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Abstract
Rice consumption in Tanzania has greatly increased since the 1960s; it is predicted to continue to increase owing to
urbanization and changes in consumer preferences from traditional staples to rice. In this study, we review rice
agroecology, its value chain, and price determinants, and the history of and challenges to rice research in Tanzania.
Our main findings are as follows: (1) rice cultivation can be classified into three major categories: irrigated lowland,
rainfed lowland, and rainfed upland. Irrigated lowland is then subdivided into the permanent river, seasonal water,
dam, and groundwater subtypes, while rainfed lowland is subdivided into flood plain (fields near rivers), catchment
(fields on gentle slope in catchment basin), narrow valley (fields on flat narrow valley bottoms), and plain grassland
(fields on gentle slope in savannah grassland). (2) Various stakeholders are involved in production, storage, milling,
wholesale, retail, and trade at local, urban, regional, and national levels, resulting in higher market prices of local
rice compared to imported rice. However, consumers still choose local rice consisting of traditional cultivar because
of its distinct taste and aroma. (3) Improving yield potential through the introduction of foreign elite lines/cultivars
has been a major research target; however, farmers have been rejecting most of the new cultivars due to poor grain
quality. (4) An integrated set of agronomic management techniques is effective in increasing the yield of traditional
cultivars under irrigated lowland. Technical package effectiveness has yet to be tested in all subtypes of rainfed
lowland. We propose a new research framework for rice production in Tanzania that is greatly oriented toward
meeting consumer demands. In the framework, both breeding and agronomy should have specific research targets
for each agroecosystem. Furthermore, genetic resources of traditional cultivars should be fully explored. This study
shows the importance of multidisciplinary approach in improving rice production in Tanzania.
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1 Introduction

1.1 Overview of rice production

Rice consumption in Tanzania greatly increased from
94,000 MT of milled rice in the 1960s to 1,800,000 MT in the
2010s (USDA (United States of America Department of
Agriculture), 2019). Tanzania’s domestic supply of milled rice
totaled approximately 1,200,000 MT in 2013, making it the sev-
enth largest rice producer among African countries (FAO 2019).
Tanzania’s population has been expanding continuously since
the 1950s (FAO 2019), with its rural population migrating to
major cities such as Dar es Salaam and Arusha in the 1970s.
As a result, a large consumer population has grown in urban
areas. Because consumers in urban areas tend to change their
food preferences from traditional staples such as maize and tu-
bers to rice (Nkonya and Barreiro-Hurle 2012; Lazaro et al.
2017; Wilson and Lewis 2015) (see Fig. 1), the domestic supply
of milled rice has been sharply increasing since the 1980s
(USDA (United States of America Department of Agriculture),
2019). Consequently, per capita consumption—estimated by di-
viding domestic consumption (USDA (United States of America
Department of Agriculture), 2019) by the total population (FAO
2019)—has also been sharply increasing since the 1990s. The
nation’s urbanization and change in consumer preferences are
expected to continue, and rice consumption is thus predicted to
increase in the near future (MAFC 2009).

In response to the increasing rice demand, Tanzanian rice
production increased between the 1960s and 2010s (FAO
2019). This increase was attained mainly through an expansion
of the cultivated area rather than yield improvement. While the
rice cultivated area increased ninefold from 100,000 ha in the
1960s to 960,000 ha in the last decade (2007 to 2016), the mean
rice yield increased only 1.8 times, from 1.2 to 2.2 t ha−1. This
small increment in rice yield contrasts with the large increase
from 2.1 to 4.8 t ha−1 in the East, South, and Southeast Asian
countries during the same period.

Tanzania has a long history of rice cultivation. Rice is
grown in various environments, ranging from semi-arid re-
gions with less than 800 mm of rainfall (Meertens et al.
1999) to humid regions with more than 1500 mm (Sekiya
et al. 2013), as well as from lowland areas (Kadigi et al.
2004) to steep slopes (Sekiya et al. 2015). Indica rice cultivars,
thought to have been brought to Tanzania by sea traders
(Carpenter 1978; Lu and Chang 1980), have adapted to the
country’s environments, resulting in the development of a
great number of local cultivars (Mogga et al. 2018; Satoh
et al. 1990; Suvi et al. 2019). A combination of diverse envi-
ronments and rich genetic resources has enabled the develop-
ment of unique rice agroecosystems throughout the country
(Kadigi et al. 2004; Kafiriti et al. 2003a; Meertens et al. 1999;
Rodenburg 2013; Sekiya et al. 2015). Rice markets have de-
veloped in many regions (Kato 2007) in recent years,
attracting many small-scale farmers to rice cultivation
(Kadigi et al. 2004; Kato 2007; Meertens et al. 1999). The
unique agroecosystems and increasingly complicated rice
markets present great challenges to rice researchers aiming
to increase the nation’s rice production. Therefore, this study
reviews previously published literatures relevant to rice agro-
ecology, its rice value chain, and price determinants, and the
history of and challenges to rice research in Tanzania. On the
basis of findings, a new research framework that is greatly
oriented toward meeting consumer demands is proposed for
rice production in Tanzania.

1.2 History of rice production

Oryza sativa is thought to have been introduced by sea traders
2000 years ago to locations in the coastal region of Tanzania
such as Zanzibar and Kilwa (Carpenter 1978; Lu and Chang
1980). During the Islamization of Pemba island in Zanzibar
from the eighth to fifteenth centuries, irrigated rice cultivation
was brought to the island (Walshaw 2010). By the early nine-
teenth century, irrigated rice was already being grown in
small-scale fields in the Kilombero valley, the Morogoro re-
gion (Kato 2007), and the Usangu basin in the Mbeya region
(Kadigi et al. 2004) on the mainland. In the mid-nineteenth
century, Arabic slave traders cultivated rice plants around their
trade bases in inland regions, allowing rice plants to penetrate
into the northern part of Tanzania (Meertens et al. 1999).Fig. 1 Tanzanian rice market
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Indica rice cultivars were grown as a cash crop in northern
Tanzania during the 1930s (Meertens et al. 1999).

