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Abstract: To maximize the productivity from the limited natural resources on a sustainable manner, the only way left is to
increase the resource input use efficiency. It is also certain that even in developing countries, availability of labour for
agricultural activities is going to be in short supply in future. The time has now arrived to exploit all the modern tools
available by bringing information technology and agricultural science together for improved economic and environmentally
sustainable crop production. In this context, Precision agriculture merges the new technologies borne of the information age
with a mature agricultural industry. It is an integrated crop management system that attempts to match the kind and amount
of inputs with the actual crop needs for small areas within a farm field. This goal is not new, but new technologies now
available, allow the concept of precision agriculture to be realized in a practical production setting.
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INTRODUCTION

griculture production system is an outcome of a

complex interaction of seed, soil, water and
agro-chemicals (including fertilizers). Therefore,
judicious management of all the inputs is very
essential to be taken care by the growers. However,
since long, it has been recognized that crops and soils
are not uniform within a given field. To meet the
forthcoming demand and challenge we have to divert
towards new technologies, for revolutionizing our
agricultural ~ productivity ~ through  judicious
management of all the inputs and it is the key point
for the sustainability of such a complex system.
Therefore, it is essential to develop eco-friendly
technologies for maintaining crop productivity. This
concern brings the scientific community to make
precise application of all the inputs in a given land
area rather increasing the land area which is already a
permanent constraint. Precision management is the
proper use of high-technology equipment and
software to quantify field conditions and
micromanaging the elements or resources at small or
large land areas to obtain optimum benefits. It
requires an understanding of time and space scales.
Time scales are critical because operations occur
when they will benefit the crop most. Space scales
become a fundamental principle of field management
because inputs and cultural practices are varied with
soil type, pest population, or crop maturity. The
challenge is to determine how to use time and space
scales to advantage in developing an improved
understanding of agricultural management. To fully
achieve the goals of precision agriculture,
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management must be applied in a space and time
context.

The goals of precision management are actually quite
clear. The first and foremost goal of the farmers is
searching for higher yields and/or higher profits.
Income provides the family needs, enhances the
community, and keeps the farming operation viable.
Reducing inputs normally results in lower input costs
and lower impacts on air, land and water. Also, our
society expects farmers to be natural resource
managers and good stewards of the environment.

The goals of agriculturists-cum-natural resource
manager should be:

A: Higher Yields and/or more profit

B: Reduced inputs and/or cost

And

A: To minimize environmental impacts

B: To preserve recreational enjoyment for future
generations

Elements of Precision Agriculture: Precision
farming basically depends on measurement and
understanding of variability, the main components of

precision farming system must address the
variability.  Precision farming technology is
information based and decision focused, the

components include, (the enabling technologies):
Global positioning system (GPS)

Remote sensing

Geographic information system (GIS)
Analysis/decision software

Variable rate technologies (VRT)

Electronics and instrumentation (yield monitors, soil
sensors etc.)
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Soil variability
Amongst the various catalysts, Soil is a spatial
variable, initially to cover most of risks while
growing. The vigorousness of any plants depends
largely on its inner potential and on prevailing
ambient conditions in soil for the plant to take a good
start. Water-holding capacity or organic matter
variation, along with topography, provides even a
more interesting view of a field in which a producer
places inputs or disturbs the soil. Other variables
could be identified within this field to create a series
of interacting elements. Among them topographic
variation within fields can be collected from
topographic maps, but the resolution on these maps is
often insufficient to provide the necessary detail
about variations within fields. For this, the detailed
summary of soil sampling and interpolation
techniques that potentially could be used to quantify
soil variation. This technology defines these
sampling methods as judgmental sampling, simple
random sampling, stratified sampling, cluster
sampling, nested or multistage sampling, systematic
sampling, stratified systematic unaligned sampling,
and search sampling. None of these methods are
described herein, but all have been used to determine
variability across a field.
The technology which affords the following
objectives:
1.1t allows for the application of fertilizers at
variable rates according to variations in fertility
levels.
2.1t allows for the measurement of yield variability
in fields.

3. It helps to increase yields by reducing variability.
4.1t allows for soil sample sites to be accurately
located within a field and fertility levels mapped.
5.1t allows for the monitoring of yield as compared

to soil test results.
6.1t accurately pinpoints accurately location of
significant soil variability.

Management of Soil Using Precision Agriculture
Technology:

Soil is a major component of a sustainable
agricultural system. Soil quality is the capacity of a
soil to function in a productive and sustained manner,
while maintaining or improving the resource base,
environment, and plant, animal, and human health.
The capability of a soil to function within ecosystem
boundaries and interact with the environment,
external to that system forms the basis for
determining the potential impact of soil management
systems on the environment. Thus, the measurement
of soil quality should be a quantitative tool to help
guide management decisions. Among the various
measuring parameters, nutrient balancing of soil is
one of the key approaches to presume a good input
return. Thus, to make it possible, soil sampling
assumes much greater significance when Precision or
Site-specific Farming is adopted, because of the

precision and representation required the variable
rates of nutrient calculation and application, and the
economics of the technology as a whole. Therefore,
the following factors should be considered while
sampling to estimate the nutrient status of soil:
Purpose

The purpose of soil sampling should be clearly
determined prior to beginning a detailed sampling of
the area. If one or more of the components of
Precision Farming Technology is not available, a
traditional sampling and testing approach will
probably provide just as much useful data, thus
saving the time and money spent on developing a
detailed sampling strategy.

