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Abstract

Climate change is causing notable
consequences for the cultivation of vegetables.
It is leading to alterations in temperature and
precipitation patterns, which subsequently
affects the growth and output of vegetable
crops. These changes can result in both
favorable and adverse outcomes, contingent
on specific circumstances and the
implementation of adaptation strategies.
Extreme weather events such as droughts,
floods and storms are becoming more frequent
and severe due to climate change. These
events can inflict damage on crops, disrupt
planting schedules and reduce overall
vegetable production. Additionally, elevated
temperatures can adversely affect the quality
of vegetables by impacting their taste, texture, 
and nutritional composition. Variations in
rainfall can cause soil waterlogging and
drought, which, in turn, can trigger root
diseases and nutrient deficiencies. Prolonged
droughts can stifle growth and reduce crop
yields. Increasing temperatures and erratic
climate patterns intensify the threat of pests
and diseases, leading to increased pesticide
usage, elevated production expenses and
potential declines in yield and quality.
Shortages of water resources and declines in
biodiversity can impact both crops and overall
agricultural productivity. Climate change has

significant effects on ecosystems, particularly
concerning pollination services and their
adverse impact on vegetable crops that rely on
insect pollinators, resulting in reduced fruit
set and lower yields. Addressing these
challenges is essential for the sustainable
future of vegetable production. Farmers and
researchers are actively investigating
adaptation strategies to mitigate the impact of 
climate change on vegetable farming. These
strategies include the development of crop
varieties that can withstand drought and
heat, enhanced irrigation methods, the
adoption of agroforestry techniques and
sustainable soil management practices.
Precision agricultural technology, along with
the use of greenhouses and
controlled-environment farming, offers
consistent growth conditions for vegetables.

Keywords: Climate changes, crop quality,
fruit set, vegetable production, precision
farming

Introduction

Vegetables are essential sources of the
micronutrients required for healthful diets.
Vegetables are high in potassium, which helps 
to maintain healthy blood pressure, dietary
fibre, which lowers blood cholesterol levels
and may reduce the risk of heart disease,
folate (folic acid), which helps prevent birth
defects, vitamin A, which supports healthy
eyes and skin and vitamin C, which not only
supports healthy teeth and gums but also
helps the body absorb iron. The importance of
vegetables for the security of food and
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nutrition is becoming more widely
acknowledged producing vegetables is a
crucial part of farm diversification methods
and offers a promising economic prospect for
reducing rural unemployment and poverty in
developing nations. The most accessible
source of vitamins and minerals for human
health is found in vegetables.

The World Vegetable Center (“WorldVeg”) is a
global public research organisation that is
solely dedicated to boosting vegetable
production and consumption. The Asian
Vegetable Research and Development Center
(AVRDC), which was established in 1971 by a
number of East and Southeast Asian nations,
the United States and the Asian Development
Bank, today conducts research and
development projects in Asia and Africa.

In order to meet nutrition goals, the World
Health Organization and the Food and
Agricultural Organization of the United
Nations recommend a daily diet of at least 400
g of fruit and vegetables per person. However,
consumption rates significantly below this
level are typical in many nations. The number
of undernourished individuals is increasing,
with close to 770 million people in 2020, 118
million more than in 2019 and about 160
million more than in 2014. The answer may lie 
in increasing local vegetable production to
increase accessibility and availability.
Vegetable gardens can increase the security of
food and nutrition, bring in more money and
promote better health.

Vegetable production is impacted by climate
change worldwide. Changing weather
patterns and a changing climate have put
agricultural productivity at jeopardy due to
extremes in temperature and increased
rainfall variability. Yet, depending on the
level of climatic change, geographical location, 
and agricultural production method, its
nature and effects change. In general,
vegetables are more vulnerable to
environmental extremes like high
temperatures and soil moisture stress. A

significant greenhouse gas, CO 2, has an
impact on vegetable crop growth and
development as well as the prevalence of
insect pests and diseases. Crop failures, low
yields, declining quality, and an increase in
pest and disease issues are frequent in climate 
change conditions, making vegetable
agriculture unprofitable. Vegetables are
essential for guaranteeing food and
nutritional security, but because they are so
perishable and their costs spike during
emergencies like droughts or floods, the poor
cannot afford them. Small and marginal
farmers, especially those that rely heavily on
vegetables, may be more affected by climate
change.

Effects of Climate Change on Vegetable
Crops

Vegetable crops are susceptible to climatic
change, like other agricultural products.
Vegetables are often vulnerable to
environmental extremes, therefore, high
temperatures are the main causes of low
yields and will be made worse by climate
change. Water has a significant impact on
vegetable yield and quality, drought
circumstances significantly lowered vegetable
productivity, and tomatoes in particular are
one of the vegetable crops that are most
susceptible to excessive water. The main
problems restricting the maintenance and
growth of vegetable yield would be rising
temperatures, decreased irrigation water
supply, flooding, and salinity. The yield of
vegetable crops would decline as a result of
global climatic change, particularly because of
unpredictable high temperatures and
inconsistent rainfall patterns. (Youssef et. al.
2016) stated that environmental conditions
have a detrimental impact on the production
of tomatoes. Thakur and Jahn claimed that
persistently poor weather conditions and
climatic changes brought on by an increase in
temperature, unpredictable rainfall, and more 
This is a discussion of some of the significant
environmental stresses that influence the
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yield of vegetable crops. The increased
frequency of illnesses and the water demand
are all expected to have an impact on the
output of different vegetable crops. According
to Adeniyi (2013), one of the most significant
elements determining agricultural
productivity is rainfall.

Influence of Temperature

Since many physiological, biochemical, and
metabolic processes in plants are
temperature-dependent, variations in daily
mean maximum and minimum temperatures
are the primary influence of climate change
that negatively effects vegetable output. In
tropical and arid regions, where high
temperatures are common, vegetable
production is impacted. High temperatures
have a substantial impact on the
morphological, physiological, biochemical and
molecular responses of the plant, which affects 
the plant’s growth, development and yield.

Disorders of vegetable crops caused by
temperature Fluctuation

Crop Disorder Caused Factor

Asparagus high fibre in the
spheres and stalks

Asparagus

Feathering Lateral 
branch growth

High temperature

(>32°C)

Carrot Low carotene
content

Temperature > 20° C

Cauliflower Blindness

Buttoning

Riceyness

Temperature fluctuation

Cole crops,
Lettuce

Tip burn High temperature

Potato Greening

Chilling Injury

Sunburn

low temperatures (-1 to -2 °C).
Tomato Puffiness

Cat face

Unfruitfulness

Low or high temperatures.

high or low temp at fruit
set.

Temperature fluctuation

 High temperatures can severely affect tomato
yield by decreasing fruit set and smaller fruit
size, lower-quality fruits. Post-pollination in
pepper, high temperatures reduced fruit set
but had no negative effects on pistil or stamen
viability, indicating that fertilisation is

vulnerable to high temperature stress. High
temperatures also affect the red coloration of
developing chilli fruits by causing flower drop,
ovule abortion, poor fruit set and fruit drop.
Temperature increases in cucumber
negatively affect sex expression, blooming,
pollination and fruit setting. When
temperatures are extremely hot, cucumber
flowers drop off early. Fruits become bitter
when cucumber plants are subjected to heat
stress during the fruit development stage.

Influence of extreme weather events

(1) Drought 

A prolonged period of exceptionally low
rainfall, especially one that has a negative
impact on growing or living conditions, is
referred to as a “drought” (Allaby, 1989). In
general, drought stress happens when the
amount of water that is accessible in the soil is
decreased and the surrounding environment
results in a constant loss of water through
transpiration or evaporation. Being by
definition a succulent product, vegetables
typically contain more than 90% water
(AVRDC, 1990). Water thus has a significant
impact on vegetable yield and quality, and
drought circumstances significantly lower
vegetable productivity. Extreme water stress
may stop photosynthesis, disrupt metabolism
and ultimately cause plant death (Jaleel et al.,
2008). Drought stress has been proven to be a
crucial limiting factor during the early stages of 
plant growth and establishment. It has an
impact on both expansion and elongation
growth (Anjum et al., 2003). Drought impacts
reverse osmosis, which is the loss of water from
plant cells, and raises the salt concentration in
the soil. This decreases the yield of most
vegetables by increasing water loss in plant
cells and inhibiting several physiological and
biochemical activities like photosynthesis and
respiration. Drought conditions have a
detrimental impact on the seed germination in
vegetable crops such as onions and okra, as

well as on the sprouting of potato tubers.

7

The Impact of Climate Change on Vegetable Production



Potatoes are extremely drought-sensitive.
Reduced tuber yield might also be a result of
moderate water stress. Drought circumstances
cause leafy plants like amaranthus, palak, and
spinach to lose water, which lowers their
quality (AVRDC, 1990). Drought stress also
affects chilli, which results in yield losses of up
to 50–60%. Despite high levels of foodgrain and
horticultural production, India’s food price
inflation grew and became more erratic from
2019 to 2021. The price of vegetables,
particularly tomatoes, onions, and potatoes,
contributes significantly to this instability.
Large prediction mistakes in inflation are the
result of such instability (RBI, 2020).

(2) Flooding

Agricultural disasters caused by
rainfall-induced flooding and related
waterlogging are common around the world
and frequently inflict significant harm to crop
productivity. Abiotic stress caused by the
submersion affects crops in a variety of ways
in addition to the direct rushing effect, such as
diminished light availability, oxygen depletion 
and altered chemical properties of soil. The
sum of all these physical and chemical
changes can significantly slow down crop
development and production as well as crop
stand. Water fills the soil pores that were
previously occupied by oxygen in water-logged
soils. Such soils are deficient in oxygen. Plants 
growing there experience reduced growth and
survival due to this O2 deficit. Flood-sensitive
plants, such as tomato, soybean and
sunflower, perish in the standing water. The
majority of vegetable crops are quite
vulnerable to flooding and there is little
genetic diversity for this trait. Flooded crops,
particularly tomato plants, build up
endogenous ethylene that harms the plants
(Drew, 1979). Increased formation of the
ethylene precursor 1-aminocyclopropane-1-
carboxylic acid (ACC) in the roots is
encouraged by low oxygen levels. Tomatoes
typically respond to waterlogged conditions by
rapidly developing epinastic growth of their

leaves and the involvement of ethylene
buildup has been suggested. Stomatal closure
is frequently brought on by flooding, primarily
in C3 plants. These plants’ water flow is
decreased as a result. As a result of the
decreased root permeability, leaves also get
dehydrated. In the end, the reduced water flow 
from the roots to the shoots causes leaf wilting.

The transfer of toxic compounds
(acetaldehyde/alcohol) created under
anaerobic circumstances in the roots as well as 
the amounts of plant growth regulators
(PGRs) carried from the roots to shoots via
transpiration stream are the causes of these
alterations in leaves, shoots or roots. The roots 
have lower quantities of endogenous PGRs
like Gibberellin (GA) and cytokinins (CK). As
a result, the shoots’ ABA and ethylene levels
have increased, which leads to stomatal
closure and an earlier beginning of
senescence, respectively.

Effect of flooding stress on the endogenous
levels of PGRs and their effect on plants

S.N.
Level of PGR in 

plants
Effects on plants under water

logging

1. Reduced
Auxins

Causes “Hypertrophy” (Enlargement
or contraction of cells in the stem’s
cortex leads to the expansion or
constriction of the stem base)

2. Decreased GA3 Causes stem elongation and cell
expansion to be reduced.

3. Decreased CK Causes senescence to begin sooner
and assimilate partitioning to the
sinks to be slower.

4. Increased ABA Cause stomatal closure, leads to a
cascading impact on the rates of gas
exchange during photosynthesis,
respiration and transpiration. This
closure results in the efflux of
potassium ions (K+) from the guard
cells, diminishes ion transport due to 
reduced transpiration rates and
hampers starch production in the
guard cells, ultimately leading to the
closure of stomata.

5. Increased 
Ethylene

Causes “Epinasty” in leaves, which is 
an uneven growth of leaves caused
by more cell elongation on the upper
side of the leaf than the bottom side;
this causes plant senescence and
hypertrophy.
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Moreover, it has been noted that under
flooding stress, auxin levels are decreased and
aminocyclopropane-1-carboxylic acid (ACC), a
precursor to the production of ethylene, is
raised.

Impact of rising atmospheric carbon
dioxide levels

The main components of the Earth’s
atmosphere are nitrogen (78.1%), oxygen
(20.9%) and a trace quantity of carbon dioxide
(0.031%). Changes in the atmospheric CO 2

concentration can affect the growth and
physiological behaviour of plant tissues. Net
photosynthesis, biomass output, protein,
sugar, and organic acid content, stomatal
conductance, firmness, seed yield, light, water
and nutrient utilisation efficiency and plant
water potential are all affected by increased
atmospheric CO 2. The ripening of tomato fruit 
is prevented by the high ambient CO 2 level.
This inhibition results from the suppression of 
genes associated with ripening, which is likely
related to the stress effect of high CO 2. Potato
plants grown in high CO 2 environments may
initially have higher photosynthetic rates, but
as CO 2 concentrations rises, the
photosynthetic rates will decrease.
Chlorophyll content in leaves has reportedly
decreased due to the higher 
CO 2 concentration, especially later in the
growing season following tuber
commencement.

Changes in pest and disease patterns

Global warming and climate change are two of
the most talked-about topics in today’s society
and are of considerable significance to
agriculture. Alterations in precipitation
patterns, the rise in atmospheric CO 2 levels
and higher temperatures significantly affect
both agricultural production and insect pests
in agriculture. Climate changes can have
various consequences on insect pests. These
effects include the potential expansion of their
geographical range, increased survival rates
during winter, a higher number of

reproductive generations, altered
synchronicity with host plants, shifts in
species interactions, heightened risk of
invasive pests during migration, increased
incidence of insect-transmitted plant diseases
and decreased effectiveness of biological
control measures, particularly those involving
natural predators and parasites. As insects
are poikilothermic organisms, their body
temperature is determined by the
surrounding environment. Hence, it’s likely
that temperature is the most crucial
environmental factor affecting insect
behavior, distribution, growth, and
reproduction. The intricate physiological
consequences resulting from rising
temperatures and elevated CO 2 levels can
profoundly influence the dynamics between
agricultural crops and insect pests. As a result
of climate change, new ecological niches are
created, giving insect pests the chance to
settle, spread and move between different
geographic regions. Farmers should be ready
to confront emerging and more severe pest
challenges in the years ahead due to the
impact of climate change. The geographic
range of insects would probably increase
(particularly in the north). Few pests will
become more common as a result of improved
overwintering survival rates and the capacity
to produce additional generations. There will
most certainly be an increase in plant illnesses 
spread by insects as well as invasive pest
species that may colonise new places more
easily. The diminished effectiveness of
biological control agents or natural enemies, is 
another unfavourable effect that climate
change might have and this could pose a
significant challenge for future pest
management programmes.  We run a
considerable risk of suffering substantial
financial losses and a threat to human food
security if climate change variables create
ideal conditions for insect infestation and crop
destruction.
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Changes in vegetable crop yields and
quality

Changing weather patterns and a changing
climate have affected agricultural output by
introducing extremes in temperature and
increasing the variability of rainfall. The main 
issues affecting the performance of
agriculture, notably vegetable crops, are
climate change and its variability. Short
growing seasons, which will negatively affect
growth and development in particular due to
terminal heat stress and lower water
availability, are anticipated to result in a
reduction in fruit and vegetable production.
Rainfall variability and a decline in the
number of wet days will have the most effects
on agriculture that relies on rain. Vegetable
production methods are now subject to
additional restrictions as a result of the
increased uncertainties and hazards caused
by the issue of climate change and climate
variability.

Mitigating the effects of climate change
on vegetable crops

Adoption of effective and efficient measures is
the sole means of reducing the negative effects
of climate change on vegetable production,
specifically with regard to their productivity,
quality and yield. The most effective
adaptation strategies for minimising the
effects of climate change include changing the
sowing date, using efficient technologies like
drip irrigation, soil and moisture conservation
measures, managing fertilisers through
fertigation, using grafting techniques using
plant regulators, protected cultivation and
enhancing pest management. An alternative
approach to harnessing plant diversity to
address climate change involves grafting a
vulnerable scion cultivar onto a resilient
rootstock. There are several agronomic
methods available, including mulching,
organic farming, carbon-sequestering
cropping systems and agroforestry, which
offer diverse opportunities for alleviating the

impacts of climate change on vegetable
farming.

Vegetable varieties with various stress
tolerance released in India for
cultivation

Crop Variety Abiotic stress tolerance

Tomato Pusa Sheetal Tolrant to low
temperature (Fruit setting 
occurs at night
temperatures as low as
8°C)

Pusa Hybrid 1 Fruit set up to 28°C (high) 
night temperature

Pusa Sadabahar Fruit set at both low (6°C)
and high (30°C) night
temperature

 Sabour Suphala Tolerant to salt, during
the seed germination
phase.

Arka Vikas Tolerant to moisture
stress 

Eggplant SM-1, SM-19 and
SM-30

Tolerant to drought

Pragati and Pusa
Bindu

Tolerance to salt

Okra Pusa Sawani Salinity tolerant
Musk
melon

Jobner 96-2 Tolerant to High soil pH 

Spinach
beet

Jobner Green High soil pH (up to 10.5)
tolerant 

Cucumber Pusa Barkha Tolerant to high
temperature

Pusa Uday Suitable for throughout
the year

 Bottlegourd Pusa Santusthi Hot and cold set variety 
Onion Hisar-2 Tolerant to salinity 
Carrot Pusa Kesar Tolerant to high

temperature 
Radish Pusa Himani Grown throughout the

year 
Sweet
potato 

Sree Nandini Drought tolerant 

Potato Kufri Surya Heat tolerant up to 25°C
night temperature 

Kufri Sheetman
and Kufri Dewa

Frost tolerant 

Cassava H-97 and Sree
Sahya 

Tolerant to Drought

 The utilization of protected farming
techniques and advanced post-harvest
technology can also play a pivotal role in
surmounting the challenges posed by climate
change. It’s feasible to predict the potential
effects of climate change on the production of
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vegetable crops using weather forecasting
models and growth simulation models. These
models also assist in formulating the
necessary adaptation measures.

Conclusion

The process of climate change never stops.
Better diagnosis can be made by having a
general understanding of the effects of climate 
change and this is the primary strategy for
taking more mitigation measures. The
sensitivity of the climate, which is negatively
impacted by both the natural environment
and human activity, needs to be recognised.
According to earlier research, environmental
aberrations such floods, droughts, salinity,
high temperatures, etc. that are caused
directly or indirectly by anthropogenic factors, 
such as these, have the greatest impact on the
scale of climate change. Apart from the
transition in cropping seasons, growth and
yield patterns, the situation with pests and
diseases and insect pollination behaviour. It is
abundantly obvious that there is a serious
threat in the near future, prompting warnings
about future food and nutrition crises,
employment and livelihood security
difficulties and poverty. Although the effects
of climate change cannot entirely be
eliminated, they can be minimised with
sincere involvement.
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Abstract

“SARS-CoV-2, the new corona virus that
caused the COVID-19 pandemic, has
complicated origins and important
ramifications. It most likely started in bats,
maybe via an intermediary host, and quickly
developed, giving rise to many viral strains.
(Florian, 2022) Global health and economies
are impacted by a wide range of clinical
symptoms caused by COVID-19, ranging from
minor to severe. This study investigates the
binding capability of SARS-CoV-2 against
caffeine. In response to this unprecedented
global threat, it seeks to improve our
understanding of the virus in order to develop
stronger pandemic preparedness and response 
tactics. (Mustafa, 2020) This work offers
valuable insights for combating SARS CoV-2
and improving treatment strategies by
knowing potential anti- SARS CoV-2 agents
specifically against Crystal Structure of
NSP15 Endoribonuclease from SARS CoV-2.
(Takahiko, 2020)   

Keywords: Bioinformatics, evolution,
Hypothesis, Phylogenomics, Tree.

Introduction

SARS-CoV-2, or Severe Acute Respiratory
Syndrome Coronavirus 2, is a highly
contagious virus responsible for the COVID-19 
pandemic. It belongs to the Coronavirus

family and primarily spreads through
respiratory droplets. The virus’s genetic
makeup consists of single-stranded RNA, and
it infects human cells by binding to ACE2
receptors. SARS-CoV-2 causes a wide range of
symptoms, from mild respiratory issues to
severe pneumonia and can lead to fatal
outcomes, especially in vulnerable
populations. Effective preventive measures
include vaccination, mask-wearing and social
distancing. The global response to
SARS-CoV-2 has led to unprecedented public
health challenges and significant scientific
research to combat the pandemic. The urgent
need for effective, safer and more accessible
anti- SARS CoV-2 drugs is evident,
necessitating innovative approaches to drug
design and development.

This research focuses on a crucial aspect of
anti- SARS CoV-2 development:
understanding and harnessing protein-ligand
interactions. Such interactions are at the core
of drug action, as they determine the binding
affinities, binding modes and ultimately, the
efficacy of drug candidates. By
comprehensively investigating these
interactions, we aim to contribute to the
development of new, potent and targeted anti-
SARS CoV-2 agents.

Material and methods

Protein and ligand selection

Drug development, protein-protein
interaction analysis and numerous other
areas of molecular research have all been
transformed by molecular docking, a computer 
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technique used to predict the binding patterns
and affinities of small molecules or ligands
with target proteins. This potent tool is crucial 
in the creation and development of innovative
therapeutic medicines as well as in the
molecular understanding of basic biological
processes. However, a vital first step—the
choice of an appropriate protein
structure—heavily influences the accuracy
and dependability of docking experiments.
(Shengyou, 2015)

The landscape of protein-ligand interactions is 
extremely complicated and diverse and
choosing the appropriate protein structure is
crucial to gaining biologically pertinent
information. (Olivier, 2010) Multiple factors
are taken into account during the selection
process, including the protein conformation
chosen (for example, based on crystallographic 
structures, homology models or experimental
data), the inclusion of pertinent cofactors and
ligands and the consideration of
post-translational modifications or mutations
that may affect the conformation and binding
affinity of the binding site. In this study, we
examine the numerous parameters and the
crucial role of protein selection in docking
investigations.

Molecular docking

With broad applications in drug development
and structural biology, molecular docking is a
crucial computational technique for predicting 
the binding interactions between proteins and
small molecules. Our study offers a concise but 
thorough approach for carrying out protein
molecular docking, including essential
procedures and recommended practices to
guarantee solid and trustworthy outcomes.

Preparation of the ligand and protein, which
includes active site definition and shape
optimization, is the first step in the procedure.
The creation of a binding site grid directs
docking algorithms, which investigate ligand

conformations and rank binding poses using a
variety of search techniques and scoring
systems. To effectively predict the action of
ligands, flexibility and conformational
sampling are essential.

Crystal Structure of NSP15 Endoribonuclease
from SARS CoV-2 structure was obtained from 
PDB database and the Caffeine was obtained
from PubChem (ID 2519) (NCBI, 2023)

Result

During the molecular docking simulations, the 
results obtained demonstrate interactions yet
less promising between the ligand and target
protein, suggesting potential binding affinity
and confirming the feasibility of further
in-depth studies for drug discovery and
protein-Ligand interaction analysis.
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Fig: - Crystal Structure of
NSP15 Endoribonuclease

from SARS CoV-2

Fig:- 2D structure of Caffeine



Table:1- RMSD Table for binding between
Crystal Structure of NSP15 Endoribonuclease
from SARS CoV-2 and Caffein

Rank Sub Rank Run
Binding
Energy

Cluster
RMSD

Reference 
RMSD

1 1 4 - 4.69 0.00 66.62
2 1 7 -4.19 0.00 80.19
2 2 1 -4.16 0.27 80.34
3 1 3 -4.10 0.00 79.89
3 2 8 -4.08 1.24 79.82
4 1 10 -4.10 0.00 81.33
4 2 2 -4.08 1.57 80.68
5 1 5 -4.05 0.00 80.40
6 1 6 -3.98 0.00 55.08
7 1 9 -3.96 0.00 91.53

Conclusion

The study provides a clear road map for
protein molecular docking, particularly for
Crystal Structure of NSP15 Endoribonuclease
from SARS CoV-2 assisting researchers in
rapidly and effectively using this potent
technology in their structural biology and drug 
development projects. Researchers may
improve the repeatability and dependability of 
their docking investigations by the knowledge
of molecular interactions and hastening the
process of developing new drugs.
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Abstract

Bacillus subtilis and Pseudomonas fluorescens
were isolated as the pectinase and
cellulase-producing bacteria from agricultural 
waste. Optimization of the fermentation
medium for maximum pectinase and cellulase
production was carried out. The culture
conditions like pH, temperature, inoculum age 
and raw substrate were optimized. The
optimum conditions found for pectinase and
cellulase production were 37°C at pH 7 with
agricultural substrate stimulates the
production of pectinase and cellulase. Among
bacteria, Pseudomonas fluorescens is the best
cellulase and Bacillus subtilis is the best
pectinase producer.

Keywords: Bacillus subtilis, Pseudomonas
fluorescens, pH.

Introduction

The term “Agricultural waste” refers to
undesirable trash generated as a result of
agricultural activity. Agricultural solid wastes 
are usually produced from the agricultural
activities involving preparation, production,
processing and consumption of agricultural
produce, livestock and their products. Due to
issues with the lack of facility and the
electrical supply, farming operations generate
agricultural waste. Human population
increases day by day and growing human
population has made higher agricultural

production necessary. It has been estimated
that agricultural output has increased by
more than three times over the past 5 decades. 
According to the Indian Ministry of New and
Renewable Energy, India produced 500
million tons of agricultural waste, out of which 
92 metric tons were burned each year that
causes severe environmental pollution by
producing a large amount of greenhouse gases
(Jain et al., 2020). The major components of
these residues are cellulose, pectin, and lignin. 
Cellulose is a linear polymer made of
D-glucose that is joined by 1,4-glucoside
linkages (Lynd et al., 2002). Enzymatic
hydrolysis is a key method for turning
agricultural, wastes into valuable products.
Agricultural wastes including wheat straw,
rice bran, sugarcane bagasse, vegetables
wastes are the cheapest and most readily
available natural carbon sources for the
manufacture of industrially significant
enzymes. Different kind of microbes from
agricultural wastes have been used to
manufacture countless enzymes that have a
wide range of uses in industrial operations for
food, medicine, textile and dye usage. It is
quite possible to decrease manufacturing costs 
and increase the usage of enzymes for
industrial applications by using agricultural
wastes (Bharathiraja et al., 2017). A
significant amount of the need for industrial
enzymes worldwide is met by microbial
cellulases and pectinases which are used in a
variety of industries. To increase the
production and lower the cost of cellulase and
pectinase processing processes, superior
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bioprocesses are being created. Cellulose is the

principal constituent of the cell wall of most
terrestrial plants. These form the structurally
strong framework in the cell walls. Despite a
worldwide and enormous utilization of natural 
cellulosic sources, there are still abundant
quantities of cellulosic sources and there are
still abundant quantities of cellulose
containing raw materials and waste products
that are not exploited or which could be used
more efficiently. The problem in this respect
is, however, to develop processes that are
economically profitable. Complete hydrolysis
of the enzyme requires synergistic action of 3
types of enzymes, namely, cellobiohydrolase,
endoglucanase or carboxymethylcellulase
(CMCase), and beta-glucosidases. Cellulase
acts collectively to hydrolyse cellulose from
agricultural waste to produce simple glucose
units (Bhat et al., 2000). This
cellulose-degrading enzyme can be used, for
example, in the formation of washing powders, 
extraction of fruit and vegetable juices, and
starch processing (Camassola et al., 2007).

Along with pectin other polysaccharides such
as cellulose and xylan type polysaccharides
strengthen the structure of cell-walls in the
flesh of fruits (Beatriz and Fabrice 2012).
Pectinases are the group of enzymes that
catalyzes the degradation of pectic substances
through de-esterification reactions (Pedrolli et
al., 2009). Fruit waste is the best source of
pectin. In recent years, bacteria have emerged
as a significant source of pectinolytic enzymes, 
producing a variety of sets of enzymes that aid
in the general breakdown of pectin substrates.
There are different low-cost substrates like
rice straw, fruit waste and sugarcane
molasses which is used for cost-effective
production of the cellulase and pectinase
enzyme by fermentation techniques. The
present work was carried out to optimize the
nutritional and environmental parameters for
improving cellulose production by
microorganisms.

Materials and Methods

Sample Collection: A total of 24 samples
comprising agricultural waste, decaying
agricultural waste and fruit waste were
collected from different regions of Meerut and
Ghaziabad for the isolation of           cellulase
and pectinase producing microbial strains.
The samples were transported to the
Bioremediation Laboratory, Division of Plant
Biotechnology, College of Biotechnology,
SVPUA and T, Meerut in properly labelled
plastic bags. 

Enrichment of the Agriculture wastes
sample: In a sterile beaker containing 100
grams of samples, 1 gram of cellulose and 5ml
of water were added to the agricultural waste,
and 1 gram of pectin and 5 ml of water were
added to the fruit waste.

Isolation and Screening of
Microorganisms

One gram of pectin-enriched agricultural
waste from each collection site were pooled
and homogenized in sterile distilled water and
10-fold serial dilutions were prepared.  1 ml
aliquots from each dilution were inoculated by
spread plate method on to the sterile
petriplates containing yeast extract pectin
(YEP) medium with pH 7.2, containing pectin
2.5gm and yeast extract 5.0 gm at 37°C for 24
hours (Oumer et al., 2018). The clearing areas
of the medium after the addition of Logule’s
iodine solution were used to classify pectinase
secretion producers and the colony with
maximum zone diameter was preceded for
further studies. 

One gram of cellulose-enriched agricultural
waste from each collection site were pooled
and homogenized in sterile distilled water and
10-fold serial dilutions were prepared. 1 ml
aliquotes from each dilution were inoculated
by spread plate method on to the sterile
petriplates containing CMC agar media with
pH 7.2 containing NaNO3 0.2 gm, K2HPO4

0.05 gm, MgSO4.7H2O 0.02 gm, MnSO4.H2O
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0.002 gm, FeSO4.7H2O 0.002 gm, CaCl2.2H2O
0.002 gm, CMC (1%) 1 gm, Agar 2gm, Distilled
water 100 ml at 37 °C for 24 hours. To
visualize the hydrolysis zone, the plates were
flooded with an aqueous solution of 0.1%
Congo red for 15 min and washed with 1M
NaCl (Apun et al., 2000) and the colony with
maximum zone diameter was preceded for
further studies. Pure cultures were sub
cultured onto slant media and maintained for
identification and enzyme studies.

Besides, a more quantitative assay method
was used to determine the cellulose activity of
the selected bacterial isolate in liquid medium. 
The cellulase activity of each culture was
measured by determining the amount of
reducing sugars liberated by using a DNS
method (Miller et al., 1959). A bacterial isolate
with the highest activity was selected for
optimization of Pectinase and cellulase
production.

