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Abstract

Striga is an obligate parasitic weed that attacks cereal crops in sub-Saharan Africa. In Western Kenya, it has been identified by farm-
ers as their major pest problem in maize. A new technology, consisting of coating seed of imidazolinone resistant (IR) maize varieties
with the imidazolinone herbicide, imazapyr, has proven to be very effective in controlling Striga on farmer fields. To bring this technol-
ogy to the farmer, a sustainable delivery system needs to be developed, preferably with substantial participation of the private sector. To
help extension agents and seed companies to develop appropriate strategies, the potential for this technology was analyzed by combining
different data sources into a Geographic Information System (GIS). Superimposing secondary data, field surveys, agricultural statistics
and farmer surveys made it possible to clearly identify the Striga-prone areas in western Kenya. Results found that Striga affected a
maize area of 246,000 ha annually, with a population of 6.4 million people and maize production of 580,000 tons, or 81 kg/person. Pop-
ulation density in this area is high at 359 people/km>. A survey of 123 farmers revealed that 70% of them have Striga in their fields. A
contingent valuation (CV) survey indicated that farmers would, on average, be willing to buy 3.67 kg of the IR-maize seed each at current
seed prices, sufficient to sow 44% of their maize area. By extrapolation over the maize area in the zone, total potential demand for IR-
maize seed is estimated at 2000-2700 tons annually. Similar calculations, but based on much less precise data and expert opinion rather
than farmer surveys or trials, gives an estimate of the potential demand for IR-maize seed in Africa of 153,000 tons.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction (Oswald, 2005). The Striga flower produces large amounts

of seed that are triggered into germination when they are

Witchweeds (Striga spp.) are pernicious, root-attaching
parasitic weeds found mainly in sub-Saharan Africa. They
are obligate parasitic weeds of the tropics that attack cereal
crops such as maize (Zea mays (L.), sorghum (Sorghum
bicolor (L.) Moench), millet Pennisetum spp.) and rice
(Oryza sativa L.). The most important species are Striga
hermonthica (Del.) Benth. and Striga asiatica (L.) Kuntze
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close to potential host crop roots. Attaching to crop roots,
the parasite becomes a major sink for crop photosynthate,
debilitating crop growth and yield (Gurney et al., 1995;
Stewart and Press, 1990). Otherwise, the seed can stay dor-
mant in the soil for over 20 years. Infestation is related to
continuous mono-cropping and poor soil fertility, and the
parasite does most damage to weak plants (Berner et al.,
1995). Therefore, it is a particular problem where soil fer-
tility is being eroded through increased population pres-
sure, decreased use of fallow and minimal use of organic
or inorganic fertilizers (Combari et al., 1990; Gacheru
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and Rao, 2001; Mumera and Below, 1993). Most impor-
tantly, it seriously affects the livelihoods of poor subsis-
tence farmers in cereal-based, agricultural systems in
Africa.

Striga research has been conducted for many years, and
several technologies have been developed and proposed for
dissemination (Oswald, 2005). However, many of these
options do not seem particularly feasible for the main tar-
get group: resource-poor farmers. Different technologies
are known to be technically effective, but have had little
success in adoption. Hand weeding has been promoted
for decades, but it is labor intensive and the effect is only
felt in subsequent seasons since the parasite has already
done its damage. In Kenya, four seasons of hand-pulling
were found necessary for sufficient control (Odhiambo
and Ransom, 1994). Fallows decrease the Striga seed bank
in the soil and improve soil fertility (Combari et al., 1990;
Gacheru and Rao, 2001; Mumera and Below, 1993). How-
ever, in most Striga-prone areas, population pressure is too
high for this option to work. Proper rotation schemes
reduce Striga (Carsky et al., 1994, 2000), but markets for
the production of these crops are limited. Maize varieties
show highly variable tolerance to Striga (Oswald and Ran-
som, 2001), and some varieties with reasonable tolerance
have been brought to the market and are appreciated by
farmers in Western Kenya. A relatively new development
is intercropping with the legume Desmodium (Khan et al.,
2002). The technology is effective in farmers’ fields, but
commercial seed is expensive and may be out of reach for
poor farmers. Many small-scale African farmers already
have experience with applying pesticides, often in novel
manners: maize stem borer is commonly controlled with
a pinch of insecticide dust or low-analysis granules applied
directly into the whorl. Striga can also be controlled by
spraying herbicides, but this is generally considered too
expensive for subsistence farmers. Moreover, Striga has
done most of its damage to the host before emergence, so
post-emergent herbicide applications have little benefit to
the current crop.

Over the past few years, a new and promising technol-
ogy has been developed by the International Maize and
Wheat Improvement Center (CIMMYT), in collaboration
with the Weizmann Institute of Science and the chemical
company, BASF. A natural mutant of maize provides the
maize with imidazolinone resistance (IR) (Kanampiu
et al., 2003). Imidazolinones are highly effective and widely
used herbicides having low toxicity, with an oral LDsq for
rats of more than 5000 mg/kg, (i.e. immeasurable) (Gagne
et al., 1991). Seed dressing of these IR-maize varieties with
imazapyr, a systemic herbicide from that group, provides
the plant with good protection from Striga infestation for
several weeks after emerging, largely sufficient to ward off
damage (Kanampiu et al., 2001). Unlike herbicide spray-
ing, the IR-maize seed treatment technology allows inter-
cropping with legumes (Kanampiu et al., 2002), which is
a common practice in sub-Saharan Africa. The technology
has proven to be efficient in the field (Kanampiu et al.,

2003), and its efficacy has been confirmed under farmers’
conditions (De Groote et al., 2007).

