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Abstract
One of the main critical points in the production process of orange trees is the negative interference imposed by
weeds. Considering the relevance of this factor, this study aims to evaluate integrated methods for weed control on
the yield of orange (Citrus sinensis L.), cv. ‘Natal’. A field experiment was carried out in a randomized block design
with the following nine treatments: manual weeding of the area associated with maintenance with herbicide;
herbicide application in the total area; herbicide application in the total area followed by sowing of jack bean
(Canavalia ensiformis L.) between the rows; herbicide application in the total area followed by sowing of the legume
in the total area; herbicide application between the rows only in the free space between canopies; herbicide
application in the row; herbicide application in the canopy projection; herbicide application in the total area except
for the canopy projection; besides a control treatment, without weeding. The herbicide used was glyphosate, always
applied at a dose of 1,080 g ha-1. Among the studied managements, it can be concluded that the manual weeding
of the area associated with maintenance with glyphosate (1,080 g ha-1); glyphosate application in the total area;
glyphosate application in the total area followed by sowing of jack bean between the rows; glyphosate application
in the total area followed by sowing of jack beans in the total area; and glyphosate application in the canopy
projection resulted in the same yield as the traditional management adopted by the farmer, which consists of
glyphosate application in the row. On the other hand, glyphosate application in the total area except for the canopy
projection and glyphosate application between the rows only in the free space between canopies were not good
weed control methods, resulting in lower yield, whose value was similar to that of the control without weeding (in
the bush).
Additional keywords: Canavalia ensiformis; Citrus sinensis; competition; glyphosate; herbicide.
Resumo
Um dos principais pontos críticos no processo de produção das laranjeiras é a interferência negativa imposta pelas
plantas daninhas. Considerando a relevância deste fator, o trabalho objetivou avaliar métodos integrados de
controle das plantas daninhas sobre a produtividade da laranjeira (Citrus sinensis L.) cv. Natal. Um experimento
de campo foi realizado no delineamento experimental de blocos casualizados, com nove tratamentos: capina
manual da área associada a manutenção com herbicida; aplicação de herbicida em área total; aplicação de
herbicida em área total, seguida de semeadura de feijão-de-porco (Canavalia ensiformis L.) na entrelinha;
aplicação de herbicida em área total, seguida da semeadura da leguminosa em área total; aplicação de herbicida
na entrelinha apenas no vão livre entre as copas; aplicação de herbicida na linha; aplicação de herbicida na
projeção da copa; aplicação de herbicida em área total, menos na projeção da copa; além de uma testemunha
sem capina. O herbicida utilizado foi o glyphosate, aplicado sempre na dose de 1.080 g ha-1. Dentre os manejos
estudados, pode-se concluir que capina manual da área associada a manutenção com glyphosate (1.080 g ha-1),
aplicação de glyphosate em área total, aplicação do glyphosate em área total, seguida de semeadura de feijão-deporco na entrelinha, aplicação do glyphosate área total, seguida da semeadura do feijão-de-porco em área total e
aplicação de glyphosate na projeção da copa resultaram em mesma produtividade que o manejo tradicional,
adotado pelo produtor, que é a aplicação de glyphosate na linha. Já a aplicação de glyphosate em área total,
menos na projeção da copa e a aplicação deste herbicida na entrelinha apenas no vão livre entre as copas não se
mostraram bons métodos de controle das plantas daninhas, resultando em menor produtividade, cujo valor se
assemelhou ao da testemunha sem capina (no mato).
Palavras-chave adicionais: Canavalia ensiformis; Citrus sinensis; competição; glyphosate; herbicida..
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Introduction
The Brazilian citrus production represents one
of the most important agribusiness production chains in
the country, as besides being profitable, it generates
jobs, increases capital circulation, and favors regional
development (Zulian et al., 2013). However, one of the
critical and relevant points in the production process is
the negative interference exerted by weeds in the crop
(Gonçalves et al., 2018). Weeds can compete with
citrus plants, including orange trees, for water, light, and
nutrients, and when one of these factors is limiting to the
plants, there is less vegetative development, lower yield
and production of low-quality fruit (Bortolazzo, 2002;
