Australian Journal of

Crop Science

AJCS 13(03):328-334(2019) ISSN:1835-2707
doi: To be issued soon

Soil coverage, phytomass production and, nutrient accumulation in maize and legumes
intercropping system

Antonio Nolla’; Ivo Jucksh?; Jodo Henrique Castaldo®. Ramon Costa Alvarenga*; Liovando Marciano da
Costa’, Carla Raquel da Silva DamyG, Laudelino Vieira da Mota Neto’

1Professor, Universidade Estadual de Maringa — Departamento de Ciéncias Agrarias, Estrada da Paca S/N,
Umuarama — PR, Brazil, ZIP Code: 87502-000, nolla73@hotmail.com

%professor, Universidade Federal de Vigosa — Departamento de Solos, ivo@ufv.br

3Professor, Universidade Estadual de Maringa — Departamento de Ciéncias Agrarias, Estrada da Paca S/N,
Umuarama - PR, Brazil, ZIP Code: 87502-000, jhcastaldo@bol.com.br *** Author for contact.

4Researcher, Embrapa Milho e Sorgo, Rod MG 424 Km 45, Sete Lagoas - MG, Brazil, Zip Code: 35701-970
ramon.alvarenga@embrapa.br

>Professor, Universidade Federal de Vigosa — Departamento de solos, Av. Peter Henry Rolfs, S/N, Vigosa - MG,
Brazil, Zip Code: 36570-900, liovandomc@yahoo.com.br

*Master Degree, Universidade Estadual de Maringa — Departamento de Ciéncias Agrarias, Estrada da Paca S/N,
Umuarama - PR, Brazil, ZIP Code: 87502-000, motaneto@hotmail.com

7Academic, Universidade Estadual de Maringa — Departamento de Ciéncias Agrarias, Estrada da Paca S/N,
Umuarama — PR, Brazil, ZIP Code: 87502-000, motaneto@hotmail.com

Abstract

The maize intercropped with legume cover crops are used at low technological agriculture, due it’s potential to suppress weeds,
recycle nutrients, and cover the soil. Weeds suppression it is important due to its competition effect on the commercial crops. The
nutrient recycling it is important due to the low fertilizer use on low technological agriculture. The soil cover it is important to
prevent the erosion and reduce the nutrients leaching. All those positive effects can be influenced due to the cultivated species on
the consortium. This study aimed to evaluate the soil coverage, the phytomass production and, the accumulation of nutrients by
plants in a maize and legume cover crops intercropping system. The experiment consisted of rustic maize “Caiano de Sobralia”
variety, intercropped with Brazilian velvet bean, black mucuna, lablab-bean and pigeon pea; a control treatment (sole maize
culture) was added. The maize was sown on the experiment; 64 DAE, the legumes were sowed. The soil cover rates were evaluated
at 0, 64, 84, 120, and 144 DAE. The corn grains were harvested at 120 DAE, resulting in the corn grain yields. The remaining portion
of maize and entire legume cover crop plants were sampled at 144 DAE, when the accumulation of dry mass and nutrient were
measured. The consortium system did not affect the corn grains yield and, the soil cover rate provided by maize plants. The black
mucuna had the greatest weeds suppression and, nutrient accumulation among the legumes cover crops evaluated.

Keywords: Legume cover crops, organic maize, soil conservation, weeds.
Abreviation: DAE_ days after the emergence of the maize plants

Introduction
capacity, reducing, therefore, the erosion problems (Leite et

The conservationist agriculture system has practices that al., 2009). To maintain the soil quality using a low-tech
delay the soil degradation process, caused by erosion and farming system, the intercropping system, which uses
nutrient leaching, maintain the soil covered on the most part grasses, and legumes cover crop can be used, providing soil
of the time, also accumulate biomass over the soil and conservation and positive economic return to the farmer.
recycle nutrients, turning that system, a desirable However, the intercropping system should be used by
alternative to the sustainable farming. The critical period of technical criteria, preventing the legume cover crops to
soil exposure from the impact of raindrops, occurs between compete with the commercial crop, which can result in
soil preparation and 30-60 days after sowing (DAS) the lower crop yields. Through that, it is recommended to seed
crops, to prevent that, the species cultivated should these legumes after the critical period of competition with
preferably have a rapid growth rate and, good soil coverage the main crop, which occurs, on maize, up to 45 days after

