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A B S T R A C T

The first occurrence of wheat blast in Bangladesh was confirmed in wheat (Triticum aestivum) fields in February
2016 and re-occurred in the subsequent years. This study explores the potential of alternative use of current
wheat land as a strategy to combat the disease. Economically feasible alternative crops would need to be cul-
tivated in the current wheat area by implementing a potential ‘wheat holiday’ – that is discontinuing wheat
cultivation for a few years – be it in the 10 blast affected districts, in blast vulnerable districts or the entire
country. An ex-ante economic assessment procedure is applied to examine the potential economic gains (losses)
of alternative wheat land use. Results indicate maize, lentils, onions and garlic show potential as feasible al-
ternatives if done as a portfolio combination and with adequate support to ameliorate and ease the transition;
whereas boro rice, gram and potato do not appear feasible. Still, considering market volatility, overall food
security and logistic challenges, the findings do not support a potentially comprehensive, strict and permanent
‘wheat holiday’ across the entire country. Instead, the study calls for research funding for disease epidemiology
and forecasting, as well as the development and dissemination of blast-tolerant wheat varieties and com-
plementary practices targeted at Bangladesh and the broader South Asian setting as a more sustainable and
feasible solution to combat and manage wheat blast.

1. Introduction

Wheat blast caused by the fungus Magnaporthe oryzae pathotype
triticum (MoT) is one of the most devastating wheat diseases with near
complete yield losses (Urashima et al., 2009). The disease was first
officially reported in Parana State, Brazil in 1985 (Igarashi et al., 1986).
In 2005, it reduced grain yield by 14–32% in Brazil, even after two
applications of fungicides (Urashima et al., 2009). The disease mainly
emerged in the humid and warmer zones of Brazil, Bolivia, Paraguay,
and northeastern Argentina, covering up to 3 million ha (Duveiller
et al., 2011, 2016).

In February 2016, wheat blast was confirmed in Bangladesh, South
Asia (Malaker et al., 2016; Callaway, 2016; Islam et al., 2016). In that

year, wheat blast affected nearly 15,000 ha of wheat land in eight
districts of Bangladesh: Barishal, Bhola, Chuadanga, Jashore, Jhe-
naidah, Kusthia, Meherpur and Pabna (3.5% of its total wheat area of
437,000 ha). The blast reduced wheat yield by 5–51% in the affected
fields (Islam et al., 2016). In 2016-17 wheat season, despite unfavorable
weather for the disease’s development (less humid and less rain), the
wheat blast was again reported in Bangladesh in the original districts,
as well as in two new districts, Rajshahi and Faridpur. It indicates that
wheat blast is now an established disease in Bangladesh with no im-
mediate prospects for its eradication. In a recent study, Mottaleb et al.,
(2018a), applying the climate-analog analysis procedure, demonstrate
that, out of 0.43 million ha wheat land in Bangladesh, 0.28 million ha
(65%) is vulnerable to wheat blast, spread over 45 districts of
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Bangladesh.1 In fact out of a regional total 40.85 million ha of wheat
area in Bangladesh, India and Pakistan, 6.99 million ha (17.1%) is
vulnerable to wheat blast (Mottaleb et al., 2018a), including parts of
the Gangetic plains, a densely populated and intensively cultivated area
(Timsina et al., 2010; Erenstein and Thorpe, 2011). A 5% reduction in
wheat production due to a potential spread of wheat blast in the vul-
nerable area can reduce wheat production by 886 thousand metric ton
worth USD 132 million (Mottaleb et al., 2018a).

Bangladesh and India share a long international border. The West
Bengal State of India borders Bangladesh and has a similar agro-cli-
matic and cropping pattern, particularly in the border districts. As a
preventive measure, the West Bengal state government has banned
wheat cultivation within five kilometers from the Bangladesh border
(Government of India (GoI), 2017). In addition, the government has
recently implemented a preventive ‘wheat holiday’ by banning wheat
cultivation in Murshidabad and Nadia districts for three years
(Government of India (GoI, 2017).

In Bangladesh, the government discourages farmers from cultivating
wheat in the blast-affected districts (Bangladesh Bureau of Statistics
(BBS, 2018). In the absence of commercially available blast-tolerant/
resistant wheat varieties for farmers, a potential control measure could
be to suspend wheat production in selected areas (e.g., across Bangla-
desh, or at least in the blast vulnerable or currently blast-affected dis-
tricts), i.e., a nominal ‘wheat holiday’. However, before implementing a
wheat holiday policy, it is imperative to suggest economically feasible
alternative crops to the resource-poor smallholder farmers. In India, the
government has suggested cultivating legumes and oilseeds instead of
wheat in the border districts of West Bengal (Government of India (GoI,
2017). In Bangladesh, there is no such guidance or rigorous study to
examine economically viable alternative crops that can be suggested to
the farmers.

The present study examines the economic feasibility of cultivating
alternative crops to potentially substitute wheat in entire Bangladesh or
only in the blast vulnerable and blast affected districts, in the context of
a possible ‘wheat holiday’ policy to combat wheat blast. Wheat occupies
2.9% of the total cropped area and contributes 3.7% to the total output
of major cereals in Bangladesh (Bangladesh Bureau of Statistics - BBS,
2018). In 2016-17 wheat season, 1.31 million tons of wheat was har-
vested from 415.3 thousand ha of land (BBS, 2018). The current con-
sumption of wheat in Bangladesh is 7.5 million metric tons in total with
an annual consumption increase of more than 26% from 1961 to 2018
(USDA, 2018), with Bangladesh already heavily reliant on imports. A
‘wheat holiday’ policy in Bangladesh could ostensibly prohibit domestic
wheat production for a few years, encourage the cultivation of alter-
native crops to curtail (and possibly eradicate) the wheat-blast in-
oculum. It would increase the reliance on imports, and any such policy
should closely consider its viability, including the various dimensions
for food security and well-being of affected, generally resource-poor,
farmers. This study primarily assesses the expected net returns of the
major alternate winter crops to wheat in Bangladesh applying an ex-
ante impact assessment procedure. The study is an exercise to raise
awareness of the possible implications to policymakers and stake-
holders.

The study is organized as follows: Section 2 explains the wheat-
blast-host-pathogen system; Section 3 explains the ex-ante economic
estimation procedure; Section 4 examines the current wheat sector
(area, production and consumption) in Bangladesh and the economic
viability of the alternative crops; and Section 5 concludes with a dis-
cussion and policy implications.

