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Abstract

Postharvest quality deterioration remains a major limitation in the cut rose industry due to accelerated senescence driven by
physiological and biochemical processes such as ethylene production, respiration, microbial contamination, and water imbalance.
This study evaluated the effects of calcium chloride (CaClz), cytokinin, and abscisic acid (ABA), applied at different
concentrations and application timings, on postharvest quality of tea hybrid rose (Rosa hybrida L.) cv. Rhodos. The experiment
was conducted at Redlands Roses PLC, Ruiru, Kiambu County, Kenya, during two production flushes: November—December
2024 and January—February 2025. Treatments comprised CaCl. at 250, 500, and 750 mg L™, cytokinin at 150, 250, and 350 mg
L, and ABA at 5, 10, and 15 mg L, applied as preharvest-only, postharvest-only, or combined preharvest and postharvest
applications, alongside an untreated control. Postharvest quality parameters assessed at two-day intervals included chlorophyll
content (SPAD values), petal colour (CIE L*, a*, b*), percentage weight loss, and vase life. Data were analyzed using analysis
of variance in SAS version 9.4, with mean separation at P < 0.05. Postharvest application of CaCl. significantly enhanced
chlorophyll retention in a concentration-dependent manner, increasing SPAD values from 55.33 and 51.77 in the control to 64.53
and 58.73 at 750 mg L' in the first and second flushes, respectively. Preharvest application of cytokinin produced the highest
chlorophyll content, reaching SPAD values of 69.23 and 62.50 at 350 mg L, while postharvest cytokinin application was not
significant. ABA consistently reduced chlorophyll content, particularly under preharvest application. Calcium chloride
significantly improved petal brightness and colour intensity, with the highest L*, a*, and b* values recorded at 750 mg L' under
combined application. Cytokinin enhanced petal redness, achieving maximum a* values of 57.83 and 62.44 at 350 mg L' across
both flushes, whereas ABA suppressed colour development. Weight loss was lowest under postharvest CaClz application at 750
mg L' and preharvest ABA at 10 mg L-!. Vase life was significantly extended by preharvest CaClz and cytokinin, reaching 14.67
and 13.67 days, respectively, compared with 11.61 days in the control. The study demonstrates that preharvest application of
calcium chloride and cytokinin is an effective strategy for improving postharvest quality, extending vase life, and enhancing
marketability of cut roses under commercial production conditions.
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1. Introduction

Postharvest quality is the biggest concern for the cut rose
flower market and commercial growers [14]. The postharvest
quality of rose is affected by preharvest and postharvest activ-
ities, due to physiological and biochemical changes [52] nota-
bly ethylene production, respiration, microbial contamination
and water imbalance, which speed up senescence and reduce
market value. According to El-Beltagi et al. constantly used
cold treatment and preservatives do little to improve the qual-
ity, and the vase life of roses as required by the market [25].
This is because of the greater loss of cell wall integrity caused
by increased respiration and nutrient depletion in the rose
plant, resulting in a decrease in rose economic value. Accord-
ing to Omar et al. and Omar et al. the retail sector experienced
the greatest loss (39.82%), followed by wholesalers (27.52%),
producers (18.87%), and local merchants (13.78%) [63, 64].
As a result, there is a greater need for approaches and tech-
niques that can increase and maintain cut rose flower fresh-
ness from farm to market. According to Ahmed and Saleem,
the global cut-flower industry is strongly reliant on optimal
postharvest handling techniques to retain quality, prevent
postharvest losses, and increase vase life [4]. As a result, cal-
cium chloride [24] and growth regulators [67] can become in-
strumental in improving the postharvest quality of cut rose
flowers. calcium chloride, cytokinin, and abscisic acid influ-
ence a variety of physiological process notably glucose mobi-
lization [56], stomatal control, and ethylene sensitivity [15].
Through these processes’ calcium chloride, cytokinin, and ab-
scisic acid can reduce petal wilting, maintain chlorophyll con-
tent, reduce leaf abscission, improve water uptake, delay se-
nescence, and enhance overall vase life in Cut-roses [71].

Kumar and Pandey reported that calcium chloride stimu-
lates the synthesis of hormones and enzymes that regulate
plant activities [45]. Moreover, it promotes appropriate cell
wall formation and helps to preserve the quality of fresh veg-
etables [11]. Previous research has indicated that calcium af-
fects the quality and longevity of several vegetable products,
including cucumber [17] and strawberry [7]. Additionally,
adding calcium chloride to fruits after they are harvested, in-
creases their nutritional value, delays the ripening process, re-
duces rotting, and increases the amount of calcium in the
treated fruit [12]. The impacts of applying calcium chloride
after harvest on some fruits and vegetables include reduced
respiration, ripening development, and senescence [59]. Thus,
calcium chloride application in roses may improve the post-
harvest quality of roses by slowing down the pace of degrada-
tion and metabolism, reducing losses and increasing the eco-
nomic benefit. Argueso and Kieber observed that cytokinin
helps create a balance between photosynthesis and respiration
[8]. It has been demonstrated to be crucial to postharvest qual-
ity by delaying the senescence of fruits and vegetables,
thereby extending their shelf life [47]. Additionally, it has
been shown to reduce the incidence of chilling injury, which
can negatively affect the quality of harvested produce [85].
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Supply of rose flowers with cytokinin has a potential of im-
proving the vase life because of the delayed senescence. Ab-
scisic acid is essential for stomata opening and closing, water
uptake regulation, and stress response control [34]. Therefore,
it can be used to regulate the growth and market value of roses
because of its ability to delay leaf senescence, induce a re-
sponse to stress and regulate water uptake.

Calcium chloride contributes to cell wall integrity, which
theoretically regulates the quality of plants by their harmoni-
ous activity [11], cytokinin contributes to reduced senescence
rate [76], and abscisic acid helps the plant respond to biotic
and abioatic stresses [49]. Furthermore, Kaur and Prakash et al.
observed that growth regulators can be manipulated as strate-
gies for improving the quality of roses, extending vase life,
decreasing losses, and increasing profitability in the floricul-
ture value chain [42, 67]. Understanding the most effective
concentration will help improve flower visual quality, reduce
postharvest losses, and enhance market competitiveness. The
findings will provide evidence-based recommendations for
commercial postharvest management.

2. Materials and Methods

2.1. Study Site

The study was conducted in Redlands Roses PLC, Ruiru,
Kiambu County, Kenya. The experimental layout was done in
vase life testing room which was well-ventilated, with a tem-
perature between 18-22<C and humidity levels between 60-
70%. The room had adequate working space and tables for
conducting experiments and data collection. The first experi-
ment was conducted between November and December 2024
and the second experiment between January and February
2025.

