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m ABSTRACT : Over the past several years, an increasing number of large-scale agriculture
corporations have expressed the requirement for logging their farming operations at a low cost.
Hence, in precession agriculture this system asalternative to the field verification to recording and
collecting farming data. The technical and economic feasibility of applying GPS equipped with GIS
technol ogy to the system was ascertained. In farmland record approach the use of GPSinAgriculture
islimited but itisfair to expect wide spread use of GPSin future. One of the primary challengesthat
farmershaveisthelack of knowledge on what crop to plant, aswell aswhereto plant for guaranteed
maximum yield. However, modern farming has benefited two fold —it is mechanized and uses great
technol ogies such as the spatial technologies. Evidently, the use of GIS and GPS technologies at
your farmishighly beneficial. With such technologiesin place, it not only makesit easy to manage
the farm, but also guarantees high yields and profits. Therefore, this record keeping farm
management system needs to be adoptes these technologies so far, helpsin farm management and
the creation of new opportunities that are necessary in increasing your profit margins. The field
mapping of PSB Agricultural Farm at Sriniketan, West Bengal was carried out using handheld GPS
receiver and collecting secondary study area maps and crop practiceinformation. The digitization
and mapping was carried out inArc View software environment is masking out the crop areafrom
other landuses. The various cropping pattern was also recorded and a database was developed for
record keeping and making better production decision.

mKEY WORDS: Precision agriculture, GPS, GI S, Field mapping, Record keeping

mHOW TO CITE THISPAPER : Swain, Kishore C. and Singha, Chiranjit (2018). Mapping of
agriculture farms using GPS and GI S technique for precision farming. Internat. J. Agric. Engg.,
11(2) : 269-275, DOI: 10.15740/HAS/I JAE/11.2/269-275. Copyright@2018: Hind Agri-Horticultural
Saociety.

griculture is the backbone of our country and

‘ \ economy, which accountsfor almost 30 per cent
of GDP and employs 70 per cent of the
population. Thoughthisisarosy pictureof our agriculture,
how long will it meet the growing demands of the ever-
increasing population? Thisisadifficult question to be
answered, if we depend only ontraditional farming. For
devel oping countries, such as: Indiaand Chinahave huge

food grain requirement of 480 million tonnes (Mt) by the
year 2050 (Bisoyi, 2006), with theincreasing challenge
of biotic and abiotic stresses experienced by crops,
introduction and adoption of modern technology inIndian
agricultureisinevitable. Geographic positioning system
(GPS) and Geographic Information system (GIS) have
emerged as an effective tool for the macro and micro
level mapping of natural resources. Such methods are
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known as spatially variable crop production, GPS and
GISbased agriculture, site-specific and precision farming
(PF) for mapping of agriculturefarms. Precisionfarming
(PF) is a bridge that connects sustainability with
enhanced productivity, where natural resource
productivity iseffectively and efficiently maintained. The
primary aims of PF are to increase efficiency, improve
environmental performance which eventually leads to
increase profitability. PFisamanagement phil osophy or
approach to thefarm and is not a definable prescriptive
system (Dawson, 1997; Brisco et al., 1998 and Carr et
al., 1991). Thus, it providesbasefor making appropriate
decisionsinthefield of agriculture (Tayari et al., 2015).
Precision farming is designed to increase whole farm
production efficiency with low cast effect whileavoiding
the unwanted effects of chemical loading to the
environment.

PF utilizes all modern technologies such as GPS,
RSand VRT (Mondal and Basu, 2009). Good |and record
keeping is essential to successful agricultural farm
management. The GAP-CROP provides guidelines on
local sustainable production of safe, healthy vegetabl es
and fruits. Farmers may voluntarily follow this COPR,
identify potential problemsintheir farms, takeappropriate
control/mitigation measures and monitor the effectiveness
of such measures (AFCD, 2017). Easy to use and
essential farm a management software maintenance
records, tank mix cal culator and GPSfield mapping when
and whereyou need it (Farmlogic, 2017). However, even
with the increased ahility to capture and retrieve more
detailed farminformation, empirical economic evidence
of higher farm profitability islimited (Norvell, 2003). A
good farmer needs to keep accurate and organized
recordsby forming afunctional system of record keeping.
GPS technologies are making explicit information that
was once recorded only inthe minds of farmers. Thisis
making higtorically implicit dataexplicit, thereby improving
communication between individuals involved in
management of the farming.

