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1.0 Introduction

Historically, agronomic practices and managementomenendations have been
developed for implementation on a field basis. Tggnerally results in the uniform
application of tillage, fertilizer, sowing and pesintrol treatments at a field scale. Farm
fields, however, display considerable spatial wamain crop yield, at the 'within-field'
scale. Such uniform treatment of a field ignoree hatural and induced continuous
variation in soil properties, and may result in @orbeing under- or over-treated, giving
rise to economic and environmental problems aswmtiavith this inefficient use of
resource inputs. The more substantial of thesel@mbbeing: economically significant
yield losses, excessive chemical costs, gaseoupemolatory release of chemical
components, unacceptable long-term retention omate components and a less than
optimal crop growing environment.

Precision Agriculture (PA), in the form of Site-$fec Management, offers a remedy to
many of these concerns. The philosophy involveschiiag resource application and
agronomic practices with soil properties and creguirements as they vary across a site.
PF has three requirements such as (i) ability émtifly each field location, (ii) ability to
capture, interpret and analyze agronomic data apanopriate scale and frequency, and
(iif) ability to adjust input use and farming praets to maximize benefits from each field
location. Collectively, these actions are refert@és the "differential” treatment of field
variation as opposed to the "uniform” treatment artyihg traditional management
systems. The result is an improvement in the eificy and environmental impact of crop
production systems. It is sometimes called ‘Presiom farming’, site-specific farming’

or ‘variable rate technology farming’.
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2. Developments which prompted Precision Agricultue

Many technological developments occurred in™2@entury mainly ICT and

Geoinformatics led to the development of the cohoérecision farming. The success
of the precision farming system relies on the iraégn of these technologies into a
single system that can be operated at farm leveh wsustainable effort. These

technological developments are as follows.
2.1. Geoinformatics

Geoinformatics is a term that appears to have heeependently coined by several
groups around the world to describe a variety tref to promote collaboration between
computer science and the geosciences to solve eangdientific questions. is the
science and technology of gathering, analysingerpmeting, distributing and using
geographic information. Geoinformatics otherwisélechas geomatics encompasses a
broad range of disciplines including surveying amapping, Remote sensing, geographic
information systems (GIS), and the Global Positignsystem (Geomatics Canada Web
Site, 2000).

2.1.1 Global Positioning System

The Global Positioning System (GPS) is a satelldaeed navigation system that can be
used to locate positions anywhere on the earth. @B8des continuous (24 hours/day),
real-time, 3-dimensional positioning, navigationrdaiming worldwide in any weather
condition. GPS was originally intended for militaapplications, but in the 1980s, the
government made the system available for civiliaa.a@'here are no subscription fees or
setup charges to use GPS. Any person with a GRvezcan access the system, and it
can be used for any application that requires iooatoordinates. The development of
the publicly available global positioning systemP®& has opened new doors in
opportunities for spatial data.

More recently farmers have gained access to séeifép technology though GPS. GPS
makes use of a series of satellites that idenliéy/lbcation of farm equipment within a



meter of an actual site in the field. The GPS jpmsitl accuracy when used in single
receiver mode (autonomous navigation) can be dedrég various error sources. The
positional (horizontal) accuracy of the GPS canobehe order of 20 m. In order to
achieve the required accuracies, especially netmaatecision agriculture, the GPS has
to be operated in a differentially corrected posithg mode, i.e. DGPS. In the DGPS, the
errors computed by a reference station, whichgatkd in a known place, is transmitted
to the mobile user and error correction is donanmprove the accuracy. The most
common use of GPS in agriculture is for yield magpiand variable rate
fertilizer/pesticide applicator. GPS are importémtfind out the exact location in the
field to assess the spatial variability and siteesic application of the inputs. The
positional (horizontal) accuracy of the GPS cambine order of 20 m. GPS operating in
differential mode are capable of providing locatamturacy of 1 m and also submeter.

The availability of GPS approaches to farming wllbw all field-based variables to be
tied together. This tool has proven to be the umgyconnection among field variables

such as weeds, crop yield, soil moisture, and rersehsing data.

