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ABSTRACT

Corn (Zea mays L.) is among the most produced crops in intercropping systems, mainly due to its architecture and
ecophysiology. In intercropping systems, crop management should be planned to avoid interspecific competition for
production factors such as water, light and nutrients. The aim of this study was to evaluate the agronomic charac-
teristics, nutritional status and grain yield of corn intercropped with dwarf pigeon pea (Cajanus cajan L.) in different
arrangements of plants. The treatments consisted of different arrangements of dwarf pigeon pea intercropped with
corn. In general, the arrangements did not negatively influence the agronomic characteristics and the growth of Poaceae
legume. Sowing dwarf pigeon pea in the same rows as corn and in two rows between them increased nitrogen content
in corn plants, as well as provided a higher grain yield than other arrangements including the corn monoculture. The
evaluated intercropping system is a promising alternative system for a more sustainable agricultural production, with
less dependence on synthetic fertilizers.

Keywords: Zea mays L., Cajanus cajan L., Interspecific competition, macronutrients.

RESUMO

O milho (Zea mays L.) esta entre as culturas mais produzidas em sistemas consociados, devido principalmente a sua
arquitetura e ecofisiologia. Em consociacado, a gestdo das culturas deve ser planeada de modo a evitar competi¢ao
interespecifica por fatores de producao, tais como a agua, luz e nutrientes. No presente trabalho avaliaram-se algumas
caracteristicas agrondmicas, o estado nutricional e a produtividade do milho em modo de produgao em consociagao
com guandu-anao (Cajanus cajan L.) em diferentes arranjos de plantas. Os tratamentos consistiram de diferentes arranjos
de guandu-anao em consociacao com a cultura do milho. Em geral, os arranjos nao influenciaram negativamente as
caracteristicas agrondmicas e o crescimento da planta Poaceae. O tratamento com guandu-anao semeado na linha e em
duas linhas na entrelinha do milho aumentou o teor de azoto foliar nas plantas de milho, e proporcionou uma maior
produtividade relativamente aos outros tratamentos, incluindo o milho em monocultura. A consociagao revelou-se um
sistema de produgao promissor numa agricultura mais sustentavel, com menor dependéncia de fertilizantes minerais.

Palavras-chave: Zea mays L., Cajanus cajan, competicao interespecifica, macronutrientes.
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INTRODUCTION

Intercropping consists of cultivating two or more
species in the same area for a certain period of
time, even if the crops are not necessarily sown
or harvested simultaneously (Zhang et al., 2015).
It is recommended to be used in many parts of
the world for food or fiber production, due to its
high global productivity, effective pest and disease
control, ecological services and economic profita-
bility (Wu and Wu, 2014).

Despite the advantages, in these systems, inter-
specific interference may impair the establishment
and productivity of the species (Li etal., 2011),
especially when the agricultural area is inade-
quately managed (Zhang et al., 2007). Therefore, the
knowledge of the behavior of the species regarding
competition and water, light and nutrient needs is
of great importance for the success of the system
(Pariz et al,, 2011). The competition depends on
the characteristics of the species involved, their
root systems and the availability of resources in
the system (Casper et al., 1998; Mushagalusa et al.,
2008). Moreover, allelopathy, which consists of the
plant's ability to release substances to inhibit the
growth or development of another nearby plant,
should also be considered in the choice of species
to be grown in an intercropping system (Cheng
and Xu, 2013).

Corn is among the most cultivated crops in inter-
cropping systems, especially the traditional inter-
cropping of corn and bean, practiced by family
farmers throughout Brazil. The favorable charac-
teristics of this cereal, such as higher dry matter
accumulation rate in the early stages of devel-
opment and high plant height and ear insertion
height, allow harvesting to occur without inter-
ference from intercropped bean (Alvarenga et al.,
2006).

Recently, the interest on the intercropping of
grain-producing plants with green manures
has increased significantly. This system aims to
produce grains and/or straw for soil cover. The
production of straw is fundamental, especially in
regions with high temperature and high rainfall,
as these factors increase the decomposition rate,
making soil cover not feasible (Gitti et al., 2012).

