Use of nitrogen from fertilizer and cover crops by upland
rice in an Oxisol under no-tillage in the Cerrado
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Abstract — The objective of this work was to evaluate the effects of cover crops on the yield of upland rice
(Oryza sativa) grown under no-tillage system, in the presence and absence of N fertilizer, as well as to quantify,
in the field, the use efficiency of N from urea and cover crops by upland rice, through the '*N isotope dilution
technique. The field experiment was carried out in the municipality of Selviria, in the state of Mato Grosso
do Sul, Brazil, in an Oxisol (Rhodic Hapludox) in the Cerrado (Brazilian savanna) region. The experimental
design was a randomized complete block with 15 treatments and four replicates, in a 5x3 factorial arrangement.
The treatments were four cover crops (Crotalaria juncea, Cajanus cajan, Mucuna pruriens, and Pennisetum
glaucum) + spontaneous vegetation (fallow in off-season), combined with three forms of N fertilization: control
treatment, without N fertilizer application; 20 kg ha™' N at sowing; and 20 kg ha' N at sowing plus 60 kg ha™!
N as topdressing. Rice is not affected by N fertilizer application as topdressing, when legume cover crops are
used. The use of legume cover crops provides higher grain yield and use of fertilizer-N by rice than that of
millet or fallow. Legume cover crops promote an effect equivalent to that of the application of 60 kg ha' N as
urea on rice yield.

Index terms: Oryza sativa, crop residues, isotope technique, mineralization, '°N, nutrient cycling.

Aproveitamento de nitrogénio de fertilizante e plantas de cobertura pelo arroz
de terras altas em Latossolo Vermelho sob plantio direto no Cerrado

Resumo — O objetivo deste trabalho foi avaliar os efeitos do uso de plantas de cobertura sobre a produtividade do
arroz (Oryza sativa) de terras altas cultivado em sistema plantio direto, na presenca e na auséncia de adubacao
nitrogenada, bem como quantificar, em campo, o aproveitamento de N da ureia e de plantas de cobertura pelo
arroz, com emprego da técnica de dilui¢go isotopica de *N. O experimento de campo foi realizado em Selviria,
MS, em um Latossolo Vermelho distroférrico, na regido do Cerrado. O delineamento experimental foi o de
blocos ao acaso com 15 tratamentos e quatro repeticdes, em arranjo fatorial 5x3. Os tratamentos foram quatro
espécies de plantas de cobertura (Crotalaria juncea, Cajanus cajan, Mucuna pruriens e Pennisetum glaucum) +
vegetacao espontanea (pousio), combinados com trés formas de adubagao nitrogenada: controle, sem aplicacao
de N; 20 kg ha' de N em semeadura; e 20 kg ha' de N em semeadura mais 60 kg ha' de N em cobertura. O arroz
ndo responde a aplicacdo de N em cobertura, quando leguminosas sdo usadas como plantas de cobertura. O uso
de leguminosas como planta de cobertura resulta em maior produtividade de graos e aproveitamento do N do
fertilizante pelo arroz do que o uso de milheto ou pousio. As leguminosas proporcionam efeito equivalente a
aplicagdo de 60 kg ha' de N na forma de ureia sobre a produtividade de grios de arroz.

Termos para indexacdo: Oryza sativa, residuos culturais, técnica isotopica, mineralizagdo, "N, ciclagem de
nutrientes.

Introduction producer of upland rice, also known as aerobic rice,

which is grown mainly in Asia, Africa, and Latin

Rice (Oryza sativa L.) is the most important cereal ~ America (Fageria et al., 2010). In Brazil, the average
for global food security, and Brazil is the world largest ~ grain yield of upland rice is lower than that of lowland
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rice (Santos & Rabelo, 2008), partly due to low soil
fertility and nutrient deficiency, which is one of the
most important yield-limiting factors in upland rice
production systems (Fageria et al., 2008; Nascente
etal., 2013a).

Most upland rice crops are located in the Cerrado
region, whose soils have low fertility (Fageria et al.,
2011). Among the rice crop management practices
adopted, N application through fertilizer and cover
crops provides better yield (Scivittaro et al., 2005).
Therefore, it is important to know the capacity of cover
crops to supply N for crop production (Nascente et al.,
2013b; Pacheco et al., 2013).

