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ABSTRACT: The classic bulbous perennial gladiolus, or Gladiolus grandiflorus L., is native to South
Africa and is a member of the Iridaceae family of flowers. It is a monocot plant with about 150 species
currently recognized. Gladiolus can be cultivated in a broad variety of soil types, from light sandy to clay
loam, and in a wide range of weather conditions. The natural proliferation of new corms and cormels is the
usual method of propagation. Gladiolus flower output quality is influenced by planting depth and timing.
For this crop, a 50:60:60 kg NPK fertilizer dose per acre combined with 10 MT FYM works well.
Irrigation schedules can be made to prevent nutrients from seeping into deeper soil layers while also taking
into account the rooting area. Using herbicides on crops, such as pre- and post-emergence treatments,
allows for cost-effective weed management and boosts output. When it came to reducing the number of
insect pests, neem seed kernel at 200 gm/L water plus Trichogramma evanescense at 0.5 gm/ 6 sq. m proved
to be more effective than the other treatments. One of the main culprits of gladiolus yellowing and corm
rot is the soil-borne fungus Fusarium oxysporum f.sp. gladioli. Depending on the cultivars and season,
gladiolus spikes can be harvested 60-100 days after planting. Additionally, it has been found that GA3
delays the proteolysis linked to senescence and wilting. By preserving protein and cellular integrity,
cytokinin can also postpone petal senescence. By enhancing membrane integrity and postponing the
peroxidation of membrane lipids, postharvest treatment of cut flowers with benzyl adenine (BA) prolongs
the vase life of the flowers. Gladiolus spike and corm yields are influenced by cultivar, corm size, planting
density, and management techniques. As a result, some 80,000 spikes would be produced per acre.
Depending on the cultivar, planting depth, and other factors, the yield of cormel varies between 1.5 and 2.5
quintals per acre.
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INTRODUCTION

Gladiolus (Gladiolus grandiflorus L.) is a classic
bulbous perennial flower belongs to the family
Iridaceae. with its origin from South Africa. The history
of gladiolus cultivation dates back to 2000 years, when
some species commonly known as ‘corn lily' were
grown in parts of Asia Minor. The word gladiolus is
derived from the Latin word gladius meaning a sword,
because of the sword like leaves, of this plant.
Therefore it’s also known as ‘Sword lily’. Its wide
variety of shades, erects spikes and large-sized blooms
plus greater keeping quality makes it suitable to adorn
for a room decoration and bouquet. It is monocot plant
having approximately one hundred and fifty known
species (Negiet al., 1982). It grows best on a site in
sandy loam soil with bright sun. It is the only flower
crop which was accepted in European countries when
grown in open field conditions. Hence as a cut flower, it
has great potentially for export to European countries
during winter months to earn valuable foreign exchange
for the country (Mahadik et al., 2017).
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Its magnificent inflorescence with florets of dazzling
colours, varying forms and sizes and long keeping
quality makes it an attractive cut flower. The gladiolus
is perfect for floral arrangements as well as gardens.
The florets have a good keeping quality of cut spike
because they open sequentially over an extended period
of time. It works great in pots and looks great cut. It is
also a great choice for beds and herbaceous borders.
Over 11660 hectares of gladiolus are planted
nationwide, with an estimated 106 crore cut flowers
produced (Kadam et al., 2014). It occupies fifth
position in the international floriculture trade (Sharma
and Sharma 1988). It is occasionally used for
landscaping and is used commercially for cut flowers.
Gladiolus came in third place among cut flowers in
terms of area and production. The states of Uttar
Pradesh, West Bengal, Odisha, Chhattisgarh, Haryana,
and Maharashtra are the main producers of gladioli in
the nation. According to Kadam et al. (2014), gladiolus
is also grown in states like Uttarakhand, Karnataka,
Andhra Pradesh, and Sikkim. Even though gladiolus is
primarily a winter flower crop, it may be produced all
year round in regions with temperate climates.
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BOTANICAL DESCRIPTION

