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ABSTRACT 
 
The aim was to evaluate the productive performance and nutrient export of maize 
intercropped with drought
randomized blocks in a 2x2x2+1 factorial scheme (two forage grasses species 
and Buffel; two forage sowing methods 
sowing times - anticipated and simultaneous; and monoculture maize as an additional 
control), with three replicates. The maize+forage intercropping promoted greater 
competition for resources, especially water, limiting N uptake, chlorophyll synthesis, 
and biomass production by maize under semiarid conditions. Early sowing gave forage 
plants a competitive advantage, favoring forage establishment before or immediately 
after the sowing of maize. Thus, the simultaneous sowing of forage grasses in a 
semiarid environment is a more appropriate option considering the importance of high 
levels of chlorophyll to ensure high photosynthetic activity in maize plants and greater 
capacity of biomass synthesis. Massai intercropped with maize exhibits a 

Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 - 15, 20220029, 202
                                      http://dx.doi.org/10.1590/S1519-994020220029

Animal Reproduction   
Received on: 26/06/2022 
Accepted on: 21/02/2023

 
Productivity and nutrient export in a maize and forage grasses intercropping 

under semiarid conditions 
 

Produtividade e exportação de nutrientes em um consórcio de milho e gramíneas 
forrageiras nas condições do semiárido 

PONTE FILHO, Francisco Augusto 

3823-7751 

 
7363-4747 

POMPEU, Roberto Cláudio Fernandes 

4099-3575 

SAGRILO, Edvaldo3 
https://orcid.org/0000-0001-8523
 
ANDRADE, Hosana Aguiar Freitas de
https://orcid.org/0000-0001-9332
 
COSTA, Carlos Pedro de Meneses
https://orcid.org/0000-0003-3605
 
SOUZA, Henrique Antunes de
https://orcid.org/0000-0002-2209

Universidade Estadual Vale do Acaraú, Av. da Universidade, Campus da Betânia
Brasil 

, Fazenda Três Lagoas, Estrada Sobral/Groaíras, Km 4

Av. Duque de Caxias, nº 5.650, Bairro Buenos Aires, 

Universidade Federal do Piauí, Campus Universitário Ministro Petrônio Portella
Teresina, Piauí, Brasil 

Instituto Federal de Educação, Ciência e Tecnologia do Piauí, Rua Projetada, s/n
Oeiras, Piauí, Brasil 

Mailforcorrespondence:hosanaguiarf.andrade@gmail.com 

The aim was to evaluate the productive performance and nutrient export of maize 
intercropped with drought-tolerant forage grasses. The experimental design was a 
randomized blocks in a 2x2x2+1 factorial scheme (two forage grasses species 

; two forage sowing methods - in the furrow and broadcast; and two forage 
anticipated and simultaneous; and monoculture maize as an additional 

control), with three replicates. The maize+forage intercropping promoted greater 
esources, especially water, limiting N uptake, chlorophyll synthesis, 

and biomass production by maize under semiarid conditions. Early sowing gave forage 
plants a competitive advantage, favoring forage establishment before or immediately 

f maize. Thus, the simultaneous sowing of forage grasses in a 
semiarid environment is a more appropriate option considering the importance of high 
levels of chlorophyll to ensure high photosynthetic activity in maize plants and greater 

synthesis. Massai intercropped with maize exhibits a 
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The aim was to evaluate the productive performance and nutrient export of maize 
tolerant forage grasses. The experimental design was a 

randomized blocks in a 2x2x2+1 factorial scheme (two forage grasses species – Massai 
in the furrow and broadcast; and two forage 

anticipated and simultaneous; and monoculture maize as an additional 
control), with three replicates. The maize+forage intercropping promoted greater 

esources, especially water, limiting N uptake, chlorophyll synthesis, 
and biomass production by maize under semiarid conditions. Early sowing gave forage 
plants a competitive advantage, favoring forage establishment before or immediately 

f maize. Thus, the simultaneous sowing of forage grasses in a 
semiarid environment is a more appropriate option considering the importance of high 
levels of chlorophyll to ensure high photosynthetic activity in maize plants and greater 

synthesis. Massai intercropped with maize exhibits a 
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greaterpotential for biomass production than Buffel under semiarid conditions. 
Maize+Buffel result in highest macronutrient export by maize, while maize+Massai 
result in highest macronutrient exports by 
environment. The choice of the forage species and its sowing time in relation to maize 
are the main determinants of successful intercropping systems under semiarid 
conditions. 
Keywords: Cenchrus ciliaris
Megathyrsus maximus, Zea mays
 
RESUMO 
 
O objetivo foi avaliar o desempenho produtivo e a exportação de nutrientes do 
consórcio de milho com gramíneas forrageiras tolerantes ao estresse hídrico. O 
experimento foi delineado em blocos casualizados em esquema fatorial 2x2x2+1 (duas 
espécies de gramíneas forrageiras 
sulco e a lanço; e duas épocas de semeadura 
de milho como um con
milho+forragem promoveu maior competição por recursos, principalmente água, 
limitando a absorção de N, síntese de clorofila e produção de biomassa pelo milho para 
condições semiáridas. A semeadura precoce 
forrageiras, favorecendo seu estabelecimento antes ou imediatamente após a semeadura 
do milho. Assim, a semeadura simultânea de gramíneas forrageiras em ambiente 
semiárido é uma opção mais adequada, considerando a import
teores de clorofila e, consequentemente, alta atividade fotossintética nas plantas de 
milho para garantir a capacidade de síntese de biomassa.Massai consorciado com milho 
apresenta maior potencial para produção de biomassa do que Bu
semiáridas.Milho+Buffel resulta em maior exportação de macronutrientes pelo milho, 
enquanto milho+Massai resulta em maior exportação de macronutrientes pela biomassa 
forrageira total em ambiente semiárido.A escolha da espécie forrageira e
semeadura em relação ao milho são os principais determinantes do sucesso do consórcio 
no semiárido. 
Palavras-chave: acúmulo de forragem, C
sistema de integração lavoura
 
INTRODUCTION 
 
Inadequate cultural practices such as 
monocrops have caused loss of 
productivity, soil degradation, and a 
decrease in natural resources (Oliveira 
et al., 2020). The success of agricultural 
activities requires the adoption of more 
sustainable systems, which
reversal of soil degradation and 
increased productivity (Masvaya et al., 
2017). Integrated production systems 
are an alternative to recover soil quality 
since they allow synergistic effects on 
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greaterpotential for biomass production than Buffel under semiarid conditions. 
Maize+Buffel result in highest macronutrient export by maize, while maize+Massai 
result in highest macronutrient exports by total forage biomass under a semiarid 
environment. The choice of the forage species and its sowing time in relation to maize 
are the main determinants of successful intercropping systems under semiarid 

enchrus ciliaris, forage accumulation, integrated crop-livestock system, 
Zea mays 

O objetivo foi avaliar o desempenho produtivo e a exportação de nutrientes do 
consórcio de milho com gramíneas forrageiras tolerantes ao estresse hídrico. O 

delineado em blocos casualizados em esquema fatorial 2x2x2+1 (duas 
espécies de gramíneas forrageiras – Massai e Buffel; dois métodos de semeadura 
sulco e a lanço; e duas épocas de semeadura – antecipada e simultânea; e monocultivo 
de milho como um controle adicional), com três repetições. O consórcio 
milho+forragem promoveu maior competição por recursos, principalmente água, 
limitando a absorção de N, síntese de clorofila e produção de biomassa pelo milho para 
condições semiáridas. A semeadura precoce deu vantagem competitiva às plantas 
forrageiras, favorecendo seu estabelecimento antes ou imediatamente após a semeadura 
do milho. Assim, a semeadura simultânea de gramíneas forrageiras em ambiente 
semiárido é uma opção mais adequada, considerando a importância de garantir altos 
teores de clorofila e, consequentemente, alta atividade fotossintética nas plantas de 
milho para garantir a capacidade de síntese de biomassa.Massai consorciado com milho 
apresenta maior potencial para produção de biomassa do que Buffel em condições 
semiáridas.Milho+Buffel resulta em maior exportação de macronutrientes pelo milho, 
enquanto milho+Massai resulta em maior exportação de macronutrientes pela biomassa 
forrageira total em ambiente semiárido.A escolha da espécie forrageira e
semeadura em relação ao milho são os principais determinantes do sucesso do consórcio 

acúmulo de forragem, Cenchrusciliaris, Megathyrsusmaximus
sistema de integração lavoura-pecuária,Zea mays 

Inadequate cultural practices such as 
monocrops have caused loss of 
productivity, soil degradation, and a 
decrease in natural resources (Oliveira 
et al., 2020). The success of agricultural 
activities requires the adoption of more 
sustainable systems, which enable the 
reversal of soil degradation and 
increased productivity (Masvaya et al., 
2017). Integrated production systems 
are an alternative to recover soil quality 
since they allow synergistic effects on 

the environment (Araújo et al., 2020). 
In these systems, the cultivation of 
annual species with forage grasses can 
provide greater productivity and land 
use, in addition to greater production of 
biomass available to growers in periods 
of food shortage (Baldé et al., 2011).
Intercropping of annual crops wit
forage grasses is a practice developed 
and successfully adapted to the 
conditions of the Central
of Brazil (Crusciol et al., 2015; 
Canisares et al., 2021). Likewise, 
intercropping of annual crops with 
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greaterpotential for biomass production than Buffel under semiarid conditions. 
Maize+Buffel result in highest macronutrient export by maize, while maize+Massai 

total forage biomass under a semiarid 
environment. The choice of the forage species and its sowing time in relation to maize 
are the main determinants of successful intercropping systems under semiarid 

livestock system, 

O objetivo foi avaliar o desempenho produtivo e a exportação de nutrientes do 
consórcio de milho com gramíneas forrageiras tolerantes ao estresse hídrico. O 

delineado em blocos casualizados em esquema fatorial 2x2x2+1 (duas 
Massai e Buffel; dois métodos de semeadura – no 

antecipada e simultânea; e monocultivo 
trole adicional), com três repetições. O consórcio 

milho+forragem promoveu maior competição por recursos, principalmente água, 
limitando a absorção de N, síntese de clorofila e produção de biomassa pelo milho para 

deu vantagem competitiva às plantas 
forrageiras, favorecendo seu estabelecimento antes ou imediatamente após a semeadura 
do milho. Assim, a semeadura simultânea de gramíneas forrageiras em ambiente 