Rice has been used as a pioneer crop in areas of
agricultural frontiers, and, currently, with the reduced
opening of new agricultural areas, it has also been used
in cropping systems with crop rotation, especially in
areas under no-tillage (Moro et al., 2013; Nascente
et al., 2013a), in which straw as ground cover is
essential for the sustainability of the system. Rice
cultivation in no-tillage cover crops is of great interest
because of the nutrients released by the crop residue,
such as N available as ammonium (Torres et al., 2008;
Teixeira et al., 2009; Nascente et al., 2013a, 2013b),
which is essential for the initial development of
rice (Holzschuh et al., 2009; Nascente et al., 2013a;
Pacheco et al., 2013).

The availability of N by crop residues is related to the
C/N ratio of the residue. Legume cover crops used as
plant cover provide greater contribution to soil N (Silva
et al., 2009; Carvalho et al., 2011; Teodoro et al., 2011)
and can increase upland rice productivity in succession
to cover crops under no-tillage (Cazetta et al., 2008).
Grasses increase the permanence of residues on soil
surface, which can be attributed to a higher C/N ratio,
and, consequently, a lower decomposition rate (Boer
et al., 2008; Torres et al., 2008; Teixeira et al., 2009;
Pacheco et al., 2013).

The intensive and inappropriate use of soil for
agricultural production reduces soil fertility and
aggravates the degradation of soil organic matter
(SOM). The application of cover crops that supply
plant residues helps to maintain and even increase
SOM and improves soil fertility (Tejada et al., 2008;
Carvalho et al., 2011). The use of legume cover crops
can also add N through biological N fixation. Additional
benefits of cover crops are providing greater protection
and aeration to soil, which promotes root growth and

development, with positive impact, such as increased
water and nutrient retention, infiltration, and water and
nutrient availability for the crop (Cherr et al., 2006).

The effectiveness of cover crops as a source of
nutrients varies among species and cultivars, and also
with its integrated use with mineral fertilizer. Both cover
crops and mineral fertilizers are important to increase
the efficiency of fertilizer use (Muraoka et al., 2002;
Scivittaro et al., 2008; Carvalho et al., 2011). It should
be highlighted that N is one of the most yield-limiting
nutrients in crop production, particularly for cereals,
in all regions of the world (Fageria et al., 2011). The
main reason for N deficiency in annual crops is its low
recovery efficiency. In cereals, N recovery efficiency
at a global level is reported to be less than 40% (Raun
et al., 2002). This low recovery efficiency is associated
with losses by leaching, denitrification, volatilization,
and soil erosion (Raun et al., 2002; Fageria et al., 2008).

The use of the isotope technique through labeling
cover crop nutrients (e.g. “N) allows to measure
N recovery, with precise information on the
nutrient-supplying capacity of cover crops and on the
dynamics of N in the soil-plant system (Muraoka et al.,
2002; Raun et al., 2002).

The objective of this work was to evaluate the
effects of cover crops on the yield of upland rice grown
under no-tillage system, in the presence and absence of
N fertilizer, as well as to quantify, in the field, the use
efficiency of N from urea and cover crops by upland
rice, through the N isotope dilution technique.

Materials and Methods

The field experiment was carried out in the
experimental farm of the engineering college of
Universidade de Sao Paulo, located in the municipality
of Selviria, in the state of Mato Grosso do Sul, Brazil
(51° 22'W, 20°22'S, at 335 m of altitude). The soil
is classified as a loamy, cerrado phase Latossolo
Vermelho distroférrico (Santos et al., 2013), i.e, a
Typic Rhodic Hapludox (United States Department of
Agriculture, 2010). The experimental area has a history
of 19 years under conventional tillage of which the last
11 years were under no-tillage. The local climate is Aw
according to Koppen’s classification (Alvares et al.,
2013).

The initial chemical characterization of the soil,
analyzed according to the methodology described by
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Raij et al. (2001), in the 0—0.10 and 0.10-0.20-m soil
layers were, respectively: 4.9 and 4.7 pH (CaCl,);
1.0 and 0.8 g kg total N; 26 and 22 g dm? organic
matter; 30 and 25 mg dm? P (resin extractable); 32
and 20 mmol, dm? Ca; 18 and 12 mmol, dm= Mg; 2.0
and 2.6 mmol, dm= K; 31 and 38 mmol, dm= H+Al;
4.0 and 3.5 mg dm? S; cation exchange capacity of 83
and 72.6 mmol, dm?; and base saturation of 62.7 and
47.7%.

