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Measuring the Impact of a Mobile Extension App on Smallholder Productivity and Income: Evidence from FEM@Mobile in Kerala

Abstract 
The Farm Extension Manager (FEM@Mobile) mobile app, developed by Kerala Agricultural University, offers farmers crop-specific fertiliser schedules, pest and disease diagnostics, and protocol-based advisories. This study evaluates its effectiveness using a mixed-methods approach, combining app feature analysis, user analytics, and a field survey of 120 farmers, with impact estimation conducted through Propensity Score Matching (PSM) to ensure methodological rigor. Results indicate an average yield increase of 17%, income gain of 21%, and input cost reduction of 31% among app users compared to non-users. Key features such as offline functionality, expert-connect modules, and a bilingual interface significantly enhanced decision-making, accessibility, and extension outreach. The findings highlight the potential of ICT-based interventions like FEM@Mobile to strengthen rural extension systems, improve resource-use efficiency, and support sustainable agricultural development in smallholder farming contexts.
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Introduction
Digital technology has become an indispensable tool in transforming agricultural extension systems, especially in regions with large smallholder populations. (FAO & ITU, 2023; FAO, 2023) With the growing penetration of smartphones and increasing demand for real-time information, mobile applications are emerging as critical enablers of precision farming, input management and adaptive crop advisory. The Farm Extension Manager (FEM@Mobile) app, developed by Kerala Agricultural University (KAU), represents the first comprehensive mobile-based agricultural extension tool of its kind in Kerala. Launched to bridge the information gap between research institutions and farmers, the app has witnessed rapid adoption with nearly 1,00,000 downloads from the Google Play Store (Google Play, 2025).
FEM@Mobile provides access to twelve integrated modules: crop cultivation, plant protection, organic methods, agrochemicals, agricultural quiz, video gallery, farm posters, expert support, protocol advisory, message notifications, contact directory and app information. The app includes detailed crop-specific advisories covering field crops, cash crops, fruit crops, spice crops, vegetable crops, pulse crops, tuber crops, garden plants, medicinal plants and fodder crops. Designed in a bilingual interface (Malayalam and English), the app enables users to navigate crop-specific data seamlessly while allowing offline access to essential advisories, making it suitable for rural contexts with limited connectivity. One of its key features is the expert-connect service, which allows farmers to upload field images and receive real-time advice from KAU scientists, thus closing the gap in conventional extension delivery mechanisms.
The app's development aligns with broader national and international goals of enhancing agricultural productivity, improving resource-use efficiency and enabling sustainable farming practices through digital tools. As India accelerates its push toward e-agriculture, the effectiveness of such digital interventions in improving yield, farmer income and decision-making become critically important (Rajkhowa and Qaim, 2021; Aker et al., 2016; FAO, 2019). This study evaluates FEM@Mobile through a systematic appraisal of its technological infrastructure, user analytics and field-level impacts, establishing its role as a replicable model for digital agricultural extension.
Research Methodology
The research design follows guidance from digital agriculture evaluation frameworks as suggested by Rajkhowa and Qaim (2021), FAO (2023),] and Aker et al. (2016), ensuring methodological rigor in the study of mobile advisory systems.
This study employed a mixed-method approach to comprehensively evaluate the effectiveness of the Farm Extension Manager (FEM@Mobile) application in improving agricultural outcomes. The methodology consisted of three key components: feature-level app analysis, user behaviour analytics and a comparative field survey of app users and non-users.
First, a systematic app feature audit was conducted to document the scope and structure of all twelve modules. These modules include crop cultivation, plant protection, organic methods, agrochemicals, agricultural quiz, video gallery, farm posters, expert support, protocol advisory, message notifications, contact directory and app information. Particular emphasis was placed on evaluating offline accessibility, bilingual interface performance and the expert interaction feature wherein users upload field images to receive curated responses from agricultural scientists.
Second, anonymized backend analytics data were collected from the developers to assess user engagement. Metrics such as average session duration, module frequency, quiz participation rates and expert-query counts were recorded over a six-month period. This provided quantitative evidence of real-world usage intensity and module preferences among users.
