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Abstract

The competition between weeds and bean plants, mainly by nutrients of the environment, is one of the main causes
of low crop yield. Therefore, the objective of this study is to evaluate the effects of nitrogen fertilization on the
extension of the period prior to interference (PPI) in common beans, cultivar TAA GOL. Sowing was performed in
conventional system. The treatments were divided into two groups: cover nitrogen fertilization (200 kg urea ha™)
and no cover fertilization. Within each area, we established periods of cohabitation of the crop with weeds from the
emergence up to seven times of its life cycle (0-10, 0-20, 0-30, 0-40, 0-50, 0-60, 0-70 days) and a control. The
experiment design was randomized blocks with three replicates. Digitaria spp. presented a greater relative
importance in both areas, followed by Eleusine indica. The period prior to weed interference (PPI) in the area with
nitrogen fertilization occurred up to 46 days after emergence (DAE), and only up to 3 DAE for the area without
cover fertilization. There was a 30% decrease in bean productivity by comparing the area with nitrogen
fertilization (2,004.79 kg ha™") and the area without nitrogen fertilization (1,412.43 kg ha™). Therefore, nitrogen
fertilization increased crop yield and favored it competitively in relation to weeds by increasing the weed PPI.
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1. Introduction

Brazil is among the world’s top three bean producers 3,389 million tons are expected in the 2018 harvest (IBGE, 2018).
The mean yield is approximately 1,069 kg ha, relatively low considering the possibility of obtaining an average of
3,483 kg ha!. Among the causes of such a low crop yield, weed interference stands out as it may affect bean growth,
development and productivity (Patil et al., 2014). Bean yield losses caused by weeds may range from 25% to 77%
depending on the crop and the environment (Osipitan et al., 2016).

Competition is the best-known form of direct interference of weeds in agricultural crops, the resources most often
leading to competition are nutrients, light, water and space (Pitelli, 1987). There are three important periods of
coexistence analyzed by interference studies, as Pitelli and Durigan (1984) have proposed: total interference
prevention period (PTPI), pre-interference period (PPI) and critical prevention interference period (CPIP).

The duration of the coexistence period between plants and the season in which competition is established, as well
as edaphoclimatic conditions, management techniques, the abundance and distribution of weeds, influence the
response of plants to weed interference (Xiao-Yan et al., 2015). The extension of coexistence periods can be
affected by several factors, among which there is mineral fertilization, especially nitrogen fertilization, which
favors both crop and weed growth (Pitelli, 1987). Among nutrients, nitrogen is required in a greater quantity by
common beans. Depending on the cultivar, it has a greater or less capacity of atmospheric nitrogen fixation by the
action of N,-fixating bacteria existent in the nodules formed in the root system (Bordin et al., 2003). In addition to
providing adequate plant nutrition and increasing bean productivity, nitrogen provides the crop with better
conditions to compete with weeds. Coelho et al. (2001) reported that nitrogen application resulted in a 50%
decrease in weeds, a higher number of pods per plant and a 64% increase in bean productivity.

Bressanin et al. (2013), for example, observed that Rubi beans could coexist with the weed community up to 38
days after emergence in an area with nitrogen fertilization. In an area without nitrogen fertilization, this culture
could coexist with the weed community only up to 18 days after emergence. This period is called period prior to
interference (PPI).
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Thus, considering that nitrogen fertilization has recently been adopted for bean cultivation and that weed
interference may be affected by this crop management practice, this study aims to evaluate the effects of using
nitrogen fertilization on the period prior to weed interference in the bean crop cultivar TAA GOL.

2. Material and Methods

The experiment was conducted in Jaboticabal, SP, Brazil (21°1522" S, 48°18'58"” W and altitude of 595 m). The
climate of the region is subtropical Cwc (Peel et al., 2007), with a dry winter and a rainy summer.

