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Propositions 

1. Basic knowledge on vital rates of Striga hermonthica under field conditions is 
the key towards sustainable management of this pest. 
(This thesis) 

2. Unsuccessful germination in response to plant roots and not microbial activity 
or abiotic conditions, is the most important cause of Striga hermonthica seed 
bank depletion in cultivated and fallowed fields. 
(This thesis, in contrast to: Pieterse et al., 1996; Gbehounou et ah, 2003) 

3. In participatory research like in evolution, it is not the most high-tech, nor the 
single, most efficient technical innovation that will be adopted. It is the one 
that is most adaptable to different conditions and compatible with other 
innovations and practices. 

4. Emigration of Africa's brains is caused by the inability of most African 
governments to create, and their tendency to undermine, brain retaining 
conditions. 
(Akokpari, 2006) 

5. The difference between a good novel and a good scientific paper is that the 
first can't be long enough while the latter can't be short enough. 

6. Knowledge is like a big Baobab tree, one person's arms cannot encompass it. 
(Dr. P. Lovett). 

7. In the end, land owns man (African wisdom). 

Propositions belonging to the PhD thesis of Tom A. Van Mourik: 
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Wageningen, 14 September 2007 
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Abstract 

Van Mourik, T.A., 2007. Striga hermonthica seed bank dynamics: process 

quantification and modelling. PhD thesis, Wageningen University, Wageningen, 

The Netherlands. With summaries in English, French and Dutch, 123 pp. 

This thesis presents a study on the quantification of seed bank dynamics of the parasitic weed 
Striga hermonthica. The main objectives were to quantify transition rates between different 
stages of the life cycle, determine these under different conditions and control strategies and 
to develop and use a population model to project long-term seed bank dynamics. To this end, 
field experiments were performed in Mali, with sorghum in 2002, 2003 and 2004, and Niger, 
with millet in 2004. Three demographic processes behind Striga hermonthica seed bank 
replenishment were determined and quantified, namely (1) recruitment of Striga plants, (2) 
survival of emerged Striga plants to maturity and (3) fecundity (number of seeds produced per 
mature plant). Striga seed production was highly variable between years and sites, because of 
high variability in recruitment. Different control strategies reduced Striga at different stages in 
the life cycle. Intercropping the host cereal with non-host trap crops mainly reduced 
recruitment and survival while late weeding acted almost solely on survival to maturity. A 
critical re-assessment of the seed bag method used to determine Striga seed mortality in the 
soil, led to the conclusion that the method overestimates seed mortality. It was suggested to 
adapt the seed bag method in order to measure seed mortality more accurately. An adapted 
seed bag burial method and a soil sampling method were used simultaneously to determine 
processes and rates of seed bank depletion under bare soil, fallow and different crop covers. 
Results suggested that the main cause of seed bank depletion was germination of seeds. Both 
methods yielded similar seed bank depletion percentages and most germination was found in 
soil under host crops, sorghum and millet, followed by intercrops of a host and a non-host trap 
crop, non-host crops, fallow and bare soil. The information and insights obtained were used to 
develop a spatially explicit, stochastic Striga population model, with which long-term effects 
of crop systems and control was modelled. The spatial patterns of emerged Striga plants after 
point inoculation with stochasticity in the attachment stage of Striga resembled spatial 
distribution of Striga that is typically observed in farmers' fields. Sensitivity analysis showed 
that only two slope parameters for the dispersal curve of seeds and seed death other than 
germination in response to millet roots were of minor importance for population growth. The 
model indicated that intercrops of host cereals and non-host crops showed higher potential to 
reduce the Striga seed bank than did rotations of these. The implications of the findings are 
discussed in the context of integrated Striga management and participatory research. 

Key words: Weed control, integrated management, parasitic weed, population, sorghum, 

millet. 
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ways to retrieve contact with a couple of friends like Oscar Mangiapane, Bart de 
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CHAPTER 1 

General introduction 

This thesis describes experimental and modelling work that aims at unravelling and 
quantifying the life cycle of a parasitic weed, Striga hermonthica (Del.) Benth. This 
weed causes significant yield losses in cereal crops in sub-Saharan Africa, adding to 
poverty and human suffering. The analysis made here is with a view towards finding 
ways of effective management of the weed problem by means of a long-term 
management approach that targets the seed bank. 

