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ABSTRACT

A pot experiment has been conducted in a plastic house at the Department of Protected Cultivation,
Technical Institute of Zakho, Duhok Polytechnic University during the fall season of 2021-2022 to
investigate the effects of three growth media (peat moss, loam + peat moss (1:1) and clay + peat moss
(1:1)), foliar spraying of calcium chloride (CaClz) at three concentrations (0, 500 and 1000 mg. L) and
Gibberellic acid (GAs) at three concentrations (0, 200 and 400 mg. L) on vegetative growth, flowering
and corm vyield of freesia (Freesia refrecta L.) plant. The experiment was laid out in a Randomized
Complete Block Design (RCBD) of three factors with three replicates. The obtained results displayed that
the peat moss medium surpassed other media in giving the highest vegetative growth traits (plant height,
leaf area, and number of leaves per plant) as well as enhancing flowering traits (number of florets/spike,
and vase life of cut flower) and corm yield traits (number of produced corm/plant, and corm volume). The
same significant impact was exhibited by CaClz at concentrations of 500 and 1000 mg. L. Whereas GAs
at concentrations of 200 and 400 mg. L™ improved most studied traits except number of florets per plant
and vase life of cut flowers. The maximum vegetative, flowering, and corm harvest traits were obtained
from grown plants in peat moss medium and by spraying them with increased concentrations of CaCl:
and GAs. Therefore, the peat moss medium in combination with increased concentrations of GAs and

CacCl. is recommended for the improvement of freesia production quality and vase life.
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INTRODUCTION

Freesia (Freesia hybrida) is a prominent
annual bulb plant and a popular cut
flower and is a member of the Iridaceae family.
It is native to South Africa and the genus Freesia
includes about 11 species (Manning et al.,
2010). Freesia approaches a height range of
between 30-45 cm and is grouped under winter
bulbs cultivated in lIraq with a temperature
between 13-20 °C considered optimal for its
outgrowth (AL-Khafaji and Chalabi, 2016).
More than 200 cultivars are cultivated as cut
flowers. Freesia flowers have become one of the
most remarkable picked flowers in the world due
to their distinguished and impressive aromatic
ascent, their longevity, and their various bright
colors (Khalaf and Mohammad Saeed, 2020).
Growth medium is one of the most important
factors influencing the growth of ornamental
plants, and many of these ornamental plants
spend their entire life cycle in growing pots and
require media that meets their various needs.
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Hence, it is necessary to prepare an appropriate
growth medium that consists of substantial
components for this goal (Mohamed, 2018). The
physical and chemical characteristics of the
utilized

growth media govern the plant's growth since
these characteristics directly influence water and
nutrient obtainability for plant growth and root
breaking via medium as well as affect porosity
for root aeration and drainage (Ali et al., 2011,
Asour et al., 2020). The most intensively utilised
organic substrate for the creation of growth
medium for potted ornaments is peat moss
(Shahid et al., 2017). The favorability of peat
moss or peat moss plus other mixes in raising
numerous ornamental pot plants having perfect
vegetative and flowering traits has been proven
in several research papers (Farhad Naz et al.,
2013; Abdul-Hafeez et al., 2015; Mousa et al.,
2015). Lee (2016) displayed that the growth
substrate comprised of peat moss and another
one comprised of a mix of perlite and peat moss
(1:1) significantly enhanced the vegetative and
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flowering traits of freesia plants as compared to
perlite substrate. Khalaf and Mohammad (2021)
revealed that the best foliage, flowering, and
corm harvest attributes were obtainable from the
growing medium containing of (2 soil: 1 peat
moss: 1 perlite).

The utilization of plant growth regulators has
led to a unique revolution in the floriculture
industry. Gibberellins (GAS) are important plant
growth regulators that are effective in affecting
various biological processes and plant growth,
from foliage growth to blooming, and can also
promote the development of flowers. Moreover,
other developmental aspects like dormancy, sex
expression, senescence of leaf and fruit,
performance, and development of seeds in fruits
are dominated by gibberellins (Plackett and
Wilson, 2016; Satish and Manju, 2018).
Gibberellic acid (GAs) retards senescence of
flowers by suppressing the senescence-
stimulating impact of ethylene (Faraji et al.,
2011). Many studies have unveiled a significant
improvement in the performance of ornamental
plants under the efficacy of gibberellic acid. EI-
Bably (2016) found that storing corms at 5 °C
for 5 weeks pre-planting plus foliar application
of GA; at 200 ppm after 30 days of planting led
to production of premium vegetative, flowering
and corm yield components of freesia compared
to control. Adil et al. (2021) showed that
soaking the freesia corms in GA; prepared a
solution of 150 mg. L™ prior to planting gave the
maximum foliage components and the thickest
inflorescence stem, the largest floret head, the
heaviest inflorescence, and the best vase life
relative to control.

Calcium is an important macronutrient for the
production of ornamental plants. Calcium, in the
right concentration, can improve the vegetative
traits, flower and corm production of ornamental
plants like gladiolus and freesia (Sharma et al.,
2013). Calcium actively contributes to the
maintenance and plays a significant role in
numerous cell functions depending on its
existence in the membrane and in the cell
wall. Calcium integrates the cell wall through
giving stability, leading to making the cell wall
more rigid (Sardoei, 2014). The effectiveness of
calcium on the performance of ornamental plants
has been confirmed in various researches. Giri et
al. (2018) confirmed that providing hybrid lilium
with calcium chloride at 440 mg. L effectively
increased blooming and bulb attributes of the
plant as compared to control. Al-Atrakchii and
Allawi (2020) showed that dosing gladiolus

plants with 500 and 1000 mg. I* of CaCl,
importantly ameliorated vegetative growth and
vase life of gladiolus.

