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Abstract

Crop rotation associated with the use of cover crops promotes the introduction of crop residues to the soil, with direct and indirect
effects on the availability of plant nutrients, especially nitrogen (N). The objectives of this study were to estimate the N utilization
from "*N-urea and cover crop residues (labelled with BN) of maize crops grown in succession, and evaluate the effects of the
isolated and combined use of cover crops and urea on maize plant height, yield components, and grain yield, grown under a no-
tillage system. Field research was conducted in an Oxisol (Rhodic Haplustox), Cerrado (Savannah) phase. The experimental design
was a randomized block with 20 treatments and four replications in a 5x4 factorial scheme. The treatments were four cover crops
species: sunn hemp (Crotalaria juncea L.), pigeon pea (Cajanus cajan (L.) Millsp), green velvet bean (Mucuna prurens), and millet
(Pennisetum glaucum L.) + spontaneous vegetation (fallow in the off-season), combined with four N rates: 0, 30, 90, and 150 kg ha
' applied at the sowing and topdressing stages. The results showed that legume cover crops provided maize grain yields equivalent
to the application of 80-108 kg ha™ N as urea. The urea N utilization by the maize was at an average of 43.5 % of the applied
amount. The results indicate that cover crops, particularly legume cover crops, are an important source of N to non-legume cereals.
Legumes used as cover crops can replace nitrogen fertilizers of more than 80 kg ha, which is both environmentally and
economically viable for corn production.
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Introduction

Maize has great social and economic importance worldwide, farmers with an average grain yield in excess of 10.000 kg
especially in Brazil. It is one of the most cultivated grains in ha’l, which is due to the use of new technologies, especially
the world by the multiplicity of applications in human with respect to the management of soil fertility and
consumption, animal feed, biofuel, and several other development of improved maize varieties with superior
industrial uses (Ranum et al., 2014). With 15.12 million genetics.

hectares of cropped area occupied by maize, Brazil is now a In the Savannas of Central Brazil, or the Brazilian Cerrado,
strategic country for maize production and is the world's the dominant soils are Latosols (Oxisols). No-tillage cropping
second largest maize exporter (CONAB, 2015), whose export systems were introduced to these areas in the mid-1980s.
volume comprises about a third of all global production While no-tillage has the advantage of reducing soil
(ANEC, 2013). However, during the 2014/2015 harvest, the degradation and increasing soil organic carbon, total
national average maize yield was 5.382 kg ha‘l, which was nitrogen, and microbial biomass (Machado and Silva, 2001;
considered low compared to countries such as the United Ngwira et al., 2012; Carvalho et al.,, 2014), which are the
States with 9.970 kg ha™ (USDA, 2015). This can occur in fundamental components of soil fertility, the use of cover
Brazil because the maize is grown in various regions with crops for rotation helps improve soil fertility and nutrient
different soil and climatic conditions, ranging from availability. However, the use of cover crops for improving
subsistence farming to large crops with high agricultural soil fertility in these systems has rarely been studied.
technologies with different cropping systems and purposes Brazil is one of the countries that have increased no-tillage
(Embrapa, 2006). Today, in Brazil, it is common to find agricultural area. Since the 2011/2012 growing season, of

766



the 32 million hectares under no-till management area in
Brazil approximately a third have been located on Cerrado
soil (FEBRAPDP, 2018). This corresponds to more than half of
the country's cropped area. The expansion of no-tillage
systems associated with the use of cover crops is
encouraged by the federal government, due to its
environmental benefits related to the mitigation of
greenhouse gases and carbon sequestration.

No-tillage has some basic requirements, which comprises
producing straw and crop rotation (Carvalho et al., 2015).
Maize is one of the main crops managed under the no-tillage
system in Brazil, which is grown mainly in the Savannah area
in rotation and/or succession with soybean or cotton crops.
It has been an important crop for the consolidation of no-
tillage systems in Brazil because of the large straw
contribution to soil with high C/N ratios. The non-plowing of
the soil allied to the addition of organic carbon through the
cultivation of cover crops and/or "commercial" crops, which
add great amounts of residues to the soil, is fundamental for
maintaining the balance of organic matter, which is an
important N source for the crops (Amado et al., 2002;
Scivittaro et al., 2003; Carvalho et al., 2014).

