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Abstract

Beta wvulgaris L., commonly called beet, belongs to the family Chenopodiaceae. Recently utilized in
manufacturing sugar, food color and ethanol production and many commercial applications. The application of
Epsom salt can have a positive impact on the mineral uptake. The increased concentration of magnesium in the
soil can enhance the uptake of other nutrients, which can lead to an increase in the yield and quality of the crop.
During the vegetation period different Epsom salt (ES) electrical conductivity levels affected macro and
micronutrient content in the beetroot leaves was investigated in current research. The experimental work was
conducted with various ES electrical conductivity treatments (2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5 and 20.0 mSm™
and control). A trend was observed, with increasing ES treatment up to 20.0 mSm-* ES P, Mg, S, Cl and Mn also
showed increased in uptake. Highest N and Ca uptake by the plant was recorded at 5.0 mSm™ ES. In our
investigation, the interrelationships between leaf mineral nutrition parameters of Epsom salt-treated plants have
found a strong positive association between Mn with P (r=0.890), Mg (r=0.883) and S (r=0.926) and strong
negative correlation with Ca (r=-0.818) at P > 0.01. Also, we observed that Ca shows a strong negative
correlation with Fe; and Na shows a negative correlation with P, Cl, Mg and Mn. Among all the minearals S
shows the highest CV (34.47 %). Treatments with < 5.0 mSm- ES are the most efficient methods for promoting

beet growth and productivity; however, the treatment > 7.5 mSm ES induced stress.

* Corresponding Author: Sandip Balaji Palve P4 sandipalve@gmail.com
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Introduction

Agriculturalists face several questions when
considering a crop's mineral nutrition. They must
determine which nutrients are limiting yield and
determine the appropriate amount of nutrients that
need to be applied to optimize primary yield
conditions. Answering these questions is crucial to
ensure that crops reach their maximum potential and
produce high-quality yields. Because the beet price is
determined by its quality, whether its size, shape,
color, dry matter content or any other characteristic
required for specific markets, it is necessary to
understand how the specific nutrients applied may
affect these qualities. According to Johnson and Uriu
(1989), there are 13 essential nutrients are required
for optimum production in large amounts of
macronutrients (N, P, K, Ca, Mg and S) and smaller
amounts (chlorine (Cl), iron (Fe), manganese (Mn),
zinc (Zn), boron (B), copper (Cu) and molybdenum
(Mo).) quantities. Also, soil salinization is a well-
known issue often linked to human influences and
climate change. It could jeopardize the quality of
agricultural products. In recent years according to
Shrivastava and Kumar (2015), population growth
has resulted in increased agricultural production and,
as a result, increased water consumption, pushing
this resource to its limit. Poor water quality and saline
soil conditions have been caused by agricultural
practices such as overuse of fertilizers,
counterproductive irrigation systems and rising sea
levels (Machado and Serralheiro, 2017). Seed
germination, seedling growth, leaf size, shoot growth,
shoot and root lengths, shoot dry weight/fresh
weight, tiller number, flowering stage, spikelet
number, percent of sterile florets and productivity are
all affected by salinity stress (Jenks et al., 2007;

Gupta & Huang, 2014).

According to Wang et al. (2020), the most recent
scientific reports, crop plants respond differently to
different forms and rates of applied Mg fertilizers.
The response of sugar beets to magnesium is also
influenced by interactions with other nutrients such
as potassium, calcium and sulfur (Gransee & Fiihrs,