The experimental design was arandomized complete
block with 15 treatments and four replicates, in a
5x3 factorial arrangement. The treatments were four
cover crop species: sunn hemp (Crotalaria juncea L.),
pigeon pea [Cajanus cajan (L.) Millsp.], green velvet
bean [Mucuna pruriens (L.) DC.], and pearl millet
[Pennisetum glaucum (L.) R.Br] + spontaneous
vegetation (fallow soil in off-season), with or without
mineral N fertilization as urea on upland rice grown
in succession to the cover crops. The treatments
with N fertilization were: control treatment, without
N fertilizer application; 20 kg ha' N at sowing; and
20 kg ha! N at sowing plus 60 kg ha! N as topdressing.

The field experiment consisted of two phases. In the
first one (winter/spring season), COver crops were sown
0.40 m between rows for sunn hemp, pigeon pea, and
velvet bean, and 0.25 m for millet; and an area was left
with spontaneous vegetation during fallow off-season.
In the second phase (spring/summer season), upland
rice was grown under no-tillage on soil covered by
cover crop residues, with or without the application of
mineral N fertilizer.

The used plants of '*N-labeled sunn hemp, pigeon
pea, velvet bean, and pearl millet were grown
simultaneously in an area adjacent to the main
experiment, in 2x5-m microplots, with the application
of 40 kg ha! N as urea-'>N (10.37% atoms N excess) in
three equal splits at 20, 34, and 48 days after emergence
— first application to the soil; second application half to
the soil and half'to the leaves, and third application only
to the leaves. The '"N-labeled plants were harvested at
the same time as the unlabeled ones. Both '*N-labeled
and unlabeled plants were cut into small pieces, and
samples were taken for chemical and isotopic "N
analysis. Regarding spontaneous vegetation, no plants
were unlabeled with 'SN.

In the cover crop microplots, unlabeled plant
material of sunn hemp, pigeon pea, velvet bean, and
pearl millet was substituted by the equivalent amount
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of ’N-labeled plants, i.e., 1.39, 1.16, 1.74, and 2.11%
atoms N, respectively.

Cover crops and spontaneous vegetation were cut
mechanically with straw crusher and chemically with
herbicide, up to 70 days after sowing (DAS); the crop
residues were left on soil surface and used as mulch in
the field.

In succession to cover crops (spring/ summer
season), the upland rice crop, cultivar IAC 202,
was sown mechanically (second phase), at a 0.35-m
spacing between rows and a density of approximately
200 seeds per square meter, in 60 main plots, each
8x12 m. In each main plot, one 1.0x2.1-m microplot
(equivalent to six rice rows) was set for '*N-labelled
fertilizer (2.5 atom % excess '"N-enriched urea) and/
or cover crop residues, which were: sunn hemp = 1.39
atoms % "“N; pigeon pea = 1.16 atoms % "*N; velvet
bean = 1.74 atoms % '*N; and pearl millet=2.11 atoms
% "N. The urea-"’N and '"N-labelled cover residues
were added on different microplots, to distinguish N
derived from the respective sources of this nutrient.

Basal phosphorus and potassium fertilizer were
applied as triple superphosphate (40 kg ha'! P,Os) and
potassium chloride (40 kg ha! K,0), respectively.
A total of 20 kg ha' N fertilizer, as urea, was applied
manually after sowing, whereas 60 kg ha'! N as
topdressing was applied between rows at the beginning
of the panicle differentiation stage.

During the prolonged dry season periods,
supplemental sprinkler irrigation was applied for cover
crops and upland rice. Rice plant tops were harvested
at 113 DAS, and the following were measured: grain
yield, straw, N content, N accumulation, N in the plant
derived from urea and cover crops, N-fertilizer use,
and N in the plant derived from the soil. Rice yield
was determined outside the microplots by weighing
the grains of six 5-m long rows.

The C and N contents of cover crop residues were
determined by the dry combustion method (1,400°C),
using the Leco CN-2000 analyzer (Leco Corporation,
St. Joseph, MI, USA) (Nelson & Sommers, 1982). The
determinations of total N and atoms% "N abundance
in vegetable material, that is, in cover crops, grains,
and rice straw, were performed using isotope ratio
mass spectrometry (IRMS) with an automatic analyzer
ANCA-SL 20-20 (Europe Scientific Ltd., Crewe, UK),
according to the methodology described by Barrie &
Prosser (1996).
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The following were -calculated according to
International Atomic Energy Agency (2001), Asagi &
Ueno (2009), and Zhu et al. (2014): total accumulated
N; percentage (Ndfcc) and quantity in kg ha
(QNdfcc) of N in rice plant derived from cover crops
and from urea (Ndff in percentage and Ndff in kg ha"!,
respectively); and use efficiency of N from cover crop
and urea by rice plants.

