Evaluation of Tick-trefoil (Desmodium species) for Drought
Tolerance and Control of Witchweed {Striga hermonthica (Del.)
Benth.} in Grain Sorghum and Branched Broomrape
(Orobanche ramosa L.) in Tomato
By
Khogali 1zzeldin Idris Elsayed

B. Sc (Hons), College of Agricultural Studies, Sudan University of Science
and Technology (1997)
M .Sc., Faculty of Agriculture, University of Khartoum (2001)

A thesis
Submitted in Fulfillment of the Requirementsfor the Degree of Doctor of
Philosophy (Ph. D)
In
Crop Protection (Weed Science)
Department of Crop Protection
Faculty of Agricultural Sciences

University of Gezira

Supervison Committee

Professor: Abdel Gabar T. Babiker (Main supervisor)
Professor: AbdallaM. Hamdoun (Co- supervisor)
Doctor: Zeyaur R. Khan (ICIPE supervisor)
Professor: Ahmed Hassanali (ICIPE supervisor)

November, 2009



Evaluation of Tick-trefoil (Desmodium species) for Drought
Tolerance and Control of Witchweed {Striga hermonthica (Del.)
Benth.} in Grain Sorghum and Branched Broomrape

(Orobanche ramosa L.) in Tomato

By
Khogali 1zzeldin Idris Elsayed

Supervison Committee

Main supervisor Professor:  Abdel Gabar T. Babiker
Co- supervisor Professor:  Abdalla M. Hamdoun
Co- supervisor Doctor: Zeyaur R. Khan

Co- supervisor Professor:  Ahmed Hassanali



Evaluation of Tick-trefoil (Desmodium species) for Drought
Tolerance and Control of Witchweed {Striga hermonthica (Del.)
Benth.} in Grain Sorghum and Branched Broomrape

(Orobanche ramosa L.) in Tomato

By
Khogali 1zzeldin Idris Elsayed

Examination Committee:

Name Position Signature
Prof. Abdel Gabar Eltayeb Babiker Chairman = = -mmmcemmeeee-
Dr. Dafalla Ahmed Dawoud Ahmed  External Examingr ------------

Prof. Ibrahim El Bashir Mohamed Internal Examiner  -----------
Date of Examination: 3/12/2009



Dedication

| dedicate this work to my parents,
brothers, and sisters and to the soul of
my brother Dr. Azzam |zzeldin |dris who
always wished to see me complete my

studies but never lived to see me through.



Acknowledgements

| am grateful to the German Academic Exchange Senbeutcucher
Akademischer Austaush Dienst (DAAD) and the Inteamal Centre of Insect
Physiology and Ecology (ICIPE) for the financiapport they provided for this
study. Furthermore, | would like to express my enec gratitude to my
supervisor Prof. Abdel Gabar Eltayeb Babiker far dalvice, support, guidance,
encouragement and kindness throughout this study.

| sincerely thank my supervisors Dr. Zeyuar R.aKh(Habitat
management programme leader, ICIPE), Prof. Abddila Hamodun
(University of Gezira) and Prof. Ahmed HassandlllRE) for their interest in
this work and for guidance, encouragement and stippo

Special thanks are extended to Dr. Dafalla A. Dalyddr. Hassan A.
Mubarak and Dr. Nadia E. Ibrahim for their help aodperation.

| would like to thank Prof. Elsadig S. Mohammed foonstant
encouragement and moral support.

| am also thankful to all the technical staff oé t¥Weed Research Section,
Gezira Research Station, Sudan for their help duhrs study.

| am grateful to my colleagues in African Region st@oaduate
Programme in Insect Science (ARPPIS) for their sdpgnd friendship.
My deepest appreciation is extended to my family:father, mother, brothers
and sisters for their love and support.

Finally, 1 am very grateful to the Agricultural Rezsch Corporation,
Sudan for granting the study leave that enabledanéndertake this research

project.



PEG

ppm
RE

Abbreviations

Perentage

Degree centigrade
Micro litre

Micro molar
Centimetre

Cultivar
2, 6- dimethoxy-p-benzoquinone
Figure

Gram

Glass fiber filter paper
Glass Petri- dish

a Synthetic Strigol analogue
Hours

Hectare

Internal diameter
Internal diameter
Kilogramme
Litre
Millilitre
Millimetre
Polyethylene glycol
Part per million

Root exude

Tonne



Jagall Juila Aadl<a g Ciliall Jaail (Desmodium spp.) 4uay e s @l (e ) s ag i
(Orobanche ramosa) & slgll Juiha g 4ad Ml o )4 3 (Striga hermonthica)
akiLabal

Baall Gl je A sa
(2009 i 53) (Lilaall ale) Jualad) 48, 8 dauldl) o) ) 5iSs
dralad) 485 aud
el )0 aslal) 418
Ladal

JSLiall (e ites (Orobanche) dlldl s (Striga) lasll guis e dolalall idlial)
prsti Al cdon L Jaalaall e el b il LindlSa 4y geal Gl g del )30 e A
25 Jaids AnilSe o 5 0l 5 aliad) Jaail ddatiosd) 5 Alaall Ay e i <l (e Adlida o) il
hiall ¢ Aleaall olatll iy jal L abladall Jgane 8 Sl Qe g G N 53 J gnne
Oagud) Jas g ¢ e 3 g b hall Egay asas 22009 ) 2006 ple o e syl A Aliall
5 all s jo 55 (1) Alendd) Cojlaall cilad s Glasadl (5 e sliadll &gy ddasa g
)l Dsia @l A s (2) dme ) s e Al ) gl Gl e alial
idatine o) gl ciled A se o @l gl LMl Dol s il s e dcay se o
—xall & @l g D. tortuosum « D. intortum « D. distortum « D. uncinatum . s
O Alenall Al jall pelal L oS o jledl) Jihia (e 4rea S 3 D, dichotomum
Aie Gl ) S gl LAlaall 5 id g5 ) jall g_ah_pmb}cs.u\ Ly e sl &\}a\ <l
il B s 2° 30 52535 Al uujawxsmxﬁu}mael&)\);uﬁ
sl ol Laiw clay) e e 31 4l oS5l PEG 8000 (50g/L) aidiall 38 5l
aily Gasy ol (200g/0) el €Al s a W Lyl el ) 100g/L Y s
uu)@l_um Coalass day e &\}1\ I 50 ¢ saaddl :méas) LD, uncinatum g sl
i el sl D, odistortum g sl a8 of dl all @ ekl . PEG 8000 53
dumyje ol g1 el claliiie Gaand ol Ly . A g1 sY0 A5 las 1o sll (%35) il
D. uncinatum [sia s o A lesall il il oy ol Lo el ol 5 AV
Catall Zagd 5l 5,3 Jane siag lasd) Slaill are 5 (e 2all ) o D. dichotomum

iv



£ 5V & lie Gliall Slead S8 (S D tOMUOSUM ¢f Jadall st el .+ el ad
Gl g 2all ) @l D.ouncinatum g sl (e day e sl el Gllall A6 L5 aY)
dcl ) o el cmcad) il ok caad sl il (msiiall (5 gl die | sine 1ol
Al e ol ) e aall ) ool dagd 5l 5,00 ie) )5 o Leg 60 Js lad & 5l
o — @)\ (PN e JOVCI Y R g - WS PR o I_,U:, 904 30 J—s
ekl LS Lo, £ 5L A e il (e e J8 sl D, uncinatum; D. intortum
gy Ay alinl) sl L G s sall 8 gaill sl Al jall cant o) 6 5 jaia axe il
Lﬁj D. dichotomum , D. tortuosum 1= dad ) 3,3 J gpana del ) UT c;j‘ B
3,0 del )y s WS L Ml e %395 77 caady ) oA Al 8 &y siee e 3005 )
hasall caladl 050 ol by s ) el s & D. dichotomum <l g 2xé )l
200809 o ga A 3yl &y Aanay Alld g %16 dresy Aaud Hl) 3 A daaliy 830l )
55858 5,0 0 Cnaldel )3 e g il a2 (2007 08ams sa) o jluaill dpuailly
Gl e s AY) ) sl Lay Al 8 &g salyy I D. dichotomum bl 5
02 2006/07 ansse b dam e sl de) ) of & Aaliy) & 4 gieae e 30l ) Ay e sl
ablaball daliy & 4 st 50l 5 S alled) ) (aladsl ) ool 5 gal) uii & f alalelall jia

200708 aui 50 b 4 sine dpabiiY) Lo 5ab) (S5 o e




Evaluation of Tick-trefoil (Desmodium species) for Drought Tolerance and
Control of Witchweed {Striga hermonthica (Del.) Benth.} in Grain
Sorghum and Branched BroomrapgOrobanche ramosa L.) in Tomato

Khogali 1zzeldin Idris Elsayed
Ph.D. Crop Protection (Weed Sciendgyember, 2009)

Department of Crop Protection

Faculty ofAgricultural Sciences

Abstract
Parasitic weeds of the geneédaiga and Orobanche pose a severe problem for
agriculture because they are difficult to controtlaare highly destructive to
several crops. The present study was undertakavdluate local and exotic
Desmodium species for drought tolerance and for ability tgpmessS
hermontica on sorghunmandO. ramosa on tomato. A series of laboratory, green
house and field experiments was conducted duriagpériod 2006 to 2009 at
the Gezira Research Station Farm, Wad Medani, aedtdan and the Gedarif
Research Station, eastern Sudan. Laboratory expetsnstudied the i) effects
of temperature and drought on germination DEsmodium species and ii)
influence of Desmodium species root exudates on germination &f
hermonthica and O. ramosa. Five Desmodium species; the exoticD.
uncinatum, D. intortum, D. distortum, D. tortuosum, and two collections of the
local speciedD. dichotomum, obtained from Damazin and Kadugli were used.
Laboratory experiments showed that germinatioDedmodium spp. increased
with increasing temperature and time. Germinati@as welayed at 15 °C while
temperatures of 25 to 30 °C resulted in optimahyeation. PEG 8000 at low

concentration (50 g/L) had no adverse effect oomgeation. However, PEG

Vi



8000 concentration at 100 g/L it delayed germimatiat 200gL. PEG 8000
resulted in complete or near complete suppressiomgesmination of D.
uncinatum. In all Desmodium species radical length significantly decreased
with increasing PEG 8000 concentration. Undilutexbtr exudates ofD.
distrotum induced higher germination (35%) 6f hermothica than the other
species. None of thBesmodium species root exudate induced germination of
O. ramosa. D. uncinatum and D. dichotomum curtailed Sriga attachment to
sorghum roots. Pottdd. tortuosum, was slightly more drought tolerant than the
other species. At its lowest level of infestaticam(/ pot),Sriga emergence
significantly declined at the highe®. uncinatum population density.D.
dichotomum when planted 60 days prior to sorghum was morecg¥e in
suppressing the parasite than when planted 30,a98 drior to sorghum or
planted on the same day as sorghumfield trials, D. uncinatum and D.
intortum gave the lowest stand in comparison with otherigise None of the
Desmodium species showed regeneration in the second sebsdd.trials at
GRSF revealed that sorghum planted in plots prelyousown to D.
dichotomum and D. tortuosum displayed 39 and 77% increase in grain yield,
respectively. In season 2008/09 trials at GRSF, leymm two sorghum
genotypes, intercropping wifh. dichotomum reduced3riga emergencelriga
biomass and increased yield by 161%. At GedariD7208), intercropping of
sorghum, cv. Korokollo, with D. dichotomum increased grain yield
significantly. Intercropping with othddesmodium species increased grain yield
over the sole crop, albeit not significantly. Fidliils on tomato undertaken in
2006/07 showed th&esmodium species, planted between holes or in the same
hole as tomatoes, reduc€d ramosa emergence and increased tomato yield
significantly. However, the increase in yield wagt significant in season
(2007/08).
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CHAPTER ONE
INTRODUCTION

Parasitic plants (3,000 - 5,000 species) occuabiout 20 families of the
plant kingdom (Aly, 2007). Among the parasitic aggperms, witchweeds
(Striga spp.) and broomrape®r(obanche spp.), in the family Orobanchaceae,
are root parasitic weeds of significant economipagt on agriculture in many
countries across the globe (Babikeal., 2007).

Sriga species are restricted to the tropics and subsofMusselman,
1987 b). They parasitize cereals and leguminougscnoostly, in the Savannas
of Africa. They are recognized as serious pestgddncountries, negatively
affecting the lives of over 100 million people irriga (Mboob, 1986). About
21 million ha of the area under cereals in Afrisaestimated to be infested by
Sriga causing an annual grain loss of about 8 millionstgGressekt al.,
2004). Moreover, the parasites constitute a thieater 73 million ha of land
devoted to cereals production in the continent ¢€8zarn, 1991b). The
monetary value of the loss dueSmiga damage is about US$ 7 billion (Mboob,
1986). In infested areas, yield losses associaidtd Sriga damage in West
Africa are often significant, ranging from 40 to%({Lagokeet al., 1991, Ejeta
and Butler, 1993).

Sorghum Sorghum bicolor L. Moench), a principal cereal that forms an

important staple diet throughout semiarid Asia &fidca, is the main host of
1



the parasite (Ahmed al, 2000). Sorghum ranks fifth in importance as aakr
crop worldwide in terms of area, grain yield anddarction.

In Sudan, the area under sorghum constitutes 74%heofarea under
cereals and 45% of the total cultivated areas (&api2007). Furthermore,
sorghum is the major staple food crop especiallyunal areas. In many parts,
the crop is wholly utilized. Production of the crgpseriously constrained (&
hermonthica and more than 10% of the area under sorghum éstiedl by the
parasite (Babiker, 2002). Losses in yield were regbto range between 65-
100 % (Ejetaet al., 1993; Babiker, 2002). Complete crop failure ist n
uncommon under heavy infestations (Hamdoun andkglil 988).

Orobanche spp are considered as important pests in the Elildkt, the
Mediterranean Region and North Africa (Parker andh&s, 1993). Of the
Orobanche species, O. ramosa L. and O. crenata Forsk., in particular, are
major biotic factors that limit production of sokceous crops including
tomato (Lycopersicon esculentum Mill.) , potato Solanum tuberosum L.) and
eggplant $olanum melongena L ) and crops of the family fabaceae viz faba
bean Vicia faba L.) and chickped Cicer arietinumL.).

Tomatoes are one of the most widely produced anduwued vegetables
in the world (temperate and tropical regions), both fresh fruit market and

processed food industries (Matto and Razdan, 2008).



Tomato, potato and eggplant are the major solanaceoops in the
Sudan. They are planted continuously in limitedaararound major cities
mainly on the alluvial fertile soils in the Nile Ney. The total area under
tomato, potato and eggplant is 33,000, 18,500 &8@0zha, respectively (Anon,
2006). 0. ramosa, a pest of significant economic importance on rsat@ous
crops, was first observed as a pest in Khartourte Stathe 1970s. However,
by the 1990s the parasite has become widely spreadl production areas
across the country and many farmers had to abath@mmfarms (Babikeet al.,
2004; 2007). Recently). crenata has become a threat to faba bean production.
The infested area, as revealed by a survey un@eriak2005, was estimated to
be about 1 and 12 % of the total area under faba bethe River Nile State
and the Northern State, respectively (Babldeal., 2004). The parasite has
been identified in 73 widely distributed sites withhe faba beans production
area. The production area (63,000 ha) is a striaraf within the Nile Valley
extending from Khartoum northwards to Wadi Halfatlee@ Egyptian border.

Food crop losses fromOrobanche spp. in the Middle East are
conservatively estimated at a billion dollars arlyufAly, 2007). Sauerborn
(1991b) estimated that over one million hactares falba bean in the
Mediterranean region and western Asia are infesteat risk fromO. crenata.
The parasite can cause losses of up to 100% orefarimelds, which they often

have to abandon due to non- productivity (Kroscied Klein, 2004). Yield
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losses due tdOrobanche spp. range from 5 to 100% depending on host
susceptibility, level of infestation and environrtenconditions (Abanggt al.,
2007). Major impedance to the control &figa and Orobanche species is the
production of large number of seeds, which areleakspersed and remain
viable in the soil for long periods even in theetixe of the host and the high
damage that they cause at the subterranean stage.