Bacterial Identification. The bacterial
isolates were presumptively identified by
means of morphological examination and
some biochemical characterizations. The
parameters investigated included colonial
morphology, gram reactions, endospore
formation, catalase production, VP reaction,
indole production, starch hydrolysis, citrate
utilization, and gelatine hydrolysis. The
results were compared with Bergey’s Manual
of Determinative Bacteria (Gibbons et al.,
1974).

Enzyme Production Medium. Production
medium contained (g/L) glucose 0.5 gm,
peptone 0.75 gm, FeSO4 0.01 gm, KH 2PO4 0.5 
gm, and MgSO4 0.5 gm. Ten millilitres of
medium were taken in a 100mL conical flask.
The flasks were sterilized in autoclave at
121°C for 15 min, and after cooling, the flask
was inoculated with overnight grown bacterial 
culture. The inoculated medium was
incubated at 37°C in shaker incubator for 24 h. 
At the end of the fermentation period, the
culture medium was centrifuged at 5000 rpm
for 15 min to obtain the crude extract, which

served as enzyme source.

Enzyme Assay. Cellulase and Pectinase
activity was measured following the method of 
Miller (Janani et al., 2011; Miller et al., 1959).
Briefly, a reaction mixture composed of 0.2 mL 
of crude enzyme solution plus 1.8 mL of 0.5%
carboxymethyl cellulose (CMC) in 50 mM
sodium phosphate buffer (pH 7) was incubated 
at 37°C in a shaking water bath for 30 min.
The reaction was terminated by adding 3 mL
of DNS reagent. The colour was then
developed by boiling the mixture for 5min. OD
of samples was measured at 575 nm against a
blank containing all the reagents minus the
crude enzyme.

Process Optimization for Maximum
Pectinase and Cellulase Production

pH. Flasks with broth containing the
optimum concentration of substrate and
carbon source are taken and the pH of the
broth is adjusted to 6.0, 6.5, 7.0 .7.5, 8.0, 8.5
and 9.0 in different flasks using 1N HCl and
1N NaOH and sterilized. The cultures are
inoculated and incubated at particular
temperature. At the end of incubation period,
the cell-free culture filtrate is obtained and
used as enzyme source. 

Temperature. Production medium at pH 7.0
was inoculated with overnight grown selected
bacterial strain. The broth was incubated at
different temperatures from 28, 37, 40, 45 and
50 °C for 24 h. At the end of incubation period,
the cell-free culture filtrate is obtained and
used as enzyme source.

Inoculum age: Production medium at pH 7.0
was inoculated different inoculum age in the
range of 18h, 24h, 36h and 48h for cellulase
and pectinase enzyme production by selected
strains. The broth was incubated at 37°C for
24 h. At the end of incubation period, the
cell-free culture filtrate is obtained and used
as enzyme source.

Agricultural Waste Material. To find out
the suitability of agricultural waste as
substrate for enzyme production, different
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substrates, that is, rice straws, wheat straws,
fruits wastes and sugarcane molasses are
taken in the growth medium under submerged 
condition. The enzyme activity is measured
after 24 h for enzyme production.

Results and Discussion:  Pectinase and
Cellulase-producing bacteria were isolated
from agricultural waste. Based on the
morphological and biochemical
characteristics, the isolates were identified as
Pseudomonas fluorescens and Bacillus
subtilus

Effect of pH. Both isolates were allowed to
grow in media of different pH ranging from 6.0 
to 9.0. Maximum pectinase and cellulase
activity were observed in medium at pH 7.0 in
case of Pseudomonas fluorescens and Bacillus
subtilis, (Figure 1). This result was in
correlation with the finding of other workers
for different Bacillus subtilis strains 

(Bhagat et al., 2021).

Effect of Incubation Temperature. Enzyme    
activity recorded at different temperatures
revealed that all the four bacteria yielded
maximum pectinase and cellulase production
at 37°C (Figure 2). The temperature was found
to influence extracellular enzyme secretion,
possibly by changing the physical properties of
the cell membrane. Optimum temperature for
maximum growth of Bacillus subtilis was 37°C. 
These results are nearly close to those of Hoa et
al., 2013 who found that the enzyme produced
by Pseudomonas fluorescence was activated at
35°C showing the optimum temperature at
35°C.

Effect of inoculum age on enzyme
production. In our study, we also calculated
the effect of inoculum age on enzyme
production. From the different inoculum ages,
such as 18, 24, 36 and 48 hours, we observed
that 24 hrs was the best age of inoculums for
both cellulase and pectinase activity.

Effect of raw substrates on enzyme
production. The pectinase activity of
Bacillus subtilis and cellulase activity for

Pseudomonas fluorescens were higher with
fruit waste and sugarcane bagasse      
respectively. With an appropriate substrate
concentration, Bacillus subtilis produces
maximum pectinase.
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Fig 1: Effect of pH on cellulase and
pectinase activity.

Fig 2: Effect of temperature on
cellulase and pectinase activity.



Conclusion

The aim of the present work was to isolate and
identify a pectinase and cellulase producer
from agriculture waste. Bacillus subtilis and

Pseudomonas fulorescens produced maximum
yield of pectinase and cellulases respectively.
The optimum temperature and pH were
determined as 37°C and 7 pH and 24 hr
inoculum age of culture. After optimization,
the mass production was carried in one litre of
optimized media at 37°C for 24 hrs at a pH of 7
on a rotary shaker at 200 rpm. Bacteria, which 
have high growth rate as compared to fungi,
good potential to be used in cellulose
production. However, the application of
bacteria in producing pectinase and cellulase
is not widely used.

Pectinase and Cellulase yields appear to
depend on a complex relationship involving a
variety of factors like inoculum size, pH value,
temperature and substrate, and so forth
(Immanuel et al., 2006).

Further studies were in progress in the
purification and application of cellulase in
different commercial fields. The purified
pectinase and cellulase can be used for various 
purposes in detergent industries, food
industries and pharmaceutical industries. The 
high activity and stability of pectinase and  
cellulase enzymes between neutral to alkaline
pH and high temperature will be of use in
various industrial and biotechnological
applications.
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Abstract

Numerous biological functions in living
creatures involve the significance of Zinc due
to its participation in various metabolic
activities. It is advantageous when present in
traces but becomes noxious when exists in
copious amounts. The present study was
conducted to assess the deleterious effects of
Zinc on fish Channa punctatus exposed to the
maximum permissible limit (5 mg/l) and
two-fold of the maximum permissible limit (10
mg/l) for 15, 30 and 45 days. ROS levels were
significantly (p<0.05) elevated in a dosage-
and duration-dependent manner. Increased
ROS resulted in the raised oxidative stress
that was specified by the unusual activities of
anti-oxidant biomarkers. The activities of
enzymatic biomarkers (SOD, CAT and GR)
were significantly (p<0.05) increased while
the activity of non-enzymatic biomarker
(GSH) was significantly (p<0.05) reduced in
treated fish. Zinc intoxication also resulted in
severe damage to the histology of the liver. For 
the reason that information about Zinc
toxicity on and above the maximum
permissible limit in the Rohilkhand region
was not available, the present study was
outlined to fill up the prevailing research gap.

Keywords: Zinc, ROS, oxidative stress,

histopathology, C. punctatus

Introduction

Zinc (Zn+2) is essential for the physiological
functioning of all living organisms in small
quantities but it is toxic in higher
concentrations . It enters into the water bodies 
through anthropogenic activities viz., alloying, 
mining, electroplating, ceramics, and mostly
through industrial effluents.  Higher
concentrations of zinc decline aquatic fauna
and flora. In the aquatic food chain, fishes are
at the top of the trophic level and respond
quickly under xenobiotic stress. Respiratory
anguish, due to damage to the gill or
accumulation of heavy mucous is one of the
evident symptoms in fish acutely exposed to
Zn+2. This desperately affects fish in addition
to those who consume them indirectly or
directly through the food chain . Zn+2 causes
loss of appetite, reduced growth, and
immunological abnormalities in fish . It is
used as an active element of several enzymes
for many metabolic reactions, it is toxic when
present in elevated concentrations .  

Zinc-exposed fish can lead to various
genotoxicological, and biochemical
abnormalities and bioaccumulation in the
kidney and liver which are the primary sites of 
biotransformation with excretion and
detoxification respectively . Many studies
have worked on the adverse effect of Zinc
accumulation in many tissues of fish exposed
to elevated concentrations of Zinc . Further,
zinc arbitrated reactive oxygen species (ROS)
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cause lesions viz., pyknosis, hypertrophy,
vacuolization, and inflammation in liver
tissues of the test fish.

Zinc expounded the adverse effects on the
cytoplasmic proteins of skeleton cells in fish .
Prolonged exposure to Zinc generates
oxidative stress by overproduction of ROS
through diminishing of equilibrium dynamics
of oxidative metabolism . Oxidative stress and
damage of biomolecules, viz., DNA and protein 
leading to physiological agitation in heavy
metal exposed fish has been already
documented . Despite elevated concentration
and chronic exposure of zinc being predictable
in the aquatic body on account of established
industrial operations, only less information is
available regarding genotoxicological and
biochemical anomalies in the Rohilkhand
region in fish Channa punctatus. 

Fish loaded with elevated amounts of zinc are
discomfort for human consumption. To
understand the eco-toxicological mechanism
of zinc mediated level of ROS, oxidative stress
in terms of superoxide dismutase (SOD),
catalase (CAT), reduced glutathione (GSH),
and glutathione reductase (GR),
histopathological lesions and bioaccumulation 
in the liver of fish C. punctatus.  

In the present investigation, freshwater,
edible fish Channa punctatus has been chosen
as a test model because in the aquatic food
chain fishes occupy the highest trophic level,
and are quite susceptible to sudden changes in 
the physico-chemical characteristics of water.
Therefore, they are good bio-indicators for
aquatic pollution. They are economically,
biologically, and ecologically important.
Moreover, they are highly susceptible to even
a low concentration of toxicants.

Materials And Methods:

Fish acclimatization and experimental
design: Test fish C. punctaus (34 ± 3.0 g; 14.7
± 1.0 cm), were caught by local fishermen from
natural habitats of Rohilkhand region and
brought to the laboratory in the well-aerated

large containers. Thorough washing of fish
was carried out with tap water and for the
elimination of external infections (if any were
present), fish were treated with 0.05% KMnO4.

Fish were transferred to glass aquaria
according to their weight which was 4 g fish per 
liter of water were used during acclimatization
as per guidelines of OECD, 2019. Pellets of
fish food (Perfect Companion Group Company
Limited, Thailand) were used to feed the fish
two times, morning and evening in a day,
during the period of acclimatization . The
nurturing of fish throughout the complete
experiment in the laboratory was done by
standard protocols (APHA et al., 2012). After
10d acclimatization, 120 acclimatized fish
were randomly divided into three groups (one
control ‘GI’ and two treated groups, GII and
GIII). Three replicates of each group having 10 
fish. For GII, the exposure concentration was
the maximum permissible limit (PL) of 5 mg/L
according to the Central Pollution Control
Board (CPCB), New Delhi, United States
Environmental Protection Agency (USEPA),
and Bureau of Indian Standards (BIS) and for
GIII double of PL 10 mg/L. For all sets, GI, GII, 
and GIII fish were loaded for 15, 30, and 45 d
of exposure duration. After each exposure
period, fish were euthanized with 0.01%
diethyl ether before sacrificing them for the
evaluation of ROS in erythrocytes, GSH level,
the activity of SOD, CAT, and GR in the
tissues of the liver, and histopathological
alterations in the Liver of the test animal.

Test chemical:  Test chemical, ZnSO4.7H2O,
cas no. 7446-20-0 of Himedia, Maharashtra,
India was procured from the local dealer of
Bareilly district.

ROS measurement in fish erythrocytes: 
To examine the ROS level in fish erythrocytes,
a fluorescent dye, 2´, 7´-
dichlorodihydrofluorescein (20 ìM, DCFH-DA;
Sigma Aldrich, USA) was used. Fish blood was
kept to be incubated with DCFH-DA for 30
min. The preparation of slides was done after
incubation in the dark. Afterward, the
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measurement of the intracellular fluorescence
was carried out by using Fluorescence (FloidTM

cell imaging station, Life Technologies) at
excitation and emission wavelengths 482nm
and 532nm, respectively with 10/40X
magnification of the objective lens. Image J
software (version 1.50, USA) to quantify the
fluorescent intensity.

Estimation of biochemical parameters in
the liver:

Cell lysate: After each exposure period, fish
were dissected and liver tissue was taken out.
Tissue samples were homogenized in
homogenization buffer (HB) in the ratio of 1:10 
w/v. The samples were centrifuged at 3000
rpm for 10 minutes at 4°C.  500ul Lysis buffer, 10
ml of Dithiothreitol (DTT), and
Phenylmethanesulfonyl fluoride (PMSF) were
added and the complete suspension was kept
at 30 min for incubation. Afterward, collecting
cell lysate after centrifugation at 4°C for 15
min was executed at the rate of 12,000 rpm,
and assessed the antioxidant enzymes. All the
antioxidant enzymes were measured by the
UV-VIS spectrophotometer (Shimadzu,
UV-1900i) against blank.

Superoxide-dismutase (SOD):  method was 
performed for the estimation of SOD in the
liver. The constituents of the reaction mixture
were 1.2 mL sodium pyrophosphate buffer
(0.052 mM, pH 8.3), 0.1 mL phenazine
methosulphate (PMS), 0.3 mL (1M) nitroblue
tetrazolium chloride (NBT), and 0.2 mL of
sample and incubate for 5 min at 36 °C.
further incubation was done by 0.2 mL (1M)
nicotinamide adenine dinucleotide (NADH)
and the addition of glacial acetic acid, after
incubation. The activity of SOD is measured in 
Units/min/mg of protein.

Catalase(CAT): CAT activity was measured
by the method of . The reaction mixture was
made by 1 mL of 20 mM H2O2 and 1.88 mL of
50 mM sodium phosphate buffer (pH 7.0) with
100ml of homogenate. CAT activity was done
based on assessing the decomposition rate of

H2O2 for the duration of 1 min at the
absorbance of 240nm. 

Reduced glutathione (GSH): GSH
estimation was done by  With some
modifications. The process of assessing GSH
in sample tissues like the gill and muscle
includes the reaction of tissues with DTNB
(5,5 dithio, 2-nitrobenzoic acid), also known as
action and as a result of this reaction
compound is produced that shows the
absorbance of light at 412nm. A mixture of
DTNB and T.E buffer was put into an
incubator for incubation with 100ml of tissue
homogenate. Absorbance was taken at 412nm. 

Glutathione reductase(GR): GR activity
was done by the method of . The mixture of 600
ml of buffer (0.1 M potassium phosphate + 0.5
mM EDTA + 0.1 mM KCl; pH 7.5), 100ml of 0.1
mM NADPH, 100ml of H 2O was taken and the
supernatant of gill and muscle tissues was
added in 100ul quantity separately in the
mixture for reaction and incubate for 5 min at
37°C. Reaction initiated with the addition of
100ml of 1mM GSSG. Absorbance was taken at
340nm and measured in Units/min/mg.

Histopathological alteration in the liver
tissue:  After a 45d exposure period liver
tissue was taken out and washed with distilled 
water. Fixation of tissues was done in 10%
neutral buffered formalin (NBF) solution for
48 h. To remove the moisture content, tissues
were executed with a graded series of ethanol
and cleaned with xylol. Subsequently, to
obtain blocks, the liver was inserted in
paraffin wax. Blocks were kept overnight at
room temperature. To get sections (1mm) of
the tissue sample, the instrument used was a
Microtome (YSI062 Yorco Precision Rotary
Microtome, India). Hematoxylin stain was
applied for 1 min to do the counterstaining,
and eosin stain was used for the duration of 2
min. The mounting of sections was done in
DPX after they were processed properly.
Afterward, an oil immersion microscope
(Nikon Corporation K-12,432) with an
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objective lens of 10/40X magnification was
used for capturing the photographs.

Data analysis: The significance (p < 0.05) was
analyzed with a one-way analysis of variance
(ANOVA) with Tukey’s post hoc test using SPSS
software (version 20.0, SPSS Company, Chicago,
USA) for each result. All the data are presented
as mean ± standard error mean (S.E.M.).

Results

Physiochemical parameters

In the test medium of all the groups GI, GII,
and GIII, the physicochemical parameters
viz., pH 7.29, temperature (ºC) 25.33,
dissolved oxygen (DO) 7.43mg/L, alkalinity
72.10mg/L CaCO3, and hardness 78.21mg/L
CaCO3 were recorded before and after
completion of the exposure period.

Estimation of ROS generation: The level of
ROS in erythrocytes of fish was found significant
(p<0.05) in Zn-exposed groups. The maximum
elevation of ROS production was to be found in G
III at 45 dyas compared to the control.
Microphotograph (Fig. 1a) showed the differences 
in ROS level and the quantitated levels of ROS in 
blood cells of test fish were shown in Fig. 2b.

Zn+2 induces super-oxide dismutase
(SOD): There was a significant (p<0.05)
increased SOD activity in the liver with
increasing concentration of Zn+2 as compared
to the control group. The maximum elevation
of SOD activity was found in group III at 45d
in fig-2a.

Zn+2 induces catalase activity (CAT):
There was a significant (p<0.05) increased
activity in the liver of catalase with increasing
concentration of Zn+2 as compared to the GI.
The maximum activity of catalase was found
to be high in group III at 45d in fig-2b.

Zn+2 diminishes non-enzymatic
antioxidant defense: Fig -2c indicates the
contents of GSH in the fish liver. There was a
significant (p<0.05) decrease in the GSH
content in increasing the concentration of Zn+2

as compared to the GI. The minimum level of
GSH activity was found in GIII at 45d.

Zn+2 alters the glutathione reductase
(GR) activity: Fig. 2d indicates the GR
activity in the liver of fish C. punctatus. There
was a significant (p<0.05) increase in GR
activity in increasing the concentration of
Zn+2. The highest elevation was found in GIII
at 45d.
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Fig 1a Microphotograph showing the
fluorescent intensity of ROS level was

measured by DCFH-DA dye (b) showed the
corrected total cell fluorescence induced by
Zn. (mean ±SD, n=3 fish which were taken in 

triplicates). (* symbol represents the
significant (p<0.05) difference from the

control).

Fig- 2 The activities of SOD, CAT, GSH, and GR
in control and Zn-exposed groups in the liver of
fish C. punctatus for 15, 30, and 45 d exposure

periods. (mean ±SD, n=3 fish which were taken
in triplicates). (* symbol represents the

significant (p<0.05) difference from the control).



Zn+2 affects the histological architecture
of the liver: Zinc-exposed test fish C.
punctatus shows histological alterations in the 
liver after 45d exposure period. Fig.3
represents the histological findings of the liver 
of fish for control and exposed groups. No
damages were found in GI, whereas pyknosis
(PN), vacuolization (V), inflammation (In),
and necrosis (N) were found in treated groups.
Maximum deformities were found in GIII as
compared to the control. 

Table 1. The statistical study of histological
alteration in the liver of Zn exposed groups at
45d in fish C. punctatus.

Parameters Group I Group II Group III

Vacuolization (V) - 1x 3x

Pyknotic nuclei (PN) - 1x 4x

Inflammation (In) - 2x 3x

Hypertrophy (Hy) - 1x 2x

Necrosis - 2x 3x

None -, mild 1x, moderate 2x, strong 3x, 4x, high 4x

Discussion

Zinc is the most critical and extremely
important active element that is needed for
the many metabolic reactions and growth of
organisms. This micronutrient, however,
shows toxicity when it is used in the highest
concentration in vital organisms. It can
become unsafe when it reaches the maximum
permissible limit. The unpleasant effects can
be evaluated by biochemical and molecular
studies conducted on many vital organs of the
fish. Among various aquatic creatures, C.
punctatus is a fish that can show an
accumulation of different heavy metals in its

vital tissues. The liver, considered the most
vital and bio-transformatory site of metals,
where they develop numerous harmful effects. 
The present study examined the oxidative
stress in the liver of fish exposed to zinc. The
most consumable part of the fish body is
muscle but it is not a good indicator of
whole-body contamination like the liver
because the liver is the most
bio-transformatory site of the body which
provides a more immediate evaluation of the
current environmental levels of
contamination.

ROS is paramount for the processes of
physiology and cell signaling. Elevated ROS
production and oxidative stress are pernicious
to normal physiology. Zinc can raise ROS
production in the liver  . We initiated further
studies on the generation of ROS levels, and
the stimulation state of different antioxidant
enzymes viz., CAT, SOD, GSH, and GR in the
liver. In the liver, significantly (p<0.05)
increased levels of ROS were observed. It has
been recorded that other heavy metal
intoxication boosts ROS production in the liver 
of mice . Similarly, ROS levels were found to
be elevated in the liver of C. punctatus, when
treated with dichlorvos  and zinc.

SOD, CAT is the main baseline of defense
against ROS. SOD converts superoxide
radicals to H2O2 and CAT catalyzes this H2O2

to H2O and O2. SOD-CAT have been regarded
as crucial enzymes for stress tolerance and an
increment in SOD-CAT activities is an
indication of elevated oxidative stress
tolerance in stressed organisms. This study
showed that with time SOD-CAT activities
increased continuously   also studied an
increase in SOD-CAT activity under copper
stress in fish C. punctatus and three-spined
stickle back.

Additionally,  have similarly depicted the
histological changes as the end-point marker
for the assessment of harmful potential and
hazard evaluation of heavy metals in the liver.
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Fig 3- Microphotographs of untreated fishes
showing normal hepatocytes (H) and sinusoids

(S) in the liver. Fishes exposed to Zn showed
vacuolization (V), pyknotic nuclei (PN),

inflammation (In), and hypertrophy (Hy) in the
liver.



The present study shows histopathological
alterations, viz., Vacuolization (V), Pyknosis
(Py), Inflammations (In), Necrosis (N), and
Hypertrophy (Hy) in the liver of the
zinc-exposed groups GII and GIII (Subburaj et
al., 2015; Radhakrishnan and Hemalatha,
2010). 

Conclusion

The outcome of the present study confirms
that ROS and oxidative stress are induced by
the maximum permissible limit and two times
PL. To date, the mechanism of Zinc-induced
oxidative damage and molecular damage in
the liver tissue is not well clarified. In the
present study decorative a comprehensive
profile of zinc-induced toxicological
manifestations in fish of extensive
availability. A major outcome of this
investigation includes zinc-induced oxidative
stress in the prime site of biotransformation-
liver in fish which leads to histopathological
alterations when exposed to 5 mg/L and 10
mg/L. Therefore, results suggest that zinc
accumulates in fish tissues through
contaminated river water and might be
transferred to humans via food chains. So, it
needs to assess the water quality of the river
and more research work is needed to study on
gene level at the Rohilkhand region.
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Abstract

The present investigation was carried out at
division of Basic Sciences and Humanities,
Faculty of Horticulture, SKUAST-K, Shalimar 
during the year 2019 to 2021 to determine the
role of harvest maturity and pre-harvest
calcium chloride sprays on incidence and
severity of watercore and fruit quality thereof.
Two varieties of apple viz., Red Delicious (V1)
and Silver Spur (V2) were foliar sprayed with
CaCl 2 (0.0-S1), 0.5 (S2), 1.0 (S3) and 1.5% (S4)
at 14, 7 and 0 days before expected dates of
fruit harvest (M). Fruits were harvested 1
week after foliar spray that made 3 harvesting 
dates (M1, M2 and M3).  Fruits were stored in
CA at 3±1°C. Each treatments replicated
thrice. After 2-monts of storage, fruits were
analyzed for their watercore incidence and
physico-chemical quality. Data indicated that
V2 was more susceptible to watercore 8.2%)
compared to V1 with 3.6 % watercore.
Maximum and minimum watercore incidence
was noted with late (M3) and early (M1) with
measured values of 9.0 and 2.7 percent,
respectively. Foliar spray of 1.0 percent CaCl2
was proved as most appropriate in reducing
the watercore of apple fruits.  

Key words: Apple, mass density,
physiological disorders, sorbitol,
thermography, watercore

Introduction

Watercore is an internal physiological
disorder in apples that can cause the tissue of
the apple to appear translucent and allow the
intercellular spaces to be filled with a
sugar-water solution." (Fidler et al., 1973;
Khan et al., 2021). The water-soaked
appearance of watercore affected fruits results 
from the accumulation of sorbitol-rich liquid in 
the intercellular spaces of the apple tissue
(Serban et al., 2019; Tanaka et al., 2020; Liu et
al., 2021; Khan et al., 2021). As the name
implies, this disorder commonly manifests
itself around the core and the primary
vascular bundles (Watkins and Mattheis,
2019; Khan et al., 2021), but is not restricted to 
this area, and in severe stages symptoms may
be externally visible (Fig 1a and b) It is usually 
associated with advanced fruit maturity
(Wang et al., 2023), and recent tests indicate
there may be a high ratio of nitrogen to
calcium (Khan et al., 2007; Khan and Shahid,
2013). Low night temperatures in fall often
hasten fruit maturity and promote watercore
development. The intensity of watercore
disorder varies from year to year, variety to
variety, location to location and even with
canopy position of the tree (Khan et al., 2021;
Wang et al., 2023). The disorder increases fruit 
susceptibility to internal breakdown (IB)
caused by low oxygen (O 2) and/or high carbon
dioxide (CO 2) concentrations (Argenta et al.,
2002; Khan et al., 2021.
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The leading theory for watercore development
is that high temperature and high light makes
the cell membranes leaky and cool nights slow
down the uptake of sorbitol from the cell wall
space into the parenchyma cells (Marlow and
Loescher, 1984; Khan et al., 2021). It is
hypothesized that the sorbitol translocation to
the fruit is faster than its assimilation
perhaps due to an inability of the apple tissue
to convert sorbitol to fructose. The browning
and breakdown caused due severe watercore is 
possibly the result of reduced gas diffusion in
the affected tissue that may involve an
accumulation of ethanol and acetaldehyde
(Khan et al., 2021). Watercored apples may be
accepted and even preferred by some people
due enhanced sweet flavour, but in general
such fruit are difficult or impossible to store
for any length of time must be diverted to the
less profitable processing industry (FAO,
2018; Khan et al., 2018). As such, watercore
poses a serious problem for extended
marketing seasons that emphasizes the
necessity for controlling watercore as well as
it’s non-destructive detection before storage.
Earlier researches indicated that presence of
liquid in the intercellular air spaces increases
the specific gravity of watercored fruits. As
such mass density separation may be the least
expensive and non-destructive method for
separating the watercored and healthy fruits
(Khan et al., 2007; Khan et al., 2018; Khan et
al., 2021). However, this method requires
modification depending on the cultivar, fruit
size and temperature fluctuations.

The present investigation was performed to
examine the contributions of harvest maturity 
to watercore development in apple and its

management using calcium chloride as
pre-harvest spray. Attempt was also made to
standardize the protocol for detection of
watercore before storage of fruits.

Materials and Methods

The present investigation was carried out at
division of Basic Sciences and Humanities,
Faculty of Horticulture, SKUAST-K, Shalimar 
during the year 2020 and 2023. Two varieties
of apple viz., Red Delicious and Silver Spur
were selected as study material. Different
concentrations of calcium chloride (CaCl 2)
viz., 0.0, 0.5, 1.0 and 1.5 were foliar sprayed at
14, 7 and 0 days before optimum dates of fruit
harvest that was determined on the basis of
days after full bloom (Khan et al., 1998). Fruits 
were harvested at one week before optimum
harvest date, at optimum maturity and one
week after optimum maturity. Pre-cooling of
fruits was done immediately after harvest to
remove the field heat. Pre-cooled fruits of both
the varieties were kept in 15kh wooden boxes
and stored in controlled atmosphere (CA)
storage at 3±1°C for two months.  There were
three replications of each treatment and each
fruit box served as one sample unit. After two
months of storage fruits were brought out of
CA and 20 fruits from each box were selected
randomly and cut them to observe the
incidence of watercore. Fruits were also
analyzed for severity of watercore on the basis
of 1-4 scale (modified from Neuwald et al.,
2010) where in 1 represents fruit without
watercore and 4 is equivalent to 50% or more
of flesh involvement. To separate the
watercored apples from healthy ones, sampled 
fruits of both the varieties were dipped in a
solution having specific gravity of 0.9 (Fig. 2).
Fruits settled in the bottom of the solution
were considered as watercored while as fruits
hanging in the solution were categorized as
healthy. Fruits were also analysed for their
firmness, TSS and acidity. Data were
tabulated and analysed statistically using
analysis of variance technique as described by
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Fig 1. Internal and external symptoms of
watercore in apple (Khan et al., 2021)



Cochran and cox (1969). Software package
used for analysis was INDOSTAT. 

Results and Discussion

Data with respect to the individual effects of
variety, harvesting time and CaCl 2 spray (Fig. 
3) indicated that incidence of watercore was
higher with Silver Spur variety (8.2%) as
compared to lower watercore incidence (3.6%)
with Red Delicious apple. Data also indicate
that late harvested fruits are more likely to
develop watercore (9.0%) compared to timely
harvest (6.2%) with lesser chance of watercore
incidence (2.7%) in early harvested fruits.
However, application of CaCl 22 as foliar spray 
one week before harvest found effective in
reducing the watercore development in apple
fruits. Spray of 1.5% CaCl 2 exhibited the
minimum incidence of watercore (4.2%)
followed by 1.0% CaCl 2 (4.6%). However, both
the treatments were found at par with each
other. Two-way interactions of the treatments
differed significantly (Fig. 4) with each other.
Interactions of variety and CaCl2 (V×S)
showed watercore incidence was highest with
V2×S1 (11.9%) followed by V2×S2 (9.9%),
V2×S3 (5.8%) and V2×S4 (5.2%) where as all
the interactions of V1 with S showed lesser
than 5.0 percent watercore with minimum
incidence (3.2%) recorded in V1×S4
interaction. Among different treatments of
harvesting time and CaCl 2 spray (M×S) the
highest incidence of watercore (12.8%) was
evidenced with M3×S1 followed by M3×S2
(9.6%) against the minimum watercore
incidence (2.1%) observed with M1×S4

interaction. Interactions of variety and
harvesting time (V×S) indicated that variety
Silver Spur with late harvesting (V2×M3)
produced maximum watercored fruits (11.6%)
while variety Red delicious with early
harvesting (V1×M1) gave minimum watercore 
(1.6%) incidence. Data with regard to 3-way
interaction (Table 1) of the treatments showed
that V2×M3×S1 produced highest watercored
fruits (17.3%) followed by V2×M3×S2 (13.6%)
compared to the least watercore incidence
(1.5-1.6%) recorded with the interaction of Red 
delicious variety with early maturity under all 
CaCl2 treatments (V1×M1×S).