the emergence (DAE) of the plants, matching the flowering
period of maize plants (Kozlowski, 2002). That way, the soil
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cover effect provided by the legumes can reduce the
development of weeds, without compromising the yield of
the main crop. The maize is used in the consortium mainly,
because of its ground coverage capacity, the favorable
architecture and aggressive root system (Risso et al., 2009).
The green fertilization, performed by the legumes,
intercropped, results in higher corn grain yields, the jack
beans (Canavalia ensiformis) (Heinrichs et al., 2002) and,
Brazilian jack-beans (Canavalia brasiliensis) (Carvalho et al.,
2011) has already proved that fertilization potential. The
legume species that can be used along with the maize, in an
intercropping system, are vast, highlighting jack beans,
cowpea (Vigna unguiculata), pigeon pea (Cajanus cajan),
lablab-beans (Lablab purpureum) and the gray (Mucuna
pruriens), black (Mucuna aterrima) and dwarf (Mucuna
deeringiana) mucunas (Castro et al., 2015). The legume
cover crops used in a consortium, in addition to increasing
the soil cover, decreasing the risk of erosion, can also
provide nutrients to the soil solution, especially nitrogen,
due to the symbiosis of those species with bacteria of the
genre Rhizobium, reducing the need for nitrogen fertilization
to the crops (Chagas-Junior et al., 2012). However, the cover
crops compete with the main crop, on intercropped system,
at different scales, depending on the humidity, air, light, and
nutrients available. One of the legume cover crops species
that has been highlighted on the consortiums, due to its soil
cover rate speed, is the black mucuna, which can fully cover
the soil after only 60 DAS (Favero, 2001; Recalde et al.,
2015).

Some authors had suggested the jack beans, in addition to
the increase in grain yields effect, cover the soil efficiently
(Padovan et al., 2011;. Perin et al., 2007, Favero et al., 2001),
which can cover 25% of the soil, only at 15 DAE and, can
reach 90% of soil cover, at only 75 DAE (Carvalho et al.,
2013), turning it in the legume cover crop, with the highest
soil coverage, and consequently, the greater potential of the
water erosion control (Cardoso et al., 2012).

The weed plants, that emerge spontaneously on the field,
are known for their harmful effect on commercial crops,
because of their competition effect on the commercial crop
plants development factors (Balbinot Junior et al., 2005).
Even though this results in reduced yields of crops, in an
intercropping system, the weeds can be important for the
sustainability of the system, due to the accumulation of dry
mass, which can also provide ground coverage with their
residues and, the nutrient recycling, contributing, for soil
conservation and its nutrients composition. Thus that, it is
needed to select the species with the greatest potential use
in an intercropping system with maize.The study was
conducted to evaluate the corn grain yields, the ground
coverage rate, the accumulation of dry mass and nutrients,
of a rustic maize and several legume cover crops, in an
intercropping system, and their interaction with weeds.

Results and Discussion

Ground coverage by maize, legumes cover crops and weeds

The maize presented, throughout its cycle, a similar ground
cover, no matter the intercropped legumes cover crop used.
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The maximum coverage rate was observed between 64 and
84 days after emergence (DAE), which matches the
flowering period and, the early grain filling. After that stage,
the coverage rate decreased, with the advance of the
development of maize, passing trough the senescence
period to the grain harvest period, wich occurred at 120 DAE
(Fig. 1). At the critical period of competition, near 45 DAE,
the maize had only competition with weeds. This
competition affected the development of maize through this
phase. It was noted that the black velvet — maize consortium
(Fig. 1A) and control (Fig. 1F) had a slightly lower ground
coverage rate achieved by corn, below 40%. In contrast,
these treatments showed the highest ground cover by
weeds. This fact demonstrates the reduction in corn
development capacity, with the intensified competition from
weeds and legumes with higher cover rate (Chiovato et al.,
2007).

