Australian Journal of

Crop Science

AJCS 13(02):300-308 (2019) ISSN:1835-2707
doi: 10.21475/ajcs.19.13.02.p1466

Common bean seed quality as affected by cover crop mixtures and nitrogen fertilization
Alexandre Pedrinho™*’, Eduardo Mariano?, Luis Fernando Merloti'?, Marco Eustaquio de Sa°

!Center for Nuclear Energy in Agriculture, University of Sdo Paulo, Piracicaba, SP, Brazil
2College of Agricultural Sciences, Sao Paulo State University, Botucatu, SP, Brazil
3College of Natural Sciences and Engineering, Sao Paulo State University, llha Solteira, SP, Brazil

*Corresponding author: alpedrinho@usp.br
Abstract

Several studies have shown that cover crop can increase common bean (Phaseolus vulgaris L.) yield. However, little is known about
the influence of cover crop mixtures in association with topdressing N fertilization on common bean seed quality. We, therefore,
evaluated the physiological quality of common bean seeds produced under cover crop residues and N fertilized in a no-till farming
system. A 5 x 4 factorial experiment (cover crops and N rates) was performed under field conditions in Mato Grosso do Sul, Brazil.
Single-specie and cover crops mixtures [pearl millet (Pennisetum glaucum), pearl millet-jack bean (P. glaucum;
Canavalia ensiformis), pearl millet-pigeon pea (P. glaucum; Cajanus cajan), pearl millet-sunn hemp (P. glaucum; Crotalaria juncea),
and pearll millet-velvet bean (P. glaucum; Mucuna pruriens)] were grown and common bean was planted in succession. Nitrogen
fertilizer (50, 100, and 150 kg N ha'l) was topdressed applied to common bean at the V4 stage. At maturity, common bean plants
were harvested, and physiological quality of seeds was assessed. The first germination count, final germination, germination speed
index, accelerated aging, and N and protein concentration were influenced by cover crop residues and/or N rates (main effect). A
cover crop x N rate interaction was observed for seedling dry biomass after germination and accelerated aging. All treatments
produced seeds with high physiological quality. Although the cover crops showed variable results, the application of 100 kg N ha™
in topdressing slightly improved seed quality attributes compared to the other N rate treatments. We conclude that addition of N
fertilizer and cover crop treatments does not affect common bean seed quality to a large extent.

Keywords: legume; nitrogen fertilizer; pearl millet; Phaseolus vulgaris L.; physiological quality.
Abbreviations: CEC_cation exchange capacity; DAE_days after emergence; DAI_days after incubation; H+AIl_potential acidity;

PM_pearl millet; PM-JB pearl millet-jack bean; PM-PP_pearl millet-pigeon pea; PM-SH_pearl millet-sunn hemp; PM-VB_pearl
millet-velvet bean.

Introduction This relatively large yield gap is also explained by biotic and
abiotic factors including drought, weeds, pests, and mainly
The common bean (Phaseolus vulgaris L.) is one of the most to the use of low quality seeds (Broughton et al., 2003).
important legumes for the human diet, due to its high A feasible alternative to reduce the yield gap in these areas
nutritional quality (20-25% protein), vitamins, and minerals is the adoption of high quality seeds, which have resulted in
(Broughton et al., 2003). Brazil is considered one of the good agronomic performance and consequently high yields.
largest producers worldwide of this legume (Zucareli et al. High quality seeds possess great genetic,
2016). Low inputs requirement, high economic value, and physical, physiological, and sanitary attributes (Zucareli et
adequate climate conditions enabling production over three al., 2016), which helps crops withstand environmental
growing seasons throughout the year (Aug.-Nov., Dec.-Mar., stresses and defend against pests and diseases. Among
and Apr.-Jul.). In 2017, Brazilian common bean production those attributes, physiological quality is one of the most
reached approximately 3.4 million Mg, with yields averaging important and is related to the ability that seeds have in
only 1.0 Mg ha™ (CONAB, 2018). These low yields are due to performing vital functions. Thus, seeds with high
a large variety of systems used for common bean physiological quality promote fast germination, uniform
production. From subsistence crops (representing 33% of emergence, and yielding seedlings with great tolerance to
the national production, characterized by farms with <10 ha environmental adversity (Marcos Filho, 2005; Franga Neto et
in size, low or no fertilizer input, and yields lower than 0.9 al. 2010; Zucareli et al., 2016). In general, physiological
Mg ha) to technically highly advanced crops (with large attributes of seeds are highly influenced by the environment
farms <100 ha in size under no-till agricultural practices, high (i.e., climate conditions) in which the seeds were
input of fertilizers, and high-yielding levels >3.0 Mg ha’l). produced (Zucareli et al., 2016) and by crop management

