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Artificial drying of safflower seeds at different air temperatures: effect
on the physiological potential of freshly harvested and stored seeds'

Guilherme Cardoso Oba** , André Luis Duarte Goneli® ,
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ABSTRACT — The air temperature used in the drying process can determine the initial physiological quality and storage
potential of a seed lot, which is the object of this study. Safflower seeds, harvested at a moisture content of 25.8%, were
subjected to drying in an experimental dryer at air temperatures of 40, 50, 60 and 70 °C until reaching a moisture content of 6.6
+ 0.6%. Immediately upon drying and every 60 days after that, up to 240 days of storage under uncontrolled conditions, seed
samples were collected to determine physiological quality. Increasing drying air temperature resulted in higher water removal
rates, promoting immediate and latent damage to seed physiological quality, evidenced by the reduction in the percentage and
speed of root protrusion, first count, and germination, mainly at temperatures of 60 and 70 °C. For the maintenance of safflower
seed germination and vigor up to 240 days of storage, it is recommended that drying air temperature does not exceed 40 °C,
especially when seeds present moisture contents close to or higher than 25.8% at the drying moment.

Index terms: Carthamus tinctorius L., drying damage, germination potential.

Secagem artificial de sementes de cartamo em diferentes temperaturas do ar:
efeito no potencial fisiologico das sementes recém-colhidas e armazenadas

RESUMO — A temperatura do ar empregado no processo de secagem pode determinar a qualidade fisiologica inicial e o potencial
de armazenamento de um lote de sementes, sendo esse o objeto de estudo desta pesquisa. Sementes de cartamo, colhidas com
teor de agua de 25,8%, foram submetidas a secagem em secador experimental as temperaturas do ar de 40, 50, 60 ¢ 70 °C, até
atingirem grau de umidade de 6,6 + 0,6%. De imediato a secagem e a cada 60 dias subsequentes, até 240 dias de armazenamento
sob condigdes ndo controladas, foram coletadas amostras de sementes para a determinagio da qualidade fisiologica. O aumento da
temperatura do ar de secagem resultou em maiores taxas de remocgao de agua, promovendo danos imediatos e latentes a qualidade
fisiologica das sementes, evidenciados pela reducdo da porcentagem e velocidade da protrusdo radicular, primeira contagem e
germinagdo, sobretudo com as temperaturas de 60 e 70 °C. Para a manutencdo da germinacdo e vigor das sementes de cartamo
até os 240 dias de armazenamento, recomenda-se que a temperatura do ar de secagem néo exceda a 40 °C, especialmente quando

essas se apresentarem com teores de agua proximos ou superiores a 25,8% no momento da secagem.

Termos para indexagdo: Carthamus tinctorius L., danos de secagem, potencial de germinagao.

Introduction 2014) and dye properties (Laursen and Mouri, 2013), as well
as for its use in supplementary poultry and ruminant feeding
Safflower (Carthamus tinctorius L.), a species belonging ~ (Emongor, 2010) and its possible use as a winter crop in

to the Asteraceae family, is an annual herbaceous plant  rotation systems (Souza et al., 2016).
adapted for cultivation under semi-arid conditions (Flemmer Its seeds, botanically called achenes, have considerable
et al., 2015). It is recognized for its medicinal (Zhou et al.,  protein (14.7 to 16.2%) and lipid (23 to 41%) contents,
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standing out the content of linoleic (71.6 to 83.7%) and oleic
(7.5 to 18.4%) acids in its oil, giving it high herbal, nutritional,
and commercial value (Al Surmi et al., 2016; Khalid et
al., 2017). Although it has greater importance for human
nutrition, safflower oil also has satisfactory characteristics
for biodiesel production (Oliveira et al., 2018). Despite the
relevance, studies on the production chain of safflower seed
are still scarce, especially those related to postharvest stages.

Safflower seeds reach physiological maturity with
moisture contents ranging from 47 to 29%, according to
genotype and edaphoclimatic cultivation conditions (Franchini
et al., 2014). However, harvesting is usually performed after
the senescence of parent plants, when seeds are already with
moisture contents close to 13% (Flemmer et al., 2015). Also,
to maintain physiological quality until sowing in the following
season, it is recommended that the moisture content of these
seeds does not exceed 8% during storage (Desai, 2004).

