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Abstract. The floristic composition and weed infestation in wheat and maize crops were studied in a
long-term field experiment in Serbia. A total of 35 weed species were identified, out of which 12 were
common for both crops. The greatest floristic diversity (20 species) was found under wheat crops in
unfertilized two-year rotation, while the lowest diversity (5 species) was determined in maize crops in
monoculture and fertilized four-year rotation. The highest weed infestation was observed in wheat
monoculture (490.47 ind/m?) and maize monoculture (111.98 ind/m?), while the lowest level of weed
infestation (17.31 ind/m?) was observed in maize crops under intensive two-year rotation. Significant
differences were found in the number of weed species and in the level of weed infestation between wheat
and maize, as well as in the level of weed infestation in monoculture compared to other treatments of crop
rotation for both crops. Ecological analysis indicated that the type of crop rotation and the species of
crops have impact on the ecological characteristics of the studied area, which is reflected in different
floristic composition and differences in the abundance of certain weeds.
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Introduction

Agricultural production is facing a number of problems related to weed emergence in
crops. Although intensive agricultural production offers effective combinations of
chemical inputs used for weed control (Kim et al., 2002), it is necessary to make efforts
at both local and global levels to reduce their use for the sake of preserving natural
resources and ensuring food safety. Due to the exceptional plasticity and excellent
adaptation of weeds to different anthropogenic influences, weed management and
control produce best results when carried out continuously and adequately (Avola et al.,
2008; Tyr, 2016). Apart from the usual cropping practices and application of chemicals,
which have unfavourable impacts on human health and the environment, one of the
most important preventive measures used for weed reduction is crop rotation, which is
environmentally acceptable (Barberi et al., 1997; Suarez et al., 2001; Derksen et al.,
2002; Nikoli¢ et al., 2012, 2018; Wozniak and Soroka, 2015). Considering the long-
term effects, cultivation of crops in crop rotation also leads to reduction of seed reserves
in the soil, resulting in a lower level of weed infestation in a succeeding crop (Teasdale
et al., 2004; Koocheki et al., 2009). Over a longer period of time, properly implemented
crop rotation can have positive environmental effects on preservation of weed flora
biodiversity, since crops are typical habitats for certain segetal weeds which are
increasingly endangered due to intensive cropping practices (Hulina, 2005).

A particularly suitable method for determining the impact of crop rotation on weed
infestation is a long-term experiment. The study presented in this paper was thus carried
out in a long-term experiment with different crop rotation treatments, some of which
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were established 70 years ago. However, estimating the contribution of crop rotation to
yield realization is difficult given the fact that weed control includes a number of
different preventive and direct measures. As the effect of crop rotation is reflected in the
cumulative effect on weed infestation, it is very important to follow the succession of
the weed synusia, which is a topic scarcely studied in the literature. In addition, by
determining weed communities specific for certain species, it is possible to select
appropriate cropping practices to increase the anthropogenic pressure on these weeds
and reduce their abundance.

Therefore, the aim of this paper was to analyse the weed flora, the level of weed
infestation and the role of weeds as bioindicators in wheat and maize crops grown in
different treatments of long-term crop rotation and fertilization. The obtained results can
be used as a good basis for monitoring biodiversity of weeds and their role as
bioindicators, as well as for determining the most favourable treatment of crop rotation
for reducing weed infestation in wheat and maize crops.

Materials and methods

The floristic survey presented in this paper examined weeds in wheat (2010 year) and
maize (2011 year) crops in long-term trials “Plodoredi” on the experimental field
Rimski Sandevi (Serbia) of the Institute of Field and Vegetable Crops in Novi Sad
(45.19°N, 19.50°E). Crop rotation was arranged as a single crop rotation in which all
crops were grown each year according to the experimental design, and plots were
divided into three subplots (90 x 30 m) representing the repetitions. Winter wheat and
maize were continuously grown from the beginning of the trial (1946/47), whereas
soybean was introduced in 1969/70. The total area of the experimental field was 6.5 ha.