Even 64 DAE of the maize, the ground cover by weeds did
not differ among treatments, because of the pressure of the
maize competition, evaluated by the ground coverage rate,
which was not at the maximum point yet (Fig. 1). Thus that,
the conditions for the development of weeds were more
favorable. However, with the development of maize, its
suppressive effect also increased. Between 64 and 84 DAE of
the maize, there was a reduction in covering rate of weeds,
as a result of the performed plowing, for the sowing the
legumes (64 DAE of the maize). Although, even without the
needing of the plowing and the seeding processes, the
control treatment was subjected to the same processes.
After 84 DAE of maize plants, there was a great
differentiation between the effects analyzed. In addition to
the reduction in the suppressive effect of maize due to the
advancement of its senescence, the legumes had already
established and started an intensive development.

The development and growth of legumes cover crop species,
resulted in different suppressive effect over the weeds,
depending on their adaptability to the consortium
conditions. At maize + black mucuna intercrop, there was a
lower initial muffling effect and suppression of weeds (Fig.
1A), because the legume had slow initial development, but
after 84 days, the ground cover rate by black mucuna greatly
increased, reaching 85% at 144 DAE of maize, agreeing to
results obtained by Queiroz et al. (2010), Erasmus et al.
(2004) and Favero et al. (2000).

Although the increase in daily coverage rate (Fig. 2),
expressed in % day'l, it's a relative measure, because the
increase is not constant during the time; it shows the
differences among the legumes. This increase obtained in
the treatments with black mucuna was 1.06, significantly
higher than the other legumes cover crop tested. Because of
that, its was the only legume that significantly reduced the
development of weeds (Fig. 1). This greater ground cover
speed of black mucuna observed, corroborating the results
obtained by Recalde et al. (2015) where it completely
covered the ground, reducing the weeds cover up to 343%,
in comparison with control. The black mucuna adapted well
to the consortium with maize, even sown after the corn



Table 1. Corn grain yield, dried phytomass production and, nutrient content of maize, legume cover crops and, weeds on the
evaluated consortiums.

Corn grainDried

Treatment yield phytomass N P K ca Me
kg ha™
Maize plants
Lablab-bean 2,020 a 4,810 a 40.88 1.92 43.77 10.58 8.66
Black mucuna 2,069 a 4,927 a 41.88 1.97 44.83 10.84 8.87
Brazilian jack beans 1,917 a 4,564 a 38.79 1.83 41.53 10.04 8.21
Jack beans 1,659 a 3,950 a 33.57 1.58 35.94 8.69 7.11
Pigeon pea 1,652 a 3,933 a 33.43 1.57 35.79 8.65 7.08
Control 2,129 a 5,068 a 43.08 2.03 46.12 11.15 9.12
Legume cover crops
Lablab-bean - 880 C 22.18 c 273 b 9.68 bc 10.12 ¢ 1.76 c
Black mucuna 5,979 a 153.65 a 1256 a 78.32 a 5859 a 10.76 a
Brazilian jack beans  ---- 718 c 17.80 c 144 b 6.24 bc 17.15 bc 2.01 c
Jack beans 1,904 b 55.02 b 4.19 b 23.23 b 31.03 b 514 b
Pigeon pea o 295 c 6.97 ¢ 0.65 b 272 c 201 ¢ 050 c
Weeds
Lablab-bean -—- 1,758 ab 30.60 ab 4.20 ab 36.60 a 1830 a 4.00 a
Black mucuna - 1,060 b 14.40 b 2.10 b 18.80 b 970 a 220 a
Brazilian jack beans  ---- 1,612 ab 28.70 ab 4.20 ab 35.30 a 15.00 a 3.50 a
Jack beans 2,150 a 35.70 ab 4.90 ab 39.80 a 1740 a 490 a
Pigeon pea -—-- 2,208 a 35.80 a 5.10 a 42.00 a 1550 a 440 a
Control - 2,682 a 39.80 a 5.70 a 41.00 a 1820 a 580 a
Total
Lablab-bean 7,448 b 93.66 b 8.85 b 90.05 b 33.23 b 1442 b
Black mucuna - 11,966 a 20993 a 16.63 a 14195 a 73.22 a 2183 a
Brazilian jack beans = ---- 6,894 b 85.29 b 7.47 b 83.07 b 3671 b 13.72 b
Jack beans 8,004 ab 124.29 ab 10.67 ab 98.97 b 5238 a 17.15 a
Pigeon pea 6,436 b 76.20 b 7.32 b 80.51 b 2144 b 1198 b
Control 7,750 b 82.88 b 7.73 b 87.12 b 23.27 b 1492 b

N = nitrogen; P = phosphorus; K = potassium; Ca = calcium and Mg = magnesium. At same component of systems, the average followed by a same letter, at column, doesn’t differ by Tukey test at
p<0.05 of error.

