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ABOUT THE SOCIETY

MOBILIZATION Society was established in 2003 as a non-profit professional society aimed at
sensitizing and mobilizing development partners and community for sustainable development. The Society,
during these ensuing years has successfully mobilized researchers, academicians, planners, grass root
mobilizers and student and created conducive intellectual atmosphere for introspective deliberations and
conducted National seminatrs/ workshop to address the emerging problems experienced by the agrarian
mass. Presently the Society has more than 1400 Life Members. The recognition of the Society in the
efforts for strengthening the forum for scientific communication is growing among the related professionals

and concerned agricultural stakeholders rapidly. The Society works on following objectives-

1. To document the on-farm and adaptive research experiences in multi- disciplinaty agri-bio sciences

and extension education.

2. To offer a platform for sharing the empirical experiences of development professionals, community

mobilizers, academicians, multi-sectoral researchers, students etc. for the benefit of ultimate users.
3. To facilitate close and reciprocal linkage among the institutions for sustainable rural development.
4. Promoting potential and practicing entrepreneurs.

5. To disseminate the documented knowledge to the global partners through approach abstracting and
indexing.

ABOUT THE JOURNAL

Journal of Community Mobilization and Sustainable Development (print ISSN 2230 — 9047; online ISSN
2231 — 67306) is published by Society for Community Mobilization for Sustainable Development twice a
year. The Journal of Community Mobilization and Sustainable Development has NAAS rating 5.67 and
Journal ID J158. The Journal of Community Mobilization and Sustainable Development, is also available
on our website www.mobilization.co.in and it has been registered with www.indianjournal.com for national
and global abstracting and indexing. MOBILIZATION envisages reorienting the young professionals and

researches for imbibing the values of community participation in research, training and extension efforts.
The aim and scope of the journal are:

1. Sharing the relevant experiences and issues related to agriculture and allied fields at the grass root level

and global forum to create the necessary academic and development climate.

2. Sensitizing the different stakeholders about the knowledge and innovation management system in

pluralistic agri-rural environment.

3. Developing network among the related partners for convergence of their efforts for sustainable

academic development of extension education discipline.




Editorial

The current era is witnessing tech-based revolutions in all sectors. Historically, the agriculture sector has been
versatile in incorporating technological advancements into its applications to propel production baskets sustainably.
Agriculture underwent four revolutions from the neolithic period to the current technocratic period. The nomadic
hunter-gatherers gave way to agrarian settlements, and then the very first agricultural revolution, known as Agriculture
1.0, occurred. The flickering of the industrial revolution’s outcome in technological innovation (tractors, seed
drillers, irrigation systems, harvesting equipment) when transformed agriculture into a mechanized sector, second
revolution (Agriculture 2.0) happened. The third revolution in agriculture (Agriculture 3.0) is marked by the
achievement of food sufficiency by most of the developing nations through the adoption of green revolution
technologies like high yielding crop varieties, quality planting materials, chemical and synthetic fertilizers, plant
protection measures coupled with regular and scientific monitoring of the field. Agriculture is now in the midst
of its fourth revolution, known as Agriculture 4.0. It includes a wide range of prospective futures in agriculture
developed with digital farming, vertical and soil-less framing, bioeconomics, and other factors. Nanotechnology,
the internet of things (IoT), robotics, sensors, 3D food printing, blockchain, artificial intelligence (AI) and machine
learning, gene editing, etc., are just a few of the game-changing technologies that have the potential to drastically
alter how food is produced, managed, harvested, processed, traded, and consumed. Being a multidisciplinary
professional society, the Society for Community Mobilization for Sustainable Development (MOBILIZATION
Society) always provides platforms to the ignited minds to share and sharpen the new ideas and innovations
capable of contributing to sustainable developmental initiatives at the research, policy, and field level. The 10™
National Seminar on “Agriculture and More: Beyond 4.0,” announced by the MOBILIZATION Society in
partnership with SKUAST-Kashmir and SKUAST-Jammu, held during 26th -28th May 2022, is one such leap. In
this regard, society is highly fortunate to publish two Seminar-special issues (Vol-1 and Vol-1I) of the Journal of
Community Mobilization and Sustainable Development, each containing a handful of quality articles submitted

by professionals.

The volume-II (Vol-11) of the seminar-special issue of the journal covers a range of topics. Studies on the
evaluation of extension contact of rice growers, formal and informal seed supply chain, green manuring, climate-
smart agriculture, utilization pattern of ICT tools, urban farming practices, social media-led information delivery,
genotype X environment interaction analysis for yield and yield attributes in #rd bean, productivity and economics
of fodder, Paramparagat Krishi Vikas Yojana (PKVY), heavy metal contamination, economics analysis of hybrid
marigold production, nutrition — sensitive agticulture, rural industry and entrepreneurship (ASPIRE), adoption
status of various rice residue management practices, varietal assessment of different crops and socio-economic
impact of agri-entrepreneurial innovations on livelihood security are some among them. I am confident that
this special issue will give you a flavour of the intellectual experience and strategic concepts that are presented

at the conference.

The commitment shown by the dedicated editorial team deserves my deepest thanks and appreciation. 1
sincerely thank all the active readers, critics and authors whose contributions make our journal skilful enough to
improve its structure and content. I am thankful to the authors who offered an overwhelmed enthusiasm and

interest to respond to the conference-special call.

J.P. Sharma
Chief Editor
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Utban Farming Practices Among the Urbanites of Hyderabad,
Telangana

Veenita Kumari* and Junuthula Shirisha
Centre for Gender in Agriculture, Nutritional Security and Urban Agriculture Management, Hyderabad

ABSTRACT

An exploratory study was conducted to know the urban farming practices followed by the urbanites from
different areas of Hyderabad city. Hundred active urban farming practitioners were selected as the study
sample and by using semi-structured interview schedule, responses were collected. The data was decoded and
statistically analyzed followed by logical interpretation. The results showed that majority of the respondents
(43.0%) were growing 2 to 4 food types, eg. fruits vegetables, mushroom and fish. Out of which 45.0 per cent
of them grew atleast 1 to 5 types of vegetables and fruits. Majority of them (35.0%) utilized 500 to 1000 sqft
for vegetable cultivation and less than 500 sqft. for fruits cultivation (75.0%). Major reasons for practicing
urban farming as reported by the respondents were ‘own interest’ (81.0%). Different sources of motivation
that inspired them to take urban farming practices expressed by the respondents were ‘own interest’, followed
by information from ‘newspapers’ and from their relatives and friends respectively. Only 13.0 per cent of
them had attended training programs on urban farming. In urban farming, populatly adopted model is
terrace garden and majority of the respondents (67.0%) were practicing urban farming since 1 to 3 years. They
are growing vegetables and fruits in mud pots, followed by grow bags as containers growing vegetables and
fruits. The major challenges faced by the respondents were problems caused by insects, birds and monkeys,
followed by accessibility of quality seeds in their nearby places, availability of water, especially during the
summer season, spate time for gardening from their regular routine activities, inappropriate sunlight and lack
of space for gardening. Based on the findings of this study, it is suggested that the urban farming practitioners
may be provided training on scientific methods & practices to grow their own food, including measures to
control insects, birds and pests, making vermi compost from kitchen waste etc., to increase urban farming
produce.

Keywords: Challenges in urban farming, Urban agriculture, Urban agriculture practitioners, Urban farming,

Utrban farming practices

INTRODUCTION production in and around urban areas. Many people
around the wotld do not get enough food and proper
Utrbanization is taking place at a faster pace in India. . .g & prop
; T nourishment. Urban agticulture has been defined as
The population dwelling in urban areas was 11.4 per . . . .
. . . the growing of plants and the raising of animals within
centaccording to 1901 census. This count has increased . .
. and around cities. The most common feature which
to 28.53 per cent according to 2001 census, even . . .
; . differentiates between rural agriculture and urban
crossing 30 per cent as per 2011 census, standing at

31.16 per cent. It is also expected that by 2030, 40.76
per cent of the country’s population will be residing in
urban areas (Awasthi, 2013).

agriculture is integrated into the urban economic and
ecological system. Urban Agriculture plays an important
role for making a city more resilient and safer not only
in terms of food and economy but also in improving

The growing population in urban areas and low
land availability are the two major constraints to crop

*Corresponding author email id: veenita.k@manage.gov.in

standard of living of urban poor by increasing means
of livelihood. Urban horticulture can be seen as a



296 Veenita Kumari and Junuthula Shirisha

solution for prevention of hunger and malnutrition.
Due to the temperature rise and climate change,
urbanites are facing challenges in sustaining production,
resulting in poor yield and crop losses. Therefore,
urban horticulture growers may need to employ new
techniques and tools to improve their practices
(Nwosisi and Nandwani, 2018). However, these
development needs capital, information sources,
knowledge and resources to improve their skills on
production, processing and marketing of their
produce. This paper examines the recent practices
adopted by the urban residents in urban farming, the
types of urban farming practices and models practiced
by them. The constraints, challenges and benefits of
urban farming were also explored.

MATERIALS AND METHODS

The present study focused on urban farming practices
of active urban practitioners from the city of
Hyderabad, Telangana State. The survey was carried
out during January to August, 2019. A total of 100
respondents who were practicing urban farming were
selected as the sample and data was collected through
the developed semi-structured interview schedule. Data
on types and number of foods grown, area utilized
for urban farming, reasons and sources of motivation
to practice urban farming, models adopted, duration
of urban farming practice, types of containers used
and the constraints faced by them was collected during
the survey. The data was statistically analyzed using
descriptive statistics i.e. mean, Percentage and standard
deviation (SD), and presented logically in detail under
results and discussion section.

RESULTS AND DISCUSSION

The major urban farming practices followed by the
respondents include types of foods grown, total
number of fruits and vegetables grown, area of
cultivation, reasons and source of motivation for urban
farming, training programmes attended, models &
containers used and duration of practice.

The respondents were growing different types of
foods as indicated in Table 1, like vegetables, fruits,
mushroom, fish etc. Accordingly they were categorized
into different categories based on the no. of different
types of foods grown by them. Respondents were
categorized into 3 groups as per the number of foods

Table 1: Types of food grown by the respondents through
urban farming

Type of foods grown Number of Percentage
respondents (f) (%)

Upto 2 41 41.0

3-4 43 43.0

>4 4 4.0

Total 100 100.0

grown i.e. upto 2, 3 to 4 and more than 4 food groups.
Majority of them (43.0%) were growing 3 to 4 food
groups consisting of fruits and vegetables, followed
by 41.0 per cent of them who grew upto 2 food
groups i.e. vegetables, fruits, mushroom etc. and only
4.0 per cent of them were growing more than 4 types
of food groups.

From the above results, it was noticed that majority
of the respondents were growing 3 to 4 varieties of
food groups such as fruits, green leaty vegetables, other
vegetables and medicinal plants but a very less
Percentage of the respondents were growing diverse
types of food. Hence more training programmes on
diversified urban farming or home gardening should
be conducted, in order to give hands-on-experience.

The respondents were also surveyed regarding no.
of fruits and vegetables grown by them through urban
farming, such as brinjal, tomato, ladies finger, chilies,
ridge gourd, bitter gourd and so on. Among the fruits
group papaya, lemon, sweet lime, plums etc. were
grown in their home garden. The data on number of
fruits and vegetables grown by the respondents is given
in Table 2. The results showed that majority of the
respondents (45.0%) were growing atleast 1 to 5 types
of fruits and vegetables in their home garden, followed
by 40.0 per cent of them who were growing 5 to 10
types of fruits and vegetables and 15.0 per cent of
them with more than 10 varieties of fruits and
vegetable in their home garden.

Table 2: Total number of fruits and vegetables grown by
the respondents through urban farming

No. of foods grown Number of Percentage
respondents (f) (%)

1-5 45 45.0

5-10 40 40.0

Above 10 15 15.0

Total 100 100.0
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Major advantage of urban farming noted was that
it improved access to fresh and green vegetables, as
observed by a study of Vincent e a/. (2019).

The area utilized for urban farming by the
respondents is given in Table 3. Majority of the
respondents (35.0%) utilized 500 to 1000 sqft, followed
by 34.0 per cent who used more than 1000 sqft and
31.0 per cent who grow vegetables in an area of less
than 500 sqft. The utilization of the area for fruits
cultivation by majority of them (75.0%) was less than
500sqft, followed by 21.4 per cent who used 500 to
1000 sqft and the rest (3.6%) of them used more than
1000 sqft of area.

The data on area utilization showed that majority
of the respondents used 500 to 1000 sqft for vegetable
cultivation whereas for fruits cultivation, the area was
less than 500 sqft. The area under vegetables cultivation
was high compared to fruits cultivation, in terms of
area and number of respondents growing vegetables.
Cent per cent of the respondents were growing
vegetables whereas only 28.0 per cent of them were
growing fruits. The reasons could be that growing
vegetables is easy in terms of watering, maintenance,
knowledge and skill and can be carried out in pots/
containers of any size or material as compared to fruit
cultivation. The other reason could also be that there is
more demand for vegetables than fruits.

Data of Table 4 highlights the reasons for urban
farming practice by the respondents. The major reason
expressed by majority (81.0%) of them was ‘own
interest’. The other reasons reported by them were their
nativity of being from an agriculture family that created
interest to practice urban farming, passion, healthy and
safe foods by organic farming, to get government
subsidy, inspired by other fellow members who were
practicing, to reinstate biodiversity, through newspaper

Table 3: Area utilization under urban farming practice
by the respondents

Area (sqft) Vegetables Fruits
(n=100) (n=28)
N % N %
<500 31 31.0 21 75.0
500-1000 35 35.0 6 214
>1000 34 34.0 1 3.6

Total 100 100.0 28 100.0

Table 4: Reasons for taking up urban farming practice
by the respondents

Reasons Number of Percen-
respondents  tage
Passion 4 4.0
Interest/Hobby 81 81.0
Being from agriculture family 8 8.0
Health & Nutritious supply of foods 1 1.0
Interest and Govt. subsidy 1 1.0
Inspired by others 1 1.0
To preserve and safe foods by 4 4.0
organic farming
To reinstate biodiversity 1 1.0
Newspaper article 1 1.0
To inspire and educate 1 1.0

*Note: The total Percentage cannot be 100 as the reasons stated
by the respondents can be more than one for each respondent.
So the data represents pooled Percentage for each reason
presented in Table 4.

articles and found the information as useful, to inspire
and educate in varying Percentages ranging from 8 to
1.

It can be seen that as majority of the respondents
(81.0%) were doing urban farming out of their own
interest, therefore, to do any activity or task it is
important to have self-interest which is the pre-requisite
of any action/initiative. Interest is the internal drive to
continue with the desired activity or task. Different
sources of motivation to do urban farming was
collected from the respondents and presented in Table
5. It is evident from the above result that majority of
the respondents (88.0%) cited their source of
motivation as ‘own interest’, followed by 9.0 per cent
for whom the source of motivation was information
from newspapers, for 7.0 per cent of the respondents,

Table 5: Source of motivation for urban farming

Source Number of Percentage
respondents (f) (%)
Training 0 0
Neighbors 0 0
Friends 3 3.0
Relatives 7 7.0
Newspaper 9 9.0
Own interest 88 88.0
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it was their relatives and the remaining 3.0 per cent
from their friends.

Data on training programmes attended by the
respondents before taking up urban farming practices
is presented in Table 6. Majority of the respondents
(87.0%) did not attend/receive any training on urban
farming, whereas only 13.0 per cent of them had
attended/received trainings on urban farming before
taking up urban agriculture practices. Hence there is a
need and scope for organizing more training programs
on urban farming to enhance technical skills and
knowledge of the practicing urbanites, so that they get
motivated and start practicing urban farming with more
enthusiasm and confidence. Those who are already into
urban farming will get further advanced scientific
know-how about urban farming.

The urban farming models adopted by the
respondents is shown in Table 7. Majority of the
respondents (88.0%) practiced urban gardening on
terrace, followed by 37.0 per cent who practiced front
yard gardening. Another 13.0 per cent each practiced
in balcony and back yard. Yet another 12.0 per cent as
rooftop garden, 2.0 per cent of them were practicing
on hanging model, 1.0 per cent practiced window/slit
garden and vertical garden each. None of the
respondents practiced stack model as urban farming
practice.

Table 6: Trainings attended on urban farming by the
respondents (n=100)

Yes Percentage No
13 13.0 87 87.0

Percentage

Table 7: Urban farming model practiced by the
respondents

Urban farming model N (%)
Terrace garden 88.0
Roof top garden 12.0
Vertical garden 1.0
Balcony garden 13.0
Back yard garden 13.0
Front yard garden 37.0
Hanging model 2.0
Window/slit garden 1.0
Stack model 0.0

Note: Percentage and number are same.

From the above data on urban farming models
practiced, by the respondents it can be inferred that
the most popularly adopted model is terrace garden,
since it is easily available in most of the independent
houses, easy to maintain with ample amount of sun
light and without much constraints of space. Another
model adopted by the respondents was front yard
gardening which will add beauty to their home, can be
supervised easily and provide coolness during sunny
days and evenings.

The urban farming practice duration, in number
of years, was collected from the respondents to know
the time duration since they started urban agriculture
practices and is presented in Table 8. Majority of the
respondents (67.0%) were practicing urban farming
since 1 to 3 years, while 13.0 per cent of them were
continuing this practice since more than 5 years, 12.0
per cent of them were practicing for less than 1 year
and the remaining 8.0 per cent were practicing since 3
to 5 years.

From this result it can be seen that majority of
them were practicing since 1-3 years, which clearly
suggests the growing popularity of urban farming
among the people living in urban areas and the
motivation to grow safe and nutritious foods. Similar
results was found in a study conducted in Hyderabad
city by Rani e# a/. (2016). Majority of them (56.0%)
practiced gardening since less than 3 years whereas,
30.0 per cent of them practiced for 3-5 years and only
14.0 per cent of them had experience of more than 5

years.

The data regarding type of containers used for
urban agriculture by the respondents is presented in
Table 9. Majority (91.0%) of the respondents used mud
pots, followed by 84.0 per cent who used grow bags,
29.0 per cent does farming on ground, 23.0 per cent

Table 8: Duration of urban farming practiced by the
respondents

Duration Number of Percentage
(Years) respondents (f) (%)
<1 12 12.0
1-3 67 67.0
3-5 8 8.0
>5 13 13.0
Total 100 100.0
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Table 9: Type of containers used for urban farming by
the respondents

Table 10: Constraints faced by the respondents in urban
farming

Containers Used N (%)
Mud pot 91.0
Plastic drums 23.0
Tyres 9.0
Grow bags 84.0
Pipes 9.0
On ground 29.0
Water bottles 14.0
Paint bucket 14.0
Plastic bucket 16.0
Coconut shell 2.0
Thermocol box 3.0

Note: Percentage and number are same.

used plastic drums, 16.0 per cent waste plastic buckets
athome, 14.0 per cent each grew plants in water bottles
and paint buckets, while another 9.0 per cent each
used old tyres and broken pipes, while 3.0 per cent
used thermocol boxes and the remaining 2.0 per cent
grew small plants in coconut shells that were used in
the kitchen and temples. From the results it was inferred
that majority of the respondents were using mud pots
and grow bags which was easily available in nurseries
and as a part of the subsidy kits. Most of the
respondents wete using containers unutilized/ waste
container at home or from their vehicles (tyres) and
with their creative ideas they recycled and broken things
into re-usable grow containers and added aesthetic
element to beautify their garden in a cost-effective
manner.

The constraints faced by the urban respondents is
presented in Table 10. Problems caused by insects, birds
and monkeys were felt by majority of the respondents
(26.0%), followed by accessibility of quality seeds in
their nearby places as reported by 17.0 per cent of the
respondents, another 13.0 per cent of them felt that
unavailability of water, especially during the summer
season is a great problem to continue home farming
activities, 4.0 per cent of them found it difficult to
spare/ manage time for gardening from their regular
routine activities, 2.0 per cent of them felt that due to
insufficient sunlight productivity is low and the least
Percentage (1.0%) expressed that lack of space for
gardening is a major concern. The above result shows

Constraints Number of Percentage
respondents (f) (%)
Getting good quality seeds 17 17.0
Water availability 13 13.0
Improper sunlight 2 2.0
Insects, birds and monkeys 26 26.0
menace
Space 1 1.0
Time 4 4.0

that insects/birds/animals menace is one of the biggest
problems faced by urban farming practitioners.
Management of insects/birds/animals menace can be
one of the significant component of urban farming
practices. Also easy availability of inputs for urban
farming can be promoted by linking these urban
farming practitioners with the agripreneurs.

CONCLUSION

Urban farming can address food security and nutritional
security of the urban and peri-urban dwellers. This
practice address malnutrition by ensuring healthy,
nutritious, and fresh foods without any pesticides,
chemicals etc. Even though many urbanites are active
urban farming practitioners there seems to be technical
knowledge gap which impacts productivity will
promote urban farming practices among many more
urban and peri-urban dwellers and update knowledge
and skill of existing urban farming practitioners. By
organizing awareness programs and trainings on urban
farming, it will promote urban farming. In a larger
picture, urban farming can be a way to address food
and nutritional security of the urban and peri urban
dwellers, particularly in crisis time like the current
pandemic situation. Hence urban farming should be
encouraged in all urban and peri-urban areas with high
population density, to overcome food insecurity.

Recommendations/Suggestions for effective
urban farming:

Based on the results concerning constraints faced in
urban farming by the respondents, the following
recommendations/ suggestions are proposed to
improve urban farming practices:
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Getting good quality seeds- The active urban
practitioners can form social network to exchange
information among themselves and get information
about quality inputs suppliers for urban farming
activities.

Water availability- Now-a-days, many urban farming
practitioners are doing rain water harvesting. They are
constructing structures that conserve rain water, to be
used at a later stage. They can also divert kitchen waste
water into the urban garden. Alternatively, they can also
look at advanced technologies like aquaponics as an
alternative, where the water will be recycled between
plant and fish ecosystem, hence less consumption of

water.

Hydroponics- Now-a-days, technologies like
hydroponics etc. at household level are also gaining

importance, where water availability is a concern.

Insects, birds and monkeys menace- To protect
vegetable and fruit plants from the attack of insects,
birds and monkeys, net fencing can be done in balconies
ot protected structures like greenhouse structure/net
on the roof top/front/back yard.

Space- Urban farming is gaining significance in cities
and towns because it makes judicious use of the
available space. Hence, where space is a concern
innovative models like vertical garden, stack model,
stair-case models, hanging models etc. can be effective
in growing more plants per sqft.
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ABSTRACT

Sustainable agriculture does not represent a return to pre-industrial revolution methods; rather it combines
traditional conservation minded farming techniques with modern technologies. Sustainable systems use
modern equipment, certified seed, soil and water conservation practices and the latest innovations in feeding
and handling livestock. India has achieved green revolution due to the increased use of high yielding variety
seeds. But intensive use of land without taking enough care to maintain its productive capacity leads to loss
of top soil layer due to erosion, loss of organic matter, loss of porous soil structure and water logging and
build up of toxic salts and chemicals. Over use of pesticides caused localized health hazards. Indiscriminate
use of modem technology may endanger ecological security and imbalance the environment. Emphasis is
placed on rotating crops, building up soil, diversifying crops and livestock and controlling pests naturally.
Whenever possible, external resources- such as commercially purchased chemicals and fuels-are replaced by
resources found on or near the farm. These internal resources include solar or wind energy, biological pest
controls and biologically fixed nitrogen and other nutrients released from organic matter or from soil reserves.
In some cases external resources may be essential for reaching sustainability. As a result, such farming systems
can differ considerably from one another because each tailors its practices to meet specific environmental and

economic needs.

