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Abstract Poor access to healthy, high-yielding planting materials hampers potato
production in East and Central Africa (ECA). The need to improve the quality and
increase the quantity of seed potato available to farmers has been the basis of previ-
ous efforts in the subregion. One bottleneck in the seed value chain is the low quan-
tity of early generation seed (EGS) for further multiplication. To break this
bottleneck, the International Potato Center (CIP) and local partners introduced two
rapid multiplication technologies (aeroponics and rooted apical cuttings) and an
improved conventional system (sand hydroponics). These three technologies differ
in terms of multiplication rates, investment costs, profitability, required skills, infra-
structure, risks, and linkages to the rest of the seed value chain, with its actors, policy
environment, plus supply, and demand. The three introduced technologies have
helped to increase the supply of certified or high-quality seed in the region over the
last decade. However, for successful scaling, the technologies have to be carefully
selected based on their situation and their natural and economic environments.

13.1 Introduction

Improved potato production in sub-Saharan Africa can be a pathway out of poverty.
The potato grows quickly, is high-yielding, and makes more efficient use of water
than do many other food crops. The potato also makes fairly efficient use of capital,
making it a smallholder cash crop of the future for the densely populated East and
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Central African highlands, with a high potential of improving livelihoods. The
potato is also grown by women in East Africa, although female farmers often face
barriers to obtaining land, capital, and seed (Mudege and Demo 2016).

13.1.1 Status of Seed Systems in East Africa

Potato yields are relatively low in the tropical highlands of East and Central Africa,
stagnating at around 10 tons per ha for the past decades (FAOSTAT 2020). Increase
in production has been achieved by area expansion rather than by productivity. The
low yields have largely been attributed to increasing incidences of pests and dis-
eases, particularly late blight, bacterial wilt, nematodes, and viruses, most of which
are seed-borne. There is an inadequate supply of clean (healthy) seed, and farmers
have poor access to quality seed and to improved varieties, contributing to a huge
yield gap (Gildemacher et al. 2009; Harahagazwe et al. 2018b; Schulte-Geldermann
et al. 2013; Thomas-Sharma et al. 2017).

Formal seed systems involve specialized activities of the seed value chain gov-
erned by an official regulatory environment, which is weak in many countries of
East and Central Africa. The lack of high-quality, inexpensive, early generation seed
(EGS) remains a major bottleneck in the seed supply chain (Muthoni and Kabira
2014; Negash 2014; Thiele et al. 2011). In the target region, only about 0.1-3% of
the seed potatoes used are certified (Ferrari et al. 2017; Kaguongo et al. 2014). In
the region, Kenya has the most advanced seed system with an established certifica-
tion scheme. However, despite a great increase in the supply of certified seed over
the last decade (430 tons in 2009 vs. 10,600 tons in 2018) production still only
reached a third of the actual demand for certified seed which is estimated at around
10% of the total area planted (National Potato Council of Kenya 2018).

In East and Central Africa semiformal and informal seed systems provide more
than 90% of the seed used; they follow various exchange and dissemination pat-
terns. The semiformal seed system in Kenya, referred to as the “clean seed system,”
uses an onward multiplication of certified seed for one to three seasons by locally
recognized informal seed producers, who usually have bigger farms than the aver-
age smallholder farmer has and produce an estimated 2—-5% of the seed potato sup-
ply (Kaguongo et al. 2014). This seed has not been tested, but it is likely to be
healthier than farm-saved planting material or other sources from the informal mar-
ket. However, most smallholders use seed from their own farms, from neighbors,
from local markets, or from ware potato traders. These traders drive varietal change
as they distribute small ware potatoes of market-demanded varieties as seed to farm
communities (Gildemacher et al. 2009; Kaguongo et al. 2014).

Hence the formal seed systems are still not able to meet the estimated demands,
and smallholder farmers have poor access to quality seed. Low yields impede profit-
able farming and confine smallholders to semi-subsistence agriculture (Okello et al.
2017), limiting small farm sector development and entrenching food insecurity and
poverty.
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Projects intended to improve seed potato systems have been an important com-
ponent of agricultural development in East Africa for several decades with limited
success. Top-down approaches failed because they focused too narrowly on tech-
nology, without adequately considering local circumstances and demands
(Almekinders et al. 2019a, 2019b; Ferrari et al. 2017). Seed is still a priority for
agricultural interventions, with projects of different shapes and scales aiming to
increase seed security, food and nutritional security, and agricultural productivity or
to reduce poverty. Most interventions strive to make quality seeds and improved
varieties more available to farmers. The high cost of quality seed is a bottleneck
(Okello et al. 2018). Certified seed is about three times the price of ware potato and
would account for up to 60% of the total variable production costs, limiting its use
by smallholders.

13.1.2 Enhancing the Supply of Early Generation Seed (EGS)

The supply of affordable, high-quality seed can be increased by improving the effi-
ciency in EGS production, by introducing rapid multiplication technologies (RMTs)
and improved conventional technologies. New RMTs must consider the limited
resources of the target countries, the local seed sector potential, and the seed cus-
tomers (ware potato farmers). Multiplying seed in fewer generations reduces the
risk of acquiring degenerative diseases, mainly viral and bacterial. Two RMTs,
aeroponics and rooted apical cuttings, and an improved conventional system (sand
hydroponics) have been introduced to public and private sector seed producers in
order to increase early generation seed production. The technologies were selected
and designed specifically for these enterprises and validated and improved during
development.

Additional reasons for introducing the improved EGS technologies were (i) the
faster introduction of new varieties, giving farmers quicker access to genetic gains,
(i1) the quicker revitalization of popular varieties and lost seed stocks from a limited
number of healthy propagules, and (iii) fast bulking of foreign germplasm and the
introduction of varieties into other regions or countries (Struik and Wiersema 1999).
Besides improving seed health, removing the bottleneck of poor access to genetic
gains has been another major reason for promoting technologies that increase the
capacity to produce EGS, to give smallholder farmers faster access to varieties that
tolerate abiotic and biotic stresses (Parker et al. 2019; Thiele et al. 2020).

However, a remaining challenge for large-scale uptake is the poor linkages
between the formal and the informal seed systems, which would allow for a dynamic
increase in supply and demand. Thomas-Sharma et al. (2017) and Forbes et al.
(2020) suggest linking the intervention with a more integrative on-farm seed quality
improvement strategy. Such a strategy should help farmers manage their own seed
stocks, while accessing a regular supply of high-quality seed, which would
rely on EGS.
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Increased EGS production would reduce the land required for seed multiplica-
tion. The region has relatively high pressure of soil- and seed-borne diseases, hence
limited land suitable for seed multiplication. More disease-free seed can also be
produced by reducing the number of field generations from five to seven to two to
four through rapid EGS multiplication. However, producing quality seed requires a
set of different skills at various levels, from planning and management of seed pro-
duction to farm operations, including postharvest handling. Early generation seed
production also requires highly skilled technical staff and significant capital invest-
ment, which was a constant bottleneck with previous public sector initiatives.
Attracting local private investment in RMTs while strengthening the capacity of the
public sector and generating efficient public-private partnership (PPP) models has
been a way to break the seed bottleneck.