In general, orthodox seeds stored with high moisture
content, safety limits according to species and water activity
in the product, are subject to a rapid increase in respiratory
and metabolic activity, promoting accelerated consumption
of reserve substances, resulting in premature loss of
germination and vigor potential. Moreover, the increased
intergranular moisture and air temperature, caused by an
increase in seed respiratory rate, favors the increased activity
of microorganisms and insects in the mass, also contributing
to the acceleration of the deterioration of the stored product
(Barrozo et al., 2014). In this sense, when harvested with
moisture contents higher than 8%, mainly at early harvests,
closer to physiological maturity, it is essential to dry safflower
seeds as soon as possible before storing them (Desai, 2004).

Drying by forced convection of heated air is a
simultaneous process of heat and mass transfer, determined
by the phenomenon of the partial vapor pressure difference
between the surface of the material to be dried and the
surrounding air (Keneni et al., 2019). In addition to reducing
seed water content up to safe levels for storage, artificial
drying also has the advantage of early harvesting, minimizing
quantitative and qualitative losses in the field by different
natures (Scariot et al., 2018).

According to Barrozo et al. (2014), optimal drying
preserves the viability, vigor, and physical integrity of seeds,
associated with higher energy and operational efficiency.
However, according to the authors, conditions that promote
high drying rates (e.g., high temperature and/or low relative
air humidity) can cause severe physical and physiological
damage to seeds, especially when they are at very high
degrees of moisture.

High drying temperatures usually lead to overheating and

abrupt removal of water molecules contained inside the seeds.
These deleterious events are sufficient to cause crack formation
in internal and external tissues (Menezes et al., 2012), protein
body coalescence and oil droplet disruption (Donadon et al.,
2013), disorganization of tegument and embryo cell structures
associated with cell content leakage (Saath et al., 2010; Borém
etal.,2013; Wang et al., 2017), and the consequent loss of initial
physiological quality and seed storage potential (Resende et al.,
2012; Ullmann et al., 2015; Hartmann-Filho et al., 2016; Sarath
et al., 2016; Timple and Hay, 2018).

Considering the need for information on postharvest
management of safflower crop, especially those related to
drying, this study aimed to evaluate the immediate and latent
effects of different drying air temperatures on the physiological
quality of safflower seeds.

Material and Methods

Collection of biological material and sample preparation

The experiment was conducted at the Laboratory of
Preprocessing and Storage of Agricultural Products and
Laboratory of Oilseed Grain Quality of the Universidade
Federal da Grande Dourados (UFGD), Dourados, MS,
Brazil. Safflower seeds produced at the Experimental Farm
of Agricultural Sciences of UFGD (geographical coordinates
of 22°14’ S and 54°59" W, and altitude of 434 m), with all
necessary crop management, were used.

Safflower heads were manually harvested in a period
close to the physiological maturity point, characterized by the
presence of heads with at least 70% of the area of senescent
bracts (Franchini et al., 2014; Flemmer et al., 2015), when
seeds had a moisture content of 25.8%.

Seed drying and storage

After manual threshing and processing, seeds were dried
in a fixed bed experimental dryer under continuous supply of
heated air at 40, 50, 60 and 70 °C and airflow of 0.2 m?.s'.m™2
until reaching a moisture content of 6.6 + 0.6%, as indicated
for the storage of seeds from this species (Desai, 2004).

The reduction of seed moisture content during drying
was verified by the gravimetric method (mass loss). Thus,
the water removal rate of the material was determined for
different drying air conditions by Equation 1, which refers to
the amount of water that a given product loses per unit of dry
matter per unit time (Corréa et al., 2001).

Wm, - Wm; (1)

WRR =
DM (t;-tp)

where WRR is the water removal rate (kg.kg™'.h™), Wm, is
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the total previous water mass (kg), Wm, is the total current water
mass (kg), DM is the dry matter mass (kg), t, is the total previous
drying time (h), and t, is the total current drying time (h).

The initial and final moisture contents were determined
by the oven method at 105 + 1 °C for 24 hours in triplicate,
according to the Rules for Seed Testing (RST) (Brasil, 2009).

After drying, the seeds were placed in non-airtight, rigid
plastic containers, simulating the bulk stock system. Then,
they were stored for 240 days under uncontrolled temperature
and relative air humidity (RH) conditions, protected from
light and precipitation. Temperature and RH variation of the
storage environment was recorded daily using two thermo
hygrometers installed close to the containers with the seeds.

Immediately after drying and up to 240 days after
the beginning of storage, at 60-day intervals, moisture
content (Brasil, 2009) and the immediate and latent effects
of different drying air temperatures on seed physiological
quality were determined.

