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Abstract

The experiment was conducted in one of the greenhouses of the Baguba Arboretum Research Station
Center / Diyala Agricultural Directorate during autumn season of the year 2021-2022. To study the
effect of spraying silicon and methyl Jasmonate on the growth and flowering of Digitalis purpurea L.
The first factor involved spraying the vegetative growth with silicon at two concentrations, 0 and 100
mg L™ and methyl Jasmonate at different concentrations of 50 and 100 mg L™, A factorial
experiment (2 x 3 x 3) was conducted according to the randomized complete block design (RCBD)
with three replicates, and the results of the experiment were as follows:

The results showed that there was a significantly excelled when spraying with silicon at a
concentration of 100 mg L™ in the traits of plant height (39.19 cm), number of leaves (18.86 leaf
plant™), leaf area (2069.6 cm ?), and chlorophyll content in leaves (2.59 mg 100 gm™).The dry
weight of the leaves (10.84 g), the early flowering time (94.77 days), the number of inflorescences
(9.35 inflorescences™), the number of florets per inflorescence (38.10 florets. inflorescences™), the
fresh weight of the inflorescence (13.13 g), and the dry weight of the inflorescence (3.12). cloud).
The results showed that there was a significantly excelled when spraying Methyl Jasmonate at a
concentration of 100 mg L™ in plant height (38.07 cm). The number of leaves (18.15 plant leaves™),
the leaf area (1939.8 cm?), the relative chlorophyll content in the leaves (2.55 mg 100 gm™), the dry
weight of the leaves (10.13g), the early flowering time (95.08 days), the number of inflorescences
(8.91 inflorescences. plant™) and the number of florets per inflorescence (36.89 florets plant™) The
fresh weight of the inflorescence was (12.81 g) and the dry weight of the inflorescence was (2.93 g).
The results of the interactions between the two factors of the study indicated a significant effect in
improving most of the vegetative and flowering growth traits of the digitalis plant, and the
interactions Si100xMj100 excelled in recording the best results.

introduction Europe as well as central and western Asia

o ] [16]. The doctor Withering describes the
Medicinal plants are defined as a part of the digitalis as a biennial plant that does not
plant, or more than one part, which contains tolerate dryness of the soil and blooms from
one or more chemical substances in a low or late spring to early summer [32]. Digitalis is
highest concentration and can treat a specific an herbaceous plant with dark green leaves
disease or more, or reduce the symptoms of that bears conspicuous purple flowers from
infection if it depends on this part either in its which its scientific name is derived [30;32].
natural form, Either through the effective Although digitalis has been used medicinally
chemicals extracted from it, and that for more than 700 vears, its medicinal
everything of plant origin that is used properties were first described by Doctor
medicinally is a medicinal plant, and this Withering in 1785 as a treatment for dropsy,
definition includes the plant kingdom, not which is now referred to as heart failure or
excluding the lowest species to the most congestive heart failure [31; 32]. Silicon (Si)
advanced and complex [28]. Digitalis is the second most abundant element in soil
purpurea L., commonly referred to as purple and is found as silica or silicates in nature. It
foxglove, is a flowering plant in the family ranges from 1% to 10% or higher in the dry
Plantaginaceae [30] native to North Africa and
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matter of the plant. Silicon can benefit plant
growth and development in several ways.
Some of these benefits include increased plant
growth and crop quality. It stimulates
photosynthesis, reduces the rate of
transpiration, increases plant resistance to
biotic and abiotic stresses, and is a stimulus or
elicit for secondary metabolites in plants. The
beneficial effects of silicon are usually
expressed more clearly when plants are under
stress conditions. Plants take up silicon in the
form of silicic acid Where it is transferred to
the vegetative branches. After losing water, it
polymerizes in the form of silica gel on the
surface of leaves and stems. It is also the only
ingredient that does not cause serious harm to
plants in excess amounts [18]. Jasmonates
include both jasmonic acid (JA) and methyl
Jasmonate (MeJA), along with their
intermediates, which are important molecular
signals, widespread in the plant kingdom and
playing critical roles in biotic and abiotic
stress responses. As well as in the processes
related to plant growth and development.
Jasmonates are also involved in several
developmental processes and vegetative
growth, such as increase in fruit size and
mass[19], chlorophyll pigment concentration,
and root system development [7], He stated
that one of the effective ways to increase the
production  of  secondary = metabolite
compounds in plants is treatment with
chemicals such as methyl Jasmonate, and
many studies have shown that Jasmonate
compounds lead to stimulation of the
accumulation  of  secondary  metabolite
compounds, such as glycosides, alkaloids and
anthocyanins, in plants [8]. Given the
importance of silicon in plant growth and
development and its association with
important physiological functions in the plant
and its enhancement of plant resistance to
abiotic and biotic stresses and the importance
of the methyl Jasmonate compound in
stimulating the accumulation of secondary
metabolites and mitigating the impact of
environmental stresses as well and the
importance of the digitalis plant being a
medicinal plant. Accordingly, this study aims
to study the effect of foliar spraying of each of
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silicon and methyl Jasmonate on the
vegetative and flowering growth of the
digitalis plant.

