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Water relations in cut calla lily flowers maintained  
under different postharvest solutions

Abstract
The use of chemicals in storage solutions has proved beneficial for the postharvest conservation of cut flowers. However, the effect 
of these solutions on the water relations of some species is still unknown. Therefore, the objective of the present investigation 
was to evaluate the water relations in calla lily flowers harvested at different stages and maintained under postharvest solutions 
with different chemicals. The flower stems were harvested in two stages of spathe opening: the early stage (cartridge) and the 1/3 
flower opening stage. The flower stems were dipped in solutions with water (control), 100 mg L-1 sodium hypochlorite (NaClO), 
100 mg L-1 aluminum sulfate [Al2(SO4)3], 200 mg L-1 8-hydroxyquinoline (8-HQ) and 10 mg L-1 silver nitrate (AgNO3). Over 9 
days, the floral stems were kept in a room at 21 ± 2 °C and 75% ± 5% relative humidity and evaluated for changes in the pH of the 
solution and the water absorption, transpiration and commercial quality of the cut flowers. The addition of conservation substances 
to the storage solution induced spathe opening at both harvest stages and promoted water absorption by the stems, thus increasing 
the efficiency of flower hydration. The water balance maintenance was best for stems stored in water and storage solutions with 
Al2(SO4)3.
Keywords: Zantedeschia aethiopica, chemicals, floriculture, vase life. 

Resumo
Relações hídricas em flores de copo-de-leite mantidas em diferentes soluções pós-colheita 

O uso de produtos químicos em soluções de armazenamento tem demonstrado efeitos benéficos para a conservação pós-colheita de 
flores. No entanto, o efeito dessas soluções nas relações hídricas de algumas espécies ainda é desconhecido. Portanto, objetivou-
se avaliar as relações hídricas em flores de copo-de-leite colhidas em diferentes estágios e mantidas em soluções com diferentes 
produtos. As hastes das flores foram colhidas em dois estágios de abertura da espata: o estágio inicial (cartucho) e 1/3 de abertura. 
Estes foram acondicionados em soluções com água (controle), 100 mg L-1 de hipoclorito de sódio (NaClO), 100 mg L-1 de sulfato 
de alumínio [Al2(SO4)

3], 200 mg L-1 8-hidroxiquinolina (8-HQ) e 10 mg de nitrato de prata L-1 (AgNO3). Ao longo de 9 dias, as 
hastes florais foram mantidas em uma sala com temperatura de 21 ± 2°C e umidade relativa de 75% ± 5% e avaliadas quanto 
ao pH da solução, absorção de água, transpiração e qualidade comercial. A adição de substâncias de conservação à solução de 
armazenamento induziu a abertura da espata nos dois estágios de colheita e contribuiu para a absorção de água pelas hastes, 
melhorando a hidratação das flores. A melhor manutenção do balanço hídrico foi observada para hastes armazenadas em água e 
soluções de armazenamento com Al2(SO4)

3.
Palavras-chave: Zantedeschia aethiopica, produtos químicos, floricultura, vida em vaso.
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Introduction

Calla lilies are usually harvested when they show 
extended spathes (Almeida et al., 2009); however, different 
harvest stages have been recently accepted for use in 

decoration. Harvesting at earlier stages (closed or partial 
opening) can provide inflorescences with better quality 
and longevity (Carneiro et al., 2014; Sales et al., 2015; 
Mattos et al., 2017, Sanches et al., 2017, Sales et al., 2018, 
Nascimento et al., 2019). However, limited information 
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is available on the influence of chemicals in the storage 
solution on the longevity and water relations of early 
harvested floral stems.

Water relations are important factors that restrict the 
vase life of most flowers after harvest (Van Doorn, 2012). 
Water stress is caused mainly by the drastic decrease in 
water absorption in the stem, which can be caused by 
microbial growth, air bubble formation, lithophytes and 
suberin and lignin deposition in the xylem vessels. After 
harvest, some flower species have a limited vase life due 
to drought stress since the transpiration rates may be 
higher than the water absorption (Costa et al., 2015). 

The addition of certain chemicals to storage 
solutions has had beneficial effects on the postharvest 
conservation of cut flowers. These products, such as 
sodium hypochlorite (NaClO), may prevent bactericidal 
contamination. The mechanism of action of chlorine is 
non-specific and involves the oxidation of the cellular 
components of microbial agents, including the proteins of 
cellular and protoplasmic membranes (Dychdala, 1983). 
The application of sodium hypochlorite improved the 
vase life of several cut flowers (Jowkar, 2015; Bastos et 
al., 2016).