Evaluation of seed physiological quality

Before the physiological tests, seeds were preconditioned
in mini-chambers (gerbox) at 25 °C and 100% RH for 24
hours to avoid damage by soaking in water. Subsequently,
disinfestation was performed by immersion in 2.5% sodium
hypochlorite solution for five minutes, followed by rinsing
under running water.

Preliminary analyses showed physiological dormancy in
safflower seeds, as observed in studies by Dolatabadian and
Sanavy (2008) and Mayerhofer etal. (2011). This characteristic
could provide doubtful results on the immediate and latent
effects of drying treatments on the physiological quality of
seeds. In this sense, the inclusion of a third treatment factor
was necessary for this study, related to the use or not of the
cold stratification method to overcome dormancy of freshly
harvested or stored seeds.

The collected samples from each drying treatment
were subdivided at each storage period into two equivalent
portions, one of which directly submitted to the germination
test. The other portion was previously subjected to the cold
stratification method in a substrate moistened with distilled
water at 10 °C for five days in the dark (Oba et al., 2017),
aiming to overcome seed dormancy. After this period, seeds
were submitted to the germination test.

The germination test was conducted according to RSA
(Brasil, 2009), using paper substrates consisting of three sheets
of germination paper previously moistened with distilled water
volumes corresponding to 2.5 times the dry paper weight with
four replications of 50 seeds each one. Substrates with seeds were
maintained in a Mangelsdorf germination chamber at 25 °C under

constant white light for 14 days.

The percentage of root protrusion (minimum 1 mm) was
determined on the 14" day of the test, while the percentages of
normal seedlings at first count and germination were recorded
on the fourth and 14" day, respectively. At the same time, the
root protrusion speed index (Maguire, 1962) was determined
by daily counting the number of seeds with a minimum
root protrusion of 1 mm from the first to the 14" day of the
germination test.

Statistical procedure

The experiment was conducted in a completely
randomized design in a split-plot scheme. Plots consisted
of drying air temperatures (40, 50, 60 and 70 °C), subplots
consisted of storage periods (0, 60, 120, 180 and 240 days), and
sub-subplots were represented by the use of cold stratification
(with and without stratification). Data on germination and
seed vigor were subjected to analysis of variance using the
statistical program SISVAR (Ferreira, 2011).

For comparison purposes, the results of non-stratified and
cold stratified seeds at each drying treatment level and storage
period were submitted to the Tukey test at 5% probability.
Subsequently, storage periods within each drying temperature
level were sliced by regression analysis, separately for non-
stratified and stratified seeds. Models were selected based
on the values of the coefficient of determination (R?), the
significance level of the equation (p-value), and knowledge of
the biological phenomenon under study.

Results and Discussion

Drying periods required for seeds to reach a moisture
content of 6.6 £ 0.6% at 40, 50, 60 and 70 °C were 3.83,
2.22, 1.50 and 1.08 hours, respectively, with the highest
water removal rates (WRR) occurring at the highest drying
temperatures (70 and 60 °C), especially at the beginning of
the process (Figure 1). The higher the drying temperature is,
the greater the difference in vapor partial pressure between the
surface of the material to be dried and surrounding air, which
results in faster removal of water molecules from the product
in the form of vapor (Keneni et al., 2019). Consequently, this
phenomenon leads to a reduction in drying time, as observed
in the present study (Figure 1).

A considerable variation in ambient air temperature and RH
was observed over the 240 days of the experimental period because
seed storage was conducted under uncontrolled conditions (Figure
2). During this period, mean, maximum, and minimum values of
temperature of 24.7 + 2.7, 30.2 and 18.5 °C and RH of 59.4 +
10.3, 82.0 and 37.0%, respectively, were recorded.
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Figure 1. Water removal rate for safflower seeds dried at different air temperatures.
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Figure 2. Data of temperature and mean relative air humidity of safflower seed storage environment. Dourados, MS.

Seeds, such as those of safflower, are subject to variation
in moisture content due to hygroscopicity, according to
oscillations in surrounding air properties (Barati et al., 2016),
especially when packaged in a non-gas-resistant packaging
(Scariot et al., 2018). In this study, seeds were packaged
in non-airtight containers and stored under uncontrolled
temperature and relative air humidity conditions (Figure 2).
The interaction between these factors allowed an increase
in seed moisture content during storage due to the gradual
adsorption of ambient air water molecules, regardless of the
initial drying treatment (data not shown). At the end of 240
days, the mean moisture content was 8.4 + 0.4%, higher than
the initial mean moisture content (6.6 + 0.6%).

