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A B S T R A C T
The objective of this study was to evaluate the weed management in maize using hoeing 
and intercropping with Mimosa caesalpiniifolia (‘sabiá’). A randomized block design that 
consisted of split plots and five replicates was used. The hybrids AG1051 and BR205 (plots) 
received the following treatments: A = hoeing [20 and 40 days after sowing the maize (DASM) 
and without intercropping]; B = hoeing 20 DASM followed by the planting of ‘sabiá’; C = 
planting of ‘sabiá’ at the time the maize was sown followed by hoeing 40 DASM; D = planting 
of ‘sabiá’ at the time the maize was sown; and E = no hoeing and without intercropping. Lesser 
weed growth in the plots of two hybrids was observed with the treatments that involved 
hoeing. The highest yields for maize were obtained with two hoeings. The combinations 
of hoeing and intercropping provided higher grain yield compared to only intercropping 
with sabiá. Grain yield with hoeing 20 DASM and intercropping with sabiá was higher 
compared to intercropping with sabiá and hoeing 40 DASM.

Manejo de plantas daninhas em milho usando capinas
e consorciação com Mimosa caesalpiniifolia
R E S U M O
O objetivo do trabalho foi avaliar o manejo de plantas daninhas no milho, usando-se 
capinas e consorciação com Mimosa caesalpiniifolia. Utilizou-se o delineamento de blocos 
ao acaso com parcelas subdivididas e cinco repetições. Os híbridos AG1051 e BR205 
(parcelas) receberam os seguintes tratamentos: A = duas capinas [aos 20 e 40 dias após a 
semeadura do milho (DASM)] e sem consorciação; B = capina aos 20 DASM + semeadura 
de sabiá após a capina; C = semeadura da sabiá por ocasião da semeadura do milho + 
capina aos 40 DASM; D = semeadura da sabiá por ocasião da semeadura do milho; E = 
sem capinas e sem consorciação. O menor crescimento das plantas daninhas ocorreu nos 
dois híbridos, com os tratamentos que envolveram capinas. Os maiores rendimentos do 
milho foram obtidos com duas capinas. As combinações de capinas com a consorciação 
proporcionaram maior rendimento de grãos em comparação com a consorciação com a 
sabiá isoladamente. O rendimento de grãos com a capina aos 20 dias após a semeadura do 
milho (DASM) + consorciação com a sabiá, foi maior do que a consorciação com a sabiá 
+ capina aos 40 DASM.
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Introduction

Integrated weed management (IWM) is a process that 
combines both direct and indirect strategies for the control of 
weeds. Direct control strategies include biological, chemical, 
cultural, and/or physical measures for the control of weeds. 
Measures of indirect control involve agronomic practices, 
which may include the choice of cultivar, crop rotation, sowing 
period, and nutrient management, among other factors, and 
are designed to promote the competitive ability of crops (Sanyal 
et al., 2008; Ronald et al., 2011). The importance of IWM was 
recognized nearly 80 years ago but currently received increasing 
attention due to the rapid development of weed biotypes that are 
resistant to herbicides and to the growing public pressure against 
the use of pesticides (Harker & O’Donovan, 2013).

Several studies using either intercropped maize or a maize 
monoculture have demonstrated that the use of a cover crop can 
improve the efficiency of IWM. The use of herbicides combined 
with hoeing and a leguminous cover crop for the intercropping 
of maize and cassava have been found to result in a greater 
economic return compared to the individual use of an herbicide 
or a cover crop or the combinations of these two strategies 
(Olorunmaiye, 2011). The comparison of the intercropping of 
cassava and maize revealed that the plots that were either hoed 
or received herbicides in combination with cover crops provided 
greater economic benefits for cassava than for maize (Chikoye 
et al., 2002). Ekpo et al. (2010) found that the combination of 
an herbicide and the use of melon as the intercrop satisfactorily 
controlled weeds and resulted in a lowest reduction in maize 
yield compared to that obtained with two hoeings. In IWM, 
the selection of the species to be intercropped with maize and 
the choice of other methods to be used for weed control are 
important (Yeganehpoor et al., 2013).