Farm record keeping software such as: Farmer
Basic is an easy-to-use desktop mapping, field record
keeping and cash accounting system for the beginner.
Farmer Pro and Farmer Pro Plus subscription bundles
serve asatotal farm solution that includesdesktop, online
and mobile solutions. Records can hel pyou improve your
farm by showing you how to make changes to make
things better in the future. Farmers need accurate and
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thorough records so they can best know how to manage
the farm. These records will highlight inefficienciesin
the business so that the manager can make effective
changes and see progress (Precision Agriculture, 2017).
However, the commercial software still out of reach of
thefarmers of developed country aswell as developing
countrieslike India. Still withlittle knowledge and skill
of GPS software environment and GPSreadings, suitable
farmrecords can be maintained with regular update and
safe keeping.

WhileaGIS can enhancefarmrecord keeping, GIS
dataisnot, by itself, necessarily useful or profitable in
farm management. The devel opment of primary datain
the GISisjust theinitial step and much of agricultureis
in this early phase (Westervelt and Reetz, 2000). The
organization of a GIS can affect the types of analyses
that may be done with the data set. The process of
creating afarm GIS involves a series of steps. Clearly
thefirst isto obtain the GPS referenced data. Otukaand
Sugawara (2003) have devel oped alabour management
application by using ahandheld computer. These mobile
terminals may be applicable for collecting the farming
data of the sugarcane-producing agricultural
corporations. The GPS and GIS technologies make it
possible to determine and record the position of fields
(Nemenyi et al., 2004).

GPS receiver :

The Navigation Satellite Timing And Range Global
Positioning System, or NAVSTAR GPS, is a satellite
based radi o-navigation systemthat is capabl e of providing
extremely accurate worldwide, 24 hour, 3-dimensional
location data (latitude, longitude and elevation). GPS
equipment manufacturers have developed several tools
to help farmers and agribusinesses become more
productive and efficient in their precision farming
activities. GPS provides continuous position information
inreal time, whileinmotion. GPSreceivers, either carried
to the field or mounted on implements allow users to
return to specific locationsto sampleor treat those areas
(Qianand Zheng, 2006). GPSreceiver islinked to anote
book computer displaying appropriate, pre loaded
information layers, and a software package then
combinesincoming GPS signalswith the displayed data
to allow the user to see where they are with respect to
the map components. Thevariouslayers of information
can be easily edited and modified in the field and new



Mapping of agriculture farms using GPS & GIS technique for precision farming

datacan be added aspoint or polygon layers and attribute
tables (Mc Govern et al., 1999). In addition, the
accuracy, which isthe important factor in PF, demands
for DGPS; but, in India, we do not find any DGPS service
providers.

GI S software :

GIS is a useful tool for the assessment and
management of agricultural resources (lverson and
Risser, 1987). GISisacomputer hardware and software
system that uses feature attributes and location data to
produce maps. An important function of an agricultural
GlISisto storelayersof information, such asyields, yield
maps, soil survey maps, remotely sensed data, crop
scouting reports and soil nutrient levels. A farming GIS
database can give information on filed topography, soil
types, surface drainage, subsurfacedrainage, soil testing,
irrigation, chemica application ratesand crop yield. Once
analysed, this information is used to understand the
relationships between the various elements affecting a
crop on aspecific site (Trimble, 2005 and 2017).

Mapping of agriculturefarms:

Map generation for crop and soil characteristicsis
the most and the first important step in precision
agriculture. These maps provide the base of spatial
variability control. Data collection was performed both
before and during production and can be implemented
by means of GPS coordinates (Mandal and Ghsoh, 2000).
GPS allows precise mapping of the farms and together
with appropriate software informs the farmer about
status of his crop and which part of the farm requires
inputslikewater, fertilizer and pesticide etc. Mappingin
PFisaprocesswherealargefield isdivided into afinite
number of sub-fields, allowing variation of inputs in
accordancewiththe datagathered. Ideally thiswill allow
maximization of return oninvestment, whilst minimizing
the associated risks and environmental damage (Profi,
1998).

It istime to do away with guesswork farming and
use technologies that assure you better agricultural
production, effective management of land, and reduced
cost of production and optimum yields and high profits.
Furthermore, by adopting record keeping database
technology inthis system, large quantities of dataof the
farmland that are scattered over a wide zone could be
handled efficiently.

