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Increasing agricultural land use intensity is one of the major land use/land cover (LULC)
changes in wetland ecosystems. LULC changes have major impacts on the environment,
livelihoods and nature conservation. In this study, we evaluate the impacts of investments
in small-scale irrigation schemes on LULC in relation to regional development in Kilombero
Valley, Tanzania. We used Remote Sensing (RS) and Geographical Information System
(GIS) techniques together with interviews with Key Informants (KI) and Focus Group
Discussion (FGD) with different stakeholders to assess the historical development of
irrigation schemes and LULC change at local and regional scales over 3 decades. Overall,
LULC differed over time and with spatial scale. The main transformation along irrigation
schemes was from grassland and bushland into cultivated land. A similar pattern was also
found at the regional valley scale, but here transformations from forest were more
common. The rate of expansion of cultivated land was also higher where investments
in irrigation infrastructure were made than in the wider valley landscape. While discussing
the effects of irrigation and intensification on LULC in the valley, the KI and FGD participants
expressed that local investments in intensification and smallholder irrigation may reduce
pressure on natural land cover such as forest being transformed into cultivation. Such a
pattern of spatially concentrated intensification of land use may provide an opportunity for
nature conservation in the valley and likewise contribute positively to increased production
and improve livelihoods of smallholder farmers.
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INTRODUCTION

Agriculture is today a major force that shapes land use globally. About 40% of the earth’s land surface
is composed of pastures and croplands (Foley et al., 2005) and over half of the cultivated areas have
been cleared during the last century (Houghton, 1994; Meyfroidt et al., 2013). Conversion of forest,
grassland, and woodland into cropland and pasture has increased dramatically in the tropics
(Houghton, 1994; Matson et al., 1997) as well as the conversion of tropical wetlands into agriculture
(Verhoeven and Setter, 2010). This land conversion is currently a threat to soil fertility and water
quality, but also to biodiversity. Although land use intensification is of global concern, it also has
major local and regional effects. This is specifically true for the current increased demand and
competition for farmland in fertile wetlands, especially in developing countries (Deininger and
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Byerlee, 2011; Hall et al., 2015; Scoones et al., 2018). In particular
farming in wetlands influences availability and quality of water
and soils, but also vegetations structure. This has resulted in
considerable loss of wetland biodiversity associated with natural
vegetation (Vrebos et al., 2015; Milton et al., 2018; Ramsar
Convention on Wetlands, 2018).

In Tanzania, overexploitation leading to loss of soil fertility
and erosion in highland areas (Johansson and Isgren, 2017; Colin,
2018), coupled with demographic growth and climate change
effects (Kangalawe and Liwenga, 2005; Msofe et al., 2019), have
increased the need to conserve the highland habitats and an
increase in wetland agriculture and irrigation (Leemhuis et al.,
2016; Colin, 2018). Due to economic opportunities and
limitations of rainfed farming, irrigation has increased, to a
large extent by means of farmer-led developments (Filipski
et al., 2013; de Bont et al., 2019). To reduce potential impacts
at local scale, empowerment of smallholder farming systems is a
potential option to increase production in restricted small areas
while reducing land transformation at a larger landscape. To
make informed local and national decisions on sustainable land
use, several studies have recently assessed LULC changes in
wetlands with different techniques: 1. Using communities’
perceptions (Johansson and Isgren, 2017; Seki et al., 2018;
Johansson and Abdi, 2020). 2. Remote sensing (RS) and
Geographical Information System (GIS) (Kashaigili and
Majaliwa, 2010; Leemhuis et al., 2017; Msofe et al., 2019;
Munishi and Jewitt, 2019; Thonfeld et al., 2020).

Effects of farming practices play out differently depending on
the scale (Jingan et al., 2005). Intensified land use at a regional
scale may result in a simplified agroecosystem (low biodiversity),
with large monocultural crop fields and low heterogeneity
(Landis, 2017; Grab et al., 2018). Subsequently, many of the
ecological interactions and ecosystem processes will be disrupted,
leading to lowered generation of ecosystem services (Vandermeer
et al., 1998; Chapin et al., 2000; Douglas, 2018). Alternatively,
improved farming technology at a small scale can reduce pressure
for large scale conversion into farming (Rosset, 2000; Jingan et al.,
2005; Fischer et al., 2014; Fraanje, 2018) and could be positive for
preserving remaining natural habitats. Loss and degradation of
habitats like forests and wetlands may lead to a severe decline in
species at the regional scale. For example, transformation of large
wetland areas is suggested to be the main cause behind the decline
of the endemic Poku antelope (Jenkins et al., 2002; Bonnington
et al., 2007) and loss of bird species and small mammals in
Tanzanian wetlands (Birdlife International 2016). Moreover,
increasing competition for grazing areas between livestock and
wildlife is currently a major threat to the survival of wild animal
populations (Bonnington et al., 2007; O’Keeffe et al., 2017).

