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ABSTRACT

This piece examines the significance of sorghum not only as a cereal crop but also as a
candidate for use as a potential source of bioenergy. In addition to this, the article
emphasises the significance of zinc as an essential nutrient for plants and its part in the
processes that make up their physiological functions. The authors provide information
on the requirements for growing sorghum, the type of soil needed, as well as its
nutritional value as a food source for both humans and animals. They also discuss the
necessity of zinc in plant metabolism, as well as its effect on the uptake and transport of
water, the production of enzymes, the induction of genes for antioxidant defence
enzymes, and the competition for storage space. The article draws the conclusion that
optimal sorghum growth requires the presence of a sufficient quantity of zinc and that it
is extremely important to comprehend the relationship between zinc in the soil and zinc
in plants.

INTRODUCTION
Sorghum

Sorghum (Sorghum bicolor L.) Moench is not only one of the world's most significant
cereal crops in terms of nutritional value, but it also serves as the main source of nutrition
for millions of people who live in semi-arid tropical regions (SAT). Considered the king of
millets, it is widely grown in Africa, China, the United States of America, Mexico, and India.
It ranks behind maize, rice, and wheat as the fourth most significant cereal crop farmed
worldwide. It has an annual production of 59.6 million tonnes and is farmed on an area
measuring 45.8 million hectares. With over 9.50 million hectares under cultivation
throughout the kharif season (4.29 million hectares) and the rabi season (5.21 million
hectares) and a production of 7.73 million tonnes, it is currently the most significant crop
farmed on dry land in India. The main producers of this crop are the Indian states of
Maharashtra, Karnataka, Madhya Pradesh, Telangana, Andhra Pradesh, Rajasthan, Tamil
Nadu, Uttar Pradesh, and Gujarat. The most significant cereal crop that can be produced
on dry land is this one.
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Sorghum is used to make brooms and fencing in the construction sector in addition to
being consumed by people. It is also used as animal feed and bedding. Sorghum is a
fantastic crop for the production of biodiesel and ethanol, two alternative fuels. Grain
sorghum has shown to be successful when used as cattle feed. A valuable source of
nutrients like glucose, proteins, vitamins, and antioxidants is sorghum. In addition to
being used in the farming of chickens, it is also used in the production of alcohol, beer,
and starch.

Sorghum has a lot of potential as a crop for making bioenergy regardless of the climate.
Sorghum is flexible and can grow in a number of climates, despite the fact that it must be
grown in a warm climate. The ideal temperature range for sorghum seed germination is
between 7 and 10 degrees Celsius. The temperature range of 26-30 degrees Celsius is
best for its growth, although it can endure temperatures as high as 45 degrees Celsius.
Sorghum is grown in the semi-arid tropics, which have air temperatures that routinely
surpass 40 degrees Celsius, and leaf temperatures that have been measured as high as 55
degrees Celsius.

Sorghum may be cultivated in many different kinds of soil. It is typically farmed in the
alfisols (red) and vertisols (green) of India (black) (black). The acidic, coarse crystalline
granite that is the source of the red soils has a fine texture and is found at shallow depths.
These soils have a high infiltration rate of between 5 and 15 centimetres per hour, a pH
that ranges from 6.5 to 7.5, low levels of both nitrogen and phosphorus, and a high
concentration of non-exchangeable potash. The states of Karnataka and Andhra Pradesh,
Telangana. contain the majority of these soils.

Zinc as a vital plant nutrient

The 23rd most abundant element on earth, zinc has an atomic number of 30, a specific
gravity of 7.14 g cm-3, and ranks as such. It is special in that it is the only transition metal
that is present in all six types of enzymes. Zinc is a crucial micronutrient that is involved
in a variety of physiological processes. For several crucial plant physiological functions
to function normally, zinc must be present in low amounts, but these concentrations must
be adequate. In addition, it performs a function as an artificial component of cell-based
enzymes. Dehydrogenases, aldolases, isomerases, transphosphorylases, RNA and DNA
polymerases, and others are among these enzymes. Zinc is an element that

The bulk of the enzymes involved in carbohydrate metabolism are activated by zinc,
which is a key component in the metabolism of carbohydrates. It is a crucial part of
ribosomes and plays a crucial role in their growth. Zinc is an essential element for the
formation of proteins in plants. Zinc is a critical component in the creation of tryptophan,
which is a precursor for the development of auxin.
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Zinc seems to have an impact on a plant's ability to transfer and absorb water. It also
appears to attenuate the detrimental effects of brief exposure to heat stress or salt stress.
A overabundance of zinc can impede the body's ability to absorb other important
elements by interfering with their transit and raising competition for storage space.
There is evidence to show that zinc contributes to oxidative stress' activation of the genes
for antioxidant defence enzymes. These genes contain glutathione reductase and
ascorbate peroxidase, enzymes that scavenge H202. The majority of plant kinds only
need 20 ppm of zinc for healthy development because the creation of enzymes is the
fundamental function of the element in plants. When grown in soils rich in zinc, plants
start to exhibit toxic symptoms at tissue zinc concentrations that are typically around 300
ppm Zn on a dry weight basis. Yet, some species start to exhibit hazardous effects at levels
as low as 100 ppm.

