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Abstract

The potato processing industry in Kenya, Rwanda, and Uganda is expanding rap-
idly. This study assesses the current situation and outlook of the local industrial
potato processing sector and the alignment of the industry’s variety requirements
with the priorities set by breeders. Currently, potato processing companies in the
three countries use both varieties selected locally from public international germ-
plasm and varieties introduced by Dutch seed companies, and their suitability for
processing is discussed as well. Overall, the processing industry pays high attention
to traits affecting processing efficiency and consumers’ acceptance while breeders,
in spite of being aware of the characteristics required for processing varieties, are
more focused on traits related to production and disease resistance. As the process-
ing sector develops further, breeders will have to pay increased attention to the pro-
gressively stricter requirements of the industry, striking the right balance between
farmers’ and processors’ variety requirements. While their opinions on the farmers’
acceptability of processing varieties diverge, breeders and industry agree about the
challenges represented by the limited access to quality seed and poor business link-
ages between value chain actors in securing the supply of varieties suitable for pro-
cessing. Based on these findings, it is recommended to pay more attention to both
the development of dual-purpose varieties and the strengthening of the potato value
chain through the improvement of business linkages between seed producers, farm-
ers, and processing companies.
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Introduction

Potato (Solanum tuberosum L.) is the world’s third most important food crop in
terms of human consumption, after wheat and rice. Per capita potato consumption
continues rising, especially in Asia and Africa, due to population growth, increased
urbanization, change of eating habits, and increased uptake of processed potato
products such as chips (French fries) and crisps (Devaux et al. 2021). Potato is an
important food and cash crop for African smallholder farmers in rural areas thereby
contributing to food security in the region (Sanginga and Mbabu 2015).

East Africa is the second most important potato-producing region of the continent
after North Africa, where Egypt is a major player. Over the last 20 years, annual
potato production in the East Africa Community (EAC') has increased from 1.6 to
3.4 million tons (t) (FAOSTAT 2018). This increase in production results more from
expansion of acreage under potato rather than from increased productivity. Average
yield remains under 10 t/ha, below the potential of 20-30 t/ha under smallholder
conditions. This indicates that innovations and technologies such as new varieties,
good agricultural practices, and use of high-quality seed have not reached the neces-
sary threshold to increase productivity in the sub-sector (EAC 2021).

While closing the yield gap will remain at the core of breeding efforts, there is
growing recognition of the impelling need to refocus them towards end-product
quality traits (Dufour et al. 2021). Integrating end-user preferred traits in breeding is
critical to drive the demand for new varieties (Nantongo et al. 2023). In fact, while
increased productivity can contribute to improved farmers’ livelihoods and incomes,
farmers can only achieve these benefits if the varieties they cultivate respond not
only to their needs but also possess the traits demanded by consumers and other
end-users in the value chain, such as retailers and processors. The relatively poor
quality of end products is a particularly common issue across improved varieties of
root and tuber crops, translating into low levels of varietal adoption and its subse-
quent benefits (Thiele et al. 2021).

Potato is used in different end products, e.g. table/ware potatoes, chips, crisps,
mashed potatoes, and seed products. Current potato breeding efforts of the Interna-
tional Potato Center (CIP) for East Africa focus on two market segments: potato for
table consumption and for processing into chips and crisps whose market is expand-
ing rapidly. Understanding the requirements and preferences of end-users is essen-
tial for developing more demand-driven breeding products (varieties).

This article presents the results of a study which investigated the current situa-
tion and outlook of the potato processing industry in Kenya, Rwanda, and Uganda.
It also discusses the potato variety traits demanded by the processing companies
in these three countries and the alignment of the breeding efforts by CIP and the
national research programs with their needs and requirements. Moreover, it exam-
ines whether the traits of the varieties currently used for processing meet the require-
ments of both the processing industry and farmers. Finally, it describes the major

! The EAC is currently made up of seven Partner States: The Democratic Republic of Congo, the
Republics of Burundi, Kenya, Rwanda, South Sudan, Uganda, and the United Republic of Tanzania.
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challenges processing companies face in securing supply of suitable varieties for
processing as well as some research and development actions to be undertaken for
the selection of varieties suitable for processing. These results contribute to inform
breeding programs about adjustments in the traits required in new varieties to meet
the requirements of growers, processors, and consumers.

Materials and Methods

This study was conducted in Kenya, Rwanda, and Uganda. The data were collected
and analysed in different stages through a mixed-methods research approach.

The first stage was an in-depth literature review. Secondary information obtained
from different sources, including published and grey papers and reports, publicly
available statistics, websites, and resource persons, was analysed for a better under-
standing of the current status of the potato sub-sector and the processing industry in
the selected countries. Production and yield data were obtained from FAOSTAT while
import data were from the UN COMTRADE Database (https://comtradeplus.un.org/)
using HS codes 200410 and 200520 for frozen ready-cut chips and crisps, respectively.

The second stage included actor mapping and key-informant interviews with breed-
ers, industrial processors, and fast-food chains. The study did not cover small-scale cot-
tage-level processing because of its specific objectives. Small cottage processors in East
Africa (including roadside chips and crisps makers) largely use the most available fresh
tubers in the market and do not seek specific varieties with processing attributes.

The interviews took place physically or over the phone using semi-structured
questionnaires that were designed specifically for the breeders and the processing
industry. The two questionnaires were developed to maximize comparability of the
answers of the two types of respondents. Verbal consent was obtained from each
respondent before the interview.

A purposive sampling method was used to select the respondents. The breeders
selected were either directors, breeding program leaders, or associate breeders work-
ing for a public national (Kachwekano Zonal Research and Development institute
(KAZARDI) in Uganda, Rwanda Agriculture Board (RAB) in Rwanda, and Kenya
Agricultural and Livestock Research Organization (KALRO) in Kenya) or interna-
tional research centre (CIP). The sampling method of the processing industry dif-
fered among the countries. In Rwanda and Uganda, all medium- to large-scale chips
and crisps processors and all fast-food chains with multiple outlets in the capital
cities were sampled. Secondary information and resource persons as well as per-
sonal observations were used by the authors to list and select the processors and
fast-food chains in both countries. A snowball technique during the interviews also
allowed the identification of new respondents not previously known. In Kenya, no
fast-food chains were selected because they mostly use imported frozen ready-cut
chips. Furthermore, in this country, only large-scale processors were sampled from
pre-established lists of registered processing companies. The basis for their selection
was to achieve a sample representing at least 30% of the processing market share, so
to allow extrapolation of data at country level.
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A total of 30 interviews were conducted between April and July 2023. All seven
breeders selected were interviewed. In Kenya, only three out of the eight sampled
processors participated in the study; however, our target market share was largely
reached as each of these companies focused on a different potato product (i.e. fresh/
chilled ready-cut chips, frozen ready-cut chips, and crisps) and with the relevant
market share ranging from 25 to 90%. All four processors selected in Rwanda were
interviewed, while in Uganda only eight out of thirteen. None of the two fast-food
chains sampled in Rwanda answered to the questionnaire, in Uganda eight out of
twelve. The processing companies not interviewed were either not active anymore or
not willing to participate in the study.