The systematic use and management of cover crops,
associated with the rotation and succession of diverse crops
for use in no-tillage systems in the Cerrado, is a strategy for
trash (mulch/crop residues) accumulation on the soil surface
(Carvalho et al., 2015). Cover crops play an important role in
no-tillage management, including protecting the soil from
erosion, increasing soil organic matter, improving chemical,
physical, and biological quality, and promoting carbon
sequestration, which allows producers to reduce costs on
fertilizers and herbicides for weed control (Carvalho et al.,
2011; Rosa et al.,, 2012; Rosolem and Calonego, 2013;
Carvalho et al., 2014). Although the amount of crop residues
added to no-tillage systems in the Cerrado region of Brazil is
generally relatively low, replacing the bare fallow period
with a cover crop can result increases in both N uptake and
the grain yield of subsequent maize crops (Maltas et al.,
2009).

Nitrogen is the most important nutrient in terms of
influencing maize yield, and is required in large quantities. It
is also the main factor that burdens the cost of production of
such a crop. Another aspect to be considered concerning the
N fertilization of maize is the source of mineral N (Amado et
al., 2002; Silva et al., 2006a). The use of cover crops, along
with mineral fertilization and maintenance of straw over the
soil, can increase the stocks of organic N in the soil (Sainju et
al., 2005; Carvalho et al., 2014). Several legumes have been
investigated for their rates of N fixation and subsequent
contribution of N in maize (Carvalho et al., 2015). The
legumes cover crops due to their ability to fix N, and take up
residual soil N in the early fall following a summer cash crop.
Cover crops are essential in highly weathered soils such as
Oxisols, in which cation exchange capacity is highly
dependent on soil organic matter (Amado et al., 2002). In
these conditions, liming and fertilization are usually not
enough to reach profitable crop vyields (Silva et al., 2007;
Carvalho et al., 2011). The importance of utilizing cover
crops has increased recently because it is an important
strategy to maintain or improve soil fertility for the
sustainable intensification of crop production (Carvalho et
al., 2015).

The availability of nutrients from crop residues is related
their C/N ratio. Legume-based cover crops provide greater
contribution to soil N (Silva et al., 2006b; Acosta et al., 2011;
Carvalho et al., 2011, 2014) and can increase maize crop
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yield in succession (Amado et al., 2002; Silva et al., 2006b).
Grasses increase the permanence of straw on the soil
surface by possessing a higher C/N ratio, and thus, have
lower a decomposition rate (Lara Cabezas et al., 2004). As N
is required in large amounts for maize production, it is of
great importance to understand the capacity of green
manures to supply N requirements for maize production.
The objectives of this study were to estimate the N
utilization of N-urea fertilizer and cover crop residues
labelled with ©°N by maize crops grown in succession, and
evaluate the effects of the isolated and combined use of
cover crops and urea on maize plant height, vyield
components, and grain yield under a no-tillage system.

Cover crops production and characterization

At 72 days after sowing (DAS), the dry matter yield of cover
crops followed the order: millet > sunn hemp > green velvet
bean > pigeon pea > spontaneous vegetation (Table 1).
Previous studies by Bordin et al. (2003) showed lower dry
matter yield for sunn hemp (6.85 Mg ha™) and millet (9.60
Mg ha’l) after 70 DAS. However, in two consecutive crops,
Cazetta et al. (2008) achieve cutting the plants at 60 DAS;
lower dry matter yield for sunn hemp, pigeon pea, and
spontaneous vegetation (fallow); higher values for velvet
bean, and similar for millet. In general, biomass production
and nutrient uptake is an intrinsic characteristic of each
cover crop species (Carvalho et al., 2011). However, they are
strongly influenced by the soil and climatic conditions of the
region, as well as the growing season (Lara Cabezas et al.,
2004).

