ABOUT THIS NOTE

Bangladesh relies heavily on rice-based cropping systems to maintain food security.
However, this reliance limits crop diversification, which is essential for enhancing
agricultural productivity in a nation with high population density and limited arable
land. This trial brief summarizes the results of nutritional yields from diversified
cropping systems after one full cropping cycle. The area for the trial was selected
based on factors such as food security and nutrition adequacy, environmental
degradation, and climate challenges, which are critical for achieving TAFSSA's goals.
Therefore, this research trial aims to highlight the importance of crop diversification
and identify strategies to increase the cultivation of nutritionally rich crops that
provide essential macro- and micronutrients.

KEY STUDY FINDINGS

1.

After one full cropping cycle, it was observed that all diversified cropping
systems not only increased macronutrient levels but also enhanced
micronutrient levels, both of which are essential for a healthy diet.

The nutritional yield of carbohydrates increased by incorporating boro rice
along with potato. Although aman rice is a cereal crop, it does not significantly
increase the nutritional yield of carbohydrates due to its lower overall
production.

The nutritional yield of protein significantly increased with the cropping
pattern Maize-Aman-Napa Shak (MAN), where maize played a key role.

Adding maize, napa shak, boro rice, and potato enhanced the availability of
micronutrients such as zinc (Zn) and iron (Fe).

The cropping patterns Boro-Aman-Potato (BAP) and Maize-Aman-Napa Shak
(MAN) significantly increased the nutritional yield of zinc (Zn).

Subsequently, the cropping patterns Maize-Aman-Napa Shak (MAN) and
Maize-Aman-Carrot (MAC) significantly outperformed in terms of iron (Fe)
content.
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7. The nutritional yields of vitamins A and C increased by including leafy
vegetables like napa shak as well as tomato, carrot, and potato during the winter

rabi season.

BACKGROUND

Bangladesh has a high population
density and a limited amount of arable
land. As a result, cropping intensity has
increased significantly over the past 50
years (Saif et al, 2024). Increased
cropping intensity reflects more
intensive land use for farming (Nasim et
al., 2017). Additionally, a greater number
of cropping patterns typically indicates
higher crop diversity (Zaman et al., 2017).
According to Nasim et al. (2017),
Bangladesh has identified 316 distinct
cropping patterns. An on-farm trial was
conducted in the Birganj and
Chirirbandar upazilas of the Dinajpur
district, where 19 and 22 types of
cropping patterns were observed, with
cropping intensities of 241% and 219%,
respectively (Shirazy et al,, 2017). A total
of M2 cropping patterns have been
identified throughout the Dinajpur
region. The  Boro-Fallow-T. Aman
cropping pattern is the most dominant,
covering approximately 41% of the
region's net cropped area (NCA) and
being distributed across all upazilas.
Rice-based cropping patterns are
predominantly higher in Bangladesh,
which may contribute to food security in
a densely populated country. However,
these patterns do not adequately
address the need for nutrient-rich crops,
particularly those high in
micronutrients.

Bangladesh has made advancements in
addressing low birth weight and has
shown some progress toward the
targets for reducing stunting and
wasting in children under five. However,
despite these efforts, progress toward
achieving global nutrition targets
remains limited, particularly in reducing

anemia among women of reproductive
age (Global Nutrition Report, 2021). A
significant portion of the population
continues to face food insecurity and
hunger, with Ilimited access to a
sufficiently nutritious and diverse diet.
Many people are unaware of the
importance of various nutrients for the
human body, as highlighted in Table 1.
Food security and proper nutrition are
fundamental needs for all humans. To
address this issue, new approaches are
needed to produce healthy foods that
are rich in macronutrients
(carbohydrates, proteins, fats) and
micronutrients (iron, zinc, and vitamins
A and C), while ensuring the efficient use
of agricultural land. Micronutrient
deficiencies can result from a lack of
dietary quality and diversity, even when
the macronutrient supply is adequate
(DeFries et al., 2015).

Farmers participating in a trial typically
acquire household (HH) nutrition
through two main sources. The first
source is market food, which refers to
food purchased from the market using
income generated from crop sales. The
second source is farm-produced food,
which is grown on their own land and
directly consumed by the household.
This form of subsistence farming helps
ensure a stable food supply and reduces
reliance on external markets.
Additionally, farmers may sell their crops
at the market, and the resulting
exchange of produce is also categorized
as market food (see Figure 1). The
Dinajpur district was selected for the
trial based on key indicators of food and
nutrition insecurity, biodiversity loss,
environmental concerns, the need to
ensure sustainable agriculture, and
climate challenges.