This introduction starts with a description of the genus Striga and, in particular, the 
species Striga hermonthica and why the genus Striga has become such a problem in 
sub-Saharan Africa. Next, the life cycle of Striga hermonthica is described in detail 
because a quantitative understanding of the life cycle is the key to understanding how 
the seed bank, and with it the weed problem, can be managed. Finally, gaps in the 
quantitative knowledge of the seed bank are identified and objectives of the research 
are explained. The introduction concludes with a short overview of each of the 
chapters of this thesis. 

The genus Striga 
Striga spp. are hemi-parasitic plants that parasitize the root systems of their hosts. All 
Striga species except Striga angustifolia [Don.] Saldanha are dependent on a host to 
establish themselves, which makes them obligate parasites (see below). Most Striga 
species are annuals but some are perennials (Parker & Riches, 1993). 

The genus Striga, family Orobanchacecae, contains about 41 species that are 
found on the African continent and parts of Asia; Africa is the presumed region of 
origin (Wolfe et al, 2005). By parasitizing crop species, they can cause substantial 
yield losses and are therefore considered agricultural pests. The literature to date cites 
three species as having a significant impact on agriculture in tropical and subtropical 
areas. These are S. hermonthica (Del.) Benth., S. asiatica (L.) Kuntze and S. 
gesneroides (Willd.) Vatke. The first two species parasitize cereal crops and wild 
grasses while the third parasitizes broadleaved plants including the crop species 
cowpea (Vigna unguiculata (L.) Walp.) and tobacco {Nicotiana tabacum L.) 
(Mohamed et al, 2001). S. asiatica occurs throughout Africa, Arabia, and Asia. S. 
gesneroides is found in the same region although its distribution is concentrated in 
sub-Saharan Africa. S. asiatica and S. gesneroides both have a self compatible 
reproduction system. S. hermonthica is an obligate outcrosser, occurs only on the 
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African continent, and has the greatest agricultural impact of all Striga spp. This thesis 
focuses on Striga hermonthica. Wherever possible, the shorthand name "Striga" is 
used instead of the full species name Striga hermonthica. 

Striga hermonthica 
Striga hermonthica is a green erect herb with bright pink flowers and a height of 
around 30-40 cm at flowering. S. hermonthica is suggested to originate from the same 
area as sorghum (Sorghum bicolor [L.] Moench). It is thought to have co-evolved with 
wild relatives of sorghum during domestication in the Sudano-Ethiopian region of 
Africa (Mohamed et al., 1998). With the introduction of sorghum into new regions in 
Africa, it may have spread by crop seed contamination. It is thought that new areas and 
fields are still being colonized by contaminated crop seeds (Berner et al., 1994). Striga 
hermonthica parasitizes, not only, on sorghum but also on other cereals, e.g., maize 
(Zea mays [L.]) and millet (Pennisetum glaucum [L.] R. Br.) (Parker & Riches, 1993). 
Striga hermonthica has been reported to parasitize rice (Oryza glaberrima [Steudel] 
and O. sativa [L.]), finger millet (Eleusine coracana [L.] Gaertn.) and sugarcane 
(Saccharum offwinarum [L.]) (Gurney et al., 1995) and recently, tef (Eragrostis tef 
[Zucc] Trotter) and barley (Hordeum vulgare L.; Hussien, 2006). 

Striga hermonthica is one of the most important biological constraints to the 
production of millet, sorghum and maize in sub-Saharan Africa despite more than 50 
years of research. Some fields have become so badly infested with Striga that farmers 
are forced to abandon the field or grow other crops (Hussien, 2006). Striga 
hermonthica occurs in sub-tropical areas with an annual rainfall ranging from 300-
1200 mm. However, it may be able to adapt to agro-climatic conditions outside its 
current distribution range and to other crop species (Mohamed et al., 2006). 

