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Abstract
The use of several solutions as floral preservatives in extending the vase life of cut flowers has been an all-time research objective 
to meet the demands of florists and buyers. One of the major problems faced with the longevity of cut flowers is the accumulation 
of microorganism in the vase floral solution. This study was carried out to investigate the influence of Aloe vera gel and Silver 
thiosulphate solutions used as vase solution on the microbial population of Heliconia cut flowers. The experiment was carried out 
in the plant physiology laboratory, Floriculture programme, National Horticultural Research Institute, (NIHORT); Ibadan, Nigeria 
(7O25” N and 3O52” E). Six treatments supplemented with 1% sucrose were used in this experiment, they include; 1%, 2% and 
4% Aloe vera gel solutions, 0.5% and 1% Silver thiosulphate solutions and distilled water (which serve as control) labeled AV1, 
AV2, AV3, STS1, STS2 and CO respectively. All treatments used for the vase life of Heliconia cut flowers were significantly (p ≤ 
0.05) different in the parameters analyzed as compared to the control. The vase life, relative fresh weight and relative water content 
of Heliconia cut flowers were best with Aloe vera gel solutions compared to the control with AV3 recording the longest vase life 
of 12 days (58.21%). The microbial population in the vases of the cut flowers was greatly reduced with the application of the silver 
thiosulphate solutions (STS1 and STS2) compared with the control with STS2 recording the lowest microbial colony at 32.67 CFU 
mL-1. Promoting the use of organic floral preservatives should be encouraged as it is eco-friendly and cost effective. The result of 
the study reveals that the use of 4% Aloe vera solution has the potential to reduce microbial growth and also enhance the longevity 
of the cut flowers. 
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Resumo 
Aloe vera e STS na população microbial e vida de vaso de Heliconia de corte

O uso de diversas soluções conservantes na extensão da vida de vaso de flores de corte é um tema de pesquisa importante e visa a 
atender a demanda mercadológica de floristas e consumidores. Um dos maiores problemas relacionados à longevidade de flores de 
corte é o acúmulo de microraganismos na solução de vaso. Este estudo foi conduzido para investigar a influência do gel de Aloe 
vera e do tiossulfato de prata como aditivos de solução conservante para o controle da população microbial em Heliconia de corte. 
O experimento foi conduzido no Laboratório de Fisiologia, programa de floricultura, National Horticultural Research Institute, 
(NIHORT); Ibadan, Nigeria (7O25” N e 3O52” E). Foram delineados seis tratamentos contendo 1% sucrose além de 1%, 2% and 4% 
Aloe vera gel ou 0,5% e 1% de tiossulfato de prata ou água destilada (tratamento controle), denotados por AV1, AV2, AV3, STS1, 
STS2 and CO respectivamente. Todos os tratamentos empregados para o aumento da vida de vaso de Heliconia de corte foram 
estatisticamente (p ≤ 0,05) diferentes nos parâmetros analisados quando comparados com o tratamento CO. A vida de vaso, peso 
fresco relative, e conteúdo relative de água de Heliconia de corte tiveram melhor desempenho com as soluções contendo gel de 
Aloe vera quando comparadas com o controle, enquanto o tratamento AV3 registrando a maior vida de vaso com 12 days (58,21%). 
A população microbial nos vasos das flores de cored foram drasticamente reduzidas com a aplicação de tiossulfato de prata (STS1 
and STS2) na solução conservante quando comparado com o controle, e o tratamento STS2 registrou a menor contagem de colônias 
com 32,67 CFU mL-1. A promoção de preservativos florais orgânicos deveria ser ampliadas pois mostrou-se efetiva com uso de gel 
de Aloe vera, além de ser ambientalmente amigável e apresentar bom custo-benefício. O resultado deste estudo revelou que o uso 
de gel de Aloe vera a 4% tem o potencial de reduzir o crescimento microbiano e aumentar a longevidade de flores de corte. 
Palavras-chave: Aloe vera, longevidade, microrganismos, pós-colheita, tiossulfato de prata.
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Introduction