Table 1: Some key components of foods and their functions

Source: https://www.pomona.edu/administration/dining/health-wellness/macronutrients

Furthermore, the district was chosen
to evaluate the prevalence of
commodities and agricultural systems
with the highest potential to meet
TAFSSA's  objectives and  goals
(Cheesman et al.,, 2022). Therefore, this
trial  aims to emphasize crop

OBJECTIVES

This study seeks to determine
strategies by which crop diversification
across the region’s farming systems
can increase nutritional yield while
enhancing farm productivity.
Preliminary results from the first year
of diversified cropping patterns are
described in this research brief.

diversification to identify strategies for
increasing the cultivation of
nutritionally rich  crops high in
micronutrients, conserving natural
resources, and maintaining or
enhancing biodiversity.

RESEARCH QUESTIONS

At the farm level, can crop
diversification and biofortification be
effectively managed to increase the
production of nutritious foods,

improve the livelihoods of both
women and men, and conserve
resources?



DATA AND METHODS

The on-farm research trials in the
Dinajpur district follow a randomized
complete block design (RCBD),
replicated with 20 farmer households
within a village. Each trial farmer
allocates 20-30 decimals (~800-1200
m?) of their land for the on-farm trial.
This area is divided equally among the
four cropping patterns, with each plot

size being approximately 200 m2. The
total area (~800-1200 m?2) may consist
of one continuous piece of land or
separate fields located no farther than
50-1000 m apart. These on-farm
research  trials are hosted by
smallholder farming households in
two villages within the Dinajpur
district of northern Bangladesh (Table
2).
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Figure 1: Availability of food supportive nutrition across t

DATA AND METHODS

The study selected cropping patterns
based on the preferences of 50 farm
households, who scored their choices.
The top three cropping patterns, as
ranked by the farmers, were chosen for
comparison with the commonly used
cropping pattern. In each village, three
diversified cropping patterns—Maize-
Aman-Carrot (MAC), Maize-Aman-
Tomato (MAT), and Maize-Aman-Napa
Shak (MAN)—as well as the common
farmer practice, Boro-Aman-Potato
(BAP), are being compared (Table 3).
Agronomic data, including above-
ground biomass, crop production, and
the number of irrigation applications,
are being collected (for more
information, see Cheesman et al,
2022).

Nutrient content values are typically
provided per 100 g of a food sample.
This standardized measurement
simplifies the comparison of nutrient
levels across various foods and helps
evaluate how much a specific food

he household (HH)

contributes to daily nutrient intake
(Table 4). The dietary reference intake
(DRI) indicates the daily amount of
nutrients required to meet an
individual's needs for carbohydrates,
protein, fat, iron, zinc, vitamin A, and
vitamin C (Table 5).

The nutritional yield of a particular
nutrient indicates the number of adult
equivalents that can meet their 100%
recommended dietary intake for that
nutrient over the course of a year from
the produce of one hectare land
(DeFries et al, 2015). To facilitate
Nutritional yield, as a measure of
nutritional value of the production, is
calculated for nutrients such as
protein, fat, carbohydrates, iron and
zinc, as well as Vitamin A and Vitamin
C (Eqg. 7). Data have been computed for
each of the three main cropping
seasons in Bangladesh (Kharif-1,
Kharif-2, Rabi) and combined to
represent the entire cropping cycle.
The nutritional yield is calculated using
the following equation:



Y; (t/ha) x 10 ® X NCij (%)

NY;; (adults that obtain DRI/ ha/yr) = DRI, (g /adult) X365 (Eq. 1)
l

NY = nutritional yield; Y = yield; NC = nutrient content; DRI = daily dietary reference
intake; The subscripts “i" and ‘j" refer to the nutrient of interest and crop,
respectively. Note that the source of nutrient contents values is the Food
Composition Table for Bangladesh, published in 2013 (Shaheen et al., 2013).

Table 2: Villages hosting on-farm research trials

SL District Upazila Union Village Latitude Longitude

Table 3: Description of the diversified cropping patterns and first year results for
different crop yield (t/ha) in Dinajpur district.