The trials were set on chernozem soil, which belongs to automorphic soil types, class
A-C (humus-accumulative soil, the subtype chernozem on loess and loess-like
sediments, the carbonate chernozem variety, medium-depth) (Skori¢, 1985). This type
of soil is characterised by slightly alkaline reaction with higher calcium content. It is
rich in phosphorus and potassium, while the content of organic matter is lower than 3%
as a result of intensive farming (Table 1).

Table 1. Basic chemical soil properties on the experimental field (mean values + SD)

pH CaCO3 |Organic matter | Total N | AI-P205 Al-K20
in KCI in H20 % % % mg/100 g mg/100 g

2009/11 |7.52+0.10(8.1 £0.12|5.64 + 4.23 27+038 ]0.2+0.02|/65.93+61.50|37.56 + 12.98

Year

The long-term climate (1970-2009) at the investigated site (Rimski Sandevi
experimental station) is continental, with an average annual precipitation of 617 mm
and average annual temperature of 11.3 °C (HMZS, 2020). The climate is considered
favorable for production of major crops: winter wheat, maize, soybean, sunflower etc.
Compared with the long-term climate records, an increase in yearly average temperature
and precipitation was observed. In the investigated period, both years were higher in
average yearly temperatures, but 2009/10 was lower in precipitation and 2010/11 had
above average precipitation compared to long-term average. The temperatures during
the growing period, as well as for individual months, were very similar during
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investigated period. However, the timing and quantity of precipitation significantly
differed, as 2009/10 had significantly higher precipitation than 2010/11, particularly in
July (Fig. 1).
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Figure 1. Medium monthly temperatures and precipitations in two production years (2009/10
and 2010/11)

The weed flora was investigated in the following experimental treatments: extensive
(unfertilized) two-year rotation (maize-winter wheat) — E2 and extensive (unfertilized)
three-year rotation (maize-soyabean-winter wheat) — E3, established in 1946/47,
intensive (fertilized) two-year rotation (maize-winter wheat) — 12, intensive (fertilized)
three-year rotation (maize-soyabean-winter wheat) — 13 with the application of organic
and mineral fertilizers, established in 1969/70, three-year rotation with the application
of organic fertilizers — (maize-soyabean-winter wheat) — IS3 (intensive three-year
rotation), intensive four-year rotation with the application of organic and mineral
fertilizers (maize-winter wheat-soyabean-sunflower) — 14, established in 1969/70, and
monoculture of winter wheat — MoW and maize — MoM with the application of organic
and mineral fertilizers, established in 1969/70. During the investigated period winter
wheat variety Simonida was grown and maize hybrid NS640 created at the Institute of
Field and Vegetable Crops Novi Sad. In the long-term experiment, sowing density was
adjusted to 450 viable seeds per m? for winter wheat that is 240 kg ha™ seeds. For
maize, recommended density was 23 x 70 cm that is approximately 60.000 plants per
hectare.

In the fertilized treatments, nitrogen mineral fertilizers were applied every year in the
amount of 100 kg/ha for wheat and sunflower, and 120 kg/ha for maize. The amount of
applied P and K depended on agrochemical analyses performed every year. Soyabean
crops were not directly treated with fertilizers, but with microbiological fertilizer
Nitragin.

The herbicide used for controlling the emergence of sorghum (Sorghum halepense
(L.) Pers.) is glyphosate applied every year in July after wheat harvest. Also, herbicides
2.4D and iodosulfuron-methyl-sodium + amidosulfuron were introduced in 2000 for
weed control in winter wheat.

Weed control in maize was based on S-metolachlor (960 g/l) dose of 1.4 I/ha and
375 g/l S-Metolachlor + 125 g/l Terbuthylazine + 37.5 g/l Mesotrione dose of 3.5-4 I/h.
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During the vegetation season, Sorghum and other narrow-leaved weeds were controlled
by applying Nicosulfuron or Rimsulfuron 50-60 g/ha. During the vegetation season of
maize, inter-row cultivation was carried out two times at 3-5 leaf stage and 5-7 leaf
stage.

