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Abstract

I. Kakabouki, S. Karydogianni, I. Roussis, and D. Bilalis. 2020. Effect of organic and 
inorganic fertilization on weed flora and seed yield in black mustard [Brassica nigra 
(L.) Koch] crops. Int. J. Agric. Nat. Resour. 79-89. Crop production practices affect weed 
communities in agricultural systems. Field experiments were conducted to determine the effects 
of organic and inorganic fertilization on weed flora and seed yield in black mustard [Brassica 
nigra (L.) Koch] crops. The experiments, conducted at two sites (Athens and Agrinio, Greece) 
during 2019, were laid out in a randomized complete block design with three replicates and 
three fertilization treatments (untreated, compost fertilizer and inorganic fertilizer). The results 
of the present study indicated that the total weed density and biomass in the black mustard crops 
were significantly influenced by fertilization. The highest leaf area index (4.76-4.84 m2 m-2) and 
canopy interception of incident photosynthetically active radiation (PAR) (93.56-94.98%) were 
observed under inorganic fertilization at 90 days after sowing. At both experimental sites, the 
total weed density and biomass were significantly higher under inorganic fertilizer treatment at 
45 DAS. The highest densities of the weed species Sinapis arvensis, Chenopodium album and 
Malva sylvestris were found in the plots treated with inorganic fertilizer. The seed yield was 
also affected by fertilization, with the highest values (1352-1456 kg ha-1) observed in the plots 
treated with inorganic fertilizer. In conclusion, the different fertilization practices affected both 
the weed density and weed biomass; in particular, inorganic fertilization led to the development 
of he highest weed density. Furthermore, the highest seed yields were recorded under inorganic 
fertilization in both the experimental areas.
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Introduction

Black mustard [Brassica nigra (L.) Koch, Fam-
ily: Brassicaceae] is an annual herbaceous plant 
whose exact native range is uncertain, but this 
plant is probably endemic to the southern Medi-

terranean region (Thomas et al., 2004). Sinskaia 
(1928) identified two major geographic forms of B. 
nigra, a western form that was grown in Europe, 
Africa, Asia Minor and Afghanistan and an eastern 
form that was grown in India and as far west as 
the Syrian Arab Republic and Palestine. Black 
mustard was one of the first domesticated crops 
and was widely grown in central and southern 
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Europe, North Africa and Asia due to the sharp 
pungency of its seeds and as a leaf vegetable. In 
addition to its use as a condiment, the medicinal 
value of black mustard was also recognized early, 
as mustard meal mixed with water was extensively 
used to prepare plaster and mustard baths to treat 
skin ailments, arthritis, and rheumatism (Thomas 
et al., 2004). Until the 1950s, black mustard was 
the world’s major source of pungent mustard, but it 
was then displaced by the higher yielding, pungent 
brown mustard [B. juncea (L.) Czernjaew], which 
was better suited to large-scale and mechanized 
cultivation (Prakash & Hinata, 1980).

Interest in the cultivation of black mustard has 
recently increased, and it has been introduced 
to areas outside of its native continents, such 
as Australia and America, as a source of edible 
oil and seeds (Sahay et al., 2015). This crop has 
been selected because of its ability to grow un-
der diverse agroecological conditions, such as 
at relatively low temperatures and in disturbed 
soils, making it well adapted for cultivation for 
both domestic and industrial uses (Angelova & 
Ivanova, 2009). In addition, black mustard pro-
duction is also expected to undergo significant 
growth in the coming years mainly due to the 
increasing application of mustard seeds in the 
food and beverage, pharmaceutical, personal care, 
and cosmetic industries (Rahman et al., 2018).

A typical image of the black mustard plant includes 
a firm taproot, large lower leaves, smaller upper 
leaves and a stem that is lightly covered with 
soft hairs. Black mustard can be easily distin-
guished from the commercial Brassica crops in 
that it does not produce a rosette of basal leaves. 
Black mustard seeds are globular, 1-1.6 mm in 
diameter, dark brown to nearly black in color, 
minutely reticulate, and mucilaginous (Bagchi 
& Srivastava, 2003).