ância de garantir altos 
teores de clorofila e, consequentemente, alta atividade fotossintética nas plantas de 
milho para garantir a capacidade de síntese de biomassa.Massai consorciado com milho 

ffel em condições 
semiáridas.Milho+Buffel resulta em maior exportação de macronutrientes pelo milho, 
enquanto milho+Massai resulta em maior exportação de macronutrientes pela biomassa 
forrageira total em ambiente semiárido.A escolha da espécie forrageira e sua época de 
semeadura em relação ao milho são os principais determinantes do sucesso do consórcio 

Megathyrsusmaximus, 

the environment (Araújo et al., 2020). 
tems, the cultivation of 

annual species with forage grasses can 
provide greater productivity and land 
use, in addition to greater production of 
biomass available to growers in periods 
of food shortage (Baldé et al., 2011). 
Intercropping of annual crops with 
forage grasses is a practice developed 
and successfully adapted to the 
conditions of the Central-South Region 
of Brazil (Crusciol et al., 2015; 
Canisares et al., 2021). Likewise, 
intercropping of annual crops with 
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forage species can provide promising 
results in regions with high
temperatures and little rainfall 
(Masvaya et al., 2017). In semiarid 
regions, intercropping can increase 
productivity per unit area, increasing the 
chances of crop success, especially due 
to the more effective complimentary use 
of available resources (Li et al., 2014).
There are several forage species adapted 
to the formation of pastures. Among 
them, Buffel grass (Cenchrus ciliaris
stands out for being a grass of 
remarkable adaptation to conditions of 
low water availability, due t
drought tolerance (Al
Hussain, 2016). Another potential 
species is the Massai grass 
(Megathyrsus maximus), which is a 
promising alternative to the conditions 
of the Brazilian semiarid, especially due 
to its high production of dry biomass, 
determined by the high accumulation 
rates of foliage (Luna et al., 2014).
However, despite the recognized 
potential of some forage species for 
cultivation in regions with low water 
availability, practically no research has 
evaluated forage crops intercropped
with annual crops, such as maize. 
Therefore, this study aimed to evaluate 
the development of forage grasses, with 

Figure 1. Rainfall, maximum and minimum temperatures fro
2017. Sobral, Ceará, Brazil
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forage species can provide promising 
ults in regions with high 

temperatures and little rainfall 
(Masvaya et al., 2017). In semiarid 
regions, intercropping can increase 
productivity per unit area, increasing the 
chances of crop success, especially due 
to the more effective complimentary use 

available resources (Li et al., 2014). 
There are several forage species adapted 
to the formation of pastures. Among 

Cenchrus ciliaris) 
stands out for being a grass of 
remarkable adaptation to conditions of 
low water availability, due to its 
drought tolerance (Al-dakheel& 
Hussain, 2016). Another potential 
species is the Massai grass 

), which is a 
promising alternative to the conditions 
of the Brazilian semiarid, especially due 
to its high production of dry biomass, 

termined by the high accumulation 
rates of foliage (Luna et al., 2014). 
However, despite the recognized 
potential of some forage species for 
cultivation in regions with low water 
availability, practically no research has 
evaluated forage crops intercropped 
with annual crops, such as maize. 
Therefore, this study aimed to evaluate 
the development of forage grasses, with 

recognized tolerance to drought, 
intercropped with maize under two 
sowing methods (in the furrow and 
broadcast) and two sowing times 
(simultaneous and early).
 
MATERIAL AND METHODS
 
The study was conducted from February 
to June 2017 at the facilities of Embrapa 
Goats and Sheep, in Sobral, Ceará, 
Brazil (3º45'14' S; 40º21'13' W; 80 m of 
altitude). The soil is a Haplic Luvisol 
(Luvissolo Háplico). Data of soil 
particle-size and chemical attributes 
(Teixeira et al., 2017) from the 
experimental area are: pH (H
OM (organic matter) = 1.4 %; P = 8.6 
mg dm-³; K+ = 0.93 cmol
0.0 cmolc dm-3; Ca2+ = 6.7 cmol
Mg2+ = 3.6 cmolc dm-3; H+Al (potential 
soil acidity) = 3.1 cmol
0.0 cmolc dm-3; CEC (cation exchange 
capacity) = 13.7 cmolc 
saturation) = 77.0%; clay = 25 %; silt = 
12 %; sand = 63 %. According to the 
Köppen-Geiger classification the 
climate is BSh (hot semiarid), with an 
average annual temperature of 27.4 ºC 
and average annual rainfall of 750 mm. 
The rainfall data from February to June 
2017 is presented in Figure 1.

Rainfall, maximum and minimum temperatures from January to June 
2017. Sobral, Ceará, Brazil 
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sowing methods (in the furrow and 
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MATERIAL AND METHODS 
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to June 2017 at the facilities of Embrapa 
Goats and Sheep, in Sobral, Ceará, 
Brazil (3º45'14' S; 40º21'13' W; 80 m of 
altitude). The soil is a Haplic Luvisol 

). Data of soil 
size and chemical attributes 

(Teixeira et al., 2017) from the 
experimental area are: pH (H2O) = 5.8; 
OM (organic matter) = 1.4 %; P = 8.6 

= 0.93 cmolc dm-3; Na+ = 
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soil acidity) = 3.1 cmolc dm-3; Al3+ = 
; CEC (cation exchange 
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saturation) = 77.0%; clay = 25 %; silt = 
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BSh (hot semiarid), with an 
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and average annual rainfall of 750 mm. 
The rainfall data from February to June 
2017 is presented in Figure 1. 
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The experiment was established with 
maize sown after plowing the soil at a 
depth of 0.2 m, followed by light 
harrowing. The double hybrid maize 
BRS 2020 (short cycle and small plants) 
was sown at 0.75 m spacing between 
rows and 0.20 m spacing between plants 
within the row, with a population of 
66,667 plants ha-1 (Pereira-
Maize was fertilized at phenological 
stage V4 (four fully expanded leaves) 
using 100 kg ha-1 of urea (45 kg
N) and 60 kg ha-1 of KCl (36 kg ha
K2O) (Fernandes, 1993). Seeds of the 
forage species Megathyrsus maximus
cv. Massai (40% crop value) and 
Cenchrus ciliaris cv. Buffel Aridus 
(35% crop value) were either broadcast 
or sown in furrows. The amou
Massai seeds used in the intercropping 
was 10 kg ha-1 and 6.25 kg ha
broadcast sowing and sown in furrows, 
respectively. For Buffel, 11.4 kg ha
and 7.14 kg ha-1 of seeds were used for 
broadcast sowing and sown in furrows, 
respectively (Gontijo-Neto, 2006).
The experiment was designed in 
randomized blocks in a 2x2x2+1 
factorial scheme. The treatments 
consisted of two species of forage 
grasses intercropped with maize 
(Massai and Buffel); two methods of 
sowing (broadcast and sown in the 
furrow between maize rows); and two 
times of sowing (anticipated fifteen 
days before maize sowing, and 
simultaneous to maize sowing), in 
addition to a control treatment with 
monoculture maize, with three 
replicates. The experiment had nine 
treatments distributed in 27 plots. Each 
experimental plot consisted of four 
maize rows and three forage rows 4.0 m 
long cultivated between central maize 
rows.  
In the VT maize development stage 
(tasseling), diagnostic leaves were 
sampled for macronutrients contents 
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The experiment was established with 
maize sown after plowing the soil at a 
depth of 0.2 m, followed by light 
harrowing. The double hybrid maize 
BRS 2020 (short cycle and small plants) 

sown at 0.75 m spacing between 
rows and 0.20 m spacing between plants 
within the row, with a population of 

-Filho, 2015). 
Maize was fertilized at phenological 
stage V4 (four fully expanded leaves) 

of urea (45 kg ha-1 of 
of KCl (36 kg ha-1 of 

O) (Fernandes, 1993). Seeds of the 
Megathyrsus maximus 

cv. Massai (40% crop value) and 
cv. Buffel Aridus 

(35% crop value) were either broadcast 
or sown in furrows. The amount of 
Massai seeds used in the intercropping 

and 6.25 kg ha-1 for 
broadcast sowing and sown in furrows, 
respectively. For Buffel, 11.4 kg ha-1 

of seeds were used for 
broadcast sowing and sown in furrows, 

Neto, 2006). 
The experiment was designed in 
randomized blocks in a 2x2x2+1 
factorial scheme. The treatments 
consisted of two species of forage 
grasses intercropped with maize 
(Massai and Buffel); two methods of 
sowing (broadcast and sown in the 

tween maize rows); and two 
times of sowing (anticipated fifteen 
days before maize sowing, and 
simultaneous to maize sowing), in 
addition to a control treatment with 
monoculture maize, with three 
replicates. The experiment had nine 

27 plots. Each 
experimental plot consisted of four 
maize rows and three forage rows 4.0 m 
long cultivated between central maize 