Green manure promotes soil protection, and
chemical, physical and biological characteristics of
the soil, which make it an excellent management
option; especially in organic farming systems,
since mineral fertilizers have high prices and are
not always allowed (Benicasa ef al., 2010).

The intercropping of corn with cover crops, in
particular of the Fabaceae family, is among the
most indicated ones (Peng et al., 2009) due to their
ability to fix atmospheric nitrogen (N,) by means
of symbiosis with bacteria of the genus Rhizobium,
providing the largest amount of this nutrient for
crops of economic interest (Wu and Wu, 2014;
Zhang et al., 2015). Furthermore, corn and Fabaceae
plants present complementarity in the use of
production factors (Mushagalusa et al., 2008).

The dwarf pigeon pea is another plant species
cultivated in intercropping with corn, because the
lower production of dry matter of this Fabaceae
avoids competition with the cereal for water and
nutrients and does not impair harvest (Cortez et al.,
2009). In addition, it is a shrub, erect, annual or
semi-perennial species that exerts multiple func-
tions in the production systems, such as nitrogen
supply (Yusuf et al., 2009), nutrient recycling and
disruption of compacted soil layers due to its
pivotal and deep root system (Godoy et al., 2009).

Intercropping is an important practice for
the sustainability of agricultural systems.
Notwithstanding, the management of intercrop-
ping systems is complex and needs to be planned in
order to minimize interspecific competition, which
can lead to significant productivity losses, influ-
enced by factors such as climatic conditions, soil
fertility, density and spatial arrangement of plants
in the system (Lithourgidis et al., 2011). Therefore,
it is fundamental to carry out studies that evaluate
the behavior of the intercropped species, as well as
the nutritional dynamics in intercropping systems
and the grain yield, in order to find out techniques
able to improve this cropping (Oliveira et al., 2011).

In view of the above, the present study aimed to
evaluate the agronomic characteristics, nutritional
status and grain yield of corn intercropped with
dwarf pigeon pea (Cajanus cajan L.) in different
arrangements of plants.
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MATERIALS AND METHODS

The study was conducted from December 2014 to
July 2015, in an experimental area in the munic-
ipality of Araras — SP, Brazil, at the geographical
coordinates 22°17'56.9" S and 47°22'53.80" W, and
at an altitude of 701 m. The location's soil is classi-
fied as Dystrophic Red Latosol (Oxisol), of a clayey
texture, with the following chemical features in the
0.0 — 0.20 m layer: pH (in CaCl,) = 5.5; extractable
P =16.5 mg kg'; exchangeable K = 4.1 mmol_kg",
Ca=28.5 mmol kg, Mg =10.0 mmol_kg'; exchange-
able acidity (H + Al) = 22.0 mmol_kg?; soil organic
matter =23.5 g kg, and base saturation (V) = 65.5%.
The climate of the region is of the Cwa mesothermic
type, according to the Koppen classification, charac-
terized by hot and humid summers and dry winters.
In Table 1, the climatic conditions observed during
the course of the experiment are summarized.

The soil was prepared with a disk plough followed
by a leveler. The experimental design adopted was
of randomized blocks with four repetitions. The
treatments consisted of dwarf pigeon pea (Cajanus
cajan L.) in different arrangements, intercropped
with corn (Zea mays L.) (Al-Avaré cultivar): CM -
corn monoculture; PR — dwarf pigeon pea in the
same row as the corn (10 pigeon pea plants m?); P1B
— one row of dwarf pigeon pea sown between the
rows of corn (10 pigeon pea plants m?); P2B — two
rows of dwarf pigeon peas sown between the rows
of corn (20 pigeon pea plants m?); PR1B — dwarf
pigeon pea sown in the same rows as the corn and

in a row between them (20 pigeon pea plants m?);
and PR2B - dwarf pigeon pea sown in the same
rows as the corn and in two rows between them
(30 pigeon pea plants m-).

The experimental plot was formed of five rows of
corn, with 0.90 m spaces between them, and six
seeds were sown per meter, aiming for a popula-
tion of 50,000 corn plants per hectare, after thin-
ning. The dwarf pigeon pea was sown in a density
of 10 seeds per meter, in the same rows as the corn
and between them, according to the treatments
above. The corn and dwarf pigeon pea were sown
on 17/12/2014. The three central rows of corn in
each plot were considered for the evaluation.