practices, such asthe use of cover crops and fertilizers,
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which may affect the nutritional and sanity status of the
parent plant.

The use of cover crops has attracted the interest of common
bean growers due to the potential benefits on seed yield
and sustainability of the agroecosystem (Decker et al, 1994).
Most studies have shown that cover crops can increase
organic C content, nutrient availability, water infiltration and
storage, weed control, and microbial activity (Teasdale,
1996; Fageria et al., 2005). Additionally, cover cropping can
decrease nutrient loss and soil temperature (Nielsen et al.,
2015). However, little is known about the influence of cover
crops, primarily grass-legume mixtures, on the physiological
quality of common bean seeds. To the best of our
knowledge, only two studies have assessed the influence of
cover crops on common bean seed quality (Abrantes et al.,
2015; Silva et al., 2017). In addition, topdressing N
fertilization is a widespread practice to sustain high yields of
common bean. The biological N fixation does not supply an
adequate amount of N to bean plants (Coelho et al., 1998;
Silva et al., 2004). Furthermore, several researchers have
reported that N fertilization improves nutritional and yield
parameters of common bean (Silva et al., 2004; Amaral et
al., 2016). However, there is still a great lack and conflict of
information related to the amount of N provided on the
physiological aspects of the common bean seeds.

Thus, the objective of this study was to evaluate the
physiological quality of common bean seeds produced under
cover crop straw (grass and grass-legume mixtures) and N-
fertilized in a no-till cropping system. We hypothesized that
common bean plants grown under residues of cover crop
mixtures and high N inputs will produce seeds with higher
physiological quality than seeds produced from plants grown
under single-specie cover crop and without N application.

Results
Physiological quality of seeds

The results of the variance analysis are shown in Table 1. The
common bean first germination counting, final germination,
accelerated aging, and germination speed index exhibited
similar patterns (Fig 1). In all tests, common bean seed
quality was influenced by cover crops and N fertilization
(main effect for both factors). In the first germination
counting, common bean plants under pearl millet-jack bean
(Pennisetum glaucum; Canavalia ensiformi; PM-JB) mixture
produced seeds with higher vigor than the remaining
treatments (Fig 1a). Similarly, common bean plants under
PM-JB produced seeds with a greater value of final
germination and germination speed index compared to pearl
millet-sunn hemp (P. glaucum; Crotalaria juncea; PM-SH),
which had the lowest rate (Fig 1bd). For the accelerated
aging test, common bean grown under PM-JB mixture
produced seeds with greater vigor than seeds from PM-SH
and pearl millet-velvet bean (P. glaucum; Mucuna pruriens;
PM-VB; Fig 1c). The application of 100 kg N ha™ resulted in
higher germination of common bean seeds compared to all
other treatments (Fig 1b). The addition of 100 N kg ha™
resulted in superior final germination count, accelerated
aging, and germination speed index in comparison to 50 kg
ha™ and the control (Fig 1acd). Common bean plants grown
under pearl millet-pigeon pea (P. glaucum; Cajanus cajan;
PM-PP) and PM-SH produced seeds with lower electrical
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conductivity (i.e., less leakage of cell content) values than
those produced under PM-JB and PM-VB (Fig 1le). The
highest N rate (150 kg ha’l) resulted in lower value of
electrical conductivity.