2. Wheat-blast-host-pathogen system

Ceresini et al. (2018) linked the blast outbreak in Bangladesh in
2016 with a series of wheat imports from Brazil. The introduction of
MoT from South America to Bangladesh thereby appears associated
with the seed borne nature of the disease (Urashima et al., 2009) and
the failure of quarantine measures (Islam et al., 2016). As, MoT can
survive for up to 22 months in seeds (Reis et al., 1995), strict transport
and quarantine measures are needed to prevent wheat grains and seed
moving from the infected regions to non-infected areas, even as a grain
because farmers may use it as seed.

In addition to being seed borne, MoT can also be airborne. Urashima
et al., (2007) noticed that MoT spores could be blown by the wind to at
least one kilometer away, although their study focused on the asexual
spores (conidia) of MoT, which are heavier than the sexual spores
(ascospores) (Urashima et al., 2005). The lighter ascospores may thus
contribute to the long-distance dispersal of MoT (Maciel et al., 2014).
Most farmers in Bangladesh and West Bengal, India are smallholders,
and wheat is the second major staple food crop after rice, potentially
facilitating the within-country spread, and the long border and similar
agro-ecology could facilitate cross-border spreading to West Bengal and
beyond.

Potential wheat-blast control measures need to take into account the
various survival mechanisms of MoT, including on non-wheat host
plants and plant debris. Earlier studies in South America have shown
that MoT has a wide range of alternate hosts, including various crops
(e.g. barley (Hordeum vulgare L.), rye (Secale cereale L.), triticale (X.
triticosecale Wittmack), common millet (Panicum mileaceum L.), oats
(Avena sativa L.), maize (Zea mays L.), and sorghum (Sorghum vulgare
L.)) (Urashima et al., 2005), and various weeds (e.g., Cenchrus echinatus,
Eleusine indica,Digitaria sanguinalis, Brachiaria plantaginea, Echinochloa
crus-galli, Pennisetum setosum, Setaria geniculata, Hyparrhenia rufa, and
Rhynchelytrum roseum) (Kohli et al., 2011). The alternate hosts in South
Asia still need confirmation, but could well include many South Asian
weed species, as well as some common crop species, such as maize.
Thus, any consideration of a wheat holiday would also need to consider
the possible suspension of other susceptible crop species. Also, sur-
veillance of blast-like symptoms on weed species is needed, with the
timely control of any weed species that infected by MoT. Furthermore,
MoT appears to survive on crop residues (Islam et al., 2016; Cruz and
Valent, 2017), calling for appropriate crop-residue management and
undermining practices such as conservation agriculture that advocate
the retention of crop debris in the field.

To control the wheat blast after the 2015-16 epidemic, the
Bangladesh government started discouraging wheat production in the
blast-affected districts (BBS, 2018). Farmers may also be discouraged
from cultivating wheat due to the potential financial losses associated
with wheat blast occurrence. Consequently, wheat areas in Faridpur,
Kushtia, Chuadanga, Meherpur, Pabna and Rajshahi districts were re-
duced from 143,226 ha in 2014-15 to 102,790 ha in 2015-16 (BBS,
2016, 2018). The national average wheat yield in the 2015-16 season
was reduced by 1.78% compared to the 2014-15 season (BBS, 2016),
although it rebounded in 2016-17 (increasing by 4.19% compared to
2015-16 wheat season, BBS, 2018). Despite the discouragement of
wheat cultivation in the blast affected regions, and unfavorable weather
conditions for blast (less humidity and rain), wheat blast still re-
emerged in 2016-17 in all eight previously-affected districts (Islam
et al., 2016), as well as extended into two new districts Rajshahi and
Faridpur (Fig. 1).

The pathogen now appears endemic in the country with demon-
strated persistence and rapid dispersal even under unfavorable climatic
conditions. For successfully combating wheat blast, further research on
disease epidemiology and forecasting, resistance screening, and effec-
tive management strategies are needed, particularly in the context of
Bangladesh and South Asia.

1 Out of 45 blast vulnerable districts in Bangladesh (Mottaleb et al., 2018a,),
wheat is not cultivated in three hilly districts (Bandarban, Khagrachari, Ran-
gamati). Therefore, in this study, we considered 42 districts, of which 32 are
identified vulnerable and 10 are already affected by wheat blast.
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Fig. 1. Blast affected districts in 2015/16, and 2016/17 seasons, and blast vulnerable districts in Bangladesh identified by Mottaleb et al., (2018a).
Source: Authors’ based on Islam et al., (2016); CIMMYT (2017) and Mottaleb et al., (2018a).
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3. Ex-ante assessment methods

As, MoT can survive on seeds for up to 22 months (Reis et al., 1995),
a possible wheat blast control measure would be to introduce a ‘wheat
holiday’ policy for at least two years. In India, the state government of
West Bengal has banned wheat cultivation in Murshidabad and Nadia
districts for three years (Government of India (GoI, 2017). This study
estimates the expected gross and net margins of seven alternative crops
to wheat to examine the economic viability of each crop as a replace-
ment of wheat during any eventual ‘wheat holiday’ period in Bangla-
desh. Wheat is only grown in the Rabi (dry, relatively cool winter
season) season in Bangladesh. As alternate crops, we consider only
crops that can realistically be grown in this cooler season based on
agronomic characteristics. We particularly include crops that are cur-
rently already being grown in the winter season: boro rice (Oryza sativa
L.), maize (Zea mays L.), lentils (Lens culinaris L.), gram (Cicer arietinum
L.), onions (Allium cepa L.), garlic (Allium sativum L.) and potatoes
(Solanum tuberosum L.). In the case of rice, there are three rice seasons
in Bangladesh, and we have only considered the boro rice season, which
falls within the wheat season.

