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Vigor and alpha-amylase activity in common bean
seeds under salt stress conditions

Vigor e atividade de alfa-amilase sementes de feijao em
condicoes de estresse salino

Matheus Santin Padilha®; Cileide Maria Medeiros Coelho?*; Natalia Carolina
Moraes Ehrhardt-Brocardo?®

Highlights

Salt stress negatively affects the mobilization of seed reserves.
Alpha-amylase activity decreases in the presence of salt stress.
Seeds with greater vigor have greater alpha-amylase activity in absence of stress.

Abstract

Seeds with high vigor have greater capacity for hydrolysis and mobilization of stored reserves, which results
in the formation of vigorous seedlings, and this behavior is observed under abiotic stress conditions. This
study proposes to investigate the relationship of the enzyme alpha-amylase in lots of common-bean seeds
with contrasting vigor, when subjected to the absence and presence of salt stress, aiming to identify the
relationship of this enzyme with the vigor of the seed lot under these conditions. Seven common-bean
cultivars were used. Physiological quality was determined by germination, vigor index and seedling length.
The mobilization of reserves was evaluated under absence and presence of salt stress simulated with a
NaCl solution with a concentration of 50 mmol L. The analyzed variables regarding reserve mobilization
were reserve reduction, reserve reduction rate, seedling dry weight, reserve mobilization rate, starch, starch
reduction rate and alpha-amylase activity. Results showed that the stress condition negatively affected all
the evaluated variables; however, the cultivars classified as having greater vigor showed better physiological
performance under stress. Salt stress in common-bean seeds affects seedling performance and reduces
alpha-amylase activity during germination, and high-vigor seed lots exhibited higher enzyme activity in the
no-stress condition.
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Resumo

As sementes com alto vigor possuem maior capacidade de hidrélise e mobilizacdo das reservas
armazenadas resultando na formac¢ao de pléantulas vigorosas, sendo esse comportamento observado
em condicdes de estresse abidtico. O objetivo deste trabalho foi avaliar a relacdo da enzima alfa-amilase
em lotes de sementes de feijdo com contraste no vigor quando submetidos a condi¢cdes de auséncia e
presenca de estresse salino, buscando identificar a relacdo desta enzima com o vigor do lote de sementes
nessas condicdes. Sete cultivares de feijao foram utilizadas. A qualidade fisiolégica foi determinada
pela germinacao, indice de vigor e comprimento de plantulas. A mobilizacao de reservas foi avaliada em
condi¢gdes com auséncia e presencga de estresse salino simulado com solu¢do de NaCl com concentragao
de 50 mmol L. As variaveis analisadas referentes a mobilizacao de reservas foram areducao das reservas,
taxa de reducdo das reservas, massa seca de plantulas, taxa de mobilizagcédo de reservas, amido, taxa de
reducao de amido e atividade da alfa-amilase. Os resultados demonstraram que a condicao de estresse
afetou negativamente todas as variaveis avaliadas, contudo, as cultivares classificadas como de maior
vigor apresentaram melhor desempenho fisioldgico sob o estresse. O estresse salino em sementes de
feijdo afeta o desempenho de plantulas e reduz a atividade da alfa-amilase durante a germinacéao e, os
lotes de sementes com alto vigor apresentaram maior atividade da enzima em condi¢cdes de auséncia de

estresse.

Palavras-chave: Phaseolus vulgaris L. Germinacao. Vigor de plantulas.

Introduction

The common bean (Phaseolus vulgaris
L) is produced and consumed mainly in
developing countries in Latin America, Africa
and Asia. It is one of the most important
legumes in the world, given its use in human
nutrition as a source of starch, protein, fiber
and minerals (Mukankusi et al., 2017; J. Chen
etal., 2016).

This crop is typically grown in arid and
semi-arid regions, which are susceptible to
natural soil salinization (Dutta, Neelapu, Wani,
& Challa, 2018). Saline soils can compromise
agricultural production due to negative effects
on germination, affecting plant stand, root
and shoot lengths and biomass accumulation
(Liang, Ma, Wan, & Liu, 2018). One of the
strategies to foster the initial establishment
of seedlings under these conditions is the use
of seeds of high physiological quality. This
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is because vigor is the set of attributes that
determines the potential for rapid and uniform
emergence of a seedling in a wide variety
of conditions (International Seed Testing
Association [ISTA], 2014), which has an impact
on crop yield (Mondo, Nascente, & Cardoso,
2016; Caverzan et al., 2018).

