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Zusammenfassung

Die Maniokproduktion wird durch mehrere Krankheiten dark beaintréchtigt, unter ihnen der
Maniokbakterienorand (CBB) ds  zwetwichtigte Maniokkrankheit in Afrika  Eine
Voraussetzung, integriete Bekdmpfungsmalinahmen fir den Bakterienbrand zu  entwicken,
ig die Kemninis der Verbreitung und der Befdlssake der Krankhet in den verschiedenen
Okozonen Togos Ein Hauptdement in der integrieten Beké&mpfung igt die Entwicklung
ressgenter Sorten. Deshdb wurden die Resktion von Sorten gegeniber CBB und ihre
Interaktion mit der Umwet in verschiedenen Okozonen Togos gelestet. Die Virulenz von
Xanthomonas axonopodis pv. manihotis (Xam) Stémmen aus dlen Okozonen Togos wurde
bestimmt, und Sorten wurden nach Inokulaion mit einem St von St@mmen aus verschiedener
geographischer  Herkunft in Afrika charakterisert, um Pahotyp x Sorte Interaktionen zu
identifizieren.  Als  wetere  Elemente  der  integrieten Bekdmpfung  wurden
Hygienemassnehmen und an  Okozonen angepasste  Kulturmassnehmen  getestet,  wie
Mischkulturanbau, Mulchen und Diingergaben.

In énem Survey zur Fesdlung der Maniokkrankheiten in vier agrookologischen Zonen von
Togo wurde en dakes Auftrelen von Maniokbekterienbrand, Maniokmosaikkrankheit
(CMD) und Cercospora-Krankheiten beobachtet. In der Trockensavanne waren 905% der
Feder mit CBB befdlen, in der Wadsavannenibergangszone 70%, in der Feuchtsavanne
64% und in der Regenwddzone 526 %, mit enem durchschnitlichen Befdl der
Einzdpflanzen pro Fdd von 274% in de Regewddzone bis zu 727% in der
Trockensavanne. CMD wurde in nahezu 100% dler Felder in den vier Okozonen gefunden,
mit d@nem hohen Einzdpflazenbefdl pro Fdd von his zu 869%. Cercospora
Blattkrankheiten — Braune Blaitflecken (BLS), Blatbrand (BILS) und Weisse Blattflecken
(WLS) — traen in dlen Okozonen mit Haufigkeiten von 68% bis 100% der Feder auf.
Negative Korrdationen zwischen CBB und CMD beziehungsvese CMD und WLS wurden
beobechtet, wérend BLS und BILS BLS und WLS und auch BILS und WLS podtive
korrdiet waren. Die Befdlshéafigkeit der Felder mit CBB war podtiv korrdiet mit dem
Pflanzendlter, mit der Regenfdlmenge — einem hoheren Befdl in den trockeneren Okozonen
(P < 001) — und der Sérke der Veunkrautung der Feder (p < 0,05). Wetere sgnifikante,
abar negdive Korrdationen traten zwischen CBB und dem Vegeationstyp (Anzehl Baume)
in der Umgebung der Feder auf. Zwischen dem Vorkommen von Braunen Cercospora
Blatflecken und der Anzehl B&ume in der Umgebung des Feldes und dem Faktor Anzahl
Frichte pro Feld (intercopping) trat ene sgnifikant negative Beziehung auf, wahrend Weise



Cercospora-Blatflecken negaiv mit dem Antel Send im Boden korrdiet war. Ein weiterer
Survey zur Beddigung der Ergebnisse wird empfohlen. Malinshmen zur Bekémpfung der
Maniokkrankheiten, insbesondere des Bakterienbrandes, werden empfohlen um  schwere
Epidemien zu vermeden.

Die Auswahl resgenter Sorten i¢ en wichtiges Element in der Entwicklung ener
integrierten  Bekémpfungsstrategie von Maniokbekterienbrand. Deshdb ig die Kenntnis der
Virdlenz und Diverstd der Sdmme von Xam notwendig. Sebenundviezig Stamme wurden
aus Blatsymptomen von Blétern, die wahrend des Survey in den Okozonen Trockensavanne,
Feuchtsavanne, Wald-Savane-Ubergang und Regenwad gesammet wurden, isoliet  und
mittedls St&ngdinokulation auf der anfdligen Sorte Ben86052 auf ihre Virulenz getestet. Die
meisen St&mme (94%) waren hoch virulent, und es wurden generdl nur geringe Unterschiede
zwischen den Stammen festgestdlt. Die Unterschiede waren unabhéngig von der Okozone,

aus der die Slamme slammten.

Um die Resgenzeigenschaften von Manioksorten  gegen  Bakterienbrandbefdl — unter
Fedbedingungen zu untersuchen, wurden 23 lokde Sorten und Zuchtsorten unter natlrlicher
Infektion und nach  Sprikinokulaion in der Regewddzone und da Wdd
Savannenibergangszone in den Jahren 1998 und 1999, und in der Feuchtsavanne im Jehr
1999 gescreent. Starke Sorten X Umwet Interaktionen wurden beobachtet, und es wurde
keine Sorte mit einer Krankheitsresigenz in den dre Standorten in den 3 Okozonen gefunden.
Die Soten CVTM4, Man27, TMS30572 und TMS92/0429 zeigten jedoch ene resdente
Reaktion in wenigdens ener Umgebung (Ort und/oder Jahr) und ene mittlere Ressenz in
den anderen Standorten und Jehren, wéhrend die Sorten Lagos, Toma289 und Toma 378 unter
dlen Bedingungen anfdlig waren. CBB war dgnifikent negative mit dem Erntegewicit der
Maniokwurzen in den sprihinokulierten Feldern in den Standorten in der Regenwadzone in
den Jwen 1998 und 1999, und in den nicht orihinokulieten Feden in der Wadd-
SavannenUbergangszone und der Feuchtsavanne in den Jahren 1998 beziehungsweise 1999
korrdiert. Die Andyse der Entwicklung der verschiedenen Symptomtypen — Hecken, Brand
und Blatwdke — fir jede Sorte ergeb, dass generdl die Stérke von Blatflecken und
Blattbrand pogtiv korrdiet waren, wéhrend keine oder ene negaive Beziehung zwischen
Blattsymptomen und Blattwelke auftrat. Diesdbe Beobachtung wurde bei der Gesamt-
Andyse da Symptomdaten von dlen Sorten unter dlen Bedingungen gemacht. Eine
sonifikant negative Beziehung bestand zwischen der Anzehl Bléter mit Brand und
Wekesymptomen und dem Wurzdgescht in jeder der 3 Okozonen, und zwischen
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der Anzahl Bléter mit Blattflecken und dem Emtegewicht der Wurzedn in  der
Regenwa dzone.

Zusdzlich zum Fddsceenen der Sorten wurden 24 lokde Sorten und Zuchtsorten aus Togo
auf ihre Resktion nach St&ngdinokulation mit 4 hoch virulenten X. axonopodis pv. manihotis
Sa@mmen aus versthiedenen Afrikanischen Hekinften unter  kontrollieten  Bedingungen
untersucht. Die lokden Sorten Nakoko und Tomal59 waen am anfdligden gegen die 4
Samme, wéhrend die meden anderen Sorten einschliefdich der Referenzsorte  Ben86502
anfallig gegen weniggens zwel und resgent gegenlber mindestens einem Stamm  reegierten.
Sechs Sorten waren ressent gegen dle 4 Stdmme. Unter ihnen waren die lokae Sorte
Gbazékouté und die Zuchtsorte CVTM4 die resgentesten. Sechs Gruppen von Sorten mit
aéner differentidlen Resktion gegenlber den vier St@mmen wurden gebildet, und die Stamme
konnten somit ds Pathotypen definiert werden.

Eine Voraussetzung fir den Aufbau einer gesunden Maniokplantage is die Verwendung von
nicht-infizietem Pflanzgut. Deshdb wurde die Vertelung von X. axonopodis pv. manihotis in
Maniokssténgeln untersucht, mit dem Zid, Empfehlungen fir die Auswahl von gesundem
Pflanzmaerid zu geben. X axonopodis pv. manihotis wurde in den St&ngen der anfdligen
Sorten Ben86052 und Féonégbodji in ener  diskontinuiedichen Vertdlung und nicht  auf
aénen Stangdabschnitt beschrénkt gefunden. Die Anzahl von X axonopodis pv. manihotis
Zdlen wa im oberen Sténgdabschnitt mit drca 107 dfulg in Sorte Ben86052 und 10° cfu/g in
Sorte Fétonégbodji, einschlisdich Pflanzen ohne systemische Symptome, héher ds ds in den
mittdleren  und unteren Stngdabschnitten, in  denen die geringden Anzahlen gefunden
wurden. Obwohl in 90-100% und 50-90% der St8ngdabschnittte der Sorten Ben86052
beziehugnsveise Fé&tonégbodji das Pathogen gefunden wurde, entwickdten sich nur aus 40
50% beziehungsvese 20-400% da StBngdabschnitte infiziete Sprosdinge Aus den mesten
Séngdldbschnitten, in denen X axonopodis pv. manihotis nicht nachgewiesen wurde,
entwickdten sch geunde Sprosdinge An der Sorte TMS30572 traten im Fed keine
Bakterienbrandsymptome auf, das Pathogen wurde in keinem Tel des Stdngds gefunden, ud
keiner der neuen Sprosdinge zegte Bakterienbrandsymptome. Daher kdnnen Stecklinge der
symptomlosen, resgenten Sorte TMS30572 fir pathogenfrel gehdten werden. Die Sdektion
von bekterienbrandfrdem Pflanzmaterial  von resgenten Sorten kann den Bauern zur
Eindémmung der Krankheit empfohlen werden.
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Als weiteres Element der integrieten Beké@mpfung des Bakterienbrandes wurde der Einfluss
von Mischkulturanbau mit  wichtigen Grundnahrungdriichten in Togo, der Effekt ener
Kdiumdingung mit Aufwandmengen von 60 und 120 kgha und des Mulchen mit Cassa
siamea auf den Kranhdatsbefdl unter Feldbedingungen in 4 agrodkologischen Zonen getedtet.
Die Befdlsstake wurde dgnifikant reduziet im Mischanbau Maniok-Tao und Maniok-Mais
gegeniber Maniok Monokultur bei mittlerem und hohem Inokulumdruck in der Regenwald-
Hochlandzone, im Maniok-Mais Mischanbau in  der  Wad-Savanneniibergangszone  bel
mittlerem, aber nicht ba hohem (p < 0,01) Inokulumdruck, und im Maniok-Mas Mischanbau
in der Feuchtssvaone be hohem  Inokuumdruck (p < 005. Obwohl die
Befdlsverminderungen  sgnifikant waren, waren Se generdl eher gering (623%), fuhrten
aber generd| nicht zu einer Ertragsreduktion.

Die Kdiumgabe und das Mulchen zeigten nur unklare krankheitseduzierende oder -forderrde
Effekte und kdnnen deshab nicht ds Tell einer Bekémpfungssirategie empfohlen werden.

Da kene Sorten mit ener hohen Resdenz unter den getesteten lokden Sorten und den
Zuchtsorten  gefunden  wurden, wird die Kombination von mittd-resstenten  Sorten  wie
TMS02/0429, TMS30572 und TMS91/02316 mit niedrigem Befdl und hohem Ertrag und der
Mischanbau, beides angepast an die jeweilige Okozone, den Bauen zur Bekdmpfung des
Bakterienbrandes empfohlen. Die Sorten  TMS02/0326, TMS92/0057, Camercon und
Ben86052 die dch ds toleant gegenliber CBB zegten, <ollten wegen der Gefahr der
Veschlegpung von Inokulum nicht angebaut werden. Die Sorten Man27 und CVTM4,
resdent, a&er mit geaingem Ertrag, weden Zichten zum  Einbringen  ihrer
Resgenzcharakteridika in das Zuchtmaterid empfohlen. Auch die Sorten TMS30572 und
TMS92/0429 oliten von Zichtern wegen ihrer hohen Resgenz gegen Wekensymptome zum
Einkreuzen in Sorten mit hoher Anfdligkeit fir systemische Infektion genutzt werden. Zur
Identifizierung von Stamm-Sorte  Interektionen ollten Sorten mit  verschiedenen  Pathotypen
inokuliet werden. Um  Sorten zu identifizieren, die fir die Produktion von gesundem
Pflanzmaterid  gedgnet snd, oliten Zichter die Sorten auf ihre Eigenscheften zur
Unterdriickung systermischer und latenter Infektion und der Ausbildung gesunder Scholdinge
ds zusizliche Ressenzmerkmae untersuchen. Mischkulturanbau  Maniok-Mais — und/oder
Maniok-Taro, je nach Okozone, reduziete den Krankheitsbefal gegeniiber Monokultur in der
Hochlandwaldzone, in der Feudhtssvane und in der  Wald-SavannenUbergangszone,
genadl ohne negdiven Einfluss auf den Ertrag, und kann deshdb den Bauern in diesen
Okozonen ds Element einer integrierten Bekampfung von Bakterienbrand empfohlen werden.

Schlagworte: Maniokbakterienbrand, integrierten Bekémpfung, Wedtafrika
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Abstract

Cassava production is reduced by severd dissases among which cassava bacterid blight
(CBB) is the second important in Africa Prerequisite to develop integraied control messures
of CBB is the knowledge on the didribution and the severity of the diseese in different
ecozones of Togo. A mgor dement in the integrated control of CBB is host plant resstance.
Therefore, genotypes were screened for durable ressance to CBB by characterizing ther
interactions  with the environment in fidd trids in different ecozones. Virulence of
Xanthomonas axonopodis pv. manihotis (Xam) drans across ecozones was edtablished.
Sdected genotypes were chdlenged by stem-inoculaion with a set of representaive, virulent
Xam drans in order to identify possble peathotype X genotype interactions. As further
edements of integrated control, crop sanitation and culturd messures adapted to ecozones eg.
intercropping, aswdl as soil amendments with mulch and potassum fertilizer were Sudied.

A cassava dissae survey was conducted in four agroecologicad zones of Togo. High
incidences of cassva becterid blight (CBB), casssva mosdc dissese (CMD) and
cercosporioses were observed across ecozones. CBB fidd incidences of 90.5% in the dry
savanna zone, 70% in the foret savanna trangtion zone, 64% in the wet savanna zone and
526% in the forest zone, were recorded, with plant incidences ranging from 27.4% in the
forest zone to 72.7% in the dry savanna zone. CMD fidd incidences were nearly 100% in dl
the ecozones and high plant incidences up to 86.9% were found. Cercospora leaf diseases
— brown lesf spot (BLS), blight lesf spot (BILS) and white lesf spot (WLS) - occurred in dl
the ecozones with incidences rangng from 68% to 100%. Negative corrdations between CBB
and CMD, and between CMD and WLS were found, while BLS and BILS, BLS and WLS,
and BILS and WLS were pogtivdy corrdated. FHeld incidence of CBB was pogtivey
corrdaed with plant age, ecozones - higher severity in dryer ecozones - (p < 0.01), and weed
dendty (p < 0.05). Further dgnificant, but negaive corrdaions occurred between CBB and
vegetation type in surroundings of the fidd (number of trees) (p < 0.05). Cercospora brown
leesf spot (BLS) was dgnificantly negetivdly associated with the number of trees in the
surroundings of a fidd and the number of crops in a fidd (intercropping) (p < 0.05), ad
Cercospora white lesf spot with more sandy soils (p < 001). A further survey is
recommended to confirm the present data Measures to control cassava diseases, especidly

cassava bacterid bight, should be taken to avoid severe epidemics.



The sdection of resgant genotypes is a mgor dement in the development of an integraied
control sysem of CBB. Theefore, knowledge on the virulence and diversty of pathogen
drans is important. Fourty-seven drains of Xanthomonas axonopodis pv. manihotis were
isolated from lesf samples collected during the dissese survey from the foret savanna
trangtion, forest, wet savanna and dry savanna zones of Togo and tested for virulence by
stemrinoculation of the susceptible cassava genotype Ben86052. Most (94%) drains were
highly virulent, and generdly only dight differences in virulence among drans were
obsarved. Differences in virulence were independent of their origin in agroecologica zones.

To monitor the resstance characterigtics of cassava genotypes to CBB infection under field
conditions, 23 improved and locd genotypes from Togo were screened under naturd infection
and after spray-inoculation with X. axonopodis pv. manihotis in the forest and forest savanna
trangtion zones in years 1998 and 1999, and in the wet savana zone in year 1999. High
genotype X environment interactions were observed, and no genotype with diseese resgance
in the three stes in the forest savanna trangtion and forest zones over a two year-experiments
and wet savanna zone in a one-season trid was found. However, genotypes CVTM4, Man27,
TMS30572 and TMS02/0429 were resstant in & lesst one environment and medium resstant
in other environments, and Tomal59 and TMSOL/02316 were medium resdant across
environments, while Lagos, Toma289 and Toma378 were over dl susceptible Cassava
becterid  blight severity was dgnificantly negatively corrdlated to cassava root yidd in
inoculated plots in the gdte in the fores zone in 1998 and 1999, and in norrinoculated plots in
the fore savanna trandgtion zone and the wet savanna zone in 1998 and 1999, respectively.
Andysng the devdopment of the different symptom types by genotypes, generdly spot and
blight symptom development was pogtively corrdated, while there was no rdation, or a
negative corrdation between leaf symptoms and the wilt symptom devedopment. The same
obersarvation was made, when data were andysed across genotypes and  environments.
Sgnificant negetive corrdaions were obsarved between blight and wilt symptoms, and  root
yield in each of the three ecozones, and between spots and root yield in the forest zone,

Additondly to the fidd screening of cassava genotypes, 24 improved and locd genotypes
from Togo were screened for resistance to cassava bacterid blight by steminoculaion with
four highly viruent Xanthomonas axonopodis pv. manihotis srains from different geographic
origins in Africa under controlled conditions. The locd genotypes Nakoko and Tomal59 were
most susceptible againg the four strains, while most other genotypes including the reference
genotype Ben86052, with susceptible reection againg at least two strains were resstant to at



leest one drain. Six genotypes showed a resdant reection againg the four dtrains. Among
them, the loca genotype Ghazékouté and the improved CVTM4 were the most resstant ones
Sx groups of genotypes with differentid reactions to the strains were formed, and the dtrains
were defined as pathotypes.

A prerequiste for a hedthy cassava plantation is the use of non-infected planting materid.
Therefore, the didribution of X. axonopodis pv. manihotis in cassava dems was sudied with
the am to develop recommendations for the sdection of hedthy sem materid. X axonopodis
pv. manihotis was detected in sems of the susceptible varigties Ben86052 and Féonégbodii,
in a disoontinuous colonization petten and not redricted to any pat of the sem.
X. axonopodis pv. manihotis numbers were higher in the upper parts with about 10’ cfu/g in
Ben86052 ad 10° cfulg in Féonégbodii, induding plants without systemic symptoms, than
in the middle and basd parts, where the lowest numbers were found. Although 90-100% and
5090% of cuttings of varieties Ben86052 and Fé&onégbodji, respectivdly, harboured the
pethogen, only 40-50% and 20-40%, respectivdy, of emerging sprouts were infected. From
most of the cuttings in which X. axonopodis pv. manihotis was not detected, hedthy sprouts
emerged. No becterid blight symptoms occurred on genotype TMS30572 in the fidd, and the
pathogen was not found in any pat of the plants, nor did any of the new shoots from the
planted cuttings show bacterid blight symptoms Thus symptomless plants of the later
genotype could be conddered free of X. axonopodis pv. manihotis. The selection of bacteria
blight-free cassava planting materid from symptomless, resgant varieties is recommended to
farmers to reduce disease incidence.

As further dement in the integrated control of CBB, the influence of intercropping cassava
with common daple crops in Togo on cassava becterid blight, and the effects of potassum
(KCl) fertilizer doses of 60 and 120 kg/ha and the gpplication of Cassa siamea muich on
dissese devdopment were dudied under fiedd conditions in four agroecologicd zones of
Togo. Bacterid blight severity was sSgnificantly reduced compared to sole cessava in the
forex highland in cassavataro and cassavamaze intercopping & medium and  high
inoculum levels in cassavamaze intercropping in the foret savanna trandtion zone a
medium, but not a high inoculum levds (p 0.01), and in cassava -maze intercropping in the
wet svana zone a high inoculum levd (pO 0.05), with generdly no sSgnificant negetive
effect on yidd. Though sgnificant, dissese reductions by intercropping generdly were low
(6-23%). The gpplicaion of potassum and muich reveded only undear diseese reducing and
increeding effects and can, thus not be recommended as part of a disease control Srategy.
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Snce no vaidies with complete ressance had been identified among locd and locd
improved varieties across ecozones in Togo, the combingtion of medium resgant vaieties
and an intercropping system, both adapted to the respective ecozone, is recommended to
farmers.

Since no genotypes with dable resstace were identified among locad and locd improved
genotypes across ecozones in Togo, the combination of medium resgant genotypes such as
TMS92/0429, TMS30572 and TMS91/02316 with low dissese severity and high root yield
and an intercropping sysem, both adapted to the respective ecozone, is recommended to
farmers. Genotypes TMS92/0326, TMS92/0057, Cameroon and Ben86052, tolerant to the
dissese, dhould be avoided by fames due to the rik of dissaminaion of inoculum.
Genotypes Man27 and CVTM4, resgant, but with low root yiedd could be recommended to
breeders to introduce their ressance charecteridics into the breeding maerids. Additiondly,
genotypes TMS30572 and TMS02/0429 should be usad to introgress ther higher ressance to
the wilt symptom into genotypes with susceptibility to sysemic symptoms To identify drain
X genotype interactions, genotypes should be screened for their reection to inoculation with
different pathotypes. To sdect genotypes which are suitable for production of hedthy panting
materid, breeders should consder differences between genotypes in redriction of systemic
infection, latent infection of dems and redricion of Sporout symptoms as  additiond
characterigtics in sdection for resstance. Intercropping cassava-maize and/or cassava-taro,
according to the ecozone, dgnificantly reduced diseese severity compared to cassava
monocropping in the forest highland, the wet savanna and the forest savanna trangtion zones,
with generdly no sgnificant negaive yidd effect, and thus can be recommended in these
ecozones as part of an integrated control strategy for CBB.

K ey wor ds. Cassava bacterid blight, integrated control, West Africa



General introduction

The cultivated forms of cassava belong to the species Manihot esculenta Crantz, which derive
from the wild populations of Manihot esculenta subsp. flabellifolia (Olsen and Sched, 1999).
The crop is of Centrd and South America origin, from where it spread to other parts of the
world. It was introduced to Africa in the 16™ centry by Portugese traders (Jones, 1959).
Cassava is a perennid drub of 1 to 5 m heght of the family Euphorbiacese, cultivated manly
for its starchy roots. The roots are adventitious and develop to a fibrous root sysem. Some
roots bulk and become dorage roots, while the remaning ones are involved in water and
nutrient absorption. Cassava has a sympodid branching. The sems are woody, cylindricd,
and with dternating nodes and internodes. Leaves are dmple, deeplobed with pamated
vens, and spirdly aranged. Cassava is a monoecious plant, crosspollinated by insects The
fruit isaglobular, trilocular, dehicent capsule.

Cassava is a plant of the humid tropics with an optimd ranfal of 1000-2000 mm per yedr,
however, it is drought tolerant. Cassava needs an open postion with no shade and with as
much sunlight as possble The crop is propagaed vegetaively through sem cuttings or
stakes. Cassava can be planted on a fla ground, as wel as on ridges or mounds. In Africa, it is
usudly grown in mixed sands with other crops (IITA, 1997).

It is the Ixth mogt important source of caories in the human diet, and one of the mogt
important food deples in the tropics (FAO, 1999). Totd world cassava production was
edimated a 158,620,000 tons of root fresh weight (FAO, 1998), with Africa as the leading
producing region (Hillocks, 2002). Cassva sarves as primay dgple food of millions of
people in the tropics and subtropics, and is used as a carbohydrate source in anima feed. It is
used as a rav materid in the manufecture of processed food, anima feed and industrid
products (Plucknett et d., 1998).

Pests and diseases are the most important production congtraints of cassava al over the world.

The mgor pests of cassava include cassava green mites (Mononychellus spp.), degant
grasshopper  (Zonocerus elegans Thunb. and Z  variegatus L., cassava medybug
(Phenacoccus manihoti Mdile-Ferrero) (Hillocks, 2002). Cassava is susceptible to various
disseses of fungd, becterid and vird origin and to nematodes (Hillocks and Wydra, 2002;
Wydra and Verdier, 2002). Among dl these diseases, cassava mosac virus disease, cassava
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becterid  blight, cassava root rots and cassava anthracnose disease are of mgor economic
importance (CIAT, 1996; Fokunang et d., 2000).

Cassava mosaic diseese (CMD) is the most widespread cassava disease and commonly found
in Africa and Southen India causng important yidd losses (Gedes, 1990; Thresh e 4d.,
1994). The dissese is caused by Begomoviruses [Geminiviridee: Geminivirus Sub-group 111]
(CtimNape & d., 1997) tranamitted by the whitefly Bemisa tabaci Genn (Legg et d., 2001).
CMD is characterized by a mosaic pattern of chlorotic aress of the leaves which vary in sze
depending on the severity of the disease, and stunting of the plant when severdly infected.

Cassava root rots are caused by various pathogens often in a mixed infection. Roots infected
by Rosdlinia necatrix are initidly surfacecovered with white mycdid drands, which
subsequently turn black. The disease is common in areas where cassava is planted after forest
cdearance and in soils with a high organic metter content (Hillocks and Wydra, 2002). The
tissue of roots infected by Sclerotium rolfsi shows soft rotting with pale brown discoloration.
White mycdid growth can be observed (Nwufo and Fgola, 1986). The diseese is favored by
warm, wet periods and the presence of nondecomposed organic matter. Further fungd
pathogens causing root rots incdlude Phytophthora drechderi, Pythium, and Fusarium species
(Hillocks and Wydra, 2002). Botryodiplodia theobromae is extremdy common throughout
the tropics. Infected roots may appear hedthy externdly, dthough the &in may be somewhat
wrinkled. The internd tissue is darkblue discolored (Akinyde and Ikotun, 1989) and, under
humid conditions, the development of white and subsequently dark grey mycelia occurs.

Cassava anthracnose disease (CAD) caused by Colletotrichum gloeosporioides f. sp.
manihotis Henn. (Penz) Sacc. is characterized by development of cankers on stems, branches
and fruits, leaf spots and tip dieback (Théberge, 1985). The diseese is favoured by humid, wet
conditions (Fokunang et d., 1999). CAD incidence of up to 90% has been reported in Africa
(Wydraand Msikita, 1998).

Cassava becterid blight caused by Xanthomonas axonopodis pv. manihotis (Vauterin et d.,
1995), former X. campestris pv. manihotis (Bondar, 1915), is the mos important becterid
dsease of cassava with a worldwide didribution (Lozano, 1986; Marate, 1993). CBB wes
observed in different countries of West Africa in dl ecozones, with higher gSte incidence of
more than 60% (Wydra and Mskita, 1998). Recently, CBB fidd and plant incidences of more
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than 90% and 70%, respectivdly, were reported in Togo (Banito e d. 2001). Typicd
symptoms of CBB indude waer-sosked angular lesf spots blighting, wilting, defoliation,
vacular necross of the stem, production of exudates on leaves petioles or sems, and stem
dieback (Lozano and Sequera, 1974; Marate and Meyer, 1975). Root yidd losses of more
than 50% due to CBB were reported (Wydra e d., 2001a Wydra, 2002). Since chemicd
control of the disease does not exid, integrated contrd measures were suggested (Wydra and
Rudolph, 1999) induding the use of resgant genotypes, crop rotation, weeding and mixed
cropping asociding cassava with maize (Fanou, 1999; Fanou et d., 2001). The importance of
CBB across ecozones and the reationship between the diseese and ecologicd and agronomic
characteridics have never been edtablished in Togo. Though trids on hog-plant resistance
were initisted (Boher and Agbobli, 1992), the sdection of cassava cultivars for resstance to
CBB in vaious ecozones invedigaions on genotypes x environment interactions (Zinsou,
2003), on the associaion of cassava with other crops and the use of fetilizaion to control
CBB were not conducted in Togo.

Objectives of the studies

While surveys on the datus of cassava diseases were recently carried out in al ecozones of
svead African countries (Wydra and Mskita, 1998, Wydra and Verdier, 2002), the
digribution of cassava disseses has never been edablished in dl agroecologicd zones of
Togo. Since the suveys on CBB by Boher and Agbobli (1992) covering some ecozones, no
suitable control meesures have been used in Togo. The present studies in chapter 1amed &
determining the incidence, severity and geogrgphic didribution of cassava diseeses in the
mgor ecologica zones of Togo, induding a sysems goproach to ducidate conditions thet
could influence and determine discase outbresks. Knowledge on the virulence of drans
deriving from different ecozones in Togo is important for screening for resstance and the
most virulent drains occurring in an area concened should be used for inoculaion (CIAT,
1978). Therefore, the pathologicd characterization of drains from Togo described in chapter

2 is the prerequiste to sdect resgant cassava genotypes and recommend suitable genotypes
to farmers.

Improved and locd genotypes from Togo have never been characterized for ther reaction to
becterid blight in various agroecologicd zones of Togo. Therefore, in the present dudies,
slected cassava varieties fran Togo and from an internationd collection were evaduaed for
reaction to cassava bacterid blight under fidd conditions in different ecozones to sdect
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resgant, high yidding genotypes suitsble for famers (chapter 3). For further
characterization, the genotypes were evaduated for their reaction to cassava bacterid blight by
inoculaion of four highly virulent X axonopodis pv. manihotis drains from different
geographic origins in a glasshouse experiment (chapter 4).

The didribution of Xam in infeded stems of fidd plants was reported for some varieties
(Fanou, 1999), but never edtablished in detal for varieties frequently grown in Togo. Also the
incidence of infected sprouts deriving from infected cuttings has not been dudied in detal. To
develop sanitation measures in areas with a high pressure of cassava becterid, the role of
infected cuttings in diseese disseminatiion has to be known. Therefore, (i) the didribution
of Xam in different parts of sems of cassava varieties from Togo, and (ii) the incidence of
infected sprouts, were determined in order to develop recommendaions for the sdection
of hedlthy stlem cuittings (Chapter 5).

Snce dable redgance to cassava bacterid blignt has never been reported, measures
contributing to an integrated control of cassava bacterid blight were investigated. Generdly,
intercropping has been reported as one of the measures to reduce CBB (Nyango, 1979; Terry,
1974). Ene (1977) reported that CBB was dgnificantly reduced by providing shede or
intercroppng cassava with maize or melon. The use of intercropping was proposed as means
to reduce CBB in the dry savanna (Tabot, 1995) and in the humid fores (Arene, 1976).
Sonificant reduction of CBB seveity in cassava intercropped with cowpea and maize
compared to cassava monoculture were observed in the foret savanna transtion zone of
Nigeria, with the highest dissese reduction of 53% in cassavarmaze intercrop, without
ggnificant yidd effect due to cropping sysem (Fanou, 1999). The later author suggested that
intercropping could have a barier effect to inhibit the trangport of the inoculum of
X. axonopodis pv. manihotis snce becterid diseases are generdly disseminated in the fidd by
rangplash and agrosols combined with wind. The effect of intercropping on CBB severity
may vary with intercrops used and across ecozones. Therefore, as pat of an integrated control
system for cassava bacterid blight suggested by Wydra e d. (2001b; 2003), an intercropping
sydem adgpted to agroecologica conditions should be developed in each cassava growing
aea In Togo, sudies on the use of intercropping to reduce CBB, have never been conducted.
Thus, the effectiveness of intercropping cassava with common saple crops in controlling
CBB unde fidd oconditions in vaious agroecologicd zones in Togo was investigated
(chapter 6).
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Raingplashing is the most important mean of dissemingion in the fidd or between fidds over
dhort digances (Lozano and Sequeira, 1974; Otim-Ngpe, 1976). Ene (1977) found that CBB
could be controlled by the use of means such as mulching which reduce the impact of ran
splash. Additiondly, a green manure is known to reesse nutrients for the plant, suppress
weeds, support root development and increese soil moisure (Mdiki et d., 1997). The
goplication of mulch produced dgnificantly grester corm yidd, but dso showed a higher
incidence of corm rots of taro compared to nonmulched plots (Miyasska et d., 2001). The
use of lower potassum raes in reducing CBB compaed to those proposed by Arene and
Odurukwe (1979), could be ided to minimize the cos of fetilizer gpplicaiion. Therefore, KCl
fertilizer doses of 60 and 120 kg/lha and the Cassia siamea mulch were tested for their effect
on cassava bacterid blight devdlopment under fidd conditions in different ecozones of Togo
(chapter 6).
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1 Assessment of cassava diseases in Togo in relation to agronomic and environmental

characterigtics in a systems approach

Abstract

A cessava dissese survey was conducted in four agroecologicd zones of Togo. High
incidences of cassava baecteid blight (CBB), cassava mosdc disesese (CMD) and
cercogporioses were observed across ecozones. CBB fidd incidences of 90.5% in the dry
savanna zone, 70% in the forest savanna trangtion zone, 64% in the wet savanna zone and
526% in the forest zone, were recorded, with plant incidences ranging from 27.4% in the
forest zone to 72.7% in the dry savanna zone. CMD fied incidences were nearly 100% in al
the ecozones and high plant incidences up to 86.9% were found. Cercospora leaf diseases
— brown lesf spot (BLS), blight lesf spot (BILS) and white lesf spot (WLS) - occurred in dll
the ecozones with incidences ranging from 68% to 100%. Negdtive corrdations between CBB
and CMD, and between CMD and WLS were found, while BLS and BILS, BLS and WLS,
and BILS and WLS were postively cordaed. Fed incidence of CBB was postively
corrdated with plant age, ecozones - higher severity in dryer ecozones - (p < 0.01), and weed
dendty (p < 0.05). Further dgnificant, but negeive corrdations occurred between CBB and
vegetdion type in the surroundings of the fidd (number of trees) (p < 0.05). Cercospora
brown leef spot (BLS) was sgnificantly negativdly associated with the number of trees in
surroundings of a fidd and the number of crops in a fidd (intercropping) (p < 0.05), ad
Cercosporawhite lesf gpot with more sandy soils (p < 0.01).

