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Abstract: Gladiolus is commonly propagated from corms. The multiplication rate of corms is low
and to increase the propagation rate, we examined a combination of apical bud removal and the
application of growth regulators. The experiments were conducted in two varieties, ‘Rose Supreme’
and ‘White Prosperity’, and over two seasons. The apical buds on the planting corms were either
removed or left intact before the same corms were soaked in a suspension with either 100 ppm of
benzyladenine (BA), 100 ppm of gibberellic acid (GA3), or pure water. The results showed that apical
bud removal increased the number of corms and shoots. GA3 had limited the effect on corm and
shoot production, but instead resulted in increased total leaf area and leaf weight per shoot. BA, on
the other hand, increased the number of corms and shoots. Overall, the removal of the apical bud
plus application of BA increased the number of corms and shoots but reduced the average corm
diameter and leaf weight per shoot. This was clearer in ‘Rose Supreme’ than in ‘White Prosperity’.
To maximize flower production for the coming season, farmers need to produce a high number of
planting corms, but they also need to balance this with a sufficient corm size and the production
of flowers of good quality. The application of growth regulators in combination with apical bud
removal should be fine-tuned to avoid a situation that leads to the production of too many small or
too few large corms.

Keywords: apical dominance; benzyladenine; corm; flowering; gibberellic acid; growth regulator;
propagation; quality

1. Introduction

Gladiolus as a genus (family Iridaceae) contains species that are widely cultivated for
their flowers and are popular as cut flowers, garden flowers, and pot plants. Gladiolus
grandifloras, hereafter termed gladiolus, is the main species from where modern hybrids are
bred. The species and its wild relatives are native to South Africa but are also found wild in
the Mediterranean region [1,2]. Gladiolus is a global commodity and is in the eighth highest
position in the world cut-flower trade [3]. It is cultivated all over the world, with major
producing countries such as the USA, Holland, Italy, France, Poland, Bulgaria, Brazil, India,
Australia, and Israel [4]. In addition, Japan, China, and India also have large production [5].

Commercially, gladiolus is propagated by the natural multiplication of corms and
cormels [4,6]. However, the multiplication rate is low, which restricts the production. We
have seen different strategies used to overcome this problem. Breeding new cultivars with
a more rapid multiplication rate is one, and in vitro propagation is another. However,
breeding takes many years and in vitro is costly [6,7]. Therefore, we suggest examining if
current cultivation practices could be modified, e.g., by using growth regulators and apical
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bud removal to speed up the multiplication rates. From the literature, it is known that
several practices could influence the results, such as the division of corms [8], removal of
flower spikes [8,9], manual removal of apical buds [8], growth regulators application [10,11],
and combined growth regulators and leaf regulation practices [12]. Memon et al. [6]
suggested that dividing the corm is the best method to increase the number and size of
daughter corms, while others recommended growth regulators [13–15]. We saw no studies
on the combined effect of growth regulators and the removal of apical buds.

Therefore, the current study aims at examining the effects of apical bud removal
coupled with the use of benzyladenine (BA) or gibberellic acid (GA3) as growth regulators.
This was examined in two gladiolus cultivars, ‘Rose Supreme’ and ‘White Prosperity’. As
the trade-offs are important for farmers, in addition to corms and cormels, we studied the
effects on various leaf and flower variables.

2. Materials and Methods

Field trials were conducted to examine the effects of apical bud removal combined
with growth regulators on two gladiolus cultivars. Gladiolus has a typical geophytic nature,
with corms as the main storage and propagation organ (Figure 1). On the nodes of the
corm, several axillary buds are found. Due to apical dominance, only a few axillary buds
will produce shoots and subsequently form one or two daughter (new mother) corms. In
addition, several small corms (cormels) are produced in clusters between the mother and
daughter corms, but these require about 3–4 seasons to produce mature corms depending
on the size of corms or cormels, their variety, and the growing conditions [16,17].
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Figure 1. The reproductive phase of ‘White Prosperity’ gladiolus treated with BA at 100 ppm +
removal of the apical bud. From top to bottom: base of three shoots, new corms, cormels, single leaf
cormel, contractile roots, and fibrous roots.

