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The SATREPS project: Development of countermeasures against
Striga to conquer poverty and improve food security in Sudan

Sugimoto, Y." and Babiker, A. G. T.2

'Graduate School of Agricultural Science, Kobe University, Kobe, Japan
2National Centre for Research, Khartoum Sudan

The genera Striga, Orobanche and Phelipanche (Orobanchaceae) are widely spread
root parasitic weeds. Among the species, the obligate hemiparasite Striga hermonthica
is considered to be the most important. The parasite, which attacks poaceous plants, is
a copious seed producer. The seeds are endowed with prolonged dormancy and a huge
seed bank soon develops after inception of infestation. Currently over 50 million
hectares of the land under cereals is infected in Africa. The parasite life cycle is strongly
cued to that of its host. For host recognition, location and infection Striga follows a
series of orderly events based on interplay of signals between the host and the parasite. -
Starting with germination, haustorium initiation, attachment, penetration, establishment
of a connection with host xylem, development, emergence, flowering, seeds setting and
enrichment of the seed bank. Prior to emergence Striga is fully dependent on its host
and is most damaging. Further, Striga parasitism is linked to soil fertility particularly low
nitrogen and low phosphorus. Nitrogen and phosphorus deficiency, predominant in the
Sudan central clay plains, where most of agricultural activities are practiced, makes the
latter an ideal ground for the parasite to thrive. The goal of the project is to go from
laboratory to screen house, on station trials and on farm validation followed by
demonstration plots and technology transfer employing a participatory approach and
tuning the technology to farmers needs. Practicability, environmental benignity and
economic and technical feasibilities are of concerns. The activities the project is to
address are i) development and verification of germination stimulants for weedy
Orobanchaceae, ii) development of germination inhibitors for root parasitic weeds iii)
demonstration and development of an arsenal of microorganisms for control of Striga,
iv) verification of stability and durability of Striga—resistance v) identification of useful
substances in Striga to promote management through utilization vi) dissemination of
Striga control measures and increase of awareness though Farmers Field Schools and
vii) establishment of a national functional research and implementation structure to
address noxious weeds.

Keywords: parasitic weeds; Striga hermonthica; Orobanchaceae



Literature survey on the management of root parasitic weeds

Samejima, H. and Sugimoto, Y.
Graduate School of Agricultural Science, Kobe University, Kobe, Japan

Parasitic weeds are classified as root or stem parasites according to the host organs to
which they are attached. Among root parasitic weeds, the obligate parasitic
Orobanchaceae, witchweed (Striga spp.) and broomrape (Orobanche and Phelipanche
spp.) parasitize economically important food crops. Root parasitic Orobanchaceae are
the most devastating agricultural weedy pests worldwide. Based on analysis of climatic
requirements of the species, very large areas of new territories are at risk of invasion if
special measures are not undertaken to limit the introduction of seeds and educate
farmers and others to be alert for signs of new infestation. Recent research in
combating root parasitic weeds was surveyed based on scientific papers published in
2010 onwards. The countermeasures in vogue include: resistant and tolerant varieties, -
microbiological approach, cultural practices, chemical control, host-induced gene
silencing, integrated management and dissemination of technologies including current
situation surveys. Recently, several approaches are ongoing with reasonable success in
combating root parasitic weeds, such as maize varieties possessing concurrent
resistance to Striga and tolerance to prevalent abiotic stresses in West Africa, a simple
method using toothpicks for fungal delivery to farmers in Kenya, push-pull technology in
East Africa and a decision support system for controlling Phelipanche spp. in Israel.
Further work based on current scientific and endogenous knowledge is required for
development of an integrated management strategy which offers several options to
match the low-input farming systems and the prevalent climatic and socioeconomic
conditions in Striga endemic areas. Regular surveys employing modern technologies to
delineate root parasitic Orobanchaceae infested and free areas are to be organized.
Available technologies are to be disseminated, validated and tuned to farmers’ needs.

Keywords: broomrape, Orobanche, pest management, Phelipanche, Striga, witchweed



Elucidation of sorgomol synthase as a step for clarifying
strigolactone biosynthesis

Wakabayashi, T. Mizutani, M. Sugimoto, Y.

Graduate School of Agricultural Science, Kobe University, Kobe, Japan

Root parasitic weeds have evolved many adaptations and have unique life cycles that
are tightly coupled with the ecological behavior of the host plants. For example, the
seeds of root parasitic Orobanchaceae require host-derived germination stimulants
such as strigolactones (SLs) to germinate. SLs have been shown to induce hyphal
branching in arbuscular mycorrhizal fungi, and to function as a phytohormone to
modulate plant’s structure and optimize growth and development to cope with limiting
resources. In order to control root parasitic weeds and improve food security, SLs,
which have the function of inducing germination of parasitic Orobanchaceae and
modulating plant growth and thus linked to the amount of biomass, are key compounds.
Elucidation of SLs biosynthesis is a prerequisite for full utilization in agriculture. In SLs
biosynthesis, the direct precursor carlactone (CL) is biosynthesized from B-carotene by
sequential reactions catalyzed by D27, CCD7, and CCD8 enzymes. Downstream of the
three enzymes, cytochrome P450 711A (CYP711A), encoded by MORE AXILLARY
GROWTH 1 (MAXT), oxidizes C19 of CL to produce carlactonoic acid (CLA). In rice,
CLA is converted to 4-deoxyorobanchol (4DO) and 4DO to orobanchol by MAX1
homologs CYP711A2 and A3, respectively. However, SL biosynthetic pathway
subsequent to CLA has not been clarified in other plants. In this study, we investigated
the genes involved in the conversion of 5-deoxystrigol (5DS) to sorgomol in sorghum.
We probed genes responsible for sorgomol biosynthesis based on the changes in the
gene expressions and the premise that SLs biosynthetic genes are up-regulated under
phosphorous deficiency conditions. Some genes co-expressed with known SL
biosynthesis genes were selected as candidates of sorgomol synthase, and those were
heterologously expressed in Escherichia coli. Among them, a recombinant cytochrome
P450 enzyme, CYP-SM, converted 5DS to sorgomol when incubated with 5DS as a
substrate in vitro. Moreover, CYP-SM gene was overexpressed in Lotus japonicus hairy
roots, a high 5DS producer with no detectable amount of sorgomol, to characterize the
function of the gene in planta. As a result, the CYP-SM transformed L. japonicus
produced high amounts of sorgomol using its internal 5DS as a substrate. Based on
these results, we concluded that CYP-SM is the sorgomol synthase in sorghum. This is
the first report on an enzyme catalyzing structure derivatisation of 5DS and provides a
clue and shed light on the complicated SL biosynthesis.

Keywords: Strigolactone, 5-deoxystrigol, sorgomol, sorghum, biosynthesis



Carotenoids inhibiting herbicides: A plausible tool for Striga
hermonthica management in cereals

Magdolin, M. O., Mohamed, S. S., Salhi, R. H. Babiker, A.G. T.

Environment and natural Recourses and Desertification Institute.The national Centre for
Research,Khartoum Sudan

Striga hermonthica, a root parasitic plant that attacks important cereal food crops, is a
difficult to control weed. In nature S. hermothica seeds only germinate in response to
stimulants, apocarotenoids hormones, exuded by roots of hosts and some non-host
plants. Following germination, the parasite develops and remains subterranean for 6 to
8 weeks during which period it is most damaging. Production of the stimulant is
promoted by low soil fertility. Several methods of control have been released however;
most of them mismatch the prevalent low input production systems. Among the
proposed control measures resistance based on low stimulant production is the
cheapest and most practical. However, paucity of resistance genes, farmers and
consumers preference and adaptability to environment pose serious barriers. To
overcome adoption barriers the present investigation was set to study the possibility of
chemical manipulations of germination stimulants using the carotenoids inhibiting
herbicide norflurazon. Sorghum seeds cv Abu Sabeen (5g) were soaked in 5 mL of
norflurazon at 7.2 and 9.6 ug a.i mL™'., as Zorial, aqueous suspension, for 30 min. The
seeds, air-dried for 24 h, were planted in water washed sand, allowed to grow for 1, 2
and 4 weeks, recovered and their roots washed free of sand, were transferred, each, to
a test tube containing distilled water (10mL) and allowed to stand for 48 h. Aliquots of
the root exudates (20 yLeach) were applied to glass fiber discs containing conditioned S.
hermonthica seeds collected from under sorghum. Striga seeds showed high response
to GR24 (> 80% germination). Root exudates from seedlings grown for one week
induced negligible to moderate germination (2-31%germination). Undiluted and 50%
diluted roots exudates from 2 weeks old seedlings induced negligible germination
(<10%), however, on further dilutions to 25 and 20% high germination (>70%) was
attained. Roots exudates from untreated 4 weeks seedlings undiluted or diluted to 50
and 25% induced high germination (>80%). However, on further dilution to 20%
germination decreased to 63%. The results showed that root exudates from sorghum cv
Abu sabeen contain both germination inhibitor(s) and promoter(s) and that norflurazon
is more suppressive to the germination promoter. Further the results suggest that
norfluorazone by virtue of its ability to inhibit biosynthesis of the apocarotnoids
phytohormones, strigolactones and abscisic acid, has the potentials to be deployed as a
component of an integrated management strategy for root parasitic weeds at large.

Key words: Sorghum, norflurazone, Fluoridone, strigolactones, abscisic acid



Glomus mosseae, and Bacillus megaterium var phosphoticum

plausible bioagents for Striga hermonthica management in sorghum

Suha Hassan Ahmed*', Migdam Elsheikh Abdelgani’, Abdel Gabar El Tayeb Babiker

Environment, Natural resources and Desertification Institute. The National Centre for Research Khartoum,
Sudan

Striga hermonthica., is a debilitating root parasitic weed on cereals in sub-Saharan
Africa where low inputs farming systems are practiced in soils with low fertility. Striga
seeds only germinate on perception of stimulants exuded by roots of hosts and some
none host plants. The stimulant(s) also modulates plants architecture and promotes
hyphal branching in germinating spores of arbuscular mycorrhizal fungi (AMF). Two
experiments were undertaken in a green house to study the effects of Glomus mosseae,
an arbuscular mycorrhizal fungus, alone, and in combinations with Bacillus megaterium
var phosphaticum (BMP), a phosphorus releasing bacterium, and inorganic phosphorus
(P)on S. hermontica incidence, sorghum growth and AM colonization. S. hermonthica
emergence was earlier on the untreated controls and was 6- 16 and 32-62 plants per
pots early and late in the season, respectively. Unrestricted Striga parasitism reduced
sorghum height by 20-60%, and biomass by 20-71%. Arbuscular mycorrhiza (AM)
reduced S. hermonthica emergence and biomass by 87-100% and 93% and increased
sorghum height and biomass by 89.12-115.29% and 207-402.2%, respectively. BMP,
alone, reduced Striga emergence and biomass by 57-65% and 68% and increased
sorghum height and biomass by 67-103.4% and 361.8%, respectively. P, alone,
decreased Striga emergence and biomass by 28.7-56.4% and 51% and increased
sorghum height and biomass by 45.33-74.24% and 133.7%, respectively. AM in a
combination with BMP increased sorghum height and biomass by116.2-139 and
156.75%, respectively. The analogues data for the combination AM and P were 84.96-
110.65% and 216.3%. The results indicate the potential of AM and BMP and their
combinations as plausible bioagents for S. hermonthica management, improvement of
sorghum growth and promotion of sustainable agriculture under the prevalent low-inputs
crop production systems in sub-Saharan Africa.

