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Abstract

Gerbera is an ornamental plant with vibrant and striking colours. However, postharvest 
stem bending reduces commercial quality and limits vase life by impairing water uptake. 
Calcium plays a key role in regulating and strengthening the stem structure, thereby reducing 
curvature and preserving tissue integrity. This study evaluated the effects of calcium 
chloride (CaCl2) on histochemical, metabolic and structural traits associated with vase 
life quality in Gerbera jamesonii L. cv. ‘Ruby Red’. Plants were cultivated under greenhouse 
conditions in a soilless system, and two vase solutions were applied postharvest: 0 and 
0.5 g L-1 CaCl2. Measurements were conducted over 17 days in a postharvest room. The 
0.5 g L-1 CaCl2 treatment significantly enhanced postharvest quality by extending vase life by 
7 days, preserving stem length, increasing tissue calcium content, and promoting favourable 
histochemical and structural attributes. The findings contribute to the understanding 
of flower stem physiology and offer an effective strategy to enhance postharvest quality 
in gerbera.
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Resumen 

La gerbera es una planta ornamental con colores vibrantes y llamativos. Sin embargo, 
la curvatura del tallo poscosecha reduce la calidad comercial y limita la vida en florero 
al afectar la absorción de agua. En este sentido, el calcio ayuda a regular y fortalecer la 
estructura del tallo, reduciendo su curvatura y protegiendo la integridad estructural 
del tejido. Este estudio evaluó los efectos del cloruro de calcio (CaCl2) en los caracteres 
histoquímicos, metabólicos y estructurales asociados con la calidad de vida en florero en 
Gerbera jamesonii L. cv. ‘Ruby Red’. Las plantas se cultivaron en condiciones de invernadero 
en un sistema sin suelo, y se aplicaron dos soluciones de florero poscosecha: 0 y 0,5 g L-1 CaCl2. 
Las mediciones se realizaron durante 17 días en una cámara de poscosecha. El tratamiento 
con 0,5 g L-1  CaCl2 mejoró significativamente la calidad poscosecha al extender la vida en 
florero en 7 días, preservar la longitud del tallo, aumentar el contenido de calcio en el tejido 
y promover atributos histoquímicos y estructurales favorables. Los hallazgos contribuyen a 
la comprensión de la fisiología del tallo floral y ofrecen una estrategia eficaz para mejorar la 
calidad poscosecha de la gerbera.

Palabras clave
flor de corte • calidad poscosecha • pérdida de turgencia del tallo • consumo de agua • 
vida en florero

Introduction

Gerbera is a genus of perennial ornamental plants widely cultivated for cut flower 
production. However, its postharvest longevity is compromised by premature stem 
bending, a critical quality disorder that affects its commercial acceptance (Alikhani et al., 
2021). Stem bending in gerbera is primarily associated with water imbalance, insufficient 
mechanical strength, and degradation of cell wall components of the stem during vase life 
(Manzoor et al., 2024). 

The maintenance of stem rigidity is closely related to the integrity of cell walls and 
middle lamella, where calcium (Ca2+) plays a fundamental role by forming cross-links with 
pectins, enhancing tissue firmness and preventing cell disintegration (Wdowiak et al., 
2024). In addition, calcium participates in signaling pathways regulating senescence and 
stress responses, thereby contributing to postharvest stability (Ge et al., 2019).

Postharvest treatments based on calcium supplementation have been widely studied 
as a strategy to improve stem strength and extend vase life in cut flowers. Cheng et al. 
(2020) demonstrated that calcium delays structural degradation and reduces membrane 
permeability. Similarly, García-González et al. (2022) reported an increase in mechanical 
resistance and stem firmness in gerbera when calcium was supplied in vase solutions. 
Mohammadi et al. (2024) also confirmed the effectiveness of Ca2+ treatments in reducing 
bending incidence and preserving cytological integrity. Milani et al. (2019) observed that 
calcium application improved the mechanical properties of cell walls, contributing to higher 
postharvest longevity in gerbera flowers. The study aimed to evaluate the effects of CaCl2 
and its relationship with histochemical, metabolic, and structural traits associated with 
vase life quality in cut flowers Gerbera jamesonii L. cv. ‘Ruby Red’.