The establishment of seedlings in the
fieldis determined by the heterotrophic growth
process (Gommers & Monte, 2018), which
depends on the hydrolysis and mobilization
of components stored in the seed reserve
tissue to the embryonic axis (Bewley, Bradford,
Hilhorst, & Nonogaki, 2013). Efficiency in
hydrolysis and mobilization of reserves favors
the formation of vigorous seedlings, one
of the aspects associated with seed vigor
(J. Cheng et al., 2015; Andrade, Coelho, &
Padilha, 2019). In general, this process can
be influenced by adverse conditions imposed
by the environment, such as water, salt and
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thermal stress, heavy metals, among others
(Kalai, Bouthour, Manai, Bettaieb-Ben Kaab, &
Gouia, 2016; EI-Mowafy & Kishk, 2017).

Legume seeds contain a large amount
of carbohydrates in their composition,
including starch (Tayade, Kulkarni, Jo, Song, &
Lee, 2019). The evaluation of starch hydrolysis
and mobilization in species of the family
Fabaceae is little explored in the literature,
when compared with species of the family
Poaceae (Bewley etal., 2013). Starchis areadily
available source of energy and metabolites
for seedling growth, and alpha-amylase is the
main enzyme responsible for its hydrolysis,
which favors seedling establishment (Yu, Lo, &
Ho, 2015).

Several studies sought to associate
the activity of the alpha-amylase enzyme with
the initial vigor of the seed lot. In maize seeds
subjected to germination without abiotic
stress, high-vigor seeds showed greateralpha-
amylase enzyme activity during the processes
of germination and seedling formation
(Oliveira et al., 2013), and the same was
observed inrice seeds (X. Cheng et al., 2013).
However, in soybean seeds, the relationship
between greater seed vigor and the activity
of this enzyme was not observed (Henning
et al.,, 2010). In wheat, L. T. Chen et al. (2017)
demonstrated that alpha-amylase activity and
seed vigor were positively correlated in the
condition of germination in the absence of
stress, but no positive association occurred
when seeds were subjected to water stress.

Associating the activity of the
alpha-amylase enzyme with seed vigor
and determining to which extent vigor can
provide better physiological performance
during an abiotic stress situation with the
involvement of this enzyme are very relevant
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for understanding the physiological quality
of common-bean seeds, given the lack of
research on this topic. Thus, the hypothesis
tested in the present study is that common-
bean seeds with greater vigor exhibit higher
alpha-amylase activity in the absence and
presence of salt stress, with greater starch
hydrolysis favoring the formation of seedlings
with better physiological performance under
these conditions. Based on the presented
hypotheses, the objective of this study was to
investigate the behavior of the alpha-amylase
enzyme in lots of common-bean seeds with
contrasting vigor in ideal conditions and under
salt stress, aiming to identify the relationship
of this enzyme with the initial vigor of the
common-bean seed lot.

Material and Methods

Seed lots of cultivars BAFO7, BAF13,
BAF23, BAF42, BAF55, BAF81 and BAF112
were used. The seeds were produced in
the municipality of Lages - SC, Brazil, in the
experimental area of the Center for Agricultural
Sciences at Santa Catarina State University
(UDESC-CAV), in the 2018/2019 crop. After
harvesting, they were homogenized and 1000
g of seeds were separated to determine the
average sample, and the working sample for
further analysis was obtained later (Ministério
da Agricultura, Pecuaria e Abastecimento
[MAPA], 2009). The seeds were stored in a
dry chamber (10 £ 2 °C and 50 + 5% relative
humidity) until analysis.

The seed lots were characterized
in terms of physiological quality based on
germination test, vigor index and seedling
length, which were evaluated in the absence
(Control) and presence of salt stress (NaCl).
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Saltstresswasinduced using a solution
with 50 mmol L™ of sodium chloride (NaCl) with
an electrical conductivity of 5.07 dS m™" to wet
the paper (rate of 2.5 mL g™ of dry paper).