Weed control was carried out manually in two
periods, the first 20 days after the emergence
of corn (DAE) (V4-V5 stage) and the second 48
days after the emergence of corn (V9-V10 stage).
For fertilizing, 800 kg of dry organic compost
was used, equivalent to 13 t ha', and distributed
homogeneously over the soil, in the planting row.
The organic compost used in the study presented:
pH (in H,0O) = 8.0; organic C = 131.0 g kg''; organic
N =13.0 g kg'; P = 13, 65 mg kg'; K = 13.44 mg
kg'; Ca = 0.19 cmol_kg’; Mg = 0.35 cmol kg?; S =
0.49 cmol kg'; Cu = 69.2 mg kg; Fe = 561.4 mg kg
Mn =511.2 mg kg'; Zn =766 mg kg'; organic matter
=22.58 % and humidity = 37.40 %.

During the experimental period, the following
variables were evaluated: dry matter of shoots of

Table 1 - Total and average global radiation (M) m-2); total and average rainfall (mm) and minimum, maximum and average
temperatures (0C) observed during the months of the experiment

Months Radiation (M]J m?) Rainfall (mm) Temperature (°C)
Total Average Total Average Min Max Average
Dec/2014 631.9 20.4 218.6 7.0 18.4 31.0 24.7
Jan/2015 691.3 223 121.8 3.9 19.9 33.3 26.6
Feb/2015 557.6 19.9 2454 8.7 18.6 30.7 24.6
Mar/2015 513.4 16.6 173.4 5.6 18.1 28.7 23.4
Apr/2015 544.4 18.1 11.2 0.4 16.2 29.9 23.1
May/2015 405.2 13.1 67.0 2.2 14.1 25.8 20.0
Jun/2015 404.0 13.0 26.2 0.9 13.6 253 19.5
Jul/2015 355.4 11.5 12.1 0.4 13.8 24.9 19.3
Total 4103.20 134.90 875.70 29.10 132.70 229.60 181.20
Average 512.9 16.86 109.46 3.63 16.58 28.70 22.65

Source: Department of Natural Resources and Environmental Protection/UFSCAR, Araras, SP.

M) m2 = megajoule per square meter; mm = millimeter; oC = degree Celsius.
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corn and dwarf pigeon pea (kg ha'); percentage of
soil cover by dwarf pigeon pea and leaf area index
(LAI) of corn. These were carried out in three
periods (before weed control), the first being at 20
days after corn emergence (DAE) (V4-V5 stage); the
second at 48 days after corn emergence (V9-V10
stage) and the third at 85 days after emergence
(R3-R4 stage), except for the variable percentage of
soil cover by dwarf pigeon pea, which was evalu-
ated in two periods, the first being at 20 days after
corn emergence (DAE) (V4-V5 stage) and the second
at 48 days after corn emergence (V9-V10 stage).
At 85 DAE, the corn stem diameter (expressed in
mm) was evaluated using a digital caliper and the
height of corn plants was determined (m) using a
graded ruler, considering the height between the
ground level and the last fully expanded leaf.

At corn harvest, the following variables were
measured: first ear insertion height (FEIH); final
plant stand (FPS); number of ears per plant (NEP);
number of rows of grains per ear (NRE); number of
grains per row in the ear (NGR), number of grains
per ear (NGE); thousand grain weight (TGW) and
grain yield (GY).

To determine the dry matter of shoots of corn plants
and the LAIL three plants per plot were randomly
collected. For the dwarf pigeon pea, a template
measuring 0.25 x 0.25 m was used. The material
collected was dried in an oven with forced air
circulation at 65°C until reaching a constant mass,
being subsequenlty weighed.

The percentage of soil cover by dwarf pigeon pea
plants was determined by the method of number
of intersections, according to the methodology
described by Favero et al. (2001). The soil cover
percentage data were transformed in arcsin Vx/100
to fit normal distribution.