In Nigeria, the cut flower business has been one 
of the major sectors in floriculture and it is gradually 
experiencing an increase in profitability especially in the 
Southern and Central parts of the country. According to 
the National Bureau of Statistics (NBS), from April 2019 
to March 2020, the cut flowers and flower buds generated 
1.96 billion naira within the period (NBS, 2020). To date, 
the major challenge faced with cut flower production and 
distribution has been the longevity of the cut flowers. 
Heliconia (Golden torch) is one of the beautiful and popular 
cut flowers in Nigeria. Many species of the plant are found 
in the tropics (Albuquerque et al., 2014, Omovbude et al., 
2016). In addition to their exotic beauty, they also have 
a natural postharvest vase life of 6-8 days after which 
senescence occurs resulting in rapid wilting of the petals. 
Often times, the shortened vase life of cut flowers are due 
to some physiological and biochemical factor such as 
induced stress on the cut stems, microbial contamination, 
air embolism and nutrient deficiency (Jagreeti and Dubey, 
2018). Most studies have focused on hormone application 
to prolong cut flowers longevity, however, it is pertinent to 
consider other important aspect of cut flower postharvest 
treatment such as impeding microbial contamination 
of vase solutions (Jowkar, 2015). The presence and 
accumulation of microorganisms in vases of cut flowers 
contributes significantly to wilting. This is because they 
cause vascular blockage and occlusion of water flow in 
the stem. Babarabie et al., 2015 reported that in order to 
increase the vase life of cut flowers, various combinations 
are usually used. Sucrose in preservative solutions 
improves the quality and longevity after the harvest, but 
it also increases the microorganisms’ growth, so along 
with the use of sugar, antimicrobials should be used in the 
preservative solutions of cut flowers. Floral preservatives 
have been found to delay senescence by suppressing 
microbial growth and promoting solution uptake due to 
reduction in vascular blockades (Balieiro et al., 2018). 
The use of ethylene antagonist such as silver thiosulfate 
solution (STS) and organic preservative (Aloe vera gel 
solution) has been shown to mitigate postharvest cut 
flower losses (Dar and Tahir, 2018). Aloe vera is widely 
known for its high medicinal values, as it possesses high 
antimicrobial, antifungal and preservative properties (Hes 
et al., 2019) such as the anthraquinones; Aloin and Emodin. 
Therefore, this study is aimed at evaluating the vase life 
and physiological performance of Heliconia (Golden torch) 
cut flowers with the use of Aloe vera and STS solutions as 
floral preservatives and their effect on microbial population 
during postharvest handling.

Materials and Methods

Plant materials
Flowering stems of Heliconia spp. with three to five 

open bracts were harvested early in the morning from the 
floriculture garden, NIHORT. The leaves on the lower 
section of the stems were removed and the stems were 

cleaned and recut at an angle under water so that all flowers 
reach a height of 30 ± 0.5 cm before treatment in order to 
remove probable air emboli and kept in water for about 5 
minutes until the commencement of the experiment. 

Experimental design and treatments
The experiment was laid out in a Completely 

Randomized Design (CRD) of six treatments with four 
replicates. The treatments (floral preservatives) used in this 
experiment includes 1%, 2% and 4% of Aloe vera solutions 
(the gel extract was obtained from freshly harvested Aloe 
vera plants from the floriculture garden); 0.5% and 1% of 
0.02 M silver thiosulphate solution (which was prepared by 
slowly pouring 20 mL of 0.1 M silver nitrate stock solution 
into 80 mL 0.1 M sodium thiosulphate stock solution); 
while distilled water was used as control. The treatments 
were supplemented with 1% sucrose and each had four 100 
mL transparent plastic vases containing 50 mL of floral 
solution with cut flowers.

The stems were cut to uniformity and placed in the 
already prepared floral preservative solution. Vase solutions 
were not changed throughout the experiment. 