The calculations of total accumulated N (kg ha'),
Ndfcc, and QNdfcc in rice plant derived from Ndff and
QN(dft, as well as use efficiency of N from cover crop
and urea by rice plants were performed according to
Asagi & Ueno (2009) and Zhu et al. (2014).

The contribution of N from cover crops equivalent
to N fertilizer (urea) was obtained by the first derivative
of the quadratic polynomial function: y = ¢ + bN - AN?,
equaling it to the productivity, without N application,
of the cover crop that provided the highest rice grain
yield.

Data were analyzed statistically by the F test,
and means were compared by Tukey’s test, at 5%
probability. Statistical analyses were carried out using
the SAS package, version 8.2 (SAS Institute, Cary,
NC, USA).

Results and Discussion

Shoot dry matter (SDM) productivity of the cover
crops followed the decreasing order: sunn hemp
(11.3 Mg ha'!) > millet (7.4 Mg ha') > pigeon pea (6.1
Mgha')>green velvetbean (4.0 Mgha!) > spontaneous
vegetation (3.1 Mg ha') (Table 1). Bordin et al. (2003)
obtained lower SDM for sunn hemp (6.9 Mg ha')
compared to millet (9.6 Mg ha'). In another study
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carried out in the municipality of Selviria, in the state
of Mato Grosso do Sul, also under no-tillage, Cazetta
et al. (2008) obtained, in two consecutive crops, lower
SDM for sunn hemp, pigeon pea, and spontaneous
vegetation (fallow), when plants were cut at 60 DAS,
besides higher values for velvet bean and similar ones
for millet. In general, biomass production and nutrient
uptake is an intrinsic characteristic of each cover crop
species (Carvalho et al., 2011; Pacheco et al., 2013).
However, biomass production of cover crops is also
affected by environmental conditions, soil fertility, and
crop management practices (Fageria et al., 2005).

Sunn hemp (N = 17.5 g kg! and C/N = 24.3), green
velvet bean (N = 27.2 g kg' and C/N = 15.2), and
pigeon pea (23.3 g kg! and C/N = 18.4) had a higher N
concentration in dry matter and a lower C/N ratio than
millet (11.3 g kg' and C/N = 35.8) and spontaneous
vegetation (11.8 g kg! and C/N = 35.5) (Table 1). This
was expected since legume crop residues contain high
levels of N when compared with non-legume crops due
to their ability to fix atmospheric N through biological
nitrogen fixation (BNF) and to absorb it in the plant
tissues (Silva et al.,, 2009; Carvalho et al., 2011,
Teodoro et al., 2011).

The "N enrichment of cover crops showed that
millet (2.112%) had higher N enrichment than the
legumes pigeon pea, sunn hemp, and velvet bean, with
1.163, 1.393, and 1.741%, respectively (Table 1). This
is likely to occur because of the symbiotic association
between legumes with bacteria of the genus Rhizobium,
which promotes BNF of atmospheric N, diluting the
5N applied as fertilizer (Silva et al., 2006). Studies
have shown that the N derived from BNF in legume
manures is usually, on average, more than 60% of the

Table 1. Dry matter yield, N content, accumulated N, "N concentration, C content, C/N ratio, lignin, and total phenols in
shoot of sunn hemp (Crotalaria juncea), pigeon pea (Cajanus cajan), green velvet bean (Mucuna pruriens), pearl millet
(Pennisetum glaucum), and spontaneous vegetation, grown before rice (Oryza sativa) cultivation in the municipality of

Selviria, in the state of Mato Grosso do Sul, Brazil®.

Cover crops Dry matter N content  Accumulated N N concentra-  C (g kg') C/N ratio Lignin Phenols®
Mgha')  (gkg)  (eha) dion (%)

Sunn hemp 11.25a 17.5b 196.88a 1.393 426 24.3bc 107.3¢ 4.96b

Pigeon pea 6.13c 23.3a 142.83b 1.163 438 18.4c 146.4b 7.44b

Velvet bean 4.02d 27.2a 109.34c 1.741 414 15.2¢ 202.4a 5.35b

Pearl millet 7.43b 11.3¢ 83.96d 2.112 405 35.8a 80.4c 7.22b

Spontaneous vegetation 3.05e 11.8¢c 35.99¢ - 419 35.5a 87.6¢ 19.42a

(MValues followed by equal letters in the columns do not differ significantly by Tukey’s test, at 5% probability. ®Values expressed in equivalent grams of

tannic acid per kg of dry matter.
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accumulated fraction for green manures or cover crops
(Muraoka et al., 2002; Scivittaro et al., 2004).

