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Abstract 

The present paper addresses the problems related to land fragmentation and provide solutions to 

increase crop productivity through scientific farming practices, with the help of data science and 

digital technologies. The InteGra suite of technologies, developed at the Innovation Labs of Tata 

Consultancy Services enable farmers to record their information digitally, including the farm 

boundaries. The farm boundaries are documented at geo-spatial database with other relevant 

characteristics of the lands and crops. The analytical algorithm calculates the area based on the 

recorded farm boundary, which is further verified with documents available with farmer. The 

concept of PRIDETM enables the farmers to group themselves and access precision agriculture 

tools provided through InteGra services to become more competitive in the market. The digital 

farming services is one of the stepping stone for evergreen revolution and sustainable agriculture. 

These services 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 1993-94 to 14.4% in 2011-12, employment share 

declined from 64.8% to 48.9% over the same period. Therefore, almost half of the workforce in India still 

remains dependent on agriculture. Given the low share of this workforce in the GDP, on average, it earns 

much lower income than its counterpart in industry and services. 

India is home to 25 percent of the worldôs hungry population. India ranks 55 among 63 countries on the 

Global Hunger Index (2015) and 135 among 187 countries on the UNDP Human Development Index 

(2014). Food production 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 of agro-climatic focus for crops selection and access to the right farming 

advice at the right time. It 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 agriculture is plagued by multiple problems and need support to revive farming businesses for small 

and marginal farmers. Technology solutions are the obvious look-out factors when traditional farming 

practices need upgrades with climate change and market dynamics. The present paper addresses the burning 

issues of Indian agriculture through intervention of technologies and strengthening farmer business groups. 

In order to make agri-business sustainable within the farmersô groups, the PRIDEÊ (Progressive Rural 

Integrated Digital Enterprise) model has been proposed for farmer cooperatives and similar setups. 

PRIDEÊs leverage the power of farmer social networks and ensure that the farmers are able to reassert 

their place in the agriculture value-chain. To empower PRIDEÊs and all associated stakeholders with 

precision agriculture capabilities obtained from various sensors and other data sources, we propose the 

integrated digital farming platform ï InteGra empowered by advanced analytics systems. Through a 

process of cyclic data optimization involving continuous data collection from the field, data analytics on 

the backend and directing on-field operations on the basis of intelligence derived from the data. InteGra 

augments the PRIDEÊ with precision farming capabilities facilitated through intelligent decision support. 

 

 



 
 

2. PRIDETM  model to engage Agri -ecosystem digitally 

Tata Consultancy Servicesô Digital Farming Initiatives facilitates to make agri-business sustainable for 

farmers, Farmer Producer Organizations (FPOs), cooperatives and similar setups through a business model.  

The farmers in this business model (Figure 1) have the advantage to work with farmer groups for profitable 

agri-business ventures, under Progressive Rural Integrated Digital Enterprise (PRIDETM). The PRIDETM is 

leveraging the concept of farmer groups like FPOs to make them viable through digital means, by backward 

and forward integrations of agri-business stakeholders. The backward integration 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 forward integration. Apart of 

backward and forward integrations PRIDETM groups of farmers are linked with research institutions, 

government organizations, meteorological department for various information on crop production and 

schemes. The analytical platform which operates various data related services is known as InteGra, which 

offer precision services for PRIDETM group of farmers. 

 

Figure 1. PRIDETM business model 

 



 
 

3. InteGra ï an analytical platform supporting PRIDETM  groups of farmers of TCS 

InteGra (derived from Intelligent Gram (Village)) is a digitally enabled smart farming platform which assist 

farmers in all their agri-related activities starting from crop planning to harvest and market linkages. It is 

designed to provide climate and market smart services for agriculture. The services are designed to increase 

profitability by minimizing the farming risks through weather forecast, correct selection of crops and 

varieties based on the available resources and cropping locations, disease and insect pests incidence 

forecasting and crop protocols and management services, including decision support system for fertilizer 

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 phone penetration 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 youth, InteGra adoption has seen a dramatic increase. The increase in active 

participation of the farmers enables the system to fetch the necessary data from individuals. The detailed 

farming and socio-economic data are needed to activate the above mentioned services. The self-certified 

data entered into the system on a periodic basis are helpful to offer a variety of services from other 

authorities. The nationôs statistical system can be one of the major consumer of the data to design suitable 

policies for the countryside development. This not only decreases 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 houses and 

institutes can use the integrated database at minimum efforts and costs, which makes the InteGra platform 

self-sustainable with increasing level of quality of services. 

The key capabilities of InteGra can be captured by the 4As: Acquire, Analyse, Advise, and 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 used for analysis 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. Figure 2, demonstrates the 4 As more specifically. 



 
 

 

Figure 2: InteGra platform through 4 As 

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

Farming activities depend on multiple phases with inputs from a variety of sources. The data capturing 

application helps to document the farmersô information digitally and can be used for different services in 

the cropping cycle. The application helps to geo-tag farm boundaries and automatically calculates the area, 

Figure 3. The calculated area is further verified by the land documents available with the farmers. 

