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PREFACE

Farm operations of the future would be challenged by depleted availability
of human labour, higher target food production, need for timeliness of
input applications and economically feasible mechanization options.
Engineering interventions are vital all the sectors of agriculture. Be it for
increasing productivity of resources and labour, for production of energy
from alternate sources, for feeding the extra mouth or earning foreign
currency, engineering technologies with applications of electronics and IT
would play a crucial role to achieve the targets of Viksit Bharat goals by
2047.

Scientists of the Institute are channelling all the energy for the
development of technologies, tools and gadgets in the area of
mechatronics, robotics, drones, micro-bots, UAVs, loT, cloud-seeding, data-cloud, green energy,
to name a few. Thus, preparing Indian agriculture to compete with the global super powers and
pave the way for marching ahead towards the requirements and modalities of Agriculture 5.0.

Millets are crops indigenous to India, it went global this year with International Year of Millets (I'YM
- 2023) being celebrated all across the world. Millets are important by the virtue of their great
potential to generate livelihood, increase farmers' income and ensure food and nutritional
security all over the world. ICAR-CIAE has been working assiduously to mechanize the millet
production and post-production operations. A range of power, animal and manual operated
machinery to reduce drudgery and improve the production of millets; right from seedbed
preparation to threshing to postharvest operations has been developed by the Institute. Also
developed are a range of value addition dechnrolegigssto diversify the consumption of millets
across all age groups and category of consumers.

The Insitute is also carrying out foccused research for sustainable energy solutions, the focus is
increasingly towards green energy. As the world struggles with the urgent need to reduce carbon
emissions and mitigate climate change, hydrogen presents itself as a beacon of hope - a
versatile and clean energy carrier with the potential to revolutionize various sectors of our
economy. CIAE has started conceptualizing this pathway of hydrogen generation from bio-CNG,
converting purified bio-gas to hydrogen. Research in the area of irrigation engineering is
focussed in the area of field worthy application of sensor based technologies leading to realizing
the potential of Al/loT for water management in field crops. Key findings are also being reported
out of the research in the area of soil-less cultivation.

Significant acheivements were made by the scientists of the Institute in commercializing
technologies, publishing papers and being awarded from very prestigious institutions. A key
achievement of the year was that the Food Testing Laboratory (FTL) at ICAR-CIAE been
accredited by National Accreditation Board for Testing and Calibration Laboratories (NABL) in
accordance with ISO/IEC 17025:2017 for chemical testing. This has been because of the untiring
efforts of the scientists of the Institute. An addition to the geographical extant of the Institute was
marked by the formal recognition of the Industrial Entension Project (IEP) situatted at
Coimbatore into a full-fledged Regional Station of ICAR-CIAE, Bhopal; this will further bolster the
presence of the Institute in southern India as well. While carrying on with the role of premier
research insitute of the country in the area of agricultural engineering, ICAR-CIAE, Bhopal is
also emerging as a major study centre as well, the Insitute has also been identified as the ICAR-
IARI Study Hub Centre for undergraduate and postgraduate programmes. The Institute has
already started M.Tech. programme from the academic session of 2023-24.

ICAR-CIAE hosted a number of events and gatherings of national importance like the webinars,
workshops, national campaigns, capacity building activities, technology demonstration
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exhibitions, etc.; some of the prominent were - the XXVII meeting of ICAR Regional Committee
No. VII, hosting ICAR Central Zone Sports Meet. Besides these, there was regular arrival of top-
notch officials from ICAR, State Government, prominent bureaucrats and political luminaries.

Compilation of this report wold not have been possible without the able guidance of Hon'ble
Secretary, DARE and Director General, ICAR, Dr Himanshu Pathak; support of Dr. Shyam
Narayan Jha, Deputy Director General (Agricultural Engineering), ICAR; motivation from Dr.
Krishna Pratap Singh, Assistant Director General (Farm Engineering) and Dr Kairam Narsaiah,
Assistant Director General (Process Engineering), ICAR. Execution of all the research and
development work presented in this report can be credited to the constant administrative and
financial support received from the ICAR Headquarters and Institute. Salutations are also due for
the staff of this Institute of prominence for being dedicated and persistent with their efforts in the
pursuit of the agricultural mechanization of our great nation. The editorial team has done a
commendable job in compiling all the work done by the Institute into a form that is easy to
comprehend by all the stakeholders. | sincerely hope that this report excels in its purpose for
which itis deemed to be so.

CR Mehta
Director
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EXECUTIVE SUMMARY

ICAR - Central Institute of Agricultural Engineering, Bhopal has undertaken adaptive, applied and basic
research in agricultural mechanisation, post-harvest processing, irrigation and drainage engineering and
energy management in agriculture during 2023. The salient achievements of research and development
activities undertaken during the year are summarized in this section.

Equipment and Machines

Brush type cotton stripper harvester has been developed to provide a mechanized solution for cotton
harvesting. The brush type cotton harvester with two counter rotating conveyors has a harvesting
efficiency of more than 95% for defoliated cotton bolls.

Weeding in onion has been addressed by developing a self-propelled weeder which saves 96% time
and 62% cost.

A UAV simulation platform has been developed to study the spray droplet deposition characteristics with
respect to operating height and speed of a drone.

Tractor operated eight row transplanter for onion seedlings was found to save 47% in the cost of
operation and 96% of time as compared to manual methods.

Multi-utility E-vehicle has been developed in an attempt to make agricultural operations greener. The
reaper attachment to the vehicle has a field capacity of 0.20 ha/h in paddy crop.

Small tractor operated seedling transplanter was evaluated under field conditions and was observed to
have an actual field capacity and field efficiency of 0.2 ha/h and 70%, respectively. The equipment saves
60% in cost as compared to manual harvesting.

Flue Cured Virginia tobacco leaves stringing machine has been developed with a capacity of 730 + 100
kg/h (180 +10 sticks per hour) using specialized yarn.

A jackfruit cutting machine has been developed for mechanized handling during the glut period. The
developed machine can cut about 40-60 fruits per hour depending on the size of fruit. About 70% of time
could be saved compared to manual method of cutting.

Power operated baby corn grader provides a mechanical solution to post-harvest processing of baby
corn with a grading efficiency of more than 90%.

Grain handling cum bagging system has been developed for collection and bagging of food-grains in a
cereal processing unit. The machine has a design capacity of 0.6 tonne/h bagging of free-flowing grains.

Sensors and Automation

x

Variable rate spraying system for orchard crops has been developed that comprise ultrasonic sensors,
solenoid actuators and micro controller. Potential saving in chemical application was in the range of 18-
60% in pomegranate orchard.

Remote control robotic weeder for field crops has been developed and evaluated in flat bed field
conditions with a maize crop having 450 mm of row spacing. The weeding efficiency and plant damage
were 74.9 and 14.6%, respectively.

A hand-held device has been developed comprising a multi-spectral sensor, 16-bit ADC, a micro-
controller, etc. for rapid detection of aflatoxin-B1 in maize. The device performs with an overall accuracy
of more than 81% for classifying infected grains into low (<30 ppb), medium (<100 ppb) and high (>100
ppb) aflatoxin content.

A diagnostic kit for identification of soy protein in dairy milk and paneer has been developed. A distinct
band on the test line appeared within 5-10 min for samples containing soy milk or tofu, while dairy milk
displayed no band.
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Unmanned multi-purpose track-type vehicle has been developed primarily to address a solution of a
prime mover for all terrains. A four-row planter attached to the unmanned track-type vehicle was found to
have a field capacity and field efficiency of 0.16 ha/h and 78.6%, respectively.

Electro-Magnetic seed metering system has a proximity sensor as a trigger to transmit a pulse as the
ground wheel rotates. The field capacity of the developed system was 0.41 ha/h with the field efficiency
of 78.7% against the wheel slip of 6.3%.

Image based variable rate nitrogen applicator has been developed with an optimized delivery of nutrient
over afield, allowing precise nitrogen application based on specific field requirements.

Al/loT based intelligent irrigation system for field crops works in tandem with the weather data and
accordingly fulfils the water requirement of the crop with the right amount and right time to improve input
use efficiency. loT-based drip irrigation resulted in 24.5% less irrigation water requirement over
traditional practice.

Sensor based multi-pass cleaner for chickpea can separate the discoloured and infected grains of same
size and weight as that of the desirable grains, which is a limitation with the traditional grain cleaners. An
image-based classification approach has been used to carry out the grain cleaning.

Biomass Management and Utilization

Bio-hydrogen from crop residue was attempted through catalytic cracking of methane and it was found
that 18% conversion of CH, to hydrogen occurred at a methane flow rate of 6 Lpm.

Production of bio-butanol using lignocellulosic biomass was successfully carried out with rice straw
after pretreatment using dilute sulphuric acid (H,SO,) at various temperature and time combinations.

Biomass based hot air generation system has been developed to generate hot air for a variety of
industrial and commercial applications by utilizing biomass as its fuel . The overall efficiency was found
as 40%, with combustion and heat exchanger efficiencies at 54 and 76%, respectively.

An eco-friendly and sustainable value addition technology for paddy straw was done by manufacturing a
box with the use of paddy straw blocks that can be used for storage of vegetables at low temperature.

Mechanization Approaches for Animals in Agriculture

This year marked the successful development of a bullock drawn seed drill for millet with four vertical slit
type furrow openers and inclined plate metering mechanism, bullock drawn paddy seeder cum
herbicide applicator for simultaneous application of pre-emergence herbicide and sowing of pre-
germinated paddy seeds, bullock drawn turmeric planter reducing the cost of operation by half and
bullock powered linseed thresher with an average threshing efficiency of 97%.

Animproved version of animal lifting device has been developed for a body weight up to 800 kg.

Feeding system for animals and poultry was a focussed area which led to the development of animal
feed pelletizer suitable for small scale poultry houses and dairy units while reducing feed waste and
storage space, feed mixer device that can make uniform blends of various feed ingredients and
automatic dispenser for poultry that would automatically discharge the feed quantity as per the bird age.

Value Added Products

A tofu whey-tomato based hydrolysate mixture was prepared using overnight fermented tofu whey. Tofu
prepared with this mixture was found to be similar to tofu prepared with citric acid coagulant.

Edible coating formulations for fresh guava using carboxy methyl cellulose and 40% glycerol (based on
starch dry weight) was developed for increasing the shelf life of guava by 6 days. Also, a micro perforated
packaging system with optimized area of perforation was developed, and it was found to maintain a
desired equilibrium concentration of O, (2.7%) and CO, (5%).

Protocol for minimal processing of fresh cut jackfruit has been standardized; treatment with ozone
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resulted in maximum total phenolic content and highest retention of firmness after the storage period.

A soy based multi-functional probiotic chocolate flavoured powder has been developed with a probiotic
cell count of 10*° cfu/gm and an overall acceptability of 7.6.

Studies and Surveys

Impact assessment of 19 pre and post-harvest technologies of ICAR-CIAE, Bhopal revealed an
aggregate total surplus obtained due to adoption of these technologies as Rs. 14,071 crores per annum
at 2011-12 prices, out of which producers' surplus accounts for 64.43% and consumers' surplus
accounts for 35.57%. The top three impactful technologies were tractor drawn inclined plate planter,
animal drawn 2/3 row seed drill and manual 8-row paddy drum seeder.

Carbon, energy and water budgeting in maize-chickpea cropping system under conservation
agriculture (CA) led to the conclusion that implementing efficient irrigation and CA practices in the sub-
tropical region of Central India can result in an increased yield, improved energy use efficiency,
economic benefits, and a reduced water-carbon footprint.

Energy flow analysis in soybean-wheat cropping system was conducted to evaluate the efficiency,
sustainability, and economic implications of energy use in agriculture. The total energy input, energy
productivity and specific energy for soybean and wheat crop cultivation was found to be 9615 and 20101
MJ/ha, 0.12 and 0.21 kg/MJ, and 14.03 and 5.40 MJ/kg, respectively.

Eddy covariance (EC) technique has been used to estimate the actual evapotranspiration and carbon
flux for effective irrigation and crop management strategies for soybean-wheat agro-ecosystem.

Capacity building and Skill development

There were several need-based hand-on trainings conducted on varied areas ranging from Computer
Aided Design, Maintenance of Agricultural Machinery, Conservation Agriculture, Precision Agriculture,
Micro Irrigation, Utilization of Biomass, Food Textural Analysis, Animal Husbandry Mechanization, to
name a few.

A 10-day international training sponsored by African-Asian Rural Development Organization (AARDO)
was conducted in the area of on “Agricultural Engineering Technologies for Enhancing Productivity and
Profitability in Agriculture Sector” for the participants from Ghana, Lebanon, Jordon, Mauritius,
Namibia, Nigeria, Oman and Sri Lanka.

Institute hosted seven batches of trainings on “Entrepreneurship Development for Custom Hiring of
Agricultural Machinery as an Enterprise”, sponsored by Govt. of Madhya Pradesh benefitting 205
participants.

Under the Scheduled Caste Sub Plan (SCSP) programmes, a number of exposure visits, small
equipment distribution programmes and trainings were conducted for the below poverty line schedule
caste population of the country.

Scientists of the Institute participated in training programmes conducted by reputed national institutes in
the upcoming frontier areas of agricultural engineering like block chain, artificial intelligence, data
science, big data analytics, machine learning, drone technology, etc.

More than 250 students of agricultural engineering across the country were trained this year at ICAR-
CIAE, Bhopal along with 2000 farmers across the country on the various aspects of pre and post
production mechanization.

Eight scientists of the Institute acquired their Ph.D. degree during 2023.

Transfer of Technology

Xii

During the year 2023, the Institute had signed license agreement with 15 industries to promote 16
ICAR-CIAE technologies. Along with this; the Institute has been granted with two patents.
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e Collaborative work in the area of research and human resource development has been initiated with
prominent national institutes, like the lIT's, NIT's, ISER's, NITTTR, etc.

e Dissemination of the agricultural engineering technologies was taken up in a massive way by ICAR-
CIAE, Bhopal and AICRPs during the nationwide campaigns of “International Millet Year”, “Indian
Mobile Congress”, “Vikisit Bharat Sankalp Yatra”, participations in Kisan Melas, Expos, and the likes.

e Extensive training and exposure interactions were organized to push the drone technology by
demonstration of drones in farmers' fields for varied application of drones during the year.

e Carrying on with the onus of popularization of soybean, ICAR-CIAE, Bhopal organized various trainings
to address the bottlenecks that are faced by the upcoming entrepreneurs, these trainings were in
addition to regular entrepreneurship development trainings.

e Revenue generated during the last financial year by ICAR-CIAE, Bhopal from commercial testing of
farm and post-harvest machinery amounted to more than Rs 276 lakhs for testing more than 250
machines.

Communications

e Scientists of the Institute have published more than 100 research papers in national and international
journals of repute having high impact factor.

e Widespread activities in the social media, print media, Doordarshan and Akashvani has been done by
the scientists and technical staff of the Institute.

PG School
e ICAR-CIAE, Bhopalis now a Hub Centre of ICAR-IARI, New Delhi for Master and Ph.D programmes

e M. Tech. programme has been initiated from this academic year. This year was marked by a record 19
PhDs being awarded to students across the different disciplines of agricultural engineering from ICAR-
CIAE, Bhopal.

Awards and Recognition

e “NAAS Young Scientist Award”, one of the most coveted awards of the National Academy of
Agricultural Sciences, New Delhi for the current year was given to Dr Adinath Kate, Scientist. The
scientists of the Institute also bagged Indian Society of Agricultural Engineering (ISAE) awards as well.

e Anotable achievement of the Institute was accreditation of The Food Testing Laboratory (FTL) at ICAR-
CIAE by National Accreditation Board for Testing and Calibration Laboratories (NABL) in accordance
with ISO/IEC 17025:2017 for chemical testing.

e Scientists of the Institute have been recognized for prestigious awards by many other reputed societies.
Also, there have been some worthwhile recognitions in National and International seminars.

Events

e There were some prominent events that was hosted by ICAR-CIAE, Bhopal during 2023, it includes the
organization of 27" Meeting of ICAR Regional Committee No. VII, Zonal Workshop of KVKs and ICAR-
Zonal Sports Meet (Central Zone). There were some noteworthy inaugurations that took place, Training
Centre of CNH Industrial (India) Private Limited, Storage Engineering Laboratory and Drone Systems
Laboratory.

e Being the hub of agricultural engineering related activities of the country, ICAR-CIAE, Bhopal hosted
workshops of AICRPs of UAE, ESA, FIM, EAAIl and CRPs of PF&MIS and EA.

e Along with these, regular events like the Foundation Day, Nutrition Week, Hindi Pakhwada, Swatchhata
Pakhwada, Vigilance Awareness Week, Yoga Day, etc. were celebrated with the right spirit and fervor.
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ABOUT THE INSTITUTE

ICAR-Central Institute of Agricultural Engineering (CIAE), Bhopal, the only premier institute for agricultural
engineering in the country is devoted to the promotion of agricultural mechanisation with the aim of
enhancing agricultural productivity, reducing drudgery in agricultural sectors, generation and management
of energy in agricultural systems, resource conservation, minimization of post-harvest losses, value
addition of agricultural produce, by-product utilisation, human resource development and creation of
employment opportunities in the rural sector.

Established on 15" February 1976, the Institute has completed more than 48 years of its glorious journey.
The institutional activities are organised through five divisions (Agricultural Mechanisation, Agro Produce
Processing, Agricultural Energy and Power, Irrigation and Drainage Engineering and Technology Transfer),
four AICRPs coordinating centres (Farm Implements & Machinery; Utilization of Animal Energy, Energy in
Agriculture and Agro-based Industries and Ergonomics and Safety in Agriculture), two centres (Centre of
Excellence on Soybean Processing and Utilisation and Krishi Vigyan Kendra-KVK) and a Regional Station,
Coimbatore. The Regional Station at Coimbatore address the engineering intervention needs of the
southern states of the country. While, pan-India needs are catered to through different AICRPs and CRPs,
linked with ICAR-CIAE, Bhopal. The Centre of Excellence on Soybean Processing and Utilisation promotes
soybean utilisation through its research, development, and training activities. The institute KVK serves to
demonstrate the technologies for broader adoption by the farmers in general and of the Bhopal district in
particular. The Institute is also involved in postgraduate teaching and research activities to train the young
minds for the development of scientific knowledge in the area of agricultural engineering.

The mandates of the Institute are

° Research on mechanization in production, post-harvest processing, and energy management in
agriculture
° Human resource development and capacity building through outreach, training and teaching

programs, commercialisation and utilisation of agricultural engineering technologies

The Institute is located at 77°25' E longitude, and 23°16' N latitude at an elevation of 498.7 m above mean
sea level. It has 93.85 ha of land used for research, office and residential purposes. The major water sources
are six open wells, eight tube wells, and five farm ponds. All the water sources are connected through an
underground irrigation grid to irrigate 21 ha of cropped area and 15 ha of orchards. The Institute also has a
meteorological observatory, well-furnished hostel and guest house facilities for 80 guests. The Research
Workshop provides the facilities for fabrication of research prototypes and the Prototype Production Centre
for multiplication; the Computer Aided Design cell develops computer-aided models and drawings of
research prototypes; Agricultural Knowledge Management Unit assists in database creation and
conducting online examinations; Instrumentation Cell supports instrumentation in various research
projects. The institute library is equipped with a computerized cataloguing facility, with around 21000 books
and bound journals and an extensive collection of CD-ROMs (full form) on journals in agricultural
engineering and related disciplines. The library subscribes to about 60 Indian and foreign journals and
provides e-subscription of some journals. Besides this, the Institute also hosts lead centres of two Consortia
Research Platforms, namely, “Engineering Interventions in Precision Farming and Micro Irrigation
Systems” and “Energy from Agriculture”. The Institute provides international leadership in the agricultural
mechanisation domain through its major activities in the programmes like UN-ESCAP CSAM, AARDO,
SAARC, etc. In addition to the regular research and developmental activities, the Institute caters to the need
for testing and certification of agricultural production and processing machinery manufactured by industries
through its Bhopal and Coimbatore centres.

