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Foreword

Agriculture plays a vital role in Bangladesh’s economy. However, decreasing arable land,
declining soil fertility, a growing population, and the adverse impacts of climate
change-such as floods, droughts, and salinity-have placed the agricultural sector under
multiple challenges. In this context, to address existing issues in agriculture and to
formulate sustainable agricultural development plans, the Bangladesh Agricultural
Research Council (BARC) is implementing the Crop Zoning initiative.

As part of this initiative, the Khamari mobile app has been developed to deliver crop
production-related services and advisory support directly to farmers. Khamari is a
geospatial, technology-enabled smart agriculture application that assists farmers in making
informed, science-based decisions in crop production.

Field-level demonstration trials for rice and several other crops have already been
conducted to validate the effectiveness of the fertilizer recommendations provided by the
Khamari app. The results showed that following the app’s recommendations leads to
significant fertilizer savings and increases in yield. I am confident that the Khamari app
will play a vital role in strengthening Bangladesh’s rural economy, improving employment
opportunities, and enhancing food security by supporting the selection of suitable crops,
promoting balanced fertilizer use, and ensuring farmers’ access to modern agricultural
technologies.

I would like to express my sincere gratitude to all concerned from the Department of
Agricultural Extension (DAE), Bangladesh Agricultural Research Institute (BARI),
Bangladesh Rice Research Institute (BRRI), Bangladesh Institute of Nuclear Agriculture
(BINA), Soil Resource Development Institute (SRDI), and Bangladesh Wheat and Maize
Research Institute (BWMRI) for their overall cooperation in implementing the
demonstration trials on various crops during the Rabi and Kharif-1 seasons of 2022-23 and
2024-25 to evaluate the effectiveness of the Khamari app.

I also gratefully acknowledge the dedicated efforts and contributions of the Coordinator,
Principal Investigator, and all personnel involved in the Crop Zoning Project, whose
commitment has been instrumental in the project’s success.

Finally, I extend my heartfelt thanks to the Krishi Gobeshona Foundation (KGF) for
providing financial support to the Crop Zoning Project. I also express deep gratitude to the
collaborating institutions-the Soil Resource Development Institute (SRDI) and the Institute
of Water Modelling (IWM)-for their valuable cooperation in project implementation.
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(Dr. Md. Abdus Salam)
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Khamari Mobile App

1.0 Introduction

Bangladesh’s economy is predominantly agriculture-based, and a large portion of
the population depends on agriculture, either directly or indirectly, for their
livelihood. Agriculture is the foundation of the country’s rural economy,
employment, and food security. However, declining arable land, depleting soil
fertility, a growing population, and the impacts of climate change-such as floods,
droughts, and salinity-have created multiple challenges for the agricultural sector.

To address these challenges, it is essential to expand climate-resilient agricultural
technologies, promote balanced fertilizer use, cultivate crops suited to specific land
types, adopt improved crop management practices, strengthen farmer training and
access to modern technologies, and develop an efficient market system through
investments and policy support. Implementing these measures can make
Bangladesh’s agriculture more sustainable, profitable, and resilient to adverse
conditions.

The Bangladesh Agricultural Research Council (BARC) is implementing the Crop
Zoning activities with the aim of tackling existing challenges in the agriculture
sector and formulating sustainable agricultural production plans. The main
objective of this initiative is to support crop production planning and
implementation according to crop zoning, thereby contributing to food
self-sufficiency and ensuring food security for the growing population.

Crop zoning has been conducted using upazila-level data on soil, land, and
agro-climatic  conditions. A geospatial technology-based crop zoning
system-integrating GIS, RS, and GPS-has been developed to determine crop
suitability, provide fertilizer recommendations, suggest crop production
techniques, deliver crop varietal information, and estimate production cost and
profitability. The main components of this system include the Crop Zoning
Information System, Crop Zoning Dashboard, Agri-Advisory Portal, and the
Khamari Mobile App.

So far, crop suitability assessment, crop zoning, and fertilizer recommendation
development have been completed for 76 crops across 475 out of 495 upazilas of the
country. Crop zoning utilizes soil characteristics and land quality information
documented in the Upazila Nirdeshika developed by the Soil Resource
Development Institute (SRDI), combined with climatic data from the Bangladesh
Meteorological Department (BMD), and detailed information on crop varieties and
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production technologies for 76 crops provided by the National Agricultural
Research System (NARS) institutions. The Institute of Water Modelling (IWM) is
providing technical support for the development of the crop zoning system, and the
Krishi Gobeshona Foundation (KGF) is providing financial support to this initiative.

As part of the Crop Zoning activities, field-level demonstration trials have been
conducted for rice and various other crops to evaluate the effectiveness of the
fertilizer recommendations provided by the Khamari app. The results show that the
use of Khamari’s fertilizer recommendations leads to significant fertilizer savings
and yield increases. A report based on the results of the Boro and Aman rice
demonstration trials has already been published as a booklet.

Rice is the staple food crop of Bangladesh and is cultivated almost everywhere in
the country. Alongside rice, wheat, maize, jute, tea, potato, vegetables, fruits,
spices, and oilseed crops are also widely grown. Although the area under
cultivation for these crops remains relatively stable, their production has been
steadily increasing (Table-1).

Crop diversification is crucial to ensuring food and nutritional security. Sequential
cultivation of different crops on the same land through crop rotation helps maintain
soil fertility, improves soil structure, reduces pest and disease infestation, and
ultimately increases overall crop production.

