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of producing corm and cormlets in the summer of three

) varieties of Gladiolus X hortulanus L. They are: "Break of
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Calcium Chloride (CaCl2), Corms, dawrl" White flowers, “Espresso” with red floyvers, gnd_"BIge
Gladiolus , Salicylic acid (SA). frost™ with purple flowers after being treated with sa}llcyllc gmd

(SA) at 0 and 250 mg.I"%, as well as treatment with calcium

chloride in three concentrations: 0, 500 and 1000 mg.I"* by
DOl: spraying them on the foliage twice. The Factorial Experiment
https://10.33899/magrj.2022.1 conducted by RCBD. The results show that the red cultivar
33497.1169 recorded the largest weight of the corm was 28.98 g, its volume

was 34.01 cm?, its diameter was 4.94 cm, and the number of
cormlets was 12.33. per plant, the size of the cormlets is 13.52
cm?®. Spraying with salicylic acid at 250 mg.I"* had a significant

Correspondence Email: effect in recording the largest values for the corm diameter and

Saja.1988@uomosul.edu.iq their volume. Treatment with calcium chloride at both
concentrations 500 and 1000 mg.l"* resulted in a significant
increase in the corm weight, its diameter and the volume of
cormlets. The treatment with calcium chloride at 1000 mg.I*
caused to record the largest values for the number of cormlets
are 9.53 cormlet. pl, while the treatment with calcium chloride
at 500 mg.I"* increased of the corm volume is 27.68 cmq. The
red cultivar plants treated with or without salicylic acid interact
with calcium chloride at 500 mg.I* was gave the best grade of
corms ranked 7.00 (Jumbo).

College of Agriculture and Forestry, University of Mosul.
This is an open access article under the CC BY 4.0 license (https://magrj.mosuljournals.com/ ).

INTRODUCTION

Gladiolus plant (Gladiolus X hortulanus L.) belongs to the family Iridaceae,
and this genus is the largest among the genera of the Iridaceae family, which includes
about 92 genera, the genus includes 270 species and 30,000 species, spread naturally
in the regions of South Africa, the Arabian Peninsula, the Mediterranean Basin and
Central Europe. (Singh, 2006; Kole, 2011 and Quattrocchi, 2012).

Gladiolus is a perennial herbaceous plant that reproduces by seeds to develop
new cultivars. In recent years, it has been possible to use tissue culture technology to
obtain pure strains, as well as to multiply it widely with corms and cormlets.
Gladiolus are very rich in their diversity of cultivars, and every year new cultivars are
added, so it has become important to evaluate the produced cultivars to determine
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their suitability to environmental conditions and market requirements (Kumar et al.,
2019).

In study of Mushtaq et al., (2013) indicated that the response of cultivars is
affected by different cultivation environment and genetic composition, as it was
observed that many cultivars of similar species behaved differently when grown
under the same environmental conditions. Kumar et al., (2017) showed in their study
on five cultivars of Gladiolus grandiflorus: Nova Lux, White Prosperity, Rose
Supreme, American Beauty and Big Time Supreme planted with three planting dates,
that among all the cultivars, American Beauty scored the highest significant values
of the number of corms 2.77 corm.PI", also recorded the largest values for corms
volume and weight of 74.88 mm?® and 24.99 g, respectively, while the white
Prosperity cultivar recorded the largest number of cormlets 65.23 cormlets.pl.

Plant growth regulators are the third factor affecting plant growth and
development after genetic and environmental factors (Pahade, 2015). Sewedan et al.,
(2018) mentioned that when the Gladiolus plants sprayed with salicylic acid at 150
mg.I, it had a significant effect in increasing the diameter and dry weight of the
corms (5.9 cm and 5.17 g, respectively). Padmalatha et al., (2013) showed a
difference in the response of two cultivars of G. hortulanus, namely: Darshan and
Dhiraj when treated with salicylic acid at 150 mg.I%, the results showed that salicylic
acid was very effective and led to increase the number of corms per plant as well as
the largest volume and weight of corms.

Calcium is a critical regulator of plant growth and development, as this divalent
cation is involved in many life activities (Hirschi, 2004). Reddy and Sarkar (2016)
noted that the treatment of Gladiolus cultivar summer sunshine with calcium nitrate
or calcium carbonate sprayed on the vegetative growth when the appearance of the
3-4th or sixth leaf or when the inflorescence appeared, led to an improvement in the
characteristics of the produced corms and cormlets. They also indicated that spraying
with calcium nitrate at 300 mg.I"* on the sixth leaf led to the recording of the largest
significant values of corm diameter, thickness and weight. A study aims the
possibility of producing corms and cormlets of three types of Gladiolus during the
summer in the Mosul city after conducting some growth-supportive treatments,
including treatment with salicylic acid and calcium chloride and their effect on the
characteristics of the produced corms and cormlets.

