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Precision Agriculture (PA) is a type of agricultural technology that is widely
used in the field of agriculture. The Internet of Things (IoT) is one of
the most widely used technologies for precision agriculture. However, the
application of [oT in precision agriculture has not been fully explored. In this
article, a comprehensive review of the current innovative means of utilizing
the internet of things in PA practices was carried out. The paper provides a
concise review of current applications of the internet and communication
technologies in PA. In addition, the paper discusses the design architecture
of communicating systems and communication system technologies. The
results of the carried-out technical review are as follows: (a) A detailed study

of the features of the utilized sensors, agricultural fields and crop changes
and the design of communication systems are the key outcomes of the
technical review; (b) Using big data for [oT applications in precision farming
allows the aggregation and management of a large volume of data captured
from a wide variety of different sources; (c) The effective use of big data
can have broad and potentially transformative effects for making progress in
how to apply [oT for precision agricultural; (d) The current state of the art
of integrating Internet of Things (IoT) with precision agriculture is mainly
based on the concept of the web of things.
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INTRODUCTION

he integration of the IoT with current applications and future

technologies has a noteworthy impact on the economy, society and
environment. Consequently, [oT is increasingly found in various sectors and
domains, agricultural production being one of its beneficiaries. The current
flow of research and development, investment opportunities and the rapid
growth of the market highlight the overall potential of smart agricultural
solutions. The paper provides a concise review of the current applications of
IoT in precision agriculture. We further provide readers with different use
case scenarios by describing each step of the research pipeline in precision
agriculture, such as monitoring and control including cloud computing, alert
systems and other web-based artifacts. We conclude that the IoT has already
provided valuable conclusions in the field by performing intelligent data
analysis of greenhouses with vertical farming and aeroponics. In the near
future, we expect each farmer to take advantage of IoT technology by using
some of the agricultural platforms available by connecting their traditional
tools and microservices [1,2].

In the field of precision agriculture, the role of scientists and researchers
is to increase yield and agricultural management using their knowledge in
the field of electronics, software and sensors. PA is an overall term for site-
specific crop management, which includes making the right crop input at
the right place and the right time, taking into consideration individual field
and crop conditions. With a proactive stance to modifying practices to best
meet the crop requirements using the available resources and not necessarily
maximizing yields, PA contributes to sustainable agricultural development.
The design, development and integration of new technologies uniquely
customized to the specific conditions of agricultural production make PA
a dynamic, interdisciplinary field that uniquely combines biophysical and
socioeconomic concepts and methodologies. In present-day agricultural
practices, the IoT concept is widely used to achieve a more modern and
effective agriculture [3,4].

LITERATURE REVIEW
10T technologies in precision agriculture

Sensors, networks, Unmanned Aerial Vehicles (UAV), tractors and other
smart machines are considered to be the most important elements of the
IoT technology-assisted smart farming process. The IoT in smart farming
feature of the novel agricultural approach aims for ecofriendly, profitable,

productive and well-timed harvests automatically. In this way, it helps the
hardware, software and Information Technology (IT) engineering teams as
well as farming engineers and agricultural experts to frame smart farming
techniques. They also would like to accomplish their smart systems by
exploiting their machinery, media server and cloud to monitor farm regions
automatically [5,6].

In the agriculture sector, there is a growing demand for the use of technology
to enhance production, reduce labor, efficiently utilize resources and
decrease adverse environmental impacts. There are several technology
solutions deployed for solving agriculture-specific technical problems. A
blend of agriculture and technology makes farming smart or intelligent
and it is termed as precision agriculture. Precision agriculture involves the
use of extensive data about weather, farm conditions and other variables,
data acquisition tools, [oT and Artificial Intelligence (AI) software to
process this data to monitor and manage crop growth. The goal of precision
agriculture research is to define a Decision Support System (DSS) for the
entire farm management process so as to optimize returns on inputs while
taking into consideration environmental, economic and social sustainability.
The integrated use of several smart gadgets and technologies like sensors
and actuators, GPS, robotics, Al and IoT with the drones make the system
intelligent. The lToT-based setup for precision agriculture is called smart
farming [7].

Sensors_and actuators: Sensors and actuators are the core of precision
farming as the whole idea is based on measurements and management of
field variability. There are three main types of sensors applied in precision
farming: crop sensors, soil sensors and weather sensors. Crop sensors are
utilized for measuring the color and reflectance of leaf vegetation. On the
other hand, soil sensors are used for the measurement of soil properties, such
as the content of moisture, temperature, texture and salinity. Conversely,
weather sensors provide the measurement of environmental data.
Additionally, actuators also have a key role in precision farming as they are
being used for precision seeding, irrigation and fertilization [8].

Wireless communication technologies: Simple gateway and sensors
facilitate load balancing across the system and energy management to extend

class battery life. Moreover, this platform is supported with existing cellular
infrastructure. It is a national network operator for public-based [oT to provide
connection services for [oT devices nationwide. There are various types of
Low Power Wide Area Network (LPWAN) technology. They use distinct
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connectivity, bandwidth type, range, service and data transport quality. The
diagram offers a low-power long-range communications solution to extend
and simplify wireless connectivity for smart cities, smart agriculture and other
remote monitoring systems. Sub-1 GHz design centers are attracting great
interest. The standard argues to reduce development barriers for suppliers
of system-on-chip sensors and gateways, resulting in high compatibility and
an extensive selection of diverse communication-informative interest. The
performance of traditional sub-1 GHz systems excels in link budget and data
rates. However, the excessive link budget is a deterrent because it consumes
more power and supports a very short range. The long-range and low-power
requirements for [oT devices make these constraints very different. Wireless
intelligent networks for sliding window scenarios are used to improve system
performance while avoiding overlapping transactions from multiple devices.
These are fundamental in large aggregation applications, such as asset
tracking, street lighting and condition monitoring [9].

The communication with the devices is more challenging. The devices related
to the IoT may involve terrestrial, satellite or hybrid systems. Unlike terrestrial
systems, satellite communication can provide resources for a longrange, one-
to-many communication model, customized for sparse and remote locations.
However, the propagation delay is a key concern for terrestrial devices which
require timely interaction such as monitoring and controlling. Many of the
supporting technologies and system tools have been progressing over years.
Thus, development related to the IoT is inclined with evolution rather
than creation. One of the requirements for telemetry in rural and outdoor
environments is long-range communications. This kind of communication
offers some advantages in different practical activities. LPWAN is a type of
wireless network designed for long-range communication with small data
streams required by [oT devices.

Data collection and analysis in precision agriculture

The term "actual" refers not only to the timing but also to the precision of
the information produced and to the decision support criteria adopted by
the decision makers. The online monitoring and the offline data mining
are mechanisms strongly linked to each other, which have to be integrated
into the information system to provide demonstrations of the current
and future state and related research, along with detailed explanations on
significant trends. This information is organized in the shape of an active
map, providing the evaluated and foreseen status of an activity before during
and after the occurrence at different resolution scales.

Precision agriculture is divided into three management levels. Management
level 1 deals with the activities aiming to describe the state of the cultivated
plants or observed characteristics of samples. All relevant characteristics or
parameters describing the physical condition are collected and can then
be used to verify the supposed plant behavior according to the models or
reference conditions. This data can be exploited by real-time centers, which
adjust any actions, e.g. operating parameters for the agricultural machines,
fertilizers and plant protective agents to the actual requirements and therefore
optimize the process. They are designed to evaluate an actual situation but
also the future development of a given activity, irrespective of it being related
to the control of machines and procedures or to the forecast of plant and
animal conditions at different scales.

Remote sensing technologies: Trimble GreenSeeker is a passive sensor that
provides real-time yield estimates. The optical sensor is suspended directly
over the row crop to be monitored. Light output is used to determine
uniformity for a single row, and crop density is recorded in overall uniformity.
The Global Positioning System (GPS) signal is used to determine the speed
of travel while the sensor is activated. Data is computed and displayed in
a map chart with the GPS data. The GreenSeeker operates down to three
inches above the canopy of row crops such as cotton, corn, sugarcane and
wheat. Grazing research has used a GreenSeeker monitor to establish and
compare the overall relative forage quantity of grazed and ungrazed ranges.

CropScan is a passive crop-infrared sensor that measures the amount of
light reflected by the leaves, then converts it to a Leaf Area Index (LAI)
measurement. The LAl measurements can be used to control ripening and
check the overall plant health. The reflectance-based measurements are
obtained in the nearinfrared and visible spectrums. CropCircle is also a
passive sensor tool that can calculate the leaf area index of a crop stand. It
measures red and near-infrared reflectance at four spectral bands to derive
the LAI measurements [10].
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Remote sensing technologies have an important role in precision agriculture
as they direct the use of resources according to the variability in the field. The
images, taken by sensors, show the spatial variability of the factors affecting
crop yield and give farmers the necessary spatial information for decision-
making. It is a low-cost solution to provide timely status. There are two types
of remote sensing: Passive sensors and active sensors. Passive sensors measure
the solar radiation reflected or emitted by objects.

Big data analytics: The whole basis for IoT is to connect everyday devices to a
network with the ability to send and receive data. Most people are considering
mundane things like watches, washing machines, dishwashers and the like
but the same hypothesis can also be applied to fields of crops, irrigation
equipment, soil nutrients, weather, crop pests, crop diseases and humidity.
Furthermore, interconnections can also be made to crop forecasting,
transportation, weather forecasting, energy usage, mobile operations and
many others. This is where the connected environment is going. Smart
agricultural industries embedded software into the controllers that do
everything from monitor soil weight to provide the perfect environment for
root growth and associated needs. This is picture recognition and logistics of
the highest level.

This refers to large amounts of data from precision agriculture, which can
come from various sources such as satellites, GPS and mapping systems,
sensors and telematics, environmental factors such as weather forecasts
or historical weather data and wide expertise from service/equipment
providers, growers, toxicologists, entomologists and plant pathologists etc.
Often, data is multilayered and can be very complex. Big data analytics are
crucial to this topic mainly in the following areas of scientific research for
generating new ideas, knowledge discovery, finding innovative patterns and
building decision support systems. Crop modelling decision support, pest
management, decision support, decision support for irrigation and soil
management, yield variability and decision support have all taken or are
taking advantage of big data for forwarding enhanced solutions.

10T applications in crop monitoring and management

One of the principal areas that can leverage the use of 10T is precision
agriculture. Precision agriculture is an agro-industrial management model
where producers can identify in the field, monitor and apply crop inputs
in real time for improved productivity. Among the products that this
technology can supply are reduced use of chemical inputs such as pesticides,
improved control over irrigation applied to land and greenhouse products,
soil evaluation with consequent application of nutrients, reduction of
physical damage in post-harvest, higher productivity and improved early
prediction of crop productions, which optimizes logistics of storage and
transport. The benefits of implementing precision agriculture for producers
can include improving the quantity and consistency of products, optimizing
the application of inputs, reducing environmental impact, respecting the
existing legislation and thus mitigating risks, making economic and efficient

decisions [7,11].

By generating pertinent agricultural information from a variety of resources
(sensors, drones, satellites, georeferenced reports, among others) within a
complex and dynamic reality, data analysis can be simplified. Moreover, the
possible interactions of this collected data can contribute to agricultural
control and management by reducing the ecological and economic threats on
crop production. Advances in information and communication technologies
have contributed strongly to the creation of the term Internet of Things
(IoT), a set of physical objects that can exchange information and messages
via the internet. The IoT is portrayed by systems connecting devices and
objects that are uniquely identifiable on the network.

Soil moisture monitoring: There is a library of countless papers detailing
the great number of soil moisture measuring devices enhancing precision
agriculture. The importance of this figure lies in the fields in the research
area, showing that engineers have to pay much more attention to R4, i.e.,
correct device utilization. The amount of water in the soil is presented in a
large range, besides technological area better than a half a century available for
artificial (irrigation) support to the plants. The amount of water determines
the chemical and biological reactions as well. Large portions of the Earth are
semi-arid or arid lands and areas with scarcity of water belonging to 70% of
the world's population are widespread. These two key figures highlight the
fact that the importance and the attention of managing water does not stop
at the "normal" agricultural lands but should be definitely and attentively
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considered in large areas of the World. On the other hand, in humidity
areas, water might be toxic as well if present in very high excess. Satisfying the
requirements of the plants is not a simple task at all.

We detailed the importance of soil moisture to the crop and how it is
traditionally and in modern agriculture monitored. Then, we discussed the
technology choices of soil monitoring in precision agriculture in the light of
soil's electrical characteristics using five different future scenarios for in-field
soil moisture monitoring. The great importance of soil moisture for plants
is widely known. Soil moisture, described in percentage or volume units and
measured by the volumetric is the most critical environmental parameter for
most plant species. The plant itself causes several processes within the plant
for example, photosynthesis and nutrient transportation. If it is not present
at the distance required by the crop, one of the immobile nutrients can
become limiting. Plants have no possibility of getting the needed moisture.
The closeness of the water within the plant fluctuating around 95%. Due
to rapid moisture loss, plants can collapse in a very short period under
unfavorable, for example, dry and hot, conditions [11].

Pest and disease detection: Currently, pest and disease detection is primarily
based on the scouting methodology, where trained agricultural personnel
move throughout the plants, visually checking for diseases and pests at a set
frequency, depth and method. This traditional physical methodology creates
problems such as high work costs, pathogen transmission between plants or
other fields, inaccuracy, inconsistency and delay in detection. In line with
this, biological methods have been developed, based on the deployment of
beneficial insects on a set frequency, but their success is highly dependent on
the density and type of beneficial insects in the field. Early detection is the
key in both cases. This is the focus of hypsometric plant sensing. However,
there are a few pests and diseases for which remote sensing is difficult, such
as the apple maggot. In line with that, pest modeling includes pest life stage
models, which use biological sub-models that predict the stage of the pest
based on initial pest life-stage inputs. Typically, the proximal inputs to these
models are thermal sums, measured in degree days based on daily mean
temperatures in the environment. More recently, these pest models have
been applied in IoT-based precision agriculture systems to assist farmers in
deciding which time is most opportune to apply commercial pheromones
and matrics, e.g. the entomopathogenic fungus Metarhizium brunneum, in the
case of Drosophila suzukii pest control [12,13].

Pest and disease detection is one of the categories with the highest potential
benefits of the implementation of internet of things sensors in precision
agriculture. This category is highly relevant for the European Union (EU),
where the reduction in the quantity of Crop Protection Agents (CPAs) as
well as the partial replacement of existing CPAs are important issues and
are defended in the 2020 European Green Deal. Pest and disease detection
is directly related to reducing the use of CPAs, by automatically detecting
the first stages and triggering the deployment of beneficial insects or other
methods for controlling these issues without using CPAs. In addition, rapid
and automatic detection is also related to early disease or pest control with
CPAs, which normally requires resolved symptoms.

10T applications in livestock monitoring

In the last few years, many studies have shown that the precision of animal
production can be improved by the use of IoT technologies. The main
argument in livestock management is to bring the right tools for support in
critical decisions regarding farm management in all areas, enabling animals
to express their maximum genetic potential, ensuring animal welfare and
increasing the sustainability of the production system. By monitoring animals
individually (e.g. feeding, reproduction and health), an increase in efficiency
of farms is expected. The requests for products derived from livestock are
increasingly specific, so precision supplementation is indispensable. The
forage availability measurement is also significant for ranchers who carry out
rotational management. Within this branch of 10T, there is a technological
trend that uses "sensors to talk to plants". Water is also an important factor
to consider in the management of livestock. Scientists have defined different
ways to monitor water stress. In addition, it is necessary to reinforce that
excessive water supply is as dangerous as insufficiency. Dairy cows and bulls
remember the seasonal quality of food, so the availability of grass throughout
the year must be guaranteed.
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DISCUSSION
Challenges and opportunities in implementing IoT in precision agriculture

It is important for professional scientists to integrate a large number of
things in precision agriculture to shape our future of smart farming. In an
engineering point of view, this means establishing highly integrated and
intelligent communication and sensory systems in agricultural fields, to
achieve more focused and quantitative data than human-based observations.
The proliferation of precision agriculture brings together the concept of the
Internet of Things (IoT) and agriculture, specifically for information delivery,
analysis and support for precision agriculture technologies. The technical
research costs for most agricultural studies related to [oT also seldomly meet
the sophisticated demands of agricultural researchers. The opinions of how
IoT may contribute to precision agriculture also vary. Important scientific
challenges arise from combining different types of sensory data over time
and using it to provide advice to a farmer in an operational setting. The first
question that should be asked in this context is what is the environment,
specifically agriculture, that an IoT for agglomerating various sensing
items involves. This question requires more than a look at the enabling
technologies.

Precision agriculture requires the acquisition of data with various sensing
technologies. To fulfill the need for more specific data, the number of
sensors is extended through the principles of [oT to form Internet of Things
specific to Agriculture (IoTA). In this article, a detailed review of current
state-of-the-art means of utilizing IoT in PA practices was carried out. An
investigation into the features of the utilized sensors, agricultural fields
and crop changes, the design architecture of communicating systems and
communication system technologies are the key outcomes of the carried-out
technical review. Although those are not all that is needed to integrate loT
in PA practices, eight steps, in the format of a flowchart, were developed to
guide professional scientists working on implementing IoT in PA practices.
According to the carried-out review, these steps should be tailored considering
PA demands and the available resources. The identification of not only the
communication systems encompassing loT sensors, but also transmitting
transmitted data, is required for PA applications to be improved.

Data security and privacy concerns: In largesscale precision agriculture
practices, several agricultural sensors need to be cascaded and deployed on
farmland and these sensors can communicate wirelessly to form the edge
network of a large-scale precision agriculture internet of things system with
agricultural production equipment for field insitu monitoring and the
collected data is transmitted to the decision-support expert agricultural
management system through base stations or gateways. The loT system
aggregates the rich, real-time data of the remote planning and execution
processes in the extended edge network and connects service procedures
for direct or indirect interoperability via a backend service procedure bus
to support high-level decision making, high-quality mission operation and
personalized, proactive agricultural management.

In agricultural practice, a variety of new technologies have been a breakthrough
and the application of precision agriculture has achieved remarkable results.
The continuous evolution of the IoT has also made our lives full of wisdom,
but during the integration of the internet of things in the application of
precision agriculture, we also need to pay attention to data security and
privacy protection. This paper mainly integrates low-latency, low-power and
low-cost wireless communication technology for energy-constrained devices
such as sensors and actuators. We build long-range, large-scale 10T systems
to meet the needs of largescale data collection and data interactions in
precision agriculture.

Interoperability issues: The intertwining of ubiquity, intelligence and
connectivity, which are enabled by wireless sensor networks, embedded
systems and Internet technologies, is the key point to create the IoT.
Effectively, small-scale households or individuals can build sensor networks
to enable the connection to everyday objects. However, most sensor nodes
are involved in sensor network activities to achieve a specific goal, without
sharing their sensing data with other users. The services to be developed are
strictly dependent on the sensors and their locations, which in culturally
different locations, population densities and pacing, leads to services that
waste infrastructure, power and invaluable time. It is, in fact, a complicating
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[0T issue. Interoperability in the [oT context means enabling the interaction
and cooperation of heterogeneous devices and services in a transparent or
invisible way, in such a manner that the user is unaware of their presence.
It is a key concept for creating an open working environment for devices
and services in the IoT, allowing the development of advanced applications
with new and rich functionalities previously unimagined. In particular,
interoperability issues of IoT devices employed in precision agriculture can
be identified as either technological myths about IoT being solved or current
problems-situations that are real, but the technology is currently dealing with.

Future trends and innovations in IoT for precision agriculture

Using big data applications in loT-assisted precision agriculture allows
the aggregation and management of a large volume of data types captured
from a wide variety of different sources. The effective use of big data for
[oT applications in precision agriculture will involve improvements in
information technology and communication technology to manage the
capture and sharing at appropriate spatial granularity, cost and scale.
Appropriately structured data sets can guide smart data analytics to provide
direction and decision assistance for its sensor informatics users. Common
access to these data can also have economic benefits, such as better risk-
based pricing that insurance companies can apply to provide their growing
market for agricultural weather insurance. The effective use of big data can
have broad and potentially transformative effects for making progress in
how to apply IoT in precision agriculture. Smart data capture and sharing
can enable savings over the entire food production and processing chain.
The early identification of supply and demand imbalances can enable price
smoothing over regular and irregular fluctuations in market conditions. In
the long run, participants in the food production and processing chain can
benefit from forward contracts that reduce the risk for their primary product
pricing changes under volatile market conditions [14,15].

Future direction of [oT for precision agriculture involves adapting IoT
for precision agriculture, using big data to guide IoT applications and
adopting interlinked governance for resolving concerns raised with the
implementation of IoT for precision agriculture. Agriculturists are the most
affected stakeholders by the adoption and use of IoT for precision agriculture
applications. They are also the ones who use and generate the data that
enable the development of related applications. To achieve integration
and formulation with IoT applications and precision agriculture has the
potential to change the consumer-to-farmer relationship in a way that places
agricultural producers at the center of an agri-food innovation system. This
will require improved information flow and coordination, establishing a

feedback loop [16].

CONCLUSION

In conclusion, the integration of internet of things with precision agriculture
is transforming agricultural practices by enhancing data collection and
analysis, leading to more efficient and sustainable farming. The review
highlights how 10T technologies, including sensors and big data analytics
are instrumental in optimizing crop and livestock management, improving
resource use and reducing environmental impact. Despite advancements,
challenges such as data security, interoperability and the need for effective
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communication systems remain. Future innovations are expected to refine
these technologies further, making precision agriculture more accessible and
impactful. Ultimately, internet of things role in precision agriculture promises
significant improvements in agricultural productivity and sustainability.
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Chickpea is an annual legume crop grown in temperate and subtropical
regions. It belongs to the Fabaceae family and is native to Southwest Asia.
Chickpea have been cultivated since ancient times in both Asia and Europe.
India stands as the largest producer and consumer of chickpea globally,
contributing roughly 75% of the world's total production. It is primarily
consumed in various processed forms, such as boiled, roasted, fried or steamed
whole seeds as well as in the form of dal and dal flour. They are commonly
used in the preparation of snacks, sweets and condiments. Chickpea crop is
prone to various diseases like, dry root rot (Rhizoctonia bataticola), Fusarium
wilt (Fusarium oxysporum f. sp. ciceri), wet root rot (Rhizoctonia solani), collar rot
(Sclerotium rolfsii), Aschochyta blight and Sclerotinia rot (Sclerotinia sclerotiorum
(Lib.) de Bary). Among various diseases, Sclerotinia rot, also known as
stem rot, caused by Sclerotinia sclerotiorum (Lib.) de Bary, is one of the most
significant. It causes substantial yield losses, especially in cool and moist
areas conducive to its development. The fungus's explosive pathogenicity and

the resilience of its sclerotia contribute to its success as a pathogen. Due to its
strict soil-borne nature and wide host range, managing this disease through
host resistance or chemical management alone is challenging. Fungicides are
commonly used to control plant diseases, but they pose environmental and
health risks and can lead to environmental hazards. Therefore, integrated
disease management using both bio-agents and fungicides is the best
alternative. The results showed that Sclerotinia rot incidence in chickpeas
was significantly reduced and yield increased when chemical and biocontrol
agents were used together, compared to using either chemicals alone or
biocontrol agents alone. Among the different treatments, the highest percent
of disease control (81.40%) was found in T, Seed Treatment (ST) with
tebuconazole 2% DS at 1.5 g/kg seed+Soil Application (SA) at 10 kg/ha
with Trichoderma harzianum, followed by T, ST with tebuconazole 2% DS at
1.5 g/kg seed+SA at 10 kg/ha with Trichoderma viride (80.33%). The highest
disease incidence was found in TST with thiophanate methyl 70% WP at
2 g/kg seed (37.77%).

Chickpea; Integrated  disease

Key Words: Biocontrol agents; Fungicides;

management; Sclerotinia rot

INTRODUCTION

Cicer arietinum, commonly known as chickpea, is an annual crop that
grows in temperate and subtropical zones and is native to Southwest
Asia. It is also called by various names such as gram, Bengal gram, garbanzo,
garbanzo bean, Egyptian pea, chana and chole in various places. Pulses are
the important source of protein in the diets of the poor and are particularly
important in vegetarian diets. It is cultivated from ancient times both in
Asia and European countries. India is the largest producer and consumer of
chana in the world. India accounts approximately 75% of world’s chickpea
production. Mainly there are two types of varieties of gram desi and kabuli.
Approximately 80% of the chana produced in world is of Desi type and
the remaining is of kabuli variety. In India, Desi variety is also cultivated
massively.

It is mainly consumed in the form of processed complete seed (boiled, roasted,
fried, steamed, etc.), dal and as dal flour. It is used in preparing snacks,
sweets and condiments. Fresh green seeds are also used as a green vegetable.
It is an excellent source of protein (20.47%), carbohydrates (62.95%), fat
(6.04%), minerals (calcium, phosphorus, iron etc.) and vitamins [1]. It is a
superior animal feed and the straw of gram also have good or satisfactory
forage value [2]. Due to the presence of malic and oxalic acid, the leaves of
chickpea have sour taste. Malic and oxalic acids collected from green leaves of
are prescribed for intestinal disorders. Chickpea is used as blood purifier and
germinated seeds are recommended to cure scurvy disease.

Chickpea is cultivated in 25 states of India, Rajasthan is one of the major
chickpea growing states of India after Madhya Pradesh and Maharashtra.
In Rajasthan the major chickpea growing districts are Ajmer, Bikaner,
Hanumangarh, Pali, Tonk, Bhilwara, Jaisalmer, Nagaur and Jaipur etc. In
India, it occupies an area of 10 million hectares and its production is 11.91
million tons with an average productivity of 1192 kg ha-1. In Rajasthan,
it is grown over 2.11 million hectares area with annual production

and productivity of 2.27 million tons and 1072 kg ha-1, respectively.
Unfortunately, the productivity of chickpea is not at the level of satisfaction
i.e., average global productivity of 1800 kg ha-1 and it remains plateau since
independence of India [3].

Nearly 172 pathogens (67 fungi, 22 viruses, 3 bacteria, 80 nematodes and
phytoplasma) will cause diseases in chickpea [4]. These pathogens may be
of bacteria, mycoplasma, fungi, nematodes and viruses which contain
high genotypic variation. Among various biotic factors attributed to low
productivity of chickpea, susceptibility to diseases is very important.
Chickpea is susceptible to different diseases including, Fusarium wilt
(Fusarium oxysporum f. sp. ciceri), dry root rot (Rhizoctonia bataticola), wet root
rot (Rhizoctonia solani), collar rot (Sclerotium rolfsii), Ascochyta blight and
Sclerotinia rot (Sclerotinia sclerotiorum (Lib.) de Bary) [5]. These diseases have
been found to cause considerable economic losses to the chickpea growers in
India [6]. The extent of losses from 20% to 46% at pod bearing stage of the
crop and the incidence of disease varied from 18% to 32% [7].