Since herbicide application is localized as a seed coat,
the recommended effective dose for controlling Striga is
low, about 30 g imazapyr per hectare, which is environ-
mentally friendly and affordable. Moreover, the herbicide
dissipates easily from the soil well before the next planting
season, without any effect on subsequent crops. If farmers
were to recycle the seed, they would need to coat it with
the herbicide to control Striga, a practice which is not fea-
sible nor advisable at the farm level. For this reason,
farmers are advised to buy herbicide-treated seeds every
season to reap the benefits of this technology. Although
farmers have to buy new seed every year, it does provide
extra incentive to plant good quality seed. Fortunately,
the cost is low and, as shown below, the expected benefits
are high.

The genes that confer imidazolinone resistance have
now been transferred to several maize varieties adapted
to the region, including several open-pollinated varieties
(OPVs) and hybrids. Four hybrids were fully released in
Kenya in February 2005, and several others are being
tested in West, East and Southern Africa. Eleven new vari-
eties, including 10 OPVs and one hybrid were nominated
by three seed companies and Kenya Agricultural Research
Institute (KARI) for evaluation in the national perfor-
mance trials for 2005. Best performing varieties were regis-
tered for commercialization in early 2005, and the first seed
came onto the market in 2007.

Because farmers should not recycle the seed, appropriate
seed systems are essential for the production, treatment
and distribution of the herbicide-resistant maize varieties.
For extension services and seed companies, public or pri-
vate, to take on such a new technology, it is important to
be able to estimate the potential of that technology and
the likely size of the market. In general, the potential for
a new technology to control a pest problem is determined
by: (i) the extent of the problem, in particular the area
infested; (ii) the intensity of the problem, especially the
damage level and the crop loss; (iii) the technical and eco-
nomic performance of the technology on farmers’ fields;
and (iv) the perception of the farmers towards the pest
and the control options, and their willingness to pay for
the new technology.

In this paper, we attempt to determine the potential
market for IR-maize for Striga control in Africa. First,
the potential is analyzed in detail for Kenya, since good
quality data are available, including maize statistics, several
geo-referenced farmer surveys, and trials of IR-maize.
Based on national statistics, expert opinion and literature
review, we then extend the analysis to a preliminary assess-
ment of the potential market for the whole of Africa.

2. Background: maize and Striga in Western Kenya

The Kenya Maize Data Base or KMDB (Hassan et al.,
1998) defines the six major agroecological zones relevant to
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maize production in the country, based on GIS data, espe-
cially rainfall and altitude, and a survey of 1407 farmers
from all maize production areas. S. hermonthica is found
in the zone around Lake Victoria (Hassan et al., 1994)
defined as the moist mid-altitude zone (the hatched area
on the map in Fig. 1). This zone has two rainy seasons,
and rainfall increases with altitude, from 700 mm per
annum by the lakeshore to 1800 mm in the highest areas
further inland. Mean annual temperature is 22 °C, with
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an average minimum temperature of 13 °C and an average
maximum of 30 °C. Soils are mainly clay-loams and sandy—
loams of low fertility since there is little volcanic or other
young parent material (Jaetzold and Schmidt, 1983). Maize
is the most important food crop in the moist mid-altitude
zone. However, a farmer survey in 2002 found that only
46% of farmers in the zone adopted improved varieties,
as compared to more than 90% of farmers in the high-
potential zones (De Groote et al., 2006).
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Fig. 1. Striga-prone area in Western Kenya (Source: survey of 367 farmers, 1993-1994).
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In 2000, participatory rural appraisals (PRAs), consist-
ing of 43 group discussions with more than 900 farmers
in randomly selected villages, were conducted in all maize
production zones of Kenya (De Groote et al., 2004). In
the moist mid-altitude zone, the most important con-
straints on maize production, as reported by the farmers,
were low soil fertility, availability of cash and poor exten-
sion service (Odendo et al., 2001). The cash constraint is
a major problem, and its alleviation would lead to the alle-
viation of many other constraints. The next group of con-
straints included the lack of farm implements and the
related lack of labor, followed by Striga. As a result of cash
and other constraints, farmers recycle varieties for many
seasons, especially the local varieties, but also the hybrids.
They apply little or no fertilizer and no pesticides in maize
fields. Among pest problems, Striga was generally ranked
first, followed by weevils and stem borers. There is a second
region of Kenya where Striga has also been reported: the
coastal lowlands of Kenya, but the species is S. asiatica
(Frost, 1994). In this zone, however, farmers did not men-
tion Striga among their pest problems during the PRAs.

In the KMDB (survey of 1992), farmers were also asked
about their pest problems, and area infested. Farmers in the
moist mid-altitudes estimated the area under Striga at 39%
with an average percentage loss of 51% in infested areas
(Hassan and Ransom, 1998). The survey used a multi-stage,
stratified sampling design based on the National Sampling
Frame, but only the 65 sampling units or survey sites were
geo-referenced, of which only nine were in the moist mid-
altitudes. With such a limited number of points in the Striga
area, no further analysis was possible.

3. Methodology
3.1. Identifying Striga-prone areas and maize area affected

The area prone to infestation by Striga hermontica was
determined using data from a farmer survey conducted
by CIMMYT in 1993 (Frost, 1995) covering 367 farmers
in Western Kenya who were interviewed specifically on
Striga. All farmers were geo-referenced, presenting a geo-
graphically well-distributed sample of the whole Striga-
infested zone (Fig. 1).

To check if this information was still accurate, a small
additional survey was conducted in September—October
2007. The survey took place along the major roads in the
zone. At a systematic stop every 10 km, a farm was selected
from the field 100 m from the road, alternately left or right.
The farmer was then asked if his or her field contained
Striga. In total, 97 farmers were interviewed, and the Striga
map adjusted accordingly (Fig. 1).

