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New rice for Africa (NERICA) are a group of interspecific cultivars developed by Africa Rice Center
and partners to combine the high weed competitiveness and good levels of resistance to abiotic
and biotic stresses of the African rice species (O. glaberrima), with the high yield and grain quality
of the Asian rice species (O. sativa). The NERICA cultivars are currently distributed and grown
across sub-Saharan Africa (SSA). In many rain-fed upland locations Striga spp. are important
production constraints in rice causing severe loss of yield. The use of Striga-resistant host cultivars
is considered a key component of an integrated management strategy although little is known
about the resistance of different NERICA cultivars to Striga species or ecotypes. The objectives
of this study were to (1) determine which NERICA cultivars exhibit strong post-attachment
resistance to S. hermonthica and S. asiatica (2) identify whether resistance was broad spectrum
or specific to particular ecotypes of the parasites and (3) characterize the phenotype of the
resistance at a histological level. To achieve our objectives, all 18 upland NERICA cultivars and
their parents were evaluated for post-attachment resistance to different ecotypes of S. hermonthica
and S. asiatica in rhizotrons at the University of Sheffield. NERICA 1 to 5 and NERICA 10 exhibited
a resistance response that was superior to their resistant O. glaberrima parent CG14, while
NERICA 6, 7,8, 9, 11, 14, 15, 16 and 18 were more susceptible than their O. sativa parents (WAB
56-104, WAB 56-50 and WAB181-18). NERICA 12, 13 and 17 showed intermediate levels of
resistance. The resistance phenotype was characterised by necrosis at the host-parasite interface
and, in many cases, an inability of the parasite to penetrate the endodermis. The resistance
ranking of the cultivars was similar for several ecotypes of S. hermonthica and also for the ecotype
of S. asiatica from the USA. However, the pattern of resistance and susceptibility was not always
the same; when NERICA 1 and 10, the most resistant cultivars, were infected with an ecotype
of S. hermonthica collected from a farmer’s field in Kouto, Céte d'lvoire where NERICA 1 had
been grown for several years, resistance broke down suggesting that virulence had evolved in
this population. In addition, when some of the more susceptible cultivars were infected with an
ecotype of S. asiatica collected from Kyela, Tanzania, where NERICA cultivars had not been grown
before, good levels of resistance were observed. Our data suggest that some of the NERICA
cultivars possess good resistance to a range of Striga ecotypes and could be recommended to
farmers for use in Striga-infested fields. However, our results also indicate that greater knowledge
of the molecular basis of both host resistance and host virulence is critical for the breeding of
durable resistance (and pyramiding of appropriate resistance genes) in host cultivars adapted to
different rice agro-ecosystems in sub-Saharan Africa.
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Orobanche and Phelipanche, commonly known as broomrape, are dicotyledonous holoparasitic
flowering plants that cause heavy economic losses in a wide variety of plant species. In Israel
P. aegyptiaca is the most destructive pest on tomato. Acetolactate synthase (ALS) inhibiting
herbicides and glyphosate are the only herbicides known to control broomrapes. ALS inhibiting
herbicides inhibit the enzyme acetolectate synthase, a key enzyme in the branched chain amino
acid biosynthesis pathway leading to the formation of leucin, valin and isoleucin. Pulsar and
Pursuit, imidazolinone herbicides, are in use for broomrape management in clover and pea,
respectively. Tomato plants are very sensitive to these herbicides, while herbicides from the
sulfonilurea group may be used for broomrape control in tomato. But their application is based
on a complicated protocol that includes 5 herbicide applications in a precise timing based on
growing degree days model. Each application should be followed by 300 m® ha™ of upper irrigation.
Any alteration from this protocol results in insufficient control and tomato yield reduction. A
solution to this problem may be elaboration of tomato variety resistant to imidazolinones herbicides.
For this purpose EMS (ethyl methane sulfonate) mutagenesis was conducted on commercial
tomato line M82. About 100.000 tomato seedlings (M2) were screened for resistance to pulsar
(Imazamox). As a result, a novel tomato mutant HRT-1 was obtained. The mutant showed
resistance to high rates to the imidazolinone herbicides Pulsar (Imazamox), Cadre (Imazapic),
Arsenal (Imazapyr), and Staple (Pyrithiobac-sodium) from additional group of inhibiting acetolactate
synthase herbicides (Pyrimidinylthiobenzoic acid). Application of these herbicides for broomrape
control on HRT-1 and commercial tomato lines were tested. The results and the possible resistant
mechanism will be discussed.
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Maize (Zea mays L.) is a major staple food, feed and industrial crop in West Africa (WA). Maize
grain production comes primarily from the Guinea savanna agro-ecology, which is characterized
by a relatively short growing season thus necessitating the development and adoption of early
and extra-early varieties. Maize production in the savanna is seriously constrained by several
factors, which are beyond the control of resource-poor farmers who form the bulk of maize
producers. One of the constraints is infestation by Striga hermonthica (Del.) Benth., a parasitic
weed that has an intimate physiological relationship with the root system of the host plant. This
relationship and the parasite’s ability to produce large number of seeds that remain viable in the
soil for 10 years or more limit the development of successful control measures within the reach
of resource-poor farmers. Use of host-plant resistance is considered the most effective,
economically feasible and sustainable means for Striga damage control. The International Institute
of Tropical Agriculture (IITA), in collaboration with national agricultural researchers in WA, has
developed maize populations and varieties with moderate resistance to S. hermonthica, two or
which are early maturing, TZE-W Pop DT STR (white endosperm) and TZE-Y Pop DT STR (yellow)
and two extra-early TZEE-W Pop DT STR and TZEE-Y Pop DT STR. The populations have been
subjected to four cycles of Si recurrent selection and definite progress was made towards
upgrading the Striga resistance and grain yield levels. Several studies were conducted to quantify
the genetic variances, heritability estimates, genetic correlations and predicted progress from
further selection. Three hundred full-sib families each were extracted from the Cs of the early
populations, TZE-W Pop DT STR and TZE-Y Pop DT STR and evaluated in separate studies. For
the TZE-W Pop DT STR, additive genetic variances (o,%) were positive, moderately large and much
larger than the dominance variances (o,?) for most traits. However, Striga emergence count was
under the control of 2. Narrow sense heritability (h?) was 25% for grain yield and 0-90% for 13
other traits. Grain yield had a large positive additive genetic correlation (r=) with ears per plant
(EPP), a large negative r. with Striga damage ratings, and moderate negative r. with flowering
traits and Striga emergence count at 10 weeks after planting (WAP). For TZE-Y Pop DT STR,
most traits had moderately large o2, although ©,? was larger than o2 for grain yield and some
other traits. Estimates of h2 were generally low for most traits (<0.40). In another study, 50 S1
families were each extracted from C0, C2, C3 and C4 of TZEE-W Pop STR and evaluated in Striga
infested and Striga-free conditions. Gains in grain yield were 26% cycle” under Striga infestation
and 16.4% ha' when Striga-free. Under Striga, genetic variances decreased with selection for
Striga emergence and EPP. Under Striga free conditions, genetic variability also decreased for
flowering traits. Genetic variances were significant for Striga emergence in all cycles and for EPP
in CO and C4. Response to selection for improved Striga emergence, EPP and grain yield are
expected in subsequent cycles. Recurrent selection was effective for improving Striga resistance
traits and grain yield which were characterized by low-to-medium heritability estimates.
