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INVITED ARTICLE
Empowerment of Rural Youth with Novel Agricultural Technologies

Dr. S. K. Rao
Vice-Chancellor

Dr. Surpaneni Koteshwara Rao has served as
Vice-Chancellor of RVSKVV Gwalior (2017-2022),
Director Research Services (2015-2017), Dean Faculty
of Agriculture (2012-2015), Vice-Chancellor (Additional
Charge- 10.07.2015 to 14.08.2015), Director Farms
(Additional Charge-2001-2012), Dean, College of
Agriculture, Rewa (2009-2012), University Professor and
Head (2001-2009), Scientist (1990-2001), Junior
Scientist (1980-1989), Senior Research Assistant (1980)
JNKVV, Jabalpur.

Prof. Rao is an accomplished publisher of over
200 research papers, several articles in National, Inter-
national Journals. Published three books and paved path
for the development of more than 40 crop varieties dur-
ing tenure as Vice-Chancellor of RVSKVV Gwalior.

Dr. Rao’s contributions have been recognized
with several prestigious awards such as : Rafi Ahmed
Kidwai Award for Biennium 2007 - 2008 for Outstanding
Contribution in Field of Crop Science by ICAR, New Delhi,
India on 16.7.2009, Dr. Kailash Nath Katju Award for
Year 2008 for Contributions in Science by Government of
Madhya Pradesh on 17.9.2010, ICAR Award for
Outstanding Inter-Disciplinary Team Research in
Agriculture and Allied Sciences for Biennium 2007-2008
for Outstanding Research Contribution in Soybean
Improvement on 16.7.2010, Achievers Award 2010
,Distinguished Scientist Award (2019) by APAS, Jawahar
Ratna Award (2020) by JNKVV, Life time achievement
award for public sector seed development (2021) by
Indian Seed Awards, Life time achievement award (2022)
by Society of Krishi Vigyan. He is the Fellow of the
National Academy of Agriculture Sciences India, Indian
Society of Pulse Research & Development, Indian Society
of Genetics and Plant Breeding, Andhra Pradesh Academy
of Science and Society for Plant Research.

India is a young country
Global population is expected to increase to

9 billion by 2050, with youth (aged 15-24) accounting
for about 14% of this total. Rural population in India,
accounts for 68% (90.22 Crores) and the total youth
population is 28% (35.6 Crores) ranging between the
ages of 10-24 years. India is emerging as future young
nation in the globe and adding 2 million young people
to the ranks of unemployed every year. Which is likely
to entail tremendous cost, including social unrest and
dislocation.

New generation is going to take up Agriculture
Agriculture is contributing to 15.35% of

national GDP and covers 68% of total population.
Increasing literacy rate in rural areas (71%) is the ray
of hope for bringing change in all areas in villages
including agriculture. Thus, the mantle of agriculture
rests in the hands of educated rural youth in the country
in future.

Realities on ground
India is struggling with the grim challenge of

rural-urban migration. Large number of rural youth
migrate to cities in search of better livelihood and
lifestyle. If the trend and pace continue, the Indian
urban population is likely to reach 600 million by 2030.
Out of total migrants from rural to urban areas, youth
account for nearly 30 per cent. Education and Mass
Media exposure is inducing high aspirations among
rural youth resulting in migration from agriculture to
non-agriculture sectors. Education system does not
involve agriculture in initial years due to which interest
is not being created in the young minds. Urban



attraction leads rural youth to opt non-agriculture
education so that they get jobs in urban areas. Even
the majority of the farmers are not in favour of their
younger generation taking up agriculture and settling
in villages. Agriculture is ridden with uncertainties of
monsoon and markets; making it one of the risky
professions. Hence, for agriculture, there are limited
takers among rural youth by choice.

Our youths are underutilizing their time, energy
and enthusiasm in various other activities leading
themselves and India nowhere. The right thing to do
at the moment is to attract and retain youth in
Agriculture and allied activities as this sector will be
future to feed billions. Urbanization and migration to
other countries has made agriculture an unwanted
sector for youth to enter in India. Urbanization is
attracting youth with various income generating
prospects and leading youth get attracted to various
other unrest in the society. This unrest of urbanization
is developing lot of importance for agriculture, which
needs a societal change in mindsets of parents and
children about adoption of agriculture and allied
activities. It is also, evident that, agricultural skill is
not genetically inherited. So, it has to be adopted and
cultivated in rural youth or farmers. There is a need to
develop agriculture in such a way that it attracts youth
towards profitable and constant income generating
activities. The waning interest of rural youth has led
to the ageing of the Indian farming community which
is a bad omen for the future of agriculture and food
security. While the average age of the Indian
population is only 29 years, the average age of farmers
is 55 years

Challenges
Rural youth experience following challenges while
opting agriculture as profession-

¨ Insufficient access to knowledge, information
and education.

¨ Limited access to land.
¨ Inadequate access to financial services.
¨ Difficulties accessing green jobs.
¨ Limited access to markets.
¨ Limited involvement in Policy dialogue.
¨ Lack of agricultural content in education.
¨ High risk in agriculture profession.

Opportunities
In spite of challenges, agriculture emerges as

promising sector due to-
¨ India is a big country with 1.3 Billion

population / consumer base.
¨ All season activities in Agriculture and Allied

sectors.
¨ Ample opportunities for commercial

Agriculture, processing, marketing and
export.

¨ Increased focus on skill training, programmes
providing financial support, incubation,
entrepreneurship facilities.

What is entrepreneurship? Entrepreneurship
is a key factor for the survival of small scale farming
in an ever-changing and increasingly complex global
economy. But what is entrepreneurship in agriculture?
How does it relate to small-scale farmers who operate
on the edges of the economy?

Farmer-entrepreneurs see their farms as a
business. They see their farms as a means of earning
profits. They are passionate about their farm business
and are willing to take calculated risks to make their
farms profitable and their businesses grow.  Farmer-
entrepreneurs operate in a complex and dynamic
environment. They are part of a larger collection of
people including other farmers, suppliers, traders,
transporters, processors and many others. Each of
these has a role to play in producing products and
moving them through to the market – through the value
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chain. Each one needs to be an entrepreneur. They
also need to respect each other and work together to
make the whole system work better and be more
profitable.

Entrepreneurship dynamics
But beyond this, successful entrepreneurs are

technically competent, innovative and plan ahead so
they can steer their farm businesses through the stages
of enterprise development – from establishment and
survival to rapid growth and maturity. However, there
are many challenges that these entrepreneurs face:
social barriers, economic barriers, regulations, access
to finance and information, and their own managerial
capacity to cope with risks and changes and to seize
opportunities.

Public sector technology generation often fails to
take into account farmers’ needs, perceptions and
location-specific conditions for agricultural extension,
leading to significant gaps between the public sector
institutions and farmers. They face some challenges
as-

¨ Research- farmer linkages are weak.
¨ Duplications of efforts among a multiplicity

of agents attending to extension work without
adequate coordination.

¨ Difficulty in attributing impact.
¨ High transaction costs and weak

accountability to farmers.
¨ In India extension workers to farmers ratio

(1:5000)
¨ Multiple role of extension agency, no

motivation for promotion
Changing economic scenario calls for

appropriate agricultural technologies & agro-
management practices to respond to –

¨ Food and nutritional security,
Poverty alleviation,

Diversifying market demands,
Export opportunities
Environmental concerns
These conditions pose new challenges to the

technology dissemination systems. The best approach
for a concrete situation depends on:

¨ wider context in which extension is taking
place & the value concepts & principles
which are common; - the objectives of
extension activity;

¨ extension institutes with its own value
concepts, principles & form of organization-
the target population with their value concepts
& principles & their forms of organization;

¨ The functions and procedures of extension
based on the objectives & principles of the
extension institution and the target group.

Importance of Entrepreneurship Development
among rural youth

Entrepreneurs organize the production
process. The absence of which, all other resources,
namely land, labour and capital would remain idle.
Contribution to GDP and capital formation

Increase in the Gross Domestic Product
(GDP) is the most common definition of economic
development. Income is generated in the process of
production. So, entrepreneurs generate income via
organization of production be it agriculture,
manufacturing or services. Income generated is
distributed among the factors of production where
land gets rent, labour gets wages and salaries, capital
gets interest and the residual income accrues to the
entrepreneur in the form of profits.

Generation of employment
Every new business is a source of employment

to people with different abilities, skills and
qualifications. A large portion of our society gets

2022 Empowerment of Rural Youth with Novel Agricultural Technologies                3



employment in industrial sectors which solve the
problem of unemployment.

Generation of business opportunities for others
Every new business creates opportunities for

the suppliers of inputs which is referred to as backward
linkages and the marketers of the output what is
referred to as forward linkages. Eg: As a printer
manufacturer they would create opportunities for
paper, cartridge and refill manufacturers as well as
wholesalers and retailers of stationery products.

Remarkable role in economic and industrial
development of a country

Entrepreneurs establish new ventures and
produce variety of goods and services. Hence modern
needs of a society are satisfied and lead to a country
to rapid economic and industrial development.

Increasing the scope of economic activities
Development does not merely mean ‘more’

and ‘better’ of the existing, it also and more crucially
means diversification of economic activities–across
the geographic, sectoral and technological scope.
Economic development is also constrained by the
supply-side pressures resulting into absence of
capacity to meet the demand. Entrepreneurs mobilize
local and even overseas resources to augment the
productive capacity of a country.

Impact on local communities
Entrepreneurship, in its natural habitat is small

business at great leveler. That small-scale
entrepreneurship enables such marginalized groups as
women, SC, ST and OBC to pursue their economic
dreams. As there are no entry barriers in terms of
educational qualifications, entrepreneurship is an even
more attractive career option for such marginalized
groups.

Gives benefit of innovation to the society
Entrepreneurship and innovations are directly

related. Entrepreneur continuously search innovation
and gives its maximum benefits to our society and
nation

Establishes stability in the society
Entrepreneurs establish enterprises not only

in urban areas, but also in semi-urban and rural areas.
In rural areas, generally tiny, cottage and small scale
industries are established, which leads to stability in
our society.

Plays important role in balanced regional
development

Entrepreneurs establish industries in all areas
of the nation which decentralize economic power and
leads to balanced regional development.

Earning of foreign exchange by export
promotion

Entrepreneurs search opportunities in
international market, produce goods and services as
per international demand and export their products in
foreign market.

Optimum utilization of natural resources
Entrepreneurship is a process of shifting

natural resources of lower productivity and yield into
an area of higher productivity and yield. Hence natural
resources can be optimally utilized.

Pays taxes to government
Entrepreneurs earn profit by establishing and

managing industrial units. This profit increases
periodically and pays a large amount of taxes to
government.
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Development of subsidiary industries
Due to development of entrepreneurship

banking, communication, transportation, insurance,
services etc develop rapidly. So opportunities for
development of subsidiary industries also increase.

Raise the living standards of society
An entrepreneur always searches for new

changes, responds to them and exploits them as
opportunities. In this way they produce modern and
luxurious products for our society and helps to
increase the living standards of the society.

Income Generating Activities /Enterprise in
Agriculture & Allied fields
Agriculture

As said by Sardar Vallabhai Patel
“Agriculture is locomotive of our economy and a
prosperous rural economy based on agriculture will
ultimately make the nation prosperous.” Some of the
income generating agribusiness activities, youth /
farmer can take up are, Mobile Soil/water testing kits/
laboratories; Land preparation consultancy/
customized land preparation techniques for farmers;
Compost preparation out of rural waste and
marketing; Vermi-composting; Micro-irrigation lay out
consultancy by educated rural youth as professional
graduates charge more; Hybrid Seed production
skills/ hybridization techniques for rural youth; Weed
control through customized implements manually
operated/petrol operated by letting these small & low
cost implements; Plant protection techniques such as
extracting neem oil, production of  NPV at labs and
preparation and marketing of Trichoderma cards;
Price forecasting consultancy and charging for the
service and Agriculture Journalism as a source of
income in foreign exchange activity. Few policy
recommendations were also proposed to be adopted
immediately to bring youth/farmer in agriculture like

Agri- information kiosk at every village/ panchayat
level and training by the corporate, NGOs, KVK and
SHGs as a role of CSR.

To change the fate of the farmers and youth
in Indian agriculture, it is recommended to reduce the
supply chain and, if possible farmers should directly
sell the produce to the consumers by avoiding the
middle men; to provide quality to the product by
adopting “Good Agriculture Practices-(GAP)” in
producing organic produces at the production stage
and good post-harvest management practices like,
packing according to the consumers need and at the
marketing stage to use the product to reach at time .
Profit making businesses and provide employment to
the rural youth in agribusiness and marketing of the
agricultural produces and to develop the best
relationship between urban & rural people are the
main criteria.

Animal Husbandry
Dr. Verghese Kurien has said “We must build

on the resources represented by our young
professionals and by our nation’s farmers. Without
their involvement, we cannot succeed. With their
involvement we cannot fail”. Therefore, youth in rural
areas / villages have to concentrate on the available
advantages in animal husbandry and reap benefit in
income generation as Indian Livestock is huge in
population but poor in productivity. The livestock
sector is a sustainable secondary source of income
and can generate gainful employment in school
dropouts in rural areas. Due to reluctance of rural
youth in this sector livestock in rural area is declining.
Digitalisation has been efficiently transforming the milk
retail market. It is further making inroads into
processing activities. A strategic infusion of technology
for value addition could diversify our milk from a raw
material to scores of products, from the elementary
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curd, paneer, khoya etc. to a variety of cheese,
chocolates etc.

To develop livestock, youth should take up
interest and enter into value addition and small scale
industries in the enterprises such as Dairy farming,
Meat production and processing technologies.
Livestock can be a largest source of employment and
income generating activity by commercializing it with
all the natural resources available in India.

Poultry/Kadaknath rearing
Poultry farming is basically raising of birds

domestically or commercially, primarily for meat
and eggs for food. In order to meet the quantity and
quality requirements, a variety of breeds are raised.
These improved breeds include layers which produce
eggs and broilers that provide meat. Since poultry
farming is a profit-making business, its primary focus
is on maximum production with less expenditure.  The
rural youth can earn a good living by involving in this
profitable venture. The poultry industry, with its
production in the form of eggs and meat, is of particular
significance in providing a balanced diet for the human
population. Proper management of poultry involves
enhanced methods of rearing, hatching, housing,
sanitation, prevention from diseases and a sound
marketing arrangement.

Kadaknath, also called Kali Masi is
an Indian breed of chicken, originated from
Dhar and Jhabua, Madhya Pradesh. Its flesh, beak,
tongue, legs, nails, skin etc. are black which is due to
the abundance of melanin pigment, which is a good
diet for heart and diabetic patients. Its meat is tasty
and easily digestible; due to this characteristic it has
lot of demand in the market and is sold in high rates.
These birds are mostly bred by the rural poor and
tribal people. There is scope for successful
entrepreneurial opportunities in Kadaknath rearing.
RVSKVV take up measures to save the bird. The

model developed by RVSKVV scientists is very
successful and providing jobs to hundreds of tribal
youths presently.  Rural youths can learn this business
model developed by RVSKVV, Gwalior.

Fisheries
A farmer/youth/women can take up fisheries

as a profitable business and create employment to
both coastal and Inland rural people as fish / shrimp
farm managers; shrimp / fish hatchery managers;
shrimp hatchery technicians; Aqua lab technicians;
Aqua lab Managers; Fish Retail outlets; Mobile Fish
retail outlets for Fish Value added products;
Ornamental fish rearing and breeding units;
Ornamental fish fabricating units; Ornamental retail
fish marketing shops etc.

Bee Keeping (Apiculture)
Beekeeping is a significant sustainable, and

environmental sound activity involving integration of
forestry, social forestry and Agricultural supporting
activity since it provides nutritional, economic, and
ecological balance, while providing employment and
income. India has a good potential for beekeeping
and to become a major honey exporting nation.
Beekeeping is a low investment and skill Industry
having the potential to offer direct employment to lakhs
of people especially hill dwellers, tribal and
unemployed youth and farmers. Sustainability of this
industry is therefore vital to the country’s economic
wellbeing and development.

Beekeeping involves simple technology which
rural youths can learn easily. It is the maintenance
of bee colonies, commonly in wooden-made hives.
A beekeeper keeps bees in order to collect their
 honey  and other products that the hive produce
(including  beeswax, propolis, flower pollen, bee
pollen, and royal jelly), to pollinate crops, or to
produce bees for sale to other beekeepers.
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Most of the Indian beekeepers engaged in
beekeeping activity are primarily doing the extraction
of raw honey from the bee colonies maintained by
them. Very few beekeepers are extracting wax &
pollen. The Raw honey extracted by beekeepers are
procured by Beekeeper Cooperative Society/
Beekeeping NGO/Honey Traders/ Pharmaceutical
Companies etc. and in turn sent for processing through
Honey Processing Plant and finally the processed
honey gets packaged with suitable brand name for its
sale to customers. The youth can make a good
supplementary income for sustainable livelihood.

Lac cultivation
Lac resin is extensively used for preparing a

range of products, from cosmetics to ammunition. It
is cultivated on a variety of trees, mostly fruit-bearing
and shady trees like berry, kusum palash and sal. etc.
Lac is the resinous secretion of a number of species
of lac insects. The government is working on Non
Timber Forest Products-based livelihood
opportunities, under which, women/youth living in
villages surrounded by forests are being given training
in scientific lac cultivation to improve their income.
The traditional practice is being revived through
intensive training programmes in scientific cultivation
for procuring the produce.

Sericulture
Sericulture is a comprehensive agro-based

cottage industry, which aims at uplifting the socio-
economic standards of people who are engaged. As
a dynamic small-scale industry the employment
potentiality of the silk industry is extensive. The major
activities of sericulture comprises of establishment of
Mulberry, Cocoon production, Raw silk production
and Fabric production. The broad-based
development of the agro-based industry will improve
both the social and physical infrastructure of India.

Sericulture industry with a broad agricultural base is
an excellent avenue for providing employment with
various entrepreneurial opportunities for the rural
development. The cultivation of mulberry plants and
rearing of silkworm are agro based, while the post
cocoon activities are industrial. The various
entrepreneurial opportunities in sericulture industry are
Raising of Mulberry Nurseries, Preparation and
supply of Silkworm eggs (DFLs),Chawki Rearing
units (Young Age Silkworm Rearing),Cocoon
production, Silk reeling, Silk twisting, Silk yarn and
fabric dyeing, printing, Silk weaving, Silk fabric
finishing and Cocoon and silk based handicrafts etc.,
The sericulture and silk industry has great potential to
contribute towards rural income, poverty alleviation
and women empowerment.

India’s silk industry provides gainful
employment to over 9.43 million persons of which a
sizable number belong to the economically weaker
sections of society. The Indian silk products have high
demand in international market. Therefore small
technology intervention in silk production can employ
rural youths in a big way.

Mushroom Cultivation
In India mushroom production was

earlier limited to the winter season, but with
technology development, these are produced almost
throughout the year in small, medium, and large farms,
adopting different levels of technology. Mushroom
farming can be apt for business. It can be profitable
with low capital investment. Mushroom farming
business will be the perfect option for a person who
has little knowledge in the science and technology of
mushroom growing and who owns a building for
having the farm. Mushroom cultivation is an art which
requires both study and experience. Mushroom
cultivation does not require much space and
investment. It can be taken in a room size space.
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Commercial Mushrooms cultivation can
become a tool of self-employment and can ensure
the enhancement of family income at the cost of less
investment.

Quality Seed Production
In India there is a big gap between demand

and supply of quality seed in India. To fulfill the seed
requirement of the country, rural youth engagement
at village level needs to be strengthened.  There is
huge demand of quality seed of newly released
varieties of field crops in the country. Rural youths
can be encouraged to produce and sell quality seed
as per local demand. Quality seeds will be the main
drivers of crop production in future. There are several
business opportunities in each stage of the seed value
chain.

Rural youths are unaware of technological
developments in farm sector. Seed production can
be source of income and can generate gainful
employment in school dropouts in rural areas. Seed
production enterprise involves the major activities like
seed production, seed testing, seed processing, seed
storage and seed marketing etc. Training with
technological intervention in seed production, seed
testing, seed processing, seed storage and seed
marketing etc. will empower rural youth to earn their
livelihood.

Organic Farming and organic food products
Organic seeds of food crops are a new thrust

area for agriculture. Learning new organic production
technologies through one week or 15 days
programme will attract rural youth. Consumers have
become more diverse and there is now increasing
demand for ‘fresh foods, and ‘organic’ foods, ‘safer
and healthier’ foods and foods with adequate shelf
life. There are opportunities for rural youths but there
is lack of knowledge of technological advances in

organic sector in rural areas. Organic startups need
to be promoted for involving rural youths to generate
employment.

Vermicompost production
At village level raw material and land for

vermicompost production is available easily.
Vermicompost production technology is easy to learn.

Nursery raising
Rural youth who are unable to pursue higher

education, school and college drop outs, women in
agriculture who have no facilities of higher education
can easily be provided skill- oriented vocation training
for raising fruit plants saplings, nursery raising, flower
cultivation for their livelihood. There is a huge demand
of skilled professionals for grafting, budding, potting,
repotting and other nursery operations. Raising fruit
plant nurseries, vegetable nurseries, ornamental plant
nurseries, medicinal and aromatic plant nurseries,
forest plant nursery and their marketing in demanding
area are many options available for rural youths to
raise income. Small polyhouse and net house
technology will generate income round the year.

Service provider
Service providers are needed to provide a

common platform to villagers for their needs like linking
farmers to markets, finding a suitable market for their
produce, input ventures, ancillary ventures such as
soil testing, meteorology services, cold-storage
services, transportation, trading and credit agencies
run by farmer groups, processing and marketing
ventures, transportation to cities, logistics services.

¨  Marketing of Farm produce: Diversify farm
produce into higher value agriculture product
requires strengthening of the market linkages.
These linkages at village levels are not strong
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      enough today.  Smallholder farmers and Small and
Medium Enterprises (SMEs) in the rural
developing world typically face access to market
barriers, due to infrastructural deficits, limits to
knowledge and technology access, and
asymmetric market information. Educated rural
youths can be the providers of such services.

¨  Marketing of fresh fruits & vegetable: Fresh
fruits and vegetables are in big demand in urban
areas. Rural youth can make it a business to earn
household income.

Hydroponics
Hydroponics is a type of horticulture and a

subset of hydroculture which involves growing plants
(usually crops) without soil, by using mineral nutrient
solutions in an aqueous solvent. Hydroponics offers
many advantages, notably a decrease in water usage
in agriculture.

Goat farming
Involves the raising and breeding of

domestic goats (Capra aegagrus hircus) as a branch
of animal husbandry. People farm goats principally for
their meat, milk, fibre and skins. Goat farming can be
suited to production along with other livestock (such
as sheep and cattle) on low-quality grazing land. Goats
efficiently convert sub-quality grazing matter that is
less desirable for other livestock into quality lean meat.
Furthermore, goats can be farmed with a relatively
small area of pasture and limited resources.

Custom hiring services
Custom hiring centres at village level can also

be job providers. These service centres can provide
farm equipment like tractor, cultivators, seed drills,
tractor driven sprayers and other farm machinery to
small and marginal farmers.

Pisciculture
The fisheries sector is also an important source

of income and employment generation in India. The
country has rich and diverse fisheries resources due
to its vast coastline and varied inland resources in the
form of rivers, canals, lakes, ponds, tanks, reservoirs,
etc.

Commercial Horticulture
There is vast scope in the fruits & vegetable

processing to make it a home business. In rural areas
where local fruits like guava and mango are easily
available, they can be used to make gel and other
products. Only proper training and awareness is
lacking. Agricultural universities can come forward to
train rural women with provision of technology.

There are technological developments in the
area of fruits keeping, processing, grading, packing,
transportation and marketing. But our rural youth are
unaware of all these technologies. They need to be
trained. Only value addition can bring dramatic
improvements in the commercial horticulture sector
and result in higher incomes.

Post-harvest losses are also a major concern.
About 30-40 per cent of total horticultural production
gets wasted before consumption due to various
reasons like lack of high-tech storage facilities, easy
transportation facilities to cities, lack of marketing
network etc.   From farm gate to a consumer, a
horticulture product passes through seven
intermediaries. Village youths can take up these jobs.
The country ranks first in the production of banana,
papaya, mango, lemon, ginger and okra.  The
horticulture sector offers tremendous opportunities for
their exports. Despite the huge production of
horticultural crops, India’s share in world exports
amounts to less than 1.5 per cent. The horticulture
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sector is recognized to have the potential to augment
rural income, enhance employment opportunities.

Floriculture
Floriculture is the area where

employment is available for youths in rural area round
the year. The diverse agro-climatic conditions enable
the growth of all types of flowers in one or the other
part of the country round-the-year. Floriculture has
immense potential for generating gainful self-
employment to youths in flower production, packing,
transportation and marketing.

Agro-Processing
Rural areas provide abundant raw materials

from agricultural, horticultural and animal produce to
start entrepreneurship in the field of agro-processing.
With the availability of fresh, abundant & affordable
raw material, rising consumer affordability, rapid
urbanization and change in lifestyle, the preference
for processed agro-products has been increasing
rapidly. These factors would provide an impetus to
the food processing sector.

Youths can develop entrepreneurship in
making daily household items like pickles, murabbas
and papads, which are  the good examples of
preserved products used in Indian household and are
in big demand.  Agro-processing not only enables to
reduce the post-harvest wastages but also helps to
fetch fair and remunerative prices to the producers
through value addition in their agricultural produce.
Presently, the processing of fruits and vegetables is
only two per cent in India.

Logistics support avenues to youths
¨ Transportation

Transportation of farm fresh produce to
market place is a big problem in rural areas.
Farmers of remote villages often depend on

public transport system. Youths of such remote
villages can provide logistics support for timely
market deliveries.

¨ Storage
Storage of perishable food items like fresh

fruits and vegetables is another problem to most
of the small producer. Creating storage facilities
at small level in villages or village clusters with
affordable technology support will bring
employment to rural youths.

¨   E- marketing of Agriculture and Market
linkages

Rural people face market barriers, due to
infrastructural deficits like storage logistics, water
management systems, distribution systems, limits
to knowledge and technology access, and lack
of market information. Educated rural youth using
computer networks and the internet can develop
and strengthen market linkages to sell in mandies,
city malls, retail shops in urban areas and make it
as profession. These linkages at village levels are
not strong enough today.

Jaggery Production by Sugarcane
Jaggery making is a simple process

comprising crushing of sugarcane for juice extraction,
filtration and boiling of juice for concentration and then
cooling and solidifying to make jaggery blocks.

Rural youths can make it a home business.
The juice is extracted in conventional crusher; this is
then filtered and boiled in shallow iron pans. During
boiling chemical bleaching agents or natural vegetable
items like Bhindi (Lady finger) are added to clean the
juice and the extraneous matter is constantly removed
to give a bright golden colour. The boiled juice is then
left to cool in iron/ Aluminum pots to form the jaggery
blocks
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IT application sector
Digital entrepreneurship involves the

transformation of existing businesses through novel
digital technologies and the creation of new innovative
enterprises characterized by the use of digital
technologies to improve business operations, the
invention of new (digital) business models and
engaging with customers and stakeholders through new
(digital) channels. Despite the rapid growth of digital
agricultural technologies, most ICT-enabled solutions
have yet to be demonstrated at scale. To encourage
digital agripreneurship, companies need to create
pools of digitally-skilled employees. This involves
finding potential employees with relevant skills and
identifying how they can be attracted and retained.

The emphasis be given on empowering the
farmers through application of information technology
for adopting innovative technologies required to
increase the profitability in the farming. In future all
the activities will be implemented and maintained
through application of Internet of Things (loT) by
integrating the state and central Govt. schemes
benefiting the farmers. IT application will help
attracting, retaining farmers and rural youth towards
modern ways of farming as commercial activity in the
rural areas. Educated rural youths can start advisory
services, information centre services, attracting,
retaining farmers and rural youth towards modern
ways of farming as commercial activity in the rural
areas.

 ̈ Smart agriculture supply chain
Surprisingly the majority of farmers we spoke

to, had access to a smart phone but did not use it
to access technical information. The need of the
hour is technologies which are effective, user-
friendly and can create a smart agriculture supply
chain to benefit rural development and income
generation of rural youth.

¨  IT based services in villages
Active internet users are presently around 500

million. The number is expected to grow to 1
billion by 2025-27. Advanced digital technologies
for extension can be big game changers. Educated
rural youth will be the future ambassador for real
transformation in agriculture  that requires
revamping the agriculture extension system that
is market-oriented and demand driven. Effective
extension technologies are crucial to bring right
information to farmer doorstep.

¨  Customised solutions to diverse needs of the
farming community

Educated Rural youth can be trained  to
provide  real time solutions to farmers for their
needs and  agriculture inputs.

Programmes for Promotion of Youth Involvement
in Agriculture
Attracting and Retaining Youth in Agriculture
(ARYA)-

Realizing the importance of rural youth in
agricultural development especially from the point of
view of  food  security  of  the  country,  ICAR has
initiated this programme. The EFC of IP&TM has
recommended the XII plan scheme, National
Agricultural Innovation Fund with three components
namely (I) Innovation Fund, (II) Incubation Fund and
(III) Attracting and Retaining Youth in Agriculture
(ARYA). Thus ARYA is one of the components of
the scheme.

 “ARYA” a pilot project launched by ICAR,
to find out ways to attract and retain youth in
agriculture, by identifying their reasons for drawback
such as giving no part in policy formation, Land &
credit accessibility and mainly support from the parents
and the society. Reasons for the success of youth, if
considered for involving in policy making by taking
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their collective feedbacks and facilitating them with
good Communication reach, Advocacy and
Networks.

The Project states that Indian youth
constituting to 28% of the Indian population are with
huge drawback in accepting agriculture as their
profession because of less Knowledge, awareness,
interest in adoption and middlemen role in marketing
of agricultural products leading to less profit. Pointing
out the differences other nations have made to bring
their youth into agriculture such as, Philippines -
institutionalizing, promoting and protecting the youth
rights; Vietnam – prioritizing the great respect for
farmers of their country; Taiwan - by supporting the
young and professional to take up agriculture; Korea
– reducing its interest in all agriculture related finances
to support youth to take up agriculture in their
countries; ARYA has projected that the key role of
India is to support youth in agriculture by bringing
real changes at village level will help youth to take up
agriculture. ARYA project then comes into the picture
engaging rural youth by guiding them on entrepreneurial
processing techniques, its practical utility and making
their own product graded /marketable/ saleable. This
project aims at improving the livelihood of youths
through capacity building and skill development in
selected enterprises of selected districts. The major
population depends on agriculture and subsidiary
occupation i.e. crop production, poultry, goatry and
processing etc. for increasing employment and income
generation.

National Agricultural Higher Education
Project (NAHEP)

NAHEP has been formulated by ICAR with
a total cost of US$ 165 million (Rupees 1100 crores
at the exchange rate of Rs. 66.75 = 1US$) for five
years starting from 2017-18. The project is proposed
on 50:50 cost sharing basis between the World Bank

and the Government of India, implemented at the
Education Division, ICAR- New Delhi. Overall, the
project aims to develop resources and mechanism
for supporting infrastructure, faculty and student
advancement, and providing means for better
governance and management of agricultural
universities, so that a holistic model can be developed
to raise the standard of current agricultural education
system that provides more jobs and  entrepreneurship
oriented which are on par with the global agriculture
education standards.

The mandate of ICAR/DARE includes
promotion and coordination of education in
agriculture, agro-forestry, animal husbandry, fisheries,
home science and allied sciences in the country. ICAR
is now embarking upon an ambitious step in further
strengthening the National Agricultural Education
system in the country through National Agricultural
Higher Education Project (NAHEP) with financial
assistance of the World Bank by investing on
infrastructure, competency and commitment of faculty,
and attracting talented students to agriculture.

The project would benefit all the Agricultural
Universities (AUs), i.e. 63 State Agricultural
Universities modeled on the US Land Grant University
pattern, 5 Deemed to be Universities (DUs), 3 Central
Agricultural University (CAUs) and 4 Central
Universities (CUs) with Agriculture Faculty.

Student READY (Rural Entrepreneurship
Awareness Development Yojana)

Student READY (Rural Entrepreneurship
Awareness Development Yojana) programme is a new
initiative of Indian Council of Agricultural Research
to reorient graduates of Agriculture and allied subjects
for ensuring and assuring employability and develop
entrepreneurs for emerging knowledge intensive
agriculture. This envisages the introduction of the
programme in all the Agricultural Universities as an
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essential prerequisite for the award of degree to ensure
hands on experience and practical training depending
on the requirements of respective discipline and local
demands. This programme includes five components
i.e. Experiential Learning, Rural Awareness Works
Experience, In-Plant Training / Industrial attachment,
Hands-on training (HOT) / Skill development training
and Students Projects. All these components are
interactive and are conceptualized for building skills
in project development and execution, decision-
making, individual and team coordination, approach
to problem solving, accounting, quality control,
marketing and resolving conflicts, etc. with end to end
approach.

Experiential Learning (EL) helps the student
to develop competence, capability, capacity building,
acquiring skills, expertise and confidence to start their
own enterprise and turn “Job Creators instead of Job
Seekers”. This is a step towards “Earn while Learn”
concept. The Rural Awareness Works Experience
(RAWE) helps the students primarily to understand
the rural situations, status of technologies adopted by
farmers, prioritize the farmers’ problems and to
develop skills and attitude of working with farm families
for overall development in rural area.
Technology and globalization are ushering an era of
unprecedented change. The need and pressure for
change and innovation is immense. To enrich the
practical knowledge of the students, in-plant training
shall be mandatory. Hands-on training aims to make
conditions as realistic as possible. The biggest benefit
of hands-on training is the opportunity for repeated
practice. Student project work provides several
opportunities to students to learn several aspects that
cannot be taught in a class room or laboratory. In
order to provide such opportunities to the graduates
of agricultural science, student’s project is proposed
as one of the components of the Student READY.This
programme will be very useful and beneficial to the

students/ graduates in gaining the competence for
entrepreneurship, in building confidence, skill and
acquire Indigenous Technical Knowledge (ITK) of
the locality and thereby, preparing the pass-out
graduates for self-employment and will play the key
role in overall personality development. Efforts will
help in improvement of the Agriculture Education
System and sustainable development in the country.

Agriculture Incubation by NAARM
NAARM is successful in running an

agriculture incubation centre for agriculturists.
Incubation Vs Acceleration- doing the best to cater
the needs through innovation.  Many incubatory
models Tech generators (CSIR labs, NDRI, TNAU
etc.); Business development model (CIIE, a-IDEA,
IIM-C, other management institution; PPP mode;
Private incubators; Technology Parks; Startup India
Scheme), technology generators and initiatives in India
and entrepreneurs incubated by a-IDEA - Neelima
Horticulture, Inner being,  Agrobook, Saro Organic
and Millet bowl can be adopted. Important aspect of
incubation in NAARM such as business mentoring,
networking and investors connecting can also be seen
and replicated.

Involvement of Youth – Initiatives and
Experiences of IIMR

IIMR incubation centre is sharing technology
related to millet farming and marketing such as
Market-driven crop production; Development of
products and up scaling; Assessing consumer
acceptability, price and market strategies, policy
imperatives; Promotion and Commercialization of
millet produces to the people interested in agribusiness.

Initiatives by MANAGE
a. AC&ABC Scheme for Agri-preneurship

Development
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MANAGE has been supporting rural youth
to develop Agri-preneurship in rural areas by
establishing  Agri-Clinics & Agri-Business Centers
at rural level by agriculture graduate.  It is advised
that all agricultural Universities should promote
Agri-preneurship by adding it as a course; help
bankable project preparation for self-employment
and conducting visits to interact with successful
entrepreneurs.

b.   Skill Training for Rural Youth- (STRY)
MANAGE has initiated a pilot project called

“Skill Training for Rural Youth-(STRY) to  provide
the different modular skill programmes to the rural
youth in about 10 states of India. MANAGE is
proving financial and technical support to the state
Nodal agency SAMETI and ATMA/ BTT in
implementation and running of the STRY in training
rural youth of the age 18 years and above with
minimum qualification of primary school
education. This programme will be an opportunity
for rural youth to take part in agriculture and allied
activities development.

c. Farmers Capacity Assessment and
Certification (FCAC)

The programme “Farmers Capacity
Assessment & Certification- (FCAC)” works to
create a pool of skilled work force of farmers in
Agriculture & allied sectors and to provide
recognition to the high degree of farm skills
possessed by farmers & farm women.
MANAGE directly functions in carrying out the
programme by Release of funds to SAMETIs;
Preparation of Skill Set standards for selected
job for skill recognition; Review the
implementation of the activities & monitor
expenditure incurred by implementing agencies
through SAEMTIs & ATMAs and preparation

of competency base assessment module / skill
standards on various subject matter areas on
location specific criteria.

SBI Programmes for Agriculture
Available opportunities provided by the SBI

to the rural youth to take agriculture and in its
development are in promoting integrated farming and
produce marketing schemes; Nurturing SHGs and
encouraging; Promotion on Skill development for rural
youth; Kisan Credit Card facilities with subsidized rate
of interest; encouraging farmers clubs; creating
bondage between stakeholders; Value chain and Food
Processing industry finance; Customized Farm
mechanizations and Combined harvesters; Finances
for Irrigation, dig well, bore wells, sprinkler, drip etc.;
Cold storages and rural warehouses finance, export
of processed medicinal and aromatic crop finance;
Dairy value chain (scheme Dairy plus) and Chilling
centre finance; Poultry finance and Contract farming
finance and Quick gold loans for farmers to invest in
their agribusiness.

Skill India Program by ASCI
Currently, Agri-startups are suffering with the

inadequate talent in the job market, due to which the
creation and growth of agriculture startups are facing
challenges.  But these constraints can be removed
with the help of Agricultural Skill Council of India
(ASCI) which is providing ample opportunities for
the individuals with agriculture background to develop
their skills as per the competency standards and
qualifications. So, it is necessary to link them to the
Skill India programme.

Arise – Launch Pad for Agri Startups by IARI
Arise is the Agribusiness Incubation program

of ZTM-  BPD UNIT, IARI in association with ICAR
Institutes & State Agricultural Universities of North
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India. After the success of first edition Agri Biz Idol
Camp cum incubation Workshop in 2014, the Second
edition of Arise was also organized as an initiative in
sync with the Govt. of India policy of “Start-Up India”
and “Skill India”. It aimed to provide a platform for
budding Agri-preneurs to provide innovative solutions
to today’s market needs. 22 Business Planning and
Development units (or Agribusiness Incubators) have
already been established in the ICAR & SAU
institutions.  NAIP, Final Report 2014 stated that
Business Planning & Development units all over India
are currently providing incubation support to 1,218
entrepreneurs/Agri based startups, out of which 91
ventures have successfully graduated from the
incubator.