To determine the maize area affected, this Striga map
was overlaid with the administrative map at the division
level (administrative unit just below the district level),
and the affected divisions identified. Maize area and pro-
duction in those divisions were then extracted from a data
base compiled by the International Livestock Research

Institute (ILRI, unpublished data). The number of people
living in these divisions was obtained from the 1999 popu-
lation census (Central Bureau of Statistics, 2001).

3.2. Determining the intensity of the Striga problem

A farmer survey was conducted in 2002 in which 123
farmers were interviewed concerning their maize production
and the extent of their Striga problem, as well as their inter-
est and willingness to pay for the IR-maize technology. Two
groups of farmers were included: those farmers who had
previously observed the technology, and those who had
not. For the first group, a list of names was obtained of
the 78 farmers who had visited the Kibos field station (near
Kisumu, Western Kenya) and evaluated the on-station IR-
maize trials of 2002. From this list, 22 farmers were ran-
domly selected. Since these farmers came from a limited
zone and were self-selected, it was necessary to enlarge the
sample with a representative group of farmers from the
larger region. Therefore, four districts were purposely
selected for their high levels of Striga infestation, their rela-
tive ease of access from Kisumu, and geographical spread
over the zone: two districts north of the lake (Siaya and Vih-
iga) and two south of the lake (Homa Bay and Rachuonyo)
(Fig. 1). Two divisions from each of these districts were ran-
domly selected. Within each of those divisions, two locations
were randomly selected and, from each of the locations, two
sub-locations. Three or four farmers, depending on the size
of the sub-location, were randomly selected within each sub-
location, resulting in a sample of 101 farmers without prior
knowledge of IR-maize. Farmers were interviewed using a
formal questionnaire to obtain socio-economic and crop
production data, farm and farmer characteristics (household
size, age, sex, education level, extension, credit and
occupation), maize production activities, and knowledge
and perception of Striga control practices. Farmers were
asked what their current maize production is, and how much
they would estimate their production would be if their fields
had not been affected by Striga. The difference gives us a
farmer estimate of crop loss due to the weed.

3.3. Testing the technology on-farm and economic analysis

To test the feasibility of IR-maize technology to control
Striga in the field, several sets of on-farm trials were orga-
nized; the results of two of them are discussed here. The
first set of on-farm, researcher-managed trials took place
during the long rains of 2002 on 78 farms in Western
Kenya spread over four districts (Kisumu, Homa Bay, Sia-
ya and Vihiga). These trials consisted of a simple compar-
ison of two IR-maize hybrids with two conventional
varieties: a popular local OPV, Nyamula, and the hybrid
H513, recommended for the zone but sensitive to Striga.
On each farm, the four varieties were planted in adjacent
plots, randomly assigned.

Since researcher management can be quite different from
farmer management, another set of on-farm trials was
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organized, this time farmer-managed. These trials took
place on 20 farms in each of three districts in 2004, and
compared the IR-maize varieties with the farmers’ pre-
ferred variety. Fertilizer use was left to the discretion of
the farmer. The methodology, results, and economic anal-
ysis of these farmer-managed trials are presented in more
detail elsewhere (De Groote et al., 2007). In this paper,
we only present a summary of the economic analysis, which
used partial budget analysis and the marginal rate of
returns (CIMMYT, 1988).

3.4. Soliciting farmers’ interest in the technology

To understand farmers’ interest in the technology, con-
tingent valuation (CV) methods were used. This is a survey-
based method of finding out how people evaluate goods
and services not yet found in the market place (Alberini
and Cooper, 2000). The good or service, in this case IR-
maize, needs to be well explained or demonstrated. These
surveys only give meaningful results if they are properly
grounded in a utility maximization framework (Hanemann
and Kanninen, 1998): it is generally assumed that people
maximize their utility subject to a budget constraint and
will, therefore, choose the option that gives them the high-
est utility. Willingness to pay (WTP) is the maximum
amount of money someone would be willing to pay for
the new product, and this can be estimated through
open-ended or close-ended questions. Open-ended ques-
tions provide direct estimates and are easy to analyze,
but people often find it difficult to state their WTP for a
new product (Hanemann and Kanninen, 1998). Close-
ended questions are closer to real-life situations and have,
therefore, become the method of choice (Arrow et al.,
1993). CV methods are now widely accepted, even in devel-
oping countries (Whittington, 1998).

For this study, the 123 farmers of the 2002 survey were
given a short presentation on the IR-maize seed coating tech-
nology, and then asked if they would be interested in pur-
chasing the seed. The starting price consisted of the current
average price for improved seed, US$1.65/kg (KShs130/
kg, at US$1 = KShs 79 in 2002), plus the price of the herbi-
cide, estimated at US$0.15 (1.2 g/kg seed, at US$13/g), that
is US$1.80 for the IR-maize seed. If farmers were willing to
buy at the initial offer, the price per kg was increased by
increments of US$0.13 (KShs10) until the farmer was no
longer interested. If the farmer was not interested in buying
the IR-maize seed at the initial offer, the price was decreased
in steps of US$0.13/kg until the farmer accepted the offer or
until the limit of US$0.63/kg (KShs50) was reached. At each
of the prices the farmers had indicated they would be inter-
ested in buying the IR-maize seed, they were subsequently
asked the quantity they would buy at that price.