This chapter describes the success and limitations from experiences with three
EGS multiplication technologies (aeroponics, sand hydroponics, and rooted apical
cuttings), which have been introduced and promoted in East and Central Africa.

13.2 Suitable Technologies for Early Generation Seed
Potato Production

The potato seed value chain begins with clean (disease-free) micro-plants that are
first reproduced in test tubes by micro-propagation. These micro-plants are then
transplanted in a greenhouse or screenhouse to produce the first generation of
tubers, called “breeder” or “early generation seed” (EGS). The second and third
generations (“foundation” seed) are propagated in carefully selected, disease-free
fields. Until recently, certified seed was produced by another two to four field mul-
tiplication rounds. This procedure is long, has relatively low multiplication rates of
seed potato, and is based on producing EGS with conventional pot-substrate
technologies.

Several interventions in sub-Saharan Africa aimed to produce EGS faster with
adapted RMTs. Many RMTs exist, but the most common in developing countries
are micro-propagation (plantlets and micro-tubers), cuttings (single-node, tuber
sprout, axillary, leaf-bud, apical), aeroponics, and hydroponics.

Micro-propagation has been used in developing countries since 1980s (Dodds
1988; Naik and Karihaloo 2007). In vitro techniques allow many micro-tubers to be
produced per plantlet, but they have a longer dormancy period than normal tubers.
They must also be planted in greenhouses or in net houses. Micro-tubers also suffer
from high storage losses, and they may not be suitable for certain climates (Naik
and Karihaloo 2007). The vitality of seed tubers from micro-propagated potato
plants can be enhanced by producing mini-tubers, which are less delicate and can be
directly planted in open fields or in net houses (Wiersema et al. 1987). However,
plantlets usually produce fewer than ten mini-tubers (Ritter et al. 2001; Singh et al.
2010). More mini-tubers per plantlet can be produced by repeated tuber harvesting
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where potato plants are carefully lifted from the soil and replanted after removing
tubers above a critical size (Ritter et al. 2001). This technique however is labor-
intensive, disrupts plant growth, and may cause early plant senescence, often result-
ing in few tubers per plantlet.

Potato mini-tuber production from in vitro propagated plantlets permits faster
multiplication of seed potato than conventional methods and reduces the number of
generations of open field bulking (Farran and Mingo-Castel 2006). However, there
is a need to improve the multiplication rates further, especially in the tropical high-
lands where previous seed potato production technologies have done little to
improve the quantity of affordable, quality seed for resource-poor farmers.

In recent decades, soil-less technologies have been developed to produce mini-
tubers in controlled environments to increase the multiplication rate through
repeated mini-tuber harvesting. Such technologies include hydroponics (Muro et al.
1997; Tibbitts and Cao 1994) and aeroponics (Chang et al. 2008; Farran and Mingo-
Castel 2006). Other technologies such as rooted cuttings from apical shoots (Van
Minh et al. 1990) and improved conventional systems such as sand hydroponics
have been developed and validated in particular for low-middle-income countries.

In cooperation with local partners, the International Potato Center (CIP) intro-
duced and validated the EGS potato technologies in the target region: aeroponics in
2008, sand hydroponics in 2012 and rooted apical cuttings in 2016.

13.2.1 Aeroponic Technology

Aeroponics is a method of growing crops, particularly vegetables, in an air-nutrient
mixture without soil or any other porous medium. Aeroponics has been adapted to
produce large quantities of potato mini-tubers (Otazi 2010) in South Korea, China,
Africa, Spain, and Latin America. The technology started with sophisticated equip-
ment and relatively low yields Farran and Mingo-Castel 2006; Ritter et al. 2001;
Soffer and Burger 1988), but after 2006, CIP had improved the yields and adapted
aeroponics for developing countries (Otazt and Chuquillanqui 2008).

In aeroponics, plant roots are grown suspended in a dark box that is closed or
semi-closed. Roots are sprayed with a nutrient-rich solution (Otazd 2010; Singh
et al. 2010). The nutrients and improved aeration improve the growth of the root
system (Farran and Mingo-Castel 2006; Otazui 2010) (Fig. 13.1).

The investment in the aeroponic units in African countries became possible by
2008, thanks to the support of the US Agency for International Development
(USAID), German Agency for International Cooperation (GiZ), Irish Aid, and oth-
ers. The technology was crucial for the successful Three Generation (3G) project in
three sub-Saharan countries and for the release and dissemination of new late blight-
resistant varieties in Kenya (Landeo et al. 2009). However, the technology requires
training, electricity, an adequate greenhouse, a safe source of water, and robust
in vitro plants.
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Fig. 13.1 Aeroponic boxes with potato plants (left) and tuber production in boxes (right) at Kevian
Farm Itd. in Kenya. (Photo credits M.L. Parker)
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Fig. 13.2 Stable temperatures in Nyahururu, Kenya (2300 masl), permit year-round potato seed
production by aeroponics

When the weather is too warm, plants grow foliage but few tubers. In cold
weather, plants are low yielding. Temperature can be artificially controlled, but this
increases production costs. In a few places, aeroponics can perform well all year, as
in Nyahururu, Kenya (Fig. 13.2), where stable temperatures allow year-round
production.

In some places, even though adequate greenhouses were built, frequent interior
temperatures of over 30 °C for more than 4 hours caused setbacks, including patho-
gen proliferation. Greenhouses at higher elevations, above 2200 masl, produced
more tubers (Schulte-Geldermann 2013; Demo et al. 2015; Atieno and Schulte-
Geldermann 2016; Kakuhenzire et al. 2017,Sharma and Atieno 2020). Temperatures
can also be regulated with low-cost methods such as shade, ventilation, and produc-
tion during the cooler months.
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In aeroponics, harvesting can last up to 5 months, creating uneven sprouting. At
the end of the season, the mini-tubers are not of uniform dormancy or physiological
age. Planting mini-tubers with large differences in physiological age results in crops
with large variations in important yield parameters such as date of emergence, stem
numbers, canopy growth pattern, maturity date, total yield, and tuber size distribu-
tion. This can cut yields in half (Lung’aho et al. 2013) and make mini-tuber produc-
tion unprofitable. This can be managed with plant growth regulators (PGR) (Tsegaw
2006; Van Ittersum and Scholte 1993). Aeroponics requires judicious management
to ensure that mini-tubers are in the correct physiological stage at the time of
planting.

