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Abstract

The floriculture industry is experiencing rapid global expansion, driven by the immense potential for
both domestic consumption and export of flowers. Among the cut flowers traded internationally roses
hold a prominent position in terms of production and consumption. To capitalize on this demand and
enhance farmers' income value addition has become crucial. In line with this objective a factorial
experiment was conducted in 2020 using a completely randomized design. The experiment aimed to
investigate the effects of different drying methods and desiccants on the sensory/quality parameters of
roses during the drying and storage phases. The results revealed significant variations in the quality of
dried roses based on the chosen drying methods and desiccants. Shade drying emerged as the superior
method exhibiting favourable quality parameters such as bright colour, well-maintained shape, smooth
petal texture and reduced mechanical damage during the drying process. During storage, shade-dried
roses with sea sand demonstrated attributes of vibrant colour, smooth petals and minimal mechanical
damage. However, sun-dried roses with silica gel exhibited well-preserved shape and showed fewer
instances of pest and disease issues. Taking into consideration all aspects and the results obtained shade
drying with sea sand proved to be the most effective approach for achieving desirable quality
parameters during both the drying and storage stages.
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Introduction

The flourishing floriculture business calls for value addition to maximize the economic
benefits of flowers. Among the highly produced and consumed cut flowers roses stand out as
a prime choice in international trade. The rose is a popular and widely cultivated flower
known for its beauty, fragrance and symbolic significance. It holds a prominent position in
the floriculture industry and is highly sought after for various purposes including decoration,
gifting and perfume production. Roses come in a wide range of colours, sizes, and petal
shapes offering a diverse array of options for different preferences and occasions. With its
global appeal, the rose continues to be a top-ranking cut flower in international trade both in
terms of production and consumption. The versatility and market demand for roses make
them a valuable asset for floriculture businesses and offer significant potential for value
addition contributing to the growth and profitability of the industry.

Despite the utilization of optimal chemicals to improve the shelf life and enhance the vase
life of cut roses, their storage capacity remains limited. As a result, these flowers cannot be
stored for extended periods of time. Besides, season of availability also causes serious
problem regarding utilization (Dhatta et al., 2007) . In order to increase the business
potential and other ornamentals to the ultimate extent-alternative use and value addition are
the choice of the day. For increasing the availability of flowers throughout the year in all the
places as well as to increase the longevity of several flowers utilization of dry flower
technology is one of the holistic approaches.

Drying is a crucial process in the preservation of flowers as it enables their extended
utilization for decorative purposes, fragrance production and other applications. However,
improper drying methods can lead to significant quality degradation including loss of colour
vibrancy, fragrance and overall aesthetic appeal.

Therefore, it is essential to explore and assess different drying techniques and desiccants to
identify the most effective approach for maintaining the drying quality of roses.
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Materials and Methods

The purpose of this study was to investigate the impact of
different drying methods and desiccants on the drying
quality of rose cv. Gladiator during the year 2020 at
Junagadh  Agricultural  University in Gujarat. The
experiment was conducted using a Factorial Completely
Randomized Design (FCRD) with 12 treatment
combinations and 3 replications. Two drying methods,
namely sun drying and shade drying were employed along
with six desiccants: control (without desiccant), red river
sand, black river sand, sea sand, silica gel and borax
powder. To ensure uniformity, flowers were selected based
on their size, shape, colour, and form. Only turgid flower
that are of tight bud stage fresh flowers were chosen for the
drying process.

Upon arrival at the laboratory the flowers were sorted and
any damaged, diseased or pest-infested flowers were
removed. Stems of uniform size were selected and trimmed
to the same length. Initial observations such as flower
weight and diameter were recorded before embedding. The
trays were filled with the required amount of desiccants
filling them up to a height of 4-5 cm from the bottom. A
wooden plank was used to level the surface of the
desiccants. Each flower was then placed horizontally with
its face downwards on the layer of desiccants. Carefully,
desiccants were poured on top of the flowers ensuring they
filled all gaps and crevices between the flowers without
damaging their original petal shape. This method ensured
that the entire flower was completely covered by the
desiccants with an approximate depth of 2-3 cm above the
flower.