The aim of this study is to evaluate the effect of
various growth  media and different
concentrations of Cacl, and GAs; on vegetative
growth, flowering, corm yield, and cut flower
vase life of (Freesia refrecta L.) plant to
determine the optimum growth medium and best
concentrations of GAz and CaCl; for growth and
production of Freesia plant.

MATERIALS AND METHODS

This study was carried out in a plastic house
at the department of protect -cultivation
department, Technical Institute of Zakho, Duhok
Polytechnic University, during the period from
15" October 2021 to 15" October 2022. The pot
filled with mix media was created by using clay,
loam, and peat moss. Cultural practices like
weeding, irrigation, and monitoring were done
after planting. The corms of Freesia refrecta
were using as plant material. They were planted
in three growth media, including (peat moss,
loam + peat moss (1:1) and clay + peat moss
(1:1)) on October 20" and placed in the plastic
house. Foliar application of calcium chloride
(CaCly) at three concentrations (0, 500 and 1000
mg. L) and gibberellic acid (GAs) at three
concentrations (0, 200 and 400 mg. L*). The
spray of CaCl, and GAs replicates three times
throughout the experiment. The first spray of
calcium chloride was done on January 5%, with
three-week intervals between each spray. The
first spray of gibberellic acid was performed on
January 12th, with three-week intervals between
each spray. The experiment was laid out in a
Randomized Complete Block Design (RCBD) of
three factors with three replicates, and each
replicate consisted of 3 pots with a size of 25
cm? (3 corms .Pot?). The studied measurements
included plant height (cm), leaf number .plant?,
leaf area (cm?), date to flowering (days), number
of florets .spike flower-1, vase life of cut flower
(days), and number of corms produced per plant,
corm volume (cm3), and percentage of calcium
in dried leaves. The data has been analyzed by
using the computer through the SAS program,
and mean comparison was done by Duncan's
Multiple Ranges Test under the 5% (SAS, 2010).
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RESULTS AND DISCUSSION
1. Plant Height (cm)

The data in Table (1) showed that the plant
height of freesia displayed statistically
significant variations in terms of the effects of
growth media, CaCl, and GA3, and their
combined concentrations. Plants grown in peat
moss medium were significantly taller (51.12
cm), while those grown in clay + peat moss
medium were significantly shorter (45.15 cm).
In the case of CaCl, treatment, the premium
average plant heights (48.90 cm and 48.29 cm)
were produced from 500 and 1000 mg. L-

! surpassing control treatment (45.43 cm). The
same remarkable effect was observed from the
two concentrations of GA; (200 and 400 mg. L ™)
that created the best plant heights of fressia
plants as compared with control. Regarding the
triple interaction, plants were grown in peat
moss medium and sprayed with CaCl, at 500
mg. L along with receiving GAs at 200 and 400
mg. LT possessed the best plant height values
(54.18 and 53.77 cm) respectively, over the least
average value (39.09 cm) that was recorded for
untreated plants with CaCl, and GA; grown in
medium consisting of (loam + peat moss 1:1).

Table (1).:- Effect of growth media, CaC, and GAs concentrations on plant height (cm) of Freesia (Freesia

hybrida L.) plant.
Growth media CacCl, Conc. GA3 concentrations (mg. L™?) Growth CaCl,
(mg. L™ media Conc.
0 200 400 mean Mean
Peat moss 0 46.05 a-g 50.33 a-e 48.33 a-f 51.12 a
500 50.22 a-e 54.18 a 53.77 a
1000 51.79 a-d 53.06 ab 52.39 a-c
Loam + peat 0 39.09¢g 46.84 a-g 46.85 a-g 46.34 b
moss (1:1)
500 46.87 a-g 48.33 a-f 44.32 c-g
1000 47.72 a-g 47.11 a-g 49.89 a-e
Clay + peat 0 42.28 e-g 42.36 e-g 46.71 a-g 45.15b 4543 b
moss (1:1)
500 40.24 fg 52.74 a-c 49.39 a-e 48.90 a
1000 44.81 c-g 44.24 c-g 43.56 d-g 48.29 a
GA; Conc. Mean 45.45b 48.80 a 48.36 a

Means with same letter for each factor and interaction are not significantly different at 5% level based on

Duncan's Multiple Range test.

2. Leaves number.Plant?

According to the data in Table (2), the growth
media and foliar feeding of CaCl, and GAs
significantly ameliorated the number of leaves of
freesia plants. Plants grown in peat moss
medium produced the most leaves (8.81), while
plants grown in loam + peat moss medium
produced the least number of leaves (8.38).
Similarly, the sole concentration of CaCl, at
1000 mg. L created the largest number of (9.18
leaves.  Plant?), exceeding the  other
concentrations. Respective to the individual
impact of GAs, spraying plants with 200 mg. L
significantly enhanced the number of leaves per
plant, producing an average mean value of (8.81)
that was greater than that found in control (8.36).
The impact of all factors together also
significantly affected the number of leaves per
plant that was evident at the complex
concentration; growth medium (Loam + peat

moss) + CaCl, at 1000 mg. L™ + GAsz at 200 mg
.L'L. The highest average value (10.57) and the
minimum number of leaves (7.35) were for
plants grown in peat moss and sprayed with 500
mg. L? of CaCl, without GAs.

