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ABSTRACT: Nitrogen derived from cover crop residues may contribute to the nutrition
of onion grown under minimum tillage (MT) and cultivated in rotation. The aim of this
study was to evaluate the N transferred from different cover crop residues to the onion
crop cultivated under MT in southern Brazil. In June 2014, oilseed radish, black oat, and
oilseed radish + black oat residues labeled with >N were deposited on the soil surface
before transplanting onions. During the growth season and at harvest, young expanded
onion leaves, complete plants, and samples from different soil layers were collected
and analyzed for recovery of N-labeled residue. Oilseed radish decomposed faster
than other residues and 4 % of residue N was recovered in leaves and bulbs at harvest,
but in general, N in plant organs was derived from sources other than the cover crop
residues. In addition, leaf N was in the proper range for all treatments and was adequately
mobilized to the bases for bulbing. The N derived from decomposing residues contributed
little to onion development and the use of these plants should be chosen based on their
advantages for physical and biological soil quality.
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INTRODUCTION

Cover crops offer many benefits for farmers seeking to reduce their reliance on external
inputs (Haramoto and Gallandt, 2004). In Brazil, onion (Allium cepa L.) is grown
predominantly under conventional tillage with soil disturbance, and soil, water, and
nutrient losses from runoff may occur (Loss et al., 2015). The use of minimum tillage
(MT) has been encouraged as an alternative practice to conventional tillage. In the MT
system, onion is planted under residues of cover crops such as black oats (Avena strigosa
Schreb) and oilseed radish (Raphanus sativus L.) grown during the fall and winter, alone
or intercropped (Souza et al., 2013).

These residues protect the soil against the impact of raindrops, reduce runoff, suppress
weed growth, and increase soil water storage and nutrient release (Haramoto and
Gallandt, 2004; Mbuthia et al., 2015). The residues decompose during onion growth at
different rates, according to their biochemical properties, the environmental conditions,
and soil practices. During residue decomposition, residue N is mineralized and returns to
the soil in the mineral form, rising the availability of N forms such as nitrate (NO5-N) and
ammonium (NH,*-N) in the soil, which can be easily taken up by the crop throughout its
cycle (Craine et al., 2015). It is expected that most N forms derived from the decomposition
of residues in the soil are recovered by onion, thus promoting plant N nutrition and
reducing the levels of mineral N accumulated in the soil, consequently decreasing the
potential for N losses through leaching (Haramoto and Gallandt, 2004).

The biodegradation rate of plant material is affected by soil temperature, moisture,
pH, oxygen and nutrient content, and the amount of plant residue and its chemical
composition (Silva et al., 2016), e.g., the cellulose, lignin, and hemicellulose contents
and the C/N, lignin/N, and lignin/P ratios (Carranca et al., 2009). In general, residues from
plants like black oats, with high lignin content and high C/N, lignin/N, and lignin/P ratios
are decomposed more slowly and release N more gradually (Mohanty et al., 2013) than
residues from plants like oilseed radish, with lower lignin and higher cellulose contents
and lower C/N, lignin/N, and lignin/P ratios (Cicek et al., 2015). Therefore, maintaining
an adequate amount and type of plant residue on the soil surface is recommended
(Martins et al., 2014). However, supplying N from cover crops, alone or intercropped,
deposited on the soil surface has different patterns of release during decomposition of
the residue due to different C/N ratios and lignin and cellulose content.

Nutrient partitioning between plant organs is an important issue that directly influences
horticultural crop production (Rezaei et al., 2013) and it is highly influenced by environmental
conditions and management practices. During the onion growth cycle (approximately
115 days), plant N is mobilized from leaves to bulbs, which are organs with intense cell
division and rapid increase in dry matter production (Caruso et al., 2014).

Studies on the potential contribution of cover crop residues to onion N nutrition and
growth are lacking (Haramoto and Gallandt, 2004). Thus, our hypothesis is that N derived
from cover crop residues may contribute to the nutrition of onion grown under MT.
The objective of the current study was to determine N transfer from cover crop residues
to onion cultivated under MT in southern Brazil.