Carvalho et al., 2015).
In the case of the orange crop, one of the most
used herbicides for the chemical control of weeds is
glyphosate (Foresti et al., 2015), which has systemic
action and a broad spectrum of control. However, given
its intensive use, it has selected resistant weeds, such
as the sourgrass – Digitaria insularis (L.) Fedde
(Carvalho et al., 2012, 2013), white grass - Chloris
polydactyla (L.) Sw.- (Barroso et al., 2014), and the
horseweed – Conyza spp. (Bressanin et al., 2014) and
tolerant weeds, such as the tropical spiderwort –
Commelina benghalensis L., coatbuttons – Tridax
procumbens L., and Cinderella weed – Synedrellopsis
grisebachii Hieron. & Kuntze (Santos et al., 2016), which
normally infest orange groves (Pinotti et al., 2009).
On the other hand, there are several cover crop
species with allelopathic potential that can contribute to
weed control (Linares et al., 2008). Weed emergence
can be suppressed by the production of secondary
metabolites called allelochemicals, which are released
into the environment due to plant residue decomposition
or by exudation, possibly interfering with germination
and acting on dormancy mechanisms and on the initial
growth of plants (Gomes Jr. & Christoffoleti, 2008;
Monquero et al., 2009). In addition, cover crops can
suppress weeds in agricultural systems by competing
for available resources and promoting conditions that
are unfavorable for their germination and establishment
(Cherr et al., 2006), besides contributing to the reduction
of the weed seed bank in the soil (Sodré Filho et al.,
2008).
Thus, the use of legumes as green manure and
in weed management is an alternative for production
systems, as observed in sugarcane by Dantas et al.
(2015). Among the legumes used as green manure,
jack bean (Canavalia ensiformis L.) is one of the most
suitable for intercropping due to its morphological and
physiological characteristics (Perin et al., 2007), besides
its allelopathic potential (Dinardo et al., 1998; Campana
et al., 2018). For example, several studies have shown
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the beneficial effect of intercropping maize with jack
beans, highlighting the decrease in the weed population
and the increase in the amount of dry matter in the
organic no-tillage system (Fontanetti, 2008).
Therefore, the integration of control methods
solves the problem of interference with minimal
environmental impact. When control methods are
carried out in an integrated manner, it is even possible
to take advantage of the beneficial effect that weeds can
provide, such as increased biotic diversity and
increased protection of the soil surface against the
process of erosion and immobilization of large amounts
of nutrients (Pitelli, 1985; Linares et al., 2008).
Considering the information now available, it is
hypothesized that the chemical control of weeds with
glyphosate in different areas and locations within the
orange orchard, associated or not with the cultivation of
a legume, could provide increased yield. Thus, this
study aims to evaluate the effect of integrated methods
for weed control in the yield of 'Natal' orange trees.
Material and methods
The experiment was carried out in an orange
orchard, cultivar ‘Natal’, grafted on 'Rangpur' limw
(Citrus limonia (L.) Osbeck), at Fazenda Lagoinha,
municipality of Barretos, São Paulo State, from January
2000 to January 2001. The experimental area was
selected according to its history of high density of
infestation by several weed species, especially palisade
grass (Urochloa decumbens Stapf.), low amaranth
(Amaranthus deflexus L.), prickly sida (Sida glaziovii K.
Schum.), and dropseed (Spermacoce latifolia Aubl.).
The experiment was carried out in a
randomized block design, with nine treatments in three
replicates, totaling 27 experimental plots. The
experimental area was demarcated so that the plots
contained twelve orange trees in a spacing of 6 x 7 m,
totaling 504 m2 per plot. The two central plants in the
plots were considered as the usable area,
corresponding to 84 m2. At the time of the experiment,
the plants were 11 years old.
The treatments consisted of different control
locations and methods of maintaining the orange trees
free from weed interference, as described in Table 1.
The legume used in Treatments 4 and 5 was the
jack bean (Canavalia ensiformis L.). The legume was
sown manually 35 days after herbicide application, on
03/18, in a spacing of 0.30 m between plants and using
a manual seed planter. The cleaning of the area, either
through manual weeding or through herbicide
application, was carried out whenever the weeds
reached high infestation levels according to the farmer's
criteria, thus justifying its control.
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Table 1 - Description of experimental treatments.
TREATMENTS