Table 1 shows a significant interaction between factors
drying air temperature, storage period, and cold stratification
(p <0.01) for all physiological characteristics.

The effect of cold stratification treatment (without and
with) within each drying temperature level x storage period is
shown in Table 2. Regardless of the initial drying conditions,

the use of stratification promoted a significant increase in root
protrusion and germination of freshly harvested or stored
seeds up to 120 days. From 180 days of storage, except for
root protrusion of seeds dried at 40 °C and stored for 240
days and seed germination of treatments 40 °C/180 days and
40 °C/240 days, in which higher values were verified for
stratified seeds, no significant differences were found between
stratification and non-stratification of seeds. Regarding root
protrusion speed index (RPSI) and first count, the positive
effects of stratification on the results were observed until 240
days of storage, except for seeds from drying at 70 °C, which
presented statistically equal values when subjected or not to
stratification at 180 and 240 days only.

These results confirmed the presence of physiological
dormancy in safflower seeds, which was predominant in
the first 120 days of storage, and effectiveness of cold
stratification in the immediate overcoming of dormancy and
consequent increase in the speed of the germination process
(Table 2). Therefore, the use of cold stratification to access the
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Table 1.

Summary of the analysis of variance for the characteristics root protrusion (RP), root protrusion speed index (RPSI),

first count (FC), and germination (G) of safflower seeds as a function of drying air temperature, storage period, and

cold stratification.

S DF Calculated F
RP RPSI FC G
Drying temperature (DT) 3 1273.8%* 2227.9%* 542.0** 493.2%*
Residual (a) 12 - - - -
Storage period (SP) 4 48.0** 81.3%* 77.8%* 4.5%*
Interaction DT x SP 12 27.0%** 12.1%* 5.9%%* 9.7%%*
Residual (b) 60 - - - -
Cold stratification (CS) 1 1172.1%* 7020.0%** 3490.4** 1267.8**
Interaction DT x CS 86.8%* 1027.8** 466.9** 122.3%**
Interaction SP x CS 4 197.5%* 288.3%* 89.5%* 165.1%*
Interaction DT x SP x CS 12 12.8%%* 23.8%* 7.0%* 13.7%*
Residual (c) 48 - - - -
Total corrected 159 - - - -
CV 1 (%) - 11.1 10.2 19.9 20.0
CV 2 (%) - 10.5 10.2 21.3 17.3
CV 3 (%) - 12.1 11.4 20.8 14.5
Overall mean - 443 12.9 19.7 33.4

**Significant at 1% probability of error by the F-test.
SV: sources of variation.

DF: degrees of freedom.

CV: coefficient of variation.

real physiological potential of seeds considering immediate
and latent effects of drying treatments is justified in this study.
Immediate effects of drying temperatures on root
protrusion and RPSI was not differentiated for seeds not
subjected to cold stratification, showing mean values of 6 +
2% (Figure 3A) and 0.43 + 0.15 (Figure 3B), respectively, at 0
days of storage. However, the natural and gradual overcoming
of seed dormancy in the subsequent storage periods led to
higher values of both characteristics for seeds dried at 40 and
50 °C (which showed similar behavior) in relation to those
presented by lots dried at 60 and 70 °C, especially from 120
days. Root protrusion and RPSI of seeds dried at 40, 50 and
60 °C were represented by first-degree polynomial models,
with no regression adjustment for the lot dried at 70 °C.
When the effect of physiological dormancy was suppressed
by cold stratification, the application of temperatures of 60 °C
and mainly 70 °C provided a drastic and immediate reduction
of root protrusion (Figure 3C) and RPSI (Figure 3D) of seeds,
persisting low values in the subsequent periods of storage.
The best results when using stratification were observed in the
lot dried at 40 °C, which maintained high percentages of root
protrusion (96% on average) and RPSI values (46.0 + 0.8) up
to 120 days of storage, gradually decreasing in the subsequent

periods (Figures 3C and 3D). Seeds dried at 50 °C showed a
more pronounced decrease in root protrusion and, especially,
RPSI during storage when compared to the lot subjected
to drying at 40 °C, showing that a 10 °C increase in drying
temperature was sufficient to provide latent damage, mainly in
aspects related to seed vigor.