The leaf area index (LAI cm? leaf cm? soil) was
obtained by collecting three corn plants in the
border of each plot. The plants were immediately
taken to the laboratory for evaluation. A leaf area
integrator LI-COR, model LI-3000C was used. LAI
was estimated by the ratio between the total leaf
area and the soil space occupied by the plants. The
first ear insertion height, expressed in centimeters
(cm), was determined with the help of a gradu-
ated ruler in ten representative plants of the plot.

The final plant stand (plants ha') was obtained
by counting the number of total corn plants in
the useful area of each plot, with the exception of
broken and bedded plants.

The corn harvest was done manually, removing all
the ears contained in the useful area of each plot.
The moisture content of the grains was standard-
ized to 13%, the yield being obtained as a func-
tion of the weight of grains harvested in each plot
(kg ha'). Thousand grain weight was determined
by estimating the average weight of three samples
of 1000 grains per plot. The number of rows of
grains and number of grains per row in the ear
were obtained by counting, in ten spikes chosen
at random. The number of ears per plant was
obtained by the ratio between the number of ears
harvested and the number of plants in the useful
area of the plots.

In addition, the levels of N, phosphorus (P), potas-
sium (K), calcium (Ca), magnesium (Mg) and
sulfur (S) in the corn leaves were determined by
collecting the leaf located opposite and below the
upper ear in female flowering in all treatments.
Ten leaves per plot were collected at 85 DAE and,
after exclusion of the central vein, plant material
was dried in a oven with forced air ventilation, at
65 °C for 48 h. Then, plant samples were ground
in a Wiley mill and submitted to content anal-
ysis, according to the methodology described by
Malavolta et al. (1989).

To interpret the corn leaf macronutrient contents,
the deviation from optimal percentage (DOP)
method was used, as proposed by Montafiés et al.
(1993). This method is defined as the standard devi-
ation in the concentration of an element in relation
to the optimal level taken as a reference value. It is
obtained using the following formula:

DOP= [(C x 100/Cref) — 100]

In which C is the concentration of the nutrient in
the dry matter from the sample and Cref is the
optimal concentration of the nutrient in dry matter.

The values that are considered optimal for corn
cultivation were proposed by Cantarella et al.
(1996). As the adequate macronutrient levels for
the crop are mentioned in adequate value ranges,
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the lowest value in the range for each macronu-
trient was considered.

The DOP indices were interpreted as follows: the
absolute values (without sign) indicate the impor-
tance or severity of the deficiency or excess of the
nutrient. The negative values indicate a situation
of macronutrient deficiency; the positive values
reflect situations of excess: and the indices equal
to zero indicate optimal macronutrient values
(Damian-Nava et al., 2006).

The results were submitted to analysis of variance
(ANOVA) and the means were compared by the
Tukey test, at 5% probability.

RESULTS AND DISCUSSION

For dry matter of shoots (DMS) of dwarf pigeon
pea, a significant difference was observed between
treatments in the first two periods of evaluation.
In the third evaluation, there was no significant
difference between treatments (Table 2). In the
first evaluation (20 DAE), treatments PR2B, P2B
and PR1B were superior in relation to PR and P1B.
In these evaluation (48 DAE), P2B and PR2B were
superior to the other treatments, which did not
differ from each other (Table 2).

Table 2 - Dry matter of shoots of dwarf pigeon pea plants
intercropped with corn, at 20, 48 and 85 days
after corn emergence (DAE) and soil cover by dwarf
pigeon pea plants intercropped with corn, at 20 and
48 days after corn emergence (DAE)

Dry matter of shoots Soil cover
Ianeel‘;‘tts 20 DAE 48 DAE 85 DAE 20 DAE 48 DAE
kg ha! %

PR 87c 4279b 9178a 11.0a  209c
PIB  1654b 711.8ab 7104a 205a  34.3bc
P2B  2188ab 886.1a 18364a 250a 45.6ab
PRIB 2480ab 727.1ab 886.0a 179a  324bc