Experimental condition
The experiment was carried out at the Floriculture 

Laboratory of the National Horticultural Research Institute 
(NIHORT) Ibadan, Nigeria (7O25” N and 3O52” E). Cut 
flowers of Heliconia were kept in a postharvest laboratory 
with a relative humidity (RH) of 70%± 5%, maximum and 
minimum temperature of 25 ± 2 ºC and 22 ± 2 ºC, respectively. 
Light was provided by sunshine with an intensity of 140 
µmol m-2 s-1 and a light/dark cycle of 13/11 hours. Flowers 
were checked daily and their appearance was recorded. The 
laboratory was well ventilated with open windows.

Vase life
Vase life was determined as the time period for which 

a spike of cut flower retained 50% freshness. Vase life 
termination was considered when bent neck was observed 
or five outer petals were wilted. 

Microbial Population
Microbial population was determined by Plate Count 

Method. To determine the microbial population in the vase, 
1 mL aliquot solution was taken from each vase solution 
containing cut flowers on the 12th day after commencement 
of the experiment. The samples were serially diluted 
up to 10-fold and 1 mL of each dilution was cultured on 
a solidified nutrient agar medium with 3 replications. 
Sample plates were incubated at 28±2 oC for 48-hours 
to allow microorganisms growth. Bacterial colony units 
formed after incubation were counted. Colony counts were 
expressed as colony forming units per mL (CFU mL-1).

Data Analysis
The postharvest physiology parameters collected (fresh 

weight change, petals changes and microbial population 
counts) were studied and statistically analyzed using SAS 
9.0 software. Each value represents the mean of four 
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independent replicates. The significance of the difference 
among treated means was computed using least significance 
difference (LSD) test at 5% level of significance. Microbial 
data were subjected to analysis of variance (ANOVA) and 
means were separated using Duncan Multiple Range Test 
(DMRT) at 0.05 of probability level.

Result and Discussion

Decrease in weight change plays a vital role in the 
turgidity and longevity of cut flowers. The results of the 

relative fresh weight of Heliconia cut flowers (Figure 
1) show that there was no significant difference in the 
Aloe vera solution treatments up to day 6, however, 
there was a significant (p ≤ 0.05) difference in the Aloe 
vera treatments from day 9. By day 12, 4% Aloe vera 
gel solution recorded the highest value of 69.53%. 
Treatment with STS solution showed no significant 
difference up to day 9. By day 12, there was a 
significance (p ≤ 0.05) difference in the STS treatment. 
1% STS had a higher value of 59.87% compared to 
0.5% STS and the control.

Both Aloe vera gel solutions and STS solutions were 
significantly higher than the control. The lowest value 
recorded on the fresh weight of the cut flowers by day 12 
was with the control (50.60%). This study is in accordance 
with Selamawit et al. (2018) that report that termination 
of cut flowers vase life can be caused by water imbalance 
within the vascular cells thereby resulting in wilting. 

Beside the relative fresh weight, the relative water 
content is an also index indicating the water holding 
capacity of the plant organs and shows the ability of the 
plant to withstand water stress conditions (Farinas et al., 
2019). Figure 2 shows that there was a significant (p ≤ 
0.05) difference in the cut flowers in relation to water 
content. 

Figure 1. Effect of aloe vera and STS on the relative fresh weight of Heliconia cut flowers.
(CO = Control, AV1 = 1% Aloe vera gel solution, AV2 = 2% Aloe vera gel solution, AV3 = 4% Aloe vera gel solution,  

STS1 = 0.5% Silver Thiosulphate solution, STS2 =1% Silver Thiosulphate solution)
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Figure 2. Effect of aloe vera and STS on the relative water content of Heliconia cut flowers.
(CO = Control, AV1 = 1% Aloe vera gel solution, AV2 = 2% Aloe vera gel solution, AV3 = 4% Aloe vera gel solution,  

STS1 = 0.5% Silver Thiosulphate solution, STS2 =1% Silver Thiosulphate solution)

The treatment with Aloe vera gel solutions was not 
significantly different from each other. However, there 
was a significantly (p ≤ 0.05) different compared to 
STS treatments and control. The highest relative water 
content value recorded was 77.49 by 4% Aloe vera 
while the lowest value was recorded by 1% STS (23.14). 
Chrysargyris et al. (2016) reported that Aloe vera gel 

solution can be used to increase and maintain the relative 
water content in plants.

