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1. Introduction 

Competition from weeds is one of the main biotic factors that limit the corn yield, 
which in some cases can lead to high productivity losses. Several weed species can be 
found infesting corn fields, including those belonging to the genus Urochloa (Carvalho 
et al., 2011). Plants of this genus belong to the same family as corn (Poaceae), which is 
why they have similar environmental resource requirements, which can interfere with 
the cash crop development (Costa et al., 2012).

Among the resources for which plants compete, water is considered one of the 
most limiting factors to their development, especially in hot seasons and low rainfall, 
which will directly affect photosynthesis and the absorption of nutrients. In this case, 
an essential characteristic of cultivated plants can be affected: the water use efficiency 
(WUE), which is characterized as the amount of water transpired by a plant for the 
production of a certain amount of dry matter (Silva et al., 2007).

The competitive potential of plants for environmental resources varies depending 
on the species present in the area and the infestation level (Chioderoli et al., 2010), the 
time of crop emergence, and the competitive characteristics of the cultivars (Carvalho 
et al., 2011). The competition between weeds and crops results in less access to some 
resources, which tends to cause deficiencies that culminate in changes in physiological 
characteristics related to photosynthesis, such as water deficiency (Galon et al., 2013) 
and low quality or amount of light (Brighenti and Oliveira, 2011). These limitations 
can lead to changes in stomatal conductance, in the internal concentration of gases, 
and, consequently, in photosynthetic activity and efficient water use which affects 
crop yield.

Corn is considered an excellent competitor with smaller species, such as brachiaria, 
as it can have access to light radiation earlier than smaller species, leading to a more 
significant accumulation of dry matter produced in the early stages of development 
(Cardoso et al., 2010). This is mainly because corn has a high capacity for intercepting 
photosynthetically active radiation, and due to its canopy, which reduces the amount 
of this resource for other species. This interception varies according to the cultivar’s 
morphological characteristics, such as plant height, leaf shape, the population adopted 
(Carvalho et al., 2011), crop development, and interference from other species. 
However, few studies report physiological changes in intercropped plants.

Abstract: Background: The study of corn and palisade grass physiology 
may assist in determining the best arrangement of the plants and more 
efficient management of this intercropped system. 
Objective: To evaluate the effects of different palisade grass plant 
arrangements and their control on physiological characteristics and corn 
yield.
Methods: Two trials in randomized complete block design with four 
replications were conducted in field conditions. In the first, corn was sown 
with 0.50 m row spacing, whereas the second had 1.00 m row spacing. All 
the treatments were arranged in the same way in both experiments, in a 
2x4  factorial design. The first factor was the nicosulfuron dose applied 
(0 and 8 g a.i. ha-1), and the second, the forage seeding rates (0, 2, 4, and 
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same day.
Results: The application of nicosulfuron negatively affected stomatal 
conductance, internal carbon concentration, and increased CO2 
consumption and efficiency in water use. The photosynthetic rate was not 
affected by the herbicide application, however it presented lower values in 
the 0.50 m spacing. Although the yield was not affected by row spacing, it 
was higher when nicosulfuron was applied.
Conclusions: The increase in palisade grass density caused detrimental 
changes in the water use efficiency with direct consequences to the crop 
yield. The physiological response and corn yield depend on the arrangement 
of plants and the palisade grass management adopted.

Keywords: Zea mays; Urochloa brizantha; Crop-livestock integration; Photosynthesis; Stomatal conductance

Copyright: 2021

https://orcid.org/0000-0001-6718-4906
https://orcid.org/0000-0003-0644-2849
https://orcid.org/0000-0002-9063-3500
https://orcid.org/0000-0001-9528-1930
https://orcid.org/0000-0001-8577-1928
https://orcid.org/0000-0001-7879-0979


2

 Freitas MAM, Silva DV, Pereira GAM, Souza WM, Nunes JJ, Silva AA

Adv Weed Sci. 2021;39;e021230847 https://doi.org/10.51694/AdvWeedSci/2021;39:00002

Therefore, the objective of this work was to evaluate 
the effects of different plant arrangements and the 
management of palisade grass on corn’s physiological and 
productive characteristics.

