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ABSTRACT - Among the factors that affect seedling emergence and crop establishment are seed germination and vigor,
which has an important influence on the establishment of the initial plant population and development, and may affect crop
yield. Based on this background the objective of this research work was to evaluate the effects of seed vigor of common bean
seed lots and its effects on crop grain yield. The treatments consisted of six seed lots of common bean, which were composed
by different combinations of high and low vigor seeds. Seed lots were assessed by germination and vigor tests (first count of
germination, electrical conductivity and accelerated aging). A field experiment was conducted in a randomized block design,
with plots of six lines of five meters and were evaluated for grain yield at harvest. It was concluded that seed vigor affects
common bean grain yield; the use of low vigor seeds results in grain yield reductions of up to 20%.

Index term: Phaseolus vulgaris L., dry bean, seed quality, seed analysis, crop performance.

Vigor de sementes de feijdo-comum afetando a produtividade de graos da
cultura

RESUMO - Entre os fatores que afetam a emergéncia das plantulas e o estabelecimento da cultura estao a germinac@o e o vigor das
sementes, que tém influéncia importante sobre o estabelecimento da populagao de plantas e o seu desenvolvimento inicial, podendo
afetar a produtividade da cultura. Neste contexto, o objetivo deste trabalho foi avaliar os efeitos do vigor de sementes de lotes de
sementes de feijdo-comum sobre a produtividade da cultura. Os tratamentos consistiram de seis lotes de sementes de feijao-comum,
que foram compostos por diferentes combinagdes de sementes de alto e baixo vigor. Os lotes de sementes foram avaliados por meio
de testes de germinagdo e de vigor (primeira contagem de germinagdo, condutividade elétrica e envelhecimento acelerado). Um
experimento de campo foi conduzido em delineamento em blocos casualizados, com parcelas de seis linhas de cinco metros e, foram
avaliados pela produtividade de grios na colheita. Pelos dados obtidos concluiu-se que o vigor das sementes afeta a produtividade da
cultura do feijdo-comum; o uso de sementes com baixo vigor resulta em perdas de produtividade de até 20%.

Termos para indexacao: Phaseolus vulgaris L., feijao seco, qualidade de sementes, analise de sementes, desempenho da cultura.

Introduction

Crop management, such as a uniform seed bed and
constant planting depth, is designed to encourage uniform plant
establishment, and should maximize the yield of cultivated
crops. Non-uniform spatial distribution of plants along the
sowing row and uneven seedling emergence result in plant-to-
plant variability among adult plants and can be responsible for
reducing crop production (Liu et al., 2004a, 2004b; Andrade
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and Abbate, 2005; Tollenaar et al., 2006). Among the factors
that affect seedling emergence and crop establishment are seed
germination and vigor, which, according to Hampton (2002),
has an important influence on the establishment of the initial
plant population and development, and affects crop yield.
Differences in the emergence rate affect the development
of the crop canopy, and the seedlings that emerge first
shade those that emerge later (Pommel et al., 2002). The
competition resultant from uneven seedling emergence and
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plant development could lead to dominated plants by earlier
emerging neighboring plants (Merotto-Junior et al., 1999).
Differences in initial crop growth related to seed vigor are
described in the literature for rice (Hofs et al., 2004; Melo
et al., 2006; Mielerzski et al., 2008), black oats (Schuch
et al., 2000), maize (Dias et al., 2010, Mondo et al., 2012,
Mondo et al., 2013a, Mondo et al., 2013b) and soybean (Egli,
1993; Vanzolini and Carvalho, 2002; Kolchinski et al., 2005;
Kolchinski et al., 2006; Schuch et al., 2009; Dias et al., 2011).
In addition, seed vigor has impacts on crop cultivation cycle,
with plants from lower vigor seeds presenting a delayed
development compared to higher vigor seeds; however, such
differences tend to disappear during the reproductive phase
(Egli, 1993; Mondo et al., 2015). Egli (1993) reported that
variation in time of emergence, which created differences in
plant size in the community, provided no effect on grain yield
per unit area in soybean. These effects are characteristics of
heterogeneous seed lots in term of seed vigor (Mondo et al.,
2012, Mondo et al., 2013a, Mondo et al., 2013Db).

