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ABSTRACT

Genotypes from the Andean and Mesoamerican gene pool can present contrasting behavior for
reproductive structures fixation. The subject of this study was to determine the dynamics associated with
the abscission of reproductive structures for common bean accesses from Andean and Mesoamerican
gene pools in protected cultivation conditions. The experiment was carried out in a greenhouse, using
seven common bean accesses from Embrapa Arroz e Feijdo and the experimental design consisted of a
randomized complete block design. The evaluations made were based on the number of days to begin
flowering, flowering period, number of emitted flowers per plant, number of flower buds, flowers and pods
aborted per plant, total number of pods per plant and number of seeds per plant.Certain characteristics
were considered to be highly significant, such as the amount of days to begin flowering, the flowering
period, percentage of aborted pods and number of harvested pods. The Mesoamerican accesses that
presented greater abortion also produced more flowers, which suggests that abortion of reproductive
structures can be a natural adjustment of the plant. Andean accessions with shorter reproductive period
showed greater pod abortion. The dynamics of flower and pod abscission in the common bean proved to
be widely variable depending on the different gene pools and genotypes evaluated and due to growth
habit.

KEYWORDS: Phaseolus vulgaris L., abscission, flower, pods, adjustment.

RESUMO

Genotipos do pool génico andino e mesoamericano podem apresentar comportamentos contrastantes
para a fixagcdo de estruturas reprodutivas. O objetivo deste estudo foi determinar a dinamica associada a
abscisdo de estruturas reprodutivas para acessos de feijoeiro comum dos pools génicos andino e
mesoamericano em condi¢des de cultivo protegido. O experimento foi conduzido em casa de vegetacéo,
utilizando-se sete acessos de feijoeiro da Embrapa Arroz e Feijdo e o delineamento experimental foi em
blocos casualizados. As avaliag@es feitas foram o nimero de dias para o inicio da floracdo, periodo de
floragdo, numero de flores emitidas por planta, nimero de botGes florais, flores e frutos abortados por
planta, nimero total de frutos por planta e nimero de sementes por planta. Observou-se significancia para
as caracteristicas de dias para inicio do florescimento, periodo de floracéo, porcentagem de vagens
abortadas e nimero de vagens colhidas. Os acessos mesoamericanos que apresentaram maior aborto
também produziram mais flores, o que sugere que o aborto de estruturas reprodutivas pode ser um ajuste
natural da planta. Acessos andinos com menor periodo reprodutivo, apresentaram maior aborto de frutos.
A dindmica de absciséo da flor e da vagem no feijoeiro mostrou-se amplamente variavel dependendo dos
diferentes pools génicos e gendtipos avaliados, devido ao habito de crescimento.

PALAVRAS-CHAVE: Phaseolus vulgaris L., abscisao, flores, vagens, ajuste.

INTRODUCTION

Abscission is considered a genetically controlled process that consists on the segregation of a
determined organ, or part of it, from the plant through programmed cell death of a specific group of cells,
creating the abscission zone (SEXTON & ROBERTS 1982). The abortion of flower buds or flowers is
considered a natural event for most plant species. The intensity of reproductive structure losses can be
influenced as much by genotype as by environmental conditions (HUFF & DYBING 1980).
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Beyond plant density, the main yield components in the common bean are number of pods per plant,
number of grains per pod and weight of 100 grains. The number of pods fixed depends on the number of
flowers emitted and percentage of flowers or pod abortion. In soybean plants, for example,abscission can
occur even in pollinated and fertilized flowers. However, flowers with tendency to abortion grow more slowly
than those that develop on pods (HUFF & DYBING 1980). In addition, seed fixation is determined by the
number of ovules per flower, by the frequency of aborted embryos and by the number of pods per plant
(TISCHNER et al. 2003). Several studies show the genetic basis of abscission of organs during the
development of seeds. Low levels of fertility in some species was observed due to genetically programmed
abortion of young embryos (WIENS 1984). The number of ovules and the abortion of embryos are examples
of quantitative traits that result from the interaction between genotype and environment (TANKSLEY 1993).