The first modern irrigation system for rice production
(1000 ha) was introduced by the colonial government at
Kilangali, Morogoro, in 1948; the scheme was abandoned in
1951 (Therkildsen 2011). After the 1967 Arusha Declaration
(policy on socialism and self-reliance), financial support for
state-owned rice irrigation schemes was obtained from major
donor countries, including China and North Korea
(Therkildsen 2011). Dakawa (2000 ha), Ruvu (725 ha),
Kapunga (3000 to 4000 ha), and Mbarali (3200 ha) are the
major state-owned schemes. Overall, degraded management
practices caused by financial constraints gradually reduced
productivity and the cultivated area in the state-owned
schemes. Beginning in 1986, Tanzanian market liberalization
attracted a great number of private enterprises to the nation’s
rice industry (Kato 2007). As a result, rice markets grew
across the country, encouraging small-scale farmers to expand
Tanzania’s rice cultivated area (Kadigi et al. 2004; Kato 2007;
Meertens et al. 1999).

2 Rice agroecology

2.1 Geographical distribution of rice agroecology

Rice production is broadly distributed over Tanzania, as its
environmental conditions have provided rice farmers with
great opportunities to develop unique agroecosystems.

The Mwanza, Shinyanga, and Tabora regions in the north-
west are occupied by savannah grasslands. In general, these
three regions receive limited annual rainfall, of 500 to
800 mm, and farmers grow rice plants in rainfed lowlands
on gentle slopes using water-harvesting techniques
(Meertens et al. 1999) that are described in detail in a later
section of the review.

The Kilimanjaro region in the northeast achieves high rice
yields in large-scale irrigation schemes constructed by nation-
al and international organizations (Ikegami, 1995; Ikegami,
2001; Yamada, 1999). Rice can be grown two to three times
annually as long as water is available throughout the year
(Ikegami, 1995; Sekiya et al. 2017).

The Morogoro region accommodates many irrigation
schemes at various scales. Due to its relatively large annual
rainfall, of 1000 to 2000 mm annually, rice yields are high
even in rainfed fields (Kato 2007). Upland rice plants are also
grown in mountainous terrain (Sekiya et al. 2015).

The Mbeya and Rukwa regions in the south also accom-
modate various sizes of irrigation schemes that introduce irri-
gation water from many rivers and streams (Kadigi et al.
2004). The abundant annual rainfall of 800 to 2800 mm al-
lows relatively high rice yields in rainfed fields. Rice from the
two regions is traded at high prices in the domestic market due

to its high-quality taste and aroma (Sekiya et al. 2013; Senda
1999).

Coastal regions such as Tanga, Pwani, Lindi, Mtwara, and
Zanzibar are also famous for their rice cultivation. Many
small-scale rainfed fields are found in inland valleys, where
rice plants are dependent primarily on runoff from downslopes
(Kafiriti et al. 2003c; Sekiya et al., 2013, 2015).

2.2 Classification of rice agroecology

The Africa Rice Center (AfricaRice) classified Africa’s rice-
growing environments into three major categories: “irrigated
lowland,” “rainfed lowland,” and “rainfed upland” (Diagne
et al. 2013). They further identified two additional
agroecosystems in unclear transition zones: “intensified low-
land” between irrigated and rainfed lowlands and “lowland
fringe (hydromorphic)” between rainfed lowland and upland.
Tanzania’s rice agroecosystems fall under the three major cat-
egories (see Table 1). However, the classification into the two
transition zones is challenging due to uniqueness of the rice
agroecosystems in Tanzania. For a better understanding of the
rice agroecosystem in Tanzania, this review further introduces
subtypes in irrigated and rainfed lowlands based on the terrain
and/or water source of each sub-category shown in Table 1.
The AfricaRice classification that corresponds to each subtype
is also indicated.

2.2.1 Irrigated lowland rice

Tanzania has approximately 3000 irrigation schemes totaling
270,000 ha, of which rice plants are grown in 461 schemes
covering approximately 100,000 ha. Water is drawn from per-
manent rivers (Sekiya et al. 2017), seasonal waters (Manero
et al. 2019), dams (Komakech et al. 2012), or ground waters
(Mato 2002) (see Table 1). Irrigation schemes like the ones in
the Kilimanjaro region grow rice plants twice or even three
times a year by taking advantage ofmodern irrigation facilities
as well as permanent water sources (Ikegami, 1995; Sekiya
et al. 2017). In the case of the Lower Moshi Irrigation Scheme
(LMIS), however, the high productivity of irrigated rice has
led to the expansion of irrigated areas and the intensification
of cultivation upstream, causing in turn water shortage in the
scheme itself (de Bont 2018). In irrigation schemes that de-
pend on seasonal waters, such as those in the Morogoro,
Mbeya, and Rukwa regions, rice plants are often grown under
rainfed conditions in years with limited rainfall (Manero et al.
2019). The basic cultivation techniques shown in Table 2 are
used in almost all the schemes thanks to an extension service
provided by the government; the only exception is newly de-
veloped irrigation schemes where the service has not yet been
introduced (Sekiya et al. 2017). The high productivity of
schemes like LMIS is partly due to the high adoption rate of
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basic cultivation techniques. The LMIS even employs power
tillers, tractors, and combine harvesters.

2.2.2 Rainfed lowland rice

Approximately 70% of Tanzania’s rice cultivated area is cat-
egorized as “rainfed lowland” (Diagne et al. 2013). This
means that the vast majority of the rice fields scattered across
the nation’s diverse environments has been classified using
this simplified terminology. While such simplification can ad-
vance our understanding of rice agroecology, much important
information can be lost in the absence of a detailed analysis.
Therefore, this review classifies the rainfed lowland
agroecosystem into the following four subtypes according to
water availability and farmers’ water use techniques: plain
grassland (gentle slopes in savannah grassland), catchment
(gentle slopes in a catchment basin), flood plain, and narrow
valley (see Table 1). Figure 2 presents a topographical

distribution of the four subtypes across Tanzania, from north-
west to southeast.

