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Abstract

The present paper addresses the prabletated to land fragmentation apcbvide solutions to
increasecrop productivity through scientific farming practices, with the help of data science and
digital technologies. ThimteGrasuite of technologies, developed at the Innovation Labs of Tata
Corsultancy Servicegnable farmers to record thenformation digitally, including the farm
boundaries The farmboundariesare documented tageospatial database with other relevant
characteristics of the las@nd crops. The analytical algorithm calcutatee area based on the
recorded farm boundary, which is further verified witbcuments available with farmefFhe
concept of PRIDE" enables the farmsto group themselves andcass precisiongaiculture
tools provided througinteGra servicesto become more competitive in the market. The digital
farming services is one of the stepping stone for egergrevolution and sustainablgriaulture.

Theseservices are accessed by ~1 million farmers in 12 states of India.
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1. Introduction

Agriculture (including forestry and fishing) remains the largest sector of Indian Economy, as source of
livelihood. While its output share fell from 28.3% in 1998 to 14.4% in 20112, employment share
declined from 64.8% to 48.9% over the same period. Therefore, almost half of the workfodia Btilin
remains dependent ogréculture. Given the low share of this workforce in the GDP, on average, it earns

much lower income thaits counterpart in industry and services.

India is home to 25 percentdfe wor | d 6 s h ulndig ragks 55 @apond 68 tountries on the
Global Hunger Index (2015) and 135 among 187 countries on the UNDRrHDevelopment Index
(2014) Food produgbn has seen only a marginal increase over the past 20 years while there has been an
exponential jump in the population. Productivity is extremely low due to unscientific farming practices,
fragmented land holdings, lack ofj@-climatic focus for crops $ection and access to the right farming
advice at the right timdt resonates to entire economy and risk food security. India having second highest
population in the world, risks to achieve the Sustainable Development Goals for India and World.

Indian ariculture is plagued by multiple problems and need support to revive farming businesses for small
and marginal farmers. Technology soluticare the obvious loolout factos when traditional farming
practices need upgrades with climate changevar#let dymmics.The present paper addressegiinging

issues of Indian agricultutarough intervention of techiagies and strengthening farntmrsinesgroups

In order to make gri-business sustainable within the farnégsr oups, the PRI DEE (Pro
Integrated Digital Enterprise) model has been proposed for farmer cooperatives and similar setups.
PRI DEEs | everage the power of farmer sSmceasaelt net woa
their place in the griculture valuechain. To empoweP R DEEs and al | associated
precisionagriculture capabilities obtained from various sensors and other data sources, we propose the
integrated digital farming platforriy InteGra empowered by advanced analytics systems. Through a
process otyclic data optimization involving continuous data collection from the field, data analytics on

the backend and directing -field operations on the basis of intelligence derived from the taeGra

augments the PRIDEE with precision farming capabi
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2. PRIDE™ model to engage Ari-ecosystem digitally

Tata ConsultancySe r v i Digéas Farming Initiativesfacilitatesto make @ri-businesssustainableor
farmersFarmer Producer Organizations (FP@spperatives and similar setujpsough a business model.

The farmers in this business model {Kigl) have the advantage to work with farmer groups for profitable
agri-business ventuseuncer Progressive Rural Integrated Digital Enterprise (PRYDEThe PRIDEM is
leveraging the concept of farmer groups like FPOs to make\iadethrough digital means, by backwda

and forward integrations ofya-business stakeholders. The backward natgn is done by linking input
service providers like seed, fertilizer, pesticides, agricultural credit and finances, etc. The output service
providers (food processing industries, retailers, etc.) are the players for faniegdation. Apart of
backwad and forward integrations PRIDE groups of farmers are linked withesearch institutions,
government organizations, meteorological department for various information on crop production and
schemes. The analytical platform which operates various data related services is kinte@raswhich

offer precision services fof®DE™ group of farmers.

*Government Agencies
*NGOs / KVKs

*Agriculture universities
*Research institutes

PRIDE™ — For leveraging
maximum offerings of
InteGra platform.

