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ABSTRACT
Weeds are the main biological constraint for production and sustainability in agricultural systems. This is
due to the ability of weeds to modify soil physicochemical conditions (i.e., nutrients, pH, organic matter). It
is for this reason that having information on the physicochemical characteristics of the soil within the crop
allows observing ecological aspects and the distribution of weed species. The objective of this study was to
determine the composition and frequency of weed species and their relationship with soil physicochemical
variables in peach Prunus persica L. var. Rubidoux. This study determined the composition and frequency of
weed species in relation to physicochemical variables in soil for apeach crop with a total of twenty 10×10
m quadrats within a 2 ha peach crop. Weed species were identified taxonomically. A physicochemical characterization of the soil was performed in each quadrat. A total of 13 weed species were recorded, distributed
in 10 families and 8 orders, with the Asteraceae family being the most representative. Additionally, physicochemical variations were found in the soil samples in the peach crop. The soil data were contrasted with the
distribution patterns and frequency of weed species. Some weed species were not individually related to the
soil physicochemical variables. Our results support efforts to explore how variations in soil physicochemical
conditions in a crop can modulate weed species distribution patterns.
Additional keywords: diversity; weed flora; fertilization; sampling.
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RESUMEN
Las malezas se consideran las principales limitaciones biológicas para la producción y la sostenibilidad de un
sistema agrícola. Esto se debe a la capacidad de las malezas para modificar las condiciones fisicoquímicas del
suelo (i.e., nutrientes, pH,materia orgánica). Es por esta razón que tener información sobre las características
fisicoquímicas del suelo dentro del cultivo permite observar aspectos ecológicos y de distribución de especies
de malezas. El objetivo de este estudio fue determinar la composición y frecuencia de especies de malezas y su
relación con variables fisicoquímicas del suelo en cultivo de durazno Prunus persica L var. Rubidoux. Para determinar la composición y frecuencia de las especies de malas hierbas en relación con las variables fisicoquímicas
del suelo en el cultivo de durazno, se analizaron un total de 20 cuadrantes de 10×10 m dentro del cultivo de 2
ha de durazno. Las especies de malezas fueron identificadas taxonómicamente. Se realizó una caracterización
fisicoquímica del suelo en cada cuadrante. Se registraron un total de 13 especies de malezas, distribuidas en 10
familias y 8 órdenes, siendo la familia Asteraceae la más representativa. Adicionalmente, se encontraron variaciones fisicoquímicas en las muestras de suelo en el cultivo de durazno. Los datos del suelo se contrastaron
con los patrones de distribución y frecuencia de las especies de malezas. Algunas especies de malezas no estaban relacionadas individualmente con las variables fisicoquímicas del suelo. Nuestros resultados apoyan los
esfuerzos para continuar explorando cómo las variaciones de las condiciones fisicoquímicas del suelo dentro
de un cultivo pueden modular los patrones de distribución de las especies de malezas.
Palabras clave adicionales: diversidad; flora de malezas; fertilización; muestreo.
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INTRODUCTION
Weeds represent a major problem for the agricultural sector worldwide because they can cause losses
in yield of more than 80% (Cousens and Mortimer,
1995). Despite the fact that weeds represent a serious problem, agricultural practices have been directed
in recent years towards insect control (Labrada and
Paper, 2003), causing almost no impact on reducing
weed biodiversity (Pakeman et al., 2020). Consequently, new strategies in the field that help minimize weed diversity while maintaining or increasing
the crop production level are needed (Seppelt et al.,
2013; Barzman et al., 2015).
The biodiversity of weed communities within a crop
is related to the types of tillage systems, fertilization
plans, and influence of environmental conditions in
the area (Fried et al., 2008; Pinke et al., 2012). The
application of these plans or variations in physicochemical conditions in soil have been shown to
act as limiters of weed diversity in crops (Storkey et
al., 2010). Therefore, the frequency and diversity of
weeds and their relationship with different physicochemical conditions and soil agricultural practices
should be studied in the interest of agroecosystem
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conservation (Power 2010; Smith et al., 2010; Rassam et al., 2011; Travlos, 2013).
Agricultural practices can positively or negatively influence the frequency and diversity of weed species
(Travlos, 2010). One of the most common practices
is tillage, which has a negative effect on weed species
diversity but increases the frequency of lagging species (Melander et al., 2013; Santín-Montanyá et al.,
2013). While the effects of mechanical agricultural
practices may result in increased weed frequencies,
differentiations in soil nutrient concentrations and
availability greatly affect weed populations (Murphy
and Lemerle, 2006). Variations in major nutrients
(i.e., N, P, K) have shown, worldwide, that a change
in concentrations in crop soil can generate significant
changes in the population dynamics of weeds because
of dependence on nutritional balance (Gu et al., 2007;
Storkey et al., 2010; Huang et al., 2013; Cheimona et
al., 2016).
The objective of this study was to determine the
composition and frequency of weed species in relation to physicochemical variables in soil for a peach
crop of Prunus persica L. var. Rubidoux.
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WEED-SPECIES IN A CROP OF PEACH PRUNUS PERSICA L VAR. RUBIDOUX