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Broomrapes (Orobanche spp. and Phelipanche ssp.) are root parasitic plant devoid of chlorophyll
that develop a haustorium serving as both an attachment organ to host roots and a bridge for
water, mineral and organic nutrient uptake from host vascular tissues. Branched broomrape
(Phelipanche ramosa (L.) Pomel, syn. Orobanche ramosa L. Pomel) is the most widespread
broomrape in the world. This species causes severe damages to several crops in the Mediterranean
region and southeast Europe, for a long time to hemp, tomato and tobacco, and more recently
on winter oilseed rape (WOR). WOR is the primary European oilseed crop, and production areas
have increased steadily since 2005, especially in France, Germany and in the eastern countries.
In addition to known virulent oilseed rape pathogens such as insect and fungi, branched broomrape
(genetic type 1, pathovar C) has become a major phytosanitary problem in WOR fields in the
west part of France, causing heavy seed yield losses. Several control strategies are employed
against broomrapes but none has enjoyed unequivocal success. The more economic and durable
methods seem to be based in developing new varieties carrying several mechanisms of avoidance
and resistance against P. ramosa. WOR is a recent host plant of the parasitic weed and such
mechanisms are not characterized to date. WWe have initiated the identification of avoidance and
resistance mechanisms among sixteen WOR cultivars which display different behaviours facing
broomrape infestations in fields (CETIOM data). In order to access to a maximum of parasitism
indexes, the interaction WOR — P. ramosa were performed in different conditions, including pot
experiments in greenhouse and hydroponic cultures in growth chambers. A genetic variability
occurs in the breeding materials, as indicated by the strong variability in the parasite incidence
(number of attached broomrape per host plant) observed among the genotypes screened in
greenhouse conditions. Hydroponic host-parasite co-cultures have shown that parasite incidence
is correlated with the rate of broomrape seed germination in the vicinity to host roots in most
of the varieties studied. Nevertheless some of them displayed some resistance to broomrape
attachment following germination. A third behaviour was identified in WOR from both pot and
hydroponic experiments, resulting in lower kinetics of attached broomrape growth and emergence
from the soil (see abstract from Z. Gaudin et al.). These results are promising for the development
of a durable resistance to broomrape in WOR by cumulating several mechanisms of resistance
in new lines. Nevertheless additional studies are necessary for a better understanding of the
genetic and molecular bases of these behaviors. These studies are financially supported by funds
of the French organisations CETIOM, ONIDOL and PROMOSOL.
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The wide host range of the root holoparasite Phelipanche aegyptiaca includes many Solanaceae
crop plants such as tomato and eggplant. Peppers (Capsicum spp.) are known to be less susceptible
to this parasite but in recent years pepper growers have reported crop infestation and losses due
to P. aegyptiaca. The aim of this study was to screen pepper genotypes for resistance to P.
aegyptiaca, to characterize the resistance and select resistant genotypes for future use in P.
aegyptiaca-contaminated fields. We screened a collection of 21 pepper genotypes grown in pots
in the greenhouse. The number of emerging parasite inflorescences was recorded throughout
the experiments and fresh weights of parasite shoots, pepper shoots and fruits were determined
at the termination of the experiments. In order to elucidate if the differential susceptibility was
due to differential P. aegyptiaca seed germination induction, selected pepper genotypes were
grown on GFA paper in plastic bags. The screening experiments revealed a wide range of P.
aegyptiaca susceptibility from two highly susceptible genotypes supporting 15-17 parasite spikes,
through reduced parasitism in seven genotypes that supported 5-9 spikes, to good resistance
in 10 genotypes supporting less than three spikes. In most cases the resistant host varieties
supported few poorly developed parasite inflorescences, probably due to incompatibility between
host and parasite. In the highly susceptible pepper genotypes, fruit yields were 38-50% lower
compared to the non-inoculated controls while in resistant genotypes, no yield reduction was
recorded. Plastic bag studies with selected genotypes elucidated that the resistance was not
due to reduced P. aegyptiaca seed germination induction. Further studies are in progress to
detect the mechanisms responsible for the resistance phenomena and examination of the
resistance under field conditions.