3.5. Estimating the potential market for IR-maize seed

To invest in a pest reduction technology, farmers take
into consideration the level of infestation, the crop loss

caused by the pest, the cost of the technology, its effective-
ness, and the cash constraint (or access to credit) at the
time of application. The farmer needs to take into account
the high variability in the farming systems, in terms of both
productivity and price, determining the profitability of her
enterprise. According to this optimization process, a pro-
portion, m, of farmers will adopt the technology. Obvi-
ously, farmers will only adopt the Striga-reducing
technology in areas where this is a problem. After identify-
ing the Striga area, the administrative units, i, where Striga
is found can be identified, and for each unit its number of
farmers, N;. If A is the average area under maize per house-
hold, and p is the average seed rate per hectare, the market
for seed can be calculated as

M= "N Amp,

The parameters for this formula were assembled for Wes-
tern Kenya, as explained in the previous sections, and fed
into this formula. This provided an estimate of the market
for IR-maize seed in Kenya. To estimate the market for IR-
maize seed in Sub-Saharan Africa (SSA), estimates were
obtained from the expert opinion of maize breeders. Partic-
ipants of a maize breeders’ course in Nairobi in 2005,
including maize breeders from 21 African countries, were
asked to estimate the proportion of the maize area in their
country infested by Striga, and specify the region infested.

4. Results

4.1.1. Determining the extent of the Striga problem in
Western Kenya

Mapping the farmers’ Striga observations from the 1993
to 1994 survey clearly reveals, in sufficient detail, the Striga
area (Fig. 1). Farmers with Striga in their fields are marked
by a grey filled circle; those without Striga, with a white
filled circle. All farmers located between the shore of Lake
Victoria (1150 m) and the 1500 m contour line (thick line)
clearly faced Striga problems. Between 1500 m and
1600 m, some farmers had Striga, but there were none
above the 1600 m contour line, likely due to the low tem-
perature which is unfavorable for Striga. The road-side
survey of 97 farmers in 2007, marked with dotted circles,
largely confirmed the information, although some farms
with Striga were found higher than the 1600 m contour
line, in particular by the Tanzanian border and the North
Eastern section. The final map shows that the Striga zone
largely overlaps with the moist mid-altitude maize produc-
tion zone (hatched area), although it is somewhat wider in
the middle.

The Striga map was then combined with the administra-
tive map of Kenya at the division level, and all divisions
falling wholly or partly in the Striga zone were identified
(grey area on the map). In total, 87 divisions in 21 districts
were found to fall into the Striga-affected area, mostly in
Nyanza and Western provinces (Table 1).
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Table 1

Population and agricultural statistics of Striga prone area in Western Kenya

Province District Divisions® Population® Area® Density Maize area® Maize yield® Maize production®

(Number) (km?) (n/km?) (ha) (tons/ha) (tons) (ke/cap)

Nyanza Bondo 4 238,780 987 242 7985 1.91 15,244 64
Gucha 2 126,712 200 633 26,450 3.14 82,990 655
Homa-Bay 5 307,975 1160 265 14,178 2.72 38,563 125
Kisii Central 3 238,492 337 707 5370 6.94 37,278 156
Kisii North 2 267,887 396 676 10,840 2.38 25,773 96
Kisumu 4 504,359 919 549 5641 1.29 7267 14
Kuria 4 128,792 527 244 4612 2.28 10,530 82
Migori 7 498,015 1961 254 18,237 1.46 26,662 54
Nyando 5 299,930 1168 257 8490 2.22 18,859 63
Rachuonyo 4 307,126 945 325 28,892 1.46 42,039 137
Siaya 7 480,184 1520 316 31,120 2.12 65,884 137
Suba 5 155,666 1056 147 9295 1.8 16,731 107
Total 52 3,553,918 11,176 318 171,110 2.27 387,820 109

Rift valley Kericho 2 87,571 498 176 0
Nandi 1 96,220 386 249 8224 3.86 31,776 330
Total 3 183,791 884 208 8224 3.86 31,776 173

Western Bungoma 6 548,011 1295 423 16,730 4.64 717,706 142
Busia 6 370,608 1124 330 11,571 1.5 17,365 47
Butere-Mumias 4 476,928 939 508 7012 2.03 14,269 30
Kakamega 6 570,877 1317 434 10,346 2.01 20,821 36
Lugari 1 44,578 102 437 0
Teso 4 181,491 559 325 3,200 2.7 8640 48
Vihiga 5 438,940 466 942 17,900 1.2 21,480 49
Total 32 2,631,433 5802 454 66,759 2.40 160,281 61

Total 87 6,369,142 17,862 357 246,093 2.36 579,877 91

 Divisions identified through overlapping with the Striga area.
 Source: 1999 census (Central Bureau of Statistics, 2001).
¢ International Livestock Research Institute, GIS Unit, unpublished data.

The maize production data from ILRI were assembled
for these 87 divisions, leading to an estimate of 0.58 million
tons of maize on 246,000 ha, with an average yield of
2.36 tons/ha (average for 1994-1999) (Table 1). Similarly,
by aggregating the population of the 87 divisions (Central
Bureau of Statistics, 2001), the total population living in
the Striga-prone area was estimated at 6.4 million people
in 1.4 million households (Table 1). The total area is calcu-
lated at 16,500 km?, resulting in a very high average popu-
lation density of 357 people/km?.