Govermment / Research Organization

*Seed companies
*Fertilizer companies
*Pesticide companies
*Farm equipment

*Export organisations
*Food processing industries
(Contract Farming, Sugar,
Dairy, Poultry, Animal

operatives /Farmer
Services Company /
Producer

companies _ .. Husbandry etc)
-g’;al:her services Sl *Retailers/Caterers/Procurers
= s

Agro Supply Companies
JeNIRIA] 20npo] 0.8y

*[nsurance companies .
Distribution
% Collectiog

Farming Community

*Farmers (crops, cattle, poultry, fisheries
etc) - (member of producer
organizations)

Figure 1.PRIDE™ business model
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3. InteGrai an analytical platform supporting PRIDE™ groups of farmers of TCS

InteGra(derived fromintelligent Gram (Village)) is a digitally enabled smart farming platform erhassist
farmersin all their ari-related activities starting from crop planning to harvest and market linkages. It is
designed to provide climate and market smart servicegfmulture. The services are designed to increase
profitability by minimizing the farming risk through weather forecast, correct selection of crops and
varieties based on the available resources and cropping Iacalisease and insect pests incidence
forecasting and crop protocols and management services, including decision support syssitzear f
application and irrigation scheduling. The market smartness enables farmers and farmer groups to choose
the most optimum strategy for their harvest and identify the most profitable markets for their produce. Due
to the revolution of mobile phoreenetration at affordable cost, most of the farmers in India have access

to mobile connectivity. With the advent of internet connectivity in rural areas and increasing awareness and
education level among rural youtlhteGraadoption has seen a dramaticrigase. The increase in active
participation of the farmers enables the system to fetch the necessary data from individuals. The detailed
farming and soci®conomic data are needed to activate the above mentioned services. -Cheifiet!

data enterednito the system on a periodic basis are helpful to offer a variety of services tlhem o

aut hor i t i e statistichllsystenmaan be one 6f she major consumer of the data to design suitable
policies for the countryside development. This not onlgrel@ses the cost of data collection but also
increases the quality of data. The periodic updates of data from every registered farming individuals enables
them to avail the modern farming information and techniques. Other farming related business libuses an
institutes can use the integrated database at minimum efforts agdvush makes thinteGraplatform

self-sustainable with increasing level of quality of services.

The key capabilities dhteGracan be captured by the 4As: Acquire, Analyse, Adase, Actuate. The
applications and devices help to collect data from external sources and field. The acquired data is stored,
sanitized, aggregated and available in integrated database(s) for data as a service and other operations. The
databases are useat fanalysis to mine information needed for farmers and different stakeholders. Thus
reports and messages are generated for advisory purposes and trigger necessary plans to improve farming

business. Figurg, demonstrates the 4 As more specifically.
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Figure 2: InteGra platform through 4 As

Data is the key driver for thimteGra analytical engine to provide intelligence for the farming business.

Farming activities depend on multiple phases with inputs from a variety of solileeslata capturing

applimt i on hel ps to document the farmersd informati c
the cropping cycleThe application helps to geag farm boundaries and automatically calculates the area

Figure3. The calculated area is furthegrified by the land documents available with the farmers.
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Figure 3: Farm boundary capturing tool with automated calculation of aree
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Thefarm geetagging servicanot only helpgo activate suite of precisiorgaculture servicebenefitting

the farmes but also can be used by governments for administrative and planning puiifesesecision
agriculture services need variety of data from different sources; weather, market trends, available farm
resourcessoil health, crop types, etc. Thiata from the corresponding sources are required for better
decision makinghroughout the cropping cycl&he cultivation of a crop can be divided into the following

four phases (Table 1).

Table 1: Cropping phases and Activities

Phases Present or Upcomirg Activities

Crop Selection based on Resource estimates, Farmer
Phase I Crop Planning Constraints, Historical Climatic Conditions and Localized
Weather Forecasts, Market demand

Aggregating the Input Requiremec r oss t he

Phase 2 Aggregation and Orderin ordering for timely delivery

Crop Advisory, Farm Management, Plant Protection,
Phase 3 Crop Cycle Management Fertilizer recommendation, Certification, Yield Monitoring
Irrigation scheduling

Phase 4 Harvest Planning CropValuation and Market Linkages

The core component bfteGra-Cr op Rot ati on, Optimizati epovideasd Pl an
recommendations on the appropriate crops taking into acodunfcro parameters like the historical

climatic conditions, market dynamics and micro parameters like the farmer constraints, localized weather
conditions, soil fertility and projected market demand. For the selected crops, the revolutitetargl

(Integrated Crop Protocol) is created by the systateCrol is the DNA of the platform and has embedded

within it a wealth of information which is used by all the downstream phases as well as by various
stakeholders in the agricultural valdeain. We discussithe following sections some of the key analytical

techniques that help in critical decisions for the different crop phases:

A. Crop and Variety Selection:

The crop selection is the first and vital step of the entire cropping cycle, which falls undef PGese

Planning. The selection process is based on two criteria.