MATERIALS AND METHODS

Site description

The experiment was carried out in an onion (Allium cepa L., cv. Empasc 352 - “Bola
Precoce”) producing area cultivated under conventional tillage (plowing and harrowing)
for 20 years, until 1996. The area was at the experimental station of the Empresa
de Pesquisa Agropecudria e Extensdo Rural de Santa Catarina in the municipality of
ltuporanga, Alto Vale do Itajai region, state of Santa Catarina (SC), in southern Brazil
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(27° 24’ 52" S, 49° 36’ 9” W and altitude of 475 m). Since 1996, lime was applied on
the area to raise the soil pH(H,0) to 6.0 (CQFS-RS/SC, 2004) and MT was used for onion
production. In 2009, onions grown under rotation with black oat (Avena strigosa Schreb),
oilseed radish (Raphanus sativus L.), and rye (Secale cereale L.) was initiated.

The climate in the region is subtropical humid mesothermal (Cfa), according to the
Képpen classification system (Kottek et al., 2006), with an average annual temperature
of 17.6 °C and an average annual rainfall of 1,400 mm. The average values of air
temperature and rainfall recorded during the experimental period were 17.1, 19.3,
21.4, 24.0, and 25.4 °C and 108, 233, 165, 132, and 213 mm for August, September,
October, November, and December, respectively. The soil was classified as a Cambissolo
Humico (Souza et al, 2013) or Inceptisol (Soil Survey Staff, 2006). At the beginning of
the experiment (April 2009), the chemical and physical properties in the 0.00-0.10 m
layer were: total organic C 23.2 g dm? (Walkley-Black); pH(H,0) 6.0; P 26.6 mg kg™
and K 145.2 mg kg™ (extracted by Mehlich-1); A** 0.0 cmol, kg*, Ca** 7.2 cmol. kg*,
and Mg** 3.4 cmol, kg™ (extracted by 1 mol L KCI); CEC,y7, 14.32 cmol, kg™; base
saturation (V) 76 %; and Al saturation (m) 34 %.

The layout of the experiment was a randomized complete block design with three
treatments and eight replicates. The treatments were as follows: black oat (BO), oilseed
radish (OR), and OR + BO residues from plants that had been seeded at rates of 120,
20, and 10 + 60 kg seeds ha™, respectively (Monegat, 1991).

*N-labelling procedure for cover crops

The OR and BO cover crops were grown in a a Argissolo Vermelho Amarelo Distréfico
(Santos et al., 2013) or Typic Hapludalf soil (Soil Survey Staff, 2006), collected at the
0.00-0.20 m depth. After collection, the soil was air dried and passed through a 2 mm
sieve. In June 2014, 15 kg of sieved soil was placed in 48 polypropylene trays (0.55 m
length x 0.35 m width x 0.13 m height). The OR and BO cover crops were sown in a
greenhouse until August 2014 in those trays at densities of 18 and 3 g m™ of seeds,
respectively, corresponding to 120 and 20 kg ha™ of seeds (Monegat, 1991). Greenhouse
conditions were controlled for internal air temperature at an average of 19 °C and for
relative humidity at an average of 60 %.

Cover crops were grown with a photoperiod of approximately 12 h. Before sowing the
cover crops, a solution containing 41 g N enriched with 4 atom % "N excess was carefully
spread over the soil to label OR and BO plants with *°N. Three applications were performed:
the first application was conducted 10 days after OR and BO germination; the other two
applications were performed throughout the time of plant growth. During the growing
cycle, plants were supplied with a nutrient solution (Hoagland) free of N, and deionized
water was added to the trays to maintain soil moisture content at around 70 % of field
capacity. Weeds were removed manually to avoid uptake of N.

Seventy days after plant emergence (August 17, 2014), OR and BO shoots were harvested
near the soil surface (free of roots) to be used as cover crop residues for onion production.
A sample of each crop species was oven dried at 65 °C until constant weight, ground,
sieved at 0.5 mm, and chemically analyzed for several components (Table 1).

Residue deposition on the soil surface

For this study, the stable *°N isotope was used as a tracer to monitor the amount of
N derived from residues and recovered by onion (Brunetto et al., 2014; Inacio et al.,
2015). On August 18, 2014, cover crop residues (shoots) enriched with *°N were added
to the soil at the experimental site. Microplots of 0.5 m* (1.0 x 0.5 m) were randomly
distributed in the field and fresh residues (containing about 3.8 % N atom excess,
table 1) were applied to a weed-free soil surface with total fresh matter of 0.805 kg of
OR, 0.880 kg of BO, or 1.416 kg of OR + 0.200 kg of BO. These values corresponded
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to 16,100; 17,600; and 28,320 + 4,000 kg ha™, respectively, of fresh weight, which is
equivalent to 2,900; 4,400; and 5,100 + 1,000 kg ha™ of dry matter (DM) for OR, BO,
and OR + BO, respectively (Table 1).

