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ABSTRACT

Background. Gladiolus is an important ornamental plant known for its vibrant colors and
high demand in the market. Its growth is greatly affected by several factors, among which
the most prominent are magnesium and sulfur deficiency. Epsom salt is a rich source of
magnesium and sulfur and has the ability to improve the vegetative and reproductive at-
tributes of different gladiolus cultivars. However, its optimum concentrations for improved
growth and development need to be identified.

Materials and Methods. This study was conducted at the ornamental nursery, The Uni-
versity of Agriculture, Peshawar, Pakistan, following a randomized complete block design
with two factors. Factor A comprised Epsom salt concentrations at 0%, 2%, 4%, and 6%.
While, Factor B included gladiolus cultivars, namely White Prosperity, Rosa Supreme,
Nova Lux, and Advanced Red. Foliar application of Epsom salt was done when the plants
reached three to five true leaf stages.

Results. Among all the concentrations, Epsom salt showed greater chlorophyll content at
the rate of 4%, as well as the number of florets, floret diameter, floret fresh weight, floret
dry weight, spike length, and vase life. Likewise, the highest number of leaves, leaf area,
floret diameter, number of florets, floret fresh and dry weight, as well as vase life, weight,
and diameter of daughter cormels were observed in the Advance Red cultivar of gladiolus.
Interactive effects revealed that Advance Red, with 4% Epsom salt, achieved maximum
floret weight, dry matter, and vase life, while the longest spikes were recorded in White
Prosperity.

Conclusion. This study identifies 4% Epsom salt as the optimal concentration for enhanc-
ing gladiolus growth and floral quality, with Advanced Red emerging as the most respon-
sive cultivar.
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»  Genotypic variation drives differential responses to mineral fortification
» Integrated cultivar-nutrient strategy maximizes commercial viability.

GRAPHICAL ABSTRACT

Optimum Epsom Salt Concentration = 4%

» Improves Chlorophyll content and
Photosynthesis

» Enhance the quality and vase life of gladiolus

» Improves cormel yield

Advance Red
» Highest floret weight |«
* Improved vase Life |«

White Prosperity
Longest Spikes
More flowers

Rosa Supreme Nova Lux
* Largest leaf area *+ Moderate
* More Cormels response
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1. INTRODUCTION

Gladiolus (Gladiolus grandiflorus L.)
is an important ornamental crop known for
its beautiful flowers arranged in an acro-
petal manner on the spike [1]. It is believed
to have originated in South Africa. Gladio-
lus belongs to the family Iridaceae [2]. The
flowers of gladiolus are large and vibrant
with very eye-catching colors. The gladio-
lus spike consists of 15-20 florets. The flo-
rets start to open from the lowermost floret
present on the spike (from the base to the
apex). Due to its vibrant colors, large flo-
rets, easy cultivation, and varietal variation,
this plant has gained widespread recogni-
tion in the floriculture industry. Gladiolus
is commonly known as “sword lily” be-
cause its leaves resemble a sword [3].
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There are about 260 varieties of the
gladiolus. The growth and flowering traits
vary depending on the specific variety. The
commercial propagation of gladiolus is
mostly done by asexual or vegetative prop-
agation through corms and cormels to
achieve true to type and quick production.
Typically, gladiolus corms are planted in
winter and flowering starts in spring, de-
pending upon the cultivars and climatic
variation. The plant thrives well in tropical
and sub-tropical regions. Gladiolus is the
eighth most important cut flower in the
world. Countries with the most gladiolus
production include France, Netherlands,
Brazil, USA, Italy, Bulgaria, Australia, and
Poland [4]. Akin to these countries, the flo-
riculture sector of Pakistan has recognized

Volume 8 Issue 1, 2026

UMT— 65



Impact of Epsom Salt Concentrations...

the importance of the gladiolus plant be-
cause of its unique features. In Pakistan,
this crop is cultivated in various regions of
Punjab, KPK, Sindh, and Balochistan.
Gladiolus is a highly adaptable crop and
grows well in different environments [5].

Gladiolus spikes are mostly used for
ornamental purposes, specifically in bou-
quets, decorations, and exhibitions [6].
Plant attributes are slightly affected by the
biotic and abiotic factors. Besides these fac-
tors, the plant’s nutritional requirements are
essential to be fulfilled to achieve optimum
growth and flower quality of the crop [7].

Magnesium (Mg) and sulfur (S) are
two of the most important secondary mac-
ronutrients required by the plant. Mg is the
central component of the chlorophyll mole-
cule. Plant health is greatly influenced by
the availability of magnesium and sulfur.
They help in the relocation of nutrients in
the plant’s body and regulate different en-
zymes to improve plant growth. Sulfur is
known to help plants to activate their de-
fense system against pests and diseases. If
these nutrients are deficient in the soil, the
growth of the plant remains retarded and
shows the signs of chlorosis between the
veins, as well as less yield with inferior
quality flowers. Thus, it is important to pro-
vide the plants with an optimum amount of
these nutrients to have high quality gladio-
lus cut flowers.

Foliar application of Epsom salt is the
best way to meet the needs of magnesium
and sulfur in plants. Various studies have
revealed that it improves the flower quality
and quantity, promotes the chlorophyll con-
tent, and improves the growth and develop-
ment of plants, ultimately resulting in
higher quality and vase life of the flowers
[8]. However, the response of Epsom salt to
every cultivar differs because each cultivar
has a different ability to absorb and utilize
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these nutrients. Hence, this study was con-
ducted to find out the optimum concentra-
tion of Epsom salt for improved growth and
production of various gladiolus cultivars
under the agro-climatic conditions of Pesh-
awar, Pakistan.