Aeroponics requires proper training over at least one season. The best learning
experience involves the trainees in building the modules, followed by lectures. This
worked well, except in places with a rapid staff turnover. In many cases, new per-
sonnel were not trained appropriately, which put several units at risk. The in vitro
plantlet to mini-tuber multiplication rates of the aeroponic units differed largely by
environmental, management, and genotypes (varieties) between 1:20 and 1:70
(Kakuhenzire et al. 2015; Atieno and Schulte-Geldermann 2016; Kakuhenzire et al.
2017, Muthoni et al. 2017; Harahagazwe et al. 2018a, b

Profitability of aeroponics Labarta (2013) compared the profitability of three
mini-tuber production systems: (1) conventional pot system, (2) aeroponics with a
regular power supply and a backup generator, and (3) aeroponics using a solar
power supply and a backup generator. All of them produced mini-tubers of the same
quality, but they had different levels of investment, variable costs, and multiplica-
tion rates of mini-tubers. Aeroponics reduced the unit cost of each mini-tuber from
0.60 USD to 0.10 or 0.12 USD. All three techniques require a high initial invest-
ment (Table 13.1).

The calculation in Table 13.1 presents the level of investment required and
assumed that each technology last for ten seasons (5 years). The variable cost
include the cost of plantlets, substrates, nutrients, water, electricity, labor, and soil
sterilization where needed.

Table 13.1 Profitability of mini-tuber production under three different production schemes
(in USD)

Conventional | Aeroponics with Aeroponics with solar power and
pot backup generator backup generator

Initial investment | 31,053 27,310 32,841

Variable cost 3146 1220 1315

(season)

Discounted total | 57,288 37,482 43,809

cost

Mini-tuber per 7 26.4 26.4

plantlet

Unit cost per 0.60 0.10 0.12

mini-tuber

Source: Labarta (2013)
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All of them produced mini-tubers of the same quality but using different levels
of investment and variable cost and showing different multiplication rates of mini-
tubers. For the profitability analysis, we use the average multiplication rate found
for the base conventional pot system (seven mini-tubers per plantlet) and for both
aeroponic systems (26.4 mini-tubers per plantlet).

In the public sector, where conventional pot mini-tuber production is dominant,
the initial investment is often not accounted in the production cost, and they can
barely cover the variable cost that is highly driven by the cost of sterilizing the soil
(Labarta 2013).

13.2.2 Rooted Apical Cuttings Technology

Rapidly growing young vegetative tissue of potato can be cut and rooted in a num-
ber of ways (Bryan et al. 1981). Rooted apical cuttings have long been used in SE
Asia (Vander Zaag and Escobar 1990), particularly in Vietnam (Van Minh et al.
1990). This technique is being introduced into sub-Saharan Africa to provide a sim-
ple, effective technique for multiplying early generation seed as alternative to mini-
tubers (Parker 2019).With rooted apical cutting (RAC) technology; seedlings are
produced vegetatively, with cuttings taken from plantlets in the screenhouse every
two to three weeks (Fig. 13.3). The cuttings are planted into plugs for rooting with
a substrate of coconut sawdust, clean subsoil, and sterilized decomposed manure.
After 6 weeks, the cuttings are fully rooted, and they are transplanted to the field.
Rooted apical cuttings are transplanted right away in the field, thereby saving one
generation, as mini-tubers are no longer needed (Parker 2019). The cuttings can also
be placed in flower boxes, but they must be planted within 24 hours or kept in a
protected location until planting. However, mini-tubers are more versatile; they can
be stored until ready to plant and are easy to transport.

Fig. 13.3 Rooted apical cutting production in a screenhouse at Stokman Rozen Ltd., Naivasha,
Kenya (left), and harvested tubers derived from RAC field multiplication (right). (Photo credits:
Benson Kisinga and Monica L. Parker)
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Rooted apical cuttings have high multiplication rates after only 5 months in the
screenhouse. Investment costs are lower than for aeroponics. Electricity is needed
only for the tissue culture lab. There is no need to break tuber dormancy, and no stor-
age facility is required. This makes seed potato available to farmers one season sooner.

A manual by Nyawade and Parker (2020) describes this technique in detail for
any size of farm. Integrating cuttings in seed systems greatly expands opportunities
in seed businesses of any scale (e.g., small and medium enterprises, youth groups,
farmer groups, entrepreneurial farmers) at different points along the seed produc-
tion chain. Cuttings are penetrating the seed system, and the opportunities they pres-
ent are in validation in Kenya and Uganda to scale out the technology through
diversified partnership models and uses.

13.2.3 Sand Hydroponic Technology

Unlike aeroponics and rooted apical cuttings, which are new technologies, sand
hydroponics is an improved conventional technique that lowers the cost of quality
EGS. Sand hydroponics is relatively easy to handle, and it costs less than conven-
tional multiplication technologies. Sand hydroponics uses a greenhouse with wooden
boxes, plastic pots, polythene bags filled with sterilized river sand, and growing
plants (Naik and Karihaloo 2007). This new hydroponic system is independent from
electricity. The system uses gravity to distribute the nutrients dissolved in water, and
sand replaces the conventional substrate. It combines the principles of hydroponics
and fertigation (chemical fertilizer dissolved in irrigation water) (Fig. 13.4).

3 !’;{

Fig. 13.4 Potato seed multiplication using sand hydroponics in pots, Holeta, Ethiopia



398 E. Schulte-Geldermann et al.

Sand hydroponics is an open (run-to-waste) system in which the nutrient solution
is not recycled, greatly reducing the likelihood of diseases (unlike aeroponics where
a disease can spread quickly in recycled nutrient media). Besides wooden beds,
sand hydroponics can work with any available container. Sand hydroponics is a
versatile technology, and existing resources can be adapted for seed potato
multiplication.

Substrate must be sterilized to kill the pathogens that can cause plant disease.
This requires an expensive boiler and fuel. If the substrate does not get hot enough,
diseases may occur. If the substrate is overcooked, toxic manganese may be released
and damage the plants. In the conventional system, the substrate is made of mixtures
of peat moss, compost, dark soil, and sand. Some of these are hard to obtain and
expensive. However, with sand hydroponics, the sand is sterilized with ordinary
sodium hypochlorite bleach, so sterilization is easier, and cheaper without the risk
of toxic releases. Before planting, sand is treated with boiling water to eliminate
pathogens. Bleach is affordable and efficient as disinfectant, and it can also be used
to treat sand (Otazi 2008). Sand can be reused several times, but after each harvest,
it must be cleaned of any plant debris, root pieces, and mini-tubers to avoid patho-
gen buildup.