PR2B  3245a 9484a 1251.0a 244a 522a

CV (%) 2318 2658  17.82 2523 26,08

Means followed by the same letter in the column do not differ statistically by
Tukey test at 5% probability. The soil cover percentage data were previously
transformed in arcsinVx/100. PR: dwarf pigeon pea sown in the same row as the
corn; P1B: one row of dwarf pigeon pea sown between the rows of corn: P2B: two
rows of dwarf pigeon pea sown between the rows of corn; PR1B: dwarf pigeon
pea sown in the same rows and in one row between the corn; and PR2B: dwarf
pigeon pea sown in the same rows and in two rows between the corn. CV (%):
Coefficient of variation.
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The dwarf pigeon pea showed low DMS produc-
tion, a result associated with its slow initial
growth, characteristic of the species. Furthermore,
the low production of the dwarf pigeon pea can
be attributed to the intrinsic characteristics of the
plant physiology, since it presents C3-type metab-
olism, and is less efficient in the fixation of atmos-
pheric carbon (C) in relation to corn, which has a
C4 photosynthetic metabolism, due to the higher
photorespiration and for spending more energy in
the fixation of C in environments of higher temper-
atures due to O, fixation (Santos ef al., 2011).

Concerning the percentage of soil cover by dwarf
pigeon pea plants, there was no significant differ-
ence in the first sampling period (Table 2). In the
evaluation performed in the second period,
there was a difference between treatments. PR2B
presented higher averages compared to PR, not
differing statistically from the P2B system (Table 2).
This result is attributed to a larger population of
dwarf pigeon pea plants in these two systems.
In addition, these two treatments accounted for
the highest dry matter of shoots, with 948.4 kg ha-!
(PR2B) and 886.1 kg ha' (P2B). Boer et al. (2008),
when evaluating the green and dry matter produc-
tion and the percentage of soil cover of three cover
crop species, also verified a relationship between
the amount of dry matter accumulated and the
percentage of soil cover.

There was no significant differences between treat-
ments with regard to the DMS of the corn plants
in the three sampling periods (Figure 1). It can be
inferred that the dwarf pigeon pea did not compete
for production factors with corn plants, as well as
there was no allelopathic effect of the dwarf pigeon
pea on the Poaceae. Corn is considered a good
competitor in relation to smaller plants, mainly
due to its higher rate of dry matter accumulation
in the early stages of development. It shows high
capacity of interception of the photosynthetically
active radiation along its canopy, which reduces
the amount of this resource for the other species
(Liu and Song, 2012).

For the leaf area index (LAI) of corn, there was
a significant difference between the treatments
studied in the first evaluation period (Figure 2). The
treatments CM, PR, P1B, P2B and PR2B were statis-
tically similar, and superior to PR1B. This result is
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Figure 1 - Dry matter of shoots of corn plants intercropped
with dwarf pigeon pea, at 20, 48 and 85 days
after emergence (DAE) of the crop. CM: corn
monoculture; PR: dwarf pigeon pea sown in the
same row as the corn; P1B: one row of dwarf
pigeon pea sown between the rows of corn: P2B:
two rows of dwarf pigeon pea sown between the
rows of corn; PR1B: dwarf pigeon pea sown in the
same rows and in one row between the corn; and
PR2B: dwarf pigeon pea sown in the same rows
and in two rows between the corn.

related to the stage of corn development, which in
the initial phase shows growth from seed reserves.
This growth may vary according to the size of the
seed (Sangoi et al., 2004). However, Ritchie et al.
(2003) mention that in the second week after emer-
gence, photosynthesis already exerts its function
in the plant and the seed reserves are depleting.
Therefore, corn may have been affected by compe-
tition with dwarf pigeon pea plants for resources
such as water, light and nutrients. Although corn
is a great competitor, intercropping can reduce
maximum LAI values (Oliveira ef al., 2011).

For the second and third evaluation periods, there
was no significant difference between treatments
for the LAI (Figure 2). The LAI data can be consid-
ered satisfactory, since values were higher than 3
in the two evaluation periods Lauer et al. (2004)
referred that LAI values for corn must be between
4 and 5, at flowering, in order to optimize its agro-
nomic performance.