Keywords: Sustainable development, Technological development, Indian agticulture, Traditional conservation-

minded methods

INTRODUCTION sector can be realized through rapid growth of

. . . agriculture, which depends upon increasing the area
The role of agricultural sector in Indian economy can 5 ’ P P &

. o of cultivation, cropping intensity, and productivity. But
be seen through its contribution to GDP (Gross

for a country like India, increasing productivity is more

domestic Product) and employment. This sector also important than the rest of the two. This is simply

contributes significantly to sustainable economic . . L L
g y because of increasing urbanization, industrialization and

development of the country. The sustainable agticulture the limited land size of the country The productivity

development of any country depends upon the
judicious mix of their available natural resources. In
fact agriculture determine the fate of a country like
India where about two-thirds of the population still
lives in rural India with agriculture as its livelihood, in
spite of the increasing urbanization that has been taking
place since many decades. Therefore if agriculture goes
wrong, it will be really bad for the economy as the
falling of agricultural growth not only affects
employment but GDP too (thus increasing poverty).
The larger objective for the improvement of agriculture

*Corresponding author email id: rumaisaashraf015@gmail.com

can be increased by two ways. First, increasing output
by efficient utilization of available resources. Second,
increasing output by variation of input. The first
method is better with respect to productivity and
sustainability. But due to increasing population, this
method cannot provide a permanent solution. Thus,
we can go for the second method, which may
potentially cause environmental degradation in the
economy and affect its sustainability. Therefore there
is need to tackle the issues related to sustainable
agriculture development Sustainable development
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means, development at present meets the needs of the
present generation without compromising the ability
of future generation to meet their own demand (Singh
and Parihar, 2015). Sustainability in agriculture means
the land and resources that use for agriculture today
should be handed over to the future generations in a
sustainable form so that they can continue to practice
agriculture and have food security. This means that we
have to use lands, water resources, etc. in such a manner
that the future generations are also will be able to have
sustainable development. Sustainable agriculture is the
system of raising crops for greater human utility
through utilization of resources with better efficiency
without disturbing imbalancing or polluting the
environment. Sustainable agriculture is ecologically
sound, economically viable, socially just and human
(Selvam, 2015).

The paper highlights the sustainability in Indian
agriculture through the judicious mix of Traditional
conservation methods combined with modern
technology that can reduce farmers’ dependence on
possibly dangerous chemicals. and in turn the rewards
will be both environmental and financial.

SUSTAINABLE AGRICULTURE DEVELOP-
MENT IN INDIA

The issues of sustainable development can be discussed
under three broad types of farming systems viz.
traditional production system, modern agriculture
system and sustainable agriculture system. Further, we
can compare them across three dimensions, ecological,
economic, and social sustainability.

Ecological sustainability: Most of the traditional
and conventional farm practices are not ecologically
sustainable. They misuse natural resources, reducing soil
fertility causing soil erosion and contributing to global
climatic change. But sustainable agriculture has some
major advantages over traditional practices:

Soil degradation challenges for sustainable
agriculture in India: Sustainable development that
preserves soil, water, plant and animal genetic
resources, is environmentally safe, economically feasible
and socially acceptable, and also ensures the achievement
and satisfaction of human needs for the existing and
coming generations. So to attain long-term
development in agriculture, the optimal usage of human

resources, as well as natural, economic and technological
resources is necessary (Singhand Parihar, 2015). The
lithospheric part of the earth, which is comprised of
solid rock material is known as land. On the other
hand, soil is the surface covering of land (almost top
30 cm) and acts as a medium for plant growth. Land
degradation is one of the prominent problems of
mankind which not only reduces the production
capacity of an area, but also affects the overall
ecosystem (Alam, 2014). Various types of physical,
chemical and biological land degradation result in
degradation of soil quality (Figure 1). In addition,
chemical fertilizers coupled with inappropriate irrigation
management also result in worsening of groundwater
quality in the country. The impact of chemicals on
groundwater quality is much higher in shallow and
unconfined aquifers. Majority of the Indian rural
population uses water for domestic purpose from
shallow private boreholes which are contaminated by
nitrate (NO=3) pollution (Singh, and Singh, 2002).
Rapid human-induced secondary salinity in the last few
decades has rendered vast tracts of land in dryland
and irrigated regions of the world uncultivable (Munns,
2005). Annually, 0.25-0.5 m ha agricultural lands is lost
due to secondary salinization (Wicke ez a/,, 2011).

Expected land scarcity and a drastic reduction in
crop yields and productivity of food crops under the
scenario of climate change are foreseen by 2050.
Changing temperature and rainfall patterns and intensity
due to increased extreme events of climate change,
soil degradation as well as pest and disease infestation
impose serious threats on traditional agricultural
systems (Singh e# a/, 2019). The main causes of low
productivity are excessive pressure of population on
land, social environment, land degradation, uneconomic
land holdings, uncertain monsoons and inadequate
irrigation facilities, incidence of pests and diseases, etc.
(Sreekanth ez al., 2017).

Technologies and mitigation strategies: There are
several panaceas for the issues and processes of soil
degradation. Table 1 provides an overview of the
response level of different technologies with respect
to financial, technological, political and other capacities
for appropriate selection of land restoration techniques.

Contour bunding, terracing and other engineering
structures: Contour bunding is an earthen
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Figure 2: Soil erosion-led land degradation processes in different ecosystems of India

embankment across land slopes that divides the area
into strips and restricts water flow by reducing the
amount and velocity of the run-off. Such bunds protect
soils from a variety of erosions to the extent of 25—
162 tonnes/ha/year and are suitable for slope of about
6 per cent. Graded bunds are suitable in areas where

rainfall is >80 cm/year, irrespective of soil texture. It
consists of a2 wide—low embankment constructed on
the lower edge of a channel. These bunds are used at
about 2—10 per cent land slope. Bench terracing is one
of the most popular soil conservation practices
adopted on sloping and undulating lands having slope
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between 16% and 33 per cent. Original slope is
converted into level fields; all the manure and fertilizers
applied are retained in the field, thus helping in proper
water management. Contour trenches are suitable for
high-rainfall hilly areas having a slope of steeper than
33 per cent with badly eroded soil. Length is 3-3.65
m and the inter-space between trenches is 2.4 and 3 m.
Due to construction of contour bunds in maize crop
cultivation, around 21 per cent of the crop land was
saved, with 10 per cent increase in yield (Subudhi and
Subudhi, 2018).

Intercropping, crop rotation and contour farming:
Intercropping system involves the cultivation of two
or more crops simultaneously in the same piece of
land with distinct row arrangement for efficient
utilization of available natural resources that enhance
the overall crop productivity. It is suitable for
landholding farmers who have limited land resources
and low productive soils. In an intercropping system,
maize—cowpea/ladies finger, maize is sown at a wider
row spacing (60-90 cm) that provides enough space
for soil erosion, and cultivating cowpeal4 and ladies
finger (Fawusi, 1985) in between the maize crop
protects the soil from erosion. Introduction of legumes
in maize (Singh ef al, 2015) aids in the provision of
atmospheric nitrogen (N,), mitigation of the drought
effects by acting as a live mulch and reduction of soil
erosion and evaporation (Khola ez a/., 1999). Especially,
in sandy loam textured soils, soil erosion may be
reduced by a good canopy cover during early stages.
Pulse crops like pigeon pea, mung bean, cowpea,
chickpea, soybean, etc. have higher root biomass,
biological nitrogen—fixation capacity, and can enrich
the soil with organic carbon, enhance soil fertility by
redistributing the soil profile nutrients (Kamanga ez a/,
2014). After long-term continuous cropping, the pulse

inclusive crop rotations (Figure 3) brought significant
changes in soil organic carbon (SOC) compared to
the cereal—cereal cropping system (Venkatesh ez al,
2017). Contour farming is an effective practice of
tillage, planting and other farming operations carried
on the contour of the field slope in order to control
soil erosion and increase crop productivity; it is suitable
for moderate slopes. Contour ridging results in
rainwater ponding, reduces velocity of run-off and
soil erosion, and increases infiltration ((Liu ¢z a/., 2014).
Soil nutrients in the trun-off are retained better in
contour ridge tillages. Cultivation and planting along
contour lines reduced soil and water loss to the tune
of 49.5 and 32 per cent respectively.

Integrated nutrient management and organic
amendments: Practice of integrated nutrient
management (INM) by combining organic
amendments with appropriate management options
is considered as a viable strategy to combat climate
change and improve carbon stocks (Stinivasarao ¢f af,
2011, 2020). Combined application of 50% NPK and
farmyard manure (FYM) @ 10 tonne ha™ in groundnut
crop increased yield and exerted a significant effect on
the mineralization of SOC (Karad ef a/, 2016). Cereal
crop residues retained on the field also aid in the
provision of plant nutrient sources (Srinivasarao ¢f al.,
2017). Application of azolla compost along with
recommended doses of NPK helped effectively build-
up soil carbon (27.43%) followed by NPK + cow
dung (22.76%) over NPK alone (Bharali ¢f a/, 2017).
Azolla application also improved the soil carbon storage
(2.88 mg ha™) capacity with grain yield of 6.55 mg ha~
! compared to other treatments (Table 1). Generally, in
the slope areas (0.5-2.0%) run-off and soil loss are
higher. In such areas, INM practice efficiently protect
the soil from losses. Application of recommended rate

Table 1: Response level of different technologies for soil degradation

Technology Environmental Technical Political Cultural Social Economic
desirability feasibility acceptability acceptability acceptability feasibility

Contour bunding, terracingand ~ H M-H M M-H M-H M

other engineering structures

Intercropping M-H LM L M M H

Contour farming H M-H L M M H

Integrated nutrient management H M-H M M-H M-H M

Sub-soiling M-H M-H M M-H M-H H

Note: H, High; M—H, Moderate to high; M, Moderate; V, Vatiable; L-M, Low to moderate; L, Low.
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Figure 3: Soil organic carbon (SOC) as influenced by
long-term crop rotation (Venkatesh, ez a/. 2017)

of fertilizer along with FYM, minimizes soil run-off
and losses (CSWCR&TI, Annual Report, 2012).
Adoption of INM in the dry lands under groundnut
based cropping system registered higher C
accumulation rates (0.45—tonne ha™ year™) compared
to the other systems over farmer’s practice (Table 1)
(Srinivasarao et al., 2009). Each tonne of SOC
increment has a yield benefit of about 0.02— 0.16 t ha~
'among several rain fed crops (Stinivasarao ez al., 2014).
The INM practice, specifically in rain fed regions of
India, takes complete advantage of locally available
organic resources and external fertilizers towards
achieving sustainability of rain fed systems (Srinivasarao
et al., 2020).

Subsoiling: Soils may become deeply compacted due
to heavy machinery operation during cultivation. Such
compacted soils restrict the movement of water, air
and roots that hampers plant growth. Soil compaction
is one of the severe forms of soil degradation that
affects around 11 per cent of the land area (Ahmad ez
al., 2007). Especially, in black soils (Vertisols) such issues
further increase the problems of crop cultivation.
Subsoiling is an effective technique in both cropping
and pastoral agriculture to alleviate soil compaction
and to improve its physical condition. Sub soiling in
sugarcane significantly influenced the yield and quality;
it also reduced the soil bulk density and increased
infiltration rate (Singh ez al,, 2012).

Smart irrigation system for sustainable agriculture:
Smart-irrigation systems provide attractive instruments
and methodologies for saving water and improving
soil conservation in view of mitigating the impacts of
climate change as well as increasing agricultural
production. They can avoid over-watering, excessive
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runoff_ and soil erosion by scheduling the amount of
irrigation according to soil characteristics, ctop types,
weather conditions and field geometries.

New devices based on open-source and low-cost
technologies and apps allow the management of
irrigation at field and farm scales through a sustainable
water supply system based on actual crop water
requirements and accounting for the local variability
of soil properties. Tailored irrigation water
management approaches oriented towards agro-
hydrological models and decision support systems at
the farm and district irrigation scales can also maintain
reliable and flexible water allocation during dry seasons,
preserving water for environmental requirements and
decreasing conflicts between water users. Likewise, the
use of marginal water resources such as saline or treated
wastewater, both from industrial and domestic origin,
becomes a source of irrigation in semi-arid and arid
regions, where the future of irrigated agriculture is
threatened by existing or expected shortages of fresh
water, raising concerns of potential hazards to the
environment and/or humans. Therefore, smart-
irrigation systems that aim to adopt single or combined
automation and Information Communication
Technologies at the farm/district scale, as well as
customized and integrated model approaches at larger
scales, would appear to be a farsighted way to promote
future resilient irrigation management.

REMOTE SENSING-BASED ESTIMATES
OF CROP EVAPOTRANSPIRATION

Aiming at contributing to the e_cient use and
management of irrigation water, Gavilan ez a/. (2019)
tackle the di_cult and important task of estimating
evapo-transpiration in agricultural irrigated areas. The
work explores the feasibility of using satellite-based
data to carry out updated seasonal water balances over
large areas—an approach that would overcome
difficulties in using local measurements of surface
energy balance components to extrapolate the
conditions over large agricultural areas. Limitations
include the heterogeneity, large space-time variability
and complexity of the soil-vegetation—atmosphere
interactions in agricultural environments. Results of this
work are encouraging in relation to the role that the
proposed approach might have in improving water
management both at plot and water distribution system
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scales. The authors propose a method based on the
integration and harmonization of the Normalized
Difference Vegetation Index (NDVI) obtained from
Landsat-8 and Sentinel-2 sensors in order to obtain a
single NDVI time series as a means to estimate evapo-
transpiration through specific adjustment equations for
each type of crop, which allows one to continuously
characterize the demand for water during an irrigation
season. The approach aims to take advantage of the
characteristics of both products (Landsat-8 and
Sentinel-2), and leads to an effective increase in spatial
and temporal coverage, improving data availability.

INFORMATION AND COMMUNICATION
TECHNOLOGIES FOR SMART-
IRRIGATION

In this category, two works were published. Bhatti e#
al. (2019) describe the experience of installing flow
meters in the Indus Basin Irrigation System (IBIS) and
their connection in a telemetry system to allow the real-
time control of water distribution in the irrigation
canals and a continuous recording of water deliveries.
Despite this study being focused on the IBIS context,
it represents a clear message of how irrigation is still
managed in a large part of the world. Unlike
agricultural mechanization, which has made huge steps
forward in terms of automatic, remote-controlled
machineries based on artificial intelligence (e.g., variable
rate applications in fertilization, in sowing and in
harvesting), irrigation has remained anchored in ancient
practices both in terms of methods and management.
Through a six-step method based on the definition,
assessment, analysis, control, implementation, and
improvement of flow measurements in irrigation
canals, Bhatti ez a/. (2019) found the possibility to
improve, guide and address water policies in the IBIS
district with positive impacts on water distribution
efficiencies and managements. Automatic notifications,
mobile controls, integration of irrigation systems at
farm and district levels with weather forecast alerts,
soil moisture sensors and crop water requirement model
tools are the current technologies that farmers perceive
as utilities for improving irrigation efficiency. This is
discussed in the work of Zhang and Khachatryan
(2019). They found that educating farmers may help
to overcome the potential barriers to the adoption of

smart-irrigation technologies. All the players in the

production chain could, moreover, promote and
encourage the use of smart-irrigation technologies
through a product certification system which attests to

the application of water conservation practices.

PRECISION IRRIGATION MODELS AND
CONTROLS

In this Special Issue, there are five papers published in
this category. Mayer ef al. (2019) developed an agro-
hydrological modeling framework based on three sub-
models (one for the agricultural areas, one for the
groundwater zone, and one for the channel network)
to investigate the water use efficiency in rice areas of
northern Italy at the irrigation district scale. Once
calibrated for a district of 1000 ha using meteorological,
hydrological and land-use data of a four-year period,
the model was used to assess four different irrigation
management scenarios: (1) wet seeding and continuous
flooding until few weeks before harvest (WFL), (2)
dry seeding and delayed flooding (DFL), (3) alternate
wetting and drying (WDA), and (4) WFL followed by
post-harvest winter flooding (WFL-W). Their results
suggest that DFL and WDA would lead to a reduction
in summer irrigation needs compared to WFL, but
also to a postponement of the peak irrigation month
to June, which is already characterized by a strong water
demand from other crops. Finally, summer irrigation
consumption for WFL-W would correspond to WFL,
suggesting that the considered winter flooding period

ended too early to influence summer crop water needs.

Ortuani ef al. (2019) analyzed the performance of
a simple drip variable-rate irrigation (VRI) system,
designed according to the soil variability in a vineyard
of 1 ha located in the Morainic Hills region south of
the Garda Lake (Lombardy, Italy), in reducing irrigation
water use while maintaining product yield and quality.
The mapping of the soil electrical conductivity (EC)
was used to identify different management zones and
design a drip VRI system. The drip VRI system was
characterized by three sectors: two sectors supplied
water to different management zones (MZs), while the
third sector was used to illustrate the “reference
irrigation management” used by the irrigator. Irrigation
in the first two sectors was managed firstly according
to the different crop irrigation requirements estimated
considering the site-specific soil hydraulic properties



and successively on the basis of data acquired by soil
moisture probes installed in each sector. The results
showed a reduction of water use by 18% compared
to the “reference” sector without losses in yield and
product quality, and a grape’s maturation was more
homogeneous in time. Therefore, it can be concluded
that a relatively simple solution for the implementation
of VRI could be designed and implemented in
commercial vineyards, showing that precision irrigation
techniques are ready to provide tangible results that
may be of interest not only for researchers but also
for farmers.

Low-pressure drip and sprinkler irrigation systems
are of interest because they can decrease costs and
energy consumption. However, drip emitters operating
at low pressure are more prone to clogging, and
sprinklers produce uneven water distribution patterns,
making it Difficult to ensure the quality of the irrigation.
In recent years, oscillating pressure has been used in
low-pressure irrigation systems, providing a new way
to solve the problems in irrigation. Oscillating pressure
increases the flow turbulence in an emitter, which
improves the anti-clogging performance of the emitter.
The low sinusoidal oscillating pressure can improve
the distribution of the sprinkler under low pressure.

Zhang et al. (20192) developed a calculation model
for the instantaneous pressure head of oscillating water
in a pipeline using a complex function to solve the
continuity equation and the momentum equation of a
pipeline with a water hammer motion and using the
Darcy—Weisbach formula. The model provides a
theoretical basis for the application of oscillating water
flow in irrigation systems and the design of irrigation
pipe networks.

Zhang et al. (2019b) carried out experiments on a
laterally-moving sprinkler irrigation system under low-
pressure, sinusoidal oscillating water flow. The sprinkler
intensity and impact kinetic energy intensity distribution
were investigated. In laterally-moving sprinkler irrigation
systems, the uniformity of sprinkler intensity and impact
kinetic energy intensity should be no less than 85%,
and the impact kinetic energy intensity should be no
higher than 0.6 W/m? In order to meet this standard,
the amplitude of sinusoidal oscillating water pressure
in laterally-moving sprinkler irrigation systems ranged
from 50 kPa to 60 kPa. When the amplitude of
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sinusoidal oscillating water flow was 50 kPa, the optimal
sprinkler spacing was 3.5-4 m; when the amplitude
of sinusoidal oscillating water flow was 60 kPa, the
optimal sprinkler spacing was 3.5-4.5 m. The results
show that within an optimal range of amplitude and
nozzle spacing, sinusoidal oscillating water flow
significantly improves the combined sprinkler intensity,
impact kinetic energy intensity uniformity, and the
spraying quality of laterally-moving sprinkler irrigation
systems under low pressure conditions.

Solé-Torres et al. (2019) developed a supervisory
control and data acquisition (SCADA) system to
monitor the pressure and flow across the irrigation
laterals in a micro irrigation system. The monitored
values of pressure and flow allowed distribution
uniformity coefficients to be determined, performing
an evaluation of the drip irrigation system in real time.
Moreover, SCADA will allow the calculation of the
flow distribution uniformity coefficient DUlq without
the need for annual field measurements, saving labor
costs, in spite of its high investment cost. The proposed
method presents automation advantages as it indirectly
considers all the irrigation emitters, and so DUlq
calculation is as affected by emitter clogging as the
Merriam and Keller method. In addition, the proposed
method also allows subsurface irrigation installations
to be evaluated which would be impossible to evaluate
without digging out the laterals.

Biological Control in Sustainable Agriculture: The
rapidly increasing population is exerting immense
pressure on agricultural lands for higher crop yields,
which results in increasing use of chemical fertilizers.
That’s why fungicides are widely used in agricultural
crop production system for quick result and to ensure
crop quality and production. However, the
indiscriminate use of agrochemicals resulted in adverse
effect on the soil fertility, quality of produce, crop
productivity and cause adverse effects to aquatic and
terrestrial ecosystem. This Negative environmental
impact of artificial fertilizers and their increasing costs,
emphasizes the need to adopt eco-friendly agricultural
practices for food production to maintain sustainable
agriculture. Microorganisms have a vital role in
agriculture as they not only reduce application and
reliance on synthetic pesticides but also promote the

exchange of plant nutrients which are very much
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Table 2: Commercial biocontrol formulations used for control of plant diseases
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Manufacture distributor

Application

Formulation

Crop

Disease/target pathogens

Biocontrol

Product

Spray at the time of Nu farms LIC, Longwood, FL,

blooming and fruiting USA

Wettable powder

Almond, cherry, apple

Erwinia amylovora and trusset

inducing bactetia

Pseudomonas fluorescens

A506

Blight ban
A 506

Bio Agri AM, Uppsala, Sweden

Seed dressing

Leaf stripe, net blotch, Fusarium Barley and oat Seed treatment
sp, spot blotch, leaf spot etc.

Pseudomonas chlororaphis

Cedomon

Growth products, white plains,
Ny, USA

Drench spray or through Ag Bio development

Drench and spray

Liquid

Green house and

nursery

Rbigoctonia, Pythium, fusarium

and Phytophthora

Bacillus subtilis GBo3,
B. lichenoformis

Campanian

Powder

ornamental vegetables

and orchard crop

Soil botrne pathogens causing

rots and wilt

Gliocladinm catenulatum

Primastop

Inc.,Westminster CO, USA

irrigation system

Biowors Inc., Genea, NY, USA

Soil application as

vegetable powder granuales or drench

Granuales or
Liquid

Tree shrub ornamental

vegetables

Rhizoctonia,solani, Pythium,

Fusarium

Trichoderma bhargianum
Stain KRL

Rootsheild

Eco soil system san Diego, CA

USA

Ovethead irrigation

Turf and others

Pseudomonas aureofaciens  Dollar spot, anthracnose,

Bioject

pythium aphanidermatum

Certis Inc., Colombia MD, USA

Soil application

Granules

Ornamental and food

crop

Damping off and rot rot

pathogen

Gliocladium virens GL-21

Soil Gard

Lyophilized produ- Fruit tree drench, drip  Village farm LLC, Longwood,

Citrus, Pome Fruit,

Chetries,

Botrytis spp. Penicillium, Muncor

Pseudomonas syringae
pyriformis

Biosave

FL, USA

ct, frozen cell pellets ot spray

essential for healthy growth and development of plant.
Antagonist microorganism as biocontrol agents
secreted substances which protect the plants against
various pathogens, thus suppressing diseases by
different mechanisms of action, induction of host
resistance and direct antagonistic interactions between
the biocontrol agent and the pathogen, leading to a
more efficient use of biocontrol strategies to improve

cropping systems (Kumari e a/,, 2018).