4.2. Determining the intensity of Striga infestation and crop
loss

During the farmer survey of 2002, conducted in six dis-
tricts of the Striga-prone zone, farmers were asked to esti-
mate their current maize production, maize area infested
with Striga, and what the production would have been
without Striga. Annual maize production per household
was estimated at 557 kg per household, of which 54%
was produced in the long rains, with an average yield of
less than half a ton per ha (Table 2). Almost all farmers
(93%) had Striga in their maize fields. From their estimates,
it was calculated that about 68% of their maize area was
infested: a third of the area (33%) with high levels of infes-
tation, a small portion (12%) with medium infestation, and

about a fifth (21%) with low levels of infestation (Table 2).
From farmers’ estimates, average crop loss due to Striga
was calculated at 54% (of the estimated potential yield if
Striga had not been present) (Table 2). Estimates varied
considerably between districts, from 35% in Siaya to 72%
in Bondo. A weighted mean, using the district maize pro-
duction data (from Table 1) as weights, resulted in an esti-
mated average crop loss due to Striga of 55% of the
potential yield.

4.3. Testing the new technology on farmers’ fields

To test the performance of the IR-maize technology in
controlling Striga and increasing yield, it was compared
to conventional maize during several sets of on-farm trials
in Western Kenya. A first set of on-farm, researcher-man-
aged trials compared two IR-maize hybrids with two con-
ventional varieties on 78 farms spread over four districts
during the long rains of 2002. The average yield for IR-
maize was 3.4 tons/ha, or double the controls’ average
yield of 1.7 tons/ha. The average number of Striga plants
emerged at 12 weeks over the four plots was used as an
indicator of Striga infestation on the farm. Three levels
of Striga infestation were distinguished: low (<10 plants/
m?), medium (10-50 plants/m?) and high (>50 plants/m?).
The results clearly show the effect of Striga on maize yields.
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Table 2

Maize production and losses due to Striga (Source: farmer survey 2002, N = 123)

District Maize production Proportion of maize area Crop loss

by Striga infestation level
Area  Production % in first  Yield N None Low Medium High kg/household % of N
(ha)  (kg/household) season (kg/ha) potential

Bondo Mean 0.45 239 61 530 4 0 0 0 100 628 72 4
Std. Dev.  0.25 82 313

Homa-Bay = Mean 1.41 635 55 450 28 28 20 18 28 837 56 25
Std. Dev.  0.90 945 934

Kisumu Mean 1.63 929 61 569 6 38 32 0 31 653 41 6
Std. Dev.  1.27 972 566

Rachuonyo Mean 1.50 526 61 351 30 23 12 16 51 800 60 31
Std. Dev.  0.76 709 2341

Siaya Mean 1.11 579 43 523 30 45 19 12 23 309 35 27
Std. Dev. 0.72 1018 1112

Vihiga Mean 0.54 434 58 803 24 36 36 8 20 623 66 19
Std. Dev.  0.40 794 1044

Total Mean 1.13 557 54 494 122 32 21 12 33 646 54 112
Std. Dev.  0.83 859 1482

While the commercial check yielded slightly higher than the
local check at low Striga levels (2.5 tons/ha), this was
reduced by half under medium Striga infestation, and
down to a quarter in high infestation areas (Fig. 2). The
local check was less sensitive: its yield was only reduced
by a quarter under low Striga levels, but by half under high
infestation. The IR-maize hybrids did not suffer any yield
loss under medium Striga infestation, and their yields were
reduced by only 20% under high infestation levels.
Researcher’s management might be quite different from
farmer’s management, making it difficult to extrapolate the
results of these trials. A second set of trials was, therefore,
conducted under farmer management on 60 farms without
replications using the farmer’s preferred variety as a con-
trol (De Groote et al., 2007). The yield of IR-maize was,
on average, double the yield of the control, an increase of

4.0

CLow (<10 plants/m2)

Medium (10-50 plants/m2)
301 mHigh (>50 plants/m2) |

Maize grain yield (kg/ha)

Local check
(Nyamula)

IR hybrid 2
(4667468)

Commercial
check (H513)

IR Hybrid 1
(465%467)

Fig. 2. Comparison of maize yields of imazapyr-treated IR-maize with
commercial and local checks, under different levels of Striga infestation
(Source: 78 on-farm, researcher managed trials, 2002).

0.69 tons per hectare. Economic analysis showed an overall
marginal rate of return (MRR) of 2.4 (good), with a MRR
of 1.9 (respectable) for the variety, and an MRR of 5.6
(very good) for the IR-maize technology. The details of
the calculations are presented elsewhere (De Groote
et al., 2007).

4.4. Soliciting farmers’ interest in the IR-maize technology

The survey of 123 farmers in 2002 found that only 28%
of them used improved maize seed. Based on their average
use of improved seed (7.3 kg in the first season and 5.3 in
the second season) and their average seeding rate, the area
in improved seed can be calculated at 51%, over both sea-
sons (Table 3).

During the survey, farmers were given a brief explana-
tion of the IR-maize technology and subsequently asked
if they would be interested in purchasing IR-maize seed.
At the current price for seed of improved varieties
(US$1.6/kg), 67% of the farmers said they would buy, on
average, 5.6 kg each, equivalent to 3.8 kg per farmer over
all farmers. There was a clear difference between the farm-
ers who had visited the trials: all but one (95%) would be
willing to by IR-maize seed at the current price, compared
to 60% of those who had not. Using the average actual seed
rate (18.6 kg/ha, which is substantially less than the recom-
mended rate of 25 kg/ha), the expected proportion of the
Striga zone that would be planted to IR-maize is estimated
at 44%. This is a large proportion of the current area in
improved maize which is 57% of the total maize area. How-
ever, the demand for the new seed was highly elastic: at
KSh50/kg the average stated purchase per farmer was
5.5 kg while at KSh200 it falls to only 2 kg/farmer (see
Fig. 3).