Crop SelectionThe crops are selected based on the maximum return on investment, considering the

resource availability (canebbased on quantity or costs), aglionate, il conditions andnarket price
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availability. The Lineai Programming model is used to select the best possible crop and area of cultivation.

Following is the Linear Programming modelmatrix form.
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Cropvariety SelectionThe cropvariety is selected based on the productiiityhe available conditions.

The cropvariety responses are recorded based on prior yield estimates and historical weather information

and inputs assisted in yields. The variety selection has been done in following twio steps

i Stepwise Regression deternmgithe relation between vield and other independent variables

Stepwise regression equations have been fitted with yield response of the respective crop varieties with

respect to weather and input variables (depending upon the available data):

O () (©))
where,®d  QOQREIWQI ' QOD PG "DVAO ©w'Q R IQ QD O
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ii. Forecasting for the upcoming season

The estimated yield responses for the erapeties are obtained based on the fitted regression equation (3)

with the forecasted weather variables and available input resources for the upcoming season(s). The forecast
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for the weather variables are obtaine@sed on time series forecasting, Auto Regressive Integrated Moving
Average (ARIMA) model.

A case study has been conducted to select the best Soybean variety with farm level data of Michigan area
of United States. The selection is based on the numbeialsf, taverage yield and yield differences and

their relational responses with respect to weather, irrigation and soil characteristics for 182 Soybean
varieties. Five varieties have been selected, which are suitable for recommendation to provideieldetter y

for the coming season, based on the above mentioned technique.

B. Plant Protection:

Plant Protection is one of the major aspects to increase crop productivity by saving the crop harvests. It is
part of Phase 3 Crop Cycle Management. Presently, it leen envisioned for two aspeéta) plant

diseasepest forecasting framework and b) plant inqueedt forecasting framework.

a) Plant Diseaspest Forecasting Framewerkhe framework is designed to accommodate various crops

and their diseaseBigure 4 The approach can be initiated having prior knowledge of the disease incidences
with the vital causal variables, mostly weather. Having the data of disease occurrences helps to build
specific cropdisease models for forecasting and broadcast the alettén Biwe situation where we lack

data, disease occurrences data has been simulated based on the weather variability and distributions. The
literature thresholds of disease occurrences are mapped with the simulated weather data of the crop growing
season wh respect to the crop varieties. The historical rersetesing data (satellite images) can also help

in enriching the simulation data. Thus the training data can be used for disease forecasting through Machine

Learning algorithms (Logistic Regression, ificial Neural Network, etc.).

The disease occurrences are broaécHstthe farmers at leastIs days prior to manage their logistics to
protect the crops. The data acquired through the various data sources below the soil, on the soil and above
the soil are augmented with getagged, localized field level data obtained from a proprieRuyal
Participatory Sensing (RuP&pplication. The getaggedmagedataof affected crop areameprocessed

through Image Analysis (Image Enhancement, Region of Interest Segmentation, Feature Extraction and
Machine Learning algorithms). Thus we cast the scale of disease severitedsdifferent geespatial

regions, whictareposted to the farmersrftheir region of interests.
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The above validation process can also be facilitated through high resolution images either captured by
drones or satellites. Thus, remote sensing data analysis for various crop reflectance with respect to the

disease helps teegerate the disease severity map of the region of interests.