2. MATERIALS AND METHODS

This study was conducted using a ran-
domized complete block design with two
factors. Factor A comprised Epsom salt
(MgS04-7H20) concentrations (0%, 2%,
4%, and 6%), while Factor B comprised
Gladiolus cultivars, namely White Prosper-
ity, Advance Red, Rosa Supreme, and Nova
Lux. There were a total of 16 treatment
combinations, each replicated thrice, with a
total of 48 experimental units. The soil of
the experimental field had a silt loam tex-
ture and it was prepared thoroughly through
ploughing, followed by leveling. Gladiolus
corms were sown on March 1, 2024 on
ridges, maintaining a 30 cm spacing both
within and between rows.

Epsom salt solutions were prepared
following the method described by Akhtar
et al. [8] by dissolving 20 g, 40 g, and 60 g
of Epsom salt in 1L of distilled water to ob-
tain 2%, 4%, and 6% solutions, respec-
tively. Foliar applications of these solutions
were carried out twice, first at the three-leaf
stage and again at the five-leaf stage of
plant development. All cultural practices,
including weeding, irrigation, and hoeing
were kept constant throughout the experi-
ment.

Soil analysis was done before the ex-
periment as per the method of Estefan et al.
[9]. The analysis is shown in Table 1. Soil
samples were collected at a depth of 0-30
cm, air-dried, ground, and passed through a
2 mm sieve. The Bouyoucos hydrometer
method was used to determine soil texture.
Digital pH and EC meter were used to
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measure soil pH and electrical conductivity
(EC) in a 1:2.5 soil-water suspension.

The Kjeldahl digestion method was
used to determine the available nitrogen.
AB-DTPA extraction procedure was fol-
lowed for phosphorus and potassium deter-
mination. Potassium was determined on a
spectrophotometer and phosphorus on a
flame photometer. Atomic absorption spec-
trophotometry (AAS) was used for the esti-
mation of magnesium, while turbidimetric
method was used for the estimation of sul-
fur content. The results indicated that the
soil of the research field was deficient in
magnesium and sulfur, thus highlighting
the need for a prominent magnesium and
sulfur source to address the issue.

Table 1. Experimental Soil Analysis

Soil Characteristics Values
Sand (%) 17.0
Silt (%) 56.0
Clay (%) 27.0
pH 8.2
EC (ds/m) 0.45
Nitrogen (%) 0.11%
Phosphorous (mg/kg) 4.50
Potassium (mg/kg) 110
Magnesium (%) 0.015%
Sulfur (%) 0.007%

Data was recorded on different param-
eters to determine the impact of Epsom salt
on the growth and development of gladio-
lus cultivars. The studied parameters in-
cluded the number of leaves per plant, chlo-
rophyll content (SPAD), leaf area (cm?),
number of florets per spike, floret diameter
(cm), fresh and dry weight of florets (g),
vase life, spike length (cm), weight (g) and
diameter (mm) of daughter corms, and the
number of cormels per corm.

The number of leaves and the number
of florets were calculated by counting them
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from randomly selected plants and their av-
erage was computed. SPAD-502 chloro-
phyll meter was used to measure the chlo-
rophyll content from mature and healthy
leaves. Leaf area was recorded with the
help of a leaf area meter from randomly se-
lected leaves and their average was com-
puted. Likewise, floret diameter was rec-
orded with a Vernier caliper from randomly
selected florets from each treatment and
replication and the average was recorded.
Floret fresh weight was computed by
weighing the florets collected from each
treatment and replication on a digital scale
and the average was computed. These flo-
rets were then dried in the oven at 70°C and
their dry weight was recorded. Vase life
was computed from randomly selected flo-
rets of gladiolus cultivars from each treat-
ment and replication. The florets were
placed in distilled water at room tempera-
ture and the average number of days re-
quired to lose their freshness were rec-
orded. Spikes were collected from each
treatment and replication. Their length was
measured from the base to the top with the
help of a measuring tape and the average
was computed. After harvesting, the diam-
eter was recorded with the Vernier caliper
and the average was computed. Likewise,
the number of cormels from each mother
corm was counted and the average was
computed.

2.1. Statistical Analysis

Statistical analysis was done using
two-way Anova performed via Statistix 8.1
software. Each treatment had three repli-
cates. Statistical differences between the
means were identified by applying the LSD
test at 95% and 99% confidence intervals (p
< 0.05% & p < 0.01%) where needed. R
Studio was used for data visualization, in-
cluding principal component analysis
(PCA) and Pearson correlation analysis
[10].
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3. RESULTS

Overall, Epsom salt concentrations
significantly affected growth, flowering,
yield, and post-harvest traits of gladiolus
cultivars, with several parameters showing
significant interaction effects. Moderate
Epsom salt levels generally produced better

responses across the cultivars, while culti-
var-specific differences remained evident.
Table 2 reveals that gladiolus cultivars
showed a significant difference in terms of
the number of leaves. The maximum num-
ber of leaves (7.35) was seen in Advance
Red cultivar, whereas the minimum num-
ber of leaves (6.65) was recorded in Rosa
Supreme.