The fixation of reproductive structures in the common bean is influenced by several climatic
conditions. Temperatures higher than 30 °C results in flowers and young pod abortion, while temperatures
lower than 11 °C can reduce the number of pods per plant (FARLOW 1981, SILVA et al. 2006). In relation to
water availability, the critical period for water stress occurs between flowering and grain filling (GOMES et al.
2000). However, the most harmful effects are observed mainly in the interaction between water restriction
and high temperatures. In addition, factors such as mineral nutrition and the occurrence of pests may also
contribute to the reproductive success of the common bean (ZILIO et al. 2011).

Common bean genotypes can differ in their tolerance to heat stress in field conditions or greenhouse
conditions (MONTERROSO & WIEN 1990). Even in not stressful conditions, flower abscission can reach up
to 70% for Mesoamerican beans at field conditions (MARTINS et al. 2017). Andean and Mesoamerican gene
pools differ in many traits such as seed size, growth habit and tolerance to environmental stresses. Genetic
variability between genic pools can also occur for reproductive structure fixation (SINGH et al. 1991). Thus,
this study aimed to gain further knowledge on the emission and abscission profiles of reproductive structures
of common bean accesses from Andean and Mesoamerican gene pools under greenhouse conditions.

MATERIAL AND METHODS

The study was carried out at the Universidade Federal de Santa Catarina (UFSC) (Curitibanos, Santa
Catarina state, Brazil) under greenhouse conditions. Seven common bean accesses from Embrapa Arroz e
Feijdo Active Germplasm Bank were used, four from the Andean and three from the Mesoamerican gene
pool (Figure 1 and Table 1).

Ml | M |
4 5 6

Figure 1. Accesses from Embrapa Arroz e Feijdo Active Germplasm Bank (AGB). From left to right: ‘Crioulo
Miado’, ‘Mourinho’, ‘Preto de Copa’, ‘Ligeiro’, ‘Enxofre’, ‘Cavalo’ and ‘Rajado’.

Table 1. Description of accesses from AGB - Embrapa Arroz e Feijao.

Number N° AGB Identification Gene pool Grain color? Site of origin
1 BGF16020 ‘Crioulo Miido’ Mesoamerican Black Campos Novos/SC
2 BGF12791 ‘Mourinho’ Mesoamerican Others Rio das Antas/SC
3 BGF12881 ‘Preto de Copa’ Mesoamerican Black Caxambu do Sul/SC
4 BGF12816 ‘Ligeiro’ Andean Black Videira/SC
5 BGF12871 ‘Enxofre’ Andean Yellow Chapecé/SC
6 BGF12863 ‘Cavalo’ Andean Beige with pink stripes  Coronel Freitas/SC
7 BGF16037 ‘Rajado’ Andean Beige with brown stripes Sao Carlos/SC

1Classification based on Document 184 — Minimum descriptors indicated to characterize cultivars / varieties of common
bean (Phaseolus vulgaris L.) from Embrapa Arroz e Feijao (SILVA 2005).
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The experimental design consisted of a randomized block design with three replications. Each
experimental unit consisted of a 5 dm® polyethylene pot filled with a limed soil and cultivated with a plant,
after thinning. The soil was Cambissolo Haplico tipico (Brazilian classification; SANTOS et al. 2013) or
inceptisol, with a clayey texture (550 g clay kg™'). Common bean accesses were sown in March 2016. Base
fertilization was mixed with the soil and consisted of 25 mg dm™ of nitrogen (urea) 78 mg dm™ of potassium
(KCI), 678 mg dm™ of phosphate (triple superphosphate). Side dressing nitrogen fertilization was carried out
at third leaf stage.