Determination and nomenclature of weed species was done according to Josifovi¢
(1986) and Tutin et al. (1980). Life forms are given according to Ujvarosi (1973).
Counting of the plants, on randomly chosen area of 1 m?, in all treatments of experiment
was done three times during the vegetation period, in relation to the phenological
development of winter wheat (BBCH 30, BBCH 53, BBCH 85) and maize (BBCH 11,
BBCH 55, BBCH 89) according to decimal BBCH (Biologische Bundesanstalt,
Bundessortenamt und Chemische Industie) scale, with three repetitions.

Bioindicator values (ecological indices) for the main ecological factors (climate
indicators: temperature — T, continentality — K and light — L; soil indicators: moisture
—F, reaction — R, nutrients — N, humus — H and aeration — D) were analyzed based on
the values given by Landolt (2010). Plant species were characterised by a specific
value of the ecological index which determines the ecological optimum for a
particular species compared with some habitat traits. Values of the ecological indices
are expressed on the scale from 1 to 5, where 1 stands for minimum requirements and
5 for maximum requirements. For gaining the better insight in the ecological
conditions based on bioindicator values, abundance of present weed species was taken
into account. Hence, values of ecological indices for every weed species were
multiplied by the average number of individuals of that species in the given variant of
the experiment. Obtained values were added together and divided by the average weed
density of all of the weed species in the analysed variant of the experiment, thence, the
average value of every ecological index on all of the variants of the experiment was
acquired.

The difference in the number of weed species between different treatments of crop
rotation and crops were determined using t-test. The differences in the number of ind/m?
of different weed species and differences in weed infestation of different crop rotation
were determined using ANOVA and Duncan test, respectively. The relationship
between ecological indices and treatments was examined using Cluster and
Correspondent analyses. All statistical analyses were performed using STATISTICA
13.2 software (Dell™ Statistica™ 13.2 University License).

Results
Weed composition

During the two-year study of weed flora in wheat and maize crops in long-term crop
rotations at the experimental field Rimski Sandevi, a total of 35 weed species were
identified (Table 2). The study showed that, out of this total number of weeds, 33 weed
species were identified in the first year in wheat crops, including 32 weed species from
the class of dicotyledon (Magnoliopsida) and only one species (Sorghum halepense)
from the class of monocotyledon (Liliopsida). In the second year, only 14 species were
recorded in maize crops, including 13 species from the class of dicotyledons and (the
same as in wheat crops) only one species (Sorghum halepense) from the monocotyledon
class. During the two studied years, 12 weed species were identified in both wheat and
maize, and there were 21 differential species in wheat crops, while the species
Amaranthus retroflexus and Xanthium italicum were found only in maize. Although
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there were not any species recorded in all treatments of crop rotation during the two-
year period, Sorghum halepense stood out as the most frequent species as it was
identified in 11 (79%) crop rotation treatments. It is important to note that the studied
weed flora included seven species (Amaranthus retroflexus, Ambrosia artemisiifolia,
Datura stramonium, Helianthus tuberosus, Oxalis stricta, Sorghum halepense and
Xanthium italicum) from the category of invasive plants (DAISIE, 2008; Lazarevi¢ et
al., 2012).

In both studied years, the biological spectrum (Fig. 2) was characterized by
therophyte (T) and geophyte (G) life forms. The analysis showed that therophytes
predominated (82.85%; 29 species), while the most abundant were T4 therophytes
(42.86%; 15 species), i.e. annual plants that germinate in spring and mature at the end
of summer, and T2 therophytes (22.86%; 8 species), i.e. annual plants that germinate
in autumn and early spring, and mature at the beginning of summer. Perennial plants,
geophytes, were less abundant (17.14%; 6 species). In the first studied year, the
biological spectrum in wheat crops showed almost identical life form distribution,
absolutely dominated by therophytes (81.83%; 27 species), with T4 (39.39%, 13
species) and T2 therophytes (24.24%; 8 species) being most abundant, while
geophytes accounted for only 18.2% (6 species) of the identified life forms. In the
second studied year, the biological spectrum of weed flora in maize crops also had
very similar life form distribution, with dominance of therophytes (71.42%; 10
species), including 50% of T4 therophytes, and a higher percentage of geophytes
(28.28%, 4 species) (Fig. 2).