The amount of residues added to the soil were equivalent to those produced in the field.
In each microplot, a 2 mm nylon mesh was fixed to the soil to cover the residues in order
to avoid their dispersion by wind, rainfall, or animals. Onions were sown in the microplots
in two 1 m length rows, for a total of 20 plants per microplot. Throughout the period of
onion growth, weeds were manually removed to avoid uptake of residue N.

Plant sampling

On each date at 28, 44, 66, and 83 days after residue addition, the youngest fully
expanded onion leaf was collected from 10 plants per microplot (Kurtz et al., 2013).
On November 10, 2014 (83 days after residue addition), three complete onion plants
were harvested and separated into leaves and bulbs. The plant material was oven dried
at 65 °C, ground, and sieved (<0.5 mm) and the DM was determined per plant.

Soil sampling

Soil samples were collected in the center of each microplot, in the 0.00-0.05, 0.05-0.10,
0.10-0.15, and 0.15-0.20 m layers. The soil was air dried and passed through a 2 mm
sieve to be analyzed for total residual N (g kg™) and % "N enrichment.

Table 1. Chemical composition of oilseed radish (OR), black oat (BO), and oilseed radish + black
oat (OR + BO) residues

OR BO OR + BO
Total organic C (g dm™) 374.9 + 4,37V 453.1 £ 0.94 387.8 £2.48
Atom % "N excess (%) 3.8508 + 0.02 3.7613 + 0.03 3.8415 + 0.01
Total N (g kg™) 31.50 + 0.51 36.70 = 0.12 32,35+ 0.34
Total P (g kg™) 28.92 + 1.12 13.95 + 0.16 26.46 + 0.96
Total K (g kg™) 15.95 + 0.57 14.30 = 1.27 15.70 = 0.28
Total Ca (g kg™) 14.88 + 0.16 3.00 + 0.08 12.93 + 0.13
Total Mg (g kg™) 8.25 +0.18 2.31 +0.06 7.27 +0.14
Cellulose (g kg™) 233.60 + 10.85 198.70 + 13.82 227.87 £ 9.73
Lignin (g kg™) 61.50 + 11.29 85.80 + 15.77 65.48 + 7.99
Non-structural biomass (g kg™) 704.90 £ 3.37 715.50 £ 14.13 706.64 = 4.09
CIN 11.90 + 0.81 12.34 £ 0.17 11.98 + 0.65
Lignin/N 1.95 + 0.38 2.34 + 0.43 2.02 + 0.27
Lignin/P 12.96 = 1.19 32.48 £ 0.73 14.65 + 0.93
Cellulose/Lignin 3.80 + 0.94 2.31 = 0.60 3.48 + 0.74
Added amount

Dry matter (kg ha™) 2,900 4,400 6,100
Total organic carbon (kg ha™) 1,087 1,994 2,365
Total N (kg ha™) 91.35 161.48 197.33
Total P (kg ha™) 83.87 61.38 161.41
Total K (kg ha) 46.25 62.92 95.77
Total Ca (kg ha™) 43.15 13.20 78.87
Total Mg (kg ha™) 23.92 10.16 44.35

' Mean = standard error (n=3). C/N: carbon/nitrogen ratio. Total organic C: method proposed by
Tedesco et al. (1995); atom % N excess: mass spectrophotometry; total N: dry combustion; total P, K, Ca,
and Mg: digestion with H,0, and concentrated H,SO,; cellulose, lignin and non-structural biomass: method
proposed by Aber and Martin (1999).
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Plant and soil analyses

Cover crops and onion plants taken at 83 days after residue addition were analyzed for
total N (g kg™) and atom % N enrichment by dry combustion and mass spectrometry
(Delta V Advantage, Thermo Fisher Scientific, Bremen, Germany), respectively.