DESCRIPTION OF TREATMENTS

01

Control without weeding (in the bush).

02

Manual weeding followed by maintenance with herbicide.

03

Herbicide application in the total area.

04

Herbicide application in the total area followed by sowing of the legume
between rows.

05

Herbicide application in the total area followed by sowing of the legume
in the total area.

06

Herbicide application between the rows only in the free space between
canopies.

07

Herbicide application in the row (farmer’s management).

08

Herbicide application in the canopy projection.

09

Herbicide application in the total area, except for the canopy projection.

The herbicide used was glyphosate (Roundup
Original - 360 g/L glyphosate acid equivalent). Doses of
1,080 g ha-1 were used in all applications. During the
experimental period, three herbicide applications were
carried out in all treatments, except for Treatments 1, 4,
and 5; the first application (02/03/2000) presented air
temperature at 31.0°C and relative humidity of 65%; the
second application (03/09/2000) presented air
temperature at 33°C and relative humidity of 52%; and
the third (11/05/2000) presented air temperature at
21.5°C and relative humidity of 31%. All applications
were carried out in the morning using a CO2-pressurized
backpack sprayer fitted with a boom with four spraying
nozzles (XR 110.02) regulated for a spray volume of
200 L ha-1 at a pressure of 40 lbf/in².
During the experiment, the experimental plots
were subjected to cultural treatments according to the
farmer's procedure. One day before the implementation
of the experiment, an informal survey of the weed
community that infested the area was carried out by
random walking, following the procedure described by
Maguran (1988). During each herbicide application, the
weed community was evaluated visually and visual
scores of general coverage were assigned on a scale
from 0 to 100%, being always performed by three
people, noting that in the first application, on 02/03, the
plots were practically 100% covered with the community
described in Table 2. Besides the evaluations
aforementioned, the other evaluations were carried out
30 days after the second application, on 04/08, and 90
days after the third and last application.
The production of the two usable plants of each
experimental plot was evaluated in two harvests, one in
December 2000 and another in January 2001, when the
total mass of the bags with oranges harvested per plant
was determined, as well as the number of oranges
picked by bag. After obtaining the total mass, the yield
(kg plant-1) was determined, which was also expressed

in box weight per plant by dividing the yield by the mass
of the box weight (40.8 kg).
The results of weed community coverage rate,
number of fruits per bag, and yield of orange trees were
subjected to analysis of variance by F test with means
compared by Tukey test at 5% probability. To perform
these analyses, the statistical software AgroEstat was
used.
Results and discussion
Table 2 lists the weeds that occurred in the
experimental area. The weed community during the
experimental period basically consisted of 16 species.
As for the botanical classification, there was a
predominance of eudicotyledons, comprising 75.0% of
the total number of species.
Pinotti et al. (2009), who carried out a floristic
survey of weeds in an orange orchard, cultivar ‘Pêra’
grafted on ‘Rangpur’ lime in the municipality of Garça,
São Paulo, identified 16 species belonging to eight
different families; out of these species, five were also
found in this experiment, namely: low amaranth
(Amaranthus spp.), black-jack (Bidens pilosa), tropical
spiderwort (Commelia bengalensis), palisade grass
(Urochloa decumbens), and southern sandbur
(Cenchrus echinatus). On the other hand, Fávaro
(2016), who also carried out a floristic survey in an
orchard of 'Pera' grafted on 'Rangpur' lime in Monte
Azul, São Paulo State, found that the weed community
consisted of 24 weed species belonging to nine plant
families, out of which three were monocotyledons and
six eudicotyledons, with nine of these species being also
found in this study, except for the common purslane and
pau-fava, demonstrating the predominance of
eudicotyledons.
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Table 2 - Weed species present in the experimental area with their common and scientific name and their respective
plant families.
COMMON NAME
Sourgrass
Signalgrass
Southern sandbur
Guinea grass
Joyweed
Low amaranth
Globe amaranth
Black-jack
Sicklepod
Tropical spiderwort
Whitemouth dayflower
Greater celandine
Prickly sida
Common purslane
Dropseed
Mexican clover
(1) – eudicotyledon.