For the control of weeds, Oliveira et al. (2011) attempted 
to intercrop maize with gliricidia [Gliricidia sepium (Jacqquin) 
Steudel], a leguminous arboreal plant. These researchers found 
that the intercropped plots provided a higher yield compared to 
the non-hoed plots but a lower yield compared to the plots that 
were hoed twice. Thus, to determine the advantages in terms 
of weed control in maize, the combination of one hoeing (two 
hoeing are commonly performed in the cultivation of maize) 
with the planting of gliricidia or other leguminous arboreal 
plants was performed. In northeastern Brazil, it is important to 
substitute gliricidia by a similar leguminous plant native to this 
region, such as sabiá (Mimosa caesalpiniifolia Benth.).

The aim of this study was to evaluate the weed management 
in maize using hoeing and intercropping with Mimosa 
caesalpiniifolia.

Material and Methods

The experiment was carried out from October 2012 to 
February 2013 at the Rafael Fernandes Experimental Farm 
(latitude 5° 03' 49" S, longitude 37º 23' 49" W, at an altitude of 
80 m). According to the Köppen classification, the climate in 
the region is the BSwh’ type, i.e., dry and very hot, with a rainy 
season from summer to autumn, an average annual temperature 
of 27.4 ºC, very irregular annual rainfall with an average of 673.9 
mm, and a relative humidity of 68.9%. Sunlight increases from 

March to October, with an average of 241.7 h. The maximum 
relative humidity reaches 78% in April with a minimum of 60% 
in September.

The soil in the experimental area is classified as a Red-Yellow 
Argisol (PVA) (EMBRAPA, 2006). The results of the analysis of 
a soil sample from the experimental area showed a pH of 6.46. 
The levels of phosphorus, potassium and sodium were 6.4, 
85.3 and 66.3 mg dm-3, respectively; for calcium, magnesium, 
aluminum, hydrogen, the sum of bases, exchangeable bases and 
cation exchange capacity, the values   were 1.69, 1.00, 0.00, 0.74, 
3.20, 3.20 and 3.94 cmolc dm-3, respectively. The base saturation 
and the percentage of exchangeable sodium were 81 and 7%, 
respectively. The soil analysis was conducted according to the 
recommendations of Silva (2009).

The soil in the area was prepared with two harrowings and 
fertilized with 120 kg N, 60 kg P2O5 and 30 kg K2O per hectare. 
Ammonium sulfate, single superphosphate and potassium 
chloride were used as sources of N, P and K, respectively. The 
phosphorus and potassium were applied together with one-third 
of the nitrogen dosage in furrows located beside and below the 
maize seeds at the time of sowing. The remaining N was applied 
as topdressing in two equal parts at 25 and 45 days after sowing 
and hoeing were conducted.

The experimental design was a randomized block design 
with split plots and five replications. In the plots, the hybrids 
AG1051 and BR205 were grown. In the subplots, the following 
methods of weed control were applied: a) hoeing [20 and 40 days 
after sowing the maize (DASM)] and without intercropping; b) 
hoeing at 20 DASM followed by the planting of sabiá (30 viable 
seeds m-2); c) sowing of sabiá (30 viable seeds m-2) at the time 
of sowing the maize, followed by hoeing at 40 DASM; d) sowing 
of sabiá (30 viable seeds m-2) when sowing the maize; and e) no 
hoeing and without intercropping. When intercropping, the 
sabiá seeds were broadcast and incorporated into the soil with 
the aid of a rake. The same employee was always assigned to 
hoe each block.

A subplot consisted of five rows, and each row was 6.0 m 
long. The experimental area was defined as the area occupied by 
the three central rows, from which the plants from the last hole 
at each end of the row were discarded when harvested. Of the 
three central rows, one was used to assess grain yield.

The maize was sown with four seeds per hole, at a spacing 
of 1.0 m between rows and 0.4 m between holes. Thinning was 
conducted 20 days after sowing, leaving two plants per hole. 