2. Material and Methods

Two field experiments were carried out from November 
2012 to April 2013 on soil classified as Red-Yellow Argisol. 
According to previous soil analysis (Table  1), fertilization 
was carried out at a dose of 400  kg/ha 8-28-16 (NPK) 
following corn cultivation recommendations and applied in-
furrow at planting. Postemergence fertilization consisted of 
the application of 120 kg of N in the form of urea. According 
to the Koppen-Geiger classification, the region’s climate is 
humid subtropical with dry winters and hot summers, with 
an average annual temperature of 21  oC and an average 
annual rainfall of 1,200 mm. The pluviometric indexes and 
the average weekly temperatures during the experimental 
period are shown in Figure 1.

Each experiment corresponded to a plant spacing 
(0.50 or 1.00 m) and was carried out in randomized block 
design, with four replications. The treatments of the two 
trials were the same and arranged in a 2x4 factorial scheme, 
the first factor being the application or not of the sub-dose 
of the herbicide nicosulfuron (8 g a.i. ha-1, referring to 1/5 
of the label rate) and the second factor being the cover 
crop rate (0, 2, 4 and 6 kg ha-1). The dose of 8 g a.i. ha-1 of 
nicosulfuron was adopted, as it has already been reported 
to have potential to suppress palisade grass without 
interfering in corn yield (Petter et al., 2011).

The experimental area was desiccated by spraying 
glyphosate (1,080 g a.i. ha-1) + 2.4-D (540 g a.i. ha-1) seven 
days before sowing the species. The corn hybrid DKB 390 
and Urochloa brizantha (BRS Piatã) vc 76% seeds were sown 
on October 20, 2012, with a Semeato SHM 11/13 planter 
with five rows for the spacing of 0.50 m, and three rows for 
1.00 m spacing. Both trials adopted the same population of 
60,000 plants per hectare.

On the same day of corn planting, manual sowing of 
Urochloa brizantha was also carried out. In the experiment 
in which corn had an 0.50 m row spacing, palisade grass was 
sown in the same row as the corn. In the trial with 1.00 m 
row spacing, palisade grass was planted in the same corn 
row, and between rows (0.50 m) of corn. The palisade grass 
seed rate was calculated according to each treatment.

The experimental plots of the two experiments were 30 m2 

(6 m wide by 5 m long) and consisted of six rows of corn for 
the trial with 1.00 m row spacing and 12 rows of corn for the 
trial with 0.50 m row spacing. For the trial with 1.00 m row 
spacing, the useful area of the plot corresponded to the four 
central rows, excluding 1 m in length from each end, making 
up 12 m2 of useful area. For the trial with 0.50 m row spacing, 
the eight central rows were evaluated, adopting the same 
border and the same useful area as the other experiment.

At 60  days after emergence (DAE), when the female 
inflorescence appeared (embedding), the photosynthetic 
rate, transpiratory rate, stomatal conductance of water, 
internal CO2 concentration, and carbon consumption were 
evaluated, and subsequently, the WUE. For this, a portable 
infrared gas analyzer (IRGA), model LI-6400 XT was used. The 
measurements were evaluated between 9, and 11 am on the 
same day, on the fully expanded leaf surface in the upper third 
of each corn plant’s crown. In each experimental unit, four 
plants were analyzed, and in each of these, three observations 
were made, totaling 12 readings per experimental unit. The 
average irradiance was 1000  μmol of photons  m-2  s-1. This 
value was determined by the irradiance that affects the leaf 
surface of the crop, in the position which the leaf was in on 
the plant, obtained through 30 random evaluations per plot. 
The evaluated variables were stomatal conductance of water 
vapors (Gs - mol m-2 s-1), transpiration rate (E - mol H2O m-2 s-1), 
internal CO2 concentration (Ci - μmol mol-1), CO2 consumed 
(∆ C - μmol mol-1), photosynthetic rate (A - μmol m-2 s-1), and 
water use efficiency (WUE - mol CO2 mol H2O

-1).