2.2. Experimental Design and Treatments

The study was laid out in a complete randomized design
(CRD) and replicated three times. The experiment comprised
of different sets of treatment with a total of 28 treatments. The
first set of ten treatments comprised of zero (control); calcium
chloride (250, 500 and 750 mg/L), cytokinin (150, 250 and
350 mg/L), and abscisic acid (5, 10 and 15 mg/L) treated in
the field. In the second set the cut flowers were subjected to
the treatments in the field and during postharvest. The third
set cut flowers were treated only at postharvest stage.

2.3. Harvesting and Application of Treatments

The flowers were harvested in the morning when the tem-
perature was low and atmospheric humidity high. Using a
sharp secateur, the flowers were cut when at harvest stage 3
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(the petals have started forming rings and showing bright col-
our) [Figure 1A]. The cut was made on the first true leaf above
the point of origin of the flowering stem. During harvesting,
the flowers were held in an upright position with the flower
heads slightly above the shoulder to prevent mechanical dam-
ages. The secateurs were disinfected with 300 ppm sodium
hypochlorite after every cut before moving to the next crop.
After every 20 stems harvested, the flowers were taken to the
shaded harvesting table and the quality examined. Conform-
ing flowers were wrapped with nets in a conical shape and put
in clean farm formulated postharvest solution in an egg tray
bucket. The growth regulators sourced from Precise Lab Lim-
ited, Nairobi were measured based on weights of different
treatments using an analytical scale D475730236 Model num-
ber TX4202L from Japan at Syngenta, Research and Devel-
opment Laboratory, Kiambu. Prior to laying out, the vases
were disinfected with 300 ppm sodium hypochlorite solution
and filled with plain water. The overnight precooled flowers
were taken to room condition for grading and sorting before
vasing. They were shaken to remove excess postharvest solu-
tion and checked under light for pest and disease. Hand defo-
liation of 60 cm and 70 cm was done at 25 cm, and 80 cm and
above was done at 30 cm. The stems were trimmed at 20 mm
to prevent blockage of xylem vessels and allow for uptake of
water.

The application of the treatments on the flowers was done
through foliar spraying using the different treatments and the
treated vases were placed in the vaselife room for observation
and data collection. The vasing water was changed after 2 days
and cleaning of the vases done simultaneously. The posthar-
vest solution had a temperature of 8°C and a pH of 4.8. The
harvested flowers were transported to the cold room for pre-
cooling using the flower transport line (Figure 1B). As part of
the cold chain management, harvested flowers took at most 25
minutes in the greenhouse to mitigate the reduction of degree-
hours and accumulation of heat in the harvesting solution. The
flowers were held overnight in the cold storage 4 +£2 <€ to
remove the field heat before grading and vasing. The cold
room was installed with UV air purifiers to prevent contami-
nation of harvested flowers by botrytis.

2.4. Data Collection

The flowers for data collection were tagged at preharvest
before harvesting (Figure 2A). The impacts of calcium chlo-
ride and growth regulators on postharvest quality of cut roses
was assessed through chlorophyll content, petal color, Weight
loss and vase life. Chlorophyll content measurement was done
before vasing and during the termination of the vase life on
the fully grown leaves (fourth alternate leaves from the top).
It was done using a chlorophyll meter and recorded in SPADS.
The petal colour was measured using a Chroma meter. The
Chroma meter was placed on top of the petals to measure the
intensity of the light reflecting off the petals in three different
wavelengths (L*, a* and b*). The wavelengths were used to
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generate numerical values for the colour intensity of the petals.

/‘ e

Figure 1. Harvested Flowers for Postharvest Experiment (A) and
Transportation of Flowers Using the Flower Transport Line (B).

Figure 2. Tagged Plants for Data Collection at Postharvest (4), Col-
lection of Weight Loss Data (B) and Vaselife Test for Flowers (C).

The mean of the numerical value per treatment was used to
measure the petal colour variation at 2 days’ interval until
when the aesthetic value of the flower was lost. The initial
weight of the freshly harvested produce of cut rose was meas-
ured immediately after harvesting on the tagged plants (Figure
2B). The percentage of weight loss of each treatment was de-
termined at an interval of two days. The weight difference per-
centage was calculated by differences between initial and final
weights divided by the initial weights of cut stems. The weight
loss (%) was calculated as.

Initial weight —final weight

Weight loss% = X 100

Initial weight

Vase life involved the period from the first day when cut
roses was placed in vase solutions until they lost their orna-
mental value (Figure 2C). The loss of ornamental value was
defined by drooping, rotting, petal falling, leaf yellowing,
complete leaf abscission, maximum opening and changing of


http://www.sciencepg.com/journal/jps

Journal of Plant Sciences

http://www.sciencepg.com/journal/jps

petal colour. The data was collected daily, and vase life rec-
orded in days. Vase life days was calculated as.

Vaselife = 22
n
Where Y Di = Sum of vase life (days) for each individual
stem and n = number of stems [9].

2.5. Data Analysis

The collected data was subjected to analysis of variance us-
ing SAS version 9.4 and significantly different means sepa-
rated using Least Significance Difference at 0=0.05.

3. Results and Discussion

The effects of calcium chloride, cytokinin and abscisic acid
on postharvest quality of Red Rhodos cut rose was assessed at
different rates and at different times of application. The anal-
ysis of variance showed that chlorophyll content, petal colour,
weight loss and vase life were affected by the different rates
and different times of application of calcium chloride, cyto-
kinin and abscisic acid.

3.1. Effects of Calcium Chloride, Cytokinin and
Abscisic Acid on Chlorophyll Content

The analysis of the treatment effect showed that the appli-
cation of calcium chloride at 250, 500, and 750 at postharvest
significantly increased the chlorophyll content reaching
64.17-64.53 SPAD in flush 1 and 58.23-58.73 SPAD in flush
2 across concentrations, which was markedly higher than the
control (55.33 and 51.77 SPAD, in flush 1 and 2 respectively)
[Table 1]. Preharvest-only application produced chlorophyll
contents (55.53-56.93 SPAD in flush 1 and 52.83-53.43