Table 2. Effect of Epsom Salt on No. of Leaves, Chlorophyll Content (SPAD), Leaf Area
(cm?), No. of Florets, Floret Diameter (cm), and Floret Fresh Weight (g) of Gladiolus Cul-

tivars

Epsom (Sozit Conc. NoL cc LA NoF FD FFW
0 (distilled water) 7 32.17B  766.96 8.49 B 6.87B 1.54B
2 6.8 36.28 B 735.83 8.42 B 734B 1.65B
4 7.17 4468 A 77492 968A 874A 193A
6 6.6 33.17B  713.24 841 B 740B 1.54B
LSD at (p<0.01) NS 6.78 NS 1.07 0.82 0.15
Gladiolus Cultivars
White Prosperity 6.97ab  36.71 78197 A 955A 768AB 1.63B
Advance Red 7.35a 38.44 75824 A 882AB 839A 1.88A
Rosa Supreme 6.64 b 36.58 841.07A 887A 744B 1.58B
Nova Lux 6.65b 3454 60966 B 7.76 B 6.57C 157B
LSD at (p<0.05) 0.69 NS 101.19 1.07 0.82 0.15
Interaction NS NS NS NS NS 0.23

Note. NoL=number of leaves, CC= chlorophyll content, LA= leaf area, NoF= number of
florets, FD= floret diameter, FFW= floret fresh weight

Epsom salt treatments significantly af-
fected the chlorophyll content levels (Table
2). Plants treated with 4% Epsom salt ex-
hibited maximum chlorophyll content
(44.68 SPAD), with the second-highest
value at 2% concentration (36.28 SPAD).
However, the lowest value (32.17 SPAD)
was recorded from the control. Leaf area
showed considerable variation between
cultivars (Table 2). The leaf area of Rosa
Supreme (841.07 cm?) was maximum and
statistically similar to White Prosperity
(781.97 cm?) and Advance Red (758.24
cm?). The smallest leaf area (609.66 cm?)
was that of Nova Lux. Different cultivars
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and Epsom salt concentrations significantly
influenced the number of florets per spike
(Table 2). Among all the cultivars, White
Prosperity produced the maximum number
of florets (9.55), at par with Rosa Supreme
(8.87) and Advance Red (8.82) and signifi-
cantly superior to Nova Lux (7.76). Among
the Epsom salt treatments, the highest num-
ber of florets per spike (9.68) was recorded
with 4% application, followed by 0%
(8.49), 2% (8.42), and 6% (8.41), with the
latter three being statistically similar.

Floret diameter was also significantly af-
fected by the interaction between the re-
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spective cultivar and Epsom salt concentra-
tion (Table 2). Advance Red produced the
largest floret diameter (8.39 cm), which
was statistically at par with White Prosper-
ity (7.68 cm), whereas Nova Lux had the
smallest (6.57 cm) diameter. The maximum
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floret diameter among Epsom salt treat-
ments was observed in the 4% concentra-
tion group (8.47 cm), followed by 6% (7.40
cm), while the control had the lowest (6.87
cm) diameter.
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Figure 1. Floret Fresh Weight (A), Floret Dry weight (B), Spike Length (C), and Vase
Life (D) of Gladiolus Cultivars as Affected by Epsom salt Application

Fresh weight of florets was signifi-
cantly influenced by the interaction be-
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tween the respective cultivar and the Ep-
som salt level (Table 2). The highest floret
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fresh weight (2.30 g) was recorded in Ad-
vance Red treated with 4% Epsom salt,
while the lowest (1.34 g) was observed in
White Prosperity under control conditions
(Fig. 1A). Across cultivars, the highest av-
erage floret fresh weight was found in Ad-
vance Red (1.88 g) and the lowest in Nova
Lux (1.57 g). Among Epsom salt treat-
ments, 4% produced the maximum fresh
weight (1.93 g), while the control recorded

the minimum (1.54 g). Similar trends were
observed for floret dry weight (Table 3).
The highest dry weight (1.19 g) was found
in Advance Red treated with 4% Epsom
salt, while the lowest (0.20 g) was recorded
in White Prosperity under control condi-
tions (Fig. 1B).

Table 3. Effect of Epsom Salt on Florets Dry Weight (g), Spike Length (cm), Vase life
(Days), No. of cormels, Weight of Daughter Corms, and Diameter of Daughter Corms of

Gladiolus Cultivars

Epsom Salt Conc.

(%) FDW SL VL NOC WDC DDC
0 (distilled water) 0.46B 89.65B 6.96B 4.85 14.57B 48.86
2 0.47B 89.66B 7.00B 5.24 16.98 AB 47.32
4 0.71A  97.68A 9.25A 5.08 16.37 AB 45.49
6 0.35B  89.53B 8.46A 5.83 18.62 A 50.26
LSD at (p<0.01) 0.14 6.28 0.90 NS 2.56 NS
Gladiolus Cultivars
White Prosperity 0.34C 100.71A 7.27B 491 BC 13.65B 3693 C
Advance Red 0.84A 96.68A 8.83A 583AB 19.38A 56.03 A
Rosa Supreme 0.51B  89.42B  8.71A 724 A 1823 A 5222 AB
Nova Lux 0.30C 79.74C 6.85B 3.83C 15.28 B 46.28 B
LSD at (»p<0.01) 0.14 6.28 0.90 1.43 2.56 7.73
Interaction 0.21 12.57 1.80 NS NS NS

Note. FDW = Floret dry weight, SL = Spike length, VL = Vase life, NOC = No. of cormels,
WDC = Weight of daughter corms, DDC = Diameter of daughter corms

Spike length was also significantly in-
fluenced by the interaction between the re-
spective cultivar and the Epsom salt con-
centration (Table 3). The longest spikes
(105.5 cm) were recorded in White Pros-
perity treated with 4% Epsom salt, while
the shortest (70.4 cm) were observed in
Nova Lux treated with 6% Epsom salt (Fig.
1C). Vase life was significantly affected as
well (Table 3). The longest vase life (11.43
days) was recorded in Advance Red under
4% Epsom salt treatment, while the shortest
(6.63 days) was observed in White Prosper-
ity under control conditions (Fig. 1D). Sim-
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ilarly, the number of cormels per corm dif-
fered significantly among the cultivars (Ta-
ble 3). Rosa Supreme produced the highest
number (7.24), statistically similar to Ad-
vance Red (5.83), while Nova Lux pro-
duced the lowest (3.83).

