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ABSTRACT

This study aimed to evaluate strategies for growing pigeon
pea and tephrosia intercropped with maize in different spatial
arrangements for green manure in organic snap bean farming in
succession. The experimental design was a randomized block, in a
2x3 + 1 factorial scheme, corresponding to the two species and the
cropping system (monocropping; intercropping with sowing in the
same row or between rows). The treatments consisted of pigeon pea
and tephrosia monocropping, pigeon pea or tephrosia intercropped
with maize in the same planting furrow, pigeon pea or tephrosia
intercropped with maize between rows, and maize monocropping
(control). After cutting the pre-crops, snap beans were sown. The
authors verified that the introduction of shrub leguminous plants in
intercropping did not interfere with the phytotechnical characteristics
of maize. The tephrosia monocropping and the intercropping of
this species with maize, regardless of sowing location, provided,
respectively, the highest productivities of pods and dry beans of snap
beans, compared with pigeon pea pre-cropping.

Keywords: Cajanus cajan, Tephrosia sinapou, agroecology, organic
production.

RESUMO

Adubacio verde com leguminosas arbustivas consorciadas ao
milho antecedendo o cultivo orginico de feijio-vagem

Objetivou-se avaliar estratégias para a introdugdo de guandu e
de tefrdsia consorciadas ao milho em diferentes arranjos espaciais
para fins de adubagdo verde no cultivo organico de feijao-vagem em
sucessdo. O delineamento experimental foi de blocos casualizados,
em esquema fatorial 2x3 + 1, sendo um fator formado pelas duas
espécies e o outro pelos sistemas de manejo (monocultivo; consorcio
com semeadura na mesma linha, ou na entrelinha). Destarte, os
tratamentos entdo consistiram de monocultivos de guandu e de
tefrosia, guandu ou tefrosia consorciados ao milho no mesmo sulco
de plantio e guandu ou tefrdosia consorciados ao milho nas entrelinhas,
além do monocultivo de milho (controle). Ap6s o corte dos pré-
cultivos realizou-se a semeadura de feijao-vagem. Denotou-se que
aintroducdo das leguminosas arbustivas em consércio ndo interferiu
nas caracteristicas fitotécnicas do milho. O monocultivo de tefrésia
e as estratégias de cultivo consorciado desta espécie com o milho,
independentemente da localizagdo da semeadura, proporcionam,
respectivamente, as maiores produtividades de vagens e de graos
secos de feijdo-vagem, quando comparados aos pré-cultivos
respectivos de guandu.

Palavras-chave: Cajanus cajan, Tephrosia sinapou, agroecologia,
producdo orgénica.
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‘ Jegetable production
characterized by short cycles and

intensive cultural practices. Among
these cultural practices, we highlight the
crop fertilization, which can be carried
out through several sources, depending
on local availability of inputs and the
adopted cultivation system. In organic
production systems, synthetic sources
of fertilizers are not allowed, being
fundamental to recycle nutrients through
composting, the use of previously
composted manure and other natural
sources of fertilizer.

is The use of green fertilizers also

contributes towards improving soil
fertility and crop nutrition in different
cropping systems (Lima Filho et al.,
2014). This technique consists of
growing plants with productive potential
of biomass and soil mulch, being
adopted exclusive crops or intercropping
schemes (Espindola et al., 2005). After
cut and waste decomposition, the
nutrients accumulated in the biomass are
available, benefiting crops of economic
interest cultivated in succession (Silva
etal.,2011). The most common species
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used in this management are vegetables
and grass; members of the asteraceous
and cruciferous family are also used,
though.

Research results related to the
use of green manures prior to the
cultivation of vegetables or in
intercropping demonstrate the beneficial
effect of this type of management.
Cordeiro et al. (2018) verified that the
leguminous green mucuna, provided
an increase in cabbage productivity,
submitted to organic management, when
compared with maize pre-cultivation,
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able to replace the organic mulch
fertilization without decreasing the
vegetable productivity. In another
study, Souza et al. (2019) verified that
the pre-cultivation of Crotalaria juncea
inoculated with arbuscular mycorrhizal
fungi (Glomus clarum) brought benefits
to the agronomic performance of sweet
potato under field conditions.