After embedding, the trays were placed according to the
treatment combinations either under direct sunlight or in a
shaded area for drying. Once the flowers were completely
dried they were gently removed from the embedded
desiccants to record necessary observations such as flower
colour, shape, petal texture and mechanical damage. After
five days of drying, the flowers were taken out from the
desiccants and stored. During storage observation including
colour, shape, mechanical damage and pest and disease
incidence were recorded at 30, 45, 60 and 90 days after
storage.

Results and Discussion
Figure 1, 2 and 3 debits the results obtained during drying
and storage.

Flower colour during drying and storage

The results presented in Table 1 regarding the flower colour
of rose clearly indicate that the most desirable colour was
observed in (S1M4) which corresponds to shade drying with
sea sand. On the other hand, unacceptable flower colour was
found in (S1Mg) representing sun drying with borax powder
during the drying process. This can be attributed to the high
temperature during sun drying which leads to a higher loss
of carotenoids resulting in colour fading. When combined
with borax powder this effect causes a bleaching effect on
the flowers leading to dull and unacceptable flower colour.
In contrast, flowers dried under shade with sea sand
exhibited vibrant and acceptable colour demonstrating their
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superior quality. Similar observations regarding better
colour retention through shade drying with sea sand were
reported by Nataraja et al., (2004) B! in annual statice,
Meman (2006) ™ in miniature roses and gerbera and Khyati
(2015) Bl in roses, gerbera, and gomphrena. Regarding
storage (Table 1) it is evident that the flowers subjected to
shade drying with sea sand (S;Ma) exhibited very acceptable
colour during storage. Conversely, unacceptable flower
colour was observed in (S:M;) representing sun drying
without desiccant and (S1iMs) representing sun drying with
silica gel. This can be explained by the fact that the shade-
dried flowers with sea sand already showed acceptable and
bright colour during the drying process which was
maintained during storage for up to 45 days. However, in
the treatment combinations of sun drying without desiccant
and sun drying with silica gel the high temperature and
increased degradation of carotenoid pigments led to the
production of unacceptable flower colour. Red and dark
pink rose flowers became even darker at 60 and 90 days
after storage. Similar findings regarding better colour
maintenance through shade drying with sea sand during
storage were reported by Khyati (2015) B! in roses, gerbera
and gomphrena.

Flower shape during drying and storage

The results presented in Table 2 regarding the flower shape
of rose clearly indicate that the most desirable shape was
observed in (S:Ma) which corresponds to shade drying with
sea sand. Conversely, unacceptable flower shape was found
in (S:M3) representing sun drying without a desiccant during
the drying process. This can be attributed to the fact that
shade-dried flowers experience less moisture loss and
minimal cell shrinkage. When combined with sea sand
which is smooth, heavy and easily flows into each layer of
the flower the acceptable shape of the flowers is maintained
during drying. In contrast, sun drying without desiccant
leads to direct exposure of the flowers to high temperatures
resulting in uneven cell shrinkage and no pressure from
desiccants to hold the flowers in shape ultimately leading to
distorted flower shape. Similar findings of well-maintained
flower shape through shade drying with sea sand were
reported by Meman (2006) ™ in miniature roses and
gerbera.

Regarding storage very acceptable flower shape was found
in (S:Ms) representing sun drying with silica gel.
Conversely, unacceptable flower shape was observed in
(S1M;) representing sun drying without a desiccant. This can
be explained by the fact that flowers dried under the sun
with silica gel experienced maximum moisture loss and
attained a minimum moisture content during the drying
process. Consequently, there were fewer chances of petal
loosening during storage enabling them to maintain an
acceptable shape for up to 45 days. Conversely, flowers
dried under the sun and shade without a desiccant produced
distorted flower shapes during storage. The direct exposure
to high temperatures without any embedding desiccant
resulted in petal brittleness causing the petals to separate
from the flower after 45 days. These results are consistent
with the findings of Chithira (2017) ™ in chrysanthemum
var. Marigold.
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Table 1: Effect of different drying methods and desiccants on flower colour in rose during drying and storage.