Table 1: Effect of harvest maturity and CaCl2
spray on watercore development (% incidence)
in apple cultivars

Treatments
V1 V2

M1 M2 M3 M1 M2 M3

S1 1.6 3.8 8.2 4.6 13.8 17.3
S2 1.5 2.7 5.6 4.5 11.7 13.6
S3 1.6 2.6 6.1 2.8 6.6 8.1
S4 1.5 2.6 5.4 2.7 5.6 7.4

C.D. (P=0.05) 0.02

Varietal differences in the incidence and
intensity of watercore has also been reported
by earlier workers (Yamada et al., 2005; Khan
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Fig. 3 Individual effects of treatments on
incidence of watercore in apples (CD0.05=0.03)

Fig. 4 First order interaction effects of
treatments on incidence of watercore in apples 

(CD0.05=0.03)

Fig. 2 Separation of healthy and watercored
fruits using a liquid with 0.9 specific gravity



et al., 2021). Conforming to our findings, other
experimental evidences also suggest that
watercore incidence of apple increased with
the delay of harvesting time (Bowen and
Watkins, 1997; Wang et al., 2023).

Data with respect to individual effects of
treatments on severity of watercore differed
significantly (Fig. 5) wherein Silver Spur (V2)
greater severity of watercore (2.7) compared to 
Red Delicious (V1) apple fruits (1.5). Among
different harvesting times, late harvesting
(M3) showed more severity of watercore (3.3)
followed by timely harvesting (M2) and early
harvesting (M1) with severity score values of
2.6 and 2.1, respectively. Among different
CaCl 2 treatments maximum watercore
severity was noted with S1 (2.7) followed by S2 
(2.2) against the least watercore severity in S3
and S4 (1.8). First order interactions of
different

treatments showed significant variations with 
respect to severity of watercore (Fig. 6).

Amongst variety and CaCl 2 spray (V×S)
interactions V2×S1 exhibited greater severity
of watercore (3.3) followed by V2×S2 (3.0) and

V1×S1 (2.0) compared to least severity of
watercore (1.3) observed with V1×S3 and
V1×S4. Talking about the interactions of
harvesting time and CaCl 2 spray (M×S), data
clearly indicate that M3×S1 exhibited highest
watercore severity (3.3) followed by M3×S2
and M2×S1 with severity scale value of 2.7 and 
2.2, respectively against the least severity
scale of 1.4 recorded with M1×S3. Watercore
severity among the variety and harvesting
time (V×M) showed that V2×M3 exhibited
more severity (3.2) followed by V2×M2 (2.6)
against the least severity score of 1.1 recorded
with V1×M1 followed by V1×M2 with severity
score of 1.6. Second order interactions of the
treatments (Table 2) indicate that V2×M3×S1
resulted in maximum watercore severity of 4.0 
followed by V2×M3×S2 (3.6) against the least
watercore severity (1.0) recorded with
V1×M1×S2, V1×M1×S3 and V1×M1×S4.
Table 2: Effect of harvest maturity and calcium
chloride spray on severity of watercore (1-none 
to 4-severe) scale development in apple
cultivars

Treatments
V1 V2

M1 M2 M3 M1 M2 M3

S1 1.5 2.0 2.5 2.6 3.2 4.0
S2 1.0 1.5 1.8 2.5 2.8 3.6
S3 1.0 1.4 1.6 1.8 2.3 2.6
S4 1.0 1.4 1.4 2.0 2.2 2.5

C.D. (P=0.05) 0.06

Incidence and severity of watercore in apple
has also been reported to vary with cultivars
(Bhat and Khan, 2010; Cebulj et al., 2021).
Deficiency or low level of fruit calcium has
been reported to associated with physiological
disorders including incidence of watercore.
Our result is also supported by Buccheri et al.,
2020. Conforming to our findings, other
experimental evidences also suggest that
watercore incidence of apple increased with
the delay of harvesting time (Bowen and
Watkins, 1997; Wang et al., 2023). Reports on
reduction in watercore incidence and severity
through foliar spray of calcium are also
available in literatures (Conway et al., 2002;
Wang, 2018).

Individual effects of different treatments
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Fig. 5. Individual effects of treatments on
severity of watercore in apples (CD0.05=0.07)

Fig. 6. First order interaction effects of
treatments on severity of watercore in apples

(CD0.05=0.07)



showed significant variation with respect to
fruit firmness (Fig. 7) and Red Delicious apple
(V1) exhibited higher fruit firmness (19.1
lb/inch 2) compared to Silver Spur (17.4 lb/inch
2). Similarly, early harvested fruits showed
higher fruit firmness value (18.8 lb/inch 2)
compared to late harvested ones (17.8
lb/inch 2). If we talk about the individual
effects of CaCl 2 spray there was an evidence of 
increased fruit firmness in CaCl 2-treated
1fruits ()18.1-18.6 lb/inch 2) compared to
untreated ones (17.8 lb/inch 2). Significant
differences in fruit firmness value were
observed with respect to the 2nd order
interactions of individual treatments (Fig. 8).
Among the variety and CaCl 2 interactions
(V×S), V1×S2 and V1×S3 recorded the highest
fruit firmness value of 19.5 lb/inch2 compared
to minimum fruit firmness value of 18.5
lb/inch2 recorded with V1×S1. Among the
harvesting time and CaCl 2 interactions
(M×S), M1×S3 resulted in maximum fruit
firmness (19.1lb/inch 2) while as M3×S1
recorded the least fruit firmness
(17.2lb/inch 2). Considering the interaction
effects of variety and harvesting time (V×M) it
can be stated that V1×M1 recorded the highest 
fruit firmness (19.7 lb/inch2) followed by
V1×M2 (19.1 lb/inch2) while as the minimum
fruit firmness value (17.0 lb/inch 2) was
recorded with V2×M3 followed by a fruit
firmness value of 17.5 lb/inch 2 with V2×M2.
Considering the second order interactions of
different treatments (Table 3) it can be
inferred that variety Red delicious in
combination with early harvest and CaCl 2

spray of 1.0% (V1×M1×S3) resulted in highest
fruit firmness value (20.1 lb/inch 2) that was
also at par with fruit firmness value (20.0
lb/inch2) recorded with V1×M1×S4. However,
variety Silver Spur in combination with late
harvesting and CaCl 2 spray of 0.0%
(V2×M3×S1) recorded the least value of fruit
firmness (15.5 lb/inch 2) and was also at par
with V2×M3×S2 with fruit firmness value of

16.6 lb/inch 2.

Table 3: Effect of harvest maturity and calcium
chloride spray on fruit firmness (lb/inch2) of
apple cultivars

Treatments V1 V2

M1 M2 M3 M1 M2 M3

S1 19.3 18.5 17.8 17.5 17.1 16.5
S2 19.5 19.0 18.4 17.8 17.3 16.6
S3 20.1 19.5 18.8 18.1 17.7 17.2
S4 20.0 19.5 19.0 18.0 18.0 17.5
C.D. (P=0.05) 0.82

Significant difference in fruit firmness due to
varieties has also been supported by earlier
research (Kumar et al., 2018; Li et al., 2023).
Variation in fruit firmness due to altered date
of harvest has also been reported by Mohebi et
al., (2017) wherein early harvested fruits
showed higher fruit firmness compare to later
harvests. Application of CaCl2 as foliar spray
in improving fruit firmness has been well
established facts due to it’s indispensable role
in cell wall rigidity (Lanauskas and Kvikliene,
2006; Chandel et al., 2019). 
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Fig. 7 Individual effects of treatments on
fruit firmness in apples (CD0.05=1.13)

Fig. 8 First order interaction effects of
treatments on fruit firmness in apples

(CD0.05=1.05)



Individual effects of variety, harvesting time
and CaCl 2 spray on total soluble solids (TSS)
content of apple presented in Fig. 9 indicate
that Red Delicious (V1) cultivar had lower TSS 
value (11.6°Brix) compared to a higher value
of TSS (13.5°Brix) recorded with Silver Spur
(V2) variety. So far as harvesting time is
concerned, the TSS value of late harvested
fruits (M3) was highest (13.1°Brix) as
compared to the lowest TSS value (12.1°Brix)
of early harvested fruits (M1). Talking about
CaCl 2 spray, the highest TSS (13.1°Brix) was
recorded with CaCl 2 0.0% (S1) followed by
CaCl2 0.5% (S2), CaCl2 1.0% (S3) and CaCl 2

1.5% (S4) with TSS value of 12.7, 12.3 and
12.1°Brix, respectively. Total soluble solids
(TSS) content of the fruits under the influence
of first order interactions was found as
significant (Fig. 10). Among the V×S
interactions, V2× S1 recorded the highest
value of TSS (14.1°Brix) followed by V2× S2
(13.7°Brix) against the minimum TSS value of
11.1°Brix recorded with V1× S4. Considering
the data regarding the interactions of M× S, it
may be stated that M3× S1 recorded the
highest TSS value (13.8°Brix) followed by M3× 
S2 (13.3°Brix) compared to the minimum TSS
value of 11.7° Brix recorded with M1× S4.
Data on interaction of V×M suggest that V2×
M3 recorded the highest value of TSS (14.0°
Brix) followed by V2× M2 (13.5° Brix) against
the minimum TSS value of 11.1° Brix recorded 
with V1× M1. Information on effect of
three-way interactions of different treatments
viz., V×M×S (Table 4) indicated that
V2×M3×S1 recorded the highest value of TSS
(14.7°Brix) followed by V2×M3×S2 with TSS
value of 14.7°Brix against the minimum value
of TSS (10.7° Brix) recorded with V1×M1×S4
followed in ascending order by V12×M1×S3
with recorded TSS value of 11.0° Brix.

Table 4: Effect of harvest maturity and calcium
chloride spray on fruit TSS (°Brix) of apple
cultivars
Treatments V1 V2

M1 M2 M3 M1 M2 M3

S1 11.4 12.0 12.8 13.6 14.0 14.7
S2 11.2 11.5 12.4 13.3 13.7 14.1
S3 11.0 11.2 11.7 12.8 13.2 13.6
S4 10.7 11.0 11.6 12.7 13.0 13.5

C.D. (P=0.05) 1.31

Significant difference in TSS contents among
apple cultivars has been reported through
earlier studies (Jan et al., 2012; Damyar et al.,
2015; Li et al., 2023). Increased TSS with
delayed harvesting of apple fruits has also
been reported by earlier researchers
(Kvikliene et al., 2011; Mohebi et al., 2017;
Chalise and Giri, 2019). Dris and Niskanen
(1999) also observed a decreased TSS in apple
fruits due to CaCl 2 spray. However, our
findings regarding CaCl 2 spray and fruit TSS
seems contradictory to few earlier reports
(Ganai et al., 2018; Chandale et al., 2019). 
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Fig. 9 Individual effects of treatments on fruit
total soluble solids in apples (CD0.05=1.57)

Fig. 10 First order interaction effects of
treatments on fruit total soluble solids in apples

(CD0.05=1.43)



Information regarding individual effects of
variety, harvesting time and CaCl 2 spray on
fruit acidity content are presented in Fig. 11.
Perusal of the data indicate that Silver Spur
variety (V2) was more acidic (0.41%) than a
lower value of fruit acidity (0.30%) recorded
with Red Delicious apple (V1). Fruit acidity
was also higher (0.41%) in early harvesting
(M1) compared to the acidity value of timely
harvesting (M2) (0.37) and late harvesting
(M3) (0.31). However, no significant difference 
in acidity was recorded with respect to CaCl 2

sprays. Information regarding fruit acidity
differed significantly with respect to first
order interaction of treatments (Fig 12).
Among V×S interactions, the highest acidity
value (0.42%) was recorded with V2×S3 and
V2×S4 which were also statistically at par
with V2×S1 and V2×S2 with recorded values
of 0.41 and 0.40%, respectively. Considering
the interaction of harvesting time and CaCl 2

spray (M×S), data further explained that
M1×S4 and M1×S3 recorded the highest
acidity (0.42%) that was also at par with
M1×S2 with recorded values of 0.40 percent.
However, M3×S1 interaction recorded the
least acidity value (0.30%) that was also at par 
with M3×S2, M3×S3 and M3×S4 with
recorded acidity value of 0.31 percent. Among
the interaction of variety and harvest time
(V×M), V2×M1 resulted in highest acidity
value (0.46%) that was statistically at par with 
V2×M2 against the lowest acidity value of
0.27% recorded with V1×M3 interaction.
Information regarding second order
interaction of various treatments presented in
Table 5 clarified that V2×M1×S4 produced
highest fruit acidity (0.48%) followed by
V2×M1×S2 with observed acidity value of 0.45
percent. Interaction of V2×M1×S4 and
V2×M1×S2 were also at par with V2×M1×S3
and V2×M1×S1, respectively. The lowest fruit
acidity (0.23%) was however, recorded with
V1×M3×S1.

Table 5: Effect of harvest maturity and calcium
chloride spray on fruit titratable acidity (%) of
apple cultivarsq

Treatments
V1 V2

M1 M2 M3 M1 M2 M3

S1 0.31 0.27 0.23 0.43 0.40 0.37
S2 0.35 0.30 0.25 0.45 0.41 0.36
S3 0.36 0.32 0.28 0.47 0.44 0.34
S4 0.36 0.31 0.30 0.48 0.45 0.32

C.D. (P=0.05) 0.02

Jia et al. (2018) communicated that apple fruit
acidity is genetically diversified by natural
variations in three hierarchical epistatic
genes: MdSAUR37, MdPP2CH and
MdALMTII. Decreased TSS with delayed
harvesting of apple fruits has also been
reported by earlier researchers (Chalise and
Giri, 2019). Our finding regarding harvesting
time and fruit acidity conform the findings of
Mohebi et al. (2017). Dris and Niskanen (1999) 
also reported that preharvest CaCl 2 sprays
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Fig. 11 Individual effects of treatments on
fruit acidity in apples (CD0.05=0.03)

Fig. 12 First order interaction effects of
treatments on fruit acidity in apples

(CD0.05=0.01)



increased fruit titratable acidity and
decreased the incidence of physiological
storage disorders of some apple cultivars.

Fruit specific of healthy and watercored fruits
were estimated and information are presented 
in Figure 13.  Data clearly indicate that
watercored fruits showed higher specific
gravity (1.00) compared with low specific
gravity (0.79) of healthy fruits. This also
indicate that watercored and healthy fruits
may be separated using a solution having
specific gravity value of 0.9. Akihiro Itai also
suggested that the increased specific gravity of 
watercored fruits may be exploited to separate 
the healthy fruits from water core affected
fruits.

Conclusion

Apple cultivars vary in their susceptibility to
watercore incidence and severity and harvest
maturity plays an important role in
occurrence of watercore in apple fruit. Foliar
spray of calcium chloride one week before
expected harvest found beneficial in reducing
the watercore disorder in apple cultivars.
Therefore, it may be recommended that
harvesting of watercore-susceptible apple
should be done at optimum physiological
maturity and foliar spray of Calcium chloride
@1.0% should also be done just 1 weeks before
harvest to further reduce the incidence of
watercore in apples.
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Abstract

Terminal heat stress (THS) is a significant
abiotic stress that severely affects the growth,
development, and yield of wheat, one of the
most important cereal crops worldwide. As
global warming continues to intensify, the
incidence and severity of THS are expected to
increase, posing a major challenge to food
security. Therefore, understanding the
mechanisms underlying THS tolerance in
wheat is essential for the development of
climate-resilient cultivars and sustainable
agriculture. This review article provides a
comprehensive overview of the recent
advances in our understanding of THS
response in wheat at the physiological,
molecular, and agronomic levels. The
physiological effects of heat stress on wheat
are discussed, including the impact on plant
growth, photosynthesis, and grain
development. Molecular mechanisms of heat
stress tolerance are also described, including
gene expression and protein synthesis.
Additionally, agronomic strategies to mitigate
the impact of terminal heat stress on wheat
are explored, including breeding for heat
tolerance, changes in planting dates, and
irrigation management. Furthermore, we
review the current strategies for improving
THS tolerance in wheat, including
conventional breeding, marker-assisted

selection, and genetic engineering. Overall,
this review article aims to provide a valuable
resource for researchers, agronomists, and
breeders interested in developing
climate-resilient wheat cultivars and
sustainable agricultural practices under THS
conditions.

Keywords: Wheat, terminal heat stress,
reproductive stage, grain yield, physiological
responses, molecular responses, agronomic
strategies.

Introduction

Wheat is a crucial cereal crop that is cultivated 
worldwide, providing a source of food and
livelihood for millions of people (FAOSTAT,
2021). However, wheat production is
hampered by several biotic and abiotic
stresses, including heat stress (Prasad et al.,
2019). Terminal heat stress is a significant
constraint to wheat production, particularly in 
arid and semi-arid regions, as it occurs during 
the reproductive stage of wheat (Wassmann et
al., 2009). The problem is compounded by the
rising frequency and intensity of heat waves
due to climate change (IPCC, 2021). The
impact of terminal heat stress on wheat
physiology is extensive, affecting grain yield,
quality, and biomass accumulation
(Almeselmani et al., 2006). At the molecular
level, it causes changes in gene expression,
protein synthesis, and metabolic pathways,
which are regulated by different signaling
pathways and transcription factors such as
heat shock proteins and reactive oxygen
species (Bita and Gerats, 2013; Kumar et al.,
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2013). Additionally, terminal heat stress
affects the timing of growth stages, the
duration of the grain filling period, and the
efficiency of water and nutrient use (Tattaris
et al., 2016). 

In recent years, researchers have made
significant progress in understanding the
mechanisms underlying wheat’s response to
terminal heat stress through different
techniques, including physiological,
molecular, and agronomic approaches (Haque
et al., 2017; Wang et al., 2018; Wahid et al.,
2019). However, a comprehensive review of
these perspectives is still required. This book
chapter aims to provide a comprehensive
overview of the impact of terminal heat stress
on wheat from the physiological, molecular,
and agronomic perspectives. The chapter will
also highlight the challenges and
opportunities for mitigating the negative
impact of terminal heat stress on wheat
production. Ultimately, the chapter aims to
provide a roadmap for future research aimed
at developing heat-tolerant wheat varieties
and improving wheat production in the face of
climate change.

Physiological Responses to Terminal
Heat Stress

The physiological responses of wheat to
terminal heat stress are complex and
multifaceted involving various physiological
processes and biochemical pathways
(Semenov et al., 2014; Prasad et al., 2017;
Pradhan et al., 2020). The effects of terminal
heat stress on wheat physiology can be
categorized into two main categories, direct
and indirect effects. High temperatures, which 
can cause various structural and functional
damages to plant cells and tissues, are the
direct effects of terminal heat stress. These
damages include the denaturation of enzymes
and other proteins, membrane lipid
peroxidation, and disruption of
photosynthesis, respiration, and other
metabolic processes. Terminal heat stress can

cause a reduction in biomass accumulation,
leaf area, photosynthesis, and transpiration
rates at the whole-plant level. It can also
accelerate the rate of senescence, leading to
early plant death, reduced yield, and poor
grain quality (Almeselmani et al., 2006; Wahid 
et al., 2007). Indirect effects of terminal heat
stress on wheat physiology are mainly due to
changes in plant water relations, which can
worsen the negative effects of high
temperatures. High temperatures can
increase plant water demand and
transpiration rates, leading to water deficit
and a reduction in soil water content. Water
stress can further worsen the negative effects
of terminal heat stress, causing a reduction in
biomass accumulation, leaf area,
photosynthesis, and yield (Semenov et al.,
2014; Pradhan et al., 2020).

In response to terminal heat stress, The wheat 
plant can activate a variety of physiological
and biochemical mechanisms in response to
terminal heat stress to mitigate or prevent
damage and maintain cell and tissue integrity. 
These mechanisms include the production of
protective molecules such as heat shock
proteins, antioxidants, and osmolytes, which
can prevent protein denaturation, scavenge
reactive oxygen species, and maintain cellular
turgor and osmotic balance. (Wang et al., 2019; 
Zhang et al., 2014; Sivakumar et al., 2014)
Wheat plants can also alter their growth and
development by changing their phenology,
morphology, and resource allocation in
response to terminal heat stress. For example,
they may accelerate their flowering and grain
filling processes to avoid peak heat stress
periods, reduce leaf area to minimize water
loss and heat load, or allocate more resources
to root growth to improve water and nutrient
uptake. (Pradhan et al., 2020; Tariq et al.,
2021) The complex and dynamic physiological
responses of wheat to terminal heat stress
illustrate the plant’s ability to cope with high
temperatures and maintain productivity.
Understanding these mechanisms and
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interactions is critical for developing effective
strategies to enhance wheat’s heat tolerance
and improve its adaptation to changing
climatic conditions.

Molecular Responses to Terminal Heat
Stress

Molecular responses to terminal heat stress in
wheat involve the activation of various
signaling pathways and the upregulation of
specific genes involved in heat stress
tolerance. These molecular response is evident 
in changes in gene expression, protein
synthesis, and enzyme activity. (Almeselmani
et al., 2006; Guo et al., 2018) One of the most
important molecular responses to terminal
heat stress in wheat is the activation of the
heat shock response (HSR). The HSR is a
complex signaling pathway that is activated
by various stresses, including heat stress, and
involves the upregulation of heat shock
proteins (HSPs). HSPs act as molecular
chaperones to stabilize and protect other
proteins in the cell. (Wang et al., 2019). Apart
from HSR, other signaling pathways are also
activated in response to terminal heat stress
in wheat, including the mitogen-activated
protein kinase (MAPK) pathway, the calcium
signaling pathway, and the reactive oxygen
species (ROS) signaling pathway. These
pathways are essential for mediating stress
responses and can lead to changes in gene
expression and protein synthesis. (Mittal et
al., 2012; Guo et al., 2018).

At the molecular level, Terminal heat stress in 
wheat can cause changes in gene expression at 
the molecular level, with specific heat
stress-responsive genes being upregulated or
non-essential genes being downregulated. A
number of heat stress-responsive genes in
wheat have been identified, including those
that are involved in HSP synthesis,
antioxidant defense, and stress signaling
(Wang et al., 2018; Zhang et al., 2019). HSP
genes like HSP101, HSP90, and HSP70 have
been found to be crucial in protecting wheat

plants against heat stress (Wang et al., 2018).
Along with changes in gene expression,
molecular responses to terminal heat stress in
wheat can also be characterized by changes in
enzyme activity. For instance, heat stress can
lead to the activation of enzymes that are
involved in ROS detoxification, such as
superoxide dismutase (SOD) and catalase
(CAT) (Kumar et al., 2013). Furthermore, heat 
stress can cause changes in the activity of
enzymes involved in carbohydrate
metabolism, such as amylase and sucrose
synthase (Ghaffari et al., 2016). In order to
improve heat stress tolerance in this
important crop, it is critical to understand the
molecular responses to terminal heat stress in
wheat. By identifying key signaling pathways
and genes involved in heat stress tolerance,
researchers can develop new breeding
strategies, management practices, and
molecular tools that can enhance wheat
productivity under high temperature
conditions.

Agronomic Responses to Terminal Heat
Stress

Agronomic responses to terminal heat stress
in wheat are critical for ensuring optimal yield 
and quality of wheat production. Several
agronomic strategies can be employed to
mitigate the effects of terminal heat stress on
wheat crops. One such strategy is the choice of
planting time. Planting wheat earlier in the
season can help the crop avoid the peak heat
stress period, thereby reducing the likelihood
of significant yield losses (Barnabás et al.,
2008). The selection of heat-tolerant cultivars
is also an essential agronomic strategy for
minimizing the impact of terminal heat stress
on wheat production. Heat-tolerant cultivars
are characterized by their ability to maintain
high yields under conditions of high
temperature stress. (Reynolds et al., 2012).
Optimizing irrigation scheduling is another
agronomic strategy for mitigating the effects
of terminal heat stress. (Jalota et al., 2019)
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Adequate and timely irrigation can help
maintain soil moisture and reduce the
negative impact of heat stress on wheat
growth and development. Implementing
precision farming techniques, such as
precision irrigation and fertilization, can also
be beneficial in reducing the impact of heat
stress on wheat crops. (Liu et al., 2015). Crop
residue management is another agronomic
strategy that can help mitigate the effects of
terminal heat stress on wheat production.
Crop residues left in the field after harvest can 
help reduce soil surface temperatures,
maintain soil moisture, and improve soil
structure, all of which can help reduce the
negative impact of heat stress on wheat crops.
(Singh et al., 2020). In conclusion, agronomic
strategies can play a crucial role in mitigating
the effects of terminal heat stress on wheat
production. Planting time, cultivar selection,
irrigation scheduling, precision farming
techniques, and crop residue management are
some of the key agronomic strategies that can
help minimize the impact of heat stress on
wheat crops. Implementing these strategies in 
a comprehensive and integrated manner can
lead to more robust and resilient wheat
production systems that can better withstand
the challenges posed by terminal heat stress.

Conclusion

Terminal heat stress is a significant challenge
for wheat production globally, and its impact
is projected to worsen with climate change.
This review provides a comprehensive
summary of the physiological, molecular, and
agronomic aspects of terminal heat stress in
wheat. It emphasizes the complex
mechanisms involved in heat stress tolerance
and the critical role of genetic diversity in the
development of heat-tolerant cultivars.
Physiological research has demonstrated that
heat stress affects a range of physiological
processes, such as photosynthesis,
respiration, water relations, and nutrient
uptake. It also causes reactive oxygen species

to accumulate and alters the plant’s hormonal
balance, leading to reduced growth, yield, and
quality. Molecular research has identified
several genes and pathways involved in heat
stress tolerance, including heat shock
proteins, transcription factors, and
antioxidant enzymes. Advances in genomics
and molecular breeding technologies offer
promising opportunities for developing
heat-tolerant cultivars with improved yield
and quality. Agronomic practices such as
adjusting sowing time, crop management, and
irrigation can mitigate the negative impact of
heat stress on wheat production. However, the 
effectiveness of these practices may depend on
various factors, including the severity and
duration of heat stress, soil and climatic
conditions, and crop genotype. In conclusion,
interdisciplinary research involving plant
physiology, molecular biology, genetics, and
agronomy is essential for developing effective
strategies to enhance wheat production under
changing climatic conditions. This review
highlights the significance of understanding
the physiological, molecular, and agronomic
aspects of terminal heat stress to address this
global challenge.

References

Almeselmani M., Deshmukh PS. and Sairam R.
K. (2006). High temperature stress
tolerance in wheat genotypes: Role of
antioxidant defense enzymes. Acta Physiol.
Plant, 28(3): 365–371. 

Almeselmani, M., Deshmukh, PS., Sairam, RK.,
Kushwaha, SR. and Singh, TP. (2006).
Protective role of antioxidant enzymes
under high temperature stress. Plant
Science, 171(3): 382-388.

Barnabás, B., Jäger, K. and Fehér, A. (2008). The
effect of drought and heat stress on
reproductive processes in cereals. Plant, Cell 
and Environment, 31(1): 11-38.

Fahad, S., Hussain, S., Saud, S., Hassan, S. and
Chauhan, BS. (2016). Wheat production in a
changing climate: Mitigation and
adaptation strategies. Food Energy
Security, 5(3): 185-214.

44

Biotech Today (January-June 2023) : 13 (1) : 41 - 46 



Farooq, M., Wahid, A., Kobayashi, N., Fujita, D.
and Basra, SMA. (2011). Plant drought
stress: effects, mechanisms and
management. Agronomy for Sustainable
Development, 31(4): 853-879.

Food and Agriculture Organization of the United
Nations. (2020). FAOSTAT database.
http://www.fao.org/faostat/en/#data/QC

Ghaffari, MR., Nakhoda, B. and Razmjoo, J.
(2016). Effect of terminal heat stress on
yield and yield components of different
wheat cultivars. Acta Agriculturae
Slovenica, 107(1): 75-83. 

Guo J., Shi G., Guo X., Zhang L. and Xu W. (2018).
Transcriptome analysis reveals molecular
mechanisms of heat tolerance in wheat. Int.
J. Genomics, doi: 10.1155/2018/6794351

Jalota, SK., Kaur, S., Singh, M. and Sidhu, HS.
(2019). Performance of wheat under
irrigation scheduling and heat stress
conditions. International Journal of Current 
Microbiology and Applied Sciences, 8(6):
1436-1444.

Kumar, S., Beena, AS. and Awasthi, R. (2013).
Heat stress induced oxidative damage and
metabolic changes in buffalo (Bubalus
bubalis) oocytes and their prevention by
antioxidant supplementation in vitro.
Journal of Assisted Reproduction and
Genetics, 30(10): 1399-1405. 

Liu, W., Zhang, L., Zhang, W., Cao, Y. and Chen,
X. (2015). Variable-rate irrigation improves
yield and water use efficiency of winter
wheat under sprinkler irrigation in
northwestern China. Agricultural Water
Management, 148: 171-178.

Mittal, D., Madhyastha, DA., Grover, A. and
Grover A. (2012). Heat shock response in
plants: A complex game with chaperones
and more than twenty heat stress
transcription factors. J. Biosci, 37(2):
457–477. 

Pradhan, GP., Prasad, PVV., Fritz, AK.,
Kirkham, M. B. and Gill, B. S. (2020).
Effects of terminal heat stress on grain
growth and quality of wheat. Scientific
Reports, 10(1): 1-13.

Pradhan, GP., Prasad, PVV., Fritz, AK.,
Kirkham, M.B. and Gill, BS. (2020). Effects

of high night temperature and water stress
on flowering and grain-filling in wheat.
Plant Growth Regul, 92: 139–152. 

Pradhan, GP., Prasad, PVV., Fritz, AK.,
Kirkham, M. B. and Gill, B. S. (2012).
Effects of drought and high temperature
stress on synthetic hexaploid wheat.
Functional Plant Biology, 39(3): 190-198.

Prasad, PVV., Djanaguiraman, M., Perumal, R.
and Ciampitti, IA. (2017). Impact of high
temperature stress on floret fertility and
individual grain weight of wheat. Journal of
Agricultural Science, 155(02): 239-249.

Prasad, PVV., Pisipati, SR., Momèiloviæ, I. and
Ristic, Z. (2011). Independent and combined
effects of high temperature and drought
stress during grain filling on plant yield and
chloroplast EF-Tu expression in spring
wheat. Journal of Agronomy and Crop
Science, 197(6): 430-441.

Qin, D., Wu, H., Peng, H., Yao, Y. and Ni, Z.
(2008). Differential gene expression and
expression pattern analysis of heat shock
transcription factors in wheat (Triticum
aestivum L.) under different abiotic stresses. 
Biochemical and Biophysical Research
Communications, 375(1): 30-35.

Reynolds, MP. and Ortiz-Monasterio, JI. (2013).
Challenges to wheat production in dry
environments: Global wheat production
environments (Eds. J. I. Ortiz-Monasterio, J. 
L. McNab, and H. Govaerts). Springer.

Reynolds, MP., Pierre, CS., Saad, ASI., Vargas,
M., Condon, AG. and Acevedo, E. (2012).
Heat stress and crop production in
developing countries: impacts and
adaptation. Crop Stress Management and
Global Climate Change, 111-138.

Semenov, MA., Stratonovitch, P., Alghabari, F.
and Gooding, MJ. (2014). Adapting wheat in
Europe for climate change. Journal of Cereal 
Science, 59(3): 245-256.