Crop production practices affect weed communi-
ties in agricultural systems. Differentiation in the 
concentration and availability of plant nutrients 
could markedly affect crop-weed interference 

(Murphy & Lemerle, 2006). As a consequence of 
the utilization of the same sources, weeds could 
measurably reduce yield quality and quantity, 
which may cause financial damage. Proper manage-
ment of crop nutrients assures sustainable weed 
management through the provision of suitable 
inputs for crop functioning (Di Tomaso, 1995).

Nitrogen constitutes the major nutrient that is 
added to increase crop yield. Many weed spe-
cies consume large quantities of nitrogen, thus 
limiting crop-available nitrogen; however, cer-
tain weed species have a lower optimal nitrogen 
requirement than crops, giving those weeds a 
competitive advantage in some situations (Di 
Tomaso, 1995). Therefore, it is important to 
develop fertilization strategies for crop produc-
tion that enhance the competitive ability of the 
crops, minimize weed competition, and reduce 
the risk of nonpoint source pollution from ni-
trogen (Sweeney et al., 2008).

Despite the numerous studies of new and promising 
crops worldwide, there is a clear lack of informa-
tion on the combined effects of weed management 
and fertilization practices on black mustard crops. 
The current study aimed to investigate the effects 
of organic and inorganic fertilization on weed 
flora and seed yield in black mustard crops under 
Mediterranean conditions. 

Materials and Methods 

Two field experiments were conducted in 2019 
at the organic experimental field of the Agri-
cultural University of Athens (Latitude: 37°59′ 
N, Longitude: 23° 42′ E, Altitude: 29 m above 
sea level) in Athens, Greece, and at an organic 
field in the Agrinio region (Latitude: 38° 35′ N, 
Longitude: 21° 25′ E, Altitude: 80 m above sea 
level) located in western Greece. The soil type 
was clay loam in Athens and silt loam in Agrinio 
(Table 1). The mean values of the meteorological 
data concerning air temperature and precipita-
tion at the experimental sites are presented in 



81VOLUME 47 Nº2 MAY – AUGUST 2020

Figure 1. The sites were managed according to 
organic agricultural guidelines (EC 834/2007). 

Table 1. Soil properties in the experimental sites (Athens 
and Agrinio).

Soil Properties Athens Agrinio

Soil Type Clay loam Silt loam

Clay 29.8% 24.9%

Silt 34.3% 61.2%

Sand 35.9% 13.9%

pH (1:1 H2O) 7.21 7.44

Organic matter 1.39% 1.46%

CaCO3 17% 14%

Total Nitrogen 0.114% 0.153%

Phosphorus – P Olsen 49 mg kg-1 soil 175 mg kg-1 soil

Potassium 341 mg kg-1 soil 632 mg kg-1 soil

Each experiment was set up on a 352-m2 area 
according to a randomized complete block de-
sign (RCBD) with three fertilization treatments: 
control (untreated), farmyard manure (2000 kg 
ha-1, solid, 1.52% N) and inorganic fertilizer 
(300 kg ha-1 Nutrimore Winner 40-0-0+14.5 
SO3, Gavriel Ltd.), with three replicates for each 
treatment. The plot size was 32 m2 (8 m × 4 m). 

There were spaces of 1 m between replicates and 
1 m between plots. The cultivated species was 
black mustard [B. nigra (L.) Koch]. The soil was 
prepared by plowing to a depth of approximately 
25 cm. Fertilizers were applied by hand on the soil 
surface and then harrowed in. Seed sowing was 
performed on the 18th and 20th of January 2019 
in Athens and Agrinio, respectively. The sowing 
distances were 30 cm between rows and 15 cm 
within each row. The mean monthly temperature 
and total precipitation during the growing period 
(January-June 2019) were 15.9 °C and 330.8 mm, 
respectively, in Athens and 15.1 °C and 422.8 mm, 
respectively, in Agrinio.