MATERIALS AND METHODS
Area of study
Soil samples were taken from a peach crop on the
Tunguavita farm of the Universidad Pedagógica y Tecnológica de Colombia, located in the municipality of
Paipa at an altitude of 2,470 m a.s.l., 5º45’ N - 73º06’
W, with an average annual temperature of 14.1ºC,
average rainfall of 966 mm and average relative humidity of 74.9%, with a bimodal rainfall regime with
the sampling being near the beginning of the second
rainy season (Ideam Station No. 2403517). Four ha
were dedicated to the peach (Prunus persica L.) Rubidoux variety, with a planting density of 1,500 trees
and a planting distance of 5×5 m. This study only
had access to half of the crop (i.e., 2 ha). The area has
soil with less anthropic influence on land use changes
and entry and management in the crop. This makes
this zone one of the most stable in terms of physicochemical and biological conditions throughout the
year. General phytosanitary management for the
crop is based on the collection of crop residues (i.e.,
fallen leaves, flowers and fruits), reduction of insecticide application and nutrition of zone (Puentes and
Castro, 2012).

Field phase
Within this area (2 ha), a total of twenty 10×10 m
quadrats were used, spaced at regular intervals of
20 m (Mbong et al., 2020). The sampling distribution was carried out in this way in order to obtain
a greater homogeneity of the terrain to be evaluated for both the physicochemical variables and the
weeds to be classified. In each quadrat, a 200 g soil
sample was taken, stored, and sent to the laboratory
for subsequent physicochemical analysis (Ubom et
al., 2012). In each quadrat, weed plants were enumerated and grouped into morphospecies. Specimens of each morphospecies were collected, pressed,
and transferred in paper bags and plastic containers
to ensure hygienic conditions to the laboratory for
correct identification. Within each quadrant, at the
weed observation point, a photographic record was
taken to determine the vegetation cover of each of
the weed species. The photographs were taken at 1
m, with a wide-angle lens and a focal length of 10-20
mm, in each of the quadrants.

Laboratory phase
For each of the soil samples, the analysis of the
physicochemical variables were carried out in

the laboratory of at the Universidad Pedagógica y
Tecnológica de Colombia, with the methods proposed by the Instituto Geográfico Agustín Codazzi
(IGAC, 2006) where the following were analyzed:
pH ratio 1:1, %OC Walkey – Black method, %OM =
%OC * 1.724, real density was calculated using the
pycnometer method, bulk density was calculated
using the ring of known volume or cylinder, gravimetric humidity percentage (GH) at 105ºC for 24
h and volumetric humidity (VH) is the product of
the gravimetric humidity by the value of the bulk
density.
The taxonomic identification was carried out with
the help of a vascular plant catalog and the use of
weed identification books for Colombia and the Neotropics (Zubizarreta and Díaz, 2014; Bernal et al.,
2015; Lorena et al., 2018). The taxonomic classification and geographic distribution were confirmed using the International Plant Names Index (IPNI, 2021).

Statistical analysis
In order to quantify the patterns of weed composition and the influence of physicochemical variables of
the soil, the following statistical analysis were carried
out. The frequency and coverage of each species in
the quadrants (Pp1-20) in the peach crop were determined. A canonical correspondence analysis (CCA)
was performed to evaluate the possible relationships
between the relative frequency of weeds and the
evaluated soil physicochemical variables (González
et al., 2008). To compare the groupings (taxonomicphysicochemical) of the weed communities and soil
conditions, a Tanglegram was constructed using the
similarity distances obtained with vegan package version 2.5.6 (Oksanen et al., 2013). All statistical analyses and tests were performed using the vegan library
of the RStudio program (Team R., 2015). Frequency
is a useful index for monitoring and comparing plant
community changes over time (Bonham, 2013). The
relative frequency was calculated by relating the
sampling unit to the number of species using the following formula (Travlos et al., 2018):

Relative frequency (%) =

number of target
species ocurred
number of all species ocurred

×100
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RESULTS AND DISCUSSION
The lowest pH value (5.35) was in the Pp15 sample,
and the highest (7.07) value was in the Pp13 sample.
For the bulk density and real density, the lowest
values were observed in the Pp13 and Pp4 samples,
respectively (1.4 and 2.53 g cm3), while the highest
values were observed in Pp7 and Pp16 samples, respectively (1.93 and 2.72 g cm3). For the %GH and
%VH variables, the lowest values were found in the
Pp14 and Pp1 samples, respectively (20.42 and 33.42),
and the highest values were in the Pp10 and Pp11
samples, respectively (35.09 and 56.78). Finally, for
the % OC and % OM data, the lowest values were
found in the Pp1 and Pp2 samples (0.28 and 0.49), and
the highest values were found in the Pp5 sample (2.47
and 4.26) (Tab. 1).
A total of 13 weed species were found, distributed
in 10 families and 8 orders (Tab. 2 and Fig. 1). The