SPAD in flush 2) comparable to the control, with only a slight
improvement at 750 mg/L (56.93 SPAD in flush 1 and 53.43
SPAD in flush 2) [Table 1]. In contrast, combined preharvest
and postharvest application consistently reduced chlorophyll
content (52.40-52.70 SPAD in flush 1 and 49.33-49.83 SPAD
in flush 2) [Table 1], indicating a potential negative interaction
when calcium chloride was applied at preharvest and posthar-
vest due to high concentration in the crop. It could be that the
calcium chloride application at postharvest helped in main-
taining the cell integrity, reduced cellular degradations and
therefore preserving the chlorophyll content. Additionally, ac-
cording to Elshawa et al. postharvest application of calcium
has ability to reduce the respiration rate [27]. Similar observa-
tions were reported by El-Beltagi et al. in broccoli [25]. They
observed that postharvest application of calcium chloride pre-
served the overall number of phenols and flavonoids while de-
laying yellowing and the breakdown of chlorophyll content in
broccoli. According to Pareek et al., fresh produce can retain
their green colour for longer when treated with calcium chlo-
ride because it stabilizes cell membranes and inhibits enzy-
matic breakdown reactions that cause chlorophyll degradation
[65]. On a similar study in French beans, it was reported that
treatments with high concentrations of calcium chloride had a
negative impact on the green colour of freshly chopped green
beans [40]. Based on the findings of this study, it is very likely
that the administration of calcium chloride at high concentra-
tion could have contributed to the chlorophyll degradation.
Additionally, Sung et al. observed that high concentrations of
calcium chloride Degrades Chlorophyll [75]. It has been re-
ported that application of calcium chloride can have a direct
impact on the routes that harvested produce uses to synthesize
chlorophyll [39]. Although calcium is necessary for several
enzymatic processes related to the manufacture of chlorophyll,
these processes can be interfered with by high or unbalanced
calcium concentrations [40].

Table 1. Effects of Calcium Chloride, Cytokinin and Abscisic Acid on the postharvest chlorophyll content in flush 1 and 2.

Treatment Application Time Rate in mg/L  Chlorophyll Content in Flush1  Chlorophyll Content in Flush 2
250 55.53c* 53.10c
Preharvest 500 55.70¢c 52.83c
750 56.93c 53.43c
250 52.40d 49.33d
CaClz Pre and Postharvest 500 52.70d 49.83d
750 52.60d 49.40d
250 64.17b 58.23b
Postharvest 500 64.53b 58.73b
750 64.43b 58.60b
Cytokinin Preharvest 150 63.63b 56.53b
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Rate in mg/L  Chlorophyll Content in Flush 1

Treatment Application Time
250 65.77b
350 69.23a
150 63.93b
Pre and Postharvest 250 66.47b
350 66.43b
150 55.73c
Postharvest 250 55.83¢c
350 55.47¢
5 44.07i
Preharvest 10 46.60f
15 44.20h
5 46.53f
Abscisic Acid Pre and Postharvest 10 47.53f
15 44.409
5 50.30e
Postharvest 10 51.37e
15 50.20e
Control No Application 0 55.33c
LSD 2.92
cv 3.19

Chlorophyll Content in Flush 2

58.80b
62.50a
57.73b
59.43b
59.43b
53.83c
53.33c
52.83c
41.27i
44.77fF
43.53h
44.77fF
44.80f
44.37g
48.07e
48.13e
47.63e
51.77c
3.54
4.14

*Means followed by the same letter(s) along the column for flush 1 and 2 are not significantly different at 5% probability level.

The findings also showed that cytokinin application done
both at preharvest and at pre and postharvest significantly in-
creased the chlorophyll content of harvested flowers at post-
harvest. It was observed that preharvest application induced a
clear dose-dependent increase in chlorophyll content, with the
highest SPAD values recorded at 350 mg/L (69.23 SPAD in
flush 1 and 62.50 SPAD in flush 2), which were significantly
higher than the control (55.33 and 51.77 SPAD, respectively)
[Table 1]. Lower preharvest concentrations (150-250 mg/L)
also enhanced chlorophyll levels (63.63-65.77 SPAD in flush
1 and 56.53-58.80 SPAD in flush 2). Combined preharvest
and postharvest application resulted in moderate increases in
chlorophyll content (63.93-66.47 SPAD in flush 1 and 57.73—
59.43 SPAD in flush 2), but did not exceed the highest prehar-
vest-only treatment. In contrast, postharvest application alone
produced SPAD values (55.47-55.83 in flush 1 and 52.83—
53.83 in flush 2) comparable to the control, indicating no sig-
nificant effect. According to Dobranszki, and Mendler-
Drienyovszki, cytokinin takes at least 3 weeks to accumulate
in the plant after application [23]. It is very likely that cyto-
kinin showed limited effectiveness in chlorophyll content af-
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ter the postharvest application because of the slow transloca-
tion rate in the crop. However, the positive impact of cytokinin
in flowers treated at postharvest was evident because of the
already build up levels of cytokinin in the plant at preharvest.
Additionally, cytokinin boost the synthesis of chlorophyll, and
extend the time that leaves remain photosynthetic [74]. This
explains why preharvest and pre and postharvest increased the
chlorophyll content of the leaves at postharvest thereby in-
creasing the freshness of the flowers at vase. Chlorophyll con-
tent at postharvest is very important because it helps to keep
the freshness of the cut flowers for more days. When degraded,
chlorophyll leads to leaf yellowing [54] which affects the or-
namental value of cut flowers. In research on impacts of cyto-
kinin on crops Sosnowski et al. reported that externally ad-
ministered cytokinin enhances the amount of chlorophyll in
aging leaf tissues by inhibiting the loss of this pigment and
postponing the senescence process [74]. By preventing chlo-
rophyll loss and preserving the green hue of the leaves, cyto-
kinin inhibit or retard the aging process of plants [13]. This
condition arises because of phytohormones' suppression of the
breakdown of green pigment. In a study on the invitro apples
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Dobrénszki, and Mendler-Drienyovszki, reported that the ef-
fect of cytokinin on the leaves were visible after three weeks
of application [23]. This explains why the application of cyto-
kinin at postharvest, during the current study had no signifi-
cance on the chlorophyll content.