The floodplain of the Kilombero Valley wetland has been an
important area for rice production since at least the 1800s
(Monson, 2000) and was already recognized as an area of high
agricultural potential in 1909 when the Germans surveyed for a
possible railway route through the valley (Beck, 1964). The aim of
this study was to examine LULC changes resulting from
governmental initiatives to expand smallholder irrigation
farming in the Kilombero Valley. To get a comprehensive
understanding, we used RS and GIS techniques, together with

interviews with local informants. The study addressed the
following key questions: 1) What effects have the small-scale
irrigation schemes had on the local LULC compared to the LULC
changes at the regional valley scale during the last 26 years? and
2) How are these changes perceived by the stakeholders in the
valley in relation to historical context, productivity of smallholder
farming and preserving biodiversity?

MATERIALS AND METHODS

Study Area
Kilombero Valley is one of the sub-basins of Rufiji located
between 34°33′E—37°20′E and 7°39′S—10°01′S in southern
central Tanzania. The climate in the valley is subtropical
humid and the rainfall is bimodal with an annual average
between 1,200 and 1,400 mm. The long-rain season is between
March–May and the short-rain season is between
November–January. The mean daily temperature is between
22 and 23°C (Koutsouris et al., 2016), with considerably cooler
temperatures in the mountains and forested areas. The valley is
complex in terms of hydrology as it is fed by many tributaries
originating from the mountain moving downstream (Senkondo
et al., 2018; Alavaisha et al., 2019a). Natural periodic flooding
influences the shape and the size of the wetland and the yearly
discharge varies between 92 and 3,044 m3/s (recorded at the
Swero gauging station situated at the outlet of the catchment).
(Leemhuis et al., 2017). To a great extent, flooding controls LULC
soil fertility, discharge and volume of water in the valley
(RAMSAR, 2002; Leemhuis et al., 2016). The wetland is
characterized by grassland, bushland and cultivated land.
Forest cover is common in the highlands and along streams
close to the canal intakes, rivers and flood plain. Only small
pockets of forests near the base of the Udzungwa mountains get
flooded yearly. Agricultural activities are mainly located in the
floodplains and major crops are rice, sugarcane and maize, but
also cocoa, banana, cassava, and vegetables are grown. Unlike
other crops, small gardens of vegetables are grown near
tributaries and rivers to facilitate irrigation. The farming
practices are either rainfed or based on irrigation, including
both small, medium, and large-scale farms (Amuri, 2015;
Alavaisha et al., 2019b).

This study was conducted using three different villages, each
with a small-scale irrigation scheme, within the Kilombero Valley
wetland (Figure 1): Msolwa Ujamaa irrigation scheme (in
Msolwa Ujamaa village), Mkula irrigation scheme (in Mkula
village) and Njage irrigation Scheme (in Njage village). The
three schemes were selected because of their differences in
their location in the valley, and development of agriculture
practices and their relationship with irrigation development in
the area since 1970s (Figure 2). We define the schemes as small-
scale to differentiate them from the much larger irrigation
operations represented by Kilombero Plantation Limited
(KPL) and Kilombero Sugar Company Limited (KSCL). The
small-scale irrigation schemes were selected to capture the
temporal dynamics of land use changes at the local scale. They
have similar system design starting in upstream areas, close to the
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forests, with water moving down through the primary canal to be
distributed to fields through secondary and tertiary canals. The
systems are managed by the villagers through an irrigation
committee in cooperation with the district and Rufiji basin
authority (Lal et al., 2016; Mosha et al., 2016). While Msolwa
and Mkula are accessed easily from Ifakara town, in the
Northeastern part of the valley, Njage is located further into the
inner part of valley, close to Kilombero Plantation Limited (KPL),
and less accessible from Ifakara. The access to the valley changed in
the 20th century as Ujamaa villages were established and the
TAZARA railway connected villages with markets (Figure 2).

The railway, linking Morogoro, Dar es Salaam and Mbeya, is
often the only reliable transport for crops during rainy seasons.