The germination test was conducted
with three replicates in a Mangelsdorf
germinator at a temperature of 23 £ 2 °C using
a photoperiod of 12 h:12 h light:dark. Seeding
was performed on Germitest® paper substrate
in the form of a roller moistened with distilled
water (Control) or saline solution (NaCl) at the
rate of 2.5 mL g of dry paper. The number of
normal seedlings was counted as described
by MAPA (2009), at five and nine days after the
start of the test.

To determine vigor index, three
replicates of 20 seeds were placed on the
paper (Krzyzanowski, Franca, Gomes, &
Nakagawa, 2020). The rolls were moistened at
therate of 2.5 mL g-1 of dry paper with distilled
water (Control) or saline solution (NaCl), as
described above, and kept in a Mangelsdorf
germinator at 23 + 2 °C for three days. After
this time, the seedlings considered normal
had the hypocotyl, root and total lengths
measured with a digital caliper. Vigor index
(VI) was calculated according to the formula
proposed by Sako, McDonald, Fujimura, Evans
and Bennet (2001), using R software (R Core
Team [R], 2020) and the SeedCalc package
(Silva, Medeiros, & Oliveira, 2019), as shown
below:

Vigor Index (VI) = (WG x (w, x| +w_x1)) +

(WU x (1000 - (w, xs +w_xs +s

r total

W, %S, )-wdxnumdead)

where |, and | are the average hypocotyl and
root lengths of the samples, respectively; s,
S, S, and s, are the standard deviations

total

3636

of hypocotyl length, root length, total length
and root/hypocotyl ratio, respectively; w
represents the proportion for the growth (G)
and uniformity (U) parameters; wd stands for
penalty for the number of dead seeds; and
numdead is the number of dead seeds.

Mobilization of reserves was evaluated
five days after sowing, as described above.
This variable was evaluated in the absence
and presence of salt stress (Control and NaCl)
using three replicates of 20 seeds. On the fifth
day after test was set up, the seedlings were
measured with a digital caliper to determine
the total seedling length (TL). After separating
the cotyledons and seedlings, the material
was dried at a temperature of 80 °C for 24 h
to determine the remaining dry weight in the
cotyledons (RDWC) and seedling dry weight
(S,DW) (Krzyzanowski et al., 2020). Seed dry
weight (S,DW) was determined after removing
the seed coat from four replicates of 20
seeds and subsequently oven-drying at 105
°C for 24 h. The RDWC was corrected for the
rate of remaining dry weight in cotyledons
by the equation [RDWC = (RDWC (mg)/S,DW
(mg))*100]. Seed reserve reduction (S,RR)
[S,RR =5,DW (mg) -R,WC (mg)], seed reserve
reduction rate (S,RRR) [S,RRR = (SRR (mg))/
S,DW (mq))*100] (Soltani, Gholipoor, & Zeinali,
2006) and reserve mobilization rate (RMR)
[RMR = (S, DW (mg)/S,DW (mg))*100] (Andrade
et al., 2019) were also determined.

Starch extraction and quantification
were performed before the seeds were
subjected to germination (initial) and at the
end of the test (five days after sowing). These
determinations were conducted as proposed
by McCready, Guggolz, Silveira and Owens
(1950), with modifications. For extraction, 125
mg of dry flour ground in a mortar were placed
in a centrifuge tube. The soluble sugars were
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extracted in a double-step process with 80%
alcohol, whereas the starch was extracted
from the residue in a double-step process
with 52% perchloric acid. Quantification was
achieved using 1 mL of the diluted extract and
3 mL of anthrone, followed by vortexing for
3 s. The test tubes were kept in a water bath
at 95 °C for 450 s, after which time reading
was performed in a spectrophotometer at
an absorbance of 630 nm. The standard
curve was determined using the solution with
glucose concentrations of 10, 20, 30, 40, 50
pg mL". Results were expressed in mg seed™.

