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INTRODUCTION

The sunflower (Helianthus annuus L.) belonging to the family 
Asteraceae is a species native to the United States and 
Mexico, and in recent years has been increasing its use as 
an inflorescence of  cut and pot due to the edafoclimatic 
amplitude that favors the cultivation of  the species in the 
most several regions of  Brazil (Neves et al., 2005, Arruda 
et al., 2010; Curti et al., 2012).

As an ornamental plant, it has great potential of  
commercialization, because it has short cycle and of  easy 
propagation (Anefalos e Guilhoto, 2003; Coutinho et  al., 
2014). The inflorescence is very attractive, being the part more 
used commercially to compose diverse types of  ornamental 
arrangements (Neves et al., 2005; Jesus et al., 2013).

However, as cut flower, the sunflower has a short shelf  
life, about 3 to 5 days under room temperature condition 

(Curti et al., 2012), thus, the knowledge of  the physiological 
changes between the harvest and the complete senescence 
is fundamental to establish strategies of  preservation of  the 
useful life. These physiological processes are characterized 
by the exhaustion of  reserves through respiratory activity, 
the loss of  turgescence and occlusion of  the stem after 
cutting leading to obstruction of  conducting vessels, as 
well as changes in the color and brightness of  the petals, 
among others (Almeida et al., 2008; Pellegrini, 2009; Vieira 
et al., 2012).

An alternative to delay these processes and prolong the life 
of  cut flowers occurs in the use of  maintenance solutions 
consisting, especially, of  sugars, acids, phytohormones, 
germicides, among others (Durigan et al., 2013), being used 
after harvesting, during transport or storage.

The understanding of  postharvest conservation metabolism 
is of  great importance for flowers and tropical ornamental 
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plants to reach the consumer without changes in their 
aesthetic aspect and quality. In this sense, this work had 
as objective to evaluate solutions of  maintenance on the 
useful life and the quality of  inflorescences of  sunflower.

MATERIAL AND METHODS

Plant material
The inflorescences of  yellow sunflower cv. BRS Oasis were 
harvested in the morning and the chapters presented 50 % 
of  the flowers. These were transported under refrigeration 
(15 °C) to the Technology Laboratory of  the Federal 
University of  Pará, Campus Altamira-PA where they were 
washed with distilled water, standardized in size of  40 cm 
and submitted to maintenance solutions.

Treatments with maintenance solutions
The inflorescences were conditioned in beakers (1L) 
containing the following solutions: distilled water (control), 
sucrose, citric acid, gibberellic acid and benzylaminopurine 
in the amount of  50 ml and then the volume was filled 
to 1L with distilled water obtaining the concentration of  
5 %. The control solution was formed only by distilled 
water. The inflorescences were maintained in the respective 
solutions at room temperature (25 ± 3 °C) and 85 ± 5 % 
relative humidity for a period of  10 days.

Quality analysis
Quality analyzes occurred every two days on the following 
variables:

Fresh mass: determined by the difference between the 
initial weight and the weight of  the inflorescences on the 
day of  analysis and the results expressed as % (Imsabai 
et al., 2013; Sanches et al., 2016).

Turgescence of  inflorescences: determined through 
subjective analysis through hedonic scale of  4 points where: 
4 = turgid; 3 = slightly wilted; 2 = withered and 1 = totally 
withered (Pietro et al., 2012).

Curvature of  the stems: evaluated by following the scale 
of  notes: 4 = straight rod; 3 = wilted rod, little inclination; 
2 = wilt stem tilted up to 30 ° and 1 = completely wilted, 
inclined rod. For the analyzes of  turgescence and curvature 
of  the stems note 3 was considered as commercial limit 
(Durigan et al., 2013)

Relative water content: determined by the destructive 
method using the petals of  three inflorescences, as 
described by Durigan (2009), and the results expressed as 
a percentage (%), by the following formula:

RWC = FM – DM/TM - DM x 100

Where: RWC = relative water content; FM = fresh mass; 
DM = dry mass; TM = turgid mass.

Respiratory rate: Determined by placing three inflorescences 
of  each maintenance solution in a 5 L hermetically sealed 
plastic container for a period of  1 hour (25 °C and 85 % 
U.R) at room temperature. Aliquots (0.3 ml) of  the contents 
of  the atmosphere inside the containers were taken before 
and immediately after this period with an appropriate 
syringe (Exmire Microseringe, Ito Corp.). The aliquots 
had their CO2 levels determined in a chromatograph 
(GC Finnigan 9001), with Porapak-Q packaged column. 
The column temperature was 50 °C and the nitrogen was 
the entrainment gas used with flow rate of  35 mL/min. 
The injector temperature was 100 °C and 150 °C for the 
detector. The results were expressed in mg de CO2.kg-1.h-1.