Data Collection and Analysis
The study involved gathering both quantitative and qualitative
information to better understand and interpret land use changes
from local to regional scale. Data were collected along the three
irrigation schemes using two different methods: 1) Remote Sensing
(RS) and Geographical Information System (GIS) techniques to
map the LULC change. This mapping was then compared with
already published information about land use change in the whole

FIGURE 1 |Map showing Kilombero wetland, Tanzania (within Kilombero District) and the three irrigation schemes included in the study: (A)Msolwa Ujamaa, (B)
Mkula and (C)Njage village. (Source of basemap: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, cNESAirbus. DS, USDA, USGS, AeroGRID, ICN, and the GIS User
community).
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valley (Leemhuis et al., 2017) and 2) interviews with Key
Informants (KI) and participatory Focus Group Discussion
(FGD) with different stakeholders within the valley.

Classification and Description of Land use/
Land Cover
First, we established a LULC classification system modified from
three existing classification systems: FAO grouping (as in Di
Gregorio and Jansen, 2000), Tanzania land planning commission
(as in Msofe et al., 2019), and Kilombero Ramsar wetland
classification (as in Munishi and Jewitt, 2019). In addition,
field observations and general historical information gained
from farmers during the preliminary field survey were used.
Based on this information, we established five major LULC
classes (Table 1).

Land use/Land Cover Change
LULC change in areas with small-scale irrigation
schemes.
LULC data were collected through Google earth and satellite
images. To understand the local scale effects of the canals and

irrigation on land use change, we analysed the area close to the
canals reflecting activities happening in the irrigation schemes.
First, the three irrigation systems were mapped in Google Earth.
A boundary that stretches out 100 m in each direction from the
canal was marked as buffer for LULC change in each irrigation
scheme. The position of the irrigation schemes and the
surrounding buffers were checked through ground truthing
during fieldwork in 2019.

To assess land LULC changes through time, we used satellite
images taken during the dry season from three different dates:
Landsat TM five for 1990, Landsat ETM+ for 2000, and Landsat
OLI for 2017 (see Supplementary Table 1). An exception was
made for Njage, where a cloud free Landsat OLI for 2016 was
used. The images had a spatial resolution of 30 m. Images pre-
processing and analysis were done using Arc GIS 10.3 software.
We used the standard approach for data processing and analysis
including image pre-processing for geometric and atmospheric
corrections and projection, sub-setting, classification
(unsupervised classification) using Iterative Self-Organising
Data Analysis Technique (ISODATA) algorithm (Fuller et al.,
1994; Huang and Jensen, 1997; Kashaigili et al., 2006; Duda and
Canty, 2010). Amajority filter was used to smoothen the classified

FIGURE 2 | Development time-lines for irrigation schemes in Kilombero Valley, Tanzania compiled from Mbande et al. (unpublished) and compared with interview
data. Upper panel is Msolwa Ujamaa irrigation scheme, middle panel is Mkula irrigation scheme and lower panel is Njage irrigation scheme. MC- Major canal, SC-
secondary canal, TAZARA- Tanzania-Zambia Railway Authority, KSCL- Kilombero Sugar Company Limited, KPL- Kilombero Plantation Limited, SRI- System of Rice
Intensification.
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output to show only the dominant classification (Fuller et al.,
1994). Accuracy assessment was carried out using Idrisi (version
17.02) software. Specifically, the classified land cover for year
2017 was compared using projected land cover for year 2017. (c.f.
Batisani and Yarnal, 2009; Foody, 2002; Schneider and Gil
Pontius, 2001). We obtained a Kappa coefficient index of 0.81,
0.84. 0.82 for Msolwa Ujamaa, Mkula and Njage respectively,
indicating an acceptable level of accuracy for all the maps.
Normally, the Kappa coefficient index higher than 0.8 show
the reliability of the simulation process (Viera and Garrett, 2005).

Land use/Land Cover Change at Regional Scale in
Kilombero Valley
LULC change mapping of the whole Kilombero Valley was
obtained from Leemhuis et al. (2017). The methods used by
Leemhuis et al. (2017) were similar to the ones used in this paper.
In short, they used 1) RS techniques and GIS to generate data on
spatial and temporal changes in LULC. They used moderate
resolution (30 m) Landsat images from the United States
Geological Surveys (USGS) to analyse LULC change in ten-
year intervals. LULC was quantified and involved atmospheric
correction and cloud masking, projections, classification
methodologies and accuracy assessment. Local experts were
also used for data interpretation, thereby minimizing errors of
misinterpretation. For our analysis, we chose to compare our
LULC data with the 1994, 2004 and 2014 data from Leemhuis
et al. (2017), as these periods were the best match to our own
LULC data from the small-scale irrigation schemes.