Amongst different diseases, Sclerotinia rot commonly called as stem rot or
white mold caused by Sclerotinia sclerotiorum (Lib.) de Bary is one of the most
important disease. The detonative pathogenicity under favorable conditions
and the ability of producing sclerotia to withstand adverse conditions
allow it to be a successful pathogen [8,9]. It causes significant yield losses
whenever, the crop is grown in relatively cool and moist areas favorable for
its development [7]. The disease causes total crop failure where chickpea is
grown in the same paddock in successive years. Dense crops are likely to be
the most severely affected, particularly, under moist condition. This disease
has been reported from different parts of India and causing considerable
losses [10]. The extent of the damage was reported from 21.3% to 46.7%
at pod bearing stage of the crop [11]. In Jammu and Kashmir, the disease
incidence varied from 18.7% to 32.2%. The recent observations suggested
that the incidence and severity of Sclerotinia rot of chickpea is increasing
in the Northern part of India. In Rajasthan, stem rot (S. sclerotiorum) was
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initially observed at Agricultural Research Station, Umedganj, Kota in the
year 1993-1994 and thereafter, it has been appearing regularly in mild to
severe form in various parts of the state [12].

MATERIALS AND METHODS

The fungicides are the most common tools for controlling plant disease. But
they are not feasible for environment, health and it leads to environment
hazard. Hence integrated management of the disease by using bio-agents and
fungicides is the best alternative [13,14]. Therefore, it is an urgent need to
use some bio-agents and fungicides which are effective against Sclerotinia
rot disease. Hence, keeping in view the importance of chickpea crop and
potential threat of Sclerotinia sclerotiorum in all the chickpea growing areas in
the Rajasthan, the present investigation was undertaken to manage of this
important disease through bio-agents and fungicides.

A field trial was conducted for the management of Sclerotinia rot of chickpea
using bioagents and fungicides in rabi season. Talc based formulations of two
fungal and two bacterial bioagent were applied as seed treatment and soil
application and fungicides were used as seed treatment. Seed treatment of
fungicides and seed and soil treatment of the talc based bioagent formulations
was done. In case of control, seeds were sown in pathogen inoculated soil
without any bioagents and fungicides. Observations were taken periodically
for the disease incidence.

Total 13 treatments including control were carried out using randomized
block design having plot size of 4 x 4 m2. Each treatment was replicated
thrice. The experiment was conducted under artificial soil inoculated
conditions. For this purpose, sand sorghum meal inoculum of Sclerotinia
sclerotiorum was applied at 70 g per plot and mixed properly on top surface
soil using a hand rack. Standard agronomic practices recommended for
cultivation of chickpea crop in this region were followed. In case of control,
the untreated seeds were sown. Observations on disease incidence were
recorded periodically as well as the grain yield was recorded after harvesting
of the crop.

Incidence of the disease and percent disease control was calculated by using

TABLE 1

the following formula [15];

No. of diseased plants <100

Diseaseincidence (%)=
( 0) Total No. of plants germinated

Disease incidence in control (% )— Disease incidence in treatment (%
Disease control (%) = - - ( ) - ( )><100
Disease incidence in control (%)

The data of percent disease incidence in all the experiments were
transformed to their arc sin values [16]. The statistical analysis of the data
of all the laboratory experiments was done following completely randomized
design. The data of field experiments were analyzed following randomized
block design.

RESULTS AND DISCUSSION

The results in Tables 1 and 2, show that Sclerotinia rot incidence in
chickpeas was significantly reduced and yield increased when chemical and
biocontrol agents were used together, compared to using either chemicals
alone or biocontrol agents alone. Among the different treatments, the
highest percent of disease control (81.40%) was found in le—seed treatment
with tebuconazole 2% DS at 1.5 g/kg seed+soil application at 10 kg/ha with
Trichoderma harzianum followed by T ST with tebuconazole 2% DS at 1.5
¢/kg seed+SA at 10 kg/ha with Trichoderma viride (80.33%), T, ST with
carbendazim 12%*mancozeb 63% WP at 2 g/kg seed+SA at 10 kg/ha with
Trichoderma harzianum (78.89%) and T,-ST with carbendazim 12%+mancozeb
63% WP at 2 g/kg seed+SA at 10 kg/ha with Trichoderma viride (77.45%) as
compared to control where 62.37 percent disease incidence was recorded.
The highest disease incidence was found in T¢ST with thiophanate methyl
70% WP at 2 g/kg seed (37.77%), followed by T,ST at 10 ¢/kg+SA at 10
kg/ha with Bacillus subtilis (34.67%) and T ST at 10 g/kg+SA at 10 kg/ha
with Pseudomonas fluorescens (32.50%). The results revealed that all twelve
treatments, including single fungicides and their combinations with
biocontrol agents, were superior to the control in reducing disease incidence
and increasing seed yield of chickpea (Figure 1).

Management of Sclerotinia rot of chickpea by bioagents and fungicides

Treatments Disease incidence (%)* Disease control (%)
T,-ST at 10 g/kg+SA at 10 kg/ha with T. viride 21.33 (27.42) 65.79
T,-ST at 10 g/kg+SA at 10 kg/ha with T. harzianum 20.27 (26.70) 67.5
T,-ST at 10 g/kg+SA at 10 kg/ha with P. fluroescens 32.50 (34.73) 47.89
T,-ST at 10 g/lkg+SA at 10 kg/ha with B. subtilis 34.67 (36.04) 44.41
T,-ST with carbendazim 12%+mancozeb 63% WP at 2 g/kg seed 26.37 (30.87) 57.72
T,-ST with tebuconazole 2% DS at 1.5 g/kg seed 24.23 (29.46) 61.14
T,-ST with tebuconazole 50%+trifloxystrobin 25% WG at 1.5 g/kg seed 27.73 (31.74) 55.53
T,-ST with thiophanate methyl 70% WP at 2 g/kg seed 37.77 (37.89) 39.44
T,-T,+SA at 10 kg/ha with T. viride 14.07 (21.98) 77.45
T, Ts+SA at 10 kg/ha with T. harzianum 13.17 (21.23) 78.89
T,,-T;+SAat 10 kg/ha with T. viride 12.27 (20.46) 80.33
T,,-T,+SAat 10 kg/ha with T. harzianum 11.60 (19.79) 81.4
Control 62.37 (52.15) 0
S.Emt 1.66 67.00%
CD at 0.05 4.87 67.00%
CV (%) 11.04 67.00%

Note: ST: Seed Treatment; SA: Soil Application; WP: Wettable Powder; WG: Water-Dispersible Granule; DS: Dustable Sulfur; S.Em: Standard Error of the mean; CD:

Critical Difference; CV: Coefficient of Variation.

TABLE 2
Effect of bioagents and fungicides on the yield of chickpea

Treatments Yield (q ha-1)* Yield increase over control (%)
T,-ST at 10g/kg+SA at 10 kg/ha with T. viride 12.03 (20.22) 124.22
T,-ST at 10g/kg+SA at 10 kg/ha with T. harzianum 12.83 (20.93) 139.13
T,-ST at 10g/kg+SA at 10 kg/ha with P. fluroescens 8.90 (17.25) 65.84
T,-ST at 10g/kg+SA at 10 kg/ha with B. subtilis 7.93 (16.16) 47.83
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T,-ST with carbendazim 12%+mancozeb 63% WP at 2 g/kg seed 10.43 (18.69) 94.41
T,-ST with tebuconazole 2% DS at 1.5 g/kg seed 11.17 (19.41) 108.07

T,-ST with tebuconazole 50%+trifloxystrobin 25% WG at 1.5 g/kg seed 9.70 (18.03) 80.75
T,-ST with thiophanate methyl 70% WP at 2 g/kg seed 7.13 (15.33) 32.92

T,-T+SAat 10 kg/ha with T. viride 14.47 (22.28) 169.57

T,,-Ts+SA at 10 kg/ha with T. harzianum 15.37 (23.01) 186.34

T,-Ts+SAat 10 kg/ha with T. viride 16.07 (23.57) 199.38

T,,-T,+SAat 10 kg/ha with T. harzianum 16.90 (24.20) 214.91
Control 5.37 (13.14) 0

S.Emz 1.24 CV (%)

CD at 0.05 3.65 CV (%)

CV (%) 1.1 CV (%)

Note: ST: Seed Treatment; SA: Soil Application; WP: Wettable Powder; WG: Water-Dispersible Granule; DS: Dustable Sulfur; S.Em: Standard Error of the mean; CD:

Critical Difference; CV: Coefficient of Variation.
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Figure 1) Effect of bioagents and fungicides on Sclerotinia rot disease incidence of chickpea

Similarly, Pandey et al., found that applying vermicompost at 5.0 tons/ha
combined with T. harzianum at 5.0 kg/ha was the most effective treatment,
reducing disease incidence by 72.73% and increasing grain yield by 39.69%
[17]. This was followed by Farmyard Manure (FYM) at 2.5 tons/ha combined
with T. harzianum at 5.0 kg/ha, which resulted in a 64.85% reduction in
disease incidence and a 38.17% increase in grain yield. The least reduction in
disease incidence (14.55%) and the smallest increase in grain yield (15.27%)
were observed with foliar spray of P. fluorescens at 5.0 g/liter. Mandal et
al., reported that seed treatment with Pusa 5SD (T. viride) combined with
carboxin and Mesorhizobium ciceri, along with a foliar spray of iprodion 40
days after sowing, provided the highest disease reduction and improved
plant health parameters such as seed germination, shoot and root lengths
and the number of pods per plant [10]. While Pusa Biopellet 4G and Pusa
5SD individually were effective in reducing disease incidence and enhancing
plant health, their combined application was superior to using any of these
formulations alone. Sharma et al., evaluated six different fungicides against
S. sclerotiorum under in vitro conditions and tested their efficacy in controlling
Sclerotinia rot in pot conditions [18-20]. Carbendazim and the consortium
formulation of carbendazim 12%+mancozeb 63% were significantly superior
to the other fungicides in inhibiting the mycelial growth of the pathogen
and controlling Sclerotinia rot, achieving 100% growth inhibition at a lower
concentration (50 ppm) and 73.94% and 67.57% control of rot incidence
when applied as a seed treatment (2 g/kg) and foliar spray (0.1% and 0.2%
solution), respectively. Propiconazole was the next most effective, providing
67.41% inhibition of growth at the lowest concentration (50 ppm) and
61.21% protection against rot incidence when applied as a seed treatment (2
ml/kg) and foliar spray (0.1%).

CONCLUSION

Chickpea is an annual legume crop legume crop cultivated in temperate and
subtropical regions. It is a member of the Fabaceae family. Among various

AGBIR Vol.40 No.05 September 2024

diseases, Sclerotinia rot, also known as stem rot or white mold, caused by
Sclerotinia sclerotiorum (Lib.) de Bary, is one of the most significant. This
disease is highly pathogenic under favorable conditions and produces
sclerotia that can endure adverse conditions, making it a highly successful
pathogen. It causes substantial yield losses, especially in cool and moist areas
conducive to its development. The fungus's explosive pathogenicity and the
resilience of its sclerotia contribute to its success as a pathogen. Due to its
strict soil-borne nature and wide host range, managing this disease through
host resistance or chemical management alone is challenging. Fungicides are
commonly used to control plant diseases, but they pose environmental and
health risks and can lead to environmental hazards. Therefore, integrated
disease management using both bio-agents and fungicides is the best
alternative.

REFERENCES

1. Wallace TC, Murray R, Zelman KM. The nutritional value and health
benefits of chickpeas and hummus. Nutri. 2016;8(12):766.

2. Prasad R. Textbook of Field Crops Production. 2002.

3. Merga B, Haji J. Economic importance of chickpea: Production, value and

world trade. Cogent Food Agric. 2019;5(1):1615718.

4. Nene YL, Sheila VK. A world list of chickpea and pigeon pea pathogens.
Int Crop Res. 1996;5:1-27.

5. Nene YL, Sheila VK, Sharma SB. A world list of chickpea (Cicer arietinum
L.) and pigeon pea (Cajanus cajan (L.) Millsp.) pathogens. Agric Food
Sci1996;1996;568-572.

6. Pandey P, Kumar R, Mishra P. Studies on pathogenic behaviour and
carpogenic germination of sclerotia of Sclerotinia sclerotiorum causing stem

rot of chickpea. ] Mycol Pl Pathol. 2010;90(2):192-196.

7. Sharma SK, Verma BR, Sharma BK. Biocontrol of Sclerotinia sclerotiorum

1320


https://www.mdpi.com/2072-6643/8/12/766
https://www.mdpi.com/2072-6643/8/12/766
https://www.cabidigitallibrary.org/doi/full/10.5555/20043005056
https://www.tandfonline.com/doi/full/10.1080/23311932.2019.1615718
https://www.tandfonline.com/doi/full/10.1080/23311932.2019.1615718
https://oar.icrisat.org/9639/
https://www.cabidigitallibrary.org/doi/full/10.5555/19851305587
https://www.cabidigitallibrary.org/doi/full/10.5555/19851305587
https://www.researchgate.net/profile/Ravinder-Kumar-12/publication/271079534_Studies_on_Pathogenic_Behaviour_and_Carpogenic_Germination_of_Sclerotia_of_Sclerotinia_sclerotiorum_Causing_Stem_Rot_of_Chickpea/links/54bdeba70cf218da9391d124/Studies-on-Pathogenic-Behaviour-and-Carpogenic-Germination-of-Sclerotia-of-Sclerotinia-sclerotiorum-Causing-Stem-Rot-of-Chickpea.pdf
https://www.researchgate.net/profile/Ravinder-Kumar-12/publication/271079534_Studies_on_Pathogenic_Behaviour_and_Carpogenic_Germination_of_Sclerotia_of_Sclerotinia_sclerotiorum_Causing_Stem_Rot_of_Chickpea/links/54bdeba70cf218da9391d124/Studies-on-Pathogenic-Behaviour-and-Carpogenic-Germination-of-Sclerotia-of-Sclerotinia-sclerotiorum-Causing-Stem-Rot-of-Chickpea.pdf
https://www.researchgate.net/profile/Ravinder-Kumar-12/publication/271079534_Studies_on_Pathogenic_Behaviour_and_Carpogenic_Germination_of_Sclerotia_of_Sclerotinia_sclerotiorum_Causing_Stem_Rot_of_Chickpea/links/54bdeba70cf218da9391d124/Studies-on-Pathogenic-Behaviour-and-Carpogenic-Germination-of-Sclerotia-of-Sclerotinia-sclerotiorum-Causing-Stem-Rot-of-Chickpea.pdf
https://epubs.icar.org.in/index.php/IPPJ/article/view/19450

Kumar V

10.

11.

12.

13.

14.

1321

causing stem rot of chickpea. Indian Phytopathol. 1999;52(1):44-46.

Kumar V. Progression of bacterial blight disease (Xanthomonas axonopodis
pv. cyamopsidis) of cluster bean relation to weather parameters. AGBIR.

2024;40(2):1018-1020.

Purdy L. Sclerotinia sclerotiorum: History, diseases and symptomatology, host
range, geographic distribution and impact. Phytopathol. 1979;69(8):875-
880.

Mandal AK, Dubey SC, Tripathi A. Bio-agent based integrated management
strategy against stem rot for chickpea. Indian Phytopath. 2015;68:402-409.

Sharma SK. Management of the Stem Rot of Gram Caused by Sclerotinia
sclerotiorum (Lib) de Bary. 1995.

Kumawat BL. Studies on Epidemiology and Management of Sclerotinia
rot of Chickpea (Cicer arietinum L. O Incited by Sclerotinia sclerotiorum (Lib.)
de Bary. 1999.

Sarita SB, Singh S. Enhancing tomato wilt resistance through organic soil
amendments: A comprehensive study on the impact of various treatments.

AGBIR. 2024;40(1):846-849.

Sarita, Kumar S. Bio-control emerges as a novel and environmentally

15.

16.

17.

18.

19.

20.

sustainable method for mitigating soilborne plant pathogens. AGBIR.
2024;40(2):1013-1017.

Jadesha G, Sharma M, Reddy N. Management of Phytophthora blight of
pigeon pea using Trichoderma asperellum and a chemical fungicide. ] Mycol

Pl Pathol. 2019;49(2):192-203.

Fisher RA, Yates F. Statistical Tables for Biological, Agricultural and
Medical Research, Edited by Ra Fisher and F. Yates. 1963.

Pandey P, Kumar R, Mishra P. Integrated approach for the management of
Sclerotinia sclerotiorum (Lib.) de Bary, causing stem rot of chickpea. Indian

Phytopathol. 2011;64(1):37.

Sharma D, Sharma RN, Kumar V, et al. Management of sclerotinia rot of
chickpea incited by Sclerotinia sclerotiorum (Lib.) de Bary. ] Food Legumes.
2022;35(4):246-250.

Sarita, Bhandari S, Kumar R. The impact of Trichoderma isolates on
seed germination, vigor index and health of chilli cultivars. AGBIR.
2024;40(1):762-766.

Soni RK, Modi G. Harnessing silicon to bolster plant resilience against

biotic and abiotic stresses. AGBIR. 2024;40(3):1030-1032.

AGBIR Vo0l.40 No.05 September 2024


https://www.abrinternationaljournal.org/articles/biocontrol-emerges-as-a-novel-and-environmentally-sustainable-method-for-mitigating-soilborne-plant-pathogens-107423.html
https://www.cabidigitallibrary.org/doi/full/10.5555/20230149027
https://www.cabidigitallibrary.org/doi/full/10.5555/20230149027
https://digital.library.adelaide.edu.au/dspace/bitstream/2440/10701/1/stat_tab.pdf
https://digital.library.adelaide.edu.au/dspace/bitstream/2440/10701/1/stat_tab.pdf
https://www.researchgate.net/profile/Ravinder-Kumar-12/publication/271079626_Integrated_approach_for_the_management_of_Sclerotinia_sclerotiorum_Lib_de_Bary_causing_stem_rot_of_chickpea/links/54bdee750cf218da9391d148/Integrated-approach-for-the-management-of-Sclerotinia-sclerotiorum-Lib-de-Bary-causing-stem-rot-of-chickpea.pdf
https://www.researchgate.net/profile/Ravinder-Kumar-12/publication/271079626_Integrated_approach_for_the_management_of_Sclerotinia_sclerotiorum_Lib_de_Bary_causing_stem_rot_of_chickpea/links/54bdee750cf218da9391d148/Integrated-approach-for-the-management-of-Sclerotinia-sclerotiorum-Lib-de-Bary-causing-stem-rot-of-chickpea.pdf
https://www.indianjournals.com/ijor.aspx?target=ijor:jfl&volume=35&issue=4&article=004
https://www.indianjournals.com/ijor.aspx?target=ijor:jfl&volume=35&issue=4&article=004
https://www.abrinternationaljournal.org/articles/the-impact-of-itrichodermai-isolates-on-seed-germination-vigor-index-and-health-of-chilli-cultivars.pdf
https://www.abrinternationaljournal.org/articles/the-impact-of-itrichodermai-isolates-on-seed-germination-vigor-index-and-health-of-chilli-cultivars.pdf
https://www.researchgate.net/profile/Gajanand-Modi/publication/381854316_Harnessing_silicon_to_bolster_plant_resilience_against_biotic_and_abiotic_stresses/links/66827c76714e0b0315387e5b/Harnessing-silicon-to-bolster-plant-resilience-against-biotic-and-abiotic-stresses.pdf
https://www.researchgate.net/profile/Gajanand-Modi/publication/381854316_Harnessing_silicon_to_bolster_plant_resilience_against_biotic_and_abiotic_stresses/links/66827c76714e0b0315387e5b/Harnessing-silicon-to-bolster-plant-resilience-against-biotic-and-abiotic-stresses.pdf
https://epubs.icar.org.in/index.php/IPPJ/article/view/19450
https://www.abrinternationaljournal.org/articles/progression-of-bacterial-blight-disease-ixanthomonas-axonopodis-pv-cyamopsidisi-of-clusterbean-relation-to-weather-parameters-107422.html
https://www.abrinternationaljournal.org/articles/progression-of-bacterial-blight-disease-ixanthomonas-axonopodis-pv-cyamopsidisi-of-clusterbean-relation-to-weather-parameters-107422.html
https://www.apsnet.org/publications/phytopathology/backissues/Documents/1979Articles/Phyto69n08_875.pdf
https://www.apsnet.org/publications/phytopathology/backissues/Documents/1979Articles/Phyto69n08_875.pdf
https://epubs.icar.org.in/index.php/IPPJ/article/view/54619
https://epubs.icar.org.in/index.php/IPPJ/article/view/54619
https://krishikosh.egranth.ac.in/items/bbf2a8f5-ae14-458d-bea9-79438aa3e571
https://krishikosh.egranth.ac.in/items/bbf2a8f5-ae14-458d-bea9-79438aa3e571
https://krishikosh.egranth.ac.in/items/d5def6fa-e509-4405-bc36-12eb4660b65c
https://krishikosh.egranth.ac.in/items/d5def6fa-e509-4405-bc36-12eb4660b65c
https://krishikosh.egranth.ac.in/items/d5def6fa-e509-4405-bc36-12eb4660b65c
https://www.researchgate.net/profile/Sarita-Jangra-3/publication/382182112_Enhancing_tomato_wilt_resistance_through_organic_soil_amendments_A_comprehensive_study_on_the_impact_of_various_treatments/links/6690fffe3e0edb1e0fdd7384/Enhancing-tomato-wilt-resistance-through-organic-soil-amendments-A-comprehensive-study-on-the-impact-of-various-treatments.pdf
https://www.researchgate.net/profile/Sarita-Jangra-3/publication/382182112_Enhancing_tomato_wilt_resistance_through_organic_soil_amendments_A_comprehensive_study_on_the_impact_of_various_treatments/links/6690fffe3e0edb1e0fdd7384/Enhancing-tomato-wilt-resistance-through-organic-soil-amendments-A-comprehensive-study-on-the-impact-of-various-treatments.pdf
https://www.abrinternationaljournal.org/articles/biocontrol-emerges-as-a-novel-and-environmentally-sustainable-method-for-mitigating-soilborne-plant-pathogens-107423.html

REVIEW ARTICLE

Use of biofertilizers in modern agriculture

Lalita Vermat, Vijay Kumar?*

Verma L, Kumar V. Use of biofertilizers in modern agriculture.
AGBIR.2024;40(4):1191-1193.

The fertilizer production in our country is less than the required amount.
To fill this gap, alternate sources of nutrients have to be looked for. Organic
wastes and biofertilizers are the alternate sources to meet the nutrient
requirement of crops and mitigating nutrient deficiencies. Further, knowing
the harmful effect of using only the chemical fertilizers on soil health, use of
chemical fertilizer along with compost and biofertilizers is required which will
help to maintain soil health and productivity. With the introduction of green

revolution technologies, the modern agriculture is getting more and more
dependent upon the steady supply of synthetic inputs (mainly fertilizers).
Adverse effects are being noticed due to the excessive and imbalanced use of
these synthetic inputs. This situation leads to identifying harmless inputs like
biofertilizers whom use in crop cultivation will help in safeguarding the soil
health and also the quality of crop products.

Key Words: Biofertilizers; Rhizobiu; Phosphate solubilizing bacteria; Potassium
mobilizing bacteria; Silicon solubilizing bacteria

INTRODUCTION

iofertilizers are the products containing one or more species of

microorganisms which have the capacity to mobilize nutritionally
important elements from non-usable to usable form through biological
processes such as nitrogen fixation, phosphate solubilization, excretion of
plant growth promoting substances or cellulose and lignin biodegradation
in soil, compost and other environments. These microorganisms, which may
include bacteria, fungi or algae, carry out a variety of biological processes
that are significant for enhancing soil fertility and plant growth. One of
the most significant advantages of biofertilizers is that they are completely
harmless to the environment. Unlike chemical fertilizers, which can cause
pollution and long-term soil degradation, biofertilizers are natural, non-toxic
and sustainable. They contribute to a reduction in the need for synthetic
fertilizers, which in turn lowers the risk of groundwater contamination, soil
acidification and the depletion of essential soil microorganisms. Moreover,
biofertilizers are low-cost renewable agricultural inputs. By improving the
availability of nutrients in the soil, biofertilizers support healthier plant
growth, higher crop yields and better-quality produce. They play a significant
role in improving nutrient availability in plants. They are recognized as a
components of integrated plant nutrient supply system [1].

A crop nutrient management plan is a tool that can increase the efficiency
of all the nutrient. Nitrogen promotes the vegetative growth and increase
protein content in the crop. Phosphorus enhances the activity of rhizobia,
increase the formation of root nodules, stimulates early root development,
helps in fixing more atmospheric nitrogen and aids in grain formation
when applied to legumes. It also improves the crop quality and resistance
to disease. Potassium also plays a major role in the transport of water and
nutrients for whole of the plant in the xylem. In general, sulphur is required
for the synthesis of vitamins and promotes nodulation in legumes. Sulphur is
known to play an inevitable and imperative role in sulphur containing amino
acids i.e., cysteine, cystine and methionine, vitamin and protein synthesis.
The need of nitrogen, phosphorus, potassium and sulphur are determined
by the crop [2]. Biofertilizers help in the maintenance or adjustment of plant
nutrient supply to an optimum level for sustaining desired crop productivity
and soil fertility.

In sandy soils of semi-arid regions, drought stress and lack of nutrients
(mainly nitrogen and phosphorus) are considered as the main production
constraints. Therefore, guar is expected to fit very well in this region as an
important drought tolerant cash crop and soil-building crop, with respect
to available nitrogen through nitrogen fixation to maintain soil fertility and
sustainable productivity [3].