2.1. Treatments and Experimental Design

Three factors were examined: (1) apical bud removal (removed or not removed),
(2) growth regulators (BA, GA3, or no growth regulator), and (3) variety (‘White Prosperity’
and ‘Rose Supreme’). The two varieties were selected as they are well-known to growers.
‘Rose Supreme’ has pink flowers and ‘White Prosperity’ has white flowers with dark pink
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streaks on the petals [18]. For each variety, two groups of corms were prepared. In the
first group, each corm was removed from the apical bud (R). Corms from the second
group were left intact (non-removed apical bud, NR). The corms were then soaked either
in a solution of benzyladenine (BA) or gibberellic acid (GA3), each at 100 ppm for 24 h
(in early December). The control corms were dipped in distilled water at the same time.
The concentration of growth regulators in the soaking solutions were selected based on
previous results [11,19]. We used uniform-sized corms for both varieties and all treatments:
all 1.9–2.5 cm in diameter (small corms, No.4) and imported from Agro Trading Company
B.V., Holland, through a nursery in Egypt. The experiment was laid out as a randomized
complete block design with three replicates per treatment. The same experiment was
repeated over two seasons (2019/20 and 2020/21) under open field conditions.

2.2. Field Management

The research was carried out at the Experimental Station of the Horticulture Depart-
ment, Faculty of Agriculture, Kafrelsheikh University, Kafr El-Sheikh, Egypt, (Latitude:
31◦6.3792′ N, longitude: 30◦56.5184′ E). The soil texture at the site was classified as a
clay loam with 1.6% organic matter. The pH was 7.3–7.5 and the electrical conductivity
was 1.4 dSm-1 during the first year and before planting. The total nitrogen content in
the soil was 0.52%, the available phosphorus was 11.8 ppm, and the available potassium
was 17.0 ppm. The climate of the region was typically Mediterranean, i.e., with mild and
rainy winters and dry and hot summers. The maximum and minimum monthly mean
temperature (recorded during the years of the experiment at the nearest meteorological
station, Sakha) were 27.3 and 15.9 ◦C (November), 21.4 and 11.3 ◦C (December), 19.6 and
8.8 ◦C (January), 21.6 and 9.3 ◦C (February), 24.8 and 10.7 ◦C (March), 28.6 and 12.9 ◦C
(April), 35.2 and 17.6 ◦C (May), and 40.0 and 20.6 ◦C (June), respectively. The light intensity
at noon was averaged to 50 klx (measured with a light meter, ST-85 Auto-range illuminance
meter, Beijing, China).

The field was prepared by well-decomposed farmyard manure that was applied before
land preparation at the rate of 5 kg per plot and mixed well into the soil. Corms were
planted at the depth of 7–8 cm at 15 cm intervals and with 4 rows on a ridge furrow with a
width of 60 cm. One plot was 60 cm × 100 cm and contained 24 planted corms. Between
each plot we placed a row of border plants as guards.

Irrigation was supplied at regular intervals—7–10 days—by a drip irrigation system
to keep the soil moist but not flooded. Twelve grams per plot of additional fertilizer,
Kristalon NPK 19-19-19 (Yara, Norway), was applied once monthly when the emerging
was completed (in mid-December) until mid-April. Furthermore, other cultural practices,
including hand weeding and pest and disease control, were taken up whenever necessary.

2.3. Plant Measurements and Sampling Methods

Three plants were sampled per plot and plant height was measured from the base of
the plant to top of the upper floret (at basal florets that showed colors). The fresh leaves
weight per shoot (g) and total leaf area per shoot (cm2) were measured with a CI-202 laser
area meter (CID Bio-Science Inc, Camas, DC, USA). The number of florets per spike were
determined with only the main spike when more than one occurred on a plant. The corms
were harvested during June–July at maturity, 65–70 days after spikes harvest. Following the
North American Gladiolus Council [20], corms and cormels were classified into three broad
groups based on their diameter, namely flowering stock corms (above 2.5 cm), planting
stock corms (1.5–2.5 cm), and cormels (below 1.5 cm). Flowering stock corms are used for
getting the flower spike of a standard size, while planting stock corms are used for the
propagation of flowering size corms.

2.4. Statistical Analysis

Data analysis was carried out in R [21]. The data were surveyed using the R function,
summary() and boxplot(). Outliers were identified but not removed. Using ANOVA, the
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main effects and all two-way interactions of the factors, season, variety, growth regulators,
and apical bud removal, were analyzed. Several of the interactions were highly significant
and we combined the interactions into new single factors for further analysis. Tukey’s mul-
tiple comparisons of means at a 95% family-wise confidence level and Duncan’s Multiple
Range Tests were conducted on significant factors.