The sunn hemp, green velvet bean, pigeon pea, and
spontaneous vegetation had higher N concentrations in dry
matter and lower C/N ratios than the millet (Table 1). This
was expected, as legume crop residues contain high levels of
N compared with non-legume crops because of their ability
to fix atmospheric N through biological nitrogen fixation and
absorb it in the plant tissues (Ambrosano et al., 2003; Silva
et al., 2008; Carvalho et al., 2015).

The N enrichment of cover crops showed that millet had a
higher N enrichment than the legumes (Table 1). This is
likely to occur, due to the symbiotic association between
legumes and the bacteria of the genus Rhizobium, which
promotes biological nitrogen fixation (BNF) of atmospheric
N, thus diluting the BN applied in the fertilizer (Silva et al.,
2006b). Millet, being a non-leguminous crop, obtained most
of the N from the applied fertilizer and, as a result, contains
higher N in the plant. Studies have shown that N which is
derived from BNF in legume green manures usually contains
an average of more than 60% of accumulated fraction
(Muraoka et al., 2002; Scivittaro et al., 2004).

The highest levels of lignin occurred in green velvet bean,
which was followed by pigeon pea; the lowest were
observed in millet and spontaneous vegetation (Table 1).
The highest total phenol contents occurred in spontaneous
vegetation, and the lowest was observed in millet (Table 1).
The decomposition of crop residues is associated with their
chemical and organic composition, especially the contents of
cellulose, hemicellulose, lignin, polyphenols, and N, as well
as their ratios such as C/N, C/P, lignin/ N, polyphenols/ N,
and polyphenols + lignin/ N (Myers et al., 1994; Carvalho et
al., 2015). Plant residues containing low concentrations of N
and high lignin and polyphenol contents decompose slowly
and, as a result, release nutrients at a slower rate (Boer et



al., 2007; Silva et al., 2008). The C/N ratio alone does not
represent the decomposition process of organic materials
well, as it does not consider the quality of carbon (Carvalho
et al.,, 2011).

Thus, rotation with leguminous cover crops can result in
significant inputs of N into the soil-plant system and
subsequent crops (Silva et al., 2006b; Acosta et al., 2011;
Carvalho et al., 2014, 2015). Studies carried out by Perin et
al. (2004) showed that sunn hemp stood out in the
phytomass yield, being 108% greater than the spontaneous
vegetation and 31% superior to millet, being that the
presence of sunn hemp resulted in larger contents of N and
Ca, while millet and spontaneous vegetation showed a
higher K content. The studies also showed that BNF was 61%
during intercropping with millet and 57% during sole
cropping, and that incorporating the soil via BNF 89 and 173
kg ha™ N, respectively, is an excellent strategy for increasing
soil N.

Maize grain yield, straw, and production components as
affected by N rates and cover crops

The plant height and ear height were higher for the maize
grown in succession to legume crops than those grown in
succession to millet or fallow (Table 2). In relation to mineral
N rates, there was a quadratic response for plant height and
a linear response for ear height (Figure 1A), with the lowest
heights observed for treatments which received no N. This is
due to the important requirement for N in the process of
photosynthesis, cell division, and expansion (Marschner,
1995; Malavolta et al., 1997). Regarding the number of rows
per ear, grains per row, and the number of grains per ear,
the highest values were in the treatments in which maize is
grown in succession to legumes or fallow (Table 1).