Perception of Land use/Land Cover in the
Irrigation Schemes
To get information about historical development, perceptions of
informants on drivers of LULC change and conservation of
nature, we used participatory methods, including FGDs and
KI interviews, guided by checklist questions (Supplementary
Appendix 1). The interviews involved men and women aged
40–60 years, and those with long experience regarding irrigation
schemes, land use change and transformations. FGDs were
mainly used to gather historical information on land use and
land cover change through time as proposed by Adriansen (2012)
and Kolar et al. (2015). In each irrigation scheme, two FGDs were
performed, involving three different groups of stakeholders:
irrigation committees, village leaders and old farmers. Each

group was led by a moderator and contained nine participants
of same gender to enhance discussion and reduce social barriers.
Stakeholder groups with less than 10 participants are more easy to
moderate and generate more open discussions (Canavor, 2006;
Nyumba et al., 2018). The KI interviews were used to capture
additional information on the local history of development
irrigation schemes and perception on LULC change. We also
discussed the perceptions of informants about the twin goals of
improving productivity of smallholder farming and preserving
biodiversity. Information from KI were integrated with those of
FGDs to construct the time-lines presented above and table on
the perception on LULC change during the development of
irrigation schemes locally and regionally.

RESULTS

Land use/Land Cover Change in the
Irrigation Schemes
In general, there was an increase in cultivated land and a decrease
in forest, bushland and grassland area in all irrigation schemes
(Figure 3, Figure 4; Supplementary Table 2). The increase in
cultivated area during the whole period, from 1990 to 2017, was
more than 80% inMsolwa Ujamaa andMkula and just above 50%
in Njage (Figure 3; Supplementary Table 2). The changes,
however, occurred at different stages in the villages. Msolwa
Ujamaa and Mkula had their major increase in cultivated land
from 1990 to 2000, whereas cultivated land in Njage increased
most from 2000 to 2017 (Supplementary Table 2). For example,
Msolwa Ujamaa had c. 7 ha cultivated land in 1990 and almost
70 ha in 2000, and Mkula had c. 9 ha in 1990 reaching to 90 ha in
2000. In Njage changes into cultivated land was only c. 20 ha
during the same period.

This trend is also seen in the rate of changes calculated for
each year (Supplementary Table 2). In Msolwa Ujamaa, the
annual change into cultivated land decreased from 5.9%
between 1990 and 2000 to 1.4% between 2000 and 2017
(Figure 3). During the same period, grassland and
bushland losses were 2.1 and 0.9% indicating that those
land covers were cleared and transformed into cultivated
land. Similarly, in Mkula village, with an annual increase of
cultivated land of 6.7% (1990–2000) and 1.1% (2000–2017),
whereas transformations in Njage were much more similar
during the whole period, from 2000 to 1.7% 1990–2000

TABLE 1 | Defined land cover/use classes surrounding irrigation schemes in Kilombero wetland, Tanzania.

Class name Class description

1 Cultivated land Low elevation, slightly undulating land that are intensively cultivated. Cultivated land is irrigated using water from the canal
and actively used for crops.

2 Bush land Land covered by small trees, shrubs, and bushes; to some extent mixed with some grass. It includes dense and open
bushland.

3 Grassland Land covered with grass, often used for grazing and occasionally flooded.
4 Forest Land covered with relatively tall trees (at least 3 m) with a canopy cover of >10%. Including both lowland and highland

forests.
5 Water Small inland open water areas, including swamps and pools of water, either during rainy season or collected from excess

irrigated water.
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compared to 1.8% between 2000 and 2017 (Supplementary
Table 2).

When analysing the change from one LULC to another in the
three villages, we found some similarities and some differences
(Table 2). The major change in Msolwa Ujamaa and Mkula was
from grassland 35 and 51 ha, respectively, transformed into
cultivated land from 1990–2000. There were also some
transformations from bushland to cultivated land, but very
little came from forest. The same transition trends were found
between 2000 and 2017, although at much lower rates. In
contrast, the major land use change in Njage occurred in the
period 2000–2017 where almost a third of the total area 24% was
transformed from bushland to cultivated land and a smaller part
came from forest and grassland (Table 2). The same transition
trend is detectable also between 1990 and 2000, but at
smaller rate.

Land use/Land Cover Change at the
Regional Scale Kilombero Valley
LULC changes for the whole Kilombero Valley have been
documented earlier (Leemhuis et al., 2017). Although, the
LULC classes are not matching perfectly with those in our
analysis at the local scale, the results from this regional scale

show that the valley has experienced major LULC change over the
past 3 decades (Supplementary Table 3). Similar to the local
small-scale irrigation schemes, the major changes have been from
grassland and forest into cultivated land. The rate of change was
not uniform during this period. From 1994 to 2004 about 0.2% of
the land was annually converted into cultivated land, compared to
1.1% from 2004 to 2014. As a result, there was a loss of forest and
grassland at an annual rate of 0.3 and 0.4%, respectively. Most of
the changes occurred along the perimeter belt of the valley floor
and the boundary of the flood plain, predominantly showing the
expansion of agricultural areas at the expense of natural grassland
and forest. In contrast to the changes in the small-scale irrigation
schemes, urbanisation and bare land were other land cover types
expanding in the catchment.