Seedling growing

A cover crop x N rate interaction was detected for dry
seedling biomass after germination and after accelerated
aging (Fig 2). Common bean plants under a single-species
cover crop (pearl millet - P. glaucum; PM) produced seeds
with a lower seedling dry biomass after germination
compared to all cover crop mixtures when 50 kg N ha™ was
applied (Fig 2a). Common beans plants under PM-PP
residues produced seeds with higher seedling dry biomass
after germination values in comparison to PM and PM-JB
under the highest N fertilization rate (150 kg ha_l). Within
the PM-VB treatment, the application of 50 kg N ha™
resulted in seedlings with higher dry biomass than the
control.

For the seedling dry biomass after accelerated aging, higher
values were observed for common bean seeds produced
under PM-SH than PM, PM-JB and PM-VB when no N
fertilizer was added (Fig 2b). Common bean plants under
PM-PP produced seeds with higher seedling dry biomass
compared to PM-JB and PM-VB at 50 kg ha™. At 150 kg N ha
!, common bean seeds following PM-PP exhibited higher
seedling dry biomass than PM-JB. Across cover crop
combinations, 50 kg N ha™ resulted in higher seedling dry
biomass values than the control for PM-PP. Additionally, for
PM-SH, control and 50 kg N ha™ treatments increased
common bean seedling dry biomass compared to the
application of 150 kg N ha-1.

Common bean seed N and protein concentrations were
affected by the N fertilization rates (Fig 3ab). The common
bean seeds obtained from the application of 100 kg N ha™
showed higher N and protein concentrations compared to
the other treatments.

Pearlson's correlation coefficient values are presented in
Table 2. The first germination count, final germination,
germination  speed index, accelerated aging, N
concentration, and protein concentration positively
correlated with each other, with r varying from 0.29 to 0.94
(p<0.01). Electrical conductivity was negatively correlated
with final germination, N concentration, and protein
concentration (r ranging from -0.24 to -0.32; p<0.05). Seed N
concentration was strongly correlated with seed protein
content (r=0.99; p<0.01).

Discussion

The consistent high value of first germination count for all
treatments (cover crops x N rates) indicates that common
bean seeds presented great vigor and uniformity. Seeds with
high vigor have superior initial performance due to faster
germination compared to those with low vigor, which
usually requires more time to germinate (Marcos Filho,
2005). This is likely related to physiological (composition and
integrity of cell membranes) and sanitary (incidence of
diseases) problems. Similarly, common bean seeds
presented final germination rates >90%, which is higher than
the minimum (80%) required for production and marketing
of common bean seeds in Brazil (MAPA, 2013).



Table 1. Analysis of variance (ANOVA) for cover crop and fertilizer N rate and their interaction on common bean parameters®.

Factor FGC FG AA GSI__ EC_ SDBG SDBAA NC PC
Cover crop <0.001 0.019 0.001 0.020 <0.001 <0.001 <0.001, 0.280 0.427 |
N rate <0.001 <0.001 0.001 <0.001 <0.001 0.423 0.001 | <0.001 <0.001
Cover crop x N rate 0.421 0.630 0.755 0.080 0.196 0.010 0.017 0.362 0.513

? FGC: first germination count; FG: final germination; AA: accelerated aging; GSI: germination speed index; EC: electrical conductivity; SDBG: seedling dry biomass after germination; SDBAA: seedling dry biomass after accelerated aging; NC: N concentration in seed; PC: protein

concentration in seed.
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Fig 1. Main effect of fertilizer N rate and cover crop residues influencing the following physiological quality parameters of common bean seed: first germination count (a), final germination (b),
accelerated aging (c), germination speed index (d), and electrical conductivity (e). PM: pearl millet; PM-JB: pearl millet-jack bean; PM-PP: pearl millet-pigeon pea; PM-SH: pearl millet-sunn
hemp; and PM-VB: pearl millet-velvet bean. The error bars indicate the SEM (n=20 and 16 for applied N rate and cover crop, respectively). Letters indicate differences between treatments
according to Tukey's HSD test (p<0.05).
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Table 2. Pearlson's correlation coefficients between

common bean response parameters® as influenced by cover crop and N

fertilization.