Over the years, the Institute has developed many successful technologies. Training and skill enrichment
programs for different types of stalk holders, viz., farmers, manufacturers, upcoming entrepreneurs,
extension functionaries, teachers, students, etc., of either gender have been continuing for a long time.
Display and demonstrations of technologies on appropriate platforms are also persisting. To augment the
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technology dissemination, production, and supply of successful prototypes has become a successful
model. The continuous efforts made by this Institute for society have brought accolades to the Institute
through the conferment of the prestigious Sardar Patel Outstanding ICAR Institution Award for the year

2020.The details of personal and finance during the year 2023 is shown below.

Staff position as on 31-12-2023
Posts
RMP
Head KVK
Scientific
Technical
Administrative
Skilled Support Staff
Total

Budget (2023-24)

CIAE
AICRPonFIM
AICRP on EAAI
AICRP on UAE
AICRP on ESA
CRP on FMPF & MIS
CRPonEA
*Expenditure till 31-03-2024
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Sanctioned In-position

1 1
1 0

89 69

133 49

66 34

42 08

332 161

Allocation (Rs. in lakh)
7912.64
1650.00
1425.72
593.64
543.75

173.00
110.00

Vacant
0
1
20
84
32
34
171

*Expenditure (Rs. in lakh)

7911.08
1650.00
1425.70
593.61
543.74
172.99
110.00
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TECHNOLOGY DEVELOPMENT PROCESS OF ICAR-CIAE
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Agro-meteorological observatory of the institute is
located at 77°25' E longitude and 23°16' N latitude at an
elevation of 498.7 m above mean sea level. Rainfall,
minimum and maximum temperature, relative humidity,
pan evaporation and wind velocity were recorded on
regular basis. Salient meteorological observations for
year2023 are:

* Monsoon started in Bhopal on 21* June 2023 and &
withdrew on 26" August 2023. The highest rainfall of |
the season (55.0 mm) was recorded on 17" July |
2023. The annual rainfall of 955 mm occurred in 67

rainy days during the year 2023.

e The maximum temperature (43.2°C) of the year was

recorded on 14" May 2023 while minimum temperature (4.2°C) was recorded on 8" January 2023.
Humidity in the morning (7.20 AM) varied from 22 to 98%; while of the afternoon (2.20 PM) ranged from

810 98%.

» The highest average wind velocity of 10.4 km/h was recorded on 16" September 2023 while the lowest
of 1.1 km/h were recorded on 5" February, 14" February and 20" February 2023.

* The highest pan evaporation of 12 mm was recorded on 14" June 2023 while the lowest was 0.2 mm on

16" July 2023.

=& Avg. Min. Relative Humidity %
«=h=Mean Minimum Temp. (°C)

Monthly Variation in Climatic Parameters for Year 2023
(ICAR-CIAE, Bhopal)
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AGRICULTURAL MECHANIZATION DIVISION

Self-propelled weeder for onion

A self-propelled weeder for onion crop has been
developed to address the issue of manual weeding,
which is time-consuming and costly due to the close
spacing of onion crop. If weeds are allowed to grow
freely and unrestricted in onion then they could
decrease the onion yield by about 36-48%. The self-
propelled weeder features a rotary weeding
mechanism in a vertical axis which could be very
easily operable in onion crop. The soil working
element in each weeding unit was a spring tyne
acting as an active tool fixed on a hub of 100 mm
diameter. The complete weeding unit was arranged
on a main frame with 150 mm spacing and powered
by a 1.12 kW petrol engine, operated using chain
sprockets and worm gear boxes with a 1:20
reduction ratio. Two pneumatic ground wheels with
steel rims of diameter 400 mm were provided on
either side of the main frame, with height adjustment
provided by a square threaded screw and nut. The
self-propelled onion weeder had an effective field
capacity of 0.06 ha/h and a field efficiency of 85% at
a forward speed of 1.2 km/h. However, the weeding
efficiency was 91-93%, with a total cost of Rs 3570
per ha compared to Rs 9500 per ha in manual
weeding. However, the plant uprooted, plant
partially damaged and plant mortality for 150 mm
row spacing were 6.88, 4.13, and 3.16%,
respectively, whereas for 200 mm row spacing,
these values were 1.07, 1.6, and 0.97%,
respectively. The developed weeding technology is
time-saving and cost-saving, with 96 and 62%
savings compared to manual weeding. Line
transplanting of onion seedlings is recommended
for optimal performance of the self-propelled
weeder.

Brush type cotton stripper harvester

In India, most of the cotton crop, whether rainfed or
irrigated, is hand-picked. Moreover changing the
practice of cotton cultivation like high density cotton
planting, increased seed rate, use of defoliants,
adoption of varieties suitable for mechanical
harvesters, incorporation of pre-cleaners in the
ginning mills and government policies supporting
the cotton cultivation has paved the way for
mechanizing the cotton harvesting operation. In

addition to this, a large section of cotton farmers
belong to small and marginal land holdings facing
the issues of labour scarcity during peak harvesting
season. An economical and lightweight brush type
cotton stripper head was developed to address
these challenges. The developed stripper head
consist of pair of counter-rotating rollers with
combination of brush and rubber strips arranged
along the length of drums. On either side of the
counter-rotating rollers, nickel-coated screw augers
covered with stainless steel troughs are provided for
conveying stripped cotton bolls towards the
discharge end of the head. Counter-rotating rollers
will strip the cotton from open cotton bolls and throw
it outward on rotating screw augers. Rotating screw
augers convey the stripped cotton towards the
discharge end, which was conveyed by means of a
pneumatic conveyor. Initial trials of the stripper head
were conducted on a customised rail on which
cotton plants were mounted. In preliminary trials,
the harvesting efficiency of the brush-type
harvester was found to be more than 95% for
defoliated cotton plants.
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Carbon, energy and water budgeting
in maize—chickpea cropping system
under conservation agriculture

Conservation agriculture (CA) techniques are
expensive and energy-intensive, leading to higher
greenhouse gas emissions and lower water and
carbon footprints. CA practices and efficient
irrigation methods can lead to more sustainable
crop production. A four-year (2018-19 to 2021-22)
study was conducted on split plot designs (SPD) for
maize and split-split plot designs (SSPD) for
chickpea, using three replications. The main plot
had three residue levels (30, 60 and 100%), while
sub-plot treatments included zero tillage (ZT),
reduced tillage (RT) and conventional tillage (CT).
The SSPD had three tillage methods (ZT, RT, and
CT) as sub-sub plots, three residue levels (30, 60,
and 100%) as sub-plots, and two irrigation methods
(sprinkler and furrow). The adoption of ZT increased
system productivity, energy use efficiency (EUE),
and B:C ratio by 11, 12, and 14% (with sprinkler
irrigation), 15, 10, and 12% (with 100% residue
retention), respectively; when compared to CT. In
contrast, carbon footprint (CF) for RT and CT along
with furrow irrigation and 30% residue loads,
decreased by 15 and 22% as compared to CT,
respectively. The insights gained from implementing
efficient irrigation and CA practices in the sub-
tropical region of Central India can result in
increased yield, improved EUE, economic benefits,
and reduced water and carbon footprint.

Variable rate spraying system for
orchard crops

A variable rate spraying system was developed for
orchard crops to address the issues of chemical
input waste and environmental degradation, which
can be retrofitted with existing commercial air blast
orchard sprayers for spraying according to canopy

size or canopy volume. The developed variable rate
spraying comprises three ultrasonic sensors, three
PWM solenoid valves, three hollow cone nozzles
and a micro-controller. The ultrasonic sensors
measure canopy size independently, which is then
sent to the micro-controller for calculation of canopy
volume and the required nozzle flow rate. The output
of each nozzle was controlled electronically using a
solenoid valve. The system operates on 12 V DC
power from the tractor battery. The system was
tested in a five-year-old pomegranate orchard (c.v.
Bhagwa), which was planted at 3.7 x 2.7 m spacing,
with the air blast sprayer fitted with the variable rate
spraying system operating at a forward speed of
0.72 m/s and a specific spray volume of 0.085 L/m
(i.e., spray volume/canopy volume). The test results
showed average values of droplet size (VMD), spray
coverage, droplet density and spray deposit as
293+29 pm, 32.4%, 65.07 droplets cm® and 2.04
uL/cm?, respectively. Potential saving in chemical
application in the range of 18-60% depending on
size and age of pomegranate orchard as compared
to conventional air blast orchard sprayer.

Impact assessment of selected pre
and post-harvest technologies

The impact assessment of nineteen agricultural
engineering technologies comprising of both field
machinery and post-harvest equipment developed
at ICAR-CIAE, Bhopal was carried out adopting
economic surplus method (ESM). These
technologies namely, manual drum seeder, manual
paddy transplanter, manual cono weeder, manual
twin wheel hoe, animal drawn blade harrow, animal
drawn 2/3 row seed drill, power tiller drawn sweep
cultivator, tractor drawn peg type puddler, tractor
drawn inclined plate planter, tractor operated 2-row
sugarcane settling transplanter, self-propelled
power weeder, self-propelled walk behind reaper,
tractor drawn groundnut digger, pedal operated
paddy thresher, power operated multi-crop
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)
thresher, tubular maize sheller, power operated
cleaner-cum-grader, mini dal mill and CIAE millet
mill were designed and developed between 1978
and 2015. The period for impact assessment was
2012-2023. Input data for ESM models were
collected from focussed group discussion,
published literatures, government databases and
licensee manufacturers for estimation of various
parameters like,- change in gross cost per ton due to
yield enhancement, proportionate change in input
cost per ton and change in net cost of production,
rate of technology adoption over years, rate of
technology obsolescence, technology induced shift
in supply curve (K factor), proportionate reduction in
price due to supply shift (Z factor), change in
producers’ surplus, consumer surplus and total
surplus each year. The aggregate total surplus
obtained due to adoption of these nineteen
technologies worked out as Rs. 14,071 crores per
annum at 2011-12 prices, out of which producers’
surplus accounts for 64.43% and consumers’
surplus accounts for 35.57%. The top three
impactful technologies were tractor drawn inclined
plate planter, animal drawn 2/3 row seed drill and
manual 8-row paddy drum seeder.

Spray droplet deposition
characteristics of UAV simulation
platform

The unmanned aerial vehicle (UAV) or drone
simulation platform is a virtual environment used to
test and optimise a UAV spraying system. It
evaluates the flow rates, spray patterns and droplet
deposition characteristics of different nozzles. The
platform also studies the impact of operational
parameters like speed, height, nozzle discharge
rate and propeller rotational speed on droplet
deposition. The spraying system was calibrated at
various pump control valve settings, speed and
propeller sensors. Water-sensitive papers (WSP)
were placed at the top and bottom of artificial plant
models, the spray droplets characteristics were
recorded by processing the scanned images of
WSP in ImagedJ software. The effect of operating
parameters had a significant effect (p < 0.05) on
droplet characteristics. The study found that spray
coverage increased with application rate but
decreased with an increase in the operating height
and speed, similar observations were made with
droplet density as well. The VMD, coverage, droplet
density, and deposition of spray were in the range of

200-650 pm, 5-25%, 44—150 dots/cm?, and 0.3-0.8
pL/cm?for leaf surface.

Portable in-situ soil gas flux
measurement system
The developed system consists of a closed dynamic

gas flux chamber, a gas analyzer and a data
recording system. This gas analyzer system

8 Il ICAR-CIAE Annual Report 2023




incorporates a micro-controller (Arduino MEGA
2560 R3), an NDIR-based CO, sensor (0—10000
ppm), a methane (CH,) gas sensor; a pressure,
temperature and humidity sensor; a 20x4 LCD
display (4 rows with 20 characters on each row), an
RTC module and a micro-SD card for data storage.
The flux chamber, fabricated from acrylic material
having dimensions of 500x300x1000 mm (LxWxH)
with a stainless-steel base (500x300x100 mm),
there is an internal fan to ensure sufficient
turbulence for proper air mixing. A DC (6—12V) air
diaphragm pump is also provided for transferring
gas from the chamber to the analyzer system.
Calibration of the gas sensors in an open
environment with argon and biogas has been done.
The field study, calibration and validation of the
developed system under progress.

Tractor operated eight row
transplanter for onion seedlings

Manual transplanting of onion seedlings is
labourious, time-consuming and costlier operation
due to the closer spacing of onion as compared to
other vegetable crops. A tractor drawn eight row
automatic transplanter has been developed for
transplanting onion seedlings in dry, well prepared
and moderately levelled field. The transplanter
consists of three-point hitch arrangement, eight
seedling metering units, soil bed firmer-cum-ground
drive roller, gauge wheel-cum-transport wheels,
seedling hopper, furrow opener assembly (special
ski type) and a power transmission system. The
machine had dimensions of 1770 x1775 x 1049 mm
and could be driven by a 25 hp tractor. The field
capacity of the transplanter was observed to be
0.045 ha/h at 88.7% efficiency. There was a saving
of 47% in the cost of operation and 96% of time
compared to manual methods, reducing the labour

requirement from 560 to 22 man.h/ha. The tractor-
drawn technology was suitable for bare root
seedlings, covering 8 rows at a time and using line
transplanting with 150x120 mm spacing and a
transplanting rate of 40-50 seedlings/min/row or
320-400 seedlings/min, with 12% miss, 9%
doubles and 25 mm plant depth. Finally, the
developed transplanter saves about 47% cost and
96 % time of operation as compared manual
method of transplanting the onion seedlings.

Remote controlled robotic weeder for
field crops

Weeding in row crops is one of the most labour-
intensive and time-consuming manual operation. A
remotely controlled robotic weeder consisting of an
electronic control unit, a four-wheel-drive vehicle,
and a passive type weeding (sweep type) unit has
been designed and developed to reduce the human

effort involved in the weeding operation. The prime
mover consists of DC motors, motor drivers, a GPS
module, a flight controller and receiver, etc. It was
powered by a 24V, 42 Ah power supply to drive 4 DC
motors and also to power the electronic
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components. The developed robotic weeder unit
was controlled remotely through a separate
handheld wireless kit. The weeding unit consists of
two sweep tynes for weeding in row crops and can
uproot or cut weeds up to a width of 350 mm. The
weeding unit can vertically move up and down
remotely to adjust the depth of weeding. The
developed robotic weeder was tested in raised beds
as well as in flatbed field conditions with a maize
crop having 450 mm of row spacing. The weeding
efficiency and plant damage were about 81.6 and
4.2% in the raised bed, 74.9 and 14.6% in flatbed
field conditions, respectively.

CIAE hand injector

Caterpillars in litchi and other fruit crops cause
damage by drilling bores in the trunk or stem,
affecting fruit yield and quality. They feed on the bark
and are more likely to infest older trees. Infestation is
visible through wood chips, frass and silken thread
ribbons. A hand injector developed at ICAR-CIAE,
Bhopal, was used to kill caterpillars in litchi trees at
NRC Litchi, Muzaffarpur, and guava trees at ICAR-

CIAE, Bhopal. The injector is equipped with a small
tank of 1 litre capacity, a hand pump and an
extended nozzle. This injector was useful with
application of chemicals into holes on caterpillar-
infested trees, resulting in no live caterpillars in the
infested areas, average application time was less

than one minute.

Liquid ureainjection system

The coulter-based liquid urea injection system has
been developed, and evaluated under actual field
conditions. Its features include a spring-loaded
coulter assembly with adjustable depth setting, a
liquid urea tank for efficient mixing, and a positive
displacement pump with a delivery line for liquid
urea injection using a copper capillary tube with the
help of a knife tyne. In the field experiment, wheat
crops were sown in the last week of November 2023
with various treatments. T1 involved application of
100% recommended urea in granular form, T2
consisted application of 100% recommended urea
in liquid form using the developed machine, T3 had
75% recommended urea in liquid form, T4 had 50%
recommended urea in liquid form, and T5 received
no fertilizer. The coulter-based system operated on
T2, T3, and T4 plots, injecting liquid urea at a rate of
1500 mL/min with a 5% urea concentration for T2;
proportionally for T3 and T4. The actual field
capacity of the machine was 0.15 ha/h. The
developed machine enhances urea distribution,
reduces nitrogen losses, increases application
efficiency and reduces environmental impact, thus
positioning the developed system as a valuable tool
for a sustainable and modern farming practice.
Furtherresearch and refinement are in progress.
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AGRO PRODUCE PROCESSING DIVISION

Food by-products based food grade
coagulant mixture

Tofu is mainly made by coagulating soymilk. Tofu
whey, a by-product of tofu manufacturing, is
currently discarded by the food industry. The tofu
whey refuse is highly perishable and needs quick
treatment for effective utilisation. A tofu whey-based
coagulant powder has been developed using tofu
whey and tomato (TWTP). A tofu whey-tomato

: N —— 4 -l
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based hydrolysate mixture was prepared using
overnight fermented tofu whey. Tomatoes not fit for
direct consumption were washed, squashed and
mixed in fermented tofu whey to make a slurry,
which was incubated for 7-8 hours at 25° C. Titrable
acidity, pH, and other physiochemical parameters
were analysed during fermentation and incubation.
TWTP was dried in oven at 55°C for 48 h, before
being powdered by a grinder. The powder was
packed in aluminium pouches and stored at 4° C in
the dark until it was used as a coagulant for tofu
production. Different coagulating conditions
(concentrations, time and temperature) were
optimised to set the coagulating parameters
appropriate for soymilk coagulation and tofu
preparation thereof. Soymilk was treated with TWTP
coagulant, and the concentration of coagulant
powder varied from 0.5 to 5.0% as the temperature
ranged from 60° to 95°C. Coagulated batches were
pressed to make tofu and recorded parameters
were whey volume, pH of whey, transmittance of
whey, tofu yield and coagulant efficiency. The
derived optimal coagulation conditions for TWTP
coagulant were, 4% concentration, a temperature

range of 92+2°C, time duration of 8+2 min; resulting
in a tofu yield of 1.3 kg/kg soybean. Tofu prepared
with TWTP powder was found to be similar to tofu
prepared with citric acid coagulant (a common
coagulant) in terms of yield, composition, texture,
and other functional parameters.

