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Abstract: Boron is one of the important micronutrients which plays important role in plant growth. The
supply of boron to the plants plays key role in behaviour of other macro and micro nutrients in the plant.
The response of plants to boron varies with soil type, environmental conditions and plant species also. So,
the excess or deficiency of boron may affect the uptake and availability of other plant nutrients. The sweet
Sorghum is important crop used as food, fodder, fuel and fertilizer. It can produce sugar juice from the
stem that is useful to produce ethanol, jaggery and syrup along with grains. The sweet Sorghum c. v.
Madhura and RSSV-9 were selected for the present investigation. The seeds of these varieties were sown in
the earth pots having 2x3x2 feet in size and depth. An average of 25 kg of black soil was used with average
2 kg of organic farm manures per pot. The selected soil was analysed for its original boron concentration.
The soil is having 0.0339 ppm boron in it with p H 6.7. After 15 days, 40 days and 70 days of sowing, the
pots were treated with different boron concentrations like 10 ppm, 50 ppm and 100 ppm along with control
having distilled water only. Five fresh leaf samples were collected randomly on the 5 th day of last boron
treatment and washed with distilled water for further analysis. In the present investigation an attempt has
been made to study the behaviour of inorganic contents like magnesium and manganese in sweet sorghum
cultivars Madhura and RSSV-9 after treating with different boron concentrations. The results are showing
consistent decrease in magnesium content due to all the boron treatments in both the cultivars but
significant decrease in Mg content reported with 100 ppm boron in c. v. Madhura. The manganese activity
is increased due to 10 ppm boron treatment in both the varieties. As boron treatment is increased the Mn
level is decreased as compare to control plants in both cultivars under investigation.
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I. INTRODUCTION
Magnesium is a structural component of chlorophyll and ribosome which captures sunlight energy and turns it in to
chemical energy. Uptake and transformation of phosphorus is mediated by Mg. Amino acids synthesis and cell proteins
are also synthesized by Mg. The transformation of sugar and starch in the plants was mediated by Mg. Being a key
component of chlorophyll and ribosomes, it is involved in the photosynthesis, protein synthesis, photorespiration,
generation of reactive oxygen species and photo oxidation in leaf tissues. Magnesium (Mg 2+ ) is an essential
macronutrient of living cells and is the second most prevalent free divalent cation in plants. Mg 2+ plays a role in
several physiological processes that support plant growth and development (Chaudhry et al., 2021). In plants,
Manganese (Mn) is an important micronutrient for plant growth and development and sustains metabolic roles within
different plant cell compartments. it is involved in the structure of photosynthesis and as an enzyme activator playing
vital role in oxidation-reduction processes, respiration and nitrogen metabolism. The metal is an essential cofactor for
the oxygen-evolving complex (OEC) of the photosynthetic machinery, catalyzing the water-splitting reaction in
photosystem II (PSII) (Alejandro et al., 2020).
Boron is one of the microelements required for healthy crop growth and development of reproductive tissues. It is
required in a very small amount. However, the deficiency and excess use of boron may affect crop growth. Boron is
important micronutrient which plays role in improving yield and enhance its availability for sustainable development of
the plants (Shireen et al., 2018). The work done by Atique-ur-Rehman et al. (2020) states that soil applied boron
improves growth and yield of cotton grown on calcareous saline soil.
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As boron is important micronutrient required for plant growth and yield (Soomro ef al., 2011) which play vital
functions in cell wall formation, nitrogen fixation, nucleic acid, membrane stability, sugar transport, carbohydrate and
Indole Acetic Acid metabolism. Due to all these roles, boron leads to an increase in plant height and production (Ali et
al., 2012). The application of B (fertilizers) in different rice-based systems helps to increase crop productivity by
reducing yield losses, enhancing milling return, and improving cooking quality (Atique-ur-Rehman et al.2018).
Together with the knowledge of the physiology and genetics of boron, should result in the development of efficient and
tolerant varieties that may represent a long-term sustainable solution for the problem of inadequate or excess boron
supply (Brdar-Jokanovic et al., 2020).

Sorghum bicolor is an important dry land annual cereal crop grown in India. It is the fifth most important cereal grain
after maize, rice, wheat and barley in the world (FAOSTAT 2021). It is a main staple food in arid and semi-arid areas.
In semi-arid tropics when other plants fail to survive, sweet sorghum can grow successfully. In tropical, subtropical,
temperate, semiarid region and in poor quality soil, it can be easily grown. It can be cultivated in kharif, ruby and
summer seasons. Sweet sorghum is said to be valued for 4-F’s. These 4-Fs are food, feed, fuel and fertilizer. It can
produce along with grains, a sugary juice that is useful to produce ethanol, jaggery, syrup and flour. As sweet sorghum
produces food as well as fuel, it can help to meet the country's fuel needs without compromising our food supply. This
plant can compete with sugarcane for ethanol production as sugarcane requires comparatively more water, fertilizers
and has a long lifespan also. The purpose of selecting this crop for the study as this plant requires minimum water and
fertilizers and can grow in semi-arid areas also.

The present study was carried out to establish the behavior of some nutrients like magnesium and manganese due to
different boron concentrations in two sweet sorghum cultivars ‘RSSV-9’ and ‘Madhura’. Magnesium is key component
of chlorophyll and several other physiological processes that support plant growth and development. As well as
manganese is also a important in photosynthesis and oxidation-reduction processes, respiration and nitrogen
metabolism. Thus, the objective of this study is to know the proper dose of boron in sweet sorghum which ultimately
beneficial for the sustainable behavior of nutrients like magnesium and manganese.