The sampling dates for all the variables at both 
the experimental sites were 45, 60, 75, 90, and 
105 days after sowing (DAS). The leaf area index 
(LAI) and the canopy interception of incident 
photosynthetically active radiation (PAR) were 
measured by taking 5 readings in rapid succession 
in each plot using a SunScan SS1 plant canopy 
analyzer (Delta-T Devices, Cambridge, UK). The 
SunScan meter consists of a 1-m long SunScan 
probe with 64 photodiodes for the below canopy 
radiation in the wavelength range 400-700 nm and 

Figure 1. Mean monthly temperature and precipitation for the experimental sites (Athens and Agrinio) 
during the cultivation period (January-June 2019).
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a beam fraction sensor for the above canopy radia-
tion. The above and below canopy measurements 
were performed at the same time. The LAI was 
calculated by the data collection terminal con-
necting the SunScan probe and the beam fraction 
sensor by applying Wood’s SunScan equations, 
which are based on the Beer-Lambert extinction 
law, and taking into account other parameters, 
such as the absorption and transmission of dif-
fuse light and zenith angles (Webb et al., 2013). 
The fraction of the incident PAR intercepted by 
the canopy (Fint PAR) was calculated with the 
following equation (Bilalis et al., 2010):

The weed density was assessed using a wooden 
square quadrat (0.5 × 0.5 m) placed at random 
in two locations in each plot. All the weeds were 
collected from the measured area and weighed 
to determine the weed dry matter. The weed dry 
matter was measured after drying for 72 h at 70 °C.

The species diversity of the weed groups was 
characterized using the Simpson (D) and Shannon-
Wiener indices (H) using the following formulas 
(Booth et al., 2003):

where Pi is the proportion of individuals belonging 
to the ith species, and s is the total number of spe-
cies in a given group. The values of the Shannon-
Wiener diversity index range between 1.5 and 3.5 
(MacDonald, 2003). To calculate these indices, 
the Species Diversity and Richness IV software 
(Pisces Conservation Ltd., New Milton, UK) was 
used. The above mentioned indices increase either 
with the addition of unique species or with greater 
species evenness (Booth et al., 2003). 

Finally, to estimate the seed yield, 10 black 
mustard plants were randomly selected in each 
plot at 140 DAS and harvested in bags to prevent 
seed shatter.

The experimental data were subjected to statisti-
cal analysis according to randomized complete 
block design (RCBD). The statistical analysis was 
performed using SigmaPlot 12 statistical soft-
ware (Systat Software Inc., San Jose, CA, USA). 
Differences between means were distinguished 
using the least significant difference (LSD) test. 
Correlation analyses were used to describe the 
relationships between the LAI, Fint PAR, weed 
species diversity indices and seed yield using 
Pearson’s correlation. All the comparisons were 
made at the 5% level of significance.

Results and Discussion

The effect of fertilization on the leaf area index 
(LAI) is shown in Table 2. During the growing 
season, there were significant differences among 
fertilization regimes. The maximum values of the 
LAI were recorded at 90 DAS. The LAI was sig-
nificantly higher in the plots treated with inorganic 
fertilization (4.76 and 4.84 m2 m-2 in Athens and 
Agrinio, respectively), while the lowest values 
(3.87 and 3.93 m2 m-2 in Athens and Agrinio, 
respectively) were observed in the control plots. 
In addition, there was a significant difference in 
the LAI values between the locations, with the 
highest values observed in the Agrinio area. This 
result is probably related to the higher precipita-
tion patterns observed at this experimental site. 
Depending on the local precipitation and avail-
able soil water reserves, the LAI of a crop with 
an adequate water supply increases, specially 
early in the growing season, as a result of earlier 
and more rapid leaf production in the vegetative 
growth phase (Grashoff et al., 1995). 