Gladiolus has a herbaceous stem with slender, linear
leaves that are sheathed at the base and flattened at the
sides. According to Hutchinson (1959), the flowers are
actinomorphic, bisexual, have three stamens on their
perianth, and an entirely inferior ovary. The term
"corm" refers to the underground stem used by
gladiolius as a propagation medium that stores
nourishment. Until growth picks back up once the
spring rains start, the corm can sustain the plant while it
is dormant. Every year after being planted, gladiolus
corms shrivel and die, yet on top of them, they develop
a new daughter corm. On the upper surface of the
daughter corm, from which the new plant emerges the
next year, the buds form. Old leaves cover the corm;
their bases are thin and dry. Husks are these papery
leaves. The husks come together to form a point at the
top by overlapping each other. Little new corms known
as cormels or cormlets are formed from the base while
the new daughter corm forms on top of the old one. The
main way gladiolus are propagated are through these
corms and cormels. Typically, cormels are categorized
into three sizes: large, measuring more than 1.0 cm in
diameter; medium, measuring 0.5 cm to less than 1.0
cm; and small, measuring less than 0.5 cm. The
initiation of the flower spikes marks the beginning of
the cormel development. Cormels form as the spikes
reach full bloom. Following flowering, the cormels
continue to enlarge as the photosynthates point
downward (Hartmann et al., 1981).

TAXONOMIC POSITION

¢ Kingdom: Plantae

o Sub-kingdom: Tracheobionta
 Division: Magnoliophyta
o Class: Liliopsida

o Sub-class: Lilioideae

o Order: liliiales

o Family: Iridiaceae

o Sub-family: Crocoideae
e Tribe: Gladioleae

o Genus: Gladiolus

o Species: 226 species
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Fig. 1. Morphological representation of Gladiolus plant
(Hartman et al., 1990).
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ADAPHOCLIMATIC REQUIREMENTS

Gladiolus is extensively cultivated in numerous tropical
and subtropical countries worldwide, thriving in a
diverse range of climatic conditions. It can be
successfully grown from low plains to elevations as
high as 2500 m. The climatic factor plays a crucial role
in the growth and development of gladiolus. Ideally, a
mild climate is favorable for its cultivation, while
excessively hot or cold conditions can be detrimental.
Gladiolus thrives in sunny environments, requiring a
minimum of 80% sunlight for optimal growth and
flowering. However, it is essential to ensure the
planting site is sheltered from strong winds, and
constant humidity is discouraged to prevent pathogen
attraction.

According to Shillo et al. (2005), high temperatures can
indirectly harm gladiolus by affecting plant water
balance. Direct damage from high temperatures occurs
during the period from planting to the first leaf stage,
with  reduced soil moisture impeding plant
development. The stages immediately after planting and
just before spike sprouting are particularly sensitive.
Khan et al. (2008) study yielded similar findings,
indicating that planting in January significantly
increased bulb survival percentages.

Gladiolus exhibits adaptability to a wide range of soils,
from light sandy to clay loam, although it thrives best in
deep (at least 30 cm), well-drained, friable soils
enriched with organic matter and nutrients. The pH
level should be slightly acidic within the range of 5.5-
6.5. In light and sandy soils, the application of well-
rotted organic manure is recommended, while in heavy
soils, the addition of sandy soil can enhance soil texture
(Begum et al., 2007).

PROPAGATION

Commercially, gladiolus propagation primarily relies
on corms, serving the dual purpose of producing
flowering spikes and generating additional corms. As a
cormous  plant, gladiolus undergoes  natural
multiplication through the formation of new corms and
cormels (Hartman et al., 1990; Ziv & Lilien-kipnis
1990). In a typical cycle, a mother corm produces a new
daughter corm each season, accompanied by several
cormels. These cormels require three to four seasons to
reach a size suitable for flowering.

Corms are typically categorized based on their
diameter, with the size directly influencing the length of
the floral stem (spike). Generally, corms with a
diameter of 2.5 cm and above are preferred for planting
to achieve optimal flowering, while smaller ones are
used for corm multiplication. A medium-sized corm
with a high crown is considered superior to a flat, larger
corm. Therefore, selecting high-quality, appropriately
sized corms free from pathogens is crucial for
successful planting. Some flower growers also choose
to import corms from European countries.