LITERATURE REVIEW

Liquid biofertilizers are liquid formulations have the dormant form of
desirable micro-organisms and their nutrients together with the substances
that encourage formation of resting spores or cysts for longer shelf life and
tolerance to unfavorable conditions. The dormant form of reaching the soil,
germinate to create the fresh batch of active cells. These cells developed and
multiply by utilizing the carbon source in the soil or from root exudates.
A lot of work done on carrier-based biofertilizers in the context of organic
food production. In view of the advantages of liquid biofertilizers over
carrier based formulations, research has now been started on the production
and testing of liquid biofertilizers. Consequently, liquid biofertilizers are
specifically formulated solution that contains beneficial micro-organism
which improves nutrient uptake by converting it in soluble form, increase soil
fertility, produces plant growth promoting substances and plant hormones
thereby reduces chemical fertilizer usage up to 20%-30% [4]. Fungi, bacteria
and Cyanobacteria are the main source of bioferlizers. Fungi are non-green
microorganisms; aside from making phosphorus available in the soil for
plant uptake, they help to aggregate the soil structure. Cyanobacteria are
symbiotically associated with Azolla and also known as blue-green algae.
Species of blue green algae are Nostoc and Anabaena. Examples of fungal
biofertilizers are Mycorrhiza, Fusarium species and Penicillum species. Examples
of bacterial biofertilizers are Azotobacter, Azospirillum, Clostridium, Rhizobium
etc. A combination of biological and chemical sources of nitrogen are
cheaper and impressive way of increasing production under limited resources
[5]. Biofertlizers are applied as grain treatment or applied in the soil.
Biofertilizers in liquid formulation are easy to handle and applied at 3-5 ml/
kg grain just before sowing. Soil applied biofertiizers are mixed in compost
or farm yard manure and kept it for overnight and then incorporated in
soil just before sowing. Now a days in addition to Nitrogen (N), Phosphorus
(P) and Potassium (K) fixing biofertilizer, liquid bifertilizers for sulphur,
zinc and manganese are also available. These liquid biofertilizers are easy to
handle and cost effective [6]. In India, biofertilizers are available for almost
all crops. Hence, total consumption of biofertilizer is expected to increase too
many fold in coming years. Various Agricultural State Universities and non-
Government Organizations are engaged in mass production of biofertilizers
[7-9]. Largest producing states are Madhya Pradesh, Maharashtra, Karnataka
and Tamilnadu. The biofertilizer demand in India is several thousand tones,

but no sufficient production facilities are available.

Characteristics of liquid biofertilizers

Dormant microorganisms: In their dormant state, these microorganisms can
survive in the liquid formulation and remain viable until they are introduced
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into the soil. Upon reaching the soil, they reawaken, germinate and multiply,
utilizing available carbon sources from the soil or root exudates to become
active.

Extended shelf life: Liquid biofertilizers typically have a shelf life of 12 to 24
months, which is significantly longer than that of traditional carrier-based
biofertilizers. This extended shelf life is due to the dormant state of the
microorganisms and the formulation's stability.

Temperature tolerance: They can withstand higher temperatures up to 45°C
without losing their efficacy, which is not the case for many carrier-based
products.

Low contamination risk: The liquid format minimizes the chances of
contamination compared to carrier-based biofertilizers.

High population density: Liquid biofertilizers can maintain high populations
of beneficial microorganisms, often exceeding 10” cells per unit, ensuring
effective inoculation and impact.

Reduced dosage: The required dosage for liquid biofertilizers is about ten
times less than that of carrier-based inoculants, making them more efficient
and cost-effective.

Quick quality control: The liquid formulation simplifies quality control

procedures, making it easier to ensure product consistency and effectiveness.

Seed treatment

Nitrogenous biofertilizers: Apply at 200 gm/ 10 kg seeds.
Phosphatic biofertilizers: Apply at 200 gm/ 10 kg seeds.

Liquid biofertilizer: Dip seeds in a solution of 3 ml of liquid biofertilizer
per liter of water.

Soil treatment

4 kg each of the recommended biofertilizers are mixed in 200 kg of compost
and kept overnight. This mixture is incorporated in the soil at the time of

sowing or planting.
DISCUSSION

Challenges of biofertilizers development and use

Biofertilizers represent a biological approach aimed at the sustainable
intensification of agriculture, offering an eco-friendly alternative to synthetic
fertilizers. Despite their potential benefits, several challenges hinder their
widespread application and effectiveness in boosting agricultural yields.

Variable performance under field conditions: Biofertilizers are highly
sensitive to both biotic and abiotic stresses. While they may demonstrate
promising results in laboratory and greenhouse settings, their performance
often varies significantly in actual field conditions. Crops are grown in
diverse environments with varying temperatures, rainfall, soil types, soil
biodiversity and crop varieties. These environmental variations can lead
to inconsistencies in the efficacy of biofertilizers, making it challenging to
ensure reliable results across different settings.

Slower action compared to synthetic fertilizers: Biofertilizers generally act
more slowly than synthetic fertilizers. The inoculum in biofertilizers needs

time to establish itself, build up its population and effectively colonize plant
roots. This delayed action can impact their adoption among farmers who may
be accustomed to the immediate results provided by synthetic alternatives.

Need for field-specific research: To address these challenges, it is essential
to select potential biofertilizer isolates based on their performance under
various field conditions. This involves testing them across multiple crops, soil
types and environmental conditions to identify those that offer consistent
benefits. Biofertilizers should ideally complement rather than completely
replace synthetic fertilizers, helping to reduce their usage and associated
environmental impacts.

Shelf life and storage issues: Biofertilizers contain live microbial cells, which
pose challenges related to shelf life and storage. Typically, they have a short
shelf life of around six months when stored at 20°C-25°C. This necessitates
careful handling, transportation and storage to maintain their viability,
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which can increase product costs and limit availability, especially in remote
rural areas.

Regulatory _and _standardization _barriers: The development and
commercialization of biofertilizers face regulatory hurdles, including
difficulties in product registration and patenting. One major issue is the
lack of standardized legal and regulatory definitions for terms such as “plant
biofertilizer” or “plant biostimulant”. This absence of a globally coordinated
regulatory framework creates inconsistencies and barriers to market entry,
complicating the commercialization process [10-12].

Future prospects of biofertilizers

There is a growing demand for agricultural goods produced in a sustainable
manner; therefore, the use of ecofriendly inputs for food production, such as
biofertilizers, will have a significant increase in the coming years. The global
market of biofertilizers is expected to increase from 2.3 billion US dollar in
2020 to 3.9 billion in 2025. The increase in the market value will be supported
by government agencies and industry to create awareness among farmers and
consumers about the benefits of the use of biofertilizers, in concordance with
the development sustainable goal 12 proposed by FAO: “ensure sustainable
consumption and production patterns. The role of metagenomics to have a
better understanding of microbial communities associated with rhizosphere
is a growing field of research and it will continue to increase. Plant rhizosphere
is colonized by a large number of microorganisms and this results in a huge
number of microbial genes that interact with plant genes. However, more
elaborated research has to be conducted, such as meta transcriptomic and
meta proteomics and their relation with plant growth. The results of the
omics must be translated into the field to have better agronomic practices

and new biofertilizer formulations.

CONCLUSION

In conclusion, the increasing reliance on chemical fertilizers in modern
agriculture has raised significant concerns regarding soil health,
environmental impact and the long-term sustainability of farming practices.
To reduce this, the integration of biofertilizers, which are eco-friendly
and renewable, offers a potential solution. Biofertilizers, derived from
naturally occurring microorganisms, contribute to maintaining soil fertility,
promoting healthier crop growth and reducing the negative environmental
effects linked to synthetic fertilizers. Despite challenges such as variability
in field performance, slower nutrient release and regulatory hurdles exist,
the potential of biofertilizers remains positive. The growth will be supported
by ongoing research and technological advancements that aim to improve
the efficiency and reliability of biofertilizers. By harnessing the benefits of
biofertilizers and overcoming existing challenges, they can play a pivotal role
in sustainable crop production, soil health preservation and environmental
protection, making them an indispensable component of future agricultural

strategies.
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Maize (Zea mays L) is one of the most versatile emerging crops having wider
adaptability under varied agro-climatic conditions and successful cultivation
in diverse seasons and ecologies for various purposes. Globally, maize is
known as “Queen” of cereals because it has the highest genetic yield potential
among the cereals. Maize is also known as Drosophila of crops. It efficiently
utilizes solar energy and has immense potential for higher yield, so called as

“Miracle crop”. Maize ranks third in India in terms of production among
cereals, among the three major fertilizers, nitrogen, phosphate and potassium,
application of nitrogenous fertilizers is the maximum. It is reported that
China, India and Pakistan together consume approximately 70% of nitrogen
fertilizer consumed globally. These figures of nitrogen fertilizer consumption
point towards emerging environmental pollution issues.

Key Words: Leaf colour chart; Maize; Nitrogen use efficiency; Split application

INTRODUCTION

In this study, Nitrogen (N) application to maize tended to improve
vegetative growth. The response to nitrogen increased as level of nitrogen
applied increased. Thus it is feasible to recommend nitrogen application to
maize under similar conditions. In our survey area, the main fertilizer used at
seeding is Diammonium Phosphate (DAP) and the main topdressing fertilizer
is nitrogen, including predominant use of urea and ammonium bicarbonate.
Potassium fertilizer application has been largely ignored on grain crops. Urea
and other nitrogenous fertilizers are the need of the hour due to increased
population and nutritional demand, but not at the cost of environmental
health and life of living organisms. The blind use of nitrogenous fertilizers
is only due to lack of scientific knowledge and awareness, poor management
practices, greediness and illiteracy among farmers [1].

In case of semi-arid regions, due to high accumulation of soil NO N were
indicated the leaching losses by the excessive nitrogen applications and
residual soil NON contents after harvest and apparent nitrogen losses
markedly increased with increased nitrogen fertilizer rate. Excessive use of
nitrogenous fertilizers and other chemical fertilizers affect these invaluable
soil microflorae and the result is unproductive land with less or no water
holding capacity increases tissue succulence in crop plants and make them
susceptible to diseases and pests. The increased condition succulence of plant
tissues helps in pests and pathogens entry and multiplication easier therefore
increasing the susceptibility. The nutrients lost by runoff and leaching due
to excessive application of chemical fertilizers also adds to environmental
pollution. This excess nitrogen reaches water bodies destroying flora and
fauna and causes many deadly diseases to human beings and water and air
contaminated [2].

LITERATURE REVIEW

In recent years concern has grown over the contribution of Nitrogen (N)
fertilizers to the environmental problems of nitrate pollution of waters and
the pollution of the atmosphere with nitrous oxide, other oxides of nitrogen
and ammonia. considering of these concerns, proposals to mitigate these
problems have been considered and others will be advancing. When they
have been used in high amounts, fertilizers and animal manures have created
problems of nitrate pollution. Nitrous oxide (N,0) is a greenhouse gas and
may also contribute to the destruction of the stratospheric ozone when it
is converted to nitric oxide. N,O is primarily produced in the biological
processes of nitrification and denitrification. Nitric oxide and nitrogen
dioxide are also produced in biological processes and are important in
atmospheric reactions in the troposphere and stratosphere. There is little

indication that nitrogen fertilizers contribute very much to the production
of nitrous oxide.

More research is needed to characterize and measure the emissions of
the oxides of nitrogen and ammonia and to make better estimates of
global emissions based on process-related models. More efforts to increase
the efficiency of nitrogen fertilizer use through modifications or use of
inhibitors of biological processes as well as better management of rates,
timing and incorporation are needed to ensure increased food production
while conserving natural resources. Different agronomic options are being
recommended which make a way of precision application of nitrogen by
using split application at different stage of crop cycle.

Further leaf colour chart and Normalized Difference in Vegetative Index
(NDVI) and pursue usefulness for real time nitrogen management by
matching time of fertilizer application with maize plant need. Leaf Color
Chart (LCC) for maize is under development and being standardized for
a number of varieties by Punjab Agricultural University (semi-arid region),
Ludhiana. By matching the leaf color of their crop from 10-12 randomized
sites in their field (by passing the diseased plants) with the color of chart;
farmers can find the required dose of fertilizers application at specific site
or plant. By using standard leaf color chart we can predict the amount of
nitrogen required in the field or the individual plant [3]. This will have a
check on the undue use of urea in the field.

Recent methods of application like fertigation would help in increasing
the nutrient use efficiency along with reducing the losses. Fertigation is a
method of fertilizer application in which fertilizer is incorporated within
the irrigation water by the drip system. In this system fertilizer solution is
distributed evenly in irrigation. The availability of nutrients is very high
therefore the efficiency is more. In this method liquid fertilizer as well as
water soluble fertilizers are used. By this method, fertilizer use efficiency
is increased from 80%-90%. Practicing fertigation is beneficial to farmers
in timely and site specific application of nutrients. Application of exact
quantity of fertilizers according to soil nutrient status based on soil tests will
not only result in proper supply of deficient nutrient elements essential for
profitable crop production but also saves cost by supply of precise amount of
nutrients as per the nutrient supplying capacity of the soil. New schemes like
soil health cards (launched in February, 2015) by the government of India to
improve the soil health of the individual farmer’s land. Advice on handling
particular kinds of soil are then handed over in form of soil health cards to
the farmers to serve as a guiding tool to apply fertilizers for various crops.
Mobile van soil testing facility is also available under the scheme [4].

"Department of Agronomy, Rajasthan Agricultural Research Institute, Jaipur, Rajasthan, India;?School of Agriculture, RNB Global University, Bikaner, Rajasthan, India

Correspondence: Vijay Kumar, School of Agriculture, RNB Global University, Bikaner, Rajasthan, India, Email: vijay. kumar@rbglobal.edu.in

Received: 24-Jun-2024, Manuscript No. AGBIR-24-139691; Editor assigned: 26-Jun-2024, Pre QC No. AGBIR-24-139691 (PQ); Reviewed: 11-Jul-2024, QC No.
AGBIR-24-139691; Revised: 18-Jul-2024, Manuscript No. AGBIR-24-139691 (R); Published: 25-Jul-2024, DOI:10.35248,/0970-1907.24.40.1188-1190

OPEN aACCESS

This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://
creativecommons.org/licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is
properly cited and the reuse is restricted to noncommercial purposes. For commercial reuse, contact reprints@pulsus.com

AGBIR Vol.40 No.04 Jul 2024

1188



Vermal L, et al.

Split Nitrogen (N) fertilizer applications can play an important role
in a nutrient management strategy that is productive, profitable and
environmentally responsible. Dividing total nitrogen application into two
or more treatments can help growers enhance nutrient efficiency, promote
optimum yields and mitigate the loss of nutrients. Study in Marathwada
region have shown that splitting of total recommended nitrogen into three
equal proportions and applying as basal, 30 Days After Sowing (DAS) and at
60 DAS found to produce highest yield attributes along with high Nitrogen
Use Efficiency (NUE) and observed that band placement of the fertilizer
showed the better results, instead of other methods. Band placement reduce
the denitrification, volatilization and leaching losses. By more specifically
synchronizing nitrogen supply with a plant’s ability to utilize nutrients, split
application can be an important component of 4R nutrient stewardship-right
source, right rate, right time and right place. Depending on soil type, climate,
agronomic practices and other factors, nitrogen fertilizer can be vulnerable
to loss. Denitrification, leaching and volatilization impose costs that include
lost productivity and negative environmental impact. Split-applying nitrogen
fertilizer is one way to confront these challenges. When a crop’s total nitrogen
requirement is supplied with a single pre-plant or at planting application,
most of the nitrogen must wait for the target crop’s future needs and that
means the window for potential loss remains open longer. By postponing
a portion of the nitrogen treatment until the crop is better able to utilize
the nutrient, plants take up the nitrogen more quickly and efficiently. That
means growers get more from their fertilizer investment and fertilizer losses
that can contribute to environmental concerns are lessened [5].

DISCUSSION
Enhanced nitrogen efficiency with split applications

Agriculture faces the daunting challenge of meeting food, forage and fiber
needs in a manner that is both environmentally and economically sustainable
while striving to increase productivity with more efficient use of resources.
Fertilizer is an integral part of this quest and the adoption of research-based
Best Management Practices (BMPs), such as split fertilizer application,
reward farmers and consumers alike. To “split-apply” nitrogen, growers make
two or more fertilizer applications during the growing season rather than
providing all of the crop’s nitrogen requirements with a single treatment
prior to or at planting. When all of the nitrogen is supplied ahead of crop
growth, more of that nitrogen is susceptible to denitrification, leaching or
volatilization. Different growing environments pose different potential
nitrogen loss conditions nitrogen leaching beyond the root zone for instance,
is most likely in lighter textured soils not inhibited by a clay layer but almost
all growers face the possibility of losing some of the nitrogen they apply. By
splitting the nitrogen application and put a portion on later, almost all of
that second application will be taken up by the plant [6].

Consider split application crop-by-crop

Split application offers efficacy benefits on a wide range of crops and
forages but its management must be considered on a crop-by-crop basis.
The timing of postplanting nitrogen applications is especially critical.
The target species must be immature and growing to provide time for the
nitrogen to be absorbed and metabolized in order to have the most efficient
yield or quality impact. In the case of corn, for instance, all of the nitrogen
should be delivered to the plant before ears are set. All crops however, have
different nutrient requirements. Because of a need for continuous, in-season
production, forages especially benefit from split-applying nitrogen.

Source and placement important

As in all fertilization strategies, source, rate, time and place should be the
foundation of split fertilization decisions. Although various forms of nitrogen
granular, liquid and anhydrous can be utilized in a split application scenario,
their placement is critical. Anhydrous for example, can be used on row
crops but should be injected into the soil and therefore, protected from loss.
Urea spread over the top for the second in-season application is vulnerable
to surface volatilization. Just like the crops they nourish, different nitrogen
sources have different characteristics. Ammonium forms are less likely to
emit Greenhouse Gases (GHG) and are less vulnerable to denitrification
than are nitrate fertilizers. Preferably, urea-containing fertilizers should be
applied when soil incorporation by rainfall or irrigation is likely within
24-48 hours, or incorporated by tillage. This is especially important in
environments favorable to ammonia volatilization.
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Better yields, less nitrogen loss

We get a lot of denitrification in our area and if we don’t use the nitrogen,
we lose it. By putting nitrogen on when the plant can fully utilize it, we get
better efficiency and we see better yields. When that corn plant is about
10-12 inches tall, it’s at a stage that it’s really ready to charge. It’s really
ready to take advantage of the nitrogen and it’s going to use it up. The first
split application is applied, in the form of anhydrous, as close to planting
as possible in order to minimize nitrogen losses. A starter is used through
the planter and the application at 10-12 inches provides the final boost for
optimum yields.

Use research-based recommendations

Splitapplicationshould notexceed total test-based nitrogen recommendations.
While splitapplying nitrogen can enhance efficiency, it does not change
what the plant needs and should not be used to exceed recommendations.
Split fertilizer application can be an important part of a successful nutrient
management program and can help growers achieve 4R concept. Farmers
should consult local or regional agronomic research to identify the Best
Management Practices (BMPs) involved with split application as well as its
specific use and benefits for the crops they grow. Hence farmers are guided
by own wisdom and practices of fellow farmers when it came to application
manures and pesticides. They often have no idea what is the soils inherent
capacity to supply nutrients and at what it is deficient in and often end up
following the wrong practices. Hence, it is very essential to have knowledge
on economic and efficient use of nitrogenous fertilizers so that many adverse
effects of excess nitrogen usage on living organisms may be avoided without
compromising on yield. A large number of new technologies have evolved
and are continuously being used in educating farmers on economic use of
nitrogen fertilizers and some of these tools and techniques are discussed
below for the benefits of farmers. In advance more research work including
breeding and technical aspect is required for sustainable maize production
with efficient nitrogen management without degradation of environmental
components. Plant breeding can be a powerful tool to bring “harmony”
between agriculture and the environment, but partnerships and cooperation
are needed to make this a reality. The opportunities to improve nitrogen
management as producing more efficient plants and more efficient
management [7-9].

Research is needed to better understand and manage microbial mediated
processes, e.g. the manipulation of Microbial Inoculant Technology (MIT)
and dissimilatory nitrate reduction to ammonia to reduce denitrification and
conserve nitrogen. Sensors to measure real-time nutrient availability driving
multi-nutrient decision support systems linked to precision application
would improve nutrient use in conventional farming and plant breeding for
NUE, especially for better root distribution and nutrient uptake rather than
just yield, would benefit all farm systems. Nutrient management on farms
is under the control of the land manger, the most effective of whom will
already use various decision supports for calculating rates of application to
achieve various production targets. Increasingly, land managers will need to
conform to good practice to achieve production targets and to conform to
environmental targets if they are to achieve the objective of sustainable farm
systems. follow the balanced nutrition practices and applying the proper rate
of nitrogen has a greater influence on drainage water nitrate losses than any
other nitrogen management factor including application timing, placement,
source or nitrification inhibitors. Many studies show drainage nitrate
concentration and loading decrease as nitrogen fertilization rate decreases
and improving the nutrient management by the strategic approaches,
precision farming and nitrification inhibitors [10].

CONCLUSION

In conclusion, Maize (Zea mays L) is a highly adaptable and productive crop
with significant genetic yield potential, making it a key player in global cereal
production. However, the extensive use of nitrogen fertilizers, particularly in
countries like China, India and Pakistan, raises significant environmental
risks, including water pollution and greenhouse gas emissions. This study
underscores the importance of optimizing nitrogen use through split
applications and precision methods to enhance NUE while mitigating
adverse environmental impacts. Split nitrogen application, when timed
appropriately, can maximize nutrient uptake and reduce losses through
denitrification, volatilization and leaching. Incorporating tools like the
LCC and adopting advanced techniques such as fertigation can further
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improve nutrient management. Additionally, research into MIT and real-
time nutrient sensors can provide valuable insights and support precision
agriculture practices. Effective nutrient management ensures higher yields
while protecting environmental health, aligning agricultural productivity
with ecological stewardship.
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Enhancing soil fertility, yield and quality in green gram (Vigna radiata L.
Wilczek) through integrated nutrient management
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A field experiment was conducted at on clay loam soil. The experiment
was laid out according to factorial randomized block design with three
replications. The experiment comprised four fertility levels (75%
Recommended Dose of Fertilizers (RDF), 75% RDF+Vermicompost (VC) at
2 t ha'!, 100% RDF and 100% RDF+VC at 2 t ha') and four biofertiliizers
levels (control, Rhizobium, Phosphate Solubilizing Bacteria (PSB) and
Rhizobium+PSB) were applied to the green gram variety SML-668. The RDF
was 20 kg Nitrogen (N,) and 40 kg Phosphorus Pentoxide (P,O,) per hectare.
The soil of the experimental site was clay loam in texture, slightly alkaline
in reaction, medium in available nitrogen and phosphorus, while high in
potassium and Diethylene Triamine Pentaacetic Acid (DTPA) extractable
micronutrients sufficiently above the critical limits. The main findings of
investigation are summarized as: The application of fertility level significantly
increased the dry matter accumulation, number of pods per plant, number
of seeds per pod, chlorophyll content, seed and haulm yields, nitrogen,
phosphorus, potassium, copper, zinc, iron and manganese content and
uptake in seed and haulm, protein content in seed, number of total and
effective root nodules, fresh and dry weight of root nodules, leghemoglobin
content in root nodules and net returns up to 75% RDF+VC at 2 t ha'
however, their further increase with application of 100% RDF+VC at 2 t ha'!

was non-significant. The increase in test weight was found non-significant.
The organic carbon, available nitrogen, phosphorus, potassium, copper,
zinc, iron and manganese in soil increased significantly with the application
of fertility levels at harvest of the crop, but Electrical Conductivity (EC)
and pH remain nonsignificant. Seed inoculation with Rhizobium+PSB
significantly increased the dry matter accumulation, number of pods per
plant, number of seeds per pod, chlorophyll content, seed and haulm
yields, nitrogen, phosphorus, potassium, copper, zinc, iron and manganese
content and uptake in seed and haulm, protein content in seed, number
of total and effective root nodules, fresh and dry weight of root nodules,
leghemoglobin content in root nodules and net returns and the test weight
and harvest index were found non-significant. The organic carbon, available
nitrogen, phosphorus, potassium, copper, zinc, iron and manganese in soil
significantly increased with inoculation of Rhizobium+PSB at harvest stage of
the crop, but EC and pH remain non-significant. The interactive effect of
fertility levels and biofertilizers significantly influenced the seed and haulm
yield, nitrogen, phosphorus, potassium uptake by seed and net returns and
maximum being with the application of 100% RDF+VC at 2 t ha' and
Rhizobium+PSB combination (F4B3), which was at par with 75% RDF+VC at
2 t ha' and Rhizobium+PSB combination (F,B.).

Key Words: Greengram; Integrated nutrient management; Fertility; Biofertilizer;
Rhizobium

INTRODUCTION

Green gram (Vigna radiate L. Wilczek) commonly known as mung bean
and golden gram, is one of the important kharif pulse crop. It ranks
third among all pulses grown in India after chickpea and pigeon pea. It is
quite versatile crop grown for seeds, green manure and forage; as mixed
or sole crop either on residual moisture of the previous crop or as a catch
crop to make use of the land left fallow between two main season crops. It
makes a good manure if incorporated into soil. Further, it enriches the soil
by atmospheric nitrogen fixation through root nodules. The crop gives such
a heavy vegetative growth and covers the ground so well that it checks the soil
erosion in problem areas and can later be ploughed down for green manure.
It has considerable potential as an alternative pulse crop in dry land farming.
This crop is of great importance because of availability of short duration (65-
70 days), high yielding and quick growing varieties [1].

In India, mung bean growing states are Rajasthan, Uttar Pradesh,
Maharashtra, Karnataka, Andhra Pradesh and Odisha. Rajasthan ranks first
in area, while Maharashtra ranks first in production. Kerala is the leading
state in productivity with an average of 824 kg ha'! whereas, the national
average is 548 kg ha'!. Although green gram is a legume and capable of fixing
atmospheric nitrogen, still it responds to small quantity of nitrogenous
fertilizers applied as starter dose. In terms of significance, phosphorus is
most indispensable mineral nutrient for pulse crops as it helps in better
root growth and development and thereby making them more efficient
in biological nitrogen fixation. Phosphorus is an essential constituent of
nucleic acids such as Ribonucleic Acid (RNA) and Deoxyribonucleic Acid
(DNA), Adenosine Diphosphate (ADP) and Adenosine Triphosphate (ATP),
nucleoproteins, amino acids, proteins, phosphatides, phytin, several co-
enzymes viz. thiamine, pyrophosphate and pyrodoxyl phosphate [2,3].

MATERIALS AND METHODS

In order to determine the physico-chemical properties of soil, soil samples
(0 cm-15 cm depth) were collected from different spots of the experimental
field prior to sowing and fertilization. A representative composite soil sample
was prepared by mixing all these samples together. The soil sample after
drying was passed through 2.0 mm sieve and then subsequently used for
mechanical, physical and chemical analysis. The experimental site soil was
clay loam in texture, slightly alkaline in reaction. The soil was medium in
available nitrogen, phosphorus while high in potassium and sufficient in
DTPA extractable micronutrients.