Singh, R., Singh, Y., Singh, V., Singh, R., Kumar,
A. and Kumar, S. (2020). Impact of crop
residue management on soil health,
water-use efficiency and productivity of
wheat under terminal heat stress. Scientific
Reports, 10(1): 1-14.

Sivakumar, P., Sharmila, P., Saradadevi, R.,

45

Understanding the Impact of Terminal Heat Stress on Wheat: Physiological, Molecular, and Agronomic Perspectives



Joseph, R. and Chakravarthi, DVN. (2014).
Physiological and biochemical responses of
wheat genotypes under terminal heat
stress. J. Agron. Crop Sci, 200: 402–413. 

Slafer, GA. and Savin, R. (1994). Source-sink
relationships and grain mass at different
positions within the spike in wheat. Field
Crops Research, 36(1): 1-16.

Tahir, M., Bakhsh, A., Tariq, M. and Aziz, T.
(2016). Effect of planting time on yield and
yield components of wheat (Triticum
aestivum L.) under heat stress conditions.
Pure and Applied Biology, 5(3): 676-684.

Tari, I., Dancsó, P., Bónis, P., Ökrész, L., Toldi, O.
and Csiszár, J. (2020). Physiological and
molecular mechanisms of heat stress
tolerance in plants. International Journal of
Molecular Sciences, 21(12): 4323.

Tariq, M., Nawaz, A., Shahbaz, M., Ashraf, U.,
Alamzeb, S., Nawaz, F. and Shah, T. M.
(2021). Heat stress in wheat (Triticum
aestivum L.): Physiological, biochemical,
and molecular aspects. J. Plant Growth
Regul, 40: 596–617. 

Wahid, A., Gelani, S., Ashraf, M. and Foolad, M.
R. (2007). Heat tolerance in plants: An
overview. Environmental and Experimental
Botany, 61(3): 199-223.

Wani, SH. and Sah, SK. (2014). Mitigation of
drought stress in plants: Recent advances.
Plant Stress Physiology,open source.

Wang, M., Xu, Q., Yuan, Q., Xu, H., Kong, L., and
Liu, Y. (2019). Transcriptomic analysis of
wheat seedling leaves during the heat stress 
response. Int. J. Mol. Sci, 20(2): 325. 

Wang, X., Chen, S., Shi, X., Liu, D., Zhao, P., Lu,
Y. and Ma, C. (2018). HSP101 functions as a
specific molecular chaperone in vivo and in
vitro to maintain chlorophyll metabolism in
Arabidopsis. Plant Physiology and
Biochemistry, 125: 69-78. 

Wang, Y., Lu, Y., Chen, Q., Yu, S., Huang, L. and
Zhang, Y. (2019). Proteomic analysis of heat
stress response in wheat leaves using a
iTRAQ-based comparative proteomic
approach. Cereal Res. Commun, 47:
593–602.

Xin, Z., Velikova, V., Shi, K., Gao, J., Liang, Z. and 
Zou, Z. (2011). Distinctive responses of
wheat superoxide dismutases to light and
heat stresses. Journal of Plant Physiology,
168(16): 2090-2097.

Zhang, J., Jia, W., Yang, J. and Ismail, AM.
(2014). Role of antioxidant enzymes in
response of wheat seedlings to high
temperature and NaCl stress. Afr. J.
Biotechnol, 11: 3385–3392. 

Zhang, Q., Ma, C., Zhao, J., Zhao, P., Liu, D. and
Zhu, G. (2019). Transcriptome dynamics of
wheat during grain development under high 
temperature stress. Frontiers in Plant
Science, 10: 1088. 

46

Biotech Today (January-June 2023) : 13 (1) : 41 - 46 



Sanjeev Kumar Maurya1 2, , Alok Srivastava 2 and Sanjay Kumar Garg2*

Received: 28 September, 2022, Revised: 26 October, 2022, Accepted: 16 November, 2022, Published: 1 January 2023

Abstract

This research aimed to assess how the foliar
application of salicylic acid influences the
physiological and biochemical traits of Stevia
rebaudiana. The investigation encompassed
various parameters including plant height,
branch and leaf counts, fresh and dry leaf
biomass, chlorophyll and carotenoid levels,
along carbohydrate and protein contents.
Multiple concentrations of salicylic acid – 50,
100, and 150 mg/l – were applied through
foliar spraying, while a control group received
no salicylic acid treatment. Results derived
from the experiment highlighted that Stevia
plants treated with 100 and 150 mg/l levels of
salicylic acid exhibited increased plant height,
branch and leaf numbers, and higher yields of
fresh and dry leaves compared to the
non-treated control group. Furthermore, the
application of salicylic acid positively
impacted chlorophyll, carotenoid, protein, and
carbohydrate contents in Stevia leaves. The
application of salicylic acid not only enhanced
both the quantitative and qualitative
attributes of the plant but also led to improved
performance during its growth cycle. These
findings hold substantial significance across
various agricultural contexts.

Keywords: Salicylic acid, Stevia rebaudiana,
Physiological and biochemical, Growth.

Introduction

The rising global demand for medicinal and
aromatic plants underscores the importance of 
cultivating these species worldwide (Bahamin
et al., 2013; Fathi and Bahamin, 2018). One
such plant of significance is Stevia
rebaudiana, a member of the Asteraceae
family, renowned for its intense sweetness
derived from its leaves, commonly employed
for culinary and medicinal purposes (Karimi
et al., 2017). Originating from South American 
countries like Paraguay, Argentina, and
Brazil, this perennial herb reaches up to a
meter in height. Its leaves are a treasure trove
of sweetening glycosides, including stevioside,
rebaudioside A-F, steviolbioside, and
dulcoside A, with sweetness levels around 300
times higher than sucrose. These compounds
have found applications in managing
conditions such as diabetes, dental issues,
obesity, hypertension, and even cancer,
showcasing a versatile range of benefits
(Lemus-Mondaca et al., 2012; Mandal et al.,
2015). From moderating blood sugar in type II
diabetes to reducing hypertension, these
compounds offer a wide array of health
advantages (Bayraktar et al., 2016). With its
remarkable sweetness and therapeutic
attributes, Stevia acts as a viable sugar
substitute (Garzi et al., 2019; Gerami et al.,
2019; Bahari Saravi et al., 2021). 

Stevia exhibits adaptability to various
climates, thriving particularly well in warm
and subtropical conditions. It flourishes in
well-drained soil with consistent watering
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(Maurya and Garg, 2021). Due to poor seed
germination, propagation is commonly
achieved through stem cuttings or tissue
culture techniques, with the plant thriving
under both full and partial sunlight exposure
(Maurya and Garg, 2020). However, factors
like genetic makeup, environmental stress,
and nutrient availability can constrain crop
productivity. Environmental stresses have
been shown to elevate the accumulation of
secondary metabolites such as alkaloids,
flavonoids, and essential oils (Bahamin et al.,
2021). Research indicates that only a small
fraction of global agricultural land remains
free from these stresses (War et al., 2011).
Under such circumstances, the application of
exogenous plant growth regulators like
auxins, gibberellins, cytokinins, and salicylic
acid have been explored to enhance plant
growth and productivity. 

Salicylic Acid (SA) is a natural phytohormone
with a significant role in plant growth,
development, and defense mechanisms.
Belonging to the class of plant growth
regulators or hormones, this phenolic
compound is naturally synthesized by plants
in small amounts, yet exerts substantial
influence over various aspects of their life
cycle (Gharib and Hegazi, 2010). It’s
important to note that the effects of salicylic
acid on plant growth vary depending on
factors such as plant species, SA
concentration, growth conditions, and the
specific pathways activated in response to SA.
While favorable outcomes can arise in certain
growth aspects, elevated concentrations or
imbalances can lead to adverse effects.
Scientists continue to delve into the intricate
interactions between salicylic acid and plant
growth, aiming to better understand its role
and potential applications in agriculture. The
impact of salicylic acid on plant growth is
complex and contingent, regulating
physiological processes such as ethylene
production, development, flowering induction, 
stomatal closure, and defense against

pathogens and pests (EL-Tayeb, 2005; Erfani
et al., 2022). This study investigates the effects 
of foliar application of various concentrations
of salicylic acid on the growth and biochemical
responses of Stevia rebaudiana. The potential
of salicylic acid to enhance growth by
stimulating cell division and elongation is
highlighted, with its application holding
promise for improved growth and
development across different conditions
(Maleki et al., 2022).

Materials and Methods

An experimental investigation was
undertaken within the premises of the
Department of Plant Science at M.J.P.
Rohilkhand University in Bareilly. The core
objective of this study was to analyze the
effects of foliar application of salicylic acid
(SA) on Stevia plants. Bareilly, located at
coordinates 79.5°E longitude and 28.5°N
latitude, rests at an elevation of 172.21 meters 
above sea level. The prevailing climate in
Bareilly falls under the humid subtropical
category, characterized by warm and dry
summers as well as cold winters. During the
summer season, average maximum
temperatures range from 42 to 43°C, while
average minimum temperatures in winter
range from 6.4 to 6.8°C. Annual average
precipitation in Bareilly is approximately
787.16 mm and relative humidity ranges from
87 to 100 percent between July and February,
gradually decreasing to 50 percent by the first
week of May. 

The experimental site features a sandy clay
loam soil composition. Stevia planting
materials were procured from CIMAP
Pantnagar in Uttarakhand, India.
Experimental plots measuring 1×1 meters
were established, with plant spacing set at
30×30 cm and initial light irrigation provided.
The study comprised multiple treatment
groups, including three salicylic acid dosages
(referred to as SA1, SA2, and SA3, with
application rates of 50, 100, and 150 mg L-1,
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respectively), alongside a control group (C)
that received no SA treatment. Foliar
application of SA was administered to Stevia

plants 15 days after transplantation.
Subsequent SA treatments were applied at 30, 
45, and 60 days after transplantation using
foliar application. A range of growth
parameters were evaluated, encompassing
plant height, branch and leaf counts, as well
as measurements of fresh weight (FW) and dry 
weight (DW). These assessments were
conducted on five randomly selected plants
from each replication, and observations were
recorded 70 days after transplantation.
Additionally, chlorophyll content (as per
Arnon, 1949) and carotenoid content
(following Ikan, 1969) were determined using
fresh leaves. Simultaneously, carbohydrate
levels (according to Morris et al., 1948) and
protein content (as determined by Lowry et al., 
1951) were analyzed using dry leaves.

Results and discussion

Table 1 illustrates that the utilization of
various SA treatments yielded notably
elevated values in plant height, branch count,
and leaf count when compared to the control
group in Stevia plants. Strikingly, the SA3
treatment demonstrated the most significant
increase in branch count (a substantial 49%
rise), while plant height and leaf count
experienced their most noteworthy
improvements through the SA2 treatment,
with increments of 24% and 33% respectively.
Additionally, the table demonstrates that
applying different concentrations of SA led to
higher fresh and dry leaf weights in Stevia
plants in comparison to the control group.
Notably, Stevia plants treated with the SA2
regimen displayed the most substantial
weight augmentation, enhancing leaf fresh
weight and dry weight by up to 30% and 32%
respectively compared to control plants.
Treatment SA3 also exhibited enhanced fresh

and dry weights with increases of 26% and
28% respectively when compared to the
control, albeit slightly less than the SA2
treatment. These results align with findings
from a similar experiment on Patriot
Chrysanthemums where SA application
boosted fresh weight (Mashhadian et al.,
2012). The enhancement of dry weight due to
SA application has been consistently observed
in various studies. Mady (2009) noted an
increase in leaf dry weight following SA
application in tomatoes. Chandra et al. (2007)
also corroborated our findings by reporting
similar dry weight enhancements in several
cowpea cultivars.

SA treatments resulted in heightened
chlorophyll and carotenoid content within
fresh Stevia leaves, as depicted in Figure 1.
However, the distinction between the effects of 
SA2 and SA3 treatments was not pronounced.
The SA2 treatment elevated chl a, chl b, and
total chl content by approximately 41%, 37%,
and 40% respectively, while the SA3
treatment increased these values to around
42%, 41%, and 42% respectively, in
comparison to the control.

The current study also demonstrated that
applying varying concentrations of SA led to
increased protein and carbohydrate content
compared to the control, as shown in Figure 2.
The most substantial increase of 39% in
protein content was observed with the SA3
treatment in comparison to the control. In
carbohydrate estimation, all SA
concentrations elevated carbohydrate content
compared to the control, but the SA3
treatment (18% increase) showed a slight
decrease in carbohydrate content when
compared to the SA2 treatment (20%
increase). Importantly, SA application
significantly enhanced carbohydrate and
protein content, with the increase
demonstrating a positive correlation with the
applied SA concentration.
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The amplified effects observed across different
parameters following SA application can be
attributed to the bio-regulatory impacts of this
compound on plant physiological and
biochemical processes. These effects encompass
ion uptake, cell division, cell elongation, cell
differentiation, photosynthetic efficiency,
protein and carbohydrate synthesis, and a range 
of enzymatic activities (Raskin, 1992; Blokhima
et al., 2003; El-Housini et al., 2014). Our
experimental findings are consistent with those
of Khan et al. (2003) in corn and soybean, as well 
as Magda et al. (2013) in barley. El–Mergawi
and Abdel-Wahed (2004) noted that the
response to SA varies among plant species due
to genotype variation. Abdel–Wahed et al.
(2006) also observed enhanced vegetative
growth with the application of SA (3mM) in
yellow maize plants.

Conclusion

Diverse positive effects were noted in the
morphological, physiological, and biochemical
aspects of Stevia plants when exposed to
different levels of SA treatment. Throughout this
study, the application of distinct concentrations
of SA via foliar spraying exhibited enhanced
growth and augmented biomass in Stevia plants.
At the biochemical level, the presence of SA
contributed to heightened levels of key
photosynthetic pigments including chl a, chl b,
total chlorophyll, and carotenoids. Notably,
protein content demonstrated substantial
elevation in the dry leaves, accompanied by a
noticeable increase in carbohydrate content.
Given these comprehensive enhancements, it is
recommended to explore the use of exogenous
foliar SA application as a strategy to enhance the
commercial production of Stevia leaf biomass.
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Abstract

Gerberas are widely cultivated and have a
significant market value due to their
popularity as ornamental plants and their
traditional medicinal uses. The global gerbera
market includes various segments, such as cut 
flowers, potted plants and medicinal products. 
Therefore, present investigation was carried
out with title at the Department of
Horticulture, Naini Agricultural Institute,
Sam Higginbottom University of Agriculture
Technology and Sciences, Prayagraj, Uttar
Pradesh during the Winter 2022-23 to
determine the performance of different
varieties of gerbera for its growth and
flowering. Under this experiment, overall, 8
varieties were used comprising of variety
Shveen, Petali, Livia, Hiami, Deepti, 17026,
Alcochate and Breakdance. The current study
found that variety Hiami performed better in
terms of characters like plant height at 30, 60
and 90 DAP (18.13, 21.20 and 23.77 cm
respectively); early for days to first flower bud
emergence (39.43 DAP); days from bud to
flowering (9.97 days); number of days for
flowering from planting (54.53 DAP); number
of days for peak flowering (58.17 DAP);
maximum number of buds (10.63 buds);  stalk
length (64.77 cm); diameter of flower (9.33 cm)
and yield per 200 m 2 (11693 flowers). Variety
Deepti performed better for parameters like

number of leaves at 30, 60 and 90 DAP (7.53,
10.37 and 12.63 leaves respectively); plant
spread at 30, 60 and 90 DAP (18.77, 26.13 and
35.30 cm respectively); Vase life (8.80 days);
second highest for yield per 200 m 2 (10263
flowers).

Keywords: Gerbera, Varieties, stalk length,
yield.

Introduction

Gerbera (Gerbera jamesonii Hook.) came into
dictionary of floriculture after it was
discovered by pre-Linnean botanist,
Gronovious but it received its fortunate name
in honour of German naturalist, ‘Traugott
Gerber’ who travelled in Russia in 1743. It
belongs to family Asteraceae and is suitable
both for export and domestic market, because
of its potential to withstand long
transportation. It is a diploid species with
somatic chromosome number 2n=50. The
modern gerbera arose from G. jamesonii
hybridized with G. viridifolia and possibly
other species. It is commonly known as
‘Transvaal Daisy’, ‘Barberton Daisy’ or
‘African Daisy’ and is a small group of
temperate and tropical Asian and African
perennial herbs. 

The plants are stemless and tender perennial
herbs, leaves are radical, petioled, lanceolate
and deeply lobed. They produce very attractive 
flower heads. Flower head is solitary; many
flowered, with conspicuous ray florets in one
or two rows. Based on flower head types or
forms they are grouped into single, double,
and semi double cultivars. The flower stalks
are long, thin, hollow and leafless. This
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characteristic has popularized gerbera and is
in great demand in market for preparation of
bouquets. 

The consumers’ preference changes with time.
Hence, crop improvement is the need of the
time to sustain the availability of desirable
cultivars. Improvement through selection
depends upon the variability existing in the
available genotypes, which may be either due
to different genetic constitution of cultivars or
variations in the growing environments.
Gerbera is a vegetatively propagated crop
through suckers on commercial scale and
selection is an easy method for varietal
improvement in it. Selection is effective only
when the observed variability in the
population is heritable in nature. Genetic
variance, heritability and other genetic
parameters are reported to be subject to
fluctuations with changing environments (Lal
et al., 1982).

Netherland is the largest producer of gerbera
in the world, accounting for over 78% of the
global production. According to the Food and
Agriculture Organization (FAO) of the United
Nations, Netherland produced over 213,000
metric tons of gerbera in 2021. According to
the Indian Council of Agricultural Research
(ICAR), gerbera is primarily cultivated in the
states of Karnataka, Maharashtra, Tamil
Nadu, and West Bengal. It is grown in both
open fields and under protected cultivation,
such as polyhouses and shade nets. The area
under production of gerbera in India is
estimated to be around 6.42 thousand hectares 
and production is 2.65 million metric tons.
Karnataka ranks first in gerbera production
followed Maharashtra and Tamil Nadu. In
Uttar Pradesh, area under production is 0.56
thousand hectares with production of 0.73
million metric tons. (Source: NHB,  Ministry of 
Agriculture & Farmers Welfare, Government
of India, 2021-22). 

Germplasm is the basic material with a
breeder to initiate his crop improvement
programme. It consists of genetic variability

for quantitative and qualitative traits. A
proper understanding of classification of
cowpea germplasm for qualitative and
quantitative traits may serve as useful
guidelines for plant breeders for selection and
improvement of the crop. Yield is a complex
character and depends upon number of
component characters which are
quantitatively inherited. As such before
launching any breeding programme, a
thorough knowledge of the nature and
magnitude of genetic variability and extent of
association between yield and other
components is essential. Evaluation of
genotypes to assess the existing variability is
considered as preliminary step in any crop
improvement programme. Information on the
magnitude of variation in the available genetic 
material and the part played by the
environment on the expression of plant
characters are prime importance for the
appraisal of the magnitude of possible
improvement. 

Varietal evaluation is a crucial process in the
world of gerbera cultivation. It allows growers
and researchers to compare different gerbera
varieties, observing their growth rates, flower
size, colors and overall health under similar
conditions. By identifying the best-performing 
varieties, growers can choose the most
suitable ones for specific purposes such as cut
flower production, potted plants or
landscaping, ultimately leading to increased
productivity and profitability. Moreover, the
evaluation helps in determining disease and
pest resistance, enabling growers to select
varieties better suited for their local
conditions, thus reducing the need for
chemical treatments and production costs.
Additionally, the assessment of flower quality
aids in ensuring market acceptance, as
superior attributes like size, shape, color and
longevity become apparent. Not only does
varietal evaluation contribute to crop
improvement, but it also fosters sustainability 
and resource management by identifying
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varieties that require fewer inputs, promoting
environmentally friendly practices and
conserving valuable resources in gerbera
farming. 

The performance of each cultivar varies with
the region, season and other growing
condition. However, the concept of protected
cultivation of gerbera is new. The success of
hitech floriculture depends on the selection of
proper varieties. Considering the commercial
importance of this crop, there is a prime need
for identification of a suitable cultivar for
specific region. The promising varieties can be
assessed for their stability across the
environment. Hence, this study is being
conducted to identify the suitable gerbera
cultivar under protected cultivation with
respect to flower yield, quality of flower and its 
important traits for plains of Prayagraj. Uttar
Pradesh.

Material and Methods

The present investigation was done to
understand the performance of different
varieties for plant and floral growth and yield
of Gerbera. The investigation was carried out
at Horticultural Research Farm (HRF),
Department of Horticulture, Naini
Agricultural Institute, Sam Higginbottom
University of Agriculture, Technology and
Sciences (SHUATS), Prayagraj during Winter
Season 2022. Observations were recorded at
different growth parameters like plant height, 
number of leaves, plant spread, flowering
parameters like number of days taken for first
flower bud emergence, number of buds per
plant, stalk length and yield parameters like
yield per 200 m 2. The data were statistically
analysed by the method suggested by Fisher
and Yates, 1963. The different varieties used
for varietal evaluations were V1 (Shveen); V 2

(Petali); V 3 (Livia); V 4 (Hiami); V 5 (Deepti); V

6 (17026); V 7 (Alcochate) and V 8

(Breakdance).

Results and Discussion

A) Vegetative Parameters

Plant height and Number of leaves (Table 1)

The maximum plant height at 90 DAP (23.77
cm) was observed in variety Hiami followed by
variety Livia with 21.60 cm. Minimum plant
height at 90 DAP (16.00 cm) was observed in
variety Petali. The improved performance of
one variety of gerbera under a shade net
compared to other varieties can be attributed
to its specific genetic traits and adaptability.
This variety may possess characteristics that
enable it to thrive in reduced light conditions,
promoting elongated and controlled growth.
Its inherent ability to efficiently utilize
available light resources allows it to maintain
optimal photosynthesis and growth rates
under shade. Additionally, this variety might
have a natural inclination towards vertical
growth, which is further enhanced in the
sheltered environment provided by the shade
net. As a result, it exhibits superior plant
height compared to other varieties in such
conditions. Similar findings were reported by
Sil et al., (2017); Singh et al., (2017) and Deepa
et al., (2019) in gerbera. 

The maximum number of leaves at 90 DAP
(12.63 leaves) was observed in variety Deepti
followed by variety Hiami with 12.47 leaves.
Minimum number of leaves at 90 DAP (8.77
leaves) was observed in variety Alcochate. The 
enhanced performance of one gerbera variety
under a shade net compared to others in terms
of leaf production can be attributed to its
genetic predisposition for shade tolerance and
resource allocation. This variety might have
evolved mechanisms that maximize leaf
development and photosynthetic efficiency
under reduced light conditions. Its genetic
traits likely prioritize leaf growth over other
competing processes, resulting in a higher leaf
count. Moreover, the shade net creates a more
favourable microclimate, optimizing light
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distribution and reducing stress on the plant,
allowing this variety to allocate more energy
towards leaf production, ultimately leading to
a greater number of leaves. Similar findings
were reported by Jhangde et al., (2019); and
Akhtar et al., (2019) in Gerbera.

Plant spread (Table 1) 

The maximum plant spread at 90 DAP (35.30
cm) was observed in variety Deepti followed by 
variety Breakdance with 33.33 cm. Minimum
plant spread at 90 DAP (26.40 cm) was
observed in variety Alcochate. The superior
performance of one gerbera variety under a
shade net concerning plant spread can be
attributed to its genetic characteristics and
growth behaviour. This specific variety may
possess traits that promote lateral growth and 
branching, allowing it to take advantage of
available space more effectively. The shade
net provides a controlled environment that
encourages horizontal expansion without
excessive competition for light and resources.
Additionally, the reduced light intensity may
trigger specific genetic responses in this
variety, leading to a broader canopy and
denser foliage. As a result, the shade net
fosters ideal conditions for this gerbera variety 
to exhibit better plant spread compared to
others. Similar findings were reported by
Jhangde et al., (2019) and Maitra et al., (2020) 
in gerbera and Kumar et al., (2020) in
Marigold.

B) Floral parameter

Days for first flower bud emergence, Days
from bud to flowering and Number of days 
for flowering from planting (Table 1)

The minimum days for first flower bud
emergence (39.43 days) was observed in
variety Hiami followed by variety Livia with
56.67 days. Maximum days for first flower bud 
emergence (114.03 days) was observed in
variety Petali. The minimum days from bud to
flowering (9.97 days) was observed in variety
Hiami followed by variety 17026 with 13.53

days. Maximum days from bud to flowering
(15.23 days) was observed in variety Petali.
The minimum number of days for flowering
from planting (54.53 days) was observed in
variety Hiami followed by variety Livia with
70.83 days. Maximum number of days for
flowering from planting (127.20 days) was
observed in variety Petali. The improved
performance of one gerbera variety under a
shade net concerning early bud emergence,
days from bud to flowering and number of days 
for flowering from planting can be attributed
to its inherent genetic traits and shade
tolerance. This specific variety might have
evolved mechanisms that enable it to initiate
bud development even in lower light
conditions. The shade net creates a more
favourable microenvironment, maintaining
stable temperatures and reducing stress on
the plant. This enhances the early activation
of flowering genes in the variety, resulting in
faster bud initiation and development.
Additionally, its natural adaptability to shade
allows it to thrive in such conditions, leading
to earlier bud emergence compared to other
varieties that may require higher light
intensity. Similar findings were reported by
Deepa et al., (2019); Akhtar et al., (2020);
Maitra et al., (2020) in gerbera and Pani et al.,
(2020) in Rose.

Number of buds per plant and Number of
days for peak flowering (Table 1)

The maximum number of buds per plant
(10.63 buds) was observed in variety Hiami
followed by variety Deepti with 9.33 buds.
Minimum number of buds per plant (4.60
buds) was observed in variety Petali. The
superior performance of one gerbera variety
under a shade net in terms of producing more
buds per plant can be attributed to its genetic
predisposition and adaptability to reduced
light conditions. This particular variety may
have evolved traits that promote prolific bud
formation even in lower light intensities. The
shade net creates a controlled environment,
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which reduces stress and creates optimal
conditions for bud development. The variety’s
genetic makeup likely prioritizes reproductive
growth, leading to a higher bud formation
rate. Additionally, the reduced competition for 
light and resources under the shade net
further enhances the allocation of energy
towards bud production, resulting in more
buds per plant compared to other varieties.
Similar findings were reported by Singh et al.,
(2017) in Gerbera. 

The minimum number of days for peak
flowering (58.17 days) was observed in variety
Hiami followed by variety Livia with 74.50
days. Maximum number of days for peak
flowering (131.13 days) was observed in
variety Petali. The superior performance of
one gerbera variety under a shade net
concerning an early peak in flowering can be
attributed to its genetic predisposition and
adaptability to reduced light conditions. This
specific variety might have evolved traits that
promote rapid flowering onset and
synchronization. The shade net creates a
controlled environment, providing consistent
light levels and reducing stress on the plant.
As a result, the variety’s genetic makeup is
triggered to initiate and accelerate the
flowering process, leading to an early and
concentrated peak in flower production.
Additionally, the reduced competition for light 
and resources under the shade net further
enhances its ability to reach an early peak in
flowering compared to other varieties. Similar
findings were reported by Deepa et al., (2019);
Akhtar et al., (2020) in gerbera.

Stalk length, diameter of flower, vase life
and yield per 200 m 2 (Table 1)

The maximum stalk length (64.77 cm) was
observed in variety Hiami followed by variety
Shveen with 58.00 cm. Minimum stalk length
(49.87 cm) was observed in variety Petali. The
maximum diameter of flower (9.33 cm) was
observed in variety Hiami followed by variety
Livia with 8.67 cm. Minimum diameter of

flower (7.47 cm) was observed in variety
Shveen. The better performance of one
gerbera variety under a shade net, resulting in 
greater stalk length and flower diameter, can
be attributed to its specific genetic traits and
adaptability to reduced light conditions. This
particular variety may possess characteristics
that promote elongated stem growth, enabling 
it to reach for available light. The shade net
provides a controlled environment that fosters 
vertical growth without excessive competition
for light. As a result, the variety allocates
more energy to stalk development, leading to
longer stems compared to other varieties that
might require higher light intensities for
elongation. Additionally, the shade net’s
sheltered environment reduces the risk of
physical damage and allows uninterrupted
stem growth. Similar findings were reported
by Sil et al., (2017); Deepa et al., (2019);
Akhtar et al., (2020) in gerbera.

The maximum Vase life (8.80 days) was
observed in variety Deepti followed by variety
Alcochate with 7.93 days. Minimum Vase life
(4.43 days) was observed in variety
Breakdance. The better performance of one
gerbera variety under a shade net, resulting in 
more vase life, can be attributed to its genetic
traits and adaptability to reduced light
conditions. This specific variety may possess
characteristics that promote better water
uptake and nutrient retention in its stems and 
flowers. The shade net provides a controlled
environment, reducing stress and
transpiration, which helps preserve the
flower’s freshness and vitality. Additionally,
the variety’s natural tolerance to shade
enables it to sustain optimal flower health for
a longer duration. As a result, it exhibits an
extended vase life compared to other varieties
that might require higher light intensities and 
experience quicker wilting. Findings were in
accordance with earlier findings of Singh et
al., (2017) ; Jangde et al., (2019); Akhtar et al.,
(2020); Maitra et al., (2020) in gerbera.

The maximum yield per 200 m 2 (11693
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flowers) was observed in variety Hiami
followed by variety Deepti with 10263 flowers.
Minimum Yield per 200 m 2 (5060 flowers) was 
observed in variety Petali. The better
performance of one gerbera variety under a
shade net, resulting in more yield per 200 m 2,
can be attributed to its genetic traits and
adaptability to reduced light conditions. This
specific variety may possess characteristics
that promote better water uptake and
nutrient retention in its stems and flowers.
The shade net provides a controlled
environment, reducing stress and
transpiration, which helps preserve the

flower’s freshness and vitality. Additionally,
the variety’s natural tolerance to shade
enables it to sustain optimal flower health for
a longer duration. As a result, it exhibits an
extended yield per 200 m 2 compared to other
varieties that might require higher light
intensities and experience quicker wilting.
Findings were in accordance with earlier
findings of Singh et al., (2017); Jangde et al.,
(2019); Akhtar et al., (2020); Maitra et al.,
(2020) in Gerbera.