Starch reduction rate (S;RR) was
determined from the results of initial starch (IS)
and starch remaining after five days (FS), given
by the equation below:

Starch reduction rate (S;RR) =

IS (mg seed™) - FS (mg seed™)
] x100
IS (mg seed ™)

Alpha-amylase activity (EC 3.2.1.2)
was determined by the 3,5-dinitrosalicylic
acid (DNS) method (Miller, 1959). Using the
procedure described by Sun and Henson
(1991) with modifications. To obtain the
enzyme extract, 500 mg of previously ground
fresh flour was mixed with liquid nitrogen and
homogenized inamortar with 10 mL 0.1 mol L’
TRIS-HCL buffer (pH 7.2) containing 0.1 mol L™
NaCl and 10 mmol L CaCl2 and centrifuged
for 10 min at a temperature of 6 °C. The extract
was incubated in a water bath for 15 min at 70
°C. Quantification was achieved using 500 pL
enzyme extract, 500 pL sodium acetate buffer
solution (100 mmol L") containing 5 mmol L
calcium chloride (pH 5.0) and 500 pL starch
solution containing 2.5% (w/v). The samples
remained in a water bath for 15 min at 40 °C.
The reaction was stopped with the addition
of 1000 L of DNS solution and the samples
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were subsequently kept in a water bath for 6
min at 95 °C. Before reading, 7.5 mL distilled
water were added. Reading was performed in
a spectrophotometer at an absorbance of 540
nm and results were expressed in units per
milliliter (U mL™"). One enzyme unit was defined
as the amount of enzyme to produce 1 pymol
of glucose per minute under the evaluated
conditions.

The experiment was laid outina 7 x 2
factorial arrangement (seven cultivars and two
germination conditions) with three replicates.
Statistical analyses were carried out using
R software (R, 2020). Results were subjected
to analysis of variance (F test), and the
comparison between means and interactions
was done using the Scott-Knott test at 5%
probability. Principal componentanalysis (PCA)
was observed for each germination condition
without stress (Control) and with salt stress
(NaCl), separately to identify associations
between parameters in each condition. As
a complement to identify the association
between vigor and alpha-amylase activity,
Pearson's correlation analysis was conducted
performed between these variables and
significance was identified by the t test.

Results and Discussion

The summary of analysis of variance
indicates a significant effect (p < 0.05) of the
genotypes used and the imposed stress.
There was an interaction effect between the
factors for the variables of vigor index (VI),
total seedling length (TL), seedling dry weight
(S,DW), seedling reserve mobilization rate
(RMR) and alpha-amylase activity (o). For the
other variables, there was no interaction effect
(Table 1).
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Table 1
Summary of analysis of variance informing the significance (p < 0.05) obtained for the analyzed variables

SV DF (€] VI L SDW RWC SRR SRRR RMR FS S;RR o
F1 6 *x * * * * * * * * * *
F2 1 * * * * * * * * * * *
F1xF2 6 ns * ** * ns ns ns * ns ns *
Error 28
Total 41

CcVv - 329 456 496 476 389 7.3 6.88 407 12.82 14.00 11.84

SV: Source of variation; F1: Cultivar; F2: Stress; DF: Degrees of freedom; CV: coefficient of variation. * ** ns: Significant at
1% and 5% probability and not significant, respectively. G: Germination; VI: Vigor index; TL: Total length; SLDW: Seedling
dry weight; RDWC: Remaining dry weight in cotyledons; SDRR: Seed reserve reduction; SDRRR: Seed reserve reduction

rate; RMR: Reserve mobilization rate; FS: Final starch; STRR: starch reduction rate; and o Alpha-amylase activity.

Considering the overall mean of
the variables for the characterization of
physiological quality, the isolated effect of
the germination condition was negative under
the imposed salt stress (p < 0.05). When the
seeds were subjected to tests in the presence
of salt stress, performance declined. Between
the variables of germination, vigor index and
total length, the decreasing effect was more
accentuated in vigor index and total length
(Table 2).

Germination percentage ranged from
85% to 94% between the cultivars in the non-
stressed condition and from 85% to 91%
when the seeds were subjected to salt stress.
Cultivars BAFO7 and BAF112 showed lower
germination in the control condition, whereas
no significant difference between the cultivars
occurred under stress (Table 2). This smaller
effect on germination percentage allows a
more detailed study of seed vigor, since all
cultivars have the capacity to germinate under
the imposed conditions. Thus, the vigor index
and the total length of the seedlings were
determined to identify vigor groups among te
cultivars used.
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The vigor index demonstrates the
difference between the lots of cultivars used.
Under both conditions, cultivar BAF55 showed
the greatest vigor. The lowest indices were
observed for cultivars BAF0O7, BAF23 and
BAF42 in the control condition. However, in
the presence of stress, cultivar BAF42 showed
greater vigor than BAFO7 and BAF23 (Table 2).
The differences in vigor were confirmed by the
results of seedling length, for which cultivars
BAF13, BAF42, BAF55, BAF81 and BAF112
showed higher values than BAFO7 and BAF23,
in both germination conditions. Vigor index
and seedling length are efficient tests for the
segregation of seed vigor of several species,
as they assess the speed, uniformity and
performance of seedlings in the lot (Marcos,
2015; Rocha, Silva, & Cicero, 2015; Silva et al.,
2019). In this way, two distinct vigor groups
were defined: the higher-vigor group (BAF13,
BAF42, BAF55, BAF81 and BAF112) and the
lower-vigor group (BAFO7 and BAF23).
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Table 2

