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Abstract

The consortium between bean and castor aims to increase the yield per unit area and sustainability in land use. This system has
several benefits, but the use of different genetic materials must be carefully evaluated, especially the behavior of smaller castor
hybrids, since little research on their use in a consortium system is available. This study aimed to evaluate the components of
production and yield of common bean cultivars and small castor hybrids, in two field experiments conducted in the intercropping
and monoculture systems, in 2015/2016 and 2016/2017 harvests, in two cultivation sites in the Midwest region of Brazil. The
experiment was arranged in a completely randomized block design, in a 4 x 2 + 6 factorial scheme, composed of four common bean
genetic materials of different growth types and colors (Pérola, BRS Esteio, BRS Pitanga, and BRSMG Realce), a consortium with two
short castor hybrid cultivars (Tamar and Agima 110204) and six additional treatments and bean and castor genetic material in
monoculture, with three replications. Agronomic components and grain yields were determined in both experiments, for bean
cultivars and castor hybrids. Bean and castor genetic materials presented the same agronomic performance in the studied
agricultural and local crops, regardless of the cropping system. The intercropping between common bean cultivars (BRS Esteio,
BRSMG Realce and BRS Pitanga) and castor hybrids (Tamar and Ag Ima) was classified as viable by the area equivalence index, since
this index presented values greater than 1.0 for the intercropping between these cultivars. Thus, it is recommended for common
bean in a system intercropped with small castor hybrids, regardless of the cultivated genetic material.

Keywords: Association of crops; Grain yield; Phaseolus vulgaris L.; Planting locations; Ricinus communis L.
Abbreviations: AEI_area equivalence indice; DAE_days after emergence.

Introduction

A growing number of research works have focused on the protein food source for the lower purchasing power classes
improvement of the techniques related to production of the Brazilian population, respectively (Teixeira et al.,
systems, seeking to maximize the exploitation of natural 2011).

resources and inputs used and minimize environmental Castor belongs to the Euphorbiaceae family and originates
impacts (Cunha et al., 2014; Santos et al., 2017). from the African continent. The main producing countries
Intercropping or consortium is the simultaneous exploitation are India, China, Brazil and Mozambique, which account for
of two or more species in the same area (Vieira et al., 2014), 96% of production (Severino and Auld, 2014). Brazil is
which has many advantages, such as the diversification of considered the third-largest producer, and the Northeast is
food production in a single area, optimization of labor, the largest Brazilian producing region (Carvalho Janior,
financial return in a shorter period of time, improved use of 2016). The country has favorable conditions for the
available resources and greater vegetative protection of the production of castors, but lacks technology, which led to the
soil against erosion. Consequently, this system reduces development of studies on the cropping system of this
pests, diseases and weeds, thus favoring the improvement culture (Pivetta et al., 2017). Most of the reported scientific
of soil fertility as well as the development of plants, among results on castor cultivation in the Midwest region address
other benefits, compared to perennial monocultures medium height to tall genetic material, with uneven
(Tchuenteu et al., 2013; Matos et al., 2014). maturity and manual harvesting (Cardoso et al., 2013; Cunha
The consortium between castor (Ricinus communis L.) and et al., 2014; Santos et al., 2017). However, a recent work
common bean (Phaseolus vulgaris L) is a promising conducted by Lisboa et al. (2018) using small castor hybrids
alternative, since one of these species is considered a raw adapted to mechanized harvesting detected their potential
material for the production of numerous products of the for cultivation under the common bean intercropping

ricino-chemical industry, while the other is considered a
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system, as well as in monoculture, in the “cerrado”
conditions in Brazil.

Brazil is the world's largest producer and consumer of
common beans. The crop belongs to the Fabaceae family,
with 3.4 million hectares planted in the 2016/2017 crop,
whose production reached 3.4 million tons of grain, with an
average yield of 1,069 kg ha'l (Conab, 2018).

As previously mentioned, the production of castors and
beans, especially by consortium, can improve the physical
and chemical characteristics of the soil. It is also
economically relevant due to their applications in industry
and human consumption.

Castor oil is used in the industry to manufacture biofuels,
soaps, lubricants, hydraulic and brake fluids, paints, dyes,
coatings, cold-resistant plastic paints, polishing waxes,
nylon, pharmaceutical products, perfumes and fertilizers
(Mutlu et al. 2010; Lima et al., 2011; Kamalakar et al., 2015;
Patel et al.,, 2016). Beans are mainly used for human
consumption, since it is a cheap source of proteins, iron,
calcium, zinc, B vitamins, carbohydrates, fibers and lysine
(Vieira, 2006; Mesquita et al., 2007; Angioi et al., 2010;
Embrapa, 2012).