3. Results

A set of variables was recorded and an overview of the range of measured variables
from our study is provided in Table 1. We saw a great span from the lowest to the highest
value in most of the variables; for example, in the diameter of the flowering stock corms,
which varied from 1.9–6.2 cm and the weight varied from 9.7–33.0 g. We first analyzed the
results to find the effects of each of the three main factors: (1) variety, (2) growth regulators,
and (3) apical bud removal. Illustrations of these results are presented as sets of boxplots. A
boxplot is a visual illustration where the box is defined by a lower and an upper percentile
in which 75% of the observations are found. Within the box, the marked line defines the
median value, and outside the box, the whiskers and small circles show observations far
from the median and outside the 25% and 75% percentiles.

Table 1. Variables with detailed descriptions and the observed ranges as detected in our study
(minimum and maximum values).

Variables with Descriptions Range

Flowering stock corms variables

Number of flowering stock corms per plant 1–3

Diameter of flowering stock corm (cm) 1.9–6.2

Fresh weight of flowering stock corm (g) 9.7–33.0

Planting stock corm variables

Number of planting stock corm per plant 7.0–26

Fresh weight of planting stock corm (g) 6.0-19.6

Cormels variables

Number of cormels per plant 69–183

Vegetative and floral variables

Total leaf area per shoot (cm) 278–630

Fresh weight of leaves per shoot (g) 20.1–62.7

Plant height (cm, at flowering) 57.3–126.7

Spike diameter (mm) 5.2–12.5

Number of spikes per plant 1–2

3.1. Variety

Two varieties, ‘White Prosperity’ and ‘Rose Supreme’, were included in the experi-
ments. Across growth regulator and apical bud treatments, the two varieties differed in
several of the examined variables. ‘White Prosperity’ was significantly taller than ‘Rose
Supreme’ (19 cm taller on average, p < 0.001), and also had significantly more spikes and
thicker spikes, but ‘White Prosperity’ had a lower leaf area per shoot (152 cm2 lower on
average, p < 0.001) than ‘Rose Supreme’ and a lower leaf weight per shoot (Figure 2). No
clear differences were found between the two varieties for the other leaf and corm variables.
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Figure 2. The effect of variety on the different corm and leaf variables illustrated as boxplots where a
box defines a lower and an upper percentile, in which 75% of the observations are found, and the
marked line defines the median value of a given variable.

3.2. Growth Regulators

Benzyladenine (BA) and gibberellic acid (GA3) were included in the experiment,
as well as a control with pure water. Across the two varieties and the two apical bud
treatments, corms soaked in 100 ppm of BA resulted in a reduced leaf area per shoot
compared to the same concentration of GA3 (54 cm2 less on average, p < 0.001), as well
as a reduced leaf area compared to the control with no growth regulator (30.6 cm2 less
on average). Furthermore, BA showed a higher number of spikes per plant compared to
GA3 and the control, but compared to GA3, the differences were significant in only one of
the two seasons. On the other hand, the average diameter of each spike was lower with
BA than with GA3 and the control. BA also showed a higher number of flowering stock
corms per plant and a higher number of planting stock corms per plant than both GA3 and
the control. On the other hand, the average corm weight was lowest with BA. (Figure 3).
There was no clear effect from the growth regulators on plant height (p = 0.06) or the other
variables not mentioned above (Tables S1–S3).
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Figure 3. The effect of growth regulators on the different corm and leaf variables illustrated as
boxplots where the boxes define a lower and an upper percentile, in which 75% of the observations
are found, and the marked line defines the median value of a given variable.

3.3. Apical Bud Removal

Apical bud removal was compared to no apical removal (control). Across varieties
and growth regulator treatments, the removal of apical buds increased the average number
of spikes and the number of flowering stock corms, as well as the number of cormels
per plant (Figure 4). Furthermore, removal resulted in a reduced leaf area per shoot (on
average 47 cm2 less than the control, Figure 4). Apical bud removal also influenced the
average diameter of flowering stock corms, and plant height was to some extent affected,
where apical bud removal resulted in slightly shorter plants (5.4 cm shorter on average,
p < 0.05) compared to the control. For the examined variables not mentioned above, no
clear differences were detected.
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Figure 4. Effect of apical bud removal on the different corm and leaf variables illustrated as boxplots
where the boxes define a lower and an upper percentile, in which 75% of the observations are found,
and the marked line defines the median value of a given variable.