K ey wor ds. Cassava bacterid blight, mosaic disease, cercogporiose, incidence.
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1.1 Introduction

Cassava (Manihot esculenta) is a mgor stgple crop in the tropics. Its production is largdy
reduced by biotic condrants (Hahn e d. 1989) among which dissases ae of high
importance. Mgor cassava diseases in Africa include cassava mosac disease (CMD), cassava
becterid blight (CBB), cassava root and dem rots, cassava anthracnose diseese (CAD) and
Cercospora lesf diseases (Hillocks and Wydra, 2002).

Cassava bacterid blight (CBB), caused by Xanthomonas axonopodis pv. manihotis (Vauterin
e d., 1995), foomer Xanthomonas campestris pv. manihotis (Artheud-Berthet & Bondar)
Dye, is worldwide didributed (Lozano, 1986, Marate, 1993). CBB was fird recorded in
Brazil in 1912 but has since been reported in severd countries in South America (Lozano,
1973; Lozano and Sequera, 1974), Africa (Hahn and Williams 1973, Madate and Meyer,
1975; Persey, 1977) and Ada (Leu and Chen, 1972, PANS, 1978, Booth and Lozano, 1978).
CBB didribution was recently edablished in Ghana, Benin, Nigeia and Cameroon, with
vaidble incidence and severity according to ecozones (Wydra and Mskita, 1998). Severe
CBB incidence and saverity were observed in dl ecozones in Benin, but the disease was
rardy found in Ghana (Wydra and Verdier, 2002). The disease was reported for the firg time
in Togo by Olympio (1977). Lae invedigations on the digribution of CBB in Togo reveded
that the disease was prevdent and more severe in the forest savanna trandtion zone and was
sporadicaly recorded in the wet savanna zone, while it was not found in the foret zone
However, in the region of Kara in the South part of the dry savanna zone, CBB was most
frequently found with varigble severities (Boher and Agbobli, 1992).

Typicd symptoms of CBB indude watersosked angular lesf spots  blighting,  wilting,
defoliation, vascular necrods of the stem, production of exudates on leaves petioles or sems,
and gem dieback (Leuschner e d., 1980; Lozano, 1986; Marate, 1993). Root yidd losses
exceeding 50% to 75% depending on the severity of the diseese (Maate, 1993; Wydra and
Rudolph, 1999; Wydra, 2002, Wydra e d., 2003), or complte loss of yidd and planting
materid in case of severe infections (Lozano and Booth, 1976, Ezdio, 1977) were reported.
Yield loses due to CBB in Africa were esimaied up to 7.5 million tons (CIAT, 1996). The
vacular dissese dffects the qudity and quantity of planting materid (Boher and Verdier,
1994).
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Cassava mosac disease (CMD) is the most widespread cassava disease and commonly found
in Africa and Southern India causng important yidd losses (Lozano et d., 1981; Geddes
1990; Thresh e 4d., 194). The dissese is caused by Begomoviruses [Geminiviridee
Geminivirus Sub-group 1] (Leuschner et d., 1980; Théberge, 1985; Otim-Nape et d., 1997)
tranamitted by the whitefly Bemisa tabaci Genn (Agrios 1997; Legg e d., 2001). CMD
occurred frequently in dl ecozones of Ghana and Benin, with higher incidence in dl ecozones
of Ghana (Wydra and Verdier, 2002). During the 1990s, Eagt African cassava mosac virus
Uganda variant (EAMV-Ug) soread through Uganda and into the neighbouring countries of
Kenya Rwanda and Tanzania, causng a devadding pandemic of unusudly severe cassava
mosaic dissese (OtimNape e d., 1997; Legg, 1999; Legg e d., 2001). Cassava mosac
dissese was mog prevadent with fidd and plant incidence near 100% in dl ecozones of Benin,
Cameroon and Ghana (Wydra and Mskita, 1998). Neverthdess, low average plant incidence
was regiondly obsarved in different ecozones in Benin and Cameroon, ranging from 29% in
the moig savanna of Cameroon to 46% in the trandtion forex of Benin, wheress in most
other regions and ecozones plant incidence was between 64% and 97% (Wydra and Mskita,
1998). The outbresks of CMD curbed cassava production in the Democratic Republic of
Congo, the second largest producer in the region (FAO/GIEWS, 2001). The average annud
yield loss caused by cassava mosac diseese to cassava production in Africa is edimated to
50% of the totd (Agrios, 1997). CMD is characterized by a mosaic patern of chlorotic aress
of the leaves which vary in sze depending on the severity of the disease, and dtunting of the
plant when seveardy infected. The most promisng methods of controlling CMD is by usng
resstant cultivars (Leuschner et d., 1980; Agrios, 1997; Legg et d., 2001).

Cassava anthracnose disease (CAD) caused by Colletotrichum gloeosporioides f. sp.
manihotis Henn. (Penz) Sacc. is characterized by development of cankers on stems, branches
and fruits leaf spots and tip dieback (Theberge, 1985; IITA, 1990). The diseese is favoured
by humid, wet oconditions (Fokuneng e d., 1999). The importance of the insect
Pseudotheraptus devastans, fadlitating the infection by the fungus in the occurrence and
sgoread of CAD has been established (Muimba-Kankolongo e d., 1984; Boher e d., 1983;
Fokunang e d., 2000b). The diseese has been reported from cassava in many countries of
Latin America, Africa and Ada (CIAT, 1972, ChadrasskharanrNar e d., 1979, Makambila,
1994). Makambila (1979) found anthracnose diseese in dl cassava-growing regions in the
Peopleés Republic of Congo, but diseese severity vaied across regions Fed and plant
incidence of cassava anthracnose disease up to 90% and 64%, respectively, in the rainforedt,
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and 56% and 26%, respectively, in the trangtion forest zones were recorded in Ghana, Benin,
Nigeria and Cameroon, while in the savanna zones the disease was less important (Wydra and
Mgkita, 1998). Recently, CAD didribution was etablished in dl ecozones in Benin and
Ghana in up to one third of ingpected fidds, but diseese severity wes gengrdly low (Wydra
and Vedier, 2002). Also, cassava anthracnose diseese was generdly estimated to be of minor
importance (Lozano and Booth, 1976; Wydra and Verdier, 2002). To reduce the incidence of
CAD, use of diseasefree plating maeid and plating during the late season s
recommended (Leuschner et d., 1980).

Cercospora leaf diseases are essentidly confined to the foliage where they cause spots and
blight: brown lesf spot (BLS) caused by C. [Mycosphaerella] henningsii Allesch, white lesf
sot (WLS) caused by C. caribaea Cif. [Phaeoramularia manihoti§ and blight leaf spot
(BILS) by C. [Mycosphaerella] vicosae Muler & Chupp (Lozano and Booth, 1976).
Cercosporiosss are widdy didributed in dl cassava-growing arees (Théberge, 1985), but are
modly of minor importance (Lozano and Booth, 1974; Silva & d. 1988, Hison and Fdiu,
1991).

While surveys on the dtaius of cassava diseases were recently carried out in dl ecozones of
sved African countries (Wydra and Mskita, 1998, Wydra and Verdier, 2002), the
digribution of cassava disseses has never been edablished in dl agroecologica zones of
Togo. Since the surveys on CBB by Boher and Agbobli (1992) covering some ecozones, no
auitable control messures have been used in Togo. The present dudies amed a determining
the incidence, severity and geogrephic didribution of cassava diseases in the mgor ecologica
zones of Togo, induding a sysems gpproach to ducidate conditions that could influence and
determine disease outbresks.

1.2 Materialsand M ethods

Cassava is grown in four main agroecologicd zones in Togo: in the foret savanna trangtion
zone in the South part of Togo, which is characterized by a dhrubby vegetation with few trees,
the fores zone in the SouthhWest with a rainforest vegetation, e wet savanna in the Center
part, characterized by more shrubby vegetation, and the dry savanna zone in the North part
with herbaceous vegetation. The savanna trangtion and the forest zones are characterized by a
ab-equatorid dimate with one long rany season (March — June), one short dry season
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(Qly — Augud), one short rany seeson (September — October) and one long dry season
(November — March); wheress the wet savanna and the dry savanna zones are characterized
by a tropicd dimate with one long rainy season (April — September) and one long dry season
(October — March) (Lamouroux, 1979). The average annud rainfdl is about 1,200 mm in the
forex savanna trangtion zone, 1,400 mm in the foret and wet savanna zones, and 1,300 mm
in the dry savahna zone, with the average temparaure of 28 °C, 24 °C, 27 °C and 28 °C,
repectivdy. Annud rainfdl up to 2027 mm in the foret, 1,810 mm in the wet savana ad
1,651 mm in the dry savanna zones were recorded (DMN, 2001).

A countrywide survey was caried out shortly after the rainy season in the first two weeks of
November 1998. Eighty-five fidds covering the four ecozones were vidted: 20 fidds in the
fores savanna trangtion zone, 19 fidds in the forest zone, 25 fidds in the wet savanna zone,
and 21 fidds in the dry savanna zone Fdds of about 1/16 ha minimum Sze were sdected
from the cassava-growing aess @ a minimum of 10 km intervas (rady less than 10 km)
dong the man practicable roads and CBB symptoms were evduaed on plants following two
diagonds across the fidd. Fifteen plants randomly sdected within the two diagonds were
asxsxd for CBB incidence and severity by scoring the expresson of symptoms in five
sveity cdasses dass 1 - no symptom, dass 2 - angular leaf spots, dass 3 - angular lesf spots,
blignting, wilting, defdiation, and sometimes exudaes on dems, petides or leaves
dass 4 - blighting of leaves, wilting, defdliation, exudates and tip dieback, dass 5 - blighting
of leaves wilting, defolidgion, exudates, abortive laterd shoot formetion, sunting, complete
dieback. The 15 plants were adso assessed for cassava mosaic diseese (CMD), anthracnose
dissase (CAD) and Cercospora diseases (brown lesf spot, blight lesf spot and white leef
got). Cassava mosac dissese symptoms were scored in five  severity  classes,
1 = no symptom, 2 = mild chloratic patterns and dight digtortion of only the base of leaves
3 = mosac patens on dl leaves leaf digortion, 4 = mosac patens on al leaves ledf
digortion, and genera reduction in leaf dze, 5 = leaves twisted/misshgpen, and sunting of the
whole plant. For anthracnose disease and Cercospora diseases, one severity score was given
for dl the 15 plants 1 = not present, 2 = symptoms of low severity on plants, 3 = symptoms
of medium seveity on many plants 4 = severe symptoms on dl the plants Additiondly,
agronomic, varietd and ecologicd characterisics were recorded in each fidd, and coded for
gatigicd andyss following the method of Cardwel et d. (1997), modified by Wydra ad
Verdier (2002):



Assessment of cassava diseasesin Togo

Vegetation typein surroundings

1 = herbaceous savanna

2 = herbaceous savanna with few trees
3 = forest savanna

4 = forest

Soil texture
l=clay

2 =sandy loam
3 =loamy sand
4=sad

5 = |aeritic soil

Crop system

1 = monoculture

2 = 2to 3 asociated cultures

3 =morethan 3 associated cultures

4 = cassava plants as fidd border only

Ecozones

1="forest

2 = forest savannatrangtion
3= we svanna

4 = dry savanna

Soil moisture

O=dry

1 =humid

2 = temporary waterlogged
3 =waterlogged

Type of branching
0=no branching

1 =late branching

2 = profusdy branching

Plant agein months

Variety mixture

1 = one cassava vaiety

2 = mixture of cassavavarieties
Fied zise

Edtimated in ha

Weed score

0=no weeds

1 = very few weeds

2 = few weeds

3 = medium abundant weeds
4 = abundant weeds

15

For each diseese surveyed, fidd incidence was cdculated as the percent of infected fields in
an ecozone, and plant incidence as the percent of plants showing disease symptoms.

Satigical analysis

Hed incidence, plant incidence and severity were determined usng SAS software system
(SAS, 1990; 1997). The rdationship among cassva disseses and their interactions with the
agronomic, ecologicad and varigd charecteridics was edtablished. Usng the SAS program,
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cahonicd corrdations andyss (CANCORR) was peformed between diseese vaiables
(Y-vaidbles) on the one hand and agronomic, ecologicd and varietd variables (X-variables)
on the other hand, to determine the extent of the associaion between these two sats of
vaidbless CANCORR is a powefu multivaiage datidicd tool wussful in  exploring
association between two sets of related variddes. The technique conssts of finding severd
linear combingtions of the disease variables and the same number of linear combinaion of the
agronomic, ecologicd and varietd varidbles in such a way tha these liner combinaions best
express the corrdations between the two sets CANCORR finds a linear combination from
eech s, cdled canonicd variables, such that the corrdaion between the two canonica
vaidbles is maximized (SAS 1990; Afifi and Clak, 1990). The rexulting canonicad
corraions aretested for significance using F-gatigtic gpproximation.

For the depwise regresson, the levd of ggnificance was st to 5%. However, higher
probability of 6% levels were used in the prdiminay andyses in order to check for and
further examine any margind variables and interactions that might be log a the redrictive
probability levd of 5%. The frequency of diseased plants in severity classes was determined
for CBB and CMD. Andyss of vaiance (ANOVA) of disease incidences was performed to

compare ecozones.

1.3 Results

Field incidence, plant incidence and severity of cassava diseases

Cassava becterid blight was obsarved, in 70% of the fidds vidted, and occurred in dl the
four agroecologica zones of Togo, but with variable severity between ecozones (Fig. 1). In
the fores savanna trangtion zone, the dissase was obsarved in 70% of fidds visted, partly
with severe symptoms. Highest symptom severities were scored @ Davié, Kpogamé, Ahépé,
Tabligho and Tokpli. In the fores zone, the disease was found in 52.6% of fidds however
with lower severity than in the other zones. In the wet savanna, where cassava is one of the
man crops, CBB occurred in 64% of fidds, though with less severity than in the forest
savana trangtion zone. Neverthdess a high dissese severity was recorded in Blitta,
Sotouboua, Bassar, and in the region of Sokodé where some fidds were scored with the
highet CBB symptom dass 5. In the dry savanna zone, where cassava production is less
important, CBB was obsarved in 90.5% of fidds, with highest discase severities in the region
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of Kaa From this region to the extreme North of the country, CBB was rardy found, with
only low incidence in the region of Dgpeong. The plant incidence of CBB by fidd was high in
dl ecozones except in the forest zone A plant incidence of 100% was observed in six fidds in
the wet savanna zone, 5 fidds in the dry savanna zone and one fidd in the foret savanna
trangtion zone. The highest ecozond plant incidence (percent plants infected in an ecozone)
of CBB was recorded in the dry savanna zone (72.7%), while the lowest was recorded in the
fores zone, with 27.4% of plants infected. The fidd and plant incidences were dSgnificantly
higher in the dry savanna zone than in the other ecozones (p < 001), but no ggnificant
differences among the forest savanna trangtion, the forex and the wet savanna zones were
found (Table 1). In dl the ecozones the frequency of diseased plants in severity classes
decreased from dass 2 to class 5. Systemic infection of CBB - dasses 3 to 5, with mogt of the
plants in dass 3 - occurred in the four ecozones incduding the forest zone Plants with the
highest symptom severity of class 5 - corresponding to dieback of the plant - were recorded in
the savanna and forest savanna trangtion zones - mainly in the region of Sokodé Fig. 1), but
no plant with dieback symptoms was obsarved in the forest zone.

Table 1. Fidd and plat incidence (%), and frequency distribution in four severity dasses of
bacterial-blight infected plants (%) in four ecozones of Togo

No. of Fdd Plat Pants in severity dasses' [ %]
Ecozone fidds incidence incidence 2 3 4 5
[%] [%]
FST 20 70b 427 b 193 14.7 7 17
Forest 19 526b 274b 204 6.3 0.7 0
WS 5 64b 453 b 176 16 8 37
DS 21 05a 72.7a 279 244 17.8 25

FST = forest savanna transition; WS = wet savanna, DS = dry savanna Severity classes dlass 2 angular lesf
goots, class 3 angular  leaf  soots,  blighting,  wilting, defoligtion, and sometimes  exudates on
sdemg/petiolesleaves, cdass 4: blighting of leaves, wilting, defoliation, exudates and tip dieback, cass 5
blighting of leaves, wilting, defoligtion, exudates, abortive laterd shoot formation, sunting, complete dieback;
*Totd number of fields visted in the ecozone Percentage of infected filds in the ecozone “Percentage of
infected plants from al plants sampled in the ecozone.
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Fig. 1. Didribution of cassava bacterid blight in Togo across emzonesin severity classes

Symptom classes class 1 - no symptom, class 2 - angular leaf spots, class 3 - angular leaf spots, blight, wilt,
defaliation, and sometimes exudates on stems, petioles or leaves, class 4 — blight on leaves, leaf wilt, defoliation,
exudates and tip dieback, cdass 5 - blight on leaves, leaf wilt, defoliation, exudates, abortive laterad shoot
formation, stunting, complete dieback.

Cassava mosaic disease (CMD) was widdy observed across al ecozones surveyed with an
ecozond fidd incidence of about 100%. A higher plant incidence of 86.9% was recorded in
the wet savanna zone, while it was dightly lower (63.7%) in the forest savanna trangtion zone
than in the other zones. A dgnificant difference was only observed between the wet savanna
zone and the forest savanna trangtion zone (p < 0.05) (Table 2). Severe CMD symptoms
(classes 35) were obsarved in dl the zones with higher severities of 44% and 37.9% recorded
in the wet savanna and forest zones, respectively.

Table 22 FHdd and plant incidence (%), and frequency digtribution in four severity classes of
cassava mosaic diseaseinfected plants (%) in four ecozones of Togo

Ecozone No. of Fed Plant Plants in severity classes' [ %]
fidds incidence incidence 2 3 4 5
[%] [%]
FST 20 95a 63.7 b 36.0 16.3 10.0 13
Forest 19 9MA7a 789ab 411 175 130 74
WS 25 10a 869a 42.9 24 18.7 29
DS 21 100a 75.2 & 52.1 184 44 0.3

FST = forest savanna transtion; WS = wet savanna DS = dry savannag ‘Severity clases dass 2 = mild
chlorotic patterns and dight distortion of only the base of leaves, class 3 = mosac paterns on dl leaves, lesf
digtortion; class 4 = mosdc paterns on dl leaves, leaf distortion, and generd reduction in leaf gz
class 5 = leaves twisted/misshapen, and stunting of whole plant; °Tota number of fields visted in the ecozone
%Percentage of infected fidds in the ecozone, “Percentage of infected plants from dl plants sampled in the
€cozone.

Cercospora leaf diseases occurred in dl the ecozones with high fidd incidences (Table 3).
BLS and BILS were obsarved in dl the fidds visted across ecozones with an incidence
between 90-100%. WLS was dgnificantly lower in the forest and the wet savanna zones than
in the other ecozones (p < 0.01), while BLS was ggnificantly higher in the wet savanna zone
than in the other ecozones (p < 0.05), and BILS was dgnificantly lower in the dry and wet
savanna zones than in the forest and forest savanna trangtion zones (p < 0.001).
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Table 3: FHdd incidence (%) of Cercospora lesf diseases in four ecozones of Togo

Ecozone No. of fidds BLS BILS WLS
FST 20 9% b 100% a 952 a
Forest 19 895c 100a 737
WS 25 100a 9%h 63c

DS 21 5.2b B2b 952a

FST = forest savanna transition; WS = wet savanna, DS = dry savanna, BLS = brown lesf spot; BILS = blight

leaf spot; WLS = white leaf spot; Totd number of fidds visited in the €COZOnNe; 2Percen’[age of infected fidds in
the ecozone.

Relationship between cassava disease variables

Negative correlations were observed between CBB and CMD as wdl as between CMD and

WLS fidd incidences (p < 0.05) Table 4). The severities of Cercospora leaf diseases were dl
postivdy corrdaed ( BLSBILS p < 0005, BLSWLS p < 001, BILSWLS
p <Q05).

Table 4: Corrdation matrix (Pearson corrdation coefficients) between the severity scores of
cassavadiseases in 85 fidds

CBB CMD BLS BILS WLS
CBB 1 -0.220* -0074 -0.072 -0004
CMD 1 -0.099 0055 -0.237*
BLS 1 0403 ** 0.281**
BILS 1 0.226*
WLS 1

CBB = cassava bacterid blight; CMD = cassava mosaic dissese; BLS = brown lesf spot; BILS = blight leaf

spot; WLS = white leaf spot; *probability levd = 005 ; **probability levd = 0.01; ***probability
level =0.001.
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Relationship between cassava diseases and the agronomic, ecological and varietal

characteristics

In the Pearson corrddion andyss (Table 5), sgnificant postive corrdations occurred
between severity of CBB and plant age, ecozones - higher severity in dryer ecozones - (p <
0.01), and weed densty (p < 0.05). Further dgnificant, but negetive corrdations occurred
between CBB and soil moidure, fidd sze and vegedion type in surroundings of the fidd
(p < 0.05). Cassava becterid blight was more severe in savanna zones then in the forest zone
The highest CBB incidence and severity were recorded in the herbaceous savanna without
trees (dry savanna zone) followed by the herbaceous savanna with few trees (wet savanna
zone) and the forest savanna, while severity was lowest in the forest. Cassava plant age and
ecozones had highest influence on CBB occurrence. The highest severities of CBB were
observed in two fidds of 16 years monoculture cassava in the wet savanna zone and one field
of 18 years monoculture cassava in the dry savanna zone. For CMD a ggnificant pogtive
corrdaion was obsarved only with soil moisure (p < 0.05). Cercospora brown lesf spot
(BLS) was ggnificantly negaively associated with the number of trees in surroundings of a
fidd and intercropping cassava with other crops (p < 0.05), and Cercospora white leaf spot
with more sandy soils (p < 0.01), while no ggnificant corrdation occurred between
Cercospora blight lesf gpot and agronomic, ecologica and varietd characterigtics (Table5).

The sepwise regresson andyses of cassava diseases on each of agronomic, ecologica and
vaietd characteridics reveded for CBB ggnificant podtive regresson  coefficients  for
ecozones and plant age (p < 0.0001), indicating an increese in CBB severity in oder
plantations and in dryer ecozones (Table 6). All other variables did not meet the dgnificance
criterion for entering the modd. The vaiaion in CBB was largdy unaccounted for by those
two vaiadlles as the modd R was only 25%. Cassava mosaic disease (CMD) was
gonificantly related to soil moisiure, vegeation type in surroundings of the fidds branching
type (p < 0.01) and mixture of cassava vaieties in a fidd (p < 0.05). CMD occurred more
frequently on more profusdy branching cultivars The sepwise andysis showed a significant
regresson coefficient for variety mixture (growing of more than one cassva genotype in a
fiedd). The disease was favored by soil moisture, whereass trees in surroundings of a fidd
seemed to have a suppressive effect on its occurrence. No other variables measured met the
dgnificance criterion of the modd. Three varidbles affected sSgnificantly Cercospora brown
leaf spot (BLS). The disease was dgnificantly reduced with more trees in surroundings of a
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fidd (p < 001), intercropping cassava with other crops (p < 005 and in sandy <soils
(p < 005). Cercospora brown and white lesf spots were more severe on loamy sand and
sandy loam soils than on sandy soils (p < 0.05 and p < 0.01, respectively). Among the cassava
diseases, CBB vaidion was more affected by the agronomic, ecologicd and varied
variables left in the modd (R? = 0.25) than CMD (R = 0.23), wheress BLS (R = 0.16) and
WLS (R = 0.12) were less influenced, though significant, by these characterigtics, indicating
a dgnificant contribution of these characteridics to the vaiaion of CBB, CMD, BLS ad
WLS (Table6).

Table 5 Pearson corrddion between severities of cassava diseeses and the agronomic,
ecologicd and varigtd characteridicsin 85 fidds

CBB CMD BLS BILS WLS
Ecozones 0.28** 0.02 -015 -0.16 -017
Hedd gze -023* 012 0.04 -0.03 0.09
Vegetation type -0.23* -0.18 -0.23* -0.06 0.14
Soil texture 0.13 0.15 -0.12 -0.19 -0.28**
Soil moigture 02 0.22¢ 0.01 -0.16 -0.12
Weed score 0.26* 0.07 011 0.12 0.07
Crop sysem 004 0.02 -0.22* 0.02 -0.17
Variety mixture -0.16 0.19 -0.12 01 -0.21
Branching type -0.12 0.19 -0.01 0.5 0.04
Pant age 0.29** -0.14 0.09 014 0.09

CBB = cassava bacterid blight; CMD = cassava mosaic disease; BLS = brown leaf spot; BILS = blight lesf spot;
WLS = white |leaf spot; * probability level = 0.05; ** probability level = 0.01.
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Table 6. Sepwise regresson andyds of severities of cassava dissases on agronomic,

ecologica and varietd characteristics

Parameter Standard
Disease Vaidde edimate error F Probability
CBB Intercept 0.08 034 0.05 0.8228
(RR=02%)  Patage 0.10 0.02 1891 0.0001
Ecozones 033 0.08 1820 0.0001
[ ntercept 134 045 8.82 0.0039
CMD Soil moigture 0.26 0.09 7.62 0.0072
(RR=02)  Vegeationtype 038 011 1099 0.0014
Branching type 0.66 022 9.01 0.0036
Variety mixture 047 019 574 0.0189
Intercept 522 0.62 7022 0.0001
BLS Vegetation type 036 011 976 0.0025
(R*=016) Crop system 054 0.23 564 0.0199
Soil texture -0.19 0.09 4.58 0034
Intercept 377 047 6447 0.0001
WLS Soil texture 024 0.09 7.06 0.0095
(RF=012)  Vaiety mixture 042 0.22 375 0.0561

CBB=  cassava bacterid blight; CMD = cassava mosaic disease; BLS = brown lesf spot; BILS = blight lesf
soot; WLS = white lesf spot. R is approximately the percentage of the total variance (or variation) in the

dependent varigble (each of the diseases measurements CBB, CMD, WLS or WLS) explaned by the

independent variables entered (agronomic, ecologicd or varietd varidbles).
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Canonical correations between cassava disease variables and agronomic, ecological and

varietal characterisics

Thecanonicd correlation andyss revedled further relations between the groups of varidbles.

The firg three canonicd corrdaions between disease vaiables and agronomic, ecologicd
and varietd varigbles were sgnificant (p = 0.0001, p = 0.001 and p = 0.03, regectivey) using
the approximate likdihood ratio sgnificance test (Table 7). In the fird canonicd variae of
the dissase varidbles CMD had the highest weight of 0.86, while coefficents of BLS and
CBB were lower. WLS had a negaiive coefficient of -0.25 indicating a moderately reversed
influence on the rdaionship between diseese and agronomic, ecologicd and vaied
vaiadbles BILS did not condderdbly contribute to the rdationship (coeff. = 0.001).
Vegetaion in the surroundings of a fidd (canonicd coefficent of -0.84) had a reverse
influence on the fird canonicd variae of the non-dissase varidbles that is a disease
decreasing effect, while branching varieties, abundance of weeds in a fied, high soil moisure
and a mixture of cassava varieties in a fidd had a postive influence, that is, increesng effect
on the severity of cassava diseases (Table7).

The second canonica corrdation between the two groups of varidbles were dgnificant
(p = 0.001), and CBB had the grestest influence (coeff. = 0.88) for the disease varigbles
while plant age (coeff. = 0.76) and ecozones (coeff. = 0.46) had the highest weight for the
non-disease variables In the third canonicd variates of the diseese varidbless WLS and BILS
had the highest reverse direction weight (coeff. = -0.62 and coeff. = -047, respectivdy),
whereas for the nondiseese variables ecozones and <oil texture had the highest postive
influence (coeff. = 062 and coeff. = 0.63, regpectivdy). These canonicd corrdations
confirmed the rdation between WLS and soil texture (Table 6) and newly reveded an
importance of the variables ecozones, soil moisture, vegetation type in surroundings of a fidd
(was shown for BLS dso by Pearson corrdation andyss) and abundance of weeds for the
Cercosporadiseases, epecialy WLS.
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Table 7. Canonicd corrdations between cassava diseese vaiables and agronomic, ecologica

and varietd varidbles, and sandardized canonicd coefficients for these variables

1t canvar 2nd canvar 3rd canvar
CBB 041 0.88 012
CMD 0.86 -0.30 -0.06
BLS 052 019 -0.26
BILS 0001 0.05 -047
WLS -0.25 0.003 -0.62
Ecozones 0.23 0.46 0.62
Hdd sze 010 012 -0.25
Vegetaion type -0.84 017 0.39
Soil texture 0.08 0.12 0.63
Soil moigture 041 0.29 047
Weed score 043 012 -0.34
Crop sysem -021 011 0.06
Variety mixture 0.29 -0.30 015
Branching type 0.65 -0.26 -0.30
Plant age -0.02 0.76 0.24
Canonical
correlation Standard Error F Probability
1 0603 0.069 2188 0.0001
2 0560 0075 1969 0.0014
3 0483 0034 1655 0.0328
4 0405 0091 1319 0.2027
5 0239 0103 0.747 0.6139

CBB = cassava bacterid blight; CMD = cassava mosaic diseese; BLS = brown leaf spot; BILS = blight lesf
soot; WLS = white lesf spot; 19 canvar = fird canonica variate; 2nd canvar = second canonica variate;

3rd canvar = third canonicd variate.
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1.4 Discussion

A country-wide survey for cassava diseeses in Togo reveded the occurrence of cassava
diseases across ecozones. Statistical andyses indicated the rdationship among these diseases,
and between the diseases and agronomic, ecologica and varietd varigbles.

Cassava baecterid blignt was obsarved in dl the magor agroecologicd zones in Togo. The
incidence and severity varied across ecozones, with higher severity in the dry and wet savanna
and in the fores savanna trandtion ecozones than in the foret zone However, Sgnificant
differences in fidd and plant incidences were obsarved only between the dry savanna and the
other ecozones. Earlier observetions in Togo reported a higher severity of the disease in the
foret savanna trangtion zone than in the wet savanna zone, where it was rardy found, and
the absence of the disease in the forest zone (Boher and Agbobli, 1992). These authors dso
reported the frequent occurrence of the diseese in the region of Kara in the dry savanna zone
which confirms our observations Cassava becterid blight was found in various ecozones
across four West African countries, with generdly higher incidences in the savanna than in
the trandtion forest zones, and rardy or not described in the fores zones (Wydra and Msikita,
1998; Wydraand Verdier, 2002).