Castro et al. (2004) reported that
using leguminous in green manure
in pre-cultivation and intercropping
contributes significantly to N supply
for the eggplant crop and that the
amount of N introduced by biological
fixation derived from pre-cultivation
green manure and intercropped with
eggplant is sufficient to compensate
the N exported by fruit harvest. Vargas
et al. (2011) also verified positive
effects using this technique, reporting
that growing cabbage on shoot mass
or whole plant of crotalaria or jack
bean reduces the need for mineral-N
fertilization by up to 50%.

Even with all the benefits of green
manure for the crops, few studies on the
use of shrub legumes can be found in
literature. This can be associated with
the slow growing and long period of
these vegetables in the growing areas. In
this context, the aim of this study was to
evaluate strategies to introduce pigeon-
pea and tephrosia intercropped with
maize in different spatial arrangements
for green manure in organic cultivation
of snap beans planted in succession.

MATERIAL AND METHODS

The experiment was carried out
at Fazendinha Agroecoldgica km
47, located in the municipality of
Seropédica, in the metropolitan region
of Rio de Janeiro (22°46°S, 43°41°W, 33
m altitude). The soil in the experimental
area was classified as Red Yellow Argisol
(Santos et al., 2018). The chemical
properties in 0 to 20 cm layer are: pH
= 6.4; A" = 0.0 cmol /dm?; Ca™ =
3.50 cmol /dm>; Mg = 1.10 cmolc
dm?3; K*=90.14 mg dm™ and available
P = 88.25 mg dm?, analyzed using the
methodology proposed by Nogueira
& Souza (2005). The experimental
design used was randomized blocks,
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in a factorial scheme 2x3 + 1, being
one factor consisting of two species
and the other factor consisting of the
management systems (monocropping;
intercropping with sowing in the same
row, or between rows). Thus, seven
treatments were evaluated: pigeon pea
monocropping; pigeon pea intercropped
with maize in the same furrow; pigeon
pea intercropped with maize between
rows; tephrosia monocropping; tephrosia
intercropped with maize in the same
furrow; tephrosia intercropped with
maize between rows and maize BRS
Caatingueiro monocropping (control).
Each plot consisted of an area covering
25.6 m?, measuring 8.0 x 3.20 m.

In this stage, fertilization was
performed only for the maize crop,
using 2.5 t ha'! (corresponding to a
total N supply of 100 kg ha™"), splitted
into two applications, 50 kg ha' at
planting and 50 kg ha™! at top-dressing,
30 days after sowing. The authors used
fermented Bokashi compost as fertilizer
source, prepared with a mixture of 40%
leucaena leaves and 60% wheat bran.
After weighing, leucaena leaves and
wheat bran were mixed and inoculated
with an activated and dilute solution
containing Lactobacillus plantarum 10*
UFC/mL and Saccharomyces cerevisiae
10* UFC/mL. To prepare the activated
solution, we used 50 mL Embiotic®
commercial product, 50 g brown sugar
and 400 mL water, stored in a plastic
bottle for seven days. This activated
solution was diluted in 50 liters water
during the compost preparation. The
solution was added to the mixtures
in order to reach from 40 to 50%
moisture, tactilely checked by manually
compressing until a stable clod was
obtained without crumbling or running
out of liquid. Right after, the mixture
was packed in a hermetically sealed
container for 21 days.

Legumes and maize monocropping
and intercropped were sown spaced 0.8
m between rows and 0.20 m between
plants, totalizing 62,500 plants ha’!
for each species. At 90 days after
sowing, maize plants were broken at the
base of the ear to favor the growth of
intercropped legumes, leaving the ears
next to plants to be drought naturally in
the field. At 120 days after sowing, the

dried ears were harvested and evaluated
in relation to agronomic performance in
relation to productivity of grains, cob
and cob straw. Still in this evaluation,
six square meters of maize biomass
were sampled, removing a sub-sample
which was taken to a forced ventilation
oven at 65°C to quantify the dry biomass
produced and determine the nutrient
content. In relation to the leguminous
vegetables, 180 days after sowing, six
square meters were sampled in order to
quantify the green biomass production,
taking a subsample to determine dry
biomass and nutrient content, using the
same procedures described for maize.
The procedure to analyze N in the
biomass was based on Kjedahl method,
P using the colorimetric method, K using
flame photometry, Ca and Mg by the
atomic absorption method, according to
the procedures described by Nogueira &
Souza (2005).