MATERIALS AND METHODS
The experiment was carried out in shade of the green network of the Department
of Horticulture and Landscape / College of Agriculture and Forestry / University of
Mosul, during the period from April 2019 to September 2019, using three cultivars
of Gladiolus X hortulanus L. They are: "Break of dawn" with white flowers and
"Espresso™ with red flowers and "Blue frost" with purple flowers, and salicylic acid
was used in two concentrations: 0 and 250 mg. It and calcium chloride in three
concentrations: 0, 500 and 1000 mg. It was sprayed on the vegetative growth twice:
the first after the formation of three leaves and the second after the formation of the
sixth leaf on the plant. The factorial experiment was used in the complete randomized

block design with three replications and 15 plants for treatment.
The corms were in furrows, the distance between the furrows 30 cm with five
corms per furrow. Urea nitrogen fertilizer CO(NH) 46% N was used at 42 kg.dunum-
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! and potassium fertilizer in the form of potassium sulfate 42% KO by 68 kg.dunum-
L and phosphate fertilizer in the form of mono superphosphate 46% P,Os at a rate of
44 kg.dunum. the fertilizer was added spread over the soil, and the micro-elements
fertilizer Mikrom (Italian CIFO company) was added two weeks before flowering at
0.5 g.I" spraying on the foliage once in the early morning. The plants were left to
grow until September 2019, when irrigation was prevented from them ten days. Then
the corms and cormlets were removed from the soil, they were cleaned, and data were
recorded on the following characteristics: corms weight (gm), corms volume (cm?3),
corms diameter (cm) and classification Corms within the international scale (ranked),
which included seven ranks according to the gradation of the diameter of the corms
and according to the American Association of gladiolus, the number of corms
(cormlet.pl) and the volume of cormlets (cm?®). The data were statistically analyzed
by using SAS software (2002) and the differences between the treatments were
compared according to Duncan's Multiple Range Test (DMRT) at a probability level
of 5%.

RESULTS AND DICUSSION

Corm weight (gm): The results in Table (1) indicate that the corms taken from plants
of the red cultivar recorded the largest significant values of corm weight, which
amounted to 28.98 g. Spraying with either of the two concentrations of calcium
chloride used led to a significant increase in the recorded values of corm weight. The
largest significant values of 30.30 g were recorded for the weight of the corms taken
from plants of the red cultivar when treated with SA. The largest values were also
recorded from plants of the red cultivar sprayed with a 500 mg.I"* of calcium chloride
and it reached 34.77 gm, which was significantly greater compared to all other
interactions. The results showed that not treating plants with SA interact with calcium
chloride at 500 mg.I recorded the largest significant values of 23.59 g. In general, it
can be said that the largest significant values of corms weight 35.30 g were recorded
from the red cultivar plants when not treated with SA interact with calcium chloride
at 500 mg.I2.

Corm volume (cm?®): From the results of the statistical analysis of the corm volume
data in Table (2), the cultivars studied varied among themselves in the volume of the
corms, reaching 34.01 cm? for the corms of the red cultivar compared to 13.42 cm?
for plants of the white cultivar. Spraying with calcium chloride at 500 mg.I"* resulted
in a significant increase in corm volume of 27.68 cm?®. The results showed that the
largest values of corm volume recorded from plants of the red cultivar treated with
SA 34.78 cm?®. The interaction effect between the cultivars and calcium chloride was
significant, as it recorded a significant increase in the values of this trait from the
plants of the red cultivar sprayed with a 500 mg.I of calcium chloride. The untreated
plants with SA interacted with calcium chloride at a 500 mg.I* recorded the largest
values. Untreated plants with SA interacted with spraying with calcium chloride at
500 mg.I* of red cultivar plants resulted in a significant increase of 443.5% in the
volume of corms.
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Table (1): Effect of spraying with different concentrations of salicylic acid, calcium
chloride and their interactions in corm weight (gm) for three cultivars of