In the present deta, differences in CBB incidences were not sgnificant between the foredt, the
wet savanna and the forest savanna trangtion zones. This may be due to the generdly high
vaidbility of survey daa influenced by factors such as fidd higory, plant age and weed
dengty which are avoided in wel planned fidd trids The dgnificant corrdations observed
among some of these factors and the incidence of CBB may confirm ther influence on the
disease occurrence. The low severity of the disease in the forest zone compared to the savanna
zones may be due the vegedion type (forest) that could not provide optimd environmentd
devdopment conditions to the dissese, dnce great differences in night versus day
temperatures were reported to promote the disease (Takatsu e d., 1978). Neverthdess, it has
to be conddered, tha conclusons based on data from a survey of one year should be
confirmed by sudies covering severd yeas. CBB was not obsarved in the ranforest of
Cameroon (Wydra and Mskita, 1998) and in the ranforest - and the Sudan savanna - zones of
Ghana in 1993 (Wydra and Vedier, 2002) and hardly found in the rainfores of Ghana and
Benin in 1994, with disease incidence of 2% and 4%, respectivdly. Low CBB incidences of
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83% and 9.8% were reported from the rainforest zones of Nigeria-West and Nigeria-Eadt,
respectively (Wydraand Msikita, 1998).

Our results showed a high CBB incidence of 27.4% of plants as never reported before from
the forest zones in Africa Although the lowest average diseese severity of 1.7 (data not
shown) was recorded from this zone, systemic infections (classes 3-5) were adso observed.
Glasshouse experiments reveded tha Xam survived longer under dry than moigt conditions
(Fanou et d., 2001) which may contribute to the lower disease severity obsarved in the forest
zone than in the savanna zones. The increase of the disease incidence and severity observed in
the forex zone of Togo may be due to the continuous introduction of infected planting
materid deriving from the epidemic aress, especidly the forest savanna trandtion zone, high
rainfdl which provides high rdaive humidity and the deforestation due to humaen activities
Thee factors may offer favorable development conditions for the diseese Smilar
observations of high CBB incidence (up to 100%) and severities were reported from
deforested high ranfdl aress in Nigeria (Wydra and Verdier, 2002). Also, CBB was reported
to occur more frequently in warm and wet wesather (Leu, 1978).

Higher fidd incidence and severity of CBB in the savanna zones than in the forest trandtion
and rainforest zones was reported earlier in Congo and in Centrd Africa (Danid e d., 1979,
1981; Peardey, 1979). In Benin, CBB incidence of 85% in the dry savanna zone (Wydra and
Mskita, 1998) and 86% in the Sudan savanna zone (Wydra and Verdier, 2002) were reported.

The incidence of the disease in the savanna trangtion zone may be favored by two ranfdl
seasons dternated by two dry seasons (Lamouroux, 1979) supporting a better survivd of the
pahogen (Fanou & d., 2001), and the old establishment of the pathogen in this aea
(Olympio, 1977). The fact that cassva fidds were in dose neighbourhood may have
increased the transmisson of the pathogen by insect vectors from infected to hedthy plants
and from diseesad to hedthy fidds (Terry, 1974; Danid and Boher, 1985; Fanou et d., 2001;
Zandjanakou et d., 2001). Additiondly, the posshbility that the pathogen spread from one area
to another by the use of infected planting materid or cuttings (Lozano and Sequeira, 1974;
Otim-Nape, 1976) coupled with the essy exchange of planting materia between farmers may
contribute to the dissemination of the diseese. In Togo, the dissase may have been introduced
in the wet savanna and in the dry savana by infected planting materid deriving from the
littora zone (foret savanna trandtion) from which the cultivation of cassava spread dl over
the country and where the disease was reported for the firg time (Olympio, 1977). Epiphytic
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and sysemic survival of the causd agent of CBB in the cuttings and plants was frequently
demondrated (Lozano and Sequera, 1974; Tery e d., 1979; Fanou, 1999; Banito, this
thesis). Nevethdess no rigorous and suitéble quarantine messures aganst CBB  were
introduced after the disease was reported from the last survey of Boher and Agbaobli (1992).

Cassava becterid blight was pogtively corrdated with ecozones, with decreasing incidence
and severity from the herbaceous savanna without trees (dry savanna zone) to the herbaceous
savanna with few trees (wet savanna zone), the forest savanna trangtion and to the forest
zone. The suppressve effect of vegetation and soil moisture was confirmed by Pearson
corrdation and canonical corrdations andyses A vegeation with many trees may offer high
humidity and shede, and low temperaiure fluctuations between day ad night which may be
unfavorable for the devedopment of the diseese The role of day and night temperatures in
CBB occurrence was established by Lozano (1986) who reported the increase of the disease
sverity by wide fluctuaions in night/day temperaiures during the rainy season. Also, Wydra
and Verdier (2002) obsarved higher severity of CBB in old then in young plantations in Benin
and Ghana. A long vegddive period of an infected cassava plant may provide enough time to
Xam for its multiplication and sysemic colonization, and for infection of the whole plant,
egpedidly in susceptible varigties CBB was more important in weedy plantations, indicating
tha weeds could play a role in the soread of the dissese The epiphyticd survivd and
multiplication of Xam on weeds have been reported (Danid and Boher, 1985; Fanou et 4d.,
2001). The survivd of Xam up to 60 days on some African weeds has been established
(Fanou, 1999). Thus weeds may conditute an inoculum source that can be trandferred to
cassava plats by insects such as Zonocerus variegatus (Tery, 1974; Fanou, 1999,
Zandjanekou et d., 2001) and by ran splash. However, no weed has been identified as
dternative hogts of Xam (Ikotun, 1981; Amusaet d., 1992; Fanou, 1999).

Our results reveded that cassava mosaic disease incidence and severity were more prevaent
than CBB in dl ecozones of Togo as it was dso reported from severd countries in West and
Centrd Africa (Wydra and Mgkita, 1998, Wydra and Verdier, 2002). Cassava mosaic disease
occurred in dl ecozones with high incidences ranging from 63.7% to 86.9%. For CMD and
the other cassava diseases, except CBB, no ecozond differentition was found. Similar
obsarvetions were mede for CMD in Benin and Ghana by Wydra and Verdier (2002) and in
Rwanda by Legg e d. (2001), who did not find cear differences between ecozones
However, CMD was reported to be prevdent in the wet coastd areas in Kenya (Bock, 1994)
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and in the rainforest of Cote d'lvoire (Fauquet et d., 1988), and Legg et d. (2001) cdbserved
thaa CMD symptoms were more severe in the NorthrEast adminidrative region than in the
other areas surveyed in Rwanda. Our results reveded an average CMD incidence of 76%,
while Wydra and Verdier (2002) observed incidences of 31% and 80% in Benin and Ghana,
respectivdly. The differences in CMD incidence obsarved between Benin, Ghana and Togo
may be due to population differences of the whitefly (B. tabaci), the vector insect of the
disease. Legg (1999) and Legg et d. (2001) reported that the spreed into Rwanda of the
EACMV-Ug asxociated pandemic of severe CMD, was evident through migration of
viruliferous whitefly populaions from the neighbouring countries of Uganda and/or Tanzania,
which had been affected in previous years. Our results reveded that CMD severity increased
when severd cassava varieties were grown in mixture in a fidd and in fidds with abundant
weeds as confirmed by the observations of Wydra and Verdier (2002) in Benin and Ghana
Fargette et d. (1994) found that CMD was less severe in old cassava plantations, while the
present anadlyss did not reved this rdaionship.

Cercospora leaf diseases occurred in dl the ecozones of Togo with high field incidences. An
increesing susceptibility to the dissase on sandy loam and loamy sand soils was observed.
Also, few trees in the surroundings of a fidd and intercropping sysems favored the infection
by C. henningsii, while a mixture of cassava varieties in a fidd had a suppressve effect on
white leef spots. Lozano and Booth (1974) and Boher et d. (1978) observed that Cercospora
brown leaf spots occurred more in dryer aress, while Wydra and Verdier (2002) found BLS
asociaed with trees in the surroundings of a fidd. In Congo, Cercospora white leaf spots
occurrence showed no ecologicd preference (Boher et d., 1978), but Lozano and Booth
(1974) found that the disease was associated to more humid and cooler ecozones in Léin

America

Corrdation andyss on a fiedd beds reveded dgnificant negative corrddions between CBB
and CMD incidences and between CMD and Cercospora white lesf spots while no
sgnificant corrdaion was found between CBB and Cercospora leaf diseases. Evduating
cassava genotypes for reection to mgor diseases, Fokunang et d. (2000c) found that CBB and
CMD inddence were not dgnificantly corrdated. However, dgnificant corrdation was
observed between CBB and CMD severity in a cassava germplasm collection (Fokunang et

dl., 20000).
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Conclusions

The cassava disease survey conducted in famers fields in four agroecologica zones of Togo,
provided country-wide and detailed data on cassava bacterid blight compared to the previous
dudies on the diseese, and on two other cassva diseeses, cassava mosac diseese and
cercogporioses, never reported a this level before in Togo. The present studies reveded high
fidd incidences of the three diseases in dl the ecozones surveyed and found corrdations
between the diseases and between these and the agronomic, ecologicd and varietd
characteristics. A further survey is recommended to confirm the present data.

Thus, bacterid blight is becoming more severe in dl the ecozones, induding the forest zone,
where the disease was not found some years before. Therefore, measures to control cassava
diseases must be taken to avad possble epidemics and prevent losses of yieds in faamers
productions.
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2 Pathological characterization of Xanthomonas axonopodis pv. manihotis strains from

Togo

Abstract

The sHection of resgant genotypes is a mgor dement in the development of an integrated
control system of CBB. Therefore, knowledge on the virulence and diversty of pathogen
drans is important. Fourty-seven drains of Xanthomonas axonopodis pv. manihotis were
isolated from leaf samples collected during the dissese survey from the foret savanna
trangtion, forest, wet savanna and dry savanna zones of Togo and tested for virulence by
stemrinoculation of the susceptible cassava genotype Ben86052. Mogt (4%) drans were
highly virulent, and generdly only dight differences in virulence among drans were
obsarved. Differences in virulence were independent of their origin in agroecologica zones
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2.1 Introduction

Cassava, Manihot esculenta Crantz (Euphorbiacese), is the basc dgple crop for 500 million
people in tropicd and subtropicd pats of the world (FAO and FIAD, 2000), one of the
mgor carbohydrate sources throughout Asas and Africds lowland tropics (Nilmanee,
1986), and one of the mog important crops in Africa (FAO/GIEWS, 1995). Cassava
provides smdlholder households with cash income and low-income urban consumers with
a low-cogt carbohydrate supply (Nweke, 1998). It is mainly produced in the foret savanna
and wet savana zones (DESA, 1998, DID, 1999). Globd production reached 167.7
million tons in 1999 (FAO and HAD, 2000), but generdly dagnated over the lagt years
(FAO, 1997; 1998).

Cassava production is largely reduced due to the attack by pests and diseases (Hahn et 4.,
1989; Hillocks and Wydra, 2002) among which cessva bacterid blight is of mgor
importance (Wydra and Mskita, 1998). The disease is characterized by angular leaf spots
developping into blight areas, and by a sysemic infection of the stem leading to necrods of
vaular tissues, exuddion of bacterid ooze, wilt, and tip die-back (Lozano and Sequeirg,
1974). Causd agent is Xanthomonas axonopodis pv. manihotis (Vauterin e d., 1995),
former Xanthomonas campestris pv. manihotis (Bondar, 1915). Cassava is propagated by
planting cuttings of dems, which ae a primary source of disseminaion of the pathogen
(Lozano, 1986; Boher and Verdier, 1994). Cassava bacterid blight can be reduced through
the use of X axonopodis pv. manihotisfree planting materid and by growing ressant
genotypes (Cooper et d., 1997, Wydra e d., 2001; Zinsou e d., 2001, Wydra, 2002).
However, sdection of ressant genotypes needs infamation on the diversty and
geographicd distribution of the pathogen.

Condderable variation has been destribed among African X axonopodis pv. manihotis
drans in reldion to biochemicd and physologicd (Fessehae, 1997, Grousson e d.,
1990), serdogicd (Wydra et d., 1999) and genetic charecters (Vedier e d., 1998,
Assghést et d., 1999). Differences in virulence among X axonopodis pv. manihotis
grains first described by Robbs e d. (1972), were dso observed among drains from Brazil
(Takatsu et d., 1978, Alves and Tekasu, 1984), and Africa (Maate and Meyer, 1975,
Wydra et d., 1999), but were never established for gtrains from different ecozones of Togo.
The vaidbility of aggressveness among X. axonopodis pv. manihotis gdrains led to a wide
range of dasdficaions of drans into different groups of virulence, but generdly no
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correlation between aggressveness and geogrgphic origin have been found (Alves and
Tekatsu, 1984; Fessehae, 1997). However, Restrepo and Verdier (1997) reported that the
pahogen showed high leves of diversty and geogrgphic differentition in Colombia
Knowledge on the virulence of drains is important for screening for resstance, and the
most virulent drains occurring in an aea concarned should be used for inoculation (CIAT,
1978). Therefore, the peathological characterization of drains from Togo is the prerequisite
to sdlect resstant cassava genotypes and recommend suitable genotypes to farmers.

2.2 Materialsand Methods

During a fiedd survey covering the ecozones of Togo — forest savanna trangtion, forest, wet
savana and dry savana zones -, leaves showing ealy symptoms of the dissese were
sampled for isolaion of bacteria from each fidd, where cassava baecterid blight was
observed.

Forty-saven X. axonopodis pv. manihotis drains — ten from the forest savanna trangtion, 6
from the forest, 13 from the wet savanna and 18 from the dry savanna zones — were isolated
on GYCA medium (glucose 5 gll, yeest 5 g/l, CaCOs 10 g/, agar 15 g¢/l) (Dye, 1962) and
incubated a 30 °C for 48 to 72 hours. Isolated X axonopodis pv. manihotis srains were
consaved on GYCA medium modified with 20 g cdcdum cabonate in test tube dants a
16 °C until further utilization.

The virulence tes was conducted in an ar-conditioned glasshouse with temperaiures from
25 to 30 °C a the Internationd Inditute of Tropicd Agriculture (IITA) dation in Benin.
The highly susceptible cassava genotype Ben86052 was used. Cuttings from apparently
hedthy plants were planted in pots of 16 cm diameer filled with fidd soil. Norma
watering was gpplied during the whole experiment. Onemonth old vigorous plants were
stemrinoculaied with 48-hour old bacterid cultures of X axonopodis pv. manihotis strains
by sem puncture in the upper third of the sdem udng a deile toothpick with inoculum
taken directly from the agar plate (Marate et d., 1981). Five plants were inoculated with
each dran. Five control plants were gempunctured udng dHerile toothpicks without
inoculum. Symptoms were evduaed from 5 dpi every five up to 30 dayson a 1 to 5 scde
dass 1 - no symptoms, dass 2 - wilting of 1 lesf, dass 3 - wilting of 2 to 4 leaves dass 4 -
wilting of more than 4 leaves, dass 5 - dieback of the plant. Plant height was measured on
the day of inoculation.
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Satigical analysis

Means of symptom classes of 5 plants were cdculaed for each date of evduation for each
dran. For the disoriminaion of the becterid drans on bads of thdr virulence
(Andrivon, 1993), the area under disease progress curve (AUDPC) for the whole evauation
period was cdculated for each replication as follows (Shaner and Finney, 1977; Jeger and
Viljanen-Radllinson, 2001):

AUDPC = §;[(DS + DS.1)*(t — ti-1)]/2

where“i” T {5; 10; 15; 20; 25; 30} are the days after inoculation, “DS’ is the disease score
usng the severity scde of 1 to 5 as destribed above, and “t” represents the days
post- inoculation. To avoid the area due to the note 1 (classl) which is supposed to be
“zero’, each “DS’ vadue was trandormed by subtracting “one’ before integreting into the
above formula AUDPC vdues were logtrandformed to stabilize variances and the andyss
of vaiance was peformed usng the Generd Liner Modd (GLM) of SAS software
(SAS, 1990; 1997). The Tukey test was performed to compare the means of AUDPC vaues
(Danidie, 1975). Pearson corrdation andyss beween AUDPC and plant height a
inoculation time was peformed to andyse a possble rdationship between plant height a
time of inoculation and symptom developmertt.

2.3 Results

Fourty-seven drains of Xanthomonas axonopodis pv. manihotis were isolated from lesf
samples from the forest savanna trangtion, forest, wet savanna and dry savanna zones and
tested for virulence by steminoculaion of the susceptible cassava genotype Ben86052.
Symptoms commenced aout three to five days post inoculation (dpi) with an olive-green
colored water-soaked spot developed fird a the inoculaion point, followed by the
gopearance of yelowish to ydlow brown exudates on the inoculdion point and dong the
dem in case of severe infections. Subsequently, wilting of leaves and defoliation occurred -
before 10 dpi with highly virulent srains -, and, findly, dieback of the gpex and plant desth
in case of highly virulent strains.

Only dight differences in virulence among drans were obsarved. At 15 dpi, 41 drans
were scored higher than a mean symptom note of 22 Fig. 1 A), of which 16 drans were

recorded with a note 3 3, a 20 dpi 37 drains were scored higher than note 3 and 14 drains



Pathologica characterization of Xamdrains 41

were recorded with a note 2 4 (Fig. 1 B). At 25 dpi, 19 drains had caused dieback of a
leest 2 plants, while 20 drains had caused dieback of 5 plants (Fig. 1 C). At 30 dpi, 44
grains were scored higher than 4, of which 8 strains had caused dieback of at least 4 plants
and 31 gtrains had caused dieback of dl 5 plants (Fig. 1 D).
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Fig. 1. Frequency didribution of drans from different origin in Togo over symptom
dassesa 15, 20, 25 and 30 days after gem inoculation under glasshouse conditions

Symptom clases. class 1. no symptoms, class 2. wilting of 1 ledf, class 3: wilting of 2 to 4 leaves,
class 4: wilting of more than 4 leaves, class 5: dieback of the plant.
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Satigic Andyss Of Vaiance (ANOVA) dso showed dight dgnificant differences among
drans (p < 0.05) (Table 1. Five virulence classes were formed according to he ddidicd
andyss — dass 5 = very highly virdent (“a’, “ad”, AUDPC 550-62.0), with 32% of
grains, dass 4 = highly virdlent (“abc’, AUDPC 35554.9) with 62% of drains dass 3 =
virulent (“bc’, AUDPC 264-354) with 2% of drans dass 2 = lowly viruent (“c’,
AUDPC 23.8-26.3) with 4% of srains, and class 1 = without symptoms (control).
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Table 1. Virulence expressed as aea under diseese progress curve (AUDPC)
of X axonopodis pv. manihotis drans on cassva genotype Ben86052 in the
glasshouse after sem inoculation

Code of gran Ecozone AUDPC Tukeytet  Virulence class
TGXAM/98/57 Wet savanna 62.0+4.1" a 5
TGXAM/98/3 FST 60.0+4.7 ab 5
TGXAM/98/12 FST 59.0£3.7 ab 5
TGXAM/98/38 Dry savanna 58.8+4.7 ab 5
TGXAM/98/11 FST 57.5t4.8 ab 5
TGXAM/98/13 FST 57.54.8 ab 5
TGXAM/98/39 Dry savanna 57.5+6.0 ab 5
TGXAM/98/9 FST 56.9£8.7 ab 5
TGXAM/98/41 Dry savanna 56.7+7.3 ab 5
TGXAM/98/14 Forest 55.0+3.2 ab 5
TGXAM/98/15 Forest 55.0£3.5 ab 5
TGXAM/98/23 Forest 55.0+4.2 ab 5
TGXAM/98/35 Dry savanna 55.0+5.0 ab 5
TGXAM/98/40 Dry savanna 55.0+2.7 ab 5
TGXAM/98/59 FST 55.0+5.0 ab 5
TGXAM/98/28 Wet savanna 53.3+4.4 ax 4
TGXAM/98/42 Dry savanna 53.3t4.4 ax 4
TGXAM/98/44 Dry savanna 53.0£3.7 ac 4
TGXAM/98/48 Dry savanna 53.0¢£5.0 ac 4
TGXAM/98/16 Forest 525425 ac 4
TGXAM/98/29 Wet savanna 52.5+8.3 ac 4
TGXAM/98/31 Wet savanna 525425 ac 4
TGXAM/98/34 Wet savanna 52.5+4.8 ac 4
TGXAM/98/51 Dry savanna 51.7+6.7 ac 4
TGXAM/98/56 Wet savanna 51.0£2.4 ac 4
TGXAM/98/49 Dry savanna 50.0£5.2 ac 4
TGXAM/98/54 Wet savanna 50.0£4.5 aoc 4
TGXAM/98/1 FST 49.0¢3.7 aoc 4
TGXAM/98/47 Dry savanna 48.8t5.5 aoc 4
TGXAM/98/18 Forest 48.1+7.7 ac 4
TGXAM/98/26 Wet savanna 48.1+6.9 e 4
TGXAM/98/8 FST 48.0:3.4 ac 4
TGXAM/98/27 Wet savanna 48.0+5.1 e 4
TGXAM/98/37 Dry savanna 48.0£3.0 e 4
TGXAM/98/6 FST 47575 ac 4
TGXAM/98/45 Dry savanna 475455 ax 4
TGXAM/98/25 Wet savanna 44.4+4.6 ax 4
TGXAM/98/53 Dry savanna 44.4+8.6 ac 4
TGXAMP8/36 Dry savanna 42.5+4.3 ax 4
TGXAM/98/19 Forest 40.0+3.4 ac 4
TGXAM/98/30 Wet savanna 39.4+7.8 ac 4
TGXAM/98/50 Dry savanna 39.248.2 ax 4
TGXAM/98/24 Wet savanna 36.9t24 e 4
TGXAM/98/46 Dry savanna 35.546.7 ax 4
TGXAM/98/43 Dry sasvanna 31.9+45 bc 3
TGXAM/98/55 Wet savanna 26.3+4.1 c 2
TGXAM/98/7 FST 23.8t5.9 c 2
Contral 00 d 1
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'Standard error; AUDPC = area under disease progress curve (mean of five plants and standard error); FST =
forest savanna trangition; Class 1 = without symptom (contral); class 2 = lowly virulent; class 3 = virulent;
class4 = highly virulent; class 5 = very highly virulent.

Regarding ecozond didribution, 94% of the drans across ecozones were highly or very
highly virulent (classes 4 and 5) (Table 3, with 100% of the drains from the forest zone
bedonging to these dasses No corrdation was found between plant height on the day of
inoculation and virulence of X. axonopodis pv. manihotis strains (coeff. —0.11, p = 0.12).

Table 2. Frequency didribution of X. axonopodis pv. manihotis drains from four ecozones
in virulence clases

Ecozone Class 1 Class 2 Class 3 Class 4 Class5
FST 0 1 0 3 6
Forest 0 0 0 3 3
Wet savanna 0 1 0 11 1
Dry savanna 0 0 1 12 5
0% 4% 2% 62% 3%

Class 1 = without symptom (control); class 2 = lowly virulent; class 3 = virulent; class 4 = highly virulent;
class 5 = very highly virulent; FST = forest savannatransition.
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2.4 Discussion

The virulence tet of X axonopodis pv. manihotis drans on the susceptible cassava
genotype BenB6052 reveded tha mogt of the drans were highly virdent. Only dight
differences in virulence among the drans were obsarved in dl ecozones, indicating low
vaiability in ther viruence characters Although the lowest cassava baecterid  blight
severity and fidd incidence were recorded in the foret ecozone (Banito e d. 2002), dl
drans collected in this zone were highly virulent. The virulence of the pathogen may be
masked under fidd conditions in the foret zone due to favorable growing conditions for
the plant. These srains were probably newly introduced to the forest zone, sSnce cassava
bacterid blight had not been reported from the last diseese survey in this zone (Boher and
Agbabli, 1992). Although the pathogen did not cause high diseese severity in the forest
zone, it had mantained its virulence. Thus, the virulence of drans was independent of
ecozones, dthough differences in dissese incidence and severities had been obsarved
during a survey (Banito e d. 2002). Genetic dudies using redriction fragment length
polymorphism (RFLP) on 218 X. axonopodis pv. manihotis strains from Togo induding
drains used in the present dudies reveded genetic diversties among drans and nine
different haplotypes were defined. Cluster andyss on genetic characterisics of drans
revedled the existence of 7 groups a 70% smilarity (Mosguera et d., unpublished).

An ecozond differentigtion in the occurrence of highly virulent drans was dso not
observed among drains from Ghana, Benin, Nigeriaz Cameroon and Uganda by Wydra e
d. (1999). Vedea e d. (1993, 1994) reported differences in the speed of symptom
devdopment among X axonopodis pv. manihotis drans Suggeding  vaiaions in
aggressveness. The use of five cultivars dlowed them to define 10 pathotypes among 91
X. axonopodis pv. manihotis drains in Venezuda (Vedier e d., 1998). Vaidion in
virulence hes ds0 been found among X axonopodis pv. manihotis drains from Brazl
(Tekasu e d., 1978, Alves and Takatsu, 1984), from Africa (Maate and Meyer, 1975;
Grouson e d., 1990; Fessshaie, 1997), and from Africa, Ada and South America (Maraite
e d., 1981). X axonopodis pv. manihotis drans collected from different geographic
regons in Africa reveded great differences in virulence as wdl as in physologicd,
biochemica and serologica features (Wydra et d., 1999), but the latter charecteritics were
not corrdated with virulence. Mutations changing virulence have been considered to occur
readily among Xanthomonas species (Stolp et d., 1965), and may explain not only the high
virulence of the drains from the dry and wet savanna zones, but dso the recent epidemics
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in these ecozones as reported in severa cassava-growing regions of Wed Africa (Wydra
and Verdier, 2002).

Our dudies amed to sdect virdlent drans by tesing ther aggressiveness on  one
susoeptible  genotype.  Nevethdess, the pathogenic  variability found among the highly
virulent gtrains has to be tested with various cultivars to investigate the presence of drain x
genotype interactions, which were obsarved with grains from other African origin (Zinsou
e d., 2002) and, thus, to provide a representative set of drans for the sdection of resgant
genotypes (Verdier et d., 1998).

The dgem puncture inoculaion dlowed the discrimination among X axonopodis pv.
manihotis drans. Stem puncture inoculation and leaf inoculaion methods were used for
pathogenicity tests of X. axonopodis pv. manihotis strains (Maraite et d., 1981; Restrepo et
d., 2000). The sem inoculation technique was reported as a suitable method for resstance
screening of cassava cultivars for bacterid blight resistance (Restrepo et d., 2000), and for
cear differentiation among cultivars and X. axonopodis pv. manihotis srains (Maraite et
d., 1981). Neverthdess, additiond lesf inoculation experiments may reved more
pathogenic diversity and mechanisms of resistance of the plant (Zinsou et d., 2002).

The virulence dassfication of the drans based on the datistical andyss of the area under
the disease progress curve (AUDPC) provided smilar results as the classficaion based on
the time of symptom development on the plants (Banito, 2001), developped by Wydra et d.
(1999). A dmilar, bu less exact dassfication method, with evauation of disease symptom
classes 1, 2 and 4 weeks dfter inoculation was used by Redrepo and Verdier (1997) to
evduae the virulence of X axonopodis pv. manihotis drains from Lain America Thus
the inoculation of few drans — from different ecozones, in case that virulence determinants
might differ - sdected among the highly virulent group is recommended to test genotypes

for resstance to cassava becterid blight.

During a cassava diseases survey across ecozones in Togo (Banito e d., 2001), generdly,
higher cassava baecterid blight incidences and severities were obsarved over dl ecozones
compared to the results of a previous survey conducted by Boher and Agbobli (1992).
Besdes the possble soread of the pathogen by the exchange and use of infected planting
materid dl over the cassava growing aess and possble changes in environmenta
conditions due to the deforestation, the present results suggest tha an increese of pathogen

aggressiveness over years could be responsible for the increase of disease severity.
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3 Characterization of resistance and tolerance of cassava to bacterial blight based on
genotype x environment interaction studies

Abstract

To monitor the resstance characteridics of cassava genotypes to CBB infection under field
conditions 22 improved and locd genotypes from Togo were screened under neturd
infection and after spray-inoculdion with Xanthomonas axonopodis pv. manihotis in the
forex and forex savanna trangtion zones in years 1998 and 1999, and in the wet savanna
zone in year 1999. High genotype x environment interactions were observed, and no genotype
with disease resstance in the three dtes in the forest savanna trangtion and forest zones over
a two year-expeiments and wet savanna zone in a one-season trid, was found. However,
genotypes CVTM4, Man27, TMS30572 and TMS92/0429 were resdant in a least one
environment and medium ressant in other environments, and TMS91/02316 was medium
ressgant across environments, while Lagos, Toma289 and Toma378 were over dl susceptible.
Cassava becterid blight severity was sgnificantly negetively corrdated to cassava root yield
in inoculated plots in the dte in the forest zone in 1998 and 1999, and in nonrinoculaed plots
in the forest savanna trangtion zone and the wet savanna zone in 1998 and 1999, respectively.

Andysng the devdopment of the different symptom types by genotypes, generdly spot and
blight symptom development was pogtively corrdated, while there was no rdation, or a
negative corrdaion between lesf symptoms ad the wilt symptom devdopment. The same
obersarvation was made, when data were andysed across genotypes and environments.
Sgnificant negetive corrdaions were obsarved between blight and wilt symptoms, and root
yield in each of the three ecozones, and between spots and root yidd in the foret zone
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3.1 Introduction

Cassava (Manihot esculenta Crantz) is a mgor food crop in sub-Saharan Africa (Nweke,
1996) and dso saves as rav materid for locd industries (Onabolu and Bokanga, 1998;
Sani e d., 198). Cassava was the firg crop in terms of production among the mgor
dgple cops in 1999 in Togo, followed by yam and maze (DSID, 1999). Howeve, the
yidd was condantly bedow the African average yidd of 8.283 t/ha (FAO, 1997; 19998),
and the production generdly stagnated over the last years (DESA, 1998; DSID, 1999).

Cassava bacterid blight caused by Xanthomonas axonopodis pv. manihotis (Vauterin e d.,
1995), former X. campestris pv. manihotis (Bondar, 1915) is one of the most severe
diseases of cassava in South America and Africa (Lozano, 1986) and an epidemic disease
digributed by infected cuttings (Lozano, 1986, Boher and Verdier, 1994). The diseae is
Characterized by symptoms comprisng wate-sosked angular lesf spots leaf blight and
wilt, defoligtion, exudation on gems petioles and leaves, vascula necrods and  dieback.
Cassava yidd losses of more than 50% due to CBB were reported (Fanou, 1999; Wydra
and Rudolph, 1999).

Due to the long growth cyde and the vegetdive propagation of cassava, the mogt
aopropriate gpproach to control CBB is by growing resdant cultivas (Lozano, 1973;
Wydra e d., 2001), as dement of an integrated control system (Wydra and Rudolph,
1999). Caeful sdection of cassava bacterid blight-free cassava stakes (Lozano and
Laberry, 1982, Lozano, 1986), and the use of planting materid derived from tissue cultures
to edablish cassava plantations for production of propagetion materid may support diseese
control by resstant genotypes and reduce the occurrence of CBB (Kpémoua et d., 2001).
But, snce mog cassava growes ae smdl fames (Phillips, 1974) with traditiond
technicdl know-how and few economic resources (Lozano and Labery, 1982), there is
usudly no dternative to the production of own planting materid. In this Stuation, use of
resdant genotypes is the most important control messure.  Additiondly, quarantine
reguldions to avoid the introduction of the pethogen into bacterid-blight free aress are
indigpenssble (Elangp and Lozano, 1981; Lozano, 1986). The movement of planting
materid should be controlled and cuttings for disribution be teted by avalable pathogen
isolaion and molecular detection techniques (Vedier e d., 1998, Ojeda and Vedier,
2000).
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Genotypes with different levels of resstance were reported (Fanou, 1999; Fokunang et d.,
2000b; Redrepo e d., 2000b; Zinsou e d., 2003a8). Defense mechanisms agang
X. axonopodis pv. manihotis were observed in the vascular sysem of sems of infected
cassava plants by Kpémoua & d. (1996), with differentid reactions comparing susceptible
and resdant cultivars In the lesf mesophyll of resgant cultivars no mechanisms limiting
becterid multiplication were found by some authors (Boher and Verdier, 1994), and after
leef inoculation by wounding of four cassava genotypes, Restrepo et d. (2000a) could not
corrdlate leaf reactions with resstance. Also, after leef infiltration with Xam sugpensons a
higher concentrations (O 1¢ cdlsm™), no sgnificant differences in bacterid populaions a
lesf level were observed between resstant and susceptible genotypes (Hood et d., 1995).
However, Zinsou & d. (2001) dealy demondrated differences in symptom deveopment
and bacteid multiplication on legf levd compaing resgant, medium resgant and
usoeptible  cultivars, usng lower inoculum levds Also Wydra e d. (2003b) observed

differencesin cdl wall pectins of leaves with different levels of resistance.