After harvesting the dry maize and
the total development of legumes, all
the material was crushed with the aid
of a crusher (model TCP 160) and kept
on the soil, and afterwards furrows
were opened for sowing snap beans
(cv. Novirex) in succession to different
pre-crops. The authors used spacing 0.4
m between rows, density of eight plants
per linear meter, totalizing a population
of 200,000 plants ha'. We evaluated:
number of pods per plant, average pod
length, green pod productivity, number
of seeds per pod, 100-seed weight and
seed productivity. The evaluations were
carried out in alternate rows, sampling
16 linear meters from the 4 central lines,
where eight linear meters were used
for the evaluation of green pods and 8
linear meters were kept to determine dry
grain production. Data were submitted
to the variance analysis by F test and,
when the results among factors related
to intercroppings were significant, we
compared the averages using Scott-
Knott test (p<0.05). Data were evaluated
using R software (R Core Team, 2021).

RESULTS AND DISCUSSION

Productivity of dry biomass, grains,
cob and cob straw of the maize crop
(Tables 1 and 2) were not influenced
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Table 1. Productivity of grains, cob and cob straw and dry biomass of maize. Seropédica, Embrapa Agrobiologia, 2019.

Productivity (kg ha™)
Treatment
Grains Cob Cob straw Dry biomass

Maize + pigeon pea row 452234 A 573.81 A 776.36 A 4250.0 A
Maize + pigeon pea between row 4029.00 A 549.80 A 832.51A 3906.2 A
Maize + tephrosia row 4222.01 A 568.15 A 877.53 A 3156.2 A
Maize + tephrosia between rows 4954.40 A 636.71 A 870.01 A 4656.2 A
Maize monocropping 4212.53 A 536.84 A 771.92 A 2968.7 A
CV (%) 16.50 12.10 12.10 22.55

Averages followed by the same letter in the same column do not differ from each other by the Scott-Knott test and analysis of variance F

test at 5% probability.

Table 2. Productivity of grains, cob and cob straw and corn dry biomass in general averages of the intercrops. Seropédica, Embrapa

Agrobiologia, 2019.

L. Productivity (kg ha™)

Pre-cultivation

Grains Cob Cob straw Dry biomass
Maize + pigeon pea 4275.60 A 570.98 A 826.95 A 4078.12 A
Maize + tephrosia 4588.20 A 593.26 A 851.26 A 3906.25 A
Management
Row 4372.17 A 561.81 A 804.44 A 3703.12 A
Between rows 4491.69 A 602.43 A 873.77 A 4281.25 A
CV (%) 15.95 11.20 9.75 23.40

Averages followed by the same letter in the same column do not differ from each other by analysis of variance F test for cultivation and by
the Scott-Knott test for management, at 5% probablility.

Table 3. Biomass productivity of legumes in monocropping and intercropped with maize. Seropédica, Embrapa Agrobiologia, 2019.

Biomass of legumes (kg ha)

Maize + Legumes

Pre-cultivation

Leaf Stem Stem-+leaf (Total)
Pigeon pea 2788.72 A 6705.78 A 9494.51 A 1221325 A
Tephrosia 3319.53 A 529590 B 8615.44 A 11219.60 A
Management
Row 2972.10 A 5033.89 B 8006.0 B 11709.1 A
Between rows 2836.92 A 4395.98 B 70329 B 11514.1 A
Monocropping 3356.35A 8572.66 A 11926.0 A 11926.0 A
CV (%) 23.00 21.00 20.60 16.40