We applied a simple ex-ante estimation process to examine the
economically feasible alternative crops. In the process, we first compile
the production economics data for the triennium ending (TE) 2016-17.
Among the production economics data, yield (ton/ha), area (ha), and
production (metric ton) at the district level are collected from BBS
(2016, 2018). We also computed the average prices of the sampled
crops (TE2016-17, from BBS, 2016, 2018). The per hectare production
costs (single year) information is collected from various sources. Cur-
rently, out of 64 districts in Bangladesh, wheat is cultivated in 60 dis-
tricts in 2015-16, except the coastal district of Cox’s Bazar, and hilly
districts of Bandarban, Khagrachari and Rangamati (BBS, 2018). For the
substitution scenarios, we assume a complete replacement of the cur-
rent wheat area at the district level by the sampled alternate crops. For
each alternate crop, the current average district level yield (t ha−1) of
the crop is multiplied with the current wheat area at the sampled dis-
trict and with the current market price of the sampled crop to calculate
the expected gross return (GRc) under the substitution scenario. Thus,
the expected gross return (GRc) from each crop under the alternative
scenario, assuming a complete replacement of the current wheat area
by the alternate crop in a sample district (d), is calculated as follows:

∑=
=

− −GRc WA X Cyield X Pc( )
d

d TE TE
1

60

2016 17 2016 17
(1)

where GRc is the expected gross return of an alternate crop c (= 1—7),
−WAd TE2016 17 is the land area (TE 2016-17) under wheat (ha) in district

d (d= 1———60), −CyieldTE 2016 17 is the district level average yield
(metric ton/ha, TE 2016-17) of the alternate crop c and Pc is the do-
mestic market price (TE 2016-17) of the alternate crop c (USD/ton). In
this calculation, it is thus implicitly assumed that (1) the alternative
crops (boro rice, maize, lentils, gram, onions, garlic and potato) can
completely replace the current wheat area in the sampled districts in
entire Bangladesh; and (2) that the yields and returns of the alternative
crops on the entire wheat area in each district would be comparable to
those achieved on the actual current areas of the alternate crop in the
same district. Based on the assumptions, the expected Gross Margin
(GM) for each alternative crop c, is calculated as follows:

∑= −
=

−GM GR CPH X WA( )c c c
d

d TE
1

60

2016 17
(2)

where CPHc is the per hectare production cost of crop c (USD/ha). The
production costs are based on national averages, and we assume the
costs are similar across the districts lacking district specific production
cost information. Finally, the expected margin net of wheat (ENMc) of
each alternate crop in the substitution scenario is calculated as follows:

= −ENM GM GMc c w (3)

where, ENMc is the expected net margin from crop c, GMc is the gross
margin of crop c, and GMw is the wheat gross margin.

To our knowledge, this is the first attempt of examining the eco-
nomic feasibility of the alternative crops in Bangladesh applying an ex-
ante assessment method to combat wheat blast by implementing wheat
holiday. To clarify our method, we have developed a concrete example
as follows. Chuadanga (Fig. 1) is a wheat blast affected district with
current wheat area 4,948 ha and production 14,954 metric ton. At a
market price USD 273.3/ton the Gross Return from wheat (GRw) USD
4.09 million (total product X price). Wheat production cost in Bangla-
desh is USD 663/ha. It indicates that the current wheat production cost
in Chuadanga district is USD 3.28 million (4,948 ha X USD 663). Based
on the calculated gross return (GRw) and total wheat production cost,
we calculate the Gross Margin (GMw) from wheat cultivation in
Chuadanga as

Gross return- Production cost=USD 4.09 million - USD3.28 mil-
lion=USD 0.81million.

As Chuadanga is a wheat blast affected district, we now examine the
economic feasibility of producing boro rice as a replacement of wheat.
The current boro rice yield in Chuadanga district is 3.73 ton/ha. If boro
rice is produced on the current wheat area of Chuadanga district, the
additional boro production would be 18,461 metric ton (4948 ha cur-
rent wheat area in Chuadanga X 3.73 - boro yield in Chuadanga). With a
market price of boro rice USD 229.9 /ton, the gross return (GRboro) from
boro production would be USD 4.24 million. With boro production cost
USD 1,319/ha the total boro production cost under the alternative
scenario would be 4948 (current wheat area in Chuadanga) X 1319 (per
ha boro production cost) = USD 6.52 million. It indicates that the gross
margin (GMboro) from replacing wheat by boro rice in Chuadanga will
be

GMboro = 4.24 (GRboro)- 6.52 (total product cost PCboro) = -2.28
The Expected Net Margin ENMboro net of wheat from cultivating

boro instead of wheat will be
ENMboro = GMboro -GMw

=-2.28-0.81= -3.09 million USD.
It demonstrates that a replacement of the current wheat area in

Chuadanga district by boro rice would incur a net loss of USD 3.09
million under the current yield, production cost, and market price
scenario. In our estimation process, we have done this exercise for all
60 wheat-producing districts in Bangladesh in assessing the econom-
ically feasible alternative crops to wheat.

In the estimation process, scenario 1 considers a wheat holiday for
the entire wheat area of Bangladesh. However, considering the ad-
ministrative and logistics burden of implementing wheat holiday in
entire Bangladesh, we developed two more scenarios. Under scenario 2,
the economic feasibility of alternative crops is examined assuming a
wheat holiday only in 42 blast vulnerable districts identified by
Mottaleb et al. (2018a). In scenario 3, a wheat holiday is assumed only
in the ten currently wheat blast affected districts. The present analysis
otherwise assumes ceteris paribus. This includes the assumption of
constant prices. The Bangladesh agricultural sector is relatively in-
tegrated into the global commodity markets and, for instance, relies on
imports to compensate for shortfalls in wheat, maize, lentils, onions and
garlic; whereas it is largely self-sufficient in rice and is a net exporter of
potatoes. In a more closed economy or with less tradable commodities,
the price effects of crop substitution would play an important role. The
present study assumes that the current wheat area in Bangladesh is
equally suitable for all seven alternative crops compared to the alter-
native crops current area, which is a strong assumption. Also, the
present study did not consider the financial and learning costs of the
agronomic practices that farmers need to incur to switch from wheat to
other crops, nor the market and value chain costs associated with in-
creased production and potential reversal of trade-flows (net importer
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to net exporter).

4. Viability of alternate crops as a wheat replacement

4.1. Wheat

Similar to many other emerging economies in Asia and Africa
(Mason et al., 2015; Mottaleb et al., 2018b), the yearly per capita wheat
consumption in Bangladesh has increased by 103% from 8.6 to 17.5 kg
from 1961 to 2013 (FAO, 2017a). Wheat area increased in Bangladesh
to meet growing wheat demand. For a recent comparison, in 2008-09,
the total land allocated to wheat was 394.5 thousand ha, and total
wheat production in the country was 849 thousand metric tons (BBS,
2011). In 2016-17, the total land allocation to wheat was 415 thousand
ha, which was 5% higher than the 2008-09 season, and total production
was 1.3 million metric tons, which was 45% higher than the 2008-09
season (BBS, 2011, 2018). The total wheat area in 42 blast vulnerable
districts is 261.4 thousand ha (triennium average ending 2016-17),
whereas wheat area in the 10 blast affected districts is 141.6 thousand
ha (Table 1). The domestic production of wheat in Bangladesh, how-
ever, only meets nearly 32% of the total consumption. Hence, to meet
the increasing consumer demand, Bangladesh imported 3.5 million
metric tons (MMT) of wheat worth USD 870 million (triennium average
ending 2016, Table 1).