The values of Fint PAR under different fertiliza-
tion regimes are presented in Table 2. From 45 
until 75 DAS, there was a significant and rapid 
increase in the fraction of PAR that was inter-
cepted. The maximum values were observed in 
the flowering stage (75 and 90 DAS), especially 
at 90 DAS. Across all the treatments and at both 
experimental sites, the Fint PAR values during the 
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reproductive phase (105 DAS) were higher than 
those of the vegetative phase (45 and 60 DAS). The 
mean values of Fint PAR provide good evidence 
of the effects of the fertilization regimes. In the 
inorganic fertilizer treatment group the values 
of Fint PAR were substantially higher (93.56 and 
94.98% in Athens and Agrinio, respectively) than 
in the compost treatment group (85.77 and 87.96% 
in Athens and Agrinio, respectively). The lowest 
values (75.89 and 76.69% in Athens and Agrinio, 
respectively) were found in the untreated (control) 

plots. In addition, there was a very strong positive 
correlation between the LAI and Fint PAR at both 
the experimental sites (r=0.9073, p<0.001 and 
r=0.9110, p<0.001, in Athens and Agrinio area, 
respectively, at 90 DAS). This result indicates that 
the increased LAI resulted in an increase in the 
fraction of PAR that was intercepted.

Nitrogen is an important element in augment-
ing crop production. A sufficient application 
of nitrogen results in the rapid development of 

Table 2. Leaf area index (LAI) and Fint PAR (fraction of PAR (%) intercepted by crop canopy) as affected by fertilization 
(control, compost fertilizer, or inorganic fertilizer) during the growing season in Athens and Agrinio.

Fertilization
Leaf Area Index (m2 m-2)

45 DAS 60 DAS 75 DAS 90 DAS 105 DAS

Athens

Control 1.93 3.14 3.73 3.87 3.79

Compost 2.17 3.52 4.20 4.35 4.27

Inorganic fertil-
izer 2.31 3.80 4.56 4.76 4.56

Ffertilization
9.67*

(LSD = 0.213)
10.99**

(LSD = 0.342)
23.74**

(LSD = 0.295)
30.97***

(LSD = 0.278)
10.70*

(LSD = 0.410)

Agrinio

Control 2.04 3.25 3.82 3.93 3.86

Compost 2.28 3.58 4.29 4.43 4.25

Inorganic fertil-
izer 2.44 3.91 4.68 4.84 4.63

Ffertilization 11.24**
(LSD = 0.208)

8.32*
(LSD = 0.399)

28.90***
(LSD = 0.273)

26.02**
(LSD = 0.311)

9.48*
(LSD = 0.382)

Fint PAR (%)

45 DAS 60 DAS 75 DAS 90 DAS 105 DAS

Athens

Control 38.64 52.91 67.09 75.89 72.84

Compost 43.62 59.93 75.58 85.77 81.12

Inorganic 
fertilizer 46.35 63.76 82.35 93.56 87.30

Ffertilization 9.93*
(LSD = 4.397)

9.68*
(LSD = 6.116)

25.30**
(LSD = 5.261)

26.22**
(LSD = 5.986)

6.02*
(LSD = 10.19)

Agrinio

Control 41.40 56.27 70.67 76.69 73.91

Compost 46.91 64.61 78.87 87.96 84.55

Inorganic 
fertilizer 49.86 69.10 87.13 94.98 90.27

Ffertilization 10.39*
(LSD = 4.629)

8.05*
(LSD = 7.419)

33.47***
(LSD = 4.922)

19.35**
(LSD = 7.261)

10.41*
(LSD = 8.911)

F-test ratios are from ANOVA. The symbols *, ** and *** indicate significance at p=0.05, 0.01 and 0.001, respectively, and ns 
indicates not significant (p>0.05). The least significant difference (LSD) test (p=0.05) values for fertilization are also presented.
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the leaf canopy, enabling plants to intercept 
more solar radiation and thus resulting in higher 
photosynthesis (Mokhtassi-Bidgoli et al., 2013). 
Crop growth depends on the ability of the canopy 
to intercept the incoming radiation, which is 
a function of the leaf area index and canopy 
architecture, and on its conversion into plant 
biomass (Gifford et al., 1984) According to the 
model elaborated by Monteith (1981), biomass 
production can be presented as a linear function 
of the photosynthetically active radiation (PAR; 
wavelength 400-700 nm) that was intercepted 
by the canopy. Increased interception of solar 
radiation constitutes a main factor for increased 
dry matter production in crops. Previous studies 
have shown that higher biomass production results 
from more intercepted solar radiation (Bilalis et 
al., 2010; Mokhtassi-Bidgoli et al., 2013).