Rapid detection of aflatoxin-B1 in
maize

Exposure of maize to aspergillus flavus while on
and off the fields lead to aflatoxin contamination.
This is a very serious food safety concern in food
and feed supply. Rapid detection of contamination
in the grain on-site, preferably with a hand-held
instrument, before it comes into the food chain is
necessary and imperative. Hyperspectral imaging
(HSI) is a popular non-invasive technique for
detection of fungal contamination in maize kernels.
HSI data secures its acceptance for development of
tools and gadgets that can be used for rapid
detection of fungal contamination. HSI spectral data
were obtained using maize samples, (i) inoculated
with six different concentrations (25, 40, 70, 200,
300 and 500 ppb) of aflatoxin-B1, and (ii) under
natural contamination with aspergillus flavus.
Spectral signatures from HSI data were collected in
vis-NIR (398-1003 nm) and SWIR (1000-1700 nm)
ranges while the germ orientation of the maize
kernel were switched with respect to the imaging
system. The reflectance spectral data were pre-
processed and classified using PLS-DA and k-
nearest neighbour for obtaining the characteristic
wave length/band representing the aflatoxin
content in the maize kernel. PLS model was also
developed to predict the concentration of aflatoxin-
B1 in naturally contaminated maize kernels. The
potential wavelength band was identified based on
principal component analysis (PCA) to distinguish
between sterile and infected maize kernels. Based
on these results, a hand-held device comprising a
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multi-spectral sensor having 18-channels in the UV,
visible and IR ranging from 410 to 940 nm with a
built-in aperture, 16-bit ADC operating at 2.7 to 3.6
V, LEDs (white, UV and IR), a micro-controller
(Arduino Mega 2560), a power bank (5V, 2A, 5000
mAh) and a 2.4 touch TFT display was developed.
All the components were fitted in a 3D printed
cuboidal housing with an opening right beneath the
spectral sensor, which can be closed with half turn
self-locking cap/sample holder. The instrument
performed with an overall accuracy of more than 81
per cent for classifying infected grains into low (<30
ppb), medium (<100 ppb) and high (>100 ppb)
aflatoxin content.

Ozone and biogas fumigation for
chickpea

Chickpea grains are most susceptible to insect
damage by a number of primary and secondary
insects. Rhizopertha dominica is a primary pest in
most cereals and a secondary pest found in the
legumes, attacking the broken or already invaded
legume grains, causes irreverent damages in a
stored lot. At present, most insects are getting
resistant to widely used chemical fumigants; this
situation calls for alternative fumigation protocols. A
process protocol has been developed for
disinfestation of chickpea grains with biogas and
gaseous ozone treatment. Complete elimination of
Rhizopertha dominica, a secondary pest in
chickpea could be achieved with an ozone dose of
500 ppm per 100 g sample for two consecutive days.
At the same time biogas, whose major composition
was CO, and methane, has also been found
effective against Rhizopertha dominica for 60 min
exposure at a flow rate of 3 L/min.

Edible coating of guava

Perishable fruits and vegetables undergo
continuous respiration during post-harvest handling
and storage. There are various physiological and
biochemical changes that takes place during this
respiration process which ultimately leads to
maturation and senescence of the fruit. Edible
coatings, particularly using polysaccharide-based
carboxyl methyl cellulose (CMC) have
demonstrated positive effects on extending the
shelf life of fresh guava. This study focuses on
developing coating formulations for fresh guava
using CMC, with concentrations (1-4%) and 40%
glycerol (based on starch dry weight). The impact of
the optimized CMC-based coatings, combined with

Effects of edible coating on visual appearance of guava at room temperature
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lemon grass essential oils, on the postharvest shelf
life of guava at room temperature (23+2°C) was
investigated. During the storage study conducted
for guava fruits, it was observed that coatings with
2% CMC and 0.5% lemongrass essential oil, along
with 40% glycerol, exhibited the maximum
reduction in physiological loss in weight (6.21%),
total yeast and mold count (2.24 log cfu/g). These
coatings effectively maintained postharvest
characteristics, including reduced water loss,
increased firmness, enhanced colour attributes,
improved visual appearance; while exhibiting
antimicrobial and antioxidant activity. Guava fruits
with the edible coating remained available for
consumption up to 9 days as compared to 3 days for
control samples.

Micro perforated packaging system

A simple packaging protocol was developed for
guava sold through retail chain outlets. The packing
material used for packaging includes 60 microns
(LDPE + LLDPE) plastic film of size 200 x 200 mm in
which the matured guava fruits of medium size was
packed. The area of perforation for packages was
optimized to create the modified atmospheric
condition inside the packages. After 36 h of storage,
it was found that the package with 0.00097%
perforation maintained the desired equilibrium
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concentration of O, (2.7%) and CO, (5%). Quality
analysis after 12 days of storage in this packaging
material at ambient temperature (23°C) resulted in a
3.12% of physiological loss in weight (PLW), 150 N
of firmness and a TSS of 12.3°Brix. These values are
comparable to the values at the maturity stage
during harvesting of fruits.

Protocol for minimal processing of
fresh cut jackfruit

Process protocol has been standardized for the
minimal processing of tender jackfruit. Total four
treatments viz., ozone (1 ppm), ascorbic acid
(2.5%), tartaric acid (2.5%) and citric acid (2.5%)
were given to the peeled, cut and sliced tender
jackfruit. Treated samples were packed in two
packaging materials, viz., low-density polyethylene
(LDPE, 100 p) and polypropylene (PP, 40p).
Samples were stored at ambient and low
temperature (4-5°C) conditions. Quality analysis of
the stored samples was carried out at an interval of
two days against the selected dependent variables.
The cut tender jackfruit treated with ascorbic acid,
stored in PP at low temperature recorded the
highest storage life (09 days) compared to other
treatments. The ascorbic acid treated sample
reported a physiological loss in weight (PLW) of
0.31%, firmness of 92+10.51 N, cutting force of
121+£22.77 N, ascorbic acid content of 2.740+0.02
mg/100 g, total phenolic content of 23.407+0.21
mg/100 g and TSS of 6.4+0.1°B at the end of
storage life (09 days). Treatment of ozone resulted in
maximum total phenolic content (TPC) of
76.472+0.07 mg/100g and highest retention of
firmness (105.49+6.30 N) after the storage period.
The results revealed that post cut treatment of
ozone (1 ppm for 10 min) and ascorbic acid (2.5%)
resulted in maximum retention of the physico-
chemical and textural qualities of tender jackfruit.

= -

Grain handling cum bagging system

Food grains are generally harvested at higher
moisture content to minimize the shattering losses.
The harvested grains need to be dried up to the
recommended safe level of moisture content before
storage. The open sun drying at yard is the common
practice mostly followed at farms, mandis,
processing facilities and mills. Various operations
like spreading, layering, collection, bagging etc.
taking place at the yard are highly labourious, time
consuming and cumbersome. This practice at times
fetches huge loss due to sudden unprecedented
rains, cross contamination, etc. A mechanized self-
propelled grain handling cum bagging system was
developed to address the issues. The developed
mechanized system consists of two opposite
direction-rotated screw conveyors fitted at front for
gathering the spread grains at center place. The
specially designed inclined bucket elevator fitted at
the center place of screw conveyors to pick up the
grain from floor and convey it up to overhead
hopper. The hopper of the machine meters and
discharges grains from its bottom to the
reciprocating conveying deck which is also
equipped with overhead array of infrared heaters
provided to give in-situ surface treatment for early-
stage surface disinfestation of the conveyed grains.
The grains were further collected in the attached
bag at the discharge end of the deck. The whole
system is running by 2.2 kW three phase electric
motor. The machine has a designed capacity of 0.6
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Multi-utility E-vehicle for agricultural
operations

Multi-utility electric vehicle (E-vehicle) for
agricultural operations is essential for modern and
sustainable farming practices to provide a cost-
efficient approach with reduced environmental
impact. A multi utility E-vehicle with battery power
[(LIFePO4) 60V, 100Ah] has been developed using
a brushless - DC motor (60V, 6kW) along with
controller (60-72V) attached with proper gear
reduction (3 step) at rear wheel side for propelling
the E-vehicle at various speeds. On bitumen road,
speed of vehicle with no load condition was
observed to be as 50 km/h. Chassis frame of the E-
vehicle was designed in a C section for more
stability and load carrying capacity. Static and
dynamic analysis was carried out using soft
simulation tool (ANSYS R18.1) to find the maximum
deflection and stress under field conditions.
Evaluation of the harvesting operation using a
reaper was performed in a paddy field, the effective
field capacity was found to be 0.20 ha/h with field
efficiency of 80.55%, total energy consumption was
169.45 MJ/ha, average electric current
consumption was 37.5A, while the average power
consumption was calculated as 2.42 kW.

758 deln

Energy flow analysis for soybean-
wheat cropping system

Energy flow analysis in soybean-wheat cropping
system was conducted to evaluate the efficiency,
sustainability, and economic implications of energy
use in agriculture. It is believed that findings of such
a study with go a long way in helping decision-
making, policy formulation, and technology

adoption for improved farming practices in the
region. Surveys were conducted for 600 farmersin a
total of 30 villages across 17 districts of Madhya
Pradesh, including 3 villages each in Bhopal and
Raisen, 2 villages each in Ashoknagar, Indore,
Mandsaur, Ratlam, Raigarh, Sehore, Sheopur,
Ujjain, and Vidisha districts, and 1 village each in
Betul, Guna, Hoshangabad, Khandwa, Khargone
and Shajapur districts. The farm power availability in
selected villages was found to be in the range of
0.97 to 7.10 kW/ha. The total energy input, energy
productivity and specific energy for soybean and
wheat crop cultivation was found to be 9615 and
20101 MJ/ha, 0.12 and 0.24 kg/MJ, and 14.03 and
5.40 MJ/kg, respectively. Data Envelopment
Analysis (DEA) indicates potential energy savings
for soybean crop, with a 39% reduction in energy
consumption on an operation-wise basis and a 44%
reduction source-wise. Similarly, for wheat crop,
potential energy savings are observed at 32%
operation-wise and 36% source-wise. Engineering
intervention in the form of happy seeder and laser
land leveler were executed at farmers field in which
case the energy savings were to the tune of 27% in
wheat sowing with a happy seeder and irrigation
energy reduced by 5.59% in the laser land leveler
operatedfield.

Biomass based hot air generation
system
The biomass-fueled hot air generator functions by

utilizing biomass as its fuel to generate hot air for a
variety of industrial and commercial applications,
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offering numerous practical utilities and
advantages. A prototype hot air generator (HAG)
with capacity of 25kW was designed for drying
applications, utilizing biomass briquettes as fuel.
The heat exchange path were parallel, cross and
counter processes for optimizing the overall
efficiency of the process. Preheated air (40°C)
enters the heat exchanger to enhance its
effectiveness. Three fans were installed for primary,
preheated and exhaust air. Results indicate hot air
velocity of 1.5 and 4.0 m/s with temperature outputs
of 210-220°C and 115-120°C, respectively. A drying
chamber with wire mesh trays integrated with the
HAG unit for drying tomato slices, achieved a 31%
drying efficiency for a drying period of 15 hours. The
overall efficiency was found as 40%, with
combustion and heat exchanger efficiencies at 54
and 76%, respectively. The integrated tray drying
chamber reduces tomato moisture content to 14%
over a drying period of 15 hours. The operating cost
of hot air generator was found to be Rs. 195/h, while
the total unit cost stood at Rs.250,000.

Paddy straw based insulating box

An eco-friendly and sustainable technological value
addition for paddy straw was done by manufacturing
a box with the use of paddy straw blocks that can be
used for the storage of vegetables at a lower
temperature. A process was developed for paddy
straw with 8-15 mm grain size to make insulating
blocks for low temperature thermal applications.
The optimized ratio (%) for block making was found
as paddy straw, clay and seed lac as 574.9, 840 and
260 g, respectively. The optimized holding pressure,
temperature and time were 10-12MPa, 110-120°C
and 45 min., respectively for a hot press operation.
Thermal conductivity of the insulating blocks was
0.08W/m K. Mechanical properties like bonding

strength and compressive strength were 0.028
MPa, and 1.19 MPa, respectively. Block was
properly laminated with white emulsion heat
reflective coating (solar reflectance - 0.88 and
emissivity - 0.91) for enhancing product life and
increasing the cooling efficacy. Cost of the blocks for
each 1 m2 unit area was estimated as Rs. 980. Total
energy consumption for complete process to
prepare insulating block as 123.83MJ/kg. Total CO,
emission was estimated as 14.65kg CO, eq./kg of
material produced. The developed insulation can be
recommended for application of chilled store and
also for cold store purpose in combination with
commercial insulation like PUF and polystyrene.

Bio-hydrogen from crop residue
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The hydrogen (H,) generation through catalytic
cracking of methane was targeted in this research
work, thus a reactor for methane pyrolysis was
developed. The reactor has been equipped with 12
kW heating element with an effective heating length
of 1000 mm and a diameter of 300 mm. The main
heating elements are covered with layers of ceramic
blankets. Catalysts for hydrogen generation have
been prepared by using coconut husk powder and
alumina balls of size less than 1 mm. Test runs for
temperature inside the hydrogen reactor have been
carried out to find the temperature profile of the
reactor. Experimental runs with only char as a
catalyst was carried out at 800°C with a methane
flow rate of 2L/min. The hydrogen concentration in
the processed gas was found to be in the range of 88
to 92% for initial 40 min. A stable hydrogen
concentration of 55% was attained after 120 min of
experiment. Further experiments are being arried
out.

Production of bio-butanol using
lignocellulosic biomass
Rice straw pretreatment was conducted using dilute

sulphuric acid (H,SO,) at various temperature and
time combinations. Solid paddy straw with cellulase

enzyme was utilized during the hydrolysis, which
was followed by sugar analysis using DNS method.
The optimization of biomass pretreatment
conditions through dilute acid treatment
significantly enhanced the release of total reducing
sugar. A quadratic model could effectively reveal the
significance of acid concentration, incubation time
and temperature. The optimal conditions identified
were 1% v/v H,SO, for 20 minutes period at 80°C.
Dilute acid pretreatment not only preserved
cellulose but also effectively reduced lignin content;
crucial for subsequent enzymatic hydrolysis. The
enzymatic hydrolysis of pretreated paddy straw
revealed a correlation between hemicellulose
content and sugar release, with samples containing
lower hemicellulose (4.23%) yielding the highest
sugar release of 217 mg/g, while those with higher
hemicellulose (9.64%) exhibited lower sugar
release (2.02 mg/qg).
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Long beam floating mole plough
(LBFMP)

Mole drainage requires approximately a
levelled/graded land for its trouble free functioning.
Undulating or uneven land conditions pose a lot of
problem towards maintaining a uniform moling
depth. Therefore, the long beam floating plough was
developed for maintaining the uniform gradient
under undulating land conditions. The fabricated
mole plough works with two hydraulic rams which
are operated manually from the tractor driver seat
with minimum draft and foot position; hence the
mole channel is least affected by surface
irregularities. Horizontal ram lowers the tethered
mole plough into work at the start and raises it at the
end of the operation by shortening a cable while
vertical ram controls the working depth for proving
slope. The plough can be satisfactorily operated with
a tractor of capacity 65 hp or higher with a forward
speed of 2.4 km/h at a depth of 400-520 mm and
field capacity of 0.3-0.5 ha/h with 4 m spacing at 23-
25% soil moisture content.

U it P, IR
Digital lysimeter for measurement of
ETc

Actual crop evapotranspiration (ETc) estimation
during the growing season has a potential
advantage to attain proper irrigation scheduling.
Therefore, an 10T enabled digital weighing type field
lysimeter was developed and tested at ICAR-CIAE,
Bhopal. The developed lysimeter had 1.58 m’ area
supported by a single point platform load cell having
a capacity of 1.5 tons. The inner tank of lysimeter is

Data storage: SD card onsite
and on the cloud server using

Dimensions of the inner tank:
750 mm in height, and 450
10T platform (ThingSpeak)

mm in diameter using 10-15
mm thick HDPE drum

Data acquisition
system

Inner Tank — |

Power Unit: 20-watt
solar panels and a 7 Ah
battery

Solar Panel &
battery box

Water level sensor

Display Drainage Tank

LCD (16x2) rainage tank dimensions: PVC

pipe of 110 mm diameter and
¥ 450mm in height

Load cells assembly
made using a HDPE cylindrical drum with
dimensions of 750 mm in height and 450 mm in
diameter. Soil moisture sensors and soil
temperature sensors (three each) were installed at
20 cm interval from the top. The depth of the water
drained through lysimeter was measured using an
ultrasonic sensor. The system was powered by one
20 W solar panels and a 7 Ah battery for continuous
power supply. The least count/resolution of the
developed lysimeter measurement was in the range
of 0.10-0.25 mm of depth of water. The sensors data
were stored both in the SD card onsite and on the
cloud server using loT platform (ThingSpeak).

The crop coefficient (Kc) and ETc values of wheat
crop (var. Hl 1544) were obtained using developed
lysimeter. Accumulated ETc estimate for crop
growing season was recorded to be 331.9 mm;
while, seasonal Kc values varied from 0.7 to 1.1 for
wheat.

Eddy covariance flux tower

Wheat in rabi season (2022-23) has been taken in
the fetch area of EC flux tower. Wheat (var. HI-1544)
was sown in the last week of November 2022 with a
seed rate of 100 kg/ha at 20 cm row-to-row spacing.
Four irrigations amounting to 476 mm was provided
at germination, CRI, booting and ear head bearing
stages. Fertilizer application was done as per the
recommended practices. Harvesting of the crop
was completed in the last week of March 2023. Crop
phenological attributes, i.e. plant height, leaf area
index (LAI) and biomass were recorded. The mean
plant height varied between 19 -100.0 cm during 2™
week to 16" week of crop growth. Leaf area index
varied between 0.15-1.87 during the period. The LAl
was maximum (3.06) at flowering stage of crop
during 12" week of the crop growth.
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Solar powered floating axial flow
pump

A portable type floating axial flow pump has been
developed for small and marginal farmers. The
developed axial flow pump can float in ponds, lakes,
or any other water surface avoiding the need of
costly pump installation. It can lift the surface water
from O to 3 m head efficiently. It has a DC motor of
size 250 W capacity attached with an axial flow
pump and operates on solar power. The pump is
powered by solar panels of 340 W capacity. There is
a remote control switch to operate it from an
approximate distance of 30 m, countering the
situational limitations where it would be difficult to go
close to start the pump. The developed pump was

tested in the Institute farm pond. The average
discharge of the pump was around 20,000 litres per
day (Ipd) at 3 m head. The pumping efficiency of the
developed solar pump varied from 50 to 27% for 1 to
3 m pumping head, respectively. However, the
efficiency of solar pump changes throughout the
day with the change in incident solar radiation.

loT and weather based advisory
service

Digital agriculture is unequivocal for precision input
management using number of soil, crop and
weather based parameters and network protocols
for timely decision making by the stakeholders. The
experiments are being conducted in wheat crop
(var. HD 8737) at Precision Farming Development
Centre of the Institute. The aim of the experiments is
to assess water usage efficiency, crop growth
parameters and yield outcomes to determine the
potential benefits of implementing loT technology in
agricultural irrigation systems. The loT device
having soil moisture, soil temperature and different
weather parameters sensor installed in the wheat
crop field to monitor soil moisture levels and
environmental conditions. The results are




compared with farmer based irrigation practice
based on experience. The loT-Device actively
monitors micro and macro climatic conditions,
below-ground soil parameters, crop stage, and
growth characteristics to provide comprehensive
insights and recommendations.

