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Abstract

Climate change 1s causing notable
consequences for the cultivation of vegetables.
It 1s 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

Division of Vegetable Science, SKUAST-K, Shalimar
*Division of Vegetable Science, ANDUAT Ayodhya, UP
*Division of Vegetable Science, ICAR-IARI, New Delhi

*Division of Fruit Science, SKUAST-K
*Corresponding Author: tazeemraza01@skuastkashmir.ac.in

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 soill 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

(5 ]
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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,, 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 1s a discussion of some of the significant
environmental stresses that influence the

[ 6]
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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 i1s impacted. High temperatures
have a substantial 1mpact 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 | High temperature
spheres and stalks | (>32°C)
Asparagus
Feathering Lateral
branch growth
Carrot Low carotene | Temperature > 20° C
content
Cauliflower |Blindness Temperature fluctuation
Buttoning
Riceyness
Cole crops, | Tip burn High temperature
Lettuce
Potato Greening Sunburn
Chilling Injury low temperatures (-1 to -2 °C).
Tomato Puffiness Low or high temperatures.
Cat face high or low temp at fruit
Unfruitfulness 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 1is

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 n 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]
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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 O, 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 1s 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 1is
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

Level of PGR in

S.N Effects on plants under water

plants logging
1. |Reduced Causes “Hypertrophy” (Enlargement
Auxins or contraction of cells in the stem’s

cortex leads to the expansion or
constriction of the stem base)
Causes stem elongation and cell
expansion to be reduced.

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

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.

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.

2. |Decreased GA3

3. | Decreased CK

4. |Increased ABA

5. |Increased
Ethylene
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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,
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,. The ripening of tomato fruit
is prevented by the high ambient CO, level.
This inhibition results from the suppression of
genes associated with ripening, which is likely
related to the stress effect of high CO,. Potato
plants grown in high CO, environments may
initially have higher photosynthetic rates, but
as CO, concentrations rises, the
photosynthetic rates will decrease.
Chlorophyll content in leaves has reportedly
decreased due to the higher

CO, 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, 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 1s  determined by the
surrounding environment. Hence, it’s likely
that temperature 1s the most crucial
environmental  factor affecting insect
behavior, distribution, growth, and
reproduction. The intricate physiological
consequences resulting from rising
temperatures and elevated CO, 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
1deal 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 | Tolerant to drought
SM-30
Pragati and Pusa | Tolerance to salt
Bindu
Okra Pusa Sawani Salinity tolerant
Musk Jobner 96-2 Tolerant to High soil pH
melon
Spinach Jobner Green High soil pH (up to 10.5)
beet 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 Sree Nandini Drought tolerant
potato
Potato Kufri Surya Heat tolerant up to 25°C
night temperature
Kufri Sheetman | Frost tolerant
and Kufri Dewa
Cassava H-97 and Sree | Tolerant to Drought
Sahya
The wutilization 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 1improve 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 1mproving 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,
Hypothesis, Phylogenomics, Tree.

evolution,

Introduction

SARS-CoV-2, or Severe Acute Respiratory
Syndrome Coronavirus 2, 1s a highly
contagious virus responsible for the COVID-19
pandemic. It belongs to the Coronavirus
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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 n 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 1is 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.

Fig: - Crystal Structure of
NSP15 Endoribonuclease
from SARS CoV-2

Fig:- 2D structure of Caffeine

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.

(15]
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Table:1- RMSD Table for binding between
Crystal Structure of NSP15 Endoribonuclease
from SARS CoV-2 and Caffein

Binding Cluster |Reference
Rank | Sub Rank | Run Energy RMSD 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

Fig:- Interaction between NSP15
Endoribonuclease from SARS CoV-2 and Caffeine

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 1solated 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
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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 1is 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
1s, 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 i1s 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
Microorganisms

Screening of

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
1odine 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 NaNOsz 0.2 gm, Ko:HPO4
0.05 gm, MgS04.7H20 0.02 gm, MnSO4.H20
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0.002 gm, FeS0O4.7H20 0.002 gm, CaCl:.2H20
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
1solates 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,P04 0.5
gm, and MgS0O4 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 1IN HCI and
1IN 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 1solates were 1dentified as
Pseudomonas  fluorescens and  Bacillus
subtilus

Effect of pH. Both i1solates 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
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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
1s 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 1n 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 1ts 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 duratio