Perceptions on Drivers of Land use/Land
Cover Change
Besides investments, such as construction of canals and intakes
mentioned by informants, shown in Figure 2, there were a series
of events during this period that were perceived as directly or
indirectly associated with LULC change, both in the irrigation
schemes and in the valley in general. Direct events mentioned in
FGD were increased cultivation for the market, and the

FIGURE 3 | Annual rate of LULC change along irrigation canals: (A)- Msolwa Ujamaa canal, (B)- Mkula canal and (C)- Njage Canal.

Frontiers in Environmental Science | www.frontiersin.org July 2021 | Volume 9 | Article 6116866

Alavaisha et al. Land use Change and Agriculture

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


construction of railway and irrigation infrastructure (Table 3).
FGD participants mentioned opening of the northern part of the
valley to Morogoro and Dar es Salaam, to a large extent by an
increased supply of rice. Prior to the construction of the TAZARA
railway, the valley was according to the informants, mainly home
to fishing communities who lived off the Kilombero River and
also did a bit of farming. Some Maasai pastoralists arrived with
their cattle in the 1980s. People from Iringa and Mbeya realised
the valley’s potential for rice production and started settling in the
1990s. Further, increasing drought and shortage of land in
highland areas caused migration of farmers to invest in parts
of Msolwa and Mkula, near to Ifakara Town. The opening of the
TAZARA railway in 1975 made many remote parts of the valley
more accessible, leading to expansion of rainfed farming in the

valley. One informant mentioned that “I came in 1977 to Sululu
because one of my parents worked for TAZARA so the family also
had to come here, and decided to stay and start cultivating
different crops.” The respondents in FGD and KI interviews
also mentioned the attractive climatic conditions, search for
agricultural land, and how they had followed spouses and
relatives as important factors for migration into the valley,
particularly in Msolwa Ujamaa and Mkula. While the railway
was not regarded as particularly influential to the land use
changes within the irrigating canals, the resulting migration
were mentioned to be more influential also for the expansion
of cultivation in the small-scale irrigation schemes (Table 3).

The end of socialism in the 1980s and the beginning of
privatisation in the early 1990s was the starting point of new

FIGURE 4 | LULC change surrounding (A) Msolwa Ujamaa, (B) Mkula and (C) Njage irrigation scheme in Kilombero Valley, Tanzania from 1990 to 2016/17. The
pools of water in year 2016 (C), reflect a temporary flooding event and wet conditions.
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irrigation interventions (see Figure 2). Focus group discussants
and key informants stated that the irrigation schemes were much
improved from 1990 to 2000 (Table 3). All schemes had similar
development patterns, except for the expansion of cultivated land,
where discussants mentioned that the effects of the investments
on land use came earlier in the northeastern part of the valley, i.e.
in the Msolwa Ujamaa and Mkula Irrigation schemes compared
to the Njage scheme in the southwestern inner part of the valley.

In Msolwa Ujamaa, (easily accessible fromMorogoro and Ifakara
town) respondents said that “Villagers were given about
1–2 acres each” as a redistribution of land after the Chinese
agricultural trainers left the village. This was part of a country-
wide policy for improving village irrigation schemes during the
1990s funded by both government and external support. In
Msolwa Ujamaa and Mkula, KI and FGD participants said
that, new technologies for rice production that emerged during

TABLE 2 | LULC change transition matrix from 1990 to 2017 for (A) upper panel-Msolwa Ujamaa, (B) middle panel-Mkula, and (C) lower panel-Njage irrigation scheme in
Kilombero Valley.

LULC LULC matrix 1990–2000 LULC matrix 2000–2017

Cultivated
land

Bushland Forest Grassland Total Cultivated
land

Bushland Forest Grassland Water Total

Cultivated
land

5.9 24.8 2.9 35.3 68.9 62 15.4 0.5 18 95.9

Bushland 0.6 5.9 2 8.4 16.9 0.2 0 0 0 0.2
Forest 0 0 0.5 0 0.5 0.1 0 0 0.2 0.3
Grassland 0.3 8.3 5.3 5.9 19.8 7.2 1.7 0 2 10.9
Total 6.8 39.1 10.7 49.6 106.1 69.5 17.1 0.5 20.2 107.3
Cultivated
land