Conclusion

The current study found that variety Hiami
performed better in terms of characters like
plant height at 30, 60 and 90 DAP (18.13,
21.20 and 23.77 cm respectively); early for
days to first flower bud emergence (39.43
DAP); days from bud to flowering (9.97 days);
number of days for flowering from planting
(54.53 DAP); number of days for peak
flowering (58.17 DAP); maximum number of

buds (10.63 buds);  stalk length (64.77 cm);
diameter of flower (9.33 cm) and yield per 200
m 2 (11693 flowers). Variety Deepti performed
better for parameters like number of leaves at
30, 60 and 90 DAP (7.53, 10.37 and 12.63
leaves respectively); plant spread at 30, 60 and 
90 DAP (18.77, 26.13 and 35.30 cm
respectively); Vase life (8.80 days); second
highest for yield per 200 m 2 (10263 flowers).
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Table 1 : Performance of different varieties for vegetative and floral parameters studied for
Gerbera.
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V1 Shveen 20.47 9.87 30.87 58.20 5.63 14.13 75.03 78.80 58.00 7.47 6.43 6193

V2 Petali 16.00 12.13 32.00 114.03 4.60 15.23 127.20 131.13 49.87 8.00 4.70 5060

V3 Livia 21.60 11.40 32.60 56.67 5.50 14.13 70.83 74.50 55.23 8.67 6.63 6050

V4 Hiami 23.77 12.47 30.90 39.43 10.63 9.97 54.53 58.17 64.77 9.33 7.90 11693

V5 Deepti 16.50 12.63 35.30 62.87 9.33 14.90 77.80 81.13 50.70 8.17 8.80 10263

V6 17026 17.13 10.87 30.67 84.03 8.40 13.53 96.13 99.97 52.93 8.30 8.03 9240

V7 Alcochate 17.77 8.77 26.40 59.20 7.47 14.73 73.97 77.47 56.73 8.27 7.93 8217

V8 Breakdance 18.33 10.37 33.33 81.20 6.47 14.43 95.30 100.90 57.00 8.40 4.43 7110

‘F’ test S S S S S S S S S S S S S

S.E. (m) ± 1.37 0.15 1.71 4.34 0.25 0.37 5.28 5.13 3.12 0.32 0.28 1.67

C.D. at 5% 2.95 0.32 3.67 9.31 0.53 0.80 11.32 10.99 6.69 0.69 0.57 3.54

C.V. 8.88 1.65 6.65 7.66 4.20 3.29 7.71 7.15 6.87 4.73 4.78 2.53

SE =  Standard Error;  CD =  coefficient of dispersion; CV coefficient of variance.
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Abstract

A high concentration of magnesium, also
known as a secondary soil nutrient, along with 
suspended particulate matter (SPM), can have 
adverse effects on soil quality. This study aims 
to assess the impact of magnesium in the soil
and suspended particulate matter in the air
around the hills of magnesite mining areas.
Additionally, it seeks to determine how
mining coupled with a manufacturing unit
located in this area posed a challenge to the
pristine environment of these hills. The
Na 2CO 3 fusion method was employed to
analyse ground samples of soil, rocks, and
suspended solids. Laboratory findings
revealed that the presence of magnesium and
suspended particulate matter was primarily
limited to immediate vicinity of the mine area.

Key Words: Magnesite, Soil, Suspended
Particulate Matter, Emissions, Rock, Aerosol
and Air.

Introduction

In environmental contexts, the presence of
base cations such as magnesium carries
significant importance. Their deposition has a
profound influence on surface pH levels,
notably contributing to increased alkalinity.
This, in turn, acts as a buffering agent,
effectively neutralizing the adverse effects of
acidity stemming from sulphur and nitrogen
emissions. It is for this reason these emissions
are of interest, rather than their negative

impacts upon human health or ecosystems. 

Traditionally, it was believed that the primary 
source of base cations in the atmosphere
stemmed from dust particles resulting from
soil erosion. However, a closer examination of
concentration patterns in both air and
precipitation has shed light on substantial
emissions originating from urban and
industrial sources, challenging earlier
assumptions.

Soil typically encompasses magnesium within
the range of 0.05% to 0.5% of its total
composition, yet only a fraction of this
magnesium is readily available for plant
absorption. This accessible magnesium exists
within the soil solution and binds to the
exchange sites found in clays and organic
matter, referred to as “exchangeable
magnesium,” like how potassium behaves.
However, in contrast to potassium,
magnesium exhibits limited mobility in
transitioning from non-exchangeable to
exchangeable forms.

Elevated levels of magnesium in the soil can
raise concerns. In certain regions, the
consistent application of magnesian limestone 
over numerous years has led to an
accumulation of magnesium in the soil.
Conversely, in other areas, naturally
occurring high soil magnesium content can be
attributed to the parent material.

Broadly speaking heightened soil magnesium
concentrations typically do not impede crop
growth but can potentially hinder the uptake of 
potassium. Consequently, when soil
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magnesium levels are deemed excessively high, 
it is presumed that this elevation is the result
of magnesium-containing lime applications.

Suspended particulates, also referred to as
atmospheric aerosol particles, atmospheric
particulate matter, particulate matter (PM),
or suspended particulate matter (SPM),
consist of minuscule solid or liquid particles
suspended in the atmosphere. Some of these
particles, such as dust, dirt, soot, or smoke, are 
substantial or dark enough to be visible to the
naked eye. The term “aerosol” typically
encompasses the mixture of particles and air,
rather than just the particulate matter itself.
These particulates can originate from natural
sources or human activities, and their
presence has repercussions on climate and
precipitation, which can have adverse effects
on human health beyond direct inhalation.

Estimation of Mg in Soil and Rock and
Suspended Solids:

The Magnesium in the ground samples of rock
and soils was determined by Na2CO 3 fusion
method as described by Robinson (1945) and
Heald (1969). The acidified extract was made to 
a suitable volume and the Mg was determined
by EDTA titration method using EBT indicator
as described by Cheng and Bray (1951). The
total Mg in the suspended solids was estimated
by adopting the Na2CO 3 fusion method.

The concentration of magnesium was estimated
to determine its source characteristics with
respect to nature and anthropogenic activities
like mining operations. In all the four samples of 
soil, magnesium ore and suspended particulate
matter were collected from sites shown in Fig.2.

The site I is located at a distance of 200 meters
from the plant near village Kafligair/Sinduri.
The site II is located at 1Km from the plant
near village Har Khola. The site III is at
distance of 3 km from the plant, while site IV
is at 5 km towards Takula.

While the sample of magnesite ore was derived
from Block no. VI., the standard soil sample
was extracted from Hawalbagh (Almora) for

elemental analysis of Magnesium.The
sampling site is shown in Fig.1.

The data were recorded in the month of
December. It was assumed that emissions
from the factory would have deposited on the
ground soil in due course of time depending on
the local micrometeorological conditions. In all 
the four samples of soil, magnesium ore and
suspended particulate matter were collected
from sites shown in Fig.2.
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Fig.1. Soil sampling sites and sites for
concentration of Mg in soil

 Fig.2. Sites of Suspended Particulate
Matter and Magnesite Ore



Observations

Table1. Concentration of Magnesium in
Suspended Particulate     Matter (SPM),
Soils near plant, Standard soil, and
Magnesite ore

Concentration of Magnesium (ppm) 

Sampling Site Distance 

Km.
SPM 

Soils near 
plant

Standard
Soil

Magnesite 
Ore

I 0.2 900 29556
II 1.0 810 8540
III 3.0 675 7200
IV 5.0 345 5250

Hawalbagh
(Almora)

NR NR 5100

Block No. IV NR NR NR 245297

NR = Not Recorded

Results and discussion

The analyzed samples revealed that there is a
steep decline in the concentration of
magnesium in the soil with increasing
distance from the plant to a level
corresponding with its normal content in the
soil as is observed from the standard soil
sample of Hawalbagh. The magnesium
content of soil varies from a fraction of 1
percent in sandy soils of humid regions to
many times more than this amount in clay
soils of arid regions and it constitutes about 2

percent of earth crust (Kanwar, 1977). The
highest concentration of magnesium in the soil 
as well as in SPM was recorded in sample I
and II. The magnesium in soil sample I and II
was observed as 29556 ppm and 8540 ppm,
respectively. Similarly, the concentration of
magnesium in SPM was recorded to be 900
and 810 in sample I and II, respectively with a
much lower value of 675 and 345 in sample III
and IV, respectively. Fig.3 explains the
concentration  of Mg in Suspended Particulate
Matter and Soil with respect to distance from
Plant

Conclusion

It is evident from the observed data that
emissions from the plant are not dispersed far
and wide. But emissions are confined to the
area around factory only. The concentration of
magnesium in the soil decreases with
increasing distance from the plant to a level
corresponding with its normal content in the
soil corresponds to Hawalbagh. Thus, the
presence of magnesium concentration in the
soil and in the dispersal of SPM in air is
confined to the peripheral area of the plant. No 
adverse effect on the health of the people living 
in the vicinity of the plant was ever reported
by the workers and local populace.
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Abstract

Candida albicans, a prominent fungal
pathogen, poses a significant threat to human
health, particularly in immunocompromised
individuals. The rise of drug-resistant strains
has underscored the need for alternative
antimicrobial agents. Essential oils derived
from aromatic plants have gained attention
for their potential antimicrobial properties.
This study explores the antimicrobial activity
of Eucalyptus Globulus essential oil (EO)
against Candida albicans. The EO was tested
against Candida albicans strains through
various in vitro assays, including Zone of
inhibition (ZOI), minimum inhibitory
concentration (MIC), minimum fungicidal
concentration (MFC), Our findings revealed
that Eucalyptus Globulus EO exhibited potent 
antifungal activity against Candida albicans.
In conclusion, this study highlights the
significant antimicrobial potential of
Eucalyptus globulus essential oil against C.
albicans. These findings emphasize the
importance of further research to harness the
therapeutic potential of essential oils in
combatting fungal infections. Eucalyptus
Essential Oil has gained attention due to its
potential antimicrobial properties, including
antifungal activity. This study aims to assess
the effectiveness of Eucalyptus EO at different 
concentrations against C. albicans

Keywords: Candida albicans, Essential Oil,
Eucalyptus Globulus, anti-microbial assay

Introduction

Eucalyptus globulus is a flowering tree in the
Myrtaceae (Myrtle) family. Throughout
human history, it has been utilised for
thousands of years. The Eucalyptus genus.
They have around 700 distinct species and
forms been successfully introduced on a global
scale. Eucalyptus is a type of tree. Native to
Australia and Tasmania, as well as Africa
America ranges from tropical to temperate.
(Hayat et al., 2015) Essential oils (EOs) are
colourless liquids that contain predominantly
aromatic and naturally occurring volatile
organic components found throughout the
plant, including seeds, flowers, peel, stem,
bark, and every part of the plant (Jugreet et
al., 2020). The utilisation of medicinal plants
is an age-old practise in which humans
attempted to better their health by utilising
natural resources. The beginning of the use of
plants as a treatment resource the study of
diseases was empirical, with the idea that
plants could be a source of sickness. an
alternative to medical care (Jugreet et al.,
2020). Candida strains spp. resistance to
antifungal treatment has grown in recent
decades, causing alarm amongst medical
professionals (Petrovska et al., 2012).
Eucalyptus is frequently utilised as an
anaesthetic, expectorant, anti-inflammatory,
and antiseptic (Bhattacharjee, 2016). They are 
renowned in medicine for possessing
antibacterial, antifungal, and
anti-inflammatory qualities, as well as
analgesic properties via their essential oils.
Due to their biological qualities, essential oils
from the genus Eucalyptus are also used in the 
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pharmaceutical and cosmetics industries. The
oil of eucalyptus and leaves are utilised in
medicine. Eucalyptus oil is utilised as an
anti-microbial agent in a variety of creams,
soaps, and toothpastes Laboratory
investigations have demonstrated that
eucalyptus oil contains anti-bacterial and
anti-fungal compounds. The leaves of
eucalyptus also have antibacterial properties.
(Bacher et al., 2011). C. albicans is a
pleomorphic fungus that can be yeast or
filamentous with hyphae formation. This
morphological change capacity is known as
polymorphism because of the production of
germ tubes and the subsequent development
of this form, which is also capable of producing
chlamydospores. The two forms are associated 
to the infectious process, and the yeast form
has a stronger ability to spread to human
beings, while the hyphae can enter host
phagocytic cells (Mulyaningsih et al., 2010).
(Barbosa et al 2018) C. albicans is the most
prevalent cause of candidiasis and an
opportunistic infection. The study of
secondary metabolites of medicinal plants,
such as essential oils and plant extracts, in
recent years has revealed that most essential
oils derived from herbs contain anti-microbial
and antifungal effect (Bokaeian et al., 2010).
(Goodar et al, 2017) The aim of this study was
to evaluate the effects of eucalyptus leaves EO
in treatment of C. albicans infection.

Material and Methods

Fresh leave of Eucalyptus Globulus were
collected from Sardar Vallabhbhai Patel
University of Agriculture and Technology
Meerut. YPD agar and broth were procured
from Himedia India. 

Test Organism

The Candida albicans were procured from
Microbial Type Culture Collection (MTCC)
Chandigarh. The Cultures of C. albicans were
maintained in their appropriate agar slants at
4°C. 

Isolation of Essential oil: 

Water distillation was performed on a portion
200 g of dried and finally pulverised plant
material for 3.5 hours using a Clevenger-type
apparatus as indicated by European
Pharmacopoea. The essential oil was collected
and dried over anhydrous sodium sulphate
before being stored in an amber vial at 4°C
until analysis. The yield was determined
considering the dry weight of the
sample.(Barbosa et al., 2018).

Preparation of Inoculum 

Three or four c. albicans isolated colonies were 
injected in 2 mL of YPD broth and cultured
until the broth growth was similar to the
WHO-recommended Mac-Farland criterion
(0.5%).

Essential oil antimicrobial Assay

Zone of inhibition Assay

The antimicrobial activity of eucalyptus leaves 
Essential oil was tested using agar well
diffusion method against Candida Albicans. A
sterile cotton swab was used to smear the
freshly created inoculum all over the surface of 
the YPD plate. Four wells of 6mm diameter
were bored in the medium with a sterile
cork-borer of 6mm diameter and labelled
properly. Different concentrations of the
Eucalyptus Globulus EO 1, 5,10, 20% were
introduced into the respective wells. The agar
plates were incubated at the appropriate
temperature for the growth of C. albicans
(typically 35-37°C) for 24 to 48 hours. After
incubation, the plates were examined for the
presence of zones of inhibition around the
wells. The diameter of each zone was
measured using a scale in mM (Goodarzi et al., 
2018). 

Minimum Inhibitory Concentration
(MIC) and Minimum Fungicidal
concentration (MFC) 

The broth dilution method was used to
determine the Minimum inhibitory
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concentration (MIC) against the Candida
albicans. The MIC experiments were carried
out utilising various concentrations of
essential oils, including 1mg/ml, 5mg/ml,
10mg/ml and 20mg/ml. Add different
concentrations of the essential oil to separate
wells of the microplate containing the
Candida albicans culture. Incubate the
microplate at a controlled temperature for a
specific period (commonly 24 hours). Visually
inspect the wells for fungal growth. The MIC is 
the lowest concentration of the essential oil at
which there is no visible growth or
significantly reduced growth compared to the
control (wells without the essential oil).
Transfer samples from the wells that showed
no visible growth (or significantly reduced
growth) to fresh growth medium without the
essential oil. Incubate the transferred samples 
for an additional period (commonly 24-48
hours). Examine the transferred samples for
regrowth. The MFC is the lowest
concentration at which there is no regrowth of
Candida albicans on plate 

Results and Discussion

The study on the effects of Eucalyptus
globulus essential oil against Candida
albicans yielded significant results, which are
discussed below:

Zone of Inhibition: In our study, we
observed a distinct zone of inhibition when
Eucalyptus Globulus essential oil was tested
against Candida albicans. The data clearly
demonstrates a concentration-dependent
effect of Eucalyptus Essential Oil against
Candida albicans. As the EO concentration
increased, the size of the inhibition zones also
increased. This suggests that Eucalyptus EO
possesses potent antifungal properties against 
this pathogenic yeast. At the lowest
concentration tested (1%), Eucalyptus EO still 
exhibited a notable zone of inhibition,
measuring 7 mm. This indicates that even at a
relatively low concentration, the EO has some
inhibitory effect on Candida albicans growth.

The most significant inhibition was observed
at the highest concentration (20%), with a
remarkable 27 mm zone of inhibition. This
concentration likely provides a sufficiently
high dose of EO compounds to effectively
inhibit fungal growth. The antifungal activity
of Eucalyptus EO is attributed to its
constituents, such as eucalyptol and
terpinen-4-ol, which have known
antimicrobial properties (Strasburg, 1996).
The result is shown in table 1: 

MIC (Minimum Inhibitory Concentration): In
our experiment, we determined the MIC for E.
globulus essential oil against C. albicans. This
concentration was found to be 1mg/mL. This
indicates that at this concentration, the
essential oil effectively prevents the growth of
C. albicans.

MFC (Minimum Fungicidal Concentration):
In our study, we determined the MFC for
Eucalyptus Globulus essential oil against C.
albicans. This concentration was found to be
5mg/ml. This suggests that at the MFC, the
essential oil not only inhibits the growth of C.
albicans but also has a fungicidal effect,
effectively killing the yeast.

These findings indicate that E. Globulus
essential oil possesses strong antifungal
properties against C. albicans. The zone of
inhibition, MIC, and MFC values provide
evidence of its efficacy in inhibiting and killing 
this pathogenic yeast. This is particularly
promising in the context of developing natural
and alternative treatments for C. albicans
infections, which are often associated with
antibiotic resistance issues. Further research
may be necessary to explore the mechanisms
by which E. Globulus essential oil exerts its
antifungal effects and to assess its safety and
efficacy in clinical settings. Nevertheless,
these initial results suggest that this essential 
oil holds promise as a potential therapeutic
agent against C. albicans infections.

Conclusion

In conclusion, our study demonstrates that
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Eucalyptus essential oil has significant
antifungal activity against Candida albicans.
These findings provide a foundation for
further research into the development of
eucalyptus-based antifungal therapies.
However, additional studies are needed to
validate these results in vivo and assess the
safety and clinical potential of Eucalyptus
essential oil as an antifungal agent.
Table1: Antifungal activity of Eucalyptus
Globulus essential oil against C.albicans

Eucalyptus Globulus E.O (%) Zone of Inhibition (mm)

1 7

5 12

10 18

20 27
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Abstract

Increasing cost of production and global
demand for citric acid is driving research
towards optimizing process conditions to yield
very high quantity of the organic acid using
abundant cheap substrates and selected
microorganisms. Citric acid is produced
mainly by submerged aerobic fermentation
using fungal strain of Aspergillus niger. The
present paper reports the study of process
parameter such as selection of Cheap raw
material and its percent dilution, pH,
temperature and incubation period under the
influence of some citric acid producing fungus
such as : Aspergillus fischeri SS-20, A. foetidus
SS-21. A. aculeatuas SS-22, A. carbonarius
SS- 23 and A. wentii SS-24 has been assessed
for their citric acid producing capacity. Among
the fungal species, A. wentii SS-24 is known as 
a potential producer of citric acid. It has been
found that production of citric acid by A.
wentii SS-24 proceeds best when molasses
solution 25% (w/v) is allowed to ferment for 11
days of incubation period at 35°C temperature
by maintaining pH value of fermentation
medium to 2.1 along with some other
nutritional ingredients required by the fungus 
A. wentii SS-24. Therefore, utilization of
low-cost sugar industry bioproduct molasses
which serve as suitable substrate for
optimization of citric acid production is
advocated because of their advantages such as
income generation, reduction in
environmental problems and public health

hazards associated with it.

Key words: Citric acid fermentation,
molasses, A. wentii SS-24)

Introduction

Citric acid is scientifically known as
2-hydroxy-1, 2, 3-propanetricarboxylic acid).
Joint FAO/WHO Expert Committee on Food
Additives have given approval for global
recognition of citric acid as a generally
regarded as safe (GRAS) organic acid
considering its wide application in the
pharmaceutical and food industries
(Varshney, 2016; Dutta et al., 2019).   Citric
acid can also be described as a biochemical
product usually obtained by fermentation
(Oladele et al., 2015). Since global demand for
citric acid has exceeded natural citric acid
supply, the use of biotechnological
fermentation processes has become
imperative (Kishore and Reddy, 2011). Cane
molasses, beet molasses and glycerol have
been utilized by researchers for the purpose of
producing reasonable quantity of citric acid
(Soccol et al., 2006). Different types of fruits
contain citric acid which gives fruit a sour
taste (Khairan et al., 2019). In recent times,
the use of fruit waste to produce citric acid is
increasingly becoming more attractive to
researchers because it is capable of reducing
the cost of producing the organic acid
(Varshney, 2016; Dutta et al., 2019, Leelawati
Kumari 2018). The use of banana and plantain 
peels fermented by Aspergillus niger to
produce citric acid was successfully carried out 
by Khairan et al., 2019; Chukwuemeka et al.
(2019). In a recent study, Urak et al. (2014)
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reported the use of Yarrowia lipolytica for
citric acid production. Also, Hesham et al.
(2020) suggested the use of Candida tropicalis
for commercial production of citric acid since it
is more advantageous than A. niger which is a
widely used fungus for that purpose.

Therefore, optimizing these variables is aimed 
at achieving best performance which will
cause an upsurge of citric acid yield in large
quantity. From 2008 the citric acid demand
was found to be increasing by 5% yearly.
(Thiruvengadam Shankar and Thangvel
Sivakumar (2016)

Estimation of citric acid

Determination of the concentration of citric
acid present in the culture filtrate was carried
out by means of titration. Ten millilitre (10 ml)
culture broth was withdrawn and 3 drops of
phenolphthalein was added as an indicator
(Imandi et al., 2007; Khosravi and Zoghi,
2008). Exactly 0.1M NaOH was titrated
against 10 ml (equivalent to 10g) culture broth 
until the end-point was reached when the
change in colour was noted. The quantity of
NaOH used was read off as titre and the value
was recorded.

% Citric acid = Normality × Volume of NaOH × 
Equiv. wt. of CA × Dilution factor Weight of
Sample (g) × 10 ml

Parametric determination of citric acid
production by A. wentii SS-24 virtually as
important to the success of an industrial
fermentation as is the selection of an organism 
to carry out the fermentation. Medium
supplies nutrients for growth, energy,
building of cell substances and biosynthesis of
fermentation products. A poor selection of
medium components can effect cellular growth
and little if any yield of fermentation products. 
The optimization of parameters like
concentration of selected raw material,
hydrogen ion concentration, temperature and
incubation period of the fermentation medium
can partially or fully influence the types and
ratios of products from among those for which

a microorganism has biosynthetic capability.
Thus, parametric determination of citric acid
production by A. wentii SS-24 is very critical.

In the present communication autharess has
confined her study to optimize the parameters
for maximum production of citric acid by
fermentation using the fungal strain of A.
wentii SS-24

Experimental Medium

The composition of the production medium for
each fermentor flask containing 100 mL
production medium is as below :

Molasses: 25% (w/v) NH4NO3: 0.75 , KH2PO4
: 0.75%, MgSO4.7H2O : 0.75%, pH : 2.1

The pH of the medium was adjusted to 2.1 by
adding requisite amount of lactic acid and it
was ascertained by a pH metre.

Preparation of the culture medium

In order to retain metabolic activity and to
maintain the growth of the selected strain of
fungus, i.e; A. wentii SS-24 it was fresh
cultured periodically. Different micro-
oganisms require different nutrient materials. 
Thus, culture medium vary in form and
composition, depending on the specific species
to be cultivated. The culture media for the
maintenance of A. wentii SS-24 is as follows :

Sucrose : 0.200 g, Malt-extract : 0.50 g,
Yeast-extract : 0.50 g, Peptone : 0.50 g,
Agar-Agar: 0.80 g, Distilled water : 100 ml,
pH : 2.0

The pH of the culture medium was adjusted to
2.0 by adding requisite amount of KCl- HCl
buffer solution.

The above content was transferred in a 250 ml
flat bottom conical flask and was made upto
100 ml by adding requisite amount of distilled
water. The flask was then tightly plugged with 
non-absorbent cotton wool plugs.

Sterilizations

The growth and production media were
sterilized in an autoclave maintained at 15 lbs
steam pressure for 30 min.
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Strain : A. wentii SS-24 was used in the
present study. The strain was procured from
NCL, Pune,India.

Assay methods: Evaluation of citric acid
formed (Imandi et al., 2007; Khosravi and
Zoghi, 2008) was made titrimetrically.

Age of the inoculum: 50 hours old.

Quantum of the inoculum: 0.05 ml fungal
suspension of A. wentii SS-24.

Molasses concentration : 10%, 12%, 14%,
16%, 18%, 20%, 22%, 25%, 27% and 30%.

Temperature (in°C) : 10, 15, 20, 25, 30, 35, 40,
45, 50, 55

Incubation period: 1, 3, 5, 7, 9, 11, 13, 15, 17,
19 days.

pH : 1.5, 1.6, 1.8, 2.0, 2.1, 2.2, 2.4, 2.6, 2.8, 3.0

Results and Discussion

The data recorded in the table-1 shows that
different carbohydrates have been used and it
has been observed that molasses under trial
has much importance because it is cheap and
easily available. It is used because when left
open and unused it causes pollution to our
environment.

The data recorded in the table-2 shows that a
25% molasses solution serves as an optimum
substrate solution for the production of citric
acid. It is obvious that higher concentration of
molasses interferes with the production of
citric acid producing enzyme activity of A.
wentii SS-24 and inhibits the yield of citric
acid.

The results recorded in the table-2 show that
A. wentii SS-24 attains its best activity when
the pH of the medium is maintained at 2.1. In
much acidic medium,   A. wentii SS-24 failed to
give significant yield of citric acid. However, at 
pH 2.1 and onwards the yield of citric acid has
been found discouraging and insignificant.

It is obvious from the table-2 that A. wentii

SS-24 shows its best activity at the
temperature 35°C. Lower temperature of the
experiment at 10 to 30°C caused discourasing
yield of citric acid. Higher temperatures, i.e;
40°C and onwards also deactivated the
enzymatic system of citric acid fermentation
process and the yield of citric acid was very
much insignificant.

It is also obvious from the result that an
incubation period of 11 days is most
favourable for citric acid production by A.
wentii SS-24. No increase in the yield of citric
acid has been observed even after incubation
period of 13 to 19 days.
Table - 1 Effect of different carbohydrate
sugars on production of citric acid by A. wentii
SS-24

S.No. Carbohydrates Yield of Citric acid* in g/100 ml.

1 Arabinose 1.612

2 Rhamnose 1.479

3 Xylose 2.278

4 Glucose 4.290

5 Fructose 5.425

6 Galactose 3.315

7 Sorbose 1.795

8 Lactose 3.275

9 Sucrose 6.383

10 Maltose 5.695

11 Starch 1.263

12 Inuline 1.311

13 Dextrine 1.563

14 Raffinose 1.483

15 Mannitol 3.291

16 Molasses** 7.890

*Each value represents mean of three observations

**Optimum yield of citric acid (from source, i.e. 25%
molasses) 1-7 monosaccharides, 8-10. Disaccharides ,11-14
Polysaccharides.

Molasses has been employed as a source of
carbohydrate for citric acid production-25%
molasses solution corresponds approximately,
10.5 gm approx of fermentable sugar,
Experimental deviation + 1.5 to 2.5%.

69

Optimization of parameters for biotic production of citric acid



Table – 2 Effect of concentration of molasses
substrate, pH, temperature and incubation
period on parametric determination for citric
acid by A. wentii SS-24

% of
Molas

ses
pH

Temp.

in (°C)

Incub
ation

period 

in

day
s

Corresponding yield of citric

acid* in g/100ml

10 1.5 10 1 2.318 3.334 3.778 0.886
12 1.6 15 3 3.620 3.916 5.165 0.998
14 1.8 20 5 4.403 5.416 6.730 5.763
16 2.0 25 7 5.385 6.112 6.918 6.217
18 2.1** 30 9 5.473 7.982*

**
7.380 7.560

20 2.2 35** 11** 6.178 6.915 7.839*
**

8.112*
**

22 2.4 40 13 6.457 5.110 6.650 6.318
25** 2.6 45 15 7.659*

**
4.413 5.005 5.863

27 2.8 50 17 6.338 3.440 4.116 4.230
30 3.0 55 19 4.119 2.115 3.334 2.115

*Each value represents mean of three trials.

**Optimum values of molasses solution, pH, temperature and
incubation period.

*** Optimum yield of citric acid.
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Abstract

Auxins and cytokinin are two fundamental
classes of plant growth regulators that play
crucial roles in various aspects of plant
development and physiology. This article
provides an overview of the discovery,
metabolism, and importance of auxins and
cytokinin in plant growth and development.
Auxins, initially discovered in the early 20th
century, are primarily known for their
involvement in regulating cell elongation,
tropisms, apical dominance, and root
development. Indole-3-acetic acid (IAA) is the
most prominent naturally-occurring auxin.
Auxins are synthesized in young tissues,
including shoot apices and developing seeds,
and are transported polarly within plants.
Cytokinin, discovered later than auxins, is
essential for cell division, shoot formation, leaf 
senescence, and overall plant growth. Adenine 
derivatives, such as zeatin, kinetin, and
isopentenyl adenine, are commonly found in
cytokinin. Like auxins, cytokinins are
synthesized in actively dividing tissues,
primarily in root tips and developing embryos.
Understanding the metabolic pathways and
signaling mechanisms of auxins and cytokinin
has paved the way for their practical
applications in agriculture, horticulture, and
plant biotechnology. The precise manipulation 

of auxin and cytokinin levels through
exogenous application or genetic engineering
has been utilized to enhance crop productivity, 
control plant growth and development, and
improve stress tolerance in plants. 

Keywords: Auxins, cytokinin, plant growth
regulators, discovery, metabolism, plant
development, physiological responses, crop
improvement.

Introduction 

Auxins and cytokinins are essential plant
hormones that regulate various aspects of
plant growth and development. They play
fundamental roles in processes such as cell
division, elongation, differentiation, tropisms,
and organogenesis. Understanding the
functions and interactions of auxins and
cytokinins is crucial for comprehending the
mechanisms underlying plant growth and for
developing strategies to manipulate plant
growth and development for agricultural
purposes. Auxins are a class of plant hormones
primarily responsible for cell elongation and
differentiation. The most well-known and
abundant naturally occurring auxin is
indole-3-acetic acid (IAA). Auxins are
synthesized in young and actively dividing
tissues, including shoot apices, young leaves,
and developing seeds. They are involved in
numerous processes such as apical dominance,
root development, phototropism, gravitropism,
and lateral organ formation. Auxins are also
involved in responses to environmental stimuli, 
such as light and touch. The polar transport of
auxins allows for their distribution
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throughout the plant, regulating growth and
development in a coordinated manner (Lavy
and Estelle, 2016). Cytokinins are plant
hormones that primarily regulate cell
division, shoot formation, and overall plant
growth. They promote cell division and
influence various developmental processes,
including shoot meristem activity, leaf
senescence, nutrient mobilization, and apical
dominance. Cytokinins are primarily
synthesized in actively dividing tissues, such
as root tips, developing embryos, and
germinating seeds. The biosynthesis,
degradation, and conjugation pathways of
cytokinins contribute to their precise
regulation and influence the balance between
cell division and differentiation. Auxins and
cytokinins interact synergistically or
antagonistically to control various aspects of
plant growth and development. The ratio and
distribution of auxins to cytokinins play
critical roles in determining cellular
processes, tissue differentiation, and
organogenesis (Xiong and Jiao, 2019). The
crosstalk between auxin and cytokinin
signaling pathways involves complex
molecular mechanisms, including the
activation or repression of target genes,
modulation of transcription factors, and
regulation of protein stability. These
interactions and signaling pathways allow for
the fine-tuning of plant growth and responses
to environmental cues. The knowledge gained
about auxins and cytokinins have paved the
way for their practical applications in
agriculture and biotechnology. Manipulating
auxin and cytokinin levels through an
exogenous application, genetic engineering, or
plant tissue culture techniques have been
used to improve crop yields, control plant
growth, and development, enhance stress
tolerance, and propagate plants through
tissue culture techniques. In conclusion,
auxins and cytokinins are key plant hormones
that regulate diverse aspects of plant growth
and development. Their intricate interactions
and signaling pathways contribute to the

coordination of cellular processes, tissue
differentiation, and organogenesis
(Dharmasiri et al., 2005). Understanding the
roles and mechanisms of auxins and
cytokinins provides a foundation for
harnessing their potential in agriculture,
horticulture, and biotechnology to address
challenges related to crop production and
plant growth control.