3. Leaf area (cm?)

The results in Table (3) demonstrated that the
leaf area of freesia plants displayed variant
values related to the influence of growth medium
and foliar spraying of CaCl, and GA; and their
combination. The peat moss medium and
medium consisting of loam + peat moss was
significantly better than the medium consist of
clay + peat moss in ameliorating the leaf area
(11.47 and 11.12 cm?), respectively. On the
other hand, CaCl, at a concentration of 500 mg
.L 't led to obtaining the best mean value (12.71
cm?) over control (8.88 c¢cm?). Concerning the
effect of GAs;, 200 mg. L? of GA; gave a
significant value of leaf area (11.28 cm?
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superior to other concentrations. Regarding the
triple interactions of factors, the greatest value
(18.01 cm?) was recorded for plants grown in
peat moss medium and received 500 mg. L of
CaCl; without any concentration of GAs; when

encountered with the least average value (4.60
cm?) which was estimated for plants grown in
the loam + peat moss medium without being
treated with CaCl, or GAs.

Table (2).:- Effect of growth media, CaCl, and GA3 concentrations on leaves number .plant™ of Freesia (Freesia

hybrida L.) plant.
Growth media CaCl;, Conc. GA; concentrations (mg. L™?) Growth CaCl,
(mg.LY) media Conc.
0 200 400 mean Mean
Peat moss 0 8.54 c-h 8.40 c-h 8.55 c-h 8.81a
500 7.35h 8.70 c-h 8.11d-h
1000 10.57 ab 9.45 b-d 9.64 bc
Loam + peat 0 8.40 c-h 8.12 d-h 7.81f-h 8.53 ab
moss (1:1)
500 7.73 f-h 8.99 c-f 8.70 c-h
1000 7.73 f-h 10.86 a 8.45 c-h
Clay + peat 0 7.57 gh 7.45h 8.53 c-h 8.38 b 8.15 b
moss (1:1)
500 8.40 c-h 9.23 c-e 8.37 c-h 8.40b
1000 8.93 c-g 8.05 e-h 8.94 c-f 9.18a
GA; Conc. mean 8.36 b 8.8la 8.57 ab

Table (3).:- Effect of growth media, CaCl, and GA3 concentrations on leaf area (cm?) of Freesia (Freesia
hybrida L.) plant.

Growth media CacCl, Conc. GA; concentrations (mg. L?) Growth CacCl,
(mg.L?) media Conc.
0 200 400 mean Mean
Peat moss 0 8.02 hi 10.65 e-h 8.66 f-i 11.47 a
500 18.01 a 12.74 c-e 14.24 b-d
1000 8.85 f-i 10.43 e-h 11.66 d-f
Loam + peat 0 4.60 j 9.90 e-h 12.42 c-e 11.12 a
moss (1:1)
500 12.60c-e 11.24 e-g 15.53 ab
1000 14.98 bc 10.49 e-h 8.34 g-i
Clay + peat 0 5.00]j 10.82 e-h 9.82 e-h 9.53b 8.88¢c
moss (1:1)
500 6.76 ij 12.17 c-e 11.05 e-h 12.71a
1000 10.54 e-h 9.84 e-h 9.78 e-h 10.55b
GA; Conc. mean 9.93b 10.92 a 11.28 a

4. Flowering Date (Days)

The data in Table (4) revealed significant
differences in the flowering date of freesia
grown in growth media and foliar sprays of
CaCl, and GAz and their combinations. The least
number of days (137.58 days) required for
flowering was for plants grown in peat moss
medium in comparison with the other two
media. The same effect was observed for
individual concentrations of CaCl, with the
maximum number of days (143.45 days) needed

for control plants to flower versus the lesser
number of days (137.02 and 137.09 days) for
plants treated with 500 and 1000 mg. L™ to start
flowering. In term of GAs; independent impact,
plants untreated with GAs needed the biggest
number of days (141.11 days) to flowering
relative to those sprayed with 200 and 400 mg.
L requires (137.92 and 138.53) days to flower.
Regarding the triple interaction, the greatest
number of days (146.80 days) for flowering was
for plants grown in clay + peat moss medium
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and sprayed with 200 mg. L™ of GAs and 0 mg
.Lt The least number of days (122.17 days) to
flower was for plants grown in peat moss

medium and sprayed with 1000 mg. L* of CaCl,
and 400 mg. L of GA..

Table (4).:- Effect of growth media, CaCl, and GAs concentrations on flowering date (day) of Freesia (Freesia
hybrida L.) plant.