Mechanism of diseases suppression through
biocontrol agents: Biocontrol agents play wide role
in disease suppression thus increasing growth
parameter, plant content, and yield of crop. Diseases
suppression can achieve through a number of ways
such as, mycoparasitism, antibiosis, competition, cell
wall degradation and induced resistance plant growth
promotion and rhizosphere colonization capability. The
most effective bio agent studied till date appears to
antagonize pathogen using multiple mechanisms as in
Psendomonas, utilizing both antibiosis and induction of
host resistance to suppress the disease causing
microorganisms. It produces Phenazine and 2, 4-
diacetyl-phloroglucinol (DAPG) displays improved
capacities to suppress diseases in field grown wheat.
Additional DAPG producers aggressively colonize
roots that further contribute to increased disease
suppression in the rhizosphere through competition.
As the bioagent represents a living system, it needs to
be mass produced and formulated into various
commercial products in a way it remains viable for at

least two years.
Growth and biomass parameter

Application of BCA like Trichoderma hargianum and
Bacillus brevis effectively suppressed disease and also
enhanced plant and root growth, leading to increased
flower production and quality in bulb when tested
separately and in combination against F. axysporum f.
sp. tuberose. (Nosit, 2016). Trichoderma spp. enhanced
the plant growth, seed germination, nodulation in faba
bean infected with charcoal rot caused by Machrophomina
phaseolina by reducing the root rot severity (Kumari ez
al., 2017). Plant Growth Promoting Rhizobacteria
(PGPR) significantly increased the plant growth

parameters when tomato seedlings were inoculated



with four isolates of PGPR. Paenibacillus polymyxa also
promote the growth and biological control of M.
Javanica in tomato crop under greenhouse conditions
(Sohrabi e al, 2018). Bio-control agents (Irichoderma
viride, Pseudomonas flnorescence and combination of T. viride
+ P. fluorescence) significantly enhanced the growth (plant
shoot and root length), biomass (fresh and dry weight
of shoot and root) and Among the different bio-
control agents used, combination of 1. viride + P.
fluorescence proved best in enhancing growth i.e. plant
height (47.66 cm shoot and 12.8 cm root), biomass 1.e.
fresh weight (shoot 15.66g and root 0.74g) and dry
weight (shoot 2.41¢g and root 0.16g). Growth of tomato
was obtained with four different Trichoderma
concentrations as treatments, viz., T1, 100 g/m? T2,
200 g/m* and T3, 300 g/m* and was conducted in
randomized completely block design (RCBD) with
four replications (Jamal Uddin 7 a/, 2015). Significant
increase were recorded in germination percentage, root
length, shoots length, fresh weight, dry weight of root
and shoot, plant height, leaf area, by the use of
brassinolide up to 1.5 ppm concentration (Bagdi ¢z a/,
2017) (Table 2).

CONCLUSION

The Green Revolution in India which was heralded in
the 1960 was a mixed blessing. Progressive use of
agro-chemicals boosted food production but also
destroyed the agricultural ecosystem. Of late Indian
farmers and agricultural scientists have realized this and
are anxious to find alternatives — perhaps a non-
chemical agriculture — and have even revived their age-
old traditional techniques of natural farming, Scientists
are working to find economically cheaper and
ecologically safer alternatives to agro-chemicals. Soil
conservation, Green manure crops, Blue-Green Algae
Biofertilizers, Earthworm  Vermicomposts
(Vermiculture), Crop rotation biological control of
pests and herbal biopesticides are showing promise.
Saline agriculture and sewage farming are also being
promoted in India to augment food production in the
face of water scarcity. There is a move to search for
alternative foods, which are more nutritious, cheaper
and have shorter harvest cycles. Farm and food policy
in India has to change its outlook before there can be

a second green revolution.
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ABSTRACT

The study was conducted in Jammu district of Jammu and Kashmir UT to analyse the impact of KVK
activities on production and productivity of kharif season crops in Jammu district. The total sample size for
the study was 150. There was significant difference in the productivity of rice, maize and sorghum crops
before and after intervention in the KVK adopted villages. There was significant difference in the productivity
of maize, mash and sorghum crops between KVK adopted villages and non-adopted villages. The significant
change in production and productivity of the farmers of KVK trained villages was due to high adoption of
technologies namely application of Urea, DAP, MoP, FYM, herbicides, insecticide and fungicides was in rice,
maize, mash and sorghum by the KVK trained farmers whereas in non-adopted villages it was low to
medium. Significant difference in the adoption index of recommended technologies adopted by the farmers
in rice, maize, mash and sorghum in KVK adopted villages and non-adopted villages. Factors that significantly
affected the adoption of recommended technologies were participation in the training programme organised
by the KVK, distance of the farmers’ villages from KVK, distance from market and farming experience.

Keyword: Impact, Adoption, Kharif crops, Recommended technologies

INTRODUCTION

Agriculture is fastest growing sectors in India economic
sector. Agriculture progress is intimately connected to
national progress. In a country where over half of the
population lives in villages and where agriculture and
allied sectors (including agriculture, livestock, forestry,
and fisheries) are estimated to generate nearly 13.9 per
cent of national GDP and 17 per cent of Gross Value
added (GVA) in 2017 (at 2011-12 prices) and employ
nearly half of the workforce (Chowdappa ez 4., 2018).
In the past decade, research has made major
contributions in all sectors. However, there is still a gap
between efficient better agricultural technologies, and
the improved agricultural technologies now accessible
cannot be effectively used for increasing output speed
until this gap is closed. This should be of great
importance to both government and non-government
organisations interested in agricultural development.

*Corresponding author email id: sharmar1975@gmail.com

Krishi Vigyan Kendras (Agricultural Science Centres)
were recommended by the Indian Council of
Agricultural Research (ICAR) as an innovative institution
for providing vocational training to practising farmers,
school dropouts, and field level extension employees.
The ICAR standing commiittee on agricultural education
stated in 1973 that the establishment of KVK was of
national importance since it would increase agricultural
production and improve the socio-economic status of
farmers. Under the supervision of the Tamil Nadu
agriculture university in Coimbatore, the first KVK was
established in Pondicherry in 1974. The KVK was
significant on a national level since it would help
farmers’ socioeconomic conditions and provide self-
employment options to the growing rural population.
KVKs are in the best position to discover field
difficulties, define field conditions, and then apply
evidence-based “pressure” to national agricultural
research, state research centres, and the complete
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network of fellow KVKs. In short, KVK will help
NARS as a whole become more important and useful
in the community (Katole e# al, 2017). After KVKs
transferred technology, the area under cropping, this
includes cereals, pulses, and horticulture produce,
increased by 74.58 per cent, and crop yield and
productivity increased to a modest 8.37 per cent at the
national level over the last five years. KVK Jammu was
established in 1992 with the sustained and sincere efforts
of its scientist and workers, Krishi Vigyan Kendra,
Jammu has been able to motivate farmers to develop
various agro- vocational enterprises’ from 1992-2021.
As a horizontal multiplier effect, the KVK trained
farmers are now imparting training to various fellow
farmers. India has numerous growing seasons, due of
the long-term presence of high temperatures. The
following are the different crop seasons viz., gbarif,
rabi and zaid. The present study was conducted to assess
the impact of KVK activities on production and
productivity of &harif season crops of Jammu district.
The Kharif season varies by crop and area, although it
generally begins in May and ends in January. In Jammu,
the season is traditionally said to begin in June and last
in October. The main Kharif crops of the Jammu
region are paddy, maize, pulses, vegetables and fodder,
covering 78 per cent of the net sown area. Many
projects/programme being run by the KVK- Jammu
for enhancing the productivity of the farm that results
in increased farm income. Frontline demonstration
(FLDs) of crops, enterprises was conducted in an area
of 420.55 ha on 2008 farmer’s fields in the last five
years. 46 on-farm testing (OFTs) were laid out by KVK
on 194 farmer’s fields in the last five years. Therefore
the present study entitled was undertaken to find out
Impact Analysis of KVK activities on Production and
Productivity of &harif season crops in Jammu district.

MATERIALS AND METHODS

The study was carried out in Jammu district of Jammu
and Kashmir Union Territory. Five clusters namely R.S
Pura, Nagrota, Bhalwal, Akhnoor and Bishnah in which
maximum number of KVK extension activities wete
carried out from 2018-20 were selected. KVK adopted
villages Samka, Kaloian, Deoli, Kotla, Garkhal,
GurahManahsa, Jandiyal, and Katta Battal were selected
purposively as the maximum numbers of activities were
carried out in these villages. To avoid the potential
diffusion effect, villages in the control group were

chosen 5 kilometres apart from cluster villages, namely
Badyal Qazian, Ratnal, Bathera, Gharota, and Dmuni.
A total of 100 farmers were selected from selected
five clusters. Besides, 50 farmers were selected from
nearby villages located 5 km away from selected clusters
villages. Therefore, the total sample size for the study
was 150. The data were analysed with the help of
suitable statistical measures such as frequencies,
percentages, mean, standard deviation, Singh cube root
method, adoption index, two sample‘t’ test, pairedt’
test and linear regression model.

RESULTS AND DISCUSSION

The average age of the farmers of KVK adopted
villages was 54.55 * 11.05 year whereas; in case of
farmers of non-adopted villages it was 52.62 = 13.39
year. Maximum percentage of the farmers 47.00 per
cent and 44.00 per cent of KVK adopted and non-
adopted villages fall between 46 to 63 years old age
categories. Age of respondents in KVK adopted
villages ranged between of 27 to 80 whereas in case
of respondents of non-adopted villages 28 to 88
(Table 1). This highlighted that in farming activities,
middle and elderly farmers were chosen over young
farmers. In comparison to farming, the youth were
more interested in government careers, business, and
other occupations. The findings are consistent with
those of Indumathy ez 4/. (2013) and Medhi e a/. (2020).
Finding also showed that majority i.e. 56 per cent and
44 per cent of the farmers in KVK adopted villages
and non- adopted villages had formal education up to
‘matriculation’ level followed by 19 per cent and 28
per cent of the respondents of KVK adopted villages
and non-adopted villages had formal education up to
‘middle level’, nine per cent of farmers in KVK
adopted villages and eight per cent of farmers in non-
adopted villages had formal education up to “10+2’,
three per cent and six per cent of KVK adopted villages
and non-adopted villages farmers had formal education
up to ‘primary’ level and two per cent of the KVK
adopted villages farmers had formal education up to
¢ post graduate’ level. The percentage of illiterate
respondents of KVK adopted villages and non-
adopted villages were 11 per cent and 12 per cent,
respectively. This suggests that farmers of both group
villages in the research area had a medium to high level
of education, perhaps this was the reason that more
and more training programme were attended by the
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Table 1: Descriptive statistics regarding socio-economic profile of the sampled farmers

Parameters KVK adopted Non-adopted t- p-
villages (n=100)  villages (n=50) value value

Mean age (years) 54.55 +11.05 52.62 £13.39 0.93 0.35

Categorization of age

Below 46 years 25(25) 18(30)

46-63 years 47(47) 22(44)

Above 63 years 28(28) 10(20)

Mean education (formal number of schooling 8.27+3.35 7.94% 3.39 0.56 0.57

years completed)

Education level (% farmers)

Iliterate 11 12

Primary 03 06

Middle 19 28

Matriculation 56 44

10+2 09 08

Graduate and above 02 00

Mean farming experience (years) 28.35 1 8.04 29.92 +14.75 0.81 0.41

Average operational land holding (ha) 1.39£1.10 1.16 £0.65 1.33 0.18

Average owned land (ha) 1.19£0.89 1.16 +0.65

Average leased in (ha) 0.20 £0.53 0.00

Categorization of farm size

Marginal (<1ha) 50 44

Small (1-2 ha) 27 34

Semi-medium (2- 4 ha) 17 22

Medium (4-10 ha) 06 00

Average distance of village from the nearest market (km) 5.55+3.41 5.76 £ 4.50 0.30 0.76

Average distance of village from the nearest seed store (km) 4821192 5.56 £ 4.28 1.44 0.15

Average distance of village from the pesticide shop (km) 4.24 £2.35 5.36 £ 4.32

Average distance of village from KVK (km) 40.40£21.3 35.6£19.15 1.34 0.18

Extension contact (% farmers)™*

KVK scientist 49 00

Agriculture department 37 06

Progressive farmers 29 08

+: Standard deviation, ##: Multiple contacts

farmers and followed the scientific production
technique and adopted them. The findings are
accompanied by findings of Natraju ef a/. (2013) and
Nath ez al. (2017).

In land holding, the average operational land
holding of the KVK adopted villages was 1.39 ha while
in non-adopted villages it was 1.16 ha. The average
owned land holding was 1.19 ha in KVK adopted
villages and 1.16 ha in case of non-adopted villages.

Average leased in land in KVK adopted villages was
0.20 ha where there is no leasing in was done by the
farmers of non-adopted villages. The reason for the
higher operational land holdings could be that the
practice of leasing out agricultural land is almost
negligible as agriculture is the primary occupation of
the majority of the respondents. The findings are in
line with the findings of Mahajan (2020). About 50
per cent of KVK adopted villages and 44 per cent
farmers’ non-adopted villages belonged to marginal
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land holding of less than 1 ha, reason of farm size
decreases as a result of their forefathers’ land
inheritance. The findings are accompanied by findings
of Venkatesan and Sundaramari (2012); Sulaja et al.
(2013) and Medhi e al. (2020). The average farming
experience of KVK adopted farmers was 28.35+8.64
whereas in case of non-adopted villages farmers had
farming experience 29.92%14.75 which belongs to
more than 20 years of farming experience. The reasons
may be that both of the groups respondents were
having agricultural background and living in villages
and majority of the farmers from both KVK adopted
and non-adopted villages belonged to the marginal land
holding group i.e. land holdings of less than 1.0 ha,
and the majority of the farmers were only educated
up to high school, hence the majority of the
respondents had medium expetience. The findings ate
accompanied by findings of Venkatesan (2013) and
Vekariya e al. (2017). About 49 per cent of the KVK
adopted villages respondent had contact with KVK
scientist, 37 per cent KVK adopted villages farmers
and six per cent non-adopted farmers had contact with
agricultural department and 29 and eight per cent had
contact with progressive farmers in KVK adopted and
non-adopted villages farmers, respectively. The high
level of extension contact between farmers of KVK
scientists and agricultural department was due to the
fact that they were their primary source of information
about modern agricultural techniques and provided
information about hybrid seed, encouraging them to
adopt these newly released varieties and technologies.
The conformity of the study was with the finding of
Patil ez al. (2019). The average distance of the villages
from the nearest market was 5.55 kilometers in KVK

adopted villages whereas from non-adopted villages
5.76 km, distance from seed store was 4.82 and 5.56
km, while from pesticide shop 4.24 and 5.36 km in
KVK adopted villages and non-adopted villages,
respectively. Average distance of villages from KVK
was 40.4 km in case of KVK adopted villages and
35.6 km in non-adopted villages. The maximum
distance between the study region and Krishi Vigyan
Kendra was due to the KVK being placed at distant
from the sample villages. Markets, seed stores, and
pesticide stores, on the other hand, were not far away
due to their extensive network in the research area.
The conformity of the study was with the finding of
Bagal (2014).

The data in the Table 2 present the area and
productivity of different £barif crops in KVK adopted
villages. In rice, total area covered by farmers before
intervention were 79.85 ha whereas after intervention
it was 80.00 ha. Productivity of rice before
intervention was 30.13 quintal per hectare while after
intervention it was 34.69 q/ha in KVK adopted villages.
Before and after per cent difference in area and
productivity of rice was 0.18 and 15.13 per cent,
respectively. There was no significant per cent difference
observed in area of rice (t=0.15). But significant per
cent difference was observed in productivity of rice
(t=3.28). In maize, total area covered by farmers before
intervention were 41.85 ha whereas after intervention
it was 43.20 ha. Productivity of maize before
intervention was 16.77 q/ha while after intervention it
was 35.82 q/ha in KVK adopted villages. Before and
after per cent difference in area and productivity of
maize was 3.22 and 113.59 per cent, respectively. There

Table 2: Area and productivity of different crops in KVK adopted villages

Crop Before After % difference
Area Productivity Area Productivity Area Productivity
(ha) (/ha) (ha) (a/ha)
Cereal Crop
Rice 79.85 30.13 80.00 34.69 0.18(0.155) 15.13%(3.28)
Maize 41.85 16.77 43.20 35.82 3.22(0.366) 113.59**(4.68)
Fodder crop
Sorghum 7.70 31.80 8.50 45.53 10.38(1.838) 43.17%%(5.90)
Pulse crop
Mash 2.20 6.39 4.35 7.55 97.72(0.513) 18.33(1.87)

Figures in the parenthesis are significant t value, *: Deviation significant at p<<0.05, ** Deviation significant at p<0.01
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was no significant per cent difference observed in area
of maize in before and after intervention (t=0.36). But
significant per cent difference was observed in
productivity of maize (t=4.68). The findings were
consistent with the findings of Sharma ez a/. (2019).

In sorghum, total area covered by farmers before
intervention were 7.70 ha whereas after intervention it
was 8.50 ha. Productivity of sorghum before
intervention was 31.80 q/ha while after intervention it
was 45.53 q/ha in KVK adopted villages. Before and
after per cent difference in area and productivity of
sorghum was 10.38 and 43.17 per cent, respectively.
There was no significant per cent difference observed
in area (t=1.83) whereas there was significant per cent
difference observed in productivity (¢=5.90) of
sorghum in before and after intervention of KVK
adopted villages. Finding of the study was in line with
the study of Shankar ez 4/, (2019). The total area
covered under mash by farmers before intervention
was 2.20 ha whereas after intervention area under mash
was 4.35 ha. Productivity mash before intervention was
6.39 q/ha while after intervention productivity was 7.55
q/ha. Before and after per cent difference in area and
productivity of mash was 97.72 and 18.33 per cent,
respectively. There was no significant per cent difference
observed in area (t=0.51) and productivity (t=1.87)
of mash in before and after intervention of KVK
adopted villages. Finding of the study was in line with
the study of Devi ef /. (2017) and Kothyari ez a/. (2018).

Table 3 present the area and productivity of
different cereal crops in KVK adopted villages. In rice,
total area covered by farmers in KVK adopted villages

were 80.00 ha whereas in non-adopted villages it was

38.30 ha. Productivity of rice in KVK adopted villages
was 34.69 quintal per hectare while in non-adopted
villages it was 25.60 q/ha in KVK adopted villages.
The per cent difference in productivity of rice was
35.50 per cent, respectively. There was no significant
per cent difference observed in productivity of rice
(t=0.20) in KVK adopted and non-adopted villages.

In maize, total area covered by farmers in KVK
adopted villages were 43.20 ha whereas in non-adopted
villages it was 16.64 ha. Productivity of maize in KVK
adopted villages was 35.82 q/ha while non-adopted
villages it was 23.31 q/ha in KVK adopted villages.
The per cent difference in productivity of maize was
53.36 per cent. There was significant per cent difference
was observed in productivity of maize (t=3.23). The
total area covered under mash by farmers of KVK
adopted villages was 4.35 ha whereas in non-adopted
villages area under mash was 0.95 ha. Productivity mash
KVK adopted villages was 7.55 q/ha while in non-
adopted villages productivity was 7.27 q/ha. The per
cent difference of productivity of mash was 3.85 per
cent. There was significant per cent difference observed
in productivity (t=2.22) of mash in KVK adopted
villages and non-adopted villages. In sorghum, total
area covered by farmers of KVK adopted villages
was 8.50 ha whereas in non-adopted villages it was
1.82 ha. Productivity of sorghum in KVK adopted
villages was 45.53 q/ha while in non-adopted villages
it was 37.48 q/ha in KVK adopted villages. The per
cent difference of productivity of sorghum was 13.03
per cent. There was significant per cent difference
observed in productivity (t=2.84) of sorghum in KVK
adopted villages and non-adopted villages.

Table 3: Comparison of area and productivity of different crops between KVK adopted and non-adopted villages

Crop KVK adopted villages Non-adopted villages % difference
Atrea (ha) Productivity (q/ha) Area (ha) Productivity (q/ha) Productivity

Cereal crop

Rice 80.00 34.69 38.30 25.60 35.50(0.20)

Maize 43.20 35.82 16.64 23.31 53.36%(3.23)

Pulse crop

Mash 4.35 7.55 0.95 7.27 3.85%(2.22)

Fodder crop

Sorghum 8.50 4553 1.82 37.48 13.03%(2.84)

Figures in the parenthesis are significant t value, *: Deviation significant at p<0.05.
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Table 4: Extent of adoption of technologies by farmers
on the basis of level of adoption in cereal crops (%
farmers)

Table 5: Adoption index of recommended technologies
adopted by farmers of KVK adopted villages and non-
adopted villages

Cereal crops KVK adopted Non-adopted Crop KVKadopted Non-adopted t-value
villages villages villages villages
Rice Rice 54.11 45.33 6.77*
Low 08.00 38.00 Maize 50.77 36.88 44774
Medium 45.00 56.00 Sorghum 30.66 16.00 7.39%*
High 47.00 06.00 Mash 55.81 35.55 3.578%
Maize *: Deviation significant at p<<0.05; **: Deviation significant at
Low 06.00 34.00 p<0.01
Medium 38.00 37.00
High 56.00 29.00 the technologies was 54.11 per cent in KVK adopted
Mash villages whereas in non-adopted villages it was 45.33
Low 12.00 36.00 per cent. There was significant difference observed in
Medium 42.00 48.00 adoption index of technologies adopted by farmers
High 46.00 16.00 in rice crop in KVK adopted villages and non-adopted

The data in Table 4 shows the extent of adoption
of technologies by farmers on the basis of level of
adoption in &harif crops. In rice, eight per cent of the
farmers had low adoption of technologies whereas
45 per cent of the farmers had medium adoption and
47 per cent had high level of adoption of technologies
in KVK adopted villages while in non-adopted villages
38 per cent of the farmers had low, 56 per cent
medium and six per cent of the farmers had high level
of adoption of technologies. In maize, overall six per
cent of the farmers had low adoption of technologies
whereas 38 per cent of the farmers had medium
adoption and 56 per cent had high level of adoption
of technologies in KVK adopted villages while in non-
adopted villages 34 per cent of the farmers had low,
37 per cent medium and 29 per cent of the farmers
had high level of adoption of technologies.

In mash, overall 12 per cent of the farmers had
low adoption of technologies whereas 42.00 per cent
farmers had medium adoption and 46 per cent had
high level of adoption of technologies in KVK
adopted villages while in non-adopted villages 36 per
cent of the farmers had low, 48 per cent had medium
and 16.00 per cent farmers had high level of adoption
of technologies.

The data in the Table 5 presents the adoption index
of the recommended technologies adopted by farmers
in different crops. In rice, average adoption index of

villages (p=0.000). In maize, average adoption index
of the technologies adopted by farmers in KVK
adopted villages was 50.77 per cent while, it was 36.88
per cent in non-adopted villages. There was significant
difference observed in adoption of technologies by
maize growers in KVK adopted villages and non-
adopted villages.

In sorghum, average adoption index of the
technologies adopted by farmers in KVK adopted
villages was 30.66 per cent while, it was 16.00 per cent
in non-adopted villages. There was significant
difference observed in adopted index of technologies
adopted by farmers in sorghum crop in KVK adopted
villages and non-adopted villages (p=0.000). In mash,
average adoption index of the technologies adopted
by farmers in KVK adopted villages was 55.81 per
cent while, it was 35.55 per cent in non-adopted villages.
There was no significant difference observed in
adoption of technologies by mash growers in KVK
adopted villages and non-adopted villages (p=0.00).