Resolution

The high resolution obtained through a high intensity
of samples from a given area may not always
translate into useful and practical information. The
optimum number of samples required from a
particular field is often determined from the
historical logs and experience of high- and low-
yielding areas, areas with identifiable features like
depressions, etc.

Data Analyses

The data generated from the soil tests should be
analyzed and interpreted with appropriate perspective
that will reflect the site, cropping sequence, and
resources available on the farm.

Soil Properties

Soil samples can be obtained to analyze for both
physical and chemical properties. A baseline on soil
physical properties, like textural analysis, bulk
density, permeability, hardpans, and depth to clay,
can be obtained through a onetime assessment.
Unlike soil chemical tests it is not necessary to repeat
a physical property test unless a soil amendment is
added to ameliorate soil physical conditions like bulk
density and hardpan. Field-scale alterations to
physical properties like soil texture and depth to clay
is not possible. Soil chemical properties include soil
pH and extractable plant nutrient levels. Soil testing
is recommended every season/year when Precision
Technology is adopted for  documenting
improvements in soil pH and soil fertility levels.
Fertilizer recommendation

The key part of soil sampling and analyses is the
fertilizer recommendation that accompanies each soil
test report. This forms the basis for all the remaining
activities involving inputs into the production cycle.
Therefore, it is important to adhere to the rates of
nutrients recommended. Altering the recommended
rates on soil test reports for the sake of convenience
will totally negate the benefits and may result in poor
crop performance and economic losses.

Soil Sampling Techniques

Based on the shape and size of individual fields
within a farm where crops are to be planted, suitable
sampling schemes can be identified:
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Fig. 1. Grid centred soil sampling.

Grid Sampling

A checkerboard-type grid can be created using
special software such as SST Toolbox etc. The grid
approach works best when large tracts of land are
available. While these shapes and sizes can be
adjusted to suit the need and convenience, the most
popular grid sizes used are of 2-acre grids. Even one-
acre grids are used on areas where a need for
intensive sampling is identified. These fixed-area
grids will therefore divide the field into equal square-
shaped areas from within which samples will be
collected. These square shaped areas are also referred
to as ‘cells’. There are at least three methods of
sample collection within a grid that are practical. (1)
One method is to go to the centre of the grid with the
GPS unit and walk several steps away from the
centre in all directions to collect samples from 3-5
spots randomly and consolidate them (Fig. 1).Being
relatively simple, this grid-centred approach can be
consistently done on any given field. However, for
unbiased sampling, care should be taken to avoid
concentration of samples around the centre point. (2)
The second method is to collect samples at random
from all across the grid without any bearing on the
grid-centre (Fig 2) The sampling pattern will not be
consistent across the cells but this approach will
ensure a better randomization. This procedure may
be more time consuming because various sampling
points have to be individually accessed across the
grid area. (3) The third method of grid sampling is to
collect samples at grid line intersections (Fig 3). This
approach will mathematically integrate the values
(interpolate) between the points, which will enable
creating contour maps based on the soil nutrient
levels. The smaller the grid area, chosen, the higher
the sampling intensity thus is increasing the costs.
Directed Sampling

A self-directed sampling is another scheme that is
often adopted. This method requires a prior
knowledge of the site characteristics that may be
limiting the yield. Once these low/high vyielding
areas, soil types, areas under different cultural
management, cropping systems, etc. are identified
within a field, maps would be created to delineate the
field accordingly and sampling would be conducted
within these sub-regions. However, sampling based
on factors that do not influence the yield should be

Fig. 2.Random sampling within grids.

Fig. 3. Sampling at the grid
intersections

avoided. This will effectively reduce the total
number of samples.

In order to obtain optimum returns, a Directed
Sampling scheme developed in conjunction with a
good assessment of available resources and the
ability to apply nutrients at variable rates is highly
recommended. Assessment will be most useful by
considering the maximum area or Management Unit
across which a fertilizer rate cannot be varied. A
Management Unit will be a subunit of the entire field
under consideration and representative samples
should be randomly collected and composited for
analysis. The results will then be averaged across this
area and applications will be made based on averages
derived for this unit. Variations, if any, will be made
among different units but not within any given unit.
This process would be the most effective and
economical of all.