Materials and Methods

Experimental Design and Treatment Application
The experiment was conducted using G. jamesonii cv. ‘Ruby Red’ plants grown in a 

greenhouse during the summer. Seedlings were purchased from Florist Holland and 
transplanted individually in December into 12-L black polyethylene pots containing a 
soilless substrate composed of Sphagnum peat moss and perlite (3:2, v/v). A drip fertigation 
system with a flow rate of 2 L h-1 was used, with one emitter installed per pot.
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Harvesting was carried out at the same floral developmental stage -when 1-3 rows of 
male florets were visible- to ensure uniform maturity across harvest times. The floral stems 
were cut diagonally to a length of 35 cm from the base of the floral head. Then weighed and 
placed in 250 mL Erlenmeyer flasks, each containing 200 mL of the designated treatment 
solution. The flasks were sealed with plastic film to reduce evaporation. Two treatments 
were applied: distilled water (control, T1) and an aqueous solution of CaCl₂ at 0.5 g L-1 (T2). 
Postharvest settings were maintained at 20 ± 2°C, 65% relative humidity, and a 12-hour 
photoperiod using white fluorescent lamps (900 lux). The calcium chloride and water 
solutions were maintained throughout the vase life, without replacement. Ten flower stems 
were used for each treatment. Therefore, 30 stems were evaluated for each treatment, and 
the experimental unit was the vase.

Measurements were performed at two time points: at the beginning (Initial) and at 
the end (Final) of the postharvest period. Day 0 corresponded to the day of harvest and 
placement of the stems in the vase solution. The endpoint was defined as the termination 
of vase life, characterized by visual signs of loss in commercial quality (Mohsin et al., 2023), 
including visible symptoms and reduced visual appeal compromising the commercial 
acceptance of the product, such as curvature of the floral stem, wilting of the inflorescences, 
signs of dehydration, and the fall of the first ray florets. The end-of-life date was recorded 
when at least 50% of the flowers showed senescence symptoms, indicating unsuitability for 
marketing or ornamental use.

To compare the evolution of parameters during vase life, a Daily Variation Rate (DVR) 
was calculated for each measurement. The coefficient was derived from the mean values at 
the initial and final time points, divided by the mean vase life of each treatment according 
to the formula:

DVR = (Final mean value - Initial mean value) / Mean vase life

A positive DVR indicates an increase in the variable over time, while a negative DVR 
denotes a reduction relative to the initial value. The control treatment (stems held in 
distilled water without calcium supplementation) was subjected to the same sampling 
procedures and DVR calculation to provide a baseline for comparison. Measurements 
were conducted on the capitulum and along two segments of the floral stem: segment 1 
(0-15 cm below the capitulum) and segment 2 (15-35 cm) (figure 1).

Figure. 1. Parts of the floral stem.
Figura. 1. Partes del tallo floral. 

Capitulum, Segment 1 
(Seg. 1) and 2 (Seg. 2) of 

the peduncle.
Capítulo, Segmento 1 

(Seg. 1) y 2 (Seg. 2) del 
pedúnculo.
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Study of Vase Life and Quality of Flowers
Vase life was considered terminated when the floral stem exhibited noticeable 

deterioration, including peduncle bending or ligule wilting, or abscission (Mohsin et al., 
2023). Bending severity was assessed using a three-grade scale: Grade I (0°-45°), Grade II 
(45°-90°), and Grade III (>90°), following the scale adapted from Celikel & Reid (2002) for 
cut flowers.