Inflorescence coloring: The readings were performed with 
Minolta colorimeter, model CR-400 using six petals per 
repetition. Two readings were performed on each petal, 
one on the outer face and one on the inner face, and the 
foam results calculated based on the parameters a* and b*, 
and expressed in luminosity and color angle.

Total carbohydrate content: determined using the method 
proposed by Albalasmeh et  al. (2013) and with reading 
in spectrophotometer apparatus and absorption in UV 
length at 315 nm. The frozen petals of  three inflorescences 
of  each maintenance solution were used and the results 
expressed in g of  glucose 100 g-1 of  fresh mass.

Total carbohydrate content: The extraction was performed 
by the method proposed by Albalasmeh et al. (2013) and the 
quantification was determined according to Franzen et al., 
(2016) with spectrophotometric reading and absorption 
at UV length at 315  nm. The frozen petals of  three 
inflorescences of  each maintenance solution were used and 
the results expressed in g glucose of  100 g-1 fresh mass (FM).

Experimental design and Statistical analysis
The experimental design was completely randomized in a 
5x6 factorial arrangement with five maintenance solutions 
(distilled water - control, sucrose, citric acid, gibberellic acid 
and benzylaminopurine) and six days of  evaluation (0, 2, 4, 
6, 8 and 10 days) with five replications and the experimental 
plot composed of  three inflorescences. Data were submitted 
to analysis of  variance (ANAVA) and Tukey test at 5% 
probability (p<0.05) using statistical software SISVAR 4.3.

RESULTS AND DISCUSSION

The reduction in the fresh mass of  the inflorescences 
occurred in all the treatments applied, especially after 
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the fourth day, when the average percentage was 
equal to/greater than 5 % (Fig. 1). At the 10 days of  
storage, there was an increase of  this loss, around three 
treatments containing sucrose, citric acid, gibberellic 
acid and benzylaminopurine five times in the control 
treatment.

It was observed that inflorescences maintained only in 
distilled water (control) suffered the greatest accumulated 
loss of  fresh mass (23.51 %) at the end of  10  days, 
differing significantly (p<0.05) in relation to the other 
treatments (Fig. 1). On the other hand, solutions containing 
sucrose (12.51 %) and gibberellic acid (11.84 %) resulted 
in inflorescences with lower mass loss at the end of  the 
storage period, which may be due to sucrose ability to 
increase water absorption (Finger et  al., 2004; Schmitt 
et  al., 2013) and gibberellic acid in delaying senescence 
by maintaining tissue turgorence (Guimarães et al., 2014; 
Marsala et al., 2014).

The loss of  turgescence of  cut flowers occurs as a 
consequence of  excessive water loss through transpiration, 
limiting longevity. In this study, there was a significant effect 
of  the maintenance solutions (p<0.05) on the inflorescence 
turgescence (Fig. 2).

In summary, inflorescence turgescence was compromised 
with storage time, especially in those of  the control 
treatment, which were characterized as 1.0 (completely 
wilted) on the 10 day. On the other hand, the solutions with 
sucrose and gibberellic acid preserved the turgescence, that 
is, being characterized with a note 3.0 (slightly wilted) at 
10 days, differing significantly (p<0.05) in relation to the 
others treatments (Fig. 2).

In studies with white chrysanthemums (Silva e Silva, 2010) 
and roses (Pietro et  al., 2012) greater longevity of  the 
flowers (turgescence) was observed when kept in solution 
containing sucrose, independent of  the concentration used. 
In anthuriums (Marsala et al., 2014) observed a positive 
effect on the turgescence of  this cut flower when treated 
with gibberellic acid (200 mg.L-1). The turgor of  gladiolus 
was preserved when 25 mg.L-1 of  gibberellic acid was used 
as the maintenance solution (Saeed et al., 2014).

The stem curvature was significantly affected (p <0.05) by 
maintenance solutions with storage time (Fig. 3).

In general, the curvature of  the rod was affected after 
the fourth day, especially in samples kept in distilled 
water (control). With the storage time the inflorescences 
maintained in sucrose and gibberellic acid showed steeper 
stems being characterized with a mark above 3.0 (wilted 
stem, little slope), differing (p<0.05) from the other 

solutions (Fig. 3) in accordance with the turgescence of  
the inflorescences (Fig. 2).

