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RÉSUMÉ

Le manioc (Manihot esculenta Crantz), dont la racine tubéreuse est une source importante de carbohydrates pour des centaines de millions de personnes dans le monde, est largement cultivé sous les tropiques. En raison de sa tolérance aux stress thermiques et hydriques, le manioc est considéré comme une plante résiliente face au changement climatique. En Colombie, le manioc est l'une des espèces alimentaires les plus cultivées, assurant la subsistance de nombreux petits exploitants familiaux. La région des Caraïbes contribue à environ 50 % de la production nationale, principalement grâce à l'exploitation à petite échelle par les communautés locales qui utilisent le manioc non seulement dans le cadre de leur régime alimentaire traditionnel, mais aussi comme source de revenus.

Le manioc est menacé par plusieurs ravageurs et maladies pouvant réduire de manière significative les rendements. Ces pertes de rendement sont à l'origine de problèmes socioéconomiques pour les petits agriculteurs, qui dépendent de leur production pour leur survie. Parmi les principales maladies qui affectent la production de manioc figure la bactériose vasculaire du manioc (CBB, pour son acronyme en anglais), qui est causée par Xanthomonas phaseoli pv. manihotis (Xpm). Xpm est une bactérie Gram-négative systémique qui pénètre dans les feuilles de l'hôte par des ouvertures naturelles ou des blessures et se déplace dans les feuilles distales et les tiges via la colonisation du système vasculaire de la plante. L'agent pathogène peut se propager au sein d'une parcelle par le biais d'outils contaminés utilisés pour préparer les boutures de tiges au moment de la plantation ou pour couper les tiges au moment de la récolte. De plus, les agriculteurs reconnaissent le CBB comme une préoccupation en raison du manque de connaissances pour le contrôler, mais il ne reçoit toujours pas l'attention nécessaire car les agriculteurs manquent de formation pour l'identification du CBB ou n'ont aucun intérêt à l'arrêter car ils sous-estiment son impact sur le rendement.

Il existe des connaissances assez détaillées sur la diversité génétique des populations de Xpm, leur dynamique évolutive et les gènes impliqués dans la virulence de l'agent pathogène. Cependant, des aspects tels que l'impact des pratiques agricoles et du contexte sociopolitique sur l'épidémiologie de Xpm restent à déterminer. En ce sens, l'objectif principal de cette thèse de doctorat était d'étudier, par le biais d'approches multidisciplinaires issues des sciences sociales et naturelles, le rôle joué par les connaissances locales, les pratiques agronomiques et les facteurs socio-économiques sur l'occurrence du CBB, à l'échelle du village Villa López situé dans la région des Caraïbes en Colombie.

Nos résultats montrent que : (i) l'occurrence du CBB dépend fortement des questions foncières, probablement en raison d'un contrôle phytosanitaire inadéquat lors de l'acquisition de boutures lorsque les agriculteurs sont contraints de louer la terre ; (ii) le système de circulation de ces propagules de manioc a un fort impact sur la propagation et la diversité de Xpm à l'échelle de Villa López ; (iii) il existe une corrélation positive significative entre les changements de pratiques agricoles et l'occurrence du CBB dans le village de Villa López. En outre, (iv) l'histoire agraire de la culture du manioc dans la région et les effets des conflits fonciers sur la propagation du CBB au fil du temps ont été enregistrés grâce à une méthode participative avec les agriculteurs. Ces informations sont un élément clé dans l'amélioration de notre compréhension de la structure génétique des populations du pathogène et de sa prévalence dans le monde. De plus, elles fournissent des informations nécessaires à la détection précoce et au contrôle durable du CBB dans les cultures de manioc à l'échelle locale.

Introduction

Le manioc (Manihot esculenta Crantz) est crucial pour la sécurité alimentaire mondiale car il est une source de glucides pour des millions de personnes, notamment dans les pays tropicaux, et est considéré comme une stratégie d'adaptation au changement climatique en raison de sa tolérance aux environnements arides (El-Sharkawy, 2014). En Colombie, le manioc fait partie du régime alimentaire de plusieurs régions du pays et constitue une source de revenus pour des centaines de familles d'agriculteurs qui le cultivent. Cependant, bien que la région des Caraïbes contribue à environ 50 % de la production nationale et que la demande de tubercules sur les marchés régionaux augmente en raison des utilisations industrielles, la culture du manioc représente un défi pour les agriculteurs car ils doivent lutter contre des problèmes socio-économiques et environnementales pour obtenir des rendements capables de répondre aux demandes des villes en expansion.

En outre, les agriculteurs des Caraïbes ont signalé récemment une augmentation des maladies des cultures, avec tout ce que cet impact peut signifier en termes de productivité et de qualité de vie. Plus de 200 espèces d'arthropodes, 250 espèces de champignons, 17 espèces de virus et plusieurs espèces de nématodes parasites et de bactéries ont été signalées comme attaquant les cultures de manioc. Parmi les maladies qui les inquiètent le plus figure la bactériose vasculaire du manioc (CBB, pour son acronyme en anglais Cassava Bacterial Blight). Le CBB est causé par l'agent pathogène Xanthomonas phaseoli pv. manihotis (Xpm), qui est une bactérie gram-négative qui colonise le système vasculaire de l'hôte, causant des lésions irréversibles dans la plante qui empêchent sa croissance (Zarate-Chaves et al., 2021). Les agriculteurs reconnaissent que cette maladie est préoccupante en raison du manque de connaissances sur son contrôle, mais elle ne reçoit pas encore l'attention nécessaire car les agriculteurs n'ont pas constaté de réduction significative de leurs rendements.
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Ainsi, bien qu'il existe des connaissances scientifiques sur la dynamique épidémiologique des populations de Xpm et leur prévalence dans les cultures des Caraïbes colombiennes (Trujillo et al., 2014;Zárate-Chaves et al., 2021), l'effet des pratiques culturales et du contexte socio-politique sur la propagation de l'agent pathogène n'a pas encore été déterminé. En ce sens, l'objectif principal de cette thèse est d'étudier le rôle des connaissances locales, des pratiques agronomiques et des facteurs socio-économiques dans l'apparition du CBB à l'échelle de Villa López, un village dépendant de la culture du manioc dans la région des Caraïbes en Colombie. Ces informations peuvent être un élément clé pour améliorer la compréhension de la structure génétique des populations d'agents pathogènes et leur prévalence au niveau mondial, ainsi qu'une stratégie contextuelle nécessaire pour la détection précoce, le suivi et le contrôle durable du CBB.

Ce travail a reçu le consentement éclairé des communautés impliquées. Elles ont été informées des objectifs, de la méthodologie et des résultats partiels, et des ateliers de restitutions seront organisés afin de communiquer les résultats finaux. Cette étude a été évaluée et approuvée par le comité d'éthique de l'Universidad de los Andes. Les agriculteurs sont propriétaires et ont des droits sur les connaissances locales présentées ici et leurs opinions restent anonymes, conformément aux accords établis avec la communauté.

Objectifs

Objectif général

Comprendre le rôle des connaissances locales, des pratiques agronomiques et des facteurs socio-économiques dans l'occurrence et la diversité du CBB, à l'échelle d'un village de la région des Caraïbes en Colombie.

Objectifs spécifiques

-Identifier les facteurs socioculturels et agronomiques qui influencent l'apparition du CBB dans le contexte de l'agriculture à petite échelle dans les Caraïbes colombiennes.
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-Déterminer l'impact du réseau de circulation des boutures de manioc à petite échelle sur l'épidémiologie et la diversité génétique de Xpm dans les Caraïbes colombiennes.

-Analyser l'influence de l'histoire agraire du territoire sur la culture du manioc et la diffusion de Xpm dans un contexte d'agriculture à petite échelle.

Résultats et discussion

Culture du manioc à Villa López

Les modes de vie des habitants de Villa López reflètent l'identité paysanne résultant des dynamiques sociopolitiques que la Colombie a connues ces dernières décennies et des luttes agraires qui ont eu lieu historiquement dans les Caraïbes colombiennes. Ainsi, les pratiques agricoles et, en particulier, la culture du manioc sont des éléments qui sont restées dans le cadre de la diversité culturelle de ces communautés à travers les générations [START_REF] Fals-Borda | Historia Doble de La Costa, Tomo 4, Retorno a La Tierra[END_REF]. De la même manière qu'ils l'ont appris de leurs parents et grands-parents, les agriculteurs de Villa López attendent les saisons des pluies et tiennent compte des changements de lune pour semer et récolter, et stockent leur production de manioc, de maïs et d'ignames afin d'avoir des sources de carbohydrates tout au long de l'année. Ce sont les hommes qui sont en charge de la culture du manioc à Villa López, et c'est pour cette raison que dans cette étude nous nous sommes concentrés sur leurs témoignages, mais les femmes prennent également part aux traditions autour du manioc car elles sont en charge des tâches ménagères, comme la préparation des recettes traditionnelles à base de manioc. En ce sens, la culture du manioc est restée un élément constitutif de la culture locale et un élément fondamental de l'alimentation quotidienne des habitants de la région (Aguilera-Díaz, 2012).

Cependant, l'augmentation de la demande du marché pour le manioc en lien avec ses différentes utilisations a conduit à un développement quasi industriel, impliquant le passage des pratiques locales à des stratégies qui maximisent la production. Toutefois, bien que ce système favorise les grands propriétaires terriens et ne constitue pas une source de revenu spécialement l'usage de produits agrochimiques et la mécanisation des terres, bien que cela implique des dépenses supplémentaires et puisse avoir des effets négatifs sur leur santé et celle de l'environnement. Ce changement de pratiques dû à l'influence du marché affecte non seulement leurs conditions minimales de survie et leurs moyens de subsistance, mais renforce également les inégalités sociales et favorise la dépossession agroalimentaire, comme cela a été signalé à l'échelle régionale (Camacho, 2017).

Présence de CBB à Villa López

Parmi les différentes contraintes sanitaires qui surviennent au cours du cycle de culture du manioc à Villa López, le CBB a été identifié comme la principale maladie présente dans leurs champs, du fait que les agriculteurs n'ont pas trouvé de solution pour éviter son impact. Cela coïncide avec plusieurs études qui montrent la prévalence et la diversité de la maladie dans les zones proches de Villa López, notamment du fait que les conditions climatiques sont propices au développement de la CBB dans la région et qu'il n'y a généralement pas de méthodes efficaces pour assurer son contrôle (Trujillo et al., 2014).

Tous les agriculteurs de la localité ont déclaré connaître le CBB et l'ont appelé "quema" (en français brûlure), car il rappelle certains symptômes de flétrissement des feuilles, ce que nous avons vérifié via un exercice de stimuli visuels dans lequel les agriculteurs ont identifié les symptômes associés à ce nom commun.

Les agriculteurs signalent que l'apparition du CBB à Villa Lopez depuis 1986 est directement liée à l'expansion de la culture industrielle du manioc, mais ils signalent également que la maladie a progressivement diminué lorsque les terres ont commencé à être utilisées pour l'élevage. En d'autres termes, l'agent pathogène était présent dans tous les champs où le manioc était planté, mais sans affecter significativement les rendements, ce qui explique probablement pourquoi les agriculteurs n'ont pas ressenti le besoin de lutter contre. Selon les rapports réalisés dans la région des Caraïbes colombiennes, le CBB était prévalent mais n'a pas causé de pertes considérables dans la production de manioc au cours des dernières décennies (Restrepo et al., 2004 ;Trujillo et al., 2014).
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Cette tendance se retrouve également dans notre étude de 2016. L'apparition du CBB n'a pas eu d'impact sur les rendements et une explication plausible est que les premiers symptômes de la maladie sont apparus au début de la saison des pluies, lorsque les tubercules de manioc étaient déjà d'une taille suffisante pour être arrachés. C'est-à-dire que la maladie n'a pas pu se répandre parce que la récolte a eu lieu avant que la plante ne soit significativement affectée par la maladie. Cela peut être lié au fait qu'en 2016 des saisons sèches prolongées ont eu lieu (IDEAM, 2020), mais aussi du fait de la diversité du manioc.

En effet le cycle de croissance des variétés améliorées est de plus en plus court, ce qui limite le temps nécessaire à la bactérie pour se multiplier dans la plante et se disperser naturellement vers d'autres individus, interrompant ainsi le cycle d'infection de la maladie décrit dans la littérature (Zárate-Chaves et al., 2021).

Effets du régime foncier sur la dispersion du CBB

Selon les résultats des entretiens menés en 2016, il existe une corrélation entre le régime foncier et l'apparition du CBB à Villa López. De fait, les agriculteurs signalent que la présence de la maladie est liée à l'expansion des monocultures industrielles de manioc.

Précisément, notre étude de cartographie participative montre que les paysans ont perdu leurs terres et que de grandes extensions de cultures et d'élevage à grande échelle ont été établies dans ces zones, une situation qui est toujours présente dans les zones rurales du département de Sucre (DANE, 2017).

En ce sens, les paysans ont été victimes de l'imposition du modèle agricole capitaliste et de l'accumulation par dépossession historiquement exercée par les élites de la région (Counter, 2019). Comme la plupart des terres étaient destinées aux cultures industrielles et à l'élevage, et qu'il n'existait pas d'autres sources de main-d'oeuvre, les paysans ont du louer des surfaces de moins d'un hectare pour cultiver le manioc, à des fins de commercialisation sur les marchés régionaux. De fait, nos résultats montrent que ces champs loués avaient une prévalence de la maladie plus élevée, ce qui pourrait s'expliquer par la possibilité limitée pour ces agriculteurs de Villa López de conserver leurs semences.

Les agriculteurs ont ainsi dû acquérir des semences de sources externes à chaque cycle de culture, généralement auprès de grands propriétaires terriens et, compte tenue de la rareté XI des semences au niveau local, ils ont semé tout le matériel disponible sans contrôle de leur état phytosanitaire. Par conséquent, conformément à ce qui a été rapporté dans la littérature, le contrôle et une gestion inadéquate du matériel de propagation avant semis pourraient être un facteur clé de la propagation du CBB (Mansfield et al., 2012). De plus, ceci a pu être exacerbé par le fait que les agriculteurs n'ont pas détecté les symptômes du CBB car ils ne sont pas évidents à ce stade précoce de la culture du manioc (Wydra & Verdier, 2002).

Dispersion du CBB en raison du changement des pratiques agricoles

Bien que certaines méthodes agricoles apprises de leurs parents et grands-parents soient encore préservées, les agriculteurs de Villa López ont modifié leurs pratiques pour répondre aux exigences croissantes du marché. Cette tendance se retrouve à l'échelle régionale avec une utilisation des terres qui se réoriente de l'agriculture familiale vers des monocultures industrielles et aux projets extractivistes [START_REF] Daniels | La transformación de la estructura productiva de los Montes de María: de despensa agrícola a distrito minero-energético[END_REF].

Les produits agrochimiques sont l'une des pratiques les plus utilisées de l'agriculture moderne, car les agriculteurs les appliquent à tous les stades de la culture, négligeant les méthodes locales de nutrition des sols et de gestion des parasites et maladies. Nos résultats montrent que l'utilisation d'engrais augmente la probabilité d'apparition du CBB. Plusieurs études montrent que les engrais chimiques sont efficaces pour compléter la nutrition du sol, mais pourraient augmenter la sensibilité des plantes aux maladies (Long et al., 2000 ;Veresogloua et al., 2013) et, dans le cas CBB, il est signalé que les jeunes tissus de manioc en lien avec des traitements aux engrais, sont très sensibles à Xpm (Lozano, 1986). En outre, bien qu'il ait été signalé qu'un apport accru d'azote peut augmenter la sensibilité à certaines maladies (Dordas, 2008), cela n'a pas encore été démontré pour le CBB.

Les agriculteurs utilisent également divers pesticides qui peuvent agir efficacement à différents stades de la culture du manioc pour lutter contre les problèmes phytopathologiques. Par exemple, les agriculteurs de Villa López utilisent certains insecticides organophosphorés comme mesure préventive contre le scolyte du fruit du caféier. Par ailleurs, il est connu que les traitements à base de cuivre peuvent être efficaces dans la gestion des maladies bactériennes (Sundin et al., 2016). En ce sens, bien que de XII l'oxychlorure de cuivre ait été appliqué sur les boutures de manioc avant la plantation, ce traitement superficiel des semences ne permet pas d'éliminer les bactéries situées dans les tissus vasculaires, et n'a donc que peu d'effet pour limiter l'apparition du CBB.

Dans les champs cultivés à petite échelle, certaines pratiques résultent des changements induits par la culture commerciale du manioc, comme la prise en compte des cycles lunaires ou des conditions climatiques pour la culture et la récolte. L'utilisation de cultures intercalaires est une pratique courante pour l'autosuffisance alimentaire, en essayant de tirer parti du temps limité que les paysans ont pour exploiter les terres louées. Dans le cas du CBB, bien que nous ne l'ayons pas testé avec nos résultats, les cultures intercalaires sont fréquentes et leur utilisation pourrait réduire l'intensité du CBB à Villa López, car elles peuvent agir comme une barrière physique limitant la propagation de Xpm dans le champ liée à la pluie et le vent (Wydra & Verdier, 2002 ;Zinsou et al., 2004). Les systèmes de polyculture, en raison de la dynamique de compétition agroécologique, pourrait également être bénéfique pour le contrôle des mauvaises herbes (Weerarathne et al., 2017), ce qui peuvent héberger des agents pathogènes, tels que les bactéries (Sikirou & Wydra, 2008).

Effet des réseaux d'échange des boutures sur la dispersion et la diversité du CBB

La plupart des agriculteurs de Villa López ne sont pas des propriétaires terriens et peuvent donc difficilement conserver du matériel de propagation pour le prochain cycle de plantation. Les boutures sont alors issues d'un vaste réseau de circulation de matériel propagatif entre agriculteurs, et la plupart des échanges ont lieu entre les habitants de Villa López. Lorsque cette circulation de boutures s'opère avec des donneurs situés hors de Villa López, en particulier dans le cas de boutures issues de champs à vocation industrielle, celles-ci sont fréquemment contaminées. Dans ces cas, les semences ont circulé sans contrôle phytosanitaire adéquat, ce qui est décrit comme l'un des principaux points à considérer pour limiter le flux d'agents pathogènes dans les principales cultures du monde (Shaw & Pautasso, 2014).

L'origine des boutures pourrait également expliquer la diversité relativement élevée des haplotypes de Xpm rencontrés à l'échelle de Villa López, par rapport à d'autres études menées dans des municipalités voisines des Caraïbes colombiennes (Trujillo et al., 2014).
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Ainsi, une plus grande diversité était associée aux champs cultivés en location, où les semences ne pouvaient pas être conservées d'une saison sur l'autre et où, les agriculteurs sont contraints d'acquérir leur matériel de propagation par des échanges avec des personnes extérieures au village et/ou avec des agriculteurs de Villa López. Au contraire, les champs de manioc cultivés de façon industrielle présente une moindre diversité génétique des haplotypes, probablement en raison de la faible mobilité des boutures entre les champs. D'autre part, les champs géographiquement plus proches les uns des autres témoignent d'une plus faible distance génétique de leurs haplotypes, ce qui est potentiellement lié à une migration limitée de Xpm (Lozano & Sequeira, 1974). Une dispersion naturelle par des facteurs environnementaux pourrait expliquer la multiplication de la bactérie dans chaque champ, tandis que la dispersion médiée par les activités humaines pourrait expliquer la diversité des agents pathogènes dans chaque champ en raison de l'introduction d'haplotypes provenant de différents champs, ainsi que l'occurrence des mêmes haplotypes à des distances géographiques supérieures à 1 km, comme cela avait été signalé dans les Caraïbes colombiennes (Rache et al., 2019). Dans les comparaisons entre champs, on trouve de plus grandes similarités génétiques entre les populations des champs qui ont échangé des boutures, ce qui suggère que les bactéries ont migré entre les champs via le réseau de circulation des boutures. Ceci est cohérent avec les résultats de Restrepo et Verdier (1997) sur la migration de Xpm dans les Caraïbes colombiennes pendant les années 1990, probablement en raison d'un contrôle inadéquat du matériel de propagation potentiellement infecté par Xpm.

Conclusion

Le manioc est un aliment essentiel pour les habitants de Villa López. Il fait non seulement partie de leurs traditions culinaires, mais constitue également leur principal moyen de subsistance et leur source de revenus depuis au moins quatre générations. Mais il ne s'agit pas d'une simple transaction commerciale, car les agriculteurs se sont adaptés aux conditions environnementales changeantes pour établir les meilleurs moments pour planter et récolter le manioc, ainsi que pour organiser leurs stratégies de subsistance en fonction du cycle de croissance des plantes.
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Ainsi, en l'absence de méthodes de contrôle efficaces, le CBB est reconnu par les agriculteurs de Villa López comme la principale maladie affectant les cultures dans la localité. Cependant, bien que certains agriculteurs se souviennent de cas isolés de CBB ayant eu des impacts considérables, la plupart n'ont pas signalé de pertes dues à cette maladie. Une explication possible est que, comme cela s'est produit au cours des années que nous avons échantillonnées, les premiers symptômes sont apparus à un moment où les tubercules étaient déjà de taille commerciale et où la récolte a eu lieu au début de la saison des pluies (ce facteur climatique est indispensable à la dispersion de l'agent pathogène), de sorte qu'il n'y aurait pas eu assez de temps pour que Xpm se propage naturellement.