2.1.2 Remote Sensing Technique

Remote sensing (RS) is the science of making int&® about material objects from
measurements, made at distance, without comingphysical contact with the objects
under study. A remote sensing system consistssaingor to collect the radiation and a
platform — an aircraft, balloon, rocket, satelliteeven a ground-based sensor-supporting
stand - on which a sensor can be mounted. Currantlymber of aircraft and spacecraft
imaging systems are operating using remote sers&ngors. Some of the current image
systems from spacecraft platform include Indian BenSensing Satellites (IRS), French
National Earth Observation Satellite (SPOT), IKON&S&.

Remote sensing holds great promise for precisioit@ture because of its potential for
monitoring spatial variability over time at highspdution (Moranet.al., 1997). Various
workers (Hansoret al., 1995) have shown the advantages of using remotsinge
technology to obtain spatially and temporally viakgainformation for precision farming.

Remote sensing imagery for precision farming carol@ined either through satellite-



based sensors or CIR video digital cameras on txaddl aircraft. Moran et al. (1997) in
their review paper summarized the applicationseaiate sensing for precision farming.
They have found RS can be used as source of diffeypes of information for precision
farming. However, using RS data for mapping has ymaherent limitations, which
includes, requirements for instrument calibratiatmospheric correction, normalization
of off-nadir effects on optical data, cloud scregnfor data especially during monsoon
period, processing images from airborne video agdatl cameras (Moran et al, 1997).
Keeping in view the agricultural scenario in dey&hg countries, the requirement for a
marketable RS technology for precision agriculisrine delivery of information with the
following characteristics like low turn around tinf24-48 hrs), low data Cost (~ 100
Rs./acre/season), high Spatial Resolution (at I@ast multi-spectral), high Spectral
Resolution (<25 nm), high temporal Resolution ¢aisk 5-6 data per season) and delivery

of analytical products in simpler format.

2.1.3 Geographic Information System (GIS)

GIS is a computerized data storage and retriev&tkeny, which can be used to manage
and analyze spatial data relating crop productiaitg agronomic factors. It can integrate
all types of information and interface with othexctsion support tools. GIS can display
analyzed information in maps that allow (a) bettederstanding of interactions among
yield, fertility, pests, weeds and other factonsd gb) decision-making based on such
spatial relationships. Many types of GIS softwarthwarying functionality and price are

now available. Many farm information systems (F&¢ available, which use simple

programmes to create a farm level database. Omameaf such FIS is LORIS. LORIS

(Local Resources Information System) consists wéisse modules, which enable the data
import; generation of raster files by differentdgting methods; the storage of raster
information in a database; the generation of digiro-resource maps; the creation of

operational maps etc. (Schroder et al., 1997).

A comprehensive farm GIS contains base maps sud¢bpagraphy, soil type, N, P, K
and other nutrient levels, soil moisture, pH, &ata on crop rotations, tillage, nutrient

and pesticide applications, yields, etc. can atsastbred. GIS is useful to create fertility,



weed and pest intensity maps, which can then bd &me making maps that show

recommended application rates of nutrients or pielsts.

2.2. Other Technologies
2.2.1 Computer and Internet

The computers and Internet are the most importamiponent in enabling the precision
farming possible as they are main source of méiron processing and gathering. The
high-speed computer has made faster processingddtee gathered during precise
management of the land parcel. Internet, which metvork of computers, is the most
recent development among all these technologies. fkernet has bridged the gap
between the information provider and the user. dricalture, like any other form of

business, internet has the capability to supplglyndata about changing conditions.