In another perspective, crop yield is correlated with
efficient resource uptake, including water, nutrients and solar
radiation, and a faster initial growth will probably result in a
better competitive ability and higher crop grain yields. Dias
et al. (2010), working with maize, found that seed vigor is
directly related to initial crop growth and that affects plant
competitive ability with regard to weeds with inferior
growth rates. Furthermore, seed vigor has direct effects on
maize yield during maximized competition for the uptake of
resources. For soybean, plants which developed from seeds
with high and intermediate vigor showed the best results
for competition against weeds, reducing weed dry mass
accumulation, and plants which developed from high vigor
seeds give the best results for grain yield for both weeded and
unweeded treatments (Dias et al,. 2011).

Grain yield in common bean crop is influenced by many
factors, such as disease, pests, weeds, mineral nutrition,
environmental conditions, and seed density. The use of
improved cultural practices has enabled significant increases
in grain yield of this crop (Didonet, 2005). Among those
practices, plant population and row spacing are included, as
it is directly related to the grain yield components, as number
of pods plant per plant, number of grains per pod and mass of
100 seeds (Azevedo et al., 2008). In this scenario, the use of
high quality seeds is fundamental to obtain a uniform plant
distribution and final population as a mean to obtain high
grain yield and expressing the maximum genetic potential.

Based on this background the objective of this research
work was to evaluate the effects of seed vigor of common
bean seed lots and its effects on crop grain yield.

Material and Methods

The treatments consisted of six seed lots of common bean
(Phaseolus vulgaris L.), which were composed by different
combinations of high and low vigor seeds as follows: Lot 1
was composed by 100% of high vigor seeds (HVS); Lot 2 by
80% of HVS and 20% of low vigor seeds (LVS); Lot 3 by
60% of HVS and 40% of LVS; Lot 4 by 40% of HV'S and 60%
of LVS; Lot 5 by 20% of HVS and 80% of LVS; and Lot 6 by
100% of LVS. All treatments were originated from only one
seed lot of "Pérola” variety, which was previously divided in
two samples and one sample was submitted to an accelerated
aging process (41 £ 1 °C for 72 h), resulting in one lot with
HVS and another with LVS.

Seed lot assessment was conducted by the following tests
at Embrapa Rice and Bean's seed quality laboratory:

Germination (G): carried out with four replicates of 50 seeds
per lot in rolled paper towels. Seeds were uniformly distributed
on two germination paper towels moistened with water to 2.5
times the dry paper weight and covered with another towel. The
rolls were vertically placed in a dark germination chamber at 25
+ 1 °C. The percentage of normal seedlings was recorded on the
fifth, for first count of germination evaluation (FCG), and ninth
day after sowing (Brasil, 2009).

Accelerated aging (AA): performed with four replicates of
50 seeds per lot. The seeds were placed upon a screen inside
transparent plastic boxes (11.5 x 11.5 x 3.5 cm) and suspended
over 40 mL of water. The boxes were placed in a germination
chamber and maintained at 41 °C + 1 °C for 72 h (Kappes et
al.,, 2012). After the aging period, seeds were submitted to
germination test, as described previously, and the normal seedling
percentage was determined on the fifth day after sowing. The
same aging process was used for preparing LVS lots.

Electrical conductivity (EC): determined using four
replicates of 50 seeds each per seed lot. The samples had
been previously weighed (0.1 g accuracy) and were placed
in plastic containers (200 mL) with 75 mL of deionized
water and kept at 25 °C for 24 h in a germination chamber.
The electrical conductivity of the solution was determined
using a Digimed DM-20 conductivity meter (uS cm™.g™), as
described by Kappes et al. (2012).