The financial advantages of the consortium between castor
and common bean were evidenced by Lisboa et al. (2018),
who investigated the agronomic characteristics of common
bean cultivars and castor hybrids, intercropped and in
monoculture, and observed financial advantages in the
intercropping between these crops, since, despite the
average bean yield reduction of 463.66 kg ha?l, the
productivity of the hybrids was increased by 536.32 kg haL.
Given the importance of castor and bean crops and their
social and financial relevance, the present work aimed to
evaluate the yield and production components of common
bean cultivars and small castor hybrids, in two crops, under
the intercropping and monoculture systems, in two
cultivation sites with oxisol, in the Midwest region of Brazil.

Results and Discussion

Bean ratings

The agronomic traits of bean under intercropping and
monoculture were not affected by the crop factor, certainly
due to the proximity of the two places (+ 200 km) where the
experiments were conducted, according to the geographic
coordinates, since these experiments were conducted at the
same cultivation period.

On the other hand, the agronomic traits of common bean
under intercropping and monoculture systems were
significantly affected by the isolated factor bean cultivars.
Plant height, number of pods per plant and bean grain yield
were significantly affected by castor hybrids, isolatedly,
under the intercropping system. Regarding the interactions,
it was verified that the bean x castor hybrid interaction
affected plant height and number of pods per plant, while
the interaction between intercropping and monoculture
systems affected plant height, number of pods per plant and
grain yield.

As for plant height, common bean presented higher values
in consortium with the hybrid Tamar, except for cv. BRSMG
Realce. Overall, regardless of the castor genetic material
used in the intercropping system, the lowest values for bean
plant height were verified in cvs. Pérola and BRSMG Realce,
with averages of 58.4 and 43.8 cm, respectively (Table 2). In
relation to monocultures, cv. BRS Esteio was, once more,
superior to the other cultivars in plant height, without
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statistical difference from cvs. BRSMG Realce and Pérola
(Fig. 2A).

Considering the general averages, the higher number of
pods per plant was observed for cv. BRS Esteio, followed by
cv. Pérola (Table 3). However, the bean cultivars studied did
not differ statistically for this trait under intercropping or
monoculture systems (Fig. 2B). Teixeira et al. (2011)
investigated the agronomic performance of cvs. Pérola,
Graphite, Pontal, Requinte, Radiante and Diamante Negro,
intercropped with tall castor cv. Paraguagu, and verified that
the number of pods per plant was the production
component most affected by the intercropping system,
which agrees with the present study.

Under intercropping, common bean plants did not differ in
the number of grains per pod. However, numerically, cv. BRS
Esteio was once again superior to the other cultivars and
presented a higher number of grains per pod (Fig. 3A).
BRSMG Realce stood out for presenting the highest 100-
grain mass, followed by cv. Pérola. Similarly to that observed
in the consortium, cv. BRSMG Realce was superior in
monoculture (Fig. 3B). For Cunha et al. (2014), 100-grain
mass and number of grains per pod are production
components little affected by environmental conditions that
present high genetic heritability.

The grains of cvs. Pérola and BRS Esteio belong to the
Carioca and Black commercial group and Mesoamerican
breed. According to the Blair et al. (2010) classification, their
grains are small, and the 100-grain mass is less than 25.0 g.
Regarding grain vyield, bean cultivars differed statistically
from each other under intercropping. Cv. Pérola presented
higher productivity, followed by cvs. BRS Esteio and BRSMG
Realce (Fig. 3C). On the other hand, the lowest yield was
obtained by cv. BRS Pitanga. Bean plants reached higher
levels of vyield under monoculture, compared to
intercropping, and there was statistical difference between
them.

Results of research involving the intercropping of beans with
large castors, such as cvs. BRS Paraguacu, BRS Nordestina,
Guarani and BRS Energia (Teixeira et al., 2011; Pereira et al.,
2015), indicated that the technique reduced bean yield by
up to 50%, under the present condition.

Castor ratings

Regarding the joint analysis of variance for the agronomic
traits of castor hybrids intercropped with common bean
cultivars and their respective monocultures and the
interaction between the two agricultural systems, evaluated
in 2015/2016 and 2016 / 2017 harvests, it was observed
that, regardless of the cultivation systems used, in two
cultivation sites, no significant difference was detected
between the agricultural harvests.