2013; Orlovius & McHoul, 2015). Magnesium sulfate
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is used in agriculture for various purposes, including
correcting magnesium deficiency in the soil and
according to researchers, overuse of magnesium
sulfate has been linked to plant damage (Boynton
1943; Boynton et al. 1943; Nagai et al. 1966).
Magnesium sulfate (MgSO,), also known as Epsom
salt, is a naturally occurring mineral that contains
magnesium and sulfur. Plants require a large amount
of magnesium, essential for photosynthesis and
subsequent

long-distance transport of

photoassimilates. Magnesium is required for
chlorophyll production in plants, whereas sulfur is
required for protein synthesis. Complex interactions
of anatomical, physiological and biochemical
responses reduce photosynthetic carbon assimilation
if magnesium is not present in sufficient amounts in
photosynthetic tissues (Trankner et al., 2018). In our
work, we investigated beetroot (Beta vulgaris),
generally known as garden beet, a descendant of the
halotolerant sea beet (Beta vulgaris subsp. Maritima
L.). Beet is native to the Mediterranean region but
widely grown in the United States, Europe and India.
Beet has a long history of use in medicine, with
applications in fertility, cancer, hypertension and
urinary tract disorders (Chawla et al., 2016). Beets
contain special phyto-constituents that have been
shown to possess various health-promoting
properties, including anti-oxidant, antidepressant,
anti-microbial, anti-inflammatory, diuretic, and
(Ghasemzadeh &

Ghasemzadeh, 2017). It is an excellent dietary

expectorant activities
supplement packed with nutrients, minerals, amino

acids and vitamins (Smith 2022).

Several studies have investigated the effects of Epsom
salt on mineral uptake in Beta vulgaris. For instance,
Jiang et al. (2020) reported that the application of
magnesium and sulfur (in the form of Epsom salt)
increased the uptake of several macro and micro-
nutrients in sugar beet, including magnesium,
calcium, potassium, iron, and manganese. Aghakhani
et al. (2019) reported a positive correlation between
magnesium content of soil and beet leaves. Similarly,
Linneman et al. (2020) found a positive correlation

between zinc content of soil and beet roots. These
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findings suggest that the mineral content of beet
plants may be influenced by soil mineral content, and
that soil analysis may be a useful tool for predicting
the nutrient content of harvested beet plants. the
existing literature suggests that the use of Epsom salt
as a fertilizer may enhance the uptake and utilization
of essential minerals in Beta vulgaris. Additionally,
soil analysis may be a useful tool for predicting the
nutrient content of harvested beet plants. However,
further research is needed to determine the optimal
levels of Epsom salt application, as well as the long-
term effects of Epsom salt on soil health and the
environment. In view of this background the objective
of this study was formulated to investigate effect of
Epsom salt on growth, mineral uptake and their

correlations in beetroot.

Material and method

Plant mineral nutrition

A beetroot variety of Detroit dark red were used to
investigates the effects of different concentrations of
epsom salt treatments. At the time of harvesting, one
set of ES-treated plants were used for mineral
nutrition study. Plants were separated, sun-dried and
oven-dried at 70 Celsius until constant weight.
Completely dried plant material was subjected to
triple acid digestion (Chapman & Pratt, 1961). The
Microkjeldahl method, as described by Parkinson &
Allen (1975), was used to estimate nitrogen in plant
samples. Sodium and potassium were estimated by
the Flame photometric method as described by
Jackson (1973). Calcium was estimated by the
Versanated titration method as by Chapman and
Pratt (1961). As Zasoski & Burau (1977) described, the
plant's micronutrients (Fe, Mn, Mg) were estimated
on atomic absorption spectrophotometer.
Phosphorous was determined by the method of
Sekine et al. (1965). Chloride was determined by the
method of Volhard (Humphries, 1956) and Sulfate
was determined by the method of Chapman and Pratt

(1961).

Soil mineral nutrition
Soil samples were collected by digging mini pits in

plastic pots to a depth of 20 cm. Samples were
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collected at two depths of 0-3.0 cm and 20 cm.
Collected soil samples were allowed to dry in the
shade. The air-dried samples were ground carefully in

a wooden mortar and pestle to break soil clumps.

These ground soil samples were passed through a 2.0
mm sieve, stored in carton boxes with proper labeling
and used for subsequent analysis. Soil samples were
collected for all treatments with a control.

