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Review on factors affectmg the postharvest life
of carnation cut flowers

A.B. Pun ', A. Shrestha®, S. M. Shakya® and U. K. Pun®

1 INTRODUCTION

Carnation (Dianthus caryophyllys L.) is an
excellent and one of the most important
commercial cut flower. In Nepal, it ranks the
third most important cut flower (Pun, 2004).
Cultivation of this cut flower is at its
beginning, however, the scale of production
and area under it has been increasing very
rapidly in Nepal. Further, it has been accepted
as an important competitive product for export
in the international market (AEC/ENCCI,
2007). Tts popularity and domestic demand
has been increasing rapidly. Eventually,
number of growers for this flower is being
increased. Nepal can achieve competitiveness
if proper agronomic and postharvest
technologies for this cut flower are adopted.
Climate of Nepal gives relative advantage over
India to produce carnation of international
quality especially during summer season
(Yanai, 2007). Owing to comparative
advantage, it could be expected to export

carnation cut flower in the future (Shrestha,

2003; Tamang, 2006).

Postharvest life of carnation is an important
aspect. A high quality product along with
adequate postharvest life is the significant
pre-requisite for economic success of this cut
flower business (Rogers, 1962; Staby et al.,
1976). The major requirement to transport cut
flower to the distant markets is greater shelf
life longevity. Therefore, proper postharyest
management 13 a significant issue to maintain
flower freshness and longevity (Pun, 2003;
Nijasure et al., 2004). Beneficial effect of
numerous chemicals adjuvant to holding
solutions has been reported to extend flower
longevity (Rogers, 1973). These have been
accounted for the adjustment of respiration,

inhibition of ethylene synthesis, sugar
management. water relation, fungal and
bacterial growth control in order to improve
postharvest life of carnation cut flower.

But, all the stakeholders are confronted with
the limited knowledge related to postharyest
technologies (Pun, 2003) in Nepal. Still
domestic consumers hardly get a minimum
quality of carnation cut flowers on one hand,
while on the other hand a considerable volume
of postharvest losses (25 %) (PHMD, 2005/
2006) has distressed growers and other
stakeholders. Thus, il we have to compete
with International market, development of
appropriate postharvest technology is must
to ensure adequate vase life and quality of
this flower.

2 MATERIALS AND METHOD

This paper was prepared based on the review
of several research and technical publications.
The information regarding the postharvest of
carnation cut flowers was compiled.

3 RESULTS AND DISCUSSION

One of the important characters for carnation
evaluation could be done based on the keeping
quality of the flowers (Gelder, 1987).
Knowledge and techwnology of proper
postharvest handling and treatment of cut
flowers is of paramount importance. Further,
this flower is most sensitive to ethylene-
induced flower senescence (Wodtering and
Van Doorn 1988). Thus, for the promotion of
this cut flower as an export product, research
and study must be directed towards the
development of appropriate postharvest
technology.

" Regional Agriculture Station, Lumle, * and ¥ TAAS, Rampur, *

Himalayan Flora Enterprises, Lalitpur
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3.1 Flower Senescence

Flower senescence in the carnation can be
categorized under two types: climacteric and
non-climacteric flower senescence based on
presence or absence of an increased rate of
ethylene production. Flower senescence in
this flower is generally determined by the time
of petal senescence (Van Doorn, 2001) that is
regulated by increased rate of ethylene
production accompanied by an increase in
respiratory activity (Halevy, 1986b).

Usually the life span of the petals determines
the effective life of the carnation flower. Petal
senescence is regulated on the ordered
breakdown and remobilization of cellular
constituents to other floral organs and other
parts of the flower (Borochov and Woodson.
1989; Rubinstein, 2000). Breakdown of cellular
components, especially membranes (Adam et
al., 1983), macromolecules such as starch,
protein and nucleic acid occurs during flower
senescence (Borochov and Faragher, 1983).

