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ABSTRACT

Aims: Precision farming becomes more and more an accepted way of crop production and
helps to achieve a sustainable environmental friendly agriculture. Furthermore, growing
interest in automated data acquisition and information processing is going to form another
milestone towards improved farm management and an overall trace ability in agricultural
food production. The benefit and effectiveness of using precision farming techniques is
highly dependent on the capabilities of the utilized technology.
Study Design: The study was design based on the available report and hence it was
decided to design the research work so as to collect maximum information including case
studies.
Place and Duration of Study: The study was undertaken at our Institute i.e. CSIR-Central
Mechanical Engineering Research Institute, Durgapur, India during the period Aug. 2011 to
Feb. 2012.
Methodology: This research is basically focused on the work done so far on the subject
precision farming for small agricultural farm. Accordingly work was reviewed and
consolidated points are discussed in this paper in the subsequent sections.
Results: Precision farming provides a new solution using a systems approach for today's
agricultural issues, namely the need to balance productivity with environmental concerns.
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Precision farming aims at increased economic returns, as well as reducing the energy input
and the environmental impact of agriculture.
Conclusion: The potential of this technology has already been demonstrated, but in
practice, meaningful delivery is difficult as it needs large scale commercial application to
realize the benefits. PA is facilitating the prospects and scope for switching over to modern
agriculture leaving the traditional one by utilizing right resources in right time and
management, which results an environment friendly sustainable agriculture.

Keywords: Precision agriculture (PA); precision farming (PF) remote sensing; spatial
variability.

1. INTRODUCTION

Precision farming provides a new solution using a systems approach for today's agricultural
issues such as the need to balance productivity with environmental concerns. It is based on
the implementation of advanced information technologies. It includes describing and
modeling variation in soils and plant species, and integrating agricultural practices to meet
site-specific requirements. It aims at increased economic returns, as well as at reducing the
energy input and the environmental impact of agriculture [1].

Precision Farming Technology can cover a huge scale of farm land by the support of using
satellite. Farm field considered is divided into many small meshes and the various data for
each mesh such as soil fertility, moisture content, yield, and etc. are measured, collected
and installed as the database in geographical information system (GIS). Global positioning
system (GPS) is also used to identify the exact location of both machines and farm field for
giving the suitable treatment and operation to meet the condition obtained as the database in
geographical information system (GIS). As the various kinds of operation can be given
based on the data obtained from the measurement, more precise control and necessary
treatments such as fertilizer, herbicide and pesticide applications are applied timely to a
each area of mesh accurately with suitable amount. This farming method leads not only to
the saving of material resources and energy in operation, but also to the control to
jeopardize the environment [2]. Precision farming requires some degree of competence in
the use of software and hardware on the part of growers and/or crop consultants. Indeed the
success of precision farming largely depends on creation of management systems, which
will involve some combination of computerized decision support systems and the wisdom of
farmers. Growers will adopt information technologies only if they are reliable and easy to
use, offer some competitive advantage and can be introduced into farming without too much
difficulty or expense [3]. Larscheid and Blackmore [4] considered three levels of technology
adoption in precision farming, where the first level represents conventional practice and the
third level has fully supported variable application rate capability.

Researchers at Kyoto University developed a two-row rice harvester for determining yields
on a micro-plot basis [5]. In Sri Lanka, researchers at the Tea Research Institute are
examining precision management of soil organic carbon [6].

Though widely adopted in developed countries, the adoption of precision farming in India is
yet to take a firm ground primarily due to its unique pattern of land holdings, poor
infrastructure, lack of farmers’ inclination to take risk, socio-economic and demographic
conditions. The aim of this paper is to provide information related to precision farming with
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some measures for the implementation of this novel technique in the country particularly for
the small scale farm and presentation of some successful case studies. Concept of Precision
Farming is explained in Fig. 1 [7].

Fig. 1. Concept of Precision Farming [7]

2. WHAT IS PRECISION FARMING?

Precision Farming is generally defined as information and technology based farm
management system to identify, analyze and manage variability within fields for optimum
profitability, sustainability and protection of the land resource. In this mode of farming, new
information technologies can be used to make better decisions about many aspects of crop
production. Precision farming involves looking at the increased efficiencies that can be
realized by understanding and dealing with the natural variability found within a field. The
goal is not to obtain the same yield everywhere, but rather to manage and distribute inputs
on a site specific basis to maximize long term cost/benefit. Applying the same inputs across
the entire field may no longer be the best choice. Precision Farming is helping many farmers
across the world to maximize the effectiveness of crop inputs [8].

Precision farming can be defined as managing variability at the sub-field level to best utilize
resources and minimize environment impact [9].

Precision farming is one of the agricultural approaches involved on the adoption of
technologies for better managing the variability within the field. With the help of this
technology, there is a reduction in the human processing task, thus reducing the time and
effort in accomplishing a certain job [10]. According to US agricultural expert, Dr Don Tyler,
Increased profits, exact management of land variability and enhanced environmental
protection through better use of inputs – these are just some of the benefits of precision
farming [11].