Par ailleurs, les résultats de la cartographie participative montrent que la maladie apparaît à Villa López après 1986. Sa dispersion au cours des années consécutives pourrait être due à l'augmentation du nombre de champs cultivés à grande échelle, au manque de connaissances sur la maladie et aux conditions climatiques enregistrées plus propices au CBB. Selon les souvenirs des agriculteurs, le CBB a commencé à être signalé lorsque la culture du manioc est devenue une activité commerciale. Ainsi, la maladie est restée dans les endroits où la culture du manioc à grande échelle était présente et y est restée jusqu'à ce que l'utilisation des terres change, notamment du fait de l'expansion de l'élevage. Avec l'étude de terrain réalisée en 2016, nous montrons que Xpm est susceptible de migrer hors des champs cultivés de façon industrielle vers ceux cultivés à petite échelle, indépendamment de la variété de manioc cultivée, qu'elle soit douce ou amère. En outre, la diminution de l'occurrence du CBB ces dernières années pourrait être liée à la réduction progressive des temps de récolte du fait de l'utilisation de variétés de manioc améliorées, particulièrement Venezolana et Chirosa, qui ne laissent pas suffisamment de temps à la bactérie pour se propager dans la plante. Cependant, ces résultats étant très préliminaires, une étude plus approfondie des caractéristiques des variétés de manioc plantées dans la région et de l'effet sur le contrôle du CBB est nécessaire dans la perspective d' identifier les gènes de résistance impliqués.

Les changements dans le mode d'utilisation des terres qui ont pu influencer la propagation du CBB, les dynamiques économiques qui ont conduit à la diminution de la diversité des variétés locales de manioc, et les conflits socio-environnementaux qui prévalent sur le XV territoire en raison du passage au modèle agricole extractiviste et capitaliste, ne sont pas isolés de la violence politique dans les Caraïbes colombiennes. Une carte de la distribution, sur les quarante dernières années, des parcelles contaminées au CBB et établie collectivement indique que l'augmentation des zones de monocultures semble proportionnelle à celle de la maladie, remplaçant précisément les zones où l'agriculture de type familiale et à petite échelle était signalée. Cela suggère que l'expansion de l'agriculture et de l'élevage décrite par les paysans dans les années 1990 a été facilitée par l'octroi des terres par les élites régionales et le déplacement forcé des paysans, et que ce processus s'est accompagné de la propagation du CBB, probablement en raison de la circulation intense des graines entre champs voisins. Cette dynamique a pu se poursuivre de la fin des années 1990 jusqu'en 2015, alors que les monocultures de coton et de tabac se sont répandues autour de Villa López. Les rapports indiquent qu'il y avait une faible sévérité mais une grande variabilité génétique dans la région jusqu'en 2010, ce qui peut s'expliquer par une migration accrue de Xpm et les conditions climatiques.

La cartographie participative montre qu'avec le temps, il y a une diminution de l'occurrence du CBB dans les champs de type industriel. Néanmoins, en 2016, la maladie était présente dans environ la moitié des champs cultivés à petite échelle visités. D'après les résultats des entretiens, trois facteurs principaux peuvent expliquer l'apparition de la maladie : l'utilisation d'engrais, le régime foncier et l'échange de boutures avec les producteurs industriels de manioc.

Si la plupart des agriculteurs utilisent divers types de produits agrochimiques à tous les stades du cycle de culture, les engrais ne sont toutefois pas utilisés dans tous les champs visités car ils constituent un coût supplémentaire à peine récupéré dans les bénéfices de la récolte finale. Cependant, il existe une corrélation entre les champs traités avec des engrais et l'apparition de la maladie. Notre étude n'ayant pas approfondi ces données spécifiques, des études expérimentales seraient nécessaires pour confirmer l'impact de l'application de ces produits sur la propagation du CBB, sachant qu'il existe des rapports faisant état d'une sensibilité accrue à certaines maladies due à l'apport de certains composants de ces produits chimiques.

En outre, un autre facteur lié à l'apparition de la maladie à Villa López est le régime foncier, étant donné que peu d'agriculteurs sont propriétaires des champs qu'ils cultiventt. Ils ne Considérant que c'est la première fois que ce type d'approches de science participative est mis en oeuvre pour la documentation de l'histoire agraire des cultures de manioc dans les Caraïbes colombiennes et, spécifiquement, pour l'évaluation de la prévalence du CBB au fil du temps, il pourrait être important de considérer les autres cultures associées au manioc et les autres problèmes phytopathologiques qui se produisent tout au long de leurs cycles de culture, comme stratégie pour fournir des données plus précises et comme référence pour la formulation de plans de gestion et de contrôle des ravageurs et des maladies associés aux cultures tropicales, ainsi que pour la mise en oeuvre de politiques régionales mieux adaptées en matière d'agriculture et de sécurité alimentaire.

Apprendre à connaître le travail des paysans nous a permis d'apprécier leurs luttes historiques pour la terre et de comprendre à quel point le conflit armé a transformé leur mode de vie. Nous avons appris à travers leurs paroles le manque de biens et de services en milieu rural et les graves problèmes de sécurité alimentaire auxquels sont ironiquement confrontés ceux qui produisent notre nourriture. Le travail de cartographie souligne que les réformes foncières des gouvernements colombiens ont bénéficié aux élites et n'ont pas considéré la formalisation des terres comme un élément clé pour renforcer les moyens de subsistance des paysans. Ainsi, la prise en compte des savoirs traditionnels paysans n'est pas seulement un outil de valorisation de la diversité culturelle de la région Caraïbe colombiennes, mais génère également des pistes pour l'inclusion des personnes qui vivent dans les campagnes dans la construction d'une réforme rurale intégrale, dans le cadre de la mise en oeuvre des accords de paix signés en 2016 entre le gouvernement colombien et la guérilla des FARC-EP.

GENERAL INTRODUCTION

Of the importance of farmer's knowledge about plant health issues

In the social sciences, a "farmer" can be considered as a person who lives in rural areas and works the land, regardless of gender issues [START_REF] Edelman | ¿Qué es un campesino? ¿Qué son los campesinados? Un breve documento sobre cuestiones de definición[END_REF]. The concept of a farmer differs from that of a grower (or agricultural entrepreneur) because the farmer's activities are not carried out in some industrial production units, such as a greenhouse or a stable. Indeed, to be a farmer is not a business since his activities are not only aimed at satisfying his needs, but also at developing his livelihood [START_REF] Toledo | La racionalidad ecológica de la producción campesina[END_REF]. Farmers are usually differentiated from big growers according to their land ownership, since farmers usually work the land of others and/or aspire to obtain their own land [START_REF] Edelman | ¿Qué es un campesino? ¿Qué son los campesinados? Un breve documento sobre cuestiones de definición[END_REF]. However, in recent decades the dominant capitalist model of agriculture has privileged those who have the possibility of using agroindustrial technologies for mass food production and has impacted farmers, who find it increasingly difficult to survive. In economic terms, more recent analyses did not differentiate farmer's agriculture from entrepreneurial or industrial's one because both have commercial objectives. However, farmers are more closely related to small growers because both seek to reduce the monetary costs of production through cultural practices such as seed circulation, reduction of chemical inputs or the implementation of polycultures [START_REF] Van Der Ploeg | The new peasantries: struggles for autonomy and sustainability in an era of empire and globalization[END_REF].

In this context, although the disappearance of peasants would be the most likely outcome in the face of the advance of capitalist forms of production, they remain resilient. They have found strategies to adapt to market dynamics in order to persist in the middle of unequal competition with agricultural entrepreneurs, e.g. through peasant organizations, development of alternative economies, organic farming or ecotourism [START_REF] Mora-Delgado | Persistencia, conocimiento local y estrategias de vida en sociedades campesinas[END_REF]. Thus, since the motives for staying in the rural environment are not only economic, peasants are also mobilized by their identity, the link with their land and their traditions [START_REF] Spicer | Persistent Cultural System: A Comparative Study of Identity Systems that Can Adapt to Contrasting Environments[END_REF].

The continuous adaptations to global changes and the sense of belonging to their land make farmers deeply familiar with local agroecosystems, as a result of processes of observation, experimentation and social transmission of knowledge [START_REF] Nazarea | Local Knowledge and Memory in Biodiversity Conservation[END_REF]. This relationship with their territory is a key tool that has allowed farmers to develop their livelihood strategies according to their needs, expectations and preferences, based on their natural, ecological, human or social assets [START_REF] Ellis | Rural Livelihoods and Diversity in Development Countries[END_REF]. Local knowledge is cumulative and dynamic because it depends on the changing relationships between farmers and their socioecological environment [START_REF] Berkes | Adapting to climate change: social-ecological resilience in a Canadian western Arctic community[END_REF].

In a context of global climate change that threatens world food security, especially for the most vulnerable communities [START_REF] Battisti | Historical Warnings of Future Food Insecurity with Unprecedented Historical Heat[END_REF], the dialogue of wisdoms involving traditional knowledges, modern science and institutions could be decisive in achieving agricultural systems that respond to the challenge of achieving access to sufficient, healthy, nutritious, and culturally significant food for people [START_REF] Leff | Aventuras de la epistemología ambiental: de la articulación de ciencias al diálogo de saberes[END_REF]. However, most of the problems of the countryside are addressed from the conventional perspectives of agricultural sciences, which aim at an industrialization in plant production that does not consider human and social issues. For example, over the recent decades, the market of pesticides has increased, despite the evidence of their harmful effects on ecosystem and human health [START_REF] Fantke | Health impact and damage cost assessment of pesticides in Europe[END_REF][START_REF] Bourguet | The hidden and external costs of pesticide use[END_REF]. Thus, alternative strategies for the control of pests and diseases of agricultural crops (such as the use of biopesticides, biological control, the training of farmers for early pest detection, the deployment of resistant varieties or the recovery of local seeds) are left aside and the economic incomes of large commercial monopolies are privileged, despite the fact that this directly affects communities [START_REF] Carvalho | Pesticides, environment, and food safety[END_REF].

In the case of crop health improvement, there is a growing interest in generating knowledge for a better understanding of the biology, ecology, genetics and epidemiology of pathogens, as well as integrating qualitative methods that include the participation of people to achieve the control of pests and diseases affecting the main crops [START_REF] Bentley | Bibliography: Farmer knowledge and management of crop disease[END_REF]. Then, the local knowledge on agroecosystem dynamics is determinant for disease and pest control and, consequently, crop improvement [START_REF] Altieri | Linking ecologists and traditional farmers in the search for sustainable agriculture[END_REF]. [START_REF] Scholthof | Ethnophytopathology: the relationship between plant pathology and human society[END_REF] discusses of the importance of taking into account the social and cultural dimensions within phytopathological studies, in what could be refered to as "Ethnophytopathology", as a recognition of the link that people have with plant pathogens, these organisms that are not directly visible with eyes. Additionally, this new way of looking at plant pathology would bring society closer to issues related to food production and the role of this science in global public health [START_REF] Scholthof | Plant pathology and public health[END_REF].

Consequently, local knowledge should be considered when designing management plans for phytopathogens, considering that the farmers are in direct contact with these problems in the field and will be directly affected due to production losses [START_REF] Thurston | Plant disease management practices of traditional farmers[END_REF].

Phytopathological studies should therefore include a qualitative approach that considers the farmers perception of the disease [START_REF] Testen | Integrating ethnophytopathological knowledge and field surveys to improve tomato disease management in Tanzania[END_REF], the sociocultural factors that may influence the spread of underlying pathogens (Pérez et al., 2022b), and the local management practices [START_REF] Adam | Farmers' knowledge, perceptions and management of diseases affecting sweet potatoes in the Lake Victoria Zone region, Tanzania[END_REF]. Likewise, this should be accompanied by institutional programs that seek to prevent and manage diseases, as well as to homogenize terminology and feedback experiences (KirosMeles & Abang, 2008). This exchange would allow the creation of more efficient communication channels between farmers and plant pathologists, suggesting appropriate practices that reduce the risks and impacts both for crops and for the communities themselves [START_REF] Bentley | Ethnopathology: Local knowledge of plant health problems in Bangladesh, Uganda and Bolivia[END_REF].

A. Phytosanitary problems in a context of global socio-economic crisis

According to [START_REF] Lewis | Defining the Anthropocene[END_REF] we are living in a new geological era called Anthropocene, in which human actions have a determining impact on nature. In fact, since the last century we could speak of Capitalocene, in which industrialization and miningenergy extractivism produce money that benefits a few people belonging to elites, while promoting environmental and climatic transformations that affect natural and social systems worldwide (Ulloa 2017).

One of the major concerns of the impact of these anthropogenic-based transformations is the risk of food insecurity, since the agricultural production system fails to supply the necessary energy demand. Especially in developing countries, in recent decades agriculture has faced challenges such as the growth of cities, dependence on fuels, consumerism promoted by the dominant economic system, unequal access to resources and impact of climate change.

In this sense, the agrifood system has been reduced to the commoditization of food as a factor of wealth accumulation that favors large companies, where mass production of food to satisfy market demands ignores local nutritional needs and preferences [START_REF] Patel | Obesos y famélicos. El impacto de la globalización en el sistema alimentario mundial[END_REF]. In a context of global market opening, tropical countries have been ruled to the dictates of the capitalist mode of production, where the aim is to achieve high yields to supply export demands, without considering the environmental and human consequences that this may have for the producing territories.

Likewise, the modern agrifood system expands the agricultural frontier, which impacts the biophysical conditions for the maintenance of nature and societies. In addition, the change in agricultural practices has been a polluting factor of the surrounding environment and has affected biological, agricultural and cultural diversity [START_REF] Shiva | ¿Quién alimenta realmente al mundo?: el fracaso de la agricultura industrial y la promesa de la agroecología[END_REF]. An illustrative milestone of this problem was the beginning of the green revolution during the 1950s and 1970s in India, the most emblematic country of this new approach. This phenomenon was idealized as a solution to the hunger problems of countries with higher poverty rates, due to productive intensification through the use of modern planting technologies, and the use of agrochemicals for fertilization and disease control. But, in reality, the implementation of this model has been a business that has benefited large transnational capital and has resulted in the loss of traditional practices, the deterioration of the socioeconomic conditions of local communities, the loss of traditional seeds and environmental degradation [START_REF] John | Lessons from the Aftermaths of Green Revolution on Food System and Health[END_REF].

Global climate change can be seen as a consequence of capitalist agriculture, given that industrialization of agriculture is one of the main sources of greenhouse gas emissions and has caused soil degradation and water pollution from chemical runoff [START_REF] Burney | Greenhouse gas mitigation by agricultural intensification[END_REF].

However, the agricultural sector does not only contribute to climate change, but it is also affected by this phenomenon. The climate crisis is related to the change of atmospheric parameters such as temperature, precipitation and humidity [START_REF] Adams | Effects of global climate change on agriculture: an interpretative review[END_REF][START_REF] Malhi | Impact of Climate Change on Agriculture and Its Mitigation Strategies: A Review[END_REF], which are key to crop quantity and quality. Moreoverit may influence the spread of main crop diseases, with a direct effect on food security in tropical countries (Chakraborty & Newton, 2011;Savary et al., 2019). For example, it is estimated that for each degree Celsius of warming, cereal crop yields are reduced by 10-25% (Deutsch et al., 2018). Therefore, a growing world population demands more and more food, and for this reason the challenge of contemporary agriculture is to avoid hunger and maintain a healthy environment for people. In this sense, knowledge about plant health problems is a global requirement because it is necessary to produce sufficient and nutritious food without altering the environmental conditions of the surroundings or affecting the livelihoods of local communities.

a. Human actions influence the spread of plant diseases

Diseases and pests associated with major crops have left severe economic losses to people worldwide, as well as remarkable social and political consequences over time (Zadoks, 2017). Historical records demonstrate the constant presence of destructive diseases that caused worldwide famine and were attributed to supernatural phenomena. Thus, the fear of famine caused people to begin to control these problems initially through local trial and error methods, until the study of these problems became more and more systematic, specializing in parallel to the increase of knowledge about microbiology and ecology [START_REF] Lucas | History of Plant Pathology[END_REF]. Over time, studies have helped us to better understand the life of pathogens, but the effects of plant diseases and pests have also become evident: crop yield and quality are reduced, which in turn generates substantial economic losses and, above all, risks of food insecurity and reduction in the quality of life of the people. This problem is exacerbated if one considers the increased variability and resistance of pathogens and pests to chemicals methods of control, as well as the erosion of the agrobiodiversity [START_REF] Emperaire | Manivas e papas: três experiências de patrimonialização da agrobiodiversidade[END_REF] in changing global environmental conditions with phenomena such as global warming [START_REF] Savary | Crop health and its global impacts on the components of food security[END_REF]. Indeed, the relationship between climate change and the spread of pathogens in crops has been widely documented over the past 30 years [START_REF] Juroszek | Overview on the review articles published during the past 30 years relating to the potential climate change effects on plant pathogens and crop disease risks[END_REF]. The increase in global temperature has a direct influence on the biology and ecology of pathogens, hosts and vectors. In addition, the change in environmental conditions has consequences on social policies because it becomes necessary to take adaptation and mitigation measures to ensure optimal living conditions in a changing socioeconomic and agrarian context [START_REF] Stein | Preparing for and managing change: climate adaptation for biodiversity and ecosystems[END_REF].

The effects of climate differ according to the adaptations of the pathogen and the host to respond to changes in atmospheric conditions. Thus, for example, some diseases that occur regularly in cold climates could adapt to the increase in temperature and spread, causing damages and increasing their aggressiveness [START_REF] Milus | Evidence for increased aggressiveness in a recent widespread strain of Puccinia striiformis f. sp. tritici causing stripe rust of wheat[END_REF]. There are also reports about the spread of weeds and other invasive species due to climate change, which could affect the microclimate and agroecosystem composition, increasing pest and vector populations or the risk of incidence, variability and severity of a disease [START_REF] Juroszek | Plant pathogens, insect pests and weeds in a changing global climate: A review of approaches, challenges, research gaps, key studies and concepts[END_REF][START_REF] Korres | Cultivars to face climate change effects on crops and weeds: a review[END_REF].

Pathogenic microorganisms find the most favorable conditions for their multiplication thanks to climate change, but find efficient transport routes thanks to human decisions (such as neoliberal economic dynamics, agrarian reforms, farming practices, seed exchange), which have influenced the introduction and spread of pathogens in geographical areas where they did not exist, this being a key factor in the establishment of many historical epidemics such as potato late blight (Phytophthora infestans) in Ireland [START_REF] Yuen | Pathogens which threaten food security: Phytophthora infestans, the potato late blight pathogen[END_REF], wheat rust (Puccinia graminis f. sp. tritici) in the United States [START_REF] Pardey | Rightsizing stem-rust research[END_REF], coffee rust (Hemileia vastatrix) in Latin America [START_REF] Avelino | The coffee rust crises in Colombia and central America (2008-2013): impacts, plausible causes and proposed solutions[END_REF] or olive bacterial blight (Xylella fastidiosa) in southern Europe [START_REF] Almeida | Addressing the New Global Threat of Xylella fastidiosa[END_REF].

Then, humankind caused biophysical, socio-political and economic changes that have had an impact on the functions and services of the subsystems that integrate the agroecosystem, including the dynamics of pathogen populations [START_REF] Altieri | The agroecological revolution in Latin America: rescuing nature, ensuring food sovereignty and empowering peasants[END_REF]. In trade exchange systems and human movements, there are flows of biological material that result in the migration of plant pathogens, which can lead to the expansion of microorganisms that can adapt to the physics and environmental conditions of a region [START_REF] Grunwald | Evolution and population genetics of exotic and re-emerging pathogens: novel tools and approaches[END_REF].

In the current context of globalization, the increasing volumes of international plant trade transactions promote the spread of diseases, as well as the increase of travelers and commodities that could carry pathogens. In fact, the number of new fungal, bacterial and viral infections of plants has increased in recent decades, and even more so in those countries where strict regulations are not in place [START_REF] Waage | Patterns of plant pest introductions in Europe and Africa[END_REF]. In response to international food markets, planting densities are increased to optimize yields in specific locations, which also favors the spread of diseases, as has happened with large-scale crops in Europe [START_REF] Hovmøller | Clonality and long-distance migration of Puccinia striiformis f.sp tritici in north-west Europe[END_REF]. Both commercial and tourist movements are a growing threat to biosecurity systems on a national scale, and for this reason it is key to strengthen preventive measures to avoid the transport of living organisms that could represent a problem in the ecological dynamics of ecosystems, as well as the circulation of foreign pathogens [START_REF] Gössling | Global environmental consequences of tourism[END_REF].