Yield prediction using UAV digital
imagery

Crop yield estimation has historically posed
challenges with existing methodologies due to
variations in crops, geographical regions and
growing conditions; this hinders traditional model
generalization. Deep learning frameworks offer
robustness in feature extraction from images,
essential for improving prediction accuracy. The
deep learning architecture utilizes multi-spectral
imagery collected from UAV as input, employing
convolutions to forecast wheat yield. The ground

truth data of yield and yield parameters such as
number of grains per panicle, panicles per m2 of 1 x
1 mand 2 x 2 m area was given as input along with
3500 multispectral imageries. The existing pre-
trained deep learning models ResNet150 and
VGG19 evaluated for yield prediction in wheat had
accuracy of + 20-27 panicles per m* with mean
square error loss of 423-760. These models yielded
satisfactory results on the dataset but couldn’t
handle multi-channelled spectral feature extraction.
Therefore, a state-of-the-art CNN based model was
developed for yield prediction of wheat crop.
Attenution convolutions were integrated to
categorize crucial features, enhancing model fitting.
The results of the developed model stated + 12
panicles per m? of area with MSE of 145 to generate
loss. Furthermore, the model generated an F1
score of 0.92, with precision at 0.90 and a recall
score of 0.94, indicating a high level of performance
in predicting wheat yields accurately.
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Development of diagnostic kit for
identification of soy protein in dairy
milk and paneer

A research initiative aimed at addressing the
prevalent issue of soy milk adulteration in dairy
products led to the development of a rapid detection
kit based on Ag-Ab reaction. The specific antibodies
against the soy protein as glycinin and 3-conglycinin
were derived from rabbit and conjugated with gold
nano-particle (diameter: 40 nm; optical density:
49.1; Amax 535 nm). These gold nanoparticle-
conjugated antibodies were employed to lateral flow
assay kit with a 15 pm pore size membrane, 100 pm
thickness, and 150 s/cm wicking rate to efficiently
identify soy protein in soy adulterated dairy milk and
paneer. A distinct band on the test line appeared
within 5-10 minutes for samples containing soy milk
or tofu, while dairy milk displayed no band. Mixed
samples exhibited a positive test line. This
innovative approach, ensuring a reliable
identification of soy protein, addresses concerns
related to adulteration and upholds the quality of
downstream dairy processes.

Dairy milk

Soy milk

Process technology for soy based
multi-functional probiotic chocolate
flavoured powder

Soymilk based probiotic chocolate flavoured
powder is a new product among the growing number
of functional foods. The key ingredients of this
product are - soymilk, skim milk and cocoa powder.
All the ingredients are concentrated in a two-step

CENTER OF EXCELLENCE FOR SOYBEAN PROCESSING AND UTILIZATION

process, in open pan evaporator and in a triple
effect evaporator till a total solid (TS) of 47 % is
achieved. In the concentrated milk, probiotic culture
(1011 cfu/gm) was added. The final mix with
incorporation of probiotics was evaporated under
the optimized spray drying having inlet (183°C) and
outlet air temperature (84+5°C) and a rotary
atomizer speed of 22000 rpm. The prepared
powder was analysed for various bio-functional
properties while making it sure that the final powder
contains the probiotic cell count 108-9 cfu/gm. The
overall acceptability scores of the developed
chocolate flavoured powder was above 7.6 on the
hedonic scale, this sensory score is comparable
with standard commercial soymilk powder. The
shelf life of the probiotic instant powder was found to
be more than 6 months under refrigerated
conditions when packed in aluminium foil packets.

1\7 \L
Supplementation of soy and
multigrain snack products to improve
the nutritional status and create
employment for farm women of MP

The project aimed to enhance the nutritional status
and create employment opportunities for farm
women in the Kachi Berkheda village of Phanda
Block of Bhopal district. Sixty women participated in
a dietary assessment and nutritional trial focused
on the consumption of two varieties of calcium-
enriched biscuits (sweet and salty). Prior to the trial,
an awareness workshop was conducted at the
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Anganwadi centre, addressing topics such as
nutrition, health, hygiene practices, dietary habits,
and entrepreneurship opportunities for bakery
shack production. Anthropometric data of the
participants were measured, and dietary
assessments were conducted using a 24-hour
recall method. Each participant (excluding the
control group) received a packet containing seven
calcium-enriched biscuits (20 g each) per week for
16 weeks. The biscuits were consumed daily for 8
weeks after breakfast or lunch. The anthropometric
data were collected throughout the trial, and the
data are currently being analyzed. Furthermore, a
workshop was organized in Chhattarpur, where
sixty-five farm women from Rajnagar and Bijawar

N/

blocks, along with representatives from NGOs and
government officials, participated. The workshop
focused on the "UINUI TG UMM HRIGH" and provided
training on entrepreneurship development and
income-generating activities for women farmers.

A visit to Patan village in Chhatarpur district
showcased a Nutrition Smart village model,
incorporating integrated farming, briquette usage
for cooking, solar dryers, roof water harvesting,
organic pesticides, vermicomposting, a low-cost
cool chamber, and a "GIYUT df¢dT". The community
hall and functioning Anganwadi in Patan were
surveyed, and a meeting with villagers emphasized
the importance of nutrition, processing, and income
generation.

Research and Development Il 21




Small tractor operated seedling
transplanter

A tractor operated sugarcane seedling transplanter
has been developed in collaboration with ICAR-
Sugarcane Breeding Institute, Coimbatore. The
developed unit consists of main frame, hitching
system, transmission system with ground wheel,
seedling indexing mechanism, ridger, furrow
opener, two compaction wheels, seedling tray and
fertilizer applicator. The seedling planter is suitable
for single row planting. Provisions has been made to
change the plant to plant spacing of 300, 450 and
600 mm and the depth of planting from 20 to 60 mm.
The planter is suitable for sugarcane seedling
raised in portrays and tissue culture seedling raised
in poly bags. The unit was evaluated under field
conditions and was observed to have an actual field
capacity and field efficiency of the machine are 0.2
ha/h and 70%, respectively. The equipment saves
60% in cost when compared to manual harvesting.

Unmanned multi-purpose track-type
vehicle

An unmanned multi-purpose track-type vehicle has
been developed for small farms and hilly areas with,
- 8.9 kW petrol engine, hydraulic transmission
system, track-type system and remote-control
system. The track-type system runs on hydraulic
transmission system comprising a rubber track,

load wheels, tensioners, drive wheels, rubber track
tyres and chassis frame. There are actuators in
place for drawing hydraulic power through a
remotely controlled solenoid valve. The hydraulic
motor functions to drive the wheels attached to left
and right track tyre, lifting and lowering of agriculture
implements. A remote-control system controls the
direction of vehicle, speed, brake and equipment
handling during agriculture operation from a
distance up to 500 m. The multi-row planter and
rotary weeder has been developed as an
attachment to developed track-type vehicle. The
developed four row planter was tested at field
condition. The field capacity and field efficiency of
the system was found to be 0.16 ha/h and 78.6%.
The developed rotary weeder as an attachment to
unmanned track-type vehicle was also tested at
sugarcane field. The field efficiency, weeding
efficiency and plant damage was recorded as 86, 91
and 1.2%, respectively.

Electro-Magnetic seed metering
system

In this system, traditionally present set of sprockets
and several counter shafts to transmit the power has
been eliminated. On the ground wheel or planter, a
magnetic pickup unit (trigger) is mounted while a
proximity sensor is placed near the trigger. As the
ground wheel rotates, the trigger transmits a pulse
to the proximity sensor. This pulse is magnified and
fed to a servo motor placed near the metering
mechanism. Such a system can accommodate
variation in speeds (few rpm to hundreds of rpm)
without any adjustments. When closer spacing is
desired, more number of triggers can be mounted
on the wheel. The system derives power from the 12
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V tractor battery and controls the entire system. The
planter unit weighs 190 kg and it can be operated by
a 35 hp tractor under the ploughed soil condition.
The field capacity of the unit was 0.41 ha/h with the
field efficiency of 78.7% against the wheel slip of
6.3% resulting a cost saving of 20%.

FCV Tobacco leaves stringing
machine

A stringing machine FCV tobacco leaves has been
designed in collaboration with ICAR-Central
Tobacco Research Institute, Rajahmundry and The
Tobacco Board, Guntur, Andhra Pradesh. It is a
power-operated unit consisting of a sewing and
conveyor assembly with a 0.37 kW electric motor
and a chain drive. A ratchet mechanism chain
stitches to hold the leaves properly and prevent the
dropping of even dried leaves as well. Evaluation of
the machine was conducted with two independent
variables of different stringing yarn material (nylon,
cotton, specialized yarn, jute yarns- triple, double
and single ply) and the number of leaves (80, 120,
160, 200); the weight of leaves in the experimental
design ranged from 3 to 5 kg. The dependent
variables were mean stitching time and mean leaf

loss/damage after stitching. The chain stitches hold
the leaves properly and prevent the dropping of
dried leaves during the curing process. Stringing
operation took 20 s per stick (4 kg of fresh leaf). The
stringing capacity was 730 + 100 kg/h (180 +10
sticks per hour) using specialized yarn (viscose
material, 34 counts) with an oval-shaped 3 mm
needle. It has three loading trays for fast and
continuous operations. Three sets of loading trays
were provided to make the operation faster and
continuous.

Jackfruit cutting machine

Jackfruit cutting for bulbs separation is the toughest
unit operation in the processing of jackfruit. A highly
skilled person is required to cut and separate the
bulbs from the fruit body while negotiating the sticky
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gum. Considering the drudgery involved in cutting of
the fruit manually, a power operated jackfruit cutting
machine has been developed with a cutting blade
assembly, moving plate assembly, power drive
system and collection tray; all attached to a main
frame assembly. The blade assembly is made of four
blades of high carbon steel fixed radially on a hollow
circular ring. At the center of the circular ring, a
hollow pipe of 80 mm diameter is fixed for removing

the central core of jackfruit. The moving plate
assembly consists of a movable plate of
polycarbonate material fixed on 30 mm shaft at the
four sides. A screw rod driven by a motor moves the
plate up and down. The moving plate aids in
pressing the fruit against the blades while it is being
cut. The unitis driven by 0.75 kW electric motor. The
overall dimension of the unitis 650 x 650 x 1900 mm.
The fruit is mounted on the circular ring, and the
screw rod at the side pushes the movable plate
down which in turn presses the fruit against the
blades. The cut fruit is collected in a tray at the
bottom. The developed machine could cut about 40-
60 fruits per hour depending on the size of fruit.
About 70% of time could be saved compared to
manual method of cutting.

Processability of culinary type
banana for papad making

Papads are the value-added products commonly
made from cereal, legumes, fruits and vegetables.
Culinary type bananas which are high in fibre
content are used for papad making. Two varieties of
banana viz. Monthan and Naadu were evaluated for
their suitability for making papad. The unit
operations followed for papad making were cooking
(immersion cooking, steam cooking and microwave
cooking), grinding with other ingredients (salt, chilli
powder and cumin), dough making, pressing and
drying. Papads were also made from flour of raw,
cooked and dried bananas. One lot of the treated
bananas were ground and rolled for making small
dough ball. The other lot was cut into slices and
dried at 50°C to make banana flour. This flour was
sprinkled with specified quantity of hot water to
make dough and papads were made by adding
other ingredients. It was observed the papad
recovery was 74.8 and 77.5% for Monthan and

Naadu flour

Monthan
~flour

Monthan Naadu
Microwave
cooking
with peel

Steam
cooking
with peel

Immersion
cooking
without
peel

Raw banana
flour
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Naadu, respectively. Oil absorption capacity was
low in microwave cooked skinned banana papad
(0.36 mL/g) in Monthan and immersion cooked
skinned banana papad (0.30 mL/g) in Naadu.
Overall acceptability of papad were evaluated with
respect to colour, texture, taste and flavour; for both
the varieties the microwave cooking with peel got
scores (out of 10) more than 9, while for immersion
cooking without peel the scores was slightly more
than 8.

Power operated baby corn grader

Baby corn has able to find an important place in the
food processing industry of India. Tender and fresh
baby corns are also exported to UK, UAE and
Ireland. The shanks are manually graded based on
their size and colour and packed in punnets. Proper
grading facilities are required for effective marketing
of baby corn, in this line a power operated baby corn
grader has been developed. It consists of a main
frame assembly, grading unit, prime mover and
collection unit. The grader roller conveyor assembly
is made up of 80 SSrollers. Two guiding rollers made
of nylon are spirally grooved throughout the length in
such a way that the gap between the grading rollers
gradually increases while they glide through the

grooves. The collection unit consists of cross-

conveyor rollers and flat belt conveyor. The
machine grades the baby corn into five grades, - 10-
12,12-14,14-16, 16-18 and more than 18mm width.
Two geared motors of 0.5 hp are used to operate the
grader. The performance of the machine was
evaluated in terms of grading efficiency and feeding
capacity at four roller speeds, - 0.7, 1.1, 1.5and 1.9
m/min. The grading efficiency and feeding capacity
of the grader were observed as 94.1, 94.5, 90.8 and
85.7% and 258, 307, 437 and 650 kg/h,
respectively.
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Title Investigations on straw incorporation system with
chopping unit using discrete element modelling
Scholar Abhishek Patel

Chairperson DrK.P.Singh

Rice residue burning in India is a huge
environmental concern; an attempt was made to
address this issue by developing a rice straw
chopper cum mixture machine. Soil and straw were
modelled by Hertz-Mindlin linear cohesion and
Hertz-Mindlin with parallel contact model,
respectively. Single straw and straw bunch were
calibrated with relative error <10%. SMS serrated,
cutter bar and SMS plain blades were evaluated
using DEM. SMS serrated blade (cutting torque
5.06 N.m) was selected for chopping unit. Mixing
index (MI), mean weight diameter (MWD), effective
field capacity, straw length and fuel consumption
were 96%, 8 mm, 0.15 ha/h, 5 mm and 3.06 L/h,
respectively; at 1.8 km/h forward speed and 25%
straw moisture during field evaluation. The
experiments were performed in DEM and field for

Ml

T

—=— Actual shear force—e— Simulated shear
Moistune consent, %

three-forward speeds at 25% moisture content (5
days after harvest). The straw retained at four
different vertical soil sections (depths 0-30, 30-60,
60-90 and 90-120 mm) varied from 16.4 to 26.1,
37.2 to 44.1, 32.5 to 15.7 and 6.3 to 1.8%,
respectively. A seven-row straw chopper cum mixer
with seeder (SCMS) was developed and compared
with prevailing practices. SCMS performed better
having 14.45 cm depth, 5 cm straw length, 6.75 L/h
fuel consumption, 9.2 mm MWD, 90.42% MI and
18.5% BDI. The germination count and vyield of
wheat were 4.72 and 7.33% higher, respectively as
compared to traditional practice. Operating cost of
machine was 2560 Rs/ha (54.12% saving
compared to super seeder). The break-even point
and payback period were 174 h/year and 3.4 year,
respectively.

Simulation of straw chopper cum mixture machine

Loading rate. mm.s"!

042 05 058 042 05 038 042 05 058

Mediumdodsize  Large clod size and straw
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Title

Investigations on microcontroller based precise fertilizer

dispensing system for spot application in widely spaced crops

Scholar Aman Mahore
Chairperson DrK.P.Singh

Fertilizer application is vital for crop production. The
current scenario demands precise use of chemical
inputs in crop cultivation. It is well known that
manual methods used for applying fertilizer in
widely spaced crops require more labour.
Furthermore, the available machinery for fertilizer
application by broadcasting results in a lot of
fertilizer wastage, contributing to environmental
pollution. Therefore, this study was undertaken to
minimize fertilizer wastage and drudgery through
sustainable production, achieved by precisely
applying fertilizer to the plants. The physical and
mechanical properties of granular diammonium
phosphate and super phosphate were determined.
A new metering mechanism with grooved belt was
developed. A sensor selection study was conducted
and ultrasonic sensor (3.4% detection error and
0.203 s response time) was selected for automatic
plant detection system. The developed spot fertilizer
applicator was evaluated in laboratory for
optimization of operational and machine control

parameters, - groove volume (50, 100 and 150 cm®),
plant spacing (450, 600, 750 and 900 mm),
metering belt speed (8, 9 and 10 m/min) and forward
speed (2.0, 2.5 and 3.0 km/h). The values of band
length, band width, fertilizer placement inside and
outside were 203.43, 110.98, 101.05 and 212.71
mm, respectively at the optimized groove volume
(50 cm®), plant spacing (450 mm), belt speed (10
m/min) and forward speed (3 km/h). There was no
significant difference between actual and measured
fertilizer application amount (variation <4.15%).The
developed spot fertilizer applicator was evaluated in
guava (2 x 2 m) and mango (3 x 3 m) orchards with
optimized groove volume and metering belt speed
at three different forward speeds (2.0, 2.5 and 3.0
km/h). Average field capacity and field efficiency
were 0.59 ha/h and 79%, respectively for mango
field. The operation cost of the developed machine
was Rs 536 per ha. The machine reduced operating
cost and time by 97 and 50%, respectively, as
compared to manual ring basin method.
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enhancement of vegetables
Scholar AseeyaWahid
Chairperson Dr Saroj Kumar Giri

Fresh vegetables are prone to spoilage, leading to
texture, nutritional, and colour degradation. This
study explores vacuum impregnation (VI) to
enhance vegetable quality and shelf-life. The VI
system, designed with a 25 mm thick acrylic
vacuum chamber, vacuum pump an and automation
setup was used for impregnating broccoli florets,
coriander leaves and iceberg lettuce with ascorbic
acid and calcium chloride. Response surface
methodology (RSM) optimized the process using a
4-factor Box-Behnken design, focusing on vacuum
pressure (VP), vacuum time (VT), solution
concentration (Cn) and restoration time (RT). Key
quality parameters evaluated were, - total phenolic
content (TPC), total flavonoid content (TFC),
ascorbic acid content (AAC), free radical
scavenging activity (FRSA), total chlorophyll
content (TCC), and carotenoid content (CC).

VACUUM IMPREGNATION

Development of vacuum impregnation technology for shelf-life

Optimized conditions for broccoli were 0.2 bar VP,
11 min VT, 12 min RT, and 1.5% Cn, yielding TPC
297.58 mg/100g, TFC 11.22 mg/100g, AAC 359.92
mg/100g, TCC 1.21 mg/g, FRSA 79.77%, and CC
8.58 mg/g. For coriander, conditions were 0.4 bar
VP, 3 min VT, 14 min RT, and 0.5% Cn, yielding TPC
218.48 mg/100g, TFC 9.7 mg/100g, AAC 411.03
mg/100g, TCC 21.52 mg/g, FRSA 89.98%, and CC
3.57 mg/g. For lettuce, conditions were 0.5 bar VP, 3
min VT, 15 min RT, and 1.5% Cn, yielding TPC 126.5
mg/100g, TFC 2.33 mg/100g, AAC 203.5 mg/100g,
TCC 4.83mg/g, FRSA 83.37%, and CC 2.94 mg/g.