The Striga problem: control options and integrated control 
Semi-arid tropical farming in sub-Saharan Africa suffers from increasing land pressure 
due to human population growth. This leads to continuous monocropping of (cereal) 
hosts in the same field for long periods (>10 years). Where previously the seed bank 
would decrease to tolerable levels of Striga hermonthica after a fallow period, a 
reduction in length of fallow periods has favoured the development of high levels of 
infestation (Samaké et al, 2005, 2006; Weber et al., 1995). Parallel to this 
development, insufficient application of organic and inorganic fertilizers has, in many 
places, led to a depletion of soil organic carbon and nutrients (Yamoah et al., 2002). 
The combination of reduced fallow periods and insufficient nurture of the soil leads to 
higher Striga infestation levels, poorer soils and ultimately, declines in cereal yield 
(Emechebe et al, 2004). Striga spp. are estimated to affect the livelihoods of about 
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300 million people living in sub-Saharan Africa (Mboob, 1989). In this area, 26 
million hectares of cereal fields (maize, sorghum and millet) are infested with S. 
hermonthica and S. asiatica and annual yield losses are estimated at about 10.7 million 
tons (Gressel et al., 2004). Oswald (2005) summed up many of the control options 
proposed in the reviewed literature. Many researchers suggest that a so-called 
integrated Striga control or management (ISC or ISM) approach would be the best 
strategy for short and long-term Striga control and crop yield improvement. However, 
the concept of integrated Striga management, like integrated pest management also 
implies that choices of control options must be based on a sound knowledge of the 
biology and population dynamics of the pest (Ehler, 2006). The life cycles of the 
economically important Striga species are very closely linked to the growing seasons 
of their hosts (Fig. 1). As the Striga seed bank plays an important role in population 
dynamics, it is important to know the effects of available control options on Striga 
seed bank dynamics. 

The Striga hermonthica life cycle 
To understand the population dynamics of Striga hermonthica it is necessary to take a 
closer look at its most important life cycle stages and transitions (Fig. 1). 

Seeds 

Striga hermonthica seeds are very small (0.2 x 0.3 mm), light weight (0.4-0.5 x 10~2 

mg) and one plant can produce up to 200,000 seeds (Parker & Riches, 1993). Seeds 
have long life expectancies under both laboratory and field conditions (Samaké et al., 
2006), and a persistent seed bank can build up within one or two years of flowering 
Striga plants occurring in a field (Webb & Smith, 1996). However, there is much 
controversy on the longevity of seeds in the soil and on the causes of seed mortality. 

Primary dormancy 
Until recently, it was thought that freshly produced seeds were dormant (primary 
dormancy) and needed a post-ripening period of about six months before being able to 
germinate (Vallance, 1950). It was also suggested that this was a mechanism that 
prevented germination of seeds during unfavourable conditions in the dry season when 
the host is not present (Doggett, 1965). Recent research has challenged this point of 
view as germination of fresh seeds was induced as early as 28 days after pollination of 
the flowers (Aigbokhan et al, 1998). In either case, seeds surviving the dry season are 
expected to be non-dormant at the start of the rainy season. 
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Fig. 1. The Striga hermonthica life cycle on millet (by S. Guindo & T.A. Van Mourik). 

Germination 
Seed exposure to moist conditions in combination with a temperature of between 25-
45 °C for a minimum of four days (by the first rains of the rainy season) makes seeds 
responsive to germination stimulants (Muller et al., 1992). This period is referred to as 
(pre)conditioning (Fig. 1). Germination of Striga hermonthica seeds is triggered by the 
presence of sesquiterpenes or strigolactones, which are exuded by host and non-host 
roots (Cook et al., 1972). These sesquiterpenes are chemically similar to the signal that 
induces hyphal branching of mycorrhiza, the first step towards a mutualistic, symbiotic 
association between plants and mycorrhiza (Akiyama et al., 2005). When a host or a 
non-host root exudes trace amounts of germination stimulants, a chemical gradient is 
created (Bouwmeester et al., 2003; Fate & Lynn, 1996). It is suggested that this 
gradient is used by Striga seeds to (1) increase the chance of germinating only in the 
vicinity of potential host roots (Fate et al, 1990), and (2) to find the host root by 
growth of the radicle "up" the concentration gradient, in a process called 
chemotropism (Williams, 1960, 1961). 
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The germinated seed needs to find, and attach itself, to the host root within three to 
five days, before seed reserves are depleted and host root penetration is no longer 
possible (Chang & Lynn, 1986). Furthermore, the radicle is only able to grow to a 
maximum of about 5 mm and so, optimally, the seed should only germinate if the root 
is less than 3-4 mm away (Ramaiah etal., 1991). 