Discovery of Auxins

The discovery of auxins can be attributed to
the pioneering work of Charles Darwin and his 
son Francis Darwin in the late 19th century.
Their studies focused on the responses of
plants to light and gravity, particularly
phototropism and gravitropism. In their
experiments, Darwin observed that when
plants were exposed to unilateral light, the
stem of the plant would bend towards the light 
source. They hypothesized that a substance
called “influence” was responsible for this
growth response. This influence was later
identified as auxin. In the early 20th century,
the Dutch scientist Frits Went made
significant contributions to the discovery and
understanding of auxins. Went’s work
involved investigating the phenomenon of
phototropism in coleoptile tips (the protective
sheath covering the emerging shoots of
plants). He towards the light. Went conducted
a series of experiments to isolate and
characterize this substance. He extracted it
from the coleoptile tips and found that it could
induce phototropic responses in other parts of
the plant. He named this substance “auxin,”
derived from the Greek word “auxin” meaning
“to grow.” Indole-3-acetic acid (IAA) was
identified as the major naturally occurring
auxin by several researchers in subsequent
years. This discovery was facilitated by
advancements in analytical techniques and
the development of more sensitive methods for 
auxin detection and quantification (Jacobs,
1979). The research conducted by the Darwin,
Frits Went, and other scientists laid the
foundation for our understanding of auxins
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and their role in plant growth and
development. Since then, further research has
expanded our knowledge of auxins, including
their biosynthesis, transport, signaling
pathways, and interactions with other
hormones. Today, auxins are recognized as
essential plant growth regulators involved in a 
wide range of processes, including cell
elongation, tropisms, apical dominance, root
development, and tissue differentiation. The
discovery of auxins has had a profound impact
on plant biology and has led to applications in
agriculture, horticulture, and biotechnology
(Masuda and Kamisaka, 2000).

Types and structures of auxins

There are several types of auxins, both
naturally occurring and synthetic, that have
been identified and studied for their roles in
plant growth and development. Some of the
commonly known auxins include:

1. Indole-3-acetic acid (IAA): IAA is the most
abundant naturally occurring auxin in
plants. It plays a crucial role in various
processes such as cell elongation, apical
dominance, root development, and
phototropism.

2. Indole-3-butyric acid (IBA): IBA is another
naturally occurring auxin found in plants. It
is involved in root initiation, root growth,
and adventitious rooting in cuttings.

3. Naphthaleneacetic acid (NAA): NAA is a
synthetic auxin commonly used in plant
research and horticulture. It is chemically
similar to IAA and has similar effects on
plant growth and development.

4. 2,4-Dichlorophenoxyacetic acid (2,4-D):
2,4-D is a widely used synthetic auxin in
agriculture. It is known for its selective
herbicidal properties, targeting broadleaf
weeds while sparing most
monocotyledonous plants.

5. 1-Naphthylacetic acid (NAA): NAA is a 
synthetic auxin that is frequently used in
tissue culture and micropropagation
techniques. It promotes root development
and callus formation.

6. 3-Indolebutyric acid (IBA): IBA is a
synthetic auxin commonly used in
horticulture, especially for rooting hormone
treatments. It promotes adventitious root
formation in cuttings and grafting.

It is important to note that different auxins
may have varying degrees of activity and
effectiveness depending on the plant species,
application method, and concentration used.
The choice of auxin often depends on the
specific desired outcome or application in
plant research, horticulture, or agricultural
practices (Gomes and Scortecci, 2021).

Auxin molecules are normally derived from the
amino acid tryptophan. These types of amino
acids have a six-sided carbon ring, which is
attached to the five-sided carbon ring. The
difference between the auxin molecule and the
tryptophan is based on what is attached to the
ring. To create a common auxin IAA molecule,
two enzymes are needed to act on tryptophan
first, an aminotransferase removes nitrogen and 
hydrogen from the side-chain attached to the
5-sided ring. After that decarboxylase enzyme
removes the carboxyl group, leaving COOH. A
chloride ion attached to the six-sided ring and
IAA is born. Most auxins are some derivations of 
this molecule (Calderon-Villalobos et al., 2010). 

Biosynthesis of auxins 

The biosynthesis of auxins occurs through
various pathways in plants, involving both
tryptophan-dependent and tryptophan-
independent pathways. Here is an overview of
the biosynthesis pathways of auxins:

A. Tryptophan-dependent pathway: The
tryptophan-dependent pathway is the major 
route for auxin biosynthesis in plants.

i. Tryptophan (Trp) is an amino acid precursor
for auxin biosynthesis. It can be synthesized
de novo by plants or obtained from the
environment.

ii.  Tryptophan is converted to indole-3-pyruvic 
acid (IPA) through a series of enzymatic
reactions. This pathway involves enzymes
such as TAA (tryptophan aminotransferase)
and YUC (YUCCA) proteins.
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iii. Indole-3-pyruvic acid (IPA) is then converted 
to indole-3-acetaldehyde (IAAld) by the
action of the enzyme YUC. This step is a
rate-limiting step in auxin biosynthesis.

iv. Indole-3-acetaldehyde (IAAld) is further
oxidized to indole-3-acetic acid (IAA), the
most abundant naturally occurring auxin,
through the action of aldehyde
dehydrogenase enzymes (e.g., ALDH10A).

B. Tryptophan-independent pathways: Apart
from the tryptophan-dependent pathway,
auxins can also be synthesized via
tryptophan-independent pathways,
especially under stress or specific
developmental conditions.

i. The indole-3-butyric acid (IBA) pathway: In
this pathway, IBA is synthesized from a
fatty acid precursor called
indole-3-butyryl-CoA. IBA can then be
converted to IAA through IBA-to-IAA
conversion enzymes.

ii. Other tryptophan-independent pathways:
Some plants have alternative pathways for
auxin biosynthesis, which involve
intermediates like tryptamine,
phenylalanine, and tyrosine. These
pathways are not as well characterized as
the tryptophan-dependent pathway
(Leopold, 2022, Menon et al., 2022).

It is important to note that the biosynthesis of
auxins can be regulated by various factors,
including developmental cues, environmental
conditions, and hormonal signals.
Additionally, the biosynthesis pathways of
auxins can vary among different plant species, 
tissues, and developmental stages (Teale et
al., 2006; Mano and Nemoto, 2012).

Understanding the biosynthesis pathways of
auxins is essential for unraveling the
regulation of auxin levels in plants and
developing strategies to modulate auxin
biosynthesis for agricultural and
biotechnological applications.

Auxin transport

Auxin transport refers to the movement of the
plant hormone auxin from one part of the
plant to another. This transport is essential

for establishing auxin gradients and
distributing auxin to various tissues and
organs, where it plays a role in regulating
growth and development. Auxin transport can
occur in two main directions: acropetal
transport (from the base of the plant towards
the shoot apex) and basipetal transport (from
the shoot apex towards the base of the plant).
The movement of auxin is primarily facilitated 
by specialized proteins called auxin efflux
carriers or auxin transporters, with the PIN
(PIN-FORMED) proteins being the most
well-known and studied (Lomax et al, 1995).

i. Polar Transport: Auxin transport is polar,
meaning it occurs in a directional manner
within the plant. This polarity is established 
by the asymmetric distribution of PIN
proteins in the plasma membrane of plant
cells. PIN proteins actively transport auxin
out of cells, allowing it to move from cell to
cell in a unidirectional manner.

ii. Efflux Carriers: PIN proteins are localized
either at the basal (bottom) or apical (top)
ends of cells, creating a polarized auxin flow. 
PIN efflux carriers at the basal end
transport auxin out of cells, while those at
the apical end facilitate auxin entry into
cells. This asymmetric distribution of PIN
proteins helps establish concentration
gradients of auxin.

iii. Auxin Gradient Formation: The polar
transport of auxin, combined with its active
efflux and influx at specific locations, leads
to the formation of auxin gradients within
plant tissues. These gradients play a crucial
role in various developmental processes,
such as cell elongation, organ initiation, and
tropic responses. For example, in
phototropism, the asymmetric distribution
of auxin due to light exposure leads to
differential growth on the shaded and
illuminated sides of the plant, resulting in
bending towards the light source.

Regulation: The transport of auxin is tightly
regulated by multiple factors. One important
mechanism is the feedback regulation
between auxin and the expression and
localization of PIN proteins. Auxin can
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influence the expression and localization of
PIN proteins, which, in turn, affects the
direction and intensity of auxin transport.
Additionally, other hormones and
environmental stimuli, such as light and
gravity, can modulate auxin transport and
contribute to the regulation of plant growth
and development (Friml, 2003).

Overall, auxin transport plays a critical role in 
establishing auxin gradients, coordinating
plant development, and regulating growth
processes. The polarized movement of
auxin-mediated by PIN proteins allows plants
to respond to environmental cues and
orchestrate their growth and adaptation.

Importance of PIN proteins in auxin
transport

PIN proteins are a class of membrane proteins
that play a central role in auxin transport
within plants. They function as auxin efflux
carriers, actively transporting auxin out of
cells or facilitating its movement between
cells. PIN proteins are essential for
establishing auxin gradients and directing
auxin flow during various developmental
processes (Køeèek et al, 2009).

Here are some key features and functions of
PIN proteins in auxin transport:

Distribution and Polar Localization: PIN
proteins are localized in the plasma
membrane of plant cells, and their
distribution is often polarized. Depending on
the tissue and developmental stage, PIN
proteins can be found at different locations
within the cell, such as the basal (bottom),
apical (top), or lateral sides. This polar
localization of PIN proteins determines the
directionality of auxin transport.

PIN-FORMED (PIN) Family: PIN proteins
belong to the PIN-FORMED family, which
consists of several members (e.g., PIN1, PIN2,
PIN3, etc.) with distinct expression patterns
and roles in auxin transport. Different PIN
proteins have specific localization patterns
and are involved in different aspects of plant

development and tropic responses.

Asymmetric Auxin Transport: PIN proteins
actively mediate the efflux of auxin out of cells
or its influx into cells. The polarized
distribution of PIN proteins creates an
asymmetry in auxin transport, allowing auxin
to move directionally from cell to cell. PIN
proteins at the basal end of cells transport
auxin out, while those at the apical end
facilitate auxin entry into cells.

PIN-Mediated Auxin Gradients: The polar
transport of auxin mediated by PIN proteins
helps establish concentration gradients of
auxin within tissues and organs. These
gradients are crucial for various processes,
including cell elongation, organ initiation,
vascular tissue differentiation, and tropic
responses (e.g., phototropism, gravitropism).
The directional movement of auxin, guided by
the polarized distribution of PIN proteins,
influences the differential growth and
developmental responses observed in plants.

Regulation of PIN Localization: The
localization of PIN proteins can be
dynamically regulated in response to
developmental and environmental cues. For
example, the localization of PIN proteins can
be influenced by auxin itself through feedback
regulation. High auxin levels can induce the
internalization of PIN proteins from the
plasma membrane, reducing auxin efflux.
Additionally, other factors, such as
phosphorylation and interaction with other
proteins, can also modulate the localization
and activity of PIN proteins.

Understanding the role of PIN proteins in
auxin transport is crucial for unraveling the
mechanisms of plant growth and
development. The polarized movement of
auxin mediated by PIN proteins provides the
spatial information necessary for plants to
respond to their environment, regulate their
growth, and coordinate various physiological
processes (Adamowski and Friml, 2015;
Mellor et al., 2022).
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Auxin signaling

Auxin signaling refers to the complex process
by which cells perceive and respond to the
presence of the plant hormone auxin. Auxin
signaling plays a pivotal role in regulating
various aspects of plant growth and
development, including cell elongation, tissue
differentiation, apical dominance, lateral root
formation, tropisms, and vascular
development. The signaling pathway involves
a series of molecular events that allow cells to
interpret and respond to auxin concentrations.

Here is an overview of auxin signaling:
1. Auxin Entry into the Cell: Auxin molecules

enter plant cells through various influx carrier
proteins located in the plasma membrane.

2. Intracellular Pool: Once inside the cell,
auxin molecules establish an intracellular
pool, allowing them to move within the
cytoplasm.

3. Auxin Efflux Carrier Proteins: Auxin efflux
carrier proteins, such as PIN proteins,
facilitate the export of auxin from the
cytoplasm to the extracellular space or
neighboring cells.

4. Auxin/IAA Proteins: Auxin molecules can
bind to Auxin/Indole-3-Acetic Acid (IAA)
proteins, which regulate the availability and 
transport of auxin.

5. Auxin Receptors: Auxin binds to specific
receptors, primarily from the TIR1/AFB
family, forming an auxin/receptor complex.

6. Auxin/Receptor Complex: The
auxin/receptor complex interacts with other
proteins, leading to the degradation of
Aux/IAA proteins and the release of Auxin
Response Factors (ARFs).

7. Activation/Inhibition of Auxin Response
Factors: The release of ARFs allows them to
regulate the expression of auxin-responsive
genes by either activating or inhibiting their 
transcription.

8. Transcriptional Regulation of
Auxin-Responsive Genes: ARFs bind to
specific DNA sequences called auxin
response elements (AuxREs) within the
promoters of target genes, thereby
controlling their expression levels.

9. Auxin-Mediated Responses: The
transcriptional regulation of auxin-responsive 
genes ultimately leads to various
auxin-mediated responses in plants, including 
cell elongation, differentiation, tropisms,
apical dominance, and many others.

IAA is biosynthesized from Trp via IPyA by
TAA1 and YUCCA in the TAA/YUC pathway.
IAA is transported by AUX1/LAX1, PIN, and
ABCB proteins. The auxin-induced GH3
enzyme converts active IAA to inactive
IAA-amido. Auxin induces ubiquitination and
degradation of Aux/IAA proteins via
SCFTIR1/AFB. Degradation of the Aux/IAA
repressor recovers ARF activity to activate
transcription of auxin-responsive genes
(Paciorek and Friml, 2006; Morffy and
Strader, 2022).

Auxin polar transport depends on three
transport proteins: the import carrier protein
AUX/LAX (AUXIN1/LIKE-AUX1) family, the
export carrier protein PIN (pin-formed)
family, and the carrier protein
ABCB/MDR/PGP (ATP binding cassette
B/Multidrug-resistance/p-glycoprotein) family 
with both import and export functions (Leyser, 
2018).
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Role of auxin in plant growth and
development

Auxin plays a crucial role in plant growth and
development. It regulates various processes,
including cell elongation, differentiation,
tropisms, organogenesis, and apical
dominance. Here are some key roles of auxin
in plant development:

i. Cell Elongation: Auxin promotes cell
elongation, especially in shoots. It loosens
the cell wall, allowing cells to expand and
elongate, contributing to the plant’s growth
of stems, leaves, and other aerial parts.

ii. Tropisms: Auxin controls plant responses
to environmental stimuli, such as
phototropism (growth towards light),
gravitropism (response to gravity), and
thigmotropism (response to touch). It
regulates differential growth on different
sides of the plant, enabling it to bend and
grow towards or away from the stimuli.

iii. Apical Dominance: Auxin synthesized in
the apical meristem (the growing tip of a
shoot) suppresses the growth of lateral buds
below it, maintaining apical dominance.
This ensures that the plant’s energy is
primarily directed towards upward growth,
promoting verticality.

iv. Root Development: Auxin is essential for
root development and branching. It
promotes the initiation and elongation of
roots, as well as the formation of lateral
roots. Additionally, auxin redistributes
within the root to establish the gravitropic
response, helping roots grow downward.

v. Vascular Tissue Differentiation: Auxin
is involved in the differentiation of vascular
tissues, including the xylem and phloem. It
regulates the formation of vascular bundles,
which transport water, nutrients, and
sugars throughout the plant.

vi. Leaf and Fruit Development: Auxin
influences leaf development by promoting leaf 
initiation and expansion. It also plays a role in 
fruit growth and development, including fruit
setting, seed development, and fruit ripening.

vii. Flower Development: Auxin is involved in 
various stages of flower development,

including the formation and positioning of
floral organs. It promotes the initiation and
growth of floral primordia, controls floral
organ identity, and regulates flowering
time.

viii. Senescence and Abscission: Auxin
regulates the senescence (aging) and
abscission (shedding) of plant organs. It
promotes senescence in older leaves and
triggers the abscission process, allowing
plants to shed leaves, flowers, or fruits when 
necessary.

Overall, auxin acts as a versatile plant
hormone that coordinates and regulates
various aspects of plant growth and
development, ensuring proper morphology
and adaptation to the environment
(Zažímalová et al., 2014; Mishra et al., 2022). 

Discovery of cytokinin

The discovery of cytokinins as plant hormones
can be attributed to a collaborative effort
between several scientists, primarily Carl
Miller and Folke Skoog. Here is a brief
overview of the discovery of cytokinins:

In the early 1950s, researchers were studying
the growth-promoting properties of coconut
milk on plant tissue cultures. Carl Miller, a
biochemist at the University of Wisconsin, and 
his student James Bonner were investigating
the effects of coconut milk on tobacco tissue
culture growth. They found that coconut milk
stimulated the growth and division of cells. In
1955, a new compound named kinetin was
isolated from old or autoclaved (but not fresh)
DNA from herring sperm and calf thymus. In
1955, Miller presented his findings at a
symposium where he met Folke Skoog, a plant
physiologist from Sweden. Skoog was
intrigued by Miller’s results and proposed
collaborating on further research. Miller and
Skoog began investigating the active
compounds present in coconut milk
responsible for the growth-promoting effects.
They discovered that a class of compounds
called cytokinins was responsible for
stimulating cell division and growth in plant
tissues (Hluska et al., 2021).
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In 1956, Miller and Skoog published their
groundbreaking paper titled “Chemical
Regulation of Growth and Organ Formation in 
Plant Tissue Cultures in Vitro,” in which they
described the identification and
characterization of cytokinins. They isolated
and purified a compound called kinetin from
coconut milk, which they determined to be a
potent cytokinin.

The term “cytokinin” was coined to describe
these growth-promoting compounds, derived
from the Greek word “cyto,” meaning cell, and
“kinin,” referring to their ability to promote
cell division. The discovery of cytokinins had a
significant impact on plant biology and tissue
culture research. It provided insights into the
complex regulatory mechanisms of plant
growth and development and opened up new
possibilities for manipulating plant growth in
vitro. For their groundbreaking work on
cytokinins, Carl Miller and Folke Skoog
received numerous accolades and recognition
within the scientific community. Their
discovery laid the foundation for further
research on cytokinins and their role in plant
growth and development (Werner et al., 2001).

Types and structures of cytokinins 

Several types of cytokinins have been
identified in plants, both naturally occurring
and synthetic. Here are some commonly
known types of cytokinins:

i. N6-isopentenyl adenine (iP): iP is one of
the most abundant naturally occurring
cytokinins in plants. It is involved in
promoting cell division and shoot formation.

ii. Zeatin (Z): Zeatin is another naturally
occurring cytokinin that is widely
distributed in plants. It plays a significant
role in promoting cell division, shoot
initiation, and chloroplast development.

iii. Dihydrozeatin (DHZ): DHZ is a derivative 
of zeatin and exhibits similar cytokinin
activity. It is involved in regulating cell
division and shoot development.

iv. N6-(2-isopentenyl) adenine (2iP): 2iP is
a synthetic cytokinin that is commonly used
in plant research and tissue culture. It has

similar biological activities to iP and is often
used to enhance shoot proliferation and
axillary bud growth.

v. Benzyladenine (BA): BA is a synthetic
cytokinin that is widely used in plant tissue
culture and horticulture. It promotes cell
division, shoot formation, and lateral bud
growth.

vi. Meta-Topolin (mT): Meta-Topolin is a
synthetic cytokinin with similar biological
activities to naturally occurring cytokinins.
It is often used in tissue culture and
micropropagation to induce shoot formation
and enhance multiplication rates.

Biosynthesis of cytokinins 

The biosynthesis of cytokinins in plants
involves complex enzymatic pathways and the
interplay of various precursor molecules. The
biosynthetic pathways can differ between
plants, tissues, and developmental stages, but
the general steps and key enzymes involved
are outlined below:

i. Adenylate Isopentenyltransferase
(IPT) pathway: The primary pathway for
cytokinin biosynthesis is the Adenylate
Isopentenyltransferase (IPT) pathway. The
initial step involves the conversion of
adenosine 5’-phosphate (AMP) into
isopentenyladenosine 5’-monophosphate
(iPMP) through the action of the enzyme
adenylate isopentenyltransferase (IPT).
iPMP is further converted to
isopentenyladenosine (iPA) by the enzyme
phosphoribohydrolase.

ii. Tryptophan-dependent pathway: In
certain plant species, cytokinins can be
synthesized from tryptophan, an amino
acid. Tryptophan is converted to
indole-3-pyruvic acid (IPA) via a series of
enzymatic reactions, including tryptophan
aminotransferase (TAA) and cytochrome
P450 enzymes. PA is then converted to
isopentenyladenine (iP) through the action
of adenine phosphoribosyltransferase (APT)
and adenine isopentenyltransferase (AIMT).

iii. Other pathways: Apart from the IPT
pathway and tryptophan-dependent
pathway, there are alternative pathways for 
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cytokinin biosynthesis that involve different 
precursor molecules. In the aromatic
cytokinin pathway, phenylalanine and
tyrosine are used as precursors for cytokinin 
synthesis, leading to the production of
phenyl urea cytokinins. In the cytokinin
glucoside pathway, cytokinins are first
conjugated with glucose to form cytokinin
glucosides. These glucosides can be
subsequently hydrolyzed to release active
cytokinins (Wybouw and De Rybel, 2019).

Cytokinin transport

The transport of cytokinins involves both
long-distance and short-distance movement,
which is crucial for the coordination of various
physiological processes. Here are the main
aspects of cytokinin transport:

1. Long-distance transport: Long-distance
transport refers to the movement of
cytokinins over significant distances within
the plant, typically through the xylem or
phloem vessels.

i. Xylem transport: Cytokinins can be
transported upward through the xylem
vessels from the roots to the shoots. This
transport occurs through the transpiration
stream, where water and dissolved
substances are pulled up from the roots to
the shoots due to the transpiration process.
Cytokinins can move passively with the
water flow in the xylem sap.

ii. Phloem transport: Cytokinins can also be
transported through the phloem, which
carries sugars and other nutrients from
source tissues (e.g., mature leaves) to sink
tissues (e.g., developing shoots or roots). The 
precise mechanisms of cytokinin movement
through the phloem are not fully
understood, but it is thought to involve 
active transport processes.

2. Short-distance transport: Short-distance 
transport of cytokinins occurs within tissues 
and between adjacent cells. It allows
cytokinins to be distributed to specific target 
sites and regulate local physiological
processes.

i. Cellular efflux carriers: Cytokinins can
be exported out of cells through specific
efflux carriers, including members of the

PIN-FORMED (PIN) protein family. These
transporters facilitate the directional
movement of cytokinins across the plasma
membrane, allowing them to be transported
to neighboring cells.

ii. Vascular parenchyma cells: Within
tissues, cytokinins can move through
vascular parenchyma cells. These cells are
involved in the radial transport of substances 
across different tissues and play a role in
distributing cytokinins within a plant.

iii. Apoplastic transport: Cytokinins can also 
move through the apoplast, which refers to
the extracellular space between cells. This
transport mechanism allows cytokinins to
diffuse through the cell walls and reach
adjacent cells (Perilli et al., 2010).

The transport of cytokinins is highly
regulated, and its direction and intensity are
influenced by factors such as tissue-specific
expression of transporters, hormonal
crosstalk, and developmental cues. The
coordination of long-distance and
short-distance transport mechanisms ensures
that cytokinins reach their target sites and
elicit the desired physiological responses
throughout the plant. Mainly, three kinds of
cytokinin transporters have been reported to
date: purine permeases (PUP), equilibrative
nucleoside transporters (ENT), and G
subfamily ATP-binding cassette (ABCG)
transporters (Durán-Medina et al., 2017). 

Here are some examples of cytokinin
transporters and their functions:

1. ATP-binding cassette (ABC)
transporters: ABCB family: ABCB
transporters, also known as multidrug
resistance (MDR) proteins, have been
implicated in cytokinin transport. They are
involved in cytokinin efflux from cells,
contributing to long-distance transport and
the establishment of cytokinin gradients
within plant tissues.

2. Cytokinin-specific binding proteins:
Arabidopsis thaliana histidine kinase
receptors (AHKs): AHKs are cytokinin
receptors that not only perceive cytokinins
but also play a role in cytokinin transport.
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They can function as cytokinin influx
carriers, facilitating the uptake of
cytokinins into cells.

3. PUP transporters: PUP1/PUP2: PUP1
and PUP2 (Purine Permease 1 and 2) are
members of the PUP transporter family
involved in cytokinin transport. They are
responsible for the uptake and efflux of
cytokinins across cellular membranes,
enabling the movement of cytokinins
between cells or compartments.

4. PIN-FORMED (PIN) proteins: PIN proteins
are auxin efflux carriers, but they are also
involved in cytokinin transport. They play a role 
in the directional movement of cytokinins across 
plasma membranes, contributing to their
distribution within tissues.

5. Cytokinin oxidase/dehydrogenase
(CKX): CKX enzymes, while not
transporters themselves, play a crucial role
in regulating cytokinin levels and transport
indirectly. They degrade cytokinins,
converting them into inactive forms and
thereby controlling their availability and
distribution within plant tissues.

6. Cellular influx and efflux carriers: In
addition to the specific transporters
mentioned above, there may be other
cellular influx and efflux carriers involved in 
cytokinin transport. These carriers facilitate 
the movement of cytokinins into and out of
cells, regulating their distribution and
concentration gradients.

7. Xylem and phloem transport systems:
Cytokinins can move through the xylem and
phloem vessels, utilizing the existing
transport systems for water, nutrients, and
assimilates. The movement of cytokinins
through these vascular tissues is likely
facilitated by specific carriers or
interactions with other molecules.

Cytokinin signaling 

Cytokinin signaling is a complex process that
involves the perception of cytokinins by
receptors, activation of downstream signaling
pathways, and regulation of gene expression
to elicit specific physiological responses. Here
is a general overview of the cytokinin
signaling process:

a. Cytokinin Perception: Cytokinin
perception begins with the binding of
cytokinins to specific receptors located on
the plasma membrane. In Arabidopsis
thaliana, the primary receptors are
members of the Arabidopsis Histidine
Kinase (AHK) family, such as AHK2, AHK3, 
and AHK4. Cytokinin binding induces a
conformational change in the receptor
complex, leading to the autophosphorylation 
of the receptor and subsequent activation.

b. Signal Transduction: Activated cytokinin
receptors phosphorylate specific histidine
residues within their own protein structure.
The phosphorylation event triggers the
transfer of the phosphate group to a
conserved aspartate residue in a
downstream response regulator protein,
such as Arabidopsis Response Regulator
(ARR) proteins. Phosphorylated ARR
proteins act as transcription factors that
regulate gene expression.

c. Transcriptional Regulation:
Phosphorylated ARR proteins can act as
either positive or negative regulators of gene 
expression depending on the specific ARR
protein and the target gene.

l Positive regulators (Type-A ARR proteins)
typically activate gene expression by binding to
specific DNA sequences known as cytokinin
response elements (CREs) present in the
promoter regions of target genes.

l Negative regulators (Type-B ARR proteins) can
repress gene expression by interacting with
other transcription factors or by inhibiting the
activity of positive regulators.
d. Gene Expression: Target genes regulated by

cytokinin-responsive transcription factors
include those involved in cell division, shoot
development, leaf senescence, chloroplast
development, and other processes related to
cytokinin responses. Cytokinin signaling
leads to the upregulation or downregulation
of these target genes, ultimately influencing
plant growth, development, and
physiological responses.

e. Crosstalk with other Signaling Pathways:
Cytokinin signaling interacts with other
hormonal and signaling pathways, such as
auxin, gibberellins, and abscisic acid.



Crosstalk between these pathways allows
for the integration of multiple signals to
fine-tune plant responses.

The cytokinin signaling process is tightly
regulated and coordinated to ensure appropriate 
responses to cytokinin concentrations and
timing. The precise molecular mechanisms and
components of cytokinin signaling may vary
among plant species, tissues, and
developmental stages. Continued research is
needed to unravel the intricate details of
cytokinin signaling and its interactions with
other signaling pathways, contributing to a
deeper understanding of plant growth and
development (Kieber and Schaller, 2018).

Cytokinin signaling involves the regulation of
gene expression through the activation or
repression of specific genes. Several key genes
and gene families are involved in cytokinin
signaling pathways. Here are some of the
important genes involved in cytokinin signaling:

1. Arabidopsis Histidine Kinase (AHK)
family: AHK2, AHK3, AHK4: These
receptor genes are part of the Arabidopsis
Histidine Kinase family and function as
cytokinin receptors, perceiving cytokinin
signals and initiating downstream signaling 
cascades.

2. Arabidopsis Response Regulator (ARR) 
family:

a. Type-A ARR genes (e.g., ARR4, ARR5,
ARR6, ARR7): These genes encode
transcription factors that act as positive
regulators of cytokinin signaling. They are
involved in activating downstream target
genes in response to cytokinin signals.

b. Type-B ARR genes (e.g., ARR1, ARR2,
ARR10): These genes also encode
transcription factors but function as
negative regulators of cytokinin signaling.
They can repress the activity of Type-A ARR
genes or interact with other transcription
factors to inhibit gene expression.

3. Cytokinin-Oxidase/Dehydrogenase
(CKX) family: CKX genes (e.g., CKX1,
CKX2, CKX3): CKX genes encode enzymes
involved in the degradation of cytokinins.
They regulate cytokinin levels and influence 
the duration and strength of cytokinin

signaling by converting active cytokinins
into inactive forms.

4. Cytokinin Response Factors (CRFs):
CRF genes (e.g., CRF1, CRF2, CRF3): CRF
genes are involved in the downstream
transcriptional regulation of
cytokinin-responsive genes. 