2.2.2 Spatial Decision Support Systems (SDSS)

Spatial decision support systems (SDSS) are designbelp growers to solve complex
spatial problems and to make decision concerninigripation scheduling, fertilization,
use of crop growth regulators and other chemi&patial decision support systems have
evolved in parallel with decision support systenisS$). In addition, in order to

effectively support decision- making for complexasal problems, a SDSS will need to:

o provide for spatial data input
o allow storage of complex structures common in spdtta
o include analytical techniques that are unique aiiapanalysis

o provide output in the form of maps and other spédians
GISs stand alone fall short of the goals of SDS&foumber of reasons:

o analytical modeling capabilities often are not pdra GIS
o many GIS databases have been designed solelyrfogcaphic display of
results - SDSS goals require flexibility in the wayformation is

communicated to the user



o the set of variables or layers in the database b®yinsufficient for
complex modeling

o data may be at insufficient scale or resolution

o GIS designs are not flexible enough to accommodatmtions in either

the context or the process of spatial decision-ngaki

SDSS provide a framework for integratihg analytical modeling capabilities 2.
database management systems 3. graphical displagbities 4. tabular reporting
capabilities 5. the decision-maker's expert knoggeds1Ss normally provide 2, 3 and
4.The addition of 1 and 5 create a SDSS.

2.2.3 Yield Mapping

Yield mapping and soil sampling tend to be thet fatage in implementing PF. Yield
maps are produced by processing data from an atambine that has a vehicle
positioning system integrated with a yield recogdgystem. Massey Ferguson were the
first company to produce a commercial yield mappaognbine. This combine has a
Differential Global Positioning System (DGPS) fittéo it that can be identified by the
GPS receiver on the roof of the cab and the diffigge aerial above the engine. The
output from the combine is a data file that recdrdeery 1.2 seconds the position of the
combine in Longitude and Latitude, with the yietdlzat point. This data set can then be

processed by various geo-statistical techniquesantield map.

2.2.4 Crop Simulation Models (CSMs)

However, although significant technical advancesehbeen made in measuring and
displaying variation in crop yields across a figtds not always clear how to determine
the best management practice for each part ofigifieorder to achieve these goals. For
example, does a farmer apply more fertilizer toltweer yielding areas to try and raise
yields to the average or are these low-yieldingar& their potential yield already, and
would he therefore be advised to apply more tdigk yielding areas, believing they are
able to make better use of it. Answers to thesestgures are not clear cut, but can be

found using optimization techniques based on kndgéeof the marginal yield response



to a unit of the input in question for all the éifént regions of a field. The marginal yield
response can be obtained from the curve descripielgl response to the level of
particular input for each homogenous region arakaly to be known. While mini-

experiments on each homogenous region with a rahggplication levels of the input

will provide this information, this approach in #tonsuming, labour-intensive, and
results are likely to be specific to that field ynlAn alternative, and perhaps
complementary, approach is to use crop simulatiadeis to predict the likely yield

response to different levels of a particular infguich models offer a cost effective way
in which agronomic knowledge accumulated from nuwuasr previous experiments,
usually with treatments of uniformly applied inpwts small and relatively homogenous

plots, can be extended to larger spatially-variéieles.

Crop simulation models are needed to help condsltaresearchers, and other farm
advisors determine the pattern of field managentigait optimizes production or profit.
However, the effective use of these tools requitesir evaluation in fields to be
optimized, their integration with other informatidools such as GIS, geostatistics,

remote sensing, and optimization analysis.

Crop simulation models like CERES (maize, wheate,risorghum, barley, and millet)
CROPGRO (soybean, peanut, dry bean, and tomatd3STOR (potato), CROPSIM
(cassava), and CANEGRO (Sugarcane) models hasdex@toped by researchers from
several countries. These models respond to weatbiénwater holding and root growth
characteristics, cultivar, water management, négrognanagement, and row spacing/plant
population. Also decision support system like, DISikcorporates crop/soil/weather
models, data input and management software, anlysagrograms for optimizing
production or profit for homogenous fields. DSSABamincludes links to GIS and
remote sensing information, which allows mappingspéatially variable inputs across a
field and mapping of predicted outputs from the sisdsuch as yield, nitrogen leaching,
water use, etc. The site specific yield potentizds be estimated determining spatial

pattern crop and land information and using ithio\ge simulation models.