Based on the positive results of fertilizer savings and yield increases achieved in the
demonstration trials of crops other than rice using the fertilizer recommendations
provided by the ‘Khamari’ app, an initiative has been taken to publish a separate
report. This will support policymakers in undertaking measures to encourage
farmers to follow the app’s fertilizer recommendations not only for rice but also for
other crops.

Table 1: Information on Cultivated Area and Production of Various Crops

Year 2021-22 2022-23 2023-24
Crop Cultivated | Production | Cultivated | Production | Cultivated | Production
Area (lakh (lakh Area (lakh (lakh Area (lakh (lakh
hectares) | metric tons) | hectares) | metric tons)| hectares) | metric tons)
Potato 4.64 101.45 4.55 104.32 4.57 106.01
Vegetables 4.55 50.10 4.63 53.64 5.05 55.39
Oilseeds 5.01 10.34 5.51 11.72 6.22 12.58
Pulses 3.75 4.32 3.56 4.40 3.47 4.29
Onion 2.05 25.17 2.04 25.47 2.08 29.17
Jute (bales) 7.21 84.32 7.29 84.58 7.23 95.81
Wheat 3.15 10.86 3.17 11.70 3.12 11.72
Maize 4.78 42.62 4.96 45.63 5.14 48.76

Source: Yearbook of Agricultural Statistics-2024 (BBS)
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2.0 Khamari Mobile App: A Technology-Based Initiative for Sustainable
Agricultural Development

The Khamari mobile app has been developed to deliver crop production-related
services and advisory support directly to farmers and other beneficiaries. Khamari
is a geospatial, technology-based smart agriculture application that helps farmers
make science-based decisions in crop production. By using the app and selecting
specific menu options while standing on their farmland, farmers can easily learn:

*  Which crops are suitable for their land and likely to produce higher yields;
*  How much fertilizer is required for selected crop;

* How much dolomite should be applied if soil acidity is high, etc.

In addition, the app provides information on crop production techniques, crop
varieties, estimates of production cost and profit, soil characteristics, soil fertility
status, cropping patterns and upazila-wise maps and area information on crop
suitability.

The Khamari app is fully developed in Bangla, making it easy to understand and
user-friendly for farmers. It is available for both Android and iPhone devices and
can be downloaded easily from the Google Play Store and Apple App Store.

With the goal of promoting sustainable agricultural development and increasing
productivity, the Khamari app serves as an important digital platform that
encourages and empowers farmers to practice science-based and profitable
agriculture.

3.0 Validation and Adoption of Fertilizer Recommendations Provided by the
Khamari App

To build awareness, trust and acceptance among farmers regarding the fertilizer
recommendations provided through the Khamari mobile app, a total of 155
demonstration trials on 15 crops have been conducted across the country since the
2022-23 fiscal year. These demonstration trials were implemented at the field level
with the support of the Department of Agricultural Extension (DAE) and various
institutions under the National Agricultural Research System (NARS). The main
objectives of these activities were:

» To validate the effectiveness of the fertilizer recommendations provided by
the Khamari app at the field level and

» To encourage farmers to apply fertilizers to their fields according to the app’s
recommendations.
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It is to be noted that, during 2022-23 and 2024-25, a total of 48 demonstration trials
on 14 different non-rice crops were implemented in the Rabi and Kharif-1 seasons
with the support of institutions under the NARS. The establishment, monitoring,
and overall guidance of these demonstrations were provided by the Bangladesh
Agricultural Research Council (BARC).

Detailed information on the implementation of demonstration trials is presented in
the following table (Table 2).

Table 2: Demonstration Trials by Season, Crop and Implementing Institutions

Cropping Season Name of Crops and Number of Institutions
and Year of Demonstration Trials within parenthesis | Conducted
Implementation the Trials
Rabi: 2022-23 Wheat (3), Maize (2), Potato (2), Mustard BARI, BINA,
(3), Lentil (2), Onion (2) SRDI,
BWMRI
Kharif-1: 2023 Jute (4), Sesame (2), Mung bean (1) BARI, BINA,
SRDI,
BWMRI
Rabi: 2024-25 Wheat (3), Maize (4), Potato (3), Mustard BARI BINA,
(2), Onion (4), Tomato (1), Brinjal (2), SRDI,
Country bean (1), Broccoli (1) BWMRI
Kharif-1: 2025 Yardlong Bean (1), Mung Bean (3), Jute (2) | BARI BINA,
SRDI

The above-mentioned demonstration trials were conducted across 12
Agro-Ecological Zones (AEZs), covering approximately 63% of the country’s total
cultivable land. The AEZ-wise cultivated area, percentage and key characteristics
are presented in Table 3.