Unlike some soils, sand allows the free expansion of tubers for good tuber forma-
tion. Other than the aeroponic units, the system does not require electricity and can
be managed by relatively unskilled workers, because water and nutrients flow by
gravity.

Aeroponics can produce some mini-tubers that are too small (under 5 g) to plant
in the field, and seed multipliers are reluctant to use them. Sand hydroponics pro-
duces bigger mini-tubers and slightly more than in conventional pots (11 vs. 8.9),
which also helps to reduce seed costs (Mbiri et al. 2015). Sand hydroponics is a
good technology for places where electricity, trained staff, and investment capital
are limited.

13.3 Strengths and Weaknesses of Introduced EGS
Production Technologies

The introduction of EGS multiplication technologies into sub-Saharan Africa has
been successful, but no technology is suitable for all conditions. Nevertheless, all
three technologies when operated properly, in the right environment, have helped to
increase early generation seed production (Sect. 13.5). The rooted apical cutting
technology produces certified seed in less time. Up to generation four, its multipli-
cation rate up is about 20 times faster than with conventional seed production and
about three times faster than with aeroponics (Table 13.2).

Each technology has its strengths and weaknesses, so some may be more suitable
for certain natural or social environments (Table 13.3). It is important to choose the
right technologies for each business type and to develop a business plan which
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Table 13.2 Certified seed production cycle by various potato EGS technologies

Screenhouse Breeder Foundation seed | Certified 1 seed
production (G1) seed (G2) | (G3) (G4)
per in vitro # seed # seed # seed
plant Months | tubers tubers* | Months | tubers® Months
Rooted apical 120 rooted |5 1080 10,800 17 108,000% |23
cuttings cuttings
Aeroponics 35 8 280¢ 2800 20 28,000 26
mini-tubers
Sand 10 8 80°¢ 800 20 8000 26
hydroponics mini-tubers
Conventional 8 8 64¢ 640 20 6400 26
mini-tubers

2Assumed multiplication rate of 10
®Assumed multiplication rate of 12 at 75% of survival
°Assumed multiplication rate of 8

Table 13.3 Strengths and weaknesses of EGS potato production technologies

Technology

Strengths

Weaknesses

Aeroponics

Effective RMT with high multiplication rates
of 1:20-80

Needs fewer generations of seed potato
multiplication in the field, lowering costs
Seed can be harvested at seed size (from 5 to
30 grams) since the fertilizing sprays that are
applied to the roots allow the plant to grow
without interrupting its vegetative cycle of up
to 180 days

Costs are about one-quarter those of a
conventionally grown tuber

Requires much less water and fertilizer than
conventional systems, minimizing fertilizer
residues seeping into ground water

Excellent circulation of air, which strengthens
the roots

Uses less greenhouse space

Attracts private sector engagement

High investment

Requires uninterrupted power
supply

Consumables and equipment
are often unavailable on the
local market

Lack of synchronization of
aeroponic production with
downstream activities due to
sequential harvests (normally
every 2 weeks)

Small and fragile mini-tubers
require cold storage facility
Requires well-trained staff
Risks of contamination within
the boxes, causing plant health
problems

Sensitive to high temperatures
Difficult to clean properly
inside the boxes

Leakages of nutrients in
system raise production costs
Metal equipment causes rust
within the boxes

Long growth cycles, which
normally end with less
productive periods

(continued)



400
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Technology Strengths Weaknesses
Sand Mini-tubers of high quality and larger than Difficulty to determine the
hydroponics with conventional and aeroponic technologies | optimal nutrient use efficiency

No need for expensive substrate steaming or
boiling

Easy to establish and run

Substrate can be recycled

Suitable for resource-poor settings

Sand disinfestation requires a
lot of clean water to wash out
the sterilization agent
Labor-intensive when pots are
used

Yield lower than with RMTs
Nutrients and equipment are
often unavailable on the local
market

Rooted apical

High multiplication rates (cuttings)

Cuttings cannot be stored

cuttings High field multiplication rates (1:12-18) Sensitive to cold temperatures
Not dependent on electricity Output market is difficult to
First field-grown seed produced in one season | create and manage due to
less than with other technologies cutting harvests carried out
Stable production across varieties over time
Doesn’t require cold storage Labor-intensive
Fast dissemination of new varieties Bulky for transport from
Attracts private sector investment greenhouses to farmers’ fields
Excellent opportunity for diversifying Needs irrigation when
business operations of existing tissue culture | transplanted in the field
labs
Conventional | Easy to manage with stable yield in Low mini-tuber per plantlet
pot system mini-tubers (backup technique when ratio

conditions for RMTs are not optimal)
Acceptable tuber size and high survival rates
when planted

High requirement of
greenhouse space

Risk of contaminations with
soil-borne diseases
Substrate expensive and not
recycled

High cost of substrate
sterilization

Labor-intensive

Source: adapted from Harahagazwe et al. (2018a)

includes further multiplication steps and the point of sale. Decision support tools
such as the risk assessment framework for investments in aeroponics (Andrade-
Piedra et al. 2019) are useful for choosing the right technology. The potato varieties,
staff, funding, and the possibility of using existing buildings and resources should
be considered on an individual basis before investing. The seed producer should
anticipate seed multiplication efficiency in order to assess the cost of goods sold
(COGS) as well as the demand from seed customers (farmers) for specific varieties.
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13.4 Scaling Up Improved Early Generation
Multiplication Technologies

Producing quality seed requires different skills at various levels, from planning and
management of seed production, through to farm operations, including postharvest
handling. This is particularly true when introducing these early generation seed
innovations. Aeroponics and rooted apical cuttings require skilled technical staff
and high capital investment, which are usually limited in national programs.
Improving infrastructure and capacity for high-grade seed production is resource-
and knowledge-intensive. It requires investments in facilities, equipment, and
inputs, which is risky because of the uncertainty about market size. Technical sup-
port is essential at the start of seed enterprises. But the private sector is increasingly
realizing the market potential for seed potato and has begun to invest in seed
production.

13.4.1 Partnerships for the Innovation: Engaging Local,
Private Enterprises in the Seed Potato Business

A major thrust of the interventions was to attract private sector engagement in early
generation seed, as in most countries EGS potato was solely produced by the public
sector. These partnerships were established for the first time during the project
“Tackling the Food Price Crisis in Eastern and Central Africa with the Humble
Potato: Enhanced Productivity and Uptake through the ‘3G’ Revolution.” The
USAID-funded project (generally referred to as “3G”) was implemented in Kenya,
Rwanda, and Uganda from 1 October 2008 to 30 June 2011. The strategy involved
delivering low-cost, quality seed to growers in three generations of field multiplica-
tion, rather than the conventional five to seven generations (hence “3G” for three
generations). The 3G seed strategy envisaged producing many mini-tubers through
one generation of a rapid multiplication technology, thus allowing bulking of suffi-
cient seed in fewer field generations. This reduced both the cost of production and
prevented the buildup of diseases in the field (Atieno and Schulte-Geldermann 2016).

