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ABSTRACT
Key words: Studies on weed population dynamics are based on observing and recording changes in weed
Weed control communities in response to effects of disturbances in crop management. The present study aimed to
Echinochloa colona evaluate weed population dynamics in rice crops in Tolima, Colombia, resulting from post-emergent
Community structure herbicide applications. Sampling was carried out in 0.1% of the cultivated area, marking out a 1 ha area
Importance Value Index in each commercial lot. Samples were taken before and after post-emergent applications. Evaluated
(V) variables were frequency, density, and cover. The data were analyzed using the Importance Value

Index (IVI). Results demonstrated that Echinochloa colona was the most important weed of all of
the evaluated zones, before and after post-emergent herbicide applications. Other notable species
included Digitaria ciliaris, Cyperus iria and Ischaemum rugosum. Relative frequency variable was the
most influential on the importance index of the species. Furthermore, herbicide applications generated
changes in the community structure in the evaluated zones and in each evaluation.

RESUMEN
Palabras claves: Los estudios de dinamica de poblaciones se basan en el conocimiento y registro de cambios en las
Control de malezas comunidades de malezas en respuesta a efectos de disturbio propios del manejo del cultivo. En el
Echinochloa colona trabajo se evaluo la dinamica de poblaciones de malezas del cultivo de arroz en el departamento
Estructura de la comunidad - del Tolima, Colombia, por efecto de aplicaciones con herbicidas post-emergentes. Se muestreo el
Indice de Valor de 0,1% del area sembrada, demarcando un area de 1 ha en cada lote comercial. Los muestreos se

Importancia (V1) realizaron antes y después de las aplicaciones post-emergentes. Las variables evaluadas fueron

frecuencia, densidad y cobertura y los datos se analizaron mediante el indice de valor de importancia
(IV1). Los resultados muestran que Echinochloa colona fue la maleza méas importante en todas las
zonas evaluadas, antes y después de las aplicaciones herbicidas post-emergentes. Igualmente
sobresalieron especies como, Digitaria ciliaris, Cyperus iria e Ischaemum rugosum. La frecuencia
relativa fue la variable estimada més influyente en la determinacion de la importancia de las especies.
Las aplicaciones de herbicidas generaron cambios en la estructura de la comunidad en las zonas
evaluadas y en cada evaluacion.
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eeds are the principal limiting biological

factor in global rice production, with

losses that vary from country to country,

depending on the cultivation system,
predominant weed communities and weed control methods
employed by the farmers (Labrada, 2003). Worldwide,
it is estimated that weeds cause 9% of rice crop losses
(Rodenburg and Johnson, 2009), with decreases in rice
paddies of 94% to 96% in the Philippines (Chauhan and
Johnson, 2011); in Colombia, losses of 30% to 73% have
been reported (Cobb and Reade, 2010). Appropiate
control methods in rice crops are essential to minimize
the negative effect of weeds (Fuentes, 2010).

Use of herbicides has become the most used weed
control method worldwide, on a large number of species.
However, there are many concerns related to excessive
use of herbicides. Although it does solve the problem of
manual labor in many countries, incorrect use causes
problems such as resistance in weeds, changes in weed
populations, less availability of new broad-spectrum
herbicides and environmental problems (Labrada, 2003;
Singh, 2012).

Weed communities are affected by farming practices
through variations in the flow of material, energy, and
data. These changes modify the diversity and composition
of species in weed communities, as well as abundance
(biomass and density of individuals) (Holst et al., 2007;
Poggio, 2012).

Population structure refers to organization of individuals
within a population based on specific phenotypic and
genotypic characteristics; therefore, studies on populations
look at the variation that exists within them (Booth et
al., 2003). These changes in populations or population
dynamics refer to the changes in composition of a weed
community, considering relative dominance of each species
in the agroecosystem (Jakelaitis et al., 2003).