The ten major weed species in the Athens and 
Agrinio experimental trials are presented in 
Figure 2. The weed community was dominated 
by Sinapis arvensis (Brassicaceae), Matricaria 
chamomilla (Asteraceae), Chenopodium album 
(Chenopodiaceae), Malva sylvestris (Malvaceae), 
Galium aparine (Rubiaceae) and Papaver rhoeas 
(Papaveraceae) in Athens, and the most dominant 
weed species in the Agrinio area were S. arven-
sis, C. album, M. chamomilla, M. sylvestris and 
Fumaria officinalis (Papaveraceae). The total 
weed density was significantly affected by the 
different fertilization regimes (Table 3). The 
maximum values were observed at 45 DAS, and 
then, the values gradually declined until the end 

of measurements (105 DAS). At both the sites, 
the highest weed densities (38.7 and 34.2 plants 
m-2 in Athens and Agrinio, respectively) were 
recorded in the plots treated with inorganic fertil-
izer. Similar trends were also found with weed 
dry matter. The highest weed dry matter was also 
observed in the inorganic treatment group at 45 
DAS, with the values being 30.02 and 26.63 g m-2 
for Athens and Agrinio, respectively.

The canopy structure of both crop and weeds may 
influence the level of competition. Stem height, 
leaf area, leaf angle, and leaf arrangement within 
the canopy can define the ability of a crop to in-
tercept photosynthetically active radiation (PAR). 
Canopy structure can affect the amount of light 
intercepted by the crop, which in turn can define 
crop growth (Bilalis et al., 2010). The increasing 
ability of black mustard crops to compete with 
weeds during the growth cycle may be associated 
with the increase in the high overall leaf area and 
in the planophile leaves (high kleaf) of these plants. 

High crop productivity has been demonstrated to 
occur simultaneously with greater frequency of 
weed species in arable crops (Bischoff & Mahn, 
2000). In our study, the increase in weed density 
with increasing available nitrogen (the inorganic 
fertilizer contained soluble inorganic nitrogen with 
rapid availability for plant species) may be due to 
the positive effect of nitrogen on the germination 
and effective stand growth of weeds. In addition, 
most of the weed species are reported to be ef-
ficient nitrogen users. The results obtained are 

Figure 2. Density of the ten major weeds (plants m-2) as affected by fertilization (control, compost ertilizer, or inorganic 
fertilizer) in (a) Athens and (b) Agrinio. The different lower case letters denote statistically significant differences (p<0.05) 
according to the LSD test.
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Table 3. Weed density (plants m-2) and weed dry matter (g m-2) as affected by fertilization (control, compost fertilizer, or 
inorganic fertilizer) during the growing season in Athens and Agrinio.

Fertilization
Weed Density (plants m-2)

45 DAS 60 DAS 75 DAS 90 DAS 105 DAS

Athens

Control 30.8 26.7 21.2 19.0 14.8

Compost 35.1 29.9 24.0 22.3 16.1

Inorganic fertilizer 38.7 32.6 26.3 23.1 17.4

Ffertilization 18.83**
(LSD = 3.19)

16.22**
(LSD = 2.58)

21.13**
(LSD = 1.86)

13.34**
(LSD = 2.07)

6.07*
(LSD = 1.92)