In this regard, strong international regulations are required for the control of plant materials that circulate across borders, but also local policies for the surveillance and control of pathogens at regional and national scales, as strategies to monitor, know and anticipate the distribution and dispersal factors of these potentially risky populations for crops. In addition, it is necessary to implement strategies to understand and manage current phytosanitary problems, from academia (interdisciplinary research, applied and participatory science, dissemination of results), public institutions (financing, access to land and seeds, training and technical assistance) and the experience of the people themselves [START_REF] Stemerding | Social Dimensions of Integrated Production and Pest Management -A Case Study in Mali[END_REF].

The problems of food security in a growing world population and climate change context highlight the need to increase multidisciplinary and participatory agricultural research to address the phytosanitary problems of the main crops that sustain humankind [START_REF] Byerlee | Targeting poverty alleviation in priority setting for agricultural research[END_REF]. In fact, the United Nations declared 2020 as the International Year of Plant Health (IYPH), considering that plant health is not only determinant for nutrition, but is key to the maintenance of ecological interactions of ecosystems and animal and human welfare (FAO, 2020). Thus, to successfully prevent and mitigate these problems in food crops, effective pest and disease management approaches are required, including strategies for the responsible use of agrochemicals in industrial and smallholder farms. In addition, local knowledge about pathogens and their effects in the field, collective actions to quantify crop losses and their consequent multi-scale impact (society, plants, animals) and decision making are necessary [START_REF] Wilkinson | Infectious diseases of animals and plants: an interdisciplinary approach[END_REF].

b. Plants and pathogens

Since the origin of agriculture, growers have faced various diseases in their crops [START_REF] Balter | Seeking agriculture's ancient roots[END_REF], which are caused by pathogens with various life styles allowing them to survive on their host by establishing a parasitic relationship. It appears that sometimes both host plants and pathogens were domesticated at the same time, but there are also cases of recent emergences of pathogens for instance following horizontal gene transfer or hybridization [START_REF] Stukenbrock | The origins of plant pathogens in agro-ecosystems[END_REF].

The pathogen can penetrate the plant through different strategies. For example, pathogenic and symbiotic fungi and oomycetes can introduce some invasive structures through the plasmatic membrane of the target host cell that allow them to suppress plant immunity and colonize the host tissues. Nematodes and aphids feed by inserting a stylet directly into the plant cell. Bacteria penetrate host plant leaves via natural openings such stomata and hydathodes, or wounds, and subsequently multiply in the intercellular spaces [START_REF] Jones | The plant immune system[END_REF]. Most plant pathogenic bacteria make use of a Type-3 secretion machinery that allow the injection in the plant cell of effector proteins that suppress host immunity and hijack some metabolic pathways to the benefit of the pathogen.

Faced with these stresses caused by pathogenic microorganisms, plants respond in different ways, varying from vulnerability to resistance, depending on changes in primary metabolism that affect plant growth and development of the plant, and pathogen strategies to invade the plant under certain environmental conditions [START_REF] Berger | Plant physiology meets phytopathology: plant primary metabolism and plant-pathogen interactions[END_REF]. In general, plants' defense mechanisms make them resistant to most pathogens as a consequence of a plant-pathogen coexistence that has allowed them to evolve and adapt to limit the action of potential pathogens. However, given the rapid evolution of pathogens, defense mechanisms more adapted to each type of infection are often necessary, allowing them to react dynamically to pathogens (de [START_REF] Wit | How plants recognize pathogens and defend themselves[END_REF].

Initially, when host plants recognize the presence of the pathogens, their defense responses are induced [START_REF] Dangl | Plant pathogens and integrated defence responses to infection[END_REF][START_REF] Nuernberger | Signal transmission in the plant immune response[END_REF]. The outcome of this contact results in two types of interactions that are defined as compatible or incompatible.

In a compatible interaction, the pathogen is said virulent, it penetrates and develops into the host tissues at the expense of the plant, resulting in the appearance of disease symptoms.

In an incompatible interaction the plant is resistant and in consequence the pathogen fails to infect it.

In order for a pathogenic microorganism to establish an infection, plants have different levels of defense. A first layer of defense involves constitutive defense mechanisms which stops the entry of pathogens into the organism. They are based on the use of chemical weapons (such as the production of toxic substances like alkaloids, simple phenols or polyphenols, essential oils and terpenes) and structural defense mechanisms (such as the production of a protective covering, like cell walls or cuticles, on the surface of all tissues) [START_REF] Taiz | Secundary Metabolites and Plant Defense[END_REF][START_REF] Maag | Defensive weapons and defense signals in plants: Some metabolites serve both roles[END_REF]. In addition, there is an incubation period from penetration until the appearance of the first symptoms, in which pathogens require optimal conditions within the plant to grow and reproduce and thus effectively infect.

When the pathogen overcomes these barriers, the plant activates various molecular mechanisms to keep the infection under control. For this, it is essential to understand the plant immunity mechanisms allowing it to recognize the microorganisms and defend itself, as well as the pathogen virulence mechanisms that allow it to evade the plant's defense and colonize. By understanding the molecular basis of plant-pathogen interactions, adapted strategies can be formulated to control diseases that impact agriculturally important crops.

Plant immunity has been described under the zig-zag model, which divides the process of plant-microorganism interaction into four phases (Figure 1). During the first phase, plants recognize conserved structural patterns of the pathogen through membrane receptors leading to MTI (Microbial-Associated Molecular Patterns-Triggered Immunity). In a second phase, the pathogen produces effector proteins to overcome the first MTI immune barrier resulting in ETS (Effector-Triggered Susceptibility). In a third phase, the plant recognizes pathogen effector proteins through receptor proteins, and activates ETI (Effector-Triggered Immunity). In the fourth phase, finally, the pathogen can both evade ETI and restore ETS [START_REF] Jones | The plant immune system[END_REF]. 

c. Understanding bacterial populations dynamics through molecular epidemiology

Knowledge about the genetic structure of plant pathogen populations is crucial for the implementation of best adapted strategies to control potential epidemics. In epidemiology, it is key to have the tools to understand the progression of the disease over time and space, from the nature of the pathogen to its dispersal and prevalence mechanisms. These aspects are interconnected with environmental factors and human intervention, which may determine the degree of severity of the disease and its impact on the host (Figure 2, [START_REF] Agrios | Plant Pathology[END_REF]. In recent years, many advances have been made to deduce the history of phytopathogenic populations from multidisciplinary knowledge. For example, population genetics studies about plant pathogens have provided important information about disease epidemiology, ecology, and evolution. These data have effectively contributed to the consolidation of direct methods of pathogen control in the field and have laid the foundation for the emergence of indirect methods that provide clues to understanding the ecology and epidemiology of host-parasite systems [START_REF] De Meeûs | Population genetics and molecular epidemiology or how to "débusquer la bête[END_REF].

Molecular epidemiology could be seen as one of these indirect methods, since it makes it possible to describe the evolutionary and epidemiological dynamics of a pathogen in relation to its host in different environments. Through this approach it is possible to trace species, pathovars, strains and even clones of the pathogen and follow their evolution across temporal and geographical dimensions. Thus, molecular epidemiology studies the etiology and prevention of diseases through the evaluation of possible environmental and genetic risk factors, recognized at the molecular level [START_REF] Holmes | Molecular epidemiology and evolution of emerging infectious diseases[END_REF]. In this sense, the practical objective of molecular epidemiology is to study the dissemination of pathogens, the risk factors and the possibilities for disease control. To achieve this, it identifies the parasitic microorganisms responsible for infectious diseases and determines their phylogenetic relationships and transmission routes, as well as the genes or portions of genes responsible for their virulence or avirulence [START_REF] Levin | Population Biology, Evolution, and Infectious Disease: Convergence and Synthesis[END_REF].

Molecular epidemiology uses population genetics as a strategy to understand the spatiotemporal dynamics of individuals in a population, considering the origin, maintenance and distribution of genetic variation in species under the influence of the socalled evolutionary forces, i.e., mutation, migration, recombination, genetic drift and natural selection. Under the influence of host and pathogen biological characteristics, environment and anthropogenic intervention, these forces interact to bring about changes in allele frequencies that will consequently affect genetic diversity [START_REF] Hoffmann | Environmental Stress as an Evolutionary Force[END_REF].

The determination of the genetic structure of a bacterial population seems to be a prerequisite for the epidemiological study of infectious diseases. Thus, typing methods are tools for infection prevention and control as they allow discriminating between bacterial isolates of the same species or pathovar, assigning a genotypic and/or phenotypic profile to each one. Thus, as sequencing techniques improve, it is more likely to identify irregularities in DNA, which could serve as genetic markers and reveal genetic diversity in a population or species, allowing the spatiotemporal variation of this diversity to be analyzed [START_REF] Metzker | Emerging technologies in DNA sequencing[END_REF]. Molecular typing applied to bacteria allows the generation of specific data sets that could be used to detect cross-infection, transmission patterns and find sources of infection in target populations from phenotypic or genetic analysis of isolated bacteria, below the species level [START_REF] Jacques | Using Ecology, Physiology, and Genomics to Understand Host Specificity in Xanthomonas[END_REF].

Then, by calculating genetic polymorphism it is possible to determine the diversity of a microorganism and the method more useful to analyze this kind of information is the identification of molecular markers. A molecular marker is a DNA fragment or locus in a genome, which is shared by individuals of the same species and transmitted from generation to generation [START_REF] De Meeûs | Population genetics and molecular epidemiology or how to "débusquer la bête[END_REF]. A marker should be sufficiently polymorphic (i.e. multiallelic) and variable from one genome to another (different variants at the same locus), and detectable in a large number of individuals studied [START_REF] Doveri | Molecular markers: history, features and applications[END_REF].

d. Diagnosis, Detection and Control of Xanthomonas

Xanthomonas is a genus of bacteria causing diseases in many plants of economic interest, thus generating a socioeconomic impact on a global scale. In the context of global climate change, its geographic expansion is expected with the consequences that this could have on ecosystem health (in the case of wild plant species affected by this pathogen) and for food security (in the case of cultivated plant species) [START_REF] Jacques | Using Ecology, Physiology, and Genomics to Understand Host Specificity in Xanthomonas[END_REF]. In this research we focus on this genus of bacteria, specifically on the diagnostic and detection methods reported for this pathogen.

Both diagnosis (identification of a plant with evident symptoms) and detection (presence of a target pathogen within a sample) are key to determine the measures to be taken to control a disease under specific environmental conditions (Catara et al., 2021). Various strategies ranging from cultural practices to the use of bactericides or resistant varieties are used to prevent bacterial diseases from causing considerable damage to production, but their effectiveness depends on the availability of diagnostic methods used [START_REF] López | Innovative tools for detection of plant pathogenic viruses and bacteria[END_REF].

For example, methods based on nucleic acid analysis have improved the diagnosis of plant diseases. In that sense, DNA markers allow the specific detection of Xanthomonas, using genomic information that has been recorded in recent years that has facilitated the identification of new DNA markers using in-silico comparative genomics approaches (Catara et al., 2021). To identify specific markers, highly conserved sequences of each taxon are searched for using online resources containing information about their specific genes and then the resulting sequences are aligned with public databases to identify taxonspecific sequences [START_REF] Albuquerque | Evolutionary and experimental assessment of novel markers for detection of Xanthomonas euvesicatoria in plant samples[END_REF].

The dot-blot hybridization method has been used for the detection of a specific DNA region and has shown positive results in species of the genus Xanthomonas, directly depositing the DNA on nylon membranes [START_REF] Albuquerque | Identification of Xanthomonas fragariae, Xanthomonas axonopodis pv. phaseoli, and Xanthomonas fuscans subsp. fuscans with novel markers and using a dot blot platform coupled with automatic data analysis[END_REF]. However, one of the disadvantages of these hybridization methods to detect DNA markers is the reproducibility and interpretation of weak dot-blot signals (Catara et al., 2021).

On the other hand, in recent decades the diagnosis of bacterial plant pathogens through PCR-based methods have become a trend, due to their sensitivity and timeliness compared to methods that require pathogen isolation and cultivation. Although conventional endpoint PCR techniques were initially developed for Xanthomonas, new protocols were later designed for real-time quantitative PCR or qPCR. This technique is more sensitive and efficient, but also allows quantification of the pathogens present [START_REF] Palacio-Bielsa | PCR detection and identification of plant-pathogenic bacteria: Updated review of protocols (1989-2007)[END_REF].

However, these above-described methods do not allow determining if a pathogen is viable, as a strategy to assess the potential biological risk, which is key, for example, for the design of quarantine protocols in plants moving across borders. For this reason, membrane integrity is used as an indicator of cell viability in a method called vPCR or viability PCR (Catara et al., 2021). With this method, PCR is combined with a DNA intercalation dye that penetrates only dead cells with compromised membranes and subsequently interferes with DNA amplification [START_REF] Kumar | Rapid detection of bacterial infection and viability assessment with high specificity and sensitivity using Raman microspectroscopy[END_REF].

e. Methods to study the diversity of the genus Xanthomonas One of the key aspects to consider in studying the epidemiology of plant diseases and their control is to increase the knowledge of the pathogen diversity of groups of strains. In this sense, as in other genera, the identification of Xanthomonas strains is based on DNA sequencing of the 16S rRNA and house-keeping genes (Catara et al., 2021).

Various fingerprinting methods based on restriction fragment length polymorphism (RFLP), AFLP, arbitrarily primed PCR including rep-PCR and RAPD have been used to study the diversity of Xanthomonas prior to the onset of genomics [START_REF] Rademaker | A comprehensive species to strain taxonomic framework for Xanthomonas[END_REF].

More recent methods based on DNA sequencing have now become more popular due to their repeatability in the laboratory, especially MLSA (MultiLocus Sequence Analysis) because it performs genetic diversity and phylogenetic analysis of bacteria, with the aim of reconstructing their phylogenetic history [START_REF] Young | A multilocus sequence analysis of the genus Xanthomonas[END_REF].

On the other hand, MLVA (Multiple-Locus Variable number tandem repeat Analysis) , which are based on the polymorphism of tandemly repeated DNA sequences found in certain regions of the genome, have been widely used since markers directed to tandem repeats or microsatellites have proven to be very suitable and discriminatory to describe the epidemiology of Xanthomonas [START_REF] Arrieta-Ortiz | Genomic Survey of Pathogenicity Determinants and VNTR Markers in the Cassava Bacterial Pathogen Xanthomonas axonopodis pv. manihotis Strain CIO151[END_REF].

B. Cassava crops in the Colombian Caribbean

a. Cassava as a staple crop

Cassava (Manihot esculenta Crantz var. esculenta) is a tropical crop belonging to a group of about 100 species of the genus Manihot [START_REF] Duputié | Evolutionary Biogeography of Manihot (Euphorbiaceae), a Rapidly Radiating Neotropical Genus Restricted to Dry Environments[END_REF]. It is a perennial shrub of the Euphorbiaceae family that is appreciated for its food use, especially its starchy roots (Howeler et al., 2013). Both its cultivation and intra-varietal diversity are associated with local knowledge and have allowed the plant to adapt to diverse environmental pressures (Rival & McKey, 2008). The history of cassava cultivation could be related to early human occupation of southwestern Amazonia at about 10,350 calibrated years before present [START_REF] Lombardo | Early Holocene crop cultivation and landscape modification in Amazonia[END_REF]. It has then become one of the most important strategies of subsistence not only in the Amazon [START_REF] Clement | The Domestication of Amazonia before European Conquest[END_REF], but also in several tropical regions where its cultivation has been introduced in the course of history [START_REF] D'eeckenbrugge | Worldwide Interconnections of Africa Using Crops as Historical and Cultural Markers[END_REF], and popularized as a primary source of food and economic income. However, the cultivation practices of cassava and other staple crops go beyond subsistence, as they also have symbolic dimensions, which demonstrates the importance of culture-nature relationships and the rootedness to their traditional knowledge and livelihoods, as occurs in several Amazonian indigenous communities [START_REF] Neves | The Call of the Wild: Rethinking Food Production in Ancient Amazonia[END_REF].

Among the crops that are decisive for worldwide food safety, cassava is one of the most important. It is produced to feed hundreds of millions of people, mostly from the least industrialized countries in the tropical regions (Lebot, 2009). According to the estimates made by the Consultative Group for International Agricultural Research (CGIAR), over two billion people among the rural communities in Asia, Africa, and Latin America use root and tuber crops including cassava for food, feed, and income generating products beyond the year 2020 (FAO, 2012;[START_REF] Scott | Roots and Tubers in the Global Food System: A Vision Statement to the Year[END_REF]. Cassava plays a vital role in the world's food security due to its ability to produce crops that are tolerant to drought and other stressful environmental conditions, making of cassava and other tuber plants strategic crops in a context of climate change (Jarvis et al., 2012;El-Sharkawy, 2014). In addition, cassava has some physiological characteristics that allow it to resist water deficits including high photosynthetic capacity, strict stomatal control that reduces water losses, formation of small leaves, resumption of growth when water is available, and the ability to absorb water deep in the soil (El-Sharkawy, 2007).

Cassava is currently produced in more than 100 countries with a total production of approximately 300 million tons cultivated in about 30 million hectares of land worldwide (Figure 3). Among these, 64% are cultivated in Africa, 27% in Asia and 8% in South America. The major exporters of cassava and its products are Thailand, Vietnam and Cambodia, whereas major importers are China, Japan, South Korea, the United States and the United Kingdom (FAO, 2021). About half of cassava production is used as a source of human food in Africa. In contrast, in the rest of the world, cassava cultivation may have other purposes, including the production of starches for industrial need and the feeding of livestock (Parmar et al., 2017). Cassava is a fundamental element in African and Latin American cuisine. In the Sub-Saharan Africa region it is the most important food crop, as well as in the humid areas of tropical Africa. Cassava is widely used by the Creole, Indian, Javanese, and indigenous population. The Chinese name for cassava is Mushu, literally meaning "tree potato" [START_REF] Kolawole | Sustaining World Food Security with Improved Cassava Processing Technology: The Nigeria Experience[END_REF]. According to the use of the crop, [START_REF] Nweke | The cassava transformation: Africa's best-kept secret[END_REF] define four stages related to cassava usage: (1) a reservoir for times of food shortage, (2) basic food for rural inhabitants, (3) cultivation for commercial purposes that is consumed in urban areas, and (4) industrial uses and livestock feed. Some East-African countries are at the stage 1 as they keep cassava for times when maize does not produce enough for their livelihood. Farmers of the Amazon region, Congo, Ivory Coast, Uganda, and the Caribbean are in the transition between the stages 2 and 3 since they supply basic needs and production excesses can be commercialized in urban areas, where there are growing markets. Countries of Asia and Latin America are mainly located at stage 4 (Parmar et al., 2017).

There is a direct relationship between the increase in per capita consumption and cassava production, especially in African countries where cassava is an accessible source of calories for the human diet and provides periodic profits to small-scale farmers [START_REF] Jackson | Cassava production, processing and nutrition[END_REF]. Cassava is an important carbohydrate source because roots are very rich in starch. Moreover, cassava is a source of protein and contains significant contributions of calcium, phosphorus and vitamin C (Parmar et al., 2017). Depending on the landraces and farmer's cultures, cassava roots can be prepared in different ways to turn them into food. Its generalized preparation is boiled to be used as an accompaniment for main dishes; however, its fried preparation with palm oil is popular in Africa. It is also consumed in various meals as cassava flour, as is the case in the Amazon and Caribbean regions. In South America, cassava is used in soups, mashed, cakes and snacks (Pérez et al. 2022a). In addition, it is served as bread, roasted granulated food, fermented drink and ritual drink or side dish [START_REF] Katz | Encyclopedia of Food and Culture[END_REF]. In addition to the roots, cassava leaves are used as a source of vegetables in some African countries [START_REF] Latif | Potential of cassava leaves in human nutrition: A review[END_REF]. In recent years, the cultivation of improved varieties has grown to supply market demand for industrial uses such as starch for the food and pharmaceutical industry, animal feed, beverages, biofuels, paper fibers and textiles (Uchechukwu-Agua et al., 2015;Jakrawatana et al., 2016).

In this sense, varieties that were preferred by people for their culinary attributes have been displaced by commercial varieties with genetic characteristics that favor short-term production without considering local traditions, especially in countries that commercialize cassava on a large scale, both for fresh consumption and industrial processing (Santos et al., 2020;Pérez et al., 2022a). However, some indigenous communities still cultivate traditional cassava varieties that are conserved for their particular uses in cooking or due to ritual practices that strengthen their human-plant relationships [START_REF] Delêtre | Marriage exchanges, seed exchanges, and the dynamics of manioc diversity[END_REF][START_REF] Pérez | Conservación de la diversidad de yuca en los sistemas tradicionales de cultivo de la Amazonía[END_REF][START_REF] Daly | Cassava spirit and the seed of history: on garden cosmology in Northern Amazonia[END_REF]. The prevalence of commercial varieties encourages the vindication of local knowledge in plant breeding programs, in order to achieve a balance between the productivity required to satisfy food needs, and the preferences and traditions of the people (Pérez et al., 2022a).