Keywords: Striga  hermonthica, Glomus mosseae, Bacillus megatrium var
phosphoticum, sorghum



Carbohydrate metabolism during seed germination of Orobanchaceae
parasitic weeds as a potential target for their selective control

Okazawa, A.!, Wakabayashi, T.2, Salih,M. S. S.3and Sugimoto, Y.

1Graduate School of Life and Environmental Sciences, Osaka Prefecture University, Sakai, Japan
2Graduate School of Agricultural Science, Kobe University, Kobe, Japan
3National Centre for Research, Khartoum, Sudan

The seed germination process ofroot parasitic Orobanchaceae is unique for the need to
percept germination stimulants released from the host roots. This process is the most
fragile part in their life cycle since they have to survive with limited storage materials
until completion of vascular connection to the host. Metabolism of planteose (Pla), a
galactosyl sucrose, immediately after the perception of germination stimulants is
required for germination. Preliminary screening of glycosylhydrolase inhibitors revealed
that nojirimycin (NJ) suppressedthe germination through disruption of invertases
catalyzing the second step in Pla metabolism. An effective culture of Streptomyces
ficellusfor high NJ production, which demonstrated high inhibition of germination without
any purification, was developed. Currently preparations for evaluation of the effects of
cultures of S. ficellusand 40 Streptomyces spp. on Strigaseed germination and capacity
for NJ production are ongoing in Sudan. The first step of Pla metabolism is hydrolysis of
the galactosyl bond, however, the enzyme involved remained unknown. Transcriptome
analysis on germinating seeds of Orobanche minor highlighted a putative a-
galactosidase (OmAGAL) highly expressed in the early stage of germination.
Heterologous expressionin Escherichia coli revealedthat OmAGAL is an acidic a-
galactosidase capable of Pla hydrolysis. Germinating seeds of O. minor treated with 5-
bromo-4-chloro-3-indolyl-a-D-galacotoside (X-a-Gal), which reacts with a-galactosidase
to give a blue color, showed blue spots in limited cells near the micropyles. Screening of
Pla hydrolysis inhibitors (Pls), using a chemical library composed of ca. 15,000
compounds, revealed 28 Pls which inhibit OmAGAL activity. Further, screening of
several Pls for their effects on the germination of O. minor revealed significant
suppression of radicle elongation. The results show clearly that Pla metabolism is
important for the germination of root parasitic weeds and could be a potential target for
their selective control. :

Keywords:a-galacotosidase, metabolic inhibitors, nojirimycin, planteose



Integrated management of broomrape (Orabanche crenata Forsk.) in
faba bean (Vicia faba L.)

Mahdi Y A Yahia', Mohammed M Hassan?, Abdalla N Khari?, Muntsir Adam ', Ahmed M
E Rugheim', Rnda Slahi? Babiker A El Tayeb?

1Plant Protection, Faculty of Agriculture, Omdurman Islamic University, Sudan

2Environment, Natural Resources and Desertification Research Institute, National Center for Research,
Sudan

3 Agricultural Research Corporation, Shendi Research Station

Broomrapes (Orobanche spp.) are devastating holoparasitic weeds on
many economically important crops. The present investigation was
undertaken to study the effects of Trichderma harzanium, imazethapyr
(Herbicide), Bacillus megatherium var Phosphaticum (BMP) and Rhizobium
Tal 1399 (RH), in various combinations on Orobanche crenata incidence
and faba bean cv; Bsabeer growth and yield, under laboratory and field
conditions. For field experiments treatments were arranged in Complete
Randomized Block Design (RCBD) with four replicates. Parameters
measured were Orobanche emergence and dry weight and selected faba
bean growth attributes. T. harzanium alone, reduced Orobanche
emergence by 69. -74%, improved faba bean height by11.5-13.7 % and
total dry weight by 24%. BMP and RH reduced Orobanche emergence by
34.5-46.3% and improved faba bean height by 4.47-5.75%, respectively.
The combinations T. harzanium, BMP and RH further reduced Orobanche
emergence by 72-75% and increased faba bean height and total shoot dry
weight by 7.1% and 25%, respectively. Imazethapyr at 47.6 g a.i, ha
'reduced Orobanche emergence by 48 and 49% early and late in the
season, respectively. Supplementation of the combination, T. harzanium,
BMP and RH, with the herbicide decreased Orobanche infestation by 65-
73%, increased faba bean height by 7-11.3% and total dry weight by 20%.
Unrestricted Orobanche growth reduced faba bean height by 12.2 , 13.6
and 12.8% at 65, 80 and 90 DAS, respectively. Imazethapyr alone and in
combination with 7. harzanium, BMP and RH increased faba bean height
by15, 4.9% and 23% respectively. The results indicate that all treatments
suppressed O. crenata infection and improved faba bean growth in both the
greenhouse and field experiments. Of all treatments T. harzanium was the
best as it suppressed O. crenata emergence by 45-75% and improved faba
bean growth by 7-13% and grain yield by48-120%.



Towards maximum utilization of the noxious invasive root parasitic
weeds, Striga spp.

Kuse, M.", Tsugita, K.!, Abdelkareen, H. H.2, Suliman, M. B.2, Moglad, E.?,
Siribel, A. A. M.2, Babiker, A. G. T.? and Sugimoto, Y.!

'Graduate School of Agricultural Science, Kobe University, Kobe, Japan

2Medicinal & Aromatic Plants & Traditional Medicine Research Institute, National Center for Research,
Khartoum, Sudan

3National Center for Research, Khartoum, Sudan

The witchweeds (Striga spp.), root parasitic angiosperms predominant in sub-Saharan
Africa, are major constraints to cereals production including the main food crops
sorghum, millet and maize. The parasites, induced to germinate by host-derived
chemical signals, attach, penetrate the host roots, establish connection with the
vascular system and remain subterranean for 6-8 weeks during which period they inflict
most of their damage. Post-emergence control methods including hand-pulling, albeit
curtail seed bank replenishment, are not acceptable to farmers as early damage by the
parasite precludes financial returns. Our goal is to promote Striga spp. control and
curtail their spread through commercial utilization of the plants before flowering.
Metabolomic analysis of S. hermintheca showed important classes of secondary
metabolites including flavonoids and terpenoids. These compounds are well known for
their curative properties. Furthermore, chemical analysis revealed the presence of other
biologically active compounds having great therapeutic potential viz the vermifuge
santonine. Challenges have been continued to establish simple and efficient methods to
isolate these compounds and maximize utilization of Striga spp. as medicinal plants.
Field surveys were also conducted in the suburbs of Khartoum and infested areas were
located. S. hermonthica plants at different growth stages were collected, dried and
powdered. Extraction method, using Soxhlet extractors, was developed to yield crude
materials efficiently from the dried powder. Isolation and structure determination of the
major metabolites from the crude material are ongoing in our laboratories.

Keywords: Striga species, medicinal plants, sorghum, pearl millet, maize, vermifuge,
santonine
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The SATREPS project: Development of countermeasures against Striga
to conquer poverty and improve food security in Sudan
Yukihiro SUGIMOTO
Kobe University

The SATREPS project “Development of countermeasures against Striga to conquer poverty and
improve food security in Sudan” is designed to promote activities related to management of
Orobanchaceae root parasitic weeds in Sudan, from basic science in the laboratory to agricultural
practice in the field. SATREPS is abbreviation of Science and Technology Research Partnership for
Sustainable Development, co-funded by Japan Science and Technology Agency (JST), and Japan
International Cooperation Agency (JICA). The Sudanese side is supported by JICA under the scheme
of technical cooperation, which is composed mainly of 1) dispatching Japanese researchers to Sudan,
2) inviting Sudanese researchers to Japan, and 3) providing equipment, for technical transfer. Due to
the political turmoil in 2019 and the worldwide COVID-19 pandemic in 2020 and 2021, the binational
collaboration has been sluggish for more than two years. |, as the leader of the project, would
appreciate that National Center for Research (NCR) hosts the national seminar in this difficult period
to raise awareness of Sudanese people about the project and to share with them achievements and
future plans. | hope that the seminar will provide the participants with opportunities to fortify their
motivation and strengthen their relations.



Weedy Orobanchaceae
AG Babiker

Sudan University of Science and Technology, Consultant National Research Centre,

Weedy Orobanchaceae are invasive destructive agricultural pests of global economic importance.
Members of the genera Orbanche, Phelipanche and Striga are the most important. In Sudan O. crenata
and P. ramosa on leguminous and Solanaceous crops, are alien presumably introduced with crops seeds.
O. crenata and P.  ramosa on fab bean and tomatoes, respectively, are widely spread across riparian
soils and present serious production constraints Of all the weedy Orobanchaceae Striga hermonthica,
a native of East Africa, is the most damaging and the most difficult to control. S. hermonthica
parasitizes the major food crops, sorghum, millet and maize. and is considered to be the most important
biotic threat to food security across the region. Currently the area infested by the parasite in the E CA
regions is estimated to be over 50 million hectares and losses, in monetary terms, are estimated to be
over 7 billion USS$. The parasites are characterized by a complex life cycle, which is strongly cued to
that of their hosts and the environment. The parasites are copious seeds producer. The seeds are
endowed with prolonged dormancy and extended longevity. To germinate the seeds, normally
produced towards the end of the season, require an-after ripening period, a subsequent exposure to
warm moist conditions followed by a germination stimulant produced by hosts and some non-host. In
Sudan O. crenata was first reported in 1991 in an area of 2 ha in the northern state introduced
presumably with faba bean seeds from Egypt. Currently the parasite has become a naturalized weed in
the legume belt in central and northern Sudan mainly in the Nile valley from Khartoum to Wadi
Halfa on the southern border of Egypt . P. ramosa was first reported in 1948 in the then Khartoum
province. Currently the parasite is a plague on tomatoes, potatoes and egg plants across the country
with dominance in the Gezira, Khartoum, the River Nile and the Northern state. The wide spread of
the parasite could be attributed to repeated uncoordinated introduction of the parasite seeds with those
of crops from countries where the parasite is known to be an epidemic. As an example introduction of
tomato seeds to establish a tomato paste in Karima in the northern state led to closure of the factory in
the first year of production. In Sudan S. hermonthica, the primary focus of this project “Developing
Countermeasures against Striga to Conquer Poverty and Improve Food Security in Sudan”, attacks
sorghum and millet which are the major food crops and inflicts considerable damage on yield leading
to abandonment of land, migration of villages and conflicts on land use. Advancement of agriculture
on pastoral lands with the primary objectives of feeding the burgeoning populations is a main reason
in conflicts between pastoralists and sedentary farmers thus giving the parasite a dimension of a havoc
Initiator.
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Actinomycete metabolites for control of root parasitic Orobanchaceae

Atsushi Okazawa', Somaya Sirelkhatim Mohamed Salih®

10saka Prefecture University, Japan; *National Centre for Research, Sudan

Utilization of microorganisms or their metabolites is one of the feasible approaches for sustainable agriculture.
Previously, we found that nojirimycin (NJ) produced by Streptomyces ficellus significantly retarded germination of
root parasitic Orobanchaceae through its effect on carbohydrate metabolism (Wakabayashi et al., 2015).
Transcriptome analysis of the effect of NJ indicated that it alters carbohydrate metabolism and/or signaling, which is
required to promote seed germination, at gene expression level (Okazawa ef al., 2020). The productivity of NJ by S.
ficellus was enhanced using marine broth, and the culture filtrate without further purification of NJ retarded
Orobanche minor seed germination as purified NJ (Harada ez al., 2017). In the SATREPS Activity 2, more than 40
Streptomyces spp. were collected in Sudan, and the effect of the culture on germination of Striga hermonthica has
been investigated. Cultures of some isolates exhibited potent inhibitory activities against S. hermonthica seed
germination. Optimization of culture condition including culture broths and periods is ongoing to utilize the cultures .
as tools for Striga and Orobanche control.