Storage studies at 5° and 25°C with various
packaging materials compared impregnated
vegetables to fresh samples, highlighting the
potential of VI in extending the shelf-life of broccoli
and lettuce.

1) Crop
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Title

Scholar Bhagwan Singh Narwariya
Chairperson DrK.N.Agrawal

Cabbage is an important green leafy vegetable and
is cultivated worldwide. The farm operations in
cabbage cultivation such as raising seedlings,
tillage and seedbed preparation are almost
mechanized. However, transplanting, weeding and
harvesting are still carried out manually. Laboratory
set-ups were developed to investigate the effect of
constructional and operational parameters on
cutting and conveying of cabbage crop for higher
harvesting efficiency. The cutting disc blades with
different cutting-edge profiles (smooth, serrated
and teethed) were evaluated individually in terms of
cutting torque and power requirement at different
blade speeds (3.93, 5.52, 7.85, 10.18 and 11.78
m/s), forward speeds (1.5, 2.0, 2.5, 3.0 and 3.5
km/h) and stem diameters (20, 24, 30, 36 and 40

Measured Physical and Mechanical Properties of Plant

|

Head diameter -J‘
I
|
|
I

ke
1
I
I
I
]
1
|
i
I

Single Row Cabbage Harvester

Studies on systems for harvesting of cabbage

mm). The conveyor belts such as flat, flat belt with
cleated lug and flat belt with rounded head lug were
evaluated individually in terms of conveying
efficiency and power requirement at different
inclination angles (15, 25 and 35°) and belt speed
ratios (1:1.1, 1:1.2 and 1:1.3) at a forward speed of 2
km/h. The optimized values of operational
parameters were blade speed of 10.15 m/s,
conveyor system inclination angle of 15° from
horizontal and belt speed of 1.13 times the forward
speed (2 km/h). Considering plant properties and
optimized values, a tractor mounted single row
cabbage harvester was developed and evaluated,
average cutting efficiency, conveying efficiency and
harvesting efficiency were found 97, 95 and 92%,
respectively.
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Select different types of Cutting blades and Belts
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Scholar Changchuk Lamo
Chairperson Dr Subir Kumar Chakraborty

In an attempt towards value-addition of chickpea
husk, extraction of cellulose and nanocellulose from
it was considered in the present study. The extract
would then be used as a filler reinforcement in poly
lactic acid (PLA) polymer. The alkali treatment
method for cellulose extraction was optimized with
optimum conditions, like NaOH concentration of
0.84 M, process temperature of 70°C and 2h
extraction time; corresponding yield of crude
cellulose was 73 %. X-ray diffraction study revealed
that the cellulose obtained after alkali treatment had
crystallinity index of 89.5%. While FTIR and TGA
study ascertained the removal of lignin from
chickpea husk. CNC was synthesized from the
extracted crude cellulose using acid hydrolysis
method. The optimum hydrolysis condition was
having a H,SO, concentration of 43%, process

Extraction of cellulose nano crystals (CNCs) from legume husk
and process design for its use in polymer as reinforcement

temperature of 40°C and 87 min extraction time.The
predicted values of dependent variable were, - size
424.83 nm, zeta potential of -17.96 mV, 98.46%
crystallinity index, 1.63 mPa.s viscosity and the
yield was 84.35%. Concentration of CNC varying
from 0 to 10% was added in PLA to form a PLA/CNC
composite film using solvent casting method. The
maximum reduction in water vapour permeability
was found at 4% loading of CNC, i.e., 52.74% with
respect to neat PLA film. While for oxygen
transmission rate the reduction was highest
(56.58%) at the highest loading of 10% CNC. The
tensile strength of the composite film also improved
with increased CNC loading, but at the expense of
EAB. Hence CNC loading in PLA can be
recommended as a potential alternative to form
biodegradable composite packaging material.

CNC extracted from chickpea husk can be a
potential filler reinforcement in PLA polymer.
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The crystallinity index in husk was 70.11 %, production .

increased to 89.46 % in extracted cellulose, to
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92.8% in CNC.

The CNC loading as a reinforcement filler in PLA matrix was found to give positive effect on the

water vapour permeability upto 4% loading,
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Title
performance.

Scholar Gottam Kishore
Chairperson Dr Ranjay Kumar Singh

Water resources are essential for ensuring an
adequate food supply and a healthy environment for
all living things. Limited water supplies have
resulted in the use of reclaimed water, hard water,
low saline water and moderate saline water as
alternate for irrigation. Magnetised water (MW), is
an application of magnetic fields. A study was
initiated for the optimum configuration of the 7000
gauss magnetic treatment device. The experimental
plan comprises laboratory studies such as the
optimum configuration of magnetic treatment
device (MTD) in which one set of water was not
magnetically treated (non-treated) while other set
was subjected to magnetic treatment. Maximum
chemical changes in parameters of poor-quality
water (hard, waste and saline) were observed at a
velocity (F1) of 0.8 m/s (discharge, 3 Lps) as

Bore water Hard water (1000 ppm)

Investigations on magnetic treated irrigation water and system

compared to F2 1 m/s (discharge, 4 Lps) and F3 of
1.2 m/s (discharge, 5 Lps). In tomato crop, among
the different type of irrigation water tried,
magnetically treated wastewater recorded the
maximum plant height (92.44 cm), number of
branches per plant (19.81) and LAl (3.04). The
magnetised wastewater treatment (88.64 g/m’ per
soil/week) resulted in the highest values of crop
growth rate followed by treatments of magnetised
bore water (80.59 g/m’ soil/week). The magnetic
treatment of bore water, wastewater and saline
water enhanced the yield of tomato by 7.74, 12.89
and 10.38% over the respective non-magnetic
treated plots. The magnetic treatment of bore water,
wastewater and saline water enhanced the yield of
French bean by 9.17, 13.11 and 8.66% as
compared to non-magnetic treated plots.

Saline water (3000 ppm)  Wastewater
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Scholar Lalita
Chairperson Dr Saroj Kumar Giri

This research work elucidates the suitability of
refractance window drying (RWD) for retention of
heat-sensitive compounds in Indian gooseberry
(aonla) with better quality retention and
morphological characteristics. Also, the potential of
artificial neural networks (ANN) and infra-red (IR)
thermography for accurate prediction of surface
temperature of aonla slices during RWD process. A
batch type RW dryer was developed and the drying
conditions were optimized (water temperature - 75,
82.5, 90°C and slice thickness - 2, 4, 6 mm). At the
optimized processing conditions of a water
temperature of 83°C and 4 mm slice thickness;
ascorbic acid content, total phenolic content, free
radical scavenging activity, titratable acidity and
moisture content, values were 269.03 mg/100 g,
242.33 mg/100g, 87.11% and 3.62%, 4%
respectively. The efficacy of the developed RW
dryer was compared with hot air drying (HAD) and

Infrared thermography for modelling of refractance window drying
of aonla (Emblica officinalis) slices

osmotic drying (OSD) methods. The RW dried aonla
slices possessed 3-4% higher content of
phytochemicals compared to OSD and HAD
samples.

Further, the modelling of RW drying process
assisted with infrared thermography and ANN was
carried out. The textural properties of thermal
images were utilized as input neurons in ANN
modelling to predict the surface temperature. The
best suited ANN model was obtained with a transfer
function of tansig, a training algorithm of
Levenberg—Marquardt back propagation and four
neurons. Also, the characterization of mass transfer
parameter was done by the Dincer and Dost
diffusion model. To investigate the alterations in
microstructure occurred during the RW drying
process; SEM, FTIR and XRD were also conducted.
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Scholar Lakshmi Poojitha Challa
Chairperson DrC.D.Singh

The present research aims to develop an Internet of
things (loT) system based on the environmental
conditions in a greenhouse for cucumber crop
cultivation in the research field of ICAR-CIAE,
Bhopal to irrigate the crop precisely. The
environmental parameters, - temperature (T),
relative humidity (Rh), light intensity (LI) and soil
temperature (ST)) were monitored using different
instruments. The collected data was used to predict
soil moisture (SM) using a combination of different
machine learning techniques. An loT system was
developed to irrigate the cucumber crop
automatically based on SM depletion. Three
treatments were considered to evaluate the
performance of loT system ET-based (T1), FC-
based (T2) and model-based (T3). In T1, the

Soil moisture prediction using ML techniques
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Soil moisture variations under irrigation during cucumber crop seasons

Application of loT technique for irrigation scheduling based on
environmental conditions in a naturally ventilated greenhouse

irrigation was provided based on the calculated crop
ET and in T2, it was by programming the loT system
with an upper limit as FC and a lower limit as 50%
available water. However, in T3, the predicted SM
from MLR (R*=0.909) equation was used to provide
the irrigation so as to reduce the development cost
of the loT system. These three treatments were
evaluated by comparing the yield and vegetative
parameters of the cucumber crop inside a
greenhouse. The results showed that the developed
loT irrigation system could capture real-time data
and process it using the developed model to predict
SM one day ahead for irrigation scheduling works
efficiently over the FC-based irrigation using loT
and ET-based irrigation.

Development of loT device for imgation scheduling

Calibration of the sensors

Fig. 20:

of working of developed irrigation system

Sending data to the cloud
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Scholar Pangam Heramb
Chairperson Dr K.V.Ramanna Rao

Mismanagement of fresh water is a primary concern
that negatively impacts agricultural productivity.
Judicious use of water in agriculture is possible by
estimating the optimal requirement. The practice of
estimating crop water requirement using reference
evapotranspiration (ET,) is widely employed. The
primary objective of this work was developing
Machine Learning (ML) and Deep Learning (DL)
algorithms for ET, modelling. The comparison
between the data-driven algorithms with empirical
ET, equations was also carried out. This study
aimed to estimate ET, using ML algorithms:
Random Forest (RF), Light Gradient Boosting
(LGB) and Extreme Gradient Boosting (XGB),
additionally these models were optimized using
Grey Wolf Optimizer (GWO). DL models employed
in this study were Artificial Neural Network (ANN),
Recurrent Neural Network (RNN) and Long Short
Term Memory (LSTM) networks.

Output - ET,

Data-driven techniques for evapotranspiration modelling in
different agro-ecological regions of India

The daily meteorological data of various regions
was used for modelling. A web-application named
Data-driven interface for Crop Evapotranspiration
(DICE) was developed based on the best performed
data-driven models. The hybrid ML models were
superior in accurately predicting ET, at all the
stations. The Valiantzas 2 equation was found
superior in estimating ET, of all the empirical
methods at arid and semi-arid stations, whereas the
Turc model performed well at humid and sub-humid
locations. The results of the DL models have shown
that the LSTM and ANNG6 (which used 2 hidden
layers with 10 neurons each) were the models to be
efficient than RNN and ANN1 (which used 1 hidden
layer with 5 hidden neurons). The DiCE web-
application gave reasonable accuarcies in
predicting crop evapotranspiration (ETc).

B. Data preprocessing

Data preprocessing
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Title

Scholar Parmanand Sahu
Chairperson Dr Sandip Gangil

This study was conducted to analyze the benefits of
step pyrolysis (SP) of biomass. SP targets the
thermal degradation of individual bioconstituents
based on temperature ranges. Pigeon pea stalk
(PPS) was selected as the experimental biomass
for implementing the concept of SP. The thermal
behaviour of PPS was diagnosed by
thermogravimetric analysis conducted at four
different heating rates 10, 20, 30, and 40°C/min. A
laboratory-scale reactor having capacity of 1 kg of
chaffed PPS was developed. In the developed
pyrolytic system, step pyrolysis and traditional
pyrolysis (TP) was done by controlling the
temperature, time and heating rate. The adsorption
indices showed a reduction in methylene blue
values (15-25%) and an increase in iodine number

Kinetic study on step pyrolysis of biomass

(20-38%) due to the SP method. Based on the TGA
data of a specific sample, kinetic parameters were
calculated by using four iso-conversional methods
(FWO, KAS, Starink, and Tang). A remarkable
reduction was registered in average activation
energy (21 to 33%) of SP method based char (SP-
char) over the product generated from TP method
(TP-char). An increment in the estimated value of
AG (3-5%) at comparatively higher heating rate (30
and 40°C/min) and the decrement at lower heating
rate (10 and 20°C/min) was observed. Another side,
a decrement on estimated value of AH (11 to 33%)
and AS (1 to 7%) were registered for SP-char over
TP-char. Based on the findings of the study;itcan be
concluded that using step pyrolysis method a
better-quality product can be generated.

‘ Kinetic Study on Ste

p Pyrolysis of Biomass
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Scholar Praween Kumar Nishad
Chairperson DrS. Mangaraj

An integrated earth air heat exchanger cum
evaporative cool (EAHE-EC) storage structure was
designed and developed to store fresh produce at
the farm level. It comprises a storage room, earth air
heat exchanger and evaporative cooling systems.
The cooling performance of the developed EAHE-
EC system was evaluated at three different air
velocities (4 to 6 m/s), water flow rates (0.032 to
0.096 kg/s), and thickness of the cooling pad (50 to
150 mm). These independent parameters were
optimized using Box-Behnken Design (BBD) under
Response Surface Methodology (RSM) in Design-
Expert Software. The corresponding optimum
values for maximum temperature drop (16.80°C)
and humidity rise (70.85%) within a range of input
variables were found to be 4 m/s air velocity, 0.065

Room temperature

Design and development of an integrated earth air heat exchanger
cum evaporative cool (EAHE-EC) storage structure for fresh produce

kg/s water flow rate, and 150 mm thickness of the
cooling pad. The effectiveness of the developed
EAHE-EC system for its capability to extend the
shelf life of fresh commodities was studied by
assessing the effect of storage conditions (ambient
storage and EAHE-EC system) on each
postharvest quality parameter of tomato and mango
fruit. Based on the retention of the overall quality
and microbial load till the end of the storage period,
the shelf life of tomato and mango fruit stored inside
the EAHE-EC system was recorded at 21 and 12
days, respectively, which was 2.5-3 times higher
than ambient storage (9 and 4 days). The extra
shelf-life gained by tomatoes and mangoes inside
the EAHE-EC system can provide a sufficient buffer
period to the farmers for retailing and marketing.
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Title
failure in vertisols

Scholar PremVeer Gautam
Chairperson DrK.N.Agrawal

Tillage is an energy-intensive agricultural operation,
prompting various design enhancements to reduce
draft requirements and achieve optimal soil
disturbance. Experiments were conducted in the
soil bin of ICAR-CIAE, Bhopal to measure the
rupture width in vertisols using an image processing
technique (R2 = 0.996). For sweep and reversible
shovel tools, within the test range of tool width, cone
index, operating speed and depth, draft
requirements varied between 196.5 and 1303.6 N
and 132 to 875 N, respectively. Rupture widths
ranged from 289 to 553 mm for the sweep tool and
172.3 to 377.3 mm for the reversible shovel.
Response Surface Methodology (RSM) and
Artificial Neural Network (ANN) models were
developed to predict draft and rupture width for
tillage tools. A quadratic RSM model was found to
be best suited for the draft (R2 = 0.96) and rupture

Draft

Soil
| Disturbance

Studies on effect of tool geometry and operational parameters on soil
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width (R2 = 0.98) prediction of sweep tools among
linear, interactive, quadratic, and cubic models. For
reversible shovels, a quadratic and two-factor
interaction RSM model (R2 = 0.98) was most
effective. Both ANN and RSM models predicted
draft and rupture width within an error margin of
+5%. Field validation of the optimized solutions
showed absolute percentage differences between
optimized and field draft measurements for tillage
tools, ranging from 4.81 to 10.68%. Rupture width
measurements demonstrated values ranging from
4.53 to 8.01%. These results indicate that the
developed models accurately predict draft and soil
disturbance, aiding in the precision design of tillage
tools. Designers and manufacturers can use these
insights to create more efficient agricultural
implements and soil management.
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characteristics
Scholar Puneet Kumar
Chairperson Dr Subir Kumar Chakraborty

In India, pigeon pea (Cajanus cajan L.) is most
consumed pulses after chick pea, being a hard-to-
mill type of pulse, therefore it requires pre-milling
treatments. The present study attempted to
investigate the effect of infrared radiation (IR) at
different voltages (V; 203, 210, 220, 230 and 237 V)
and for different exposure time (T;1.3,2,3,4and 4.7
min) intervals at varying grain moisture (MC; 8.6, 10,
12, 14 and 15.4%, wet basis) on forces associated
with dehulling such as hull adhesion strength (Hs),
cotyledon adhesion strength and shear strength,
dehulling characteristics, heat penetration profiling
and other dependent properties. As primary
objective of the study was to reduce the Hs,
therefore goal was set to minimise the Hs. The
optimized condition in terms of the input variables

Effect of IR treatment on pigeon pea dehulling and its quality

A

was obtained as 228 V, 12.4 % moisture content
(w.b.) and 2.9 min exposure time and this solution
had a desirability of 1.0. Marked reduction in Hs was
observed post IR treatment (2.37 N/mm?®) as
compared to untreated (8.80 N/mm?) grains. The
specific heat and thermal conductivity of the pigeon
pea grains varied from 1.69 to 3.01 kJ/kg.K and 0.09
to 0.17 W/m.K, respectively. Similarly, heat
penetration profiling significantly increased with MC
and T due to positive correlation with thermal
conductivity. The study confirmed variation in
dependent properties such as biochemical,
functional, cooking, and microstructural for both
control and optimally treated samples. This study
confirms that the milling properties of the pigeon
pea grains are improved with IR treatment.

‘ Forces associatedto milling operation | | Dependent properties
° ‘;ﬁ. Q ’) 1. Biochemical properties
. 2. Functional properties
Partially dehulled Cotyledon Sheared 3. Cooking properties
grain separated grains
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Title

Scholar Rahul SubhashYadav
Chairperson Dr Debabandya Mohapatra

The tuberose (Polianthes tuberosa L.) is a bulbous
perennial plant with a waxy, shining white blossom
and a pleasant, aromatic odour that uplifts the
mood. The sequential ultrasound-microwave
assisted extraction (UMAE) technique was
performed to investigate the effect of solvent type
(n-hexane, methanol and petroleum ether), size and
soaking durations (0, 30 and 60 min) on the
extraction yield of concentrate from tuberose
flowers. The conditions to be optimised were n-
hexane, cut samples and 30 min soaking duration,
with an extraction yield of 95.04%. The concentrate
yield from the UMAE samples ranged from 82.2 to
97.1%. The highest concentrate yield (97.1%) was
observedin the sample that was subjected to 640 W
of microwave power, 300 W of ultrasonic power, 240

‘ Ultra-sonication ‘

Development of hybrid ultrasonic-microwave assisted essential oil extraction
technology and its kinetics for tuberose flowers Polianthes tuberosal.

s of microwave exposure time and 720 s of
sonication time. The R? values (0.980) for the ANN
models of concentrate yield were greater than the
corresponding R® values (0.904) for the developed
RSM. Additionally, for the concentrate yield, the
ANN models' RMSE (1.177) and mean absolute
error values (1.385) were lower than those of the
RSM model (RMSE: 1.284 & mean absolute error
values: 1.65). In the current investigation, ANN
models outperformed the RSM model in terms of
prediction accuracy. 1,8-cineole, methyl benzoate,
terpineol, indole, methyl anthranilate, isoeugenol,
cis-7-decen-5-olide, alpha-farnesene, trans-
farnesol, benzyl benzoate, and isopropyl myristate
were the major VOCs that were present in each
extracted concentrate sample in varying amounts.
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seeds
Scholar Rajendra Hamad
Chairperson Dr Subir Kumar Chakraborty

Mustard (Brassica juncea) production is challenged
by limited yields and low oil recovery rates. This
study evaluates microwave (MW), infrared (IR) and
ohmic heating (OH) pre-treatment methods to
enhance millable oil recovery from mustard seeds,
assessing oil availability, quality and fatty acid
profile. Hyperspectral imaging using visible near-
infrared (Vis-NIR) and short-wave infrared (SWIR)
spectra analyses oil content, fatty acids and spatial
distribution. Chemometric techniques, including
principal components analysis (PCA), partial least
square discriminant analysis (PLS-DA) and
regression (PLSR), are applied to spectral data.