The soil is a eutrophic Red-Dark Latosol with a clay texture. The results of chemical and physical analyses were
pH:5.0;0M:19¢g dm?; P (res.): 20 mg dm?; K, Ca, Mg, H+AlL BS, CEC and V (%): 2.5, 23, 19, 10, 25, 31.5, 56.5
and 56, respectively; clay, silt, fine sand and coarse sand contents: 36, 7, 26 and 31 g kg'l, respectively. The
meteorological data used in this work were obtained through the Agrometeorology station of the Department of
Exact Sciences of Unesp Jaboticabal SP (Figure 1).
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Figure 1. Climatic conditions during the experiment period with common beans cv. TAA GOL

Soil preparation was carried out using the conventional system, with plowing followed by two harrowings. The
sowing was mechanized (fertilizer seeder Jumil EXACTA air 2640 PD) at a density of 15 seeds per meter, 0.50 m
spacing between rows. The bean cultivar was TAA GOL, with a determined growth habit (type I), average dry
yield potential of 3,000 kg ha™, resistant to common mosaic and Fusarium wilt.

The experiment conducted in a conventional area irrigated by spraying whenever necessary. The plots consisted of
five lines of beans, four meters long each, resulting in an area of 10 m*. As the useful area used for evaluation were
considered the three central lines, totaling in an area of 6 m”. There were 16 treatments separated into two different
groups. The first group did not receive cover nitrogen fertilization and the second group received nitrogen
fertilization as adequate to this crop (200 kg ha™ N) when plants had were at the fourth vegetative node (V4). Urea
was the source. In each group, eight treatments were set up corresponding to coexistence periods with weeds: from
emergence and seven times of its life cycle: 0-10, 0-20, 0-30, 0-40, 0-50, 0-60 and 0-70 days (harvest), and one
control. After each coexistence interval, the plots were kept without weeds until harvest by periodical manual
weeding.

The experiment design was randomized blocks with three replications. At the end of each coexistence period and
to collect data for the phytosociological study, two frames of 0.25 m” were thrown at random over the experimental
plots and the weeds inside them were identified, counted, removed and dried in a greenhouse with forced air
circulation at 70 °C for 96 hours to determine dry matter. According to Mueller-Dombois and Ellemberg (1974),
the relative importance (RI) was calculated using density and dry matter data.

The harvest was carried out March, 2015 82 days after sowing. The existing plants in three meters of the two
central lines of the plot were collected, totaling six meters per plot. After harvested, the plants were left outdoors to
dry. When the grain moisture reached approximately 13%, a mechanical threshing of pods was performed.
Moisture standardization of the grains collected in the dry chamber was carried out. Later, grains were weighed to
estimate total crop yield (kg ha™) and mass of 100 grains.

For the determination of the period prior to interference (PPI), yield data were submitted to regression analysis
using the exponential model in the software MicroCalOrigin v. 8.0. (OriginalLab Corporation, USA), considering
a 5% loss of productivity of common beans as acceptable.
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3. Results and Discussion

The weed community comprised 26 weed species from 15 different families; 69.23% were dicotyledonous
(eudicotyledonous) and 30.77% were monocotyledonous. Among dicotyledonous, there were four species of
Asteraceae and two species of Amaranthaceae, Brassicaceae and Fabaceae each. The families Boraginaceae,
Convolvulaceae, Lamiaceae, Malvaceae, Phyllanthaceae, Portulacaceae, Rubiaceaec and Solanaceae, with one
species each, were also present. Among monocotyledons, there were six species of Poaceae. Commelinaceae and
Cyperaceae families were also part of the weed community.

In the area without cover nitrogen fertilization, a high density of weeds was observed at the beginning of crop
development at 10 days after emergence. There were 62.72 plants m™. In the period between 50 to 60 DAE, there
were 37.9 plants m™. The lowest density for this area occurred near harvesting: 20.68 plants m™ (Figure 2).

The initial predominance and the subsequent suppression of weeds corroborate other studies, such as Corréa et al.
(2015). By determining weed interference periods in ‘Caupi’ beans, the authors reported higher weed densities
between 30 and 40 DAE with an average of 1,068 plants m™, occurring a rapid decrease until the harvest of the
crop. Osipitan et al. (2016) observed a greater density and competition of weeds in the period between 14 and 40
DAE.

In another study, also related to the critical control period of weeds, on “French” bean (Phaseolus vulgaris L.).
By Jahanbakhshi and Saeedipour (2015) concluded that dicotyledonous and monocotyledonous weeds reached
greater densities at 48 DAE presenting 45 and 49 plants m™ respectively, decreasing near the harvest to 26 and
28 plants m™ respectively. The authors also found that monocotyledonous plants cause grater damage to the crop.