Growth media CacCl, Conc. GA3 concentrations (mg. L™?) Growth CacCl,
(mg. LY media Conc.
0 200 400 mean mean
Peat moss 0 143.42 a-c 139.28 b-g 143.00 a-d 137.58 b
500 136.42 c-g 13350 g 135.16 e-g
1000 140.17 a-g 13411 g 133.17 ¢
Loam + peat 0 141.75 a-f 142.11 a-e 146.94 a 139.77 a
moss (1:1)
500 139.06 b-g 137.09 c-g 136.11 d-g
1000 142.16 a-e 136.26 d-g 136.44 c-g
Clay + peat 0 144.72 ab 146.80 a 143.00 a-d 140.21 a 143.45 a
moss (1:1)
500 142.55 a-d 134.89 fg 138.44 b-g 137.02 b
1000 139.75 b-g 137.28 c-g 134.50 g 137.09 b
GA; Conc. mean 14111 a 137.92 b 138.53 b

5. Number of Florets/ Spike
The results in Table (5) revealed that the

against the lowest number for control (8.48). In
contrast, the foliar addition of GAs had no

growth media and application of CaCl, and GAs
and their interactions significantly influenced the
number of florets per spike. In terms of
independent effects, plants grown in peat moss
medium had the highest mean number of florets
per spike (9.52) when compared to other media.
The single concentrations are 500 and 1000 mg.
L* of CaCl, gave the most prominent number of
florets per spike (9.33 and 9.19), respectively,

significant increase in number of florets relative
to control. Regarding the biggest number of
florets per spike (10.00), it was for plants grown
in peat moss medium and sprayed with 500 and
1000 mg. L of CaCl, without GA; whereas the
lowest number of florets (7.33) was determined
for plants grown in clay + peat moss without
sprayed of CaCl, and GAs

Table (5).:- Effect of growth media, calcium chloride (CaCl,) and GAs concentrations on number of
florets\spike of Freesia (Freesia hybrida L.) plant.

Growth media CacCl, Conc. GA; concentrations (mg. L?) Growth CacCl,
(mg.L?) media Conc.
0 200 400 mean mean
Peat moss 0 9.33 ab 9.67 ab 9.67 ab 9.52a
500 10.00 a 9.00 a-c 9.33ab
1000 10.00 a 9.67 ab 9.00 a-c
Loam + peat 0 8.00 bc 7.33¢ 8.33 a-c 8.70 b
moss (1:1)
500 9.33 ab 9.33 ab 8.67 a-c
1000 9.33 ab 8.33a-c 9.67 ab
Clay + peat 0 7.33¢c 8.67 a-c 8.00 bc 8.78 b 8.48Db
moss (1:1)
500 9.00 a-c 10.00 a 9.33ab 9.33a
1000 8.33a-c 9.00 a-c 9.33ab 9.19a
GA; Conc. mean 8.96 a 9.00 a 9.04 a
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6. Vase Life (Day).

The results of Table (6) indicated that the
peat moss medium was significantly superior to
other media and give the highest value for vase
life (18.19 days). Similarly, the individual
concentrations of 500 and 1000 mg. L* of CaCl.
resulted in significantly higher mean values of
vase life (18.63 and 18.60 days, respectively)
than that of control (15.50 days), while spraying
of GA; had no significant effect on the vase life.
Relating the triple interactions of factors, the
greatest average value (19.86 days) of vase life
was for plants cultivated in peat moss medium
and sprayed with 1000 mg. L of CaCl, without
sprayed with GA; succeeded by those grown in
clay + peat moss medium and sprayed with 1000
mg. L of CaCl, and 400 mg. L of GA; having
an average value of (19.66) days as compared to
the least average (14.19 days) was for plants
cultivated in clay + peat medium and without
spray of CaCl, or GAs.

7. Number of produced corms .Plant™

The data analysis in Table (7) showed that

the growth media positively influenced the

number of produced corms per plant, with the
maximum mean value (14.41 corm. plant?)
determined for peat moss grown plants and the
lowest mean value (10.59 corm. plant?) was for
plants grown in clay + peat moss. In contrast, no
significant effect was observed from foliar
spraying of CacCl; relative to control. The plants
were sprayed with GA; at 200 mg. L produced
the significant highest number of corms (13.56
corm. plant?) followed by those received 400
mg. L™ (12.96 corm .plant?) in comparison with
control (11.63 corm .plant?). As for triple
interactions, the maximum number of corms
(18.33 corm. plant-1) was for plants grown in
peat moss medium and treated with CaCl, at
1000 mg. LT and GAsat 200 mg .L? they
were grown in the same medium (peat moss) and
received the same concentration of GAsat 200
mg. L but without CaCl, in comparison with
the lowest number of corms (8.67 corms. plant™)
which was for plants grown in loam + peat moss
medium and treated with 500 mg. L of CaCl;
with without spray of GAs.

Table (6).:- Effect of growth media, CaCl, and GAs concentrations on the flowers vase life (day) of Freesia
(Freesia hybrida L.) plant.

Growth media CacCl, Conc. GA3 concentrations (mg. L™?) Growth CacCl,
(mg.L?) media Conc.
0 200 400 mean mean
Peat moss 0 16.71 b-i 15.54 f-i 15.83 d-i 18.19 a
500 19.07 a-c 19.30 ab 18.84 a-c
1000 19.72 a 18.87 a-c 19.86 a
Loam + peat 0 15.38 g-i 16.42 c-i 15.54 f-i 17.23 b
moss (1:1)
500 18.27 a-f 17.08 a-h 19.00 a-c
1000 19.11a-c 15.70 e-i 18.55 a-d
Clay + peat 0 14.19i 15.36 g-i 14.51hi 17.31b 1550 b
moss (1:1)
500 18.44 a-e 18.97 a-c 18.70 a-c 18.63 a
1000 17.91 a-g 18.04 a-g 19.66 a 18.60 a
GA; Conc. mean 17.64 a 17.25a 17.83 a

Table (7). :-Effect of growth media, CaCl, and GA3 concentrations on number of produced corms. plant® (corms
yield) of Freesia (Freesia hybrida L.) plant.