Gladiolus.
Cultivars Inter. Calcium chloride conc. (mg.I%) SA conc. _
Response effect of 0 500 1000 (mg.I"Y) Cultivars
Cv. & SA
. 0 8.56 h 11.36 f-h | 10.85gh | 10.26 d
white 250 | 1033gh | 10.19gh | 16.26e-g | 12.26d | ‘+20°¢
red 0 22.17c-e | 3530a |25.48b-e| 27.65ab 98.08 a
250 25.25b-e | 34.25ab | 31.39a-c | 30.30a )
violet 0 20.76 de 24.11c-e | 27.91 a-d | 24.26 bc 9253
250 19.14d-g | 23.37c-e | 19.91d-f | 20.81c
Inter. effect of white 9.44d 10.78d | 13.56d
Cv. & CaCl, _red 23.71 bc 3477a | 28.44D Effect of SA
violet 19.95¢ 23.74 bc | 23.91 bc
Inter. effect of 0 17.17c 2359a | 21.41a-c 20.72 a
SA & CaCl; 250 18.24bc | 22.60ab | 22.52 ab 21.12a
Effect of CaCl, 17.70 b 23.10 a 21.97 a

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

Table (2): Effect of spraying with different concentrations of salicylic acid, calcium
chloride and their interactions in corm size (cm?®) for three cultivars of

Gladiolus.
: : -
Cultivars Inter. Calcium chloride conc. (mg.l™) SA conc. _
Response effect of 0 500 1000 (mg.I"Y) Cultivars
P Cv. & SA g
. 0 7.66 | 18441 | 999Kk | 12.03f
white 250 12.66] | 1399 | 17771 | 14sle | o*2¢
0 2651fg | 4165a | 3155e | 33.24b
red 250 31.89de | 38.84b | 3362d | 34782 | -+01a
. 0 2470gh | 2651fg | 36.35¢c | 29.19¢
violet 250 2378h | 2662f | 2755F | 25.9840 | 2/
or effect of | WIIte 10.16h | 16.22f | 13.88¢
Cv '& caCl, red 29.20c 40.24 a 3259h Effect of SA
' violet 2424e | 2657d | 3L.95b
Inter. effect of 0 19.62d 28.87 a 2597 b 24.82 a
SA & CaCl, 250 2278¢C | 2649b | 2631b 2519 a
Effect of CaCl» 21.20 ¢ 27.68 a 26.14 b

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

Corm diameter (cm): The results in Table (3) indicate that the diameter of the corm
has varied significantly and reached a maximum of 4.94 cm for the corms harvested
from plants of the red cultivar. Treatment plants with SA led to a significant increase
in the diameter of the corms, which reached to 4.35 cm. Spraying plants with calcium
chloride at both concentrations significantly increased the volume of the corms. The
corms of the red cultivar were distinguished in their diameter, as they recorded the

62



Mesopotamia Journal of Agriculture, Vol. 50, No. 3, 2022 (59-69)

largest significant values when spraying with SA at 250 mg.I"t. The largest diameter
of corms was recorded from plants of the red cultivar sprayed with calcium chloride
at 500 mg.I"* reached to 5.25 cm. Spraying plants with SA was interacted with
spraying with calcium chloride at 1000 mg.I"* has a significant effect on recording the
largest significant values. The results of the triple interaction between the factors
under study indicate that the largest significant values of this trait were 5.36 cm for
the corms harvested from the red cultivar plants not sprayed with SA interact with
the spraying with calcium chloride at 500 mg.I2.

Classification of Corms (ranked): The results in Table (4), which shows the
classification of the Corms according to their diameters according to the international
scale of the American Gladiolus Society, indicated that the corms obtained from the
red cultivar were significantly better at rank 6.50 than the corms harvested from plants
of the white cultivar, which reached a rank of 5.22. The salicylic acid treatment led
to a significant improvement in the classification rank. Spraying plants with calcium
chloride under any of its concentrations led to a significant increase in the rank of
corms classification 6.11 and 5.94 for the concentrations 500 and 1000 mg.l*
respectively. The red cultivar corm was significantly superior to grading at 6.66 rank
when sprayed with salicylic acid. The results indicate that the best rank values of the
corms were recorded from the red cultivar plants sprayed with calcium chloride at a
concentration of 500 mg.I* which ranked 7.00 (Jumbo). In general, it can be said that
the rank values of the red cultivar corms treated with or without salicylic acid and
sprayed with calcium chloride at a concentration of 500 mg.I"* was significantly better
which reached the rank of 7.00 (Jumbo) in contrast to the values of the interactions
of the white cultivar, which recorded the lowest ranks.