Materials and methods

The experiment was conducted in one of the
greenhouses  affiliated to the Baquba
Arboretum Research Station, Center / Diyala
Agriculture Directorate, in autumn season of
the year 2021-2022.The experiment was
conducted from 1/3/2022 to 5/15/2022. The
seeds of the Digitalis purpurea L. plant,
imported from the Swiss company Syngenta
flowers, were grown in tray containing peat
moss on 11/17/2022. One seed was planted in
each pit and left in the plastic house. The land
of the plastic house was prepared from the
operations of cleaning the soil, leveling it, and
covering it with a black (polyethylene) plastic
cover to prevent the growth of weeds and
maintain the cleanliness of the experiment site.
river soil was obtained from the banks of the
Tigris River. Samples were taken from
agricultural soil, and some of its chemical and
physical properties were analyzed in the
Central Laboratory for Soil, Water and Plant
Analysis, University of Baghdad / College of
Agricultural Engineering Sciences, Table (1).

The experiment included a study of two
factors. The first factor involved spraying the
vegetative growth with silicon at two
concentrations, 0 and 100 mg L™, symbolized
by Si. As for the second factor, it represented
spraying the vegetative growth with a
compound of methyl Jasmonate at different
concentrations of 50 and 100 mg L™, in
addition to spraying with distilled water as a
comparison treatment and symbolized by Mj0,
Mj50, and Mj100, and this included the
second factor. Methyl Jasmonate was prepared
by supplementing the volume to 100 ml using
ethanol and then supplementing to 1 liter of
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distilled water. The plants were sprayed twice,
the first after the appearance of 4-5 pairs of
true leaves, and the second after 30 days from
the date of seeding, with an interval of two
days between spraying each of the study
factors. A dispersing agent (liquid soap) was
added with the spray solution. The plants were
sprayed until completely wet using a 2-liter
hand sprayer. A barrier was placed between
the experimental units to prevent the spray
from spreading to other treatments.

Table 1: Some chemical and physical traits of agricultural soil

values Units measured trait
2.47 ds m™ Electrical Conductivity EC 1:1
7.18 s PH 1:1

:5%.315 mg.kg available nitrogen

254.10 available phosphorous P

4.60 available Potassium K

130.1 aka organic matter

7.7 Calcium carbonate CaCO3

6.11 Meq.L-1 soluble calcium Ca**

3.25 Mg+2 dissolved magnesium

1.3 Dissolved Sodium Na**

20.55 dissolved bicarbonate HCO3

1.01 Dissolved chlorine

876 Sand

64 g.kg™? Silt Soil separators
69 Clay

SAND soil texture
A factorial experiment (2 x 3 x 3) was carried flower, the number of inflorescences

out according to the Randomized Complete
Block Design (RCBD) and with three
replicates [2]. The data were analyzed
according to the statistical program [27], and
the arithmetic means were compared using the
Duncan multiple tests. The limits are at a
probability level of 0.05. Experimental
measurements included some vegetative traits,
plant height (cm), number of leaves and leaf
area (cm?). Leaf area was calculated using
Digimizer software according to [25] and total
chlorophyll content in leaves (100g™ mg fresh
weight) according to [14], leaf dry weight (g),
In addition to flower growth characteristics,
such as the date of opening of the first basal
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(inflorescence. plant™), the number of florets
in the inflorescence (inflorescence. plant™),
the fresh weight of the inflorescence (gm), and
the dry weight of the inflorescence (gm).