(2)
(2)
(2)
(2)
(1)
(1)
(1)
(1)
(1)
(2)
(1)
(1)
(1)
(1)
(1)
(1)

SCIENTIFIC NAME
Digitaria insularis (L.) Fedde.
Urochloa decumbens Stapf.
Cenchrus echinatus L.
Panicum maximum Jacq.
Alternanthera tenella L.
Amaranthus deflexus L.
Gomphrena globosa L.
Bidens pilosa L.
Senna obtusifolia L.
Commelina benghalensis L.
Chamaesyce hirta L.
Chamaesyce hyssopifolia (L.) Small
Sida glaziovii K. Schum.
Portulaca oleracea L.
Spermacoce latifolia Aubl.
Spermacoce verticillata (L.) G.Mey

FAMILY
Poaceae
Poaceae
Poaceae
Poaceae
Amaranthaceae
Amaranthaceae
Amaranthaceae
Asteraceae
Caesalpiniaceae
Commelinaceae
Euphorbiaceae
Euphorbiaceae
Malvaceae
Portulacaceae
Rubiaceae
Rubiaceae

(2) - monocotyledon.

During the experimental period, it was found that
the control plots maintained weed coverage above 95%
(Table 3). In the evaluation carried out at 30 DA1stA in
the area, dropseed (45%), signalgrass (15%), sida
(9%), swallowgrass (7%) , greater celandine (5%), paufava (3%), southern sandbur (2%), and tropical
spiderwort (2%) were highlighted regarding weed
coverage rate (data not shown). On that occasion, the

herbicide applications in the row or only in the canopy
projection resulted in an average coverage rate of
68.3%, which did not differ from the control, while the
other managements, although not differing between
them, provided coverage ranging from 6% to 21.7% and
presented significantly lower rates than the control and
herbicide applications in the row or only in the canopy
projection.

Table 3 - Weed coverage rate in the plots in response to treatments used during the experimental period.

TREATMENTS

1. Control without weeding.
2. Manual weeding followed by maintenance with
herbicide.
3. Herbicide application in the total area.
4. Herbicide application in the total area followed
by sowing of the legume between rows.
5. Herbicide application in the total area followed
by sowing of the legume in the total area.
6. Herbicide application between the rows only in
the free space between canopies.
7. Herbicide application in the row (farmer’s
management).
8. Herbicide application in the canopy projection.
9. Herbicide application in the total area, except
for the canopy projection.
F treatment
DMS
CV (%)

Second
application 9/3
(30DA1stA)
98.30 a

Coverage (%) – day/month
Third
application 8/4
11/5
18/8
(30 DA2ªA) (60DA2ndA) (90 DA3rdA)
98.30 a
95.00 a
95.0 a

