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Respiration and deterioration of Inga vera ssp. affinis embryos stored at

different temperatures'

Marcio Roberto Bonjovani?, Claudio José Barbedo**

ABSTRACT - Inga vera ssp. affinis embryos at different maturity stages and with various water contents had their CO,
production and O, consumption analyzed, and then compared to those of Phaseolus vulgaris L. seeds. The results showed
that the lower the temperature, the lower the respiratory rates and the more intense the other oxidative processes of 1. vera
embryos. On the other hand, the same did not happen in P. vulgaris seeds. Oxidative reactions, including respiration, reduced
the germinative capacity and compromised the preservation of the embryos and seeds. Oxidative reactions depended on the
embryo maturity stage, its moisture level, and the surrounding temperature. Interestingly, the responses obtained for viability
loss and changes in O, consumption rates of /. vera embryos did not correspond to the expected for plant tissues, as verified in
P, vulgaris seeds with similar water content.

Index terms: oxidative processes, recalcitrant seeds, seed preservation.

Respiracgdo e deterioracdo de embrides de Inga vera ssp. affinis armazenados em
diferentes temperaturas

RESUMO - Embrides de Inga vera ssp. affinis em diferentes estagios de maturagdo e com diferentes contetidos de agua tiveram
sua produgdo de CO, e consumo de O, analisados e comparados com os de sementes de Phaseolus vulgaris L. Os resultados
mostraram que quanto menor a temperatura, menor as taxas respiratorias e mais intensos os demais processos oxidativos dos
embrides de /. vera. Por outro lado, o mesmo néo aconteceu nas sementes de P. vulgaris. Reagdes oxidativas, incluindo a respirag@o,
reduziram a capacidade germinativa e comprometeram a preservagdo de embrides e sementes. As reagdes oxidativas dependeram
do estagio de maturidade do embrido, do seu nivel de umidade e da temperatura ambiente. Curiosamente, as respostas obtidas
para perda de viabilidade e mudangas nas taxas de consumo de O, dos embrides de 1. vera ndo corresponderam ao esperado para

os tecidos vegetais, como verificado em sementes de P. vulgaris com teor de agua semelhante.

Termos para indexag@o: processos oxidativos, sementes recalcitrantes, conservagdo de sementes.

Introduction

Recalcitrant seeds are difficult to be preserved during
storage due to their sensitiveness to desiccation. Such
a characteristic also poses a challenge for composing
germplasm banks or including these plants in repopulation
programs (Barbedo et al., 2013). In addition to that, studies
on the conservation of these seeds are still inconclusive when
it comes to the factors related to their short longevity.

The most efficient methods that have been used to
improve conservation of these seeds consist of reducing
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the temperature (Bonjovani and Barbedo, 2008). Seeds
dispersed that do not germinate inevitably begin to
deteriorate, and the speed of this process depends mostly
on the surrounding temperatures and water content of the
seeds. In general, the higher the values of these factors,
the faster the deterioration (Barbedo et al., 2018). Thus,
by knowing the environment temperature and seed water
content, it is possible to predict the storage time of a given
species seed lot (Santos and Barbedo, 2017).

The accelerated metabolic activity of these seeds, since
early stages of formation until their dispersion, probably has
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an essential role in the deterioration process, especially when
the water content is high (Barbedo et al., 2013; Caccere et
al., 2013). Keeping this intense activity, especially under
conditions of high ambient temperature, demands elevated
respiratory rates and the consumption of seed reserves
(Araujo and Barbedo, 2017).

During the period when seeds are metabolically very
active, yet the germination has not started, a significant amount
of free radicals, such as reactive oxygen species (ROS), can
be released, contributing to increase the deterioration rate
during storage (Walters et al., 2002). Nevertheless, there is
little information corroborating this fact, as the results found
in seeds of Salix nigra (Roqueiro et al., 2010; 2012). Besides
that, high values of water content also favor microorganism
growth, which can speed up the deterioration process (Kumar
et al., 2015; Francoso and Barbedo, 2016; Parisi et al., 2016;
Silva et al., 2017).