The plain grassland subtype is found mainly in the
Mwanza, Shinyanga, and Tabora regions in the northwest on
the large plateau (900–1000 m above sea level), which is a
part of the East Africa Plateau (Meertens et al. 1999;
Dunkelman et al. 2018). Farmers store rainfall for rice culti-
vation by making high bunds around fields. Each field has a
long rectangular shape (e.g., 50–200 m long and 10–30 m
wide) to allow for the effective use of ox plows. An aerial
image from approximately 2000 m shows a great number of
scale-like structures on the surface, which are actually rice
fields surrounded by high bunds. Although rice yields are
relatively low in these three regions (Meertens et al. 2003),
these areas supply the nation’s greatest amount of rice due to
the large land area cultivated with rice plants. Rectilinear and
broad valleys with gentle and straight slopes classified as a
type of inland valleys by Rodenburg (2013) falls under this
subtype.

Table 1 Rice agroecosystems in Tanzania

Major
agroecosystema

Agroecosystem subtypeb Cropping References Agroecosystem in Africac

Irrigated lowland Permanent rivers Rice plants are grown twice a
year in some irrigation schemes.

Sekiya et al. (2017) Irrigated lowland

Seasonal waters Rice fields are converted to rainfed
cropping system when no water
is available.

Manero et al. (2019) Irrigated lowland–intensified
lowland

Dams Rice fields are converted to rainfed
cropping system when no water
is available.

Komakech et al. (2012) Irrigated lowland–intensified
lowland

Groundwater Cropping depends on water pumps. Mato (2002) Irrigated lowland–intensified
lowland

Rainfed lowland Flood plain Fields are constructed near rivers to
use river floods effectively. Water
stays for a few days to weeks.

Kadigi et al. (2004),
Kangalawe and
Liwenga (2005)

Rainfed lowland

Gentle slope in catchment
basin (catchment type)

Fields are constructed on gentle
slope in catchment basin of rivers.
Runoff is collected when rainfall
is adequate, and fields are flooded
when rainfall is excessive.

Kato (2007) Rainfed lowland–lowland
fringe

Flat narrow valley with
moderately steep side
slopes (narrow valley type)

Fields are constructed on flat narrow
valley bottoms in inland valleys
with moderately steep convex
side slopes. Water gathers down
slopes surrounding rice fields.

Rodenburg (2013) Lowland fringe

Gentle slope in savannah
grassland
(plain grassland type)

Fields are constructed on gentle
slope in savannah grassland.
Water is harvested with high
bunds.

Meertens et al. (1999),
Dunkelman et al.
(2018)

Lowland fringe–upland

Rainfed upland Upland Rice plants are grown like maize. Sekiya et al. (2015) Upland

a Tanzania’s rice agroecosystems fall under the three major categories
b Irrigated and rainfed lowlands are further divided into subtypes based on the terrain and/or water source of each sub-category
c Diagne et al. (2013) classified Africa’s rice-growing environments into three major categories: “irrigated lowland,” “rainfed lowland,” and “rainfed
upland.” They further identified two additional agroecosystems in unclear transition zones: “intensified lowland” between irrigated and rainfed lowlands
and “lowland fringe (hydromorphic)” between rainfed lowland and upland. The authors’ classification that corresponds to each subtype in Tanzania is
indicated for comparison
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As the elevation decreases from the central region to-
ward the southeast, the catchment subtype is found on
gentle slopes in large river basins such as the Ruaha
River (700–900 m above sea level) and Kilombero River

(500–700 m above sea level) in the Morogoro, Mbeya,
and Rukwa regions (Kato 2007). Runoff is collected when
the rainfall is adequate, and fields are flooded when the
rainfall is excessive. Unlike farmers in plain grassland

Table 2 Basic cultivation techniques and good agricultural practice for irrigated lowland agroecosystems

Basic cultivation techniques (BCT)a Good agricultural practice (GAP)b

Land preparation
- Clearing: 1–2 weeks before plowing
- Plowing: 1–2 weeks before puddling
- Bunding (or bund repairing)
- Puddling: 1–2 days before transplanting
- Leveling
- Application of organic manurec

- Land clearing: complete clearing of vegetation using a machete
- Tillage: using animal or motorized traction
- Bunding
- Pre-floodingd

- Puddling: using a power tiller
- Leveling: using a wooden blank/hand hoe

Seedling nursery
- Raised seedbedc

- Seedbed levelingc

- Fertilizing of seedbed
- Seed selectionc

- Sowing of pre-germinated seedsc

- Sowing rate: approximately 100 g m−2

- Irrigation of seedbed: 2–3-day intervalsc

- Fertilizer application: 100 g urea m−2

- Cultivar choice: certified seeds of TXD306d

- Nursery sowing

Transplanting
- Young seedlings: 21 DAS
- Number of seedlings per hill: 2–3 seedlingsc

- Line transplanting
- Planting density: 30 × 15 cm, 20 × 20 cm
- Gap filling: 1 WAT

- Young seedlings: 21 DAS
- Line transplanting
- Planting density: 20 × 20 cm
- Thinning: 5–10 DATd

- Gap filling: 5–10 DAT
Weeding
- First weeding: 2 WAT
- Second weeding: before panicle initiation

- First weeding: rotary weeding between rows followed by hand weeding in the row at 20 DAT
- Second weeding: rotary weeding between rows followed by hand weeding in the row at 40 DAT
- Herbicide application: using proper dose at proper timed

Fertilizer (basal)
- Basal fertilizer: 16 kg N ha−1 and 40 kg P2O5 ha

−1d

Fertilizer (top dressing)
- First top dressing: 2 WAT
- Second top dressing: during panicle initiation
- Amount of fertilizerc

- First top dressing: 32 kg N ha−1 at 20 DAT
- Second top dressing: 32 kg N ha−1 at 40 DAT

Irrigation
- Intervals: 5–7 daysc

- Important timing 1: weedingc

- Important timing 2: fertilizer applicationc

- Important timing 3: heading stagec

- Depth: > 3 cm until 1 week before harvestingc

- Depth: > 5 cm during headingc

- Draining: 1 week before harvesting

- Continuous until maturityd

- Drainage: 10 days before harvest

Insect pest and disease
- Cultural controlc

- Chemical controlc

Harvest
- Timing: 30–35 days after headingc

- Yield estimationc

- Threshingc

- Dryingc

- Storingc

a Sekiya et al. (2017) introduced basic cultivation techniques (BCT, a set of agronomic management techniques) into 31 irrigation schemes across
Tanzania and increased paddy yields from 2.4 to 3.6 t ha−1 on average
b Senthilkumar et al. (2018) proposed component technologies of good agricultural practice (GAP, an integrated set of agronomic management
techniques) and confirmed their effectiveness using TXD306 not only in irrigated lowland farmer fields but also in rainfed lowland farmer fields in
Kilombero
c Component technologies used only in BCT but not in GAP
dComponent technologies used only in GAP but not in BCT
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areas, catchment farmers rarely make bunds to allow for
an easy inflow of runoff and floods into their fields. The
flood plain subtype is found along those large rivers
(Kadigi et al. 2004; Kangalawe and Liwenga 2005).
Because the rivers provide a secure water supply, farmers
rarely practice water-storing techniques such as bunding.
The narrow valley subtype is found on flat narrow valley
bottoms in inland valleys with moderately steep convex
side slopes in coastal regions such as Tanga, Pwani, Lindi,
Mtwara, and Zanzibar (Rodenburg 2013); fields are occa-
sionally surrounded by bunds here.