 

Figure 3: Farm boundary capturing tool with automated calculation of area 

 



 
 
The farm geo-tagging service not only helps to activate suite of precision agriculture services benefitting 

the farmers but also can be used by governments for administrative and planning purposes. The precision 

agriculture services need variety of data from different sources; weather, market trends, available farm 

resources, soil health, crop types, etc. The data from the corresponding sources are required for better 

decision making throughout the cropping cycle. The cultivation of a crop can be divided into the following 

four phases (Table 1). 

Table 1: Cropping phases and Activities 

Phases Present or Upcoming Activities 

Phase 1 ï Crop Planning 

Crop Selection based on Resource estimates, Farmer 

Constraints, Historical Climatic Conditions and Localized 

Weather Forecasts, Market demand 

Phase 2 ï Aggregation and Ordering 
Aggregating the Input Requirements across the PRIDEÊ and 

ordering for timely delivery 

Phase 3 ï Crop Cycle Management 

Crop Advisory, Farm Management, Plant Protection, 

Fertilizer recommendation, Certification, Yield Monitoring & 

Irrigation scheduling 

Phase 4 ï Harvest Planning Crop Valuation and Market Linkages 
 

The core component of InteGra - Crop Rotation, Optimization and Planning System (CROPSÊ) -  provides 

recommendations on the appropriate crops taking into account of macro 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 revolutionary InteCrol 

(Integrated Crop Protocol) is created by the system. InteCrol 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 value-chain. We discuss in the 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 under Phase 1- Crop 

Planning. The selection process is based on two criteria. 

Crop Selection: The crops are selected based on the maximum return on investment, considering the 

resource availability (can be based on quantity or costs), agro-climate, soil conditions and market price 



 
 
availability. The Linear ï Programming model is used to select the best possible crop and area of cultivation. 

Following is the Linear Programming model in matrix form. 
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where, Ὓ ὛὩὰὰὭὲὫ ὴὶὭὧὩȠ Ὅ

Ὅὲὴόὸί ὥὰὰέὧὥὸὭέὲ &ÅÒÔÉÌÉÚÅÒȟ0ÅÓÔÉÃÉÄÅÓȟ,ÁÂÏÕÒ ÅÔÃȢ ύὭὸὬ ὶὩίὴὩὧὸ ὸέ ὧὶέὴί; Ὅ

ὓὥὼὭάόά Ὅὲὴόὸί ὥὺὥὭὰὥὦὰὩȟ&ÅÒÔÉÌÉÚÅÒȟ0ÅÓÔÉÃÉÄÅÓȟ,ÁÂÏÕÒ ÅÔÃȢȟὮ ρȟςȟȣȟά; ὼ ὅὶέὴίȟὭ

ρȟςȟȣȟὲ; ὒ ὒὥὲὨ ὃὺὥὭὰὥὦὭὰὭὸώ 

Crop-variety Selection: The crop-variety is selected based on the productivity in the available conditions. 

The crop-variety 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 two steps ï 

i. Stepwise Regression determining the relation between yield and other independent variables ï  

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): 

ὣ ὡ Ὅ           (3) 

where, ὣ ὣὭὩὰὨ έὪ ὶὩίὴὩὧὸὭὺὩ ὧὶέὴὺὥὶὭὩὸώȠ ὡ ὡὩὥὸὬὩὶ ὩὪὪὩὧὸȠ ὸ

ὡὩὥὸὬὩὶ ὸώὴὩ ὝὩάὴὩὶὥὸόὶὩȟὙὩὰὥὸὭὺὩ ὌόάὭὨὭὸώ ὩὸὧȢ; Ὅ Ὅὲὴόὸί Ὢέὶ ώὭὩὰὨȠ ό

Ὅὲὴόὸ ὸώὴὩί ὊὩὶὸὭὰὭᾀὩὶȟὖὩίὸὭὧὭὨὩȟὩὸὧȢȠ Ὢ

ὊὶὩήόὩὲὧώ ὧόάόὰὥὸὭὺὩ ίὩὥίέὲὥὰ ύὩὥὸὬὩὶȟὥὺὩὶὥὫὩ άέὲὸὬὰώ ύὩὥὸὬὩὶȟὩὸὧȢ 

ii. Forecasting for the upcoming season ï  

The estimated yield responses for the crop-varieties 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 



 
 
for the weather variables are obtained based 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 number of trials, average 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 provide a better yield 

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 has been envisioned for two aspects ï a) plant 

disease-pest forecasting framework and b) plant insect-pest forecasting framework. 

a) Plant Disease-pest Forecasting Framework- The framework is designed to accommodate various crops 

and their diseases, Figure 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 crop-disease models for forecasting and broadcast the alerts. But in the 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 with respect to the crop varieties. The historical remote-sensing 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, Artificial Neural Network, etc.). 

The disease occurrences are broadcasted to the farmers at least 7-15 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 geo-tagged, localized field level data obtained from a proprietary Rural 

Participatory Sensing (RuPS) application. The geo-tagged image data of affected crop areas are processed 

through Image Analysis (Image Enhancement, Region of Interest Segmentation, Feature Extraction and 

Machine Learning algorithms). Thus we can get the scale of disease severities of different geo-spatial 

regions, which are posted to the farmers for their region of interests. 