5.7 22.5 11.2 51.2 90.5 86.5 9.3 7.8 10.3 114

Bushland 1.1 3.2 0.1 5.6 9.9 0.3 0 0 0 0.3
Forest 2.1 1.8 1.8 4.2 9.9 1.3 0.3 0.7 0.1 2.4
Grassland 0.5 3.7 1.5 5 10.7 2.1 0.4 1.4 1.3 5.2
Total 9.4 31.1 14.6 66 121.1 90.2 10.1 9.9 11.7 121.9
Cultivated
land

11.2 6.4 3.6 8.2 29.4 18.3 24.6 2.8 4.2 0.6 50.5

Bushland 5 13 5.9 7.5 31.5 8.6 2.2 0.9 1.6 0.3 13.6
Forest 0.6 1.4 0.9 1.1 4 0.2 0 0.2 0 0.1 0.5
Grassland 0.9 2.4 1.4 1.6 6.3 1.2 0.4 0 0 0 1.5
Water 0.1 0.6 0.1 0.2 1 1.7 3.8 0.2 0.3 0 5.9
Total 17.8 23.8 11.9 18.6 72.1 30 30.9 4.1 6.1 1 72

TABLE 3 | Perceptions on drivers of LULC change between small scale and reginal scale in the Valley.

Small scale Regional/Valley scale

• Canal constructions at Msolwa Ujamaa and Mkula perceived to cause early
transformation and late transformation at Njage.

The valley has transformed slowly, due to limited opportunities to invest
in irrigation farming.

• Financial support from donors and government are important to improve farming
small-scale irrigation systems.

Most farmers rely on locally raised capital and family labour. Limited incentives acting
as a means to discourage rainfed extensive farming. For instance, credits facilities
were less available to rainfed farmers.

• Operation of TAZARA contributed to opened up new potentials for farming in
southern parts.

TAZARA was driving changes in the early 1990s, however with time roads have
become more important.

• Investment in irrigation and market access causes conversion of small areas of land
to agriculture in irrigation schemes.

Diversification emerging opportunities at valley reduce dependence
on rainfed farming.

• Migration linked to investment in small scale irrigation to prolong farming seasons,
increasing yields and marked oriented production.

Migration linked to draught, soil infertility and increasing population in highlands.
Farming for household consumption and surplus for selling.

• Privatisation of KSCL facilitated early transformation at Msolwa Ujamaa and Mkula
while KPL contributed to expansion in Njage irrigation schemes later. These
schemes contributed to expansion of sugarcane and rice markets.

To increase crop production and reduce risk of drought farmers preferred to leave
rainfed farms to invest in irrigation schemes.

• Introduction of the system of rice intensification (SRI) involved intensive farming. SRI
involved training farmers in the selection of rice seeds, transplanting, and also in the
practice of alternate wetting and drying with an aim of increasing rice (∼2–3 times
compared to reginal scale per hector) harvests and water efficiency mainly within
irrigated areas.

Farmers use traditional practices like rice seed broadcasting and harvesting is
by hands using family and cheap labour. With these extensive rainfed farming
yields are uncertain and relatively low.

• Promoted irrigation farming at small scale implies a potential for improved
sustainable production

Conservation has to be promoted at the regional scale.
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the 1990s were followed by further improvements in irrigation
farming, such as the use of chemical fertilisers and improved seed
varieties. Farmers at Msolwa Ujamaa and Mkula stated that,
although small areas were also given to farmers to improve sugar
production, massive investments were made after privatisation of
KSCL in the 1990s that supported small scale farmers to engage in
irrigation. In contrast, Njage village, located further into the
valley, expanded the irrigation systems later (from 2003 to
2006) followed by an investment in KPL in 2007 that
supported rice out-growers using a System of Rice
Intensification (SRI) technology. Respondents mentioned that
SRI technology involved training in the selection of rice seeds,
transplanting, and also in the practice of alternate wetting and
drying with an aim of increasing rice harvests and water efficiency
mainly within irrigated areas (Figure 2; Table 3). Respondents
mentioned how it has become increasingly difficult to get new
land which has also influenced further speculations in the
irrigated land. This is specifically as FGD participants
mentioned that development and intensification in irrigation
schemes increased rice production about 2–3 times compared
to the rainfed farming at regional scale.

While discussing the effects of irrigation and intensification on
land use in the valley, the FGD participants also pointed out the
possibility for how such local investments in intensification and
irrigation may reduce pressure on conversion of natural land
cover such as forest into cultivation. For instance, one FGD
participant said that “Investment at small scale irrigation
schemes involving use of modern farming techniques while
maintaining health of soil and biodiversity, is likely to enhance
transformation from rainfed to irrigation.” FDG participants also
mentioned that farmers engage in environment-friendly
irrigation farming, such as the preservation of plant residues
in cultivated fields to maintain soil moisture and nutrients.

