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Abstract

This paper develops a district-focused framework for an Al- and IoT-based smart and adaptive
agriculture system for Sawai Madhopur, Rajasthan. The purpose is to show how low-cost sensing,
satellite observation, farmer-reported information and machine-learning based decision support can be
combined to monitor crop reduction, reduce production risk and improve farm productivity. The paper
uses secondary data from government and institutional sources such as the Krishi Vigyan Kendra district
profile, Agricultural Statistics of Rajasthan, the District Irrigation Plan for Sawai Madhopur, ICAR-
CRIDA'’s district agriculture contingency plan, and current policy documents on the Digital Agriculture
Mission. Sawai Madhopur is suitable for such a study because its farming economy includes both
rainfed and irrigated systems, major rabi crops such as mustard and wheat, kharif crops such as bajra,
black gram and sesame, and a growing horticulture economy around guava. The district also faces
practical risks: variable rainfall, drought spells, waterlogging in intense rainfall, groundwater stress, pest
and disease outbreaks, and post-harvest losses. The proposed framework has five layers: field sensing,
connectivity, data integration, Al analytics, and farmer advisory. It recommends crop-wise pilots for
mustard, wheat, bajra, pulses, sesame and guava orchards. The conclusion is that Al and IoT should not
be treated as expensive technology for large farms only; if designed as a shared, local-language,
extension-supported system, it can help small and medium farmers make faster decisions on irrigation,
drainage, pest control, sowing windows and harvest management.

Keywords: smart agriculture, Al, IoT, crop reduction, precision irrigation, Sawai Madhopur, Rajasthan,
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1. Introduction

Agriculture in Sawai Madhopur is closely connected with the district’s ecology, rainfall pattern, soil
conditions, irrigation access and market opportunities. The district is known nationally for Ranthambore,
but for rural households its everyday economy is strongly tied to crop cultivation, animal husbandry and
horticulture. The farming pattern is mixed. Kharif crops such as bajra, black gram, sesame, soybean, rice
and groundnut are grown with different degrees of rainfall dependence, while rabi crops such as
mustard, wheat, gram and barley occupy a major share of cultivated area. The district also has an
important horticultural identity through guava, along with aonla, citrus and vegetable crops. This
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diversity creates opportunity, but it also makes crop management difficult because the risk conditions
are not the same for every crop, block or season.

In this paper, the term crop reduction means any measurable decline in crop growth, crop health,
expected yield, marketable output or farm income caused by weather stress, water stress, pest and
disease attack, poor input timing, nutrient imbalance, harvesting delay or post-harvest loss. Crop
reduction is broader than crop failure. A crop can remain standing in the field but still lose productivity
because of short drought spells, waterlogging, heat stress, leaf diseases, low soil moisture at flowering,
or wrong irrigation timing. For farmers, even a ten to twenty percent decline in yield can reduce
household income, limit repayment capacity and weaken investment for the next season. For a district
such as Sawai Madhopur, where many households depend on agriculture and where irrigation and
rainfall conditions vary across blocks, monitoring crop reduction early is more useful than measuring it
only after harvest.

Artificial intelligence and the Internet of Things offer a practical way to shift agriculture from reactive
management to adaptive management. [oT refers to connected devices such as soil moisture sensors,
temperature and humidity sensors, automatic rain gauges, water-level sensors, pH sensors, leaf-wetness
sensors and camera traps that collect field-level data. Al refers to computer-based models that can find
patterns in this data and convert it into predictions or recommendations. In agriculture, the same data can
help answer simple but important questions: Is the field becoming too dry for the current crop stage? Is
there a risk of waterlogging after heavy rainfall? Is the crop showing early stress compared with normal
growth? Should irrigation be given now or delayed? Is pest incidence rising in nearby fields? How much
yield may be reduced if the stress continues?

The relevance of such a system is high for Sawai Madhopur because the district already has official and
institutional data that can support digital decision-making. Agricultural Statistics of Rajasthan provides
district-wise agricultural data, while the District Irrigation Plan records crop-wise irrigation status and
water-management priorities. KVK Sawai Madhopur provides a district profile that identifies cropping
patterns, soil categories, rainfall characteristics, major crops and productivity values. I[CAR-CRIDA’s
agriculture contingency plan identifies drought, waterlogging and crop management responses suitable
for the district. These sources do not replace primary field data, but they provide a useful baseline for
designing an Al-IoT monitoring system that can later be tested in villages.

The research problem addressed here is simple: farmers and local institutions need a low-cost, reliable
and locally adaptable system that can monitor crop reduction before major damage takes place. Existing
advisory services are useful but often generalized. Farmers may receive weather forecasts, seed
recommendations or pest-control advice, but they may not receive field-specific alerts based on their soil
moisture, crop stage, drainage condition, rainfall event and local pest history. An AI-IoT system can
close this gap by combining three types of information: district-level secondary data, real-time field data
and farmer-reported observations. This integration is especially important in districts where rainfall can
be uncertain, irrigation is uneven, and crop choices differ across agro-climatic zones.