The weight of the daughter corm was
significantly influenced by the interaction
between the respective cultivar and the Ep-
som salt level. The maximum weight was
observed in Advance Red (19.38 g), fol-
lowed by Rosa Supreme (18.23 g).
Whereas, the minimum weight was exhib-
ited in White Prosperity (13.65 g). The 6%

BioScientific Review
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Epsom salt treatment produced the highest
corm with a weight of 18.62 g, at par with
2% Epsom salt treatment, having a corm
weight of 16.98 g. The lowest corm weight
(14.57 g) was observed in the control. The
diameter of the daughter corms varied sig-
nificantly among the cultivars. The maxi-
mum diameter (56.03 mm) was produced in
Advance Red, followed by Rosa Supreme
(52.22 mm), while the minimum diameter
(36.93 mm) was recorded in White Prosper-
ity.

3.1. Principal Component Analysis

PCA and correlation analysis were
used to understand the relationship between
vegetative growth, flower characteristics,
and corm development under Epsom salt
application in gladiolus (Fig. 2). According
to the results, the first two principal compo-
nents (PC1 and PC2) explained 32.4% and
16.9% of the total variance respectively, ac-
counting for a cumulative variance of
49.3% in the traits.

PCA Variable Correlation Circle
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Dim2 (16.9%)
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The correlation circle of variables re-
vealed that PC1 is dominantly associated
with floret and corm characteristics, includ-
ing floret dry weight, floret fresh weight,
floret diameter, corm weight, number of
cormels, and vase life. These traits are pro-
jected strongly on PCl, as indicated by
their high cos2 value, so they explain a
large part of the variance. On the contrary,
PC2 was found to be linked with vegetative
traits, including chlorophyll content, plant
leaf area, and number of florets per plant.
The intensity of the cos? color gradient also
supports the relevance of floral and corm
traits, especially floret diameter and weight,
since they are strongly represented in the
PCA space. The scree plot shown below in-
dicates an abrupt fall off in eigenvalues af-
ter the third PC that contributes a total of
62.9% of the total variance (PC1: 32.4%;
PC2: 16.9%; PC3: 13.7%). This implies
that the most significant variation in the
data can be captured using the first three
components, as exists well on a spatial plot.

Scree Plot (Eigenvalues)
32.4%

-
Percentage of explained variances

1 2 3 4 l 6 i 8 El 10
Dimensions

Figure 2. Principal Component Analysis and Scree Plot of the Studied Attributes of

Gladiolus Cultivars
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Along with PCA, a heat map was pre-
pared to show the correlation among the
studied traits (Fig. 3). It shows a strong pos-
itive correlation between the measured flo-
ral attributes of floret diameter, floret fresh
weight, and floret dry weight. In addition, it
records a similar trend between corm
weight and number of cormels. Further-
more, vase life shows a moderate to strong
positive correlation with several floral

traits, suggesting that enhanced floral de-
velopment contributes to increased post-
harvest longevity. Vegetative growth pa-
rameters, particularly the number of leaves
and plant leaf area, are also positively cor-
related. Conversely, some traits, such as
chlorophyll content, exhibit a weaker or
statistically insignificant association with
floral and corm traits, as indicated by the
presence of non-significant correlations
marked with an ‘X’.

No. of leaves i X X X X X X 1
Chlorophyll content . X X X X X X X 08
Plant leaf area| X X . X X X 08
o. of florets per plant| X X ® x x x X X X X[ Lo,
Floret diameter X . X X X Lo
Floret fresh weight X X . . X X X X
o
Floret Dry Weight X . . X X X
Spike Length X X X . X X X -0
Vase life] X X X . -0
Number of cormels| X X X X X X X . -0.6
Comweight{ X X X X X X X X ()
Cormdiameter] X X X X X X X . 1
& N > - LY " " N @ =] 3 &
4 5 {\@{\ . & @,?;:\ & & S a&\ cna\& ‘@9} S &
& §’° & &P {f\ & & @s &°
. 3 . ; o
€ F TR ¢ I
060 6\ \é Q\o %0@
S

Figure 3. Heatmap of the Studied Attributes of Gladiolus Cultivars

Fig. 4 presents the correlation matrix
and pairwise relationships among quality
attributes, such as fresh weight, dry weight,
spike length, vase life, and number of cor-
mels across the four gladiolus varieties
(Advance Red, Nova Lux, Rosa Supreme,
and White Prosperity). Fresh weight exhib-
its a strong and highly significant positive
correlation with dry weight (r = 0.788*%*),

indicating that plants producing a heavier
fresh biomass also tend to have a higher dry
matter accumulation. This relationship re-
mains consistently strong within varieties,
particularly in Advance Red (r = 0.947%%)
and Rosa Supreme (r = 0.830**). Spike
length shows a moderate association with
vase life (r = 0.385%), suggesting that
longer spikes slightly enhance post-harvest

BioScientific Review
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longevity. In contrast, the number of cor-
mels display a weak correlation with most
floral quality traits, implying that cormel

production is physiologically less linked to
floral biomass or post-harvest performance.