Cover crop residues were also subjected to digestion with H,0, and concentrated H,SO,
for P determination by spectrometry, using a spectrophotometer (UV-1600, Pr6-Andlise,
Porto Alegre, Brazil); for K determination by flame photometry, using a flame photometer
(DM-62, Digimed, Sao Paulo, Brazil); for Ca and Mg contents determined by atomic
absorption spectrophotometry (A Analyst 200, Perkin Elmer, Waltham, USA); and for C
content by the method proposed by Tedesco et al. (1995). Contents of cellulose, lignin,
and non-structural biomass in plant residues were also estimated according to the
procedures described by Aber and Martin (1999).

The atom % N excess in onion, plant residues, and soil samples was calculated according
to equation 1:

Atom Nexcess in sample (%) = atom % “*Nin sample - 0.3663% Eq.1
where 0.3663 % is the % "N natural air abundance.

Onion and soil N derived from residue (% Ndfr) was calculated using equations 2 and 3:

atom Nexcess in sample Eq. 2

Nitrogen derived from residue (% Ndfr) = - - x 100
atom Nexcess in residue

. . . . % atom Nexcess in sample
Nitrogen derived from residue (Ndfr, mg) = total N in sample (mg) X - - Eq. 3
% atom Nexcess in residue

Onion and soil N derived from sources other than crop residues (% Ndfs) was calculated
using equation 4:

Nitrogen derived from ther sources (%Ndfs) = 100 - Nitrogen derived from residue (%Ndfr) Eq. 4

Statistical analysis

Data were analyzed for normality and homogeneity using the Shapiro-Wilk test and then
subjected to analysis of variance. Data were subjected to means separation using the
Tukey test at the 5 % probability level, using the Sisvar® 5.4 software. The standard error
of the mean was also estimated.

RESULTS

Influence of cover crop residues on onion dry matter yield

No differences were observed for total leaf and bulb production under the different types
and amounts of cover crop residues, averaging 5.1 and 7.9 g dry weight, respectively
(Table 2). This indicates that the amount of N released from residues was not particularly
different from each cover crop.

N concentration in onion leaves during the growth cycle

The highest total N content in onion leaves was observed for the OR treatment, particularly
in leaves taken at 28 and 44 days after residue addition onto the soil as compared to leaves
collected at 63 and 83 days (Table 3). In onions grown under the OR + BO combination,
the highest N content was observed in leaves collected at 44 days after residue addition
(Table 3). The % Ndfr in onion leaves was also highest under the OR treatment, particularly
at the 28, 44, and 63 day sampling period (Table 3). In plants grown under the BO and
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Table 2. Dry matter yield (DMY), total N, atom BN excess, N derived from residue (Ndfr), and N derived from other sources (Ndfs)
in leaves, bulbs, and leaves + bulbs of onion plants collected at harvest time (83 days after residue addition), in response to soil
treatment with oilseed radish (OR), black oat (BO), and oilseed radish + black oat (OR + BO) residues

Treatment DMY Total N NA::::sss Ndfr Ndfs
grerorgan gkg’ TSI % AN o R N o
Leaves
OR 5.02 a¥ 233D 116.84 ab 0.1347 a 3.58 a 412 a 96.42 b 112.71b
BO 5.93 a 26.4 a 155.72 a 0.0389 b 1.01b 1.66 b 98.99 a 154.06 a
OR + BO 443 a 24.8 a 109.35b 0.0185 b 0.48 c 0.51c 99.52 a 108.84 b
CV (%) 14.20 8.94 4.79 19.74 15.77 21.18 0.17 4.82
Bulbs
OR 9.00 a 16.2 a 145.03 a 0.1335a 3.55a 5.25a 96.45 b 139.61 a
BO 793 a 16.4 a 127.43 a 0.0379 b 0.99b 1.25b 99.01 a 126.18 a
OR + BO 6.79 a 17.7 a 114.15 a 0.0184 ¢ 0.48 c 0.53b 99.51b 113.61 a
CV (%) 17.13 26.81 5.83 20.49 20.52 26.00 0.17 5.84
Leaves + Bulbs
OR 14.02 a - 261.87 a - - 9.37 a - 252.32 a
BO 13.86 a - 283.15 a - - 291b - 280.24 a
OR + BO 11.22 a - 223.50 a - - 1.04 c - 22245 a
CV (%) 10.48 - 4.09 - - 23.47 - 11.16

" For each plant organ, means followed by the same lowercase in the column do not differ among treatments (p>0.05) by the Tukey test.
@ CV: coefficient of variation.