Agri-Startup
Start up in the field of Agriculture is called as

Agri Startup. Some of the earlier successful Agri
Startups include Mitra, Agri Bazaar, Khedut, ecoZen,
stellapps, skymet etc. Now the present day focus is
on establishing more of enterprises to support the
motto “Produce Job Providers instead of Job-
Seekers.”

Some Case
a. Farming-as-a-Service

It offers services through the entire value chain
in farming- from land preparation to crop harvesting.
They can also play an important role in financial
inclusion of farmers. They collect comprehensive
information of the farm and on the basis of that provide
correct information to  banks which provide credit/
loans to farmers

b. EM3 Agri Services
EM3 provides farm machinery vehicles on

demand.  Because most farmers cannot afford farm

machinery, therefore, EM3 provides these services
on Pay-per-use mode
c. Other Agri-Startups in the fields of-
¨ Input

Manish Agri Biotech, Richcrore, Sri biotech,
Super Agree Seeds, Barrix Agro Services, MITRA,
Global  Easy Water Project etc.
¨ IT Services

Reuters Market Light (RML), Basix Krishi,
Mobile in Mud, Skymet, Uniphore, Eurvaka Tech etc.

Honey Mission
Hon’ble Prime Minister has given a clarion

call “SWEET KRANTI” after which Honey Mission
was launched by KVIC from May 2017. After
implementation of the Beekeeping program by KVIC
for 3 years, it was practically realized that Processing
and Quality control parameters, Branding, Marketing
tie-up etc., are lacking in the existing system of
distribution of bee boxes to individual beneficiaries.
Further, in the light of the geographical strength of
abundant flora & fauna and keeping in view the
population of the beekeepers across the country, it
was felt necessary to expand the existing Beekeeping
and Honey Mission activities by framing a composite
program in ‘Cluster Mode’ to ensure assured income
generation to farmers/Bee keepers as well as
continuous production of Honey & other bee hive
products. Consequently, Ministry of MSME
deliberated upon the matter with Ministry of
Agriculture & Farmers’ Welfare, Ministry of Social
Justice & Empowerment and Ministry of Tribal
Affairs, and decided to go ahead in cluster mode &
adopt the model of the existing Scheme of SFURTI
of Ministry of MSME and customize the same for
establishing beekeeping clusters. The proposed cluster
can be given a maximum grant of Rs.5.00 crore for
more than 500 beekeepers, and a proportionate grant
for lesser number of beekeepers, which, however,
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shall not be less than 350 beekeepers in view of the
viability of the cluster. This directly helped the young
beekeepers to expand their work in cluster mode.

Value Addition and Technology Incubation
Centre in Agriculture (VATICA)

ICAR has started this project in 100 KVKs
to provide technical backstopping for capacity
building of farmers, youth and FPOs through
establishment of VATICA centre at KVK level
with the following objectives-

¨  Extend post- harvest technology to reduce the
losses in agriculture production.

¨   Provide the skill training on post- harvest
management.

 ̈   Provide the technical knowledge for establishing
the units.

Recommendations
Changing the image of Agriculture in India

 Parents and educational institutes should
work together to change image of agriculture as a
small occupational activity to earn a living and support
their family and inculcate get going attitude in the youth
to use their opportunities in agriculture timely.

Technology support to Youth
 Information kiosk at every village

panchayats and Helpline Number or guidance portal
should be established in each district for rural youth
who seek information on agriculture and allied
activities. Counseling sessions / awareness camps
should be organized for supporting the youth in
enterprise establishment.

Skill development programmes
 Institutes should promote farmers and youth

in rural areas with a model to train and provide

identified skills to make them take up entrepreneurship
boldly and widely.

Public Private Partnership (PPP)
Need collaboration of institutes with

companies to transfer technologies from lab to land
which leads to development of Agribusinesses in the
country and CSR skill development trainings and
placements, which creates more employment
opportunities to the rural youth.

Youth Involvement
There is a great need of youth involvement in

constituting changes in Indian agriculture, taking their
collective feedback and by providing good
communication reach, advocacy and networks so that
their mindset to entrepreneurial opportunities in
agriculture is boosted.

Direct Marketing
To form Farmer’s Producer Organizations

(FPO) at rural areas to increase the profit through
Agribusiness activities. Marketing of customized
agricultural products to connect urban and rural
consumers is their needs. Reducing the supply chain
and attracting rural youth by opportunities of
employment.

Linking Agri-clinic to every bank
To promote Agri-clinic and Agribusiness

centers each bank has to be linked with development
of Agri-clinic center in their  area of operation, which
creates effective awareness about entrepreneurship
in India.

Target based Agri-finance
Banks need to set targets, incentives and

credit guarantee facilities to avoid bankers from risk
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in the promotion of Agri-finance by the bankers to
farmers and rural youth. This will induce attraction of
rural youth towards agriculture.

Income generation activities
If youth show special interest in value addition

and small scale industries. Many opportunities listed
out can be profitable for livelihood are such as Dairy
farming; Meat production; Scheme based Inland and
marine fisheries and Indigenous production of
processing technologies.
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Effect of Various Nutrient Management Practices on Yield Attributes, Quality
Parameters and Economics of Sweet Corn
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ABSTRACT

A field experiment was conducted by using different organic and inorganic nutrient input sources in
Sweet corn (Zea mays L. saccharata) during Rabi, 2021-22 at Agricultural College Farm, Naira. The soil was
sandy loam having pH 7.2, EC 0.051 dSm-1, organic carbon 0.45%, available N 221 kg ha-1, available P2O5 16.7
kg ha-1 and available K2O 245 kg ha-1.The experiment was laid out in randomized block design, replicated thrice
with nine treatments. Results revealed that application of 100% RDF (180-60-60) NPK Kg ha-1 resulted in
significantly higher cob girth (15.10 cm), single cob weight without husk (270.3 g), fresh cob yield (10,486 Kg
ha-1), kernel uptake N (136.67 kg ha-1), P (30.40 kg ha-1) and K (55.53 kg ha-1), kernel protein content (8.50%),
TSS (15.67%) and sugar content (13.63%). The highest gross returns ha-1 (Rs. 1,84,935/-), net returns ha-1 (Rs.
1,16,677/-) and B:C ratio (2.71) were recorded under 100% RDF treatment. The treatment combination at 75%
RDF along with poultry manure @ 2 t ha-1 decomposed with waste decomposer solution remained on parity for
the yield attributes, quality parameters and economics without having any significant variation with integrated
nutrient management treatments having substitution of 25 to 50% RDF with various organic sources of nutrients
under study.

Keywords: Organic, Poultry manure, Total Soluble Solids, Paddy straw and Waste decomposer.

Sweet corn (Zea mays L. saccharata) is a
variety of maize which is being popularized in recent
times for its preferable value as a table dish in the
western countries and also gaining popularity among
farmers across the India due to its multiple uses,
commercial value, good market support and fitting to
crop intensification. Sweet corn is a nutritious rich
snack with heavy dump of sugars, fibers, vitamins and
commonly sold fresh, frozen, or canned as a vegetable.
High demand has also been observed in India for
sweet corn because of its higher economic returns
within a short span of time. Continuous use of inorganic
fertilizers that are not balanced with organic fertilizers
renders soil fertility low. Use of organic and inorganic

sources in maintaining good physio-chemical
characteristics and soil fertility in addition to increasing
the sweet corn yields markedly (Swain et al., 2019).
Various organic input sources like poultry manure
which is an excellent source of organic fertilizer
containing higher amounts of macro (N, P, K) and
little amount of micro nutrients when applied has quick
release pattern into the soil. Vermicompost is a well-
broken peat like organic material with high porosity,
soil conservation tendency and well microbial activity
produced by microorganisms and earthworms.
Biochar offers a significant, multi-dimensional
opportunity to convert excess agricultural waste into
variable soil amendment (Bera et al., 2018). Waste



decomposer, works as a bio-fertilizer, bio-control and
as soil health reviver as it is a consortium of beneficial
micro-organisms isolated from desi cow dung.
Present investigation was carried out to study the
effect of various nutrient input sources on yield
attributes, yield, quality parameters and economics
of Sweet Corn.

MATERIAL AND METHODS
The field experiment was conducted at

Agriculture College Farm, Naira of Acharya N. G.
Ranga Agricultural University located in the North
Coastal zone of Andhra Pradesh, which is
geographically situated at 18022’56" N latitude,
83056’38’’ E longitudes and at an altitude of 12 m
above mean sea level during Rabi, 2021-2022. The
soil of the experimental site was sandy loam in texture,
with pH 7.2, organic carbon 0.45 %, available
nitrogen 221 kg ha-1, available P2O5 16.7 kg ha-1 and
available K2O 245 kg ha-1. The weather conditions
during the crop growth period were normal.

The experiment was laid out in a randomized
block design with nine treatments replicated thrice
viz., T1 Control, T2 (100% RDF(180-60-60) NPK
Kg ha-1), T3 (75% RDF + Biochar @ 2 ton ha-1 +
Vermicompost  @  2  ton  ha-1),  T4 (75  %  RDF  +
Poultry manure @ 2 ton ha-1 + Waste decomposer),
T5 (75% RDF + Paddy straw @ 10 ton ha-1 + Waste
decomposer), T6 (50% RDF + Biochar @ 2 ton ha-

1 + Vermicompost @ 4 ton ha-1), T7 (50 % RDF +
Poultry manure @ 4 ton ha-1+ Waste decomposer),
T8 (50% RDF + Poultry manure @ 2 ton ha-1 + Paddy
straw@ 10 ton ha-1 +Waste decomposer), T9 (50%
RDF + Biochar @1 ton ha-1 + Paddy straw @ 10
ton ha-1 + Poultry manure @ 2 ton ha-1 + Waste
decomposer). The cultivar used for the experiment
was Sugar-75. One seed per hill was dibbled at 20
cm apart with 60 cm row spacing on 19th January,
2022. Poultry manure and paddy straw decomposed

with waste decomposer solution was incorporated
into the soil. Biochar was prepared under the low
oxygen conditions by pyrolysis process with dried
mesta sticks which has 33.6 per cent recovery. Waste
decomposer solution has been prepared by mixing 2
kg jaggery along with 200 litres water in a drum
containing microbial culture and stored it for 5-7 days
for complete decomposition. After a week, the
solution was sprayed on a compost material such as
paddy straw and allowed it to decompose. The
compost would be ready to use after 30 days. Pre-
prepared biochar along with vermicompost were
applied to individual plots as per treatments before
sowing of crop. One third of the recommended dose
of nitrogen, total dose of phosphorus and one third of
recommended dose of potassium was applied at the
time of sowing as basal dose as per treatments.
Remaining nitrogen and potassium were applied as
top dressing at knee high stage and tasseling stage
uniformly. Nitrogen, phosphorus and potassium were
applied in the form of Urea, Single Super Phosphate
(SSP) and Murate of Potash (MOP) respectively. The
data was recorded on cob girth, single cob weight
without husk (g), fresh cob yield (kg ha-1), NPK
uptake by kernel at harvest, kernel protein content
(%), brix %, sugar content. Based on the total cost of
cultivation economic analysis i.e., gross returns, net
returns and B:C ratio were also calculated as per
treatments.

RESULTS AND DISCUSSION
Yield attributes & yield

Application of 100% RDF (T2) recorded
highest values for characters i.e., cob girth, single cob
wt. without husk and fresh cob yield, which were
significantly higher over all the other treatments (Table
1). Application of 75% RDF along with poultry
manure @ 2 ton ha-1 decomposed with waste
decomposer solution (T4) registered highest cob girth,
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single cob wt. without husk and fresh cob yield by
showing no disparities with all the other integrated
nutrient management treatments having substitution of
25 to 50% RDF with different organic nutrient sources
(T3, T5, T6, T7, T8& T9). While, significantly lowest
values were recorded in the absolute control (T1).
Higher yield attributes of sweet corn with integrated
use of different sources might be due to favorable
influence of consistent and adequate availability of
nutrients at the eco-rhizosphere of sweet corn crop
throughout crop period which enables the production
of large quantity of photosynthates with better
partitioning to sink. These findings are in conformity
with those reported by Meseret and Martini (2020),
Pinjari et al. (2019) and Shakunthala et al. (2019).

NPK uptake
The highest uptake of NPK by kernel at

harvest was recorded with the application of 100%
RDF (T2), which did not show any significant variation
with various integrated nutrient management
treatments which were having substitution of 25 to
50% RDF with different organic sources of nutrition
(T3,  T4, T5, T6,  T7,  T8 &  T9) (Table 1). Whereas,
significantly lowest uptake of NPK by kernel was
recorded with the absolute control (T1). The nutrient
uptake and nutrient content were influenced by the
dry matter production, green cob yield and stover
yield in the sweet corn. Higher N, P and K uptake
with recommended dose of inorganic fertilizer
compared to other levels of nitrogen in organic form
at all stages could be ascribed to the increase in the
available nitrogen. The increased nutrient uptake might
be accredited to favorable soil condition and also
increased foraging capacity of roots which stimulates
more vegetative growth in the crop plants. These
results are in close concordance with Sunita et al.
(2019) and Shakunthala et al. (2019). Increase in
NPK uptake with increased levels of fertilizers was

also reported by Shetye et al. (2019) and Khan et
al. (2018).

Quality parameters
The highest kernel protein content, brix % and

sugar content of sweet corn was obtained with the
application of 100 % RDF (T2) (Table 1). The quality
parameters did not show any significant variation with
various integrated nutrient management treatments
which were having substitution of 25 to 50% RDF
with different organic sources of nutrition (T3, T4,T5,

T6, T7, T8 & T9). Whereas, the significantly lowest
values for above quality parameters were recorded
in absolute control (T1). The protein content of kernel
was increased due to increase in levels of fertilizers
applied to the treatment. The major nutrient, nitrogen
being the principle constituent of protein, might have
augmented the kernel protein content due to its
increased nitrogen uptake in the plant. Increasing
protein content with incremental levels of inorganic
fertilizer in combination with organic nutrient sources
like poultry manure was also reported by Bharathi et
al. (2020). Increase in sugar content of sweet corn
might be due to starch protein hydrolysis to soluble
sugar and carbon skeleton has been used for amino
acid synthesis and subsequently protein biosynthesis
by increasing photosynthetic rate and chlorophyll
content which enhanced total soluble sugar of sweet
corn. Increasing sugar content with incremental levels
poultry manure was reported by Darwin et al.
(2020).

Economics
By considering the input cost and cost of

cultivation, maximum gross returns, net returns and
B:C ratio were registered with application of 100%
RDF (T2) which was significantly higher over all other
nutrient management treatments (Table 2). The gross
returns Rs.137153 ha-1 and net returns Rs.129895

20           Shahin et al.,                                         AAJ 69



Ta
bl

e1
.Y

ie
ld

at
tr

ib
ut

es
,Y

ie
ld

,N
PK

up
ta

ke
an

d
qu

al
ity

pa
ra

m
et

er
so

fs
w

ee
tc

or
n

as
in

flu
en

ce
d

by
va

ri
ou

so
rg

an
ic

an
d

in
or

ga
ni

c
nu

tr
ie

nt
in

pu
ts

ou
rc

es
.

2022                        Effect of Various Nutrient Management Practices in Sweet Corn            21



Ta
bl

e2
.E

co
no

m
ic

so
fs

w
ee

tc
or

n
as

in
flu

en
ce

d
by

va
ri

ou
so

rg
an

ic
an

d
in

or
ga

ni
cn

ut
ri

en
ti

np
ut

so
ur

ce
s.

22           Shahin et al.,                                         AAJ 69



ha-1 are higher over absolute control and Rs.23195
ha-1 and Rs.23380 ha-1 higher over best integrated
nutrient supply treatment i.e., application of 75% RDF
along with poultry manure @ 2 ton ha-1 decomposed
with waste decomposer solution (T 4). Among
integrated nutrient management treatments, application
of 75% RDF along with poultry manure @ 2 ton ha-

1 decomposed with waste decomposer solution (T4)
was recorded highest gross and net returns and they
were at par with other integrated nutrient management
treatments having substitution of 25 to 50 % RDF
with different organic sources of nutrition (T3, T5,T7

& T9). Whereas, significantly minimum gross returns,
net returns and B:C ratio were recorded in absolute
control (T1). The increase in net returns might be due
to increased cob yield with low cost of input supply
that reflected in terms of monitory benefit.

CONCLUSION
From the experimental findings, it was

concluded that application of 100% recommended
dose of fertilizers (180-60-60 kg N, P2O5 and K2O
ha-1) alone was the best nutrient management practice
for achieving better growth, yield, quality and higher
returns in sweet corn. While in integrated nutrient input
combination options with organic sources, by
considering cost of cultivation, application of 75%
recommended dose of fertilizer along with poultry
manure @ 2 ton ha-1 decomposed with waste
decomposer solution was emerged as the best organic
input sources for sweet corn to achieve maximum
yields.
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Effect of Irrigation Schedules and Planting Densities on Growth
Parameters of Maize

M Rama Lakshmi, K Chandrasekhar, M Martin Luther adn T V Sridhar
Department of Agronomy, Agricultural College, Bapatla, A. P.

ABSTRACT

A field experiment entitled “Response of maize to irrigation at different planting densities under late
rabi conditions” was conducted during rabi, 2021-2022 on sandy loam soils of the Agricultural College Farm,
Bapatla. The experiment was laid out in split plot design with four main plots and three sub plots and replicated
thrice. The treatments consisted of four irrigation levels: M1: 1.2 IW/CPE Ratio, M2: 1.0 IW/CPE, M3: 0.8 IW/
CPE, M4: 0.6 IW/CPE and three planting densities: S1: 75 cm×20 cm, S2: 60 cm× 20 cm, S3: 45 cm × 20 cm.
Among irrigation schedule the highest values of growth parameters viz., plant height, drymatter accumulation
and crop growth rate was recorded with M1 (IW/CPE ratio) while the lowest growth parameters were observed
in  M4 treatment (0.6 IW/CPE ratio). Among planting densities S3 (45 cm x 20 cm) registered the highest
growth parameters while the lowest values of these parameters were recorded in S1 (75 cm x 20 cm) treatment.

Keywords: Crop growth rate, Irrigation schedules and Planting densities.

Maize (Zea mays L.) is called ‘queen of
cereal’ as it is grown throughout the year due to its
photo-thermo insensitive character and highest genetic
yield potential among the cereals. Maize is one of the
major cereal crops that occupies third position among
the cereals after rice and wheat, since it is representing
24 % of total cereal production in the world. Being a
C4 plant, maize is capable of utilizing solar radiation
more efficiently compared to other cereals. It contains
about 70 to 75 % starch, 8 to 12 % protein, 3 to 8 %
oil and carbohydrates 1 to 3 %. It is cultivated as a
food and feed crop under varying soil topography,
seasons and management practices throughout the
country (Singh et al., 2007). In India, it occupies an
area of 9.38 m ha with a production of 28.75 m t and
average productivity of 3065 kg ha-1. In Andhra
Pradeshit is cultivated in an area of 3.01 lakh ha with
a production of 21.21 lakh tones and average

productivity of 7055 kg ha-1 (Directorate of
Economics & Statistics, AP 2019-20).

Maize crop bears high yield potential and
responds to various agro management practices. Low
yield of maize is due to many constraints but among
them, proper irrigation and lack of optimal crop stand
are the factors of prime importance. Sometimes the
sowing of maize gets delayed due to late harvest of
preceeding crops and also frequent heavy rains due
to cyclonic activity that occur in the months of October
and November. As late rabi maize is grown under
water is a crucial input for maintaining the sustainable
agriculture production. The supply of assured irrigation
is one of the important factor for determining the
success during the critical stages. Among the various
irrigation scheduling approaches, climatological
approach has been found to be better, since it
integrates all the weather parameters giving them their



natural weightage in a given climate-water-plant
continuum (Prihar and Sandh,1987).

The vital plant physiological processes like
cell elongation, cell division, cell wall synthesis, nitrate
reductase activity and photosynthesis are very
sensitive to plant water status. Therefore, performance
of a plant in terms of its growth and yield is mainly
dependent on plant water status which can be
maintained at optimum level by following an optimum
irrigation schedule. Availability of optimum moisture
in the soil enhances the efficiency of applied nutrients,
and any reduction of soil moisture at these stages will
considerably reduce the grain yield. So proper
irrigation scheduling is essential for efficient use of
water and crop production. Concept of IW/CPE ratio
incorporates the climatic factors into consideration
while scheduling the irrigation and has been found to
be a reliable, economical and practical basis for
scheduling irrigation.

Among the agronomic factors that influence
crop production, plant population is the most
important one. Very high population may lead to more
competition for the nutrients, moisture and light etc.
while very low plant population may lead to less
exploitation of the available resources resulting in poor
yield so maintaining optimum plant population besides
other agronomic practice is of paramount importance
in realizing the full yield potential of the  maize under
late rabi conditions.

It is imperative that maize should be planted
using versatile spacing that ensures effective uptake
of nutrients and minimum mutual over shading and
inter plant competition along with the most appropriate
dose of fertilizer producing the maximum yield by
exploiting the yield potential of the hybrids. Hence,
there is need to study the integrated effect of different
irrigation schedules and optimum plant population of
maize under late rabi conditions to improve the water
productivity. As the information available under late

sown rabi conditions is very meagre.

MATERIAL AND METHODS
The field experiment was conducted during

rabi season of 2021 and 2022 at the Agricultural
College Farm, Bapatla, Acharya N.G. Ranga
Agricultural University, Andhra Pradesh. The
experiment was conducted on sandy loam soil which
was alkaline in reaction (pH - 8.5), low in organic
carbon (0.38 per cent) and available nitrogen (160.3
kg ha-1), medium in available P2O5 (35.3 kg ha-1)
and available K2O (268.8 kg ha-1).
The experiment was laid out in split plot Design with
four main plots and three sub plots replicated thrice.
The treatments consisted of four Irrigation levels: M1:
1.2 IW/CPE Ratio, M2: 1.0 IW/CPE, M3: 0.8 IW/
CPE, M4: 0.6 IW/CPE and three planting densities:
S1: 75 cm × 20 cm, S2: 60 cm × 20 cm, S3: 45 cm
× 20 cm. P-3396 was the test variety taken was sown
on 07-01-2022 and harvested on 27-04-2022.
The growth parameters viz., plant height (cm),
drymatter accumulation (kg ha-1) and crop growth rate
(g m-2 day-1) were recorded and statistically analyzed.

RESULTS AND DISCUSSION
Plant Height

At 30 DAS, irrigations were scheduled at 1.2
IW/CPE ratio observed with significantly higher plant
height (74.0 cm) over that of 0.8 and 0.6 IW/CPE
ratios. It was found comparable with the plant height
noticed at 1.0 IW/ CPE ration. However, the
differences in plant heights recorded among the
treatments 1.0, 0.8 and 0.6 IW/CPE ratios were not
significant. Taller plants observed with irrigation at 1.2
IW/CPE ratio were found on a par with that of 1.0
IW/CPE ratio at 60 DAS. These two treatments were
observed with significantly higher plant height over
that of 8.0 and 0.6 IW/CPE ratios. The lowest plant
height noticed with that of 0.6 IW/CPE ratio was found
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on a par with that of irrigation scheduled at 0.8 IW/
CPE ratio.

Plant height at 90 DAS revealed that irrigation
scheduled at 1.2 followed by 1.0 IW/CPE ratios were
found with significantly higher plant height than that of
0.8 and 0.6 IW/CPE ratios. Whereas, the lower plant
height measured at 0.6 IW/CPE ratio was comparable
with that of 0.8 IW/ CPE ratio. Similar trend of plant
height at 60 DAS was observed at harvest also. At
harvest significantly highest plant height recorded at
1.2 IW/CPE ratio was comparable with 1.0 IW/CPE
ratio. These were found superior over 0.8 and 0.6
IW/CPE ratio. The lowest plant height was recorded
at 0.6 IW/CPE ratio which was inferior to rest of the
treatments.

The taller plants at all of the crop growth
stages with 1.2 IW/CPE ratio could be attributed to
adequate supply of moisture in the soil, where nine
irrigations were applied based on cumulative
evaporation, which might have coincided with all
significant stages of crop growth. Earlier, Hussain et
al. (2001), Shivakumar et al. (2011) and Adamu et
al. (2014) were also reported on the increase in plant
height in response to more irrigations.

In case of plant density, the plant height
considerably increased at 60, 90 DAS and at harvest
as the plant density increased from 66,666 (S1) to
1,11,111 (S3) plants ha-1. Plant density of 1, 11,111
plants ha-1 recorded significantly greater plant height
than that of 66,666 plants ha- 1 (197.0 cm at 90DAS).
It was followed by the treatment S2, where the
differences between S1 and S2 are not significant.
However, the lower plant height recorded with 66666
plant density was found on a par with that of 83,333
plants ha-1. Whereas, at harvest the treatment S3
produced the taller plants significantly superior than
that of the treatments S2 and S1.

At low plant densities, interplant competition
was lower, and the plants observed in these treatments

remained dwarf. However, at higher plant densities
overcrowding of plants caused interplant competition
resulted in more cell division and cell elongation in
search of light and other natural resources. These
observations are in accordance with that of Gouzubenli
(2003), Singh et al. (2012) and Vinodkumar et al.
(2012).

Interaction effect between irrigation and plant
density was found non-significant at all stages of crop
growth.

Drymatter accumulation (kg ha-1)
The maximum drymatter accumulation

resulted when irrigations were scheduled at 1.2 IW/
CPE  ratio  at  all  the  growth  stages  of  crop  was
significantly superior to that of other treatments.
However, the differences between 1.2 and 1.0 IW/
CPE ratios were not significant except at harvest. The
lower drymatter noticed with 0.6 IW/CPE ratio was
significantly inferior in plant height compared to all
other treatments at all stages of crop growth. Whereas,
at 60DAS, the plant height of treatments M2 and
M3was comparable with each other.

Maintenance of adequate moisture had a
positive impact on the maximum total drymatter at
1.2 IW/CPE ratio (M1). A rising trend in drymatter
accumulation was clearly seen throughout all stages
of the crop growth as the plant water stress reduced
from 0.6 to 1.2 IW/CPE ratio. Additionally, increased
nutrient mobility combined with higher water uptake
under a higher irrigation regime may have increased
photosynthetic activity, which in turn increased the dry
weight of plants. Higher plant height at all stages may
have also contributed to the accumulation of more
drymatter under the M1 regime than under the M2
and M3 and M4 regimes.

At all crop growth stages, drymatter
accumulation at greater planting densities
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(1,11,111plants ha-1) was noticeably superior to that
of lower planting densities (83,333 plants ha-1 and
66,666 plants ha-1). The plant density of (S3) 45 cm
x 20 cm produced the largest drymatter accumulation
at all the stages of crop growth period. It was found
significantly higher than that of other planting densities.
It was followed by 60 cm x 20 cm (S2) at all the
stages of crop growth; however, it was comparable
with 75 cm x 20 cm (S1) at 30 and 60 DAS.
Drymatter accumulation with the treatment S1 was
significantly inferior compared to that of other planting
densities at 90 DAS and at harvest.

The maximum accumulation of drymatter at
higher planting densities (S3) might bedue to more
plants per square meter. Similar findings of increased
drymatter at higher planting densities relative to lower
planting densities were obtained by Singh and Singh
(2006) and Suryavanshi et al. (2009).

Crop growth rate (g m-2 day-1)
From 30-60 DAS highest crop growth rate

observed at 1.2 IW/CPE ratio(M1)was significantly
superior over that of M3and M4 However, CGR
recorded with the treatment M2 was found on a par
with that of M1 and M3treatments.Same trend as that
of 30 -60 DAS was obtained at 60- 90 DAS and90
DAS-at harvest.

The highest CGR recorded with spacing of
45 cm x 20 cm (10.1 g m-2 day-1) was significantly
superior to that of 75 x 20 cm (8.9 g m-2 day-1) and
60 X 20 cm. However, the CGR measured with the
treatments S1 and S2were found on a par with each
other at 30-60 DAS.

At 60-90 DAS the crop growth rate at higher
planting density (S3) was found superior over that of
S2and S1. The CGR recorded with the treatment S1
was found significantly inferior to that of both S2 and
S3 treatments. Similar trend as that of 60-90 DAS
was also observed at 90 DAS - harvest.

Treatments 30DAS 60DAS 90DAS At harvest

M1-1.2 IW/CPE 74.0 175.2 224.7 227.5
M2- 1.0 IW/CPE 67.1 168.8 218.5 221.9
M3- 0.8 IW/CPE 59.4 122.7 194.3 197.8
M4- 0.6 IW/CPE 59.3 114.7 171.9 174.5
SEm ± 2.7 4.0 3.4 4.1
CD (p=0.05) 9.1 13.8 11.8 14.2
CV (%) 12.2 8.2 5.0 6.0

S1-75 x 20 65.9 141.2 197.0 200.8
S2-60 X 20 65.4 144.7 200.9 203.0

S3-45 X 20 63.6 149.9 209.2 212.2
SEm ± 1.1 2.2 3.2 3.0
CD (p=0.05) NS 6.4 9.6 8.8
CV (%) 6.0 5.1 5.4 5.0
Interaction NS NS NS NS

Irrigation schedule

Planting densities

Table 1. Plant height (cm) of maize as influenced by irrigation scheduling and planting densities
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Treatments 30DAS 60DAS 90DAS At harvest

M1-1.2 IW/CPE 992.4 4092.7 10453.4 16998.7
M2- 1.0 IW/CPE 943.7 3809.1 9966.2 14868.1
M3- 0.8 IW/CPE 780.9 3596 9132.56 11961.6
M4- 0.6 IW/CPE 675 3146 9132.56 9760.6
SEm ± 26.87 93.73 206.17 356.81
CD(p=0.05) 92.98 324.3 713.4 1234.7
CV (%) 9.5 7.6 6.5 7.9

S1-75 cm x 20 cm 737.9 3399.4 8342.2 11921
S2-45 cm x 20 cm 798.2 3559.8 9165.3 12942
S3-60 cm x 20 cm 1007.9 4023.6 10792.1 15328.9
SEm ± 22.28 58.86 122.26 219.96
CD(p=0.05) 66.8 176.48 366.56 659.4
CV (%) 9.1 5.5 4.9 5.6

Irrigation schedule

Planting densities

Table 2. Drymatter accumulation (kg ha-1) of maize as influenced by irrigation scheduling and
              planting densities

Treatments 30-60DAS 60-90DAS 90-HARVEST

M1-1.2 IW/CPE 10.3 21.2 32.8
M2- 1.0 IW/CPE 9.6 20.5 24.5
M3- 0.8 IW/CPE 9.4 18.5 14.3
M4- 0.6 IW/CPE 8.2 16.8 8
SEm ± 0.3 0.7 0.83
CD (p=0.05) 1.1 2.4 2.9
CV (%) 9.5 11 12.6

S1-75 cm x 20 cm 8.9 16.5 17.9
S2-45 cm x 20 cm 9.2 18.7 18.6
S3-60 cm x 20 cm 10.1 22.6 22.5
SEm ± 0.22 0.47 1.07
CD (p=0.05) 0.6 1.4 3.2
CV (%) 8.2 8.5 18.6
Interaction NS NS NS

Irrigation schedule

Planting densities

Table 3. Crop growth rate (g m-2 day-1) of maize as influenced by irrigation scheduling and
               planting densities.
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CONCLUSION
The present study revealed that superior

growth parameters i.e., plant height, drymatter
accumulation and crop growth rate of maize was
observed with 1.2 IW/CPE along with planting
densitiy of 1,11,111 plants ha-1. While, the lowest
growth parameters were obtained in 0.6 IW/CPE
ratio and in 66666 plants ha-1.
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Response of Different Plant Spacings and Nitrogen Levels on Yield and
Economics of Black Rice

B Vijaya Aparna, K  Anny Mrudhula, P V N Prasad and M Ravi Babu
 Department of Agronomy, Agricultural College, Bapatla, A. P.

ABSTRACT

Black rice has more amount of antioxidants than any other rice varieties. It is considered to have
multiple benefits in human health due to the presence of different antioxidants in the grain. A field experiment
was conducted during the rainy season of 2021 to assess the yield and economics of black rice production
under different crop geometries and nitrogen levels in Bapatla.The black rice variety of BPT-2841 was evaluated
under different plant spacings (10 cm x 15 cm, 15 cm x 15 cm, 20 cm x 10 cm, 20 cm x 15 cm) and the levels
of nitrogen (90 kg N ha-1, 120 kg N ha-1, 150 kg N ha-1) for the yield and economic returns. An increase in
spacing induced vigorous plant growth as well as increased the number of yield attributing characters leads to
increased economic returns. The spacing 20 cm x 15 cm proved more appropriate because it produced the
better plant stand, gave more panicle density and higher grain yield results in greater net returns than other
three spacings tested. The nitrogen level of 150 kg N ha-1 produced significantly the highest yield and the
economic returns as compared with all other levels of nitrogen tried.

Keywords: Antioxidants, Planting density and Nitrogen levels.

Rice is one of the most promising staple food
consumed by more than half of the global population
and whose demand increases with increase in human
population. Black rice is one of the variant species
gaining importance at present conditions due to their
antioxidant activity which helps as a medium in curing
wide range of health problems. Crop geometry in plant
varied according to genetic characteristics of the plant
(size of the plant, elasticity of the plant, foraging area
or soil cover dry matter partitioning and crop and
variety), time of sowing, environmental factors, and
fertilizer application and the main aim is to reduce the
cost of cultivation without compromising the yield in
order to make this happen there is a need to evaluate
the proper plant spacing for black rice. Excess use of

fertilizer nutrients implies increase of cost and decrease
of returns and risk of environmental pollution and are
not able to harness the full yield potential of rice. On
the other hand, under use of nutrients depress the
scope for increasing the present level of nutrients to
the economically optimum level to exploit production
potential to a larger extent (Singh et al., 2001).
Application of inadequate and unbalanced fertilization
to crops not only results in low crop yields but also
deteriorate the soil health (Sharma et al., 2003). In
order to explain the ability of this black rice variety in
the nitrogen consumption point of view, this research
was framed with three levels of nitrogen under different
plant spacings.



MATERIAL AND METHODS
The experiment was plotted at the Agricultural

College Farm, Bapatla. The soil of the experimental
field was sandy clay loam in texture and slightly acidic
in reaction (pH 6.57) with low organic matter content
(0.45%). The total available nitrogen, available
phosphorus and exchangeable potassium were 198
kg ha-1, 36.7 kg ha-1, 232.8 kg ha-1 soil. The total
rainfall during the crop season was 1061.7 mm. The
mean maximum temperature during the experimental
period ranged from 28.90C to 37.20C. The layout of
the trial was split plot design having four plant spacings
i.e., 10 cm x 15 cm, 15 cm x 15 cm, 20 cm x 10 cm,
20 cm x 15 cm in main plots and three nitrogen levels
i.e., 90 kg N ha-1, 120 kg N ha-1, 150 kg N ha-1 in
sub plots were taken for these studies. The area of
each plot was 6m x 5.1m. Twenty-five days seedlings
were transplanted with an average of two seedlings
hill-1. The nitrogen was supplied in the form of urea
and it was applied as per the treatments. The fertilizer
in the form of single superphosphate (SOP) and
murate of potash (MOP) was applied at the rate of
60 P and 40 K (kg ha-1) and potash is applied in two

split doses. The basal dose of 20 K (kg ha-1) was
applied before transplanting while the remaining
quantity of 20 K (kg ha-1) was applied as top dressing
after 40 DAT. Standard cultural practices were carried
out till the crop was obtaining its maturity.

RESULTS AND DISCUSSION

Data from the table reveals that grain yield
increased with increase in spacing. The maximum grain
yield (4519 kg ha-1) was recorded with planting
geometry of 20 cm x 15 cm which was statistically
significant with the yield of other planting geometries.
The yield was minimum (3560 kg ha-1) with planting
geometry of 10 cm x 15 cm spacing. The wider
spacing had linearly increasing effect on the
performance of individual plants. The plants grown
with wider spacing have more area of land around
them to draw the nutrition and had more solar
radiation to absorb for better photosynthetic process
and hence performed better as individual plants
reported by Baloch et al. (2002).The maximum grain
yield (4298 kg ha--1) was recorded with 150 kg N

 Spacings S1: 90 S2: 120 S3: 150 Mean
M1: 10 cm x 15 cm 3385 3569 3727 3560
M2: 15 cm x 15 cm 3683 4057 4400 4047
M3: 20 cm x 10 cm 3639 3776 3800 3738
M4: 20 cm x 15 cm 3809 4481 5266 4519
Mean 3629 3971 4298

SEm+ CD CV
Main plot 79.9 276 6
Sub plot 76.3 229 6.7
Interaction
S at same level of M (S X M) 152.6 458
M at same or different level of S (M X S) 148.0 464

Nitrogen levels (kg ha-1)

Table 1. Grain yield (kg ha-1) of black rice as influenced by planting geometry and
  nitrogen levels

32      Vijaya Aparna et al.,                                         AAJ 69



Spacings S1: 90 S2: 120 S3: 150 Mean
M1: 10 cm x 15 cm 173492 182862 190952 182435
M2: 15 cm x 15 cm 188685 207856 225586 207375
M3: 20 cm x 10 cm 186467 193553 194756 191592
M4: 20 cm x 15 cm 195279 229733 269751 231588
Mean 185981 203501 220261

SEm+ CD CV
Main plot 4143.4 14339 6.1
Sub plot 3921.8 11758 6.7
Interaction
S at same level of M (S X M) 7843.7 NS
M at same or different level of S (M X S) 7627.8 NS

                                                     Nitrogen levels

Table 2. Gross returns (Rs. ha-1) of black rice as influenced by planting geometry and nitrogen
               levels

Spacings S1: 90 S2: 120 S3: 150 Mean
M1: 10 cm x 15 cm 97451 106499 114258 106069
M2: 15 cm x 15 cm 113393 132242 149642 131759
M3: 20 cm x 10 cm 111675 118439 119312 116475
M4: 20 cm x 15 cm 121238 155369 195057 157221
Mean 110939 128137 144567

SEm+ CD CV
Main plot 4143.4 14339 9.7
Sub plot 3921.8 11758 10.6
Interaction
S at same level of M (S X M) 7843.7 NS
M at same or different level of S (M X S) 7627.8 NS

                                                             Nitrogen levels

Table 3. Net returns (Rs. ha-1) of black rice as influenced by planting geometry and nitrogen
               levels

ha--1 which was significantly higher than the yield at
120 and 90 kg N ha-1i.e., 3971 and 3629 kg ha-1,
respectively. The interaction effect between the plant
spacings and nitrogen levels was seen to be significant.
Among the different treatments the highest grain yield

(5266 kg ha-1) was observed with a combination of
20 cm x 15 cm coupled with 150 kg N ha-1 and the
minimum (3385 kg ha-1) was seen at a treatment
combination of 10 cm x 15 cm combined with 90 kg
N ha-1.
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Spacings S1:  90 S2: 120 S3: 150 Mean
M1: 10 cm x 15 cm 1.3 1.4 1.5 1.4
M2: 15 cm x 15 cm 1.5 1.7 2 1.7
M3: 20 cm x 10 cm 1.5 1.6 1.6 1.6
M4: 20 cm x 15 cm 1.6 2.1 2.6 2.1
Mean 1.5 1.7 1.9

SEm+ CD CV
Main plot 0.06 0.2 9.7
Sub plot 0.05 0.2 10.6
Interaction
S at same level of M (S X M) 0.1 NS
M at same or different level of S (M X S) 0.14 NS

                                                Nitrogen levels

Table 4. Benefit cost ratio of black rice as affected by planting geometry and levels of  nitrogen

Data from the table reveals that grain yield
increased with increase in spacing. The maximum grain
yield (4519 kg ha-1) was recorded with planting
geometry of 20 cm x 15 cm which was statistically
significant with the yield of other planting geometries.
The yield was minimum (3560 kg ha-1) with planting
geometry of 10 cm x 15 cm spacing. The wider
spacing had linearly increasing effect on the
performance of individual plants. The plants grown
with wider spacing have more area of land around
them to draw the nutrition and had more solar
radiation to absorb for better photosynthetic process
and hence performed better as individual plants
reported by Baloch et al. (2002).The maximum grain
yield (4298 kg ha--1) was recorded with 150 kg N
ha--1 which was significantly higher than the yield at
120 and 90 kg N ha-1i.e., 3971 and 3629 kg ha-1,
respectively. The interaction effect between the plant
spacings and nitrogen levels was seen to be significant.
Among the different treatments the highest grain yield
(5266 kg ha-1) was observed with a combination of
20 cm x 15 cm coupled with 150 kg N ha-1 and the
minimum (3385 kg ha-1) was seen at a treatment

combination of 10 cm x 15 cm combined with 90 kg
N ha-1.

