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largest growth of production occurred for rice followed by maize. On the other
Cereals hand, wheat shows a negative growth rate in terms of production that can be
Bangladesh attributed to decline in the area of wheat. It is notable that the growth of maize
Linear Regression area, production and yield outpaced wheat. The growth rate of rice, maize and
wheat production were 596.2, 293.9 and - 33.5 respectively. The district of
Mymensing had the highest production of rice during the study period. The
number of high producing districts of wheat have not increased, but high maize
production districts have doubled. The study suggests policy must be adopted
to revive wheat production for national food security purposes and emphasis
must be given for maintaining stability of rice and maize production.
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INTRODUCTION

Agriculture has a crucial role in the economy of Bangladesh, with rice, wheat, and
maize being the primary staple crops. Understanding the growth rates of these crops
at national and regional levels is essential for policy makers, farmers, and stakeholders
to improve productivity, ensure food security, and implement sustainable agricultural
practices. Rice is the principal staple food in Bangladesh, serving as the primary source
of nutrition for the majority of the population. The country has a long history of rice
cultivation, and its production plays a significant role in both food security and the
economic development of the nation. Over the years, numerous studies have been
conducted to analyze the growth of rice production in Bangladesh, exploring factors
such as agricultural policies, technological advancements, climate change, land use,
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and socioeconomic influences (Kamruzzaman et al., 2006; Hassan et al., 2008; Hussain,
2010; Rahman, 2010; Amin et al., 2015; Rahman and Barmon, 2015). An understanding
of the likely magnitude and distribution of future cereal yields is required to prevent
or prepare for future food shortages (Hafner, 2003).

Hafner (2003) analyzed the growth of maize, rice and wheat yields of 188 nations,
recording average global growth of 62 kg per hectare (maize), 43 kg per hectare
(wheat), and 57 kg per hectare (rice) respectively. Finger’s (2010) study showed a
slower growth of cereals in Switzerland. Brisson et al. (2010) explained the climatic
and agronomic factors responsible for slowing yield growth of cereals in France.

Al Mamun et al. (2024) highlight that Boro rice production contributes nearly one
percent to the national rice output with its growth rate surpassing that of Aus and
Aman rice, which each grow at a rate of less than 0.5 percent annually. Khushi et al.
(2020) further emphasize the increasing trend in Boro rice cultivation, which has seen
a growth rate of 4.4 percent per year, outpacing both Aus and Aman varieties. At the
regional level, Al Mamun et al. (2024) observed that Mymensing, Rangpur, Bogura,
Jashore, Rajshahi, and Chattogram were the top rice-producing regions in Bangladesh.
Similarly, Syem and Chowdhury (2011) identified Rangpur, Sylhet, Rajshahi,
Mymensing, and Comilla as key rice-producing areas. These studies collectively reflect
the regional disparities in rice production, with certain areas emerging as major
contributors. Moreover, Al Mamun et al. (2024) found that Gopalgonj and Dhaka had
the highest average yields, whereas Patuakhali recorded the lowest. This suggests that
regional variations in climatic and soil conditions, as well as farming practices,
influence rice productivity across Bangladesh.

Wheat production in Bangladesh has experienced slower growth compared with rice
and maize. Rahman and Hasan (2009) reported a modest increase in wheat yields from
0.9 tons per hectare (t/ha) to 1.5 t/ha over a 36-year period. They noted that
environmental factors and farming conditions play a significant role in influencing
wheat productivity. Despite this growth, wheat remains a secondary crop in
Bangladesh, with production growth lagging behind that of other cereals. Poudel and
Chen (2012) examined the yield trends of wheat, rice, and maize in South Asia, noting
that wheat experienced slower growth compared with maize. Their findings highlight
the need for policy interventions to boost wheat yields and address the challenges
posed by stagnating growth in the country's wheat sector.

Maize production has gained increasing importance in Bangladesh in recent years.
Hasan et al. (2008) found a significant growth in maize production, outpacing wheat
in terms of yield at the national level. Similarly, Rahman and Rahman (2014)
conducted a study involving 300 farmers and found that maize ranked first in terms
of yield and return, surpassing both rice and wheat. This trend is indicative of maize's
rising importance as a food and feed crop in Bangladesh. The studies by Poudel and
Chen (2012) also highlighted that maize exhibited a faster growth rate compared with
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wheat, contributing positively to food security. However, challenges remain in
stabilizing maize yields to ensure a consistent supply for the growing demand. The
role of these cereals in ensuring food security in Bangladesh has been widely discussed
in the literature. Sers and Mughal (2020) identified that increases in cereal production
and yield are significantly linked to reductions in the prevalence of undernourishment.
Specifically, one percent increase in cereal production is associated with up to a 0.84
percent decrease in undernourishment rates. This underscores the critical role that
improved productivity of rice, wheat, and maize plays in addressing food insecurity
in the country. The current study will investigate the production pattern of rice, wheat
and maize as these cereals make a major contribution to the supply side of food
security in Bangladesh.