Additionally, we serendipitously found that butenolide hormones produced by Streptomyces avermitilis can
induce germination of O. minor. The effect was specific to O. minor among the four parasitic species including S.
hermonthica (Okazawa et al., 2021). The finding shows the possibility that actinomycete metabolites or

actinomycetes themselves are utilized as not only germination inhibitors but also germination stimulants.
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Yield Adaptability and Stability of Grain Sorghum Crosses Across Environments Under S.
hermonthica Infestation in Sudan
Hamad, M. A. A.}, Babiker, A. G. T? and Mohamed Osman, A. A’
' Agricultural Research Corporation, Wad Medani, Sudan.
ZNational Center for Research, Khartoum, Sudan.
Sudan University, Science and Technology, College of Agricultural. Studies, Shambat, Khartoum
North Sudan

Sorghum (Sorghum bicolor (Monech) L.), an important staple food and feed crop in the Sudan, is
annually planted in 4-7 million ha constituting 73% of the total cultivated area. However, grain yield
is low (600 kg ha™') compared to the international average (1.3-1.5 t ha™!). The low yield is attributed
to a plethora of biotic and abiotic constraints of which the root parasitic weed Striga hermonthica is
the most important. Several methods of control were released however, due to high cost they are a
mismatch to the prevalent low input production systems in vogue and are poorly adopted
Resistant/tolerant varieties would offer the easiest and most economical solution. However, paucity of
resistance genes, lack of immunity, rapid adaptability of the parasite to its host and environment
coupled with producers and consumers preference impose serious limitations on their adoption and
make identification of Striga resistant/tolerant high yielding, phenotypically stable genotypes, with
uniform performance across environments imperative. The present investigation was therefore
undertaken to study grain yield adaptability and stability of 42 crosses made between the Striga
resistant genotypes 1S9830, 555, SAR33, Framida, N13, ICSV006, ICSV007, PQ-34 Brhan and
SRN39 and its derivatives P401, P402 and P405 as donors with four improved, elite Sudanese sorghum
cultivars, Wad Ahmed (WA), Tabat (TA), Butana (BU) and Arfagadamek-8 (AG-8) as recurrent parents.
The experiment, laid in S. hermonthica sick plots was undertaken in two consecutive seasons (2016/17
and 2017/18) at three sites constituting six environments representing the irrigated and rain-fed sectors.
Data analyses, showed highly significant differences (P<0.01) among environments, genotypes and
their interactions for grain yield. Twenty seven crosses, showed an increase in grain yield of 20.4-
72.4% over the grand mean (898.1 kg ha-') and 218.5- 1475% over the maternal parents across the
environments. Based on Additive Main Effect and Multiplicative Interaction (AMMI) analysis the
crosses Framida x AG-8, PQ-34 x BU, ICSV006 x BU, ICSV007 x BU, SAR33 x BU, SAR33 x TA,
P402 x TA, PQ-34 x WA, P405 x WA, P401 x WA, Framida x WA, SAR33 x WA and Brhan x WA
were identified as the most stable, endowed with Striga resistant and/or tolerance and high grain yield
(1139-1548 kg ha™). The crosses are scheduled to be examined for grain and nutrimental qualities,
resistance mechanisms and potentials for deployment as components of S. hermonthica integrated
management strategies and/or sources for resistance and/or tolerance.
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Development and verification of suicidal germination agents on Striga

K. 1., Idris!, N. O. Yasseen, A. G. Babiker?? and Y. Sugimoto*

1Agricultural Research Corporation Shambat Research Station Khartoum, Sudan
2Sudan University of Science and Technology, Khartoum, Sudan
*National Centre for Research, Khartoum Sudan
*Kobe University, Kobe, Japan
Abstract:
Striga spp. are copious, seeds producers. The seeds produced are endowed with prolonged viability
and pronounced dormancy. To germinate the seeds, require stimulant which in nature is produced by
hosts and some non- host plants. The first natural germination stimulant, strigol, was isolated from
cotton, a non- host. Several germination stimulants, based on strigol, were synthetized and proved to
be effective under laboratory conditions. However, their performance under field conditions was not
satisfactory due to short persistence. Work at Kobe University, Japan, showed that T-010 is adequately
active. Further, research conducted at Shambat Research Station Khartoum Sudan showed that the
stimulant resulted in adequate reductions in Striga emergence under greenhouse and field conditions.
Subsequent work, investigating effects of repeated application on efficacy of T-010 using bathtubs
showed that emergence of S. hermonthic reached its peak in August. Striga emergence was delayed
and reduced by over 40% in bathtubs treated with T-010. However, no clear discretion could be made
in emergence of the parasite in bathtubs treated with T-010 once, twice or thrice. Unrestricted Striga
parasitism reduced sorghum shoot height by 10-36%, shoot dry weight by 42-63%.
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Influence of chlorsulfuron and Glomus moasse, an arbuscular mycorrhizal fungus, on Striga

hermonthica incidence and sorghum growth

H A Suha *, M E Abdelgani*, Babiker AGT*¥

'Environment, Natural Resources and Desertification Research Institute, National Centre for
ResearchKhartoum, Sudan and 1 Sudan University of Science and Technology, College of Agricultural Studies
Khartoum North Sudan

The present investigation, undertaken in a screen house at the College of Agricultural Studies, Sudan University
of Science and Technology, was designed to evaluate the efficacy of Glomus mosseae, an arbuscular mycorrhizal
fungus, the herbicide chlorsulfuron, and their combinations on S. hermonthica on sorghum. Striga emergence
was invariably maximal on the untreated Striga-infested control. Unrestricted Striga parasitism reduced
sorghum height, leaf area, number of leaves, relative chlorophyll content, sorghum shoot and sorghum root
biomass by19.7-23, 9.8-22.6, 19.14-29.76, 18,27-55.91. and 58 and 61% respectively. Mycorrhization reduced
S. heermonthica emergence and biomass by 88.5-100% and 74%, respectively and increased sorghum height,
leaf area, number of leaves, relative chlorophyll content, sorghum shoot and sorghum root biomass by 42.6-
92.36., 27.5 -51.2, 66.6-151,5, 61.4-205.7, 207.7 and 277.6%, respectively, over the Striga-infested control.
Similarly chlorsulfuron at 1.79-2.98 g a.i. ha! reduced Striga emergence and biomass by 41.62-79.36%) and
biomass by 54.87-73.64%) and increased sorghum height, leaf area, number, of leaves, relative chlorophyll
content, sorghum shoot and sorghum root biomass by 24-70, 27.5-51.2 The combinations G. mossae and
chlorsulfuron, reduced Striga emergence and biomass by 82.32-100 % and 66.78-78.79 %, respectively, and
increased sorghum height, leaf area, number of leaves, relative chlorophyll content, sorghum shoot and sorghum
root biomass by 48.8-103.4% The combination comprising the lowest rate of chlorsulfuron was the most
suppressive to the parasite, least suppressive to mycorrhization and affected the highest increments in sorghum
growth attributes over both the Striga infested and Striga free controls. The study reveals the potential of the

combination G. mosseae and chlorsulfuron at the lowest rate for Striga management in sorghum.

p. 9



Cultural practices and post-emergence herbicides for management of Striga hermonthica on
wheat

1Bedry, K., Khalid™. H. Abdalla’, N. K. Hamid Amna? and Babiker 23, AG

1 Agricultural research Corporation,
2 National Centre for Research

3 Sudan University of Science and Technology

Striga hermonthica is a parasitic weed which has Sudan and Ethiopia as centres of origin. Under natural field
conditions it is prevalent and devastating on major staple cereals except wheat. Despite the notable
susceptibility of the latter to the parasite under laboratory conditions, there were no reports on infections
under field conditions in traditional production areas which were confined to riparian soils in the River Nile
and the Northern states nor in their congeners south of Khartoum. However, recently heavy , albeit localized
infection of the crop was reported in the high terrace soils of the River Nile where expansion of wheat
production for attainment of self-sufficiency is envisaged. Though temperature and length of the winter
season are relatively suitable for wheat production, these soils are characterized by low fertility. An on-farm
trial was undertaken at Ed-Damer food security project in the River Nile state on a plot where wheat was
heavily infested by the parasite in the previous season to develop a quick solution to the problem, provide
guide lines for future research and introduce remote sensing to estimate the magnitude of the infestation.
The plot was divided (breadthwise) into 2 sub-plots, planted to sorghum (cv Abusabeen) as a catch crop, or
left fallow. At sowing the plot was divided into 2 sub-plots (lengthwise), treated with DAP or left untreated.
Further, each of the latter sub-plot was divided into 3 sub-sub-plots treated at 3-weeks after emergence with
2,4-D or triclopyr or left untreated. Striga emergence was very high on the catch crop (99 plants m2). Onthe
subsequent wheat the parasite emergence was 6.4 plants m2 in the untreated control. Catch cropping, 2,4-D
and triclopyr, each alone, reduced Striga emergence by 28.1-33%. Catch cropping, triclopyr and 2,4-D, each
supplemented by DAP, reduced Striga emergence by 46.9-65.6%. Catch copping supplemented by 2,4-D or
2,4-D and DAP reduced Striga emergence by 78.1 and 96.9%, respectively. Catch cropping supplemented by
triclopyr and triclopyr and DAP, reduced Striga emergence to 0%. Among all treatments catch cropping
supplemented by triclopyr and DAP or 2,4-D and DAP affected significantly higher plant population than the
untreated control. All treatments yielded comparable number of grains per spike, however, only catch
cropping supplemented by triclopyr or triclopyr and DAP affected significantly higher 1000 grain weight than
the untreated control. Catch cropping supplemented by triclopyr, triclopyr and DAP, 2,4-D and DAP and 2,4-D
supplemented by DAP significantly out yielded the untreated control and the realized increments were 44.6-
65.8%. The results showed that catch cropping when supplemented by DAP and 2,4-D realized the highest
yield increments, albeit slightly less effective in suppressing Striga emergence than when supplemented by
DAP and triclopyr thus indicating that Striga on wheat grown on the high terrace soils could easily be harnessed
if catch cropping is deployed with the package of practices released by the Agricultural Research Corporation
(ARC) for wheat production.
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Dissemination of Integrated Striga Management (ISM) Practices in sorghum through Farmer Field School