OR + BO residue additions, the % Ndfr in leaves did not vary over the sampling period.
In contrast, the % Ndfs in leaves of onions grown with the OR treatment was higher at
day 83, but there was no significant difference from leaves collected at day 63 (Table 3).
Overall, the % Ndfs in onion leaves was higher in the BO and OR + BO treatments than
in the OR treatment, and it did not vary during the period of onion growth.

N partition in onion organs at harvest

Nitrogen accumulated in onion leaves at harvest (83 days after residue addition) was
significantly higher under the BO treatment (156 mg g™ leaf DW) than the other treatments
(Table 2). The N concentration in leaves collected at harvest for the BO and OR + BO
treatments was higher than the total N in the youngest fully expanded leaves collected
at day 83 (Table 3). This seems to indicate that leaf sampling in onion plants must be
very judicious. Unlike leaves, total N in the bulbs did not vary with the residue treatment
(Table 2), but the highest Ndfr was observed in bulbs cultivated under the OR treatment,
whereas the highest value of % Ndfs was found in bulbs produced under the BO treatment.

N distribution in the soil

The highest total N content and % Ndfr in the soil was observed in the uppermost layer
(0.00-0.05 m) for all treatments. These values decreased along the soil profile, without
any variation at lower depths (Table 4).

DISCUSSION

Residue N recovered by onion plant organs

The % Ndfr in onion leaves taken at the first sampling date (28 days after residue addition)
under the addition of OR residue was higher than in leaves collected later and higher
than in leaves of plants grown under the BO and OR + BO treatments. Apparently, this
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Table 3. Total N, atom N excess, N derived from residues (Ndfr), and N derived from other
sources (Ndfs) in the youngest fully expanded onion leaves collected at 28, 44, 63, and 83 days
after addition of oilseed radish (OR), black oat (BO), and intercropped oilseed radish + black oat
(OR + BO) residues

Days after residue

. OR BO OR + BO
28 38.2 aA” 33.8 abB 32.3bB
Total N 44 38.3aA 34.5 aA 38.5 aA
(9 kg™ DW) 63 28.3 bA 27.9 cA 29.2 bA
83 28.6 bA 29.8 bcA 28.6 bA
28 0.2076 aA 0.0636 aB 0.0290 aB
Atom N 44 0.2273 aA 0.0690 aB 0.0253 aB
excess (%) 63 0.1636 abA 0.0473 aB 0.0183 aB
83 0.1066 bA 0.0536 aAB 0.0160 aB
28 5.52 aA 1.66 aB 0.75 aB
N (%) 44 6.04 aA 1.79 aB 0.66 aB
63 4.35 abA 1.22 aB 0.48 aB
83 2.83 bA 1.39 aB 0.42 aB
28 94.48 bB 98.35 aA 99.25 aA
44 93.96 bB 98.21 aA 99.34 aA
Ndfs (%)
63 95.65 abB 98.78 aA 99.52 aA
83 97.17 aB 98.61 aB 99.58 aA

DW: dry weight. ™ For each variable and column, means followed by the same lowercase letter do not differ
according to sampling period (p>0.05) by the Tukey test; for each sampling period, means with the same
uppercase letter in the line do not differ (p>0.05) by the Tukey test.

Table 4. Total N, atom N excess, and N derived from residue (Ndfr) in different layers of soil
treated with cover crop residues and cultivated with onion [Treatments: oilseed radish (OR), black
oats (BO), and oilseed radish + black oats (OR + BO)]

Layer OR BO OR + BO Ccv
m %
0.00-0.05 2.6 aA" 2.6 aA 2.9 aA 14.07
Total N (g kg?) 0.05-0.10 1.8 bA 2.4 abA 2.3 abA 16.94
0.10-0.15 1.5 bA 1.1 bcA 1.4 bA 4.33
0.15-0.20 1.4 bA 1.3cA 1.3 bA 7.84
CV (%) 12.34 19.39 22.40
0.00-0.05 0.0186 aA 0.0129 aA 0.0106 aA 22.18
Atom N 0.05-0.10 0.0086 bA 0.0085 bA 0.0042 bA 17.95
excess (%) 0.10-0.15 0.0058 bA 0.0047 bAB 0.0039 bB 13.95
0.15-0.20 0.0044 bA 0.0046 bA 0.0035 bA 10.97
CV (%) 23.14 23.46 18.73
0.00-0.05 0.49 aA 0.33 aA 0.27 aA 22.08
- 0.05-0.10 0.22 bA 0.22 bA 0.11 bA 17.96
0.10-0.15 0.15 bA 0.12 bAB 0.10 bB 13.47
0.15-0.20 0.11 bAB 0.12 bA 0.09 bB 10.87
CV (%) 23.01 23.46 18.73