In the VT maize development stage 
(tasseling), diagnostic leaves were 
sampled for macronutrients contents 

determination (Miyazawa et al., 2009). 
SPAD (Soil Plant Analysis 
Development) Index was determined 
using a chlorophyll meter (Minolta 
SPAD 502®) (Argenta et al., 2004) to 
estimate the relative chlorophyll index 
(RCI) in the same diagnostic leaves. 
Maize plant height was
measuring the distance from the plant's 
collar to the end of the flag leaf. Cob 
insertion height was recorded by 
measuring the distance from the plant 
collar to the base of the cob. Plants in 
the phenological stage between milk 
and farinaceous grain (R2 
cut to estimate the total production of 
maize biomass forage. Cobs were 
harvested in the physiological maturity 
phase of the grains (~120 days after 
planting). The number of cobs were 
determined, and the cobs were weighed 
without the straw and threshed. Grain 
yield was estimated by correcting the 
grain moisture to 13%. 
For the forages, the number of tillers on 
an area of 0.25 m2 was recorded to 
estimate the final plant population and 
total biomass production. Plants were 
cut 2 cm above the soil surface, on the 
central row of each plot. The plant 
material was weighed to estimate dry 
biomass production. The canopy’s 
height was measured and the number of 
expanded living leaves of five plants 
from each plot was determined after the 
emission and expansion of the panicles. 
All the material harvested from the 
maize central rows and from the forage 
central row was removed from the plots 
to simulate the export of plant biomass 
for silage production. From the maize 
and forage dry mass samples, the
contents of N, P, K, Ca, Mg, and S were 
determined (Miyazawa et al., 2009). 
Total nutrients accumulation was 
calculated based on plant dry mass 
productivity and nutrient content 
estimates.  
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(Miyazawa et al., 2009). 
SPAD (Soil Plant Analysis 
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using a chlorophyll meter (Minolta 
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cut to estimate the total production of 
maize biomass forage. Cobs were 
harvested in the physiological maturity 
phase of the grains (~120 days after 
planting). The number of cobs were 
determined, and the cobs were weighed 

straw and threshed. Grain 
yield was estimated by correcting the 

 
For the forages, the number of tillers on 

was recorded to 
estimate the final plant population and 
total biomass production. Plants were 

the soil surface, on the 
central row of each plot. The plant 
material was weighed to estimate dry 
biomass production. The canopy’s 
height was measured and the number of 
expanded living leaves of five plants 
from each plot was determined after the 

and expansion of the panicles. 
All the material harvested from the 
maize central rows and from the forage 
central row was removed from the plots 
to simulate the export of plant biomass 
for silage production. From the maize 
and forage dry mass samples, the 
contents of N, P, K, Ca, Mg, and S were 
determined (Miyazawa et al., 2009). 
Total nutrients accumulation was 
calculated based on plant dry mass 
productivity and nutrient content 
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Once the basic assumptions were met, 
the data were submitted to t
of variance. F test was used to 
discriminate the levels of the treatments 
within each factor when the differences 
were significant. Treatments related to 
nutrient export by intercropped forages 
were compared using the Scott Knott 
clustering test (5%). Finally, the 
Dunnett test was used to compare the 
treatment data of the intercropping 
systems with the control. All analyses 
 

Table 1. Mean values, F test and coeffi
contents and relative chlorophyll index (RCI) in the maize 
diagnostic leaf, as a function of intercropping, sowing method and 
forage 

Treatments 
N 

---------------------------------
Intercropping 
Maize+Buffel 20.3 
Maize+Massai 19.7 

F test 0.63ns 

Sowingmethods 

Broadcast 19.7 
Furrow 20.3 

F test 0.42ns 

Sowing times 
Simultaneous 20.0 
Anticipated 20.0 

F test <0.01ns 

CV (%) 9.8 
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI: relative 
chlorophyll index. Means followed by different letters in the columns differ from each other by the F test 
(p<0.05). ns and *: not significant and significant at 5% probability, respectively.
 
Apart from maize+Massai with 
anticipated sowing in the furrow, the 
other intercropping treatments had 
lower foliar N concentrations than the 
control (monoculture maize). Likewise, 
RCI values for the control were 
significantly higher than those observed 
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Once the basic assumptions were met, 
the data were submitted to the analysis 
of variance. F test was used to 
discriminate the levels of the treatments 
within each factor when the differences 
were significant. Treatments related to 
nutrient export by intercropped forages 
were compared using the Scott Knott 

t (5%). Finally, the 
Dunnett test was used to compare the 
treatment data of the intercropping 
systems with the control. All analyses 

were performed using the R software (R 
Core Team, 2017). 
 
RESULTS 
 
Nutrient contents in maize leaf showed 
no significant interaction between 
intercropping, sowing methods, or 
forage sowing times. However, of the 
sowing methods, sowing in the furrow 
resulted in higher sulfur content 
compared to broadcast (Table 1).

Mean values, F test and coefficient of variation of leaf nutrient 
contents and relative chlorophyll index (RCI) in the maize 
diagnostic leaf, as a function of intercropping, sowing method and 
forage sowing times 

P K Ca Mg 
--------------------------------- g kg-1 ---------------------------------

2.2 17.1 2.9 1.2 
2.1 16.7 2.9 1.1 

0.53ns 0.32ns 0.16ns 0.52ns 

2.1 16.4 2.8 1.1 
2.2 17.4 3.0 1.2 

0.43ns 1.51ns 1.04ns 0.12ns 

2.1 16.2 2.9 1.1 
2.2 17.6 2.9 1.2 

0.36ns 3.14ns <0.01ns 1.01ns 

17.9 11.9 13.6 16.0 
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI: relative 
chlorophyll index. Means followed by different letters in the columns differ from each other by the F test 

: not significant and significant at 5% probability, respectively. 

Apart from maize+Massai with 
anticipated sowing in the furrow, the 
other intercropping treatments had 
lower foliar N concentrations than the 

culture maize). Likewise, 
RCI values for the control were 
significantly higher than those observed 

in maize+Buffel with anticipated 
sowing, regardless of the sowing 
method, and in maize+Massai with 
anticipated broadcast sowing and with 
simultaneous sowing 
(Table 2). 
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were performed using the R software (R 

Nutrient contents in maize leaf showed 
interaction between 

intercropping, sowing methods, or 
forage sowing times. However, of the 
sowing methods, sowing in the furrow 
resulted in higher sulfur content 
compared to broadcast (Table 1). 

cient of variation of leaf nutrient 
contents and relative chlorophyll index (RCI) in the maize 
diagnostic leaf, as a function of intercropping, sowing method and 

S 
RCI 

--------------------------------- 

1.0 43.5 
1.1 41.1 

0.52ns 1.55ns 

1.0b 41.9 
1.2a 42.6 

8.33* 0.15ns 

1.0b 44.3a 
1.2a 40.2b 

5.00* 5.01* 

15.3 11.1 
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI: relative 
chlorophyll index. Means followed by different letters in the columns differ from each other by the F test 

in maize+Buffel with anticipated 
sowing, regardless of the sowing 
method, and in maize+Massai with 
anticipated broadcast sowing and with 
simultaneous sowing in the furrow 
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Table 2. Mean values of leaf nutrient contents and relative chlorophyll index 
(RCI) as a function of intercropping systems, 
forage sowing times 

Intercropping Methods 

Maize+Buffel Broadcast sown 
Maize+Buffel Broadcast sown 
Maize+Buffel Furrow 
Maize+Buffel Furrow 
Maize+Massai Broadcast sown 
Maize+Massai Broadcast sown 
Maize+Massai Furrow 
Maize+Massai Furrow 
Maize 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI
chlorophyll index. *, ** and ***: significant at 5, 1 and 0.01 % for the Dunnett test, respectively, when 
comparing the averages with monoculture maize
with higher or lower values, respectively.
 
Maize+Buffel resulted in more maize 
biomass, greater canopy height, and 
higher number of leaves per forage 
tiller. Maize+Massai resulted in higher 
maize grain yield than maize+Buffel 
and a higher number of tillers and the 
total amount of forage biomass 
 

Table 3. Mean values, F test and coefficient of variation of biometric and 
biomass attributes, depending on the intercropping, sowing 
methods and forage sowing times

Treatments 
HP HIC GRAINS

--------------- Maize
------ m ------ ------

Intercropping 
Maize+Buffel 1.7 0.8 
Maize+Massai 1.6 0.8 

F test 0.18ns <0.01ns 

Sowingmethods 
Broadcast 1.7 0.9 
Furrow 1.6 0.8 

F test 0.5ns 0.3ns 

Sowing times 
Simultaneous 1.7 0.9 
Anticipated 1.6 0.8 
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. Mean values of leaf nutrient contents and relative chlorophyll index 
(RCI) as a function of intercropping systems, sowing methods and 
forage sowing times compared to monoculture maize

Times 
N P K Ca

------------------------ g kg-1 --------------------
Anticipated 20.06***(-) 2.19 18.20 2.83

Simultaneous 21.23*(-) 2.25 15.03 2.93
Anticipated 19.36**(-) 2.33 18.40 2.90

Simultaneous 20.76*(-) 2.22 17.03 3.20
Anticipated 17.96***(-) 2.20 16.80 2.90

Simultaneous 19.83**(-) 1.90 15.66 2.73
Anticipated 22.86 2.23 17.26 3.10

Simultaneous 18.20***(-) 2.19 17.06 2.86
25.9 2,69 18.66 2.96

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI
: significant at 5, 1 and 0.01 % for the Dunnett test, respectively, when 

monoculture maize. (+) and (-): Average differs from 
with higher or lower values, respectively. 

Maize+Buffel resulted in more maize 
biomass, greater canopy height, and 
higher number of leaves per forage 
tiller. Maize+Massai resulted in higher 
maize grain yield than maize+Buffel 
and a higher number of tillers and the 
total amount of forage biomass 

produced. Anticipated planting resulted 
in highest number of tillers and forage 
biomass production. In turn, 
simultaneous sowing of forage and 
maize resulted in higher grain yield, 
maize biomass, and total maize 
biomass+forage yield (Table 3).

Mean values, F test and coefficient of variation of biometric and 
biomass attributes, depending on the intercropping, sowing 
methods and forage sowing times 

GRAINS MB HC NT NLT 
Maize --------------- --------------- Forage ---------------

------ t ha-1 ------ -------------- m ------------- 
 

3.5b 6.2a 0.6a 316.0b 8.9a 
4.6a 3.9b 0.5b 1103.0a 3.1b 

2.4* 11.2* 30.5** 389.7** 585.7** 

 
3.5 4.7 0.52 736.6 5.8 
4.6 5.3 0.55 682.3 6.1 

0.2ns 0.7ns 2.0ns 1.9ns 1.8ns 

 
3.5a 7.7a 0.52 614.3b 6.0 
1.7b 2.3b 0.56 804.6a 6.0 

, 2023 
20220029 

 
6 

. Mean values of leaf nutrient contents and relative chlorophyll index 
sowing methods and 

compared to monoculture maize 
Ca Mg S 

RCI 
-------------------- 

2.83 1.27 0.96 36.9*(-) 
2.93 1.21 1.00 47.4 
2.90 1.09 1.30 41.3*(-) 
3.20 1.16 1.06 45.7 
2.90 1.12 1.10 39.4**(-) 
2.73 0.97 0.96 43.8 
3.10 1.29 1,36 43.2 
2.86 1.13 1,10 40.4*(-) 
2.96 1.22 1.10 52.1 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur; RCI: relative 
: significant at 5, 1 and 0.01 % for the Dunnett test, respectively, when 

): Average differs from monoculture maize 

duced. Anticipated planting resulted 
in highest number of tillers and forage 
biomass production. In turn, 
simultaneous sowing of forage and 
maize resulted in higher grain yield, 
maize biomass, and total maize 
biomass+forage yield (Table 3). 