The highest maize weight per thousand grains was obtained
in the treatments preceded by legumes; by comparison,
there was no significant difference where maize succeeded
fallow or millet (Table 2). The number of rows per ear was
increased following the increase N fitting a quadratic model,
whereas the number of grains per row (Figure 1B), as well as
the number of grains per ear and weight per thousand grains
(Figure 1C) increased linearly with the N rate. Also, in soils
and climatic conditions similar to the present study, Costa et
al. (2012) observed that in maize grown in succession to
grasses, the nitrogen fertilizer up to 200 kg ha™ N provided
linear increases in leaf chlorophyll index, the N, P, and S
contents, production components, and grain yield of maize.
There was significant interaction between the N fertilizer
and cover crops for the grain yield of maize (Figure 1D). The
highest maize grain yields in treatments without mineral N
were obtained where legume had been grown previously,
whereas the lowest yields were observed where millet or
fallow soil was previously utilized (Table 2). Except for the
fallow treatment that received 150 kg ha™ N, the highest
grain yield was obtained where maize preceded a legume
cover crop, irrespective of the N rate. Furthermore, yield did
not significantly differ between rates of N where a legume
cover crop was used. The presence of legume residues
associated with 30 kg ha™ N applied at sowing provided a
grain yield higher than that with the application of 90 kg ha™
N where millet or fallow was used in the sequence (Figure
1D). Based on the maize yield in the legume treatments
without mineral N application, the response in grain yield
would be equivalent to applying 80 kg N ha™ to maize grown
in fallow soil, and 108 kg ha™ N to maize grown in succession
to millet (Figure 1D). Under the no-tillage system in
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Southern Brazil, studies conducted by Acosta et al. (2011)
observed that the recovery of hairy vetch BN by maize was
low (12.3 % at harvest). Although hairy vetch was not the
main source of maize N nutrition, the crop yield reached 8.2
Mg ha™ without N mineral fertilization. There was an
apparent synergism between hairy vetch residue application
and the mineral N fertilization rate of 60 kg ha™, confirming
the benefits of the combination of organic and inorganic N
sources for maize under no tillage. Balkcom and Reeves
(2005) estimated that the N fertilizer equivalence of sunn
hemp residues to a following maize crop averaged 58 kg ha'
N. The results of this study are similar to those reported by
Silva et al. (2006b), also for Cerrado Oxisol, where the N
recovery from sunn hemp without the application of urea-N
was 21.1 kg ha'; however, the grain yield (6.41 Mg ha ’1)
corresponded to the equivalent of the application of 60.5 kg
ha® N as urea, maize grown after fallow in the off-season,
and 89.0 kg ha™ N for maize in succession to millet.
Therefore, growing a legume cover crop in the off-season
can increase the amount of N recovered from legumes for
commercial cultivation and help to improve system yield.

It is important to note that the difference in yield between
the treatments receiving 90 or 150 kg ha’ N is not
economically feasible, considering the shared cost of
fertilizer and its application (Figure 1D). Nitrogen is the most
required nutrient, is used in larger quantities, and is the one
that most influences maize yield. However, it is also the
main factor that burdens the cost of production of such
crops in Brazil (Cantarella, 2007; Silva et al., 2007). It is
concluded that N fertilizer must be applied to maize crops at
sowing, even using as a legume, with N applied; thus, this
slower N release from the decomposing of cover crop
residues may represent increased resource efficiency while
reducing losses of N (Cantarella, 2007). In general, the
maximum grain yield response to N was obtained by
applying 30 kg ha™, suggesting the importance of
implementing the nutrient at sowing. It is noteworthy that
although there was a linear response for grain yield with
increasing N rates with the use of legumes, the application
of only 30 kg ha™ at sowing proportioned grain yield above 7
Mg ha™. It may be concluded that N fertilizer must be
applied to maize crop at sowing, even using legume, with N
applied as a topdressing when proceeding millet or fallow
ground. Millet resulted in the lowest grain maize vyield
compared to legumes, regardless of the N rate. This occurs
because of the potential for N immobilization following high
C/N ratio cover crops, N fertilizer rates may need to be
increased, particularly where large amounts of residue are
produced (Amado et al., 2002; Lara Cabezas et al., 2004;
Silva et al., 2006a; Boer et al., 2007; Carvalho et al., 2015).
The results from this study suggest that, among other
factors, the level of technology and the expected grain yield
should be considered in relation to the N recommendation
for maize grown in succession to legume cover crops. With
adequate dry matter yield, legumes can provide a grain yield
above 6 Mg ha™ without N fertilization.