A 60 x 60 cm sheet of paper was placed under each pot to collect the aborted reproductive structures.
The dynamics of emission and abscission of reproductive structures were studied daily, in order to
determine: number of days to begin flowering, the flowering period (from the first to last flower opened),
number of flowers produced per plant, number of flower buds aborted per plant, the number of open and
closed flowers aborted per plant, the number of aborted pods per plant (Figure 2). At the end of the crop
cycle, the numbers of pods and seeds per plant were also determined.

Figure 2. Forms of abscission in common bean accesses under greenhouse conditions: flower buds (a),
closed flowers (b), open flowers (c) and pods (d) at Curitibanos, SC, 2016.

Data were subjected to individual univariate analysis of variance using the F test (p<0.10). Means
were clustered by the Scott-Knott test (p<0.10). Additionally, Pearson Correlation analysis was realized,
using the t test (p<0.05). Analyses were performed using Sisvar software (FERREIRA 2011).

RESULTS AND DISCUSSION

Statistical difference for number of days to begin flowering and flowering period (p<0.01), percentage
of aborted pods (p<0.10) and number of harvested pods (p<0.05) were observed. Ligeiro presented the
lowest value, followed by Cavalo and Rajado accesses. (Andean pool) showed a shorter period between
emergence and beginning of flowering when compared to the other accesses (Figure 3). The difference
between earlier (Ligeiro) and later (Crioulo Mitdo) access was eight days. Although it belongs to the Andean
group, access Enxofre was grouped with the Mesoamerican accesses of this trait. With the exception of
Enxofre, there was a very cleardistinction between the gene pools. For the flowering period, accesses were
separated in two groups. This period ranged between 13 (Rajado) and 18 (Cavalo) days in Andean accesses
and between 21 (Preto de Copa) and 27 days in Mesoamerican accesses (Crioulo Mitdo).

Differences between genic pools for the flowering period can be explained by growth habit. Andean
accessions showed a habit of determined growth and the Mesoamericans had a habit of indeterminate
growth. Accesses with indeterminate growth continue their vegetative growth after the beginning of the
flowering period until the appearance of the last nodes, at the plants’ apex. Common bean genotypes with
indeterminate habit, as they have a longer flowering period, are considered to be more stable or more
tolerant to environmental stresses, and may present a strategy of balance in flower production. Additionally,
the aforementioned are genotypes with a longer cycle and may present uneven maturation. Considering that
early flowers are stronger sinks of assimilates, compared to late flowers, long flowering periods increase
competition between sinks for assimilates from photosynthesis, leading to abscission in late flowers. This
competition becomes stronger according to the period duration and the amount of assimilates available
(EGLI & BRUENING 2006). However, it is still not clear the impact of these aspects to yield (FAKIR et al.
2011).
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Figure 3. Beginning of flowering (BF) and period of flowering (FP) on accessions of common bean.
Curitibanos, SC, 2016. Means followed by the same letter do not differ by the Scott-Knott test
(p<0.01).

Flower abscission was understood as the abscission of flower buds and closed flowers (Figure 2a and
2b) and the abscission open flowers (Figure 2c). There was no statistical difference for number of aborted
flowers (open and closed) and bud flowers. Variance from 3 to 7 reproductive structures aborted per plant,
however, was observed. The lowest values were observed for Ligeiro (Andean pool) and the highest value
for Crioulo Miado (Mesoamerican pool). The number of open flowers aborted ranged from 3 (Andean pool) to
8 (Mesoamerican pool) per plant (Figure 4).