Fresh Weignt Dry Weight Spike Length Vase Life No. of Cormels varleties
a0 Carr: 0,788 Carr: 0,264 Cam: 0.327* Corr: —0.045
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2
o Nowa Lux: 0.7874 Nowa Lux: 0.452 Nova Lux: —0.218 Nowa Lux: ~0.306 s
o5 While Prosperily: 0.528 While Prosperity: —0.220 Wihile Prosperily: 0.081 While Prosperily: ~0.521 =z
wo
Com: 0.208 Corr: 04630 Corr: 0.222
10 Acvance Red: 0.076 Advance Reo: 0.268 Advance Reu: 0.002 g
Nova Lux: 0.613" Nova Lux: ~0.069 O
e Rose Supreme: -0.398 Rose Supreme: 0,209 &
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Figure 4. Correlation Matrix of the Quality Attributes of Gladiolus Varieties

Together, these multivariate analyses
underscore the role of Epsom salt in influ-
encing a network of interrelated growth pa-
rameters in gladiolus cultivars. The cluster-
ing of floral and corm traits within the same
principal component, along with their
strong intercorrelations, suggests that Ep-
som salt enhances assimilate partitioning
toward reproductive development, poten-
tially mediated through an improved nutri-
ent uptake and photosynthetic efficiency.

4. DISCUSSION

In this study, the use of Epsom salt was
found to significantly affect the gladiolus
cultivars for their various morphological
and physiological characteristics, mainly
due to the essential role of Epsom salt in
metabolism. Magnesium (Mg?*) is the core
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element in chlorophyll. It directly takes part
in photosynthesis, energy transfer (ATP
synthesis), and enzyme activation.
Whereas, the production of amino acids,
vitamins, and coenzymes is assisted by sul-
fur. These nutrients enhance growth, photo-
synthesis, and reproductive development

[L1].

The number of leaves per plant in-
creases with Epsom salt treatment, espe-
cially at 4% concentration. Epsom salt ap-
plication generally favors chlorophyll for-
mation, resulting in increased photosynthe-
sis. Magnesium helps to maintain riboso-
mal stability and cell division. Likewise,
sulfur is a crucial component of amino ac-
ids including cysteine and methionine,
which support leaf expansion and develop-
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ment [12]. Optimal nutrient levels poten-
tially enhance the production of cytokinins,
which are plant hormones that promote cell
division in leaf primordia and inhibit senes-
cence, thus resulting in improved vegeta-
tive growth [13]. The findings correlate
with those of Mushtagq et al. [14] and Hoss-
ain et al. [15].

Higher levels of chlorophyll suggest
that magnesium in the Epsom salt may help
to stabilize chlorophyll. Besides, it also
strengthens chloroplasts, the sites of photo-
synthesis. Studies suggest that the magne-
sium in Epsom salt increases the efficiency
of photosystem II and electron transport
work [8, 16]. Sulfur is also essential, since
it is utilized in the composition of glutathi-
one, a powerful antioxidant that protects
chloroplasts. Maintaining chloroplasts as-
sists in preventing plants from losing pig-
ment. Research indicates that applying
magnesium and sulphur-based fertilizers in
an appropriate dosage can enhance the
chlorophyll content of different crops, such
as sugar beet [8, 15, 17]. Using Epsom salt
on plants aids in the growth of leaves and
roots, thus help the plants to manage water
more effectively and expand the cells. Mag-
nesium activates the enzymes that control
the transport of ions. This is important for
turgidity and growth. Sulfur compounds
also help to make proteins found in cell
walls, allowing leaves to expand more eas-
ily. Research on other plants showed simi-
lar results, indicating that the external ap-
plication of nutrients favors the healthy de-
velopment of plants [18].

The increase in the number of florets
per spike and the diameter of florets could
be due to improved production and distri-
bution of assimilates regulated through hor-
monal and metabolic changes. Magnesium
helps the movement of carbohydrates into
the phloem and other tissues, including
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flower buds. This likely stimulates floral in-
itiation and development. The availability
of Mg?* also increases the biosynthesis of
gibberellins and auxins, hormones crucial
for floral organogenesis and elongation,
while reducing ethylene synthesis that
could prematurely abort developing florets
[19, 20]. Similar results were observed by
Chopde et al. [21], who reported foliar ap-
plication of various nutrients, including
magnesium fertilizers, on different culti-
vars of gladiolus.

Floret fresh and dry weights increased
significantly with Epsom salt application,
particularly in the cultivar Advance Red.
Such a reaction is likely associated with a
higher metabolic rate and photosynthate ac-
cumulation in young floral tissues. Mg?"
stimulates the activity of most of the im-
portant enzymes in carbohydrate metabo-
lism, such as ribulose-1, 5-bisphosphate
carboxylase/oxygenase (Rubisco), and su-
crose synthase, which enhance biomass
synthesis [22]. The synthesis of proteins via
sulfur can also contribute to structural de-
velopment and floret turgidity [23]. Similar
observations were recorded by El-Naggar
and El-Nasharty [24] and Gomez-Pérez et
al. [25] in the case of foliar nutrition of var-
ious gladiolus cultivars using various con-
centrations of nutrients.

The use of Epsom salt increased spike
length because it promoted the elongation
of cells and elevation of gibberellins, fol-
lowing favorable magnesium and sulfur nu-
tritional conditions. It is known that gibber-
ellins promote stem elongation by relaxing
the cell wall and increasing the water up-
take. Magnesium also plays a role in the
ATP-dependent reaction required in active
transportation and vertical growth [26, 27].
Akhtar et al. [8] also observed similar re-
sults by the application of Epsom salt in the
beetroot crop.
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Plants treated with Epsom salt appear
to have a longer vase life because of a more
robust cell membrane, slower aging of
flowers, and reduced stress due to toxic
substances. Magnesium facilitates the bal-
ance between nutrients and maintains the
cell membranes [28]. Conversely, sulfur as-
sists in the synthesis of the antioxidant glu-
tathione, promoting flower preservation de-
spite the senescence process [23]. Elevated
cytokinin levels due to Epsom salt result in
delaying the aging process and enhancing
flower quality after harvest [29].