Calcium content in the capitulum and segments 1 and 2 was determined according to 
Bárbaro et al. (2024). Stem length was recorded again at the end of the vase life period. 
Individual floral stem weight and water uptake were determined using a digital scale 
(Ohaus SP402, USA). Water consumption was calculated by weighing the flasks with and 
without the floral stem at both time points and pH and electrical conductivity in the solution 
vase were determined using a digital conductivity meter (Orion Thermo Scientific, 145, 
USA) and pH meter (Horiba, M-12, Japan). Soluble sugar concentrations were analysed in 
10 stems per treatment, assessing the entire floral stem. Samples were preserved in liquid 
nitrogen, ground, and centrifuged at 6500 rpm for 5 minutes at 4°C (Thermo Scientific 
Heraeus Primo R, France). The supernatant was filtered for analysis. Sucrose, D-glucose, 
and D-fructose contents were quantified using UV-spectrophotometry with enzymatic 
BioAnalysis kits (Boehringer Mannheim/R-Biopharm, Darmstadt, Germany). Absorbance 
was measured at 340 nm (Perkin Elmer, USA).

Anatomical characteristics of peduncle segments 1 and 2 were examined using 
transverse sections. Ten peduncle samples per treatment were randomly selected from 
flowers exhibiting the average curvature response of each treatment, ensuring that the 
analysed tissues were representative of the overall postharvest condition. Samples were 
fixed in FAA solution (formaldehyde, alcohol, acetic acid) for 48 hours, stored in 70% 
ethanol, and dehydrated through an ethanol series. Cross-sections (8-10 µm thick) were 
stained with safranin-fast green and mounted in Canada balsam. Observations were made 
using a fluorescent microscope (Olympus BX50, Japan) at 4× magnification, and images 
were captured with CellSens Standard Imaging Software.

Additionally, the peduncle surface area and cell sections from segment 1 (curvature zone) 
were analysed at the beginning and end of the experiment using a stereoscopic magnifying 
glass (Olympus SZX9, 25×). Images of representative samples were processed with CellSens 
Standard Imaging Software. The total peduncle area, pith area, and cellular tissue area (µm2) 
were measured using the “2-point circle” and “rotated ellipse” tools. The proportions of 
cellular tissue and pith relative to the total peduncle area were calculated according to the 
formula:

Tissue proportion= Mean tissue area (µm2) /Total area (µm2) 

Pith proportion = Mean pith area (µm2) /Total area (µm2).

Statistical Analysis
The experimental design was completely randomized with three replicates per treatment, 

using 10 floral stems per treatment [T1, control: floral stems kept in distilled water, T2: floral 
stems kept in aqueous solution of CaCl₂, at 0.5 g L-1]. Measurements were subjected to 
analysis of variance (ANOVA), and when differences between means were detected, they 
were compared using Tukey’s test at a 95% significance level (Di Rienzo et al., 2020).

Results and Discussion

Floral stems maintained in distilled water (T1) exhibited peduncle bending, whereas 
stems placed in the calcium solution (T2) remained upright throughout the evaluation 
period. The incorporation of calcium into the vase solution effectively prevented bending and 
extended vase life by 7 days. In T1, peduncle bending defined the end of vase life, occurring 
10 days after harvest. The degree of curvature in treatment was highly pronounced, 
exceeding 120°. Floral stems in water showed a degree III curvature (126.25°), making them 
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unsuitable for commercialization as cut flowers. In contrast, in T2, the curvature changed 
by less than 1° from the initial measurement (5.50°) (degree I), thereby maintaining their 
commercial quality. The vase life was 17 days, and its end was due to flower opening and the 
subsequent ligule drop (figure 2). 

Figure 2. Effect of vase solution on stem curvature degree and floral opening.
Figura 2. Efecto de la solución de florero sobre el grado de curvatura del tallo y apertura floral.

 T1 (floral stems kept 
in distilled water) and 

T2 (floral stems kept 
in CaCl2 solution), 
at the Initial (left) 

and Final (right) 
of the experiment, 

17 days after harvest, 
in G. jamesonii cv. 

‘Ruby red’.
T1 (tallos florales 

mantenidos en agua 
destilada) y T2 (tallos 

florales mantenidos 
en solución de CaCl2), 
al inicio (izquierda) y 
al final (derecha) del 
experimento, 17 días 

después de la cosecha, 
en G. jamesonii cv. 

‘Ruby red’.