CIP worked with several private companies and public organizations to deliver
seed of improved varieties to smallholder farmers. Large-scale private farms were
attracted to produce quality seed through a 50:50 cost sharing for constructing aero-
ponic facilities and by linking them to markets. CIP advertised through the local
media for private sector companies interested in producing breeder seed. CIP sup-
plied in vitro plantlets to the companies and offered technical support to produce
mini-tubers. The private companies produced the mini-tubers using both the tradi-
tional soil-based method and aeroponics. Kenya Plant Health Inspectorate Service
(KEPHIS), the authority responsible for seed certification, ensured the inspection of
the seed for pests and diseases.
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While supporting the private sector’s production of early generation seed, the
interventions continued to increase the capacity of national agricultural research
institutes, which still played a vital role in producing EGS. In the early stages of
establishing a seed potato system, the national programs provided a base to private
enterprises and assured them of business opportunities in seed production.

Crucially, the project helped private and public enterprises develop business
plans to select the most appropriate and cost-effective RMTs (aeroponics, rooted
stem cuttings, sand hydroponics, or other improved conventional systems) for pro-
ducing mini-tubers (G1). The project funded a cost-share scheme to support capital
investments in screenhouses and equipment for producing mini-tubers. Backstopping
of seed producers focused on creating awareness of emerging pathogens, adherence
to the plant health standards, and improving working relations with the regulatory
body. The project trained entrepreneurs and farmers in seed quality management,
seed use and storage, and accessing new varieties in order to contribute to the uptake
of new varieties and improved practices.

13.4.2  Quality Control: Enable Seed Quality Control
and Disease-Monitoring Schemes

One bottleneck was quality assurance and the certification system, which are vital
to develop a seed system based on guaranteed quality standards, and of equal impor-
tance for seed producers and users. A formal seed quality control system generally
involves seed certification by national regulatory agencies; however, many African
countries either do not have such systems, or they are not implemented. Of the tar-
get countries, only Kenya has an established and functional certification scheme,
mandated to KEPHIS. But recent massive increases in seed production are taxing
KEPHIS’s ability to implement timely, customer-friendly services, because its
human capacity is limited, and its inspection technologies and schemes are out-
dated. Despite its problems, Kenya’s quality control is still far ahead of the other
countries in the region, where the National Agricultural Research Systems (NARS)
are basically testing the seed they produce and only to a certain level. This discour-
ages specialized private investment in quality seed production, as buyers doubt the
product’s quality.

To strengthen formal seed certification schemes, it is vital to develop and intro-
duce easy-to-use and affordable technologies for rapid, low-cost quality control or
better seed health assessments. Examples include pocket diagnostics such as lateral
flow devices, heel-end coring devices for rapid disease detection, and molecular
methods based on polymerase chain reaction for confirmation tests (i.e., LAMP
assay). In Rwanda, Malawi, Tanzania, and Uganda, where formal seed certification
schemes for seed are in the planning stages, technical support and training in new
methods will be critical. Standards for seed quality such as defined thresholds for
degenerative seed-borne diseases need to be aligned to local conditions. Though
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time-consuming, a strategy that involves constant stakeholder reviews has been the
most useful way to improve the quality and quantity of certified seed. An alternative
semiformal quality control system named Quality Declared Planting Material (FAO
2010), based on visual inspections, has been introduced to countries like Ethiopia,
Malawi, Rwanda, Tanzania, and Uganda where formal certification systems are not
operational.

In both Kenya and Uganda, rooted apical cuttings have been included into the
national seed certification protocol for potato. In both countries RACs are classified
as breeders’ seed (stock seed) in the same category as mini-tubers.

13.4.3 Stimulating Demand for Potato Seed and Making It
More Accessible to Smallholders

The demand for high-quality seed is key for attracting investment in early genera-
tion seed and for developing a vital seed sector. Most potato farmers are smallhold-
ers with limited cash. As seed is a large investment, most farmers save their own
seed or access it from other local sources. The accessibility of certified seed is also
limited because it is often produced in regions with poor roads and because a
1-hectare potato field requires about 2 tons of seed tubers, which are perishable and
may be lost. For these reasons, certified seed has little penetration into the local seed
system (Gildemacher et al. 2009). Recycling farm-saved seed potato leads to a
decline in productivity due to seed degeneration (Gildemacher et al. 2009; Schulte-
Geldermann et al. 2013). In order to provide smallholder farmers with better seed
sources, CIP and partners investigated the efficacy of establishing a network of
decentralized seed multipliers to increase the supply and reduce the price of seed.
However, there was not enough clean land suitable for producing healthy seed
tubers. These difficulties have been reported in Ethiopia and Kenya, where bacterial
wilt and potato cyst nematodes (the latter only in Kenya) have been widely distrib-
uted by local seed multipliers (Abdurahman et al. 2017; Mburu et al. 2020). Even
though seed from local multipliers outperformed the farm-saved seed significantly,
the risk of spreading pests and diseases throughout the seed system has to be con-
sidered (Andersen et al. 2019).

Another option is to advise farmers to invest in certified seed for a smaller area
of their farm, in combination with improved management (Thomas-Sharma et al.
2016). To curb seed degeneration and lower the cost of certified seed, farmers can
buy small amounts of certified seed and bulk it themselves using on-farm seed
selection and management. One study showed that with little investment in high-
quality certified seed, farmers were able to more than double their yields in only
1 year. After the first year, participating farmers continued to source small amounts
of certified seed. However, in some cases local availability remained an issue
(Ochieng 2021).
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Local extension services increased awareness with on-farm demonstration trials.
CIP’s USAID-funded 3G and Better Potato for a Better Life projects distributed
massive amounts of certified seed to smallholders, including new, farmer- and
market-preferred varieties in affordable, low-risk units (5 to 25 kg bags). Other
strategies to improve accessibility included seed banks (based on commodity loan
systems), seed fairs, input loans (e.g., in Kenya, Equity Bank and Kenyan Women
Finance Trust), input insurance systems (e.g., Kilimo Salama by the Syngenta
Foundation for Sustainable Agriculture), and strengthening seed value chain link-
ages with contract farming. In Kenya an information and communication technol-
ogy (ICT)-based information portal, Viazi Soko (“potato market”), was set up and
is maintained by the National Potato Council of Kenya, which includes detailed
information on the traits and availability of seed varieties. Other activities generated
knowledge about and linkages to seed distribution channels.