Sudy area:

The study area is situated in Birbhum district
between 23° 32' 30" (right above the tropic of cancer)
and 24° 35' 0" north latitude and 87° 5' 25" and 88° 1'
40" east longitudes (Fig. A). Thisdistrict istriangular in
shape surrounded by, River Ajay in the southern base
and the apex of the North triangle points, Murshidabad
district is in the east and the state of Jharkhand in the
west (Mondal, 2006). Geographically, this area lies at
the North eastern end of the Chota Nagpur Plateau, as
it slopes down and merges with the alluvial plains of
the Ganges. Theclimateisgenerally dry innature. During
summer, the temperature can shoot well above 40°C and
in winters it can drop to around 10°C. The annual
average rainfall in Sriniketan area is around 1,400
millimetres (Mukhopadhyay, 2006). The district is a
continuation of the rice plain of West Bengal, and the
vegetation is characteristics of rice fields in Bengal
generally, species of Aponogeton, Utricularia, Drosera,
Dopatrium, llysanthes, Hydrolea, Sphenocleaand similar
aguatic or palustrine genera being abundant. Treeslike
mango, palm, bamboo are frequently found (Birbhum:
Geography-2009).

LOCATION

1
|
1
i
|

Fig. A: Location of the study area

B METHODOLOGY
Available base map was used to locate the study
areain Birbhum district. Open series map devel oped by
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Survey of India, 2011 was used for masking the base
map of PSB Agricultural Farm, Sriniketan, Birbhum, West
Bengal. The scale of the Map was 1:50,000.

Around nine ground control points (GCPs) were
collected using eTrex 20 GPS Receiver (Garmin Ltd.,
Olathe, Kansas, USA) for imageregistration of the study
area. The detail information of each plot comprisesits
address, the latitude and longitude of the corners of the
field, and the field identifying number (1Ds). The base
map was created by digiti zing the menti oned topographical
map inArc GIS10.1 (ESRI, Redlands, CaliforniaUSA)
software environment using the supplied eight GCPs.
The digitized map of all the fields managed by the
agricultural production corporation was created in the
shape file format from the paper maps in ArcView
Environment of Arc GIS 10.1.

The features, such as: study area boundary, canal
network, ponds, farm house, museum plot, Thresingfloor
and Vermicompost pit etc. were mapped. Thetotal study
areaisaround 12 hectares. Most of the cropping areais
under canal irrigation system.

Crop area mapping :

The crop information for each plot were also
collected during the survey work. GPS co-ordinates
defining all the cornersof the parcel plotswererecorded.
In addition, the extent of the parcel was “tracked” using
aHandheld GPS unit to compute the area as well asto
provide the spatial extent of the parcel. The following
information was collected, areaunder rice bean, maize,
ground nut and fodder crop (Mixed or Intercropped). A
uniqueidentifier was assigned to each parcel. Inaddition
to the information collected with the aid of a handheld
GPS, the area under rice bean, maize, ground nut (Mixed
or Intercropped) was mapped and a polygon feature
captured with the aid of the GPS receiver. This was
coupled with the computation of the individual areas
under different types of cropping systems (Mixed or
Intercropped). Using the data collected from the GPS, a
database was developed to store this information. The
attribute information was used to prepare farm landuse
map. Then the GPS receiver is linked to a notebook
computer for displaying prel oaded information layers, and
the software “Arcview GIS 10.1” package combines
incoming GPS signals with the displayed data to allow
the users to see where they are with respect to the map
components. The various layers of information can be
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easily edited and modified in thefield and new datacan
be added as point or polygon layers and attribute tables.
Some modifications were also carried out in the map,
such as: adding plot number, plot area, cultivated crops
aong with their variety, yield of each crop of the recent
year and previous year. If thereistwo different cropsin
a same plot then this plot is divided into two parts.
Depending onthelanduseinthefarm, thetotal areawas
mapped for agricultural farms, mango orchards, farm
building, vermicompost unit etc.

The agricultural farms used for growing the crops
were masked from other landuse of the farm area.
Depending on the location and shape, the farm areawas
divided into four blocks. Each block is further divided
into small plots. The cropping pattern and crop practice
information were collected, observed and recorded. The
collected information supplied to the GIS software
environment for necessary mapping.

B RESULTSAND DISCUSSION

The PSB agricultural farm was digitized by using
handheld GPS reading for nine ground control points
(Table 1) in GIS software environment. The agricultural
farm is situated between 23°40°02” to 23°40'15” North
latitude and 87°39°24" to 87°39°40"” East longitude.

Table1: Ground control pointsfor digitization

Sr. No. Latitude (degree) Longitude (degree)
1. 23.66983 87.65895
2. 23.66962 87.65822
3. 23.66939 87.65895
4. 23.66874 87.65894
5. 23.66985 87.65794
6. 23.66957 87.65814
7. 23.66877 87.65816
8. 23.66797 87.65983
9. 23.66981 87.65974

All thelanduse/land cover of thefarm, such as: crop
area, mango orchard, two ponds, One museum plot, One
threshing floor, a vermicompost unit, afarm house etc.
were mapped (Fig. 1). The agricultural cropping areais
around 5.61 haand the mango orchard was around 1.47
ha (Table 2). Thereistwo ponds of area around 2.47ha
have been used for supplyingwater for irrigation purpose.