16(1): 197-204(2024) 198



|
|
‘ [ |=— Flower stem - Old flowering

||/=‘

Remnants l I// Sheath leal et xmes\ %\ New buds
of tunic \
{loaf bases) New covm developing /f' ‘\ New

| \\\ flowering
/ / /I\\\ corm
N4 ”F\
Ny / >Y‘ - Node )\ Co mols
} - \ 2, k
4/ Floshy,
}/"3 """ L comracnlc Q ‘3‘0
S %> /
Lateral Duﬂs W\ Cor mels _r»\flr/ Q\\"
/4
Basal, md orm !'//‘
' old
branched "
oo Olg (primary) roots  cony 2ote

root

\

-

Fig. 2. Detailed structure of corm and cormal (Hartman
et al., 1990).

The insufficient supply of planting material is attributed
to the slow rate of multiplication and a high percentage
of corm spoilage during storage (Singh & Dohare
1992). Additional challenges include the physiological
dormancy of corms and cormels, lasting for 4-5
months, and the occurrence of corm rot during storage
(Priyakumari & Sheela 2005). To address these issues,
corms and cormels undergo treatment with a hot water
solution before storage, effectively eliminating latent
fungi, insects, and nematodes (Larson, 1992).

LAND PREPARATION AND PLANTING

# Ploughing. The initial ploughing, done two months
prior to planting, reaches a depth of 30 cm and is left
untouched. Approximately 2-3 weeks before the actual
planting, a second ploughing takes place, followed by
rolling to achieve a finely textured soil. The field is
then divided into smaller sections to ensure uniform
leveling of the land and facilitate irrigation. Drainage
channels are also incorporated to efficiently remove any
excess water.

¢ Spacing and Plant Population. The most common
way to plant gladiolus is in ridges and furrows, with a
30 cm spacing between ridges and a 15 cm spacing
between corms inside the ridge. The size of the plot and
the ease of intercultural activities can be taken into
consideration while determining the length of the
ridges. Alternatively, rather than planting in pre-formed
ridges, planting can be done on the surface and then
covered with earth. In this situation, additional earthing
up at a later time becomes necessary. For planting in an
area of one acre, 80000 corms would be needed based
on the recommended spacing.

+ Time of Planting. Normally, gladiolus is cultivated
during the winter season. Nevertheless, in areas with
mild climate, it can be planted throughout the year,
except for the summer months when the risk of sunburn
is high. Implementing a staggered approach to planting
corms enables a constant yield of flower spikes.
Continuous year-round planting provides farmers with
the opportunity to harvest three gladiolus crops in a
span of two years. However, the current plan assumes a
single crop cycle per year with staggered planting.

The timing of planting significantly influences the
growth and quality of gladiolus, as emphasized by
Khan et al. in 2008. Proper planting schedules,
satisfying consumer demands, contribute to enhanced
vegetative growth and improved quality of gladiolus, as
note by Zubair et al. (2006). Planting schedules vary
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due to differences in photoperiods, temperatures, and
light intensity. Talia and Traversa (1986) reported that
optimal-sized gladiolus corms were obtained from
plantings in February and March. Maximum spikes per
plant were achieved from April to May plantings, while
the highest number of corms per tuberose plant was
observed in March and April plantings (Mukhopadhyay
and Banker 1981).

With early planting, days to sprouting were 20 and with
late planting, days to sprouting were 12 (Arora and
Sandhu 1987). The same result was also observed by
Hong et al. (1989), who reported that a delay in
planting decreased the number of days to sprouting. Ko
et al. (1994) mentioned that earlier planting produced
larger corms and longer stems.

+ Depth of Planting. Corms and cormels are placed in
rows with their bases down and covered with soil
during planting. Shallow corm planting tends to yield
more cormels but may lead to lodging in regions with
strong winds. The recommended depth for planting is
ideally in the range of 7-10 cm. Various factors,
including the size of corms and cormels, planting depth,
and timing, play a crucial role in influencing the quality
of gladiolus flower production (Arora and Khanna
1990).

Fig. 3. Gldilous field in ridge and frow system of
planting (Khan et al., 2008).

CULTURAL PRACTICES

+ Fertilizer Application. The application of organic
manure is crucial for both flowering and corm
development in gladiolus. However, excessive use of
manure resulted tall and slender flower spikes. The
assumed manurial dosage includes 10 metric tons of
Farm Yard Manure (FYM), along with 50:60:60
kilograms of Nitrogen (N), Phosphorus (P), and
Potassium (K) per acre. Additionally, 5 kilograms of
Zinc have been considered in this application. This
balanced approach to organic manure application aims
to promote healthy growth without negatively affecting
the structure of the flower spikes.