Mean values, F test and coefficient of variation of biometric and 
biomass attributes, depending on the intercropping, sowing 

FB TB 
--------------- Maize+Forage 

---------- t ha-1 --------- 

2.0b 8.1b 
7.5a 11.4a 

53.2** 7.9* 

4.5 9.3 
4.9 10.2 

0.2ns 0.7ns 

3.4b 11.2a 
6.0a 8.4b 



                                    Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 
                                      

 

 
ISSN 1519 9940 

 

F test 3.7ns 0.16ns 

CV (%) 8.9 15.2 
HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 
maize biomass, HC: height canopy, NT: number of tillers, NLT: number of leaves per tiller; FB: forage 
biomass; TB: total biomass. ns, *

Means followed by the different letters in the column differ from each other by the F test (p<0.05).
 
Maize grain yield was lower in 
maize+Buffel and in maize+Massai 
both with anticipated broadcast sowing 
and simultaneous sowing in the furrow, 
compared to monoculture maize. 
Likewise, the production of total maize 
biomass was significantly lower in 
maize+Buffel with anticipated sowing, 
either broadcast sown or sown in the 
furrow, compared to the control. Forage 
biomass production could not be 
 

Table 4. Average values of variation of biometric and biomass attributes, as a 
function of
timescompared

Intercropping Sowingmethods 

Maize+Buffel Broadcast Anticipated
Maize+Buffel Broadcast Simultaneous
Maize+Buffel Furrow Anticipated
Maize+Buffel Furrow Simultaneous
Maize+Massai Broadcast Anticipated

Maize+Massai Broadcast Simultaneous

Maize+Massai Furrow Anticipated
Maize+Massai Furrow Simultaneous
Monoculturemaize 

HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 
maize biomass; FB: forage biomass; TB: total biomass. 
the averages with single maize. £

to the same group, according to the Scott
monoculture maize with higher or lower values, respectively.
 
Intercropping with forage
influenced nutrient export by removing 
the total maize biomass from the area. 
Maize+Buffel exhibited a greater export 
of N, P, K, Ca, and Mg compared to 
maize+Massai. Likewise, the sowing 
time governed the amount of 
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54.2** 62.7**  2.6ns 22.8** <0.01ns 

0.11 0.04 9.8 13.7 9.9 
HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 
maize biomass, HC: height canopy, NT: number of tillers, NLT: number of leaves per tiller; FB: forage 

* and **: not significant, significant at 5 and 1 % probability, respectively. 
Means followed by the different letters in the column differ from each other by the F test (p<0.05).

Maize grain yield was lower in 
maize+Buffel and in maize+Massai 

ith anticipated broadcast sowing 
and simultaneous sowing in the furrow, 
compared to monoculture maize. 
Likewise, the production of total maize 
biomass was significantly lower in 
maize+Buffel with anticipated sowing, 
either broadcast sown or sown in the 

row, compared to the control. Forage 
biomass production could not be 

compared with the control. However, 
the Scott-Knott test revealed that 
maize+Massai with anticipated sowing, 
both broadcast and sown in the furrow, 
had highest forage biomass yields, 
followed by maize+Massai with 
simultaneous sowing (irrespective of 
sowing method). Forage biomass 
productivity was lower in maize+Buffel 
(Table 4). 

Average values of variation of biometric and biomass attributes, as a 
function of intercropping, sowing methods and forage sowing 
timescomparedto monoculture maize 

Times 

HP HC GRAINS MB
------------------ Maize-----------

-------- m ------- ------------------ 

Anticipated 1.64 0.86 1.5*(-) 3.0*(

Simultaneous 1.84 0.89 4.9 8.8
Anticipated 1.60 0.82 3.9 2.9*(

Simultaneous 1.76 0.90 1.6*(-) 10.0
Anticipated 1.67 0.91 0.5*(-) 1.2*(

Simultaneous 1.73 0.87 4.3 5.8*(

Anticipated 1.64 0.84 1.7*(-) 1.9*(

Simultaneous 1.69 0.84 3.2 6.5*(

1.90 0.90 5.6 11.1
HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 
maize biomass; FB: forage biomass; TB: total biomass. *: significant at 5% by Dunnett's test, comparing 

£Means followed by the same letters in the column referring to FB, belong 
to the same group, according to the Scott-Knott test (p<0.05). (+) and (-): Average differs from 

with higher or lower values, respectively. 

Intercropping with forage plants 
influenced nutrient export by removing 
the total maize biomass from the area. 
Maize+Buffel exhibited a greater export 
of N, P, K, Ca, and Mg compared to 
maize+Massai. Likewise, the sowing 
time governed the amount of 

macronutrients exported by the t
maize biomass, with highest values in 
simultaneous sowing. Maize+Massai 
exported significantly more nutrients 
from the forage (N, P, K, Ca, Mg, and 
S) than maize+Buffel. However, unlike 
the total maize biomass, nutrient export 
by forages was highest w

, 2023 
20220029 

 
7 

12.2* 6.1* 

0.04 0.03 
HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 
maize biomass, HC: height canopy, NT: number of tillers, NLT: number of leaves per tiller; FB: forage 

significant, significant at 5 and 1 % probability, respectively. 
Means followed by the different letters in the column differ from each other by the F test (p<0.05). 

compared with the control. However, 
Knott test revealed that 

maize+Massai with anticipated sowing, 
both broadcast and sown in the furrow, 
had highest forage biomass yields, 

owed by maize+Massai with 
simultaneous sowing (irrespective of 
sowing method). Forage biomass 
productivity was lower in maize+Buffel 

Average values of variation of biometric and biomass attributes, as a 
sowing methods and forage sowing 

MB FB£ TB 
----------- Forage Maize+Forage 

 t ha-1 ---------------------- 
*(-) 3.0 c 6.0 

8.8 0.9 c 9.8 
*(-) 2.9 c 5.8 

10.0 1.0 c 11.0 
*(-) 8.5 a 9.7 
*(-) 5.8 b 11.6 
*(-) 9.9 a 11.8 
*(-) 5.9 b 12.4 

11.1 - 11.1 
HP: height of maize plants, HIC: height of insertion of maize cobs, GRAINS: maize grain yield, MB: 

: significant at 5% by Dunnett's test, comparing 
e same letters in the column referring to FB, belong 

): Average differs from 

macronutrients exported by the total 
maize biomass, with highest values in 
simultaneous sowing. Maize+Massai 
exported significantly more nutrients 
from the forage (N, P, K, Ca, Mg, and 
S) than maize+Buffel. However, unlike 
the total maize biomass, nutrient export 
by forages was highest with anticipated 
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sowing. Forage sowing method did not 
influence the amount of nutrients 
 

Table 5. Mean values, F test and coefficient of variation of maize and forage 
nutrient export, as a function of intercropping, 
forage sowing time

Treatments 
N P K 

------------------------- Maize
Intercropping 
Maize+Buffel 58.5a 10.4a 75.6a
Maize+Massai 36.2b 6.6b 43.0b

F test 13.3* 8.6* 10.9ns

Sowingmethods 
Broadcast 44.7 7.6 53.6
Furrow 50.1 9.4 65.0

F test 0.8ns 1.9ns 1.4ns

Sowing times 
Simultaneous 72.4a 13.1a 87.7a
Anticipated 22.4b 4.0b 30.9b
F test 66.7** 50.6** 33.2**

CV (%) 5.2 36.9 4.4
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. 
significant, significant at 5 and 1 % probability, respectively. Means followed by the different letters in 
the column differ from each other by the F test (
 
There was highest export of all nutrients 
but P in maize+Massai by the total 
biomass of maize and forage. 
Simultaneous sowing of maize and 
forage resulted in greater export of N 
and P compared to anticipated sowing. 
The sowing method did not influence 

 
Table 6. Mean values, F test and coefficient of variation of maize+forage 

nutrient export, as a function of intercropping, sowing method and 
forage sowing time

Treatments 

Intercropping 
Maize+Buffel 81.2b
Maize+Massai 130.2a
F test 9.4
Sowingmethods 
Broadcast 96.9
Furrow 114.4
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sowing. Forage sowing method did not 
influence the amount of nutrients 

exported (Table 5). 

Mean values, F test and coefficient of variation of maize and forage 
nutrient export, as a function of intercropping, sowing method and 
forage sowing time 

 Ca Mg S N P 
Maize------------------------- ---------------------

75.6a 12.9a 10.2a 4.6 22.6b 3.1b 44.8b
43.0b 6.6b 5.7b 3.3 93.9a 10.8a 126.2a

ns 16.2* 11.6* 2.8ns 33.2* 32.6** 28.4

53.6 9.2 7.3 3.9 52.2 6.8 82.9
65.0 10.4 8.5 4.1 64.3 7.1 88.1

ns 0.7ns 0.9ns 0.1ns 0.9ns 0.04ns 0.1

87.7a 14.7a 12.0a 6.1a 41.9b 5.2b 59.6b
30.9b 4.9b 3.8b 1.9b 74.5a 8.7a 111a

** 38.9** 39.6** 30.4** 6.9* 7.1* 11.5
4.4 24.9 25.2 74.6 5.4 32.0 1.6

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. 
significant, significant at 5 and 1 % probability, respectively. Means followed by the different letters in 
the column differ from each other by the F test (p<0.05). 