The increase in the weight and size of
the daughter corm as well as the number of
cormels of the Epsom salt-treated plants oc-
curred due to the good coordination be-
tween the plant’s energy production and
storage process. Magnesium improves the
process of photosynthesis, which helps in
the production of carbohydrates and sup-
ports their movement inside the plant to
corms and cormels [22]. Sulfur also plays
an important role in the synthesis of pro-
teins and coenzymes, which are essential
for the growth and development of corm.
Certain plant hormones like auxin and cy-
tokinin play an important part in the growth
and development of corm [30]. Auxin helps
to strengthen storage organs, while cyto-
kinin helps in cell division in developing
corms [31]. Similar differences regarding
the number and size of cormels and corms
were observed by Halder et al. [32] and
Memon et al. [33] among gladiolus culti-
vars.

The response of plants to foliar appli-
cation showed a clear concentration-de-
pendent pattern, with performance improv-
ing from control to 4% and remaining supe-
rior to the control at 6%, although with re-
duced gains as compared to the 4% treat-
ment. This trend suggests that moderate
concentrations optimize foliar absorption
and physiological utilization, whereas
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higher concentrations may approach a satu-
ration threshold beyond which additional
applied solutes do not proportionally en-
hance uptake or metabolic efficiency. Sim-
ilar dose-dependent responses have been
reported for foliar-applied biostimulants
and nutrient solutions, where excessive
concentrations result in diminishing re-
turns, rather than toxicity. Therefore, 4%
concentration appears optimal to maximize
plant performance under the current exper-
imental conditions.

Summarizing the above discussion, the
use of Epsom salt resulted in a balanced
hormone level, enhanced nutrient assimila-
tion, and intense antioxidant defense, which
enhanced the vegetative, flowering, and
storage quality of the gladiolus flower. The
above results signify that an optimum sup-
ply of magnesium and sulfur in floricultural
crops is important to enhance growth per-
formance and quality parameters.

4.1. Conclusion

The application of 4% Epsom salt was
found to be the most effective in improving
gladiolus growth and quality parameters.
The treatment significantly improved vege-
tative vigor, flowering quality, and corm
development among the cultivars, with Ad-
vance Red showing the maximum re-
sponse. Moreover, the study found that Ep-
som salt regulates ATP synthesis and en-
zyme activation in order to improve photo-
synthesis. It enhances ribosomal stability
and cell division and also aids in the pro-
duction of different amino acids, such as
methionine and cysteine, to support the
growth and development of gladiolus culti-
vars. Further, it uplifts the vegetative and
reproductive growth of the gladiolus plant
by enhancing the synthesis of plant growth
promoters, such as auxins and gibberellins.
This results in the uplifting of antioxidants
including glutathione, which reduces the
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production of ethylene and enhances the
overall shelf-life of gladiolus spikes. There-
fore, it is recommended that Epsom salt
should be used (at the rate of 4%) to im-
prove the productivity of gladiolus in simi-
lar agro-climatic conditions.

Author Contribution

Syed Saadullah Shah: data curation, formal
analysis, investigation. Masood Ahmad:
conceptualization,  supervision,  resources,
project administration. Hamza Ali: writing -
original draft, writing — review and editing,
visualization, software. Shahid Zaman: data
curation, methodology. Saima Naz Malik: data
curation, writing — review and editing. Ali
Asghar: data curation, validation. Ikram
Ullah: writing — review and editing

Conflict of Interest

The authors of the manuscript have no financial
or non-financial conflict of interest in the subject
matter or materials discussed in this manuscript.

Data Availability Statement

Data supporting the findings of this study will be
made available by the corresponding author
upon request.

Funding Details
No funding has been received for this research.
Generative Al Disclosure Statement

The authors did not use any type of generative
artificial intelligence software for this research.

REFERENCES

1. Hameed A, Riaz K, Jameel S, et al.
Understanding rhizospheric microbial
dynamics in gladiolus corms through
quorum  sensing and  quorum
quenching for disease control and
growth promotion. BMC Plant Biol.
2024;24(1):¢996.  https://doi.org/10.
1186/s12870-024-05722-0

2. Valente L, Savolainen V, Manning J,
Goldblatt P, Vargas P. Explaining

76 ——|BSR

disparities in species richness between
Mediterranean floristic regions: a case
study in Gladiolus (Iridaceae). Glob
Ecol Biogeogr. 2011;20:881-892.
https://doi.org/10.1111/].1466-
8238.2010.00644.x

Schwab NT, Streck NA, Becker CC,
Langner JA, Uhlmann LO, Ribeiro
BSM. A phenological scale for the
development of glad. Ann Appl Biol.
2015;166(3):496-507.  https://doi.org
/10.1111/aab.12198

Memon N, Wahocho N, Miano T,
Leghari M. Propagation of gladiolus
corms and cormels: a review. Afir J
Biotechnol. 2016;15:1699-1710.
https://doi.org/10.5897/AJB2012.1396

Nasir S, Ahmad M, Ali H, et al
Performance of gladiolus cultivars on
morphological  traits and corm
production under the agro-climatic
conditions of Peshawar-Pakistan.
Indus J Biosci Res. 2025;3(1):58-63.
https://doi.org/10.70749/ijbr.v3il.461

Anderson NO. Gladiolus cut flower
postharvest performance to direct
breeding efforts. Technol Hortic.
2023;3(1):1-12. https://doi.org/10.
48130/TIH-2023-0021

Jakhar RK, Anjana S. Effect of
micronutrients on growth, flowering
and corm yield parameters in
Gladiolus cv. Nova Lux. Int J Adv
Biochem Res. 2024;8(4):7-10.
https://doi.org/10.33545/26174693.20
24.v8.i42a.887