Vermicompost serves as an excellent organic matter
source, providing both macro- and micronutrients to
plants while enhancing the physical, chemical, and
biological properties of the soil (Sinha and Sunil 2009).
Growers often opt for the supplementary and
complementary use of both organic manures and
inorganic chemical fertilizers as an alternative approach
for sustainable production and to preserve soil health
(Singh and Pandey 2006). This combined use aims to
ensure a balanced and comprehensive nutrient supply to
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plants while promoting overall soil fertility and
resilience.

Insufficient and unbalanced application of inorganic
fertilizers, coupled with limited use of organic manures,
can have negative impacts on plant growth and yield
(Singh et al., 2011). Prolonged reliance on chemical
fertilization has been associated with reduced yield,
degradation of soil health, water pollution, and an
increase in disease and pest infestations, (Okwuagwu et
al., 2003). To promote optimal yield and produce
quality, it is essential to provide plants with a balanced
combination of both organic manures and inorganic
fertilizers in adequate amounts.

Cultivars that exhibit rapid growth, resulting in large
plants and flower spikes, tend to respond more
positively to fertilizer applications compared to those
with lower vigour, producing smaller plants and spikes,
as observed by Woltz (2001). Interestingly, smaller
corms have a greater fertilizer requirement than larger
corms, primarily due to their reliance on stored reserves
and, in part, the increased feeding capacity of the
extensive root system produced by larger corms (Pal,
2000).

Potassium is a crucial nutrient essential for the growth
and development of the gladiolus crop. Plants that
receive potassium supplementation tend to display
enhanced vegetative and reproductive growth (Yasin et
al., 2018).

¢ Growth Regulator. Changes in the carbohydrate
status of the petals are associated with the senescence
process in cut flowers, which is regulated by hormones
(Mayak et al., 1972). Gibberellic acid or cytokinin can
be used to prevent or postpone petal senescence (Reid
and Serek 1997). Furthermore, wilting and proteolysis
associated with senescence have been observed to be
delayed by GA3 (Eason, 2002). By preserving proteins
and cellular integrity, cytokinin can also help postpone
petal senescence (Whitehead, 1994).

Cut flowers treated with benzyl adenine (BA) after
harvesting are known to have longer-lasting blooms due
to increased membrane integrity, delayed membrane
lipid peroxidation, and decreased ion leakage
(Elanchezhian and Srivastava 2000). The amount of
carbs in flowers has also been linked to how long cut
flowers last (Mayak and Halevy 1981).

¢ Irrigation. Adequate soil moisture is crucial at the
time of planting to eliminate the need for watering until
sprouting. The frequency of irrigation is significantly
influenced by the soil type and prevailing weather
conditions. In warmer weather, it is recommended to
irrigate twice a week, whereas during winter, this
frequency can be reduced to once a week. After the
harvest of flowers, it is advisable to decrease the
amount of watering. Providing irrigation at least 4-7
days before lifting the corms, depending upon weather
conditions, facilitates the easy and effective lifting of
both corms and cormels.

To achieve high-quality flowers, providing sufficient
water when needed. Optimal irrigation practices can be
determined by considering the rooting area while being
cautious to prevent nutrient leaching into deeper soil
layers (Raina et al., 1999, 2002, 2011). Drip irrigation
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is often preferred over other methods due to its high
water-application efficiency, minimizing losses from
surface evaporation and deep percolation. The frequent
application of water through drip irrigation helps
maintain manageable concentrations of salts in the
rooting zone, (Mantell et al., 1985). Howell (1972)
mentioned that water requirements are lower in heavy
soils because they can store water for a longer duration.
¢ Weeding. In the ridges and furrows system, earthing
up or hilling can be performed when the shoots reach
approximately 20 cm in height. This helps in keeping
the plants upright and prevents the exposure of corms.
For surface planting systems, earthing up is typically
done at the fourth leaf stage of the plants. Weeding is
generally conducted at the two-leaf and four-leaf stages.
The practice of close planting can eliminate the need
for staking, but weeding and staking activities may be
undertaken as deemed necessary throughout the growth
period.

The application of herbicides, including both pre-
emergence and post-emergence treatments on crops, is
an effective strategy for economic weed control,
leading to increased productivity (Taj et al. 1986).