The Bangladesh Agricultural Research Council (BARC) categorizes
land areas as very suitable (> 80% of the Maximum Attainable Yield -
MAY), suitable (60–80% MAY), moderately (40–60% MAY) and mar-
ginally suitable (20–40% MAY) and not suitable (< 20% MAY) for the
major crops (BARC, 2017). It shows that in Bangladesh, nearly half of
the crop area is (very) suitable for wheat cultivation (Table 2), and
geographically concentrated in the north-west of the country (Fig. 2).

4.2. Boro rice

Rice is the major staple crop of Bangladesh and is cultivated year-
round across the country. Nearly 75% of the total 7.93 million ha of
total cropland2 (BBS, 2018) is solely allocated to rice production. There
are three rice seasons: aus (rain-fed summer rice), aman (mostly rain-
fed, wet season rice) and boro (mostly irrigated dry winter (Rabi)
season). The boro rice is the most productive and market-oriented in

Bangladesh (Hossain and da Silva, 2013). Boro rice is also the main
winter crop in Bangladesh, cultivated from mid-November to June
(Table 1). More than 63% of the total crop area of Bangladesh is (very)
suitable for boro rice cultivation (Table 2). In 2016-17, 11.0 million ha
of land was under all types of rice crop, of which the land under boro
rice was on 4.5 million ha (BBS, 2018). In the same year, the total rice
production was 33.8 million tons, of which, 53% (18.0 million tons)
was boro rice. The average production of boro rice was 3.96 million
metric ton worth of USD 3.5 billion (TE 2016-17, Table 1).

Among all three rice seasons in Bangladesh, the boro rice season is
dominated by modern high-yielding (HYV) rice cultivars In 1971-72,
the national average rate of the adoption of HYV rice was less than 6%;
but more than 37% in the boro season (BRRI, 2017). In 2015-16, the
national average rate of adoption of HYV rice exceeded 85% (across all
three rice seasons); and even was 98.6% in the boro season (BRRI,
2017). The remarkable achievement of Bangladesh in ensuring rice
production self-sufficiency is mainly attributed to the rapid adoption
and expansion of HYV in the boro rice season (Dorosh et al., 2000;
Hossain, 2009; Rahman and Parvin, 2009; Ahmed et al., 2000; Mishra
et al., 2015).

Although Bangladesh is highly successful in achieving self-suffi-
ciency in rice production, intensive irrigated boro rice’s water needs are
a major concern and its cultivation associated with negative impacts on
the agro-ecology and environment of Bangladesh (Alauddin and
Quiggin, 2008). The per hectare irrigation costs for boro rice cultivation
are estimated at USD178, whereas it is USD76 for wheat and USD109
for maize (Lagos and Hossain, 2016, Table 3). Consequently, the overall
production costs of boro rice are relatively high (USD 1,319 /ha)
compared to wheat (USD 663/ha). (Lagos and Hossain, 2016). Due to
the heavy extraction of groundwater mainly for irrigating boro rice, the
groundwater levels in Bangladesh have been reportedly declining be-
tween 0.01-0.05m yearly (Shamsudduha et al., 2009; Dey et al., 2013).
Over-extraction of groundwater for boro rice irrigation is now con-
sidered a policy failure (Alauddin and Quiggin, 2008).

Intensively irrigated boro rice yields averaged nearly 4 tons/ha, but
based on relatively high production costs, compared to the other winter
crops (Table 3), the unit returns to boro rice do not look favorable
compared to the returns of wheat in the wheat growing districts
(Table 4). This is under the current scenario and prices (ceteris paribus).
Assuming a complete replacement of wheat area in entire Bangladesh
(432 thousand ha) by boro rice with a national average yield of 3.8 t
ha−1, the simulation exercise shows that, the total boro rice production
would increase 1,727 thousand metric tons; but given lower gross
margins of boro rice compared to wheat, the substitution would imply a

Table 1
Crop sector characteristics for selected crops (averages for triennium ending, TE 2016-17), Bangladesh (base situation).
Sources: 1BBS (2016, 2018), 2 FAO (2018), triennium average ending 2016; !BBS (2016)

Crop Cropping season1 Area1 Yield, production and price1 Trade balance (Import (-); export, (+) 2

Sowing Harvesting ‘000, ha Yield ‘000, metric ton (million USD) Price (USD/ton) ‘000 metric ton (million USD)

Wheat Nov-Dec Mar-mid-Apr 432.3 2.41 1,336
(365.1)

273.3 −3510
(-870)

Boro rice mid-Nov to mid-Feb Apr-Jun 3961.3 3.79 15355.5
(3530.2)

229.9 −663.5
(-260)

Maize Mid-Oct to late Dec Early Apr-May 350.0 5.20 2581
(559.2)

216.6! −652.4
(152.6)

Lentils Mid-Oct to mid-Nov Feb- Mar 151.5 0.94 165
(160.4)

973.2 −207.6
(-175.3)

Gram Mid-Oct- late Nov Mar-Apr 4.4 0.80 6.4
(4.3)

660.3 −233.2
(-135.3)

Onions Oct-early Dec Late Apr-mid-Jun 177.6 6.98 1,769
(786.8)

444.8 −383.7
(-125.8)

Garlic Mid-Oct to mid-Dec Mid-Feb-mid-Mar 61.4 4.77 384
(329.1)

856.2 −56.2
(-56.5)

Potatoes Mid-Sep to Nov mid-Jan-Mar 482.1 16.70 9648
(1567.8)

162.5 +70.6
(+15.5)

2 Although the actual cropland in Bangladesh is 7.95 million ha, including
double and triple cropping land, currently, the net cropland area in Bangladesh
is 15.4 million ha (BBS, 2018).
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net negative expected return worth USD 252 million (Table 4).
Under scenario 2, assuming the replacement of current wheat area

in 42 blast vulnerable and affected districts (261.4 thousand ha wheat
area), and under scenario 3; only in 10 wheat blast affected districts
(142 thousand ha wheat area) by boro rice also would imply net loss
worth of USD 147 million (Table 5) and USD 84 million (Table 6), re-
spectively. In addition, the replacement of the current wheat crop with
boro rice could aggravate the negative consequences on the under-
ground water reservoir and the overall ecology. Boro rice cultivation is
also more labor-intensive than wheat (Table 3), which may aggravate
seasonal labor shortages due to the rapid migration of the rural labor
force to the urban areas of Bangladesh (Mottaleb et al., 2016). Overall,
replacing wheat in any sampled region of Bangladesh with boro rice to
implement a ‘wheat-holiday’ policy may not be a feasible option.