The experiment was irrigated by sprinkler based on the 
climatic characteristics of the region and the needs of the crop. 
The depth of water required daily by the maize (5.6 mm) was 
calculated based on an effective depth of 0.40 m for the root 
system using an irrigation interval of 2 days. Phytosanitary 
management was employed for the fall armyworm (Spodoptera 
frugiperda Smith) by employing two spray applications of a 
product registered for the crop at 25 and 45 days after sowing. 
One spray application of a registered product was used to control 
the corn leafhopper, Dalbulus maidis (DeLong & Wolcott), at 
50 days after sowing.

Weeds were collected 20, 40 and 110 days after sowing 
(DAS). Forty DAS, weeds were obtained from the sub-plots 
that received the treatments “two hoeings” and "intercropping 
with sabiá at sowing until 40 days after sowing." One hundred 
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and five DAS, weeds were collected from all of the sub-plots, 
particularly from an area of   1.00 m × 0.8 m between two of the 
three central rows of the sub-plot. The plants were cut level to 
the ground, identified, and weighed. The identification of the 
species of weeds from each plot enabled the calculation of the 
rate of occurrence (number of experimental units in which a 
determined species occurred/total number of experimental 
units). To estimate the dry matter weight, a homogeneous sample 
of the harvested material, with a weight of approximately 200 g, 
was placed into a forced-air circulation oven at a temperature 
of 75 ºC until it reached a constant mass.

The sabiá was evaluated 40 (time of sowing to the time of the 
second hoeing), 90 (time of first hoeing to the time of the final 
evaluation), and 110 (implementation of the experiment to the 
time of the final evaluation) days after sowing in terms of the 
number of plants per m2, the plant height, the stem diameter, 
and the fresh and dry weights of the shoots. After quantification, 
the plants were weighed and measured to determine the height 
of the plant. The stem diameter was determined using a caliper, 
and the shoot dry mass of the sabiá plants was determined as 
previously described for the weeds.

Prior to variance analysis, it was determined whether the data 
were in line with those presuppositions required for performing 
the analysis (Dias & Barros, 2009). Variance analysis were 
conducted using the SAEG software, developed by the Federal 
University of Viçosa (Ribeiro Júnior, 2001). The averages were 
compared using the Tukey test at 0.05 probability.

Results and Discussion

The results showed that the length of time of coexistence 
(T) had an effect on the stem diameter of the sabiá plants 
intercropped with maize; however, neither the cultivars (C) nor 
the T × C interaction exhibited an effect on the stem diameter 
(CVplots = 15.1%; CVsubplots = 12.8%). The plants that coexisted with 
maize for 40 days after sowing (DAS) had a mean stem diameter 
of 1.7 mm, which was smaller than the diameter of the plants 
that co-existed for 90 DAS (2.4 mm) and the stem diameter of 
the plants that coexisted for 110 DAS (2.8 mm). Thus, even when 
subjected to competition from maize and weeds, the sabiá plants 
grew in terms of their stem diameter.

In addition, the length of time of coexistence of the plants 
intercropped with maize (T) and the interaction T × cultivars 
affected the number of plants m-2, plant height, and fresh and 
dry weights of the shoots of the sabiá plants. The number of 
plants m-2 was reduced over time in both cultivars but was 
more markedly reduced in the AG1051 cultivar, resulting in a 
T × cultivar interaction (Table 1). The plant height of the sabiá 
increased over time when intercropped with the two maize 
cultivars but exhibited a sharper increase when intercropped 
with the BR205 cultivar, resulting in a T × cultivar interaction 
(Table 1). However, the fresh and dry weights of the sabiá shoots 
did not change as a function of time when intercropped with the 
AG1051 cultivar but increased with the BR205 cultivar (Table 
1). The data on the plant height and fresh and dry weights of 
the sabiá suggest that this leguminous plant suffers from greater 
competition from the maize cultivar AG1051 compared with 
the other cultivar (Table 1). Similar results were also observed 
in other studies (Oliveira et al., 2011) in which gliricidia plants 

Table 1. Mean number and fresh and dry weights of the 
shoots of sabiá plants intercropped with maize hybrids for 
three different time periods

1 Means followed by the same uppercase letter in the same column and the same lowercase 
letter in the same row do not differ at 0.05 probability by Tukey’s test

were intercropped with maize. That is, these authors also found 
that the leguminous plant suffered more competition from some 
maize cultivars. 