Flower colour (during drying Flower colour (during storage)

Treatments 1stday | 2"day | 3"day | 4" day | 5" day | 30 DAS | 45 DAS | 60 DAS | 90 DAS
S1M: Sun drying without desiccant # ## fidia HitH it fidii fidizid fidizisid fidizisid
S1M2 Sun drying + River sand (Red) # # fidia fidid HitH # Gidid it fidizisid
S1Ms Sun drying + River sand (Black) # # fidia fidizid fiizid # fiizid it fidizisid
S1Mg4 Sun drying+ Sea sand # # # fidid fiizid # fidizid bidizid fidizatid
S1Ms Sun drying + Silica gel # # ## fidiiia Cikididii ## i HiHH it
S1Ms Sun drying + Borax powder # ## HitH# HitH it #it idid it fidizatid
S2M: Shade drying without desiccant # # fidia fidizid it #it fidizid Gidizid fidizatid
S2M; Shade drying+ River sand (Red) # # # fidid HitH # idid Gidizid fidizatid
S2M3 Shade drying+River sand (Black) # # # fidid HitH # idid Gidizid fidizatid
S2Mg4 Shade drying + Sea sand # # # fidid fidid # # #H# Hith
S2Ms Shade drying + Silica gel # # # ## fidiiia ## it ititit HitHH
S2Ms Shade drying + Borax powder # # #Hit HitH ittt # Hit Hith HitH#

Where, # = Highly acceptable, ## = acceptable, ### = fairly acceptable, #### = not acceptable.

Table 2: Effect of different drying methods and desiccants on flower shape in rose during drying and storage.

Flower colour (during drying) Flower colour (during storage)
Treatments 1% day 2" day | 39day | 4" day |5" day| 30 DAS | 45 DAS | 60 DAS | 90 DAS
S1M1 Sun drying without desiccant QEE@ | PQPQ@ CEQQ@| @@ | C@ | ACQ@ | Q@ CEQE@| AEQ@
S:1M: Sun drying + River sand (Red) QQE@ | PQPQ@ | Q@@ | @@ @ @ Q@ | Q@@ | @@E@@
S:1Ms Sun drying + River sand (Black) QECE@ | PQEQ@ | Q@@ | @@ @ @ @@ | Q@@ | @@E@@
S:1M4 Sun drying+ Sea sand QQE@@ | Q@@ @@ @@ @ @ @ Q@ | @@@@
S1Ms Sun drying + Silica gel QeEe@ | @@ | Q@@ | @@ @ @ @ Q@ |Qe@@
S1Me Sun drying + Borax powder @eEE@ | Q@ | @@ | @@ @ @ @@ | Q@ | @@E@
S2M: Shade drying without desiccant @EEQ@ | QOO@ | Q@ @@ @@ @@ @EQ@ | Q@ | EEE@@
S2M Shade drying+ River sand (Red) QEEE@ | @@ | Q@@ | @@ @ @ Q@ | 0@ | Q@
S2Mj3 Shade drying+River sand (Black) QEEE@ | EE@ | @@@ | @@ @ @ @@ | Q@ | @ERE@
S2Ms Shade drying + Sea sand Q@@ Q@ Q@ @ @ @ Q@ | Q@@ | @@@@
S2Ms Shade drying + Silica gel @@ | @@ Q@ Q@ @ @ @ QE@ | Q@@
S2Ms Shade drying + Borax powder QEEE@ | @@@ Q@ Q@ @ @ Q@ | 0@ | @@

Where, @ = Highly acceptable, @@ = acceptable, @@@ = fairly acceptable, @ @@ @= not acceptable.