2.2.3 Rainfed upland rice

Typical and traditional upland rice plants are mainly
grown in the hilly areas of Ulanga rural district and
Kilombero district in the Morogoro region (Sekiya et al.
2015). Because rice plants in rainfed lowlands are grown
under conditions similar to rainfed uplands when the rain-
fall is insufficient, rainfed lowland rice farmers sometimes
regard their agroecosystems as rainfed upland. Upland
rice seeds are broadcast and grown without the applica-
tion of chemical fertilizer; therefore, the national average
yield of rainfed uplands is as low as 0.5 t ha−1 (MAFC
2009). New Rice for Africa cultivars (NERICAs) were
released for the rainfed upland agroecosystem in 2009
and have been disseminated rapidly in the Morogoro,
Tanga, Lindi, and Mtwara regions due to a training and
extension program developed by MATIs (Sekiya et al.
2015). NERICAs are also adopted by farmers in rainfed
lowland agroecosystems, likely due to their high yield
potential under limited water (AfricaRice 2008) and soil
nutrient (Mghase et al. 2010) conditions, early maturity
that enables the completion of plant growth within a short
period of rainy season (Sekiya et al. 2013), relatively
good eating quality (Sekiya et al. 2013) and resistance
against parasitic weeds (Rodenburg et al. 2015).

3 Rice market

3.1 Rice value chain

Rice is distributed nationwide in Tanzania. The major cities
for rice retail, wholesale, assembly, and trade flows are
shown in Fig. 3, which is based on the literature (FEWS
NET 2009; Senda 1999). Mwanza, Shinyanga, Tabora,
Moshi, Morogoro, Kilombero, Mbeya, Sumbawanga, and
Mpanga represent the major rice supply cities. The nation’s
major rice consumption cities, where many non-farming
consumers reside, include Dodoma, Dar es Salaam,
Arusha, Zanzibar, Lindi, Mtwara, Musoma, and Bukoba.
The consumer market for Tanzanian rice extends to neigh-
boring countries such as Kenya, Uganda, Rwanda, Congo
(DRC), Zambia, and Malawi. The price gap between the
supply and consumer market is the major driving force for
the nationwide distribution of rice (Nkonya and Barreiro-
Hurle 2012; Minot 2010; Senda 1999). Although rice dis-
tribution and trade flows can be qualitatively evaluated (Fig.
2) by interviewing rice industry stakeholders, quantitative
evaluation is difficult due to a lack of official Tanzanian
statistics.

Various stakeholders are involved in Tanzanian rice
distribution, and rice is delivered from producers to con-
sumers via a number of transactions. Figure 4 presents a
model of the rice value chain constructed based on the
literature (Nkonya and Barreiro-Hurle 2012; Eskola
2005; Senda 1999). Brokers, wholesalers, and retailers
of various sizes operate at the village, district, and
regional levels, and a number of transporters mediate
among the stakeholders. The ECI (2003) reported a case
in which rice was delivered from producers to consumers
via 35 cash transactions. The increase in transaction costs
due to the intervention of many stakeholders is one of the
factors causing the high market prices for rice (Nkonya
and Barreiro-Hurle 2012; Eskola 2005; Nzomoi and
Anderson 2013).

Fig. 2 The topographical distribution of rainfed lowland rice
agroecosystems in Tanzania. A cross section is depicted along the
arrow in the small map. The four subtypes described in Table 1 are
indicated by initial: P = plain grassland; C = catchment; F = flood

plain; N = narrow valley. Three major water bodies along the axis are
also indicated by initial: V = Lake Victoria; GR =Great RuahaRiver; K =
Kilombero River
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3.2 Rice prices

Though the prices of imported rice are lower than the prices of
local rice, consumers are likely to choose domestic products
due to strong taste and aroma preferences. In addition to the
accumulated transaction cost, Tanzania’s long-distance trans-
port and underdeveloped infrastructure also contribute to the
increased market prices of rice, further widening the price gap
between imported and local rice (Minot 2010; Nzomoi and

Anderson 2013; Therkildsen 2011). This price gap is a prime
factor motivating domestic traders to import Thai rice from the
international market. Although the Tanzanian government im-
poses a 75% tariff on imported rice on behalf of the East
African Community, the rice is still distributed at lower prices
than local rice (Demont 2013; Nzomoi and Anderson 2013).
Demont (2013) analyzed the national rice development strat-
egies of 19 African nations and found that imported rice is
preferred by West African consumers in terms of price and

Fig. 3 Rice distribution flow in
Tanzania. Black circle = city
dealing with rice assembly,
wholesale, and retail; white
triangle = city dealing with rice
assembly and wholesale; white
square = city dealing with rice
wholesale and retail; white circle
= city dealingwith rice retail only;
thick arrow = large flow of rice;
thin arrow = small flow of rice

Fig. 4 Rice value chain in
Tanzania
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taste, while Tanzanian consumers tend to prefer high-quality
local rice to inexpensive, low-quality imported rice. Nzomoi
and Anderson (2013) reported that local rice has a price pre-
mium of approximately 20% over imported rice in Tanzania.

