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Executive Summary

In the wake of increasingly declining land area for agriculture due to rapidly growing urbanization, land
degradation as well as the impact of climate change, there is a growing concern to rethink current land use
strategies and to devise innovative mechanisms to optimize the productivity of land under crop and
pasture production while boosting resilience. Efforts to address this challenge will not only come from
agricultural intensification and land conversion, but the capacity of farmers, pastoralist and land use
planners to access and utilize accurate, robust and timely information on land potential to support decision
making on land management and productivity. Fortunately, advances in mobile phone technology and
internet access in Africa is paving way for new innovative and technological tools that promote
agricultural development to enhance food security and support rural livelihood through the provision of
vital information on crop prices, market value-chain solutions, and crop insurance, among others.

This report documents the application of the new and innovative mobile app called the Landinfo App by
pilot users (crop and livestock producers) in the Samburu County of north central Kenya and Kavango
Region in north eastern Namibia. The LandInfo App, which is a product of the Land Potential Knowledge
System (LandPKS) project, was developed after two years of intensive collaborative research between the
African Technology Policy Studies Network (ATPS) and its partners including the United States
Department of Agriculture's Agricultural Research Service (USDA-ARS) to assist farmers and other
stakeholders of land use to make informed and accurate decision on agricultural and land management
practice based on point-specific information generated on soil characteristics, climatic conditions and
production choices. Groups of farmers, pastoralists and extension agents from the two locations were
trained on how to use the LandInfo App to assess the potentials of their land and subsequently make
informed decisions based on the results from the assessment.

Using a participatory approach, the report evaluates the perception of pilot users on the use, knowledge
and impact of Landinfo App in the provision of vital information towards enhancing decision-making on
land and agricultural productivity. The pilot users showed a generally positive response to the ease of use
and the flexibility in learning about the Landinfo App. They applauded LandInfo App as a valuable tool
for providing useful information to inform decision making by farmers, pastoralist, extension agents, and
land use planners. The pilot users responded favorably, showing good level of satisfaction on the use of
the LandInfo App, the information produced by the App, ease of applying it on the field and the duration
it takes to receive feedbacks/results. Users acknowledge that their knowledge on soil types, properties and
land management strategies have improved tremendously since they used the LandInfo App. While the
impact of the LandInfo App on improved crop and fodder productivity is too early to show, pilot users
were optimistic about the impact of LandInfo on future land productivity following the decisions
implemented with the aid of the App. Overall, the evaluation outcome of the LandInfo App use is
favorable. Several issues raised by pilot users have been taken into consideration and are being addressed.
By engaging farmers from the onset, the project aimed to overcome the barriers and ensure effective
adoption of the LandInfo App, taking advantage of the growing penetration of the technology in rural
agricultural areas of Africa. The potential for scaling up this innovation throughout the pilot countries and
to other African countries remains highly viable for increasing agricultural productivity in the face of
climate change but would however require adequate training and awareness creation about the app;
collaboration with public-private authorities at the local, county and national levels; as well as funding
supports from development agencies.



1.0 Introduction

1.1 Agricultural Land Use and Climate Change

Globally, land use and land conversions have significantly altered the earth’s current landscape including
reduction of the natural vegetation cover. These transformations have been shaped by diverse factors
mainly anthropological in nature. Among the several important factors, agriculture and climate seem
critical in determining current land uses and land conversions at varied spatial and temporal scales. At the
same time, the different land use types and conversions appears to be a response mechanism for different
land users such as countries to extract natural resources for economic growth, cities to increase
urbanization through infrastructural development to cater for the growing population, and farmers’
adaption to climate change and variability impact, and to increase agricultural productivity and food
security.

Agriculture accounts for the largest proportion of land use and land conversion in many parts of the
world. Around 40% of the earth’s land surface is under agricultural production (including pastureland)
(Turner et al., 2007). In Africa, agriculture remains the dominant land use systems on the continent,
consisting of a diverse mix of crop and livestock agricultural systems that vary across and within the
different agro-ecological zones (Figure 1). Agriculture provides livelihood for approximately 80% of the
African population, offering employment to 70% of the economically active population (African
Development Bank (AfDB), 2010). Over the last couple of years, agricultural growth has been above 3.5
percent in sub-Saharan Africa and 3.2 percent in North Africa, but most of this growth has come from
increased land area under cultivation rather than productivity increase (Fuglie and Rada, 2013;
Binswanger-Mkhize, 2010).

Yet another critical factor to agricultural land use and food security is the impact of climate change and
variability. Evidence of climate change impact, manifested in declining freshwater quality, drought,
floods, rainfall fluctuations and increasing temperature is becoming more common in Africa (IPCC,
2014). Heat stress due to rising temperature has the potential to reduce livestock productivity and crop
yields while changes in precipitation patterns increase the likelihood of short-run crop failures and long
run production declines. The sub-Saharan African region remains highly vulnerable to the impact of
climate change and variability due to the highly sensitive nature of crop growth, yields and production to
climate and other environmental factors. In the next decade, many countries in the region could suffer
50% decline in rainfed agricultural yields in drought years as a result of the changing climate (Easterling
et al., 2007).
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Figure 1: Land use systems in sub-Saharan Africa (LADA, 2008)

The farming systems in sub-Saharan Africa are characterized by root crops such as cassava, tuber crops
such as yams, cereals such as maize, millet, sorghum, wheat and rice, tree crops such as tea, coffee,
cocoa, date palms, and vegetables and legumes (Table 1). At the individual farm unit level, up to 10
different crops are typically cultivated on a farm plot. Livestock production forms an integral aspect of
agricultural system, significantly contributing to the livelihood strategies of the rural and food insecure
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regions (Delgado et al., 1999). Current farming practices are confronted with a host of challenges. The
decline in soil fertility of is a major issue, given that existing soils are old and leached, with 16 percent of
the land surface considered to be very low in nutrients. Even more worrying is the fact that these soils are
losing nutrients at an estimated worth of $4 billion per annum as result of continuous cropping, land
degradation, poor farming practices and soil erosion (Bationo et al., 2011). Given that available land for
agriculture are declining in many SSA countries due to land competing factors such as urbanization,
biofuel crop production, among others, existing agricultural land under cultivation must be optimally
productive to meet the growing food demand while sustaining the natural resources base upon which the
agricultural economy depends (Ozor, 2007).