(EES)
Dafalla A. Dawoud!, Hanan Abdeltawab? and A.G.T. Babiker3*
IAgricultural Research Corporation, 2Agricultural Research Corporation, Gedarif Research Station, *Sudan
University of Science and Technology, “National Research Center

Abstract
Sorghum is the main staple cereal crop in the Sudan with an annual grown area of about 7- 8 million ha.
Most of the crop is grown by rains (about 90%) and Gedarif represents one of the major areas for rainfed
sorghum production. Striga is the major constraint to sorghum production in the rainfed sector leading to
drastic reduction of sorghum productivity that may reach to total crop loss under severe infestation.
Further Low inputs, traditional production methods and farmers’ practice of continuous sorghum
monocropping aggravated the problem. Research on striga showed that many non-host crops, suitable to
the area could be used, in rotation with sorghum, as trap crops to deplete striga seed bank in the soil in
addition to other effective striga control measures, suitable and economically feasible for framers in the
area, such as water harvesting in low rainfall areas, growing of striga tolerant sorghum varieties (eg
Arfagdamak$, fertilizers (urea) and herbicides (chlorsulfuron) in an integrated package to manage striga
coupled with good crop husbandry practices. In this study Farmers’ Field Schools (FFS) were used to
transfer to farmers effective Integrated Striga Management (ISM) to improve sorghum productivity. In
each FFS a demonstration field (10 feddans) in a two-course rotation (sorghum/trap crop) is used. Other
implemented ISM practices include water harvesting in low rainfall areas (North Gedarif), sowing of striga
tolerant sorghum variety (Arfagadamak8), fertilizer (urea at 40kg/fed ) to be applied at sowing and the
herbicide chlorsulfuron at 1.0 g a.i./fed to be applied as soil directed spray 3-4 weeks after sowing sorghum.
In each FFS around 25 farmers directly participated in the school and many others indirectly participated
by attending field days or through messages broadcasted in the local mass media or by direct contact of
farmer-to-farmer. During seasons 2018/19 - 2020/2021, the FFS were implemented in 2-3 locations per
season. Results showed the positive impact of intervention by implementing ISM in lowering striga damage
and increasing sorghum grain yield by 70% to > 400% compared to traditional farmers’ production methods.
In view of the positive results and JICA support to the project with a tractor and necessary associate 10 FFS
were established in the current season to enhance dissemination of ISM in the context of integrated crop

management practices to other striga affected areas.
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Striga hermonthica as a medicinal plant

Masaki Kuse, Awatif Siribel

The witchweeds (Striga spp.), root parasitic angiosperms predominant in sub-Saharan Africa,
are major constraints to cereals production including the main food crops sorghum, millet and
maize. The parasites induced to germinate by host-derived chemical signals, attach, penetrate
the host roots, establish connection with the vascular system and remain subterranean for 6-8
weeks during which period they inflict most of their damage. Post-emergence control methods
including hand-pulling, albeit curtail seed bank replenishment, are not acceptable to farmers as
early damage by the parasite preclude financial returns. Our goal is to promote Striga spp.
control and curtail their spread through commercial utilization of seedlings.

Metabolome analysis of Striga showed pre-dominance of optically active flavonoids and
terpenoids that have high commercial values as sources of fine chemicals and lead compounds of
medical importance. Further analysis indicated the presence of other biologically useful
compounds including the famous vermifuge santonine.

Extraction and isolation of active ingredients from Striga were then operated. Striga was
collected in Saleit and Soba and dried. After finely grinded, the resulting powder of Striga was
engaged in Soxhlet extraction method using methanol. The obtained extracts were dried under
reduced pressure. The major metabolites were then isolated by using a column chromatography
and thin-layer chromatography with silica gels. The major compounds were chlorophylls and
flavonoids, their structures were deduced by NMR (nuclear magnetic resonance) and MS (mass
spectrometry).

Challenges have been continued to establish simple and efficient methods to isolate these

compounds and maximize utilization of Striga spp. as medicinal plants.
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Potential microbes, resistant varieties and imazethapyr for Orobanche crenata management
in faba beans

Hassan, M.M!; Tani, S., Yahia M.A.2; Abdalla N.K?.; Abakeer, R.E; Rugheim, A.M?,; Ahmed,
M.M.: Ahmed S.H.%; Elslahi, R.H %; El Rasheed Fagri¥ Osman, A.G'.; Abdelgani, M.E.};
Babiker, A.G.T.}®

"Environment and Natural Resources Research Institute, the National Centre for Research, Khartoum, Sudan.
“Faculty of Agriculture, Omdurman Islamic University, Omdurman, Sudan.

3Agricultural Research Corporation Shendi Research Station, ARC

3Agricultural Research Corporation Dongola Research Station. ARC

Sudan University of Science and Technology College  of Agricultural Studies

Orobanche crenata is one of the main factors limiting leguminous crops productivity in Sudan. A
lot of work has been done to develop a strategy residing on beneficial soil microorganisms for its
management. A series of laboratory, greenhouse and field experiments was therefore conducted at
the laboratories and experimental farms (Soba) of the Bio-pesticides and Bio-fertilizers
Department, Environment, Natural Resources and Desertification Research Institute (ENDRI),
National Centre for Research (NCR), Khartoum, Sudan and Shendi Research station farm,
Agricultural Research Corporation, Sudan and a farmer field at Dongola, North of Sudan, to study
the effects of Trichoderma harzianum, the herbicide imazethapyr, Bacillus megatherium var.
phosphaticum (BMP), Rhizobium leguminosarum biovar viceae strain (TAL1399) and the
herbicide imazethapyr (Pursuit) on O. crenata germination and incidence and growth and yield of
two faba bean varieties. Results of germination experiment showed that all treatments reduced
germination of O. crenata by 53.42 — 89.62%. The combination of 7. harzianum, BMP, TAL1399
and imazethapyr affected the highest and most significant inhibition of seed germination (89.62%)
followed by 7. harzianum and imazethapyr (87.67%). The greenhouse experiments, showed that
the combination 7. harzianum and imazethapyr significantly reduced O. crenata emergence and
increased faba bean biomass and plant height in comparison to the infested un-inoculated un-
treated control. The combination BMP and TAL1399 significantly increased plant height, faba
bean biomass, number of nodules and decreased O. crenata emergence in comparison to the
infested control. In the farmers’ field experiment the combination 7. harzianum, BMP, TAL1399
and imazethapyr reduced O. crenata emergence on Masri 3 (resistant variety) by 100% and 89%
at Shendi and Dongla, respectively. The corresponding reductions in the parasite emergence on
BB7 (local susceptible variety) were 82% and 49%. The combination 7. harzianum, BMP,
TAL1399 and imazethapyr applied to Masri 3 increased yield by 175% and 246% at Shendi ans
Dongla, respectively. The corresponding yield increments in BB7 were 496% and 369%,
respectively. The highest yields affected by the treatment, 3.38 and 3.17ton ha™' were realized by
Masri 3 at Shendi and Dongola, respectively. Further investigations are needed to identify the
active metabolites, study the interaction between potential microbes and agricultural practices and
development of appropriate formulations.
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The way forwards

Babiker, A. G. T.
Sudan University of Science and Technology and Consultant National Centre for Research

Weedy Orobanchaceae are pernicious invasive plants, difficult to control, endowed with a complex biology,
comprising copious seed production, prolonged viability and pronounced dormancy and ease of dissemination
aided by numerous vectors including biotic and abiotic ones. Principles of invasive plants management comprising
prevention of movements across borders and within borders employing all feasible quarantine measures,
containment, control and eradication, when relevant, in accord with the stage of the invasion process are
imperative. Early detection, rapid response, increasing stakeholders awareness about the parasite, gaining their
support and participation are hubs for success. Increased awareness of stakeholders through seminars, mass media,
demonstration farms, field days, training on preventive measures and handling incipient infestations are paramount.
Among parasitic Orobanchaceae Striga hermonthica is unique in being an out crosser and has the capacity to adapt -
to the environment and increase its host range. Two distinct strains were identified and ecological and physiological
variants are suspected. Further, S. hermonthica parasitism by its very nature is a function of the triad the parasite,
the environment and/or the host genotype. Pyramiding of resistance/tolerance mechanisms and delineating their
basis at molecular level together with adoption of an integrated management approach should be targets. Striga
hermonthica is an indigenous plant while Phelipanche ramosa and Orobanche crenata are naturalized aliens that
have become part of the guild of the natural flora. The three parasites are copious seeds producers. based on the
premise that plants are means by which a seed produces more seeds management of the seed bank is an enchanting
possibility. Prevention of replenishment of seeds reserves through physical, chemical or biological means should be
thought. Metabolics and proteomics changes during conditioning, or perception of germination stimulants or
inhibitors and at early stages of development prior to and at the inception of the parasitic phase should be
addressed. Promotion of suicidal germination through synthetic and/or natural stimulants together with increasing
seeds sensitivity to stimulants and/or inhibitors and curtailment of haustorial initiation or induction of pre-mature
haustoria are to be considered. However, economy, practicability and environmental safety should be of concern.
The three parasites inflict their damage during the subterranean phase which entails the need for suppression of
early developmental stages. Search for natural enemies should be a primary target. Research on natural enemies
was more or less confined to insects and pathogens, however work on suppressive soils should be intensified and
could be merged with the emerging approach of increasing virulence of bioagents. In essence infection by parasitic
Orobanchaceae is a symptom of an ailing soil and replenishment of soil health through promotion of proliferation
of beneficial soil microbes is paramount to increased crop productivity and improved quality. Further, can the dice

be turned and Striga be transformed into a useful plant?
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Host plant manipulation to reduce strigolactone production

Wakabayashi, T.!, Takikawa, H.2, Mizutani, M.", and Sugimoto, Y.