Precision Farming or Precision Agriculture is concept of using the new technologies and
collected field information. Precision Farming provides farmers with a tool to apply fertilizer
according to the need of a particular sub-field, and no longer based on the average of the
field. The savings made with this variable application can be fairly large. It has been found
from the literature that average Nitrogen application can be reduce from an average of
220kg/ha to an average of 160kg/ha, without affecting yield.
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The term "Precision Farming" or "Precision Agriculture" offers the promise of increasing
productivity, while decreasing production costs and minimizing the environmental impact of
farming [12, 13].

The term "Precision Farming" or "Precision Agriculture" is capturing the imagination of many
people concerned with the production of food, feed, and fiber. It offers the promise of
increasing productivity, while decreasing production costs and minimizing the environmental
impact of farming [12,13].

Precision agriculture concept is spreading rapidly in developed countries as a tool to fight the
challenge of agricultural sustainability. From centuries Indian farms are experiencing some
sort of soft precision agriculture technology. But to meet the huge food grain requirement of
480 million tones (Mt) by the year 2050, with increasing challenge of biotic and abiotic
stresses experienced by crops, introduction and adoption of modern technology in Indian
agriculture is inevitable [14].

Precision farming becomes more and more an accepted way of crop production and helps to
achieve a sustainable environmental friendly agriculture. The objectives of site-specific
farming are increasing yields, together with decreasing environmental impacts. Furthermore,
growing interest in automated data acquisition and information processing is going to form
another milestone towards improved farm management and an overall trace ability in
agricultural food production. The benefit and effectiveness of using precision farming
techniques is highly dependent on the capabilities of the utilized technology [15].

In other way Precision Agriculture (PA) can loosely be defined as the application of
technologies and principles to manage spatial and temporal variability associated with all
aspects of agricultural production for improving production and environmental quality. Simply
put, precision agriculture can help farmers improve their margins by decreasing their
operating costs. The biggest benefit of precision farming is that it gives producers the ability
to manage their farm on a production zone basis rather than a whole field basis. This shift
allows farmers to save time and money and helps them offset the rising cost of chemicals,
nutrients, fuel and fertilizer.

Precision Agriculture (PA) is directly linked with Site-specific management (SSM). SSM is
the idea of doing the right thing, at the right place, at the right time. This idea is as old as
agriculture, but during the mechanization of agriculture in the 20th century there was strong
economic pressure to treat large fields with uniform agronomic practices. Precision farming
provides a way to automate SSM using information technology, thereby making SSM
practical in commercial agriculture. PA includes all those agricultural production practices
that use information technology either to tailor input use to achieve desired outcomes, or to
monitor those outcomes (e.g. variable rate application (VRA), yield monitors, remote
sensing) [16]. Lowenberg-DeBoer and Swinton [17] define SSM as the ‘‘electronic
monitoring and control applied to data collection, information processing and decision
support for the temporal and spatial allocation of inputs for crop production.

Precision Agriculture is the application of technologies and principles to manage spatial and
temporal variability associated with all aspects of agricultural production for improving
production and environmental quality. The success in precision agriculture depends on the
accurate assessment of the variability, its management and evaluation in space-time
continuum in crop production. The agronomic feasibility of precision agriculture has been
intuitive, depending largely on the application of traditional arrangement recommendations at
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finer scales. The agronomic success of precision agriculture has been quite convincing in
crops like sugar beet, sugarcane, tea and coffee. The potential for economic, environmental
and social benefits of precision agriculture is largely unrealized because the space-time
continuum of crop production has not been adequately addressed [18].

Precision Agriculture may help any farmer, be it a manager of a ‘‘megafarm’’ in Europe or a
small farmer in Africa, to do better than that which is being done already. This perspective,
which starts with the tacit knowledge of a farmer, should be helpful as it appeals, in principle,
to politicians, farmers and interested citizens alike [19]. Fig. 2 describes the basic concept of
precision agriculture along with the main application areas like precision dairying, site
specific crop management which is one of the major objectives for the PA. Again site specific
crop management offers precision management and GPS controlled trafficking.

Fig. 2. Precision Agriculture and its application areas

2.1 Why Precision Farming?

 To enhance productivity in agriculture.
 Prevents soil degradation in cultivable land.
 Reduction of chemical use in crop production
 Efficient use of water resources
 Dissemination of modern farm practices to improve quality, quantity & reduced cost

of production in agricultural crops

2.2 Advantages

Agronomical perspective : Use agronomical practices by looking at specific
requirements of crop

Technical perspective : Allows efficient time management
Environmental perspective : Eco-friendly practices in crop
Economical perspective : Increases crop yield, quality and reduces cost of production

by efficient use of farm inputs, labour, water etc.

3. PRECISION FARMING PROCESS

Precision farming process involves collecting accurate spatial data on crops, and using this
to manage a farming operation more efficiently, and hence more profitably.
One way of determining why yields vary is to take samples from the land in a 100m x 100m
grid pattern to test for nutrient levels, acidity and other factors. The results can then be
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combined with the yield map to see if application levels need to be adjusted for more
effective yet more economical placement that produces higher crop yields. A simpler
approach to input management is to divide the field into high-, medium-, and low-yield zones
and take a sample from each. This is less time-consuming and costly than grid-sampling, but
does not, of course, provide as much detail [11].