Table 1: Agricultural land use systems of sub-Saharan Africa

Land use Principal crops/ livestock

Maize mixed Maize, tobacco, cotton, cattle, goats, poultry

Mixed Crop Maize, sorghum, millet, cassava, yams, legumes

Root crop Yams, cassava, legumes, off-farm income

Agro-pastoral Sorghum, pearl millet, pulses. sesame, cattle, sheep, goats,
poultry, off-farm work

Highland perennial Banana, plantain, coffee, cassava, sweet potato, beans,
cereals, livestock, poultry,

Highland temperate mixed Wheat barley, teff, peas, lentils, broad beans, potatoes,
sheep, goats, cattle, poultry

Pastoral Cattle, camels, sheep, goats, remittances

Tree crop Cocoa, coffee, oil palm, rubber, yams, maize

Commercial — large holder and smallholder Maize, pulses, sunflower, cattle, sheep, goats,

Irrigated Rice, cotton, vegetables, rainfed crops, cattle, poultry

Rice/tree crop Rice, banana, coffee, maize, cassava, legumes, livestock

Sparse agriculture (arid) Irrigated maize, vegetables, date palms, cattle,

Urban based Fruit, vegetables, dairy, cattle, goats, poultry

(Adapted from InterAcademy Council, 2004)

There are growing concerns to rethink current land use mechanisms, and devise innovative strategies that
ensure that available land under agricultural production becomes more productive and sustainable. Efforts
to achieve increased food productivity will come not only from agricultural intensification and land
conversion production strategies but will require access to accurate, robust, and timely information and
knowledge of land potential to support decision making at the various scales of the agricultural system.
By empowering farmers with information via access to modern technology, they will be in a better
position to innovate and effectively change the potential of their land through farm practices that enhance
productivity as well as increase crop and land resilience to variable and changing climatic conditions.



2.0 Mobile Technology Use for Agricultural Development

From agriculture to banking, the use of mobile technology is transforming many societies in Africa. The
continent has seen a tremendous rise in mobile phone usage, with approximately 70% of mobile users
able to access internet via mobile phones which enable suite of apps that offer mobile phone-based
services (Figure 2). Table 2 show the percentage of the population who are using mobile phone. The rapid
coverage of internet enabled mobile phones is aided by the increased growth of Africa's mobile
broadband at a rate of 40% plus (twice the global average), and the proliferation of low cost manufactured
smartphones which are becoming increasingly affordable (Veselinovic and Clements, 2015). Mobile
technology and internet use is proving to be a game changer- creating a favorable environment for
improved access to information, increasing economic productivity and contributing to transformation in
the agricultural sector.
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Figure 2: Mobile phone use and coverage in Africa (Source: The World Bank Report, 2015)

At the 2003 World Summit on the Information Society (WSIS) in Geneva, Switzerland, the role of
Information and Communication Technology (ICT) in advancing agricultural development to enhance
food security and support rural livelihoods was highly recognized and officially endorsed (Stienen et al.,
2007). This effort has served as a springboard for ICT revolution in agriculture, culminating into the use
of computers, geographic information systems, internet and mobile phones to contribute to agricultural
development and poverty reduction in developing countries.

The unprecedented advancement in mobile phones technology and internet access in Africa has paved
way for the development of new innovative tools that can facilitate the dissemination of information and
knowledge on agricultural production, livestock, market value chain and crop insurance. Improved
internet accessibility through mobile phone networks together with simple mobile applications (Apps)
provides new opportunities to connect farmers, extension workers, development planners, and
policymakers with site-specific knowledge and information on land potentials. Given that Africa’s
agricultural sector which employs about 73% of rural Africa has not substantially improved productivity
over the past 40 years, the strategic application of internet and mobile phone apps offers a great



opportunity for Africa’s agricultural sector to redeem itself as the backbone of economies of most African
countries (Van Zyl et al., 2015).

Table 2: Mobile penetration and population by country

Country Penetration Population
2012 2012

Eritrea 6% 5,539,466
Ethiopia 17% 86,087,466
Djibouti 23% 918,422
DRC 23% 69,120,939
Burundi 24% 8,705,833
Malawi 28% 15,757,333
Niger 29% 16,500,502
Madagascar 32% 21,775,172
Mozambique 33% 24,338,816
Comoros 33% 768,493
Central Africa Republic 33% 4,553,398
Somalia 35% 9,737,302
Chad 36% 11,754,303
Rwanda 37% 11,189,577
Uganda 42% 35,343,034
Burkina Faso 43% 17,353,449
Lesotho 46% 2,211,098
Guinea 47% 10,415,984
Togo 48% 6,251,022
Sierra Leone 48% 6,094,209
Tanzania 50% 47,296,896
Liberia 52% 4,215,656
Cameroon 56% 20,359,297
Nigeria 59% 165,589,721
Zambia 63% 13,781,422
Angola 63% 20,026,495
Guinea Bissau 64% 1,571,489
Swaziland 65% 1,216,138
Kenya 69% 42,464,495
Mali 70% 16,199,057
Sao Tome 74% 171,040
Zimbabwe 75% 12,948,853
Equatorial Guinea 75% 735,406
Senegal 79% 13,022,847
Ghana 84% 25,400,908
Benin 85% 9,288,859
Mauritania 88% 3,602,605
Congo 93% 4,209,734
Cote d’Ivoire 94% 20,484,184
Mauritius 98% 1,312,000
Seychelles 103% 87,096
Cape Verde 104% 504,147
Namibia 114% 2,354,325




Gambia 120% 1,812,608

South Africa 123% 50,668,685
Botswana 149% 2,047,612
Gabon 164% 1,556,470

Source: Sub-Saharan Africa Mobile Observatory 2012

While mobile phone-based technology use in agriculture is generating much interest among the
agricultural community, farmers and other stakeholders are yet to fully benefit from the use of mobile
phone application to improve their agricultural production due to several limitations which include low
capabilities and literacy to explore the full functions of the mobile devices; limited airtime and data to
access mobile services; and limited awareness of such services and their benefits to their livelihoods.
Aimed at empowering farmers and stakeholders with innovative decision-making tools, the Land
Potential Knowledge System (LandPKS) is a knowledge system developed by African Technology Policy
Studies Network (ATPS) in collaboration with the US Department of Agriculture's Agricultural Research
Service (USDA-ARS) to make accurate farm decisions on production choices based on soil and climatic
characteristics.