'Graduate School of Agricultural Science, Kobe University, Kobe, Japan

2Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan

Strigolactones (SLs), a class of phytohormones that regulate diverse plant
developmental processes, were initially characterized as host-derived
germination stimulants for seeds belonging to the genera Striga, Orobanche, and
Phelipanche. SLs can be classified into canonical and non-canonical SLs.
Canonical SLs consist of a tricyclic lactone ring system (ABC-ring) connected to
a methyl butenolide (D-ring) via an enol ether bridge, and non-canonical SLs have
an unclosed BC-ring. To date, more than 30 SLs have been identified in root
exudates of a variety of plant species. In plants, up-regulation of the synthesis of
SLs may be an adaptive defense against phosphate starvation through
minimization of shoot branching and maximization of symbiotic interaction with
arbuscular mycorrhizal fungi, providing phosphate. On the other hand, SLs
secreted into the soil could also serve as germination stimulants for seeds of root
parasitic weeds. Thus, crops producing a limited amounts of SLs can avoid
adverse effects caused by the parasites. Throughout our SL biosynthesis studies,
we have identified a cytochrome P450 subfamily gene, CYP722C, that catalyzes
the conversion of a SL biosynthetic intermediate to canonical SLs. Disruption of
this gene in tomato using genome-editing technology resulted in the loss of
canonical SL production, and consequently, this genome-edited tomato plants
hardly induced germination of the noxious root parasitic weed, P. aegyptiaca.
Interestingly, the genome-edited tomato plants appeared similar to the wild-type
plants and they did not show the prominent phenotypes of an SL-deficient mutant,
such as increased shoot branching. These results indicated that the genome-
edited tomato plants have the potential to combat noxious root parasitic weeds.
Using more practical tomato varieties and other crops artificially lacking canonical
SLs and evaluating their impact on agriculture will contribute to the development
of root parasitic weed resistant crops.

Keywords: genome editing, germination, strigolactone, tomato
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Suicidal Germination Induction by Strigolactone Mimics

Samejima, H."", Khogali, I. I. E.2, Ismail I. E.3, Babiker, A. G. T.4, Takikawa, H.°and

Sugimoto Y.'
'Graduate School of Agricultural Science, Kobe University, Kobe, Japan
2Shambat Research Station, Agricultural Research Corporation, Khartoum North, Sudan
3Department of Agronomy, Sudan University of Science and Technology, Khartoum North, Sudan
4National Center for Research, Khartoum, Sudan
SGraduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan
*(Current address) Hokkaido Agricultural Research Center, National Agriculture and Food Research
Organization, Sapporo, Japan

Germination of the seeds of root parasitic weeds, such as Sftriga hermonthica, is
initiated by chemical substances, generally known as germination stimulants, exuded
from the roots of their host plants. The gross structure of strigol, which was the first
natural germination stimulant, were determined in 1972. At present several germination
stimulants, collectively called strigolactones (SLs), have been reported. Germination
stimulants that can be synthesized less costly is essential if suicidal germination is to be
used as an approach to the parasitic weed problem. The idea of suicidal germination
approach is to induce germination of parasite seeds with the help of germination
stimulants in the absence of host plants to reduce the seedbank of the weed. Difficulty
of stimulant preparation in a sizeable amount at a reasonable cost had been one of the
problems in demonstrating practicality of the approach under field conditions. It was the
development of a germination stimulant, T-010, that enabled to conduct pot and field
trials, which demonstrated for the first time that suicidal germination approach is
practical to control S. hermonthica. Formulated T-010 (10% wettable powder) applied at
0.1 kg ai ha' to potted soil containing S. hermonthica seeds, previously conditioned by
judicious irrigation, reduced S. hermonthica emergence by > 90%. Results of the field
trial showed that the formulated T-010, at the same rate as for the pot experiment,
delayed and reduced S. hermonthica emergence by 33% and increased sorghum head
dry weight significantly. In those experiments, S. hermonthica seeds were artificially
applied into soil (5 mg, ca 1,000 seeds, per pot or hill). The next step was to test a
hypothesis that S. hermonthica problem would be gradually eliminated by repeated
annual applications of the formulated T-010 into bathtubs containing six sorghum plants
and 100 mg S. hermonthica seeds (16.7 mg per hill). However, the hypothesis was not
verified in the bathtub experiment. The effectiveness of the formulated T-010 to reduce
S. hermonthica emergence has become less with each passing year. Under high
seedbank conditions, relying solely on the suicidal germination approach may be
unpromising to reduce Striga incidence.

Keywords: Striga hermonthica, suicidal germination, T-010, sorghum, repeated
applications, seedbank
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Germination inhibition strategy based on carbohydrate metabolism in
root parasitic weeds

Okazawa, A.!, Wakabayashi, T."?, Somaya, S.M.S.?,and Sugimoto, Y.2
'Graduate School of Agriculture, Osaka Metropolitan University, Sakai, Japan
2Graduate School of Agricultural Science, Kobe University, Kobe, Japan
3National Center for Research, Khartoum, Sudan

Orobanchaceae root parasitic weeds disperse a huge number of extremely small (0.2-
0.3 mm) seeds. The parasitic weeds are required to invade the hosts soon after
germination because of the limited amount of storage substances. Previously, planteose
was found to be a storage carbohydrate in the dry seeds of root parasitic weeds
(Wakabayashi et al., J. Exp. Bot., 2015). Planteose is hydrolyzed to hexoses via
sucrose through two-step enzymatic reactions. We have assumed if the planteose
metabolism is inhibited, the germination process will be suppressed and set this
strategy as the object of Activity 2 in the SATREPS project.

a-Galactosidases (AGALs) were focused on elucidating the enzyme catalyzing
the first step of planteose metabolism because the galactose moiety is hydrolyzed.
Transcriptome data suggested three AGAL genes and OmAGAL2 was chosen for
molecular characterization based on the gene expression profile during seed
germination of Orobanche minor. Recombinant OmAGAL2 expressed in Escherichia
coli was shown to hydrolyze planteose to sucrose at pH 5. Additionally, OmAGAL?2
fused with fluorescent proteins localized in the outer space of cells, apoplast, in
Nicotiana benthamiana and Arabidopsis thaliana. Mass spectrometry imaging of
planteose revealed that it accumulates in the endosperm, perisperm, and seed coat, but
not in the embryo in the dry seeds of O. minor. Taken together, it is suggested that
planteose is hydrolyzed in apoplast in endosperm by OmAGAL2 during germination
(Okazawa et al., J. Exp. Bot., 2022). Chemical library screening using the recombinant
enzyme revealed 28 OmAGAL2 inhibitors. PI-28 in the 28 inhibitors inhibited radicle
elongation of O. minor germinating seeds in a dose-dependent manner, indicating the
validity of the strategy based on carbohydrate metabolism.

The second step of planteose metabolism is the hydrolysis of sucrose by
invertases. Previously, nojirimycin (NJ), a metabolite produced by Streptomyces spp.,
was shown to inhibit seed germination of O. minor by inhibiting the activation of
invertase. Therefore, Streptomyces spp. were collected in fields in Sudan and the effect
of their culture on the germination of parasitic weeds was evaluated, resulting in some
cultures exhibiting potent inhibitory effects on parasite germination

Keywords: carbohydrate metabolism, a-galactosidase, germination, inhibitor, nojirimycin
planteose, Streptomyces spp.
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Advances in Integrated Parasitic weeds management i

Hassan, M.M'.:Yahia M.A.2;Abdalla N.K3.; Abakeer, R.E; Rugheim, A.M2.; Ahmed,
M.M.::Elslahi, R.H ":0sman, A.G'.; Abdelgani, M.E."; Babiker, A.GE.T."

1Environment and Natural Resources Research Institute, the National Centre for Research, Khartoum,
Sudan., 2Faculty of Agriculture, Omdurman Islamic University, Omdurman, Sudan.
3Shendi Research Station, ARC

Abstract

Parasitic weeds are one of the main factors limiting crops productivity in Sudan. A lot of
works has been done to develop a clear strategy residing on beneficial soil
microorganisms for their management.

On Striga hermonthica: A series of laboratory, green house and field experiments
were conducted to investigate the effect of potential microbes, Bacillus megatherium var
phosphaticum (BMP), Trichoderma spp and mycorrhiza fungi (isolates) and
intercropping with cowpea on Striga hermonthica germination and incidence. Under
laboratory and green house experiments results displayed that Trichodermaspp and/or
mycorrhiza fungi were significantly reduced Striga germination as compared to the
control. On farmer filed results showed that sorghum intercropped with cowpea and
treated with the combination of mycorrhiza fungi plus Trichoderma, significantly
reduced Striga emergence and dry weight as compared the corresponding control. Also
the treatment increased sorghum yield 3.5fold as compared to corresponding control.

On Orobanche crenata: A series of laboratory, greenhouse and field experiments were
conducted to study the effects of Trichoderma harzianum (isolates and strain), the
herbicide imazethapyr, Bacillus megatherium var. phosphaticum (BMP), Bacillus
polymyxa, Rhizobium leguminosarum biovar viceae strain (TAL1399) and the herbicide
imazethapyr (Pursuit) on O. crenata germination and incidence on three faba bean
cultivars growth. Results displayed that the combination of 7. harzianum + BMP +
TAL1399 + imazethapyr (at half dose) significantly reduced Orobanche germination
(89.62%) followed by the combination T. harzianum + imazethapyr (87.67%). However,
in the greenhouse experiments, results showed that the combination of T. harzianum
plus imazethapyr significantly reduced O. crenata emergence and increased faba bean
biomass and plant height in comparison to the infested un-inoculated un-treated control.
The combination of BMP plus TAL1399 significantly increased plant height, faba bean
biomass, number of nodules and decreased O. crenata emergence in comparison to the
corresponding control. While in the farmers’ field experiment results showed that the
combination of T. harzianum + BMP + TAL1399 + imazethapyr reduced O.
crenataemergence on Masri 3 or Geiza (resistant varieties) by 95% and 88% at Shendi,
respectively. The corresponding reductions in the parasite emergence on BB7 (local
susceptible variety) was78%. The combination of T. harzianum + BMP + TAL1399 +
imazethapyr applied to Masri 3, Geza and BB7 increased faba productivity threefold
compared to control. Further studies are needed to investigate the
interaction between potential microbes and agricultural practices.

Keywords: Striga, O. crenata, germination, T. harzianum, mycorrhiza, Bacillus
polymyxa



Controlling seed germination of parasitic plants using
microbes and their compounds

Tani, S., Nagata, M., Imada, R., Sugita, T., Sato, N., Nogami, R.
Graduate School of Agriculture, Osaka Metropolitan University, Osaka, Japan

Our goal is to suppress the infestation of Orobanchaceae by using microbes or
compounds produced by microbes. To identify useful microbes to achieve our goals, we
isolated approximately 1,800 microbes, which were mainly actinomycetes, from soils in
various parts of Japan. We then prepared acetone extracts from the cultures of the
isolated microbes and applied them to screen for the active compounds inhibiting or
promoting seed germination of Orobanchaceae.