The maize plants competed with the sabiá plants for 
water, light, nutrients, and space. Based on these factors, the 
competitive ability of the maize plants in relation to other plants 
(sabiá or weeds in the present study) may be correlated with the 
morphological and physiological characteristics of the shoots 
and root system. This ability may be due to the suppressive ability 
(SA) and crop tolerance (CT). Considering only the shoots of 
the maize plants, Zystro et al. (2012) reported that the SA may 
depend on the period of maturity, plant height, leaf angle, and 
leaf production, whereas the period of maturity and plant height 
can affect the CT. These researchers concluded that the plant 
height is the most predictive characteristic of the SA and CT.

Twenty-two species of weeds were found in the experimental 
area after the three sampling periods (Table 2). Several results 
shown in Table 2 should be highlighted. First, some species 
were not observed in the three samples. In the first sample, 36% 
of the 22 species were not observed in the experimental units. 
In the second and third samples, 9 and 14%, respectively, of 
the 22 species were not observed in the experimental plots. In 
the first sample, the most common species (rate of occurrence 
greater than 50%) were Cenchrus equinatus, Ipomoea sp., 
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Jacquemontia sp., Turnera ulmifolia, Alternanthera tenella 
and Combretum leptostachyum. In the second sample, the 
most frequently occurring species were Adenocalymma sp., 
C. equinatus, Jacquemontia sp., and Solanum agrarium, and 
the most commonly found species in the third sample were 
Ipomoea sp., Adenocalymma sp., C. equinatus, and Paspalum 
griseum.

Second, few species were found to be predominant (Table 
2). The predominance of a few species is consistent with the 
hypothesis introduced by Buhler (1999). According to this 
hypothesis, the weed population in a given area is dependent on 
several factors, and although the population consists of several 
species, few of these species are predominant, corresponding to 
70 to 90% of the total number of species (Buhler, 1999).

The third result that should be highlighted from the data 
shown in Table 2 is that some species that were not found or 
species that were found at lower rates in the first sample were 
observed in later samples and vice versa. However, some species 
demonstrated relatively high rates of occurrence in all samples 
(i.e., C. equinatus), and other species exhibited relatively low rates 
in all of the samples (i.e., Amaranthus viridis). Many variables 
are involved in the results presented in Table 2, including the 

non-random distribution of the species in the field, difficulties 
associated with sampling, and differences in germination, cycle, 
competitive ability, and resistance of the weed species to the 
control methods used (Borgy et al., 2012).

The evaluation performed 40 days after sowing the maize 
(DAS) revealed that the hybrids and the two control methods, 
including hoeing, had an effect on the fresh matter of the 
weed shoots. On average, hybrid AG1051 demonstrated the 
best control of weeds when hoeing was performed 20 DAS 
and exhibited better weed control compared to intercropping 
with sabiá during the 40-DAS period (Table 3). Moreover, 
the interaction between the two groups of treatments had an 
effect on the shoot dry matter of the weeds. When hoeing was 
performed, there was no difference between the hybrids in 
terms of the shoot dry matter of the weeds. However, when 
intercropped with sabiá, hybrid AG1051 controlled the weeds 
better than the other hybrid. This difference resulted in an 
interaction between the two treatment groups. Thus, hybrid 
AG105 showed a greater competitive ability against the sabiá 
(Table 2) and against weeds. For both hybrids, hoeing 20 DAS 
resulted in better weed control compared to intercropping with 
sabiá during the 40-DAS period (Table 3).