Table 2. Chemical and physical analysis of soil (0 — 10 cm) on treatments, at the experimental installation phase.
Brazilian jack

Soil atributes Lablab-bean Black Mucuna beans Jack beans Pigeon pea Control
ca”™ (cmol/dm’) 5.47 5.25 5.74 4.97 5.18 5.21
Mg®* (cmol/dm’) 0.68 0.64 0.80 0.63 0.61 0.68
P (mg/dm?) 12.42 9.28 9.14 8.87 6.67 8.15
K* (cmol,/dm?) 0.09 0.10 0.12 0.08 0.08 0.10
S (cmol.,/dm?) 6.24 5.99 6.66 5.68 5.87 5.99
AP* (cmol/dm®) 0.02 0.02 0.01 0.02 0.02 0.02
H* + A" (cmol/dm’) 438 472 424 476 4.78 4.69
BS" (%) 59 56 61 54 55 56
pH (H,0) 6.16 6.06 6.12 6.07 6.08 6.10
pH (KCl) 5.05 4.96 5.16 5.00 4.95 5.00
Clay (%) 19.23 19.55 17.90 19.57 19.18 18.50
oM’ (g/kg) 23.77 23.30 24.18 23.43 22.87 23.45

*BS = Bases saturation, “OM = organic matter; AI>", Ca** and, Mg*": KCl 1 mol L™ extractant; P and, K: Mehlich-1 extractant.
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grain filling was started and, the soil has a high spontaneous
infestation. According to that, the black mucuna was the
legume cover crop with the greatest potential to control
weeds.

The intercropping of jack beans (Canavalia ensiformis) +
corn, stabilized the soil coverage rate by weeds, a little over
40% (Fig. 1B), demonstrating the intermediate ability
suppression of the jack beans as a legume cover crop. The
jack bean plants increased the soil cover from 8% at 84 DAE
of maize to 61.63% at 144 DAE of maize, verifying that its
daily coverage ratio was 0.77. This confirms the potential for
a faster growth rate of the jack beans after the initial period
of establishment, in agreement to the results obtained by
Favero et al. (2001), Padovan et al. (2011) and Recalde et al.
(2015).

The Brazilian jack-beans and lablab-bean presented a final
rate ground cover 30% (Fig. 1C) and 24% (Fig. 1D),
respectively, much lower than the jack beans and, especially
the black mucuna, agreeing to the results obtained by
Teodoro et al. (2014). This indicates a lower adaptability of
these legumes to the consortium conditions, which were
established when the maize and spontaneous were already
established and providing a greater pressure of competition
to the system, corroborating with Castro and Devide (2015).
As a result, the lablab-bean and the Brazilian jack-bean were
both less efficient in controlling spontaneous, because the
weeds continued to growth until the end of the evaluation
period (Fig. 1C, Fig. 1D and Fig. 2).

Pigeon pea showed only 5% ground cover rate after 80 DAE
of maize (Fig. 1E), due to germination and emergence
problems, even considering their upright growth habit and
longer cycle, when compared to other legumes (Favero et
al., 2001). In contrast, the spontaneous at this treatment
had a similar performance to control, with soil cover rate
near 90% at the end of the evaluation period. Because of the
problems presented, these results should not be considered
as a standard for the pigeon pea + maize intercrop system,
where you can expect better performance of this legume,
with a correct establishment.

Considering the total rate of soil coverage provided by the
consortiums, it was observed that, at 64 DAE of maize, all
consortiums presented coverage rate higher than 80% (Fig.
1). This has highlighted the benefit to the soil and water
conservation, because on those conditions, the loss of soil
and water, are reduced (Silva et al.,, 2008, Blainski et al.,
2012).