4.3. Maize

With the highest yield potential in South Asia (Timsina et al., 2010),
maize is the third-most important cereal in Bangladesh. The dry-season
winter (Rabi) maize in Bangladesh is cultivated from mid-October to
May (BBS, 2018), and the summer maize (Kharif) is cultivated from
March to June (Karim, 1992). In Bangladesh, nearly 45% of the total
crop area is (very) suitable for maize cultivation (Table 3).

Mainly due to the growing demand from the poultry, livestock and
aquaculture sectors, maize demand and production in Bangladesh have
increased drastically since the 1990s (Mottaleb et al., 2018c). In 1983-
84, 4,000 ha of land in Bangladesh were allocated to maize, and the
total production was 3,000 metric tons. In 2016-17, 389,713 ha of land
were allocated to maize, and the total production was more than 3.0
MMT (BBS, 2018). The triennium average value of maize production
was USD 559 million (Table 1). Still, to meet the increasing demand for
maize, Bangladesh relies heavily on imports. From 2014-16, on
average, Bangladesh imported 652,000 metric tons of maize worth USD
153 million (Table1).

Assuming a complete replacement of wheat area by maize, the si-
mulation exercise shows that, with a national-level maize yield (5.2 t
ha−1), total additional maize production will be 2.81 million metric

tons, resulting in a positive net margin of USD 203 million (Table 4).
Similarly, assuming a replacement of wheat area of 42 blast vulnerable
and affected districts and only in 10 blast affected districts by maize,
the simulation exercise shows a positive net margin of USD 105 million
(Table 5) and USD 75 million (Table 6), respectively. Still, MoT re-
portedly survives in maize undermining its effectiveness for wheat blast
eradication (Urashima et al., 2005). Therefore, even though maize can
be an economically feasible alternative crop to wheat, suggesting maize
as an alternative to wheat to combat wheat blast may not be a viable
option in Bangladesh.

4.4. Lentils and gram

Among all types of pulses, lentils (masur) and gram (chickpeas) are
considered important minor crops in Bangladesh, which are grown from
mid-October to early March (BBS, 2016). In 2016-17, out of the total
389,700 hectares of land allocated to pulse cultivation in Bangladesh,
nearly 42% was allocated to lentils and 1.5% to gram (BBS, 2018). The
land suitability assessment of BARC (2017) indicates that lentils and
gram are the same types of crops, for which less than 40% of the total
crop area of Bangladesh is (very) suitable (Table 2).

Despite pulses such as lentils and gram being common food items in
Bangladesh’s cuisine and their increasing demand, the total land area
allocated to these crops has been continuously declining in Bangladesh.
For example, in 1986-87, 716,000 ha of land were under pulses, with a
total production of 510,000 metric tons; whereas, in 2013-14 the area
was reduced to 345,448 ha with a production of 320,443 metric tons
(BBS, 2016). In the case of lentils and gram, on triennium average
ending 2016-17, areas amounted to 151,500 and 6,400 ha (BBS, 2018)
with a total production worth USD160 million and USD 4.3 million,
respectively (Table 1). To meet the growing demand for lentils, gram
and other pulses, Bangladesh heavily depends on imports. For example,
from 2014-16, the triennium average shows that Bangladesh imported
207,600MT of lentils and 233,200MT of gram, worth USD175 million
and USD 135 million, respectively (Table 1).

Assuming a complete replacement of wheat by lentils in entire
Bangladesh, the simulation exercise shows that, with a national average

Table 2
Crop suitability classification and district-level categorization for selected crops, Bangladesh.
Sources: 2BBS (2018), 1BARC (2017).

Crop name Area million ha (%) by land suitability1 class Top 3 districts with

(Very)
suitable

Moderate
–marginal

Not suitable highest (very) suitable crop land
(ha)1

largest land (ha) allocated in 2016-
172

highest average yield (ton/
ha) in 2016-172

Wheat 4.84 (49.4%) 2.42
(24.7%)

2.53
(25.9%)

Mymenshing (242,260),
Dinajpur (231,342),
Rangpur (187,868)

Takhurgaon (67,205),
Pabna(33,012),
Chapai Nawabganj (30,129)

Kushtia (3.81)
Meherpur (3.55)
Panchagarh (3.38)

Boro rice 6.20 (63.3%) 2.43
(24.8%)

1.17
(11.9%)

Mymenshing (329,226),
Sunamganj (305,146)
Tangail (249,455)

Mymenshing (232,181), Naogaon
(178,646), Bogura (170,454)

Manikganj (4.60) Natore (4.59),
Dhaka (4.55)

Maize 4.37 (44.5%) 2.39
(24.3%)

3.05
(31.1%)

Mymenshing (232,780 ha),
Dinajpur (229,888)
Naogaon (201,044)

Dinajpur (67,835 ha), Chuadanga
(49,242 ha) Thakurgaon (36,930 ha)

Rajbari (13.5),
Meherpur (10.9)
Jamalpur (10.1)

Lentils 3.89 (39.6%) 1.74
(17.8%)

4.18
(42.7%)

Mymenshing (247,265), Jashore
(153,878)
Naogaon (210,912)

Magura (17,569 ha) Natore
(15,309 ha),
Rajshahi (14,448 ha)

Manikganj (2.42)
Gaibandha (1.85)
Chapai Nawabganj (1.75)

Gram (chick pea) Same as lentils Same as lentils Rajshahi (1627),
Chapai Nawabganj (773) Madaripur (570)

Pabna (1.53) Mymensingh
(1.53)
Bhola (1.43)

Onions 3.31 (33.8%) 4.12
(42%)

2.34
(24.2%)

Mymenshing (243,143), Jashore
(152,972)
Barishal (139,939)

Pabna (42,458)
Faridpur (33,172)
Rajbari (26,158)