Exchangeable calcium and magnesium were
estimated by the Versenate titration method as
described by Page et al. (1982). Exchangeable sodium
and potassium were estimated by flame photometry
as described by Page et al. (1982). Available nitrogen
was estimated by the alkaline potassium
permanganate method, as described by Subbiah &
Asija (1956). Available phosphorous was estimated by
Olsen (0.5 M NaHCO; at pH 8.5) method as described
by Olsen et al. (1965). The available micronutrient
viz., Fe, Mn was estimated by DTPA extractable (AAS)
method as described by Lindsay & Norvell (1978).
Available Sulphur was estimated by Gupta (1999).

Chloride is estimated by Keeney & Nelson (1982).

Statistical analysis

The data was collected from plant and soil mineral
nutrition studies for statistical data analysis. Software
SPSS 16.0 was used to analyze data to calculate the
mean value, standard deviation and Least Significant
Difference (LSD) in the beet for each treatment and
control. Software SPSS 16.0 was used to analyze data
to calculate the mean value, minimum and maximum
values, standard deviation and coefficient of variation
(CV%). To test their significance, simple correlation
coefficients were calculated using the bivariate
method Correlation

correlation (Pearson's

Coefficient) at the probability levels of 0.05 and 0.01.

Result and discussion

NPK is essential for plant growth and plants use
nitrogen (N) to make amino acids (proteins), nucleic
acids, nucleotides and chlorophyll. Phosphorous (P)
has a storage and energy transfer function; potassium

(K) is an enzyme activator and assists in transport.
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The effect of Epsom salt soil application on the
mineral uptake in leaves was determined in the form
of Nitrogen (N), Phosphorous (P) and Potassium (K).

Under the application of Epsom salt increasing trend
was observed. P uptake increased as the treatment
concentration increased from 2.5 to 20.0 mSm™ ES;

however, maximum (1.70 % dm) P uptake by the
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plant was recorded at 20.0 mSm ES over control. In
the case of K, all levels of Epsom salt treatments had
no/little effect on plant potassium. Nitrogen uptake
showed a trend. As the Epsom salt concentration
increases, a reduction in N uptake was observed. The
plant observed the highest N uptake, i.e., 3.30 % dm,
at 5.0 and 7.5 mSm™ ES.

Table 1. Correlation Studies Between Leaf Mineral Nutrition Parameters under Increasing Concentrations of

Epsom Salt.
N P K Na Ca Mg S Cl Fe
P -0.240
K 0.482 -0.459
Na 0.226 -0.786* 0.429
Ca 0.786* -0.513 0.719* 0.518
Mg -0.031 0.986%** -0.516 -0.760%* -0.523
S -0.368 0.734* -0.659 -0.533 -0.853%* 0.734*
Cl -0.121 0.962%* -0.533 -0.745% -0.655 0.942** 0.880%*
Fe -0.927%% 0.245 -0.472 -0.247 -0.880** 0.234 0.597 0.367
Mn -0.345 0.890**  -0.696*  -0.750* -0.818** 0.883%** 0.926%* 0.961%* 0.537

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level. N: Nitrogen, P:

Phosphorous, K: Potassium, Na: Sodium, Ca: Calcium, Mg: Magnesium, S: Sulfur, Cl: Chloride, Fe: Iron, Mn:

Manganese.

Other researchers have reported that magnesium

sulfate fertilizer appears to increase nitrogen
absorption by roots and thus nitrogen efficiency,
increasing plant height and shoot growth in
sunflowers and rice (Sreemannarayana et al.,, 1998;
Choudhury & Khanif, 2001). A study by Al-Lami
(1999) suggests that the MgS0,.7H-O application
significantly increased phosphorus uptake by the
plant. On the contrary, a high Mg supply consistently
reduced Phosphorous concentrations to levels lower

than those measured when Mg was low (Niu et al.,

2015). Many essential processes for forming yield in

plants, such as water economy, carbohydrate
synthesis and assimilate transport, are influenced by
K and Mg (Mengel & Kirkby, 2012). K uptake is
generally unaffected by higher Mg concentrations in

the soil solution (Senbayram et al., 2015).