The highest levels of lignin occurred in green velvet
bean (202 g kg') followed by pigeon pea (146 g kg),
whereas the lowest ones were observed in millet
(80 g kg') and spontaneous vegetation (88 g kg™)
(Table 1); however, the highest total phenol contents
occurred in spontaneous vegetation. 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 with their ratios, such as C/N, C/P, lignin/N,
polyphenols/N, and polyphenols + lignin/N (Cherr
et al., 2006; Carvalho et al., 2011; Pacheco et al.,
2013). The residues containing low concentrations of
N and high lignin and polyphenol contents decompose
and release nutrients at a slower rate (Boer et al., 2008;
Silva et al., 2009). Moreover, the C/N ratio alone
does not represent well the decomposition process of
organic materials since it does not consider the quality
of carbon (Carvalho et al., 2011).

Therefore, the rotation with legume cover crops
can result in significant inputs of N into the soil-plant
system and subsequent crops (Muraoka et al., 2002;
Carvalho et al., 2011). Studies carried out by Perin
et al. (2004) have shown that sunn hemp stood out
regarding phytomass yield, which was 108 and 31%
greater than that of spontaneous vegetation and millet,
respectively, and also that the presence of sunn hemp
resulted in larger contents of N and Ca, whereas millet
and spontaneous vegetation showed larger K content.
These studies also showed that BNF was 61% in the
intercropping with millet and 57% in sole cropping,
incorporating to the soil, via BNF, 89 and 173 kg ha' N,
respectively, being an excellent strategy for increasing
soil nitrogen.

With no N fertilizer application, rice grain yield
was significantly greater in areas previously grown
with legume cover crops than with millet or fallow
in off-season (Table 2). There was no significant
difference in rice yield among the three legume cover
crops, regardless of fertilizer application (Table 2,
rows). However, for each legume cover crop, fertilizer
application significantly increased grain yield (Table 2,
columns) compared to no fertilizer application. With
N fertilizer application at sowing and at sowing + as
topdressing, respectively, rice grain yield increased by:
23 and 36% after sunn hemp; 14 and 18% after pigeon
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pea; 16 and 22% after velvet bean; 28 and 66% after
millet; and 41 and 75% on spontaneous vegetation
(fallow in off-season).

The grain yield of rice grown after legume cover
crops, with N fertilizer application at sowing, is not
significantly different from that obtained when N was
applied both at sowing and at sowing + as topdressing
(Table 2). The highest increases in rice grain yield in
response to N fertilizer application at sowing and at
sowing + as topdressing occurred when rice was grown
after millet or fallow during the growing season.
This may be due to the lower N supply by millet and
spontaneous fallow vegetation, which certainly also
mineralized more slowly, due to its higher C/N ratio
(Boer et al., 2008; Silva et al., 2009; Carvalho et al.,
2011; Pacheco et al., 2013), as shown in Table 1.

The highest rice grain yield when N from urea was
not applied or was only applied at sowing was obtained
when legume cover crops were used, compared to millet
or fallow (Table 2). The application of N at sowing +
as topdressing provided similar grain yield regardless
of the cover crop used. This shows that the application
of N at sowing and of 60 kg ha' N as topdressing
was sufficient to supply the nutrient demand in the
treatments using millet or fallow. However, the grain
yield for these treatments was similar to those with
legume cover crops and N application only at sowing.
This result indicates that when these legume cover
crop species are used after upland rice, N topdress
application may be avoided, which is not the case
for millet or fallow. This effect was also observed in
other studies (Muraoka et al., 2002; Scivittaro et al.,
2005). Gitti et al. (2012) found that when the previous
legume crop affected rice yield, the largest yield was

Table 2. Rice (Oryza sativa) grain yield (kg ha') as affected
by rates of N from urea and cover crop species, in the
municipality of Selviria, in the state of Mato Grosso do Sul,
Brazil®.