Agrinio

Control 27.3 24.8 19.4 17.3 14.7

Compost 30.9 27.4 22.1 19.2 16.8

Inorganic fertilizer 34.2 29.7 23.2 21.2 16.6
Ffertilization 30.10***

(LSD = 2.11)
18.78**

(LSD = 1.99)
14.02**

(LSD = 1.89)
8.38*

(LSD = 2.42)
5.16ns

Weed Dry Matter (g m-2)

45 DAS 60 DAS 75 DAS 90 DAS 105 DAS

Athens

Control 24.06 21.29 18.86 16.84 14.47

Compost 27.23 24.37 21.29 19.86 15.08

Inorganic fertilizer 30.02 26.96 23.39 20.48 16.02

Ffertilization 12.79**
(LSD = 2.883)

19.55**
(LSD = 2.224)

22.38**
(LSD = 1.658)

17.67**
(LSD = 1.602)

2.54ns

Agrinio

Control 22.38 17.75 16.77 14.43 12.57

Compost 24.50 20.20 19.48 16.08 14.31

Inorganic fertilizer 26.63 22.18 20.69 17.51 14.35
Ffertilization 31.11***

(LSD = 1.319)
31.73***

(LSD = 1.364)
13.65**

(LSD = 1.879)
8.26*

(LSD = 1.846)
6.20*

(LSD = 1.419)

F-test ratios are from ANOVA. The symbols *, ** and *** indicate significance at p=0.05, 0.01 and 0.001, respectively, and ns 
indicates not significant (p>0.05). The least significant difference (LSD) test (p=0.05) values for fertilization are also presented.

in line with those of previous studies that have 
similarly observed that weed density and biomass 
significantly increased with an increase in the 
available nitrogen concentration (Blackshaw et 
al., 2003; Deniya et al., 2014). 

The response of weed density to organic and 
inorganic fertilization was species specific. In par-
ticular, the greatest weed density was recorded for 
the species S. arvensis, C. album, M. chamomilla, 
and M. sylvestris. The densities of S. arvensis, C. 
album and M. sylvestris were significantly higher 
in the inorganic fertilization plots, while there 
were no significant differences in the density of 
M. chamomilla between fertilization treatments. 

As reported by Bischoff & Mahn (2000), weeds 
such as S. arvensis, C. album and M. sylvestris 
increased in density as the nitrogen application rate 
increased. Blackshaw et al. (1987) reported that a 
density of 20 plants m-2 of either S. arvensis or C. 
album caused a significant reduction in the seed 
yield of rapeseed (Brassica napus L.); however, 
S. arvensis caused greater reductions in the dry 
weight and seed yield of rapeseed than C. album. 
This observation could be explained by the similar 
growth habits and life cycles of S. arvensis and 
rapeseed, which would, therefore, compete more for 
specific resources and at similar times during the 
growing season. Moreover, Salisbury et al. (2018) 
indicated that weeds from the Brassicaceae family 
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et al., 2008; Tang et al., 2014). Sweeney et al. 
(2008) reported that, in addition to nutrients and 
especially nitrogen, plant germination and growth 
are also affected by water availability.

Seed yield was negatively correlated with the 
Shannon-Weiner (r=-0.5142, p=0.029 and r=-
0.5032, p=0.037, for Athens and Agrinio, re-
spectively) and Simpson (r=-0.4534, p=0.033 
and r=-0.4315, p=0.042, for Athens and Agrinio, 
respectively) indices. These results implied that 
a diverse weed community could not occur 
simultaneously with high black mustard seed 
production in these agroecosystems. The results 
of the present study indicated that the effect of 
organic and inorganic fertilization on seed yield 
was significant (Ffertilization=14.779, p=0.004 and 
Ffertilization=53.331, p<0.001, , respectively). The 
application of inorganic fertilizer resulted in 
consistently higher seed yield (Figure 4). In all 
cases, the seed yields of the plots treated with 
inorganic fertilizer were 6-9% and 16-20% greater 
than the corresponding values of the plots treated 
with organic fertilizer and control, respectively.