family with the highest number of species was Asteraceae (Sonchus oleraceus L., Taraxacum officinale
F.H.Wigg., Gamochaeta coarctata (Willd.) Kerguélen.
and Conyza bonariensis (L.) Cronquist.); while the
families Oxalidaceae, Fabaceae, Caryophyllaceae,
Chenopodiaceae, Poaceae, Cyperaceae, Plantaginaceae, Polygonaceae and Apiaceae had only one representative species. The contribution of the family
Asteraceae was 30.79% of the total species reported
(Tab. 2).
The results obtained in the samples of the peach
crop had a frequency greater than 50% of the samples for the weed species P. clandestinum, Coriandrum
spp., O. corniculata, and C. murale (Fig. 1). While, the
weed species G. coarctata, K. brevifolia, S. media, V.
persica and P. segetum presented a frequency of less
than 10% in the samples; the latter had a frequency
of less than 5% (Fig. 2).

Table 1. Physicochemical variables of the peach crop soil for each sample. The high and low values of each variable are shown
in bold.
Sample quadrant

pH

Bulk density (g cm3)

Real density (g cm3)

% GH1

% VH2

% OC3

% OM4

Pp1

6.26

1.58

2.6

21.44

33.42

0.28

0.49

Pp2

6.46

1.67

2.66

21.61

35.73

0.28

0.49

Pp3

6.97

1.74

2.59

23.33

40.02

1.01

1.75

Pp4

6.54

1.68

2.53

24.68

39.45

1.84

3.45

Pp5

5.66

1.52

2.45

25.78

38.69

2.47

4.26

Pp6

6.45

1.72

2.64

25.84

43.15

1.65

3.14

Pp7

6.87

1.93

2.71

25.99

49.71

0.28

0.49

Pp8

5.66

1.53

2.54

29.68

44.82

0.87

1.49

Pp9

5.62

1.69

2.59

30.4

49.42

0.68

1.35

Pp10

5.56

1.81

2.62

31.78

56.78

0.73

1.25

Pp11

5.96

1.63

2.61

35.09

56.42

2.32

4.01

Pp12

6.45

1.54

2.6

34.1

45.32

2.15

3.78

Pp13

7.07

1.4

2.62

24.84

34.56

2.03

3.5

Pp14

6.55

1.64

2.6

20.42

38.69

1.06

1.83

Pp15

5.35

1.67

2.58

33.78

55.66

1.6

2.76

Pp16

5.56

1.71

2.72

29.26

49.55

0.28

0.49

Pp17

5.59

1.68

2.68

30.14

50.15

0.98

1.42

Pp18

5.62

1.66

2.63

31.64

52.03

1.11

1.92

Pp19

5.64

1.65

2.7

30.98

50.18

1.04

1.65

Pp20

5.66

1.64

2.72

30.26

48.93

0.87

1.49

Mean

6.07

1.65

2.62

28.05

45.63

1.18

2.05

0.5

0.11

0.07

4.44

7.34

0.71

1.25

SD

Gravimetric humidity; Volumetric humidity; Organic carbon; Organic matter.
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Figure 1. Frequency of observation of each species in relation to the total number of sites sampled.

Table 2. Taxonomic classification of the weeds found at each sampling site within the peach crop.
Class

Order

Genus

Species

Oxalidales

Oxalidaceae

Oxalis

Oxalis corniculata L.

Fabales

Fabaceae

Trifolium

Trifolium repens Walter.

Caryophyllaceae

Stelleria

Stellaria media Cirillo.

Chenopodiaceae

Chenopodium

Chenopodium murale L.

Sonchus

Sonchus oleraceus L.

Taraxacum

Taraxacum officinale F.H.Wigg.

Gamochaeta

Gamochaeta coarctata (Willd.) Kerguélen.

Conyza

Conyza bonariensis (L.) Cronquist.

Poaceae

Pennisetum

Pennisetum clandestinum Hochst. ex Chiov.

Cyperaceae

Kyllinga

Kyllinga brevifolia Rottb.

Lamiales

Plantaginaceae

Veronica

Veronica pérsica Poir.

Caryophyllales

Polygonaceae

Polygonum

Polygonum segetum Kunth.

Apiales

Apiaceae

Coriandrum

Coriandrum spp. L.