Variable FGC FG AA GSI EC SDBG SDBAA NC PC
FCG 1.00,

FG 0.64 1.00_

AA 039 0.56.. 1.00,,

GSI 0.86 0.94 . 0.55 1.00

EC -0.12 -0.24 -0.12 -0.21 1.00

SDBG -0.07 0.05 0.01 0.01 -0.17* 1.00

SDBAA -0.01 0.02_, 0.03 0.01_, -0.28 0.13 1.00

NC 031 043" 029" 042" 0317 -0.01 0.07 1.00

PC 0.31 0.42 0.30 0.42 -0.32 -0.01 0.07 0.99 1.00

*FGC: first germination count; FG: final germination; AA: accelerated aging; GSI: germination speed index; EC: electrical conductivity; SDBG: seedling dry biomass after germination; SDBAA: seedling
dry biomass after accelerated aging; NC: N content in seed; PC: protein concentration in seed.

1 p <0.05; : 1 p<0.01.
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Fig 2. Seedling dry biomass after germination (a) and accelerated aging (b) as influenced by cover crop and fertilizer N rate. PM:
pearl millet; PM-JB: pearl millet-jack bean; PM-PP: pearl millet-pigeon pea; PM-SH: pearl millet-sunn hemp; and PM-VB: pearl
millet-velvet bean. The error bars indicate SEM (n=4). Lowercase letters indicate differences between N rates within respective
cover crops, while capital letters indicate differences between cover crops treatments within respective N rates, both according to

Tukey's HSD test (p<0.05).

Although differences were found among treatments, the
magnitude of difference in final germination between
common seeds produced under PM-JB (which had the
highest final germination value; 96%) and PM-SH (which had
the lowest germination value; 94%) was extremely low (2%).
Furthermore, as no difference was found between common
bean seeds produced under single-specie (PM) and mixed
cover crops (with the exception of PM-SH), this suggests that
pearl millet can be used as a monoculture or in a consortium
with legumes. The importance of cover crops in protecting
the soil surface and therefore increasing plant-available
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water is well-known (Nielsen et al., 2015) and may have a
key role in seed production. Abrantes et al. (2015) and Silva
et al. (2017) reported that common bean plants under
straw-covered soils produced seeds with higher final
germination percentage (92-98%) compared to bare soils
(76-88%). Furthermore, the use of cover crops may lead to
an increase of nutrient availability to the parent plant during
the period of seed filling, resulting in high quality seeds. As
related to the N application effect, similar results were
obtained in Farinelli et al. (2006), which reported a higher
final germination of common bean seeds as a result of high



50

(a)
‘o 40 d
-
o
s
@ 30 A
z
@
Q
5 204
L&}
c
Lb)
§’ 10 -
=
0
(b)
o 280
o
k) [+
c
2 210 4
©
=
[<}]
g
S 140
Q
=
5
[=]
g 70
0

50

a b
a b
100 150

Applied N rate (kg ha™)
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Fig 4. Monthly mean air temperature and precipitation of the 2012-2013 growing season and monthly long-term average (period

1991-2012).

N input. Hampton (2002) reported that proper availability of
nutrients (mainly N and P), and water during reproductive
stages could increase final germination percentage and
subsequently the seedling vigor. However, our results
contrast to those obtained by Crusciol et al. (2003) and Goes
et al. (2011), where no difference of final germination
between two common bean cultivars under N addition was
reported. Germination may vary according to the cultivar,
nutritional status, disease and pest damage, and
management practices. Thus, it is possible that some
common bean cultivars interact more favorably with
the environment than others (Michels et al.,, 2014). The
strong positive correlation between the final germination
and germination speed index (r = 0.94) explain the same
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pattern verified for both attributes. Seeds with lower vigor

have lower water uptake rate (imbibition), which
consequently delay its germination and seedling
development (Woodstock, 1988). The degree of

permeability and hardness of the testa (seed coat) plays a
fundamental role in the imbibition period (Woodstock,
1988). For the accelerated aging test, we observed a
reduction in common bean seeds germination after being
exposed to high temperature and relative humidity. The
accelerated aging test is one of the most sensitive and
efficient vigor test (Marcos Filho, 2005). According to
Marcos Filho (1999) the stressful conditions that seeds are
submitted may increase respiration and promote a drastic
reduction in germination. In general, all treatments (cover



