avena  fatua L. 3.9 2.8 0.7 1.7 2.3
Viola arvensis Murray 1.5 1.5 0.3 0.7 1.2
Chenopodium album L. 1.5 1.1 0.9 0.9 1.3
Matricaria maritima ssp. inodora (L.) Dostál 1.5 0.6 0.9 0.9 1.0
Apera spica-venti (L.) P. Beauv. - 0.7 21.6 10.6 11.2
Other short-lived weeds 3.4 3.2 2.1 2.4 2.8
Total short-lived weeds 83.9 64.8 62.2 72.2 61.5
II. Perennial     
Elymus repens (L.) Gould 14.0 30.3 33.9 24.4 33.9
Other perennial weeds 2.1 4.9 3.9 3.4 4.6
Total perennial weeds 16.1 35.2 37.8 27.8 38.5
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In both crop rotations, mineral fertilization did not signifi-
cantly differentiate the qualitative structure of weed infesta-
tion of the field pea crop (Tables 5, 6). 

In the first crop rotation, despite that the highest number 
of weed species occurred in the ploughless tillage system (C) 
(Table 5 and Figure 2), weed communities found there were 
characterized by the lowest biodiversity (H=0.81) and the 
highest dominance index (C=0.29) (Figure 3). Over the pe-
riod 2003-2006, there was a clear decrease in the biodiversity 
of weed communities and an increase in the dominance indi-
ces (C) in all tillage treatments (Table 6 and Figures 2, 3). The 
biodiversity indices (H) in these treatments were at a similar 
level, but the dominance of Galinsoga ciliata under plough 
tillage conditions had an effect on the high dominance index 
(C=0.35) of this community. In analysing mineral fertiliza-
tion rates, greater biodiversity of the communities was found 
in the first crop rotation, whereas in the period 2003-2006 
the intensely fertilized community (b1) was characterized by 
higher Shannon’s index (H).

discussion

Weed infestation is a huge problem in growing pea. Field 
pea is sown in wide rows and is characterized by protract-
ed and uneven emergence. Proper soil moisture conditions 
are a very important element that affects the germination of 
this plant, Drought greatly limits emergence and reduces the 
plant density per unit area, which results in lower competi-
tiveness against weeds (Velykis and Satkus, 2010). Hence, it 
is very important to develop an optimal tillage method that 
will combine the soil protective effect and reduction in weed 
infestation of a field pea plantation (Velykis and Satkus, 2010; 
Woźniak, 2012). The effect of tillage on weed infestation of 
fields is not unambiguous. Błażewicz-Woźniak et al. (2011) 
did not show agronomic practices to significantly affect weed 
infestation of Scorzonera hispanica. They only found a slight 
increase in the number of perennial weeds during spring 
ploughing. In the case of faba bean, the use of reduced tillage 
resulted in a decline in the number of weeds, with a simulta-
neous increase in their dry weight. Tillage did not affect weed 
richness, but direct drilling promoted the growth of nuisance 
weeds (Giambalvo et al., 2012). Mas et al. (2003) did not show 
tillage systems to have a significant influence on weed bio-
mass. Other authors demonstrate that reduced tillage, in par-
ticular replacing ploughing with shallow soil disturbances 
that do not turn the soil over and the total abandonment of 
tillage, contributes to increased weed infestation of agrophy-
tocenoses, especially in the initial years of reduced tillage 
treatments (Torresen et al., 2003; Blecharczyk et al., 2004; 
Ozpinar, 2006; Knezević et al., 2009). The reasons for this 

phenomenon are seen, among others, in an increase in soil 
organic matter which reduces the efficacy of herbicide action 
(Torresen et al., 2003). Usman et al. (2010) showed that re-
duced tillage limited weed infestation of a winter wheat crop. 
One of the reasons for such correlations can be the increased 
biological activity of soils under no-till, which is associated 
with large numbers and diversity of microorganisms decom-
posing weed seeds and with the multiplication of Pseudomo-
nas ssp. bacteria that inhibit weed germination (Małecka et 
al., 2009).  

The present study confirmed the results obtained by 
many researchers. Long-term reduced tillage had an effect 
on increased weed infestation of field pea as expressed by 
the number and dry weight of weeds. A distinct increase in 
weed infestation was observed under conservation tillage 
conditions. Woźniak (2012) obtained similar results in the 
climatic condition of the Lublin region. This author showed 
that in ploughless tillage the weed infestation parameters in-
creased by 100% in the case of the number of weeds and by 
13% for their dry weight. Weed competitiveness of field pea 
clearly decreased under adverse soil moisture conditions. A 
study carried out in Lithuania demonstrated that in the first 
two years of the experiment, which were favourable for pea 
growth due to high soil moisture content, the number of 
weeds determined at the pea growth stage BBCH 30-32 and 
their dry weight determined at BBCH 73-75 did not differ 
significantly between tillage systems (plough tillage, shal-
low ploughing, ploughless tillage). But in the last year of the 
study, which was dry and in which pea emergence was un-
reliable, the weed infestation parameters were significantly 
higher under reduced tillage compared to conventional till-
age (Velykis and Satkus, 2010). 