Average Yield (t/ha)

Village Cropping pattern

Treatment

Note: Aman (biofortified and short duration) refers to rice grown in the monsoon kharif-2 season; while boro
(biofortified) refers to rice grown in the kharif-1 season.



Table 4: Macro and micronutrients in different crops

Macronutrient contents
(9 100 g)

STATISTICAL ANALYSES

Statistical analyses were performed
using R 4.4.1 (R Core Team, 2024). The
data were analyzed using a
Randomized Complete Block Design
with 20 farmers' fields in each location,
considering replication as a random
effect. The village, treatment, and their
interaction were considered fixed
effects (Gomez et al, 1984). The inputs

Micronutrient contents
(mg 100 "g)

and outputs of component crops and
system means were compared using
Tukey's HSD test for significant
differences at P < 0.05. Data were
expressed as the mean +* standard
error. DRI of carbohydrate, protein, fat
referred by DeFries et al., (2015) and Zn.
Fe, vit A & C referred by Mahjabin et. al.,
(2021).

Table 5: Dietary reference intake (DRI) or recommended intake per day (adult). All

nutrients value are given as gram (g)

Carb Protein Fat

Zinc Iron Vit-C Vit-A




STUDY FINDINGS

ANOVA revealed a significant effect of
location (P < 0.05) on the nutritional
yield of protein, zinc, iron, vitamin C &
A but there were no significant effects
on carbohydrate and fat (Table 6).
Indropara produced the highest
significant results for protein (65
adult/ha/yr), zinc (M3 adult/ha/yr), iron
(99 adult/halyr), vitamin C (181
adult/ha/yr) and vitamin A (182
adult/ha/yr)  when compared to
Kalapukur. Farmers in Indropara
possess greater skills and better
management of field operations,
benefiting from silt loam soil, while
farmers in  Kalapukur are less
experienced and work with sandy
loam soil. All these favorable indicator
of Indropara farmers produced
maximum yield compared to the
Kalapukur (Table 3). However, The
villages of Indropara and Kalapukur
follow the same cropping patterns,
and their agronomic management is
identical.

Analysis indicated highly significant
differences (P < 0.001) among the
treatments. The Boro-Aman-Potato
cropping pattern (BAP) significantly
increased the nutritional yield of
carbohydrates (90  adults/ha/year)
compared to other diversified
cropping patterns (Table 6 and Figure
2). Across the seasons, boro and aman,
as cereal-based crops, and potato in
Kharif-1, Kharif-2, and Rabi respectively,
produced the highest nutritional yield.
According to Table 4, 100 g of rice
contains 76.8 g of carbohydrates. In
the Rabi season, boro had a good yield
of 6.6 t/ha, resulting in a nutritional
yield of 33 adults/halyear for
carbohydrates (Table 3 and Figure 2).
Potato played a significant role in
increasing the nutritional yield of
carbohydrates, contributing 4]

adults/ha/year. According to Table 4,
100 g of potato contains 14 g of
carbohydrates, which is lower than
cereals but has a substantial effect on
nutritional yield due to its high
production of 45.8 t/ha compared to
boro (6.6 t/ha) and aman (3.5 t/ha). This
production contributed significantly to
the overall increase in the nutritional
yield of carbohydrates (Table 3).
Additionally, the yield of BINA dhan 20
was lower than expected, resulting in a
lower nutritional yield (17
adults/ha/year) of  carbohydrates
compared to boro and potato (Figure
2). However, the combination of boro,
aman, and potato produces a
significant amount of carbohydrates in
terms of nutritional yield. The
nutritional yield of potatoes can be
further enhanced by increasing their
overall yield, but obtaining quality
seeds remains a challenge. Trial
farmers can access certified seeds
from BADC or BRAC. High-quality
seeds play a crucial role in ensuring
strong plant health, better disease
resistance, and more robust growth,
which directly impact both the yield
and nutritional quality of potatoes.

Another cropping pattern, MAC,
produced the second-highest
nutritional vyield of carbohydrates
compared to MAT and MAN.

Furthermore, there were significant
differences among the treatments and
an interactive effect between location
and treatment throughout the year
(Table 6). Across the seasons, maize
produced the highest nutritional yield.
As shown in Table 4, 100 g of maize
contains 64.7 g of carbohydrates. In
Kharif-1, maize achieved an impressive
yield of 9.68 t/ha, resulting in the
highest carbohydrate nutritional yield
of 40 adults/ha/year (Table 3 and
Figure 2).