Inga vera Wild. ssp. affinis (DC.) T.D. Pennington, known
as inga, produces seeds that are sensitive to desiccation and
naturally have low longevity (Caccere et al., 2013; Lamarca
and Barbedo, 2015). Therefore, this species greatly interests
studies aiming at the development of procedures to expand
the storage potential of recalcitrant seeds. Researches have
demonstrated that using specific techniques can extend
the storage time of these seeds (Andréo et al., 2006; Faria
et al., 2006; Bonjovani and Barbedo, 2008; Bonjovani and
Barbedo, 2014; Parisi et al., 2016), but the knowledge on the
physiology behind such improvement is still limited. A better
comprehension of these processes could help to find new
technologies that preserve the seeds for longer and that are
also compatible with their preservation in germplasm banks.

On that account, considering the lack of information about
the respiratory metabolism of recalcitrant seeds, the present
work aimed at assessing the O, consumption and CO, release
rates of 1. vera embryos at different levels of hydration and
subjected to different temperatures of incubation, thus analyzing
their relationship with the preservation capacity of the seeds.

Material and Methods

Obtaining the plant material

Fruits of inga (Inga vera Willd. ssp. affinis (DC.) T.D.
Pennington) were collected from 10 trees that had been
planted on Rodovia dos Bandeirantes, in the city of Jundiai,
state of Sdo Paulo (SP) —23°04.914’ S, 47°01.436° W. After
harvested, the fruits were processed in the Laboratory of
Seeds at the Institute of Botany, based in Sdo Paulo —23°37°
S, 46°32> W, where they were cut open and had their seeds

manually removed. The seeds were grouped in three stages
of maturation, designated as II, III, and IV (Bonjovani and
Barbedo, 2008). Then, the sarcotesta was removed to obtain
the embryos for use in the experiments.

The material was packed in plastic bags and then placed in
a BOD chamber set at a constant temperature of 6 °C, without
light exposure, for up to seven days maximum, so all seeds
collected could be extracted and processed (Bonjovani and
Barbedo, 2008). In order to compare the results with those
of seeds tolerant to desiccation, bean seeds (Phaseolus
vulgaris L.) were used as a reference, once they belong to the
same family (Leguminosae), but have an orthodox behavior.
In this experiment, bean grains of the cultivar IPR 139,
provided by the company Selegrdos, lot 037/11, were used.

Physical and Physiological analyses

First, the ingd embryos and bean seeds were characterized
as for their water content, dry mass content (DM), germination,
and electrical conductivity of the imbibition solution (EC).
Water and dry mass contents were gravimetrically measured
through the oven method at 103+1 °C for 17 h (Brasil, 2009).
Three replications with 10 ingd embryos each and four
replications with 10 bean seeds were performed. The results
of water and the dry mass contents were expressed as wet
basis percentage and mg.seed™!, respectively.

The EC was determined with a digital conductivity meter
MA150 (Marconi, Piracicaba, Brazil), in three replications
with 10 ingd embryos and four replications with 10 bean
seeds each. To do so, the materials were put in 300-mL plastic
cups containing 75 mL of deionized water. After that, they
were incubated for 24 h in a BOD chamber set at a constant
temperature of 20 °C, in the absence of light. The results were
expressed as uS.gDM'.cm™ (Barbedo and Cicero, 1998).

The germination test was carried out in proper paper rolls,
which had been moistened with distilled water at the amount
of 2.5 times the dry paper weight. Three replications with
20 inga embryos and four replications with 30 bean seeds
were conducted. The rolls were kept in a germinator MA400
(Marconi, Piracicaba, Brazil), with internal water circulation,
at a constant temperature of 25 °C and continuous light (Brasil,
2009; Lamarca et al., 2013). Evaluations of the inga embryos
were conducted every two days, for 14 days. Since inga seeds
are polyembryonic, the embryos within a seed were kept
together for the analyses, but only one germinated embryo was
considered for each trial (Bonjovani and Barbedo, 2008). The
germination test of the bean seeds was carried out according to
Rules for Seed Testing (Brasil, 2009).

Respiratory rates and other oxidative reactions were
estimated by assessing the consumption of oxygen (O,)
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and production of carbon dioxide (CO,) by the embryos or
seeds incubated in respirometers. Those devices consisted
in hermetically closed flasks, each one containing three
holes on the lid. The lids were then covered with a rubber
septum, which allowed introducing a sample-collecting
needle, without exchanging air with the external surroundings
(Lamarca and Barbedo, 2012).

The inga embryos and bean seeds had their fresh mass
and volume measured and were then transferred to the
respirometers. When these containers were closed and stowed
in BODs at pre-determined temperatures, the experiment
started (time zero), assuming an average atmosphere
composition (21% of O, and 0.03% of CO,).