6.00 c

12.20 c

8.90 b

8.30 c

6.70 c

42.20 bc

20.60 b

6.80 c

15.00 c

48.90 bc

12.00 b

12.80 bc

16.70 bc

28.90 c

8.30 b

9.40 c

16.70 bc

46.70 bc

3.90 b

0.00 c

70.00 a

77.70 ab

64.50 a

43.90 b

66.70 a

44.10 bc

20.00 b

20.00 bc

21.70 bc

36.70 bc

8.60 b

8.50 c

13.84**
44.60
34.38

9.11**
44.60
33.24

19.13**
37.50
52.50

24.65**
31.20
52.37

Note: Dates of glyphosate application in the area: 02/03/, 03/09, and 05/11; DA1stA – Days after the first application, other DA2ndA – Days after
the second application, DA3rdA – Days after the third application.
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After approximately 30 DA2ndA, all plots
presented an increase in the weed coverage when
compared to the previous evaluation, except for the
control, which maintained the coverage rate. On that
occasion, the weeds that visually stood out regarding
coverage rate in the area were dropseed (25%),
signalgrass (25%), greater celandine (10%), sida (9%),
swallowgrass (5%), sourgrass (3%) and tropical
spiderwort (3%) (data not shown). Although weed
coverage increased, all managements maintained lower
values than the control, except for herbicide application in
the row (farmer’s management), which did not differ
significantly. Manual weeding followed by herbicide
application and herbicide application in the total area
followed by sowing the legume in total area were the most
effective treatments, reducing the weed coverage by 79%
when compared to the control. The other managements,
although not differing from the two treatments
aforementioned, reduced coverage by 55%.
On the occasion of the third glyphosate
application, approximately 60 days after the second, it
was found that, in general, the coverage rate reduced
even in the control without weeding, a result that may be
caused by the reduction in rainfall and temperature,
which is common at this time of the year. The weeds
that visually stood out regarding coverage rate in the
area were greater celandine (20%), signalgrass (20%),
dropseed (10% of the cover), sourgrass (5%), tropical
spiderwort (5%), prickly sida (5%), and swallowgrass
(2%) (data not shown).
Similar to what happened in the previous
evaluation, all managements provided a reduction in
coverage, except for the herbicide application in the row,
which did not differ significantly, while the other
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managements did not differ from each other and
provided an average reduction of 88% in the weed
coverage rate.
In the evaluation carried out 90 DA3rdA, a period
when the lack of rain predominates, it was found that all
treatments presented a coverage rate similar to the
previous evaluation (60DA2ndA), being effective in the
control of weeds in relation to the farmer’s management
(herbicide application in the row). Manual weeding
followed by maintenance with herbicide, herbicide
application in the total area, herbicide application in total
area followed by sowing of the legume in the total area,
herbicide application between rows only in the free
space between canopies, and herbicide application in
the total area except for the canopy projection were the
most effective managements, providing an average
reduction of 93% in weed coverage, while the farmer’s
management provided a 54% reduction.
When analyzing the effect of the treatments on
the productive characteristics of the 'Natal' orange tree
(Table 4), there was no statistical difference in the
number of fruits per bag, that is, none of the treatments
changed the size of the harvested fruits. However, when
yield was analyzed regarding the mass of fresh fruit
produced, it was found that herbicide application in the
total area followed by sowing of the legume between the
rows resulted in higher yield per plant when compared
to the control without weeding, with an increase of
29.8%, followed by herbicide application in the total area
(23.7%), manual weeding followed by maintenance with
herbicide (23.4%), herbicide application in the total area
followed by sowing of the legume in the total area
(21.4%), and herbicide application in the canopy
projection or row (18.5%, on average).