8-Hydroxyquinoline (8-HQ) or its sulfate (8-HQS) 
and citrate (8-HQC) esters present germicide properties 
and are widely used in storage solutions because they 
inhibit microorganism growth (Jowkar et al., 2017) and 
vascular occlusion and promote solution absorption by 
the plant. Solutions containing 8-HQS showed better 
water consumption, prevented microorganism growth in 
conductive vessels and weight loss, and extended the vase 
life of Alstroemeria, Antirrhinum majus, and hydrangea 
flowers (Ali and Hassan, 2014; Kabari and Solimandarabi, 
2019; Kazaz et al., 2019). The use of 8-HQC and sucrose 
also improved the storage life of Gladiolus grandiflorus 
(Belwal Sheeba et al., 2019). 

Silver nitrate (AgNO3) is a highly effective biocide that 
inhibits microbial growth and prevents vascular occlusion, 
thereby limiting water absorption (Malakar et al., 2019). 
Additionally, Oncidium inflorescences treated with AgNO3 
in combination with HQC and sucrose showed high 
longevity (Mattiuz et al., 2015). Silver nitrate may also 
have inhibitory effects on ethylene action (Taiz et al., 2017) 
and can increase the diameter of rose stems after cutting 
(Shailendra et al., 2016).  

The addition of antimicrobial agents (HQS and AgNO3), 
ethylene inhibitor (AgNO3) and sucrose to conservation 
solutions results in better flower quality and longevity. 
These products increase the carbohydrate contents and 
water uptake, delay senescence, maintain flower turgidity, 
reduce bacterial proliferation and prevent xylem blockages 
in gladiolus (Mishra and Khanal, 2019). 

Aluminum sulphate (Al2(SO4)3) has been recommended 
for maintaining the vase life of gladioluses and roses 
(Seyf et al., 2012; Gupta et al., 2020) since it acidifies the 
storage solution, limits bacterial growth and favors water 
absorption (Ichimura et al., 2006).

Considering that the effects of certain chemical 
compounds in conservation solutions on the water relations 
of postharvest calla lilies in the early stages are unknown, 
the present investigation was performed. 

Materials and Methods

Plant materials
Calla lily (Zantedeschia aethiopica) flower stems from 

flowering plants were collected early in the morning (7-8 
a.m.) from a commercial producer. The opening stages of 
the spathe at harvest were categorized as the early stage 
(cartridge) and 1/3 opening stage of flowers (Figure 1) 
according to Sales et al. (2018), who recommended that 
these stages would promote higher commercial durability.

Figure 1. Harvest stages of calla lily flower stems: early stage spathe (cartridge)  
(left) and 1/3 open (right) (Sales et al., 2018).
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The lilies were then transported dry for one hour to the 
laboratory, where they were immersed in water and kept at 
21 ºC. Once selected and standardized at 50 cm, the stems 
were weighed to determine the fresh weight and subjected 
to the treatment conditions. 

Experimental protocol
The experiment consisted of 10 treatments resulting 

from a factorial design with 2 harvest stages and 5 storage 
solutions: water (control), 100 mg L-1 sodium hypochlorite 
(NaClO), 100 mg L-1 aluminum sulfate [Al2(SO4)3], 200 mg 
L-1 8-hydroxyquinoline (8-HQ), and 10 mg L-1 silver nitrate 
(AgNO3). Each stem was placed in a plastic pot containing 
0.5 L of storage solution, which was supplemented daily. 
The pots were sealed with a plastic bag around the stem to 
prevent water evaporation. 

The flower stems in the vase treatment solution were 
placed in a room at 21 ± 2 °C and 75% ± 5% relative 
humidity. Assessments of the water pH, presence of pollen, 
commercial quality, width and length of the spathe, fresh 
weight of the stem, water absorption and transpiration were 
performed daily over 9 days.

Quality analysis
The analysis of the commercial quality of the flower 

stems was based on the pattern determined by Almeida et 
al. (2008): 

- Class A1: turgid inflorescences, with an inclined 
spathe tip and the absence of roughness or necrosis; 

- Class A2: turgid inflorescences, with the spathe 
tip slightly rolled down and the absence of roughness or 
necrosis; 

- Class B: turgid inflorescences, with the spathe tip 
slightly rolled down, the presence of roughness, and the 
absence of necrosis;

- Class C: wilted inflorescences, with the spathe tip 
rolled down and the presence of necrosis.  