In the third stage, the data collected during the interviews were analysed using
descriptive statistics. Also, respondents provided for each product information about
their current production level, their expected future output, and their estimated mar-
ket share. Based on this, the total current and future market size were estimated,
accordingly. The value presented is the average of these estimates. However, estima-
tions from industries reporting market shares lower than 10% were dropped out as
considered less reliable and more subject to overestimation during the extrapolation
process. Finally, the results obtained were compared with the information gathered
from the literature review to assist with the study conclusions.

Results
Potato Production and Processing in Kenya, Rwanda, and Uganda

Potato is a key food and cash crop in the highlands of East Africa (Kenya, Ethio-
pia, Rwanda, Tanzania, and Uganda), mainly produced by smallholder farmers. The
tuber crop is ranked among the top 10 strategic crops for food and income secu-
rity. The smallholder production systems, however, are characterized by small land
parcels between 0.25 and 5 hectares (ha) and low yields ranging from 7 to 10 t/ha
(Maingi et al. 2015). The average annual per capita potato consumption in Kenya
and Rwanda is higher than in East Africa and the whole African continent while it is
lower in Uganda (Table 1).

In recent years, chips (French fries) and crisps have become increasingly popu-
lar in urban areas in much of East Africa driven by rapid population growth and
urbanization. However, until recently, East Africa had not witnessed the emergence
of large industrial processors and fast-food chains on a scale that has become com-
mon in Latin America and Asia. Instead, small informal enterprises have captured
a hefty niche in these urban markets, or the processing is done “in-house” by the
restaurants and hotels themselves (Scott et al. 2013). This is rapidly changing with
larger investors entering the potato processing sector.

In Kenya, potato is the second most important food crop after maize and a key
contributor to national food security. It is also an important source of rural income.
About 90% of the potatoes are grown by smallholder farmers on average land size
less than 2 ha, mainly in the highlands of the Central, Upper Eastern, and Rift Val-
ley regions. Most produce is sold through informal marketing channels for fresh
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Table 1 Average annual potato production and consumption in Africa, East Africa, and target countries
for the period 2019-2021

Countries Production Harvested area Yield Consumption
(,000 t) (,000 ha) (t/ha) (kg/capita/year)

Africa 28,099 1871 15.0 13.6

East Africa 5510 583 9.4 14.8

Kenya 2108 215 9.8 29.4

Rwanda 938 113 8.3 63.5

Uganda 246 40 6.1 3.8

Source: (FAOSTAT 2023)

consumption. However, consumption of processed potato has undergone tremen-
dous growth as evidenced by the increasing number of processing industries and
fast-food chains, especially in Nairobi. For instance, Abong et al. (2010a) report
that city dwellers in Nairobi eat potato crisps twice a week on average, mainly as
snack, and found 24 brands of crisps available in the market. According to GIZ
(2016), around 12% of all potatoes produced in Kenya are used for processing pri-
marily into fresh and frozen potato chips and potato crisps. There are over 200
companies that process potatoes in Kenya, and they can be categorized into (i)
large-scale processors and (i) cottage processors based on their processing capac-
ity (Kaguongo et al. 2014). Unlike cottage processors, large-scale processors, who
process on average more than 5 t of potatoes per day, are generally very specific
in quality and standard requirements for the potatoes purchased. They buy either
directly from contracted farmers or from agents who bulk potatoes from different
farmers and then deliver to their premises. Besides processors, there are also fran-
chised hotels and international fast-food chains which due to the quality of locally
produced potatoes not meeting the required standards mainly import ready-made
frozen chips from countries like Egypt, South Africa, and Europe. Besides ready-
made frozen chips, Kenya imports crisps from various countries including South
Africa, Belgium, North America, and the UK. It was noted that the imported crisps
were quite expensive, in some cases costing as much as twice the cost of the local
ones for the same quantity. The imports were, however, of better quality compared
to local ones; they had uniform size and colour with low oil contents (Abong et al.
2010a). Kenya appears to be the East African leader in potato processing, but the
lack of suitable processing varieties, low quality, and price fluctuations are major
constraints faced by processing companies to respond to a market that is expand-
ing rapidly (GIZ 2014). As a result, for instance, Abong et al. (2010a) report that
82% of shops at times of the year suffer from a scarcity of crisps supply from the
suppliers. The same authors, in another study, reported that 64% of crisps proces-
sors were constrained by the unavailability of suitable varieties and emphasized
that, at time of the study, the processors relied on only one potato variety suitable
for processing and they needed to resort to other cultivars when this was not avail-
able (Abong et al. 2010b). They concluded recommending breeders to pay more
attention to avail sufficient potato cultivars for crisping.
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Rwanda is the sixth largest producer of potatoes in Africa and ranks third in East
Africa, after Kenya and Ethiopia. This is significant given the small size of the coun-
try. Potato is the most important cash crop but also an important food crop with a
high per capita consumption of approximately 65 kg per year. Most Rwandan potato
famers are smallholders, and they store on average 13% of their harvest as seed for
the subsequent planting season. They sell 22% immediately after harvest for cash
and about 60% is kept for household consumption (USAID-KAVES 2015). Potato
production in the main producing districts in the highlands of Rwanda (Rubavu,
Musanze, Nyabihu, and Burera) was found to generate on average 57% of the gross
household income per year (Muhinyuza et al. 2012). The main domestic market is
the local fresh market. The potato sub-sector in the country is also constrained by
a limited number of private sector actors and the low levels of public and private
investment in the value chain (Lombard 2017). As of 2023, there are only two enter-
prises making crisps and one making frozen ready-cut chips.