Abscisic acid application consistently decreased chloro-
phyll content across both flushes, with stronger effects ob-
served when applied at the preharvest stage. Preharvest appli-
cation resulted in the lowest SPAD values, ranging from
44.07-46.60 in flush 1 and 41.27-44.77 in flush 2, which were
substantially lower than the control (55.33 and 51.77 SPAD,
respectively) [Table 1]. Combined preharvest and postharvest
application produced similarly reduced chlorophyll levels
(44.40-47.53 SPAD in flush 1 and 44.37-44.80 SPAD in
flush 2) [Table 1], indicating no recovery of chlorophyll re-
tention when abscisic acid was applied at preharvest and post-
harvest. Postharvest application alone resulted in slightly
higher SPAD values (50.20-51.37 in flush 1 and 47.63-48.13
in flush 2) [Table 1] than preharvest treatments, but these re-
mained significantly lower than the control. Because of its ac-
tive role in aging and senescence, it is justifiable that abscisic
acid stimulated the breakdown of chlorophyll therefore reduc-
ing its concentration in the plant. The findings of this study
agree with Ferrante et al. who reported that Chlorophyll con-
centration dropped sharply within a 24-hour period of exoge-
nous application of abscisic acid treatments [29]. Consistent
to this study, Wang et al. observed that long-term abscisic acid
treatment suppressed growth and decreased chlorophyll levels
physiologically, but short-term abscisic acid treatment had no
effect on chlorophyll content [82]. It also produced leaf yel-
lowing and hindered chloroplast division. It has been reported
by Xie et al. that abscisic acid accelerates senescence [84].
Chlorophyll degradation happens during senescence because
of cellular structures breaking down [77]. Therefore, it is very
likely that in this study that the exogenous application of ab-
scisic acid hastened leaf senescence, which resulted in the
breakdown and reduction of chlorophyll content. Zhao et al.
reported that the first 48 hours following abscisic acid admin-
istration considerably increased the expression of genes re-
lated to chloroplast production, dehydration impact responses,
and chlorophyll breakdown [87]. According to Gao et al. ab-
scisic acid controls the expression of genes and the activity of
enzymes that regulate the chain reactions leading to the syn-
thesis of chlorophyll, which has an indirect effect on the pro-
cess [30]. Elevated abscisic acid levels have the potential to
suppress the expression of genes that code for the enzymes
needed for the manufacturing of chlorophyll [86], so reducing
the amount of chlorophyll that is produced and accumulates in
plant tissues.

3.2. Effects of Calcium Chloride, Cytokinin and
Abscisic Acid on Petals Colour (CIE L*, a*,
b* Values)

Calcium chloride treatments significantly enhanced petal
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colour attributes of rose flowers compared with the untreated
control in both flushes. Control flowers recorded the lowest
lightness (L* = 19.26-19.82), redness (a* = 40.65-45.43), and
yellowness (b* = 6.97-7.47), indicating dull and weak colour
expression (Table 2). In contrast, calcium chloride application
increased L* values to 26.25-31.01, reflecting improved petal
brightness, with the highest lightness observed at 750 mg L
applied at both preharvest and postharvest (L* = 28.93 and
31.01in flushes 1 and 2, respectively) [Table 2]. Redness (a*),
a key indicator of red colour intensity, increased markedly
with calcium chloride concentration, rising from control val-
ues of 40.65-45.43 to 55.13-59.52 at 750 mg L* pre and post-
harvest application (Table 2). Similarly, yellowness (b*) im-
proved from 6.97-7.47 in the control to 14.17-17.68 across
calcium chloride-treated flowers, with consistently higher b*
values recorded in flush 2. Overall, calcium chloride applica-
tion, particularly at 750 mg L™, intensified petal brightness
and colour saturation relative to the control, with combined
preharvest and postharvest treatments producing the strongest
colour enhancement. Exogenous application of calcium in-
creases the level of calmodulin in plants [28]. Calmodulin in-
fluences the transportation of photosynthetic products and the
resistance mechanisms to various biotic and abiotic stresses
[51]. It is likely that application of various concentrations of
calcium chloride at different times, increased the level of cal-
modulin in Rhodos variety. This helped in transportation of
photosynthetic products necessary for petal colour develop-
ment and retaining of the integrity of the cells in the reproduc-
tive structures of the plant even after separation from the
mother plant. Therefore, the flowers produced their pigments
more effectively and had brighter, richer hues. The rigidity
and stability of the cell wall are dependent on calcium [79].
Flowers can wilt and lose some of their brightness due to cell
wall breakdown caused by insufficient calcium [26]. It has
been reported that application of calcium chloride supports the
maintenance of ideal cell turgor pressure, which keeps fresh
produce turgid and erect and enhances their entire brightness
and aesthetic appeal [57]. According to Guo et al. application
of calcium chloride enhanced calcium contents in the plant
[33], improved the physiological functions of calmodulin [81],
and heightened the expression of genes responsible for antho-
cyanin biosynthesis [60] in the petals. Consequently, suffi-
cient amounts of calcium encourage the synthesis and stability
of pigments like carotenoids, anthocyanins, and flavonoids
[89] that give flowers their color. Zhu et al. reported that cal-
cium facilitates the plant's transportation of photosynthetic
products, supplying the building blocks needed for the synthe-
sis of anthocyanins [90].

Cytokinin application at 150, 250, and 350mg/L during pre-
harvest, and preharvest and postharvest significantly in-
creased the lightness of the petals. However, the significance
on the lightness of Petal color varied with the concentration of
cytokinin and the time of application. Cytokinin treatment ap-
plied only in the postharvest had no significant effect on light-
ness of petal color compared to the control (0 mg/L) [Table 2].
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Irrespective of the different concentration and different times
of application, cytokinin significantly increased the redness of
the petal color. Nevertheless, 350 mg/L cytokinin applied both
in the field and in postharvest had the highest redness of 57.83
and 62.44 both in flush 1 and flush 2 (Table 2). In both flushes,
the yellowness of the petal color responded significantly to
cytokinin (150, 250, and 350 mg/L) applied only at preharvest,
both at preharvest and postharvest, and only at postharvest.
The outcomes showed that 350mg/L of cytokinin applied at
preharvest recorded the highest yellowness of 17.62 and 18.89
in flush 1 and flush 2 respectively (Table 2). Cytokinin appli-
cation significantly improved rose petal colour attributes com-
pared with the untreated control across both flushes. Control
flowers exhibited the lowest colour values, with L* of 19.26—
19.82, a* of 40.65-45.43, and b* of 6.97-7.47 (Table 2). Pre-
harvest cytokinin treatments increased petal brightness and
colour intensity, with L* rising to 26.53-29.15, a* to 46.13—
53.30, and b* to 16.48-18.90 as concentration increased from
150 to 350 mg L™ (Table 2). The greatest enhancement in red
colour intensity was observed when cytokinin was applied at
both preharvest and postharvest, particularly at 350 mg L™,

which recorded the highest a* values (57.83 and 62.44 in
flushes 1 and 2, respectively) alongside elevated L* (27.67
and 29.47 in flushes 1 and 2, respectively) [Table 2]. In con-
trast, postharvest-only cytokinin applications resulted in lim-
ited improvements in lightness (L* = 21.56 and 22.80 in
flushes 1 and 2, respectively) [Table 2] despite moderate in-
creases in a* and b* values relative to the control. Overall,
combined preharvest and postharvest cytokinin application,
especially at higher concentrations, was most effective in en-
hancing petal brightness and colour saturation compared with
untreated flowers. According to Kaur and Jhanji, cytokinin
has an ability to delay senescence in plants [41]. It is possible
that the cytokinin delayed the breakdown of Carotenoids and
anthocyanins pigments which are responsible for the red col-
our in plants. It is possible that this, helped the plants to look
more radiant and retain their color for long. Additionally,
Shibuya and Ichimura observed that application of cytokinin
to cut flowers prolonged the time that they looked fresh and
brilliant, which increased their overall radiance by retarding
the natural aging process [73].