Exogenous application of  growth regulators, such as 
gibberellins (gibberellic acid) reduce the damaging action 
of  the endogenous/exogenous ethylene on the rods 

Fig  1. Fresh mass of inflorescences of yellow sunflower cv. BRS 
Oasis maintained maintenance solutions (5%) during 10 days storage 
at room temperature (25 ± 3 ° C). GA3 = gibberellic acid; BAP = 
benzylaminopurine.

Fig  2. Turgescence of yellow sunflower inflorescences cv. BRS 
Oasis maintained in maintenance solutions (5%) during 10  days 
storage at room temperature (25 ± 3 °C). GA3= gibberellic acid; 
BAP= Benzylaminopurine.

Fig 3. Rod curvature in yellow sunflower inflorescences cv. Oásis treated 
with maintenance solutions (5%) during 10 days at room temperature 
(25 ± 3 °C). GA3= gibberellic acid; BAP= Benzylaminopurine.
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(Gonzaga et  al., 2001; Durigan, 2009) and the sugars 
(sucrose) present in the solution increase the osmotic 
concentration, improving the water absorption capacity and 
the water balance in the maintenance of  the stems turgidity 
(Dias-Tagliacozzo et al. 2006). This fact justifies the lower 
curvature index of  the stem observed in the inflorescences 
of  sunflower when maintained in the solutions of  sucrose 
and gibberellic acid. In addition, from the commercial point 
of  view, the maintenance of  the turgescence of  the stems 
is directly associated to the longevity and the acceptance 
by the consumers.

Studies with chrysanthemum stems ‘Dragon’ (Spricigo 
et  al., 2010) e tango (Fonseca et  al., 2017) showed that 
the solution containing sucrose kept the stems more 
turgid when compared to other solutions, especially those 
maintained in distilled water (control), confirming the 
preservative power of  this sugar.

The quality of  the water in which the flowers are stored is 
a factor that influences the longevity of  the stems being 
associated with factors such as the diffusion of  solutes in 
the biochemical reactions, the temperature regulation and 
the sustentation of  the vegetal tissues (Reichardt, 1985; 
Spricigo, Ferreira e Calbo, 2012).

Regarding the water content in the petals (Fig.  4), a 
significant effect of  maintenance solutions (p <0.05) was 
observed with storage time.

The transpiration of  the inflorescences led to a reduction in 
the water content of  the petals in all treatments, especially 
in the samples kept in distilled water (control), whose 
average reduction was over 60%, differing significantly 
(p<0.05) from the inflorescences maintained in solutions 
containing sucrose and gibberellic acid, whose reduction 
was about 30% over 10 days.

This lower loss of  water of  the petals observed in this 
study is due to factors such as inhibition in the synthesis 
of  ethylene intermediated by gibberellic acid and osmotic 
balance stimulated by sucrose leading to a higher water 
uptake and, consequently, a lower rate of  transpiration in 
the inflorescences.

Similar results were obtained on rose petals ‘Carola’ (Bastos 
et al., 2016) and gladiolus florets (Kumar e Gupta, 2014) 
where maintenance in solution with sucrose (1 %) and 
gibberellic acid (100  mg.L-1) reduced the loss of  water, 
respectively.

The respiratory rate of  the inflorescences maintained in 
solution with sucrose and gibberellic acid remained lower 
(p<0.05) than the others during 10  days (Fig.  5), being 

related to the lower reduction in the water content of  the 
petals (Fig. 3).

According Pietro et al. (2010) the lower respiratory rate 
favors the increase in vessel life, which in this case is 
characterized mainly by the lower use of  reserves as a 
respiratory substrate and, in turn, generates vital energy to 
them, positively influencing the qualitative characteristics 
of  the flowers. In this work this effect was achieved 
by solutions with sucrose and gibberellic acid differing 
significantly (p<0.05) from the others (Fig. 5).

Also according to Fig. 5, it was observed that the solution 
with distilled water (control) had the highest respiratory 
rate, and coincided with the results of  lower turgidity of  
the inflorescences, stem curvature and water content in the 
petals (Fig.s 2, 3 and 4), respectively, possibly due to the use 
of  reserves alone to maintain the metabolism.

In general, the use of  the solutions kept the inflorescence 
respiratory rate lower than the control treatment. The 

Fig 4. Relative water content in the petals of the yellow sunflower 
cv. Oásis treated with maintenance solutions (5%) during 
10  days at room temperature (25 ± 3 °C). GA3= gibberellic acid; 
BAP= Benzylaminopurine.