<ldentification of the inhibitor>

Since 45% of the acetone extracts inhibited seed germination of Orobanche minor, we
selected oneextract out of the 992 samples that inhibited seed germination of O.
minorand had little effect on the growth of Trifolium pratense, Aspergillus oryzae, and
Escherichia coli. After several purification steps, we obtained 4.6 mg of the purified
compound from 52 L of the culture. LC/MS analysis and H'- and C™-NMR analysis
revealed that the purified compound is cycloheximide. Cycloheximide is a known
antifungal agent, but its ICso for seed germination of O. minor was 1/1000th of the ICsc
for spore germination of fungi. Cycloheximide inhibits the translation by binding to a
subunit of 60S ribosomal protein in fungi, but a corresponding factor in O. minor seems
not to be sensitive to cycloheximide, suggesting that cycloheximide inhibits seed
germination of O. minor by a mechanism other than its originally known action.
<ldentification of the promoter>

We identified that the strain named Streptomyces sp. no. 1721 producesa compound
promoting the seed germination of O. minor in the presence of a synthetic strigolactone,
GR24. Radicles treated with the extracts of no. 1721 were short and seemed to form
haustoria. Addition of the no. 1721 strain to soil with O. minor seeds tended to reduce
the infection of O. minor to its host, T. pratense. After several purification steps and
synthesis of candidate compounds, we founda compound that promotes seed
germination in the presence of GR24, namely compound A. Treatment of O. minot
seeds with a culture extract of a related species of no. 1721 and the compound A-
producing actinomycetes showed seed germination-promoting activity and a tendency
to form short radicles, like no. 1721. These data suggest that the identification of active
compounds can reduce laborious tasks to screen for microorganisms with similar
activities.
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Identification of Striga hermonthica metabolities of commercial value

Mohmed, H.H.A., Sirbil, A.A." and Kuse, M.?

Medicinal and aromatic plants and traditional medicine institute, National Centre for Research,
Khartoum, Sudan
2Graduate School of Agricultural Science, Kobe University, Japan

Striga hermonthica is a hemi-parasitic plant, which is devastating to significant crops in
Sudan such as millet (Pennisetum glaucum (L.) Leeke), maize (Zea mays L.) and
sorghum (Sorghum bicolor L. Moench). On the other hand, S. hermonthica is well-known
as a medicinal plant in some parts of Africa. It has been used in folk medicine for years
to treat many ailments, such as leprosy, leprous ulcers, and pneumonia. Our aim is to
identify the metabolites of Striga spp that have therapeutic benefit in treating diseases,
and used as a resource of pharmaceutical manufacture to provide useful medicine. The
whole dried plant was macerated and separated with liquid-liquid fractionation. The
metabolites of the ethyl acetate extract have been purified and isolated with silica gel
chromatography and plate-coated silica gel. The structures of the isolated compounds
were identified using Nuclear Magnetic Resonance spectroscopy (NMR). The results
showed four of secondary metabolites of the ethyl acetate extract of S. hermonthica plant
and have been identified as chrysoeriol, apigenin, luteolin, and apigenin
7-0-B-glucoside, and their yield in the dried plant is 0.003, 0.025, 0.004, and 0.003%,
respectively. These compounds have a high commercial value, and reported to have

biological activities.

Keywords: flavonoids, Nuclear magnetic resonance (NMR), medicinal plant, parasitic
plant, Striga hermonthica.



Acquiring knowledge and techniques related to molecular
biology

Rihab E.M.H.!, Okazawa, A.2 Inas, |.A.L'

INational Center for Research, Khartoum, Sudan

2 Graduate School of Agriculture, Osaka Metropolitan University, Sakai, Japan

The purpose of the training course at Osaka Metropolitan University is to gain
knowledge on handing laboratory equipment and methods used for RNA
extraction, DNA synthesis, and primers design, and also be familiar with the types
of vectors, and bacteria their uses for gene transfer. Additionally, we analyzed
and interpreted the results obtained by DNA sequencing. Finally, we got
experiences in dealing with experimental plants such as tobacco, transient
expression of the transferred gene and the analysis of its product.

Keywords: RNA extraction, DNA synthesis, primer design, DNA sequencing,
tobacco plants, gene expression
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Dissemination of Integrated Striga Management (ISM) Practices in sorghum
through Farmer Field School (FFS)

Dafalla A. Dawoud!, Hanan Abdeltawab? lbrahim Bakri*, Mubarak Kakki?, A.G.T.
Babiker** and Y. Sugimoto®

'Agricultural Research Corporation, 2Gedarif Research Station, *Sudan University of
Science and Technology, “National Research Center and *Kobe University, Japan

Sorghum is the main staple cereal crop in the Sudan with an annual grown area of about
7- 8 million ha. Most of the crop is grown by rains (about 90%) and Gedarif represents
one of the major areas for rainfed sorghum production. Striga is the major constraint to
sorghum production in the rainfed sector leading to drastic reduction of sorghum
productivity that may reach to total crop loss under severe infestation. Further, low
inputs, traditional production methods and farmers’ practice of continuous sorghum
monocropping aggravated the problem. Research on striga showed that many non-host
crops, suitable to the area could be used, in rotation with sorghum, as trap crops to
deplete striga seed bank in the soil in addition to other effective striga control measures,
suitable and economically feasible for framers in the area, such as water harvesting in
low rainfall areas, growing of striga tolerant sorghum varieties (eg Arfagdamaks,
fertilizers (urea) and herbicides (chlorsulfuron) in an integrated package to manage
striga coupled with good crop husbandry practices. In this study Farmers’ Field Schools
(FFS) were used to transfer to farmers effective Integrated Striga Management (ISM) to
improve sorghum productivity. In each FFS a demonstration field in a two-course
rotation (sorghum/trap crop) is used. Other implemented ISM practices include water
harvesting in low rainfall areas (North Gedarif), sowing of striga tolerant sorghum variety
(Arfagadamak8), fertilizer (urea at 40 kg/fed ) to be applied at sowing and the herbicide
chlorsulfuron at 1.0 g a.i./fed to be applied as soil directed spray 3-4 weeks after sowing
sorghum. In each FFS around 25 farmers directly participated in the school and many
others indirectly participated by attending field days or through messages broadcasted in
the local mass media or by direct contact of farmer-to-farmer. During seasons 2018/19 -
2020/2021 the FFS were implemented in 2-3 locations per season. In view of the
positive results and Japan International Cooperation Agency (JICA) support to the
project with a tractor and necessary associate 10 FFS were established in seasons
2021/2022 and 2022/2023. Results showed the positive impact of intervention by
implementing ISM in lowering striga damage and increasing sorghum grain yield by 30%
to many folds compared to traditional farmers’ production methods. Socioeconomics
studies depicted the positive effects of implementing ISM practices in the FFS
demonstration fields that increased gross margin of return in comparison to traditional
farming practices. The study also showed that most of the participating farmers are
females (89%) and 83% of the participants are young farmers (less than 50 years old).

Keywords: Striga hermonthica, witchweed management, subsistence farming
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Summery and Future Prospect

Randa, H.E.! + all project members and collaborators

“National Center for Research, Khartoum, Sudan

The project targets seed bank depletion and inhibition of parasitic weed germination
through 7 approaches.

Suicidal germination was confirmed employing synthetic and natural germination
inducers such as T010, trap crops, and rotation with efficiencies of 40 to 70%.
Inhibitors of planteose metabolism and cytokinin oxidase inhibitors are developed as
control of Orobanche minor either as microbial extracts or as potential microbes as well
such as Streptomyces spp.

Ability of microorganisms to control Striga and Orobanche through inhibition /induction
and or growth promotion was verified. Examples are Arbuscular mycorrhizal fungi,
nitrogen fixing and phosphate solubilizing microbes.

Stability and durability of resistance was studied in rice where cultivars Umgar and
NERICA 5 maintained sustainability while NERICA4 showed increased susceptibility.
Breeding for Striga resistance in sorghum produced 13 high yielding crosses with stable
resistance/tolerance to S. hermonthica across environments within both the irrigated and
the rain-fed sectors are achieved.

A bioassay-guided fractionation of active ingredients is undertaken and the active
compound is characterized. Metabolites specifically accumulated in Striga before
flowering are identified by metabolome analysis.

An effecient integrated management package of Striga was disseminated through
Farmers Field Schools and farmers’ awareness and adoption rate was raised. Socio-
economic impact of FFS was a 2-4-fold yield increase over yield by traditional practice.
Microbes are introduced for the first time at the site of FFS.

Exchanged scientific visits of experts, young researchers’ training, university hlgher
degrees, publications and lab establishment and equipment took place.

Future prospects should target completion of studies, integrate to package and
disseminate besides tackling emerging threats on wheat using smart technologies to
assess areas of heavy weed infestation.

Keywords: Striga, suicidal germination, resistance, inhibitor, microbes,
ethnobotanic, FFS, socioeconomic
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Activity 7: Establishment of a
functional implementation structure

to forward Striga control measures

by Sudan’s lead
Prof. Zeinab / Prof. Babiker /Prof. Sugimoto

<{<Targets to manage Striga>>

Targets to manage Striga

— *2fa Conditionin:
Dormancy e..' 4. L

(After-ripening)
Dissemination c'e:;',,"l:f:?"o“
knowledge LR Z-
experience Germination
Activity 7 Germination !
Host chemical, bidlogical

Utilization
Activity 5§
Parasite

induction, inlpibition
Activity 1, 2, Sj

Parasitism

Crop rotation)

Water catchmét, g X

Agrochemicals Haustoria

Activity 6 / formation
42 Host resistance

Initiation of

Activity 4 __4
development \—/-—( Attachment and

penetration

SATREPS Project

SATREPS is a collaboration between JST and JICA with the
following aims.

1. International Cooperation
2. Addressing Global issues and Advancing Science

3. Capacity Development

stands for

)OY 2

) rt

le Developm_ént

L =] 1o e ———
@ Collaboration MOFA/MJICA
Science and International
Technology C

[ Research Support ] Technical Cooperation

T International joint research Mecting Local
Global Needs G

] Rq h
Japan’s Research institutions Pm_"::'::" Research institutions recipient
Capabilities in Japan P in recipient countries Country’s
Capabilities

#* Mainly three activities
(1) Dispatching Japanese researchers (2) Inviting counterpart researchers (3) Provision of equipment

Research Institutes in Japan:
Kobe University / Osaka Prefecture University
Principal: Prof. Yukihiro Sugimoto

Research Institutes in Sudan:

National Center for Research (NCR) / Agricultural
Research Corporation (ARC) / Sudan University of
Science and Technology (SUST)

Principal: Prof. Zeinab Osman

= SATREPS Project @
Development of Countermeasures
against STRIGA to Conquer

Poverty and improve Food

Security



Activity 2: Development of germination Activity 4. Verification of stability and

g back our food that is being inhibitors for root parasitic weeds durability of Striga—resistance in rice

d by Root Parasitic Prof. Okazawa / Prof. Somaya Dr. Khogali

Weeds! .. . .
Activity 5. Identification of useful

substances in Striga that will encourage

<General Description>

farmers to remove and utilize the weed
Prof. Kuse / Ms. Hanaa

Analysis of root parasitic weeds from a chemical
perspective to provide information that facilitates
development of an integrated management

strategy.

Increased food production through parasitic weeds
control and creation of a new biological resource.