Meherupur (25.0),
Rajshahi (14.4)
Chuadanga (13.8)

Garlic Same as onion Same as onion Natore (20,968)
Pabna (9604)
Rajbari (5493)

Meherpur (8.6)
Maulvibazar (7.7)
Magura (7.6)

Potatoes 4.43 (45.1%) 3.03
(30.1%)

2.35
(24%)

Mymenshing (255,440),
Dinajpur (233,681)
Tangail (108,822)

Bogura (64,610),
Rangpur (54,874)
Dinajpur (48,861)

Munshiganj (32.7)
Narayanganj (28.61)
Bhola (26.7)
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lentil yield (0.94 t ha−1), total additional lentil production will be
446,200 metric tons for a positive net return of USD 77 million.
However, presently the yearly total lentil consumption (import and
domestic production) is 372,000 tons, so a replacement of wheat area
by lentils in entire Bangladesh would make Bangladesh a potential net
exporter of lentils. Alternatively, assuming replacement of wheat by
lentils in 42 blast vulnerable and blast affected districts and only in 10
blast affected districts, the simulation exercise shows that, total

additional lentil production will be 291 (Table 5) and 161 thousand
metric tons (Table 6) for positive net returns of USD 70 million
(Table 5) USD 38.3 million (Table 6), respectively. It indicates that
lentil cultivation can be expanded in the suitable areas of blast affected
and blast vulnerable districts of Bangladesh.

Assuming a complete replacement of wheat area by the gram, the
simulation exercise shows that with a national-level gram yield (0.80 t
ha−1), total additional gram production will be 442,000 metric tons;

Fig. 2. Wheat suitability map and actual wheat area, production and yield by division in Bangladesh (triennium average ending 2016-17).
Source: BBS (2016, 2018); BARC (2017).
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but given already unattractive per-hectare returns, the substitution
would yield a negative net margin worth USD 65 million (Table 4).
Simulation exercise also shows that a replacement of wheat area by the
gram in blast vulnerable and affected districts and separately in 10 blast
affected districts would yield losses of USD 17 million (Table 5) and
USD 7 million (Table 6), respectively. Thus, gram does not seem a
feasible alternative crop.

4.5. Onions and garlic

Onions and garlic are two major crops in the spices and condiments
crop group of Bangladesh. In Bangladesh, onions are cultivated from
October to mid-June and garlic is cultivated from mid-October to mid-
March. Nearly 34% of the total crop area is (very) suitable (Table 2).
Being widely used in daily food preparation, consumption, land allo-
cation and the production of onions and garlic have been increasing
rapidly over the years. For example, the total land allocation and the
domestic production of spices and condiments (including onions and
garlic) in 1988-89 were 143,000 ha and production was 295,000 metric

tons (BBS, 2016), but in 2016-17, it was 412,000 ha with a total pro-
duction of 2,674 thousand metric tons (BBS, 2018). In 2016-17, onions
and garlic occupied 177,600 and 61,400 ha for a total value of USD 787
million and USD 329 million, respectively (Table 1). Despite the in-
creased land allocation and production of onions and garlic, Bangladesh
depends on imports to meet growing demands (Table 1).

Assuming a complete replacement of the current wheat area by
onions, the simulation exercise shows that, with a national-level onion
yield (6.98 t ha−1), total additional onion production will be 3.92
million metric tons resulting in a positive net return net of USD 931
million (Table 4). Onion cultivation is extremely input intensive and
requires relatively high labor, fertilizer and seed costs compared to the
other sampled crop (Table 3). Also, the total onion consumption (do-

mestic production and imports) is 2.2 million tons (Table 1), so a re-
placement of wheat in entire Bangladesh by onions would make Ban-
gladesh a potential net exporter of onions. Assuming the replacement of
the current wheat area in 42 blast vulnerable and affected districts and
only in 10 blast affected districts by onions, the simulation exercise
shows the expected positive net margin of USD 726 million (Table 5)
and USD 517 million (Table 6) respectively. It indicates that onion
cultivation can be expanded in the suitable areas at least in the blast
affected and blast vulnerable districts of Bangladesh.

Similar to onions, assuming a complete replacement of wheat by
garlic, the simulation exercise shows that with a national level yield
(4.8 t ha−1), total additional garlic production will be 2.52 million
metric tons, yielding an additional USD 1.7 billion (Table 4). With a
total garlic consumption of 440,000 tons, replacement of the current
wheat area with garlic in entire Bangladesh would make Bangladesh, a
potential net exporter. Assuming replacement of wheat area by garlic
only in blast vulnerable and affected districts and separately in 10 blast
vulnerable districts will yield a net gain of USD 1.1 billion (Table 5) and
USD 573 million (Table 6), respectively. It indicates that suitability of

Table 3
Production costs (USD/ha) of the sampled crops in Bangladesh.
Sources: 1Lagos and Hossain (2016), 2Rahman and Hasan (2011); 3Sabina et al.,
2017; 4BBS (2015a, 2015b); 5Rahman et al., 2012; 6Haque et al., 2013; 7Sujan
et al., 2017; 8 For lack of data assumed same as lentil.

Crop name Total production cost Irrigation cost Labor cost

Wheat1 663 76 103.72

Boro rice1 1319 178 495.63

Maize4 756.0 109.1 207.4
Lentils5 & Gram8 644.5 171.1
Onions4 1695.8 115.8 1104.1
Garlic6 948.3 98.0 292.4
Potatoes7 2954.6 43.5 733.4

Table 4
Alternative scenarios assuming replacing wheat area (432,320 thousand ha) by the sampled alternative crops in entire Bangladesh (scenario 1).
Sources: Authors calculation.

Crop Actual/potential production
(‘000, tons)

Gross Return
(GRc million
USD)

Expected total Production Cost (PCc,
million USD)

Gross Margin
(GMc = GRc - PCc,
million USD)

Expected Net Margin (difference in GM
relative to wheat)
(ENMc = GMc,- GMw, USD/ha)

Wheat 1335.9 365.1 286.6 78.5 –
Boro rice 1727.3 397.1 570.2 −173.1 −251.6
Maize 2810.3 608.7 326.8 281.9 203.4
Lentils 446.2 434.2 278.6 155.6 77.1
Gram 442.0 291.8 278.6 13.2 −65.2
Onions 3917.8 1742.7 733.1 1009.5 931.1
Garlic 2523.4 2160.6 41.0 1750.1 1672.1
Potatoes 7914.2 1286.1 1277.3 8.7 −69.7

Notes: GRc= gross return, PCc = production cost, GMc= gross margin, ENMc = Expected net margin (net of wheat).