Table 1 - Soil chemical and physical characteristics of the experimental area.

Solo
pH P K Ca Mg Al H+Al SB (t) (T) V M MO

(H2O) (mg dm-3) (cmolcdm-3) (%) dag kg-1

Argisol 5.6 5.9 64 2.0 0.8 0.3 3.3 2.96 2.96 6.26 47 0 2.6

Physical characteristics (%)

Texture (%) Clay Clay = 43 Silt = 14 Sand = 43%

Analyses carried out according to the methodology of the Empresa Brasileira de Pesquisa Agropecuária – Embrapa (Donagema et al., 2011).

Figure 1 - Rainfall and weekly temperatures (average) during 
the period of the experiments.
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3. Results and Discussion

In the variables under study, the relationship between 
the largest and the smallest mean square of the residue was 
less than seven, meeting the requirement for the execution 
and interpretation of the variance joint analysis (Table 2), 
as suggested by Gomes (2009).

Corn stomatal conductance (Gs) conducted at 1.00  m 
spacing was lower with the application of nicosulfuron 
(Table 3). Nicosulfuron is an inhibitor of the ALS enzyme 
(acetolactate synthase), responsible for the synthesis of 
branched amino acids (leucine, isoleucine, and valine) 
(Duggleby et al., 2008). Thus, an indirect effect on the 
physiological characteristics of corn is expected by 
reducing protein synthesis, considering that they are 
present in the photosynthetic apparatus responsible for 
electron transport. Thus, a reduction in the total protein 
content possibly also affected the electron transport chain. 
According to Bevilaqua (2019), nicosulfuron can reduce the 
electron transport rate at varying levels according to each 
hybrid’s characteristics.

At 150 days after planting (DAP), each plot’s entire useful 
area was harvested, and the grain yield was determined at 
13% moisture.

The analysis of variance for each planting spacing 
was performed considering the following model: 
yij = m + ti + bj + eij. Where yij refers to the observed value 
of treatment I in repetition j; m to the general average; ti to 
the effect of treatment i; bj to the effect of block j; and eij to 
the effect of the parcel (error) associated with treatment i 
in repetition j.

In the variables under study, the ratio between the 
largest and the smallest mean square of the residue was 
less than seven for the two planting spacing, meeting 
the requirement for executing and interpreting the joint 
variance analysis. Therefore, this analysis was done 
by adding to the previous model the effect of planting 
spacing and the interaction between these and treatments 
yijk = m + ti + aj + taij + bk (j) + eik (j). Where yijk refers 
to observation k of treatment i in planting spacing j; ti to 
the effect of treatment i; aj to the effect of planting spacing 
j; taij to the effect of the interaction between treatment i 
and planting spacing j; bk (j) to the effect of block k within 
the planting spacing j; and eik (j) to the average error. The 
relevant decompositions of the planting spacing interaction 
by treatments were also considered in the analysis.

For qualitative variables that showed significance when 
submitted to the F test, the Tukey test at 5% probability 
was chosen to compare the means. For the quantitative 
variables, the means were submitted to regression 
analysis at 5% probability, adapting the model that best 
explained the behavior of each variable, following criteria 
suggested by Gomes (2009).

Table 2 - Analysis of variance (mean squares) and variation coefficient (cv) corresponding to stomatal conductance (Gs), 
internal carbon concentration (Ci), carbon consumption (ΔCO2), transpiratory rate (E), photosynthetic rate (A), water use 

efficiency (WUE), and corn yield.