Attachment and underground development 
Contact between the tip of the radicle and the host root initiates an attachment process 
that leads to the formation of a root structure called the haustorium. The haustorium 
links the xylem sap flow of the host root with that of the parasite and connects the 
parenchyma tissues of the host and the parasite (Kuijt, 1969). This connection allows 
Striga hermonthica to withdraw water, nutrients and carbon assimilates from the host 
(Cechin & Press, 1994; Pageau et al., 1998). Host recognition and haustorium 
development are mediated by chemicals, such as phenolic acids, quinones and 
flavanoids (Yoder, 2001). Phenolics and allelopathic quinones are plant defence 
chemicals, which suggests that Striga spp., such as herbivorous insects, uses these 
defence chemicals as recognition cues (Atsatt, 1977). 

The attached seedling causes damage to its host in two ways. The first direct 
negative effect on host growth originates from simple competition for water, nutrients, 
assimilates and amino acids between the host (shoot) and the attached Striga seedling 
(Cechin & Press, 1994). The second, more indirect "pathogenic" effect from the 
attached seedling, is a disruption of the host's hormonal balance (Frost et al., 1997; 
Taylor et al., 1996) and a reduction of the host's photosynthesis process (Graves et al., 
1989; Gurney et al, 1995; Smith et al, 1995; Watling & Press, 2001). This effect 
becomes evident several days after establishment of the haustorium. The attached 
seedling forms a sprout which grows towards the soil surface. From the time of 
attachment until emergence, Striga is fully dependent on the host for water, nutrients 
and assimilates, making it a holo-parasite during this stage of its life cycle. 

Emergence 
The time between attachment and emergence can vary from three to six weeks (Olivier 
et al, 1991; Parker, 1965). Upon emergence, the leaves and stems turn green and start 
to photosynthesize. There is evidence for density dependent feedback mechanisms that 
regulate the maximum number of plants that can emerge and survive to maturity per 
host (Doggert, 1965; Van Delft et al, 1997; Webb & Smith, 1996). Andrews (1945) 
and Doggett (1965) suggest that about 10-30% of the attached seedlings reach the soil 
surface. 
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Survival to maturity 
Striga plants start flowering between one to two months after emergence (Parker & 
Riches, 1993). Some studies have observed premature mortality of emerged plants but 
this process has only been quantified in one study (Webb & Smith, 1996). Flowering 
S. hermonthica plants are pollinated by bee-flies (Bombyliidae, Diptera) and 
butterflies (Lepidoptera). After pollination, a green capsule with seeds is formed 
within seven to ten days. A flowering Striga plant can bear from one to about 30 
flower branches with flowers that are each 1 to 2 cm large. Flowers appear and open in 
sequence from the bottom of the flower branch upwards. Flowering is a continuous 
process and all stages, from flower buds to capsules that are already shedding seed, 
can be found simultaneously on one plant or flower stalk. Senescence sets in from the 
tip of the capsule downwards. Eventually, the capsule turns black and opens, shedding 
its seed. 

Fecundity 
Estimates of fecundity (number of seeds produced per mature Striga plant) vary widely 
and may depend on growing conditions, host species and host variety (Andrews, 1945; 
Parker & Riches, 1993; Rodenburg et al., 2006b). Estimates of average fecundity 
range from 5,000 to 84,000 seeds per plant, while maximum fecundity is in the order 
of 200,000 seeds per plant. Seed production, or a proxy indicator for seed production, 
has only recently been related to control options (Rodenburg et al., 2006b; Van Ast & 
Bastiaans, 2006). 