Nitrogen uptake by maize (straw and grain) plant

The total amount of N accumulated in maize straw and grain
increased by quadratic form in relation to the mineral N rate
applied (Figure 2A). The different cover crops species grown
before maize cultivation did not affect the amount of N
derived from fertilizer urea (NPDFF) by maize straw and
grain. Likewise, the fraction of N in the maize crop derived
from mineral fertilizer urea (%NPDFF) and the amount of N



Table 1. Dry matter yield, nitrogen (N) content and accumulated >N concentration, carbon (C) content, C/N ratio, lignin, and total
phenols in the shoots of sunn hemp, pigeon pea, green velvet bean, millet, and spontaneous vegetation, grown before maize
cultivation in Selviria, MS, Brazil

15N

Dry N N L *
Cover crops Matter Content  Accumulated Plant ¢ C/NRatio Lignin Phenols
tha™ g kg'1 kg ha™ % g kg'1 g kg'1
Sunn hemp 842b 18.7b 157.8 a 1.846 405 21.7b 113.8 bc 18.14 ab
Pigeon pea 5.62c 20.5b 1155b 1.425 450 22.0b 141.1ab 16.51 ab
Velvet bean 5.87c 247 a 1449 a 1.981 414 16.8b 180.7 a 18.48 ab
Millet 136a 7.80c 106.8 b 2.251 421 54.0a 68.20 c 13.61b
S. vegetation 2.95d 14.2 b 42.00c - 424 299b 93.70 bc 20.50 a

Values followed by the same letters in columns are not significantly different (p< 0.05) amongst themselves (by Tukey test). * Values are expressed in equivalent grams of tannic acid / kg of dry
matter.
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Fig 1. Plant and first-ear height (A), grain per row and row per ear (B), grains per ear and thousand grain weight (C), and grain yield
(D), as affected by nitrogen rates and cover crops in Selviria, MS, Brazil. ** Significant by the F test at 1%.
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Table 2. Plant height, ear height, grain per rows, rows of grain per ear, grains per ear, and thousand grain weight as affected by
cover crops and nitrogen rates in Selviria, MS, Brazil

Species Plant height Ear height Grain per row Row per ear Grain per ear Weight 1000 grains
__________ e g

Sunn hemp 2.32ab 1.29a 38.72a 14.50b 558.25a 345.45a

Pigeon pea 2.28b 1.27 a 37.68 ab 14.92 a 554.99 a 346.96 a

Bean velvet 2.35a 1.30a 37.81ab 14.96 a 562.50 a 347.77 a

Millet 2.20c 1.19b 37.54 ab 14.33b 509.70 b 305.40 b

Fallow 217 c 1.13¢ 35.99b 14.62 ab 54454 a 322.52b

Values followed by the same letters in columns do not differ (p < 0.05) amongst themselves (by the Tukey’s test).
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Fig 2. Nitrogen accumulated in the straw and grain maize (A), percentage (B), amount of nitrogen derived from fertilizer urea
(NPDFF) in the straw and grain maize (C), and % nitrogen utilization from cover crops (D), as affected by nitrogen rates in Selviria,
MS, Brazil. ** Significant by the F test at 1%.
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Fig 3. Nitrogen derived from cover crops (NPDFCC) (A) in maize (straw + grain) and utilization of nitrogen derived from cover crops
by maize plants (B) in Selviria, MS, Brazil. Bars denoted by the same letter did not differ significantly (p < 0.05) according to Tukey’s.
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in the plant derived from the fertilizer (NPDFF kg ha™) also
adjusted to a quadratic regression model (Figure 2B and 2C).
In another study conducted in the same region, previously
grown sunn hemp resulted in a higher shoot dry matter and
total N accumulated by maize (Kappes et al., 2013).

The N derived from mineral fertilizer in maize straw and
grain increased with increasing N rates up to 94 kg haN.
From this point it decreased in quadratic form with
increasing N rates (Figure 2D), which is consistent with
previous results (Muraoka et al., 2002; Silva et al. 20063,
2009). However, it is emphasized that the N recovery is a
relative value to the applied N rate and, as observed in this
study (Figure 2C), the amount of NPDFF in maize plant
generally increases with increasing applied N rate (Silva et
al., 2006a; Duete et al.,, 2008). Regarding the urea N
utilization, similar result to this study, for maize grown on
velvet bean residues, were also observed by Scivittaro et al.
(2000).