The assessments of flower stem quality showed that the 
sum of the days in which the stems remained in classes A1, 
A2 and B represented the pot life of these inflorescences. 
Stems classified as A1 had the best quality, while those 
classified as C were considered waste. 

Physiological analysis
The absorption rate was estimated by determining the 

volume of consumed water in mL d−1 as evaluated per stem; 
whereas the transpiration rate was estimated in g d-1 as 

evaluated per stem according to Sales et al. (2015): T = Vc 
- (MHf - MHi), where T represents the transpiration rate (g 
d-1); Vc represents the consumed solution volume (g); MHi 
represents the early stem weight (g); and MHf represents 
the late stem weight (g). 

Changes in fresh weight were determined by the daily 
weighing of flower stems, and the value was determined 
according to Sales et al. (2015): VMF = (Mf x 100) / Mi; 
where VMF represents the variation in fresh weight (%); 
Mi represents the stem fresh weight on the first day of 
evaluation (g); and Mf represents the stem fresh weight on 
the day of evaluation (g).

The water balance was calculated by the difference 
between the absorption rate and the transpiration rate, and 
it was expressed in mL d−1 as evaluated per stem according 
to He et al. (2006).

Experimental design and statistical analysis
The experimental design consisted of 10 treatments 

with 2 harvest stages and 5 storage solutions resulting from 
a factorial design. Three replicates and two stems per plot 
were used. The model used was a split plot based on time, in 
which the opening stages and storage solutions represented 
the plot and the days of evaluation represented the subplot. 
Qualitative data obtained in the experiment were pooled 
and submitted to Tukey’s test at the 5% probability level 
and analyzed with the aid of the R software (R Development 
Core Team, 2018). 

Results and Discussion
The storage solutions for the maintenance of calla lily 

stems after harvest showed different pH levels as a result 
of the different chemicals used. The storage solution 
containing only water (control) and the solution with 
silver nitrate (AgNO3) had average pH values of 7.2; the 
solution with sodium hypochlorite (NaClO) had the highest 
average pH of 8.7; the solution with 8-hydroxyquinoline 
(8-HQ) had a pH of 7.1; and the solution with aluminum 
sulfate [Al2(SO4)3] had a lower average pH of 4.4. The 
use of substances that maintain low water pH levels is 
recommended to slow senescence because lower pH limits 
microbial growth and promotes greater longevity (Ahmad 
et al., 2013; Shanan, 2017); however, calla was tolerant to 
high water pH (Ahmad et al., 2013).

Quality analysis
Differences were not observed in the postharvest quality 

between inflorescences stored in different solutions and the 
harvest stage in terms of the permanence of the stems in 
classes A1 or A1+A2 or A1+A2+B, which was because 
of the harvest stages (Table 1). Flower stems harvested 
in early stages remained longer in class A1 (5.4 days) 
and had greater longevity (7.7 days for the commercial 
classes A1+A2+B). For stems harvested at 1/3 open, the 
average for the best quality class (A1) was 4.3 days and the 
longevity was 7.4 days for the classes A1+A2+B.
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Table 1. Number of days in which the calla lily flower stems stored at room temperature remained in qualitative classes 
A1, A1+A2, and A1+A2+B as a function of the harvest stage.

Days*

Harvest stage Class A1 Class A1+A2 Class A1+A2+B

Early stage 5.4 a 6.1 a 7.7 a

1/3 open 4.3 b 6.0 a 7.4 b

 
*Means followed by the same letter in columns do not differ by the Tukey’s test at the 5% probability level.

Flower stems harvested in the early stage persisted for 
approximately 1 day longer in class A1 when compared 
with the flower stems harvested at 1/3 open. In classes 
A1+A2, differences were not observed between the harvest 
stages, and although differences were observed in both 
stages (early and 1/3 open stages) in classes A1+A2+B, 
the flower stems persisted for approximately 7 days. Thus, 
as already observed by Sales et al. (2015), floral stems 
harvested at the early stages of spathe opening have greater 
durability.