Igbal and Cheema (2008) observed a reduction of 75%
to 88% in purple nutsedge (Cyperus rotundus)
compared to the untreated control when using S-
metolachlor as a pre-emergent herbicide. Similarly,
Cheema et al. (2003) reported a 58% to 71% inhibition
of Cyperus rotundus with reduced rates of S-
metolachlor compared to the control. In contrast,
Magbool et al. (2001) found that while Pendimethalin
and S-metolachlor were both applied as pre-emergent
herbicides, Pendimethalin was not effective against
Cyperus rotundus, whereas S-metolachlor effectively
controlled this weed.

According to Marwat et al. (2008), Pendimethalin has
been found to be highly effective in controlling
Melilotus indica. Shehzad et al. (2012) reported that
various herbicides, including pendimethalin, were
successful in effectively managing Melilotus indica.
Zubair et al. (2009) mentioned that pre-emergence
applications of Stomp were also effective in controlling
Melilotus indica.

+ Staking. Staking or providing support for gladiolus
flower stalks is essential to prevent them from bending
or becoming deformed during summer storms. This
practice ensures that the plants remain upright despite
high winds and rains, and it also helps in suppressing
weed growth. For light soils, it is necessary to mound
up or "earth up" the soil around the plants. In situations
where spikes grow longer or the stems are not strong
enough to withstand lodging or mild wind impacts,
additional support is provided using strong stakes,
typically around 1.5 meters in height (Safeena et al.,
2014).

PROBLEM ASSOCIATED WITH SPROUTING
AND FLOWERING

One of the main obstacles to the commercial cultivation
of gladiolus is its dormancy, which prevents it from
being produced all year round to provide a consistent
supply of flowers and corms to the markets. According
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to Priyakumari and Sheela (2005) the dormancy of the
corms and cormels is major problem in sprouting which
leads to no flowering. Dormancy is influenced by
temperature when corms are stored: A greater
temperature increases dormancy, whereas a lower
temperature decreases it (Denny, 1936). Loss of
sprouting or corm dormancy may be induced by water
stress as well as by high temperature, or both (Zieslin
and Geller 1983). Corms cured for long periods at high
temperatures (25-27 °C) produced less vigorous plants
and inferior flowers because of dehydration (Magie,
1968). Apte (1960); Post (1952) also mention the
specific effect which temperature has on winter
flowering and they state that flower failure in
glasshouse grown gladioli in winter is due to a
combination of low light intensities, short days and
high temperature. Corm and cormels are typically
planted in order to propagate gladiolus. The size of the
corm utilised during planting directly affects the
cormel, corm, and gladiolus flower production. Smaller
sizes of the corms are poor yielder, and larger sized
corms add in cost of cultivation (Singh, 1992). Pereira
et al. (2009) mentioned that gladioli are quite
susceptible to water shortage, resulting in uneven,
shorter, and low quality flower stems. Fusarium is one
of the most common, abundant, and significant genera
of microfungi that are carried by soil. Corms and
cormels is greatly affected by Fusarium corm rot and
high percentage of spoilage of corms during storage
(Sinha and Roy 2002; Riaz et al., 2010).

PESTS AND DISEASES

The plant is susceptible to attacks from aphids, thrips,
cutworms, mites, loopers, and seed corm maggots,
leading to significant damage. Gladiolus is also prone
to various diseases such as Fusarium rot, spongy rot,
neck rot, leaf spot, and viral infections. The application
of  Sevin/Malathion and Chlorpyriphos at a
concentration of 0.2% has proven to be effective in
controlling these pests. To manage fungal diseases, the
use of fungicides like Dithane M-45, Captan, Bavistin,
etc., is recommended. In the case of viral infections,
affected plants should be promptly uprooted and
destroyed as a preventive measure.

The combination of Neem seed kernel at a
concentration of 200 gm/L water along with
Trichogramma evanescense at 0.5 gm/6 sg. m
demonstrated superior efficacy in reducing the
population of insect pests compared to other treatments.
Following closely in effectiveness was Neem oil at 3
ml/L  water in combination with Trichogramma
evanescense at 0.5 gm/6 sg. m, applied at a 7-day
interval. Thus, among the various management
approaches evaluated, the use of Neem seed kernel @
200 gm/L water with Trichogramma evanescense @
0.5 gm/ 6 sg. m, as well as Neem oil @ 3ml/L water +
Trichogramma evanescense@ 0.5 gm/ 6 sq. m at a 7-
day interval, were identified as effective strategies to
combat insect pest infestations in gladiolus.