In terms of protein, the MAN cropping
pattern produced a significant
nutritional yield (81 adults/ha/year)
because maize is a good source of
protein. Maize alone contributed 45
adults/ha/year of the nutritional
protein vyield, with the remainder
coming from aman and napa shak.
Furthermore, a significant effect was
observed in the interaction between
location and treatment throughout
the year (Table 6).

Regarding fat, the cropping patterns
MAC and MAN significantly increased
the nutritional yield of fat compared to
MAT and BAP. Maize contains 3.4 g of
fat per 100 g, which contributes to the

overall increase in nutritional yield.
However, MAT did not produce
sufficient nutritional yield despite

including maize. In this cropping
pattern, maize was harvested early,
before the grain stage, and the maize
plant was used solely for cattle feed,
with no nutritional yield considered.
Although no significant differences in
the nutritional yield of fat were
observed between locations, a
significant interaction effect was noted
(Table 6).

Zinc is an important micronutrient
essential for boosting the immune
system and supporting metabolic
functions. The study found that the
cropping patterns BAP and MAN
significantly improved the nutritional
yield of zinc compared to MAC and
MAT. Additionally, a significant effect

was observed in the interaction
between location and treatment
(Table ©6). Maize, potato, and

biofortified rice (boro and aman) are
important sources of zinc. However,
biofortified rice (boro and aman) did

not show any significant effects due to
lower yields compared to maize (10.68
t/ha). Maize contains 3.27 mg of zinc
per 100 g, which is higher than aman
(2.65 mg) and boro (257 mg) ina 100 g
sample (Table 4). The average yields for
boro and aman rice are 6.6 t/ha and 3.6
t/ha, respectively (Table 3). Although
potatoes contain less zinc (Table 4),
their effect was significant due to the
high vyield of potatoes (10.68 t/ha)
during the Rabi season (Table 3).
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Figure 2: Nutritional yield of two different locations
assessed by cropping pattern for carbohydrates,
proteins and fats
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Figure 3: Nutritional yield of two different locations
assessed by cropping pattern for zinc, iron, vitamin
A&C

As shown in Table 6, the cropping
patterns MAN and MAC significantly
enhanced the nutritional yield of iron
compared to other cropping patterns,
as well as the interaction between
location and treatment. According to
Table 4, maize, biofortified rice, and
leafy vegetables (napa shak) are rich in
iron. However, Figure 3 indicates that
only maize and napa shak effectively
contributed to increasing the
nutritional yield of iron, while
biofortified rice had minimal impact
due to its lower yield of 3.6 t/ha (Table
3).

The diversified cropping patterns BAP
and MAT significantly enhanced the
nutritional yield of vitamin C
compared to other cropping patterns,
as well as the interaction between
location and treatment (Table 6). Table
4 shows that tomatoes and potatoes
contain good amounts of vitamin C
compared to other trial crops like rice,
maize, and carrots, contributing to
increased nutritional yields of this
vitamin. Additionally, vitamin C aids in
iron absorption, so combining iron-rich
sources with vegetables high in
vitamin C can boost iron intake.
However, tomatoes and potatoes have
lower vitamin C content compared to
other fruits and vegetables rich in
vitamin C, such as oranges,
strawberries, green chilies, broccoli,
and cabbage. Despite their lower
levels of vitamin C, tomatoes and
potatoes are still valuable sources of
the nutrient, especially since they are
widely consumed in large quantities
and are readily available year-round.
They also provide other essential
nutrients, making them important
components of a balanced diet.



Table 6: Nutritional yield of carbohydrate, protein, fat, zinc, iron, vitamin C, and
vitamin A in Dinajpur district

Note: MAC-Maize-Aman-Carrot; MAT-Maize-Aman-Tomato; MAN-Maize-Aman-Napa shak; BAP-Boro-Aman-
Potato;*, ™, and ™ indicates P < 0.05, 0.01, and 0.001, respectively. Values in columns not separated by sources of
variation sharing the same letter are significantly different according to Tukey's HSD test at at P<0.05 and ns =
not significant. Trials were placed in 20 farmers each at Kalapukur and Indropara in Dinajpur district. Standard

error were calculated based on three seasons data.