Akhtar S, Bablee A, Rana K, Nigar M,
Nadia Z, Salam M. Effects of foliar and
root application of epsom salt on
aquaponics beetroot (Beta vulgaris)
production in confined condition.
Asian J Med Biol Res. 2020;6:56-66.
https://doi.org/10.3329/ajmbr.v6il .46

BioScientific Review

Volume 8 Issue 1, 2026


https://doi.org/10.%201186/s12870-024-05722-0
https://doi.org/10.%201186/s12870-024-05722-0
https://doi.org/10.1111/j.1466-8238.2010.00644.x
https://doi.org/10.1111/j.1466-8238.2010.00644.x
https://doi.org/10.5897/AJB2012.1396
https://doi.org/10.70749/ijbr.v3i1.461
https://doi.org/10.%2048130/TIH-2023-0021
https://doi.org/10.%2048130/TIH-2023-0021
https://doi.org/10.33545/26174693.2024.v8.i4a.887
https://doi.org/10.33545/26174693.2024.v8.i4a.887
https://doi.org/10.3329/ajmbr.v6i1.46479

Shah et al.

479 M, Mahmud F, Amin N, Sayed M.
9. Estefan G, Sommer R, Ryan . S}u((il}'ff?n morphological chafrac{e(rli.stlics
Methods of soil, plant, and water or @ errent. genotypes O, g 1,0 us
. . flower. J Sci Found. 2013;9(1-2):1-8.
analysis: a manual for the West Asia https://doi ore/10.3329/isf vOi] -
. . . ps://doi.org/10. jsf.vOi
and North Africa region. International 2 14642
Center for Agricultural Research in the =
Dry Areas. https://repo.mel.cgiar.  16. Qiu Z, Esan EO, [jenyo M, Gunupuru
org/items/14bb2a3f-dc9e-455b-99¢3- LR, Asiedu SK, Abbey L.
97127ceb9ed?2 Photosynthetic activity and onion
10. Ali H, Ahmad M, Jabin S, et al growth response to - compost anq
Influence of willow bark extracts and cpsom salt. [ntJ Veg . Sci.
application times on the production of %8210658/(1633513 55 2_2362 01 9%&
roselle. Plant Prot. 2024;8(4):671-677. : : :
http://dx.doi.org/10.33804/pp.008.04. 17. Adnan M, Tampubolon K, Rehman F,
5422 et al. Influence of foliar application of
11. De Bang TC, Husted S, Laursen KH, magnesium on horticultur.al cr.ops: 4
Persson DP, Schjoerring JK. The review. Agrmula. 2021’4.(1)'.13_21'
. . . https://doi.org/10.36490/agri.v4il.109
molecular—physiological functions of
mineral macronutrients and their 18. Narayan OP, Kumar P, Yadav B, Dua
consequences for deficiency M, Johri AK. Sulfur nutrition and its
symptoms in plants. New Phytol. role in plant growth and development.
2021;229:2446-2469. Plant Signal Behav.
https://doi.org/10.1111/nph.17074 2023;18(1):¢2030082. https://doi.org/
12. Pontes MH, Yeom J, Groisman EA. 10.1080/15592324.2022.2030082
Reducing ribosome  biosynthesis 19. Zhang B, Cakmak I, Feng J, et al.
promotes translation during low Mg2+ Magnesium deficiency reduced the
stress. Mol Cell. 2016;64(3):480-492. yield and seed germination in wax
https://doi.org/10.1016/j.molcel.2016. gourd by affecting the carbohydrate
05.008 translocation.  Front  Plant  Sci.
13. Pavl J, Novak I, Kouk%lové v, /2f0%8(),2101287()9(;77.9}71ttps.//d01.org/l0.3389
Luklova M, Brzobohaty B, Cerny M. ARS.SLLB Rt
Cytokinin at the crossroads of abiotic ~ 20. Ishfaq M, Zhong Y, Wang Y, Li X.
stress signalling pathways. Int J Mol Magnesium  limitation leads to
Sci. 2018;19(8):2450. https://doi.org/ transcriptional down-tuning of auxin
10.3390/ijms 19082450 synthesis, transport, and signaling in
. the tomato root. Fromt Plant Sci.
14, gﬁgﬁ SéeHaﬁeZv L lgﬁglll“ ﬁ?wa;h‘; 2021:12:¢802399.  https://doi.org/10.
) . L 3389/fpls.2021.802399
gladiolus cultivars under agro climatic
conditions of Rawalpindi. Asian J Adv  21. Chopde N, Nehare N, Maske S,
Agric Res. 2018;5(3):1-6. https://doi. Lokhande S, Bhute P. Effect of foliar
org/10.9734/AJAAR/2018/39494 application of zinc and iron on growth,
15. Hossain M, Talukder K, Asaduzzaman 1};1:!2 an;io?;lillst(yl)(:)L%l_e:‘dllg.lus.htlt’lcslzj
Department of Life Sciences ’:@3 UMTf 77

Volume 8 Issue 1, 2026



https://doi.org/10.3329/ajmbr.v6i1.46479
http://dx.doi.org/10.33804/pp.008.04.5422
http://dx.doi.org/10.33804/pp.008.04.5422
https://doi.org/10.1111/nph.17074
https://doi.org/10.1016/j.molcel.2016.05.008
https://doi.org/10.1016/j.molcel.2016.05.008
https://doi.org/%2010.3390/ijms19082450
https://doi.org/%2010.3390/ijms19082450
https://doi.org/10.3329/jsf.v9i1-2.14642
https://doi.org/10.3329/jsf.v9i1-2.14642
https://doi.org/%2010.1080/19315260.2019.1671570
https://doi.org/%2010.1080/19315260.2019.1671570
https://doi.org/10.36490/agri.v4i1.109
https://doi.org/%2010.1080/15592324.2022.2030082
https://doi.org/%2010.1080/15592324.2022.2030082
https://doi.org/10.3389%20/fpls.2020.00797
https://doi.org/10.3389%20/fpls.2020.00797
https://doi.org/10.%203389/fpls.2021.802399
https://doi.org/10.%203389/fpls.2021.802399

Impact of Epsom Salt Concentrations...