Resgance in M. esculenta introgressed from a wild reaive, M. glaziovii, is polygenic and
additively inherited. Accessons for genetic diverdty and reddance to cassava bacterid
blight reveded a high levd of polymorphism among cessava genotypes (Sinchez & 4.,
1999). Jorge e d. (2000) identified sx regions of the cassava genome controlling
resstance to X. axonopodis pv. manihotis grains, confirming the polygenic character of the
ressance. A pecific interaction between the cassava plant and the pahogen was
suggested, and ressance makers specific for African drans were recently identified
(Wydra et d., 2003b).

Screening cassava genotypes for resstance to cassava bacterid blignt was performed by
obsaving symptom development in the fidd under dtrong disease pressure over severd
cop cydes (Boher and Vede, 1994). Under controlled conditions, differentiation
between susceptible and resstant genotypes after leaf infiltration was observed only a an
incoculum concentration of lower then 10F cfu mi™* (Flood e d., 1995). On the contrary,
Zinou e d. (2003b) identified an inocuum concentration of 10° cfu mi* as most
differentiating for screening of genotypes for ressance. Zinsou  (2002) described
differences in spot symptom development comparing genotypes of different resstance after
leef inoculaion under controlled conditions. Genotypes dso  diffeeed in symptom
development with respect to leaf- and stem inoculation, suggesting different mechanisms of
ressdance in different parts of the cassava plant. Differences in symptom type development
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of genotypes have not been investigated unter fidd conditionsin various environments.

Evduation of a cassava germplasm collection for reection to three magor diseeses under
naturd infection reveded that cassava tuber number and tuber dry matter were significantly
negatively corrdated with cassava becterid blight, African cassava mosac dissese and
cassva anthracnose disease severity (Fokunang, 20008). Among twenty-three cassava
genotypes screened for resigance to cassava bacterid blight in three ecozones, no cassava
genotype with complete fidd resstance was found, however, differences in reaction to the
dissae dlowed to dassfy the cultivars into susceptible, moderatdy resstant and resistant
groups (Fanou, 1999). The genotypes Ben86052 and 191/02322 were among the susceptible
ones, while 189/02078 and TMS30572 were overdl resdant. The latter author observed
that the CBB-susceptible genotypes TMEL and Ben86052 yidded high root wegt,
whereas the most resstant genotype 189/02078 had the lowest root weght. It was suggested
that a high genotype X environment interection and tolerance characteridics in some
cultivars play a role in diseese development and root formation (Wydra, 2002). Also Zinsou
e d. (20038) observed high genotype x environment interactions among locd and
improved genotypesfrom Benin.

Improved and loca genotypes from Togo have never been characterized for their reaction
to becterid blight infection in various agroecological zones of Togo. Therefore, in the
present studies sdected cassava genotypes from Togo and from an internaiona collection
were evauated for ther reection to cassava becterid blight under fidd conditions in the
foret savanna trandtion, foret and wet savanna zones to sdect resgant, high yieding
genotypes suitable for farmers.

3.2 Materials and methods

Experimental sites

FHeld experiments were conducted at two Stes in the forest savanna trangtion and forest
zones in 19981999, a Davié and Adéa [Inditut Togolas de Recherche Agronomique
(ITRA) dations|, respectivdy, and in three gStes in the foret savanna trangtion, forest and
wet savana zones in 1999-2000, a Davié Adé&a and Sotouboua (ITRA dations),
respectively, in Togo. The trids were not conducted in year 1998 a Sotouboua in the wet
savanna zone due to the lack of planting materid. The dtes are typicad for ther respective
ecozones. The forest savanna trangtion zone (littord zone) in the South part of the country,
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is characterized by a shrubby vegetation with few trees the forest zone in the South-West is
predominated by rainforest vegetation, and the wet savanna in the Center pat of the
country is characterized by dominance of a shrubby vegetation. The savanna trandtion and
forest zones are charecterized by a sub-equatorid dimate with one long rany season
(March — June), one short dry seeson (duly-August), one short rainy season (Sgptember —
October) and one long dry season (November — March). The wet savanna is characterized
by a tropicd dimate with one long rany seeson (April — Sgptember) and one long dry
season (October — March) (Lamouroux, 1979). The average annud ranfdl is about 1200
mm in the forest savanna trangtion zone and 1400 mm in the forest and wet savanna zones,
with average temperaiures of 28 °C, 24 °C and 27 °C, respectivdy. However, annud
ranfdl up to 2027 mm in the forex zone and 1810 mm in the wet savamna zone were
recorded (DMN, 2001). In years 1998, 1999 and 2000, the average ranfal was 8554 mm,
12048 and 7130 mm in the fored savanna trandtion zone 1,0182 mm, 8645 mm and
14831 mm in the forex zone ad 1,371.0 mm, 1,3091 mm ad 1,309.8 mm in the wet
savanna zone, soread over 9 months in the fird two ecozones and over 7 months in the
|atter one.

Planting materials

Cutings from the 27 locd, Togolese and improved cassava genotypes Féonégbodii,
Nakoko Lagos, Cameroon, Tuaka, Ghazékouté, Ankra (locd), and Toma378, Ben86052,
TMS92/0057, Toma219, TMS30572, Toma289, TMS2/0343, 312524, TMSOL/02316,
TMSA()1425, CVTM4, TMS92/0326, Tomals9, TMSO2/0067, Man27, TMS01/02322,
TMSCBSI10(80411), Boram, Sorad and TMS92/0429 (improved by 1ITA) deived from
plants gpparently free of CBB symptoms were received from ITRA Lomé&Togo, or famers
fidds and Ben86052 and TMS30572, the susoeptible and resstant sandard  genotypes,
respectivdy, from IITA (Internationd Inditute of Tropica Agriculture) Benin-Station. Due
to insuffident of planting materid 22 of the 27 genotypes were tested in dl ecozones
genotype TMSCBS10(80411) was used ingead of TomalS9 in the wet savannazone, and
genotype Toma219 was replaced by genotypes Boran and Sorad in the forest and wet
savanna zones, respectively.

Experimental design, planting and maintenance
The trid st up was an augmented complete randomized block design with three
replications of ten plots This dedgn is used for the assessment of a large number of
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genotypes when a randomised complete block design is not possble due to avalability of
land and lack of planting materid. The concept is to edablish a sandard replication design
usng check genotypes. Each replicte forms a complete block of the standard design.
Additiond unassigned plots are crested within each replicate, and nonreplicated genotypes
ae assgned to these plots in the form of an incomplete block design (Scott and Milliken,
1993; Walfinger et d., 1997).

The augmented dedgn avoids the gpace-consuming repetition of dl the 24 genotypes.
Cassava genotypes Ben86052, Gbazekouté and TMS30572 were used as checks because of
their susceptible and resstant - the laiter genotype - reaction to cassava bacterid blight, and
their generd good peformence (Boher and Agbobli, 1992, Akparobi e d., 1998). These
were replicated throughout the blocks, with each block consding of the three checks and 7
other genotypes (non-replicated). Each plot (20 nf) representing one genotype consisted of
two rows of 10 m, a a spacing of 1 m, with 1.5 m between plots. Cassava stem cuittings of
20 cm length of each genotype were sngle planted a a spacing of 1 x 1 m on well prepared
fla ground in June. Each plot with an area of 20 M (10 m length and 2 m width) consisted
of 2 rows of 10 plants. The control plots were separated by a screen of maize plants of 5 m
from the inoculated plots. Weeding was conducted, when necessary, and no additiona
weatering was gpplied.

Bacterial suspension and spray inoculation

A 48hour od culture of X. axonopodis pv. manihotis gran X27 from Togo produced on
GYCA (glucoe 5 gll, yeast 5 g/l CaCGO; 10 gll, aga 15 gl) medium (Dye 1962) was
harvested from agar plates usng 0.01 M MgSO, solution, diluted to 10 cfuml and used for
inocdation. One-month old cassava plants were inoculated with the becterid suspenson by
Jraying the abaxia surface of leaves usng a motorized srayer. A totd of three
inoculations were performed a 3-weekly intervas.

Symptom assessment

Disease symptoms were assessed 3 weeks dfter each of the 3 inoculations and during the
gx and the tweve months havests on ten plants (five plants a harvesting) randomly
sected in each plot by ocounting leaves bearing angular lesf spots or blight or
wilted/dropped leaves and the number of shoot tips with dieback among the totd shoot tips.
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When leaves showed more than one symptom type, they were recorded under the more
svee symptom type The percentages of leaves with spots with blight, wilted/dropped
leaves and $oots with dieback were caculated for each plant. The severity index (S) was
cdculated for each plant a each evauaion date as follows

S = (IxS+ 2B + IXW + 2xD)/6

where S, B, W and D represent the percentage of leaves with spots, blight, wilt and shoots
with dieback, respectivdy. The weight attributed to the symptoms blight and dieback is an
edimaion reaulting from regresson andyss of symptom and plant growth data, reveding
blight as most important factor influencing root yied, and dieback with highest influence
on overdl plant growth (lesf and sem weight) (unpublished detd). The Sandardized area
under the severity index progress curve (AUSIPC) was cdculated for eech plant a dx
evdudion daes by the trgpezoidd integration (Shaner and Finney, 1977, Jeger and
Viljanen-Rallinson, 2001) according to ecozones. In the forest and fores savanna trangtion
ZOnes:

AUSPC = [(S1+S2)x21/2 + (S2+S3)x21/2 + (S3+34)x60/2 + (S5+S6)x120/2]/275

In the wet savanna zone:

AUSPC = [(S1+S2)x21/2 + (S2+S3)x21/2 + (S3+S4)x30/2 + (S5+S6)x90/2)/215

where S1, S2, S3, S4, S5 and S6 represent the severity index a the evaudion dates 1,
2, 3, 4,5 ad 6, rexpectivdy. S4 and S5 correspond to severity index during the dry season
and are equa to zero. The area under the severity index progress curve in days over the
growing period was divided by the evduation period of 275 or 215 days corresponding to
365 days minus the dry season period of 90 days in the fores and foret savanna trangtion
zones and 150 days in the wet savanna zone, respectivdy, in order to receive the
dandardized AUSPC comparable between ecozones The AUSPC vdues of each
symptom type were aso cdculaed.

Harvest

Cassava roots were havested a 12 months after planting by uprooting 5 plants randomly
sected per plot. All the roots of each plot were mixed and a sub-sample was taken, cut
into smal pieces weghed and dried in an oven a 105 °C for 72 hours for dry weight
determination.
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Satigtical analysis

Sandardized area under severity index progress curve (AUSIPC) and dry root weight
vaues were log-trandformed to dtabilize variances and the andysis was paformed usng the
Liner Mixed Modd ANOVA (Hanille 1988, Benado, 1994; Tempdman and Gianolg
1996). Vdues and dandard erors in tables are the red, nontransformed vaues. The
andytica procedures for augmented desgn usng mixed modds as implemented in the
SAS ftware (SAS, 1990; 1997) were peformed as described by Korie and Okechukwu
(2000). The andyss involves edimaion of block effects and plot eror usng replicaed
checks. In each environment, the percentages of mean AUSPCs of genotypes were
caculated conddering the highet AUSPC vadue as 100%. The genotypes were dassfied
into ressgant (R, AUSPC < 50%), medium resstant (MR, AUSPC 50%-74.9%) and
susceptible (S, AUSPC - 75%-100%) groups. The two-dimensiond biplot of princpd
component andyss on genotypes was peaformed to show grouping of genotypes and
genotype x environment interections based on symptom severity, seveity of symptom
types and root yidd data Pearson corrdation andyds usng 22 genotypes grown in dl
environments  induding inoculaed and nonrinoculated  trestments was  peformed  to
edablish the rdationship between symptom severity (AUSPC) and cassva dry root
weight, between severity vdues of different symptom types and between seveity of
symptom types and dry root weight. Regresson andyds of symptom severity (AUSIPC)
and root dry weight was performed with of 4 genotypes sdected for their high yidd in spite
of high disease severity.

3.3 Results

The disease developed during the rainy season, with a pesk a 4 months after planting
(Fig. 1). Symptoms disgppeared during the dry season and regppeared in the rainy season of
the folowing year. In the inoculated plots the severity index was high from the second
month after planting, while it was dose to zero during the fird 3 months after planting in
norrinoculated  plots  Genotype Ben86052 devdopped a higher severity index then
genotypes Ghazékouté and TMS30572 in the inoculated plots while the fird 2 genotypes
did not differ in the non-inoculated plots
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Fig. 1. Deveopment of severity index in the susoeptible genotypes Ben86052 and
Ghazékouté, and the resdant genotype TMS30572 in norrinoculaed (A) and
inoculated (B) treatments in the forest zone in year 1998 (dates of inoculaion: 30, 51
and 72 days after planting)
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Comparing the reaction of 27 genotypes, of which 22 were repeated in eech environment in
inoculated plots in three Stes in three ecozones over two years the highest disease severity
expressed as dandardized area under severity index progress curve (AUSIPC) was recorded
in the forest zone (totd AUSPC 166.8), with a range of 4.1:9.1 in year 1999 and the lowest
in the forest savanna trangtion zone (totd AUSPC 139.3), with a range of 4.4-80 in 1998
(Table 1). In the norrinoculated plots, the highest totd AUSPC of 1465 was recorded in
the forest zone, with a range of 3.98.2 (data not shown, Annex J). However, generdly, the
AUSPC vdues in the noninoculated plots did not differ suffidently to dassfy the
genotypes. Therefore, the classficaiion was based on the AUSPC vdues of the inoculaied
plots

The disease severity of the totd of 27 genotypes varied between ecozones and years, with
lovet AUSPC for genotypes CVTM4 and TMS30572 in 1998, and Man27 ad
TMS30572 in 1999 in the forex zone TMS30572 and TMS02/0429 in 1998, ad
TMS92/0429 and TMS91/02316 in 199 in the forex savanna trandtion zone, and
genotypes TMS92/0429 and Man27 in the wet savanna zone. The highest dissese
sveities were recorded in genotypes Lagos and Toma289 in 1998 and Nakoko and
TM$A(2)1425 in 1999 in the forex zone Lagos and Gbazékouté in 1998 and Ankra and
Toma289 in 1999 in the forest savanna trandtion zone, and Tueka and Lagos in the wet

Savanmzone.

No genotype was found with a resgant reection in more than two environments (Table 2.
Most of the genotypes were medium resstant and/or susceptible across ecozones over the
two years. The locd genotype Lagos and the improved genotypes Toma289 and Toma378
were susceptible in Al environments, and the locd  genotypes Ankra, Ghazékouté and
Nakoko, and the improved Ben86052 were susceptible in four of the five environments.
The four genotypes TMS30572, CVTM4, Man27 and TMS92/0429 were resdant in &
leest one environment and were never susceptible in the 3 gStes over the 2 years with
genotype Main27 showing resgance in one year in two ecozones Genotype TMS91/02316
was medium resgat over dl environments, while TMS4(2)1425 showed high variahility
between years across ecozones, being among the medium resdant, extremdy susceptible

and susceptible ones.
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Table 1. Disease severity expressed as dandardized area under the severity index curve

(AUSPC) of cassava genotypes spray-inoculated with X. axonopodis pv. manihotis in three

dgtes in the fored, forex savanna trangtion and wet savanna zones in two years in
decreasing order of the total mean of AUSIPC

Forest Forest savannatrangition Wet savanna
1998 1999 1998 1999 1999

Genotypes AUSPC AUSPC AUSPC AUSPC AUSPC
Lagos 84 85 80 6.6 85
Sorad nd nd nd nd 7.8
Boram 7.7 78 nd nd nd
Toma289 82 6.9 6.5 72 76
Ankra 6.4 88 71 7.6 6.3
Nakoko 6.9 91 54 6.1 80
Toma378 6.8 17 71 6.1 76
Ghazékoutée “c’ 6.0 7.7 72 6.6 73
Ben86052C’ 72 79 5.6 6.0 74
Fétonégbodii 6.0 83 51 6.1 75
312-524 5.9 73 5.9 55 8.2
Cameroon 6.9 17 55 6.1 6.5
Toma219 nd nd 6.3 6.5 nd
TMS92/0057 6.1 6.8 5.8 6.3 6.5
TMS92/0067 6.6 73 53 6.4 54
Tueka 5.9 51 47 6.2 89
TMS92/0343 72 5.7 5.7 5.6 6.6
TMS92/0326 6.5 6.3 5.6 59 6.1
TMS4(2)1425 49 90 6.4 A7 A7
TMS01/02322 54 6.5 5.7 6.0 5.6
TMS91/02316 6.3 6.3 53 4.6 6.6
Tomal59 6.1 6.4 51 51 nd
TMSCBS10(80411) nd nd nd nd 53
CvVTM4 37 6.0 59 51 51
Man27 4.8 41 51 5.6 4.3
TMS30572 «C 44 45 44 51 53
TMS92/0429 49 49 46 4.0 3.9
Totad AUDPC 1494 166.8 1393 1412 156.8
Range 37-84 41-91 4.4-8.0 40-7.6 39-89
SE co.27 C023 C0.66 C0.26 C0.66
SE X 048 X 040 X112 X 045 X115

“C" = check genotype” X" = non-replicated genotypes,; nd = not determined; SE = standard error.
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Table 2: Reaction of 25 cassava genotypes, of which 2 were tested in al environments, to
Spray-inoculation with X. axonopodis pv. manihotisin three Stesin three ecozones of Togo

Forest Forest ssvannatrangtion ~ Wet savanna
Genotypes 1908 1999 1908 1999 1999
Boram S S nd nd nd
Toma219 nd nd S S nd
Lagos S S S S S
Toma289 S S S S S
Toma378 S S S S S
Ghazékouté “c’ MR S S S S
Ankra S S S S MR
Ben86052 “C’ S S MR S S
Nakoko S S MR S S
Cameroon S S MR S MR
Fétonégbodi MR S MR S S
TMS92/0067 S S MR S MR
TMS92/0326 S MR MR S MR
312-524 MR S MR MR S
Tuska MR MR MR S S
TMSA(2)1425 MR S S MR MR
TMS91/02322 MR MR MR S MR
TMS92/0057 MR MR MR S MR
TMS92/0343 S MR MR MR MR
Tomals9 MR MR MR MR nd
TMS91/02316 MR MR MR MR MR
CvTM4 R MR MR MR MR
TMS30572“C MR R MR MR MR
TMS92/0429 MR MR MR MR R
Main27 MR R MR MR R

“C’ = check genotype, R = resstant (0-50%); MR = medium redgtant (50-74.9%); S = susceptible
(75-100%); nd = not determined genotypes Sorad and TMSCBS10(80411) were tested only in the wet
savanna zone and reacted with Sand MR, repsectively.
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The frequency didribution of 27 genotypes of which 22 were repeated in esch dte
(ecozone), in inoculated treatments across disease severity vaues varied between ecozones
and years (Fig. 2). The disease developped tendencioudy more in the foret and the wet
savanna zones than in the foret savanna trangtion zone, where most of the genotypes were

found in the severity index classes [ 7.

Comparing genotypes in non-inoculated and inoculated plots, differences in reaction of
genotypes to inoculation were obsarved across environments (data not shown, Annex 1).
Some genotypes such as Boram, Lagos TMS92/0067 and Toma289 in 1998 ad
TM$4(2)1425 in 1999 in the forest zone and Tueka in the wet savanna zone in 1999 reected
drongly to inoculaion, with a condderable difference in AUSPC compared to the non
inoculated tretment, while others reacted not or only dightly. Among the resdant
genotypes, genotypes TMS30572, Man27 and TMS02/0429 reacted genegdly less on
inoculdion. In the fored savanna trangtion zone dl 24 genotypes did not react or only
dightly toinoculation over the two year experiments.
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The principad component andyss of AUSPC of 22 genotypes of inoculated plots across dl
environments reveded Sx genotypes with low dissese severity (genotypes left of the
midpoint), with genotypes TMS92/0429 (19), TMS30572 (11) and Man27 (9) being most
resgant, ard 9 highly susceptible genotypes (genotypes right of the midpoint), with
genotypes Lagos (8) and Toma289 (20) being highest susceptible (Fig. 3). Among the 22
genotypes, only the genotypes CVTM4 (5), TMS92/0057 (15) and Nakoko (10) with low
IPCA2 scores showed negligible interactions with environments and were gable in ther
diseese reection, while mog of the genotypes had high postive or negative IPCA2 scores
and revedled medium or high genotype x environment interactions

3
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Fig. 3: Relaion between IPCA1 and IPCA2 scores of standardized area under severity

progress curve of 22 genotypes grown in 10 environments

Genotype identification 1: 312524, 2. Ankra, 3: Ben86052, 4: Cameroon, 5. CVTM4, 6: Féonégbodji,
7. Gbazékouté, 8 Lagos, 9: Main27, 10: Nakoko, 11: TMS30572, 12: TMS$A(2)1425, 13: TMS91/02316,

14: TMS91/02322, 15 TMS92/0057, 16:
19: TMS92/0429, 20: Toma289, 21: Toma378, 22: Tuaka

TMS02/0067,

17:

TMS02/0326,

18:

TMS92/0343,
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Development of spot, blight and wilt symptoms

The principd component andyss of aea under symptom progress curve of percentage of
leaves with spot symptoms of 24 genotypes showed sx genotypes with lower spot symptom
development, with genotypes Main27 (9), TMS30572 (11) and Nakoko (10) being the most
resdant, and seven genotypes with higher spot symptom development, with genotypes Lagos
(8, TMS920057 (15 ad Toma378 (21) being the most  susceptible
(Fig. 4A). Andysng blight symptom development, genotypes Man27 (9), TMS92/0429 (19)
and TMS92/0067 (16) showed less leaves with blight symptoms, whereas genotypes
Toma289 (20), Lagos (8), Ghazékouté (7) and Ankra (2) reveded high susceptibility to the
blight symptom (Fig. 4B). Comparing wilt symptom development, Sx genotypes had a lower
percentage of leaves showing wilt, with genotypes TMS92/0429 (19), TMS30572 (11),
CVTM4 (5 and Man27 (9) being the mogt resgant, while genotypes Ankra (2), Toma289
(20) and Lagos (8) reveded high susceptibility (Fig. 4C). Consdeing the three symptom
types, genotypes Man27 (9), TMS92/0429 (19) and TMS30572 (11) were over dl resdant,
while genotypes 8, 7, 20, 21, 2 and 3 were susoeptible Genotypes 19, 11, 5 and 9 with low
wilt symptom development dso showed low spot and blight symptom devdopment, while not
dl genotypes with low spot and/or blight symptom development reveded a low pecentage of
sysemic symptoms  (wilt), eg. genotype 1 with resdance agang spot and blight was
usceptible to wilt, genotype 10 showed only lower oot symptom  development, while
genotype 16 devdoped only less blight symptoms The number of genotypes with low wilt
symptom development was lower than the number of genotypes, which showed low spot and
blight symptom development. Genotypes 11, 13 and 7 for pot, 9, 17 and 15 for blight, and 6,
7 and 20 for wilt symptoms showed negligible interactions with environments, and were
gable in ther reaction to the respective symptom types, while genotypes 12 and 15 for spat,
21, 7, 6 and 20 for blight, and 19 and 9 for wilt reveded high genotype x environment
interactions. In susceptible genotypes the influence of the environment on leaf symptom
development was generdly higher than in the more resstant genotypes.
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Genotype identification 1: 312-524, 2 Ankra, 3: Ben86052, 4: Cameroon, 5 CVTM4, 6:
Fétonégbodii, 7: Gbazékouté, 8. Lagos, 9: Main27, 10: Nakoko, 11. TMS30572, 12 TMS4(2)1425,
13: TMS91/02316, 14: TMS91/02322, 15. TMS92/0057, 16: TMS92/0067, 17: TMS92/0326, 18:
TMS92/0343, 19: TMS92/0429, 20: Toma289, 21: Toma378, 22: Tuaka.

Relationship between symptom types

The relationship between the number of leaves with symptom types expressed as area under
symptom type progress curve was andysed. Spot symptoms were Sgnificantly  postively
corrdated with blight symptoms in the three Stes (ecozones) over the two years, except in the
foredt zone in 1998 (Table 3). In some enwvironments spot and blight symptoms were
postively corrdaied with wilt symptoms. When daia were andysed irrespective of the
inoculation trestment, spot, blight and wilt symptoms were generdly sSgnificantly corrdlated
across gtes (ecozones) (Table4).

Table 3. Corrdation coefficients between different bacterid blight symptom types (spat,
blight and wilt) expressed as aea under curve of percentage of leaves with symptom type
cdculated for 22 genotypes in 10 environments

Non-inoculated genotypes Inoculated genotypes
ot blight wilt ot blight wilt
Spot 1 0.06 0.38* 1 0.01 0.49+*
Forest 1998 blight 1 0.25 1 0.32
wilt 1 1
Spot 1 043¢ 0.51** 1 O.74x** 057+*
Forest 1999 blight 1 042¢ 1 0.62%**
wilt 1 1
Spot 1 0.54** 034 1 0.71%** 0.38*
FST 1998 blight 1 0.18 1 0.27
wilt 1 1
gpot 1 058 0.09 1 062r** 021
FST 1999 blight 1 0.28 1 0.44*
wilt 1 1
oot 1 057*** 047+* 1 043 0.15
Wet ssvanna 1999 blight 1 0.70*** 1 0.39*

wilt 1 1
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* = dgnificant at probability level of p < 0.05; * * = dgnificant at probability level of p < 0.01;
** * = ggnificant at probability level of p < 0.001; FST = forest savannatransition.

Table 4: Corrdaion coefficients between different bacterid blight symptom types (spot,
blight and wilt) expressed as aea under curve of percentage of leaves with symptom type
cdculated for 22 genotypes in 10 environments, irregpective of inoculaion, but by ecozone
and year

spot blight wilt
spot 1 0.36** 0.54***
Forest 1998 blight 1 0A41**
wilt 1
spot 1 0.71%** 0.49***
Forest 1999 blight 1 0.44x**
wilt 1
spot 1 0.66*** 0.36**
FST 1998 blight 1 0.23
wilt 1
spot 1 0.60*** 0.15
FST 1999 blight 1 0.36**
wilt 1
spot 1 0.61*** 0.29*
Wet savanna 1999 blight 1 0.51***
wilt 1

* * = gdgnificant a probability levd of p < 0.01; ** * = dgnificant a probability level of p < 0.001;
FST = forest savannatransition.

When the relationship between severity of symptom types expressed as area under curve of
percentage of leaves with symptoms was determined irrepective of genotype, inoculation
trestment, ecozone and year, oot and blight symptoms were highly sgnificantly corrdated
(r = 063, p < 0001) (Table 5). Andysng the rdaionship between symptom types for each
genotype across treatments, Stes and years reveded dgnificant postive corrdations between
sot and blight for 15 genotypes, whereas gengrdly no rdationship between spot and wilt,
and bligt and wilt symptom devdopment was obsarved (Table 6). Only in genotypes
TMS92/0057 and TMS92/0326 spot, and spot and blight, respectivdly, were dggnificantly
negatively corrdated to wilt symptom development.
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Table 5: Corrdation coefficients between severity of symptom types expressed as area under

curve of percentage of leaves with symptom type, and between them and root yidd caculated
for 21" genotypes in 10 environments; irrespective of inoculation, ecozone and year

spot blight wilt raot DW
gpot 1 0.63*** 0.02 -0.03
blight 1 0.02 -0.07
wilt 1 0.03
root DW 1

** * — ggnificant a probability level of p < 0.001; root DW = root dry weight. lGenotype Tuaka not
included due to a missing root weight value in the brest savanna trangition zone in the inoculated plot in
year 1999.

Cassavayidd

In the forest zone, dgnificant differences in root yidd were found between check genotypes
over the two years. Genotype TMS30572 recorded sgnificantly higher root yidd (202 tha
and 332 tha in 1998 and 1999, respectivdy) than Ben86052 (146 tha and 229 tha
respectively) over the two years in inoculated plots (p = 0.01), but no sgnificant differences
were obsarved between these and the locad check genotype Ghazékouté (data not shown,
Annex 2). Genotypes TMS91/02322 and TMS30572 in 1998 and TMS30572 ad
TMM92/0429 in 1999 recorded the highest root yidd of 22.6 tha and 20.2 tha, and 332 t/ha
and 202 tha regpectivdy, while Toma289 and Fé&onégbodii were the lowest yidding
genotypes with 44 tha and 43 tha in 1998 and 1999, respectivdy. In the foret savanna
trangtion zone, a dgnificant difference was observed between check genotypes in non-
inoculated plots i 1999, with Ben86052 (182 tha) yidding higher then TMS30572
(119 tha) and Ghazékouté (94 tha). Genotypes TMSO2/0057 (291 tha), CVTMA4
(281 t/ha) and Lagos (25.3 t/ha) recorded a high dry root weight, and the locd genotypes
Fétonégbodji (0.3 t/ha) and Tuska (1 tha) the lowest yidd. In the wet savanna zone, the
hignet yidd was obtaned by genotype TMS92/0057 (231 tha and 211 tha in
non-inoculated and inoculated plots, respectively), however, no dggnificant difference was
observed between check genotypes (Annex 2).
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Table 6: Corrdation coefficients of severity of symptom types expressed as area under curve
of percentage of leaves with symptom type cdculaied for 22 genotypes in 10 environments,
irrespective of inoculation, ecozone and year, but per genotype (genotypes in decreasing order
from susceptible to resistant, according to the total mean of AUSIPC, see Table 10)

Genotype spot blight wilt Genotype spot blight wilt
Lagos spot 1 0.66* 0.36 312524 spot 1 0.96*** -0.28
blight 1 -0.12 blight 1 -0.27
wilt 1 wilt 1
Toma289 spot 1 0.46 0.004 TMS92/0326 spot 1 0.93***  -0.78**
blight 1 -0.17 blight 1 0.72*
wilt 1 wilt 1
Gbazékouté spot 1 0.47 -0.48 Tuaka spot 1 0.96*** -0.21
blight 1 -0.53 blight 1 -0.09
wilt 1 wilt 1
Toma378 spot 1 0.49 -0.28 TMS92/0067 spot 1 0.71* 0.17
blight 1 -0.58 blight 1 0.16
wilt 1 wilt 1
Ankra spot 1 041 025 TMS91/02322  spot 1 0.75* -0.27
blight 1 0.23 blight 1 -048
wilt 1 wilt 1
Bend6052 spot 1 0.83** 0.01 TM$A(2)1425  spot 1 0.83** 0.28
blight 1 -0.46 blight 1 0.25
wilt 1 wilt 1
Nakoko spot 1 0.85** 0.15 TMS01/02316  spot 1 0.95%** -0.36
blight 1 -0.08 blight 1 -041
wilt 1 wilt 1
Cameroon spot 1 0.52 -0.57 CVTM4 spot 1 0.49 -0.45
blight 1 -0.18 blight 1 0.09
wilt 1 wilt 1
Fétonégbodji spot 1 0.83** 021 Main27 spot 1 0.91*** -0.42
blight 1 027 blight 1 -0.53
wilt 1 wilt 1
TMS92/0057  spot 1 0.28 -0.70* TMS30572 spot 1 0.90*** -04
blight 1 -0.31 blight 1 -0.47
wilt 1 wilt 1
TMS92/0343  spot 1 0.29 -0.34 TMS92/0429 spot 1 0.87%** -0.01
blight 1 -0.51 blight 1 -0.04
wilt 1 wilt 1
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* = dgnificant a probability level of p < 005 * * = dgnificant a probability level of p < 0.01;
** * = ggnificant at probability level of p < 0.001.

The principd component andyss of dry root yidd of 21 genotypes across 10 environments
reveded four genotypes with low root yidd, with genotypes Féonégbodji (6) and Toma289
(20) beng the lowest yidding, and one high yidding genotype, TMSO02/0057 (15). Seven
genotypes  with low [IPCA2 scores showed negligible interactions  with — environments
(Fig. 5).
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Fig. 5 Rdation between IPCAL1 and IPCA2 scores of standardized root dry weight
of 21 genotypes grown in 10 environments

Genotype identification 1. 312-524, 2. Ankra, 3: Ben86052, 4. Cameoon, 5 CVTM4,
6. Féonégbodiji, 7: Gbazé&kouté, 8 Lagos, 90 Man27, 10: Nakoko, 11. TMS30572,
12:. TM$A(2)1425, 13: TMSO1/02316, 14: TMSOL/02322, 15. TMS92/0057, 16: TMS92/0067,
17: TMS92/0326, 18: TM S92/0343, 19: TM S92/0429, 20: Toma289, 21: Toma378.