Management of Collected Soil Data

As the soil samples have been collected as per
latitude, longitude and altitude basis via. using grid
or direct samplings, the samples can be processed to
go under different nutritional analysis. The chemical
analyses of the samples provide the nutritional
inventory of the selected area. The prepared
tabulated data can further be used to manage the field
variability using variable rate technology (VRT).The
VRT is the most advanced component of precision
farming technologies, provides "on-the-fly" delivery
of field inputs. There are two methods to use this
VRT technology in management of nutrient
unbalancing. The first method, in which, different
maps are prepared using different thematic layers
using Arc view 3.2a GIS software. This method
includes the following steps: grid sampling of a
field, performing laboratory analyses of the soil
samples, generating a site-specific map of the
properties and finally using this map to control a
variable-rate applicator. During the sampling and
application steps, a positioning system, usually
DGPS (Differential Global Positioning System) is
used to identify the current location in the field. The
second method, Sensor-based, utilizes real-time
sensors and feedback control to measure the desired
properties on-the-go, usually soil properties or crop
characteristics, and immediately use this signal to
control the variable-rate applicator.
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Sensor Technology in Soil

Intensive grid sampling is generally regarded as one
of the most accurate methods of mapping the
variability of crop and soil attributes in precision
agriculture. However, intensive grid sampling is
laborious, time consuming and expensive and thus
impractical for implementation in large scale. It is,
therefore, desirable to develop a more rapid means of
obtaining spatial and temporal data for detailed
variability mapping. The efficiency of site and time-
specific crop-soil management and monitoring
strategies can be improved by using low-cost sensors
to estimate soil properties that impact crop yields.
On-the-go soil sensor technologies that can serve as a
rapid method for measuring soil mechanical, physical
and chemical properties are steadily developing.

In present Scenario, various sensors have been
developed to quantify the soil properties, required for
accurate mapping within-field variability as per

requirement. These sensor devices are fitted with a
global positioning system (GPS) to allow for soil
data to be captured on-the-go and instantaneously
converted into distribution maps. This would
facilitate real time monitoring and intervention of
soil nutrient status, which can potentially offset
limitations imposed by the inherent spatial and
temporal variability in soil nutrient supply. Soil
sensors can be used to generate real-time soil data,
such as pH, electrical conductivity, salinity,
dissolved oxygen and nutrient concentration, which
are subsequently turned into geo-referenced maps to
facilitate site-specific nutrient application. Numerous
on-the-go sensors have been manufactured (Table 1)
to measure mechanical, physical and chemical soil
properties and most of them have been based on
electrical and electromagnetic, optical and
radiometric, mechanical, acoustic, pneumatic and
electrochemical measurement concepts.

Table 1. The various types of soil sensor and their applications in the study of soil

Sensor type Example applications

Reference

Electrochemical Soil pH, Nitrate, Potassium

Adamchuk et al.
(2007;2004)

Electrical and
electromagnetic

cation exchange capacity

Soil texture, Soil Moisture content,

Soil depth variability (depth of topsoil, depth to hardpan),

Kim et al. (2009); King et
al. (2005):
Sudduth et al. (2003)

Optical and Soil organic matter, Soil moisture Rossel et al. (2006); Chang
radiometric et al. (2001)

Acoustic Soil texture, Soil bulk density, Soil depth variability Grift et al. (2002)
Mechanical Soil compaction, compacted soil layers Stafford and Werner (2003);

Manor and Clark (2001)

Generally, the main concerns in sensor performance

efficiency are the issues of precision and accuracy.

Precision refers to the ability of the sensor to repeat

its own measurement in the same location and time,

while accuracy refers to how well the sensor

measurements correlate to an actual soil property that

is determined using the conventional measurement

technique.

Limitations of Precision Technology in Indian

Context:

Although precision farming is proven technology in

many advanced countries of the world but their

scopes in India (also in other developing countries)

are limited. Different scientists have reported certain

constraints, which limited the scope for site-specific

farming in India, are as given follows:

1. Small farms size and heterogeneity of cropping
systems.

2. Lack of local technical expertise.

3. Infrastructure and institutional
including market uncertainty.

4. High initial investment.

Data availability and technical gaps

6. Complexity of tools and techniques requiring
new skills.

constraints

o

7. Culture, attitude and perceptions of farmers
including resistance to adoption of new
techniques and lack of awareness of agro-
environmental problems.

8. Uncertainty about the returns from investments
on new equipment.

CONCLUSION

Precision agriculture in today’s agriculture is being
proven as a pavement in enhancing agricultural
productivity without jeopardizing the ecological
balance. This technology gives farmers the ability to
use crop inputs more effectively including fertilizer,
pesticides, tillage and irrigation water. More
effective use of inputs means greater crop vyield
and/or quality, without polluting the environment.
This technology also cuts an extravagant investment
on required inputs which is a prime importance of a
farmer to look upon. But, the technology is mainly
prevalent in the developed countries. India is still to
take revolutionary step in precision agriculture but
the basic issues which hurdles this technology to
flourish in Indian context are: fragmented land
holdings, heterogeneity of crops and livestock and
concept of farm families in the rural conditions etc.
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The on-the-go sensors have the advantage of
providing non-destructive and rapid quantification of
soil variability to enable precision soil nutrient
management and monitoring. However, the
reliability of the data taken about crop-soil properties
by the on-the-go sensor under different growing
condition is still unclear. But, the increasing
population in association to climate change requires a
commensurate increase in agricultural productivity.
Key to this challenging task is to ensure sustainable
soil productivity while maintaining high crop yields
and reducing environment pollution. Thus, to recover
from all these factors, a sensor technology for
nutrient management is a good way to achieve such
goals.
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