Tanzanian consumers prefer the quality of local rice, with
its market price varying according to its quality. Senda (1999)
interviewed rice wholesalers and retailers in eight cities and
reported that the ratio of the highest to the lowest price in each
market ranged from 1.02 to 1.79. In Tanzania, rice quality is
closely associated with the region of production, and rice from
Mbeya (Kyela), Magugu, and Kilombero is traded as high-
quality brands at higher prices. According to stakeholders in
the rice value chain, grain appearance (size and color) as well
as aroma and taste (when the rice is steamed) are the major
attributes Tanzanian consumers consider when selecting a rice
brand. Sekiya et al. (2013) conducted a sensory analysis of
cooked grain quality (color, fluffiness, taste, and aroma) and
reported that Tanzanian consumers gave significantly higher
scores to Mbeya rice over imported rice. The authors also
reported that farmers in the Mbeya region grew a high-
yielding cultivar, Mwangulu, in only small parts of their fields
for emergencies due to its poor quality. Consumer quality
preferences and resultant price gaps are broadly found in sev-
eral crops; a detailed analysis was conducted for the common
bean (Mishili et al. 2011).

4 Rice research

4.1 History of rice research

Rice research in Tanzania began at the Mwabagole Rice
Station near Lake Victoria in 1935 (Kanyeka et al. 2005;
Mwaseba 2005). From the 1930s to the 1950s, the main man-
date of the rice research program was to screen traditional
cultivars, introduce foreign cultivars, and improve cultivation
techniques (Mwaseba 2005). However, the justification for
the rice research program gradually disappeared due to the
decline of rice production in the country, and the program
was suspended in 1955 (Meertens et al. 1999). The rice re-
search unit was revived at the Agricultural Research Institute
Ilonga (ARI-Ilonga) in Morogoro in 1965 and was transferred
in 1975 to the Kilombero Agricultural Training Research
Institute (KATRIN, currently known as the “Tanzania
Agricultural Research Institute Ifakara,” or TARI-Ifakara;
Mwaseba 2005). Thereafter, rice research units were
established at ARI-Dakawa in Morogoro, ARI-Ukiriguru in
Mwanza, ARI-Uyole in Mbeya, and ARI-Naliendele in
Mtwara. The national rice research program is coordinated
by KATRIN. In 2018, the ARI was restructured as the
Tanzania Agricultural Research Institute (TARI), and each
institute was renamed accordingly: TARI-Dakawa, TARI-

Ukiriguru, TARI -Uyole, TARI-Naliendele, and TARI-
Ifakara.

During the 1970s, its main task was still the screening of
traditional cultivars and the introduction of foreign ones, es-
pecially from the International Rice Research Institute (IRRI;
Kanyeka et al. 2005). In the 1980s, their focus shifted from
traditional to modern breeding, and TARI-Dakawa developed
TXD85, TXD88, and TXD306 in the Supa improvement pro-
ject (Supa being one of the most popular traditional cultivars)
initiated in 1983 (Kanyeka et al., 2004, 2005; Msomba et al.
2004). In the 2000s, several cultivars resistant to the rice yel-
low mottle virus (RYMV) disease were developed through
mutation breeding using radiation (Luzi-Kihupi et al. 2008).
NERICA1 to NERICA18 along with other upland rice lines
were introduced by AfricaRice through the International
Network of Genetic Evaluation (INGER-Africa) from 2003
to 2006 (AfricaRice 2008). After evaluation, NERICA1,
NERICA2, NERICA4, NERICA7 and WAB450-12-2-BL1-
DV4 were released in 2009 (Mghase et al. 2010; Sekiya et al.
2015). Rainfed lowland cultivars Komboka and Tai were in-
troduced by the IRRI in 2013, and more recently, TARI-
Dakawa developed salt-tolerant cultivars SATO1 and
SATO9. Table 3 lists the cultivars released by the rice research
program in Tanzania.

A large-scale farming system research program was imple-
mented in rainfed rice fields in Sukumaland (Mwanza,
Shinyanga, and Tabora) through cooperation between ARI-
Ukiriguru and the Netherlands from the 1980s to the 1990s
(Meertens, 1999, 2003; Meertens et al., 1999, 2003). A series
of projects was conducted in rainfed lowland fields in the
Lindi and Mtwara regions through cooperation between
ARI-Naliendele and Belgium’s Leuven University from the
1990s to the 2000s (Kafiriti et al. 2003a, b, c). The Sokoine
University of Agriculture and the University of Dar es Salaam
conducted rice research in an attempt to estimate the impact of
water use in rice production on river basin hydrology (Kadigi
et al., 2004, 2008; Mdemu et al. 2004; Mwakalila 2005;
Rajabu 2007) as well as to evaluate the social impact of the
rice research program (Mwaseba 2005; Mwaseba et al., 2006,
2007). In 2005, Tanzania became one of the principal loca-
tions of AfricaRice from which its staff member coordinated
the now defunct Eastern and Central African Rice Research
Network (ECARRN). After the opening of a regional office in
Dar es Salaam, AfricaRice began a series of activities specific
to Tanzania’s rice agroecosystems such as rice breeding for
lowland, upland and high-altitude systems, agricultural mech-
anization, rice value chain development, and rice production
training (AfricaRice 2014).

4.2 Traditional rice cultivars

Most of the rice cultivars grown in Tanzania are considered
traditional, and the use of improved cultivars should be
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limited. However, no comprehensive survey of rice cultivars
across the county has been conducted, with two partial
exceptions. Satoh et al. (1990) collected paddy samples from
rice fields and the storehouses of farmers and retailers in major
rice-producing regions in 1988 and identified 121 strains,
most of which were traditional (see Table 4). The
Kilimanjaro Agricultural Training Centre (KATC) collected
paddy samples from extension officers who had come from
across the country to participate in training courses for irrigat-
ed lowland rice cultivation; most of the cultivars were tradi-
tional. The KATC samples were handed over to TARI-Ifakara
(which was then KATRIN), and the basis of the seed collec-
tion program was established using the samples.