Caryophyllales
Magnoliopsida
Asterales

Poales
Liliopsida

Family

Asteraceae

Soil physicochemical conditions and plant nutrient
absorption capacity can be regulated to a large degree
by management within the crop (i.e., input plans,
type of fertilization, agricultural practices) (Allan et
al., 2015). These effects result in increased agricultural

production yields in a crop, as well as changes that favor or disfavor weed communities (Allan et al., 2015).
An example is weed communities generally tend to
be more diversified in high input cropping systems
(i.e., peach crops) (Gough et al., 2000; Suding et al.,
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2005; Bilalis et al., 2010). But several studies have
found that this is not the only relationship between
physicochemical conditions and weed diversification;
it has been shown that agricultural practice types
and management intensity are fundamental components in variations in weed diversity and frequency
(Hyvönen et al., 2003; Santín-Montanyá et al., 2013).
The latter especially favors the appearance of weed
species that are rare (van Elsen, 2000; Bengtsson et al.,
2005; Vasquez et al., 2008).
The average coverage (AC) values for the weed species in the peach crop had patterns that were similar
to those of the species frequency (Fig. 1). Although
the species P. clandestinum and O. corniculata presented
average coverage values greater than 10%, the species
that presented a high frequency, such as Coriandrum
spp. and Sonchus oleraceus, presented values below
10% for the average coverage (Fig. 2). The weed species T. repens, C. bonariensis, C. murale, G. coarctata, K.
brevifolia, S. media, V. persica and P. segetum had average coverages of less than 5%; T. repens, C. bonariensis,
and C. murale very low coverages in relation to their
frequency (Fig. 1-2).

One of the limiting factors in structuring weed
communities within a crop has always been the
availability of primary nutrients and organic matter
(Berner et al., 2008). The demand for these nutrients
is not only determined the crop’s conditions but
also by the total biomass of weeds near the crop’s
fertilization zone and the main plants (Blackshaw
et al., 2005; Sweeney et al., 2008). At the same time,
physical soil conditions such as compaction, actual
density, and bulk density have effects on the distribution and germination of weed seeds, and the
amount of N that is assimilated by plants has an
effect on weed seed mortality (Davis, 2007). In turn,
since differences in nutrient availability and concentration appear to have a significant effect on weed
density, frequency, and diversity, it has been shown
that practices (i.e., tillage and fertilizer type) have a
significant effect, and that, depending on the practice, the community structuring will be different
(Bilalis et al., 2010; Travlos, 2010; Bilalis et al., 2012).
The correlation matrix (Fig. 3) revealed mean and
significant values of correlation coefficients between the soil physicochemical properties and weed

10

Weed species

Figure 2. Average coverage of each weed species in relation to the total number of sites sampled.
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Figure 3. Soil-weed species correlation matrix of the peach crop.

frequency in the study sites. The matrix showed that
mainly %OC and %OM correlated negatively and
significantly with the bulk density and real density of
the soil (-0.58 and -0.56), while, on the contrary, the
%VH, %GH and pH correlated positively and significantly with the organic carbon and organic matter
values. Likewise, the weed species, such as P. clandestinum, correlated negatively and significantly with
the soil density (-0.51). While, G. coarctata correlated
negatively and significantly with the %VH and %GH
(-0.41 and -0.33) (Fig. 3). On the other hand, C. murale showed a positive and significant correlation with

pH (0.51). In general, the regressions of the weeds
showed moderate, positive and negative values in relation to the physicochemical characteristics of the
soil. However, among the same weeds, the values
were mostly negative, an indicator of possible interspecific exclusion (Fig. 3).
The weed composition in the study area showed
groups of plants growing together in similar or favorable conditions. This effect was demonstrated
with patches and variations of densities within the
sampling quadrats, an effect reported in other types
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Figure 4. Canonical Correspondence Analysis (CCA), relationship of weed species with physicochemical factors in the peach
crop sampling sites. The black triangles correspond to the sampling points and the colored dots correspond to the
weed species obtained. Cm, Chenopodium murale; Cb, Conyza bonariensis; Cspp, Coriandrum spp.; Gc, Gamochaeta
coarctata; Kb, Kyllinga brevifolia; Oc, Oxalis corniculata; Pc, Pennisetum clandestinum; Ps, Polygonum segetum; So,
Sonchus oleraceus; Sm, Stellaria media; To, Taraxacum officinale; Tr, Trifolium repens; Vp, Veronica persica.