Table 2. Effects of Calcium Chloride, Cytokinin and Abscisic Acid on petal color in flush 1 and 2.

Lightness (L*)

Redness (a*) Yellowness (b*)

Treatment ?ﬁg‘laication I'FTQ’IZBT_m

Flush 1 Flush 2 Flush 1 Flush 2 Flush 1 Flush 2
250 27.44a%  29.44a 45.84e 49.24e 14.17b 15.22b
Preharvest 500 27.29 29.32a 47.39d 50.91c 15.42b 16.54b
750 27.41a 29.42a 49.70d 53.41d 16.24b 17.45b
. 250 27.29 29.30a 48.33d 51.90¢ 13.93¢ 14.96¢
gflllcolrfgle S:ta“d Posthar- - 50, 27.70a  2087a  4968d  5338d  1558b  16.75b
750 28.93a 31.01a 55.13b 59.52b 15.97b 17.18b
250 26.25d 28.14d 47.67d 51.22¢ 16.46b 17.68b
Postharvest 500 28.49 30.76a 49.89c 53.48d 15.43b 16.57b
750 28.12a 30.14a 52.09¢ 55.84d 14.47b 15.52b
150 26.53¢ 28.49¢ 46.13e 49.55d 16.50b 17.70b
Preharvest 250 26.74b 28.73b 46.66¢ 50.13¢ 16.48b 17.69b
350 27.13a 29.15a 49.63d 53.30d 17.62a 18.90a
150 27.23a 29.25a 52.89b 56.81c 15.14b 16.26b
Cytokinin IV::ta“d Posthar- 5, 27.13a 29.14a 53.76b 57.79b 14.16b 15.23b
350 27.67a 29.47a 57.83a 62.44a 15.30b 16.52b
150 22.80e 22.61e 48.53d 52.14c 15.48b 16.62b
Postharvest 250 22.65e 22.53¢ 48.24d 51.73¢ 14.36b 15.43b
350 21.56¢ 22.39% 47.92d 51.37¢ 15.99b 17.25b

Abscisic Acid  Preharvest 5 8.54f 9.18f 33.73h 36.16h 7.812d 7.24d
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Lightness (L*)

Redness (a*) Yellowness (b*)

Treatment '_?_‘ipr:::éication S\é;t/(:_ln
Flush 1 Flush 2 Flush 1 Flush 2 Flush 1 Flush 2
10 8.95f 9.62f 37.27g 40.05g 7.15d 7.69d
15 7.12g 7.65¢ 32.26i 34.66i 8.84d 9.49d
5 6.64h 7.14g 36.769 39.49g 8.31d 9.00d
VP ;:ta“d Posthar- 6.88h 7.43g 32.15i 34.47j 8.46d 9.09d
15 6.49i 6.98¢ 37.41g 40.18g 8.46d 9.13d
5 20.52¢ 22.05e 36.90g 39.67g 6.78d 7.28d
Postharvest 10 19.57e 20.65e 36.24¢g 39.13¢g 7.50d 7.75d
15 20.53e 22.15e 34.74h 37.24h 6.87d 8.83d
Control No Application 0 19.26¢ 19.82¢ 40.65f 45.43f 6.97d 7.47d
LSD 1.80 1.95 2.36 2.56 2.35 2.52
cv 5.05 5.08 3.23 3.25 11.48 11.46

*Means followed by the same letter(s) along the column for flush 1 and 2 are not significantly different at 5% probability level.

Abscisic acid application significantly influenced petal col-
our attributes (CIE L*, a*, b*) relative to the untreated control
in both flushes. Control flowers exhibited moderate lightness
(L* = 19.26-19.82) and the highest redness values (a* =
40.65-45.43), indicating more intense red coloration than
most abscisic acid treated flowers (Table 2). Preharvest ab-
scisic application substantially reduced petal brightness and
redness, with L* declining to 7.12-9.62 and a* to 32.26-40.05
at 5-15 mg L%, reflecting darker and less saturated petals com-
pared with the control (Table 2). Similar reductions in L*
(6.49-7.43) were observed when abscisic acid was applied at
both preharvest and postharvest, accompanied by lower a*
values (32.15-40.18) (Table 2). In contrast, postharvest-only
abscisic acid treatments-maintained lightness values (L* =
19.57-22.15) comparable to the control but still resulted in re-
duced redness (a* = 34.74-39.67) (Table 2). Yellowness (b*)
remained relatively unchanged across abscisic acid treatments
(6.78-9.49) and did not differ markedly from the control
(6.97-7.47) (Table 2). Abscisic acid application, particularly
at preharvest-only, and preharvest and postharvest stages, sup-
pressed petal brightness and red colour intensity relative to un-
treated flowers. Ahmad and Tahir reported that abscisic acid
is a stress hormone that increases senescence in plants [3]. The
increase in senescence reduces the concentration of anthocya-
nins and carotenoids therefore making the flowers reduce the
brightness and radiance of the petals of the Rhodos variety.
Xia et al. reported that the yellow-to-red hue of flowers is
largely attributed to the presence of carotenoids [83]. While
investigating into the effects of abscisic acid in Camellia
sinensis, Baldermann et al. observed that the carotenoid levels
decreased with increasing abscisic acid concentration in the
plant [10]. Moreover, Liu et al. reported that Application of
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abscisic acid altered the carotenoid concentration of flower
petals, hence affecting their coloring [50]. Ahmad and Tahir
also reported that application of abscisic acid at certain devel-
opmental phases or in high doses hastened the senescence pro-
cess in flowers, causing wilting, fading, and decreased bright-
ness [3].