Mapping the cropping area :
The agricultural cropping area was masked from
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Table 2: Land use distribution of the agricultural farm

- Vermicompast Pit [y
Fam House
= Mussum Plot
— Thrashing Floar

feramor Mange Orcharftrsms

Fig. 1:

Landuse/land cover map of the study area

other landuse/land covers. For growing cropsinthefarm,
the cropping areaisdivided into four blocks, such as: A,
B, C and D blocks, as per their location and orientation.
For convenience of growing different crops
simultaneously, each blocks are further divided into no.
of plotsasfollows:

— A-blockinto 8 plots
B-block into 2 plots
C-block into 6 plots
— D-blockinto 7 plots
For mapping the cropping status, crop practice

Sr. No. Land use description Area (ha) % Area

1 Crop area 5.61 57.38

2. Pond area 247 2522

3. Housing area 223 2.28

4, Mango orchard 1.47 15.01

5. Vermicompost pit 0.011 0.12
PSB Agriculture Farm

PSB Agriculture Farm "

Rice

Rioe Bean
Ground Nut
Maize
Fodder Crop

Crop distribution map in the study area

information were collected from each plots (Table 3).
Theinformation werefed into GI S software environment
for better mapping. Now after completion of the map,
when a user will click on a plot then he will instantly
seestheinformation about the plot on the display screen.
Mostly rice crop was grown in the experimental farm,
asitislocated in the major rice growing region in West
Bengal (Fig. 2).

The record keeping database technique allows us
to storealarge quantity of dataand accumul ate the user-
defined data according to the regional conditions. The

Table3: Crop distribution in the agricultural farm

Sr. No. Crop name Plot (ID) Area (ha) Percentage
1 Rice bean ALA3, 0.58 10.27
2. Fodder Crops A2,D7 0.44 7.91
3. Ground Nut A4,D4 0.49 8.74
4, Rice (MTU 1010) A5,A6,C1, 1.22 21.84
5. Rice A7,A8,C5,C3, C2,D5,D3,D2 1.78 31.76
6. Maize C6 0.32 5.70
7. Rice (CR 1010) c4 0.18 3.27
8. Rice (MTU 7029) D6,D1 0.59 10.51
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data structure of our databases, such as field database,
field map and itemsto be considered during thefarming
operation, isapplicableto the production of other crops,
for example, rice, bean, maize, groundnut, fodder crop
and mango orchard. Withthetrend of anincrease adoption
of this land record keeping technology as Precession
agriculture, sothereisastrong possibility that thissystem
can be applied by common farmers and decision maker
to compileinformation during taking production decision.
Land record keeping data obtai ned using Handheld GPS
device and yield monitor etc. will be utilized in the next
generation and verification of an optimum farming plan.
It can also help in selecting best suited cropping pattern
for aparticular land. We can easily avoid the unsuitable
cropsor crop varietiesfor aspecific land ensuring better
profit margin to the farmers. We can also protect crop
from systematic weeds, pest infestation and crop
damages. Implementation precision farming techniques
and variable rate technologies will be highly benefited
from proper maintaining land records.

The small agricultural farm mostly used for
experimental purposeswill also bebenefited in selecting
aparticular experiment for afarm plot using land record
keeping. The unusual behaviour of some of the
experiments can be traced out from history of cropping
patterninthat particular farm.

Conclusion :

Thetechnical and economic feasibility of applying
GPS equipped with GIS technology to the system was
as certained. In farm land record approach the use of
GPSinAgricultureislimited but it isfair to expect wide
spread use of GPS in future. One of the primary
challenges that farmers have is the lack of knowledge
on what crop to plant, as well as where to plant for
guaranteed maximum yield. However, modern farming
has benefited twofold —it is mechanized and uses great
technol ogies such asthe spatial technologies. Evidently,
the use of GIS and GPS technologies at your farm is
highly beneficial. With such technologies in place, not
only make it easy to manage the farm, but also
guaranteed of high yieldsand profits.

The field mapping of PSB Agricultural Farm at
Sriniketan, West Bengal was carried out using handheld
GPS receiver and collecting secondary study area maps
and crop practice information. The digitization and
mapping was carried out in Arc View software
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environment to masking out the crop area from other
landuses. Nearly, 60 per cent areawas used for growing
different cropsin the Agricultural Farm and remaining
40 per cent for supporting activities. The various cropping
pattern was al so recorded and a database was devel oped
for record keeping and making better production decision.
Most of cropping area (around 65% area) has been
utilized for growingricecrop, asthe study areaislocated
in the major rice production belt of West Bengal.
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