In fact, the effort to breed improved varieties is justifiable, given the increasing need for roots production in cassava-growing countries. In a survey of African growers, the growth of their cassava production over time responds to the increase of starvation in tropical regions [START_REF] Plucknett | A global development strategy for cassava: transforming a traditional root crop; spurring rural industrial development and raising incomes for the rural poor[END_REF], which explains the growth of the cassava business as profitable as other staple crops, especially considering its adaptability to climatic changes, availability and running cost [START_REF] Nweke | A review of cassava in Africa with country case studies on Nigeria, Ghana, the United Republic of Tanzania, Uganda and Benin[END_REF].

Although the growing market for cassava has opened the door to large-scale production, the cultivation is still mostly implemented by local communities, generally on a small scale (Gottret et al., 2002). The cassava crop is an opportunity for farmers to generate production under demanding environmental conditions and without the use of technified methods or agrochemical input, unlike other basic crops such as rice or corn (El-Sharkawy, 2004).

Nevertheless, the difference in the cultivation methods may be related to the function of the plant within their communities and the objectives of the crop. In this sense, for the indigenous people of the Amazon, cultivation is not determined by the market policies that govern modern production systems. For example, they can preserve cassava varieties owed to their cultural values, without taking in account their commercial values (Emperaire and Peroni, 2007;[START_REF] Heckler | Piaroa manioc varietals: hyperdiversity or social currency?[END_REF][START_REF] Peña-Venegas | Differences in manioc diversity among five ethnic groups of the Colombian Amazon[END_REF].

b. Cassava genetic diversity

Farmer communities usually divide cassava into two categories: bitter and sweet. In general terms, the bitter varieties have high amounts of cyanogenic glycosides, compared to the sweet varieties [START_REF] Mckey | Chemical ecology in coupled human and natural systems: People, manioc, multitrophic interactions and global change[END_REF]. These phenotypic differences are supported by molecular markers [START_REF] Peroni | Molecular differentiation, diversity, and folk classification of "sweet" and "bitter" cassava (Manihot esculenta) in Caiçara and Caboclo management systems (Brazil)[END_REF], but traditionally farmers can distinguish between these two groups (Rival & McKey, 2008). Moreover, within these groups a remarkable intraspecific diversity has been highlighted [START_REF] Alves-Pereira | High genetic diversity among and within bitter manioc varieties cultivated in different soil types in Central Amazonia[END_REF].

Cassava landraces are locally characterized using morphological and agronomic attributes of interest for each community, this also evidences a large number of landraces identified within these two large groups. A comparative analysis of cassava diversity is complex since the methodologies for its characterization are equally diverse. In general, a high genetic and morphological diversity in cassava is reported, which is associated with the type of management, the biology of the plant and the sociocultural links (Elias et al., 2001;2004;Emperaire & Peroni, 2007;Rival & McKey, 2008;[START_REF] Heckler | Piaroa manioc varietals: hyperdiversity or social currency?[END_REF].

Many of the studies have been carried out through qualitative methodologies that report the landraces recognized by the communities, as an evidence of wide local knowledge.

Moreover, several studies show that local knowledge is not so far away from results inferred from genetic analysis on cassava diversity [START_REF] Second | Molecular markers (AFLP) based Manihot and cassava numerical taxonomy and genetic structure analysis in progress. Implications for dynamic conservation and genetic mapping[END_REF][START_REF] Emperaire | Approche comparative de la diversité génétique et de la diversité morphologique des maniocs en Amazonie (Brésil et Guyanes)[END_REF]. In the case that there are some difficulties in the genetic differentiation of landraces, such as synonymy and homonymy, diversity studies based on molecular markers could partially resolve some of these difficulties. Thus, the first studies of cassava genetic diversity were based on AFLP analyzes [START_REF] Roa | AFLP analysis of relationships among cassava and other Manihot species[END_REF][START_REF] Elias | Assessment of genetic variability in a traditional cassava (Manihot esculenta Crantz) farming system, using AFLP markers[END_REF] and, subsequently, microsatellites or SSRs began to be used [START_REF] Fregene | Simple sequence repeat marker diversity in cassava landraces: genetic diversity and differentiation in an asexually propagated crop[END_REF][START_REF] Tovar | Diversity and genetic structure of cassava landraces and their wild relatives (Manihot spp.) in Colombia revealed by simple sequence repeats[END_REF]. Although both methods have offered valuable information to measure cassava diversity, SNP data have been a tendency in recent years [START_REF] Kawuki | Identification, characterisation and application of single nucleotide polymorphisms for diversity assessment in cassava (Manihot esculenta Crantz)[END_REF]. These methods do not neglect the importance of traditional knowledge, which is why it is common to find correlations between both data series [START_REF] Elias | Assessment of genetic variability in a traditional cassava (Manihot esculenta Crantz) farming system, using AFLP markers[END_REF]2004;[START_REF] Tiago | Genetic diversity in cassava landraces grown on farms in Alta Floresta-MT, Brazil[END_REF].

The greatest genetic diversity has been reported in the Amazon region, which was expected as it is the geographical center of origin of cultivated cassava [START_REF] Olsen | Evidence on the origin of cassava: Phylogeography of Manihot esculenta[END_REF]Mühlen et al., 2019). However, high rates of intraspecific diversity in cassava have also been documented in Africa, which is often associated with traditional crop management [START_REF] Kizito | The effect of cassava mosaic disease on the genetic diversity of cassava in Uganda[END_REF]. This high diversity found in sub-Saharan Africa has led to consider this continent as a second center of diversification [START_REF] Fregene | Simple sequence repeat marker diversity in cassava landraces: genetic diversity and differentiation in an asexually propagated crop[END_REF]. In areas where cassava has been introduced more recently, such as Vanuatu [START_REF] Sardos | Evolution of cassava (Manihot esculenta Crantz) after recent introduction into a South Pacific Island system: the contribution of sex to the diversification of a clonally propagated crop[END_REF] and Thailand [START_REF] Fu | Thai elite cassava genetic diversity was fortuitously conserved through farming with different sets of varieties[END_REF], a relatively high intraspecific genetic variability has also been found, generally associated with systems where smallholder farmers allow random crossing between landraces.

In some African countries and in Vanuatu, levels of diversity similar to those evidenced in the Amazon region have been reported, probably due to the process of adopting seedlings from sexual seed [START_REF] Sardos | Evolution of cassava (Manihot esculenta Crantz) after recent introduction into a South Pacific Island system: the contribution of sex to the diversification of a clonally propagated crop[END_REF]. However, in these areas the process of selection and adoption of sexual seed plants is in most cases unconscious and unnoticed [START_REF] Delêtre | Marriage exchanges, seed exchanges, and the dynamics of manioc diversity[END_REF]. Recent findings show the accumulation of deleterious mutations during the process of domestication and breeding of cassava. Low allelic diversity was highlighted in the group of varieties used in conventional breeding programs, suggesting vulnerability to pathogens and abiotic stress [START_REF] Bredeson | Sequencing wild and cultivated cassava and related species reveals extensive interspecific hybridization and genetic diversity[END_REF]. In this sense, the possibility of combining the two reproductive systems (sexual and clonal) could be a strategy for cassava propagation within a plant breeding program. If allelic diversity exists, genetic erosion, the accumulation of deleterious mutations or those that compromise adaptability are avoided, and the presence of some pathogens present in the seeds can be controlled [START_REF] Pujol | Microevolution in agricultural environments: How a traditional Amerindian farming practice favours heterozygosity in cassava (Manihot esculenta Crantz, Euphorbiaceae)[END_REF].

c. Cassava cultivation

Most cassava production in the world is done mainly by smallholder farmers who grow their crops on an area of less than 5 ha (Howeler et al., 2013). Due to its tolerance to abiotic stresses, cassava cultivation is done with limited use of chemical inputs, compared to other major crops that require a lot of capital and inputs, such as wheat, rice and maize (El-Sharkawy, 2004). However, for the indigenous people of the Amazon, cultivation is not determined by the market policies and, on the contrary, varieties are conserved by local traditions or symbolic representations. In this region, since pre-Hispanic times, people have developed a traditional crop system called "chagra" (Figure 4), where they cultivate into the secondary forest other associated plants that have key cultural and nutritional functions for food security of their communities [START_REF] Peña-Venegas | Seguridad Alimentaria En Comunidades Indígenas Del Amazonas: Ayer y Hoy[END_REF]. In the chagras, cassava is the most planted, most diverse, most used and most commercialized species [START_REF] Sierra | Uso y manejo de las especies sembradas en las chagras de dos comunidades Murui-Muinane de la Amazonia Colombiana[END_REF]. These are models of transitory polycultures in which cutting, slashing and burning techniques are implemented for the constitution of arable land that serves as a substrate for useful species and that implies a management of time, space and cultural identity that increases the complexity of the system (Van der [START_REF] Van Der Hammen | Sembrar para nietos y bisnietos: Manejo de la sucesión forestal por los indígenas Yukuna-Matapí de la Amazonia colombiana[END_REF].

Figure 4. Chagra in the Amazon rainforest. This photograph shows the arrangement of species within a chagra (or "chakra") in the Ecuadorian Amazon, where the interaction between forest and cultivated plants, including different varieties of cassava, can be observed (Source: Darío Pérez, personal archive).

On the other hand, conventional cassava cultivation systems favor varieties with commercial production characteristics. Although in recent years pressure has been exerted

for the establishment of industrial monocultures, such as low variability of varieties, technification of the land and application of agrochemicals [START_REF] Jakovac | Swiddens under transition: Consequences of agricultural intensification in the Amazon[END_REF], it is still possible to find alternative management strategies that value the farmers' knowledge and aim to reduce the introduction of inputs for their growth and the control of phytosanitary problems.

Cassava can be propagated both sexually and asexually, but the presence of cassava individuals as a result of a sexual reproduction (volunteer seedlings) is not the most frequent multiplication option. However, it has been highlighted as a phenomenon that partly explains the intravarietal diversity of cassava observed in some cassava traditional farming systems [START_REF] Elias | Genetic diversity of traditional South American landraces of cassava (Manihot esculenta Crantz): an analysis using microsatellites[END_REF]Rival & McKey, 2008). Asexual multiplication is the method used by most cassava growers because, despite the rate of multiplication is low (for example, an individual of maize can produce 300 seeds in three months, but an individual of cassava can produce 10 cuttings in a year), it is still more efficient than sexual reproduction in terms of productivity (Howeler et al., 2013), which makes the commercial cultivation system prevail worldwide, in response to the growing demand in the market.

Clonal multiplication favors the probability of finding in a cultivated field a majority of individuals corresponding to a very few genotypes. In each cycle, farmers give priority to multiplying the genotypes that have characteristics that favor production for sale to external markets and leave aside the cultivation of varieties that were traditionally planted for local consumption and that had been selected for their flavor. On the contrary, in traditional cultivation systems there is a high diversity because it responds to local preferences and traditions and not to market dynamics (Emperaire & Peroni, 2007;[START_REF] Heckler | Piaroa manioc varietals: hyperdiversity or social currency?[END_REF][START_REF] Pérez | Conservación de la diversidad de yuca en los sistemas tradicionales de cultivo de la Amazonía[END_REF].

The first suggested step for planting is the selection of plant material, to control phytosanitary, perishability and productivity problems. However, although this practice could avoid losses in the yields, cuttings monitoring by smallholders is not common because at planting times there is usually a shortage of cuttings [START_REF] Nduwumuremyi | Participatory appraisal of preferred traits, production constraints and postharvest challenges for cassava farmers in Rwanda[END_REF].

It is possible to find monocultures of cassava for industrial uses, but usually small-scale cultivation is characterized by intercropping with other food species. This strategy could bring some economic benefit if there are surpluses that can be marketed, but it is generally used by communities to diversify their diets, optimizing the land available for planting. It is estimated that about 50% of worldwide cassava crops are planted in association with other plants (Figure 5) (Weerarathne et al., 2017). The most frequent crops are legumes, which, in addition to serving as a source of protein for farmers, help to improve soil characteristics by fixing nitrogen [START_REF] Tobodawolo | Effects of Fertilizer and Cassava-Legume Cropping Systems on Root Yields in Two Agro-Ecological Zones of Ghana[END_REF]. Other species are planted as a strategy to meet the needs of local diets, such as yams, maize, and pumpkins. Compared to cassava monocultures, yields in intercropping systems are relatively low, but this loss can be compensated by the productivity of the whole agroecosystem and the total benefits it generates for the farming communities in terms of agrobiodiversity, food security and nutrition [START_REF] Ravi | Advances in Cassava-Based Multiple-Cropping Systems[END_REF].

Generally, cassava crops require a warm climate throughout their life cycle, and depend on rainy seasons to regulate their growth and production. Moreover, in small-scale systems, when soils have sufficient moisture in the early stages of cultivation, the plants can supply their nutritionals needs (Howeler et al., 2013), and this is why cassava has a reputation for not requiring nutritional supplements when its cycles are synchronized with the rainy season (El-Sharkawy, 2014). Nevertheless, some authors recommend reinforcing the natural nutrition of the soil considering the specific requirements for the expected yield and the biophysical conditions of the place where it is planted, not following predesigned and standardized formulas [START_REF] Byju | Modeling the Response of Cassava to Fertilizers: A Site-Specific Nutrient Management Approach for Greater Tuberous Root Yield[END_REF][START_REF] Ezui | Fertiliser Requirements for Balanced Nutrition of Cassava across Eight Locations in West Africa[END_REF]. In this way, the combination of management practices and nutrition based on the specific needs of the soils where cassava is grown, which can also be supplemented with fertilizers of organic origin [START_REF] Albán | Efecto Del Uso de Fertilizantes Organo-Minerales En La Producción Sostenible de Yuca[END_REF], could be the best option for improve a crop yield that favors farmers' interests.

The asexual propagation system is carried out through 30cm-long cuttings obtained from the stem of an adult plant (Parmar et al., 2017). Thus, the number of planted cuttings depends on the architecture of each variety. The choice of propagative material depends on its yielding characteristics, or on the availability of cuttings in the market. Many individuals of the same genotype are usually planted, which suggests a loss of varietal diversity and enhanced vulnerability to diseases and abiotic stresses (Bredenson et al., 2016).

Conversely, in traditional cropping systems, methods of exchange and intercrossing of cuttings of different varieties have a direct effect on local and regional agrobiodiversity (Elias & McKey, 2001;[START_REF] Kawa | Manioc Varietal Diversity, Social Networks, and Distribution Constraints in Rural Amazonia[END_REF].

Planting is generally manual (Figure 6), depending on the climatic conditions and considering avoiding moisture loss, the inclination and depth of the planting is determined.

Although it is considered a resilient crop, it is recommended to sow in plowed soils, in low humidity conditions and doing initial weed management (Howeler et al., 2013). The crop cycle takes from 7 to 12 months from planting (Figure 7), depending on the variety planted and according to the needs of the farmers and the demands of the market.

The cassava is harvested during the rainy season because of the soft soils that facilitate the extraction of all the roots by plant. Although most of the production is commercialized when the farmers find good prices in the market, they progressively harvest as soon as required at home, as a source of family food. While young roots contain less starch concentration and require higher moisture, older roots that are harvested one year after planting accumulate more starch, but there is an increasing risk to acquire pests and diseases [START_REF] Nweke | The cassava transformation: Africa's best-kept secret[END_REF]. That is why farmers, and breeding programs focus on varieties with early storage root bulking [START_REF] Chipeta | Early Storage Root Bulking Index and Agronomic Traits Associated with Early Bulking in Cassava[END_REF].

Figure 7. Cycle of cassava cultivation in the Colombian Caribbean: (A) acquisition and circulation of cuttings to be planted, (B) conservation of cuttings awaiting planting, (C and D) planting of cuttings, (E) growth after 1 month, (F) growth after 5 months, (G) harvest, and (H) transport of harvested cassava to regional markets (Source: Darío Pérez, personal archive).

d. Socioeconomic dynamics related to cassava cultivation

The food regime has changed over time as a function of the establishment of a world capitalist economy that has modified the forms of agricultural production and food consumption in order to provide food needs, which has especially impacted the agrarian configuration in tropical countries [START_REF] Mcmichael | A food regime genealogy[END_REF]. To this extent, despite the fact that urban expansion resulted in the transformation of food supply chains through crop technification and land consolidation (Araghi, 1995), small-scale agriculture is the one to ensure global food security by sustaining regional local economies [START_REF] Graeub | The state of family farms in the world[END_REF], both in terms of production [START_REF] Barrett | Reconsidering conventional explanations of the inverse productivity-size relationship[END_REF] and agrobiodiversity [START_REF] Jarvis | A global perspective of the richness and evenness of traditional crop-variety diversity maintained by farming communities[END_REF].

Additionally, this type of agriculture has been shown to contribute to environmental sustainability in a climate change context [START_REF] Brüssow | Implications of climate-smart strategy adoption by farm households for food security in Tanzania[END_REF], and farmers' livelihoods [START_REF] Chappell | Food sovereignty for poverty reduction and biodiversity conservation in Latin America[END_REF].

In this framework, cassava persists as a necessary crop for local and regional food security in tropical countries, providing benefits to small-scale farmers [START_REF] Rosenthal | Examining cassava's potential to enhance food security under climate change[END_REF]. In fact, the supply of cassava is maintained by small-scale farming, in systems dominated by crop management close to traditional practices, without significantly affecting the structure of agroecosystems (El-Sharkawy, 2014). In this way, the biocultural memory has been a key factor for the transmission of knowledge about crop management practices and cassava diversity under diverse environmental conditions [START_REF] Jarvis | A global perspective of the richness and evenness of traditional crop-variety diversity maintained by farming communities[END_REF]Santos et al., 2020).

In contrast, government policies favor the industrial commercialization, generally implemented by those who have more money and reduce public spending directed to farmers [START_REF] Constance | Agribusiness concentration: globalization, market power, and resistance[END_REF]. Thus, cassava family farmers, as with other crops, have historically been affected by supply chains that favor intermediaries and leave producers without access to basic public resources such as health or education, or without possibilities for agricultural credit, research or extension [START_REF] Berdegué | IFAD Conference on new directions for smallholder agriculture[END_REF][START_REF] Reincke | Key factors influencing food security of smallholder farmers in Tanzania and the role of cassava as a strategic crop[END_REF].

These pressures have caused cassava farmers to change their cultivation practices to respond to market demands and increasing demographic pressure. For instance, over the recent decades, farmers have used resources and technologies promoted by public institutions, including short-cycle varieties, use of agrochemicals and soil mechanization [START_REF] Bellotti | Cassava production and pest management: present and potential threats in a changing environment[END_REF]Camacho, 2017). Among the most significant changes due to the growth of the cassava market is the intensification of soil exploitation and the disappearance of fallow, which affects soil fertility [START_REF] Fermont | Increasing land pressure in East Africa: The changing role of cassava and consequences for sustainability of farming systems[END_REF] and causes losses in the yield of commercial cassava that affect farming communities [START_REF] Waddington | Getting the focus right: Production constraints for six major food crops in Asian and African farming systems[END_REF]. Another change driven by the increased market is the declined use of agronomic practices to reduce pests and diseases in cassava fields. Agrochemicals have replaced practices such as crop rotation, crop design including associated plants, planting dates planning, destroying diseased material, and selecting pathogen-free propagative material [START_REF] Holguín | Efecto de la aplicación de insecticidas químicos en el control de la mosca blanca Aleurotrachelus socialis (Homoptera: Aleyrodidae) en el cultivo de yuca Manihot esculenta Crantz[END_REF][START_REF] Bellotti | Cassava production and pest management: present and potential threats in a changing environment[END_REF]. Controls involving the use of agrochemicals are not a recommended strategy due to the rise in costs for farmers that depend on the cassava crop for subsistence [START_REF] Legg | Biology and management of Bemisia whitefly vectors of cassava virus pandemics in Africa[END_REF].