Relationship between symptom severity and root yield

Pearson corrdation andyds of disease severity (AUSPC) and dry root yidd reveded a
dgnificant negaive corrdaion between AUSPC and root yidd in inoculated plots in the
forest zone in 1998 and 1999 (r = -048, p = 0.006 and r = -0.50, p = 0.004, respectively), and
in  noinoculated  plots  in the forex swana  trandgtion  zone in 1998
(r=-043, p=0.017) and in the wet savannazonein 1999 (r = -0.51, p=0.003) (Table7).
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Table 7: Corrddion coefficients between disease development expressed as area under severity
index progress curve (AUSPC) and root yidd cdculated with 21 genotypes grown in 10
environments

Nor+inoculated genotypes Inoculated genotypes

Forest 1998 034 -0.48+*
Forest 1999 021 -0.50**
Forest savanna 1998 043¢ -0.03
trangtion 1999 -0.32 -0.22
Wet savanna 1999 -0.51** -0.07

** = ggnificant at probability level of p < 0.01; * = dggnificant at probability level of p < 0.05.

Sgnificant corrdations were observed between spot, blight and wilt symptom development and
dry root weight in some environments (Table 8. In norrinoculated plots the blight symptom wes
generdly negdively corrdaed to yidd, while in inoculaed plots wilt symptoms were generdly
negatively corrated to yield.

Table 8. Corrdation coefficients between becterid blight symptom types expressed as aea
under curve of pecentage of leaves with symptom type and root yidd cdculaed for 21
genotypes grown in 10 environments

Nortinoculated genotypes Inoculated genotypes
spot  blight wilt spot blight wilt
Forest 1998 033  040* 0004 -025  -040¢ 034
Forest 1999 007 -023 021 -040r  -046*  -043*
Foretsavana 1998 -027 -038* 029 014 0.24 -043*
trangtion 1999 001 -041* 023 0.19 0.01 -0.37*
Wet savanna 1999 -015 -03% -0.58*** 0.08 0.08 031

** * = dgnificant at probability level of p < 0.001; * = significant at probability level of p < 0.05.

Andysng the rdationship beween aea under curve of symptom types and root yidd
irrespective to inoculation treetment, ecozone and year, no dgnificant reaionship was observed
(Table 5). When the same data were andysed by genotype, a ggnificant rddionship was
generdly not found (Table 9). Only in genotype Cameroon the blight symptom was relaed to a
sonificant yidd loss while in genotypes Ben86052 and in TMS92/0067 the wilt symptom and in
Main27 the spot and blight symptoms were positively corrdaed to yidd.
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Table 9: Corrdation coefficients between severity of symptom types expressed as area under
curve of percentage of leaves with symptom type and root yidd caculated with 21 genotypes in
10 environmernts, irrespective of inoculation, ecozone and year, but per genotype

Genotype spot blight wilt

312-524 0.08 0.09 0.26
Ankra 0.04 0.59 0.52
Ben86052 0.08 0.25 0.81**
Cameroon -0.47 -0.86** 0.46
CVTM4 -0.06 049 0.39
Fétonégbodji -0.17 0.11 -0.05
Ghazékouté 021 0.28 0.18
Lagos -0.14 0.27 0.58
Man27 0.65* 0.71* -057
Nakoko -0.05 0.22 -041
TMS30572 -041 0.10 0.04
TMS$A(2)1425 0.37 0.23 0.50
TMS91/02316 -0.25 0.38 0.35
TMS91/02322 0.08 0.12 -0.16
TMS92/0057 -0.38 0.29 0.22
TMS92/0067 0.07 018 0.66*
TMS92/0326 -0.36 049 034
TMS02/0343 -0.03 0.21 0.37
TMS92/0429 -0.30 0.24 033
Toma289 -0.17 0.24 0.50
TOMAS78 0.16 0.28 0.62

* = ggnificant at probability level of p < 0.05; * * = wsignificant at probability level of p < 0.01.
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Conddeing the mean AUSPC and root yidd across 10 environments, 22 genotypes were
ranked in decreesng order (Table 10). Genotypes TMS91/02316, TMS30572 and TMS02/0429
belonged to the more resstant group (AUSPC lower than 54) and had a high root yidd (O 14
t/ha), while Lagos, Ben86052, TMS92/0057 and TMS02/0343 had a higher diseese severity
(AUSPC > 59), but dso a high root yidd. To identify a possble tolerant reection of the latter
genotypes, a regresson andyss between disease severity (AUSPC) and root dry weight was
performed. No significant rdlationship between severity and root yied was found (p > 0.05, r? =
007, 002, 0.04 and 0.004, respectivdy). With increedng disease severity, root yidd was not
affected (Fig. 6).
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Table 10: Ranking of 22 genotypes according to means for AUSPC and dry root yidd (ha) in
10 environments

Genotypes Mean AUSPC Genotypes Dry root yidd (/ha)
Lagos 7.1 TMS92/0057 21.3
Toma289 6.9 TMS92/0326 171
Ghazéouté “C’ 6.6 TMS91/02316 16.6
Toma378 6.6 TMS30572“C’ 16.6
Ankra 6.6 Cameroon 16.1
Ben86052“C” 6.4 TMS92/0429 15.8
Nakoko 6.4 TMS92/0343 155
Cameroon 6.3 Ben86052“C” 15.0
Fétonéghodii 6.2 Lagos 14.7
TMS92/0057 6.1 Ghazékouté “C” 138
TMS02/0343 59 CVTM4 138
312-524 59 TMS91/02322 133
TMS92/0326 58 TMS92/0067 122
Tueka 58 Toma378 119
TMSO92/0067 5.7 312-524 119
TMS01/02322 5.7 Man27 86
TMS4(2)1425 54 Tueka 85"
TMS1/02316 5.2 TM$A(2)1425 84
CvVTM4 4.8 Ankra 75
Main27 45 Nakoko 6.4
TMS30572“C” 45 Toma289 53
TMS02/0429 42 Fétonégbodi 45

“C’ = check genotype AUSPC = aea under severity index progress curve 'Mean vaue of
9 environments ingead of 10 due to missing vaue of root dry weight in the inoculated plots in the
forest savannatransition zonein year 1999.
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Fig. 6: Regresson andyss between disease severity (AUSPC) and root dry weight of
genotypes Ben86052, Lagos, TMS92/0057 and TMS92/0343
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3.4 Discussion

Cassava has a long vegetative cycle and severe epidemics such as cassava bacterid
bligt devdop on susceptible genotypes under favorable environmentd  conditions.
Snce chemicd control is not possble and the systemic infection by X. axonopodis pv.
manihotis fecilitates the didribution of the pathogen by vegetaive propagetion of
cassava, hogt plant resstance is the best means for a long term control of cassava
bacterid blight (Wydra and Rudolph, 1999). In the present sudy, 24 cassava genctypes
were screened for resistance to cassava bacterid blight after spray-inoculetion in three
gtes in three agroecological zones of Togo over two years except in the wet savanna
dgte with one trid year, to identify high yidding genotypes with dable ressance to
cassava bacterid blight. No genotype with resstance across the sites (ecozones) was
found, but genotypes TMO2/0429, TMS30572, CVTM4 and TMSO1/02316 had a
lower diseese severity combined with high yidd. The difference in ranfdl quantity and
distribution between the Stes in the forest and the forest savanna transition ecozones in
the trid years were margind, snce in both Stes a rany season of 7 months was
recorded.

No cultivar with complete disease ressance was reported from fiedd evauation of
cassava cultivars in Latin America (CIAT, 1995; 1998). Also, Fanou (1999) and Zinsou
e d. (2003 dd not find ocompledy resgant genotypes  among
twenty-three and sSixteen genotypes, respectively, tested in ecozones of Nigeria and

Benin, respectively.

High vaidbility in diseese expresson was obsaved. The three genotypes Lagos,
Toma289 and Toma378 showed susceptible reactions to CBB across ecozones and over
years, while the other genotypes reveded genotype x environment interactions, with
varigoility  between  andlor  within  ecozones over the two  yeas
Genotype X environment interactions in reection to CBB as wdl as to other cassava
diseases among cassava cultivars were reported from Benin and Nigeria (Fanou, 1999;
Dixon and Nukenine, 2000; Zinsou e d., 20033). FHed evdudion of CBB of Togolese
cassava cultivars in the foret savanna trangtion zone had reveded Féonegbodii and
Tuska as highly susoeptible genotypes (Boher and Agbobli, 1992), which, in our
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dudies, showed genotype x environment interactions, with medium resgant or
susceptible reactions depending on the environments.

Genotype TMS30572, a widdy didributed improved genotype in West Africa,
dissaminated by the Internationd Indtitute of Tropica Agriculture (IITA) as resgant to
CBB, reveded medium resgance in four of the five environments and ressance in
one environment, the forest zone, while it was rdaively ressant to cassava bacterid
bight in former fidd trids in the forex savanna trandtion and the humid forest zones
(Boher and Agbodli, 1992 Akpaobi e d., 1998 Fanou, 1999). Genotype
TMS91/02322 showed medium resgance in four environments and was susceptible in
one enwironment, while Fanou (1999) identified this genotype as susceptible in two
environments. The evauation of genotype Ben86052
as susceptible to bacterid blight in four of five environments confirmed former
obsarvations (Fanou, 1999).

The highest cassava bacterid blight severities were recorded in the foret zone This
could be due to the high rainfdl and rdaive humidity in this ecozone, and the possble
effect of the progressve degraddion of the forest to a foret savanna alowing higher
fluctuations of day/night temperatures Discase severity was enhanced by wide
fluctuations in night/day temperatures during the rainy season, especidly in the range
of 15 to 30 °C (Lozano, 1986). The importance of rainfdl and high rdaive humidity in
the development of cassava diseases was emphasized by Tery (1976), and by Fanou
(1999) for cassava becterid blight, who observed highest cassava baecterid  blight
sveity in the humid forest in 1996. On the contrary, during a cassava becterid blight
survey in Togo conducted by Boher and Agbobli (1992), and in surveys in Ghana and
Cameroon (Wydra and Vede, 2002, Wydra and Mskita, 1998), the diseese
symptoms were not found in the forest zones and only rardy observed in neighbouring
aess. However, a recent cassava diseese survey in Togo reveded high cassava
becterid blight incidence and severity dso in the foret zone (Banito & d., 2000,
2001), suggedting that conditions for epidemics ae becoming more favorable in this

ecozone.

Genotypes TMS02/0429, TMSO2/0343, TMS92/0326, TMS92/0057, TMS91/02316
and CVTM4 were medium redgant in a lesst three of the five environments, when



Genotype x environment interactions

goray-inoculated under fidd conditions, but resgant in greenhouse trids after
stemrinoculation with X. axonopodis pv. manihotis drains from Benin, Nigeria and
Uganda (Banito & . 2002). On the other hand, genotypes Toma289 and Toma37s,
susoeptible under fidd  conditions, were resistant after  stemrinoculation. The locd
genotype Ghazékouté was highly resdant to demvinoculdion with drans not
originating from Togo under controlled conditions but showed high suceptibility under
fidd conditions in four environments. However, some genotypes such as Ben86052,
Lagos, Ankra, Nakoko, and Fé&onégbodji, which were susceptible after stemr
inoculation, reveded susceptibility in a leest three  environments under fidd
conditions. On the other hand, the highest susceptible genotype Tomal59 after stem-
inoculation was medium resgant in the four environments in which it was teted, and
genotype Main27, dso susceptible after stemvinoculaion, reacted medium resgant in
three environments and resdant in two environments. These observdions point to a
high genotype x pahotype interaction. Pahotypes overcoming the resdance of
genotype Ghazékoutée may have devdoped in the region, while in Togo dso some
genotypes may have been sdected which are adgpted to locd conditions (drains) and,
thus, are medium resgant or resgant. Also, Banito et d. (2002) and Wydra et 4.
(2003b) in Africa and Redrepo e d. (20008) and Redrepo and Verdier (1997) in
Colombia recently described pethotypes of X. axonopodis pv. manihotis which caused
disease in only some genotypes.

Lozano and Labary (1982) obsarved that the plant reection to cassava bacterid blight
under controlled conditions and during the firg cycde of fidd tesing were smilar,
however, some genotypes that were rated resstant under controlled conditions showed
susceptibility under fidd evauation. Resgtance in cassava to
X. axonopodis pv. manihotis is polygenic (Sanchez et d., 1999) and pathotype-specific
(Wydra et d., 2003p). Mew and Naturd (1993) suggested thet multigenic resstance in
Xanthomonas diseases of bean and cotton may be ineffective in some areas due to
influences of the environment. Cassava genotypes sdected for resstance to cassava
becterid blight in areas of high dissese pressure in Colombia were susceptible after
atificid ledf-inoculation under conditions optima for discese development (Hood et
d., 1995). Comparing the screening of cassava genotypes under greenhouse and field
conditions reveded tha genotypes ressant under controlled conditions were also
resgtant in the fidd, but genotypes susceptible in the greenhouse trid could be resstant
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under field conditions (Resirepo et d., 2000b).

Thus, the pathotype as wel as the environment influence the reection of the cassava
plant and determine the high genotype X environment interaction. Genotypes dso
showed genotype X environment interactions in ther reection to the different cassava
becterid  blight symptom types gpot, bligt and wilt. Thus, the obsarvaions of
genotypes with some resgance to spot and/or blight symptoms combined with a
suseptibility to wilt symptoms suggest the exigence of an  independent resgtance
mechanism on dem levd. Also, the number of genotypes with some resstance againgt
the lesf symptoms was higher than the number of genotypes showing resstance agangt
sysemic symptoms. Neverthdess, it has to be conddered that the reactions in some
genotypes were highly influenced by the environment, which may have an increasing
or inhibiting effect on the devdopment of vaious symptom types Genedly, the
influence of the environment on the devdopment of the wilt symptom in the more
ressdant genotypes was higher compared to the devdopment of lesf symptoms in the
more resstant genotypes. Thus, some genotypes (eg. 9, 11, 19) with resstance againgt
wilt showed highest interactions with the enwironment, indicaing tha a posshble
mechaniam inhibiting the devdopment of the wilt symptom is depending on the
ecological condititions

The andyss of the rdationship between symptom types comparing genotypes reveded
that generdly, nether the spot nor the blight symptom deveopment were Sgnificantly
cordaed to the devdopment of sysemic symptoms and, therefore, supports the
hypothess that lesf and sem symptom deveopment in the more resigant genotypes
are regulated by different resstance mechanisms. Especidly the reaction of genotypes
with a drong negdive corrdaion between spot and blight symptom deveopment on
the one hand and wilt symptom developoment on the other hand (eg. in genotypes
TMS92/0057 and TMS92/0326) indicate independent mechanisms of resstance on lesf
and sem leve, depending on the cassava genotype.

Also Zinsou e d. (2002, 2003a) observed differentid reactions of genotypes to leaf-
compared to dsemHinoculaion under controlled conditions Wydra et d. (20038)
suggested the involvement of cdl wadl charactersics  gpecificdly  pectic
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polysaccharides, in the resstance reection of cassava leaves to X. axonopodis pv.
manihotis. Thus, in breeding for resstance, genotypes with different types of resstance
or acombination of both types should be considered.

High vaiability in cassava dry root yiedd was obsarved across and within ecozones
over the two years, dencting high genotype X environment interactions as was dso
reported by other authors for cassava yidd (Otoo & d., 1994) and yidd components
(Dixon and Nukenine, 2000), irrespective of disease factors. Widdy grown locd
genotypess such as Fé&onégbodji, Nakoko, Ankra, Tuska and Man27 reveded a
generdly low yidd potentid across ecozones, even when symptom severity wes low
(eg. gentoype Man27), while mogt of the improved genotypes had higher root
production, among them TMS92/0057, with highes production across ecozones and
TMS30572 with the highest root yidd of 332 tha in the forest zone in 1999 (data not
shown) recorded during the trids.

A dgnificant negative corrdation between diseese severity and root yidd was found in
some environmetts. The principd component andysis results were in accordance with
the grouping based on the mean AUSPC vdues thus each of both methods can be
used for ranking. Although cassava becterid blight severity generdly was higher in the
foret zone than in other ecozones, root yidd was highest in this ecozone (data not
shown), and, even higher than in the forest savanna trandtion zone where the lowest

disease severity was recorded.

Conddering the influence of symptom types on root yied, blight and wilt were found
to dgnificantly decrease root yidd. Nevethdess, andyzing this rddionship by
genotypes, few dggnificant decreases were generdly not observed with one exception,
but dso ggnificant increases were obsarved in three genotypes. This may be due to the
growth hebit of some genotypes, which quickly formed new sprouts resulting in high
increeses  in  photosynthetic area, when one sem was heavilly infected (own
observaions).

Thus, depending on the environment and the genotype, cassava may eesly recover
from the disease under favorable growing conditions, or suffer losses in leef, gem and
root materid (data not shown) under harsh conditions These obsarvations indicate a
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high genotype X environment interaction in diseese expresson as wdl as root
formation, influencing the interaction between plant and pathogen, but aso with high
impact on root vyidd, indegpendett of the dissese  Additiondly, pathogenic
specidizaion in form of pahotype prevdence in differet ecozones resulting in
pathotpye x genotype interactions has to be congdered (Banito, this thess). Therefore,
a prediction of yidd loss due to becterid blight and the determingtion of a threshhold
for loss seemsimpossible

Fokunang e d. (2000b) reported that cassava bacterid blight incidence was
gognificantly negatively corrdated with storage root weight and fresh tuber number of
cassava, respectively. Also, the percentage of dry matter content of yidd was
sgnificantly pogtivedy corrdaed with cassava bacterid blight severity (Fokunang e
d., 2000a). But, they only evauated trids of one year and used only diseese data of a
geverd scde of 1 to 5 a 3 and 6 months after planting for ther andyss, while our
dissese evduation conddered the development of different symptom types over the
whole growing period. However, Fanou (1999), usng a sSmilar diseese evduation
method, found no reation between disease severity and dry root yidd.

Some genotypes induding Lagos TMS92/0057, TMS92/0343 and Ben86052, though
highly susceptible had a high root yidd, and could be identified as tolerant, since they
did not react with a yidd decrease on an increasing disease leve. A tolerance effect of
gentoype Ben86052 in resection to cassava becterid blight, observed across ecozones
and years, was dso described by Wydra (2002).

In concluson, differences in reaction of genotypes to cassava becterid blight and in
yield production across and/or within ecozones were observed. Genotypes differ in the
devdopment of different symptom types indicaing the exisence of independent
mechaniams of resgance in different plant pats. Also, the rdationship between
symptom  severity and between different symptom types and yidd depends on the
genotypes, but dso on the environment. Thus, tolerance reactions were obsarved in
some genotypes.

Gentoypes TMS92/0429, TMS30572 and TM91/02316 with low dissese severity and
high root vyidd ocoud be recommended to famas Genotypes TMSO92/0326,
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TMS92/0057, Cameroon and Ben86052, tolerant to the diseese, may be high yidding,
but shoud be avoided by famers due to the risk of dissamination of inoculum.
Genotypes Man27 and CVTM4, resdat, but with low root yidd could be
recommended to breeders to introduce their resstance characterigtics into the breeding
maerids Additiondly, genotypes TMS30572 and TMS02/0429 genotypes should be
used to introgress their high resstance to the wilt symptom into genotypes with
susceptibility to sysemic symptoms.



Genotype x environment interactions

3.5 References

Akparobi, S. O, Togun, A. O. and Ekanayake, |. J. 1998. Assessment of cassava
genotypes for resstance to cassava mosaic disease, cassava bacterid  blight
and cassava green mite a a low mid-dtitude Ste in Nigeria Afr. Crop Sa. J.
6. 385-3%.

Banito, A., Kpémoua, K., Wydra, K. and Rudolph, K. 2000. The occurrence of
becterid blight of cassava in Togo and dudies of the virulence of the
pathogen and the resdance of genotypes. Deutsche Pflanzenschutztagung,
M nchen. Mitteilungen Biologische Bundesangdt 376: 663

Banito, A., Kpémoua, K., Wydra, K. and Rudolph, K. 2001: Bacterid blight of cassava
in Togo: its importance, the virulence of the pathogen and the resgtance of
genotypes. In: Plant Path. Bact. X" Intern. Conf., Charlottetown, Canada S.
DeBoer (ed.). Kluwer Academic Press.
pp. 259-264

Bernardo, R. 1994. Prediction of maze sngle-cross performance usng RFLPs and
information related hybrids. Crop Sai. 34: 20-25.

Boher, B. and Agbobli, CA. 1992. La bactéiose vasculare du maenioc au Togo:
charactéristion du parasite, répartition géographique et senghilité variéae.
Agron. Trop. 46: 131-136.

Boher, B. and Vediea, V. 1994. Cassava becterid blight in Africa the date of
knowledge and implications to desgning control drategies. Afr. Crop Sci. J.
2. 15,

Bondar, G. 1915. Moledia bacteriana da mandioca. Boletim de Agricultura, Seo Paulo
16: 513.524.

CIAT. 1995. Annud Report 1994. Centro Internaciond de Agricultura Tropicd, Cdi,
Colombia

CIAT. 1998. Annud Report 1994. Centro Interneciond de Agricultura Tropicd, Cdi,
Colombia

DESA, 1998. Rgpport Amud 1997, Direction des Enquétes & Statistiques Agricoles,
Lomé Togo.

DSD, 1999. Direction des Saidiques Agricoles de ['Informeion e de la
Documentation, Lomé, Togo.



Genotype x environment interactions

Dixon, A. G. O. and Nukenine, E. N. 2000. Genotype X environment interaction and
optimum resource dlocation for yidd and yidd components of cassava
African Crop Sci. J. 8: 110,

DMN. 2001 Direction de la Mé&éorologie Nationde Togolase Divison de la
Climatologie, Lomé, Togo.

Dye, D. B. 1962. The inadequacy of the usud determinative tests for the identification
of Xanthomonas spp. New Zedand J. Sci. 5: 393-416.

Elango, F. and Lozano, J C. 1981. Peahogenic vaighility of Xanthomonas manihotis,
the  causd agent of cassva  bacterid blight. Fitopatol.
Bres. 6. 57-63.

Fanou, A. 1999. Epidemiologicd and ecologicd invedtigadions on cassava bacterid
blight and development of integrated methods for its control in Africa PhD
thess, Univeraty of Gottingen, Germany. 199 p.

FAO. 1997. FAO Production Y earbook. Val. 51.1997.

FAO. 1998. FAO Production Y earbook. VVal. 52. 1998.

Flood, J, Cooper, R. M., Deshgppriya, N. and Day, R. C. 1995. Resstance of cassava
(Manihot esculenta) to Xanthomonas blight in vitro and in planta Asp. Appl.
Bidl. 42: 277-284.

Fokunang, C. N., Akem, C. N., Dixon, A. G. O. and Ikotun, T. 2000a Evdudion of a
cassava germplasm  collection for reaction to three mgor diseases and the
effect onyidd. Genet. Res. Crop Evol. 47: 63-71

Fokunang, C. N., Ikotun, T., Dixon, A. G. O. and Akem, C. N. 2000b. Feld reection of
cassava genotypes to anthracnose, bacterid blight, cassava mosaic disease
and ther effects on yield. Afr. Crop Sai. J. 8: 179-186.

Haville D. A. 1998. Mixed-modd methodology: theoreticd judifications and future
directions. Proc. of the Satidicd Computing Section of the American
Satigtical Association, New Orleans. pp. 41-49.

Jeger, M. J. and ViljanenRadllinson, S, L. H. 2001. The use of the area under the
disease-progress curve (AUDPC) to assess quantitative disease resstance in
crop cultivars. Theor. Appl. Genet. 102: 32-40.

Jorge, V., Fregene, M. A, Dugue, M. C., Boniertbde, M. W., Tohme, J. and Verdier, V.
2000. Genetic mapping of ressance to bacterid blight dissese in cassava
(Manihot esculenta Crantz). Theor. Appl. Genet. 101: 865-872.

87



Genotype x environment interactions

Korie, S. and Okechukwu, R. U. 2000. Andyses of onfam and augmented trids with
Mixed Modd ANOVA. In: Biometry and Qudity of Life. S. Nokoe (eds).
Proc. SUSAN-IBS meding, 2327 Augud, 1999, lbadan, Nigeria SUSAN-
IBS, Narobi, Kenya pp. 74-83.

Kpémoua, E. K., Bohe, B., Nicoe M. Cdaayud, P. and Geger, J P. 199.
Cytochemigtry of defence responses in cassava infected by Xanthomonas
campestris pv. manihotis Can. J. Microbiol. 42 1131- 1143,

Kpémoua, K. E, Asdgnon, K. Banito, A. and Bissang, B. 2001. Management of
Ccassva diseases udng tissue culture materid in Togo. In: Cassava, An
Ancient Crop for Moden Times Food, Hedth, Culture 5" Intern. Scientific
Meeting of the Cassava Biotechnology Network (CBN-V), Dondd Danforth
Plat Science Center, & Louis — Missouri — USA. N. J. Taylo, F. Ogbe and C.
M. Fauquet (ed.). p. S7-15.

Lamouroux, M. 1979. Notice explicative No. 34. Cate pédologique du Togo au
1/2000000. Bondy, ORSTOM. 84 p.

Lozano, J. C. 1973. Bacterid blight of cassava in Centrd and South America Etiology,
epidemiology and contral. PAmira, Colombia, CIAT. 19 p.

Lozano, J C. 1986. Cassava bacterid blight: A manegesble disease. Plant Dis. 70:
1089-1093.

Lozano, J. C. and Laberry, R. 1982. Screening for resstance to cassava bacterid blight.
Flant Dis 66: 316-318.

Mew, T. W. and Naturd, M. P. 1993. Management of Xanthomonas Diseases. In:
Xanthomonas. J. G. Swings and E. L. Civerolo (eds). Chapman and Hal,
London. pp. 341-362.

Nweke, F. I. 1996. Cassava: a Cash Crop in Africa Collaborative Sudy of Cassava in
Africa(COSCA) Working Paper No. 14. IITA, Ibadan, Nigeria

Ojeda S, and V Verdier. 2000. Detection of Xanthomonas axonopodis pv. manihotis in
cassava true seeds by NestedPolymerase Chain Reection assay (N-PCR).
Can. J. Plat Pathal. 22: 241-247

Onabolu, A. O. and Bokanga, M. 1998. The promation of cassava as a food indudtry:
caee dudy in Nigeia In: Root Crops and Poverty Alleviaion. Proc. 6"
Trienn. Symp. Intern. Soc. Trop. Root Crops-Africa Branch (ISTRC-AB),
Lilongwe, Madawi. M. O. Akorodaand I. J. Ekanayake (eds.). pp. 293-296.



Genotype x environment interactions

Otoo, J. A., Dixon, A. G. O. Asedu, R, Okeke, J E., Maoya, G. N., Tougnon, K.,
Okadli, O. O, Tetteh, J P. and Hahn, S. K. 1994. Genotype x environment
interaction studies with cassava Symp. on Trop. Root Crops in a Deveopping
Economy. Acta Hortic. (ISHS) 380: 144-148.

Phillips, T. P. 1974. Cassava Utilization and Potentid Markets Intern. Dev. Res. Cent.
(IDRC), Ottawa, Canada. 182 p.

Redrepo, S. and Vedier, V. 1997. Geographicd differentigtion of the populaion of
Xanthomonas axonopodis pv. manihotis in Colombia Appl. Environ.
Microbiol. 63; 4427-4434.

Redrepo, S, Duque, M. C. and Vede, V. 2000a Characterizetion of pathotypes
among isolates of Xanthomonas axonopodis pv. manihotis in Colombia Plant
Pethol. 49: 680-687.

Redrepo, S, Duque, M. C. and Vedier, V. 2000b. Resstance spectrum of selected
Manihot esculenta genotypes under fidd conditions. Field Crops Res. 65. 69-
7.

Sanchez, G., Redtrepo, S, Duque, M. C., Boniecbde, M. and Verdier, V. 1999. AFLP
asessment of gendic variability in cassava accessons (Manihot esculenta)
resstant and susceptible to the cassava becterid blight (CBB). Genome 42
163-172.

Sanni, M. O., Sobamiwa, A. O., Roding, H. and Eyinla, C. M. 1998. The importance of
cassava as sugtenance for lbandan smdl-scde gari processors. In: Root crops
and povety dlevigion. Proc. 6" Trienn. Symp. Intern. Soc. Trop. Root
Crops-Africa Branch (ISTRG-AB), Lilongwe, Mdawi. M. O. Akoroda ad I.
J. Ekanayake (eds)). pp. 290-292.

SAS Ingitute Inc.1990. SAS'STAT User's Guide, verson 6, 4" ediion, Vol.2, SAS
Ing. Inc., Cary, North Carolina. 943 pp.

SAS Inditute Inc.1997. SASSTAT Software Changes and Enhancements, through
Release 6.12, SASInd. Inc., Cary, North Carolina. 1167 pp.

Scott, R A. and Milliken, G. A. 1993. A SAS progran for andysing augmented
randomized complete block designs. Crop Sa. 33: 865-867.

Sane, G. and Fnney, R. E. 1977. The effect of nitrogen fetilization on the
expresson of dow-mildewing ressance in Knox whedt. Phytopathology 67:
1051-1056.

89



Genotype x environment interactions

Tempdman, R. J and Gianola, D. 1996. Bayesan implementation of generdized linear
mixed models in anima breeding. Proc. of invited papers of the 18" Intern.
Biom. Conf. pp. 141-150.

Tary, E. R. 1976. Factors affecting the incidence of CBB in Africa Proc. 4™ Symp.
Intern. Soc. Trop. Root Crops. CIAT, Cdi, Colombia pp. 179-184.

Vauterin L., Hoste B., Kedes K. and Swings G. J 1995. Redassfication of

Xanthomonas Intern. J. System. Bact. 45: 472-489.

Verdier, V., Mogquera, G. and Assgbésé 1998. Detection of cassava bacterid blight
pathogen, Xanthomonas axonopodis pv. manihotis by polymerase chan
reaction. Plant Dis. 82: 79-83,

Wolfinger R. D., Federer, W. T. and CorderoBrang, O. 1997. Recovering information
in augmented designs usng SAS PROC GLM and PROC MIXED. Agron. J.
89: 856-859.

Wydra, K. 2002. The concept of resstance, tolerance and latency in bacterid diseases:
examples from cassava and cowpea. 9" Symposum on ,New Aspects of
Resstance Research on Cultiveted Plants’: Bacterid Diseases, Ascherdeben,
Germany. pp. 36-43.

Wydra, K. and Rudolph, K. 1999. Devdopment and implementaion of integrated
control methods for mgor diseeses of cassava and cowpea in West Africa In:
H.SH. Safet, PL.G. Vliek and H-J Weiddt (eds). Gottinger Beitrége zur
Land und Forswirtschaft in den Tropen und Subtropen. Tropentag 1998.
Stabiliseung und nechhdtige Entwicklung land- und forstwirtschaftlicher
Systemein den Tropen. 133: 174-180.

Wydra, K., Fanou, A., Skirou, R.,, Zandjanakou, M., Zinsou, V. and Rudolph, K. 2001.
Integrated control of bacterid diseases of cassava and cowpea in West Africa
In: Plant Path. Bact. X" Intern. Conf., Charlottetown, Canada. S. DeBoer
(ed.). Kluwer Academic Press. pp. 280-287.

Wydra, K., Agbicodo, E., Ahohuendo, B., Banito, A., Cooper, RM.C.,, Dixon, A,
Jorge, V., Kemp. B., Kpemoua K. Rudoph, K. Vedier, V. Wit, F,
Zandjanakou, M. and Zinsou, V. 2003a Integrated control of cassava
becterid blight by (1) combined culturd control measures and (2) host plant
resstance adgpted to agro-ecologicad conditions and (3) improved pathogen
detection. 8" Trienn. Symp. Intern. Soc. Trop. Root Crops - Africa Branch
(ISTRC-AB), Ibadan, Nigeria. (in press).



Genotype x environment interactions

Wydra, K., Zinsoy, V., Jorge, V. and Verder, V. 2003b. Identification of pathotypes of
Xanthomonas axonopodis pv. manihotis in Africa and detection of specific
quantitative trait loci (QTL) for resstance to cassava becirid blight. (in
press)

Zinoy, V., Wydra, K., Agbicodo, E., Ahohouendo, B. and Rudolph, K. 2001. Studies
on resstance of cassava genotypes to cassava bacterid blight. In: Plant Path.
Bact, X" Intern. Conf., Chalottetown, Canada. S. DeBoer (ed.). Kluwer
Academic Press. pp. 301-305.

Zinou, V., Wydra, K., Ahohuendo, B., Jorge V. Vedie, V. 20022 Evdudion of
cassava genotypes, induding individuds of theér genome  mapping
population, for redstance againg becterid blignt. " Symposum on ,New
Aspects of Resstance Research on Cultivated Plants': Bacterid Diseases,
Ascherdeben, Germany. pp. 31-35.