The samples of air from the flasks were evaluated in an
analyzer Model 6600 (Illinois Instruments, Inc., Johnsburg,
USA). The consumption of O, and the production of CO, in
the respirometers were assessed by the difference between the
measured values and those of the standard atmosphere. After
each assessment, the containers were kept open for a few minutes
to reestablish the equilibrium with the atmosphere, and then they
were closed to proceed with the experiments. Considering 0.90
atm as the local atmospheric pressure, the percentage values
obtained of O, and CO, were converted into the partial pressure
of these gases (Lamarca and Barbedo, 2012).

After that, based on the volume of the packages and
the temperature registered in each evaluation, the values
were converted into micromoles of O, and CO, by the
Clapeyron equation. According to previous experiments on
the average daily consumption of O, (and release of CO,) by
inga embryos and hydrated bean seeds (data not shown), the
analyses were performed at one-day intervals, for materials
incubated at positive temperatures in the treatments of each
experiment (as following described), or every five days, for
materials incubated at negative temperatures. The sum of
the values obtained from these assessments was divided by
the total dry mass of the embryo sample and by the number
of days that the material remained in the packages. The
outcome was expressed as micromoles per gram of dry mass
per day (umd.gDM-'.d"). Also, the respiratory quotient (RQ)
was calculated by dividing the amount of CO, produced by
the O, consumed (RQ=CO,.0,"), both in umd.gDM'.d"
(Kader and Saltveit, 2003).

Respiratory rates of inga embryos submitted to different
temperatures

To analyze the influence of temperature over the
consumption of O, and release of CO,, healthy embryos at
stages II, III, and IV were incubated in flasks for up to 15
days at -2, 2, 5, 10, and 15 °C. By the end of this period,

the embryos were physically and physiologically reassessed,
as aforementioned. In a second experiment, aiming at
evaluating the respiratory rates at temperature extremes,
embryos at stage IV were incubated in respirometers, at
temperatures varying from -21 to 24 °C. At the end, they had
their viability evaluated.

Respiratory rates of bean seeds hydrated up to the same level
as the inga embryos

The respiratory rate of orthodox seeds presenting
moisture content similar to that of recalcitrant seed embryos
was analyzed. In this case, bean seeds with an 11.1% initial
water content were incubated in distilled water, inside plastic
trays (dimensioned 36.5x26x7 cm) with nontransparent lids,
and containing two germination paper sheets at the bottom.
The seeds were then covered with a third paper sheet and
remained submerged for 24 h inside a BOD chamber set at
6+1 °C. By the end of the incubation period, they had reached
a 57% water content. Then, the superficial water excess was
drained with the aid of some filter paper, and the seeds were
stored in glass containers, as previously described. Last, they
were incubated at different temperatures for up to 15 days, in
order to assess the respiratory rates.

The ingd embryos initially containing 61.4% of moisture
were submitted to a light-drying in laboratory environment
conditions (2442 °C/ 40+5% RH), until they reached a hydric
potential of about -4 MPa (Bonjovani and Barbedo, 2008).
The embryos achieved such condition after 36 h, when their
water content got to 54.4%. Then, they were incubated in
respirometers at temperatures from -3 to 15 °C for 15 days.
After the incubation time, in order to evaluate the respiratory
rates, bean seeds and ingad embryos were physically and
physiologically reassessed, as previously described.

Experimental design and statistical analysis of the data

The experiment was performed in a completely
randomized design. Three and four replications were carried
out for the trials with ingd and beans, respectively. The
results were analyzed by using the F test, and the means were
compared through the Tukey’s test, at a 5% significance level

(Santana and Ranal, 2004).
Results and Discussion

Atthe moment ofharvest, ingd embryos had water contents
of 68.8, 64.2, and 61.4%, and dry mass contents of 0.23, 0.34,
and 0.30 g.seed’, at stages II, III, and 1V, respectively. The
percentages of seeds able to protrude the radicle (botanical
germination), corresponding to these stages, were 90, 97,
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and 90%, while the values of germination (normal seedling
development) were 47, 97, and 85%, respectively. Such
outcomes validate the evolution of maturation throughout the
stages, as reported by Bonjovani and Barbedo (2008).