PF is a process where a large field is divided into a finite number of sub-fields, allowing
variation of inputs in accordance with the data gathered. Ideally this will allow maximization
of return on investment, whilst minimizing the associated risks and environmental damage
[20]. There are number of factors which determine the yield of a particular crop on a
particular field, these are:

Weather (No control): With a climate as variable and little predictability as to how the season
will turn out, the weather may have a profound impact on both quantity and quality of the
yield.

Soil (Little or no control): The farmer has only limited control over the soil, e.g. he cannot
change the inherent fertility of his soil such as the soil structure, water logging, but has some
control over fertility, which he can achieve.

Husbandry (Full control): The farmer has full control over the husbandry of his crops. He can
choose whatever he prefers to plant on his field and how he prefers to treat the individual
crops for the conditions he may encounter. He has full control over the methods used, the
timing and efficiencies of application.

Plant (Full control): The farmer has full control over his crop choices. He can choose a
particular crop and for a particular crop he also can choose a particular variety suited to his
particular circumstances. For a particular crop he can also choose row spacing and intra row
spacing.

4. COMPONENTS OF PRECISION AGRICULTURE

4.1 Information or Database

Soil : Soil Texture, Structure, Physical Condition, Soil Moisture; Soil Nutrients, etc.
Crop : Plant Population; Crop Tissue Nutrient Status, Crop Stress, Weed patches (weed

type and intensity); Insect or fungal infestation (species and intensity), Crop Yield;
Harvest Swath Width etc.

Climate : Temperature, humidity, rainfall, solar radiation, wind velocity, etc. In-fields
variability, spatially or temporally, in soil-related properties, crop characteristics,
weed and insect-pest population and harvest data are important databases that
need to be developed to realize the potential of precision farming.

4.2 Technology

Technologies include a vast array of tools of hardware, software and equipments. These are:
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4.2.1 Global Positioning System (GPS) receivers

GPS provides continuous position information in real time, while in motion. Having precise
location information at any time allows soil and crop measurements to be mapped. GPS
receivers, either carried to the field or mounted on implements allow users to return to
specific locations to sample or treat those areas. GPS receiver with electronic yield monitors
generally used to collect yield data across the land in precise way.
Global positioning systems (GPS) are widely available in the agricultural community. Farm
uses include: mapping yields (GPS + combine yield monitor), variable rate planting (GPS +
variable rate planting system), variable rate lime and fertilizer application (GPS + variable
rate controller), field mapping for records and insurance purposes (GPS + mapping
software), and parallel swathing (GPS + navigation tool) [21].

4.2.2 Differential Global Positioning System (DGPS)

A technique to improve GPS accuracy that uses pseudo range errors measured at a known
location to improve the measurements made by other GPS receivers within the same
general geographic area (figure at bottom). In addition, the accuracy, which is the important
factor in PF, demands for DGPS. GPS makes use of a series of military satellites that
identify the location of farm equipment within a meter of an actual site in the field. The value
of knowing a precise location within inches is that:

Locations of soil samples and the laboratory results can be compared to a soil map;
Fertilizer and pesticides can be prescribed to fit soil properties (clay and organic matter
content) and soil conditions (relief and drainage); Tillage adjustments can be made as one
finds various conditions across the field, and one can monitor and record yield data as one
goes across the field.

4.2.3 Geographic information systems (GIS)

Geographic information systems (GIS) are computer hardware and software that use feature
attributes and location data to produce maps. An important function of an agricultural GIS is
to store layers of information, such as yields, yield maps, soil survey maps, remotely sensed
data, crop scouting reports and soil nutrient levels. E.g. GIS for Paddy Fields is an
interactive user friendly system that is used for better management of the paddy fields for
better efficiency and cost effectiveness [10].

4.2.4 Remote sensing

Remote sensing technology is a very useful tool for gathering much information
simultaneously [22]. It is the collection of data from a distance. Data sensors can simply be
hand-held devices, mounted on aircraft or satellite-based. Remotely-sensed data provide a
tool for evaluating crop health. Plant stress related to moisture, nutrients, compaction, crop
diseases and other plant health concerns are often easily detected in overhead images.
Remote sensing can reveal in-season variability that affects crop yield, and can be timely
enough to make management decisions that improve profitability for the current crop.
Although much information is gathered by remote sensing technology, it is difficult to find the
key management factor because each field has varying conditions such as timing and period
of midseason drainage, timing and amount of nitrogen fertilizer application, and timing of
harvest. For this kind of study, geographic information systems (GIS) are highly suitable.
They have evolved largely by innovations created in one application of GIS being shared
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and built upon in subsequent applications [23]. GIS have become highly important tools for
natural resource research and management [24]. GIS has been popularly applied in
agriculture, such as groundwater recharge estimation and regionalization [25], regional
distribution maps for heavy metals [26], scheduling and monitoring of irrigation delivery for
rice irrigation systems [27].