Seed germination and attachment are key phasdwmihfé cycle of parasitic
plants. Thus, the ideal solution to the problem Mobe inhibition of
attachment to the host root without impairing gewation. Such a solution
results in depletion of seed reserves in soil iditaah to curtailment of damage
to the host by the parasite. Most of the availabéans of control viz resistant
varieties, cultural, chemical and biological metha@de either not satisfactory,
have inconsistent performance, have no effectauommat crop or expensive for
subsistence farmers. The need for a managemenbagbpithat provides a
greater level of protection, does not involve ahhgyvel of skill and at the same
time environmentally friendly, cost effective andstinable is imperative.
Farmers are in need for low-input solutions to pheblem. In ICIPE, Khart
al, (2000, 2001, 2002, 2006, 2007 and 2008) demdadtiiat intercropping
maize or sorghum with the fodder leguminous wedsmodium uncinatum
(Jacqg.) DC.andD. intortum (Mill.) Urb, significantly reduced. hermonthica

infestation and increased grain yield. In Sudaffieidint Desmodium spp vizD.
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dichotomum (Klein) DC. ,D. adsendens (SW.) DC. ,D. iasiocarpum (Beauv.)
DC. andD. repandum ( Vahl) DC were reported, mainly in the rain -fegas
(Andrews, 1952).

The present study was undertaken with the primabjeabive of
developing simple, environmentally friendly methodisr control of S.
hermonthica in sorghum and. ramosa in tomato focusing on intercropping
with drought toleranDesmodium spp. However, in Kenya in Lake Vectoria
basin, where the technique of intercropping wilBsmodium spp. is most
successful, bimodal rains are predominant. ThenmesieDesmodium species
survive once established. In Sudan, in the cewtegl plain whereStriga pre-
dominates, the rainy season is short. It exteraia ffuly to October. Moreover,
soil surface temperature, in the dry season ofteeexls 40- 50 °C. In winter,
when tomatoes, the major host @f ramosa, are planted, low temperature is
predominant. The need for testing and selediiegmodium species for drought
tolerance and ability to survive, the dry hot pérlmetween rainy seasons and
capacity to germinate and grow in the relativelplominter is imperative. The
secondary objectives were ) examine the effects of temperature on
germination of differenDesmodium species, and ii) scredesmodium species

for drought tolerance.



Chapter two
Literature review
2.1. General:

Parasitic plants are plants that obtain their resesu(assimilates, water,
nutrients) partly or completely from another holsinp. Today, parasitic plants
from 20 families have been recognized as seriogsspsausing considerable
economic damage (Aly, 2007). Parasitic plants ameray the most destructive
known weeds (Parker and Riches, 1993). They adfpteht forms to invade
host plants. Some invade the underground roots sscHBtriga spp. and
Orobanche spp. (Joekt al., 2007), whereas, others invade the aerial pads s
as dodders and mistletoes (Aly, 2007). Parasigeds vary widely in their
degree of host dependence. Some parasites havesaluta host requirement,
but retain some photosynthetic capacity (obligamih parasites.) i.eStriga
and Alectra. Other parasites lack chlorophyl and are compjateliant on the
host for all nutritional needs e@robanche spp. (Parker and Riches, 1993).
Although Striga and Orobanche species occur in different parts of the world,
their life cycles are very similar (Bouwmeesttral., 2003). Hence, the two
genera3riga andOrobanche, will be reviewed together, as they are the most

economically significant higher plant parasitic gem(Plate 1).



Theseunique organisms in the gene®aiga and Orobanche are both
weeds and parasites. As weeds, they show greabpipen plasticity and wide
environmental tolerance. As parasites, they depgoth another vascular plant
for nutrients or water, which flow from host to psite through haustoria.
Haustoria form a morphological and physiologicafgmwith the roots of the

host.

2.2 Striga and Orobanche species:

Sriga spp. (witchweeds) belong to the family Orobanchad®atusova
et al, 2005). They are an endemic problem in Africa’seakand legume crops
(Ejeta et al., 1993). The common name witchweed ascribed teethveeeds
befits the debilitating and bewitching effects thaflict on host plants even
before they emerge and become visible above thengr@Joelet al., 2007).
Three species are seriously damaging. Thes8. aseatica andS. hermonthica
thatare almost entirely specific to grasses and aezefbre, important parasites
of cereal crops like sorghum, pearl milld®ehnisetum glaucum (L.) R. Br.}
and upland rice Qryza sativa L.) (Ejeta et al. 1993; Kroschel, 1999;
Bouwmeesteert al., 2003 and Oswald, 2005). These crops are therraggple
food for over 300 million people in Sub- Saharami@d. S. gesnerioides attacks

dicot hosts, mainly cowpeaV{gna unguiculata (L.) Walp} and tobacco



(Nicotiana tabacum L.) (Emechebeet al., 1991; Parker and Riches, 1993;
Kroschel, 1999; Oswald, 2005 and Dugjel, 2006).

Orobanche spp. (Broomrapes) belong to the family Orobanchacea
are widespread in Mediterranean areas in Asia,h®ooutand Eastern Europe
and North Africa attacking dicotyledonous cropsrkea and Riches, 1993).
The Latin nameOrobanche is derived from the Greek Orobos, a vetch, and
ancho, to strangle, referring to the effect them@agites have on their hosts (Joel
et al.,, 2007). The common name “ broomrape” ascribethése weeds is a
translation of mediveal LatiRapum genistea “broom knob”, rapum being a
knob (or tubercle, i.e. the young parasites) fornoedthe roots of broom
(Genista sp.) that is a common host ©f majus in Europe (Joeét al., 2007).
The genuOrobanche has more than 100 species, but the most econdynical
important areO. aegyptiaca (Pers.),0. ramosa, O. cernua, O. minor (Sm), O.
crenata (Forsk.) andO. foetida (Poir) (Parker and Riches, 1993). Unlike the
Sriga species, which are usually rather selective irrthest preference, some
Orobanche spp. are less selective and may attack a variéthiost crops

belonging to various families (Jotlal., 2007).



Sriga hermonthica on sorghum  Orobanche ramosa on tomato

Plate 1. Photographs ofstriga and Orobanche.

2.3. Geographic distribution ofStriga and Orobanche spp.:

About 40Striga species are reported worldwide. Most of them auado
in Africa (Kroschel, 2001; Kroschel and Muller- 8&#, 2004). Economically
importantStriga spp. are reported from more than 50 countrieg@ally from
East and West Africa and Asia (Aly, 2008riga has been a probleaven in
the United States (Ejeta, 2007). At least 11 o$¢hgpecies parasitize crops and
pose one of the most severe biological constramtsgriculture in low- input
farming systems especially in the African Savarfharker and Riches, 1993).
S hermonthica is common throughout northern tropical Africa aextends
from Ethiopia and Sudan to West Africa. It alsoemxs from the western

Arabian region southwards into Angola and Namil@&thi and Smith, 2004).
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S agiatica has a wider distribution and is found throughaermsarid areas of
tropical and subtropical Africa, Asia and Austra{i@aethi and Smith, 2004).
Sriga is most prevalent where plants are grown undestma stress or where
soil fertility is low (Gethi and Smith, 2004). Budan, the parasite is widely
distributed throughout the whole country causingioses crop losses to
subsistence crops i.e sorghum and millet (Ism&¥,9). Dawoudet al. (2007)
reported that the parasite is listed as one of mtost harmful weeds and
constitute a major threat to sorghum production.

Orobanche species are found in temperate regions of the aorth
hemisphere as well as in the sub-tropics and tspgispecially in arid and semi-
arid regions (Kroschel, 2001). Their main centr@din is the Mediterranean
region where large areas are heavily infested @?aakd Riches, 1993; Aksoy
and Bulbul, 2004). Recently, seve@ilobanche spp. have become problematic
in many African countries including Sudan (Babikeal, 2007).

In Sudan, threeOrobanche species,O. ramosa L., O. cernua Loef. Var
desertorum (G. Beck) Stapf a@d minor SM. were reported as early as 1948 as
minor pests on horticultural crops, ornamental fgaand common weeds
(Andrews, 1956).0. crenata Forsk, was introduced recently as it was not
reported prior to the year 2001 (Babiketr al., 2004). O. ramosa and O.

crenata, the most noxious and pestiferous in amdbigbanche spp., are
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confined, mainly, to the fertile alluvial soils tife Nile Valley (Babikeet al.,
2007).0. ramosa (branched broomrape) was first reported in Wadiadah the
southern border of Egypt and in Khartoum in 194&8dews, 1956). Since the
1970s, the parasite has become a major pest amaselaus crops. It has spread
into central Sudan and has become a limiting factdomato production in the
rich alluvial soils along the Nile banks from Elilyan Khartoum State to the
southern borders of Gezira State. Recently, infiests were reported along the
Blue Nile to the South of Roseries (Babileerl., 2007). Map 1 and 2 show the

worldwide distribution oftriga andOrobanche species, respectively.

2.4. Origin of Striga and Orobanche species:

The center of origin o8& hermonthica is thought to be the northern part
of Ethiopia (Tigray) and Nuba Mountains of Sudahe3e regions are also the
origin of sorghum. Therefore, it can be assumed tha distribution ofS
hermonthica was associated with sorghum seeds trade to o#rés pf Africa
(Kroschel, 2001).

According to Sauerborn (1991a), the centre of origi Orobanche
species are lItaly, Spain, Turkey and Morocco. [Deffe species achieved
broader distribution through international tradel aaommercial exchange of
contaminated seeds that contributed to the worldvadread (Abu-Irmaileh,

2004).
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Map 1. World wide distribution of important Striga speciegSource:

Suerborn, 1992)

World wide distribution of important Striga species
* countries with reported Striga occurrences
— — Striga asiatica - — - Striga gesnerioides - - — - - Striga hermonthica
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Map 2. World wide distribution of important Orobanche speciegSource:

Sauerborn, 1992)

World wide distribution of important Orobanche species

* countries with reported Orobanche occurrences
----- Orobanche cernua/cumana — — — Orobunche minor
Orobanche crenate. ™~ - —-— Orobanche ramosa | aegyptiaca

13



2.5. Economic importance ofstriga and Orobanche species:

Parasitic weeds develop a strong sink, which allowesn to remove
water, minerals and photosynthates from the crayisTinfection by parasitic
weeds reduces the ability of the hosts to grow et (Joelet al., 2007).
Sriga and Orobanche cause significant yield and quality losses in many
important crops and affect the livelihoods of moilis of people worldwide
(Parker and Riches, 1993). The root parasitaga andOrobanche spp. exert
the greatest damage prior to their emergence (Patké1; Matusovat al.,
2005 and Sauerbora al, 2007), and the majority of field loss may occur
before diagnosis of infection (Joel, 2000).

The economic impact @iriga species is greatest in cereals cultivated in
Africa, e.g., sorghum, pearl millet and maized mays L.). The most
destructive species on cereal crops&ireermonthica andS. asiatica. Damage
to crops byStriga is often severe (Joet al., 2007). About 21 million hectares
of cereal production area in Africa is estimatedb¢oinfested bytriga causing
an annual grain loss of about 8 million tons (Geessal., 2004).Sirga spp.
are recognized as serious pests in 42 countrigstimely affecting the lives of
over 100 million people in Africa (Mboob, 1986). Atesent the area infested
by Sriga spp. is estimated to be 3, 1.4 and 3.5 milliontdres in East and

Central Africa, Southern Africa and Western Africeespectively. These
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estimates are consistent with predictions basegcotogical modeling, species
genetic diversity, invasiveness, plasticity andlegical profile (Mohammedt
al., 2007). A survey conducted by Dugge al (2006) in the three Savanna
zones, Sudan (SS), Northern Guinea (NGS), and 8outBuinea (SGS),
revealed that four commdiriga spp. were predominant. These species \Bere
hermonthica, S aspera (Willd.) Benth, S gesnerioides, and S. densiflora,
Benth. Maize and sorghum fields were mostly infésby S. hermonthica,
whereas, rice fields were mainly infested®yspera. S. gesnerioides was the
dominant parasitic weed species present in solgpeawields.Sriga species
infested 60, 68 and 74% of the fields in SGS, SENMGS, respectively. The
levels of infestation of the fields were 34% in wgdallows, 44% in rice, 77%
in maize, 80 % in cowpea, 84% in pearl millet addin sorghum (Dugjet
al., 2006).

Sriga has become a poor man’s problem in Africa (Jedl., 2007).
Crop losses due t8riga infestation are usually high with range of estiesat
varying depending on the crop cultivars and degremfestation. In many
places in Africa and India, the parasite infestativas reached epidemic
proportions and is presenting a rather desperdteat®in to subsistence
agriculture. TheStriga problem in Africa is particularly increasing besau

purchase of agricultural inputs is unaffordabled gropulation growth has
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forced alteration of traditional methods of proledgallows and intercroppings
to meet the growing demand on farm land and foamtlyetion (Joelet al.,
2007).

Food crop losses fronOrobanche spp. in the Middle East are
conservatively estimated at billion dollars annpalRAly, 2007). Sauerborn
(1991 b) estimated that over one million hectarésfabha bean in the
Mediterranean region and western Asia are infesteat risk fromO. crenata.
The parasites can cause losses of up to 100% aweffar field, which they
often have to abandon due to non- productivity @€hel and Klein, 2004).
Yield losses due t@®robanche spp. range from 5 to 100% depending on host
susceptibility, level of infestation and environrtenconditions (Abanggt al.,
2007). Besides causing yield loss and reductiogropped areaStriga and
Orobanche also reduce crop quality. The presence of brooenpdg@nt materials
in a harvested crop produce may reduce the valutheoflatter or make it

unmarketable.

2.6. Growth and development ofstriga and Orobanche species:
2.6.1. Seeds ditriga and Orobanche species:
The seeds of obligate parasitic weeds are verylsa@groximately 0.2
to 0.35 mm long (Joedt al., 2007). These seeds are the main vehicle for the

spread of the parasites. The seeds are easileady farm and construction
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equipment, water, wind or animal droppings. Ea@mnpmay produce 50,000 or
more seeds depending on the species and conditionglant development
(Ejeta and Butler, 1993). The seeds are long ligethe surviving in the soil for
more than 10 years (Parker and Riches, 1993; Atedthet al., 2005), until

induced to germinate by root exudates.

2.6.2. After- ripening

The seeds o8triga and Orobanche need to pass a rest period after they
are mature. This period is generally called aftgpening or post- harvest
ripening (Dawoud, 1995). This period is definedlsss time between shedding
of the seeds and their ability to respond to geatiom stimulants applied
subsequent to conditioning (Musselman, 1979). Afteening is influenced by
temperature. In certaiiriga species this period lasts several months, while in
certain populations dDrobanche this period is limited to few weeks (Ejeta and
Butler, 1993).

2.6.3. Conditioning:

Seeds of most of the parasitic weeds taxa remaimaitt in the soil and
do not germinate unless they are exposed to masinveonditions for some
days before they receive the germination stimul@dwoud, 1995). This
process is termed conditioning (J&elal., 2007), or pre- treatment (Babiker,

2007). The length and effectiveness of the pesanrent period may vary with
17



temperature, humidity, and other environmentaldiectMusselman, 1987a).
During conditioning, seed coat permeability mayréase and /or changes in
the levels or activities of endogenous germinaposmoters or inhibitors may

occur (Musselman, 1987a).

2.6.4. Germination stimulation:

The seeds of parasitic plants of the gergarga andOrobanche species
will only germinate after induction by a chemicareal exuded from the roots
of their hosts (Matusovat al, 2005). It has also been found that roots of a
number of non- host (false hosts) can exude getrmmatimulants. Cookt al.
(1972) were able to isolate and identify the fgetmination stimulant, Strigol,
from the root exudates of cotto@dssypium hirsutum L.), a hon- host plant. So
far, several of these germination stimulants haaenhsolated and identified in
the root exudates of a series of host plants oh [Batiga and Orobanche
species. In most cases, the compounds were showre tisoprenoids and
belong to one chemical class, collectively called Strigolactones (Matusova

et al., 2005).

2.6.5. Haustorial initiation:
In order to attach to their hosts, the obligatet qarasites must form a
special organ called the haustorium, from the lasurire, to drink (Joekt al.,

2007). With initiation of haustorium, the apical msgem of the radicle switches
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from extension in longitudinal direction to raddiVision resulting in swelling
and proliferation of hair- like projections. Theus#oria ofStriga are generally
more pronounced in their characteristics than tladS@robanche (Joelet al.,
2007). As with germination transition, the parasise host- derived signals to
trigger this developmental transition. The chemstahulants, kinetin, simple
phenolic compounds, and quinones like 2, 6- dimethwbenzoquinone

(DMBQ), are active haustorial initiators (Riopeldahimko, 1995).

2.6.6. Attachment and penetration:

The seeds o8triga and Orobanche spp. contain small amount of food
reserves, and can only survive for a few days afegmination unless they
reach a host root and a xylem connection is estadddi (Matusovat al., 2005).
Attachment of the parasite to host root surfaceedaglace as soon as the
parasite meets host roots (Joel, 2000). This isitéded by the secretion of an
adhesive substance by the parasite (Joel and L-Ggvsdren, 1994). Penetration
Is the first stage of intimate contact betweenscefl host and parasite. This is
also the beginning of the true parasitic phase mchv the parasites take
nutrients and water from the host. Therefore, itciscial to any further

development of the parasite.
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2.6.7. The mature parasite:

After the establishment of conductive connectiorivieen host and
parasite, the parasite develops a tubercle thatinadates nutrients. The
tubercle is a juvenile parasite. At a certain stagematures and forms a
flowering shoot that emerges above soil surface aratiuces flowers and
seeds. The development of both the juvenile and nia¢ure parasites is

coordinated with that of the host (Joel, 2000).