The highest number of weed species (20) was recorded in wheat crops grown in
unfertilized two-year rotation, 15 species were found in wheat cultivated in two-year
rotation and 14 species in wheat grown in monoculture (Fig. 3). Considering the
differences in the average number of weed species between different wheat treatments
(t-test), statistically highly significant and statistically significant differences were
found between the abovementioned unfertilized two-year rotation, two-year rotation and
monoculture of wheat compared to other crop rotation treatments (Table 3). The lowest
floristic diversity was found in maize crops grown in monoculture and four-year
rotation, where only 5 weed species were recorded. Considering the differences in the
average number of weed species between individual maize treatments (t-test),
statistically significant differences were found only between monoculture and two-year
and three-year rotation with the application of organic fertilizers, and between two-year
and three-year rotation with the application of organic fertilizers and four-year rotation
(Table 3). In the second year, the number of weed species in maize was significantly
reduced, with the highest reduction of 70% recorded in unfertilized two-year rotation,
monoculture (64%), followed by two-year rotation (64%), four-year rotation (44%) and
unfertilized three-year rotation (42%). Slightly smaller differences in the number of
weed species were determined between wheat and maize grown in three-year rotation
and three-year rotation with the application of organic fertilizers (30% and 28%,
respectively). Statistical data analysis showed that the differences in the number of
weed species found in wheat and maize crops are statistically highly significant
(Table 4).

Weed infestation

Considering the level of weed infestation (Fig. 4), the highest values were
determined in the treatments of monoculture in wheat crops, where the average number
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of ind/m? was 490.47, and maize crops, where the level of weed infestation was
111.98 ind/m?. These values were the highest recorded values for wheat and maize
considering all treatments of crop rotation. Although the highest level of weed
infestation was recorded in monoculture for both crops, it should be noted that maize
cultivated in monoculture showed 75% lower level of weed infestation compared to
wheat. High levels of weed infestation were recorded also in wheat crops grown in the
treatment of unfertilized three-year rotation (198.61 ind/m?), two-year rotation
(186.03 ind/m?), unfertilized two-year rotation (124.57 ind/m?) and three-year rotation
with the application of organic fertilizer (101.15 ind/m?). The lowest values of weed
infestation in wheat crops were determined in the treatments of three-year rotation
(39.93 ind/m?) and four-year rotation (52.83 ind/m?). Weed infestation in maize, with
the exception of monoculture, was at a significantly lower level and was around
36 ind/m? in the treatments of unfertilized two-year rotation, unfertilized three-year
rotation, and four-year rotation, while the lowest weed infestation was recorded in the
treatment of intensive two-year rotation (17.31 ind/m?) and three-year rotation with the
application of organic fertilizer (20.86 ind/m?). It is also interesting to point out that the
level of weed infestation in maize is considerably lower compared to the same
treatments of crop rotation in wheat: by 91% in two-year rotation, 82% in unfertilized
three-year rotation, 79% in three-year rotation with the application of organic fertilizer,
70% in unfertilized two-year rotation, 48% in three -field rotation and by 32% in four-
year rotation.

Statistical analysis indicated statistically significant difference between the overall
weed infestation found in wheat (all treatments) and weed infestation in maize crops (all
treatments) (Table 4).