Results
Traits of vegetative growth

The results in table (2) showed that there were
significant differences when treated with
silicon spray, which resulted in a significant
increase in plant height, number of leaves, leaf
area, and chlorophyll content and the dry
weight of the leaves, where the spraying
treatment with the concentration of 100 mg L™
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recorded 39.19 cm, 18.86 leaf-1, 2069.6 cm2,
2.59 mg 100 g, and 10.54 g, respectively.
While the control treatment recorded the

lowest values of 33.48 cm, 14.42 leaf. plant™,
1383.9 cm2, 1.90 mg lOOg'l, and 7.46 g,
respectively.

Table (2): Effect of spraying silicon and methyl Jasmonate on some vegetative traits of digitalis

Effect of Ir
Treatments Nt | eaf planty | €M) vatoogn® | @
Sio 33.48 b 14.42 b 1383.9b 1.90 b 7.46 b
Si100 39.19a 18.86 a 2069.6 a 2.59 a 10.84 a
Effect of Mj
Mjo 34.13 b 15.46 b 13508b | 186¢ 8.20 ¢
Mjs0 36.81a 16.31 b 1889.8a | 2.32b 9.12b
Mj100 38.07a 18.15a 1939.8a | 255a 10.13 2
Effect of IrxMj
Mjo 30.80 ¢ 12.81d 792.1¢e 1.24 d 6.36 d
si0 Mj50 34.21b 14.03 d 1709.0cd | 2.08¢ 757 ¢
Mj100 | 35431 16.43 ¢ 1650.7 d 237D 8.45 C
Mjo 37.46ab | 18.11b 1909.5bc | 247D 10.04 b
sitoo | Mis0 39.42 a 18.60 ab 2070.6ab | 2.56 ab 10.67 b
Mj100 | 40704 19.87 a 22289a 273a 11.82a

The effect of spraying methyl Jasmonate
significantly on plant height, number of
leaves, leaf area, chlorophyll content and dry
weight of leaves. The spraying treatment
excelled with the concentration of 100 mg L™
by recording the highest values of 38.07 cm,
18.15 leaf. plant?, 1939.8 cm 2, 2.55 mg 100
g and 10.13 g, respectively. While the
control treatment recorded the lowest values
of 34.13 cm, 15.46 leaf-1, 1350.8 cm?, 1.86
mg 100g™, and 8.20 gm, respectively. The
results of the interaction between silicon
concentrations and  methyl  Jasmonate
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concentrations showed a significant effect on
the characteristics of plant height, number of
leaves, leaf area, chlorophyll content and dry
weight of leaves. .73 mg 100gm™ and
11.82gm, respectively, compared to the rest of
the coefficients.

Traits of flowering growth

It is clear that the foliar spraying with silicon
had a significant effect on the flowering date,
where the spraying treatment with a
concentration of 100 mg L™ excelled by
recording the lowest flowering date, which
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reached 94.77 days, while the control
treatment recorded a delay in the flowering
date, which reached 100.36 days. The spray
treatment with a concentration of 100 mg L™
excelled in the number of inflorescences, the
number of florets per inflorescence, the fresh
and dry weight of the inflorescences, and gave
9.35 inflorescences. plant™?, 38.10
inflorescences. plant'l, 13.13 g and 3.12 g,
respectively. Compared with the control
treatment, which gave the lowest values, it
was 6.35 inflorescences™, 31.28
inflorescences™®, 10.18 g and 2.18 g,
respectively. It is noted that foliar spraying
with methyl Jasmonate had a significant effect
on the flowering date, where the treatment
with a concentration of 100 mg L™ excelled by
recording the lowest flowering date, which
reached 95.08 days, while the control
treatment recorded a delay in the flowering
date, which amounted to 100.02 days. The
spraying treatment with a concentration of 100
mg L' excelled in the number of
inflorescences, the number of florets per
inflorescence, the fresh and dry weight of the
inflorescences, and gave 8.91 inflorescences
plant-1, 36.89 florets inflorescence-1, 12.81 g
and 2.93 g, respectively, compared with the
control treatment that gave the lowest values
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were  6.84 inflorescences?,  32.54
inflorescences™®, 1049 g, and 234 g,
respectively. The results of the interaction
between the concentrations of silicon and
methyl Jasmonate showed a significant effect
on the flowering date, where the treatment
Si100 x Mj100 recorded the lowest flowering
date, which reached 92.48 days. The treatment
Si100xMj100 recorded the highest values in
the number of inflorescences. The number of
florets per inflorescence, the fresh and dry
weight of the inflorescences, and gave 10.21
inflorescences  plant®, 4056  florets
inflorescence™, 1448 g, and 3.35 g,
respectively, compared with the treatment of
Mj0xSi0, which gave the lowest values of
5.19 inflorescences plant™ and 29.52 flower.
inflorescences ™, 8.88 grams and 1.79 grams,
respectively.
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Table (3): Effect of spraying silicon and methyl Jasmonate on some flowering traits of digitalis