To identify the factors affecting adoption of
technologies in different crops, age, education, family
size, land holding, land fragmentation, fragments,
extension contact, training, occupation, farming
experience and distance of villages from different
places such as market, pesticide shop, seed store, and
KVK variables were selected for the study.

In the Table 6, the model applied has F
value=33.07 which was significant at p=0.00. The result
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Table 6: Socio-Economic factors affecting adoption of technologies in different crops

Crop Variable Coefficient(B) S.E. t- value p-value Model Summary

Rice Constant 21.30 3.86 13.27 0.00 R>=0.30;d.f=121
Training 23.65 3.44 6.87 0.00 F=33.07; p=0.00
Distance from KVK -0.16 0.07 212 0.03

Maize Constant 45.04 4.72 9.53 0.00 R?=0.11; d.f=106
Distance from KVK 0.19 0.08 2.27 0.02 F=4.65; p=0.00
Distance from market 1.25 0.58 212 0.03
Agriculture+business -19.38 7.60 2.54 0.01

Sorghum Constant 27.37 4.28 6.38 0.00 R?=0.24;d.f=123
Training 12.25 2.75 4.44 0.00 F=12.71; p=0.00
Agriculture + labour -10.79 3.47 3.10 0.00
Farming experience -0.24 0.12 1.99 0.04

Mash Constant 47.46 6.77 7.00 0.00 R?=0.22; d.f=63
Training 19.65 4.58 4.28 0.00 F=11.50; p=0.00
Distance from KVK -0.30 0.13 2.32 0.01

shows that R? value was 0.30 which indicate that there
is 30 per cent variation in adoption of technologies in
rice crop was explained by variables selected for the
analysis. The variable Training (p=0.00) and distance
from KVK (p=0.03) significantly affected the adoption
of technologies by farmers in rice crop. It was
observed that, a unit increase in training, increases
adoption of technologies by 23.65 per cent whereas a
unit decrease in distance of villages from KVK
adoption of technologies decreases by 0.16 per cent

in rice crop.

The model applied has F value= 4.65 which was
significant at p=0.00. The result shows that R* value
was 0.11 which indicate that there is 11 per cent variation
in adoption of technologies in maize crop was
explained by variables selected for the analysis. The
variable distance from KVK (p=0.02), distance from
market (p=0.03) and agriculture+business (p=0.01)
significantly affected the adoption of technologies by
farmers in maize crop. It was observed that, a unit
increase in distance from KVK and market, increases
adoption of technologies by 0.19 and 1.25 per cent,
respectively. A unit decrease in agriculture+business
adoption of technologies decreases by 19.38 per cent

in maize crop.

The model applied has F value= 12.71 which was
significant at p=0.00. The result shows that R* value

was (.24 which indicate that there is 24 per cent variation
in adoption of technologies in sorghum crop was
explained by variables selected for the analysis. The
variable training (p=0.00), agriculture + labour (p=0.00)
and farming experience (p=0.04) significantly affected
the adoption of technologies by farmers in sorghum
crop. It was observed that, a unit increase in training,
increases adoption of technologies by 12.25 per cent.
One unit decrease in agriculture+labout, adoption of
technologies decreases by 10.79 per cent in sorghum

crop (Table 6).

The model applied has F value= 11.50 which was
significant at p=0.00. The result shows that R* value
was 0.22 which indicate that there is 22 per cent variation
in adoption of technologies in mash crop was
explained by variables selected for the analysis. The
variable training (p=0.00) and distance from KVK
(p=0.01) significantly affected the adoption of
technologies by farmers in mash crop. It was observed
that, one unit increase in training, increases adoption
of technologies by 19.65 per cent whereas one unit
decrease in distance of villages from KVK adoption
of technologies decreases by 0.30 per cent in mash

crop.
CONCLUSION

It is concluded on the basis of findings that before
KVK intervention, total area covered by rice, maize,
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mash and sorghum was 79.85, 41.85, 2.20 and 7.70 ha
with productivity 30.13, 16.77, 6.77 and 31.80 q/ha
respectively. Whereas after KVK intervention, total area
covered by rice, maize, mash and sorghum was 80.00,
43.20, 4.35 and 8.50 ha with productivity 34.69, 35.82,
7.55 and 45.53q/ha respectively. There was significant
difference in the productivity of rice, maize and
sorghum before and after intervention. The
productivity of rice, maize mash and sorghum was
25.60,23.31,7.27, and 37.48q/ha. There was significant
difference in the productivity of maize, mash and
sorghum in KVK adopted villages and non-adopted
villages. The significant change in production and
productivity of the farmers of KVK trained villages
was due to high adoption of technologies namely
application of Urea, DAP, MoP, FYM, herbicides,
insecticide and fungicides was in rice, maize, mash and
sorghum whereas in non-adopted villages it was low
to medium. There was significant difference in the
adoption index of recommended technologies
adopted by the farmers in rice, maize, mash and
sorghum in KVK adopted villages and non-adopted
villages. Adoption index of recommended technologies
adopted by the farmers in rice, maize, mash and
sorghum was 54.11, 50.77, 55.81 and 30.66 in KVK
adopted villages while in non-adopted villages 45.33,
36.88, 35.55 and 16.00 respectively. Factors that
significantly affected the adoption of recommended
technologies were training, distance from KVK,
distance from market and farming experience.
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ABSTRACT

ICT tools are the new tools used for gathering latest information. A study was carried out to find the
utilization pattern of ICT tools among farm women of tarai region of Uttarakhand during 2019-2020. The
data were collected from 120 respondents using structured interview schedule, as personal interview schedule
reduces the bias of respondents and help in collection of credible data. Findings revealed that majority of the
farm women (79.16%) used the Mobile daily once or twice. Television was watched by farm women (61.66%)
daily once or twice. Most of the farm women used ICT tools for general purpose than agriculture purpose.
Hence, concerted efforts like; formal education of ICT tools, easy access and usage, cost effectiveness measures,
etc. have to be made by the policy makers, administrators and academicians concerned to make necessary
improvements in planning and implementing ICTS strategies, so that farm women must be made aware of
use of ICT tools and promote interest among them for its optimum agriculture use. Study also revealed that
Education, Annual family income, Media ownership and Social participation with their extent of use of ICT
tools had positive and significant correlation at 0.01 level of probability.

Keywords: Farm women, ICT tools, Utilization pattern

INTRODUCTION employs 80 per cent of all economically active women

out of which 33 per cent constitute the agriculture

Agriculture is the b f Indi 7. About 70
gricutture s the base of ndlan cconomy. As0u labour force and 48 per cent are self-employed

(OXFAM, 2018). Around 70 per cent of all women
engaged in cultivation are from households witnessing
migration (NSSO, 2013). According to The State of
Food and Agriculture (FAO, 2011), “women comprise,

per cent population lives in village out of which
primarily 47 per cent workforce is in agriculture (FAO,
2011). Thus, we can say that Indian economy is primarily
an agrarian economy. Agriculture is a basic driver of

economic growth and poverty reduction for many

developing countries. Mishra and Sundaram (1970) said ?n average., 43 per Cel.lt of the .agrlcultural labour for?e
that agriculture is the largest livelihood provider in n c.levelop H.lg countries, rangmg from 20 p cr cent in
community life and occupationally itis highly dependent Latin America to 50 per cent in Eastern Asia and Sub-

. . . Saharan Africa”. Information and Communication
on various cropping system, animal husbandry and

allied sectors. ICT tools aims to improve the lives of Technology (ICT) is for everyone and women have to

farm household especially in the rural areas by be an equal beneficiary to the advantages offered by

providing them the appropriate and relevant the technology, and the products and processes, which

information. Traditionally the extension services have emerge from its use. The benefits of the information

focused on male farmers. In the last few decades the
concern regarding farm women have been raised
globally. Farm women play an important and crucial
role in agricultural development. Agriculture sector

*Corresponding author email id: jha.shivani123@gmail.com

provided by ICT tools, need not be restricted to the
upper strata of the society but have to freely flow to
all segments of the society. Information and
Communication Technology (ICT) include technologies
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that give access to information through
communication (Khan ¢# a/., 2012). ICTs in agriculture
have the potential to facilitate greater access to
information that drive or support knowledge sharing.
ICTs essentially facilitate the creation, management,
storage, retrieval, and dissemination of any relevant
data, knowledge, and information that may have been
already processed and adapted (Bachelor, 2002;
Chapman and Slay Maker, 2002; Rao, 2007; Heeks,
2002). ICT is defined as the technology which covers
any product that stores, retrieves, manipulates, transmits
or receives information electronically in a digital form.
ICT stands for information and communication
technology and is sometimes used both as singular and
plural nouns. It is used almost synonymously with IT
or information technology (Garai and Shadrach, 2000).
The real challenge of the information era is not
producing information or storing information, but
rather getting people to use the information (Annor-
Frempong and Edumadze, 2009). Keeping in view
the above facts and importance, the study was
conducted with the objective to assess the ICT tools
utilization pattern among farm women of tarai region

Uttarakhand.
MATERIALS AND METHODS

The study was carried out in Udham Singh Nagar
district of Uttarakhand state out of which two blocks
were selected randomly i.e. Rudrapur and Kashipur
by following Simple Random Sampling without
replacement method. From each block, two villages
were selected randomly. Kolaria and Chhatarpur were
selected from Rudrapur block and Gopipura and
Chandpur were selected from Kashipur block. Data
were collected from each of 120 selected farm women
as respondent with help of interview schedule. Statistical
techniques used in data analysis include: frequency,
percentage, mean, Standard deviation, correlation and
Garett ranking,

Empirical data were tabulated and analyzed with
the help of appropriate statistical tools using Statistical
Package for Social Sciences (SPSS). Under Utilization
pattern there were three components measured i.e.;
Accessibility of ICT tools, Extent of use of ICT tools,
Purpose of ICT use in agriculture and for general
purpose. Extent of use of ICT tools was dependent
variable in the study. The responses of farm women

were obtained on five-point continuum scale in case
of extent of use of ICT tools as Daily (Once or twice),
Weekly (Once or twice), Monthly, whenever needed,
never and scores were given as 4, 3, 2, 1 and 0,
respectively. After that frequency was multiplied with
the score (4, 3, 2, 1 or 0).

RESULTS AND DISCUSSION

Results of the study are presented and discussed under
broad headings as accessibility of ICT tools, extent of
use of ICT tools, purpose of ICT use in agriculture,
utilization of ICTs by the respondents for General
purpose and relationship between socio-economic and
communication characteristics with extent of use of
ICT tools. Its time of ICT as lots of information can
be obtained in various fields using different ICT tools.
But it doesn’t mean that one should own ICTs.
Important is the access to ICTs may be own or others
as with family members, neighbor, friends, ICT centers,

school, college or any other sources.

Table 1: Distribution of respondents according to their
access to ICT tools

Tools Yes No
Mobile 120(100%) 0
Television 86(71.66%) 34(28.33%)
Radio 19(15.83%) 101(84.16%)
Computer 10(8.33%) 110(91.66%)
Internet 45(37.5%) 75(62.5%)

The information regarding access to ICTs
presented in Table 1 reveals that all the respondents
(100%) have access to Mobile Phone whereas 86 per
cent of respondents have access to Television followed
by 19 per cent respondents also had access to radio.
Further, 45 per cent respondents had access to internet
and 10 per cent respondents had access to computer.

Data in Table 2 depict that 79.16 per cent of the
respondents were using Mobile daily whereas 61.66
per cent of respondents watched Television daily and
12.5 per cent of respondents used internet daily whereas
only 1.66 per cent of respondents used radio daily.
Computer was not used by majority of the respondents
as not many respondents were having access to it. The
respondents having access to computer and internet
were using it mostly weekly/fortnightly/ monthly and
very less percentage of respondents were using it daily
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Table 2: Distribution of respondents according to extent of use of ICT tools

Tools Daily Weekly Monthly Whenever Never
(Once or twice) (Once or twice) needed
Mobile 95(79.16%) 25(20.83%) 0 0 0
Television 74(61.66%) 32(26.66%) 10(8.33%) 0 0
Radio 2(1.66%) 4(3.33%) 12(10%) 1(0.83%) 0
Computer 0 2(1.66%) 6(5%) 4(3.33%) 0
Internet 15(12.5%) 18(15%) 7(5.83%) 5(4.16%) 0
Table 3: Utilization of ICTs by the respondents for Agriculture purpose (n= 120)
Information needs Mobile Television Radio Computer Internet
Latest information on agriculture 60(50%) 45(38%) 19(16%) 10(8.33%) 40(32.32%)
High yielding varieties in vatious crops 50(41.66%) 35(29.16%) 15(12.5%) 6(5%) 18(15%)
Insecticide and pesticide use 33 (27.5%) 31(25.83%) 7(5.83%) 4(3.33%) 15(12.49%)
Weather information 70(58.33%) 60(50%) 19(15.83%) 8(6.66%) 45(37.5%)
Precautionary measure in field 30(25%) 38(31.66%) 4(3.33%) 6(5%) 27(22.5%)
Types of soil 38(31.66%) 23(19.16%) 9(7.5%) 6(5%) 10(8.32%)
Price of products 51(42.5%) 40(33.33%) 17(14.16%) 9(7.5%) 27(22.5%)

while none of respondents were using computer daily.
Mobile was used by 20.83 per cent weekly whereas
Television was used by 26.66 per cent weekly and 8.33
per cent of respondents used monthly. Radio was used
by 3.33 per cent of respondent weekly, 10 per cent of
respondent used monthly and 1 respondent used it
whenever needed. Computer was used by 1.66 per
cent weekly, 5 per cent monthly and 3.33 per cent
whenever needed by the respondents. Similarly Internet
was used daily, weekly, monthly and whenever needed
by 12.5, 15, 5.83 and 4.16 per cent respondents,
respectively.

The major ICTs used were only Television and
mobile phone and internet was also accessed by
respondents on their mobile phone.

Perusal of Table 3 reveals that more number of
respondents used mobile to get weather information
(58.33%) followed by latest information on agriculture
(50%). Further mobile phone was used to know price
of products (42.5%) followed by information related
to high yielding varieties of vatious crops by 41.66 per
cent respondents, different types of soil by 31.66 per
cent respondents, for knowledge of insecticide and
pesticide by 27.5 per cent respondents and to know
precautionary measures in field by 25 per cent
respondents.

Data in Table 3 depict that 38 per cent of the
respondents used TV for the purpose of getting latest
information in agriculture and 50 per cent respondents
used for weather information followed by 33.33 per
cent respondents used TV to get information about
price of product and precautionary measure by 31.66
per cent respondents. Further 25-26 per cent
respondents used TV for use of insecticides and
pesticides, high yielding varieties in various crops
(29.16%) and having knowledge of different types of
soil (19.16%).

Data presented in Table 3 reveal that 16 per cent
of the respondents used radio for the purpose of
getting latest information in agriculture and 15.83 per
cent respondents used for weather information. Radio
was used by the respondents for getting information
about price of product (14.16%) and 12.5 per cent
respondents used radio for the purpose of high yielding
varieties in various crops followed by getting
information about different types of soil (7.5%),
insecticide and pesticide use (7%) and precautionary
measures in field (3.33%).

It is evident from the data presented in Table 3
that 8.33 per cent respondents used computer to get
latest agriculture information followed by 7.5 per cent
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respondents used for the information on price of
products, information about price of products (5%),
weather information (6.66%), high yielding varieties of
various crops (5%), types of soil (5%), precautionary
measure in field (5%) and insecticide and pesticide use

(3.33%).

Data presented in Table 3 reveal that 37.5 per cent
respondents used internet for the weather information
followed by 32.32 per cent for the purpose of getting
latest information about agriculture. Further 22.5 per
cent respondents used for the purpose of knowing
precautionary measures in field, information about
price of product (22.5%), high yielding varieties of
various crops (15%), insecticide and pesticide use
(12.49%) and different types of soil (8.32%).

Perusal of Table 4 reveal that all the respondents
used mobile for communication and to maintain social
relationship, around 82.5 per cent used for
entertainment purpose, for messaging (52.5%), for
news (40%), to gather information (34.16%), for health
information (30%), to know current issues (28.32%),
Sanitation and environment issues (25.83%) followed
by for general knowledge (19.16%).

It is evident from Table 4 that most of the
respondents watched T.V for news and entertainment
purpose i.e. (59.16%) and (52.5%) respectively. T.V. was
watched to gather information by 57.5 per cent
respondent, for health information (46.66%), to know
current issues (35%), sanitation and environment issues
(25.83%) and for general knowledge (20%).

Data presented in Table 4 reveal that most of the
respondents listened radio to gather information and

entertainment purpose i.e. (15.5%) and (13.33%)
respectively. For news (8.33%), for health information
(7.5%), to know current issues (6.66%), for general
knowledge (5%) and sanitation and environment issues

(4.16%).

It is evident from Table 4 that most of the
respondents used computer to gather information and
maintain social relationship i.e. (6.66%) and (6.66%)
respectively. For messaging (5.82%), for health
information (4.16%), for news (4.16%), for
entertainment (4.16%) and for communication (4.16%).

Data presented in Table 4 reveal that most of the
respondents used internet to maintain social relationship
and for communication purpose i.e. (30%) and
(25.83%) respectively. For messaging (24.16%), for
entertainment (21.66%), to gather information (19.16%),
for news (18.32%), for health information (10.83%),
sanitation and environment issues (6.66%), to know
current issues (5%) and for general knowledge (2.5%).

Opverall it can be said that among the various ICTs,
mainly used technologies by the respondents were T.V.
and mobile phone. The reason for such findings could
be that the respondents were having access to Television
and mobile phone and not having access to the other
technologies. Further these technologies are costly and
require some skills to operate.

It is clear from the Table 5 that the ‘correlation
coefficient’ between the farm women personality traits
like education (0.750), annual family income (0.890),
media ownership (0.804) and social participation (0.749)
exhibited positive and significant correlation at 0.01

Table 4: Utilization of ICTs by the respondents for General purpose

Information needs Mobile Television Radio Computer Internet
For communication 120(100%) - 5(4.16%) 31(25.83%)
Maintain social relationship 120(100%) - 8(6.66%) 36(30%)
For entertainment 99(82.5%) 63(52.5%) 16(13.33%) 5(4.16%) 26(21.66%)
To gather information 41(34.16%) 69(57.5%) 19(15.5%) 8(6.66%) 23(19.16%)
For messaging 63(52.5%) - 7(5.82%) 29(24.16%)
For news 48(40%) 71(59.16%) 10(8.33%) 5(4.16%) 22(18.32%))
For health information 36(30%) 56(46.66%) 9(7.5%) 5(4.16%) 13(10.83%)
To know current issues 34(28.32%) 42(35%) 8(6.66%) 0 6(5%)
For general knowledge 23(19.16%) 24(20%) 6(5%) 0 3(2.5%)
Sanitation and environment issues 31(25.83%) 31(25.83%) 54.16%) 0 8(6.66%)
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Table 5: Relationship between socio-economic and
communication characteristics with extent of use of ICT

tools

Independent variable rvalue t uarea VAIUE
Age -0.268** 3
Education 0.750%* 12.27
Family size -0.790%* 13.97
Family land holding 0.148 1.62
Annual family income 0.896** 21.81
Media ownership 0.804** 14.64
Social participation 0.749** 12.21
Attitude towards ICT tools  -0.029 0.31
based extension services

Farming experience (years) 0.085 0.91

* 5% level of significance, n=120, degree of freedom =n-2,
ttab==21.980%*F 1% level of significance, n=120, degree of
freedom =n-2, ttab==%2.617

level of probability with their extent of use of ICT
tools and age (-0.268), family size (-0.790) exhibited
negative and significant correlation at 0.01 level of
probability with their extent of use of ICT tools, while
Family land holding (0.148), Attitude towards ICT tools
based extension services (-0.029), Farming experience
(0.085) of the respondent did not show any significant
correlation.

The findings were similar to the study of Mittal
(2002) who reported that there was a significant impact
of age on duration of viewing Television. Jain e# al.
(2012) who reported that highest education in the
family and total income was observed as positively
affecting the access and use of ICT tools. lorliam ef a/.
(2012) also confirmed that level of education, and
incomes were the significant (P<0.05) determinants of
ICT adoption. Mahalakshmi (2003) also reported that
majority of respondents had medium level of social
participation. Parmar ¢# a/. (2015) who reported in a
study where education, annual income and social
participation were found to be significantly correlated
with the attitude of the respondents towards the use
of Kisan Call Center.

The results of this study indicate that a majority
of farm women need capacity building programme
as they possess low level of knowledge and skill in
applying ICT tools. Further, the study results reveals
that organising workshop/training aiming at enhancing

the farm women acquaintance with ICT tools will
improve the usage of these technologies. This paper
recommends that training institutions in India need to
embark on tasks to integrate ICT tools in their
institutions for teaching how to use ICT tools. While
doing so, the drivers identified in this study need to be
taken into account for successful implementation.

CONCLUSION

All the respondents (100%) have access to Mobile Phone
whereas 86 per cent of respondents have access to
Television followed by 19 per cent respondents also
had access to radio. Further, 45 per cent respondents
had access to internet and 10 per cent respondents had
access to computer, 79.16 per cent of the respondents
were using Mobile daily whereas 61.66 per cent of
respondents watched Television daily and 12.5 per cent
of respondents used internet daily whereas only 1.66
per cent of respondents used radio daily. Mobile was
used by 20.83 per cent weekly whereas Television was
used by 26.66 per cent weekly and 8.33 per cent of
respondents used monthly. Radio was used by 3.33
per cent of respondent weekly, 10 per cent of
respondent used monthly and 1 respondent used it
whenever needed. Computer was used by 1.66 per
cent weekly, 5 per cent monthly and 3.33 per cent
whenever needed by the respondents. Similarly Internet
was used daily, weekly, monthly and whenever needed
by 12.5, 15, 5.83 and 4.16 per cent respondents,
respectively. More number of respondents used mobile
to get weather information (58.33%) followed by latest
information on agticulture (50%). Further mobile phone
was used to know price of products(42.5%) followed
by information related to high yielding varieties of
various crops by 41.66 per cent respondents, different
types of soil by 31.66 per cent respondents, for
knowledge of insecticide and pesticide by 27.5 per
cent respondents and to know precautionary measures
in field by 25 per cent respondents. Most of the
respondents watched T.V for news and entertainment
purpose i.e. (59.16%) and (52.5%) respectively. T.V. was
watched to gather information by 57.5 per cent
respondent, for health information (46.66%), to know
current issues (35%), sanitation and environment issues
(25.83%) and for general knowledge (20%). Most of
the respondents listened radio to gather information
and entertainment purpose i.e. (15.5%) and (13.33%)
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respectively. For news (8.33%), for health information
(7.5%), to know current issues (6.66%), for general
knowledge (5%) and sanitation and environment issues
(4.16%). Most of the respondents used computer to
gather information and maintain social relationship i.e.
(6.66%) and (6.66%) respectively. Overall it can be said
that among the various ICTs, mainly used technologies
by the respondents were T.V. and mobile phone.
Correlation coefficient between the farm women
personality traits like education (0.750), annual family
income (0.896), media ownership (0.804) and social
participation (0.749) exhibited positive and significant
correlation at 0.01 level of probability with their extent
of use of ICT tools and age (-0.268), family size (-
0.790) exhibited negative and significant correlation at
0.01 level of probability with their extent of use of
ICT tools, while Family land holding (0.148), Attitude
towards ICT tools based extension services (-0.029),
Farming expetience (0.085) of the respondent did not
show any significant correlation.
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ABSTRACT

Overpopulation and climate change are among the greatest challenges the world faces. Maximizing production
with scarce resources is a necessity and requires the substantial transformation of agriculture and special
attention should be paid to climate change, especially to food security, climate change and reduction of
greenhouse gas (GHG) emissions. Agriculture faces some stiff challenges ahead. In the face of global
environmental change, the notion of climate smart agriculture (CSA) has emerged as an approach that aims
to transform, reorient, and develop agricultural systems based on digital technologies, aiming to contribute
to an increasing global food security as part of climate change adaptation and mitigation efforts is seeking to
overcome the food security problem and develop rural livelihoods while minimizing negative impacts on the
environment. The climate-smart agriculture (CSA) concept is gaining considerable attraction at international
and national levels to meet the challenges of addressing agricultural planning under climate change Climate
Smart Agriculture (CSA) has attracted interest given its promise to increase agricultural productivity under a
changing climate while reducing green- house gases emission. Itis a concept that calls for integration of the
need for adaptation and the possibility of mitigation in agricultural growth strategies to support food
security. It involves farming practices that improve farm productivity and profitability, help farmers adapt to
the negative effects of climate change and mitigate climate change effects, e.g. by soil carbon sequestration or
reductions in greenhouse gas emissions. Climate-smart practices, such as the locally practiced conservation
agriculture, aim at conserving soil moisture, retaining crop residues for soil fertility, disturbing the soil as
minimally as possible and diversifying through rotation or intercropping, because mostly the agriculture
sector is significantly impacted from increased temperatures and shifting precipitation patterns. Italso explores
the links among the components of CSA (productivity, adaptation and mitigation) and their contribution to

achieving the goal of sustainable agricultural development.