Uganda is the fifth largest producer of potatoes in East Africa after Kenya, Ethio-
pia, Rwanda, and Tanzania. The area under production has increased steadily over the
years, principally under smallholder production systems which are characterized by
small farm sizes of on average 1.5 ha and a low productivity of around 6 t/ha. The
little use of improved varieties and certified seed and limited industrial processing
and value addition are some of the major constraints affecting the development of the
potato value chain in the country (Mbowa and Mwesigye 2016). Potato processing is
still at a basic scale and product diversification by the industry remains minimal, spe-
cializing in only two products: chips (75%) and crisps (25%). There are no industries
producing chilled or frozen ready-cut chips. The bulk of the business is undertaken by
retailers like hotels, restaurants and bars, fast-food kiosks, and roadside eateries, and
they produce on demand for immediate consumption (Netherlands Enterprise Agency
2021). However, there are a few industrial crisps processors, especially in the capital
city Kampala. Processing companies are generally supplied by traders who are aware
of the required quality specifications, particularly issues related to variety and tuber
size. According to Kajunju et al. (2021), there are three major shortfalls in supplying
potatoes for processing: (i) the limited volumes of clean seed produced, (ii) inadequa-
cies in the supply of the appropriate potato varieties, and (iii) the seasonality of pro-
duction creating a supply gap. This leads, among others, to a mixture of varieties being
used during processing and consequently to low quality of the final products.

Overall, the potato sub-sectors in Kenya, Rwanda, and Uganda suffer from simi-
lar challenges such as availability of and access to quality seed as well as high inci-
dence of pests and diseases. Uncoordinated and disjointed policies as well as the lack
of concerted efforts to develop varieties suitable for processing are also challenges
that affect the sub-sector in these countries (Maingi et al. 2015). Notwithstanding
this, the processed potato market is expected to grow substantially (Table 2). Among
the East African countries lays a huge untapped market for processed potato. With
an estimation of 5 to 10% potatoes currently being processed in EAC (including
at cottage level) and considering that the demand for processed potato, primarily
chips and crisps, is increasing rapidly and is outgrowing the supply, there is room
to increase investment in the processing of potato, especially to meet the increasing
demand for frozen ready-cut chips (Lombard 2017).
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Table2 Market value for chips

and crisps in 2016 and its Current market size (US $°000)

potential for growth in EAC Kenya Rwanda Tanzania Uganda
$70,000 $55,000 $45,000 $5000
Potential market size in 5 years (US $’000)
Kenya Rwanda Tanzania Uganda
$120,000 $90,000 $75,000 $7000

Source: (Lombard 2017)

Current Situation and Outlook of the Processing Industry

There is a paucity of reliable information about the size of the potato processing indus-
try in East African countries. Most available estimations consider the whole process-
ing sector, including the informal small-scale cottage processors who currently domi-
nate the market. The latter, however, do not seek out varieties specifically selected for
processing, but pay more attention to the availability of fresh tubers of widespread
varieties with some acceptable processing traits, such as Tigoni and Shangi in Kenya,
as reported by Abong et al. (2010b). This is likely to continue in the near future.

Based on the information and data collected through the surveys, we have made
an attempt to assess the current size and outlook of the industrial potato processing
sector in the selected countries (Table 3). In Kenya, the domestic industry currently
processes annually an estimated amount of about 35,000 t of fresh tubers into 6700
t of crisps, 2100 t of fresh ready-cut chips, and 450 t of frozen ready-cut chips. This
means that slightly more than 1.5% of annual national potato production undergo
processing on an industrial scale.

Rwanda is estimated to produce about 1800 t of processed potato products annu-
ally, mostly fried ready-to-eat chips sold by fast-food chains. This is equal to about
3700 t fresh tuber equivalents from around 450 ha (0.4% of total land under potato).

In Uganda, there are no industries producing chilled or frozen ready-cut chips.
However, there are industrial crisps processors while fast-food chains are increas-
ingly penetrating the market, especially in the capital city Kampala. The former pro-
duce annually an estimated 120 t of crisps; the latter about 540 t of fried ready-to-eat
chips. Combined, they process annually about 1600 t of fresh tubers from around
260 ha of land under potato (about 0.6% of national potato acreage).

Looking ahead, respondents perceive a beaming future for the potato process-
ing industry in East Africa. As shown in Table 4, the average projected growth of
domestic production for the different processed products and countries over the next
10-year period ranges between 42 and 2500% (i.e. 25-fold the present volumes). This
would result in a total production of chips and crisps in the three countries of over
35,000 t annually (about 3.5 times the present estimated volume), with especially
sizeable production projected in Kenya. It is expected that the booming demand for
processed potato products would be met either by the entry of more players in the
market (Uganda) or through a consolidation of the sector with fewer larger players
(Kenya and Rwanda). This would represent a continuation of the trends observed in
these countries in the last decade.

@ Springer



Potato Research

sone1 (ueq plioay) uone[ndod ueqin pue (1vI1SOV]) uondwnsuod oyejod ejides 10d jeuoneu uo paseq epuedn)
wouy sam3y sunsnfpe £q pajewnss sem jonpoid passaoold Jo JUNOWE Ay} ‘SI0J0E ISAY) J0) ‘a10§1oy [, *AoAIns ayy Jo 1red oq 0} pasnjar EPUBMY UL SUTBYD POOJ-Ise) [V ¢

£20T LVLSOVA,
sdiyo paryy pue sdiyo 1no-Apear 10§ 7 pue sdsLid 10§ { e PJR[NO[Ed 910M (3onpoid [Buy PUB [BLISJEW MBI USIMIIQ ORI “9'T) SI9QN) YSA1Y JO SIJBI UOISIOAUOD) |