To assess the fertility status of soil, the soil sample (0 cm-15 cm depth), from
each plot at harvest of crop was taken. The samples were passed through
2 mm plastic sieve to avoid metallic contamination. The soil sample were
analysed for EC, pH and Organic Carbon (OC) and available Nitrogen,
Phosphorus, Potassium (NPK) and cationic micronutrients (Copper (Cu),
Zinc (Zn), Iron (Fe) and Manganese (Mn)) content as per methods [4].

The experiment was laid out in factorial randomized block design with three
replications. The treatment combinations were randomized with the help of
randomization technique.

Treatment application

Fertility levels: Nitrogen and phosphorus were applied through urea and
Diammonium Phosphate (DAP), respectively as per treatments as basal doses
at the time of sowing. Whole amount of vermicompost as per treatment was
broadcasted uniformly at the time of sowing and incorporated in the soil.

Biofertilizer levels: The required seeds were treated with bavistin at 2 g/kg
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of seed to control seed borne diseases. Later on seeds were inoculated with
Rhizobium and PSB culture or both as per treatments, using standard method
and dried in shade.

Seed rate and sowing

The seeds were sown by ‘kera’ method with row spacing of 30 cm by hand
plough at a depth of 5 cm using a seed rate of 20 kg ha''. The variety of green
gram (SML-668) was used as the test crop and the sowing was done on 18
July 2015.

Thinning, hoeing and weeding

To maintain uniform plant, stand at an intra-row spacing of 10 cm, extra
plant was thinned out 10 days after sowing (DAS). In order to minimize weed
competition, weeding and hoeing was done manually 19 and 28 days after
sowing to facilitate aeration and removal of weeds.

Harvesting

The crop was harvested from net plot area separately from each plot. The
harvested material of each plot was tied up in bundles and tagged.

Statistical analysis

Analysis of variance and test of significance: In order to test the significance
of variation in experimental data obtained for various treatment effects. The
critical differences were calculated to assess the significance of treatment
mean wherever the ‘F’ test was found significant at 5% level of probability.
To elucidate the nature and magnitude of treatment effects, summary tables
along with Standard Error of the mean (SEm) # Critical Difference (CD)
(p=0.05) were prepared and are given in the text of the chapter “results” and
their analyses of variance are given in appendices at the end.

Economics of treatments: The economics of treatments is the most
important consideration making any recommendation to the farmers for its
wide adoption. For calculation of economics, the average treatment yield
along with prevailing market rates for inputs and outputs were used. Hence,
to evaluate the effectiveness and profitability of the treatments comprehensive
economics including net returns and Benefit cost (B/C) ratio was calculated
so that most effective and remunerative treatment could be recommended.
The details of calculation are given in appendices at the end [5-7].

RESULTS AND DISCUSSION

The data related to various criteria used for treatment evaluation were analysed
statistically using standard statistical methods to test their significance. The
data regarding the effect of fertility and biofertilizer levels on net return and
benefit cost ratio of green gram are being summarized in Table 1.

Net return

Effect of fertility levels: A perusal of data in Table 1, revealed that with the
application of fertility levels, the net return under 75% RDF+vermicompost
(2 t ha'), 100% RDF and 100% RDF+vermicompost (2 t ha') treatments
significantly increased as compared to 75% RDF. However, the increase
in net return with 100% RDF+vermicompost (2 t ha') was statistically at
par with 75% RDF+vermicompost (2 t ha'). The application of 75%
RDF+vermicompost (2 t ha'), 100% RDF and 100% RDF+vermicompost (2

t ha') increased the net return to the tune of 28.98%, 14.51% and 36.63%
respectively, over 75% RDF [8-10].

Effect of bioferilizers: A critical examination of data in Table 1, revealed
that due to inoculation of green gram seed with Rhizobium, PSB and
Rhizobium+PSB, the net returns significantly increased in comparison
to control. Further, the increase in net returns with Rhizobium+PSB was
statistically significant over Rhizobium as well as PSB inoculations. However,
the increase in net returns with inoculation of Rhizobium was statistically at
par with that of PSB. The extent of increase in net return of green gram with
Rhizobium, PSB and Rhizobium+PSB inoculation was 38.31%, 33.14% and
54.57% respectively over control.

Interactive effective of fertility and biofertilizer levels: The interactive effect
of fertility and biofertilizer levels on the net returns was found significant
(Table 2). The significantly highest net returns were obtained under treatment
combination F,B;, which was at par with the treatment combinations of
F,B,. Minimum net returns were recorded under F B treatment.

Benefit cost ratio

Effect of fertility levels: The benefit cost ratio under 75% RDF+vermicompost
(2 t ha'), 100% RDF and 100% RDF+vermicompost (2 t ha') treatments
significantly increased as compared to 75% RDF treatment. The highest
B/C ratio (1.80) was recorded with 100% RDF+vermicompost (2 t ha'). The
application of 75% RDF+vermicompost (2 t ha'), 100% RDF and 100%
RDF+vermicompost (2 t ha') increased the B/C ratio to the extent of 9.32%,
8.07% and 11.80% respectively, over 75% RDF.

Effect of bioferilizers: Due to inoculation of green gram seed with
Rhizobium, PSB and Rhizobium+PSB, the B/C ratio significantly increased
in comparison to control. The highest B/C ratio (2.08) was obtained with
B, (Rhizobium+PSB). However, the increase in B/C ratio with inoculation of
Rhizobium was statistically at par with that of PSB. The extent of increase in
B/C ratio with Rhizobium, PSB and Rhizobium+PSB inoculation was 36.23%,
31.16% and 50.72% respectively, over control [11,12].

The application of 100% RDF+VC at 2 t ha' to green gram crop significantly
increased the net return (38837) and B/C ratio (1.80) over others levels of
RDF and vermicompost. Likewise, inoculations of greengram seeds with
Rhizobium+PSB also significantly increased net returns (40102) and B/C
(2.08) ratio over Rhizobium, PSB and control (Table 1). It is clear that in both
the treatments there was significant increase in seed and haulm yield which
ultimately gave more net returns and B/C ratio over the input cost incurred
in these treatments in comparison to others treatments. These results are in
close conformity with those of Meena et al., [13].

Interactive effect of fertility and biofertilizer levels: The significantly highest
net returns (48109 ha') and B/C ratio (2.22) were obtained with combined
use of 100% RDF+VC at 2 t ha' and Rhizobium+PSB (F,B,), which were
significantly higher as compared to other treatment combinations (Table 2).
However, it is at par with F,B, (44987 ha'). It is obvious because the seed and
haulm yield of green gram also increased significantly under this treatment
which is main contributor to net returns and thus resulted in higher net
returns under application of 100% RDF+VC at 2 t ha' and Rhizobium+PSB.
These results are in close conformity with those of Meena et al., [13].

TABLE 1
Effect of fertility and biofertilizer levels on net returns and benefit cost ratio
Treatments Net returns (ha) BI/C ratio
Fertility levels
F,: 75% RDF 28424 1.61
F,: 75% RDF+VC (2 t ha) 36661 1.76
F,: 100% RDF 32549 1.74
F,: 100% RDF+VC (2 t ha-") 38837 1.8
SEm + 0.04
CD (p=0.05) 4108 0.12
Biofertilizer levels
B,: Control 25944 1.38
B,: Rhizobium 35882 1.88
B,: PSB 34543 1.81
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B,: Rhizobium+PSB 40102 2.08
SEmt 1422 0.04
CD (p=0.05) 4108 0.12

Note: RDF: Recommended Dose of Fertilizers; VC: Vermicompost; SEm: Standard Error of the mean; CD: Critical Difference; PSB:Phosphate Solubilizing Bacteria; B/C:

Benefit cost.

TABLE 2

Interactive effect of fertility and biofertilizer levels on net returns (ha*')

Treatments F, F, F, F,
B, 24455 26563 25778 26980
B, 29507 38570 34274 41178
B, 29106 36524 33462 39081
B, 30630 44987 36681 48109
SEm £ 2845 - - -
CD (p=0.05) 8216 - - -

Note: SEm: Standard Error of the mean; CD: Critical Difference.

CONCLUSION

On the basis of onevyear field experimentation, it can be concluded that
under agro climatic condition of Kanpur, application of 100% RDF+VC
at 2 t ha'+Rhizobium+PSB (F,B,), is the better option for realizing higher
productivity, content and uptake of nutrients, net returns and B/C ratio of
green gram and is the better option for improved fertility status of soil. A
significant response to the application of aforesaid treatment was observed.
However, highest economic green gram seed yield (1386.07 kg ha') and net
return (48109 ha') was observed in treatment combination of F,B, (100%
RDF+VC at 2 t ha'+Rhizobium+PSB) with B/C ratio of 2.22, which was
at par with F,B, (75% RDF+VC at 2 t ha'+Rhizobium+PSB). The result of
the present investigation reveals the significance of fertility levels with the
combination of vermicompost and biofertilizer levels in green gram crop for
maximization of yield and profits.

However, the highest available nitrogen, phosphorus, potassium, copper,
zinc, iron and manganese status of soil after harvesting of green gram
crop were observed under fertility level 100% RDF+VC at 2 t ha' (F,) and
inoculation of Rhizobium+PSB (BS) treatment as compared to 75% RDF (Fl)
and control (BO), respectively.

However, these results are only indicative and require further experimentation
for confirmation before making final recommendation to the farmers.
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Plant tissue culture techniques for in vitro mass multiplication of Prosopis
cineraria (L.) in Thar Desert of Rajasthan
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mass multiplication of Prosopis cineraria (L.) in Thar Desert of Rajasthan.
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Prosopis cineraria (L.) is commonly known as Khejri or Shami. It is a
multipurpose tree species found in arid and semi-arid regions of the
Indian subcontinent. Its ecological significance includes soil stabilization
and nitrogen fixation, while economically, it provides timber, fuelwood
and fodder. Medicinally, various parts of the tree are used in traditional
remedies for conditions like diabetes and respiratory ailments. Conventional

propagation methods for Prosopis cineraria are often inadequate for its large-
scale production. In witro tissue culture techniques offer a viable alternative
for mass multiplication and conservation of this valuable species. This
review provides an in-depth analysis of various plant tissue culture methods
employed for the in wvitro propagation of Prosopis cineraria. The review also
discusses the challenges, optimization strategies and potential applications
of these techniques.

Key Words: Prosopis cineraria; Tissue culture; Cytokinin; Soil

INTRODUCTION

onsopis cineraria (L.), commonly known as Khejri or ghaf, plays a significant
role in combating desertification in the Thar Desert of Rajasthan [1]. It is
a member of the family Fabaceae. It is widely recognized for its adaptability
to harsh environmental conditions, making it a keystone species in the Thar
Desert and other arid regions. The Khejri tree is unique in that it thrives in
all desert climates. It is known as Kalptaru, which means all parts of the tree
are useful. It is also referred to as the "wonder tree" and consequently, the
"king of desert" [2-4]. Regular surveys conducted in 2010 in Jodhpur, Nagpur,
Sikar, Churu and Jhunjhunu by the Arid Forest Research Institute, Jodhpur,
revealed that the percentage mortality of Khejri trees ranged from 18.08%
to 22.67%, with an average mortality of 20.93% in these districts [5,6].
This resilient tree species is well-adapted to arid and semi-arid conditions,
making it an invaluable asset in the efforts to mitigate the adverse effects
of desertification. It reduces desertification through soil stabilization, soil
fertility improvement, water conservation, support for biodiversity, provision
of economic benefits, carbon sequestration and enhancement of ecosystem
resilience. Its multifaceted role underscores the importance of conserving
and promoting this tree species in arid regions like Rajasthan. The tree is
valued for its nutritional, medicinal and ecological benefits. Despite its
importance, natural regeneration is slow and overexploitation has led to its
decline. Micropropagation is an effective technique for producing disease-
free plants quickly, rare species quickly multiplying, genetically modifying
plants and producing bioactive substances produced from plants [7,8]. Tissue
culture techniques offer a potential solution for the rapid propagation and
conservation of Prosopis cineraria [9-11].

LITERATURE REVIEW
Tissue culture techniques

Plant tissue culture involves the in vitro cultivation of plant cells, tissues or
organs under controlled environmental conditions on a nutrient medium.
This method allows for the rapid multiplication of plants and is particularly
beneficial for the propagation of species that are difficult to propagate by
conventional methods.

Explants selection and preparation: For the micropropagation of Prosopis
cineraria, the selection of suitable explants is critica. Commonly used
explants include nodal segments, shoot tips and cotyledonary nodes.
Explants must be sterilized to prevent microbial contamination, typically
using a combination of alcohol and sodium hypochlorite [12].

Culture initiation and shoot multiplication: Explants are placed on a
nutrient medium supplemented with essential macro and micronutrients,
vitamins and Plant Growth Regulators (PGRs) such as auxins and cytokinins.
Murashige and Skoog (MS) medium is frequently used for initiating cultures
due to its comprehensive nutrient composition [13]. The induction of
multiple shoots from the explants is achieved by optimizing the concentration
and combination of cytokinins (e.g. Benzylaminopurine) and auxins (e.g.
Indole-3-acetic acid). A high cytokinin to auxin ratio typically promotes shoot
proliferation. Subculturing the explants onto fresh media every 3-4 weeks
ensures continuous shoot multiplication. After pruning thorny mature
trees of P. cineraria, the nodal shoot section was used to generate the highest
number of 10-12 shoots on Murashige and Skoog's (MS) medium, which
contained 0.1 mg/1 Indole-3-Acetic Acid (IAA)+2.5 mg/1 Benzylaminopurine
(BAP)+additives [14]. For the purpose of standardizing shoot formation in
nodal segment of Prosopis cineraria, a variety of auxins, including Naphthalene
Acetic Acid (NAA), TAA, IBA and 2,4-Dichlorophenoxyacetic acid (2,4-D)
and cytokinins, such as kinetin and BAP, were added to Murashige and
Skoog's (MS) medium. It was discovered that 3-Indoleacetic Acid (IAA: 3.0
mg/1) combined with kinetin (0.05 mg/1) was the most effective combination
for multiple shoot differentiation [9].

Callus _induction, somatic embryogenesis and organogenesis: Callus
induction is the initial step in many plant tissue culture processes. It involves
the formation of an undifferentiated mass of cells (callus) from explants under
controlled conditions. Somatic embryogenesis involves the development of
embryos from somatic or non-reproductive cells, which can then develop into
complete plants. Organogenesis is the process by which explants form organs
like shoots and roots. Direct and indirect organogenesis can be induced by
culturing explants or calli on media with specific PGR combinations [15].

Root induction, acclimatization and transfer to soil: Once adequate shoot
multiplication is achieved, shoots are transferred to a rooting medium.
This medium is generally fortified with auxins such as Indole-3-Butyric
Acid (IBA) to induce root formation. Rooting efficiency can be enhanced
by adjusting the concentration of IBA and other supplements like activated
charcoal to reduce phenolic exudation. For the purpose of standardizing
root production, a variety of auxins, including NAA, IAA, IBA and 2,4-D
and cytokinins, including kinetin and BAP, were added to Murashige and
Skoog's (MS) medium. After differentiation, shoot segments were obtained
and multiplied by subculturing on 1/2 MS that was devoid of auxins and
cytokinins. In white's base medium containing 0.8% agar, 3.0 mg/1 Indole-
3-Butyric Acid (IBA) and 0.05 mg/1 kinetin, shoot segments spontaneously
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produced tap roots within 15-20 days. With 60% of the rooted plants,
transplantation to pots with a soilvermiculite mixture (3:1) was completed
effectively in Prosopis cineraria [9]). On MS medium with 0.1 mgl! NAA+1.0
mgl! BAP+additives, differentiated shoots multiplied most effectively. After
extracting the differentiated shoots, the original explant of Prosopis cineraria
was transplanted six times on new medium in order to produce multiple
shoots. After pulsing 100 mgl!' IBA for 4 hours, shoots were rooted by
culture on hormone-free halfstrength MS medium [14]. The acclimatization
stage is significant for the survival of in vitro cultured plants. Plantlets with
well-developed roots are gradually acclimatized to ex wvitro conditions by
transferring them to soil or a soilvermiculite mixture under high humidity
and controlled temperature conditions. This step involves gradually reducing
humidity to adapt the plantlets to ambient conditions.

DISCUSSION
Applications and benefits in the Thar Desert

Ecological restoration: Prosopis cineraria is pivotal in combating desertification
and restoring degraded lands in the Thar Desert. Its deep root system
stabilizes the soil, reduces erosion and improves water retention.

Livelihood support and food for animals: The tree provides various products
such as fodder, fuelwood and medicinal compounds, supporting local
livelihoods. Its leaves and pods are highly nutritious for livestock, especially
during the dry season when other forage resources are scarce.

Soil fertility enhancement: Prosopis cineraria enriches soil fertility through
nitrogen fixation and leaf litter decomposition, which adds organic matter to
the soil. This improves the soil's physical and chemical properties, promoting
the growth of other vegetation (Figure 1).

Ecological
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Applications and
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/—\.

3 \Food for Animals

Figure 1) Applications and benefits of Prosopis cineraria

Challenges and optimization strategies

Contamination: Contamination is a critical issue in tissue culture, often
caused by bacteria, fungi or yeast, which can compromise the culture's
success. To address this, surface sterilization of plant material is essential.
Mercuric Chloride (HgCL), though highly effective, is less commonly used
due to its toxicity and environmental concerns. Sodium Hypochlorite
(NaOCl) is a safer, more widely used alternative, typically applied at 1%-5%
concentrations. Both agents work by eliminating surface microorganisms,
but proper handling and timing are significant to avoid damaging the plant
tissues. Consistent use of these sterilization protocols is key to maintaining
aseptic conditions and ensuring culture success.

Somaclonal variation: Somaclonal variation refers to genetic changes that
can arise during tissue culture, potentially altering the traits of regenerated
plants. This variation may result from stress or genetic instability in the
cultured cells. To ensure that tissue-cultured plants maintain the desired
genetic characteristics of the parent, regular monitoring is significant.
Employing molecular markers such as Polymerase Chain Reaction (PCR)
and Simple Sequence Repeats (SSR) allows for precise detection of genetic
deviations. These markers help in assessing clonal fidelity, ensuring that the
propagated plants are true to type and maintain consistent quality, which is
essential for breeding programs and commercial production.
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Media optimization: Media optimization is vital for tissue culture success,
including macronutrients, micronutrients and Plant Growth Regulators
(PGRs), is significant for successful tissue culture. Adjustments must be
made continuously based on the type of explant and its developmental stage
to promote optimal growth and development.

Acclimatization: Acclimatization involves gradually transitioning in witro
plants to ex vitro conditions. This process starts with high humidity and
reduced light intensity to ease the plants adaptation to external environments.
Gradual exposure to these changing conditions helps improve survival rates
and ensures a smoother adaptation to natural growth conditions (Figure 2).
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Figure 2) Applications in vitro propagation of Prosopis cineraria

Applications

In vitro propagation of P. cineraria has numerous applications as follows:

Conservation: Prosopis cineraria is a significant species for arid and semi-arid
ecosystems, but it is endangered due to habitat loss and other environmental
pressures. In vitro propagation, which involves growing plants in a controlled,
sterile environment, is essential for its conservation. This technique
enables the mass multiplication of the species, thus creating large numbers
of genetically identical plants that can be reintroduced into their natural
habitats. This approach helps in preserving the genetic diversity and ensuring
the survival of the species in the wild.

Afforestation: Rapid propagation through tissue culture supports large-scale
afforestation projects, especially in arid and semi-arid regions where Prosopis
cineraria is naturally adapted. By generating a high volume of seedlings quickly
and efficiently, in vitro propagation facilitates the restoration of degraded
lands and contributes to the greening of these challenging environments.
This not only helps in combating desertification but also in enhancing local
biodiversity and improving soil quality.

Phytoremediation: Prosopis cineraria is well-suited for phytoremediation,
a process where plants are used to clean up contaminated soils or water.
The species’ ability to thrive in degraded soils and tolerate harsh conditions
makes it a valuable candidate for such projects. In vitro propagation ensures
a consistent supply of healthy plants that can be used in these remediation
efforts, helping to restore soil fertility and remove pollutants from the
environment.

Medicinal uses: Prosopis cineraria has a history of use in traditional medicine
and in vitro propagation supports the consistent supply of plant material
for the extraction of bioactive compounds. These compounds are used in
various medicinal preparations, including treatments for ailments such as
inflammation, diabetes and gastrointestinal issues. By providing a steady
source of high-quality plant material, tissue culture helps ensure that
traditional medicinal practices can continue effectively and sustainably.

CONCLUSION

Prosopis cineraria or Khejri, is a vital species for arid and semi-arid regions due
to its ecological, economic and medicinal benefits. Its role in soil stabilization,
nitrogen fixation and provision of essential resources underscores its
importance in combating desertification and supporting local livelihoods.
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However, traditional propagation methods are often inadequate for its large-
scale production. In witro tissue culture techniques offer an effective solution
for the rapid and disease-free multiplication of P. cineraria. These methods,
while potential, face challenges such as contamination and somaclonal
variation, which require ongoing optimization. Successful implementation
of tissue culture can significantly enhance conservation efforts, support
afforestation projects and provide a consistent supply of plant material for
medicinal uses, thereby ensuring the sustainability and continued utility of
this significant species.

Tissue culture techniques offer a sustainable and efficient method for the
mass multiplication of Prosopis cineraria. Advances in callus induction,
somatic embryogenesis, organogenesis and micropropagation have
significantly improved propagation efficiency. Despite challenges such as
contamination and somaclonal variation, ongoing research and optimization
continue to enhance the effectiveness of these techniques. The application
of in wvitro propagation methods can play a pivotal role in the conservation,
afforestation and utilization of Prosopis cineraria.
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Effect of heat stress on wheat production in semi-arid region of Rajasthan
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Kumar R, Bhandari S, Sarita, et al. Effect of heat stress on wheat production
in semi-arid region of Rajasthan. AGBIR.2024;40(4):1210-1213.

Producing sufficient food to meet the demands of India's growing population,
projected to reach 10 billion by 2050, presents significant challenges due
to declining arable land, water scarcity and unpredictable weather patterns
magnified by climate change. Wheat (Triticum aestivum L.), a staple crop
providing 20% of global caloric and protein intake, faces severe threats from
heat stress, which has already reduced global productivity by approximately
5% since the 1980s. This review examines the impact of heat stress on wheat
production, focusing on physiological, biochemical and yield-related aspects,
with a particular emphasis on the semi-arid region of Rajasthan, India. High
temperatures during significant growth stages disrupt photosynthesis, reduce

enzymatic activities and alter starch accumulation in grains, ultimately
decreasing yield and grain quality. Additionally, heat stress induces oxidative
damage through the accumulation of Reactive Oxygen Species (ROS),
impacting membrane stability and protein expression. The synthesis of Heat
Shock Proteins (HSPs) plays a vital role in mitigating heat-induced damage,
although their efficacy is often overwhelmed under extreme stress. This
review underscores the necessity of developing heat-tolerant wheat cultivars
to sustain productivity in the face of rising temperatures and highlights the
complex exchange between temperature stress and wheat physiology.

Key Words: Heat stress; Photosynthetic efficiency; Anthesis; Reactive oxygen species;
Heat shock proteins

INTRODUCTION

he most significant task of the century is to produce sufficient food to

feed India's increasing population, while also coping with decreasing
amounts and quality of arable land, reducing water supplies and increasingly
unpredictable weather due to climate change [1]. According to Food and
Agriculture Organization (FAO) estimates, in order to meet future demand,
the world will need an extra 198 million tons of wheat by 2050, meaning
that developing nations' wheat production will need to rise by 77% [2].
About 30% of the world's cereal acreage is devoted to the primary, stable
crop of wheat, which feeds 36% of the world's population. About 20% of
the calories and proteins in a human diet come from wheat. Heat stress is
estimated to have decreased global wheat productivity by as much as 5%
since the 1980s [3,4]. Based on the severity of the high temperature, drought,
salinity, waterlogging and mineral toxicity stresses, such an increase in world's
temperature may have a major impact on productivity. High temperature-
induced heat stress is defined as an increase in air temperature that lasts
longer than a certain threshold and is strong enough to harm or permanently
damage agricultural plants in general [5]. The issue of heat stress is made
worse when soil temperature rises due to an increase in air temperature
and a decrease in soil moisture. As a result, heat stress has emerged as a
serious threat to worldwide crop productivity [6-9]. Wheat (Triticum aestivum
L.) is one of the most important cereal crops in the world, providing
essential nutrients to a large part of the global population. In Rajasthan,
wheat occupies a significant portion of the cultivated land, contributing
substantially to the state's economy and food security. However, the semi-arid
climate of Rajasthan, characterized by high temperatures and low rainfall,
increases the challenges of wheat production. Heat stress in particular is a
significant factor that affects the growth, development and yield of wheat.
The climate in Rajasthan is predominantly dry and hot, with temperatures
often exceeding 40°C during the wheat growing season. The region receives
an annual rainfall of approximately 250-500 mm, which is sporadic and
unpredictable. These climatic conditions create a challenging environment
for wheat cultivation, making the crop highly susceptible to heat stress. Heat
stress affects wheat at various developmental stages, leading to a range of
physiological responses. High temperatures during the germination phase
can lead to reduced germination rates and poor seedling vigor. Heat stress
affects the enzymatic activities essential for seed germination, resulting in
delayed or uneven crop establishment. Wheat production in India had
observed a quantum jump from 6.5 million tons in 1950 to 112 million tons
in 2023. A 33% yield loss in late-sown wheat varieties was noted as a result

of high temperatures, suggesting the necessity to produce heat-tolerant wheat
cultivars in order to achieve sustainable production. The climate agency
said that "the global average temperature for the past 12 months (April
2023-March 2024) is the highest recorded at 0.70°C above the 1991-2020
average and 1.58°C above the 1850-1900 pre-industrial average. The 60%-
70% starch content of wheat grains steadily decreases at high temperatures.
Because granule-bound starch, soluble starch and sucrose synthase are
inactive during the grain filling phase, high temperatures prevent starch
from building up in grains. Additionally, it reduces the synthesis of starch,
translocates carbohydrates from stem reserves and modifies the structure of
the seed's endosperm and aleurone layer, all of which have an impact on the
growth of grains [10-13].