Mathematical models are widely used to study weed
population dynamics in crops; these models can be
developed for determined descriptions of populations,
allowing for the creation of management strategies for the
future (Holst et al., 2007). Calculating the Importance Value
Index (IV1) leads to the description of population changes
in communities. This index expresses the relationship

between weed populations and community components that
consider species frequency and dominance and number of
individuals (Carvalho et al., 2008). Community studies and
phytosociological studies of weeds compare populations
over a time period, considering the consequences of
management and relating them to results found in the field
(Pitelli, 2000; Carvalho et al., 2008; Moreira et al., 2013).
Numerous studies have calculated sociological parameters
in order to establish the effects of management on the
communities. Changes in the importance value index
(IV1) of determined species have been reported by post-
emergent herbicide applications (Jakelaitis et al., 2003), by
establishment of associated plants (Moreira et al., 2013),
soil management systems (Soares et al., 2012), climatic
conditions (Andreasen and Streibig, 2010), crop rotation
practices (Erasmo et al., 2004) and soil management and
use (Concenco et al,, 2011).

In response to these control practices, not all species
present in an agricultural system are equally important
because they do not interfere with the crop at the same
level. Differences in frequency, density and growth habit
lead to the detection of principal species that generate
larger negative effects on the crop, along with secondary
species. Therefore, implementation of weed management
strategies in agroecosystems requires knowledge of the
community structure (Pitelli, 2000) and, before designing
amanagement program, priorities must be established for
growth suppression of determined weeds that, in general
terms, are more abundant and more competitive without
ignoring secondary species (Erasmo et al., 2004).

This study aimed to determine the population dynamics
of weeds in a rice crop resulting from the effect of post-
emergent herbicide controls in Centro, Meseta and Norte
zones of department of Tolima, Colombia, using a plant
sociology approach.

MATERIALS AND METHODS

This study was carried out on commercial rice crops in
the department of Tolima, Colombia. Field sampling was
conducted in 96 hectares throughout the department,
which is 0.1% of total area cultivated, according to the
methodology proposed by Spiegel (1988). Hectares
sampling by subregions, were distributed proportionally
to the total area, 53% in Centro subregion (51 ha), 21%
in Meseta (20 ha) and 26% in Norte (25 ha). One hectare
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was marked in each lot, within this area weeds and crop
plants were evaluated through a sampling unit of 0.04 m?,
which was throwed randomly five times.

The three times of evaluation were: first, 7 to 22 days
after the sowing (d.a.s.) (before the first post-emergent
application); second, 22 to 35 d.a.s. (after the first post-
emergent application) an the last, 37 to 52 d.a.s. (after
the second post-emergent application), according to the
methodology reported by Plaza and Hernandez (2014).
The herbicide applications evaluated were made by
farmers according with particular recommendations for
each field. As evaluated variables included frequency,
density and percentage weed cover through DOMIN
scale. ldentification of weed species was made
according with Fuentes et al. (2006a and 2006b) and
Montealegre (2011).

Data analysis that allowed knowing population
dynamics was through the calculation of the following
phytosociological parameters: absolute density (Da),
relative density (Dr), absolute frequency (Fa), relative
frequency (Fr), cover (Ca), relative cover (Cr) and
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Importance Value Index (IVI), calculated by the sum of
the relative values of each of the variables (Curtis and
Mclntosh, 1950; Mueller-Dombois and Ellenberg, 1974).

RESULTS AND DISCUSSION

Weed communities of the rice crops in the department
of Tolima included 42 species from 20 families and 31
genera. Centro zone contained 27 species (14 families
and 21 genera), Meseta zone had 31 species (12 families
and 23 genera) and Norte zone included 38 weed species
(18 families and 29 genera) (Ramirez et al., 2015).