3.3. Effects of Calcium Chloride, Cytokinin and
Abscisic Acid on the Weight Loss

Calcium chloride application significantly affected weight
loss (%) in rose flowers compared with the control. Posthar-
vest application was the most effective, with 750 mg/L pro-
ducing the lowest weight loss (15.94% in flush 1 and 14.31%
in flush 2), markedly lower than the control (17.62% and
15.95%, respectively) [Table 3]. Combined preharvest and
postharvest application at the same concentration also reduced
weight loss to 16.65% in flush 1 and 15.14% in flush 2 [Table
3]. Preharvest application did not consistently reduce weight
loss at low to moderate concentrations. At lower concentra-
tions (250-500 mg/L), weight loss was comparable to or
slightly higher than the control (17.62% in flush 1 and 15.95%
in flush 2), with 250 mg/L showing 18.03% and 16.31% in
flushes 1 and 2, respectively, and 500 mg/L recording 17.48%
and 15.93%. However, at the highest preharvest concentration
of 750 mg/L, weight loss decreased to 16.84% in flush 1 and
15.24% in flush 2, indicating that preharvest application can
reduce weight loss, but the effect is concentration-dependent
and only evident at higher doses. Therefore, application of cal-
cium chloride enhanced the integrity of the cells in Rhodos
variety, reducing the rate of degeneration which in turn re-
duced the weight loss. However, based on these findings it is
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evident that calcium translocation is slow and can only reduce
weight loss in roses upon build up within the plant. These find-
ings agree with Thakur et al. who did a study on effects of
calcium chloride on fresh fruits [78]. They reported that over
the course of 20 days of storage, fresh cut guava, muskmelon,
and papaya all saw a significant decrease in weight loss or ab-
sence of weight loss when exposed to calcium chloride. The
current study was also consistent with Chepngeno et al. who
reported the least amount of weight lost by tomatoes and Af-
rican eggplant hydro cooled in water containing calcium chlo-
ride [16]. These findings concur with those of Lou et al. who
discovered that cut flower of perpetual carnation treated with

calcium chloride at postharvest had a reduced weight loss [53].

According to Thakur et al. calcium has an ability to maintain
the functional and structural integrity of membrane systems
by strengthening the cell wall and protecting them from dete-
rioration [78]. Ramezanian et al. reported that calcium re-
duced the transpiration rate by preventing loss of water from
the produce’s surfaces, which maintained its moisture content
[70]. As a result, the reduced transpiration reduced the per-
centage weight loss. In fruits and vegetables, Gao et al. ob-
served that calcium chloride prolonged shelf life by inhibiting
the activity of the enzymes that break down cells, which fur-
ther prevented weight loss from deterioration [31]. Therefore,
this serves as the major underlying reason for the reduction in
weight or the absence of weight loss in cut flowers treated with
calcium chloride.

Analysis of treatment showed that cytokinin application in-
fluenced weight loss (%) in rose flowers compared with the
control (17.62% in flush 1 and 15.95% in flush 2) [Table 3].
Preharvest application at the highest concentration (350 mg/L)
was most effective, reducing weight loss to 15.91% in flush 1
and 14.24% in flush 2 [Table 3], indicating a clear concentra-
tion-dependent improvement. Lower preharvest concentra-
tions (150-250 mg/L) produced weight losses comparable to

the control (17.00-17.13% in flush 1 and 15.25-15.49% in
flush 2) [Table 3]. Combined preharvest and postharvest ap-
plication-maintained weight losses similar to the control
(17.33-17.89% in flush 1 and 15.20-16.20% in flush 2 [Table
3], while postharvest-only application tended to increase
weight loss, particularly at higher concentrations (18.33—
18.42% in flush 1 and 16.86-16.91% in flush 2) [Table 3],
suggesting that postharvest cytokinin alone is less effective at
reducing water loss. Consistent to the current outcomes
Ainalidou et al. found that preharvest treatment of cytokinin
effectively lowered weight reduction in kiwifruit by 33% and
prolonged storage by two months when compared to the con-
trol; these observations demonstrated the effectiveness of cy-
tokinin in preventing structural deterioration in fruits [5].
Moreover, Marzouk and Kassem reported that cytokinin treat-
ment prior to harvest greatly decreased the reduction in weight
in Thompson seedless grapes [58]. In research on the effects
of growth regulators on the quality of cucumber Qian et al.
observed that application of cytokinin significantly reduced
the weight loss of cucumber fruit at postharvest [68]. Accord-
ing to Li et al. the capacity of cytokinin to deter senescence in
fresh produce becomes especially useful during processing
following harvest [46]. By delaying the natural senescence
process, plants treated with cytokinin could retain their water
content and their structural strength for extended periods of
time [20, 31] observed that early senescence causes weight
loss, but delay in senescence slows it down, keeping the peach
fruit fresh and commercially viable throughout storage and
transit. Moreover, cytokinin ability to reduce physiological re-
sponses to stress in plants [18] strengthens its role in prevent-
ing weight loss. This keeps the cut flowers hydrated and
healthy, reducing weight loss and increasing market value all
the way through the postharvest process.

Table 3. Effects of Calcium Chloride, Cytokinin and Abscisic Acid on weight loss in flush 1 and 2.

Treatment Application Time Rate in mg/L

250
500
750

Preharvest

250

Calcium Chloride  Pre and Postharvest 500

750
250
Postharvest 500
750

150
Cytokinin Preharvest

250
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Weight Loss in Flush 1 Weight Loss in Flush 2

18.03a* 16.31a
17.48a 15.93a
16.84a 15.24a
17.15a 15.33a
17.21a 15.44a
16.65b 15.14b
17.46a 15.76a
17.39% 15.75a
15.94b 14.31b
17.00a 15.49a
17.13a 15.25a
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Treatment Application Time Rate in mg/L

350
150
Pre and Postharvest 250
350
150
Postharvest 250
350
5
10
15
5
10
15
5
10
15
0
LSD

Ccv

Preharvest

Abscisic Acid Pre and Postharvest

Postharvest

Control No Application

Weight Loss in Flush 1 Weight Loss in Flush 2

15.91b 14.24b
17.89a 16.20a
17.64a 15.20a
17.33a 15.69a
16.83a 16.16a
18.33a 16.86a
18.42a 16.91a
10.04c 9.82c
8.41c 8.42¢
9.53c 8.98¢c
9.22¢ 8.76¢c
8.94c 8.56¢
9.54c 9.35¢c
18.13a 16.70a
18.08a 16.31a
16.64b 14.96b
17.62a 15.95a
1.676 1.74
6.61 7.46

*Means followed by the same letter(s) along the column for flush 1 and 2 are not significantly different at 5% probability level.