LITERATURE REVIEW
Physiological impact

Since photosynthesis is the physiological activity most susceptible to
temperature changes, any decrease in photosynthesis has an impact on
wheat growth and grain yield [14-16]. Heat stress impairs the photosynthetic
efficiency of wheat plants by affecting chlorophyll content and disrupting
the functioning of photosystem II [17]. The heatinduced increase in
thylakoid membrane fluidity and Photosystem II's (PSII's) electron-
transport dependent integrity are the main causes of PSII's vulnerability to
high temperatures [18]. A notable rise in the baseline level of chlorophyll
fluorescence, which is indicative of photosynthetic inhibition, is frequently
used to suggest the inhibition of PSII electron transport during heat stress
[19]. We must know how crops respond to elevated temperatures and how
tolerance to heat can be improved in order to adapt new crop varieties to the
future climate [20]. The best temperature for wheat anthesis and grain filling
is between 12°C and 22°C. Exposure to temperatures higher than this can
drastically reduce grain yield [21-23]. Heat stress affects grain growth because
temperature variations directly affect assimilate translocation and the length
and pace of grain filling. The degree of heat stress determines how much
harm is caused by heat. Increased respiration rates under high temperatures
lead to a depletion of carbohydrates, which adversely affects plant growth
and development [24]. Wheat plants under heat stress exhibit reduced water
uptake and increased transpiration rates, leading to a negative water balance
[25]. Stomatal closure, a common response to heat stress, further reduces
CO, assimilation, impacting photosynthesis and overall plant productivity

(Table 1) [26].
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TABLE 1

Optimal temperature requirements of wheat at different growth stages

Stages Optimum temperature (°C) Minimum temperature (°C) Maximum temperature (°C)
Root growth 17.2+0.87 35+0.73 24 +1.21
Shoot growth 18.5+1.90 45+0.76 20.1 £ 0.64
Leaf initiation 20.5+1.25 1.5+0.52 23.5+0.95
Terminal spikelet 16+2.3 2.5+0.49 20+ 1.6
Anthesis 23+1.75 10+1.12 26 +1.01
Grain filling duration 26 +1.53 13+1.45 30+2.13

Biochemical impact

Heat stress triggers several biochemical changes in wheat plants, including the
accumulation of Reactive Oxygen Species (ROS), alterations in membrane
stability and changes in protein expression. The overproduction of ROS
under heat stress causes oxidative damage to cellular structures, including
lipids, proteins and nucleic acids. Wheat plants activate antioxidant defense
mechanisms to mitigate this damage, but the efficiency of these systems
can be overwhelmed under severe stress conditions. Superoxide radicals,
hydroxyl radicals and hydrogen peroxide are examples of ROS that are
naturally formed in cells, but excessive amounts of these substances can be
hazardous [27]. ROS are produced and accumulate as a result of heat stress
[27-30]. Thus, antioxidant systems' detoxification of plants is significant for
shielding them from heat stress [31,32]. Plants have both enzymatic and
non-enzymatic antioxidant mechanisms as part of their antioxidant defense
system. Ascorbate peroxidase, dehydroascorbate reductase, glutathione
S-transferase, superoxide dismutase, catalase, guaiacol peroxidase and
glutathione reductase are the components of the enzymatic antioxidant
system [33]. Tocopherols, ascorbate and glutathione are examples of non-
enzymatic antioxidants. High temperatures disrupt the lipid composition of
cell membranes, leading to increased permeability and leakage of cellular
contents. Membrane stability is a significant factor determining the extent
of heat stress tolerance in wheat. Wheat plants produce Heat Shock
Proteins (HSPs) in response to elevated temperatures. These proteins play
a significant role in protecting cellular components from heatinduced
damage and maintaining protein homeostasis. The chemical reaction to
heat stress that has been investigated the most is the expression of HSPs.
HSPs prevent heatinduced protein aggregation, which allows proteins
to refold during the recovery phase [34-37]. According to Coles et al., the
two most important factors influencing wheat grain quality are grain size
and protein concentration [38]. Heat stress during the grain-filling phase
reduces the amount of starch deposited in the grain, which increases protein
concentration by permitting more nitrogen per unit of starch [39]. These
findings have been reported by Wardlaw et al., and Gooding et al., [40 41].
A basic reaction to heat stress is the expression of HSP genes [42]. Wheat
experiences a decrease in normal protein synthesis when exposed to high
temperatures (>35°C), although HSPs are still generated [43].

Yield-related impact

Heat stress during significant growth stages such as anthesis and grain filling
can lead to significant yield reductions. Heat stress can reduce the number
of grains per spike and the individual grain weight, resulting in lower
overall yield. High temperatures during the grain filling period accelerate
the senescence process, limiting the duration of grain filling and reducing
final grain size. Increased temperature affects both grain weight and number
[44]. The developmental stage at which the elevated temperature occurs
determines how temperature affects each of these grain yield components.
For example, temperatures exceeding 20°C between spike initiation and
anthesis may significantly limit the quantity of grains per spike [45]. Heat
stress speeds up development of the spike reducing spikelet number and thus,
the number of grains per spike [46]. The time between the onset of the spike
and anthesis is not the most vulnerable to heat stress, though. The window
of time between the emergence of double ridges on the flag leaf and shoot
apex is the most important. During this time, an inverse relationship has
been discovered between the number of grains per spike and the duration of
heat stress [47]. This sensitivity is caused by spikelets that start to emerge in
the spike-known as the double ridge stage-from tissue ridges between ridges
of undifferentiated leaf primordia. Then, floret production begins on each
spikelet meristem. Both the number of spikelets per spike and the number of
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grains per spikelet decrease with a reduction in the time between emergence
and double ridge and anthesis [48]. The quality of wheat grain, including
protein content and gluten strength, is also compromised under heat stress.
For protein composition, high temperature stress reduces the glutenin/
gliadin ratio and limits the synthesis of the larger Sodium Dodecyl Sulfate
(SDS)-insoluble glutenin polymers which causes wheat dough to have weaker
viscoelasticity properties (49].

DISCUSSION

According to McClung et al., heat stress interferes with a number of plant
functions, causing morpho-physiological changes in wheat plants that
impede their growth and ultimately result in a significant loss of production
[50]. The way that plants react to heat stress varies greatly depending on
the temperature, its length and the stage of growth that is being affected.
Depending on the crop species, photosynthetic activities may withstand heat
stress more readily and are rather stable between 30°C and 35°C. However,
when temperatures rise above 40°C, photosynthesis is negatively impacted.
Elevated temperatures cause O, and CO, to become less soluble; conversely,
a higher concentration of CO, than O, leads to greater photorespiration
and reduced photosynthesis [51]. Activities at Ribulose Bisphosphate
Carboxylase Oxygenase (RUBISCO) break down in hot weather [52].
Reduced photosynthetic capacity under heat stress [53]. A significant part
of leaf photosynthesis is played by photosystem II, one of the photosynthetic
apparatus's components that is comparatively more resistant to heat stress
than drought [54]. Furthermore, it is thought that mitochondrial respiration
plays a significant role in determining a plant's ability to develop and survive
[55]. Wheat morphology and seed germination are adversely affected by heat
stress [56]. The symptoms of heat stress include decreased root diameter,
length and quantity of roots. Because there is less carbon partitioning to
the roots under heat stress during reproductive development, root growth is
similarly slowed down [57]. The ideal temperature range for root growth is
extremely limited when compared to other growth processes [58].

Heat stress causes fewer grains to form, which lowers the wheat harvest index
[59]. The impact of heat stress on grain size and quantity however, differs
depending on the developmental phases that are affected. For example,
temperatures over 20°C during the period between spike initiation and
anthesis accelerate spike development but decrease the amount of grains and
spikelets per spike [60]. Male sterility results from heat stress's detrimental
effects on pollen cells and microspores [61]. Depending on the genotype,
wheat can become completely sterile even at temperatures exceeding 30°C
during floret development [62]. According to Hedhly et al., wheat anther
generated under three days of heat stress during anthesis was discovered
to be physically aberrant and non-functional florets [63]. A daytime high
temperature of 31°C/20°C may also result in grain shrinkage because of
modifications to the endosperm and aleurone layer's structural makeup [64].

High temperatures have a significant impact on the wheat grain filling stage.
According to Dias et al., heat stress typically shortens the grain filling time
and speeds up the rate of grain filling [64]. However, in plants with varying
grain weight stability, the rate and length of grain growth reduced [65]. Grain
filling time in wheat can be shortened by 12 days for every 5°C increase in
temperature above 20°C [66]. Compared to daytime temperature, an increase
in night time temperature is more sensitive, shortens the grain filling period
and lowers the grain yield. A reduction of 3 to 7 days was seen in the grain
filling period by night time temperatures of 20°C to 23°C [67]. The rate of
grain filling in wheat cultivars under day/night temperatures of 32°C/22°C
was found to be significantly lower recently than at 25°C/15°C. Many cereals
and legumes are affected by heat stress in terms of grain quality, primarily
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due to reduced nutrient remobilization and assimilation [68]. According to
Lizana et al., heat stress has no effect on the protein concentration of wheat
grain; nevertheless, Igbal et al., found a significant link between leaf nitrogen
content and grain protein [69,70].

CONCLUSION

Heat stress poses a significant challenge to wheat production in the semi-arid
region of Rajasthan. Understanding the physiological responses, biochemical
responses and yield related responses of wheat to heat stress is essential for
developing effective mitigation strategies. The frequency of high temperatures
that stress wheat is predicted to rise globally. Grain setting, length and rate
are all significantly impacted by heat stress, which eventually lowers grain
yield. However, the influence of heat stress on grain yield depends on its
timing, duration and intensity. To address these challenges, there is a pressing
need for the development of heattolerant wheat cultivars. Advancing
our understanding of how wheat responds to elevated temperatures and
enhancing its tolerance through genetic and agronomic innovations are
essential steps toward ensuring sustainable wheat production. In the face
of climate change, these efforts are critical to maintaining food security and
supporting the livelihoods of millions, particularly in regions like Rajasthan
where wheat is an important crop.
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Winter vegetables are a significant part of a healthy diet, providing essential
vitamins, minerals and antioxidants that support various health aspects.
These vegetables, particularly grown in colder climates are rich in vitamins,
minerals, fiber and antioxidants that contribute to overall wellness. Vitamins
like vitamin A, vitamin B, vitamin C and vitamin K are essential for vision,
immune function and skin health. Minerals like potassium, magnesium

and iron are essential for various physiological functions. Leafy greens,
cole crops, bulb crops and root vegetables are rich in antioxidants and
phytochemicals that protect cells from oxidative stress and inflammation.
Regular consumption of these vegetables can reduce the risk of chronic
diseases and improve dietary patterns, food security and human health.
Winter vegetables, particularly leafy greens and root vegetables, are a staple
food with significant nutritional qualities that contribute to overall health.

Key Words: Winter vegetables; Vitamins; Minerals; Antioxidant; Human health

INTRODUCTION

ndia is the world's second-largest producer of vegetables, using 10.1

million hectares of land and producing 209.14 million tons of vegetables
year. Hardy and nutrient-dense, winter vegetables flourish in colder climes
and provide essential nutrients during the cold months. Vegetables are a
key component of a diet that is nutrientrich and well-balanced since they
provide so many essential elements that promote overall health and wellness.
Rich in vitamins, minerals, fiber and antioxidants, vegetables are vital for
maintaining good health and preventing chronic ailments. Vegetables are the
most accessible and reasonably priced sources of essential fibers, vitamins,
minerals, essential amino acids and chemicals that are notably helpful
in preventing illness [1]. Winter vegetables, a staple food have significant
nutritional qualities that contribute to overall health [2]. In this in-depth
analysis, we will look at the diverse array of nutrients found in vegetables,
shedding light on their individual benefits as well as their collective impacts
on human health. Vegetables are an excellent source of several vitamins, each
of which plays a unique role in maintaining health. Vitamin A is essential for
healthy skin, strong immune and clear vision. Good sources of this vitamin
include spinach, carrots and sweet potatoes. Rich in antioxidants, vitamin C
boosts immunity and encourages the production of collagen. Broccoli, bell
peppers and citrus fruits all have high concentrations of it. For strong bones
and proper blood coagulation, vitamin K is essential. Dark green vegetables
such as Swiss chard and kale are excellent sources of this vitamin.

Minerals are abundant in vegetables and are essential for many physiological
functions. Leafy greens high in iron, such as kale and spinach, support
the blood's oxygen transport mechanism. Bananas, sweet potatoes and
tomatoes are high in potassium, which is necessary to maintain normal
blood pressure. Magnesium is abundant in green leafy vegetables like
spinach and Swiss chard and is essential for strong muscles and neurons.
Vegetables, being high in dietary fiber, aid in maintaining a healthy digestive
system and prevent conditions such as constipation. Fiber also helps with
weight control by increasing satiety and reducing total calorie intake.
Broccoli, brussels sprouts and peas are examples of vegetables high in fiber
that improve digestive health and overall well-being. Vegetables are rich in
antioxidants and phytochemicals, which protect cells from oxidative stress
and inflammation. Tomatoes contain lycopene, a powerful antioxidant that
has been connected to a decreased risk of numerous cancers. Among the
cruciferous veggies are cauliflower and broccoli. Both plants contain the anti-
cancer substance sulforaphane. Flavonoids, which have anti-inflammatory
and heart-protective qualities are found in citrus fruits and onions. Leafy
greens, such as Swiss chard, kale and spinach, stand out as foods that are
very high in nutrients. Vitamins A, C and K, as well as calcium and iron,

are all abundant in these greens. When incorporated into the diet, these
nutrient-dense greens may provide a multitude of essential nutrients and
enhance overall health. cruciferous vegetables, such as brussels sprouts,
cabbage and broccoli, provide a number of health benefits. Among these
are compounds like as glucosinolates, which have been linked to a lower risk
of cancer. These vegetables are also a fantastic source of fiber, vitamins and
minerals that support cardiovascular health and the body's detoxification
procedures. A diet high in vegetables has been associated with a lower risk of
cardiovascular disease in people [3]. Root vegetables high in nutrients, such
as carrots, sweet potatoes and beets are also delicious. Sweet potatoes provide
a good dose of fiber, vitamins and minerals and carrots being abundant in
beta-carotene, aid in eye health maintenance. Beet nitrates have the potential
to improve athletic performance by increasing blood flow. Daily vegetable
consumption has been clearly associated with better gastrointestinal health,
reduced risk of heart disease, stroke, anemia and other disorders [4]. Allium
vegetables, such as garlic, onions and leeks are well-known for their distinct
flavors and potential health benefits. Garlic in particular has been associated
with cardiovascular health since it may lower blood pressure and cholesterol.
Onions contain a flavonoid called quercetin, which is anti-inflammatory
and antioxidant. The vibrant colors of vegetables sometimes indicate the
availability of certain nutrients. Strong skin and a healthy immune system are
supported by vitamin C and carotenoids, which are found in abundance in red
and orange foods like tomatoes and bell peppers. Purple foods like eggplant
and purple cabbage contain compounds called anthocyanins, which have
antioxidant and anti-inflammatory properties. Eating a variety of veggies on
a regular basis has been linked to a lower risk of acquiring chronic conditions
including diabetes, heart disease and various cancers. We explore the many
facets of winter vegetables in this social science investigation, looking at their
nutritional value and wider societal ramifications. We examine the effects
of winter vegetable intake on dietary patterns, food security and community
health via a social lens. We want to understand the complex relationships
between winter vegetables and social well-being through an examination of
cultural norms, economic variables and access to nutrient-dense foods.

LITERATURE REVIEW
Nutrients contain in winter vegetables

Lettuce: Lettuce is a leafy green that is high in nutrients. It has the vitamins
A, Kand C as well as fiber and folate. Because it is low in calories and carbs,
it aids with blood sugar balance and weight control. A vital component of
a balanced diet, lettuce adds crunch and freshness to salads and wraps and
is very adaptable. Lettuce is high in flavonoids, tocopherols and conjugated
quercetin. Crozier et al., similarly reported significant variations in flavonol
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concentrations between lettuce cultivars [5]. The popular tiny "round" lettuce
was found to have a quercetin concentration of just 11 pg/g fresh weight,
while "iceberg" lettuce had a far lower quercetin content. Conversely, the
red lettuce cultivar "Lollo Rosso" had 911 pg/g on its outer leaves. Like
quercetin, this lettuce's high anthocyanin concentration is a consequence
of the phenylpropanoid pathway. This is why the lettuce looks red. Larger
concentrations of related compounds, such flavonols, may also be present
given the increase of one pathway end-product.

Green peas: While you may eat peas all year round, winter is the best time
to eat fresh green peas. Peas are another key food, they are rich in fiber
and antioxidants which help prevent gastrointestinal problems and they
are excellent sources of plant-based protein. The fact that peas are easy to
include into most Indian cuisines is another benefit. Peas have high amounts
of vitamins A and B in them. Uncooked peas can also be eaten and doing so
has no detrimental health consequences [6]. One excellent source of iron is
legumes. In 2010, Trinidad et al., conducted an in vitro study on the mineral
availability of iron, zinc and calcium in ten native legumes (cowpeas, mung
beans, pole sitao, chickpeas, green peas, groundnuts, pigeon peas, kidney
beans, lima beans and soyabeans) [7]. Peas, lentils and leafy vegetables are
good sources of protein [8].

Cole crops: Cole crops are one of the largest groups of temperate vegetables;
this group includes important crops such as brussels sprouts, broccoli,
cauliflower and cabbage. Cole crops are rich in vitamin C and a great source
of minerals. Many volatile sulfur compounds are the source of cole crops
unique taste. It has been proposed that dimethyl trisulfide has a major role in
the taste of cooked brassy vegetables. A particularly nice aroma comes from
cabbage because to the synigrin glucoside. It's loaded in nutrients. It has high
levels of vitamins "A" and "C" and minerals like calcium and phosphorus.
It is a vegetable and is used in salads dried and pickled to preserve. The
experiment conducted by Hansen et al., revealed a noteworthy variation in
the concentration of specific glucose-nolate across the 21 red cabbage cultivars
and 6 white cabbage cultivars examined [9]. It was shown that red cabbage
cultivars have much higher quantities of glucoraphanin than white cabbage
cultivars. The red cabbage types also showed notable differences. "Rodima"
exhibited the highest glucoraphanin concentration (7.4 mg/g DW) of the
red cultivars examined, while "Primero" had the lowest value (0.6 mg/g DW).
When comparing the glucoiberin concentrations of the white and red cabbage
cultivars, the white cultivars are much higher. The white cabbage cultivar
"Bartolo" had the greatest quantity at 7.4 mg/g dry weight, while the cultivar
"Candela" had the lowest amount at 1.7 mg/g dry weight. The red cultivars
ranged in dry weight from around 3 mg/g to 0.3 mg/g. Furthermore, it was
shown that red cabbages had a substantially higher amount of gluconasturtiin
than white cabbage cultivars. The cultivar "Amager Garo" had the greatest
content, while the cultivar "Primero" had the lowest, with 1 and 0.1 mg/g dry
weight, respectively. In addition to having enough quantities of vitamin B,
lump cabbage is rich in minerals and has more protein than other vegetables.
Both vitamins "A" and "C" and minerals like calcium and phosphorus are
abundant in it. Broccoli is nutrientrich, consuming one or more servings
of broccoli per week has been shown to reduce the incidence of prostate
cancer and delay the disease's transition from a localized to an aggressive
form [10,11]. Broccoli-rich diets may also reduce the risk of prostate cancer.
Brussels sprouts are an extremely nutrient-dense veggie. Appropriate levels
of protein, calcium, iron and vitamin A are present. In terms of vitamin
content, brussels sprouts and broccoli were evaluated comparably well by
Kurlich et al., with high amounts of C and E as well as B-carotene [12].
Known as the Cruciferae or Brassicacea family, cruciferous vegetables include
mustards, watercress, cabbage, broccoli, cauliflower, brussels sprouts, kales,
kailan, Chinese cabbage, turnip, rutabaga, radish, horseradish and rocket.
These vegetables also contain the highest concentrations of glucose-olates in
the human diet. The majority of consumers believe that eating a diet high
in vegetables is healthy. This is because, in 1997 the World Cancer Research
Fund in the United States concluded that, when paired with vegetables high
in other phytonutriceuticals, cruciferous diets are likely to protect humans
against cancers of the thyroid, colon and rectum in addition to potentially
preventing cancers of other organs. Based on one of the biggest and most
comprehensive examinations of food and cancer, this conclusion was reached.
It has been shown that cruciferous vegetables strong in glucose-nolates, such
as broccoli, cabbage, brussels sprouts, kale and others, provide protection
against cancers of the lung, prostate, breast and other organs affected by
chemicals [11]. Substantial variations were seen between and among these
crucifers when the levels of a- and B-, o- and y-tocopherols as well as vitamin
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C were assessed in broccoli, brussels sprouts, cabbage, cauliflower, tronchuda
and kale [13]. Vitamin C is the most common vitamin among the five
crucifers that were investigated. Kale had the highest concentration of these
vitamins, with broccoli, cauliflower, cabbage and brussels sprouts following
closely after. Genetic factors were shown to account for 79% of the variability
in broccoli's B-carotene, 82% of its o-tocopherol and 55% of its vitamin C
levels [12]. Crucifers are also an excellent source of folate. Approximately
110-135 and 70-90 ng/100 g, respectively, were found to be among the best
vegetable sources of folate, according to research by Scott et al., and Konings
et al., [14,15]. Broccoli stores selenium as selenocysteine, which is readily
absorbed by human tissue [16]. Selenium-supplemented broccoli has been
demonstrated to reduce colon cancer and breast cancers in animal models
[17]. According to Kumar et al., the cabbage family of vegetables, which
includes cabbage, cauliflower and brussels sprouts has compounds that may
help prevent cancer [1].

Onion and garlic: Onions and garlic are not only delicious side dishes, but
they are also very nourishing. Both vegetables are low in calories but high in
essential nutrients. Onions for instance, are a great source of vitamin C, an
antioxidant that supports strong immunity and beautiful skin. Quercetin
is another antioxidant that has anti-inflammatory properties. In addition,
onions include fiber, potassium and folate, which are essential nutrients for
overall well-being, including heart and digestive health. The highest total
flavonoid content was found in onion leaves, out of the 62 vegetables that
Miean et al., examined [18]. The total flavonoid concentrations of garlic and
onion leaves were around 1.0 and 2.7 g/kg dry weight, respectively. Onion
leaves contain around 55% quercetin, 31% kaempferol and 14% luteolin
as flavonoids. About 95% of the flavonoids in onion bulbs are quercetin;
kaempferol is only trace levels [19]. Research indicates that white onion
cultivars have a significantly lower quercetin concentration than red onion
cultivars, with the bulk of quercetin concentrated in the outer scales. Red
onions contained approximately 1350 pg/g of total flavonols, whereas white
onions had justaround 10 pg/g. According to Herrmann, quercetin primarily
appeared as a freeform aglycone in onions [20]. Garlic has some of these
nutritional benefits and also has high levels of fiber and vitamin C. One
of the most well-known components of garlic is allicin, a sulfur-containing
compound that also provides garlic its distinct aroma and certain health
advantages. Garlic may have more cardiovascular benefits if allicin lowers
blood pressure and cholesterol. It is also believed to possess antimicrobial
qualities that aid in the prevention of illnesses. Of the flavonoids in garlic
cloves, myricetin makes about 72%, apigenin 23% and quercetin 5% [18].
Several epidemiological studies show that the use of alliums, such onions
and garlic and the occurrence of cancer are inversely correlated. A synthesis
of case control studies carried out in Italy and Switzerland found that
consuming one to seven servings of fish a week reduced the incidence of
cancers of the mouth, throat, colon and ovaries [21]. Furthermore, a range
of bioactive chemicals found in onions may reduce the occurrence of
cardiovascular diseases. A human trial found that consuming the equivalent
of three onions in a soup was sufficient to significantly reduce the aggregation
of blood platelets [22].

Carrot: Carrots are another vegetable that is generally available throughout
the winter. It's a great way to get vitamins and minerals. Carrots can cause
shortages in vitamins A, B and C. In addition to other minerals like folate,
iron, copper, potassium and more carrots are a great source of important
vitamins. Carrots provide several health benefits. Regular consumption
improves eyesight, strengthens immunity and wards against cancer. Carrots
contain three flavonoids that are uncommon in combination: kaempferol,
quercetin and luteolin [23]. Over the course of the last forty years, carrots
have experienced a tremendous increase in total carotenoid levels through
conventional breeding, reaching 1000 ppm carotenoids on a fresh weight
basis.

Radish: A common vegetable for salads and cookery is the radish. It's also
eaten as a paratha with curd for breakfast and it tastes strong. Its leaves are
often used to cook vegetables. Vitamin C and other minerals are abundant
in radishes. Radish should also be avoided by those who have liver illness
or jaundice. In addition to being high in fiber, they also include vitamins
E, A, C, B6 and K, antioxidants, zinc, phosphorus, potassium, magnesium
and calcium. The three primary glucosinolates identified in radish are
glucoerucin, glucoraphanin and glucobrassicin [24].

Turnips: Turnips are another one of the greatest winter vegetable selections.
One excellent source of vitamin C is turnip greens. It improves lung health
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by lowering lung inflammation and emphysema. Turnip consumption also
has the added benefit of occasionally treating kidney stones. Eating turnips
every day can assist with the problem if you don't have significant stone
growth [6].

Beetroot: Beetroot holds a significant position among root vegetables. There
are several reasons beets are farmed. Usually, it's used in salads and beverages.
The body uses it to make up for its blood deficiency. Magnesium, calcium,
potassium, phosphorus, iodine, iron, manganese and vitamins A, C, B1 and
B2 are all present in large amounts. They boost immunity since they are high
in vitamin C. They really benefit the skin and hair.

Fenugreek: Botany classifies this crop as an annual herbaceous plant that
is grown for its seeds and leaves, both dried and fresh. Fenugreek is used in
cosmetics, cuisine, medicine and animal feed. Its fresh, green and dried leaves
are used as a vegetable in the winter because they are high in iron, sulfur,
calcium, magnesium, oil, protein, fiber, carbohydrate and vitamins A, C and
nicotine. Its seeds are used as a spice in pickles and vegetables. Fenugreek
has a high nutritional content and is used in Ayurveda medicine to treat a
variety of illnesses. Research indicates that individuals with diabetes, high
cholesterol, diarrhea and dysentery benefit more from consuming seeds [6].
Fenugreek and other Indian green leafy vegetables are good sources of soluble
dietary fiber, according to published studies. Consuming more vegetable
fiber decreases the risk of cardiovascular diseases, supports a healthy body
weight, aids in the maintenance of a healthy digestive system and may even
prevent colon cancer [25,26].