FV GL
Mean squares

Gs Ci E ΔCO2
A EUA PROD

Blocks/Spacing 6 0.005* 3,072.18 2.520 6.64 27.15 2.75 183,299.84

Row spacing (S) 1 0.087* 128,255.00 34.120 562.00* 650.70* 2.76 134,157.38

Herbicide (H) 3 0.032* 20,426.24* 8.030 28.4 7.77 5.74* 1,845,590.17*

S x H 1 0.037* 2,799.10 5.430 3.58 55.41 0.26 14,119.38

Density (D) 3 0.004 2,329.31 4.290 2.10 24.65 2.97* 1,446,291.87*

S x D 1 0.003* 4,815.36* 1.110 3.39 5.16 0.12 414,738.24

D x H 3 0.001 2,632.67 0.110 4.55 8.54 0.10 427,031.36

D x S x H 3 0.002 8,161.84 2.900* 13.39 29.45 0.57 145,934.28

Residue 42 0.002 1,313.55 0.782 8.38 16.25 0.75 574,237.52

CV % 29.000 1.16 21.000 15.70 28.00 23.00 8.00

* F Significant at 5% probability.

Table 3 - Average stomatal conductance (Gs - mol m-1 s-1) 
of corn plants in two row spacings and in the presence and 

absence of nicosulfuron.

Row spacing
Nicosulfuron (8 g a.i. ha-1)

Presence Absence

1.00 m 0.15 Ab 0.24 Aa

0.50 m 0.12 Ba 0.12 Ba

Means followed by the same lowercase letters in the row and uppercase 
letters in the column do not differ by Tukey’s test at 5% probability.
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regardless of the density of palisade grass growing with 
corn. In the 1.00  row spacing with herbicide application, 
Ci showed quadratic behavior with a tendency to increase 
to a density of approximately 3 kg ha-1 and reduction from 
values greater than 3 kg ha-1 (Figure 2).

Makino et al. (2015), working with corn in 0.45 
and 0.90  m row spacings intercropped or not with two 
populations of Brachiaria ruziziensis (10 and 20 plants m-2), 
observed greater effects of planting spacing than 
intercropping with forage in most of the analyzed variables. 
The authors also observed higher concentrations of Ci 
in the narrower row spacing, and although the single or 
intercropped cultivation did not differ, the increase in the 
brachiaria population resulted in a higher internal carbon 
concentration.

Corn plants showed higher CO2 consumption (∆C) 
when grown at 1.00 m row spacing, regardless of herbicide 
treatment and density of U.  brizantha (Table  4). Nunes 
and Ceccon (2011) evaluated the development of three 
corn hybrids in 0.45 and 0.90 m row spacing and observed 
higher CO2 consumption in the wider row spacing for all 
evaluated hybrids. According to the authors, the rate of CO2 
consumption is correlated with photosynthetic intensity 
at the time of evaluation, so the higher the consumption, 
the faster the plant’s metabolism. Makino et al. (2015) 
observed greater consumption in the narrow row spacing 
(0.45  m). According to the authors, the use of reduced 
spacing reflects a better distribution of the plants in the 
area, which favors the use of the environment’s resources 
and results in a greater photosynthetic potential.

The transpiratory rate (E) of corn at 1.00 m row spacing 
was lower with the presence of nicosulfuron compared to 
the absence of the herbicide. In the narrow row spacing 
(0.50  m), no statistical difference was observed for this 
variable, regardless of the herbicide application (Table 5). 
E is mainly determined by Gs and two physical variables: 
radiation and deficit in atmospheric saturation (Dalmolin 
et al., 2015). The other variables were not correlated 
with each other. Nunes and Ceccon (2011) observed 
a reduction in corn’s transpiration at a row spacing of 
0.45  m compared to 0.90  m. According to the authors, 
transpiration is the ability of the root system to replace 
the water lost by the leaves. As the 0.45  m row spacing 
contained a higher population of plants per hectare, it is 
assumed that there was greater intraspecific competition 
among corn plants for water.

According to Agostinetto et al. (2016), the application of 
metribuzin, metsulfuron, and 2,4-D also reduced stomatal 
conductance and other parameters, such as photosynthetic 
rate and transpiration, in wheat 120 hours after application 
of herbicides under greenhouse conditions. This is the same 
for rice when subjected to the application of carfentrazone-
ethyl, which had its stomatal conductance reduced, a fact 
pointed out by the authors as a response to the stress 
imposed by the application of the herbicide, which can 
affect, besides this, other photosynthetic parameters 
(Langaro et al., 2016). Balabanova et al. (2016) attributed 
the reduction in stomatal congestion as one of the factors 
responsible for reducing the net photosynthetic rate of 
the Clearfield® sunflower when subjected to imazamox 
application.