Some researchers believe that the more potassium
applied, the less magnesium plants absorb and that
the more magnesium, the less potassium is absorbed
(Yan & Hou, 2018).

Table 2. Mean, minimum and maximum values, standard deviation.

Statistics N P K Na Mg S Cl Fe Mn
Minimum  2.20 0.90 1.70 1.50 0.60 0.10 465.00  62.00 38.00
Maximum  3.30 1.70 2.10 1.70 1.50 1.10 0.40 561.20  78.00 71.20
Mean 2.9 1.3 1.9 1.6 0.9 0.2 510.4 68.7 53.2
SD 0.4 0.3 0.1 0.1 0.1 0.1 34.3 5.6 11.7
CV % 12.49 20.74 6.93 4.66 9.98 16.37 34.47 6.72 8.17 21.97

SD: standard deviation, CV: coefficient of variation, N: Nitrogen, P: Phosphorous, K: Potassium, Na: Sodium, Ca:

Calcium, Mg: Magnesium, S: Sulfur, Cl: Chloride, Fe: Iron, Mn: Manganese.
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In our case, the Epsom salt treatment affected N and
P, but it had no/little effect on plant K. Ca, Mg and S
are secondary nutrients because plants require them
in smaller quantities than NPK; they are essential to

plant nutrients that can influence the soil's pH. Small

Table 3. Contents of pH value and Mineral in Soil sample.
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amounts of Na used in the metabolism and synthesis
of chlorophyll, similar to micronutrients. The effect of
ES soil application on the mineral uptake in leaves
was determined in the form of Sodium (Na), Calcium
(Ca), Magnesium (Mg) and Sulfur (S).

pH Na K N Ca P Mg Cl S Fe Mn
7.59 5.5 mg/100 48.0 5.0 20.3 6.2 1.0 4.2 5.2 2.0 4.4
gm soil g/m2 g/m2 meq/lit meq/lit g/m2 meq/lit ppm ppm ppm

In the present study, we observed that as the
concentration of Epsom salt increased up to 20 mSm-
1 the Mg and S content increased in a plant over
control. Maximum Mg and S (1.10 & 0.40 % dm,
respectively) content was observed at 20.0 mSm™ ES
concentration. The highest Ca (1.5 % DM) content
was recorded at 5.0 mSm ES; it decreased further at
higher Epsom salt treatments. Maximum Na uptake
was recorded from 15.0 mSm ES (Fig. 2). Numerous
reports show that cations can reduce Mg uptake,
whereas few studies show that Mg inhibits the uptake
of other cations to the same degree. Mg fertilization of
perennial ryegrass decreased the plant's Ca and Na
content but did not affect K uptake (Scharrer & Jung,
1955). Mg-salts were found to inhibit root growth
more than Na-salts in eucalyptus and this effect was
linked to low calcium concentrations in the root
(Marcar & Termaat, 1990). Because both are divalent

cations with similar radius, the higher magnesium

input prevents the plant from calcium uptake
(Cornfield & Pollard, 1952; Cofie & Pleysier, 2005).
High levels of Mg, which interfere with Ca uptake,
may increase the incidence of diseases like tomato
and pepper bacterial spots and peanut pod rot (Huber
& Jones, 2013). High levels of Mg and Na in the soil
inhibited the uptake of K and Ca, resulting in
excessive Mg uptake (Huber & Jones, 2013). Although
very less data is available on the effect of excess
Epsom salt/ magnesium sulfate on Mg absorption,
the study by Selvaraj and Sankar (2010) revealed that
tea plants were treated with Mg2+ from 100 to 1000
mg/kg; interestingly, the accumulation of Mg in the
root was higher than in the leaf and stem at any given
treatment. Magnesium sulfate, applied at a rate of 40
kg hat, was found to be a better source of sulfur than
gypsum for raising mustard crops in West Bengal's
sulfur-deficient acidic red and lateritic soils (Dash &
Ghosh, 2012).

[ I .
= =

MPK (%o DR)
e [

=
[=]

N

Control 15 50

N,Pand K

iy
"

Epsom sall; concentrations (mSnr!)