The floral stems kept in the calcium solution showed no peduncle bending at any 
point during their postharvest life and exhibited an increase in calcium content in their 
tissues, including the capitulum and segments 1 and 2 (figure 2; table 1, page 6). The effect 
of calcium was also evident in the length of the floral stem, as the stems maintained in 
the calcium solution retained their length during vase life (35.48 cm). In contrast, stems 
maintained in water showed a significant increase in length (40.33 cm), particularly in the 
distal portion, which coincided with the bending zone. Furthermore, the daily variation rate 
(DVR) of length was significantly higher, 0.4 cm d-1. While in the stem kept in calcium, it was 
0.03 cm. d-1.

T1

T2
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Table 1. Calcium content in the capitulum and in segments 1 and 2 of the floral stem at 
the beginning of the experiment (initial Ca content) and daily variation rate of calcium 

content (DVR Ca) in stems kept in water (control) and CaCl2 solution (0.5 g L-1) during the 
postharvest experiment of G. jamesonii cv. ‘Ruby red’.

Tabla 1. Contenido de calcio en el capítulo y en los segmentos 1 y 2 del tallo floral al inicio 
del experimento (contenido inicial de Ca) y tasa de variación diaria del contenido de calcio 
(DVR Ca) en tallos mantenidos en agua (control) y en solución de CaCl2 (0,5 gL-1) durante 

el experimento de poscosecha de G. jamesonii cv. ‘Ruby red’.

Lowercase letters 
indicate statistically 
significant values in 

columns (p<0.05).
Letras minúsculas 

en columnas indican 
valores estadísticamente 

diferentes (p<0,05).

Treatments
Initial Ca content (meq L-1) DVR Ca (meq L-1 d-1 )

Capitulum Segment 1 Segment 2 Capitulum Segment 1 Segment 2

Water 0.244 a 0.197 a 0.250 a 0.001 a 0.004 a 0.004 a

CaCl2 solution 0.213 a 0.189 a 0.239 a 0.331 b 0.143 b 0.081 b

The results obtained support the idea that calcium plays a relevant role in 
preserving stem architecture by acting as a structural modulator at the cellular level 
(Alikhani  et al., 2021, Cheng et al., 2020). Furthermore, a functional interaction between 
calcium and auxin can be hypothesized, in which the Ca²⁺ may influence hormonal signalling 
pathways, potentially attenuating the gravitational response and contributing to stem 
postural stability (Hartmann  et al., 2021).

Additionally, the floral stems kept in water (T1) exhibited a higher water uptake and 
a higher rate of fresh weight loss (table 2). Since evaporation was controlled by sealing 
the tops of the vases, the observed weight loss is primarily attributed to transpiration. 
The results indicate a higher transpiration rate (T1), suggesting a greater metabolic rate 
compared to T2.

Table 2. Vase solution uptake, daily variation rate (DVR) of vase solution uptake, initial fresh 
weight in the entire floral stem (FW) and DVR of FW in stems kept in water (control) and 
CaCl2 solution (0.5 g L-1) during the postharvest experiment of G. jamesonii cv. ‘Ruby red’.

Tabla 2. Absorción de la solución de florero, tasa de variación diaria (TDR) de la absorción 
de la solución de florero, peso fresco inicial del tallo floral (PF) y TDR de PF en tallos 

mantenidos en agua (control) y en solución de CaCl2 (0,5 gL-1) durante el experimento de 
poscosecha de G. jamesonii cv. ‘Ruby red’.

Lowercase letters 
indicate statistically 
significant values in 

columns (p<0.05).
Letras minúsculas 

en columnas son 
estadísticamente 

diferentes (p<0,05).