The field experiment was conducted at the “Fazenda
Capivara,” Embrapa Rice and Beans, located in Santo Antonio
de Goias, GO, at 16 ° 28’00 “ S and 49 ° 17°00 “ W, and 823
m of altitude. The climate is tropical savanna, considered Aw
according to the Koppen classification (Kottek et al., 2006).
There are two well-defined seasons, normally dry from May
to September (autumn /winter) and rainy from October to
April (spring /summer), the average annual rainfall is between
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1500-1700 mm. The average annual temperature is 22.7 °C,
ranging annually from 14.2 °C to 34.8 °C (Silva et al., 2010).

The soil is classified as a clay loam (kaolinitic, thermic Typic
Haplorthox) acidic soil (Embrapa, 2006). Before the deployment
of'the field trial, in May 2014, chemical analyzes were performed
at a depth of 0-0.05, 0.05-0.10 and 0.10-0.20 m to characterize
the experimental area (Table 1). The chemical analyzes were
performed according to the methodology proposed by Claessen
(1997). The soil pH was determined in a 0.01 mol.L™" CaCl,
suspension (1:2.5 soil/solution). Exchangeable Ca, Mg, and Al

were extracted with neutral 1 mol.L™! KCl in a 1:10 soil/solution
ratio and determined by titration with a 0.025 mol.L-' NaOH
solution. Phosphorus and exchangeable K were extracted with a
Mehlich 1 extracting solution (0.05 M HCl in 0.0125 M H,SO,).
The extracts were calorimetrically analyzed for P, and flame
photometry was used to analyze K. The base saturation values
were calculated using the results of for exchangeable bases and
total acidity at pH 7.0 (H + Al). Micronutrients were determined
in Mehlich 1 extract by atomic absorption, and organic matter
was determined by the method of Walkley and Black.

Table 1. Chemical soil attributes from the experimental area before the beginning of the trials. Santo Antonio de Goias, Goias,
Brazil, growing season 2014.

Layer pH Ca Mg Al H+ Al SOM§
cm in H,0 mmol..kg gkg!
0-5 6.2 18 14 0 38 28.0

5a10 5.9 17 10 0 26 24.8

10a 20 5.7 11 7 1 23 27.8

Layer P K Cu Zn Fe Mn
cm Mg.kg
0-5 12.6 265 0.9 10.7 17.7 9.8

5al0 18.7 125 1.5 8.1 29.5 8.0

10a20 12.4 87 1.6 4.9 29.6 7.0

§ SOM — soil organic matter.

The experimental design was in a randomized block
scheme and treatments consisted of the six seed lots of
common bean with four replications. Each plot consisted of
six five-meters-long rows, with a useful area of four central
rows, disregarding 0.5 m from the ends of each row. A space
of one meter among plots was used.

The experimental area has been cultivated in crop-livestock
and no-tillage system (NTS), with crop rotation program including
soybean, maize and brachiaria (summer), and common bean
(winter). The previous crop in the area was maize. The field trials
were fertilized according to soil analysis, complemented by a
topdressing fertilization in all plots with 60.kg ha' of N as urea
when the treatment one (Lot 1) reached the V4 vegetative stage
(four trifoliate leaves). Other cultural practices were performed
according to the recommendations for the crop to keep the area
free of weeds, diseases and insects (Santos et al., 2006). The
sowing was performed manually on May 20®, 2014 at 0.50 m
row spacing and a population of 240,000 plants.ha'. A sprinkler
irrigation system was used as needed. In the management of
water it was used three crop coefficients (Kc), divided into
four periods between emergence and harvest. In the vegetative
stage the value of 0.4 was used. For the reproductive phase
two values of Kc were used, the initial 0.7 to 1.0, and in
the final phase of maturation these values were reversed, ie

initial 1.0 and final 0.7. Thus, control of irrigation considering
the depth of root system exploitation of 0.2 m was initiated
with the available water capacity (AWC) at its maximum,
subtracting, successively, the value of crop evapotranspiration
until the total water reached the minimum limit of 40% of
AWC (Doorenbos and Pruitt, 1976).