The main objective of this paper is to develop a conceptual but practical framework for an Al- and IoT-
based smart and adaptive agriculture system for monitoring crop reduction and improving farm
productivity in Sawai Madhopur. The specific objectives are to examine the agricultural profile of the
district through secondary data, identify key crop-reduction risks, design a system architecture suitable
for local farming conditions, propose crop-wise applications, and discuss an implementation roadmap.
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The paper is written in accessible academic language so that it can be used by students, researchers,
extension workers and policy planners.

2. Study Area and Profile of Sawai Madhopur

Sawai Madhopur lies in eastern Rajasthan and includes agro-ecological diversity that is important for
agriculture planning. The KVK district profile places parts of the district in Rajasthan’s Zone III-B,
described as the flood-prone eastern plain, where average annual rainfall is about 500 to 650 mm and
soils are aridisols. It also places Sawai Madhopur, Chouth Ka Barwara, Khandar and Malarna Dungar in
Zone V, the sub-humid south-eastern plain, where soils are mainly alluvial, black, clay to clay loam, and
annual rainfall in the north-western part is around 650 mm. This means the district cannot be treated as
one uniform agricultural unit. A smart agriculture system must be block-sensitive and soil-sensitive.

The soil profile indicates why irrigation and crop choice must be carefully managed. The KVK profile
records black soils as medium-heavy to heavy textured with good water-holding capacity, sandy and
sandy loam soils as light textured with low water-holding capacity, and a small area of red soil. In
practical terms, black soils can retain moisture but may face drainage problems after heavy rainfall,
while sandy and sandy loam soils may lose moisture quickly and require more careful irrigation
scheduling. Therefore, the same rainfall event can create different crop conditions in different fields. For
example, a rainfall event may benefit a sandy loam field but cause temporary waterlogging in heavier
soil. Such variation is exactly where IoT sensors and adaptive Al models can improve decisions.

The crop profile of the district is dominated by rabi crops, especially mustard and wheat, but kharif
crops also remain important. KVK Sawai Madhopur reports 2022 kharif crop area and production values
such as bajra at 34,647 ha with 62,711 MT production, black gram at 21,600 ha with 11,016 MT
production, sesame at 16,657 ha with 6,996 MT production, rice at 4,952 ha with 19,734 MT production,
soybean at 2,659 ha with 3,297 MT production, and groundnut at 2,177 ha with 3,527 MT production.
For rabi 2022-23, the profile records mustard at 181,357 ha with 299,239 MT production, wheat at
72,323 ha with 260,135 MT production, gram at 16,670 ha with 24,451 MT production, and smaller
areas under barley, tarameera and masur. These values show that any district-level productivity system
should prioritize mustard, wheat, bajra, black gram, sesame, gram and guava.

Irrigation is another major planning issue. The District Irrigation Plan for Sawai Madhopur reported
crop-wise irrigation status for 2014-15. It recorded total crop area of 381,134 ha, of which 263,712 ha
was irrigated and 117,318 ha was rainfed. The largest irrigated share was under oilseeds, with 170,975
ha, followed by cereals with 82,596 ha. Rainfed area was concentrated in cereals and oilseeds, with
60,278 ha under rainfed cereals and 40,170 ha under rainfed oilseeds. These figures indicate that the
district is not simply rainfed or irrigated; it is a mixed system. A smart agriculture framework must
therefore monitor both irrigation efficiency and rainfall risk.

Horticulture is also important. The KVK profile identifies guava, aonla and citrus as major fruit crops,
and chilli, tomato, brinjal, cole crops and cucurbits as major vegetables. Guava has become a
recognizable agricultural identity of Sawai Madhopur. Publicly reported sectoral information in 2026
suggested that a large share of Rajasthan’s guava area is concentrated in Sawai Madhopur and that a
guava processing plant was proposed to support value addition. Such developments make it necessary to
include orchard-specific monitoring in the smart agriculture framework. Guava growers face different
risks from field-crop farmers: irrigation scheduling, fruit quality, post-harvest handling, pest control,
grading, transport and flood or waterlogging damage.
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The risk profile of the district is shaped by drought spells, delayed monsoon, terminal drought, intense
rainfall, waterlogging, heat waves, pest and disease outbreaks, and groundwater stress. ICAR-CRIDA’s
contingency plan for Sawai Madhopur specifically discusses early season drought, mid-season drought,
terminal drought, unusual rains and crop management responses. During mid-season drought, the plan
recommends life-saving irrigation, thinning, weeding and spraying of thiourea in crops such as bajra and
guar. During continuous high rainfall leading to waterlogging, it recommends drainage, safe post-harvest
handling and need-based plant protection. These recommendations are valuable, but they become more
effective when linked with early warning and field-level monitoring.