The effect of planting geometry and nitrogen
levels on gross returns was found to be significant.
But the interaction between these two factors was
found to be non-significant. Significantly the highest
gross returns (2,31,588 Rs. ha-1) was obtained with
the spacing of 20 cm x 15 cm. The spacing 20 cm x
10 cm was found on par with 15 cm x 15 cm and the
lowest gross returns (1,82,435 Rs. ha-1) was recorded
at a spacing of 10 cm x 15 cm. In case of nitrogen
levels, significantly the highest gross returns (2,20,261
Rs. ha-1) were recorded with the application of 150
kg N ha--1 but showed significant effect with other
levels of nitrogen. Results of experiments conducted
by Jain and Upadhyay (2008) and Mohan and Pillai
(2014) confirmed the present findings.

Data pertaining to the net returns revealed that
significantly the highest net returns (1,57,221 Rs. ha--

1) were recorded with the spacing of 20 cm x 15 cm.
Among the N levels tried, significantly the highest net
returns (1,44,567 Rs. ha--1) were obtained with an
application of 150 kg N ha-1.Similar finding was
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reported by Philip et al. (2012) and Maqsood et al.
(2013).

Significantly the highest B:C ratio (2.1) was
obtained with the spacing of 20 cm x 15 cm and the
lowest B:C ratio (1.4) was recorded with a spacing
of 10 cm x 15 cm. With respect to nitrogen levels,
significantly the highest B:C ratio (1.9) was attained
with an application of 150 kg N ha--1which was found
on par with 120 kg N ha-1 and the lowest B:C ratio
(1.5) was observed with application of 90 kg N ha-1.

CONCLUSION
This investigation concluded that black rice

is responsive to applied nitrogen and found relatively
higher yield in wider crop geometry (20 cm × 15 cm)
with the application of 150 kg N ha-1. Highest
economic returns and highest B:C ratio can be
obtained from highest level of nitrogen (150 kg N ha-

-1) with wider spacing (20 cm × 15 cm).
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Impact of Potassium and ABA Application on Vivipary and Seed Quality in
Oriental Pickling Melon (Cucumis melo var. conomon Mak.).

K Vaisakh, Dijee Bastian, Rose Mary Francies, C Beena, Syama S Menon and S Ruth Oliviya
Department of Seed Science and Technology, College of Agriculture, Vellanikkara

ABSTRACT

An experiment was conducted in oriental pickling melon to evaluate the impact of potassium and ABA
in controlling vivipary. The crop raised during the month of February (2021) was given foliar treatments of
abscisic acid (100 mg/l, 200 mg/l and 300 mg/l), potassium (MOP: 0.5%, 1% and 1.5%) and basal application of
fertilizers with 50% additional K. the foliar application of ABA (300 mg/l) was the most effective followed by
1.5% MOP in controlling vivipary. The best treatment for the overall improvement of seed and fruit yield
parameters was foliar spray with 300 mg/l ABA.

Keywords: Vivipary, Seed quality, Abscisic acid (ABA), Potassium and Oriental pickling melon.

The quality of seed is influenced by genetic
and external factors. One of the factors that
deteriorates the quality is vivipary. It is also known as
premature or precocious germination, where the seeds
sprout within the fruit before they are detached from
the mother plant. This trait is detrimental as it causes
yield and viability losses and leads to inferior nutritional
and palatable qualities of fruits and unviable seeds.
The high humidity and temperatures during seed
development have been accounted as the reason for
vivipary (Andreoli et al., 2006). Vivipary is due to
complex innate and ecological elements and the impact
of a few genes (Zhang et al., 2017).

Oriental pickling melon or golden melon is
one of the crops where vivipary has been reported
and studied. It is a summer vegetable that belongs to
the family Cucurbitaceae used for culinary purposes.
They are cultivated mainly in East Asia and Japan.
The primary oriental pickled melon growing states in
India include Kerala, Tamil Nadu, Andhra Pradesh,
and Karnataka. In Kerala it is called Sambar Vellari,

Vellari or Kani Vellari and it occupies a predominant
place in the summer rice fallows. Other than
culinarypurposes, the fruits are kept as a symbol of
prosperity during the festival of ‘Vishu’ increasing its
economic and cultural importance in the state. The
smooth and cylindrical fruits have white flesh with
watery texture similar to that of a cucumber, yet it
retains its shape when cooked.

Different fertilizer management practices were
found to be useful in reducing the precautious
germination in melon fruits. According to Ochi and
Ito (2012), vivipary in melon seeds can be reduced
by supplementing the plant with high doses of
potassium. Exogenous utilization of ABA additionally
answered to restrain the event of vivipary and brought
about stamped increment of potassium retention (Ochi
et al., 2013). According to a study conducted in
oriental pickling melon variety Saubhagya, occurrence
of vivipary was observed to be highest during
December sowing (6.25%) and January (3.60 %)
sowing (Nagendra et al., 2017). Further studies by



Athulya (2019) revealed that application of extra dose
of 25% MOP, 50% MOP and 0.5% foliar spray of
potassium reduced the incidence of viviparous seeds
in oriental pickling melon. Hence, the present study
was aimed at determining the impact of potassium
and abscisic acid in vivipary and seed quality in oriental
pickling melon.

MATERIAL AND METHODS
The field study was conducted at the

Department of Seed Science and Technology, College
of Agriculture, Kerala Agricultural University,
Vellanikkara during February 2020. The field is
situated at an altitude of 40 m above MSL at 10°54’
N latitude and 76°28’ E longitudes. The area
experiences a warm and humid tropical climate.

The seeds of oriental pickling melon variety
Saubhagya that were pre-soaked for 24 hours were
sown at the field in 24 plots with eight treatments and

three replications following randomised complete
block design (RCBD). The crop was sown at a
spacing of 1m x 0.3m by following high density
planting. The crop was raised as per recommendations
in the package of practices of Kerala Agricultural
University (2016). The crops were given a basal
fertiliser dose of NPK at 70:25:25 kg/ha with 50%
extra dose of potassium (34.75 kg/ha) in one of the
treatments. All other treatments were foliar spray of
abscisic acid (100 mg/l, 200 mg/l and 300 mg/l) and
potassium (MOP: 0.5%, 1% and 1.5%). The foliar
treatments were given at 50% flowering and the
potassium spray was repeated after two weeks.

The fruits were harvested from ten randomly
tagged plants of each replication at its physiological
maturity and the fruit yield attributes were recorded.
After recording observations, the fruits were cut open
and the seeds were extracted manually for the
evaluation of seed quality and yield parameters.

Treatments Seeds per fruit Seed yield per plant (g) Vivipary (%)
T1 (0.5% MOP) 480.00c 30.25b 6.49b

T2 (1% MOP) 485.00c 19.72c 5.36bc

T3 (1.5% MOP) 497.00bc 26.74b 3.29d

T4 (100 mg/l ABA) 586.33ab 31.47b 6.23b

T5 (200 mg/l ABA) 553.00abc 29.44b 3.93cd

T6 (300 mg/l ABA) 625.33a 43.21a 1.37e

T7 (70:25:25 kg/ha + 50%K) 453.33c 30.31b 8.24a

T8 (70:25:25 kg/ha) 480.00c 16.19c 9.73a

CD (0.05) 94.068 5.875 1.792
SE 43.438 1.918 0.564

Table 1. Effect of potassium and ABA on seed quality and yield parameters in oriental pickling
              melon
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Treatments Fruit yield per vine
(kg)

Fruit length
(cm)

K content in fruit
placenta (%)

K content in fruit
flesh (%)

T1 (0.5% MOP) 2.63ab 16.83c 0.115c 0.062c

T2 (1% MOP) 2.53abc 20.00ab 0.132b 0.063c

T3 (1.5% MOP) 1.95bc 17.67bc 0.139b 0.083b

T4 (100 mg/l ABA) 2.82a 20.67a 0.107cd 0.076b

T5 (200 mg/l ABA) 2.89a 20.83a 0.117c 0.080b

T6 (300 mg/l ABA) 3.23a 20.46a 0.153a 0.102a

T7 (70:25:25 kg/ha  + 50%K) 3.01a 19.80ab 0.101d 0.064c

T8 (70:25:25 kg/ha) 1.86c 18.90abc 0.099d 0.059c

CD (0.05) 0.689 2.265 0.011 0.011
SE 0.227 0.74 0.004 0.004

Table 2. Effect of potassium and ABA on fruit quality and yield parameters in oriental pickling
              melon

RESULTS AND DISCUSSION
The treatments had significant influence on

characters like vivipary, seeds per fruit and seed yield
per plant (Table 1). Vivipary was found to be lowest
in treatment with 300 mg/l ABA with a value of only
1.37 per cent which was followed by treatment 1.5
per cent MOP showing a vivipary of 3.29 per cent.
According to Welbaum et al. (1990) low ABA
content in the fruit tissues can lead to vivipary in
muskmelon. Abscisic acid prevents vivipary by
inducing dormancy in the seeds. The increase in ABA
content in fruits by direct application of ABA had a
positive impact in the reduction of precocious
germination. The increase in ABA content in fruits and
seeds was observed in tomato treated with exogenous
ABA (Zhang et al., 2009). The effect of ABA
application in reducing the viviparous sprouting as
observed in the present study is in agreement with the
results reported by Ochi et al. (2013).

The application of potassium fertilizer was also
found to be effective in reducing vivipary in melon
seeds (Ochi and Ito, 2012). This may be due to the
fact that the higher rate of potassium caused an increase

in the ABA content in the fruit juice present around
the placenta (Ochi et al., 2013). Similar results on
effect of potassium on reducing vivipary was also
reported by Athulya (2019) in oriental pickling melon.

The number of seeds per fruit and seed yield
was higher in treatment with 300 mg/l ABA. This may
be caused due to the role of abscisic acid in enhancing
the accumulation of nutrients in the seeds. A higher
seed yield was also noted in chickpea by the
application of ABA (Kumar et al., 2008) to plants.
In general, foliar treatments of bioregulators like ABA
have been found to be quite successful in increasing
grain output, especially under high temperature
conditions (Kumar et al., 2020).

The result on effect of potassium and ABA
on fruit quality and yield parameters shows that the
treatments had significant impact on fruit length, yield
and the potassium content in fruit flesh and placenta
(Table 2). The treatment, 200 mg/l ABA recorded
the highest fruit length of 20.83 cm which was on par
with 100 mg/l ABA (20.67 cm) and 300 mg/l ABA
(20.46 cm). All the ABA treatments were effective in
increasing the fruit length. This may be caused by an
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increase in the level of nutrient and water absorption
due to enhanced root hair formation induced by ABA
(Baiet al., 2007). The enhanced allocation of nutrients
to the fruits may have led to increased growth and
development in the melon fruits. Higher yield was
noticed in treatments, 300 mg/l ABA (3.23 kg), 100
mg/l ABA (2.82 kg), 200 mg/l ABA (2.89 kg) and
70:25:25 kg/ha (NPK) + 50% additional K (3.01
kg). Quiroga et al., (2009) reported similar results
where, ABA spraying can boost yield per plant in field-
grown grapes by promoting berry set due to ABA-
promoted allocation of photo assimilates.

The effect of potassium in the improvement
of yield may be related to improved photosynthetic
activities and transfer of photosynthates from
production sites to sink (Patil, 2011). The increase of
yield in oriental pickling melon by the application of
potassium fertilizer was also reported by Athulya
(2019). Similar results were reported by Singh and
Sahare (2019) in muskmelon.

The highest level of potassium content in the
flesh of fruit was seen in treatment with 300 mg/l ABA
(0.10 per cent) followed by 1.5 per cent MOP (0.08
per cent), 200 mg/l ABA (0.08 per cent) and 100
mg/l ABA (0.08 per cent). Similarly, the highest content
of potassium in fruit placenta was observed in 300
mg/l ABA (0.15 per cent) followed by 1.5 per cent
MOP (0.14 per cent) and 1 per cent MOP (0.13 per
cent).

CONCLUSION
From the results of the present study, it may

be safely concluded that foliar spray of potassium (1.5
% MOP) or ABA (300mg/l) can help improve seed
yield and quality by reducing the incidence of vivipary.
From the farmer’s point of view, it may be best to use
the foliar spray of potassium as it is much cheaper
and easily available compared to ABA for quality seed

production unless a cheaper grade of ABA is
commercially available for use in agriculture.
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Correlation Studies Between Yield Attributes and Physiological Traits in Rice
under Heat Stress
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Department of Genetics and Plant Breeding, Agricultural College, Bapatla, A. P.

ABSTRACT

The present research was aimed to analyse the response of 49 rice genotypes under high temperature
stress. The objective of this research was to develop a screening approach by correlating yield attributes and
physiological traits to yield under heat stress conditions during Kharif 2021. Data on physiological traits was
utilised to create associations with rice yield. Temperatures observed during the crop growing season and was
found that maximum mean monthly temperature is 35.3 °C and minimum monthly temperature is 27.9 °C under
heat stress circumstances. Rice yield under stress significantly correlated with physiological traits such as
chlorophyll a (0.384**), chlorophyll b (0.648**), total chlorophyll (0.576**) and cell membrane thermo-stability
(0.253*). Furthermore, heat tolerant genotypes have significantly higher spikelet fertility. According to the
findings of this study, these physiological traits like chlorophyll content, cell membrane thermostability etc.,
might be employed in the selection of thermo-tolerant rice genotypes.

The combination of climate change with a
constraint of arable land and limited water resources
severely impedes efforts to produce an estimated 70%
increase in food necessary to feed a growing
population (FAO 2009; Beddington et al., 2011).
Rising air temperatures are a consequence of climate
change which was significant threat to crop production.
An Inter-Governmental Panel on Climate Change
predicted that global surface temperatures will rise
by 2 °C between 2046 and 2065. By 2100, global
surface temperatures might reach 3.7°C (IPCC,
2012). This is a catastrophe with regards to agriculture
production situation because present crop genotypes
are lacking acclimatisation to these temperatures.

Rice is differentially susceptible to
temperature stress from seedling until grain filling stages
with heat stress causing 83, 53 and 11 per cent yield

reductions during panicle exertion, early grain filling
and late grain filling respectively (Ali et al., 2019). In
contrast Kumar et al. (2015) showed yield reductions
(9-55 percent) in rice genotypes under heat stress
conditions from anthesis to maturity. Any rise in
temperature (particularly during sensitive periods such
as booting) has a direct and negative impact on grain
production. Indeed, by the end of the twenty-first
century rice yields are expected to fall by 40% due to
climate change (Shah et al., 2011). Veronica et al.
(2019) observed significant cell membrane injury
decreased rice yield. Electrolyte leakage and
ultrastructural modifications of the cell membrane
system were observed as a result of high temperature
(Liu et al., 2013). Heat stress caused increase in
membrane fluidity and free radical production resulting
in membrane stability damage and ion leakage in



several agricultural plants (Wahid et al., 2007). Many
studies show that elevated temperature injury is
produced by an accumulation of reactive oxygen
radicals which results in a lower antioxidant enzyme
activity and membrane injury in plants (Zhang et al.,
2006). Plants that can scavenge and control the level
of cellular reactive oxygen species may be able to
withstand heat stress (Bita and Gerats, 2013) and
naturally higher levels of antioxidant enzymes in a plant
may be used to combat high temperature stress
(Ramesh et al., 2017). Cao et al. (2009) proposed
that high levels of ATPase and antioxidant enzyme
activity are related with considerably greater yields in
heat resistant rice cultivars.

Plant breeders strive to continuously improve
simple, efficient and reliable screening methods for
identifying thermotolerant plants in segregating
populations and germplasm pools. Even if paddy
yields are recognized as the best feature for identifying
rice under high-temperature conditions but screening
for thermo-tolerant rice in the field is time consuming,
labour expensive and takes up precious land.

During the early phases of development of
rice plants pre-screening under controlled conditions
using rapid, efficient and reproducible techniques is
perquisite. Screening for heat tolerance in the field is
difficult owing to interactions with other environmental
conditions and particular genotypes that are adapted
to that environment was required which limits
screening of exotic germplasm. Despite these limits,
a broad set of traits is accessible that may allow for
successful field selection (Hall, 2011). Attempts to
identify thermo-tolerant genotypes in different crop
plants using yield-correlated early-stage traits have
already been made (Demirel et al., 2016). Heat
tolerance in rice genotypes is essential for proper crop
establishment. The aim of the study was to investigate
correlations between physiological traits and rice grain
yield under heat stress conditions.

MATERIAL ANDMETHODS
During kharif, 2021, 49 rice genotypes were

screened for high temperature tolerance. Two sets of
genotypes were grown in normal condition up to the
vegetative stage in kharif, 2021 and later one set of
plants were subjected to high temperature immediately
after panicle initiation (PI) stage by enclosing them in
an artificial polyhouse made of polythene cover
supported by poles. The stress was imposed from
panicle initiation to maturity. The other set (control)
was allowed to grow in non-stress conditions until
harvest. Data on chlorophyll content, membrane
thermostability, days to 50 per cent flowering, plant
height, ear bearing tillers number/plant, number of filled
and unfilled grains/panicle, number of total grains/
panicle, spikelet fertility and grain yield were recorded.
During the cropping season, the ambient mean
monthly maximum temperature was 30.60 °C and
mean monthly minimum temperature was 25.84 °C.
However, during the period of stress imposition (from
panicle initiation to maturity), the mean maximum
temperature in ambient conditions was 30.3 °C and
mean minimum temperature was 25.4 °C. During this
period, inside the polyhouse the mean maximum
temperature was 35.3 °C and mean minimum
temperature was 27.9 °C. There was an increase of
5.0 °C and 2.5 °C of mean maximum and minimum
temperatures under polyhouse, respectively. Sir
Francis Galton (1822-1911) proposed the correlation
coefficient for statistical analysis.

RESULTS AND DISCUSSION
The correlation coefficient provides, an

understanding of the relationship between grain yield
per plant and other yield attributing components under
control conditions and heat stress. Correlation
coefficients among the physiological and yield
attributing characters viz., plant height, days to
flowering, number of filled grains/panicle, number of
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unfilled grains/panicle, number of total grains/panicle,
spikelet fertility, grain yield/plant and ear bearing tillers
number per plant under controlled and heat stress
conditions were studied and presented in Table 1.

Grain yield per plant recorded positive and
significant association with plant height (0.284**), ear
bearing tillers number/plant (0.504**), number of filled
grains/panicle (0.783**), total number of grains/
panicle (0.354**), spikelet fertility (0.805**),
chlorophyll ‘a’ (0.384**), chlorophyll ‘b’ (0.648**),
total chlorophyll content (0.576**) and membrane
thermostability (0.253*). However positive but non-
significant correlation was noted with days to 50 per
cent flowering (0.152) and negatively significant
correlation was observed with number of unfilled
grains per panicle (-0.718**)

Membrane thermostability had a positive and
significant correlation with spikelet fertility (0.472**)
and filled grains/panicle (0.339**). Besides, spikelet
fertility also had positive correlation with ear bearing
tillers  number/plant (0.484**), filled grains per panicle
(0.892**) and total grains/panicle (0.281**) and with
other physiological traits.

Membrane thermostability had a positive
significant correlation with grain yield that indicates
that a high yielding genotype must possess a higher
membrane thermostability. This trait was used as a
screening parameter in many crops (Prasad et al.,
2006) due to its highly positive association with grain
recorded under temperature stress.

A strong correlation between any two
attributes justifies enhancing both of them at the same
time. As a result, the proportional value of the qualities
should be determined based on which traits have a
better link with grain yield. Therefore, choosing
genotypes with higher ear bearing tiller number/plant
and a higher number of filled grains with higher spikelet
fertility would be helpful for improving production

under heat stress. These outcomes were consistent
with those of Lohitha et al. (2019) who examined 14
genotypes under heat stress and concluded that
positive significant relation of yield with membrane
stability index, spikelet fertility.

Nevertheless, membrane thermostability
which was used as screening trait for thermotolerance
was also strongly correlated with grain yield. These
results were in accordance to Veronica et. al. (2019)
who examined 60 genotypes and recorded strong
correlation between membrane thermostability and
grain yield under high temperature conditions.

Sailaja et al. (2015) carried out multiple
correlation with 11 genotypes to examine the
relationship between yield qualities and several
biochemical/physiological features investigated under
elevated temperature stress. The correlation coefficient
results showed a substantial and positive association
between spikelet fertility and grain production under
elevated temperature stress. Additionally, it can be
concluded that grain production under elevated
temperature stress had a substantial negative
correlation with relative injury per cent.

The correlation coefficients obtained by Durga
et al. (20121) revealed that there was substantial
correlation between several morphological and
physiological abiotic stress tolerance features (Durga
et al., 2021).

CONCLUSION
The study revealed that positive and significant

association of yield with the membrane thermostability
indicates the use of this trait stress in selection criteria
under high temparature.
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ABSTRACT

The present investigation was undertaken to study the variability, heritability, genetic advance, character
associations and path coefficients of yield component traits in F3 population of YH3 x AKDRMS 21-54 intra-
specific cross of rice for the identification of effective selection criteria to improve grain yield improvement.
High phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) coupled with high
heritability and genetic advance as per cent of mean were noticed for productive tillers per plant, filled grains
per panicle, total grains per panicle and grain yield per plant indicating the effectiveness of direct phenotypic
selection for improvement of these traits. Among these, productive tillers per plant and filled grains per panicle
recorded positive direct effect coupled with significant and positive correlation with grain yield per plant. Hence,
those traits form an identified as effective selection criterion for grain yield improvement in early generation of
rice crop.

Keywords: Correlation Analysis, F3 generation, Genetic Advance, Heritability, Path Analysis, Rice
                 and Variability.

High yielding ability coupled with acceptable
grain quality and resistance to biotic and abiotic
stresses are important objectives of current rice
breeding programs. Hybridization has been identified
as an important plant breeding tool for combination
of desired characters in addition to creation of desired
variability. Selections in the F2 or F3 derived lines
mainly rely on the assumption that performance at early
generation is predictive based on homozygosity,
particularly, in self-pollinated crops like rice (Mallimar
et al., 2015). Further, selection in segregating
generations need to be focussed for obtaining a better
yielding plant for which variability with respect to yield
and yield related traits is of prime importance.
However, direct phenotypic selection for grain yield,
a complex trait, depends on number of characters,
often polygenic in nature and highly influenced by

environmental factors . Hence, identification of effective
selection criteria for improvement of grain yield is a
priority. In this context, studies on heritability and
genetic advance of yield component traits assume
importance. An analysis of the association of yield
component traits with grain yield and their inter-
associations is also important for the formulation
of effective breeding strategy to improve grain yield.
Further, to detect the traits, having high influence on
grain yield, path analysis is commonly applied to
elucidate information on the relative direct and indirect
contribution of each component character towards
yield and help the breeders in formulation of effective
selection criteria for grain yield improvement.

In this context, hybridization programme was
initiated using improved Sri Druthi (YH3) and
Akshaydhan (AKDRMS 21-54) genotypes having



desirable characters to have a variety which is high
yielding combined with bacterial leaf blight, blast and
low soil phosphorus stress resistance in addition to
other desirable economic characters for the states of
Andhra Pradesh and Telangana.  The present study
was conducted to know the extent of genetic
variability, inter-relationships and path coefficient for
grain yield and yield contributing traits in the F3

generation of YH3 x AKDRMS 21-54 intra-specific
cross of rice.

MATERIAL AND METHODS
The present investigation was carried out at

Agricultural College, Bapatla and ICAR- Indian
Institute of Rice Research, Hyderabad. Genetically
pure seeds of YH3 (an improved breeding line with
the genetic background of the Sri Dhruti, possessing
the major QTL conferring tolerance to low soil
phosphorus) and AKDRMS 21-54 (a breeding line
of the variety, Akshayadhan possessing the major
bacterial blight resistance gene, Xa21 and the major
blast resistance gene, Pi54) were obtained from
ICAR-IIRR, Rajendranagar, Hyderabad and the
parents were raised in crossing block at Agricultural
College Farm, Bapatla, Andhra Pradesh during
Kharif 2019-20. YH3, used as female parent in the
present study was developed through Marker
Assisted Backcrossing by introgression of Pup1gene
for low soil phosphorous tolerance, jointly by
Professor Jayashankar Telangana State Agricultural
University (PJTSAU), ICAR-IIRR and ANGRAU.
Sri Druthi is widely cultivated in the Indian state of
Andhra Pradesh and is preferred by rice millers due
to its premium grain and cooking qualities.
Hybridization of the parents was effected with the
objective of developing breeding lines of Sri Druthi
possessing resistance against bacterial blight (BB),
Blast and tolerance to low soil phosphorous. Standard
emasculation and pollination procedures were

adopted and the crossing chamber facility available
at Agricultural Research Station, Bapatla was utilized
for the purpose. The crossed seeds were used to raise
the F1 generation during Rabi 2019-20 at Agricultural
College Farm, Bapatla. Hybridity of the F1s’ was
confirmed using gene-specific, PCR based markers
(Table 1). Seed from the selected F1 plants were
harvested and forwarded to the F2 generation. In F2

generation, plants homozygous for Xa21, Pi54 and
Pup1 gene-specific markers were selected during
Kharif 2020 and the seed from the identified F2 plants
were harvested individually and forwarded to the F3

generation. 180 F3 segregants along with the parents
were sown in raised nursery bed and were
transplanted in main field 20 days after sowing at a
spacing of 20 x 15 cm during Rabi 2020-21 at
Agricultural College Farm, Bapatla. All recommended
agronomic practices and crop protection measures
were adopted during the crop growth period for
raising a healthy crop. Twelve traits viz., days to 50
per cent flowering (days), shoot length (cm), plant
height (cm), productive tillers per plant, flag leaf length
(cm), flag leaf width (cm), panicle length (cm), filled
grains per panicle, total grains per panicle, spikelet
fertility (%), test weight (g) and grain yield per plant
(g) were recorded in every individual F3 plant and the
data obtained was subjected to statistical analysis.

Genetic variability parameters, viz.,
Genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) were
calculated using the formula given by Burton and
Dewane (1953), heritability was calculated using the
formula given by Allard (1960) and genetic advance
as percentage of mean was calculated by adopting
the formula given by Johnson et al. (1955).
Correlation coefficients were calculated using the
formula given by Singh and Choudhary (1977). The
direct and indirect effects of different components on
grain yield were estimated by path coefficient analysis

2022                Genetic Variability and Trait Association Analysis in F3 Population             47



as suggested by Dewey and Lu (1959). Statistical
analysis was carried out using the software Window
Stat Version 8.5 and the R software version 1.4.1717
was used for illustrating association plot. Further,
SPSS16.0 software was used to depict frequency
distribution in the form of a histogram for the traits
studied.

RESULTS AND DISCUSSION
The results on variability and other genetic

parameters for grain yield and yield component traits
studied in the present investigation are presented in
Table 2 and Fig. 1-3. Grain yield per plant range was
noticed  23.39 g to 59.40 g with a mean of 35.59 g
per plant. Similar variation in grain yield per plant was
reported earlier by Khandappagol et al. (2019) in
their studies on segregating population of two crosses
involving traditional varieties of rice. Further, test
weight in the present study ranged from 18.81 g to
32.26 g. The results are also in agreement with the
reports of Khandappagolet al. (2019). Flag leaf length
and width ranges in the present study, were 18.81
cm to 50.09 cm with an average of 30.76 cm and
0.86 cm to 1.90 cm with a mean of 1.33 cm,
respectively. Similar range for flag leaf length and width
were reported earlier by Bakya et al. (2020). Panicle
length ranges in the F3 population studied  16.35 cm
to 41.63 cm with a mean value of 26.07 cm. The
results are in conformity with the reports of Priyanka
et al. (2019).

The results on genotypic (GCV) and
phenotypic (PCV) coefficients of variation are
presented in Table 2 and Fig. 2. An analysis of these
results revealed higher PCV value, compared to GCV
value for all the traits studied indicating the effect of
environment. Among the traits, test weight  recorded
greater difference between phenotypic and genotypic
coefficients of variation compared to other traits
indicating higher influence of environment on this trait,

resulting in low heritability values for the trait. However,
productive tillers per plant and grain yield per plant
recorded minimum variation between GCV and PCV
values indicating lesser influence of environment
resulting in high heritability values (> 95 per cent).
These observations are in agreement with the inference
of Priyanka et al. (2019). The results also revealed
high genotypic and phenotypic coefficients of variation
for productive tillers per plant, filled grains per panicle,
total grains per panicle and grain yield per plant. These
results are in agreement with the findings of  Sameera
et al. (2016) for productive tillers per plant; Meshram
et al. (2020) for filled grains per panicle. Koli and
Punia (2012) for total grains per panicle; and Swapnil
et al. (2021) for grain yield per plant. In contrast,
moderate genotypic and phenotypic coefficients of
variation were recorded for days to 50 per cent
flowering, shoot length, plant height, flag leaf length,
flag leaf width and panicle length in the present study.
These results are in agreement with the reports of
Lakshmi et al. (2020) for days to 50 per cent
flowering; Mallimar et al. (2015) for plant height,
Gupta et al. (2020) for panicle length; Bakya et al.
(2020) for flag leaf length and flag leaf width. Further,
low genotypic and moderate phenotypic coefficient
of variation were observed for spikelet fertility and
test weight. Similar findings were repeated by
Sanghera and Kashyap (2012) for spikelet fertility;
and Harijan et al. (2021) for test weight.

High heritability (>60%) and high genetic
advance as per cent of mean (>20%) were observed
for days to 50 per cent flowering, shoot length, plant
height, productive tillers per plant, flag leaf length, flag
leaf width, panicle length, filled grains per panicle, total
grains per panicle and grain yield per plant (Table 2
and Fig. 3). These results are in agreement with the
observations of Kishore et al. (2015) for days to 50
per cent flowering; Gupta et al. (2020) for shoot
length and panicle length; Chozin and Sumardi (2019)
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for productive tillers per plant; Harijan et al. (2021)
for flag leaf length; Bakya et al. (2020) for flag leaf
width; Babu et al. (2017) for filled grains per panicle
and total grains per panicle; and Krishna et al. (2020)
for grain yield per plant. However, high heritability
(>60%) coupled with moderate genetic advance as
per cent of mean (10-20%) was observed for spikelet
fertility. These findings are in agreement with the report
of Kumar et al. (2020) for spikelet fertility. Moderate
heritability coupled with moderate genetic advance
as per cent of mean was observed for test weight,
similar to results of Harijan et al. (2021).

High GCV and high PCV (>20%) coupled
with high heritability (>60%) and high genetic advance
as per cent of mean (>20%) were recorded for
productive tillers per plant, filled grains per panicle,
total grains per panicle and grain yield per plant,
suggesting the pre-dominance of additive type of gene
action for these traits. Hence, direct phenotypic
selection would be effective for improvement of these
traits, in early generations. Similar findings were
reported earlier by Krishna et al. (2020) for filled
grains per panicle; Swapnil et al. (2020) for total
grains per panicle; and Gupta et al. (2020) for grain
yield per plant.

The associations between yield and yield
components are presented in Table 3 and Fig. 4. A
perusal of these results revealed positive and significant
association of grain yield with the yield component
traits, namely, shoot length, plant height, productive
tillers per plant, flag leaf width, panicle length, filled
grains per panicle and total grains per panicle,
indicating scope for their simultaneous improvement
with grain yield per plant. These results are in
agreement with the reports of Kohanaki et al. (2013)
for plant height; Ramya et al. (2012) for productive
tillers per plant; Bakya et al. (2020) for flag leaf width;
Sowjanya and Hittalmani (2017) for panicle length;
Priyanka et al. (2019) for filled grains per panicle;

and Koli and Punia (2012) for total grains per panicle.
Further, positive and significant associations were also
noticed for plant height with shoot length, productive
tillers per plant, flag leaf width, panicle length and test
weight; productive tillers per plant with flag leaf width
and panicle length; flag leaf width with panicle length,
total grains per panicle and test weight; panicle length
with total grains per panicle; and filled grains per
panicle with total grains per panicle and spikelet
fertility, indicating a scope for simultaneous
improvement of these traits. These findings are in
agreement with the reports of Ramya et al. (2012)
for plant height with productive tillers per plant;
Sameera et al. (2016) for plant height with panicle
length; Kumar et al. (2020) for plant height with test
weight; Bakya et al. (2020) for productive tillers per
plant with flag leaf width; Sudeepthiet al. (2020) for
productive tillers per plant with panicle length; Bakya
et al. (2020) for flag leaf width with panicle length;
Kohanaki et al. (2013) for panicle length with total
grains per panicle; and filled grains per panicle with
total grains per panicle; and Fathima et al. (2021) for
filled grains per panicle with spikelet fertility.

Negative and significant associations were
noticed for spikelet fertility with shoot length, plant
height, flag leaf width and panicle length. These
findings are in conformity with the reports of Sowjanya
and Hittalmani (2017) for plant height with spikelet
fertility. Such negative correlations are inferred to
occur when one component gets advantage over the
other, primarily due to competition for a common
possibility, such as nutrient supply. Hence, balanced
selection needs to be adopted while effecting
simultaneous improvement for these traits (Sameera
and Srinivas, 2016).

The results on path analysis of yield
component traits on grain yield per plant are presented
in Table 4 and Fig. 5. A perusal of the results revealed
a residual effect of 0.369 indicating that variables
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Molecular Markers Primer sequence
Chromosome

location Reference

F: AGACGCGGGAAGGGTGGTTCCCGGA
R: AGACGCGGGTAATCGAAAGATGAAA
F: CAATCTCCAAAGTTTTCAGG
R: GCTTCAATCACTGCTAGACC
F: CTGGACTTGACCCCAATGTA
R: TCTGATGGAGTGTTCGGAGT

Pi 54 MAS 11 Ramkumar et al.
(2011)

K20-2 12 Chin et al. (2010)

pTA248 11 Ronald et al.
(1992)

Table 1. Details of gene specific markers used for hybridity confirmation in the present study

Minimum Maximum GCV
(%)

PCV
(%)

1 Days to 50 per cent flowering 88.13 59.00 127.00 14.17 15.25 86.40 27.13
2 Shoot length (cm) 86.24 57.44 128.32 11.89 13.60 76.40 21.40
3 Plant height (cm) 111.12 73.47 168.07 11.80 13.47 76.60 21.27
4 Productive tillers per Plant 11.84 6.00 29.00 40.99 41.54 97.40 83.34
5 Flag leaf length (cm) 30.76 18.81 50.09 16.34 17.56 86.50 31.31
6 Flag leaf width (cm) 1.33 0.86 1.90 14.57 16.18 81.10 27.03
7 Panicle length (cm) 26.07 16.35 41.63 13.94 15.35 82.50 26.08
8 Filled grains per panicle 174.64 70.00 348.00 33.60 34.29 96.00 67.81
9 Total grains per panicle 208.99 123.00 358.00 26.00 26.77 94.40 52.03
10 Spikelet fertility (%) 83.39 58.12 99.01 9.68 11.54 70.30 16.71
11 Test weight (g) 24.84 18.81 32.26 7.76 10.17 58.20 12.19
12 Grain yield per plant (g) 35.59 23.39 59.40 34.94 35.56 96.60 70.72

Genetic
advance
as % of
mean

S.No. Character Mean
Range Coefficient of

variation Heritability
(%)

Table 2. Variability parameters in F3 derivatives of YH3 x AKDRMS 21-54 intra-specific cross

studied in the present investigation explained about
63.10 per cent of variability for grain yield per plant
and therefore other attributes, besides the characters
studied are contributing for grain yield per plant. High
positive direct effect of filled grains per panicle in
addition to positive and significant association with
grain yield per plant was observed in the present study.
These findings are in agreement with the reports of
Kishore et al. (2015). Direct effects equal to the
correlation coefficients were also observed for panicle
length and productive tillers per plant, indicating direct
selection of the traits for effective gain yield
improvement. The results are in conformity with the

findings of Fathima et al. (2021) for productive tillers
per plant. In contrast, negligible direct effects were
observed for shoot and flag leaf length. These results
are in agreement with the reports of Priyanka et al.
(2019) for flag leaf length. The association was
however, positive and significant with shoot length.
Further, high negative direct effect coupled with
significant positive correlation was observed for total
grains per panicle. These findings are in agreement
with the reports of Singhet al. (2020). Indirect effects
are inferred to be the cause of correlation with grain
yield per plant for these traits, indicating the need for
consideration of the indirect causal factors also
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Fig 2. Genotypic and Phenotypic coefficients of variation for grain yield and yield components in
          F3 derivatives of YH3 x AKDRMS 21-54 intra-specific cross

Fig 3. Heritability and genetic advance as per cent mean for grain  yield and yield component
          traits in F3 derivatives of YH3 x AKDRMS 21-54 intra-specific cross
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Fig 4. Correlation matrix of grain yield and yield components in F3 derivatives of YH3 x
           AKDRMS 21-54 intra-specific cross

Fig 5. Path diagram of yield components for grain yield per plant in F3 derivatives of YH3 x
          AKDRMS 21-54 intra-specific cross
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simultaneously, while effecting selections aimed at
improvement of grain yield. Low and negligible
negative direct effects were noticed for flag leaf width,
test weight, days to 50 per cent flowering and plant
height along with non-significant to significant
associations with grain yield per plant. The results are
in agreement with the findings of Fathima et al. (2021)
for test weight; Muthuramu and Ragavan (2020) for
days to 50 per cent flowering and Sanghera and
Kashyap (2012) for plant height. However, moderate
negative direct effect was noticed for spikelet fertility.
The traits had also recorded non-significant association
with grain yield per plant.