This intensification of agriculture, which implies an increase in the use of inputs and a decrease in traditional practices, limits the possibilities of competition that local farmers have for the commercialization of their products and favors those who have large-scale crops [START_REF] David | The impact of the new economic model on Latin America's agriculture[END_REF]. Farmers must invest considerable amounts of money for the technification of their crops which, added to the low marketing prices derived from supply chains in regional markets, gradually makes cassava less profitable as a business. Soil use has changed in order to privilege the establishment of industrial crops, livestock ranching or mining-energy extractivism [START_REF] Ne | Palma aceitera: conflictos y resistencias territoriales en María La Baja-Bolívar, Colombia[END_REF][START_REF] Daniels | La transformación de la estructura productiva de los Montes de María: de despensa agrícola a distrito minero-energético[END_REF], making cultivation more favorable to farmers running large fields as compared to smaller ones. At the same time, peasants are gradually selling or giving up their fields because farm labor is no longer profitable, allowing large landowners to increase their profits and thus increasing inequality [START_REF] Borras | Land Grabbing in Latin America and the Caribbean[END_REF]. Often, as is the case in Colombia, there is no negotiation for the land, but the land is violently taken by paramilitary groups with the support of the government [START_REF] Ojeda | Paisajes del despojo cotidiano: acaparamiento de tierra y agua en Montes de María, Colombia[END_REF].

Taking into account the traditional practices, when yields were good, farmers kept a portion of unharvested land as a reservoir of those varieties that had the best agronomic attributes in past seasons (Almekinders et al., 1994). However, this practice has diminished due to two main factors: increasingly shorter harvest cycles and the difficulty of reserving cuttings in their own fields.

On the one hand, in order to respond to market demands, over time cuttings that produce harvests in shorter times have been selected in favor. Considering that in tropical countries there are generally two rainy seasons per year and that both planting and harvesting times depend on the rainy seasons (Howeler et al., 2013;Parmar et al., 2017), once the cassava is harvested in the second season of the year, it is necessary to wait until the next rainy season to plant again. In this context, it is difficult to conserve the propagative material because its viability is lost a few days after harvesting [START_REF] Waddington | Getting the focus right: Production constraints for six major food crops in Asian and African farming systems[END_REF]Parmar et al., 2017). In addition, since small-scale producers are generally not the owners of the land, 

e. Origins of the cassava crops in the Colombian Caribbean

Once cassava was domesticated in the Amazon region, its cultivation as a food plant was dispersed to different regions of South America. Records indicate that wild cassava (Manihot carthagenensis) reaches coastal areas around 4000 B.C., being essential for sedentary lifestyle in these areas along with maize (Cardoso da [START_REF] Da Silveira | Evolutionary History of Manihot carthagenensis (Euphorbiaceae) and Allied Species in Eastern South America[END_REF].

Archaeological evidence shows that in the Colombian Caribbean, tools for grinding roots have been used for about three millennia [START_REF] Falchetti | El territorio del Gran Zenú, en las llanuras del Caribe Colombiano: Arqueología y Etnohistoria[END_REF]. On the valleys of the Magdalena and Sinú rivers, evidence was found of sedentary riverside populations that demonstrate the preparation and consumption of cassava bread, traditionally called "casabe", suggesting that its food base relied on the cultivation of cassava [START_REF] Reichel-Dolmatoff | Momil: A Formative Sequence from the Sinú Valley, Colombia[END_REF].

There are also records of cassava cultivation by the Zenú indigenous communities, who adapted the floodplains to obtain crops in times of rain and drought, and built hundreds of thousands of hectares of artificial canal systems in the valleys of Magdalena, Cauca, San

Jorge and Sinú rivers [START_REF] Plazas | La sociedad hidráulica Zenú: Estudio arqueológico de 2,000 años de historia en las llanuras del Caribe colombiano[END_REF][START_REF] Falchetti | El territorio del Gran Zenú, en las llanuras del Caribe Colombiano: Arqueología y Etnohistoria[END_REF]. In the Spaniards chronicles when they arrived in America, the cassava crops that the Zenúes had within their traditional orchards are described. For this culture, cassava had not only an economic but a cultural meaning since this plant is part of its origin myths (Turbay- [START_REF] Turbay-Ceballos | El Arco Iris En La Concepción de Los Zenúes[END_REF].

The Zenú people and the other pre-Hispanic inhabitants of the Caribbean had an organizational political system and an economic system based on agriculture, especially the cultivation of cassava in association with other feed crops [START_REF] Falchetti | El territorio del Gran Zenú, en las llanuras del Caribe Colombiano: Arqueología y Etnohistoria[END_REF][START_REF] Jaramillo | Los Indígenas Zenúes[END_REF]. The consumption of cassava continued after the arrival of the settlers, although cultivation practices changed and new food plants were introduced into the agricultural systems, such as bananas, rice, the breadfruit and yams [START_REF] Fals-Borda | Historia Doble de La Costa, Tomo 4, Retorno a La Tierra[END_REF].

Since the 16 th century, the technique of brushing and burning dry forest for the preparation of land for cultivation was consolidated, which began to limit the relicts of forest and to increase the pasture areas (Le [START_REF] Roy | El Sinú: Geografía Humana y Ecología[END_REF], which made these lands attractive for the establishment of cities, the increasing of population and the consolidation of the Spanish conquerors expansionist project. In fact, after the conquest, in the territories closest to the Spanish cities, such as Cartagena and Tolú, the dry forest was permanently lost [START_REF] Roa-Avendaño | A la orilla del río: la cultura anfibia del Bajo Sinú en Colombia: Transformación, Explotación y Conflicto[END_REF]. Subsequently, in order to supply the food needs of these growing cities, small-scale cassava cultivation was promoted within these new open areas, as well as cattle ranching and mining extractivism projects. From the 19 th century to the present day, productive activities extended the savanna to the foothills of the Andes [START_REF] Jaramillo | Los Indígenas Zenúes[END_REF].

f. Cassava production in the Colombian Caribbean

In Latin America, after Brazil and Paraguay, Colombia is the third largest cassava producer, with a cultivated area close to 225,000 ha, and production of approximately 2 million tons per year (FAO, 2021). The diversity of climates that Colombia has makes cassava cultivated adapted to its diverse environmental conditions: in high and rainy regions such as the Andes, in semi-desert areas such as La Guajira, in fertile soils of the temperate regions, in acidic and infertile soils of east savannas, and in tropical forests such as the Amazon (Aguilera-Díaz, 2012). In the Colombian Caribbean, 70% of cassava producers are smallholder farmers cultivating fields of approximately 0.5 to 2 ha, and planting cassava with the aim of supplying their family and local demand or marketing surplus crops to municipal and regional markets (Gottret et al., 2002). Sowing is generally manual and is carried out during the rainy seasons, from March to May and from July to September. Cassava cultivation cycle ranges from 6 to 12 months depending on the landraces [START_REF] Ospina | Sistemas modernos de producción, procesamiento, utilización y comercialización[END_REF].

Cassava production in

g. Cassava diseases and pest

Cassava production can be affected by unexpected climate changes, and by different stresses such as pests and diseases. The diseases associated with leaf spots, stem necrosis and root rot occur more frequently and are widely distributed, causing important yield losses [START_REF] Ospina | Sistemas modernos de producción, procesamiento, utilización y comercialización[END_REF]. Phytosanitary problems seem to be one of the reasons why the yield in cassava production of farmers' crops is lower than expected for tropical countries [START_REF] Henry | Global Cassava Sector Constraints and Estimated Future R&D Benefits[END_REF]. More than 200 arthropod species, 250 fungal species, 17 virus species, and various species of parasitic nematodes and bacteria have been reported to attack cassava crops (Lebot, 2009). In addition to climatic changes, one of the main factors influencing the spread of disease is its cuttings propagation system, since farmers do not carry out adequate phytosanitary control of propagating material [START_REF] Legg | Biology and management of Bemisia whitefly vectors of cassava virus pandemics in Africa[END_REF]Reynolds et al., 2015). The Center for Agriculture and Bioscience International indicates that the three diseases that account for the greatest losses in cassava yields each year are:

Cassava Bacterial Blight (CBB) (yield losses of 90-100%), Cassava Brown Streak Disease (CBSD) (yield losses of 60-70%) and cassava mosaic disease (CMD) (yield losses of 20-95%) (CABI 2020).

CBDS has only been identified in Africa [START_REF] Campo | Threats to Cassava Production: Known and Potential Geographic Distribution of Four Key Biotic Constraints[END_REF]. It was first reported in Tanzania in 1936. CBDS is caused by two species of Cassava Brown Streak Ipomovirus (Family Potyviridae: Genus Ipomovirus). Infection is characterized by the presence of chlorosis on the secondary and tertiary veins, and yellow spots on the leaves. Necrotic lesions are also present in the parenchyma of the root cortex [START_REF] Legg | Cassava Virus Diseases: Biology, Epidemiology, and Management[END_REF]. Its transmission is made through contaminated stakes and some vector insects such as whiteflies (Bemisia tabaci) [START_REF] Maruthi | The role of the whitefly, Bemisia tabaci (Gennadius), and farmer practices in the spread of cassava brown streak ipomoviruses[END_REF]. This disease is prevented by controlling the vectors and eliminating the infected plants. Community phytosanitation has been proven to reduce the incidence of this virus in the field [START_REF] Legg | Community Phytosanitation to Manage Cassava Brown Streak Disease[END_REF]. In recent years, advances in the reproduction of resistant landraces to CBDS could help reduce the incidence [START_REF] Sheat | Resistance against Cassava Brown Streak Viruses from Africa in Cassava Germplasm from South America[END_REF].

About CMD, the first symptoms associated with it were recorded in 1894 in Tanzania and recent studies have reported its presence in all cassava-growing African countries, India, and Sri Lanka (CABI, 2021). This disease is characterized by leaf chlorosis, twisted leaflets, mottling and a reduction in leaf size accompanied by stunted growth of the overall plant, which may affect the starchy roots production [START_REF] Alabi | Cassava Mosaic Disease: A Curse to Food Security in SubSaharan Africa[END_REF]. This disease is also spread by the exchange of infected cuttings and by the intermediation of B. tabaci.

The impact reduction of this disease seems to be also in the implementation of traditional measures of control, management and monitoring of biotic factors in each of the stages of cultivation (CABI 2021;Parmar et al., 2017).

C. Social aspects related to the spread of CBB in cassava crops in Colombia:

a. Cassava Bacterial Blight in the Colombian Caribbean CBB is caused by Xanthomonas phaseoli pv. manihotis (Xpm), which belongs to the Xanthomonadaceae family of Proteobacteria. Xpm can cause losses that vary between 20-100% in crop yield (Wydra & Verdier, 2002;Harris et al., 2015). Xpm, previously named Xanthomonas axonopodis pv. manihotis (Xam) (Constantin et al., 2016), is a gram-negative bacterium that lives on the surface of leaves and colonizes the vascular tissues, causing lesions that impede the development and productivity of cassava plants. The first report about the occurrence of Xpm dates back to 1912 in Brazil (Lozano, 1986), but it became world-renowned in the 1970s when serious CBB epidemics were reported in several African countries causing yield losses of up to 75% and unavailability of propagative material [START_REF] Hillocks | Bacterial, fungal and nematode diseases[END_REF]. Currently, CBB is found in all regions where cassava is grown, causing significant losses in cassava yields in Latin America and Africa, being considered one of the 10 most important pathogens of crops worldwide (Mansfield et al., 2012).

The characteristic symptoms of CBB are leaf spots that are initially small, angular and watery on the underside, then grow completely covering the leaf and acquire a brownish color of leaf burning. Subsequently, wilt causes descending death of the entire plant, taking on a necrotic appearance accompanied by brown or black bands (Figure 9) (Zárate-Chaves et al., 2021). Symptoms appear 11 to 13 days after infection and the spread of the disease depends on the specific climatic conditions where tthe cultivation has been developed [START_REF] Boher | Ultrastructure of Interactions between Cassava and Xanthomonas campestris pv. manihotis: cytochemistry of Cellulose and Pectin Degradation in a Susceptible Cultivar[END_REF]Hillocks & Wydra, 2009;Wydra & Verdier, 2002). The infection cycle (Figure 10) begins with the epiphytic multiplication of Xpm in the leaf, then it enters the host through stomatal openings and wounds in the leaf. Subsequently, the pathogen has a development phase in the intercellular space of the mesophyll, where it generates large amounts of a matrix of exopolysaccharides (xanthan) that serve to degrade the cell wall and access the vascular tissue to multiply in the xylem [START_REF] Boher | Extracellular Polysaccharides from Xanthomonas axonopodis pv. manihotis Interact with Cassava Cell Walls during Pathogenesis[END_REF][START_REF] Ryan | Pathogenomics of Xanthomonas: Understanding Bacterium-Plant Interactions[END_REF]. Then, on the underside of the leaves, spots appear that exude a yellowish and sticky substance loaded with Xpm. This exudate spreads through the rain and, internally, allows the pathogen to multiply, blocking vascular tissues and wilting the leaves. The infection can spread until destroying the aerial part of the plant and/or infecting the new young leaves that are born in the stem (Zárate-Chaves et al., 2021). If the propagating material is infected, the plants will wilt and probably die [START_REF] Verdier | Bacteriosis vascular o añublo bacteriano de la yuca causada por Xanthomonas axonopodis pv. manihotis[END_REF]. For this reason, the exchange of cuttings may be a strong factor of Xpm dissemination. Yield in cassava production decreases as the percentage of infected cuttings increases, reaching almost total losses (Harris et al., 2015). diverse in Latin American crops, evidencing a high degree of DNA polymorphisms among isolated strains (Verdier et al., 1998b;[START_REF] Restrepo | AFLP Fingerprinting: An Efficient Technique for Detecting Genetic Variation of Xanthomonas axonopodis pv[END_REF]. Diversity of Xpm populations was first evaluated using physiological characters and DNA polymorphisms were assessed by RFLP, rep-PCR and AFLP analysis (Restrepo & Verdier, 1997;[START_REF] Restrepo | AFLP Fingerprinting: An Efficient Technique for Detecting Genetic Variation of Xanthomonas axonopodis pv[END_REF]2000).

In Colombia, a high diversity of the pathogen has been reported, which can be explained by the wide range of environmental conditions in which the crop grows (Restrepo & Verdier, 1997;Restrepo et al., 2004). The frequencies and variation of the haplotypes changed dramatically over time in different regions of Colombia, suggesting that populations evolve rapidly (Restrepo et al., 2000;2004) and have the possibility of migrating between regions (Restrepo & Verdier, 1997). The area that showed the greatest genetic diversity of Xpm was the Caribbean region, which can be explained by the characteristics of its hosts, the migrations of the pathogen and climatic changes (Trujillo et al., 2014). More recently MLVA (Multiple-Locus Variable number tandem repeat Analysis) was used to determine Xpm diversity in the Colombian Caribbean, further confirming a high genetic diversity among populations (Trujillo et al., 2014;Rache et al., 2019).

The municipality of Chinú (department of Córdoba, in Colombia Caribbean) is one of the municipalities with the highest production of industrial cassava in the Colombian Caribbean [START_REF] Agronet | Estadística del Cultivo de la Yuca. Evaluaciones Agropecuarias Municipales[END_REF] and, therefore, it is possible that there is a greater commercialization and exchange of cuttings at planting time There, Trujillo et al (2014) found a center of origin of several Xpm haplotypes that coincides with the high indices of diversity reported. Additionally, they confirmed migratory processes of the pathogen, and demonstrated that the most cultivated cassava variety in the region is susceptible to most of the Xpm strains evaluated.

b. CBB spread in relation with agricultural practices

The multiplication of the pathogen occurs in environments with high humidity, generally after the rainy season, starting by invading the aerial organs and later colonizing the internal tissue (Daniel & Boher, 1985). Its expansion between plants can occur naturally through a process of horizontal transmission in which the bacterium is transported by raindrops and wind (Figure 10), and once it reaches the aerial part of the neighboring plant, the infection cycle is reinitiated (Lozano & Sequeira, 1974).

In this sense, farmers consider the rainy and dry seasons of each place when they are planning cassava planting, as an agronomic measure to optimizing the use of naturally available water and to reduce the infection risk of some bacterial and fungal diseases during the susceptible stage of a crop [START_REF] Ambe | The effect of planting dates on three cassava diseases in Cameroon[END_REF]. In fact, it was reported that when cassava cuttings are sown at the end of the rainy season the severity of CBB can be reduced (Zinzou et al., 2004).

In addition to climatic conditions, farmers pay special attention to the soil attributes where they will sow. Although Xpm hardly survives on the soil for more than three weeks, it was reported that strains may remain dormant in slow-decaying dry debris on the soil and serve as inoculum for future plantings in the same place [START_REF] Fanou | Survival of Xanthomonas axonopodis pv. manihotis in weed species and in cassava debris: Implication in the epidemiology of Cassava Bacterial Blight[END_REF]. On the other hand, soils require a relatively high humidity during the initial stages of cultivation (Howeler et al., 2013), which can promote the proliferation of weeds that are considered a major problem in cassava farming. This is in part explained by the potential role of weeds as reservoir for pathogens (Uzokwe et al., 2016), but mostly because its control consumes time and energy of the farmers, in addition to compete with cassava for soil nutrients (Agahiu et al., 2011). In particular, considering that Xpm was shown to survive epiphytically on many weed species [START_REF] Fanou | Survival of Xanthomonas axonopodis pv. manihotis in weed species and in cassava debris: Implication in the epidemiology of Cassava Bacterial Blight[END_REF], the establishment of intercropping systems is suggested as the best strategy for weed suppression (Weerarathne et al., 2017) and, therefore, for the control of CBB in tropical cassava crops (Sikirou & Wydra, 2008), taking into account that disease severity can vary according to climatic conditions and used associated crops (Zinsou et al., 2004). Additionally, the proliferation of weeds could also promote the growth of insects that could eventually act as vectors that disperse Xpm through crop fields during the rainy season (Zandjanakou-Tachin et al., 2007).

Despite the fact soil fertility is often sufficient to supply the crop requirements, many farmers use chemical fertilizer to complement the soil nutrition and respond to the market demands (Reynolds et al., 2015). However, fertilizers can make plants more susceptible to pathogens (Long et al., 2000;Veresogloua et al., 2013) In the case of CBB, some reports indicate that chemical fertilizers have no impact on disease occurrence and severity [START_REF] Odurukwe | Effect of N, P, K Fertilizers on Cassava Bacterial Blight and root yield of cassava[END_REF].

In addition to fertilizers, many farmers use chemical pesticides, as a preventive or corrective measure to control possible pests and diseases. Over time, the use of some commercial insecticides has become widespread when evidences of some plagues, such as mites, mealybugs, whiteflies and the hornworm appeared [START_REF] Bellotti | Cassava production and pest management: present and potential threats in a changing environment[END_REF]. However, their applications do not follow proper protocols and could affect human [START_REF] Mostafalou | Pesticides and human chronic diseases: evidences, mechanisms, and perspectives[END_REF][START_REF] Olowogbon | Agrochemical health risks exposure and its determinants: empirical evidence among cassava farmers in Nigeria[END_REF]), plant (Sharma et al., 2018), and environment health [START_REF] Tilman | Global environmental impacts of agricultural expansion: The need for sustainable and efficient practices[END_REF][START_REF] Carvalho | Pesticides, environment, and food safety[END_REF]. Thus, despite the fact that there is no effective chemical treatment against CBB (Trujillo et al., 2014), some farmers at small scale use insecticides as a remedy against it.

Complementarily, some copper-based fungicides have also been recommended for the treatment of bacterial infections (Sundin et al., 2016), including against CBB (Álvarez & Llano, 2002). Nevertheless, the use of this heavy metal can have consequences because of its accumulation in the soil (Lamichhane et al., 2018). The use of copper and streptomycin may also lead to the adaptation of pathogen strains becoming resistant against these treatments [START_REF] Cooksey | Copper uptake and resistance in bacteria[END_REF][START_REF] Mcmanus | Antibiotic use in plant agriculture[END_REF], and this has been reported in some

Xanthomonas species [START_REF] Behlau | Evidence for acquisition of copper resistance genes from different sources in citrus-associated Xanthomonads[END_REF].

Alternatively, the literature suggests the use of manual methods related to traditional CBB control practices [START_REF] Nweke | Farm level practices relevant to cassava plant protection[END_REF], that include weeding, burying infected debris in the soil, rotating crops (Wydra & Verdier, 2002) and intercropping of cassava with other crops (Zinsou et al., 2004). When CBB symptoms are evident in the field despite prior controls, farmers remove the diseased cassava leaves for early mitigation of the pathogen development [START_REF] Fanou | Removal of symptomatic cassava leaves as cultural practice to control cassava bacterial blight[END_REF], but this method depends on the specific susceptibility of each variety, and is efficient when disease incidence is low. In the same manner, other practices such as the selection of cuttings and the monitoring of the exchanges should be included as a strategy to avoid the dispersion of contaminated propagative material [START_REF] Verdier | Bacteriosis vascular o añublo bacteriano de la yuca causada por Xanthomonas axonopodis pv. manihotis[END_REF].

c. CBB epidemiology in cassava cuttings exchanges networks

The cassava cuttings exchange system could be considered informal because the propagative material results of exchanges carried out by the farmers themselves at the local scale (Coomes et al., 2015). In this sense, the relatively short networks favor the short-term acquisition of propagative material for commercial interests, considering that the cuttings should be planted as soon as possible after being cut from the stem [START_REF] Dyer | Informal "seed" systems and the management of gene flow in traditional agroecosystems: the case of cassava in Cauca, Colombia[END_REF], and their low multiplication rates [START_REF] Elias | Propagule quantity and quality in traditional Makushi farming of cassava (Manihot esculenta): a case study for understanding domestication and evolution of vegetatively propagated crops[END_REF]. Since this system aims to respond to market dynamics, obtaining higher productivity in less time, it has led to the genetic uniformity of cassava varieties that have commercially exploitable characteristics (Ceballos & Hershey, 2017), which could make the crop vulnerable to pathogen that overcome the immunity barrier of specific cassava varieties (Delaquis et al., 2018a).