2.2.5 Variable Rate Technology

The variable rate technology is the most advancemiponent of PF technologies,

provides "on-the-fly" delivery of field inputs. ARS receiver is mounted on a truck so
that a field location can easily be recognized.iiaehicle computer, which contains the
input recommendation maps, controls the distributialves to provide a suitable input

mix by comparing to the positional information rexeel from the GPS receiver. Current
commercial VRT systems are either map-based oosdrased (NRC, 1997). The map-

based VRT systems require a GPS/DGPS geo-referdacation and a command unit

that stores a plan of the desired application ratesach field location. The sensor-based
VRT systems do not require a geo-referenced loeditia include a dynamic control unit,

which specifies application through real time asayof soil and/or crop sensor

measurements for each field location. New VRT gsystdike the manure applicator

being developed at Purdue University may soon enplcise application of manure in

cropping systems. There are two methods of VRT sigch

The first method, Map-based, includes the followisigps: grid sampling a field,
performing laboratory analyses of the soil samplesierating a site-specific map of the
properties and finally using this map to controVaxiable-rate applicator. During the
sampling and application steps, a positioning sysiesually DGPS (Differential Global
Positioning System) is used to identify the curdenation in the field.

The second method, Sensor-based, utilizes real-semsors and feedback control to
measure the desired properties on-the-go, usuailypsoperties or crop characteristics,

and immediately use this signal to control theafale-rate applicator

3. Applications of Geoinformatics in Precision Farming

Precision farming employs a system engineering aggtr to crop production where inputs are
made on an "as needed basis," and was made polgilbeEent innovation in information and
technology such as microcomputers, geographicnmtion systems, remote sensing, positioning
technologies (Global Positioning System), and aatancontrol of farm machinery. It is a

holistic approach to manage spatial and temponahldity in agricultural lands at micro level



based on integrated soil, plant, information, angimeering management technologies as well as

economics.

Fundamentally, precision farming acknowledges tbeddions determined by soil resources,
weather, and prior management for agricultural petidn. It is well known that soil resources
and weather vary across space and over time. Givisninherent variability, management
decisions should be specific to time and placeeratihan rigidly scheduled and uniform.
Precision agriculture provides tools for tailoripgpduction inputs to specific plots within a field,
thus potentially reducing input costs, increasiigdg, and reducing environmental impacts by
better matching inputs applied to crop needs. Modechnologies used in precision agriculture
cover three aspects of production: (a) data catlecor information input, (b) analysis or
processing of the precision information, and (ctoramendations or application of the

information.

Data collection for soil is done basically to urstand inherent variability factors
controlling crop growth and yield. Conventional eggch for soil variability mapping is
commonly done through manual grid sampling andrpai@tion through geostatistical
techniques for whole agricultural landscape (Fig.he inherent variability can be

correlated with the variability map of yield to ddep cause and effect relationships. This

may help to develop relatively homogenous manageaweres.
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Fig. 1. Spatial variability map of (a) Soil orgamiarbon and (b) grain yield in (q Heof
wheat crop in 4.16ha land in IARI farm.



Such samplings are costly and time consuming. @hwerdast couple of decades, it has
been a challenge to find the most appropriate igdenfor studying soil properties
effectively and, at the same time, reducing theetand effort involved in field sampling
and laboratory analysis. The scope of remote sgraama has been widely studied and
looking more closely at how the spectral resporfseod can be linked to various soil
properties and characteristics. As an alternateotoventional laboratory soil analysis,
hyperspectral remote sensing which is non-destreicttost effective and capable of
spatial prediction has been investigated for serfsail characterization. Hyperspectral
image data or imaging spectrometry technique, whiwmy narrow and contiguous
bands, provides near-laboratory-quality reflectamdermation, has the capability to
obtain non-visible information over a spatial viewlarge scales.