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Orobanche crenata Forsk (broomrape), a parasitic angiosperm, is the major constrain for Vicia
faba L. cultivation along Mediterranean basin. The broomrape attaches to the roots of faba bean,
causing complete yield losses in the crops. Because no complete control measures are available,
the genetic resistance of the host against the parasite remains as one of the most desirable
components and environmental friendly methods within an integrated control strategy. But to
date, the only available resistant faba bean cultivars exhibit an incomplete resistance. A detailed
knowledge of the mechanisms underlying such resistance is required to improve breeding
programs. However, the mechanisms underlying resistance against broomrape in faba bean are
not well understood. Gene expression studies would help in understanding the molecular basis
for the resistance and the mechanisms governing the host-parasite interaction. In order to gain
insight into the identification of genes involved in the resistance mechanisms, the expression
pattern of 17 putative genes were studied in the parental line faba bean (Vf136) with incomplete
resistance against O. crenata. The candidate host plant genes were selected, based in several
published studies, by their involvement in metabolic pathways such as the phenylpropanoid
(PAL), ethylene (ACC) and jasmonate (AOC, LOX, OPDAR and SPK1A) biosynthesis pathways,
and defensive mechanisms activated during several plant-parasitic plant interactions, including
different genes reported for defense responses (PR3, PR4, DFL, PRX, GLS and BGL) and resistance
gene analogs (RGAO1, RGA06, RGA08, RGA09 and RGA10). Transcript profiling of candidate
genes during early stages of the faba bean/broomrape interaction (1, 3 and 7 d.a.i.) were carried
out using quantitative real-time polymerase chain reaction (qPCR). The preliminary results indicate
that genes from the jasmonate and ethylene pathways can be up-regulated in root tissues
inoculated by broomrape. This work describes a first transcriptional approach with the aim of
studying gene expression patterns in V. faba after infection with the parasitic plant O. crenata.
Our results will contribute to elucidate the molecular basis of the resistance against this parasitic
plant in V. faba and can be used as support for molecular or classic strategies of breeding for
resistance.
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At the International Institute to Tropical Agriculture maize breeders have for more than 4 decades
worked towards the development of high yielding adapted Striga tolerant varieties. While heritability
for Striga tolerance is moderate gain has been made using broad synthetics and recurrent
selection. Many of the tolerance and resistance alleles used in the maize breeding work come
from either west African landraces which have historically the longest co evolution time in the
presence of Striga of any maize landraces in the world and which have not relative to east and
southern Africa, been replaces by more modern materials. In addition important sources of
resistance and tolerance have come from Zea diploperennis introgressed materials.
We with CIMMYT have working under the Drought Tolerant Maize for Africa initiative have been
using genome wide selection in marker assisted breeding activities to enhance the rate of
development of drought tolerant germplasm for Africa. Some of the populations we work on
have elite parents which in addition to drought tolerance also have Striga tolerance. This has
enabled breeding using genome wide selection (GWS) for both Striga and drought while also
facilitating QTL studies for more academic purposes. This presentation details some of the steps,
processes and initial results obtained through the GWS application and plans for adoption of
genomic selection in the future.
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Maize is an important food source in Africa. Its yield and production has been on the decline,
making Africa and specifically Kenya a net importer of the grain. The parasitic weed Striga affects
maize on an estimated 20 million ha, making it a major cause of maize yield reduction from near
world average of 4.2t/ha a few decades ago to the present 1.3t/ha. The objectives of the present
study were to examine the combining ability of twenty inbred lines and possibly to identify single
crosses which can be used to develop three way and double cross hybrids resistant to Striga
hermonthica. These lines were sourced from the International Institute of Tropical agriculture
(IITA) (8), Kenya Agricultural Research Institute (KARI) (9) and the International maize and wheat
improvement center (CIMMYT) (3). The IITA and KARI lines were Striga resistant while the
CIMMYT lines were well adapted lines. Fourteen inbred lines (females) were factorially mated
using Design Il with six males all of which were from the IITA group. The resulting 84 F.s along
with six commercial checks were evaluated in four separate trials for two rainy seasons during
the 2010 long rains and short rains. The trials were planted on station both under artificial Striga
infestation and Striga free environments at Kibos and Alupe KARI stations in Kenya. Atrtificial
Striga infestation was carried out by preparing an inoculum by mixing 5kg of fine sand with 10g
of Striga seeds, then 7g of the inoculum was applied in each hill using table spoon to give an
estimate of about 3,000 viable seeds and the maize seed was placed on top of the inoculum and
covered well with soil. Data were recorded as Striga counts from 6 weeks after planting at an
interval of 2 weeks up to the 12" week after planting. Striga damage rating was recorded using
a score of 1-9, (1= no damage; 9= totally damaged) and flowering dates, plant height, ear height,
and yield were also measured. General combining ability (GCA) and Specific combining ability
SCA effects were calculated using line x tester analysis using SAS, where the females were
considered as the lines and the males as the testers. GCA mean squares due to lines and testers
were highly significant (P=0.001) for all traits. The ratio of GCA/SCA mean squares exhibited a
predominance of additive gene effects in the inheritance of Striga resistance traits as opposed
to dominant gene effects. Estimates of GCA effects indicated that six inbred lines were good
combiners for grain yield. A number of single crosses out yielded all the six hybrid checks in both
environments. These inbred lines may provide a reliable basis for further evaluation and even
development of three way cross and double cross hybrids which can be grown in Striga prone
areas thereby resulting in maize yield increment.
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Arbuscular mycorrhizal (AM) symbiosis is a mutualistic interaction between soil fungi and the
roots of terrestrial plants. It is the most common symbiosis in the plant kingdom, and concerns
over 80% of land plants. AM fungi are obligate biotrophs and rely on the photosynthetic carbon
obtained from their host plants to complete their life cycle. In return, they supply their hosts with
water and minerals, particularly phosphate. This association involves a molecular dialogue that
allows mutual recognition of the two partners. AM fungi release compounds called Myc factors,
and plant roots exude strigolactones, which stimulate fungal growth and metabolism and facilitate
the first stages of AM symbiosis. Parasitic plants such as Striga, Orobanche and Phelipanche
spp. use molecules released by plant roots as signals that trigger seed germination. This ensures
that germination occurs in the vicinity of a host root, which is essential for parasitic seedling
survival. Various metabolites induce parasitic seed germination including strigolactones,
sesquiterpene lactones and dihydroquinones. Previous studies have shown that AM colonization
of sorghum roots could decrease the level of Striga attachment and emergence. This effect
appears to be due to the reduced ability of mycorrhizal root exudates to induce Striga seed
germination. These observations have led to the hypothesis that mycorrhizal symbiosis could
negatively regulate the production of strigolactones. The aim of our study was to determine
whether a similar crop protection strategy could be used in the sunflower/Orobanche cumana
interaction, which causes severe yield losses in Europe. It has to be noted that O.cumana is a
specific parasite of sunflower. It was recently suggested that this specificity could be due to the
release of a particular germination stimulant, dehydrocostuslactone, by sunflower roots. First,
we observed that exudates from mycorrhizal sunflower roots induced less germination of O.
cumana seeds than non-mycorrhizal root exudates. Thus, either mycorrhizal root exudates produce
less germination stimulants, or they contain germination inhibitors. Biochemical analyses of
strigolactone and dehydrocostuslactone contents are underway to address the first possibility.