Zinou, V. Wydra, K. Ahohuendo, B. Hau, B. 2003a Genotype x environment
interactions in  symptom devdopment and yidd of cessava genotypes in
reaction to cassava bacterid blight (in press)

Zinsou, V., Wydra K., Ahchuendo, B. and Schreiber, L. 2003b. Stomad didribution
and leaf waxes of cassava Manihot esculenta Crantz) in relaion to resstance

agang cassava becterid blight. (in press).

91



92

4 Strain X genotype interactions of cassava genotypes and African Xanthomonas

axonopodispv. manihotis grains

Abstract

Twenty-four improved and local genotypes from Togo were screened for resstance to cassava
becterid blight by stemvinoculation with four highly virulent Xanthomonas axonopodis pv.
manihotis grains from different geographic origins in Africa under controlled conditions. The
locd genotypes Nakoko and Tomal59 were mogt susceptible againg the four drans while
most other genotypes inclding the reference genotype Ben86052, with susceptible reaction
agang a leest two drans were ressant to a least one drain. Six genotypes showed a
resdant reaction agang the four srans. Among them, the locd genotype Gbazékouté and
the improved CVTM4 were the most resistant ones. Six groups of genotypes with differentid
reactions to the strains were formed, and the strains were defined as pathotypes.

K ey words: CBB, varieties, resstance, X. axonopodis pv. manihotis, pathotypes.
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4.1 Introduction

Cassava, Manihot esculenta Crantz (Euphorbiacesg), is one of the mgor sources of
carbohydrate throughout Asids and Africas lowland tropics (Nilmanee, 1986) and one of the
mog important crops in Africa (FAO/GIEWS, 1995). It provides smdlholder households with
cash income and low-income urban consumers with a low-cost carbohydrate source
(Nweke, 1994). Cassava production is reduced due to many abiotic and biotic condrants,
with the attack by pests and diseases being among the mgor ones (Nilmaneg, 1986; Hahn &
d., 1989). Among the pathologicad condraints of cassava production, bacterid blight, caused
by Xanthomonas axonopodis pv. manihotis (Vautein e d., 1995), former
Xanthomonas campestris pv. manihotis (Bondar, 1915), is one of the mogst severe diseases in
South America and Africa (Lozano, 1986). Typicd symptoms of cassava becterid blight
(CBB) incdude water-sosked angular lesf spots, lesf blight and wilt, defdliation, exudation on
dems, petioles and leaves, vascular necross and dieback. Cassava yidd losses of more then
50% due to CBB were reported (Fanou, 1999; Wydra and Rudolph, 1999).

Mog cassava growers are smdl famers (Phillips, 1974) with traditiond technica know-how
and few economic resources (Lozano and Labery, 1982), and usudly produce their own
planting meterid. Since chemicd control of the dissese does not exis, growing resdant
cultivars as dement of an integrated control sysem (Wydra and Rudolph, 1999; Wydra & 4d.,
2003a) isanimportant control measure.

Defense mechaniams againg X axonopodis pv. manihotis were observed in the vascular
sysem of gems of infected cassava plants (Kpémoua et d., 1996), with differences in
reections comparing susceptible and resstant cultivars Resgtance in
M. esculenta introgressed from a wild reative, M. glaziovii is polygenic and additivey
inherited. Genetic diversty and resstance to cassava bacterid blight reveded a high levd of
polymorphism among cassava vaidties (Sinchez et d., 1999). Jorge e d. (2000) identified
sx regions of the cassva genome contralling resigance to X, axonopodis pv. manihotis
drains, confirming the polygenic character of the ressance A specific interaction between
the cassava plant and the pathogen was suggested, and resistance markers specific for African
grainswere recently identified (Wydraet a., 2003a).
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Vaiation has been obsarved among X axonopodis pv. manihotis grains in biochemicd and
physologicd (Fessshde, 1997), serologicd (Wydra e d., 1999) and genomic characteridtics
(Restrepo e d., 1999; Assghést e d., 1999). Sran x genotype interactions were reported
after stemrinoculation (Restrepo and Verdier, 1997), and peathotypes were defined among
X. axonopodis pv. manihotis strans in Colombia (Restrepo e d., 2000) and Africa
(Wydraet d., 2003b).

Locd and improved cultivars from Togo were not characterized for their reection to drains of
X. axonopodis pv. manihotis. Therefore, in the present studies sdected cassava genotypes
from Togo and from an internationdl collection were inoculaed with drans from various
geographic origin and ther reaction evauated.

4.2 Materials and methods

Planting materialsand bacterial strains

Cuttings from the 24 locd, Togolexe and improved cassava genotypes Ankra, Cameroon,
Féonégbodiji, Gbazékouté, Lagos, Nakoko, Tueka (locd), and 312-524, Ben86052, CVTM4,
Man27, TMS30572, TM$SA(2)1425, TMS01/02316, TMS02/0057, TMS02/0067,
TMS01/02322, TMS02/0326, TMSO2/0343, TMSO2/0429, Tomals9, Tome219, Toma239
and Toma378 (improved by IITA), deived from plants apparently free of cassava bacterid
blight symptoms, were recaved from ITRA LoméTogo, or famers fidds and Bend6052 and
TMS30572, the susceptible and resdsant dandard  genotypes, regpectivdy, from 1ITA
(Internetional  Indtitute of Tropical Agriculture), Benin-Saion. The three highly virulent
drans of X axonopodis pv. manihotis from different geogrgphic origins GSPB2506,
GSPB2507 and GSPB2511  (Gottinger Sammlung  phytopathogener  Bekterien,  Indtitut  fir
Pflanzenpathologie und Pflanzenschutz der Universté  Gottingen, Germany)  isolaed by
K. Wydra (IITA, Cotonou, Benin), in Cotonou, Benin and in Ibadan and Onne Nigeria
respectively, and the strain Ugandal?2, isolated by B. Boher ( IRD, France) in Uganda were
used.

Planting, maintenance and inoculation

Cuttings were planted in pots with fidd soil in a glasshouse (25 to 30 °C) a the [ITA Benin-
Sation. Wae was provided to plants when necessary during the experimentd period.
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X. axonopodis pv. manihotis drans were grown for 48 hours on glucose yeast cacium
cabonate agar medium (glucose 5g/l, yeest extract 5g/l, cdcium carbonate 10g/l, agar 15g/)
(Dye, 1962). One-month old, vigorous plants were stemrinoculated with becterid cultures of
the four X axonopodis pv. manihotis strains by stem puncture usng a derile toothpick with
inoculum teken directly from the agar plae (Maate et d., 1981, Redrepo and Vedier,
1997). Each cassava genotype was inoculated with each of the four X axonopodis pv.
manihotis grains in four replications. Control plants were sem-punctured usng derile
toothpicks without inoculum. Flant height was measured on the day of inoculaion.

Symptom assessment

Symptoms were evauated from 5 days post inoculaion every five up to 30 dayson a1 to 5
scde dass 1 - no symptoms, dass 2 - wilting of 1 ledf, dass 3 - wilting of 2 to 4 leaves, dass
4 - wilting of more than 4 leaves dass 5 - dieback of the plant. The area under the disease
progress curve (AUDPC) was cdculated on a sngle plant basis by the trgpezoidd integration
over the whole observation period as follows (Shaner and Finney, 1977; Jeger and Viljanen
Rallinson, 2001):

AUDPC= &;[(DS + DS.1) x (ti — t.1)]/2

where “i” T {5; 10; 15; 20; 25; 30} are the days of evauation, “DS’ is the disease score using
the severity scde of 1 to 5 as described above, and “t” represents the days post- inoculaion.
To avoid the area due to the note 1 (class 1) which is supposed to be “zero’, each “DS’ \due
was trandformed by subtrecting “on€’ before integrating into the above formula AUDPC
vadues were log-trandformed to dtabilize variances and the andyss of variance was performed
usng the Gengrd Linear Modd (GLM) of SAS software (SAS, 1990; 1997). Based on the
percentage of AUDPC of each drain, - means of highet AUDPC vdues of the 4 drains taken
a 100% -, goups of ressant (0-33.29%), medium resgtant (33.349.9%) and susceptible
genotypes  (50-100%), were formed. After adding the AUDPC vaues of the 4 dgrans
(totd AUDPC), groups of resgant, medium ressant and susceptible genotypes were defined
usng the same percentage ranges as above. Principd component andyss of dissese severity
expressed as area under disease progress curve (AUDPC) of 4 drains wes peformed to
confirm the grouping of differentid genotypes. Pearson corrdation andyss between AUDPC
and plant height & inoculation time was peformed to examine the rdaionship between plant
height and virulence of X. axonopodis pv. manihotis strains.
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4.3 Results

A continuum of genotype reections to the four drains from susceptible to resgtant wes
observed (Table 1, 2). Nevethdess, strong differentid reactions with one or two of the drains
occurred with some genotypes, such as Ankra, Ben86052, Cameroon, Fé&onégbodji, Man27
and Tuaka

Eleven of the 24 vaidies reveded a resgant, four a medium resgant and nine a susceptible
reaction agang the four drains (Table 1). The reference genotype Ben86052 was susceptible,
with the highet totd AUDPC of 1045, while the dandard CBB-resstant genotype
TMS30572 was medium ressant. Andysing dran X genotype interactions, Sx groups of
differentid genotypes which could be usfful for peathotype identification, were identified
among the 24 genotypes (Table 2). Srans Ugandal2 and GSPB2507 were dSgnificantly
higher virdlent than GSPB2511 and GSPB2506 (p < 0.0001). The four drans represented
four different pathotypes (Table2).

No corrdadion was found between plant height a inoculaion time and virulence of drans
(coeff. —0.04, p = 040). Principd component andyss of discase severity expressed as aea
under diseese progress curve (AUDPC) of 24 genotypes reveded high variaion among the
genotypes (Fig. 1). Nine genotypes on the right sde of the midpoint with high AUDPC were
gengdly susceptible, while 11 genotypes reveded low AUDPC, with lowet AUDPC for
CVTM4 (24) and Ghazékouté (23). Genotypes with high differentid reactions fdl under high
or low IPCA2 score. Additiondly, Tomal59 (2) and TMS92/0057 (18) were reveded as
genotypes with highly variable reection. But, differentid genotypes Man27 (4), 312-524 (11),
TMSOV/02322 (13), TMSO2/0343 (14), TMSO2(0429 (15 and TMSO2/0067 (17) were
identified to have low genotype x drain interactions in the principal component andyss.
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Table1: Reaction of 24 loca and improved genotypes to Sem+inoculation by four highly virulent
X. axonopodis pv. manihotis strains under controlled conditions expressed as area under
disease progress curve (AUDPC) over 30 days

Genotypes Ugandal? GSPB2507 GSPB2511  GSPB2506  Tota AUDPC re-:;g[iin
1 Ben86052"*° 10616 28898 16.374  48.8+12 1045° s
2 Tomals9 28.8452 27527 27525 15.0t5.3 98.8 S
3 Nakoko 1518 23.8:13 20.G:2.7 13.1+19 719 S
4 Man27 19.4:7.1 8.8t5.2 18.8:33 23.1+9.1 70.1 S
5 Tueka 27525 18.8:5.3 16.3:9.9 5.0:0.0 67.6 S
6 Ankre 20.6:4.8 15+2.3 28.1+59 0.0:00 63.7 S
7 Cameroort 8.8:36 32.5+32 94+26 8.1+5.9 58.8 S
8 Fé&onégbodii* 24.4:0.6 18.1:45 7.5+48 5023 55 S
9 Lagos 11.943 16.%6.7 13112 12546 544 S
10 Toma219 13143 12575 15658 4421 45.6 MR
11312-524 17568 94+36 5.6+3.6 5.6+4.1 381 MR
12 TMS30572 16.316 8.8t5.6 3.8t2.2 81+49 37 MR
13TMS01/02322 15.G:6.1 18.1+4.3 3.1+0.6 0.6:0.6 36.8 MR
14TMS92/0343 1812 12523 13+13 1.3t07 332 R®
15TMS92/0429 10.6t6.2 18.8:6.8 0.6+0.6 25+25 325 R
16 TMS92/0326 18.8:5.9 1912 6.9+4.0 19+12 29.5 R
17 TMS92/0067 18.8:13 3822 1912 44+19 28.9 R
18 TMS92/0057 5636 8.3t5.8 0.0:0.0 7.5¢4.4 214 R
19 Toma289 13.83.9 25¢1.4 25+14 0.0+0.0 188 R
20Toma378 8.1+36 8124 13+07 13:13 188 R
21 TM$A(2)1425 5.6+2.6 6.3t3.3 19+12 0.0:0.0 138 R
22 TMS91/02316 6.3+3.3 0.6t0.6 5.6+3.3 0.0+0.0 125 R
23 Ghazékouté 5.6+2.8 0+0.0 0.6+0.6 0.0+0.0 6.2 R
24CVTMA4 0.6+0.6" 0.0:0.0 5.0:18 0.0:00 5.6 R

Total AUDPC®  340.8a 301.8a 2127 168.2b

'S = susceptible 50-100% T (totd)AUDPC 5231045, ‘MR = medium resisant 33.3-49.9% T-AUDPC
348522, °R = resisant 0-332% T-AUDPC 0347, “genotypes with differential reaction between strains;
ﬁ-ﬁgheﬂ AUDPC vaue used as 100% to determine the reaction group according to the tota AUDPC; ®The mean
of the highet AUDPC vdues of the 4 strains was used as 100% vaue in order to determine the reaction group for
eech of the dtrains 'X. axonopodis pv. menihotis strains from Cotonou, Benin (GSPB2506), Ibadan, Nigeria
(GSPB2507), Onne, Nigeria (GSPB2511) and Kampda, Uganda (Ugendal?); °Beng6052 and TMS30572 as
susceptible and resistant standard, respectively; °Sum of AUDPC values of 24 genotypes; **Standard error.
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Table 2. Reection of cassava genotypes stemrinoculaed with four X axonopodis pv.
manihotis drains under controlled conditions, and differentid  genotypes for pathotypes

identification
Pethotypes
Groups of
Genotypes* Ugandal?  GSPB2507  GSPBXSIL  GSPB2506 diff. gt2

1 Bengs0s2 R® S MR* S 10
2 Tomals9 S S S MR -
3 Nakoko MR S S MR -
4 Man27 S R S S 2
5 Tuska S S MR 3
6 Ankra S MR S R 3
7  Cameroon R S R R 5
8  Féondgbodii S S R R 4
9 Lagos MR MR MR MR -
10 Toma219 MR MR MR R -
11 312524 S R R R 6
12 TMS30572 MR R R R -
13 TMS01/02322 MR S R R 4
14 TMS92/0343 S MR R R 4
15 TMS92/0429 R S R R 5
16 TMS92/0326 S R R R 6
17 TMS92/0067 S R R R 6
18 TMS92/0057 R R R R -
19 Tomaz289 MR R R R -
20 Toma378 R R R R -
21 TMSA(2)1425 R R R R -
22 TMS91/02316 R R R R -
23  Ghazékouté R R R R -
24 CVTM4 R R R R -

IX. axonopodis pv. manihotis from Cotonou, Benin (GSPB2506), |badan, Nigeria (GSPB2507), Onne, Nigeria
(GSPB2511) and Kampda, Uganda (Ugandal?); 2diff. gt. = differentiadl genotypes, R = resistant 0-33.2%, with
AUDPC 34.6 (mean of highest value of the 4 draing) st as 100%, AUDPC 0-11.4;. 4AMR = medium resistant
33.349.9%, AUDPC 115-17.2; % = susceptible 50-141.0%, , AUDPC 17.348.8; %The same numbers indicate
that the corresponding genotypes belong to one differentia group.
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Fig. 1. Pincipd component andyss of area under disease progress curve (AUDPC) dfter
stemrinoculdion of 24 genotypes with four X. axonopodis pv. manihotis drains with
genotypes 1-9 (susceptible), 10-13 (medium resistant) and 14-24 (resistant)

Genotype identificion 1: Ben86052, 2@ Tomal59, 3: Nakoko, 4. Main27, 5. Tuaka 6: Ankra, 7: Cameroon,
8 Féonégbodji, 9: Lagos, 10: Toma2l9, 11: 312-524, 12 TMS30572, 13: TMS91/02322, 14: TMS92/0343,
15: TMS92/0429, 16: TMS92/0326, 17: TMS92/0067, 18: TMS92/0057, 19: Toma289, 20. Toma37s,
21: TMS4(2)1425, 22: TMS91/02316, 23: Ghazékouté, 24: CVTMA4.
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4.4 Discussion

Hogt-plant ressance is an important dement in the integrated control of cassava bacterid
blight. In the present study the reaction of 24 cassava genotypes from Togo and from an
internationd  collection to cassava bacterid blignt (CBB) to demtinoculdion with four
X axonopodis pv. manihotis drans from various geographic origins wes evauaed, and
genotype x grain interactions were anaysed.

The geotypes such as Ankra, Cameroon, Fé&onégbodji, Lagos, Nakoko and the reference
genotype Ben86052, which were susceptible after steminoculation reveded susceptibility in
fidd trids in Togo (Banito, this thess), while genotypes 312-524, TM91/0232 and the
gandard CBB-resstant genotype TMS30572 were medium resigant after inoculation of the
four drans as wdl as in fidd experiments The susceptibility of genotypes Tueka and
Fétonégbodji to the dissase in a demrinoculdion trid under fidd conditions (Boher and
Agbobli, 1992) was confirmed by the present dudies with 4 drans under glasshouse
conditions. Genotypes CVTM4 and TMSO1/02316 were resdant after sem inoculation and
as0 beonged to the more resigant group in the generd ranking across @ozones in fidd trids,
while genotypes Gbazékouté, Toma289 and Toma378 were resdant to CBB dfter sem
inoculation, but were among the most susceptible genotypesin field trids (Banito, thisthess).

The steminoculaion method was reported as a suitable method to screen cassava cultivars for
ressance to CBB (Maate e d., 1981; Redrepo e d. 2000). Defense mechanisms in
cassava dems were destribed and an important role of phloem and xylem parenchyma cdlls in
ressance was found. During the systemic infection of the vascular tissue, bariers such as
gds and tylosss block the xylem vessds and reduce waer movement in the xylem, and
antimicrobid compounds accumulate to inhibitory concentrations in the infected vessds
(Deshappriya, 1992, Kpémoua, 1995). Differences in these dructurd festures, physologica
activities, and morphologicd modifications between resgant and susceptible cultivars were
observed (Kpémoua et d., 1996), and could contribute to the susceptibily or resgance of
genotypes in the present data. Also, mechanisms of resstance of cassava on ledf levd were
suggested by Zinsou et d. (2002; 2003) and Wydra et d. (20033).

Sran x genotype interactions were obsarved, and the four X axonopodis pv. manihotis
drans GSPB2506, GSPB2507, GSPB2511 and Ugandal2 were identified as  different

pathotypes according to ther reactions on sx groups of differentid genotypes. Genotypes
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deriving from a backcross of five R individuds with femde parent TMS30572 varied in their
reaction on lesf and sem levels agang the four X axonopodis pv. manihotis grains, which
were dso defined as different pathotypes according to their reection by Zinsou & d. (2002
2003). A specific interaction between the cassava plant and the pathogen was suggested, and
resstance markers specific for African drains were recently identified (Wydra et d., 2003Db).
Resrepo and Vedier (1997) reported dran X genotype interactions on sem levd and
pathotypes were identified among X. axonopodis pv. manihotis grains in Colombia (Restrepo
a d., 2000 Wydra & d. (2003b) and Zinsou (2002) reported on differences between
genotypes in reaction towards leaf- compared to steminoculaion and suggesed the exisence
of independent mechaniams of resstance on leaf levd. This may contribute to the differences
observed between field evaluation and reaction to steminoculation in the glasshouse.

The principad component andyss was generdly in accordance with the grouping based on the
AUDPC differences. However, genotype Tomal59 which was not among the differentid
genotypes based on the AUDPC differences, was reveded as a highly variable genotype in the
principd component andyss But, this varigbility did not indude a resgant reection. On the
other hand, some differentid genotypes were idettified to have low genotype x dran
interactions in the principa componet andyss This podtion in the two-dimensond biplot
is due to the fact that in the principd component anadyss the rel AUDPC vaues were used,
while the grouping of differentid genotypes was based on a grouping of a percentage of
AUDPC. Conddering the differences in reection of genotypes to stemt and leaf-inoculaion,
and between stemrinoculdtion and fidd evduation, fidd-teding in various ecozones and leaf-

inoculation are recommended for sdlection of resistant genotypes.

Genotypes, TMS30572 and TMS91/02316, with resdant, medium resgant and resdant
reaction, respectively, after steminoculaiion, showed low dissese severity and high root yied
in fidd trids while TMS92/0326 and TMS92/0057, and Camercon and Ben86052, resistant
and susceptible, respectively, after stemrinoculation, reveded tolerance to the disease under
fidd conditions (Banito, this thess). Thus, genotypes TMS30572 and TMS91/02316 can be
recommended to famers. Stemrinoculaion with a st of pahotypes under controlled
conditions reveded important to andyse genotype x pathotype interactions, and is, therefore,
recommended to breeders to select resstant genotypes.
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5 Didribution of Xanthomonas axonopodis pv. manihotis in stems of cassava genotypes

and theimpact on new sprouts

Abstract

A prerequiste for a hedthy cassava plantation is the use of non-infected planting materid.
Therefore, the didribution of X. axonopodis pv. manihotis in cassava sems was sudied with
the am to develop recommendations for the sdection of hedthy sem materid. X axonopodis
pv. manihotis was detected in sems of the susceptible varieties Ben86052 and Fé&onégbodi,
in a dsoontinuous colonizetion patern and not redricted to any pat of the gSem.
X. axonopodis pv. manihotis numbers were higher in the upper pats, with about 107 cfu/g in
Ben86052 ad 10° cfulg in Fétonégbodii, induding plants without systemic symptoms, than
in the middle and basd pats where the lowest numbers were found. Although 90-100% and
5090% of cuttings of varieties Ben86052 and Fé&onégbodji, respectivdly, harboured the
pethogen, only 40-50% and 20-40%, respectively, of emerging sprouts were infected. From
mog of the cuttings in which X. axonopodis pv. manihotis was not detected, hedthy sprouts
emaged. No bacterid blight symptoms occurred on genotypes TMS30572 and Ggazékouté in
the fidd, and the pathogen was not found in any pat of the plants nor did any of the new
shoots from the planted cuttings show becterid blight symptoms. Thus, symptomless plants of
the latter genotypes could be consdered free of X axonopodis pv. manihotis The sdection of
bacterid-blight-free  cassava planting materid from symptomless, resgant vaieties is
recommended to farmers to reduce disease incidence.

Key words. Bacterid blight, planting materid, Xanthomonas campestris pv. manihotis
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5.1 Introduction

Cassava is an important staple crop in the tropics, and Africa produces more cassava than the
res of the world (FAO, 1998). However, most of the increeses in cassava production in
Africa have been due to increases in area under cultivation, rather than increases in yidd per
hectare (Hillocks, 2002). Cassava is dffected by a wide range of virus, bacterid, fungd, and
nematode diseeses, among which cassva becterid blight (CBB), caused by Xanthomonas
axonopodis pv. manihotis (Vauterin e d., 1995), former Xanthomonas campestris pv.
manihotis (Bondar, 1915), is the second most important disease of cassava in Africa (Hillocks
and Wydra, 2002). Annud yidd losses due to cassava bacterid blight in Africa is estimated
up to 7.5 million tons (CIAT, 1996).

Cassava is propagated vegetatively, and cassava sem cuttings are used by famers to establish
a new plantation. Dissemination of CBB from one aea to another and the cary-over of the
pathogen from one growing season to the next are largdy due to the use of infected planting
materids or cuttings (Lozano, 1986; Boher & d., 1996). Symptoms of cassava becterid blight
indude angular leef spots, blighting, wilting, vescular necross of the stem, production of
exudaies and dieback (Maraite, 1993). In a laier stage of infection, the pathogen invades the
plant systemicdly resulting in often symptomless gems where it can survive for over one year
(Lozano and Labery, 1982, Dinesn, 1990; Boher and Vedie, 1994). As pat of an
integrated control of cassava bacterid blight (Wydra et d., 2001, 2002) careful sdection of
CBB-ree planting materid is important (Lozano, 1986, Pacumbaba, 1987). For indance, after
ue of control meesures including careful sdection of plating materid from only the most
lignified — basa — portion of the sem, CBB severity was reduced, and cassava production in
Cuba increased from 7-8 t/ha to 20 t/ha (Cock, 1985). The basa stem part was suggested to be
the most resdant to cassava bacterid blight, because of lignification and high accumulation
of pectin and cdlulose (Cock, 1985). During the systemic infection of the vascular tissue,
barriers such as gds and tyloses block the xylem vessds and reduce water movement in the
xylem, and antimicrobid compounds accumulate to inhibitory concentrations in the infected
vessels (Destgppriya, 1992, Kpémoua, 1995). Differences in these dructurd  festures,
physologicd activitiess, and morphologicd modifications between ressat and  susoeptible
cultivars were observed, and dead X. axonopodis pv. manihotis cels were found close to
tyloses in tissues of infected, CBBresdant cassava plants (Kpémoua & 4d., 1996).
Bactericidd activity of phendics in Xanthomonadinfected plants such as cotton, rice, and
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cabbage was reported (Jddi e d., 1976; Horino and Kaku, 1989; Reimers and Leach, 1991,
Nmesvayam et d., 1971).

However, X. axonopodis pv. manihotis was found to invade the cassava s¢em down to the
basd pat above ground levd dso in resgant and intermediae-resstant genotypes after
inoculation of leaves (Lozano and Labery, 1982, Fanou, 1999). Pruning mogt of the above
ground portion of infected plants (Lozano, 1986) or cutting off diseesed leaves (Fanou, 1999)
to delay spread of the disease and secondary infections was reported to reduce CBB severity.
Also heai-trested plantlets derived from merigem cultures were reported as a successful
means of producing bacteria-free cuttings for propagation (Lozano, 1986).

The digribution of X axonopodis pv. manihotis in infected sems of fidd plants was reported
for some vaieties (Fanou, 1999), but never established in detall for varieties frequently grown
in Togo. Also the incidence of infected sprouts deriving from infected cuttings has not been
dudied. To develop sanitetion measures in aess with a high pressure of cassava becterid
blight, the role of infected cuttings in diseese disseminatiion has to be known. Therefore, the
am of the present dudies was to determine (i) the didribution of X axonopodis pv. manihotis
in different parts of dems of cassava varieties from Togo, and (ii) the incidence of infected
sprouts, in order to develop recommendations for the sdlection of sem cuttings.

5.2 Materials and methods

Cuttings of the locd, susceptible varigties Fétonégbodii and Gbazékouté and the improved
highly susceptible and resgant varieties Ben86052 and TMS30572, respectively, (Boher and
Agbobli, 1992, Banito & d., 2001) were planted in the fidd in the fored savanna trangtion
zone a the Inditut Togolas de Recherche Agronomique (ITRA) dation, Lomé Togo. Plants
were inoculated three times with a bacterid suspension of 10" cfuml of a 48-hour old culture
of a virdent X axonopodis pv. manihotis grain from Togo (X27) a intervas of three weeks.
Ten gems pe vaiety from 14 months old plants were sampled & random in the fidd and
CBB symptoms described on each sdected plant. Detection followed the method described by
Fanou (1999) with few modifications. The plants were divided into upper, midde and basd
part, and surface-disnfected with 70% ethanol. For each part, a cutting of 40 cm length was
used and 10 cm of both Sdes were cut off, weghed, cut into smdl pieces, crushed usng a
mixer blender and suspended in 0.01 M MgSO, for one hour. The sugpenson was filtered
through cheesecloth and centrifuged for 20 min a 4,000 x g. The pelet was suspended in 5 ml
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of derile 001 M MgSOs and seid dilutions were performed. Ffty il of eech dilution were
plaed on GYCA (glucoe 5 g/l, yeest 5 g/, CaCO3 10 g/, agar 15 g/l) (Dye, 1962) medium
supplemented  with  Cydoheximide (Sgma, Gemany) (250 mgl GYCA  medium) and
incubated at 30 °C. After 48to 72 hours, X. axonopodis pv. manihotis colonies were counted.

To check symptom development on sprouts, cassava sem cuttings of 20 cm length from the
40 cm sample of each sem part were planted a a gpacing of 0.5 x 0.5 m on well prepared flat
ground in the fidd. Weeding and watering were gpplied when necessary. Evdudion of CBB
symptom development Started five days after planting and was followed up every five days up
t0 40 days.

5.3 Resaults

X. axonopodis pv. manihotis was detected in sem cuitings of the locd, improved variety
Ben86052 from Benin and the locd, susoeptible variety Féonégbodii from Togo (Table 1),
while no becteria were found in dems of the improved vaiety TMS30572, and the loca
vaigy Gbazékouté from Togo, which dso did not show CBB symptoms on the sdected
plantsin thefield.

All the plants of the susceptible variety Ben86052 sdected for X axonopodis pv. manihotis
detection showed CBB symptoms in the fied, but no dieback. Exudates were observed on the
tips of four plants and five plants showed wilt symptoms, while three plants showed no
systemic symptoms. Ninety percent of the cuttings from the upper and basd pats, and dl the
cuttings fran the middle part were infected with numbers of up to 43 x 10’ cfulg in the
upper, 6.6 x 10* cfulg in the midde and 25 x 10* cfu/g in the basd part. The average bacteria
number was dgnificatly higher in the upper pat than in the midde and basd pats
(p = 002). Only among the 3 sems without sysemic symptoms (fem numbers 1, 2, 3), two
showed a discontinuous didribution of X. axonopodis pv. manihotis while X. axonopodis pv.
manihotis was detected in dl 3 pats of the gems of plants with sysemic symptoms. Infected
sorouts developped from 40-50% of the cuttings planted. Also sprouts derived from cuttings
with low numbes of bacteria or no detection of becteria developped symptoms, while
cuttings with high bacteria numbers did not dways develop infected sprouts.

Seven plants of the variety Féonégbodji sdected for X. axonopodis pv. manihotis detection
showed dieback in the fidd, exudates were obsaerved on sx plants. Only one plant did not
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show sysemic symptoms. Ninety percent of the cuttings from the upper, 70% from the
middle and 50% from the basal part were infected with up to 6.1 x 10 cfulg, 4.1 x 10° cfu/g,
and 23 x 10° cfulg, respectively. Differences in the average bacterid numbers between stems
parts were not significant (p = 0.1). X axonopodis pv. manihotis was found in dl 3 pats of
the gem in four, and not continuoudy detected in 9x plants one of them being the plant
without sysemic symptoms. Also from a cutting without bacterid detection, a wilted sprout
developped. Infected sprouts emerged from 20% of cuttings from the basd and upper parts,
and from 40% of the midde part, dthough 50, 90 and 70% of the cuttings, respectively,
harboured X. axonopodis pv. manihotis.