Spinach: Being abundant in vitamins and low in calories, spinach is one
of the healthiest foods out there. It is one of the foods with the most
nutrients. It is a great source of vitamins A and C as well as foliate. Sa'eed
et al., claim that heat causes a green's oxalate content to decrease, releasing
calcium for the food [27]. While raw spinach is still delicious in salads,
cooked spinach has more benefits. These are composed of antioxidants and
phenolic compounds, which are secondary metabolites of beneficial plants
[1]. Spinach is one of the green veggies that is most often served in Indian
families. Spinach is a highly healthy leafy green that may be eaten and helps
with many different types of ailments. It also compensates for the deficiency
of many vitamin types. Spinach is something you should eat every day.
Among the green crops cultivated in India, spinach has a prominent place.
Spinach is a crop that is rich in vitamins, minerals and iron. It is used as
a green vegetable. While calcium (vitamin A) is plentiful, iron phosphorus
(vitamin C) is found in low amounts. Asthma, cancer, stones and scabies may
all be avoided with spinach leaves. Because it is antipyretic, blood purifying,
healthy and lowers blood pressure, this coolant is great for those with high
blood pressure. Lastly, spinach promotes the development of strong hair and
skin. Spinach is one of the foods high in fiber [25]. According to studies
found in the literature, spinach has a high soluble fiber content. Like other
leafy green vegetables, spinach is an excellent source of nutrients. A half-cup
of boiled spinach provides 573 micrograms (mcg) of vitamin A or 229% of
the recommended daily intake. Some research suggests that spinach might
strengthen the heart and lower blood pressure. Fresh for instance, spinach
has the highest quantities of calcium (1036 mg/100 g), magnesium (827
mg/100 g), iron (28.4 mg/100 g) and salt (827 mg/100 g). Spinach is a great
example of a meal that has relatively high calcium content but that the body
can scarcely absorb due to its high oxalate concentration. Even though it is
technically correct, marketing spinach as a food high in calcium is deceptive
because it is not a very good source of calcium for humans [28].

DISCUSSION

Winter vegetables, are a vital part of a healthy diet, providing essential
vitamins, minerals and antioxidants that support various health aspects.
These vegetables, especially those grown in colder climates, are rich in
vitamins, minerals, fiber and antioxidants that contribute to overall wellness.
Vitamins like vitamin A, vitamin B, vitamin C and vitamin K are essential
for vision, immune function and skin health, while minerals like potassium,
magnesium and iron are essential for physiological functions. Regular
consumption of these vegetables can reduce the risk of chronic diseases and
improve dietary patterns, food security and human health. Their antioxidant
content protects cells from oxidative stress and inflammation, making them
a vital part of a balanced diet. Winter vegetables play an important role in
maintaining a healthy diet during the colder months, offering an array of
essential nutrients that support overall well-being. These vegetables are not
only versatile in their culinary uses but also packed with vitamins, minerals
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and antioxidants that help the body thrive in winter. Carrots are a staple
winter vegetable, celebrated for their high beta-carotene content, which the
body converts into vitamin A. This nutrient is essential for maintaining
healthy vision, supporting immune function and promoting skin health.
Additionally, carrots are a good source of dietary fiber, which aids digestion
and contributes to gut health. The potassium in carrots also helps regulate
blood pressure, making them a well-rounded vegetable for winter nutrition

[23].

Spinach is another nutrient-dense winter green, rich in iron, calcium,
magnesium and vitamins K, A and folate. The high iron content in
spinach is particularly important for red blood cell production, helping to
prevent anemia and maintain energy levels during the winter. The calcium
and vitamin K in spinach are vital for bone health, while its magnesium
content supports muscle and nerve function. Spinach's versatility makes it
an excellent addition to a variety of dishes, ensuring that these nutrients are
readily available in the diet. Broccoli, a member of the cruciferous vegetable
family, is packed with vitamin C, vitamin K, folate, fiber and powerful
antioxidants like sulforaphane. Vitamin C is particularly important during
the winter months, as it boosts the immune system, helping to ward off
colds and other illnesses. The fiber in broccoli aids digestion and supports
gut health, while its antioxidants may have cancerpreventive properties,
making broccoli a valuable component of a winter diet. Brussels sprouts,
another cruciferous vegetable, are rich in fiber, vitamin C, vitamin K and
folate. These nutrients contribute to heart health, promote healthy skin
and have anti-inflammatory properties. The high fiber content of brussels
sprouts supports digestive health and helps maintain a healthy weight by
promoting a feeling of fullness. Kale is often touted as a superfood and for
good reason. It is exceptionally rich in vitamin K, vitamin C, vitamin A, fiber
and antioxidants. These nutrients support a wide range of bodily functions,
from bone health to immune function. Kale's high antioxidant content helps
combat oxidative stress, which can damage cells and lead to chronic diseases.
Incorporating kale into winter meals can provide a significant nutritional
boost. Sweet potatoes are another winter favorite, known for their high
beta-carotene content, which, like carrots, supports skin health, vision and
immune function. They are also rich in vitamin C, potassium and fiber,
making them a great source of energy and a valuable addition to a balanced
diet. The potassium in sweet potatoes helps regulate blood pressure, while
their fiber content aids digestion. Cabbage is a versatile winter vegetable that
is high in vitamin C, vitamin K, folate and fiber. It supports digestive health,
aids in detoxification and has anti-inflammatory properties. Cabbage is also
known for its heart-health benefits, making it a great choice for winter meals.

CONCLUSION

In conclusion, winter vegetables are essential for a balanced diet, providing
a diverse array of nutrients that support overall health and wellness. These
hardy vegetables, flourishing in colder climates, are rich in essential vitamins
like A, C and K and minerals such as potassium, magnesium and iron. Their
high antioxidant content helps combat oxidative stress and inflammation,
reducing the risk of chronic diseases. Leafy greens like spinach and kale,
cruciferous vegetables such as broccoli and brussels sprouts and root vegetables
like carrots and sweet potatoes, all contribute to improved immune function,
digestive health and cardiovascular wellness. By incorporating these nutrient-
dense vegetables into daily meals, individuals can enhance their health,
bolster their immune systems and support long-term well-being during the
winter months. Their versatility and rich nutritional profiles make winter
vegetables a valuable staple in maintaining a healthy and balanced diet.
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Mass media significantly impacts the agricultural sector, influencing
information dissemination, community building and sustainable farming
practices. It provides farmers with real-time updates on weather forecasts,
market trends and agricultural practices, enabling them to optimize their
operations and improve yields. Mass media also serves as an educational tool,
raising awareness about sustainable farming practices and environmental
conservation. Documentaries, educational programs and articles inform
farmers about biodiversity, soil health and water conservation. By promoting

sustainable practices, mass media encourages farmers to adopt methods that
enhance productivity while protecting the environment. This educational
aspect is significant in encouraging a responsible approach to agriculture,
ensuring sustainable practices for future generations. The impact of mass
media on agriculture is multifaceted, enhancing communication, education
and community engagement. As technology evolves, the influence of mass
media in agriculture will likely expand, providing more opportunities for
farmers to thrive in an ever-changing landscape.

Key Words: Mass media; Information; Sustainable farming; Farmers; Agriculture

INTRODUCTION

Mass media plays a pivotal role in the agricultural sector, serving as a
vital conduit for information dissemination, education and advocacy. Its
influence is farreaching, impacting the decisions, practices and overall
development of agriculture worldwide. In emerging nations, the majority
of people still rely on "traditional mass media" including radio, television
and newspapers. Accordingly, these three media outlets could be useful for
spreading agricultural-related information [1]. Educating the public about
new government initiatives, methods and technology is one of the main
roles of mass media in agriculture. Numerous media platforms such as radio,
television, advertising, movies, the internet, newspapers, magazines and so
on are among the technologies used in this communication [2]. Mass media
is important in helping farmers receive developments in contemporary
agriculture [3]. Furthermore, by drawing attention to certain concerns, the
media can improve people's understanding and alter their behavior [4,5].
Newspapers provide additional benefits, such as stable form a wealth of
information and authority, even if radio and television are the mass media
formats with the quickest rates of growth [6]. Additionally, the media serves
as a link between farmers and resources and markets. It offers vital details
on demand patterns, market pricing and the most effective ways to promote
agricultural goods. This relationship aids farmers in making wise choices
and maximizing their earnings. Furthermore, media outlets provide farmers
with access to professional viewpoints, guidance and solutions to issues in
agriculture, helping them to address obstacles more skillfully. The media
is very important for lobbying and influencing policy. Through drawing
attention to problems that farmers confront, such the effects of climate
change, water shortages and financial restrictions the media may persuade
decision-makers to take these issues seriously. By advocating for farmers, we
can make sure that their needs are met and that their voices are heard. On
the other hand, the media also supports government programs and policies
meant to assist farmers and make sure they are aware of the advantages that
are accessible to them. In several nations, grower communities decision-
making and the progress of agriculture and rural areas have benefited from
the usage of Information and Communication Technologies (ICTs) [7-9].

Through new technologies that are unique to producers, ICTs have
significantly changed agricultural improvement and relocation skills
and knowledge [10]. In addition to the potential for ICT to disseminate
agriculturally efficient information among producer’s other media such
as radio, television, mobile phones and the internet can also facilitate the
exchange of pertinent and appropriate materials that promote the efficient

and productive use of resources [11,12]. The integration of technology
with mass media has further revolutionized agricultural communication.
Digital media including social media platforms, mobile apps and websites
offer real-time updates and interactive platforms for farmers to engage with
experts and peers. This technological integration has made information
more accessible and timely, allowing farmers to adapt quickly to changing
conditions. However, traditional media such as television and radio still play
a significant role particularly in rural areas where access to digital technology
may be limited. Programs customized to local languages and cultures enhance
understanding and adoption among diverse audiences.

LITERATURE REVIEW

Mass media plays a significant role in the dissemination of agricultural
information, influencing the practices, decisions and overall development of
the agricultural sector. Here's a review of the role of mass media in agriculture:

Information dissemination

Awareness creation: Mass media helps raise awareness about new agricultural
technologies, practices and government schemes. It reaches a wide audience,
ensuring that farmers are informed about innovations that can enhance
productivity.

Education and training: Educational programs broadcasted through radio,
television and online platforms provide farmers with knowledge about
improved farming techniques, pest management and sustainable practices.

Advocacy and policy influence

Highlighting issues: Media can bring attention to challenges faced by
farmers, such as climate change impacts, water scarcity and financial issues,
influencing policymakers to address these concerns.

Promoting policies: Government policies and initiatives aimed at supporting
farmers are communicated through mass media, ensuring that farmers are
aware of the benefits available to them.

Technological integration

Digital media: The rise of digital media and mobile technology has
revolutionized the way agricultural information is shared. Social media
platforms, mobile apps and websites offer real-time updates and interactive
platforms for farmers to engage with experts and peers.
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Television and radio: Traditional media still play a significant role in rural
areas where access to digital technology may be limited. Programs customized
to local languages and cultures enhance understanding and adoption.

Behavioral change and adoption

Influencing attitudes: Media campaigns can change perceptions and
attitudes towards certain agricultural practices, encouraging the adoption of
environmentally friendly and economically beneficial methods.

Success stories: Sharing success stories and testimonials of farmers who have
benefited from adopting new technologies or practices can motivate others
to follow suit.

Challenges and limitations

Access and literacy: Not all farmers have access to mass media or the literacy
level required to fully benefit from the information provided.

Content relevance: Information must be relevant and customized to local
contexts to be effective. Generic content may not address specific regional
agricultural challenges.

Use of newspaper in agriculture

Newspapers are important for providing the public with vital information,
but there are still worries around the world that they will prioritize political,
entertainment and advertising over development issues like agriculture [13].
According to a Nigerian survey, newspapers don't focus much on agriculture.
36 out of 750 agriculture news stories (4.8%) were featured on the first page.
Oladele reported that public media in Botswana cover agricultural news less
frequently than private publications. Newspapers typically don't provide a
lot of information on agriculture [14]. According to Rolle et al., there are
other means to get the most recent information on agriculture outside of
periodicals, newspapers and pampbhlets such as electronic media, television,
mobile phones and radio [15].

Use of radio in agriculture

Radio has been a significant tool in agriculture, providing farmers with
vital information and support, especially in rural and remote areas. Its
widespread reach, accessibility and ability to deliver timely information make
it an effective medium for agricultural communication. Radio plays a vital
role in the dissemination of critical information, including market pricing
and weather predictions, which is one of its main advantages. Farmers may
make better marketing decisions and increase profitability by using market
pricing information, which they can use in conjunction with timely weather
updates to assist them prepare for planting, harvesting and other operations.
The study was concluded by Okwu et al., and it is evident that radio and
agricultural initiatives are effective [16]. The majority of farmers like taking
part in agricultural programs, according to the statistics which suggests that
most producers tune in to radio programs about plants and agronomic
items. Moreover, some farmers like hearing about cattle expertise. Radio
transmission is still widely used by farmers in rural areas. A lot of farmers
rely on radio and newspapers. According to Zhang et al., these broadcast
networks have the potential to enhance agricultural development skills and
knowledge while serving as a vital conduit for critical information among
rural producers [17].

In India's rural agricultural markets, where there isn't a consistent and
reliable electricity supply in remote and rural locations, it serves as a
potent communication tool. The radio is the only source of information,
entertainment and education that people can rely on. For instance, All India
Radio (AIR) operates a number of radio stations under the "Kisanvani"
concept. The goal is to provide local farmers with up-to-date information
regarding weather reports, daily market pricing and other micro-level details
in their individual areas. Kisanvani is currently broadcast from 96 AIR
stations located all across the nation. "Kisanvani, Samruddhi, Krishi jagat
and Suno kisan" is one of the several programs [18].

Use of television in agriculture

Television has become an indispensable tool in the field of agriculture,
playing a pivotal role in disseminating information, providing education and
encouraging community engagement among farmers. With its unique ability
to deliver both visual and auditory content, television offers a powerful
medium for conveying complex information in a manner that is both
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engaging and easy to understand. Because of its influence and scope, it has
proven to be a useful instrument for promoting innovations and sustainable
farming methods. Without a doubt, television cannot provide the most
recent agricultural facts. The findings demonstrate that television is a useful
medium for distributing current information, such as news or the greatest
knowledge available on wheat, seeds and soil [19]. Television has been a
vital tool for spreading the most accurate information about the agriculture
industry in Ethiopia and India. It has been noted that agricultural farmers
may readily receive improved information by viewing television programs
related to farming [20]. All members of society may obtain knowledge and
skills via television, which also helps farmers become more knowledgeable
about the use of new technology in agriculture and transmits content that
grabs viewer's interest. Also a lot of people rely on the media to provide
them with the most recent information on health, education and agriculture
[21]. Tt is observed that many developing nations have set up a number
of communication hubs to spread the word to farmers about the benefits
of agriculture. Nonetheless, governments have established agricultural
information clearinghouses in several nations. Moreover, producers in
developing nations can obtain the most agricultural knowledge via television
[22]. Television directors and producers will devise new strategies for
agricultural growth in order to generate ideas for agricultural development
from the standpoint of rural and agricultural progress [21].

Use of social media in agriculture

Social media has become an invaluable tool in agriculture, transforming how
farmers connect, share information and promote their products. Platforms
like facebook, twitter, instagram and linkedin allow farmers to engage with
a broader audience, including consumers, suppliers and industry experts.
Farmers may promote a favorable image of agriculture by using social media
to highlight sustainable agricultural methods, share success stories and
highlight their practices. Social media is the term for digital devices that are
mostly based on the internet and are used by individuals to share and discuss
data. It makes reference to knowledge, opinions and digital networks allow
for the sharing and discussion of multimedia, music and video. Social media
components that make them indispensable and accessible. Easy tools exist
to enhance verbal communication gain access via mass non-public, mass self
and mass mobile phone communications. an extensive network of weak links
to ensure the receipt of new ideas. In essence, new media is all about what
is popular and viral and the most popular platforms these days are youtube,
facebook and instagram as they are easily available to anyone. In a research
by Thakur et al., social media platforms used in agricultural communication
activities were analytically tested [23]. The results showed that users preferred
whatsapp over facebook because of its advantages over facebook, including
ease, privacy and fewer data usage. Information quality, timeliness and
accuracy will all increase as a result of social media technologies connecting
the farming community with agricultural organizations. This promotes
continuing communication with the agricultural community and the
sharing of information in both directions. It also has several drawbacks,
such a high frequency of pointless messages, excessive data use and spotty
Internet access. According to Tamizhkumaran et al., youtube has a lot of
potential for advising and extension services [24]. Client attention is drawn
to graphics and videos that provide important information. Positive feedback
may be obtained when extension agents respond to customer remarks,
enabling two-way contact. State Agricultural University (SAU) and Krishi
Vigyan Kendras (KVK's) can lead even the onfarm studies and frontline
demonstrations to investigate the profitability of youtube. The use of social
media by stakeholders in the agriculture industry is increasing. Professionals,
researchers and other stakeholders in the agricultural sector are using social
media at an increasing rate. Buying and selling of agricultural goods is made
possible by the usage of internet media in the agricultural sector. Social
media improves agriculture's marketing, education and communication
while linking farmers with customers and the larger agricultural community.
This allows farmers to innovate and adapt in a fast changing business.

DISCUSSION
Modern media

Impact of internet in agriculture: The use of the internet in agriculture has
transformed the sector, enhancing productivity and efficiency. Farmers now
have instant access to a wealth of information, allowing them to stay updated
on best practices, pest management and crop health. Precision agriculture
has emerged, utilizing sensors, drones and satellite imagery to monitor field
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conditions. This data shared via the internet, enables informed decisions
about irrigation and fertilization leading to increased yields. Moreover, the
internet facilitates market access through e-commerce platforms, allowing
farmers to sell directly to consumers and research market prices. As farmers
communicate through social media and online forums to exchange experiences
and seek advice, networking and collaboration have also improved. With the
use of online learning resources and training materials, farmers may enhance
their skills by using new methods and technologies. Indian gardeners are
very internet literate. According to Lugman et al., growers are already using a
range of websites to obtain essential information on how to apply pesticides
in their agricultural areas in an appropriate manner [12]. The most important
information on agriculture and other related topics may be found online
completed the study, demonstrating that research on the internet may also
be used to determine the function of intermediaries [12,17,25]. Although
communities in Bangladesh's development network initiative lacked instant
access to the internet, staff assisted them in identifying their requirements.
Growers contact the Pallitathya Krishi Resource and Information Center
(KRIC) with user questions wia their phones. Operators use the internet
system in tandem to reply to producers experiencing agricultural challenges
and attempt to resolve their issues. According to current surveys, 94% of
Malaysian producers utilize the internet to receive agricultural information,
while 85% get the most recent information through text messaging.
Furthermore, mail and internet servers as well as projects for grower's
applications have been developed in India and the center gives farmers access
to the most recent agricultural news. In remote locations, network services
are connected using cable. The percentage of producers who lack literacy
and knowledge of computer systems ranges from 85%-92%. Additionally,
grower trainers have been chosen to instruct growers in order to transmit
knowledge via the internet. In this scenario, farmers would not think twice
to learn new information about using online resources and about markets
and pesticides [4,26]. Additionally, farmers may sell directly to customers
and investigate market pricing to the internet's e-commerce platforms,
which make it easier to access markets. As farmers communicate through
social media and online forums to exchange experiences and seek advice,
networking and collaboration have also improved. Farmers may improve
their abilities by adopting new technology and techniques with the help of
online education and training tools.

Impact of mobile phone in agriculture: The use of mobile phones in
agriculture has revolutionized farming practices, enhancing productivity
and connectivity for farmers. With instant access to vital information,
farmers can receive real-time updates on weather forecasts, market prices
and pest management through Short Message Service (SMS) alerts and
mobile applications. They may use this knowledge to make well-informed
decisions on planting and harvesting. Additionally, mobile phones allow for
direct contact between suppliers and customers, which lessens the need for
middlemen and improves the negotiating position on prices. Farmers may
also use mobile devices to receive advisory services from agricultural groups,
which enables them to consult experts on sustainable methods and crop
management. Another trial was finished in Ghana, where fruit producers
were given smartphones to connect with buyers, sell their crops in advance,
interact with consumers and get feedback. Growers may easily communicate
with customers directly using smartphones and they receive greater
evaluations directly from customers and agents. Smartphones also provide
growers another advantage. They get in touch with them immediately and
inquire about their agricultural output pace rather than visiting the market.
Farmers stand to benefit financially, energetically and temporally from
this [12,27,28]. Small farmers now have access to small business facilities
and information about the market and weather in remote locations with
smartphones. Growers that use cellphones to go with customers and offer
their products at higher prices see a significant increase in productivity and
revenue [19]. Reports state that producers now have a framework in place for
disseminating and receiving updated information on agricultural productivity
in cellphones. Many farmers currently use cellphones for many purposes and
one of their uses is to get the market price for agricultural products. However,
some openly communicate with clients in order to sell their commodities
and products at premium rates. Moreover, producers use SMS systems to
receive the most recent information about weather conditions and chemicals
on their farms [19,29]. Without a doubt, cell phones were utilized in a
variety of community sectors, including farming, health, education and rural
development to support the economic advancement of developed countries.
Mass media has the impact of empowering farmer's organizations in isolated
locations and providing them with market knowledge. Additionally,
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producers reach out to consumers in a variety of urban marketplaces,
selling their produce wherever they discover a competitive price [17,30].
Smartphones and other wireless devices were also used in the weather
and climate monitoring system, which has greatly improved the income,
level of awareness and acceptance in many areas. Additionally, these new
services need to be familiarized with the agriculture sector so that producers
may receive the most up-to-date techniques for modernizing their farming
practices and advancing rural areas. Staff members have provided the
newest wireless multi-hop for several features to interact with each other and
handle issues with agricultural and rural development by using ICTs without
experiencing any discomfort [31,32].

Mass media plays a significant role in shaping various sectors of society and
agriculture is no exception. The influence of mass media on agriculture is
extreme, affecting everything from information dissemination to community
building. This overview explores the multifaceted impact of mass media
on the agricultural sector, highlighting its significance in modern farming
practices. One of the primary functions of mass media is the dissemination
of information. In agriculture, timely access to information is vital for
farmers to make informed decisions. Mass media channels, including
television, radio, newspapers and online platforms, provide farmers with
essential updates on weather forecasts, market trends and agricultural
practices. For instance, farmers can learn about the best planting times, pest
control methods and crop management techniques through agricultural
programs and news segments. This access to real-time information helps
farmers optimize their operations and improve yields. Mass media serves as
an educational tool, raising awareness about sustainable farming practices
and environmental conservation. Documentaries, educational programs and
articles can inform farmers about the importance of biodiversity, soil health
and water conservation. By promoting sustainable practices, mass media
encourages farmers to adopt methods that not only enhance productivity
but also protect the environment. This educational aspect is important
in encouraging a more responsible approach to agriculture, ensuring that
farming practices are sustainable for future generations. The impact of
mass media on agriculture is significant and multifaceted. By enhancing
communication, education and community engagement, mass media plays
a vital role in modernizing the agricultural sector. As technology continues
to evolve, the influence of mass media in agriculture will likely expand,
providing even more opportunities for farmers to thrive in an ever-changing
landscape.

CONCLUSION

In conclusion, mass media is an indispensable tool for transforming
agriculture by providing essential information, encouraging innovation
and advocating for policy changes. The agriculture industry is greatly
impacted by mass media, which gives farmers chances to enhance their
farming methods. With the help of its real-time updates on market trends,
weather predictions and agricultural methods, farmers are able to increase
yields and streamline their operations. The media may also be used as
a teaching tool to promote environmental preservation and sustainable
agricultural methods. A responsible approach to agriculture is promoted via
documentaries, educational programs and publications that educate farmers
about biodiversity, soil health and water conservation. Mass media's impact
on agriculture will probably grow as technology develops, giving farmers
more chances to prosper in a constantly shifting environment. All things
considered the mass media is extremely important in influencing many facets
of society, including agriculture.
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ABSTRACT

The use of synthetic chemical insecticides is not allowed or is used restrictively because of the
problem of residues and the health risks of consumers. With this in mind, plants are needed that
can provide potential alternatives to the currently used insecticides, as they are a rich source of
bioactive molecules. Available literature indicates that the plant could be a source of new
insecticides. Preventing food loss during post-harvest storage is of the utmost economic
importance. Integrated pest management is now a widely accepted pest management strategy,
including post-harvest pest management using chemical insecticides with disinfectants. Therefore,
there is great potential for insecticidal compounds derived from plants. This article focuses on the
current status of botanical insecticides as grain protectors and how they work. The control of this
insect is highly dependent on the use of synthetic insecticides and disinfectants. But its widespread
use has created serious problems. The increasing resistance of stored product insects to
conventional synthetic pesticides, along with growing concerns over environmental and human
health impacts, has spurred interest in alternative pest management strategies. Botanicals derived
from medicinal plants have emerged as promising candidates due to their diverse bioactive
properties and eco-friendly nature. This review provides a comprehensive overview of the current
knowledge on the use of botanical extracts for controlling stored insects. It discusses the various
modes of action, including repellency, toxicity, and growth inhibition, and highlights the most

effective plant species and their phytochemical constituents.

Keywords: Medicinal; plants; disinfectant; insecticide; health risks; compounds; dependent.