2.7. Life cycles ofStriga and Orobanche species:

Although Striga andOrobanche species are parasites in different parts of
the world, their life cycles are broadly similaraoidvmeesteret al., 2003).
Figures 1 and 2 illustrate the life cycle of roarasitic weedsSriga and
Orobanche, which reflects a high dependence of the parasitéhe host. The
parasites depend on their hosts not only duringetiry developmental stages
but even after the parasite emerges and developsatarity. The important
steps in the life cycle are germination, radicl®vgh to the host root,
haustorium formation, attachment to the host reatcessful establishment of a
xylem connection and compatible interactions anddpction of seeds
(Matusovaet al., 2005). The minimal length of the life cycle &figa, from
germination to seed production, averages 4 morhbiker, 2007), while that

of Orobanche requires about 3- 7 months (Linkeal., 1989).
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2.8. Management ofStriga and Orobanche species:

Management of parasitic weeds is often difficuleda several reasons. These
include the high amount of seed produced, viabditgl longitivity of seeds in
the soil over years (Lagolet al., 1991; Parker and Riches, 1993; Kostovik and
Slavov 2007), lack of seed germination in the absenf a chemical trigger
from a suitable host, vigorous growth habit aftaneegence and close
association with the host (Jaatlal, 2007.; Aly, 2007). A range of parasitic
weed management practices have been developecatinde broadly classified
under the general themes of chemical, culturallogioal and host- plant
resistance (Lagoket al., 1991; Parker and Riches, 1993; Babiker, 200y; Al

2007).

2.8.1. Cultural control:

2.8.1.1. Hand- weeding:

Hand- pulling is the simplest and certainly the treféective method to apply
in small fields with low level of infestation diriga or Orobanche species
(Parker and Riches, 1993; Babiker, 2007). The malctise of hand- pulling
varies according to the parasite in question. &oga hand- pulling had to be
delayed to flowering. Hand- pulling of yougiga seedling is difficult after

the seedling breaks and regenerate from the brstkenp.O. minor, O. ceruna
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andO. crenata are easy to locate and grip, while the small, mu@mnchedO.
ramosa can be much more difficult and time consuming &mdh pull (Parker
and Riches, 1993). Hand- weeding is labour intensivesome, when heavy
infestations develop (Lagoke al., 1991). Generally, farmers are reluctant to
adopt hand- weeding as it often provides no immiedi@nefits to the current
crop (Babiker, 2007).

2.8.1.2. Crop rotation:

Rotation, with non- host crops in general, prevartaual build up of
parasitic weeds seed bank. Rotat#igga and/orOrobanche susceptible crops
with those that stimulate parasgermination without being parasitized (trap
crops), has been advocated as an effictive medsureducing parasite seed
bank (Parker and Riches, 1993). Friga, common cultivated trap crops
include cotton Gossypium spp.), groundnutArachis hypogaea L.), sun hemp
(Crotalaria juncea L.), pigeon pea(ajanus cajan L.), green or black- gram
(Phaseolus mungo L.), Lucerne Kedicago sativa L.), sunflower Helianthus
annuus L.) and sesameS¢samum indicum L.). Leguminous crops have been
reported to decreas@triga seed bank and increase yield of subsequent cereal
crops. In Sudan, a crop sequence of onfliim cepa L.)-alfalfa and alfalfa
reducedO. ramosa emergence in subsequent tomato to 25 % and inctreasp

yield by more than 50% (Babiket al., 2007). Flax I(inum usitatissimum L.)
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has a good potential as a trap crop@oramosa infesting tomato. Planting flax
for a period of 4 to 6 weeks and then planting tontan effectively decrease
infestation in tomato (Abu- Irmaileh, 1984). Plaugtiof false or trap crops to
curb Orobanche infestation is predominant in northern Sudan wrbaee area
under faba bean was reduced to about 50 and 6a¥abprior toO. crenata
infestation (Babikeret al., 2007). These false hosts include French bean
(Phasdlous vulgaris L.), berseemTrifolium alexandrinum L.), onion, sorghum
and wheatTriticum aestivum L.). Major constraints to adoption of crop rotatio
include adaptation of the introduced crop to threnfag system, food habit and

availability of markets (Babiker, 2007).

2.8.1.3. Catch cropping:

Catch- cropping is another means of depletBigga and Orobanche
seed reserves in soil. Contrary to trap croppingickv relies on false hosts,
catch cropping employs true hosts of the paradgabiker, 2007). The
susceptible crop is planted at high density and Serificed 6- 8 weeks later
prior to peak emergence of the parasite. Sudans ¢fs®ghum sudanense
(Piper) Stapf} grown for 5 weeks as a catch cradole sowing of sorghum as
the main crop, significantly decreased the incigent Sriga and increased
grain yield of sorghum in Sudan (Last, 1961). Hogre¥he cropping season is

rather short and may not allow for a second cromotAer technique,
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“Sarwala”, which combines the effects of catch piog and at the same time
preserves a crop was developed by farmers, andefunnproved by Yousif
(2001). In this technique sorghum densely plantedlowed to grow for 3- 6
weeks and then disc- harrowed to normal stand (¥,a2@01). This technique
significantly increased sorghum vyield and decreaseel number ofS
hermonthica.

Although the use of trap and catch crops may bdulgeols for
depletion ofStriga seed reserves in soil, their use is often notilfgag many
areas where subsistence farming is prevalent amaefa can not leave long

rotational gaps between major food crops (Adam5)1.98

2.8.1.4. Intercropping:

Intercropping cereals with legumes and other cnspa traditiotional
African farming practice. Parker and Riches (1988)wed tha&. hermonthica
Is significantly reduced by intercropping in Weslriéa. Intercropping maize
with cowpea and sweet potato significantly redueetergence oftriga in
Kenya (Oswald et al., 2002). Research work in Sudan showed that
intercropping is a valuable, cheap and effectivethow® for suppressing
localized infestations ofSriga on relatively small farms (Babiker, 2002;
Dawoudet al., 2007). Intra- row planting of hyacinth bedmplab purpureus

(L), with sorghum, reducefl hermonthica emergence by 48- 93%, dry weight
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by 83- 97%, number of seed capsules by 52- 100%imereéased sorghum
grain yield by several fold in comparison with thele crop (Babiker, 2002).
Parker and Riches (1993) attributed the suppresdteets of intercropping to
several factors, including its action as trap- criaperference with production
of germination stimulants, exudation of germinatgirmulants, decreasing air
temperature and increasing humidity. ResearchteeBolm Kenya using silver
leaf {Desmodium uncinatum (Jacq.) Dc} and green leaD{ intortum (Mill.)
Urb} by Khanet al., (2002) showed that the action of intercrops maynoeh
more complex than originally thought and indicagedidation of allelopathic
compounds which induce pre- mature haustoria, kugdicle extension and
thereby decrease attachment and parasitism witinfluencing germination.
Desmodium spp., apart from successful suppressiorftofga and increasing
grain yield by several fold, are repellent to thens borers Busseolo fusca
(Noctuidae)} andChilo partellus (Pyralidae), excellent nitrogen fixers (100-
180 kg nitrogen/ ha), preserve soil moisture ardhagh value fodders (Khan
et al., 2002). Intercropping withDesmodium spp. represents a platform
technology around which new income generation corapts such as livestock
keeping can be built. At present, intercroppingwidesmodium spp. to combat
Sriga and insect pests in maize is adopted by over Gsdnod farmers in

western Kenya and eastern Uganda (Khan, Z.R., 20Bérsonal contact).
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Intercropping faba bean with some trap crops likax fand fenugreek
(Trigonella foenum- graecum L.) significantly reduced the infestation level of
Orobanche. Inhibition of O. crenata seed germination by allelochemicals
released by fenugreek roots is suggested as meohdor reduction of O

crenata (Ferraindez- Aparicioet al., 2008).

2.8.1.5. Fertilizers:

The Striga problem and its debilitating effects have beekdthwith low
soil fertility, particularly nitrogen (Ejeta&t al., 1993). Agabawi and Younis
(1965) reported that nitrogen delay&dga emergence, reduced infestation and
increased grain yield. However, fertilizers are engve, not always available
and their use in low- rain fall areas is fraughthwan element of risk (Babiker,
2007).

Orobanche tends to be associated with less fertile soil ¢ants. High
levels of nitrogen fertilizer and chicken manurewhd suppressive effects.
There is no full understanding of the mechanisnswafh a suppressive effect.
The input of nitrogenous fertilizes to the rain fempping system of food
legumes is of low consideration due to the hight aufs fertilizers (Abu-

Irmaileh, 2004).

27



2.8.2. Chemical contral

Various chemicals including synthetic germinatitimalants, fumigants,
antitranspirants and herbicides have been repadedeans of control &riga
and Orobanche spp. (Parker and Riches, 1993; Aly, 2007). Inaurctf Striga
seed germination in absence of host plants, suigelanination, has been the
subject of numerous researchers (Parker and Rid®8s). Ethylene is very
effective againsiS. hermonthica, but notS gesnerioides (Eplee and Notrris,
1995). However, ethylene is a pressurized gas, nflable and requires
specialized storage and application equipmentdbirgection (Babiker, 2007).
Soil fumigation with methyl bromide is effectiverfoontrol of bothSriga and
Orobanche (Parker and Riches, 1993; Abu- Irmaileh, 2004)wkleer, because
of high cost, labour and equipment requirementsvals as health risk the
product is not considered suitable for commerciapliaation (Aly, 2007).
Some chemicals have become available for parasgeds control, but only
few herbicides are selective enough (Gresassall.,, 2004).

Dicamba and 2, 4- D are the most widely used higldscagains&riga
(Aly, 2007). Dicamba is a systemic herbicide &blo the crop foliage about
35 days after crop emergence, whereas, 2, 4- praysd several times directly
on the parasites during the growing season. Thaidides that are currently in

use for Orobanche control are glyphosate, inhibitor of 5- enolpyruvy
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shikimate- 3- phosphate (EPSP) synthase- a keymanay the biosynthesis of
the aromatic amino acids and imidazolinones antbisylureas, inhibitors of
acetolectate synthase (ALS), a key enzyme in tleybithesis of branched-
chain amino acids (Joex al., 2007). Other chemicals have been tested on
Sriga and Orobanche spp. and some provide good control (Parker, 1991;
Haidar et al., 2005; Ransongt al., 2007). However, the chemical approach
poses some difficulties. In among these difficglti@re lack of application
technology, chemical damage to the host, continpawasite seed germination
throughout the season, marginal crop selectivity anvironmental pollution.
Low persistence and availability are other majonstmints that limit the
successful usage of herbicides for parasitic wesatgrol (Aly, 2007). In
addition, in developing countries, the income disstence farmers is usually

too low to afford purchasing them (Babiker, 200&wudet al., 2007).

2.8.3. Biological control:

Biological control of weeds started in the lasttaey using polyphagus
insects as biocontrol agents for a number of weefisrts were then extended,
using plant pathogens after successive achievenamts@rable weeds, to
parasitic weeds. The base of biological controfoifiga and Orobanche is the
use of natural enemies (insects or pathogens)aoress3riga andOrobanche

growth and to reduce their population and seedk imasoils.
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Natural enemies dftriga include the insectSmicronyx albovariegatus,
Ophiomyia strigalis, and Junonia spp. (Bashir, 1987), andPhytomyza
orobanchia for Orobanche (Kroschel and Miller- Stéver, 2004).

The Smicronyx spp. was found feeding as larvae on fruit, flowexsaries
and on stems ofdriga plants. The feeding activity of the larvae caused
development of galls and reduced seed productiark@ and Riches, 1993).
Injudicious use of pesticides, parasitoids andotbigphagous nature of some of
these insects pose serious limitations on their usder practical field
conditions (Babiker, 2007).

Fungal pathogens including seveFalsarium species proved to be very
effective on botariga andOrobanche (Idris, 1997; Abbasher and Sauerborn,
1998; Zonno and Vurro, 2002; Boari and Vurro, 2004dwever, mycotoxins
produced by these fungi present a considerablgéagiskman and animal health.
In Sudan, many species of fungi were isolated frhseasedriga plants i.e
Alternaria spp., Fusarium spp., Dreshlera spp., Curvularia spp., Aspergillus
spp., Rhizoctonia spp. andPenicillium spp. (Idris, 1997). However, there are
concerns about the use of fungi in weed controanmdigg user and consumer

safety as well as the specificity of the fungushk{kar, 2007).
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2.8.4. Host resistance:

The best long- term strategy for limiting damagephyasitic weeds is the
development of resistant varieties (Parker, 199hu-Kmaileh, 2004).
However, conventional breeding has vyielded few etms with stable
resistance, but genetic engineering may offer tssipility of creating novel
resistance mechanisms that may be introduced iroyntommercial crops
(Abu- Irmaileh, 2004). Thre&riga resistant sorghum cultivars were officially
released for wide cultivation iftriga endemic regions of Ethiopia in 1999-
2002 (Elzein and Kroschel, 2003). Farobanche, the outstanding example has
been the development of sunflower varieties rasista O. cernua and O.
cumana. Unfortunately, this resistance has often beenramreed by new
virulent ‘races’ ofOrobanche in many countries in the Mediterranean region,
eastern Europe, and the former Soviet Union (#n Martinezt al., 2005).

Two cultivars of faba been with a good level ddiseance tdD. crenata
have been released in middle and upper Egypt (E&ed Kroschel, 2003). In
Southern Africa, few varieties with very high levef resistance toS
hermonthica were identified (Parker and Riches, 1993). Theseties include
ICSV 0017, IS 6961, IS 777, IS 7739 and IS 14928weler, these varieties
have very low yield and can only be used as sountagsistance (Babiker,

2007). In Sudan, two sorghum cultivars, SRN 39 §A®07 BF) and IS- 9830
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were identified as resistant 8 hermonthica and were released as Mugawim
Buda 1 and Mugawim Buda 2, respectively (Parker &tidhes, 1993).
However, because of unacceptable grain qualitieslan yield, the cultivars
were not widely adopted by farmers (Babiker, 200f9reover, SRN 39 has a
lengthy milk stage which renders it susceptibleatiack by the African boll

worm (Helicoverpa armigera) (Babiker, 2007).

2.8.5. Integrated management:

Single methods are not sufficient to control paiasveeds effectively in
one cropping season. Therefore, combinations ofralbomethods and their
yearly application are the only solution. Integdateanagement strategies need
to combine low- cost control methods that i) enleacoop tolerance to the
parasite through improvement of soil fertility, pewlarly nitrogen status, ii)
utilize the most tolerant cultivars available anpdurtail replenishment of the

parasite seed reserves in soil (Abu- Irmaileh, 2004
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Chapter Three
Materials and Methods
3.1. General:

A series of laboratory, green house and field arparts was conducted
at Wad Medani, Gezira, central Sudan and Gedasgteen Sudan to evaluate
severalDesmodium species for drought tolerance, capacity to germingider
different temperatures and ability to suppreSsiga on sorghum and
Orobanche on tomato. The experiments were conducted duriagose 2006,
2007 and 2008/09 under irrigation at the GeziraeReh Station (GRS). The
GRS is located in Wad Medani, central Sudkatitude 14°2 4' Nlongitude
33°9' E) and altitude 407 m. The climate is send;awith a short rainy season.
The rainy season strats in July reaches a peakugu#t and ends late
September or early October. The average rainfalB56 mm per annum.
Furthermore, some field trials on evaluationDmesmodium for Sriga control
on sorghum were undertaken in the rain fed are&edtrif Research Station
Farm (latitude 14°01' and longitude 35°13' E) dgrseasons 2007 and 2008.
The soil at both experimental sites is Vertisolafhecracking clay), with very
low organic carbon and N content (0.03 %) (Hassad Elasha, 2008).

Tomatoes, were planted in winter under irrigatioGRS.
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3.2. Seeds:

Seeds ofDesmodium distortum, D. tortuosum, D. uncinatum and D.
intortumwere kindly received from the International LivasdtdResearch Institute
(ILRI) and International Centre of Insect Physiology andl&gy (ICIPE). Seeds
of the localDesmodium genotypeD. dichotomum, were collected from Damazin
and Kadugli henceforth referred to as Damazin aradugli collections,
respectively. Seeds of sorghum cultivars, Arfa Gaalg Hakika, Korokolo and
Abu Sabeen and those of toma$o hermonthica and O. ramosa, were obtained
from the stock of the weed control unit at Wad Meda

S hermonthica and O. ramosa seeds were sterilized using 1% sodium
hypochlorite solution (NaOCI). The seeds were ingedrin NaOCI solution for
5 minutes. NaOCI| was drained off and the seeds wen@ughly washed with
distilled sterilized water. The seeds were airdlaad kept in small closed glass

vials in a dark cupboard at ambient temperaturaged.