Results indicate that pre-treatment methods
significantly impact oil recovery. MW pre-treatment
achieved the highest oil recovery (33.71%), with IR
(32.13%) and OH (33.18%) also showing
impressive results. Pre-treatments influenced
peroxide value, acid value, free fatty acid content
and oil colour, while refractive index, density and

Pre-treatment strategies for improved oil recovery from mustard

viscosity remained unaffected. Fatty acid analysis
revealed variations based on pre-treatment
methods. Hyperspectral data analysis using PCA
distinguished between treated and untreated
mustard seeds, with SWIR spectra providing better
discrimination. PLS-DA models classified pre-
treated seeds with high accuracy (over 95%), and
SWIR spectra outperformed Vis-NIR spectra. PLSR
models predicted millable oil and fatty acid content
accurately, with SWIR spectra (R*>0.80) performing
better than Vis-NIR spectra (R*>>0.65). The study
identified optimal wavelengths for predicting oil
content and fatty acid components using the iPLS
model. Prediction maps visualized the spatial
distribution of oil and fatty acid content within pre-
treated seeds. These findings enhance
understanding of effective pre-treatment strategies
for mustard seed oil recovery, guiding operating
protocols and employing hyperspectral imaging for
rapid predictions.
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Title

Scholar Nalawade Rohit Dilip
Chairperson DrK.P.Singh

An L-shaped blade with a modified geometrical
feature (sweepback angle) was developed to
address the issue of high-power requirements in
Vertisols. Discrete Element Method (DEM)
simulations were used to evaluate and optimize the
performance of these new blades. The hysteretic
spring contact model, combined with a linear
cohesion model, was selected, parameterized and
calibrated using cone penetration tests to predict
behaviour in Vertisols. Optimization involved
varying sweepback angles (0°, 6°, 12°, 18°),
rotational speeds (200, 250, 300 rpm), depths (20,
50, 80 mm) and forward speeds (0.3, 0.75, 1.2
km/h), while measuring power requirement, relative
wear, disturbance intensity, and mixing index.

Study on optimization of geometrical and operational parameters of
rotary tiller blades for efficient utilization of power in vertisols

Key findings included calibrated values for yield
strength (1x106 Pa), soil-soil friction (0.68), soil-
steel friction (0.35), energy density (20 kJ) and
stiffness factor (0.7). The optimal parameters were
236 rpm, a 16° sweepback angle, 1 km/h forward
speed, and a 39 mm depth. Comparative
experiments showed that the optimal L-shaped
blade required 17.35% less power than the
conventional blade. Field tests confirmed the
superiority optimal blade demonstrating a 16.5%
less power requirement, 7.7% higher pulverization
index and 14.2% lower fuel consumption. Thus, the
optimized L-shaped blade significantly reduces
power requirements in Vertisols.

* High Power Requirement
* High Fuel Consumption
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Scholar Shilpa S Selvan
Chairperson DrDebabandya Mohapatra

Investigated in this research work was the impact of
storage temperature and duration on the quality
characteristics and volatile profiling of raw and
fermented pearl millet grains based on the volatile
organix compounds (VOCs). A sensing system has
been developed, which can detect rancidity non-
destructively. Results indicated that the storage
temperature and duration have a significant effect
on the biochemical, rheological, bioactive,
functional and morphological characteristics of
pearl millet grains. The free fatty acid and peroxide
values are found to be the rancidity markers in pearl
millet grains, which progressively increased with the
temperature and duration of storage. The volatile
profiling of pearl millet grains revealed the presence
of alcohol and aldehydes as the major groups
indicating rancidity during storage. The developed

Raw & fermented pearl millet grains
120 days of Storage
5,25&45°C

Development of a sensing system for monitoring the quality
deterioration in pearl millet grains during storage

sensing system equipped with the MOS sensors
and an algorithm to define rancidity index,
successfully categorized the pearl millet grains into
fresh (<=2.7), about to spoil (>2.7 to <=2.9), and
spoiled (>2.9), based on the volatiles. The validation
of the developed sensing system indicates a high
concentration of alcohol (8.44%) and aldehyde
(3.54%) compounds in the spoiled grain, followed
by the about to spoil grain lots. The higher R?
(0.9711) and low error values (0.0014 to 1.0325) of
the sensor data with various machine learning
approaches indicates the accuracy of the
developed system. The developed sensing system
finds an effective way to identify the condition of
pearl millet grains due to its accuracy, ease to use,
cost-effectiveness, and flexibility.

S * Biochemical analysis

Rheological properties
Morphological

* Functional properties
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Title

Scholar Vijay Kumar
Chairperson DrK.P.Singh

Agriculture plays a pivotal role in India, employing
over 50% of the workforce and ensuring food
security for its vast population. As the world expects
the "Agricultural Digital Revolution," the need for
advanced, accurate soil mapping rises. Soil testing
in precision farming is paramount as it provides
detailed insights into soil composition and health,
enabling tailored agricultural practices, optimal
nutrient application, and irrigation. This maximizes
crop yield, reduces resource wastage, and
promotes sustainable farming. Soil pH and
Electrical Conductivity testing are fundamental in
precision farming, providing critical insights into soil
health and nutrient availability. Traditional soil
testing involves manual collection and laboratory
analysis, which is time-consuming, expensive, and
provides coarser resolutions. Digital soil testing,
leveraging sensors, offers rapid results and spatial
variability insights in timely. This study uses

oil Processed
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Prediction of the soil properties using artificial intelligence

machine and deep learning techniques, aiming to
predict soil properties from pre-processed soil
images. Four Al models were investigated: Support
Vector Machine, K-Nearest Neighbors, Decision
Tree, and Convolutional Neural Network to train and
test for classifying different soil pH and EC classes.
The KNN model exhibited better performance in soil
pH and EC prediction than SVM and DT, achieving
61.9% and 65% accuracy, respectively. The CNN
model's accuracy for predicting soil pH was 65%,
and 68.3% for soil EC, reflecting its competence in
classifying soil properties correctly. While all models
provided useful insights, the CNN model, with its
commendable precision, recall, F1-score, and
accuracy, underscored the growing importance of
machine learning in agriculture and soil
management. However, there is scope for future
improvements in optimizing these models for
enhanced prediction accuracy.
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Title Studies on the microclimate variations in different mulching
conditions under drip irrigated sweet corn using loT
Scholar Vinod Kumar S

Chairperson Dr C.D.Singh

Smart irrigation is one form of precision irrigation
that can help farmers maximize crop production
while preserving water and energy. This study
evaluated the effectiveness of a drip irrigation
system based on loT and soil moisture sensors in a
field experiment with sweet corn between 2020 and
2022. There were nine treatments with three
replications: ETc-based drip irrigation (ETc 100%)
and loT-based drip irrigation scheduling with two
soil moisture levels under three mulches: black
plastic mulch, silver plastic mulch, and control (bare
soil). loT-based drip irrigation scheduling (100% FC)
applied irrigation when soil moisture reached a
lower threshold ( 33.1%) and ended when the field
capacity was reached ( 43.5). Results showed that
the ET-based irrigation method was easier to
implement with less infrastructure and could result

in lower yields than the loT-based drip irrigation
method with 100% FC. Grain and stalk yields
increased by more than 12.05 and 14.97% for the
loT irrigation with 100% FC. It was found that loT-
based drip irrigation with 100 FC and 80% FC used
12.7 and 24.5% less irrigation water, respectively,
and provided loT-based drip irrigation with 100%
FC, there was a 12.8% increase in marketable yield
than ETc and loT-based drip irrigation with 80% FC.
The results show that the developed loT system can
potentially monitor the microclimate of plants in real
time under different conditions of using plastic
mulch. The loT system is rugged and water-
resistant, making it suitable for outdoor agriculture.
Solar panels power the system, so there is no need
for cabling and sensor nodes can be efficiently
monitored.
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FARM IMPLEMENTS AND MACHINERY

Tractor operated electronic planter

Precise placement of seed is essential for
enhancing crop yield and reducing seed wastage by
ensuring uniform seed spacing and depth. A five-
row unit of the electronic controlled planter suitable
for inter-cropping has been developed by CCSHAU,
Hisar centre to facilitate inter-cropping by
simultaneous metering and sowing a wide range of
crops with seed size ranging from 2 to 16 mm and
seed-to-seed spacing ranging from 100 to 600 mm.
This technology optimizes resource use and
improves overall agricultural efficiency and
productivity by precise placement of seed. The
selection of the crop combination and the desired
seed-to-seed spacing can be achieved through a
mobile application. The rotational speed of metering
cells to maintain the desired seed to seed spacing is
controlled by real time measurement of forward
speed of the planter. The machine has been
evaluated for sowing of castor with green gram,
castor with cow pea, and pigeon pea with green
gram as intercrop at forward speeds from 2 to 5
km/h. The missing, multiple, quality feed, and
precision indices of the developed planter are in the
range of 1.57-4.02, 1.22-2.79, 94.76-96.22 and
9.38-19.18% for sowing of castor-cowpea as
intercrop. The corresponding values for sowing of
pigeon pea-green gram are 1.57-4.05, 1.37-2.60,
94.58-95.84 and 11.32-15.47%, respectively.
Similarly, for sowing of castor-green gram as
intercrop, the values are observed in the range of
1.53-4.03, 1.27-2.69, 94.70-96.21, and 11.53-
15.78%, respectively. The machine is observed to
work best at forward speed of 3 km/h for all intercrop
combinations considering the seeding uniformity
indices and effective field capacity as performance
indicators.

Remote controlled site-specific
chemical applicator

Chemical application is one of the most dangerous
agricultural operations where operators are
exposed to hazardous chemicals. Also, manual
application of chemicals involves a significant
wastage of chemical inputs as well as
environmental. These issues can be overcome by a
remote controlled site-specific chemical applicator
for field crops has been modified by the AICRP on
FIM, Bapatla centre with the new version having a
four-wheel drive mechanism for improved traction.
Two 24 V batteries are used for driving both DC
motors placed at left and right wheels of the driving
system. An alternator and 0.75 kW petrol engine are

used to charge the two batteries placed for
supplying power to the DC motor for continuous
working. A separate 24 V battery is used for
supplying power to the plant detection system and
remote-control unit. A chemical tank of 20 litre
capacity and two sheet metal boxes covering four
solenoid valves, DC pump and electronic circuit
boards are placed on top frame. A spray boom
section is mounted at the rear end. Field evaluation
of applicator has been carried out in chilli crop at the
farmer's field. The ultrasonic sensors are adjusted
in the range of 300 - 650 mm to have uniform
detection range during trial. The average discharge
of the boom is 0.653 L/min at 2.34 km/h forward
speed. The actual field capacity and field efficiency
are 0.28 ha/h and 63.5%, respectively. The
developed remote-control unit works satisfactorily
in reducing the risk of exposure to harmful
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chemicals during spraying by the operator. The cost
of operation of sensor-based chemical applicator in
chillicropis Rs. 125 perh.

Hand compactor for oyster
mushroom cultivation

A straw-spawn mixture was prepared for mushroom
cultivation and packed manually into a regular
shape to allow proper growth. The straw-spawn
mixture was filled manually into the mushroom bags
(placed inside the cylinder) layer by layer with a
spawning at the rate of 10% per kg of dry straw
weight. The improper compaction leads to uneven
growth and results in variable mushroom yield. The
ICAR-RC NEH, Umiam centre of AICRP on FIM has
developed a manual straw-spawn filling cum
compaction machine. With the developed machine,
one person can prepare 17 bags per hour as
compared to 4-6 bags in traditional manual method.
The developed machine can save 66.67% of time as
compared to manual method. The weight of the
bags ranged from 2.8 to 3.5 kg. After making the
bags, they were kept inside the cropping room
under rack system for 15-20 days for completion of
spawn run. The temperature inside the cropping
room was about 18-25°C and humidity was
maintained above 80% RH. After completion of
spawn run, necessary lighting was given for 8 hours
a day. Pinhead formation was started after 7-10
days and ready for 1st harvest within 3 to 5 days.
The average harvest from each bagis about 0.4 kg.

Head feed type linseed thresher

Linseed serves a dual purpose as its seeds are
utilized for consumption, while its stem is utilized for
fiber, commonly known as flax or linen. Therefore,
stems needs to kept intact while threshing to use

them for fiber extraction. IGKVV Raipur centre has
developed a "hold-on" type thresher to separate
linseed seeds and preserve the stalks for potential
fiber extraction. The principle of working of thresher
is to remove the capsule from the plant, separate the
seeds from the capsule, and clean the seed from the
remaining capsule. The developed unit is operated
by a 0.5 hp electric motor and portable to suit
requirement of small farmers. The stripping and
threshing efficiency of the machine are 99.29 and
99.31%, respectively. The threshing capacity is
178.62 kg/h with seed damage of 1.92%. The cost
of operation is Rs 89 per h with threshing cost of one
kilogram linseed is Rs 0.75 per kg as compared to
Rs. 7.5 per kg in case of traditional method. The
developed machine has an output of 17.8 times
more than the traditional method with profit of more
than 5.63 times.

Drone operated seed broadcaster

Drones are finding numerous applications for on-
field agricultural operations. A seed broadcaster
has been developed by TNAU, Coimbatore centre
for aerial broadcasting of paddy seeds in wetlands.
The GPS path map was prepared and the optimized
machine operational parameters were fed to match
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the required application rate of paddy seeds (Direct
sowing: 100 kg per hectare as per the package
practice guidelines) for autonomous aerial
broadcasting operation. The aerial application of
actual quantity of paddy seed appliedis 20 kg for 0.2
ha. The field capacity of aerial centrifugal
broadcaster for paddy seed was observed as 1.5
ha/h. The plant population per meter square after
21days of sowing was found to be 356 seedlings as
compared to 287 seedlings in manual method. The
uniformity distribution coefficient is 15.3% as
against 21.8% in manual method.

Small tractor operated sugarcane
detrasher

Detrashing of sugarcane crop is a tedious as well as
time consuming operation. Buds are damaged due
to the fixed de-trashing rollers and trashes
frequently get entangled on the roller units due to
the unidirectional rotation of rollers. By considering
the issues involved in the detrashing operation, a
small tractor operated adjustable sugarcane
detrasher has been developed at AICRP on FIM,
TNAU, Coimbatore centre. The developed prototype
consists of de-trasher roller unit, power
transmission unit, hydraulic circuit and main frame.
The working principle of hydraulic drive system is to
transfer energy from pump to hydraulic motor
through pressurized fluid. During field trial, roller
speed of 8 m/s and height of 600 mm from ground
level was found to be ideal for de-trashing 1.5 m
erect cane. The field capacity was 0.3-0.4 ha/h with
87% detrashing efficiency. The cost of operation
was Rs. 2500 per h with saving of 70% time and 66%
cost.

Power tiller operated maize harvester

Maize is a widely grown crop; it demands significant
labour for harvesting, typically requiring 8-10
workers per acre. High labour costs drive the
stakeholders to mechanical harvesting options.
Small and marginal farmers can now be benefitted
by a power tiller-operated maize harvester
developed at PJTSAU, Hyderabad centre. The
machine comprises counter rotating snapping
rollers rotating in opposite direction, blade shaft on
which cutting blades are mounted, basket for
collecting cobs, transporting wheels for movement,
gears and pulleys for providing drive to snapping
rollers and blade shaft. The snapping rollers are
made up of mild steel with 390 and 475 mm length
and 63-73 mm diameter. On the top of the roller, 6
straight bars of length 135-160 mm are welded,
remaining half of the length is provided with spiral
rods. The field trial was conducted at Maize
Research Center, Rajendra Nagar at three different
speeds viz., 1.0, 1.5 and 2.0 km/h for DM 206
variety. The field capacity, snapping efficiency and
shredding efficiency were 0.08 ha/h, 94.38% and
93.5%, respectively at an operating speed of 1.5
km/h.

Self-propelled chili pepper harvester

Hand picking is the most common traditional
harvesting method adopted by the farmers to
harvest chili peppers. This is time-consuming
operation and requires 40-50 workers per day per
ha which is about 50% of the total cost of production.
The unavailability of labour during peak season
causes the delay in harvesting and consequently
deteriorates the quality of the product. IIT
Kharagpur centre has developed a self-propelled
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chili pepper harvester which consists of crop
guiding system, stripper reel mechanism, chili
pepper conveying system, collection box and an
engine. The harvesting efficiency was about 67% at
a forward speed of 1.5 km/h and rotational speed of
180 rpm. It was also observed that the plant damage
was superficial and plant damage caused by picking
unit did not affect the yield of chili pepper.

Multi-row rotary weeder cum sprayer
as an attachmentto rice transplanter

A multi row weeder-cum- sprayer has been
developed by TNAU, Coimbatore centre as an
attachment to the riding type transplanter to
increase the field capacity, reduce the labour
requirement and drudgery in weeding and spraying
operations in paddy crop. It consists of main frame,
gear box, main shaft, rotary weeding units, two
floats, a tyne and boom sprayer attachment. The
field capacity of the weeder cum sprayer is 0.57-
0.72 ha/h. The developed weeder-cum-sprayer can
save 68 and 30% time as compared to weeding with
power weeder and manual spraying with knapsack
sprayer, respectively. The saving in cost of operation
can be achieved by 96 and 93% as compared to
weeding with power weeder and spraying with
knapsack sprayer, respectively.

Tractor operated turbo bund former
for mulched fields

Paddy straw management is challenging due to
high production and a higher straw-to-grain ratio.
Existing bund formers face difficulties in mulched
fields resulting in porous bunds. There is significant
scope for the development of an improved bund
former that addresses these issues effectively
under straw mulch conditions. Hence, PAU,
Ludhiana centre developed a tractor operated turbo
bund former for mulched fields. The machine
performs three operations simultaneously in one
pass viz. straw removal, followed by soil
pulverization and bund forming in trapezoidal
shape. It consists of a mulcher, rotavator and a bund
forming unit. The mulcher has a horizontal rotating
shaft perpendicular to the direction of travel on
which flat flail type blades (without serrations)

rotates in vertical plane in a direction parallel to the
direction of travel. The blade hits the standing
stubble, pick up the stubble as well as loose straw
and throws it out ahead of the bund on the ground.
Mulcher rotor rotates at 1100 rpm in the direction
opposite to forward travel of the tractor. It removes
the straw from front of the rotavator (1.25 m). The
rotavator is having C-type blades (30 blades),
arranged in pairs on each side of the flange
alternately in staggered position to pulverise the
soil. A rubber flapper is used as a separation in
between the rotavator and mulcher unit. The bund
forming unit is placed at rear of rotavator and
consists of a main frame and a pair of discs facing
each other. The discs are kept just behind the
rotavator to carry the tilled soil and pile itin form of a
bund. The developed tractor operated bund former
for mulched fields has been evaluated in combine
harvested paddy field at Research Farm, PAU,
Ludhiana. The performance is superior at rotor
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speed ratio of 4:1 and disc opening width of 200 mm
under straw loads of 4.0-4.5 and 6.0-6.5 t/ha. This
combination gives optimum height of bund (335
mm), width of bund (770 mm), mean mass diameter
(9.9 mm) and fuel consumption (6.0 L/h) under both
the straw loads. The effective field capacity of the
tractor operated bund formeris 1.3 ha/h for 10-12 m
bund spacing at field efficiency of 75% and forward
speed of 1.5 km/h. There is 78% saving in labour
over the conventional bund forming method.