There was highest export of all nutrients 
but P in maize+Massai by the total 
biomass of maize and forage. 
Simultaneous sowing of maize and 
forage resulted in greater export of N 
and P compared to anticipated sowing. 

method did not influence 

the amounts of nutrients exported. The 
decreasing order of macronutrients 
exports by maize biomass was K > N > 
P > Ca > Mg > S; for forage biomass 
the decreasing order of macronutrient 
export was K > N > Ca > Mg > P > S 
(Table 6). 

. Mean values, F test and coefficient of variation of maize+forage 
nutrient export, as a function of intercropping, sowing method and 
forage sowing time 

N P K Ca Mg
------------------ Maize+Forage ------------------

81.2b 13.5 120.5b 18.2b 14.0b
130.2a 16.5 169.2a 32.2a 21.0a

9.4* 2.9ns 7.2* 16.9** 9.7

96.9 14.5 136.5 25.0 16.6
114.4 16.5 153.2 25.4 18.3
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Mean values, F test and coefficient of variation of maize and forage 
sowing method and 

K Ca Mg S 
--------------------- Forage --------------------- 

 

44.8b 5.2b 3.8b 1.7b 
126.2a 25.5a 15.3a 7.2a 

28.4** 55.3** 50.9** 38.1** 

 
82.9 15.8 9.3 4.2 
88.1 14.9 9.8 4.7 

0.1ns 0.1ns 0.1ns 0.4ns 

 
59.6b 11.5b 6.9b 3.3b 
111a 19.2a 12.2a 5.6a 
11.5* 8.1* 10.7* 7.1* 
1.6 18.3 23.2 66.9 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. ns, * and **: not 
significant, significant at 5 and 1 % probability, respectively. Means followed by the different letters in 

the amounts of nutrients exported. The 
decreasing order of macronutrients 
exports by maize biomass was K > N > 
P > Ca > Mg > S; for forage biomass 
the decreasing order of macronutrient 
export was K > N > Ca > Mg > P > S 

. Mean values, F test and coefficient of variation of maize+forage 
nutrient export, as a function of intercropping, sowing method and 

Mg S 
------------------ 

14.0b 6.4b 
21.0a 10.6a 
9.7* 9.1* 

16.6 8.1 
18.3 8.8 
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F test 1.2
Sowing times 
Simultaneous 114.4a
Anticipated 97.0b
F test 1.2
CV (%) 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. 
significant, significant at 5 and 1 % probability, respectively. Means followed by different letters in the 
column differ from each other by the F test (p<0.
 
Maize+Buffel with simultaneous 
sowing (broadcast or sown in the 
furrow) did not influence the amount of 
nutrients exported by the maize 
biomass, compared to the control. 
Additionally, maize+Massai with 
simultaneous broadcast sowing did not 
affect the amount of N exported; 
maize+Massai with simultaneous 
sowing in the furrow did not affect the 
amounts of P and K exported. All other 
 

Table 7. Comparison of nutrient export mean from maize and maize+forages, 
as a function of the control treatment (monoculture maize)

 
Intercropping  

 
Sowingmethods  

Maize+Buffel Broadcast 
Maize+Buffel Broadcast 
Maize+Buffel Furrow 
Maize+Buffel Furrow 
Maize+Massai Broadcast 
Maize+Massai Broadcast 
Maize+Massai Furrow 
Maize+Massai Furrow 
Maize 

 
Intercropping 

 
Sowingmethods  

Maize+Buffel Broadcast sown 
Maize+Buffel Broadcast 
Maize+Buffel Broadcast 
Maize+Buffel Furrow 
Maize+Massai Furrow 
Maize+Massai Broadcast 
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1.2ns 0.8ns 0.8ns 0.01ns 0.6

114.4a 18.2a 147.3 26.2 19.0
97.0b 12.7b 142.4 24.2 16.0
1.2* 5.9* 0.07ns 0.4ns 1.8
1.8 18.2 1.8 12.5 11.4

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. 
significant, significant at 5 and 1 % probability, respectively. Means followed by different letters in the 
column differ from each other by the F test (p<0.05). 

Maize+Buffel with simultaneous 
sowing (broadcast or sown in the 
furrow) did not influence the amount of 
nutrients exported by the maize 
biomass, compared to the control. 
Additionally, maize+Massai with 
simultaneous broadcast sowing did not 

t of N exported; 
maize+Massai with simultaneous 
sowing in the furrow did not affect the 
amounts of P and K exported. All other 

treatments reduced nutrient exports by 
maize biomass compared to 
monoculture maize. The treatments only 
influenced Ca concerning 
production of maize biomass+forage. In 
general, maize+Massai exported highest 
amounts of Ca by the biomass removed 
from the area than the monoculture 
maize, regardless of the time or method 
of sowing (Table 7). 

Comparison of nutrient export mean from maize and maize+forages, 
as a function of the control treatment (monoculture maize)

 
Times  

N P K 
Maize

------------------------ kg ha-1 --------------------------

Anticipated 29.30*(-) 5.33*(-) 34.33*(-) 6.00
Simultaneous 82.13 14.03 102.96 18.90
Anticipated 34.70*(-) 5.23*(-) 52.13*(-) 7.56

Simultaneous 88.00 17.16 113.23 19.46
Anticipated 9.40*(-) 1.83*(-) 15.03*(-) 2.13

Simultaneous 58.03 9.56*(-) 62.13*(-) 9.60
Anticipated 16.30*(-) 3.70*(-) 22.33*(-) 3.90

Simultaneous 61.40*(-) 11.66 72.56 10.96
111.53 20.13 112.80 19.73

 
Times 

Maize+Forage
------------------------ kg ha-1 --------------------------

Anticipated 59.43 10.20 106.30 14.70
Simultaneous 94.06 15.46 125.86 21.63
Anticipated 72.30 9.73 111.83 14.53

Simultaneous 99.10 18.93 138.03 22.10
Anticipated 104.53 13.60 159.73 32.73

Simultaneous 129.86 18.83 154.33 31.10
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0.6ns 0.3ns 

19.0 9.4 
16.0 7.5 
1.8ns 1.8ns 
11.4 26.3 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. ns, * and **: not 
significant, significant at 5 and 1 % probability, respectively. Means followed by different letters in the 

treatments reduced nutrient exports by 
maize biomass compared to 
monoculture maize. The treatments only 
influenced Ca concerning the total 
production of maize biomass+forage. In 
general, maize+Massai exported highest 
amounts of Ca by the biomass removed 
from the area than the monoculture 
maize, regardless of the time or method 

Comparison of nutrient export mean from maize and maize+forages, 
as a function of the control treatment (monoculture maize) 

Ca Mg S 
Maize 

-------------------------- 

6.00*(-) 5.20*(-) 2.33*(-) 
18.90 14.03 7.26 
7.56*(-) 5.20*(-) 2.43*(-) 
19.46 16.23 6.60 
2.13*(-) 1.76*(-) 1.03*(-) 
9.60*(-) 8.20*(-) 5.00 
3.90*(-) 3.03*(-) 1.83*(-) 
10.96*(-) 9.76*(-) 5,63 
19.73 18.06 7.80 

Maize+Forage 
-------------------------- 
14.70 11.43 4.93 
21.63 15.93 8.13 
14.53 10.53 4.90 
22.10 18.10 7.63 

32.73*(+) 18.00 8.90 
31.10*(+) 21.33 10.43 
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Maize+Massai Broadcast 
Maize+Massai Furrow 
Maize 

N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. *: significant at 5% 
by Dunnett's test, comparing the averages with single maize. (+) and (
monoculture maize with higher or lower values, respectively.
 
DISCUSSION 
 
The present study showed that 
intercropping maize withthe forage 
grasses Massai and Buffel significantly 
reduced foliar N and chlorophyll 
content in maize grown in semiarid 
conditions. These results suggest that 
intercropping systems under these 
conditions limit the availability of N 
and chlorophyll synthesis in plants and 
may lead to lower plant efficiency in 
biomass synthesis and, therefore, in 
forage productivity.  
However, the available data on the 
behavior of foliar nutrient content in 
maize intercropped with forage crops 
are generally the result of studies 
conducted predominantly in the Central
South region of Brazil (Crusciol et al. 
2015; Oliveira et al., 2020), where the 
prevailing climatic conditions are 
entirely distinct from the semiarid 
region. In the study conducted by 
Oliveira et al. (2020), the positive 
effects of intercropping on foliar N 
content of maize were only evident 
when cultivated in the main crop period, 
when the climatic conditions were more 
favorable to plant development 
compared to the cultivation in the 
second crop (off-season crop). Thus, 
maize and forage grasses intercropping 
evaluated in the present study may have 
led to greater competition for water (Li
et al., 2014), with the consequent 
reduction in soil water availability, 
limiting N uptake by maize plants, 
thereby resulting in lower foliar 
contents of this nutrient. 
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Anticipated 151.80 17.60 191.93 34.80
Simultaneous 134.70 19.86 170.96 30.23

111.53 20.13 112.80 19.73
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. *: significant at 5% 
by Dunnett's test, comparing the averages with single maize. (+) and (-): Average differs from 

with higher or lower values, respectively. 