Farmers perceived land use intensification would continue in
the valley unless interventions are taken. There was a notable
nostalgic reference among the FDG participants regarding how
visible wild animals used to occur in the wider valley, specifically
in the nearby forests. It was mentioned in one of the FGD that
“those areas were mostly forest, so what we did was to just go
there and cut pieces of those forests (for wood and expand
farmland) and others were even told to just cut as much as
they can as there were only wild animals in those areas. So as the
human population and cultivation increased the problems started
to emerge”. The problems that the participants referred to here
were related to perceptions of an emerging land shortage and land
speculation as more people were interested in investing in
cultivation.

It was also mentioned that there were advantages with small
scale compared to large scale farming, based on differences in
productivity and investment costs (Table 3). Farmers perceived
small scale farming to be associated with improved irrigation
farming, that produce high yields on small areas. However, at the
regional scale large areas are cultivated more extensively with
substantially lower yields per hectare. During FGDs, a majority of
farmers claimed to engage in rainfed farming as it involved low
capital and labor inputs. When asked about whether they wish to
continue with rainfed farming or shift to irrigation, a majority,

showed a clear interest in irrigation and the potential of
increasing their crop production twice or more per season.
Furthermore, and perhaps more interestingly, they also
expressed positive views about irrigation as a way to conserve
other parts of the valley that they also perceived as less productive
and not suitable for investment in intensive farming practices.

DISCUSSION

Local and Regional Land use/Land Cover
Change
In general, there was an increase in cultivated land and a
decrease in grassland, bushland and forest from 1990 to 2017
in all three villages. Similar to the information from interviews,
the satellite images showed that the LULC changes occurred
earlier in Msolwa Ujamaa and Mkula than in Njage. The
largest increase in cultivated land in Njage occurred later
between 2000 and 2016 compared to the other villages
which had the largest increase between 1990 and 2000.
These results are similar to what Leemhuis et al. (2017)
found at a regional scale, showing that forest and grassland
were lost at a relatively high annual rate from 1994 to 2014
(Figures 3, 4; Supplementary Table 3). At the local scale, most
of the changes occurred along the perimeter belt of the valley
floor and at the boundary of the flood plain, which corresponds
well to the pattern of LULC changes documented at the
regional valley scale. Msofe et al. (2019) and Thonfeld et al.
(2020) found similar transition patterns where forest and
grassland were decreasing, with significant changes in
Kilombero. This trend occurs in many parts of Tanzania,
where natural forests and grasslands were converted to
cultivated land and settlements (Kashaigili and Majaliwa,
2010; Ojoyi et al., 2017).

At both local and regional scales, the expansion of cultivated
areas since 1990 occurred at the expense of natural grassland,
but also of forest occurring at the border of the wetland.
However, in some parts of the larger valley there were
pockets of cultivated land that were not farmed every year
(Leemhuis et al., 2017). Most certainly, the transition rate
from 1990 to 2017 was higher in the flood plain partly
because of availability of moisture that can support two
farming seasons of both rice and maize (Alavaisha et al.,
2019b). As a result of low production and unpredictable
rainfall (Milder et al., 2013; Lugangira, 2018), more intensive
farming was concentrated in restricted small scale irrigated
areas, while rainfed in the whole valley. At the regional scale,
the major change into cultivated land occurred later than in
Msolwa Ujamaa and Mkula, indicating that the irrigation
system, as expected, has indeed influenced and triggered the
transformation at the local scale. The fact that Njage had a more
similar development to the whole valley, could be explained by
its remote location. An increase in cultivated land in Msolwa
Ujamaa and Mkula in the beginning of the period 1990 to 2000
and Njage in 2000–2016 indicate that this pattern is repeated
across the wetland as farmers moved to wetter, irrigated and less
populated areas.
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Perceptions of Irrigation Development on
Land use/Land Cover Change
All three irrigation schemes in this study started as farmer-led
initiatives using hand dug canals, later developed into lined
concrete canals. Increased cultivation for the market, and
construction of both railway and irrigation infrastructures
were mentioned by the KI and FGD participants as
important for this development. The FGD participants
stressed that privatisation of KSCL in 1992 and the increased
share of sugarcane out-growers in the villages, contributed to
land use change and influenced the need for rice irrigation in
villages close to Ifakara town (Msolwa and Mkula), explaining
the difference in timing between villages. In contrast,
informants mentioned, establishment of KPL as an important
start of the modern, intensive rice farming system in the
southern part of the valley. Improved infrastructures such as
electricity, roads, and TAZARA line, connecting Kilombero to
urban/city centres, further enables farmers to transport their
products from the southern part of the Kilombero Valley
(Milder et al., 2013; Nakawuka et al., 2018), encouraging
increased production also in marginal areas (Connors, 2015).
Kangalawe and Liwenga (2005) also point out the need for
available productive land and the importance to minimise the
interference with livestock keepers. Further, on par with
increased immigration and changes to the economy, rainfall
uncertainty called for more sustainable irrigation systems to
safeguard future food production (Otieno et al., 2013; Asare
et al., 2018). This highlights the need for improved irrigation
systems as it may, if well-functioning, double the yields of rice
per hectare (Filipski et al., 2013; Connors, 2015).