3.4. Interactions

The experiments were designed to also examine two- and three-way interactions.
Our analysis showed such interactions. The number of flowering stock corms per plant
was significantly influenced by the interaction of growth regulator × apical bud removal
(p < 0.001). The highest number of flowering stock corm was produced by the combination
of BA plus apical bud removal. For the variety, ‘Rose Supreme’, this combination resulted
in 2.97 and 1.94 over the two seasons, respectively, while for “White Prosperity”, it resulted
in 2.00 and 1.83 flowering stock corms over the two seasons (Table S1).

The positive effect on the number of corms was balanced by a negative effect on the
average fresh weight of the same corms. The interaction between growth regulator x apical
bud removal × variety was highly significant (p = 0.001; Table 2). In ‘Rose Supreme’,
growth regulators were of major importance, and in this variety, BA gave the lowest corm
weight, GA3 had a medium weight, and the control with no use of growth regulators gave
the highest corm weights. Here, apical bud removal was of limited importance. In the other
variety, apical bud removal was of major importance. The lowest corm fresh weights were
recorded where the apical buds were removed, regardless of growth regulators. Much of
the same pattern as described for fresh weight was observed for the average diameter of
the flowering stock corms with a significant effect from the interaction between variety x
growth regulator (p < 0.001, Table S1).
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Table 2. Sorted mean fresh weigh of flowering stock corm (from low to high) for the combination of
growth regulators, apical bud removal, and varieties. Letters behind the numbers are results from the
Duncan’s Multiple Range Tests.

Combinations

Mean Fresh
Weight (g) of

Flowering Stock
Corm Per Plant

BA + Removed apical bud + ‘Rose Supreme’ 11.7 d
No growth regulator + Removed apical bud + ‘White Prosperity’ 13.7 d

BA + Removed apical bud + ‘White Prosperity’ 13.8 d
BA + No removal of apical bud + ‘Rose Supreme’ 13.9 d
GA3 + Removed apical bud + ‘White Prosperity’ 14.6 d

GA3 + Removed apical bud + ‘Rose Supreme’ 19.1 c
GA3 + No removal of apical bud + ‘Rose Supreme’ 23.6 b

BA + No removal of apical bud + ‘White Prosperity’ 25.2 b
No growth regulator + No removal of apical bud + ‘White Prosperity’ 25.3 b

GA3 + No removal of apical bud + ‘White Prosperity’ 25.3 b
No growth regulator + Removed apical bud + ‘Rose Supreme’ 31.9 a

No growth regulator + No removal of apical bud + ‘Rose Supreme’ 32.0 a

The same pattern as described for flowering corms was observed for planting stock
corms. Such corms are of importance for farmers as they represent the propagation material
for next season’s flower production. The number of planting stock corms was signifi-
cantly affected by the interaction between variety x growth regulator x apical bud removal
(p < 0.001). The combined treatment of BA and the removal of the apical bud gave the
highest number of planting stock corms. This was the case in both varieties (Table 3). GA3
did not have the same effect, especially in ‘White Prosperity’, while no growth regulator
and no apical bud removal resulted in the lowest numbers. The fresh weight of the same
corms showed an effect on the interaction between growth regulator x apical bud removal
(p < 0.001 for). Again, the lowest weights were found with the use of BA combined with
apical bud removal and the highest weights occurred with no growth regulators combined
with no apical bud removal.

Table 3. Sorted mean number of planting stock corms per plant (from low to high) as influenced by
the combination of growth regulators, apical bud removal, and varieties. Letters behind the numbers
are results from the Duncan’s Multiple Range Tests.