Table 3: List of AEZs with their areas and key features

Agro-ecological |Cultivable Key features
Zone Area (ha);
Percent
Old Himalayan 373989 |HL (63%), MHL (36%), MLL (1%); Sandy loam (26%), Loam (57%),
Piedmont Plain (3.23%) |Clay loam (12%) soils; Strongly acidic (6%), Moderately acidic (94%);
(AEZ-1) Annual rainfall 1600 - 2500mm
Tista Meander 858957 |HL (38%), MHL (56%), MLL (5%), LL (1%); Predominately Loam
Floodplain (7.43%) |(83%), Clay loam (9%) soils; Moderately acidic (95%), Neutral (5%);
(AEZ-3) Annual rainfall 1500 - 2300mm
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Agro-ecological |Cultivable Key features
Zone Area (ha);
Percent
Young 518561 |HL (21%), MHL (47%), MLL (22%), LL (10%); Loam (44%), Clay
Brahmaputra and (4.49%) |loam (25%), Clay (40%) soils; Strongly acidic (1%), Moderately acidic
Jamuna Floodplain (69%), Neutral (30%); Annual rainfall 1500 - 2500mm
(AEZ-9)
Old Brahmaputra 651010 |HL (31%), MHL (39%), MLL (22%), LL (8%); Loam (38%), Clay
Floodplain (5.63%) |loam (8%), Clay (50%) soils; Strongly acidic (2%), Moderately acidic
(AEZ-8) (95%), Neutral (3%); Annual rainfall 2000 - 4000mm
High Ganges River | 1171049 |HL (48%), MHL (36%), MLL (14%), LL (2%); Loam (23%), Clay
Floodplain (10.13%) |loam (16%), Clay (61%) soils; Moderately acidic (43%), Neutral
(AEZ-11) (57%); Annual rainfall 1400 - 1800mm
Low Ganges River | 703547 |HL (14%), MHL (33%), MLL (35%), LL (16%), VLL (2%); Loam
Floodplain (6.09%) |(6%), Clay loam (15%), Clay (78%) soils; Moderately acidic (34%),
(AEZ-12) Neutral (66%); Annual rainfall 1600 - 2000mm
Ganges Tidal 957595 |HL (4%), MHL (94%), MLL (2%); Loam (6%), Clay loam (14%), Clay
Floodplain (8.28%) |(79%) soils; Extremely acidic (5%), Moderately acidic (71%), Neutral
(AEZ-13) (24%); Annual rainfall 1700 - 3300mm
Old Meghna 641220 |HL (2%), MHL (29%), MLL (39%), LL (26%), VLL (4%); Loam
Estuarine (5.55%) |(56%), Clay loam (12%), Clay (31%) soils; Moderately acidic (90%),
Floodplain Neutral (10%); Annual rainfall 2000 - 3000mm
(AEZ-19)
Northern and 364016 |HL (36%), MHL (35%), MLL (18%), LL (10%), VLL (1%); Sand
Eastern Piedmont (3.15%) |(2%), Sandy loam (10%), Loam (45%), Clay loam (13%) and Clay
Plain (28%) soils; Strongly acidic (17%), Moderately acidic (83%); Annual
(AEZ-22) rainfall 2000 - 5000mm
Level Barind Tract | 457752 |HL (33%), MHL (60%), MLL (5%), LL (2%); Loam (72%), Clay loam
(AEZ-25) (3.96%) |(23%), Clay (5%) soils; Strongly acidic (13%), Moderately acidic
(87%); Annual rainfall 1300 - 2000mm
High Barind Tract 150855 |HL (99%), MHL (1%); Loam (77%), Clay loam (20%), Clay (2%)
(AEZ-26) (1.30%) |soils; Strongly acidic (1%), Moderately acidic (96%), Neutral (3%);
Annual rainfall 1300 - 1400mm
Madhupur Tract 381512 |HL (61%), MHL (20%), MLL (8%), LL (11%); Loam (56%), Clay
(AEZ-28) (3.30%) |loam (24%), Clay (19%) soils; Strongly acidic (66%), Moderately
acidic (33%), Neutral (1%); Annual rainfall 2000 - 2300mm
Total 7230063 |HL-Highland, MHL-Medium Highland, MLL-Medium Lowland,
(62.54%) |LL-Lowland, VLL-Very Lowland

Source: Land Resources Appraisal of Bangladesh for Agricultural Development. FAO/UNDP Project (BGD/81/035), 1988




4.0 Review of Results from Khamari App-Based Demonstration Trials

Under the Crop Zoning activities, a total of 48 demonstration trials were conducted
to evaluate the effectiveness of fertilizer recommendations provided by the Khamari
mobile app. These trials were implemented by institutions under the National
Agricultural Research System (NARS) during the Rabi seasons of 2022-23 and
2024-25 on 10 crops and during the Kharif-1 season on 4 crops (Table 4).

Analysis of the results shows that, by following the fertilizer recommendations of
the Khamari app, farmers achieved 10.57% to 78.22% fertilizer savings and 0.84%
to 26.33% higher yields compared to their conventional practices for all crops
except wheat and maize. In the case of wheat and maize, although fertilizer use was
6-8% higher than farmers’ traditional practices, yields increased by 24.33% and
12.21%, respectively.