Land Management and Conservation From
Local to Regional Scale
Studies have shown that large scale farming can cause harmful
trade-offs between clearing of land for cultivation and increased
food production and ecosystem service generation and
biodiversity (Rosset, 2000; Fischer et al., 2008, 2014; Fraanje,
2018). In Kilombero valley, intensified agriculture at larger scales
often requires inputs such as fertiliser, pesticides, power tillers,
and tractors (Lahr et al., 2016; Livsey et al., 2020), which have
facilitated conversion of a significant part of the Kilombero Valley
(Milder et al., 2013). Despite this conversion at large scales,
production is generally fairly low, particularly in rainfed areas
(Nakawuka et al., 2018). Similar observations have been reported
from irrigation schemes in northern parts of Tanzania, where
expansion of farming has reduced native species (Misana et al.,
2012; Said et al., 2021). Brockington et al. (2008) and Rowcroft
(2005) reported that agricultural innovation and technologies
have transformed much of the habitats beyond their recovery,
and still there is a failure to meet production cost in an
effective way.

There is debate about the most effective way to produce food
and at the same time produce essential ecosystem services and
biodiversity (Fischer et al., 2008; Balmford et al., 2012; Tscharntke
et al., 2012; Kremen, 2015). Intensification of small-scale farming,

using ecology-based approaches, has been suggested as a way to
both conserve nature and improve smallholder production
(Gabriel et al., 2013; Bakengesa and Uisso, 2015; Lugangira,
2018). This was also noted by the farmers in our study,
suggesting that investment in small-scale irrigation schemes
could make way for conservation in less fertile areas. Our
informants further suggested that encouraging the use of
organic amendment would be an environmental friendly way
to further intensify production, which aligns with the concept of
sustainable intensification of food production (e.g., Tscharntke
et al., 2012; Bommarco et al., 2013). Examples of farming
practices could be the use of organic residuals and irrigation
to enhance nutrients availability (Witt et al., 2000; Alavaisha et al.,
2019b; Livsey et al., 2020). Such management contributes to
ecosystem services like recycling of plant nutrients, protection
of soil from erosion, conserving and protecting water, and
integrating crops with local livestock keeping (Rosset, 2000;
Coff, 2015). Shifting to small-scale irrigation farming could
thus reduce pressures of large scale conversion of land (de
Vries et al., 2010), which will decrease the extensive clearing
of miombo woodland and mountain forest as well as protect the
valley from fragmentation of natural habitats (Fischer et al., 2014;
Fraanje, 2018). Restricting farming into local irrigation schemes
would reduce the large scale simplification of the landscape and
thus enhance conservation of the broader wetland area (Kremen,
2015; Ashley, 2016; Happe et al., 2018), whilst at the same time
increasing food production.

CONCLUDING REMARKS

We have documented the local effects on land use from
investments in small-scale irrigation schemes in the
Kilombero Valley. The most common transformation was
from grassland and bushland into cultivated land in the
irrigation systems. A similar pattern was also found at the
regional valley scale, but at the regional scale transformations
from forest were more pronounced. The results show that
cultivated land increased in all small-scale irrigation schemes,
but the transition occurred earlier in the two villages in the
northeastern part of the valley compared to the more remote
village in the southwestern part. KI and FGD participants
pointed out that canal construction and privatization of
nearby large-scale agricultural companies were key factors for
early transformation. At the larger regional scale, cultivated land
increased at a lower annual rate than in the small-scale irrigation
areas. Based on interviews and analysis of LULC change, we
stress that an increase in small-scale irrigation schemes could
increase production, while minimizing the pressure to simplify
the wider landscape into larger intensified agricultural areas.
This would potentially spare land for conservation biodiversity
that is less suitable for conversion to agriculture. Thus,
investments in small-scale irrigation may not only benefit
smallholder farmers and raise agricultural productivity, but
also enable nature conservation by maintaining landscape
heterogeneity at the regional scale.
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