Phytosociological analysis in the entire department
presented ten species that represented 50% of the
maximum VI (Figure 1). Predominant species before
first post-emergent application were Digitaria ciliaris
(DIGSP) and Echinochloa colona (ECHCO), for which
the variables with the most contribution to IVl were
relative density and relative frequency, respectively
(Figure 1a). After first post-emergent application, index
for D. ciliaris decreased drastically (IVI=0), indicating that
control was effective for this species, while importance
of E. colona remained the same. Species Murdannia
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Figure 1. IVI of the principal weeds associated with rice crops in the department of Tolima: (a) before the first post-emergent application, (b)
after the first post-emergent application, and (c) after the second post-emergent application. Relative frequency (Fr), relative density (Dr) and
relative cover (Cr). ECHCO; DIGSP; CYPIR; ISCRU; MUDNU; CASOB: Senna obtusifolia; PASBO; ROTCO; DIGBC; CYPES.
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nudiflora (MUDNU), Paspalum boscianum (PASBO)
and Cyperus esculentus (CYPES) registered increases
in 1VI after first application (Figure 1b). After second
post-emergent application, in last evaluation, importance
level of Rottboellia cochinchinensis (ROTCO) increased
mainly due to its relative density. On the other hand, E.
colona remained as the principal species, demonstrating
that it was the most important weed in study area (Figure
1c). Our results are in agreement of those of Puentes
(2003), who reported E. colona in 87% of evaluated
lots, being the most frequent grass within weeds of rice
crops in Tolima.

Most notable component in determination of importance
for more relevant species was relative frequency, before
and after post-emergent applications (Figure 1). E. colona
had the highest relative frequency in all evaluations with
values of 23% before the first application, 24.2% after
the first application, and 25.3% after the second post-
emergent herbicide application. The importance of this
species comes from its high competiveness, decreasing
rice grain production by 86%, with reductions of 76% due
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to competition aboveground (aerial part) and 44% below
the surface (radical) (Chauhan and Johnson, 2009a;
Chauhan and Johnson, 2010). Results of this study
indicated that frequency of this species within cultivation
system determined its importance as a noxious plant,
given its adaptation to environment and competition for
resources with crops. Likewise, Norsworthy et al. (2001)
stated that, in environments subjected to disturbances,
weeds adapted to ecological conditions would exhibit
higher frequencies.

Centro zone had six species that represented 50% of
the maximum IVI (Figure 2). E. colona and Ischaemum
rugosum (ISCRU) were the predominant species before
first post-emergent application (Figure 2a). After this
application, there was an increase in importance of E.
colona and a decrease in importance of /. rugosum (2b).
After second post-emergent application, R. cochinchinensis
and E. colona were the principal species (Figure 2c);
both registered increases in importance in regards to
previous evaluation. According to Jakelaitis et al. (2003),
increases in importance level of some weed populations
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Figure 2. IV of the principal weeds associated with rice crops in the Centro zone: (a) before the first post-emergent application, (b) after the
first post-emergent application, and (c) after the second post-emergent application. Relative frequency (Fr), relative density (Dr) and relative
cover (Cr). ECHCO; ROTCO, CYPIR, ISCRU; LEFSC*: Leptochloa scabra; DIGBC.

Rev. Fac. Nac. Agron. Medellin 70(1): 8035-8043. 2017



cause decreases in importance of others when affected by
control treatments, which decreases the diversity of species;
situation presented in this study.