The results of the present study confirmed that total 
weed density and biomass in black mustard crops 
were significantly influenced by different fertiliza-
tion regimes. The application of inorganic fertilizer 
resulted in a higher leaf area index (LAI), which in 
turn resulted in an increase in the light interception 
by the canopy. The highest Fint PAR values were 
also found under inorganic fertilization. At both 

pose a threat through the potential deterioration 
of the product quality of rapeseed.

The diversity indices proposed by Shannon-Weiner 
and Simpson were useful in evaluating the effects 
of different fertilization patterns on the weed spe-
cies population. In the present study, there were 
significant differences in the Shannon-Weiner 
(Ffertilization=6.088, p=0.036 and Ffertilization=20.078, 
p=0.002, for Athens and Agrinio, respectively) 
and Simpson (Ffertilization=5.027, p=0.041 and Ffer-

tilization=14.512, p=0.005, for Athens and Agrinio, 
respectively) indices among the fertilization 
treatments. The lowest values of the Shannon-
Weiner (2.079 and 1.918 in Athens and Agrinio 
area, respectively) and Simpson (0.854 and 0.798 
in Athens and Agrinio, respectively) indices were 
recorded under inorganic fertilization (Figure 3).

Fertilization could influence not only the species 
richness and diversity but also the size of the weed 
population and, therefore, the level of community 
evenness. An increase in the amount of available 
nitrogen in the soil could promote the existence 
of some dominant weed species and could result 
in decreases in species richness and diversity and 
an increase in species simplification (Tang et al., 
2014). The observed differences in the densities 
and species richness of the weed communities 
between the locations can be ascribed to the dif-
ferent weed seed banks among the locations, the 
effects of fertilization on these seed banks, and 
environmental factors such as rainfall (Sweeney 

Figure 3. Effect of fertilization (control, compost fertilizer, or inorganic fertilizer) on the (a) Shannon-Weiner and (b) 
Simpson indices in Athens and Agrinio. The different lower case letters denote statistically significant differences 
(p<0.05) according to the LSD test.
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experimental sites, the total weed density and biomass 
were significantly higher in the inorganic fertilizer 
treatment group at 45 DAS. The highest densities 
of the weed species S. arvensis, C. album and M. 
sylvestris were found in the inorganic fertilization 
plots. There were no significant differences in the 
density of M. chamomilla between fertilization 
treatments. There is a clear need for further stud-
ies focusing on additional agronomic practices, 

such as soil tillage, seed rate and crop density as 
well as other strategies that may enhance crop 
competitiveness against weeds. In conclusion, the 
different fertilization practices affected both weed 
density and weed biomass; in particular, inorganic 
fertilization led to the development of the highest 
weed density. Furthermore, the highest seed yields 
were recorded under inorganic fertilization in both 
the experimental areas.

Figure 4. Seed yield as affected by fertilization (control, compost fertilizer, or inorganic fertilizer) in Athens and Agrinio. 
The different lower case letters denote statistically significant differences (p<0.05) according to the LSD test.
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fertilización inorgánica a los 90 días después de la siembra. En ambos sitios experimentales, la 
densidad total de malezas y la biomasa fueron significativamente mayores en el tratamiento de 
fertilización inorgánica a los 45 días después de la siembra. La mayor densidad de especies de 
malezas Sinapis arvensis, Chenopodium album y Malva sylvestris se encontraron en las parcelas 
de fertilización inorgánica. El rendimiento de la semilla también se vio afectado por la fertilización 
con los valores más altos (1352-1456 kg ha-1) observados en parcelas con fertilización inorgánica. 
.En conclusión, la diferente fertilización afectó tanto la densidad de malezas como la biomasa de 
malezas, y principalmente bajo fertilización inorgánica, donde se desarrolló la mayor densidad 
de malezas. Además, los mayores rendimientos de semillas se registraron en la fertilización 
inorgánica en ambas áreas, donde se llevaron a cabo los experimentos.

Palabras clave: Compost, densidad de malezas, fertilizantes inorgánicos, índices de diversidad, 
manejo de malezas, mostaza negra.
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