Postharvest longevity is associated with the
rate of metabolic processes (particularly
carbon catabolism and loss of water). Flower
senescence is particularly related to the
practical aspects of postharvest handling of
cut flowers, For enhancing the postharvest
flower longevity, objectives should be
oriented to create situation that inhibits
ethylene production and retards metabolic
processes (Halevy and Mayak, 1981).

8.2 Preharvest factors affecting postharvest
life of carnation cut flowers

Postharvest life of cut flower is heavily
affected by preharvest enviroenmental
conditions (Halevy and Mayak, 1979, 1981:
Borochov and Woodson, 1987) and agro-
husbandry practices (Celikel and Karacaly,
1995). Flower growth and development
determines postproduction life as flower
senescence depends primarily on inherent
carbohydrate level and biophysical condition
of the plant (Roger. 1962). Preharvest factors
affecting postharvest life of cut flowers

_ Sowmrenie
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comprises both the inherent genetic make of
the species and environmental factors,

A wide variation in the postharvest life has
been reported on carnation cut flower due to
genetic and varietal factors (Bhattacharjee
and Saxena, 1998). These variations have been
attributed to variation on cell wall thickening
and secondary thickening in the flower
peduncle, levels of peroxidase and
lignification, production of
Aminocyclopropane carboxylic acid (ACC)
and ethylene forming enzymes (EFE) as well
as the genetic makeup of the cultivars (Gelder,
1998).

Primarily the environmental factors such as
temperature (Halevy and Mayak, 1979: Nowak
and Rudnicki, 1990), light intensity (Nowak
and Rudnicki, 1990) and relative humidity
(Mortensen and Gislerod, 1999) have been
found to influence postharvest life of flowers.
It has been claimed that about 30-70 % of the
potential postharvest life of many flowers 5
determined at harvest (Staby et al., 1976.).
Carnation flower grown at higher temperature
has been found to have longer vase life than
those grown at lower temperature (Moe, 1975).
Effect of growing temperature on cut flower
longevity is mainly related to carbohydrate
synthesis and metabolism, water relations,
cell membrane properties, and ethylene
production and sensitivity (Halevy and
Mayak, 1979).

As temperature and light intensity directly
influence the photosynthate level in flower
tissues, sugar level has been known to be
closely correlated with postharvest life of cut
flowers (Mastar lerz, 1955). The lower
carbohydrate content in petals due to the low
temperature and light intensity will result in
shorter vase life (Halevy and Mayak, 1979).
But, high growing temperature (>25°C) in
summer has been reported to have adverse
clfect on the carnation vase life and low
preharvest temperature (23°C) in the summer
has found a longer vase life. Increasing the
light period is found to reduce the vase life of
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the cut flower (Slootweg and Van Meeteren,
1991) that is attributed to slower rate of
stomatal diffusive resistance and higher
transpiration. Preharvest higher light levels
is attributed to lower ethylene production rate
than those of low light intensity since
conversion of ACC to ethylene is affected by
light intensity (Salisbury and Ross, 1985). A
high level of relative humidity (>80 % to 90
%) reduces postharvest life of cut flowers
(Mortensen and Fjeld, 1995) as the level of
calcium content is adversely affected in such
condition. Calcium content in the tissue is
attributed to influence the structure and
function of cell wall and membrane (Ferguson,
1984; Konno et al., 1984). High level of
humidity and temperature decrease CO,
concentration in greenhouse that adversely
influences the flower growth and
development. Humid air during growth period
resulted in uncontrolled water loss during
postharvest period (Torre et al., 2003).

An appropriate soil nutrient level is known to
improve the plant growth and development
and as a consequence; the longevity of cut
flower is affected. Toxicity and deficiency of
soil nutrient adversely affect chlorophyll
content that in turn reduces photosynthesis

process of the plant. A greater longevity of-

cut flower has been reported at low level of
nitrogen that is associated with abscissic acid
synthesis of petal (Menard et al., 1996). High
phosphorus and potassium [ertilizer has been
reported better for the flower longevity. High
salinity of soil markedly reduces longevity of
flowers.