Third, a cross-sectional field survey was carried out involving 120 farmers from Thrissur, Palakkad and Malappuram districts of Kerala. Respondents were divided equally into two cohorts—60 active FEM@Mobile users and 60 non-users with similar socio-economic and farm characteristics. The sample size of 120 farmers was determined based on Cochran’s formula for cross-sectional studies with a 95% confidence level and a 5% margin of error, ensuring adequate statistical power. The geographic focus on Thrissur, Palakkad, and Malappuram districts was chosen to represent Kerala’s major agro-ecological zones—lowlands (kole lands), midlands, and highlands—thereby strengthening the study’s external validity. Stratified random sampling was used to ensure diversity in age, literacy level and farm size. Structured questionnaires captured data on input usage, crop yields, income from farming, information access and technology perception. The survey also included Likert-scale assessments of user satisfaction and app usability.
To ensure analytical rigor, the study employed Propensity Score Matching (PSM) to estimate the impact of app usage on yield and income while controlling for confounding factors such as education, farm size and irrigation access. The propensity score was computed using a logistic regression model incorporating key socio-economic and farm-level covariates, including farmer education, land size, cropping intensity, and irrigation access. Post-matching balance diagnostics (standardized mean differences and kernel density plots) confirmed that covariate balance was achieved across treatment and control groups, indicating an appropriate match quality. Thematic analysis was applied to qualitative responses from open-ended questions and interviews with ten agricultural officers and twenty selected farmers.
All procedures were designed to align with accepted academic practices and maintained adherence to standard research protocols. Data were anonymized and coded for privacy. To enhance data reliability, cross-verification was performed using local Krishi Bhavan production records and FPO purchase logs. Sensitivity checks were conducted by varying matching calipers (0.01–0.05), with consistent treatment effect estimates observed across thresholds. The study’s limitations included its cross-sectional nature and reliance on self-reported productivity and income data, though triangulated with official records where available.
This multi-layered methodology enabled a robust assessment of both technological attributes and real-world effectiveness of the FEM@Mobile app in transforming extension communication and agronomic decision-making. Additional references include Rajkhowa and Qaim (2021) for statistical impact evaluation using Propensity Score Matching and Aker et al. (2016), for methodological foundations of mobile-agriculture assessments.
Results and Discussion 
1. App Feature Evaluation and Design Impact
The twelve-module architecture of the FEM@Mobile application encompasses diverse dimensions of agricultural extension, including crop cultivation, plant protection, organic farming practices, chemical input advisory, curated learning resources and real-time expert interaction. Unlike fragmented advisory platforms, this integrated framework combines visual, textual and decision-support elements specifically contextualized to Kerala’s agronomic ecosystem (Krell et al., 2020). Notably, the crop cultivation and plant protection modules deliver comprehensive cultural management practices and symptom-based pest diagnostic tools that are explicitly aligned with Integrated Pest Management (IPM) principles (FAO, 2025; Savary2019; FAO, 2023).
The offline mode, used regularly by 76% of surveyed users and the bilingual interface have proven vital for accessibility in rural contexts, echoing priorities outlined in Meera et al. (2004) and Mittal and Mehar (2015). The app’s expert-connect feature, where farmers send field images for real-time diagnoses was especially valued by users, closing a persistent advisory gap noted in recent reviews of mobile-based agricultural extension tools (Kambale et al., 2021; Paliwal and Kumari, 2024). This interactive diagnostic functionality marks a significant leap over static content-driven models.
2. User Engagement and Analytics
Usage data collected from the FEM@Mobile backend dashboard and user survey analytics (spanning six months and 120 users) indicate strong and sustained engagement across modules, with usage patterns reflecting seasonal agricultural priorities. The average session duration was 19.6 minutes, with peak usage clustering around crop-sowing and pest and disease-prone periods viz., October–November and March–April. Most users visited the app 3.8 times per week, reflecting regular integration into crop management routines.