Moreover, the stems harvested at 1/3 open persisted 
an average of 4.6 days longer without pollen presence 
on the spadix, while for stems harvested at the early 
stage, the average was 3.5 days. The formation of pollen 
grains may be related to weather conditions, particularly 
the environmental temperature when flowers are forming 

(Almeida et al., 2008). Flower stems with the presence of 
pollen in the spadix have reduced commercial quality and 
show considerable acceleration in the signs of senescence 
in the spathe, such as wilting and abscission (Paiva and 
Almeida, 2012).

Flower opening and spathe width and length were 
influenced by the harvest stage and storage solution. 
Stems harvested at 1/3 open showed greater spathe 
expansion relative to those in the early stage, and the 
maximum widths were 11.3 and 9.9 cm, respectively 
(Figure 2).

Regarding the length of the spathe, flower stems 
harvested at 1/3 open also showed greater expansion and 
reached a maximum length of 14.6 cm, and flower stems 
harvested at the early stage showed a maximum value of 
12.30 cm (Figure 3). 

Figure 2. Spathe width of calla lily flower stems as a function of the harvest stage and storage solutions. Means 
followed by the same letter for the harvest stage do not differ by Tukey’s test at the 5% probability level.
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Figure 3. Spathe length of calla lily flower stems as a function of the harvest stage and storage solution. Means 
followed by the same letter for the harvest stage do not differ by Tukey’s test at 5% probability.

Stems harvested at the early stage showed stronger 
effects of the storage solutions, with the use of 8-HQ 
and AgNO3 inducing greater openness as demonstrated 
by the greater width. In the stems harvested at 1/3 open, 
differences were not observed between the storage 
solutions and the control. 

Similarly, the stems harvested at the early stage had a 
greater increase in spathe length when kept in a solution 
with 8-HQ, followed by the solutions with Al2(SO4)3 and 
AgNO3. When harvested at 1/3 open, the stems kept in 
water and in solution with 8-HQ showed greater length.

These observations indicate that the addition of 
chemicals to the storage solution allows for flower stem 

harvest at earlier stages, which leads to more efficient 
spathe opening. In lisianthus, the use of 8-HQC in the 
vase solution also helps increase the floral opening and pot 
life (Hutchinson, 2013). Considering the harvest of stems 
at 1/3 open, namely, stems that are mature or at a slightly 
more advanced maturation stage, the use of products in the 
solution is not required because of the limited effectiveness 
in terms of floral growth. 

Physiological analysis
The fresh weight variation in the harvested calla lily 

flower stems was influenced by the spathe opening stage 
and storage solution (Figure 4). 

Figure 4. Percentage change in the fresh weight of calla lily flower stems as a function of the harvest  
stage and storage solution. Means followed by the same letter for the harvest stage do not differ by  

Tukey’s test at the 5% probability level.
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Stems harvested at the early and 1/3 open stages showed 
differences when kept in NaClO and 8-HQ, with the lowest 
fresh weight variation obtained in the early stage. Stems 
harvested at the early stage and stored in the solution with 
Al2(SO4)3 and in water had higher fresh weight (103.1 
and 102.8%, respectively) (Figure 4). Although storage 
solutions containing AgNO3, 8-HQ and NaClO provided 
similar results, a fresh weight loss (0.5%) was observed for 
stems in the NaClO solution, which was probably due to 
the high pH.

When the stems were 1/3 open, those stored in the 
solutions with Al2(SO4)3 and AgNO3 and in water showed 
an increase in fresh weight. Although no differences were 
observed between these solutions, the largest increase 
(102.6%) occurred in stems stored in the solution with 
Al2(SO4)3. However, for stems kept in the storage solution 
with 8-HQ, a 1.2% loss of fresh weight was observed, and 
for those kept in the solution with NaClO, the losses were 
more pronounced at 3.8%.

Stems kept in the solution containing Al2(SO4)3 and in 
only water showed a greater increase in fresh weight than 
the other treatments, suggesting that vascular occlusion by 
microorganisms did not occur since water absorption was 

not affected. Phytosanitary substrates in the preservative 
solutions are used to keep the water of the solution clean 
and promote the sanitation and durability of the vase 
life of flowers (Dias, 2016). However, the decrease in 
pH by the use of Al2(SO4)3 in the storage solutions may 
have favored absorption by the stems. The aluminum 
sulphate solution (150 and 300 mg L-1) also promoted an 
increase in water absorption, fresh weight, and diameter 
of the flower buds of the rose cultivar ‘Boeing’ (Seyf et 
al., 2012). The postharvest performance of cut scapes of 
Amaryllis belladonna can be improved to a great extent by 
the combined application of antimicrobial compounds and 
sugar sources (Gul et al., 2020).