Although nicosulfuron is selective to corn, this is directly 
linked to the choice of the correct hybrid, the stage of the 
application, and the dose used. Furthermore, applications 
of organophosphate insecticides or nitrogen fertilization 
at intervals close to the application of the herbicide can 
compromise the selectivity and cause phytointoxication 
even in hybrids with tolerance (Devkota et al., 2013; Guerra 
et al., 2010; Maciel et al., 2018).

The internal concentration of CO2 (Ci) was higher in 
corn plants grown at the 0.50  m row spacing associated 
with the nicosulfuron sub dose (Figure 2). It is noteworthy 
that Ci is inversely proportional to photosynthetic capacity 
and CO2 consumption. Therefore, a lower Ci indicates 
less CO2 consumed and a lower photosynthetic rate 
(Flexas et al., 2014).

In the row spacing of 0.50  m, both in the presence 
and in the absence of nicosulfuron, higher values of Ci 
were observed for corn plants as well as a tendency for 
this variable to decrease – the internal CO2 concentration 
(Ci - μmol mol1) – with an increase in the density of brachiaria 
plants. In the absence of the herbicide, Ci was constant 

Figure 2 - Corn internal concentration of carbon in two row 
spacings and in the presence and absence of the herbicide 
nicosulfuron in different densities of palisade grass plants.

Table 4 - Average CO2 consumption (ΔC - µmol mol-1) of 
corn plants in two row spacings and in the presence and 

absence of nicosulfuron.

Row spacing CO2 consumption

1.00 m 21.30 A

0.50 m 15.37 B

Means followed by the same capital letters in the column do not differ 
statistically from each other by the F test at 5% probability.
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Transpiration reduction is associated with stoma 
closure, and variations in stoma opening cause water 
potential changes, as they act on E (Manabe et al., 2014). The 
plant tends to close the stomata in less favorable situations 
of radiation or water. These parameters are linked in a cost/
benefit ratio since E is also a mechanism for decreasing leaf 
temperature. Transpiration, CO2 capture, and stomatal 
conductance (Gs) processes only occur when the stomata are 
open. Due to the latent heat of evaporation (heat effectively 
used to “heat” water and allow evaporation), transpiration 
has a powerful cooling effect important in regulating the 
leaf temperature (Mendes et al., 2013).

In the plots cultivated with 1.00 m row spacing, with and 
without nicosulfuron, corn showed higher transpiratory 
rate values (E) when grown with all palisade grass densities 
compared to the plots cultivated in the 0.50 m row spacing. 
Plants treated with nicosulfuron at 1.00 m spacing showed 
an increase in E values inline with the increase in quantity 
of palisade grass plants (Figure 3).

According to Concenço et al. (2012, 2014), imazamox 
is an ALS-inhibiting herbicide that acts indirectly on the 
system, and the presence of this herbicide together with 
atrazine (photosystem II inhibitor) reduces stomatal 
conductance in plants sensitive to this product, as well 
as many tolerant plants. This usually occurs due to the 

closure of stomata, which is influenced by several factors, 
such as water availability, light and energy, pollution, and 
herbicides used to control weeds (Torres et al., 2012).

Regarding the photosynthetic rate (A), no difference was 
observed between treatments with and without the herbicide. 
However, it was greater for the 1.00 m row spacing independent 
of the herbicide (Table  6). The results corroborated with 
Nunes and Ceccon (2011), where the authors observed a 
higher photosynthetic rate in single cultivated corn with row 
spacing of 0.90 m, compared to 0.45 m.