Treatments Solution uptake 
(mL)

DVR - Solution 
(mL d-1) Initial FW (g) DVR-FW (mL d-1)

Water 45.30 a 4.50 a 20.95 a -0.35 a

CaCl2 solution 41.20 a 2.42 b 21.04 a -0.21 b

Several studies have indicated calcium deficiency can cause loss of firmness in stems 
and leaves, negatively affecting the structural rigidity of tissues (Park et al., 2022). 
The incorporation of calcium in postharvest treatments has shown positive effects by 
reinforcing cellular structure and reducing the incidence of curvature and other disorders 
related to mechanical integrity loss (Tonooka et al., 2023). Such effects arise from the 
stabilizing role of calcium, which strengthens both the cell wall and the plasma membrane 
by interacting with pectin in the cell wall (Xia et al., 2025), thereby increasing rigidity and 
helping maintain tissue shape (Parvin et al., 2019).
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Thus, an increase in fresh mass is a clear indicator of greater water retention capacity, 
higher turgidity, and reduced stem bending. A lower daily water loss and a lower transpiration 
rate in the T2 (table 2, page 6).

The main route of water loss in cut flowers occurs through stomata. In Gerbera sp. flowers, 
stomata are distributed on different parts of the flower (Huang et al., 2018). An increase in 
cytosolic free calcium promotes the efflux of K⁺ and anions, leading to a marked decrease 
in osmotic potential and a consequent loss of guard cell turgidity, ultimately resulting in 
stomatal closure (Gupta et al., 2023). This effect, produced by endogenous calcium, can be 
replicated by exogenous supply, such as the application of CaCl₂ provided by CaCl2 (Ciriello 
et al., 2024). Thus, results could explain the lower weight loss observed in gerbera in the T2 
treatment (table 2, page 6), prolonging vase life by reducing the incidence of stem bending 
(Timalsina et al., 2023). Park and Kim (2022) reported that pre-harvest spraying with CaCl₂ 
in Gerbera ‘Harmony’ increased stem hardness, internal calcium content, and cellular pectin 
levels, improving the tissue’s ability to resist water loss.

The effect of calcium was also evident in postharvest sugar metabolism, showing a positive 
relationship with the physiological performance of stems during vase life. At the beginning of 
the experiment, sugar concentrations in the floral stems did not differ significantly between 
treatments. However, throughout the vase life period, a progressive decline in sugar levels 
was observed in both treatments; this reduction was more pronounced in the control (T1) 
compared with the calcium-treated stems (T2) (table 3).

Table 3. Sugar content expressed on a fresh weight (FW) in the entire floral stem at 
the beginning of the experiment (initial sugar content) and daily variation rate of sugar 

content (DVR sugar content) in stems kept in water (control) and CaCl2 solution (0.5 g L-1) 
during the postharvest experiment of G. jamesonii cv. ‘Ruby red’.

Tabla 3. Contenido de azúcar expresado en peso fresco (PF) en el tallo floral al inicio del 
experimento (contenido inicial de azúcar) y tasa de variación diaria del contenido de 

azúcar (contenido de azúcar DVR) en tallos mantenidos en agua (control) y en solución de 
CaCl2 (0,5 gL-1) durante el experimento de poscosecha de G. jamesonii cv. ‘Ruby red’.

Treatments
Initial sugar content (mg g-1 FW) DVR sugar content (mg g-1 FW d-1)

Sacarose Glucose Fructose Sacarose Glucose Fructose

Water 8.86 a 8.24 a 1.11 a 0.28 a -0.47 a -0.99 a

CaCl2 solution 8.94 a 8.06 a 1.34 a 0.10 b -0.20 b -0.60 b

The difference suggests that stems in T1 consumed their available sugars more rapidly, 
likely to meet energy demands and sustain postharvest stress responses, which may have 
accelerated senescence. In contrast, stems in T2 exhibited a slower rate of sugar depletion, 
indicating greater metabolic stability and reduced tissue collapse.

The observed correlation between sugar content and stem bending can be attributed to 
the dual role of carbohydrates in plant metabolism. Besides serving as energy substrates, 
they act as osmotic regulators, maintaining cellular water balance and turgor (Borghi & 
Fernie, 2017).