CONCLUSION
High GCV, PCV, heritability and genetic

advance as per cent were observed for productive
tillers per plant, filled grains per panicle, total grains
per panicle and grain yield per plant, indicating the
effectiveness of direct phenotypic selection for
improvement of these traits. Among these, productive
tillers per plant and filled grains per panicle had
recorded positive direct effect coupled with significant
and positive correlation with grain yield per plant.
Hence, the traits, productive tillers per plant and filled
grains per panicle are identified as effective selection
criterion for effecting grain yield improvement in early
generation of rice crop.
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Morphological and Cultural Variability of Colletotrichum Spp. Causing
Anthracnose of Chilli (Capsicum annuum L.) in Andhra Pradesh
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College of  Horticulture, Dr YSR Horticultural University, V RGudem, A. P.

ABSTRACT

Anthracnose disease, caused by Colletotrichum spp. is one of the major economic constraints to chilli
production in tropical and subtropical regions. The different isolates of Colletotrichum species were collected
from different chilli growing areas of Andhra Pradesh during the survey conducted for recording anthracnose
disease. The isolates were evaluated for their morpho-cultural characteristics and pathogenic variability on
chilli fruits. The pathogenic behaviour of the 15 isolates of Colletotrichum spp. developed from fruits was
established following Koch’s postulates. All the isolates of C. truncatum and C. gloeosporioides produced
black pointed setae, hyaline falcate and cylindrical conidia with a single oil globule at the centre. Colony growth
rate (6.0 to 8.8 mm day–1), shape of the conidia, length and width of the conidia, colony colour, colony texture
varied among the isolates. The majority of the isolates produced profuse sporulation. To know the virulence of
the isolates fruits were inoculated with all the isolates and the results suggested that isolate CC14 caused the
maximum anthracnose intensity (53.0 per cent) while CC2 showed the least intensity (16.5 per cent).

Keywords: Anthracnose,Chilli,  Colletotrichum truncatum and C. gloeosporioides and variability.

Chilli (Capsicum annuum L.) is an important
vegetable as well as a spice crop cultivated worldwide
for its pungent fruits, which are used as both green
and ripe, having nutritional and medicinal value. Chilli
is a good source of vitamins like A, B and C and
minerals like calcium, phosphorus, iron, sodium and
copper in trace amounts. India is the largest producer,
consumer and exporter of chilli in the world and is
cultivated in an area of 7.43 lakh hectares with a
production of 19.14 lakh tonnes in 2020-21
(www.indiastat.com). Andhra Pradesh ranks first in
area and production of chilli all over India. Though
Andhra Pradesh ranks first in chilli cultivation, the
intensity of anthracnose has been found to be
increasing and has become a constraint for profitable
production.

Anthracnose of chilli, caused by
Colletotrichum truncatum, is one of the major and
devastating diseases of chilli and causes severe losses
(10-60%) both in yield and quality of the chilli
depending upon the varieties (Bansal and Grover,
1969). About 50% of the crop losses have been
reported from different parts of India.

The chilli anthracnose pathogen, C. capsici
infects diverse host‘s with a high degree of pathogenic
variability (Akhtar and Singh, 2007). Colletotrichum
is considered as the eighth most important plant
pathogenic fungal genus in the world (Cannon et al.,
2012). Among the pathogens, Colletotrichum
species cause anthracnose of chilli and has been shown
to be caused by at least four species viz., C. capsici
and C. gloeosporioides in India (Akhtar and Singh,



2007), Indonesia (Masoodi et  al., 2012), Korea
(Simmonds, J.H, 1965), Thailand (Mayee and Datar,
1986), C. acutatum in Australia (Raj et al., 2014)
and Indonesia (Prasad et al., 2000) and C. coccodes
in New Zealand (Pakdeevaraporn et al., 2005).

The virulence degree of disease symptoms
on host plants depends on the fungal pathotype.
Sharma et al. (2005) reported the existence of 15
pathotypes of C. capsici based on disease symptom
development on inoculated fruit of C. annuum
genotypes. Therefore, information on the variability
and distribution of race or pathotype of C. truncatum
in chilli growing areas of Andhra Pradesh needs to be
generated and hence the present study was taken up
with the objective of morphological and cultural
variability of different isolates of Colletotrichum spp.
collected from chilli growing areas of Andhra Pradesh

MATERIAL AND METHODS
Survey and collection of anthracnose infected
samples

A random survey was conducted in four
major chilli growing districts viz., Guntur, Krishna,
Prakasam and Kurnool districts of Andhra Pradesh
for recording disease incidence and collection of
diseased fruit samples. A total of 15 villages covering
15 mandals in four districts were surveyed. For
recording anthracnose incidence, total number of fruits
and the number of affected fruits on l0 randomly
selected plants in each field were counted and the
PDI was calculated. Chilli fruit samples showing
characteristic symptoms of anthracnose were collected
from fields surveyed i.e., one sample from each
village. Collected samples were kept in perforated
polythene covers and kept for isolation.

Isolation of the pathogen
Experiments were conducted during the crop

season 2021-22 for cultural and morphological

characterization. Laboratory experiments were carried
out in the Department of Plant Pathology, DrYSRHU,
Horticultural Research Station, Lam, Guntur district,
Andhra Pradesh.

The diseased parts were cut into small bits
with the help of a sterilized blade. Then surface
sterilized with 1% sodium hypochlorite solution under
aseptic conditions in laminar air flow chamber and
washed thoroughly for three times with sterilized water
to remove traces of chemical. Excess moisture was
removed by placing these in the fold of sterilized
blotting paper. The pieces are then transferred into
Petri plates with the help of sterilized needles. The
Petri plates were previously sterilized and poured with
PDA media amended antibiotic streptocyclin to
prevent bacterial contamination. The Petri plates were
kept at 25±2 °C for 7-10 days in an incubator. Single
spore isolation technique was followed for obtaining
pure culture.

Pathogenicity test of isolated Colletotrichum
spp., to prove Koch postulates

Red ripe chilli fruits were collected from the
field and sterilized using 1% sodium hypochlorite
solution followed by drying using sterilized filter paper.
After drying mild pinprick was made on the fruit with
the sterilized needle and then conidia suspension 2µl
of concentration 1×106per ml was placed over the
wound. Spore concentration was adjusted by
haemocytometer. The inoculated fruits were observed
for disease development and the pathogen was
reisolated and observed under microscope to prove
Koch is postulates.

Cultural, morphological and pathogenic
variability of the Colletotrichum spp.,

The experiment was conducted to study the
variation in the morphological and cultural characters
of isolates of Colletotrichum spp., collected from
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different chilli growing areas of Andhra Pradesh. All
15 isolates of Colletotrichum spp., isolated from
different locations aseptically inoculated on PDA
media separately, and the plates were incubated at
25±20C.

Cultural characteristics
The cultural characters of isolates of

Colletotrichum spp. were recorded from a culture
grown on PDA. PDA of 20 ml was poured into each
of the previously sterilized Petri plates. Five mm discs
were cut using sterilized cork borer, from the margin
of seven days old colony of the fungal culture grown
in Petri plates. One disc was placed in the centre of
each plate and incubated at 25±2 oC for seven days.
The observations regarding colony colour, colony
texture and type of mycelial growth of the pathogen
were taken.

Morphological characteristics
The slides of isolated fungus were prepared

in lactophenol from seven-day old culture. For
morphological studies, observations for colony growth
rate (mm day–1), shape of conidia, length and width
of 100 conidia, (µm) (using fluorescent microscope),
presence or absence of setae, margins (smooth or
wavy). Colony growth rate was measured at different
intervals by using the formula:
Average Linear Growth Rate (ALGR) (mm/day)

 = C8 - C0

                     8
C8 – diameter of the colony on 8th day after inoculation
C0 - diameter of the colony on the day of inoculation

Pathogenic variability
After proving the Koch postulates, each

isolate was inoculated on detached red ripe chilli fruits
of Gemini 116 variety by pinprick method as followed
for the pathogenicity tests. The inoculated fruits were

observed for development of the disease and the
diameter of the lesion was recorded at 3, 7, 10 days
after inoculation. The per cent fruit area is recorded
by using the 0-5 disease rating scale. (Jeyalakshmi
and Seetharaman, 1998) grades were given based
on the fruit area infected i.e., 0-no disease, 1-up to
5% infection, 2- >5-10% infection, 3->10-25%, 4-
>25-50%, 5 - > 50%. Then per cent fruit area infected
was calculated by the formula:
Per cent fruit area infected =

This was done for all the isolates. The isolate
which showed significantly highest per cent fruit area
infected was identified as more virulent and was used
for screening of genotypes.

Variability
After taking observations on the

morphological and cultural characters of each isolate,
variability among different isolates was studied.

Statistical analysis
In  the  present  study,  CRD  was  used  for

analysing the data. The value of F at 5% level of
probability was calculated using Fischer and Yates
(1968) for the appropriate degrees of freedom (d.f).
The analysis of variance was used to study the
differences among treatments in the experiments. The
treatment difference was obtained and compared with
critical difference if it was less than C.D then there
was no significant difference in treatment effect.

RESULTS AND DISCUSSION
The experimental findings of research work on the
morphological and cultural variability of
Colletotrichum spp. which causes anthracnose of
chilli in Andhra Pradesh are presented hereunder.
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Survey and collection of anthracnose infected
chilli fruit samples

A field survey was conducted in four important
chilli growing districts viz., Guntur, Krishna, Prakasam
and Kurnool districts of Andhra Pradesh to record
the recording incidence of anthracnose in chill. The
survey was carried out during the fruit development
and ripening stages of the chilli fruits. During survey
all the required data is collected from the farmers of
the respective fields.

District Mandal Village Latitude And Longitude PDI (Range)
Guntur 1.Chebrolu Narakodur LAT 16°13’22.8”N LONG 80°30'54.4"E 26.28 - 28.55

2. Amaravati Mandepudi LAT 16°28'01.1"N LONG 80°19'60.0"E 36.35 - 39.86
3.Pedakurapadu Lagadapadu LAT 16°28'59.6"N LONG 80°13'26.0"E 27.35 - 35.41
4. Tadikonda Jonnalagadda LAT 16°22'30.1"N LONG 80°27'06.3"E 29.34 - 30.23
5. Sattenapalli Sattenapalli LAT 16°24'12.2"N LONG 80°08'32.5"E 36.73 - 42.39

Prakasham 1.Tripuranthakam Mittapalem LAT 16°33'52.8"N LONG 80°05'21.4"E 29.02 - 32.12
2. Pullalacheruvu Pullalacheruvu LAT 16°09'33.8"N LONG 79°25'37.0"E 34.46 - 35.16
3.Yerragondapalem Yerragondapalem LAT 16°01'58.0"N LONG 79°18'40.5"E 30.75 - 32.62
4. Parchuru Parchuru LAT 15°57'56.5"N LONG 80°16'37.4"E 20.86 - 25.83

Krishna 1.Chandarlapadu Konayapalem LAT 16°44'32.6"N LONG 80°13'30.6"E 22.57 - 30.15
2.Kanchikacherla Keesara LAT 16°42'22.4"N LONG 80°21'51.8"E 25.35 - 25.66
3.Nandigama Nandigama LAT 16°46'53.3"N LONG 80°17'23.1"E 24.99 - 25.81

Kurnool 1.Nandyala Nandyala LAT 15°27'20.7"N LONG 78°28'51.3"E 30.04 - 35.44
2.Kurnool Kurnool LAT 15°48'26.1"N LONG 78°00'30.4"E 23.60 - 25.35
3.Nandikotkur Nandikotkur LAT 15°51'48.6"N LONG 78°16'01.0"E 33.70 - 40.91

Five mandals in Guntur district, four mandals
in Prakasam district and three mandals each in Krishna
and Kurnool districts were surveyed, one village from
each mandal was selected. From each village, three
fields were surveyed and, in each field, 10 plants were
selected at random, examined for disease, and the
per cent disease incidence was calculated and
presented in the Table 1.

Table 1. Survey for anthracnose disease in chilli

In Guntur district, the incidence ranged from
42.39 to 39.86%. In Prakasam, it ranged from 20.86
to 35.16%. In Krishna district incidence ranged from
22.57 to 30.15% and 23.60 to 40.91% was recorded
in Kurnool. Among all the surveyed villages, the
highest incidence (42.39%) was recorded in
Sattenapalli village of Sattenapalli mandal in Guntur
district followed by 40.91% in Nandikotkur village
of Kurnool district. The lowest incidence (20.86%)
was recorded in Parchuru village of Parchuru mandal
in Prakasam district. Similar results of disease
incidence are recorded with Ekbote (2002) who

surveyed the prevalent diseases of chilli (Capsicum
annuum)  in  6  taluks  in  the  Haveri  district  of
Karnataka. Fruit rot caused by C. capsici was found
to vary around 42.00% and similar results were
reported by Chigoziri and Ekefan (2013) from Gboko
and Ohimini, South Nigeria. Anamika et al. (2012)
surveyed to assess the incidence of anthracnose of
chilli in five locations in Rewa Province. The
percentage incidence of anthracnose was observed
to be in the range of 55.53 and 71.10%. It was
revealed that the predominance presence of the
anthracnose disease is varied by environmental factors
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and inoculum presence in a particular place. The
disease incidence varied from field to field may be
due to the variety of the soil type and other favourable
environmental characters like relative humidity,
temperature, and rainfall.

Isolation, morphological identification, and
variability among Colletotrichum spp.,
Isolation and purification

The fruits showing typical anthracnose
symptoms were collected from 15 different chilli
growing areas of Andhra Pradesh. The pathogen was
successfully isolated from the infected fruits using the
tissue segment method and standard procedures were
followed in the isolation of the pathogen. Isolates were
named as isolate-1 (CC-1), isolate-2 (CC-2), isolate-
3 (CC-3), isolate-4 (CC-4), isolate-5 (CC-5),
isolate-6 (CC-6), isolate-7 (CC-7), isolate-8 (CC-
8), isolate-9 (CC-9), isolate-10 (CC-10), isolate-11
(CC-11), isolate-12 (CC-12), isolate-13 (CC-13),
isolate-14 (CC-14), isolate-15 (CC-15).

Single spore isolation technique is used for
obtaining pure culture on PDA. Pure cultures obtained
by this method are further used for the identification
and characterization of the pathogen. All the 15 isolates
were maintained by this technique. The isolated
pathogen was further maintained by subculturing by
hyphal tip method. Pathogen cultures are maintained
in both slants and Petri plates for further studies.
Continuous subculturing of the pathogen is avoided
as it decreases the virulence of the pathogen.

Pathogenicity test
All 15 isolates cultured from collected

diseased fruits are subjected to pathogenicity test to
prove Koch’s postulates.  Chilli variety Gemini 116 is
used for the test. A set of 5 fruits are used for the
pathogenicity. Proper standard procedure is followed
for the pathogenicity test. Most of the isolates showed

symptoms starting from 3rd day. After 10th day the
pathogen is reisolated and cultured. All the isolates
produced the same cultures and hence proved the
Koch postulates. Various workers have reported the
pathogenic nature ofC. capsici in chilli fruit rot disease
(Parey et al., 2013, Sangdee et al., 2011,
Ratanacherdchai et al., 2010 and Than et al., 2008).

Identification of the pathogen causing
anthracnose in chilli

Macroscopic and microscopic studies using
many different characters are taken into consideration
for the identification of the pathogen. The pathogen
involved in anthracnose disease of chilli was identified
as Colletotrichum spp., based on reports of
Kulshrestha et al. (1976), Ahmed (1986) and Desai
and Prasad (1955). Typical colony characters like
fairly white to light mouse grey coloured colony,
circular, fluffy mycelium with black coloured acervuli
which were scattered all over the colony which can
be seen with the naked eyes and later the microscopic
observations viz. presence of acervuli and conidial
shape of Colletotrichum spp.,

Identification of virulent isolate
All the isolates were inoculated on chilli fruits

separately and observed for disease development.
Observations on the development of the lesion were
recorded as per 0-5 scale on three, seven and 10
days after inoculation and the per cent fruit area was
calculated and presented in the Table.2

The results showed that per cent fruit of
infected ranged from  4.50 to 36.50 at three DAI, 16
to 52 at seven DAI and 16 to 56 at 10 DAI.  There
were significant differences were observed. Among
the isolates tested, isolate 14 is significantly more
virulent than other isolates and less virulence was
recorded by isolate 2. These results confirm the
findings of Sydow (1913) who reported infection of
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3 DAI 7 DAI 10 DAI
Isolate-1 CC-1 9.50 ( 17.95) 27.00 (31.29) 31.50 (34.13)
Isolate-2 CC-2 4.50 (12.24) 15.50 (23.18) 16.50 (23.96)
Isolate-3 CC-3 21.00  27.26) 37.00 (37.45) 43.00 (40.96)
Isolate-4 CC-4 12.50 (20.70) 20.00 (26.55) 23.00 (28.65)
Isolate-5 CC-5 13.00 (21.13) 33.50 (35.35) 35.00 (36.26)
Isolate-6 CC-6 17.00 (24.34) 38.50 (38.34) 41.00 (39.80)
Isolate-7 CC-7 11.00 (19.36) 21.00 (27.26) 27.50 (31.62)
Isolate-8 CC-8 8.50 (16.94) 17.50 (24.72) 20.00 (26.55)
Isolate-9 CC-9 10.50 (18.90) 30.50 (33.51) 33.50 (35.35)
Isolate-10 CC-10 19.00 (25.83) 39.00 (38.63) 38.50 (38.34)
Isolate-11 CC-11 16.50 (23.96) 36.50 (37.15) 39.00 (38.63)
Isolate-12 CC-12 14.00 (21.96) 36.00 (36.86) 36.00 (36.86)
Isolate-13 CC-13 14.00 (21.96) 31.50 (34.13) 39.50 (38.92)
Isolate-14 CC-14 36.50 (37.15) 52.00 (46.13) 53.00 (46.70)
Isolate-15 CC-15 14.50 (22.37) 32.50 (34.74) 36.00 (36.86)

1.975 1.95 2.607
0.65 0.64 0.86
4.15 2.68 3.417

Isolate No. Name of the isolate
Per cent area infected on the fruit

C.D (P=0.05)
SE(m)
CV (%)

Table 2. Per cent fruit area infected by the isolates of Colletotrichum spp.,

C. capsici for the first time in chilli. Differences in the
aggressiveness of C. capsici isolates have been
reported previously by Taylor et al. (2007). These
results corraborate with the findings of Christopher
et al. (2013) and Sharma et al. (2005).

Morphological variability of the Colletotrichum
spp.

Morphological variability of the isolates of
Colletotrichum spp. was assessed by comparing the
characters viz. colony growth rate (mm day–1), shape
conidia, length, width of conidia, (µm) (using
fluorescent microscope, presence, or absence of
setae), margins (smooth or wavy) airpresented in the
Table 3.
m The results revealed that the growth
rate ranged from 5.75 to 8.88 mm/day. Among the
isolates, significant differences were observed and the

highest growth rate was observed in isolate CC-14
(8.88 mm/day) and followed by CC-3 (8 mm/day).
The shape of the conidia is falcate for all the isolate
except for isolates CC-3 and CC-15 which are
cylindrical. Conidial length ranged from 23.20 to
18.59 µm of falcate conidia and 12.01 to 10.72 µm
of cylindrical conidia. The conidial width ranged from
3.13 to 3.67 µm for falcate conidia whereas the width
ranged from 4.02 to 4.26 µm for cylindrical conidia.
Setae are present in all the isolate except in CC-3.
Margins of isolates CC-1, CC-2, CC-4, CC-6 and
CC-9 showed regular margins and remaining isolates
CC-3, CC-5, CC-7, CC-8, CC-10, CC-11, CC-
12, CC-13, CC-14, CC-15 showed irregular
margins. The conidial size and shape of a pathogen
were prominently used to determine the variants within
a given population (Shenoy et al. 2007). In C.
gloeosporioides conidia are hyaline, one celled and
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Upper surface Bottom side
CC-1 Blackish Gray Dark Brown Not cottony Concentric
CC-2 Blackish Gray Black Cottony Concentric
CC-3 Olive Gray Brown Wooly Concentric
CC-4 Black Brown Not cottony Concentric
CC-5 Blackish Gray Black Not cottony Concentric
CC-6 Blackish Gray Light brown Not cottony Concentric
CC-7 Blackish Gray Black Not cottony Not Concentric
CC-8 Light Gray Black Cottony Concentric
CC-9 Light Gray Black Cottony Concentric
CC-10 Light Gray Light Gray Cottony Concentric
CC-11 Black Light Brown Cottony Concentric
CC-12 Light Gray Light Brown Cottony Concentric
CC-13 Black Light Brown Not Cottony Not Concentric
CC-14 Light Gray Black Cottony Concentric
CC-15 Light orange Light orange Cottony Concentric

Isolate Name Colony Colour Texture Mycelial growth
pattern

Table 4. Cultural characters of the isolates of Colletotrichum spp.

cylindrical. The size ranges from 8–12 µm in length
and 4–6 µm in width. Similar reports were made by
Lubna et al. (2013) and Gupta et al. (2017) and
thus the present results are on the similar line of
published literature. Results were in congruence with
those of Shenoy et al. (2007) who reported that the
average conidial size of C. capsici isolated from
Maskalipalayam, Coimbatore in India, varied from
16- 25 µm in length and 3.0-4.0 µm in width. Butler
(1973) reported C. capsici conidium size of 17-28
× 3-4 mm. These observations confirmed the
measurement of C. capsici.

Cultural variability of the Colletotrichum spp.
The cultural variability is assessed by

observing colony colour, colony texture and mycelial
growth following standard procedures and presented
in Table 4.

The upper surface of the isolates varied from
blackish gray, light gray, black, olive gray and light
orange. Among the isolates, CC-1, CC-2, CC-5,

CC-6, CC-7 shown blackish gray, CC-8, CC-9,
CC-10, CC-12, CC-14 shown light gray, CC-4, CC-
11, CC-13 showed black, CC-3 shown olive gray
and CC-15 shown light orange colour colony. The
bottom side of the colony colour varied from black
to dark brown, brown, light brown and light orange.
These observations were like those obtained by
Selvakumar (2007) and Srideepthi (2017) reported
that the upper surface of each isolate varied from
whitish to gray, brown, black or pale colors while the
reverse surface on the PDA plate appeared black,
dark gray or brown. The texture of isolate CC-3 was
wooly, eight isolates showed cottony texture and the
remaining six isolates showed non cottony textured
mycelium. The mycelial growth pattern was concentric
in all the isolates except in CC-7 and CC-13. These
results observed in the present study confirm with the
findings of several earlier workers. Akhtar and Singh
(2007) reported the differences in radial mycelial
growth on PDA of C. capsici and also variation in
colony colour has been observed. Similar
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observations were also mentioned by Lubna et al.
(2013). Sangdee et al. (2011) evaluated ten isolates
of C. capsici causing chilli anthracnose for their
morphological, cultural, and pathogenic variability on
chilli fruits. The cultural variability ofC. capsici isolates
on basal culture medium Potato Dextrose Agar was
reported earlier by Hartman and Wang, 1990. Karthik
pandiet al. (2018) reported variation in their cultural
behaviour of twenty-five isolates varied from
Colletotrichum species in culture colonies.

CONCLUSION
During the survey for recording chilli

anthracnose in Andhra Pradesh, the high incidence
(42.39%) was recorded in the Guntur district followed
by 40.91% in the Kurnool district. Less incidence
(20.86%) was recorded in the Prakasam district. The
pathogen was isolated from the disease samples of
15 different locations in Andhra Pradesh and
pathogenicity was established to prove Koch’s
postulates. Based on the morphological and cultural
characters of the isolate the pathogen was identified
as C. truncatum and C. gloeosporioides. The
studies indicated that the isolates of Colletotrichum
spp. collected from different locations of Andhra
Pradesh varied among themselves on pathogenicity,
morphological and cultural characters.
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Evaluation of Maize Varieties against Stunt Nematode Tylenchorhynchus
mashhoodi under Nethome Conditions

G Santhosh, Singh U S, R Shalem Raju, Shraddha Bhaskar Sawant and G B N Jyothi
Dr. Rajendra Prasad Central Agricultural University, Bihar, Pusa.

ABSTRACT

A field experiment was conducted on Screening of maize varieties against stunt nematode,
Tylenchorhynchus mashhoodi, eight maize varieties Shaktiman-1, Shaktiman-2, Shaktiman-3, Shaktiman-4,
Shaktiman-5, Laxmi, Dewaki, Ganga safed-2 seeds received from T.C.A., Dholi, Dr. Rajendra Prasad Central
Agricultural University, Bihar, Pusa, were evaluated for their reactions to stunt nematode using Completely
Randomized Design (CRD) with 5 replications in net house at 8 – 29 oC temperature during rabi season 2018-
2019. Observations were recorded on plant height, fresh shoot and root weight and final nematode population in
each pot. The results revealed that six varieties were found to be susceptible whereas shaktiman-4 and Ganga
safed-2 were highly susceptible to stunt nematode.

Keywords:  Fresh shoot and Root weight, Maize, Plant height, Tylenchorhynchus mashhoodi.

Maize (Zea mays L.), also recognized as
“Queen of Cereals or Miracle Crop,” has the highest
productivity per day and is flexible in nature compared
to other cereal crops. Maize acts as the main crop
for food safety owing to enormous demographic
growth with reducing soil and water supplies. Even
after attaining self-sufficiency in food and grain
production, about 50% of kids are struggling with
malnutrition. Globally, maize offers more than 4.5
billion people in 94 emerging nations with 15 %t
protein and approximately 30 percent of food calories.
Today, maize has become the main crop in many areas
of the globe with its total output exceeding that of
wheat or rice by engaging more than 15 million people
in agriculture. Furthermore, maize demand is
anticipated to double globally by 2050. Higher maize
manufacturing needs the hour to satisfy this increasing
requirement (Srinivasan et al. 2004).

Several biotic and abiotic pressures attack
crops has financial significance. The most significant

diseases affecting maize are Fusarium stalk rot caused
by Fusarium moniliforme, Pythium stalk rot caused
by Pythium aphanidermatum Fitz., late wilt by
Cephalosporium maydis (Samara,  Sabet  and
Hingorani), charcoal rot caused by Macrophomina
phaseolina, black bundle illness caused by
Cephalosporium acermonium, further leaf blight
caused by Helminthpsporium maydis and northern
leaf blight caused by Helminthosporium maydis
(Anon, 1987-90). Besides these, disease induced by
plant parasitic nematodes is also of financial
significance.

Out of total known species of nematodes,
about 50% are marine, 25% free living, 10% plant
parasitic and 15% animal parasitic forms (Ayoub,
1980). Plant parasitic and free living forms are
grouped as soil and fresh water nematodes. More
than forty nematode species are associated with maize
but significant ones belong to the genera cyst
nematodes (Heterodera zeae), lesion nematodes



(Pratylenchus spp.),  root knot nematodes
(Meloidogyne incognita and M. javanica), stunt
nematode (Tylenchorhynchus mashhoodi), spiral
nematode (Helicotylenchus spp.) and so on (Patel
et al., 2000) are accountable for crop losses of 10.2
percent (Sasser and Freckman, 1987). Nematodes,
apart from causing damages, interact with other
diseases causing agents and adversely affect the quality
and quantity of maize production. Kumar (2001)
reported that screened maize varieties against the spiral
nematode Helicotylenchus indicus in five varieties
with 2000 inoculation of H. indicus and results
revealed that all the five varieties viz; Shaktiman-1,
Pusa early hybrid1, Suwan, Deoki and Lakshmi were
categorized as a susceptible. Nelson (1956) growed
various hybrids, inbreeds and single crosses of maize
in infested soil filled in pots for screening of
susceptibility of T. claytoni and revealed that twenty-
one inbreeds and 11 single crosses showed decrease
of shoot and root weights when exposed to high
nematode population. Nine inbreeds exhibited some
resistance to nematode attack and had shoot and root
weights similar to those of controlled and un
inoculated.

MATERIAL AND METHODS
A field experiment was conducted on

screening of maize varieties against stunt nematode
Tylenchorhynchus mashhoodi, 8 maize varieties
Shaktiman-1, Shaktiman-2, Shaktiman-3, Shaktiman-
4, Shaktiman-5, Laxmi, Dewaki, Ganga safed-2
seeds received from T.C.A., Dholi, Dr. Rajendra
Prasad Central Agricultural University, Bihar, Pusa,
were evaluated for their reactions to stunt nematode
using Completely Randomized Design (CRD) with 5
replications in net house at 8 – 29oC temperature
during rabi season 2018-2019. Three seeds of each
maize variety were seeded in 15 cm diameter earthen

pots, which are previously disinfested with 4 %
formaldehyde (formalin 40 EC) solution and filled with
1 kg sterilized soil. Ten days after seeding, seedlings
were thinned down to one/pot. Out of 10 pots five
plants were inoculated with 2000 nematodes in the
rhizosphere of seedlings by making ring surrounding
the stem with spatula. After inoculation, ring was
covered with same sterilized soil. Remaining 5 un
inoculated plants served as check for comparison
purpose. Regular watering and after cares were taken.
Plants were depotted carefully and roots were washed
with tap water after 90 days of inoculation. Cobb’s
sieving and decanting method is utilized for estimating
final nematode population from 100g of sample
collected from each inoculated pot. Observations were
recorded on plant height (cm) with scaling method
and fresh shoot and root weight (g) was taken by
using precision balance.

Estimation of nematode population and
reproduction factor

After normalising nematode suspension to
25ml and inserting in 100ml beaker, evenly spread
population by blowing through pipette. 5ml of this
slurry is pipetted onto a nematode counting dish and
counted using a stereoscopic binocular microscope.
Five suspensions are counted. Multiplying the average
by the volume factor gives the sample’s total
population. Reproduction factor was estimated by
taking the difference between the initial inoculated
population with final inoculated population by
comparing with plant growth.

RESULTS AND DISCUSSION
Screening of various maize genotypes available
for source(s) of resistance against T. mashhoodi

The observations and data collected as
follows
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Plant height
There is a significant decrease in plant height

due to inoculation of 2,000 T.mashhoodi nematodes
per plant in all 8 varieties viz., Shaktiman-1,
Shaktiman-2, Shaktiman-3, Shaktiman-4, Shaktiman-
5, Laxmi, Dewaki, Gaga safed-2as against their
uninoculated control Average reduction in plant height
over control were observed maximum reduction in
varieties Shaktiman-4 51.1% and followed by Laxmi-
50.6% and minimum reduction in varieties Shaktiman-
5 30.86%and followed by Ganga safed-2. (Table 1)

Fresh shoot weight
All 8 varieties show significant reduction in

fresh shoot weight. Average reduction in fresh shoot
weight over un inoculated control were 52.56%,
49.55%, 45.11%, 44%, 42% , 39.79%, 32.09%,
31.9% in followingShaktiman-4, Shaktiman-1, Laxmi,
Shaktiman-3, Shaktiman-2, Dewaki, Ganga safed-
2, Shaktiman-5, respectively. (Table 1)

Freshroot weight
Similarly significant reduction will be observed

in fresh root weight. Average reduction in fresh root
weight over un inoculated control were 52.30%,
48.05%, 47.92%, 46.44%, 41.76%, 39.22%,
39.2%, 31.79%, in following varieties Shaktiman4,
Laxmi, Shaktiman-3, Shaktiman-5, Shaktiman-2,
Dewaki, Shaktiman-1, Ganga safed-2, respectively.
(Table 1)

Nematode reproduction
Final nematode population will be increased

/ plant / pot varies from 24,336 (Variety Shaktiman-
2) to 36,893 (Variety Shaktiman-4) it shows that
variable nematode reproduction encouraged by
different maize varieties under Screening test. All
varieties Shaktiman-1, Shaktiman-2, Shaktiman-3,

Shaktiman-4, Shaktiman-5, Laxmi, Dewaki, Ganga
safed-2 will be have nematode population of more
than 9,000 nematodes / plant indicating good
nematode reproduction. All the varieties shows
susceptible reaction. Reproduction factor will observe
maximum in Shaktiman-4 18.4% followed by Laxmi
15.4% varieties and least reproduction factor
observed in varieties Shaktiman-1 11.69%and
Shaktiman-2 12.18%. (Table.1).

SUMMARY AND CONCLUSION
From the above results, it is found that maize

varieties, Shaktiman-1, Shaktiman-2, Shaktiman-3,
Shaktiman-4, Shaktiman-5, Dewaki, Laxmi, Ganga
Safed-2 are susceptible to T. mashhoodi. Therefore,
there is an urgent need to monitor quite a large amount
of maize varieties / accessions / hybrids to find sources
of T. mashhoodi resistance.  Even  after  that,  if
resistance sources are not available, tolerant varieties
/ lines should be exposed to chemical mutations to
create genetic variability to search for resistance to
nematodes and breeding programmed to incorporate
resistance sources into the evolving agronomically
suitable cultivars of nematode resistance. As T.
mashhoodi is a fresh evolving main nematode
restricting the profitable cultivation of maize in light as
well as heavy (clay) soils and no data is accessible on
the management aspects of this maize nematode.
Therefore, study work on practically feasible and
economically viable management strategies through
crop rotation, soil solarization, use of resistant varieties
and bioagents, cultural methods, nematicides /
fungicides, etc. should be scheduled in an incorporated
manner in the future.
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Seasonal Incidence of Shoot fly Atherigona soccata (Rondani) on Minor
Millets in Relation to Weather Parameters

K Swathi, S Dhurua, D Anil Kumar and S Ramesh Babu
Department of Entomology, Agricultural College, Naira, A.P.

ABSTRACT

A field experiment was conducted at Agricultural College, Naira during rabi, 2021-22 to assess the
seasonal incidence of insect pest shoot fly of minor millets and its correlation with weather parameters. The
incidence of shoot fly (Atherigona soccata) started during 6th standard meteorological week (SMW) with
peak level of incidence at 8th-9th SMW in finger millet, proso millet, little millet and pearl millet crops, respectively.
Among the weather parameters minimum temperature (r = -0.482, r = -0.502, r = -0.513) in finger, proso and
little millets and also in evening relative humidity (r = -0.466, r = -0.476) in proso and little millets showed
significant negative correlation. Whereas all the other weather parameters, had a non significant correlation.
There was no rainfall recorded during the crop grown period.

Keywords: Pest incidence, correlation, maximum and minimum temperatures, relative humidity, millets
                 and Shoot fly.

A number of different small grained cereals
are collectively described as ‘Millets’. Millets are
cultivated as grain crops in Africa and Asia and belong
to the family Poaceae, primarily grown on marginal
lands in dry areas of subtropical and tropical regions
(Tonapiet al., 2013). Small millets have traditionally
been main components of food basket of poor people
in India. Small millets namely, finger millet (Eleusine
coracana), little millet (Panicum sumatrense),
barnyard millet (Echinochloa frumentacea), foxtail
millet (Setaria italica), proso millet (Panicum
miliaceum)  and  kodo  millet  (Paspalum
scrobiculatum) are valued for their varied nutritional
and health benefits (Chandrasekara and Shahidi, 2011;
Trusswell, 2002; Gupta et al., 2012; Saleh et al.,
2013). These crops can be grown for fodder/straw
purpose in intercropping system (Choi et al., 1985).
Millets are totally pest free and require low quantity

of pesticides according to traditional growing
techniques. Millets can grow under very low rainfall
regimes of 200mm and 500 mm (Millet Network of
India, 2020). Worldwide, at least 150 insect species
have been recorded on millets. Of which, 116 species
have been recorded from India. Most of the pests
are common to all species of millet. Insect feeding on
different plant parts at various plant growth stages
results in economic losses due to decrease in crop
productivity and grain quality, and decreased fodder
yield. Shoot fly is a major pest in millet crops, laying
eggs singly on the underside of leaves. The larvae
migrate to the growth point after hatching and cut the
central leaf, resulting in the formation of a dead heart.
Infestation usually occurs between 1-4 weeks after
seedling emergence. However, under heavy shoot fly
pressure, the tillers are also attacked. (Arun Kumar
and Channaveerswami, 2015).



MATERIAL AND METHODS
In order to evaluate the incidence of major

insect pest shoot fly in minor millets with relevance to
change in abiotic factors, a field experiment was
conducted at Agricultural College Farm, Naira during
rabi, 2021-22. The varieties VR-847, TNAU-202,
DHLM 36-3, Dhanshakthi of finger, proso, little and
pearl millet crops, respectively were sown in
Agricultural college, Naira during rabi, 2022 with a
row to row and plant to plant distance of 30 cm and
10 cm, respectively. The pest incidence in terms of
shoot fly count was recorded from 10 randomly
selected plants at five days interval. Data regarding
abiotic factors such as rainfall, maximum and minimum
temperatures, and relative humidity were recorded
from the meteorological observatory at Agricultural
College Farm, Naira to study the relationship with
the shoot fly incidence on minor millets. A simple
correlation was also worked out between the mean
pest population dead hearts due to shoot fly and
weather parameters was carried out.

RESULTS AND DISCUSSION
Shoot fly infestation in different millet crops:

On perusal of the data collected on seasonal
incidence of insect pests, it was noticed that among
the millet crops shoot fly incidence was observed in
finger millet, proso millet, little millet and pearl millet.