Combinations
Mean Number of

Planting Stock
Corms Per Plant

No growth regulator + No removal of apical bud + ‘White Prosperity’ 7.66 g
No growth regulator + Removed apical bud + ‘White Prosperity’ 10.12 f

No growth regulator + No removal of apical bud + ‘Rose Supreme’ 10.15 f
No growth regulator + Removed apical bud + ‘Rose Supreme’ 11.37 f

GA3 + No removal of apical bud + ‘White Prosperity’ 14.46 e
BA + No removal of apical bud + ‘White Prosperity’ 15.03 de

GA3 + Removed apical bud + ‘White Prosperity’ 16.31 cd
GA3 + No removal of apical bud + ‘Rose Supreme’ 16.35 cd
BA + No removal of apical bud + ‘Rose Supreme’ 17.62 bc
BA + Removed apical bud + ‘White Prosperity’ 17.95 b
GA3 + Removed apical bud + ‘Rose Supreme’ 18.46 b
BA + Removed apical bud + ‘Rose Supreme’ 23.66 a

For cormels, all treatments were composed of two grades (medium, >0.5 to ≤1.0, and
small, <0.5 cm), of which medium-sized cormels were most frequent (generally 82–85%),
while few small-sized cormels (14–19%) were produced. The mean number of cormels
per plant was affected by season and the interaction between variety x growth regulators
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and the interaction between variety x apical bud removal (p < 0.001 for all). Much of the
same pattern as described above for flowering and planting stock corms was observed for
cormels. The combined treatment of BA and the removal of the apical bud gave the highest
numbers of cormels, and this was found for both varieties (Table S2).

For vegetative and floral variables, a significant interaction was found for the fresh
weight of leaves per shoot (p < 0.001). Compared to the controls, which yielded 36 g shoot−1

on average over the two seasons, corm soaked in 100 ppm of GA3 combined with no
apical bud removal yielded 60 g shoot−1 in “Rose Supreme” and 43.8 g shoot−1 in ‘White
Prosperity’, and this was the combination that gave the highest leaf yield (Table S3).

The number of spikes per plant was also affected by the same interaction (p < 0.001).
Compared to the control, corm soaked in BA combined with apical bud removal increased
the number of spikes the most, and the effect was clearest in the variety, ‘Rose Supreme’
(Table S1).

4. Discussion

For farmers, a high number of flowering stock corms means a high flower production,
but farmers also need to balance the number with the size, and they need to produce a
certain number of planting stock corms, as such corms function as the propagation material
for next season’s flower production. This study was designed to determine the combined
effects of growth regulators and apical bud removal on such key variables in two common
gladiolus varieties. Our results showed that both the number of flowering and planting
stock corms, but also the number of small cormels, increased by using growth regulators
combined with apical bud removal. At the applied concentration, benzyladenine (BA) had
a stronger effect than gibberellic acid (GA3). The mechanism of the exogenous application
of the given growth regulators is known to increase axillary bud induction and subsequent
lateral shoot formation [11,14,19,22]. The effect is known to be modified by varieties as well
as growth conditions [9,13]. The size of corm, number of axillary buds, and production
practices can also influence lateral shoot formation and, subsequently, the total leaf area and
fresh weight of leaves, and, in the end, the number of flowering stock corms per plant. Our
data indicated that the two varieties showed varying degrees of response to BA and GA3.
‘Rose Supreme’ reached nearly a maximum response in the number of corms when apical
buds were removed in combination with BA, while ‘White Prosperity’ did not produce
the same high number. An alteration in the concentration could probably lead to a more
satisfactory lateral shooting in ‘White Prosperity’. We have no information that can explain
the different responses in the two varieties.

The tradeoffs are, however, also present. The leaf area and leaf weight per shoot de-
creased when apical buds were removed, or when BA was applied. GA3, on the other hand,
did not show the same negative effect, and when combined with no apical bud removal,
GA3 resulted in the highest total leaf area and leaf weight production per shoot. This
will increase the total shoot production per plant. Moreover, any treatment that advances
the total leaf area and the photosynthetic capacity will also increase the subsequent plant-
ing stock corms production. Hence, their chances of reaching the critical corm diameter
(or weight) that permits flower initiation and flower production in the following season
increases. Too many small cormels will be contra-productive.

Removing the apical bud without any growth regulator decreased flowering stock
corm diameter by 15%, while BA reduced it by 26% compared to no apical bud removal.
This reduction, as well as the reduction caused by BA application, might be a result of
the competition between the high number of corms and cormels that is created, and the
available assimilates can’t cope with what is needed for the corm tuberization. Such ideas
have been raised after BA application [23,24] as well as GA3 application in gladiolus [25,26].
Apparently, the apical dominance that is reduced by manual or chemical increments also
reduces the corm tuberization [11].