Table 5
Baseline sampled crop production information (triennium average ending 2016-17) in 42 blast vulnerable districts, and alternative scenarios assuming replacing
wheat area by alternative crops (scenario 2).
Sources: Authors calculation, 1 BBS (2016, 2018).

Current scenario Alternative scenarios replacing current wheat area by alternative crops

Crop Area (000,
ha)1

Actual production (‘000,
tons)

Yield (metric ton/
ha) 1

Simulated production
(000, ton)

GRc, (million
USD)

PCc, (million
USD)

GMc (million
USD)

ENMc (million
USD)

Wheat 261.4 799.4 2.46 Same as actual 218.5 173.3 45.2 –
Boro rice 2124.1 8295 3.79 1056.7 242.9 344.8 −101.8 −147.0
Maize 143.1 1067.6 4.90 1606.1 347.9 197.6 150.3 105.1
Lentils 148.1 160.8 0.95 291.2 283.4 168.5 115.0 69.8
Gram 4.10 5.92 0.79 270.8 178.8 168.5 10.4 −16.6
Onions 159.6 1631.4 7.0 2730.2 1214.4 443.3 771.1 725.9
Garlic 53.0 336.0 4.70 1592.6 1363.6 247.9 1115.7 1070.5
Potatoes 163.9 3732.3 17.1 4844.5 787.2 722.3 14.9 −30.2
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garlic as an alternative crop to wheat.

4.6. Potatoes

Potatoes are one of the major competing crops with wheat in
Bangladesh; they are cultivated during the winter season from mid-
September to March (BBS, 2018). With an average yield 16.7 t ha−1

(Table 1), Bangladesh is the seventh-largest potato producer in the
world (FAO, 2017b). Currently, Bangladesh exports potatoes to Brunei,
Malaysia, Nepal, Singapore, Sri Lanka, and Oman. In the 2014-15 fiscal
year, Bangladesh exported USD 19.4 million worth of potatoes, but
recently potato exports plunged due to export restrictions by Russia
(Wardad, 2016). In the 2014-15- 2016-17 crop season, on triennium

average of 9.6 million metric tons of potatoes were produced from
482,100 ha of land worth USD 1.56 billion (Table 1). In Bangladesh,
more than 45% of the total crop area is (very) suitable for potato cul-
tivation (Table 2).

Assuming a complete replacement of wheat by potatoes, the simu-
lation exercise shows that, with a national-level potato yield (16.7 t
ha−1), total additional potato production will be 7.91 million metric
tons and a negative net margin of USD 70 million (Table 4). Alter-
natively, assuming replacement of wheat by potatoes in 42 blast vul-
nerable and affected districts and only in 10 blast affected districts, the
simulation exercise shows a negative net margin of USD 30 million
(Table 5), but the positive net margin of USD 1.17 million (Table 6),
respectively. Potato cultivation is highly laborious, and fertilizer- and

Table 6
Base line crop production information (triennium average ending 2016-17) in 10-wheat blast affected districts and alternative scenarios assuming replacing wheat
area by alternative crops (scenario 3).
Sources: Authors calculation, 1BBS (2018).

Baseline information1 Alternative scenarios replacing current wheat area by alternative crops

Crop Area (000,
ha)

Actual production (‘000,
tons)

Yield (metric
ton/ha)

Simulated production
(000, ton)

GRc, (million
USD)

PCc, (million
USD)

GMc (million
USD)

ENMc (million
USD)

Wheat 141.6 442.2 3.05 Same as actual 120.8 93.9 26.98 –
Boro rice 536.6 2104.6 3.87 566.0 130.1 186.7 −56.6 −83.6
Maize 85.6 719.8 6.73 963.3 208.6 107.0 101.6 74.6
Lentils 81.1 93.1 1.16 160.9 156.6 91.2 65.3 38.3
Gram 1.94 3.3 1.14 167.9 110.9 91.2 19.6 −7.4
Onions 105.0 1177.5 11.32 1763.7 784.5 240.1 544.4 517.4
Garlic 18.3 113.7 5.73 857.9 734.5 134.3 600.3 573.3
Potatoes 57.2 1280.7 20.9 2747.3 446.4 418.3 28.2 1.17

Fig. 3. Expected net margin (USD/ha) of the alternative crops to wheat in 42 blast vulnerable districts.
Source: Authors’ calculation.
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seed-intensive in Bangladesh, with the highest production costs among
the considered crops (Table 3). Bangladesh is already a net exporter of
potatoes, so the substitution for wheat implies the need for new markets
for potato export. However, potato cultivation can be suggested in
currently blast-affected districts, as a net return from replacing wheat
area by potato is positive (Table 6).

4.7. District level heterogeneity

Tables 4–6 present the overall benefits of the sampled crops relative
to wheat at the aggregated level. Fig. 3 considers the district-specific
heterogeneity in suggesting a specific crop in a particular district based
on district level gross margin of a crop in USD per hectare – which is
summarized in Table 7. Table 7 shows that based on positive expected
net margin (USD/ha) maize can be suggested as an alternative crop to
wheat in 34 districts; lentil in 39 districts; onion in 36 districts; and
garlic in all 42 blast vulnerable districts (Table 7). Interestingly gram

and potatoes, which are economically infeasible alternatives at the
aggregate level (Table 4–5), can be suggested at least in 13 and 18
districts, respectively (Table 7).

5. Conclusion and policy implications

Bangladesh is a relatively small wheat producer already heavily
reliant on wheat imports. For Bangladesh, a ‘wheat holiday’, foregoing
domestic wheat production to combat wheat blast, could be potentially
possible as it ‘only’ allocates 432,300 ha land to wheat and domestically
produces 32% of its total wheat demand. In fact, the government of
Bangladesh is already discouraging farmers from growing wheat in the
wheat-blast-affected districts. Not growing wheat, however, seems
outright near impossible for bigger traditional wheat producers and
consumers, such as India and Pakistan, where wheat is a major staple
and a substantially large number of farmers depend on wheat cultiva-
tion for their food and livelihood.