The agronomic traits of castor hybrids plant height and stem
diameter were separately affected under the intercropped
system by common bean cultivars, while stem diameter,
100-grain mass, and grain yield were isolatedly affected by
the castor hybrid factor. The significance of the interactions
in intercropping was observed only in the F x M double
interaction on plant height. In monoculture, the agronomic
traits stem diameter, number of racemes per plant and 100-
grain mass were significantly affected by the isolated castor
hybrid factor.

Although no significant difference was detected, regardless
of the crop, numerically, the hybrid Agima presented plants
with higher average height in intercropping and
monoculture, while the plants belonging to the hybrid



Table 1. Results of chemical analysis of samples (0-20 cm deep) of material from the soils used, in two cultivation sites in the State
of Goias, Brazil.

Cultivation of municipalities

Attributes Andpolis Ipameri
pH (CaCly) 5.1 5.7
P (mg dm3) 3.0 3.7
K (cmol/dm-3) 0.30 0.26
Ca (cmol.dm?3) 3.2 1.9
Mg (cmol.dm-3) 1.0 0.9
Al (cmol.dm3) 0.0 0.0
H + Al (cmol.dm-3) 3.1 2.1
V(%) 60.0 59.0
Zn (mg dm-3) 1.7 4.7
Organic matter (g dm-3) 23.0 20.0
Sand (g kg?t) 500.0 620.0
Silt (g kg?) 50.0 80.0
Clay (g kg1) 450.0 300.0
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Fig 1. Daily climate data for precipitation (mm), maximum temperature (°C) and minimum temperature (°C) for the period of
conductance of the 2015/16 (Andpolis, GO) and 2016/17 (Ipameri, GO) harvests. (Data provided by the Instituto Nacional de
Meteorologia — INMET-GO).

Table 2. Average values of plant height (cm) of common bean cultivars intercropped with castor hybrids for the common bean
cultivar x castor hybrid interaction in the 2015/16 (Anépolis, GO) and 2016/17 (Ipameri, GO) agricultural harvests.

Castor hybrids Common bean cultivars

Pérola Esteio Realce Pitanga
Tamar 59.2Ac 86.7Aa 41.9Ad 68.0Ab
Agima 57.6Ab 70.8Ab 45.8Ac 57.6Bb
Overall average 58.4 78.7 43.8 62.8

Averages followed by the same letter, uppercase letter in the column and lowercase in the row, do not differ from each other at 5% probability by the Scott-Knott test.
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Fig 2. Plant height (A) and number of pods per plant (B) of common bean cultivars intercropped with castor hybrids and
monocultures in the 2015/16 (Andpolis, GO) and 2016/17 crops (Ipameri, GO).
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Table 3. Average values of number of pods per plant of common bean cultivars intercropped with castor hybrids for the common
bean cultivar x castor hybrid interaction in the 2015/16 (Andpolis, GO) and 2016/17 (Ipameri, GO) agricultural harvests.

Castor hybrids Common bean cultivars

Pérola Esteio Realce Pitanga
Tamar 12.7Ab 16.3Aa 9.8Ac 12.5Ab
Agima 12.8Aa 13.2Ba 10.4Ab 8.9Bb
Overall average 58.4 78.7 43.8 62.8

Means followed by the same letter, uppercase letters in the column and lowercase in the row do not differ from each other at 5% probability by the Scott-Knott test.

[ Monoculture I I[ntercropping

6 7 30 -
@ p a a ® a a
5 - = 25 b
3 a a ) b
a b 2 c
P A < ]
2 41 £ 20 c d
2 g C
e 3 o0 15 4
< =
o =
g 3
8 21 5 10
5 '
> =]
£y O 5
0 - T T T T 0 - T T T T
Pérola  Esteio  Realce Pitanga Pérola  Esteio  Realce Pitanga
Cultivar of common bean Cultivar of common bean
3500 ~
i
3000 o a a
< 9500 4 b
T 2500 b
=
e b
=< 2000 A C
=
L
= 1500 A d
'3
=
S 1000 A
500
0 - T T T

Pérola  Esteio  Realce Pitanga
Cultivar of common bean
Fig 3. Number of grains per pod (A), one hundred grain mass (B) and grain yield (C) of common bean cultivars intercropped with
castor hybrids and under monoculture in the 2015/16 (Andapolis, GO) and 2016/17 agricultural harvests (Ipameri, GO).