The majority of taxa that are poisonous to zinc first exhibit a broad chlorosis of the
younger leaves. This symptom usually manifests first. Depending on the extent of toxicity
to which the plant is subjected, chlorosis might progress into reddening as a result of
anthocyanin production in younger leaves. Zinc poisoning causes plants to have much
smaller leaves than non-poisonous plants. Glycine max plants have unifoliate,
horizontally orientated leaves in their native state. On the other hand, plants with zinc
deficiencies have leaves that are stacked vertically, and the leaves of some species
develop brown areas. In extreme cases, plants may develop necrotic lesions on their
leaves, which may eventually cause the leaf to drop off completely. Zn poisoning causes
the main root to grow more slowly, the number of lateral roots decreases, the length of
the lateral roots shortens, and the roots turn yellow.

Reduced yields and delayed growth, chlorosis brought on by an iron deficiency due to
decreases in chlorophyll production and chloroplast breakdown, and problems
absorbing phosphorus are all signs of zinc toxicity (together with magnesium and
manganese). Zinc has the capacity to replace magnesium and ferrous (II) ion in large
concentrations since all three elements have a similar ionic radius.

MATERIALS AND METHODS
How to make plants grow

The Poaceae (graminae) family includes the experimental plant Sorghum bicolor (L.)
Moench cultivar CSH 14. (graminae). Because of its high nutritional value, sorghum is an
essential crop for ensuring food security in semi-arid and arid regions of the world.
Certified Sorghum bicolor L. seeds. The National Seed Company of Hyderabad gave us the
Moench cultivar CSH 14. For the experiment, seeds of the same size were chosen. The
current investigation focused on the morphological changes and biochemical responses
that Sorghum bicolor exhibited when under stress from an excess of zinc.
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A site for testing

While the experiment was carried out on the college's campus, the analysis was finished
in the Plant Physiology Laboratory of the Department of Botany at the Govt degree
College of Science Adilabad, kakatiya University.

Preparing the dirt for the experiment

The dirt was taken from the nearby nursery. The soil was initially allowed to dry in the
open air before being filtered through a 2Zmm screen to remove everything that wasn't
dirt. The plants were grown in 20 cm in diameter by 25 cm tall earthen pots. Each pot
contained three kg of earth that had been air dried.

Soil Analysis

Analysis was done on the soil's type, pH, electrical conductivity, moisture content, organic
carbon, nitrogen, phosphorus, and potassium levels as well as its concentrations of lead,
cadmium, mercury, nickel, zinc, and copper. Silty loam soil having a pH of 5.9, electrical
conductivity of 1.22 milli ohms, moisture content of 22.10 percent, and organic carbon
content of 4.20 percent.

In this composition, copper makes up 1.2 ppm, lead makes up 0.08 ppm, cadmium makes
up 0.012 ppm, mercury makes up less than 0.001 ppm, nickel makes up less than 0.01
ppm, zinc makes up 51 ppm, and phosphorus makes up 47 ppm.

Environment for growth

The seeds were cleaned for two minutes with 0.001M mercuric chloride, and then
repeatedly washed with water. Ten sterile seeds were placed in each pot. Every day,
enough water was added to fill the fields. After a week, the plants were trimmed such that
each container had no more than three seedlings.

At concentrations of 1.5, 3.5, 5.5, 7.5, and 9.5 mM, zinc solutions containing zinc sulphate
were given to the plants. The field capacity received ten doses of varying zinc solution
dosages (300 ml) throughout the course of the experiment. The norm was to use plants
that had been exposed to water. During the 25th and 35th days of growth, the plants
received two doses of soil application of NPK in the ratio (100:109:137 ppm), which were
prepared using KH2Po4 and NH4No3. A natural photoperiod was used to cultivate the
flora. Throughout the growing phase, plants were regularly monitored for any
morphological changes and phytotoxicity symptoms. Each treatment, including the
control, was produced in six copies.
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Sample collection

The plant samples were collected at intervals of 15, 30, and 50 days, or about every fifteen
days. First, the plants were taken out of the ground. The plant was then submerged in a
steady stream of water to remove any dirt or other contaminants that had clung to the
stems and roots. The water droplets were dried using blotting paper. Samples were
collected early in the morning to examine various morphological, growth, and
biochemical traits.

RESULT AND DISCUSSION
ROOT LENGTH
Table 1 shows how Zn affects the length of Sorghum bicolor roots. On the fifteenth, thirty-

first, and fifty-first days of growth, the plants' root length was measured.

Zn treatment resulted in a linear reduction in root length in plants that were fifteen days
old. With 1.5mM of Zn treatment, the reported drop was 9.5%, but at 9.5mM, it was
64.04%.