Relative frequency component had the most influence on
determination of importance of the relevant species, before
and after the herbicide treatments in this region (Figure 2). E.
colonawas notable as the most frequent weed in the region
with relative frequency values of 23.5%, 29.4% and 33.1%,
for the three evaluation time points. On the other hand, in
R. cochinchinensis, relative density was the component
that contributed the most to its importance, mainly after the
second post-emergent herbicide application, indicating little
control of it with this control practice.
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Phytosociological analysis of the weed community in the
Meseta zone demonstrated that ten species represented
50% of the maximum IVI (Figure 3). Before first post-
emergent application, E. colona was the most important
species with highest IVI value (Figure 3a). After first post-
emergent application, the only species with variation in IVI
was Heteranthera limosa (HETLI), which had increases in its
importance (Figure 3b); however, after second post-emergent
application, importance of this species decreased to zero due
to herbicide effectiveness and susceptibility of species (Figure
3c). E. colona continued to be the most important species in
the region (Figure 3c); Cyperus iria (CYPIR) registered an
increase in V1, making it the second most important species
at the start of reproductive phase of crops (Figure 3c).
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Figure 3. IVI of the principal weeds associated with rice crops in the Meseta zone: (a) before the first post-emergent application, (b) after the first
post-emergent application, and (c) after the second post-emergent application. Relative frequency (Fr), relative density (Dr) and relative cover (Cr).
ECHCO; CYPIR; ISCRU; DIGBC, ECLAL: Eclipta alba; TOROD*: Torulinium odoratum; HETLI; LUDLE*: Ludwigia leptocarpa; CYPES; MUDNU.

Relative frequency had the most influence on the
determination of importance in principal species, such
as E. colona, C. iria, I. rugosum, Digitaria bicornis
(DIGBC) and M. nudiflora, before and after post-emergent
applications (Figure 3). E. colona recorded the highest
frequency at the three evaluations with 27.4%, 19.8% and
15.5%, respectively. Lower frequencies after herbicide
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applications have also been reported by Jakelaitis et al.
(2003) and are possibly due to mortality generated by
treatments (Mascarenhas et al., 2012).

In Norte zone, eight species represented 50% of maximum
IVl value (Figure 4). C. iria, E. colona and D. ciliaris were
the more important species in this region before first




post-emergent application, as opposed to other regions;
C. iria was the most important species with highest VI
(Figure 4a). After first herbicide treatment, IVI of C. iriaand
D. ciliaris decreased, while index of E. colona remained the
same, making it the most important species at that time.
Furthermore, increases were recorded for importance of
P. boscianum, M. nudiflora and C. esculentus (Figure
4b). After second post-emergent application, E. colona
continued to be the most important weed (Figure 4c). Like
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in other zones, relative frequency was the component that
most contributed to importance of principal weeds, before
and after post-emergent applications (Figure 4). E. colona
had the highest frequency in all evaluations with values
of 19.5%, 20.5% and 22.8%, respectively. In addition,
participation of relative density was notable in importance
of D. ciliaris and C. iria before first application (Figure 4a)
and in importance of C. iria and /. rugosum after second
post-emergent application (Figure 4c).
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Figure 4. VI of the principal weeds associated with rice crops in the Norte zone: (a) before the first post-emergent application, (b) after the
first post-emergent application, and (c) after the second post-emergent application. Relative frequency (Fr), relative density (Dr) and relative
cover (Cr). DIGSP, ECHCO; MUDNU; CYPIR; PASBO; CASOB; CYPES; ISCRU

In all zones, contribution from relative cover to importance
of the species was limited. This was possibly due to low
biomass accumulated by species at sampling times (early
stages of development) and even when plants were able
to emerge because the effect of herbicide applications
impeded accumulation of biomass. Concenco et al.
(2012) suggested that this effect on the cover could also
be the result of competitiveness of the crop, blocking
light from weed plantlets.

As stated above, results of this study showed that
E. colona was the most frequent weed species and,

commonly, the most important species in evaluated rice
crops, before and after post-emergent applications. lts
establishment after herbicide treatments, pre-sowing
and pre-emergence, could have been due to complete
adaptation to conditions of this environment because
germination of its seeds is favored by moist environments
(Chauhan and Johnson, 2009a). Germination of seeds
occurs over 80% (Chauhan and Johnson, 2010) due
to seed viability generally oscillates from 84% to 100%
(Mendoza, 2007; Vega-Jarquin et al., 2010). Rao et al.
(2007) suggested that adaptation level of species from
Echinochloa genus to direct sowing conditions of rice
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crops is due to its versatility in germination of the seeds
and in establishment of plantlets in response to changes
in hydric regime. This situation high production of E.
colona seeds (7,800 seeds per plant) (Chauhan and
Johnson, 2010) and the end of effect of the post-emergent
herbicide applications, possibly facilitated development
of new individuals. Similarly, is known the susceptibility
of genera Echinochloa to acquire resistance to different
herbicides, this supported in 83 reports, of which 30%
are E. colona (Heap, 2016).