Table 4: Results of Validation of Fertilizer Recommendations Provided by the

Khamari App
SI. | Crop Name and Number Average Fertilizer | Khamari Yield (Ton/ha) Khe.lmari
No. of Demo Trials Cost (BDT/ha) Cost Yield
Compared Compared
Khamari | Farmer | to Farmer | Khamari | Farmer to Farmer
(+-) (+-)
1 | Potato (5 demos) 19,797 | 41,160 | -51.90% 28.09| 27.74 1.26%
2 | Onion (6 demos) 22,334 | 40,642 | -45.05% 18.06 17.91 0.84%
3 | Mustard (5 demos) 14316 | 16,636 | -13.95% 1.64 1.52 7.89%
4 | Jute (6 demos; bales) 9,993 | 13,682 | -26.96% 15.11] 13.78 9.67%
5 | Wheat (6 demos) 27,124 | 25,454 +6.56% 4.40 3.54 24.29%
6 | Maize (6 demos) 42,886 | 39,748 +7.89% 13.94 12.42 12.24%
7 | Mung Bean (4 demos) 8,283 | 14,733 | -43.78% 1.64 1.33 23.31%
8 | Lentil (2 demos) 3,057 4,553 | -32.86% 2.10 1.94 8.25%
9 | Sesame (2 demos) 10,799 | 12,076 | -10.57% 1.79 1.60 11.88%
10 | Brinjal (2 demos) 22,551 | 35,856 | -37.11% 30.19| 29.29 3.07%
11 | Tomato (1 demo) 24321 | 76,438 | -68.18% 5720 50.90 12.38%
12 | Yardlong Bean (1 demo) 7,523 | 34,535 -78.22% 8.06 6.38 26.33%
13 | Brocceoli (1 demo) 47,982 | 70,316 | -31.76% 19.69| 16.23 21.32%
14 | Country Bean (1 demo) 16,401 | 27,483 | -40.32% 11.15] 10.90 2.29%

Based on the trial results, the comparative fertilizer savings and yield differences
between Khamari app based fertilizer application and farmers’ conventional
practices are presented in Fig. 1 and Fig. 2. It is worth noting that in the
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demonstration trial, all agricultural practices and management activities were kept
the same for both the ‘Khamari’ plot and the farmer’s plot, except for the amount of

fertilizer applied.
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5.0 Fertilizer Savings through the Use of the Khamari App

Results from the demonstration trials conducted with the support from National
Agricultural Research System (NARS) institutions indicate that significant
fertilizer savings can be achieved by following the fertilizer recommendations of
the Khamari app. In contrast, fertilizer application in farmers’ practice plots
showed noticeable imbalance use; sometimes exceeding and at other times falling
short of, the recommended levels provided by the app.

The crop-wise fertilizer savings achieved through the use of the Khamari app are
presented in the following figures:

Potato (Fig. 3), Onion (Fig. 4), Mustard (Fig. 5), Jute (Fig. 6), Wheat (Fig. 7),
Maize (Fig. 8), Mung Bean (Fig. 9), Lentil (Fig. 10), Sesame (Fig. 11), Brinjal (Fig.
12), Tomato (Fig. 13), Yardlong Bean (Fig. 14), Broccoli (Fig. 15) and Country
Bean (Fig. 16).

5.1 Fertilizer Use in Potato Demonstration Trials

In potato demonstration trials, the per-hectare use of various fertilizers, such as
urea, TSP and MOP was significantly lower with Khamari app based
recommendations compared to traditional farmers’ practices. Specifically, the use
of urea decreased by 32%, TSP by 80% and MOP by 59% per hectare (Figure-3).
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Fig. 3: Average Fertilizer Use in Five Potato Demonstration Trials




5.2 Fertilizer Use in Onion Demonstration Trials

In the onion demonstration trials, fertilizer application per hectare, such as urea,
TSP, and MOP was significantly lower when following the Khamari app
recommendations compared with farmers’ conventional practices. Specifically, urea
use decreased by 45%, TSP by 70%, MOP by 70%, and gypsum by 20% (Fig. 4).
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Fig. 4: Average Fertilizer Use in Six Onion Demonstration Trials

5.3 Fertilizer Use in Mustard Demonstration Trials

In the mustard demonstration trials, the application of urea per hectare was higher
when following the Khamari app recommendations. However, the use of other
fertilizers, such as TSP, MOP, and gypsum was significantly lower compared with
farmers’ conventional practices. Specifically, TSP use decreased by 48%, MOP by
10%, and gypsum by 3% (Fig. 5).
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5.4 Fertilizer Use in Jute Demonstration Trials

In the jute demonstration trials, the application of various fertilizers-such as TSP
and MOP-per hectare was significantly lower when following the Khamari app
recommendations compared with farmers’ conventional practices. Specifically,
TSP use decreased by 81% and MOP by 22.5% (Fig. 6).
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Fig. 6: Average Fertilizer Use in Six Jute Demonstration Trials

5.6 Fertilizer Use in Wheat Demonstration Trials

In the wheat demonstration trials, the application of TSP fertilizer per hectare was
37% lower when following the Khamari app recommendations compared with
farmers’ conventional practices (Fig. 7).
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Fig. 7: Average Fertilizer Use in Six Wheat Demonstration Trials
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5.6 Fertilizer Use in Maize Demonstration Trials

In the maize demonstration trials, the application of fertilizers such as TSP and
MOP per hectare was significantly lower when following the Khamari app
recommendations compared with farmers’ conventional practices. Specifically,
TSP use decreased by 55% and MOP by 58% (Fig. 8).
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Fig. 8: Average Fertilizer Use in Six Maize Demonstration Trials

5.7 Fertilizer Use in Mung Bean Demonstration Trials

In the mung bean demonstration trials, the application of various fertilizers, such as
urea, TSP, MOP, and gypsum per hectare was significantly lower when following
the Khamari app recommendations compared with farmers’ conventional practices.
Specifically, urea use decreased by 66%, TSP by 51%, MOP by 57%, and gypsum
by 51% (Fig. 9).
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Fig. 9: Average Fertilizer Use in Four Mung Bean Demonstration Trials
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5.8 Fertilizer Use in Lentil Demonstration Trials