Statistical analysis (Table 5), of the level of weed infestation in different crops in
different treatments of the experiment in the first year in wheat indicated statistically
highly significant difference between weed infestation in wheat monoculture and all
other crop rotation treatments. In the second year, statistically significant difference was
determined in maize crops also only for weed infestation in maize monoculture
compared to other crop rotation treatments.
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Figure 2. Biological spectrum of weed flora (2010 and 2011)
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Figure 3. Number of weed species in wheat (2010) and maize (2011) in different crop rotations

Table 2. Review of weeds with the average number of individuals per square meter in wheat (2010) and maize (2011) in different variants of the
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M No. of species in wheat M No. of species in maize

25

E2

E3

IS3

14

experiment
. Life Mo 12 E2 13 E3 1S3 14
Plant species form
w M w M w M w M w M w M w M
1. Adonis aestivalis L. T2 0.44 0.44
2. Amaranthus retroflexus L. T4 4.44 2.66 6.22
3. Ambrosia artemisiifolia L. T4 533 | 2955 | 1.78 178 | 77.77 4 2.66 0.89
4. Anagallis arvensis L. T4 0.44
5. Anagallis femina Mill. T4 0.44 0.44 0.89
6. Bilderdykia convolvulus (L.) Dum. T4 | 59.11 25.66 2.22 5.33 2.22 15 6.21
7. Capsella bursa-pastoris (L.) Medik. T1 | 3111 0.44 0.44 1.77
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8. Centaurea cyanus L. T2 1.77 0.88
9. Chenopodium album L. T4 0.44 0.44 0.89 0.44 4.88 0.89 | 10.21 | 0.44 | 9.33
10. Chenopodium hybridum L. T4 0.44 1.33 1.77 | 0.89 3.1 0.44 | 0.44
11. Cirsium arvense (L.) Scop. G3 1.33 2.22 0.44 1.78 0.89
12. Consolida regalis S.F. Gray. T2 | 110.64 4577 | 0.44 3.10 15.99 0.44 11.55 8.44
13. Convolvulus arvensis L. G3 4 1.78 2.66 | 0.44 | 1.33 0.89 2.21 177
14. Datura stramonium L. T4 0.88 2.66
15. Euphorbia helioscopia L. T4 11.55 12.44
16. Fumaria officinalis L. T3 0.44
17. Galeopsis tetrahit L. T4 0.11 0.44
18. Galium aparine L. T2 | 13.77 17.33 4
19. Helianthus tuberosus L. G2 4.88 311
20. Lamium amplexicaule L. T1 0.44 1.33 2.66 0.44
21. Lathyrus tuberosus L. Gl 1.33 1.33 1.78 1.77 1.78
22. Lithospermum arvense (L.) Vahl. T2 0.88 0.88 0.44
23. Medicago lupulina L. T4 1.33
24. Oxalis stricta L. G1 7.1
25. Papaver rhoeas L. T2 14.88 1.33
26. Polygonum aviculare L. T4 2.66 5.33 0.88
27. Ranunculus arvensis L. T2 0.44
28. Sinapis arvensis L. T3 0.44 44 7244 | 2.22 9.77
29. Solanum nigrum L. T4 0.88 1.77 0.44 1.33 0.44
30. Sorghum halepense (L.) Pers. Gl 103.55 355 | 10.22 | 29.77 | 3.55 | 4.89 755 | 26.22 9.33 | 0.44 12
31. Stachys annua L. T4 1.33
32. Stellaria media (L.) Vill. T1 0.88 15.55
33. Veronica hederifolia L. T1 256 87.55 0.44 1.77 0.44 40.88 23.99
34. Viola arvensis Murr. T2 0.44
35. Xanthium italicum L. T4 2.66 0.44 0.44 8 6.22 15.11
Total of plant species 14 5 15 8 20 6 10 7 12 7 11 8 9 5
Average no. of individuals/m? (weed density) 490.47 | 111.98 | 186.03 | 17.31 | 124.57 | 36.87 | 39.93 | 21.33 | 198.61 | 36.44 | 101.15 | 20.86 | 52.83 | 35.99