10.0 12.5 150 20.0

mNitrogen ®Phosphorus = Potassium

Fig. 1. Study on Nitrogen (N), Phosphorous (P) and Potassium (K) Under Increasing Concentrations of Epsom

Salt. Values are given in mean + SD. Bars in each group show significant difference at p < 0.05.
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Chloride (Cl) is required for the water-splitting
reaction in photosynthesis and aids in determining
the solute concentration and anion cation balance in
cells. Fe helps in electron transport and the formation
of chlorophyll and activates the catalase enzyme. Mn
activates many enzymes involved in nitrogen
metabolism, respiration and photosynthesis. The
influence of ES soil application on the mineral uptake
in leaves was determined in the form of Chloride (Cl),

Iron (Fe) and Manganese (Mn).

In the present investigation, chloride and manganese
concentrations showed a trend as the Epsom salt
concentration increased and the Cl and Mn content
increased. Cl and Mn (561.20 & 71.20 ppm,
respectively) content was observed at 20.0 mSm- ES

concentration (Fig. 3). Fe did not show any difference
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in uptake at all Epsom salt treatments. In a study by
Kobayashi et al. (2005), the excess Mg treatment
increased the chloride content in rice. According to
Fixen (1993), at high concentrations, chloride is not
toxic to plants; however, some of the non-biochemical
functions of chloride in osmoregulation may
necessitate these high concentrations. Mg deficiency
also resulted in a one-fourth increase in iron (Fe)
concentration in Cd-treated leaves (Hermans et al.,
2011). With a higher concentration of externally
added magnesium, the manganese content of the soil
increased (Selvaraj & Sankar, 2010). Manganese has
properties similar to both alkaline earth cations (Mg2*
and Ca2*) and heavy metals (Zn and Fe) and
increased magnesium input was found to increase the

bivalent form of manganese in the soil (Marschner,
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Fig. 2. Study on Sodium (Na), Calcium (Ca), Magnesium (Mg) and Sulfur (S) Under Increasing Concentrations

of Epsom Salt. Values are given in mean + SD. Bars in each group show significant difference at p < 0.05.

Correlation studies between leaf mineral nutrition
parameters

The interrelationships between leaf mineral nutrition
parameters such as N, P, K, Na, Ca, Mg, S, Cl, Fe and
Mn were determined by correlation studies to find out
the association of leaf minerals under Epsom salt

application (Table 2).

The correlation studies among leaf mineral nutrition
parameters of the beet revealed P shows negative

correlations with Na (r = -0.786, P < 0.05) and

significantly (P < 0.01) strong positive correlation
with Mg (r = 0.986), Cl (r = 0.962) and S (r = 0.734, P
< 0.05). Na shows a significant (P < 0.05) negative
correlation with Mg (r = -0.760). In the case of Ca
shows a significant (P < 0.05) positive relationship
with N (r = 0.786) and K (r = 0.719). Fe shows a
significant (P < 0.01) strong negative with N (r = -
0.927) and Ca (r = -0.880) (Table 2). S shows a
significant strong negative correlation with Ca (r = -
0.853, P < 0.01) and a positive correlation with Mg (r

= 0.734, P < 0.05). Cl has recorded a negative
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correlation (P < 0.05) with Na (r = -0.745) and a
strong positive correlation with Mg (r = 0.942) and S
(r = 0.880). Mn shows a significant (P < 0.01)
positive correlation with P (r = 0.890), Mg (r =
0.883), S (r = 0.926), and Cl (r = 0.961), and a
significantly negative correlation with K (r = -0.696, P

< 0.05), Na (r = -0.750, P < 0.05) and Ca (r = -0.818,
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P < 0.01). In our investigation, the interrelationships
between leaf mineral nutrition parameters of Epsom
salt-treated plants have found a positive association
between Mn with P, Ca, Fe, Mg and S. Also, we
observed that Ca shows a strong negative correlation
with Fe in treated plants. Na shows a negative

correlation with P, Cl, Mg and Mn.