Low irrigation regime is reported better than
wet and normal irrigation in terms of flower
vase life. Frequent irrigation regimes have
been found to increase the sensitivity to
ethylene and resulted in a shorter flower life
(Mayak and Kofranek, 1976).

Stage of maturity has been known to influence
flower postharvest longevity as harvesting
at paintbrush stage of flowers has been found
to be associated with longer vase life. A

decreasing trend of total and reducing sugar
is observed in leaves, whereas increasing
trend in the total and reducing sugar of corolla
from harvest towards senescence
(Bhattacharjee and Rajan, 1998). Pollinated
carnation flower is known to reduce longevity
of flowers because of the increased ethylene
production (Nichols, 1979).

3.3 Postharvest factors affecting
postharvest life of carnation cut flowers

The metabolic process that continues after
flower harvest is heavily affected by
environmental factors. These include
temperature, relative humidity and light
intensity. Besides, postharvest life of cut
flowers is mostly correlated ane affected by
water relation, carbohydrate metabolites,
ethylene sensitivity, micro-organisms as well

as the physical and mechanical exertion during

postharvest period.

High temperature reduces postharvest life of
most cut flowers. It is closely related to water
balance and metabolic process of cut flowers,
and thereby adversely affect the longevity of
flowers. The most important metabolic process
is respiration that increases with increase in
temperature (Pun, 2000). Similarly, water loss
via transpiration and surface evaporation is
proportionately related with temperature as
increased temperature causes increased water
loss, and resulted in shorter vase life of the
cut flowers.

High relative humidity and little or no air
movement in the holding atmosphere are
beneficial for prolonging the vase life of cut
flower during postharvest (Doi et al., 2000).
The effect of relative humidity has been
closely related with the water content of cut
flower. Transpiration is proportional to the
difference between vapor pressure in the air
and that in the surface of leaves and petals of
the flowers (Salisbury and Ross, 1992).

Light intensity during tflower storage has been
found to have very little effect on the vase
life of flowers (Nowak and Rudnicki, 1990).
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However, flowers in low light intensity in the
storage without sugar treatment have been
shown to have reduced sucrose, glucose and
fructose content of rose petal cells (Van Doorn
etal., 1991a).

34 Ethylene and respiration

mainly associated with the effect of ethylene
(Mayal and Kofraneck, 1976). Peak in cthylene
production followed by an increase in
respiration has been reported in climacteric
flower senescence (Nichols, 1966). Ethylene
18 produced as a result of ACC synthesis
activity, where conversion of S-
adenosylmethionine (SAM) to ACC and
oxidation of ACC to ethylene takes place (Park
et al., 1992). Ethylene production increases
over 1000-folds during flower senescence.
The level of response to ethylene or ethylene

synthesis varies upon genetic make up of

species and/or cultivars (Serrano et al., 1991).

Ethylene sensitivity is an important
determinant of flower longevity in carnation
and is affected by several factors among
which the two main factors are physiological
age and temperature. Pollination accelerates
senescence as it leads to a rapid increase in
cthylene production resembling the
climacteric response (Bradt, 1987; Hakevy et
al., 1984; Neill, 1993). The cultural practices
and postharvest handlings also affect the
longevity and sensitivity to ethylene. High
temperature stress and water stress have been
known to predispose of plant to ethylene
action (Hsiao, 1979). Sensitivity factor of
tflower semescence is a function of growth
regulators; a short chain fatty acid in
pollinated carnations,

3.5 Water relation

Water relation in cut flowers is one of the main
factors affecting vase life (Halevy and Mayak,
1981). The rate of water loss is higher at higher
temperature and water uptake is higher at the
latter condition (Shvarts et al., 1997).
Transpiration rate and the capacity of the

_ Somveni
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flower tissue to retain water, as well as the
water uptake rate and transport, determine the
water balance in cut flower (Halevy and
Mayak, 1981; Van Doorn, 1997). Water relation
has been known to be influenced by high
vapor pressure deficit (VPD) by hastening the
transpiration rate, and subsequently by high
temperature raising the osmotic potential,
which is partly caused by the consumption
of respiratory substrate (Doi et al., 2000).