CV: coefficient of variation. ™ for each variable, means followed by the same lowercase letter in the column do
not differ among soil depths (p>0.05) by the Tukey test; for each soil layer, means with the same uppercase
letter in the line do not differ among treatments (p>0.05) by the Tukey test.
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result may be explained by a more rapid decomposition of OR tissue on the soil surface
than decomposition of BO tissue since OR contained a slightly lower concentration of
lignin, and higher cellulose content and cellulose/lignin ratio (Table 1). Residues with
lower lignin content provide less mechanical protection of the cell wall, thus favoring
microbial degradation of organic materials (Sanchez, 2009). Kurtz et al. (2012) observed
that onion took up larger quantities of mineral N around 60 days after transplanting.
Carranca et al. (2009) observed that after a short period of N immobilization, lupine
residue with a lignin/N ratio of 26, much higher than the residues in this study, was
mineralized within 60 days. These results may explain the higher residue N recovered
in leaves collected after the period of 28 days.

However, over the period of onion growth until harvest, the Ndfs was the main N source
recovered in onion plant organs (>96 % Ndfs); a maximum of 3.58 % of N was recovered
in leaves and bulbs derived from the OR residue (Table 2). This shows very low recovery of
cover crop residue N by onion plants. Some explanations for this fact may include: (i) the
plant has low N-use efficiency due to its shallow root system, as observed by Carranca
(2005) for spinach with a similar growth cycle (18 % N-use efficiency); (ii) mineral °N
was lost by leaching, especially in the form of NO;-N, accompanying the downward
movement of water in the soil profile; and (iii) the simultaneous mineralization of soil
organic matter may have diluted the °N released from residues (Brunetto et al., 2014).

Since N content in the bulbs was not affected by the type and amount of residues
applied on the soil surface, a similar rate of N translocated from leaves to bulbs in the
form of amino acids during the maturation process must have occurred (Caruso et al.,
2014; Mirete, 2015). However, onion bulb dry weight (8 g) was lower than the reference
values (Mirete, 2015), i.e., 10 and 22 g was obtained with addition of 0 and 128 kg ha™
of mineral N, respectively. Bulb biomass depends not only on N nutrition but also on
plant genotype. Mirete (2015) reported leaf biomass of 4.6 g DW after a period of growth
similar to the present study and in response to the maximum N rate of 128 kg ha™. That
leaf dry weight was similar to the result of this study (5.1 g DW), which resulted from
an average residue N addition of 150 kg ha™, not so different from the mineral N rate
reported above. Therefore, N taken up from other sources than cover crop residues was
sufficient to obtain reasonable bulb production, and N was adequately mobilized from
leaves to the bases for bulbing.

Residue N recovery in the soil

The highest concentrations of total N and Ndfr in soil were observed in the uppermost
layer (0.00-0.05 m) for all treatments. This may have occurred due to residue deposition
on the soil surface, without incorporation (Brunetto et al., 2014). However, residue N was
measured up to the 0.20 m depth, especially under the OR residue, showing that some
N movement in the soil has occurred (Ismaili et al., 2015). The N in the soil profile may
also have resulted from N compounds exuded from onion roots (Peoples et al., 2015)
and by the senescence and decomposition of these roots (Sun et al., 2013).

CONCLUSIONS

In onion leaves and bulbs, N was derived especially from sources other than the cover
crop residues deposited on the soil surface at the time of transplanting.

Nitrogen derived from cover crop residues contributed little to the development of this
crop with a short growth cycle, but oilseed radish decomposed faster than other residues
and 4 % of residue N was recovered in onion leaves + bulbs.

The N from cover crops has little impact upon the N taken up by onions, and that the
use of these plants should be chosen based on the advantages they provide to physical
and biological soil quality.
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