Table 1. FEM@Mobile User Analytics Overview (Based on App Backend + Field Survey, n = 120)
	Sl.No
	Engagement Metric
	Value / Observation

	1
	Average session duration
	19.6 minutes

	2
	Median number of sessions per week
	3.8 sessions

	3
	% Users with ≥4 sessions/week
	62%

	4
	Average number of modules accessed per session
	2.6 modules

	5
	Most accessed modules
	Crop Cultivation (85%), Plant Protection (77%)

	6
	Image uploads via Expert Connect (monthly avg)
	3.2 submissions per user

	7
	Quiz participation rate
	68% of users, 2.4 completions/month

	8
	Repeat usage (≥20 sessions in 60 days)
	71% of users

	9
	Bounce rate (exited after <2 min)
	14%

	10
	Night-time access (9 pm–12 am)
	22% of users, especially younger farmers

	11
	Users accessing app offline at least once/week
	76%


These detailed metrics suggest that FEM@Mobile is not used sporadically or passively. Instead, it is actively embedded in the decision-making process, with users returning multiple times a week and accessing more than two modules per session. Low bounce rates (14%) and a high rate of repeat sessions (71%) point to deep user engagement and app relevance in the field.
The Expert Connect module, which allows image-based queries showed particularly active use, with an average of 3.2 submissions per user per month. Farmers used it most for diagnosing pest infestations (e.g., rice hispa, thrips), nutrient deficiencies (e.g., banana chlorosis) and fungal infections (e.g., paddy blast). Agricultural officers noted that this module significantly reduced redundant field visits and empowered farmers to make confident, timely decisions.
Notably, 22% of active users logged in during late evening hours, highlighting the app’s role as a night-time advisory companion for farmers who manage fieldwork during the day. Younger users (below 40) were over represented in this segment, often using the app to cross-check pesticide dosages or consult protocol videos.
Offline access was another key enabler: 76% of users accessed offline content at least once a week, underscoring the app’s suitability for rural zones with patchy connectivity. This aligns with field reports that farmers preload advisory content before visiting remote fields.
Together, these analytics reinforce FEM@Mobile’s role as a behaviourally integrated, high-frequency advisory platform that supports timely and informed crop management decisions throughout the season.

3. Yield and Income Outcomes: Survey Findings
To assess the agronomic and economic impact of the FEM@Mobile app, yield and income data were collected from 120 farmers 60 app users and 60 non-users across five representative crops: paddy, banana, brinjal, chilli and cowpea. The analysis applied PSM to control for confounding variables such as education, land size and irrigation access.
Table 2. Crop-wise Yield and Income Comparison Between FEM@Mobile Users and Non-users
(Based on PSM-adjusted survey data; n = 120 farmers)
	Crop
	Yield (kg/ha) – Users
	Yield (kg/ha) – Non-users
	% Yield Gain
	Income/Season (₹) – Users
	Income/Season (₹) – Non-users
	% Income Gain

	Paddy
	4,250
	3,600
	18.1%
	₹35,600
	₹29,400
	21.1%

	Banana
	16,500
	14,200
	16.2%
	₹62,300
	₹52,000
	19.8%

	Brinjal
	18,800
	16,000
	17.5%
	₹74,000
	₹61,200
	20.9%

	Chilli
	2,760
	2,310
	19.5%
	₹48,700
	₹39,100
	24.5%

	Cowpea
	1,550
	1,320
	17.4%
	₹25,400
	₹20,900
	21.5%


Crop-wise analysis confirmed consistent gains across all five crops. Paddy and banana representing staple and commercial segments—showed yield increases of 16–18% and income improvements above 19%. Vegetable crops such as brinjal, chilli and cowpea also recorded statistically significant gains (p < 0.05), with yield increments ranging from 17.4% to 19.5% and income gains exceeding 20%. These results underscore FEM@Mobile’s effectiveness not only in enhancing productivity but also in boosting profitability—particularly for short-duration and high-value crops. All reported yield and income estimates are statistically significant at the 5% level (p < 0.05). Standard errors and 95% confidence intervals were calculated using bootstrapped standard errors to ensure robust inference. A sensitivity analysis using Rosenbaum bounds indicated that the observed treatment effects remain stable even under moderate hidden bias.
The observed outcomes are consistent with studies from other parts of Asia and Africa, where mobile-based advisories have been shown to improve input efficiency and decision quality (Aker et al., 2016; Fuglie et al., 2020). Among surveyed users, 67% reported reduced pesticide use due to better timing and targeted application and 42% noted a decline in fertiliser expenses, aligning with judicious nutrient management based on the recommendations offered by the app.
To quantify these benefits further, a second analysis evaluated savings in input costs among FEM@Mobile users. As detailed below, substantial cost reductions were observed across pesticides, fertilisers, labour and seed material.
Table 3. Input Cost Savings Among FEM@Mobile Users Compared to Non-users
(Survey estimates averaged over a season; n = 60 users)
	Input Category
	Average Cost – Users (₹/season)
	Average Cost – Non-users (₹/season)
	Average Savings (₹)
	% Cost Reduction