Corn grain yield

The corn grain yields was very low (1,652 - 2,129 kg ha™), in
comparison with the commercial crops of maize, that are
conducted using higher technological level, where
competition among plants is minimal and, the adequate
supply of nutrients, is supplied, can achieve yields higher
than 19,000 kg ha (Caires and Mila, 2016), as does the
production of dry mass (Table 1), however, the results
considered here are for a segment of society that adopts low
technological level.

These results came from different factors, that have
influenced the systems. The first is the nutrient deficiency,
by the recycling performed by the maize + legumes and
weeds, which did not allow normal development of maize
and as a result, its growth and production were adversely
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affected (Valadares et al., 2012). These findings do not
invalidate the results achieved in this test, as they are
directed to a different reality, that is, organic corn
production by family farmers with no synthetic inputs and
cultural practices, in agreement with results obtained by
Carpentieri-Pipolo et al. (2010).

Another major factor is the competition of cereal with the
weeds. As the management of the treatments had not
controlled those plants, the competition with weeds was
settled at the beginning of the cycle and, extended
throughout the critical period of competition for maize, that
goes up to 27 days after emergence of the crop (Galon et al.
2008). At this stage, there is a great accumulation of
nutrients, that are responsible, in large part for the
production of grain and vegetable biomass. After this critical
phase (20-60 days), the maize plants continue absorbing the
nutrients for some time, but it does not compromise
productivity. For example, Pinho et al. (2009), demonstrated
that the peak of absorption of phosphorus in maize is settled
between 80 to 138 days after emergence.

Legumes cover crop mass and nutrients accumulation

Among the legumes, the black mucuna showed higher dry
mass accumulation (5,979 kg ha’l) and nutrients (153.65,
12.56, and 78.32 kg ha™ of N, P and, K, respectively),
confirming the highest coverage rate (up to 85%) provided
by this legume, while the consortium was developed (Fig. 1),
mainly due to its creeping growth habit and aggressiveness
over the weeds, confirming its played a decisive role in
suppressing the weeds and accumulating higher amounts of
nutrients (N, P, K, Ca and Mg), compared to other legumes,
in agreement with results obtained by Queiroz et al. (2010)
and Erasmus et al. (2004). Additionally, the weed plants at
black mucuna consortium accumulated less dry weight
(1,060 kg ha™) and nutrients, due to the suppression effect
exerted by the legume. The black mucuna contributed with
at least 50% of the total dry mass and, nutrient content of
the consortium (Table 1), confirming its greater adaptability
for the consortium with maize and suppression of
spontaneous.

The jack beans had an intermediate performance among the
legumes. The dry biomass production was three times lower
(1,904 kg ha'l) than the black mucuna. On the other hand,
produced twice more biomass than the lablab (880 kg ha‘l)
and, Brazilian jack-beans (718 kg ha’l) and, more than six
times than the biomass produced by the pigeon pea (295 kg
ha'l). Also, the nutrients amount immobilized followed the
same trend. Regarding the pressure to suppress the weeds,
the jack beans were not more efficient compared to the
lablab-bean, Brazilian jack-bans and, pigeon pea. This may
have occurred because, despite the high jack beans
coverage (61.39% at 80 days of its cycle), its dry mass (1,904
kg ha'l) have not been as effective in suppressing the weeds.
It seems occurred by their growth habit, jack beans
exercised less suppression of the weeds than other legumes
because, due to its rapid initial growth, it may found more
competition with maize initially. This may occur because,
erect legumes and determined growth habit, as the jack
beans, are less efficient controlling the native population
than creeping growth habit legumes. Carvalho and Amabille
(2006).



The dry mass accumulation of the lablab-bean, Brazilian jack
bean and, pigeon pea was very low (880, 718 and, 295 kg ha
! respectively). Therefore, the fixed nutrient content for
these legumes was also low (N accumulation up to 22 times
lower) and, the suppression of weeds was lower (up to 2.1
times higher weeds mass accumulation), compared to black
mucuna. Due to the low pressure on the weeds, those plants
produced more biomass (2,208 kg ha™ with pigeon pea),
getting near to the control treatment (2,682 kg ha’l). Under
these conditions, the fixed quantity of nutrients by weeds
was higher (35.8 and, 5.10 kg ha™ of N and, P, respectively),
compared to treatment with black mucuna. This poor
performance of the pigeon pea can be associated with
problems at the establishment of the plants, occurred in this
experiment, and should be retested.