Furthermore, variations in carbohydrate content during vase life have been reported 
to result from a redistribution among different sugar types. Thus, a decline in certain 
sugar forms may be accompanied by an increase in others, reflecting active transport and 
metabolic conversion processes within stem tissues (Kim and Oh, 2021). Previous studies 
have also suggested an accumulation of certain low-molecular-weight polysaccharides in 
the bending zone of cut gerbera stems during vase life, potentially contributing to structural 
and functional alterations associated with peduncle curvature (Cheng et al., 2020; Ali and 
Asal, 2023).

 Lowercase letters 
indicate statistically 
significant values in 

columns (p<0.05).
Letras minúsculas 

en columnas son 
estadísticamente 

diferentes (p<0,05).
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Previous studies have shown that the presence of carbohydrates can extend vase life (Seyed 
Hajizadeh et al., 2024, Verdonk et al., 2023), since they play a key role in plant metabolism 
(Perik et al., 2012), giving rigidity and firmness to the stems without weight loss, as T1 where 
low tissue resistance was evident (Tang et al., 2023) and a decrease in sugars.

The results of the morphochemical determinations presented here are consistent with 
the histological characterization and help explain the effect of using the calcium solution 
in the postharvest process (figure 3, and figure 4, page 9). Histological sectioning revealed 
possible changes in the anatomical structure of the stem floral in T1 and T2 during the 
postharvest life.

Figure 3 shows the histological characteristics of T1 (floral stems kept in water) and 
T2 (floral stems kept in calcium solution) at the beginning of the experiment. In both 
treatments, an unilayered epidermis and a cortex composed of parenchymal cells with 
collateral vascular bundles of various sizes were observed. The vascular bundles were 
surrounded by sclerenchyma caps at the phloem and xylem poles, while in the sclerification 
stage, forming a continuous ring of sclerified cells. The sclerenchyma cells are arranged in 
caps (Crang et al., 2018) and have thicker walls than collenchyma. They are separated by 
parenchyma cells and contain small intercellular spaces.

Figure 3. Histological section of the floral stem of T1 (floral stems kept in water) and 
T2 (floral stems kept in CaCl2 solution), at the beginning of the postharvest experiment, 
showing the distal region or segment 1 (A1 and A2) and the basal region or segment 2 

(B1 and B2) in G. jamesonii cv. ‘Ruby red’.
Figura 3. Corte histológico del tallo floral de T1 (tallos florales mantenidos en agua) y T2 

(tallos florales mantenidos en solución de CaCl2), al inicio del experimento poscosecha, 
mostrando la región distal o segmento 1 (A1 y A2) y la región basal o segmento 2 

(B1 y B2) en G. jamesonii cv. ‘Ruby red’. 

ace: ring of sclerified 
cells, ce: sclerenchyma 

cap, cx: cortex, 
ep: epidermis, 

fl: phloem, hvch: small 
vascular bundle, 

hvg: large vascular 
bundle, hvm: medium 

vascular bundle, 
m: medulla, 

pm: medullary 
parenchyma, 

ri: interfascicular region, 
xil: xylem, pca: flattened 

cortical parenchyma, 
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medullary parenchyma, 
pxila: flattened xylem 

parenchyma, xil: xylem.
ace: anillo de células 

esclerificadas, 
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A1 A2

B1 B2
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Figure 4. Histological section of the floral stem of T1 (floral stems kept in water) and T2 
(floral stems kept in CaCl2 solution) at the end of the postharvest experiment, showing 
the distal region or segment 1 (A1, A2) and the basal region or segment 2 (B1, B2) in 

G. jamesonii cv. ‘Ruby red’.
Figura 4. Corte histológico del tallo floral de T1 (tallos florales mantenidos en agua) y 

T2 (tallos florales mantenidos en solución de CaCl2) al final del experimento poscosecha, 
mostrando la región distal o segmento 1 (A1, A2) y la región basal o segmento 2 (B1, B2) 

en G. jamesonii cv. ‘Ruby red’. 