In the lentil demonstration trials, the application of various fertilizers per hectare,
such as TSP, MOP, and gypsum was significantly lower when following the
Khamari app recommendations compared with farmers’ conventional practices.
Although urea use was 26% higher, TSP decreased by 46%, MOP by 43%, and
gypsum by 66% (Fig. 10).
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Fig. 10: Average Fertilizer Use in Two Lentil Demonstration Trials

5.9 Fertilizer Use in Sesame Demonstration Trial

In the sesame demonstration trials, the application of various fertilizers per hectare,
such as MOP and gypsum was significantly lower when following the Khamari app
recommendations compared with farmers’ conventional practices. Although urea
use was 124% higher and TSP 6% higher, MOP decreased by 32% and gypsum by
10% (Fig. 11).
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Fig. 11: Average Fertilizer Use in Two Sesame Demonstration Trials

N -



5.10 Fertilizer Use in Brinjal Demonstration Trials

In the brinjal demonstration trials, the application of various fertilizers per hectare,
such as TSP and gypsum was significantly lower when following the Khamari app
recommendations compared with farmers’ conventional practices. Although urea
use was 7% higher and MOP 68% higher, TSP decreased by 74% and gypsum by
78% (Fig. 12).
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Fig. 12: Fertilizer Use in One Brinjal Demonstration Trial

5.11 Fertilizer Use in Tomato Demonstration Trial

In the tomato demonstration trials, the application of various fertilizers per hectare,
such as urea, TSP, MOP, and gypsum was significantly lower when following the
Khamari app recommendations compared with farmers’ conventional practices.
Specifically, urea use decreased by 47%, TSP by 37%, MOP by 75%, and gypsum
by 92% (Fig. 13).
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Fig. 13: Fertilizer Use in One Tomato Demonstration Trial
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5.12 Fertilizer Use in Yardlong Bean Demonstration Trial

In the yardlong bean demonstration trials, the application of various fertilizers per
hectare, such as urea, TSP, MOP, and gypsum was significantly lower when
following the Khamari app recommendations compared with farmers’ conventional
practices. Specifically, urea use decreased by 70%, TSP by 74%, MOP by 77%, and
gypsum by 70% (Fig. 14).
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Fig. 14: Fertilizer Use in One Yardlong Bean Demonstration Trial

5.13 Fertilizer Use in Broccoli Demonstration Trial

In the broccoli demonstration trials, the application of various fertilizers per
hectare, such as urea, TSP, MOP, and gypsum was significantly lower when
following the Khamari app recommendations compared with farmers’ conventional
practices. Specifically, urea use decreased by 3%, TSP by 48%, MOP by 30%, and
gypsum by 27% (Fig. 15).

239 247

164

27% savings

82
60
m

48% savings

Urea TSP MOP Gypsum

Average Fertilizer use
(Kg/ha)

m Fertilizer Use- Khamari App u Fertilizer Use- Farmer Practice

Fig. 15: Fertilizer Use in One Broccoli Demonstration Trial
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5.14 Fertilizer Use in Country Bean Demonstration Trial

In the country bean demonstration trials, the application of various fertilizers per
hectare, such as urea, TSP, MOP, and gypsum was significantly lower when
following the Khamari app recommendations compared with farmers’ conventional
practices. Specifically, urea use decreased by 68%, TSP by 43%, MOP by 39%, and
gypsum by 66% (Fig. 16).
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Fig. 16: Fertilizer Use in One Country Bean Demonstration Trial

6.0 Economic Impact Assessment of Fertilizer Recommendations Provided by
the Khamari Mobile App

The effectiveness of the fertilizer recommendations provided by the Khamari
Mobile App was assessed through a total of 48 demonstration trials covering 14
different crops. Analysis of the trial results demonstrates that adherence to the app’s
fertilizer recommendations substantially reduces fertilizer expenditures while
simultaneously enhancing crop yields, thereby contributing to improved economic
returns for farmers (Table 5).

6.1 Potato

Analysis of the results from 5 potato demonstration trials conducted during the
Rabi seasons of 2022-23 and 2024-25 shows that, compared with farmers’
conventional practices, the use of Khamari app fertilizer recommendations saved
BDT 21,363 per hectare on fertilizer costs and increased yield by 350 kg per
hectare (Table 5).

According to data from the Bangladesh Bureau of Statistics (BBS) for the fiscal
year 2023-24, the average market price of potato was BDT 22.57 per kg. Thus, the
financial value of the increased yield per hectare amounts to BDT 7,899, resulting
in a total additional financial gain of BDT 29,262 per hectare.
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The Yearbook of Agricultural Statistics-2024 (BBS) reports that in 2023-24, the
total area under potato cultivation in Bangladesh was 456,979 hectares, with a total
production of 10,601,182 metric tons. If all potato fields had followed the Khamari
app fertilizer recommendations, an estimated BDT 13,370 million in additional
financial gains could have been achieved at the national level.

6.2 Onion

Analysis of 6 demonstration trials conducted on onion during the Rabi seasons of
2022-23 and 2024-25 shows that, compared with farmers’ conventional practices,
using the Khamari app fertilizer recommendations saved BDT 18,308 per hectare
on fertilizer costs and increased yield by 150 kg per hectare (Table 5).