%¥9°0 85T LSt ¥99 110} Anuno)
%020 08 19 88y cl $10589501d sdsti)
Vagd 8LI 19 7801 s Sureyd pooj-1sed sdiyo yea-01-Apear porry  epuedn
»IP'0 SISy wLe P8l 1810} Anpuno)
%200 € €8 881 Ly SI08S9301d sdsti)
%6€°0 8¢y €8 0ss¢ SLLT sureyd pooj-iseq ¢Sd1yd yeo-01-Apear potrg
%0000 S0 €8 ¥ z SI0SS9901J sdiyo Jno-Apear uezory  epuemy
%991 6bTe 9€8°I€ 1526 210} £3uno))
%6€°1 1CLe 8'6 L99°9T L999 $105890501d sdsti)
%TT0 LEY 8'6 08¢y oric §108s001d  sdIyd 1no-Apeat pay[Iyo/ysar]
%S0°0 16 86 688 e SI0SS2001J sdiyo 1no-Apear uszorj vAuoy|
(ey) uoneoore (eum) | (1eakp) (xeakp1) 1207-020C
a3earoe ojejod  pue] Surpuodseriod 1202-610T syjugreamba  ur paonpoid Kynuenb
JULIIND JO AIeYS parewnsyg PIoIA a3eIoAy 19N} Yysar] a3e1oAe pajewInsSy 100y pnpold  Anuno)

juowaImbar puey pue ‘sjuareAnba 1aqny ysaig ‘syonpoid orejod passesord Jo uononpoid onsOWOP JUALIND JO SABWNST € |qe]

pringer

AQs



Potato Research

epUBS() UI SUTRYD

pooj-isey woyy san3y pajosford Sursn pajewnsd are suonosfoxd reak-([ Yy ‘s10108 sy} 10 ‘AI0JAIAY], “AdAIns oY) JO 1ied 9q 0) PISNyAr BPUBMY UL SUTBYD POOJ-ISE [V,

epuES() UL BY/) [ PUE ‘BPUBMY UT BY/) '] ‘AUSS] U Y/} §'6 JO SPIAIA 95LI0AL UO PAseq Suonemo[e)),

%8 98LTI T8TTIT WYLE 6ELTT [elo],
s1okerd 210N %S0 981 438! €8¢ BTET (4! BLLE sdsu)
sdiyo
s1okerd 210N %90 (494 6€ST OLL BTy Tws %811 1e9-0)-ApeaI paLl]  EpuEs()
uon
-EPI[OSU0D 003 %10 8SH 108€ 056 %LT61 Ly %189 sdst)
Sdrg
V/IN %SS°0 L09 Tos 125T %TH SLLY V/N  189-01-Apeal pali]
sdiyo
V/IN %€00°0 v 0¢ SI %199 4 @  Ino-ApEar uSZoL] Eepuemy
uon
-EPI[OSU0D 1003 %9°¢ 8Y0L L90°69 L9T'LT %6S1 L999 VIN sdst)
sdryo 1no
s1okerd Q10N %10 €L8 0958 08¢t %001 ovic %68 -Apeal pa[[Iyd/ysal]
uon sdiyo
-EPI[OSU0D 0O BT 86¢T 111°€C 9GS 11 %005C 444 @  Ino-Apearuszor]  eAuoy
sIeA O
s1eak ()] 1xou (1eakp) 1Se[ ) I9AO
*ySnoiyy yowr o3eoe | (ey) uonEOO[|E (1eakp)) (1eakp) sreak 0]  OY} JoAO uonONP uononpoxd uononpoid
Apsow puewop ojejod Juarnd  puef Surpuodsar  sjuoreambe uruononp  -oxd ur aseaIour parewnsa ur 9SeaIour
Ininj paseaIou] jJooreyS  -100 pojewinsyg  Ioqn) ysai{  -oid pojyewnsyg parewnsyg jualLIny pajewnsyg jnpold Anuno)

Juawembar puef pue ‘sjusreamba 1eqn) ysaig ‘sjonpoid ojejod passasoid jo uononpoid onsewop jo suonodsford 1eak-(] ormng pue el YImoIs 1eak-()] Ised d|qel

pringer

As



Potato Research

In order to produce such volumes, the industry would need to process over
110,000 t of fresh tubers to be harvested from almost 12,000 ha (assuming no
increase in farm yield). While this would represent a spectacular increment from
the 4000 ha currently supplying the processing industry (see Table 3), this acreage
would still represent a very limited share (4.8%) of the total area currently allocated
to potato production in these countries (ranging from about 1% in Rwanda and
Uganda to 5.2% in Kenya).

The level of imports of both processed products in East Africa (and Africa at
large) is still limited in both absolute and relative terms (3400 t of crips per year cor-
responding to 19% of Africa’s total, 11,000 t of frozen ready-cut chips correspond-
ing to about 12% of Africa’s total). Among East African countries, the main import-
ers are Mozambique, Zambia, and Zimbabwe for crisps and Mauritius, Zambia, and
Kenya for frozen ready-cut chips. Despite our focus countries not being among the
major importers of processed potato products, they show a significant growth of
imports ranging from 9 to 41% over the last 20 years (Table 5). Considering that
they are also responsible for about 60% of potato production in East Africa, they are
the countries in the region that offer the largest opportunities for import substitution.

Processing Industry’s Preferences for Key Traits of Potato Varieties and Their
Alignment with Breeders’ Views

The representatives of potato processing companies and breeders indicated the
importance of key traits for processing on a 5-point Likert scale, with 1 indicating
a trait considered not important at all and 5 a very important trait. Figure 1 shows
in decreasing order of importance the processing industry’s views about these traits
and compares them with the breeders’ views. The latter were consistent across coun-
tries and final products (chips vs crisps). Out of the ten proposed traits, the industry
gave the highest importance to frying colour, size of tubers, and storability followed
by shape and oil absorption rate. The frying colour should be yellowish to golden

Table 5 Average import volume of potato crisps and frozen ready-cut potato chips in 2020-2021 HS
200410

Potato crisps Frozen ready-cut chips
Volume Relative share Average annual Volume Relative share Average annual
(t/year) growth rate (t/year) growth rate
2002-2021 2002-2021
World 854,580 - 6% 7,338,443 — 7%
Africa 18,274 2% of World 8% 95,569 1% of World 17%
East Africa 3413 19% of Africa 10% 11,211 12% of Africa 15%
Kenya 42 1% of East Africa 9% 1523 14% of East Africa  37%
Rwanda 58 2% of East Africa  41% 21 0.2% of East Africa 31%
Uganda 144 4% of East Africa  15% 438 4% of East Africa 17%

Note: (own calculation based on COMTRADE data)
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pusIage soore Processing industry's desired
Breeders' desired trait (1=Not important at all, 2=Not important, 3=Neutral, e trait E
4=Important, 5=Very important)
Yellowish Golden yellow without darkening
Medium to large S m_ Chips: large; crisps: medium
ize
3 months under ambient conditions, 6 Fast-food chains: storage of max. 1
months under cooled conditions Storability m_ week, processors: 1-6 months
Chips: oblong; crisps: round Shape Chips: long/oval; crips: round
As low as possible, not soggy 0il absorption rate 457 _ As low as possible, not soggy
Creamy yellow Flesh color m_ ‘White to cream
Shallow eyes, number doesn’t matter | Number and depth of eyes _ Few, shallow eyes
g Reducing sugar content 471 | 296 Low to very low, most fast-food
Low to very low s __ ; :
i chains don’t know
® Processingindustry ® Breeders