The number of emitted flowers for common bean accesses is presented in Figure 4. Despite no
statistical difference, Mourinho access emitted 32 flowers per plant and even though with highest number of
open flowers aborted it showed the highest value for flower retention. Crioulo Miido access showed similar
behavior, despite the smaller amount of flowers retained. Enxofre showed the lower value for flower emission
(22 flowers). Accesses with low flower emission were from Andean gene pool while accesses with higher
emission were from Mesoamerican gene pool. These results can be explained, again, by growth habit, being
that Andean genotypes show a determinate growth (Type I). MARTINS et al. (2017), evaluating flower
emission in common bean, obtained an average of 31.9 per plant, with the highest values for Mesoamerican
genotypes. According to YAMAN (1994) the number of flowers produced per plant in common bean range
from 21.23 to 52.40.

m CFA = OFA 5 FNA
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Figure 4. Closed flowers aborted (CFA), open flowers aborted (OFA) and flowers not aborted (FNA) in
accessions of common bean. Curitibanos, SC, 2016.
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There was no statistical difference for percentage of aborted flowers (open and closed) and bud
flowers. Mourinho access (Andean genic pool) showed lower value for closed flowers abscission (12.4) while
Cavalo (Mesoamerican genic pool) showed the highest value (25%) (Figure 5). Open flowers aborted ranged
from 8 to 24% so that the lowest values were observed for Andean accesses. It is possible to state that the
pattern of emission and flower abortion among the gene pools is justified by the longer flowering period and
the competition between early and late flowers within the same plant when in the case of Mesoamerican
genotypes, due to the habit of indeterminate growth.

ECFA ="OFA mPA mPS
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Figure 5. Percentage of closed flowers aborted (CFA), open flowers aborted (OFA), pods aborted (PA) and
pod set (PS) in common bean accesses. Curitibanos, SC, 2016. Means followed by the same letter
do not differ by the Scott-Knott test (p<0.10).

Worthy of note, these results were obtained under greenhouse conditions, establishing a response
pattern. Under limiting environmental conditions, with high temperatures, drought stress or low air moisture,
abscission of reproductive structures may increase. HOFFMANN JUNIOR et al. (2007) observed an
abscission of 79% of flowers when plants were exposed to temperatures of 30 °C during flowering period.
Similarly, IZQUIERDO & HOSFIELD (1981) observed an abscission of 60.5% in the common bean plant.
REIS et al. (1985) showed an increase of 11% in flower abscission of common bean flowers when
intercropped with maize.

The pattern of flower abortion was demonstrated in soybean and cowpea plants through variations in
the vascular development of racemes (WIEBOLD & PANCIERA 1990, EGLI & BRUENING 2006, MONDAL
et al. 2011). Flowers emitted early, in basal positions of the racemes, are more vascularized, with better
access to nutrients, assimilated and other substances. In soybean flowers, the balance between cytokinin
and abscisic acid is determinant for the fixation of reproductive structures, changing vascular development of
these structures (LIU et al. 2003). These traits are regulated by genetic and environmental factors, which are
detrimental to the amount of nutrients, assimilated and other substances available to supply the reproductive
structures.

Significant differences were observed in the percentage of aborted pods (p<0.10). A variation from 22
to 44% of aborted pods was observed. The highest percentage of abortion was observed in the Ligeiro
access (Andean group) while the lowest value was observed in Crioulo Mitdo (the Mesoamerican group).
Accesses were separated in two groups. The group with highest values consisted of three accesses in the
Andean group and one from the Mesoamerican group (Figure 5). Again, pod abscission can be explained by
growth habit. Plants with determined (the Andean group) growth have a lower potential for the emission of
new leaves after the beginning of flowering period. As such, the adjustment between the number of sinks
and the source of assimilates can be obtained through the abscission of pods, whereas plants with
indeterminate growth have greater plasticity for this adjustment.

Pod abscission is not usually addressed when it comes to the subject of abortion of reproductive
structures in the common bean. The present study, however, shows that its impact is also very significant.
Pod set ranged from 22.5 to 40.5% so that the lowest value was observed for the Cavalo access (Andean
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genic pool) and the highest value for Mourinho (Mesoamerican genic pool) (Figure 5). Many studies only
study flower abscission in terms of percentage of fixation. MARTINS et al. (2017) observed an average of
flower retention of 40.4% on common bean genotypes, with higher values for Mesoamerican gene pool.
However, with the difference between the accesses for percentage of pod abortion, it is clear that this event
has great importance in the final adjustment of plant yield, under limiting environmental conditions or not,
proving to be a trait with genetic variability. Number of pods is an important trait in the selection of genotypes
with high grain yield, considering that high rates of pod abortion reduce the performance of genotypes
(CABRAL et al. 2011).