Still, to realistically implement a potential ‘wheat holiday’ in any
wheat-producing country, it is imperative to suggest economically vi-
able alternative crops to wheat. This study examined the gross and net
margins of alternative crops firstly in entire Bangladesh, secondly in 42
blast vulnerable districts and finally in 10 initially wheat blast affected
districts, applying a simple ex-ante economic estimation framework. At
face value, cultivation of onions, garlic, maize and lentils instead of
wheat could be profitable, whereas boro rice, gram, and potato were not
due to their negative net margins in the replacement area. Replacing
with boro rice is also ecologically not feasible, due to intensive irriga-
tion requirement. We also have suggested district level alternative
crops, in which we have shown that a few crops such as gram may not
be a feasible alternative for entire Bangladesh, but can be a feasible
alternative to wheat in some specific districts. On the other hand, MoT
can reportedly survive on maize (Urashima et al., 2005), so although an
economically feasible alternative to wheat, caution must be taken in
promoting maize if wheat blast control is the main driver.

Caution also must be taken when promoting the non-cereal crops
due to the potential implications for making Bangladesh a net exporter
(or further increasing exports for commodities such as potatoes) and the
associated investments needed in inter alia value chains (including cold
storage), credit facilities, and market search costs. For simplicity, the
study assumes complete wheat substitution by a specific alternate crop
in each scenario, but in reality, combinations may be more realistic and
profitable. Furthermore, the simple model assumes constant prices in
Bangladesh’s open agricultural economy (with agricultural imports and
exports) – which may need reconsideration if the substitution causes
major market shifts in supply and demand for specific commodities.

A potential ‘wheat holiday’ would increase import reliance in the
face of rapidly increasing per capita wheat consumption in Bangladesh
linked to rapid increases in income, demographic change and urbani-
zation. Considering the overall food security and volatile commodity
prices in the international markets, the implementation of a potential
‘wheat holiday’ and complete dependence on wheat imports may not be
an attractive nor politically feasible option to combat wheat blast in
Bangladesh. Furthermore, the implementation of a national ‘wheat
holiday’ would be logistically challenging in the current setting. The
wheat-blast host-pathogen system also affects the feasibility of a po-
tential ‘wheat holiday.’

The present study thereby strongly suggests the national govern-
ment and international stakeholders to adequately and urgently fund
and research potentially viable alternatives to combat wheat blast in
South Asia. This includes a need to look into the disease epidemiology
and forecasting and the development and dissemination of new wheat-
blast-tolerant/resistant varieties and complementary management
practices in the South Asia setting. In the short run, reliance on the
application of effective generic fungicides and seed treatment with
fungicides is needed to combat wheat blast in South Asia and calls for
fungicides being made widely and easily available to farmers at

Table 7
Suggesting economically feasible alternative crops to wheat in the sampled 42
blast vulnerable districts considering district level production heterogeneity.
Source: Authors’ calculation.

District/crop Maize Lentil Gram Onion Garlic Potatoes

Bagerhat Y N N Y Y N
Barguna Y Y2 Y3 N Y Y
Barishal Y Y Y N Y Y
Bhola N Y3 Y1 Y Y Y
Brahmanbaria N N N Y Y N
Chandpur Y Y N Y Y Y
Chattogram Y Y Y Y Y N
Chuadanga Y3 Y N Y2 Y Y
Cumilla Y Y N Y Y Y
Dhaka Y Y N Y Y Y
Faridpur Y2 Y N Y Y Y
Feni N Y Y N Y N
Gazipur Y Y Y Y Y N
Gopalganj Y Y N Y Y Y
Hobiganj N Y N Y Y N
Jashore Y Y N Y Y Y
Jhalokati Y Y N N Y N
Jhenaidah Y Y N Y Y Y
Khulna Y Y N Y Y N
Kishoreganj Y Y N Y Y N
Kushtia Y Y N Y Y Y
Laksmipur N Y N Y Y N
Madaripur Y Y N Y Y N
Magura Y Y N Y Y3 N
Manikganj Y Y1 Y Y Y Y
Meherpur Y1 Y N Y1 Y2 Y
Munsiganj Y Y N Y Y Y1
Narail N Y Y Y Y N
Narayanganj Y Y Y2 Y Y Y2
Narsingdi Y Y Y Y Y N
Natore N Y N Y Y N
Chapai Nawabganj Y Y N Y Y N
Noakhali N Y Y Y Y N
Pabna Y Y Y Y Y N
Patuakhali Y Y Y N Y N
Perojpur Y Y N N Y N
Rajbari Y Y N Y Y N
Rajshahi Y Y N Y3 Y Y
Satkhira Y Y N Y Y N
Shariatpur Y Y N Y Y Y3
Sirajganj Y Y N Y Y N
Tangail Y N N Y Y1 N
No. of districts with positive

expected net margin (net
of wheat)

34 39 13 36 42 18

Notes: Y indicates the crop is an economically feasible alternative to wheat, N
indicates it is not.Y1, Y2 and Y3 indicates that the crop is economically feasible
and can generate the highest, second highest and the third highest positive
expected net margin in the sampled district.
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affordable prices. The provision of an early warning system and ade-
quate information on disease management must be ensured to help
farmers to effectively combat and minimize the consequences of the
wheat blast in South Asia. In this interim period, the government of
Bangladesh may need to rely on various measures, including potential
implementation of a ‘wheat holiday’ at least in the severely blast-af-
fected districts and encouraging farmers to cultivate lentils, onions and
garlic. However, for a long-term structural solution, investments are
needed in wheat-blast-related research and the development and dis-
semination of blast-resistant wheat varieties and complementary man-
agement practices in Bangladesh and South Asia. Promisingly, a blast
resistant (and zinc-enriched) wheat variety BARI Gom 33 has recently
been released (October 2017) by the Bangladesh Agricultural Research
Institute (BARI) with support from the International Maize and Wheat
Improvement Center (CIMMYT). However, it will take at least three to
five years before such a variety will be widely available to farmers
throughout Bangladesh, given seed scaling challenges of a new in-
troduction. This study strongly urges for international financial and
technical support to speed up the seed multiplication and dissemination
process. Finally, our methods could be replicated elsewhere as relevant,
for instance in the case of other geographies and/or other diseases re-
quiring a crop holiday. A case in point is West Bengal, India, where
climate and agronomic practices are similar to Bangladesh, particularly
in its border districts, and thereby particularly vulnerable to wheat
blast. The West Bengal state government has already banned wheat
cultivation in two districts and border areas, and there is thus a similar
need to help identify profitable alternatives supported by empirically
grounded studies.
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