Tillage also affects the diversity of weed communities in 
agroecosystems. Long-term conservation tillage, in particu-
lar replacing the plough by implements that do not turn the 
soil over, very often contributes to an increased proportion of 
perennial and monocotyledonous weeds (Locke et al., 2002; 
Giambalvo et al., 2012). Buhler et al. (1994) conducted a 14-
year study on the dynamics of weed infestation in agroeco-
systems depending on tillage system. They found that more 
numerous and diverse weed communities formed under re-
duced tillage conditions relative to plough tillage. The present 
study confirms these relationships. Long-term conventional 
tillage contributed to a substantial increase in the percentage 
proportion of Elymus repens in the community. Gruber and 
Claupein (2009) found that shallow ploughing or replacing 
ploughing by tillage treatments that do not turn the soil over 
contributed to a marked increase in the numbers of Cisrsium 
arvense. In the study of Woźniak (2012), Cirsium arvense, 
Elymus repene and Convolvulus arvensis appeared under 
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ploughless tillage. Velykis and Satkus (2012) also found that 
reduced tillage caused an increase in the number of peren-
nial species. In the present experiment, a substantial increase 
in the percentage contribution of Apera spica-venti to weed 
infestation of the pea crop was observed under ploughless 
tillage. Similarly, Blecharczyk et al. (2010) noted higher weed 
infestation with common windgrass under zero tillage, Mas 
et al. (2003) observed an increased incidence of Avena sterilis 
under ploughless tillage conditions, while Blecharczyk et al. 
(2004) found the same for Echinochloa crus-galli. 

The effect of reduced tillage on weed biodiversity is di-
verse. Légère et al. (2005) assessed that soil tillage intensity 
had little effect on the species diversity of weed communities 
in agroecosystems. The above-mentioned authors found the 
highest number of species under no-till conditions, but the 
values of Shannon’s index H did not show unambiguously 
that weed diversity increased under conservation tillage. Mas 
et al. (2003) made opposite observations. In their research, 
weed communities under zero tillage were characterized by 
the highest Shannon’s index (H). The study of Jędruszczak 
and Antoszek (2004) demonstrates that weed biodiversity in 
a wheat monoculture under the soil and climatic conditions of 
Czesławice was higher under conventional tillage and direct 
drilling than in ploughless tillage. The present experiment 
does not fully confirm the results obtained by Jędruszczak 
and Antoszek (2004). The biodiversity of weed communities 
was greater in the first crop rotation. Over the period 1999-
2002, agrophytocenoses in which ploughless tillage was used 
(C) were characterized by the lowest Shannon’s index H. The 
next four years contributed to a decrease in weed biodiversity 
in the case of all tillage systems. 

As far as the above considerations are concerned, it should 
be noted that mineral fertilization is a factor which affected 
weed infestation of field pea to a much lesser extent (Tables 
3, 4). The present study showed that in the first crop rotation 
fertilization did not have a significant effect on the qualitative 
and quantitative parameters of weed infestation. It was only 
in the period 2003-2006 that intensive mineral fertilization 
affected a significant decrease in the number and dry weight 
of weeds, which might have been associated with atypical 
weather conditions (dry years). The rich literature on the sub-
ject does not confirm such effect. Sobkowicz and Podgórska-
Lesiak (2007) even showed that enhanced nitrogen fertiliza-
tion increased the number and dry weight of weeds in field 
pea. Bujak and Frant (2006) found intensive NPK fertilization 
to have a limited effect on potato, while Piekarczyk (2010) 
did not show this factor to affect weed infestation of winter 
wheat. In the present study, NPK fertilization did not differ-
entiate the species composition of the communities. Similar 
results were also obtained by Andersson and Milberg (1998).

conclusions

In the field pea crop, ploughless tillage and tillage with 
shallow pre-sowing ploughing, compared to conventional 
plough tillage, increased the number of weeds by respectively 
261.1 and 39.4% in the first rotation, while in the second crop 
rotation by 112.6 and 29.3%.

Under the conditions where ploughing was abandoned, 
the air-dry weight of weeds was significantly higher relative 
to the treatments with conventional plough tillage and shal-
low pre-sowing ploughing by respectively 102.5 and 11.1% 
in the first rotation, whereas in the period 2003-2006 by 70.8 
and 23.3%.

In the second crop rotation, an increase in the number and 
dry weight of weeds was observed under the conditions of 
lower mineral fertilization compared to the treatment with 
higher fertilizer rates.

Reduced tillage contributed to an increased proportion 
of perennial weeds in weed infestation, especially Elymus 
repens (L.) P. B.

In the second crop rotation, the biodiversity of weed com-
munities in the field pea crop was found to be lower com-
pared to the period 1999-2002. 

Year and tillage system were factors that significantly dif-
ferentiated the studied traits. Mineral fertilization had a much 
lesser effect on weed infestation of field pea.
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