The  peak incidence of shoot fly incidence
(Table 1) was observed during 8, 9th SMW of the
year, with plant infestation of 12.11%, 16.67%,
12.89% and 11.67% in finger, proso, little and pearl
millet crops, respectively. at 32.6 oC maximum
temperature and 20.8 oC minimum temperature, the
average morning and evening RH were 82.6 and 51.6
per cent

Correlation matrix (Table 2) in finger millet
indicated a non significant negative correlation with
maximum temperature (r = -0.346) and morning RH,

evening RH (r = 0.384, r = 0.405) showed a non
significant positive correlation whereas minimum
temperature (r = -0.482) showed significant negative
correlation and in proso millet correlation matrix (Table
2) indicated a significant negative correlation with
minimum temperature, evening RH (r = -0.502, r = -
0.466) and maximum temperature (r = -0.305)
showed a non significant negative correlation whereas
morning RH (r = 0.272) showed a non significant
positive influence. Correlation matrix (Table 2)
indicated significant negative correlation with minimum
temperature, evening RH (r = -0.513, r = -0.476)
and non significant negative correlation with maximum
temperature (r = - 0.307) and non significant positive
influence with morning RH (r = 0.298) in little millet
and in pearl millet correlation matrix (Table 2)
indicated a non significant negative correlation with
maximum temperature, minimum temperature, evening
RH (r = -0.282, r = -0.429, r = -0.412) whereas
morning RH (r = 0.349) showed a non significant
positive correlation.

The present findings are closely related to
Satish et al. (2017) who worked on incidence of
shoot fly in proso millet and reported that shoot fly
incidence had direct significant and negative
association with the relative humidity. The present
findings are also in part conformity with that of Pavana
Kumar et al. (2015), who reported that the relative
humidity had negative correlation with shoot fly
incidence in proso millet. The findings of the present
study is in close conformity with that of Raghvani et
al (2008) who reported that the, shoot fly infestation
in pearl millet ranged from 6.4 -13.2 per cent during
15 to 56 days after germination. Dead heart per cent
due to shoot fly was maximum during kharif 2001
and none of the weather parameter showed significant
correlation with incidence of shoot fly. Choudhary et
al. (2018) reported that the effect of abiotic factors
on shoot fly had a non significant negative correlation
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Max. Min. Morning Evening Proso
millet

Little
millet

Finger
millet

Pearl
millet

4th,5th 29.80 18.00 77.80 52.80 0.0 0.0 0.0 0.0

5th 31.10 16.80 84.60 53.80 0.0 0.0 0.0 0.0

6th 31.30 18.20 77.40 53.00 3.33 3.24 3.22 1.22

6th,7th 30.90 18.40 74.40 61.60 6.67 5.86 3.56 3.22

7th 32.00 17.30 80.60 46.00 7.45 7.45 7.56 7.12

8th 33.20 22.40 85.40 56.20 10.00 10.66 10.33 10.33

8th, 9th 32.60 20.80 82.60 51.60 16.67 12.89 12.11 11.67

9th, 10th 35.40 19.60 77.40 44.80 10.45 10.45 7.56 10.22

10th 36.00 22.40 79.80 44.00 7.45 7.12 5.11 4.11

10th,11th 37.00 19.80 73.40 37.00 6.67 5.45 3.22 3.44

11th, 12th 35.80 23.00 81.20 47.00 3.20 3.22 2.27 1.44

12th 35.40 25.00 81.80 61.80 0.0 0.0 0.0 0.0

Mean Temperature (ºC) Mean relative humidity (%) Shoot fly incidence (%)
SMW

Table1.  Influence  of  abiotic  factors  on  shoot  fly  (A. soccata)  in  millet  crops  during rabi, 2021-22

Weather parameters Finger millet Proso millet Little millet Pearl millet
Maximum temperature (ºC) -0.346 -0.305 -0.307 -0.282

Minimum temperature (ºC) -0.482* -0.502* -0.513* -0.429
Morning relative humidity (%) 0.384 0.272 0.298 0.349
Evening relative humidity (%) 0.405 -0.466* -0.476* -0.412

Percent Infestation of shoot fly

Table 2. Simple correlation between abiotic factors and shoot fly in different millet crops

with maximum and minimum temperature, total rainfall
and sunshine hours. However, non significant positive
correlation existed with average RH during 2014.
During 2015, it had a non significant negative
correlation with maximum temperature, total rainfall
and sunshine hours and non significant positive
correlation with minimum temperature and average
relative humidity (RH) in pearl millet.

* Significant at 5% level

CONCLUSION
As per the field studies regarding the seasonal
incidence, the occurrence of dead hearts by shoot fly
during 6th week after sowing (6th standard week) with
peak level of incidence at 8th-9th standard week
(12.11, 16.67, 12.89, 11.67 per cent dead heart) in
finger, proso, little and pearl millet crops, respectively.
Among the weather parameters minimum temperature
(r = -0.482, r = -0.502, r = -0.513) in finger, proso
and little millet crops and also in evening relative
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humidity (r = -0.466, r = -0.476) in proso and little
millet showed significant negative correlation. Whereas
all the other weather parameters including rainfall had
a non significant correlation.
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Soil Physico-Chemical Properties, available Nutrient Status of Agricultural
College Farm, Naira
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ABSTRACT

Soil Physico-chemical properties and available nutrient status of soils in different block of Agricultural
college farm was investigated.  Soil samples were collected at two depths viz., 3 surface samples (0- 15cm) and
3 subsurface samples (15-30cm) in each from 9 blocks, constituting a total of 54 soil samples. The results of the
study revealed that the soil texture ranged from sandy loam to clay, soil reaction was slightly acidic to alkaline.
The soils were non-saline. Soil organic carbon (SOC), available nitrogen (N) contents were low, available
phosphorus (P2O5) content was low to medium, available potassium (K2O) and sulphur (S) contents were
medium to high. Available Zinc (Zn) and Iron (Fe) contents were deficient to sufficient. Exchangeable calcium
and magnesium was relatively higher in E- block compared to other blocks. Cation exchange capacity (CEC)
ranged from 6.35 to 16.33 Cmol/kg. Soil clay, CEC, and pH values were relatively higher in subsurface compared
to surface. SOC, available nitrogen, phosphorous, potassium, sulphur, Zn and iron values were higher in surface
soils than in subsurface. Nitrogen, phosphorous sulphur, zinc and iron deficiencies were more pronounced in
sub-surface. Significant positive correlation was noticed between percent clay content with available N (r =
0.316**), available P2O5 (r = 0.234*), available K2O (r = 0.473**), available Sulphur (r = 0.249*). The organic
carbon content was positively correlated with available N (r = 0.456**), available P2O5 (r = O.578**), available
K2O (r = 0.211*) and available sulphur (r = 0.298*) while available phosphorous, was negatively correlated with
soil pH. The variations in soil properties and nutrient status within the blocks and among the blocks indicate the
need for employing integrated and soil test based site specific nutrient management particularly for sustainable
productivity.

Keywords: Available macronutrients, Available sulphur, Physico-chemical properties, Iron, Zinc.

Soil fertility is one of the factors that controls
yield of agricultural crops and sustainability of
agricultural production. It is the nutrient pool that crop
plants utilize for their growth and development. Soil
quality may be affected by soil type and agriculture
management practices like cropping systems because
these may cause alteration in land productivity (Islam
and Wali,  2000). Forms and availability of nutrients
in soils, their movement and uptake by plant roots

and the utilization of nutrients within plants are closely
related (Foth and Ellis, 1997). Spatial heterogeneity
in soil properties might arise as a result of the
differences in elevation, cropping systems and crop
management despite under the same land use type
(Wen-bin et al., 2007). Without maintaining soil
fertility, it is not possible to increase of agricultural
production and quality of agricultural produce. In the
last few decades, the studies on soil nutrients have



become an important topic of research. Similarly,
available nutrients were also studied in the soils of
Chiraigaon block of Varanasi district in relation to soil
characteristics and found vast difference among
nutrients (Singh and Mishra 2012). The information
on soil physic-chemical properties, available macro
nutrients and sulphur status of soils in Agriucltural
College Farm, Naira has not been studied so far.
Therefore, the present investigation was undertaken
to determine soil physic-chemical properties and
available plant nutrient status in the soils of College
Farm, Agricultural College, Naira. The study helps in
understanding the future scope of nutrient management
in the study area.

MATERIAL AND METHODS
The Agricultural College Farm, Naira

(83056.095 to 83056.993 E and 18023.045 to
18026.988N) comprises red, black and associate soils
in moderately sloppy terrain of rainfed uplands to
irrigated low lands. Major soil types of study area
were red sandy loams on rainfed uplands, reddish
yellow soils situated in upper elevations and medium
black soils and deep black soils on irrigated low lands
situated in lower elevations. The entire 250 acres land
was devided to 9 blocks viz., A, A1, B, C, D, D1, E,
F, G based on convenience. The location map of study
area and block wise distribution was presented in
figure 1. The climate belongs to semi-arid monsoon
type with alternate wet and dry seasons as evidenced
by past one decade meteorological data from 2008
to 2017. The mean annual temperature and rain fall
were 26.480C, 982.7mm, respectively.

Soil sample collection
A total of 54 soil samples were collected at

two depths viz., 3 surface samples (0- 15cm) and 3
subsurface samples (15-30cm) in each of 9 blocks,
constituting a total of 54 soil samples. Soil sampling

was done during April, 2019 with the help of core
sampler which comprises of volume 753.6 cm3.

Laboratory analysis
Patricle size analysis was carried out by

Bouyoucos hydrometer method as described by Piper
(1966). The pH and EC of soil sample was
determined in 1:2.5 soil- water suspensions with the
help of glass electrode pH meter as described by
Jackson (1973). Organic carbon (OC) was
determined by rapid titration method given Walkley
and Black (1934). Cation exchange capacity (CEC),
Calciun carbonate (CaCO3) was analysed by
adopting procedure as utlined by Jackson (1973).
Available nitrogen (N) was determined by alkaline
permanganate method (Subbiah and Asija, 1956) and
available phosphorous (P2O5) was determined by
Olsen and Sommers (1982). The available potassium
(K2O) was analysed by extraction with l N ammonium
acetate at pH 7 (Jackson, l973) and available sulphur
(S) was determined turbidimetrically using barium
chloride (Chesnin and Yein,1951). The exchangeable
calcium and magnesium were extracted with neutral
normal ammonium acetate and the contents
determined by versanate method (Richards, 1954).
The available Fe, Mn, Zn and Cu were extracted with
DTPA-TEA buffer (0.005 M DTPA+ 0.01M CaC12
+ O.IM TEA pH 7.3) as described by Lindsay and
Norvell (1978). The relationship between
micronutrients and physico-chemical properties was
computed by simple correlation and stepwise
regression analysis (Panse and Sukhatme 1967).

RESULT AND DISCUSSION
Size distribution soil particles

Relatively higher proportions of sand particles
with mean value of 72.08% was associated with
surface horizon of A1 block and lower mean values
of 51.67 was found in sub-surface horizon of E-block.
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High proportions of mean clay (33.11%) was found
in sub-surface layer of E-block and lower mean clay
content of 17.96% was in surface horizon of A1-
block. In general the clay content was more in
subsurface soils than surface soil indicating more
weathering in subsurface due to presence of moisture
longer periods compared to surface soil
(Geethasireesha and Naidu, 2013). Further elluviation
of fine clay with percolating rainwater may also
contributing for the higher clay in the subsoil than
surface soil.

Soil pH, EC, OC and CaCO3

Perusal of the data (Table 1) represents that
pH in all 9 blocks varied form slightly neutral to
moderately alkaline. The mean pH values ranged from
6.88 to 8.25. In general, the soil pH was relatively
higher in subsoils compared to surface soil. Presence
of free calcium carbonate in subsoil caused higher pH
values in subsoil. (Regmi and Zoebisch 2004). The
soils of all nine blocks in study area were found non-
saline in nature with lowest mean EC value of 0.51dS/
m in surface of G-block and highest in subsurface of
E-block. The higher EC in E-block might be due to
poor drainage conditions as the block is low-lying
area (Kiflu and Beyene 20l3). The mean organic
carbon content of the farm ranged from low to medium
in surface soil and low in subsurface soil and showed
a conspicuous variation between surface and
subsurface soil layers. The surface soil layers recorded
higher organic carbon compared to subsurface layers.
High mean SOC value of 6.13 g kg-1 was recorded
in surface soil of E-block and lower mean value of
2.66 g kg-1 in subsurface of B-block. Addition of
organic manures and incorporation in surface soil have
contributed for higher SOM in surface soil compared
to subsurface soil. The results are in agreement with
the findings of Najar et al., (2009).

Available Nitrogen
The mean available N content ranged between

68- 206 kg ha-1 (Table 2). In general, the available N
content of surface soils was more than subsoil. The
trends of N content among different blocks and within
the blocks was variable. Among the blocks, E-block
recorded relatively higher available mean N and F-
block recorded lower available mean N contents. It
is attributed due to high OM and overall high turnout
of N during decomposition (Yihenew et al., 2015).

Available Phosphorus
The mean available phosphorous in the soils

is low to medium, varied from11.3 to 42 kg ha-1 with
trend of higher available P in surface soil and lower P
in subsurface soil. The range is considerably large
which might be due to variation in soil properties viz.,
pH, organic carbon content, texture, calcium
carbonate and land use practices (Sachan and
Deekasha Krishna, 2018) Application of phosphatic
fertilizers to crops might have resulted in the increase
of P in soils (Woldeamlak and Stroosnijder, 2003 and
Gebeyaw (2007) and addition of crop residues and
manures to surface soil caused the release of organic
anions on decomposition and form chelates with Fe
and Al and make restricted P fixation and increase P
availability. The results are in conformity with the
studies of Najar et al., (2009).

Available Potassium
The available K ranged between 145- 363

kg ha-1with trend of relatively higher mean values in
surface soil compared to subsurface soil. Himabindu
and Gurumurthy (2018) found available potassium in
medium range in majority of the sites of Thotapalli
irrigation project ayacut of Srikakulamdistrict.
However, due to differences in cropping paterns, the
K content varied in soils. The results are similar with
the findings of Singh et al. (2012).
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Available Sulphur
The mean available Sulphur content ranged

from 6.3 to 16.9 mg kg-1.  The deficiency of available
sulphur was recorded in subsurface soil, however the
available S in surface soil is medium to high range.
Available sulphur was positively and significantly
correlated with organic carbon (r = 0.298*) whereas,
negatively and non-significantly correlated with EC (r
= -0.169) and pH (r = -0.093) and this might be due
to facts that with increase in organic matter in soil, the
clay-humus complex become more active thereby
providing more exchangeable sites and access to
sulphur. These results are in same lines to those of
Dipali Desai et al., (2018) and Rajput et al. (2015).

Available micronutrients
The mean available Zn varied from 0.19 to

0.89 mg kg-1. In general, the available Zn content is
relatively high in surface soil and low in subsurface.
The higher content of available Zn in surface horizons
might be due to higher organic carbon addition through
crop residues and decreased with soil depth (Dhane
and Shukla 1995 and Setia and Sharma 2004).
Further the mean available Zn content was found high
in E-block which might be due to relatively fine texture
of the E-block compared to other blocks. SSingh et
al (2012) also reported higher Zn content in fine
textured soils than coarse textured soils. The subsoil
available Zn was found less than critical value of 0.6
mg kg-1. The available Zn was positively correlated
with organic carbon (r=0.442**)) and clay content
(r=0.531**) and negatively correlated with pH (r= -
0.355**) and calcium carbonate (r= -0.331**).

The available Fe ranged from 4.51 to 9.14
mg kg-1. In general, the available Fe content is
relatively high in surface soil and low in subsurface.
The surface horizons contained relatively more
available iron than sub-surface horizons, which is

ascribed to the presence of relatively more organic
carbon in the surface horizons. The organic carbon
due to its affinity to influence the solubility and
availability of iron by chelation effect that might have
protected the iron from oxidation and precipitation
which consequently increased the availability of iron
(Prasad and Sakal, 1991 and Thangasaamy et al.,
2005). The subsoil mean available Fe of E and G
blocks was found less than critical value of 4.5 mg
kg-1. The variation in the available iron content is also
influenced by soil reaction, organic matter and calcium
carbonate content The available Fe was positively
correlated with organic carbon (r=0.411**) and clay
content (r=0.355**) and negatively correlated with
pH (r= -0.322**) and calcium carbonate (r= -
0.383**)..

Correlation
In general, pH show significant correlation

with nutrients like macro and micronutrients (Kozak
et al, 2005). Perusal of the data in table 5 showed
significant negative correlation between percent sand
and N (r = -0.237*), P2O5 (r = -0.264*), K2O (r =
-0.361**). Further, significant positive correlation was
noticed between percent clay and available N (r =
0.366**), P2O5 (r = 0.234*), K2O (r = 0.473**), S
(r = 0.249*). The findings are in support of Sharma
et al., (2013) who reported as significant positive
correlations between clay percent and macronutrients.
Significant negative correlation was found between
pH and available N (r = -0.372**), available P2O5(r
= -0.422**), available Zn (-0.355**) and available
Fe (-0.322**). The organic carbon showed positive
significant correlation with available N (r = 0.456**),
P2O5 (r = O.578**), K2O (r = 0.211*) and S ( r =
0.298*). Negative significant correlation of CaCO3,
with N (r : -0.174*), P2O5 (r = -387*), S (r = -
0.182*), Zn (-0.331**)  and Fe (-0.383**).
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CONCLUSION
It can be concluded that the soils of

Agricultural College, Naira had covariation in soil
physic-chemical properties and nutrient contents
among the nine blocks and within the blocks.
Nitrogen, phosphorus, zinc and iron management
needs more attention. The results of the investigation
suggest that there is a need of intervention for integrated
nutrient management based on soil test crop response
value and site specific nutrient management for
sustainable soil productivity.
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Long-term Application of Inorganic Fertilizer and Organic Manures on
Carbon Dioxide Emissions in Wet Land Rice Soils

D Srinivas  and T V Sridhar
Agricultural College, Naira, A. P.

ABSTRACT

Long term impact of mineral fertilizers and manures on the emission of carbon dioxide was investigated
in laboratory incubated soils with varying temperature and moisture regimes from wet lands soils under rice-
rice cropping system.Thesoil samples were collected from experiment of intensive rice cropping for 23 years
and treatments consisted vi., control, inorganic N (60 kg/ha), inorganic fertilizer (NPK @ 60-40-40 kg ha -1),
FYM @ 10 Mg ha-1and inorganic fertilizer NPK @ 60-40-40 kg ha-1and FYM @ 5 Mg ha-1  as treatments with
three replications and days of incubation. A general decreasing trend of CO2 production corresponding with
decrease in total organic carbon (TOC) under different fertilization treatment was noted for all moisture and
temperature regimes. Higher cumulative CO2 production (2.25 mg CO2-C g-1 dry soil) at 90 days of incubation
in FYM + NPK treatments was presumably due to high TOC (1.39%) and POC (888.6 mg Kg-1) content and
higher biological activity. Higher microbial biomass carbon (MBC) (250.7 mg g-1) and acid hydrolysable
carbohydrates (AHC) in FYM treated soil caused considerable amount of cumulative CO2 production at 90
days (1.90 mg CO2-C g-1 dry soil)possibly acted as a source of bio-energy for higher amount of exogenous
micro organisms.Temperature is a prime factor regulating microbial activity, soil respiration and hence CO2

evolution regardless of fertilizer treatments. Mean cumulative CO2 production increased by 8% at 35oC (from
1.09 mg to 1.18 mg CO2-C g-1 dry soil) than at 25oC. Similarly, mean cumulative CO2 production increased by
15% at 60% WHC (from 1.05 to 1.21 mg CO2-C g-1 dry soil) than at submergence and was influenced by
different fertilizer treatments.

Keywords: Carbon dioxide production, Incubation, Moisture, Temperature, Pools of carbon

In the last few decades, there has been an
increase in the emission of naturally occurring
greenhouse gases like Carbon dioxide (CO2),
methane (CH4) and nitrous oxide (NO2) of which CO2

is accounting for 60% of the total greenhouse effect
(Rastogi et al., 2002).  The greenhouse gases trap
outgoing infrared radiation from the earth’s surface.
Human health, terrestrial and aquatic ecological
systems, agriculture, forestry, fisheries, and water
resources are sensitive to changing climate. The

concentration of CO2 in the atmosphere has increased
from 280 ppmv at beginning of the industrial revolution
to the present day value of 391 ppmv [WMO, 2012).
This increase is attributed to the anthropogenic
activities like agriculture and land use changes, burning
of fossil fuel, deforestation, emission from
automobiles, forest fires, etc. It is well known that
vegetation and soils are major storage sinks of
atmospheric CO2 (Franzluebbers and Doraiswamy,
2007). Carbon dioxide is released from the soil



through soil respiration, which includes three biological
processes, namely microbial respiration, root
respiration and faunal respiration primarily at the soil
surface or within the thin upper layer where bulk of
plant residue is concentrated (de Jong et al., 1974).
Soil organic carbon (SOC) is of paramount
importance with respect to availability of plant nutrients
[Kundu et al, 2006). Maintenance of SOC is essential
for the sustainable agricultural production as declining
soil C generally decreases crop productivity (Lal,
2006). Chemical, physical, and biological alteration
and breakdown caused mineralization of soil organic
matter increased the CO2 emission (Van Gestel et al.
(1991). The rate of soil C emissions is strongly
influenced by the amount and properties of added
organic materials and environmental conditions,
especially temperature and water availability (Agehara
and Warncke, 2005). Information on the emission of
carbon dioxide at varying temperatures and moisture
in flood rice soils is inadequate. Hence, a laboratory
incubation study was undertaken by collecting the soil
samples from long term experiment of  inorganic
fertilizers and manures on rice-rice cropping system
with twin objectives to determine the emission of
carbon dioxide at varying levels of moisture,
temperature  and carbon pools and to determine
relation exist between the treatment with soil
properties.

MATERIAL AND METHODS
A long term field experiment was established

in 1989 to assess the impact of organic and inorganic
fertilizers on soil physico-chemical properties and crop
yield in wet land soils of  rice-rice cropping system at
Andhra Pradesh Rice Research Institute and Regional
Agricultural Research Station (APRRI-RARS),
Maruteru, A.P., India (26.38oN, 81.44oE). The long
term trail was set up with 14 treatments in a
randomized block design with three replications and

out of which five treatments were used for laboratory
incubation studies. Mean annual temperature is 27.2oC
and annual precipitation is about 1200 mm yr-1 of which
22-25% is received during Nov to March. The soil
of the farm area is an inceptiol with clay loam in
texture has been developed from the deltaic sediments
of Godavari River

Laboratory Incubation Studies
Soil Analysis

The laboratory incubation studies were carried
out from the field soil samples collected from the long
term nutrient management trail in rice-rice cropping
system. Five (5) treatments used in the study viz.,
control, N alone (90 kg ha_1 ), Inorganic NPK @
90:60:60 kg ha_1), FYM @ 10 Mg ha_1  and Inorganic
NPK FYM @  90:60:60 kg ha_1 and FYM @ 5 Mg
ha_1. The moisture regimes  are 60% Water Holding
Capacity (WHC) and submergence (flooded
conditions). The temperature regimes imposed are
25oC, 35oC and 45oC. The set up was maintained
with three replications. The studies were carried out
at 10,20,40,60 and 90 days of incubation (DOI).The
amount of CO2produced at different moisture regimes
and temperature regimes at different periods of
incubation was recorded. The physico-chemical
properties of the selected treatments for pH, Electrical
Conductivity (EC)  in 1:2.5 ratio were determined as
per procedures outline by Jackson (1967). Available
P was extracted with Olsen reagent (0.5 M NaHCO3
at pH 8.5 (Olsen et al.1954) at soil extractant ratio of
1:20, shaken for 30 min and quantified by
molybdenum-blue colour method using a
spectrophotometer. Available K was extracted with
neutral normal ammonium acetate (pH 7.0) shaken
for 5 min and measured by flame photometer (Jackson
1973). Microbial habitat groups in soil such as
bacteria, fungi and actinomycetes were enumerated
using nutrient agar, rose Bengal agar and Kenknight’s
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agar as growth medium, respectively, following
dilution plating viable count method (Weaver et al.,
1994). After the required incubation period, the colony
forming units (cfu) were counted and expressed as
cfu g–1 of soil.Soil microbial biomass carbon (MBC)
was measured by modified chloroform fumigation-
extraction method with fumigation at atmospheric
pressure (Witt et al., 2000). Readily mineralizable
carbon (RMC) content of the soil samples was
estimated after extraction with 0.5 M K2SO4

(Inubushi et al., 1991) followed by wet digestion  of
the soil extract with dichromate ( Vance et al., 1987).
The acid hydrolysable and water soluble carbohydrate
carbon (AHC, WSC) were estimated following the
procedure of Haynes and Swift (1990).
Permanganate oxidizablecarbon (POSC) was
determined following the method described by Blair
et al., (1995).

Carbon Dioxide Emission Measurement
The rate of carbon dioxide production is

commonly used as a measure of microbial activity in
the soil. The method of CO2 determination involves
trapping CO2 in an alkali solution and then determining
CO2 concentration indirectly by titration of the
remaining alkali in the solution [Jain, 2003].). The soil
samples from the selected treatments were transferred
into scott bottles. The study was conducted for 90
days (3 months). A CO2 trap was prepared using
NaOH solution (20 ml 1.0 N NaOH in 25 ml distilled
water) in vial for trapping CO2. The trap solution in a
beaker was placed in the air-tight Scott bottle of the
experiment. On 10th day of incubation the alkali
beaker present in different Scott bottle pertaining to
different temperature and moisture regimes  were
removed and titrated with 0.1 N HCl solution using
phenolphthalein indicator and BaCl2solutions and the
carbon dioxide production was expressed as mg
CO2-C g-1 dry soil.

All data was recalculated on the basis of oven-
dry soil weight and was analysed using two way
ANOVA considering main treatments and assay time
at specific periods of incubation and individual
character datasets were statistically analysed and mean
comparison between treatments was established by
Duncan’s multiple range test (Gomez and Gomez
1984). Simple correlations between soil chemical and
biochemical properties and interrelations between the
enzymes were also worked out.

RESULTS AND DISCUSSION
In the present study, the soil samples

(triplicated) collected the selected treatments were
used for laboratory studies. These samples were
analysed for physico-chemical, chemical and
microbiological properties. Data presented in Table
1 suggested that the soils slightly acidic in reaction
and non-saline. Among the treatments, Inorganic
NPK FYM  @90:60:60 kg ha_1 and FYM @ 10
Mg ha_1 .recorded higher Total Organic Carbon
(TOC) of 13.9 g kg-1 and significantly higher than that
of all other treatments while the lower TOC was
observed in control (7.40 g kg-1 ). Similarly, the
available nitrogen, available phosphorus and available
potassium were found to be higher in Inorganic NPK
and FYM treatments. High population of bacteria,
fungi and actinomycetes  were also recorded by FYM
and inorganic NPK.

Pools of carbon
Different carbon fractions in the soil samples

were segregated and quantified and the results
revealed that Inorganic NPK @  90:60:60 kg ha_1

and FYM @ 10 Mg ha_1 treatment recorded
significantly higher content of Microbial biomass
Carbon (MBC), Readily Mineralizable Carbon
(RMC), Acid hydrolysable Carbon (AHC), Water
soluble carbon (WSC), Permanganate oxidizable
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carbon (POC) followed by FYM @ 10 Mg ha_1,
Inorganic NPK @  90:60:60 kg ha_1 inorganic N @
90 kg ha_1 and control (Table 2).The MBC content
increased by 33%, 29%, 31% and 38% in N, NPK
and NPK and FYM treatments, respectively, over
that of control.

In the present study, the MBC content was
lowest in the control plots probably because of high
stress due to inadequate nutrient supply, lack of
fertilizer application and lower amounts of
rhizodeposition (root exudates and root biomass).
Integrated use of NPK and FYM results in the
increased production of different fractions of carbon
in flooded rice soils. Similar results of application of
mineral fertilizer in combination with organic manure
as a source of energy and nutrients was reported by
(Manna et al. 2007). In the study, the enhanced
microbial biomass could to attributed to adequate
availability of both C and N to the soil microbial pool.
The finding are supported by Dhull et al., (2004) and
Leita et al., (1999).

Effect of varying moisture and temperatures
on CO2 emissions as influenced by long term
nutrient management

The results of the study indicated  a significant
increase in carbon dioxide emission upto 90 days of
incubation and later decrease was noticed. Among
the moisture regimes, submergence of soil caused a
significant reduction in CO2 emission compared to
60% WHC. Significantly higher CO2 production was
observed under Inorganic NPK @90:60:60 kg ha_1

and FYM @ 5 Mg ha_1 followed by FYM @ 10 Mg
ha_1. and Inorganic NPK @  90:60:60 kg ha_1   ,

Inorganic N  @  90 kg ha_1  and control treatments
under the laboratory incubated soils.. Cumulative CO2

production (2.763 mg CO2-C g-1 dry soil) was found
to be higher at  90 days of incubation in FYM +
inorganic fertilizer NPK treatment where as carbon

dioxide production was lowest in unfertilized control
irrespective of the treatments (Fig 1). The mean
cumulative CO2 production increased by 24 % at
45oC (2.801 mg to 3.481 mg CO2 -C g-1 dry soil)
at 60% water holding capacity compared to
submergence and was influenced by different fertilizer
treatments.The decrease in CO2 production with
increase in moisture compared to alternate wetting
and drying and application of cowdung helps in
restricting the emission of CO2 as reported by Rehman
(2013). Similar findings were also made by Oliver
and Horwath (2000).

Temperature is a prime factor regulating
microbial activity, soil respiration and hence CO2

evolution regardless of fertilizer treatments. In this
study, significantly higher production of CO2 per unit
of dry soil was recorded in all fertilization treatments
at 45oC than at 35oC and 25oC (Fig 1).  A logarithemic
increase  in  CO2 evolution between 20 and 40oC
followed by a decrease  above 50oC was also
reported by Wiant (1967). At higher temperatures
partial inhibition of microbial respiration occurs, which
is attributed to inactivation of biological oxidation
systems.  Similarly, Bunt and Rovira (1954) found
increased CO2 evolution with a rise in temperature
above 50oC.

Apart from the direct effects of temperature
and moisture, the interaction of these assumes great
significance in view of the global warming and likely
disturbance of precipitation pattern. In the study,
interactive effect temperature and moisture showed
higher CO2 production across the treatments. Moore
and Dalva (1997) also stated that soil temperature
and water table position  determine the CO2

production. Similar finding were made by Kowalenko
(1978) who observed that temperature was the most
dominant factor in determining CO2evolution from
the soil.

90      Srinivas and Sridhar                                                     AAJ 69



The application of organic manure in soil can
increase CO2 emission (Pathak and Rao, 1998), In
the study, the Inorganic NPK and FYM recorded
significantly higher production of CO2 both at 60%
WHC and above 45oC temperature. In the study, the
highest CO2 evolution might be due to higher
mineralization rate of native SOM as well as from the
added organics sources. Similar observations made
by Mc Gill et al., (1981) indicated that addition of
soluble organic C in the soil acts an immediate source
of C for soil microorganisms which inturn emit CO2.
Further, large quantities of organic manure that are
added to agricultural soils every year for supplying
nutrients to crops may contribute significantly CO2

emission (Rastogi, 2002). Further, higher microbial
biomass carbon (MBC) (250.7 mg g-1) and acid
hydrolysable carbohydrates (AHC) in FYM treated
soil caused considerable amount of cumulative CO2

production at 90 days possibly acted as a source of
bio-energy for higher amount of exogenous
microorganisms and also due to high TOC content of

Fig 1. Effect of water regimes and increased temperatures on the emission of CO2 under long term
           nutrient management in rice soil

soil. This is evidenced by the significant and positive
correlation between carbon pools with TOC of soil
(r=0.88**).  Further, the lower carbon dioxide
production in unfertilized control soil due to lower labile
and active pools (MBC, RMC, AHC, POC and
WSC) of C responsible for lower biological activity
in soil.

CONCLUSION
The effect of fertilization and interaction with

varying temperature and moisture regimes on CO2

production in a laboratory incubation study under rice-
rice cropping system showed a  significant increase in
CO2 production at the moisture regime of
submergence and at a temperature of above 45oC.
Significantly higher CO2 production was observed
under FYM and NPK followed by FYM, NPK,
inorganic N and control treatments. Higher cumulative
CO2 production at 90 days of incubation in FYM +
NPK treatments was presumably due to higher MBC
and TOC content of soil. The study indicated inorganic

2022                      Long-term Application of Inorganic Fertilizer and Organic Manures            91



fertilizers and FYM not only might have released more
CO2 evolution in soil but also  helps in the improving
the quality of soil  organic matter.

ACKNOWLEDGMENTS
The authors are thankful to the support

extended by the NAIP project on Soil organic carbon
dynamics vis-a-vis anticipatory climatic change and
crop adaptation strategies of Indian Council of
Agricultural Research (ICAR), New Delhi and also
to the Acharya N. G. Ranga Agricultural University,
Guntur.

LITERATURE CITED
Agehara S  Warnck D D 2005 Soil alternate wetting

and drying pure and temperature effects on
nitrogen release from organic nitrogen
sources. Soil SciSoc Am J 69:

Blair G J, Lefroy R DB Lisle  L 1995 Soil carbon
fractions based on their degree of oxidation,

       and the development of a carbon management
index for agricultural systems. Australian
Journal of Agricultural Research 46, 1459-
1466

Bunt J S and Rovira A D 1954 Oxygen Uptake
and Carbon Dioxide Evolution of Heat-
sterilized Soil. Nature,  1242.

De Jong E, Schappeart H J V, Macdonald K
Band Can  J Soil Sci 1974, 54, 299307.
Cited by Monika Rastogi, Shalini Singh and H.
Pathak.2002. Emission of carbon dioxide in soil.
Current Science 82, 510-571.

Dhull S K, Goyal S, Kapoor K K, Mundra M C
2004 Microbial biomass carbon and
microbial activities of soils receiving chemical
fertilizers and organic amendments. Archives
of Agronomy and Soil Science 50, 641–
647.

Franzluebbers A J, Doraiswamy  P C 2007 Carbon
sequestratin, and land degradation. In climate
and land degradation, chapter 18. Springer,
Berlin, pp 343-58.

Gomez K A, Gomez A A 1984 Statistical procedures
for Agricultural Research, Second edition,
Wiley Interscience Publications, John Wiley
& Sons, New York

Inubushi K, Brookes P C, Jenkinson D S 1991
Soil microbial biomass C, N and nin-hydrinn-
N in aerobic and anaerobic soils measured
by fumigation-extraction method. Soil
Biology and Biochemitry 23, 737-741.

Jackson M L 1973 Soil chemical analysis. Prentice-
Hall, Inc., Englewood cliffs.

Jain M C, Pathak H, Bhatia A 2003 Measurement
of greenhouse gas emission from soil and
developing emission inventories. In : Pathak,
H, Kumer S (eds) Soil and green house effect
monitoring and evaluation. CBS Publishers
and Distributors, New Delhi: 65-78.

Kowalenko C G, Ivarson K C 1978 Effect of
moisture content, temperature and nitrogen
fertilization on carbon dioxide evolution from
field soils. Soil BiolBiochem 10, 417423.

Kundu S, Bhattacharya R P V, Ghosh B N, Gupta
H S 2006 Carbon sequestration and
relationship between carbon addition and
storage under rainfed soybean-wheat rotation
in a sandy loam soil of Indian Himalayas. Soil
Tillage Research 92, 87-95.

Lal R 2006 Soil carbon sequestration and climate
change, Senate Hearing, Science and
Technical Sub-committeee, 24 May,
Washington, DC.

Leita L, De Nobilli M, Mondini C, Muhlbacova
G, Marchiol L, Bragator G, Contin M
1999 Influence of inorganic and organic
fertilization on soil microbial biomass,

92      Srinivas and Sridhar                                                     AAJ 69



metabolic quotient and heavy metal
bioavailability. Biology and Fertility of Soils
4, 371–376.

Manna M C, Swarup A, Wanjari R H, Ravankar
H N 2007 Long term effect of fertiliser and
manure on soil fertility and a sorghum-wheat
farming system. Australian Journal of
Experimental  Agriculture 47 : 700-711.

Mc Gill W B, HuntH W, Woodmanasee R G,
Reuss J O 1981 Ecol.Bull 33, 49gee

Haynes R J, Swift R S 1990 Stability of soil
aggregates in relation to organic matter
constiutents and soil water content. Journal
of Soil Science 41,73-83.

Moore T R, Dalva M ibid 1997 29, 1157-164.
Oliver C D and Howrah W R 2000 Decomposition

of rice straw and microbial carbon use
efficiency under different temperatures and
alternate wett ing and drying. Soil
BiolBiochem 32, 1773-1785.

Olsens S R, Cole C V, Watanabe F S and Dean
L A 1954 Estimation of available phosphorus
in soils by extract ion with sodium
bicarbonate. United States Department of
Agriculture Circular No.939.

Pathak H and Rao D LN 1998 Carbon and nitrogen
mineralization from added organic matter in
saline and alkali soils. Soil Biology and
Biochemistry, 30: 695-702

Rastogi M, Singh S, Pathak J 2002 Emission of
carbon dioxide from soil. Current Science
82, 510-571.

Rehman M 2013 Carbon dioxide emission from soil.
Agric. Res ,6 : 132-139.

Subbiah  B  V  and  Asija  G  L  1956 A Rapid
Procedure for the Estimation of Available
Nitrogen in Soils. Current Science, 25, 259-
260.

Vance E D, Brookes  P C, Jenkinson D S 1987
An extraction method for measuring soil
microbial biomass carbon. Soil Biology &
Biochemistry 19, 703–707.

Van Gestel M, Ladd, J N, Amato M 1991 Carbon
and nitrogen mineralization from two soils of
contrasting texture and microaggregate
stability: influence of sequential fumigation,
drying and storage. Soil Biology and
Biochemistry, 23: 313-322.

Walkley A C,  Black T A 1934 Estimation of soil
organic carbon by chromic acid titration
method. Soil Science 47: 29-38.

Weaver R W, Angle S, Bottomley P, Bezdick D,
Smith S, Tabatabai A and Wollum A 1994
Methods of Soil Analysis. Part 2.
Microbiological and Biochemical Properties.
Madison, WI, Soil Science Society of
America, 1121 p.

Wiant H V Jr J For 1967 65-489490. Cited in
Emission of carbon dioxide from soil by
Rasogi,  M, Shalini  Singh and Pathak, H.
2002. Current Science, 82 (5): 510-517.

Witt C, Gaunt J L, Galicia C C, Ottow J CG,
Neue H U 2000 A rapid chloroform
fumigation–extraction method for measuring
soil microbial biomass carbon and nitrogen
in flooded rice soils. Biology and Fertility
of Soils 30, 510–519.

WMO 2012 World Meteorological Organization.
Greenhouse gas bulletin, No.8, http://
www.in t/pages/prog/arep/gaw/ghg/
documents/GHG_Bulletin_No.8_en.pdf.