3.3. Preconditioning ofStriga and Orobanche seeds:

Glass- fiber filter papers (GFFP) placed in a Paiish, saturated with
distilled water, were cut into 5 mm discs and ptace 9 cm Perti dishes, lined
with moist glass fiber filter papers. The steritizelried Sriga and Orobanche
seeds were, aseptically sprinkled on the discsréxppately 20 to 50 seeds per

disc). The filter paper was then wetted with mastilted water so that the seeds,
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were sufficiently moistened. The seeds were in@dat 30 ° C fo&riga and at
25 °C forOrobanche, in the dark for a period of 8 to 14 days primruse for

germination assays.

3.4. Laboratory experiments:
3.4.1. General:

Five Desmodium species namelyD. distortum, D. tortuosum, D.
uncinatum, D. intortum and D. dichotomum (Damazin collection)were used.
Unless otherwise mentioned, each species was testedeparate experiment.
In all experiments, treatments were arranged io@iete Randomized Design

with 4 replicates.

3.4.11. Influence of temperature on germination ofDesmodium species:
Twenty five seeds of the respectiPesmodium speciesvere placed on
filter papers in Petri dishes 9 cm (i.d.), and rremed with 5 ml distilled water.
The Petri- dishes were then sealed with para-filmgpped in aluminum foil
and incubated at constant temperatures of 15, 2@n2 30 ° C in the dark.

Germination counts were made daily over a period adys.

3.4.1.2. Seed germination dbesmodium species under simulated drought:
Drought was simulated by using Polyethylene gh&@00 (PEG 8000).

Twenty five seeds dDesmodium, placed on filter papers in Petri dishes, were
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moistened with 5 ml distilled water or aqueous sofuof PEG 8000 at 50,
100, 150 and 200 g/L . The Petri- dishes were thegled with para-film,
wrapped in aluminum foil and incubated at 30 © Ghia dark. The seeds were

examined for germination over a period of 7 days.

3.4.1.3. Effects oDesmodium species root exudates o8. hermonthica and
O. ramosa germination:

D. distortum, D. tortuosum, D. intortum, D. dichotomum and D.
uncinatum, seedlings (25 each) were grown for 10 days oR-vomol under
light in an incubator set at 30 ° C. Root exudatese collected, under suction
using a pump. Five concentrations of GR 24 wergarned by sequential
dilution of a stock solution with sterilized- digtid water to give 0.001, 0.0015,
0.01, 0.015 and 0.1 ppm solutions. A control wieriBzed- distilled water was
included for comparison. Discs containing pre-cboded Striga seeds,
incubated at 30° C in the dark for 10 days, weaadferred to new Petri dishes
(5 discs per treatment) and placed in the prefémach Petri- dish. Each disc
was then treated with 15 pl of the respective GRs@dtion or with 40 pl of
Desmodium root exudates. A piece of filter paper, moistemath sterilized
distilled water, was placed in the centre of eaelriRlish to maintain moist
conditions during the test period. The Petri dislsemled with para- film and

wrapped in aluminum foil, were incubated at 30 AChe dark.Sriga seeds
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were examined for germination 24 h later underrmdilar stereomicroscope.
Seeds were considered to have germinated whemadde penetrated the seed
coat. ConditionedO. ramosa seeds, similarly treated with GR 24, were

incubated at 25 °C and examined for germinationcb/adays after treatments.

3.4.1.4. Effects of Desmodium species root exudates on haustorium
initiation in S. hermonthica:

Root exudates were collected frdin dichotomum, D. intortum and D.
uncinatum seedlings, each grown on rock-wool as in 3.4 3tr8ga seeds, placed
on glass fiber discs pre- conditioned in watema3.8., were transferred to plastic
culture plates with 24 wellStriga seeds were treated with DMBQ at 10uM and
D. dichotomum, D. intortum andD. uncinatum root exudates at 40ul, each alone
or in mixture with DMBQ, 24 h subsequent to GR 2@.1( ppm) or
simultaneously with it. The plates were sealed witra-film, wrapped with
aluminum foil, placed in black polyethylene bagsl ancubated at 30° C in the
dark for 24 h.Sriga germilings were examined for haustorium inductadter

treatment.

3.4.1.5. Effects oDesmodium spp. onS. hermonthica parasitism:
A 3- days old sorghum (cv. Arfa Gadamak) seedliogether with D

dichotomum and D. uncinatum seedlings (0, 1, 2, 3 and 4 in number) were
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transferred to rock-wool, placed in plastic Petshes, with lateral openings to
allow for emergence of sorghum aleésmodium shoots. Conditione@&riga
seeds, placed on discs of glass fiber papers (hh treated with GR 24 at 0.1
ppm or with distilled water, were placed near tloeghum roots. The Petri
dishes were sealed with para-film, wrapped withmahwm foil, placed in black
polyethylene bags and incubated at 30 °C in cootialight. Sterilized distilled
water was added to each Petri dish as neédlada attachment was examined

7 days after transfer.

3.5. Greenhouse experiments:
Each species oDesmodium was tested in a separate experiment.
Treatments were arranged in a Complete Randomileak Besign with 3 or 4

replicates.

3.5.1.Effects of timing of irrigation on regeneration of Desmodium species:
Experiments were undertaken at GRS to investigategit tolerance and
regeneration capacity dbesmodium spp. Five Desmodium spp, namely; D.
distortum, D. tortuosum, D. dichotomum (Damazin collection)D. intortum and
D. uncinatum were planted during the last week of July, 200pats buried to
their rims in the ground. However, because of pesiablishment and mortality

of D. intortum and D. uncinatum, the experiment was repeated on th& &b
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November, 2007Desmodium seedlings, thinned to 10, were allowed to grotv til
maturity and then cut. First irrigation was madedaB0, 60, 90 and 120 days
after cutting and subsequently as needed. RegenerdtDesmodium spp. was

assessed 15 and 30 days after initial irrigation.

3.5.2. Influence ofDesmodium spp. population density on emergence of.
hermonthica and sorghum growth and yield:

ThreeDesmodium species namelp. dichotomum, D. uncinatum andD.
intortum were usedStriga seeds at 0, 5 and 10 mg were added to soil and hand
mixed in the top 6 cm layer of each pbt.dichotomum, D. uncinatum andD.
intortum seedswere planted at 0, 5, 10, 15 and 20 seeds perrptiteosecond
week of July. Sorghum cv. Arf Gadamak (5 seedsppé€r were planted in the
same day aBesmodium and later thinned to 2 plants per pot. The patsived
water every two daysStriga count, sorghum plant height and shoot dry weights
were recorded at harvest. Sorghum shoots weratayiound level, dried in a

forced draught oven at 70° C for 48 h and then mesig

3.5.3. Effects ofD. dichotomum planting time on S. hermonthica incidence
and sorghum performance:
Plastic pots, 20 cm i.d. and 18 cm high, with dyeimoles at the bottom

were filled with clay soil (Gezira soil) and riveand mixed in the ratio of 2:1.
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Sriga seeds at 0 and 10 mg were mixed with the top &aimn each pot. The
pots were either sown or not sownDodichotomum (10 plants per pot) at 0, 30,
60 and 90 days prior to sorghum (cv. Arf Gadamalaning. At sorghum
planting D. dichotomum was cut at ground level. The pots were irrigated
regularly. Sriga count, sorghum height and shoot dry weight werendsd at

harvest. The experiment was repeated twice.

3.6. Field trials:
3.6.1. General:

Field trials were undertaken to investigate reactad the respective
Desmodium species to drought and their ability to suppr&@sgya on sorghum
and Orobanche on tomato. The field trials, conducted during tlegiqd July
2007 to 2008/09, were executed under irrigatedramdfed conditions at GRS
and Gedarif Research Station Farm, respectivelgatiments were laid in a
Randomized Complete Block Design with 3 or 4 regks. Sub-plots

comprised 4 rows. All measurements were taken tre@rtwo middle rows.

3.6.1.2 Screening ofDesmodium species for drought tolerance and residual
effects onS. hermonthica on sorghum:
In the first season,Desmodium species namely;D. dichotomum

(Damazin and Kadugli collectionsl). distortum, D. tortuosum, D. intortum
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and D. uncinatum were planted in &riga sick plot Desmodium seeds were
hand drilled on both sides of ridges 80 cm apa@RS or on flat in rows 80 cm
apart at Gedarif at a seed rate of 1 kg per feall lr@llet was grown as barriers
between plots. The plot size was 3.2 x 4 m. Fafps, similarly infested with
Sriga, were included as control®esmodium straw and seed yields were
recorded at harvest.

In the second season, all the plots were plantedorghum. Arfa
Gadamak seeds were planted in 4 cm deep holese@ geole) on ridges or
rows 80 cm apart at 20 cm between holes. Sorghani stras counted 30 days
after sowing and at harve§triga count was made at 30, 60 and 90 days after
sowing.Striga air-dry weight, sorghum height, straw and seettlgias well as

regeneration oDesmodium were determinated at harvest.

3.6.1.3.Influence of intercropping with Desmodium species and sorghum
genotype onS. hermonthica incidence and sorghum growth and yield:

Two sorghum genotypes, Hakik&rjga resistance) and Abu Sabeen
(Striga susceptible) were used at GRS, while Hakika Smoja susceptible
(Korokollo) were employed at Gedarif. Sorghum segdre planted in holes on
ridges 80 cm apart at GRS and on flat in rows 8Gpart at Gedarif. Sorghum

was planted as sole crop or intercropped vid#smodium spp. Desmodium
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seeds were planted on both sides of each ridgeR& &d in rows on both
sides of the sorghum row at Gedarif. Planting wamplished on the second
or third week of July, 2007 and 2008riga count, dry weight and sorghum

height, straw and seed yields were recorded aekarv

3.6.2. Trial on Orobanche ramosa on tomatoes:
3.6.2.1 Effects of intercropping with Desmodium species onO. ramosa
parasitism and tomato growth and yield:

An experiment was conducted during the winter seasd 2006/07 and
2007/08 at GRS. Tomato, variety Peto 86, was eiitieect seeded or
transplanted inO. ramosa sick plot. Planting was done on the last week of
November, 2006 and on the first week of Decemb6f72 The crop was
planted or transplanted on beds, 120 cm apartwéthan row spacing of 50 cm.
Each plot consisted of 2 beds adjoirtedach otherD. dichotomum (Damazin
collection) andD. uncinatum were hand- drilled i) ten cm behind the tomatoes
holes, ii) in the same hole with tomato and iiipietween holes of tomato. Urea
at 190 kg/ha was applied as a split dose, 95 kiy. &dwe first dose was applied
three weeks after sowing while the second doseaywpbed 1 month later. Plots
were irrigated at 7 to 12 days intervals. Totadlgyiwas determined by
summation of fruit weight of individual harve$drobanche counts were made

at 60, 90 and 120 days after tomatoes plantingposplanting.
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3.7. Statistical analysis:

The data were subjected to analysis of variance YA OData on
percentage of germination and haustoriumtiation were transformed to
arcsine and subjected to analysis of variance ANOMAan separation was

carried out using Duncan’s Multiple Range Test.
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Chapter four
Results

4.1. Laboratory experiments:
4.1.1 Influence of temperature on germination ofDesmodium species:

Germination of all Desmodium species increased with increasing
temperature and time (Figs. 3-7). However, diffasg¢mesponse to temperature
was observed between species. At’C5no germination was displayed in the
first 2 days after incubation for all species. Hueml on extension of the
incubation period to 7 days germination was 43%[fomtortum, 30% forD.

dichotomum (Damagzin collection) and 23% f@r. uncinatum (Figs. 3, 4 and 5).
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Figure 3. Influence of temperature orD. intortum germination. Bars = Standard
deviation
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Figure 5. Influence of temperature onD. uncinatum germination. Bars = Standard
deviation
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D. distortum andD. tortuosum showed negligible (1 to 3%) germination (Figs.
6 and 7). At 20°C, D. intortum, D. dichotomum, D. uncinatum and D.
tortuosum showed 2, 16, 3 and 15% germination, respectivatg day after
incubation (Figs. 3, 4, 5, and 7). Increasing theubation period to 7 days
increased germination to 86, 70, 52, 89 and 85% Dorintortum, D.
dichotomum, D. uncinatum, D. distortum and D. tortuosum, respectively
Increasing temperature to X5 increased germination substantially in all
species. One day after incubation germination wa&340, 4 and 31% fdD.
intortum, D. dichotomum, D. uncinatum D. distortum and D. tortuosum,
respectively. At 7 days after incubation germinaticas 82, 85, 49, 94 and 86%
for D. intortum, D. dichotomum, D. uncinatum, D. distortum andD. tortuosum,
respectively. At 30C germination, at one day after incubation, waé@,10,
41 and 69% foD. intortum, D. dichotomum, D. uncinatum D. distortum andD.
tortuosum, respectively. The highest germination displayed &ysd after
incubation at 30C was 87% and 95% fdd. dichotomum andD. distortum,
respecively (Figs. 4 and 6).D. intortum and D. tortuosum displayed 86%
germination (Figs. 3 and 7P. uncinatum, on the other handghowed 58%

germination (Fig. 5).
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4.1.2. Germination ofDesmodium species under simulated drought:

D. dichotomum (Damazin collection) seed®bibed in distilled water and
incubated at 30C, displayed 49, 75 and 80% germination 1, 2 addy® after
incubation, respectively. Germination did not irage on further extension of
the incubation period to 7 days (Fig. 8). PEG 8@0®0 g/L had no adverse
effect on germination in comparison to the aquemrdrol. PEG 8000 at 100
g/L, reduced germination to 9% on the first day iméubation. However,
germination increased to 43 and 71% on the secoddherd day of incubation.
A further increase of the incubation period to 7ysladid not increase
germination. At 150 g/L, PEG 8000 completely suppeel germination one
day after incubation. Germination increased to2?43 and 50% 2, 3, 4 and 5
days after incubation, respectively, and no furtseggnificant increase in
germination was displayed on extension of the iatiobh period to 7 days. At
200 g/L, PEG 8000 delayed germination up to thiay df incubation.
Germination increased to 7, 16 and 24% 4, 5 anday dfter incubation,
respectively (Fig. 8).D. uncinatum showed the lowest germination in
comparison to the othddesmodium species, irrespective of treatment. PEG
8000 at 100g/L was more suppressive to germinatidd. uncinatum than the
other species. PEG at 200 gfdsulted in complete suppression of germination

of D. uncinatum up to 7 days after incubation.
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Response of germination Bf intortum, D. distortumandD. tortuosumto PEG

8000 concentration was more or less similar to ¢h&t. dichotomum (Figs. 9,

10 and 11).
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Figure 9. Influence of PEG 8000 concentration on gmination of D. intortum. Bars =
Standard error.
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Figure 12. Influence of PEG 8000 concentration onegmination of D. uncinatum. Bars
= Standard error.

In all Desmodium species radical length significantly decreasecdh wit
increasing PEG 8000 concentration (Table 1). PEGO&& 50 g/L did not
reduce root length dd. dichotomum, D. distortum andD. tortuosum. However,

D. intortum and D. uncinatum root length was reduced by 11 and 19%,
respectively (Table 1). At 100, 150 and 200 g/LGP#D00 reduction in radical
length was 50, 92 and 100%and 19, 59 and 95% fdd. uncinatum andD.
intortum, respectively. The corresponding figures for dichotomum, D.
distortum andD. tortuosum were 46, 75 and 91%, 35, 84 and 100% and 13, 74
and 100%, respectively (Table 1).
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Table 1. Influence of PEG 8000 concentrations on radical legth of five Desmodium

species
Treatment* Root length (cm)
Desmodium species
PEG 8000(dL) D. D. D. D. D.
dichotomum intortum distortum uncinatum tortuosum
0 10.6 7.3 9.3 6.2 10.3
50 10.9 6.5 9.2 5.0 10.4
100 5.7 5.9 6.0 3.1 9.0
150 2.6 3.0 15 0.5 2.7
200 1.0 0.4 0.02 0.0 0.1
SE+ 0.78 0.34 0.35 0.32 0.37

*Each species dDesmodium was tested in a separate experiment.

4.1.3. Effects ofDesmodium species root exudates o8. hermonthica and O.
ramosa germination:

GR 24 inducedStriga germination which increased with increasing
concentration (Figs. 13- 17). The stimulant abwést concentration induced 0
to 48 % germination. However, at it highest concdmn (0.1 ppm)
germination was 57- 76%. Undiluted root exudatesDofuncinatum, D.
intortum, D. tortuosum and D. dichotomum induced negligible germination (3

to 9%) of Shermomthica seeds (Figs. 13- 16).
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Figure 13.Influence of D. uncinatum and GR 24 on germination ofS. hermonthica.