Keywords: Climate Smart Agriculture, Food security, Adaptation. Mitigation, Soil carbon sequestration,

Green-house gases

INTRODUCTION should be paid to climate change, especially to the

reduction of greenhouse gas (GHG) emissions. Its
According to the latest available projection of the . & . g. ( . )
) i o atmospheric concentration is projected to double by
United Nations, the global population is forecasted to ) y : .
2030, which causes a significant increase in global

temperature (IPCC, 2019). To achieve food security
and agricultural development goals, adaptation to

grow to 9.7 billion by 2050. Producing enough food
seems to be the greatest challenge of the agri-food

industry. As th ilable agricultural land is limi . oL iy
dustry. As the available agricultural land is ted, climate change and lower emission intensities pet output

this requires enormous efficiency gains. Maximizing will be necessary. This transformation must be

production with scarce resources is a necessity and accomplished without depletion of the natural resource

requires the substantial transformation of agriculture base. Climate change is already having an impact on
(Ayaz et al., 2019). On the other hand, special attention agriculture and food security as a result of increased
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prevalence of extreme events and increased
unpredictability of weather patterns. This can lead to
reductions in production and lower incomes in
vulnerable areas. These changes can also affect global
food prices. These initiatives interrelate in climate-smart
agriculture (CSA), that can help to meet these challenges
by increasing resilience to weather extremes, adapting
to climate change and decreasing agriculture’s
greenhouse gas (GHG) emissions that contribute to
global change. Food security, poverty and climate
change are closely linked and should not be considered
separately. The United Nations Framework
Convention on Climate Change (UNFCCC) places a
high priority on agriculture. Climate-Smart Agriculture
is a very significant part of the solution for both Climate
Change mitigation and Sustainable Agriculture. The
FAO defined climate-smart agriculture as “that
sustainably increases productivity, resilience (adaptation),
reduces/removes GHGs (mitigation), and enhances
achievement of national food security and development
goals” (FAO, 2010). The overall aim of CSA is to
support efforts from the local to global levels for

sustainably using agricultural systems to achieve food
and nutrition security for all people at all times,
integrating necessary adaptation and capturing potential
mitigation. Three objectives are defined for achieving
this aim: (1) sustainably increasing agricultural
productivity to support equitable increases in incomes,
food security and development; (2) adapting and
building resilience to climate change from the farm to
national levels; and (3) developing opportunities to
reduce GHG emissions from agriculture compared
with past trends Food and Agriculture Organization
of the United Nations, 2013). The successful
implementation of these objectives accomplishes the
so-called “triple win” when the implementation of the
different innovative practices results in higher yields,
climate change mitigation, as well as lower GHG
emissions (FAQO, 2013). The recent increase in extreme
weather events (climate shocks) threatens disruptive
impacts on agriculture Projected adaptive actions
include improving plant performance (for example,
nutrition, yields, food quality) in response to elevated
CO, and rising temperatures avoiding pest damage

SOCIO-ECOLOGICAL SYSTEM

Global climate and
environmental change

Population growth
and migration
Finite natural resources Urbanization
Changing food habits
Food access and availability

Poverty

Market instability Science and

Tl technology
Regulations
Governance

VULNERABILITIES TO CLIMATE CHANGE

Food security Awareness
Healthy livelihoods Planning
Resilient agriculture Implementation

Monitoring and evaluation

Mitigation and adaptation

Diagram illustrating how climate-smart agriculture can be utilised as an agent for developing resilience, mitigation

and adaptation within the socioecological system.
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and food waste developing forecasting, management
and insurance options to decrease the risk due to
unexpected rainfall patterns, higher temperatures and
shifting length in growth seasons and managing natural
resources at the landscape and regional levels to assure
the environmental quality and ecosystem services upon
which agriculture depends.

Although not exclusively within the purview of
climate-smart agriculture (CSA), ‘adaptation and
mitigation’ in this figure are implied to be derived from
an iterative CSA strategy. Adaptation and mitigation
affect ‘drivers of change’ to diminish existing
‘vulnerabilities to climate change’ in the socioecological
system, leading to the long-term goals of CSA in
‘desired outcomes’. The arrow between CSA and
‘science and policy’ indicates the vital role of novel
science—policymaking partnerships and science-based
actions in CSA. Food security climate change reduction
in green-house gas emission: three intertwined
challenges. Agriculture and food systems must improve
and ensure food security, and to do so they need to
adapt to climate change and natural resource pressures,
and contribute to mitigating climate change. These
challenges, being interconnected, have to be addressed
simultaneously.

Ensuring Food Security

Climate-smart agriculture (CSA) is an approach for
transforming and reorienting agricultural systems to
support food security under the new realities of climate
change. Widespread changes in rainfall and temperature
patterns threaten agricultural production and increase
the vulnerability of people dependent on agriculture
for their livelihoods, which includes most of the
world’s poor. Climate change disrupts food markets,
posing population-wide risks to food supply (Lipper
et al., 2014). Responding to effects of climate change
that influence the closure of the yield gap between
potential and actual production will require continuation
of existing ‘best management practices’ coupled with
improvements in agronomic management practices
and crop-breeding (Tittonell and Giller, 2013; George,
2014). The four types of agronomic practices included
under the rubric of CSA (no-till, integrated soil fertility
management, nitrogen use efficiency, and alternate
wetting-and-dry) can increase agricultural production
and reduce climate-driven food insecurity worldwide
(Langridge and Fleury, 2011). Molecular approaches

provide opportunities to establish linkages between
biochemical pathways and physiological responses. In
cereals such as rice, grain yield is highly dependent on
the carbohydrate source (top leaves) and sink (florets)
relationship, which is strongly influenced by the plant
hormone cytokinin (Peleg and Blumwald, 2011).
Cytokinin production also affects drought tolerance
and senescence, and isopentenyl transferase (IPT)
expression controls upregulation of pathways for
cytokinin degradation. Therefore, it follows that
tolerance of abiotic stress by delaying stress-induced
senescence through manipulation of IPT expression
in transgenic lines could maintain optimal levels of
cytokinin, resulting in greater fitness and more seed
and grain production (Peleg ez al, 2011).
Complementary approaches are necessary for solving
complex physiological plant responses to climate and
management. Changes in temperature, precipitation,
water delivery, salinity and CO, concentrations will
occur simultaneously. Direct experimentation, high-
throughput screening platforms using molecular-based
techniques and predictive modelling are a set of tools
for achieving multiple goals (Heslot ¢7 a/, 2014), which
include exploration of genetic resources for broader
use and dissemination, gene pool expansion and yield
stability in the face of inter annual weather variation.
In addition, these tools can help with other crop
selection criteria, including quality of food and feed,
source—sink relationships, pest and disease resistance,
plant—microbe interactions that reduce CH, and N,O
emissions, and postharvest storage (Newton ef al.,
2011). The idea that agriculture should mitigate climate
change is controversial because of the sector’s
importance for food security. But agriculture is
projected to be a major source of emissions. CSA
therefore prioritizes food security but also considers
the potential and costs of capturing mitigation benefits.
Mitigation is leveraged to support food security and
adaptation, rather than hampering or harnessing them.
For example, more efficient resource use in agricultural
pro-duction systems offers considerable potential for
increasing agricultural incomes and the resilience of rural
livelihoods while reducing the intensity of agricultural
emission. Increasing resource-use efficiency requires
evidence on which practices contribute most to
efficiency across heterogeneous agro-ecologies and
production systems, and the barriers to their adoption.
Improved livestock feeding practices illustrate these
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issues. Options for improved feeding can be identified
in different production systems, with potential to
increase returns and the resilience of producers. But
adoption rates of improved livestock feeding practices
have rarely exceeded (1%) per year. Accelerated
adoption could generate significant growth in livestock
productivity and incomes, and offers approximately
(7%) of global agricultural mitigation potential to 2030.
Barriers vary by system and location, but generally
involve institutional gaps and weaknesses; missing and
weak institutions also constitute a significant barrier to
adoption of sustainable land management practices that
enhance resilience.

Nitrogen management: agricultural production,
greenhouse gas mitigation, and adaptation

Agricultural lands make up approximately (37%) of
the global land surface, and agriculture is a significant
soutce of greenhouse gas (GHG) emissions, including
carbon dioxide (CO,), methane (CH,) and nitrous
oxide (N,O). Those GHGs are responsible for the
majority of the anthropogenic global warming effect.
Agricultural GHG emissions are associated with
agricultural soil management (e.g. tillage), use of both
synthetic and organic fertilisers, livestock management,
burning of fossil fuel for agricultural operations, and
burning of agricultural residues and land use change.
Climate smart agricultural management practices,
including conservation tillage, use of cover crops and
biochar application to agricultural fields, and strategic
application of synthetic and organic fertilisers have been
considered away to reduce GHG emission from
agriculture. Agricultural management practices can be
improved to decreasing disturbance to the soil by
decreasing the frequency and extent of cultivation as a
way to minimise soil C loss and/or to increase soil C
storage. Fertiliser nitrogen (N) use efficiency can be
improved to reduce fertilizer N application and N loss
(Prokopy et al., 2013). Cropping system diversification,
careful selection of crop rotations to reduce nutrient
loss, and improved soil organic matter content are
means by which to promote sustainable intensification.
Yet, this often involves a set of complex trade-offs
for producers and their livelihoods (Smith ez /, 2007),
emphasizing the need for a CSA strategy that involves
stakeholders from the beginning to develop viable
scenarios that include both mitigation and adaptation
to climate change. Enhanced-efficiency fertilizers

(EEFs), such as slow-release fertilizers or those
containing nitrification inhibitors and urease inhibitors,
hold potential to mitigate GHG emissions. Mitigating
GHG emissions through C sequestration depends on
the stability of soil C pools. Declining productivity in
the rice—wheat cropping systems of India’s Indo-
Gangetic plains has been attributed to reductions in
soil C (Singh and Kaur, 2012) found that, to combat
this, addition of NPK fertilizer during double-rotations
of rice led to increases in soil organic C stocks
compared to adding just N or N P alone (Mandal e#
al., 2008).. When compost was applied during rice
production, as much as (29%) of compost-derived C
was stabilized. This was attributed to high lignin and
polyphenol content in crop residue and compost and
also to the diminished soil C decomposition stemming
from anaerobic conditions due to soil submergence
under rice cultivation. Crop residue management
improves poor soil fertility through soil organic matter
accumulation, leading to reductions in soil N loss by
leaching and gaseous emissions; in many situations in
developing countries, however, crop residues are used
to feed animals, to provide fuel for cooking or are
turned into biochar (Smith e @/, 2013; Joseph ez al,
2014). Developers of mitigation strategies for
increasing soil C and decreasing N,O emissions have
to take into account the dynamics of crop residue,
tillage and nutrient management, along with climate, in
order to evaluate the efficacy of different practices
across locations (Hatfield ez a/, 2012).

Conservation Agriculture

Conservation agriculture includes practices such as
minimum mechanical soil disturbance, permanent
organic soil cover and crop rotation, all of which
typically increase soil C storage, especially when applied
in concert (FAO, 2014; Shaxson e a/., 2008) Reports
of conservation agriculture’s widespread adoption may
be overrated, though, because many farmers seem to
adopt technologies only while incentives are offered
and the project is actively supported, and then they
quickly return to their former crop management
practices once project support ceases (Giller ez al,
2009). Constraints to adoption include strong
competition for mulched crop residues for livestock
feeding, increased labour demand for weeding (which
often changes cultural gender divisions of agricultural
work) and lack of access to and/or use of herbicides
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and other inputs (Ndlovu e7 /., 2014). Although there
are some recognized factors that influence adoption
(for example, larger farm size and more education),
no universal variables seem to explain adoption
(Knowler and Bradshaw, 2007), leading some to
suggest that conservation farming may be successful

only under certain agroecological conditions (Giller ef
al., 2011).

Climate change

Climate change is a threat to agriculture production
around the world, especially for developing countries
and at lower latitudes. The impacts are starting to
accumulate: Climate change may have already
contributed to a (1%-2%) loss of crop yields per
decade in the past century (Zaman ez a/., 2021). Climate
change has already significantly impacted agriculture
(Lobell e al, 2011) and is expected to further impact
directly and indirectly food production. Increase of
mean temperature; changes in rain patterns; increased
variability both in temperature and rain patterns;
changes in water availability; the frequency and intensity
of ‘extreme events’; sea level rise and salinization;
perturbations in ecosystems, all will have profound
impacts on agriculture, forestry and fisheries (Gornall
et al., 2010; Thornton and Cramer, 2012). The impacts
of climate change will have major effects on
agricultural production, with a decrease of production
in certain areas and increased variability of production
to the extent that important changes may need to be
made in the geographic area where crops are cultivated.
Local impacts will bring global imbalances. Broadly
speaking, with everything else being equal, climate
change may lead to an increase in both crop and
livestock productivity in mid- to high latitudes (IPCC,
2007) and a decrease in tropical and subtropical areas.
Among the most affected areas are economically
vulnerable countries already food insecure and some
important food exporting countries. This will induce
significant changes in trade, impacting prices and the
situation of net food importing countries.
Consequently, climate change is expected to increase
the gap between developed and developing countries
as a result of more severe impacts in already vulnerable
developing regions, exacerbated by their relatively
lower technical and economical capacity to respond
to new threats (Padgham, 2009). Smallholders and
pastoralists will suffer complex, localized impacts.

According to the International Food Policy Research
Institute (IFPRI) (Nelson ez a/, 2010), it will cause an
increase of between 8.5 and 10.3 percent in the number
of malnourished children in all developing countries,
relative to scenarios without climate change. Rather than
being focused solely on climate-change constructs, such
vulnerability assessments also include changes in
CO, concentrations, GHG emission management, N
deposition, land use, and socioeconomic trends to
manage vulnerability. Unlike global trends, European
trends included moderate or no population increase,
little urbanization, increased forest area and decreasing
demand for agricultural land.

Soil carbon and Achieving Multifunctionality
through Mitigation and Adaptation

Soil resource degradation has led to loss of functions
and ecosystem services, such as water availability, water-
holding capacity, C storage, mitigation of GHG
emissions and sustained agricultural productivity (Lal
et al., 2013; Qadir e# al., 2013). Soil degradation limits
resilience to climate change and extreme events, such
as drought, and therefore impacts food security and
augments susceptibility to poverty, Better understanding
of the biophysical capacity of agricultural landscapes
to act as C sinks through capture and storage of
atmospheric CO, in soils and perennial vegetation leads
to strategic design and operational management for
both mitigation and adaptation actions (Cochard, 2013).
Towards more efficient and resilient systems most of
the GHG emissions of the agricultural sector are
directly driven by the use of resources: new land being
deforested or turned from grassland to crop land,
tertilizers, livestock, energy. Increasing efficiency in the
use of resources (i.e. producing more of a given output
using less of a given input) is thus key to reducing
emissions intensity per kilo of output. It is also key to
improve food security, especially in resource scarce
areas. Increasing efficiency in the use of resources is
also one of the driving principles of CSA. GHG
emissions from agriculture are linked to its use of
resources. Three production factors have an important
influence on total agricultural GHG emissions: (i) area,
since converting land into cultivations would require
either deforestation or grasslands being converted to
croplands, which would induce higher CO, emissions;
(ii) fertilizers, whose production is an important source
of CO, and which at the field level translate into nitrous
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oxide emissions; and (iii) livestock, which is an
important source of methane and nitrous oxide
emissions. Physical capital, such as buildings and
machines are also a factor, both directly by energy use
and indirectly by their production. Everything else being
equal, increasing the efficiency in the use of one of
these production factors decreases the emissions
intensity of output. As irrigation often demands
considerable energy, water efficiency is another key
factor for increasing production, adapting to climate
change and reducing emissions.

CONCLUSION

Addressing food security and climate change challenges
has to be done in an integrated manner. To increase
food production and to reduce emissions intensity,
contributing to mitigate climate change, food systems
have to be more efficient in the use of resources. To
ensure food security and adapt to climate change they
have to become more resilient. This has to happen
globally, worldwide and everywhere. Increased
efficiency in one part of the world provides food and
income where it takes place but it also provides more
food, globally and thus can provide food elsewhere
and reduce its cost, globally. With increased risks,
increasing resilience of the worldwide food system also
means that efficiency and resilience have to be
improved everywhere, so as to spread risk. Therefore,
CSA is a dynamic approach that concerns all farmers,
all over the wotld to meet the present challenges of
food security, green-house gases emission and
mitigating climate change.
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ABSTRACT

The goal of the study was to examine the challenges faced by respondents after adopting paddy straw
management technologies. The reasons for the non-adoption of these technologies were also studied. The
research was carried out in the Bathinda district, which falls under the south-western region of Punjab.
Adopters of the different paddy straw management technologies viz. happy seeder, mulcher, and chopper-
cum-spreader, experienced an increase in rodent and insect pest attack on their succeeding crops. The sowing
operation, done with a happy seeder and a super straw management system, was hindered by leftover residue
of previous crop in the fields, reported by 90 and 78 percent, respectively. The baler was not available to the
majority of farmers at the appropriate time. Rent was paid for hiring the super straw management system,
baler, and chopper-cum-spreader, which increased production costs, as reported by 64, 61, and 48 percent of
the adopters, respectively. Eighty-seven percent of non-adopters of Happy Seeder claimed that wheat straw
yield had decreased due to germination issues. All the respondents wanted to use a baler but couldn’t adopt
it because of a lack of technology at the right time. Due to a lack of skilled manpower, about 60 percent of
respondents did not adopt mulchers, as after managing paddy straw with them, sowing of the next crop was
done by broadcasting. Ninety-three percent of non-adopters didn’t adopt a combine equipped with a super
straw management system because more shattering of grains occurs in the field. All the non-adopter
respondents reported that there was difficulty in sowing operations due to residue in fields when

managing straw with a super straw management system.

Keywords: Management, Paddy, Problems, Straw, Technology

INTRODUCTION to a lack of skilled laborers and a slew of other costs.
The agriculture industry is India’s economic backbone Paddy stubbles that can’t be uprooted.by combine
. harvesters are left on the farms, causing farmers’
(Sunder, 2018). Agriculture employs over 43 petrcent , ] i
of Tndia’s population. Agriculture, along with food troubles, and they’ve realized that burning paddy straw

grain production, also produces crop residue. Cereal is the quickest way to deal with them. Farmers want to

crop residue accounts for 70 per cent of total clear fields so that they can plant another crop. Because

agricultural residue production. Paddy accounts for 51
to 57 percent of total cereal crop residues. Paddy
residue management is a key barrier to paddy farming
in north-west India, that is, Punjab, Haryana, and Uttar
Pradesh compost (Lohan ¢ al.,, 2018).

Crop tesidue has become a serious impediment
in agriculture as a result of agricultural mechanization
(Sood, 2015). Agriculture was forced to mechanize due

*Corresponding author email id: dhaliwala290@gmail.com

there is a shorter gap between paddy harvest and wheat
sowing, residue burning is used to keep the farm clean.
Farmers are not able to employ any other management
measures since managing the straw takes time and causes
the wheat sowing procedure to be hindered (Amir and
Aslam, 1992).

Burning of crop residue in fields releases not only

greenhouse gases and particulates, but also leads to the
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loss of necessary nutrients required for plant growth,
resulting in economic losses (Lohan ez a/, 2018).

To resolve these concerns, experts developed a
variety of paddy straw management options (Verma,
2014). Paddy straw confinement in situ aids in the
restoration of organic matter and soil nutrients. Paddy
residue can be managed in-situ with the aid of a happy
seeder (Sidhu ez 4/, 2015). Paddy straw conservation,
rather than burning, is likely to be advantageous for
biogas production. Paddy straw bio-ethanol is created
by processing paddy straw, while traditional ethanol is
made from fruits. The ash that remains after paddy
straw is utilised for energy generation is used in the
construction sector (Athira ez al.,, 2019).

Residue burning has just become harmful, posing
a threat to human life, soil, and air. Yet, after the advent
of a range of paddy straw management technologies,
it was found in southwestern Punjab that different
paddy straw management technologies were adopted
by a lower number of farmers. Kaur 2020 found that
about thirty and three percent of farmers used a happy
seeder and a chopper-cum-spreader, respectively, out
of the total number of respondents in the study.
Farmers who cultivated wheat after managing paddy
straw in an eco-friendly manner noticed a loss in
production of up to 4 quintals per acre and pesticides
were used more frequently as a result of the increased
insect-pest attack (Athira ez al, 2019). There seem to
be a number of reasons why environmentally friendly
paddy straw management is not widely used by
farmers. The current study was executed to examine
the reasons behind the non-adoption of these
technologies and what problems are confronted by
farmers after the adoption of these technologies.

MATERIALS AND METHODS

The study was carried out in Punjab state. As per a
report done by Punjab Agricultural University in 2018,
the maximum amount of paddy straw was burned in
Punjab’s South-Western regions. Bathinda district was
selected for the study because it had the highest number
of paddy straw burning incidences among Punjab’s
south-western districts (Mahal ez 2/ 2019). All nine
blocks of the Bathinda district were selected for the
study. For the study, one village was randomly selected
from each block, making a total of nine villages

randomly selected from the Bathinda district. As a
result, the sample included nine villages, viz., Bibi Wala,
Balahar Mehma, Bhagibandar, Sangat Kalan, Sukha
Singh Wala, Bhagta, Rampura, Phul, and Jassi Pauwali.
A total of 15 farmers were picked at random from
each of the nine villages. A total of 135 farmers were
selected from the 9 villages. Personal interviews with
respondents were used to obtain data. More
investigative questions were asked of the respondents
in order to make them aware of the various parameters
under investigation. Data was collected using adequate
precautions in order to obtain an unbiased answer from
the respondents. Comprehensive discussions with
respondents were held with the goal of conducting a
thorough investigation. The data was compiled by
converting it to a computer-based spreadsheet and
analysing it with statistical software. The data was
analysed using frequency and percentage.