Rice transplanter for root wash
seedlings

Traditional transplanting methods are labour-
intensive, time-consuming and physically
demanding, leading to high labour costs, increased
drudgery and reduced efficiency. Root-washed
seedling transplanters can significantly enhance
planting uniformity and seedling survival rates,
improving overall crop yield. BAU, Ranchi centre
has developed a DC motor operated two row pull-
type manually operated rice transplanter for root
wash seedlings. It consists of a picking mechanism,

transplanting mechanism, power transmission,
float assembly, seedling tray, handle and ground
wheel. Two DC motors are used as power source for
transplanting and ground wheel. A DC motor has
been attached for operations like picking and
transplanting simultaneously through cam shaft
assembly with the help of chain and sprocket
arrangement. Other DC motor is attached with the
ground wheel for easy movement of the machine in
the puddled field. Two dry lead acid batteries (12'V,
7Ah) power the motors. A provision has been made
to attach/detach the transplanting unit with the
ground wheel as per requirement. Boat shaped
floats are provided to reduce the draft. Effective field
capacity of the transplanter is 0.04 ha/h at an
average operating speed of 0.96 km/h, with an
average field efficiency of 85%. Average visible
damage, floating hills and missing hills are 4.5, 9.0
and 10.5%, respectively. The approximate cost of
the rice transplanter is Rs. 15,000/- whereas, the
cost of transplanting is Rs. 2620 per ha, which is
73% less than the traditional method (Rs. 9750/ha)
of manual transplanting.
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Bullock drawn 4-row seed drill for
millets

In Odisha, the small and marginal farmers generally
go for manual broadcasting of small seeds (millets;
finger millet, small millet, sorghum; oilseeds i.e.,
mustard, sesame, linseed) after twice ploughing
with bullock drawn desi plough in upland conditions.
OUAT, Bhubaneswar center has developed a four-
row bullock drawn seed drill for millets for getting
better efficiency. It consists of four numbers of
vertical slit type furrow openers, inclined plate
metering mechanism and a pair of transport-cum-
depth adjustment wheels. There are four numbers of
flexible furrow covering devices fixed behind the
furrow openers for covering of soil on the furrows
following the drilling of seeds in the furrow. The
actual field capacity of seed drill is 0.12 ha/h with
62.6% field efficiency for sowing of finger millet at
1.8 km/h forward speed. The draft and power
requirement are 378 N and 0.19 kW, respectively,
which are within the draughtability limit of medium
pair of bullocks. The cost of seed drill is Rs. 22,000/-
and cost of operation is Rs. 176/- per hectare.

Bullock drawn 8-row pre-germinated
paddy seeder cum herbicide
applicator

The pre-emergence herbicide application during
sowing significantly reduces weed intensity.
Additionally, use of individually operated tynes
along with separate seed boxes enable high
precision sowing operation even on undulating and
two-way slopy lands. OUAT Bhubaneswar centre
has developed a bullock drawn 8-row pre-
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germinated paddy seeder cum herbicide applicator
for simultaneous application of pre-emergence
herbicide and sowing of pre-germinated paddy
seeds. The purpose of development is to reduce the
cost, labour and drudgery involvement in traditional
practice. The 8-row pre-germinated paddy seeder
cum herbicide applicator comprises four number of
drums to drop the paddy seeds in 8 rows. Fifteen
litre tank is equipped with the machine and single-
phase BLDC motor (36 W, 3200 rpm, 3 A load with
110 psi pump) is used to operate the sprayer. The
width of coverage of the machine is 1.6 m and
acquired 1.65 km/h average forward speed. The
actual field capacity of the bullock drawn 8 row pre-
germinated paddy seeder cum herbicide applicator
is 0.13 ha/h with field efficiency of 58 %. Seed rate
with applicator is 62.5 kg/ha. Under farm operation,
bullocks heart rate, respiration rate and body
temperature are 90, 54.4 and 37.8°C, respectively.
Overall fatigue score of the bullocks is 17.5, which
comes under the safe limit. The application rate of
liquid herbicide solution is 488 L/ha. The cost of
operation of bullock drawn 8-row pre-germinated
paddy seeder cum herbicide applicator is Rs.1032
perha.

Bullock drawn turmeric planter

Turmeric is a valuable crop known for its medicinal
properties, including anti-inflammatory and
antioxidant benefits. Now-a-days raised bed
planting is preferred by farmers for turmeric and
ginger cultivation which gives 20-30% more yield.
Bullock drawn turmeric planter developed by
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VNMAU, Parbhani centre consists of main frame,
seed hopper, seed metering mechanism, furrow
opener and ground wheel/ drive wheel. Cup type
metering mechanism is used to plant the turmeric.
Planter consists of two number of furrow opener.
Larger size ground wheel (740 mm diameter) is
used to provide the stability to the planter. The
average seed to seed spacing is 215 mm. The
average depth of placement is 60 mm that varied
from 40 to 100 mm. The average seed rate of the
turmeric rhizomes was 2030 kg/ha and the draft
requirement was 568 N. Effective field capacity and
field efficiency of the developed planter are 0.14
ha/h, and 82 %, respectively; at a forward speed of
2.16 km/h. The cost of operation per hectare was Rs.
1472 which was 50% lower to traditional planting
method.

Bullock operated linseed thresher

Use of bullocks for agricultural work is limited to
tillage, threshing and transportation. The economic
burden of owning a pair of bullocks can be reduced
by increasing the utilization hours of bullocks. One
way of addressing this issue can be using bullocks
to carry out operations like running a thresher,
winnower, chaff cutter, etc. OUAT, Bhubaneswar
centre developed linseed thresher operated by
bullock power in rotary mode. This thresher can also
be operated by 1.0 hp single phase electric motor.
Major components of the thresher are, feeding
chute, threshing cylinder, blower assembly, a
concave and oscillating sieve assembly, an
aspirator assembly and a power transmission
system. The chute can hold 7-8 kg of dried linseed
panicles which are manually pushed into the
cylinder through the passage.

The output capacity of thresher was in the range of

20-23 kg/h. The threshing efficiency of the thresher
varied from 96.41 to 98.01% and cleaning efficiency
ranged from 95.08 to 97.20% . The average
percentage of grain breakage is 0.71%. The grain
breakage is higher at higher cylinder speed, lower
concave clearance and lower moisture content. The
breakage percentage during the experiment was
0.76 to 1.21%. The total operating cost of the
machine operated in rotary mode is 188 Rs/h and
the cost of operation for threshing one kg of linseed
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is 5.83 Rs/kg. In case of conventional method, the
cost of operation for threshing of linseed grain is
12.49 Rs/kg which is much higher as compared to
developed linseed thresher.

Insulating materials for climate
control in poultry housing

MPUAT Udaipur centre conducted the study of
different insulating materials for climate control in
poultry housing. False roofing was provided in the
existing poultry housing at RCA, MPUAT Udaipur
with two different insulating materials. Aluminium
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bubble wrap insulation sheet of thickness 8 mm (T2)
and 12 mm (T3) were selected, while the treatment
without lamination sheet was considered as the
control treatment (T1).

Ninety Pratapdhan birds of 22 weeks age were
procured from Poultry Farm, Department of Animal
Production, MPUAT, Udaipur. All the birds were
randomly divided in three treatment groups with
three replications of 10 birds each. All the birds were
keptin cage system of housing and were kept under
constant observation in identical standard feeding,
watering and management condition during the
experimental period. The dry matter intake was
significantly lower in T1 (89.75+2.43 g/bird/day) as
compared to T2 (105.35+2.53 g/bird/day) and T3
(102.31+1.54 g/bird/day). The difference between
T2 and T3 in DMI was small and found statistically
non-significant. The digestibility coefficient of dry
matter ranges from 72.49+0.98 to 73.63+0.85%
among different treatment groups and difference in
the digestibly coefficient among different treatment
groups was small and statically non-significant.
Significantly lowest crude protein intake (CPI) was
found in T1 as compared to T2 and T3, however,
difference between T2 and T3 was non-significant.
Digestibly coefficient of crude protein was
significantly lower in T1 (68.31+1.57%) as
comparedto T2 (72.59+1.07%) and T3 (71.54+1.14
%). However, difference between T2 and T3 was
found to be non-significant. Ether extract intake
(EEI) ranges from 3.96+0.57 g/bird/day to
4.65+0.25 g/bird/day among different treatments
and no significant difference was observed
amongst treatments. The digestibly coefficient of
crude fibre ranged from 65.66+0.79 to
67.29+1.78% and no significant difference was
observed amongst the treatments. It was concluded
that both nutrient intake and digestibility coefficient
improved when birds are housed in insulated pens
as comparedto tin shed pens.

Animal feed pelletizer

Feed pelletizing process permits the incorporation
of various ingredients, ensuring a balanced and
consistent diet for animals. A feed pelletizer has
been developed by UAS Raichur centre that can be
used to produce feed pellets suitable for small scale
poultry houses and dairy units while reducing feed
waste and storage space, leading to cost savings
for farmers. The developed pelletizer consists of a
main frame, screw conveyor, barrel, die holder, die
plate power transmission unit, bevel gear set and a
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1.5 kW electric motor. Hopper is designed to hold
the 5 kg ingredient. Machine can produce the pellets
in the sizes of 6, 9 and 12 mm. The feed pellets of 6
mm are dried to 8.5% moisture content for safer
storage. The output capacity of animal feed
pelletizer is 98.5 kg/h. Performance of pelletizer has
been evaluated over mash type feeding of desi
poultry birds. Body weight of poultry birds was found
to be comparatively higher during the whole life
cycle of the birds (from first day to 12" week). The
feed wastage was observed to be significantly lower
(0.56 %) than mash type feeding system. The total
cost of the machine is Rs 40000/- and can suit the
requirements of a small dairy and poultry farmer.
Pellets can help to reduce the transportation cost,
make animal feeding easier and cleaner and enable
the distribution of protein food as a concentrate.

Feed mixer machine

A feed mixer machine can play an important role for
dairy and poultry farmers to prepare mash type
feed. An animal feed mixture machine ensures a
consistent and balanced diet for livestock by
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uniformly blending various feed ingredients. This
improves animal health and productivity, while
reducing labour and time spent on manual mixing.
Additionally, it enhances feed efficiency and
minimizes wastage. The feed mixer machine
powered by 0.75 kW electric motor has been
developed by UAS Raichur centre to prepare mash
type feed. Machine consists of stationary drum in
which rotating arm assembly revolves at the speed
of 45 rpm. The ingredients required for the
preparation of poultry feed as well as animal feeds
are grinded and properly mixed inside the machine.
The ingredients involved in the feed were maize,
soybean meal (44.9% CP), common salt, dicalcium
phosphate, mineral mixture, DL-methionine,
vitamin premix, Coxitac 120, Hepatocare, and BMD.
Among the different ingredients, maize and
soybean accounted for 95% of the proportion. The
starter diet contained feed ingredients with 2800
kcal’kg metabolizable energy and 21.20% crude
protein. Other essential nutrients such as calcium,
phosphorus, lysine, methionine, etc. were also
present in smaller amounts. Machine is designed to
mix the feed with a hopper capacity of 50 kg/batch.
The performance of mixture machine over manual
feed mixing revealed that the overall body weight,
cumulative feed intake and cumulative FCR
reported to be higher as compared to the feed
mixture prepared manually. The mortality of the
birds was noted to be less (4%) than manual feed
mixture (5.60%). About 95% uniformity was
observed in the average weight of birds in 12" week,
which is significantly higher as compared to 82%
reported for the manually prepared feed mixture.
This machine shall prove to be beneficial for small
level entrepreneurs, poultry farms owner as well as
small dairy farmers.

Solar powered egg incubator

Successful incubation requires precise control of
temperature, humidity, and turning time. Small-
sized egg incubators are essential at the village
level for consistent and healthy chick production.
Frequent power outages in rural areas negatively
impact hatchability. Continuous, uninterrupted
operation of the incubator is crucial for producing
healthy chicks in larger quantities. IGKV Raipur
center has developed a solar-powered egg
incubator specifically for small farmers or the
marginal farming community. The developed egg
incubator consists of an axial fan, actuator, timer,

temperature controller, relay, SMPS, thermometer,
egg tray, hatchery basket, heater, wheel, switches,
frame, wall panel (plywood and whiteboard),
battery, solar panel, etc. One, 12V/200W heater is
installed to provide heat in the incubator, which is
powered by 12 V battery. Solar panel (300 W) is
installed to provide the power along with battery
system. The developed solar power egg incubator
has been tested with Kadaknath birds and Qualil
birds with different trials in two different seasons.
Machine has the egg holding capacity of 800 setter
and 400 hatcher for chicken and duck and 2200
setter and 1000 hatcher quail. Number of hatcher
and setter trays are 2 and 8, respectively. The
temperature maintained for kadaknath and quail
eggs in the incubator was 99° and 87°F,
respectively. Fan and water pump are working well
and maintained the humidity about 65 %. The
hatchability rates for kadaknath and quail birds are
reported to be 68.70 and 60.48%, respectively,
which are significantly higher than those achieved
through natural hatching process. The fabrication
cost of solar-powered egg incubator is estimated to
be Rs. 75000 and the operating cost is Rs. 48 per
hour.
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Poultry litter raking machine

Raking is necessary to keep the poultry house in
good health. At present, the litter (poultry waste) is
being turned or disturbed manually 3-4 times in a
week. The thickness of poultry wastes accumulated
in the poultry farm is to the extent of 100 -125 mm
which cannot be turned effectively by manual labour
alone. GBPUAT, Pantnagar centre has developed a
self-propelled battery assisted litter racking
machine to automate the racking process at a
poultry farm. This machine consists of a battery,
frame, BLDC motor, raking tool and ground wheel. A
garden rake helps in levelling of beds, crushing of
clods and aeration of soil. The ends are forged to
make pointed edge for easy penetration. A
comparative study between manual and
mechanical raking has been conducted in a
commercial poultry farm. Before the raking
operation, the available moisture content was
observed to be 30.05%. After the operation was
performed by the developed machine, the moisture
content decreased by 8.9%, whereas it only
decreased by 4.49% when the same action was
performed manually. Similarly, the bulk density was
also reduced significantly by the raking machine
(84.16 kg/m°) as compared to manual operation
(89.65 kg/m®). A similar trend has been observed in
the case of ammonium concentration, which was
markedly reduced using the mechanical raking
method by more than 25%. The battery running time
at a stretch is about 90 min. The field capacity and
field efficiency were 0.06 ha/h and 90%,
respectively.

Poultry litter agitator

A poultry litter agitator enhances farm hygiene by

thoroughly mixing and aerating the litter, reducing
moisture and ammonia levels. This promotes a
healthier environment for the birds while decreasing
the risk of disease. Additionally, it minimizes labour
and improves litter management efficiency. The
poultry litter agitator with a vertical axis rotating
element has been developed by OUAT,
Bhubaneswar centre. It is fitted with a DC motor
(200 W), with two batteries connected in parallel
supplying DC current to the motor for operating the
stirring elements. The motor shaft rotates at 2700
rpm; and the speed of litter agitating shaft was
reduced to 300 rpm. A handle is provided at an
ergonomically desirable height to control the
forward movement of machine by a gentle push
force. The performance evaluation of litter agitator
was carried out at different depths of litter (20 mm
and 40 mm) at different speeds of agitator shaft
(550 to 650 and 800 to 900 rpm). Also, an ‘Artificial

Intelligence (Al) robot’ was developed for taking
observation on ammonia concentration, air quality
and moisture content through |OT in a broiler unit
before and after operation by the developed
machine. The data collected through sensors are
stored in cloud using WiFi and are downloaded in a
remote location. Preliminary testing of the robot has
been found to be satisfactory.

In addition to the reduction in drudgery, the operator
only took one hour to complete stirring of the litter in
a poultry shed with a plinth area of 223 m? as
compared to 2.5 to 3 h in the existing method of
raking with a bamboo stick. Findings revealed that
the bulk density of poultry litter decreased from 460
to 310 kg/m’°. Although there was a small increase in
ammonia inside the poultry house during litter
agitation, it's noteworthy that the cost of operating
the litter agitation was reduced by 60%. This
technology reduced drudgery involved in litter
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agitation process and promotes healthy growth of
poultry birds.

Micro controller based automatic
feed dispensing system for poultry

ICAR-CIAE Bhopal has developed the micro-
controller-based feed dispensing system for poultry
feeding to prevent the effects that could be
generated by manual handling. An auger conveyor-
type mechanism was used to meter and dispense
the feed. System can be operated either by
electricity or battery. When a command comes from
the microcontroller, the stepper motor rotates the
augur conveyor and dispenses the feed in a
quantified manner corresponding to the age of
poultry birds.

An automatic poultry feed dispensing system is
tested for different types of poultry feed (pre-starter
to finisher). Data revealed that the discharge output
ranged from 0.22 to 1.99 kg for week 1 to week 9 for
pre-starter, whereas this value was in the range
from 0.26 to 2.38 kg for finisher-type feed. The
developed systems can provide the feed precisely
and reduce wastage in poultry farms.