13.4.4 Scaling Strategy and Key Partnerships for Scaling

Successful scaling requires assessing institutional arrangements, the business envi-
ronment and capacities of the public and private sectors, the natural environment,
supply and demand, and the general enabling environment for the comparative
advantage of the innovation. Scaling-improved EGS technologies depend on tissue
culture labs and tissue culture material of the varieties to be produced. Nurseries or
seed multipliers must be identified who are willing to invest in producing cuttings
or mini-tubers. Markets must be developed by raising awareness among seed cus-
tomers. Regulatory authorities must be engaged to ensure that seed produced from
cuttings and mini-tubers from aeroponics is eligible for certification.

Critical Bottleneck for Further Scaling of Rooted Apical Cuttings

Nurseries must be close to potato producing areas. Technical backstopping is a fur-
ther bottleneck because few of nursery operators know how to produce apical
cuttings.

Critical Bottleneck for Further Scaling of Aeroponics

Aeroponics also faces a high risk for failure if conditions are not favorable and the
capacities are inadequate (Atieno and Schulte-Geldermann 2016; Kakuhenzire
et al. 2017). CIP developed a risk analysis tool based on the lessons learned from
previous interventions. This tool provides a total score by weighing different factors
according to their impact on performance of aeroponics and applying scores from 1
(very good) to 4 (poor). With total scores ranging between 21 and 30, aeroponics
should operate with no major problems. From 31 to 40, aeroponics can be imple-
mented with caution, and with scores of over 40, aeroponics is likely to fail.
Table 13.4 summarizes an assessment conducted in 2013 by Otazu and Schulte-
Geldermann (unpublished; method described in Andrade-Piedra et al. 2019).
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Table 13.4 Risk analysis performance in selected sites where aeroponics is operating (green = no
major problems, yellow = implement with caution, red = likely to fail)

Location* Electricity | Water | Climate | Facility |Plants | Training | Total score

Tigoni, KE 5x3=15 3 x 4%x2=8 |3x1=33x 3x2=6 |38
1=3 1=3

Kisima, KE |[5x1=5 |3x 4x1=4 3x1=3|3x% 3x2=6 |27
1=3 2=6

Molo, KE S5x1=5 3% 4x1=4 3x1=3|3x% 3x3=9 |30
1=3 2=6

Nairobi, KE |5x1=5 |[3x 4x3=123%x2=6|3x% 3x1=3 |32
1=3 1=3

Holeta, ET 5x5=25 3% 4x2=8 3x1=3|3x 3x1=3 |43
1=3 1=3

Mbeya, TZ 5x3=15 3% 4x2=8 |3x3=9|3x 3x2=6 |53
3=9 2=6

Gisozi, BU 5x3=10 |3x 4x1=4 3x1=3|3x% 3x4=12 |38
1=3 2=6

Lichinga, MZ |5x3=15 |3 x 4x2=8 |3x1=3|3x 3x2=6 |41
2=6 1=3

*KE Kenya, ET Ethiopia, TZ Tanzania, BU Burundi, MZ Mozambique

This assessment indicated that locations with poor electricity service are most
likely to fail or get low numbers of mini-tubers. Frequent power cuts of more than
2 hours are a major limiting factor for scaling the technology. The cost for running
a backup generator would greatly increase the cost of mini-tuber production.

Climate is difficult to change. Other factors are more within immediate human
control. For instance, in Tanzania, a new dependable backup generator with an auto-
matic starting up system was installed after the assessment. Improved management
and facilities might change a risky operation to one that could operate with caution.

13.4.5 Example for a Scaling Approach of Rooted Apical
Cuttings and Robust Varieties of Potato in Uganda

As mentioned above, rooted apical cuttings have been successfully implemented in
Kenya staring from a small pilot intervention with a private sector partner. CIP
aimed to scale this technology to other countries in the region such as Uganda.
Within a project funded through the RTB scaling funds, a systematic scaling
approach was developed for the intervention in Uganda, described below.

The scaling project team used the concept of “scaling readiness to assess the
innovation packages”. “Innovation readiness” refers to the demonstrated capacity of
an innovation to fulfill its contribution to development outcomes in specific loca-
tions. This is presented in nine stages showing progress from an untested idea to a
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fully mature proven innovation. “Innovation use” indicates the level of use of the
innovation by the project, partners, and society. This shows progressively broader
levels of use beginning with the intervention team who develop the innovation to its
widespread use by users who are completely unconnected with the team or their
partners. “Scaling readiness” of an innovation is a function of innovation readiness
and innovation use. Table 13.5 provides summary definitions for each level of readi-
ness and use adapted from Sartas et al. (2020).

Description of Innovation Package Starter material is crucial for seed multiplica-
tion. Mini-tubers normally serve as starter material, producing five to ten tubers per
unit. Apical cuttings are a faster alternative, producing 10 to 20 or more tubers per
unit. There are two stages in apical cutting systems: producing apical cuttings in a
screenhouse and then changing hands to a seed producer or farmer to plant the api-
cal cuttings in the field to produce seed tubers. Seed produced from apical cuttings
can be saved on-farm for a few seasons with little risk of quality loss. Apical cut-
tings offer opportunities for seed production in areas without enough land for tradi-
tional seed bulking and crop rotation. Apical cuttings accelerate new varieties
quickly. Farmers can also plant apical cuttings directly to produce seed on-farm. In
this context a scaling pathway at different levels of the seed potato value chain has
been developed and is described in Fig. 13.5.

Present Level of Innovation Readiness and Innovation Use For a systematic
monitoring and evaluation of the scaling process and success of the technology in
Uganda, the project team used a scaling tool (Sartas et al. 2020) that defines each
stage of innovation readiness and use scale. Figure 13.6 represents the starting point

Table 13.5 Summary definition of levels of innovation readiness and use (Sartas et al. 2020)

Stage Innovation readiness Innovation use

1 Idea Intervention team

2 Basic model (testing) Direct partners (rare)

3 Basic model (proven) Direct partners (common)

4 Application model (testing) Secondary partners (rare)

5 Application model (proven) Secondary partners (common)

6 Application (testing) Unconnected developers (rare)

7 Application (proven) Unconnected developers (common)
8 Innovation (testing) Unconnected users (rare)

9 Innovation (proven) Unconnected users (common)
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Fig. 13.5 Scaling pathway for rooted apical cutting technology

of the innovation package components (technologies, products, services, and insti-
tutional arrangements) when interventions began in Uganda in December 2018
based on feedback from private, public, and NGO stakeholders.

Most components started at a low level of readiness and use and progressed rap-
idly in both readiness of innovation and use scale within 2 years (Fig. 13.6) due to
demand from users and stakeholders.