Sems of variety Ben86052 harboured higher average becterid numbers in dl three parts than
vaiety Féonégbodji. In both varieties, the bacteria concentration decreased from the upper
to the basd pat of the stems though not sgnificantly in variety Fétonégbodii, with higher
numbers in the upper pat of Ben86052, but smilar numbers in basd parts of both varigties
Fourty-three percent of sprouts from Ben86052 and 27% from Fé&tonégbodji were infected.
No corrdaion between the becterid number in gems and symptom deveopment on the
sorouts in genotype Ben86052 (coeff. 0.09) nor in Fé&onégbodji (coeff. 0.33) was found
(p > 0.05). Symptoms on sorouts occurred generdly earlier in variey Fétonégbodji than on
routs of Ben86052.
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Table 1: Detection of Xanthomonas axonopodis pv. manihotis in stems of 14-month old cassava plants and the symptoms on new sprouts

Ben86052
Symptomson 14-month old plants Mean cfu/g Mean cfu/g Mean cfu/g
Stems  spot  blight  wilt exudates dieback Basa part Symptoms Middle part Symptoms Upper part Symptoms
1 + + - - - 2.8x 107 - 6.0x 107 W 10 3.8x10° -
2 - + - - - 0 E 15, W 20 6.0x10* E, W20 17x10 E10,W25
3 - + - - - 11x10° E10,W 25 14x10° - 0 -
4 + + + - - 35x 10 - 45x 10 W 15 43x10° W 10
5 - + + + - 32x10° - 6.6x10* - 35x 10 -
6 + - - + - 3.6x 107 - 13x10° - 22x10° W 20
7 + + + + - 41x10° - 11x10* - 28x10° -
8 + + + - - 24x10° E30 46x10° E35 43x10° E15,W 20
9 + - - + - 54x10° W, W 35 21x10° - 16x10° -
10 + + + - - 25x10* - 3.6x10? - 74x 10 E, W 40
Mean CFU/g of infected stems 43x10° b* 19x10*b 1x10a
Infected stems/sprouts (%) 90 40 100 40 90 50
Fétonégbodji
Symptomson 14-month old plants Mean cfu/g Mean cfu/g Mean cfu/g
Stems spot  blight  wilt exudates dieback Basa part Symptoms Middle part Symptoms Upper part Symptoms
1 + + - - - 0 - 44x10° - 25x10° B,E10
2 - + + + + 0 - 0 - 21x10° -
3 + + - + + 23x10° - 8.0x 107 B 10 15x10° -
4 + - + - + 6.8x 107 W 10 41x10° - 25x10° -
5 - - + + - 5.2x 10 - 26x10° W 10 6.1x 10° B,E10
6 + + - - + 7.9x 10 - 0 - 6.6x10* -
7 + + - - + 0 - 0 W 10 21x10° -
8 - + - + + 0 - 11x10° - 0 -
9 + - + + - 0 W 10 16x10° - 38x10° -
10 - + - + + 1.8x 107 - 48x10° B 10 15x10* -
Mean CFU/g of infected stems' 89x10%a 14x10° a 14x10°%a
Infected stems/sprouts (%) 50 20 70 40 90 20

Sgnificant differencesin means of cfulg between stem partsat p < 0.05; + = present; - = absent; W = wilt; E = exudates; B = blight;
eg. B 10 = hlight symptoms observed 10 days after planting.
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5.4 Discussion

Cassava becterid blight is an important and world-wide occurring diseese of cassava that is
subjected to internationd phytosanitary quarantine.  Infected cassaa stems are  largdy
responsible for the carry-over of X. axonopodis pv. manihotis from one growing season to the
next, and for dissemindion to different areass. Therefore, recommendations to farmers on the
choice of planting maerid ae necessty. The duwdy was desgned to invedtigae the
colonization and didribution of X. axonopodis pv. manihotis in different parts of the sem of
infected cassava plants of two locdly important cassva vaidties Gbazékouté and
Fétonégbodji, compared to the dandard susceptible and resgtant varieties Ben86052 and
TMS30572, respectively.

The basd, middle and upper sem pats of the varieties Ben86052 and Fétonégbodji were
colonized by X axonopodis pv. manihotis continuoudy or discontinuoudy, with more
X. axonopodis pv. manihotisfree cuttings in variety F&onégbodji. Also Fanou (1999) and
Danid and Boher (1985) found partly discontinuous colonization of cessava plat gems
X. axonopodis pv. manihotis invaded cassava sems downwards until five centimeters above
gound levd on resdant and intermediate-resstant genotypes after leaf-inoculaion (Lozano
and Laberry, 1982). But, these authors did not relate the bacterid number in dems to the
symptoms on the plant in the fidd and to latent infection, nor was the relaion of infected
sems to infected sprouts studied. In both susceptible varieties, the average X. axonopodis pv.
manihotis concentration was by a factor of 10° higher in the upper pat then in the middle and
basd pats. Although some plants of the susoeptible varigties had only shown leaf symptoms
when sampling, bacteria were generdly found in dl pats of the sems, indicating that the
pathogen invaded the stem from the infected leaves, but sayed in a latent phase in gems
Nevertheless, infected sprouts emerged from stem parts in which no bacteria were detected.
Bacteria dill exiging indgde sems in low numbers might not have been detected due to
methodological limits in sampling and becterid detection, since the parts used for planting
could nat be used for bacterid detection, but only smdl portions on the ends of the planted
cuttings were tested for bacteria, and low bacterid numbers may not aways be detected by
the agar plating method. Danid and Boher (1981) reported that the classcd techniques of
isolation on agar may fal to detect low leves of pathogen populaions in seeds Nevertheess
isolation is till considered as among the most sengtive method for detection of bacteria
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X. axonopodis pv. manihotis was not found in the CBB-resigant genotype TMS30572 and the
loca genotype Gbazékouté, which dso had not shown symptoms on mother plants of cuttings
in spite of severd inoculdions, nor on emerging sprouts. The variety Gbazékouté was among
the highly ressant varidties, whereas F&onégbodji was susceptible after stemvinoculaion
with four highly virulent drains from different geogrgphic origins (Banito et d., 2000, 2001).
Nevertheess, symptoms had been obsarved in previous fidd trids in dl the tested genotypes,
and for the 4 genotypes, the following order of CBB severity caculated as area under severity
index progress curve (AUSIPC) was edablished: Ghazékouté > Ben86052 > TMS30572 >
Fétonégbodji  (unpublished data). Among them, Ghbazékouté showed resisgance to CBB after
steminoculaion (Banito et d., 2000, 2001), but wes susceptible under fidd conditions. Also
Fanou (1999) detected no X axonopodis pv. manihotis in dems of vaiey TMS30572
deriving from symptomless gems but only in sems of plats showing CBB symptoms.
Zinsou (2001) found lower X. axonopodis pv. manihotis numbers in sdems and leaves of some
plants of the resdant vaiey TMS30572 than in the suceptible Ben86052 after
leaf-inoculation under greenhouse conditions, and after leaf-infilration of low inoculum
concentrations, no CBB symptoms occurred on variety TM S30572.

Multiple ressance fectors are induced in resgant plants after inoculaion (Mandield, 1983,
Nichoson and Hammerschmidt, 1992), and defense mechaniams in CBB-resstant cassava
plants were demongrated (Kpémoua € d., 1996). Cassava cultivars may vay in ther
resstance to X axonopodis pv. manihotis due to toxin concentrations (Perreaux et d., 1982,
1985), some of which were found to be too low in susceptible cultivars (Cooper et d., 1995).
In few cases becteria were not detected dthough exudate had been observed on stems of
susceptible genotypes This might be due to the discontinuous didtribution of X. axonopodis
pv. manihotis in gems and the dedructive sampling method which did not dlow to detect
X. axonopodis pv. manihotis in the whole gem.

Suprisngly, 50-80% of the planted cuttings from the sem pats of Ben86052 and
Fétonégbodjii did not devdop CBB symptoms on the new Sorouts, dthough the gdems
harboured the pathogen. Although sprout infection was less in F&onégbodji, sprout symptoms
genedly developed fagter than in Ben86052. These obsarvaions could be generdly due to
the discontinuity of the colonizetion of X axonopodis pv. manihotis or to differences in
vascular cannections between the xylem of new sprouts and the one of the old cuttings
(unpublished datd). New shoots generate a new system of xylem gpat from the old vessds of
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the previous sem. Mog of the new xylem was observed to be unconnected to the old xylem
& demondrated by dye upteke and dandard light microscopy  (unpublished  data).
Additiondly, old xylem was heavily ocduded by tylods Thus X axonopodis pv. manihotis
is unlikdy to cross eeslly beween old and new xylem because living parenchyma cdls
sepaate them. However, occasondly a connection was found, and X axonopodis pv.
manihotis could cross over from the xylem of the old sem to the new shoots, but this seems
to be an infrequent event (Cooper, persond communication) and may depend on dorage
conditions of the cuttings and environmental conditions &fter plating (Wydra persond
communication).

Snce the pathogen was not found in any pat of the 10 teted plants of varieties TMS30572
and Gbazéouté, nor did ay of the new shoots from the planted cuttings show CBB
symptoms, symptomless plants of both cultivars could be consdered free of X, axonopodis
pv. manihotis But, in case of fiedd plants with symptoms, dso these varieties may harbour the
pahogen in ther cuttings (Fanou, 1999). Therefore, a careful sdection of cuttings from plants
of resdant varieties without symptoms is recommended to farmers to receive CBB-ree
cassava planting materid. A laent infection of symptomless cuttings of any sem pat has
adways to be conddered when cuttings come from an infected fidd. Therefore, dso the basa
pat of the sems should not, contrary to recommendations of Cock (1985), be used to receive
hedthy planting materid. Furtheron, breeders should congider differences between varieties
in redriction of sydemic infection, latent infection of sems and redriction of sprout
symptoms as additiona characterigticsin selection of varieties for resstance,
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6 Studies on inter cropping and soil amendmentsfor control of cassava bacterial blight

Abstract

The influence of intercropping cassava with common daple crops in Togo on cassva
bacterid blight, and the effects of potassum (KCl) fertilizer doses of 60 and 120 kg/ha and
the agpplication of Cassa samea mulch on dissese devdopment were sudied under fidd
conditions in four agroecologicd zones of Togo. Bacterid blight severity was sgnificantly
reduced compared to sole cassava in the fores highland in cassavataro and cassava-maze
intercropping & medium and high inoculum levds in cassavamaze intercropping in the
fores savanna trandtion zone a medium, but not a high inoculum leves (pO 0.01), and in
cassava-maize intercropping in the wet savanna zone & high inoculum leve (pO 0.05), with
genadly no dgnificant negative effect on yidd. Though sgnificant, diseese reductions by
intercropping generdly were low (623%). The goplication of potassum and mulch reveded
only uncler diseese reducing and increesing effects and can, thus not be recommended as
pat of a disease control drategy. Since no varieties with complete resstance had been
identified among locd and locd improved varieties across ecozones in Togo, the combinaion
of medium resdat vaidlies and an intercropping sysdem, both adgpted to the respective

ecozone, is recommended to farmers.
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6.1 Introduction

Cassava production is largely reduced due to the atack by pests and diseases (Nilmanee,
1986 Han & d. 1989; IITA, 1990), with becterid blight caused by Xanthomonas
axonopodis pv. manihotis (Vauterin e d., 1995), former Xanthomonas campestris pv.
manihotis (Bondar, 1915), beng one of the mgor condrants (Lozano and Booth, 1974
Wydra ad Msgkitas 1998). Symptoms indude angular lesf gpots blighting, wilting,
defoliation, vascular necrods of the sem, exudation and dieback. The vascular symptoms
dfect the qudity and quantity of planting maerid (Boher and Vedier, 1994; Banito, this
thess), while root yidd losses due to bacterid blight of more than 50% (Wydra and Rudolph,
1999; Wydra, 2002) and 77% in some cassava vaieties in the dry savanna zone (Fanou, 1999)
were reported.

Due to the ingable and environmentdly dependent nature of resistance to bacterid blight
(Wydra, 2002), only an integrated control system combining host plant resgance with
agronomic  and culturd messures is promisng to reduce becterid blight epidemics
(Wydra and Rudolph, 1999; Wydra & d., 2003). Intercropping and soil amendments were
described to reduce diseasesin severa crops.

I ntercropping

In the intercropping system two or more crops are grown sSmultaneoudy on the same area of
land for a subgtantid pat of ther growing periods, but crops are not necessaily sown or
planted a exactly the same time Intercropping provides an efficient utilization of resources,
economic dability for farmers, and is a dominant sysem of faming in Ada, Africa and South
America, where populaion pressure is high and resources are limited. The increese of food
production due to intercropping was reported in the United States (Murdock and Wdls, 1978;
Hesd and Wedin, 1981). Andrews and Kassam (1976) described various intercropping
methods induding mixed interaopping, row intercropping, drip intercropping, relay  cropping
and dley cropping. Especidly in tropicd aress of the world, cereds such as maize, sorghum,
millet, but dso common bean, cowpea, peanut and soybeen ae commonly used as
components of intercrop combingtions (Robinson, 1984). A useful draegy in aess with
unrdigble ranfdl didribution is to intercrop a rdaively dhort-duration crop with a long-
season one for which the periods of maximum demand on water resources are different
(Davis ad Woolley, 1993). In Africa, more than 75% of the totd area under cultivation are
intercropping sysems (Nweke et d., 1994). Intercropping cassava with other stgple crops was
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reported a the most common sysem of cassava production in the tropics
(Olasaten et d., 1994) and more than 60% of the famers intercrop cassava with maze
(Biaou and Issaka, 1997). Neverthdess, monocropping of cassava is increasing, especidly in
margind aress (unpublished data).

Intercropping can affect diseese and pest incdence and severity (Van Rheenan & d., 1981,
Ofuya, 1991; Trenbath, 1993). Intercropping cassava with cowpea reduced egg populations of
Aleurotrachelus socialis and Trialeurodes variabilis compared to those in monoculture
(Gold et d. 1990), while intercropping cassava with maize did not reduce egg populaions
(Gold, 1993), indicating thet the success of this technique can depend on the intercropped
goecies. However, intercropping is a promisng means of reducing pest populations for
grdl-scde famers (Bdlotti, 2002). Thus, the combination of improved gendic resstance
with the benefits of intercropping should result in a more sustaingble control of diseases and
pests (Davis and Woolley, 1993). Besides the decrease of becterid blight under the cassava-
maize intercropping sysem, Laios and Moreno (1976, 1977) and Moreno (1979) ds0
observed a delay in the development of superdongation of cassava Elsinoe braslienss) and
of rug (Uromyces manihotis, and a reduced incidence and <severity of mildew,
superdongation, and anthracnose (Colletotrichum sp.) in a cassava-common bean associaion
in Turridba, Coda Rica, while Ghosh et d. (1986) reported a reduction of brown lesf spots
(Cercosporidium henningsii) in cassava associated with Eucalyptus sp. and Leucaena p.
Intercropping cassava-maize has been reported to reduce weeds up to 37% compared to sole
cassava (Zuofa et d., 1992). However, a reduction of incidence and severity of diseases and
pests by intercropping does not dways occur (Woolley and Davis, 1991). The later authors
found that intercropping maize-bean reduced most of bean insects, but among diseeses,
anthracnose may beincreased.

Gengdly, intercropping has been reported as one of the measures to reduce cassava becterid
blight (Nyago, 1979; Tery, 1974). Ene (1977) reported that cassava becterid blight was
sgnificantly reduced by providing shede or intercropping cassava with maze or meon. The
use of intercropping was proposed as means to reduce cassava bacterid blight in the dry
savanna (Tabot, 1995) and in the humid forest (Arene, 1976). Sgnificant reduction of cassava
becterid blight severity in cassava intercropped with cowpea and maize compared to cassava
monoculture were observed in the forest savanna trangtion zone of Nigerig, with the highest

disease reduction of 53% in a cassavamaze intercrop, without sgnificant yidd effect due to
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copping sysem (Fanou, 1999). The later author suggested that intercropping could have a
barier effect to inhibit the trangport of the inoculum of X. axonopodis pv. manihotis since
becterid diseases are generdly disseminated in the fidd by raingplash and aerosols combined
with wind. The effect of intercropping on cassava bacterid blight severity may vary with
intercrops used and across ecozones. Therefore, as pat of an integrated control system for
cassava bacterid  blight suggested by Wydra et d. (2001), an adgpted intercropping System
should be deveoped in each cassva growing aea In Togo, dudies on the use of
intercropping to reduce cassava bacterid blight, have never been conducted. Thus, the
objective of the present dudies was to determine the effectiveness of intercropping cassava
with common daple crops in contralling cassava bacterid blight under fidd conditions in
various agroecologica zonesin Togo.

Fertilization

In many tropica aess, cassava is grown on poorest oils and Hill produces a condderable
yidd under conditions, where other stgple crops such as maize would fal. Cassava is duitable
for magnd aess with adverse dimatic and soil conditions because of its exceptiond
tolerance to drought and to acid, infertile soils (Howder, 2002). This tolerance of cassava to
margind soils has often led to the opinion that cassava, ether grown done or intercropped,
does not require high soil fetility for good yidds nor responds to fertilizer application.
However, cassava commonly requires some goplication of nitrogen and potassum  for
maximum growth and root yidds (Obigbesan and Fayemi, 1976, Howder, 1991). But, yidd
depressons have been obsarved a potassum raes higher than 200 kg/ha gpplied in the form
of KClI (CIAT, 1974). The lack of potassum has been reported to affect the plant’s response
to nitrogen and phogphorus (CIAT, 1975). In addic soils a low avalability of potassum,
phosgphorus and cdcium may affect cassva production (CIAT, 1995). In Colombia, no
difference in yidds was observed between KCl and K2SOs gpplication @ SO4 content of 9.0
ppm in the soil, while & low SOs content, with K2SO4 agpplication sgnificantly higher yidds
than with KCl were produced (Ngongi, e d., 1976). For cassava fresh root yidd of 35.7 t/ha,
an average removd of 55 kg/ha nitrogen (N), 132 kg/ha phosphorus (K) and 112 kgha
potassum (K) were observed (Howder, 1991).

The gpplication of fertilizers was suggested to reduce cassava becterid blight (Ezumah and
Tary, 1974). Sudying the effect of NPK fetilization on cassava becterid blight, Arene
(1978) found, that only potassum reduced dggnificatly the severity of the disease in



Intercropping and soil amendments 122

greenhouse trids. A ggnificant reduction of cassava bacterid blight incidence and severity
was ds0 observed in fidd trids a potassum rates of 90 and 180 kg K:O/ha compared to O kg
K>O/ha, while no difference occurred between the two doses (Arene and Odurukwe, 1979).

Raingplashing is the mogt important factors of disssmingtion in the fidd or between fidds
over short digances (Lozano and Sequeira, 1974; Otim-Nagpe, 1976). Ene (1977) found thet
cassava bacterid blight coud be contralled by the use of any means such as mulching which
reduce the impact of ran solash. Additiondly, a green manure is known to rdease nutrients
for the plant, suppress weeds, support root devdopment and increese il moidure
(Mdiki et d., 1997). The gpplication of mulch produced Sgnificantly grester corm yied, but
dso showed a higher incidence of corm rots of tao compared to nonmulched plots
(Miyasaka & d., 2001). The use of lower potassum rates in reducing cassava bacterid blight
compared to those proposed by Arene and Odurukwe (1979), could contribute to minimize
the cost of fertilizer gpplication. Therefore, the present sudy was desgned to invedtigate the
effects of KCl fertilizer doses of 60 and 120 kg/ha and the Cassia damea mulch on cassava
bacteria blight development under field conditions in different ecozones of Togo.

6.2 Materialsand M ethods

Experimental sites

Intercropping and fertilization trids were conducted in four gtes in daions of the Inditut
Togolas de Recherche Agronomique (ITRA), Togo, in 1999-2000: in the foret savanna
trangtion zone a Davié in the fores lowland zone a Adéa, in the forex highland zone a
Dayi, and in the wet savana zone in Sotouboua The vegedion in the forex savanna
trangtion zone (littord zone) in the South pat of the country is characterized by a shrubby
vegddion with few trees in the forest zone in the South-West by a rainforest vegetation, and
in the wet savanna in the Center part of the country by more shrubby vegetation. The forest
savanna trangtion and the forest zones are characterized by a sub-eguatorid dimate with one
long rainy season (March — June), one short dry season (July-August), one short rainy season
(September — October) and one long dry sesson (November — March), whereas the wet
savanna is characterized by a tropicd climate with one long rainy seeson (April — September)
and one long dry season (October — March) (Lamouroux, 1979). The average annud ranfdl
is about 1,200 mm in the forest savanna trandtion zone and 1,400 mm in the forest and wet
savanna zones, with an average temperaure of 28 °C, 24 °C and 27 °C, respectivey
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(DMN, 2001). In years 1999 and 2000, the average rainfdl was 958 mm in the forest savanna
trangtion zone, 1,403 nm in the forex zone and 1,326 mm in the wet savanna zone, Spread

over 9 monthsin the first two ecozones and over 7 monthsin the latter one,

Planting materialsand planting

The becterid blightsusceptible  variety Ben86052 was used in both intercropping and
fertilization experiments. Cassava gem cuttings of 20 cm deriving from apparently hedthy
field plants were angle planted & a gpacing of 1 x 1 m on wel prepared fla ground in June
1999. Each trestment conssted of three plots (20 nf per plot) of 20 plats The non
inoculated and inoculated plots were separated by a5 m wide screen of maize plants.

Intercropping. Cassva was intercropped with maize in a row intercropping System.
Additiondly in the fores highland, cassava was row-intercropped with taro, a common tuber
crop in this area Maize plants within rows were 40 cm spaced gpart, while cassava and taro
were 1 m spaced. The three crops were planted at the same time.

Fertilization. Potassum chloride (KCl) was applied in two doses (60 kglha 120 kgha) to
cassava plants two weeks dfter plating. For mulching, leaves of Cassa dSamea
(Caedpinacese) were gpplied a a rate of 2 t/ha dry maiter a the planting day. The control
plots for both experiments did not receive potassum nor mulch.

Experimental design

In both trids, block desgn was not used due to accessity of land. Each trestment was in
3 plots nonreplicated. Control plots were the same for dl treatments. Weeding was conducted
when necessary and no watering was gpplied.

Bacterial sispension and inoculation

A 48-hour old culture of X. axonopodis pv. manihotis drain X27 from Togo was harvesed in
mass from GYCA (glucose 5 g/l, yesst 5 g/l, CaCOs 10 g/, agar 15 g¢/l) plates (Dye, 1962)
usng 001 M MgSO, solution. One-month old cassaa plants were inoculated with a bacterid
suspension of 10 cfuml by spraying the abaxiad surface of cassava leaves with a motorized
gorayer. All the plants of each plot in the fertilization trid were sporayed, wheress in the mono-
and intercropping, only the border plants (outer rows of each plot) were inoculated. A totd of
three inoculations were performed a 3-weekly intervas.
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Disease assessment

Dissase symptoms were evauated 3 weeks dfter each inoculation and after Sx and twelve
months, by counting leaves with angular leaf spots, blight or wilt on ten randomly sdected
plants per plot in the fertilization trid, and sdected within rows between the inoculated outer
rows of each plot in the intercropping trid. When leaves showed more than one symptom
type, they were recorded under the more severe symptom type. The totd remaining leaves,
dropped leaves (number of scarifications remaining on dem) and number of shoot tips with
dieback were dso recorded. The percentages of leaves with spots, blight, wilted/dropped
leaves and shoots with dieback were caculated for each plant. The severity index (S) was
caculated for each plant a each evduation date as follows:

S = (XS + 2XB + IXW + 2xD)/6

where S, B, W and D represent the percentage of leaves with spots, blight, wilt and shoots
with dieback, respectivdly. The weight atributed to the symptoms blight and dieback is an
edimation resulting from regresson andyss of symtom and plant growth daa reveding
blignt as most important factor influencing root yield, and dieback with highest influence on
ovedl plant growth (lesf and sem weight) (unpublished data). The effect of fertilization and
mulching as wdl as the effect of the cropping sysem on cassava bacterid blight severity were
assessed by cdceulating the area under the severity index progress curve (AUSPC) for eech
plant & sx evauation daes by the trgpezoidd integration (Shaner and Finney, 1977, Jeger
and ViljanerRallinson, 2001) according to ecozones. In the foret and foret savanna
trangtion zones

AUSPC = [(S1+S2)x21/2 + (S2+S3)x21/2 + (S3+34)x60/2 + (S5+S6)x120/2]/275

In the wet savanna zone:

AUSPC = [(S1+S2)x21/2 + (S2+S3)x21/2 + (S3+S4)x30/2 + (S5+36)x90/2]/215

wheare S1, S2, S3, S4, S5 and S6 reoreent the severity index a the evdudion dates 1, 2,
3, 4, 5 and 6, regpectivdly. S4 and S5 correspond to severity index during the dry seeson and
ae equd to zero. The AUSIPC in days over the growing period was divided by the evauation
period of 275 or 215 days, corresponding to 365 days minus the dry season period of 90 days
in the forest and foret savanna trangtion zones and 150 days in the wet savanna zone. To
receive an average comparable between ecozones. Thus, dl AUSPC vaues are sandardized.
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Harvests

Cassava roots were havested a 12 months after planting by uprooting ten plants randomly
sdected in each plot in the fertilization trid, and sdected within rows between the inoculated
outer rows of each plat in the intercropping trid. Plant height was measured, and roots of each
plant were counted and weighed. All the roots of esch plot were mixed and a sub-sample was
cut into smal pieces, weighed and dried in an oven a 105 °C for 72 hours for dry weght
determingtion.

Statistical analysis

Sandardized area under severity index progress curve (AUSPC) and of dry root weight
vaues were logtransformed to dabilize variances and the andyss was performed usng the
Linear Mixed Modd ANOVA (Haville, 1988, Benado, 1994; Tempdmaen and Gianola
1996). Vdues and standard errors in tables are the red, non-transformed vaues. Andyss of
vaiance was peformed on AUSPC and root dry weight vaues usng the Gengd Linear
Modd (GLM) procedure in the SAS sysgem (SAS, 1990; 1997). The Student-Newman-Keuls
(SNK) tet was used to compare the means of AUSPC and root dry weight vaues
(Danidie, 1975), and to disriminate between the KCl fertilizer doses and mulch as wdl as
the intercropping patterns.

6.3 Results

Effect of intercropping on cassava bacterial blight severity

Cassava baecterid  blight severity expressed as area under severity index progress curve
(AUSPC) was ggnificantly reduced in the forest highland in cassavataro and cassava-maize
intercropping in inoculaed (p = 00003) and in noninoculaed (p < 0.0001) trestments
compared to sole cassava, in the forest savanna trangtion zone in cassava-maize intercropping
in norrinoculated treatment (p = 0.007) and in the we savana zone in cassava-maze
intercropping in the inoculated tresiment (p < 0.0001) (Table 1). Though Sgnificant in some
trestments, disease severity reductions by intercropping were generdly low (623%). In two

non-inoculated trestments, disease severity was sgnificantly lower in cassava monocropping.

In the fores highland, the disease develops during the rainy season, with the highest vaues at
2 and 4 months dter planting (Fig. 1). Symptoms disgppear during the dry seeson and
regppear in the rainy season of the following year.
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Table 1. Effect of intercroppng cassva-maize and cassava-taro on cassava bacterid blight
severity expressed as area under the severity index progress curve (AUSPC) in four ecozones
of Togo

Forest lowland Forest highland (plateau)
Norinoculated Inoculated Non-inoculated Inoculated
Crop system AUSPC AUSPC AUSPC AUSPC
Cassava 5.8:0.11 b+ 75019 5.1+0.11a¢** 5.8:0.11a**
Cassava-maze 6.4+0.08a 7.5£0.17a 4.8:0.100 5.2+008b
Cassva-taro ndf nd 4.3:007c 5.2:0.14b
Forest savannatrangtion Wet savanna
Nortinoculated Inoculated Nor+inoculated Inoculated
Crop system AUSPC AUSPC AUSPC AUSPC
Cassava 6.4+0.10a+* 6.3:0.05a 6.4+0.24p*** 7.8+0.32a**
Cassava-maze 5.9+0.12b 6.2+0.07a 7.9+021a 6.0+0.08b

* = gdgnificant (SNK test) a probability level p < 0.05; ** = dgnificant a probability level p < 0.01;
*** = ggnificant a probability level p < 0.001; 1 = standard error, 2 nd = not done.
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Fig. 1. Devdopment of severity index in intercropping patterns in the susoceptible genotype
Ben86052 in the inoculaed tretment in the foret highland in year 1999 (dates of
inoculation: 30, 51 and 72 days &fter planting)
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Effect of intercropping on cassavayield

Gengdly, no dgnificant differences in yidd (root dry weight) were observed between
cassava monoculture and cassava intercropping  plots across  environments and  trestments,
except in the foret highland (non-inoculated plots) and the forest savanna trandtion zones
(inoculated  plots), where intercropping cassavataro and cassava-maize,  repectivey,
significantly reduced roat yidd (p = 0.02, p = 0.007, repectively) (Table 2).

Table 2: Effect of intercropping on cassavayidd (/ha) in four ecozones of Togo

Forest lowland Forest highland
Nor+inoculated Inoculated Nort+inoculated Inoculated
Crop sysem Root DW Root DW Root DW Root DW
Cassava 20.7+297a 26.1+386a 20.2+1.47a 19.5¢223a
Cassava-maze 23.9+1.77a 23.1+1.90a 18.1+2.08eb 15.3:394a
Taro-Cassava nof nd 13.1+1.31b 20.0:320a
Forest savannatrangtion Wet savanna
Nor+inoculated Inoculated Nort+inoculated Inoculated
Crop system Root DW Root DW Root DW Root DW
Cessava 17.0:255a 26.3t2.21%* 5.6+1.36a 17.3t1.92a
Cassava-maze 15.2+173a 15.8t247 95+171a 12.4+1.92a

* = dgnificant (SNK test) a probability leve p < 005 ** = dgnificant a probability leved p < 0.01;
Root DW = root dry weight; 1 = standard error, 2 nd = not done.

Effect of KCl fertilizer and Cassia samea mulch on cassava bacterial blight severity

The effects of potassum and mulch tretment on cassava becterid blight severity were
vaidble across ecozones and treatments (inoculated, norrinoculated) (Table 3). Significant
reducions in cassva becterid blight severity comparing control and trestments were
observed in the fores-savanna trandtion zone in dl treetments in the nonrinoculated plots
(p < 00001) ad in the KClI 60 kgha trestment in inoculated plots (p = 0.0002), n the wet
savanna zone in the KCl 120 kg/ha trestment in non-inoculated plots and in the mulching and
in the KCl 120 kg/ha trestments in inoculaied plots (p < 0.001), and in the fores highland in
the KCl 120 kgha in norrinoculated plots (p < 0.001). The diseese severity reductions,
though ggnificat, were gengdly low (8-19%). The inverse gtuation was observed in dl
treetments in nortinoculated plots, in the forest lowland and in the KCl 60 kg/lha trestment in
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the fores highland zones, where dissese severity increesed dgnificantly compared to the
control (p < 0.002).

Table 3: Effect of potassum (KCl) and mulch from Cassia siamea on cassava bacterid blight
svenity expressed as area under the severity index progress curve (AUSPC) in four ecozones
of Togo

Forest lowland Forest highland (plateau)

Non-inoculated Inoculated Non-inoculated Inoculated
Fertilizers AUSPC AUSPC AUSPC AUSPC
Control 5.8:0.11¢* 7.5+0.19ab* 5.1+0.11b*** 5.8+0.11a
KCI 60 6.5:0.09 7.9+0.26a 5.6+0.08a 5.8:0.19
KC 120 6.2+0.120 7.2+0.28ab 4.6+00%c 5.7+0.13a
Mulch 6.9+0.09a 7.0:012b 5.3+0.09ab 5.3:0.16a

Forest savannatrangtion Wet savanna

Non-inoculated Inoculated Non-inoculated Inoculated
Fetilizers AUSPC AUSPC AUSPC AUSPC
Control 6.4+0.10a*** 6.3:0.05a*** 6.4+0.245*** 7.8£0.32a***
KCl 60 5.9+0.09% 5.8+0.080 6.6+0.16a 7.9+037a
KC 120 5.9+0.050 6.2+0.10a 5.6+0.130 6.8+0.26b
Mulch 5.8+0.080 6.2+0.09 7.0:011a 6.3:0.280

* = dgnificait (SNK test) at probability level p < 0.05; *** = ggnificant a probability level p < 0.001;
1 =gtandard error.

In the wet savanna, a pesk of disease severity occurs in the rainy season & 2 months after
planting, symptoms disgppear during the dry seeson and symptom development darts again in
the rainy season of the following yeer (Fig. 2).