For the experimental area with cover fertilization, the highest weed densities occurred from 30 to 50 DAE. The
maximum density occurred at 40 DAE, with 60.76 plants m?, and the minimum, also near harvesting, with 14.36
plants m? (Figure 2). Bressanin et al. (2013) observed higher weed densities between 0 to 30 DAE for areas with
and without cover fertilization, respectively. The maximum density occurred in the area without fertilization with
275 plants m™ at 19 DAE, and 104 plants m™ constantly up to 30 DAE in the area with cover fertilization.
Moreover, in this work it is possible to observe that lower densities were found in the area treated with nitrogen
fertilizer, with 47 plants m™ against 66 plants m™ near the harvesting in the area that wasn’t fertilized.

Nitrogen fertilization management, other than improving growth and productivity also increases the cultivar’s
competitivity, suppressing weeds growth.
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Figure 2. Total weed density (plant m™) that composed the weed community in response to the period of
coexistence with the bean crop

The species observed with the highest frequency and density were Digitaria spp., Eleusine indica,
Acanthospermun hispidum and Raphanus raphanistrum only in the area with cover fertilization, and Lepidium
virginicum in the area without nitrogen fertilization.

Weed dry matter increased from 0 to 70 DAE. The maximum DM was at 70 DAE, with 167.16 g m™ in the area
with nitrogen fertilization and 74.48 g m™ in the area without fertilization. However, the highest weed densities
occurred between 30 and 50 DAE in the area without fertilization and between 40 and 70 DAE in the area with
fertilization (Figure 3).
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At high densities, weeds were characterized by different sizes and development stages due to different
emergence flows that occurred in the experimental area.

According to Radosevich and Holt (1984), as weeds increase in density and development, especially weeds that
germinated and emerged at the beginning of a crop cycle, such as that of beans, interspecific and intraspecific
competition is intensified. Thus, larger and more developed weeds become dominant and consequently smaller
ones are suppressed or die. This behavior explains the decrease in weed density with the increase in dry matter
during the final bean development periods.
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Figure 3. Weed total dry matter (g m™) that composed the weed community in response to the period of coexistence
with the bean crop

By analyzing relative frequency, density and dominance, some weed populations presented a greater relative
importance (RI) than other populations. Digitaria spp. and E. indica stood out in both areas. The population with
the highest sum of relative importance index (RI) during the experimental period was Digitaria spp, totaling
136.36% in the area without fertilization and 172.6% in the area with nitrogen fertilization. In the area without
fertilization, the lowest index was observed at 30 DAE (15.7%) and the highest at 50 DAE (25.04%). Except for 20
DAE and 30 DAE, the RI of this species was always above 22% (Figures 4-5).

In the area with nitrogen fertilization, the lowest RI was observed at 30 DAE (22.88%) and the highest at 50 DAE
(34.44%). With the exception of 30 DAE and 70 DAE, the RI of this species in this condition was always above
29% (Figure 5). The population with the second highest Rl sum was E. indica, totaling 128.5% in the area without
fertilization and 83.97% in the arca with fertilization. In the area without fertilization, the lowest index for E.
indica was at 60 DAE (11.03%) and the highest was at 40 DAE (38.15%). Except for 60 and 70 DAE, the RI of this
species was always above 18% (Figure 3a). In the area with nitrogen fertilization, the lowest RI was observed at 60
DAE (8.61%) and the highest at 40 DAE (21.16%) (Figures 4-5).

Corréa et al. (2015) found that the grain yield of the Cowpea Vigna unguiculata (L.) decreased by about 36% due
to interference of weeds, amongst them, E. indica and Digitaria spp. This specie develops preferentially in fertile
soils, is resistant to drought conditions and has allelopathic effects on cultivated plants. The plant E. indica,
although it has a well-developed root system (Lorenzi, 2014), and low fertility or compacted soils has advantage
over other species. Each plant is capable of producing more than 120 thousand seeds (Takano et al., 2016).

The high competitivity of the Digitaria spp. and E. indica weeds may be related to the cycle C4 of carbon
assimilation, which lowers the species germination time, increases growth speed, and also increased infestation
density; by means of several anatomic and physiologic characteristics that yield them resistant to ambient stress
and more productive (Anderson & Nielsen, 1996; Aguyoh & Masiunas, 2003).