The water content of the embryos during incubation at
different temperatures oscillated by less than 2%, and the dry
mass content remained practically constant, meaning that it
was not possible to detect consumption of seed reserves. In
spite of that, the results on O, consumption and CO, release
of embryos incubated at -2 to 15 °C showed intense metabolic
activity, probably respiratory, especially at the highest
temperatures (Figure 1). As the temperature was reduced, the
production of CO, also declined (Figures 1A-C). This behavior
was expected due to the deceleration of enzymatic reactions,
which affects the respiratory rates (Taiz and Zeiger, 2012).
It is worth noticing that the CO, release occurred at negative
temperatures (-2 °C) as well. This fact could be an explanation
for the low capacity of preserving the viability of these seeds,
even when they are stored at temperatures close to freezing
(Faria et al., 2006; Bonjovani and Barbedo, 2008).

A 950

a
200
150
100
50
0
15

—_— =N DN
S W O W
S O© O O

CO, released
(umol.gDM-1.d1)

o3
| =N
[ [=%
N [
[ [="
(Sl [=N

D

250 a @& 250
< 5 200 b 200
5% 150 0 150 b
s =
5 & 100 . 100 . I
23 50 50
S N o B
2 2 5 10 15 2 2
G
1.0 1.0
2_08 0.8
Q=
£.806 0.6
=8
2204 0.4
2 0.2 I 0.2
0.0 I 0.0 l
2 2 5 10 15 -2
Temperature (°C)
Figure 1.

Temperature (°C)

On the other hand, the O, intake did not follow the CO,
release. In general, two distinct levels of consumption were
observed: a higher one at the positive temperatures (150 to 250
pmol.gDM-'.d™"), and a lower one at the negative temperatures
(from 40 to 50 pmol.gDM™'.d"") (Figures 1D-F). The sudden
change in O, consumption might be the consequence of water
freezing, once it can increase the difficulty for gas diffusion
(Pagnotta and Bruni, 2006) or even cause the death of cells.
However, the high O, consumption displayed during the
temperature reduction, while CO, release rates decreased
progressively, is possibly an indication that oxidative
reactions not-related to respiration had occurred. This fact
became more evident when the RQ was calculated, since the
lower the temperature, the lower the values of this feature
(Figures 1G-I). Besides, even when the CO, production was
high (at temperatures above 10 °C), it was still much lower
than the O, intake.

The 15-day incubation period at different temperatures
did not alter the germinative capacity of the embryos, except
when it was carried out at -2 °C (Figure 2). Therefore, it is
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CO, release (A, B, and C), O, consumption (D, E, and F), and respiratory quotient (G, H, and I) of Inga vera embryos

at stages II (A, D, and G), III (B, E, and H), and IV (C, F, and I), with 68.8%, 64.2%, and 61.4% water content,
respectively, after a 15-day incubation period at different temperatures. Values followed by the same letter statistically
do not differ, according to the Tukey’s test at a 5% significance level..
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possible to assume that the mass capable of performing
respiration at positive temperatures remained unaltered
throughout the experiment.

The same metabolic activity pattern could be observed in
stage-IV embryos incubated at a broader temperature gradient
(from -21 to 24 °C, Figure 3). As the temperature was reduced,
the CO, production also decreased progressively (Figure 3A).
On the other hand, the O, consumption was lower at negative
temperatures, showing the highest values up from 0 °C
(Figure 3B). The outcome was that the lower the temperature
used, the lower the RQ obtained (Figure 3C).

An RQ value inferior to 1.0 and close to 0.6-0.7 might indicate
that lipids are being used by seeds in respiration, once the usage of
saturated and unsaturated fatty acids as initial respiratory substrates
demands larger quantities of O, (Lamarca and Barbedo, 2012).
However, inga embryos possess a lipid content of only 0.27%
(Mello et al., 2010), which is not enough for respiration. Thus,
other non-respiratory oxidative reactions, such as peroxidation of
lipids and oxidation of phenolic compounds releasing superoxide
radical, can be involved in seed deterioration, although such a
cause-effect relationship is not always noticed (Roach et al., 2010;
Roqueiro et al., 2010; Gao et al., 2016).