Taken together, the district profile suggests four design principles. First, the system must be crop-
specific because mustard, wheat, bajra, pulses, sesame and guava have different risk windows. Second, it
must be water-smart because both moisture deficit and excess water are relevant. Third, it must combine
local sensing with existing institutional data. Fourth, it must be affordable and understandable for small
and medium farmers. A sophisticated system that cannot be maintained in a village will not improve
productivity. The goal is not to replace farmers’ knowledge but to strengthen it with timely and localized
evidence.

Table 1. Selected major crops in Sawai Madhopur from the KVK district profile

Season Crop Area (ha) Production (MT)
Kharif 2022 Bajra 34,647 62,711
Kharif 2022 Black gram 21,600 11,016
Kharif 2022 Sesame 16,657 6,996
Kharif 2022 Rice 4,952 19,734
Rabi 2022-23 Mustard 181,357 299,239
Rabi 2022-23 Wheat 72,323 260,135
Rabi 2022-23 Gram 16,670 24,451
Source. Adapted from KVK Sawai Madhopur district profile (crop area, production and productivity
table).
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Figure 3. Major crop area in Sawai Madhopur based on KVK crop profile
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Source. Author-created chart based on KVK Sawai Madhopur district profile crop data.

Table 2. Crop-wise irrigation status in Sawai Madhopur, 2014-15

Category Irrigated area (ha) Rainfed area (ha) Total area (ha)
Cereals 82,596 60,278 142,874

Pulses 256 3,980 4,236

Gram 3,330 5,790 9,120

Oilseeds 170,975 40,170 211,145
Vegetables 1,233 62 1,391

Others 5,322 7,038 12,368

Total 263,712 117,318 381,134

Source. Adapted from District Irrigation Plan of Sawai Madhopur District, PMKSY, 2017.

3. Review of Al and IoT in Agriculture

Digital agriculture is now widely understood as a way to increase productivity while using water,
fertilizer, pesticide and labour more efficiently. The Food and Agriculture Organization notes that digital
technologies and artificial intelligence can support precision farming, climate-smart agriculture, supply-
chain optimization and market access. This is important because agriculture is no longer challenged only
by production quantity; it is also challenged by climate variability, sustainability, resource scarcity,
quality control and market uncertainty. Al and IoT are therefore not isolated technologies. They are part
of a wider move toward evidence-based farming.

IoT is most useful in agriculture when it collects information that farmers cannot easily observe every
day. A farmer can visually inspect crop colour, plant height or wilting, but it is difficult to continuously

[JFMR260379654 Volume 8, Issue 3, May-June 2026 5



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

measure soil moisture at root depth, leaf wetness at night, the exact temperature during flowering, or the
rate at which a farm pond is losing water. Sensors can fill this gap. Soil moisture sensors can guide
irrigation, temperature and humidity sensors can support disease-risk alerts, pH and electrical
conductivity sensors can support soil and water-quality decisions, and cameras can help detect crop
stress. When combined with GPS location, every reading becomes spatially meaningful.

Remote sensing adds another layer. Satellite-based vegetation indices such as NDVI can identify
whether a crop canopy is developing normally compared with previous observations or neighbouring
fields. Drone images can detect within-field variation, weed patches, pest-damaged zones, lodging,
nutrient deficiency symptoms and drainage problems. For Sawai Madhopur, remote sensing would be
useful because a district platform cannot place sensors in every plot from the first year. A combination
of sensors in sample fields and satellite observations across villages can create a cost-effective
monitoring design.

Al provides the analytical layer. Machine learning models can use past crop data, weather data, soil data,
field-sensor readings and satellite indices to estimate crop-loss risk. For example, a model can learn that
low soil moisture during mustard flowering is more serious than low moisture at a less sensitive stage, or
that high humidity and leaf wetness for several hours may raise disease risk. Al can also support
irrigation scheduling by estimating when the soil moisture will fall below a crop-stage threshold. In
disease detection, Al can classify leaf images and highlight probable disease symptoms. However, Al
models must be trained carefully, validated locally and explained in a simple way. A farmer needs a
clear recommendation, not a complex algorithm.

Recent reviews on smart irrigation and precision agriculture emphasize that automated irrigation systems
can improve agricultural water-use efficiency and productivity, but they also highlight challenges of data
quality, interoperability, scalability and security. These challenges matter in Sawai Madhopur. A field
sensor may stop working, a battery may fail, a mobile signal may be weak, a farmer may change crop
variety, or a pest attack may occur earlier than expected. A good system should be adaptive, not rigid. It
should flag missing data, allow farmer correction, and continuously improve through feedback.