of crops (Okezie and Agyakwa, 1998; Ogbemudia
and Mbong, 2013; Mbong et al., 2020). Species such
as P. clandestinum, G. coarctata and C. murale, which
are variable in frequency and coverage, presented
variability in the physicochemical conditions of the
soil. This suggests an effect of competition and nutrient availability, leading to competition between
soil patches, an effect similar to that reported in wild
grasslands (Ubom et al., 2012; Mbong et al., 2020).
This effect can be persistent and favorable for weed
eradication in crops.
The analysis of canonical correlation showed the
correlation between the physical-chemical variables
of the soil and the frequencies of the weed species.
The structure of the factors showed that the relationship between the percentage of gravimetric humidity, volumetric humidity, and pH levels were the soil
variables that better explained the distribution of the
weed frequency. The correspondence analysis showed
a negative association between T. officinale, O. corniculata, C. bonariensis, S. oleraceus and T. repens species
with the percentage of gravimetric and volumetric
soil moisture. The species V. persica, K. brevifolia and
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P. segetum were negatively associated with the variables %OC and %OM, and the other species had a
relationship with low values for pH and real density,
along with average values of %OC, %OM %VH and
%GH. Therefore, the possible relationships between
the physical-chemical and biological variables of the
soil were causal to the intrinsic characteristics and
adaptive competences of weed-weed and weed-crop
(Fig. 4).
Regardless of whether the types of agricultural
practices positively or negatively affect community
structure, several studies have shown that the physical conditions of soil, which can be greatly modified
by the tillage type, have an effect on the density and
coverage of weed species in a crop (Nichols et al.,
2015), which has been studied and reported by several authors (Coffman and Frank, 1992; Buhler, 1995).
Recently, the presence and cover of weed species have
been directly correlated with systems that affect soil
physical conditions (Thomas et al., 2004; Grey et al.,
2015). But weeds have physiological and adaptive
mechanisms that increase diversity and frequency
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when tillage is suspended or interrupted (Sheley et
al., 2011).
To explore the relationship between the taxonomic
and physicochemical patterns observed among the
soil samples, dendrograms were constructed from
the dissimilarity distances to Bray-Curtis of the taxonomic composition of weeds (Fig. 5A) and compared
in a tanglergram with the dissimilarity distances to
Bray-Curtis of the physicochemical variables of each
sampling point (Fig. 5B). With the exception of 2
samples, Pp1 - Pp2, the tanglergram did not show any
significant congruence between the grouping of the
samples based on the taxonomic composition with
the physicochemical variables of the weed species
(Fig. 5). This result suggests that weed community
structuring in crop soil samples is largely mediated
by soil physicochemical conditions. However, it was
observed that sites with similar physicochemical

conditions, such as Pp5,4,6, and 13, presented very
different weed compositions, which could indicate
that uncontrolled external factors, such as micronutrients and interspecific competition, could also be
fundamental in community structuring (Fig. 5).
It has been shown that the effect of soil physicochemical conditions in a crop can have a direct impact on weed community structure, but it has also
been shown that patterns of relationships between
these factors can generate patterns of diversity in a
crop community (Little et al., 2015). These patterns
of weed diversity have been reported as variations
in densities, composition, frequency, and frequency
between sampling sites (Ni et al., 2017). Our results
and other studies support the hypothesis of interspecific competition between weeds (Mbong et al.,
2020), which indicates homogenizing factors, such as
essential macronutrients and soil physical conditions
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Figure 5. Taxonomic-physicochemical Tanglergram of 20 soil sampling sites. Left: Dendrogram of the taxonomic composition
of weeds in each sampling site. Right: Dendrogram of the physicochemical variables of each sampling site. The lines
connecting the terminals of the dendrograms indicate the contrasting position of each site in the two dendrograms,
and the dotted lines indicate the sampling sites that were grouped the same way in the two dendrograms. The dendrograms were obtained from the Bray-Curtis distance.
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in the adult stages of crops, that increase the interspecific competition of weeds and lead to manual
control for remaining species as the sole purpose
of strengthening productivity and health in a crop
(Ugen et al., 2002; Travlos et al., 2018; Mbong et al.,
2020; Pakeman et al., 2020).

CONCLUSION
The structuring of the weed communities for the
work site within the peach crop showed patterns of
frequency and coverage that can be explained by the
intrinsic conditions of each of the study plots. This
relationship may be mainly due to the assimilation
capacity of macronutrients, physical characteristics
of the soil, such as density and compaction, and ecological aspects, such as interspecific competition. The
groupings of the sampling zones given by the physicochemical conditions showed different groupings with
respect to the biological attributes, which supports
the idea that patterns of species distribution respond
to a relationship with the set of physicochemical aspects, competition for nutritional resources, and conditions extrinsic to the crop. Therefore, our study is
not only a pilot to further explore the structuring of
weed communities within an agricultural crop but
also allows us to propose other types of weed management studies using physicochemical information
and interspecific competition.

ACKNOWLEDGMENTS
The authors thank the Dirección de Investigación of
the Universidad Pedagógica y Tecnológica de Colombia for its support in carrying out this research. Conflicts of interest: and contributions of authorship.
This manuscript was prepared and reviewed with the
participation of the authors, who declare that they
do not have any conflict of interest that puts at risk
the validity of the results presented here.
Conflict of interests: The manuscript was prepared
and reviewed with the participation of the authors,
who declare that there exists no conflict of interest
that puts at risk the validity of the presented results.