For P, Mg, and S contents, no significant differ-
ences were found among treatments (Table 3).
Regarding corn leaf N content, there was a signif-
icant difference between the treatments (Table 3).
The PR2B arrangement was higher than the others,

Treatments
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T
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ab H
a —
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Leaf area index (cm? leaf cm soil)

Figure 2 - Mean leaf area index (cm? leaf cm2 soil) of corn
plants intercropped with dwarf pigeon pea, at 20,
48 and 85 days after emergence (DAE) of the crop.
Means followed by the same letter do not differ
statistically by Tukey test at 5% probability. CM:
corn monoculture; PR: dwarf pigeon pea sown in
the same row as the corn; P1B: one row of dwarf
pigeon pea sown between the rows of corn: P2B:
two rows of dwarf pigeon pea sown between the
rows of corn; PR1B: dwarf pigeon pea sown in the
same rows and in one row between the corn; and
PR2B: dwarf pigeon pea sown in the same rows
and in two rows between the corn.

which did not differ between each other. The
higher number of dwarf pigeon pea plants in the
PR2B treatment probably caused a higher amount
of N which could have been taken up by the corn
plants. An increase in N availability in soil is
accompanied by a positive response in N content
in the leaves (Nascimento et al., 2012).

Table 3 - Mean foliar macronutrient contents in corn
intercropped with dwarf pigeon pea in different
plant arrangements

Treatments P K Ca Mg S
gkg’

CcM 319b 32a 99ab 348a 37a 12a

PR 31.7b 32a 11.3a 23.0a 36a 1lla
P1B 31.7b 30a 77b 37b 29a 1.0a
P2B 331b 30a 70b 35b 29a 1l4a
PR1B 29.0b 3.0a 71b 38b 28a 18a
PR2B 384a 31a 69b 32b 25a 14a
CV (%) 5.59 732 19.06 1194 2035 19.32

Means followed by the same letter in the column do not differ statistically
between each other using the Tukey test with a 5% probability. CM: corn
monoculture; PR: dwarf pigeon pea sown in the same row as the corn; P1B: one
row of dwarf pigeon pea sown between the rows of corn: P2B: two rows of dwarf
pigeon pea sown between the rows of corn; PR1B: dwarf pigeon pea sown in the
same rows and in one row between the corn; and PR2B: dwarf pigeon pea sown in
the same rows and in two rows between the corn. CV (%): Coefficient of variation.
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The N values obtained in all of the treatments were
considered sufficient for corn, since they varied
between 29.0 g kg and 38.4 g kg'. Then, mono-
crop or intercropping corn with dwarf pigeon pea
in different plant arrangements produced foliar
N content within the adequate (or slightly higher)
range for corn (27.5 to 32.5 gkg'), according to
Malavolta et al. (1989). Corn behaves well in inter-
cropping systems, and because it is an extremely
demanding crop in terms of nutrients, especially
N, the Fabaceae plant favored cereal growth in
intercropping system.

For corn foliar K content, a significantly higher
value was found under PR treatment compared to
P1B, P2B, PR1B and PR2B, and did not differ statis-
tically from MC (Table 3). The presence of dwarf
pigeon peain the different arrangements hampered
the absorption of K by the corn plants, except when
the Fabaceae plant was sown in the same row as the
cereal. Probably, fabaceae can absorb K at depths
greater than the area exploited by corn roots, and
thusin the same row the species did not compete for
the P available in the soil. Moreover, dwarf pigeon
pea dry matter production in the rows of corn
was lower than in the other arrangements, which
may have reduced competition for the nutrient.

A significantly higherfoliar Ca contents were
observed for CM and PR treatments (Table 3). The
reduction in nutrient content in plant tissue in
intercropping may have been linked to the inter-
species competitive interaction exercised by one
species over the other (Viera et al., 2013). The low
ability to compete for Ca on the part of corn in
intercropping systems was already observed by
other authors (Cury et al., 2012). Higher popula-
tions of the intercropped plant make greater soil
exploitation possible, intensifying the competitive
effects over the main crop (Belel et al., 2014).

In relation to the rates of deviation from the optimal
percentage (DOP), excessive N and P in corn leaves
was verified in all of the treatments. The treatment
PR2B presented the highest DOP index for N, and
the CM and PR presented the highest DOP indices
for P (Table 4).