MATERIALS and METHODS

Bangladesh is located in South Asia, sharing borders with India to the west, north, and
east, and with Myanmar to the southeast. The country is bounded to the south by the
Bay of Bengal. Geographically lies between 20°34' and 26°38' North latitude and 88°01"
and 92°41' East longitude, encompassing an area of approximately 147,570 square
kilometers. Administratively, Bangladesh is divided into 64 districts. The country is
characterized by a tropical monsoon climate, and nearly 80% of its land area is
composed of floodplains, making it highly conducive to agriculture. According to
global production rankings in 2022, Bangladesh was the third-largest producer of rice,
ranked 49th in wheat production, and 27th in maize production.

This study utilizes time series data on the production of rice (Oryza sativa), wheat
(Triticum aestivum), and maize (Zea mays), collected from the Bangladesh Bureau of
Statistics (BBS) at both national and district levels. The dataset spans the period from
2014-15 to 2022-23. We have collected rice,wheat and maize data from the Yearbook
Book of Agricultural Statistics and then these data have been aggregated and
processed by SPSS (Statistical Package for the Social Sciences) and Microsoft Excel.

For regional-level analysis, ArcView GIS software was applied. It has been used
ArcMap version 10.8 to produce the maps and quantities classification (in symbology)
tools have been used for regional production analysis.

To analyze the correlation at the national level, a Linear Regression Model was fitted
to the data. The model used is based on the one suggested by Hafner (2003) and Finger
(2010), as follows:

Yt=B0+p1t (1)
where,

Yt = Predicted value of t, t=Time index, 30 = Model intercept, f1 = Annual Change
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RESULTS and DISCUSSION
National Trend of Cereal Production

Rice production has experienced significant growth from 2014-15 to 2022-23, with an
average growth rate 596,200 metric tons per year during this time (Figure 1). Although
the total area for rice cultivation did not increase remarkably, substantial
improvements were seen in both production and yield of rice. For Boro rice, on average
production increased by 230,900 metric tons per year, and the yield by 15.46 kg /acre
during this period (Figure 2), though the cultivated area did not expand notably. In
contrast, the average growth rate for Aman rice production was 252,300 metric tons
per year, with a yield rate of 14.78 kg/acre. The area for Aman rice cultivation increased
on average 44,910 acres per year, much higher than that of Boro (Figure 3). For Aus
rice, production increased by 112.900 metric tons per year, but the area increased by
50,750 acres during the study period. However, the yield rate for Aus rice remained
relatively low at 10.33 kg/acre (Figure 4).

Among the three rice varieties, Aman experienced the highest growth rate in
production with 252,300 metric tons per year (Table 1), while Aus had the largest
increase in area. Interestingly, the yield rates of Aman and Boro were almost identical.

—— Area Production —l— Yield
Linear (Area ) Linear ( Yield)

Linear (Production)

40000 — o ) - 1400
Y p=33300+506.2T(2014-15t02022-23)

R2=0.879 /""‘

P

35000 — - 1350

Y a=27761+124.1T(2014-15to2022-23)

30000 R==10.394 - 1300

}
¢
Yield (kg) per acre

R==0.781

25000 - 1250

20000 T T T T T T T T 1200

Productionin (000)metrictons and area in (000) acres

2014-15
2015-16
2016-17
2017-18
2019-20
2020-21
2021-22
2022-23

T

Figure 1. Total area, production and yield of Rice 2014-2015 to 2022-2023 (Source:
Produced using BBS data, 2016, 2018 and 2023)
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Figure 2. Total area, production and yield of Boro Rice 2014-2015 to 2022-2023 (Source:
Produced using BBS data, 2016, 2018 and 2023)
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Figure 3. Total area, production and yield of Aman Rice 2014-2015 to 2022-2023
(Source: Produced using BBS data 2016, 2018 and 2023)
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Figure 4. Total area, production and yield of Aus Rice 2014-2015 to 2022-2023 (Source:
Produced using BBS data 2016, 2018 and 2023)