Nrate  Sunnhemp Pigeonpea Velvetbean Pearlmillet Fallow
(kg ha') (Crotalaria  (Cajanus (Mucuna  (Pennisetum

Jjuncea) cajan) pruriens)  glaucum)
0 4,303Ab 4,517Ab 4,688Ab 3,086Bc  2,950Bc
20 5,305Aa 5,153Aa 5,426Aa 3,951Bb  4,161Bb
20+60  5,881Aa 5,333Aa 5,699Aa 5,215Aa  5,175Aa

(MValues followed by equal letters, uppercase in the rows and lowercase in
the columns, do not differ by Tukey’s test, at 5% probability.
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obtained after growing pigeon pea and the lowest one
after growing brachiaria (Brachiaria spp.) and millet.
In addition, 107 kg ha! N as urea provided the greatest
productivity of rice, regardless of the previous winter
cover crop.

The legume cover crops sunn hemp, pigeon pea, and
green velvet bean provided similar rice grain yields,
which are higher than those obtained with millet or
on fallow soil (Table 2). The contribution of legume
N to the grain yield of rice grown in sequence was, on
average, equivalent to applying 60 kg ha' N as urea,
when compared to that of rice grown in fallow soil or
in succession to millet. Estimates on the effect of sunn
hemp and velvet bean on rice grain yield have been
reported to be equivalent to fertilization with 40 kg ha™!
N as urea (Muraoka et al., 2002).

Rice straw yields (shoot biomass without grain) were:
6.80, 6.58, 6.43, 5.31, and 5.04 Mg ha’!, respectively,
for cultivation in succession to sunn hemp, pigeon
pea, green velvet bean, pearl millet, and spontaneous
vegetation (fallow in the off-season). In relation to
applied N rates, the straw yields were: 5.71, 5.97, and
6.42 Mg ha’', respectively, for N rates of 0, 20, and
80 kg ha'!. Therefore, considering the average grain
yield, which was 4,722 kg ha' (Table 2), the grain/
straw ratio was 0.74. These values are close to those
obtained by Souza et al. (2010), who evaluated lime
and nitrogen rates in soil with similar characteristics to

that used in the present study, when assessing the same
rice cultivar (IAC 202).

It was observed that cover crops and N rate affected
N content, N accumulation, and use efficiency of N
from urea by the rice crop (Table 3). Ndfcc in upland
rice was highest when grown in succession to a legume
cover crop. Rice crop grown in succession to sunn hemp
removed the highest amount of N from the cover crop
residues (Table 3), both in straw and in grain. This may
be possibly due to the higher amount of N provided to
the soil by this legume, i.e., 196.9 kg ha' (Table 1).
The rice crop N uptakes from pigeon pea and green
velvet bean were superior to that from millet. Most of
the N taken up by rice, as well as the N from cover
crops, was allocated in the grain (60%), suggesting it
is the main sink for this nutrient.

The use of mineralized N from three legume cover
crop species by the rice crop was similar (7.6%), but
higher than that for millet (5.8%). In relation to N rates,
the use of N from crop residues was similar when 20
or 80 kg ha'! N were applied, but greater than that of
treatments without N application at sowing (Table 3).

The cover crop species, rate and time of N
application (at sowing or as topdressing) affected the
rice crop’s N content, N accumulation, and use of N
from urea (Table 4). The average N uptake from urea
fertilizer by the rice crop was 34.7%, of which 19.6%
was by grains and 15.1% by straw (shoot except

Table 3. Nitrogen accumulation (straw and grain), percentage (Ndfcc), and quantity (QNdfcc) in rice plant derived from
cover crops, and N use efficiency (NUE) as affected by N rates and cover crop species, in the municipality of Selviria, in the

state of Mato Grosso do Sul, Brazil®.

Cover crop Accumulated N >N enrichment Ndfce QNdfce NUE
Straw Grain Straw Grain Straw Grain Straw Grain Straw Grain Total
(kg ha'') (%) (kg ha!)----- (%)
Sunn hemp
o 43.6b 56.6ab 0.556a 0.590a 13.7a 16.1a 6.0a 8.9a 3.04a 4.54a 7.68a
(Crotalaria juncea)
Pigeon pea
. . 38.3bc 57.1ab 0.485b 0.491b 10.3ab 10.8b 4.0b 6.2b 2.78a 4.32a 7.10a
(Cajanus cajan)
Velvet bean
43.8a 60.0a 0.512ab  0.517ab 8.4bc 8.7¢c 3.7b 5.1c 3.35a 4.69a 8.04a
(Mucuna pruriens)
Pearl millet
34.0c 46.7b 0.484b 0.493b 6.0d 2.0c 2.9d 2.33a 3.47b 5.80b
(Pennisetum glaucum)
N rate (kg ha')
0 33.3¢ 42.9¢ 0.516a 0.540a 9.4a 10.9a 3.3a 4.8b 2.35b 3.45b 5.80b
20 39.9b 54.8b 0.516a 0.539a 9.4a 10.8a 3.9a 6.2a 2.81ab 4.39a 7.20a
80 46.6a 67.6a 0.523a 0.518a 9.8a 9.5b 4.5a 6.4a 3.46a 4.93a 8.39a
Average 29 551 0S8 053295 104 39 58 288 425 703
CV (%) 8.0 12.3 14.0 9.8 24.5 9.2 25.6 9.8 25.0 11.1 12.9