The competition between weeds and crops is a critical 
factor for developing the crop when the weed is established 
next to or before the crop (Pereira et al., 2012). However, 
if the crop is established first, depending on the cultivated 
species, vigor, initial growth speed, and planting density, it 
can quickly cover the soil, excluding or inhibiting the growth 
of forages significantly. Makino et al. (2017), evaluating 
the cultivation of double-crop corn in different spatial 
arrangements, observed a reduction in the photosynthetic 
rate when the plant population increased from 45,000 to 
65,000  plants  ha-1. According to the authors, the lower 
photosynthetic rate reflected the reduction in stomatal 
conductance, transpiration, and the consumption of CO2 
with the largest population of plants.

It is known that stresses caused by herbicides can affect 
stomatal conductance, and the ability of corn hybrids 
to tolerate nicosulfuron lies in the ability to degrade the 
herbicide quickly and thus prevent oxidative stress that 
leads to O2 and H2O2 accumulation (Concenço et al., 2014; 
Wang et al., 2018). Torres et al. (2012) also found a high 
correlation between A and Gs.

Corn plants grown at 1.00  m row spacing showed 
greater WUE when compared to plants grown at 0.50  m 
row spacing. The WUE was greater when they were in the 
presence of the herbicide (Table 7). The most efficient use 

Table 5 - Average of the transpiratory rate of corn plants (E - mol H2O m-2 s-1) in two row spacings and in the presence and 
absence of nicosulfuron.

Nicosulfuron 
(8 g a.i. ha-1)

Sowing density of U. brizantha (kg ha-1)
0 2 4 6

Row spacing
1.00 m 0.50 m 1.00 m 0.50 m 1.00 m 0.50 m 1.00 m 0.50 m

Presence 3.54 Ba 3.30 Aa 4.30 Aa 2.49 Ab 4.35 Ba 4.23 Aa 4.65 Ba 3.31 Ab

Absence 5.06 Aa 3.10 Ab 4.12 Aa 3.64 Aa 6.47 Aa 3.85 Ab  6.34Aa 3.23Ab
Means followed by the same lowercase letters in the row and uppercase letters in the column do not differ by Tukey’s test at 5% probability.

Figure 3 - Transpiratory rate of corn in two row spacings and 
in the presence and absence of the herbicide nicosulfuron at 
different planting densities of palisade grass.

Table 6 - Average photosynthetic rate (A - µmol m-2 s-1) of 
corn plants in two row spacings and in the presence and 

absence of nicosulfuron.

Row spacing Photosynthetic rate

1.00 m 17.60A

0.50 m 11.23B

Means followed by the same capital letters in the column do not differ 
statistically from each other by the F test at 5% probability.
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of water is directly related to the stomatal opening time, as, 
while carbon dioxide (CO2) penetrates the leaf, water is lost 
through transpiration, with varying intensity, depending 
on the potential gradient between the leaf surface and the 
atmosphere (Galon et al., 2013).

For all the row spacings evaluated with and without 
the herbicide, the tendency was to reduce the WUE with 
the increase in the density of forage (Figure  4). It should 
be noted that the WUE represents the amount of CO2 fixed 
for the production of dry biomass according to the amount 
of water transpired. The improvement in the WUE by corn 
plants is due to the reduction in the growth rate of the 
palisade grass due to the application of the herbicide, since 
the lower growth of the palisade grass plants reduces the 
competition with corn plants for nutrients and, mainly, 
for water. Galon et al. (2013), working with biotypes of 
Conyza bonariensis resistant to glyphosate, observed that 
the increase in the density of the sensitive biotype in 
competition with the resistant biotype caused a reduction 
in the WUE of this biotype with an increase in the density 
of the opposite biotype.

According to Makino et al. (2016, 2017), the cultivation 
of corn intercropped with palisade grass allows the best 
WUE even in wide row spacing (0.90 m), since intercropping 
with the forage resulted in lower rates of transpiration, leaf 
temperature, internal CO2 accumulation, and stomatal 
conductance, factors which contributed to the best final 
crop yield in this system.