Additionally, the characteristics of the cuttings circulation system increase the possible diseases spread risks during exchanges, because farmers generally do not keep track of the plant material they exchange and may circulate contaminated material (Delaquis et al., 2018b). Yet, although cuttings exchange systems in food crops play an essential role in the spread of diseases, reports in this regard are relatively few (Moslonka-Lefebvre et al., 2011), especially in tropical countries, where seeds systems are not adequately monitored for this purpose (Andersen et al., 2019;Thomas-Sharma et al., 2017). In the case of CBB,

Xpm spread seems to be due to the cuttings exchange since the farmers do not carry out an adequate control and management of the propagative material before sowing (Mansfield et al., 2012).

However, the control of material in these informal networks is complex because many farmers do not own lands and, therefore, can hardly keep plants for planting from past harvests. Since cuttings lose viability in a very short time, they are forced to acquire them, purchased or donated, a few days before planting, directly from farms that were able to keep part of the crop standing after the harvest. In addition, since rainy seasons are relatively short, farmers try to plant cassava during this period, which causes a scarcity of cuttings at the local level because most farmers plant at the same time and often the fields that have reserved plants are not enough. Therefore, farmers do not make an exhaustive control of the propagative material because they must accept the available material regardless of their origin, discarding only those cuttings that have evident signs of rotting or pest action. In this sense, to limit CBB development it is advisable to monitor the history of each plot and neighboring ones in order to have a general overview about the occurrence of the disease locally, and avoiding installing new fields near infected areas or receiving cuttings from these plots.

Some protocols can be adopted for sowing cuttings free of the pathogen [START_REF] Lozano | The production of bacteria-free planting stock of cassava[END_REF], but one difficulty is that plants can harbor the pathogen asymptomatically until the beginning of the rainy seasons (Restrepo et al., 2000;Verdier et al., 1998b;Wydra & Verdier, 2002). Thus, depending on the environmental conditions, Xpm-infected cuttings exchanged without evident symptoms have the potential to infect other fields.

Considering the difficulties for an early control of the pathogen from the cuttings, the most recommendable strategy would be the generation of Xpm detection tools in the field and the propagation of CBB-free cuttings [START_REF] Frison | FAO/IBPGR Technical guidelines for the safe movement of cassava germplasm[END_REF]. For CBB, diagnostic and early detection tools have been developed based on in vitro isolation of the pathogen and its subsequent re-inoculation in the plant. Since the late 1990s, molecular methods for Xpm detection have been developed, such as standard PCR (Verdier et al., 1998a), dot blots [START_REF] Verdier | Specific detection of Xanthomonas axonopodis pv. manihotis with a DNA hybridization probe[END_REF], nested PCR [START_REF] Ojeda | Detecting Xanthomonas axonopodis pv. manihotis in cassava true seeds by nested polymerase chain reaction assay[END_REF], and ELISA [START_REF] Verdier | Methods for detecting the cassava bacterial blight pathogen: A practical approach for managing the disease[END_REF]. Recently, optimized versions of these PCR-based methods have been reported

to be highly selective and sensitive for Xpm detection [START_REF] Bernal-Galeano | Development of a multiplex nested PCR method for detection of Xanthomonas axonopodis pv. manihotis in cassava[END_REF][START_REF] Cerqueira-Melo | Improvement of the specific detection of Xanthomonas phaseoli pv. manihotis based on the pthB gene[END_REF][START_REF] Flores | Development of a duplex-PCR for differential diagnosis of Xanthomonas phaseoli pv. manihotis and Xanthomonas cassavae in cassava (Manihot esculenta)[END_REF].

Another complementary strategy is to take advantage of the plant's natural immunity to implement plant breeding programs and control phytosanitary problems in cassava [START_REF] Chavarriaga-Aguirre | The potential of using biotechnology to improve cassava: a review[END_REF]. Such programs should be promoted by local institutions and implemented from the beginning with farmers so that they are the ones to adopt and propagate the tolerant or resistant varieties, but also those who monitor the disease according to each stage of the crop cycle. The success of such approaches depends on the environmental conditions and the selection of phenotypic characteristics that favor farmer preferences and market demands (Zárate-Chaves et al., 2021). At present, the natural defense mechanism that plants have to block the multiplication of Xpm [START_REF] Kpémoua | Cytochemistry of defense responses in cassava infected by Xanthomonas campestris pv. manihotis[END_REF], and the cassava genetic map allowing for the search of markers linked to CBB resistance loci [START_REF] Jorge | Genetic mapping of resistance to bacterial blight disease in cassava (Manihot esculenta Crantz)[END_REF] are known.

These findings have been fundamental to improve our knowledge about cassava resistance against Xpm. In this regard, specific chromosomal regions (called Quantitative Trait Loci -QTLs) involved in Xpm resistance have been detected [START_REF] Soto-Sedano | Major novel QTL for resistance to Cassava Bacterial Blight identified through a multi-environmental analysis[END_REF][START_REF] Tappiban | Identification and expression of genes in response to Cassava Bacterial Blight infection[END_REF]. Through experimental and bioinformatics approaches, R gene candidates in the cassava genome have been identified [START_REF] López-Carrascal | Isolation of resistance gene candidates (RGCs) and characterization of an RGC cluster in cassava[END_REF][START_REF] Lozano | Identification and distribution of the NBS-LRR gene family in the Cassava genome[END_REF]. In fact, some of these R gene candidates have co-localized with QTLs explaining resistance to some Xpm specific strains [START_REF] López-Carrascal | Mapping EST-derived SSRs and ESTs involved in resistance to bacterial blight in Manihot esculenta[END_REF] 

D. Presentation of the thesis topic and objectives

Cassava is crucial for world food security and has been the livelihood for many families around the world, especially small-scale farmers (Howeler et al., 2013). These farmers have had to struggle against adversity to obtain production to supply the local and regional demands, despite the climate crisis, social inequalities, agrarian problems, the impact of capitalist agriculture and growing phytosanitary problems.

In the Colombian Caribbean, the cassava crop is part of the traditional diet and has been strongly impacted by all these problems in recent years. Although the national market for cassava has grown in response to increased demand for fresh tubers as food in regional markets, as well as for industrial uses, fewer and fewer small-scale farmers are growing cassava for subsistence. Families that used to grow yams, maize and other tropical crops associated with cassava to supply local needs have lost their land or have switched their source of income to cattle raising, as agriculture is no longer a good business and it is increasingly difficult to survive on farm income.

Producing cassava to feed growing populations in the big Colombian cities and competing with technified industrial agriculture has caused farmers to replace traditional agricultural practices and increasingly turn to techniques that favor crop yields such as the establishment of intensive monocultures, the homogenization of the diversity of cassava varieties, or the use of agrochemicals for weed control, fertilization and disease and pest management. The changes in farming practices to respond to commercial demand not only makes cassava marketing unprofitable because of the need to invest in external inputs, but also has a relationship with the deterioration of socioeconomic and environmental conditions and the well-being of farmers.

Cassava Bacterial Blight (CBB) has been reported as one of the most damaging bacterial diseases to the world's major crops (Mansfield et al., 2012). CBB is caused by the bacterial pathogen Xanthomonas phaseoli pv. manihotis (Xpm), which can colonize the host vascular system, and cause irreversible lesions on the plant that affect its productivity (Zárate-Chaves et al., 2021). Farmers recognize this disease as a concern because of the lack of knowledge around its control, but it is still not given the necessary attention since farmers lack training for its identification or have no interest in stopping it because they underestimate its impact on yield (Harris et al., 2015).

Then, although scientific knowledge about the epidemiological dynamics of Xpm populations and their prevalence in Colombian Caribbean crops is available (Trujillo et al., 2014), the impact of farming practices and of the sociopolitical context on the pathogen spread has not been given enough emphasis. The main objective of this thesis is therefore to investigate the role of local knowledge, agronomic practices, and socioeconomic factors on the occurrence of CBB, taken at the scale of a village in the Caribbean region of Colombia. This information shall be essential to improve the understanding of the Xpm population genetic structure, CBB epidemiology and its prevalence world-wide, towards the improvement of the socio-economic conditions of cassava farmers.

a. Objectives

General objective

Investigate the role of local knowledge, agronomic practices, and socioeconomic factors on the occurrence and diversity of Cassava Bacterial Blight (CBB), at the scale of a village in the Caribbean region of Colombia.

Specific objectives:

-Identify the socio-cultural and agronomic factors that influence the occurrence of CBB, in the context of small-scale farming in the Colombian Caribbean.

-Determine the impact of small-scale cassava cuttings circulation network on the epidemiology and genetic diversity of Xanthomonas phaseoli pv. manihotis (Xpm)

in the Colombian Caribbean.

-Analyze the influence of territory's agrarian history on the cassava cultivation and the spread of Xpm in a small-scale cultivation context. The data presented in this chapter were generated in the framework of the PAIX project (PAthogen-Informed sustainable resistance of cassava against Xanthomonas), which was funded from 2014-2018 by the Agropolis Foundation. The objective of PAIX was to establish locally-adapted anti-CBB control strategies in three different regions of the world: Latin America, West Africa and Southeast Asia. In this context, we made the search from July to

August 2016 for a study area in the Colombian Caribbean where we could evaluate the impact of agricultural practices on CBB spread, which was one of the objectives of the PAIX project.

To achieve this, I conducted 87 semi-structured interviews with cassava farmers through 15 municipalities with the largest cassava production in Colombia, in the departments of Bolívar, Córdoba and Sucre. During these interviews I obtained general information about the cassava crop, but also the planting dates, growing seasons, phytosanitary problems and the origin of the cuttings. Subsequently, we selected a village belonging to the municipality of San Juan de Betulia (department of Sucre, Colombia), called Villa-López, and the criteria we considered were: (1) that it was a small town where we could visit all the fields growing cassava in 2016, to follow the cuttings exchange network and evaluate the presence of CBB, (2) it was a place where the main economic activity of the people was related to cassava production for at least three generations, and (3) there has been an increasing incidence of CBB in the region, according to the farmers' perception.

We In this chapter I will show the results of the interviews and the participant observation. First, we summarize the agricultural practices of Villa López farmers to farm cassava, based on the testimonies collected. Then, we describe the cutting conservation practices and the origin of the cuttings that were planted in the locality. Additionally, we analyze the occurrence of the disease and show its occurrence in about half of the fields cultivated that year, although this apparently did not have an impact on production due to the short crop cycles of the varieties planted and the prolonged dry weather seasons. Finally, our statistical analysis shows that the variables explaining best the occurrence of the disease in each field are the use of fertilizers, land tenure and obtaining cuttings from donors outside of Villa López.

Considering that this is the first study of that kind carried out for CBB, the results are very valuable because they help us to provide supported evidence about the biocultural factors that can influence the presence of the disease in the conditions of this region. The concern of the farmers was also evident because, although no production losses have been reported so far, 3 GIMBBE, Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogotá, Colombia. 4 Univ. Lille, CNRS, UMR 8198 -Evo-Eco-Paleo, F-59000 Lille, France.

5 CEFE, CNRS, Univ Montpellier, EPHE, IRD, Montpellier, France.

Abstract

Cassava (Manihot esculenta Crantz) is a primary crop for food security of millions of people worldwide. In Colombia, the Caribbean region contributes about half of the national cassava production, despite major socioeconomic constraints such as unequal land property, omnipresence of middlemen, low and unstable prices, armed conflict, climate change and phytosanitary issues. Among the latter is Cassava Bacterial Blight (CBB), a disease caused by the bacterial pathogen Xanthomonas phaseoli pv. manihotis (Xpm) that leads to irreversible damage to plants, impeding growth and productivity. In 2016, we analyzed the role of sociocultural and agricultural practices on CBB prevalence in smallscale fields of a village of the Colombian Caribbean region, where farmers live almost exclusively from the sale of their cassava production. Semi-structured interviews (48) were conducted with all farmers who cultivated cassava to document individual sociodemographic characteristics, cassava farming practices, and perceptions about CBB occurrence. CBB was diagnosed in the field and the presence of Xpm was further confirmed upon laboratory analysis of collected diseased leaf samples. Our data show that i) according to the risks perceived by farmers, CBB is the main disease affecting cassava crops in the village and it could indeed be detected in about half of the fields visited; ii) CBB occurrence depends strongly on land property issues, likely because of an inadequate phytosanitary control during acquisition of cuttings when farmers are forced to rent the land; and iii) there is a strong positive correlation between the use of commercial fertilizers and the occurrence of CBB in the village of Villa López.

Introduction

Agriculture today is faced with a double challenge: coping with the impacts of climate change and reducing chemical inputs. It will become even more difficult to overcome these challenges, knowing that pest attacks are projected to decrease the yield of major grain crops by 10 to 25% per degree Celsius of warming (Deutsch et al., 2018). Root crops are particularly concerned by yield reduction compared to cereals under drought conditions [START_REF] Daryanto | Global synthesis of drought effects on cereal, legume, tuber and root crops production: A review[END_REF]. Phytosanitary problems in a context of climate change could potentially deprive humanity of up to 82% of the attainable yield (Chakraborty & Newton, 2011). It is estimated that each year already, approximately 16% of global harvest is lost due to plant diseases [START_REF] Strange | Plant disease: a threat to global food security[END_REF]. Economic losses caused by plant pathogens may affect food security, especially in food-deficit regions with fast-growing populations such as countries in Latin America, Sub-Saharan Africa, and the Indo-Gangetic Plain (Savary et al., 2019).

Cassava (Manihot esculenta Crantz) is extensively cultivated all over the tropics; its tuberous root is a major source of carbohydrates for hundreds of millions of people worldwide (Lebot, 2009). Because of its tolerance to heat and water stress, cassava is thought to be resilient to climate change (Jarvis et al., 2012;El-Sharkawy, 2014), and hence is considered a strategic food, especially in a context of human adaptation to climate change [START_REF] Burns | Cassava: the drought, war and famine crop in a changing world[END_REF]. In Colombia, cassava is one of the most cultivated food crops, with a production of approximately two million tons per year (FAOSTAT, 2019), ensuring the subsistence of farmer families that cultivate it. The Caribbean region contributes to about 50% of Colombian production (DANE, 2017), mainly through small-scale cultivation by local communities who not only use it as part of their traditional diets, but also as a source of income (Aguilera-Díaz, 2012).

Cassava is susceptible to several pests and diseases during its cycle that could significantly reduce its yields (CABI, 2021) bringing socioeconomic problems to small-scale farmers who depend on the crop for survival. Among the main diseases affecting cassava production is Cassava Bacterial Blight (CBB), which is caused by Xanthomonas phaseoli pv. manihotis (Xpm). Xpm is a systemic Gram-negative bacterium that penetrates host leaves through natural openings or wounds, and can move into distal leaves and stems upon colonization of the plant vascular system. The most severe symptoms include leaf wilting, vascular necrosis of the stem, and shoot dieback causing irreversible damage that impedes cassava's growth and productivity (Zárate-Chaves et al., 2021). Dispersal of the pathogen within and among fields is thought to occur mainly through agricultural practices. Cassava is propagated clonally through stem cuttings. The pathogen can be spread when contaminated tools are used to prepare stem cuttings at planting time, and to cut stems when the roots are harvested. Exchanges of infected stem cuttings can disperse the pathogen among fields (Boher & Verdier, 1994;Lozano, 1986;Zárate-Chaves et al., 2021).

At a small-scale, within fields or between adjacent fields, the bacterium can be dispersed naturally via rain and wind (Lozano, 1986).

This bacterium was first reported in Brazil in 1912 (Lozano, 1986), and in Colombia in 1971 (Lozano & Sequeira, 1974). In Colombian Caribbean, a high genetic diversity of Xpm has been reported, in comparison with other regions where the disease is present. This higher diversity can be explained by the wide range of environmental conditions in which the crop is cultivated (Restrepo & Verdier, 1997;Restrepo et al., 2004). The frequencies and variation of Xpm haplotypes have changed dramatically over time in different regions of Colombia, suggesting that populations may evolve rapidly (Restrepo et al., 2000;Restrepo et al., 2004) and possibly migrate within and between regions (Restrepo & Verdier, 1997). 

Materials and methods

Study area

We chose to work in the Caribbean region of Colombia, because the cassava market is highly dynamic in this region and some localities, such as Chinú play a central role in cassava farmers meetings of cassava farmers during which propagative material may be exchanged. In addition, in this region Xpm is highly diverse (Trujillo et al., 2014), but to our knowledge, there have been no deliberate efforts to control CBB. The village of Villa López was selected because (i) its reasonably small size and concentrated habitat facilitate study; (ii) its main economic activity has relied on cassava production for at least three generations; and (iii) farmers expressed concern about the increasing incidence of CBB in their fields. Villa López is part of the municipality of San Juan de Betulia (Department of Sucre, Colombia), and is located at 9° 18' 14.7'' N and 75° 13' 49.6'' W, four kilometers away from the center of the municipality of San Juan de Betulia (Figure 1). In 2016, when field study was conducted, almost all the families living in Villa López received income from the cassava value chain, as transporters, harvesters or merchants.

Out of the 115 families, 48 families grew cassava as their main source of income. All farmers were men; these 48 farmers represent the totality of cassava growers living in this locality. The economy of other villages around Villa López also relies on cassava production [START_REF] Agronet | Estadística del Cultivo de la Yuca. Evaluaciones Agropecuarias Municipales[END_REF]. A number of fields around Villa López are cultivated by farmers living in these villages such as Corozal, Las Cruces and Sabaneta, all 2-7 km away.

Thirty-nine out of 48 men cultivating cassava were born in Villa López; the others were born in nearby municipalities and, in most cases, arrived after marrying women from this village.

Interviews

Of the 115 families living in Villa López between September and December 2016, we interviewed all the people who cultivated cassava during this period: 48 male farmers who cultivated 40 fields (Table 1). The number of fields does not correspond to the number of farmers because (1) two producers did not cultivate during that time because last season they did not have good results in selling their cassava production in the preceding season, 

Identification of Cassava Bacterial Blight

In each of the visited fields, the fields were surveyed for CBB-like symptoms: two apparently diseased leaves of up to five plants of each variety were sampled per field. Each sampled plant was documented and georeferenced. The isolation of strains of Xpm and PCR validation were performed as described by Trujillo et al. (2014). Leaf samples were sterilized with a 1% sodium hypochlorite solution and rinsed with sterile water.

Subsequently, the tissue sample was macerated in a salt solution and drops of diluted macerate were plated onto LPGA medium (5g/L yeast extract, 5g/L peptone, 5g/L glucose, and 15g/L agar) and incubated at 28°C for 48 hours. Bacterial colonies with typical Xpm morphology were selected and further validated through a PCR-based molecular diagnostic assay [START_REF] Bernal-Galeano | Development of a multiplex nested PCR method for detection of Xanthomonas axonopodis pv. manihotis in cassava[END_REF].

Statistical analysis of factors explaining the occurrence of CBB

To The date of collection was included, because CBB symptoms became increasingly visible over the plant's growth. Sampling took place in October (before harvest) and November (after harvest on plants left over because the farmers wanted to select these plants to provide vegetative propagules). Although the interviews asked about all agrochemicals used during the crop cycle, for the statistical analysis we only considered fertilizers because herbicides were used by few farmers and insecticides were used by almost all farmers. Thirty-eight fields had no missing data (the two missing ones were harvested before we sampled).

Prior to any analysis, we checked for multicollinearity using Pearson coefficient (Figure S1). Two variables were removed from the analysis because they were strongly correlated with another variable: "cultivation time" (correlated to "land tenure", r² = 0.63) and "number of donors" (correlated with both "land tenure", r² = 0.40 and "cultivation time", r² = 0.51), resulting in six possible explanatory variables. We performed logistic generalized linear models, with CBB occurrence explained as a function of each possible combination of the six candidate explanatory variables (2 6 =64 models investigated).

Models were ranked according to Akaike's information criterion modified for small samples (AICc, [START_REF] Burnham | Model selection and multimodel inference[END_REF]. We measured the relative importance of each variable, by summing the Akaike weights of the models including this variable. Since each variable was present in exactly half of the models, variables with importance > 0.5 are the most relevant. Model comparison was implemented in the R package MuMIn [START_REF] Bartoń | MuMIn: Multi-Model Inference[END_REF].