Fusarium oxysporum f. sp. gladioli, a soil-borne
fungus, is a primary factor leading to yellowing and
corm rot in gladiolus, as indicated by studies conducted
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by Buxton (1955); Nelson et al. (1981); Dallavalle et
al. (2002). Chen et al. (1994) reported Fusarium
oxysporum and F. solani as the agents responsible for
root rot in gladiolus from Shanghai, China. These same
fungal species were identified by Tandon and Bhargava
(1963), as well as Sarabhoy and Agarwal (1983), as the
causative organisms behind yellowing and corm rot
issues in gladiolus.

HARVESTING AND POST- HARVESTING

The harvesting period for gladiolus spikes typically
ranges from 60 to 120 days after planting, depending on
factors such as the variety, corm size during planting,
and the prevailing season. Optimal harvesting occurs
when the spikes are in the tight bud stage, displaying
one to five florets with coloration, and the plant has at
least four leaves, facilitating the development of corms
and cormels. For instance, if corms are planted in
September, the harvesting of spikes would commence
from  November/December and extend through
January/February. The frequency of harvesting should
be adjusted based on factors such as plant/spike growth,
market demand, and prices. Corms are lifted post-
maturity, typically when approximately 25% of the
cormel sturns brown color, and the leaves start turning
yellow and drying. The process of corm maturity takes
about one and a half to two months after flowering.

NS WA
Fig. 4. Gladiolus spike ready for harvesting for local
market (Rubinstein, 2000).

The harvesting time for gladiolus spikes ranges from 60
to 100 days after planting, and this duration is
influenced by factors such as the specific cultivar and
the time of the year (Jenkins, 1963; Jenkins et al.,
1970).

Fig. 5. Gladiolus spike ready for harvesting for distant
market (Rubinstein, 2000).

16(1): 197-204(2024) 201



POST HARVEST HANDLING

¢ Vase life. Calcium concentration significantly
influenced the vase life of gladiolus spikes. The
calcium increases the self-life of cut flowers by
preventing the cellular membrane from deteriorating
(Torre et al., 1999; Rubinstein, 2000) by preventing
free radicals from damaging the cell membrane
(Agarwal et al., 2005; Sairam et al., 2011; Singh et al.,
2013). Gerbera, rose, and gladiolus flowers undergo
calcium treatment to prolong vase life (Gerasopoulos &
Chebli 1999; Ahmad et al., 2011; Capdeville et al.,
2005; Sairam et al., 2011).

By storing the spike at 4°C for 48 hrs with cellophane
wrapped enhanced vase life compared to newspaper
wrapping in, due to decline water loss and a buildup of
more relative humidity inside the cellophane packages
(Beura and Singh 2003).

The Al»(SO4)s increases the vase life as well as the
fresh weight (percentage of initial) of the cut flowers by
preventing micro-organisms growth in xylem vessels of
the cut flower stems and maintained uptake of water
and becomes more effective when sucrose are mixed
with it (Pun and Ichimura 2003).

YIELD. The production of spikes and corms in
gladiolus is influenced by factors such as the cultivar,
corm size, planting density, and management practices.
Consequently, the yield per acre is estimated to be
approximately 80,000 spikes. Cormel yield ranges from
1.5 to 2.5 quintals per acre, depending on factors like
variety and planting depth. Although cormels can be
sold at a rate upto Rs. 300 per kg, in the present
scheme, earnings from cormels have not been
considered, as sustained sale of cormels may not be
possible considering the existing area and likely area
expansion under gladiolus.

CONCLUSIONS

This review paper summarises the scientific cultivation
practise of Gladiolus to maximise the yield and quality
of the flowers keeping in view about environment
sustainability, as this occupies a promising position in
the cut flower market both in national and inter-national
market.

FUTURE SCOPE

The cultivation practise discussed in this paper can be
used commercially to increase the production and
productivity by the farmers. Along with this, further
research can be taken up in form of organic trial aiming
at the good production pace.
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