Seedling emergence occurred at nine days after sowing
for treatment one (Lot 1) and three days later for the treatment
six (Lot 6). After emergence, the plots were thinned manually
to reach a homogeneous plant stand of 220.000 plants.ha’!,
eliminating the germination variation and assuring just the
vigor differences among treatments. The usable area of the
plots was harvested on August 21, also manually, followed
by mechanized thresher. The harvested common bean grains
were weighed, transformed to kg.ha' and yield expressed
on a 13% basis of water content. Water content (WC) was
determined by the oven method, drying two seed subsamples
of20 g from each seed lot at 105 °C + 3 °C for 24 h, followed by
weighing (Brasil, 2009), with results expressed as percentage.

All data was subjected to analysis of variance. Seed
quality assessment was conducted in a complete randomized
design and the field trial in a randomized block design. If
there were significant differences, for seed quality data, means
were compared by Scott-Knot test at p < 0.05 complemented
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by regression analysis, and for grain yield, the results were
analyzed by regression analysis.

Results and Discussion

The results of seed vigor potential are presented in Figure
1. In the way the seed lots were produced, using seed mixtures,
the Seed Lots 1 to 4 kept the same level of germination results
(Figure 1A), from 86% to 79%, however, Seed Lots 5 and 6
were inferior of this group, reaching a band from 71% to 69%
germination. This is an important data to be analyzed, because
differences in germination could directly affect the final plant
population of any crop and consequently affect the grain yield.
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Therefore, for the purpose of this experiment it had not influence,
considering that the plots were thinned manually and reached a
homogeneous plant population of 220.000 plants.ha™.

The seed vigor was evaluated by the physiological
tests of first count of germination (Figure 1B), electrical
conductivity (Figure 1C) and accelerated aging (Figure 1D).
The results from first count of germination were very similar
to the germination results, with Seed Lots 1 to 4 as the most
vigorous ones. The other vigor tests could at least divide the
seed lots in two groups, Seed Lots 1 to 3 with high vigor
and Seed Lots 4 to 6 with low vigor. Those differences were
expected considering the way the treatments were composed,
using different combinations of high and low vigor seeds.
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Figure 1. Physiological potential of common bean seed, “Perola” variety, according to the seed vigor level: Seed Lot 1
(highest level); Seed Lot 6 (lowest level): (A) Germination (%); (B) First Count of Germination (%); (C) Electrical
Conductivity (uS cm™.g™"); (D) Accelerated Aging (%).

The main result of this research work is related to the grain
yield obtained in each treatment. Those data area presented
in Figure 2. As expected different results among the imposed
treatments were found even between seed lots belonging to
the same seed vigor level, as illustrated in Figure 1. There
were two different levels of grain yield, one including Seed
Lots 1 to 3, higher vigor seed lots, and one including seed
lots 4 to 6, lower vigor seed lots. The differences between the
higher result, mean grain yield of 1.903,2 kg.ha'', to the lower

result, mean grain yield of 1.571,8 kg.ha™!, represents yield
losses of around 20% from one vigor group to another. In a
more detailed analysis, even inside the high seed vigor lots
group, it was possible to see tendencies of grain yield losses.
Those differences were between 5% and 10%, and shows that
slight differences, on seed vigor could affect crop success.
Similar results were found by Hofs et al. (2004), Melo et
al. (2006) and Mielerzski et al. (2008) for rice, Dias et al.
(2010), Mondo et al. (2012), Mondo et al. (2013a) and Mondo
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et al. (2013b) for maize, and Vanzolini and Carvalho (2002),
Kolchinski et al. (2005), Kolchinski et al. (2006), Schuch et
al. (2009) and Dias et al. (2011) for soybean.

Another interesting result, important to quality control
programs and seed quality evaluation, is that the germination
and first count of germination were not detailed enough to
segregate the seed lots by vigor level and reflect the grain
yield potential. Complementary, seed vigor tests, as electrical
conductivity and accelerated aging, were crucial and should be
included in quality control programs of common bean seeds.
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Figure 2. Grain yield of common bean, “Perola” variety,
from seed lots differing in seed vigor. Seed Lot 1
(highest level); Seed Lot 6 (lowest level).

Conclusions

Seed vigor affects common bean grain yield; the use of
low vigor seeds results in grain yield reductions of up to 20%.
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