There was a significant (p ≤ 0.05) difference in the 
microbial population in the vase life of Heliconia cut 
flowers	 with the application of floral treatments. Results 
in Table 1 shows that STS1 and STS2 solutions significantly 
reduced the bacterial population in the vase. 

Table 1.  Effect of aloe vera and STS on the bacterial population in the floral solutions

Treatment Bacteria population (CFU/mL)
STS1            45.00c

STS2            32.67d

AV1            63.33b

AV2            67.33b

AV3            68.67b

CO          408.00a

 
Values are obtained from the mean of 4 replications. Means with the same alphabet in the same column are not significantly different (p ≤ 0.05) 
Duncan’s multiple range test.
(CO = Control, AV1 = 1% Aloe vera gel solution, AV2 = 2% Aloe vera gel solution, AV3 = 4% Aloe vera gel solution, STS1 = 0.5% Silver Thiosulphate 
solution, STS2 =1% Silver Thiosulphate solution)

Inhibitory effect of STS1 and STS2 solutions on 
bacterial growth may be due to presence of antimicrobial 
properties of silver thiosulphate. Bacterial population in the 
vase treated with Aloe vera (AV1, AV2 and AV3) was not 
significantly different among each other but significantly (p 
≤ 0.05) lower compared with the control. A higher microbial 
population was recorded in the control. Effectiveness of 
Aloe vera gel solution in reducing bacterial population in 

this study may be due to presence of secondary metabolites 
in the plant that inhibit the microbial growth (Oghenemaro 
et al., 2018; Danish et al., 2020). Aloe vera exudate 
contains the secondary metabolite called ‘aloes’ or ‘bitter 
aloes’ which is present in the pericycle cells of the vascular 
bundles in the leaf. This may likely be responsible for the 
slight alkalinity of the solutions and for the decrease in 
microbial growth. This result also corroborates the findings 
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of Solgi (2018) who reported that antimicrobial compounds 
reduced bacterial colonies and extended the vase life of 
carnation cut flowers.

The vase life of cut flowers is the most important 
parameter when considering the longevity of cut flowers. 
Shahram et al. (2020) reported that the use of ethylene 
antagonist Silver Thiosulfate Solution (STS) and other 

floral preservative has been shown to reduce the postharvest 
losses of cut flowers. And this corresponds with our results 
as STS and Aloe vera gel floral preservatives were able 
to extend the vase life of Heliconia cut flowers beyond 9 
days. The highest vase life recorded was with 4% Aloe vera 
gel solution which extended the vase life of Heliconia cut 
flowers beyond 12 days (Figure 3). 

Figure 3. Effect of aloe vera and STS on the vase life of Heliconia cut flowers
(CO = Control, AV1 = 1% Aloe vera gel solution, AV2 = 2% Aloe vera gel solution, AV3 = 4% Aloe vera gel solution,  

STS1 = 0.5% Silver Thiosulphate solution, STS2 =1% Silver Thiosulphate solution)

Sudaria et al. (2017), also reported that Aloe vera 
gel solution used as floral treatment has the potential of 
increasing the longevity of cut flowers.

Conclusions

Reducing the population of microorganisms in holding 
solutions of cut flowers can significantly improve the 
longevity of cut flowers. Aloe vera have antimicrobial 
properties that help in reduced microbial growth. STS is 
an ethylene antagonist that slows down senescence in cut 
flowers. This study has showed that Aloe vera and STS 
floral preservative solution were effective in impeding the 
growth of microorganisms and also increasing the longevity 
of the Heliconia cut flowers. 
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