W — wheat; M-maize; Mo - monoculture; 12 — intensive (fertilized) two-year rotation; E2 - extensive (unfertilized) two-year rotation; E3 - extensive (unfertilized) three-year rotation; 1S3 - three-

year rotation with the application of organic fertilizers; 14 - intensive four-year rotation with the application of organic and mineral fertilizers; T — therophyte; G — geophyte
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Table 3. Significance of the differences in the number of weed species between different
treatments of crops rotations and crops (t-test)

Crop rotation 12 E2 13 E3 1S3 14
Wheat
Mo 0.001** 0.008** 0.021* 0.017*
12 0.003** 0.003** 0.021* 0.008** 0.009**
E2 0.000** 0.000** 0.000** 0.001**
Maize
Mo 0.021* 0.021*
12 0.021*
IS3 0.021*
**p<0.01,*p<0.05
Table 4. Significance of differences between the examined parameters
Examined parameters df t-value p
No. of weed species in wheat / No. of weed species in maize 12 4.30364 0.00**
Average no. of ind/m? in wheat / Average no. of ind/m? in maize 12 2.19914 0.04*

**p<0.01,*p<0.05

Table 5. Significance of differences in weed infestation (ind m?) in different treatments of
crop rotation (ANOVA, Duncan test)

Crop rotation 2 | e2 | 1 | B | 13 | u
Wheat
Mo | 0002+ | 0003* | 0.000* | 0002** | 0.000** | 0.000**
Maize
Mo | 0013~ | o0027¢ | 0015¢ | 0034* | o0016* | 0.030*
Two-year period
Mo | 0002 | 0001 | 0.000* | 0006** | 0.000** | 0.000**

**p < 0.01, *p < 0.05

Significance of the difference in the number of individuals in certain weed species
was analysed using ANOVA and Duncan’s test, indicating statistically highly
significant differences in the number of ind/m? for Consolida regalis (Fig. 5, species
12) and Veronica hederifolia (Fig. 5, species 33), which had the greatest influence on
weed infestation in wheat crops compared to other weed species, and the species
Sorghum halepense (Fig. 5, species 30), whose number of ind/m? in maize crops was
also statistically highly significant compared to other identified species. In addition,
based on the number of ind/m?, the species Ambrosia artemisiifolia, Bilderdykia
convolvulus and Sinapis arvensis (Fig. 5, species 3, 6 and 28, respectively) also had
statistically significant influence on weed infestation in wheat.
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Figure 4. Average weed infestation in wheat (2010) and maize (2011) in different crop rotations
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Figure 5. Significance of differences in the number of individuals per square meter (2010 and
2011) of different weed species (ANOVA)

Weeds as bioindicators

Apart from determining the basic meteorological and chemical properties of the soil
in the studied area (Table 1; Fig. 1), indirect ecological analysis was also carried out
based on the ecological indicator values of the identified weed species.

In all crop rotation treatments, the average values of climate indicators were
favourable: the value of the ecological index for temperature suggested favourable
temperature conditions (Tx =4.4), and the value of the ecological index for light
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showed favourable light regime (Lx = 3.76), which is in line with the mean value of the
continentality index which indicated subcontinental conditions (Kx=2.73). Soil
indicators suggested relatively favourable moisture content of the substrate in the
studied crop rotation treatments (Fx =2.48), slightly acidic to neutral values of the
chemical reaction of the substrate (Rx = 3.54), fertile soil (Nx =3.99), with medium
content of humus (Hx = 3) and well aerated (Dx = 2.84) (Table 6). However, certain
differences, although not statistically significant (t-test), related to ecological conditions
(expressed by bioindicator values) were found between different crop rotation
treatments. Thus, four clusters were distinguished: first included fertilized wheat crop
rotations, second included maize treatments in monoculture and unfertilized treatments,
third cluster included fertilized maize treatments, and fourth cluster was formed of
unfertilized wheat treatments (Fig. 6). Correspondent analysis also showed that some
groups and types of treatments differ in relation to certain ecological indicators (Fig. 7).
Specifically, clustering of fertilized wheat treatments was more intensively influenced
by the moisture content in the substrate (F) and partly by continentality (K), while the
nutrient content (N) affected clustering of fertilized maize treatments. Clustering of
maize monoculture and unfertilized treatments was influenced by brightness (L) and
substrate reaction (R), while aeration (D) and humus content (H) influenced clustering
of unfertilized wheat treatments.