Fig. 1 Evaluation of desired traits for potato processing variety requirements by the processing industry
compared to the breeders in Kenya, Rwanda, and Uganda

yellow without darkening which is mainly caused by reducing sugars. Trait differ-
entiation between tubers for chips and crisps is more systematic among the industry
compared to the breeders who highlighted this only a few times. Chips processors
and fast-food chains are looking for long/oval potatoes while crisps processors are
looking for round potatoes. Also, breeders in the three countries mentioned tuber
shape, oblong for chips and round for crisps, as an important trait. According to
them, the size is important as well and should be medium to large, but the industry
is generally more precise concerning the size required for the two processed prod-
ucts (45-60 mm diameter for crips, 80—120 mm length for chips).

Tuber storability is important for both breeders and industry, with breeders recom-
mending at least 3 months of storage in ambient conditions without sprouting and up to
6 months in cold storage. The processors indicate a required storability of 1 to 6 months
with preference for more than 3 months. For the fast-food chains, storability is less
important because they buy potatoes when needed and store them only for a few days.

Oil absorption rate is important for both the breeders and industry and should be
as low as possible because it affects processing costs and product quality.

There is consensus regarding the importance of flesh colour between breeders and
industry with a preference for light yellow. One breeder, however, made a distinc-
tion between the required flesh colour for chips (creamy yellow) and crisps (white).
Overall, both breeders and industry assign the least importance to skin colour.

Regarding the number and depth of the eyes, the shallowness of the eyes is
important for both breeders and industry. However, the processing industry prefers
tubers with few eyes while the number of the eyes is not considered an important
trait by the breeders.
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Dry matter is an important criterium for all breeders recommending a percentage
above 20% up to 24%, but with no differentiation between chips and crisps. Knowl-
edge about dry matter varies among industry and countries. No fast-food chains
indicated specific dry matter content requirements; only the processors referred to
it. All processors in Kenya were able to indicate a specific value for the desired per-
centage of dry matter ranging from 17 to 23%, in Uganda and Rwanda only one.
Reducing sugar content is another key criterium that must be as low as possible. No
specific values, however, were mentioned by the breeders. One of them in Kenya,
however, mentioned the existence of specific standards for reducing sugar content.
On the industry side, reducing sugar content does not appear to be a high priority.

Although breeders are generally aware of the traits required for processing varie-
ties, they indicate to consider processing qualities of potato varieties mostly at later
stages of the breeding process (during clonal selection), with only a few considering
them at an earlier stage (during parental selection). Thus, breeders seem to prioritize
traits related to primary production over the ones affecting processing efficiency and
consumers’ acceptance of processed products. The main traits used when selecting
potato varieties are generally productivity and disease resistance.

Availability and Use of Potato Varieties for Processing

Our findings show that the processing industry in Kenya, Rwanda, and Uganda cur-
rently uses both varieties selected locally from CIP germplasm and varieties intro-
duced by Dutch seed companies. However, there is some divergence between the
varieties the processing industry in these countries actually uses and the varieties of
what breeders think they use (Table 6). Overall, in Kenya and Rwanda, three out of
five varieties cited by either the industry or breeders coincide. In Uganda, it is only
three out of eight varieties.

Breeders confirmed that the processing industry in each country is looking for
varieties selected for their processing traits; however, most of the varieties mentioned
by them in Rwanda (Gikungu, Kinigi, Kirundo, and NAROPOT 4/Rwangume) and
Uganda (KACHPOT 1, Kinigi, NAKPOT 5, and NAROPOT 4/Rwangume) were
selected from CIP germplasm. Conversely, in Kenya, out of the four main varie-
ties mentioned by the breeders (namely Dutch Robijn, Markies, Shangi, and Tigoni),
only Shangi and Tigoni were selected from CIP material while most of the others
were introduced by Dutch seed companies. Out of the varieties introduced by Dutch
seed companies and actually used by processing industries in Kenya, such as Chal-
lenger and Markies, only Markies was also mentioned by the breeders.

In Kenya, three out of the four varieties reported to be used by the processing
industry (Challenger, Dutch Robijn, and Markies) have specific processing traits and
are of foreign origin. This is the case for only one of three varieties in Rwanda (Tau-
rus) and two out of eight varieties in Uganda (Markies and Taurus). Although most
processing companies are aware of processing varieties, they often do not seek out
varieties specifically selected for processing. Rather, they pay more attention to the
availability of fresh tubers of widespread varieties with some acceptable process-
ing traits. This is particularly the case in Rwanda and Uganda where the industry
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Table 6 Main varieties used by the processing industry in Kenya, Rwanda, and Uganda, as indicated by
breeders and the processing industry

Variety Country

Kenya Rwanda Uganda

Breeders  Industry  Breeders  Industry  Breeders  Industry

Challenger* \/

Dutch Robijn* v v

Gikungu**

KACHPOT 1%+ v
Kinigi** v v v
Kirundo** \/

Markies* \/ \/

NAKPOT 5%+ v
NAROPOT 4/Rwangume** v v v
Rutuku®**

Shangi** \/ \/

Taurus* \/ \/

Tigoni** \/

*Dutch variety

S U S N

**Selected from CIP germplasm

mainly reported the use of Kinigi and NAROPOT 4/Rwangume. Both varieties are
well appreciated by farmers and widely grown in these countries because of their
robustness under local conditions. Initially selected from CIP germplasm for their
adaptation and good production characteristics including disease resistance (e.g., to
late blight), these varieties also showed acceptable traits for processing. Therefore,
they are often referred to as dual-purpose varieties.

Figures 2, 3, and 4 summarize the breeders’ points of view on how well the charac-
teristics of the assumed most common varieties used by the industry meet the farmers’
and industry’s requirements in Kenya, Rwanda, and Uganda, respectively, and compare
them with the industry’s point of view on the suitability for processing of the varie-
ties the latter actually use. For some varieties, the breeders’ and industry’s perceptions
about processability match quite well. This is the case for Dutch Robijn, Markies, and
Shangi in Kenya; Kinigi and Taurus in Rwanda; and KACHPOT 1 and NAROPOT 4/
Rwangume in Uganda. For NAROPOT 4/Rwangume in Rwanda and Kinigi in Uganda,
the breeders’ and industry’s perceptions do not match well.