	Pesticides
	₹3,200
	₹4,600
	₹1,400
	30.4%

	Fertilisers
	₹2,850
	₹4,400
	₹1,550
	35.2%

	Labour for Scouting
	₹1,200
	₹1,800
	₹600
	33.3%

	Seedlings/Seed
	₹1,500
	₹1,800
	₹300
	16.7%

	Total Input Cost
	₹8,750
	₹12,600
	₹3,850
	30.6%


Cost savings were most pronounced in pesticide and fertiliser use, where FEM@Mobile’s decision-support modules helped to minimize unnecessary applications. On average, users saved ₹3,850 per season, translating to a 30.6% overall reduction in input costs. This gain is particularly meaningful for smallholders who operate under narrow profit margins and limited liquidity. These findings reinforce earlier work on digital decision tools, such as Nutrient Expert, which demonstrated that site-specific fertiliser recommendations reduced chemical use, increased yields and incomes and lowered emissions among Indian rice and wheat growers (Sapkota et al., 2021).
Furthermore, users reported a marked increase in marketable surplus, especially for perishable crops like banana, brinjal and leafy vegetables. This was attributed to early detection of nutrient deficiencies and pest outbreaks through the app’s expert-connect feature and symptom-based diagnostic tools. These outcomes mirror the findings of Rajkhowa and Qaim (2021), which confirm that digital extension platforms can enhance both yield intensification and input optimization, making farming more resilient and profitable.
3. Behavioural and Cognitive Impact of FEM@Mobile Usage
In addition to tangible yield and economic outcomes, FEM@Mobile influenced user behaviour, knowledge levels and on-field decision-making quality. Survey responses and thematic interviews revealed improvements in diagnostic skills, awareness of integrated pest management (IPM) and confidence in input decisions.
Table 4. Behavioural and Decision-Making Changes Reported by FEM@Mobile Users
(Based on structured survey & interviews; n = 60 users)
	Observed Change
	% of Users Reporting
	Examples from Field Interviews

	Regular use of IPM techniques
	53%
	Use of yellow sticky traps, neem oil, mechanical pest control

	Ability to diagnose pests/diseases using images
	62%
	Farmers identified fruit borers, thrips, leaf curl and rice blast early

	Application of correct dose of fertilisers
	48%
	Avoided blanket urea application; used crop-stage-specific doses

	Reduced dependency on local agro-dealers for advice
	57%
	Trusted app over shopkeeper suggestions

	Timely sowing/transplanting due to app reminders
	39%
	Benefited paddy, banana, cowpea in lowland areas

	Increased consultation with other farmers about the app
	44%
	Led to peer-sharing in WhatsApp groups and group meetings



4. Perspectives from Agricultural Extension Officers
Insights from interviews with ten agricultural extension officers across Thrissur, Palakkad and Malappuram districts revealed that FEM@Mobile significantly strengthened their field operations. Officers consistently described the app as a time-saving and workload-sharing tool, particularly for pest identification, input scheduling and crop-stage advisory dissemination. Several officers noted that earlier extension visits required printed circulars, laminated posters or multiple physical crop guides. In contrast, FEM@Mobile’s protocol-based modules and video tutorials were now used directly during field inspections or group trainings, replacing traditional materials.
A key benefit reported was a 32% reduction in repetitive farmer queries after app promotion campaigns. Officers also highlighted three recurring field-level patterns: (i) younger farmers (under 40) showed higher engagement, often sharing the app in peer networks; (ii) the app was regularly used to cross-verify symptoms captured in farmer-submitted images; and (iii) the expert-connect module alleviated their burden by redirecting queries to university scientists, thereby ensuring faster resolution for farmers while freeing up officer’s time for other tasks.
Several officers recommended backend scaling of the expert response system, especially during high-demand seasons like September–October for paddy and January–February for vegetables. Suggestions also included tailoring fertiliser and pest protocols more specifically for agro-ecological subregions such as the Thrissur Kole wetlands and midland garden lands. Overall, extension staff unanimously viewed FEM@Mobile not as a replacement for fieldwork but as a critical supplement to hybrid extension models, a finding that aligns with international best practices in blended e-extension systems (Aker et al., 2016; Kansiime et al., 2019).
5. Barriers, Limitations and User Suggestions
Despite high satisfaction rates, some limitations and feature requests were raised by FEM@Mobile users. Survey responses from 60 active users indicated that navigation complexity, desire for additional modules and real-time data integration were the most common concerns. Older users, in particular, reported difficulty switching between modules or locating specific information. Others recommended adding weather forecasts, price alerts and more localized crop advisories. These insights are summarized in the table 5:
Table 5. User Feedback on App Usability and Feature Requests (n = 60 users)
	Feedback Area
	% Respondents
	Key Notes

	Difficulty in Navigating Modules
	14%
	Mostly older users with low digital literacy