Mechanical damage during drying and storage

The results presented in Table 3 regarding the mechanical
damage of rose reveal that less mechanical damage was
observed in (S;M4) which represents shade drying with sea
sand and (S;Ms) which represents shade drying with borax.
Conversely, more mechanical damage was found in (S:M;)
corresponding to sun drying without a desiccant during the
drying process. This can be attributed to the fact that drying
flowers under the sun without a desiccant causes uneven cell
shrinkage leading to petal breakage and increased
mechanical damage. In contrast, flowers dried under shade
with sea sand and borax powder experience uniform
moisture loss and the smooth texture of these desiccants
reduces the likelihood of damage. Similar findings of less
mechanical damage through shade drying with sea sand
were reported by Meman (2006) ¥ in miniature roses and
gerbera. Similarly, Meman (2006) ! in miniature roses and
gerbera and Khyati (2015) [ in roses, gerbera and

gomphrena observed less mechanical damage through shade
drying with borax.

Regarding storage (Table 3) shows that less mechanical
damage was found in (S2M.) representing shade drying with
sea sand and (S:Ms) representing shade drying with borax
powder. Conversely, more mechanical damage was
observed in (Si1Mj) corresponding to sun drying without a
desiccant and (S:Ms) representing sun drying with silica gel.
This is because in sun drying without a desiccant and sun
drying with silica gel maximum moisture loss leads to
brittleness of the petals resulting in petal breakage and
increased mechanical damage after 60 days of storage. In
contrast, flowers dried under shade with sea sand and borax
also exhibited some mechanical damage but during the
initial days of storage (up to 45 days) the damage was less
severe. These findings of increased mechanical damage in
sun drying with silica gel were reported by Khyati (2015) [
in roses, gerbera and gomphrena.

Table 3: Effect of different drying methods and desiccants on mechanical damage in rose during drying and storage.

Mechanical damage(during drying) Mechanical damage(during storage)

Treatments 1tday | 2™day | 3“day | 4" day | 5" day | 30 DAS | 45DAS | 60 DAS | 90 DAS
S1M1 Sun drying without desiccant + ++ +++ ++++ ++++ + ++ e+t +++
S1M2 Sun drying + River sand (Red) + + ++ ++ ++++ + ++ +++ +++
S1Mz Sun drying + River sand (Black) + + ++ +++ ++++ + ++ +++ +++
S1My Sun drying+ Sea sand + + + ++ +++ + ++ ++ +++
S1Ms Sun drying + Silica gel + ++ +++ +++ ++++ + ++ e+t ++++
S1Ms Sun drying + Borax powder + + + ++ +++ + ++ ++ +++
S2M: Shade drying without desiccant + ++ ++ +++ ++++ + ++ +++ ++++
S2M2 Shade drying+ River sand (Red) + + + ++ +++ + ++ +++ +++
S2M3 Shade drying+River sand (Black) + + + ++ +++ + ++ +++ +++
S2M4 Shade drying + Sea sand + + + + ++ + + ++ +++
S2Ms Shade drying + Silica gel + + ++ +++ ++++ + ++ +++ ++++
S2Me Shade drying + Borax powder + + + + ++ + + ++ +H+

Where, + = no damage, ++ = 0-15% damage, +++ = 15-30% damage, ++++ = 30-50% damage.
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Petal texture during drying

The results presented in Table 4 regarding the petal texture
of roses demonstrate that very smooth petal texture was
observed in (S;M.) representing shade drying with sea sand
and (S:;Ms) representing shade drying with borax.
Conversely, unacceptable flower shape was found in (S:M;)
corresponding to sun drying without a desiccant during the
drying process. This can be attributed to the fact that shade
drying allows for even drying without significant cell
shrinkage. When combined with sea sand or borax powder
which have smooth textures and cause minimal damage to

https://www.biochemjournal.com

the petal surface it results in the production of roses with
smooth petal texture. On the other hand sun drying without
a desiccant leads to uneven drying and more pronounced
cell shrinkage resulting in rough-textured flowers. Similar
findings of maintaining smooth petal texture through shade
drying with sea sand were reported by Meman (2006) ™ in
miniature roses and gerbera as well as Khyati (2015) B! in
roses, gerbera and gomphrena. Similar findings of
maintaining smooth petal texture through shade drying with
borax were also reported by Khyati (2015) B! in roses,
gerbera and gomphrena.