Bars = Standard error. RE= Undiluted root exudat®1= Distilled water.
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Figure 14.Influence of D. intortum and GR 24 on germination ofS. hermonthica. Bars

= Standard error. RE= Undiluted root exudat®istilled water.
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Figure 15. Influence ofD. tortuosum and GR 24 on germination ofS. hermonthica. Bars
= Standard error. RE= Undiluted root exudat®1= Distilled water.
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Figure 16.Influence of D. dichotomum and GR 24 on germination ofS. hermonthica.

Bars = Standard error. RE= Undiluted root exudat®1= Distilled water.
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However, undiluted root exudate dD. distortum induced high
germination (35%) (Fig. 17). The exudate fr@ndistortum stimulated more
germination than the synthetic germination stimul@R 24 at 0.01 and 0.015
ppm.

GR 24 at 0.001 to 0.1ppm induced 2 to 48% gernonabif O. ramosa.

None of theDesmodium species induced germination Of ramosa (Figs. 18-

22).
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Figure 17. Influence ofD. distortum and GR 24 on germination ofS. hermonthica. Bars

= Standard error. RE= Undiluted root exudate, D1= Distilled water.
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Figure 18. Influence ofD. uncinatum and GR 24 on germination ofO. ramosa. Bar=
Standard error. RE= Undiluted root exudate, D1= Distilled water.
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Figure 19. Influence ofD. distortum and GR 24 on germination ofO. ramosa. Bar=
Standard error. RE= Undiluted root exudate, D1= Distilled water.
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Figure 20. Influence ofD. dichotomum and GR 24 on germination ofO.
ramosa. Bar= Standard error. RE= Undiluted root exudate, D1= Distilled water.
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Figure 21. Influence ofD. tortuosum and GR 24 on germination ofO. ramosa. Bar=
Standard error. RE= Undiluted root exudate, D1= Distilled water.
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Figure 22. Influence ofD. intortum and GR 24 on germination ofO. ramosa. Bar=
Standard error. RE= Undiluted root exudate, D1= Distilled water.

4.1.4. Effects of Desmodium species root exudates orS. hermonthica
germination and haustorium initiation:
DMBQ at 10uM applied 24 h subsequent to GR 24 atppm or in

mixture with it induced 56 and 86% haustorium atitin, respectively (Table
2). DMBQ in mixture with D. dichotomum root exudate applied 24 h
subsequent to GR 24 reduced haustorium initiation 50%. However,
simultaneous application of GR 2B, dichotomum root exudate and DMBQ
resulted in 44% haustorium initiation (Table B). dichotomum root exudate

applied 24 h subsequent to GR 24 or simultaneoustir the stimulant

inhibited haustorium initiation (Table 2).
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Table 2. Influence ofD. dichotomum root exudates on haustorium induction by DMBQ

Treatment Haustorium initiation (%)
GR 24 + DMBQ (a) (56) 48

GR 24 +DMBQ (b) (86) 73

GR 24 + RE +DMBQ (c) (50) 45

GR 24 + RE+ DMBQ (d) (44) 41

GR 24 + RE (e) (0)0.41

GR 24 + RE (f) (0) 0.41

SE+ 4.95

a = GR 24 applied 24 hour prior to DMBQ, b= GR Ppleed simultaneously with DMBQ, ¢
= GR 24 applied 24 hour prior @. dichotomum root exudates and DMBQ mixture, d=GR
24 applied simultaneously with. dichotomum root exudates and DMBQ mixture, e= GR 24
applied 24 hour prior t®. dichotomum root exudate, f= GR 24 applied simultaneously with
D. dichotomum root exudate. Data are arcsin transformed. Figurgmrenthesis are actual

data.

In the second experiment, DMBQ applied 24 h subsetio GR 24 or in
mixture with it induced 47 and 38% haustorium atitn, respectively (Table
3). DMBQ in mixture withD. uncinatum root exudate applied 24 h subsequent
to GR 24 induced 38% haustorium initiation. Howeveaimultaneous
application of GR 24 an® uncinatum root exudate and DMBQ resulted in
23% haustorium initiationD. uncinatum root exudate applied 24 h subsequent
to GR 24 or simultaneously with it completely inkibaustorium initiation

(Table 3).

59



Table 3. Influence ofD. uncinatum root exudates on haustorium induction by DMBQ

Treatment Haustorium initiation
(%)

GR 24 + DMBQ (a) (47) 43

GR 24 +DMBQ (b) (38) 37

GR 24 + RE +DMBQ (c) (38) 38

GR 24 + RE+ DMBQ (d) (23) 28

GR 24 + RE () (0) 0.41

GR 24 + RE () (0)0.41

SE+ 3.90

Data are arcsin transformed. Figures in parentfasiactual data. Legend as in table (2).

In the third experiment, DMBQ applied 24 h subseque GR 24 or in
mixture with it induced 90 and 45% haustorium atitn, respectively (Table
4). DMBQ in mixture withD. intortum root exudate applied 24 h subsequent to
GR 24 induced 56% haustorium initiation. Howevamutaneous application
of GR 24 andD. intortum root exudate and DMBQ resulted in 16% haustorium
initiation. D. intortum root exudate applied 24 h subsequent to GR 24 or
simultaneously with it resulted in 2 and 0% haustarinitation, respectively

(Table 4).
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Table 4. Influence ofD. intortum root exudates on haustorium induction by DMBQ

Treatment Haustorium inatiation
(%)

GR 24 + DMBQ (a) (90) 77

GR 24 +DMBQ (b) (45) 41

GR 24 + RE +DMBQ (e) (56) 49

GR 24 + RE+ DMBQ (f) (16) 16

GR 24 + RE () (2)4

GR 24 + RE () (0)0.41

SE+ 8.45

Data are arcsin transformed. Figures in parentlagsiactual data. Legend as in table (2).

4.1.5. Effects oDesmodium spp. onS. hermonthica parasitism:

Sriga seeds, conditioned in water and placed near sorgbats, displayed 6%
attachment within 7 days after incubatidiriga germilings resulting from
seeds conditioned in distilled water, treated Wd@R24 and placed in the
vicinity of sorghum roots displayed 2% attachmdtdrgplacement in proximity
of sorghum roots (Table 5). In presenc®otincinatum rootsStriga germilings
displayed no attachment (Table 5).

In the second experimentiriga germilings resulting from seeds
conditioned in water, treated with GR 24 and placedr sorghum roots
displayed 37% attachment 7 days after trans®iga germilings resulting
from seeds conditioned in water and placed in the wciaf sorghum roots

displayed 11% attachment (Table 6). The observiedttanent decreased with
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increasing number dD. dichotomum plants.D. dichotomum plants at 1, 2, 3
and 4 per Petri dish reduced attachmerftofja germilings induced by GR 24
by 41, 30, 43 and 57%, respectivefriga germilings resulting from seeds
conditioned in water and not treated with GR 24amably, showed no

attachment to sorghum roots in presencP.afichotomum (Table 6).

Table 5. Effect of D. uncinatum root exudates onS. hermonthica attachment 7days after

incubation
Desmodium density Attachment (%)
GR 24 Distilled water
0 27 (6)14
1 (0)0.41 (0)0.41
2 (0)0.41 (0)0.41
3 (0)0.41 (0)0.41
4 (0)0.41 (0) 0.41
SE+ 1.13

Data are arcsin transformed. Figures in parenttagsiactual data.

Table 6. Effect of D. dichotomum root exudates onS. hermonthica attachment 7 days

after incubation

Desmodium density Attachment (%)
GR 24 Distilled water
0 (37) 37 (11) 12
1 (22) 28 (0)0.41
2 (26) 30 (0)0.41
3 (21) 27 (0) 0.41
4 (16) 23 (0) 0.41
SE+ 431

Data are arcsin transformed. Figures in parenttagsiactual data.
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4.2. Green house experiments
4.2.1. Effects of timing of irrigation on regeneraibn of Desmodium species:

D. dichotomum displayed 92 and 80% regeneration in the first and
second seasons, respectively, when irrigated imaegli after cutting.
However, regeneration was reduced to 6 and 13% \whgation was delayed
to 30 days after cutting in the first and secoraseas, respectively. On further
delay of irrigation to 60 days or more no regenemawas displayed (Tables 7
and 8). Regenerative responseDofdistortum to timing of irrigation was more
or less similar to that displayed Wy. dichotomum (Tables 7 and 9)D.
tortuosum, on the other hanghowed 96 and 88% regeneration when irrigation
was delayed to 30 and 60 days after cutting (Tdlble Regeneration was,
however, reduced to 6% when irrigation was delagefl0 days after cutting,

and no regeneration was displayed when irrigatias delayed to 120 days.

Table 7. Effects of timing of irrigation on regeneation of D. dichotomum (First season)

Time of irrigation Regeneration (%)
(days after cutting) 15 days after irrigation 30 days after irrigation
0 (92) 75 (92) 75
30 (6) 10 (6) 10
60 (0) 0.41 (0)0.41
90 (0) 0.41 (0) 0.41
120 (0) 0.41 (0)0.41
SE+ 1.85 1.85

Data are arcsin transformed. Figures in parenttagsiactual data.
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Table 8. Effects of timing of irrigation on regeneation of D. dichotomum (Second

season)

Time of irrigation

(days after cutting)

Regeneration (%)

15 days after irrigation

30 days after irrigation

0 (80) 67 (80) 67
30 (13) 21 (13) 21
60 (0)0.41 (0)0.41
90 (0)0.41 (0)0.41
120 (0)0.41 (0)o0.41
SE+ 3.48 3.48
Data are arcsin transformeelgures in parenthesis are actual data.
Table 9. Effects of timing of irrigation on regeneation of D. distortum
Time of irrigation Regeneration (%)
(days after cutting) 15 days after irrigation 30 days after irrigation
0 (80) 66 (80) 66
30 24 (7) 13
60 (0)0.41 (0) 0.41
90 (0)0.41 (0)0.41
120 (0)0.41 (0)0.41
SE+ 3.46 3.57

Data are arcsin transformdelgures in parenthesis are actual data.

Table 10. Effects of timing of irrigation on regeneation of D. tortuosum

Time of irrigation Regeneration (%)
(days after cutting) 15 days after irrigation 30 days after irrigation
0 (97) 85 (97) 85
30 (96) 81 (96) 81
60 (88) 72 (88) 72
90 (0) 0.41 (6) 8
120 (0) 0.41 (0) 0.41
SE+ 2.53 3.77

Data are arcsin transformdelgures in parenthesis are actual data
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4.2.4. Influence ofDesmodium spp. population density on emergence of.
hermonthica and sorghum growth and yield:

At the lowest level of infestation (5 mg/potRriga emergence
significantly declined at 15 plants/ pbt uncinatum population density (Table
11). The observed decline fairiga emergence was 67 % in comparison to
corresponding control. However, at the highésiga infestation level (10 mg
seeds/ pot) emergence of the parasite showed nsistemt trend withD.
uncinatum population density.

At 5 and 10 mg levels oftriga seeds height of sorghum, when not
intercropped withDesmodium, was reduced by 50 and 70%, respectively in
comparison to the correspondil®yiga free crop (Table 12)D. uncinatum
decreased height oftriga free sorghum by 12 to 29%. The obsereved
reductions did not show obvious trends widthuncinatum population density
(Table 12). However the tallest plants were indayiaachieved in pots free of
D. uncinatum and Sriga seeds (Table 12). Atriga level (10 mg seeds/pad.
uncinatum at 5 plants per pot increased sorghum height sogmfly (P> 0.05).
However, at higheD. uncinatum population density the observed increments in

sorghum height were not significant.
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Table 11. Effects ofD. uncinatum population density on emergence db. hermonthica on

sorghum at harvest

Level of Striga Striga emergencgplants / pot)
infestation (mg / pot)

Desmodium population density (Plants/pot)

0 5 10 15 20
5 5 6 2 3
10 6 6 8 6
SE+ 1.53

Srigalevel = 0.68 Desmodium density = 1.08

Table 12. Effects oD. uncinatum population density on sorghum plant height at
harvest

Level of Striga Sorghum height (cm)
infestation (mg / pot)

Desmodium population density (plants/pot)

0 5 10 15 20
45.0 34.9 37.4 32.0 39.5
22.5 28.9 30.6 26.9 28.5
10 135 25.2 20.6 19.9 20.0
SE+ 3.59

At 5 and 10 mg infestation levélriga parasitism reduced, shoot dry
weight by 67 and 93%, respectively, in comparisatn wthe Striga free crop
(Table 13). Intercropping witD. uncinatum did not improve sorghum biomass

in comparison to the correspondifigiga infested crop.
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Table 13. Effects ofD. uncinatum population density on sorghum shoots dry weight at
harvest

Level of Striga Sorghum shoot dry weight (g)

Desmodium population density

infestation (mg / pot)

0 5 10 15 20

4.5 3.2 2.9 3.5 2.5

15 11 1.8 1.0 1.9

10 0.3 0.7 0.4 0.4 0.4
SE+ 0.53

In the second experiment, presencéoflichotomum had no effects on

Sriga emergence (Table 14).

Table 14. Effects ofD. dichotomum population density on emergence o08. hermonthica
on sorghum at harvest

Level of Striga Striga emergence(plants / pot)

infestation (mg / pot)

Desmodium population density (Plants/pot)

5 10 15 20
5 2 3 2 2
10 4 7 5 6 4
SE+ 0.94

At 5 and 10 mg levels dtriga seeds sorghum height was reduced by 35
and 54%, respectively in comparison to 8wega free crop (Table 15). At the

lowest Striga level, D. dichotomum at 15 plants per pot increased sorghum
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height significantly. However, at higheD. dichotomum population the
observed increments in sorghum height were noifgignt (Table 15).
At the highes8riga level,D. dichotomum at 15and 20 plants per pot improved

sorghum height significantly.

Table 15. Effects oD. dichotomum population density on sorghum plant height at

harvest
Level of Striga Sorghum height (cm)
infestation (mg / pot) D. dichotomum population density (plants/pot)
0 5 10 15 20
0 36.4 35.6 34.6 33.3 30.9
23.8 29.3 24.5 30.7 27.0
10 16.8 19.8 21.2 22.7 24.9
SE+ 2.27

At 5 and 10 mg level of infestatio&riga parasitism reduced shoot dry
of sorghum by 71 and 90%, respectively in comparisith theStriga free
crop (Table 16).

The highest dry weight was obtained in pots fre® oflichotomum and
Sriga infestation. At the highes&triga level (10 mg/ potp. dichotomum at 15
and 20 plants per pot increased sorghum dry weggjhgit not significantly

(Table 16).
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Table 16. Effects ofD. dichotomum population density on sorghum shoots dry weight at
harvest

Level of Striga Sorghum shoot dry weight ()
infestation (mg / pot)

Desmodium population density

0 5 10 15 20
4.2 2.4 2.7 3.5 11
1.2 14 0.8 0.9 1.0
10 0.4 0.4 0.3 0.6 0.9
SE+ 0.35

In the third experiment3riga emergence increased wigriga level.
The presence d. intortum had no effects oftriga emergence (Table 17).

Table 17. Effects oD. intortum population density on emergence db. hermonthica on
sorghum at harvest

Level of Striga Striga emergence(plants / pot)
infestation (mg / pot)

Desmodium population density

0 5 10 15 20
5 2 3 3 4 3
10 6 11 8 6 6
SE+ 1.15

At 5 and 10 mg levels dtriga seeds sorghum height was reduced by 19
and 34%, respectively in comparison 3trsiga free crop (Table 18). At the
lowestSriga infestation,D. intortum at 10, 15 and 20 plants per pot increased
sorghum height, albeit not significantly (Table .18)owever, at the highest

Sriga level,D. intortum had no effects on sorghum height (Table 18).
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Table 18. Effects oD. intortum population density on sorghum plant height at harvet

Level of Striga Sorghum height (cm)
infestation (mg / pot) Desmodium population density
0 5 10 15 20
34.0 29.6 324 32.3 37.5
27.7 26.5 28.8 31.5 29.2
10 22.6 20.5 21.4 22.1 21.5
SE+ 3.48

At 5 and 10 mg/pot3riga parasitism reduced shoot dry weight of
sorghum by 87 and 83%, respectively in comparisah the Striga free crop
(Table 19). At the lowesBriga level, D. intortum at 10 plants per pot
significantly increased sorghum dry weight (Tab®. However, at the highest
infestation level slight non- significant increase sorghum dry weight was
observed at higher density (20 plants/pot).