Genetic characterization of traditional cultivars has
been left out until recently (Mogga et al. 2018; Suvi
et al. 2019). Probably due to this ignorance, many confu-
sions are found in the definition of traditional cultivars.
For example, although Supa was introduced from India in
1960 (Table 3), this cultivar is often referred to as a land-
race in Tanzania (e.g., Suvi et al. 2019). The same story

can be applied to other cultivars such as India and Zambia
as shown in Table 4. Although traditional cultivars in-
clude both landraces and introduced foreign cultivars, this
terminology is consistently used in this review as long as
cultivars have been accepted and grown for many years
by rice farmers in Tanzania. Because farmers have tenden-
cy to give original names to newly introduced cultivars,
one cultivar is often recognized as a different cultivar in a
different region, adding some confusion to the character-
ization of traditional cultivars (e.g., Kalamata in Kahama
is called Malamata in Shinyanga and Fwaja in Kyela, and
Cherehani in Mbeya is called Mkombozi in Magugu).
Although traditional cultivars have been used as local
checks in many agronomic studies (e.g., Rodenburg
et al. 2016; Tippe et al. 2017), their morphological, phys-
iological, and ecological characterization has been also
left out. The information about agronomic traits of tradi-
tional cultivars is still dependent on farmers’ knowledge
and experiences (e.g., Meertens et al. 1999; Sekiya et al.
2013).

Table 3 Rice cultivars released in
Tanzania Year Cultivar Origin References

1960 Supa India Singh et al. (2013)

1972 Gamti (Tunduru), Faya
Theresa

Land race Kanyeka et al. (2005)

1973 Kihogo red (Morogoro),
Kihogo Selection

Land race

1974 Afaa Mwanza Land race

IR5, IR8, IR 20, IR 22 IRRI

1976 Afaa Kilombero Land race

1983 Dakawa83 IRRI Singh et al. (2013),

1984 IR54, IR579 IRRI Dalrymple (1986)

1985 Selemwa Faya Theresa × IR8 Kanyeka et al. (2005),
Dalrymple (1986)Katrin India, R.P. 143-4

(IET 2397; H.R. 19 × IR8)

1985 Subarimati IRRIa Singh et al. (2013)

1988 IR64 IRRIa Kanyeka et al. (2005)

1999 TXD85 Supa × KM67
(early maturing North Korean cultivar)

Kanyeka et al. (2004),
Kanyeka et al. (2005)

2002 TXD88 TXD85 × Subarimati
(North Korean cultivar)

TXD306(SARO5) Supa/Pyongyang8 × Subarimati/Supa Msomba et al. (2004),
Singh et al. (2013)

2006 Kalalu, Mwangaza Supa mutant Singh et al. (2013)

2009 NERICA1, NERICA 2,
NERICA4, NERICA 7,
WAB450-12-2-BL1-DV4

AfricaRice

2013 Komboka, Tai IRRI Singh et al. (2013)

2016 SATO1, SATO9 Pokkali (IR-4595-4-1-1-3),
IR67076-2B-21-2, CSR27
(CSR88IR-7), TXD306, IR64, IR56,
Thailand

IRRI International Rice Research Institute, AfricaRice Africa Rice Center
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Table 4 Traditional rice cultivars
in Tanzania reported in four
different literatures

Satoh et al. (1990)a Meertens et al. (1999)b Mogga et al. (2018)c Suvi et al. (2019)d

Afaa Faya Supa Afaa Mwanza

Afaa Mwanza Kahogo Chamota

Arusha Lugata Cherehani

Ausbin Pishauri Faya mzinga

Faya Rangi mbili Gombe

Gamti Sindano Kalamata

Horonadi Supa Kalubangala

India Tondogoso Kalundi

India Rangi Kihogo red

Kibawa Kisegese

Kibibi Limota

Kihogo Masantula

Kijicho Mbawa ya njiwa

Kilombero Mbawa mbili nyekundu

Kisaki Mbega

Kivuli Moshi

Kula Na Bwana Mpaka wa bibi

Lakata Kihogo Mwanza

Limoto Mzinga

Malbora Rangi mbili nyekundu

Mka Wa Ngawa Ringa

Mkia Wa Nyumba Serena

Moshi Shigo ya mwalil

Moshi (Sigara) Sindano nyeupe

Mwangle Sumbawanga

Mwasungo Supa

Ngohi Turiani

Ringa Wahiwahi

Riziki Zambia

Semanini

Senga senga

Sindano

Supa

Supa Mwasungo

Tarabizuna

Wahiwahi

Wamba

Zira

a Satoh et al. (1990) collected paddy samples from rice fields and storehouses of farmers and retailers in major
rice-producing regions (see Fig. 3) and identified 121 strains, most of which were traditional
bMeertens et al. (1999) reported that these traditional cultivars were the most important ones for rice farmers in
Sukumaland (Mwanza, Shinyanga, and Tabora) during the 1990s
cMogga et al. (2018) conducted a genome-wide association study using 59 rice genotypes including a Tanzanian
traditional cultivar Supa and identified 22 DArTseq-derived SNP loci significantly associated with rice grain
quality traits
d Suvi et al., (2019) identified a considerable genetic diversity among 54 rice accessions including 29 Tanzanian
traditional cultivars using SSR markers
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4.3 Challenges in rice breeding

Tanzania’s rice research program faces the serious challenge
of revising the nation’s breeding strategy. Traditionally, im-
proving rice yields was a major rice breeding target. To ac-
complish this goal, foreign elite lines and/or cultivars have
been introduced into farmers’ fields after an evaluation and/
or crossed with local cultivars to develop new lines. During
the 1970s, the cultivars introduced by the IRRI were widely
grown in the state-run schemes (Dalrymple 1986). However,
most of the IRRI cultivars are no longer found in farmers’
fields except for IR64, which is grown in a few irrigation
schemes in the Kilimanjaro region (Sekiya et al. 2013).
Kanyeka et al. (2005) reported that the locally bred cultivars
AfaaMwanza, Selemwa, and Katrin were also introduced into
those state-owned schemes but were rejected by small-scale
farmers. The authors argued that the rejection was due to poor
grain quality. Mwaseba et al. (2006) interviewed rice farmers
in Kilombero and Kyela and reported that TXD85 and TXD88
were also rejected by farmers because of their weak market-
ability due to poor grain quality. The authors further claimed
that the high costs of cultural management also contributed to
the rejection. In the previous breeding programs, quality-
related traits might have been underestimated or even ignored
during the screening process due to the overemphasis on high-
yielding ability.