Received on 19.11.2022 and Accepted on 23.11.2022

2022                      Long-term Application of Inorganic Fertilizer and Organic Manures            93



The Andhra Agric. J 69 (1): 94-99, 2022

Determinants of Adoption of Swarna (MTU-7029) Rice Variety in Godavari
Zone of Andhra Pradesh
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ABSTRACT

Swarna (MTU-7029) rice variety alone occupies 51.65 % of the area in kharif season and grown in
1.85 lakh ha of total area under rice cultivation in Godavari zone of Andhra Pradesh. Determinants of adoption
of Swarna (MTU-7029) rice variety was analysed by using binary logistic regression analysis. Multi stage
sampling technique was employed to select 160 respondents and a well-structured questionnaire was used for
data collection. The results of binary logistic regression model revealed that farmers’ education, labour availability,
average annual farm income and yield were positive and significant at 1% level of significance, whereas,
access to information was positively significant at 5% level. The seed cost was negatively significant at 1%
level of significance. On the contrary, farm size and distance to market for transportation were non-significant.

Keywords: Adoption, Determinants, Godavari zone and Logit.

Rice is the staple food for about 800 million
people in India, which constitutes about 65 per cent
of its population. Rice contributes to approximately
40 per cent of India’s total food grain production
(NRRI, 2020). India has 439.03 million hectares of
area with a production of 1158.90 million tonnes and
with a productivity of 2647 kg ha-1 (TE 2019-2020).
The major rice-growing states are West Bengal, Uttar
Pradesh, Andhra Pradesh, Punjab, Tamil Nadu,
Orissa, Bihar, and Chhattisgarh, which collectively
produce 75 per cent of India’s rice and constituting
72 per cent of the nations’ rice growing area (Shagun,
2022).

 In India AP, stands at third position in rice
with gross area of more than 22.61 lakh hectares with
a production of 129.18 lakh tonnes and with a
productivity of 5711 kg ha-1 (TE 2019-2020).
Godavari zone is considered as rice bowl of AP. In

Godavari zone rice is grown in 7.81 lakh hectares
with a production of 51.17 lakh tonnes with a
productivity of 6552 kg   ha-1 (TE 2019-2020). About
one-third of the rice varieties in India were
A.N.G.R.A.U released rice varieties (Anonymous
2022). Till now in Andhra Pradesh A.N.G.R.A.U has
successfully released 61 rice varieties each suited to
diverse agro-ecological zones of the state. Among
these, Swarna (MTU-7029), Badava Mahsuri (PLA-
1100), Amara (MTU-1064), Indra (MTU-1061),
Sridruthi (MTU-1121) and Samba Mahsuri (BPT-
5204) are widely cultivated in kharif season in
Godavari zone. Among the above mentioned varieties,
Swarna (MTU-7029) rice variety alone occupies
51.65 % of the area in kharif season which
constitutes 1.85 lakh ha.

The study was conducted with the objective
to analyse the determinants of adoption of Swarna



(MTU-7029) rice variety in Kharif season in
Godavari zone.

DATA AND METHODOLOGY
A Multi-stage sampling technique procedure

was adopted for the study. In Andhra Pradesh,
Godavari zone is purposively selected for the study,
because it is having 7.81 lakh hectares of area with a
production of 51.17 tonnes and productivity of 6552
kg ha-1 under rice cultivation (TE 2019-2020).
Godavari zone consists of East and West Godavari
districts. Two mandals from East Godavari and two
mandals from West Godavari were selected based
on the highest area under Swarna (MTU-7029) rice
variety. From each mandal, two villages were selected
based on the highest area under Swarna (MTU-7029)
rice variety. From each village, 10 adopter and 10
non-adopter farmers were selected, making a total
sample of 160 farmers comprising 80 adopters and
80 non-adopters. The data pertains to the year 2021-
2022. The selected respondents were interviewed
personally with the help of a well-structured interview
schedule and the information collected was analysed
using logistic regression model.

Logistic Regression Model
Determinants of adoption of Swarna (MTU-

7029) rice variety was analysed by using various
parameters between adopters of Swarna (MTU-
7029) rice variety and non-adopted farmers in kharif
season. The logit model assumes that the random
variable Zi predicts the probability of adoption. The
basic model of the logit estimation (Gujarati, 2004) is
as follows:
          pi = F(Zi) = F (a+bXi) = …..(1)

Where,
F (Zi) the standard normal density function for the
possible values of the index Zi

pi = the probability of adoption of Swarna (MTU-
7029) rice variety
Xi = set of explanatory variables
a = regression intercept, and
b= a vector of coefficient.
Where, i = 1, 2, 3, ......., n

Where pi is the probability of adoption of
Swarna (MTU-7029) rice variety, given Xi (the
explanatory variables) and are parameters to be
estimated. The log odds of the probability that an
individual is willing to adopt Swarna (MTU-7029)
rice variety is given by

Zi =log (  ) =a +bXi +…bXn +µi ….. (2)
Where:

 i = 1, 2 …. N are observations
Zi = the natural logarithm of choice for the
ith observation
Xn = the nth explanatory observation
b = the nth vector of covariates
µi = the error or disturbance term.

For this study, the above equation is expressed
implicitly as

Y =   a + b1 X1 + b2 X2 + b3 X3 + b4 X4 + b5

X5 + b6 X6 + b7 X7 + b8X8 + b9X9 + b10X10 + ui

where,
Y = Adoption of Swarna (MTU-7029) rice
variety (1- adopter, 0-non-adopter)
X1 = Age of the farmer (in years)
X2 = Education (1=Illiterate, 2-Primary, 3-
Secondary, 4-Intermediate, 5-Graduate
Degree and 6-Post Graduate)
X3 = Farm size (in ha)
X4 = Access to membership (1-yes, 0-
otherwise)
X5 = Access to information (1-yes, 0-
otherwise)
X6 = Labour availability (1-yes, 0-otherwise)
X7= Average annual farm income (in rupees)

b
a
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X8= Distance to market for transportation (in
kms)
X9= Seed cost (in rupees)
X10= Yield (q ha-1)

b1,  b2 . . . b10 are parameters corresponding to
estimated variables’ coefficients.
ui is the error term and consists of unobservable
random variables.

RESULTS AND DISCUSSIONS
Determinants of adoption of Swarna (MTU-
7029) rice variety

In the present study logistic regression was
used to analyse the determinants for the adoption of
Swarna (MTU-7029) rice variety in kharif season,
and the results were presented in Table 1. The Cox
& Snell R2 was 0.59 and Nagelkerke R2 was 0.79
showed that the model’s predictive capability
explained 59 per cent and 79 per cent, respectively,
of the farmer’s decision to adopt Swarna (MTU-
7029) rice variety. Hosmer and Lemeshow Chi-
square stood at 0.70 which indicated that the
efficiency of the data set on the final results.

Age of the farmer
Age of the farmer showed negative

relationship with adoption of Swarna (MTU-7029)
rice variety and was found statistically significant at
one per cent level. The negative coefficient indicated
that age and the farmer’s decision to adopt had a
negative relationship. The marginal value of -0.027
for this variable indicated that the probability of
adoption decreased by 2.7 per cent with one year
increase in the age of the farmer. When compared to
older farmers, younger farmers were more inclined
to adopt Swarna (MTU-7029) rice variety. As the
farmers grow older, there is an increase in risk aversion

and a decreased interest in adoption of Swarna
(MTU-7029) rice variety. It is known that younger
farmers were more inventive and resourceful, which
enables them to have better access to market
knowledge. The results were similar with Abubakar
et al. (2019) and Digal et al. (2020).

Education of the farmer
Education of the respondents showed positive

relationship with the adoption of Swarna (MTU-
7029) rice variety and was found statistically significant
at one per cent level. This indicated that positive
relation between the education and adoption decision
of farmer. The marginal value for this variable is 0.284
denotes that the probability of adoption increased by
28.4 percent with one year increase in the farmers’
education. The farmers with higher level of education
had higher capacity to adopt Swarna (MTU-7029)
rice variety and the knowledge and skills accumulated
over the years of formal education may give them
eagle’s eye for progressive pathway. This is consistent
with Kadafur et al. (2020) and Feleke and Zegeye
(2006).

Access to membership in farmers’ organisation:
Farmers membership in farmers’ organisation

showed positive and statistically significant relationship
with the adoption of Swarna (MTU-7029) rice variety.
It was positively significant at one per cent level of
significance. This suggested a beneficial association
between membership and the farmer’s adoption
decision. A marginal effect value of 0.274 for this
variable indicated that the probability of adoption of
Swarna (MTU-7029) rice variety increased by 27.4
percent. Farmers who belonged to certain social
categories had access to A.N.G.R.A.U released rice
varieties. The results were consistent with Ibn et al.
(2018) and Mmbando and Baiyegunhi (2016).
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Variables Co-efficients Std. Error P-Value dy/dx
Age of the farmer -0.108 0.056 0.053 -0.027*
Education 1.142 0.365 0.002 0.284***
Farm size 0.036 0.209 0.863 0.008
Access to membership in farmers’ organisation 1.126 0.678 0.080 0.274*
Access to information 1.502 0.673 0.014 0.355**
Labour availability 2.308 0.907 0.002 0.520***
Distance to market for transportation -0.077 0.172 0.652 -0.019
Average annual farm income 0.007 0.002 0.005 0.0018***
Seed cost -0.008 0.002 0.003 -0.002***
Yield 0.203 0.057 0.000 0.050***
Cox & Snell R ²
Nagelkerke R ²
Hosmer and Lemeshow test
Pseudo R2

Log likelihood
Number of observations

0.594
0.792

0.7
0.69

-34.204
160

Table 1. Determinants for the adoption of Swarna (MTU-7029) rice variety in Kharif season

Note: *** significant at 1 per cent level of significance, ** significant at 5 per cent level of significance and *
significant at 10 percent level of significance.

Access to information
Access to information was found to have a

statistically significant positive relationship with the
adoption of Swarna (MTU-7029) rice variety at five
per cent level of significance. This suggested a
beneficial association between farmers’ adoption
decisions and the access to information. A marginal
value of 0.355 for this variable denoted a 35.5 per
cent increase in the likelihood of adoption. Swarna
(MTU-7029)  rice  variety  was  more  likely  to  be
adopted by farmers who have access to information.
Similar results were reported by Ibn et al. (2018)
and Emongor and Uside (2019).

Labour availability
The adoption of the Swarna (MTU-7029)

rice variety was positively correlated with the labour
availability and significant at one per cent level. A

marginal value of 0.52 implies that the probability of
adoption increased by 52 per cent with the increase
in the farmers’ capacity to employ a unit of human
labour. Similar findings were reported by Danso et
al. (2017).

Average annual farm income of the farmer
The adoption of the Swarna (MTU-7029)

rice variety was positively correlated with
respondents’ average annual farm income at one per
cent level of significance, this showed a positive
correlation between farmers’ adoption decisions and
their average annual farm revenue. This variable’s
marginal value of 0.0018 revealed a 0.18 per cent
increase in the chance of adoption of Swarna (MTU-
7029) rice variety with the increase in the average
annual income. Farmers were more likely to adopt
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Swarna (MTU-7029) rice variety because of higher
yearly farm incomes due to the higher yield.

Seed cost
Cost of seed showed negative relationship

with the adoption of Swarna (MTU-7029) rice variety.
It was negatively and statistically significant at one per
cent level of significance. This indicated that positive
relationship between cost of seed and farmers
adoption decision. This variable’s marginal value of -
0.002 represented 0.2 per cent reduced in the
likelihood of adoption. Swarna (MTU-7029) rice
variety was more likely to be adopted by farmers with
decrease in seed cost. The results were consistent
with Kanal and Maharjan (2013).

Yield
The yield of the farmer was found to have a

positive and statistically significant relationship with
the adoption of Swarna (MTU-7029) rice variety at
one per cent level of significance. This indicated that
positive relationship between the yield and farmers
adoption decision. A marginal effect value of 0.050
for this variable indicated that the probability of
adoption of Swarna (MTU-7029) rice variety
increased by 5 percent. Swarna (MTU-7029) rice
variety was more favourable to adopt by the farmers
with increase in the yield. Crop variety that have high
yielding stands to be adopted by farmers since high
yield would raise output and subsequent income. The
results were similar with Ademiluyi (2014).

Farm Size
The farm size of the farmer was positively

influenced but not satistically significant. This implied
that positive non-significant relationship between the
farm size and the adoption decision. A marginal value
of 0.008 indicated that the probability of adoption of
Swarna (MTU-7029) rice variety increased by 0.8

per cent. This means that rice farmers whose farm
size are large adopted Swarna (MTU-7029) variety
unlike those without sufficient farm. This is true and
conforms to the a priori expectations because
sufficient farm size can be an advantage to innovation
adoption. They can easily test the technologies on their
farm when there is enough land for them to practice
the technology. The results were similar with Digal
(2020).

CONCLUSION
From the above findings, it is concluded that

education, access to membership of cooperative
society, access to information, labour availability,
average annual farm income and yield of the farmer
were positively and significantly associated with the
farmers adoption decision of Swarna (MTU-7029)
rice variety. On the contrary, age and seed cost were
negatively and significantly influencing the farmers
adoption decision of Swarna (MTU-7029) rice
variety. To improve the probability of adoption of
Swarna (MTU-7029) rice variety, agriculture
department should encourage the farmers to
participate in farmers’ organisation to increase the
adoption and extent of adoption of Swarna (MTU-
7029) rice variety. The extension networks of
A.N.G.R.A.U should penetrate much deeper into the
farming societies and increase the awareness on
adoption of Swarna (MTU-7029) variety through high
promotion at digital and print media.
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ABSTRACT

Oil palm cultivation is expanding to newer areas in the country which necessitates the need of training
to officers associated in oil palm development programme. To meet this need, capacity building programmes
are organized regularly by ICAR-IIOPR to officers and farmers involved in the oil palm development programme.
The present study was undertaken to assess the need of officers on requirement of training on oil palm
technologies. A structured questionnaire was prepared and administered to the nominated trainees for undergoing
training on oil palm technologies. A total of 31 respondents were selected at random. Data collected from
respondents was compiled. The findings revealed that all the respondents were willing to undergo training and
subject matter on which the training is required is as follows, most of the respondents expressed requirement of
1 to 7 days of training on Pest and Disease Management, Water Management and Nutrient Management with
medium to high priority.  Respondents perceived to have training based on requirement of the current job and
expressed to undergo 2 trainings per year. Majority preferred offline training.  Respondents perceived to attend
the training wherever it is organized.  All the respondents wanted the training literature. Majority of the respondents
wanted the training literature in the form of softcopy or as manuals and power point presentations.  Majority of
respondents perceived that they can disseminate oil palm technologies through training programmes, awareness
campaigns and demonstrations.

Oil palm is a high oil yielding crop with 4 to 6
tons of oil and has a potential of 19.3 lakh hectares in
India. At present the crop is cultivated as an irrigated
crop and also under rainfed conditions in a total area
of 4.0 lakh hectares. Oil palm development is
expanding to newer areas to meet the challenges of
vegetable oil requirement in the country. As oil palm
is an introduced crop in India, it is required to impart
training to all oil palm stakeholders’ viz., growers,
extension personnel, field officers etc.  As new areas
are identified and area expansion activities are taken
up every year by state department, need arises to
build know how about the crop to the concerned state
department officials & staff of oil palm processing
units.  To meet this objective, ICAR-Indian Institute

of Oil Palm Research (IIOPR) regularly organizes
various capacity building programmes round the year
on various subject matter areas of oil palm production
technologies.  In order to know the training needs of
nominated officers representing from new oil palm
growing areas, a study was conducted with following
objective.

Objective
To assess the training needs of extension

officers on oil palm technologies.

MATERIAL AND METHODS
A total of 81 nominations were received from

different organizations for the training on oil palm



through online mode, during 2021-22. A structured
interview schedule was prepared and standardized.
Interview schedule was administered to 31 randomly
selected (among the nominated) officers, before
commencement of training programme. Data thus
collected from respondents was compiled and
tabulated. Statistical tools viz., frequency and
percentage were used to obtain the results and draw
inferences.

RESULTS AND DISCUSSION
Data collected to assess the training needs of

officers associated in oil palm development
programme. Results obtained are presented below
and meaningful inferences drawn.

Age Group Frequency (f) Percentage fx
25-35 11 35.48 330
36-45 13 41.94 520
46-55 7 22.58 350
Total 31 100.00 1200

Mean 37.5

Table 1. Categorization of respondents
               based on Age

Data showed that majority of the respondents
(41.94 %) were in the age group of 36 to 45 years
(Table 1) and the mean age was found to be 37.5
years.

Qualification Frequency Percentage
B.Sc (Ag) 1 3.23
B.Sc (Hort) 6 19.35
M.Sc (Ag) 6 19.35
M.Sc (Hort) 12 38.72
Ph.D. 6 19.35
 Total 31 100.00

Table 2.  Categorization of respondents based
               on Education

With regard to education, 38.72% were
holding a post graduate degree in M. Sc.
(Horticulture) (Table 2).

No. of Yrs Frequency (f) Percentage fx
01-May 10 32.26 30
06-Oct 4 12.90 32
Nov-15 9 29.03 117
16-20 3 9.68 54
21-25 1 3.23 23
26-30 3 9.68 84
31-35 1 3.23 33

 Total 31 100.00 373
Mean 12.03

Table 3. Job Experience

Though maximum number of respondents
(32.26%) were in their initial years of service i.e. 1 to
5 years, 29.03 % of them were having 11 to 15 years
of service. The average experience of nominated
officers was 12 years, shows that respondents are
having medium experience, who require know how
in oil palm (Table 3).

Trainings  attended
on oil palm Frequency Percentage

NO 21 67.74
YES 10 32.26
Total 31 100.00

Table 4.  Categorization of respondents based
               on Trainings attended on oil palm

Willingness for Training
on oil palm

Frequency Percentage

NO 0 0
YES 31 100.00
Total 31 100

Table 5.  Categorization of  respondents based
on Willingness for Training on oil palm
technologies

Though 32.26% respondents have undergone
some training on oil palm cultivation (Table 4), all the
respondents perceived to have training on oil palm
technologies (Table 5).

2022                       Training Need Assessment of Extension Officers on Oil Palm           101



Topics of training and required duration as
expressed by them are as follows i.e., 7 days each
for Water Management, Pest & Disease Management
and Oil Palm Genetics / Botany; 6 days on Package
of Practices; 5 days each on Nursery Management,
Post Harvest; 3 days each on Nutrient Management,
Fertigation, Intercrops, Cropping / Farming Systems,
Weed Management, Recycling of Biomass,
Harvesting, Processing, Value Addition, ICT Tools,
Improved techniques to improve quality and yield in
oil palm, Production Technology; 2 days each on Soil
and leaf sample collection, Establishment &
Management of oil palm plantations, developing

Topic Duration (No. of Days)
Water Management, Pest and Disease Management, Oil Palm Genetics
/ Botany

7

Package of Practices 6
Post Harvest, Nursery  Management 5
Nutrient  Management, Fertigation, Intercrops, Cropping / Farming
System, Weed  Management, Recycling of Biomass, Harvesting of
Bunches, Processing of oil palm, Value Addition, ICT Tools, Improved
techniques to improve quality and yield in oil palm, Production
Technology

3

Soil and Leaf sample collection, Establishment &  Management of Oil
Palm Plantations, Developing Processing Unit of Oil Palm, Products
and by products, Hybrid Seed Production

2

Nutrition of Palm Oil, Prospects of oil palm, New varieties 1

Table 6.  Required Topics and Duration of  Training Programme on oil palm

No. of Trainings Frequency Percentage
As per current job
requirement

15 48.49

1 2 6.45
2 10 32.26
3 1 3.23
4 2 6.45
8 1 3.23

Total 31 100

Table 7.  Categorization of respondents based
        on Number of Trainings required per year

processing unit, Products and By-Products, Hybrid
Seed Production and one day each on Nutrition of
Palm Oil, Prospects of oil palm and New Varieties
(Table 6). Respondents might have perceived these
subjects would be useful to learn and disseminate the
technology to the needed farmers in the oil palm
growing areas.

Respondents (48.49%) perceived that, they
wanted the training based on requirement of current
job, followed by 32.26 % per of them expressed to
undergo 2 trainings per year (Table 7). Since these
respondents were from new oil palm growing areas,
they might have perceived to undergo training to cater
to the immediate on job requirement.

Training Mode Frequency Percentage
Online 5 16.13
Offline 24 77.42
Both 2 6.45
Total 31 100

Table 8.  Categorization of respondents based .
               on Online / Offline Training
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Majority of the respondents (77.42 %)
preferred offline training, where in 16.13 % preferred
online training programme (Table 8). Majority might
have felt direct participation, interaction, learning by
seeing & doing would be more useful, hence opted
for offline training programme.

Place Frequency Percentage
State HQ 7 23
District HQ 10 32
Block / Mandal HQ 2 6.5
Anywhere 12 39

31 100

Table 9.  Categorization of respondents based
on Perceived Training Venue for offline
training  programmes

Majority (38.71%) of the respondents
expressed to attend the training where ever it is
organized, while 32.26% wanted the training venue
to be at district headquarters while 22.58 %
expressed that it should be held at state headquarters
(Table 9).   Respondents might have perceived to
participate in training wherever it is arranged by the
organizers.

Training Literature
Required

Frequency Percentage

NO 0 0
YES 31 100
  Total 31 100

Table 10.  Categorization of respondents based
on Training Literature Requirement

All the respondents (100%) wanted the
training literature (Table 10).
While 16.2 % respondents wanted softcopy of the
literature, 13.5 % wanted to have hardcopy. 13.5%
also wanted the material as power point presentations
while 10.8 % expressed that training material could
be given as manuals (Table 11).

Literature type Frequency Percentage
Folder 1 2.70
Booklet 3 8.11
Presentation 5 13.50
Technical Bulletins 1 2.70
Training Manual 4 10.80
Leaflet 3 8.11
Handout 1 2.70
Softcopy 6 16.20
Hardcopy 5 13.50
Pendrive 2 5.41
Apps 2 5.41
CDs 1 2.70
Trail Data Maps 1 2.70
Compendium of Lectures 1 2.70
E Literature 1 2.70
Total 37 100.00

Table 11. Categorization of officers based on
    Type of Literature Required

Respondents might have felt to have different
type of literature for future reference and to guide the
stakeholders in oil palm cultivation.

Literature type Frequency Percentage
Awareness Campaign 14 21.54
Demonstration 13 20.00
Training Programmes 16 24.62
Meetings 8 12.31
Farm and Home Visits 7 10.77
Workshops 5 7.69
Bike Rally 1 1.54
Exposure Visits 1 1.54
 Total 65 100.00

Table 12. Categorization of respondents based
on option for mode of  dissemination oil
palm technologies

Majority of respondents (24.62% ) perceived
that dissemination of oil palm technologies need to be
done through training programmes, while 21.54%
perceived that it can be done through awareness
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campaign and 20 % stated it could be done through
demonstrations (Table 12). Respondents might have
felt that technical knowledge & skills will be effectively
gained through above capacity building programmes.

CONCLUSION
The study conducted to assess the training

needs of officers / extension personnel on oil palm
technologies. The findings revealed that all the
respondents were willing to undergo training and
subject matter on which the training is required.
Respondents perceived to have training based on
requirement of the current job and were willing to
attend the training wherever it is organized.  They
perceived that they can disseminate the learnt oil palm
technologies to oil palm stakeholders through training
programmes, awareness campaigns and
demonstrations.

 Study reveals training need subject matter
areas as perceived by the nominated officers to meet
the requirement of stakeholders in the field condition.
Training logistics were also required to be met by the
organizers of the training programme based on the
specific needs. This study will give a road map to the
planners and organizers to propose appropriate
training programmes to the needy officers in the new
and upcoming oil palm growing areas.
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Constraints Faced by Farmers in Agriculture during COVID-19 Pandemic
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ABSTRACT

The present study determines the key constraints faced by the farmers during COVID-19 pandemic.
In this context, the data was collected from a sample of 120 farmers was interviewed from Srikakulam district
of Andhra Pradesh to analyze the various constraints faced by the farmers during COVID-19 pandemic.
Constraints faced by the farmers were ranked on the basis of frequency and percentage. The findings revealed
that production constraints like difficult to access farm machinery (95.83%), delayed harvest (95.83%),
inadequate labour (95.00%), restricted availability and access to inputs (85.83%) as the major constraints.
Difficulty in selling crop produce in the market (97.50%), harvested the crop but could not market it (68.33%),
surge in input cost (72.50%), delayed payments for the produce sold (59.17%), inaccessible institutional
credit (45.00%) were the major marketing and financial constraints faced by the farmers.

Keywords: COVID-19, Constraints, Delayed harvest and Farmers.

Indian farmers are facing risks every year, such
as low rainfall, price volatility and rising debts. But
risks from COVID-19 pandemic has put new
challenges in front of this sector threatening livelihoods
and also food security.The nationwide lockdown which
came at an unfortunate time for farmers, as it was the
harvest season for the crops. The lockdown created
shortage of labor and equipment as migrant labour
moved to their hometowns during the pandemic and
farmers often rent harvesting equipment as this is
cheaper than purchasing it. The lockdown has derailed
harvest and restrictions on transportation of produce
despite being given waivers as essential services.

Agriculture is considered as the backbone of
Indian economy. This backbone was under stress
during  COVID-19  pandemic.  To  have  a
comprehensive analysis of the farmers situations during

pandemic it is important to understand the constraints
faced by them during that period. As the situation has
raised never before and was unanticipated. Farmers
have been practicing farming with unpredictable
factors beyond their control. COVID-19 pandemic
took place and was inevitable. The complexities
involved in farming at that time became diverse. It is
important to understand the problems faced by
farmers in agriculture during COVID-19 pandemic.

Keeping these in view, a field level study was
conducted with the objective to rank the constraints
faced by the farmers during COVID-19 pandemic.

MATERIAL AND MEHTODS
The study was conducted in Srikakulam

district of Andhra Pradesh (A.P.) during 2021-22.
Ex-Post Facto research design was followed for the



study. Three mandals in the district and 4 villages from
each mandal were selected using simple random
sampling method. Thus, a total of 12 villages were
selected. Ten respondents from each village were
selected using simple random sampling method thus
constituting a total of 120 respondents for the study.
Before giving a final shape to the interview schedule
the schedule was pretested with 30 farmers who were
actively participating in agricultural operations in non-
sample area with identical situation. The data was
collected by administering the structured interview
schedule to the respondents. For the present study,
the ‘constraint’ was operationalized as something that
limits or controls the farmers during COVID-19.
Based on the review of literature and interaction with
farmers during pretesting and by expert’s opinion, a
total of fourteen constraints were identified and
included in the final schedule and the farmers were
asked to rank the identified constraints in the order of
their preference.

S.No. Constraints Frequency Percentage Rank
A.
1 Difficult to access farm machinery and delayed harvest 115 95.83 I
2 Inadequate labour 114 95.00 II
3 Restricted availability and access to inputs 103 85.83 III
4 Increased cost of cultivation 61 50.83 1V
B.
5 Difficulty in selling crop produce in the market 117 97.50 I
6 Increased middlemen involvement 91 75.83 II
7 Harvested the crop but could not market it 82 68.33 III
8 Distress sale of farm produce 65 54.17 IV
9 Transport bottlenecks 39 32.50 V
C. Financial constraints
10 Increased labour wages 108 90.00 I
11 Surge in input cost 87 72.50 II
12 Delayed payments for the produce sold 71 59.17 III
13 Inaccessible institutional credit 54 45.00 IV

Production constraints

Marketing constraints

Table 1. Constrains faced by farmers in agriculture during COVID-19 pandemic

RESULTS AND DISCUSSION
Constraints faced by farmers in Agriculture
during COVID-19 pandemic

Farmers practiced different coping strategies
in agriculture timely to cope with COVID-19
pandemic. In this process they face various constraints
in adaptation in their field. And these constraints (Table
1) faced by farmers were categorised into production,
marketing and financial constraints.

Production Constraints
Difficult to access farm machinery and delayed
harvest

Among different constraints faced by farmers,
they ranked difficult to access farm machinery and
delayed harvest as major constraint (95.83% each).
Because  of  the  lockdown,  there  was  lack  of
agricultural machinery and a consequent shortage of
labour to operate it, which in turn increased the rent
on farm equipment. Travelling to the fields during this
COVID-19 situation grew more challenging since it
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took longer for each village to set up a screening
checkpoint for COVID-19 infected individuals who
passed through the community. As a result, farmers
reduced their time working in their fields leads to
delayed harvest and another reason was due to labour
scarcity. The findings are in consonance with the
findings of Deshmukh (2020); Kishor Kumar et al.
(2020), Jyothi et al. (2020).

Inadequate labour
About 95 per cent of the farmers could not

labour during COVID-19 pandemic. Due to sudden
unanticipated lockdown, most of the labours migrated
to their native places so as a result labour scarcity
occurred. To overcome this problem most of the
farmers deployed their family members as labours.
Similar, results have been reported by Yuvaraj (2020);
Habanyati et al. (2022).

Restricted availability and access to inputs
Restricted availability and access to seeds,

fertilizers, pesticides for the next crop season was
another constraint expressed by 85.83 per cent
farmers. The interruption of public transportation
services and the mobility restrictions under lockdown
disrupted inputs provision for crop production.
Farmers who are less dependent on the market for
labour, machinery, fertilizers and other inputs were
less impacted by the COVID-19 pandemic than the
farmers who were more dependent on the supply of
these inputs in the local market. The results are in
conformity with that reported by Santhi and
Veerakumaran (2019), Yegbemey et al. (2021),
Habanyati et al. (2022), Menon et al. (2022).

Increased cost of cultivation
About 50.83 per cent of the farmers

expressed that increased cost of cultivation was
another constraint during COVID-19 pandemic. It is

directly proportional to the increased input costs and
increased labour wage rates and these all factors
resulted in increased cost of cultivation. The results
are in conformity with that reported by Menon et al.
(2022); Kishor Kumar et al. (2020).

Marketing Constraints
Difficulty in selling crop produce in the market

Farmers stated that difficulty in selling crop
produce in the market (97.50%) was one of the major
marketing constraints faced making them more prone
to disaster vulnerabilities. In the year 2019–20
marketing of rabi crops was most impacted. Farmers
were forced to sell their produce in nearby villages,
local marketplaces, or grocery stores because the
markets were shut. Local markets were open for a
brief period of time; however, the local police forbade
the evening market from opening. Since no outsiders
were permitted at the market, there were more sellers
than customers, which reduced the selling price.
Unsold goods frequently needed to be transported
back home. Some farmers sold the produce to private
intermediaries at a lower price. The findings are in
consonance with the findings of Yuvaraj (2020),
Ceballos et al. (2020).

Increased middlemen involvement
Increased middlemen involvement was

another constraint expressed by 75.83 per cent of
the farmers. It resulted because even the Govt.
support system like Rythu Bharosa Kendras (RBKs)
have also failed to help farmers taking advantage of
the situation, middlemen are paying 10% less than
the fixed price besides demanding 10 kg more per
bag of paddy (The Hindu, May 29,2021).

Harvested the crop but could not market it
        Respondents stated that harvested the crop but
could not market it (68.33%) was another constraint

2022                      Constraints Faced by Farmers in Agriculture during COVID-19                      107



during COVID-19 pandemic. Collection of harvested
produce by private agencies had been impacted
adversely. Despite the fact that transit of essential
goods was exempt from the restrictions imposed
during the lockdown. Private transporters may have
encountered restrictions when attempting to collect
harvested crop produce from farmer fields. Similar,
results have been reported Deshmukh (2020), Elder
(2021), Yuvaraj (2020), Jaacks et al. (2021).

Distress sale of farm produce
The study shows that 54.17 per cent of the

farmers faced the problem of distress sale of the farm
produce. Farmers resort to distress sale in case of
vegetables owing to COVID-19-induced conditions.
They were severely hurt by lack of proper cold storage
facilities and then COVID-19 lockdowns made their
wounds worse. The distressed farmers prefer to sell
the produce at lower price or distribute to the local
residents free of cost before the produce get rot.
The findings of the study are in conformity with the
findings reported by Deshmukh (2020).

Transport bottlenecks
           About 32.50 per cent of the farmers expressed
that transport bottlenecks was another constraint
during COVID-19 pandemic. At the onset of the crisis,
the food supply chains were strained as many countries
imposed restrictions on movement of goods and
people across and within borders.  As a result, the
challenge was not availability of food but easy access
to it. The results are in conformity with that reported
by Zala (2008), Yuvaraj (2020), Kumar et al. (2021),
Menon et al. (2022).

Financial Constraints
Increased labour wages

The study shows that 90.00 per cent of the
farmers faced the problem of increased labour wages.

Since scarcity of labour being a major constraint due
to COVID-19 pandemic there is a huge demand for
both men and women labour which is therefore
directing towards the increase in labour wages. The
findings are in line with the findings of Zala (2008),
Ceballos et al. (2020), Deshmukh (2020), Jaacks et
al. (2021).

Surge in input cost
The respondents (72.50%) stated that surge

in input cost will obstruct the farmers to take up the
adapting measures. Transport limitations during
COVID-19 make it particularly challenging for
vendors to deliver inputs including seeds, fertiliser,
crop protection goods, equipment, and animal feed
to rural farmers in time for planting season under the
COVID-19 situation. Because of this, there were little
inputs available in the local markets. In order to sell
the inputs for more money, the local input dealers took
advantage of the situation. The findings are in line with
the findings of Yegbemey et al. (2021), Habanyati et
al. (2022), Kishor Kumar (2019).

Delayed payments for the produce sold
Respondents stated that delayed payments

for the produce sold (59.17%) was another constraint
during COVID-19 pandemic. Due to lockdown
transport problems occurred as a result the harvested
produce was either in their farmers own godowns or
with government. Processing took lot of time due to
the restrictions during COVID-19 hence government
did not pay the money within stipulated time to the
farmers. The findings are in consonance with the
findings of Santhi and Veerakumaran (2019),
Nagamani (2020).

Inaccessible institutional credit
Institutional credit is one of the important

factors which helps the farmers to cultivate land and
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also for adapting measures to overcome disasters like
COVID-19. This is the only way to get credit with
lowest interest charges compared to other unorganised
lending sectors. In the study region, 45 per cent of
the farmers stated that non-availability of institutional
credit was one of the constraints to take adaptability
measures. It mainly depends on credit availability for
getting needed resources for cultivating land and to
take various adaptive measures during COVID-19.
Lack of finance hinders farmers from getting the
necessary resources and technologies that facilitate
adapting to COVID-19. Similar, results have been
reported Zala (2008), Trivedi (2009), Habanyati et
al. (2022).

CONCLUSION
From the above observations, it could be

concluded that farmers are facing multifaceted
problems with no proper solutions during COVID-
19 pandemic. In spite of their problems the farmers
are striving hard and smart to overcome the problems
and practicing different adaptability measures over the
period to mitigate and prevent the effect of disasters
in the farming. In this connection the constraints quoted
by the farmers must be thoroughly examined by all
the authorities and agencies involved in planning of
strategies pertaining to disasters and provide authentic
feedback to the planners, researchers, extension
personnel and to all those who are facing problems
due to disasters.
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ABSTRACT

Kerala is known for the cultivation of traditional rice varieties, which are noted for their medicinal,
nutraceutical, and other special characteristics. They are exceptionally rich in genetic diversity and possess
excellent traits, including better grain quality profile, health, nutritional values, and resistance to climate related
stress, pests, and diseases. But now a days a drastic loss of these varieties occurring. As reported by the Kerala
State Biodiversity Board, out of the nearly 160 rice varieties of Wayanad, 55 traditional varieties were now
extinct. The study was conducted in Wayanad district during 2021-22 using descriptive research design. Four
blocks were selected and from each block 3 villages were selected, from each village, 10 respondents were
selected using simple random sampling procedure. Thus, making a total sample of 120 respondents. This study
revealed that lack of institutional & government support (Rank I), followed by delay in payment of government
assistance and incentives (Rank II), higher labour wage rates for farm operations (Rank III), bird damage in the
field (Rank IV), lack of availability of indigenous rice variety seeds for cultivation (Rank V), non-availability of
labour (Rank VI), lack of awareness about legal support and government schemes (Rank VII), delay in
procurement by Govt. agencies (Rank VIII), wild boar damage in the field (Rank IX), lack of awareness in on
modern production technologies (Rank X ), lack of transportation facility (Rank XI), lack of milling facility
(Rank XII), wild elephant damage in the field (Rank XIII) and low productivity of indigenous rice varieties
(Rank XIV), were the major constraints perceived by the farmers in conserving the bio-diversity in rice.

Keywords: Biodiversity, Conservation, Indigenous rice, Constraints and Traditional rice varieties

Rice, known as ‘the grain of life’, is the world’s
most important grain crop, having its origin in India
and being the second most important food crop in
the world. As a result of centuries of cultivation,
adaptation and cooking preferences have led to
genetic diversity in rice varieties. India has one of the
largest rice varieties in the world. Landrace diversity
has benefits for future food security and should be
maintained in order to develop future crops and
address new production challenges. Kerala is known
for growing traditional rice varieties. The genetic
diversity of Kerala rice contains a number of different

traditional varieties that are noted for their medicinal,
nutritional, and other special features. Indigenous rice
varieties are the one grown locally, which include rice
that is colourful and fragrant, with excellent nutritional
value. They have great potential for export, but the
production and use of these varieties is limited
(Blakeney et al., 2020). They are extremely rich in
genetic diversity and have excellent characteristics,
including a better grain profile, health, nutritional values,
and resistance to climate-related stress, pests and
diseases. Planting these varieties is environmentally
friendly as they improve food security and protect
natural resources (Ahaljith, 2019).



The Wayanad region is “a hot spot of
biodiversity” as part of the Western Ghats. Also, the
region is home to many ethnic groups in Kerala, and
as part of their culture, ethnic groups preserve many
rice fields for generations. A total of 75 varieties of
rice, including fragrant (Jeerakasala and
Gandhakashala) and medicinal varieties, have been
reported in the Wayanad region (Rekha et al., 2011).
Indigenous races are important as they have a great
genetic value, which is the basis for future diversity
development programs. The importance of land tenure
cannot be underestimated in the agricultural system,
as the development of existing species depends on
the desired genetic potential for land and wildlife
species. Although they work as genetic suppliers that
control certain factors such as pests, diseases, and
drought resistance to improve yields (Rasheed et
al.,2021). Due to changes in the varietal spectrum,
the use of paddy fields for non-agricultural purposes,
and the growing popularity of modern varieties in
recent years, traditional varieties with desirable traits
are ignored, and the region’s important rice germplasm
is rapidly disappearing. (Latha et al., 2013).
According to the Kerala State Biodiversity Board, of
the approximately 160 varieties of Wayanad rice, 55
indigenous varieties are now extinct. Thus, there is an
urgent need for the conservation of these traditional
lands (Krishnankutty et al., 2021).