plant
Effect of Ir
Number  of
Number  of florets in an | Fresh weight .
Characters flowers . Dry weight of
Day to|. inflorescence | of .
. inflorescences . inflorescences
flowering | . (floret inflorescences
Treatments (inflorescence | . ] (9)
1 inflorescence™ | (Q)
plant™) 1)

Si0 100.36a |6.35b 31.28 b 10.18 b 2.18b
Si100 94.77 b 9.35a 38.10a 13.13a 3.12a
Effect of Mj
MjO0 100.02a |6.84c 3254 ¢ 10.49b 2.34 ¢
Mj50 97.60 b 792b 34.65b 11.67 ab 2.69b
M;j100 95.08 ¢ 89la 36.89 a 12.81a 293 a
Effect of
IrxMj

MjO0 103.26a |5.19¢e 29.52 ¢ 8.88 d 1.79e
Sio Mj50 |100.13b |6.27d 3l.11e 10.53 cd 2.24d

M0 o7esc | 7.60c 33.22d 11.13 be 251¢

Mj0 96.77 cd 8.58b 35.55¢ 12.11 bc 2.89b
Si100 | Mj50 | 95.06d 9.27b 38.19b 12.81 ab 3.13ab

Y0 lo248e 10212 4056 a 14.48 a 335a

Discussion chlorophyll content in the leaves, which

The results of the experiment showed that the
spraying of silicon led to a significant effect,
where the treatment of spraying with a
concentration of 100 mg L™ was missed in
improving the vegetative growth traits
represented by plant height, number of leaves,
leaf area, chlorophyll content in the leaves,
and dry wegith of leaf. The reason may be due
to the fact that the spraying of silicon led to an
improvement in traits of vegetative growth by
increasing the level of gibberellin in the plant,
which is responsible for stimulating growth, or
the reason may be due to the increase in the
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encourages the synthesis of sugars that are
used in plant growth [20], or the reason may
be due to the fact that silicon increased root
growth, which increases the absorption of
nutrients that contribute to plant growth [11],
and the reason for increasing plant height may
be due to the role of silicon in elongating and
strengthening plant roots, which leads to
increased uptake more nutrients than the soil
solution [17], Perhaps the role of silicon in
increasing the absorption of nutrients and
water, which leads to accelerated growth [12],
and the reason may be due to the important
role of silicon in improving plant growth and
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development. Silicon helps to enhance
mechanical strength, intercept light, and resist
various biotic and abiotic stresses, which leads
to improved vegetative growth traits. Foliar
spraying of silicon leads to increased plant
hardness due to increased nitrogen in the
plant, which leads to improved vegetative
growth traits [23], Silicon-mediated stress
tolerance is the result of two main processes,
physical and mechanical protection through
the deposition of SiO, and by metabolic
changes induced by biochemical responses[9],
The reason for the increase in leaf area and the
number of leaves resulting from the use of
silicon may also be due to its influential role in
the photosynthesis process by increasing the
chlorophyll content and increasing the
efficiency of photosynthesis [5]. In addition,
the deposition of silicon in the epidermal cells
will prevent water loss from the leaves and
increase the efficiency of water use, which
will be positively reflected in increasing the
fresh weight of the shoot. These results are
consistent with the findings of [15] when
spraying silicon on borage plant.