4.2.5 Variable Rate Applicator

The variable rate applicator has three components. These include control computer, locator
and actuator.

The application map is loaded into a computer mounted on a variable-rate applicator. The
computer uses the application map and a GPS receiver to direct a product-delivery controller
that changes the amount and/or kind of product, according to the application map, e.g.
Combine harvesters with yield monitors. Here Yield monitors continuously measure and
record the flow of grain in the clean-grain elevator of a combine. When linked with a GPS
receiver, yield monitors can provide data necessary for yield maps.

5. STEPS IN PRECISION FARMING

5.1 Identification and Assessment of Variability

Grid soil sampling: Grid soil sampling uses the same principles of soil sampling but
increases the intensity of sampling compared to the traditional sampling. Soil samples
collected in a systematic grid also have location information that allows the data to be
mapped. The goal of grid soil sampling is to generate a map of nutrient/water requirement,
called an application map.

Yield map: Yield mapping is the first step to determine the precise locations of the highest
and lowest yield areas of the field, and to analyze the factors causing yield variation. One
way to determine yields map, is to take samples from the land in a 100m x 100m grid pattern
to test for nutrient levels, acidity and other factors. The results can then be combined with
the yield map (sample as shown in Fig.3) to see if application levels need to be adjusted for
more effective yet more economical placement that produces higher crop yields [11].
Researchers at Kyoto University recently developed a two-row rice harvester for determining
yields on a micro-plot basis [5].

Fig. 3. A maize yield map, Red indicates areas of low yield, yellow and orange of
intermediate yield and green of high yield
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Crop scouting: In-season observations of crop conditions like weed patches (weed type and
intensity); insect or fungal infestation (species and intensity); crop tissue nutrient status; also
can be helpful later when explaining variations in yield maps.

Use of precision technologies for assessing variability: Faster and in real time assessment of
variability is possible only through advanced tools of precision agriculture.

5.2 Management of Variability

Variable rate application: Grid soil samples are analyzed in the laboratory, and an
interpretation of crop input (nutrient/water) needs is made for each soil sample. Then the
input application map is plotted using the entire set of soil samples. The input application
map is loaded into a computer mounted on a variable-rate input applicator. The computer
uses the input application map and a GPS receiver to direct a product-delivery controller that
changes the amount and/or kind of input (fertilizer/water), according to the application map.

Yield monitoring and mapping: Yield measurements are essential for making sound
management decisions. However, soil, landscape and other environmental factors should
also be weighed when interpreting a yield map. Used properly, yield information provides
important feedback in determining the effects of managed inputs such as fertilizer
amendments, seed, pesticides and cultural practices including tillage and irrigation. Since
yield measurements from a single year may be heavily influenced by weather, it is always
advisable to examine yield data of several years including data from extreme weather years
that helps in pinpointing whether the observed yields are due to management or climate-
induced.

Quantifying on farm variability: Every farm presents a unique management puzzle. Not all
the tools described above will help determine the causes of variability in a field, and it would
be cost-prohibitive to implement all of them immediately. An incremental approach is a wiser
strategy, using one or two of the tools at a time and carefully evaluating the results and then
proceeding further.

Flexibility: All farms can be managed precisely. Small-scale farmers often have highly
detailed knowledge of their lands based on personal observations and could already be
modifying their management accordingly. Appropriate technologies here might make this
task easier or more efficient. Larger farmers may find the more advanced technologies
necessary to collect and properly analyze data for better management decisions [11].

6. INFORMATION LEVELS

There are four levels or stages in the quality of information. The lowest level is data, followed
by information, knowledge, and finally wisdom (Fig. 4) [28,29]. The "data-stage" means a
mass of signals and numerical values, which have no practical value in themselves. The
"information-stage" provides some meaning from a set of data, such as levels of excessive,
appropriate or deficient fertilizer use. The "knowledge-stage" implies that the information is
individualized in some logical way, which can enable someone to make a decision, such as
application guidelines. Information technology tends to be powerful in levels up to the
knowledge-stage. Precision farming needs all stages of information in the agricultural
production system, and also requires good linkage between the stages. In particular,
information technology should be closely linked to farmers.
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Fig. 4. Information level [28,29]

7. SCENARIOS

Developing system technology for precision farming is shown in Fig. 5 [28, 29]. First of all, it
is necessary to describe and understand the variability within and between fields. Field
sensors with GPS and monitors for machine application make this easier. The next stage is
to develop machines, which can be operated by remote control. There are three steps in
technology development, and three strategies for precision farming, [28, 29]. Step 1 is based
on conventional farming technology, with intensive mechanization to reduce the labour input.
Step 2 involves the development of mapping techniques, VRT machines, and introductory
DSS on the basis of information technology. Step 3 implies the maturity of wisdom-oriented
technologies. Scenario 1 is based on a "high-input and high-output" conventional strategy.
Scenario 2 has a strategy for "low-input but constant-output", and Scenario 3 aims at
"optimized input-output" as the goal of precision farming. Advanced technology levels allow
us to choose freely between these three scenarios. Effective regulations will encourage
progress in precision farming [28, 29].