crop x N rates) presented a reduction between 3 to 5%
compared to the final germination (which offers the perfect
temperature and humidity conditions for seed germination).
Therefore, even under extreme conditions, common bean
seeds presented high quality and vigor. Regardless of cover
crop usage, similar results were obtained by Farinelli et al.
(2006), which reported an increase in seed vigor when high
N rates were used. In contrast, Ambrosano et al. (1999) and
Carvalho et al. (2001) did not observe differences in
germination rates after accelerated aging when N fertilizer
was applied to common bean.

The vigor of common bean seeds was also influenced by
cover crops and N fertilization when evaluated by the
electrical conductivity test. However, considering the main
effect of cover crops, low variations in the quantity
of electrolytes leakage from common bean seeds was
observed among the treatments (maximum difference of 3.9
uS em™ g’l). To our knowledge, there are no reports
evaluating the effect of cover crops on electrical
conductivity of common bean seeds, preventing us from
making comparisons. Furthermore, we observed a reduction
in electrical conductivity values with the increase of the N
rate. In contrast, Crusciol et al. (2003) and Farinelli et al.
(2006) did not observe any differences in the leakage of
electrolytes from common bean seeds. Environmental
factors (e.g., drought, nutritional status, disease and pest
damage) may affect seed formation process, primarily the
integrity of cell membranes. Seeds produced under stress
conditions can have thinner cell membranes and a higher
quantity of soluble ions leached during the imbibition
process (Vieira et al., 2002). Seeds with lower vigor have a
greater release of exudates in the solution and higher
intensity of disorganization of the cell membrane systems
(Carvalho et al., 2009; Silva et al., 2014). Our results are
similar to those previously reported by Levitt (1980), who
also indicated a negative correlation between seed electrical
conductivity and germination (here defined as final
germination).

A complex interaction between cover crop and N rate was
observed for common bean seedling dry biomass after
germination and accelerating aging tests. In general, cover
crop mixtures and high N fertilization rates resulted in higher
seedling dry biomass after germination. We suggest that the
lower C/N ratio of the cover crop mixtures and the addition
of N fertilizer increased N availability in the soil to the parent
plant during the period of seed filling, resulting in more
vigorous seeds (Weil and Brady, 2016). The same trend was
observed for seedling dry biomass after the accelerated
aging test, although a reduction in dry weight was observed
after common bean seeds were exposed to high
temperature and relative humidity. According to Hampton
and Tekrony (1995) the seedling dry biomass is an important
index of seedling vigor and is used as a criterion for vigor
assessment.

Nitrogen fertilization improved N and protein concentration
in common bean seeds, regardless of the cover crop used.
Common bean plants fertilized with 100 N kg ha™ produced
seeds with the highest N concentration, and therefore,
higher protein compared to the other treatments. Similar
results were observed by Gomes Junior and Sa (2010), which
found that the application of 90 kg N ha™ resulted in greater
common bean seed N and protein concentrations. Nitrogen
is an important nutrient for seed filling and N fertilization
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may consequently increase protein concentration, which is a
good index for seed quality and vigor. Conversely, Arf et al.
(1999) and Farinelli et al. (2006) did not observe an increase
of N and protein concentration in common bean seeds after
N fertilization. Finally, we believe that N fertilization may
have lowered the C/N ratio of the cover crop residues,
resulting in net mineralization, and consequently, increased
N availability in the soil (Weil and Brady, 2016). Thus,
adequate soil N availability throughout the experiment
improved the production of high quality seeds, which posse
high crude and soluble protein content, as well as non-
proteic compounds such as amino acids and peptides
(Gomes Junior and S&, 2010).