Germination, vigor index and total seedling length (TL) of lots of seeds of common-bean cultivars
evaluated in the absence (Control) and presence of salt stress with 50 mmol L' (NaCl)

Cultivar Germination (%) Vigor index
Control Control Control

BAFOQ7 85 b’ 85a 601 Ae 444 Bc 174.63 Ad 85.17 Bd

BAF13 91a 89a 810 Ab 517 Bb 231.21 Ab 126.19 Bb

BAF23 89a 87 a 702 Ad 448 Bc 205.57 Ac 107.07 Bc

BAF42 88a 85a 728 Ad 515Bb 218.09 Ab 133.23Bb

BAF55 94 a 91a 854 Aa 582 Ba 257.21 Aa 152.97 Ba

BAF81 90a 88a 774 Ac 503 Bb 218.08 Ab 138.23 Bb

BAF112 85b 87 a 810 Ab 500 Bb 227.14 Ab 144.65 Ba
Overall mean 90 A 87B 754 A 501 B 218.85 A 126.82B

CVv 3.29 4.56 4.96

"Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ statistically
from each other by the Scott-Knott test at 5% probability; CV: Coefficient of variation (%).

Remaining dry weight (R,WC) was lower
inthe absence of stress, indicating greater use
of pre-existing reserves in the cotyledons. Salt
stress had a significant effect on this variable,
with the stressed seeds using a smaller
amount of reserves, leaving a larger amount in
the cotyledons. Nonetheless, the seed lots of
genotypes classified as high-vigor had a lower
remaining dry weight, indicating greater use of
the reserves as compared with the seed lots of
cultivars BAFO7 and BAF23, which showed the
highestremaining dry weight in the cotyledons
in both treatments (Table 3).

Final starch responded similarly to
R,WC in the salt stress situation. Stress
resulted in decreased starch hydrolysis
(Table 3). This happens because salinity
influences the hydrolysis process and reserve
mobilization during germination, thus delaying
or inhibiting the seedling formation process
depending on the intensity of stress (lbrahim,
2016; Li, Zhao, Zhang, Yuan, & Chen, 2019).
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However, the highest starch reduction rates
(S;RR) were seen in genotypes BAF42, BAF55
and BAF81, and hydrolysis differed between
the vigor groups in the absence of stress
(Figure 1f).

Seed reserve reduction (S RR), seed
reserve reduction rate (S RRR), seedling dry
weight (S DW) and reserve mobilization rate
(RMR) differed significantly between cultivars,
decreasing in the salt stress condition (Figure
1a, b, ¢ and d). Cultivars BAF23, BAF55 and
BAF112 showed the greatest reduction in
reserves (S RR) (Figure 1a), which favored the
formation of seedlings with greater dry weight
in the control condition (Figure 1c). Under salt
stress, the reduction of reserves (S RR) did
not show the same response. Vigor showed to
have an influence, with the heaviest seedling
dry weight observed in cultivars BAF13,
BAF55 and BAF112, which belong to the most
vigorous group (Figure 1c).
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Table 3

Seed dry weight (S,DW), dry weight remaining in the cotyledons (R,WC) and amounts of starch before
germination (Initial starch) and after five days of germination (Final starch) in the evaluated lots of seeds
of common-bean cultivars in the absence (Control) and presence (NaCl) of salt stress