The policy environment in India is also becoming favourable. The Digital Agriculture Mission,
approved in 2024, aims to create a farmer-centric digital and space-tech ecosystem. Its pillars include
AgriStack and the Krishi Decision Support System, with components such as farmer registry, village
land maps and crop-sown registry. These national developments are relevant for district-level systems
because they can provide digital identity, crop mapping and decision-support infrastructure. However,
district implementation must ensure that small farmers are not excluded by cost, language, connectivity
or data-access barriers.

For Sawai Madhopur, the literature suggests that the best approach is not full automation from the
beginning. Fully automated irrigation and Al disease detection may look attractive, but the first
requirement is reliable data and trust. Therefore, the proposed model should begin with assisted decision
support: sensors collect data, Al produces alerts, KVK and extension workers verify recommendations,
and farmers decide the action. Over time, as models become more reliable, semi-automatic irrigation or
community-level dashboards can be introduced. This staged approach respects local realities and reduces
technology failure.

4. Methodology
This study uses a secondary-data based design-science methodology. It does not claim to have collected
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primary field data from farmers. Instead, it uses available district, state, national and institutional sources
to design a practical framework that can later be tested through field pilots. This approach is suitable
because the objective is not to prove that a specific Al model has already increased yields in Sawai
Madhopur, but to develop a research-based architecture for monitoring crop reduction and improving
productivity.

The secondary sources used in the paper include the KVK Sawai Madhopur district profile, Agricultural
Statistics of Rajasthan 2022-23, the District Irrigation Plan for Sawai Madhopur, the ICAR-CRIDA
agriculture contingency plan for the district, government information on the Digital Agriculture Mission,
and selected recent sources on Al and IoT in agriculture. These sources were selected because they
provide four types of evidence: local crop and soil data, irrigation and water-management data, crop-risk
and contingency guidance, and technology-policy context.

The paper applies these sources through five steps. First, it identifies the main crops and farming
systems of the district. Second, it identifies the main crop-reduction risks such as drought, waterlogging,
pest and disease, and post-harvest loss. Third, it maps the types of data needed to monitor those risks.
Fourth, it designs an AI-IoT system architecture. Fifth, it proposes an implementation roadmap. The
framework is conceptual, but it is grounded in local crop data and district conditions.

A limitation of this method is that secondary data may not reflect every village-level difference. Some
official data are older than current farm conditions, and crop patterns can change with prices, irrigation
access and climate events. Therefore, the proposed system should be treated as a pilot-ready model
rather than a final operational system. Field validation would require village surveys, sensor installation,
farmer interviews, crop-cutting experiments, yield records, and comparison between advised and non-
advised fields. Still, secondary data are valuable because they help decide where to begin and which
crops should receive priority.

Table 3. Secondary data sources and their use in this paper

Source Type of data used Role in framework design

Cropping  patterns,  major
crops, soil types, rainfall
zones, productivity values

KVK Sawai Madhopur district
profile

Identifies priority crops and
local agro-climatic conditions

Provides official statistical
context and confirms the need
for district-wise planning

Agricultural  Statistics  of | State and district agricultural
Rajasthan, 2022-23 data categories

Crop-wise irrigated  and

. Guides irrigation and water-
rainfed area; water-

stress monitoring design

District Irrigation Plan,

PMKSY Lo
management priorities

ICAR-CRIDA  contingency | Drought, waterlogging and | Supports rule-based advisories
plan crop contingency measures for climate risk

Digital public infrastructure, | Aligns district platform with
Digital Agriculture Mission AgriStack and Krishi DSS | national digital agriculture
direction policy

S It technol
FAO/ITU and research | Al IoT, precision farming and uppo > e? 1o ‘Ogy
architecture and identifies

reviews governance insights .
risks
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5. Proposed Smart Adaptive Agriculture System

The proposed smart adaptive agriculture system has five layers: sensing, connectivity, data integration,
Al analytics and advisory. The sensing layer collects information from farms and local surroundings. For
field crops, the basic sensor kit should include soil moisture, soil temperature, air temperature, relative
humidity and rainfall. For horticulture orchards such as guava, additional sensors can include water-level
or drainage sensors, leaf-wetness sensors and camera-based fruit or canopy monitoring. For irrigated
fields, pump-operation data and flow meters can also be added where feasible.

The connectivity layer should be flexible. In villages with reliable mobile networks, sensors can transmit
data through GSM or 4G modules. In areas with weak connectivity, LoRa-based local gateways or
offline mobile collection may be more practical. The design must avoid dependence on one technology.
A field device should store data locally if network connection fails and upload it when connection
returns. Solar charging can reduce battery problems, but devices must be simple enough for local
technicians or trained youth to maintain.