A study was carried out for quantitative assessmoérit7 physico-chemical parameters
such as texture, moisture, colour, organic mateil, reaction, available N, P and K,
exchangeable Ca, Mg, Fe, Mn, Cu and Zn, Calciurbaraate and oxide contents of soils
of Punjab through the hyperspectral remote sernsicighiques using both ground based
and space based platforms (Kadupitiya et al, 2@08) soil hydraulic properties (Santra
et al, 2009). Prediction equations were developedHheir retrieval from data of ground
based sensor spectroradiometer and space basedpsgieal sensare hyperion. The
highest predictability (adjusted®Rwas 0.93 recorded for CaG@hile lowest 0.68 was
for N.

For site specific nutrient management in Karnatritis fertility map was generated by
overlaying the generated surface maps of avail&@®@s, K;O and OC. Based on
homogeneity different ranges of P, K and OC, 13 maosite fertility units were generated
(Fig. 2). Recommended dose of N: P: K were workedusing QUEFTS model for a
targeted vyield of rice (6.5 t/ha), wheat (6 t/hajl anaize (6.5 t/ha) crops (Barmanhal,
2009).
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Fig. 2 Composite Soil fertility map of the Karnal distrigas generated using OC,
available Phosphorous and Potassium data

The knowledge of canopy biophysical variables iprirne interest in many applications
and can be used as inputs to crop growth and gigidlation models. The role of remote
sensing in retrieval of some of these parameterddcbe explained in terms of
parameters that can be obtained from Earth obsgsatellite data. A physical process
based model called radiative transfer model (PRQBApproach (Tripathi et al, 2006,
Barman et al, 2010)could be used for retrieval Af,IChlorophyll (Cab) and equivalent
water thickness (Cw) of wheat crop (Fig.3) of Tr&eangetic Plains through its inversion
from freely available MODIS data products (Tripatt al, 2009). LAl has direct
relationship with biomass and vyield of the cropbGs majorly governed by nutrient
(mainly nitrogen) which indicates indirectly N stseand Cw, reflects water status in the
canopy and thereby water stress. The compositedtati considering all these three
parameters may provide information about the vegetehealth there by the index is
named vegetation health index (VHI) which can bedut prioritize zones at regional
scale yield enhancing site specific interventioRased on the VHI, study region was

divided into four zones corresponding to four vagieh growth conditions. Wheat

11



regions with very poor growth conditions were haviviHIl ranging from 0-0.25 and
0.25- 0.5 for poor growth, 0.5 to 0.75 to good ahdve 0.75 for very good conditions
(Fig.4). The very poor and poor VHI values zoners ba further considered for site

specific growth enhancing management practices.

Cw Chl at

Fig.3 The LAI, Equivalent Water Thickness and TdZalorophyll content of wheat crop
in Trans Gangetic Plain of India retrieved from MISDdata through radiative

transfer modelling

VHI

Fig.4 The classified map of Vegetation Health Indeidl) of wheat composited from
derived LAI, EWT and Ch}, product of Trans Gangetic Plain of India.

12



4. Precision Agriculture Components and Framework

Precision Farming, basically, is characterized éguced cost of cultivation (through
optimization of inputs), improved control and inesed resource use efficiency, through
appropriate applications of Management InformatBystem (MIS). While the reduced
cost of cultivation is achieved through optimizatiof agricultural inputs taking into
account economic push and environmental pull rél#éetors, the control mechanisms
are introduced by the help of VRT systems, modgbuatis and conjunctive use of remote
sensing, GIS and GPS. The MIS comprises Decisiggp&@t Systems (DSS), collateral
inputs and associated GIS databases on crops&switsather. Dynamic remote sensing
inputs onin-seasoncrop conditions, crop simulation model outputs the potential
production under the different constraining scemaaind the networks of labs and farms,
form the essential ingredients of MIS. Increasditiehcy does not employ only efficient
resource use but also reflects in terms of lesdengeneration, improved gross margin
and reduced environmental impact.

Precision Farming thus calls for the use of appab@rtools and techniques, within a set
of the framework as mentioned, to address the ni@rel variations between crop
requirements and applications of agricultural ispirevitably, it integrates a significant
amount of data from different sources; informatamd knowledge about the crops, soils,
ecology and economy but higher levels of contrgume a more sophisticated systems
approach. It is not simply the ability to applyamments that are varied at the local level
but the ability to precisely monitor and assessatpecultural systems at a local and farm
level. This is essentially to have sufficient urelending of the processes involved to be
able to apply the inputs in such a way as to be #éblachieve a particular goal not
necessarily maximum yield but to maximize finan@dlvantage while operating within

environmental constraints.