Discussion

Studying agrophytocenoses and their floristic composition is an important
component in global biodiversity monitoring, as agroecosystems are characterised by
strong anthropogenic influence and constant intensification of agricultural production
(Nowak and Nowak, 2013). This study indicated significant differences in the
composition of weeds in wheat and maize crops. In addition to 12 species common to
both crops, as many as 21 species were recorded only in wheat, while the species
Amaranthus retroflexus and Xanthium italicum were recorded only in maize (Table 2).
The species which stood out in terms of the abundance in both crops was Sorghum
halepense, which was found in 79% of the experimental treatments. These floristic
differences were most likely a result of specific ecological conditions related to the
species of crops, their rotation treatment and application of different cropping practices,
as was noted also by Hosseini et al. (2014) and Campiglia et al. (2018). Since it is
known that crop rotation reduces floristic diversity (Moss et al., 2004; Randy, 2005;
Nikoli¢ et al., 2018), this study also included analysis of weed flora in individual
treatments of crop rotation. Statistical data analysis showed that the differences in the
number of weed species found in wheat and maize crops are statistically highly
significant (Table 4), indicating that crop rotation and crop species influence the
structure of weed flora (Koocheki et al., 2009; Nikoli¢ et al., 2018).

It is important to note that, according to DAISIE database (www.europe-aliens.org)
and Lazarevi¢ et al. (2012), there were seven invasive alien species in the weed flora of
the studied area (Amaranthus retroflexus, Ambrosia artemisiifolia, Datura stramonium,
Helianthus tuberosus, Oxalis stricta, Sorghum halepense and Xanthium italicum). Due
to their capability to highly successfully reproduce and spread to new areas, they are
undesirable and their dynamics should be closely monitored (Richardson et al., 2000;
Pysek et al., 2004), as their spreading can have negative ecological, economic and
health impacts.
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Table 6. Average values of ecological indices in different variants of the experiment

Eco|0gica| Mo 12 E2 13 E3 1S3 14 . _
. Wheat | Maize | X
index Wi M W MW M W M| W| | M|W|M|W M
T 38 (494|388 | 46 |422|489| 4 |473|432|482|4.02|4.76(3.83| 484 | 401 48 |44
K 326211328238 |265|226|334|267|256(224(315(266| 3.1 | 257 | 3.05 | 241 (273
L 322398319397 (385(399(383(392(392| 4 [345(3.96|338| 4 355 | 3.97 |3.76
F 273205278 222|264 |206|258|259|256|209|272|243|2.68| 253 | 2.67 | 2.28 (248
R 3.26 1396 328|362 | 3.6 393|356 346|349 |387(3.25|357|3.18| 358 | 337 | 3.71 (354
N 3.77 1399382397 (398|396 | 3.6 |438(399(395(388| 43 |383| 44 | 384 | 414 (399
H 3 3 3 3 1299| 3 3 3 3 3 3 3 3 3 3 3 3
D 294 | 29 (279|279 276|274 |273|271|297|285(294 | 2.7 3 29 | 2.88 28 (284

T — temperature; K — continentality; L - light; F — moisture; R — reaction; N — nutrients; H — humus; D — aeration. Mo -
monoculture; 12 — intensive (fertilized) two-year rotation; E2 - extensive (unfertilized) two-year rotation; E3 - extensive
(unfertilized) three-year rotation; 1S3 - three-year rotation with the application of organic fertilizers; 14 - intensive four-year
rotation with the application of organic and mineral fertilizers

The biological spectrum was absolutely dominated by therophytes, which accounted
for 82.85% and 71.42% of the analyzed flora in wheat and maize, respectively (Fig. 2).
Mclintyre et al. (1995) also found that therophyte life form dominated in arable
agricultural land. Such life form distribution is common for weed flora under the strong
influence of cropping practices (Kovacevi¢ et al., 2008).