RESULT AND DISCUSSION

Table 1 demonstrates the various issues raised by
adopters in the adoption of various technologies for
the management of paddy straw. All the adopters of
the Happy Seeder stated that a higher horsepower
tractor was needed for the work of the happy seeder,
but it was not readily accessible to the respondents.
When wheat was sown using a happy seeder, all the
adopters also experienced an increase in rodent
problems, insect pest attacks, and poor plant
germination, which resulted in a decline in wheat straw.
Approximately 91 per cent of them experienced
yellowing of wheat plants during the germination stage,
as well as difficulties in sowing due to the presence of
stubble in the fields. The results are supported by the
tinding of Roy (2015), stated that management issues
were a prominent issue for adopters.

Only fifty-four percent of respondents adopted
super straw management technology. Overall,
respondents that adopted the super straw management
system mentioned that this resulted in higher grain loss
while harvesting because of the shattering of grains,
lowering crop yield. Seventy-seven percent of adopters
said straw was unevenly distributed on farms, causing
problems such as drill machines choking while sowing.
When comparing combines with and without a super
straw management system, 64.20 percent of adopters
stated that combines with a super straw management
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Table 1: Distribution of adopters according to the
problems confronted by adopters of different paddy straw
management technologies

Problems F %
Happy seeder (n=43)

Requirement of higher horsepower tractor 43 100
Poor germination 43 100
More attack of rodents 43 100
Stubble interface in sowing operation 39 90.22
Insect-pest attack 43 100
Yellowing at seedling stage 39 9022
Baler (n=31)

Non Availability at proper time 31 100
High rent of baler 19  61.29
Super straw management system (n=54)

More grain loss due to shattering 54 100
High rent 35 6420
Uneven spreading of straw 42 7778
Mulcher (n=9)

Costly 4 4445
Non-Availability 7 7178
More attack of Rodents 9 100
More Insect-pest attack 9 100
Working not properly on wet straw 9 100
Chopper-cum-spreader(n=>5)

More cost of production 2 4846
Non-Availability 4 80.00
More attack of Rodents in subsequent crop 5 89.23
More Insect-pest attack in subsequent crop 3 60.00
High maintenance cost due to frequentwear 4 80.00

and tear of blades

(Multiple response*)

system required more rent. Out of 135 respondents,
thirty-one of them adopted a baler for managing paddy
straw. The main concern for adopters of the baler was
its lack of availability at the proper time. More than
half of the adopters reported a higher cost of
production as a result of the rent they paid.

Only 9 respondents adopted mulcher for managing
paddy straw in an eco-friendly manner. All the
respondents who adopted mulchers had a severe
problem due to rats and insect pests, and they didn’t
use mulchers when the straw had been wet. The
majority of adopters of mulchers also stated that

machinery was unavailable, causing sowing operations
to be delayed. Approximately 45 per cent of adopters
noticed a spike in production costs due to rent paid
for machines and additional insecticide and pesticide
costs.

Out of 135 respondents, only five of them adopted
the chopper-cum-spreader. Respondents who used the
chopper-cum-spreader reported more rodent attacks
on the crop that followed. Sixty percent of them also
reported an increase in insect pest attacks on the
following crop. About half of them said it was too
expensive and that the cost of production had
increased. About eighty percent of adopters said that
since straw was moist, the blades became dull and did
not perform correctly, sowing operations had
been delayed, and blade maintenance was more
frequently requited.

The information in Table 2 indicates that there have
been a number of reasons why respondents have not
adopted paddy straw management technologies despite
knowing about them. After receiving complete
information about the happy seeder, ninety-two
respondents did not adopt this technology. All the non-
adopters of happy seeder decided not to go for it due
to increased production costs after adopting it.
Approximately 87 percent of respondents did not use
it due to poor plant germination, resulting in a decrease
in wheat straw yield when sowing in standing stubbles
with a happy seeder, though yield was also reduced in
the first years. Due to increased rodent and insect pest
attacks on crops, majority of respondents did not
adopt it.

Out of 135 respondents, 104 respondents didn’t
adopt baler. The non-adopters of baler didn’t adopt
it because of its non-availability at the proper time.
Fifty-six respondents had thorough information on
mulchers; however, twenty-one of these did not use
them since the cost of production increased during
adoption. Because of increased insect-pest attacks on
crops, 86 percent of non-adopters didn’t adopt it. This
was not adopted by around 72 per cent of non-
adopters due to a lack of availability. The lack of skilled
labour, which has been required for handling paddy
straw with a mulcher and broadcasting seed on the
farms, was also a major hurdle, according to 58 per
cent of non-adopters. The non-adoption of the super
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Table 2: Distribution of respondents according to reasons
for the non-adoption of paddy straw management
technologies

Reasons F %

Happy seeder (n=92)

Attack of rodents 85 92.39
Decrease in wheat straw production 80 86.95
Decrease in yield during initial years 80 86.95
More insect-pest attack 85 9239
More cost of production 92 100
Baler (n=104)

Non-availability of machines 104 100
Mulcher (n=21)

Non-availability of machines 15 71.42
More insect-pest attack 18 85.71
More cost of production 21 100

Non-availability of skilled labor to operate 12 57.14

Super straw management system (n=81)

Decrease in yield due to shattering 75 92.59
More insect-pest attack 69 85.18
Difficulty in sowing due to uneven spreading 81 100

of straw

More rent paid 81  100.

Chopper-cum-spreader (n=34)

Non-availability of machines 25 73.52
More insect-pest attack 32 9412
More cost of production 34 100

Delayed in sowing operation 32 9412

straw management system by eighty-one respondents
was due to difficulties in sowing operations because
of uneven straw distribution, and rent was higher on
combines to which the super straw management system
was connected. This was not adopted by around 93
percent of the non-adopters due to a reduction in crop
yield due to the shattering of grains during harvesting,
Due to increased insect pest infestations, more than 85
percent of non-adopters did not use this technique.
Sixty-eight respondents were aware of the chopper-
cum-spreader, but thirty-four of them did not use it,
resulting in increased production costs. About ninety-
four percent did not utilise a chopper-cum-spreader
due to increased insect-pest attacks. The sowing
operation was also delayed due to the time required

to chop straw rather than burn it. Seventy-four percent
of non-adopters did not use a chopper-cum-spreader
because it was not available at the proper time.

CONCLUSION

To manage paddy straw, different technologies ate
available among the farmers. Farmers are facing some
problems after the adoption of these technologies, like
increasing the attack of insect-pest and rodent
problems. Due to the non-availability of some
technology like balers, farmers are not able to manage
paddy straw eco-friendly because of the delay in
sowing of succeeding crop rent paid by farmers for
the use of this technology, which increases the cost of
production for farmers. Due to the decrease in yield
and straw of the wheat crop after managing paddy
straw with happy seeder and super straw management
technologies, some farmers do not adopt these
technologies. There is a need to resolve these problems
through proper research. This will help to increase the
adoption of these paddy straw management
technologies.
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ABSTRACT

The consumption of gluten causes self-perpetuating damage to the intestinal mucosal and diarrhoea leads to

celiac disease. Therefore the present study was conducted to test the suitability of soy and maize flour in

developing low gluten instant mathri mix. The mix prepared with the ratio of 30:45:25 respectively of refined

wheat flour: maize flour: soy flour was found best with excellent sensory qualities. Hunter colour analysis of

mathri showed decreased in L-value with supplementation of different flours to mix and simultaneously

increase in 2* and b* values. The gluten per centage was found to be lowest (2.31/100g) in improved mathri

as compared to control. Polypropylene was found to be the best as compared to low density polyethylene for

storage of baked mathri up to 60 days. It can be concluded that replacement of refined wheat flour with full

fat soy and maize flour resulted reduced gluten content and enhanced nutritional composition in terms of

fibre, protein, ash, minerals, fat compared to traditional recipe which could help to alleviate the problem of

patients suffering from celiac diseases.

Keywords: Fortified, Gluten content, Maize-soy blends, Polypropylene, Mathri, Protein

INTRODUCTION

Mathri is a popular deep fat fried Indian snack
traditionally prepared from refined wheat flour (maida)
containing gluten protein. It has vatious side effects
and disadvantages and also known as slow poison. It
spikes sugar levels because it has very high glycaemic
index. Maida also leads to peptic ulcer and gall bladder
disease. In recent years, the impressive rise of Celiac
Disease incidence, dramatically prompted changes in
the dietary habit of an increasingly large population,
with a rise in demand of low gluten product. Soybean
protein provides all the nine essential amino acids in
the amounts needed for human health. Fortification
of cereals with soy will not only improve protein
quantity but also improve the quality of food nutrients
such as amino acid balance. Maize (Zea mays) is one of
the most important cereal crops of the world. In India,
maize is emerging as third most important crop after
rice and wheat. Maize with its high content of
carbohydrates, fats, proteins, some of the important

vitamins and minerals, acquired a well-deserved
reputation as a ‘poor man’s nutri-cereal. Keeping in
view, the present investigation was undertaken to
develop low gluten mathri mix by replacing maida with
soy and maize flour, and analysing its various quality
patameters.

MATERIALS AND METHODS

Food commodities: Maida (Refined wheat flour),
Soybean (Glycine max), Maize (Zea mays) flour, were
procured from the local market of Adhartal, Jabalpur.

Preparation of full fat soy flour: Soybean grains
were thoroughly cleaned to remove the dust and other
foreign materials. The cleaned grains were soaked in
water for 6-8 hours and boiled for 20 minutes to
remove the beany flavour and as well as to enhance
casy dehulling. The autoclaved beans were cooled and
dried at 60°C for about 24 hours. The dried beans
were milled to make fine flour and sieved through
80—100 mesh sieves (Ajibola and Filani, 2015).

*Corresponding author email id: kanak.saxena@aisectuniversity.ac.in
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Drying of spices: The fresh leaves of fenugreek were
washed under tap water and dried in hot air oven at
65°C for 6-7hrs.

Sensory evaluation of products: The sensory quality
characteristics of the products such as colour and
appearance, taste, texture, flavour, after taste and overall
acceptability were evaluated by panel of 15 trained
judges using nine point hedonic scales as desctibed by
Amerine ez al. (1965).

Physical properties

Hunter colour measurement: Colour measurement of
different instant baked mathri mixes as well as mathri
prepared from it was done by using a Hunter colour
measuring system and expressed in terms of L*, a*,
b*, according to the CIE method (1976). L* represents
the brightness from white (100) to black (0). Red to
green colour component was indicated by the a* values
and yellow to blue colour components were indicated
by the b* values.

Proximate composition of baked mathri: The moisture
content of the sample was determined by the using
moisture meter, protein content by conventional Micro-
Kjeldhal digestion and distillation procedure as given
in AOAC (1992) using pelican’s kel plus digestion and
distillation assembly. The fat, ash and crude fibre
content of the sample was determined by the
procedure as described in AOAC (1992) using Sox plus
automatic fat analysis system, Muffle furnace &
automatic fibre analysis system (Make- Pelican)
respectively. Total carbohydrate was estimated by
subtracting the sum of moisture, protein, fat, ash and
crude fibre from 100 (Merrill and Watt, 1973). The
total energy value (kcal) was calculated by using the
Atwater factor method [(9 x fat) + (4 x carbohydrate)
+ (4 x protein)| as described by Nwabueze (2007).
Mineral contents of different mathri mixes were
obtained by calculation using table values (Gopalan ef
al., 1996).

Functional properties of mathri

Water and fat absorption capacities: Water and fat absorption

capacities of the mathri samples were determined by
Sosulski ez al. (1962) and Sosulski e a/. (1976). method.

Storage studies: The storage stability of instant mathi was
carried out using low density polyethylene (LDPE) and

Polypropylene (PP) pouches for a period of 2 months
at ambient conditions. All samples were drawn
periodically after 0, 30, 60 days and analysed for sensory
qualities, moisture, free fatty acid and peroxide value.

Free Farty Acid (FEA) and Peroxide Value (P1): Free fatty
acid was determined as per the method of AOAC
(1992). And Peroxide value in stored samples was
estimated by the method of Ranganna (1980).

Statistical analysis: The data obtained from various
experiments were statistically analyzed. A complete
randomized design was adopted for statistical analysis
of data by following the procedure as described by
Panse and Sukhatme (1963)

RESULT AND DISCUSSION

A number of trials were conducted by taking varying
refined wheat flour (maida), maize flour along with
full fat soy flour keeping ajwain and dried methi leaves
level constant with salt to taste, hot oil/ghee and
lukewarm water. Accordingly mathri were prepared
using earlier mentioned basic recipe for mathri with
30-50 per cent refined wheat flour, 40-45 per cent
maize flour with 10-25 per cent full fat soy flour.
Control mathri was prepared with (100g) refined
wheat flour, salt (2g), ajwain (2g) and (1g) dried methi
leaves were added. In the primary sensory evaluation
test baked mathri were prepared from different
formulations and were evaluated by panelists. The score
for the products with 30-50 per cent refined wheat
flour, 10-25 per cent soy flour and 40-45 per cent maize
tlour were highest in terms of all sensory attributes.
Panelists recommended preparation of mathri with
sieved maize flour but without baking soda. Panelists
suggested that the 15ml oil, 1.5g salt, 2g ajwain and 1g
dried methi leaves for baked mathri must be added
for softness, good taste and texture (Table 1).

Four variations of value added instant baked mathri
were formulated by using the selected ingredients. For
choosing the best variation amongst four product of
all the variations was prepared and it was evaluated
for it’s sensorial attributes against basic recipe. The mean
scores of different combinations (MB4) ranged from
colour and appearance (8.80), taste (8.00), flavour (8.60),
texture (8.40), and overall acceptability (8.45) as
compared to other modified combinations. In present
study deep-fat fried/baked snacks showed only minor
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Table 1: Sensory attributes of baked mathri

Formulations Colour and Flavor Texture Taste Overall
Appearance acceptability

MB1 8.76 8.60 8.60 8.40 8.59
MB2 8.60 7.86 7.50 7.70 791
MB3 8.54 7.72 7.00 7.52 7.69
MB4 8.80 8.60 8.40 8.00 8.45
SEM * 0.029 0.073 0.057 0.129 0.065
CDat5% 0.092 0.230 0.181 0.408 0.206

variation in brightness, redness and yellowness values
at different levels of soy/maize Gour incorporation.
Similar results are reported by Senthil ez a/. (2002) with
regards to soy flour incorporation. The crisper texture
in the products with added fat enhanced the
acceptability scores. The similar result reported by
Geetalakshmi and Prakash (2000).

Proximate content of baked mathri are presented
in Table 2. Moisture content varied from 4.17 to 4.89
per cent, protein content 10.80 to 18.50 per cent, fat
22 to 31.4 per cent, catbohydrate 60.19 to 42.55 per
cent, crude fiber 0.82 to 1.98 per cent, ash 1.3 to2.21
pet cent, energy value 481.96 to 525.2 Kcal/100 g, in
all baked mathri. The data from revealed about the
significant increase in protein, fiber, ash contents, energy
value and decrease carbohydrates in baked mathrti as
compared to control. The decreased level of
carbohydrate with increased level of soy flour

highest value of lightness (65.24) was obtained from
MB1 followed by MB2 (56.74) and MB4 (55.40) while
the lowest value (54.50) was obtained from MB3. The
highest a & b values of mathri (12.82) (34.69) obtained
from MB4 and lowest from MB1 (3.75) (24.68)
formulation respect (Table 3 & 4).

Table 3: Physical attributes of baked mathri

Formulations Hunter Colour Analysis

L a b
MB1 65.24 3.75 24.68
MB2 56.74 8.43 32.04
MB3 54.50 10.96 32.11
MB4 55.40 12.82 34.69

Table 4: Functional attributes of baked mathri

F lati Water ab ti Fatab ti
substitution supporting the claims of Akpapunam ormuiations aterabsorption  Fatabsotption
i ° ) capacity capacity
(1997). Maize flour has higher content of ash, moisture,
. : _ C (ml/100 g) (ml/100g)
fats and dietary fibre which explains the slight increases
. — L MBI1 256 165
in these components with increased substitution
(Whistler et al., 1984; Potter and Hotchkiss, 1985). MB2 210 180
_ _ _ MB3 268 186
Colc?ur is one of the most important factoT:s in MBA4 257 213
the quality of baked products. In baked mathri the
Table 2: Proximate analysis of baked mathri
Formulations Moisture Protein Fat Carbohydrate Crude Fiber  Ash Energy value
%) %) %) %) %) %) (kel)
MB1 4.89 10.80 22 60.19 0.82 13 481.96
MB2 417 14.48 27.6 50.62 1.60 1.53 508.8
MB3 3.58 18.60 31.4 42.55 1.80 2.07 525.2
MB4 417 18.50 26.4 46.74 1.98 2.21 498.56
SEM=* 0.057 0.083 0.05 0.081 0.117 0.066 0.623
CD at 5% 0.187 0.262 0.070 0.257 0.371 0.210 0.196
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All experimental material evaluated for water
absorption capacity and fat absorption capacity. The
highest value of WAC in baked mathri mix attained by
MB2 (Table 5). While in baked mathri the WAC ranged
from 256 to 270 ml/100g with the combination MB1
and MB4 respectively. The value of fat absorption
capacity of soy-maize based baked mathri was found
to be higher in MB4 (213ml/100g) followed by MB3,
MB2 and MB1 formulations. The FAC also makes the
flour suitable in facilitating enhancement in flavour and
mouth feel when used in food preparation (Chandra
and Samsher, 2013). MB4 formulation record highest
value. Increase in fat absorption capacity may be due
the addition of soy/maize flour in instant mathti mix.
The similar value was reported by Nath and Rao (1981)
for soya meal and higher value reported by Tasneem
etal. (1982) with regard to soya flour. Water absorption
capacity was increased due to addition of soy flour.
Similar findings were reported by Dhawan (1998),
Senthil ez al. (2002) and Abioye ez al. (2011) with regards
to soy flour incorporation.

Results indicated that the significant increase was
observed in moisture content of the baked mathri
during storage in both the packaging materials. The
data revealed that moisture content of baked mathri
had an initial value of 4.17 per cent which was increased
gradually up to 6.60 for PIMB4 packed in LADP. The
moisture content of baked mathri P2MB4 found to

Table 5: Shelf life of baked mathri

be 4.17 at initial further increased up to 6.20. The
peroxide value of the product at the end of the storage
petiod found to be increased from initial 1.62meq/kg
to 2.08 meq /kg for PIMB4. The PV of the baked
mathri ranged from 1.62 to 2.00 (P2MB4). Overall
acceptability of all baked mathri was slightly decreased
with increase in storage period. The overall acceptability
of the product at the end of the storage period found
to be decreased from initial 8.82 to 8.35 for PIMB4.
Formulation MB4 (baked mathri) packed in
polypropylene (P2MF4) exhibited the highest
acceptability (8.68) up to the end of storage at 60 days.
The value of free fatty acid observed in control sample
was 0.90 to 1.05 (P1MB4). The initial value of baked
mathri was 0.90 increased up to 1.01 (P2MB4).
Thus, peroxide value is a measure of oxidation during
storage and the freshness of lipid matrix. So, greater
the PV, the more will be the rate of oxidation of the
oil (Atinafu and Bedemo, 2011). Increasing trends of
free fatty acid content on storage for wheat flour
cookies were also reported by Nagi ¢f a/. (2012).

CONCLUSION

Substitution of refined wheat flour with full fat soy
flour and maize flour at levels of 25 and 45 per cent
respectively resulted reduced gluten content and
enhanced nutritional composition in terms of fiber,
protein, ash, minerals, fat compared to traditional recipe.
The modified baked mathri comparatively with low

Parameters Formulations 0 days 30 days 60 days
Moisture Content (%o) P1MB1 4.89 5.90 6.30
P2MB1 4.89 5.70 6.00
P1IMB4 4.17 5.40 6.60
P2MB4 4.17 5.20 6.20
FFA (% oleic acid) P1IMB1 0.89 0.92 0.96
P2MB1 0.89 0.90 0.93
P1IMB4 0.90 0.96 1.05
P2MB4 0.90 0.92 1.01
PV(Meq. of O,/kg fat) P1IMB1 298 3.20 3.50
P2MB2 2.98 2.82 2.92
P1MB4 1.62 1.90 2.08
P2MB4 1.62 1.85 2.00
OAA P1IMB1 8.80 8.60 8.55
P2MB1 8.80 8.70 8.65
P2MB4 8.82 8.62 8.53
P2MB4 8.82 8.73 8.08
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fat is much better option than traditional fried mathri
in terms of health aspects. The reduction of gluten
content of mathri with the addition of soy and maize
flour could help to alleviate the problem of patients
suffering from celiac diseases.
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ABSTRACT

Green manuring is a way for sustainable agriculture under present intensive cropping system. It helps to
improve overall soil health. The survey was conducted during rabi season 2019, on farmers practicing green
manuring in Punjab, India to understand the status, economic benefits, ease of access and complexity,
recommended practices (POP) followed and reasons for the non-adoption of recommended practices. It was
found that green manuring was practised since the year 2000 among surveyed farmers. Fellow farmers, friends
and Punjab Agricultural University were the major source of information regarding this practice. On an
average about half (51.21%) of the total operational land holding of sampled farmers was under green
manuring. Seeds of green manuring crops were easily available and this was a simple practice as perceived by
all the farmers. Input expenditure was increased after practicing green manuring, There was a negative change
in net income as reported by the farmers. Almost all other recommended practices were followed by majority
of the respondents. Majority of the respondents were willing to continue green manuring in coming years.
The findings will be of great utility in formulating the relevant policies and programmes in more efficient way
to boost the promotion and adoption of green manuring practice which ultimately leads to improve soil
health.

Keywords: Green manuring, Nutrient management, Organic farming, Soil conservation, Sustainable farming

INTRODUCTION intensive cropping system is no more sustainable in

) . Punjab (Dhillon ez a/, 2011). In recent years the negative
Indian agriculture has come a long way from shortage ) .
. . . consequences of such practices are becoming more
of food grains supplies to attainment of self-

sufficiency in food. Indian agricultural production evident in the Punjab. The new challenges demand

growth has been able to keep pace with population eff%clent resource use by ado.ptlng conservation
agriculture (CA) to meet emerging needs (Bhatt and
Arora, 2019; Long, ez al.,, 1998). To achieve sustainability,

available inputs and natural resources must be used

demand for food in the country mainly due to adoption
of modern technologies inducing yield growth,

followed by area expansion (Hobbs and Mortis,1996).

e . . most efficiently with minimal damage to the
Punjab is one of the most fertile regions on the earth. y 8

It is called bread-basket of India. The state of Punjab environment (Ramesh e a/, 2016). Efficient inputs use

contributed 31 per cent of wheat and 38 pet cent of can be achieved by assessment of available inputs and

rice to central pool during the year 2017-18 conservation against possible losses, integrated use of

inputs, maximizing input use efficiency by developing

(Government of Punjab, 2018). The major contributing
suitable technologies/practices (Dhillon e @/, 2011).

factors to grain production include use of fertilizers,

better irrigation facilities and high yielding variety crops. CA has emetged as a way for sustainable intensive crop

High use of fertilizers direct great pressure on the production system which primarily focuses on resource

ecological system of the Punjab state, leading to soil savings through minimal tillage, ensuring soil nutrients

resources detetioration and environmental pollution and moisture conservation through crop residues and

from farm chemicals (Krishan eza/, 2014). The present ~ 8rOWth of cover crops and adoption of spatial and
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temporal crop sequencing (Bhan and Behera, 2014).
Green manuring is one of the traditional but effective
ways of increasing and maintaining the fertility of the
soils at a relatively low cost while sustaining agriculture
(Singh, et al, 2019). The adoption of such resource
conservation practices is expected to yield benefits to
the farmers in terms of reduced losses due to soil
erosion, saving of soil health, increased productivity
and water-use efficiency, increased nutrient-use efficiency
and adoption of new crop rotations (Singh ez al,, 2011).
So, it is considered imperative to recognize the current
status of green manuring in terms of farmer’s
perception and how far this practice have been adopted
by the farmers in the state. To find answers to these
questions the present study was undertaken. The
findings of the present study will be of great utility to
agricultural planners, educators and administrators in
general in formulating the relevant policies and
programmes on the basis of which, the right
programmes for promotion and adoption of green
manuring can be planned and implemented in a more
efficient way so that maximum number of farmers
could be benefitted.