Fig. 5. Development of PF technologies [28,29]
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8. THE NEED FOR PRECISION FARMING IN INDIA.

The ‘Green revolution’ of 1960’s has made India self sufficient in food production. In 1947,
India produced a little over six million tonnes of wheat, in 1999 Indian farmers harvested
over 72 million tonnes, taking the country to the second position in wheat production in the
world. The production of food grains in five decades, has increased more than threefold, the
yield during this period has increased more than two folds. All this has been possible due to
high input application, like increase in fertilization, irrigation, pesticides, higher use of High
Yield Varieties, increase in cropping intensity and increase in mechanization of agriculture
[30].

8.1 Fatigue of Green Revolution

Green revolution of course contributed a lot. However, even with the spectacular growth in
the agriculture, the productivity levels of many major crops are far below than expectation.
We have not achieved even the lowest level of potential productivity of Indian high yielding
varieties, whereas the world’s highest productive country have crop yield levels significantly
higher than the upper limit of the potential of Indian High Yield Varieties (HYV’s). Even the
crop yields of India’s agriculturally rich state like Punjab is far below than the average yield of
many high productive countries.

8.2 Natural Resource Degradation

The green revolution is also associated with negative ecological/environmental
consequences. The status of Indian environment shows that, in India, about 182 million ha of
the country’s total geographical area of 328.7 million ha is affected by land degradation of
this 141.33 million ha are due to water erosion, 11.50 million ha due to wind erosion and
12.63 and 13.24 million ha are due to water logging and chemical deterioration (salinization
and loss of nutrients) respectively. On the other end, India shares 17% of world’s population,
1% of gross world product, 4%of world carbon emission, 3.6% of CO2 emission intensity and
2% of world forest area. One of the major reasons for this status of environment is the
population growth of 2.2% in 1970 – 2000. The Indian status on environment is, though not
alarming when compared to developed countries, gives an early warning. In this context,
there is a need to convert this green revolution into an evergreen revolution, which will be
triggered by farming systems approach that can help to produce more from the available
land, water and labour resources, without either ecological or social harm. Since precision
farming, proposes to prescribe tailor made management practices, it can help to serve this
purpose.

9. FARMING SYSTEM IN INDIA (SMALL SCALE)

Whether precision farming is feasible for small-scale farms is a leading issue for agricultural
scientists and politicians. It should be noted that precision farming is characterized by
variable management. A key point in precision farming is understanding variability in the
field. There are at least two types of variability. One is within-field variability, the other is
between-field or regional variability. Within-field variability focuses on a single field, and the
one plant variety being cultivated. Between-field variability considers each field as a unit on a
map. Although various researcher has been studied the PF adoptability in large agriculture
farms, but the application in small farms is also gaining importance. Asian country like India,
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Sri Lanka, China, Korea, Bangladesh and others where the average land holding is less than
4 ha, substantial improvements takes place towards the adoptability of PF.

Indian Agriculture is characterized by small and marginal operational holdings. About 85% of
total cultivated land has been fragmented into less than 10-hectare land. About 60% of
farmland is less than 4 hectare in size. The average size of land holdings is very small (less
than 4 hectares) and is subject to fragmentation due to land ceiling acts, and in some cases,
family disputes. Such small holdings are often over-manned, resulting in disguised
unemployment and low productivity of labour. Some reports claim smallholder farming may
not because of poor productivity, since the productivity is higher in China and many
developing economies even though China smallholder farmers constitute over 97 percent of
its farming population [31]. Chinese smallholder farmer is able to rent his land to larger
farmers, China's organized retail and extensive Chinese highways are able to provide the
incentive and infrastructure necessary to its farmers for sharp increases in farm productivity.
Adoption of modern agricultural practices and use of technology is inadequate, hampered by
ignorance of such practices, high costs and impracticality in the case of small land holdings.

The general perception is that PF cannot be applied for small-scale farms of developing
countries. If only ‘hard PF’ is considered, this concept is true. Searching for the ‘‘appropriate
PA technology’’ for small farms is a real challenge faced by scientists and engineers. A
number of options for the application of the PF philosophy in these countries have been
discussed by Cook et al. [32]. PF can be implemented through improved agronomic decision
making on the same spatial scale by increasing the number of decisions per unit time and by
using some DSS tool [19]. Some low cost and low technology tools may be proved to be
useful for small farms of developing countries. The chlorophyll meter (SPAD) and leaf color
chart (LCC) are simple, portable diagnostic tools that can be used for in situ measurement of
the crop N status in rice fields to determine the timing of N top dressing, which is very useful
for developing countries. On-farm adaptive research is in progress in three countries to
adapt the chlorophyll meter technique for transplanted and wet-seeded rice, local cultivar
groups, soil, crop, and for environmental conditions. The LCC is not as accurate as the
chlorophyll meter in determining the site-specific leaf N status in rice crops [33]. Initial
feedbacks on the use of LCC from farmer cooperatives in Philippines, Indonesia, Vietnam,
Bangladesh, India, etc. are highly encouraging. A standardized four panel LCC was
produced and more than 250,000 units were distributed in different Asian countries until the
end of 2006 [34]. Applications of GIS to small farms have started. The old saying ‘‘Better
information gives better decisions” is very true for GIS. GIS is currently being adapted for
use on small Asian farms, in Japan, the Republic of Korea and in the Taiwan Province of
China, where government programs are developing the use of web-based GIS systems. The
concept is to encourage farmers to use the Internet and to obtain free information on the soil
properties of their farms, including soil fertility and nutrient levels. In Indonesia, GIS is being
used to re-evaluate appropriate agricultural land use. The system can be used to identify
which areas are suitable for arable land, and it is also used to identify the best crop for a
particular region [35].