Materials and methods
Site description

The experiment was carried out in Selviria (20°22'S,
51°24'W, 340 m a.s.l.), Mato Grosso do Sul, Brazil, from Dec.
2012 to Jul. 2013. The no-till system was established in the
experimental area in 2009. The following crops are usually
grown in a rotation system: soybean [Glycine max. (L.)
Merr.], maize (Zea mays L.), and common bean. The soil at
the study site is classified as Typic Acrustox with a sandy clay
loam texture (Soil Survey Staff, 2014). Before the onset of
the experiment, individual soil samples (n=4) were randomly
collected at the 0-0.20 m depth, combined to obtain a
composite sample, and submitted for physicochemical
characterization according to van Raij et al. (2001). The
following soil properties were detected at the superficial
layer: pH (0.01 M CacCl,) 4.9; organic C (Walkley-Black) 13 g
dm?; P (anionic-exchange resin) 36 mg dm?; K, Ca, and Mg
(cationic-exchange resin) 5.2, 25, and 19 mmol. dm?,
respectively; potential acidity (H+Al; SMP pH buffer) 36
mmol, dm’; cation exchange capacity at pH 7.0 (CEC;
summation of K, Ca, Mg, and H+Al) 85 mmol, dm’?’; and base
saturation (BS; summation of K, Ca, and Mg divided by CEC
at pH 7.0, multiplied by 100) 58%. The precipitation and
temperature recorded during the growing season and long-
term average (21-yr average) are shown in Fig 4. The annual
mean temperature and precipitation of the 2012/2013
growing season was 24.8°C and 1258 mm, respectively,
which was very similar to the long-term average (25.0°C,
1306 mm).

Experimental setup

A 5 x 4 factorial experiment arranged in a
randomized complete block design was performed, with
four replicates each. The treatments included cover crops
and N fertilizer rates. Cover crop treatments comprised a
single-grass species (pearl millet; Pennisetum glaucum; PM)
or grass-legume mixtures as follows: pearl millet-jack bean
(P. glaucum; Canavalia ensiformis; PM-JB), pearl millet-
pigeon pea (P. glaucum; Cajanus cajan; PM-PP), pearl millet-
sunn hemp (P. glaucum; Crotalaria juncea; PM-SH), and
pearl millet-velvet bean (P. glaucum; Mucuna pruriens; PM-
VB). The second factor, N fertilizer rates (50, 100, and 150 kg
N ha'l) were topdressed applied to common bean. A control
(unfertilized treatment) was also included.

Cover crops were planted manually on Dec. 11, 2012, in
succession to maize (Zea mays L.), without fertilizer



amendment. Each plot consisted of eight rows of 20 m
length with 0.5 m row spacing. The seed density for each of
the cover crops was 80, 12, 20, 30, 10 seeds m? of pearl
millet, jack bean, pigeon pea, sunn hemp, and velvet bean,
respectively. At 82 d after emergence (DAE), the cover crops
were crushed and flattened using a knife roller, followed by
desiccation (1560 g ha™ glyphosate) at 85 DAE. The crop
residues were left on the soil surface and used as straw
mulch for common bean, the cash crop in rotation. On May
20, 2013, the common bean was mechanically planted using
a seed-cum-fertilizer drill. The cultivar used was the IAC
Formoso (carioca commercial group and indeterminate
growth habit) at a density of 15 seeds m? aiming to reach
240,000 plants ha™. The plots were formed by 6 rows with 5
m length each, spaced at 0.50 m. Seeds were chemically
treated with carboxin-thiram fungicide at a rate of 2 mL kg’1
of seeds. Fertilization at seeding time was performed by
applying 10, 33, and 21 kg of N (as urea), P (as triple
superphosphate), and K (as potassium chloride),
respectively, based on recommendations of Ambrosano et
al. (1997). Seedling emergence occurred 6 d after seeding.
Nitrogen in topdressing fertilization was performed at 24
DAE, at the V4 stage (third trifoliate leaf), at a rate of 50,
100, 150 kg N ha'l, as urea. Fertilizer N was surface hand-
applied in single-side banding (8 cm width), ~10 cm from the
crop row, in single application. To reduce ammonia losses by
volatilization from urea application, the center-pivot
sprinkler system irrigated the experimental site (application
rate of 5-6 mm) to incorporate the fertilizer into the soil. At
maturity (66 DAE), common bean plants within the two
central rows (2 rows x4 m long; 4 m’ area) in each plot were
hand-harvested. Subsequently, plants were mechanically
threshed and cleaned. Seeds were air-dried to a reach a
moisture content of 13% (wet basis) and stored in gas-
permeable paper bags at 20°C and relative humidity ~60%
until analysis.