Notwithstanding, during the incubation of embryos,
the values of germination (Figures 2A-C) and electrical
conductivity (Figures 2D-F) showed minimal variations at
positive temperatures. This finding suggests that neither the
selectivity efficiency of the membrane (EC variations below
10 uS.gDM'.cm™) nor the germinative capacity of the seeds
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were affected by the high consumption of O, during this period.
The exception occurred at negative temperatures, at which the
intracellular water might have frozen, causing cell rupture.

Atthe temperature range commonly used in seed preservation
systems with artificially controlled environment (generally, below
10 °C), inga embryos display low RQ values, which implies in
a significant lack of balance between the O, consumption and
CO, production (Figures 1G-I). Differently from what happens at
high temperatures, at which the rapid deterioration is most likely
caused by an intense metabolic activity that does not progress to
germination, at low temperatures, the decay of inga embryos is
probably linked to oxidative processes.

Once no significant differences were noticed in normal
seedling development or in the electrical conductivity of
embryos incubated at positive temperatures by the end of the
15-day incubation period, it could be presumed that the result
of the oxidative reactions was not immediate. In fact, previous
works showed that ingd embryos could tolerate satisfactorily
the first 15 to 30 days of storage at temperatures from 5 to
10 °C (Andréo et al., 2006; Faria et al., 2006; Bonjovani and
Barbedo, 2008). However, after 30 to 60 days, their viability
starts to decay more quickly (Bonjovani and Barbedo, 2008).

Embryos incubated at negative temperatures showed the
highest values of electrical conductivity (Figures 2D-F and 3E),
suggesting that the solution inside the cells probably got
frozen, and consequently caused the rupture of membranes
and leakage of solutes to the exterior medium. Such a fact was
already expected, once the embryos were incubated with a
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Figure 2. Germination (A, B, and C) and electrical conductivity (D, E, and F) of Inga vera embryos at stages II (A and D), III
(B and E), and IV (C and F), with 68.8%, 64.2%, and 61.4% water contente, respectively, after a 15-day incubation
period at different temperatures. Values followed by the same letter statistically do not differ, according to the Tukey’s

test at a 5% significance level.
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water content above 60%, that is, with enough freezable water
retained at tensions higher than -1.5 MPa (level-IV hydration,
according to Vertucci and Farrant, 1995). At these levels,
water becomes propense to freezing in both seeds tolerant and
intolerant to desiccation, and it may cause damages due to ice
crystal formation inside the tissues. The primary consequence
of these ice crystals is the mechanic rupture of both the
cytoplasmic structure and cell membrane caused by the
expansion of water while freezing. The outcome is the cellular
disaggregation, which leads to viability loss (Bonjovani and
Barbedo, 2008; 2014; Taiz and Zeiger, 2012).

The germination results confirmed that maintaining the
viability of embryos depends on the temperature. This fact
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evidenced their sensitivity to incubation conditions below
-2 °C (Figures 2A-C and 3D), especially when it comes to
the stage-II embryos. Once there is no clear transition point
between the maturation stages, it is valid to compare these
findings to those obtained by Caccere et al. (2013), thus
inferring that the stage-II embryos were in a development
transition to maturity. That is, they were still immature, which
could explain the high sensitivity to negative temperatures.
The bean seeds progressed from 11 to 56% water content
afterhydration, and they remained close to the latter value by the
end of the 15-day incubation period at different temperatures
(except for those kept at 15 °C, whose water content reached
60%). As the temperature was reduced, their CO, production
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Figure 3. CO, release (A), O, consumption (B), respiratory quotient (C), germination (D), and electrical conductivity (E) of
Inga vera embryos at stage IV, with 61.4% water content, after a 15-day incubation period at different temperatures.
Values followed by the same letter do not differ statistically, according to the Tukey’s test at a 5% significance level.
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and O, consumption also declined (Figures 4A, C), and the
respiratory activity decelerated. Such consequence was
expected, since respiration starts after imbibition, but it can be
delayed or slowed down by cold temperatures. It is important
to remark that the abrupt change in CO, release and O, intake
when the temperature was reduced from 15 to 9 °C (Figures
4A, C) may be an indication that seeds were approaching the
minimum germination temperature.

Curiously,

the amount of germinated ingad seeds

(approximately 80%) was roughly twice as big as that of beans
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(around 40%). Since the O, consumption and CO, release
values are expressed in grams of dry mass per seed, the mass of
bean seeds capable of performing respiration was smaller than
that of inga seeds. Nevertheless, the respiration rate at 15 °C of
the former was much higher than that of ingd embryos.