Growth media CaCl,Conc. GA; concentrations (mg. L™?) Growth CaCl,
(mg.L?) media Conc.
0 200 400 mean mean
Peat moss 0 13.33 cf 18.33 a 10.33 fg 14.41 a
500 15.33 a-d 16.00 a-c 10.00 fg
1000 14.67 b-e 13.33 cf 18.33 a
Loam + peat 0 12.33 d-g 11.33 e-g 17.33 ab 13.15b
moss (1:1)
500 8.67¢9 14.67 b-e 16.33 a-c
1000 9.33¢g 13.33 cf 15.00 a-d
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Clay + peat 0 9.33¢g 10.33 fg 10.00 fg 10.59 ¢ 12.52 a
moss (1:1) 500 12.33 d-g 14.67 b-e 9.67¢9g 13.07 a
1000 9.33¢g 10.00 fg 9.67¢g 12.56 a

GA; Conc. mean 11.63 b 13.56 a 12.96 a

8. Corms volume (cm3)

Results in Table (8) represented the average
values of corm volume of freesia in response to
growing in three growing media and foliar
feeding of CaCl. and GAs at three
concentrations alone and with their interaction.
Plants grown in peat moss medium consisted of
were characterized by their peak corm volume
(6.79 cm3) but those grown in clay + peat moss
medium possessed the smallest corm volume
(5.34 cm?). CaCl, at a concentration of 500 mg.
L? also notably enhanced corm volume,
producing an average value of (6.60 cm?®) as
compared to control (5.47 cm3). In the case of an

independent impact of GAs, the largest corms
(6.44 cm?®) were for plants treated with 200 mg.
Lt of GA; relative to control (5.88 cm?®). The
interaction among all factors produced an
evident amelioration in the corm volume and
that was observable in plants grown in peat moss
medium and sprayed with 500 mg. L of CaCl,
plus 200 mg. L' GAs which owned the
significant highest corm volume (8.17 cmd) in
comparison with the smallest corms (3.77 cm?®)
was for plants grown in the clay + peat moss
medium and provided with 1000 mg. L* of
CaCl; without GAa.

Table (8).:- Effect of growth media, calcium chloride (CaCl,) and GAs concentrations on corm volume (cm?®) of
Freesia (Freesia hybrida L.) plant.

Growth media CaCl,Conc. GA3 concentrations (mg. L?) Growth CacCl,
(mg.L?) media Conc.
0 200 400 mean mean
Peat moss 0 7.02 b-e 7.23 ad 4.82 6.79 a
500 6.00 e-g 8.17a 7.37 a-c
1000 8.00 a 6.23 d-g 6.27 d-g
Loam + peat 0 5.43 g+ 4.60 ki 5.77 f-g 6.13 b
moss (1:1)
500 6.47 c-f 6.37 d-g 6.97 b-e
1000 6.57 c-f 6.87 b-e 6.13 e-g
Clay + peat 0 4.93 h-k 5.00 h-k 4.40 ki 5.34c 547c
moss (1:1)
500 4.73 i-k 7.73 ab 5.60 f-i 6.60 a
1000 3.771 5.77 f-g 6.17 e-g 6.20b
GA; Conc. mean 5.88b 6.44 a 5.94b

9. Percentages of calcium (Ca) in dried leaves
(%)

The results in Table (9) showed that growth
media had a significant impact on the calcium
content in dried leaves of freesia plants, with the
highest calcium percentage (1.71%) recorded in
leaves of plants grown in clay + peat moss
medium compared to other media. Meanwhile,
the increased concentrations of CaCl, 500 and
1000 mg. L* led to the creation of the best
average percentage values of calcium (1.81 and
1.69 %), respectively. In contrast, no significant

improvement in calcium percentage was
displayed by foliar application of GAs relative to
control. Regarding the triple interactions among
all factors, the highest percentage of calcium
(2.23 %) was in leaves for plants grown in clay +
peat moss medium and sprayed with 500 mg. L*
of CaCl, without GAs whereas the least
percentage (1.25 %) of calcium was found in the
dried leaves of plants grown in peat moss
medium and treated with 400 mg.L? of GAs
without CaCl..
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Table (9):- Effect of growth media, calcium chloride (CaCl;) and GA3 concentrations on percentage of calcium
in dried leaves (%) of Freesia (Freesia hybrida L.) plant

Growth media CacCl2 Conc. GA3 concentrations (mg. L-1) Growth CaCl2
(mg.L-1) media Conc.
0 200 400 mean mean
Peat moss 0 1.35 d-f 1.49 c-f 1.25f 155 b
500 1.85a-d 1.80 a-d 1.52 cf
1000 1.42 c-f 1.73 af 1.53 cf
Loam + peat 0 1.36 d-f 1.50 c-f 1.53 c-f 1.68 ab
moss (1:1)
500 1.93 a-c 1.69 b-f 1.67 b-f
1000 1.82 ad 1.52 cf 2.09 ab
Clay + peat 0 1.27 ef 1.51 cf 1.68 b-f 171a 1.44b
moss (1:1)
500 2.23a 2.16 ab 1.47 cf 18la
1000 1.78 a-f 1.77 a-f 1.52 cf 1.69a
GA3 Conc. mean 1.67a 1.69a 158a