The data integration layer combines sensor data with weather forecasts, satellite observations, crop
calendars, soil information, irrigation records, pest reports and farmer inputs. This layer is important
because no single source is enough. Soil moisture data may show stress, but the crop stage determines
whether stress is dangerous. Satellite NDVI may show weak growth, but farmer input may explain that
sowing was delayed. Weather forecasts may predict rain, but soil type determines whether irrigation
should be delayed. Integration converts isolated readings into meaningful information.

The AI analytics layer should include four modules. The first is a water-stress module that calculates
whether the crop is moving toward moisture deficit or waterlogging. The second is a yield-loss risk
module that estimates the probability of crop reduction based on crop stage, stress duration and severity.
The third is a pest and disease module that combines weather conditions, farmer reports and image
inputs. The fourth is an advisory-priority module that classifies alerts into low, medium and high
urgency. The output should not simply say that risk is present; it should explain the suggested action.
The advisory layer must be farmer-friendly. Recommendations should be available in Hindi and, where
possible, in locally familiar terms. For example, an irrigation alert for mustard should say: “Soil
moisture is low during flowering stage. Give life-saving irrigation within 24-48 hours if water is
available.” A drainage alert for guava should say: “Heavy rainfall and standing water detected. Open
drainage channels to protect roots and reduce fruit loss.” These messages can be delivered through SMS,
WhatsApp, IVR voice calls, a farmer mobile app, village display boards or extension-worker
dashboards.

The system also requires governance. Data ownership should remain with farmers or farmer groups.
Consent should be taken before collecting farm-level data. The system should not share individual farm
data with private companies without permission. Aggregated data can help district planning, but
individual farmer privacy must be protected. Al recommendations should be transparent enough for
extension workers to understand why an alert was generated. This is important because trust is the
foundation of adoption.
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Figure 1. Al- and loT-based smart adaptive agriculture architecture for Sawai Madhopur
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Figure 2. Adaptive crop-reduction monitoring cycle
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6. Crop-Wise Applications for Sawai Madhopur

A crop-reduction monitoring model for Sawai Madhopur should work as an early-warning and decision-
support system rather than a one-time yield prediction tool. The model can use a simple risk score that
combines water stress, crop-stage sensitivity, weather forecast, soil type, pest or disease probability and
farmer-reported symptoms. A risk score does not need to be complicated for the farmer. It can be shown
as green, yellow or red. Green means normal condition, yellow means watch and prepare, and red means
action is required.

For mustard, the system should focus on soil moisture, temperature, flowering-stage stress and pest or
disease signals. Mustard occupies the largest crop area in the KVK profile, so even small yield
improvements can have district-level importance. Irrigation scheduling should avoid both moisture stress
and unnecessary water use. If soil moisture falls below a defined threshold during flowering or pod
formation, the system can issue a life-saving irrigation advisory. If humidity and leaf wetness rise for
prolonged periods, disease monitoring can be intensified. If a farmer uploads photographs of affected
leaves or pods, an Al image model can provide a preliminary alert that an extension worker can verify.
For wheat, the system should monitor irrigation timing, heat stress and terminal-stage moisture
availability. Wheat productivity is strongly linked to irrigation at critical stages, but over-irrigation can
waste groundwater and energy. The advisory should consider soil type, recent rainfall, forecast rainfall
and crop stage. A sandy loam field may need irrigation earlier than a black soil field. A heat alert during
grain filling can guide farmers to irrigate if water is available and agronomically suitable.

For bajra, black gram and sesame, rainfall timing is central. These kharif crops are more exposed to
delayed monsoon, dry spells and intense rainfall events. The ICAR contingency plan’s recommendations
for delayed onset, mid-season drought and terminal drought can be converted into digital advisories. For
example, if rainfall is delayed by two or four weeks, the system can suggest short-duration varieties or
alternate sowing choices through the extension network. If a two-week dry spell occurs after sowing, the
system can recommend gap filling, thinning, mulching or life-saving irrigation where possible. If heavy
rainfall occurs, drainage and plant-protection alerts can be sent.

For gram and barley, the risk focus should be moisture conservation after kharif harvest and rabi sowing
decisions. The contingency plan suggests preparing harvested fields and conserving soil moisture for
rabi rainfed crops after terminal drought. An adaptive system can use post-monsoon soil moisture,
rainfall history and sowing-window advisories to support gram planning in rainfed areas.