10. SUCCESSFULLY IMPLEMENTED PF IN INDIA

10.1 Tata Kisan Kendra (TKK)

TKK was the initiative of the Tata Group under the auspices of Tata Chemicals (TCL’s)to
harness the technological proves for solving India's social and economical problems. The
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concept of precision farming being implemented by the TKKs has the potential to catapult
rural India from the bullock-cartage into the new era of satellites and IT. TCL's extension
services, brought to farmers through the TKKs, use remote-sensing technology to analyze
soil, inform about crop health, pest attacks and coverage of various crops predicting the final
output. This helps farmers adapt quickly to changing conditions. The result: healthier crops,
higher yields and enhanced incomes for farmers. One of the biggest worries for small
farmers in India is finance. The kendras take care of this need too. Farmers can get credit,
insure their crops against natural disasters, and even avail of buyback facilities [30].

10.2 Tamil Nadu Precision Farming Project

Precision Farming Project was started in Tamil Nadu during 2004-05. It was implemented
initially in 250 acres in 2004-05, 500 acres in 2005-06 and 250 acres in 2006-07.
Government of Tamil Nadu had assigned this task to Tamil Nadu Agricultural University.
With financial grant for installation of drip irrigation and crop production. Five crops had been
taken up by the farmers in 3 years. In the first year, farmers were not ready to accept this
project initially because of their frustration in Agriculture due to continuous drought in that
area for 4 years since 2002. But after seeing the success of the first 100 farmers and high
market rate of the produce from this scheme, farmers started registering in large numbers
[36].

Drip Irrigation: Precise and regulated application of irrigation water and plant nutrients at low
pressure and frequent intervals through drippers/emitters directly into the root zone of plant
with the help of close network of pipes is known as drip irrigation system as shown in Fig.6.
Here in this project drip laterals were installed in a spacing of 1.5 x 0.6 m. to achieve many
advantages like Reduced water and fertilizer requirement per acre, Less weed infestation
due to the dryness of the top soil, Reduced flower and fruit drop due to proper moisture
maintenance and soil aeration, Less infestation of disease and pests due to the maintenance
of relative humidity less than 60 per cent, 40 per cent increased aeration helps increased
root growth.

Advantages of Drip Irrigation:
 Increase in production & productivity.
 Improves quality and ensure early maturity of the crops.
 Water Saving up to 40% - 70%.
 Controls weed growth, saving of fertilizer (30%) and labour cost (10%).
 Fertigation / Chemigation can be made efficiently.
 Control diseases.
 Use of saline water is possible.
 Soil erosion is eliminated.
 Suitable for uneven / undulating land.
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Fig. 6. Drip Irrigation installed [36]

Community nursery with Pest & Disease control: Community nurseries were developed by
the precision farmers with the precision agriculture concept to produce 100% healthy
vegetable seedlings. A common type of community nursery is shown in Fig.7. Precaution
measures based on the climatic conditions and need based application of pesticides and
fungicides helped in reducing the one third of expenses.

Fig. 7. Community nursery [36]

Precision Farmers Association: Precision Farmers Association were formed as a part of the
project activities by adding every 25 to 30 beneficial farmers jointly to look into the in various
activities like, negotiation of the inputs purchase with the agro traders, discussing the
possibilities of contract farming of vegetables, Visiting various markets and getting the
market information, sharing farming experience with fellow members, sharing
their precision farming experience with farmers coming from other districts of Tamil Nadu.
These results in good quality produce from Precision Farming areas with maximum profits.

11. DGPS NETWORK

As a first step towards operationalization of PF, it is necessary to establish a DGPS
infrastructure for the country. It would enable the farmers to get an accuracy of few
centimeters in the various unit processes (sowing, fertilizer application, herbicide- pesticide
application etc.,) involved in PF. A DGPS network would cater to the needs of multitude of
applications (Meteorology, Transportation, Geodetic survey, Crustal Deformation studies,
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Disaster management and mitigation, etc.) of which PF is one. Each DGPS master reference
is capable of providing the services within a radius of 100-kilometer radius. Hence, the
number of master stations required to establish the DGPS infrastructure, which would cover
the entire country, is calculated. This can be calculated as follows (only a random
calculation) [37].

Area of India = 329 million hectares.
Area of GPS (circular area, PI = 3.14) = PI * (100) ^2 sq. km.