It is evident from the previously mentioned
results that the peat moss medium, either alone
or in combination with GAs and CaCl;
significantly improved vegetative traits (plant
height, leaf area, and number of leaves per plant)
as well as enhanced flowering (number of
florets/spike, and vase life of cut flower) and
corm yield traits (number of produced
corm/plant, and corm volume) while decreasing
the number of days to flowering (flower date).
This positive impact of peat moss medium could
be attributed to the effective role of peat moss on
plant growth and productivity. Peat moss
possesses significant functions for plants. It
conserves water and nutrients and provides them
constantly to plants. It also has air pockets or
pores to give plant roots oxygen and permit
proper drainage. Peat moss substrate s
completely free of weeds and pathogens, has a
low PH, and has a high capacity to hold air and
water. It is also enriched with nourishing
nutrients required for plant growth and
development (Robertson, 1993). The same
findings were confirmed by Lee (2016) on
freesia and Hassan et al. (2016) on gladiolus,
who displayed that the growth substrate
comprised of peat moss significantly increased
vegetative characteristics, flowering, and corm
production of plants in comparison with other
media.

The obtained findings also revealed a
significant effect of calcium chloride (CaCl,) as
an individual concentration and in combination,

especially the triple interaction that gave the
maximum average values, with peat moss
growing medium and gibberellic acid (GAs3) on
growth, flowering, and harvest traits of freesia
plants. The beneficial effect of calcium chloride
on freesia plants could be attributed to the
element calcium. Plants utilize calcium as a
major macronutrient for plant performance since
it undertakes various roles, such as making
cross-bridges as necessary elements, organizing
plant growth and  development, and
strengthening the cell wall (Hepler, 2005). The
active contribution of calcium in keeping and
modulating numerous cell functions is referred
to its presence in the membrane and as a major
constituent of the cell wall structure where it
confers steadiness, driving a rigid cell wall
(Sardoei, 2014). Furthermore, foliar addition of
calcium is needed for amelioration of longevity.
Ca reduces respiration rate (Anjum et al., 2001)
and also induces cell wall resistance (Gregory et
al., 1988). Therefore, it enhances the vase life of
cut flowers. In addition, calcium takes place in
cross-binding negative charges, particularly on
the carboxylic remnants of pectin, granting
remarkable structural hardness to the cell wall
(Hepler, 2010); more than 60% of calcium in
plants is correlated with pectin (Lara et al.,
2004). Our results of CaCl, efficacy on freesia
plants are consistent with that displayed by
Reddy and Sarkar (2016) on gladiolus, who
unveiled that the foliar spraying of calcium
importantly increased corm and cormges
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attributes and extended the vase life of plants.
Al-Atrakchii and Allawi (2020) reported that
providing gladiolus plants with 500 and 1000
mg. I of CaCl; significantly elevated vegetative
growth and vase life.

The data analysis regarding the effect of
gibberellic acid (GAs) on freesia plants
demonstrated that the foliar application of the
growth regulator at singular concentrations
caused a magnitude improvement in the
vegetation and corm vyield traits of freesia but
did not significantly affect the number of florets
per spike and vase life of cut flowers. However,
its interaction with CaCl, and peat moss media
resulted in the production of the highest ever
vegetative growth, flowering and corm harvest
traits. This could be attributed to the
effectiveness of plant growth regulators in
ameliorating the performance and quality of
ornamental plants (Sajid et al., 2009).
Gibberellins like GAs play a key role in
hormonal and nutrient organization and
blooming. GAs; motivates the re-dispensation of
photosynthesis (regulates sink—source
relationships), particularly the conveyance of
photosynthetic products from leaves to buds. It
has a remarkable task in governing various
significant processes of outgrowth, development,
seed germination, stem elongation, leaf
expansion, and flower development (Kawa and
Saniewski, 1986). Furthermore, Gibberellic acid
(GA;) can delay the senescence of flowers by
antagonizing the senescence-stimulating
influence of ethylene (Faraji et al., 2011). Many
studies have unveiled a significant improvement
in the performance of ornamental plants under
the efficacy of gibberellic acid. Zurawik and
Placek (2013) reported that treating freesia
plants with 160 mg dm-3 of gibberellic acid
(GA3) significantly enhanced  vegetation,
flowering, and premium weight of offspring
corms relative to control. Our findings are in
agreement with that of EI-Bably (2016) on
freesia, who displayed that pre-planting plus
foliar application of GAs at 200 ppm produced
the premium vegetative, flowering, and corm
yield characters compared to control. Adil et al.
(2021) also soaked the corms of freesia in GAs;
prepared solution of 150 mg. L' prior to
planting and recorded the best vegetative and
blooming characteristics, including the thickest
inflorescence stem, the largest floret head, the
heaviest inflorescence, and the best vase life
relative to control.

CONCLUSIONS

The production of Freesia plants has been
increasing in recent years due to its attractive
aesthetic appearance and the nice aromatic smell
of its flowers. Therefore, efforts are being made
to enhance the growth, productivity, and vase
life of this plant using different effective factors
such as calcium chloride, plant growth
regulators, and organic growth media. Our pot
study displayed that the utilization of a medium
consisted of peat moss and foliar spraying of
CaCl; at 500 and 1000 mg. L and GAs at 200
and 400 mg. L* along with their interactions,
exhibited superiority in giving the maximum
vegetation, flowering, and corm harvest of
freesia plants, especially the triple interaction
that gave the highest values of such traits.
Hence, the use of a medium like peat moss with
good physical and chemical characteristics and
efficient growth regulating matters like GAs
added with an active substance like CaCl; is
strongly recommended for optimum production
of freesia, with more field studies to be
conducted on freesia adding extra growth-
regulating materials.