In contrast, negative slope coefficients of both area and production for wheat showed
declining trends over the study period (Figure 5). However, the yield of wheat
increased by 26.45 kg/acre. In the case of maize, slope coefficients of area, production
and yield are 56,350 acres, 293,900000 metric tons, and 106.3 kg/acre respectively.
These values indicate their rapid growth in the period. The yield rate of maize grew
more than four times higher than that of wheat (Table 1). In the case of wheat, the
result is consistent with BARI (2010), Larson et al. (2004), Poudel and Chen (2012), and
Calderini and Slafer (1998). In the case of maize, the result is consistent with Hafner
(2003), Podel and Chen (2012), and Larson et al. (2004). Boro rice and wheat are
competing against each other, but Boro rice is more profitable compared with wheat
(Morris et al., 1996; Morris et al., 1997; BARI, 2010). In addition, farmers allocate more
fertile land to Boro rice which result less productivity of wheat (Poudel and Chen,
2012).
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Figure 5. Total area, production and yield of wheat, 2014-2015 to 2022-2023 (Source:
Produced using BBS data 2016, 2018 and 2023)
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Figure 6. Total area, production and yield of maize, 2014-2015 to 2022-2023 (Source:
Produced using BBS data 2016, 2018 and 2023)
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Table 1. Annual growth rate of cereal production, area and yield in Bangladesh by
fitting linear trend line, 2014-15 to 2022-23

Periods Cereal Production Area Yield

Rice 596.2 124.1 15.55

2014-15 to 2022-23 Wheat -33.65 -43.66 26.45
Maize 293.9 56.35 106.3

Aus 112.9 50.75 10.33

2014-15 to 2022-23 Aman 252.3 4491 14.78
Boro 230.9 28.51 15.46

Finally, rice exhibited the highest growth in both area and production among the three
major cereals during the period from 2014-15 to 2022-23 followed by maize and wheat.
Notably, wheat experienced negative growth in both area and production.

Regional Production Patterns

Rice has been produced throughout Bangladesh. However, rice production is varied
geographically due to variation of agro-ecology. In addition, regional changes in cereal
production affect food security at local levels.

Rice production is presented for the period between 2014-15 and 2022-23. Production
is classified into five categories: namely, low (<400 thousand metric tons), lower
medium (400-800 thousand metric tons), medium (800-1200 thousand metric tons),
upper medium (1200-1600 thousand metric tons), high (> 1600 thousand metric tons).
There is only one district (Mymensing) that is a high producing region, indicating
more than 1600 thousand metric tons in 2014-15 (Figure 7a). There were three districts
(Nagaon, Dinajpur, Bogura) where production was more than average (800-1200
thousand metric tons) in 2014-15. It is notable that production in most districts was
below average (800-1200 thousand metric tons). The high producing region
(Mymensing) remained in this category in 2022-23 (Figure 7b). Two districts (Jessore
and Sunamgonj) were added to the 1200-1600 thousand metric tons production range
in 2022-23. However, the number of low producing districts was reduced and
upgraded into the lower medium range in 2022-23 (Cox’s Bazar, and Bagerhat). Some
districts were upgraded from lower medium production to the medium production
range (Bhola and Noakhali).
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Figure 7(a,b). Patterns of Rice Production in Bangladesh, 2014-15 and 2022-23 (figure
a, rice production, 2014-15 and figure b, rice production, 2022-23) (Source: Produced
using BBS, 2016 and 2023)

Wheat production regions are also categorized as low (<50 thousand metric tons),
lower medium (50-75 thousand metric tons), upper medium (75-100 thousand metric
tons) and high (> 100 thousand metric tons) (Figure 7c and 7d). Some districts of the
north-western region, like Pabna, Faridpur and Thakurgaon, showed high
performance in terms of wheat production (> 100 thousand metric tons) in 2014-15.
Some districts (Chapainawabgonj, Rajshahi, Natore, Maherpur, Kushtia, Naogaon,
Dinajpur and Panchgar) ranked from higher medium to lower medium in terms of
wheat production in 2014-15. However, with the exception of these eleven districts,
the remainder was below 50 thousand metric tons. In 2022-23, there was no change in
the high producing regions. It is remarkable that the number of lower medium and
higher medium production regions decreased in 2022-23 (Figure 8d). This implies that,
overall, wheat production decreased in different districts of Bangladesh during the
nine years. It also shows that the north-eastern, south-western and south-eastern
regions continued to exhibit low performance in terms of wheat production during the
reference period (Figure 8d).
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Figure 8 (c, d). Patterns of Wheat Production in Bangladesh, 2014-15 and 2022-23
(figure ¢, wheat production, 2014-15 and figure d, wheat production, 2022-23) (Source:
Produced using BBS, 2016 and 2023)