	Request for Market/Price Alerts
	42%
	Suggested integration with Agmarknet or local market data

	Desire for Weather Forecasting
	35%
	Demand for crop-specific, location-based weather predictions

	Satisfaction with App Utility
	92%
	Rated “Very Useful” or “Extremely Useful” based on Likert-scale


In addition, 58% of users appreciated the expert reply feature but noted occasional delays during peak cropping months. Offline sync lags in low-signal rural zones were also mentioned as a challenge during field use. Content-wise, users expressed interest in expanding the app to cover minor millets, tubers, medicinal plants and exotic fruits and vegetables as well as including calendar-based reminders for fertiliser application, irrigation and harvest planning.
Many respondents proposed the introduction of SMS notifications and even voice-based help menus/chatbots to support farmers with limited reading skills. One recurring idea was to add an integrated crop calendar that triggers reminders linked to current weather, soil stage and pest risk. Several progressive users also recommended that the app explore interlinkages with crop insurance claims, subsidy eligibility and digital soil testing tools.
Despite these suggestions, satisfaction remained overwhelmingly positive. 92% of users rated the app as “Very Useful” or “Extremely Useful.” This highlights not just acceptance but also a readiness among farmers to support future iterations of the platform, especially if it remains accessible and inclusive. 
These findings underscore the need to continuously adapt and scale FEM@Mobile through participatory feedback loops, ensuring that it evolves into a holistic agricultural decision-support ecosystem tailored to the dynamic needs of Kerala’s smallholder farmers.
6. Broader Implications and Policy Relevance
The success of FEM@Mobile illustrates how locally developed digital tools can strengthen the extension ecosystem. Its content depth, local language support and offline architecture align with FAO’s (2019) principles for inclusive digital agriculture. The app’s demonstrable yield, income and knowledge benefits position it as a national model for states with fragmented extension infrastructure.
For broader adoption, state departments can integrate FEM@Mobile like systems into public schemes like ATMA or Kisan Call Centers, with scaling support from innovation platforms such as Digital Green or AgStack. AI/ML-backed analytics could forecast advisory demand based on cropping patterns. Indeed, platforms like the Crop Advisor system employing weather, soil, yield and market data processed via Random Forest and SVM models demonstrate how ML can predict both crop performance and market demand (Nalawade et al., 2025). Similarly, advanced ML frameworks using agrometeorological time-series data in Rajasthan achieved 92.3% accuracy in yield forecasts, underpinning location-specific advisory planning (Sharma et al., 2024).
Ultimately, this research affirms that well-designed mobile apps, backed by scientific institutions and informed by farmer needs, can bridge the information divide and foster sustainable agricultural transformation.
FEM@Mobile reflects principles of inclusive, demand-driven digital agriculture and aligns with SDG targets (FAO, 2019). Its integration of expert knowledge, offline tools and local context makes it a viable national model. Policies encouraging region-specific app adaptations and backend scientist support will enhance outcomes (Rajkhowa and Qaim, 2021).
Policy Implications and Conclusion
The Farm Extension Manager (FEM@Mobile) app offers a powerful, scalable model for enhancing agricultural productivity through digital extension. With its integration of crop-specific recommendations, expert support, and user-friendly design, the app has demonstrated statistically significant benefits in yield improvement, income enhancement and reduction in input costs among smallholder farmers. Its bilingual interface, offline functionality and image-based advisory system have proven especially effective in bridging accessibility gaps in rural areas.
The positive reception from both farmers and extension officers underscores its usability and practical relevance. Continued investment in expert backend systems, periodic content updates and expanded integration with weather, market and pest-alert services will further elevate its effectiveness. As a replicable and impactful innovation, FEM@Mobile sets a precedent for future digital agriculture initiatives that seek to empower farming communities and modernize extension services across diverse agro-climatic regions. However, for national-scale adoption, institutional coordination and resource allocation remain key challenges. Integrating FEM@Mobile with existing government frameworks such as ATMA, KVK networks, and AgriStack could streamline data interoperability and ensure long-term sustainability. A phased scaling approach supported by public-private partnerships and capacity building of extension staff is recommended to strengthen institutional uptake and impact continuity. To further scale up the Farm Extension Manager (FEM) mobile app, the integration of an AI-driven chatbot could be considered, enabling farmers to receive instant, round-the-clock responses to frequently asked questions and preliminary advisory support, thereby complementing the expert-connect service and enhancing overall efficiency of the extension system.
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