Averages followed by the same letter in the same column do not differ from each other by analysis of variance F test for cultivation and by
the Scott-Knott test for management, at 5% probablility.

by the legume crops in the cultivation
system, regardless of the spatial
arrangement adopted. We verified that
simultaneous planting of pigeon pea and
tephrosia shrub legumes in the maize
cultivation system is an advantageous
alternative for the management of
green manure in agricultural systems,
since in the same area it is possible
to obtain an income with the crop of
economic interest, without reduction

of productivity, and to produce a
biomass rich in N through the legume
insertion. Other studies related to
maize intercropped with legumes,
mainly the herbaceous, show benefits
of the intercropping system. Santos
et al. (2016), evaluating different
arrangements between cultivar BRS
Caatingueiro and cowpea beans, verified
that cowpea bean sown in the same
pit is the best arrangement for maize

Horticultura Brasileira 39 (3) July - September, 2021

and that the intercropping cultivations
provided greater agronomic advantages
comparing with monocropping. In
another study, Perin et al. (2007)
reported that the snap beans intercropped
with maize, when sowing in the same
row, simultaneously, do not affect the
production of green corn and grain
corn in the organic production system,
providing additional biomass in the
system.
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Table 4. Contents and accumulated amounts of N of legumes in monocropping and
intercropped with maize. Seropédica, Embrapa Agrobiologia, 2019.

N content Accumulated amounts of N

Pre-cultivation (g kg") (kg ha')

Leaf Stem Leaf Stem Total
Pigeon pea 39.0A 148 A 109.06 A 9991 A  208.98A
Tephrosia 38.7A 126 A 128.06 A 68.30B 19636 A
Management
Row 38.7A 13.9A 11526 A 70.02B 18529B
Between rows 399A 13.1A 113.12A 58.07B 171.19B
Monocropping 379 A 142 A 12730 A 1242A  251.54 A
CV (%) 6.75 13.30 25.70 26.00 22.95

Averages followed by the same letter in the same column do not differ from each other by
analysis of variance F test for cultivation and by the Scott-Knott test for management, at

5% probablility.

Table 5. Number of pods per plant, number of seeds per pod, length and productivity of pods
cultivar Novirex in succession to legumes in monocropping and intercropped with maize.

Seropédica, Embrapa Agrobiologia, 2019.

Pre-cultivation

Agronomic traits of snap-beans

# pods plant! # seeds pod™!

Length (cm) Pods (kg hat)

Pigeon pea 895A 4.05 A 12.65A 6640.62 B
Tephrosia 104 A 4.22A 13.00 A 9046.35 A
Management

Row 9.40 A 4.26 A 12.72 A 7252.7A
Between rows 9.84 A 4.02 A 12.73 A 79339 A
Monocropping 9.83A 413 A 13.02 A 8343.7A
CV (%) 17.95 14.42 6.10 16.60

Averages followed by the same letter in the same column do not differ from each other by
analysis of variance F test for cultivation and by the Scott-Knott test for management, at

5% probablility.

For agronomic performance of
legumes (Table 3), we noticed that
the dry biomass production of pigeon
pea and tephrosia was superior in the
respective monocroppings, highlighting
the competitive effect of maize in relation
to legumes. We point out that pigeon pea
and tephrosia show slow initial growth,
and that shading caused by maize in the
intercroppings could have contributed
to a lower dry biomass productivity of
the legumes when compared with the
respective monocroppings. In the study
carried out by Gongalves Junior et al.
(2012), tephrosia, under similar weather
conditions, reached a productivity
of 11.2 t ha! during 12 months of
cultivation, being this productivity
similar to the ones described in this

322

study, when cultivated in monocropping
system.

In relation to the total dry biomass
productivity of the monocroppings and
the sum of the intercropped species
(maize + legumes), the intercroppings
had productivities similar to legume
monocroppings. As previously
mentioned, maize productivity
was not influenced by the different
spatial arrangements, and through
intercroppings it is possible to grow
crops of economic interest and also
provide some additional biomass with
higher N content to the system.