For the two best models, Likelihood Ratio Tests (LRT) were performed comparing these models and those including all but one of each of the explanatory variables. Explanatory variables that combined high importance and significant LRT tests were considered as relevant.

Results

Cassava, a traditional staple crop in Villa López

Most Villa López farmers grew cassava in a single field averaging one hectare in size. Out of 40 visited fields, 28 were rented. Farmers usually rented their lands for six months or for a year through informal contracts. Farmers reported that they selected their field based on previous experience about soil characteristics, proximity to their home and cost of rental. Most fields were located within a 7 km radius of the center of the village.

Landowners generally lived in the larger nearby municipalities, especially San Juan de Betulia and Corozal.

In 2016, cassava cultivation was the main source of income for the inhabitants of Villa López. Men were generally in charge of economic activities such as cassava selling or cattle breeding, while women were in charge of housekeeping. Growing cassava has been part of their daily life: 94% (45/48) of the consulted farmers had cultivated cassava for more than five years, and 92% (44/48) reported that their parents and grandparents had also cultivated cassava.

Cassava was grown in thirty-six fields out of the 40 visited, in association with either maize (Zea mays), yam (Dioscorea spp.), pumpkin (Cucurbita maxima), watermelon (Citrullus lanatus), sesame (Sesamum orientale) or beans (Phaseolus vulgaris). Normally, cassava was planted first, along with pumpkin or watermelon seeds if these are available, then maize, and finally yams. When the cassava was harvested, maize was usually sown again, accompanied by sesame. All these plants are part of their traditional food system and were available to be harvested throughout the year, favoring self-sustainability.

To supplement soil nutrition, 45% (18/40) of the visited fields used commercial NPK fertilizers. Prior to sowing cassava, the substrate of 14 fields (35%) was prepared by ploughing with a tractor and the technique locally named "aporque". It consists in accumulating soil at the base of the stem cutting, thus forming a small mound. In Villa López, both the use of mechanical plough and investment in external labor were limited, since profits from the sale of cassava production were small.

During the growth of the crop, the farmers mentioned that one of the most frequent problems was weed invasion. Most farmers weeded exclusively manually, since weed growth can be controlled by ground-covering associated crops, such as pumpkins or watermelons. About 20% of the fields were treated with herbicides.

During the growing season, most farmers applied insecticides (38 out of 40 fields), despite their high costs at the local market. Most of them (82% of fields) applied organophosphate insecticides, including Lorsban® and Roxion®. Questionnaires showed that these insecticides were applied mostly to prevent or control other pests and diseases during the cassava crop cycle. Usually, the doses applied were decided by trial and error, based on farmers' previous experience or on advice received from those who sell the agrochemicals.

As a preventive treatment against CBB, prior to planting, farmers soaked stem cuttings in copper oxychloride (17,5% of fields), and in organophosphate insecticides such as Lorsban® and Roxion® (32,5% of fields). Stem cuttings were not treated prior to planting in the other fields (50%). In two fields (5%) were used copper oxychloride and organophosphate insecticides at the same time.

Although most cassava plants were harvested at the end of October, the cultivation cycle can last from 6 to 12 months, depending on climatic variations, variety characteristics and market opportunities. During the harvest period, the intermediaries in charge of marketing at departmental and regional levels occasionally visited farmers to evaluate the yield and the qualities of the soil and the crop (plant health and size), so as to negotiate prices with farmers. Farmers reported that this informal market dynamic and the large number of levels of middlemen in the value chain contribute to lower prices and incomes.

Origins of the cassava cuttings

Farmers planted cassava during the March to June rainy season. They preferred to plant five days after the full moon, because they thought that this practice prevents plant rotting.

Cassava was mainly propagated clonally through stem cuttings; we observed only a single volunteer plant issued from sexual reproduction in one field. Because cassava is generally harvested in October and planted in March, farmers had to store their own planting material for several months, or requested some from other farmers before planting. If farmers were able to use their own plant material, they might collect it either from the same previously cultivated field, or from a different field. In this case, they selected cassava cuttings considering the characteristics of the adult plants and the soil moisture.

According to farmers, the plant material that would be planted during the next cultivation cycle could be conserved either as stems under the shade of trees, or as living plants. If stored as stems, farmers reported that they needed to be watered daily for at least two weeks. Farmers said that the wound to the stem made during cutting was healed by the plant's natural latex. Just before planting, stems were cut with a machete into 30 cm long cuttings.

In 70% of the surveyed fields (28 out of 40), farmers kept a few living plants as planting stock. However, according to the interviews, this stored plant material was often left aside, either because farmers could not exploit the same field for the next cropping cycle, or because the plant material dried out due to delayed rainy seasons.

Even when farmers keep cassava planting material in their fields or under trees, they may still face a shortage of stems and need to request cuttings, just before the sowing period, from someone else living in or outside the village. Seventy-seven donors of cassava cuttings were identified in our surveys (Figure 2). A total of 304 actions of "seed" transfer were identified. The majority (74%) were undertaken by people from Villa López who exchanged seeds with their neighbors in the same village. Forty-five of the 48 local farmers were identified as having provided plant material to someone else (in 88% of cases not from the same family) in the preceding year (2015). The remaining providers of plant material are settled in the surrounding villages, especially San Juan de Betulia (whose farmers provide 86% of the actions of seed transfer from outside the village). 

Sociocultural drivers of CBB occurrence in Villa López

CBB is known popularly by the common name "quema" (burning), because leaves look as though they are burnt when attacked by the pathogen (Figure 3). All consulted farmers declared to knowing the disease. They acknowledged that CBB occurs during rainy seasons, and that its characteristic symptom is a leaf blight starting from the apical part of the plant and progressing towards its base. was not present. To sum up, we observed that farmers made mistakes in reporting the presence of CBB in 32.5% of the fields when it was not present (ten instances), or the inverse (three instances).

Nineteen fields out of 40 were infected by CBB. Among all fields, 28 were rented (70%).

Rented fields showed a higher prevalence of CBB than owned fields (respectively 16/28 and 3/12 fields infected; odds-ratio = 4; Figure 4). Among all fields, commercial fertilizers were applied in 18 (45%). Fertilized fields showed a higher prevalence of CBB than unfertilized fields (respectively 11/18 and 8/22 fields infected; odds-ratio = 2.75; Figure 4). To try to find variables explaining for the occurrence of Xpm in fields, we evaluated 64 linear models, including or excluding each of the six explanatory variables. No model showed a strong superiority in explaining Xpm occurrence; however, over all models, fertilizer use and land tenure were the variables showing the greatest importance (Table 2). LRT tests indeed confirmed that both these variables added explanatory power to the best model (P < 0.05 for both). The proportion of external donors and the origin of the planting material showed lower importance (i.e. these variables only contributed to models that sum an Akaike weight of < 50%). They were included in the second-best model, with LRT tests returning P-values just below 0.05 (0.047 and 0.048). These two variables may play a role in CBB occurrence, but our dataset seems too small to confirm this. The other most relevant models (i.e. those within two AICc points of the best model) are listed in Table S2, and

Figure S2 illustrates the Akaike weights of each of the 64 possible models and the variables included for each of them. Neither the diversity of cassava (measured by the number of planted varieties), nor the sampling date (before or after the harvest) significantly impacted CBB occurrence: these variables showed low importance and did not appear in the few most likely models.

Figure 5 shows the spatial distribution of infected fields as a function of land tenure. Indeed, 16 out of the 19 identified infected fields were rented parcels. 

Discussion

Farmers' perception of CBB

All farmers declared knowing CBB and name it quema, which means burn and is reminiscent of some leaf wilting symptoms observed at late stages. However, considering that cassava is subjected to various abiotic and biotic stresses, most of which occur in Latin America, the identification of CBB is not straightforward, since different stresses may lead to similar symptoms. In addition, CBB symptoms may vary according to the susceptibility of the host and the time of infection (Álvarez & Llano, 2012).

In 2016, the harvest in this village started in October, approximately at the same time when CBB symptoms appeared in the infected plants. We observed no significant effect of collection time (before or after harvest) on the occurrence of CBB. The symptoms were weak at all times (October through November), suggesting that the yield may not have been strongly impacted by CBB this particular year. According to Lozano (1986), CBB can be responsible for the loss of up to 80% of the yield in wet years in tropical countries.

However, the few years preceding our sampling were particularly dry years in the Caribbean region (IDEAM, 2020), and this may have led to a reduced impact of the disease.

In addition, it should be noted that the most frequently cultivated varieties in Villa López, namely venezolana and chirosa, have a short cultivation cycle (six months), which gives little time for the bacteria to develop.

The fields of land renters are more likely to be infected by Xpm

National statistics about land use in the department of Sucre show that most rural areas are dedicated to extensive livestock production, progressively replacing food crops at the local scale (DANE, 2017). Because of competition with land for grazing, land for cultivation is scarce, and local farmers are constrained to work in small areas (about one hectare). Those who do not own land have to rent small fields, where they cultivate cassava for sale. In Villa López, cassava cultivated in fields owned by the farmer are less infected by CBB than in fields rented by the farmer (odds-ratio = 0.25).

When fields are rented over short periods, i.e. less than a year, farmers cannot conserve stem cuttings for the next cropping season. In consequence, they must optimize planting with the material available at the local cuttings market, either with farmers from Villa López or from neighboring villages; they do not have the option to control for the disease when choosing cuttings. Inadequate control and management of the propagative material before planting seems a key factor for CBB propagation (Mansfield et al., 2012). However, in the Villa López informal propagule network, control of propagule quality would be difficult to achieve without diagnostic tools, because plants may host the pathogen asymptomatically until the beginning of the rainy season (Wydra & Verdier, 2002). Thus, it is necessary to carry out control practices in each cassava cultivation stage to avoid spread of the pathogen. Crop rotation could be employed as a strategy to avoid the permanence of the pathogen in the crop's environment.

Fertilizer use increases the probability of occurrence of CBB

Fertilizers used by Villa López farmers can supplement soil nutrition, but may also increase plant susceptibility to disease (Long et al., 2000;Veresogloua et al., 2013). Our data show that the application of fertilizers significantly increased the probability of CBB occurrence (odds-ratio = 2.75; see Table 2). Fertilizers for instance increase the production of young cassava tissues, which are highly susceptible to CBB (Lozano, 1986). These young shoots can be quickly infected during the rainy season while natural infection is limited on mature tissues. In addition, for some plant-pathogen combinations, it has been shown that increased nitrogen supply can increase disease susceptibility (Dordas, 2008). Nitrogen fertilization has been shown to either increase or decrease susceptibility to various diseases in different agrosystems; the response notably depends on the form and amount of nitrogen applied [START_REF] Mur | Moving nitrogen to the centre of plant defence against pathogens[END_REF][START_REF] Sun | Unravelling the roles of nitrogen nutrition in plant disease defences[END_REF]. For example, nitrogen can impact some resistance genes in rice, resulting in higher susceptibility to fungal blast disease [START_REF] Ballini | Diversity and genetics of nitrogeninduced susceptibility to the blast fungus in rice and wheat[END_REF]. Effects of nitrogen fertilization have not been studied for CBB. However, the effect of nutrients may vary depending on the environment and on deficiencies or toxicities of some elements (Dordas, 2008).

Influence of other agricultural practices on CBB occurrence

The cultivation of cassava remains a traditional activity for the inhabitants of Villa López.

Methods for cassava production have been adapted to respond to the demands of commercialization in nearby rapidly-growing cities such as Sincelejo and Cartagena.

However, despite market pressures favoring an intensive agriculture, traditional family farming practices are still preserved, because cassava is also cultivated as a staple crop.

Therefore, farmers cultivate following natural rain and drought cycles to optimize water use, they plant and harvest according to the moon cycles, and cultivate associated crops to provide household food needs. Intercropping may reduce CBB intensity in Villa López since it can act as a physical barrier and limit the dispersal of the bacterial pathogen within the field by rain and wind (Wydra & Verdier, 2002;Zinsou et al 2004), but we were unable to test this here.

Another benefit of polycultures in cassava crops is the control of weeds owing to agroecological competition dynamics (Weerarathne et al., 2017). The establishment of polycultures probably plays a major role in controlling the proliferation of weeds in Villa López, and this, in addition to the increasing costs of agrochemicals, may explain the low use of herbicides in the village's fields. Spread of weeds decreases yields directly. By creating microclimates that favor the development of diseases and the proliferation of possible vectors, weeds can also increase the risk of dispersal of diseases and pests (Uzokwe et al., 2016;Zandjanakou-Tachin et al., 2007). For this reason, weed control is determinant in avoiding spread of bacterial blights (Sikirou & Wydra, 2008).

Furthermore, over the growing season, cassava can be impacted by a multitude of pests and/or diseases. The large majority of farmers used insecticides to control them, including as a preventive measure against CBB, even though the literature says there is no effective chemical treatment for it (Trujillo et al., 2014). Some reports indicate that copper-based treatments can be successful in managing bacterial diseases (Sundin et al., 2016). However, as farmers plant cassava at the beginning of the rainy season, the efficiency of such treatment is likely to be diminished due to leaching of cooper. Following strategies suggested by local institutions (Álvarez & Llano, 2012), about half of the farmers in Villa

López applied copper oxychloride on stem cuttings before planting, to protect them from penetration of pathogens and rotting agents during growth. However, this superficial treatment of stem cuttings cannot kill bacteria located in the vascular tissues, and thus has little effect on limiting CBB occurrence.

Conclusions

Cassava has been the main livelihood and source of income for the inhabitants of Villa López for at least four generations. Although according to farmers' perceptions, CBB is the main disease affecting crops in the locality-especially because there is no effective control method-yields were not impacted during the year of our study because the rainy season came close to harvest and the disease appeared at a time when the root was already of marketable size.

Inadequate management and control of stem cuttings seems to be a determining factor for the spread of CBB, and this could be related to land tenure problems, since farmers must plant in rented locations and continually move to new fields, limiting crop rotation and the monitoring of phytosanitary problems of previous cycles. These circumstances promote the circulation of cuttings infected by the pathogen but showing no symptoms permitting its detection.

In addition, we observed a strong correlation between the application of commercial agrochemicals, essentially NPK fertilizers, and the occurrence of the disease in Villa López. Experimental studies are needed to confirm the impact of application of these products on the spread of CBB.

CHAPTER 2: Effect of cuttings circulation system in the spread and diversity of Xanthomonas phaseoli pv. manihotis infecting cassava crops of the Colombian Caribbean

In the previous chapter we reported on the occurrence of CBB in Villa López, and suggested some trends resulting of the qualitative data inferred from the interviews. Within these trends, we highlighted that farmers obtaining cuttings from external donors were more likely to have CBB in their fields. That was the starting point for this second chapter.

From the 2016 field data, we analyzed in detail the circulation network of cassava cuttings and assessed its impact on disease prevalence and diversity.

Together with Sophie Caillon and Anne Duputié, we analyzed the exchange network, considering the information given by the farmers about the origin of their cuttings and the possible donations of their propagative material that they had made. In addition, we included information (interviews and field visits) from the five external donors that were referenced by Villa López farmers.

Xpm was isolated from symptomatic leaf samples, and the strains were validated upon multiplex PCR diagnostic assays, using the protocols that had been previously standardized by the work teams led by Adriana Bernal (professor at the Universidad de los Andes), Camilo López and Boris Szurek. Subsequently, Koralie Begue, Laurence Blondin and Christian Vernière genotyped the samples to evaluate Xpm diversity through MLVA. In turn, Anne Duputié analyzed the diversity of cassava varieties cultivated in Villa López, from leaf samples that were collected in the field. In addition, we evaluated the following possible causes of infection of each of the diseased plants, considering the genetic data and the geographical location of the haplotypes: (i) use of the same contaminated tool, (ii) distance between samples, (iii) exchange of infected plant material, (iv) in-field mutation and (v) intra-plant mutation.

As a result, we identified 76 different Xpm haplotypes in Villa López, highlighting a relatively high diversity compared to other studies conducted in the region. One possible explanation for this is that the farmers had to acquire their propagative material through exchanges with people outside the village, and with the Villa López farmers themselves.

Different sources of origin of haplotypes may account for this high diversity, which may contrast with cassava industrial fields where less genetic diversity of haplotypes is found, potentially due to a lower rate of cuttings exchanges between fields and consequently higher homogeneity of the plant material.

We observe that geographically closer fields presented greater genetic similarities, which is related to the limited migration reported for Xpm. Thus, the multiplication of the bacterium in each field could be explained by environmental factors, while the diversity of pathogens within each field could be explained by the introduction of haplotypes from different fields. In the comparisons between fields, greater genetic similarities can be found between farmers that exchanged cuttings, suggesting that the bacteria migrated between fields by means of the network of cuttings circulation.

We are currently in the last phase of revising the paper and will be submitting it in the next few weeks. We would like to submit this article to PNAS or Plants, People, Planet.

Introduction

Plant pests and diseases have been threatening staple food crops on a global scale throughout history, sometimes with strong socio-political implications (Zadoks, 2017). This is particularly true for smallholder farming communities that strongly rely on agriculture for their living. A better understanding of all the factors underlying the dissemination of pests and diseases, including epidemiological and cultural ones, is essential for the development of optimized and durable control strategies of epidemics spread.

Epidemiology allows a theoretical and empirical understanding of the actions of plant pathogens in time and space, and in this way enables to predict the magnitude of outbreaks and give some measures to control pathogen dissemination based on the analysis of its movements and effects [START_REF] Thomas-Sharma | A risk assessment framework for seed degeneration: Informing an integrated seed health strategy for vegetatively propagated crops[END_REF]. Although agronomic researchers are investigating the effect of agricultural practices on the epidemiological trajectories of plant diseases (Meynard et al., 2003;[START_REF] Morris | One Health concepts and challenges for surveillance, forecasting, and mitigation of plant disease beyond the traditional scope of crop production[END_REF], very few were interested in how circulation of seeds and propagules could impact the spread and diversity of plant diseases.

Moreover, considering that the seed exchange systems are key for the conservation of local agrobiodiversity and, therefore, for food security (Coomes et al., 2015), some studies have been investigating crop vulnerability when diseased plant material is present within the seed exchange system (Moslonka-Lefebvre et al., 2011). In fact, analysis of social network structures related to the seed circulation can be useful to predict the influence of human intervention on the spread of plant disease epidemics in staple crops (Shaw & Pautasso, 2014;Delêtre et al., 2021). Connecting the analysis of epidemics and of social networks could provide more opportunities for the control of diseases since seedtime and will support the development of public policies to achieve a more sustainable agriculture [START_REF] Garrett | Network analysis: A systems framework to address grand challenges in plant pathology[END_REF].

The analysis of seed exchange networks together with plant disease epidemiology is essential for tracking and mitigating crop diseases [START_REF] Buddenhagen | Epidemic network analysis for mitigation of invasive pathogens in seed systems: Potato in Ecuador[END_REF]Garrett et al., 2018), especially for crops where seed acquisition and circulation depend on farmerto-farmer relationships. Cassava farming is a good illustration of this whereby planting material can be scarce at the time of the planting season making it hardly possible to control the phytosanitary condition of the propagative material (Delaquis et al., 2018).

Cassava (Manihot esculenta Crantz) is a perennial shrub of the Euphorbiaceae family that has lateral underground storage organs in the form of starchy roots which can grow, at least for commercial varieties, from 6 to 18 months after planting (Howeler et al., 2013;Rival & McKey, 2008). Cassava is the fifth most important crop produced globally, being essential for the feeding of nearly 800 million people, most of which are from the least industrialized countries in the tropical and subtropical regions of the planet (Parmar et al., 2017). Cassava farming plays a vital role in the world's food security due to its tolerance to various environmental stresses including drought, making it a strategic crop in a context of climate changes (El-Sharkawy, 2007;Jarvis et al., 2012).

Cassava can reproduce sexually through seeds (Elias et al., 2001;[START_REF] Pujol | Microevolution in agricultural environments: How a traditional Amerindian farming practice favours heterozygosity in cassava (Manihot esculenta Crantz, Euphorbiaceae)[END_REF], but the most common method of propagation is through the vegetative multiplication of its stems or "cuttings", which are equivalent to "seeds". Although the commercial reproduction of cassava is vegetative, in this article we will talk about cuttings as seeds, considering that it is the essential reproductive unit of this plant in farming crops. The cassava seed exchanges system in between small-scale farmers is notably characterized by the diversity of the cuttings sources and complexity of the social rules of exchanges, as in other subsistence crops (Coomes et al., 2015). Both small-scale and industrial systems have commercialization as an objective; however, the strategy for obtaining seed may change according to their specific needs and land tenure. For example, small-scale farmers have several sources of propagative material, including exchanges with people who have close ties to each other, which also can lead to a greater diversity of cassava varieties within a field, while industrial fields tend to use seeds from public institutions that are generally of the same variety. Additionally, small-scale farmers tend to change cultivation sites each season, because they generally do not own their land, which means that they cannot keep their seeds from past harvests and must change their propagative material at each planting.