S.C. Renner, M.C. Rillig, M. Schaefer, M. Schloter, B.
Schmitt, I. Schöning, M. Schrumpf, E. Solly, E. Sorkau, J. Steckel, I. Steffen-Dewenter, B. Stempfhuber,
M. Tschapka, C.N. Weiner, W.W. Weisser, M. Werner,
C. Westphal, W. Wilcke, and M. Fischer. 2015. Land
use intensification alters ecosystem multifunctionality via loss of biodiversity and changes to functional
composition. Ecol. Lett. 18(8), 834-843. Doi: 10.1111/
ele.12469
Barzman, M., A. Paolo Bàrberi, N.E. Birch, P.B. Silke, D.
Saaydeh, B. Graf, B. Hommel, J.E. Jensen, J. Kiss, P.
Kudsk, J.R. Lamichhane, A. Messéan, A.C. Moonen,
A. Ratnadass, P. Ricci, J.L. Sarah, and M. Sattin. 2015.
Eight principles of integrated pest management.
Agron. Sustain. Dev. 35, 1199-1215. Doi: 10.1007/
s13593-015-0327-9
Bengtsson, J., J. Ahnström, and A.C. Weibull. 2005. The effects of organic agriculture on biodiversity and abundance: a meta-analysis. J. Appl. Ecol. 42, 261-269. Doi:
10.1111/j.1365-2664.2005.01005.x
Bernal, R., S.R. Gradstein, and M. Celis. 2019. Catálogo de
plantas y líquenes de Colombia. Instituto de Ciencias
Naturales, Universidad Nacional de Colombia, in:
http://catalogoplantasdecolombia.unal.edu.co; consulted: January, 2021.
Berner, A., I. Hildermann, A. Fliessbach, L. Pfiffner, U. Niggli, and P. Mäder. 2008. Crop yield and soil fertility
response to reduced tillage under organic management. Soil Till. Res. 101(1-2), 89-96. Doi: 10.1016/j.
still.2008.07.012
Bilalis, D., A. Karkanis, A. Pantelia, S. Patsiali, A. Konstantas, and A. Efthimiadou. 2012. Weed populations are
affected by tillage systems and fertilization practices
in organic flax (Linum usitatissimum L.) crop. Aust. J.
Crop Sci. 6(1), 157-163.
Bilalis, D., P. Papastylianou, A. Konstantas, S. Patsiali, A.
Karkanis, and A. Efthimiadou. 2010. Weed-suppressive effects of maize-legume intercropping in organic
farming, International J. Pest Manage. 56(2), 173-181,
Doi: 10.1080/09670870903304471
Blackshaw, R.E., L.J. Molnar, and F.J. Larney. 2005. Fertilizer, manure and compost effects on weed growth
and competition with winter wheat in western
Canada. Crop Prot. 24(11), 971-980. Doi: 10.1016/j.
cropro.2005.01.021
Bonham, C.D. 2013. Measurements for terrestrial vegetation. John Wiley & Sons, Oxford, UK. Doi:
10.1002/9781118534540

BIBLIOGRAPHIC REFERENCES

Buhler, D.D. 1995. Influence of tillage systems on weed
population dynamics and management in corn and
soybean in the Central USA. Crop Sci. 35, 1247-1258.
Doi: 10.2135/cropsci1995.0011183X003500050001x

Allan, E., P. Manning, F. Alt, J. Binkenstein, S. Blaser, N.
Blüthgen, S. Böhm, F. Grassein, N. Hölzel, V.H. Klaus,
T. Kleinebecker, E.K. Morris, Y. Oelmann, D. Prati,

Cheimona, N., C. Angeli, E. Panagiotou, A. Tzanidaki, C.
Drontza, I. Travlos, and D. Bilalis. 2016. Effect of different types of fertilization on weed flora in processed

Rev. Colomb. Cienc. Hortic.

WEED-SPECIES IN A CROP OF PEACH PRUNUS PERSICA L VAR. RUBIDOUX

tomato crop. Procedia: Agric. Agric. Sci. 10, 26-31.
Doi: 10.1016/j.aaspro.2016.09.005
Coffman, C.B. and J.R. Frank. 1992. Corn-weed interactions with long-term conservation tillage management. Agron. J. 84, 17-21. Doi: 10.2134/agronj1992.00
021962008400010004x
Cousens, R. and M. Mortimer. 1995. Dynamics of weed
populations. Cambridge University Press, Cambridge,
UK. Doi: 10.1017/CBO9780511608629
Davis, A. 2007. Nitrogen fertilizer and crop residue effects
on seed mortality and germination of eight annual
weed species. Weed Sci. 55, 123-128. Doi: 10.1614/
WS-06-133.1
Fried, G., L.R. Norton, and X. Reboud. 2008. Environmental and management factors determining weed
species composition and diversity in France. Agric.
Ecosyst. Environ. 128(1-2), 68-76. Doi: 10.1016/j.
agee.2008.05.003
González, I., S. Déjean, P. Martin, and A. Baccini. 2008.
CCA: An R package to extend canonical correlation
analysis. J. Stat. Softw. 23, 1-14. Doi: 10.18637/jss.
v023.i12
Gough, L., C.W. Osenberg, K.L. Gross, and S.L. Collins. 2000.
Fertilization effects on species density and primary
productivity in herbaceous plant communities. Oikos
89, 428-439. Doi: 10.1034/j.1600-0706.2000.890302.x
Grey, T., T. Webster, X. Li, W. Anderson, and G. Cutts.
2015. Evaluation of control of napiergrass (pennisetum purpureum) with tillage and herbicides. Invasive Plant Sci. Manage. 8(4), 393-400. Doi: 10.1614/
IPSM-D-15-00012.1
Gu, Q.Z., X.Y. Yang, B.H. Sun, S.L. Zhang, and Y.A. Tong.
2007. Ying yong sheng tai xue bao. J. Appl. Ecol. 18(5),
1038-1042.
Huang, S., X. Pan, Y. Sun, Y. Zhang, X. Hang, X. Yu, and
W. Zhang. 2013. Fertilization and paddy weeds. Weed
Biol. Manage. 13, 10-18. Doi: 10.1111/wbm.12004
Hyvönen, T., E. Ketoja, J. Salonen, H. Jalli, and J. Tiainen.
2003. Weed species diversity and community composition in organic and conventional cropping of spring
cereals. Agric. Ecosyst. Environ. 97(1-3), 131-149. Doi:
10.1016/S0167-8809(03)00117-8