Plugging of xylem vessel clements of cut
flower is reported by the cause of metabolism
occlusion, microbial origin (Burdett, 1970,
Parups and Molnar, 1972), microbial
contamination (Zagory and Reid, 1986) and
the presence of air emboli in the vascular
system (Van Doorn, 1997). Air entering into
xXylem vessels of cut stem end at the time of
harvest and transport strongly inhibits water
uptake (van Meeteren and van Gelder. 1999).
The water balance of the cut flowers is the
relation between the capacity of the flower
for water uptake, water transport, and water
loss (Aarts, 1957). The range of water uptake
is the maximum for the first 12 to 48 h after
harvest, followed by a declining rate to
senescence (Carpenter and Rasmussen, 1973).
The influence of water uptake may not be
pronounced to flower life until exceeded by
water (ranspired from the flower,

Tap water in vase solution is resulted in
shorter vase life and influences efficacy of
chemicals used in the solution (Rogers, 1973:
Halevy and Mayak, 1981). On the contrary,
use of distilled water as the vase solution is a
common practice in postharvest studies of cut
flowers (Reid and Kofranek, 1980).

3.6 Postharvest treatments with chemical
_.preservatives in vasesolutions =
The use of preservative solution to promote
the quality and prolong the vase life of cut
flowers has been well known (Halevy and
Mayak. 1981). In general, flower preservatives
are composed of sugar, ethylene inhibitors
and germicides.



Sugars applied to vase solution; as substrate
for respiration and cell wall as well as
osmolytes; is effective in extending the vase
life of carnation cut flowers (Ichimura, 1998;
Paulin and Jamain, 1982; Koyana and Uda,
1994). Increase in beta—galactosidase activity
and reduction of cell wall galactose content
are closely associated with senescence of
flower petal in carnation (de Vetten and Huber,
1990). Effect of sugar on the extension of
carnation flower vase life is known to be
associated with improved water balance and
inhibition of ethylene production (Dilley and
Carpenter, 1975). Besides, expression of flower
color has known to be associated with
sucrose-induced anthocyanin biosynthesis
gene expression (Kenis et al., 198; Koyana
and Uda, 1994).

Low level of carbohydrates induces
endogenous ethylene production and
mcreases flower senescence (Fjeld, 1991).
Addition of sugar in vase solution increases
the flower longevity due to its action of
carbohydrate support and acts of osmotically
active molecule and subsequent water
relations (Kuiper et al., 1995). Increase in beta—
galactosidase activity and reduction of cell
wall galactose content is closely associated
with senescence and flower petal in carnation
(De Vetten and Huber, 1990).

Silver nitrate has long been suggested as an
additive to vase solutions for extending vase
life of ethylene sensitive flowers (Beyer, 1976),
and is attributed to inhibiting the action of
cthylenc. However, movement of silver ions
has been reported to be very slow in the stems
of cut carnations (Kofranek and Paul, 1976).
But, if the silver is present as the silver
thiosulfate complex (STS) (AgNO, and
Na § 0.5H,0); movement is improved and is
effective against the action of ethylene (Veen
and Geijn, 1978).

STS is well known as an effective pulse
treatment for extending the vase life of
carnation cut flower, that is attributed to
inhibiting action of ethylene biosynthesis and
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action of delaying the increase in membrane
permeability (Faragher and Mayak, 1984;
Sylvestre and Paulin, 1987) and inhibiting the
decrease in membrane fluidity (Faragher et al.,
1987). The effect of STS tor the inhibition of
autocatalytic ethylene action is known to be
through preventing ethylene from binding to
the receptor site (Veen, 1979; 1983). STS has
been reported to prolong the vase life by 15-
18 days as compared to 6-8 days in control.
The effect of STS on the vase life has been
found to be varied among the growers and
cultivars from 115-148 % and 115-128 %
respectively. The effectiveness of STS
increased with ageing of plant from 115 to 147
%. Recently, the effectiveness of ethylene
inhibitor; 1-MCP has been knowyp in extending
the vase life of carnation flowers (Serek et al.,
1994, 1995).