A. hispidum presented an intermediate RI for both areas: 60.6 and 61.5%, respectively. R. raphanistrum obtained a
similar RI, except in the area without fertilization, not exceeding 35% (Figures 4-5). Parreira et al. (2011) reported
the contrary. By evaluating the period prior to interference of common beans with different spacing and densities,
the authors observed that the species with the highest RI in the area were A. hispidum, R. raphanistrum and
Cenchrus echinatus, very common in areas of common beans.
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Figure 4. Relative importance (%) of the main weeds and other plants that composed the weed community et the
end of coexistence period without cover fertilization
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Figure 5. Relative importance (%) of the main weeds and other plants that composed the weed community at the
end of coexistence period with cover fertilization

There was a 30% decrease in bean productivity by comparing the area with nitrogen fertilization (2,004.79 kgha™)
and the area without fertilization (1,412.43 kg ha™) (Figure 6). In relation to treatments, there was a 33% decrease
in bean productivity when comparing productivity obtained in total absence of weeds (control cycle) (2,146.11 kg
ha™') with productivity obtained in the presence of weeds during the whole cycle (1,434.45 kg ha™") regardless of
the coexistence period. The decrease in bean yield was due to weed interference and was also reported by other
studies (Adigun et al., 2014; Osipitan et al., 2016).

The mass of 100 grains was 27.47 g for the area with fertilization and 25.70 g for the area without fertilization. It is
a significant difference. Farinelli et al. (2006) verified that the mass of 100 of ‘Pérola’ beans was influenced by soil
management and different doses of cover nitrogen fertilization. Chekanai et al. (2018) corroborated these results:
the fertilization of common beans at 40 kg ha™ significantly increased the number of pods per plant, the number of
seeds per pod and the grain yield. There was also a significant decrease in pod mass when comparing the area with
fertilization (1,873.7 kg ha™') and without fertilization (1,331.2 kg ha™").

The period prior to interference (PPI), tolerating up to 5% decrease in productivity, extended until 3 DAE in the
area without cover fertilization. It corresponds to the phenological stage V2, according to Fernandez (1986. In the
area with nitrogen fertilization, the crop could coexist with the weed community up to 46 days after emergence
(DAE). It corresponds to the phenological stage RS, according to Fernandez (1986). The increase in PPI probably
occurred because the crop was favored by cover nitrogen fertilization, making it more competitive (Figure 6).

Bressanin et al. (2013), however, conducted a similar study on the cultivar Rubi. By evaluating the influence of
nitrogen fertilization in the period prior to weed interference, the authors reported that in the area without cover
fertilization, the culture could coexist with the weed community up to 18 DAE. In the area with cover fertilization,
this period extended up to 38 DAE. Scholten et al. (2011) analyzed the period prior to weed interference (PPI) of a
‘Rubi’ bean crop with different plant spacing and densities. The authors verified that, when the common bean grew
with weeds during the whole cycle, the grain yield reduced to 50% in a treatment with a spacing of 0.45 m and
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sowing density of 15 plants m™. Barroso et al. (2012) obtained a 19% decrease in yield of common beans grown in
the spring.

However, many factors may interfere with the period prior to weed interference, such as environmental conditions,
weed infestation, weed composition, management practices, soil moisture, soil fertility and plant density (Adigun
et al., 2014; Osipitan et al., 2016).
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Figure 6. Productivity of the common bean TAA GOL in areas without (s/N) and with nitrogen fertilization (c/N)
in function of control periods and coexistence with weeds considering a loss of 5%, and determination of period
prior to interference (PPI)

4. Conclusion

The weeds with a great relative importance to the common bean crop ‘TAA GOL’ were Digitaria spp. and E.
indica.

Cover nitrogen fertilization increased bean productivity even in the presence of weeds. It benefited the crop and,
consequently, increased the period prior to weed interference (PPI).

Common bean ‘TAA GOL’ bean can coexist with the weed community for up to 3 DAE (PPI) without decreasing
its productivity in areas without nitrogen fertilization and up to 46 DAE in areas with nitrogen fertilization.
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