Processing industries in Kenya, where the sector is in a more advanced stage of
development, are more prone to seek Dutch processing varieties, such as Markies,
Challenger, and Dutch Robijn. The breeders confirmed that these varieties are well
perceived by the processing industry mainly due to their shape, high dry matter, low
reducing sugar content, and overall good frying qualities, but indicated that they have a
lower acceptance by farmers due to their susceptibility to late blight and other reasons.
This explains the reason why several industries in Kenya still largely procure varieties
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Fig.2 Breeders’ perception of farmers’ and industry’s preferences of assumed most common varieties
used by processing companies in Kenya compared to the industry’s view on the varieties the latter actu-
ally use
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Fig.3 Breeders’ perception of farmers’ and industry’s preferences of assumed most common varieties
used by processing companies in Rwanda compared to the industry’s view on the varieties the latter actu-
ally use
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Fig.4 Breeders’ perception of farmers’ and industry’s preferences of assumed most common varieties
used by processing companies in Uganda compared to the industry’s view on the varieties the latter actu-
ally use

selected from CIP material such as Shangi, which is widely grown, and possesses those
critical traits required by farmers, such as early maturity and short dormancy. Breeders,
however, indicate that Shangi meets poorly the industry’s requirements and preferences
because of deeper eyes. This is confirmed by the processing industry in the country
itself (Fig. 2). This variety, however, is well accepted by the processing industry in
Uganda. In the latter, the industry seems to value all the varieties it uses (Fig. 4).

Breeders in Rwanda indicated that Gikungu, Kinigi, and NAROPOT 4/Rwangume
meet farmers’ and industry’s requirements and preferences well (Fig. 3). However, the
processing industry in the country actually perceives Kinigi and especially NARO-
POT 4/Rwangume less positively than breeders think they do. Kinigi and NAROPOT
4/Rwangume are also less appreciated by the processing industry in Rwanda than in
Uganda. The main limitation of Kinigi in Rwanda was reported being its high number
of deeper eyes.

Major Challenges Faced by Processing Companies in Securing Supply of Suitable
Varieties for Processing

The difficulty to strike the right balance between farmers’ and processors’ requirements
is also reflected by the different perception of breeders and industry on the main chal-
lenges faced by the latter in securing consistent supply of suitable processing varie-
ties. Figure 5 shows the perception of processing companies about the major challenges
they face in securing supply of suitable processing varieties and compares it with the
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Fig.5 Major challenges faced by the processing industry in Kenya, Rwanda, and Uganda in securing
supply of suitable varieties as indicated by breeders and processing companies

breeders’ point of view. While both actors agree about the challenge represented by
the limited access to quality seed and poor business linkages between producers and
processors, their opinions on the farmers’ acceptability of processing varieties diverge.
Breeders indicate the relatively poor adaptability and agronomic performance of Dutch
varieties. However, the industry seems less aware of or places less importance to the
negative perceptions that many producers have about them.

Research and Development Actions for the Selection of Varieties Suitable
for Processing

Most of the breeders interviewed prioritized traits valued by farmers (mainly related to
production and fresh market requirements) and considered the processing traits only at
later stages of the breeding process (during clonal selection). However, a few of them
indicated to consider processing traits at an earlier stage (during parental selection).
Breeders’ interaction and collaboration with processors and fast-food chains in Kenya,
Rwanda, and Uganda so far mainly consisted of the evaluation and analysis of tuber
samples for assessing processing traits such as reducing sugar content, oil absorption
rate, and frying colour. Some breeders indicated the interest in having more frequent
interactions, and more exchange of ideas with the processing industry, for better knowl-
edge sharing and to make the breeding programs more responsive to the requirements
of the industry. However, they pointed out the high costs of establishing and maintain-
ing these collaborations (often including seed costs required for demonstration trials),
which might limit them. According to one of the breeders, breeders’ rights and vari-
ety protection would also imply formal agreements for this type of collaboration. Only
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six processing companies interviewed (26% of the total sample—two in Kenya, one in
Rwanda, three in Uganda) had ever been involved in participatory research programs
for selecting varieties suitable for processing. All fast-food chains and processors inter-
viewed, however, indicated a strong interest in being involved in such programs.

Finally, it is worth noticing that breeders did not have a strong opinion about the
need for more potato varieties suitable for processing. Some of them indicated that
varieties are already available and the issues around seed systems and value chain
development should be rather prioritized.

Discussion

Despite some admitted limitations in our study findings due to the small sam-
ple size, we can confidently assume that industrial-level processing of potato in
Kenya, Rwanda, and Uganda is still limited although it is growing at a rapid pace.
This growth is expected to continue in the future. With the development of the
sector, remarkable immediate opportunities exist for the development of a strong
local supply chain for the processing industry contributing to import substitution.
In the longer term, following the expected modernization and consolidation of
the sector, more established processors will participate in the business respond-
ing better to high-value market demand than the informal cottage-level proces-
sors. It is expected that the former will likely replace table varieties (currently
mostly procured in local markets) with processing varieties. This represents both
an opportunity and a challenge for public breeding programs which, in alignment
with national policies, will have to keep the focus on smallholder farmers’ needs
and, therefore, prioritize yield, disease resistance, and other production-related
traits like drought and heat resistance, while meeting the progressively stricter
requirements of a sector in rapid expansion.

The points of view of the processing industry and the breeders in Kenya,
Rwanda, and Uganda on the priority traits for processing varieties are overall well
aligned with some divergence between the two groups. The industry in the three
countries considers frying colour, size, storability, shape, oil absorption rate,
flesh colour, and number and depth of the eyes as important to very important
traits of suitable varieties for processing. A white to cream flesh colour, a golden
yellow frying colour, and a crunchiness due to a low oil absorption are needed to
make the final product, both chips and crisps, visually and organoleptically attrac-
tive to the consumer. Also, a lower number and depth of the eyes is expected to
reduce waste and increase productivity during processing. Regarding the shape
and size of tubers, the industry pointed out a clear distinction between chips and
crisps: tubers to be processed into chips should be long/oval and large, those to
be processed into crips should be round and medium sized. Concerning storabil-
ity, processing industries can store potatoes for up to 6 months and thus require
tubers that maintain their adequate processing characteristics during that period.
Conversely, fast-food chains keep their potato stored for maximum 1 week and,
therefore, the reason why they deem storability as an important trait is probably
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related to the health status of the tubers and not to their characteristic of being
able to be stored for a long time.