REFERENCES

Abdul-Hafeez, E. Y., Ibrahim, O. H. and El-
Keltawim, N. E. (2015). Reuse of wastewater
from phosphate fertilizer factories can combat
soil alkalinity and improve quality of potted
gardenia Gardenia jasminoidies, Ellis). J.
Biodiversity and Env. Sci., 6 (3):423-433.

Adil, A. M., Ahmed, E. E., Al-Chalabi, A. T., Al-
Ma’athed, A. F. (2021). Effect of Planting
Time and Corms Treatment with Gibberellic
Acid on Growth, Flowering, and Vase Life of
Freesia hybrida ‘Corona. Journal of
Horticultural Research, vol. 29 (2).

AL-Atrakchii, A. O. and Allawi, S. S. I. (2020).
Effect of foliar application of calcium chloride
and salicylic acid on growth and flowering of
three Gladiolus X hortulanus L. cultivars.
Mesopotamia Journal of Agriculture, (48(3):
45-58.

Al-Khafaji, S., Ali, M., and Chalabi, S. K. M. (2016).
Influence of Epibrassinolide soaking and
CPPU spraying on Golden Melody. Faculty of
Agriculture. Baghdad University. Al-Furat
Journal of Agricultural Sciences, 8(2): 100-
107.



Journal of University of Duhok., Vol. 25, No.2 (Agri. and Vet. Sciences), Pp 144-154, 2022

Ali, T., Khattak, A. M., N. U. Amin and Khan. M. A.
(2011). Response of freesia cultivars to
different growing media under Peshawar
conditions. Sarhad J. Agric 27(1): 43-49.

Anjum, M. A, Naveed, F., Fariiha, A. and Shazia, A.
(2001). Effect of some chemical on keeping
quality and vase life tuberose (Polianthes
tuberose L.) cut flowers. Journal of Research
Science, 12, pp. 1-7.

Ashour H. A, El-Attar, A. B. E, Wahab, M. M. A.
(2020). Combined effects of NPK fertilizer
with foliar application of benzyladenine or
gibberellic acid on Dracaena marginata
‘Bicolor’ grown in different potting media.
Ornamental Horticulture, 26(4):545-561.

El -Bably, S. M. Z. (2016). Response of Freesia
refracta (Jacq), Plant to Corms Cold Storage,
Gibberellic Acid and their Interactions in
North Delta, Egypt. Middle East Journal of
Agriculture Research 5(4): 507-521.

Faraji, S., Naderi, R., Ibadli, O. V., Basaki, T.,
Gasimov, S. N. and Hosseinova, S. (2011).
Effect of post harvesting on biochemical
changes in gladiolus cut flowers cultivar
White prosperity. Middle- East Journal of
Scientific Research, 9: 572-577.

Farhat N., Jalal-ud- Duin, B.; Munir, M. and
Khakwani, A. A. (2013). Growth and
development response of Antirrhinum to plant
growing media. J. of Appl. Hort., 15(1):32-37.

Giri, T. K., Beura, S., Acharjee, S. and Palai, S. K.
(2018). Impact of Various Nutrients On
Flowering And Bulb Production of Oriental
Lilium Hybrid Cv. Sorbonne. The Pharma
Innovation Journal 2018; 7(4): 103-106.

Gregory, M., Reddy, A. S, Poovaiah, B. W. (1988).
Effect of calcium on cell wall structure,
protein phosphorylation and protein profile in
senescing apples. Plant & Cell Physiology, 2,
pp. 565-572.

Hassan, M. R. A., EI-Naggar, A. H. M., Nasr, M. N.
and El-Deeb, M. B. (2016). Effect of Mineral,
Biofertilizer and Growing Media on Growth,
Flowering and Corms Production of Gladiolus
Grandiflorus cv. " White Prosperity” plant.
Scientific J. Flowers & Ornamental Plants,
3(1):45-70.

Hepler, P. K. (2005). Calcium: A Central Regulator
of Plant Growth and Development. Plant Cell
17:2142-2155.

Hepler, P. K. and Winship, L. J. (2010). Calcium at
the Cell Wall-Cytoplast Interface. J. In. Plant
Biol. 52:147-160.

Kawa, L. and Saniewski. M. (1986). The effect of
gibberellic acid and abscisic acid on tulip pistil
growth in vitro. Acta Hort. 167: 205-210.

Khalaf, Y. F., Mohammad, S. and Abdul Kareem, A.
J. (2020). Response of freesia (Freesia
hybridaa) to growth medium and foliar spray
with marine algae extract (alga plant). Plant
Archives Vol. 20, Supplement 2, 2020 pp. 65-
70.

Lara, I, P. G. and. Vendrell, M. (2004).
Modifications in Cell Wall Composition after
Cold Storage of Calcium-Treated Strawberry
(Fragaria xananassa Duch.) Fruit.
Postharvest Biol. Technol. 34:331-339.

Lee, J. (2016). Effect of Substrates on the Growth and
Flowering of Freesia hybrid ‘Gold Rich’ in
Nutrient Culture. Hortic. Sci. Technol.
35(1):30-37.