MATERIAL AND METHODS
A “Descriptive” research design was used for

the study along with cross sectional survey for data
collection. The study was conducted in Wayanad
district during 2021-22. The state of Kerala was
selected purposively for the study as the researcher
hails from this state and have enough familiarity with
local language i.e., Malayalam. The Wayanad district
was selected purposively because it has largest area
under traditional rice cultivation in Kerala.  The study

was conducted in Wayanad district during 2021-22
using descriptive research design. Four blocks were
selected and from each block 3 villages were selected,
from each village, 10 respondents were selected using
simple random sampling procedure. A Total of 120
respondents were sampled. For ascertaining the
constraints, pretesting of the questionnaire was made
and suitable changes were incorporated within the
formation of things, Data were collected and statistical
tools such as frequency, percentage and Garrett
ranking were used. All the analysis was carried out
using Microsoft Windows Excel.

RESULTS AND DISCUSSION
An attempt was made in the present

investigation to obtain the constraints as experienced
by the rice farmers in conserving the biodiversity in
rice.  Constraints means the problems faced by the
farmers during conservation of indigenous.  The
constraints reported by the respondents are presented
in Table 1 and the ranks were given according to the
Garrett score.

It is evident from the Table 1 that the
constraints as perceived  by the farmers in conserving
the bio-diversity in rice were the lack of institutional
& government support (t mean score 80.40 & Rank
I), followed by delay in payment of government
assistance and incentives (mean score 77.20 & Rank
II), higher labour wage rates for farm operations (mean
score 68.40 & Rank III) (Kishore Kumar et al.,
2020), bird damage in the field (mean score 53.73 &
Rank IV), lack of availability of indigenous rice variety
seeds for cultivation (mean score 50.33 & Rank V),
lack of  labour availability (mean score 49.33 & Rank
VI), lack of awareness about legal support and
government schemes (mean score 46.27 & Rank VII),
delay in procurement by government agencies (mean
score 43.73 & Rank VIII), wild boar damage in the
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field (mean score 42.53 & Rank IX), lack of
awareness in on modern production technologies
(mean score 41.47 & Rank X ), lack of transportation
facility (mean score 38.20 & Rank XI), lack of milling
facility (mean score 37.67 & Rank XII), wild elephant
damage in the field (mean score 37.13 & Rank XIII)
and low productivity of indigenous rice varieties (mean
score 32.40 & Rank XIV). Even though there were
government programmes to encourage the growing
of native rice types, the majority of farmers were not
aware of them. Along with this, financial assistance
and procurement payments to the farmers are also
delayed. Challenges still exist in the training and
improvement of farmers’ skills in the cultivation (Jyothi
et al.,2020). On addition to them, there is a serious
issue with wild animal attacks in the fields. The
government and extension agencies need to address
these issues. The studies of Ahaljith (2019) and
Krishnankutty et al. (2021) supported the present
results.

S.No. Statements Garret mean score Rank
1 Lack of institutional & government support 80.40 I
2 Delay in payment of government assistance and incentives 77.20 II
3 Higher labour wage rates for farm operations 68.40 III
4 Bird damage in the field 53.73 IV
5 Lack of availability of indigenous rice variety seeds for cultivation 50.33 V
6 Lack of labour availability 49.53 VI
7 Lack of awareness about legal support and government schemes 46.27 VII
8 Delay in procurement by Govt. agencies 43.73 VIII
9 Wild boar damage in the field 42.53 IX
10 Lack of awareness in on modern production technologies 41.47 X
11 Lack of transportation facility 38.20 XI
12 Lack of milling facility 37.67 XII
13 Wild elephant damage in the field 37.13 XIII
14 Low productivity of indigenous rice varieties 32.40 XIV

Table 1. Distribution of the farmers according to their perceived constraints in conserving the
  biodiversity in rice.                      (n=120)

* F=Frequency, %= Percentage

Suggestions made by the rice farmers to
overcome the problems in conservation of
biodiversity in rice

The possible suggestions to overcome the
constraints as perceived in conserving the biodiversity
in rice are furnished from Table 2. It is evident from
the results presented in the Table 2. Revealed that a
large majority of farmers suggested that the
government should provide continuous financial and
technical support to farmers (91.67% & Rank I),
followed by government should timely pay the
assistance & incentives (88.33% & Rank II),
government  agencies should procure the paddy timely
(84.17% & Rank III), measures should be taken for
protection from bird and animal threats (81.67% &
Rank IV), Department of Agriculture should supply
adequate good quality seed (70.00% & Rank V),
government should conduct regular training
programmes on modern production technologies
(65.83% & Rank VI), government should form
‘Haritha Karma Sena’(Agriculture labour force) to
overcome shortage of skilled labours and make them
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S. No. Suggestions F % Rank
1 Government should provide continuous financial and technical support

to farmers
110 91.67 I

2 Government should timely pay the assistance & incentives 106 88.33 II
3 Government agencies should procure the paddy timely 101 84.17 III
4 Measures should be taken for protection from bird and animal threats 98 81.67 IV
5 Department of Agriculture should supply adequate good quality seed 84 70 V
6 Government should conduct regular training programmes on modern

production technologies
79 65.83 VI

7 Government should form Agriculture labour force to overcome
shortage of skilled labours and make them available for appropriate
wage rate to farmers

64 53.33 VII

8 Improvement in transportation and marketing facilities 52 43.33 VIII
9 Providing milling facilities to farmers 48 40 IX
10 Facilitation of on farm storage facilities of seeds to farmers 41 34.17 X

available for appropriate wage rate to farmers
(53.33% & Rank VII), improvement in transportation
and marketing facilities (43.33% & Rank VIII),
providing of milling facilities to farmers (40.00% &
Rank IX), facilitation of on farm storage facilities of
seeds to farmers (34.17%& Rank X). The findings
are in line with the studies by Ahaljith (2019), Jyothi
et al.,  (2020), Kishor Kumar et al.,  (2020),
Krishnankutty et al., (2021) and Rasheed et
al.,2021.

CONCLUSION
The results of the study revealed that, although

there are government schemes for promotion of
cultivation of indigenous rice varieties most of the
farmers were unaware about the schemes. This is also
coupled with delayed financial assistance, incentives
and delayed procurement payments to the farmers.
There are bottlenecks in training and updating skills
of farmers in cultivation of traditional varieties. Apart
from these there is an intense problem of wild animal’s

Table 2. Distribution of the farmers according to their perceived suggestions to overcome the
               constraints, perceived by farmers                                                                                   (n=120)

attack in the fields. These problems need to be
addressed by the extension agencies and the
government. Therefore, future conservation programs
can be promoted by environmental compensation and
payments.  Both  methods  of  ex  situ  and  in  situ
conservation are important and need to be integrated
to maintain agrobiodiversity. Therefore, there is a need
for strong institutional intervention in the conservation
of traditional rice varieties worldwide.
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Profile Characteristics of Chilli Growers Affected by Climate Risk in
Prakasam District of Andhra Pradesh

T Samyuktha, M S Rao, M Rama Devy and K N Sreenivasulu
Department of Agricultural Extension, Agricultural Colege, Bapatla, A. P.

ABSTRACT

Climate risk is one of the major worldwide ecological issues affecting agriculture. Chilli is largely
produced in India and Andhra Pradesh. Chilli growers in Prakasam were affected due to climate risks like
heavy rains, cyclones and droughts. Crop productivity is uncertain due to late arrival of monsoon. The present
study was conducted to study the profile characteristics of chilli growers in Prakasam district of Andhra Pradesh
during 2021-22 using Ex-Post Facto research design. Two mandals were purposively selected and two villages
were selected from each mandal using simple random sampling procedure and thus making a total of four
villages. From each selected village, 10 farm households with male, female and offspring involved in cultivating
chilli crop were selected purposively and thus, a total of 40 farm households (male, female and offspring) were
sampled for the study. Hence, from each village total 30 respondents (male, female and offspring) were selected
and thus making total of 120 respondents. The results of the study revealed that most of the male and female
chilli growers were middle aged (62.50% and 60.00%) and offspring were young aged (87.50%). Most of the
male respondents had high school (35.00%) education, females had primary school (30.00%) education and
offspring had intermediate (32.50%) education. Majority of the male, female and offspring chilli growers had
medium (57.50%, 55.00% and 50.00%) farming experience, medium (50.00%, 50.00% and 42.50%) annual
income, medium (67.50%, 57.50% and 62.50%) risk orientation, most of them were small farmers (35.00%,
35.00% and 45.00%), had medium (62.50%, 62.50% and 57.50%) farm power and machinery, medium (67.50%,
65.00% and 70.00%) level of sources of information, medium (60.00%, 57.50% and 67.50%) mass media
exposure, medium (72.50%, 62.50% and 67.50%) extension contact and medium (67.50%, 62.50% and 72.50%)
economic motivation respectively.

Keywords: Climate risk, Chilli growers and Profile characteristics.

Climate had a significant impact on agricultural
operations. Climate risk is one of the major worldwide
ecological issues affecting agriculture. Climate risk
occurs because of natural disasters, greenhouse gas
emissions, extreme high and low temperatures, change
in water availability, sea level rise, deforestation, etc.
Climate risks cause lot of damage to the humans, plants
and animals. Agriculture and horticultural crops were
also damaged to a greater extent due to these climate

risks. India is popular as the “Land of Spices”. Chillies,
in particular, were in high demand on the global
market. Andhra Pradesh is India’s leading producer
of chilli with a total production of 7 lakh tonnes during
2021-22 and contributed to 37.35% of share in the
country followed by Telangana, Madhya Pradesh,
Karnataka and Orissa.

Chilli growers in Prakasam were affected due
to climate risks like heavy rains, flash floods, cyclones



and droughts. Chilli growers were facing lot of
problems like pest infestation, viral diseases on crop,
crop damage, failure of crop and price variations of
chilli in the market due to climate risks. Most of the
chilli growers struggle to comprehend various aspects
of climate and lacks a proper insight into the causes
of climate risks and their potential future ramifications.
The present study analyzed the profile characteristics
of chilli growers affected by climate risk in Prakasam
district of Andhra Pradesh.

MATERIAL AND METHODS
The study was conducted in Prakasam district

of Andhra Pradesh during the year 2021-22 using
Ex-Post Facto research design. Two mandals viz.,
Dornala and Inkollu were purposively selected. Two
villages were selected from each mandal using simple
random sampling procedure and thus making a total
of four villages. From each selected village, 10 farm
households with male, female and offspring involved
in cultivating chilli crop were selected purposively and
thus, a total of 40 farm households (male, female and
offspring) were sampled for the study. Hence, from
each village total 30 respondents (male, female and
offspring) were selected and thus making total of 120
respondents. Pre-tested interview schedule was used
to collect the primary data and statistical tools like
Arithmetic mean, standard deviation, frequency and
percentage analysis, correlation analysis, multiple
regression analysis and Friedman test were used.

RESULTS AND DISCUSSION
It was clear from the Table 1 that less than

two third (62.50%) of the male and three fifth
(60.00%) of the female chilli growers belonged to
middle age, followed by old age (27.50% and
22.50%) and young age (10.00% and 17.50%)
respectively. In case of offspring chilli growers more
than four-fifth (87.50%) of them belonged to young

age and the remaining belonged to middle age
(12.50%). Friedman test proven significant difference
in age levels between male, female and offspring
respondents (c2=71.250, p=0.0000). Thus, it could
be inferred that, in all the three groups of respondents
majority of them were middle aged (45.00%), followed
by young age (38.33%) and old age (16.67%). The
results were in line with Raghuvanshi and Ansari
(2017), Bhaskar et al. (2019) and Bari (2020). The
reason for above trend might be due to that middle
aged people could work actively and efficiently with
more interest and enthusiasm than younger and older
ones.

It was evident from the Table 1 that more
than one-third (35.00%) of the male chilli growers
had high school education followed by middle school
(22.50%) graduation (12.50%), an equal proportion
of 10.00 per cent each fell in the categories of primary
school and intermediate education, an equal
proportion of 5.00 per cent each fell in the categories
of illiterate and functional literate and none in post-
graduation. In case of female chilli growers more than
one-fourth of them had primary school (30.00%)
education, followed by high school (25.00%),
intermediate (15.00%), an equal proportion of 10.00
per cent each fell in the categories of illiterate and
middle school education, graduation (7.50%),
functional literate (2.50%) and none in post-
graduation. Whereas almost one third (32.50%) of
the offspring chilli growers had intermediate education,
followed by graduation (25.00%), primary school
(17.50%), high school (12.50%), middle school
(7.50%), post-graduation (5.00%) and none in
illiterate and functional literate. Friedman test proven
significant difference in education levels between male,
female and offspring respondents (c2=17.510,
p=0.0002). It could be seen that in all the three groups
of respondents majority of them had high school
(24.17%) education, an equal proportion of 19.17
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per cent each fell in the categories of primary school
and intermediate education, graduation (15.00%),
middle school (13.33%), illiterate (5.00%), functional
literate (2.50%) and post-graduation (1.67%). The
above phenomenon could be attributed to the fact
that, in current situation most of the villages have high
schools and educational facilities have been increased.
Some of the farmers who could afford for higher
studies had completed graduation also. The findings
were in supportive of the findings of Nwobodo and
Agwu (2015) and Reddy et al. (2022).

It was obvious from Table 1 that nearly three
fifth of the male chilli growers had medium farming
experience (57.50%) followed by high (25.00%) and
low (17.50%) farming experience. Less than three
fifth of the female respondents had medium farming
experience (55.00%) and an equal proportion of
22.50 per cent each fell in the categories of high and
low farming experience. In case of offspring chilli
growers half (50.00%) of them had medium farming
experience, followed by low (30.00%) and high
(20.00%) farming experience. Friedman test proven
significant difference in farming experience between
male, female and offspring respondents (c2=41.776,
p=0.0000). It could be interpreted that, in all the three
groups of respondents more than half of  the chilli
growers had medium (54.17%) farming experience,
followed by low (23.33%) and high (22.50%) farming
experience. The above phenomenon might be because
of most of the respondents were middle aged. The
results were in line with the findings of Bari (2020)
and Yadav (2021).

Half of each of the male and female chilli
growers had medium annual income (50.00%)
followed by low (27.50%) and high (22.50%) annual
income. In case of offspring chilli growers more than
two fifth (42.50%) of them had medium level of annual
income, followed by low (40.00%) and high
(17.50%) annual income. Friedman test proven that

no significant difference in annual income levels
between male, female and offspring respondents
(c2=4.505, p=0.1051). It could be inferred that in all
the three groups of chilli growers majority (47.50%)
of them had medium level of annual income, followed
by low (31.67%) and high (20.83%) levels of annual
income. The reason might be because of farmers were
getting less profit and large number of the farmers
were not involved in other occupations. The findings
were in line with findings of Sangeetha (2013) and
Markana (2015).

More than two third of the male chilli growers
had medium (67.50%) risk orientation, followed by
high (17.50%) and low (15.00%) risk orientation.
Less than three fifth (57.50%) of the female and more
than three fifth (62.50%) of the offspring chilli growers
had medium risk orientation, followed by low (27.50%
and 20.00%) and high (15.00% and 17.50%) risk
orientation respectively. Friedman test proven that no
significant difference in risk orientation between male,
female and offspring respondents (c2=5.891,
p=0.0526). It could be observed that in all the three
groups of respondents more than half of them had
medium (62.50%) risk orientation, followed by low
(20.83%) and high (16.67%) risk orientation. Similar
results were observed in the findings of Gowda et al.
(2011) and Parganiha (2016)

More than one third of each of the male and
female chilli growers was small farmers (35.00%),
followed by large (20.00%) farmers, medium
(17.50%), marginal (15.00%) and semi-medium
farmers (12.50%). In case of offspring chilli growers
less than half (45.00%) of them were small farmers,
followed by semi-medium (20.00%), medium
(15.00%), marginal (12.50%) and large farmers
(7.50%). Friedman test proven that no significant
difference in farm size between male, female and
offspring respondents (c2=1.661, p=0.4359). It could
be interpreted that in all the three groups of
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Friedman Test
statistics

F % F % F % F %
Young  (Upto 35
years)

4 10.00 7 17.50 35 87.50 46 38.33

Middle (36 to 55
years)

25 62.50 24 60.00 5 12.50 54 45.00

Old (56 years and
above)

11 27.50 9 22.50 -- -- 20 16.67

Total 40 100.00 40 100.00 40 100.00 120 100.00
Illiterate 2 5.00 4 10.00 -- -- 6 5.00

Functionally
Literate
Primary

School (1st -5th)
Middle School
(6th- 7th)
High
School

(8th – 10th)
Intermediate 4 10.00 6 15.00 13 32.50 23 19.17
Graduation 5 12.50 3 7.50 10 25.00 18 15.00
Post-
Graduation
Total 40 100.00 40 100.00 40 100.00 120 100.00
Low 7 17.50 9 22.50 12 30.00 28 23.33

Medium 23 57.50 22 55.00 20 50.00 65 54.17
High 10 25.00 9 22.50 8 20.00 27 22.50
Total 40 100.00 40 100.00 40 100.00
Mean
SD
Low  (<Upto 3 lakhs) 11 27.50 11 27.50 16 40.00 38 31.67

Medium (4-6 lakhs) 20 50.00 20 50.00 17 42.50 57 47.50
High (> 6 lakhs) 9 22.50 9 22.50 7 17.50 25 20.83
Total 40 100.00 40 100.00 40 100.00 120 100.00

       χ2=71.250**
p=0.0000

       χ2=17.510**
p=0.0002

     χ2=41.776**
p=0.0000

χ2=4.505
p=0.1051

Age

Education

1.24

4
Annual
Income

1

2

3

S.
No.

2 1.67

Farming
experience 120 100.00

4.05 3.05 2.28
0.71 1.09

-- -- -- -- 2 5.00

16 13.33

14 35.00 10 25.00 5 12.50 29 24.17

9 22.50 4 10.00 3 7.50

3 2.50

4 10.00 12 30.00 7 17.50 23 19.17

2 5.00 1 2.50 -- --

Independe
nt variable

Category
Male Female Offspring Total

(n1=40) (n2=40) (n3=40) (N=120)

Table 1. Distribution of respondents according to their profile characteristics  (N=120)
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Low 6 15.00 11 27.50 8 20.00 25 20.83

Medium 27 67.50 23 57.50 25 62.50 75 62.50

High 7 17.50 6 15.00 7 17.50 20 16.67
Total 40 100.00 40 100.00 40 100.00
Mean
SD
Marginal (Upto 2.5 acres) 6 15.00 6 15.00 5 12.50 17 14.17

Small (2.5 to 5 acres) 14 35.00 14 35.00 18 45.00 46 38.33
Semi-medium (5 to 7.5 acres) 5 12.50 5 12.50 8 20.00 18 15.00
Medium (7.5 to 10 acres) 7 17.50 7 17.50 6 15.00 20 16.67

Large (> 10 acres) 8 20.00 8 20.00 3 7.50 19 15.83

Total 40 100.00 40 100.00 40 100.00 120 100.00
Low 8 20.00 8 20.0 8 20.0 24 20.0

Medium 25 62.50 25 62.5 23 57.5 73 60.8

High 7 17.50 7 17.5 9 22.5 23 19.2
Total 40 100.00 40 100.0 40 100.0
Mean
SD
Low 7 17.5 8 20.0 5 12.5 20 16.7

Medium 27 67.5 26 65.0 28 70.0 81 67.5

High 6 15.0 6 15.0 7 17.5 19 15.8

Total 40 100.0 40 100.0 40 100.0
Mean
SD
Low 7 17.5 9 22.5 3 7.5 19 15.8

Medium 24 60.0 23 57.5 27 67.5 74 61.7

High 9 22.5 8 20.0 10 25.0 27 22.5
Total 40 100.0 40 100.0 40 100.0
Mean
SD
Low 4 10.0 10 25.0 7 17.5 21 17.5

Medium 29 72.5 25 62.5 27 67.5 81 67.5

High 7 17.5 5 12.5 6 15.0 18 15.0
Total 40 100.0 40 100.0 40 100.0
Mean
SD
Low 8 20.0 11 27.5 5 12.5 24 20.0
Medium 27 67.5 25 62.5 29 72.5 81 67.5

High 5 12.5 4 10.0 6 15.0 15 12.5

Total 40 100.0 40 100.0 40 100.0
Mean
SD

  χ2=1.661
p=0.4359

 χ2=5.891
p=0.0526

χ2=19.693**
p=0.0000

 χ2=3.361
p=0.1863

χ2=52.300**
p=0.0000

       χ2=4.616
p=0.0994

χ2=15.257**
p=0.0005

2.45 2.6

5
Risk

orientation

Economic
motivation

11

3.28 2.97

120 100.0
13.78 13.68 14.18
2.36

1.79 1.65

10
Extension
contact 120 100.0

18.93 15.9 17.73
3.02

3.47 3.72

9 Mass media
exposure 120 100.0

12.45 10.93 14.28
1.89

5.91 6.16

8
Sources of
agricultural
information 120 100.0

26.33 24.9 27.7
3.57

6 Farm Size

7
Farm power
and
machinery 120 100.0

22.50 22.5 20.48
5.93

120 100.00
14.28 12.9 13.48
2.3 2.75 2.86
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respondents nearly two fifth of them were small
farmers (38.33%), followed by medium (16.67%),
large (15.83%), semi-medium (15.00%) and marginal
farmers (14.17%). The reason was due to
fragmentation of land across generations in the family.
The results were similar to the findings of Parganiha
(2016) and Hussain et al. (2020).

Less than two-third of the each of the male
and female chilli growers had medium (62.50%) farm
power and machinery, followed by low (20.00%) and
high (17.50%) farm power and machinery. In case of
offspring chilli growers less than three fifth of them
had medium (57.50%) farm power and machinery,
followed by high (22.50%) and low (20.00%) farm
power and machinery. Friedman test proven that there
was statistically no significant difference in farm power
and machinery between male, female and offspring
respondents (S«2=4.616, p=0.0994). It could be
observed that in all the three groups of respondents
majority (60.83%) of them had medium farm power
and machinery, followed by low (20.00%) and high
(19.17%) farm power and machinery. The results were
in line with the findings of Sangeetha (2013) and
Shrivastava (2018). A large number of farmers were
using M.B. plough, cultivator, sprayer, tractor, pump
set. A least number of farmers were using animal
power, rotavator and drippers in their farm. No farmer
was using rain gauge which would have been because
of lack of awareness.

More than two third of the male (67.50%)
and less than two third (65.00%) of female chilli
growers had medium level of sources of sources of
agricultural information, followed by low (17.50% and
20.00%) and high (15.00% and 15.00%)
respectively. In case of offspring chilli growers more
than two third of them had medium (70.00%) level of
sources of agricultural information, followed by high
(17.50%) and low (12.50%) level of sources of
agricultural information. Friedman test proven that

there was statistically significant difference in sources
of agricultural information between male, female and
offspring respondents (c2=15.257, p=0.0005) It
could be observed that in all the three groups of
respondents more than two third of them had medium
(67.50%) level of sources of agricultural information,
followed by low (16.67%) and high (15.83%) level
of sources of agricultural information. The findings
were in consonance to the findings of Sanap (2015)
and Jangwad (2018). The reason might be due to
fact that most of the farmers had medium contact with
extension functionaries.

Three fifth of the male chilli growers had
medium (60.00%) mass media exposure, followed
by high (22.50%) and low (17.50%) mass media
exposure respectively. Less than three fifth of the
female chilli growers had medium (57.50%) mass
media exposure, followed by low (22.50%) and high
(20.00%) mass media exposure. In case of offspring
chilli growers, a little more than two third of them had
medium (67.50%) mass media exposure, followed
by high (25.00%) and low (7.50%) mass media
exposure. Friedman test proven significant difference
in mass media exposure between male, female and
offspring respondents (c2=52.300, p=0.0000). It
could be inferred that in all the three groups of
respondents more than three fifth of them had medium
(61.67%) mass media exposure, followed by high
(22.50%) and low (15.83%) mass media exposure.
Similar results were found in the findings of Kumari
(2014) and Markana (2015). A large number of
farmers use television, mobile apps and read
newspaper. A very few farmers were reading
magazines, participating in kisan melas and listening
to radio. None of them were reading books on
agriculture like ‘Vyavasaya Panchangam’.

Less than three-fourth of the male chilli
growers had medium (72.50%) extension contact,
followed by high (17.50%) and low (10.00%)
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extension contact. More than half of the female and
offspring chilli growers had medium (62.50% and
67.50%) extension contact, followed by low (25.00%
and 17.50%) and high (12.50% and 15.00%)
extension contact respectively. Friedman test proven
significant difference in extension contact between
male, female and offspring respondents (c2=19.693,
p=0.0000) It could be found that among all the three
categories  of  respondents  more  than  two  third
(67.50%) of them had medium extension contact,
followed by low (17.50%) and high (15.00%)
extension contact. The results were in concordance
with the findings of Sanap (2015) and Yadav (2021).
Among informal sources of contact, almost all the
farmers had extension contact with friends, relatives
and neighbours, a large number of farmers had contact
with progressive farmers and input dealers. Among
formal sources of contact, a few farmers had extension
contact with village secretary, Village Agricultural
Assistant, Agricultural Extension Officer, Mandal
Agricultural Officer, Horticulture Officer and scientists.
No farmer had contact with Assistant Director of
Agriculture and Joint Director of Agriculture.

More than two third (67.50%) of the male
and more than three fifth (62.50%) of the female chilli
growers had medium economic motivation, followed
by low (20.00% and 27.50%) and high (12.50% and
10.00%) economic motivation respectively. Nearly
three fourth of the offspring chilli growers had medium
(72.50%) economic motivation, followed by high
(15.00%) and low (12.50%) economic motivation.
Friedman test proven no significant difference in
economic motivation between male, female and
offspring respondents (c2=3.361, p=0.1863). It could
be interpreted that, in all the three categories of
respondents majority (67.50%) of them had medium
economic motivation, followed by low (20.00%) and
high (12.50%) economic motivation. The findings

were congruence with the findings of Sanap (2015)
and Jangwad (2018).

CONCLUSION
The findings of the study revealed that most

of the male and female chilli growers were middle
aged and offspring were young aged. Most of the
male respondents had high school education, females
had primary school education and offspring had
intermediate education. Majority of the male, female
and offspring chilli growers had medium farming
experience, medium annual income, medium risk
orientation, most of them were small farmers, had
medium farm power and machinery, medium level of
sources of information, medium mass media exposure
and medium economic motivation.
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Online and Digital Learning Behaviour of Farmers in Andhra Pradesh
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ABSTRACT

Online and digital learning is the process of acquiring new understanding, knowledge, behaviour and
skills by the use of internet enabled electronic devices. Learning behaviour included learning activities that
enable respondents to access online and digital content and interact with others productively in the community.
The study was conducted in Andhra Pradesh during 2021-22 using exploratory research design. The respondents
for the study included 50 farmers. The farmers who were using online and digital learning tools for problem
solving in agriculture were selected using simple random sampling procedure. Farmers possessing smart phones
and using them for at least a period of one year were sampled for the study. Data was collected using online
questionnaire coupled with telephonic interview. Data was analyzed using descriptive statistics. The Online and
digital learning behaviour of farmers  was studied in terms of learning behaviour, frequency of using and time
spent in browsing  internet for problem solving in agriculture. Nearly two third of the respondents had medium
learning behaviour (64.00%), followed by low (20.00%) and high (16.00%) learning behaviour. Only ten per
cent of the respondents used internet daily, followed by alternate days (16.00%), weekly (70.00%) and fortnightly
(4.00%) for agricultural purpose. While majority of them used  internet daily (90.00%), followed by alternate
days (3.00%) and weekly (4.00%) for entertainment and other purposes. Nearly half of the respondents spent
their time on internet for 1-2 hours (48.00%), followed by half an hour (42.00%).

Keywords  : Digital learning, ICTs, Learning behaviour, Online.

The value of information has increased
significantly as the agricultural systems in developing
countries become knowledge intensive. Access and
use of current information is critical not only for
financial success of farmers, but also to support
sustainable agricultural systems. Information and
Communications Technologies (ICTs) have facilitated
learning and knowledge sharing, generated global
information flows, empowered citizens and
communities in ways that have redefined governance
and have created significant wealth and economic
growth resulting in a global information society. The
new addition to the ICT world is the concept of online

and digital learning. Agriculture is the backbone of
Indian economy and farmer is the main player in it
and extension personnel support farmers for
technology backstopping. The national objective of
the doubling of farmer’s income cannot be achieved
without the successful delivery of information on latest
technologies and modern practices. These days
everybody are actively using mobiles to search
agricultural information, related audio and video files.
Even the extensionists are giving agro advisories to
farmers via electronic platforms.

Online and digital learning is the process of
acquiring new understanding, knowledge, behaviour



F % F % F % F % F %
1.  How often you browse internet for

information in agriculture
9 18.00 38 76.00 3 6.00 -- -- -- --

2.  How often you are active in the
WhatsApp group related to agriculture

4 8.00 13 26.00 26 52.00 2 4.00 5 10.00

3.  How often you ask for an elaboration
in the WhatsApp group

8 16.00 7 14.00 15 30.00 8 16.00 12 24.00

4.  How often you contact scientists/
extension personnel for problem
solving in agriculture

5 10.00 3 6.00 24 48.00 12 24.00 6 12.00

5.  How often you connect mobile data
with TV/Laptop

-- -- 11 22.00 6 12.00 22 44.00 11 22.00

6.  How often you contact Scientists for
agro advisories on WhatsApp

3 6.00 8 16.00 25 50.00 12 24.00 2 4.00

7.  How often you send crop related
pictures, videos to Scientists for agro
advisories

2 4.00 3 6.00 20 40.00 15 30.00 10 20.00

8.  How often you download the
information &videos that are useful

-- -- 7 14.00 27 54.00 13 26.00 3 6.00

Never

                                                                       Mean=23.54                                                   SD= 7.133611

S.No
.

Statement Always Very often Sometimes Rarely
Table 1. Online and digital learning behaviour of farmers (n=50)

S.No. Category Frequency Percentage
1 Low 10 20.00
2 Medium 32 64.00
3 High 8 16.00

50 100.00Total

Table 2. Distribution of farmers according to
their online and digital learning behaviour

                                                                                                                                (n=50)

The data on overall online and digital learning
behaviour of farmers is presented in the table 2 which
indicated that nearly two third of the respondents had
medium learning behaviour (64.00%), followed by
low (20.00%) and high (16.00%) learning behaviour.

Frequency of using internet by the farmers for
problem solving in agriculture

The frequency of using internet by the farmers
refers to the extent of use of internet by the farmers.
It was studied on a five point continuum namely  daily,
alternate days, weekly, fortnightly, rarely and never.

It is evident from Table 3 that 10.00 per cent
of the respondents used internet daily, followed by
alternate days (16.00%), weekly (70.00%) and
fortnightly (4.00%) for agricultural purpose. While
majority of them used  internet daily (90.00%),
followed by alternate days (3.00%) and weekly
(4.00%) for entertainment and other purposes. Similar
results have been reported Ramya (2021), Ramya et
al. (2022) and Ramya et al. (2021).

F % F %
1 Daily 5 10.00 45 90.00
2 Alternate

Days
8 16.00 3 6.00

3 Weekly 35 70.00 2 4.00
4 Fortnightly 2 4.00 -- --
5 Rarely -- -- -- --
6 Never -- -- -- --

50 100.00 50 100.00

S.
No

Category Agricultural
Purpose

Entertainment &
other purposes

Total

Table 3. Distribution of farmers according to
 frequency of using internet                (n=50)

   *F= frequency  *%=percentage
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A Study on Cropping Pattern Changes in Southern Zone of Andhra Pradesh
– A Markov Chain Approach

P Venu Gopal Naidu, K N Sreenivasulu, V Srinivasa Rao and K S R Paul
Department of Statistics and Computer Applications, Agricultural College, Bapatla, A. P.

ABSTRACT

Cropping pattern means the proportion of area under different crops at a point of time. The change in
cropping pattern in particular span of time clearly indicates the changes that have taken place in the agricultural
development. The assessment of shift in cropping pattern in several regions is crucial for a much better insight
into the agricultural development method. The present study was undertaken to examine the dynamics of
cropping pattern in southern zone of Andhra Pradesh using Markov chain analysis. Time series data on area
under different crops grown from the period 2001-02 to 2019-20 were collected and analyzed for 3 districts in
Southern zone separately. The results revealed that cotton had highest probability of retention (0.806) in Y.S.R
Kadapa district. In Nellore district, rice had highest probability of retention to an extent of 0.921, in Chittoor
district groundnut had highest probability of retention (0.551) and rice had highest probability of retention (0.678)
at zonal level.

Keywords: Cropping pattern, Markov chain analysis, Southern zone and Transition probability matrix.

Agriculture plays a crucial role in the
economy of Andhra Pradesh. This sector contributes
34.12% of the total Gross State Domestic Product
(GSDP) at current price and 29.51% at constant price
2020-21. A large segment of the population is
dependent on the agriculture sector for employment
and income. About 66% population of Andhra
Pradesh lives in rural areas and depends on agriculture
and its allied activities.

The cropping pattern of a region reveals the
proportion of area of land under different crops at a
point of time, the rotation of crops and the area under
different crops. The cropping pattern plays a vital role
in determining the level of agricultural production and
reflects the agricultural economy of an area or region.
Cropping pattern is defined as a combination of
agricultural crops that are grown in a particular

geographical area. The change in cropping pattern in
particular span of time clearly indicates the changes
that have taken place in the agricultural development.
These changes are brought about by socioeconomic
influence (Surendra, 2015).

 The long-term changes in the cropping
pattern in the study area could be due to the
development of irrigation infrastructure, whereas the
vagaries of nature including rainfall and other
institutional factors could lead to short term
fluctuations in the cropped area as well as productivity.
These fluctuations, short term or long term, could have
implications on the economic returns to the farmer as
well as on the environment. The cropping patterns
are determined in large measures by agro-climatic
factors such as soil, temperature and rainfall
distribution, i.e., the physical conditions of the region.



  A dynamic change has been witnessed in
agricultural sector in our country, particularly during
post-green revolution period. In order to develop an
agricultural planning strategy for a region, it is very
much essential to know the type of crops grown and
area having less or more concentration of a crop.
Besides, it is equally important for a planner to know
about the level of specialization or diversification of a
region in terms of crop growing in it. Both land use
and cropping pattern are dynamic aspects of an
agricultural landscape, as they gradually undergo a
change. It is perhaps more pertinent to take a
sufficiently longer interval of time to study the changing
pattern as it will help in detecting the change, as well
as its magnitude and direction. Hence, present study
was conducted with the specific objective to analyze
the structural changes in cropping pattern over the
years in southern zone of Andhra Pradesh.

MATERIAL AND METHODS
The current study was carried out in three

districts in the southern zone namely Y.S.R. Kadapa,
Nellore, and Chittoor. Time series data on the area
under different crops grown in these districts from
2001-02 to 2019-20 were gathered from publications
of the Directorate of Economics and Statistics, Govt.
of Andhra Pradesh. Using Markov chain analysis, a
Transition Probability Matrix (TPM) was created for
each of the three districts as well as for the zonal level.

Markov Chain Analysis
Markov Chain Analysis is an application of

dynamic programming to the solution of a stochastic
decision process. A finite Markov process is a
stochastic process whereby the outcome of a given
trial ‘t’ ( t = 1, 2, ….T) depends only on the outcome
a immediate preceding trial (t-1) and this dependence
is the same at all stages of the sequence of trials (Lee
et al., 1965). Consistent with this definition, let the Si

represent ith state or possible outcomes; i = 1,2,...,r ,
Wit represent the probability that state Si occurs on
trial t or proportion observed in trial ‘t’, in alternative
outcome state i of a multinomial population based on
sample size n, i.e. Pr (Sit). Pijrepresent the transitional
probability which denotes the probability that if for
any time t the process is in state Si, it moves on next
trial to state Sj,

i.e., Pr(Sj , t +1 / Sit,) = Pij

Pr = ( Pij) represent transitional probability matrix
which denotes transitional probability for every pair
of states (i, j = 1,2,......, r ) and has the following
properties;

0 d” Pij d” 1 ......................(1)
 = 1 ........................(2)

Given this set of notations and definitions for
a first order Markov chain, the probability of particular
sequence Si on trial t and Sj on trial t + 1 may be
represented by

Pr (Sit , Sj t +1 = Pr ( Sit) Pr ( Sj t + 1 / Sit) = Wit Pij

.... (3)
and the probability of being in state j at trial t + 1 may
be represented by

Pr (Sj t -1) =  or Wj , t +1 =  ........ (4)

The data for study are the proportion of area
under crops. The proportion changes from year to
year as a result of factors like weather, technology,
price and institutional changes etc. It is reasonable to
assume that the combined influence of these
individually systemic forces approximates to a
stochastic process and propensity of farmers to move
from one crop to another differs according to the crop
state involved. The process of cropping pattern
change may be described in form of matrix P of first
order transition probabilities. The element Pijindicates
the probability of a crop state i in one period will move
to  crop  state  j  during  the  following  period.  The
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diagonal element Pij measures the probability that the
proportion share of ith category  of  crop  will  be
retained.

Estimation of Transitional Probability Matrix
(TPM)

Equation (4) can be used as a basis for
specifying the statistical model for estimating
transitional probabilities. If errors are incorporated in
equation (4), it becomes,

Wit =  Pij + Ujt                      .......(5)
or in matrix form it can be written as,

Yj = XjPj + Uj ................................(6)

Where, Yj = (T * 1) vectors of observations reflecting
the proportions in cropping pattern j in time t,

Xj = (T * r) matrix of realized values of the
proportions in cropping pattern in time t – 1,
 Pj = (r * 1) vectors of unknown transition
parameters to be estimated and
 Uj= vectors of random disturbances.

RESULTS AND DISCUSSION
Y. S. R. Kadapa district

The results of the transition probability matrix
(TPM) for crops in Y.S.R. Kadapa of Southern Zone
for the period of 2001-02 to 2019-20 are presented
in the Table 1. The crops considered in the study were
groundnut, paddy, red gram, cotton, bengal gram,
sunflower and chillies.

Rice Bengal Gram Red gram Groundnut Sunflower Chillies Cotton
Rice 0.370 0.361 0.056 0.214 0.000 0.000 0.000
Bengal Gram 0.216 0.784 0.000 0.000 0.000 0.000 0.000
Red gram 0.465 0.000 0.155 0.000 0.000 0.000 0.379
Groundnut 0.119 0.000 0.026 0.504 0.350 0.001 0.000
Sunflower 0.000 0.000 0.042 0.627 0.331 0.000 0.000
Chillies 0.000 0.000 0.277 0.000 0.000 0.723 0.000
Cotton 0.114 0.000 0.065 0.000 0.000 0.014 0.806

Table 1. TPM for shift in cropping pattern for Kadapa district of Southern zone.