The present study showed that 
intercropping maize withthe forage 
grasses Massai and Buffel significantly 
reduced foliar N and chlorophyll 
content in maize grown in semiarid 

ons. These results suggest that 
intercropping systems under these 
conditions limit the availability of N 
and chlorophyll synthesis in plants and 
may lead to lower plant efficiency in 
biomass synthesis and, therefore, in 

vailable data on the 
behavior of foliar nutrient content in 
maize intercropped with forage crops 
are generally the result of studies 
conducted predominantly in the Central-
South region of Brazil (Crusciol et al. 
2015; Oliveira et al., 2020), where the 

ailing climatic conditions are 
entirely distinct from the semiarid 
region. In the study conducted by 
Oliveira et al. (2020), the positive 
effects of intercropping on foliar N 
content of maize were only evident 
when cultivated in the main crop period, 

the climatic conditions were more 
favorable to plant development 
compared to the cultivation in the 

season crop). Thus, 
maize and forage grasses intercropping 
evaluated in the present study may have 
led to greater competition for water (Li 
et al., 2014), with the consequent 
reduction in soil water availability, 
limiting N uptake by maize plants, 
thereby resulting in lower foliar 

Around 50% of all foliar N content is 
somehow involved with photosynthetic 
processes, either as a component of 
enzymes or, mainly, in the constitution 
of chlorophyll (Bänziger et al., 2020). 
Therefore, the reduction in foliar N 
content possibly caused by water deficit 
also resulted in decreased relative 
chlorophyll indices in the present st
especially in treatments with early 
sowing of Buffel and Massai grass. 
Early sowing gave forage plants a 
competitive advantage, favoring their 
establishment before or immediately 
after the sowing of maize. Competition 
between species in intercropping 
systems can be minimized by adjusting 
the planting dates (Masvaya et al., 
2020). Thus, the simultaneous sowing 
of forage grasses in a semiarid 
environment is a more appropriate 
option considering the importance of 
ensuring high levels of chlorophyll and, 
consequently, high photosynthetic 
activity in maize plants to ensure the 
capacity of biomass synthesis.
The higher biomass productivity of 
Massai grass compared to that of Buffel 
grass was decisive for the higher total 
forage production in the maize + forag
intercropping, accounting for 65% of 
the total biomass produced. In turn, the 
share of Buffel grass in the composition 
of the total forage biomass produced in 
intercropping was only 25%. The 
Massai grass has been reported as a 
forage species with greater
establishment and development in 
semiarid conditions (Luna et al., 2014) 
and showing good tolerance to water 
deficits (Oliveira et al., 2022) than the 
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34.80*(+) 24.13 11.53 
30.23*(+) 20.73 11.46 

19.73 18.06 7.80 
N: nitrogen; P: phosphorus; K: potassium; Ca: Calcium; Mg: Magnesium; S: Sulfur. *: significant at 5% 

): Average differs from 

Around 50% of all foliar N content is 
somehow involved with photosynthetic 

either as a component of 
enzymes or, mainly, in the constitution 
of chlorophyll (Bänziger et al., 2020). 
Therefore, the reduction in foliar N 
content possibly caused by water deficit 
also resulted in decreased relative 
chlorophyll indices in the present study, 
especially in treatments with early 
sowing of Buffel and Massai grass. 
Early sowing gave forage plants a 
competitive advantage, favoring their 
establishment before or immediately 
after the sowing of maize. Competition 
between species in intercropping 
systems can be minimized by adjusting 
the planting dates (Masvaya et al., 
2020). Thus, the simultaneous sowing 
of forage grasses in a semiarid 
environment is a more appropriate 
option considering the importance of 
ensuring high levels of chlorophyll and, 
onsequently, high photosynthetic 

activity in maize plants to ensure the 
capacity of biomass synthesis. 
The higher biomass productivity of 
Massai grass compared to that of Buffel 
grass was decisive for the higher total 
forage production in the maize + forage 
intercropping, accounting for 65% of 
the total biomass produced. In turn, the 
share of Buffel grass in the composition 
of the total forage biomass produced in 
intercropping was only 25%. The 
Massai grass has been reported as a 
forage species with greater capacity for 
establishment and development in 
semiarid conditions (Luna et al., 2014) 
and showing good tolerance to water 
deficits (Oliveira et al., 2022) than the 
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Buffel grass. The total biomass 
production of Massai in this study was 
slightly lower than that obtained by 
Edvan et al. (2011) in semiarid 
conditions. However, unlike in the 
present study, the forage was sown as 
monocrop, and the productivity was 
determined after successive harvests.
Early sowing of forage in the 
intercropping limited the devel
of maize, resulting in lower grain 
productivity, maize biomass, and total 
biomass. Contrary to the results of this 
study, several studies have shown that 
intercropping with forage grasses does 
not interfere with the development and 
productivity of maize (Baldé et al., 
2011; Canisares et al., 2021; Oliveira et 
al., 2020). However, these studies were 
normally conducted in intercropping 
systems with simultaneous sowing of 
maize and forage species and, above all, 
under climatic conditions distinct from 
those prevailing in the semiarid region. 
It is possible that the early sowing of 
forage has led to a lower capacity of 
maize plants to intercept 
photosynthetically active radiation, even 
more considering the initial stage of the 
crop, critical for the accum
biomass (Borghi et al., 2013). It is also 
possible that the early sowing of forage 
plants resulted in greater competition 
for water when the maize crop was at 
the beginning of its establishment, 
resulting in conditions that prevented 
maize development in the intercropping 
system (Jakelaitis et al., 2004).
In several regions in the world where 
maize is cultivated, the highest grain 
yields were obtained when water 
availability varies from 500 to 800 mm 
throughout its biological cycle (Pereira
Filho et al., 2015). Although this 
rangeis close tothe limit observed in this 
study (823 mm), the available water had 
to meet the demand of maize and the 
forage species. Silva et al. (2020) 
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Buffel grass. The total biomass 
production of Massai in this study was 

that obtained by 
Edvan et al. (2011) in semiarid 
conditions. However, unlike in the 
present study, the forage was sown as 
monocrop, and the productivity was 
determined after successive harvests. 
Early sowing of forage in the 
intercropping limited the development 
of maize, resulting in lower grain 
productivity, maize biomass, and total 
biomass. Contrary to the results of this 
study, several studies have shown that 
intercropping with forage grasses does 
not interfere with the development and 

aize (Baldé et al., 
2011; Canisares et al., 2021; Oliveira et 
al., 2020). However, these studies were 
normally conducted in intercropping 
systems with simultaneous sowing of 
maize and forage species and, above all, 
under climatic conditions distinct from 
hose prevailing in the semiarid region. 

It is possible that the early sowing of 
forage has led to a lower capacity of 
maize plants to intercept 
photosynthetically active radiation, even 
more considering the initial stage of the 
crop, critical for the accumulation of 
biomass (Borghi et al., 2013). It is also 
possible that the early sowing of forage 
plants resulted in greater competition 
for water when the maize crop was at 
the beginning of its establishment, 
resulting in conditions that prevented 

opment in the intercropping 
system (Jakelaitis et al., 2004). 
In several regions in the world where 
maize is cultivated, the highest grain 
yields were obtained when water 
availability varies from 500 to 800 mm 
throughout its biological cycle (Pereira-

et al., 2015). Although this 
rangeis close tothe limit observed in this 
study (823 mm), the available water had 
to meet the demand of maize and the 
forage species. Silva et al. (2020) 

showed that the maize
intercropping promotes greater wat
extraction from the soil, especially in 
the phases of higher water demand of 
maize, restricting its productivity under 
high forage densities.  
Thus, the hypothesis of water limitation 
in the present study is supported by the 
fact that, although the simu
sowing of forage did not reduce grain 
productivity in relation to maize 
monocrop, it reduced the production of 
total maize biomass in the intercropping 
with Massai (Lin et al., 2020) due to the 
rapid establishment and development of 
this forage species. This was confirmed 
by the high number of tillers produced 
and greater biomass production, 
consequently, resulting in higher 
competitiveness and demand for water. 
Fontinele et al. (2022) state that the 
number of tillers is an interesting 
response to guarantee the perenniality 
of the forage in the following 
production cycles. Besides, these data 
indicate that the main factors to be 
considered under semiarid conditions 
are the choice of intercropping species 
and the definition of the sowing season 
in relation to maize throughout its 
biological cycle. 
Intercropping systems were 
preponderant factors to determine the 
intensity of macronutrient export. The 
greater vegetative development of 
maize in the intercropping with Buffel 
grass resulted in the largest 
exports by the grain crop, while the high 
production of Massai grass was decisive 
for the largest nutrient export by the 
total biomass of forage produced. 
Similar to that observed in the present 
study, Mendonça et al. (2015) and 
Pereira et al. (2016) also observed 
higher K uptake, followed by N, with 
similar amounts of P and Ca and, 
finally, of Mg by forages intercropped 
with maize.  
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Intercropping systems were 
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In addition to intercropping systems, the 
present study's data showed that the 
early sowing of forage substantially 
reduced the amount of nutrients 
exported by maize but did not influence 
nutrient export by the total forage 
biomass (maize+forage), except for Ca, 
which was exported in larger quantities 
to the total forage biomass in Massai 
grass. Unlike nutrients such as
whoseabsorption is drastically limited 
under water deficit conditions, Ca 
uptake is affected in smaller proportions 
under these conditions (Hu 
&Schmidhalter, 2005), even in limiting 
water conditions. These results indicate 
that, although the maiz
intercropping results in numerous 
benefits for soil fertility (Baldé et al., 
2011; Crusciol et al., 2015; Mendonça 
et al., 2015), there is a need to ensure 
the replenishment of nutrients under 
semiarid conditions when the biomass 
production resulting from the 
intercropping is destined for animal 
feed, especially with its removal from 
the area by haymaking or silage 
processes. 
The average export of macronutrients 
per ton of dry mass of maize harvested 
was 10.0, 1.8; 10.2; 1.8; 1.6, and 0.7 kg 
t-1 of dry mass for silage, 11.6, 1.6, 
23.0, 2.7, 1.9, and 0.9 kg t-

for Buffel, and 12.5, 1.4, 16.8, 3.4, 2.0, 
and 1.0 kg t-1 of dry mass for Massai for 
N, P, K, Ca, Mg, and S, respectively.
 