No statistical difference was observed regarding corn 
yield between the row spacings adopted. However, when the 
crop was grown in the presence of herbicide, a higher yield 
was observed (Table  8). Santos et al. (2015) concluded that 
regardless of how the forage was established with the crop, the 
use of the herbicide nicosulfuron in a mixture with atrazine was 
necessary to achieve adequate control over most of the weeds 
present in this cropping system, allowing with this production 
management of corn compatible with forage production.

Petter et al. (2011), evaluating the selectivity of different 
herbicides for the cultivation of corn intercropped with Brachiaria 
ruziziensis, observed that the best option was nicosulfuron at the 
dose of 8 g a.i. ha-1, considering that it was the only treatment 
that suppressed the forage and did not adversely affect crop 
yield. Cholette et al. (2019), evaluating doses of nicosulfuron 
for the suppression of ryegrass (Lolium multiflorum) sown 
in consortium with corn in Canada, observed that the use of 
the herbicide in doses close to 25 g a.i. ha-1 promoted the best 
yields of the culture by the imposed ryegrass suppression, while 
non-suppression reduced corn yield by 6%. Despite the need to 
use herbicides to help the consortium, few selective chemical 
options are available due to brachiaria species’ sensitivity to 
herbicides. According to Moraes et al. (2019), doses between 30 
and 62 g a.i. ha-1 of glyphosate have already been sufficient to 
reduce the growth of Urochloa decumbens plants by 50%.

For all row spacings evaluated with and without 
application of 1/5 of the herbicide label rate, there was 
a trend of decreasing yield with increasing density of the 
palisade grass (Figure  5). This can be explained because 

Table 7 - Water use efficiency (WUE - mol CO2mol H2O-1) 
from corn plants in two row spacings and in the presence 

and absence of nicosulfuron.

Nicosulfuron (8 g a.i. ha-1) Water use efficiency

Presence 3.95 A

Absence 3.36 B
Means followed by the same capital letters in the column do not differ by 
the F test at 5% probability.

Figure 4 - Water use efficiency (WUE - mol CO2 mol H2O-1) by 
corn at different planting densities of palisade grass.

Table 8 - Corn yield average (kg ha-1) in two row spacings 
and in the presence and absence of nicosulfuron.

Nicosulfuron (8 g a.i. ha-1) Yield

Presence 9,738.45 A

Absence 9,398.81 B
Means followed by the same capital letters in the column do not differ 
statistically from each other by the F test at 5% probability.

Figure 5 - Corn grain yield at different planting densities of 
palisade grass.
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the increase in density and the reduction of row spacing 
between corn plants negatively affected most of the corn’s 
physiological variables, directly related to the crop’s yield 
potential.

According to Ceccon et al. (2014), evaluating 
the performance of single corn and intercropping 
with increasing populations of Brachiaria ruziziensis 
(0  to  45  plants  m-2) grown at 0.45  m row spacing, also 
observed a reduction in the final crop yield with the 
increase of the forage population. Ceccon et al. (2018) 
observed a quadratic reduction for the increase in the 
population of Brachiaria ruziziensis (42 kg ha-1 per plant m-2) 
and a linear reduction for Brachiaria brizantha (13.39 kg ha-1 
per plant m-2). Despite the reduction in yield, the authors 
consider the consortium a viable option due to other 
benefits. Although several studies report variable levels 
of reduction in corn yield when grown intercropped with 
palisade grass, it is regarded as a reasonable assumption 
among those authors that even in these situations, it is a 
viable cultivation modality due to other benefits offered by 
the system and often the reduction in yield is low (Alves 
et al., 2013; Cunha-Chiamolera et al., 2017; Ikeda et al., 
2007; Maia et al., 2014; Silva et al., 2015;).

4. Conclusions

Palisade grass sowing density, row spacing, and the 
application of nicosulfuron affected the crop’s physiological 
characteristics. In general, the reduction of the row spacing 
and the increase in the density of palisade grass plants 
reduced most of the physiological variables evaluated. 
This resulted in a progressive reduction in corn yield due 

to the increase in the forage population. However, with the 
nicosulfuron sub dose, losses in the grain yield of the crop 
were lower.
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