In the present study, a variation in cormel size was observed, with a large number of
small cormels (<1.0 cm in diameter). The large-sized cormels, which produce an emergent
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leaf in their first season (Figure 1), may have been more frequent if the time or concentration
had been different. Growth regulator (BA and GA3, but especially cytokinin) treatment
of corm is known to enhance leaf cormel growth, an effect that was already noted in twin
scales or bulbils of narcissus a long time ago [27]. However, any treatment that promotes
leaf emergence cormels may enhance photosynthesis and increase the development and
size. Although a single leaf from a cormel is very small, it allows growth, and hence the
production of a bigger cormel. A small cormel needs more time to grow to a given flowering
stock corm size than a big one. Therefore, large-sized cormels can be used as planting stock
corm, as it is possible to attain a large flowering stock corm size in the following season
under good growing conditions.

On average, the removal of apical buds without growth regulator application increased
the number of flowering and planting stock corms per plant in both varieties. If BA was
applied in combination with apical bud removal, the number of flowering stock corms
increased by 145% and planting stock corms by 133% for “Rose Supreme” and increased
by 92% and 134% in “White Prosperity” compared to non-removed apical buds dipped in
water. Moreover, the treatment apparently forced a greater number of buds to shoot, which
may enhance more carbohydrate assimilation. When the apical dominance is removed,
the lateral buds have relatively high indole acetic acid concentrations, which is known to
induce their elongation [28]. However, an increased number of corms and cormels may be
attributed to the allocation of assimilates toward reproductive corms, which are considered
to be more powerful sinks than other plant organs [29], or by an enhanced cytokinin
production [30], which can be promoted by BA [31]. Moreover, the stolons might play an
important role and help nutritious substance transportation from corm to cormels [32].
However, when corms are treated with BA or GA3 plus the removal of the apical bud, the
apical dominance will decline sharply, and the lateral buds’ induction will form multiple
shoots and the branching of stolons, which again will form many new cormels.

5. Conclusions

On average, the number of flowering stocks corms increased from 1.2 to 1.8 per plant,
and the number of planting stock corms increased from 9.8 to 18.6 per plant from the
application of benzyladenine (BA) as a growth regulator. Gibberellic acid (GA3) also
increased the numbers, but not at the same magnitude. Furthermore, apical bud removal
increased the number of corms, but the increase became more obvious when the apical
bud removal was coupled with growth regulators. BA combined with apical bud removal
resulted in 2.2 flowering stock corms and 20.8 planting stock corms per plant, respectively.
On the other hand, the average fresh weight as well as diameter of corms obviously
decreased from the treatments. For example, BA combined with apical bud removal
decreased the fresh weigh of flowering stock corms from 28.7 to 12.7 g and planting stock
corms from 18.2 to 8.2 g per corm compared to the control with no treatment. This indicates
that to maximize flower production, growers need to apply treatments in the year before
to produce the optimal balance between number and size of planting stock corm for the
flower production. The result was dependent on variety and we could also see some effect
from season. Further research is needed to investigate the timing and concentration of the
growth regulator treatment to avoid a situation that leads to a production of too many
small or too few large corms.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae8090789/s1, Table S1: Effects on spike diameter,
number of spikes per plant, number of flowering stock corms per plant and diameter of flowering
stock corm. Table S2: Effects on fresh weight of flowering stock corm, number of planting stock corms
per plant, fresh weight of planting stock corm, and number of cormels per plant. Table S3: Effects on
leaf area, leaf fresh weight and plant height.

Author Contributions: Conceptualization, M.M.K., M.A.H., A.M.E. and M.R.M.; methodology,
M.M.K. and H.H.E.; software, M.R.M. and H.H.E.; validation, M.M.K. and S.Ø.S.; formal analysis,

https://www.mdpi.com/article/10.3390/horticulturae8090789/s1
https://www.mdpi.com/article/10.3390/horticulturae8090789/s1


Horticulturae 2022, 8, 789 11 of 12

S.Ø.S., F.Y. and H.H.E.; investigation, M.M.K. and S.Ø.S.; resource’s, A.M.E., M.A.H. and H.H.E.;
data curation, S.Ø.S., M.M.K. and F.Y.; writing-original draft pick preparation, M.M.K., M.A.H. and
M.R.M.; writing-review and editing, S.Ø.S. and F.Y.; visualization, M.M.K. and F.Y.; supervision,
M.M.K., M.A.H. and A.M.E. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study did not require ethical approval.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated during the current study are available from the
corresponding author on reasonable request.