For guava orchards, the system should include orchard-level modules. Guava needs monitoring for
irrigation, drainage, fruit quality, disease, pest incidence and post-harvest handling. A sensor-based
irrigation advisory can reduce water stress and improve fruit size. Drainage alerts after heavy rainfall can
protect roots and reduce orchard damage. Camera-based fruit maturity or grading support can help
farmers decide harvesting and marketing windows. Since guava has strong local market importance,
crop-reduction monitoring should include not only yield but also marketable quality and post-harvest
loss.

The system should also create a block-level dashboard for agriculture officers and KVK experts. The
dashboard can show risk maps, sensor status, crop-stage distribution, likely stress zones and advisory
history. It can help prioritize field visits. For example, if multiple sensor fields in a cluster show
moisture stress and satellite data shows declining vegetation index, extension workers can visit that
cluster first. This makes extension more targeted and efficient.
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Table 4. Crop-reduction indicators and smart advisories for Sawai Madhopur
Suggested digital
Crop/system Main risk Useful data inputs gfg £
advisory
Moisture stress, | Soil moisture, crop | Life-saving irrigation
Mustard pest/disease during | stage, temperature, | alert; disease
ustar . o .
flowering and pod | humidity, farmer | monitoring; pest
formation photos verification visit
. Soil moisture, | Irrigate  at  critical
Irrigation delay, heat
) ) temperature forecast, | stage; heat-stress alert;
Wheat stress, grain filling .
fress crop calendar, | avoid unnecessary
irrigation history rrigation
Rainfall, soil | Short-duration variety
. Delayed monsoon, dry | moisture, sowing date, | guidance; gap filling;
Bajra/pulses/sesame y ) Y ) s . 8 . 8ap 8
spell, waterlogging satellite vegetation | drainage after heavy
index rainfall
Low residual moisture | Post-monsoon Moisture conservation
Gram/barley after kharif, sowing- | moisture, rainfall | and  rabi  sowing
window risk history, soil type advisory
. Orchard soil moisture, | Irrigation scheduling;
Water stress, drainage, .
. . water level, weather, | drainage alert;
Guava orchards fruit quality loss, post- } )
camera/fruit maturity and harvest
harvest loss . . .
observations handling guidance

7. Implementation Strategy and Roadmap

A successful implementation in Sawai Madhopur should begin with a pilot rather than immediate
district-wide rollout. The first phase should create a baseline map. This map should include major crops,
soil types, irrigation sources, rainfall zones, guava orchard clusters, groundwater stress areas, and
locations of KVK or extension support. Existing secondary data can guide this mapping, while village-
level verification can update it.

The second phase should select pilot clusters. A practical design would include one mustard-wheat
cluster, one bajra-pulses-sesame cluster, and one guava orchard cluster. These clusters should not be
selected only because they are easy to access; they should represent different soil and irrigation
conditions. Farmer Producer Organizations, progressive farmers, self-help groups and panchayat-level
institutions can help identify participating farmers. Consent must be taken, and farmers should be told
clearly what data will be collected and how it will be used.

The third phase should install low-cost sensor units. A basic unit may include soil moisture, soil
temperature, air temperature and humidity sensors, a rain gauge and a communication module. For
orchards, a camera or leaf-wetness sensor can be added in selected demonstration plots. Not every
farmer needs a separate sensor in the beginning. A shared sensor model can serve a cluster of similar
fields if the crop, soil and irrigation conditions are comparable. This reduces cost and makes
maintenance easier.

The fourth phase should develop advisory rules and Al models. At the beginning, simple rule-based
advisories can be used because they are easier to explain and validate. For example, if soil moisture
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remains below threshold for a defined period at a critical crop stage, an alert is generated. As data
accumulate across seasons, machine-learning models can be trained to improve predictions. This gradual
movement from rules to Al is safer than deploying a complex model without local training data.

The fifth phase should create a farmer advisory system. Recommendations should reach farmers through
channels they already use. SMS and WhatsApp are practical, but voice messages may be necessary for
farmers who are less comfortable reading text. Advisory messages should be short, specific and
actionable. Extension workers should receive a more detailed version that includes the reason for the
alert, sensor reading, crop stage and suggested field verification.

Capacity building is essential. Farmers should be trained to understand sensor readings, interpret alerts,
report crop symptoms and maintain basic devices. Rural youth can be trained as “digital rishi mitras”
who help install sensors, take crop photographs, troubleshoot devices and support older farmers. KVK
can play a central role in training and validation because it already functions as a technology-transfer
institution.

The system should be linked with existing government schemes where possible. The Digital Agriculture
Mission provides a national direction for farmer-centric digital infrastructure, crop-sown registries and
decision support. PMKSY and micro-irrigation schemes can support water-use efficiency. Soil Health
Card data, weather services, crop insurance systems and e-NAM market information can be integrated
later. A district-level system becomes stronger when it does not work in isolation.