11

Little, N., C. Mohler, Q. Ketterings, and A. DiTommaso.
2015. Effects of organic nutrient amendments on
weed and crop growth. Weed Sci. 63(3), 710-722. Doi:
10.1614/ws-d-14-00151.1
Lorena Gámez, A., E. Carolina Cruz, G. Plaza, J. Cepeda,
L. Rojas, M. Jaramillo, and V. Hoyos. 2018. Guía Ilustrada de plantas arvenses del Centro Agropecuario
Marengo (CAM), Universidad Nacional de Colombia,
Bogota.
Mbong, E., S. Osu, D. Uboh, and I. Ekpo. 2020. Abundance
and distribution of species in relation to soil properties in sedge-dominated habitats in Uyo Metropolis,
Southern Nigeria. Global J. Ecol. 5, 24-29. 10.17352/
gje.000015
Melander, B., N. Munier-Jolain, R. Charles, J. Wirth, J.
Schwarz, R. van der Weide, L. Bonin, P. K. Jensen, and
P. Kudsk. 2013. European perspectives on the adoption
of nonchemical weed management in reduced-tillage
systems for arable crops. Weed Technol. 27(1), 231240. Doi: 10.1614/WT-D-12-00066.1
Murphy, C.E. and D. Lemerle. Continuous cropping systems and weed selection. Euphytica 148, 61-73. 2006.
Doi: 10.1007/s10681-006-5941-9
Ni, N.T., S. Zhang, B. Sun, H. Yi, and X. Yang. 2017. Longterm diverse fertilizer management on weed species
and communities in winter wheat field. Am. J. Plant
Sci. 8(8), 1790-1800. Doi: 10.4236/ajps.2017.88122
Nichols, V., N. Verhulst, R. Cox, and B. Govaerts. 2015.
Weed dynamics and conservation agriculture principles: A review. Field Crops Res. 183, 56-68. Doi:
10.1016/j.fcr.2015.07.012
Ogbemudia, F., and E. Mbong. 2013. Studies on some pedological indices, nutrient flux pattern and plant distribution in Metropolitan Dumpsites in Uyo, Akwa
Ibom state. Indian J. Pharm. Biol. Res. 1(02), 40-45.
Doi: 10.30750/ijpbr.1.2.8
Okezie Akobundu I. and C. Agyakwa. 1998. A handbook of
west African weeds. 2nd ed. Revised and Expanded. International Institute of Tropical Agriculture, Ibadan,
Nigeria.

IGAC, Instituto Geográfico Agustín Codazzi. 2006. Métodos analíticos del laboratorio de suelos. Bogota.

Oksanen, J., R. Kindt, P. Legendre, B. O’Hara, G.L. Simpson, P. Solymos, M.H.H. Stevens, and H. Wagner.
2013. Vegan: Community ecology package. R package version 2.3-5. In: http://CRAN.R-project.org/
package=vegan; consulted: June, 2021.

IPNI, International Plant Names Index. 2021. Database,
The Royal Botanic Gardens; Kew, Harvard University
Herbaria & Libraries and Australian National Botanic
Gardens, http://www.ipni.org; consulted: January,
2020.

Pakeman, R.J., R.W. Brooker, A.J. Karley, A.C. Newton, C.
Mitchell, R.L. Hewison, J. Pollenus, D.C. Guy, and
C. Schöb. 2020. Increased crop diversity reduces the
functional space available for weeds. Weed Res. 60,
121-131. Doi: 10.1111/wre.12393

Labrada, R. and P. Paper. 2003. Present trends in weed management. FAO Plant Production and Protection Paper
(FAO). Rome.