Abscisic acid application significantly influenced weight
loss (%) in rose flowers compared with the control (17.62% in
flush 1 and 15.95% in flush 2) [Table 3]. Preharvest applica-
tion at 10 mg/L was most effective in reducing weight loss,
recording 8.41% in flush 1 and 8.42% in flush 2 [Table 3],
followed closely by other preharvest treatments (5—15 mg/L)
and combined preharvest and postharvest applications, which
also lowered weight loss to values between 8.56-10.04% in
flush 1 and 8.76-9.82% in flush 2 [Table 3]. In contrast, post-
harvest-only application generally increased weight loss, par-
ticularly at 5-10 mg/L, reaching 18.08-18.13% in flush 1 and
16.31-16.70% in flush 2, while 15 mg/L postharvest slightly
reduced losses to 16.64% in flush 1 and 14.96% in flush 2
[Table 3]. These results indicated that abscisic is most effec-
tive at minimizing weight loss when applied preharvest,
whereas postharvest application may exacerbate water loss
depending on the concentration. It is possible that abscisic
acid significantly reduced the weight loss in Rhodos variety
because of its ability to induce stomata closure to reduce mois-
ture loss at postharvest. [48] observed that exogenous abscisic
acid administration, considerably reduced postharvest let-
tuce's weight loss. According to Dar et al. abscisic acid is con-
sidered as a stress hormone and that it helps plants cope with
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abiotic stress [21]. Through stomata closure, it reduces the
moisture loss in fresh produce [62]. Huang et al. reported that
significant water loss during storage resulted in both the loss
of marketable weight and clear quality problems like shrivel-
ling in kiwi fruit [36]. According to Hung et al. transpiration
is thought to be the primary factor causing leafy vegetable
quality degradation and weight loss [37]. This is because veg-
etable water loss after harvesting is a serious issue since it
causes withering of the leaves and fresh weight loss, which
affects the produce’ appearance and shelf life [55].

3.4. Effects of Calcium Chloride, Cytokinin and
Abscisic Acid on Vase Life of Rose
Cut-flower

Analysis of treatment revealed that calcium chloride appli-
cation significantly extended vase life of rose flowers com-
pared with the untreated control in both flushes. Control stems
recorded the shortest vase life of 11.61 and 10.33 days in
flushes 1 and 2, respectively [Table 4]. Preharvest calcium
chloride application increased vase life in a concentration-de-
pendent manner, reaching a maximum of 14.67 days in both
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flushes at 750 mg L™, representing an extension of approxi-
mately 3.1-4.3 days relative to the control [Table 4]. Similarly,
combined preharvest and postharvest application at 750 mg L
! maintained a prolonged vase life of 14.67 days in flush 1 and
13.00 days in flush 2 [Table 4]. In contrast, postharvest-only
calcium chloride treatments resulted in modest improvements,
with vase life ranging from 10.67 to 12.67 days, values that
were comparable to or only slightly higher than the control
[Table 4]. Overall, higher calcium chloride concentrations,
particularly when applied at preharvest or in preharvest and
postharvest treatment, were most effective in enhancing rose
vase life. It is conceivable that calcium accumulated in plants
promoting the bonding of pectin polymers in the cell wall
structure that boosts mechanical strength and delays cell dis-
integration. This study observation on the effect of calcium
chloride on vase life on cut roses were consistent to the study
by [2]. They reported that the Vase life of "Dolce Vita" roses
was increased by varying calcium chloride concentrations
with the highest concentration of calcium chloride and sali-
cylic acid having the longest vase life. Similarly, [6] reported
that calcium chloride significantly improved the Vase life of
Heliconia. They reported no wilted flowers in calcium chlo-
ride treatment after 9 days in vase which was contrary to other
treatment. [66] reported that calcium spray effectively de-
creased bending and strengthened the scape by more than 10%,
extending the gerbera flowers vase life. Additionally, [24] re-
ported that application of calcium chloride prior to harvesting
prolonged the vase life and antioxidant capability of cut roses
while also delaying senescence. Prior research has demon-
strated the advantageous impact of exogenous calcium appli-
cation in mitigating environmental variations in plants. The
physiological processes responsible for these beneficial ef-
fects have been identified as osmotic adjustment and enhanced
antioxidant responses which in turn enhance the life of a plant
[35]. According to Divya Sharma et al, calcium controls the
architecture, signalling pathways, and functionality of mem-
branes by its capacity of bonding to the phospholipid bilayer
[22]. As a result, this engagement makes it easier for plants to
mitigate harmful variations in the environmental conditions
by strengthening and improving the structural stability and in-
tegrity of their membranes. Additionally, earlier observations

by Timalsina et al. indicated that calcium builds up in plants
promoting the bonding of pectin polymers in the centre of la-
mella to produce a cell wall structure that boosts mechanical
strength and delays stem bending [80]. This explains why cal-
cium chloride application in the current study increased the
vase life of Rose cut-flower Variety Rhodos.

Analysis of treatment revealed that cytokinin application
significantly (p <0.05) extended the vase life of rose flowers
compared with the untreated control across both flushes. Con-
trol stems exhibited the shortest vase life, recording 11.61
days in flush 1 and 10.33 days in flush 2. Preharvest cytokinin
application enhanced vase life in a concentration-dependent
manner, increasing longevity to 12.33-13.67 days in flush 1
and 11.67-12.67 days in flush 2 at 150-350 mg L*. The long-
est vase life was achieved with 350 mg L* cytokinin applied
at both preharvest and postharvest, reaching 14.33 days in
flush 1 and 12.67 days in flush 2, representing an extension of
approximately 2.7-3.0 days relative to the control. In contrast,
postharvest-only cytokinin treatments resulted in limited im-
provements, with vase life ranging from 11.33 to 12.00 days
in flush 1 and 10.33 to 11.00 days in flush 2, values compara-
ble to or only marginally higher than the control. Overall, cy-
tokinin was most effective in extending rose vase life when
applied at preharvest and when combined with preharvest and
postharvest application, particularly at higher concentrations.
It could be that cytokinin was able to increase vase life be-
cause of its ability to counter the effect of ethylene. Addition-
ally, it is likely that cytokinin slowed down the aging process
of plant components by delaying the breakdown of their pro-
tein and chlorophyll because of its ability to delay senescence.
In a study on the response of cut flowers to cytokinin and 1-
metylcylcopropene Mirzakhani et al. reported similar out-
comes [61]. They observed that higher concentration of cyto-
kinin reduced the amount of ethylene present in cut flowers,
which in turn extended the vase life. Similarly, Kaur et al. re-
ported that cytokinin inhibited petal senescence by blocking
the production of ethylene or by lessening the cells' sensitivity
to it and therefore increasing the vase life of cut flowers [43].
Additionally, Shaya et al. reported that degeneration was
slowed down when the concentration of cytokinin was ele-
vated at the abscission layer in the fruitlets of persimmon [72].