* Okazawa, et al., bioRxiv, 0i:10.1101/2021.06.16.448768

<<Activity Plan>> Activity 3: Demonstration of

microorganisms to control germination Activity 6: Dissemination of Striga
Activity 1: Development and of Striga control measures through Farmer Field
verification of suicidal germination Prof. Tani / Prof. Hassan Schools

agents on Striga and Orobanche
Prof. Babiker / Dr. Khogali

Prof, Babiker / Prof, Dafalla
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Basic data form for projects for the year 2023

Three Years Action Plan

Project title:

Dissemination of technical packages to control the noxious weed Striga (Buda) in sorghum
The ministry to which the project is affiliated:
Ministry of Higher Education and Scientific Research
Project description:
The project is an application of the results of scientific and practical research experiments during two
phases of the Japanese-Sudanese Collaboration Project for Combating Poverty (SATREPS) through the
control of Striga that was conducted inside Sudan, where technical packages of agricultural operations for
the integrated management of Striga were achieved for sorghum cultivation of so that it can resist Striga -
infection and at the same time increase productivity. In addition, some microbial treatments have been
tested and found to increase soil fertility, suppress the growth of Striga, and enhance plant resistance
against it besides being environmentally friendly and of low cost. The integrated packages have been
implemented in farmer schools and are on the way to be extended to all sorghum -growing areas.
Sector:

Agricultural (agricultural biotechnologies, agricultural operations)
The executing agency:

National Center for Research (NCR)
Brief background of the project:
The parasitic weed are considered one of the most dangerous agricultural pests, which feeds on the host
plant entirely, such as Orobanche, or partially as in Stiga which may lead to crop losses approaching a
100%, owing to the high ability to spread through their super fine seeds, as well as the pronounced ability
of these seeds to maintain vitality for decades, given that these plants do not appear on soil surface unless
after having already maintained strong attachment to the host plant and started sucking nutrients from it.
These plants infect a number of important field crops such as sorghum and wheat, as well as tomatoes and
faba beans.
Laboratory results and field studies at the National Center for Research demonstrated the great potential
of a number of beneficial soil microbes in controlling Striga, which might reach up to 98% efficacy, such
as mycorrhizal and Trichoderma fungi, and nitrogen-fixing and phosphorus-solubilizing bacteria. Also,
field experiments on the adoption of an integrated pest management system through technical packages in

terms of land preparation, planting timing, improved seeds with fertilization and the addition of herbicides



has led to excellent results in the control of Striga and resistance of sorghum in farmers' schools at the
Agricultural Research Corporation (ARC) station in Gedaref state.

Due to the high prices of Chemical agricultural inputs and their potential harmful effects on humans,
animals and the environment in general, the importance of environmentally safe and low-cost treatments
at the same time is evident. Accordingly, the application of microbial treatments began in the
experimental farm of Gedaref Research Station this year as a preliminary step for their inclusion among
the integrated control packages after examining their field performance.

Also, this year, the economic and social assessment surveys of the applied packages have been carried out
to determine the economic feasibility and the amount of social change occurring in the livelihoods of
farmers within the study area.

Accordingly, it becomes evident the urgent need to develop the current packages and work to spread them
and increase their adoption in the various affected regions of Sudan in order to spread the benefits and -
ensure continuity of implementation of the outputs of the project, in which huge facilities and efforts have
been made by both the governments and researchers of Sudan and Japan.

Project implementation site(s):

A/ Homoginization of mixed packages phase: laboratories of the National Center for Research ,
experimental farms of Agricultural Research Corporation at Shambat, Khartoum, Gedaref, River Nile and
Northern States.

B/ Applying agricultural packages in the targeted areas: Gezira, Gedaref, North Kordofan, Blue Nile State,
River Nile and the Northern States.

C/ The final stage (dissemination integrated packages and their adoption together with the results of the
economic and social assessment).

General goals:

Alleviation of poverty and providing food security in Sudan using sustainable methods to combat Striga
and improving productivity of crops in their cultivation areas.

Special goals:

A/ Developing sustainable integrated technical packages to combat Striga and increase the productivity of
sorghum, wheat and Millet.

B/ Reducing the cost of agricultural production and the environmental impact of agrochemicals.

C/ Measuring the effect of introducing these packages on farmers’ livelihood, improving the individual's
income and living standard in the targeted areas.

D/ Disseminating the packages on the targeted agricultural areas infested with Striga.

Total cost of the project:



Fifty million Sudanese pounds.(50,000,000 Sudanese pounds). (Approved 30,000,000SDG)
Components of the project:
A/ Field works for homogenizing the packages (fertilizers, pesticides, measuring tools, harvest aid,
chemical analysis, fuel, technicians, workers, and others).
B / Spreading the application of the selected packages in the areas of sorghum, wheat and millet
cultivation (demonstration fields and farmers’ schools)
C/ Measuring the economic and social impact on the targeted farmers (socio-economic analysis)
Funding sources (local / foreign):
There is no funding from other parties due to the end of the collaboration project period.
Yearly expenditures on the project components according to financing sources (cash /
guarantees / grants / loans):
Nothing
Exemptions: customs / value added / ports / standards / others:
There are customs exemptions for research instruments and equipment
Project implementation period:
Three years
Implementation starting date:
April 2023
Implementation ending date:
March 2026
Target quantitative goals for the year 2023:
Increasing the productivity of sorghum, wheat and millet crops and reducing production costs through
the use of the best packages of agricultural treatments and microbial fertilizers.
Applying the new package to farmer schools in target areas.
Measurement indicators:
Socioeconomic evaluation of the application of the developed package.
Project targets:
Sorghum, wheat and millet farmers in Striga affected areas in all states of Sudan, focusing on the poor
segment.
The economic and social outputs of the project:
Increasing productivity and thus increasing the farmer's income and supporting their food security,
contributes to their social stability.

Performance and achievements been realized:



This project is a result of extensive previous research efforts by researchers from the National Center for
Research, the University of Sudan and the Agricultural Research Corporation, as well as researchers from
the Universities of Kobe and Osaka in Japan, where the researchers isolated 86 effective microbes in
combating Striga and inhibiting its growth in various stages, with rates ranging from 21 to 100 %. Also,
laboratory analyses were carried out to assess the potential active substances in the Striga that encourages
people to collect to take advantage of its therapeutic properties for some diseases. Moreover, a number of
agricultural treatments were tested until the best integrated package was achieved through a series of field
experiments and in farmer field schools for several seasons. The integrated package was applied to
farmers' schools at Gedaref Research Station, and a socioeconomic survey evaluation was conducted for
the project.

Since the project will come to its end at the beginning of the year 2023, an inter-ministerial committee
was formed, involving all relevant ministries and institutions, to follow up the implementation,
dissemination and evaluation of the project outputs to ensure its sustainability and maximize benefit out

of it based on its scientific and practical achievements.
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Resolution of the Minister of Higher Education and Scientific Research
Resolution No. (10)

In pursuance to article number (H) of the act of the regulation of Higher Education and
Scientific Research, and with reference to the transional supreme council resolution number
(44) for the year 2022 which appointed the minister in charge of Higher Education and
Scientific Research together with the recommendation of the Director of the National Center
for Research, I hereby Issue the following Decree:

Firstly: Name and commencement of the decree

The decree is to be named as Decree for formation of permanent committee to implement and
disseminate the outcomes of the Striga Control Project, and be effective from the date was
signed by the minister in charge.

Secondly: Formation of the committee
A permanent committee to be formed to implement and disperse the outcomes of the Striga
control project as follows:

1. Deputy Director of the National Center for Research, and Project =~ Chairman

Manager
2. Professor. Dafalla Ahmed Daoud, Head of Famers field schools Member
3. Representative of the Extension Department, Fedral Ministry of =~ Member
Agriculture
4. Dr. Randa Hassan Elsalahi, Director, Environment and Natural Member
Resoures and Desertification Research Institute
5. Prof. Mohamed Hassan Ahmed Mahgoub, NCR Member
6. Dr. Hanan Ibrahim Mudawi, Scientific Affairs Directorate, NCR Member
7. Dr. Khogali Izzeldin Idris, Agricultural Research Corporation Member
8. Dean of Faculty of Agricultural, Sudan University of Science and Member
Technology
9. Dean of Faculty of Agricultural, University of El-Gadarif Member
10. Head of Gadarif Research Station, ARC Member
11. Representative of the Fedral Ministry of Finance
12. Representative of the Agricultural Bank Member
13. Formers Representative Member
14. Representative of Arab Organization for Agricultural Development Member
15. Representative of Gadarif Farmers Member
16. Representative of Central Trading Company (CTC) Member
17. Representative of Arab Sudanese Seed Company Member
18. Director of Technology Transfer Commission, NCR Member

Thirdly: Authorities and Duties of the Committee:
1) To follow the implementation of the outcomes and packages of the Striga control

Project and other parasitic weeds.

2) To develop mechanism for the follow up of its duties.

3) To mitigate all challenges facing the project and facilitate the application of the
project outcomes.



4) To present recommendation on how to deal with new changes up to date and
developments according to rotational reports.
5) To submit regular rotational report to the minister about its performance.

Issued under my signature and seal in the day of 25" of Safar (Higri) year’s corresponding
the day of 21 of September 2022.

Professor. Mohamed Hassan Dahab
Minister in charge, Higher Education and Scientific Research
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Scientific report

Assessing socioeconomics studies of farmers' field schools (FFSs) for combating
Striga hermonthica in Elgadarif

For Developing Counter measures against Striga to Conquer Poverty and Improve
Food Security
in Sudan

Ibrahim Bakri Elnour Breima

National Center for Research




Acronyms

FFS: farmers field school

NCR: National center for research

ARC: Agricultural Research Corporation

JICA: Japanese International Corporation Agency
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Executive summary:

Farmer Field Schools represent a significant step forward in agricultural education and
extension (Godrick, 2004). FFS have spread rapidly to all continents since their first
introduction in 1989 in Indonesia, where Integrated Pest Management FFSs were
developed to help farmers deal with the pesticide-induced problem of rice brown plant
hoppers in irrigated rice (Arnoud, 2006). However, the socioeconomics survey was
conducted to evaluate the impact of applied applications of Striga hermonthica measures
in the production of sorghum and millet at a farmer's field school in (FFS) Elgadarif. The
study depended on primary data which was collected through questionnaires and focus
group discussions. Ten FFS and 80 neighbor farmers were selected randomly. The data
analyzed using statistical and gross margin methods. Results revealed that 93.5% of the
farmer's education was basic, secondary, and university level education, while the rest
(7.5%) were illiterate. Regarding farmers’ age, only 2.5% of farmers' aged above 60 years
and 68.8 % of them were females. The economic analysis showed that FFS sorghum gross
margin was found to be SDG 21600\ fed, and neighbor farmers (traditional farmers)gross
margin was SDG -66200 \ fed, while FFS and traditional farmers of millet gross margin
were SDG 61000, and SDG-5000 in 2022\2023 cropping season. Nonetheless, FFS and
traditional farmers sold their products at farm gate prices to cover the cost of production
and to meet their urgent expenses. It found that FFS had benefited from the extension
services and technical packages provided by the project to increase their agricultural

productivity and generated high returns.