Monitoring and evaluation should be built into the pilot. Indicators should include sensor uptime,
number of advisories sent, farmer response rate, change in irrigation timing, reduction in visible stress,
pest-control response time, yield difference compared with baseline, and farmer satisfaction. For guava,
indicators should include fruit quality, loss during heavy rainfall, harvesting decisions and post-harvest
handling. The pilot should compare advised fields with similar non-advised fields to understand real
benefits.

Figure 4. Phased implementation roadmap for Sawai Madhopur

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Baseline mapping Cluster pilot Al validation Block scale-up ] District platform
3-4 months 1 kharif + 1 rabi seasonal calibration FPO/KVK dashboard J ‘ policy integration

Each phase showld include farmer consent, local-language training, sensor maintenance, and feedback meetings

Source. Author-created implementation roadmap for district-level piloting.

8. Expected Outcomes

The expected outcomes of the proposed system can be grouped into productivity, risk reduction,
resource efficiency and institutional learning. Productivity may improve because farmers receive timely
advice during critical crop stages. For example, mustard and wheat farmers can avoid moisture stress at
flowering or grain filling, while bajra and pulse farmers can respond faster to dry spells or waterlogging.
Guava growers can improve irrigation timing and drainage management, which can protect both yield
and fruit quality.
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Risk reduction is equally important. Crop reduction often begins silently before the farmer sees visible
damage. Soil moisture sensors can identify stress before wilting. Leaf-wetness and humidity data can
signal disease-conducive conditions before an outbreak becomes severe. Satellite data can identify weak
growth patches before harvest loss is complete. Early warnings allow farmers to act when action still
matters.

Water-use efficiency is a major expected benefit. In a state where groundwater stress is a serious
concern, irrigation cannot be increased without limits. The aim should be better irrigation, not simply
more irrigation. Sensor-based scheduling can reduce unnecessary irrigation in fields that still have
enough moisture and prioritize life-saving irrigation in fields under stress. This is especially relevant for
crops such as wheat and mustard and for guava orchards.

The system can also improve extension efficiency. Agriculture officers and KVK experts cannot visit
every field frequently. A risk dashboard can help them identify where field visits are most urgent. It can
also create a record of advisories and outcomes, which helps improve recommendations season by
season. Over time, the district can build its own agricultural data memory.

Market and post-harvest benefits are possible in horticulture. For guava, Al-supported maturity
monitoring, weather-based harvest alerts and post-harvest handling advisories can reduce losses and
improve marketable value. If a processing plant or value-addition chain develops, digital traceability and
quality grading may become useful for connecting farmers with processors.

Social benefits may also arise if the system is designed inclusively. Small farmers, women farmers and
tenant cultivators should have access to advisories, not only large landowners. Community sensor
models, village-level displays and voice advisories can make the system more equitable. Training rural
youth for sensor maintenance can create local employment and reduce dependence on external
technicians.

9. Limitations and Ethical Considerations

Despite its promise, an Al-IoT agriculture system has limitations. The first limitation is cost. Even low-
cost sensors require purchase, installation, calibration and maintenance. If the system depends only on
individual farmer investment, adoption may remain limited. Shared infrastructure through FPOs,
cooperatives, KVK demonstrations or government-supported pilots would be more realistic.

The second limitation is data reliability. Sensors can produce wrong readings if poorly installed or
damaged. Soil moisture readings vary with depth, soil texture and sensor placement. AI models trained
on poor data will produce poor recommendations. Therefore, data validation, calibration and periodic
field checking are necessary. The system must show confidence levels rather than pretending that every
prediction is certain.

The third limitation is connectivity. Some rural areas may face weak mobile networks or electricity
problems. The design should include offline storage, delayed upload and solar-powered devices. A
paper-based or voice-based backup advisory system may also be needed during network failure.

The fourth limitation is trust. Farmers may not follow digital recommendations if they conflict with
experience or if earlier advisories were wrong. Trust can be built through demonstration plots, local
extension support, transparent explanations and farmer feedback. AI should support farmers, not
command them.

The fifth limitation is data governance. Farm-level data can be sensitive because it may reveal crop
choices, production capacity, land condition and economic vulnerability. Clear rules are needed for
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consent, data sharing, private-sector access and anonymization. Without trust in data governance,
farmers may resist participation.

The sixth limitation is that technology cannot solve structural problems alone. Groundwater depletion,
market price fluctuation, input cost, land fragmentation and climate extremes require policy and
institutional responses. Al and IoT can improve monitoring and decision-making, but they cannot
replace water conservation, crop diversification, fair markets, insurance support and extension services.
Finally, the paper is based on secondary data and a conceptual design. Actual impact must be tested
through field pilots across seasons. Future research should collect primary data from selected villages,
install sensors in representative fields, compare advisories with farmer practices, measure yield and
income effects, and evaluate gender and social inclusion.