According to data from the Bangladesh Bureau of Statistics (BBS) for the fiscal
year 2023-24, the average market price of onion was BDT 45.21 per kg. Therefore,
the financial value of the increased yield per hectare amounts to BDT 6,782
resulting in a total additional financial gain of BDT 25,090 per hectare.

The Yearbook of Agricultural Statistics-2024 (BBS) reports that in 2023-24, the
total area under onion cultivation in Bangladesh was 207,817 hectares, with a total
production of 2.917 million metric tons. If all onion fields had followed the
Khamari app fertilizer recommendations, an estimated BDT 5,210 million in
additional financial gains could have been achieved at the national level.

6.3 Mustard

Analysis of 5 mustard demonstration trials conducted during the Rabi seasons of
2022-23 and 2024-25 shows that, compared with farmers’ conventional practices,
using the Khamari app fertilizer recommendations saved BDT 2,320 per hectare on
fertilizer costs and increased yield by 120 kg per hectare (Table 5).

According to BBS data for 2023-24, the average market price of mustard was BDT
63.88 per kg, so the financial value of the increased yield per hectare amounts to
BDT 7,665, resulting in a total additional financial gain of BDT 9,985 per hectare.

The Yearbook of Agricultural Statistics-2024 (BBS) reports that in 2023-24, the
total area under mustard cultivation in Bangladesh was approximately 462,986
hectares, with a total production of 640,000 metric tons. If all mustard fields had
followed the Khamari app fertilizer recommendations, an estimated BDT 4,620
million in additional financial gains could have been achieved at the national level.

6.4 Jute

Analysis of 6 jute demonstration trials conducted during the Kharif-1 seasons of
2022-23 and 2024-25 shows that, compared with farmers’ conventional practices,
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using the Khamari app fertilizer recommendations saved BDT 3,689 per hectare on
fertilizer costs and increased yield by 290 kg per hectare (Table 5).

According to BBS data for 2023-24, the average market price of jute was BDT
50.81 per kg. Therefore, the financial value of the increased yield per hectare
amounts to BDT 14,735, resulting in a total additional financial gain of BDT
18,424 per hectare.

The Yearbook of Agricultural Statistics-2024 (BBS) reports that in 2023-24, the
total area under jute cultivation in Bangladesh was approximately 723,639
hectares, with a total production of 9.581 million metric tons. If all jute fields had
followed the Khamari app fertilizer recommendations, an estimated BDT 13,330
million in additional financial gains could have been achieved at the national level.

6.5 Wheat

A review of the effectiveness of fertilizer recommendations provided by the
‘Khamari’ mobile app, based on the analysis of six demonstration trials conducted
on wheat during the Rabi seasons of 2022-23 and 2024-25, shows that compared to
conventional farmer practices, using the app’s fertilizer recommendations
increased fertilizer cost by BDT 1,670 per hectare but generated an additional yield
of 860 kg per hectare (Table 5).

According to the data for FY 2023-24 published by the Bangladesh Bureau of
Statistics (BBS), the average market price of wheat was BDT 38.19 per kg.
Therefore, the financial value of the increased yield is BDT 32,843, meaning that
after deducting the additional fertilizer cost, the net financial gain per hectare is
BDT 31,173.

Based on the Yearbook of Agricultural Statistics-2024 (BBS), the total area under
wheat cultivation in the country during FY 2023-24 was approximately 311,551
hectares, with a total production of 1.172 million metric tons. If fertilizer had been
applied across this entire area according to the Khamari app recommendations, the

estimated additional financial gain at the national level would have been BDT
9,700 million.

6.6 Maize

A review of the effectiveness of fertilizer recommendations provided by the
‘Khamari’ mobile app, based on the analysis of six demonstration trials conducted
on maize during the Rabi seasons of 2022-23 and 2024-25, shows that compared to
conventional farmer practices, using the app’s fertilizer recommendations
increased fertilizer cost by BDT 3,138 per hectare but generated an additional yield
of 1,520 kg per hectare (Table 5).
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According to the data for FY 2023-24 published by BBS, the average market price
of maize was BDT 24.35 per kg. Therefore, the financial value of the increased
yield is BDT 37,012, meaning that after deducting the additional fertilizer cost, the
net financial gain per hectare is BDT 33,874.

Based on the Yearbook of Agricultural Statistics-2024 (BBS), the total area under
maize cultivation in the country during FY 2023-24 was approximately 514,791
hectares, with a total production of 4.876 million metric tons. If all this area had
applied fertilizer according to the ‘Khamari’ app recommendations, an estimated
additional financial gain of BDT 17,430 million could have been achieved at the
national level.

6.7 Mung Bean

A review of the effectiveness of fertilizer recommendations provided by the
‘Khamari’ mobile app, based on the analysis of four demonstration trials conducted
on mung bean during the Kharif-1 seasons of 2022-23 and 2024-25, shows that
compared to conventional farmer practices, using the app’s fertilizer
recommendations saved BDT 6,450 per hectare in fertilizer cost and generated an
additional yield of 310 kg per hectare (Table 5).

According to the data for FY 2023-24 published by BBS, the average market price
of mungbean was BDT 70.2 per kg. Therefore, the financial value of the increased
yield is BDT 21,762, meaning that the net financial gain per hectare is BDT 28,212.