Common bean accesses differed for number of pod set (Figure 6). The values ranged from 6 (Enxofre)
to 12 (Crioulo Miudo). Two groups were formed, so that the group with the highest values was composed of
two Mesoamerican accesses and one Andean access. This fact may be related to the greater abortion of
pods observed for the accesses of the Andean genic pool. Abortion of pods is common in the early stages of
development, especially under stress conditions. Common bean plants submitted to 35 °C for 10 hours
during two days in greenhouse conditions showed greater abortion of young pods (smaller than 2 cm), while
pods larger than 4 cm were aborted less (MONTERROSO & WIEN 1990). Similar effect with temperature is
also observed in field conditions (IZQUIERDO & HOSFIELD 1981).

m Crioulo miudo Mourinho m Preto de copa
35 m Ligeiro Enxofre Cavalo
30 ® Rajado
25
220
=
z15 a
a a
10 b b
b b
5 I
0 [ | l- |

Pod set Total seeds Seeds per pod

Figure 6. Number of pod set, total seeds and seeds per pod for each plant of common bean accessions.
Curitibanos, SC, 2016. Means followed by the same letter do not differ by the Scott-Knott test
(p<0.05).

The number of seeds per plant and number of seeds per pod did not present statistical difference.
However, the highest value was observed for Preto de Copa (average of 4.1 seeds per pod and 30 seeds
per plant) and Mourinho (average of 4.2 seeds per pod and 29.7 seeds per plant), both from the
Mesoamerican genic pool. Andean genotypes usually present the least number of seeds per pod than
Mesoamerican genotypes, although they have larger seeds, considering that Andean genotypes have seeds
of medium and big sizes while Mesoamerican genotypes seeds are medium or small (SALGADO et al.
2011). In the present study, only Rajado (Andean) showed different results, with an average of 1.5 seeds per
pod (Figure 6). DRUN et al. (2017), observed a negative correlation between number and mass of grains per
plant within the same genetic material, being possible to obtain similar values of yield (without significant
differences) in plants with different number of grains, by adjusting the mass by one thousand grains.

Common bean accesses showed differences in the abortion profile of reproductive structures over the
period (Figure 7). The period between the beginning of the emission of flowers and the last aborted pods
varied between five and eight weeks. Crioulo Mitido showed the longest period of abscission of flowers and,
together with Preto de Copa, showed the longest period for first pod aborted (three weeks after the beginning
of flowering), both from the Mesoamerican genic pool.

Mourinho (Mesoamerican) and Enxofre (Andean) accesses showed the shortest period of pod and
flower abortion. Additionally, Mourinho was the only access to abscission of pods already in the first week
after the beginning of flowering. Ligeiro was the access with the lowest number of aborted flowers and the
shortest flowering period, but also showed the largest abortion of pods and longest period of abscission of
pods. Finally, Cavalo access showed the longest period from the beginning of the flowering period to the end
of abscissions.
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Temporal profile of abortion of reproductive organs (flowers and pods) in seven accesses of
common bean. Curitibanos, SC, 2016.

Figure 7.

It is possible to verify that some Mesoamerican accessions promote their adjustment through the
abortion of flowers (buds, closed or open), throughout the flowering period, which is greater due to the habit
of indeterminate growth, and in the case of abortion of pods, this occurs later. On the other hand, some
Andean accessions promote the abortion of pods earlier in the reproductive period, showing that this is a
most significant adjustment for bean genotypes with a determined growth habit.