Animal lifting device

Modified animal lifting device (ALD) developed by
VNMAU, Parbhani consists of a superstructure,
supporting frame, gear box, transportation wheel
and supporting canvas. The height of the structure
is 2340 mm. The frame height is reduced as
compared to the initial structure, which is helpful
during transportation of the ALD as it reduces
weight of the device and suitable for adjustment in
the cattle shed where animal is in a lying down
condition. The gear box, lifting rope and lever are

modified considering the ergonomical parameters
of worker using device for lifting. Transporting wheel
is made of nylon with bearings which is helpful to
assist during turning and resting conditions.
Engineering parameters of animal lifting device
have been assessed for 800 kg body weight of
animals. The sliding capacity and sliding load angle
are reported to be 12.5 kN and 90 to 100,
respectively. Consequently, the force exerted on
each sling was observed to be 981 N/sling, with a
breaking strength measured at 881 N. The centre of
gravity of the developed device is 1.92 m above the
ground. Lifting speed and operational efficiency are
0.00215 m/sec and 78.48%, respectively. There is
reduction in labour by 50 to 166.7% in lifting and a
two-fold increase in recovery benefits over
traditional methods. The recovery rate is reported to
be 60 to 65% when using the ALD, while it is merely
30% with the traditional method of lifting, which
requires 6 to 8 people for handling sick animals.
Only three persons are required to handle the
animal using this device. The benefit-cost ratio (B:C)
is reported to be 1.17, which will greatly benefit the
farming community in remote village locations. The
device is simple and easy to operate, providing
comfort during lifting. It is useful for animals such as
cattle, buffalo, horse and donkey, among others.
This device can lift animals weighing between 500
and 800 kg.
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directrice seeder

A remote-controlled self-propelled battery-powered
rice seeder has been developed by CAEPHT,
Gangtok centre to overcome the operational
difficulties in direct seeding with manual drum
seeder in terraced and valley lands. The developed
seeder can be remotely controlled through an
android based mobile application using Wi-Fi
connectivity. The seeder consists of micro-
controller, stepper motor, DC geared motor, motor
drivers, battery, wheels and frame. It has been
evaluated in laboratory condition at forward speed
varying from 0.5 to 3.0 km/h and hopper fill level
varying from 25 to 75%. The forward speed of 0.7
km/h and 75% hopper fill level have been found
optimum with corresponding seed rate of 20.2
kg/ha, missing hill index of 0%, hill spacing
uniformity of 93.7%, coefficient of variance of
number of seeds per hill of 0.25 and hill span of 94
mm. The developed seeder was evaluated in the
field in puddled soil conditions in Sajong village of
East Sikkim. The field capacity and field efficiency
of the seeder are found to be 0.017 ha/h and 62%,
respectively. The remote-controlled seeder could
reduce drudgery of the operator by 64% over
manual drum seeder. In addition to that the operator
could remotely operate the seeder comfortably from
outside the field.

Personnel protective equipment
(PPE) kit for spraying with power
sprayer

Pesticides deposition on the body has an adverse
effect on human health during pesticides spraying.

Dr BSKKYV, Dapoli centre has evaluated six different
types of fabrics for their suitability of adoption for
preparation of dosimeters to reduce pesticide
exposure to operators. The set-up consists of 80x80
mm test fabric (middle layer) and two 80x80 mm
one sided absorbent papers of known weight. An
emulsifiable concentrate 0.2 mL of the Prowl® 3.3
EC was applied at the centre of fabric layer from a
height of 25 mm. The experiment shows that the
materials for protective clothing classified as Level
C1 (relatively low potential risk) with the upper limit
for percent penetration as 40% was fulfilled by
fabric-2 (GSM-215) having penetration of 37%.
Similarly, fabric classified as Level C2 (highly
repellent fabric) with the upper limit for percent
penetration less than 5% is fulfilled by fabric-6
(GSM-200) with penetration of 0.72%. A study of
physiological parameters of workers during working
with power sprayer in mango plantation wearing six
different types of PPE kits with eye protectors and
masks show that AHR was less than limit of
continuous performance for all six types of PPE kits
and itis 21.2 beats/min for safety kit having C2 level
fabric apron. Similarly, VO,max was less than 35%
i.e. acceptable work load for all six types of PPE Kits;
and for safety kit having C2 level fabric apron
VO,max was 22.3%. Study of wearing comfort on
the basis of modified Corlett and Bishop (1976)
rating scale, shows that for 6 PPE kits the rating
varies from 3.6 to 7.6. The wearing comfort for
safety kit with C2 level fabric was 7.6 indicating very
comfortable rating. The increase in temperature
inside PPE kits ranged from 3.9°to 11°C and it was
4.6°C for safety kit with C2 level fabric. The cost of
PPE kit manufactured with C2 level fabric was Rs.
610/-.
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ENERGY IN AGRICULTURE AND AGRO BASED INDUSTRIES

Solar-assisted forced convection
dryer

Solar-assisted forced convection dryer can be an
energy-efficient option for faster drying of
agricultural products. The solar-assisted forced
convection dryer, developed by TNAU, Coimbatore
aimed to enhance the commercial value of banana
fruits. Initial moisture content of banana was 78%
(wb) and it was reduced to a final moisture content of
12% (wb) at a drying temperature of 60°C, for 18 h
residence time per batch. The air distribution and
heat dispersion were optimized with the help of a
15W axial flow fan alongside a 2m? collector area,
featuring a black-painted corrugated iron sheet with
a 5 mm transparent glass sheet on the solar
absorber. Nitrogen infusion in the drying chamber
combined with air was aimed to improve the keeping
quality of the dried product. Over a five-day test, the
solar collector exhibited promising results,
maintaining dried banana quality and preserving
nutrient content, even as ambient temperatures
fluctuated. The evaluation included recording peak
temperatures of 74°C for the solar collector and
54.9°C for the drying chamber during the test period.

Solar drying system for marigold
flowers

A solar drying system for marigold flowers is
necessary for preserving their quality, extending
shelf life and reducing carbon emission compared to
conventional drying methods. A solar drying system
has been developed at PAU, Ludhiana center for
marigold flowers to extract seeds efficiently, while,
minimizing germination loss. The system is capable
of handling 200 kg of fresh marigold flowers daily,
was installed at an agripreneur’s site in Punjab,
achieving rapid drying within 3 days, a stark
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reduction from the conventional 15-18 days. The
dried flower seeds displayed an impressive 90%
germination rate. An environmental impact analysis
featuring embodied energy calculation highlighted
the eco-friendly attributes of the system. The energy
invested in the dryer will be recoverable in 7.57
years, with minimal CO, emissions and significant
net CO, mitigation over its lifetime, making it
economically and environmentally sustainable.

Solar powered cold storage with
thermal storage

Solar-powered cold storage with thermal storage
provides a eco-friendly option for maintaining the
freshness of perishable goods, reducing food waste
and ensuring energy efficiency in off-grid or remote
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areas. SPRERI, VV Nagar center has developed a
solar PV electricity-powered vapour compression-
based cold storage prototype that integrates a
thermal energy storage to provide cooling during
non-sunshine hours, eliminating the need for costly
battery banks and inverters. A 45 m® cold storage
unit was created and evaluated for cooling
performance. The developed system could
successfully maintain a temperature of 10+3°C
throughout both winter and summer seasons, with
slightly more compressor cycling in summer due to
higher ambient temperatures. The system
maintained a temperature of 10°C under a synthetic
1 kW heating load. The thermal energy storage
capacity of unit was around 172 MJ/day and it could
maintain the cold room temperature for
approximately 20 hours without external PV/grid
electricity support.

Portable solar refrigerator

Solar powered portable solar refrigerator provides
reliable refrigeration option in remote areas,
ensuring the safe storage of perishables without
relying on grid power. SPRERI, VV Nagar
developed a portable solar refrigerator targeting
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medical needs in rural and remote areas particularly
for places that lacks consistent electricity. This
portable refrigerator is beneficial for storing
valuable items like vaccines and critical medicines
and has a chamber volume of 180 L. It comprises a
thermally insulated chamber, a copper-based
condenser coil and a DC compressor unit. In testing,
the system successfully cooled 80 L of water from
an initial average ambient temperature of 27° to 0°C
within 10 h, meeting the desired temperature set
point.

Biogas cleaning system

A biogas cleaning system removes impurities,
enhances the quality of biogas and ensures its
efficient and safe usage as a renewable energy
source. The PDKYV, Akola center has developed a
biogas cleaning system to enrich the methane
content by utilizing H,S and CO, scrubbers. This

system was implemented at a fixed dome Janta
biogas plant with a capacity of 50 m®day. Four
absorbents - red soil, activated carbon, NaOH
solution and silica gel were employed for the
cleaning process. Experiments were conducted
using varying gas flow rates and bed heights, with
purified biogas achieving a methane content of
81.90%; higher than the initial 59.60% in raw biogas.
The CO, concentration decreased from 39.0 to
19.30%, and the H,S concentration decreased from
1155 ppm to 135 ppm after purification.

Paddy straw compost and effective
microorganisms (EM)

The use of paddy straw compost and effective
microorganisms (EM) is crucial for sustainable
agriculture, improving soil fertility and reduces
agricultural waste. At CCSHAU, Hisar, composting
was conducted using paddy straw with a microbial
consortia and Pusa decomposer. After 60 days,
treatment T3 (Paddy Straw + MC1 and 2 + Pusa
decomposer) showed maximum nitrogen (1.87%),
phosphorus (1.04%), and potassium (1.09%)
content. This treatment also exhibited the highest
dehydrogenase activity (45.11 pgTPF/g/24 h),
CMCase (0.44 1U/g) and Fpase (0.79 IU/g) enzyme
activities. Humic acid content was highest in T3
(130.17 mg/g) compared to the control (88.50
mg/g). Spectral analysis revealed the presence of
functional groups indicating the formation of humic
acid during composting, with peaks at 3322.98 cm’
(O-H bond) and 1637.02 cm™ (amide or ether and
aromatic ester).

Valorization of paddy straw

Valorization of paddy straw results in conversion of
agricultural waste into valuable products, thereby
reducing environmental impact of its natural
degradation, while enhancing resource efficiency.

Silica

Lignin
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At PAU, Ludhiana, the extraction of lignin and silica
from paddy straw was investigated. Among various
pretreatments, ethyl lactate was favoured for lignin
extraction due to its low toxicity and biodegradability.
Optimum conditions for maximum lignin yield
(0.0597 g/g) were found to be 1.5% H,0,, 2N NaOH
and 1.5N H,SO,. Silica extraction via alkaline
precipitation yielded a higher silica content (11.5%)
compared to acid cum alkali method (9.58%).
Characterization of extracted lignin and silica
included FTIR, SEM, FESEM, moisture content, pH,
and solubility analyses.

Biomass fuel production from
corn/rice based ethanol industries

Biomass fuel production diversifies energy sources,
utilizes waste products effectively and contributes to
reducing greenhouse gas emissions associated
with fossil fuels. At PDKV, Akola, corn-based
Distillers' Dried Grains with Solubles (DDGS) was
utilized to produce pellets with predetermined
proportions and optimal moisture content. Using a
flat die pelleting machine, pellets were made, with
output losses varying (12.19, 13.28 and 17.31%)
with moisture content (20, 30 and 40%). The output
capacity of the machine was measured at 40.27
kg/h, 42.12 kg/h, and 38.55 kg/h at three
corresponding moisture contents, respectively.
Pellet properties like angle of repose, colour, impact
resistance and compressive strength were
evaluated. Different bulk densities (386, 344 and
299 kg/m°) and calorific values (4.03, 3.34 and 3.03
MJ/kg) were observed for pellets with varying
moisture content. Nutritional analysis of corn DDGS
biomass revealed 31.19% protein and 4.99% total
nitrogen.

Energy-rich syngas generation

Energy-rich syngas is a versatile fuel source that
can be used for power generation, heating and as a
feedstock for producing valuable chemicals. At
TNAU, Coimbatore, agricultural wastes like coconut
shells and arecanut husks were studied for energy-
rich syngas production. The biomass gasification
system included a fixed bed downdraft biomass
gasifier (10 kg/h capacity, 12 kW thermal capacity),
a cleaning system, a blower and a burner. A 0.25 hp
blower supplied air during gasification, while a
cleaning system with a cyclone separator and three
filtration units was integrated with the gasifier.
Experiments were conducted with two independent
parameters (equivalence ratio and catalyst loading)
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and two output responses (syngas yield and cold
gas efficiency); the results revealed maximum
syngas vyield (2.4 m°kg) and cold gas efficiency
(70.14%) under optimal conditions (equivalence
ratio of 0.25 and catalyst loading of 29.14%).
Increasing equivalence ratio and catalyst loading
were found to enhance syngas yield and cold gas
efficiency.

Aromatic hydrocarbons and olefins
from coir pith bio-oil

Aromatic hydrocarbons and olefins derived from
coir pith bio-oil contribute to diversifying renewable
energy sources and reducing reliance on fossil
fuels. At TNAU, Coimbatore, coir pith samples were
collected from a coconut processing industry in
Palladam. After shade drying for two days, the
samples were size-reduced using a waring blender,
sifted through a 0.2 mm sieve and stored in an
airtight container. Biochemical analysis revealed
powdered coir pith samples contained cellulose,
hemicellulose and lignin at 27, 25 and 34%,
respectively. Fast pyrolysis of 250 g coir pith at
500°C for 1 hour was conducted using a frugal fast
pyrolytic reactor of 1kg capacity. Zeolite was used
as catalyst in the ratio of 2, 4 and 6% during the
pyrolysis process, vapours from the reactor were
passed through the catalyst bed before
condensation. Raw bio-oil had high acidity, viscosity
and density of 5.8, 14.7¢St, and 930 kg/m’,
respectively. Bio-oil, with and without catalyst
treatment, was mixed with hexane (2:1) for
separation. Ethyl acetate solvent extraction was
performed on the separated hexane layer, followed
by GC-MS analysis, revealing the presence of
various phenolics, aromatic compounds and short-
chain hydrocarbons.
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Pine bio-oil as fuel in Cl engine

Pine bio-oil as fuel offers a renewable alternative to
fossil fuels while utilizing forestry resources
sustainably. At GBPUAT, Pantnagar the feasibility of
upgraded pine bio-oil as fuel in Cl engine was
investigated. A 3.73 kW constant speed diesel
engine was tested with fuel blends containing
refined pine needle bio-oil (5-25%). At 100% load,
findings revealed that blends produced similar
brake power as high-speed diesel (HSD), with
comparable fuel consumption. There was a slight
increase in consumption at 20% and 25% blending
due to higher diesel replacement. Carbon monoxide
and unburnt hydrocarbon emissions were higher
with blended fuels compared to HSD, while NOx

emissions were lower.
: &N (s
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Bio-oil based formulation for disease
managementin crop(s)

Bio-oil-based formulations for crop disease
management promote eco-friendly agricultural
practices, reduce reliance on synthetic chemicals
and enhance crop health and yield. At GBPUAT,
Pantnagar bio-oil formulations were prepared using
pine needle and corn cob bio-oil, along with ethanol,
saponin and aqueous bio-oil phase. The efficacy of
these formulation against six fungal pathogens of
maize was assessed in-vitro, showing 100% growth
inhibition in Bipolaris maydis up to the 14" day. In
field conditions, the formulations were tested
against Maydis leaf blight of maize, revealing the
lowest disease severity (41.1%) with pine needle
bio-oil-based formulation and 48.1% less severity
with corn cob bio-oil-based formulation compared to

control at 1500 ppm concentration on the 8" day
post foliar spray. Maize grain yield was significantly
increased in bio-oil formulation-treated plants, with
a 34% increase in pine needle and 44.5% increase
in corn cob bio-oil-based formulation-treated plants
compared to untreated plants.

Utilization of banana tree wastes for
bio-oil generation using pyrolysis
process

Using banana tree wastes for bio-oil generation via
pyrolysis is significant for converting agricultural
residues into energy resources, promoting
sustainable waste management and reducing fossil
fuel dependency. At SPRERI, VV Nagar, banana
waste was studied for bio-energy production
through pyrolysis. Experiments were conducted to
optimize the temperature of pyrolysis and residence
time, both were determined to be 475+5°C and 2 h,
respectively; as optimal values for yielding bio-oil
and bio-char at 24.1 and 37.5%, respectively; in a
batch operation. Continuous fast oxidative pyrolysis
with a 10 kg/h fluidized bed pyrolysis system
achieved a bio-oil recovery of 28.3%, higher than
batch processing, while bio-char yield was 26.2%.
Bio-oil and bio-char had calorific values of 27.1 and
20.7 MJ/kg, respectively. With banana biomass
waste considered free, energy required for
processing 100 kg of banana feed was estimated at
120 kW, while pyrolysis products held an energy
equivalent to 370 kW. Bio-economics analysis
suggested utilizing 100 tons of waste banana
biomass would reduce ~170 tons of CO,.
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CRP on FARM IMPLEMENTS AND PRECISION FARMING

Sensor controlled indoor crop
growing unit

In the recent days with the increased awareness,
people have started eating healthy and organic
vegetables in day-to-day life. People are very much
cautious about the health and pesticide application.
Keeping in view of the above facts ICAR-IIHR
developed indoor crop growing unit for vegetable
and leafy vegetable production. The indoor crop
growing unit having an overall dimension of 1590 x
990 x 1846 mm. It is divided into two sections (top
and bottom section). The top structure is made out of
aluminium frame and is placed on the top of the
bottom frame having an overall dimension of 1590 x
900 x 915 mm covered with mosquito mesh. Inside
the aluminium frame, one more frame is placed
made using MS angle 25 x 25 x 5 mm having a
dimension of 525 x 825 x 460 mm with 40 x 40 mm
mesh to place the pots. Three different types of pots
of 21 number were placed to grow vegetable,
medicinal and ornamental plants. The 3 types of
pots were namely, square pot, circular pot and
rectangular pot. The square pot having a dimension
of 180 x 180 x 160 mm (9 Nos.), circular pot having
diameter of 220 mm and height of 200 mm (9 Nos.)
and rectangular pot of 650 x 220 x 165 mm (3 Nos.).
All the pots were irrigated using drip irrigation
system. The LED lights with full (20 W) and 2 narrow
spectrum (24 W) were placed inside the frame for
photosynthesis having dimension of 120 mm. The
bottom section is fabricated using MS angle of 25 x
25 x 5 mm having dimension of 1590 x 900 x 929
mm and a mesh (40 x 40 mm) is welded at height of

205 mm to place the pots. Inside the indoor crop
growing unit, having a voltage of 22 V with 400-750
nm light, which is specially designed to cultivate
leafy vegetables inside indoor crop growing unit.

An autonomous 2025 tractor

Automation in agriculture will play a key role in the
21% century agriculture to sustain the growing
demand as the population is increasing. There is a
need to increase the share of the autonomous farm
machinery to increase productivity in terms of
quantity as well as in terms of quality. This research
work aims to develop an autonomous tractor that
can autonomously manoeuvre in the field and can
control the functions such as acceleration and

braking. The goal will be achieved by categorizing
the work into three different groups, first, positioning
and localization; second, mission planner and
mapping; and third, the electronic controls. The
positioning system will utilize the previously
developed low-cost navigation aid system having a
positioning error of 180 mm. For localization, an
algorithm for a machine-vision-based navigation
path identification system has been developed. The
average error turned out to be less than 2% on
images collected from the field. The fabrication of
the steering control system and brake control
system has been completed. The electronic circuit
is being developed to control all the subsystems.

Hydraulic assisted automatic basin
lister for tree-based horticulture
crops

Weed competition causes reduction in the tree
growth by about 15 to 96%, while the loss in fruit

yield reaches to 35% as a consequence of adverse
effect on fruit quality, causing the fruits excluded
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ratio to 45%. Few researchers found that leaving
weeds without control resulted in the death of 29%
of the young tree and reduced trunk diameter by
62% and the decrements in number and mean yield
of fruits accounted for 73 and 75%, respectively.

The machine has been tested for intra row wedding
in custard apple field and pongamia field. The plant-

to-plant distance between the custard apple and
pongamia is about 4 and 5 m, respectively. The
rotary header is operated at three different speed
100, 150 and 200 rpm. The weeding efficiency, plant
damage and fuel consumption of the machine
varies form 90-92%, 5-12% and 4-5 L/h,
respectively.
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