Since the imazapyr herbicide can be added with the reg-
ular seed treatment, the added cost of treating IR-maize
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Table 3

Results of the farmer survey in the Striga-prone zone, with farmers’ characteristics, maize seed use, and Willingness to Pay (WTP) for herbicide resistant

maize (Source: 2002 farmer survey, N = 123)

Type Variable Mean
Farm characteristics Farmers who buy improved seed (proportion) 0.28
Maize area (ha/farmer) 0.68
Amount of improved maize seed purchased (kg/farmer) 7.22
average maize seed rate (kg/ha) 18.60
Area in improve seed (ha/farmer) 0.39
Area in improve seed (% of maize area) 57.08
WTP for IR-maize Percentage of farmers willing to buy IR-maize seed at US$ 1.6/kg 66.67
Amount of IR-maize seed farmers would buy at US$1.6/kg (kg/farmer willing to buy) 5.63
Amount of IR-maize seed farmers would buy at US 1.6/kg (kg/all farmers) 3.76
Expected area in herbicide resistant maize (ha/farmer) 0.30
Expected area in herbicide resistant maize (% of maize area) 44.04
Expected area in herbicide resistant maize (ha/farmer) 0.30

Demand (kg/farmer)

0 ; ; ; —
0 1 2 3 4 5 6 7
Seed price (US$/kg)

Fig. 3. Farmers willingness to pay for IR-maize: seed quantity per farmer
in function of the price (Source: survey of 123 farmers, 2002).

seed would be limited to the cost of the herbicide itself. For
each kg of seed, about 1.2 g of herbicide is used, at a cost of
about USS$0.16 (price obtained from the producer, BASF).
The herbicide can, however, harm non-IR-maize seed, so
IR-maize seed treatment requires a completely separate
plant, at a cost of about US$70,000 (estimate from an
IR-maize seed producer). Still, seed companies indicated,
during discussions at different fora, that they would be
most interested in selling the IR-maize seed at the same
price as conventional varieties.

4.5. Potential demand for herbicide-resistant maize

Bringing all these parameters together allows us to esti-
mate the potential market for IR-maize in Kenya. Starting
from the total maize area in the Striga-prone zone, esti-
mated at 246,000 ha, the total amount of maize seed used
annually can be estimated at between 4600 tons (at the
observed seed rate of 18.6 kg/ha) and 6200 tons (at the rec-
ommended seed rate of 25 kg/ha) (Table 4). The area in
improved maize seed is estimated at 57%, so the market
for improved maize seed can be estimated at between
2600 tons and 3500 tons, under the respective seed rates.
Since the potential area for IR-maize is estimated at 44%

Table 4
Estimation of market size for improved maize seed and IR-maize seed in
Kenya (Source: 2002 farmer survey, N = 123)

Under observed Under recommended

seed rate seed rate

Total area in Striga (ha) 246,093 246,093
Seed rate (kg/ha) 18.6 25
Total maize seed used (tons) 4577 6152
Area in improved maize varieties 57% 57%

(%)
Estimated market for improved 2609 3507

maize seed (tons)
Area in IR-maize (% expected)  44% 44%
IR-maize seed market (tons) 2014 2707

of total maize area, this would lead to a market for IR-
maize in Kenya of between 2000 and 2700 tons.

Another estimate can be derived from the average
expected IR-maize seed purchase of 3.76 kg per farmer.
Assuming that at least half of the 1.4 million households
in the Striga-prone area grow maize and they would, on
average, buy this amount of IR-maize seed, the market size
for Kenya can be estimated at 2600 tons for Kenya.

Unfortunately, data of similar quality are hard to obtain
for other African countries, especially regarding the extent
of Striga-infested areas, the intensity of the infestation and
the damage levels. A maize breeding course, held in Nai-
robi in 2005, brought together maize breeders from 21 Afri-
can countries. They were asked to estimate the proportion
of maize area in their country infested by Striga (Table 5).
Estimates for some other countries were provided by the
authors, based on our own experience, combined with
expert opinion, literature, and discussions with colleagues.
It should be noted that these are expert opinions, and they
are not based on actual measurements. Still, most partici-
pants and other experts consulted agree that, in West
Africa, Striga is a major problem in the savannahs, not
in the forest zone. In many West African countries a large
proportion of the maize is grown in the savannah, so esti-
mates of maize in Striga-infested areas can be high, espe-
cially in Benin (65%), Nigeria (40%) and Mali (35%). In
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Region  Country Maize area % maize area  Distribution Striga infested  Potential IR-IR-maize
(1000 ha)* in Striga® area (1000 ha)  seed market (tons)?
East Burundi 116 5 North of the country 6 145
Ethiopia 1410 22.5 North West, North East 317 7929
Kenya 1665 13 Lake Victoria basin 216 5410
Rwanda 115 12 East and North Eastern part 14 345
Sudan 80 10¢ East 8 200
Tanzania 2000 33 Central, South of Lake Victoria 660 16,500
Uganda 750 5 Along the Kenyan border 38 938
Subtotal east 6135 21 1259 31,466
South Angola 1068 25 Highlands 267 6,675
Malawi 1538 80 1230 30,753
Mozambique 1312 5 66 1,640
Namibia 23 10¢ 2 58
South Africa 3204 2 Kwazulu, but government has an 64 1,602
eradication program with herbicides
Swaziland 54 6 Highlands and Central 3 82
Zambia 631 3 Marginal and lowlands 19 473
Zimbabwe 1200 3 36 900
Subtotal south 9030 19 1687 42,182
West Benin 714 65 Across the savannah 464 11,605
Burkina Faso 380 5 Central region, mostly on sorghum 19 475
Cameroon 504 20°¢ 101 2,521
Congo (DRC) 1483 12.5 Central and Southern 185 4634
Cote d’Ivoire 1000 22.5¢ 225 5625
Ghana 733 14 North and upper regions, Sudanese savannah 103 2565
Guinea 90 20 18 450
Mali 459 35 Savannah 161 4016
Nigeria 4466 40 Across savannah 1786 44,661
Togo 380 30 114 2850
Subtotal west 10,209 31 3176 79,402
Total 25,374 24 6122 153,050

 FAOSTAT (2004 data).