Pinke, G., P. Karácsony, B. Czúcz, Z. Botta-Dukát,
and A. Lengyel. 2012. The influence of environment, management and site context on

Vol. 15 - No. 2 - 2021

12

FORERO-PINEDA / SERRANO-CELY / FORERO-ULLOA / ALMANZA-MERCHÁN / CELY-REYES

species composition of summer arable weed vegetation in Hungary. Appl. Veg. Sci. 15, 136-144. Doi:
10.1111/j.1654-109X.2011.01158.x

explain diversity loss due to N fertilization. Proc. Natl.
Acad. Sci. USA 102(12), 4387-4392. Doi: 10.1073/
pnas.0408648102

Power, A.G. 2010. Ecosystem services and agriculture: tradeoffs and synergies Phil. Trans. R. Soc. B. 365, 29592971. Doi: 10.1098/rstb.2010.0143

Sweeney, A., K. Renner, C. Laboski, and A. Davis. 2008.
Effect of fertilizer nitrogen on weed emergence and
growth. Weed Sci. 56(5), 714-721. Doi: 10.1614/
WS-07-096.1

Puente, G.A. and A. Castro. 2012. Ciruelo y duraznero. pp.
370-392. In: Fischer, G. (ed.). Manual para el cultivo de
frutales en el trópico. Produmedios, Bogota.
Rassam, G., N. Latifi, A. Soltani, and B. Kamkar. 2011.
Impact of crop management on weed species diversity and community composition of winter wheat
fields in Iran. Weed Biol. Manage. 11, 83-90. Doi:
10.1111/j.1445-6664.2011.00407.x

Team R. 2015. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna.
Thomas AG., D.A. Derksen, R.E. Blackshaw, R.C. Van Acker, A. Légère, P.R. Watson, and G.C. Turnbul. 2004. A
multistudy approach to understanding weed population shifts in medium- to long-term tillage systems.
Weed Sci. 52, 874-880 Doi: 10.1614/WS-04-010R1

Santín-Montanyá, M.I., D. Martín-Lammerding, I. Walter,
E. Zambrana, and J.L. Tenorio. 2013. Effects of tillage,
crop systems and fertilization on weed abundance
and diversity in 4-year dry land winter wheat. Eur. J
Agron. 48, 43-49. Doi: 10.1016/j.eja.2013.02.006

Travlos, I.S. 2010. Legumes as cover crops or components of
intercropping systems and their effects on weed populations and crop productivity. pp. 151-164. In: Greco,
A.J. (ed.). Progress in food science and technology.
Nova Science Publishers, Hauppauge, NY.

Seppelt, R., S. Lautenbach, and M. Volk. 2013. Identifying
trade-offs between ecosystem services, land use, and
biodiversity: a plea for combining scenario analysis
and optimization on different spatial scales. Curr.
Opin. Environ. Sustain. 5(5), 458-463. Doi: 10.1016/j.
cosust.2013.05.002

Travlos, I.S. 2013. Weeds in perennial crops as an unexpected tool of integrated crop management. pp. 97-114.
In: Taab, A. (ed.). Weeds and their ecological functions. Nova Science Publishers, Hauppauge, NY.

Sheley, R.L., J.J. James, M.J. Rinella, D.M. Blumenthal, and
J.M. DiTomaso. 2011. Invasive plant management on
anticipated conservation benefits: a scientific assessment. pp. 291-336. In: Briske, D.D. (ed.). Conservation benefits of rangeland practices: Assessment,
recommendations, and knowledge gaps. USDA Natural Resources Conservation Service, Lawrence, KS.
Smith, R.G., D.A. Mortensen, and M.R. Ryan. 2010. A
new hypothesis for the functional role of diversity
in mediating resource pools and weed-crop competition in agroecosystems. Weed Res. 50, 37-48. Doi:
10.1111/j.1365-3180.2009.00745.x
Storkey, J., S. Moss, and J. Cussans. 2010. Using assembly
theory to explain changes in a weed flora in response
to agricultural intensification. Weed Sci. 58(1), 39-46.
Doi: 10.1614/WS-09-096.1
Suding, K.N., S.L. Collins, L. Gough, C. Clark, E.E. Cleland, K.L. Gross, D.G. Milchunas, and S. Pennings.
2005. Functional- and abundance-based mechanisms

Rev. Colomb. Cienc. Hortic.

Travlos, I.S., N. Cheimona, I. Roussis, and D.J. Bilalis. 2018.
Weed-species abundance and diversity indices in relation to tillage systems and fertilization. Front. Environ. Sci. 6, 11. Doi: 10.3389/fenvs.2018.00011
Ubom, R.M., F.O. Ogbemudia, and K.O. Benson. 2012. Soilvegetation relationship in fresh water swamp forest.
Sci. J. Biol. Sci. 1(2), 43-51.
Ugen, M., H. Wien, and C. Wortmann. 2002. Dry bean
competitiveness with annual weeds as affected by soil
nutrient availability. Weed Sci. 50(4), 530-535. Doi:
10.1614/0043-1745(2002)050[0530:DBCWAW]2.0.
CO;2
van Elsen, T. 2000. Species diversity as a task for organic
agriculture in Europe. Agric. Ecosyst. Environ. 77(1-2),
101-109. Doi: 10.1016/S0167-8809(99)00096-1
Vasquez, E., R. Sheley, and T. Svejcar. 2008. Creating invasion resistant soils via nitrogen management. Invasive Plant Sci. Manage. 1(3), 304-314. Doi: 10.1614/
IPSM-07-059.1
Zubizarreta, L. and L. Díaz. 2014. Guía de reconocimiento
de malezas. Syngenta, Rosario, Argentina.