Effect of fertilizer and mulch application on cassavayied

Gengdly, no sgnificant differences in root yidd were observed between the fetilizer and
mulch gplications and the control (Table 4). Nevethdess in the foret highland zone, yidd
in the mulch plots was ggnificantly higher then yidd obtained by the KCl rate of 60 kg/lha in
nonrinoculated plots (p = 0.03). In the fores savanna trangtion zone, Sgnificant reduction of
root weight was observed a a KCl rate of 120 kg/ha in inoculated plots (p = 0.05). In the wet
savana zone, mulch dgnificantly reduced root dry yidd compared to the contral in the
inoculated plots (p = 0.004), while with the KCl dose of 120 kg/lha a sgnificantly higher root
yield was recorded than with the mulch trestment under naturd infection (p = 0.007).
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Fig. 2 Devdopment of severity index in fetilization patens in the susceptible genotype
Ben86052 in the inoculated tretment in the wet savanna zone in year 1999 (daes of
inoculaion: 30, 51 and 72 days after planting)

Table 4: Effect of potessum (KCl) and mulch from Cassia Samea on cassava yied (ha) in
four ecozones of Togo

Forest lowland Forest highland (plateau)

Non-inoculated Inoculated Nortrinoculated Inoculated
Fetilizers Root DW Root DW Root DW Root DW
Control 20.7+297'a 26.1+386a 20.2:1.47a0* 19.5:2.23a
KCl 60 16.7+2.11a 27.243.84a 21.0:3.040 18.A162a
Kd 120 21.9:253a 32.7+4.33a 21.2:1.292b 19.6:3.28a
Mulch 18.8+2.00a 31.2+4.24a 33.4:4.70a 13.4:1.49

Forest ssvannatrangtion Wet savanna

Non-inoculated Inocul ated Norrinoculated Inoculated
Fertilizers Root DW Root DW Root DW Root DW
Control 17.0+255a 26.3:22.21a* 5.6+1.36b** 17.3+1.92a***
KCl 60 16.0:2.76a 21.2:3.782b 6.1+1.08eb 11.3:1.97ab
KC 120 22.1+287a 15.3:22.97b 11.31.35a 9.4+1.43ab
Mulch 23.5:204a 18.4:3.07ab 4.3+1.22h 7.1+1.93b

* = dgnificant (SNK test) a probability leve p < 005 ** = dgnificant a probability leve p < 0.01;
*** = ggnificant a probability level p < 0.001; Root WD = root dry weight. 1 = standard error.
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6.4 Discussion

The effect of intercropping cassva-maize and cassavataro on cassava baecterid blight was
investigated. Significant, but rdaivdy low reductions of cassava becterid blight severity
(AUSIPC) were obsarved in cassavarmaize intercropping in the forest savanna trangtion zone
and in the wet savanna zone, and in cassava-maize and cassava-taro intercropping in the forest
highland zone. Intercropping can influence dissese and pedt incidence and  severity
(Van Rheenan & d., 1981; Ofuya, 1991; Davis and Woalley, 1993). Cassava bacterid blight
reduction due to cassava-maize and cassava-cowpea intercrops in the forest savanna trangtion
zone and cassava-maize intercrop in the dry savanna zone in Nigeria was reported by Fanou
(1999) and Tabot (1995), respectively. Intercropping was proposed to reduce Ralstonia
solanacearum causing bacterid wilt, in potato (Autrique and Potts, 1987; Kloos et d., 1987)
and tomato (Pan, 1990), while other sudies only reveded a dight reduction or no reduction of
becterid  wilt under intercropping of tomao with cowpea, soybeen or Wesh onion
(Michd e d., 1997). Also Skirou (1999) did not observe clear effects on cowpea becterid
blight when cowpea was intercropped with maize or cassava in the forest-savanna trangtion
zone of West Africa On the other hand, cassava-maize intercropping increased the severity of
powdery mildew, and a beancassava association showed no effect on scab, rud, and
Cercospora leaf spots of cassava (Moreno, 1979). The reduction of the diseese severity
obsarved in intercropping might be due to the barriers provided by maze or taro plants, which
could reduce plant-to-plant dissemination of the disease through raingolash or drops of water
caried by wind. Ene (1977) reported that cassava becterid blight was sgnificantly reduced
by providing shade or intercropping cassva with maize or meon. Also, a reduced bacterid
blight incidence and severity in cassava intercropped with maize and meon in the humid
forest zone was observed by Arene (1976).

A rdation between dgnificant reduction of disease severity which occurred in few trestments
and yidd data was not obsarved. Compaing cropping sysems generdly, no dgnificant yidd
loss occurred in intercropped cassava compared to monocropping, except a dgnificant yidd
reduction in intercropping cassava with maze in the inoculated treetment in the forest
savanna trangtion zone and in intercropping cassava with taro in the norrinoculated trestment
in the forest highland. The latter reduction may be due to a high competition between the two
root crops. Intercropping cassava with maize in the foret savanna trandtion zone of Nigeria
(Fanou, 1999), and across a wide range of environments in South Nigeria under nitrogen
fatilization (Ezumah et d., 1988) did not cause a reduction in yidd, while, on the contrary, a
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ggnificant cassava yidd loss due to intercropping cassava with maize was reported from the
ranforest zone of Nigeria (Zuofa e d., 1992). Okoli e d. (1996) reported Sgnificant cassava
root yidd losses up to 40% in susogptible and up to 35% in resgant cassava cultivars
intercropped with cowpea, while Fanou (1999) found no sgnificant difference in cassava root
yields between cassava-maize and cassava-cowpea intercropping and monocropping cassava
In maize-soybean intercrgoping, Mohta and De (1980) reported incressed totd grain yidd,
whereas Crookston and Hill (1979) observed no grain yidd effect. Also yidds of intercropped
soybean with maize were up to 32% less than yidds of soybean in monoculture, however,
yidd of intercropped maize was increased up to 53% compared with the yied of monoculture
maize and compensated for the reduced yidd of soybean (Hebet e d., 1984). Thus the
present results and Sudies of other authors show that intercropping may cause a yidd
reduction of the man cop, but, even when yidd reductions of the man crop occur, the
additiond yiedd ganed by the intercrop has to be consdered, which increases the land
equivdent ratio (Skirou, 1999). Higher cash incomes in cassava intercropped with maize and
groundnut compared to cassava monoculture were reported in Togo (Magette and
Pouzet, 1989).

Snce intercropping cassava-maize and cassava-taro reduced dissase severity dightly, but in
mos cases dgnificantly in the foret highland, the wet savanna and the forest savanna
trangtion zones, with no sgnificat negative yidd effect due to the cropping sysem with two
exceptions, these cropping systems can be recommended in these ecozones as pat of an
integrated control drategy for cassava bacterid blight. A suppressve effect of intercropping
might be more obvious, when a medium resgant variety is used. Snce no ressant vaieties
were identified among locad and locd improved varigties across ecozones in Togo
(Banito, this thess), the combinagion of medium resgant varieties and an intercropping
system, both adapted to the respective ecozone, could be recommended to famers Besdes
the posshble effect of dissese reduction, yidd dability and an additiond yidd would be
achieved by planting the second crop.

The gpplication of potassum and mulch reveded only under dissese reducing and
increesing effects and can, thus not be recommended for a disease control drategy. In the
present Sudies, no dgnificant effect of the KCl fertilizer on cassava bacterid blight severity
was observed across ecozones and environments, except a Sgnificant reduction of cassava
bacterid blignt severity of the susceptible genotype Ben86052 by KCl in some environments.
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However, gengdly no obvious effect of potassum chloride was found across environments.
On the contrary, the application of NPK fertilizer was reported to reduce becterid blight of
cassava under greenhouse conditions, with potassum (K) being the man component
responsible for the reduction (Arene, 1978). Greenhouse trids on the effect of fertilizer based
on N, P and K reveded dggnificant reductions of cassava becterid blight incidence and
Sveity on a susceptible variety with the potassum dose of 90 kg/ha (Adeniji and Obigbesan,
1976) and of 90 and 180 kg/ha (Arene and Odurukwe, 1979). Also Boher and Verdier (1994)
suggested that the potassum fertilization enhances cassava plant resistance to X. axonopodis
pv. manihotis infection. This was not obvious in the present data Mulching had generdly no
diseese reducing effect, however, the use of green manure in famers cultivetion may have
other advantages, such as maintenance of soil moisture and soil fertility, improvement of soil
dructure, limitation of soil eroson, support of soil microfaung, and inhibition of weeds
competition. By reducing weeds in the fidd, an additiond inoculum source in form of
epiphytic populations of X. axonopodis pv. manihotis on weeds (Fanou et d., 2001) can be
avoided.

Our results reveded a dgnificant yied increase only a KCl gpplication of 120 kg/ha under
naturd infection in the wet savanna, while sgnificant depressons on root yield were recorded
a the KCl dose of 120 kg/ha in the foret savanna trangtion zone in the inoculaion trestment
and with the gpplication of mulch in the wet savanna zone. Yidd depressons of cassava have
been reported a potessum raes higher than 200 kgha goplied in the form of KCl
(CIAT, 1974). Smilar yidd depressons a high potassum raes were obsarved for yam
(Ferguson and Haynes, 1970). Ngongi et d. (1976) found that a a high levd of soil sulfur
content, no differences in cassava yidds occurred between potassum in the form of KCl and
KoSO, but a low soil sulfur content, K,SO, produced sgnificantly higher cassava root yidds
than KCl. In the present dudies a ggnificant yied increese was found only & KCl dose of 120
kg/ha in the wet savanna zone, but the sulfur content of the soil had not been determined. The
effectiveness of KCl application on cassava yidds in reaion to the SO, content in the soil
(Ngong e d., 1976) could explan our genedly vaiadle reslts obsaved across
environments

Conclusions

Intercropping cassava with maize and taro reveded a dissese reducing effect in some

ecozones, with generdly no effect on yied, and can thus be recommended as part of a cassava
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becterid blight control draiegy. No dear effect of potassum fertilizer and mulch on cassava
becterid blight severity was observed. However, due to many other advantages of the green
manure, mulching can be recommended to famers. The results should be confirmed in a

second season trid.
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General conclusons

Knowledge on the status of a disease and on the virulence of pathogen drains from different
€c0zones are a prerequidte to develop control drategies and important for screening varieties
for resstance. Cassava diseases were assessed in the foredt, forest savanna, wet savanna and
dry savanna zones of Togo in redion to agronomic and environmenta characterigics, and
drans of cassava becterid blight pathogen Xanthomonas axonopodis pv. manihotis (Xam)
were pathologicdly characterized.  Genotype-pathogen and  genotype-pathogen-environment
interactions were investigated for sdection of ressant cassava genotypes suitable to an
integrated control system of cassava becterid blignt (CBB). Therefore, cassava genotypes
were tested for their reaction to CBB by ledf-inoculation under fidd conditions in different
ecozones of Togo. Furthermore, the genotypes were evauated for their reection to stem-
inoculation with four highly virdlent Xam drains from different geographic origins in a
glasshouse experiment, and the exigance of Xam pathotypes was dudied. To deveop
sanitation measures in aress with a high pressure of cassava bacterid, the didribution of Xam
in different parts of stems of cassava genotypes and the incidence of infected grouts were
determined. Control measures suiteble to farmers  conditions and adgpted to ecozones,
contributing to an integrated control strategy of CBB are recommended.

1. Assessing cassava diseases, high incidences of CBB were obsarved in dl ecozones, even in
the forest zone where ealier observations reveded the absence of the disease. However,
diseese severities were higher in the dry savanna, wet savanna and forest savanna trangtion
zones than in the forest zone. CBB was negdively corrdated with rainfdl, with decressing
incidence and severity from the herbaceous savanna without trees (dry savanna zone) to the
forest zone. Suppressive effects of vegetation and soil moisture on CBB was obsarved. The
disease was more important in weedy plantations, indicating that weeds could play a role in
the spread of the disease.

Cassava mosaic dissase (CMD) occurred in dl ecozones with high incidences. Correlation
andyss reveded an incressed CMD severity when severad cassava varieties were grown in
mixture and in fidds with aundant weeds. Cercospora leaf diseases occurred in dl the
ecozones with high incidences. The susceptibility of genotypes increesed on sendy loam and
loamy sand soils Also, few trees in the surroundings of a fidd and intercropping systems
favored Cercospora brown lesf spots (BLS), while a mixture of cassava varieties in a fidd
had a suppressve effect on white leaf spots (WLS). Significant negative reaionship between
CBB and CMD and between CMD and WLS were found. The cassava disease survey
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conducted in fames fidds in the four agroecologicd zones provided country-wide and
detailled data on cassava bacterid blight, and on two other cassava diseases, cassava mosaic
diseese and cercogporioses, never reported a this levd before in Togo. CBB is becoming
more severe in dl the ecozones, induding the forest zone, where the diseese was not found
some years before. A further survey is recommended to confirm the present data Measures to
control cassava diseases must be taken to avoid possble epidemics and prevent losses of
yiddsin famers productions.

2. Fourty-saven X. axonopodis pv. manihotis grains from the foredt, fores savanna trangtion,
wet ssvana and dry savanna zones, were isolated from leaf samples collected across
ecozones.  Pathologicd  characterization conducted on the susceptible cassava  genotype
Ben86052 by deminoculation reveded, that most of the drans were highly virulent
independent of ther geographic origin. Only dight differences in virulence among the drains
from the four ecozones were obsarved. Although the lowest CBB severity and fidd incidence
were recorded in the foret zone, dl drains collected in this zone were highly virulent. An
increese of pathogen aggressiveness over years could be responsble for the increase of
discae severity. However, the pathogenic variability of drans has to be tested with various
genotypes to invedigae dran X genotype interections, and additiond leaf-inoculation
experiments may reved more pathogenic diversty and mechanisms of resstance of the plant.
The inoculation of few drains sdected among the highly virulent ones is recommended to test
genotypes for resstance to cassava bacterid blight.

3. To identify suitable high yidding genotypes with ressance to caessava becterid blight, 23
improved and locad cassava genotypes from Togo and from an international cassava collection
from the Internationd Inditute of Tropicd Agriculture (IITA), were screened under natura
infection and after spray-inoculaion with Xam in the forest, foret savanna trangtion and wet
savanna zones. No genotype with stable resstance to CBB across the ecozones was found, but
genotypes  TMS92/0429, TMS30572, CVTM4 and TMS91/02316 had a lower disease
Sverity combined with high yield.

High variability in diseese expresson was obsarved. The three genotypes Lagos, Toma289
and Toma378 showed susceptible reactions to CBB across dl ecozones and over years, while
the other genotypes reveded high genotype X environment interactions, with variability
between and/or within ecozones over the two years Genotype TMS30572, a widdy
distributed improved genotype in West Africa, reveded medium resstance in four of the five
environments and resgance in one environment. High CBB sevenities expressed as area
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under severity index progress curve (AUSPC) were recorded from the forest zone, suggesting
that conditions for epidemics are becoming more favorable in this ecozone. Genotypes dso
showed genotype x environment interactions in ther reaction to the CBB symptom types,
sot, blight and wilt. Genotypes Main27, TMS30572 and TMS92/0429 with partly resistance
agang wilt showed highest interactions with the environment in this character, indicating thet
a possble mechaniam inhibiting the devdopment of the wilt symptom is depending on the
ecologica conditions Generdly, ndther the oot nor the blight symptom deveopment were
sgnificantly corrdated to the development of sysemic symptoms. The reaction of genotypes
with a drong negeive corrdation between spot and blight symptom devdopment on the one
hand and wilt symptom devdopment on the other hand (eg. in genotypes TMS92/0057 and
TMS02/0326) indicated independent mechanisms of resgance on lesf and Stem leves
depending on the cassava genotype. Thus, in breeding for resstance, genotypes with different
types of resstance or a combination of both types should be consdered.

High variability in cassava dry root yidd was observed across and within ecozones over the
two years, denating high genotype x environment interactions. Widdy grown locd genotypes
such as Féonégbodji, Nakoko, Ankra, Tueka and Man27 reveded a generdly low yidd
across ecozones, even when symptom severity was low (eg. genotype Man27), while mogt
of the improved genotypes had higher root production, among them TMS92/0057, with
highest production across ecozones, and TMS30572 with the highest root yidd of 332 t/ha in
the foret zone. CBB severity sgnificantly reduced cassava root yidd in some environments.
Investigeting the effect of symptom types on yidd, blight and wilt were found to Sgnificantly
decrease root yield. However, andyzing rdaionships between CBB symptom types and root
yidd by genotype dgnificant decresses of yidd in corrddion to symptom type were
generdly not observed.

Genotypes induding Lagos TMSO200057, TMSO2/0343 and Ben86052, though highly
susceptible, had a high root yield, and could be identified as tolerant, since they did not reect
with a yidd decreese on an increesing dissese levd. Genotypes TMS30572 and
TMS91/02316 with low dissese severity and high root yidd could be recommended to
famers, wherees genotypes TMS92/0326, TMS02/0057, Cameroon and Ben86052, tolerant
to the diseese, in soite of ther higher yidd, but should be avoided by famers due to the risk
of dissamination of inoculum. Genotypes Man27 and CVTM4, resdant, but with low root
yield could be recommended to breeders to introduce their resstance characteridtics into the
breeding materids Additiondly, gerotypes TMS30572 and TMS92/0429 should be used to
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introgress their high resgance to the wilt symptom into genotypes with susceptibility to
systemic symptoms.

4. After steminoculaion with 4 Xam grains from different geogrgphic origins six genotypes
showed a resigant reaction againg the four drains, with genotypes CVTM4 and Gbazékouté
being the mogt ressant. Mot of the genotypes tested including the reference genotype
BenB86052, with susceptible reection agangt a least two drans were resgant to & least one
drain. Thus, dran x genotype interactions were obsarved, and sSx groups of differentid
genotypes which could be usgful for pethotype identification, were determined, and the four
dgrans, Ugendal2, GSPB2506, GSPB2507 and GSPB2511, orignating from  Uganda,
Cotnou, Benin and Ibadan and Onne, Nigeria, respectively, represented four different
pathotypes.

Andyzing data from greenhouse experiments and fidd trids genotypes Ankra Cameroon,
Fétonégbodji, Lagos Nakoko and the reference genotype Ben86052, which were susceptible
after stenmrinoculaion reveded susceptibility in fidd  trids, while genotypes  312-524,
TMS91/02322 and TMS30572 were identified as medium resgant after inoculation of the
four drains as wdl as in fidd experiments Genotypes CVTM4 and TMS01/02316 were
resstant after steminoculaion and adso beonged to the more ressant group in the generd
ranking across ecozones in fidd trids, while genotypes Gbazékouté, Toma289 and Toma378
were resgtant after stemrinoculaion, but were among the most susceptible genotypes after
leaf-inoculation  in fidd trids FHddtesting in  vaious ecozones and dem  and
leaf-inoculation are recommended for sdlection of resstant genotypes.

5. The colonization and didribution of Xam in different parts of the stem of infected cassava
plants of two locdly important cassava genotypes, Ghazékouté and F&onégbodji, compared
to the dandard susceptible and resstant genotypes Ben86052 and TMS30572, respectively,
were invedigated. Although some plants of the susceptible genotypes Ben86052 and
Fétonégbodji had only shown lesf symptoms in the fidd, becteria were generdly found in dl
pats of the sems, indicaing a laent phase of the pathogen in gdems However, most of the
planted cuttings from the sem parts of Ben86052 and Fé&onégbodji did not devdop CBB
symptoms on the new sprouts, dthough the stems harboured the pathogen. These observations
could be gengdly due to the discontinuity of the colonization of Xam in sems or to
differerces in vascular connections between the xylem of new sprouts and the one of the old
cuttings hindering the trandfer of the pathogen. Since the pathogen was not found in any part
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the tested plants of genotype TMS30572 nor did any of the new shoots from the planted
cuttings show CBB symptoms, and due to its medium resgant reaction to leaf-inoculaion in
fidd trids, symptomless plants of this genotype sdected from norrinfected fidds could be
congdered free of Xam and, thus TMS30572 is recommended to farmers to receive
CBB-ree cassava planting materid. Furtheron, breeders should condder differences among
varigties in redriction of sysemic infection, latent infection of stems and redriction of Sprout
symptoms as additiond characteridtics in sdlection of varieties for resstance.

6. Intercropping cassavamaize and/or cessava-taro, according to ecozone,  Sgnificantly
reduced diseese severity in a susceptible genotype compared to cassava monocropping in the
foret highland, the wet savanna and the foret savanna trangtion zones, with generdly no
sgnificant negaive yidd effect. Thus, these cropping systems can be recommended in these
ecozones as pat of an integraied control drategy for CBB. A suppressve effect of
intercropping might be more obvious, when a medium resstant genotype is used. Therefore,
the combination of medium resstant genotypes and an intercropping sysem, both adgpted to
the respective ecozone, could be recommended to farmers. Besides the possble effect of
diseese reduction, yidd gability and an additiond yidd would be achieved by plating the
second crop. No dlear effect of potassum fertilizer and mulch on CBB severity was observed.
However, due to many other advanteges of the green manure, mulching can be recommended
to farmers. The results should be confirmed in a second seeson trid.
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Annex 1: Disease severity (AUSPC) of non-inoculated and inoculated genotypes in forest, forest savanna trangtion and wet savanna zonesin

two years

Forest zone Forest savanna transition zone Wet savanna zone
1998 1999 1998 1999 1999
Non-inoc. Inoc. Non-inoc. Inoc. Non-inoc. Inoc. Non-inoc. Inoc. Norrinoc. Inoc.

Genotypes AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC AUSIPC
312-524 47 59 6 73 47 5.9 55 55 52 82
Ankra 42 6.4 71 838 6.5 71 6.7 76 52 6.3
Ben86052 “C” 54 72 71 79 54 5.6 5.7 6 6.5 74
Boram 45 7.7 6.7 78 nd nd nd nd nd nd
Cameroon 48 6.9 6.5 17 5.6 55 6 6.1 72 6.5
CVTM4 41 37 49 6 49 59 51 51 31 51
Fétonégbodii 41 6 6.2 83 6.2 51 6.5 6.1 6.4 75
Ghbazékouté “C” 5.6 6 6.8 17 6.4 72 6.3 6.6 6.2 73
Lagos 45 84 73 85 6.2 8 6.1 6.6 6.7 85
Main27 3 48 47 4.1 48 51 53 5.6 37 4.3
Nakoko 47 6.9 6.2 9.1 5.6 54 6.5 6.1 54 8
Sorad nd nd nd nd nd nd nd nd 54 7.8
TMS30572“C” 33 44 45 45 49 44 52 51 35 53
TMS4(2)1425 38 49 53 9 54 6.4 5.2 47 4 47
TMS91/02316 4 6.3 51 6.3 46 53 5 46 45 6.6
TMS91/02322 47 54 52 6.5 6.2 57 6.6 6 48 5.6
TMS92/0057 53 6.1 6.5 6.8 6.1 5.8 6.3 6.3 51 6.5
TMS92/0067 29 6.6 6 73 5.8 53 6 6.4 53 54
TMS92/0326 5 6.5 5.7 6.3 55 5.6 57 59 57 6.1
TMS92/0343 5 72 6.4 5.7 51 57 6.2 5.6 55 6.6
TMS92/0429 45 49 39 49 32 4.6 47 4 35 39
TMSCBS10(80411) nd nd nd nd nd nd nd nd 4.6 53
Tomal59 39 6.1 6.5 6.4 54 51 53 51 nd nd
Toma219 nd nd nd nd 6 6.3 73 6.5 nd nd
Toma289 47 82 8.2 6.9 6.7 6.5 73 72 57 76
Toma378 6.1 6.8 76 17 5.8 71 5.6 6.1 5.6 76
Tuaka 3.6 5.9 5.9 5.1 5.4 4.7 6.3 6.2 5.8 8.9
Total AUSIPC 106.6 149.4 146.5 166.8 132.6 139.3 142.2 141.2 124.7 156.8
Range 29-6.1 37-84 3.9-82 41-9.1 3.2-6.7 44-80 47-173 4.0-7.6 31-72 3.9-89
*x Co051 C0.27 C0.39 C0.23 c0.22 C0.66 C0.13 C0.26 Cco0.41 C0.66
E X 0.80 X 0.48 X 0.66 X 0.40 X 0.34 X 1.12 X 0.21 X 0.45 X 0.71 X 115

“C” = check genotype; X = other genotypes than check;SE = standard error; Norrinoc. = norrinoculated; Inoc. = inoculated; nd = not determined.
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Annex 2 Screening of 24 cassava genotypes for resstance to cassava bacterid blight (CBB) in three ecozones of Togo: root dy weight (DW)
in (tha)

Forest zone Forest savanna transition zone Wet savanna zone
1998 1999 1998 1999 1999
Non-inoc. Inoc.x* Nor+inoc. Inoc.** Nor+inoc. Inoc. Non-inoc.** Inoc. Non-inoc. Inoc.

Genotypes Root DW Root DW Root D W Root DW Root DW Root DW Root DW Root DW Root DW Root DW
312-524 17.8+3.96 7.8+1.57 19.3+1.97 17.1+2.14 10.0+1.71 9.1+1.26 10.6+1.26 9.1+2.39 6.2+2.20 11.9+3.72
Ankra 2.2+0.15 10.3+3.46 15.5+2.99 10.9+4.07 2.2+1.43 12.1+1.93 8.8+2.65 6.7+0.72 2.6+3.44 3.8+1.48
Ben86052 “C” 12.3+2.93 14.6+2.71 23.9+4.19 22.9+4.86 13.8+2.78 18.4+2.85 18.2+3.36 12.0+£3.59 2.0+0.99 11.9+2.62
Boram 3.7+1.30 4.9+0.74 3.1+1.01 7.0£1.47 nd nd nd nd nd nd
Cameroon 18.3+2.67 13.8+2.93 22.3+4.38 16.8+2.57 21.0+£6.10 18.2+3.76 20.3£2.20 21.0£2.73 0.6+0.07 8.2+2.56
CVTM4 11.9+1.49 13.5+3.24 9.2+1.59 15.8+2.96 15.8+2.56 28.1+9.58 12.9+1.60 10.5+1.50 9.7+2.02 10.5+2.98
Fétonégbodji 6.3+1.29 5.5+2.17 5.2+1.10 4.3+1.08 5.5+0.73 0.3+0.72 5.6+0.62 5.8+1.23 3.8+0.75 2.7+0.53
Gbazékouté “C” 12.741.98 17.8+1.66 16.8+3.35 26.9+5.22 12.6+1.53 19.4+2.59 9.4+1.97 8.0+1.33 3.1+1.08 11.6+2.88
Lagos 9.8+3.24 10.3+0.70 18.0+3.46 17.5+2.75 17.8+1.63 25.3+4.28 18.6+3.01 17.5+2.81 2.5+0.81 9.9+3.16
Main27 6.4+0.96 11.5+1.81 10.7+2.24 16.9+5.56 5.6+2.29 7.1+£1.55 4.8+1.02 6.0+0.73 8.6+0.85 9.0+2.86
Nakoko 7.8+0.98 11.3+2.59 6.2+1.62 6.5+2.08 6.4+2.23 7.9+2.99 5.1+1.11 4.8+0.66 3.4+2.06 4.2+1.22
Sorad nd nd nd nd nd nd nd nd 5.0+2.98 3.9+1.21
TMS30572“C" 14.7+3.20 20.2+3.68 21.6+4.90 33.247.43 15.6+2.97 21.3+4.61 11.9+1.63 8.8+1.10 9.7+43.01 8.8+1.85
TMS4(2)1425 13.4+4.29 9.745.31 13.1+3.60 17.4+3.83 5.9+0.27 6.2+1.52 3.3+0.49 9.4+1.95 4.0+1.44 1.243.75
TMS91/02316 21.4+5.43 11.8+3.95 22.5+2.32 22.8+3.75 16.6+4.67 18.7+5.73 14.0+2.56 14.0£1.97 10.9+2.20 13.3+1.92
TMS91/02322 7.1+1.38 22.6+4.70 26.5+3.15 19.2+6.32 9.6+2.15 12.9+1.47 9.2+1.91 6.5+1.03 8.1+1.64 11.2+3.42
TMS92/0057 15.4+3.44 16.5+3.62 32.1+2.57 26.1+0.95 17.7+1.45 29.1+4.81 18.9+4.65 12.9+2.07 23.1+4.42 21.1+1.99
TMS92/0067 3.8+5.08 16.5+4.92 29.0£5.74 21.6+3.93 6.9+1.63 12.3+1.19 14.2+0.77 9.8+1.35 2.5+1.07 5.8+1.55
TMS92/0326 19.8+2.55 7.3+2.53 27.3+2.47 26.9+4.88 14.0+£3.77 17.2+4.46 15.8+3.16 17.0£3.25 7.7+0.99 17.7+3.42
TMS92/0343 14.9+4.13 14.7+3.40 23.0+£2.78 19.0+2.87 16.3+2.52 21.1+1.56 14.9+2.10 11.2+1.28 8.3+2.01 11.9+3.81
TMS92/0429 10.8+2.13 13.7+0.94 25.4+6.86 29.245.14 11.1+3.27 8.5+3.41 13.3+4.23 20.9+6.07 12.8+2.42 12.2+2.41
TMSCBS10(80411) nd nd nd nd nd nd nd nd 6.3+0.51 13.9+2.31
Tomal59 4.3+0.14 10.6+2.18 16.2+1.75 7.0£0.62 3.9+2.35 8.9+2.38 18.4+10.54 5.6+1.31 nd nd
Toma219 nd nd nd nd 9.6+0.39 5.6+0.37 4.6+0.30 6.1+1.58 nd nd
Toma289 2.9+0.82 4.4+1.32 3.7+0.26 5.5+1.59 8.0+0.27 8.6+0.88 8.4+1.07 7.9+2.77 0.9+2.88 2.4+0.66
Toma378 9.6+1.96 13.6+2.36 15.0+1.57 17.2+3.24 12.9+1.18 14.0+1.66 14.3+5.08 7.9+1.28 7.2+0.13 7.6+1.41
Tuaka 4.0+0.81 12.6+3.29 17.2+1.67 25.1+7.75 1.5+1.95 8.1+2.15 1.0+0.46 -2 0.8+2.68 6.8+0.87

**= ggnificance a probability level of 0.01 between check genotypes “C" (Ben86052, Ghazékouté and TMS30572); 1 standard error; 2 missing value of root dry weight in the
inoculated plotsin the forest sasvannatransition zonein year 1999; Non-inoc. = non-inoculated; Inoc. = inoculated; Root DW = root dry weight.
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Annex 3: Rainfdl (mm) in 12 Stes of Togo
Yer Jan. Feb. Mars April May June July Aug Sept. Oct. Nov. Dec. Totd
Tabligbo1 1998 200 422 26 243 2360 1761 744 684 874 1448 535 21 931.8
1999 347 291 1698 1005 1298 1733 1623 1438 1399 2297 286 00 13415
2000 71 115 620 407 1094 8.2 867 901 879 1208 164 00 718.8
Tsvié! 1998 371 163 739 00 1686 1280 516 143 1109 1382 394 07 779.0
1999 490 25 983 488 1189 2005 1289 67.7 1654 1227 649 04 1068.0
2000 23 242 538 830 375 1067 269 797 832 1174 724 200 7071
Kpdimé& 1998 332 520 336 1622 1948 2548 1173 528 1415 2387 147 194 13150
1999 277 822 1066 1386 989 3868 3708 2327 2385 2616 823 00 2026.7
2000 00 00 483 594 1626 3926 1187 800 4480 920 439 65 14520
Adétd 1998 25 74 258 913 2532 1996 802 974 931 1541 88 48 1018.2
1999 00 28 701 641 1338 1201 970 892 1104 1466 304 00 864.5
2000 213 00 823 786 1615 3515 201.3 2650 2410 740 46 20 1483.1
Danyi2 1998 60 583 312 1244 1227 1616 806 1165 2084 1058 200 176 10531
1999 150 586 252 740 829 1407 1884 1047 1885 1962 90.7 00 1164.9
2000 176 00 420 953 915 2914 3005 2000 216.7 1481 221 06 14258
Atakpamé3 1998 01 749 64 2842 2400 1310 1953 1896 626 1161 04 04 13010
1999 1700 472 542 1533 1652 156.5 3095 3504 2214 1687 137 00 1810.2
2000 65 00 145 1109 109.6 1521 1405 156.7 2599 1158 23 00 1089.6
Stoubous’ 1998 133 452 367 651 967 1898 1957 2818 277.7 167.0 00 20 13710
1999 00 347 228 699 2127 1342 2042 2171 2872 18381 192 00 13091
2000 02 00 175 1755 1179 2424 1615 3225 1759 964 00 00 1309.8
Sokodé® 1998 99 07 03 1114 952 149.6 2139 2400 3275 2293 00 190 139%.8
1999 00 290 491 1805 843 785 1623 330.3 2198 1237 125 00 12700
2000 00 00 53 87.7 840 1897 2438 239.6 2108 1045 00 00 11654
Kard 1998 00 56 00 64.7 1922 3235 2033 2464 2430 1373 00 00 1416.0
1999 00 637 196 872 783 1071 1580 266.3 193.0 200.0 00 00 11732
2000 7.0 00 242 545 931 1857 1823 2600 2926 903 133 00 1203.0
Niamtougot 1998 100 10 356 509 1470 206.1 2471 2933 2083 106.7 00 00 1306.0
1999 00 295 26 69.1 1603 1881 2847 3124 3749 229.1 00 00 1650.7
2000 382 00 36 892 893 1664 2374 3055 2679 1336 00 00 13311
Mango4 1998 00 06 00 332 1268 1737 1546 3553 3425 933 00 00 1280.0
1999 00 11 178 869 845 1151 2276 4003 3069 169.7 00 00 1400.9
2000 00 00 00 965 1470 1409 1266 959 2549 457 00 00 907.5
Daoaong4 1998 00 00 00 1349 161.1 1701 1405 351.2 2159 1055 00 00 1279.2
1999 00 400 86 906 225 768 2173 4394 2833 462 00 00 12247
2000 00 00 00 339 828 1128 1127 1756 2082 1013 00 00 827.3

*forest savanna transition zone; “forest zone; “wet savanna zone; “dry savanna zone.
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