Table 2. Rate of occurrence of the weed species found in the experimental areas of maize grown as a monoculture or 
intercropped with sabiá at three different time periods

1 Means followed by the same uppercase letter in the same column and the same lowercase letter in the same row do not differ at 0.05 probability by Tukey’s test

Table 3. Mean fresh and dry matters of the weed shoots in the experimental plots of maize hybrids evaluated 40 days 
after sowing (DAS)1
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The evaluation performed 110 days after sowing the maize 
(DASM) revealed that the interaction between the hybrids and 
the methods of weed control exerted an effect on the fresh and 
dry matters of the weed shoots. For hybrid AG1051, two hoeings 
and the combination of one hoeing (20 or 40 days after sowing) 
and intercropping with sabiá resulted in the least growth of 
weeds in terms of the fresh and dry matters of the shoots (Table 
4). For this hybrid, the greatest growth of weeds resulted from 
the intercropping with sabiá. The lack of hoeing resulted in an 
intermediate growth of the weeds for the other two treatment 
groups. For hybrid BR205, the use of two hoeings resulted in 
the least growth, and a lack of hoeing and intercropping with 
sabiá at sowing resulted in the most growth in terms of the 
fresh matter of the weed shoots. The remaining treatments 
resulted in an intermediate growth of the weeds. The analysis 
of the dry matter of the weed shoots in the sub-plots of hybrid 
BR205 revealed that two hoeings and the combination of one 
hoeing and intercropping with sabiá resulted in the least weed 
growth, whereas a lack of hoeing resulted in the most growth. 
Intercropping with sabiá from the beginning of the maize cycle 
resulted in an intermediate growth of weeds (Table 4). 

The data shown in Table 4 highlight two observations. First, 
as observed with hybrid BR205, sabiá controls weeds in relation 
to a lack of hoeing, although this effect is not as efficient as two 
hoeings because hoeing eliminates most of the weeds. However, 
the competition between sabiá and weeds is a slow and complex 
process that may reduce weed growth but rarely results in their 
elimination. This fact may explain the superiority of hoeing 
compared to intercropping with sabiá (Table 4). Second, the 
competition of sabiá with weeds is dependent on the maize 

cultivar (Table 4). This finding may help explain why it is not 
always possible to confirm the efficiency of intercropping in 
weed control. The cultivars of the crop and the species used 
for intercropping are both important in weed control. This 
hypothesis was confirmed by the finding that the intercropping 
of hybrid AG1051 with sabiá throughout the maize cycle resulted 
in the worst weed control. This result may be due to the negative 
effect of this hybrid on some of the characteristics of sabiá plants 
(Table 1), which resulted in less competition between the sabiá 
plants and the weeds. However, this problem is more complex 
because the hybrid itself competes with weeds.

The hybrids (H) and methods of weed control (C) affected 
the number of mature ears per hectare and the 100-grain weight, 
but the H × C interaction had no effect on these traits. With 
respect to these two characteristics, two hoeings produced 
the best result, and the absence of hoeing and intercropping 
with sabiá provided the worst results (Table 5). In addition, the 
combination of one hoeing and intercropping with sabiá yielded 
intermediate results in these two traits (Table 5). Interestingly, 
intercropping with sabiá resulted in a higher 100-grain weight 
average compared to lack of hoeing, which suggests a beneficial 
effect of intercropping (Table 5). Furthermore, hybrid BR205 
provided better results in terms of the number of ears per 
hectare but demonstrated worse results for the 100-grain weight 
(Table 5). 