CONCLUSION 
 
The maize+forage intercropping 
promotes greater competition for 
resources, especially water, limiting N 
uptake, chlorophyll synthesis, and 
biomass production by maize in a 
semiarid environment. Anticipated 
sowing gives forage grasses a greater 
competitive advantage, to the detriment 
of maize. Massai intercropped with 
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In addition to intercropping systems, the 
present study's data showed that the 
early sowing of forage substantially 
reduced the amount of nutrients 
exported by maize but did not influence 
nutrient export by the total forage 
biomass (maize+forage), except for Ca, 
which was exported in larger quantities 
to the total forage biomass in Massai 
grass. Unlike nutrients such as P and K, 
whoseabsorption is drastically limited 
under water deficit conditions, Ca 
uptake is affected in smaller proportions 
under these conditions (Hu 
&Schmidhalter, 2005), even in limiting 
water conditions. These results indicate 
that, although the maize+forage 
intercropping results in numerous 
benefits for soil fertility (Baldé et al., 
2011; Crusciol et al., 2015; Mendonça 
et al., 2015), there is a need to ensure 
the replenishment of nutrients under 
semiarid conditions when the biomass 

ing from the 
intercropping is destined for animal 
feed, especially with its removal from 
the area by haymaking or silage 

The average export of macronutrients 
per ton of dry mass of maize harvested 
was 10.0, 1.8; 10.2; 1.8; 1.6, and 0.7 kg 

dry mass for silage, 11.6, 1.6, 
-1 of dry mass 

for Buffel, and 12.5, 1.4, 16.8, 3.4, 2.0, 
of dry mass for Massai for 

N, P, K, Ca, Mg, and S, respectively. 

The maize+forage intercropping 
ter competition for 

resources, especially water, limiting N 
uptake, chlorophyll synthesis, and 
biomass production by maize in a 
semiarid environment. Anticipated 
sowing gives forage grasses a greater 
competitive advantage, to the detriment 

intercropped with 

maize has a greater potential for 
biomass production than Buffel under 
semiarid conditions. Maize+Buffel 
intercropping results in highest 
macronutrient export by maize, while 
maize+Massai intercropping results in 
highest macronutrient ex
total forage biomass under a semiarid 
environment. 
 
REFERENCES 
 
AL-DAKHEEL, A.J.; HUSSAIN, M.I. 
Genotypic variation for salinity 
tolerance in Cenchrus ciliaris
L. Frontiers In Plant science
p.1090, 2016.  
 
ARAÚJO, N.C.A.; FRAZÃO, L.A.; 
FREITAS, I.C.; FERREIRA, E.A.; 
FREITAS, D. A.; SANTOS, 
SANGLARD, D.A.; FERNANDES, 
L.A. Soil chemical and microbiological 
attributes under integrated production 
system in Oxisol of degraded pasture. 
Australian Journal of Crop S
v.14, p.1772–1778, 2020.  
 
ARGENTA, G.; SILVA, P.R.F.; 
SANGOI, L. Leaf relative chlorophyll 
content as an indicator parameter to 
predict nitrogen fertilization in maize. 
Ciência Rural. v.34, n.5, p.1379
2004.  
 
BALDÉ, A.B.; SCOPEL, E.; 
AFFHOLDER, F.; CORBEELS, M.; 
SILVA, F.A.M.; XAVIER, J.H.V.; 
WERY, J. Agronomic performance of 
no-tillage relay intercropping with 
maize under smallholder conditions in 
Central Brazil. Field Crops Research
v.124, p.240–251, 2011. 
 
BÄNZIGER, M.; EDMEADES, G.O.; 
BECK, D.; BELLON, M. 
drought and nitrogen stress tolerance 

, 2023 
20220029 

 
12 

maize has a greater potential for 
biomass production than Buffel under 
semiarid conditions. Maize+Buffel 
intercropping results in highest 
macronutrient export by maize, while 
maize+Massai intercropping results in 
highest macronutrient exports by the 
total forage biomass under a semiarid 

DAKHEEL, A.J.; HUSSAIN, M.I. 
Genotypic variation for salinity 

Cenchrus ciliaris 
Frontiers In Plant science, v.7, 

ARAÚJO, N.C.A.; FRAZÃO, L.A.; 
FREITAS, I.C.; FERREIRA, E.A.; 
FREITAS, D. A.; SANTOS, 
SANGLARD, D.A.; FERNANDES, 
L.A. Soil chemical and microbiological 
attributes under integrated production 
system in Oxisol of degraded pasture. 
Australian Journal of Crop Science. 

1778, 2020.   

ARGENTA, G.; SILVA, P.R.F.; 
SANGOI, L. Leaf relative chlorophyll 
content as an indicator parameter to 
predict nitrogen fertilization in maize. 

. v.34, n.5, p.1379–1387, 

BALDÉ, A.B.; SCOPEL, E.; 
AFFHOLDER, F.; CORBEELS, M.; 
SILVA, F.A.M.; XAVIER, J.H.V.; 
WERY, J. Agronomic performance of 

tillage relay intercropping with 
maize under smallholder conditions in 

Field Crops Research. 
251, 2011.  

BÄNZIGER, M.; EDMEADES, G.O.; 
BECK, D.; BELLON, M. Breeding for 
drought and nitrogen stress tolerance 



                                    Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 
                                      

 

 
ISSN 1519 9940 

 

in maize: from theory to practice
Mexico: CIMMYT, 2020. 69p. 
 
BORGHI, E.; CRUSCIOL, C.A.C.; 
NASCENTE, A.S.; SOUSA, V.V.; 
MARTINS, P.O.; MATEUS, G.P.; 
COSTA, C. Sorghum grain yield, forage 
biomass production and revenue as 
affected by intercropping 
time. European Journal of Agronomy
v. 51, p. 130-139, 2013.  
 
CANISARES, L.P.; ROSOLEM, C.A.; 
MOMESSO, L.; CRUSCIOL, C.A.C.; 
VILLEGAS, D.M.; ARANGO, J.; 
RITZ, K.; CANTARELLA, H. Maize
Brachiaria intercropping: A strategy to 
supply recycled N to maize and reduce 
soil N2O emissions? 
Ecosystems and Environment
p.107491, 2021.  
 
CRUSCIOL, C.A.C.; NASCENTE, 
A.S.; BORGHI, E.; SORATTO, R.P.; 
MARTINS, P.O. Improving soil fertility 
and crop yield in a tropical region with 
palisadegrass cover crops. 
AgronomyJournal, v.107, p.2271
2280, 2015.  
 
EDVAN, R.L.; SANTOS, E.M.; 
SILVA, D.S.D.S.; ANDRADE, A.P.; 
COSTA, R.G.; W.A.; 
VASCONCELOS, W.A. Características 
de produção do capim-Buffel submetido 
a intensidades e frequências de corte. 
Archivos de Zootecnia, v. 60, n.232, 
p.1281–1289, 2011.  
 
FERNANDES, V.L.B. Recomendações 
de adubação e calagem para o Estado 
do Ceará. Fortaleza: Imprensa 
Universitária, 1993, 248p. 
 
FONTINELE, R.G.; ARAÚJO, R.A.D.; 
CÂNDIDO, M.J.D.; ROGÉRIO, 
M.C.P.; COSTA, C.D.S.; SOUZA, H.A. 
de; FURTADO, R.N.; POMPEU, 

Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 - 15, 20220029, 202
                                      http://dx.doi.org/10.1590/S1519-994020220029

in maize: from theory to practice. 
Mexico: CIMMYT, 2020. 69p.  

BORGHI, E.; CRUSCIOL, C.A.C.; 
NASCENTE, A.S.; SOUSA, V.V.; 
MARTINS, P.O.; MATEUS, G.P.; 
COSTA, C. Sorghum grain yield, forage 
biomass production and revenue as 
affected by intercropping 

European Journal of Agronomy, 

CANISARES, L.P.; ROSOLEM, C.A.; 
MOMESSO, L.; CRUSCIOL, C.A.C.; 
VILLEGAS, D.M.; ARANGO, J.; 

, K.; CANTARELLA, H. Maize-
Brachiaria intercropping: A strategy to 
supply recycled N to maize and reduce 

O emissions? Agriculture, 
Ecosystems and Environment, v.319, 

CRUSCIOL, C.A.C.; NASCENTE, 
A.S.; BORGHI, E.; SORATTO, R.P.; 
MARTINS, P.O. Improving soil fertility 
and crop yield in a tropical region with 
palisadegrass cover crops. 

, v.107, p.2271–

EDVAN, R.L.; SANTOS, E.M.; 
ANDRADE, A.P.; 

COSTA, R.G.; W.A.; 
VASCONCELOS, W.A. Características 

Buffel submetido 
a intensidades e frequências de corte. 

, v. 60, n.232, 

Recomendações 
m para o Estado 

. Fortaleza: Imprensa 
 

FONTINELE, R.G.; ARAÚJO, R.A.D.; 
CÂNDIDO, M.J.D.; ROGÉRIO, 
M.C.P.; COSTA, C.D.S.; SOUZA, H.A. 
de; FURTADO, R.N.; POMPEU, 

R.C.F.F. Gas exchanges, chemical
composition and 
characteristics of tropical grasses 
deferred I: cultivars BRS Massai and 
BRS Tamani. Revista Brasileira de 
Saúde e Produção Animal
2022. 
 
GONTIJO-NETO, M.M.; 
ALAVARENGA, R.C.; PEREIRA
FILHO, I.A.; CRUZ, J.C.; 
RODRIGUES, A.S. Recomendações 
de densidades de plantio e taxas de 
semeaduras de culturas anuais e 
forrageiras em plantio consorciado
SeteLagoas: Embrapa 
Comunicado técnico 137, 2006, 6 p.
 
HU, Y.; SCHMIDHALTER, U. 
Drought and salinity: A comparison of 
their effects on mineral nutrition of 
plants. Journalof Plant Nutrition
Soil Science, v.168, p.541
 
JAKELAITIS, A.; SILVA, A.A.; 
FERREIRA, L.R.; SILVA, A.F.; 
FREITAS, F.C.L. Man
daninhas no consórcio de milho com 
capim-braquiária 
(Brachiariadecumbens). 
Daninnha, v.22, p.553–
 
LI, L.; TILMAN, D.; LAMBERS, H.; 
ZHANG, F.S. Plant diversity and 
overyielding: insights from 
belowground facilitation of 
intercropping in agriculture. 
Phytologist, v.203, p.63
 
LIN, Y.; WATTS, D.B.; KLOEPPER, 
J.W.; FENG, Y.; TORBERT, H.A. 
Influence of plant growth
rhizobacteria on corn growth under 
drought stress. Communication in Soil 
Science and Plant Analysis
p.250–264, 2020. 
 