Dry matter is considered of less importance by the processing industry in
Uganda (3.06 on a 0-5 scale), while the industry in Kenya (5.00) and Rwanda
(4.50) is giving more attention to this quality requirement. Also, the importance
of reducing sugar content differs between the three countries. Processing com-
panies in Kenya (4.67) consider this trait more important than those in Rwanda
(3.50) and Uganda (2.50). This can be explained by the fact that the potato pro-
cessing industry is still infant in Rwanda and Uganda. Skin colour is only used
as a way to identify the right variety, which is consistent with findings of Abong
et al. (2010b). Skin is peeled off and thrown away during processing. Therefore,
this trait is not seen as important by the processing industry in the three countries.

By comparing priorities expressed by breeders and the industry, the former give a
relatively higher attention to the number and depth of the eyes although, unlike pro-
cessors, they believe that the number of eyes is irrelevant if they are shallow. They
also pay much more attention to dry matter and reducing sugar content compared
to the processing industry. Both are undoubtedly important factors when consider-
ing the physicochemical aspects of potato processing. However, the importance of
dry matter and reducing sugar content for the processing industry differs between
the three countries, and it likely reflects differences in their stage of development.
It should also be noticed that frying colour is strictly linked to reducing sugar con-
tent and, therefore, the issue here is likely mostly related to breeders looking at the
root cause of the problem and the industry, especially in Rwanda and Uganda, more
at the resulting end product. On the other hand, the findings suggest that breeders
should pay more attention to the size and storability of the tubers.

Overall, breeders, unlike the industry, indicate to pay more attention to traits
related to primary production than to the ones affecting processing efficiency and
the consumers’ acceptance of processed products. Accordingly, priority traits used
when selecting potato varieties are productivity and disease resistance. This might
explain why, although breeders are generally aware of the traits required for process-
ing varieties, processing qualities are mostly considered only at the end of the selec-
tion process.

This study shows that the processing industry in Kenya, Rwanda, and Uganda
currently uses both CIP varieties (Shangi in Kenya, Kinigi and NAROPOT 4/
Rwangume in Rwanda, and KACHPOT 1, Kinigi, Rutuku, NAROPOT 4/
Rwangume, and Shangi in Uganda) and varieties introduced by Dutch companies
(Challenger and Markies in Kenya, Taurus in Rwanda, and Markies and Taurus in
Uganda). Their main qualities are their flesh/frying colour, size, shape, dry matter,
oil absorption rate, processing quality, and taste as well as their overall productivity
in processing. The number of varieties actually used by the processing industry in
the three countries, however, is much below the available number of varieties suit-
able for processing into chips and crisps according to the respective national variety
catalogues: 4 out of 44 varieties in Kenya and 7 out of 15 in Uganda.

The Dutch varieties are popular among the processing industry in Kenya and to
a lesser extent in Rwanda and Uganda. This indicates the different levels of devel-
opment of the potato processing industry in the three countries. Challenger, Dutch
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Robijn, and Markies are varieties that respond well to the Kenyan industry’s needs;
Shangi, however, is not well appreciated among the processing companies in the
country, especially the large-scale industry, but remains popular among the cottage
industries (World Bank Group 2020). This observation is in line with previous stud-
ies reporting that Dutch Robijn is a popular variety among the large-scale industries
due to its good storability and high dry matter content while Shangi is difficult to
store and leads to high losses during processing because of deep eyes as well as
lower quality of processed products (Kaguongo et al. 2014). Also in Rwanda, the
Dutch variety Taurus responds better to the industry’s needs compared to the CIP
varieties Kinigi and NAROPOT 4/Rwangume. Previous studies reported as well
that Taurus is among the best varieties to produce crisps (Rukundo et al. 2019). In
Uganda, however, both CIP and Dutch varieties are popular among the processing
industry, and they respond well to its needs.

Breeders in Kenya and Rwanda are quite well familiar with the varieties used by
the processing industry in their country. This, however, is not the case in Uganda
and especially for those varieties coming from outside the national breeding pro-
gram. A possible explanation is that the collaboration between the public breeding
program and the processing industry is more intense in Kenya and Rwanda com-
pared to Uganda. The breeders in the region also confirm that the Dutch varieties
used by the processing industry, such as Markies and Taurus, generally do not meet
well the farmers’ needs. This is in accordance with Maingi et al. (2015), Kaguongo
et al. (2014), and Rukundo et al. (2019) who reported that Dutch Robijn is a low
yielding variety susceptible to pests and diseases and that the cultivation of Dutch
varieties requires additional inputs including agro-chemicals to achieve higher yields
leading to negative implications on the cost of production and lower crop sustaina-
bility. The breeders, however, believe that CIP varieties like Gikungu, KACHPOT 1,
Kinigi, NAROPOT 4/Rwangume, and Shangi meet farmers’ needs well due to their
tolerance to diseases, high yield, skin/flesh colour, and high fresh market demand.
Kinigi, NAROPOT 4/Rwangume, and Shangi are indeed varieties widely adopted by
farmers in the region. Kinigi is robust, has good yielding, and produces big tubers
(Mbowa and Mwesigye 2016; PotatoPro 2018). NAROPOT 4/Rwangume produces
big tubers, has a good taste, and does not become soggy when cooked (Kaguongo
et al. 2008; Mbowa and Mwesigye 2016). Shangi is very popular due to its quick
maturing, multipurpose, and short dormancy characteristics (Jerotich 2022).

In all three countries, the varieties selected from CIP germplasm and reported
as widely used for processing were obtained from crossings made by CIP breeders
in the ‘80s and early ‘90s of the last century and then tested and selected later with
national potato programs. This demonstrates the long process required for the selec-
tion, release, and adoption of new potato varieties. In a review of varietal change in
roots, tubers, and bananas by Thiele et al. (2021), it is mentioned that a focus on dis-
ease resistance is necessary, but entrenched consumption preferences are potentially
major constraints to adoption. Also, in the case of potato, a new variety requires
many years, around 20 years, before being adopted. This is especially the case for
Rwanda, where all varieties suitable for processing but not yet widely grown in the
country were released in 2019 and 2020. One contributing factor mentioned for
high varietal age in potato in Rwanda is also dis-adoption of more modern varieties
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following the genocide in Rwanda, as the collapse of the formal seed system and
destruction of key research centres impeded new releases (Labarta 2015).