Seed shed and dispersal 
The time between capsule formation and its opening when ripe is about one week 
(Webb & Smith, 1996). Galling weevils (Smicronyx spp.) predate seed capsules 
(Pronier et al., 1998). No information is available on seed prédation on the soil 
surface. Wind, runoff water, cattle, harvested plant material, agricultural implements 
and infested crop seed lots may vector the Striga hermonthica seeds. Wind, (water and 
tillage) are probably responsible for short distance dispersal (<1 km within fields or 
between neighbouring fields), whereas harvested plant material, infested crop seeds 
and grazing cattle may facilitate long distance dispersal (>1 km, between villages and 
regions) (Berner et al., 1994). 

Striga seed bank dynamics, knowledge gaps 
Densities of Striga spp. seeds found in field soils are highly variable and can be as 
large as 882,000 seeds per square metre (Table 1). The highest densities of Striga 
hermonthica were reported in Kenya in bimodal climate zones with two cropping 
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Chapter 1 

seasons in which hosts are cultivated two times per year (Oswald & Ransom, 2001). 
Recent studies have tried to explain the variability in the size of seed banks and 
determine, to what extent, densities can be reduced by control options (Van Delft et 
al, 1997; Abunyewa & Padi, 2003; Sauerborn et al, 2003; Schulz et al, 2003; Franke 
etal.,2006). 

The dynamics of the Striga seed bank are the result of two processes, namely seed 
bank replenishment and seed bank depletion. Seed bank replenishment can further be 
broken down into seed production of mature plants and arrival of seeds from external 
sources. Three main processes preceding seed production are recruitment (the number 
of emerged Striga plants divided by the number of seeds in the soil), survival of 
emerged plants and fecundity of mature plants. Seed bank depletion may be caused by 
germination, pathogens, seed ageing, seed prédation, and export of seeds to other 
fields. Most field studies on Striga spp. and control options have focused on host yield 
aspects rather than seed bank dynamics. Observations on Striga population dynamics 
were often limited to plant counts or measurement of the dry weights of the emerged 
plants. The success of a control option is generally assessed by measuring the 
reduction in the number of emerged Striga shoots compared to a control treatment. 
This measure does not necessarily reflect seed bank replenishment or depletion. 
Individual steps in the Striga life cycle have rarely been quantified. 

Striga seed production is an essential part of the Striga life cycle but has been 
determined in only a few studies (Weber et al, 1995; Webb & Smith, 1996; 
Rodenburg et al, 2006b). The different processes leading up to seed production 
(recruitment, survival and fecundity) need separate quantification in order to 
understand at what stages in the Striga life cycle control options intervene. 

Little information is available on seed bank depletion under field conditions and 
the processes underlying seed bank depletion. There is great controversy on the rate 
and causes of Striga seed death with some studies suggesting attack of seeds by 
pathogens or microbial activity as the main cause of seed bank depletion (Pieterse et 
al, 1996; Gbèhounou et al, 2003) and others suggesting seed germination in response 
to host and non-host roots as the main course of depletion (Oswald & Ransom, 2001 ; 
Khan et al, 2002). The controversy and conflicting results may be explained by the 
use of different methods to measure seed death, namely the seed or Eplee bag method 
(Eplee, 1975) and the soil sampling method (Hartman & Tanimonure, 1991). The seed 
bag method appears to yield extremely high mortality rates of Striga seeds compared 
to the soil sampling technique. The methods for measuring seed bank depletion need a 
critical assessment and the rates and causes of seed death need to be determined. 

Determination of seed bank replenishment and depletion will allow for 
construction and parameterization of a model that simulates seed bank dynamics. Such 
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General introduction 

a model can generate plausible long-term projections of control options on the seed 
bank densities and predict changes in potential cereal yield losses related to Striga. 

Research objectives 
The overall aim of this study is to quantify Striga hermonthica seed bank dynamics 
under field conditions and to evaluate the factors that can potentially influence 
transition rates from one life cycle stage to the next. The first objective is the 
development of methods through which the processes of seed bank replenishment 
(recruitment, survival to maturity, fecundity and total seed production) and seed bank 
depletion (seed mortality through ageing or pathogenic attack and germination) can be 
confidently quantified. The second objective is to quantify the rates and processes of 
seed bank replenishment and depletion under different environmental conditions and 
control options. The third, and final objective, is to use the obtained information to 
develop and parameterize a Striga seed bank model that would enable forward 
projections of long-term seed bank dynamics and host yields under different control 
options and management scenarios. 