In the stationary drying method under a continuous supply of
heated air, as used in this study, seeds tend to reach temperatures
very close to those of the drying air (Barrozo et al., 2014). Thus,
the higher the air temperature used in the process is, the higher the
risks of disorganization and disruption of various cell structures,
leakage of cytoplasmic content, and formation of internal and
external cracks caused by excessive heating and rapid removal
of internal water from the product (Saath et al., 2010; Borém et
al. 2013; Donadon et al., 2013). When drying damage affects
essential structures of the embryo, such as cotyledons and/
or hypocotyl/radicle axis, delays in germination rate, seedling
abnormalities and, in more severe cases, seed death can occur
(Menezes et al. 2012; Wang et al., 2017).

In this study, the highest water removal rates (WRR) were
observed with the increased drying air temperature (Figure 1),
which may be one of the factors responsible for the immediate
and latent damage found by the reduction of root protrusion
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Table 2. Root protrusion, root protrusion speed index, first count, and germination of non-stratified (NS) and cold stratified
(CS) safflower seeds at five storage periods after initial drying at different air temperatures.
Storage period (days)
Drying 0 60 120 180 240
temperature NS CS NS CS NS CS NS CS NS CS
Root protrusion (%)
40 °C 9B! 96 A 32B 96 A 36 B 96 A 80 A 86 A 75B 83 A
50 °C 7B 93 A 29B 92 A 33B 88 A 77 A 81 A 73 A 75 A
60 °C 5B 49A 23B 43 A 17B 44 A 36 A 41 A 39A 40 A
70 °C 4B 31A 4B 24 A 3B 23 A 4A 5A 3A 4A
Root protrusion speed index (adimensional)
40 °C 0.6 B 45.7A 2.7B 453 A 38B 469 A 103 B 37.1A 99B 343A
50°C 0.5B 44.0 A 22B 364 A 3.1B 409 A 9.0B 23.0A 83B 174 A
60 °C 03B 19.1 A 1.7B 11.0A 13B 148 A 38B 74A 39B 6.3A
70 °C 03B 8.8A 02B 7.8 A 03B 6.6 A 02A 0.8A 02A 0.5A
First count (%)
40 °C 0B 88 A 3B 77 A 0B 71A 4B 64 A 0B 62 A
50 °C 0B 70 A 0B 69 A 0B 64 A 4B 35A 0B 20A
60 °C 0B 38A 1B 28 A 0B 26 A 2B I5A 0B 4A
70 °C 0B 17A 0B 17A 0B 13A 0A 0A 0A 1A
Germination (%)

40 °C 6B 90A 27B 87A 29B 78A 53B 75A 56B T4A
50°C 5B 82A 15B 72A 26B 71A 62A 58A 49A 48A
60 °C 3B 43A 14B 36A 10B 37A 21A 22A 13A 12A
70 °C 3B 19A 2B 17A 2B 19A 3A 3A 2A 2A

'For each storage period, means followed by the same letter in the rows do not differ from each other by the Tukey test at 5% probability of error.

and RPSI of dry seeds at temperatures above 40 °C, verified
when cold stratification (non-dormant seeds) was used (Figures
3C and 3D). On the other hand, without stratification, such
damage to the germination process was only observed with the
overcoming of dormancy during the storage period, and seeds
dried at 40 and 50 °C did not differ regarding the behavior
presented during 240 days (Figures 3A and 3B).

Similar results to non-stratified seeds (Figures 3A and 3B)
were found by Costa et al. (2012) with Crambe abyssinica
seeds dried at 35, 45, 60, 75, and 90 °C. These authors
detected differences in physiological quality between lots due
to drying damage only after the third month of storage when
seed dormancy level was reduced.

No regression adjustment was observed for the first count
of non-stratified seeds in relation to the storage, with values
below 5% at all periods for all drying conditions (Figure
4A). These results indicate a delay in the development
of the essential structures of the embryo that determine
seedling formation and may be associated with higher seed

dormancy intensity in the first months of storage (Figures
3A and 3B), together with a reduction in seed vigor due to
the immediate and latent damage provided by the increased
drying temperature (Figure 3D).

Unlike the results found for non-stratified seeds (Figure
4A), the use of cold stratification showed that an increase in
drying temperature resulted in the immediate decrease of first
seed count, especially in dryings at 60 and 70 °C (Figure 4B),
confirming the loss of seed vigor due to a delay in seedling
formation (Marcos-Filho, 2015). In general, seeds dried at
40 °C showed higher values at first count during storage,
except at 60 and 120 days, when no difference was observed
in relation to the experimental results obtained by seeds dried
at 50 °C. From 0 to 240 days, the estimated first count ranged
from 86 to 59%, 71 to 18%, 38 to 6% and 19 to 0% for seeds
dried at 40, 50, 60 and 70 ° C, respectively.