Keeping the soil covered and, dry mass production is
important for contain the soil erosion and prevent the
nutrient leaching. For this, it is preferred those consortiums
that have a greater accumulation of dry mass and, nutrients
on their plants, but not reducing the performance of the
main crop. Thus that, there is some kind of balance of those
characteristics on maize consortium with black mucuna,
mainly for their higher dry mass and nutrients accumulation.

Material and Methods
Experimental plot

The experiment was settled at Embrapa Milho e Sorgo,
located at Sete Lagoas — MG (19°28' South latitude and
44°15' West longitude) in a Oxisol typical soil (Santos et al.,
2013). The chemical and granulometric characterization of
the soil is presented in Table 2. The soil was initially
mobilized with plower followed by a leveler, at which the
plant residues on the surface were incorporated.

Treatments description and experimental design

The treatments consisted of maize intercropped with the
following legumes cover crops: jack beans (Canavalia
ensiformis), Brazilian jack-bean (Canavalia brasiliensis), black
mucuna  (Mucuna  aterrima), lablab-bean (Lablab
purpureum) and pigeon pea (Cajanus cajan). Also, a control
treatment, with maize only, was added. The treatments
were installed in plots measuring 5 x 5 meters, and the
experimental design was a randomized block design with
four replications. The considered portion of plots, used to
collect the data to experiment, measured 2 x 2 meters, with
there were two lines of maize on it.

Conduction of the experiment

The rustic maize variety, called “Caiano de Sobralia” was
sown at the lines, that were spaced 1 m each, with the final
population of 50,000 plants per hectare. The legumes have
been sown 64 days after the maize, on the space between
the maize crop lines. The final stand of legumes were: five
plants per meter of jack beans, Brazilian jack-bean and, black
mucuna; seven plants per meter of lablab-bean; and, two
plants per meter of pigeon pea.
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Data gathering

The corn grains were harvested at 120 days after
emergence, collecting them from all the ears from the
considered portion of the plots; the moisture of the was
measured after 24 hours with 105°C forced air dryer, was
corrected to 13% mathematically. At 144 days after sowing
the maize, the legume cover crops were sampled and the
remaining plants were managed (cut off at its basis, and the
residues left over the ground). For the sampling, it was used
a cast framework measuring 0.5 x 0.5 m, which was released
four times randomly in each plot. Weeds plants present in
the plots were also sampled at that time, having been used
the same methodology used in the collection of leguminous
plants.

The ground cover rate provided by the system components
was measured at 30, 64, 84, 120 and, 144 days after
emergence of maize, by randomly launching four times, in
each plot, a 5 x 5 cm string gridded framework that
measures 50 x 50 cm, and comparing the matching grid
intersections with the aboveground vegetation to total
intersections of the framework.

The determination of the dry mass of the sampled plant
materials was obtained submitting the sample to a forced
circulation dryer at 65°C for 72 hours, with the results being
expressed in kg ha™. After determination of the dry mass of
the species in each plot, the samples were grinded in a Wiley
Mill type with a later blending and homogenization,
obtaining a composite sample for each material.

It was mineralized 0.2 g of composite samples via nitric,
perchloric digestion (3 ml of nitric acid: 1 ml perchloric acid),
using the resulting extract to determinate the Calcium,
Magnesium, Phosphorus, Potassium and, Nitrogen contents
on the plants, using the methodology described by Silva
(1999).

Statistical analysis

All results were submitted to analysis of variance and means
were compared by Tukey test at p<0.05 probability of error.

Conclusions

Development and growth characteristics of the species of
legume cover crops and, their adaptability to the consortium
with maize, resulted in a different suppressive effect of the
weeds.

The black mucuna has a better adaptation to the consortium
with the maize, even sown after the established cereal and,
the soil with a high infestation of weeds, it showed the
greatest potential to control the weeds and should be
preferred to jack beans and the other legume cover crops
tested.
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