Manning, J. C.; Goldblatt, P.; Duncan, G. D.; Forest,
F.; Kaiser, R. and Tatarenko, 1. (2010). Botany
and horticulture of the genus Freesia
(Iridaceae). South African National
Biodiversity Institute.

Mohamed, Y. F. Y. (2018). Influence of Different
Growing Media and Kristalon Chemical
Fertilizer on Growth and Chemical
Composition of Areca Palm (Dypsis cabadae
HE Moore) Plant. Middle East J. Appl. Sci,
8(1): 43-56.

Mousa, G. T., Abdul-Hafeez, E. Y. and Ibrahim, O.
H. (2015). Response of Gardenia plants grown
under various growth media and ferrous
sulfate application. Pakistan J. Agric. Sci.,
52(3): 651-658.

Plackett, A. R. G. and Wilson, Z. A. (2016)
Gibberellins and plant reproduction. In:
Annual plant reviews online. p.323— 358.

Reddy, A. G. and Sarkar, M. M. (2016). Studies on
the effect of foliar application of calcium on
post-harvest, corm and cormel production in
gladiolus cv. summer sunshine. Int. J. Agric.
Environ. Biotechnol. 9(1): 89.

Robertson R. A. (1993). Peat, horticulture and
environment. Biodiversity and Conservation.
2:541-547.

Sajid, G.M., M. Kaukab and Z. Ahmad. 2009. Foliar
application of plant growth regulators (PGRs)

153



Journal of University of Duhok., Vol. 25, No.2 (Agri. and Vet. Sciences), Pp 144-154, 2022

and nutrients for improvement of lily flowers.
Pak. J. Bot. 41; 233-237.

Sardoei, A. S.(2014). Effect of Gibberellic acid and
Calcium Chloride on Keeping Quality and
Vase Life of Narcissus (Narcissus tazetta) Cut
Flowers. International Journal of Plant,
Animal and Environmental Sciences, 4(2):
473-478.

Satish, C. B. and Manju, A. L. (2018) Plant
Physiology, Development and Metabolism.
New Delhi: Springer Nature,. 1237p.

SAS, (2010). “Statistical analysis system”, SAS
Institute Inc. Cary, Nc. USA.

Shahid, A., Hussain, R., Riaz A., Younis, A. (2017).
Effect of different substrates on vegetative

growth and quality of cast iron (Aspidistra
elatior L.). International Journal of
Biosciences, 10 (3): 297-308.

DOI: http:// dx.doi.org/10.12692/ijb/10.3.297-308.

Sharma, J., Gupta, A. K., Kumar C. and Gautam, R.
K. S. (2013). Influence of zinc, calcium and
boron on vegetative and flowering parameters
of gladiolus cv. Aldebran. Bioscan. 8(4): pp.
1153-1158.

Zurawik, P. and Placek, M. (2013). The influence of
selected growth regulators on development,
decorative value and yield of corms of easy
pot freesia (Freesia Eckl. ex Klatt). PART I.
Gibberellin A3. Acta Sci. Pol., Hortorum
Cultus 12(1) 2013, 55-64.

L gem hiissig porandS 6333915 (3929 1392 oy (I guinds Bl 915 (2 Li3IsS Sogey Uladuwyay

LS9y

LaSilayay J wlyl Bl Wiy Jls Sowdy 655 BUs ylasloids aila LldgS LdgSas b
Ugommass 995 2022-2021 Yl ooy g3l isog 3 Joas WS Jgy LsSily ¢ (SuSa b 313
9 (1:1) ywgo o + 20 o (1:1) o co + el g3ud ¢ g0 o) (S cedly fpun Upsiyls
St P Sy oy § g (133 . oKL 1000 500 «Cacl2 (0§ g3l ity toun o Wy Luilisoy
Liiss o Sogey oilin eadyasy ylaleSy (S yaud (1-3d .ple 400 o 200 <0) o3 cpidlysd
s 3 90y (RCBD) ulids LU ylaslbuds dila awdgSas 845 (.Freesia refrecta L)
BaudaSyaw swge o Sle 65 assls 5dgSa8 conladd LassS oylifow JaSay yaa o 1S
e Wy Wb Sy Lalaby) s Siui oidlslu 3 g3 (28l ggaydn JaSs syalyas 16Lics Bl ey
SIS (23 9 18 JoS i 5 468 13le) 1y SIS ddlslus 3 L gyang ((Sogy sauwd K 15lo]
ailsad 99354 Lusdgyad o (g3ly 3Lad o (Sogoy ydud 13lay 1hle3) 13lhy sdals-Lug (181318 BUs
SIBL by My iy 815 ggayda (I-yd . oSl 10005 Cacl2 (500 § gludyls
3 465 Iylod L3 ailasey alle & (uSogoy JaS3 syalyas 6355l pddlslus fpyaanly Uldadiwosy
003 Oladd cusssy lagy eadyasy lWsSy (Sl (pyiadyy s 3B BUs g8 r1fg Is (sdcd
SIS Sy wiie CaCl2 dled UySeasds o 18 wse couy BLy BUs cpguids jlag
dy Sy iy Cacl2 pdled GySeayy UBLdyls e ooy Bly sgdd bl caia
S2Lisd Sogoy (il o JeSo Sl b il BaudlsSy Sdoanyas ldddumssy 93 oLl
Ja38 BUs ¥ 5 LySoasie

154