(MValues followed by equal letters in the columns, for the same variable, do not differ by Tukey’s test, at 5% probability.
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grains). The efficiency of N fertilizers is commonly
low, with a recovery estimated, on overall average,
to be around 50% of the total applied N (Raun et al.,
2002; Chien et al., 2009). In the present study, at the
rate of 80 kg ha' N, the use efficiency of N from urea
by upland rice was only 25.4% (Table 4).

Regardless of the species, rice crop grown in
succession to the legume, especially pigeon pea,
provided higher use of N from urea, when compared to
millet or spontaneous vegetation (fallow during the oft-
season) (Table 4). This can be attributed to the fact that
the legumes sunn hemp, green velvet bean, and pigeon
pea had higher N concentration in dry matter and lower
C/N ratio than millet and spontaneous vegetation,
with lower N immobilization by quimiorganotrophic
microorganisms (Perin et al., 2004; Carvalho et al.,
2011; Teodoro et al., 2011). Scivittaro et al. (2004)
conducted an experiment to determine the temporal
pattern of N release from velvet bean (Mucuna aterrima
Merr.) and the dynamics of N in the cover crop in a
soil-plant system, and found that the incorporation of
cover crop promoted increased dry matter yield and N
uptake by rice plants.

The application of N to rice at sowing caused lower
N use by the crop for all treatments, when compared to
N application at sowing and as topdressing (Table 4).

Total N application at sowing was as feasible as the
fractionation of traditional N use at sowing and as
topdressing. In a study carried by Arf et al. (2015), N
application time did not affect grain yield of upland rice
under no-tillage. However, Lopes et al. (2013) found
that the application of N fertilizer fully at sowing was
also as feasible as the fractionation of the traditional
N use at sowing and as topdressing, for highland rice
grown in the Cerrado.

Muraoka et al. (2002) showed that the cover
crops velvet bean and sunn hemp provided higher
fertilizer-N use efficiency, of 79%, for upland rice crop
under rainfed conditions. The authors reported that the
cover crop effect is equivalent to the application of
40 kg ha! mineral N, and is, therefore, an alternative N
supplement for this crop. The amount of N accumulated
in SDM was 362 and 149 kg ha! N, respectively, for
velvet bean and sunn hemp.

In most studies in which cover crops are combined
with a mineral N source, there is a synergistic effect on
the use of N from these sources, i.e., a priming effect
(Muraoka et al., 2002; Scivittaro et al., 2005; Silva
etal., 2006). This is because of the importance of cover
crops incorporating to the soil other nutrients and
organic compounds that favor the development of the
root system and the biological activity that mediates

Table 4. Nitrogen accumulation (straw and grain), percentage (Ndff), and quantity (QNdfY) in rice plant derived from fertilizer
(urea), and N use efficiency (NUE) as affected by N rates and cover crop species, in the municipality of Selviria, in the state

of Mato Grosso do Sul, Brazil®.

Accumulated N 5N enrichment Ndff QNdff NUE
Cover crop Straw Grain Straw Grain Straw Grain Straw Grain Straw Grain Total
(kg ha'') ) el (kg ha'')---—- (%)
Sunn hemp
0.599b 0.689a 59.5a 67.8ab 9.3b 12.9a 5.3a 8.7a 13.23ab 20.92a 34.15b
(Crotalaria juncea)
Pigeon pea
0.681ab  0.751a 45.6ab 59.0abe 12.6ab 15.4a 5.7a 9.0a 22.69a 20.19a 42.88a
(Cajanus cajan)
Velvet bean
0.679ab  0.684a 52.3ab 69.0a 12.5ab 12.7a 6.3a 8.4a 15.94ab 21.05a 36.99b
(Mucuna pruriens)
Pearl millet
. 0.746ab  0.756a 38.1bc 55.6bc 15.2ab 15.6a 5.0a 8.3a 11.43b 17.56a 28.98¢
(Pennisetum glaucum)
Fallow 0.801a 0.799a 30.4c 51.9¢ 17.4a 17.3a 5.0a 8.9a 12.32ab 18.06a 30.39¢
N rate (kg ha'')
20@ 0.596b 0.514b 44.0a 51.7¢c 9.2b 5.9b 3.9b 3.0b 19.59ab 14.87b  34.46ab
20@ + 60 0.579b 0.539b 50.2a 70.1a 8.5b 6.9b 4.2b 4.8b 20.91a 23.87a 44.78a
20 + 60@ 0.816a 0.946a 41.4a 62.5ab 18.0a 23.2a 6.7a 13.8a 11.10bc  22.94ab  34.04ab
80@ 0.811a 0.944a 45.1a 58.4bc 17.8a 23.1a 7.1a 13.2a 8.89¢ 16.54b 25.43b
Average 0701 073 4518 607 134 48 5587 15101960 3470
CV (%) 16.0 18.2 14.6 13.6 16.2 17.8 16.2 19.8 19.6 13.5 14.7