Table 5: Crop-wise economic impact of using fertilizer reccommendations from

the Khamari app
Crop | Season | No. | Fertilizer |Increased| Minimum | Price of Total Total Potential
of Cost Yield Average Increased | Financial | Cultivated Total
Demo | Compared | (kg/ha) Market Yield | Gain per Area Fsncl
to Farmer’s Price (BDT/ha) | Hectare | (ha)** Gain
Practices Received by (BDT) (Million
(BDT/ha) Farmers BDT)
(BDT/kg)*

Potato | Rabi 5 -21,363 350 22.57 7,899 29,262 | 456,979 13,370
Onion |Rabi 6 -18,308 150 4521 6,782 25,090 | 207,817 5,210
Mustard | Rabi 5 -2,320 120 63.88 7,665 9,985 | 462,986 4,620
Jute Kharif-1 6 -3,689 290 50.81 14,735 18,424 | 723,639 13,330
Wheat |Rabi 6 +1,670 860 38.19 32,843 31,173 | 311,551 9,700
Maize |Rabi 6 +3,138 1,520 24.35 37,012 33,874 | 514,791 17,430
Mung |Kharif-1 | 4 -6,450 310 70.20 21,762 28,212 49,079 1,380

Bean

Source: *Bangladesh Bureau of Statistics (BBS, 2024), ** Yearbook of Agricultural Statistics-2024 (BBS)
Note: (+) indicates additional cost, ( -) indicates cost savings
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Based on the Yearbook of Agricultural Statistics-2024 (BBS), the total area under
mungbean cultivation in the country during FY 2023-24 was approximately 49,079
hectares, with a total production of 45,000 metric tons. If all this area had applied
fertilizer according to the ‘Khamari’ app recommendations, an estimated additional
financial gain of BDT 1,380 million could have been achieved at the national level.

Since only one or two demonstration trials were conducted for the following crops,
the financial benefits per hectare derived from the additional yield and fertilizer
savings achieved through Khamari app—based fertilizer application compared to
farmers’ conventional practices have been presented for these crops. The potential
financial gains at the national scale have not been included.

6.8 Lentil

A review of the effectiveness of fertilizer recommendations provided by the
‘Khamari’ mobile app, based on the analysis of two demonstration trials conducted on
lentil during the Rabi season of 2022-23, shows that compared to conventional farmer
practices, using the app’s fertilizer recommendations saved BDT 1,496 per hectare in
fertilizer cost and generated an additional yield of 160 kg per hectare (Table 6).

According to the data for FY 2023-24 published by BBS, the average market price
of lentil was BDT 72.71 per kg. Therefore, the financial value of the increased yield
is BDT 11,634, meaning that the net financial gain per hectare is BDT 13,130.

6.9 Sesame

A review of the effectiveness of fertilizer recommendations provided by the
‘Khamari’ mobile app, based on the analysis of two demonstration trials conducted
on sesame during the Kharif-1 season of 2023, shows that compared to
conventional farmer practices, using the app’s fertilizer recommendations saved
BDT 1,277 per hectare in fertilizer cost and generated an additional yield of 190 kg
per hectare (Table 6).

According to the data for FY 2023-24 published by BBS, the average market price
of sesame was BDT 84.86 per kg. Therefore, the financial value of the increased
yield is BDT 16,123, meaning that the net financial gain per hectare is BDT 17,400.

6.10 Brinjal

To verify the effectiveness of fertilizer recommendations provided by the
‘Khamari’ app, two demonstration trials were conducted on brinjal during the Rabi
season of 2024-25. The analysis shows that compared to conventional farmer
practices, using the app’s fertilizer recommendations saved BDT 13,305 per
hectare in fertilizer cost and increased yield by 900 kg per hectare (Table 6).
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According to data for FY 2023-24 published by the Bangladesh Bureau of Statistics
(BBS), the average market price of brinjal was BDT 24.18 per kg. Therefore, the
financial value of the increased yield per hectare is BDT 21,762, generated a total
net financial gain of BDT 35,067 per hectare.

6.11 Tomato

To verify the effectiveness of fertilizer recommendations provided by the
‘Khamari’ app, one demonstration trial was conducted on tomato during the Rabi
season of 2024-25. The analysis shows that compared to conventional farmer
practices, using the app’s fertilizer recommendations saved BDT 52,117 per hectare
in fertilizer cost and increased yield by 6,300 kg per hectare (Table 6).

According to data for FY 2023-24 published by BBS, the average market price of
tomato was BDT 13.5 per kg. Therefore, the financial value of the increased yield
per hectare is BDT 85,050, generated a total net financial gain of BDT 137,167 per
hectare.

6.12 Yardlong Bean

To verify the effectiveness of fertilizer recommendations provided by the
‘Khamari’ app, one demonstration trial was conducted on yardlong bean during the
Rabi season of 2024-25. The analysis shows that compared to conventional farmer
practices, using the app’s fertilizer recommendations saved BDT 27,012 per
hectare in fertilizer cost and increased yield by 1,680 kg per hectare (Table 6).

According to data for FY 2023-24 published by BBS, the average market price of
yardlong bean was BDT 17.82 per kg. Therefore, the financial value of the
increased yield per hectare is BDT 29,938, generated a total net financial gain of
BDT 56,950 per hectare.

6.13 Broccoli

To verify the effectiveness of the fertilizer recommendations provided by the
‘Khamari’ app, a demonstration trial was conducted on broccoli during the Rabi
season of 2024-25. The review of the trial results shows that, compared to the
farmer’s conventional practice, the use of the ‘Khamari’ app’s fertilizer
recommendation saved BDT 22,334 per hectare in fertilizer cost and increased
yield by 3,460 kg per hectare (Table 6).