In addition, we tried to complement mycorrhizal root exudates with a synthetic strigolactone
(GR24). This treatment was not sufficient to restore a germination rate comparable to that
observed with non-mycorrhizal root exudates, or with GR24 alone. These observations suggest
that mycorrhizal sunflower roots could produce inhibitors of O.cumana seed germination. We
are currently investigating the physico-chemical properties of these putative inhibitors, and the
biological conditions of their production.
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Field dodder (Cuscuta campestris) is an obligate stem holoparasite that parasitises various plant
species worldwide, including crop plants such as chickpea, alfalfa, tomato and carrots and
substantially reduces their yields. In recent years infestations are rapidly spreading, while control
measures are insufficient. In screening studies conducted in a controlled environment greenhouse
and in a net-house we have detected differential responses of chickpea genotypes to field dodder
including two genotypes exhibiting consistent resistance to the parasite. The aim of this research
is to elucidate the mechanisms of chickpea resistance to field dodder utilizing anatomic sectioning
and microscopic examination. Samples of infected and uninfected plants were embedded in
paraffin wax following fixation, dehydration and staining with safarnin that colors red the woody
parts of the plant like lignin, suberin and cutin. The results show that in the resistant genotypes,
host cortical and epidermal cells surrounding the haustoria were damaged, and that the haustoria
failed to reach the host vascular tissues. We suggest that the resistant phenomenon may be
attributed to compounds secreted by the host in the host-parasite interface. Future work will be
aimed at detecting the specific stage and tissue involved in the resistance, and isolating the
compounds responsible for the observed impeding of the invading parasite.

109



EFFECT OF DIFFERENT WATERLOGGING TREATMENTS ON
OROBANCHE FOETIDA POIR. INFECTION ON FOUR FABA BEAN
GENOTYPES

Moez A.", Zouhaier A.2, Mohamed K.2

'Regional Field Crop Research Center of Beja (CRRGC), Béja, Tunisia
2National Agricultural Research Institute of Tunisia (INRAT), Ariana, Tunisia

amrimoez@yahoo.fr

Orobanche foetida Poiret is a serious threat to faba bean crops in Tunisia. In infested fields it
causes major losses in production. Since there is no effective method of controlling the parasite,
the development of resistant varieties remains the most economic and efficient way to solve
this problem. Because the resistance is incomplete, using other means, such as waterlogging
treatments, can help in reducing the infestation of the crop. In Tunisia, several O. foetida-infested
fields are subject to a transient waterlogging which could be exploited to reduce O. foetida
susceptible crops. A pot trial was carried out to study the effect of different waterlogging
treatments (0, 3, 7, 12 and 21 days) on O. foetida infection of four faba bean small seeded
genotypes. These comprised cv. Badi (susceptible to O. foetida) and cvs. Najeh, Baraca and
XBJ90.04.6.2.1.1.4C (partially resistant to O. foetida). Faba bean genotypes were sown in the
third week of December with four replicates with two plants per pot. Waterlogging treatments
were applied at the beginning of faba bean flowering. Orobanche emergence date (OED), non
emerged (NEO/P), emerged (EQ/P), total (TO/P) tubercle numbers and fresh weights (EOFW/P,
NEOFWY/P, TOFW/P) per faba bean plant were recorded in the first week of May. Results showed
a highly significant effect (p<0.001) of waterlogging on all recorded parameters. Compared to
the control treatment, the different waterlogging treatments delayed the emergence of Orobanche
on all genotypes except XBJ90.04.6.2.1.1.4C. For the 21 day waterlogging treatment the delay
in Orobanche emergence was 8.5, 14.5 and 18.5 days for cv. Najeh, cv. Baraca and cv. Badi,
respectively. This delay was proportional to waterlogging duration. Also, compared to the control,
waterlogging decreased the level of infection, expressed on total Orobanche tubercule numbers
per faba bean plant (TON/P). The decrease was 29%, 69%, 37% and 71 % for cv. Badi, cv. Baraca,
cv. Najeh and XBJ90.04.6.2.1.1.4C, respectively. The emerged Orobanche numbers per faba
bean plant (EON/P) were decreased tremendously mainly for cv. Badi and cv. Najeh with average
decreases of 59% and 64 %, respectively. However non-emerged Orobanche numbers per faba
bean plant (NEON/P) recorded for the two cultivars showed increases of 31% for Badi and 18%
for Najeh. For all studied genotypes, the level of O. foetida infection decrease was accompanied
by reductions of non emerged (NEOFW/P), emerged (EOFW/P) and total (TOFW/P) Orobanche
fresh weight per faba bean plant. Average decreases of 28%, 49%, 57% and 72% were recorded
in TOFW/P for cv. Badi, cv. Baraca, cv. Najeh and XBJ90.04.6.2.1.1.4C, respectively, and these
decreases were observed mainly for EOFW/P.