5. Precision Agriculture in India

PA technologies may be relatively new to India, ttwet concept of precision management
is not. Indian farmers have long known that soiditions, fertility, moisture, etc. vary
widely across a single field and that various paithin fields responded to different
types of inputs, and cultural practices. The smiakk of their farms often permitted such
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an effective monitoring of spatial and temporaldgieariation and variable application of

inputs mainly by manual means.

6.1 Limitations

Although precision farming is a proven technologymany advanced countries of the
world but its scope in India (also in other devahgpcountries) are limited. Different
scientists have reported certain constraints, whiiclited the scope for site-specific

farming in India, are as given follows:

Small farms size, heterogeneity of cropping sysieand land tenure/ownership
restrictions High cost of obtaining site-specifatal
Complexity of tools and techniques requiring neviisk
Culture, attitude and perceptions of farmers inicigaesistance to adoption of
new techniques and lack of awareness of agro-emviental problems
Infrastructure and institutional constraints inehgimarket imperfections
PA as new story to Indian farmers needs demondtratpacts on yields
Lack of local technical expertise
High initial investment
Uncertainty on returns from investments to be n@deew equipment and
information management systems, and
Knowledge and technological gaps including
Inadequate understanding of agronomic factors lagid interaction,
Lack of understanding of the geostatistics necgdsardisplaying spatial
variability of crops and soils using current magpsoftware, and
Limited ability to integrate information from div& sources with varying

resolutions and intensities.

6.2 Opportunities

Though farm size is the major limitation in adoptiof PF technologies in India,
contiguous field with same crop and mostly underilsir management practice in states

like Haryana, Punjab and Rajasthan can be considasepotential site for precision
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farming. Punjab and Haryana states in India, wera mechanization is more common
than in others, may be the first to adopt preciseming on a large scale. Rice, wheat,
sugar beet, onion, potato, and cotton among the ¢®ps, and apple, grape, tea, coffee
and oil palm among horticultural crops are perh#ps most relevant for precision

farming. Some have a very high value per acre, ngakicellent cases for site specific
management. For all these crops, yield mappingéaditst step to determine the precise
locations of the highest and lowest yield areasheffield, and to analyze the factors

causing yield variation.

In India, a few researchers in the private sectitiated studies on precision agriculture
in high value crops like cotton, coffee and teacdéitton, remote sensing coupled with
GIS can assist in improved precision of insect peshagement and harvesting. Testing
of precision farming technologies for sustainatte and wheat cropping system at the
research farm level is in progress at Indian Adtical Research Institute, New Delhi.
Space Application Centre (SAC, ISRO), Ahmedabacbifaboration with Central Potato
Research Institute, Simla has started experime@emtral Potato Research Station Farm
at Jalandhar, Punjab to study the role of rematsisg in mapping the variability. The
National Bank for Agriculture and Rural DevelopméNMABARD) with collaborative
partnership with MS Swaminathan Foundation, CheandiArava R&D Centre in Israel
has established Resource Centre for Precision Rgrfior developing and spreading
production technologies based on integrated nattgaburces management. Project
Directorate of Cropping System Research, Modipumngollaboration with SAC and
National Remote Sensing Agency (NRSA) in collaborawvith ICRISAT, CRIDA and
ANGRAU are involved in precision farming researabr fcapturing variability and
variable rate input application.. There is alscag@pportunity of PF for grape and tea to
start as pilot project in Nashik district of Mahstra and Assam respectively, where these

crops grown in concentrated area.
Nutrient and water stress management is anotharvainere precision farming can help

Indian farmers. Detecting nutrient stresses usamgote sensing and combining data in a

GIS can help in site-specific applications of fezérs and soil amendments such as lime,
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manure, compost, gypsum, and sulfur, which in twould increase fertilizer use
efficiency and reduce nutrient losses (Sawyer, 1984 semi-arid and arid tropics,
precision technologies can help growers in schedulirigation more profitably by
varying the timing, amounts and placement of waker example, drip irrigation,
coupled with information from remotely sensed stre®nditions (e.g., canopy-air
temperature difference), can increase the effectseeof applied water thereby reducing

runoff and deep percolation (Das and Singh, 1989).