= 31400 sq. km.
= 3.14 million hectares

Total no. of GPS reference stations required for the country = 329/3.14
Total GPS reference stations required = 105
Cost of a single DGPS set = Rs. 3 lakhs
Total cost of the entire infrastructure = Rs. 3.15 crores

This is affordable by any means for a country as a whole considering the innumerable
applications it can cater. A simple assumed cost benefit analysis is carried out for precision
farming, which is given below.

12. COST BENEFIT ANALYSIS

The real value for the farmer is that he can adjust seeding rates, plan more accurate crop
protection programs, perform more timely tillage and know the yield variation within a field.
These benefits will enhance the overall cost effectiveness of his crop production. Since the
country is going to spend the amount, the Gross Domestic Product (GDP) is considered
rather than the farmer’s personal income. Hence the cost-benefit analysis of the present
project is

GDP of India for 1993 = $ 250.97 billion (FAO yearbook, 1994)
GDP in Indian Rupees = Rs. 12,924.955 billion
Amount spent for R&D = 0.3% of GDP = Rs. 38.775 billion
Cost-Benefit Analysis = 38.775 billion/315 million = 12,309

Thus, it is proved that there is an enormous benefit in implementing the DGPS network,
which would further pave the way for Precision Farming [37].

13. CONCLUSIONS

The interest in precision farming (PF) and its introduction has resulted in a gap between the
technological capabilities and scientific understanding of the relationship between the input
supplies and output products. Development of PF has been largely market-driven, but its
future growth needs collaboration between private and public sectors. The potential of this
technology has already been demonstrated, but in practice, meaningful delivery is difficult as
it needs large scale commercial application to realize the benefits. The main objective of PF
is to optimize yield with minimum input and reduced environmental pollution. The scenario,
status and strategies for the adoption of PF in small farm in India have been discussed.
Some typical case studies from India have also presented. PA is facilitating the prospects
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and scope for switching over to modern agriculture leaving the traditional one by utilizing
right resources in right time and management, which results an environment friendly
sustainable agriculture.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Shibusawa S. Precision farming approaches to small farm agriculture. Agro-Chemicals
Report. 2002;2(4):13-20.

2. Nobutaka Ito. Precision Farming and its Potentiality- Innovative Frontier Technology
for Agriculture. Presentation at The International Forum of Frontier Technology for the
Potential Collaboration with Kasetsart University, Thailand at the ceremony of The 60th

anniversary of university foundation and presented at The 9th Tri-University
International Joint Seminar & Symposium hosted by Jiangsu University: October
2002.

3. Srinivasan A. Precision Farming in Asia: Progress and Prospects. The Haworth Press.
Inc., 10, Alice Street, Binghamton, NY. 2006;13904-1580.

4. Larscheid G, Blackmore BS. Interactions between farm managers and information
systems with respect to yield mapping. In P.C. Robert et al., (ed.) Precision
Agriculture. Proc. Third Int. Conf. Minneapolis, MN. (ASA, CSSA, SSSA, Madison,
WI.) June 23-26, 1996;1153-1163.

5. Iida M, Umeda M, Kaho T, Lee CK, Suguri M. Measurement of grain yield in Japanese
paddy field. In Abstracts of the Fourth Int. Conf. Precision Agriculture. St. Paul, MN.
July 19-22, 1998;54.

6. Anandacoomaraswamy A, Ananthacumaraswamy S. Precision management of soil
organic carbon in tea lands of Sri Lanka. In Abstracts of the Fourth Int. Conf. Precision
Agriculture. St. Paul, MN. July 19-22, 1998;71.

7. Mandal Subrata Kumar, Maity Atanu. Precision farming approaches for small-farm
agriculture: Scope and Prospect. In proceeding, Map India, New Delhi; 2006.

8. Singh AK. Precision Farming. 2012. Accessed 25 June 2012. Available:
http://www.iasri.res.in/ebook/EBADAT/6-Other%20Useful%20Techniques/14-
Precision%20Farming%20Lecture.pdf.

9. Mackay D. Precision Farming: connecting the pieces. 2012. Accessed 26.6.2012.
Available:
http://www.personal.psu.edu/pwl5119/blogs/bill_lim/assets/Limpisathian,%20P.%20GI
S%20Paper.pdf.

10. Aziz FAA, Shariff ARM, Amin BM, Mohd S, Rahim AA, Jahanshiri E, Nik Norasma
Che’ Ya. GIS based System for Paddy Precision Farming. Iaald Afita WCCA2008
World Conference on  Agricultural Information and IT, Tokyo University of Agriculture,
Tokyo, Japan, August 24 – 27, 2008;417-422.

11. Joubert R. Precision farming – suitable for large or small farms. 2012. Accessed
26.6.2012. Available:
http://www.farmersweekly.co.za/article.aspx?id=30367&h=Precision-farming-
%E2%80%93-suitable-for--large-or-small-farms.



American Journal of Experimental Agriculture, 3(1): 200-217, 2013

216

12. National Research Council (NRC). Precision Agriculture in the 21st Century.
Committee on Assessing Crop Yield: Site-Specific Farming, Information Systems, and
Research Opportunities. National Academy Press, Washington DC., USA, 1997;149.