® Expert opinion of national maize breeders, except where indicated.
¢ Estimate by the authors.

4 Calculated based on a 25 kg/ha seed rate.

East Africa, the proportions are generally lower, the high-
est being in Tanzania (33%), Ethiopia (22%) and Kenya
(13%). In Southern Africa, only two countries with high
levels of maize in Striga-prone areas were identified:
Malawi (80%) and Angola (25%).

Multiplying these proportions with the total national
maize areas as estimated by FAO provides an estimate of
the maize area in Striga-prone zones. SSA has about 26
million ha of maize, most of it grown in 25 countries (Table
5). The total area infested by Striga in these countries can
be estimated at around 3.2 million ha annually, or about
24% of the total maize area. This percentage is higher in
West Africa (31%) but lower in East Africa (21%) and
Southern Africa (19%). Some countries stand out and need
further attention: Ethiopia and Tanzania in East Africa,
Malawi and Angola in Southern Africa, and Nigeria and
Benin in West Africa. At a 25 kg/ha seed rate, farmers in
these areas use about 150,000 tons of seed, which can be
considered the upper limit for the potential market for
IR-maize seed. At the current price of about US$2/kg of
seed, the total value of this market would be approximately
$300 million.

5. Discussion

The present study shows how the different steps outlined
in the introduction provide a logical framework for the
analysis of pest problems and their proposed solutions.
Clearly, some of the data sets are not ideal, and some of
the methods leave room for improvement. For this study
some older data sets were used, in particular the 1993-
1994 farmer survey (Frost, 1995) and the maize production
data from ILRI from the early 1990s. However, a recent
survey from 2002 comparing current maize production sys-
tems with those found in the KMDB (from 1992) shows lit-
tle change in intensification in Western Kenya (De Groote
et al., 2006), and the road-side survey of 2007 also indi-
cated little change.

Use of the opinion of geo-referenced farmers, as pio-
neered by Frost, turned out to be a convenient way to
map Striga. The 2007 survey found a few points with Striga
higher than 1600 m, but none above 1700 m. Combining it
with other GIS information, such as altitude, helps to
explain its distribution, and combining it with agriculture
and population statistics provides good estimates of the
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area and the number of people affected. Two more studies,
in Tanzania and Ethiopia, are underway using the same
methodology.

Crop loss, or yield reduction in maize due to Striga, on
the other hand, is particularly difficult to measure in the
field. Most empirical studies rely on controlled experi-
ments. Studies in West Africa compared yields of suscepti-
ble and tolerant varieties in fields under natural Striga
infestation with yields of the same varieties in non-infested
fields (Kim et al., 2002). In the savannahs of Nigeria, a
yield reduction of 31% was found in tolerant varieties,
and 62% in the susceptible varieties (1985 trials). Trials in
Cameroon in the same year produced lower estimates:
21% reduction for the tolerant varieties, and 41% for the
susceptible varieties. Under different levels of artificial
infestation in Nigeria, yield loss for the tolerant varieties
varied between 27% (at 2250 Striga seeds per hill) and
35% (at 4500 seeds per hill). For the susceptible varieties,
yield loss ranged from 43% (at 750 seeds/hill) to 74% (at
3750 seeds per hill) (Kim and Adetimirin, 1997).

Farmers’ estimates of crop losses are much easier to
obtain, although there are no independent observations
available with which to compare their estimates. No direct
estimates of crop losses from Striga under farmer-managed
conditions are available from Kenya (or elsewhere, as far
as we know), given the difficulties of obtaining a good con-
trol, especially since Striga does most of its damage before
it emerges. Still, farmers’ estimates seem to be consistent:
the results used here, 54%, are similar to the estimate of
51% obtained from the KMDB (Hassan and Ransom,
1998).

Even more difficult to verify are the estimates by experts,
so the estimated areas infested with Striga (6.12 million ha
or 24%) should be understood as potentially having a fairly
large margin of error. They came from people with sub-
stantial experience in their country, and were verified with
a group discussion and triangulation. Nevertheless, a previ-
ous exercise, conducted with staff from CIMMYT and
BASF, provided a more conservative estimate (3.64 million
ha, or 14%). It is clear that only a more systematic study
like the one in Western Kenya can provide good estimates.
On-going studies in Tanzania and Ethiopia will provide
some feed-back. In the West African savannahs, however,
the method is likely to need adjustment. In this region,
large areas are prone to Striga infestation but they are
not as clearly defined by altitude as in Kenya.

As was shown here, the technology can be tested in both
researcher-managed and farmer-managed trials. While the
first set provides a controlled environment to study techni-
cal performance, to use it for economic analysis would
likely result in overestimation of the benefits. The second
set is more likely to present the farmers’ conditions and
is needed for the economic analysis, in particular using par-
tial budget and MRR. The MRR represents the return to
the investment a farmer has made in a new technology
and should, according to CIMMYT experience, be at least
1.5 and preferably 2 (CIMMYT, 1988). The MRR

obtained from the farmer-managed trials was 2.4, so the
technology can be considered profitable.