2.1 The Land Potential Knowledge System (LandPKYS)

The Land Potential Knowledge System (LandPKS) emerged from a process of matching land use with
land potential to increase agricultural production while reducing degradation risks, and expands the
concept of an ecological knowledge system (Herrick et al., 2013) through the use of mobile technology,
cloud computing and making more extensive use of crowdsourcing in both knowledge and information.
The LandPKS offer a suite of innovative integrated mobile information collection and analysis tools to
optimize food productivity, land restoration and climate resilience. The overall goal is to globalize
knowledge by collecting, sharing and integrating local and scientific knowledge about the potential
productivity and resilience in order to support long-term sustainable land productivity. The LandPKS
suite of integrated mobile phone applications allow farmers, ranchers, extension workers, development
organizations, and national governments to access, share and apply the best available knowledge and
information to inform choices of land management strategies, land use planning and specific types of
interventions at field, regional, and national scales.

The uniqueness of the LandPKS is its development approach which is community-driven, offering room
for feedbacks to be incorporated into the system. It is envisaged that a shared understanding of land
potential by governments, farmers, pastoralists, and development workers through the use of innovative
suite of applications produce by LandPKS for effective decision making has the capacity to sustainably
increase agricultural production, rangeland restoration and improvement of other ecosystem services.

The LandPKS app is being developed and implemented through a phased, modular approach designed to
complement, rather than replace, new and existing land evaluation, database development, and soil
mapping initiatives, as well as government extension efforts and local and international development
projects. The modular approach (a) allows stakeholders to apply early versions of the system to make
basic determinations about land potential; (b) maximize opportunities for them to contribute knowledge
and information to the system, including providing instant feedback on initial determinations; and (c)
ensure that the system is sufficiently flexible and dynamic to take advantage of and contribute to future
9



tools, and technologies. Developed as an open source, participatory knowledge platform, the LandPKS
development draws enormous data support and collaborative effort from the Food and Agriculture
Organization (FAO), Global Soil Map, the International Soil Reference and Information, African Soil
Information System (AfSIS) World Overview of Conservation Approaches and Technologies (WOCAT),
International Livestock Research Institute (ILRI), National Aeronautics and Space Administration
(NASA), Natural Resource Conservation Service (USDA-NRCS), Northern Rangelands Trust (NRT),
Regional Centre for Mapping and Resource Development (RCMRD), SERVIR-Africa, United Nations
Convention to Combat Desertification (UNCCD).

One major output of the LandPKS is the LandInfo App that uses mobile phones and a globally-networked
system to produce knowledge and information that explicitly define land potential (relative productivity
and degradation risk) by facilitating the identification of land management systems most appropriate for
local conditions (Herrick et al, 2013).

2.2 Describing the LandInfo App

The LandInfo App is part of a wider land potential knowledge system that allows individuals and
organizations to use a smart mobile phone to determine land potential at a specific location based on local
and global knowledge and information about the potential of similar types of land (i.e. land with similar
climate, soils and topography) (figure 3). The LandInfo App currently operates on google android
platform, connected to a more sophisticated web tools that can be accessed via personal computers and
linked with other decision tools. The App integrates climatic and topographic information from existing
databases with targeted field data collection of knowledge and information to predict relative
productivity, soil erosion and sustainability of crop and forage production for a set of locations. Tapping
into recent advances in cloud computing, digital soil mapping, Global Positioning System (GPS) enabled
camera phones, the Landinfo App allows users to enter point-specific information about soil texture,
topography and easily observable soil properties and in turn obtain site-specific data including
temperature, rainfall, estimated amount of water the soil can store for plants, and growing season length.

10
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Figure 3: Land Potential Knowledge System (Herrick et al., 2015)

Field data are captured into the LandInfo App by two main methods: first, through a field of observational
assessment of the land cover type, use, slope, slope shape, occurrence of soil erosion, runoff and soil
conditions, and second, up to 1 meter depth of soil is excavated to identify the different layers and types
of soil layers by examining the soil texture at different depths. Geo-referenced photographs are taken to
serve as benchmarks for future monitoring.

The LandInfo App provides information and data for different user groups at varied scales. At the field
level, individual producers are able to use the LandInfo App to answer questions about sustainable land
management options, while policymakers will be able to aggregate data across larger areas without losing
key pieces of information, such as the presence of small, highly productive or vulnerable sites within a
region. It also provides extension workers with the ability to instantaneously access the best available
information and interpret it in the context of local socio-economic conditions and local values, including
crop preferences. Scientists have access to a globally geo-referenced database for calibrating remote
sensing imagery and testing hypotheses globally. The LandInfo App extends prior efforts to integrate
local knowledge and scientific information by allowing site-specific conclusions to be instantaneously
updated based on input from other locations with similar soil and climate characteristics. As a result, the
accuracy, precision, and relevance of the knowledge engine at the core of the LandInfo App will increase
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with each use. Users benefit from site-specific interpretations about their land potential based on the data
generated by LandInfo App to assist in land management decisions.

2.3 Functional abilities of the LandInfo mobile app

Users of the LandInfo App will have the opportunity to provide data to feed into the app through a tiered,
iterative series of questions, observations and field soil testing. Together with additional information on
local management practices, this information will be used to provide a set of site-specific management
options, with an indication of potential production choices, productivity and erosion risk. Users will be
trained on how to accurately use the application to provide and obtain data. The illustration below
provides detailed slides of the interfaces of the Landinfo App, the process of data input and expected
output (figure 4).
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For more accuracy, the in-built
clinometer can be used, by
gauging along the edge of the
phone at a calibration point, and
pressing the lock button?.