Table 4 - Results of the analysis of variance for the effect of treatments on yield characteristics of the 'Natal' orange
tree.
Nº fruits bag-1

TREATMENTS
1. Control without weeding.
2. Manual weeding followed by maintenance with herbicide.
3. Herbicide application in the total area.
4. Herbicide application in the total area followed by sowing of
the legume between rows.
5. Herbicide application in the total area followed by sowing of
the legume in the total area.
6. Herbicide application between the rows only in the free space
between canopies.
7. Herbicide application in the row (farmer’s management).
8. Herbicide application in the canopy projection.
9. Herbicide application in the total area, except for the canopy
projection.
F Treat.
DMS
CV (%)

Yield (kg plant-1)

159.30
192.10
183.80

69.51 d
85.78 ab
86.04 ab

144.70

90.26 a

185.10

84.42 abc

197.40

65.01 d

174.00
167.50

82.31 abc
82.29 abc

198.90

62.11 d

1.10ns
87.90
16.98

23.32**
12.22
5.58

1. Means followed by the same letter in the column did not differ from each other at the 1% probability level by Tukey's test. CV = Coefficient of
Variation; DMS = minimum significant difference.
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The treatments aforementioned did not differ
from each other. On the other hand, herbicide
application between rows only in the free space
between canopies and herbicide application in the total
area except for the canopy projection resulted in yields
equal to the control without weeding, thus being
significantly inferior to the treatments listed above.
By analyzing the correlation of the results of the
number of fruits harvested per bag and the total
production of the plant, it was found that the highest
productions obtained were mainly provided by the
increase in the number of fruits produced and not by an
increase in their dimensions.
Comparing the treatment that provided the
highest yield (herbicide application in the total area
followed by sowing of the legume between rows) with
the control without weeding, it is possible to observe that
the weed community with a predominance of
eudicotyledons reduced the production potential of the
orange grove under study by 23%, and that the farmer’s
procedure (herbicide application in the planting row),
although reducing the weed coverage by 34% on
average during the experimental period, minimized
weed interference on the crop yield (Table 3). It was also
found that weed interference was more accentuated
when weeds were found under the plant canopies, since
the treatments in which there was herbicide application
between rows only in the free space between canopies
and herbicide application in the total area except for the
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canopy projection (treatments that let weeds grow under
the canopy) resulted in lower yield, equaling the control
without weeding. These three treatments mentioned
above differed statistically from the farmer’s
management (Figure 1).
The presence of jack bean plants under the
canopy, as in the case of sowing in the total area,
provided a lower yield than that obtained with sowing of
the legume only between rows. These results
demonstrate that the proximity of weeds to the crop can
interfere with the development and production of orange
trees, since it exceeds the area bearable by the orange
plants and the competition for nutrients exerted by
weeds is one of the main factors that limit the growth
and production of cultivated plants (Pitelli, 1985).
Plants such as the hairy wood rose (Merremia
aegyptia (L.) Urb.) (Martins et al., 2010), sicklepod
(Senna obtusifolia (L.) HS Irwin & Barneby) (Bianco et
al., 2008a), Sida rhombifolia L. (Bianco et al., 2008b),
and Solanum americanum Mill (Bianco et al., 2010),
among others, have a high capacity to extract nutrients
from the soil and can be highly competitive with
agricultural crops and, as a consequence, reduce the
crop yield. Carvalho et al. (2012) mentioned that orange
plants need good aeration and empty spaces in the soil
for the development of the root system, which will
ensure good plant development and high yield. Thus, it
is possible to optimize its genetic potential, also avoiding
the degradation of the soil physical properties.

Figure 1 - Productivity of weight boxes per orange tree (40.8 kg/box) as a function of integrated methods for weed
control. T7 = conventional treatment by the farmer. ** Differ significantly from T7.
It is noteworthy that when choosing one of the
treatments, a possible environmental impact and the
resulting benefits should also be considered, besides
their cost. In the case of treatments with manual
weeding followed by maintenance with herbicide and
herbicide application in the total area, besides the
environmental impact caused by herbicide applications,
the soil remained practically clean and exposed to all