Pests and diseases cause huge losses to cropsadfer sensing can help in detecting
small problem areas caused by pathogens, timingppfications of fungicides can be
optimized. Recent studies in Japan show that mealicrop stress or incipient crop
damage can be detected using radio-controlledadirand near-infrared narrow-band
sensors. Likewise, airborne video data and GIS baea shown to effectively detect and
map black fly infestations in citrus orchards, nmakit possible to achieve precision in
pest control (Everitet al, 1994). Perennial weeds, which are usually pwsisipecific

(Wilson and Scott, 1982) and grow in concentratexh® are also a major problem in
precision agriculture. Remote sensing combined V&t8 and GPS can help in site-

specific weed management.

Although thorough cost-benefit analysis has notnbdene yet, the possible use of
precision technologies in managing the environnieside effects of farming and
reducing pollution is appealing. The technologiesdnot be limited to input application.
They can be used in (a) implementing spatiallyadriarm operations such as tillage,
seeding, harvestingetc, (b) on-farm testing of agronomic practices toaleate
alternative management practices, (c) plant brgepiingrams to test the performance of

improved varieties, and in (d) re-evaluations @i fprocedures.

6.3 Strategies

Precision agriculture needs to go from a techncimggh to application-driven approach.
As no single agency can take on the entire PF pspdeis essential that various agencies

join together and give a participatory approach édiiective implementation of PA
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technologies. Small farm size will not be a majonstraint, if the technologies are
available through consulting, custom and rentavises. For instance, by renting the
equipment, manufacturers can enable early adapieasoid the risks associated with
purchasing costly machinery.

The role of agricultural cooperatives is importamdissemination of precision farming

technologies to small farmers. If precision farmiisgconsidered a series of discrete
services: map generation, targeted scouting, iefs. possible to fit these services within
the structure of a progressive agricultural coojpera Since PF technology requires
many costly implements farmers’ cooperative nodimgle farmer can afford to procure

them. Again, cooperative farming will solve the iliation of small field size to take PA.

Changes in agricultural policies are also necessapromote the adoption of precision
farming. There are basically two policy approachegulatory policies, and market-
based policies. The former refer to environmengglutations on the use of farm inputs,
and the latter refer to taxes and financial ince#iaimed at encouraging growers to
efficiently utilize farm inputs. In India, the laak penalties for pollutant generation has
partly contributed to an excessive use of inputgslies on inputs and outputs, and
mechanisms that prevent the price system from maip limited resources are also
common. The latter include state-guaranteed crogegr tariffs, import quotas, export

subsidiesetc.

7. Conclusion

Precision farming is essential for serving dualpmse of enhancing productivity and
reducing ecological degradatiolhe success stories pertaining to Precision Adtcell
have mainly drawn from the developed countries;reineAgriculture is characterized by
highly mechanized and automated systems, andvsrdby market forces and has been
professionally managed enterprise. Taking into aotthe predominance of fragmented
land holdings, heterogeneity of crops and livestaok concept of farm families in the
rural conditions, the model of Precision Agricudurepresenting the typical Indian

Agricultural scenario is yet to evolve. Althoughstrecognized that agriculture is a major
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polluter of the environment, farmers will not adgpécision farming unless it brings in
more or at least similar profit as compared toitrawclal practice. While the ecological
integrity of farming systems is an imperative neiéds equally important to extend the
access of information and market to the small amdgmalized farmers. The Precision
Agriculture model for India while addressing thessues would provide an innovative

route for sustainable agriculture in globalised hneralized economy.
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