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ABSTRACT

A decision support system for precision farming is designed to assist farmers, agricultural experts, research workers or any
intellectuals with guidance in making various farming related decisions and help them to access, display and analyze data that have
geographic content and meaning. The concept of precision farming is not only related with the use of technologies but it is also about
the five R’s that is use of right input (nutrients, water, fertilizer, money, machinery etc.), at the right time, at the right place, in the right
amount and in the right manner. There is need to have accurate information and suitable decisions regarding the right inputs required
for the farming practices and to initiate the step towards the pre0|3|on farming. DSS calculates irrigation requirement of crops. In this
paper, Maps that are shown generated with the help of Arc ArcMap tool). The system has been developed using
Hypertext Pre Processor (PHP) at front end and MySQL at bz
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on farming is developed to provide the accurate information or
(nutrients, water, fertilizer, money, machinery etc.) in the right
amount, farmers must have accurate infor g the particular area. Keeping in mind the need of precision farming,
the important aspects of farming entrepreneur are picked up, analyzed and presented in the form of maps that are ge nerated
with help of ArcGIS software (ArcMap tool). The Decision support system is developed with help of programming language PHP
(Hypertext pre processor), MySQL and windows based WAMP.

Technologies used in PF cover three aspects such as data collection, analysis or processing of recorded information
and recommendations based on available information. Collected data may be used to evaluate precisely the estimation of fertilizers,
crop and soil characteristics, and quality of underground water. The work was started with collecting attribute data from different
blocks of district. Collected data is linked from MS Excel to the database of ArcMap tool called attribute tables. The tables are
processed to generate maps using suitable queries and then exported to picture format file. The generated maps are integrated into the
system using web technology PHP at front end and database at back end. Designing and development of model for irrigation
requirement for crops is done with the help of formulae recommended in FAO (Food and Agriculture Organizations) paper.

Based on the recommendations of the expert consultation of FAO methodologies for crop water requirements and results of
other studies, the FAO (Allen et al 1998) developed a formula for computing crop irrigation requirements under standard conditions.
The standard conditions assume a disease free and well fertilized crop grown in large plots under optimum soil moisture conditions
and obtaining optimum production under the prevailing climatic conditions. By calculating the volume of field and water discharge
rate (or water flow rate) of water pump, time period required for irrigation of crops can be calculated. The FAO Penman-Monteith
method (Equation 1.3) is recommended as the sole ETO method for determining reference evapotranspiration. For computation of
irrigation requirement of crops (Michael 2008), only precipitation factor is considered as other factors or losses (runoff, deep
percolation, leaching requirement) have minimal effect on irrigation requirement of crops and can be neglected, as shown in the
equation 1.1. In Drip irrigation or sprinkler systems, losses can be neglected.

I=ETc-P (1.1)
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Where

| Irrigation requirement [mm day-1], it is the amount of water to be supplied by irrigation to a disease free crop
growing.

ETc Crop evapotranspiration under standard conditions [mm day-1], evapotranspiration denotes the quantity of water
transpired by the plants during their growth or retained in the plant tissue, plus the moisture evaporated from the surface of soil and
vegetation. (Equation 1.2)

P Precipitation (Rainfall)[mm day-1]

ETc=Kc* ETO (1.2)
Where
Kc Crop coefficient [dimensionless]

0.408A (Rn — G) +y (900/(T+273))u2 (es-ea)
ETO= (1.3)
A+v (1+0.34u2)

Where

ETO Reference evapotranspiration [mm dz

Rn Net Radiation at the crop surface ence between the incoming and outgoing solar
radiation including both shortwave and long wave le

G Soil Heat Flux density [MJ m-2 da , can be ignored thus its value can be taken as
0.1t is the energy utilized in heating the soil.

T Air Temperature at 2

u2 Wind speed at 2 m

es Saturation vapour p 0 the total vapour pressure.
(Equation 1.9)

ea

Tmean mean air temperature
Tmin  minimum air temperature
Tmax  maximum air temperature [0C]

e0(Tmax) =0.6108 exp [17.27*Tmax / (Tmax +237.3)] @7
e0(Tmin) =0.6108 exp [17.27*Tmin / (Tmin +237.3)] (1.8)
es = [e0(Tmax) +e0(Tmin)]/2 (1.9

Where

e0(Tmax) saturation vapour pressure at minimum air temperature [kPa] (Equation 1.7)
e0(Tmin) saturation vapour pressure at minimum air temperature [kPa] (Equation 1.8)
exp 2.7183(base of natural logarithmic) raised to the power

4098[0.6108 exp (17.27*T/(T+237.3))]

A= (1.10)
(T+237.3)2

ea = [e0(Tmin)*RHmMax/100 + e0(Tmax)*RHmin/100] /2 (1.12)

Where

RHmax Maximum Relative Humidity [%], it expresses the amount of water vapour in the air.
RHmin  Minimum Relative Humidity [%]

u2=(uz*4.87)/ In (67.8*z-5.42) (1.12)