Table 4. Average values of plant height (cm) of castor hybrids intercropped with common bean cultivars for common bean x castor
hybrid interaction in the 2015/16 (Anapolis, GO) and 2016/17 (Ipameri, GO) agricultural harvests.

Castor hybrids Common bean cultivars

Pérola Esteio Realce Pitanga
Tamar 93.3Ab 80.0Ab 93.3Ab 123.3Aa
Agima 106.7Aa 96.7Aa 86.7Aa 96.7Ba
Overall averages 100.0 88.4 90.0 110.0

Averages followed by the same letters, uppercase letter in the column and lowercase in the row, do not differ from each other at 5% probability by the Scott-Knott test

Table 5. Intercropping (c) and monoculture (m) yield of common bean (Fc / Fm) and castor hybrids (Mc / Mm) and AEl in 2015/16
(Anapolis, GO) and 2016/17 (Ipameri, GO) agricultural harvests.

Common bean cultivars Castor hybrid Agima Castor hybrid Tamar

Fc/Fm Mc/Mm AE| Fc/Fm Mc/Mm AEI
Pérola 1.05 1.02 2.07 0.85 0.95 1.80
Esteio 0.78 1.05 1.83 0.77 0.90 1.67
Realce 0.41 0.98 1.39 0.88 0.74 1.62
Pitanga 0.70 0.88 1.58 0.58 1.31 1.89
Average 0.73 0.98 1.72 0.77 0.97 1.74

1310



[ Monoculture M Intercropping

@ 120
100
80 A

60

Plant height (cm)

40

20 4

0 T T

® >

Tamar Agima

Hybrid of castor bean

Stem diameter (mm)

20 4 2 =

10

0 T
Tamar

T
Agima

Hybrid of castor bean
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Fig 5. Number of racemes (A), one hundred grain mass (B) and grain yield (C) of castor hybrids intercropped with common bean
cultivars and under monoculture in the 2015/16 (Andpolis, GO) and 2016/17 agricultural harvests (Ipameri, GO).

Tamar presented lower average height in both cultivation
systems (Table 4 and Fig. 4A).

Considering the competition for light in intercropping
systems, in plantations with low availability of solar radiation
due to population density, castor plants tend to grow
excessively (Severino et al., 2006). Regarding stem diameter,
the averages differed only in monoculture, mainly for the
hybrid Agima, which presented larger stem diameter (Fig.
4B).

The castor hybrids presented no difference for the number
of racemes per plant produced under intercropping, with
identical values of racemes per plant (Fig. 5A). However,
when conducted in monoculture, the hybrid Agima
presented significantly higher results of racemes per plant
than the Tamar hybrid.
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The 100-grain mass rate was close and non-significant
among the castor plants under consortium (Fig. 5B). In
monoculture, the 100-grain mass-produced differed
significantly among hybrids, and the highest mass value was
obtained for Agima.

Regarding grain yield, no significant difference for castor
hybrids was observed between the intercropping and
monoculture systems (Fig. 5C). The results obtained
between the cropping systems demonstrate that the
intercropping with beans did not affect the grain yield of
castor hybrids studied and cultivated under intercropping
and monoculture.

Although the intercropping system affected only the grain
yield of the bean genetic materials investigated, the results
obtained with AEl, which involved the association of
common bean cultivars with small castor hybrids,



demonstrated that all intercropping systems were viable in
relation to the isolated cultivation of the two crops
(monoculture) (Table 5).

The results for the obtained AEl corroborate the findings of
Teixeira et al. (2011), who investigated the agronomic
performance of six bean cultivars intercropped with large-
castor (Paraguacu). All AEl calculated results corroborated
the efficiency of the intercropping system, with values
ranging from 1.38 to 1.71.

Materials and Method

Plant materials

The experiments were carried out in the 2015/2016 and
2016/2017 harvests, in the municipalities of Anapolis and
Ipameri, respectively, both located in the State of Goias,
Brazil, in the experimental areas of Emater and Universidade
Estadual de Goids, Ipameri Campus, with the following
geographical coordinates: 16219' S and 48218' W, at an
average altitude of 1050 m; 17243' S and 48209' W, with
average elevation of 820 m. Climate data of rain and
monthly average temperature during the period of the
experiments are presented below (Fig. 1).

Soil samples, classified as Dystroferric Red Yellow Latosol
(Embrapa, 2013), were collected from two cultivation sites
at the depth of 0-20 cm and sent to the laboratory for
physical-chemical analysis, which presented the following
results in Andpolis and Ipameri, respectively (Table 1).