5. They act as transcription factors and
mediate cytokinin-induced gene expression.

6. Arabidopsis Two-Component Signaling 
(TCS) pathway genes: HP (Histidine
Phosphotransfer): Genes encoding proteins
involved in the histidine phosphotransfer
signaling cascade, such as AHPs
(Arabidopsis Histidine Phosphotransfer
Proteins), which function as intermediates
in transmitting cytokinin signals from
receptors to downstream response
regulators.

7. Auxin Response Factors (ARFs): Some
ARF genes, which are primarily associated
with auxin signaling, have been found to be
regulated by cytokinin signals as well.
Crosstalk between cytokinin and auxin
signaling pathways involves the regulation
of ARF genes (Hwang et al., 2012).

It is important to note that the specific genes
involved in cytokinin signaling may vary among
plant species. Additionally, the expression and
function of these genes can be influenced by
factors such as tissue specificity, developmental
stage, and environmental conditions. Studying
the roles and interactions of these genes in
cytokinin signaling pathways is essential for
understanding the molecular mechanisms
underlying cytokinin responses and their
impact on plant growth, development, and
physiology (Wong et al., 2015).

Role of Cytokinin in plant growth and
development

The major roles of cytokinins in plant growth
and development:

1. Cell Division and Meristem Activity:
Cytokinins promote cell division and
stimulate the activity of shoot and root
meristems. They contribute to the formation 
and maintenance of meristematic tissues,
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which are responsible for continuous growth 
and development in plants.

2. Shoot and Leaf Development: Cytokinins
influence shoot development, stimulating
shoot elongation, branching, and the
formation of lateral shoots. They also play a
role in leaf expansion and leaf initiation.
Higher levels of cytokinins can result in
increased shoot growth and the
development of more branches.

3. Root Growth and Development: Cytokinins
regulate root growth and development,
promoting lateral root formation and
inhibiting primary root elongation. They
contribute to the balance between shoot and
root growth by modulating root-to-shoot
communication and resource allocation.

4. Chloroplast Development and
Photosynthesis: Cytokinins influence
chloroplast development and the
maintenance of chloroplast function. They
regulate the expression of genes involved in
chlorophyll biosynthesis and photosynthetic 
machinery, affecting photosynthetic
efficiency and plant productivity.

5. Delaying Leaf Senescence: Cytokinins can
delay leaf senescence, the natural aging
process of leaves. They maintain leaf
greenness, delay chlorophyll degradation,
and prolong the functional lifespan of
leaves. This can enhance the overall plant
productivity and nutrient remobilization.

6. Reproductive Development: Cytokinins are
involved in various aspects of reproductive
development, including flower initiation,
floral organ formation, and fruit
development. They influence the transition
from vegetative to reproductive growth,
promote flower bud differentiation, and
regulate the balance between vegetative and 
reproductive organs.

7. Apical Dominance and Bud Activation:
Cytokinins play a role in apical dominance,
which inhibits the growth of lateral buds in
favor of the main apical bud. They can
release the dormancy of lateral buds and
promote their activation, leading to
branching and shoot proliferation.

8. Stress Response and Nutrient Uptake:
Cytokinins are involved in plant responses to
abiotic and biotic stresses. They regulate
stress-related gene expression, and enhance
plant tolerance to drought, salinity, and other
environmental stresses. Cytokinins also
influence nutrient uptake and assimilation,
affecting plant nutrient status (Werner and
Schmülling, 2009; Wu et al., 2021).
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Abstract

To understand a plant, animal, bacteria, fungi
and virus through biochemical means involves 
rapid but accurate measurements of the
biochemicals concerned. Nonetheless, gene to
protein true type case scenarios have been
lacking in most of the non-understood studies
of these molecules occurring naturally. To
generate potential of their use of and to
involve these in current research, important
techniques have been enlisted here so as to
overcome the knowledge lag behind
instrumentation based research. The
application advantages of these are enormous
ranging from field of physics, physiology,
pediatrics, pharmaceuticals to plant biology.
The makers have been set for biochemical
analysis and the relative points of difference
have been mapped throughout the existing
biological world, only possible by means of
these selective techniques and technologies, of
whose mention becomes a landmark of
biochemical studies there within. This review
article comprises short, to the point; the
methodology and advantage application of
modern era technologies to provide discrete
yet research applicable portion of the
concerned techniques and technologies.

Keywords: Instruments, Analysis,
Biochemicals, Compounds, Molecules,
Metabolites

Bioreactors

A bioreactor creates a controlled environment
in which biological, biochemical, and
biomechanical criteria for created products
can be met. A bioreactor is a device or system
designed to support a biologically active
environment. The synthesis of important
biotechnological products from natural and
genetically modified cell systems requires
sophisticated and sound bioreactor design
with unique performance characteristics.
Various types of bioreactors can be classified
based upon oxygen and stirring requirement,
operation mechanism, microbial growth and
process requirement. Bioreactor models used
in bioprocesses include stirred tank reactor,
bubble column, airlift, packed bed, fluidized
bed, membrane and photo-bioreactors. The
bioreactor performance can be measured by
studying about kLa (volumetric mass-transfer
coefficient). Rate law for bioreactor is given by
Monod equation. Bioreactor types, their
design, and features needs to be studied for
biomolecules production, such as biomass,
enzymes, organic acids, fragrance compounds,
spores, mushroom production, pigments,
antibiotics, and others. Mammalian cell
culture, vegetable cell culture, and
photo-bioreactors for algal culture are
examples of recent bioreactor applications.
Therefore, a good bioreactor design should
focus on increased productivity, validation of
desired parameters, and cost-effective
production of consistent and higher-quality
products (Jaibiba et al 2020; Muniraj et al.,
2019; Singhal et al., 2018; Singh et al., 2014
and Spier et al., 2011).
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Western Blotting

Blots are techniques for transferring nucleic
acids or proteins onto Acarrier like nylon or
nitrocellulose membranes. In many instances,
the molecules are transferred onto the blotting 
membrane after gel electrophoresis whereas
other times the samples are directly added
onto the membrane. Western blot is used
forspecific identification and characterization
of proteins . Western blotting is also known as
immunoblotting, because an antibody isused
to specifically detect its antigen. Sodium
dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) separated
proteins are electrophoretically transferred to
a polyvinylidene fluoride (PVDF) membrane
which is then incubated with specific
antibodies, then developed to show the protein 
of interest. Other blotting techniques
(i.e.Southern blot, Northern blot and Eastern
blot) employ same principles but are used to
analyze DNA, RNA and  post-translational
protein modifications. Some applications of
this technique are; qualitative detection of
single proteins and protein-modifications,
medical diagnostics, e.g., in the HIV test or
used as the definitive test for Bovine
spongiform encephalopathy i.e, Mad cow
disease. (Sawhney and Singh, 2014; Towbin et
al., 1979; Wilson and Walker, 2010)

Agarose Gel Electrophoresis 

Agarose gel electrophoresis is the most
effective way of separating DNA fragments of
varying sizes. Agarose is isolated from the
seaweed genera Gelidium and Gracilaria, and
consists of repeated agarobiose subunits. To
separate DNA using Agarose gel
electrophoresis, the DNA is loaded into
pre-cast wells in the gel and a current is
applied. The phosphate backbone of the DNA
molecule is negatively charged, therefore
when DNA samples are loaded from the
cathode, DNA fragments will migrate to the
positively charged anode. The gel is rinsed
gently in a solution of ethidium bromide and

then viewed under ultraviolet light (300 nm
wavelength). DNA molecules are separated on
the basis of size within an Agarose gel in a
pattern such that the distance traveled is
inversely proportional to the log of its
molecular weight. Both vertical as well as
horizontal types of apparatus for casting of
Agarose gels are available. Some applications
of this technique are; Estimation of the size of
DNA molecules, Analysis of PCR products,
separation of restricted genomic DNA prior to
Southern analysis (Sawhney and Singh, 2014;
Thimmaiah, 2006 and Wilson et al., 2010).

Thin Layer Chromatography

Thin layer chromatography is a technique
used for the separation of mixtures of chemical 
compounds on a glass slide coated with a thin
layer of adsorbent material such as silica
gel.The separation relies on the relative
affinity of compounds towards the stationary
phase and mobile phase. The behavior of an
individual compound in TLC is characterized
by a quantity Known as Rƒ(Relative front).
TLC is a quick, sensitive, and inexpensive
technique used to determine the number of
components in a mixture, verify the identity
and purity of compounds, monitor the progress 
of a reaction, determine the solvent
composition (Nikalje, 2017).

Paper Electrophoresis 

Electrophoresis is a process in which, when a
charged molecule is placed under the influence 
of electric field, then the charged molecule
moves towards the opposite charge bearer
electrode. One type of electrophoresis is paper
electrophoresis in which an unknown protein
or amino acid in a sample is separated on the
basis of their charge. In this form of
electrophoresis, the sample is applied as a
circular point or spot on a strip of Whatman
filter paper of cellulose acetate paper
moistened with the buffer solution. The ends
of the paper are immersed in separate
reservoirs containing buffer and in which the
electrodes are fitted. Upon passing electric
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current, the ions in the sample migrate
towards oppositely charged electrodes at
characteristic rates. This method is suitable
for separation of low molecular weight
compounds such as amino acids, small
peptides and nucleotides. This technique is
divided into two types on the basis of placing
the paper either horizontal, which is called
horizontal electrophoresis and placing the
paper in vertical position and it is called
vertical electrophoresis. Some applications of
this technique are; distinguishing amino acids
and various proteins, haemoglobin
abnormalities and diagnosing the sickle cell
anaemia disease.  However, this technique has 
become old due to its innovative modification
throughout the time. At present, this process
has changed from paper to gel electrophoresis
and to fully automatic protein analyzer or
amino acids analyzer machines; such as;
Aracus- amino acid analyzer and K9840
protein analyzer that can analyze in 5-10
minutes per sample which is far better than
classical paper electrophoresis (David et al.,
2006; Wilson et al., 2018).

Nuclear Magnetic Resonance
Spectroscopy (NMR)

Nuclear magnetic resonance (NMR) is a
spectroscopic technique that detects the
energy absorbed by changes in the nuclear
spin state. The application of NMR
spectroscopy includes the study of proteins
and nucleic acids that provides unique
information on the dynamics and chemical
kinetics of these systems. One important
feature of NMR is that it provides information
over an exceptionally wide range of time scale,
ranging from seconds to Pico-seconds. In
addition, NMR can also provide atomic level
structural information of proteins and nucleic
acids in solution. NMR provides a method of
obtaining structural information if the
molecule cannot be crystallized. The
continuous wave (CW) and the Fourier
transformation (FT) spectrometer are two

types of NMR spectrometers. Continuous
wave spectrometers analyze the sample at a
constant frequency of light while applying a
sweeping magnetic field to achieve nuclear
resonance. Fourier transform spectrometer
analyzes the sample which involves exciting
the full NMR spectra by utilizing short
monochromatic radio frequency pulses. In the
case study, primary metabolites in aqueous
extract of mulberry (Morus alba L.) leaves
were characterized by using proton nuclear
magnetic resonance (1H-NMR) spectroscopy.
With the convenience of resonance
assignment, GABA together with the other 10
primary metabolites was simultaneously
identified and quantified in 1H-NMR
spectrum (Nelson and Weaver, 1964; Wang et
al., 2017; Watanable et al., 2002 and Wishart
et al., 1992). 

The Immunoassay Techniques: ELISA,
EIA and RIA

Immunoassays are the bio-analytical methods
to detect and quantify the target molecules in
biological samples with the aid of the
specificity of an antigen-antibody reaction.
The use of these methods is frequently used in
clinical diagnostics, drug discovery, and food
testing. There are several types of
immunoassay techniques including; Fluoro
immune assays, Chemiluminescence
immunoassays, Counting immunoassays,
Enzyme-linked Immunosorbent Assay
(ELISA) and Radioimmunoassay (RIA).
ELISA follows the principle of capturing
target antigen (or antibody) in the sample
using specific antibody (or antigen), as well as
the concept of enzyme-substrate reaction for
detection and quantification of target
molecule. The enzyme is used as a labeling
molecule and enzyme activity is measured
colorimetrically after the addition of
substrate. Once the substrate is added, the
enzyme modifies the substrate into a colored
product. The enzyme activity is measured by
recording the light absorption of the colored
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product via microplate reader at 450nm. The
commonly used enzymes for labeling are
Horseradish Peroxidase and Alkaline
Phosphatase. Depending on the
antigen-antibody combination, there are 4
types of ELISA: Direct ELISA, Indirect
ELISA, Sandwich ELISA and Competitive
ELISA. The other technique RIA uses the
concept of radioactivity. The labeling
molecules used in RIA are radioisotopes. The
commonly used radioisotopes for labeling are 
I125, C14 and H 3. In this assay, a known
amount of antigen is labelled and mixed with a 
known amount of antibody directed against
that antigen. When the sample containing the
antigen of interest is added, the
non-radioactive antigens are substituted for
the radioactive antigens.  After removal of the
non-fixed antigens by washing, it is possible to 
measure the ratio between the radioactivity
present in the supernatant and that of the
standards. It is thus possible to determine the
amount of antigen present in the sample. The
instruments used to measure radioactivity are 
scintillation counters and GM counters. A
comparison was done between ELISA and RIA 
by measuring the hormone cortisol in 9 ewes,
18 lactating Holstein cows and 12 growing
heifers. It was observed that ELISA proved to
be better approach than RIA as it gave better
data output and less error, when compared to
RIA. As the result was observed, it was
concluded that lactating cows showed higher
vulnerability to thermal stress than the
growing heifers (Darwish, 2006; Gan and
Patel, 2013; Grange et al., 2014; Lequin, 2005
and Nejad et al., 2019).

Autoradiography and Geiger-Muller
Counter

A Geiger-Muller counter is a device used for
the detection and measurement of á particles,
â particles, ã rays and X-rays. It consists of a
pair of electrodes that have a high voltage and
is surrounded by a gas usually Argon or

Helium. The instrument consists of a GM tube
and a counter. The GM tube is cylindrical,
with a fine tungsten wire stretched along its
axis. When a radiation enters the tube, it
ionizes the gas and the ions formed are
attracted to the electrode and electric current
is produced. Scale counts the current pulses
and obtains a count. It is used in applications
such as radiation dosimetry, radiological
protection, experimental physics and nuclear
industry.Autoradiography is a bio-analytical
technique used to visualize the distribution of
radioactive labeled substance with
radioisotope in a sample. It can also be used
for quantitative estimation by using
densitometer. In this technique, a radioactive
substance is put in direct contact with a thick
layer of photographic emulsion having silver
halide crystals. The silver halide crystals are
exposed to radiation which converts silver
halide into metallic silver forming dark spots.
The location of dark spots indicates the
position where radioactive substance is
concentrated.  An autoradiograph is produced. 
This technique is used to determine the cell or
tissue localization of a radioactive substance,
in radio-pharmaceutical research, find site
and performance of a targeted drug,
investigate various properties of DNA. The
autoradiography is used for characterization
of high affinity ã-hydroxybutyric acid binding
sites in mammalian brain tissue. Results
showed the digital autoradiograms that
enabled quantification and localization of
radioligand binding in the brain tissue. In
another study, GM counter is used for
validating the efficiency of the beta counting
system using slit height adjustment. The study
showed that the efficiency of the counting
system will be higher when the sample was
placed on the height of the slit that was closer
to the detector (Caro and Van, 1962; Ghosh,
2021; Greim-Krey et al., 2019; Sivasalianathan
et al., 2017 and Wilson et al., 2018).

88

Biotech Today (January-June 2023) : 13 (1) : 85 - 96 



Capillary Electrophoresis and 2-D
Electrophoresis 

Electrophoresis is an important technique for
separation of charged molecules utilizing
electric field. The two-dimensional (2-D) gel
electrophoresis separates proteins by
molecular charge and molecular size. This
technique separates protein in two steps
according to two independent properties, the
first is isoelectric focusing and the second is
SDS-PAGE. Both dimensions can be done on
same SDS-PAGE apparatus and up to ten
samples can be run on simultaneously using
one gel. Its applicability and adaptability were 
enhanced because of introduction of
immobilized pH gradient stripe, as they give
good reproducible result and handling become
easy. Another important and advanced
technique using principle of electrophoresis is
capillary electrophoresis (CE), which is a rapid 
and versatile electrophoretic technique having 
several applications. The primary element of a 
basic CE instrument includes a narrow glass
capillary, buffer system and electrodes
connected to a high voltage power supply. As
electrophoretic separation is carried out in
capillary tubes, it offers the possibilities of
rapid and automated analysis of minute
volume of complex mixture with high
resolution and sensitivity. It gives faster
results, and a large range of detection methods 
like optical detection and electrochemical
detection are available. In the case study, CE
is used to determine the citrate ion
concentration in blood plasma in which
sample is taken from hemodialysis patient in
another case study in which detection of
protein carbonyl derivatized with
biotin-hydrazide by 2-D gel electrophoresis
from which increase in their carbonyl content
is determined (Morzunova, 2006; Polyakova et
al., 2018; Suzuki and Honda, 1998 and Tamizi
and Jouyban, 2015).

Ion Exchange Chromatography 

Ion exchange chromatography separates ions

and polar molecules based on their affinity to
the ion exchanger. It works on almost any kind 
of charged molecule—including large proteins, 
small nucleotides, and amino acids. The two
types of ion chromatography are
anion-exchange and cationexchange.
Cation-exchange chromatography is used
when the molecule of interest is positively
charged, whereas anion-exchange
chromatography is used when the molecule of
interest is negatively charged. Their common
components are: pump, injector, column, and
detector. Successful packing of the column is
an important aspect of ion chromatography.
Stability and efficiency of a final column
depends on packing methods, solvent used,
and factors that affect mechanical properties
of the column. The chromatogram obtained
depicts peaks of the fractions eluted out of the
column. Ion exchange chromatography has
wide range of applications in industry, protein
purification, water analysis and quality
control. In a study partial purification of crude 
enzyme ‘lipase’ produced from Pseudomonas
aeruginosa was carried out by ammonium
sulphate fractionation, gel filtration
chromatography G-50 and ion exchange
chromatography with DEAE cellulose.
Characterization studies indicated that
enzyme showed highest activity at 55°C and
pH9. In another study a potential de-hairing
alkaline protease enzyme was purified and
characterized using Ion Exchange
Chromatography from Bacillus cereus LS2B.
The SDS-PAGE of all the fractions was
performed in which visualization of protein
bands from fraction number 14 to 24 have very 
high density dominated by protein bands with
a molecular weight of 20 kDa (Cummins et al.,
2017; Ganokar et al., 2018; Junaidi et al., 2018
and Rathore and Pinky, 2012).

Electron Microscopy: SEM and TEM 

An electron microscope uses a beam of
electrons to examine objects on a very fine
scale. As electrons have smaller wavelength,
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they can achieve higher magnification and
higher resolution. Resolution provided by
electron microscope is 1000x, higher than light 
microscopes. The two main types of electron
microscopes are Scanning Electron
Microscope (SEM) and Transmission Electron
Microscope (TEM) differ in their operating
styles as the former scans the surface of the
organism while the latter gives image of the
internal composition of the cell. Their common 
components are electron gun, electromagnetic
lenses, specimen holders, image producing
and recording system. Sample preparation is
the most important step for processing of
electron microscope. Diffraction pattern
obtained from the micrographs can detect
whether the material is in mono crystal or poly 
crystal form along with the information that
molecule is made up of large or small particles. 
Electron microscope is having wide range of
applications in various fields like industrial,
chemical, biosciences and disease diagnosis.
In a case study, morphological analysis of an
entomopathogenic fungus B. bassiana was
done by exposing it to heavy metals and dyes
that were harmful for human health. Visible
changes in the morphology of the fungus
caused by Pb(II) inside the cell were observed.
The results clearly depicted B. bassiana as
potential dye and heavy metal remediation
candidate (Gola et al., 2018; Hall, 1954; Lodish 
et al., 2008 and Ul-Hamid, 2018).

Zeta Sizer: Instrumentation and
Applications 

Zeta sizer is particle analyzer which can
measure particle size, mass, zeta potential. It
uses laser (light amplification stimulated
emission of radiation) to form interfere fringe
pattern and any motion that causes change in
fringe pattern is detected. Two types of
scatterings: Rayleigh scattering and Mie
scattering are used. Instrument uses dynamic
light scattering (DLS) to measure Brownian
motion and applies Stroke-Einstein equation
to get hydrodynamic diameter of the particle.
Static light scattering (SLS) uses Reyliegh

equation and Debye plot to get the average
mass of particle. Zeta potential is the potential 
present at the slipping plane. This plane is the
interface which separates mobile fluid from
fluid that remains attached to the surface. It is 
measured by the electrophoretic mobility in a
‘U’ shaped vessel; movement of particles in the 
applied electric field causes the change in
fringe pattern, which is detected. Henry’s
equation is used to get zeta potential of the
particle in accordance to their electrophoretic
mobility. Instrument has applications in many 
fields such as bioscience and pharmaceuticals, 
paints, inks, coatings, nanomaterials and
many more. In a case study, investigation of
bovine serum albumin aggregation upon
exposure to silver(I) and copper(II) metal ions
using Zetasizer was done, the research showed 
how different  concentrations of silver and
copper ions caused agglutination and change
of zeta potential of Bovine Serum Albumin
(Alhazmi et al. 2021; Aljamali, 2015;
Caravalho et al., 2018; Wu et al., 2019 and
Soleimanifard et al., 2019).

Ultracentrifuge and Its Types

Centrifugation is a process that uses the
centrifugal force to separate and purify
mixtures of particles in a liquid medium. The
smaller the particles, the higher the G
(Gravitational forces generated by
machine)-forces required for the separation. It 
is a key technique for isolating and analyzing
cells, sub-cellular fractions, supra-molecular
complexes and, with higher G-force
instruments or ‘ultra’-centrifuges (up to
60,000 revolutions per minute corresponding
to ~ 200 000×g) isolated macromolecules such
as proteins or nucleic acids. These high-speed
devices require a vacuum to avoid overheating
of samples. Analytical ultracentrifugation
(AUC) is a powerful method for the
quantitative analysis of macromolecules in
solution by ultracentrifuge. AUC has broad
applications for the study of
bio-macromolecules in a wide range of solvents 
and over a wide range of solute concentrations. 
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Three optical systems are available for the
analytical ultracentrifuge (absorbance,
interference, and fluorescence) that permits
precise and selective observation of
sedimentation of particles in real time. As
compared to other methods, in AUC, samples
are characterized in their native state under
biologically relevant provided solution
conditions. Because the experiments are
performed in free solution, no complications
arise due to non-interactions with matrices or
surfaces. Moreover, being nondestructive,
samples may be recovered for further tests
following AUC. While analytical
ultracentrifugation is mainly concerned with
the study of purified macromolecules or
isolated supra-molecular assemblies,
preparative centrifugation methodology is
devoted to the actual separation of tissues,
cells, sub-cellular structures, membrane
vesicles and other particles of biochemical
interest.

The Sedimentation Velocity (SV) and
Sedimentation Equilibrium (SE) are two
experimental types of AUC done by varying
conditions in respect to rotor speed, types of
centrepieces, loading concentrations releasing 
different and wide nature of results. In the
present case study, SV and SE experiments of
AUC revealed the interactions (first in kind)
between VanAtype-VanS Histidine Kinase
system found in bacteria and Vancomycin - the 
antibiotic marked as last resort of defence
against hospital infections.

The neutralization of developed antibiotic
resistance by gram-positive bacteria against
Vancomycin is in trial phase by conjugation of
poly-cationic peptides to Vancomycin (Creeth
and pain, 1967; Pjillips-Jones et al., 2017 and
Harding and Winzor, 2001).

IR Spectroscopy

Infrared spectroscopy is the measurement of
the interaction of infrared radiation with
matter by absorption spectra. It is used to
study and identify chemical substances or
functional groups in solid, liquid, or gaseous

forms. The characteristic vibrational
absorption bands used for the identification of
chemical structures as well as methods for
quantitative measurement of chemical
composition, for the detection of the samples
requires specific instruments called
spectrophotometer, a common laboratory
instruments that uses this technique is a
Fourier transform infrared (FTIR)
spectrometer. Infrared spectroscopy exploits
the fact that molecules absorb specific
frequencies that are characteristics of their
structure. These absorptions are resonant
frequencies, i.e. the frequency of the absorbed
radiation matches the frequency of the bond or 
group that vibrates. The energies are
determined by the shape of the molecular
potential energy surfaces, the masses of the
atoms, and the associated vibronic coupling.
frequencies can be absorbed otherwise it will
be transmitted, mainly absorption of the IR
radiation or light which gives peaks at
different wave no. in IR spectrum. Infrared
(IR) spectroscopy has the potential to provide
biochemical information without disturbing
the biological sample. Consequently, the
spectroscopic study of biological cells and
tissue is an active area of research .Analysis of
functional groups present in the spiny lobsters 
(Panulirus homarus, Panulirus polyphagus
and Panulirus versicolor) muscle tissue by
using Fourier Transform Infra-Red (FTIR)
Spectroscopy method have been determined
using IR transmission and elemental analysis
by the FTIR (Chatwal, 2010; Kommuri et al.,
2018; Silverstein and Bassler, 1964).

Affinity Chromatography

Affinity chromatography separates proteins
on the basis of a reversible interaction
between a protein (or a group of proteins) and
a specific ligand coupled to a chromatography
matrix. The technique offers high selectivity,
hence high resolution, and usually high
capacity for the protein(s) of interest.
Purification can be in the order of several
thousand-fold and recoveries of active

91

Biotech Today (January-June 2023) : 13 (1) : 85 - 96 



material are generally very high. Affinity
chromatography is unique in purification
since it is the only technique that enables the
purification of a biomolecule on the basis of its
biological function or individual chemical
structure.  A particular ligand is chemically
immobilized or “coupled” to a solid support so
that when a complex mixture is passed over
the column, the molecules having specific
binding affinity to the ligand become bound.
After other sample components are washed
away, the bound molecule is eluted from the
support, resulting in its many fold purification 
from the original sample. The diversity of the
antibody-antigen interaction and our
potential to manipulate the characteristics of
the interaction has created many uses of
antibodies or antibody fragments.
Immunoaffinity chromatography utilizes
antigen or antibody as ligand to create highly
selective media for affinity purification. The
technique has immense importance in
separation, analysis, or characterization of
chemicals and biochemicals. A biomimetic
ligand is a synthetic compound that can be
tailored to mimic natural biological
recognition motifs or to interact with key
surface-exposed residues on target proteins.
Biomimetic ligand FYE-ABI
(Phenylalanine-Tyrosine-Glutamate and
5-amino-benzimidazole) was designed, that
mimic Protein A-antibody interaction. Hybrid
ligand with a tripeptide group (FYE) and a
hydrophobic charge-induction group (ABI)
was designed by molecular simulation.
FYE-ABI had high selectivity for hIgG,
achieving high purity (93.9%) and high
recovery rate (88.9%) under elution pH of 4.5
(Anusha and Sirisha, 2018; Labrou, 2014;
Rodriguez et al., 2020 and Urh et al., 2009).

Circular Dichroism and Optical Rotatory 
Dispersion 

Circular dichroism (CD) is a method of
measurement of the difference in absorbance
of two components i.e. left and right of

circularly polarized light. The circularly
polarized light is obtained by passing a
monochromatic light through a photoelastic
modulator tube. Due to inherent property of a
chiral compound a difference in the
absorbance arises which is measured by CD
machine. Many a times much preferred
ellipticity (è) is used as measured count. The
graphs obtained after passing the light
through sample are compared with standard
graphs for á helix, â sheet and random coil.
Optical Rotatory Dispersion (ORD) measures
the ability of an optically active compound to
rotate the plane of polarized light. It consists
of a monochromator, a polarizer and an
analyser. A plane polarized light is incident on 
an optically active compound. Light when
viewed from the analyser end is rotated by the
rotational angle (á). Plot of á and the
wavelength (ë) gives ORD graph. The Cotton
Effect arises due presence of absorbtive band
in vicinity of CD-ORD curves of a substance.
Three nanosize monoamido amino derivatives
of alginic acid (extracted from the Indian
seaweed species, Sargassum tenerrimum) and
agarose (polysaccharides of marine origin) are
synthesized agrose succinate half
ester-hexamethylene monoamido (AEAm),
cyclohexanemonoamido (AECAm), and
alginic-acid-based monoamido amino acid
(Alg-EDA). CD-ORD spectrophotometry was
used to study their protein-mimicking
functions by interaction with Salmon testes
DNA and bovine serum albumin (BSA) in
varying pH regime (Chadar et al., 2019;
Crabbe, 1972; Greenfield, 2000 and Miles et
al., 2021).

Fluorescence Spectroscopy

Fluorescence spectroscopy is a type of
electromagnetic spectroscopy that
measures fluorescence from a molecule based
on its fluorescent properties. Fluorescence is a
type of luminescence caused by photons
exciting a molecule, raising it to an electronic
excited state. Here, the electrons quickly relax
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to the lowest available energy state. Once this
state is achieved and after a fluorescence
lifetime, the electrons will relax back to
ground state, releasing their stored energy as
an emitted photon. Usually, the emitted light
has lower energy than the absorbed radiation.
Devices called fluorometers are used to
measure fluorescence. A fluorometer is a very
sensitive device consisting of Light source,
Excitation filter, Sample holder, Dichroic
mirror, Emission filter and Detector. It has
applications in various fields like bioscience,
industrial, chemical, agricultural,
pharmaceutical and disease diagnosis. In first
case study, external label-free fluorescence
spectroscopy was used for the first time to
determine spectral profiles of internal
fluorophores tryptophan, NADH, and FAD in
fresh brain samples of a mouse suffering from
Alzheimer’s disease (AD). Results depicted
that fluorescence intensities of tryptophan,
NADH, and FAD were higher in the brain
tissues of a AD mouse compared with that of
normal brain tissues. In second case study
Tryptophan and its three important
metabolites (N-formyl-L-kynurenine,
kynurenine and kynurenic acid) were
quantified with the help of fluorescence
spectroscopy. Preliminary results depicted a
difference in the optical signatures in
metabolites between patients with AD and
control. These studies verified that
tryptophan and NADHcould be employed as
biomarkers for AD diagnosis. Fluorescence
spectroscopy is an effective technique to detect 
differences of fluorophore compositions in AD
and normal brain tissues, and to diagnose the
progression of AD by examining the spectral
profiles of various fluorophores (Gore, 2000;
Lakowicz, 2013; Shi et al., 2017 and Sordillo et
al., 2018).