22.

23.

24.

25.

26.

27.

78 ——|BSR

www.cabidigitallibrary.org/doi/full/10
.5555/20173082927

Cakmak I, Kirkby EA. Role of
magnesium in carbon partitioning and
alleviating photooxidative damage.
Physiol ~ Plant.  2008;133:692-704.
https://doi.org/10.1111/1.1399-
3054.2007.01042.x

Gigolashvili T, Kopriva S.
Transporters  in  plant  sulfur
metabolism.  Front  Plant  Sci.

2014;5:e442. https://doi.org/10.3389/
fpls.2014.00442

El-Naggar A, El-Nasharty A. Effect of
potassium fertilization on growth,
flowering, corms production and
chemical contents of Gladiolus hybrida
L. Alex Sci Exch J. 2017;37:714-728.
https://doi.org/10.21608/asejaiqgjsae.2
016.2596

Gomez-Pérez L, Valdez-Aguilar LA,
Benavides-Mendoza A, Juarez-
Maldonado A.  Biomass and
macronutrient dynamics in mother and
daughter corms in  Gladiolus
(Gladiolus x grandifloras Hort). Rev
Bio Cienc. 2018;5(1):1-16.
https://www.cabidigitallibrary.org/doi
/full/10.5555/20183328041

Kleczkowski LA, Igamberdiev AU.
Magnesium signaling in plants. Int J
Mol Sci. 2021;22(3):e1159.
https://doi.org/10.3390/ijms22031159

Tian Z, Zhang Y, Zhu L, Jiang B,
Wang H, Gao R, Friml J, Xiao G.
Strigolactones act downstream of
gibberellins to regulate fiber cell
elongation and cell wall thickness in
cotton (Gossypium hirsutum). Plant
Cell. 2022;35(2):4816-4839.
https://doi.org/10.1093/plcell/koac270

plcell/koac342

28.

29.

30.

31.

32.

33.

Ahmed N, Zhang B, Bozdar B, et al.
The power of magnesium: unlocking
the potential for increased yield,
quality, and stress tolerance of
horticultural crops. Front Plant Sci.
2023;14:e1285512.
https://doi.org/10.3389/fpls.2023.1285
512

Kudoyarova GR, Dodd IC, Veselov
DS, Rothwell SA, Veselov SY.
Common and specific responses to
availability of mineral nutrients and
water. J Exp Bot. 2015;66(8):2133-

2144. https://doi.org/10.1093/
jxb/erv017

Hawkesford MJ, De Kok LIJ.
Managing sulphur metabolism in
plants. Plant Cell Environ.

2006;29:382-395.  https://doi.org/10.
1111/5.1365-3040.2005.01470.x

Phillips AL. Genetic and transgenic
approaches to improving crop
performance. In: Davies PJ, ed. Plant
Hormones. Springer; 2010:618-645.
https://doi.org/10.1007/978-1-4020-
2686-7 27

Halder NK, Rafiuddin MD, Siddiky
MA, Gomes R, Begam KA.
Performance of gladiolus as influenced
by boron and zinc. Pak J Biol Sci.
2007;10(4):581-585.
https://doi.org/10.3923/pjbs.2007.581.
585

Memon N, Qasim M, Jaskani M,
Ahmad R, Anwar R. Effect of various
corm sizes on the vegetative, floral and
corm yield attributes of gladiolus. Pak
J  Agric  Sci. 2009;46:13-19.
https://www.cabidigitallibrary.org/doi

/full/10.5555/20093272940

BioScientific Review

Volume 8 Issue 1, 2026


https://doi.org/10.1111/j.1399-3054.2007.01042.x
https://doi.org/10.1111/j.1399-3054.2007.01042.x
https://doi.org/10.3389/%20fpls.2014.00442
https://doi.org/10.3389/%20fpls.2014.00442
https://doi.org/10.21608/asejaiqjsae.2016.2596
https://doi.org/10.21608/asejaiqjsae.2016.2596
https://www.cabidigitallibrary.org/doi/full/10.5555/20183328041
https://www.cabidigitallibrary.org/doi/full/10.5555/20183328041
https://doi.org/10.3390/ijms22031159
https://doi.org/10.1093/plcell/koac270plcell/koac342
https://doi.org/10.1093/plcell/koac270plcell/koac342
https://doi.org/10.3389/fpls.2023.1285512
https://doi.org/10.3389/fpls.2023.1285512
https://doi.org/10.1093/%20jxb/erv017
https://doi.org/10.1093/%20jxb/erv017
https://doi.org/10.%201111/j.1365-3040.2005.01470.x
https://doi.org/10.%201111/j.1365-3040.2005.01470.x
https://doi.org/10.1007/978-1-4020-2686-7_27
https://doi.org/10.1007/978-1-4020-2686-7_27
https://doi.org/10.3923/pjbs.2007.581.585
https://doi.org/10.3923/pjbs.2007.581.585
https://www.cabidigitallibrary.org/doi/full/10.5555/20093272940
https://www.cabidigitallibrary.org/doi/full/10.5555/20093272940

	BSR 8-1-5 md
	5_7741-Formatted