Considering weed infestation in different treatments in the studied two-year period
(in both wheat and maize), the highest average values were recorded in wheat
monoculture (490.47 ind/m?) and maize monoculture (111.98 ind/m?) (Table 2; Fig. 4),
statistically highly significant difference was found also only between monoculture and
other crop rotation treatments (Table 5), which is in line with the findings of other
authors who reported that crop rotation and soil cultivation result in reduction of weed
density and biomass (Demjanova et al., 2009). The weed species which, due to their
abundance, had the greatest influence on weed infestation were Consolida regalis and
Veronica hederifolia in wheat, and Sorghum halepense in maize, which was statistically
significant in relation to other weed species.

Since the composition of weed flora depends on the ecological characteristics of the
environment and the intensity of anthropogenic influence (gilc, 2010; Jari¢ et al., 2015),
different weed species can be found in different crop rotation treatments, so some
treatments differ considerably in relation to their floristic composition. However, our
results indicate that higher floristic diversity is not proportional to the level of weed
infestation in crops (Table 2).

Knowing that each plant species has certain requirements regarding the ecological
characteristics of the habitat, which are expressed by ecological indices (bioindicator
values), it is possible to make ecological assessment of the habitat characteristics and
the site class. It should be noted that the assessment takes into consideration the average
abundance for each weed species, so that the obtained values of the analysed ecological
indices represent a reliable indicator of ecological conditions in studied crop rotation
treatments.

Therefore, the obtained results are in line with the findings of Silc (2010) and Jari¢ et
al. (2015) who stress that the composition of weed flora depends on ecological
characteristics of the environment and intensity of anthropogenic influence. Although
the average ecological indicator values for the main environmental factors pointed to
favorable light regime, pH, nutrient content and soil aeration in all experimental
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treatments, there were some differences in ecological conditions, as was indicated by
clustering of certain experimental treatments in four clusters (Fig. 6). It can be
concluded that both the type of crop rotation, application of fertilizers and the species of
crops had impact on ecological conditions of the studied experimental treatments, which
resulted in their clustering and differentiation, expressed by the ecological indicator
values of the weed species.

Studying weed flora in long-term crop rotations clearly showed that the structure of
weed flora and the level of weed infestation depend on the applied cropping practices
and crop rotation treatment. The experiment thus showed that the highest reduction of
weed infestation in both crops was achieved in intensive (fertilized) three-year and four-
year rotations (Fig. 4), which is in line with results of previous studies (Smit and Gross,
2007; Milosev et al., 2014; Nikoli¢ et al., 2018).

Conclusion

The obtained results on weed flora and weed infestation in this research are based on
a long-term crop rotation experiment with some of the experimental treatments formed
more than seven decades ago. The specific scientific contribution of this paper is that
the habitat is characterized on the basis of the ecological indicator values of the
determined weed species, and it is possible to identify specific crop rotation treatments
in which a certain ecological characteristic has significant effect on weed infestation.

Considering the findings of this research and the results from literature (Smith and
Gross, 2007; Koocheki et al., 2009), it can be concluded that the long-term effects of
crop rotation are positive since this agricultural practice does not lead to increased weed
abundance or development of weed communities that could be difficult to control. Crop
rotation is justified also from the aspect of environmental protection, as it contributes to
reduced application of chemicals, which is in line with generally accepted views on the
preservation, sustainability and balanced use of agricultural land (Liebeman and Dyck,
1993; MilosSev et al., 2014; Nikoli¢ et al., 2018).

In the future research, the soil seed bank for these long-term experiments could be
analysed. Thus, the prediction of the weed growth would be enabled which could ensure
additional reduction and selection of the applied herbicides with the adequate crop
rotation.
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