II. MATERIALS AND METHODS
The sweet sorghum varieties RSSV-9 and Madhura were grown in individual pots which were treated with 10 ppm, 50
ppm and 100 ppm boron along with one pot untreated i.e., 0 ppm named as control. These treatments were given at 15
days old seedlings and the treatment was repeated at 40 days and 70 days old plant after sowing. The pot culture
technique was used for the experiment with three replications. The individual pot of the size 2x3 feet in size with two
feet depth was used for experiment. Every pot was filled with 25 kg black soil approximately and two kg of organic
manures were added to it. The soil selected was analyzed. The soil having pH 6.7 and 0.0339 ppm boron was naturally
present in it. There were three treatments of boron with different concentrations along with one control pot without any
treatment. One pot is used for each treatment and the seedlings were thinned. Five plants were kept in every pot for
further growth. At maturity plants from each treatment and control were harvested and the randomly selected 5 leaves
were used for the preparation of acid digest.
The method described by Toth et al. (1948) to digest the plant material has been used. For the estimation of inorganic
constituents, an acid digest from the oven dried plant material is used. Manganese (Mn ++ ) and Magnesium (Mg ++ )
from the acid digest were detected by atomic absorption spectrometer (Perkin Elmer Model-3030) using acetylene air
flame. Hollow cathode lamp was used as light source. The concentrations of Mn ++ and Mg ++ were react at 324.8nm,
248.3nm, 279.5nm and 285.2nm respectively.

III. RESULT AND DISCUSSION
a) MAGNESIUM (Mg):
The influence of boron treatments on magnesium content of two sweet sorghum cultivars Madhura and RSSV-9 is
depicted in fig. 1. The results are showing consistent decrease in magnesium content due to all the boron treatments in
both the cultivars under investigation. But significant decrease in Mg content reported with 100 ppm boron in c. v.
Madhura..
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Figure 1: The effect of boron on magnesium content of the leaves of sweet sorghum cultivars.

Magnesium is a divalent, strongly electropositive, small, mobile element of plants. Being a key component of
chlorophyll and ribosomes, it is involved in the photosynthesis, protein synthesis, photorespiration, generation of
reactive oxygen species and photo oxidation in leaf tissues.

The involvement of boron on the analogues of Mg content in plants was reported in previous studies. The supply of
boron to crops either by fertilization of soil or by addition of nutrients resulted in decreased Mg content (Joret and
Henri, 1937). Downton and Hawker (1980) were of the opinion that Mg was decreased due to addition of boron
concentration in nutrient solution. The leaves applied with boron shows decreased metal ions like Mg 2+ . This
decreased Mg 2+ can be related to chlorophyll loss (Power and Woods, 1997). Lopez-Lefebre et al. (2002) reported
competition between cations like Mg at root level results in decreased Mg due to high boron in leaves, stem, burs and
seeds of cotton.

The adverse effect on Mg content due to increased boron concentration was observed by Datta et al. (2001) in wheat. In
cotton plant, Ahmad et al. (2008) was found significantly low Mg concentration due to excess boron. Ahmad et al.
(2011) reported decreased Mg with boron rates in different plant parts. According to Bowen (1981), Ahmad et al.
(2008) high boron reduces Mg concentration due to antagonistic activity. The decrease in Mg content due to boron
application is recorded in our study. Such a reduction is noticeable in c. v. Madhura than RSSV-9.
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b) MANGANESE(Mn):

The different boron concentrations have impact on manganese content of sweet Sorghum cultivars are depicted in fig.
2. It is clear from the results that 10 ppm boron treatment increases manganese activity in both the varieties under
investigations. But as boron treatment is increased the Mn level is decreased as compare to control plants in both
cultivars under investigation.
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Figure 2:The effect of boron on manganese content of the leaves of sweet sorghum cultivars.

Manganese is an essential microelement in most organisms. In plants, it is involved in the structure of photosynthesis
and as an enzyme activator playing vital role in oxidation-reduction processes, respiration and nitrogen metabolism. It
has also useful in synthesis of polyamines, which play important role in plant growth and development and in
detoxification of active oxygen species (Evans and Malmberg, 1989).

The different boron concentrations have different effects on manganese content of plants was studied by different
workers. Boron at 10 ppm and 20 ppm concentration may increase Mn content in seedlings of Toxodium distichum as
reported by Mazher et al. (2006). In mulberry plants Tewari et al. (2010) reported that boron deficit conditions
increased Mn content. Castagnara et al. (2012) found increased Mn content due to increased boron application on white
oat plants. Ali et al. (2013) studied maize plant and were of the opinion that foliar application of boric acid increased
Mn content in the leaves.

The contradictory reports of Leece (1978) were shown that boron high levels depressed the Mn concentration in maize
cops. In bean plants boron deficient conditions were markedly reduce the Mn adsorption (Dave and Kannan, 1981).
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According to Singh et al. (1990) in wheat plants increasing boron though soil application may decrease uptake of Mn.
The high boron level may reduce Mn concentration in radish plant was reported by Tariq and Mott (2006). The
response of Mn to different boron concentrations is similar in both the cultivars studied here.

IV.CONCLUSION
The decrease in Mg content due to boron application is recorded in our study. Such a reduction is noticeable in c. v.
Madhura than RSSV-9, but even though the reduction in Mg content may not affect the photosynthesis activity largely
in sorghum is a matter of further investigation. In the present investigation response of the Mn content to boron
treatment is uniform in both cultivars of sorghum. The initial increment in Mn content due to low boron treatment may
to partial replacement of Mg as it decreased due to boron treatment reported earlier in both cultivars under
investigation.
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