ace: ring of sclerified 
cells, ce: sclerenchyma 

cap, cx: cortex, 
ep: epidermis, 

fl: phloem, hvch: small 
vascular bundle, 

hvg: large vascular 
bundle, hvm: medium 

vascular bundle, 
m: medulla, 

pm: medullary 
parenchyma, 

ri: interfascicular region, 
xil: xylem, pca: flattened 

cortical parenchyma, 
pma: flattened 

medullary parenchyma, 
pxila: flattened xylem 

parenchyma, xil: xylem.
ace: anillo de células 

esclerificadas, 
ce: casquete 

esclerenquimático, 
cx: corteza, 

ep: epidermis, fl: floema, 
hvch: haz vascular 
pequeño, hvg: haz 

vascular grande, 
hvm: haz vascular 

mediano, m: médula, 
pm: parénquima 

medular, ri: región 
interfascicular, xil: 

xilema, pca: parénquima 
cortical aplanado, 
pma: parénquima 

medular aplanado, 
pxila: parénquima 

xilemático aplanado, 
xil: xilema.

The differentiation of  tissues  forming the vascular bundles, starting with the sclerenchyma 
in the adaxial region, allowed for the visualization of thicker walls in all tissues, and their 
cells in longitudinal view appeared ellipsoidal. The study showed uniformity in histology 
between segments 1 and 2. However, there are significant differences in the organization 
and arrangement of the cortex, as well as the shapes and sizes of cells between the tissues 
at the end of the vase life experiment (figure 4). 

Although cell disintegration at the end of the vase life occurred in both treatments, the 
process was more pronounced in segment 1 of the T1 treatment, which also showed a lower 
degree of sclerenchymatization (figure 4, and figure 5, page 10). 

The pith cavity in T1 was significantly larger than T2. Measurements of pith and 
tissue proportion in segment 1, taken at the beginning and end of the postharvest 
experiment, revealed a marked increase in pith proportion in T1 during vase life, accompanied 
by a significant reduction in tissue proportion (figure 6, page 10; table 4, page 11). 
Additionally, the increase in medulla size may be associated with the disintegration of cells 
near it (Wang et al., 2023), which could explain the bending observed in the stems.

The calcium-treated stems showed less expansion of the medullary cavity and a smaller 
reduction in cellular tissue compared with stems kept in water (figure 4, page 11, figure 6, 
page 10 and table 4, page 11). The evidence suggests that calcium contributes to reduced 
cell disintegration and increased stem firmness, thereby preventing bending. A higher 
proportion of supporting tissue and lignin in the mid-stem is associated with reduced stem 
curvature (Abd-Elkader et al., 2020; Lear et al., 2022). Overall, the pattern reinforces the 
idea that calcium enhances stem strength by increasing lignin content and promoting its 
association with pectin in the cell wall (Balk et al., 2023).

A1 A2

B1 B2
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Figure 5. Histological section of the floral stem of T1 (floral stems kept in water) at the 
end of the postharvest experiment, showing cellular disintegration in the bending zone 

(segment 1) in G. jamesonii cv. ‘Ruby red’.
Figura 5. Corte histológico del tallo floral de T1 (tallos florales mantenidos en agua) al 

final del experimento poscosecha, mostrando desintegración celular en la zona de flexión 
(segmento 1) en G. jamesonii cv. ‘Ruby red’.

Figure 6. Histological section of segment 1 of floral stems and measurement of 
total area (black arrow), pith area (red arrow), and Tissue area (blue arrow) in T1 

(floral stems kept in water) and T2 (floral stems kept in CaCl2 solution) at Initial (I) and 
Final (F) of the postharvest experiment in G. jamesonii cv. ‘Ruby red’.

Figura 6. Corte histológico del segmento 1 de tallos florales y medición del área 
total (flecha negra), área de médula (flecha roja) y área de tejido (flecha azul) en T1 

(tallos florales mantenidos en agua) y T2 (tallos florales mantenidos en solución de CaCl2) 
al inicio (I) y al final (F) del experimento poscosecha en G. jamesonii cv. ‘Ruby red’.

I F

T1 T2
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The interaction between calcium and pectin, particularly through the formation of 
calcium-pectate complexes, plays a crucial role in maintaining cell wall integrity and 
resistance to enzymatic degradation. Thus, it can reduce cavity expansion and preserve 
vascular function, ensuring adequate water transport and maintaining turgor during 
postharvest life (Sun et al., 2025).