Seed quality measurements

The germination test was performed using a completely
randomized designed with four replicates of 50 seeds of
each treatment. Germitest paper was moistened with
distilled water at a volume equal to 2.5 times the dry weight.
Germitest paper rolls were then placed into a germinator set
at 25°C. The first and final counting were performed at 5 and
9 d after incubation (DAI) respectively, and the results were
expressed in normal seedlings percentage (Brasil, 2009). The
first germination count was performed together with the
germination test to estimate the percentage of normal
seedlings (Brasil, 2009). The germination speed index was
also evaluated according to Maguire (1962). Thus, the first
counting and germination speed index represented the seed
vigor, while the final count its viability. Dry seedling biomass
was determined at the first germination count (Nakagawa,
1999; Brasil, 2009). Four subsamples composed of 10 normal
seedlings, discarding the cotyledons, were randomly taken
from each treatment. Subsequently, seedlings were oven-
dried at 80°C until a constant weight. The total biomass of
each subsample was divided by 10 (number of normal
seedlings used), resulting in the average dry biomass per
seedling.

Accelerated aging was performed using 200 seeds per
treatment. Seeds were uniformly spread over a stainless-
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steel mesh fixed inside plastic boxes of gerbox type (11.0 x
11.0 x 3.0 cm), containing 40 mL of distilled water at the
bottom. The boxes were closed and placed into a BOD
incubator (model SL-224, Solab, Piracicaba, Brazil) at 42°C
for 60 h (Marcos Filho, 1999). Subsequently, four
subsamples of 50 seeds were evaluated through the
germination test as described previously (Brasil, 2009).
Therefore, the counting of normal seedlings was carried out
at 5 DAl In addition, the dry seedling biomass after
accelerated aging was measured as for the germination test.
Electrical conductivity was measured using four replications
of 50 seeds each. The seeds were weighed, placed in plastic
cups containing 75 mL of distilled water and taken to the
aforementioned BOD incubator at 25°C for 24 h. After this
period, the electrical conductivity measurement was
obtained by immersing a glass electrode into the solution
(Vieira and Krzyzanowski, 1999). The seed N content was
determined using four replicates of 50 seeds of each. Briefly,
seeds were oven-dried at 652C to a constant weight, finely
ground, passed through a 0.50-mm sieve, and analyzed for
total N concentration by digestion with H,SO, and H,0,
followed by steam distillation and titration with 0.025 M
H,SO, (Malavolta et al., 1997). Seed protein concentration
was calculated by multiplying the total N content by a
correction factor of 6.25 (AOAC, 2006).

Statistical analysis

The results obtained from different treatments were
subjected to a two-way ANOVA using the GLM procedure of
SAS (version 9.3, SAS Institute Inc.). Cover crops and N
fertilization were considered as fixed factors within the
statistical model. The F-test was used followed by the
Tukey's honest significant difference (HSD) test to separate
means (p <0.05). The relationships between variables were
evaluated by Pearlson's correlations using the CORR
procedure. All graphs were generated using SigmaPlot
(version 11.0, Systat Software Inc.).

Conclusion

Based on our results, single-species and mixed cover crop
treatments variably influence (although with low intensity)
the physiological quality of common bean seeds. Therefore,
the cover crop treatments tested can be used
interchangeably before common bean grown. Overall, the
application of 100 kg N ha® as topdressing slightly increase
the vigor and protein content of common bean seeds
compared to the other N rate treatments. Although the
combination of cover crops and N fertilization under no-till
farming had limited effect on common bean seed quality in
this study, the proper N fertilization management coupled
with no-till farming with crop residues over the soil surface
is a well-known avenue to improve common bean seed
yield.
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