For K, all of the treatments presented negative

indices, which indicates a deficiency in the macro-
nutrient in the corn (Table 4). The K deficiency in all
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Table 4 - Deviation from optimal percentage (DOP) of foliar
macronutrients in the corn intercropped with dwarf
pigeon pea in different plant arrangements

Deviation from Optimal Percentage

Treatments N P K Ca Mg S
CM +18.1  +60 -41.8 +1292 +146.7  -20
PR +174  +60 -33.5 +820 +140.0 -26.7
P1B +17.4  +50 -54.7  +48 +93.3 -333
P2B +22.6  +50 -58.8 +40 +93.3 -6.7
PR1B +7.4 +50 -582  +52 +86.7 +20
PR2B +42.2 455 -59.4  +28 +66.7 -6.7

CM: corn monoculture; PR: dwarf pigeon pea sown in the same row as the corn;
P1B: one row of dwarf pigeon pea sown between the rows of corn: P2B: two
rows of dwarf pigeon pea sown between the rows of corn; PR1B: dwarf pigeon
pea sown in the same rows and in one row between the corn; and PR2B: dwarf
pigeon pea sown in the same rows and in two rows between the corn. DOP =
[(C x 100/Cref) - 100]. C: concentration of the nutrient in the dry matter in the
sample; Cref: optimal concentration of the nutrient in dry matter.

of the treatments may be related with the excessive
Ca verified in the corn leaves (Table 4). Calcium had
positive indices in all treatments, showing good
availability of the nutrient in the soil, especially
in the CM and PR treatments, which presented
very high indices. The higher availability of Ca in
present soil may cause its diffusion to roots in
greater quantity, and as Ca and K are absorbed by
the same mechanisms in the cellular membrane,
its absorption was probably preferential in relation
to K (Medeiros et al., 2008).

For Mg, positive indices were observed in all
of the treatments (Table 4), showing an excess
of the nutrient in the corn leaves. The highest
foliar Mg indices were obtained by the CM and
PR control treatments. Similar results were veri-
fied for foliar P. This similarity may be related to
the synergism between these two macronutrients.
According to Malavolta et al. (1989), absorption
of P is influenced by the Mg concentration in the
medium, with Mg able to carry P into the plant.

In relation to foliar S in the corn plants, a defi-
ciency was verified in the CM, PR, P1B, P2B,
and PR2B treatments. In the PR1B, there was an
excess, even though it was low (Table 4). It is worth
noting that the S deficiency occurred to a greater
degree in the treatments with lower dwarf pigeon
pea plant numbers and in the corn monocrop.
However, greater competition for S was expected
in plots with higher dwarf pigeon pea populations,
since sulfur is required in the fixing nodules for



symbiotic fixation of N,, given that this nutrient is
an element which constitutes nitrogenase (Paiva
and Nicodemo, 1994).

In the PRIB treatment, which was the only one
that presented excessive S in the corn leaves, the
lowest foliar content and lowest DOP index for
N was verified (Tables 3 and 4). From this result it
can be inferred that in the treatment less fixation
of N occurred via biological means. Thus, there
was less absorption of S by the dwarf pigeon pea,
allowing for greater use of the macronutrient on
the part of the corn plants.

No significant differences were observed for the
variables stem diameter (SD), plant height (PH),
first ear insertion height (FEIH), final plant stand
(FPS) of corn, number of ears per plant (NEP),
number of rows of grains in the ear (NRE), number
of grains per ear (NGE) and thousand grain weight
(TGW) (Tables 5 and 6).

As for the number of grains per row in the ear,
there was a significant difference between the
arrangements of dwarf pigeon pea (Table 6).

The PR arrangement was superior to the other
treatments. According to Balbinot et al. (2005), the
number of grains per row directly interferes with

Table 5 - Mean stem diameter (SD); height of plants (PH);
first ear insertion height (FEIH) and final plant
stand (FPS) of corn plants intercropped with dwarf
pigeon pea in different plant arrangements, at 85

DAE

SD PH FEIH FPS
Treatments m plants

mm m ha
M 22.7a 222a 137 a 43833 a
PR 225a 213a 149a 45233 a
P1B 225a 220a 141a 45167 a
P2B 23.7 a 219a 149a 41000 a
PR1B 214a 213a 138 a 44167 a
PR2B 239a 2.18a 137a 46667 a

CV (%) 8.49 5.26 8.17 12.26

Means followed by the same letter in the column do not differ statistically
between each other using the Tukey test with a 5% probability. CM: corn
monoculture; PR: dwarf pigeon pea sown in the same row as the corn; P1B: one
row of dwarf pigeon pea sown between the rows of corn: P2B: two rows of dwarf
pigeon pea sown between the rows of corn; PR1B: dwarf pigeon pea sown in
the same rows and in one row between the corn; and PR2B: dwarf pigeon pea
sown in the same rows and in two rows between the corn. CV (%): Coefficients
of variation.