The slope shape features two
categories of vertical and
horizontal directions, (along and
across the slope) in concave,
convex or linear shapes.
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The interface shows the soil
depth measurements to be
assessed on the site. At this
point, a hole is dug at the center
of the plot up tol meter or up to
a restrictive layer.

At each soil depth, soil rock
fragments and soil texture are
measured by handling the soil
and observation

The amount of soil rock fragment
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the classes of percentage of rock
fragment ranges detailed in the
drop-down menu.

1 There are several ways to calibrate a reference point. The easiest is to use a second person and determine where on their
torso your eye level is on flat ground (0%). Thereafter, use that spot as your reference to point at when you’re on different ends

of the slope.
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| Figure 4: Interfaces of the LandInfo App

3.0 Methodology

The study employed a participatory approach including focus group discussion, interviews and field
demonstration to carry out the documentation of Landinfo App used by pilot users in Samburu County in
the north central part of Kenya and Kavango region in north eastern Namibia. Farmers and grazing
coordinators received training on the use of the LandInfo App to assess the soil characteristics in farmland
and grazing lands. Land users made management decisions based on the results obtained from the
LandInfo App. Some of these decisions were implemented on their farms and grazing areas with the
expectation that implemented strategies will impact on the crop productivity, land restoration and improve
the resilience of their lands. The study also aimed to assess the knowledge, usability and flexibility of the
LandInfo App by the pilot users, as well as to receive valuable feedbacks from users in order to improve
the LandInfo App features and update the app. By engaging farmers and other stakeholders from the
onset, the project aimed to overcome the barriers to effective use and adoption of the LandInfo App and
to ensure that smallholder farmers including women were carried along and become abreast with modern
technologies as mobile phone penetration in rural areas in African countries continue to become
increasingly significant.

3.1 Survey Locations

3.1.1 Demographic characteristics of pilot users

The majority of the pilot users of the Landinfo App were males between the ages of 21 to 40 years. These
participants had varied level of education from secondary level to tertiary level. In Kenya, the primary
occupation of LandInfo App users is principally livestock and pasture production. On the other hand, pilot
users in Namibia were principally crop producers.

3.1.2 Kavango Region, Namibia

Kavango region (coverage area: 48,742 km?) is located in the North eastern part of Namibia bordering
Cuando Cubango Province of Angola and North-West District of Botswana (Figure 5). The region is
currently divided in Kavango East and Kavango West. Most land uses in the region are concentrated
around the Okavango River which provided freshwater for livestock, irrigation and fishing. The region is
characterized by 5 different types of soils, namely anthrosol, arenosol, calcisol, fluvisol, and solonetz.
Majority of farming practices occur in small patches of soils along the River and along fossil drainage
lines and inter-dune valleys which is made of fluvisols and calcisols (Mendelsohn, 2009). According to
the 2012 Namibia Labor Force survey, the population of Kavango is estimated to be approximately
260,000. Out of this population, 70% are comprised of rural household and about two-thirds of this
percentage is engaged in farming as the major source of income. Cash incomes from businesses, formal
sectors, pensions, and remittances serve as other sources of incomes for some rural households.
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Botswana

South Africa

Figure 5: Location of Kavango region in Namibia

3.1.3 Land Use and Control

A major portion of Kavango land is broadly and officially classified as communal land, which implies
that land is formally owned by the state, however, many organisations exercise some control over land.
The principal land use in Kavango region is either small-scale or large-scale farming. Small-scale farming
is predominant, consisting of few hectares of pearl millet (Mahangu) with small numbers of goats and
cattle along the Okavango River. Large scale farms covers between 2,500 and 5,000 hectares, principally
used for commercial farming (Mendelsohn, 2009) (Table 3). The region is regarded as a breadbasket of
Namibia, drawing much investment in improved seed, fertilizers, ploughing services and marketing of
products from the government, donors and NGOs in order to improve Mahangu production (Mendelsohn,
2009).

Table 3: Land use systems and coverage area in Kavango region

Land use/ownership Square kilometers Percentage of Kavango
Communal grazing 22,477 46.4%
Private, commercial farms 14,529 30.0%
Conservation areas 7,534 15.5%
Namibia Development Corporation (NDC) farm 1,689 3.5%
Small-scale crops 750 1.5%
Namibia Defense Force 537 1.1%
Quarantine farms 280 0.6%
Resettlement farms 200 0.4%
Urban areas 162 0.3%
Government farms 112 0.2%
Forestry area 101 0.2%
Rehabilitation farms 62 0.1%
“Green scheme” farms 23 0.0%
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Total area of Kavango 48,456 100%

Source: Mendelsohn, 2009

3.1.4 Samburu County, Kenya

Samburu County is one of Kenya’s 47 counties with an area size of approximately 21,000 km? in northern
Kenya (figure 6). The County is characterized by 6 different types of soils namely; lithosols, cambisols,
xerosols, luvisols, solonelz and nitosols. Soil distribution is influenced by topography, rock types and
vegetative cover among other factors. The County experiences a peak rainfall season from April to June,
recording up to 1250mm of rainfall per annum, and off-seasonal rainfall of 250mm from October to
December. Temperatures range from a mean annual minimum of 24°C to a mean maximum of 33°C.
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Figure 6: Geographical location of Samburu County in Kenya

According to 2009 census, Samburu County had a population of approximately 223,947. Half of the
population is male and remaining 50% is female, with age distribution of; 0-14 years (50.6 %), 15-64
years (46.4 %), 65+ years (3%). This population accounts for 0.58% of the national population. The
population density is 11 people per Km2with an annual growth rate of 2.1 %.
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3.1.5 Land Use and Control

Two kinds of land uses are found in Samburu County, namely pastoral and non-pastoral. In the pastoral
areas, land use is almost entirely for cattle, goats, camel and sheep production, with the exception of
wildlife parks and forests (under state ownership) and trading centers (where land is privately owned).
The low potential rangelands, covering 77.5% of total land surface receive between 250-600mm of
rainfall per annum. In these areas, land is held under communal tenure and group ranch tenure systems.
Land use in the rangelands is dominated by activities of nomadic pastoralists who move twice a year
during the two dry seasons. The County has about 140,900 ha (7%) medium to high potential land,
receiving between 600-900mm of rainfall per annum, suitable for agriculture. About 6,000 ha are
currently under wheat, barley, maize, beans, some fruits and vegetables (Table 4). The zone under
cultivation is slowly expanding and dairy farming is also picking up.