There was a positive correlation between early flowering and duration of the flowering period, as well
as the percentage of open flower abortion (Table 2). Negative correlation, however, was observed in the
percentage of aborted pods. Accesses in long periods of flowering showed a higher number of open flowers
aborted and a higher number of seeds harvested, as well as lower percentage of pod abortion. There was a
positive correlation between number of flowers emitted and number of flowers and aborted pods. However,
accesses with a higher number of flowers also presented a higher number of pods harvested, although with
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fewer seeds. Additionally, plants with a high percentage of pod abortion showed fewer pods, with a higher
number of seeds. The abortion of pods, in turn, presented negative correlation with the number of seeds

harvested.

Table 2. Analysis of Pearson correlation between reproductive traits in common bean.

FP NFP NCFA PCFA NOFA POFA NPA APP NHP PPH NS NSP
BF 0,61* 0,17 025 -0,17 036 047* -0,13 -0,53* 0,30 0,25 0,36 0,16

FP 021 031 025 042 038 -009 -059* 0,24 0,07 045 0,26
NFP 0,80* -0,07 0,83* -0,44* 080* 027 076" 015 005 -0,53*
NCFA 0,34 048 -046* 037 -013 081* 026 004 -049*
PCFA 020 -001 -019 -037 007 -037 019 0,14
NOFA 002 076 025 045  -009 023 -0,22
POFA 035 -041  -0,46*  -0,44* 0,53* 0,83
NPA 0,73* 0,27 0,28  -009 -0,36
APP 023 037 -0,49* -0,33
NHP 0,66** 0,11  -0,56**
PPH -0,11  -0,48*
NS 0,58+

BF: Beginning of flowering; FP: Flowering period; NFP: number of flowers produced; NCFA: number of closed flowers
aborted; PCFA: percentage of closed flowers aborted; NOFA: number of open flowers aborted; POFA: percentage of
open flowers aborted; NPA: number of pods aborted; APP: aborted pod percentage; NHP: number of harvested pods;
PPH: percentage of pods harvested; NS: number of seeds and NSP: number of seeds per pod. ** and * indicate
significant at 1% and 5% level of probability, respectively.

PERKSEN (2007) found a positive correlation between the number of flowers and number of pods per
plant and a negative correlation between number of seeds per pod and number of flowers produced in the
common bean. Therefore, the number of flowers increases the number of pods, but it does not mean that
yield would be higher. MADRIZ et al. (2015) found a positive correlation between number of pods per plant
and number of flowers aborted, which agrees with our results. They also obtained positive correlation
between yield and flowers aborted. FAKIR et al. (2011) evaluating flowering pattern on mungbeans observed
a positive correlation between the flowering period and number of flowers and pods produced, which does
not agree with our results, where the values were low and not significant.

The correlation between the number of flowers produced and the number of flowers aborted or
between the number of pods per plant and the number of flowers aborted raises the hypothesis of a
mechanism of adjust, since when a plant shows a high flower abscission, it also shows a high emission of
flowers, as a way of compensation. When environmental conditions are favorable to flowering and
unfavorable to grain filling, the number of flowers produced and the number of flowers aborted would be
higher and flower retention would be lower (MARTINS et al. 2017), which agrees with this hypothesis. Even
with adequate climatic conditions, there is abscission of reproductive organs, with different patterns among
genotypes or genic pools. These patterns may be a regulation in each genotype, in order to obtain a
satisfactory yield. Finally, it must be considered that when flower abortion occurs, the remaining flowers will
have more assimilates available, which can maintain or even increase yield through other yield components
(ASCOUGH et al. 2005).

CONCLUSION

Accessions of Andean common beans begin their flowering earlier and have a shorter flowering
period, compared to Mesoamerican accessions.

Abortion of buds in open and closed flowers occurs more effectively in Mesoamerican accessions,
however they produce more flowers than they do in the Andes.

The abortion of pods is more prominent in Andean accessions, and this occurs earlier in the
reproductive period.

The differences observed in the pattern of abscission of reproductive structures in bean accessions
are related to the type of growth habit.
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