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In Sudan grain sorghum is the main food for most of the population. Sorghum production in the
country is increasingly constrained by the parasitic weed Striga hermonthica. Development of
resistant cultivars has been slow due to limited knowledge of the genetics of resistance to Striga
and the difficulty in evaluating resistance in the field. Nonetheless many lines with a significant
resistance level to Striga were identified among cultivated and wild sorghums. The aim of this
research is to screen sorghum germplasm collected from Sudan, ICRISAT and Purdue University
for genetic variation in quantitative and qualitative strigolactone production to identify Striga
resistance mechanisms due to low germination stimulant activity. Sorghum varieties and land
races commonly grown in Sudan in both the rainfed and irrigated areas are to be collected for
evaluation of their reactions to Striga under laboratory, green house and field conditions. In vitro
germination bioassays will be employed to rank sorghum genotypes based on their capacity to
produce Striga germination stimulants. Ultra performance liquid chromatography / mass spectrometry
is being utilized to measure strigolactone composition and concentration. Interesting germplasm
will be further characterised using genetic and molecular approaches to determine the mechanism
of the resistance. The study is expected to identify unigue sources and levels of Striga resistance
in the selected sorghum accessions. Research results are expected to verify potential resistant
phenotypes characterized by low stimulant production. The research is expected to provide data
about Striga resistance levels, potential modes of inheritance and the likelihood of stacking
multiple resistance mechanisms (genes) in sorghum. Verified resistant/tolerant sorghum genotypes
could be used as gene source for Striga resistance in sorghum improvement programs.
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APPLICATION OF MOLECULAR MARKERS IN BREEDING COWPEA
FOR RESISTANCE TO STRIGA GESNERIOIDES
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Cowpea, Vigna unguiculate (L.) Walp., is one of the most important food and forage legumes
grown primarily in the semi-arid tropics. Yield losses due to parasitism by the root hemiparasitic
weeds, Striga gesnerioides (Willd) [witchweed] to cowpea production in West and Central Africa
are estimated in millions of tons annually and the prevalence of Striga soil infestation is steadily
increasing. At least, seven races of S. gesnerioides have been identified within the cowpea
growing regions of West Africa based on host differential response and genetic diversity analysis.
The rapid spread of this parasitic weed creates an urgent need for cowpea variety with multiple
resistance genes. Several race-specific resistance genes have been identified and located to one
of two linkage groups (LG1 and LG2) of the current cowpea genetic map. Molecular markers
have been identified that are associated with race-specific resistance genes, and several sequence-
confirmed amplified regions (SCARs) have been developed for use in marker-assisted selection
and breeding strategies for rapid cowpea improvement but no information is available on the
efficiency of these markers. If the effectiveness of the new markers is validated, this should
allow Marker-assisted Selection (MAS) to become more widely applicable in breeding cowpea
for resistance to S. gesnerioides. This study was conducted to test the utility of three SCAR
markers (MahSE2, E61R, and C42B) that have been developed for resistance to Striga race-3 in
cowpea. An F, populations developed from the cross between Borno brown x ITO3K-338-1 and
Borno brown x IT97K-499-35 were evaluated to examine the genetic analysis of the populations
segregating for Striga resistance against race 3 of S. gesnerioides and molecular characterization,
to determine the efficiency of the different markers. Two of the marker systems MahSe2 and
C42B showed high accuracy for discriminating between resistant and susceptible lines carrying
SG3 resistance. The two markers also show DNA amplification consistency with high correlation
to phenotypic score. These markers were not detected in lines carrying other genes other than
the SG3. Genetic similarity index values among the two markers pairs varied from 0.45 to 0.95,
with a mean of 0.98 for MahSe2 and 0.96 for C42B. The efficiency of these markers was further
confirmed from the progeny testing of F,; plants pulled from the F; seeds. This indicates the
utility of these SCARs markers in MAS for SG3 race in cowpea breeding program.
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BROOMRAPE (OROBANCHE CUMANA WALLR.) CONTROL BY
BREEDING IN SUNFLOWER

Pacureanu Joita M., Sava E.
National Agricultural Research and Development Institute Fundulea, Romania
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Broomrape (Orobanche cumana Wallr.) is a parasitic angiosperm that has been causing a great
deal of damage to sunflower production for more than a century. There has been a constant tug-
of-war between sunflower breeders and Orobanche cumana, with frequent changes in which
side has the upper hand. Almost as soon as the breeders find a source of resistance to the latest
race of the parasite, broomrape responds by evolving another virulent race. Sunflower selection
for broomrape resistance makes use of different methods for testing breeding materials (in the
field, greenhouse or at the molecular level), looks for resistance sources in certain wild species
of genus Helianthus and has so far produced significant results. Dominant genes for resistance
toraces A, B, C, D, E and F have been found and incorporated into cultivated sunflower genotypes.
In the last three years, new broomrape populations have been discovered in several countries
(Turkey, Spain, Romania, Russia, Ukraine, Bulgaria). None of the existing commercial hybrids
resistant to the race F has proven to be resistant to these new populations of the parasite.
Greenhouse testing conducted at Fundulea institute in 2009 and 2010 years has managed to
identify two restorer lines that are resistant to all the new populations. The resistance in these
lines was found to be under the control of two dominant genes.

The rapid changes in broomrape race composition have forced sunflower breeders and geneticists
to not only search for genes for resistance to new races of the parasite, but, to also look for
alternative solutions to the problem of broomrape control.

Wild Helianthus annuus L. resistant to imidazolinones was first identified in Kansas, USA, in
1996. The use of imidazolinone resistance in sunflower breeding through the introduction of IMI-
resistance into cultivated sunflower provides a broad spectrum of weed control and is specially
effective in controlling Orobanche in sunflower. Using the sources IMISUN 1 and IMISUN 2 it
has been obtained the first hybrids resistant to IMI herbicides, being cultivated in the CLEARFIELD
system. But, in 2008, BASF company in collaboration with Nidera, Argentina, labeled the gene
CLHA- Plus, the resistance being controlled by a partially dominant nuclear gene. The new gene
is much more effective, giving the possibility to have a high level of the weed control, including
Orobanche, in the new system CLEARFIELD Plus.

In the breeding program at Fundulea institute we are developing now the new sunflower lines,
having the CLHA Plus gene.
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New Rice for Africa (NERICA) cultivars, a product of the crosses between the African rice species
Oryza glaberrima (cv CG14) and the Asian O. sativa (cv. WAB56-104, -56-50 and -181-18), have
become the flagship for boosting agricultural production in Africa with the aim to alleviate poverty
and attain food security. Despite the reported wide distribution of these upland rice cultivars in
Striga infested regions in Africa, little is known about their level of field resistance to Striga spp.