1. Introduction: farmers' field school is a type of informal education aimed to provide
farmers with extension services, and technical packages to improve crop production,
especially; sorghum and millet productivity. National Center for Research (NCR) and
Japan International Cooperation Agency (JICA) in collaboration with Agricultural
Research Corporation (ARC) have intensively conducted farmers filed school programs to
combat Striga hermonthica in the productivity of sorghum and millet in Elgadarief. That
improves the production of cereal crops and the standard of livelihood of farmers.
Accordingly, socioeconomic factors are considered crucial for technology transfer and
policymaking in development projects.

2. Purpose:
The study will evaluate the socioeconomic condition in response to the applications of

striga hermonthica measures in the production of sorghum and millet at a farmer's field
schools in ELgadarif.

3. Goals and objectives:
The overall goal is to evaluate the effect of the application of striga control measures on

the socioeconomic status of farmers at farmer's field schools in the study area.

To meet the goals there is a need to:

1. Compute the gross margin of field crops in FFS

2. Provide information on access to agricultural support services (access to financial
services, machinery services, and agricultural extension).

3. Provide information on how and where small farmers in the study area are currently
selling their crops.

4. Project methodology and approaches

The purposive random sample was used in all 10 FFS who represent project beneficiaries.
And 80 traditional farmers were also randomly selected. The questionnaires, and focus
group discussions, were also used for collecting data. The study processed the data through
SPSS, and Excel to organize raw data and figure out means, STD, and charts. The gross
margin was used to calculate the economic value of the project impact.

4.1. Gross margin formula:

Gross margin analysis is the difference between the gross farm income and total variable

cost. In farm get price (Breima, 2016)



GM.= TR-TVC(1)

But,

Profit = Total Revenue — Total Cost; expressed as;
n=TR-TC (2)

5. Result and discussion

5.1 Socioeconomics studies of farmers' field schools in Gadarif

5.1.1. Education:

The educational status of the respondents was that about 93.5% of the farmers had an
education basic, secondary, and university education, while the rest (7.5%) were illiterate.
These results emphasized the positive farmer's perception of improved technologies used

in the project. As well as build their capacities to select highly profitable crops, shown in

figure 1.
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Figure 1: Distribution of respondents by education

Source: FFS survey 2022
5. 1.2. Occupation:

The occupation status showed that agriculture was the main occupation for the majority

of respondents, 80%, while 20 % of them have different types of occupations as herders,




traders, and employees beside agriculture. It signed out that agriculture is the main source

of income for the respondents, showed in figure 2.
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Figure2. Distribution of respondents by occupation
Source: FFS survey 2022
5.1.3. Age:

The highest percentage of respondents' age was 42.5 % ranging from 31-40 years,
followed by 26%, 15%, 13%, and 2.5% their ages ranged from 41-50, 51-60, less than 30,
and more than 60 respectively. It meant that the majority of respondents are in the age of

working force, shown in figure 3.
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Figure3. Distribution of respondents by age
Source: FFS survey 2022

5.1.4. Gender:
Based on gender 68.8 % of respondents were females, while 31.39% were males. The

results showed that females were involved actively in agriculture figure 3.
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Figure4. Distribution of respondents by gender
Source: FFS survey 2022



5.2. Gross margin of FFS compared to neighboring farms for sorghum and millet
production at Gadarif season 2022/2023

Gross margin analysis indicated that all crops were financially given positive returns.
Average costs were assessed using 2022/2023 cropping season price/SDG, costs of labors
/man day for bush cleaning, second weeding, harvesting, thrashing, packaging, and
loading; costs of seeds/ SDG; from the village market and agricultural centers, ploughing
and sowing/ by using the machine. Yield revenue and straw value were evaluated at the
farm gate price for the same season. The highest profit of FFS for sorghum and millet were
(SDG 21600), and (SDG 61000). On the other hand, the profit of traditional farmers for
sorghum and millet was (SDG -66200), and SDG-500, this still entailed that FFS is
profitable from growing field crops, and traditional farmers are not due to the low
productivity as shown in (Table, 1).

Table 1. Gross margin of FFS and rational farms in Gedariefin 2022/2023

Sorghum Millet
item FFS Traditional FFS Traditional
operations
Bush cleaning 20000 2000 20000 20000
seed 700 700 1000 1000
ploughing 5000 5000 5000 5000
sowing 2000 5000 2000 5000
Weeding 16000 41000 16000 16000
Harvesting 6000 6000 6000 6000
Threshing &packing 2000 2000 3000 3000
Transportation\SDG 1000 1000 1000 1000
Total variable cost 52700 80700 54000 57000
Yield /sack/fed 5.6 1 5 2
Straw value/fed 1500 1500 10000 10000
farm price\sack 13000 13000 21000 21000
Gross income 74300 14500 115000 52000
Gross margin (return) 21600 -66200 61000 -5000

Source: FFS survey, 2022

In the 2021\2022 cropping season, the highest profits FFS generated from growing
sorghum and millet were (SDG18800), and (SDG 15500). On the other hand, the profit of
traditional farmers from sorghum and millet were (SDG 30300), and SDG15300, this
revealed that FFS and traditional farmers profited from growing field crops, and traditional

farmers are not due to the low productivity as shown in (Table, 2).
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Table 2.Gross margin of FFS and traditional farmers in Gadarif in 2021\2022

Sorghum Millet

Crops FFS Traditional FFS Traditional
operations
Bush cleaning 10000 10000 10000 10000
Seed 500 500 700 700
Ploughing 3000 3000 3000 3000
Sowing 2000 3000 2000 3000
Weeding 16000 16000 10000 10000
Harvesting 5000 5000 5000 5000
Threshing &packing 2000 3000 1000 2000
Transportation\sack 1000 1000 2000 2000
Total variable cost 39500 41500 33700 35700
Yield /sack/fed 7.1 7 4 3
Straw value/fed 1500 1000 4000 6000
farm price 8000 8000 15000 15000
Outcomes 58300 57000 64000 51000
Gross margin 18800 15500 30300 15300

Source: FFS survey, 2022

In the 2020\2021 cropping season, the highest profit FFS gained from sorghum and millet
were (SDG 29600), and (SDG 8600). While the profit traditional farmers generated from
sorghum and millet were (SDG 96800), and SDG 48800, this led to FFS being profitable

from growing field crops, and traditional farmers are not due to the low productivity as

shown in (Table, 3).
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Table3. Gross margin of farmers' field schools in Gadarif in 202012021

Crops Sorghum Millet
FFS Traditional FFS Traditional

operations

Bush cleaning 4000 4000 4000 4000
Seed 200 200 500 500
Ploughing 2500 2500 2500 2500
Sowing 1700 1700 1700 1700
Weeding 6500 6500 6500 6500
Harvesting 4500 4500 4500 4500
Threshing &packing 1000 1000 3000 3000
Transportation\sack 500 500 500 500
Total variable cost 20900 20900 23200 23200
Yield /sack/fed 7 4 9 5
Straw value/fed 1500 1500 3000 3000
farm gate price 7000 7000 13000 13000
Outcome 50500 29500 120000 68000
Gross margin 29600 8600 96800 48800

Source: FFS survey, 2022

In the 2019\2020 cropping season, the highest profit FFS gained from sorghum and millet
were (SDG 10800), and (SDG -4200). While the profit traditional farmers generated from
sorghum and millet was (SDG 29500), and SDG 14000, this led to FFS being profitable
from growing field crops, and traditional farmers are not due to the low productivity as

shown in (Table, 4).
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Table 4. Gross margin of farmers' field schools in Gadarif in 2019\2020

Crops Sorghum Millet
FFS Traditional | FFS Traditional

Operation
Bush cleaning 2000 2000 2000 2000
Seed 200 200 500 500
Ploughing 2500 2500 2500 2500
Sowing 1700 1700 1700 1700
Weeding 3500 3500 3000 3500
Harvesting 4500 4500 4500 4500
Threshing &packing 1000 1000 1000 2000
Transportation\sack 300 300 300 300
Total variable cost 15700 15700 15500 | 17000
Yield /sack/fed 5 2 6 4
Straw value/fed 1500 1500 3000 3000
farm price 5000 5000 7000 7000
Outcome 26500 11500 45000 [ 31000
Gross margin 10800 4200- 29500 | 14000

Sources: FFS survey, 2022

In the 2018\2019 cropping season, the highest profit FFS gained from sorghum and millet
were (SDG 19333), and (SDG 4333). While the profit traditional farmers generated from
sorghum and millet were (SDG 22383), and SDG 17383, this led to FFS being profitable

from growing field crops, and traditional farmers are not due to the low productivity as

shown in (Table, 5).
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Table 5. Gross margin of farmer’s field schools in Gadarif in 2018\2019

Crops Sorghum Millet
FFS Traditional | FFS Traditional
Operation
Bush cleaning 1361 1361 1361 1361
Seed 150 150 200 200
Ploughing 2500 2500 2500 2500
Sowing 1700 1700 1700 1700
Weeding 256 256 256 256
Harvesting 2250 2250 2500 2500
Threshing &packing 850 850 1000 1000
Transportation\sack 100 100 100 100
Total variable cost 9167 9167 9617 9617
Yield /sack/fed 9 4 6 5
Straw value/fed 1500 1500 2000 2000
farm price 3000 3000 5000 5000
outcome 28500 13500 32000 | 27000
Gross margin 19333 4333 22383 | 17383

Source:FFS survey

6. Conclusion

Education and agricultural experience assisted FFS in easily selecting highly
profitable crops and adapting technology.

e A percentage of 91.3 % of the respondents were married meaning that marital
status 1s socially an important variable considering agricultural production to
sustain family food security and tends toward the production for marketing.

e The crop productivities of FFS farmers are remarkably increased compared to
those of the neighborg farmers.

e FFS's gross margin was economical and generated positive financial returns.

e FFS had benefited from technical packages and extension services besides the
high awareness resulted in improved sorghum productivity.

e FFS sold their production at farm gate price which made them receive a small
income from the product sold.

14



e The seasonal increase in the cost of production lowers the return of both FFS and
traditional farmers.

7. Recommendations:
1. Expansion of extension and mechanization services among farmers in Gadarif
2. Provision of certified striga resistant seed varieties to increase sorghum

3. Increasing farmer's income during postharvest through launching small marketing
enterprises
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Date: 15", July ,2021
To: JICA Sudan Office

- Reference: Development of Counter Measures Against Striga
to Conquer Poverty and Improve Food Security in Sudan( Equipment)

ar

This is to confirm that NCR will be responsible from the following:

1. Custom Clearance and Transportation:
When the 2nd Batch equipment arrived at Khartoum Airport, NCR will be
responsible from the custom clearance and transportation of equipment to NCR
as soon as possible according to R/D.

2. Equipment Ownership and Maintenance responsibility:
All the equipment will be owned by NCR and DG will be responsible for
maintenance.

3. Equipment management after the project is over:
After the termination of the project, all the equipment provided by JICA will be
properly maintained and managed by the NCR.

4. JICA survey after the project is completed:
Subsequent to termination of project, the NCR acknowledged that JICA has the
right to check and inspect on status of the equipment whenever they requested.

Yours sincerely,

Professor. Zeing
Director General ==
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