Similar results to those found for stratified seeds of saflower
(Figures 3C, 3D and 4B) were found in studies performed with
seeds of Jatropha curcas (Ullmann et al., 2010), Vigna angularis
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Figure 3. Root protrusion and root protrusion speed index (RPSI) of non-stratified (A and B) and cold stratified (C and D)
safflower seeds at five storage periods after initial drying at different air temperatures. Bars represent the standard

deviation of the mean.

(Resende et al., 2012), Sorghum bicolor (Ullmann et al., 2015),
Arachis hypogaea (Sarath et al., 2016), Glycine max (Hartmann-
Filho et al., 2016), Oryza sativa, and wild species of Oryza
(Menezes et al., 2012; Wang et al., 2017; Timple and Hay, 2018),
which showed a reduction in physiological potential when
submitted to drying at temperatures above 40 to 50 °C.

A linear increase in the values of germination of non-
stratified seeds (Figure 4C) was observed for lots dried at 40
and 50 °C from 0 to 240 days of storage, showing similar
behavior, as observed for root protrusion and RPSI (Figures
3A and 3B). However, an exception occurred only at 60
days, with a slightly higher experimental value for seeds
dried at 40 °C. Due to the severe damage caused during
drying, evidenced by the natural and gradual overcoming of
dormancy, seeds dried at 60 °C and mainly at 70 °C presented

lower germination than seeds dried at the lowest temperatures
from 120 and 60 days, respectively, although no regression
adjustment was observed for these drying conditions in
relation to storage periods.

As observed for root protrusion, RPSI, and first count
(Figures 3C, 3D and 4B), the use of cold stratification
allowed understanding the immediate and latent effects of
drying treatments on the real potential of seed germination.
The increased air temperature led to the immediate decrease
in germination, i.e., the capacity of seeds to originate normal
seedlings, especially in dryings at 60 and 70 °C. For these
lots, results were lower than 46 and 20%, respectively, from
the first storage period (Figure 4D).

However, stratified seeds dried at 40 °C had estimated
values between 90 and 81% until 120 days of storage, with
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72% germination at the end of 240 days. These values
decreased linearly from 82 to 50%, between 0 and 240
days, for the seed lot dried at 50 °C, confirming the lower
physiological potential when compared to seeds dried at 40
°C, although they have presented the same experimental value
at 120 days (Figure 4D). When not stratified, seeds dried at 40
and 50 °C showed similar physiological behaviors over the
evaluated period (Figures 3A, 3B, 4A and 4C). In this context,
it is worth highlighting the importance of the knowledge on
seed physiology, especially the aspects of the presence of
dormancy, which can lead to the use of appropriate techniques,
such as cold stratification, to obtain more reliable results on
the viability and vigor of seeds as a function of treatments.
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Furthermore, when using cold stratification it was
found that storage periods under uncontrolled conditions
led to a decrease in seed physiological quality, although less
pronounced for seeds dried at 40 °C (Figures 3C, 3D, 4B
and 4D). Excluding exceptional cases, seeds of most species
cannot remain viable indefinitely. Therefore, according to
Walters et al. (2010), these seeds may present, after a certain
asymptomatic period, a sudden drop in physiological potential
during storage due to a series of degenerative, irreversible,
and progressive processes that act with a higher or lower
intensity depending on the initial lot quality and storage
conditions (e.g., seed moisture content and intergranular air
temperature). Among the various physiological manifestations
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Figure 4. First count and germination of non-stratified (A and C) and cold stratified (B and D) safflower seeds at five storage
periods after initial drying at different air temperatures. Bars represent the standard deviation of the mean.
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of deterioration in stored seeds, stratified seeds (Figures 3C,
3D, 4B and 4D) showed a reduction in the percentage and
speed of root protrusion, first count, and germination.

Conclusions

The increased drying air temperature leads to higher
water removal rates, promoting immediate and latent damage
to seed physiological quality, evidenced by the reduction
in the percentage and speed of root protrusion, first count,
and germination, especially at 60 and 70 °C. The drying
temperature should not exceed 40 °C for the maintenance of
germination and vigor of safflower seeds up to 240 days of
storage, especially when they have moisture contents close to
or higher than 25.8% at the drying moment.
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