Fig  5. Respiratory rate of yellow sunflower inflorescences 
cv. Oásis treated with maintenance solutions (5%) during 
10  days at room temperature (25 ± 3 °C). GA3= gibberellic acid; 
BAP= Benzylaminopurine.
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use of  solutions such as methyl jasmonate in ‘Vega’ roses 
(Pietro et al., 2012) and 8-hydroxyquinoline in ‘Suzanne’ 
gerberas (Durigan et al., 2013) resulted in less respiratory 
activity and prolonged shelf  life in 4 and 5 days, respectively, 
relative to the control (distilled water). These results 
corroborate the potential of  use of  maintenance substances 
on quality and useful life as used in this study.

There was a significant effect of  the maintenance solutions 
(p<0.05) on the color of  inflorescences luminosity and hue 
angle (Fig.s 6A and 6B), respectively.

For the luminosity variable (Fig. 6A) there was a gradual 
increase in the values with storage time in all treatments. 
This increase in luminosity evidences greater darkening 

of  the petals, which changed from light yellow to orange-
yellow, especially in the control inflorescences (91.17), citric 
acid (87.92) and benzylaminopurine (85.07) at the end of  
10  days. On the other hand, the maintenance of  these 
solutions with sucrose (79.85) and gibberellic acid (79.56) 
ensured a lower luminosity index differing significantly 
(p<0.05) from the others, indicating less darkening of  the 
petals.

In studies with gerberas (Durigan et  al., 2013) also 
observed an increase in the luminosity of  flowers when 
kept only in distilled water and citric acid. On the other 
hand, the maintenance of  these in solution with sucrose 
and gibberellic acid kept the values of  luminosity stable, 
that is, the petals maintained the light yellow coloration 

Fig 6. Luminosity (A) and hue angle (B) of yellow sunflower inflorescences cv. Oasis treated with maintenance solutions (5%) during 10 days at 
room temperature (25 ± 3 °C). GA3= gibberellic acid; BAP= Benzylaminopurine.

A

B
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for a longer period of  time similar to that observed in 
this study.

In a study with gerberas (Durigan et al., 2013) an increase 
in the luminosity of  the flowers was observed when kept 
only in distilled water and citric acid (6  g.L-1). On the 
other hand, the maintenance of  these in solution with 
8-hydroxyquinoline kept the values of  luminosity stable, 
that is, the petals remained pale yellow for a longer period 
of  time similar to that observed in this study with the use 
of  sucrose and gibberellic acid, that is, favoring a slower 
metabolism.

The angle hue, or color, expresses the maintenance of  color 
in the evaluated products. In this sense, there was loss in the 
color of  the inflorescences since there was reduction in the 
values with the storage time in all the treatments (Fig. 6B).

In summary, the lowest reduction occurred in the 
inflorescences maintained in sucrose and gibberellic acid, 
mean values of  44.88 and 46.76, respectively, differing 
significantly from the others (p<0.05), which averaged 
around 30.00 at 10 days. This result demonstrates efficiency 
of  these solutions in maintaining the coloration of  the 
petals, possibly by the control in the synthesis of  ethylene, 
in the water balance, energy and in the preservation of  
the pigments that compromise the commercialization by 
interfering in the visual aspect of  the inflorescences.

Carbohydrates are the main sources of  carbon and energy 
for the maintenance of  all biochemical and physiological 
processes of  flowers after cutting (Antes et al., 2009). In this 
study the carbohydrate content was significantly (p<0.05) 
affected by the solutions with storage time (Fig. 7).

The carbohydrate content decreased with storage time 
in all treatments, however, inflorescences maintained 
in sucrose solution (15.67  g of  glucose.100g-1 MF) and 
gibberellic acid (14.91 g of  glucose.100g-1 MF) presented 
a significantly higher content (p<0.05) when compared 
to the other solutions whose average was around 10.0 g 
of  glucose.100g-1 MF after 10  days of  storage. This 
reduction is probably due to the control of  senescence of  
the inflorescences (sucrose and gibberellic acid), mainly in 
the carbohydrate consumption to maintain the respiratory 
metabolism as observed in Fig. 5.

CONCLUSION

Sucrose and gibberellic acid solutions preserve the quality 
of  the inflorescences. It is recommended to use 5% sucrose 
as maintenance solution at the affordable cost to producers 
and consumers.
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