Outline of the thesis 
Chapter 2 presents a quantification of S. hermonthica seed bank replenishment. Seed 
bank replenishment is determined for separate stage transitions in the life cycle; 
namely recruitment, survival to maturity, fecundity, and resulting seed production. 
Replenishment is determined under different environments, with different host 
duration, and in relation to different management strategies. A control treatment (a 
monoculture of a local long duration host) is compared to different control options 
such as improved short duration host, intercropping with a trap crop and weeding. The 
comparison is made in terms of demographic parameters of S. hermonthica. 

Chapter 3 is an appraisal of the seed bag, or Eplee bag method, for determining 
seed bank depletion of seeds of plant species, in general, and Striga spp., in particular. 
Seed death was related to fungal activity and seed densities within seed bags. The seed 
bag method is critically evaluated and advantages and drawbacks are presented. 

Chapter 4 deals with the measurement of different causes of seed bank depletion 
using an adapted seed bag method and the soil sampling method. Seed bank depletion 
and causes of seed death are quantified and related to different vegetation (crop) 
covers and the two methods are compared. 

In Chapter 5, data obtained in one of the experiments are used to parameterize a S. 
hermonthica seed bank dynamics model. The model was adapted from previously 
proposed models and several components were added to describe seed bank dynamics 
in space and include demographic variability. The model was used to forecast the S. 



Chapter I 

hermonthica seed bank dynamics and potential host crop yields in relation to different 
crop systems and scenarios. 

Chapter 6 is a synthesis and discussion of findings and implications of this study. 
The possible contributions of integrated Striga management (ISM) and participatory 
and action research are discussed. 
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CHAPTER 2 

Demographic processes behind Striga hermonthica seed 
production in relation to control options 

T.A. Van Mourik1'2, T J . Stomph', E. Weltzien2, R. Tabo3 and M.J. Kropff1 

Crop and Weed Ecology Group, Wageningen University, P.O. Box 430, 6700 AK 

Wageningen, The Netherlands 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), B.P. 
320, Bamako, Mali 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 

ICRISAT-Niamey, B.P. 12404, Niamey, Niger 

Abstract 
Understanding Striga hermonthica (hereafter Striga) seed production is one of the key 
elements to management of this severe parasitic and difficult to control weed in 
African agricultural systems. A multitude of control options have been proposed, but 
the effects of management and environmental factors on Striga seed production are 
poorly documented. This study thus focused on Striga reproduction as a key process 
in the life cycle. In five field experiments in three years in Mali and Niger, seasonal 
demography (recruitment, survival, fecundity) and resulting seed production were 
measured for a set of treatments and control options. These treatments included 
sowing date of the host, Striga seed density, host duration (e.g., cultivar), inter­
cropping, weeding at flowering and organic amendments. 
Maximum Striga seed production per cereal host plant was highly variable over years. 
Reducing host crop duration from around 120 to around 90 days reduced Striga seed 
production by 30 to 60%, whether through cultivar choice, sowing delay or premature 
harvesting of the host. Shorter host duration mainly reduced Striga survival to 
maturity and fecundity. A fivefold increase in initial seed bank density lowered 
recruitment proportions from the seed bank significantly but had no effect on 
fecundity, suggesting that density dependence operates primarily in pre-emergence 
and pre-flowering stages. A cohort study indicated that later emerging cohorts of the 
parasite contained more individuals, but contributed less to total reproductive output, 
especially when the season length was short. Seed production was reduced by 
weeding at Striga flowering through reduced survival and fecundity, while 
intercropping affected mainly recruitment and survival. 
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Chapter 2 

Introduction 
Striga hermonthica (Del.) Benth. is a noxious, hemi-parasitic weed in semi-arid, sub-
Saharan Africa and causes substantial yield loss in main cereal crops such as sorghum 
{Sorghum bicolor (L.) Moench), pearl millet (Pennisetum glaucum (L.) R. Br.), maize 
{Zea mays (L.)) and sometimes in upland rice (Oryza saliva (L.)) (Parker & Riches, 
1993). The most severe problems with Striga occur where soils are degraded, fields are 
continuously cropped with a cereal host, and organic and inorganic nutrient inputs are 
low (Sauerborn et al., 2003). 