It is worth mentioning that the inga seeds had been
obtained by the end of their maturation phase, when the
metabolism was still conditioned to produce seeds, whereas
the bean seeds had been hydrated to start germination. In
other words, the metabolism of ingd seeds was decelerating,
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conductivity (I and J) of Phaseolus vulgaris seeds (A, C, E, G, and I) and Inga vera embryos (B, D, F, H, and J) with
56.6% and 54.4% water contente, respectively, after a 15-day incubation period at different temperatures. Values
followed by same letter do not differ statistically, according to the Tukey’s test at a 5% significance level. .
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while that of bean seeds it was getting more intense. This
distinction probably explains the significant variation between
the respiratory rates, once the embryos were in distinct
physiologic processes.

It was also interesting that, at all temperatures assessed,
the RQ values of the bean seeds were close to 1.0 (Figure 4E).
This fact evidences the balance between O, consumption and
CO, production (Lamarca and Barbedo, 2012). Different from
the ingd seeds, whose water content was 54.4% (Figure 4F),
no oxidative processes were observed in beans. Thus, the
oxidative processes in ingd seeds do not merely result
from their hydration state, yet they indicate a distinct
metabolism from that of bean seeds. It is possible that
reactive oxygen species have more impact on inga seeds
due to the inexistence of efficient antioxidant mechanisms.
On the other hand, such systems are more complex and
active in bean seeds.

As a matter of fact, as classic orthodox seeds, it is
expected that beans possess well-developed antioxidative
systems. Throughout their maturation process, the enzymatic
systems for antioxidant defense are rearranged so that seeds
can tolerate intense attacks of reactive oxygen species during
desiccation. The same does not happen to recalcitrant seeds,
as in inga, and to the immature orthodox ones (Bailly, 2004
and references within; Chen et al., 2018; Dussert et al., 2018).
Therefore, the difference between the metabolic state of ingd
seeds in an incomplete maturation process (still without a fully
developed antioxidant system) and that of bean seeds (with
complete and operant systems) was once again evidenced
(Barbedo et al., 2013; Barbedo, 2018).

The respiratory rates of ingd embryos showed that they
remained active at the lowest temperature (-3 °C), which
could explain the difficulty in maintaining their viability in
cold surroundings. In these conditions, even if no damage
was caused by the drying process and considering that the
temperatures are much lower than the germination optimum,
seed metabolism could induce to hydric stress, once the
continuity of such metabolic activity is similar to a situation
of very slow germination. On account of that, there might not
be enough free water for the processes of cell division and
expansion, as predicted by Pammenter et al. (1994). If, on the
one hand, reducing the temperature effectively decreases the
respiratory rates, on the other, it also amplifies the oxidative
processes, which can progressively speed up the deterioration
(Kumar et al., 2015; Barbedo et al., 2018).

Thus, two respiratory metabolism patterns could be
observed in inga embryos and bean seeds with high water
content (554+2%). It became evident that such distinction
was not connected to elevated water contents, but was most

likely related to the inexistence or inefficiency of antioxidant
systems in recalcitrant seeds. Barbedo (2018) point out as a
possible explanation the fact that recalcitrant seeds behave
similarly to immature orthodox ones, as observed in Libidibia
ferrea (Mart. ex Tul.) L.P. Queiroz) by Bragante et al. (2018).
Therefore, inga seeds would generally be dispersed without
having concluded the maturation stage, so their antioxidant
mechanisms remained underdeveloped.

The findings give an insight into the complexity related
to viability loss in ingad seeds stored with high water contents
and at low temperatures. Among several other aspects, they
could help to explain many inconsistent data in the literature,
once not always has the application of the same preservation
techniques produced similar results. In the present work,
the experiments evidenced the role of oxidative reactions,
including respiration, in decreasing the germinative capacity
and preservation potential of the seeds. It also became
noticeable the influence of maturation stage, hydration level,
and temperature on oxidative reactions occurring within
the seeds. However, the outcomes of loss of viability and
alterations in O, consumption rates by ingd embryos did not
correspond to those expected for plant tissues, even when
they were contrasted to bean seeds with similar water content.

Conclusions

Reducing the storage temperature of Inga vera ssp.
affinis embryos decreases their respiratory rates. However, it
increases other oxidative processes that are related not only
with the high-water content, but also with the recalcitrant
behavior of these embryos.
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