1. INTRODUCTION

“The loss of grain due to insect attacks during
storage is a serious problem, especially in
developing countries. Insect losses are more
than direct losses. High content of insect remains
preserved cereals that are not fit for human
consumption and food loss and in terms of
quality and quantity. Changes caused by
infection of insects during storage, the
environment can cause hot, wet "hot spots" that
suitable storage conditions for mushrooms that
cause additional losses. It is estimated that more
than 20,000 types of fields and storage pests
destroy about a third of the world food production
worth more than $ 100 billion a year of which the
largest losses (43%) in developing” [1-2].
“Natural products from plants are shown as
powerful two-rational alternatives to synthetic
insecticides for integrated management of
insects after the harvest. Pesticide plants, as an
alternative to synthetic pesticides, are known for
their non-cytotoxicity, their ease of
biodegradation and their modeling of host
metabolism. Pesticide compounds grow quickly,
making them greener than synthetic compounds”
[3-5]. “In India, there is a high availability of
plants that have been characterized by their
efficiency, growth, proliferation and low
availability” [6,7]. “In the 1960s, their negative
impact on the environment and human health
became apparent. The reasons for using
synthetic pesticides are their direct impact on

pests, which eventually led to trade in agricultural
products with pesticide residues. More than
600 species are considered pests of stored
products. Among insects, the main pests are
roaches, ticks, and beetles. Beetles are the
largest taxon of insects and the number one
order of stored product pests” [8]. “In addition,
this group of insects is often resistant to
insecticides and can survive in dry conditions
and absorb water from poorly hydrated products.
Therefore, their population is difficult to control in
food storage areas. Different groups of
insecticides are used against pests of
coleopterans (cockroaches and ulcers), such as
synthetic insecticides, fungal substances and
substances of plant origin (for example, essential
oils or alkaloids). Natural products make up a
small percentage of the currently used
insecticides” [9-11]. In some cases, we have not
fully discussed some active compounds due to
inconsistencies in the available data. However, if
necessary, a brief overview was provided. We
are also trying to discuss possible methods of
using bio insecticides to protect stored crops, as
well as future use of plant compounds in the
future to protect stored crops. During severe
infestations, skin and submerged bodies
accumulate in fluffy masses which can explode.
He is an ordinary resident of household dust and
is very allergic [12-15]. A vacuum cleaner is
required if the sites are severely infected. These
signs indicate that the storage conditions are too
humid. Contaminated materials should be
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Table 1. List of grain pests and their life cycle

Pest Name Common Host Grains Life Cycle Stages Duration of Life Cycle Key Characteristics
Females lay eggs inside the grain kernel; larvae
Rice Weevil Rice, Wheat, Maize Egg, Larva, Pupa, Adult 26-32 days feed inside the grain.
Lesser Grain Highly destructive; bore holes in grains during
Borer Wheat, Barley, Rice Egg, Larva, Pupa, Adult 30-45 days larval and adult stages.
Wheat, Maize, Feeds on broken or damaged grains; thrives in
Red Flour Beetle Processed Grains Egg, Larva, Pupa, Adult 20-25 days stored grain products.
Sawtoothed Grain  Oats, Corn, Processed Flattened body allows it to penetrate tight spaces
Beetle Grains Egg, Larva, Pupa, Adult 30-50 days in grain storage.
Adults cannot fly; larvae feed entirely within the
Granary Weevil Wheat, Barley, Corn Egg, Larva, Pupa, Adult 35-40 days grain kernel.
Maize, Rice, Processed Egg, Larva (Caterpillar), Caterpillars create silk webs in stored products,
Indian Meal Moth Grains Pupa, Adult 28-35 days contaminating food.
Angoumois Grain Eggs are laid on grain surface; larvae bore into
Moth Wheat, Corn, Barley Egg, Larva, Pupa, Adult 4-6 weeks kernels to feed.
Rice, Wheat, Barley, Highly resistant to starvation and desiccation;
Khapra Beetle Maize Egg, Larva, Pupa, Adult 4-6 months major quarantine pest.
Infests whole grains; adult weevils are capable of
Maize Weevil Maize, Wheat, Barley Egg, Larva, Pupa, Adult 30-45 days flight.
Confused Flour Feeds on damaged grains and processed
Beetle Wheat, Corn, Barley Egg, Larva, Pupa, Adult 26-35 days products; common in flour mills.

Source: Shadia 2011 [7]
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removed and contaminated areas should be
thoroughly cleaned. Botanical insecticides
currently play only a minor role in insect control
and plant protection; increasingly stringent legal
requirements in  many jurisdictions have
prevented a handful of botanists from entering
the market in North America and Europe for the
past 20 years [16-19]. However, public health
requirements and regulations create
opportunities for the use of plant products in
industrialized countries, in situations where
human and animal health is critical, to combat
pests in and around homes and gardens,
commercial kitchens, and storage. food and
meal. in pets [20-23].

2. USES OF BOTANICALS FOR STORED
INSECTS

“The biological nature of botanical pesticides
accelerates their degradation and therefore does
not accumulate in the environment, for example
in water and soil, thereby eliminating
contamination risks” [24]. “Vegetables have been
used since time immemorial to protect stored

food from common pests. They act as repellents,
antioxidants, toxins and act as natural defenders
of grains, acting as chemo stimulants /
reproduction inhibitors or inhibitors of insect
growth and development” [25,26]. “The concept
of using natural sources to a store of various
household items has been around for centuries.
When modern means were not available. Here
evidence of ash, sand, herbs, and herbs used in
ancient civilization that was used for expansion
shelf life of many foods. Many of these practices
they find their confidence even in the modern
era, as these methods they are profitable and
sustainable. The main activity is due to the
presence of volatile lipophilic essential oils
secondary metabolites. Many spices and herbs
and their extracts are known to have insecticidal
properties, which often present in the essential
oil fraction” [27-31].

3. TRADITIONAL
STORED INSECTS

METHODS FOR

“Only some other plant materials show a
decrease in commercial use as insecticides, as
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the wood of the Caribbean tree Ryania speciosa
(Salicaceae) contains a number of unique
alkaloids that block neuromuscular compounds.
Shredded stem wood containing Al% ryanodine
and its alkaloid analogs was used to produce
organic fruits. Quassia amara (Simaroubaceae),
a small tree from Brazil, contains bitter
triterpenoids. The wood chips and bark of the
land of this species and the associated tree
Ailanthus altissima have traditionally been used
as an insecticide. Sabadilla is a powder based on
ground seeds of Schoenocaulon officinale
(Melanthiaceae), a plant from South America.
Pure active substances, the steroid type
alkaloids, are quite toxic to mammals, but, like
rotenone, the concentration of alkaloids in
powdered seeds is quite low, which provides a
margin of safety for the user” [32-35].

a. Pyrethrum: Pyrethrum is the most widely
used botanical insecticide in the world
and is known as a rapidly disintegrating
household spray.

b. Pyrethroids: It is synthetic materials
designed to imitate natural pyrethrum but
are much more toxic and long lasting.

c. Rotenone: Rotenone is an isoflavonoid
obtained from the roots or rhizomes of
tropical legumes in the genera Derris,
Lonchocarpus and Tephrosia.

d. Nicotinoids: They have been
previously referred to as nitro-
guanidines, neonicotinyls, neonicotinoids,
chloronicotines and more recently as the
chloronicotinyls.

4. FUMIGATION

The currently used fumigants, phosphine, methyl
bromide, This is consequence, there is an
increasing necessitates for development of safe
alternative that could replace the toxic fumigation
against stored product insecticides. Sitophilus
zeamais is and the red-flour beetle, Tribolium
castaneum and demonstrates both repellent and
fumigant properties. The exact mode of action of
these oils as fumigant is unknown but the oils
mainly act in the vapor phase via respiratory
system. Alkaloids isolated from Annona
squamosa have shown larvicidal growth-
regulating and chemosterilant activities against
Anopheles stephensi, Callosobruchus chinensis,
causing nearly 100% sterility at a concentration
of 1.5%. Fumigationplays a major role
in insect pest  elimination  in stored products.
Currently, phosphine (from metal phosphide
preparations, cylinderized formulations and on-

site generators) and methyl bromide (available in
cylinders and metal cans) are the two common
fumigants used for stored-product protection
world over.

The following areas of research need attention
for the exploitation of these natural products as
alternative fumigants for stored-product insect
control:

1. Stability of plant products as fumigants.

2. Screening of plant essential
oils/compounds for fumigant toxicity must
include egg and pupal stages, diapason
larvae or mixed-age cultures of target
insect species

3. Validation of mixtures containing carrier
gases or adjuvants for essential oils.

4. Sorption and tainting aspects must be
addressed for potent essential
oils/components with different types of
food commodities

5. Fumigant toxicity of essential
oils/constituents to C.  cephalonica, A.
fasciculatus, C. serratus, Cryptolestes spp.
and insect pests of animal products
(except D. maculatus).

6. Fumigant action of compounds from neem
seed or oil, seaweeds and other marine
natural products needs to be investigated
[36-39].

5. FUTURE OF BOTANICALS

Vegetables are useful in the case of documented
resistance of the diamond moth to Bacillus
thuringiensis and spinosad because of. Plants
are useful in case of documented resistance to
diamond moths against Bacillus thuringiensis
and spinosad due to overuse [40]. Vegetables
help prevent the discharge of thousands of tons
of pesticides to Earth; they are safer for the user
and for the environment because they
decompose by microorganisms and decompose
into harmless compounds in a matter of hours or
days in the presence of sunlight.

6. INSECTICIDAL ACTIVITY

The percentage of variation in the sensitivity

of stored grain insect pests is high in
response to toxicity of volatile compounds,
currently  control  of stored-product insects of
cereals instorewere .. In this work

extended to the search of insecticidal activity are
observed are, Morinda lucida, Callosobruchus
maculatus, rice weevil, Sitophilus zeamais
Motschulsky., Sitophilus oryzae L.,
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Callosobruchus maculatus, S. oryzae, R.
dominica, P. interpunctella, So, we
recommended using botanical insecticidal and
being promoted and research is being conducted
to find new sources of botanical insecticides.
Some recent publications are cited in the
ascending order which covers the studies on
Botanicals from Medicinal Plants in Stored
Insects, case studies, research and review
communications are as follows:

7. CONCLUSION

The fact that small holder farmers have the
knowledge of using pesticide plants which they
hardly use, there is a need of a research based
solution on better ways to make the knowledge
useful. Practical research based in field situation
and that directly involve small scale farmers is
important to put into practice experts’
understanding. There have been many
laboratory studies of plant products as fumigants
against insect pests of stored foods. In addition
to toxicity tests, special attention was paid to
elucidating the way it acts on insects. For some
natural compounds, the effect on food quality,
germination and seedling growth was studied.
However, the following research areas require
special attention to study these natural products
as alternative fumigants for controlling insects in
stored foods.the utilization of botanicals derived
from medicinal plants presents a promising and
sustainable approach to managing stored insect
pests. These natural compounds offer a safer
alternative to synthetic pesticides, reducing the
risk of environmental contamination and human
health hazards. The diverse modes of action
exhibited by botanical extracts, such as
repellency, toxicity, and growth inhibition,
contribute to their effectiveness in pest control.
However, to fully realize the potential of
botanicals, further research is needed to identify
the most potent plant species, optimize
extraction methods, and understand the
mechanisms  underlying their insecticidal
properties. Additionally, the development of
standardized formulations and field trials will be
crucial for the successful integration of botanicals
into pest management programs. By continuing
to explore and harness the bioactive properties
of medicinal plants, we can enhance sustainable
agricultural practices and ensure food security in
the face of increasing pest pressures.
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An overview of the effect of integrated nutrient management on vegetable
crops

Arun Kumar Verma®*, Mahendra Kumar Yadav?

Verma AK, Yadav MK. An overview of the effect of integrated nutrient
management on vegetable crops. AGBIR.2024;40(4):1222-1225.

The overview on the effects of Integrated Nutrient Management (INM) on
vegetable crops highlights its multifaceted benefits. INM integrates organic
and chemical fertilizers, enhancing soil fertility and structure while optimizing
nutrient supply to vegetable crops. INM practices are important in vegetable
crop production, enhancing the quantity and quality of crops like tomato,
brinjal, chilli, radish, carrots, cabbage, cauliflower, broccoli, okra, cucumber
pumpkin, melons, gourd and leafy vegetables. By combining natural and
inorganic fertilizers with bio-fertilizers, INM methods reduce input costs and
enhance crop quality and nutrition. This sustainable approach optimizes

nutrient use efficiency, enhances soil health, reduces environmental pollution
and contributes to overall sustainability. It is essential for researchers,
policymakers and farmers to promote and encourage INM practices for a
more productive and environmentally friendly vegetable farming sector.
This balanced nutrition leads to increased vegetables yields, improved crop
quality and enhanced nutrient use efficiency. Additionally, INM practices
promote sustainable soil management, reducing environmental impact and
encouraging resilience to abiotic stresses. By minimizing reliance on synthetic
inputs, INM contributes to economic viability for growers while preserving
natural resources.

Key Words: Sustainability; Soil health; Natural resources; Vegetables yield

INTRODUCTION

Integrated Nutrient Management (INM) is pivotal for optimizing vegetable
crop productivity while ensuring environmental sustainability. By
combining organic and inorganic fertilizers alongside microbial inoculants,
INM enhances soil fertility and structure, encouraging strong plant growth
and higher yields. By limiting losses and the hazards of environmental
contamination associated with synthetic fertilizers, this strategy maximizes
nutrient efficiency. As so, it improves soil quality, crop water uptake efficiency
and soil health. Furthermore, INM reduces the need for pharmaceutical
treatments by encouraging resilience to pests and environmental challenges.
Notably, the method improves crop quality, satisfying customer demands for
superior, nutrient-dense fruit. In terms of economics, INM maximizes input
costs and supports vegetable farming's long-term viability. It is often known
that vegetables are an essential dietary supplement for preserving good
health and guaranteeing nutritional security. They are significant providers
of proteins, carbs, minerals and vitamins. Integrated nutrient management
refers to applying both organic and inorganic fertilizers to increase crop
yield. Essentially, the INM approach involves applying synthetic fertilizers
in addition to agricultural wastes, organic manures, biofertilizers and other
biologically related materials in an equivalent ratio [1]. Farmers that cannot
afford to utilize chemical fertilization to supply nutrients for any crop can
also benefit from the INM approach. In order to boost agricultural output
and lessen soil erosion, it also seeks to enhance the biological, mechanical,
hydrological and physical qualities of the land [2]. The use of nitrogenous
fertilizers excessively or carelessly is detrimental to crop productivity and
soil health. Therefore, the application of biofertilizer and organic manure
in moderation in addition to chemical fertilizers promotes soil fertility
maintenance and lucrative and sustainable crop production [3]. When
viewed appropriately, integrated nutrition management can help improve
the quantity and caliber of vegetables produced [4]. By combining different
nutrient sources, the INM strategy seeks to maximize vegetable crop nutrient
usage efficiency. Using both natural and artificial fertilizers in addition to
other management techniques, this strategy guarantees crop production that
is both ecologically benign and sustainable. INM has drawn a lot of attention
lately and is now a significant part of managing vegetable crops [5].

Need of integrated nutrient management in vegetable crops production

Improved soil fertility: In addition to chemical fertilizers, the regular use

of organic manures such compost, farmyard manure and green manure
helps enhance the fertility, texture and structure of the soil. Better nutrient
availability, aeration and water retention result from this, all of which are
essential for the growth and development of vegetable crops.

Increased vield and quality: Increased crop yields and better quality

characteristics, such vegetable size, color, taste and nutritional content are
frequently the outcomes of proper nutrient management using integrated
nutrient management. Optimal plant growth and development are supported
by balanced nutrition, which raises productivity and produces goods that
may be sold.

Enhanced nutrient availability: INM ensures a balanced supply of

essential nutrients, including Nitrogen (N), Phosphorus (P), Potassium
(K), micronutrients and organic matter. This balanced nutrition promotes
vigorous vegetative growth, root development, flowering and fruit set in
vegetable crops.

Enhanced soil health: Through the addition of organic matter and the
development of beneficial microbial communities, INM methods increase
biological activity in the soil. This promotes improved nitrogen cycling, soil
health and the long-term sustainability of vegetable cropping systems. It also
inhibits soil-borne diseases.

Resistance to abiotic stress: Vegetable crops are more resilient to abiotic
stressors like salt, drought and high temperature changes when they are
propetly nourished, especially when it comes to balanced levels of macro-
and micronutrients. Plants that receive proper nutrition are more resilient
to environmental shocks and can continue to produce even under difficult
circumstances.

Reduced nutrient losses: INM assists in lowering nutrient losses due to
volatilization, runoff and leaching by using organic nutrient sources and
effective nutrient management techniques. By doing this, the chance of
environmental contamination is reduced, nutrient utilization is enhanced
and natural resources are preserved.

Improved economic returns: In spite of the possibility of greater upfront
expenses associated with organic inputs and management techniques, INM
usually yields longer-term advantages. For vegetable producers, more yields,
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better quality, less input needed and more environmental sustainability all
translate into higher financial benefits.

Adaptation to climate change: INM techniques can improve crop resilience,
water usage efficiency and soil carbon sequestration, all of which can help
vegetable production systems adapt to climate change. Sustainable nutrient
management practices support agricultural resilience and lessen the negative
effects of climatic variability.

LITERATURE REVIEW
Effect of integrated nutrient management in Solanaceous vegetables

Tomato: INM optimizes tomato cultivation through a blend of organic and
chemical fertilizers, microbial inoculants and efficient practices. Growers
and the environment all gain from this all surround strategy, which improves
tomato output, quality and sustainability. In tomato variety Kashi Amrit,
the integrated application of 100% Recommended Dose of Fertilizers
(RDF)+Azotobacter+Phosphate ~ Solubilizing  Bacteria ~ (PSB)+Vesicular
Arbuscular Mycorrhizae (VAM) may give the highest fruit production
together with favorable fruit set and quality characteristics [6]. According
to Singh et al., tomato plants treated with 50% RDF+10 t ha' Farm Yard
Manure (FYM)+5 t ha! poultry manure+biofertilizer had the highest number
of leaves per plant, the most fruits per plant, the longest fruits per plant,
the mean fruit weight, the yield per plant, the yield per plot and the highest
ascorbic acid content [7]. According to Sepat et al., applying 50% Nitrogen
Phosphorus Potassium (NPK)+FYM+Azotobacter resulted in values for plant’!
height, branches, fruit clusters, fruit size, fruit weight and fruit yield plant’ in
tomatoes [8]. By utilizing both organic and inorganic fertilizers in integrated
nutrient management, the soil environment is enhanced, the nutrient
level is maintained and the perfect conditions are created for the healthy
development of tomatoes with large yields [9].

Brinjal: INM maximizes brinjal cultivation by blending organic and chemical
fertilizers, biofertilizers and efficient practices. Customized nutrient programs
are guided by soil analysis and organic inputs such as farmyard manure and
compost are added to the soil to enhance it. Paswan et al., found that the
fruit production metrics, such as fruit number per plant, fruit length, fruit
diameter, fruit weight and fruit yield per hectare, considerably improved with
soil treatments of 100% NPK+25% N through vermicompost [10]. Brinjal
output is increased and soil health is maintained with the application of
50 kg nitrogen through urea and 50 kg nitrogen through chicken manure
per acre [11]. Under vermicompost at 10 t/ha+75% RDF (NPK), noticeably
higher values of yield characteristics were reported, including fruit yield per
plot and fruit yield ton per hectare. Under control FYM at 20 t/h+75% RDF,
however, noticeably minimum values of yield characteristics were noted [12].

Chilli: The effects of NPK, organic manure and their combination on the
development, yield and nutrient absorption of chilli plants were studied by
Altaf et al., [13]. The fruit's width, length and weight increased significantly,
as did the plant's height at harvest, the number of branches per plant and the
number of fruits per plant. In a similar manner, NPK 100%+FYM at 8 tons per
hectare increased ascorbic acid concentration and oleoresin production. The
yield was increased by using FYM at 8 tons per acre together with NPK 100%.
In an experiment on integrated nitrogen management in chillies, Behera
et al., sought to ascertain the effects of various combinations of nitrogen
sources on chilli production, uptake, quality measures and economics [14].
Due to a 50/50 mixture of urea and vermicompost, T5-50% RDF+50% N
via vermicompost exhibited the greatest levels of chilli production, including
fruit output (14511.4 kg hectare) and nitrogen absorption by fruit (122.31 kg
hectare). In terms of chilli quality attributes such oleoresin, capsaicin and
ascorbic acid (100 percent RDF), T2 had the greatest B:C ratio.

Effect of integrated nutrient management in Cucurbitaceous vegetables

INM plays an important role in the cultivation of cucurbitaceous vegetables
such as cucumbers, pumpkins, water melon, musk melon, bitter gourd, bottle
gourd and pointed gourd etc. In an experiment conducted by Singh et al.,
cucumber plants fertilized with RDF+vermicompost at 5 t ha''+Azotobacter at
5 Kg ha'+PSB at 5 Kg ha! demonstrated the highest yield and related traits
[15]. This is the best integrated nutrient management approach for protected
cucumber cultivation under Punjabi conditions. In soil applications of lime
+biofertilizer+vermicompost@5 t ha'+RDF (100%). Nayak et al., noted the
length of the vine, vine girth, number of branches per plant, length of fruit,
girth of fruit, single fruit weight, moisture content of fruit, total soluble solid,
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ascorbic acid and total sugar of pointed gourd [16]. According to Saravaiya
et al., a mixture of 50% RDF (60:30:30 NPK kg ha') and 10 tons of bio-
compost ha' should be applied to the vine in order to achieve the greater
fruit output of pointed gourds (17.93 t/ha) under the INM system [17]. The
ascorbic acid, protein content, shelf life, total fruit yield and benefit:cost
ratio of bitter gourd plants treated with 100% RDF of NPK+FYM at 5 t
ha'+Biofertilizers at 4 kg ha' (Azotobacter and PSB) have all reached their
maximums. According to research by Patel et al., soil treatments of 75% RDN
by vermicompost+25% N through urea+Axzotobacter at 2.5 L ha'+PSB at 2.5 L
ha'! in bitter gourd resulted in increased growth metrics, such as vine length
at 45 Days After Sowing (DAS) and at 90 DAS with the number of branches
per plant at 90 DAS [18]. Applications of 50% RDF+25% Recommended
Dose of Nitrogen (RDN) from Bio-compost+Azotobacter 2.5 L ha'+PSB 2.5
L ha! were shown to be superior with regard to several growth and yield
characteristics of ridge gourd [19]. According to Patel et al., applying 50%
RDF and compost to the soil was shown to be the most effective treatment
for improving tiny gourd growth and production [20].

Effect of integrated nutrient management in root vegetables

INM significantly impacts the cultivation of root vegetables, such as carrots,
potatoes, radishes and beets. A study on the effects of biofertilizers on carrot
growth and yield was conducted by Roshni et al., [21]. The experiment used
a mix of several biofertilizers and the prescribed NPK level; the factorial
Randomized Block Design (RBD) design included three replications. The
combination of Azospirillum+PSB+Azotobactert VAM generated a superior
outcome in terms of growth and yield characteristics, with weight of root
(121.99 g), yield per plot (5.12 kg) and yield per hac (194 qt/ha). Such
biofertilizers would improve long-term soil health and assist pull in more
nutrients for crop development and production when used in conjunction
with traditional fertilizers. Shanu et al., conducted an experiment on
carrots and the results showed that 25% RDF+50% FYM at 6 t ha'+50%
vermicompost at 3 t ha'+50% rhizosphere bacteria produced the highest
percentage of total soluble solids, ascorbic acid content, carotene content,
cortex to core ratio, highest gross return, net return and best benefit cost ratio,
while FYM at 12 t ha'! produced the lowest percentage of cracked and forked
roots [22]. Basnet et al., found that radish grown with 50% recommended
N from chemical fertilizer and 50% N from chicken manure had the highest
germination percentage, plant height, root length, root diameter and yield
per hectare [23].

Effect of integrated nutrient management in bulb vegetables

Two significant bulbous vegetable crops grown in India are onions and garlic.
Higher onion yields were seen when 52.5 kg of nitrogen were applied per
hectare using Azotobacter biofertilizer. Yadav et al., shown that applications
of RDF (50%)+vermicompost (50%) at 90 DAT were associated with the
maximum plant height, bulb diameter, neck thickness, bulb length and
number of leaves per plant [24]. In a study conducted on onion INM, Brinjh
etal., discovered that the RDF 75%+vermicompost 25% produced the highest
plant height, whereas the RDF 75%+Azotobacter 25% produced the longest
leaves, most leaves, thickest necks and most scales. Whereas bulb diameter,
length and yield were noted in 75% RDF+25% phosphobacteria [25]. With
the application of 100% RDF+vermicompost at 6 t ha'+sulphur at 45 kg
ha'!, which was tested by Kumar et al., the maximum plant height, number
of leaves at 120 Days After Planting (DAP), maximum yield plot?, yield ha",
average fresh weight, average dry weight of bulb, equatorial diameter, polar
diameter, average fresh weight of cloves, number of cloves bulb’, length of
cloves, neck thickness and dry matter content were recorded in garlic [11].
According to research by Patil et al., applying 120:60:60::N:P:K (RDF) kg/
ha+20 t FYM/ha produced the greatest values of all growth parameters,
including number of umbels/plant, number of seeds/umbel, weight of
seeds/umbel, 1000 seed weight and maximum seed yield [26]. According to
Mahanthesh et al., under irrigated circumstances throughout both the kharif
and rabi seasons, the plants given Azospirillum+100% NPK (125:50:125 kg/
ha) recorded the maximum plant height, number of leaves, neck thickness,
bulb diameter, bulb weight and bulb yield [27]. Jawadagi et al., used RDF
(125:50:125::N:P:K kg/ha)+FYM at 30 t/ha to onions and recorded the
maximum leaf length and number of leaves [28]. According to Vachan et
al., applying 100% RDF+Azospirillum+PSB produced the maximum bulb
yield and yield components, including bulb weight, diameter and length,
as well as gross and net returns [29]. The application of 60 kg Nitrogen
(N)+36 kg Phosphorus pentoxide (P,O,)+60 kg Potassium oxide (K,0) per
hectare+vermicompost at 15 t/ha produced the highest plant height, stem
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diameter, leaf length, leaf breadth and yield components in garlic [30]. Verma
et al., found that while the application of 5 t/ha vermicompost and 60 kg/
ha sulphur together was superior in terms of weight of bulb, bulb yield and
net returns of garlic, the application of 7.5 t/ha vermicompost and 90 kg/ha
sulphur individually produced maximum plant height, number of leaves per
plant, chlorophyll content in leaves, fresh weight of leaves, neck thickness,
number of cloves per bulb, weight of bulb, bulb diameter and bulb yield [31].
According to research by Damse et al., the application of 75:40:40:40 kg
Nitrogen Phosphorus Potassium Sulfur (NPKS)+7.5 t FYM+3.75 t poultry
manure per hectare produced the highest bulb yield and benefit-cost ratio,
indicating that garlic benefited from the application of lower doses of
chemical fertilizers combined with one or two organic sources [32].