The contingent valuation method to solicit farmers’
interest in this new technology was used here for the first
time in rural Western Kenya. The method initially took
some effort by all participants, researchers, enumerators
and farmers, but turned out to be a convenient way to
obtain WTP estimates. The method does hinge on the farm-
ers’ understanding of the technology, hence the importance
of a proper presentation or, preferably, demonstrations,
which are more expensive. Hence, it is understandable that
farmers who witnessed the trials were more interested in
buying the new seed. However, these farmers also came
from different districts, generally with better market access,
so the results should be treated with caution.

A second limitation to the CV method is that farmers
might be tempted to provide overestimates of their WTP,
especially if they perceive that the enumerator is linked to
the institute that developed the technology and would
appreciate a higher WTP. An alternative technique,
increasingly used in consumer studies, is experimental auc-
tions, where participants bid for the new products and an
actual exchange takes place when the participant’s bid sur-
passes that of a randomly drawn number (Shogren, 2005).
A first application, also in Western Kenya but on consum-
ers’ acceptance of yellow maize and interest in fortified
maize, showed that WTP estimates obtained through CV
methods were substantially higher than those obtained
through experimental auctions (Kimenju et al., 2005).

The objective of this paper was to provide insights into
the potential of the IR-maize technology, estimate the mar-
ket, and provide the basis for a sustainable delivery system.
The research provided some useful insights for such a sys-
tem. First, the imazapyr herbicide is highly effective, mean-
ing that it will kill any non-resistant crop. Therefore, an
effort was made to educate all participants in the seed pro-
duction and distribution chain in Kenya. Secondly, farmer
education is an important component and will be continu-
ous as this technology becomes more available. At present,
an information brochure is enclosed in all packages of cer-
tified seed on the market in Western Kenya. The informa-
tion includes safe practice for intercropping (at least 15-cm
away from hills of treated maize), and warns farmers
against mixing seeds, but advises them to use the gloves
which are packaged with the seed, and to wash their hands
after planting imazapyr-treated seeds and before touching
other seed. The seed industry indicates that they will sell
the IR-maize seed at the same price or at a small premium
over conventional seed. The economic analysis indicates
that the technology will make it more profitable for farmers
to buy improved seed. This is expected to increase the seed
sales in the Striga-prone region. The liberalization of the
seed market has increased the number of companies in
Kenya (Wangia et al., 2004), and the technology is avail-
able to all interested, so the competition is likely to keep
the prices down. So, while the seed sector is expected to
increase its profits through increased sales and maybe a
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small price increase, most of the benefits will go to the
farmers through the increased production. The consumer
will also benefit through a decrease in grain prices. For
BASF, the increased sales of the herbicide with this tech-
nology are rather small, and the company does not expect
any windfall profits.

Finally, the IR-maize technology is only part of the
solution to a more complex problem of which poor soil fer-
tility is an important component. If Striga were controlled,
the next constraint, poor soil fertility, needs to be
addressed. Research is, therefore, needed to design appro-
priate combinations of seed with organic or inorganic fer-
tilizers, and decide how to disseminate these packages.
Secondly, a resistance management strategy needs to be
developed to delay the development of Striga resistance
to the herbicide. Hand pulling of any emerging Striga
plants before they flower is an important management
strategy to prevent the build-up of resistance. Third, the
technology does not work well in areas with seasons of
heavy rainfall. This is likely due to leaching of the herbicide
away from the seed before it can be absorbed sufficiently by
the seedling as well as the often long maize growing period
in those areas. A slow release formulation is currently
under development, intended to address this limitation.

6. Conclusion

This paper demonstrates how data from different
sources can be integrated into a general GIS framework
for analysis to draw conclusions that would not be possible
from individual data sets. Superimposing secondary data,
field surveys, agricultural statistics and farmer surveys
makes it possible to identify clearly the Striga-prone areas
in Western Kenya, estimated at 246,000 ha of maize. The
area has a population of 6.4 million people and an annual
maize production of 580,000 kg, or 91 kg/person. These
statistics were combined with a farmer survey through
which crop losses due to Striga are estimated at 54%. Con-
tingent valuation methods indicate that farmers would be
willing to buy on average 3.67 kg of the new seed each. This
translates into a potential coverage of 44% of maize area in
IR-maize, or a market demand in Kenya of between 2000
and 2700 tons.

Similar calculations, but based on much less-precise data
and expert opinion on the extent of the Striga problem
rather than farmer surveys or trials, estimate the Striga-
infested area in SSA at 6.12 million ha with a potential mar-
ket for IR-maize of 153,000 tons.

The analysis shows that even poor farmers are interested
in a technology that addresses their needs, and that they can
form a profitable market for the private seed sector. There is
a large potential, especially in East and Southern Africa
where seed companies are well established. However, this
research needs to be followed up by monitoring farmers’
interest through demonstration trials and adoption surveys
to verify if the potential is realized after the release and dis-

semination of the new varieties. In Kenya, the first IR
hybrid (Ua Kayongo) was released in 2005, followed by
the release of three more hybrids and two OPVs in 2006.
Large scale demonstrations of Ua Kayongo were organized
in 2006, and the commercial launch took place in December
2006. The first batch of commercial IR-maize seed was pro-
duced in 2006, aimed at the long rains of 2007, but unfortu-
nately did not meet the minimum germination level required
by the Kenya Plant Health Inspectorate Services
(KEPHIS), and was therefore not released. A second batch
(about 12 tons) was produced in 2007, and about 800 kg
were sold at the end of the year for the short rainy season.

In Western Africa, the proportion of maize area under
Striga is high as is the potential demand for IR-maize seed.
Unfortunately, seed companies are not well established
there, so special attention needs to be given to developing
sustainable seed systems to bring this technology to the
farmers.
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