13.5 Outcomes from Scaling the Innovation in East
and Central Africa

13.5.1 Impact of New Technologies and Partnership Models
on the Production of EGS

The dissemination of technologies and the impact on early generation seed produc-
tion have been studied by Harahagazwe et al. (2018a). Of the 18 institutions studied,
9 belong to governments, 1 is a parastatal, and 8 are private. The production of EGS
potato in sub-Saharan Africa is still dominated by the conventional technique. Over
500,000 in vitro plantlets can be accommodated at one time under protective struc-
tures for mini-tuber production in the 7 study countries, and more than 7.5 million
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Fig. 13.6 Readiness versus use at introduction (top) and 2 years after (below) introduction of api-
cal cuttings and robust potato varieties in Uganda
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mini-tubers can be produced in a single season. This is enough seed to plant over
150 ha per season for the first field generation, compared with only 10 ha per season
in 2008—using mini-tubers locally produced, i.e., 93,500 mini-tubers in Uganda,
Rwanda, Malawi, Kenya, and Ethiopia (Demo et al. 2015) and 148,034 mini-tubers
in Burundi. There was, however, no mini-tuber production in Tanzania in 2008
(Kakuhenzire et al. 2015) as shown in Fig. 13.7. In the region, 49% of mini-tubers
derive from conventional technique, 30% from sand hydroponics, and 21% from
aeroponics (Harahagazwe et al. 2018a). Additionally, more than 650,000 rooted api-
cal cuttings are produced in Kenya and about 300,000 in Uganda enough to plant 13
and 6 ha for further multiplication, respectively.

This means that, as in Latin America (Mateus-Rodriguez et al. 2013), the con-
ventional technique remains the most commonly used technology to produce mini-
tubers. As one seed expert told Harahagazwe et al. (2018a), “the conventional
technology remains the easiest and best known way of producing clean seed potato
when working conditions and funding are suboptimal.”

Nonetheless, the introduction of new technologies seems to have triggered inter-
est in EGS production and contributed to the significant increase in it since 2008
(Fig. 13.7).

Despite this huge capacity of EGS infrastructure in the seven countries, the
actual production remains below expectations. The total number of mini-tubers pro-
duced in 2017 is only 65% of the mini-tubers that could be produced in a single
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Fig. 13.7 Mini-tuber production over time in seven SSA countries. (Adapted from Demo et al.
(2015). 2017 data were provided from Harahagazwe et al. (2018a))
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season of 3 to 6 months, indicating inefficiencies in the management of the units, in
particular by some public sector institutes. Public sector aeroponic units in Kenya,
Ethiopia, and Uganda only produce at about 30% of their capacity, while some are
not operational at all. However, results from Tessema and Dagne (2018) report that
one-third of the 600,000 mini-tubers produced in Ethiopia were coming from aero-
ponic units in the period from 2011 to 2014 suggesting a better performance prior
to the study conducted by Harahagazwe et al., in 2018. In contrast, private sector
aeroponic units in Kenya produce at about 90% of their capacity. Aeroponics is
challenging to operate but offers a high potential when conditions and capacities are
adequate. This should be considered when deciding to scale this technology, which
is best suited to enterprises with the capacity to invest in infrastructure and which
already have experience with similar operations (e.g., greenhouses) in the flower
and horticultural sectors.

Nonetheless, data collected in seven African countries show that the capacity for
mini-tuber production is significantly increasing (Fig. 13.8), in part as a result of the
investments in RMTs, including the implementation of the CIP project funded by
USAID, Irish Aid, GiZ, and the Government of Finland in Ethiopia, Kenya, Malawi,
Rwanda, Tanzania, and Uganda (Demo et al. 2015).

Rooted apical cuttings are starting to be used in the potato sector; the number of
rooted apical cuttings sold in Kenya is rapidly increasing from about 70,000 in 2017
to 265,615 in 2018 and 337,418 in 2019 (unpublished data provided by Stokman
Rozen Ltd.). In 2019 about 46% of the cuttings were ordered by 44 private
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enterprises (farmers and commercial seed multipliers) and 54% by two projects
(CIP and an NGO), which increased to 71% of sales to private enterprises in 2020
out of 586,000 cuttings. Cuttings are penetrating the seed system, and their oppor-
tunities for being scaled out are being validated in Kenya.

13.5.2 Impact on Availability of Certified Seed: Results
Jrom Kenya

The impact of the new techniques on the availability of certified seed is difficult to
support with data as only Kenya has a reliable certification system and documenta-
tion of amounts produced. In many countries such as Ethiopia, Rwanda, and
Uganda, foundation seed produced by programs is distributed to trained farmers,
farmer groups, or seed cooperatives, which are not engaging in certification sys-
tems, so production is not officially documented. In Ethiopia, for instance, the semi-
formal Quality Declared Seed standards have been introduced for the crop in 2016
as an intermediate quality control system based on local visual inspection; however,
the amounts produced are not systematically documented. Therefore, the focus in
this section will be on Kenya.

Since 2010 Kenya showed a clear trend of increasing amounts of certified seed.
From only 1000 tons in 2005 and a drop to 300 tons in 2008 (due to political unrest)
provision of certified seed rose to 2500 tons in 2010. This increase can be solely
attributed to the introduction of RMTs in 2000-2009, as well as the further increase
to 5600 tons annually in 2015 and 2016 (compare Fig. 13.9). Increases in the fol-
lowing years have been achieved in part due to the local multiplication of imported
foundation seed from Europe. However, about 70% of the certified seed has been
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Fig. 13.9 Certified seed (in 1000 tons) produced in Kenya since 2000 (F = forecast)
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produced using locally produced EGS (data from KEPHIS, amounts of certified
seed in 2019 by producer). The most important local producers of certified seed,
Kisima Farms Ltd. and the parastatal Agricultural Development Cooperation (ADC)
produce 3400 tons and 2500 tons annually, respectively. Both produce EGS locally.
Kisima Farms is producing its EGS through aeroponics and sand hydroponics and
purchases rooted apical cuttings (RAC) from Stokman Rozen Ltd. Hence, all of the
certified seed at Kisima Farms has been produced from EGS produced with the
recently introduced technologies. The EGS production at ADC, however, is still
dominated by conventional pot systems, accounting for about 80% of their mini-
tuber production. In sum, currently about 4000 tons, or 40% of certified seed, is
produced using EGS derived from the introduced technologies.

The impact of the recently introduced RAC technology on certified seed produc-
tion is difficult to estimate, as most cuttings are directly purchased by farmers and
further multiplied on-farm without certification. Nonetheless, the impact of the
technology could be even bigger than with previous techniques. Based on the pro-
duction data from 2019 (see previous paragraph) and assuming a field survival rate
of 70% with two further field multiplications before using the seed to produce ware
potatoes, the production would be enough to plant about 640 ha. This would be
equivalent to 1280 tons of seed which is about 11% of the current provision of certi-
fied seed in the country, hence adding a significant amount of high-quality seed to
the sector.