The results of the experiment showed that
spraying methyl Jasmonate led to a significant
effect, where the treatment of spraying at a
concentration of 100 mg L™ was missed in
improving the vegetative growth traits
represented by plant height, number of leaves,
leaf area, chlorophyll content in leaves, and
dry weight of leaves, and the reason for
excelled of these traits may be due to the
important role of methyl Jasmonate. As its
main function is to regulate the process of
opening stomata, cell division, plant growth,
and foliar treatment, which causes the
regulation of many physiological processes to
help the plant resist many abiotic stresses [1],
and the reason may be due to the increase in
physiological processes, the most important of
which is photosynthesis.[10] mentioned that
Jasmonate compounds have an important role
in regulating many vital processes in plants
such as photosynthesis and the formation of
reproductive organs. Many scientists also
suggested that they have a major role in many
other physiological processes such as
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flowering, defense responses and senescence,
and in increasing plant tolerance to stress.
biotic and abiotic and increase their resistance
to pathogens, Which leads to an increase in the
percentage of nitrogen and phosphorus in the
plant and thus increase plant activity and
improve the traits of vegetative growth, and
that the diversity of effects of methyl
Jasmonate in plant growth include the
formation of storage organs, and increase plant
defenses against biotic stress (such as insects,
herbivores and pathogens) and abiotic (such as
dryness and waterlogging). In addition,
methyl Jasmonate can interact with other plant
hormone pathways, particularly ethylene, to
influence growth and development [24], The
reason may be due to the fact that Jasmonate
compounds have stimulating or inhibiting
effects on the various processes necessary for
plant development and growth, and the ability
of Jasmonate compounds to act as regulators
of growth, development, defense or protection,
and has roles in flower growth and
development [3].

The results of the experiment showed that the
spraying of silicon led to a significant effect,
as the spraying treatment with a concentration
of 100 mg L-1 excelled in improving the
inflorescence growth traits represented in the
number of inflorescences, the opening date of
the first basal inflorescence in the
inflorescence, the number of florets per
inflorescence, and the fresh and dry weights of
the inflorescence. Silicon may improve
vegetative growth due to its role in increasing
root growth, which increases the absorption of
nutrients that contribute to plant growth and
increased growth and flowering buds [11], and
the reason may be due to the fact that silicon is
a nutrient as it increases the efficiency of
water use. For plants exposed to stress,
through closing the stomata, reducing
transpiration, accumulating proline, increasing
calcium ion and chlorophyll content. As the
thick layer formed of silica gel attached to the
cellulose cell walls helps prevent water loss
and increase plant productivity from flowering
[13], and the reason for the increase in leaf
area may be attributed to the use of silicon and
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its influential role in the process of
photosynthesis by increasing the content of
Chlorophyll and increase the efficiency of
photosynthesis [5],As for the increase in the
number of inflorescences, the date of opening
of the first basal floret in the inflorescence, the
number of florets in the inflorescence, and the
fresh and dry weights of the inflorescence, it
may be due to the presence of silicon, which
affects the absorption and transmission of
many macro and microelements, as well as the
role of silicon in increasing the activity of the
HATPase enzyme. The reason may also be
due to the fact that the use of silicon led to an
improvement in the absorption of the macro
nutrients nitrogen and phosphorous, which is
reflected positively in flowering growth [21],
as the foliar spraying of potassium led to an
increase in vegetative growth as well as
increased plant height, and this is consistent
with what was found [22] on the dahlia plant.
The results of the experiment showed that
spraying methyl Jasmonate led to a significant
effect on traits of flowering growth, and the
spraying treatment with a concentration of 100
mg L-1 of methyl Jasmonate excelled in
giving it the best results for traits represented
by the number of inflorescences and the
opening date of the first basal flower in the
inflorescence. The number of florets of the
inflorescence and the fresh and dry weights of
the inflorescence. The reason may be due to
the fact that Jasmonate compounds have
stimulating or inhibiting effects on the various
processes necessary for plant development and
growth, and the ability of Jasmonate
compounds to act as regulators of growth,
development, defense or protection and have
roles in the growth and development of the
flower [3].These results are consistent with
what was mentioned by [6], that spraying
jasmonic acid on the chrysanthemum plant
Calendula officinalis increased the dry weight
of flowers and the number of flowers, and also
agree with what was found by [29] on the
artichoke plant Cynara cardunculus, The
reason may also be due to the increase in
physiological processes, the most important of
which is the process of photosynthesis. [10]
mentioned that methyl Jasmonate has an
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important role in regulating many vital
processes in plants, such as photosynthesis and
the formation of reproductive organs. other
physiological processes such as flowering,
defense responses, and aging, The reason for
this increase could also be due to the variety of
effects of methyl Jasmonate on plant growth,
including formation of storage organs, and
increased plant defenses against biotic and
abiotic stress. In addition, methyl Jasmonate
can interact with other plant hormone
pathways, particularly ethylene, to influence
growth and development.[24]. These results
agree with what [4] found when spraying
methyl Jasmonate on the Chinese aster plant,
and what [26] found on Kalanchoe
blossfeldiana.
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