Number of cormels (cormel.pl’): The results in Table (5) indicate that the red
variety recorded the largest significant number of cormels 12.33 cormels.pl?. With
the increase in the concentration of calcium chloride used, the number of cormels
increased significantly and reached a maximum of 9.53 cormels.PI at 1000 mg.I2.
It was possible to record the largest values for the number of cormels, which
amounted to 12.57 cormels.PI* of red variety plants sprayed with salicylic acid.
While the results showed that the largest values 16.87 cormels.PI** were recorded
from the red variety plants sprayed with calcium chloride at 500 mg.I"X. The plants
sprayed with salicylic acid interact with the spraying with calcium chloride at 1000
mg.I" records the largest significant values. It is noted from the results of the triple
interaction that the largest significant values of 18.51 cormels.PI are recorded from
the red variety plants treated with salicylic acid interacted with calcium chloride
treatments at 500 mg.I.
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Table (3): Effect of spraying with different concentrations of salicylic acid, calcium
chloride and their interactions in corm diameter (cm) for three cultivars of

Gladiolus.
- - 1
Cultivars Inter. Calcium chloride conc. (mg.l™) SA conc. _
Response effect of 0 500 1000 (mg.I"Y) Cultivars
P Cv. & SA 9.
. 0 3.14 3.74 h 3.49i 3.47¢
White 250 326] | 3471 | 435ef | 360d | -0C
0 4.50 de 5.36 a 464d 483b
Red 250 486c | 515b | 511b | 504a | O42
. 0 4.09¢ 4.28e-g | 4.68 cd 435¢c
violet 250 233ef | 442e | a18fg | a3ic | +38P
Inter. effect of white 3.21h 3.60 g 3.92f
Cv '& cacl red 4.68 ¢ 525a 4.87hb Effect of SA
' 2 [ violet 421e | 4.35de | 4.43d
Inter. effect of 0 3.92¢ 4.46 ab 4.27c 4.22b
SA & CaCl; 250 4.15d 4.34 bc 455a 435a
Effect of CaCl, 4.03b 4.40 a 441a

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

Table (4): Effect of spraying with different concentrations of salicylic acid, calcium
chloride and their interactions in classifying corm (degree) for three

cultivars of Gladiolus.

Cultivars Inter. Calcium chloride conc. (mg.I%) SA conc. _
Response effect of 0 500 1000 (mg.I"Y) Culitvars
Cv. & SA
. 0 4.66 e 5.66 d 5.00e 5.11d
White 250 500e | 500e | 600cd | 533d | >22°¢
0 6.00 cd 7.00 a 6.00 cd 6.33b
Red 250 633bc | 7.00a | 666ab | 666a | O°02
violet 0 6.00 cd 6.00 cd 6.00 cd 6.00 c 6.00 b
250 6.00 cd 6.00cd | 6.00 cd 6.00 c
Inter. effect of White 483d 5.33¢c 550c
Cv. & CaCl, F_zed 6.16 b 7.00 a 6.33b Effect of SA
Violet 6.00 b 6.00 b 6.00 b
Inter. effect of 0 555¢ 6.22 a 5.66 C 581b
SA & CaCl; 250 5.77 bc 6.00 ab 6.22 a 6.00 a
Effect of CaCl, 5.66 b 6.11a |594a

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

Cormels volume (cm?3): It is noticed from Table (6) that the cultivars differed
significantly in the volume of cormels, the largest values 13.52 cm® were recorded
from the red variety plants. Treated plants with salicylic acid led to a significant
increase in the values of this trait. A significant increase in the cormels volumes was
also recorded when treated with calcium chloride and at any of the two concentrations
used. On the other hand, the largest significant values of cormels volumes were
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recorded when the red variety plants were treated with salicylic acid. The results also
showed that treating the red variety plants with calcium chloride at 500 mg.I* resulted
to record the largest significant values of 18.44 cm?®. The treatment of plants with
salicylic acid interacts with spraying with calcium chloride at both concentrations of
500 and 1000 mg.I* has a significant effect on increasing the volumes of cormels.
Overall, the volumes of cormels increased significantly, reaching to 24.44 cm? for the
red variety plants sprayed with salicylic acid and calcium chloride at 500 mg.I2, this
treatment increased by 1550.5% over the lowest values recorded for plants of the
white variety not sprayed with salicylic acid and calcium chloride.

Table (5): Effect of spraying with different concentrations of salicylic acid, calcium

chloride and their interactions in cormels number (cormel.PI) or three
cultivars of Gladiolus.