. S DW R,WC (mg seed™) R,WC (%)
Cultivar D .
(mg seed™) Control Control

BAFO7 169.82 + 7.01 113.14 + 6.89 125.37 £+ 5.25 68.40 a1 72.22a

BAF13 183.91+ 1.15 112.29 + 1.58 133.14 + 11.81 59.23 ¢ 67.79b

BAF23 271.53 £ 10.53 179.78 £ 10.19 200.69 + 8.85 66.88 a 74.27 a

BAF42 163.99 + 0.89 91.96 £ 0.49 104.01 £ 5.97 56.74 c 62.61c

BAF55 175.68 + 3.37 91.20 + 1.66 111.02 + 5.87 50.86d 62.33¢c

BAF81 174.63 + 4.84 103.15 + 2.20 120.67 + 5.46 58.45c¢c 65.70b

BAF112 212.08 +6.20 130.88+3.73 141.67 £ 12.31 62.35b 66.46 b
Overall mean 193.08 + 35.43 117.48 £ 30.39 133.79 + 30.22 60.41B 67.34 A

CcVv - - 3.89
. Initial starch Final starch (mg seed™) Final starch (%)
Cultivar .
(mg seed™) Control Control

BAFO7 83.14 + 2.82 41.26 £ 1.98 4498 + 4.82 49.72 a1 54.07 a

BAF13 95.92 + 13.81 45.65 + 1.35 63.51 £ 10.60 48.30 a 66.15a

BAF23 132.86 + 26.16 70.62 £ 2.98 83.27 +11.73 54.67 a 63.22a

BAF42 85.14 + 13.02 31.68 + 1.36 47.39 + 3.33 37.68b 56.45 a

BAF55 86.10 + 11.24 32.03+2.72 4251 £ 6.56 37.57b 49.60 a

BAF81 87.69 + 2.28 37.66 + 1.87 49.28 +7.73 4295b 56.29 a

BAF112 105.40 + 6.27 56.32 + 1.11 63.68 + 8.36 53.59a 60.32 a
Overall mean 96.61 + 19.67 45.03 + 13.48 56.37 + 15.42 46.36 B 58.01 A

CcVv - - 12.82

"Mean + standard deviation; 2Means followed by the same lowercase letter in the column and uppercase letter in the
row do not differ statistically from each other by the Scott-Knott test at 5% probability; CV: Coefficient of variation (%).

Seedling dry weight (S DW)istheresult ~ maize seeds and observed that the seeds

of what was mobilized during the germination
process. In general, S DW increases with
the reduction in the reserves present in the
reserve tissue (X. Cheng et al., 2018). Thus,
the cultivars in the high-vigor group (BAF13,
BAF42, BAF55, BAF81 and BAF112) showed
a greater capacity to reduce the cotyledon
reserves (S RRR) and mobilize them for
seedling formation (RMR) (Figure 1b and 1c).
Likewise, Andrade et al. (2019) evaluated
the mobilization of reserves and vigor of

3640

with greater vigor had greater capacity for
depletion of reserves and greater mobilization
for the seedlings.

The presence of salt stress during
germinationresulted in less use of stored seed
reserves, affecting dry weight accumulation
and seedling length. Baghel, Kataria and Jain
(2019) observed this effect in maize seeds,
which showed lower weight and length
accumulation under salt stress conditions.
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The decrease in growth is caused by the
occurrence of osmotic stress and, later, by
ionic toxicity (i.e., absorption of Na*, CI), which
results in intracellular imbalance, requiring
osmotic adjustment (Taiz, Zeiger, Mgller, &
Murphy, 2017; Liang et al., 2018). However,

the seeds from the high-vigor group (Table 2;
Figure 1d) showed better performance even
in the presence of stress, demonstrating
a greater capacity to germinate and form
seedlings with greater length and dry weight
under these conditions.

a) b)
100 100 -
90 = E 90 -
~ 80 1 80 -
~'§ 70 4 \ g 70 A
% 60 - § 60 ,
£ 50 - \ g 50 - b b
| N R N
é 40 \\\ @ 40 :§§
& 30 - \\ 30 4 \E
20 N\ 2 N\=
i \ 4 -
10 - § 10 - N=
04 & 0 - &=
<) d) Control NaCl
100 -
- 90 -
"?éu 80 -
= ~ 70 4
i é 60 1
= 2 50 -
= ) 40 4 a
= b b
3 I
e) f)
5 - 100
;'_:, 4 80 4
E a a
- N\ .
£ N 4
-
i \
= %g
N=
Control NaCl
WBAFO7  EBAF13  SYBAF23  [MBAF42 SBAFSS EBAFS1  EBAF112