Despite extensive research efforts over the past decades, no simple solutions to 
Striga have been found (Oswald, 2005). Seed production is an important step in the 
life cycle of Striga as in most plants (Silvertown & Charlesworth, 2001), and 
information on seed production is crucial in developing integrated weed management 
systems and predicting the long-term effectiveness of management strategies (Norris, 
2003). 

Striga seeds are produced in large numbers (>200.000 seeds per plant), are very 
small (0.2 * 0.3 mm, 0.4 xl0~2 mg) and large proportions (>20%) of seeds remain 
viable in the soil for periods of two or more years, even when non-host trap crops are 
cultivated (Oswald & Ransom, 2001; Abunyewa & Padi, 2003). Because of these 
characteristics and a prolonged period of seed shed, direct measurement of the number 
of produced seeds in the field is difficult. As a result, most studies have limited their 
observations on Striga to counts of number of shoots or weight (Kanampiu et al., 
2003; Ahonsi et al, 2004; Kroschel & Elzein, 2004; Lendzemo et al, 2005; Reda et 
al., 2005). Seed production is not always linearly related to the number of plants 
because pre-mature plant mortality of Striga as well as seed production per mature 
plant are density dependent and can vary enormously (Weber et al., 1995; Webb & 
Smith, 1996). So far, Striga seed production has been quantified in a few descriptive 
studies (Weber et al, 1995; Webb & Smith, 1996; Van Delft et al, 1997), but not in 
relation to control options. Consequently, the ecology of seed production and the effect 
of control options remain poorly understood. This chapter, therefore, focuses on the 
quantification of seed production in an effort to provide a sound basis for the 
development of integrated Striga management strategies. 

Seed production can be divided into three subsequent life cycle processes or 
phases: recruitment (the fraction of the seed population that emerges as plants), 
survival of emerged plants to maturity and fecundity (seed production per mature 
plant). Recruitment combines a number of underground phases including germination, 
attachment and successful parasitism of the host. The effects of management strategies 
on seed production can be expected to differ depending on the potential processes it 
influences. Planting a short duration cereal host prevents many emerged Striga plants 
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from reaching maturity or full reproductive potential because of a reduced period 
between emergence and host maturity or end of the rainy season, leading to reduced 
seed production (Carsky et al, 1996). Shortening the duration of seed production by 
removing plants shortly after flowering can be expected to affect survival and 
fecundity and, therefore, to have a direct effect on seed production. Striga recruitment, 
survival to maturity and fecundity may further be affected by seed bank density 
(Rodenburg et al, 2006b), intercropping of a cereal with a non-host (Carsky et al, 
1994) or additions of organic amendments to the soil (Sauerborn et al, 2003). 

The goals of this study were (1) to analyse Striga demography of seed production 
in relation to host duration, season duration and seed bank density, (2) to evaluate the 
relative contribution of consecutive emerging Striga plant cohorts to seed production, 
and (3) to determine at which stages in the life cycle seed production can be 
suppressed by control options proposed in the literature. 

Materials and methods 

Experiments and aims 
In total, five field trials were conducted in Mali and Niger in 2002-2004 (Tables 1 and 
2). These experiments often serve more than one aim at the same time. Before details 
for individual experiments are discussed, their design to serve the formulated aims is 
summarized. The effect of the duration of the host on the Striga life cycle and seed 
production was studied through: 
• The 2002 experiments in two locations in Mali, where at both locations Striga was 

grown on the same two sorghum varieties that among others differed in cycle 
length. The two sites considerably differ in rainfall and constitute a dry site and a 
relatively wet site for sorghum cultivation. 

• The 2003 experiment, when the effects of host duration (a single variety but two 
harvest times) and length of the growing season (three sowing dates) on the 
parasites' life cycle duration and the ensuing seed production were studied at one of 
the 2002 locations. 