Table 6 - Mean number of ears per plant (NEP); number of
grains per row in the ear (NGR); number of rows
of grains per ear (NRE); number of grains per ear
(NGE) and thousand grain weight (TGW) of corn
intercropped with dwarf pigeon pea in different
spatial arrangements, at 85 DAE

NEP NGR NRE NGE TGW
Treatments
Ne g

CM l4a 31.1ab 13.6a 4238a 321.6 a

PR 14a 33.0a 139a 459.0a 3244 a
P1B l.6a 305ab 145a 4448a 3251a
P2B 1.6a 31.0ab 14.6a 4540a 3228a
PR1B 16a 28.0b 144a 4052a 339.3 a
PR2B 1l.6a 315ab 144a 456.2a 3304 a

CV (%) 12.81 6.37 5.16 8.72 3.61

Means followed by the same letter in the column do not differ statistically
between each other using the Tukey test with a 5% probability. CM: corn
monoculture; PR: dwarf pigeon pea sown in the same row as the corn; P1B: one
row of dwarf pigeon pea sown between the rows of corn: P2B: two rows of dwarf
pigeon pea sown between the rows of corn; PR1B: dwarf pigeon pea sown in
the same rows and in one row between the corn; and PR2B: dwarf pigeon pea
sown in the same rows and in two rows between the corn. CV (%): Coefficient
of variation.

ear length and is the yield component that presents
the best correlation with productivity, overcoming
the other components. Sangoi (2001) points out that
the competition of plants for incident solar radia-
tion, nutrients and water determines the ear forma-
tion, since it may imply a deficiency of carbon and
nitrogen supply to the plants.

For grain yield, it was found that there was a signif-
icant difference between the evaluated treatments
(Figure 3). The corn intercropped with dwarf
pigeon pea sown in the same row as corn and in two
rows between them (PR2B) was superior to crop
monoculture and to the other plant arrangements,
which did not differ from each other. However, all
values were lower than those obtained by Arantes
et al. (2016), with yield of 9.0 t ha', using the same
corn variety and intercropping with green manure
(Calopogonium mucunoides Desv. (with a density of
21 seeds m), Pueraria phaseoloides (Roxb.) Benth
(60 seeds m™) and Neonotonia wightii (Wight & Arn)
Lackey) (30 seeds m), cultivated under the same
environmental conditions.

The superiority of PR2B in relation to the other
treatments can be attributed to the higher popu-
lation of dwarf pigeon pea plants in the system,
increasing the N uptake through biological fixa-
tion, benefiting the nutrient absorption by corn
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Figure 3 - Grain yield of corn intercropped with dwarf
pigeon pea in different spatial arrangements.
Means followed by the same letter do not differ
statistically by Tukey test at 5% probability. CM:
corn monoculture; PR: dwarf pigeon pea sown in
the same row as the corn; P1B: one row of dwarf
pigeon pea sown between the rows of corn: P2B:
two rows of dwarf pigeon pea sown between the
rows of corn; PR1B: dwarf pigeon pea sown in the
same rows and in one row between the corn; and
PR2B: dwarf pigeon pea sown in the same rows
and in two rows between the corn.

plants. This occurrence can be confirmed by the
higher N content observed in corn leaves in the
PR2B system (Tables 3 and 4). Spagnollo et al. (2002)
also verified a higher corn yield under intercrop-
ping compared to corn monoculture, attributing
the response to the N supply by green manures
(Canavalia ensiformi L., Cajanus cajan L., Stizolobium
niveum Kuntze and Glycine sp.).
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