Figure 1. Seed reserve reduction (S RR), seed reserve reduction rate (S RRR), seedling dry weight
(S,DW), reserve mobilization rate (RMR), alpha-amylase enzyme activity and starch reduction rate
(S;RR) in common bean cultivars evaluated under absence (Control) and presence of salt stress
(NaCl). Bars followed by the same lowercase letter within the treatment indicate no significant
difference by the Scott-Knott test at 5% probability.
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In the absence of stress, cultivars
BAF42, BAF55, BAF81 and BAF112 exhibited
the highest alpha-amylase activity (Figure 1e).
Among the seeds of the high-vigor group,
genotype BAF13 had the lowest enzyme
activity, but was superior to the low-vigor
genotypes BAF07 and BAF23. This difference
in activity within the high-vigor group may
be associated with genotypic differences,
considering that Oliveira et al. (2013) observed
that maize lines of similar physiological quality
may show differences in the expression of
the alpha-amylase enzyme. The higher alpha-
amylase activity resulted in a higher starch
reduction rate (Figure 1f) and a higher reserve
reduction rate (S RRR) (Figure 1b), with an
association occurring between the high vigor
of the cultivars and enzyme activity. After the
cultivars were subjected to the salt stress
condition, this relationship was no longer
present, since there was a decrease in alpha-
amylase activity for all cultivars (Figure 1e).
Nevertheless, starch reduction rate (S;RR) did
not show a decrease in the same intensity,
suggesting that, during stress, the enzyme
alpha-amylase was less important during
starch hydrolysis, since the seeds continued
to exhibit starch depletion (Figure 1f).

Adda, Regagba, Latigui and Merah
(2014) observed the impact of salt stress on
alpha-amylase activity during the germination
of common-bean seeds, describing that the
reduction in activity increased as the stress
was intensified, compromising seedling
performance. The decline in alpha-amylase
activity is due to the hormonal change that
takes place in the seeds, which causes a
decrease in the gibberellin content, ultimately
inhibiting the utilization of reserves (Li et al.,
2019). The decreased alpha-amylase enzyme
activity results in less starch hydrolysis,
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reducing the availability of soluble sugars for
embryonic axis growth (Oliveira et al., 2013).
This association between alpha-amylase
enzyme activity, starch hydrolysis and sugar
availability explains the lower seedling dry
weight and lower reserve reduction observed
in the presence of salt stress (Figure 1a, c).

Pearson correlation analysisrevealed a
significant positive correlation between alpha-
amylase activity and the vigor of the seed lot
(Figure 2a). However, this association was
not present when the seeds were subjected
to salt stress, suggesting that vigor did not
translate into greater alpha-amylase activity in
the seeds at five days of germination (Figure
2b). L. T. Chen et al. (2017) identified this
relationship, in which alpha-amylase activity
and greater vigor in wheat seeds were not
associated with each other under water stress
conditions. Thus, it is possible that another
mechanism influences hydrolysis capacity
and the formation of seedlings with a heavier
weight in this condition.

Principal component analysis
(PCA) was performed to better understand
the relationship between alpha-amylase
activity and the vigor groups obtained and
its association with seedling performance
parameters. For the control condition, principal
components 1 (PC1) and 2 (PC2) explained
59.82% and 26.83% of the data variability,
respectively (Figure 3a). In PCA for stress
conditions, PC1 and PC2 explained 53.73%
and 22.97% of the data variance, respectively
(Figure 3b). The two vigor groups can be seen
in PCA, which shows the association between
the evaluated variables with each of the
formed groups.

Principal component 1 allowed the
separation of vigor groups regardless of the
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absence or presence of stress, and both PCA
showed a similar association in relation to
the variables. The S.RR, RMR, S RRR, TL, VI,
S,DW, SRR and alpha-amylase variables were
positively associated with each other and were
associated with the high-vigor group (BAF13,
BAF42, BAF55, BAF81 and BAF112). This
result indicates that common-bean seeds with
high vigor have greater alpha-amylase activity,
which partially favors a greater reduction of
reserves and a subsequent mobilization of
the soluble compounds to the embryonic axis,

o
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-
Wt
:

Apha-amylase (U mL1)

promoting the formation of longer seedlings
with a heavier dry weight (Figure 3).