, 2023 
20220029 

 
13 

exchanges, chemical 
 productive 

of tropical grasses 
deferred I: cultivars BRS Massai and 

Revista Brasileira de 
Saúde e Produção Animal, v. 23, 

NETO, M.M.; 
ALAVARENGA, R.C.; PEREIRA-
FILHO, I.A.; CRUZ, J.C.; 

Recomendações 
ades de plantio e taxas de 

semeaduras de culturas anuais e 
forrageiras em plantio consorciado. 

 Milho e Sorgo, 
técnico 137, 2006, 6 p. 

HU, Y.; SCHMIDHALTER, U. 
Drought and salinity: A comparison of 
their effects on mineral nutrition of 

Journalof Plant Nutrition and 
, v.168, p.541–549, 2005.  

JAKELAITIS, A.; SILVA, A.A.; 
FERREIRA, L.R.; SILVA, A.F.; 
FREITAS, F.C.L. Manejo de plantas 
daninhas no consórcio de milho com 

). Planta 
–560, 2004.  

LI, L.; TILMAN, D.; LAMBERS, H.; 
ZHANG, F.S. Plant diversity and 
overyielding: insights from 
belowground facilitation of 
intercropping in agriculture. New 

, v.203, p.63–69, 2014.  

LIN, Y.; WATTS, D.B.; KLOEPPER, 
J.W.; FENG, Y.; TORBERT, H.A. 
Influence of plant growth-promoting 
rhizobacteria on corn growth under 

Communication in Soil 
Science and Plant Analysis, v.51, 



                                    Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 
                                      

 

 
ISSN 1519 9940 

 

LUNA, A.A.; DIFANTE, G.S.; 
MONTAGNER, D.B.; 
EMERENCIANO-NETO, J.V.; 
ARAÚJO, I.; OLIVEIRA, L.E.C. 
Características morfogênicas e acúmulo 
de forragem de gramíneas forrageiras, 
sob corte. Bioscience Jorunal
p.1803–1810, 2014.  
 
MASVAYA, E.N.; NYAMANGARA, 
J.; DESCHEEMAEKER, K.; 
K.E. Is maize-cowpea intercropping a 
viable option for smallholder farms in 
the risky environments of semi
southern Africa?.FieldCropsResearch
v.209, p.73–87, 2017.  
 
MENDONÇA, V.Z.; MELLO, L.M.M.; 
ANDREOTTI, M.; PARIZ, C.M.; 
YANO, E.H.; PEREIRA, F.C.B.L. 
Liberação de nutrientes da palhada de 
forrageiras consorciadas com milho e 
sucessão com soja. Revista Brasileira 
de Ciência do Solo, v. 39, n.1, p.183
193, 2015.  
 
MIYAZAWA, M.M.; PAVAN, A.; 
MURAOKA, T.; CARMO, C.A.F.S.; 
MELO, W.J. Análise química de tecido 
vegetal. In: SILVA, F.C. (Ed.). 
de análises químicas de solos, plantas 
e fertilizantes. Brasília: 
informação tecnológica, 2009, p.193
233. 
 
OLIVEIRA, E.M.D.; 
MARTUSCELLO, J.A.; JANK, L.; 
CUNHA, D.de.N.F.V.da.; SANTOS, 
M.F.  Evaluation of 
maximus genotypes under water stress 
conditions. Acta Scientiarum. Animal 
Sciences, v.44, p.e54975, 2022
 
OLIVEIRA, S. COSTA, K. A.; 
SEVERIANO, E.; SILVA, A. da; 
DIAS, M.; OLIVEIRA, G.; COSTA, J. 
V. Performance of grain sorghum and 
forage of the genus Brachiaria in 

Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 - 15, 20220029, 202
                                      http://dx.doi.org/10.1590/S1519-994020220029

LUNA, A.A.; DIFANTE, G.S.; 
NER, D.B.; 

NETO, J.V.; 
ARAÚJO, I.; OLIVEIRA, L.E.C. 
Características morfogênicas e acúmulo 
de forragem de gramíneas forrageiras, 

Bioscience Jorunal,v.30, n.6, 

MASVAYA, E.N.; NYAMANGARA, 
J.; DESCHEEMAEKER, K.; GILLER, 

cowpea intercropping a 
viable option for smallholder farms in 
the risky environments of semi-arid 

FieldCropsResearch, 

MENDONÇA, V.Z.; MELLO, L.M.M.; 
ANDREOTTI, M.; PARIZ, C.M.; 

IRA, F.C.B.L. 
Liberação de nutrientes da palhada de 
forrageiras consorciadas com milho e 

Revista Brasileira 
, v. 39, n.1, p.183–

MIYAZAWA, M.M.; PAVAN, A.; 
MURAOKA, T.; CARMO, C.A.F.S.; 

ímica de tecido 
vegetal. In: SILVA, F.C. (Ed.). Manual 
de análises químicas de solos, plantas 

. Brasília: Embrapa 
informação tecnológica, 2009, p.193-

OLIVEIRA, E.M.D.; 
MARTUSCELLO, J.A.; JANK, L.; 
CUNHA, D.de.N.F.V.da.; SANTOS, 

Evaluation of Megathyrsus 
genotypes under water stress 

Acta Scientiarum. Animal 
v.44, p.e54975, 2022. 

OLIVEIRA, S. COSTA, K. A.; 
SEVERIANO, E.; SILVA, A. da; 
DIAS, M.; OLIVEIRA, G.; COSTA, J. 
V. Performance of grain sorghum and 
forage of the genus Brachiaria in 

integrated agricultural production 
systems. Agronomy, v. 10, n. 11, p. 
1714, 2020.  
 
OLIVEIRA, S.M.; CIAMPITTI, I.A.; 
ALMEIDA, R.E.M.; PIEROZAN
JUNIOR, C.; TRIVELIN, P.C.O.; 
FAVARIN, J.L. Closing the nitrogen 
budget of intercropped maize and 
palisadegrass. European Jorunal of 
Agronomy, v.119, p.e126093, 2020. 
 
PEREIRA, F.C.B.L.; MELLO, L.M.M.; 
PARIZ, C.M.; MENDONÇA, V.Z.; 
YANO, E.H. MIRANDA, E.E.V.; 
CRUSCIOL, C.A.C. Autumn maize 
intercropped with tropical forages: crop 
residues, nutrient cycling, subsequent 
soybean and soil quality. 
Brasielira de Ciência do Solo
p.e0150003, 2016.  
 
PEREIRA-FILHO I.A.; 
ALVARENGA,R.C.; GONTIJO
NETO, M.M.; VIANA, J.H. T.M.; 
OLIVEIRA, M.F. 
Produção:Cultivo do Milho
Lagoas: Embrapa Milho e Sorgo, 2015. 
Availableat: 
<https://ainfo.cnptia.embrapa.br/digital/
bitstream/item/27362/1/Plantio
espacamento.pdf>. Accessed on: Apr. 
10 2022. 
 
R CORE TEAM R. R. A language and 
environment for statistical 
Vienna: R Foundation for 516 
Statistical Computing, 2018.
 
SILVA, G.S.F.; ANDRADE
A.S.; CARDOSO, M.J.; ARAÚJO
NETO, R.B. Soil water dynamics and 
yield in maize and 
ruziziensis intercropping. 
Agropecuária Tropical
p.e59809, 2020.  
 

, 2023 
20220029 

 
14 

integrated agricultural production 
, v. 10, n. 11, p. 

.M.; CIAMPITTI, I.A.; 
ALMEIDA, R.E.M.; PIEROZAN-
JUNIOR, C.; TRIVELIN, P.C.O.; 
FAVARIN, J.L. Closing the nitrogen 
budget of intercropped maize and 

European Jorunal of 
, v.119, p.e126093, 2020.  

PEREIRA, F.C.B.L.; MELLO, L.M.M.;  
Z, C.M.; MENDONÇA, V.Z.; 

YANO, E.H. MIRANDA, E.E.V.; 
CRUSCIOL, C.A.C. Autumn maize 
intercropped with tropical forages: crop 
residues, nutrient cycling, subsequent 
soybean and soil quality. Revista 
Brasielira de Ciência do Solo, v.40, 

FILHO I.A.; 
ALVARENGA,R.C.; GONTIJO-
NETO, M.M.; VIANA, J.H. T.M.; 

. Sistemas de 
Cultivo do Milho. Sete 

Embrapa Milho e Sorgo, 2015. 

https://ainfo.cnptia.embrapa.br/digital/
bitstream/item/27362/1/Plantio-

Accessed on: Apr. 

. A language and 
environment for statistical computing. 
Vienna: R Foundation for 516 
Statistical Computing, 2018. 

SILVA, G.S.F.; ANDRADE-JÚNIOR, 
A.S.; CARDOSO, M.J.; ARAÚJO-
NETO, R.B. Soil water dynamics and 
yield in maize and Brachiaria 

intercropping. Pesquisa 
Tropical, v.50, 



                                    Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 
                                      

 

 
ISSN 1519 9940 

 

TEIXEIRA, P.C.; DONAGEMMA, 
G.K.; FONTANA, A.; TEIXEIRA, 
W.G. Manual de métodos de análise 
de solo. 3 Ed. Brasília: Embrapa, 2017. 
573p. 
 
 
 
 
Este documento possui um A
http://dx.doi.org/10.1590/S1519
A01POR2023 
 
This document has an addendum
http://dx.doi.org/10.1590/S1519
A01ING2023 
 
Este documento tiene una addenda
http://dx.doi.org/10.1590/S1519
A01ESP2023 
 
 

Rev. Bras. Saúde Prod. Anim., Salvador, v.24, 01 - 15, 20220029, 202
                                      http://dx.doi.org/10.1590/S1519-994020220029

TEIXEIRA, P.C.; DONAGEMMA, 
G.K.; FONTANA, A.; TEIXEIRA, 

Manual de métodos de análise 
. 3 Ed. Brasília: Embrapa, 2017. 

Este documento possui um Adendo: 
http://dx.doi.org/10.1590/S1519-9940 

This document has an addendum:                                                                                                  
http://dx.doi.org/10.1590/S1519-9940 

Este documento tiene una addenda: 
p://dx.doi.org/10.1590/S1519-9940 

, 2023 
20220029 

 
15 

                                                                                                  