Where
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uz measured wind speed at z m above ground surface [m s-1]
z height of measurement above ground surface [m]

Rn =Rns - Rnl (1.13)

Rnl=c [(tmaxk4 +tmink4)/2][0.34-0.14*ea][1.35*Rs/Rs0-0.35] (1.14)

Rns= (1-a)* Rs (1.15)

Rs= (as+bs*n/N)*Ra (1.16)

N = 24*ws/ IT 1.17)

Rs0= (0.75+2*10-5*z)*Ra (1.18)

Ra = (24*60)*Gscdr[ws sin(@)sin(d)+cos(@)cos(8)sin(ws)]/TT (1.19)

dr=1+0.033 cos(211*J/365) (1.20)

8 =0.409 sin (211*J/365-1.39) (1.21)

S = arcos[-tan(o) tan (3)] (1.22)

Where

Rns net solar or shortwave radiation [MJ m-2 day-1], fraction of solar radiation that is not reflected from earth’s
surface (Equation 1.15)

Rnl net outgoing long wave radiation [MJ m-2 day- ation 1.14)

c Stefan-boltzmann constant [4.903 * 10-9 M ‘

tmaxk  maximum absolute temperature during

tmink  minimum absolute temperature during

o albedo or canopy coefficient which

Rs incoming solar radiation [MJ
particular place depends upon location in terms of latit
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astbs  fraction of extraterr

n

N

Rs0

Ra

Gsc
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ur angle [radian](Equation 1.
[radian] =(IT*decimal degrees/1
ecimation [radian] (Equation 1.21)
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At agricultural expert level, the development of decision support system for precision farming fulfils the
requirements of the farmer which are based on accurate information and suitable decisions regarding the right inputs required for the
farming practices and to initiate the step towards precision farming. This aim can be achieved by understanding the variations in the
input. Precision farming requires the information tool like GIS to assess and understand the field variations. The generation of maps
for crop and soil properties is the most important activity in precision farming. The collected data may be used to evaluate estimation
of input factors (water, nutrients, fertilizers, machinery, money etc.). The agricultural expert can take following decisions:

Decision regarding the estimation of fertilizer requirement can be taken from fertilizer requirement estimation category.

Information regarding the type of land (e.g. good cultivated land) can be seen in land analysis. This decision is helpful in the
case when agricultural experts want to increase the yield of particular crop by using the concept of precision farming.

Decision regarding the net return income (per acre per year) of different farmers (farmers are divided into five categories i.e.
marginal farmer, small farmer, semi-medium farmer, medium farmer, large farmer) of blocks can be taken from socio economic
analysis.

Decision regarding availability of machinery in blocks can be taken from machinery analysis.

Decision regarding the right nutrient requirement in a particular block can be taken from soil characteristics analysis.
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Decision regarding the accurate amount of irrigation requirement of crops can be taken from irrigation model for crops.
figures show input fields and output result.
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Fig-2

® Decision regarding the suitable crop of particular block can be taken from crop based query and crop information mentioned
in general analysis section.
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At farmer level, decision support system is computerized system for making decisions. The farmer can get information at
click of the mouse. They need not to travel to Agricultural Universities for that. The process of information analysis can enable
farmers to understand their business more specifically. Under different situations suitable decisions can be taken, few are explained
below:

The decision support system precisely calculates the water required for the irrigation of crops under different climatic
conditions with respective to different locations of Punjab state.

After using the decision support system, farmer can get the information regarding good or bad underground water
availability in particular block of district Firozpur.

General analysis explains type of area i.e. whether a particular block is flood prone area, cotton belt area or alkaline area.

Famer can have brief information of particular block by selecting the location in the options available. The system will show
the results in the tabular form. Fig 1 shows the information regarding the Abohar block.
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Block Name ABOHAR
No of Villages 58
Net Crop Area 77786 ha
Irrigated Crop Area 144226 ha
Important Commodities Handled Wheat, Paddy, Cotton, Oilseeds
Other Crops Guara, Jatropha, Pulses. Sesamum
General Remarks Cotton Belt Area. Marginal to Unsuitable Groundwaleré
Market Centers Abohar ‘
Micro Deficient Soil Sulphur. Zinc
Alluvial Soil Light-Heavy
Alkaline Soil Normal

Fig 44 ation of Selected

DSS is more helpful for the farmers who b ifferent districts o b (other than Firozpur) and want to have their
own agricultural land for farming practices in district ) a or information about the land, infrastructure,
soil, crops, location, socio economic net income of farmers € 1 : ict Firozpur.

Farmer or agricultural expert i ient deficient or not and which type

of nutrient is required for the soil of tha

alluvial soil (Light-M igh). i il is soi igher than 7.0. A soil with pH 7.5 or more
decreases the chanc gr year are usually alkaline.
DSSis al district Firozpur.

ground primarily d f ers’ inclination to take addition onus
of management in socio-economic conditions. That’s why t don support system for precision farming is developed to
understand the vari hich are explained with the help of maps.

it requires special tool ost appropriate management strategy to increase
the productive efficienc
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