On average, the urea N utilization by maize straw and grain
was 43.5% of the applied N (Figure 2D). Different N
utilization values (39-57%) have been reported for studies
with maize in Oxisol using >N labelled techniques (Grove et
al., 1980; Coelho et al., 1991; Villas B6as et al., 1999;
Scivittaro et al., 2000; Figueiredo et al., 2005; Silva et al,
2006a; Gava et al., 2006; Duete et al., 2008). This variation in
the N utilization from mineral fertilizers by maize is due to
several factors, mainly the soil and climate conditions, the
type of N fertilizer used, the fertilizer application methods
(rate, time application), and cropping systems (no-tillage or
conventional tillage) (Lara Cabezas et al., 2004; Duete et al.,
2008). Also, N losses by leaching, volatilization,
denitrification, erosion, and microbial immobilization will
influence the availability of mineral N in the soil and its
utilization by the crop (Amado et al., 2002; Lara Cabezas et
al., 2004; Cantarella, 2007).

The N utilization by maize plants applied at sowing was
lower than when applied at sowing in addition to
topdressing (Figure 2D). This may be due to the lower
demand of the N by the crop at an early stage (Varvel et al.,
1996; Silva et al., 2006a) leading to increased susceptibility
to losses and microbial immobilization.

Based on the total partition N accumulated in the maize crop
(Figure 2A), as well as N from fertilizer in straw and grain
(Figure 2C), it appears that an average of two-thirds is
allocated to grains and the remainder to straw, including
crop residues that remain in the soil after the harvest of
maize. Similar results were also observed by Coelho et al.
(1991) and Silva et al. (20064, b).

Cover crop N utilization by maize

The contribution of cover crops to maize N in relation to that
derived from fertilizer (NPDFCC) did not differ significantly
among the legume cover crops (Figure 3A). However, when
N recovery is considered, which is relative to the amount of
N applied as residues, there were differences even among
the legume cover crops, that is, green velvet bean (13.7 %)
and pigeon pea (14.7 %) performed better than sunn hemp
(10.4 %). The millet (3.0 %) was significantly lower than the
three legumes (Figure 3B). The results of this study are
similar to those obtained by Acosta et al. (2011), in which
the hairy vetch N utilization by maize was an average of 12.3
%, and by Scivittaro et al. (2003), in which the velvet bean N
utilization by maize averaged 10-14%. Silva et al. (2006b)
have already shown maize N utilization ranging from 3.4-
119 % and 12.0-21.9 % for millet and sunn hemp,
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respectively, by maize grown under no-tillage.

The results from the study showed that legume cover crop
residues (sunn hemp, green velvet bean, and pigeon pea)
provided more N to maize grown in sequence, compared to
millet residues (Figures 3A and 3B). This is in spite of larger
amounts of N in the millet residues, which suggests that
residues of these three cover crops favored soil conditions
for N uptake by the maize and, consequently, growth and
plant development. This may be due to its low C/N ratio that
has conditions for the faster and more regular release of N
and other nutrients that are mineralized concomitantly to N.
Millet on the other hand, due to its high C/N ratio, causes
the temporary immobilization of N leading to a lower
contribution of N to maize. Leal et al. (2013) also observed
that sunn hemp was more efficient than millet as a cover
crop to supply N for subsequent maize crops. Studies have
shown that the phase (phenological stage) during which N is
directly absorbed by the maize plant influences the
accumulation of dry matter for maize (Varvel et al., 1997,
Silva et al., 2006a; Cantarella, 2007).

On average, more than 85% of the N from the cover crop
residues was not utilized by maize grown in succession. In
this respect, most studies demonstrated that the majority of
N from cover crop residues accumulates in the soil,
predominantly in organic form (Harris et al., 1994; Silva et
al., 2006b; Acosta et al., 2011; Carvalho et al., 2014). Studies
have reported that less than 50% of the N incorporated into
soil in its organic form is transformed into inorganic N by
mineralization and that the other portion is found in
association with the soil microbial biomass (Mengel, 1996).
This highlights the need to emphasize soil management
systems for crops (rotation/succession) and N fertilizer that
contribute adequate amounts of N to maize crops, whether
in its organic or in inorganic form, to maintain the long term
productivity of soils.