Effect of integrated nutrient management in leafy vegetables

Spinach growth and production were shown to be enhanced by using various
combinations of nutritional sources. The best method for improving spinach
growth and yield was determined to be an integrated application of 50%
RDF+50% RDF using VC (vermicompost) [33]. Khadse et al., conducted
a research with nine treatment combinations and four replications using
a factorial randomized block design [34]. In addition to three vegetables-
coriander, fenugreek and spinach-three nitrogen sources are employed in
the treatments: 100% nitrogen from urea, 50% nitrogen from FYM+50%
nitrogen from urea and 50% nitrogen from FYM+50% nitrogen from
vermicompost+biofertilizers. All crop growth parameters were considerably
boosted by using 50% nitrogen via FYM+50% urea, then 50% nitrogen via
FYM+50% nitrogen via vermicompost+biofertilizers. 50% N via FYM+50%
N via urea was the highest producing INM treatment; it was followed by 50%
N via FYM+50% N vermicompost+biofertilizers.

Effect of integrated nutrient management in other vegetables

Okra: Applying NPK (100:50:50 kg/ha)+PSB (7.5 kg/ha) will maximize
okra's growth and production. In addition to maintaining soil health in
okra, the application of N, P and K at 37.5:37.5:37.5 kg per hectare and
vermicompost at 1 t per hectare combined with microbial consortia at 3.5
kg per hectare enhanced fruit output. Okra yield was observed to increase
using a combination of N, P and K at 50:50:50 kg per hectare with FYM at
10 t per hectare [11]. Maximum plant height and maximum number of leaves
were also noted when Azotobactor+PSB+NPK at 120:60:60 was applied. The
highest average fruit length was discovered when PSB+NPK at 100:50:50
was used. In terms of the various growth characteristics, treatment with
Azotobactor+PSB+NPK at 100:50:50 resulted in yield and quality reports
that were considerably higher [35].

DISCUSSION

Integrated Nutrient Management (INM) is a sustainable approach to
nutrient management in vegetable crops, offering multifaceted benefits. By
combining organic and chemical fertilizers, integrated nutrient management
improves soil fertility and structure, optimizing nutrient supply. This
approach reduces input costs, enhances crop quality and nutrition and
contributes to overall sustainability. By promoting integrated nutrient
management practices, it enhances vegetable yields, improves soil health and
reduces environmental impact. By minimizing reliance on synthetic inputs,
INM contributes to economic viability for growers while preserving natural
resources. INM techniques produce ideal growth conditions for vegetable
crops by boosting microbial activity, replenishing organic matter and
improving soil structure. Therefore, INM practices are significant for a more
productive and environmentally friendly vegetable farming sector. Therefore,
researchers, policymakers and farmers should promote INM practices for a
more productive and environmentally friendly vegetable farming sector [2].
The improvement in production and quality is one of the main impacts of
INM on vegetable crops. INM guarantees that crops receive the vital nutrients
needed for their growth and development by offering a balanced supply of
nutrients. Using both organic and inorganic fertilizers together ensures a
steady supply of nutrients for the duration of the growth season. Vegetables
with this consistency have better sizes, colors and tastes and their yields are
increased. For instance, it has been demonstrated that INM increases fruit
size, improves lycopene content and raises the total marketable output in
tomato growing [6]. Not only can INM increase crop production and quality,
but it also plays a major role in promoting soil health. Aeration, water-
holding ability and soil structure are all enhanced by adding more organic
matter to the soil through the use of biofertilizers and organic manures.
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These enhancements encourage the growth of advantageous soil microbes,
which are essential to the cycling of nutrients and their availability to plants.
Consequently, the soil's longterm fertility is preserved, which lessens the
requirement for chemical inputs during subsequent growth seasons.

INM can lessen reliance on chemical fertilizers, which is one of its main
benefits. Even while chemical fertilizers are useful, they can be expensive
and have unfavorable long-term consequences on the ecosystem and soil
health. Without sacrificing the yield of their vegetable crops, farmers can
lower the total amount of chemical fertilizers applied by using organic
sources of nutrients, such as compost or farmyard manure. In addition to
lowering input costs, this decrease in chemical fertilizer use also lessens
the environmental risks such as soil deterioration, water pollution and
greenhouse gas emissions that come with overfertilizer application.
Moreover, by reducing the negative environmental effects of intensive
farming, INM supports sustainable agricultural practices. It promotes the
use of environmentally benign and sustainable fertilizer sources, which helps
ensure the long-term viability of agricultural systems. Furthermore, INM-
grown vegetable crops frequently exhibit greater resistance to biotic and
abiotic stressors. Because of the balanced nutrient supply that INM offers,
plants are more resilient to environmental challenges like drought and severe
temperatures as well as diseases and pests. Farmers may profit greatly from
INM in terms of the economy. By lowering the demand for pricey chemical
fertilizers, integrating several nutrition sources can save costs. Farmers may
lower their total input costs while maintaining or even increasing crop yields
by using locally sourced organic manures and biofertilizers. In addition to
its environmental advantages, INM's higher profitability makes it a desirable
choice for vegetable producers [32].

Future aspects of integrated nutrient management

Future demand for Integrated Nutrient Management (INM) in vegetable
production is expected to rise due to the growing importance of sustainability
in agriculture. INM offers a holistic approach to nutrient management,
improving soil health, reducing environmental impact and encouraging
ecosystem resilience. With population growth and climate change challenges,
INM is significant for crop resilience and adaptation. The development of
INM procedures is driven by customer demands for premium, sustainably
produced vegetables. Data-driven decision-making and precision agriculture
can maximize fertilizer applications and increase vegetable production
output.

CONCLUSION

Integrated Nutrient Management (INM) is a sustainable approach to
nutrient management in vegetable crops. It involves combining organic and
chemical fertilizers, enhancing soil fertility and structure and optimizing
nutrient supply. This approach reduces input costs, improves crop quality
and contributes to overall sustainability. By promoting INM practices, it
enhances vegetable yields, improves soil health and reduces environmental
impact, promoting economic viability and preserving natural resources. By
combining bio-fertilizer and organic manure in moderation, INM promotes
soil fertility maintenance and sustainable vegetables production. By
combining natural and artificial fertilizers, INM ensures ecologically benign
and sustainable crop production, making it a significant part of vegetable
crop management. INM's capacity to promote soil health is one of its
main advantages. INM techniques produce the ideal growth conditions for
vegetable crops by boosting microbial activity, replenishing organic matter
and improving soil structure.
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Abstract

Nesting materials of birds was studied out at 10 different sites in Jhalawar Region of Rajasthan. During
the study total 127 nests were found of 15 different species belonging to 15 families out of them
maximum number of nests were of Baya weaver birds and highest number of nests were observed at site
I (College of Horticulture & Forestry). Three types of nesting sites were recognized for nests in all the
study sites. Most of the species, about (n=80) built nests on trees; (n=30) in building spaces (roof,
cornice, hole, crevice in wall, intersecting corner of building wall, ventilator (n=17) in electrical pillar,
electrical box or air condition box. In nest construction, 28 types of materials were recorded of which
twigs were the most used materials, other materials found in nests included: leaves, grass blades, fibers,
feathers, dry sticks, cobwebs, straw, creepers, saliva of birds, cotton, plastic or polythene, wool, human
hair, papers, grass roots, coir, rubbish, rootlets, barks, dry paddy, animal fur, rope, net, pieces of cloth,
ribbons, glossy chocolate paper, moss, honeycombs.

Keywords: Nest, material, birds

Introduction

In developing countries, agricultural land use pattern constitutes an essential driver of
biodiversity loss. The future threat to near threatened and globally threatened bird species was
found to be the current farming technique (Green et al., 2019) . Habitat destruction and
degradation has become one of the greatest threats to the biodiversity (Hamer et al., 2015) I,
Maintenance of rich biodiversity in the agro-ecosystems has become an important measure to
maintain high abundances of well adapted beneficial species. It is a major step towards
ecological sustainability (Duelli, 1997) ™. Different bird species are accommodated by
different agricultural habitats. Highest species diversity is found in fallow land (62) followed
by wetland (53), cropland (37) and lowest in plantations (31) by Mariappan et al., 2013 14,
For conservation purpose it is important to study about their nesting ecology or nesting
patterns. Nests is a place purposely made by birds itself for egg laying and sheltering its
young’s, here birds incubate the eggs and guard them from predators and from against harsh
climatic condition. So, nest plays a vital role in brood survival. Nests are usually used for
breeding purposes but they may also be reused in the non-breeding season for roosting
purposes (Skutch, 1960) . Bird species build their nest on the roofs of houses, holes of
walls, trees, railway station and wells. They also readily accept artificial nesting sites i.e. nest
boxes for laying their eggs (Sengupta, 1982; Ali and Ripley, 1983) 13 1, Birds use different
nesting materials for nest building naturally birds use small pieces of yarn, feathers, twigs,
leaves, grasses, sheep’s wool, horse or human hairs, mud’s etc. When the parent birds leave
their nests their young ones are defenseless they are not mature enough to defend themselves
so birds construct the nests for their protection or not only to protect them from predators but
also from cold as their muscles are not exercised so young ones are unable to immobilize so
nest insulate them like inwoven nests in particular trap body heat, providing warmth for the
chicks-but constructing these structures is a detailed and difficult undertaking. The female
builds the nest by carefully weaving grasses, twigs, and scavenged yarn over a fairly long
period of time. She cushions the inside with feathers, hair and fine grass, thereby further
insulating the nest (Darekar et al., 2015) B,
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Materials and Methods

Study Area

Jhalawar district is located at 24.6 N 76.15 Ein South-eastern
Rajasthan. Jhalawar is a part of Hadoti region and lies at the
edge of Malwa plateau and has an average elevation of 312 m
(1023 feet). The climate of the area is more similar to that of
the Indo-Gangetic Plains, with hot summer and delightfully
cold winters than to the typical arid parts of Rajasthan. In
summer maximum temperature is 47 °C and in winter
minimum temperature is 9.5 °C. The monsoon season spread
over months of July to September is however, quite unlike
and very distinct from the oppressive humid climate of the
North Indian Plains. An average of 781.2 mm of rainfall
keeps it cool, and gentle breezes ward off the high humidity.
In Jhalawar Region 10 different study sites were selected for
survey are College of Horticulture and Forestry, Jhalawar,
Virendra Bhavan, Prithvi Villace Palace, Chauhan’s
Agriculture Farm House, Khandiya Lake, Garh Palace,
Gagron Fort, Aam-Jhar Temple, Barbela Lake, Raata Devi.

Survey

Extensive field surveys were performed at 10 different
selected study sites in and around Jhalawar from June 2019 -
April 2020in different seasons that were rainy season, winter
season and summer season. Each of the 10 selected sites was
surveyed individually three times in a month. Point count and
Encounter methods were used to collect the data about the
nesting sites and nests. The details on ecological conditions
like the host tree; parasite etc. was also studied. Birds were
observed during the morning hours between 06.00 a.m. to
9.00 a.m. and between 4.00 p.m. to 06.00 p.m. with the help
of 10-22x50 Nikon Binocular. Birds sighted during the study
were identified using field guide (Grewal et al., 2016 and
Grimmett et al., 2016) 7 8. Nests were observed in different
areas of Jhalawar by using binoculars and photographs were
taken by the DSLR Nikon camera for better identification,
some of the nests were collected and placed in the wildlife lab
of the Department, only those nests were collected which
were fallen down from the tree of found discarded.

To survey and enumeration of the nest we followed a
methodology proposed by Martin and Geupel (1993) 12,
utilizing two distinct processes:

1. Searching for nests in a meticulous form throughout the
entire study area
2. Observing adults carrying nest material and feeding

nestlings.

During nest searching and monitoring we were cautious to
minimize the impact around the nests, and minimized the
attraction of predators to nests by staying as far away and
monitoring nests as fast as possible. As soon as the nest was
located, identification of the species nesting was conducted
via observation at a distance of approximately 15 m with the
aid of binoculars or via bird’s call.

Result and Discussion

Total number of nests

A total of 127 nests of 15 species belonging to 15 families
were observed in all the 10 selected study sites in and around
Jhalawar. During the study period, out of total 127 nests,
highest number of nests were observed belongs of Ploecious
phillippinus (n=43) followed by Blue Rock Pigeon (n=14),
Red vented bulbul (n=12), Indian Silver bill (n=9).The results
of the study are in accordance with the study of Jahan et al.,
(2018) [0,
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Nesting materials of birds

Bird uses different materials for nest construction and
different species of bird uses different material, 28 types of
materials were recorded of which twigs were very common,
other materials found in nests included: leaves, grass blades,
fibers, feathers, dry sticks, cobwebs, straw, creepers, saliva of
birds, cotton, plastic orpolythene, wool, human hair, papers,
grass roots, coir, rubbish, rootlets, barks, dry paddy, animal
fur, rope, net, pieces of cloth, ribbons, glossy chocolate paper,
moss, honeycombs. Asian Pied Starling preferred electric
poles, trees and transmission towers to build their nests at
both the selected locations. Materials used for nest building
was mainly twigs of trees (Ailanthus excelsa), wheat straw,
fibres (Cotton, jute), grass blades, plastic bits, threads, ribbons
and galvanized wires. The results of the study are in
accordance with the findings of Gajera et al., (2009) [,
Spotted Munia was found to prefer trees of average height in
residential areas/houses like in citrus trees or Acacia
leucophloea trees in most of the sites. Nesting material used
for building of nest was wheat straw, grass blades, tree twigs
and leaves of trees. The nests of Baya Weaver bird were
observed hanging from the branches of trees having two
compartments. Nests of Baya Weaver Bird were found at
indigenous trees (Acacia spp.) and also found on phoenix
dactilyfera at some sites in large numbers since their behavior
shows communal nesting pattern. The nesting material used
were grasses (dry), leaves of trees fibers(cotton).Purple
Sunbird constructed oval shaped nests suspended from twigs
of plant with an opening at anterior end. Nest was made up of
tree leaves grass blades and twigs of trees (Psidium guajava,
Azadirachta indica), animal hair, news papers, cloth, plastic
threads etc. The findings of the study are in accordance with
the findings of Darekar et al., (2015) EI,

Blue Rock Pigeon, House Crow and Spotted Dove was been
observed to build platform nests. These nests were mainly
made up of sticks from branches of trees, tree twigs (Acacia
leucophloea, Zizyphus mauritiana, Azadirachta indica),
plastic pieces (Hangers, spoons and packaging clips), metal
wires (Aluminum, iron and galvanized) and paper (wrappers,
packing papers and newspaper). Nests of Blue Rock Pigeon
were located on shutters of shops, sheds, ventilators, under
water tanks, loft of houses and under roof spaces at different
study sites. House Crow made platform nests by using twigs
and mostly preferred large trees with large canopy like in this
study the nest was found on trees like (Azadirachta indica,
Ficus religiosa).The results of the study are in accordance
with the study of Ali et al., (2011) 21,

Red-vented Bulbul was found to construct its nests on dense
shrubs including Hibiscus rosa sinensis, Acacia leucophloea.
Nesting material used was only sticks, twigs, spider web and
saliva of bird. Red-Wattled Lapwing was found to be ground
nester in agricultural fields. Only one nest of common house
swift was found on the anterior corner of the wall at (site —I).
They are mud nesters i.e.; they build their nest using mud and
saliva. The observations of the study are in accordance with
the results of Jahan et al., (2018) [l

Cavities/holes were occupied by House Sparrow and Rose-
ringed Parakeet and their selection of nesting material and
nesting sites varies greatly at different study sites. Rose-
ringed Parakeet was observed to occupy natural holes and
excavated holes on indigenous trees like Azadirachta indica
and at some other sites on exotic trees like Eucalyptus
globulus. House Sparrow was found in crevices of roofs and
electrical fittings, on street lights and space between wall and
girder, windows at different study sites. The nest was found to
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be consisting of grass stems, sticks of trees, feathers, plastic
threads and cloth pieces. The results of the study are in
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accordance with the outcome of Martin & Geupel (1993) 114,

Table 1: Showing different types of nesting material used for nesting by Birds

S. No Bird species Nesting Materials
1 Asian Pied Starling Twigs, sticks, wheat straw, plastic bits, threads, ribbons.
2 Red Wattled Lapwing Pebbles, hard clay, Stones
3 Indian Jungle Crow Sticks & twigs of plants (Ber and Khair) grasses, aluminum wires threads, iron wires, paper pieces.
4 Eurasian Collared Dove Sticks, fibers, twigs, toffee wrappers, paper pieces
5 Spotted Dove Sticks, fibers, twigs, toffee wrappers, paper pieces
6 Little Egret Sticks, twigs, grasses.
7 Rock Pigeon Sticks, twigs,
8 Tailor Bird Grass blades
9 Red Vented Bulbul Fibers, twigs, plastic threads, paper pieces, animal hair, spider webs.
10 Baya Weaver Grass blades, leaves, fibers, strips of palm fronds, cloth pieces.
11 Indian Silver Bill Sticks, twigs, grasses, piece of clothes, Human hairs, Grass blades, leaves, fibers, strips of palm frond
12 Indian Robin Twigs, grasses and spider webs.
13 Common House Swift Mud, Feathers.
14 House Sparrow Grass, wires, piece of cloth, human hairs, Sticks, twigs.
15 Purple Rumped Sunbird Dry leaves, cobwebs lichens and plant materials
Conclusion 7. Grewal B, Sen S, Singh S, Devasar N, Bhatia G. A

In this study 28 types of materials were recorded of which
twigs were very common, other materials found in nests
included: leaves, grass blades, fibers, feathers, dry sticks,
cobwebs, straw, creepers, saliva of birds, cotton, plastic or
polythene, wool, human hair, papers, grass roots, coir,
rubbish, rootlets, barks, dry paddy, animal fur, rope, net,
pieces of cloth, ribbons, glossy chocolate paper, moss,
honeycombs. Generally, due to increasing urbanization and
habitat destruction and deforestations birds are forced to build
their nests in human settlements which leads to the negative
impacts on their biodiversity as they use some harmful
materials like plastics in their nest which are affecting them
badly. So, with the help of the knowledge of these nesting
materials, we can provide them artificial nests which will be
beneficial for increasing their breeding success.
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Abstract

To study the effect of different pre-sowing treatments and salinity levels on the growth parameters of
Tectona grandis (Teak) seedling, a nursery experiment was conducted at the College of Horticulture
and Forestry, Jhalawar, Rajasthan. The seedlings germinated under different pre-sowing treatments
were subjected to different levels of salinity. Pre-sowing treatments consist of control (P o), Alternate
wetting and drying (12 hours) for 21 days (P 1), Soaking in cow dung slurry for 7 days (P2) and Soaking
in concentrated H2SO4 (75%) for 20 minutes (P3). Salinity levels include control (0 dSm™), 3 and 6
dSmt. The experimental results showed that pre-sowing treatments had significant influence on growth
attributes in seedlings. Among the four pre-sowing treatments, alternate wetting and drying for 12
hours done for 21 days (P1) was found to be best in all growth attributes. The study also revealed that
salinity levels had significant negative influences on all the growth attributes. No significant interaction
between pre-sowing treatments and salinity levels on seedling growth parameters was observed during
the study.

Keywords: H2SOs4, Salinity Concentration, pre-sowing treatments, germination, teak, seedling growth
attributes

1. Introduction

Tectona grandis L.F, commonly known as Teak, stands among the finest hardwoods in the
world, valued for its warm hue, elegant grain, and lasting strength (Pandey and Brown, 2000)
(171, Teak grows naturally in India, Myanmar, Thailand, and the Lao People’s Democratic
Republic, and has also been naturalized in Java, Indonesia, possibly after being introduced
400 to 600 years ago Besides its native regions, Teak has been established in tropical areas
across Asia, Africa, Latin America, and the Caribbean (Pandey and Brown, 2000) 171, In
India, key Teak forests are spread across Madhya Pradesh, Tamil Nadu, Karnataka, Kerala,
Uttar Pradesh, Gujarat, Odisha, Maharashtra, and Rajasthan (Troup, 1921) 1. Teak
distribution is primarily influenced by factors such as climate, geology, and soil.
(Balagopalan, 1995) [,

Tectona grandis is globally esteemed for its exceptional qualities, making it one of the most
valuable timbers in the world. Teak has probably been more extensively researched than any
other tropical tree, because of its strength, durability, working qualities, and dimensional
stability. Its exceptional properties make it versatile, enabling its utilization in a broad
spectrum of applications, including flooring, decking, framing, cladding, electric poles, and
beyond. Although Teak has a great economic value, people don’t get interest in raising Teak
seedling in nursery due to low germination percentage and the more average time required
for the seed germination (Luna, 1996) ('3l Naturally, Teak seeds germinate within a drupe.
Each drupe composed of a thin, outer exocarp surrounding a corky or thick spongy
mesocarp, which in turn surrounds the woody endocarp or stone (Slator, 2013) [?1, The
endocarp is four chambered containing seeds between zero to four in number, however, one
seed is most common (Dabral, 1976) ). In most cases, only one seed of the tetralocular fruit
of Teak is fully developed and other three remain undeveloped. So, Pre-sowing treatments
are essential to improve the germination of Teak seeds, leading to a reduction in the overall
cost of seedling establishment in afforestation/ plantation programs.
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As regarding the cultivation of Teak seedlings in Rajasthan,
the primary problem is salinity, attributable to the arid and
semi-arid climate. (Mandal and Sharma, 2009) 4 this
restricts the distribution of Teak in the entire state.
Approximately 7 million ha of land is affected by salinity in
India (Patel et al., 2011) 01, This covers mainly in Punjab,
Haryana, U.P. Bihar and some arid and semi-arid parts of
Rajasthan, Gujarat, Madhya Pradesh, Maharashtra,
Karnataka and Andhra Pradesh. In Rajasthan, 0.38 million
ha of land is affected by Salinity (Sharma, 2015) 31,

The presence of high salt concentrations has adverse effects
on the growth of plants. (Taiz & Zeiger 2006, Ramoliya et
al. 2006) [ 21 and concentrations exceeding certain limits
can be fatal for growing plants. (Garg & Gupta, 1997) 10,
The presence of elevated salinity causes a delay in both
germination and the growth of seedlings (Bernstein 1962,
Garg & Gupta 1997, Ramoliya et al. 2006) 1024,

By considering all these facts, the present investigation was
performed to study the effects of different pre-sowing
treatments on growth attributes and to analyze how Teak
seedlings, germinated under these treatments, respond to
various salt concentrations by studying their growth
parameters. This will assist breeders in selecting the most
effective pre-sowing treatments to enhance the growth of
Teak seedlings and also to select proper selection of site for
growing Teak seedlings by applying adequate management
techniques to enhance the yield of Teak plantation. The
information generated from the study can also be used as
baseline data for the development of salt tolerant varieties of
Teak through tree improvement programme.

2. Materials and Methodology

2.1 Study area

This experiment was carried out within the greenhouse
facilities of the Department of Forest Biology and Tree
Improvement at the College of Horticulture & Forestry in
Jhalrapatan City, Jhalawar. The district is geographically
located between 23°45°20” and 24°52°17” North latitudes
and 75°27°35” and 76°56’46” East longitudes, with an
elevation of 131.14 m above mean sea level. The climate in
Jhalawar is generally sub-humid and exhibits significant
temperature variations between summer and winter. During
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the summer, the maximum temperature can reach as high as
45.72 °C, while in winter, it can drop to a minimum of 4.14
°C. The region receives an average annual precipitation of
about 954.7 mm, mainly from the South-West monsoon
between June and September, with occasional scanty
showers in the winter months.

2.2 Plant and Growth Conditions

Uniformly sized Teak seedlings of 75 days old that are
germinated under different pre-sowing treatments were
selected to reduce non-treatment variation. The potting
media consist of soil, sand and vermicompost in 2:1:1 ratio
and it was filled in polybags of size 6X10 inches.

2.3 Salinization of soil/ irrigation with saline water

The plants were irrigated daily with water of three different
salinity levels of electrical conductivity (0, 3 and 6 dSm™)
for 30 days. 100 ml of prepared salt solution was applied to
each polybag according to layout. To prepare different
concentrations of NaCl solution, NaCl and distilled water
were used. Three NaCl solutions were used viz., control (0
dsSm?), 3 and 6 dSm™. For making 3 dSm™ and 6 dSm™
NaCl solutions, 1.92 gm and 3.84 g NaCl was dissolved in
1000 ml of distilled water in a volumetric flask respectively.
After dissolving, the electrical conductivity EC was
determined using conductivity meter and expressed in ds/m.

2.4 Experimental design and layout

The present experiment was conducted to investigate the
effects of salt stress on seedling growth of Teak seedlings
germinated in different pre-sowing treatments. To create salt
stress, NaCl was used in different concentrations. The
experiment consisted of four pre-sowing treatments and
three NaCl salt concentration levels were laid out in
factorial completely randomized design (FCRD) with three
replications. Ten polybags were maintained in each
replication. The total numbers of polybags needed for this
experiment were 360 (4 pre-sowing treatmentsx3salinity
levelsx3 replication per each treatmentx10 seedlings per
each replication).The details of the treatment used in
experiment are given in Table 1.

Table 1: Treatment details

Sr. No.|Treatments Treatment combinations Treatment notations
1. To Control +0 dSm™! salt concentration PoSo
2. T1 Control + 3 dSm! salt concentration PoS1
3. T2 Control + 6 dSm! salt concentration PoS2
4, T3 Alternate wetting and drying (12 hrs) for 21 days + 0 dSm! salt concentration P1So
5. T4 Alternate wetting and drying (12 hrs) for 21 days + 3 dSm! salt concentration P1S1
6. Ts Alternate wetting and drying (12 hrs) for 21 days + 6 dSm! salt concentration P1S2
7. Ts Soaking in cow dung slurry for 7 days+ 0 dSm* salt concentration P2So
8. T7 Soaking in cow dung slurry for 7 days+ 3 dSm! salt concentration P2S1
9. Ts Soaking in cow dung slurry for 7 days+ 6 dSm* salt concentration P2S2
10. To Soaking in concentrated H2SO4 for 20 minutes (75%) + 0 dSm salt concentration P3So
11. To Soaking in concentrated H2SO4 for 20 minutes (75%) + 3 dSm* salt concentration P3S1
12. Tu Soaking in concentrated H2SO4 for 20 minutes (75%) + 6 dSm™* salt concentration PsS2

2.5 Observations recorded

At 15™ day after completion of the germination period, (60
days from the day of sowing considered as the germination
period) the plants were irrigated daily with water of three
different salinity levels of electrical conductivity (0, 3 and 6
dSm) for 30 days. 100 ml of prepared salt solution was

applied to each polybag according to layout.

Observations for growth attributes including plant height,
collar diameter and number of leaves were recorded
monthly i.e., at 30, 60, 90, days after salt treatment (DAST).
Root length was recorded at 180 days after salt treatment.
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