Table 4. Effects of Calcium Chloride, Cytokinin and Abscisic Acid on vase life in flush 1 and 2.

Treatment Application Time Rate in mg/L

250
Preharvest 500

750
Calcium Chloride

250
Pre and Postharvest 500

750
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Vase life in Flush 1 Vase life in Flush 2

12.33b* 11.67b
12.67b 11.67b
14.67a 12.67a
13.00b 11.67b
13.00b 12.00b
14.67a 13.00a
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Treatment Application Time Rate in mg/L

250
Postharvest 500
750
150
Preharvest 250
350
150
Cytokinin Pre and Postharvest 250
350
150
250
350
5
10
15
5
10
15
5
10
15
0
LSD

Ccv

Postharvest

Preharvest

Abscisic Acid

Pre and Postharvest

Postharvest

Control No Application

Vase life in Flush 1 Vase life in Flush 2

11.67c 10.67c
12.67b 11.67b
12.67b 11.67b
12.33b 11.67b
13.67a 12.00b
13.67a 12.67a
13.00b 11.67b
13.33b 12.00b
14.33a 12.67a
11.33c 10.33c
12.00c 10.67¢c
12.00c 11.00c
11.33c 10.33c
11.33c 10.33c
10.67d 9.67d
11.00c 10.00c
11.00c 10.33c
10.33e 9.67e
11.67c 10.33c
12.00c 10.67c
12.00c 11.00c
11.607c 10.330c
1.26 1.13
6.27 6.16

*Means followed by the same letter(s) along the column for flush 1 and 2 are not significantly different at 5%probability level.

Abscisic acid application had a generally neutral to negative
effect on the vase life of rose flowers compared with the un-
treated control across both flushes. Control stems recorded a
vase life of 11.61 days in flush 1 and 10.33 days in flush 2
[Table 4]. Preharvest abscisic acid application at 5-10 mg L™
resulted in comparable vase life values (11.33 and 10.33 days),
whereas increasing the concentration to 15 mg L reduced
longevity to 10.67 days in flush 1 and 9.67 days in flush 2
[Table 4]. A similar trend was observed when abscisic acid
was applied at both preharvest and postharvest, with the short-
est vase life recorded at 15 mg L (10.33 and 9.67 days) [Ta-
ble 4]. In contrast, postharvest-only abscisic acid treatments
slightly increased vase life, reaching 12.00 days in flush 1 and
11.00 days in flush 2 at 15 mg L1, although these values were
not significantly higher than the control [Table 4]. Higher ab-
scisic acid concentrations applied at preharvest and at prehar-
vest and postharvest were associated with reduced vase life
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compared to the control. Abscisic acid is a stress hormone that
induces aging. It is likely that after the separation from the
mother plant, abscisic acid stimulated the aging process in the
flowers at postharvest therefore reducing the vaselife. It is also
possible that abscisic acid enhanced closure of stomata as a
response to abiotic stress, affecting water uptake and gaseous
exchange, thereby causing early senescence. Similar to the
outcomes of this study on the effects of abscisic acid on vase
life, Costa et al. reported that abscisic acid decreased the stem
longevity of cut gladiolus flowers by increasing the senes-
cence rate [19]. The findings were also consistent with Zhong
and Ciafre, who reported that abscisic acid treatment hastens
the senescence of lily petals, indicating that abscisic acid plays
a direct function in the initial stages of deterioration in petals
independent of endogenous ethylene levels [88]. Geng et al.
also agreed with the current findings and reported accelerated
opening of cut buds and reduction in the time that flowers and
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leaves remained in the vase when higher concentrations of ab-
scisic acid were applied in in cut lilies [32].

According to Shibuya and Ichimura, abscisic acid speeds
up senescence and the decomposition of cut flowers [73].
Upon harvesting, flowers are deprived of their nutrition source
and exposed to a number of stressors, including mechanical
harm, hormone imbalances, and water shortage [69]. As a re-
sult, plants produce more abscisic acid in reaction to these
stresses which is harmful to cut flowers. Aalifar et al. reported
that abscisic acid shortens vase life by enhancing stomata clo-
sure [1]. Even though stomata closure helps save water in
plants, it reduces the amount of water absorbed by cut flowers
[44]. Limitations in water intake hasten the process of dehy-
dration, resulting in withering and early senescence [44]. Ac-
cording to Imadi et al. dehydration and early senescence
causes tissue disintegration and a loss of turgidity [38]. This
hastens the decomposition of cellular components such as
structural proteins and chlorophyll, which gives cut flowers
their vivid color. Therefore, based on the findings of this study,
in case of high abscisic acid levels, cut roses age more quickly
and show symptoms including petal abscission, wilting, and
yellowing.

4. Conclusion

Calcium chloride and cytokinin treatments consistently im-
proved the postharvest performance of Rhodos roses. This
was shown by better chlorophyll retention, more stable petal
colour, less weight loss, and a longer vase life. The most sig-
nificant effects were seen at higher concentrations and when
applied before harvest or in programs that combined prehar-
vest and postharvest treatments. In contrast, higher concentra-
tions of abscisic acid, or its use during preharvest, preharvest
and postharvest, and postharvest negatively affected most
quality measures. These included chlorophyll content, petal
lightness and redness, and the number of days the flowers
lasted in a vase. Therefore, calcium chloride and cytokinin ex-
hibited strong potential as effective regulators for improving
postharvest quality and longevity in cut roses, whereas ab-
scisic acid showed either negligible or detrimental effects de-
pending on rate and timing.

5. Recommendation

Based on the findings, to achieve optimal postharvest qual-
ity and vaselife of cut roses, growers can apply calcium chlo-
ride (500 and 750 mg/L) and cytokinin (250 and 350 mg/L) at
preharvest and/or at postharvest. Application of calcium chlo-
ride at higher concentrations, particularly 750 mg/L, is recom-
mended for improving chlorophyll retention, increasing petal
brightness, reducing weight loss, and extending vase life. Sim-
ilarly, the use of high concentration cytokinin (250 and 350
mg/L) at preharvest and preharvest and at postharvest is rec-
ommended for enhancing petal lightness, redness, yellowness,
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and overall flower longevity. In contrast, the use of abscisic
acid at higher concentrations, especially 15 mg/L, should be
avoided as it negatively affects chlorophyll content, petal col-
oration, and vase life. Additionally, further study can be done
in various geographical regions to collect data on roses culti-
vated throughout Kenya, particularly in the areas that produce
flowers.
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