 
 
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 to generate the disease severity map of the region of interests. 

The disease severities evaluated in the validation phase is prompted to the users to post in social networking 

groups. The power of social networking helps to evaluate various factors related to the crop diseases and 

associated diseases. Additional knowledge is gathered through social networking analysis. This knowledge 

in turn enhances the knowledge base (AgriKnoBTM) and thus the training data, which is advantageous for 

disease forecasting during the next season. 

 

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 based on the spore counts of Pyricularia oryzae, using Burkard 

volumetric spore trap. The spores per cubic meter have been estimated with respect to daily temperature 

and relative humidity, through multiple linear regression. The proportion of disease incidence is modelled 

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

relative humidity. 



 
 
In our context we have modified the EPIBLA model based on observation of disease occurrences. We took 

samples from five zones of 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) PRIDETM, Villupuram district of Tamil 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. The calculated 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 model ï 

 ὈὍ πȢρυππȢππυὡ πȢππσὡ πȢππυὡ πȢππςὡ     (4) 

where, ὈὍ ὈὭίὩὥίὩ ὍὲὧὭὨὩὲὧὩ Ϸ ; ὡ ὈὩύ ὖέὭὲὸ ὸὩάὴὩὶὥὸόὶὩ; 

ὡ ὓὭὲὭάόά ὝὩάὴὩὶὥὸόὶὩȠ ὡ ὓὥὼὭάόά ὝὩάὴὩὶὥὸόὶὩ; ὡ ὙὩὰὥὸὭὺὩ ὌόάὭὨὭὸώ 

 b) Plant Insect-pest Forecasting Framework- The insect-pest framework is another sub-module of 

InteGra under Plant protection. The framework is supported by mathematical models, derived from Lotka 

Volterra, Predator-prey model, with statistical estimates supporting the initial values for the model.  

ὥὼ ὼώ ύ ύ ύ ὼ        (5) 

ὧώὼώύ ύ ύ ώ       (6) 

where, ὼὸ ὴὩίὸ ὴέὴόὰὥὸὭέὲ; y ὸ ὴὶὩὨὥὸέὶ ὴέὴόὰὥὸὭέὲ; ὥ ὲὥὸόὶὥὰ ὫὶέύὸὬ ὶὥὸὩ έὪ ὴὩίὸ; 

 ὴὶὩὨὥὸὭέὲ ὶὥὸὩ; ύ ὫὶέύὸὬ έὪ ὴὩίὸ ὨόὩ ὸέ ύὩὥὸὬὩὶ ὺὥὶὭὥὦὰὩίȟὭ ρ ὓὥὼ ὝὩάὴȠς

ὓὭὲ ὝὩάὴȟσ ὙὥὭὲὪὥὰὰ; ὧ ὶὩὨόὧὸὭέὲ ὶὥὸὩ έὪ ὴὶὩὨὥὸέὶ ὨόὩ ὸέ ὲὥὸόὶὥὰ ὨὩὥὸὬ; ύ

ὫὶέύὸὬ έὪ ὴὶὩὨὥὸέὶ ὨόὩ ὸέ ύὩὥὸὬὩὶ ὺὥὶὭὥὦὰὩί; 

ὭὲὧὶὩὥίὩ έὪ ὴὶὩὨὥὸέὶ ὴέὴόὰὥὸὭέὲ ὨόὩ ὸέ ὴὶὩὨὥὸὭέὲ 

The cultural and biological control measures and its effects on prey and predator are adjusted in the above 

equations, based on the statistical 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, prey-predator (compound annual growth rate), prey-

weather-predator (regression), prey-chemical-predator (regression) and prey-cultural/biological-predator 



 
 
(regression). The yield component being added in the model will complete the production system, 

considering growth components of yield. 

The insect-pest model is being tested and explored for controlling the devastating Tea looper (Hyposidra 

talaca) of north-east 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 transition probabilities. 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 on periodic basis. Initial 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 (named 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 under Crop Cycle 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 ñper drop more cropò. A novel framework has been designed 

comprising the modern methods of estimations for irrigation scheduling (Figure 5). The irrigation 

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

information on temperature and moisture levels are obtained. 



 
 

 

Figure 5: Irrigation framework 

The Evapotranspiration (ET) has been estimated through Penman Monteith Model. 

E. Integrated Crop Health:   

The overall crop health indices are composed based on the risk factors associated with probability of 

incidences of disease and insect pestsô occurrences, nutrition deficiencies and plant-water stress. The crop 

health dashboard will guide the farmers and relevant stakeholders to take necessary actions in the concerned 

areas. The system not only provides alerts but also quantify the requirements of inputs and services to 

maintain quality yield needed for the market. The screenshots of the applicationsô dashboards are presented 

in the following figures (6 and 7). 



 
 

 

Figure 6: InteGra application in iPad showing crop health status 

 

Figure 7: InteGraôs web application showing crop health status 