CRISPR/CAS9 Mediated Genome Editing

Genome editing is a method that enables
scientists to change the DNA of organisms
using different genome editing tools. In recent

years, the CRISPR system has been adapted
as a tool that can edit the genome of nearly any 
organism. However, the application of 
CRISPR/Cas9 in gene therapy is helpful for
gene correction. Gene therapy is the
introduction of genes into existing cells to
prevent or cure wide range of diseases. Genes
are delivered using genetically engineered
vectors. And the adeno-associated virus vector
act as a safe vehicle for in vivo delivery of gene. 
And mutating the terminal resolution site
sequence on the one side of the inverted
terminal repeats, leads to production of self
–complementary AAV and  is used as vector
for  CRISPR-Cas9 genome editing components 
for the correction of  Duchenne muscular
dystrophy,  a severe genetic disorder caused
due to loss of function of dystrophin gene. This
loss of function is due to mutation caused by
deletion of exon 44 which is the most common
hotspot for mutation of dystrophin gene. High
dosage of adeno – associated virus (AAV) was
efficiently for in vivo genome editing but this
was challenging for clinical application.  While 
low dosage of self complimentary adeno
associated virus scAAV showed the marked
restoration of dystrophin expression (Min et
al., 2019; Min et al., 2019(a); Wang et al., 2019
and Zhang et al., 2020).
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Abstract

Bio-surfactants are surface-active molecules
which are produced by the wide range of
microbes including bacteria, fungi and yeast.
A study was conducted to produce
biosurfactants by Bacillus subtilis using
industrial waste (Mustard cake). Bacillus
subtilis, one of the most potential bio-
surfactant producers, was isolated from soil
sample of hydrocarbon contaminated site.
Isolates were grown in a Minimal Salt Media
(MSM) with 10% mustard oil cake. The
presence and potential of surfactant was
determined by the oil spreading technique,
emulsification index and surface tension
measurement. The emulsification index value
was found to be highest in mobil oil from the
bio-surfactant extracted from mustard cake. It 
was found that the surface tensions of cell free
extract was were wer 55.40 from mustard cake 
as compared to distilled water (72.09) at 25 ºC.
In conclusion, strain of Bacillus subtilis was
found to be the potential surface active agent
producer on the mustard oil cake, and can be a
useful medium for various environmental,
food and industrial processes.

Key words: Bio-surfactants; Hydrocarbon;
Minimal Salt Media; Surface Tension;
Emulsification Index, Mustard cake, Bacillus
subtilis.

Introduction

Surfactants are amphipathic molecules that
lower the surface tension of a liquid or the
interfacial tension between two liquids, such
as that of oil and water. They are
characteristically organic compounds
containing both hydrophobic tails and
hydrophilic heads. Surfactants can be
synthetic or biological in origin. For over
several decades, surfactants are chemically
synthesized and classified according to their
dissociation level in water. There can be
anionic, cationic and non-ionic surfactants
(Kenichi et al., 1977; Jadhav et al., 2011;
Paulino et al., 2017). Good performing
synthetic surfactants are called Gemini or
dimeric surfactants which are composed of two 
hydrophobic chains and two hydrophilic
moieties linked by a spacer group that can be
hydrophobic/hydrophilic and flexible/rigid.
Microbe-derived surfactants (or in short,
biosurfactants), on the other hand, are those
being naturally produced by microorganisms
either constitutively or inducibly. A
biosurfactant is an amphipathic molecule that
can be classified into two different classes, low
and high molecular weight biosurfactants.
Low molecular weight biosurfactants are
generally glycolipids, such as rhamnolipids or
lipopeptides (Benincasa, 2007), whereas the
high molecular weight biosurfactants
encompass amphipathic polysaccharides,
lipopolysaccharides, proteins and lipoproteins
(Amaral, 2006). More attention has been paid
to biosurfactants production in recent times
due to the perceived advantage over synthetic
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surfactants, chiefly, their ease of
biodegradation which significantly reduced
the environmental burden in contrast to
chemical processing, ecological adaptability
which helps in bioremediation processes, low
toxicity which made them appealing for uses
in the pharmaceutical and food industry and
high specificity that allow them to promote
detoxification of selected pollutants under
extreme conditions.

Biosurfactant-producing microorganisms are
able to produce biosurfactants in aqueous
media with the addition of carbon sources like
glucose, fructose, glycerol, mannitol and olive
oil (Desai and Banat, 1997)

Biosurfactant produced in the culture medium 
acts to ease the movement of insoluble
substrates across the cell membrane for the
growth of microorganisms. In other instances,
it helps to stabilize oil or hydrocarbon in water
and vice versa. For example, biosurfactants
can greatly reduce the surface tension of water 
from 72 Mn/m to 22 Mn/m. Owing to these
properties, biosurfactants can solve some of
the problems involving oil spill in oceans and
enhance biodegradation of Polycyclic Aromatic 
Hydrocarbon (PAH) compounds.
Biosurfactants also play important roles in
several industries; in agriculture,
biosurfactants help to improve plant growth
by getting rid of phytopathogens whereas in
the pharmaceutical industry, it can ease the
introduction of foreign genes to the selected
cells during gene therapy. Likewise, in the
food industry, they can serve as an emulsifier.
In confectionery, production of solubilizer in
foods containing fats and oils, such as
margarine and dairy foods.

Bio-surfactant occupies an advantageous
position both for research and industrial
production .The most prevalent bacterial
species capable of producing surfactant belong 
to the genera are Pseudomonas (Das and
Mukherjee; 2007; Guerra-Santos, 2010;
Jadhav et al., 2011), Micrococcus
flavobacterium, , Bacillus, Acinetobacter,

Achromobacter, Arthrobacter, Klebsiella,
Aeromonas, Alkaligenes, Streptococcus sp.,
Corynebacterium sp., Moraxella sp. and
Proteobacteria (Arima et al., 2013). Bacillus is
one of such genus of bacteria associated with
the production of crucial bio-surfactant. They
not only produce good bio-surfactants, but are
also capable of growing under facultative or
anaerobic conditions and have also been
reported to be non-pathogenic, which permits
their use in wide range industries, apart from
environmental applications (Edwards and
Hayashi, 2013). 

Hydrocarbons are commonly used as the
substrate for the production of
bio-surfactants. It has been postulated that
the biological function of surface-active
compounds is related to hydrocarbon uptake
and therefore a spontaneous release occurs
with these substrates (Zhao et al., 2010).
Reduction in cost of substrate by using lower
grade and cheap substrate and using more
efficient microbes could significantly reduce
the manufacturing cost (Yin et al., 2009). 

The present study focused at the production of
bio-surfactant by B. subtilis on the industrial
wastes obtained from mustard oil, which is
cheaper and low grade substrate (mustard oil
cake) obtained from mustard oil which is in
turn obtained from mustard crop that is found
locally and in abundance.

Objectives of the study

1. The study aimed for the production of
bio-surfactant by B. subtilis on the
industrial wastes, cheaper and low grade
substrates (mustard oil cake).

2. To explore the presence and potential of
surfactant by the oil spreading technique,
emulsification index and surface tension
measurement.

Materials and Methods

Six soil samples from mustard oil extraction
plant were collected in aseptically dried and
clean plastic bags and were transported to
laboratory, immediately.
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Bacterial isolation

The test organism (Bacillus subtilis) was
isolated form soil sample, by heating test
samples at 40oC for 10 min by using water
bath to destroy all the vegetative cells. Then 1
g of soil was weighed and was suspended in 9
ml sterile distilled water. Serial dilution of soil 
sample was done up to104 dilutions. Nutrient
agar with 1% soluble starch was prepared onto 
which an aliquot (0.1ml) of 102 to 104 dilutions
were inoculated and spread plate method was
followed. The plates were incubated
aerobically at 37°C for 48 hours.

Colonies that showed big, creamy, wrinkle and 
spreading colonies were picked and sub
cultured on nutrient agar broth and on
nutrient agar slant. Gram staining and
endo-spore staining were carried out for the
presumptive identification of the isolates.

Different biochemical tests viz; catalase,
citrate, urease, indole, starch hydrolysis,
methyl red voges-proskauer, sugar
fermentation test (lactose, mannitol, sucrose),
Triple Sugar Iron (TSI) and Sulfur, Indole and
Mobility (SIM) tests were carried out to
identify the isolates.

The medium used for the experiment was a
Minimal Salt Medium supplemented with
10% substrate (Mustard oil cake). It was
prepared by dissolving 1.73 g dipotassium
phosphate, 0.68 g potassium dihydrogen
phosphate, 0.1 g magnesium sulphate hepta
hydrade, 0.33 g ferrous sulphate, 4 g sodium
chloride, 1g ammonium nitrate, 0.02 g calcium 
chloride and 5 g glucose.

Inoculation and incubation

1 ml of 24 hours broth culture of the isolate
was pipetted into each flask. All six flasks
were plugged with cotton and allowed to stand
in water bath shaker for 5 days. Temperature
of the water bath shaker was maintained at 37 
oC. After 5 days all flask were taken out from
shaker and centrifugation was done to obtain
cell free supernatant.

Oil spreading technique

A Petri-dish (150 mm diameter) was filled
with 40 ml of distilled water. 15 ml of
weathered mobil-oil was added. The mobil oil
formed a thin oil layer on the water surface.
Then, 10 ml of free cell culture supernatant
was carefully placed on the center of the oil
film. If there were microbial surfactants
present in the supernatant, the oil was
displaced and a clearing zone was formed.

Determination of emulsification activity

0.5 ml of the extracted supernatant was added
to 7.5 ml of 1 M tris-HCl buffer and 0.1 ml of oil 
(mustard oil and mobil oil). The mixture was
vigorously vortexed and allowed to stand for 1
hour. Absorbance was measured at 540 nm, 5
times at an interval of 1 hour. After obtaining
the absorbance, emulsification activity was
calculated.

Measurement of Emulsification Index
(E24)

The bacterial broth was centrifuged and was
studied for its emulsifying ability by a
modified method. 2 ml cell-free broth was
pippeted into the screw cap test tube and 3 ml
of oil (Mustard, mobil oil) was then added. The
mixture was vortexed at high speed for 2 min
and left at room temperature. The result was
observed after 24 h for the stability of
emulsion. The total volume of the mixture,
volume of emulsified and volume of
non-emulsified phase was observed .The
emulsification index (E24) was calculated by
the equation:

E24 = Height of emulsion layer/Total Height

 ́100

The method was followed at the end of each
day to obtain reading for 5 day.

Results

Bacterial Isolation and identification

The test organism (Bacillus subtilis) was
isolated form a soil sample of automobile
workshop. Presence of Bacillus subtilis was
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confirmed based on the macroscopic
examination of colonies and microscopic
examination.

Emulsification activity (EA)

The emulsification activity was observed
highest in mustard oil with the cell free
extract from mustard oil cake, whereas mobil
oil showed the lowest.

Discussion

Bio-surfactants, compounds with such
wonderful advantages over chemical ones,
have not yet been commercialized
significantly as a result of high production
cost. Since the cost of substrates, chemical
ones (used more widely), account for 10-20% of
the production cost of biosurfactants, the
production cost is higher. The possible
measure to minimize the cost is to reduce the
cost of substrate i.e. use of cheap substrates
preferably natural substrates like mustard oil
cake, soya cake and sunflower oil cake can be
used as an alternative to mustard oil cake.
Present study was performed with the
objective of identifying the utility of the
substrate mentioned above for production of
bio-surfactants using bacterial species
isolated from oil contaminated soil.

Many similar studies have identified the
bacterial strain as well as the possible
substrates of bio-surfactant production.
Cameotra and Makkar (2004), have reported
the studies on bio-surfactant production by
Bacillus strains under thermophilic
conditions on sucrose and molasses as
substrate. Al-Bahry et al. (2013) reported
production of bio-surfactant by Bacillus
subtilis B20 using date molasses and its
possible application in enhanced oil recovery.
Nevertheless, the mustard oil cake, an
agro-industrial waste, could be the potential
substrate for the commercial bio-surfactant
production as suggested by present study.
Although the potential of the crude
biosurfactant produced, is lower than

expected. It cannot be denied that higher
potential could have been achieved with better 
resources. Moreover, the extracted crude
surfactant was also able to give satisfying
result despite of being crude. However, the
study could have been considered more
achieving if the purity of the crude extract
could have been increased.

Conclusion

The result of this study showed that the strain
of Bacillus subtilis isolated from Mustard cake 
was found to be the potential surface active
agent producer and is a useful tools for various 
environmental, food and industrial processes.
The organism isolated from oil contaminated
area showed greater ability to produce
bio-surfactants. Furthermore, each of the
substrates obtained from industrial and
household waste were found to show great
potential as substrate for the production of
bio-surfactant. Among them, the mustard oil
cake substrate is cheap and best among the
three studied substrate for bio-surfactant
production.
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RECENT NEWS
Climate resilient rice varieties
‘Swtarna Unnat Dhan’ and ‘Swarna
Sukha Dhan’ released

Swarna Unnat Dhan (IET 27892), a high
yielding multiple stresses tolerant rice
variety, has been released and notified by
Central Sub-Committee on Crop Standards,
Notification and Release of Varieties for
Agricultural Crops, Govt. of India for
cultivation under irrigated transplanted
condition in the states of Bihar, Odisha, West
Bengal, Madhya Pradesh and Maharashtra of
India. Swarna Unnat Dhan is an early
duration (115-120 days), semi-dwarf, high
yielding (5.0- 5.5 t ha-1), multiple stresses
(drought, disease and insect pest) tolerant,
lodging resistant with desirable cooking
quality traits and having long slender grain
type. Swarna Unnat Dhan showed moderately 
resistant to bacterial leaf blight (BLB), false
smut, leaf blast, sheath blight, RTD and
brown spot diseases and major pests like stem
borer, leaf folder, whorl maggot, and brown
plant hopper (BPH) under natural condition.

Swarna Sukha Dhan (IET 24692) a high
yielding multiple stresses tolerant rice
variety. Swarna Sukha Dhan is an early
duration (110- 115 days), semi-dwarf, high
yielding (3.5-4.0 t ha-1), multiple stresses
(drought, disease and insect pest) tolerant,
with desirable quality traits and high
micronutrient [(Zinc:23.1ppm)] content.It is
suitable for cultivation under direct seeded
condition in rainfed midland to upland
ecosystem of Uttar Pradesh. Quality wise,
Swarna Sukha Dhan possesses 78.4% hulling,
70.9% milling, 68.4 % head rice recovery
(HRR) with desirable intermediate alkali
spreading value (ASV=4.0), amylose content
(22.32%) with medium slender grain type. 

These varieties have promise for restricted
irrigated areas and drought-prone rainfed
areas and thus, will contribute to increasing
rice productivity and improve the
socio-economic status of the farmers.

IIT Mandi team discovers molecule
that can be used for treatment of
diabetes

Researchers at the Indian Institute of
Technology (IIT) Mandi have discovered a
drug molecule that can be used to treat
diabetes. The molecule, named PK2, is able to
trigger the release of insulin by the pancreas
and can potentially be used as an orally
administered medicine for diabetes. Dr.
Prosenjit Mondal, Associate Professor, School
of Basic Sciences, IIT Mandi said “Current
drugs such as exenatide and liraglutide used
for diabetes, are administered as injections,
and they are costly and unstable after
administration. We seek to find simpler drugs
that are stable, cheap, and effective against
both Type 1 and Type 2 diabetes.”
Dr. Prosenjit Mondal points to another critical
finding in their work, “Beyond increasing
insulin release, PK2 was also able to prevent
and even reverse beta cell loss, a cell essential
for insulin production, making it effective for
both Type 1 and Type 2 diabetes.”



A new wearable technology for plants

Researchers have created a wearable sensor for 
plant leaves to detect water loss. The system
wirelessly transmits data to a smartphone app, 
allowing for remote management of drought
stress in gardens and crops.

Similar to the wearable smart watches,
plant-wearable devices could help farmers and 
gardeners remotely monitor their plants’
health, including leaf water content, which is a 
key marker of metabolism and drought stress.
Previously, researchers had developed metal
electrodes for this purpose, but the electrodes
had problems staying attached, which reduced 
the accuracy of the data. Renato Lima and
colleagues wanted to identify an electrode
design that was reliable for long-term
monitoring of plants’ water stress, while also
staying attached. The researchers created two
types of electrodes: one made of nickel
deposited in a narrow, squiggly pattern, and
the other cut from partially burnt paper that
was coated with a waxy film.

The device wirelessly shared data to a
smartphone app and website, and a simple,
fast machine learning technique successfully
converted these data to the percent of water
content lost. The researchers say that
monitoring water content on leaves can
indirectly provide information on exposure to
pests and toxic agents. Because the
plant-wearable device provides reliable data
indoors, they now plan to test the devices in
outdoor gardens and crops to determine when
plants need to be watered, potentially saving
resources and increasing yields.

India’s first open sea cage farm under
the Mariculture Policy

In a first in the country, an open sea cage farm
has been launched in Goa under the
Mariculture Policy with the technical
guidance of the Karwar Regional Station of
ICAR-Central Marine Fisheries Research
Institute (CMFRI).

Realising the huge potential in mariculture,
Government of Goa became the first state in
India to notify the Mariculture Policy for open
sea cage farming in territorial waters.
Following this, ICAR-CMFRI extended
technical support to Shri Sheldon Fernandes,
a Candolim resident of North Goa belonging to 
fishermen community to become the first
entrepreneur in India with an open sea cage
farm under the Policy. The cage culture farm
at Candolim, North Goa was inaugurated by
Dr Sharmila Monteiro, Director, Department
of Fisheries, Govt. of Goa on 28 October 2022.

Shri Sheldon Fernandes was sanctioned 5
cages under centrally sponsored scheme of
Department of Fisheries, Govt. of Goa. 2 cages
were also provided under All India Network
Project on Mariculture of ICAR-CMFRI,
Karwar for demonstration of Integrated
Multitrophic Aquaculture. Hatchery produced 
seeds of Asian seabass,

Lates calcarifer and silver pompano
(Trachinotus blochii) were stocked in these
cages. The technical guidance for the entire
period of cage culture will be extended by
ICAR-CMFRI, Karwar.
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Ten New Breeds of Indigenous Farm
Animals Registered by ICAR-NBAGR

ICAR-NBAGR registered 10 new breeds of
indigenous livestock species in the country.
These breeds are -Kathani cattle
(Maharashtra), Sanchori cattle (Rajasthan)
and Masilum cattle (Meghalaya); Purnathadi
buffalo (Maharashtra); Sojat goat (Rajasthan), 
Karauli goat (Rajasthan) and Gujari goat
(Rajasthan); Banda pig (Jharkhand),
Manipuri Black pig (Manipur) and Wak
Chambil pig (Meghalaya). Accession numbers
were also assigned to these breeds by the
Bureau. Earlier, Breed Registration
Committee (BRC) in its 10th meeting held on
31 August 2022, approved the registration of
these livestock breeds of different states. After 
including these breeds, total number of
registered indigenous breeds is 212, including
53 cattle, 20 buffalo, 37 goat, 44 sheep, 7 for
horses and ponies, 9 or camel, 13 pig, 3
donkey, 3 dog, 1 yak, 19 chicken, 2 duck and 1
of geese. 

Bio-pesticide Thar Jaivik 41EC from
Citrullus colocynthis- Patented

Dr D K Samadia, the Director Of
ICAR-Central Institute for Arid Horticulture,
stated that the bio-pesticide prepared by Dr S
M Haldhar, Scientist (Entomology) and his
team is absolutely safe and effective to control
insect-pests in arid zone fruits and vegetables.
The Institute has released this product with
the name of “Thar Jaivik 41 EC” in 2019 and
had sent for patent. The patent office,
Government of India has granted and issued a
certificate of patent entitled bio-pesticide
compositions and formulation from tumba
(Citrullus colocynthis) for insect control under
Patents Act, 1970. This bio- pesticide is
effective against Helicoverpa armigera,
Spodoptera litura, white fly and aphid, and
safe for natural enemies. The data on
phyto-toxicity effect on plant was also
recorded and found that no effect was observed 
on plant when applied 10 times more dose of

the recommended dose of bio-pesticide (Thar
Jaivik 41 EC). It was also observed that there
was no effect on fruits and vegetables after 3
days spraying of bio-pesticide (Thar Jaivik 41
EC) for human consumption.

Indian arid zone is characterized by high and
low temperatures and variable precipitation,
which limit the scope for high crop
productivity. The existing low productivity
could be increased by following improved new
technologies and inputs. The area and yield
potential of arid horticultural crops has
increased many-fold because of the
development of new varieties, agro-techniques 
and plant protection measures in arid region.
Insect-pests are the major constraint for
increasing the production of arid horticulture
crops in India. Chemical pesticides have
played an important role in managing pests
and diseases and increasing arid horticulture
crops production in the past, but, their
indiscriminate use for over three decades has
led to several problems such as development of 
resistance in pest to pesticides, pesticides
residues, destruction of beneficial insects and
the outbreak of secondary pests. These
negative effects have provided the impetus for
the development of alternatives including
botanical pesticides. Organic botanical
pesticides are an important group of naturally
occurring, often slow-acting crop protectants
that are usually safer to human and with
minimal residual effects. On the basis of above 
background, we have made bio-pesticide
formulation that is Thar Jaivik 41 EC from
tumba and desi cow urine.



Inactivated Low Pathogenic Avian
Influenza (H9N2) Vaccine for Chicken

Inactivated low pathogenic avian influenza
(H9N2) vaccine for chickens’, developed by the
scientists of ICAR-NIHSAD, Bhopal was
transferred to M/s Globion India Pvt Ltd,
Secunderabad, M/s Venkateshwara
Hatcheries Pvt Ltd, Pune, M/s Indovax Pvt
Ltd, Gurgaon and M/s Hester Biosciences Ltd,
Ahmedabad on 27 December 2022, facilitated
by M/s Agrinnovate India Ltd. (AgIn) at
NASC, New Delhi. The event was graced by Dr 
Himanshu Pathak, Secretary (DARE) &
Director General (ICAR) and Chairman, AgIn, 
Dr B N Tripathi, DDG (Animal Science), Dr
Praveen Malik, CEO, Agrinnovate India Ltd.,
Dr Aniket Sanyal, Director, ICAR-NIHSAD,
representatives of commercial firms, and
other officials from ICAR and AgIn.

Dr Himanshu Pathak appreciated the sincere
efforts of the ICAR-NIHSAD scientists in
development of the first indigenous vaccine for 
H9N2 virus and commended the Agrinnovate
India limited (AgIn) for the efforts in the
transfer of the technology to industry. DDG
(AS) asserted that the vaccine will meet the
standard of the market both in India and
abroad. The vaccine will contribute
significantly to increase the income of poultry
farmers by reducing the economic loss due to
the disease.

Bioengineering breakthrough
increases DNA detection sensitivity
by 100 times

“DNA detection is in the center of
bioengineering,” says Jinglei Ping, Assistant
Professor of Mechanical and industrial
engineering, Center for Personalized Health
Monitoring, Institute for Applied Life
Sciences, UMass Amherst, England. He said
“Everyone wants to detect the DNA at a low
concentration with a high sensitivity and we
just developed this method to improve the
sensitivity by about 100 times with no cost”.
According to him the challenge is that there
are lots of molecules present in a sample that
aren’t the target DNA that can interfere with
the result. That’s where this method is
different. The test sample is put within an
alternating electric field. Then, the DNA is
allowed to free-move. Dr. Ping says ”when the
strands of DNA dance, they have a specific
oscillation frequency." Researchers can then
read samples to see if there is a molecule
moving in a way that matches the movement
of the target DNA and easily distinguish it
from different movement patterns. This even
works when there is a very low concentration
of the target DNA.

This new method has huge implications for
speeding up disease detection, because it is
highly sensitive. With this method, diagnoses
can happen at earlier stages of a disease
progression, which can greatly impact health
outcomes. This method just takes a few
minutes because it is all electrically managed.
“This makes it suitable for point of care,” he
says. “Usually, we provide samples to a lab
and they can provide the results quickly or
slowly, depending on how fast they can
process, and it can take 24 hours or longer.”
For instance, he cites how with a diagnosis, a
biopsy sample is frozen and then sent to a lab
for processing, which can take up to two
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months. The near-instant results with this
new method mean treatment does not have to
wait for lab processing times.

Another benefit is its portability. Ping
describes the device to be similar in size to a
blood sugar test tool, which opens the doors to
improvements in health on a global scale. “It
can be used at places where resources are
limited. In remote areas, the doctor usually
goes to a village once or twice a year, and now,
maybe they can have a base that has this kind
of tool and they will have the chance to test for
it quickly and easily.”

Ping is enthusiastic about the breadth of
possible applications for this discovery. He
added “The nano-mechanoelectrical approach
can be also integrated with other
bioengineering technologies, like CRISPR, to
elucidate nucleic acid signaling pathways,
comprehend disease mechanisms, identify
novel drug targets and create personalized
treatment strategies, including
microRNA-targeted therapies”.

II T researchers creates bio-jet fuel
from waste biomass

IIT Jodhpur’s research team has successfully
developed an iron-based catalyst
(Fe/Silica-Alumina) that is abundantly
available. This catalyst has been used in the
production of bio-jet fuel, utilizing non-edible
oils and waste biomass. Their breakthrough

solves a long-standing industry challenge,
making the manufacturing process of bio-jet
fuel economically viable. The development of
this catalyst offers the potential for cheaper
and cleaner fuels, leading to transformative
changes in the energy sector. The bio-jet fuel
has the potential to contribute significantly to
the reduction of greenhouse gas emissions.

The research finding holds significant
importance in the development of aviation fuel 
under mild reaction conditions, characterized
by low H2 pressure and high reusability of the
Fe/SiO2-Al2O3 catalyst. The catalyst
demonstrates excellent reusability for up to 10 
cycles in the production of bio-jet fuel. These
results are particularly promising,
considering the catalyst’s high acidity and
unique textural properties, all achieved under
relatively mild process conditions, including
low H2 pressure and solvent-free conditions

 Fluorescent nanotubes will now
detect presence of bacteria and

viruses

A team of researchers from Bochum, Duisburg 
and Zurich has developed a new method for
creating modular optical sensors capable of
detecting viruses and bacteria. The
researchers used fluorescent carbon
nanotubes with a novel type of DNA anchors
that act as molecular handles. These anchors
can be used to conjugate biological recognition
units, such as antibodies aptamers, to the
nanotubes, which can then interact with
bacterial or viral molecules. The team’s
findings were published in the Journal of the
American Chemical Society. The key to
success was the use of DNA structures with
guanine quantum defects, which allowed the
detection unit to be adapted to the target
molecule for identifying specific viral or
bacterial proteins. The researchers
demonstrated the sensor concept using the
SARS CoV-2 spike protein, using aptamers
that selectively bind to proteins. The sensors
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demonstrated high reliability and stability in
solution, making them suitable for diagnostic
applications in complex environments. 

New health-boosting probiotic
bacteria

The Institute of Life Sciences (ILS),
Bhubaneswar has discovered
health-promoting probiotic bacteria from the
tribals of Odisha. The isolated probiotic is
claimed to be useful in preventing diarrhoea
and obesity. The name of the bacteria
discovered by the ILS is Ligilactobacillus
salivarious. The ILS has identified 30 to 40
such probiotic bacteria from the bodies of the
tribal people of Odisha and their foods. The
bacteria have successfully been tested on rats
in laboratories. 

“We have discovered some probiotic bacteria.
We have even done the whole genome
sequencing of some bacteria. Now we are
confirmed that these bacteria are of probiotic
type and can be used for promoting health of
tribal people,” said senior scientist of ILS, Dr
Shantibhushan Senapati. Another scientist of
ILS, Dr Jaylaxmi Dash said, “Since we have
done basic research, proof of validation is
there to take the finding of the research to the
next level. Their evaluation has also been

completed, confirming their safety in animal
studies. It will be available for all after passing 
through the regulatory checks.”

With the changing lifestyle, these
health-promoting bacteria are getting lost.
Since there is a possibility of these bacteria
may go extinct, the ILS has planned to set up a 
Probiotic Bank. 

Mitochondrial genome editing
technique yields useful traits for 
hybrid Tobacco seed production

Researchers at North Carolina State
University have developed a method to
generate Cytoplasmic Male Sterility (CMS) in
tobacco plants. The researchers used a unique
strategy to move an essential mitochondrial
gene called atp1 to the nucleus, allowing it to
be expressed in every cell of the plant except
those responsible for pollen production. They
then used the genome editing tools to
permanently remove the native atp1 gene
from the mitochondria. The researchers found
that the plants looked normal until they began 
to flower, but failed to produce pollen because
the transferred atp1 gene was no longer
expressed. This trait will be inherited
maternally, which is crucial for large-scale
hybrid seed production. The researchers are
now working to decouple these results so that
researchers can achieve either pollen
infertility or the seedless trait alone, instead
of both at the same time. Their next
generation of experiments will include testing
the seedless trait in tomato and a grain such
as rice to test the efficacy of their system in a
crop where hybrid seed production is
important for achieving maximal yields. The
researchers believe that the technology can be
effectively transferred to other plant species.
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NATIONAL AND INTERNATIONAL CONFERENCES

1) 5th International Conference on Biotechnology, 
Biomedicines and Genetic Engineering
“Biotechnology as a Trajectory for Future
Lives ” Oct 09-11, 2023 Paris, France

2) International conference in Latest
Advancements in Science, Management,
Commerce and Educational Research
(LASMCER-2023)25th - 26th October 2023,
Toronto, Canada

3) International conference on advances in
Science, Engineering & Technology
(ICASET) 27th - 28th October 2023 | Hochi Minh
city, Vietnam

4) 2ndWorld Conference on Multidisciplinary
Research & Innovation (WCMRI) 28th -
29th October 2023 | Singapore

5) 03rd - 04th November 2023 | Chennai, India |
Hybrid Conference

6) 44thWorld Conference on Applied Science,
Engineering & Technology 25th - 26th November
2023 | Malaysia

7) 6thInternational Conference on Recent Trends
in Multi-Disciplinary Research (ICRTMDR-23) 

8) 10th - 11th November 2023 | Istanbul, Turkey

9) 01st International Conference on
Contemporary Engineering, Technology and
Management (ICCETM-2023) 4th -
5th December 2023 | Dubai

10) 45thWorld Conference on Applied Science,
Engineering & Technology 29th - 30th December
2023 | Goa, India

11) 6th International Conference on Applied
Sciences, Engineering, Technology And
Management (ICASETM-2023) 29th -
30th December 2023 | Prime Plaza Hotel Sanur - Bali

12) 4thInternational Conference on Advancing
Knowledge from Multidisciplinary Perspectives 
in Engineering & Technology  26th - 27th January
2024 | Manila, Philippines

13) International Conference on Computer,
Cybernetics and Education (ICCCE-2024) 23rd - 
24th February 2024 | Jakarta, Indonesia

14) 4th International Conference on Engineering,
Social- Sciences, And
Humanities(ICESSU-2024) 29th - 30th March
2024 | Manila, philippines

15) 5th International Conference on
Multidisciplinary and Current Educational
Research (ICMCER-2024) 26th - 27th April 2024
| Bangkok, Thailand

16) 7th International Conference on
Multi-Disciplinary Research Studies and
Education (ICMDRSE-2024) 30th - 31st May 2024
| Malaysia
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