The observed difference in association
for alpha-amylase between Pearson’'s
correlation (Figure 2b) and PCA (Figure 3b)
may be related to the greater variability of
this variable. According to Jolliffe and Cadima
(2016), PCA reduces the dimensionality of the
set by finding new variables that are linear
functions of the original dataset, increasing
interpretation  capacity and  reducing
information loss.

o
R
[ T ] _ = =
o e o~ o B oo
o]

&

o
I

Apha-amylase (U mL1)
o
()

(=]

500 600 700

800 900 1000

0]

o
o) 000 ¢

400 450 500

550 600 650

Vigor Index

Figure 2. Pearson correlation analysis between vigor index and alpha-amylase activity obtained
under optimal germination conditions (r = 0.64*) (a) and under salt stress (r = 0.28™) (b). Significant

at 1% (*) and not significant (ns) by the t test.
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Results for alpha-amylase in the
absence of stress (Figure 2a, Figure 3a)
suggest its importance in the germination
process of common-bean seeds, as it
promotes better performance in seedlings
from high-vigor seeds. However, other
enzymes may be related to vigor, especially
before the evaluated period. In maize seeds,
the higher hydrolysis capacity is one of the
main causes of rapid germination, with the
formation of seedlings of higher performance
(Naguib & Abdalla, 2019). Similar results were
also described in studies with rice seed (X.
Cheng et al., 2013). On the other hand, RDWC
was associated with the group of low-vigor
seeds (BAF07 and BAF23), indicating less
hydrolysis of reserves and, consequently, less
mobilization (Figure 3a, b).

Unlike what was observed in the
no-stress situation, the second principal
component shows that, in the presence of
salt stress (Figure 3b) starch reduction rate
(S,RR) (PC1+/PC2-) and alpha-amylase activity
(PC1+/PC2+)are notpositivelyassociated with
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each other. In general, alpha-amylase is the
main enzyme responsible for starch hydrolysis
in grasses (Yu et al,, 2015). However, in dicots,
starch hydrolysis can be performed by other
enzymes; in chickpeas, for instance, the start
of starch hydrolysis is a result of the activity of
the enzyme starch phosphorylase, and during
germination, the activity of amylases (i.e.,
alpha-amylase and beta-amylase) increases
(Bewley et al., 2013). This difference may
explain the previously observed results for
alpha-amylase and starch reduction rate in the
stress condition (Figure 1¢, f). Considering the
later increase in alpha-amylase activity during
the germination of dicotyledonous seeds,
the non-significant correlation between this
enzyme and the vigor of the seed lot observed
in the salt stress condition (Figure 2b), may be
associated with the speed of the germination
process, since salt stress resulted in seedlings
of lower performance. It is hence suggested
that a longer germination time is necessary
to identify this relationship under stress
conditions.
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Figure 3. Principal component analysis regarding seedling formation in control (a) and under salt
stress (50 mmol L") (b) and the association between the evaluated parameters. PC1 and PC2 are
the first and second principal components, respectively.

Thus, under salt stress, when alpha-
amylase activity was affected (Figure 1e), it
is possible that another catalyst molecule
contributed to starch hydrolysis, which
resultedinits depletion even during this stress,
as highlighted above (Figure 1f). Similarly,
according to Thalmann and Santelia (2017), the
metabolic route related to starch hydrolysis
can be altered in different environmental
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conditions, such as cold stress and water
stress, changing the enzymes that hydrolyze
starch. Therefore, it is recommended that
other enzymes related to starch hydrolysis
during the formation of common-bean
seedlings be evaluated and identified in
absence and presence of salt stress, as other
enzymes associated with the vigor of seeds of
that species may be indicated.

3645



I Ciéncias Agrarias
SEMINA —

Padilha, M. S,, et al.

Conclusions

The alpha-amylase enzyme activity
is positively associated with the vigor of
the seed lot under control conditions (i.e.,
absence of stress). However, when subjected
to salt stress, the enzyme alpha-amylase does
not show a direct association or has a weak
association with vigor and starch hydrolysis.
As such, it can't be indicated as the main
factor related to starch hydrolysis and better
performance of high-vigor seeds in salt stress
conditions.
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