Acknowledgments: We like to thank our universities and research institution for support and trust.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ehrich, L. Flowering in South African Iridaceae. In Bulbous Plants: Biotechnology; Ramawat, K.G., Merillon, J.M., Eds.; CRC Press:

Boca Raton, FL, USA, 2013; pp. 248–269.
2. Goldblatt, P.; Manning, J.C. Gladiolus in Southern Africa: Systematics, Biology, and Evolution; Fernwood Press: Cape Town, South

Africa, 1998.
3. Azimi, M.H. Evaluation yield and genetically factors in different cultivars of gladiolus. Ornam. Hortic. 2020, 26. [CrossRef]
4. Cohat, J. Gladiolus. In Physiology of Flower Bulbs; Hertogh, A.D., Nard, M.L., Eds.; Elsevier Science Publishers: Amsterdam,

The Netherlands, 1992; pp. 297–320.
5. Ahmed, M.J.; Akbar, Z.; Kosar, N.; Khan, Z.A. Introduction and Evaluation of Exotic Gladiolus (Gladiolus grandiflorus) Cultivars.

Asian J. Plant Sci. 2002, 1, 560–562. [CrossRef]
6. Memon, N.; Wahocho, N.; Miami, T.; Husain, M. Propagation of gladiolus corms and cormels: A review. African J. Biotechnol.

2016, 15, 1699–1710.
7. Kumar, A.; Palni, L.M.; Sood, A.; Sharma, M.; Palni, U.T.; Gupta, A.K. Heat-shock induced somatic embryogenesis in callus

cultures of gladiolus in the presence of high sucrose. J. Hortic. Sci. Biotechnol. 2002, 77, 73–78. [CrossRef]
8. Singh, A.P.; Dohare, S.R. Maximization of corms and cormel production in Gladiolus. In Floriculture-Technology, Trades and Trends;

Prakash, J., Bhandary, K.R., Eds.; Oxford and IBH Pub Co, Pvt Ltd.: New Delhi, India, 1994; pp. 205–208.
9. Memon, N.; Qasim, M.; Jaskani, M.J.; Ahmad, R.; Ahmad, I. Enhancement of corm and cormel production in gladiolus (Gladiolus

spp.). N. Z. J. Crop Hortic. Sci. 2009, 37, 319–325. [CrossRef]
10. Kumar, P.N.; Misra, R.L. Effect of plant growth regulators on growth, flowering and corm production of gladiolus cv. Snow

Princess. Indian J. Agric. Sci. 2012, 82, 632–637.
11. Sajjad, Y.; Jaskani, M.; Qasim, M.; Mehmood, A.; Ahmed, N.; Akhtar, G. Pre-plant soaking of corms in growth regulators influences

the multiple sprouting, floral and corm associated traits in Gladiolus grandiflorus L. J. Agric. Sci. 2015, 7, 173–181. [CrossRef]
12. Shyla, R.M.R.; Rameshkumar, S. Effect of crop regulation practices on spike and corm yield of gladiolus (Gladiolus hybrids Hort.)

cv Sarala. Ann. Plant Soil Res. 2021, 23, 93–98. [CrossRef]
13. Kumar, A.; Singh, A.K. Effect of plant growth regulators and micronutrients on vegetative and flowering characters of gladiolus

(Gladiolus grandiflorus L.) cv. Novalux. Int. J. Curr. Microbiol. Appl. Sci. 2020, 9, 1136–1143. [CrossRef]
14. Nag, K.; Kuma, J. Influence of growth regulators and spacing’s on corms yield of gladiolus (Gladiolus grandifloras L.): A review.