N contents in the shoot area of pigeon
pea and tephrosia were not influenced
by the presence of intercropped maize,
regardless of the spatial arrangement of

cultivation (Table 4). N concentration
in the leaves in both species is higher
to the ones found in the stem, reaching
a superior value of 65.56%. For N
contents in tephrosia leaves, the results
were similar to the ones found by
Gongalves Junior (2013) under similar
climatic conditions, whereas the N
contents in pigeon pea leaves were
superior to the ones found by this
mentioned author.

In relation to N accumulated in
the shoot dry biomass, we verified
that the pigeon pea showed the
highest accumulated quantity of
this macronutrient in the stem when
compared with tephrosia. No differences
were observed between the vegetables in
relation to N accumulation in the leaves
and to the total amount of N (leaf + stem).
However, the respective pigeon pea
and tephrosia monocroppings showed
superior quantities of accumulated N
in the stem and total, when compared
with the respective intercroppings.
We highlight that the quantities of N
accumulated are directly proportional
to the amount of dry biomass produced
by the species, and that despite the
reduction in biomass production of
legumes in the intercropping caused
by competition from corn, the legumes
entered high amounts of N in the system.

Pod productivity was superior in
the treatments which showed tephrosia
pre-cultivated (Table 5). The pod
productivity in succession to tephrosia
monoculture reached 9898.4 kg ha’,
being superior in up to 40.81% when
compared to cultivation in succession
to monoculture of maize, 5859.3 kg ha’!,
demonstrating the beneficial effect of
this management practice. The highest
productivity of pods associated with
tephrosia pre-cultivation in relation to
pigeon pea can be related to the kinetics
of nutrient release of different species,
especially N, as this release may be
influenced by the factors stem/leaf
ratio and the biochemical composition
of these parts (Aita et al., 2014).
Carvalho (2012), under similar climatic
conditions, reported productivity
estimated in 9058 kg ha'! of the same
cultivar. For number of pods per plant,
number of seeds per pod and average
length, no differences were observed
between treatments.
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Table 6. 100-grain weight and dry grain productivity of cultivar Novirex in succession to
legumes in monocropping and intercropped with maize. Seropédica, Embrapa Agrobiologia,

2019.
. Agronomic traits of snap-beans, 100-seed weight (g)

Species/
management Row Between Monocropping Overall

rows average
Pigeon pea 26.12 Aa 25.13 Ba 26.08 Aa 25.84 A
Tephrosia 26.31 Ab 28.47 Aa 26.14 Ab 2691 A
Overall average 26.11 a 26.80 a 26.11 a
CV (%) 5.85

Dry grain productivity (kg ha™)

Pigeon pea 1083.6 Ba 984.01 Bb 1206.2 Aa 1201.2 A
Tephrosia 1413.4 Aa 13443 Aa 1346.7 Aa 12582 A
Overall average 1248.5a 1164.2 a 1276.5 a
CV (%) 15.45

Averages followed by the same letter, lowercase in line (managements) and uppercase in
column (legumes), do not differ from each other by Scott-Knott method and analysis of

variance F test at 5% probablility, respectively.

Productivity of dry grains was
superior in different intercroppings with
tephrosia when compared with pigeon
pea, and no significant differences were
observed for leguminous monocropping
(Table 6). Productivity of dry grains
intercropped was superior in up to
49.28% when compared to succession
with maize monocropping. Under
similar climatic conditions, evaluating
the effect of planting density on
production and quality of organic
seeds of three snap beans cultivars,
Guedes et al. (2007) verified that the
seed productivity of cultivar Novirex
in different planting densities ranged
from 1096.88 to 1574.50 kg ha!, being
comparable to the productivities found
in this study.

The authors noticed that the
introduction of shrub leguminous
plants in intercropping did not interfere
with the phytotechnical characteristics
of maize. Tephrosia monocropping and
strategies of intercropped cultivation of
this maize species, regardless of sowing
location, provided, respectively, the
highest productivities of pods and dry
grains of snap beans, when compared
to the respective pre-cultivation of
pigeon pea.
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