Maize production has been classified into four categories: namely, low (<50 thousand
metric tons), lower medium (50-75 thousand metric tons), upper medium (75-100
thousand metric tons) and high (> 100 thousand metric tons) (Figure 9e and 9f). In
2014-15, seven districts (Thakurgaon, Nilphamari, Dinajpur, Rangpur, Lalmonirhat,
Manikganj, and Chuadanga) were in the high performance category in terms of maize
production. Jhenaidah and Rajshahi districts were in the upper medium production
range in 2014-15 and four districts Comilla, Bogura, Gaibandha and Panchagar were
in the lower medium production regions in 2014-15 (Figure 9e). Except for these
thirteen districts, the remainder were in low production regions (<50 thousand metric
tons). It is notable that the high producing districts of maize doubled in 2022-23 (Figure
9f), and the lower and upper medium producing districts also increased in 2022-23.
Spatio-temporal analysis shows that overall maize production has increased when
compared with wheat production during the reference period at the regional level.
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Figure 9 (e, f). Patterns of Maize Production in Bangladesh, 2014-15 and 2022-23 (figure
e, maize production, 2014-15 and figure f, maize production, 2022-23) (Source:
Produced using BBS, 2016 and 2023)

Implications for Sustainable Development Goals (SDGs) and Food Security

Bangladesh has been actively pursuing the objectives outlined in Sustainable
Development Goal 2 (SDG 2), which seeks to end hunger, achieve food security,
improve nutrition, and promote sustainable agriculture. The concept of food security
is multidimensional and exists when all individuals, at all times, have physical, social,
and economic access to sufficient, safe, and nutritious food that meets their dietary
needs and food preferences for an active and healthy life. The Committee on World
Food Security (CFS) identifies four essential pillars of food security: availability,
access, utilization, and stability (CFS Reform Document, 2009). Among these,
availability refers to the consistent supply of adequate quantities and quality of food
through domestic production, imports, or food assistance.

In the context of Bangladesh, the availability dimension of food security —particularly
in terms of cereal production—plays a foundational role. The country has witnessed
notable improvements in rice production over recent decades, positioning "rice
security" as a cornerstone of overall food security (Kabir et al., 2021). While rice self-
sufficiency has been largely achieved, the production trends of other staple cereals
have shown a mixed trajectory. Wheat production has stagnated or declined in recent
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years, while maize cultivation has experienced a notable increase, driven largely by
rising demand from the poultry and feed industries.

Ensuring long-term cereal production stability and sustainability is crucial for
maintaining food security in Bangladesh. Stability, as one of the core pillars of food
security, implies that individuals should have consistent and uninterrupted access to
food throughout the year, regardless of seasonal or economic fluctuations. However,
this pillar is increasingly threatened by climate change, which poses severe risks to
agricultural sustainability in the country. Bangladesh is recognized as one of the
countries that is most vulnerable to climate change due to its geographic location, low
elevation, high population density, and dependency on climate-sensitive sectors like
agriculture. Variations in temperature, rainfall patterns, solar radiation, and
atmospheric carbon dioxide (CO,) levels have significant effects on crop growth and
yields (Li et al., 2024). These changes, particularly rising temperatures and erratic
rainfall, pose direct threats to rice production—the mainstay of the country's food
supply. Research indicates that the average surface air temperature in Bangladesh has
been rising consistently over the past four decades, with observed increases ranging
from 0.4°C to 0.65°C (Nishat and Mukherjee, 2013). Forecasts suggest that the average
daytime temperature may increase by 1.0°C by 2030 and by 1.4°C by 2050 (FAQO, 2006;
IPCC, 2007). Rainfall patterns have also become more unpredictable, with a rise in the
number of dry days, even though total annual rainfall has remained relatively
constant. This uneven distribution has led to increased incidences of droughts and
floods, adversely affecting rice yields (Alauddin & Hossain, 2001; UNDP, 2008).