Table 4: Effect of different drying methods and desiccants on petal texture in rose

Petal texture

Treatments 15t day 2nd day 3rd day 4™ day 5t day
S1M1 Sun drying without desiccant $$$ $55$ $$$$ $$$$
S1M:2 Sun drying + River sand (Red) $$ $$$ $$5$ $$$$
S1Ms Sun drying + River sand (Black) $$ $3$ $$5$ $$$3
S1Ma Sun drying+ Sea sand $ $ $$ $$$
S1Ms Sun drying + Silica gel $$ $$$ $$$ $$5$
S1Me Sun drying + Borax powder $ $$ $$ $$$
S2M1 Shade drying without desiccant $$3$ $3$ $$$$ $$$$
S2M2 Shade drying+ River sand (Red) $$ $$$ $$$ $$5$
S2M3 Shade drying+River sand (Black) $$ $3$ $5$ $$$
S2Ma4 Shade drying + Sea sand $ $ $3$ $$
S2Ms Shade drying + Silica gel $ $$ $$$ $$$
S2Ms Shade drying + Borax powder $ $ $$ $3$

Where, $ = Very Smooth, $$ = Smooth, $$$ = Rough, $$$$ = Very rough.

Disease and pest incidence during storage

The results (Table 5) revealed that there was less incidence
of pests and diseases in (S1Ms) representing sun drying with
silica gel, and (SiM;) representing sun drying without a
desiccant. Conversely, more pest and disease incidence was
observed in (S;Mg) corresponding to shade drying with
borax powder. This can be attributed to the fact that in
treatment combinations of sun drying with silica gel and sun
drying without a desiccant, there was maximum moisture
loss and minimum moisture content. This unfavourable
environment created fewer opportunities for fungal diseases

and pest attacks resulting in lower incidence up to 60 days
after storage (DAS). On the other hand in the treatment
combination of shade drying with borax powder there was
less moisture loss and higher moisture content compared to
other treatments. This provided a favourable condition for
the growth of fungi and increased pest infestation during 60
and 90 DAS. These findings are consistent with the results
reported by Khyati (2015) B! in roses, gerbera and
gomphrena which also observed similar patterns of pest and
disease incidence.

Table 5: Effect of different drying methods and desiccants on disease and pest attack in rose during storage

Disease and pest attack

Treatments 30 DAS 45 DAS 60 DAS 90 DAS
S1Mz1 Sun drying without desiccant * * ** Fhx
S1Mz Sun drying + River sand (Red) * *x il Fkkx
S1Ms Sun drying + River sand (Black) * *x Hx Fkkx
S1Mg Sun drying+ Sea sand * * faleie faleied
S1Ms Sun drying + Silica gel * * *x Fkx
S1Me Sun drying + Borax powder * faled Fx Fkkx
S2M1 Shade drying without desiccant * * faleie Fkk
S2M2 Shade drying+ River sand (Red) * *x falaiaiel Fkkx
S2M3 Shade drying+River sand (Black) * faled faleiae Fkkx
S2M4 Shade drying + Sea sand * faled faleie Fkk
S2Ms Shade drying + Silica gel * * el faieid
S2Ms Shade drying + Borax powder * faleie faleiae Fkkx

Where, *= Not infected **, = Minor infection, ***= Infected, ****= Highly infected.
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Conclusion

The study revealed that different drying methods and
desiccants had a significant influence on the drying and
storage quality of rose cv. Gladiator. Shade drying with sea
sand demonstrated favourable outcomes in terms of very
acceptable flower colour, flower shape and smooth textured
flowers with minimal mechanical damage during drying.
Additionally shade-dried flowers with borax powder also
exhibited smooth textured flowers with reduced mechanical
damage compared to other desiccants during the drying
process. Furthermore, flowers dried under shade with sea
sand exhibited highly acceptable flower colour and less
mechanical damage during storage. On the other hand sun
drying with silica gel as a desiccant resulted in highly
acceptable flower shape and lower incidence of pest and
disease compared to all other treatment combinations during
storage. Considering results obtained it can be concluded
that shade drying with desiccant sea sand was found
superior with sensory or quality parameters in rose cv.
Gladiator.
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