Experimental design and treatments

The experiment was arranged in a randomized block design,
ina4x2+6 factorial scheme, composed of four common
bean genetic materials of different growth types and colors
(Pérola, BRS Esteio, BRS Pitanga, and BRSMG Realce), in
consortium with two short castor hybrid cultivars (Tamar
and Agima 110204) and six additional treatments, bean and
castor genetic material in monoculture), with three
replications.

The bean cultivars investigated are characterized as Pérola
(Carioca), ordinary cycle (85-95 days) and undetermined
growth habit (type Il / 1Il); BRS Esteio (Black), ordinary cycle
(89-95 days) and undetermined growth habit (type Il);
BRSMG Realce (Brindle), semi-early cycle (75-84 days) and
determined growth habit (type 1); BRS Pitanga (Purple),
normal cycle (85-95 days) and undetermined growth habit
(type Il). On the other hand, the castor hybrids are the
following: Tamar (140-160 days), with an average height of
160-170 cm and sympodial stem growth; Agimall10204
(140-160 days), with an average height of 170-180 cm and
sympodial stem growth.

Conduction of study

The castor plots under the intercropping system consisted of
four 5.0 m long rows, with a spacing of 1.0 m between them.
Two rows of beans were placed between the lines of castor,
with a spacing of 0.5 m. The two central lines of castor and
common bean were taken as a useful plot area. In the
monoculture system, the castor and bean plots had four 5.0
m long rows and spacing of 1.0 m for castor and 0.5 m for
bean, and the two central lines were harvested as useful
area.

Basic fertilization was performed by applying the
formulation 08-28-18 at a dose of 400 kg ha! in both areas,
for each crop individually. Then, the castor seed and
common bean seeds were simultaneously sown by hand, in
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the two cultivation sites, on November 15, 2015, and
November 17, 2016, and 25% more seeds were used in the
sowing of the two crops. Thinning was performed 10 and 15
DAE, aiming to reach castor and bean densities of 2 and 12
plants per linear meter, respectively. At 30 DAE, 40 kg ha
nitrogen topdressing was performed in a continuous fillet
along each bean and castor plantation line, and urea as the
source for both crops in both areas.

Traits measured

In the useful area of each experimental unit, in the two bean
cultivation areas, 10 plants were randomly collected for
plant height evaluation (measurement from soil to plant
apex) and determination of grain yield components, which
were: number of pods per plant, number of grains per pod
and average 100-grain mass. The trail to determine the grain
yield was used for the remaining plants harvested.

The castor plants were harvested in the useful area of the
cultivation plots, and four of them were used to determine
the following traits: plant height, stem diameter (0.01 mm
digital caliper, about 2 cm from the soil), number of racemes
per plant and average 100-grain mass. Grain yield was
obtained by trailing all plants harvested in the useful area of
the experimental plots. The results were expressed for the
moisture content of 12% (wet basis).

For each system evaluated, the AEl, described by Vieira et al.
(2006), was also determined. This index quantifies the
number of hectares needed for the production in
monocropping to become equal to that of one hectare of
the same crops cultivated in association (Eq. 1).

F, M,
AEl= 4 0 (1)
F

m m
where:
Fi - yield of intercropped common bean;
Fm - yield of common bean in monocropping;
M; - yield of intercropped castor; and,
Mn, - yield of common bean in monocropping.
Intercropping is efficient when AEIl is higher than 1.0,
because more than 1 hectare of monocropping will be
required to produce the same as 1 hectare of intercropping.

Statistical analysis

The data of the agronomic components of common bean
and castor hybrids were initially submitted to individual
variance analysis, in the two agricultural years, under
intercropping and monoculture systems. Then, it was
performed the analysis of the joint variance of the traits
present in both experiments, based on Banzatto and Kronka
(2006). Where relevant, a 5% probability Scott-Knott test
was employed to discriminate the effects of the crop sites,
genetic materials of common bean and castor hybrids, and
cropping systems. The effects of the interactions between
intercropping x monoculture systems were studied by the
Dunnet's test at 5% probability. The data were analyzed by
the Sisvar 5.6 statistical analysis software system (Ferreira,
2011).

Conclusions

Bean cultivars and castor hybrids presented a similar
agronomic performance in the agricultural and local crops
studied, regardless of the cropping system.

Pérola is the bean cultivar most suitable for intercropping
with castor hybrids Agima and/or Tamar.



The intercropping of common bean with small castor hybrids
is viable under monoculture and rated by AEI as higher than
1.0, regardless of the genetic materials used and the
agricultural crop year.
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