An analysis of the absorption rate of calla lily stems 
showed that alterations were associated with the harvest 
stage, storage solution and days after harvest (Figure 
5). The absorption rates of stems harvested at the early 
and 1/3 open stages (Figure 5A and 5B) were higher 
in the first days after harvest and decreased with the 
senescence process until the 8th day after harvest, which 
corresponds to the end of pot life. Moreover, the 1/3 
open stage had higher absorption when compared to the 
early stage.

Figure 5. Absorption rate of calla lily flower stems as a function of the harvest stage  
(early stage-A and 1/3 open-B), storage solution and days after harvest. Means followed by the same  

letter for each day do not differ by Tukey’s test at the 5% probability level.
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In both harvest stages, the highest absorption rate 
was observed in the stems kept in water and the storage 
solution with aluminum sulfate (Figure 5). The increased 
absorption rate with the addition of Al2(SO4)3 can be 
attributed to the germicidal effect of this compound, 
which reduces microbial proliferation and thereby reduces 
vascular occlusion. Furthermore, the reduction in the 
pH of the solution directly influences the absorption rate 
(Hutchinson, 2013). The acidification by aluminum sulfate 
extended the vase life of Gardenia jasminoides flowers due 
to the increase water uptake (Çelikel et al., 2020).

The solution containing NaClO showed a high 
absorption rate in the first day, which was followed by a 
sharp decline in absorption. Such low absorption values 
may be associated with tissue disruption at the base of the 

flower stems that prevented the stems from absorbing the 
solution. The concentration of sodium hypochlorite was 
probably high, or the period in which the inflorescences 
remained in solution may have been extended too long. 
Moreover, the solution containing 2% sodium hypochlorite 
decreased the longevity of calla lily inflorescences 
(Almeida et al., 2007). 

The transpiration rate showed the same pattern as 
the absorption rate and was influenced by the harvest 
stage, storage solution, and days after harvest (Figure 
6). The transpiration rate in both stages oscillated over 
the time (Figure 6A and 6B). These results demonstrate 
a direct relationship between absorption (Figure 5) and 
transpiration rates since more hydrated flower stems had 
higher water loss.

Figure 6. Transpiration rate of calla lily flower stems as a function of the harvest stage  
(early stage-A and 1/3 open-B), storage solution and days after harvest. Means followed by the same letter  

for each day do not differ by Tukey’s test at the 5% probability level.

In general, stems harvested at the early stage presented 
lower transpiration rates compared with those harvested at 
1/3 open, which was probably due to lower spathe opening. 
In both harvest stages, transpiration was reduced in the 
stems kept in solutions with Al2(SO4)3 and AgNO3.

Initially, all stems showed positive water conditions; 
that is, the absorption rate was higher than the 

transpiration rate (Figure 7). In the early stage, the water 
balance for the stems that remained in storage solutions 
with NaClO, 8-HQ and AgNO3 became negative starting 
on the 4th day after harvest. Moreover, stems kept in 
water and Al2(SO4)3 persisted one day longer with a 
positive water balance and had a higher water balance 
(Figure 7A).
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Figure 7. Regression analysis of the water balance of calla lily flower stems as a function 
of the harvest stage (early stage-A and 1/3 open-B), storage solution and days after harvest.
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The durability of cut flowers is influenced by the 
absorption, retention capacity, transport and loss of water in 
the tissues (Gupta and Dubey, 2018), and these parameters 
are directly related to the durability. The turgescence of 
flower stems is caused by the balance between absorption 
and transpiration rates (Elhindi, 2012), and it is related to the 
visual quality of the flowers (Nascimento et al., 2019). At the 
1/3 open harvest stage, the stems kept in NaClO and 8-HQ 
had a negative water balance from the 3rd day after harvest. 
The stems kept in water or a solution containing Al2(SO4)3 or 
AgNO3 had a negative water balance starting on the 5th day, 
and an increase on fresh weight occurred (Figure 4).

Conclusions

The addition of certain chemicals to the storage solution 
was effective at opening the spathe. The addition of 8-HQ 
increased flower opening in the stems harvested at the early 
stage. Flower stems harvested at the early and 1/3 open 
stages presented efficient water absorption by the stems and 
positive flower hydration and showed better water balance 
maintenance when stored in solutions with Al2(SO4)3.
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