The disease severities evaluated in the validation phase is promittedisers to post in sociatmorking
groups. The power of social networking helps to evaluate various factors rel#ttedctop diseases and
associated diseases. Additiokabwledge is gathered through social networkinglgsis. This knowledge

in turn enhances the knowledge base (AgriKityeand thus the training data, which is advantageous for

nv0.
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disease forecasting duritige next season.
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Figure 4: Disease forecasting framework demonstrated for Potato Late Blight (PLB) disease, Hapur
region, Uttar Pradesh, India

Besides the simulated data approach for forecasting disease incidences, proven statistical models have been
explored for Rice Blast disease, with some modifications. The EPIBLA model was developed to forecast
disease incidences for South India region basethe spore counts &yricularia oryzae using Bukard

volumetric spore trapThe spores per cubic meter have been estimated with respect to daily temperature
and relative humidity, through multiple linear regression. The proportion of dise&deniceis modelled

through stewise regression model with respect to minimum, maximum and dew point temperatures and

relative humidity.
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In our context we have modified the EPIBLA model based on observation of disease occurrences. We took
samples from five zonex a rice field (average 1 acre) with an average of 40 tillers inspected under a ring.
The count of affected tillers is recorded among the inspected tillers in Chennai Horticulture Produce
Producer Company Limited (CHPCL) PRIBE Villupuram district of Tanil Nadu. The observations are
recorded for every week of rice growing season for twelve farmers with average rice growing area of 1
acre. The disease incidence is calculated with the ratio of infected and observed tillers for each of the
observation. Thecalculated disease incidences are fitted with weather variables following stepwise
regression model, as followed in EPIBLA model. The management practice to control EPIBLA was

followed by four farmers during the season. Following is the developed inodel
OO0OMUuUNMIMTUE TEIMOW TBIMUW TBIMTCW 4)

where,0'0 0"Qi Q&Y MQOQBREGQ 0Q® ¢ " WEBdan Qi ;w061 Q

®w 00 QYA N QI B 60 D DO QAFTAE N Qi paw 6 1Y QIAI@O & 'QQQ0 ®

b) Plant Inseepest Forecasting Framewerkhe insecipest framework is another sutodule of

InteGra under Plant protection. The framework is supported by mathematical models, derived from Lotka
Volterra, Predateprey model, with statistical estimates supporting the initial values for the model.

— OO @O0 O 0 @ (5)
— OOl oed O 0 @ (6)
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The cultural and biological control measures and its effects on prey and predator are adjusted in the above
equations, based on thatsstical estimates of population and growth rate. The numerical simultaneous
solution of the differential equations 5 and 6 suggest the effective control measures of the pest. The growth
rates are estimated based on variety of interactions;pgpeglator(compound annual growth rate), prey

weatherpredator (regression), pre&pnemicalpredator (regression) and preyltural/biologicalpredator
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(regression). The yield component being added in the model will complete the production system,
considering growtltomponents of yield.

The insecipest model is being tested and explored for controlling the devastating Tea ldppesi@ra

talaca) of northeast region of India.

C. Fertilizer recommendation:

The fertilizer recommendation module for other crops has been explored through Monte Carlo Markov
Chain (MCMC) model. The MCMC process considers a set of states. After initiation from one state it flows

to the successive states following the transitiomabdities. The probability does not depend upon which

states the chain was in before the current state. The depletion rate of fertilizers due to natural erosions and

plant uptakes have been considered to determine the available nutrients in soil do lpasiedinitial soil

sample tests have been done to determine the nutrient status. The fertilizers are recommended when the

nutrient status get depleted as per plant requirements. The fertilizer recommendation has also been explored

through a software émed as Nutrient Expert) developed by International Plant Nutrition Institute (IPNI)
for rice. The Nutrient Expert is presently available for Rice, Wheat and Maize. The fertilizer
recommendation and irrigation scheduling are important modules Gnole!ICycle Management of Phase

3.

D. Irrigation scheduling:

The water requirement is one of the major inputs for the plants to grow. In the era of climate change,
precision in irrigation is needed to have fiper
comprising the modern methods of estimations fogation scheduling (Figur®). The irrigation

scheduling is believed to be more efficient having sensors installed in the field, through which precise

information on temperature and moisture lewksobtained.

d
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Figure 5: Irrigation framework

TheEvapotranspiration (ET) has been estimated through Penman Monteith Model.

E. Integrated Crop Health:

The overall crop health indices are composed based on the risk factors associatgohaibility of

incidences of disease and inspot sdccairéences, nutrition deficiencies and plesater stressThe crop

health dashboard will guide the farmers and relevant stakeholders to take necessaip Huticoscerned

area. Thesystem not only providealerts but also quantify the requiremenfsinputs and service®

maintain qality yield needed forthe markdtithe scr eenshots of the applicat

in the following figures§ and?).
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Figure 6: InteGraapplication in iPad showing crop headfatus

Figure 7: InteGrad web application showing crop healskatus