MATERIALS AND METHODS

The study was conducted in Punjab state of India. For
the selection of respondents two stage cluster sampling
design was used. Data regarding area under green
manuring were procured from the Punjab State
Department of Agriculture & Farmers Welfare.
Clusters for green manuring were identified with the
help of procured data. Number of clusters identified
was 14 (G1 to G14). Out of these identified clusters,
four clusters were selected randomly. The selected
clusters (G6, G10, G7 and G12) for green manuring
were spread over Hoshiarpur, Ludhiana, Ferozepur
and Sangrur districts. At the second stage of sampling
design, 50 farmers who adopted were selected using
probability proportional to number of farmers in each
cluster. Green manuring for the present investigation
was studied in terms of area under green manuring,
economic benefits of green manuring, ease of access
of seeds, complexity and package of practices
followed by the respondents in adoption of green
manuring. The area under green manuring during 2018-
19 was considered for the present study. It was
measured in terms of proportion of area under green

manuring to the total operational landholding,.
Respondents were categorised into three categories i.e.
low (5-36%), medium (37-68%) and high (69-100%)
using range method of categorization.

Economic benefits were operationalized in terms
of increase in yield, decrease in expenditure on inputs
used, increase in income, improvement in soil health as
an outcome of use of green manuring. Increase in yield
was operationalized as per cent change in crop yield
while practicing green manuring. It was measured in
terms of per cent increase/dectease in yield obtained
by practicing green manuring as compared to no green
manuring, Expenditure was operationalized in terms
of total amount (Rs./hectare) saved on inputs (vatiable
costs only) after the adoption of green manuring as
compared to no green manuring. Increase in income
was operationalized in terms of per cent change in
income while practicing green manuring. It was
measured as a difference between per hectare net
income obtained after practicing green manuring in
comparison to no green manuring over variable costs.
Further, improvement in soil health was measured in
terms of improvement in soil structure and organic
matter due to use of green manuring as perceived by
farmers. Complexity is defined as degree to which the
green manuring is perceived as difficult to understand
and practice. It was classified into three categories; more
complex, less complex and simple. The primary data
were collected with help of interview schedule by
personal interview method during rab:i season (2019)
for the crop year 2018-19. After completion of data
collection process, collected data were further entered,
classified and analyzed on computer-based spreadsheet
software in order to reach on final results, discussion
and conclusion. Statistical tools such as frequencies,
percentage, mean and standard deviation were used
for the analysis of data.

RESULTS AND DISCUSSION

Source of information is a one of the important
components of diffusion process as innovation is first
exposed to the social system through different
communication channels. 38 per cent of the respondents
got information regarding green manuring from their
friends followed by 26 per cent of the respondents
who got information about green manuring from
fellow farmers (Figure 1).
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Figure 1: Distribution of respondents on the basis of
first source of information regarding green manuring

It was found that green manuring was practised
since 2000. In 2010, twenty per cent of the respondents
started green manuring technology. No respondent had
started green manuring in 2018 as green manuring
practice was already adopted by the respondents
(Figure 2). Almost none of the respondent had attended
any kind of training regarding green manuring.

Area under any technology/practice is one of the
indicators to observe its extent of adoption. It mainly
depends on its attributes i.e. complexity, observability,
trialability, relative advantage, etc. Regarding green
manuring, 58 per cent of the respondents had adopted
this practice on 2 to 4 hectares of their farm. About
one fourth (26%) of the respondents grown green
manuring crop on less than 2 hectares of land (Figure
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Figure 2: Distribution of respondents on the basis of
year of start of green manuring

3). Only 16 per cent of the respondents grow green
manuring crop on more than 4 hectares of their land.
The average area under green manuring crop was 3.56
hectare. About half (46%) of the respondents practised
green manuring on 33 to 66 per cent of their land on
the basis of percent area covered. On an average
respondent practised green manuring on 51.21 per cent

area of total operational land.

In adoption process, ease of availability of a
technology directly affects its adoption. Regarding
green manuring, majority of the respondents (80%)
easily availed seeds of green manuring crop. It was
due to the reason that the seeds of green manuring
crop were easily available with agriculture development
officers at a subsidized rate. Motreover, there are
numerous private seed firms where respondents can

easily get seeds of green manuring crops. Reason behind
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Figure 3: Area under green manuring
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non-availability of seed (20%) was less and late supply
of seed from concerned departments as reported by
the respondents. All the respondents who adopted green
manuring perceived it as simple farm practice due to

its easy cultivation.

It was evident that a large majority of the
respondents (92%) perceived green manuring was
helpful in improving soil structure as well as soil organic
matter. Results are in line with Dubey ef 2/ (2015),
Nayak and Vaidya (2018) and Sinha ez a/. (2019).

Change in yield was calculated as difference
between yield obtained by using green manuring against
no green manuring. Survey revealed that majority of
the respondents (76%) observed no change in yield of
wheat crop with adoption of green manuring (Figure
4). About one fourth (24%) of the respondents noticed
an increase in yield of wheat crop ranging from 3.57
to 18.75 per cent as compared to wheat yield obtained

90.00

30.00 76.00 /8:00

B Wheat
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30.00 2400 5500

20.00

10.00

0.00

Increase Constant

Figure 4: Distribution of respondents on the basis of
change in yield with the adoption of green manuring

without green manuring. An overall per cent change in
yield of wheat crop was 1.73 due to green manuring.

In case of rice crop, majority of the respondents
(78%) did not observe any change in yield while
practicing green manuring. On the other hand, 22 per
cent of the respondents noticed an increase in yield of
rice ranging from 2.50 to 11.11 per cent as compared
to rice yield obtained without green manuring. On an
overall, rice yield was increased by 1.07 per cent with
green manuring. These findings are in accordance to
Meena ez al. (2018). The increase in yield was due to an
increase in organic matter and soil humus, improved
soil structure and readily available nutrients to the next
crop as a result of green manuring.

On an average Rs. 4715.95 per hectare were spent
on inputs used while practising green manuring. This
was the extra farm expenditure for the respondents.
The findings are not in line with Kurnar e a/. (2017).

With the adoption of green manuring, there was a
negative change in net income of Rs 793.75 per
hectare/year. These results are in conformity with those
reported by Kumar ¢7 a/. (2017), Rayns and Rosenfeld
(2008), Pandey and Singh (2016) and Nayak and Vaidya
(2018). It was mainly due to the increased expenditure
on inputs used by green manuring, But it may be noted
that green manuring is recommended mainly to
improve soil health. Thus, from the findings it can be
concluded that green manuring costs very low in terms
of improvement in soil health.

Under Punjab conditions, the recommended crops
for green manuring are dhaincha (Sesbania bispinosa),
cowpea (Vigna unguiculate) and sunnhemp (Crotalaria

Table 1: Distribution of respondents on the basis of recommendations followed for green manuring (n=50%)

Practices Recommendations Follower
Soil type Sandy loam to loamy soils 34 (72.34)
Soil Amendment Apply Gypsum (for soil having pH more than 9.3) 6 (12.77)
Seed rate 50 kg per hectare 29 (61.70)
Sowing With drill in lines 20-22.5 cm apart 2 (4.20)
Sowing time April to July 44 (93.62)
Fertilization application 30 kg of P,O, per hectare at the time of sowing 10 (21.28)
Irrigation Three to four irrigations during summer petiod 15 (31.91)
Plant protection measures Spray 150ml of novaluron against tobacco caterpillar -
Incorporation Bury 6-7 weeks old green manuring crops 42 (89.30)

Figures in parenthesis represent percentage; *Multiple responses



Juncea). Summer moong (1%gna radiata) can also be used

under green manuring with additional benefits as pulse
crop. But as such no recommendations were available
for summer moong as a green manuring crop. Out of
50 adopter of green manuring, three respondents were
growing summer moong as green manutre. But due to
unavailability of recommendations for summer
moong, these three respondents were excluded from
Table 1 i.e. n=47. Majority of the respondents (87.23%)
did not apply gypsum as a soil amendment as pH of
their field was neutral. Further, 61.70 per cent of the
respondents applied recommended seed rate of green
manure crops i.e. 50 kg per hectare. About 38 per cent
of the respondents used less than recommended seed
rate. As far as sowing method was concerned, a large
majority of the respondents (95.74%) did not follow
recommended method of sowing (i.e. with drill in lines
22-22.5 cm apart) as they had sown the seed using
broadcast method which is more economical. Almost
all the respondents had sown seeds of green manuring
crop on recommended sowing time (April to July)
(Table 1) (Kaul e af., 2015; Dubey et al., 2015). A small
proportion of the respondents (6.38%) did not follow
recommended sowing time due to late availability of
seed. Majority of the respondents (78.72%) did not
apply recommended dose of fertilizer as there was
sufficient availability of phosphorus in the soil on soil
testing report basis. The recommended number of
irrigations was three to four during the summer period
for green manuring crop but majority of the
respondents (68.09%) applied more irrigation to green
manuring crops as water and electricity is free of cost
in Punjab for irrigation. Majority of the respondents
(89.36%) bury green manuring crops into the soil on
the recommended time (Dubey ¢z a/, 2015).

Data presented in Table 2 show that majority of

the respondents (70.00%) were willing to continue green

Table 2: Distribution of respondents on the basis of
prospects of green manuring (n=50)

Prospects Frequency Percentage Percent
change
Discontinue 11 22.00 NA
Increase 4 8.00 116.67
Constant 35 70.00 -

*Multiple Responses; NA= Not Applicable; Percent change
from year 2018-19 to 2019-20
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manuring in coming years on the same acres of land
as last year. A major reason behind it was that
respondents grow green manuring crop, on alternate
years on the same fields. While some respondents had
already adopted green manuring on their all land
holdings. Moreover, other respondents reported that
they will continue green manuring on their half fields
year after yeat.

A close look at data further reveal that slightly less
than one fourth (22.00%) of the respondents did not
want to continue the green manuring practice in the
coming years. The major reasons were lack of irrigation
facilities, late availability of seed and costly seed of
green manure crops. Poor functioning of seed drill in
succeeding crop is also a factor which leads to
discontinuous of this practice by the farmers. But this
problem was only restricted to the farmers who did
not follow recommendations. Only a small proportion
of the respondents (8.00%) wanted to increase the area
under green manuring crops up to 116.67 per cent.
The major reason behind this was due to reduced
fertilizer consumptions and yield increase of succeeding
crops.

CONCLUSION

The survey results described in this study identified
several measures to enhance the adoption and
effectiveness of green manuring. First source of
information of green manuring is still friends and
fellow farmers. Formal institutes (KVKs, ADOs etc.)
needs to be strengthened to provide first-hand and
authentic information to the farmers. Farmers were
practicing green manuring on near about half of their
land. Green manuring was easy to understand and a
simple practice as reported by majority of the farmers.
Majority of the farmers want to continue green
manuring on constant area. It shows a positive attitude
of farmers towards green manuring, But due to weak
infrastructure and management, some farmers
discontinued using this practice mainly due to lack of
irrigation facilities, late availability and high cost of seed
of green manuring crops. Seeds of green manure crop
should be made timely available at low cost to the
farmers as it emerged as major constraints in green
manuring, Joint efforts of researchers, input providers
and extension agencies are required to resolve and
remove various problems relating to green manuring
to boost its adoption.
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ABSTRACT

A field experiment was conducted at Oilseeds Research Farm, CCS Haryana Agricultural University Hisar
during rabi 2016-17 to evaluate performance of promising Indian mustard genotypes under different fertility
levels under rainfed conditions. The soil of experimental field was sandy loam in texture, low in organic
carbon (0.31%), low in available nitrogen (160 kg/ha), medium in Phosphorus (12.3 kg/ha) and high in
Potash (332 kg/ha) and Sulphut (28 ppm) with slightly alkaline in reaction (pH 8.1). The expetiment was laid
in split-plot design with 6 genotypes (RGN 48, DRMR 1165-40, RH 725, RH 406, Albeli-1 and Kranti) in
main plots and three fertilizer levels (100% RDF: 40-20 kg NP O, /ha, 125% RDF, 150% RDF) in sub plots
with 3 replications. Maximum seed yield (3515 kg/ha) was obtained from the mustard genotype RH 725,
which was 20.2, 20.9, 22.3, 26.5, and 25.4 per cent higher than the seed yield recorded by genotypes DRMR
1165-40, Albeli, RGN 48, Kranti and RH 400, respectively. With addition of fertilizer, seed yield increased, but
not at significant rate, implying that irrespective of the genotypes, mustard crop did not respond significantly
to increase in fertility levels above the recommended dose of NPK (40-20-00 kg/ha). The genotypes othet
than RH 725 were statistically at par among themselves in seed yield. Oil content was not influenced significantly
either with mustard genotypes or fertility levels. Maximum oil yield was also produced by RH 725 (1413 kg/
ha), being significantly superior to rest of the genotypes. Variation due to interaction effect in mustard
genotypes and fertility levels was not found to be significant.

Keywords: Indian mustard, Genotypes, Rainfed, Fertility levels, Seed yield, Oil content

INTRODUCTION grown in 6.70 million hectare area in India producing
7.10 m tones with average yield of 1060 kg/ha (USDA,

India is one of the largest oilseeds producing country 2022). Tndian mustard accounts for about 75-80 per

and oilseeds are the second largest agricultural cent of this area in the country Kumar ¢f a/. (2022).

commodity after cereals in India. India is the third
largest producer of rapeseed-mustard after Canada,
China and contributing to around 11 per cent of
world’s total production. Rapeseed-mustard are the
important oilseed crops and also one of the second
largest oilseed crops in India. Of the total area and
production under the nine oilseeds crops grown in
India, rapeseed-mustard accounts for 23.2 per cent of
the acreage and 26.2 per cent of the production
(DRMR, 2022). The mustard growing areas in India
are experiencing the vast diversity in the agro-climatic
conditions and different species of rapeseed-mustard

are grown in some or other part of the country. It is

*Corresponding author email id: sureshsilla@hau.ac.in

Though the average yield of mustard in Haryana (1793
kg/ha) is highest in the country, it is far below the
average yield of mustard in Europian Union, Canada,
Ukraine and Belarus. Itis even below the world average
yield of 2010 kg/ha (USDA, 2022). Mustard is
cultivated in mostly under temperate climates. It is also
grown in certain tropical and subtropical regions as a
cold weather crop. Mustard requires well-drained sandy
loam soil. Indian mustard has a low water requirement
(240—400 mm) which fits well in the rainfed cropping
systems (Shekhawat ez a/., 2012). Nearly 30.7 per cent
area under rapeseed-mustard is under rainfed farming.
Indian mustard (Brassica juncea) is predominantly
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cultivated in the states of Rajasthan, Uttar Pradesh,
Hatyana, Madhya Pradesh, and Gujarat under irrigated
and rainfed conditions, which contribute more than
80 per cent area and production. Two major factors
that determine the quantum of yield response to
fertilizer are genotype and environment. Nitrogen is
the most responsive nutrient for rapeseed-mustard,
which is structural component of protein molecules,
amino acids, chlorophyll and other constituents. The
nitrogen requirement of the crop also depends on the
soil type and organic matter content and this nutrient
element is commonly lacking in many soils. Improved
varieties of mustard have been reported to respond
to higher nitrogen levels. Consequent upon the release
of improved cultivars, a significant change occurred
in plant type and fertilizer use efficiency compared to
traditional varieties. Adequate phosphorus helps the
mustard plant to partition greater proportion of the
additional dry matter into the grain and the soils of
Hatyana generally fall in the medium range of available
phosphorus. Mustard genotypes exhibit differential
response to phosphorus application. New genotypes
are continuously evolved by the scientists to enhance
the potential productivity of the crop. Some genotypes
with production potential upto 3500 kg/ha have been
developed recently by the mustard researchers for the
rainfed conditions of the zone-II of mustard cultivation
in India comprising the states of Haryana, Punjab, Delhi
and parts of Rajasthan. However, there is wide gap
between the genetic potential of the released varieties
and the actual average yield. Fertilizer management plays
an important role to fully exploit the genetic potentiality
of a variety. The newly released high yield varieties are
responsive to inputs in general and fertilizers in
particular. So, the study was planned to evaluate effect
of genotypes and fertility levels on performance of
Indian mustard under rainfed conditions in Haryana.

MATERIAL AND METHODS

A field experiment was conducted at Research Farm
of Oilseeds Section, Department of Genetics and Plant
Breeding, CCS, Haryana Agricultural University Hisar,
Haryana (India) situated at 29°10" N latitude and 75°
46' E longitude at an elevation of 215.2 m above mean
sea level during rabi 2016-17 to evaluate performance
of promising Indian mustard genotypes under
different fertility levels. Hisar has semi-arid climate with
severe cold during winter and hot dry and desiccating

winds during summer. Maximum temperature is about
45°C during hot summer months of May and June,
while during winter months of December and January
the minimum temperature may be sub zero. The
average annual rainfall of the area is around 450 mm
of which, 70-80 per cent is received during monsoon
period ze., July to September and the rest is received in
showers of cyclic rains during the winter and spring
seasons. The mean relative humidity remains nearly
constant at about 75 to 90 per cent from July to March,
steadily decrease in April and remains around 40-50
per cent during hot summer months of May and June.
The mean weekly meteorological data during the crop
seasons of 2016-17 are given in Figures 1. The soil of
experimental field was sandy loam in texture, low in
organic carbon (0.31%), low in available nitrogen (160
kg/ha), medium in Phosphotus (12.3 kg/ha) and high
in Potash (332 kg/ha) and Sulphur (28 ppm) with
slightly alkaline in reaction (pH 8.1). The crop was sown
with a pre-sowing irrigation and raised under rainfed
conditions. The total rainfall received during the crop
season was 44.1 mm. The experiment was laid in split-
plot design with 6 genotypes (RGN 48, DRMR 1165-
40, RH 725, RH 406, Albeli-1 and Kranti) in main plots
and three fertilizer levels (100% RDF: 40-20-00 kg N-
P,0.-K,0/ha, 125% RDF and 150% RDF) in sub
plots with 3 replications. The gross plot size was 4.5 m
x 6.0 m, whereas net plot size was 3.6 m x 5.7 m. All
the genotypes were sown on October 13, 2016 with
hand plough at a row to row spacing of 45 cm.
Thinning was done after about three weeks of sowing
to maintain plant to plant distance of 15 cm. Full dose
of nitrogen and phosphorus was applied at sowing as
per the treatments. All the other recommended package
of practices for rainfed mustard was followed for
raising the crop. The crop was harvested on March
21, 2017 after attaining full physiological maturity
manually with help of sickle and bundles of crop from
different plots were kept in the field for sun drying.
After complete drying, the produce was threshed,
winnowed and the seeds were separated and their
weight was recorded. The data were subject to standard
statistical analysis to draw conclusions.

RESULTS AND DISCUSSION

Plant height was significantly influenced by genotypes,
the maximum plant height being recorded by RH 725
(196.6 cm), which was statistically at par with RH 0406
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Figure 1: Mean weekly meteorological data during the crop seasons (October 2016 to March 2017)

(194.4 cm) and significantly supetior to rest of the
genotypes (Table 1). Minimum plant height (189.5 cm)
was recorded by Albeli-1 being statistically at par with
Kranti (189.6 cm). The difference in plant height may
be due to their individual genotype characters. Similar
variation in plant height due to genotypes have also
been reported by Banga ez al. (2013).

Among the fertilizer levels, the plant height did
not increase significantly with application of 100% RDE,
though maximum plant height (192.3 cm) was
recorded with application of 150% RDE. Similar results
have been reported by Banga ez a/. (2007) and Banga e#
al. (2013). The yield attributes were influenced
significantly by genotypes and well as fertility levels

Table 1: Plant height and yield attributes of rainfed mustard as influenced by genotypes and fertility levels

Treatments Plant height Number of Siliqua Number of Seeds 1000-Seed
(cm) on main shoot (No.) per siliqua (No.) weight (g)
Genotypes
RGN 48 190.1 40.1 11.9 4.49
DRMR 1165-40 191.2 46.5 12.8 4.60
RH 725 196.6 51.8 13.8 6.10
RH 0406 194.4 44.8 10.6 5.93
Albeli-1 189.5 46.3 12.2 5.34
Kranti 189.6 453 12.5 4.23
CD (5%) 4.4 4.2 1.0 0.37
Fertility levels
100 % RDF 191.5 46.4 11.8 5.17
125 % RDF 191.9 46.9 12.3 5.12
150 % RDF 192.3 47.1 12.8 5.06
CD (5%) NS NS NS NS
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(Table 1). The maximum number of siliqua on main
shoot (51.8), number of seeds/siliqua (13.8) and 1000-
seed weight (6.10 g) were recorded in the genotype
RH 725, being significantly superior to all other
genotypes, except that of DRMR 1165-40 in case of
seeds/siliqua (12.8) and RH 0406 in case of 1000-seed
weight (5.93 g). The difference in yield attributes may
be asctibed to their individual varietal characters. Similar
variation in yield attributes due to genotypes have been
reported by Banga ez al. (2013).

Among the fertilizer levels, number of siliqua on
main shoot and number of seeds/siliqua of mustard
increased with increase in fertility level, but the increase
was not found significant, though maximum number
of siliqua on main shoot (44.1) and number of seeds/
siliqua (12.8) was recorded with application of 150%
RDF. However, the 1000-seed weight decreased with
increasing the fertilizer level from 100% RDF to 150%
RDFE, but the differences were not found significant.
Similar results have been reported by Banga ez a/. (2013).

Maximum seed yield (3515 kg/ha) was produced
by the mustard genotype RH 725, which was 20.2,
20.9,22.3,26.5, and 25.4 per cent higher than the seed
yield recorded by genotypes DRMR 1165-40, Albeli-
1, RGN 48, Kranti and RH 0406, respectively (Table
2). The genotypes other than RH 725 were statistically
at par among themselves in seed yield. The increase in
seed yield of RH 725 as compared to other genotypes
has been achieved because of its higher number of
siliqua, seeds/siliqua and 1000-seed weight. Similar
variation in seed yield due to genotypes has been
reported by Banga ez a/. (2013). With addition of
fertilizer, seed yield increased, but not at significant rate,
implying that irrespective of the genotypes, mustard
crop did not respond significantly to increase in fertility
levels above the recommended dose of NPK (40-20-
00 kg/ha).