The identical pattern was seen in plants that were 30 days old. At 9.5 mM, the root length
reduction was the greatest (63.53%).

At 1.5 mM of zinc treatment, the percent reduction in plants older than fifty days was
18.9%, and at 9.5 mM of zinc, it was 59.95%. With an increase in zinc concentration and
plant age, the root length decreased significantly (P 0.05).

Tablel. Effect of soil applied zinc on root length (cmplant-1) of Sorghum bicolor

Moench (CSH14) at different stages of plant growth.

Zinc added to Sampling
the soil (mM) days
15 30 50

Control 32.60 +1.45 36.2 +0.63 40.2+0.72
1.5 29.50 + 0.33 30.2 +0.64 32.6 +0.41
3.5 27.8 0+ 0.41 25.4 +0.46 29.2 +0.58
5.5 25.60 +1.29 22.6 +0.78 241 +1.12
7.5 13.75+0.21 17.3 +1.06 20.5+0.21
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9.5

11.72+ 0.64

13.2+0.34

16.1 +1.06

Data expressed as mean * SE, (n=3). Zinc treatment**,Sampling days**
(** Significant at P < 0.05).

TableZ2.Effect of soil applied zinc on shoot length (cmplant1) of Sorghum bicolor

Moench (CSH14) at different stages of plant growth.

Zinc added the Sampling
to soil (mM) days
15 30 50

Control 18.5 + 0.28 358+ 42.5+0.57
0.24

1.5 17.6 + 0.88 30.8 + 35.4+0.40
0.52

3.5 15.2+0.75 28.2 £ 34.6 £ 0.46
0.60

5.5 14.0 £ 0.57 24.0 = 264 +£0.42
0.66

7.5 11.6+0.33 20.5%£0.76 23.3+0.52

9.5 9.8+0.16 19.1 % 21.6%£0.33
0.49

Data expressed a smean * SE, (n=3). Zinc treatment**, Sampling days™**
(** Significant at P < 0.05).

Shoot Length

Table 2 displays the impact of Zn on Sorghum bicolor shoot length. The plants' shoot

length was measured on their fifteenth, thirty-first, and fifty-first days of growth.

During all stages of plant development, a rise in Zn concentration was accompanied by a
substantial (P 0.05) reduction in shoot length.

Zn treatment resulted in a linear reduction in shoot length in plants that were fifteen days
old. With 1.5mM of Zn treatment, the reported drop was 4.8%, but at 9.5mM, it was

47.02%.
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In plants that were 30 days old, the decline started at 1.5 mM and accelerated to 46.6%
at 9.5 mM Zn treatment.

The percentage reduction in plants that were fifty days old was 16.70% at 1.5 mM and
the reduction peaked at 9.5 mM of Zn (49.17%).

In general, the length of the roots decreased more than the length of the shoots.

Relative growth Index (RGI) Root RGI

Figure 5 illustrates how Zn affects the RGI of roots in Sorghum bicolor. RGI was measured
at various stages of plant development, and a highly significant (P 0.05) drop was
observed during several growth phases and as zinc concentration increased.

Even at modest levels of Zn treatment, the RGI dropped in plants that were fifteen days
old as the concentration of Zn treatment increased.

The RGI was 89% (11% reduction) at 1.5 mM and 48.68% (51.32% reduction) at 9.5 mM
of Zn, respectively.
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RGI of 92.5% was measured in plants that were 30 days old at 1.5 mM of Zn, indicating a
7.5% decline. The RGI gradually decreased at high Zn levels, reaching a value of 52.4% at
9.5 mM, a decrease of 47.5%.
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Fig5. Effect of zinc on relative growth index (%) of roots in Sorghum bicolor(L.) Moench
(CSH 14) at different stages of plant growth.
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Vertical bars represent +SE, (n=3). Zinc treatment**, Sampling days**
(** Significant at P < 0.05).

In fifty day old plants marked decline in RGI was observed. At 1.5 mM of Zn79.4%
(20.6%reduction) RGI was recorded and at9.5mM it was to 45.58% (54.42% reduction).

Shoot RGI
Figure 6 illustrates how Zn affects the RGI of shoots in Sorghum bicolor. RGI was
calculated at three stages of the plant's development.

The RGI in plants that were fifteen days old gradually decreased as the amount of Zn
treatment increased. The RGI was decreased by 6.9% at 1.5 mM Zn and by 47.53% at 9.5
mM Zn.

RGI decreased in plants that were 30 days old by 12.5% at 1.5 mM Zn and by 50% at 9.5
mM Zn.

With increasing Zn treatment, a steady reduction in RGI was seen in plants that were
fifty days old. The decrease was 7.63% at 1.5 mM Zn and 50.85% was seen at 9.5 mM Zn.
In all sampling days, a substantial (P0.05) decline in RGI was seen with increasing zinc
therapy.
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