The results indicated that there may be an opportunity to
reduce N fertilizer inputs while increasing maize yields by
growing maize in succession with legume cover crops. These
findings are in agreement with those of other researchers,
who reported that summer leguminous cover crops, such as
pigeon pea, sunn hemp, and cowpea, have the potential to
reduce and/or supplement the fertilizer N requirement for
maize crops (Mahama et al., 2016). These are important
considerations in Brazil where resources are limited and
there is a need to improve agricultural vyield and
environmental sustainability simultaneously.

Location, soil conditions, and climate

The field study was carried out at the Experimental Farm of
Faculty of Engineering, Sao Paulo State University, located in
Selviria-MS, Brazil (512 22' W and 2092 22' S, 335 m of
altitude). The soil is classified as Dystropherric Typic Rhodic
Haplustox soil (Soil Survey Staff, 2010) and Latossolo
Vermelho Distroférrico, Loamy, |Cerrado (Savanah) phase
(Santos et al., 2013). The experimental area has a history of
19 years under conventional tillage and the last 12 years in
no-tillage.

The initial chemical characteristics of the soil, analyzed
according to methods described by Raij et al. (2001) for the
layers of 0-0.10 and 0.10-0.20 m were, respectively: pH
(CaCl,) 4.9 and 4.7; total N 1.0 and 0.8 g kg'l; organic matter
26.0and 22.0g dm™; P (resin extractable) 30 and 25 mg dm’
3 ca®* 32 and 20 mmol. dm>; Mg®* 18 and 12 mmol, dm™>; K*



2.0 and 2.6 mmol, dm_3; S 4.0 and 3.5 mg dm‘3; H+Al 31 and
38 mmol. dm_a; CEC 83.0 and 72.6 mmol, dm’3; base
saturation 62.7 and 47.7 %.

Labeling the coverage plants with BN

The field experiment comprised two phases: initially
(winter/spring season) in the first phase, cover crops were
sown 0.40 m between rows for legume species (sunn hemp,
pigeon pea, and velvet bean) and 0.25 m for millet, and an
area was left with spontaneous vegetation during the fallow
ground off-season. In the second phase (spring/summer
season), maize crops were grown on soil with cover crop
residues under a no-tillage system.

>N labeled sunn hemp, pigeon pea, velvet bean, and millet
plants were obtained by growing them simultaneously in an
area adjacent to the main experiment, and applying an
equivalent of 40 kg N ha™ N as urea-"N (labelled with
10.37% atom 15N) in three equal splits at 20, 34, and 48 days
after emergence (1% application to the soil; 2" application %
to the soil and % foliar application, and 3™ application for
foliar spraying only). The BN labeled plants were harvested
at the same time as the unlabeled plants. Samples were
taken for chemical and isotopic BN analysis. The
spontaneous vegetation plants were not labelled with By,
The objective of this step was to label the cover plants with
By present in the urea, in order to track the N that these
cover crops would provide for maize in the next crop cycle.
The N labeled plants were manually collected and cut into
small pieces, as were the unlabeled plants. The cover crops
and spontaneous vegetation were cut mechanically by a
crusher with straw and herbicide glyphosate up until 72 days
after sowing (DAS). Crop residues were left on the soil
surface and used as mulch in the field. In the cover crops
microplots, unlabeled sunn hemp, pigeon pea, velvet bean,
and millet plant material were substituted by equivalent
amounts of “N labeled plants (1.846, 1.425, 1.981, and
2.251% atom 15N, for sunn hemp, pigeon pea, velvet bean,
and millet, respectively).

Experimental design and characterization of treatments

In the maize crop (second phase), the experimental design
was randomized blocks with 20 treatments and four
replications in a 5x4 factorial arrangement. The treatments
were five cover crop species, sunn hemp (Crotalaria juncea
L.), pigeon pea (Cajanus cajan L.), green velvet bean
(Mucuna prurens), millet (Pennisetum glaucum L.), and
spontaneous vegetation (fallow), combined with four N
rates (0, 30, 90, and 150 kg ha'l), using the urea-*°N
fertilizer, which was only applied to maize grown in
succession. In order to achieve a minimum of four points in
the regression curve in the N-recovery as a function of the
doses, it was necessary to insert one more dose (60 kg ha’l),
because in these analyses the dose 0 is excluded since there
is no nitrogen and it is impossible to trace. This limitation
generated data with the following nitrogen rate ranges: 0O,
30, 90, and 150 kg ha™ and others with 30, 60, 90, and 150
kg ha™. The urea-N and “N-labelled cover crop residues
were added on different microplots, to distinguish N derived
from respective sources of this nutrient.