Cultivars Inter. Calcium chloride conc. (mg.I%) SA conc. _
Response effect of 0 500 1000 (mg.I"?) Cultivars
Cv. & SA
. 0 1.22 k 5.29¢ 7.48 f 4.66 d
white 250 122k | 214 | 1041d | 449d | *°'¢
red 0 11.74c 15.22 b 9.29¢e 12.08 b 12333
250 3.88i 18.51a | 15.33b | 1257a '
. 0 411 4.62h 955e 6.09 c
violet 250 244] | 488h | 5449 | 425e | *17P
Inter. effect of white 1.22i 3.72 g 8.79 ¢
Cv. & CaCl, _red 7.81d 16.87a | 12.31b Effect of SA
violet 3.27h 475 f 749 ¢
Inter. effect of 0 5.69d 8.38 ¢ 8.77h 7.61a
SA & CaCl; 250 251e 851c 10.29 a 711D
Effect of CaCl; 410c [845b 9.53a

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

on DMRT.

Table (6): Effect of spraying with different concentrations of salicylic acid, calcium
chloride and their interactions in cormels volume (cm?®) or three cultivars

of Gladiolus.
Cultivars Inter. Calcium chloride conc. (mg.I™) SA conc. _
Response effect of 0 500 1000 (mg.I"Y) Cultivars
Cv. & SA
. 0 1.48i 9.77 e 8.03 f 6.43 d
white 250 2481 | 562h | 9.88e | 599d | °%°
red 0 6.18 h 12.44cd | 12.07cd [ 10.23b 1352 3
250 6.51 gh 24444a | 19.48b | 16.8la '
. 0 6.59 gh 11.33d | 12.62c | 10.18b
violet 250 743fg | 799f | 674gn | 740c | S70P
Inter. effect of white 1,98 f 7.70 d 8.96 C
Cv. & CaCl, _red 6.35¢€ 1844a | 15.77b Effect of SA
violet 7.03 de 9.66 9.68 ¢
Inter. effect of 0 4.75d 11.18b | 10.91b 8.95Db
SA & CaCl» 250 5.49c 12.69a | 12.03a 10.07 a
Effect of CaCl> 512b 11.93a |11.47a

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

on DMRT.
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From the results in Tables (1, 2, 3, 4, 5 and 6), which indicated that the red variety
plants surpass in recording the largest significant values of the weight, volume and
diameter of the corms, classification rank, the number and volume of cormels, these
traits were associated with a significant increase in the number of leaves and the
intensity of chlorophyll in the leaves (unpublished data). (Allawi and AL-Atrakchii,
2020), that these plant organs are the sink for the collection and storage of processed
nutrients in the leaves as indicated by Das (1998) in their study on the Gladiolus plant,
or may explain the increase in the values of these traits distinguish the red cultivar
plants from other cultivars plants in the strength of the root group, which supported
plant growth better than the other two cultivars (Jacoby and Halevy, 1970). The
results in Tables (3, 4 and 6) indicated that the corm diameter, classification rank, and
the cormels volume increased significantly when treated with salicylic acid. This
result may be explained according to the role of salicylic acid, which is involved in
many morphogenetic processes, including the formation of flowers and tuber
formation (Koda et al., 1992, Khurama and Cleland, 1992), and its effect on
improving vegetative growth, which is reflected in an increase in the corms volume,
as stimulating the synthesis of chlorophyll and increasing the photosynthesis resulted
In more nutrients i.e. more dry total sugars accumulated in the corms, this is supported
by Sewedan et al., (2018) in their study on the Gladiolus plants.

The results indicated in Tables (1, 2, 3, 4, 5 and 6) regarding the yield of the corms
and cormels and the classification of the corms according to the international scale of
the American Society of Gladiolus, that treatment with calcium chloride had a
positive effect in improving the quantitative and qualitative characteristics of the
corms and cormels, this may be explained according to the role of calcium involved
in the process of photosynthesis and facilitation of nitrate uptake in the presence of
calcium, increasing the processes of cell division and thus growth, as well as the
binding of nucleic acids to proteins and participation in the formation and
strengthening of cell membranes, this is supported by Reddy and Sarkar (2016) in
their study on the plant Gladiolus.

CONCLUSION

Deduce from this study that sprayed with salicylic acid interaction with calcium
chloride it was possible to produce corms yields for three cultivars of Gladiolus X
hortulanus L. by good quality with classification degrees that allowed it to enter the
classifications according to the international grade of the American Association of
Gladiolus and suitable for local marketing and at an inappropriate time for production
from high temperatures with high light intensity and low relative humidity under
conditions of the canopy green net.
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