Oil content ranged from 39.89% in the genotypes
Albeli-1 to 40.39% in Kranti, but it was not influenced
significantly by mustard genotypes (Table 3). However,
Banga ez al. (2013) reported significant variation in oil
content due to mustard genotypes. As oil yield is a
product of seed yield and oil content, the trend of
seed yield was observed in oil yield also (Table 4).
Maximum oil yield was produced by RH 725 (1413
kg/ha), being significantly superior to rest of the

Table 2: Seed yield (kg/ha) of rainfed mustard as
influenced by genotypes and fertility levels

Genotypes 100% 125% 150% Mean
RDF RDF RDF

RGN 48 2773 2880 2973 2876

DRMR 1165-40 2765 3000 3013 2926

RH 725 3373 3533 3644 3517

RH 0406 2729 2782 2832 2781

Albeli-1 2876 2898 2951 2908

Kranti 2751 2813 2849 2804

Mean 2878 2984 3044

CD (p=0.05) Genotypes : 247; Fertility levels : NS

Fertility at same genotype : NS

Genotypes at same level of fertility : NS

Table 3: Oil content (%) of rainfed mustard as influenced
by genotypes and fertility levels

Genotypes 100% 125% 150% Mean
RDF RDF RDF

RGN 48 40.38 40.27 40.11 40.25

DRMR 1165-40  40.01 39.95 39.75 39.90

RH 725 40.38 40.15 40.01 40.18

RH 0406 40.28 39.95 39.61 39.94

Albeli-1 40.02 39.93 39.73 39.89

Kranti 40.57 40.51 40.11 40.39

Mean 40.27 40.12 39.88

CD (p=0.05) Genotypes : NS; Fertility levels : NS

Fertility at same genotype : NS
Genotypes at same level of fertility : NS

Table 4: Oil yield (kg/ha) of rainfed mustard as
influenced by genotypes and fertility levels

Genotypes 100% 125% 150% Mean
RDF RDF RDF

RGN 48 1118 1159 1192 1156

DRMR 1165-40 1105 1200 1198 1168

RH 725 1361 1420 1459 1413

RH 0406 1099 1112 1122 1111

Albeli-1 1151 1157 1172 1160

Kranti 1115 1139 1143 1133

Mean 1158 1198 1214

CD (p=0.05) Genotypes : 98; Fertility levels : NS

Fertility at same genotype : NS
Genotypes at same level of fertility : NS
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genotypes. Banga ez al. (2013) also reported significant
variation in oil content due to genotypes.

Among the fertility levels, the oil content decreased
from 40.27% to 39.88% with the increase in the
fertilizer level from 100% RDF to 125% RDEFE however,
the decrease was not found to be statistically significant.
The results are in conformation with Jat ez a/. (2018)
and Banga ef a/. (2013). Oil yield was not influenced
significantly with increase in fertilizer levels from 100%
RDF (1158 kg/ha) to 150% RDF (1214 kg/ha). It
was due to the statistically at par seed yield and oil
content among different fertility levels, as oil yield is a
product of seed yield and oil content.

CONCLUSION

Maximum seed yield (3515 kg/ha) and oil yield (1413
kg/ha) was obtained from the mustard genotype RH
725, which was significantly higher than DRMR 1165-
40, Albeli-1, RGN 48, Kranti and RH 0406. Irrespective
of the genotypes, mustard crop did not respond
significantly to increase in fertility levels above the
recommended dose, implying that there is no need to
apply fertilizers beyond the current recommendation
of fertilizer dose of NPK (40-20-00 kg/ha) in Indian
mustard under rainfed conditions of Haryana.
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ABSTRACT

A Study on Formal and Informal Seed Supply Chain of Wheat Crop in Jammu District was carried out in
which 60 farmers and 56 dealers were interviewed using a pre-tested schedule to analyse the formal systems
related to delivery of improved varieties and informal seed systems for maintaining the traditional seed and
the profitability of seed production to farmers in comparison with grain production. It was noticed that
40,532 quintals of wheat seed were found deficit in the Jammu district as their total requirement was 71,000
quintals with a supply of 30,910.47 quintals. Department of Agriculture, Jammu was responsible for
maximum supply of wheat seed to the farmers of Jammu at 18517 quintals with per cent share of 60.77
followed by the supply chain of “‘Wholesaler-Dealer-Retailer-Farmer’ with the per cent share of 31.62. All the
selected 30 Farmers of irrigated area earned an income of Rs. 9,450,911.25 from selling wheat under Seed
village programme and Rs. 4,783,085 by selling the rejected seeds as well as farmer so frainfed area earned an
Income of Rs. 6,903,047.25 from selling wheat seed under seed village programme and Rs. 1,329,662 by
selling the rejected seeds in the market. Average income per farmer was found to be Rs. 80966.99 in irrigated
area and Rs. 65967.97 in rainfed area, respectively with an overall average of Rs. 74739.85 per hectare. Rejection
of sample by Department of Agriculture, Late release of funds, Storage Problem, Laborious and cost affair
and Price fluctuation were some of the major bottlenecks faced by the sample farmers.

Keywords: Quality seeds, Seed village rogramme, Supply channels, Deficit

INTRODUCTION mainly two seed systems followed in India namely

o ) ) o formal and informal. Informal seed system focuses
Wheat cultivation in India has traditionally been . .
on farmer management of local varieties, which have

dominated by the country’s northern regions. Wheat .
¥ y 8 been selected over time and produced under local

and wheat flour are becoming increasingly significant . .
) o i ] ) circumstances. The system is often referred to as
in the administration of India’s food system, according
to various studies and research. VL- 832, VL-804, HS-
365, HS-240, HD-2781, HW-1085, HW-741 are the

main wheat varieties produced in India

traditional since it operates on a local level through an
exchange mechanism and only allows for a restricted
number of transactions per transaction. Informal seed

supply systems broadly include farm-saved seed and
(www.apeda.govin). Uttar Pradesh, Punjab, Haryana,

Madhya Pradesh, Rajasthan, Bihar, and Gujarat are the

major wheat-growing states in India. Wheat trade is

farmer-to-farmer exchange, farmers’ cooperatives,

Community groups, Seed growers’ associations, non-
b b

governmental organizations (NGO’s). The formal seed

larger than that of all other crops combined. The system consists of institutions that are involved in

world’s demand for Indian wheat is increasing, During producing, multiplying and disseminating finished

the 2019-20 fiscal year, the country exported 2,17,354.22 varieties as certified seed. It can be publicly or privately
MT of wheat to the world, valued at Rs 439.16 crores/ supported and it can be organised in different ways

USD 61.84 million. (www.apeda.gov.in). There are (Mortis e al., 1998). Formal seed supply systems consist

*Corresponding author email id:
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of seed production by National government agencies,
State government agencies, Government-assisted and
other cooperatives, Multinational corporations (MNCs)
or transnational corporations (TNCs), domestic private
sector companies which are having their own research
and development (R&D) and those which are not
having their own R&D, joint venture companies
between MNC and domestic private company or
between two domestic companies. The public sector’s
share of seed production in India decreased from 42.72
per cent in 2017-18 to 35.54 per cent in 2020-21, while
the private sector’s share increased from 57.28 per cent
to 64.46 per cent, highlighting the private sector’s
growing role in the Indian seed industry. Many private
seed companies are involved in producing foundation
and certified seeds.

In India, the project which aims to transform the
entire district as a seed production unit was started in
November, 1964 in the Jaunti village of Kanjhawala,
Delhi. M.S. Swaminathan, who managed the project
stated that the seed village concept is a valuable seed
which should be transplanted across the country
(Swamiathan, 1968). It is a village, where a group of
trained farmers are involved in producing seeds for a
variety of crops, taking care of their needs, some local
farmers and farmers in neighbouring villages on time
at an affordable cost called a “seed village”. The seed
programme includes cooperative and private
institutions. State Departments of Agriculture, State
Agriculture Universities, Krishi Vigyan Kendras, State
Seeds Corporation, State Farms Corporation of India
(SFCI), State Seeds Certification Agencies and the
Department of Seed Certification are serving as the
implementing agencies. In Jammu district the seed
village programme is laid out on wheat and paddy
crop. The wheat seed village programme was laid out
in three sub-divisions of Jammu district during 2019-
20 i.e., RS Pura, Akhnoor and Marh in 300.60 hectare
land whereas during Kharif season the paddy seed
village programme was laid out in RS Pura only in 40
hectare land (Department of Agriculture Production
& Farmer’s Welfare Jammu (J&K). The focus of the
study is to analyze the impact of the formal systems
related to the introduction of improved varieties and
informal seed systems for traditional seed storage and
the benefits of seed production for farmers as
compared to grain production. In Jammu, the good

quality of seed is being distributed to farmers through
seed village programme by Department of
Agriculture. Due to this there is a considerable
improvement in seed for wheat. To find out the role
played by the formal and informal seed supply agencies
and their impact in fulfilling the demand of seed of
wheat crop, a study on formal and informal seed
supply chain of wheat crop in Jammu district was
undertaken during the year 2019-2020 with the
objective to assess the requitement and availability of
wheat seed in Jammu district and to find out the
contribution of different seed supply chains.

MATERIALS AND METHODS

Locale of the Study: The study was conducted
purposively in Jammu District of Union Territory of
Jammu and Kashmir (J&K).

Sample Design: Two stage sampling design was
applied for the selection of samples. In the first stage,
Agricultural Sub-divisions of Jammu district were
selected and in the second stage villages in which seed
village programme was executed by the Department
of Agtriculture were selected randomly from irrigated
and rain-fed areas in equal number. Thus, the total
samples selected for the study comprises of 60 farmers
(30 each from irrigated and rainfed area) from three
sub-divisions RS Pura, Marh, Akhnoor where seed
village programme of wheat crop was laid out by the
Department of Agriculture, Jammu.

Selection of dealers: List of the dealers was procured
from the Department of Agriculture, Jammu. All the
56 Number of dealers of Jammu district associated
with seed supply of wheat crop were selected to assess
the contribution of private players in the seed chain.

Method of Analysis of Data: Conventional tools
like descriptive, percentage analysis, Singh’s cube root
method, Garrett ranking and other statistical tools were
employed for the purpose of analysis.

To work out the requirement and availability of
wheat seed, the data regarding area under wheat crop
and availability of seed were taken from agriculture
production department. Moreover, primary data
collected from the respondent farmers also helps to
calculate the wheat seed produced by farmer under
seed village programme. The data of all the seed dealers
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of Jammu district reflected the contribution of private
sector in wheat seed supply chain.

Percentage analysis: Percentage refers to any share
in relations to the whole. It’s used to make a
compatison between two or more data sets. Because
the Percent reduces everything to a common base and
so allows meaningful comparisons, they can be used
to compare relative items, the distribution of two or
more series of data.

Percentage = (x/y) X (100/1)

Where, x= number of respondents respond y= total
number of respondents

Table 1: Socio-demographic profile of the sampled farmers

RESULTS

The data in Table 1 depicts the socio- demographic
profile of the sampled farmers in the irrigated and
rainfed area of Jammu district. The overall mean age
of sampled respondents from both irrigated and
rainfed areas was 55 years. The results revealed that 20
per cent of the respondents of irrigated area were in
the age group of below 49 years, 36.66 per cent
respondents were under age group of 49-60 years and
maximum 43.33 per cent of the respondents were
under the age group of above 60 years. In rainfed
area, 26.66 per cent of the respondents were under
the age group of below 49 years, maximum 50 per

Particulars Irrigated farmers Rainfed farmers Total
(n=30) (n=30) (n=60)
Mean age (years) + SD 57%9.10 53%5.9 55%7.7
Categorization of age
Below 49 06(20.00) 08(26.60) 14(23.33)
49-60 11(36.606) 15(50.00) 26(43.33)
60 Above 13(43.33) 07(23.33) 20(33.33)
Gender
Male 30(100.00) 30(100.00) 60(100.00)
Female 00 00 00
Mean Education (Formal number of schooling years completed) 9.7£2.8 8.86 £2.7 9.28+2.80
Education levelllliterate 00 00 00
Primary 05(16.60) 07(23.33) 12(20.00)
Middle 08(26.60) 06(20.00) 14(23.33)
Matriculation 06(20.00) 10(33.33) 16(26.66)
10+2 05(16.60) 04(13.33) 09(15.00)
Graduation and above 06(20.00) 03(10.00) 09(15.00)
Marital Status
Matried 30(100.00) 30(100.00) 60(100.00)
Unmatried 00 00 00
Average distance of village from nearest market (km) 2.06£0.9 1.06 £ 0.25 2.88%+1.76
Average distance from agriculture office (km) 2.10£0.88 1.50 £ 0.5 1.80%0.7
Categorization of land holding
Marginal(<1ha) 00 02(6.66) 02(3.33)
Small(1-2ha) 04(13.33) 04(13.33) 08(13.33)
Semi-medium(2-4ha) 10(33.33) 11(36.60) 21(35.00)
Medium(4-10ha) 15(50.00) 13(43.33) 28(46.67)
Large(>10ha) 01(3.33) 00 01(1.60)

Note- Figure in parenthesis are percentage of total
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cent were under the age group of 49-60 years and
23.33 per cent were under the age group of above 60
years (Table 1). The study revealed that the respondents
of irrigated and rainfed area were 100 per cent male.
The mean education of the farmers of irrigated and
rainfed area was found to be 9.28 years. Percentage of
the irrigated farmers having education up to primary
and middle standard were 16.66 per cent and 26.66
per cent, respectively. 20 per cent of the irrigated
farmers were matriculate. 16.66 per cent and 20 per
cent of the irrigated farmers were educated up to
secondary level and graduation and above, respectively.
Majority of the respondents i.e., 33.33 per cent were
matriculate and only 10 per cent of the respondents
were graduate and above in rainfed area. The 100 per
cent of respondents of irrigated as well as of rainfed
area were married. Majority of the farmers i.e. 50 per
cent, 43.33 per cent farmers from both irrigated and
rainfed area, respectively had medium operational land
holding (4-10 ha). Marginal farmers were found to be
only 6.66 per cent in rainfed area where as 3.33 percent
large farmers were present only in irrigated area. The
percentage of farmers having semi-medium land
holding (2-4 ha) in the irrigated and rainfed area were
33.33 and 36.66 per cent, respectively. The small land
holdings (1-2 ha) were possessed by 13.33 per cent of
the farmers in both irrigated and rainfed area.

Total area and production of wheat seeds in the
study area under seed village programme is given in
Table 2 which revealed that maximum area of 175.80
ha was found in irrigated belt whereas 124.80 ha area
was under rainfed conditions of Jammu district with
an overall area of 300.60 ha. It was also found that
7032 q and 3744 q of wheat seed was produced in
irrigated and rainfed area of Jammu district, respectively
with an overall production of 10,766q under seed
village programme. Weather conditions of Jammu
district is well suited for wheat production, but it was
also noticed that area under wheat in seed village

Table 3: Year wise seed issued under seed village
programme

Year Seed quantity(q)  Percent share (%)
2017-2018 871.80 53.33
2018-2019 452.60 27.70
2019-2020 310.00 18.97
Total 1634.40 100.00

programme is decreasing over the years due to the
unwillingness of the farmers to enroll themselves under
the programme.

Table 3 represents the year wise seed issued under
seed village programme. The table further showed that
maximum quantity of seed i.e. 871.80 q was issued
during 2017-18 followed by 452.60q and 310 q during
the year 2018-2019, 2019-20, respectively. 53.33 per
cent of the total seed issued during the year 2017-2018
and 27.70 per cent seed was issued during 2018-19
only 18.97 percent seed was issued during 2019-20
respectively. It was noticed that there was decrease in
the quantity of seed issued under seed village
programme from the last three years. The main reason
for the reduction may be due to the less involvement
of the farmers towards seed village programme.

Table 4 depicts the formal and informal sources
of wheat seed in Jammu district. Department of
Agriculture, Private dealers comes under formal
sources and maximum per cent share of wheat seed
i.e. 98.57 was sold through this channel whereas only
1.43 per cent seed was sold through informal source
i.e. farmer owned seed. The study revealed that formal
sources had maximum per cent share of wheat seed
59.90 and 38.67 respectively. 1.43 percent informal
wheat seed sources were there in the district.

Requirement and availability of wheat seed is
shown in Table 5. The total requirement of wheat seed
in Jammu district was found to be 71,000 q for the

Table 2: Area and production of wheat seed in study area under seed village programme for the year 2019-20

Particulars Irrigated farmers (n=30) Rainfed farmers (n=30) Total (n=60)

Area (ha) 175.80 124.80 300.60
(58.48) (41.52) (100)

Seed produced (q) 7032.00 3744.00 10766.00
(65.31) (34.77) (100)

Note: Figures in parenthesis are percentage of total
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Table 4: Formal and informal soutces of wheat seed in Jammu district

Source of seed Particulars Wheat seed (q) Percent share (%)
Formal source Department of Agriculture 18517.00 59.90
Private dealers 11951.00 38.67
Informal source Farmer owned seed 442.47 1.43
Total 30,910.47 100.00

Table 5: Requirement and availability of the wheat seed

Particulars Quantity (q)
Requirement of seed for Rabi (2019-2020) 71,000
Seed available from all sources 30,910.47
Deficit 40,089.53

cent share of 31.62. There is a need of the training
programme regarding seed production technology by
the Department of Agriculture for the farmers before
the commencement of the season so that they the
chances of rejection of sample will decrease. In the
study it is found that 38.67% of the seed was supplied

Table 6: Quantity of seed sold by Private dealers through different channels (q)

Channels Department of Wholesaler Dealer Retailer Seed Contribution Percent

Agriculture, (n=6) (n=10) (n=40) purchased by  of different share
Jammu the farmers  supply chains

Channel 1 0 11951.00 11423.00 9633.00 9633.00 9633.00 31.62

Channel 2 0 0 1790.00 1790.00 5.88

Channel 3 0 0 528.00 528.00 528.00 1.73

Channel 4 18517.00 0 0 18517.00 18517.00 60.77

Total seed sold 30468.00 100.00

year 2019-2020 and the wheat seed available from all
sources was 30,910.47 q which shows that 40,089.53 q
of seed was deficit in the district.

Table 6 depicts the quantity of seed sold by the
private dealers through different channels in q. The
study revealed that channel 4 (Department of
agriculture to farmer) contributed maximum seed
(60.77%), 31.62 by channel 1 (wholesaler to dealer to
retailer to farmer) and least contribution 1.73 was made
by channel 3.

CONCLUSION

In the present study it was found that 40,532 quintals
of wheat seed found deficit in the Jammu district as
their total requirement was 71,000 quintals with a supply
of 30,910.47 quintals. HD-2967, HD-3086, PBW644,
WH-1080 were the predominantly grown wheat
varieties in the sample area. Department of Agriculture,
Jammu was responsible for maximum supply of wheat
seed to the farmers of Jammu at 18517 quintals with
per cent share of 60.77 followed by the supply chain
of ‘Wholesaler-Dealer-Retailer-Farmer with the per

by private dealers therefore they must be promoted
to reduce the deficit. To fill the gap there is need to
start farmer participatory seed programme under the
guidance of SKUAST Jammu so that the farmers can
produce seed for themselves and for other also.
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ABSTRACT

Innovative techniques and technologies are being developed at different research stations for the enhancement

of rice production. But due to poor extension contact with credible agencies, the same technology has not

been fully utilised by the growers at their farms. The study was conducted in five divisions of Baramulla

district selected purposively with multistage sampling; having maximum area under the seed village programme

of rice cultivation. The study used focus well structured interview schedule. The majority of the rice growers

from all the five sub-divisions were a medium level of extension contact and a majority of the medium level

of extension contact rice growers were found in sub-division Baramulla (75.34%), followed by sub-division
Tangmarg (66.66%), followed by sub-division Pattan (64.28%), and followed by sub-division Rohamma
(60.00%) and least was found in sub-division Sopore (56.30%). However, for the overall extension contact of

the rice growers from all the five sub-divisions, it was observed that (63.23%) of the rice growers were a

medium level of extension contact.

Keywords: Evaluation, Extension contact, Growers, Rice, Seed Village, Technology

INTRODUCTION

Rice is life, for most people of Asia. Rice has shaped
the cultures, diets and economies of thousands of
millions of people. It is central to the Asian way of
life; deeply embedded in the cultural heritage,
spirituality, traditions and norms (Ram, 2015). In Asia
alone, more than 2,000 million people obtain 60 to 70
per cent of their calories from rice and its products.
Recognizing the importance of this crop, the United
Nations General Assembly declared 2004 as the
“International Year of Rice” (IYR).

Almost one fifth of the world’s population
depends on rice cultivation for their livelihoods. In Asia,
where about 90 per cent of rice is grown, has more
than 200 million rice farms, most of whom cultivate
rice on less than one hectare. Rice based farming is the
main economic activity for hundreds of millions of
rural poor in this region. Rice is the most important
food crop of India covering about one-fourth of the
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total cropped area and providing food to about half
of the Indian population (Ram, 2015).

According to World Bank (1997) agriculture has
already reached the limits of land and water, thus in
future food production must exploit biological yield
on the existing land. Hence these challenges are putting
tremendous pressure on agriculture to change from
the way it is used to be practiced eatlier and practiced
even today.

Global rice output was 493.79 million tonnes in
2019-2020, according to the United States Department
of Agriculture (USDA), with an increase of 8.17
million tonnes to 501.96 million tonnes in 2020-21
(USDA) (Anonymous, 2020b). India will produce 112
million tonnes of rice from 44 million hectares in 2019-
20, making it the second-largest rice producer in the
wortld (Anonymous, 2020a). During 2017-18, rice was
planted on 0.273 million hectares in Jammu and
Kashmir, yielding 6.641 lakh tonnes and an average
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vield of 24.27 qts/ha and on 1.35 lakh hectates in
Kashmir valley, yielding 3.390 lakh tonnes and an
average yield of 24.97 qts/ha. In 2017-18, the
Baramulla District of J&K (UT) has 20567 hectares
under rice production (Anonymous, 2020).

MATERIALS AND METHODS

The research design utilised in this study was ex-post-
facto because phenomena had already occurred. The
current research was conducted in the Kashmir valleys
district of Baramulla, which was selected for a seed
village programme under rice from 2018 to 2020. In
District Baramulla, totally six Agricultural Sub Divisions,
out of which five Agricultural Sub Divisions namely
Baramulla, Pattan, Sopore, Rohamma and Tangmarg
from the twelve selected agricultural zones in twenty
five villages of District Baramulla. The study had a
total of 310 growers that were part of the Seed Village
Program. The data was collected on a well-organized
schedule, and the findings were analysed using per
centage, frequency, mean, and standard deviation
methods.

Extension contact was operationalized as the
degree to which an individual maintained contact with
the personnel of formal or informal sources for the
purpose of getting information on the scientific
technologies related to rice crop. The variable was
quantified using schedule developed by Aparna (2014)
with suitable modifications.

RESULTS AND DISCUSSION

According to Table 1, the majority of rice growers in
sub-division Pattan (64.28%) had medium level of
extension contact, followed by 22.86 per cent of the
rice growers having high level of extension contact
and only 12.86 per cent of the rice growers had low
level of extension contact. In sub-division Sopore, a

majority (56.30%) of the rice growers had medium
level of extension contact, followed by 31.85 per cent
of the rice growers having high level of extension
contact and only 11.85 per cent of the rice growers
had low level of extension contact. in sub-division
Tangmarg, a majority (66.66%) of the rice growers
had medium level of extension contact, followed by
16.67 per cent of the rice growers each having high
and low level of extension contact. In sub-division
Baramulla, a majority (75.34%) of the rice growers
had medium level of extension contact, followed by
15.06 per cent of the rice growers having high level of
extension contact and only 09.60 per cent of the rice
growers had low level of extension contact. While as,
in case of sub-division Rohamma, a majority (60.00%)
of the rice growers had medium level of extension
contact, followed by 30.00 per cent of the rice growers
having high level of extensio