Consequently, the anatomical stabilization provided by calcium could delay stem bending by 
preserving both the mechanical strength and water continuity in the tissue (Delmer et al., 2024).

Histological analyses confirm a close relationship between the higher calcium content 
observed in the floral stems kept in calcium solution (T2) and their greater cellular integrity, 
which contributes to the prevention of stem bending, maintaining superior structural integrity 
and firmness, exhibiting no bending. Parenchymatous and sclerified cells in these treated 
tissues displayed reduced compression and enhanced sclerenchyma integrity. In contrast 
to floral stems kept in distilled water (T1), which bent due to the loss of structural support. 
Calcium treatment effectively preserved the turgidity and stability of the floral stems.

Calcium is known to stabilize cell walls by forming cross-links with pectic acids, 
strengthening the middle lamella, and maintaining membrane integrity, which reduces cell 
disintegration (Mohsin et al., 2023). Furthermore, during vase life, the pH and electrical 
conductivity (EC) of the vase solution containing stems kept in distilled water (T1) increased 
significantly (EC: initial 2.6 to final 30.94 µS cm-1; pH: initial 5.5 to final 6.58), suggesting 
ion leakage from damaged tissues. Associated with the loss of membrane selectivity and 
increased permeability due to senescence-induced degradation (Ehsanimehr et al., 2024). 

In contrast, the calcium treatment (T2) showed no significant variations in EC or pH during 
vase life and maintained membrane stability and ionic homeostasis. These results align with 
previous findings indicating that calcium mitigates ion leakage by preserving the integrity of 
plasma membranes and regulating ion transport across cells (El-Bana et al., 2023).

Numerous studies have identified calcium as a key stabilizer of membrane integrity, 
contributing to wall rigidity by binding to pectins in the middle lamella (Narwal et al., 
2024, Taiz et al., 2018). In T2, the calcium absorbed by the tissues (table 1, page 6) may 
have enhanced membrane stability, delayed senescence processes, and supported cell 
compartmentalization, thereby reducing or preventing electrolyte leakage.

The results underscore the role of calcium in sustaining metabolic activity and 
structural stability, thereby maintaining stem firmness and integrity over time. Overall, the 
findings from this experiment provide meaningful insights into the physiological effects of 
calcium treatment, consistent with recent research seeking technological alternatives to 
extend the postharvest life of Gerbera jamesonii (Granados et al., 2025).

Table 4. Relative proportion of tissue (tissue) and relative proportion of pith (pith) in 
segment 1 of the floral stem at the beginning (Initial) and end (Final) of the postharvest 

experiment in stems kept in water (control) and CaCl2 solution (0.5 g L-1) during the 
postharvest experiment of G. jamesonii cv. ‘Ruby red’.

Tabla 4. Proporción relativa de tejido (tejido) y proporción relativa de médula (médula) 
en el segmento 1 del tallo floral al inicio (Inicial) y final (Final) del experimento de 
poscosecha en tallos mantenidos en agua (control) y en solución de CaCl2 (0,5 gL-1) 

durante el experimento de poscosecha de G. jamesonii cv. ‘Ruby red’.

Lowercase letters 
indicate statistically 
significant values in 

columns (p<0.05).
Letras minúsculas 

en columnas son 
estadísticamente 

diferentes (p<0,05).

Treatments
Initial Final

Tissue Pith Tissue Pith

Water 87.20 9.20 61.09 a 38.90 a

CaCl2 solution 87.20 9.20 75.17 b 24.82 b
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Conclusions

There is a direct relationship between the calcium content in the vase solution and 
the histochemical, metabolic, and structural characteristics in the postharvest quality of 
Gerbera jamesonii L. cv. ‘Ruby Red’. Calcium application has proven to be a critical factor in 
improving the quality and structural resilience floral stem. The evidence findings indicate 
that adequate calcium supplementation not only strengthens the physical structure of stems 
but also supports more harmonious and efficient plant development. 
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