• The 2004 experiments in Mali on sorghum and in Niger on millet when again Striga 
was grown on cultivars that differed in cycle length (for sorghum TIEM L and 
CMS63E, for millet SAD and 3/4HK), while in Mali again the cycle of the long 
duration cultivar was also artificially shortened by premature harvesting (TIEM S). 

The effect of Striga seed density in the 2003 experiment was superimposed on the 
treatments to study effects of host and season duration on Striga seed production 
mentioned above. 
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Chapter 2 

In 2003 (experiment 3), observations included the analysis of seed production of 
different cohorts of emerging Striga plants in order to quantify the seed production 
components separately for emergence cohorts on two of the three sowings. 

In 2004, the effect of potential control options on recruitment, survival and 
fecundity were finally observed on sorghum in Mali (experiment 4) and millet in Niger 
(experiment 5) (Table 2). The control options included: weeding of Striga at flowering, 
intercropping with non-host crops and on millet, application of organic soil 
amendments. 

General treatment details 
In all years and at all sites, sorghum or millet sowing distances were 0.8 m between 
rows and 0.6 m within rows. Weeds were controlled by hoeing between 18 and 30 
days after sowing (DAS). After this initial weeding, all weeds other than Striga were 
removed at least once every two weeks until harvest of sorghum and millet to facilitate 
Striga counts. Crops were harvested at maturity, except when crop duration was 
artificially shortened (TIEM S) in 2003 and 2004. Artificial shortening of sorghum 
duration was done through harvesting at flowering (2003) or at the time of maturity of 
the short duration host crop cultivar (2004). At the first weeding (18-25 DAS), crops 
were thinned to one sorghum plant per hill, unless otherwise mentioned below. Site 
and year specific details and events are given below. Rainfall data are shown in Fig. 1. 

Treatment details by experiment 
2002: Samanko, Mali (experiment 1) and Cinzana, Mali (experiment 2) 
A short (cv. CSM63E) and a long duration sorghum cultivar (cv. Tiemarifing) were 
sown in fields naturally infested with Striga in Samanko and Cinzana according to a 
completely randomized design with eight replicates. Plot size was 3.2 m * 7.8 m, four 
rows with 13 sorghum plants each were sown per plot. Fertilizer (NPK, 17:17:17) was 
applied at a rate of 100 kg ha-1 as top dressing one week prior to sowing in Samanko 
and four days prior to sowing in Cinzana. Naturally occurring Striga seed densities 
(Table 1) were assessed at sowing by sampling the soil of eight equal sized squares in 
the experimental plot (bulked samples of four sub-samples to a depth of 10 cm) and 
extraction of seeds by use of a table top elutriator. 

2003: Samanko, Mali (experiment 3) 
A full factorial experiment was sown in 2003 (Table 1), in a randomized block design 
with three sowings [12-06-2003 (0 days sowing delay (DSD)), 30-06-2003 (18 DSD) 
and 18-07-2003 (39 DSD)], two Striga inoculation densities (12,000 and 60,000 Striga 
seeds host-1) and two crop durations (long and artificially-shortened duration). 
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Fig. 1. Cumulative rainfall at Cinzana (Mali), Samanko (Mali) and Sadore (Niger) during 
experiments 1 and 2 (top graph), 3 (middle graph) and 4 and 5 (bottom graph). Arrows in 
June and July indicate dates of sowing of the host cereal (sorghum and millet). Diamonds and 
triangles in September, October and November indicate harvests of short duration (or 
artificially shortened duration) and long duration cereal hosts, respectively. 

Plot size was 3.2 x 4.8 m, four rows with eight sorghum plants each were sown per 
plot. A single long duration host cultivar (cv. Tiemarifing) was used and the crop was 
harvested at crop maturity between 115 and 135 DAS (TIEM L) or around 90 DAS 
(TIEM S), mimicking the effect of a long and a short duration sorghum cultivar, 
without the interaction of cultivar differences in susceptibility or sensitivity to Striga. 
The field did not receive any fertilizer. 

2004: Samanko, Mali (experiment 4) and Sadore, Niger (experiment 5) 
An experiment was conducted on sorghum in Mali and one on millet in Niger, both 
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