Table 4: Land Use Potentials in Samburu

Agro- Potential Current Location Extent  Constrai Interventions
ecological land use land use (HA) nts
zone
Lower Wheat, Maize, Wheat, Kirisia 272,431 Erratic Drought tolerant
highlands Barley maize Lorroki rains crops water
Pyrethrum barley Parts of harvesting
Cattle, Sheep Cattle Nyiro and techniques
sheep Baragoi
Lower Ranching Nomadic Kirisia 69,076 Human Wildlife,
highland Wildlife Pastoralism Lorroki wildlife  conservancy
zone conflicts  groups
Upper Maize Maize Kirisia 184,416 Erratic Drought tolerant
midlands Sunflower Livestock  Lorroki rains crops; Soil & water
Livestock Parts of Human conservation
Sorghum Baragoi wildlife  wildlife conservancy
conflicts
Lower Livestock; Livestock  Baragoi 884,933  Erratic Protection of springs
midlands Millet Wildlife Nyiro rains and catchments
zone Ranching; Forestry Wamba areas
Wildlife; Forestry
Lower Pastoral Nomadic  Parts of 106,111 Water Protection of springs;
Midland nomadism (beef pastoralism Baragoi deficit underground water
Zone cattle) and Nyiro abstractions
Intermediate Nomadic Nomadic ~ Nyiro 511,280 Drought
lowland pastoralism pastoralism Waso e
Wildlife wildlife
Indistinct 84,453
zones/transiti =~ -------m- 0 mememeee-
onal zones

Source: District Agriculture Office Records, Samburu, 2006
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4.0 Results and Discussion

4.1 Knowledge of the LandInfo App

Table 5 shows the mean score and standard deviation values of the responses of pilot users” knowledge
and understanding of the use of LandInfo and the relevance in informing decision-making on land
management strategies and agricultural production in Samburu County and Kavango Region. The results
indicate that all statements received positive responses from the pilot users in both locations, with mean
score of 3.5 and above on a scale of 1 to 5, except statement 7 (The LandInfo App can be used by any
farmer regardless of your level of education ) which recorded a mean score of 2.8. Also in this table, the
standard deviation for all the statements were below 1.0, showing insignificant difference between
individual mean scores. The Pilot users agree that the LandInfo App is easy to learn and use when
provided with initial training and demonstration on the field. The pilot users also agree that the results
from the LandInfo App are relevant for decision making on land management practices and agricultural
production.

Majority of the users strongly agree that their knowledge on soil properties have improved following the
use of the LandInfo App. Generally, pilot users disagree with the statement that LandInfo can be used by
any person irrespective of the education level. They argue that, LandInfo App users require some level of
education as well as training on the use of the Landinfo App in order to fully understand, accurately use
the App on the field and interpret the results generated by the App. These views were echoed by
participants during the focus group discussions (FGDs) involving 10 pilot users from the Samburu
County and 8 pilot users from the Kavango region. Generally participants of the FGDs applauded the
value of the app in providing information that is useful to farmers, pastoralists, extension agents and land
use planners to make decisions about their farm enterprise or in land restoration. According to one user,
Mr Erastus Ngaruka, “the app is a very good initiative as it gives some basic information to farmers”.
From the results, the mean scores from individual statements were above the grand mean of 3.93 in both
Samburu County and Kavango Region which indicate generally positive responses to the improved level
of knowledge on the use of LandInfo App for the acquisition of data and information that are essential for
making land management decisions. The pilot users from their experience with Landinfo App will
recommend the LandInfo App to other land users.

Table 5: Mean score and standard deviation of users’ responses on knowledge of LandInfo App use

Samburu County Kavango Region
Statements Mean Standard  Mean Standard
Score* Deviation Score*  Deviation
1. The LandInfo App is easy to learn and use 4.4 0.52 4.20 0.42
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2. Decisions you made using the LandInfo App are 3.9 0.74 3.70 0.82
much better than decisions without it

3. Result generated using the LandInfo App are 4.1 0.57 3.70 0.48
relevant to your crop or pasture production

4. LandInfo App will very useful for agricultural 4.1 0.32 4.30 0.48
production in your area

5. You would gladly recommend LandInfo App to 4.3 0.48 4.60 0.52
Land users

6. There is need for more training by extension 4.3 0.48 4.30 0.48
workers to fully understand the use of LandInfo App

7. The LandInfo App can be used by any farmer 2.8 0.92 2.80 0.63
regardless of your level of education

8. There is need for a training manual to fully 3.50 0.53 3.80 0.42
understand the use of the LandInfo App
Grand Mean 3.93* 3.93*

* On a scale of 1 (No improved knowledge) to 5 (Highly improved knowledge)

The positive responses from pilot users on knowledge of LandInfo App use suggest that LandInfo App is
user-friendly. There is also good level of interest in LandInfo App since the results produced have proven
to be useful for decision making and agricultural production according to the pilot users. Irrespective of
the ease of use and flexibility of the LandInfo App, there is a general consensus that some level of basic
training is essential to fully grasp the process and application of the LandInfo App on the field. In this
regard, the pilot users, during the FGD suggested that due to the nature of information in the app and the
procedures of applying the app to obtain useful outputs, the agricultural extension agents will be in a
better position to initially use the app in providing services and advice to the farmers. According to them,
extension agents are better educated to fully understand the content of the apps and be able to decode it in
such a manner that can be applicable to the farmer and farm enterprises. Another pilot user, Ms Angelina
Kanduvarisa noted that: “farmers will need additional assistance from probably the extension agents in
order to be able to make effective use of the App otherwise, they will struggle with the app in its current
state”. Most of them confirmed that before they were able to make effective use of the apps themselves,
they earlier received training and guidance from the LandPKS project team.