The use of mineral ions acts as germicides,
the most common and active of which is silver
ion (Ag™). Among various germicides, 8-
Hydroxyquinoline (HQ), mainly
hydroxyquinoline sulfate (HQS) and
hydroxyquinoline citrate (HQC) @ 200 to 600
ppm are the most commonly used germicides
(Ringe, 1972; Marousky, 1972, 1973). As a
broad spectrum bactericide and fungicide,
HQC has been found to reduce physiological
stem blockage, which is attributed to chelating
properties pf the quinoline ester (Marousky,
1972). Although HQS and HQC have little
effect on the flower longevity, they have
beneficial effect on water balance of flowers.
that is attributed to its effect on stomatal
closure (Stoddard and Miller, 1962) and
suppressing microbial growth. To some extent,
HQS delays ethylene emanation in carnation
flowers (Wilkins and Swanson. 1975).

4 CONCLUSION

Several factors have been known to influence
the postharvest life of carnation cut flowers.
These must be taken into consideration for
the adequate postharvest life and guahity of
the cut flower. The practice regarding the
postharvest management of carmation cut
flower is very poorly adopted in Nepal.
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Al;throp(;d and mséct pests of cultlvated

Roses in Kathmandu

ABSTRACT

Four sites. two under controlled cultivation
in poly-house and two openly cultivated were
selected from Kathmandu distriet to find
arthropod pests from January to December
2005. The main pests in the studied nurseries
were mites. aphids, beetles, and lepidopteran
larvae. The major pest in controlled nurseries
was Red spider mite Tetranvehus sp. The
arthropod pests in openly cultivated fields
included Rose colored aphid Macrosiphum
rosae, beetles Diamorpha dejani, Hespera
sp. and Popilia magnicolis. Likewise, larvae
of family Lymantridae were also found
damaging foliage of the rose plants in both
types of nurseries.

Key words: Nurseries, Rose, arthropods,
pests, mites, aphids, Kathmandu.

INTRODUCTION

Floriculture in Nepal is newly established
business. which has shown remarkable
development in last twelve years.
Consumption of floricultural product is
symbolized as civilization. The increasing
number of consumers and use of varieties of
flowers in urban areas has favored the growth
of this sector. Rose is one of the most
demanded flowers in Kathmandu having
hundreds of varieties. The vast majority of
rose species are deciduous but some are
evergreen which have been grown
throughout the vear in different agro- climatic
condition ranging from tropical to temperate
regions of Nepal. Commercialization of roses
in Kathmandu attracts farmers to import
varieties of roses from other countries. With
the increasing number of imported rose
varieties, farmers have faced difficulties to
maintain rose health for the high value price

Vinod K. Thapa and Prem B. Budha

in the market. The major concerned discases
of roses are downy mildew, powdery mildew
besides attack by borers, nematodes and leaf
miners. Arthropods and insect pests are one
of the major problems in floriculture business,
which is still ignored field of investigation.

Arthropods and insect pests are major concern
to human being due to their impact upon
dircetly related human economic activities.
Many commercial crops, vegetables, and
economic plants in agricultural fields and
nurseries do not give expected yield due to
damages done by a number of pest species.
Rose plants have been also attacked by a
number of pests. Mites, aphids, thrips, scale
inscets and lepidopteran larvae are some
important rose pests. But the species level
damage pattern by these pests is not yet
studied in Nepal. Red spider mite Tetranyvehus
urticae was reported as the main pest of roses
(Hole and Salunkhe, 2005). Mites are known
to migrate from various alternate hosts like
weeds to the main crops (Banerjee, 1971).

