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Abstract

Large changes have taken place in smallholder farming systems in South Asia’s coastal

areas in recent decades, particularly related to cropping intensity, input availability, climate

risks, and off-farm activities. However, few studies have investigated the extent to which

these changes have impacted farm-level crop productivity, which is a key driver of food

security and poverty in rainfed, low-input, rice-based systems. The objective of this study

was to conduct an integrated assessment of variables related to socioeconomic status, farm

characteristics, and crop management practices to understand the major factors influencing

crop productivity and identify promising leverage points for sustainable development in

coastal Bangladesh. Using a panel survey dataset of 32 variables from 502 farm households

located within polder (coastal embankment) and outside polder systems during 2005–2015,

we employed statistical factor analysis to characterize five independent latent factors

named here as Farming Challenges, Economic Status, Crop Management Practices, Asset

Endowment, and Farm Characteristics. The factor Farming Challenges explained the most

variation among households (31%), with decreases observed over time, specifically house-

holds located outside polders. Individual variables contributing to this factor included per-

ceived cyclone severity, household distance to main roads and input-output markets,

cropping intensity, and access to extension services. The most important factors for increas-

ing crop productivity on a household and per unit area basis were Asset Endowment and

Crop Management Practices, respectively. The former highlights the need for increasing

gross cropped area, which can be achieved through greater cropping intensity, while the lat-

ter was associated with increased fertilizer, labor, and pesticide input use. Despite the

importance of these factors, household poverty trajectory maps showed that changes in off-

farm income had played the strongest role in improving livelihoods in this coastal area. This

study can help inform development efforts and policies for boosting farm-level crop produc-

tivity, specifically through agricultural intensification (higher cropping intensity combined
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with appropriate and efficient use of inputs) and expanding opportunities for off-farm income

as key pathways to bring smallholder households out of poverty.

Introduction

Approximately 475 million smallholder farmers globally are estimated to produce 80% of all

food consumed [1, 2]. Yet, smallholder farmers face enormous challenges to achieve the first

two Sustainable Development Goals (SDGs), food security and no poverty, particularly in Asia

[3]. Smallholder systems are highly complex and heterogeneous, making it difficult to under-

stand the major challenges farmers face and how constraints at different scales limit progress

towards improved livelihoods. A range of socioeconomic and biophysical constraints are pres-

ent not only at the farm-level (e.g. soil fertility, farm location, and access to capital, labor,

inputs, and markets), but also more broadly due to increasing threats from climate change and

extreme weather events [4–6]. Previous research has often focused on individual dimensions

of smallholder systems, such as investigating disciplinary socioeconomic challenges [7], bio-

physical constraints [8, 9], or asset limitations such as land, water, and labor availability [10–

12]. However, to design more effective agricultural development and extension policies, there

is growing recognition that integrated approaches are necessary to understand how a range of

on- and off-farm forces contribute to food security and poverty outcomes.

Bangladesh is a country in South Asia with extremely high rural population density (~1000

people km-2) and pressing development concerns, particularly in coastal areas due to risks of

sea-level rise and severe tropical cyclones from the Bay of Bengal [13]. The majority of coastal

agriculture consists of smallholder, low input, rainfed, rice-based systems characterized by low

productivity, high labor requirements, small landholdings with increasing fragmentation, fre-

quent flooding during monsoon season, irrigation water limitation, and salinity during rabi
season, which threatens crop productivity and limits farmers’ options for growing crops other

than rice [14–17]. Previous research has shown that important factors influencing food secu-

rity include inundation land type, crop management practices, flooding, cyclones, soil salinity,

irrigation access, household income, household size, and access to markets [4, 18, 19]. How-

ever, the relative influence of these factors on smallholder livelihoods remains uncertain

because most studies are strongly disciplinary, which, compared to more integrated and inter-

disciplinary approaches, may fail to account for key drivers and nuances that affect food secu-

rity. Moreover, relatively rapid changes have taken place in rural infrastructure, farm size,

cropping intensity, mechanization, and off-farm economic opportunities in recent decades

[15, 20]. From a food security and income perspective, some of these changes represent chal-

lenges and other opportunities. Yet few studies have explored how whole farming systems

have responded to these changing circumstances and whether the net impacts resulting from

change have been positive or negative in terms of crop productivity and poverty reduction.

The goals of smallholders in this region are generally to reduce risks, generate income, and

achieve food security. However, they face numerous constraints related to labor availability,

access to inputs, poor infrastructure, access to credit and extension services, socioeconomic

instability, and low soil fertility levels, among others [14, 20]. Farms in remote locations tend

to lack adequate access to roads and transportation; this increases transaction costs and ham-

pers agricultural and economic growth [21, 22]. While efficient use of fertilizers, pesticides,

and human labor can increase yields [23, 24], many inputs may not be readily available in mar-

kets. In addition, rural agricultural labor availability is decreasing, with workers and youth
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