4.2 Level of Satisfaction of the LandInfo App use by Users

Results from Table 6 below shows the mean score and standard deviation values for the extent of pilot
users’ satisfaction on LandInfo regarding the type of information generated by the App, the ease of
applying LandInfo on the field, the training received, and the duration for receiving results from the
LandInfo App. The results indicate generally positive responses to all the 5 statements (mean scores
above 3.5). Particularly, the pilot users in Samburu County were very satisfied with statements 2
(satisfaction with the ease of use of Landinfo mobile app) and 4 (satisfaction with the training on
performing soil test on the field), which recorded mean scores of 4.40 and 4.30 respectively. In the
Kavango region, pilot users scored mean values of 4.30 for statements 2, 3 and 4, indicating very good
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level of satisfaction. The standard deviation values were all below 1.0, indicating that the individual pilot
users’ scores did not differ much from the mean. In the Samburu County, the grand mean score of overall
users’ response to level of satisfaction was 3.98. Of the 5 statements, only two scored above the grand
mean while the remaining three scored slightly below the grand mean. In the Kavango region, the grand
mean score of overall users’ was 4.10. Out of the 5 statements, statement 1 and 5 scored below the grand
mean while the remaining three statements scored above the grand mean. Overall, the results suggest
good satisfaction by the pilot users to the use of the LandInfo App in both locations.

The results signify a positive reception and interest in the LandInfo App as well as the growing demand
for new technologies by farmers and other land users. The results also indicate that, from the onset when
farmers and other users are engaged in the development and testing process of new technologies, they
tend to easily adopt these technologies and use it.

Table 6: Mean score and standard deviation of level of satisfaction to LandInfo use

Level of satisfaction with LandInfo App use Samburu County Kavango Region
Statement Mean Standard Mean Standard
Score*  Deviation  Score*  Deviation
1. To what extent are you satisfied with the type of 3.80 0.42 3.90 0.32
information generated by LandInfo app?
2. To what extent are you satisfied with the ease of 4.40 0.52 4.30 0.48
use of LandInfo mobile app?
3. To what extent are you satisfied with the training 3.80 0.42 4.30 0.82
on the use of LandInfo app?
4. To what extent are you satisfied with the training 4.30 0.48 4.30 0.67
on performing soil test on the field?
5. To what extent is you satisfied with the time it 3.60 0.70 3.70 0.82
takes the LandInfo App to generate result?
Grand mean 3.98* 4.10*

* On a scale of 1 (Not Satisfactory) to 5 (Very Satisfactory)

4.3 Impacts of LandInfo App on Farmland Management, Knowledge, and Decision-making

The result in Table 7 shows the mean score and standard deviation values for pilot users’ response to the
impact of LandInfo on agricultural land management and decision making towards improved agricultural
productivity. The results indicate that the pilot users agree to the positive impact of LandInfo with mean
score ranging between 2.70 and 4.50 in both Samburu County and Kavango region. The standard
deviations for all the statements were below 1.0, with the exception of statement 5 which was 1.25 and
1.26 for Samburu and Kavango respectively. In spite of this, the deviation from the mean score for
individual responses did not differ significantly. The grand mean scores were 3.76 and 3.66 for Samburu
County and Kavango region respectively. The results suggest a positive impact on the use of LandInfo
App in the following ways: first, the pilot users strongly agree that the use of LandInfo for soil test
analysis has better informed them about their soil type, the appropriate management practices to employ
based on the soil type, and also the potential of their land to support certain types of agricultural or fodder
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production. For example, Mr. Thomas Sakui, a pastoralist noted that “with the aid of information from the
LandInfo App, | have become aware that the top soil layer on my plot of land is very thin and therefore
need to maintain adequate grass cover to reduce the impact of erosion”. Second, through the use of the
LandInfo App, pilot users agreed that they have gained significant understanding of climatic, edaphic and
landscape factors that influence the existing conditions of their land and can therefore take informed farm
decisions.

The pilot users’ responses to the impact of LandInfo on yield and productivity represented in statements 7
(extent the LandInfo led to improvement of your yields on fodder/ crop production) and 9 (extent the
LandInfo app led to an improvement on agricultural land productivity) show relatively low mean scores
for both statements (2.8 and 2.7 for statement 7 and 2.8 and 2.9 for statement 9 for the respective pilot
locations). This may be because the LandInfo pilot users are yet to record series of harvests from their
crops/fodder to be able to concretely confirm the extent of impact on yield and productivity. However,
they remain optimistic about improved crop or fodder yield and land productivity, as they argue that
decisions on land management practices and measures implemented with the aid of the Landinfo App is
much better than before. On the other hand, the pilot users had quite divergent responses to impact on
erosion with some arguing that while the soil type and properties offer indication of the risk of that soil to
erosion, the LandInfo App does not provide specific measure for erosion risk control.

Table 7: Mean score and standard deviation of impact of LandInfo App on Farmland Management,
Knowledge, and Decision-making

Samburu County Kavango Region
Statement Mean Standard Mean Standard
Score*  Deviation  Score* Deviation
1. To what extent has LandInfo app improved your 4.30 0.67 4.40 0.70
knowledge on soil type and properties?
2. To what extent has LandInfo app improved your 3.70 0.48 3.70 0.48
knowledge on crop or pasture production choices?
3. To what extent has LandInfo app improved your 4.30 0.48 4.10 0.74
knowledge on farmland/landscape?
4. To what extent has LandInfo app improved your 4.00 0.67 3.40 0.52
knowledge on land management strategies?
5. To what extent has LandInfo app improved your 3.70 1.25 3.40 1.26
knowledge on soil erosion risk?
6. To what extent has LandInfo app led to improved 4.40 0.52 4.50 0.53

knowledge exchange with other farmers?
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7. To what extent has LandInfo led to improvement of 2.80 0.92 2.70 0.48
your yields on fodder/ crop production?