There is some disagreement between breeders and the processing industry on what
are the main challenges faced by the latter for procuring suitable varieties in quality
and quantity. Breeders believe that the main challenge faced by the processing industry
is the challenging business relationships between farmers and processing companies.
The latter is also observed in a study about variety preference among potato farmers
in Kenya which indicates that processing quality is at the bottom of farmers’ variety
choice criteria (Kwambai et al. 2024). The industry, however, considers this as much
less challenging. In its view, farmers’ limited access to seed is by far the main chal-
lenge in procurement. Also, breeders consider the latter as a major challenge, together
with farmers’ unwillingness to invest in seed which is, however, not considered at all
as challenging by the processing industry. Furthermore, the fact that processing varie-
ties are not well perceived by farmers is not considered a major challenge by the indus-
try which focuses on its own specific processing requirements. Finally, both breeders
and processing companies consider farmers’ lack of knowledge on good agricultural
practice and on available processing varieties as less challenging.

Survey results indicate that there is much room for improving the interaction
and exchange of ideas between breeders and the processing industry. The change
of paradigm, like currently in Kenya, by increased involvement of the processing
industry in product profiling and the selection process along the breeding pipeline,
might allow to integrate as much as possible processing quality traits while keeping
the focus on smallholder farmers’ needs. Indeed, in alignment with national poli-
cies, breeders will have to keep prioritizing yield, disease resistance, and other pro-
duction-related traits like drought and heat resistance. This is because potato is of
strategic importance for Kenya, Rwanda, and Uganda where it is a key staple and
cash crop, therefore contributing to the national food and nutrition security, poverty
reduction, and household resilience, especially in rural areas.

Conclusion

According to the literature and results from this study, industrial-level processing of
potato in Kenya, Rwanda, and Uganda is still limited but growing at a rapid pace.
Demand for processed potatoes, primarily chips and crisps, is increasing rapidly in
the three countries and it is outgrowing the supply. Kenya appears to be the lead-
ing country in potato processing in East Africa. There is thus room for increased
investment in potato processing. Although these countries are not among the main
importers of processed potato products in East Africa, they are among those that
offer better opportunities for the development of a strong local supply chain for the
processing industry contributing to import substitution.

The processing industry in Kenya, Rwanda, and Uganda pays overall high atten-
tion to traits affecting processing efficiency and consumers’ acceptance while breed-
ers seem to consider these processing features as secondary evaluation criteria. This
might explain why, although the latter are generally aware of the traits required for
processing varieties, processing qualities are mostly considered only at the end of
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the variety selection process. Given the industry’s strong emphasis on the differenti-
ated traits of the fresh tubers (for both size and shape) required for ready-cut chips
and crips, consideration should be given to view them as two different processing
market segments for East Africa and therefore develop distinct traits for each potato
product. Overall, more attention seems required for developing varieties with proper
size and storability characteristics.

This study also shows that the processing industry in Kenya, Rwanda, and Uganda
currently uses both varieties selected locally from CIP germplasm and varieties intro-
duced by Dutch seed companies. Their main quality traits are their flesh/frying colour,
dry matter, and high productivity during processing. Dutch varieties respond better to
the processing industry’s needs, but they are less appreciated by farmers because of
various reasons, including their susceptibility to late blight. Some varieties selected
locally from CIP germplasm, such as Kinigi and NAROPOT 4/Rwangume, in Rwanda
and Uganda, however, are widely used by farmers due to their robustness under local
conditions and are also used for processing. Moreover, they are quite well appreciated
by the processing industry and can thus be considered dual-purpose varieties. Eventu-
ally, widespread adoption of a variety largely depends on its ability to meet both indus-
try’s requirements and farmers’ needs (e.g., late blight resistance). Defining both traits
valued by farmers and those required by the processing industry should allow to weigh
and score them at the different breeding and selection stages. Starting an exchange
with processing companies earlier in the breeding cycle would also allow breeders to
improve their knowledge of the processing industry requirements and trends. As the
processing sector develops further, the development by breeding programs of dual-
purpose varieties responding to food security priorities while presenting good process-
ing qualities could be an alternative to better position new potato varieties with traits
responding to farmers’ needs and the fresh potato market segment, which is still—
and will remain in the foreseeable future—the most important in East Africa, as well
as addressing the requirements of the expanding potato processing market segment.
Besides the need to develop suitable varieties for processing, timely sourcing these
varieties in quality and quantity is a challenge as well, mainly because of the farmers’
limited access to good quality seed, as indicated by both the processing industry and
breeders. In sub-Saharan Africa, there are plenty of examples of outperforming varie-
ties (not limited to potato) that have been released but not extensively adopted because
of not being widely distributed and, as a matter of fact, the vast majority of farmers do
not have access to new varieties that are being introduced. Accordingly, availability
of and access to healthy and affordable seed is a critical determinant of farmers’ deci-
sions on variety choice. Furthermore, market demand features as a primary determi-
nant of variety choice among farmers (Kwambai et al. 2024). There is an opportunity
for the industry in East Africa to play a more prominent role to tackle these bottle-
necks. First, large-scale potato processing companies can significantly drive the adop-
tion of improved potato varieties by creating a stable demand for high-quality tubers
tailored to processing needs. By offering contracts and premium prices for these vari-
eties, and by investing in farmer training and collaboration with agricultural exten-
sion services, processors can incentivize farmers to adopt these varieties. Additionally,
the industry’s investment in supply chain infrastructure and public-private partner-
ships can enhance the availability, access, and quality of improved potato seeds, thus
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facilitating broader varietal adoption and faster turnover across the region. This would
translate into a strengthening of the formal seed system. However, all potato varieties
that have been introduced through the formal seed system have typically made their
way to the informal system, which is and will remain the main source of seed for years
to come. A stronger mechanism could be put in place for the two systems to coexist
to ensure regular access to quality seed through a combination of seed merchants and
farmer-to-farmer seed exchange. In conclusion, the development of dual-purpose vari-
eties responding to the requirements and preferences of both farmers and processors is
a necessary but not sufficient condition to support the rapid development of the potato
processing sector in East Africa. This should be coupled with a concerted effort to the
strengthening of the potato value chain through improved coordination and business
linkages among seed producers, farmers, and the processing industry.
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