According to the data published by BBS for the fiscal year 2023-24, the average
market price of broccoli was BDT 20 per kg. Based on this price, the additional
yield corresponds to a monetary value of BDT 69,200 per hectare, resulting in a
total net financial gain of BDT 91,534 per hectare.
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6.14 Country Bean

To verify the effectiveness of fertilizer recommendations provided by the
‘Khamari’ app, one demonstration trial was conducted on country bean during the
Rabi season of 2024-25. The analysis shows that compared to conventional farmer
practices, using the app’s fertilizer recommendations saved BDT 11,082 per hectare
in fertilizer cost and increased yield by 250 kg per hectare (Table 6).

According to data for FY 2023-24 published by BBS, the average market price of
country bean was BDT 23.6 per kg. Therefore, the financial value of the increased
yield per hectare is BDT 5,900, generated a total net financial gain of BDT 16,982
per hectare.

Table 6: Cropwise per-hectare profit from using the Khamari app’s fertilizer

recommendations
Crop Season | No. of | Fertilizer Cost |Increased| ~ Minimum Price of Total
Demo | Comparedto | Yield | Average Market | Increased |Financial Gain

Farmer’s (kg/ha) | Price Received Yield per Hectare
Practices by Farmers (BDT/ha) (BDT)
(BDT/ha) (BDT/kg)*

Lentil Rabi 2 -1,496 160 72.71 11,634 13,130

Sesame Kharif-1 | 2 -1,277 190 84.86 16,123 17,400

Brinjal Rabi 2 -13,305 900 24.18 21,762 35,067

Tomato Rabi 1 52,117 6,300 13.50 85,050 137,167

Yardlong Bean |Kharif-1 1 -27,012 1,680 17.82 29,938 56,950

Broccoli Rabi 1 22,334 3,460 20.00 69,200 91,534

Country Bean |Rabi 1 -11,082 250 23.60 5,900 16,982

Source: * Yearbook of Agricultural Statistics-2024 (BBS)
Note: (-) indicates cost savings

The results of the demonstration trials show that:

» Following the fertilizer recommendations of the ‘Khamari’ app resulted in
fertilizer cost savings ranging from an average of 10% up to 78%, clearly
indicating improved efficiency in fertilizer use.

* In wheat and maize, although fertilizer application was 6-8% higher than
conventional farmer practices, yields increased by 24.33% and 12.21%,
respectively, ensuring substantial overall financial gains.

* The economic impact for seven crops-potato, onion, mustard, jute, wheat,
maize, and mungbean shows that if the Khamari app’s fertilizer
recommendations were applied across the entire cultivated area, an estimated
additional financial gain of BDT 65,040 million could be achieved.
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» For the other seven crops (lentil, sesame, brinjal, tomato, yardlong bean,
broccoli, and country bean), both fertilizer cost savings and increased yields
have had a highly positive economic impact.

Overall, the results of the demonstration trials clearly indicate that the fertilizer
recommendation module of the Khamari mobile app ensures scientific and
location-specific fertilizer application, which is highly effective in both reducing
farmers’ input costs and increasing crop production.

A comparative analysis of the average productivity from Khamari app based
demonstration trials and the national average productivity presented in Table 7
shows that, by following the app’s recommendations, yield increases of 15% to
47% were achieved across different crops.

Table 7: Comparison of average productivity in Khamari app based
demonstration trials and national productivity (BBS 2024) for some
selected crops

S1. Crop Khamari app- | National Productivity Khamari app-based

No. based Productivity (Ton/ha) Increased Yield compared
(Ton/ha) BBS-2024 to National Yield (%)

1 |Potato 28.09 23.20 21.08

2 |Onion 18.06 14.03 28.72

3 |Mustard 1.64 1.38 18.84

4 |Jute (*bales) 15.11* 13.24* 14.12

5 |Wheat 4.40 3.76 17.02

6 |Maize 13.94 9.47 47.20

These findings highlight the potential of the Khamari app as a practical tool for
promoting cost-efficient and sustainable agricultural practices. By encouraging
farmers to adopt balanced fertilizer use, the app contributes directly to sustainable
agriculture. Large-scale dissemination of this technology could substantially
enhance productivity, profitability, and food security within the agricultural sector.

7.0 Conclusion

The ‘Khamari’ mobile app provides guidance on balanced fertilizer use based on
land characteristics, crop suitability, and soil fertility. As a result, it not only
increases crop yields but also plays a crucial role in sustainable agricultural
development through soil health preservation and efficient resource utilization. The
results of the demonstration trials clearly indicate that technology-driven
agricultural management; particularly fertilizer application guidance based on the
‘Khamari’ app, is effective in reducing fertilizer costs, increasing yields, and
ensuring long-term sustainable agriculture.
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In this context, rapid dissemination and popularization of the ‘Khamari’ mobile app
at the field level is essential. Through awareness campaigns, training, and
user-friendly service delivery, the app’s adoption among farmers can be increased,
establishing it as a milestone in the application of Fourth Industrial Revolution
(4IR) technologies in agriculture and making a significant contribution to the
country’s food security.

Overall, the ‘Khamari’ app has opened a new horizon for technological adaptation
in Bangladesh’s agriculture. It assists farmers in making information-based,
scientific, and precise decisions, making the agricultural system more modern,
efficient, and sustainable.
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