8. To what extent has LandInfo app led to improved 3.80 0.63 3.80 0.63
decision making on better choice of production?
9. To what extent has LandInfo app led to an 2.80 0.42 2.90 0.57
improvement on agricultural land productivity?
Grand mean 3.76* 3.66*

*On ascale of 1 (No impact) to 5 (High impact)

4.4 Areas of Improvement on the LandInfo App

An integral part of the land potential knowledge system is the inclusion of user and stakeholder feedbacks
and ideas into development and application of the LandInfo App. This approach allows stakeholders to
contribute knowledge and information to the system by providing instant feedbacks on the operation of
the App, whether the products from the App meet their demands and goals, and to ensure that
stakeholders take the opportunity to contribute to improving the technology for which they would be the
direct beneficiaries. At the FGD, the pilot users expressed high level of satisfaction with the App
interface, the simplicity and yet comprehensive nature of the LandInfo App. Since its introduction, the
LandInfo App has been improved tremendously based on iterative feedbacks and responses from users
and stakeholders. However, the pilot users also revealed some limitations, desired inputs, and outputs
from the LandInfo App. These include:

e Appearance of the Landinfo App icons: The pilot users suggested that some of the icons in the
App must be improved to represent the actual depiction on the ground. For example, the
representation of land cover by grass, shrub or tree must be clearly distinguished by the various
icons in the App, making it difficult to identify exactly the type of land cover.

e Plot ID: The plot ID has no option of correction once it is entered unless you delete the plot and
start all over again. The pilot users suggested that there should be some flexibility in changing the
plot ID after it is entered in case there is a mistake.

Desired Inputs
e Provision to insert and visualize plots within LandInfo (e.g. shape files or create polygons)
e Improving land use classes in LandInfo to cater for different areas that might not be fully
representative
e Provision in the App to populate different or new fields as required (block/site details, etc.)
e Provision of mechanism to undertake soil stability assessment

Desired outputs to phone
e Ability of LandInfo App to compare same plots over time
e Ability to use the outputs from LandInfo App graph plots across various parameters (time, plots,
etc.)
e Ability of the LandInfo to match biophysical similarity between tests and control sites, to
compare plot similarity, matching characteristics, etc.

4.5 Potential for upscaling LandInfo App
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Based on the outcome of the pilot studies, opportunities exist for adoption and upscaling of LandInfo App
to the rest of African countries and beyond. In the next 3 years, it is expected that, the project will cover
all regions in Kenya and Namibia, by training and exposing at least 47,000 smallholder rural farmers and
extension agents and over 200 development practitioners to the Landinfo app to assist them make
informed and accurate farm and land management decisions to improve agricultural productivity and
livelihoods. Through the use of the LandInfo App, policymakers would be in a better position to make
informed decisions relating to crop and pasture production, incentive systems such as inputs, subsidies,
loans, etc.

5.0 Conclusion

The increasing role and contribution of mobile phone-based technology towards the transformation of the
agricultural sector cannot be underestimated. In this report, we have documented the field piloting of the
application and potential contribution of LandInfo App, a new and innovative product of the LandPKS
project, that generate point-specific information about the potential of land by identifying soil type, crop
or fodder suitability, land use strategies among others to inform decisions on agricultural production and
improve land resilience.

The report shows positive responses from pilot users on the value, impact, and user-friendliness of the
LandInfo App. There is a high level of satisfaction among pilot users on the capacity of the LandInfo App
to assist users to make important land management decisions with the goal to unleash the potential of
lands for productive uses, and building resilience in societies globally. The Landinfo App is a unique
innovation in the sense that it integrates local knowledge with scientific information to generate accurate
and robust results. The App is a community-driven technological tool that is powered in part by the
feedbacks and responses received from the main beneficiaries including farmers, pastoralist, extension
agents, and development planners among many others. The feedbacks and comments are incorporated to
update and improve the operation of the LandInfo App.

While this pilot evaluation has mainly focused on small-scale crop and livestock producers, the Landinfo
App is fashioned to be useful to different users at varied levels. At the field level, farmers, pastoralist,
extension agents, development planners, and consultants can use the App to test their soils to generate
information that will supplement their own knowledge of land potential and answer questions about
sustainable land management options. It also provide extension workers with the ability to
instantaneously access the best available information and interpret it in the context of local socio-
economic conditions and local values, while scientists have access to a global geo-referenced database for
calibrating remote sensing imagery globally. At the national level, governments, NGOs and donor
agencies can use the app to help identify where support (development projects) for production type and
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other development efforts are likely to have the greatest impact on productivity, and avoid mistakes that
sometimes increase, rather than reduce, land degradation.

Policymakers will be able to aggregate data across larger areas without losing key information, such as
the presence of small, highly productive or vulnerable sites within a region. At the regional level,
information generated from the LandInfo App can be used to inform land-use planning at a finer scale
than is possible with generalized soil maps. By continuous mapping and accumulation of the soil
information through the LandInfo App, it is expected that the project will build a consolidated knowledge
system that will facilitate the exchange of information between land users from different regions or
countries with similar land properties and production characteristics.

The ubiquitous status of mobile technology and its application in core sectors of the economy, in
particular agriculture, presents both opportunities and challenges. Like other mobile technologies, the
LandInfo App risks being subjected to inflated expectation. While there is optimism about the prospects
of LandInfo to play an important role in sustainable land management and productivity, there is a note of
cautious about the barriers that could impede practical implementation of Landinfo App to benefit
agriculture and land use options. It is highly essential to note that, the LandInfo App does not give
specific recommendation on crops or fodder to grow or land conservation strategies, but provide
information that would assist users to make the best decisions on their land and production choices.