The potential impact of climate change on rice production is particularly alarming.
Projections estimate that rice yields could decline by 8-17% by 2050 if adaptive
measures are not implemented (BBS, 2005; IPCC, 2007). This decline threatens to
reverse the gains made in achieving rice self-sufficiency, exacerbating the risks of food
insecurity. Wheat production has declined due to various environmental stresses, with
drought having particularly severe effects on winter wheat crops in the northern and
central regions of Bangladesh (Hossain and Silva, 2013). Developing drought-tolerant
wheat varieties is a crucial strategy for protecting the crop from the adverse impacts
of drought (Hannan et al., 2022).

In addition to long-term climate trends, Bangladesh is frequently affected by acute
natural disasters, including floods, flash floods, cyclones, droughts, and the seasonal
nor ‘'wester storms (Kal-Baisakhi) (Banerjee, 2010). These events disproportionately
affect agricultural regions, destroying standing crops, damaging infrastructure, and
disrupting supply chains. The southern coastal belt is particularly vulnerable due to
its exposure to sea-level rise and saline water intrusion, which severely compromises
rice cultivation. Salinity reduces soil fertility, hinders seed germination, and limits the
range of crops that can be successfully grown. Furthermore, frequent waterlogging
and prolonged flooding events disrupt planting schedules and reduce crop yields.
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These environmental challenges necessitate targeted interventions and the
development of climate-resilient agricultural systems.

To address these multifaceted challenges, it is imperative that sustainability and
stability considerations be integrated into Bangladesh's agricultural policies.
Enhancing cereal production resilience will require a combination of technological
innovation, infrastructural development, and institutional support. The development
and dissemination of stress-tolerant crop varieties—such as drought-resistant rice,
salinity-tolerant wheat, and flood-resilient maize—should be prioritized. Public and
private sector research institutions need to collaborate in scaling up these innovations.
Reducing the over-reliance on rice by promoting crop diversification can mitigate risks
associated with mono-cropping. Introducing high-nutrition, climate-resilient
alternatives such as legumes, oilseeds, and root crops can enhance food security and
nutritional outcomes. Efficient irrigation practices, rainwater harvesting, and
investments in water management infrastructure are critical for adapting to erratic
rainfall patterns. This includes modernizing flood control systems and ensuring
equitable distribution of irrigation facilities. Expanding agricultural extension services
to disseminate knowledge about climate-smart agriculture, integrated pest
management, and sustainable land use practices can empower farmers to adapt more
effectively to changing climatic conditions. Strengthening meteorological services and
establishing community-based early warning systems can enhance preparedness and
reduce the damage caused by extreme weather events. Coordination among ministries
of agriculture, environment, and disaster management is essential for formulating
holistic policies. Integrating SDG-2 goals into national development plans can help
align efforts across sectors.

Bangladesh has made commendable progress in achieving food security, particularly
through increased rice production. However, this success remains fragile in the face of
mounting threats from climate change and natural disasters. Sustainable food security,
aligned with the objectives of SDG-2, will require not just production-focused
strategies but systemic reforms that address the broader socio-environmental context
of agriculture. Ensuring the stability and sustainability of cereal production is both a
policy challenge and an opportunity. Through the adoption of climate-resilient
technologies, crop diversification, and improved risk management, Bangladesh can
build a more robust and sustainable food system. These efforts will be pivotal not only
in securing the country’s food supply but also in advancing broader sustainable
development goals, including poverty alleviation, improved nutrition, and ecological
resilience.
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CONCLUSION

Rice, wheat and maize are the major food grains of Bangladesh. The available supply
of these grains can promote food security in Bangladesh. Positive coefficients in the
regression models in case of rice and maize, imply sustainability of these cereals in
terms of output. However, negative coefficients in the case of wheat, indicate a
declining trend of this cereal which might affect the supply side of food security of
Bangladesh. In this scenario, incentives for use of high technology and seed could be
adopted to restore production and yield of wheat. In addition, studies on the impact
of climate change, and farmers’ adaptation strategy can be also conducted aimed at
maintaining stability of wheat production. Moreover, to improve growth of this cereal
some measures addressing land use, price changes, policy reforms, intensive and
extensive agriculture, and environmentally friendly cereal production can be
introduced, as suggested by Finger (2010). Region-specific policy should be considered
to overcome regional constraints relating to soil, rainfall, and temperature. In addition,
policy should be formulated involving farmers’ financial capacity, land ownerships,
and local marketing. In addition, policy must be implemented to manage natural
disasters like drought, flood, salinity, flash floods, and tidal floods at a regional level.
Policy should be introduced to increase regional-level production of rice, wheat and
maize, especially where rice and wheat production is insufficient at regional level, as
indicated where by the high production districts not increasing over time.
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