Table 19. Effects oD. intortum population density on sorghum shoots dry weight at

harvest
Level of Striga Sorghum shoot dry weight (g)
infestation (mg / pot) Desmodium population density
0 5 10 15 20
0 3.0 1.2 3.0 2.7 2.5
5 0.4 1.1 1.8 0.5 1.6
10 0.5 0.4 0.4 0.5 0.6
SE+ 0.43
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4.2.4. Influence of D. dichotomum planting time on S. hermonthica
incidence and sorghum growth and yield:

In the first season3riga emergence was low, irrespective Df
dichotomum population density and planting time (Table 20).deinSriga
infestationD. dichotomum planted 30 days prior to sorghum or planted on the
same day as sorghum had no effects on sorghum thaigh dry weight.
However, D. dichotomum planted 60 days prior to sorghum significantly
increased sorghum plant height and dry weight @df). D. dichotomum
planted 90 days prior to sorghum had no signifiedfécts on sorghum height
and dry weight. In absence 8figa, D. dichotomum planted in the same day as
sorghum had no effects on sorghum plant height. édew sorghum dry weight
was reduced by 49% (Table 2@. dichotomum planted 30, 60 and 90 days
prior to sorghum had no effects on sorghum heigttdry weight.

In the second seasoD, dichotomum planted 30 and 60 days prior to
sorghunreduced3riga emergence, albeit not significantly (Table 21).

Under Sriga infestation D. dichotomum planted 30 and 90 days prior to
sorghum, resulted in non- significant increase amgkum height and dry
weight. However, D. dichotomum planted 60 days prior to sorghum

substantially increased sorghum height and dry kidiGable 21).
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Table 20. Influence ofD. dichotomum planting time on S. hermonthica incidence and

sorghum growth and yield (season, 2006/07)

Time of Desmodium planting Striga infested Striga free

prior to sorghum planting + - + -

Desmodium Desmodium Desmodium Desmodium

a/ Striga population density (plants/pot)

0 1 1 - -
30 1 2 - -
60 1 2 - -
90 1 1 - -
SE+ 0.21

b/ Sorghum height (cm):

0 20.7 26.3 34.5 38.0
30 26.7 31.3 46.8 43.5
60 44.3 27.3 43.0 37.6
90 36.4 38.1 33.2 44.4
SE+ 511

¢/ Sorghum dry weight (g):

0 0.55 0.53 0.83 1.62
30 0.34 0.53 1.50 1.85
60 3.34 0.81 2.50 2.50
90 1.49 1.5 0.94 2.76
SE+ 0.46

+ and — with and without Desmodium planting.
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Table 21. Influence ofD. dichotomum planting time on S. hermonthica incidence and

sorghum growth and yield (season, 2007/08)

Time of Desmodium planting Striga infested Striga free

prior to sorghum planting + N

Desmodium Desmodium Desmodium Desmodium

a/ Striga population density(plants/pot)

0 3 3 - -
30 1 3 - -
60 1 2 - -
90 1 2 - -

SE+ 0.29

b/ Sorghum height (cm):

0 22.8 24.2 45.5 40.6
30 30.3 21.9 32.4 26.7
60 37.1 19.3 44.1 33.8
90 36.4 23.5 33.3 30.9
SE+ 4.9

¢/ Sorghum dry weight (g):

0 0.36 0.54 4.70 5.69
30 1.48 0.55 1.91 1.85
60 4.7 0.40 4.82 2.98
90 4.04 0.82 4.07 3.08
SE+ 1.19

+ and — with and without Desmodium planting
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4.3. Field trials:

4.3.1. Trials onS. hermonthica:

4.3.1.1. Screening odDesmodium species for drought tolerance and residual
effects onS. hermonthica on sorghum at Gezira Research Station:

In the first season (2007/08), only. dichotomum from Damazin and
Kadugli, D. tortuosum andD. distortum were able to establish. Howevé,
intortum and D. uncinatum displayed significantly the lower stands in
comparison with the othespecies (Table 22). In among thZesmodium
speciesD. dichotomum collected from Kadugli gave the highest straw diel
(5039 kg/ha) followed byD. dichotomum collected from Damazin (3583 kg/
ha) (Table 22). Exotic species gave significanbhyer straw yield. Straw yield
from D. tortuosum andD. distortum was 1581 and 720 kg/ ha, respectivély.
intortum and D. uncinatum failed to produce any straw yield. The local
Desmodium species gave the highest grain yield of 718 and lgf#lha for
Kadugli and Damazin collection, respectively. Grgiald from D. tortuosum
was 105 kg/ha, whil®. distortum gave very low grain yield (41 kg/hal.
intortum andD. uncinatum, on the other hand, gave no grain yield (Table 22)

None of theDesmodium species showed regeneration, in the second

season.
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Table 22. Mean stand, straw yield and seed yield ddesmodium species (Gezira,

2007/08)

Desmodium species Number of plants/ m row Straw yield Seed yield
(kg/ha) (kg/ha)

D. dichotomum(Damazin) 37 (3583) 59.85 (827) 28.73

D. dichotomum(Kadugli) 46 (5039) 70.97 (718) 26.50

D. intortum 1 (0) 0.707 (0) 0.707

D. distortum 49 (720) 26.77 (41) 6.36

D. uncinatum 2 (0) 0.707 (0) 0.707

D. tortuosum 49 (1581) 39.13 (105) 9.74

SE+ 2.657 2.308 1.512

Data arev + 0.5 transformed. Figures in parenthesis areahdata.

Sriga emergences in plots witholltesmodium were 34 and 22 plants/
m?, 30 and 60 days after sowing, respectively (TaBle

At 30 days after sowing3riga displayed considerable emergence.
Sorghum cv. Arfa Gadamak subsequently planted atsgreviously sown to
D. dichotomum (Damazin collection),D. tortuosum, D. intortum and D.
uncinatum showed considerable (26 to 78%) reductiorSinga emergence.
However, differences were not significant. Sorghplamted in plots previously
sown toD. distortum and D. dichotomum (Kadugli collection) showed the
highestSriga emergencéTable 23). At 60 days after crop emergerfaega
showed the lowest incidence in the control plotewkver, a considerable

increase irriga emergence occurred in plots previously sowiDé&modium
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species. Plots previously sown@esmodium species invariably sustained more
Sriga emergence than the control plots. The higl8ysga emergence was
sustained in plots previously sown B distortum. At 90 days after crop
emergencestriga population density considerably declined. Howe\iriga
emergence was invariably higher in plots previousbwn to Desmodium
species. The higheStriga emergence was sustained in plots previously sown
to D. distortum. Nevertheless, differences between treatments wwerte
significant (Table 23). At harvesfiriga air dry weight was lowest in plots
previously sown td. dichotomum (Damazin) andD. intortum and highest in

plots previously sown tB. distortum (Table 23).

Table 23. Effects ofDesmodium species sown in 2007/08 season 8n hermonthica
incidence on subsequent sorghum

Striga population density (plants/m?) Striga air dry
Previous season treatment 30 days after 60 days after 90 days after weight

sowing sowing sowing (kg/ha)
D. dichotomum (Damazin) (11) 3.2 (29) 4.9 (17)3.9 (251.0) 13.7
D. intortum (21) 4.2 (33) 5.2 (18) 3.7 (487.5) 194
D. distortum (68) 7.4 (83) 8.4 (61) 7.0 (1156.3) 29.5
D. uncinatum (25) 4.8 (43) 6.4 (19) 3.7 (582.3) 21.1
D. tortuosum (20)4.1 (37) 51 (16) 3.5 (581.3) 20.7
D dichotomum(Kadugli) (39)6.3 (1) 7.0 (38) 5.9 (833.28.5
Control withoutDesmodium (34) 5.7 (22) 4.6 (14) 3.4 (524.0) 19.2
SE+ 1.419 1.823 1.578 8.479

Data areV + 0.5 transformedFigures in parenthesis are actual data
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Sorghum stand, height and days to 50 % floweringevet affected by
previous planting of plots witBesmodium species (Table 24).

Sorghum planted in plots previously sownDodichotomum (Damazin
collection) andD. intortum produced the highest number of heads and heading
was increased by 14 and 20 % over the control. Kewalifferences were not
significant (Table 24).

Sorghum planted in plots previously sownDodichotomum (Damazin
collection) andD. tortuosum, displayed 39 and 77% increase in grain yield,
over the control, respectively. However, the obedrdifferences were not

statistically significant (Table 24).

Table 24. Effects of previously sowmesmodium species on subsequent sorghum growth
and yield (2008/09)

Number of Plant Daysto 50 Number Seed

Previous season treatment sorghum height % of heads/ yield
plants /m (cm) flowering  mrow (kg/ha)
row
D. dichotomum (Damazin) 9.9 110.2 52 10.6 2390
D dichotomum(Kadugli) 9.8 93.9 53 6.2 936
D. intortum 10.0 106.4 55 10.0 1839
D. distortum 9.7 89.9 58 5.3 1230
D. uncinatum 9.8 105.3 52 8.0 1234
D. tortuosum 9.9 109.1 54 8.3 3049
Control withoutDesmodium 9.8 109.2 55 8.8 1724
SE+ 0.288 11.048 1.957 1.783 665.99
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4.3.1.2. Screening ofDesmodium species for drought tolerance and
residual effects onS. hermonthica on sorghum at Gedarif (rainfed):
Monthly seasonal rainfall for 2007/08 and 2008/68s®ns was recorded
(Table 25). Total rainfall in season 2007/08 (44&)nwas more than 2- fold

that of season 2008/09 (210 mm).

Table 25. Monthly and seasonal rainfall during 200/And 2008 growing seasons at
Gedarif

Monthly season July August  September October Total
Rainfall 2007/08 114 238 82 12 446
(mm) 2008/09 25 70 115 0 210

In the first season, exotl@esmodium spp. displayed low establishment (6-
16 plants/ m row) (Table 26). The local speciagspective of collection site,
showed the highest establishment. The highest syrald (5397 kg/ha) was
obtained byD. dichotomum (Damazin collection) followed in descending order
by D. dichotomum, (Kadugli collection),D. tortuosum and D. distortum. D.
uncinatum andD. intortum on the other hand died prior to harvest and renstr
yield was produced (Table 26).

D. dichotomum (Damazin collection) gave the highest grain yield

followed by D. dichotomum (Kadugali collection), D. distortum and D.
tortuosum. D. uncinatum andD. intortum failed to obtain any grain yield (Table

26).
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Table 26. Mean stand, straw yield and seed yield &fesmodium species (Gedarif

2007/08)

Desmodium species Number of plants/  Straw yield Seed yield

m row (kg/ha) (kg/ha) *
D.dichotomum(Damazin) 29 (5397) 73.47 (989) 31.43
D.dichotomum(Kadugli) 38 (5136) 71.56 (940) 30.56
D. intortum 6 (0) 0.707 (0)0.71
D. distortum 16 (1186) 34.26 (63) (7.68)
D. uncinatum 11 (0) 0.707 (0) 0.71
D. tortuosum 15 (2002) 44.75 (47) 6.83
SE+ 2.754 1.747 0.767

Data arel + 0.5 transformedrigures in parenthesis are actual data.

In the second season, none of tBesmodium species showed
regeneration. No data on growth and yield of songlwere collected due to
poor rainfall. The only, data obtained were @inga emergence for the first
two months (Table 278riga emergence was invariably low. At 30 days from
sowing, Striga emergence (4 plantsfinvas highest in plots previously sown to
D. intortum. Sriga emergence in the control plot was 2 and 5 planfsAn30
and 60 days after sowing, respectively (Table 2Furthermore, no significant

difference inStriga emergence was observed between treatments.
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Table 27. Effects ofDesmodium species sown in 2007/08 season &nhermonthica

incidence on subsequent sorghum (2008/09)

Previous season treatment Striga population density (plants/ nf)
30 day_s after 60 day_s after
sowing sowing
D. dichotomum (Damazin) 1) 1.2 (3)1.8
D. intortum 4) 1.7 4) 2.0
D. distortum 2 1.4 (2) 15
D. uncinatum (2) 1.6 3) 1.9
D. tortuosum 3) 1.6 4) 1.8
D. dichotomum (Kadugli) 1) 11 2) 1.3
Control withoutDesmodium (2) 1.6 5B 2.2
SE+ 0.508 0.532

Data areV + 0.5 transformedrigures in parenthesis are actual data.

4.3.2. Influence of intercropping withDesmodium species ors. hermonthica
incidence and performance of two sorghungenotypes at Gezira

In the first seasorftriga emergence was low (Table 28). At 60 and 90
days after sowing, emergence of the parasite on 3&leen, in absence of
intercropping was 3 and 1 plantd/mrespectively. Intercropping with
Desmodium resulted in non-significant reduction #iriga population (Table
28).

On Hakika, in absence @esmodium, Striga emergence was very low
and amounted to 2 and 1 plant/,mt 60 and 90 days after sowing, respectively.
In presence obesmodium species no significaistriga emergence was realized

as the number of emergi®yiga plants per /fwas very low (Table 28).

80



Table 28.Striga incidence as influenced byDesmodium species and sorghum genotype
(Gezira, 2007/08)

Desmodium species Striga incidence (plants/nf)
Sorghum genotype

Abu Sabeen Hakika
(a) 60 days after sowing:
D. tortuosum (2)1.5 (0)o.8
D. intortum 4)1.8 (0) 0.9
D. dichotomum (Damazin) 5)23 )10
D. uncinatum (2 14 (0) 0.71
D. distortum (2)1.4 (0)o.8
Control withoutDesmodium (3)1.8 (2) 1.3
SE+ 0.34 ns
(b) 90 days after sowing
D. tortuosum 113 (0)0.71
D. intortum (2 1.3 (0)0.83
D. dichotomum (Damazin) (3)1.7 (0) 0.83
D. uncinatum (2 1.3 (0)0.71
D. distortum (0) 0.9 (0) 0.71
Control withoutDesmodium 1)11 (1) 1.10
SE+ 0.24 ns ns

Data arel + 0.5 transformed. Figures in parenthesis areahdata. ns= Not significant.

Desmodium stand determined 30 days after sowing showed deratle
variations with speciesD. dichotomum (Damazin collection), showed the
highest stand establishment followed Dy distortum and D. tortuosum. D.
intortum andD. uncinatum, on the other hand, failed to establish (Table 29)

At 90 days after sowing, biological yield of Abu E&®n without
Desmodium was 3890 kg/ha. Intercropping with each of Eresmodium species

did not a significantly effect in biological yie({dable 30).
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Table 29. Population density ofDesmodium as influenced by species and companion

crop genotype at 30 days after sowing (Gezira, 20B)

Desmodium species

Population density (m/row)

Abu Sabeen Hakika
D. tortuosum 14 ab 9ab
D. intortum Ob 5ab
D. dichotomum (Damazin) 18 a 20 a
D. uncinatum Ob Ob
D. distortum 14 ab 19 a
Control withoutDesmodium 0 0
SE+ AB33

Means followed by the same letter(s) are not sicgmitly different according to Duncan’s
Multiple Range Test.

Hakika, withoutDesmodium species gave a biological yield of 3119 kg/
ha. Intercropping witlD. dichotomum increased biological yield by 41%. In
among all treatments the highest biological yiekbwbtained on intercropping
with D. dichotomum collected from Damazin (Table 30).

Table 30. Influence of intercropping withDesmodium species on biological yield of
sorghum (Gezira, 2007/08)

Desmodium species

Sorghum biological yield (kg/ha)

Abu Sabeen Hakika

D. tortuosum 2124 2393* ns
D. intortum 2568 3818
D. dichotomum 3568 4390
D. uncinatum 1763 3156
D. distortum 2993 2923
Control withoutDesmodium 3890 3119
SE+ 710.1 ns

ns= Not significant.
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In the second season (2008/09), Abu Sabeen, axme sustained the
highestStriga emergence (93 plantsfn at 60 days after sowing (Table 31).
Intercropping withDesmodium species reduced the parasite population by 16-
33%. Maximum reduction igriga emergence was realized on intercropping
with D. dichotomum (Damazin collection). However, differences betwee
treatments were not significant. At 90 days aftaviag, Abu Sabeen sustained
the highestSriga emergence (74 plants 9mIntercropping withDesmodium
reducedStriga population by 34- 51% (Table 31). The highest otidn was
obtained when intercropping with. distortumwas practical.

On Hakika (sole sorghungriga emergence, was 6 plants’/rat 60 days
after sowing. Intercropping witl. tortuosum and D. uncinatum, increased
Sriga population density by 67 and 33%. However, theeobed increments
were not significant (Table 31).