Conversely, the diversified cropping
patterns MAC and MAN led to a
significant increase in the nutritional
yield of vitamin A compared to MAT
and BAP (Table 6). This is due to the
inclusion of rabi crops like carrots and
napa shak, which are rich in vitamin A
and thereby enhance the overall
nutritional yield of this vitamin (Figure
3). Carrots and napa shak are
outstanding sources of vitamin A.

A 100 g serving of raw carrots and
napa shak provides approximately 329
mcg and 409 mcg of vitamin A,
respectively, covering nearly half of the
daily recommended intake for adults.
Both vegetables are nutrient-dense,
and their high vitamin A content
makes them especially valuable for
supporting eye health, skin, and
immune function (Table 4).



CONCLUSIONS AND
RECOMMENDATIONS

The findings in this research brief are
based on a full cropping cycle that
occurred over the course of a year. The
results from this study indicate that
the diversified cropping pattern BAP
significantly increased the nutritional
yields of carbohydrates, with potato
being the main contributor to this
enhancement. Potato had a significant
effect on the nutritional yield of
carbohydrates, with an average yield
of 45.8 t/ha in the trial villages. While
potato contains fewer carbohydrates
compared to cereals, it has a
substantial effect on nutritional yield
due to its large production,
contributing to the overall increase in
the nutritional yield of carbohydrates.

Maize is a good source of protein. The
cropping pattern MAN, which includes
maize, produced a significant amount
of nutritional yield. Regarding fat, the
cropping patterns MAC and MAN
significantly increased the nutritional
yield of fat compared to MAT and BAP,
with maize serving as a key factor in
this increase.

Furthermore, the cropping patterns
BAP and MAN significantly improved
the nutritional yield of zinc (Zn)
compared to MAC and MAT, with
maize and potato serving as key
factors in this increase. However,
potato contains a smaller amount of
Zn, but the effect was significant due
to the high yield of potatoes. Moreover,
the cropping patterns MAN and MAC
significantly enhanced the nutritional
yield of iron compared to other
cropping patterns, particularly
through the contributions of maize

and napa shak.

The diversified cropping patterns BAP
and MAT significantly enhanced the
nutritional yield of vitamin C,
particularly with the inclusion of
potato and tomato. Nutritional yields
of vitamin A were increased by the
cropping patterns MAC and MAN, as
both carrot and napa shak are rich in
vitamin A and significantly contributed
to its nutritional yield.

Despite these positive outcomes, the
study highlights the challenge of
selecting a single cropping pattern to
optimize specific nutrients, as different
cropping patterns impact different
nutrients. For example, while
biofortified rice (BINA dhan 20)
contains good amounts of zinc and
iron, its overall contribution is limited
by low vyield, and farmers were
reluctant to consume this variety.
Numerous activities can be adopted to
encourage trial farmers to grow BINA
dhan 20. Raise awareness about the
health benefits of zinc and iron for
human nutrition, particularly for
women and children, through
government bodies, NGOs, and local
media. Currently, farmers produce
BINA dhan 20 on a small scale.
Promote the large-scale cultivation of
BINA dhan 20 to help distribute pest
activity, reducing damage from rats,
birds, and insects, as the variety is
comparatively shorter than local
varieties. Work with rice millers to
create a consistent market, ensuring

farmers receive premium prices.
Provide farmers with training on
sustainable pest management

practices to reduce losses and increase
profits.
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Potato is a profitable crop in Dinajpur.
However, there are still issues with the
quality of seeds available and the
methods used to preserve potatoes
after harvest. These challenges could
affect the quality of the potatoes,
overall crop yield, as well as nutritional
yield. These challenges could be
overcome by providing quality seeds.

Tomato production faces challenges
like variety selection, pests, and price
fluctuations, which farmers can tackle
through large-scale collaboration,
price negotiation, and shared market
insights.

Regarding carrots, a strong market
channel needs to be established.
Traders prefer to buy bulk amounts

with good color and shape. These
challenges must be overcome during
the growth of biofortified rice, tomato,
and carrots.

Diversified crops such as maize,
biofortified rice (boro and aman),
carrots, napa shak, and potatoes
increase the availability of

micronutrients. However, it's too early
to draw definitive conclusions at this
point. We currently have data from
only one full cropping cycle, which is
not enough. A more comprehensive
analysis over multiple years, including
the environmental impact, is
necessary to validate these results.

Above: Carrots harvested in Kalapukur village; photo: Alanuzzaman Kurishi
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