Identification of resistant NERICA cultivars would be highly useful as the number of adapted rice
cultivars with known resistance to any of the important Striga species (S. asiatica and S.
hermonthica) is currently limited. Objectives of the current study were therefore to (1) broaden
the pool of adapted upland rice germplasm with improved resistance against Striga spp. and (2)
check the field expression of cultivars exhibiting pre- and post-attachment resistance mechanisms
against these species as previously identified in the lab. To achieve these objectives 25 rice
cultivars, including all 18 NERICA cultivars, their parents and local and susceptible checks, that
have previously been evaluated for pre- and post-attachment resistance in labs of Wageningen
University and the University of Sheffield respectively, have been tested for field resistance
against S. hermonthica (in Mbita, Kenya, Lake Victoria region) and S. asiatica (in Kyela Tanzania,
Lake Malawi region) in 2010. As the parents of the NERICA cultivars show different resistance
mechanisms and levels, evaluation of resistance of their offspring will also provide us with
valuable insights on the heritability of such traits. Similar to rankings based on pre- and post-
attachment resistance from the labs, NERICA 2, 3, 5 and 10 (CG14 WAB56-104) and NERICA
17 (CG14 WAB181-18) showed high field resistance against both S. asiatica and S. hermonthica,
while NERICA 7 (CG14 WAB56-104), 14 (CG14 WAB56-50) and 18 (CG14 WAB181-18) showed
high susceptibility. The O. glaberrima parent CG14, being identified as resistant in the lab, was
moderately susceptible against S. asiatica but resistant against S. hermonthica. The first field
trial in Kyela, Tanzania with a population of S. asiatica that has co-existed with the same set of
traditional cultivars (Kilombero and Mwangulu) for more than 30 years, showed significantly
higher Striga infection levels on these traditional cultivars than on any of the other 23 introduced
cultivars. This result generated three hypotheses: (1) local Striga ecotypes will be more adapted
and hence more virulent to traditionally grown cultivars compared to newly introduced cultivars,
(2) traditional cultivars, whilst more highly infected due to this Striga adaptation, will also show
a higher degree of tolerance against the local Striga ecotype, compared to new cultivars, (3)
genetic variation in resistance combined with differences in virulence between Striga individuals,
ecotypes and species, determine Striga spp. infection levels in the field. Alongside confirmation
of the expression of field resistance in the 25 cultivars evaluated in 2010, these hypotheses will
be tested in the succeeding 2011 and 2012 seasons.
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Orobanche cumana Wallr. (sunflower broomrape) is a weedy parasitic angiosperm that represents
a serious constraint for sunflower cultivation in many countries of Europe and the former USSR.
Studies on sunflower resistance to O. cumana have concentrated so far on understanding the
mechanisms underlying resistance in the host plant, but little is known about parasite virulence.
Basic and methodological studies on O. cumana are required to gain insight into its breeding
system and virulence genetics to define long term control strategies involving the complete host-
parasite system. Accordingly, a methodological study was conducted to determine the feasibility
of bagging O. cumana plants to force inbreeding and to produce F+ hybrids under different bagging
conditions. Seed production and seed quality in O. cumana was determined using different bag
types to isolate flowering plants. The results indicated that O. cumana is self-compatible and
tolerates seed production under isolation, both under self-pollination as well as in controlled
hybridization. However, the bag type used for isolation clearly determined seed production and
quality. Best results were obtained for plants isolated with micro-perforated transparent plastic
bags that produced seeds that did not differ in germination and infectivity as compared to control
unbagged plants. This bagging system was used to isolate an unpigmented mutant line from a
single unpigmented plant detected in an O. cumana population from Central Spain. Hybridisation
and isolation technigues were also used for the development of populations segregating for the
trait. This study revealed that plant pigmentation in O. cumana was controlled by partially dominant
alleles at a single locus. The feasibility of using isolation and hybridization techniques in O. cumana
will facilitate basic studies on the reproductive biology of sunflower broomrape and the mode
of inheritance of traits related to parasitism, which will contribute to the development of more
stable sources of resistance to this parasitic weed.
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The parasitic plant Striga hermonthica (Del.) Benth. causes enormous yield losses particularly
in cereal crops in the semi arid tropics, mainly in Sub-Saharan Africa. Beneath several control
methods organic fertilization has controlling effects on Striga. Sauerborn et al. (2003) observed
under the conditions of Ghana that the higher the organic matter content of the soil the lower
is the Striga seed bank density and the less Striga emerged. The present research study
investigates the relationship between field history, fertilization and Striga presence in the region
around Sindala in Mali. Based on interviews with selected farmers, fields with high and low
organic fertilization and different emergence of Striga were chosen for soil sampling and analysis.
Soil was analyzed for phospholipid fatty acids (PLFA), dissolved organic matter (DOC), microbial
C, N, and P and further relevant parameters like pH, texture, N, P, K, CEC, Coq. The results are
interpreted with regard to the differences in soil microbial communities between high and low
organic matter content and its impact on Striga emergence and seed bank density. This should
lead to a more detailed knowledge whether organisms and/or other factors within the organic
matter or facts relating to field history are playing a significant role in controlling Striga under a
high organic fertilization practice.
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Egyptian Broomrape (Phelipanche aegyptiaca) is a root holoparasite plant that attaches to other
plant roots. This plant is a severe threat in agriculture environment in the Mediterranean area in
many field crops and vegetables, mostly from the Solanaceae, Fabaceae and Apiaceae. Carrot
is grown in Israel between mid July (summer), and harvested until June (late spring) the next
year. Depends on the level of infestation the potential damage in heavily infested field may reach
to total yield loss. As a root parasite, that can be effectively controlled only in the soil subsurface,
the prediction of the parasitism dynamic in these phase is a key stage in the development of a
smart decision support system for P. aegyptiaca control. Therefore, the objective of the current
study is to develop a robust prediction model for subsurface P. aegyptiaca parasitism in carrot.