(MValues followed by equal letters in the columns, for the same variable, do not differ by Tukey’s test, at 5% probability. ®Labeled with '*N.
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the mineralization process of organic materials. Other
benefits are also observed in the physical environment,
such as moisture, temperature and aeration, and in
mycorrhizae, reflecting a greater capacity to absorb
water and nutrients.

Regardless of the plant species used as a cover crop
for N supply, the soil was the major source of N for
rice, providing more than two-thirds of the N taken
up by the crop (Figure 1). Scivittaro et al. (2004)
also detected that the soil was the main source of N
for corn (Zea mays L.). However, most of the N from
fertilizer and, mainly, from cover crops was not used
immediately by the rice crop after application (Tables
3 and 4, and Figure 1).

It is important to note that both the use of N
from cover crops and urea in the present study are
underestimated, since there was no accumulation of N
in the rice root system nor in the root system of the
cover crops, as reported by Silva et al. (2008) and
Contreras Espinal (2016).

Li et al. (2015) verified that the application of N
fertilizer in combination with green manure enhanced
wheat (Triticum aestivum L.) yield and fertilizer-N

100 -
S 80
g
=
8 607] 741 75.3 79.4 78.8 83.1
o
<
£ 407
5
on
°
Z 20 11149 10.7 85 611
0 -
Sunn Pigeon Velvet Millet Fallw
hemp pea bean

| Mo W Nae Cns |

Figure 1. Relative contribution of the evaluated N sources,
at a rate of 80 kg ha' N: urea (Ndff), cover crops (Ndfcc),
and soil (Ndfs), for N accumulated in shoots (grain +
straw), as affected by N rates and cover crop species, in
the municipality of Selviria, in the state of Mato Grosso do
Sul, Brazil. The species studied were: rice (Oryza sativa),
sunn hemp (Crotalaria juncea), pigeon pea (Cajanus cajan),
velvet bean (Mucuna pruriens), and millet (Pennisetum
glaucum).

use efficiency. Furthermore, Zhu et al. (2014) found
that Chinese milk vetch (4Astragalus sinicus L.) was an
efficient N source, alternative to chemical fertilizer, in
the intensive double-rice cropping systems, i.e., two
rice crops per year, adopted in China. As also observed
in a pot experiment (Contreras Espinal et al., 2016),
the results of the present study showed that there is an
opportunity to both reduce mineral N-fertilizer inputs
and increase the yield of upland rice and other crops in
dryland grown in succession to a legume cover crop,
under no-tillage, which are important considerations in
the Brazilian context, in which resources are limited
and there is a need to improve the crop’s productivity
and environmental sustainability.

Conclusions

1. The use of legume cover crops compared to
fallow and split application of N improves N content,
N accumulation, and fertilizer-N use efficiency by
upland rice (Orzya sativa).

2. The inclusion of legume cover crops in a cropping
system results in greater upland rice grain yield and
use efficiency of N from fertilizer, when compared
to pearl millet (Pennisetum glaucum) or spontaneous
vegetation (fallow in off-season).

3. The use of legume cover crops in no-tillage has
the potential to supply N for upland rice equivalent to
applying 60 kg ha' N as urea.

4. The urea-N use efficiency by upland rice ranges
from 25 to 45%, depending on N rate and application
time, whereas the N use efficiency by cover crops
ranges from 5.8 to 8%.

5. The previously grown legume cover crop is
an important source of N to upland rice, improves
fertilizer-N use efficiency, and, therefore, has the
potential to reduce the crop’s N requirements.
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