13. SKY-Farm. Opportunities for precision framing in Europe: Updated report. 1999;126.
14. Mondal P, Tewari VK, Rao PN, Verma RB, M Basu. Scope for Precision Agriculture in

India. In Proceedings of the International Conference; 2004. IIT Kharagpur, India.
15. Markus Ehrl, Markus R, Demmel, Hermann Auernhammer, Werner V, Stempfhuber,

Wolfgang Maurer, Thomas Wunderlich. Spatio-Temporal Quality of Precision Farming
Applications. ASAE Annual International Meeting / CIGR XVth World Congress
Chicago, Illinois, USA. July 28-31;2002.

16. Bongiovanni R, Lowenberg-DeBoer J. Precision Agriculture and Sustainability.
Precision Agriculture. 2004;5:359–387.

17. Lowenberg-DeBoer J, Swinton S. Economics of site-specific management in
agronomic crops. The State of Site-Specific Management for Agriculture USA. edited
by F. Pierce and E. Sadler, (ASA-CSSA-SSSA, Madison, Wisconsin, USA). 1997;369–
396.

18. Patil VC, Shanwad UK, Honne Gowda H. Precision Farming: Dreams and Realities for
Indian Agriculture. In Proceeding of MAP India. February 7-9;2004, New Delhi, India.

19. Mcbratney Alex, Brett Whelan, Tihomir Ancev. Future Directions of Precision
Agriculture, Precision Agriculture. 2005;6:7–23.

20. Profi: Es läuft, aber mehr eckig als rund, Profi. January; 1998.
21. Grisso  RB, Alley M, Wysor WG, Gordon Groover. Precision Farming Tools: GPS

Navigation. Virginia Tech Publication. 2009;442-501.
22. Ryu C, Suguri M, Iida M, Umeda M, Lee C. Integrating remote sensing and GIS for

prediction of rice protein contents. Precision Agric. 2011;12:378–394.
23. Pierce FJ, Clay D. GIS applications in agriculture. Boca Raton: Taylor & Francis

Group; 2007.
24. Iverson LR, Risser PG. Analyzing long-term changes in vegetation with geographic

information system and remotely sensed data. Advance Space Research.
1987;7(11):194–194.

25. Sophocleous M. Groundwater recharge estimation and regionalization—the Great
Bend Prairie of central Kansas and its recharge statistics. Journal of Hydrology.
1992;137:113–140.

26. Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and GIS-based approach to
identify heavy metal sources in soils. Environmental Pollution. 2001;114:313–324.

27. Rowshon MK, Kwok CY, Lee TS. GIS-based scheduling and monitoring of irrigation
delivery for rice irrigation system—Part-I scheduling. Agriculture Water Management.
2003;62:105–116.

28. Shibusawa S. Environmentally friendly agriculture and mechanization trend in Japan:
Prospects of precision farming in Japan. In Proc. International Symposium on Farm
Mechanization for Environment Friendly Agriculture, Seoul, Republic of Korea. The
Korean Society for Agricultural Machinery. 1999;53-80.

29. Shibusawa S. Precision farming approaches for model and control. Proceedings of the
XIV Memorial CIGR World Congress, Tsukuba, Japan. Nov. 28-Dec. 2000;133-141.

30. Agropedia. Some successful examples of private sector initiative in Uttarakhand (Part-
III). 2012. Accessed 25.06.2012. Available: http://agropedia.iitk.ac.in/?q=node/4550

31. FICCI. Agriculture overview; 2012. Accessed 26.5.2012. Available: http://www.ficci-
b2b.com/sector-overview-pdf/Sector-agri.pdf.



American Journal of Experimental Agriculture, 3(1): 200-217, 2013

217

32. Cook SE, O’Brien R, Corner RJ. Is precision agriculture relevant to developing
countries? Proceedings of the 4th European conference on precision agriculture, The
Netherlands: Wageningen Academic Publishers. 2003;115–119.

33. Balasubramanian V, Morales AC, Cruz RT. On-farm adaptation of knowledge-
intensive nitrogen management technologies for rice systems. Nutrient Cyc
Agroecosyst. 1999;53(1):59–69.

34. Fairhurst TH, Witt C, Buresh RJ. Rice: a practical guide to nutrient management. 2nd
ed. Phillipines: IRRI Publication. 2007;1–136.

35. Mondal Pinaki, Manisha Basu. Adoption of precision agriculture technologies in India
and in some developing countries: Scope, present status and strategies. Progress in
Natural Science. 2009;19:659–666.

36. PRECISION FARMING — India Development Gateway. 2012. Accessed 27.06.2012.
Available: http://www.indg.in/agriculture/agricultural-best-practices/precision-farming.

37. Mishra Ashish, P Chidambara Raj, D Balaji. Operationalization of Precision Farming in
India. In proceeding, Map India, New Delhi; 2003.

_________________________________________________________________________
© 2013 Mandal and Maity; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=156&id=2&aid=1004