Sowing and fertilization of plots

The maize (Pioneer hybrid simple 30F80) was mechanically
sown with spacing of 0.90 m between rows and at a density
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of 5.7 seeds per m of row. Basal fertilization at sowing was
90 kg ha® of P,0; and 60 kg ha' K,0, as single
superphosphate and potassium chloride. Except for the
control (without mineral N), N was applied manually at 30 kg
ha™ N, at seeding and with the remainder as topdressing,
between rows at the four-leaf stage.

The experimental plots had a width of 7.2 m and a length of
10.0 m and treatments that received a “N-labeled source
(plant residues or urea) had their own (separated)
microplots of 1.0 x 2.70 m. As a useful area of the plots, it
was considered as the central part, neglecting two rows of
maize on each side and 1 meter at the ends. For the
microplots, the maize center row was considered as a useful
area, with 0.20 m at the ends being neglected. Supplemental
sprinkler irrigation for both cover crops and maize were
utilized during the prolonged dry season periods.

Variables analysed

The plant height and first-ear insertion of maize were
measured before harvest. The number of rows per ear, grain
per row, and grain per ear were evaluated 20 ears from each
plot. Grain yield was determined after manually harvesting
five rows of 4 m of each plot, and determining both the
thousand grain weight and grain yield in kg ha.

The C and N content of cover crops residues were
determined by the dry combustion method (1,400 °C), using
the LECO C/N (Nelson and Sommers, 1982). The
determinations of total N and atoms % N abundance in
vegetable material (cover crops, grains, and straw maize)
were performed on a mass spectrometer (Isotope Ratio
Mass Spectrometry, IRMS) coupled to an automatic analyzer
20-20 ANCA-SL, Europe Scientific, Crewe, according to
methodology described by Barrie and Prosser (1996).

The calculations of the total N accumulated, percentage
(NPDFCC), quantity (QNPDFCC) of N in the maize plants
derived from the cover crop, N derived from urea (NPDFF
and QNPDFF), and the N utilization from cover crops and
urea by maize plants were performed according to IAEA
(2001). The contribution of N from cover crops in
equivalence to N fertilizer (urea) was obtained by the first
derivative of the quadratic polynomial function: y = c + bN -
AN?, equaling it to yield without the N application of the
cover crop that provided the highest grain yield of maize.

Statistical analyses

The obtained data were subjected to analysis of the normal
distribution (Shapiro-Wilk) and homoscedasticity of variance
(Levene). After meeting the assumptions of the tests, they
were then submitted to an analysis of variance (Test F).
When significant effects were detected at 5% probability, a
Tukey test at the 0.05 probability was used as a comparison
of means. The factors were adjusted to regression equations
of N rates. Lineal and quadratic components were tested,
and the model with the most significant degree was chosen.
Statistical analyses were carried out using the SAS package,
version 8.2 (SAS Institute, Cary, NC, USA).

Legume cover crops provided maize grain yield equivalent to
the application of 80 to 108 kg ha™ N as urea. The number of
grains per spike and the mass of grain were the components
that most influenced the maize yield. Legume cover crops,
such as sunn hemp, pigeon pea, and green velvet bean,



provided satisfactory yields of dry matter, and substitution
of the N fertilization can provide an expected yield of 6 Mg
ha™ of grain. The millet cover crop provided a lower maize
grain yield compared to legume cover crops, regardless of
mineral N rate applied. The N recovery of legume cover
crops (12.9%) by maize crop was, on average, four times the
N of millet (3.0%). Maize crops recovered an average of
43.5% of applied urea N. The study showed that the
introduction of legume cover crops under cropping rotation
provides important opportunities to increase both maize
grain yield and nutrient utilization.
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