Initial results with pilot farms and farmer groups indicate huge yield gains after
two rounds of on-farm multiplication. These yield increases are similar to those
when using certified seed but with reduced costs. This technology could contribute
significantly to improve seed quality at the farm level and nationally. The technol-
ogy would also be a perfect fit for multiplying true potato seed from hybrid pota-
toes, a technology that promises to revolutionize potato breeding and seed systems.

13.5.3 Impact on Yields and Demand for Seed
at Smallholder Level

Total yield impacts are difficult to determine. FAOSTAT inaccurately reported
yields in Kenya from 2008 to 2012 at around 20 tons per ha, which is double of
those reported in several peer-reviewed publications (Gildemacher et al. 2009;
Harahagazwe et al. 2018b; Haverkort and Struik 2015). In following years, the
reported yields dropped significantly to around 14 tons per ha in 2014 and 2015 and
to 9 or 10 tons since 2016. Data from other countries in the region show less fluctua-
tion but still seem to be unreliable. Therefore, it is basically impossible to estimate
impacts at larger scales.

The only reliable data on the impact of high-quality seed at the farm level come
from surveys and on-farm trials. Okello et al. (2017) found that adopters of certified
seed (N = 167) had a yield about 2.5 tons per ha higher (11.5 vs. 8.7) than
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non-adopters (N = 241). The survey however was conducted during a season with
low rainfall which might have dampened yields. The adopters did not plant 100% of
their fields with certified seed every season but reused the seed for two to three sea-
sons before purchasing new certified seed. This might be a good tactic for balancing
investment risk and yield improvements and probably portrays a realistic scenario
for potential demand.

Participatory research on 18 farms in Kenya between 2010 and 2011 evaluated
the effects of different seed qualities on yield and crop heath. When using recom-
mended management practices, certified seed can double the yield from farm-saved
seed (Schulte-Geldermann et al. 2013). However, this yield gain can only be
achieved by properly managing plant nutrition and pests and diseases. With subop-
timal management, e.g., lower rates of fertilizer and reduced chemical control of
late blight, the yield gain was usually 30-75% higher than farm-saved seed. That
means that the investment in high-quality seed, which amounts to 1200 to 1500
USD per ha, needs to be protected by additional investments in farm inputs, often
difficult for cash-constrained farmers.

Ochieng (2021) indicate that with current farm-gate ware potato prices, if farm-
ers planted only certified seed, yields would have to be about 18 tons per ha to
achieve the same profit as with farm-saved seed, which yields on average 8 tons per
ha. That suggests that investing in certified seed is risky, which explains the reluc-
tance of many farmers to invest in it.

However, alternative strategies such as purchasing 5% of certified seed, bulking
it on land where potatoes haven’t been planted for a long time, at close spacing and
conducting positive selection allow for replacing the old seed stock with better seed
within three seasons. With this strategy, yields were just 10-15% below those
obtained with certified seed but at much lower costs. Compared to the use of farm-
saved seed, this strategy required a yield increase of only 2.5 tons per ha to cover the
additional investment. This was achieved easily at all eight farms involved in the
study. The integrated strategies have a profit margin about 10-25% higher than
when using certified seed alone (Ochieng 2021).

Farmers need to be capacitated on the best management options, in order to
break the vicious cycle of declining yields brought about by using farm-saved seed,
while also reducing the high cost and risk of planting only certified seed. A bottle-
neck is dissemination, as seed producers are usually reluctant or unable to deal with
the logistics of distributing small quantities to many individual customers.
Organizing farmers into groups or cooperatives to buy larger quantities would be a
viable option. This has been documented in a study (110 farmers) in Rwanda com-
paring access to high-quality seed by individual farmers and by members of coop-
eratives. The cooperatives were able to purchase certified seed from the Rwanda
Agricultural Board and multiplied it one further season before it was distributed to
all members. Only about 10% of the individual farmers accessed high-quality seed.
This resulted in huge differences in yields between the two groups. About 40% of
the cooperative members achieved yields higher than 20 tons per ha, and 90% har-
vested more than 15 tons per ha. About 80% of individual farmers achieved yields
of below 15 tons per ha, and 60% had yields below 10 tons (Uwimana 2020).
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Demand for high-quality seed could also be bolstered by distributing it in smaller
packages, e.g., in bags of 5 to 25 kg, even though this is below the standard size of
50 kg defined in local seed laws. Smaller seed bags would improve smallholders’
access to quality seed (and to validate its quality on their own farms), allowing for
the growth of the seed sector and creating business opportunities based on RMTs.

13.5.4 Contribution to Gender and Social Inclusiveness

The technologies indirectly contributed to gender and social inclusiveness by reduc-
ing the price for certified seed. Mudege and Demo (2016) and Mudege et al. (2020)
concluded that improved technologies that are affordable and available in local mar-
kets are generally friendly for vulnerable groups, including women. In Kenya, for
instance, the price for a 50 kg bag of generation four seed prior to the introduction
of the EGS technologies in 2008 has been 3300 or 3500 KSH (33 or 35 USD) and
dropped to between 2500 and 3000 KSH (25 and 30 USD) in 2020, hence making
it more available to resource-poor farmers.

In particular, rooted apical cuttings are becoming more accessible as they can
easily be traded in small quantities of 100-200 cuttings at an affordable price of
10-15 KSH (0.09 to 0.14 USD) per cutting, which can be multiplied on the small
parcels typically farmed by women and youths (Fig. 13.10). Investing in rooted cut-
tings for seed production could be interesting for women and youth as little land is
required, and profit margins are high.

Fig. 13.10 Women farmers in Kenya multiplying seed from rooted apical cuttings. (Photo credits
Benson Kisinga CIP)
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13.6 Conclusion

Rapid multiplication technologies such as aeroponics, rooted apical cuttings, and
sand hydroponics save costs and have a place in the seed business in Eastern Africa.
RMTs have contributed significantly to the increased supply of certified or high-
quality seed in the region over the last decade. However, technologies have to be
carefully selected for their situation and for underlying conditions including cli-
mate. Highly productive technologies such as aeroponics and rooted apical cuttings
place high demands on management and infrastructure while requiring suitable
business models that go beyond producing EGS. Both technologies are well suited
for businesses that already manage tissue culture or screenhouses, e.g., in the horti-
cultural and floricultural sectors. For these enterprises, both technologies offer via-
ble opportunities to diversify their business and earn an additional stream of income.
The less productive sand hydroponic technology reduces costs while slightly
improving production over the conventional pot system, contributing to lowering
seed production costs. Its relatively ease of management is an opportunity for less
skilled and resource-constrained enterprises and public sector institutes to produce
EGS. A careful assessment (e.g., a business plan) is required before choosing the
best technologies for each situation.
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