weather conditions, that is, subject to wind and water
erosion and to large thermal amplitudes. Furthermore,
the absence of plants can lead to soil depletion by
reducing nutrient recycling. In the case of treatments
with herbicide application in the total area followed by
sowing of the legume between the rows and herbicide
application in total area followed by sowing of the
legume in the total area, there may be the environmental
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impact of the initial application of glyphosate, but the
subsequent sowing of the legume in the total area or
between the rows minimizes or eliminates the
previously mentioned problems that may be caused in
the soil, besides enriching it with nitrogen and other
nutrients and providing the crop control of the weed
community (Damasceno et al., 2019). For example,
Caetano et al. (2001) verified that the presence of
pigeon pea (Cajanus cajan (L.) Huth) and lablab-bean
(Dolichus lablab L.) between the rows of a 'Pera' orange
orchard reduced weed germination.
Studies have proved that the use of mulch in
fruit farming protects the soil from the impact of rain,
increases water infiltration, incorporates organic matter,
and improves the soil structure (Sanches, 1998). Thus,
the growth conditions of the plant root system are
improved and yield is consequently increased,
corroborating the results obtained in the present study.
Herbicide application in the row or only in the canopy
projections, although may causing an environmental
impact, maintains the soil partially covered with the
weed community, making use of its benefits.
In the present study, the jack bean was used as
intercrop as, besides providing benefits as a green
manure, it is a species with recognized allelopathic
effects, reducing the germination of sida (Sida cordifolia
L.), Black-jack (Bidens pilosa L.), and Itchgrass
(Rottboellia cochinchinensis (Lour.) Clayton) (Dinardo et
al., 1998). Carvalho et al. (1997) obtained an increase
in the production of 'Pera' orange using the jack bean as
a vegetable cover between the rows of the crop planted
in two regions of Northeastern Brazil. A similar result
was obtained in the present study, in which the sowing
of the legume between the rows was the treatment that
provided the greatest yield gain. Apparently, the sowing
of the legume in the total area including the planting row
reduced the earning potential maybe due to competition
exerted by the legume, as aforementioned. In another
study, Carvalho et al. (2002) compared the
management system used by the farmer (three manual
weedings in the planting rows and three harrowings
between the rows) with the management system that
used jack bean as a plant cover between the rows of the
'Pêra' orange orchard and chemical weed control with
glyphosate in the rows and concluded that the proposed
management presented better results (above 57%) in
relation to farmer’s management for fruit mass, number
of fruits per plant, and yield.
This beneficial effect of the legume may be
provided by its suppressive effect on the growth of
weeds, consequently reducing their interference, in
association with the direct effects of the legume on
orange trees, as mentioned above. For example,
Carvalho et al. (1999) concluded that the management
of vegetation cover in orange orchards allowed for an
increase and better distribution of the root system of the
orange trees in the soil profile, allowing the exploitation
of a greater volume of soil and ensuring more availability
of water and nutrients for the ‘Pêra’ orange.
Therefore, in summary, it was found that the
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presence of weeds both in the planting rows and in the
canopy projection of the 'Natal' orange tree reduced
crop yield by 23%, similarly to the orchard maintained
without weed control, and the yield reduction was
expressed in the number of fruits and not in their size.
Herbicide application in the row, although reducing the
weed coverage on average by 54% with a
predominance of eudicotyledon, provided production
similarly to the other methods, which provided an
average reduction of 93% in weed coverage. Thus, the
farmer should carry out a cost-benefit ratio analysis to
choose, among the methods that are similar to the
traditionally used, the one that will provide good yield
associated with the lowest environmental impact.
Conclusions
Among the studied managements, it can be
concluded that the manual weeding of the area
associated with maintenance with glyphosate (1,080 g
ha-1), glyphosate application in the total area,
glyphosate application in the total area followed by
sowing of jack bean between the rows, glyphosate
application in the total area followed by sowing of jack
bean in the total area, and glyphosate application in the
canopy projection resulted in the same yield as the
traditional management adopted by the farmer, which is
glyphosate application in the row. On the other hand,
glyphosate application in the total area except for the
canopy projection and herbicide application between
the rows only in the free space between canopies were
not good methods for weed control, resulting in lower
yield, whose value was similar to that of the control
without weeding (in the bush).
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