At 90 days after sowindiriga emergence on Hakika, as sole crop, was 7
plants /M. Intercropping withD. dichotomum (Damazin collection) and.
distortum reduced the parasite emergence in comparison thwhsole crop,

albeit not significantly (Table 31). Intercroppingth D. tortuosum andD.
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Table 31.Striga incidence as influenced bypesmodium species and sorghum genotype
(Gezira, 2008/09)

Desmodium species Striga incidence (plants/m)
Sorghum genotype

Abu Sabeen Hakika
(a) 60 days after sowing:
D. tortuosum (64) 8.0a (10)3.1b
D. dichotomum (Damazin) (62)7.8a (®) 24D
D. uncinatum (76) 8.6 a (8) 2.8b
D. distortum (66) 8.1a (2)15b
D. dichotomum (Kadugli) (78) 8.7a (5) 240b
Control withoutDesmodium (93) 96a (6) 240D
SE+ 0.59
(b) 90 days after sowing:
D. tortuosum (41)6.4b (7)2.6 ¢
D. dichotomum (Damazin) (49) 7.0 ab (3)2.0c
D. uncinatum (47) 6.9 ab (7)2.7c
D. distortum (36)6.0b 3) 1.7c
D. dichotomum (Kadugli) (46) 6.8 b (8)2.7c
Control withoutDesmodium (74)8.5a (7)25¢c
SE+ 0.56

Data arev + 0.5 transformed. Figures in parenthesis areahdata. Means followed by the
same letter(s) are not significantly different aduog to Duncan’s Multiple Range Test.
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uncinatum resulted inSriga emergence similar to that on sole sorghum.
Intercropping with D. dichotomum (Kadugli collection) increased slightly
Sriga emergence.

At harvest,Sriga biomass was highest in sub- plots planted to AhlbeSn as
sole crop (Table 32). Intercropping witlesmodium reduced3riga biomass by

9- 36%. The highest reduction was realized on endgping withD. distortum,
albeit not significantly (Table 32).

Sriga biomass on Hakika as sole crop was very low in gammson to the
corresponding Abu Sabeen treatment (Table 32)Dé&dmodium species except
D. distortum increased Striga biomass. However, differences between

treatments were not significant.

Table 32.Striga biomass as influenced bypesmodium species and sorghum genotypes
(Gezira, 2007/08)

Striga biomass (kg/ha)

Desmodium species Sorghum genotype

Abu Sabeen Hakika
D. tortuosum (1198) 34.5a (101)95b
D. dichotomum (Damazin) (1302) 36.0 a (214)12.1 b
D. uncinatum (1563) 39.4 a (95)9.7b
D. distortum (1094) 329 a (51)5.3b
D. dichotomum (Kadugali) (1302) 35.6 a (93)8.8b
Control withoutDesmodium (1719) 409 a (69)7.7b
SE+ 3.30

Data arev + 0.5 transformed. Figures in parenthesis areahdata. Means followed by the
same letter(s) are not significantly different adiog to Duncan’s Multiple Range Test.

Days to 50% flowering of sorghum were influencedoloyh genotype

and intercropping witlbesmodium (Table 33). In Abu Sabeen, intercropping

85



with D. distortum delayed flowering significantly, while intercropginvith D.
dichotomum (Damazin collection) advanced flowering date, @lbet
significantly. Intercropping with othédesmodium species, on the other hand,
had no significant effect on flowering. Hakika read 50% flowering earlier
than Abu Sabeen and intercropping witésmodium species had no effects

(Table 33).

Table 33. Influence of intercropping withDesmodium species on days to 50 % flowering

of sorghum under Striga infestation (Gezira, 2008/09)

Desmodium species Days to 50%flowering

Abu Sabeen Hakika
D. tortuosum 76 bc 68 cd
D. dichotomum (Damazin) 68 cd 66 d
D. uncinatum 76 bc 69 cd
D. distortum 86 a 68 cd
D. dichotomum (Kadugli) 78 ab 68 cd
Control withoutDesmodium 75 bed 67 cd
SE+ 2.82

Means followed by the same letter(s) are not siggmitly different according to Duncan’s
Multiple Range Test.

Intercropping sorghum Abu Sabeen wiihh dichotomum (Damazin
collection) increased plant height, albeit not #igantly (Table 34).
Intercropping withD. distortum, on the other hand, reduced sorghum height
significantly. Intercropping with otheddesmodium species had no effects. On

Hakika, intercropping with D. dichotomum (Kadugli collection), D.
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dichotomum (Damazin collection) andD. distortum had no effect on plant
height. Intercropping withD. tortuosum andD. uncinatum, on the other hand,

reduced plant height, albeit not significantly (TeaB4).

Table 34. Influence of intercropping withDesmodium species on height of sorghum
under Striga infestation (Gezira, 2008/09)

Desmodium species Sorghum height (cm)

Abu Sabeen Hakika
D. tortuosum 131.5 abc 116.2d
D. dichotomum (Damazin) 143.7 a 127.8 bcd
D. uncinatum 135.3 abc 120.3 cd
D. distortum 1155d 126.2 bcd
D. dichotomum (Kadugali) 131.8 abc 132.4 abc
Control withoutDesmodium 137.3 ab 130.1 abcd
SE+ 4.46

Means followed by the same letter(s) are not sicgmitly different according to Duncan’s
Multiple Range Test.

Abu Sabeen, intercropping with. dichotomum (Damazin collection)
significantly increased sorghum population. Intepging with D. tortuosum
and D. dichotomum (Kadugli collection) increased crop stand, albedt
significantly (Table 35). Hakika population degsit the control plot was
about 2- fold that of Abu Sabeen. Moreover, int@pping with Desmodium

species had no effect on Hakika stand (Table 35).
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Table 35. Influence of intercropping withDesmodium species on population of sorghum
under Striga infestation (Gezira, 2008/09)

Desmodium species Sorghum stand ( per m row)

Abu Sabeen Hakika
D. tortuosum 6.8 bc 98a
D. dichotomum (Damazin) 8.3 ab 10.0a
D. uncinatum 6.2 bc 10.0a
D. distortum 48c 10.0 a
D. dichotomum (Kadugli) 6.8 bc 10.0a
Control withoutDesmodium 53c 10.0 a
SE+ 0.7

Means followed by the same letter(s) are not sicgmitly different according to Duncan’s
Multiple Range Test.

Abu Sabeen when not intercropped widksmodium species gave low
yield. Intercropping witlD. dichotomum, (Damazin collection) increased grain
yield, albeit not significantly (Table 36). Inteopping with otherDesmodium
spp reduced grain yield, albeit not significantly. ek without intercropping
outyielded Abu Sabeen by more than 10- fold. Imtgyping withD. uncinatum
depressed vyield significantly. However, intercraygpiwith otherDesmodium

species had no significant effect on grain yieldl{lEé 36).
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Table 36. Influence of intercropping withDesmodium species on grain yield of sorghum
under Striga infestation (Gezira, 2008/09)

Desmodium species Sorghum grain yield (kg/ha)

Abu Sabeen Hakika
D. tortuosum 150 d 1816 ab
D. dichotomum (Damazin) 548 cd 2695 a
D. uncinatum 9% d 1365 bc
D. distortum 122 d 2373 ab
D. dichotomum (Kadugli) 79d 2281 ab
Control withoutDesmodium 210d 2744 a
SE+ 317.42

Means followed by the same letter(s) are not siggmitly different according to Duncan’s
Multiple Range Test.
4.3.3. Influence of intercropping withDesmodium species ors. hermonthica
incidence and performance of two sorghungenotypes at Gedarif

In season 2007/089riga emergence on sole sorghum land race
“Korokollo” was 12 and 13 plants fmat 60 and 90 days after sowing,
respectively (Table 37 ). At 60 and 90 days aftavisg, intercropping witiD.
distortum reduced3riga population density by 50 and 54%, respectivelyb(@a
37). Intercropping withD. uncinatum, on the other hand increas&tiga
emergence by 42 and 54 %, respectively. Howevdferdnces between

treatments were not significant.
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On Hakika,Sriga emergence was 5 and 8 plant$ ém the sole crop 60
and 90 days after sowing, respectively (Table 3Tjtercropping withD.
dichotomum (Damazin collection) reducetiriga emergence by 60 and 38%,
respectively. Intercropping witD. intortum andD. distortum increased3riga
emergence by 13 to 60%. However, differences betviematments were not
significant. In both counts Hakika, supported |&sga emeregence than

“Korokollo” by 38 to 58% (Table 37).

Table 37. Striga incidence as influenced bypesmodium species and sorghum genotype

at Gedarif (2007/08)
Desmodium species Striga incidence (plants/nf)
Sorghum genotype
Korokollo Hakika
(a) 60 days after sowing:
D. intortum (10) 3.1 (7) 2.6
D. dichotomum (Damazin) (12) 3.2 (2)15
D. uncinatum 17) 4.1 (5) 2.1
D. distortum (6) 2.5 (7)2.5
Control withoutDesmodium (12) 3.5 (5) 2.3
SE+ 049
(b) 90 days after sowing:
D. intortum (14) 3.7 (9)2.9
D. dichotomum (Damazin) (14) 3.6 5)23
D. uncinatum (20) 4.5 (8) 2.9
D. disotrtum (6) 2.5 (12) 3.4
Control withoutDesmodium (13) 3.7 (8) 2.8
SE+ 0.55 ns

Data arev + 0.5 transformed. Figures in parenthesis areahdata. ns= not significant.
Desmodium stand determined 30 days after sowing showed deradle

variation with speciesD. dichotomum (Damazin collection), showed the
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highest stand establishment followed in desendimtgroby D. distortum, D.

uncinatum andD. intortum (Table 38).

Table 38. Population density oDesmodium as influenced by species and companion

crop genotype at 30 days after sowing (Gedarif, 20008)

Desmodium species Population density (m/ row)
Korokollo Hakika

D. intortum 5cd 2d

D. dichotomum (Damazin) 30a 27 ab

D. uncinatum 7 bcd 7 abcd

D. distortum 24 abc 2labcd

Control withoutDesmodium - -
SE+ 6.0

Means followed by the same letter(s) are not sicgmitly different according to Duncan’s

Multiple Range Test.

Intercropping withDesmodium species and sorghum genotype had no

effects on days to 50% flowering of sorghum (T88¢

Table 39. Influence of intercropping withDesmodium species on days to 50 % flowering

of sorghum under Striga infestation at Gedarif (2007/08)

Desmodium species Days to 50%flowering

Korokollo Hakika
D. intortum 88 86* ns
D. dichotomum 87 83
D. uncinatum 87 86
D. distortum 83 85
Control withoutDesmodium 89 88
SE+ 20ns

ns= not significant.
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Korokollo was taller than Hakika, albeit not siga#ntly. Intercropping
with D. intortum and D. dichotomum (Damazin collection), increased
Korokollo height significantly. Intercropping wittother Desmodium spp
increased height, albeit not significantly (Tabl®.40n Hakika intercropping

with Desmodium species had no significant effects on crop hegigable 40).

Table 40. Influence of intercropping with Desmodium species on height of sorghum
under Striga infestation at Gedarif (2007/08)

Desmodium species Sorghum height (cm)

Korokollo Hakika
D. intortum 126.9 a 69.1c
D. dichotomum (Damazin) 132.1a 84.3c
D. uncinatum 115.9 ab 83.0c
D. distortum 123.4 ab 69.3¢C
Control withoutDesmodium 91.43 bc 83.6 C
SE+ 8.779

Means followed by the same letter(s) are not siggmitly different according to Duncan’s
Multiple Range Test.

Sole Korokollo and Hakika crops gave grain yiel®&fL and 180 kg per
ha, respectively. Intercropping of Korokollo wifd. dichotomum (Damazin)
increased grain yield significantly. Intercroppivgth other Desmodium
species increased grain yield over the sole crbygjtanot significantly (Table
41). Intercropping witlD. uncinatumincreased grain yield of Hakika, albeit not
significant. However, otheDesmodium species had no effect on grain yield

(Table 41).
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Table 41. Influence of intercropping with Desmodium species on grain yield of
sorghum under Striga infestation (Gedarif, 2007/08)

Desmodium species Sorghum grain yield (kg/ha)

Korokollo Hakika
D. intortum 381b 142 b
D. dichotomum (Damazin) 850 a 165 b
D. uncinatum 301 b 279 b
D. distortum 228 b 179b
Control withoutDesmodium 211 b 180 b
SE+ 109.3

Means followed by the same letter(s) are not sicgitly different according to Duncan’s
Multiple Range Test.

In the second season (2008/08Jjga emergence on sole Korokollo was
9 plants/m, at 60 days after sowing. Intercropping widh uncinatum andD.
dichotomum (Damazin and Kadugli collections) reduc&tiga emergence,
albeit not significantly (Table 42). Oth&esmodium species had negligible
effects.

Hakika, as sole crop, supported®iga plants/ M. Intercropping with
D. uncinatum increasedStriga emergence in comparison to the sole crop.
Intercropping with othemDesmodium species had no significant effects on
Sriga emergence. Drought and the concomitant loss qf preculded further

collection of data otriga emergence and sorghum performance.
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Table 42.Striga incidence as influenced bypesmodium species and sorghum genotypes
at 60 days after sowing (Gedarif, 2008/09)

Desmodium species Sorghum genotype
Korokollo Hakika

D. tortuosum (6)2.40 ab (1) 0.98 b
D. dichotomum (Damazin) (6) 2.1ab (1)1.00b
D. uncinatum (1) 1.04 ab (4) 2.00 ab
D. distortum (7)2.73 ab (1) 1.33 ab
D. dichotomum (Kadugali) (2) 1.37 ab (2) 1.48 ab
Control withoutDesmodium (9) 3.02a (2)1.36 ab
SE+ 0.3882

Data arev + 0.5 transformed. Figures in parenthesis areahdata. Means followed by the
same letter(s) are not significantly different adiog to Duncan’s Multiple Range Test.

4.4. Trials onO. ramosa on tomatoes:
4.4.1. Effects of intercropping of Desmodium species onO. ramosa
parasitism and tomato yield:

In season 2006/07Desmodium spp., irrespective of placement and
observation date tended to red@eramosa infestation in comparison to the
control (Table 43)0O. ramosa infestation irrespective of observation date or
Desmodium species was invariably the lowest wHaesmodium was drilled 10
cm from tomato rows and highest wh&esmodium was planted between
tomato holes and/or when planted in the same hibketamato (Table 43).

At 60 and 90 days after sowin@, ramosa population density was low,
irrespective of treatment. However, at 120 day®raftowing O. ramosa
population density was 36 plant$/rim the control plot. Intercropping with

Desmodium species, at 120 days after sowing reduBedamosa emergence
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by 28- 78 %. Emergence of the parasite was invigrithee lowest when
Desmodium, irrespective of the species, was drilled 10 comfrtomato rows.
Desmodium species when planted between tomato holes resuited
considerable reduction 44 to 67% @ ramosa emergence. However, the
observed reduction was only significant in cas® ofincinatum. Placement of
Desmodium species in the same hole as tomato plants resuitede least
reductions. The observed reductions were 33 and 8%. dichotomum and

D. uncinatum, respectively (Table 43).

Table 43. Influence of intercropping with Desmodium spp. onO. ramosa parasitism on
tomato (2006/07)

Treatment O. ramosa population density
(plants/ m?)
60 DAS* 90 DAS 120 DAS

D. dichotomum hand- drilled at 10 cm from tomato row (1) 0.96 ) @45 (8) 2.27

D. dichotomum intercropped with tomato in the same hole (1) 1.14(4) 2.08 (24) 4.89
D. dichotomum intercropped with tomato between holes (3) 1.696) .35 (20) 4.29
D. uncinatum hand- drilled at 10 cm from tomato row (1) 1.02(2) 1.49 (9) 2.83
D. uncinatumintercropped with tomato in the same hole (2)91.4 (6) 2.35 (26) 4.73
D. uncinatumintercropped with tomato between holes (1) 1.07 4) 1.82 (12) 3.23
Orobanche infested control (3) 1.89 (8) 2.84 (36)5.81
SE+ 0.2785 0.3708 0.6545

Data are\ + 0.5 transformed. Figures in parenthesis areahdata. DAS*= days after
sowing.

Intercropping with Desmodium, invariably, increased tomato yield.
Increaments in tomato yield were the lowest (2 &6%) and not significant
when Desmodium species were drilled at 10 cm from tomato rowsweleer,

high and significant increaments (61- 82%) in tangaeld were obtained when
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Desmodium species were planted in between holes or in timeshole as
tomato plants (Table 42). Intercropping widh dichotomum tended to increase
yield more tharD. uncinatum (Table 44).