10. Conclusion

Sawai Madhopur has the agricultural diversity, risk exposure and institutional data base needed for a
district-level smart agriculture pilot. The district’s crops include mustard, wheat, bajra, black gram,
sesame, gram and guava, each with different sensitivity to water, weather, pests, disease and post-
harvest conditions. Existing secondary sources already identify important features: agro-climatic zones,
soil types, crop areas, production levels, irrigation status and contingency measures. The challenge is to
convert this scattered knowledge into timely field-level decisions.

An Al- and IoT-based smart adaptive agriculture system can help monitor crop reduction before losses
become irreversible. The proposed framework uses sensors, weather data, satellite observations, farmer
reports and Al analytics to produce simple advisories. It emphasizes local language communication,
extension verification, farmer consent and phased implementation. It also recommends crop-specific
modules rather than a one-size-fits-all model.

The central argument of this paper is that smart agriculture for Sawai Madhopur should be practical,
adaptive and inclusive. Technology should not be introduced only as a high-end solution for large
farmers. It should be designed as a shared service that strengthens farmers’ own knowledge, supports
KVK and extension workers, improves water-use decisions, reduces crop stress and builds resilience. If
implemented carefully through pilots and evaluated honestly, such a system can contribute to improved
farm productivity, reduced crop reduction and better agricultural sustainability in Sawai Madhopur,
Rajasthan.

References

1. Central Ground Water Board. (2023). Dynamic ground water resources of Rajasthan as on
31.03.2023. Ministry of Jal Shakti, Government of India. https://cgwb.gov.in/

2. Directorate of Economics & Statistics, Rajasthan. (2024). Agricultural statistics of Rajasthan, 2022—
23. Government of Rajasthan. https://rajas.rajasthan.gov.in/

3. Food and Agriculture Organization of the United Nations. (n.d.). Digital agriculture and Al:
Innovation at FAO. Retrieved April 26, 2026, from https://www.fao.org/innovation/digital-
agriculture-and-ai-innovation/en

4. ICAR-Central Research Institute for Dryland Agriculture, & Maharana Pratap University of
Agriculture and Technology. (2012). Agriculture contingency plan for district: Sawai Madhopur,
Rajasthan. https://www.icar-crida.res.in/

[JFMR260379654 Volume 8, Issue 3, May-June 2026 14



http://www.ijfmr.com/
https://cgwb.gov.in/
https://rajas.rajasthan.gov.in/?utm_source=chatgpt.com
https://www.fao.org/innovation/digital-agriculture-and-ai-innovation/en?utm_source=chatgpt.com
https://www.fao.org/innovation/digital-agriculture-and-ai-innovation/en?utm_source=chatgpt.com
https://www.icar-crida.res.in/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

5. International Telecommunication Union. (2024). Standardization gaps and roadmap for Al and loT
in digital agriculture. ITU-T Focus Group on Al for Agriculture. https://www.itu.int/

6. Krishi Vigyan Kendra, Sawai Madhopur. (n.d.). District profile. Agriculture University, Kota/Indian
Council of Agricultural Research. Retrieved April 26, 2026, from
https://sawaimadhopur.kvk?.in/district-profile.php

7. Mansoor, S., et al. (2025). Integration of smart sensors and IoT in precision agriculture. Frontiers in
Plant Science.

8. Miller, T., et al. (2025). The IoT and Al in agriculture: The time is now—A review. Sensors, 25(12),
3583.

9. Ministry of Agriculture & Farmers Welfare. (2024). Digital Agriculture Mission overview.
Government of India. https://agriwelfare.gov.in/en/DigiAgriDiv

10. Nsoh, B., et al. (2024). Internet of Things-based automated solutions utilizing machine learning for
smart and automated irrigation management. Sensors, 24(23), 7480.

11. Pradhan Mantri Krishi Sinchayee Yojana. (2017). District irrigation plan of Sawai Madhopur
district. Government of India. https://pmksy.gov.in/

12. Press Information Bureau. (2024, September 2). Cabinet approves the Digital Agriculture Mission

with an outlay of Rs. 2817 crore. Government of India. https://www.pib.gov.in/
13. Times of India. (2026, January). Guava fest held in Sawai Madhopur, processing unit to be set up.
The Times of India.

[JFMR260379654 Volume 8, Issue 3, May-June 2026 15



http://www.ijfmr.com/
https://www.itu.int/
https://sawaimadhopur.kvk2.in/district-profile.php?utm_source=chatgpt.com
https://agriwelfare.gov.in/en/DigiAgriDiv?utm_source=chatgpt.com
https://pmksy.gov.in/
https://www.pib.gov.in/