Species from Digitaria and Cyperus genera, Paspalum
boscianumand Ischaemum rugosum, were also notable
as important species throughout evaluations in rice
crops of Tolima, results that agree with those of Bakar
and Nabi (2003), Rao et al. (2007) and Chauhan and
Johnson (2009a and 2009b), in studies related to weed
species in rice crops. Recording of new individuals and
level of importance of the Poaceae species after use of
specific herbicides for their control (Cobb and Reade,
2010; Clavijo, 2010) resulted from their level of adaptation
to and infestation of lots.

Use of phytosociological parameters for study of
population dynamics is common in weed control studies.
Jakelaitis et al. (2003) evaluated population dynamics
of weeds in maize and bean crops before and after
herbicide applications and they found higher densities
and frequencies of dicotyledonous species in both crops
before application of herbicides; however, after selective
herbicides application, Cyperus rotundus was the species
with highest importance, dominance, and density in
both crops. Vaz de Melo et al. (2007) reported similar
results for weed populations in maize, where a change
in floristic composition was evidenced in response to
chemical and mechanical treatments.

Composition of weed populations in an agroecosystem
is a reflection of characteristics of soil, climate, and
agronomic practices, including herbicide application
(Booth et al., 2003). Selective herbicides influence
population dynamics of species in agroecosystems; these
effects contribute to increases in density, dominance
and relative importance of weeds. This is due to the
fact that application of selective herbicides results in
efficient control of some species, but deficient control
of others, selecting for those for which there is not
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effective control (Jakelaitis et al., 2003). Andreasen
and Streibig (2010) suggested that herbicides play an
important role in determination of composition, diversity,
and abundance of weeds.

Under the conditions of this study, herbicides more
frequently used in first post-emergent application were
inhibitors of the joining of microtubules (pendimethalin),
inhibitors of photosystem Il (propanil) and inhibitors of
cellular division (butachlor). Herbicides more frequently
used in the second post-emergent application were
bispyribac sodium (ALS inhibitor), pendimethalin and
propanil (Ramirez and Plaza, 2015). Use of these
agrochemicals, with a principal control spectrum that
includes Poaceae weeds, possibly contributed to
population changes that wereobserved in all zones,
affecting to a large extent establishment and development
of some susceptible species. It was observed that weeds
from the Cyperus genus achieved establishment towards
the end of control period, probably in response to lack
of activity of these active ingredients on them. In this
sense, changes in importance index and in components
could be explained by specificity of control that herbicides
had for some of populations.

Rao et al. (2007) stated that hydric condition of a rice
crop is the main selecting factor for weed species. In
this sense, Plaza and Hernandez (2014) and Puentes
(2003) reported differences in terms of most important
species of crops in zones with divergent hydric regimes.
However, Rao et al. (2007) suggested that lack of crop
rotation in rice fields, the introduction of practices such
as direct sowing and, above all, repeated use herbicides
are also causal factors of changes in weed populations
in rice agroecosystems.

CONCLUSIONS

The methodology used in this study allowed to determine
weed population dynamics, affected by chemical controls.
For this study, the most relevant species was E. colona,
both at department land zone level, and the variable that
most influenced this result was relative frequency. The IVI
and components values for some weeds after herbicide
applications suggest adaptability and high number of
weed seeds in the soil bank. The constant values of
relative cover after post-emergent applications suggest
sequential weed emergence and an acceptable control
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of sprayed individuals. Weed population dynamics in
response to post-emergent applications have a common
pattern between zones; it is related with the most
important weeds and their importance after treatments.
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