Ten field and controlled conditions experiments were conducted in Israel during 2010 and 2011,
under various geographical and climatic conditions. The experiments employed a minirhyzotron
camera, which allow non destructive in-situ subsurface observations of the parasite development.
At each location, four transparent tubes artificially inoculated with P. aegyptiaca seeds, were
buried in soil. Temperature of the top 10 cm from the soil surface was recorded. Observations
for carrot root growth and P. aegyptiaca development were conducted once a week throughout
the growing season. When carrot was sown in October, at soil temperature range of 22-25°C,
broomrape attachments at size of 1-2 mm, were observed 30+2 days after sowing (DAS).
However, in the late and cold December sowings, when temperature range was 16-17°C,
attachments at size of 1-2 mm were observed after 47+2 DAS. When carrot was sown in late
summer, there was a decline in broomrape development, and the appearance of 1-2 mm
attachments appeared 42 DAS, significantly slower from the faster appearance of October
although the average ambient temperature is higher (28°C). In the next stage of the study we
will focus on the development and validation of a prediction model for P. aegyptiaca development
in carrot based on the temperature data.
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Abiotic parameters constitute the key factors that influence the interaction between host plants
and broomrapes. The identification and quantification of the relationship between environmental
variables and the infestation level of Phelipanche aegyptiaca and Phelipanche ramosa was
examined for 144 tobacco fields for two consecutive years 2003-2004 in Greece. The fields were
crossed in a zigzag line and four sampling points were inspected in each field across the line.
The geographic coordinates of each sampling point were specified. Broomrape infestation was
recorded by counting the number of parasites/crop plant within a radius of 60 cm. Soil samples
were taken from 0-10 depth for each selected point and were analyzed in the laboratory for pH,
organic matter content and the percentage of clay, silt and sand. Daily temperature and precipitation
values were obtained from local meteorological stations for all study areas. These climatic variables
were used in order to construct two bioclimatic parameters degree-days and Annual Humidity
Index. All parameters were stored in a G.|.S. database which was developed for the purposes
of this study. The determination of the most significant variables among the system soil-climate
that influenced the infestation level by Phelipanche spp. on tobacco plants, was detected through
a series of statistical analyses. The methods used included descriptive statistics (minimum,
maximum and mean values, standard deviation), one way analysis of variance, Pearson correlation
analysis, multiple regression analysis and discriminant analysis. Mapping the distribution of
Phelipanche species gave a clear image of the variation in the infestation level among species,
cultivated varieties and sampling areas. ANOVA showed significant differentiations among regions
for all abiotic parameters. Pearson Correlation analysis demonstrated that the level of infestation
was negatively correlated, statistically significant, with pH, AHI and positively with OM. Multiple
regression analysis suggested that soil and climatic variables together explained 63% of the
infestation variance. In discriminant analysis the first two functions accounted for 90% of the
total variation in the dataset. All statistical analyses demonstrated that pH, AHI and OM were
the most decisive variables to define infestation severity. The findings provide constructive
information for modelling the broomrapes infestation level with abiotic factors and create a
baseline for future monitoring the broomrapes distribution.
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Rice is of strategic importance for attaining food security in sub-Saharan Africa. Parasitic weeds
are progressively spreading in rain-fed rice production systems in the region due to their invasive
nature, characterized by high reproduction rates and adaptive abilities, coupled with increased
rice production areas and intensities. This is particularly worrisome considering projected climate
changes. The most important parasitic weeds in rice are Striga hermonthica, S. asiatica and
Rhamphicarpa fistulosa. Stakeholder analyses in three affected areas in West and East Africa
showed that the problem is mainly affecting resource-poor farmers of which the majority is
female. Farmers generally lack the knowledge and means to effectively control parasitic weed
infestations. Extension services are not always aware of the actual extent of the problem and
are often unable to backstop farmers with adequate solutions. This proved particularly true for
Rhamphicarpa, which is a relatively new parasitic weed. The stakeholder analyses further showed
the existence of a large time gap between the emergence of a parasitic weed problem and the
start of any targeted action to control the problem. Clearly, improved communication between
stakeholders and a better preparedness at farm, community and government level would help
to reduce the extent and impacts of any future pest outbreak. Through a new, collaborative
project of Wageningen University, Africa Rice Center and NARS of Benin, Cbte d'lvoire and
Tanzania, funded through the Integrated Programme scheme of The Netherlands Organisation
for Scientific Research, Science for Global Development (NWO-WOTRO), we aim to prepare the
rice sector in threatened areas against projected increases in infestation levels .This will be done
by investigating vulnerable locations, effects of climate variability and extremes on parasitic-weed
survival, reproduction and virulence, economic impacts, and sustainable management strategies
for resource-poor farmers. In addition, we will analyse how national crop protection systems
function and innovate, taking parasitic weeds in rice-based cropping systems as a case study.
Such analyses aid the development of policy guidelines geared to improve overall preparedness
for new or increasing biotic constraints, as well as communication between different stakeholders.
Interviews, chain analyses, field observations and measurements, yield-loss assessments and
farmer-participatory experiments in hot-spots combined with controlled climate chamber
experiments and different modelling approaches will enable us to develop meaningful scenarios
of future invasions and agronomic and economic impacts, and develop feasible management
and policy strategies for prevention and containment to support stakeholder decision-making.
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Phelipanche aegyptiaca is a chlorophyll lacking root parasitic plant that has a broad host range.
The damage from P. aegyptiaca is expressed in significant decrease in yield of the host plant and
it can also cause host death. P. aegyptiaca is one of the main threats to tomato production in
Israel. Many tomato fields are eventually abandoned by farmers as a result of heavy infestation
with P. aegyptiaca. Knowledge about the spatial pattern of P. aegyptiaca in tomato fields and
the dynamic of this pattern over time is essential in order to develop efficient control strategies.