NERICA1 seeds were distributed to upland rice farmers in
15 districts across Tanzania along with a 2-day residential
training course in 2011 and 2012 (Sekiya et al. 2015). It seems
likely that the cultivar failed to diffuse beyond those benefi-
ciary farmers in districts such as Kyela, Mvomero, Ulanga,
Morogoro, Muheza, and Korogwe (Kangile et al. 2018;
Hashim et al. 2018); the cause of the failure is still unclear.
However, NERICA1’s grain quality may have discouraged
farmers to adopt the cultivar because Tanzanian consumers
gave significantly higher scores to Mbeya rice over
NERICA1 even though NERICA1 was ranked higher than
imported rice (Sekiya et al. 2013). Unfavorable soil hydraulic
properties (Sekiya et al. 2013) and parasitic weeds
(Rodenburg et al., 2010, 2014; Schut et al. 2015) may have
also contributed to the failure.

It is reasonable to argue that rice farmers in Tanzania pay
close attention to rice market trends, which are strongly influ-
enced by consumer preference for the grain quality of tradi-
tional cultivars. As mentioned, Tanzanian rice market devel-
opments motivated small-scale farmers to engage in rice pro-
duction (Kadigi et al. 2004; Kato 2007; Meertens et al. 1999).
In theMwanza and Shinyanga regions, rice spread rapidly and
widely as a good alternative to cotton after international cotton
prices fell (Meertens et al., 1999). Kafiriti et al. (2003b) inves-
tigated farmers’ preferences for rice grain quality, revealing
that most farmers put a greater emphasis on grain quality than
on yielding ability when selecting cultivars. Nzomoi and

Anderson (2013) interviewed rice farmers in Mwanza,
Shinyanga, Tabora, Mbeya, and Morogoro and revealed that
approximately half of the rice farmers regarded rice as the
most important cash crop. Thus, we strongly agree with
Kafiriti et al. (2003b) that a revision of the breeding target,
which is greatly oriented toward improving yielding ability, is
necessary.

Recent initiatives of the rice research program are worthy
of close attention. TXD306, one of the recently released cul-
tivars, has high-yielding potential, inherited from foreign cul-
tivars, and good palatability, inherited from a traditional cul-
tivar (Msomba et al. 2004). Farmers’ acceptance of TXD306
is reported to be sufficiently high, and it is gradually spreading
out from the Morogoro region, where TARI-Ifakara (the cul-
tivar’s breeding institution) is located (Nakano and Kajisa,
2013, 2014; Nzomoi and Anderson 2013; Nkuba et al.
2016). However, the yielding ability of TXD306 seems to be
greatly reduced in rainfed conditions (Mwaseba et al. 2007;
Nakano and Kajisa, 2013, 2014). Additional study is needed
to determine whether TXD306will continue to be accepted by
famers in the remainder of Tanzania because a high percent-
age of the nation’s rice-growing area is still under rainfed
conditions. Komboka, one of the most recently released cul-
tivars, is promising in terms of its yielding ability under
rainfed conditions. Singh et al. (2013) argued that Komboka
should be accepted by rice farmers due to its aroma as well as
its superior yield compared with TXD306. However, accord-
ing to Kangile et al. (2018), few farmers grew Komboka in
Kahama, Kilombero, and Kyela districts in 2017. The authors
attributed this low rate of adoption to the non-availability of
Komboka seeds. Fiamohe et al. (2016) conducted experimen-
tal auctions in Dar es Salaam and Morogoro markets,
reporting that consumer willingness to pay for Komboka is
low compared with local cultivars such as Supa and Kalamata.
This implies that seed availability might have little effect on
the low adoption rate of this cultivar due to low acceptance by
consumers. Further research is needed to measure the
acceptance of Tai, SATO1, and SATO9 in rice markets.

4.4 Challenges in rice agronomy

Recently, major progress has been made in the agronomic
study of irrigated lowland rice. Nhamo et al. (2014) proposed
that yield gains obtained through improved rice cultivars can
be enhanced through application of Good Agricultural
Practice (GAP), which is an integrated set of agronomic man-
agement techniques that enhance soil fertility and water
availability as well as control weeds in East and Southern
Africa. Senthilkumar et al. (2018) proposed component tech-
nologies of GAP as shown in Table 2 and confirmed their
effectiveness using TXD306 not only in irrigated lowland
farmer fields but also in rainfed lowland farmer fields in
Kilombero. Prior to Senthilkumar et al. (2018), Sekiya et al.
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(2017) introduced basic cultivation techniques (BCT; a set of
agronomic management techniques similar to GAP shown in
Table 2) into 31 irrigation schemes across Tanzania and in-
creased paddy yields from 2.4 to 3.6 t ha−1 on average. No
improved cultivar was introduced during their study; the yield
increment was achieved with traditional cultivars. Therefore,
the dissemination of GAP and BCT is expected to improve
rice farmers’ ability to supply commercially viable rice
(TXD306 or traditional cultivars) to the nation’s markets un-
der irrigated lowland conditions.

However, the effectiveness of GAP and BCT under rainfed
lowland conditions should be open to debate. Senthilkumar
et al. (2018) showed that among the GAP component technol-
ogies, the application of basal fertilizer and drainage have
significant impact on grain yields of TXD306. Their experi-
mental site, Kilombero, is classified into the catchment sub-
type where rice fields are flooded when rainfall is excessive
(Table 1). In general, drainage is one of the most important
technologies to achieve high rice yields under excessive mois-
ture conditions. The significant effect of drainage may have
been observed due to the hydrological characteristics of the
experimental site. Further investigation is needed to confirm
the effectiveness of GAP and BCT in other subtypes especial-
ly narrow valley and plain grassland subtypes.

Some traditional cultivars have seemly obtained capabili-
ties to adapt to specific agroecosystems, and rice farmers have
been growing different cultivars for different environments
based on farmers’ empirical analysis on the characteristics of
cultivars. For example, Meertens et al. (1999) observed in
Mwanza that traditional cultivars, such as Kilombero, were
grown in water-limited conditions (plain grassland subtype)
while Tondogoso and Lugata were popular in the valley bot-
tom where sufficient water was available (narrow valley sub-
type). Sekiya et al. (2013) observed inMbeya that rice farmers
grew an unpopular cultivar Mwangulu for emergencies be-
cause it was able to survive harsh growing conditions. By
taking advantage of the unique characteristics of traditional

cultivars, some of the component technologies in GAP and
BCT such as land preparation and transplanting could be
modified, and the development of GAP and BCT for rainfed
lowland conditions could become possible. Moreover, the use
of the unique characteristics of traditional cultivars may
strengthen the effectiveness of GAP and BCT under
irrigated lowland conditions as well. Sekiya et al. (2015) com-
pared the yielding ability of traditional cultivarWahiwahi with
the abilities of TXD306, IR64, and NERICA1 under irrigated
conditions in Kilimanjaro and reported that Wahiwahi
transplanted in January, February, August, and November
yieldedmore than the other three cultivars transplanted in each
month. The detailed results are shown in Fig. 5.