The hybrids (H), methods of weed control (C), and the H 
× C interaction had effects on the number of grains per ear 
and the grain yield. For hybrid AG1051, the greatest number 
of grains per ear was obtained with two hoeings, whereas for 
the other hybrid, hoeing 20 days after sowing the maize and 

1 Means followed by the same uppercase letter in the same column and the same lowercase letter in the same row do not differ at 0.05 probability by Tukey’s test

Table 5. Number of ripe ears and 100-grain weight of the two maize cultivars subjected to different methods of weed control1

1 Means followed by the same uppercase letter in the same column and the same lowercase letter in the same row do not differ at 0.05 probability by Tukey’s test

Table 4. Mean fresh and dry matters of weed shoots in experimental plots of maize hybrids evaluated 110 days after 
sowing1
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intercropping with sabiá after hoeing produced the best results 
(Table 6). For both hybrids, intercropping with sabiá resulted in 
a larger number of grains per ear compared to lack of hoeing, 
which suggests a beneficial effect of intercropping on this 
component of maize production. The remaining treatments 
resulted in intermediate results. Hybrid BR205 was superior to 
the other hybrid under all weed-control treatments (Table 6). 
The best grain yield was obtained with two hoeings, and the 
worst grain yield was obtained with no hoeing and intercropping 
with sabiá. The remaining treatments resulted in intermediate 
yields. Moreover, hybrid BR205 responded better than hybrid 
AG1051 in terms of grain yield in response to all of the weed-
control treatments (Table 6).

The presence of weeds reduced most of the characteristics of 
maize evaluated in this study (Tables 5 and 6). The weeds reduced 
crop yields by competing with the crops for water, nutrients, 
and light. A reduction in grain yield due to weeds has also been 
observed in previous studies (Silva et al., 2009).

Intercropping the maize with sabiá when sowing the maize 
resulted in beneficial effects on the maize, as was reflected in 
the 100-grain weight (Table 5) and the number of grains per ear 
(Table 6), and the averages obtained with intercropping were 
higher than those obtained with lack of hoeing. This finding 
demonstrate that the sabiá partially controlled the weeds, 
which may be due to the results of competition for water, light, 
nutrients, and space, as well as allelopathy (Ferreira et al., 2010). 

The combination of hoeing and intercropping with 
sabiá provided more benefits to maize compared to simply 
intercropping with sabiá. This combination was enhanced by 
two hoeings in terms of the grain yield (Table 6). In six cases, 
Tukey’s test was performed to analyse the maize yield and to 
evaluate the characteristics related to maize yield (Tables 5 and 
6), and hoeing 20 days after sowing the maize (DASM) followed 
by intercropping with sabiá were found to be superior in five of 
the six cases compared to the treatment involving intercropping 
with sabiá at the time of sowing the maize and subsequent 
hoeing 40 DASM. However, the opposite trend was observed 
in one case (Table 5).

The superiority of hoeing 20 days after sowing the maize 
(DASM) and intercropping with sabiá after hoeing compared 
to the combination of hoeing and intercropping examined in 
this study may be related to the so-called critical period of 
weed control (CPWC) with respect to most of the evaluated 
characteristics. The CPWC is the minimum time that a crop 
should be maintained weed-free in order to prevent unacceptable 

losses in yield (Zimdahl, 1981). Zimdahl (1981) reviewed 11 
similar studies of maize and concluded that the CPWC varies 
from 14 to 42 days after sowing. This period may explain why 
hoeing 20 days after sowing the maize (DASM) was generally 
more advantageous than hoeing 40 DASM. However, because 
the hoeing was performed 40 DASM, it was still included within 
the CPWC and thus resulted in beneficial effects on the maize.

The hybrids (H), methods of weed control (C) and the H × 
C interaction affected the fresh and dry matters of weed shoots 
(Table 4) and grain yield (Table 6). In the two hybrids, the lowest 
growth (dry matter) of weeds occurred both with hoeing and 
the integrated weed management systems. However, in the two 
hybrids, the higher grain yields were obtained with two hoeings.

Conclusions

1. Lesser weed growth in the plots of the two hybrids was 
observed with the treatments that involved hoeing.

2. The highest yields for maize were obtained with two 
hoeings.

3. The combinations of hoeing and intercropping provided 
higher grain yield compared to only intercropping with 
sabiá. Grain yield with hoeing 20 days after sowing the maize 
(DASM) and intercropping with sabiá was higher compared to 
intercropping with sabiá and hoeing 40 DASM.
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