The objective of this study was to determine the spatial patterns within field of P. aegyptiaca
and to examine the factors affecting this pattern. The rational is to develop a tool for mapping
the parasitism levels in a time course, and specifically prior to tomato planning. Distribution of
the P. aegyptiaca was determine in a regional and in plot scales. For regional scale, P. aegyptiaca
infestation levels in tomato was collected from farmers through a survey in 2010. Additional data
included information about crop rotation, history of nearby fields, containers location and herbicides
treatments. In order to determine the pattern in the plot scale, P. aegyptiaca level was mapped
in 15 tomato fields in 2010. The mapping was made using a GPS-GIS system. Every sample point
represented a square of 240 m? [40 samples /hectare]. Every sample point was classified for a
parasitism level based on a 0-3 index [0 - no parasitism; 3 - severe parasitism] based on shoot
emergence. The sample maps were interpolated using Kriging to explore spatial patterns and
apparent factors. Four spatial patterns were observed in the 15 plots and associated with apparent
factors using the data collected for each plot through the regional survey: 1) Small clusters (Hot-
spots) which were apparently caused from a specific infestation center (like container location
or combine washing place); 2) Elongated clusters lengthwise to crop row which were apparently
caused from agricultural equipment that was used in the plot; 3) Directional clusters which were
apparently caused from the vicinity to a recently infected plot. In addition, an initial association
was found with wind regime in the area: -when the neighboring infected plot was with the wind
direction the directional cluster of the P. aegyptiaca was larger than when the neighboring plot
was against the wind direction; 4) Randomly infected pattern which may characterize an established
population of the P.aegyptiaca. After one season it is assumed that the agricultural activity has
a considerable contribution to the spreading of the P. aegyptiaca. This research will continue for
two more production seasons (2011-2012). Data will be collected in the regional and the plot
scales. The multi-year database will enable a comprehensive analysis of the spatial patterns of
the infection in the field and of the possible influencing factors. Such analysis will lead to an
optimized sampling of the P. aegyptiaca presence in the field and will assist with a rationale
management.

121
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Citizen science is public involvement in projects or ongoing programmes of scientific work by
which individual volunteers or networks of volunteers, many of whom may have no specific
scientific training, perform or manage research-related tasks such as observation, measurement
or computation. Improvements in internet and commmunication technologies lead involvement
of citizens in monitoring and surveillance activities. The European Environment Agency has
initiated citizen science activities by introducing Eye on Earth (EoE) which is an exploratory web-
based IT platform for user-friendly, two-way sharing of environmental data and other environmental
information with the general public and the scientific community. Current applications of these
activities are Airwatch and Waterwatch. There is also the intention to develop other environmental
watch activities including invasive alien species watch (IASwatch), which will be started as a pilot
project in 2011. The project aims monitoring and surveillance of invasive alien species, supporting
policy activities in Europe and targets of Convention on Biological Diversity, and raising awareness
in general public. A group of IAS experts has been determined criteria to choose species for
IASwatch. However, no organism has been chosen. Some parasitic plants can be considered as
IAS although scientists of parasitic plants have been more familiar weed and endangered species
terms. Due to global change, introduction of new species and expansion of ranges invaded by
parasitic plants are expected as well as other organisms. EoE might be a tool of early warning
of parasitic plants, which is one of the main elements of IAS strategies. It is unclear to include
a parasitic plant species at pilot phase of IASwatch, it could be included in broad-application
phase.
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Climate change and its effects are not understood enough in general in spite of existence of
clear indicators which have been observed and projected. Adaptation to climate change which
is required to lessen adverse effect of the climate changes and get benefit of some changes is
an issue world wide in all sectors. Observations and predictions show changes in species-
ecosystem relations, phenology, forestry and farming. There has been a little scientific work on
effect of climate change on parasitic plants. North/upward shift of plant species is predicted
including parasitic plants. Changes at host range and host preference might be an additional point
to be considered predicting distribution of parasitic plants. Elevating temperature and CO2 will
effect host-parasitic relation and farming practices, which will also effect indirectly host-parasite
relation and shifting. All strategies used on invasive alien species could be applied for parasitic
plants too. However, models showing climate change effects on parasitic plants and their relations
with the environment are needed to understand the issue well and plan future policies and
scientific activities.
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Broomrape parasitism has a harmful effect on the growth and yield of several economically
important host crops. Egyptian broomrape (Orobanche aegyptiaca Pers. = Phelipanche aegyptiaca)
is an obligatory haloparasite that attacks the roots of many dicotyledonous crops and weeds.
This is the most dangerous parasite of all broomrape species parasitizing watermelons, melons,
cucumbers, tomatoes, eggplants, potatoes, tobacco, peppers, cabbage, carrots and sunflowers.
Weeds belonging to the Malvaceae such as Malva spp., Lavatera spp. Abutilon theophrasti and
Hibiscus spp. are common in Israel and other Mediterranean countries, in crops such as wheat,
cotton, sunflower, corn and cucurbits. During the growing season of summer 2008 we found a
population of A. theophrasti, attacked by P. aegyptiaca in Ein Dor in the Jezreel valley. This field
was heavily infested by broomrape seeds following infestation of host crops in previous years.
At a nearby location, another Malvaceae weed e.g; Malva nicaeensis, was severely attacked by
P. aegyptiaca in an olive orchard (Olea europea) which was previously a tomato field. Excavation
of the parasite and host roots clearly verified connections between the parasite and the Abutilon
or Malva roots. Seeds of Egyptian broomrape collected from a highly infested field in Gesher
Haziv in the Western Galilee effectively parasitized A. theophrasti population when grown in pots
in the greenhouse in the summer of 2009. These results are representing only preliminary data
but show that some biotypes of P. aegyptiaca attack tomato and Malvaceae plants with equal
vitality. To the best of our knowledge, this is the first time that a Malvaceae species in general
and Abutilon spp. or Malva spp. in particular has been reported to serve as host for P. aegyptiaca.
Due to heavy infestation with Egyptian broomrape in agricultural fields in the Mediterranean, we
assume that there are many different parasite populations, and that the development of violent
biotypes can increase the range of crops becoming potential hosts to Egyptian broomrape. It
was observed in recent years that violent sunflower broomrape biotypes from the Hula Valley
effectively attacked resistant sunflower varieties in other areas of the country, indicating a
continuous evolution of new strains of the parasite and the need for more research in this area.
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