4.5 A way forward

This review proposes a new research framework for rice pro-
duction in Tanzania that is greatly oriented toward meeting
consumers demands (Fig. 6). The framework is constructed
on two fundamental ideas: (1) both breeding and agronomy
should have specific research targets for each of the
agroecosystems and (2) genetic resources of traditional culti-
vars should be fully explored for both breeding and agronomy.

In the irrigated lowland agroecosystem, the breeding path
of TXD306 (traditional cultivars crossed with foreign elite
lines) should be followed to breed new cultivars with good
grain quality and high-yielding ability. Mogga et al. (2018)
recently conducted a genome-wide association study using
59 rice genotypes from IRRI (4 cultivars), AfricaRice (22
cultivars), International Center for Tropical Agriculture (1 cul-
tivar), Uganda (21 cultivars), Madagascar (2 cultivars), Mali
(4 cultivars), Sudan (3 cultivars), and Tanzania (2 cultivars,
see Table 4) and identified 22 DArTseq-derived SNP loci
significantly associated with rice grain quality traits. The pro-
posed breeding path should be accelerated through the
genome-wide association study with other traditional cultivars
in Tanzania. The same path should be followed in the rainfed

Fig. 5 Paddy yields ofWahiwahi,
TXD306, NERICA1, and IR64
transplanted monthly from
January to December in 2011 in
Kilimanjaro, Tanzania. Red circle
with red thick line = Wahiwahi;
blue triangle with blue thin line =
TXD306; orange square with
orange thin line = NERICA1;
green diamond with green thin
line = IR64. Data were derived
from Sekiya et al. (2015)
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upland agroecosystem. Presently, the same traditional culti-
vars as those grown under rainfed lowland conditions are also
grown under rainfed upland conditions, resulting in extremely
low yields due to moisture deficiency. Therefore, foreign elite
lines should possess high-yielding ability under upland
conditions.

In the rainfed lowland agroecosystem, genetic resources of
traditional cultivars should be explored not only for their pal-
atability but also for their adaptability to moisture deficiency.
Suvi et al. (2019) identified a considerable genetic diversity
among 54 rice accessions from IRRI (6 cultivars), AfricaRice
(6 cultivars), and Tanzania (42 cultivars, see Table 4) using
SSR markers. Further genetic investigation, along with agro-
nomic characterization of traditional cultivars, should enhance
the development of new cultivars suitable for the rainfed low-
land agroecosystem. Lack of proper seed system that allows
the nationwide seed production and distribution is yet another
challenge in rice production in Tanzania (Sekiya et al. 2015;
Kangile et al. 2018). If breeding efforts are to be successful, an
effective seed system must be developed.

In the irrigated lowland agroecosystem, GAP and BCT
proved to be effective in increasing yields of TXD306 and
traditional cultivars (Sekiya et al. 2017; Senthilkumar et al.
2018). Consequently, the next step is to disseminate the tech-
nical package across the irrigated lowland agroecosystem.
Sekiya et al. (2015) employed a farmer-to-farmer (FTF) ex-
tension approach to disseminate the technical package of BCT
across 31 irrigation schemes. In the FTF extension approach,
selected key farmers (KFs) were first trained with BCT at
agricultural training institutes. Second, the KFs transferred
their knowledge to intermediate farmers (IFs) by working to-
gether at a demo-field established in each scheme. Third, the
KFs and IFs exhibited the rice performance to other farmers

(OFs). Nakano et al. (2018) analyzed a unique 5-year house-
hold-level panel data set in one of the 31 irrigation schemes,
Ilonga, and revealed that the FTF extension approach was
effective and created a performance gap between trained and
non-trained farmers. In the rainfed lowland agroecosystem,
GAP and BCT should be modified for each subtype.
Physiological and ecological characteristics of traditional
cultivars adapted to each subtype should be fully utilized for
the modification. After the modification of GAP and BCT, the
FTF extension approach should be also prepared accordingly.
In the rainfed upland agroecosystem, agronomic management
techniques of NERICA1 production proposed by Sekiya et al.
(2015) should be modified for each cultivar developed.

5 Conclusion

In Tanzania, consumers prefer the grain quality of traditional
rice cultivars, and as a result, traditional rice cultivars are sold
at premium prices relative to imported rice in the nation’s rice
market. However, improving yields by introducing foreign
elite lines or crossing them with local cultivars has been a
major task for rice research institutes. Farmers have rejected
most of the previously released cultivars due to their poor
grain quality. The recently released TXD306 is a promising
cultivar with good grain quality from a traditional cultivar and
high-yielding ability from foreign elite lines. The integrated
set of agronomic management techniques such as GAP and
BCT is effective in increasing rice yields of TXD306 and
traditional cultivars under irrigated lowland conditions. The
application of technical packages to rainfed lowland condi-
tions still requires some additional investigation due to the
wide range of hydrological characteristics across subtypes in

Fig. 6 Conceptual framework of proposed research targets for rice
production in Tanzania. Research targets in breeding and agronomy are
contained in pink and orange boxes, respectively. Specific research
targets for irrigated lowland, rainfed lowland, and rainfed upland are
aggregated in blue, green, and yellow boxes, respectively. In each of the

agroecosystems, a seed system must be developed if breeding efforts are
to be successful, and a farmer-to-farmer extension approach proposed by
Sekiya et al. (2015) should be introduced to disseminate cultivation
techniques
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this agroecosystem. We propose the market-oriented research
framework for Tanzania’s rice production in which research
targets are made specifically for agroecosystem, and genetic
resources of traditional cultivars are fully explored. This study
has shown the importance of multidisciplinary approach in
improving rice production in Tanzania.
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