600.0
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Control 25 5.0 7.5

Cl, Feand Mn

Epsom salt concentrations (mSm1)

B Chloride W lron

10.0 12.5 15.0 17.5 20.0

Manganese

Fig. 3. Study on Chloride (Cl), Iron (Fe) and Manganese (Mg) Under Increasing Concentrations of Epsom.

In our study, Mg shows a strong positive correlation
with P and MgSO, application improved P uptake and
revealed a positive relationship between root
morphological traits and nutrient uptake (Huang et
al., 2021). In the current study, no association was
recorded between N and Mg; although Epsom salt did
not influence N directly, mg fertilizers could be used
in low N soils. Poglodzinski et al. (2021) reported that
Epsom salt application reduced the need for nitrogen
fertilizer in sugar beet. According to Jakobsen (1993),
an element's uptake and distribution in plants are
governed by supply conditions and interactions with

other elements.

In the literature, lower correlations for microelements
have been reported, possibly due to differences in
nutrient availability in different growing systems
(Nestby et al., 2005). Effects of different Fe supplies
on rice positively correlated with Mn and Mg in roots
(Sperotto et al., 2012). In wheat and barley, a strong
positive correlation was discovered between plants'

ability to retain K+ in salt-treated leaves and their

salinity tolerance (Wu et al., 2013). There is little
scientific evidence available on the correlation
between Epsom salt stress and plant mineral uptake,
and further research is needed. Nutrient transporters
have been shown to cross-regulate with multiple
nutrients at the local and whole plant levels and
facilitate phytohormone uptake, which is necessary to
maintain plant nutrient stoichiometry (Krouk et al.,
2010; Medici et al., 2019). Manganese uptake
capability is enhanced by Zn deficiency and a Fe
deficiency divalent cations

caused by excess

(Neugebauer et al., 2018; Stich et al., 2020).

The lack of specificity of transporters catalyzing Mn
uptake is frequently cited as a possible explanation
for correlations between Mn, Fe, Zn and Cu in plant
accumulation (Neugebauer et al., 2018). Chemically
similar minerals can compete for transport proteins
or other uptake mechanisms by promoting/impeding
absorption. CAX2 and CAX3 are vacuolar Ca2*/H*
antiporters that also transport Cd and Mn in addition

to Ca (Punshon et al., 2012). Element-to-element
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interaction occurs between chemically similar
elements and chemically different elements that may
be closely linked in the uptake or translocation system
(Sha et al., 2012). The movement of the other ion
influences the movement of one ion; as a result, the
transport of all elements can be linked and correlated

with one another.

Conclusion

Current study provides valuable insights into the
responses of beet to different Epsom salt soil
treatments, and identifies the optimal concentrations
for promoting growth and productivity. Our findings
indicate that Epsom salt has promising effects on beet
growth and productivity, with treatments < 5.0 mSm
ES being the most efficient method for promoting
these parameters in the dark red variety of beet. On
the basis of CV %, Sulfur shows more variation in
uptake. Epsom salt-treated plants have found a
positive association between Mn with P, Ca, Fe, Mg
and S, which indicates the positive influence on the
uptake of these elements in the plant in order to

achieve optimal results.

However, our study also highlights the importance of
using Epsom salt in moderation and in accordance
with best practices. Higher concentrations of Epsom
salt (> 7.5 mSm- ES) induced stress in the plants and
negatively impacted mineral nutrition, leading to

reduced growth and productivity.

Furthermore, our research contributes to the growing
body of knowledge on the use of Epsom salt in
agriculture and underscores the need for further
exploration of its effects on a range of crops under
different conditions. Continued research on this topic
could lead to improved crop yields and more

sustainable farming practices.

In summary, our study recommends soil treatment
with Epsom salt < 5.0 mSm™ ES as the optimal
method for promoting the growth and productivity of
the dark red variety of beet. By following best
practices and continuing to investigate the effects of

Epsom salt on different crops, we can work towards
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improving agricultural practices and ensuring

sustainable food production for future generations.
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