Table 44. Influence of intercropping withDesmodium spp. on yield of tomato under
Orobanche infested field (2006/07)

Treatment Yield Increase in yield
(Vha) (%)

D. dichotomum hand- drilled at 10 cm from tomato row 8.07 16

D. dichotomum intercropped with tomato in the same hole 12.62 82

D. dichotomum intercropped with tomato between holes  11.76 70

D. uncinatum hand- drilled at 10 cm from tomato row 7.10 2

D. uncinatumintercropped with tomato in the same hole 11.16 61

D. uncinatumintercropped with tomato between holes 11.31 63

Orobanche infested control (Sole crop) 6.93

SE+ 1.216

In 2007/08 seaso®). ramosa emergence was higher and earlier than that
of the first season (Table 45). At 60 days aftevisg, emergence dD. ramosa
was generally low (1 to 5 plants”mThe number 0D. ramosa spikes in the
control plots was 37 and 66 plants peT a 90 and 120 days after sowing,
respectively.

D. dichotomum andD. uncinatum when drilled at 10 cm from tomato row
or planted in the same hole as tomato plants red@rebanche emergence
substantially, albeit not significantly. The obssivreductions, irrespective of
Desmodium species were invariably higher when the latterseevpganted at 10
cm from the tomato rows.
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At 120 days after sowinBesmodium, irrespective of species, planted at

10 cm from tomato rows or in the same hole as tonpdénts reduced.

ramosa emergence considerably, albeit not significanthyamong treatments,

planting in between tomato holes resulted in theekt reductions dD. ramosa

emergence (Table 45).

Table 45. Influence of intercropping with Desmodium spp. onO. ramosa parasitism on

tomato (2007/08)

Treatment O. ramosa population
density(plants/ nf)

60 DAS* 90 DAS 120 DAS
D. dichotomum hand- drilled at 10 cm from tomato row (1) 1.30  (22) 4.26  (38) 6.08
D. dichotomum intercropped with tomato in the same hole(1) 1.11  (30) 5.48 (56) 7.43
D. dichotomum intercropped with tomato between holes (3)1.75 (38)6.20 (68) 8.29
D. uncinatum hand- drilled at 10 cm from tomato row (1)1.03 (19)4.17 (31)5.28
D. uncinatumintercropped with tomato in the same hole (0) 0.89 (24)4.71 (46) 6.66
D. uncinatumintercropped with tomato between holes  (5) 1.98  (40) 6.25 (72) 8.43
Orobanche infested control (1)0.96 (37)5.70 (66)7.96
SE+ 0.277 1.1245 0.8158

Data areV + 0.5 transformed. Figures in parenthesis areahdata. DAS*= days after

sowing.

Tomato vyield irrespective of treatment was low ([€abl6). D.

dichotomum drilled 10 cm from tomato rows am uncinatum planted between
tomato holes resulted in yield less than the conalibeit not significantly
(Table 4§. D. dichotomum planted in the same hole as tomato plants or gante
between holes and. uncinatum drilled 10 cm from tomato rows or in the same

hole as the tomato plants improved yield considgrdiut not significantly in
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comparison to the controD. dichotomum intercropped with tomato between

holes obtained the highest yield (Table 46).

Table 46. Influence of intercropping withDesmodium spp. on yield of tomato under
Orobanche infested field (2007/08)

Treatment Yield (tha) Increase in yield
(%)

D. dichotomum hand- drilled at 10 cm from tomato row 3.40 -

D. dichotomum intercropped with tomato in the same hole 3.73 4

D. dichotomum intercropped with tomato between holes 6.03 68

D. uncinatum hand- drilled at 10 cm from tomato row 4.66 29

D. uncinatumintercropped with tomato in the same hole 3.81 6

D. uncinatumintercropped with tomato between holes 3.21 -

Orobanche infested control (Sole crop) 3.60

SE+ 0.960
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Chapter five

Discussion

Parasitic weeds of the geneffriga and Orobanche pose a severe
problem for agriculture. They are difficult to cavitand are highly destructive
to several crops. The effects of parasitic weedsgagater than those of other
weeds. The root parasitic weetsiga spp. andOrobanche spp. appear late in
the growing season so they escape from normal wegeautiactices or control
measures. As parasites they live at the expensieeofhosts. They rob water
and nutrients. Moreover, for root parasitic weedssimof the damage is
inflicted before they emerge on the soil surfacent@®l after emergence of
parasitic weeds often is of no benefit to the qurop, albeit it reduces the
seed bank (Goldwasser and Kleifeld, 2004 and Sauedd al, 2007). The
close association between the parasites and tbets,hthe complexity of the
life cycle of the parasite, the underground natirearly developmental stages,
copious seed production, germination requiremematiability between
parasitic weed population and existence of hostiBpepopulations and
physiological variants make the parasites diffieudteds to control (Goldwasser
and Kleifeld, 2004; Babiker, 2007). Development&hges of Sriga and
Orobanche comprise a number of mechanisms that ensure ctamelination of

the parasites life cycle and that of the hosts (Beesteet al, 2003). The life
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cycles of the parasites could be suitable targetshieir control especially the
chemical signals involved in their regulation. Téfere, control methods should
focus on reduction of the soil seed bank and iaeterfce with the parasites early
developmental stages. It is also agreed that resea should focus on the
developement of integrated control measures tlabased on modifications of
the cultural practices without much increase indbst of production so as to be
acceptable to subsistence farmers who are facédanghortage of resources.
Improved cultural methods such as intercroppinglccde integrated in a
control programme with other non- expensive tecbgiels, such as tolerant
varieties, that suit the production system in vougethis study, indigenous
Desmodium species and some selected exotic species fronvdHd collection
were screened for drought tolerance and suppresfi#ets onS. hermonthica
on sorghum an@. ramosa on tomato.

In this study, temperatures of 25 to 3G were found to be most
favourable for Desmodium species seed germination. This finding is in
agreement with the results obtained by Veasey aadihé (1991) who found
that scarified seed of foldesmodium species germinated at high percentages at
20 to 40°C and germination at 2& was low. Accordingly, temperature during

the rainy season will be suitable for their gerrtiora and establishment.
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However, in winter when temperatures range betwlideand 24°C they may
be at a disadvantage.

Laboratory experiments revealed that the initidleaf of simulated
drought was a delay in seed germination. In gendnal germination of five
Desmodium species decreased with increasing PEG 8000 coatent

PEG 8000 at low concentration (50 g/L) had no askveeffect on
germination ofD. dichotomum (Fig. 8). Increasing PEG 8000 concentration to
100 g/L delayed germination. At higher concentratiof PEG 8000 no
germination was displayed up to 3 days (Figs. 8,110and 12). The response
of D. tortuosum, D. distortum andD. intortum to PEG 8000 was more or less
similar to that ofD. dichotomum (Figs. 9, 10 and 11) On the other hand).
uncinatum showed lower germination in comparison to ottsmodium
species. These experiments have demonstrated E@@&BPO00 is able to mimic
the effect of drought stress, confirming resultsviwusly reported by Michael
and Kaufmann (1937). In addition, pot experimesitewed thaD. tortuosum
Is slightly more drought tolerant under green hocseditions than the other
species (Table 10D. tortuosum showed 88% regeneration on receiving the
second irrigation 60 days after cutting, whiedichotomum andD. distortum

showed no regeneration.

101



Laboratory experiments (Figs. 13- 16) showed tHatDesmodium species
tested induced little to modera® hermonthica seed germination. This is at
variance with the results of Khast al. (2002) who found thab. uncinatum
root exudates induced germination ®fhermonthica as effectively as maize
root exudates. In among tiesmodium speciesD. distortum root exudates
induced the highest germination (35%). Furthermoome of theDesmodium
species induced germination ©f ramosa. The results suggest tHaesmodium
species under the set of experimental conditiooptad in this study may have
a limited capacity as trap crops. Dawoud (1995pregml that the leguminous
plants, hyacinth beah.g@blab purpureous L.) stimulates high (40%riga seed
germination.

D. uncinatum, D. dichotomum andD. intortum root exudates applied 24 h
subsequent to or simultaneously with GR 24 didimibiice haustoria (Tables 2,
3 and 4). Similar findings have been reported byt al (2002) who found
that chemical components &f. uncinatum root exudates gave a significant
inhibition of haustorial growth. Moreover, Khahal (2008) reported that root
exudates oD. uncinatum contain novel flavonoid compounds, some of which
stimulate germination oftriga and others dramatically inhibit its subsequent
development, including radicle growth. Other legsnaso producelriga

germination stimulants, but demonstrate no sigaific post-germination
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allelopathic effects. This suggests close similabétween the two groups of
legumes differentiated by a lack of specific tangrenzymes, e.dC- glycosyl
transferase, that convert common precursors, pgenin to highly active post-
germination inhibitors (Picke#t al, 2007). The initiation of haustorium takes
place afterSriga seeds germinate. As a result, the germinated edkdr
receives the signal to attach to the host or slsrized die.

Allelopathy has been reported to be the cause e reduction ofS
hermonthica infection in intercropping witlD. uncinatum by inhibition of the
development oftriga haustoria although not of seed germination (K&aal,
2002).

The allelopathic effect of chemicals exuded from thots that interfere
with haustorial development, combined with the potehemical stimulants
causing suicidal germination, provide not only direvitchweed control, but
also a significant depletion of viable seeds indbi (Khanet al, 2002).
Laboratory experiments showed that the presencB.afincinatum and D.
dichotomum reduced attachment d@riga into sorghum roots. This finding
suggests the presence of haustorium and/ or raglateyation inhibitors in the
root exudates of Duncinatum andD. dichotomum. The similar effects oD.

dichotomum andD. uncinatum which may indicate comparable phytochemical
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and physiological attributes. Furthermor@&@riga plants which are able to

survive can be easily controlled or destroyed leesmeds setting.

Pot experiments revealed that thedichotomum planted 60 days prior to
sorghum was more effective in suppressing the paraghis result could be
attributed to the fact that as leguminous plamssmodium spp. may fix
nitrogen and thus improve soil fertility. Nitrogdéixed by legumes has been
pointed as an important factor contributing Simiga control. The means by
which levels of nitrogen suppreSsiga are not clearly understood. However,
the main effects of nitrogen fertilization could k@ reduction of stimulant
exudation, direct damage t@riga seeds and seedling in the solil, reduced
osmotic pressure in the parasite relative to thet ind increased shading by the
crop (Parker and Riches, 1993).

Under field conditions at Wad Medani and Gedarifakions, only three
Desmodium species namel. dichotomum, D. distortum and D. tortuosum
were able to establish, while the other two spedi®suncinatum and D.
intortum were unable to establish particularly in July whis the time for
planting sorghum in Sudan. Their stand was invariitw (Tables 22 and 26).
Field observations showed that Bsmodium species tested did not regenerate

in the next season. The ability DEsmodium species to regenerate or survive
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after harvest was greatly affected by poor or lawfall. The bulk of Sudan has
a short rainy season. Annual rainfall in Sudan ihss#arts in June and ends in
October. Climatic factors play an important role datermining the type of
economic activities, especially in arid tropicakas where rainfall is vital to
human and animal existence and determines the gtafgicultural production

(Himedan and Hamid, 2006).

The field trial of intercropping ofDesmodium with two sorghum
genotypes at Wad Medani in the first season waxledtl by diseases and
termites which highly affected the growth of sorghiMoreover, the number of
Sriga emergence was very low. However, the influencentdrcropping of
Desmodium appeared in the second season wigriga incidence was low
(Table 31). Intercropping witbesmodium reduced the parasite population and
biomass. In addition, an increase in sorghum yateunting to 161% over
that of the sole crop was realized (Tables 31,r8236).

Similar results were obtained at Gedarif locatiohe first season where
the intercropping wittDesmodium increased yield of sorghum by 8- 303% in
comparison with that of sole sorghum (Tables 37 4hl However, in the
second season low rainfall damaged the crop andluoled collection of
reliable data. Total rainfall in the first seas@9{7/08) was 446 mm (Table

25). Most of the rainfall (26 and 53%) was in Jatyd August and only 18 and
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3% occurred in September and October. In the seseasbon, rainfall was very
low (210 mm). Very little rainfall occurred in Julgnd August. The bulk of
rainfall (115 mm) was in September and no rairdatiurred in October.

The field trials on tomato showed ti@tobanche ramosa infestation was
highest in the control plot (Tables 43 and 45). thBD. dichotomum and D.
uncinatum reduced the number of emergent parasite and sedethe total
yield of tomato in the first and second season.sTihi consistant with the
findings of Fernandez- Aparice al (2008) who found consistent control ©f
crenata infection in faba bean, pea and lentil when intgpped with fenugreek.
They also found that, allelopathy was a major camepb for the reduction of
Orobanche seed germination.

Intercropping withDesmodium offered satisfactory control @. ramosa.
Control of the parasite was reflected in noteabt¥aase in tomato yield. The
increase in yield without substantial inputs bynfars fits well into the
subsistence African traditional culture of mixe@dmping. The net result is an
overall enhancement of the quality of life of pedadarmers and their families.
Desmodium species provide fodder and meet the need foriabtelsource of
forage. However, the effects of intercropping witesmodium species iritriga
on sorghum was less than expected based on rdpmriKenya (Kharet al.,

2000, 2001, 2002, 2006 2007 and 2008).
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Despite induction of low and negligible germinatimis. hermothica and
lack of induction of germination dD. ramosa seeds byDesmodium species in
the laboratory possible stimulation of germinatiorihe field can not be ruled
out. Furthermore, a reduction in debilitating effeof the parasites through
smothering byDesmodium due to its spreading habit of growth is also dbla
possibility. Parker and Riches (1993) proposed thappression ofS.
hermonthica by leafy intercrops may be due, at least in garshading effects.
Shading may reduce temperature and raise humidigr dhe emerging
witchweed plants, thus reducing transpiration amagpk/ of nutrition from the
host plant.

Control of Sriga and O. ramosa by intercropping withDesmodium,
though positive results were obtained, showed less prortise reported
elsewhere (Khanet al., 2001, 2002, 2006 and 2007). The decrease in
performance of the species may be attributed tderdiices in climatic
conditions. The bimodal rainfall in Lake Vectorieegion enables the
Desmodium species to survive and regenerate after cuttimgveier, in Sudan
the lengthy dry period lead to death and preclustgemeration of even the
perennial specie®. uncinatum and D. intortum. However, the perennial

species may offer promise in Southern Sudan wherediny season is longer
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and when bimodal rains occur. Further, studies oderof action, for which a
number of possible mechanisms have been considezed,to be undertaken.
An integrated3triga andOrobanche control is the key to success. Components
of an integrated package for control of parasiterds need to be adaptable to
the environment and tuned to farmers needs andititiea. Moreover, farmers
or those that advise and educate farmers needhdéugl of knowledge about
parasitic weeds and the control options that arailave. An effective
integrated programme should combine tactics that @mplimentary and
should include a component that protects or enlzangeld. Host plant
resistance, intercropping witbesmodium or other leguminous species are
examples of currently available technologies thavtqet yield potential
(Ransomet al, 2007). Rotation is a practice that should be eramed, even in
the absence of high levels 8friga and Orobanche infestation. Resources are
needed to identify productive and profitable rataticrops (Ransonet al,

2007).
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Conclusions
In this study:

1. Germination oDesmodium species was delayed by low temperature and
drought. Temperatures of 25 and 30 °C were optirfarngermination.
Furthermore, of allDesmodium spp., D. uncinatum was the most
sensitive to drought, whileD. tortuosum was the most tolerant.
Moreover, local Desmodium species displayed higher establishment.
None of theDesmodium species showed regeneration in the next season.

2. Root exudate oD. distortum low germination ofS. hermonthica. Other
Desmodium species induced negligible germination. None @& thot
exudates of allDesmodium species, studied, induce®. ramosa
germination.

3. D. uncinatum and D. dichotomum roots co- planted on rock- wool with
sorghum curtailedSriga attachment to sorghum. Furthermor®,
uncinatum at higher population density reduceédriga emergence
significantly. OtherDesmodium species were less effective. Sorghum
planted in plots previously sown to Desmodium speshowed reduced
Sriga infestation.

4. D. dichotomum and D. uncinatum species were more suppressiveOto
ramosa when planted in rows at 10 cm from tomato rows. dédoer,
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intercropping with Desmodium species increased tomeld, albeit not
significantly.

5. Performance obDesmodium species or8riga and sorghum was by far
less than reported by Khaa al. (2001, 2002, 2006 2007 and 2008).
The reduced efficiency in suppression of the perasay be attributed
to climatic conditions. The bimodal rains in Lakesc¥oria region
sustain growth oDesmodium species across seasons. However, the
extreme drought in central and northern Sudan pdes regeneration
of even the perennial specie®. (uncinatum and D. intortum).
Accordingly, Desmodium spp., particularly the perennialsD.(
uncinatum and D. intortum), may be useful in combatinftriga in
southern Sudan in places where bimodal rains occur.

6. Research on ability of leguminous plants to segp Sriga and
Orobanche species should continue. Mixed cropping is a trawakl
African practice and it may be deployed as a compbrof an

integrated package for control of parasitic weeds.
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