It is inferred from the Table 1 that red gram
had shown instability. Red gram had lost about 37.90
per cent of its area to cotton and 46.50 per cent to
rice. Sunflower had retained 33.10 per cent of area
and lost about 62.70 per cent to groundnut and 4.20
per cent to red gram. However, sunflower gained 35
per cent area from groundnut. Rice had retained only
37 per cent of its area and lost about 36.10 per cent
of its area to bengal gram, 21.40 per cent of its share
to groundnut and 5.60 per cent to red gram. But it
gained its share of 46.50 per cent from red gram,
21.60 per cent from bengal gram, 11.90 per cent from
groundnut and 11.40 per cent from cotton. Groundnut
retained about 50.40 per cent of its area and lost about
35 per cent of its area to sunflower, about 11.90 per
cent to rice and about 2.60 per cent to red gram.
Groundnut gained about 62.70 per cent of area share
from sunflower and about 21.40 per cent of area share
from rice. Chillies had shown stability by retaining
72.30 per cent of its share. Meanwhile it lost its area
share to red gram (27.70 per cent). Bengal gram
retained about 78.40 per cent of its area and lost about
21.60 per cent of its area to rice. Bengal gram gained
about 36.10 per cent of area share from rice. Cotton
had shown highest stability by retaining 80.60 per cent
of its share. Meanwhile it lost its area share to rice
(11.40 per cent), red gram (6.50 per cent) and chillies
(1.40 per cent).
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Nellore district
The results of the transition probability matrix

for crops in Nellore district of Southern Zone for the
period of 2001-02 to 2019-20 are presented in the
Table 2. The crops considered in the study were
groundnut, paddy, red gram, cotton, bengal gram,
sugarcane and chillies.

The results in the Table 2 revealed that red
gram and groundnut have shown instability. Red gram
lost its majority of area share to chillies (30.70 per
cent), rice (26.60 per cent), cotton (19.10 per cent),
sugarcane (18.40 per cent) and groundnut (5.10 per
cent). But it had gained mainly from chillies (23.10
per cent). Ground nut was unable to retain its acreage
and lost about 100.00 per cent of area to rice.
However, it gained its area mainly from chillies (49.60
per cent) and from cotton (20.50 per cent). Cotton
had retained only 16.10 per cent during the study and
lost about 63.30 per cent of its area share to rice and
20.50 per cent area to groundnut. Rice crop had
shown highest stability by retaining 92.10 per cent

Rice Bengal Gram Red gram Groundnut Sugarcane Chillies Cotton
Rice 0.921 0.018 0.003 0.040 0.000 0.003 0.014
Bengal Gram 0.550 0.450 0.000 0.000 0.000 0.000 0.000
Red gram 0.266 0.000 0.000 0.051 0.184 0.307 0.191
Groundnut 1.000 0.000 0.000 0.000 0.000 0.000 0.000
Sugarcane 0.000 0.000 0.000 0.000 0.879 0.002 0.119
Chillies 0.000 0.000 0.231 0.496 0.000 0.273 0.000
Cotton 0.633 0.000 0.000 0.205 0.000 0.000 0.161

Table 2. TPM for shift in cropping pattern for Nellore district of Southern zone.

during the study. Meanwhile it had lost its area share
to red gram (0.30 per cent), chillies (0.30 per cent),
cotton (1.40 percent), bengal gram (1.80 percent)
and groundnut (4 per cent). Sugarcane retained 87.90
per cent during the study period and gained about
18.40 from red gram. It lost its share to cotton (11.90
per cent) and chillies (0.20 per cent). Bengal gram
retained about 45 per cent area and lost about 55
per cent of its area to rice. Chillies retained about
27.30 per cent of its area and lost about 49.60 per
cent to groundnut and about 23.10 per cent to red
gram.

Chittoor district
The results of the transition probability matrix

for crops in Chittoor district of Southern Zone for the
period of 2001-02 to 2019-20 are presented in the
Table 3. The crops considered in the study were
groundnut, paddy, red gram, sunflower, horse gram,
sugarcane and chillies.

Rice Sunflower Red Gram Horse Gram Groundnut Chillies Sugarcane
Rice 0.050 0.000 0.069 0.000 0.763 0.006 0.112
Sunflower 0.000 0.277 0.000 0.000 0.723 0.000 0.000
Red Gram 1.000 0.000 0.000 0.000 0.000 0.000 0.000
Horse Gram 0.464 0.000 0.015 0.488 0.029 0.003 0.000
Groundnut 0.246 0.006 0.022 0.041 0.551 0.012 0.122
Chillies 0.000 0.000 0.000 0.000 1.000 0.000 0.000
Sugarcane 0.117 0.007 0.000 0.000 0.496 0.009 0.371

Table 3. TPM for shift in cropping pattern for Chittoor district of Southern zone.
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From the Table 3, it is observed that rice
retained only about 5 per cent during the study period
and lost about 0.60 per cent of its area share to chillies,
about 6.90 per cent to red gram, about 11.20 per
cent to sugarcane and about 76.30 per cent to
groundnut. It had gained about 100.00 per cent of
area share from red gram, 46.40 per cent from horse
gram, 24.60 per cent from groundnut and 11.70 per
cent from sugarcane. Red gram was unable to retain
its area share. However, it had lost about 100.00 per
cent of area to rice and gained about 6.90 per cent of
area from rice, 2.20 per cent from groundnut and 1.50
per cent from horse gram. Chillies had shown instability,
lost about 100.00 per cent of area share to groundnut
and gained only about 0.30 per cent of area from
horse gram, about 0.06 per cent from rice and about
1.20 per cent from groundnut.  Sunflower had retained
about 27.70 per cent during the study period and
gained about 7 per cent of area share from sugarcane
and 6 per cent share from groundnut. But it had lost
about 72.30 per cent of its area share to groundnut.
Sugarcane retained about 37.10 per cent and lost
about 49.60 per cent of its area to groundnut, about
11.70 per cent to rice, about 9 per cent to chillies and
about 7 per cent to sunflower. Sugarcane gained about
12.20 per cent of area share from groundnut and about
11.20 per cent of area share from rice. Horse gram
retained about 48.80 per cent of its area share and
lost about 46.40 per cent of its area to rice, about
2.90 per cent to groundnut, about 1.50 per cent to
red gram and about 0.30 per cent to chillies. Horse
gram gained about 4.10 per cent of area share from
groundnut. Groundnut had shown highest stability by
retaining 55.10 per cent during the study period.
Meanwhile it had gained 100.00 per cent of area from
chillies, about 76.30 per cent from rice, about 72.30
per cent from sunflower, about 49.60 per cent from
groundnut and about 2.90 per cent from horse gram
and lost about 24.60 per cent to rice, about 12.20

per cent to sugarcane, about 4.10 per cent to horse
gram, about 2.20 per cent to red gram, about 1.20
per cent to chillies and about 0.60 per cent to
sunflower.

Southern Zone
The results of the transition probability matrix

for crops of Southern Zone for the period of 2001-
02 to 2019-20 are presented in the Table 4. The crops
considered in the study were groundnut, paddy, red
gram, bengal gram, horse gram, sunflower, horse
gram, sugarcane, cotton and chillies.

The results in the Table 4 indicated that horse
gram shown instability. It was unable to retain its area
and retained only 10.30 per cent. It lost about 89.70
per cent of its area share to rice and gained only 0.50
per cent of area share from bengal gram, 0.50 per
cent from cotton and 2.90 per cent from rice. Chillies
retained only 15 per cent during the study period. It
lost about 85 per cent of its area share to groundnut.
Red gram retained 20.30 per cent of its area share. It
had gained area from rice (2.20 per cent), groundnut
(2.30 per cent) and sunflower (3.20 per cent). Red
gram had lost its area share to cotton (25 per cent)
and groundnut (54.70 per cent). Sugarcane had
retained about 40.60 per cent during the study period
and it had gained about 7.30 per cent of area from
groundnut and about 3.20 percent from rice. But it
had lost its area share to groundnut (49.60 per cent),
sunflower (7.20 per cent), cotton (2 per cent) and
chillies (0.70 per cent). Similarly sunflower retained
about 48.70 per cent of its area share. It had gained
area from groundnut (10.80 per cent) and sugarcane
(7.20 per cent). Meanwhile it lost area to red gram
(3.20 per cent) and groundnut (48.10 per cent).
Groundnut as one of the major commercial crop had
stability by retaining about 53 per cent of its area
share.
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Rice Bengal
Gram

Red
gram

Horse
gram

Groundnut Sunflower Chillies Sugarcane Cotton

Rice 0.678 0.097 0.022 0.029 0.135 0.000 0.006 0.032 0.000
Bengal Gram 0.345 0.626 0.000 0.005 0.000 0.000 0.000 0.000 0.024
Red gram 0.000 0.000 0.203 0.000 0.547 0.000 0.000 0.000 0.250
Horse gram 0.897 0.000 0.000 0.103 0.000 0.000 0.001 0.000 0.000
Groundnut 0.259 0.000 0.023 0.000 0.530 0.108 0.007 0.073 0.000
Sunflower 0.000 0.000 0.032 0.000 0.481 0.487 0.000 0.000 0.000
Chillies 0.000 0.000 0.000 0.000 0.850 0.000 0.150 0.000 0.000
Sugarcane 0.000 0.000 0.000 0.000 0.496 0.072 0.007 0.406 0.020
Cotton 0.351 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.643

Table 4. TPM for shift in cropping pattern for Southern zone.

Meanwhile it had lost its area share to chillies
(0.70 per cent), red gram (2.30 per cent), sugarcane
(7.30 per cent), sunflower (10.80 per cent) and rice
(25.90 per cent). However, it had gained about 85
per cent of area from chillies, about 54.70 per cent
from red gram, about 49.60 per cent from sugarcane,
about 48.10 per cent from sunflower and about 13.50
per cent from rice. Bengal gram retained 62.60 per
cent of its area. It had gained area only from rice (9.70
per cent). Bengal gram had lost its area share to cotton
(2.40 per cent), horse gram (0.50 per cent) and rice
(34.50 per cent). Cotton had retained about 64.30
per cent during the study period and it had gained
about 25 per cent of area from red gram, about 2.40
per cent from bengal gram and about 2 percent from
sugarcane. But it had lost its area share to rice (35.10
per cent) and horse gram (0.50 per cent). Rice had
shown highest stability by retaining 67.80 per cent of
its area share. Meanwhile it had gained 89.70 per
cent of area from horse gram, about 35.10 per cent
from cotton, about 34.50 per cent from bengal gram
and about 25.90 per cent from groundnut and lost
about 13.50 per cent to groundnut, about 9.70 per
cent to bengal gram, about 3.20 per cent to sugarcane,
about 2.90 per cent to horse gram, about 2.20 per
cent to red gram and about 0.60 per cent to chillies.

CONCLUSION
In Y. S. R Kadapa district, cotton and bengal

gram were more stable, whereas red gram was the most
unstable crop which was replaced by cotton and rice.
Cotton showed highest retention of nearly 80 per cent
and it gained its maximum share from red gram crop.
In Nellore district, rice was the most stable crop,
whereas red gram and groundnut were the most unstable
crops, thus those cultivars are moving towards the rice
crop. Rice showed highest retention of nearly 92 per
cent and it gained maximum from groundnut,
moderately from cotton and bengal gram and marginally
from red gram. From the results it was inferred that in
Chittoor district, among the stable crops groundnut
was the crop that gained most, from the shares of
remaining crops, but the distinction was that it gained
more than three fourth of the share of rice (76.3 per
cent) and chillies (100 per cent) and more than half of
the share of sunflower (72.3 per cent). Among the
unstable crops, paddy appears to have grabbed 24.6
per cent of the share of groundnut and sugarcane
grabbed 12.2 per cent share of groundnut. However,
Rice being the most important crop of Andhra
Pradesh, its retention was only 5 per cent and 37 per
cent in Chittoor and Kadapa districts respectively and
it was lost majorly to groundnut, 76.3 per cent and
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21.4 per cent respectively because of the suitability
of climatic conditions, the socio-economic conditions
of the farmers and their expertise in crop management
with minimum resources, which undoubtedly made
groundnut the stable crop in these districts of the
Southern zone. But in Nellore District, the increase in
irrigation facilities made the farmers go for rice (92.1
per cent retention), which is a highly procured and
remunerative crop. At Zonal level, almost all crops
showed retention capacity. Rice was the most stable
crop with highest retention capacity of 67.8 per cent
and gained majorly from horse gram, cotton, groundnut
and bengal gram. Horse gram was the most unstable
crop at zonal level and lost its major shares to rice.
Shift in one crop to various crops is a sign of crop
diversification. Hence, there is huge scope for
decision-making in the selection of crops to put
agriculture on the pedestal of sustainable growth which
needs to be considered in research and extension
programs.
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Statistical Modelling on India Coffee Exports - A Time Series Approach
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Department of Statistics and Computer Applications, Agricultural College, Bapatla, A. P.

ABSTRACT

The research paper is an attempt to model and forecast the exports of coffee from India by using
annual time series data from 1971-2020. A comparative study was made among linear and non-linear regression
models, Auto Regressive Integrated Moving Average (ARIMA) and Artificial Neural Network models (ANN)
as to find out an appropriate model to capture the trend of coffee exports. The model selection criterion for this
study were Root Mean Squared Error (RMSE) and Mean Absolute Percentage Error (MAPE). The Ljung-
Box test was also tried to verify the adequacy of the selected model. Finally, NNAR (5-10-1) model was found
as the most appropriate to capture the trend of coffee exports from India, and forecasts were estimated as

5502.49 (Cr.) for the year 2024.

Keywords: Coffee, Forecasting and Regression.

Coffee is the second most important
commodity in the world trade after petroleum. Since
the establishment of the first commercial coffee
plantations in India in the 18th century, the country
has made significant progress in terms of export
orientation and commercial cultivation. Coffee
contains antioxidants and nutrients that are beneficial
to one’s health. Coffee contains caffeine, which has
been scientifically proven to improve mental
performance. Caffeine provides a significant energy
and mental boost, allowing us to face the day’s
challenges and also helps to burn fat and improve
physical performance. In India, area under coffee
cultivation was 459.98 thousand hectares during
2019-20 and it is the world’s seventh largest coffee
producer (after Brazil, Vietnam, Columbia, Indonesia,
Ethiopia, and Honduras). Production and yield of

Coffee were recorded as 2,98,000 tonnes, 647 kg
per hectare respectively, and the exports earned an
amount of Rs.5,199.41 crores in foreign exchange,
in 2019. The present study was undertaken with the
objective of analyse the model and forecast the future
Coffee exports.

MATERIAL AND METHODS
Data with respect to exports of coffee from

India for period of 1971-2020 was collected from
Food and Agricultural Organisation (FAO STAT) and
Indiastat website (MOA & FM, 2019). The analysis
was conducted using R software version 4.2.1 to
model and forecast coffee exports from India upto
2024. Before analysis, as the study is dealing with
time series, present data set had been verified initially
for existence of outlier.



Test for Outlier
For detecting the outlier in the time series,

Grubbs’ test was used in the current scenario as the
test is particularly useful in case of large sample and
easy to follow. Graph pad software was employed in
the present study to identify the existence of outliers
(Sahu, 2010).

Linear and Non-linear regression models.
In this study, various selected linear and

nonlinear regression models namely Linear,
Logarithmic, Inverse, Quadratic, Cubic, Power, S-
curve and Exponential models were applied to the
Coffee export (value) of India. The models were given
as shown below.

S. No. Name of the model Model form
1 Linear model Yt = a + bt +et

2 Quadratic model Yt = a + bt+ ct2+et

3 Cubic Model Yt = a + bt+ ct2+ dt3+et

4 Logarithmic Model Yt = a + b ln (t) +et

5 Power Model Yt = a tb+et

6 Inverse Model Yt = a +b/t+et

7 S Curve Yt = Exp (a +b/t)+et

8 Exponential Yt = a*Exp (bt)+et

Where,
             ‘Yt’ is the dependent variable i.e., Export

‘a’ is the intercept,
              ‘t’ is the independent variable, time in

years
            et is the error term,
             ‘b’, ‘c’ & ‘d’ are the regression

coefficients

‘Method of least squares’ is used to estimate
the parameters of the linear model, where Levenberg-
Marquardt (LM) algorithms, or Does not Use
Derivatives (DUD) procedures are to be employed

for nonlinear models (Seber and Wild, 1989). In the
present study SPSS package was used to estimate
parameters of the selected models.

ARIMA Model
According to Box and Jenkins (1976), a non

seasonal ARIMA model is denoted by ARIMA (p,d,q)
which is a combination of Auto Regressive (AR) and
Moving Average (MA) with an order of integration
or differencing (d), where p and q are the order of
autocorrelation and moving average respectively
(Gujarati et al. 2012).
The Auto-regressive model of order p denoted by
AR (p) is as follows:

where,
c is constant term,
Øp is the p-th autoregressive parameter and
et is the error term at time t.

The general Moving Average (MA) model of order q
or MA (q) can be written as:

where,
c is constant term,
θq is the q-th moving average parameter and
et-k is the error term at time t-k.

ARIMA in general form is as follows:
Δd Zt = c + (Ø1 Δ

d Zt-1 + … + Øp Δd Zt-p) – (θ1

et-1 + … + θq et-q) + et

where Δ denotes difference operator like
                   Δ Zt = Zt - Zt-1(data form of first
order differentiation)

Δ2 Zt-1 = ΔZt - ΔZt-1   (data form of second
order differentiation)
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Here, Zt-1, …, Zt-p are values of past
series with lag 1, …, p respectively.

Here, Zt-1, …, Zt-p are values of past series
with lag 1, …, p respectively.

Modeling using ARIMA methodology
consists of four steps viz. model identification, model
estimation, diagnostic checking and forecasting
(Sankar, 2011).

Artificial Neural Network model (ANN)
The ANNs are generally constructed by

layers of units i.e., artificial neurons or nodes, hence
termed as multilayer ANNs, such that each unit in a

layer performs a similar task. The very first layer
consists of the input units, which are statistically known
as the independent variables. Similarly, the last layer
contains the output units, statistically known as the
response or dependent variables. The rest of units in
the model are known as the hidden units and constitute
the hidden layers.
              In the present study, single hidden layer with
multilayer feed forward network was employed in
developing ANN model, which is considered as the
most popular for time series modeling and forecasting
(Rathod et al., 2017).This model is characterized by
a network of three layers of simple processing units.
The first layer is input layer, the middle layer is the
hidden layer and the last layer is output layer, as shown
in the Figure 1.

Figure 1: Architecture of ANN for time series forecasting

In this study, model performance among the
selected ANN models was verified by diagnostic
criterion namely MAPE, MAE and RMSE. In
addition to this diagnostics, Ljung-Box test was also
employed to verify the residual of series were
independently distributed or not.

 Comparison among the Selected Models
The appropriate model among the linear and

non-linear regression, ANN and ARIMA model were

further compared by the diagnostic criterion (RMSE
& MAPE).

RESULTS AND DISCUSSION
The secondary data on, Coffee exports from

India from 1971- 2020 was tested for any outliers by
Grubbs method. It was observed that the number of
extreme observations in the present data was zero,
as presented in Table 1.
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Mean: 1680.91
SD: 1911.54
No of observations: 50
Outlier detected? NO

Linear and Non-linear regression models
were applied to the dataset under consideration. From
Table 2, it was concluded that the Exponential model
was found to be superior to other selected regression
models based on diagnostic criteria.

Table 1. Grubbs test for detecting Outliers

Table 2. Linear and Non-linear regression models for estimation of Coffee exports from India

Model RMSE MAPE Fitted Equation
Linear 892.51 380.57 Zt= -1267.65 + 115.62t + et

Logarithmic 1386.41 606.86 Zt= -2664.12 + 1463.19ln(t) + et

Inverse 1772.62 569.67 Zt= 2062.43 - 4239.92/t + et

Quadratic 799.08 111.70 Zt= 489.22 - 87.08t + 3.97t2 + et

Cubic 872.88 39.23 Zt= 13.05 + 19.70t - 1.20t2 + 0.06t3 + et

Power 1108.71 47.94 Zt= 5.13t1.64 + et

S-curve 1925.80 131.86 Zt= Exp(7.12 - 6.54/t) + et

Exponential 746.46 29.64 Zt= 48.53 Exp(0.10t) + et

Box Jenkins (ARIMA) model
For employing the selected linear time series

modelling, stationary of data series had examined first.
For this, Augmented Dickey Fuller (ADF) test was
applied to the data series and from Table 3, it was
also found that the data series was non stationary and
became stationary at first difference as the null
hypothesis was not accepted at 5% LOS, as the p-
value was 0.03 (<0.05).

After fixing the d=1, as per autocorrelation
and partial autocorrelation considerations, possible
ARIMA  (p,d,q)  models  were  formulated  and
compared to each other as depicted in Table 4.

Based on selected diagnostic criterion i.e.,
RMSE (322.04) and MAPE (34.14) values and
significance of all estimated parameters at 5% LOS,

the model ARIMA (1,1,1) was identified as one of
the appropriate models to forecast the Indian coffee
export (value). Further, residual analysis was also
carried out to check the adequacy of the selected
ARIMA (1,1,1) model and it was revealed that none
of the lags of residual ACF and PACF charts were
found to be significant as per Figure 2 and The Ljung-
box test was also confirmed the same as its p-value
was 0.802 (> 0.05), hence null hypothesis was
accepted as residuals were independently distributed,
which also indicated good fit of the selected model
i.e., ARIMA (1,1,1). Similar model was reported by
Amry (2021) as to forecast the Coffee Exports in
Indonesian, and then the ARIMA model was
Coffee export (Yt) = 104.89-0.24Yt-1-0.46 et-1+et

Data type ADF statistic Critical value (P value) Decision
ADF at level -1.852 0.63 Data Non-Stationary

ADF at 1st difference -3.66 0.03 Data became Stationary
Coffee export (value)

Table 3. Augmented Dickey-Fuller (ADF) Test for Indian Coffee export (value)
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AR1 AR2 AR3 MA1 MA2
(1,1,0) 104.23 0.20* 325.34 35.33
(1,1,1) 104.89 -0.24* 0.46* 322.04 34.14
(1,1,2) 104.72 -0.35* 0.57* 0.03* 324.06 36.35
(2,1,2) 102.93 0.27* 0.22* -0.04* -0.30 323.74 34.71
(2,1,1) 104.60 -0.30* 0.03* 0.52 324.11 36.61
(3,1,1) 102.87 -0.18* 0.01 0.05 0.40 324.58 34.8
(3,1,2) 102.07 0.26* 0.14 0.03 -0.04 -0.22 324.58 36.28

** Significant at 1%, * Significant at 5%

Model

Parameter Estimates Goodness of Fit

a Autoregressive Coefficient
Moving Average

Coefficient RMSE MAPE

Table 4. ARIMA Model fit statistics of Indian Coffee export (value)

Figure 2. Residual ACF and PACF for Indian Coffee export (value)

Artificial Neural Network (ANN) Model
A multilayer feed forward neural network

architect with back propagation was considered for
the Coffee export (value) from India. As a result, 5
lags were identified as optimal for network as input
nodes and there by various network topologies were
trained by increasing the number of hidden nodes from

1 to 15, with using the sigmoid function as an activation
function in the hidden layer. Among several tentative
models, the top performing models were listed in Table
5,  based  on  RMSE,  MAE and MAPE.  A neural
network model with 5-10-1 was outperformed among
all other neural networks with lower RMSE (5.37), )
and MAPE (10.51) values.
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Network structure Coffee RMSE MAPE
05-01-2001 25.41 21.55
05-02-2001 14.15 16.11
05-03-2001 9.62 14.13
05-04-2001 7.56 12.78
05-05-2001 7.18 12.51
05-06-2001 6.69 12.42
05-07-2001 5.43 10.82
05-08-2001 5.55 11.23
05-09-2001 5.41 10.88
05-10-2001 5.37 10.51
05-11-2001 5.49 10.69
05-12-2001 5.53 11.06

Table 5. Performance of different numbers of neural network models

Further, residual analysis was also carried out
to check the adequacy of the selected Neural network
model and it was discovered that none of the lags of
residual ACF chart were found to be significant as
per Figure 3 and The Ljung-box test was also
confirmed the same as its p-value was 0.288, hence
null hypothesis was accepted at 5% LOS as residuals
were distributed independently, which also indicated
good fit of the selected model i.e., NNAR (5-10-1).

Forecasting the exports (Value) of Coffee from
India through the best fitted model

Among the selected models from nonlinear
regression (Exponential model), linear time series
(ARIMA (1,1,1)) and non-linear time series (NNAR
(5-10-1)) models, the most plausible model was
recognized as NNAR (5-10-1), due to the better
diagnostic criterion after comparing from the Table
2., Table 4 and Table 5. Similar kind of report was
obtained by Singh and Mishra (2015), forecasting
the prices of Groundnut oil in Mumbai. Now the best
fitted model was further compared with its actual and
predictions for last three years, as illustrated in the
following Table 6.

Figure 3. Residual plots for Coffee export (value) from India
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Forecasted Values Forecast Error (%)
ANN (5-10-1) ANN

2018 5661.37 5684.52 0.40
2019 5549.27 5648.20 1.78
2020 5255.35 5420.54 3.14
2021 5387.77
2022 5400.66
2023 5464.50
2024 5502.49

Year Actual

Table 6. Sample of predicted values using ANN and ARIMA for comparison

In this study, the actual and fitted graph of
Coffee exports (value) was made by NNAR (5-10-
1) as depicted in Figure 4. It was revealed that there
were narrow variations in between the actual and
predicted values. It was found that the exports of
coffee were forecasted as 5387.77 (Cr.) and 5502.49
(Cr.) for the year 2021 and 2024 respectively.

CONCLUSION
 In this study, an attempt was made to capture

the trend of coffee exports different linear, nonlinear
time series models, and Neural Network models were
used. Among all, the best fitted model was recognized
as NNAR (5-10-1), due to the better model selection
criterion. By using this model, Coffee exports (value)
were forecasted as 5502.49 (in Cr.) for the year 2024.

Figure 4. Actual vs fitted graph of ANN for exports of Coffee (value) from India

It was concluded as there would be steady increasing
trend of exports in future. This study on forecasting
the coffee exports from India would help the coffee
exporters and policymakers to make appropriate
decisions.

LITERATURE CITED
Amry Z 2021 Time Series Modeling and Forecasting

for Indonesian Coffee Export. International
Journal of Engineering Research &
Technology. 10(3): 211-214.

Fao.org/faostat Food and Agricultural
Organization of the United Nations, 2022.
https://www.fao.org/faostat/en/#data.

Govindaraju Ramesh D Srinivasa Rao V and
Sitarambabu V 2021 Price Forecasting of

2022                                         Statistical Modelling on India Coffee Exports                       143



Ragi in Hassan Market of Karnataka – A
Timeseries Approach. The Andhra
Agricultural Journal. 68 (1): 126-132.

Gujarati D Porter D and Gunasekar S 2012 Basic
Econometrics. Mc Graw Hill, New Delhi.

MOA & FM 2019 Ministry of Agriculture and
Formers Welfare, 2019. https://
www.indiastat.com/.

Ramesh D Pal S Rao VS and Bhattacharyya B
2015 Time series modeling for trend analysis
and forecasting wheat production of India.
International Journal of Agriculture,
Environment and Biotechnology. 8(2):
303-308.

Rathod S Singh K N Paul R K Meher S K Mishra
G C Gurung B Ray M and Sinha K 2017
An improved ARFIMA Model using
Maximum Overlap Discrete Wavelet
Transform (MODWT) and ANN for
forecasting agricultural commodity price.
Journal of the Indian Society of
Agricultural Statistics. 71(2): 103-111.

Sankar J 2011 Forecasting fish product export in
Tamilnadu - A stochastic model approach.
Recent Research in Science and Technology
3:104-108.

Sahu P K 2010 Forecasting production of major food
crops in four major SAARC countries.
International Journal of Agricultural and
Statistics Science 10:71-92.

Seber G A F and Wild C 1989 Nonlinear regression.
John Willy, New York.

Singh A and Mishra G C 2015 Application of Box-
Jenkins method and Artificial Neural Network
procedure for Time Series Forecasting of
Prices. Spring. 16 (1): 83–96.

Sirisha K J V K Subba Rao D V Srinivasa Rao
V and P Rambabu 2020 A Time Series
Analysis on Shrimp Production from India and
Andhra Pradesh Using ARIMA Model. The
Andhra Agricultural Journal. 67 (2): 98-
104

Received on 17.10.2022 and Accepted on 19.10.2022

144       Gnana Prakash et al.,                                         AAJ 69



The Andhra Agric. J 69 (1): 145-149, 2022

Compatibility of Biorationals with Certain Agrochemicals and their
Phytotoxicity on Blackgram
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Blackgram (Vigna mungo L.)  is  a  major
pulse crop grown in India throughout the year under
a variety of agro-climatic conditions. In India, the total
production of black gram is 2.34 million tonnes under
an area of 4.67 million ha with a productivity of 501
kg per hectare. Along the coastal belt of Andhra
Pradesh, after kharif rice crop, blackgram is cultivated
as relay crop under low input management without
use of any additional inputs utilizing only the residual
moisture and nutrients. The entire area under
blackgram cultivation in Andhra Pradesh is 3.82 lakh
hectares, with a production of 3.43 lakh tonnes and a
productivity of 842.00 kg per hectare (Blackgram
Outlook Report - January to May 2021 -
ANGRAU).

With the onset of favourable conditions for
both pest and disease, their simultaneous attack is
leading to serious impact on the crop. So, to tackle
this and to reduce the application costs, farmer tends
to go for combined application of insecticides,
fungicides along with the foliar nutrients but resulting
in incompatibility and phytotoxic effects due to lack
of knowledge pertaining to compatibility. To contain
these effects, proper knowledge of compatibility and
phytotoxicity on mixing plant protection chemicals must
be established. Reckoning this fact, a laboratory
experiment was conducted to test the physical
compatibility and phytotoxicity of commonly used
insecticides, fungicide and foliar nutrient on blackgram.

The laboratory experiment was conducted
during 2022 at Department of Entomology,
Agricultural College, Naira to test the physical
compatibility of two commonly used biorational
insecticides (novaluron 10 EC and spinosad 45 SC)
with one fungicide (carbendazim 50 WP) and a foliar
nutrient (19:19:19) which were further tested for
phytotoxic symptoms on blackgram. The
combinations used to test the physical compatibility
are Novaluron 10 EC  + Carbendazim 50 WP,
Spinosad 45 SC + Carbendazim 50 WP, Novaluron
10 EC  + Carbendazim 50 WP + 19-19-19 and
Spinosad 45 SC + Carbendazim 50 WP + 19-19-
19.

Glass jars of 1 litre capacity with lids were
cleaned and filled upto half of their capacity i.e., 500
ml (the same water that was used to fill the tank during
pesticidal spray). The test combinations of insecticide
or fungicide or foliar-nutrient (Novaluron 10 EC  +
Carbendazim 50 WP, Spinosad 45 SC +
Carbendazim 50 WP, Novaluron 10 EC  +
Carbendazim 50 WP + 19-19-19 and Spinosad 45
SC + Carbendazim 50 WP + 19-19-19) at
recommended dosage were added to the half filled
jar, stirred immediately and the volume in the glass jar
was made up to 1 litre. Mixing of test chemicals into
the jar was made following the sequence: Wettable
Powder, Wettable Granules, Soluble Concentrates
(or) Emulsifiable Concentrates, Soluble Powder and



Soluble Liquid. Further, jars were closed tightly with
caps, turned upside down for 10 times and kept aside
undisturbed. Observations for physical incompatible
phenomena like flakes, precipitate, gel, slurry etc.,
were made twice at 30 and 60 minutes.

To test the phytotoxicity of insecticide,
fungicide and foliar-nutrient combinations, blackgram
(LBG - 787) seeds were sown in pots of 15 cm
diameter, with plant to plant spacing of 10 cm thereby
accommodating  3  plants  in  each  pot.  For  each
treatment 100 ml solution was prepared and 5 ml was
sprayed uniformly on individual plant at 21 days after
sowing (5 strokes per plant @ 1 ml per stroke).
Observations for the specific parameters like leaf tips
injury, surface injury, necrosis, wilting, vein clearing,
hyponasty and epinasty were noted using phytotoxicity
scale based on the grade prescribed by Central
Insecticide Board and Registration Committee at 1
day before spraying and also on 1, 3, 5 and 7 days
after spraying (CIB and RC, 2014). The per cent
injury was calculated by using the formula:
Per cent injury =

        Total grade points x 100
Max.grade x No. of leaves observed

Physical compatibility test
Jar compatibility test was used to assess the

physical compatibility status of two insecticides, one
fungicide and one foliar-nutrient combinations in the
present research work. The insecticidal and fungicidal
combinations (novaluron + carbendazim and spinosad
+ carbendazim) did not show any incompatible
phenomena (foam, precipitation, gel, slurry, flakes,
layers etc.,) when observed after 30 and 60 minutes.
On the other hand, foaming was observed after 30
(4.0 ml/l) and 60 (2.0 ml/l) minutes in the treatments
involving foliar-nutrient (19:19:19) i.e., novaluron +
carbendazim+ 19:19:19 and spinosad + carbendazim
+ 19:19:19. However, foaming recorded in these

treatments was less than the prescribed incompatible
phenomena (20.0 ml/l or 2.0 ml/100 ml) which indi-
cates that all the tested combinations were physically
compatible and thus can further be tested for their
phytotoxicity (Table 3. and Fig.1.).

The results were comparable to that of those
obtained by Jayasekharan et al. (2018) where
novaluron and spinosad were physically and chemi-
cally compatible with the fungicide carbendazim be-
cause neither lumps nor foaming was evident in the
tested combinations. Madhuriet al. (2020) confirmed
that novaluron was physically compatible with
carbendazim. Rajasekhar and Mallapur (2017) re-
ported that carbendazim in combination with insecti-
cide spinetoram (descendant of spinosad) was un-
able to form sediments or creamy matter which indi-
cates their compatibility with each other. Vidhyadhari
et al. (2014) concluded that spinosad was physically
compatible with fungicides (viz., copperoxychloride,
Metalaxyl MZ) and bactericide (streptocycline).
Dileepa and Roopa (2021) proved that carbendazim
in combination with commonly used foliar nutrient
19:19:19 was physically compatible with insectides
such as thiamethoxam, flubendiamide, profenophos,
chlorpyriphos, imidacloprid and chlorantraniliprole as
neither foaming nor sedimentation was observed in
combined mixture.

Phytotoxicity Test
All the tested combinations were physically

compatible hence, they were subjected to
phytotoxicity test by spraying on 21 days old
blackgram plants. Observation for the development
of any phytotoxic symptoms like leaf tip injury, surface
injury, necrosis, wilting, vein clearing, hyponasty and
epinasty were made as a part of pot culture studies.
No phytotoxic symptoms were observed in any of
the treatment which indicates their phytotoxic
compatibility on blackgram. Therefore, it was
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Fig 1. Jar compatibility Test

concluded that all the experimented combinations were
compatible both physically and phytotoxically on
blackgram.

The results visualized in the present study were
in concordance with that of those proved by
Jayasekharan et al. (2018), who reported that
insecticides viz., emamectin benzoate, spinosad,

novaluron and lufenuron showed no phytotoxic
symptoms in combination with fungicides viz., copper
oxychloride, carbendazim, pyraclostrobin + metiram,
metalaxyl + mancozeb, fenamidon + mancozeb and
azoxystrobin when sprayed on tobacco plants.
Similarly, Shaila and Rao (2014) proved that all the
tested combinations of insecticides (abamectin,

Table 1.  Jar compatibility test of insecticides, fungicide and foliar-nutrient mixtures at various
               time intervals

30 min. 60 min. 30 min. 60 min.
T1 0 0 0 0
T2 0 0 0 0
T3 4 2 0 0
T4 4 2 0 0

Treatments Foaming  (ml/l) Bottom sediment (ml/l)

Treatments Recommended dose Total Grade Points Per cent leaf injury
T1 1.0 ml/l + 1.0 g/l 0 0
T2 0.4 ml/l + 1.0 g/l 0 0
T3 1.0 ml/l + 1.0 g/l + 10.0 g/l 0 0
T4 0.4 ml/l + 1.0 g/l + 10.0 g/l 0 0

Table 2.  Per cent leaf injury values of insecticides, fungicide and foliar-nutrient combinations at
               recommended dose

Carbendazim Carbendazim + 19:19:19
Novaluron Compatible and Non-phytotoxic Compatible and Non-phytotoxic
Spinosad Compatible and Non-phytotoxic Compatible and Non-phytotoxic

Table 3. Compatibility Chart
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emamectin benzoate, novaluron and lufenuron) and
fungicides (mancozeb, carbendazim and
chlorothalonil) when sprayed together did not showed
any phytotoxicity symptoms on one and half month
groundnut plants. Vidhyadhari et al. (2014) reported
that spinosad, indoxacarb, cartap hydrochloride,
chlorfenapyr, flubendiamide, Bacillus thuringiensis
combined with 2 fungicides (copper oxychloride,
metalaxyl MZ) and one bactericide (streptocycline)
also  did  not  show  any  phytotoxic  symptoms  on
cabbage crop which is similar to the present work
where spinosad has no incompatibility with other two
components.

The outcome of carbendazim in the present
study with respect to compatibility and phytotoxicity
were in accordance with the studies made by Suganthy
et al. (2010) where, no phytotoxic symptoms were
observed when sprayed on bhendi, chilli and cotton
crop mixed with imidacloprid. But, the results were
not in line with study conducted on physical
compatibility and phytotoxicity of insecticides mixed
with fungicides on castor by Madhuri et al. (2020)
where novaluron in combination with carbendazim
showed phytotoxic symptoms viz., vein clearing and
scorching of leaves at 3 days after treatment.

CONCLUSION
Jar compatibility test revealed that the tested

combinations viz., novaluron + carbendazim,
spinosad + carbendazim, novaluron + carbendazim
+ 19:19:19 and spinosad + carbendazim + 19:19:19
were observed to be physically compatible as they
exhibited no signs of incompatible phenomenon like
sedimentation, slurry, layering, precipitation,
flocculation etc., upon their combinations. Besides,
all the tested combinations of pesticides and foliar
nutrient were observed to be phytotoxically compatible
on blackgram which was inferred as no phytotoxic
symptoms were exhibited in any of the potted plants

in all the replications. This vividly affirms that the test
combinations do not pose any problem to the
blackgram plants when treated against both insect and
disease as all the tested combinations of insecticides
and fungicides were compatible.
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