Aphids damage their host plants directly
through sucking their saps and also indirectly
acting as a vector for plant viruses
(Chakrabarti. 2006). Discolouration of leaves,
stunted growth and gall formation are some
symptoms of aphid infestation. However, there
are more than 177 species of aphids under 77
genera have been described from Nepal so
far (Thapa, 2000) but these specific impacts
on rose plants have underestimated in
floriculture business. The Himalayan region
as a whole is very high in endemic aphid fauna.
Almost 238 species of aphid are endemic to
the Himalaya (Chakrabarti, 2006). All these
species have been reported either from
agricultural crops or from herbaceous plants.
Species of rose aphids including other pests
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and their damage pattern have been
exclusively understudied in Nepal. Farmers of
rose gardens and nurseries have been worried
about damage done by these pests and apply
acaricides and insecticides to control mites
and aphids respectively. This paper aims to
provide information which arthropod and
insect species attack rose plants in
commercial cultivation. It will help concerned
authorities, business personnel, farmers and
other interested people in developing future
strategies in the floriculture business.

MATERIALS AND METHODS

Study Sites ;

The study was carried out from January to
December 2005 in four sclected rose
cultivation sites in Kathmandu district. Rose
plants cultivated in four nurseries: two
protected poly-house nurseries and two open
gardens were selected. Amar Nursery and Dr.
Zakir Husain Rose Garden are openly
cultivated rose fields located in Naikaap and
Kirtipur respectively. Protected nurseries were
The Standard Nursery (TSN), Bansbari, and
Fresh Flower Nursery (FFN). Chalnakhel.

Arthropods and insect pests were collected
from both protected and open fields by hand
picking the large specimens, brushing the
affected plant parts in Petri dish and by using
insect sweeping net. The pests large enough
to be seen by naked eyes were collected by
handpicking method with the help of forceps.
Specimen like aphids and mites, which occurs
in clusters, was collected by using soft brush
and also by knockdown process. Sweep net
was used for collecting flying insects. All the
collected specimens were preserved in 70%
alcohol with few drops of glycerin added in it
to avoid evaporation of preservatives and
counted either with naked eye or under stereo
binocular microscope in lab. All sorted
specimens were numbered and kept in well-
labeled separate vials. Adult insect was then
killed by putting them in the killing jar

containing cotton soaked in carbon
tetrachloride. They were stretched by putting
them in the setting board. Collected
specimens were identified up to species level
at National Agricultural Research Council
(NARC), Khumaltar, Natural History Museum,
Swoyambhu, Kathmandu and the Central
Department of Zoology, Tribhuvan University
(CDZ/TU), Kirtipur consulting experts and
using literature (Borror and Delong, 1971;
Gupta, 1985; Sharma. 2000).

The caterpillars found as pests were reared in
the lab feeding them regularly with fresh rose
leaves till they reached pupation in the rearing
cage. Pupal stages were kept in the lab till the
adult insect emerged out and identified.

The microscopic species were photographed
by a digital camera NIKON D50 fitted with a
stereo binocular microscope supplied with
light at the Center for Biological Conservation
Nepal, Kirtipur.

RESULTS AND DISCUSSION

Altogether 15 species of arthropods and
insects were reported during the study that
included 2 species of aphids, 8 species of
beetles, 3 species of moths, 1 species of red
spider mite and one nymphal stage of Ixodid
tick (Table 1). The highest diversity of pests
was reported from DZHRG, Kirtipur but the
least reported from FEN, Chalnakhel. The
major rose pests were Rosy aphid
Macrosiphum rosae and Red spider mite
Tetranychus sp. They were reported in both
open gardens as well as in the polyhouse
nurseries. Tetranychus sp. and M. rosae were
previously identified as the pest in rose plants
(Gupta, 2003; Sharma, 2000). There were hi ¢h
number of beetle pests found in openly
cultivated rose garden in addition of the
aphids, thrips and mites. Evans (2001)
reported aphids, thrips, scales in open
cultivation of rose plants in Kathmandu and
their cultural and chemical methods for
controlling diseases and insect pests
particularly aphids, thrips and scales.

































































































