6.0 Recommendations

Using Landinfo App to achieve wider sustainable agricultural development goals requires greater
investments in networking, advocacy, capacity building and lobbying to promote transfer of this
technology, its adoption and application. Highly important is the fact that, LandInfo App is demand
driven and affordable with the ability to reach the majority of target beneficiaries. The long-term impact
and sustainability of LandInfo App will principally rely on instituting flexible but strongly supportive
policies, technological appropriateness, and the enabling environments for innovation. The following
policy recommendation are not exhaustive but serve as sound considerations to guide the development,
application and sustainability of LandInfo App in supporting agricultural development:

6.1 Creation of an Enabling Environment for Innovation

Implementing the LandPKS technology as an agricultural development intervention at a broader scale
requires favourable but flexible regulatory and policy environments that foster the growth and integration
of ICT in development planning. Governments should offer incentives for the telecommunication sector
to make mobile broadband service and smart phones affordable and widely accessible particularly in rural
communities. Incentives may be in the form of tax breaks for smart mobile phone manufacturers,
reduction of duty on mobile phones, and public-private partnership investment in telecommunication
infrastructure. Governments must capitalize on the potential contributions of technologies such as
LandPKS to improve agricultural productivity, yield and sustainable land management by implementing
robust and appropriate measures that would translate these potentials into real benefits. A case example is
in Nigeria where the Federal Ministry of Agriculture announced in 2012 their plans to procure ten million
mobile phones, worth about N60 billion, from China and the US for free distribution to rural farmers
27



across the country as part of the Ministry of Agriculture's e-Wallet project. Under the initiative, the
Ministry officials would be able to educate, inform and communicate with the farmers in the rural areas
across the country on the latest and best agricultural practices, as well as the current prices of
commodities in the market?. It will be interesting to evaluate the impact of such initiative on agricultural
development in Nigeria.

6.2 Development of a National e-Agriculture Policy

As the role of mobile phone in agriculture deepens, African countries should as a matter of urgency
formulate national e-Agriculture policy which would explore and outline the possibilities of leveraging
this opportunity to produce robust models that deliver agricultural information services for effective
decision making. Currently, many African countries have developed national e-health, e-governance and
e-education policy strategies but are yet to develop a national e-agriculture policy for the sector that
contribute a major part of their GDP. Two countries, Ivory Coast and South African have so far taken the
initiative to develop e-agriculture strategies in line with emerging global ICT trends (Lohento et al 2013).
Fundamental to the success of this policy will be the involvement of stakeholders and political
commitment with the necessary budget allocation for policy implementation, research, and training.

6.3 Supporting Mobile Service Infrastructure

According to a recent report on mobile phone application and agriculture commissioned by Vodafone, the
widespread of mobile technology deepens the prospect of increasing agricultural income to the tune of
US$ 48 billion from emerging market in Africa by 2020°. The success of a wider coverage and use of
mobile phone application in agriculture will partly depend on the combined effort of government and the
private sector. The private sector continues to remain the engine of ICT growth in Africa. Effort by
governments in African countries to improve ICT infrastructure remain minimal, however, there are some
good initiatives by governments through the establishment of appropriate institutional arrangement to
facilitate ICTs infrastructural development. A laudable example by the Rwandan government is the
establishment of Rwanda Information Technology Authority (RITA) to implement the National
Information and Communication Infrastructure (NICI) Plan. The plan specifically focuses on building an
export-oriented ICT industry and to boost development through ICT use in sectors such as agriculture,
education, health, etc. The government is also working with international IT companies, such as Cisco
and Sun Microsystems, to develop ICT training facilities and Telecenters.

6.4 Awareness creation and capacity building on LandInfo App

2 Daily Trust, 2013. Federal Government of Republic of Nigeria to give farmers N60 billion cell phones. Accessed 26
February 2015.

3 Vodafone 2012. Connected Agriculture The role of mobile in driving efficiency and sustainability in the food and
agriculture value chain.
http://www.vodafone.com/content/dam/vodafone/about/sustainability/2011/pdf/connected agriculture.pdf.
Accessed 14 February 2015.
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Evidence has shown that awareness creation and access to information via mobile phones can contribute
significantly to farmers’ livelihood, yield and income. In the 2012 World Bank “Information and
Communications for Development“ report, farmer’s income increased between 16.5% and 36% in
Uganda and 10% in Ghana, following enhanced access to market information through mobile phones
(World Bank, 2012). It is very important to create awareness and build capacity among the different
stakeholders including policymakers, development planners, extension workers, pastoralists, and farmers
to utilize emerging technologies such as LandInfo App for decision making on land management and
productivity. Only then can these stakeholders realize the potential of LandIinfo App and apply it
accordingly in their respective areas of agricultural development systems and land use. National
awareness of the value and benefits of LandIinfo App may take time to realize, however, advocating and
engaging stakeholders including government and development partners may create more visibility and
provide incentives for higher adoption rate for LandInfo App.

6.5 Strengthening of end-users’ engagement from onset

It is important for developers and investors of technological innovations to pay serious attention to
investment in human capacity and end-users’ participation in planning and design stages. Several years of
agricultural development experience have shown the importance of engaging farmers and policymakers in
new technology development projects from the beginning. Many technological innovations have
experienced low uptake, lack of interest, and trust when developers have concentrated on the technology
alone without integrating the interests and aspirations of other critical stakeholders in the entire process.
As a long-term strategy towards integrating mobile phone application in development, effort to integrate
information technology into education systems from the primary to tertiary levels should be strengthened.
Establishing short training courses on emerging technologies and innovations, tailored to meet the needs
of beneficiaries such rural farmers will boost their confidence, enhance adoption and expose them to the
era of technological advancement. A good example is the "Agriculture, Rural Development and Youth in
the Information Society" (ARDYIS) project of the Technical Centre for Agricultural and Rural
Cooperation (CTA), which seeks to strengthen youth capacity and promote youth sensitization on ICTs
for agriculture and rural sector development. The project is intended to facilitate the platform for
engagement of African, Caribbean and Pacific (ACP) youth in agriculture, rural development
information, and communication and technology sectors*.

4 http://ardyis.cta.int/ Accessed 14 February 2015.
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