The Pharma Innov. J. 2021, 10, 595–597.
15. Holkar, S.; Kumar, P.H.; Chandrashekar, S.Y. Effect of benzyl adenine and gibberellic acid on flowering and flower quality

attributes of gladiolus. Int. J. Curr. Microbiol. Appl. Sci. 2018, 7, 944–950.
16. Wilfret, G.J. Gladiolus. In Introduction to Floriculture; Larson, R.A., Ed.; Academic Press Inc.: Cambridge, MA, USA, 2012;

pp. 143–157.
17. Hartmann, H.T.; Kester, D.E.; Davis, F.T. Plant Propagation: Principles and Practices; Prentice/Hall International Inc.: Englewood

Cliffs, NJ, USA, 1990.
18. The Garden.org Plants Database. Available online: https://garden.org/plants/ (accessed on 10 August 2022).
19. Khan, F.N.; Rahman, M.M.; Hossain, M.M. Effect of benzyladenine and gibberellic acid on dormancy breaking, growth and yield

of gladiolus corms over different storage periods. J. Ornam. Horti. Plants 2013, 3, 59–71.
20. Wilfret, G.J. Gladiolus. In Introduction to Floriculture; Larson, R.A., Ed.; Academic Press: San Diego, CA, USA, 1980; pp. 166–181.
21. R Core Team R. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2013. Available online: http://www.R-project.org/ (accessed on 23 January 2013).
22. Ram, R.; Mukherjee, D.; Manuja, S. Plant growth regulators affect the development of both corms and cormels in gladiolus.

HortScience 2002, 37, 343–344. [CrossRef]
23. Baskaran, V.; Misra, R.L. Effect of plant growth regulators on growth and flowering of gladiolus. Indian J. Hort. 2007, 64, 479–482.

http://doi.org/10.1590/2447-536x.v26i1.2027
http://doi.org/10.3923/ajps.2002.560.562
http://doi.org/10.1080/14620316.2002.11511460
http://doi.org/10.1080/01140671.2009.9687586
http://doi.org/10.5539/jas.v7n9p173
http://doi.org/10.47815/apsr.2021.10036
http://doi.org/10.20546/ijcmas.2020.911.132
https://garden.org/plants/
http://www.R-project.org/
http://doi.org/10.21273/HORTSCI.37.2.343


Horticulturae 2022, 8, 789 12 of 12

24. Whipker, B.E.; Evans, M.R. Regulation of plant growth. In Greenhouse Operation and Management; Nelson, P.V., Ed.; Prentice Hall:
Upper Saddle River, NJ, USA, 2012; pp. 373–390.

25. Misra, R.L.; Tripathi, D.K.; Chaturvedi, O.P. Implication of gibberellic acid spraying on the standing crop of gladiolus var. Sylvia.
Progress. Hort. 1993, 25, 147–150.

26. Thomas, S.G.; Hedden, P. Gibberellin metabolism and signal transduction. In Annual Plant Reviews; Hedden, P., Thomas, S.G.,
Eds.; Blackwell Publishing: Oxford, UK, 2006; pp. 147–184.

27. Hanks, G.R.; Rees, A.R. Growth regulator treatments to improve the yield of twin-scaled narcissus. Sci. Hortic. 1977, 9, 399–411.
[CrossRef]

28. Foskett, D.E. Plant Growth and Development; Academic Press: San Diego, CA, USA, 1994.
29. Wardlaw, I.F. The control and pattern of movement of carbohydrates in plants. Bot. Rev. 1968, 34, 79–105. [CrossRef]
30. Ginzburg, C.; Ziv, M. Hormonal regulation of corn formation in gladiolus stolons grown in vitro. Ann. Bot. 1973, 37, 219–224.

[CrossRef]
31. Anju, P.; Kumar, S.; Srivastava, R. Effect of floral preservatives on postharvest management in gladiolus spikes. J. Ornam. Hortic.

2003, 6, 367–371.
32. He, X.; Shi, L.; Yuan, Z.; Xu, Z.; Zhang, Z.; Yi, M. Effects of lipoxygenase on the corm formation and enlargement in Gladiolus

hybridus. Sci. Hortic. 2008, 118, 60–69. [CrossRef]

http://doi.org/10.1016/0304-4238(78)90049-3
http://doi.org/10.1007/BF02858622
http://doi.org/10.1093/oxfordjournals.aob.a084677
http://doi.org/10.1016/j.scienta.2008.05.019

	Introduction 
	Materials and Methods 
	Treatments and Experimental Design 
	Field Management 
	Plant Measurements and Sampling Methods 
	Statistical Analysis 

	Results 
	Variety 
	Growth Regulators 
	Apical Bud Removal 
	Interactions 

	Discussion 
	Conclusions 
	References