On the other hand, in industrial fields, they can use seeds from their own fields.

Another characteristics of cassava seeds that are key to their circulation dynamics is the quick loss of viability and low multiplication rates of the cuttings. For example, a plant of maize can produce 300 seeds in three months, whereas a foot of cassava produces only ten cuttings annually (Ceballos & Hershey, 2017). In addition, there is little control over the quality of propagation material suggesting possible risks of pest and disease transmission between fields due to exchanges of contaminated cuttings (Delaquis et al., 2018).

In Latin America, by the year 2019, Colombia was reported as one of the largest cassava producers, after Brazil and Paraguay (FAO, 2019). In Colombia, cassava commercialization is decisive for the national economy, and over 50% of its production comes from the Caribbean region (Departamento Nacional de Estadística, 2017). In this region, 70% of cassava producers are farmers that cultivate small-scale fields of approximately 0.5 to 2 ha, with the aim of supplying their family and local demand, or marketing surplus crops to municipal and regional markets (Gottret et al., 2002). For these small-scale farmers, subsistence farming of cassava is a challenge due to changing climatic conditions (Reynolds et al., 2015), supply chains that benefit intermediates and leave them with little profit [START_REF] Chitundu | Intervening in Value Chains: Lessons from Zambia's Task Force on Acceleration of Cassava Utilisation[END_REF], and the increasing impact of pests and diseases [START_REF] Mccallum | Tackling agriculturally relevant diseases in the staple crop cassava (Manihot esculenta)[END_REF].

In Colombia, the diseases associated with leaf spots, stem necrosis and root rot occur more frequently and are widely distributed, causing losses in production yield [START_REF] Ospina | Sistemas modernos de producción, procesamiento, utilización y comercialización[END_REF]. Among them, Cassava Bacterial Blight (CBB), which is a major disease that severely affects cassava production worldwide (Mansfield et al., 2012). CBB is caused by the pathogen Xanthomonas phaseoli pv. manihotis (Xpm), previously named Xanthomonas axonopodis pv. manihotis (Constantin et al., 2016). Xpm is a gram-negative bacterium causing losses that vary between 20-100% in crop yield [START_REF] Graziosi | Emerging pests and diseases of South-east Asian cassava: A comprehensive evaluation of geographic priorities, management options and research needs[END_REF]Harris et al., 2015;Wydra & Verdier, 2002). In comparison with other regions where the disease is present, in the Colombian Caribbean has been reported a high genetic diversity of Xpm (Trujillo et al., 2014).

In general, characteristic CBB field symptoms are leaf spots that are initially small, angular and watery on the underside, that may grow until completely covering the leaf surface and turning brownish. Subsequently, leaf wilting causes dye-back of the entire plant. Symptoms appear 11 to 13 days after infection and their incidence depends on the specific climatic conditions where the plant develops. Xpm can spread through the host vascular system reaching younger leaves and destroying them. Xpm can survive asymptomatically on stem cuttings and plant debris for long periods of time, until the rainy season begins (Zárate-Chaves et al., 2021). Thus, it is possible that the farmers exchange cuttings that apparently do not have the disease, because they could not recognize the symptoms before (Figure 1).

In fact, Restrepo and Verdier (1997) reported the migration of the pathogen in Colombia between and within regions with different soil and climatic conditions, which could be related to the circulation of propagative material potentially infected with Xpm. Complementarily, the use of contaminated tools and natural dispersal mediated by rain and wind could transmit the pathogen between geographically close plants (Lozano & Sequeira, 1974). In this sense, the climatic conditions of the Colombian Caribbean could favor the occurrence of CBB since reports indicate that the optimum temperature for its development is 30°C [START_REF] Maraite | Comparative symptom development in cassava after infection by Xanthomonas manihotis or X. cassavae under controlled conditions[END_REF] and the change from the dry season to the rainy season could facilitate its dispersal (Daniel & Boher, 1985).

Other ways for CBB dispersal could be through the proliferation of weeds that allow the pathogen to survive epiphytically on them between crop cycles (Elango & Lozano, 1981).

Additionally, although there are no reports for Colombia, insect-mediated dissemination of Xpm has been reported [START_REF] Maraite | Xanthomonas manihotis (Arthaud-Berthet) Starr, causal agent of bacterial wilt, blight and leaf spots of cassava in Zaire[END_REF]Zandjanakou-Tachin et al., 2007). Pérez et al. (2022) recently reported that Xpm spread may be associated with inadequate control during the exchange of seeds, caused by the problems of land tenure, the change in agricultural practices for crop management, and human mobility in a context of small-scale cassava cultivation in the Colombian Caribbean. However, a more in-depth analysis is needed in terms of linking Xpm occurrence and genetic variability to seed exchange networks, so as to provide tools to farmers for early control of the pathogen locally. In this sense, in this research we ask how seed exchange networks, geographic proximity, tool use and genetic mutation contribute to the spread and diversity of Xpm at the scale of a village in the Colombian Caribbean.

Materials and methods

Tracing stem cuttings circulation

Between July and August 2016, a process of selection of a study area was made in which we made 87 semi-structured interviews by 15 municipalities of the departments of Bolívar, Córdoba and Sucre, the largest production locations of cassava in Colombia [START_REF] Agronet | Estadística del cultivo de la yuca[END_REF]. During these interviews, we gathered general information about the cassava crop, planting dates, growing seasons, phytosanitary problems and the origin of the seed.

Consequently, we selected a village belonging to the municipality of San Juan de Betulia (department of Sucre, Colombia), called Villa López. The criteria for choosing it were that

(1) the size of the village was small enough that each field cultivated with cassava could be visited to follow the network of cuttings exchanges and checked for the presence of CBB, ( 2) the main subsistence and/or economic activity of people was related to the production of cassava for at least three generations, and (3) according to the farmers perception, CBB would have been increasing in the area (Pérez et al., 2022). Villa López is located 4 km away from the center of the municipality of San Juan de Betulia, at 9° 18' 14.7'' N and 75° 13' 49.6'' W at an altitude of 150 m and with an average yearly temperature of 30 °C (Figure 2). In Villa López, we visited all 40 fields where the villagers cultivated cassava during 2016.

All of them had small-scale farms (<1 ha). We also visited five larger fields (with areas between 7 and 20 hectares) that belonged to growers living in nearby municipalities as they were the main external providers of planting material to farmers from Villa-López scale.

We applied semi-structured interviews to all the farmers from Villa-López (40 farmers) that cultivated cassava during this period, and inquired about their agricultural practices related to cassava cultivation (cultivation techniques and pest/diseases management), the origin and characteristics of the cuttings that they planted (who provided the plant material, when, at what price and in what phytosanitary conditions it was received), the diversity of cassava landraces, and the presence of CBB. The same questions were asked to the 5 biggest providers of cuttings living outside Villa-López, in the villages of Corozal, Los Palmitos and San Juan de Betulia.

Finding and isolating Xpm strains in Villa-López

Cassava fields were surveyed during the months of September to December 2016, which correspond to the end of the rainy season. In each field, we looked for plants infected by Xpm, and collected and georeferenced two leaves of up to five plants of each infected cassava variety. The isolation of Xpm strains was performed as previously described (Trujillo et al., 2014) after disinfection of leaf tissue with 70% ethanol or 10% sodium hypochlorite. Single colonies were restreaked and validated as Xpm strain by diagnostic multiplex PCR [START_REF] Bernal-Galeano | Development of a multiplex nested PCR method for detection of Xanthomonas axonopodis pv. manihotis in cassava[END_REF].

Analyzing Xpm genetic diversity

One colony for each of the different Xpm isolates was suspended in 100μl of PBS using microplates, homogenized and lysed at 94°C for 15 min in a thermal cycler. Strains were subsequently genotyped for 14 loci showing variable numbers of tandem repeats, as described in Rache et al. (2019), but excluding VNTR-20. We estimated diversity indices for farms where 7 or more Xpm strains were found, using R packages poppr (for Nei's diversity index) and hierfstat (for rarefied allelic richness).

The different indices of haplotypic diversity, allelic richness and evenness were estimated by the rarefaction method. This method uses resampling of a given number of individuals, allelic richnesses can therefore be compared among populations regardless of their population size.

We estimated the pairwise differentiation among Xpm from different farms using Weir & Cockerham's (1984) FST, with 1000 permutations of individuals, with the R package hierfstat.

We reconstructed a haplotype network using Phyloviz software (Francisco et al., 2012) and the goeBURST Full MST algorithm. Clonal complexes were defined as the sets of haplotypes differing by at most three mutational steps, considering a change in the number of repeats at a locus as a mutational step.

Cassava genotyping

From each plant sampled, the youngest leaves were taken to determine the diversity of cassava varieties. This would have enabled us to follow the exchanges of (infected) plant material. We genotyped all cassava plants harvested (that is, up to five plants per variety per farm) for eight microsatellite loci, as in Duputié et al. (2009), but excluding loci GAGG5 and GA 134, which showed signs of null alleles. We reconstructed a minimum spanning network using Bruvo's distance (R library poppr).

Reconstructing the network of stem cuttings exchanges

We reconstructed the exchange network among farmers using R library igraph. To analyze the exchanges of plant material infected by Xpm from the same clonal complex, we then subsampled this network, including only the farmers concerned by infection from Xpm belonging to that complex, and all the shortest paths joining these farmers.

Determining the likely sources of Xpm infection

For each infection (i.e. each successfully isolated and genotypes Xpm strain), we considered several possible (and non-exclusive) causes for infection (see Figure 1). The first cause was the use of the same contaminated tool. This was considered a possible cause when the same

Xpm haplotype (or one of the same clonal complex) was present in the same farm. The second cause was geography, i.e. infection by rain splashes or during storms. This was considered a possible cause when the same Xpm haplotype (or one belonging to the same clonal complex)

was present on plants from different farms, located <300 m away from the focal infected plant (Supplementary Figure 1). The third possible cause was exchange of infected plant material.

We considered this a likely cause for infection for the receiving farmer, when two clones from the same clonal complex were present in the fields of two farmers who declared that they had exchanged plant material. The fourth cause of infection was intra-plant mutation, when two strains were found on the same plant and differed by one mutational step. Those infections that could be explained by none of these causes were deemed 'unexplained'.

Results

Genetic diversity of cassava in Villa López

Villa López villagers identified a total of 21 common names to designate cassava varieties, most of them were sweet (non-toxic) varieties. Each farmer cultivated 1 to 7 varieties (mean 3. 1, s.d. 1.5), the most common ones being Venezolana, Chirosa, Negrita, and Cogollo verde. In total, we identified 31 different cassava genotypes, and most of the varieties were polyclonal, meaning that one variety encompassed a relatively large genetic diversity (Supplementary Figure 2). The four most common cassava varieties exhibited 3 to 9 different clones (Supplementary Table 1), with one or two dominant ones. When pooling all the varieties at the farmer scale, fifteen of the farmers apparently cultivated a single cassava clone, none cultivated more than 8 clones (mean 3.3, s.d. 1.7). As a consequence, a few cassava clones were shared by most farmers, and only a handful of cassava clones were shared by a few farmers. This prevented us from following exchanges of plant material among farmers using cassava genotypes, and thus to follow the exchanges of Xpm clones on a given cassava clone.

Among all 796 cassava plants, 138 were infected by Xpm as validated upon PCR-based analysis. All the common cassava varieties were infected to some extent. Interestingly, the bitter varieties showed a trend towards being more infected by Xpm as compared to the sweet varieties (Supplementary Table 2).

Genetic diversity of Xpm in Villa López

From these 138 infected plants, we were able to isolate 176 Xpm strains, meaning that two strains could be isolated from the two collected leaves from 38 plants. They represented 73 different multilocus haplotypes. While 60 of them were found only once, 10 were found 2-10 times and 3 were found 14-18 times. Xpm found on plants cultivated by the farmers with most plants infected tended to show lower values of evenness and Simpson diversity. In other words, the plants in these farms tended to be infected by a few common Xpm clones (Supplementary Table 3). All farmers tended to have their plants infected by genetically differentiated collections of Xpm haplotypes (Supplementary Table 4). Consistently, pairwise kinship coefficients decreased at a short distance (<1 km, Supplementary Figure 3). Xpm haplotype can be present on several adjacent farms (e.g. clones 2 and 24 on Figure 4b), indicating dispersal of the bacteria over short distances. Third, over 31 plants analyzed, we were able to isolate two strains of Xpm. In only 13 of these occasions, the two strains had the same haplotype. In 8 instances, the two strains had completely different haplotypes.

In 10 instances, the two strains had different haplotypes that differed by one or a few mutations and that belonged to the same clonal complex. This latter observation indicates that the bacteria can mutate rapidly within plants, and that a given plant can be infected by several different Xpm haplotypes. All of the 49 farmers living in the village of Villa-López reported having exchanged plant material with others, and 48 of them had received plant material from others, either from the village or from neighboring villages. The in-degree (number of different donors of seed material) for the farmers in Villa-López ranged from 0 to 18 (mean 6, s.d. 3.9). Figure 5a shows the full network of documented exchanges of plant material.

Exchanges of plant material can contribute to the circulation of Xpm. Figure 5b depicts a detail of the exchange network involving only farmers infected by Xpm strains from clonal complex 1 (note that the same graphs are presented on Supplementary Figure 4 for the other clonal complexes). In that particular example, direct exchanges among producers 51, 108 and 87 can explain why they share Xpm haplotypes from the same clonal complex.

Two external donors whose plants are also infected by Xpm from this clonal complex, producers 118 and 119, provide plant material to numerous farmers in the village, but not directly to producers 51, 87 and 108.

(iii) Exchanges of contaminated plant material: when the local farmer had received plant material from a farmer whose plants were infected by Xpm from the same clonal complex (such as producers 51 and 87, but not producer 108, in the previous example highlighted in Figure 5b). This cause was possible for 61 infections (37.4%), and was the only possible cause of contamination in 11 cases (6.7%).

(iv) Mutations of Xpm within the plant. This was observed in 10 cases (6.1%) and was the only plausible cause of infection in 4 cases (2.4%).

Out of 163 infections, only 13 (8%) could not be attributed to any of these possible causes.

Discussion

In this study, we performed a multidisciplinary analysis of Cassava Bacterial Blight in the Colombian Caribbean coast to disentangle the main drivers of Xpm populations genetic diversity at the level of the village of Villa López. We report that 138 plants out of 796 that were harvested during the survey were infected with CBB, which is indicative of quite a significant occurrence of the disease in and around Villa López. In the future it would be interesting to complete our set of data with incidence and disease severity measurements, in order to evaluate the impact of CBB on cassava crop yield at the level of the village.

This would particularly make sense here, given the wealth of cross-referenced set of generated data.

While MLVA has proven useful previously to solve many epidemiological issues both at the regional or sub-regional level (Catara et al., 2021), in-depth molecular typing of the pathogen population at the scale of a single village, considering as main subject of analysis the cassava farmers and their field as one interconnected and interdepend socio-economic entity, has to our knowledge never been addressed until this study. The originality of our approach lays in that it addresses key crop protection and epidemiological challenges taken haplotypes (88,9%) from a collection of 99 Xpm strains (Rache et al., 2019). It should however be stressed that this collection encompassed strains that were isolated from 2008 to 2015 in four localities of the Caribbean region distributed over a 100km-transect.

Interestingly, this study reports that no haplotype was shared between strains from different localities, highlighting the relevance of monitoring pathogen populations at the scale of a village in order to infer epidemiological scenarios. A gap in our sampling strategy however came from the fact that the landscape in Villa López is organized in a mosaic structure.

Indeed, fields from Villa López farmers are interspaced with those owned by farmers from other villages, which for that reason were excluded of our analysis. In future studies, it would be interesting to monitor the pathogen populations in these fields as well. Yet our sampling performed at the level of a village, accounting for up to 138 leaf samples, including several lesions per leaf in some instances, represents quite a valuable for resource to perform microscale molecular epidemiology studies.

We observe that the highest diversity was found in small-scale fields, which may be explained by the importance of the seed exchange network in Villa López, which is practiced by most of its inhabitants (Pérez et al., 2022). The dynamics of planting is tightly structured by the exchanges of cuttings among farmers of a relatively small community (neighbors or even family), which also results of the difficulty to save seeds due to land ownership issues. In other words, the highest haplotype diversity was detected in fields where seed saving was difficult, and where propagative material was usually obtained from neighboring small-scale or large-scale fields.

In cases where the same clone or genetically close clones of Xpm were reported in plants that were close geographically, from fields in which there were no exchanges, the probability of sharing the same haplotype turns out to be relatively high. This is indicating that the spread of Xpm may be explained by multiple factors, including the action of farmers when for instance cutting stems, or through the effect of rain, as reported previously (Restrepo et al., 2004). On the other hand, genetically diverse haplotypes were found in the fields where there were exchanges, regardless of the distance.

Intra-plant diversity analysis could be performed for a subset of samples when two strains of Xpm could be isolated. This highlighted two very different situations. In one case involving 8 instances, the two strains corresponded to haplotypes that were completely unrelated. In the other case involving 10 instances, the two strains corresponded to haplotypes that differed by one or two mutations and belonging to the same clonal complex.

All in one this analysis revealed that multiple infection of unrelated Xpm strains may occur, and also that the pathogen can evolve rapidly within a lesion. In a pioneer study, [START_REF] Pruvost | Deciphering how plant pathogenic bacteria disperse and meet: Molecular epidemiology of Xanthomonas citri pv. citri at microgeographic scales in a tropical area of Asiatic citrus canker endemicity[END_REF] recently demonstrated that Canker lesions caused by X. citri pv. citri result of multiple infections by genetically distinct strains occurring at a frequency of ca. 1%.

As mentioned above, farming practices in relation with land tenure may also shape the pathogen diversity. Illustration of this comes from the case of fields 118 and 119 that are owned by external donors, and where no exchanges of cuttings were recorded. Here, Xpm clones are not genetically differentiated (see Supplementary Table 4) and, therefore, they belong to the same clonal complex CC1 (Figure 3). These are often large-scale fields cultivated with bitter cassava varieties that are improved for starch extraction. Cutting are usually produced internally from a previous harvest, and their primary origin is public institutions or farmer's associations promoting starch production.

In comparisons between fields, greater genetic similarities were found between Xpm populations from fields cultivated by farmers that exchanged seeds, indicating that bacteria could have migrated between fields through the network of cuttings circulation. This coincides with what was reported by Restrepo & Verdier (1997) about the migration of the pathogen in the Colombian Caribbean during the 1990s, probably due to inadequate control of propagating material potentially infected with Xpm. This is well illustrated by clonal complexes CC4, CC5, CC7 and CC8 where direct donations of contaminated cuttings are at the origin of the infection, yet most of the cases are suggestive of cases of indirect infections involving more than one intermediate.

Natural dispersal by environmental factors could also explain the dissemination of the Xpm in each field, while dispersal mediated by human activities could explain the diversity of pathogens within each field due to the introduction of haplotypes from different fields, as well as the occurrence of the same haplotypes at geographical distances greater than 1 km.

For instance, some fields that were geographically closer presented greater genetic similarities (e.g., some physically close fields such as those of producers 74 and 28 were infected by Xpm from the same CC8 clonal complex, or those of farmers 51 and 119 by Xpm from CC1), which is related to the limited migration of Xpm.

In conclusion, our study demonstrates the complexity and multifactorial dimension underlying Xpm genetic diversity at the level of a single village. Of interest, the integration of genetic, agricultural and social considerations was proven a successful approach to better understand and potentially predict the diversity and population dynamics of a plant pathogen, with the final aim of establishing locally-adapted effective strategies for disease control. While most studies mostly rely on the sole analysis of pathogen population genetic data, this study highlights the necessity of including sociocultural layers of analysis, especially in the case of seedborne pathogens and crops where seed exchange systems are so much at the heart of the farming dynamic.

Supplementary Table 2. For each cassava variety, we indicate the number of plants sampled, the number and proportion of infected plants. Among these varieties, all are sweet cassava except MTAI, Ligerita and 1433. Before initiating the fieldwork, we discussed the methodology and objectives of the research with community leaders, and at the time of implementing the interviews they signed an informed consent document, in which they authorized their participation and use of their data. This study was submitted and approved by the committee of ethics of the Universidad de los Andes, thanks to the support of Adriana Bernal.

Variety

Because our previous analysis stressed the strong relationship between land conflicts and CBB dispersion, we aimed, in the following chapter, at building through a participatory methodology approach, a map of land tenure in Villa López since 1975, based on the collective memory of the farmers. I designed and carried out this methodology together with Nataly Díaz-Cruz (researcher at the Universidad Nacional de Colombia) in August and September 2021. Additionally, we conducted interviews with farmers who cultivated cassava in 2021 to have some elements of comparison with respect to the results of 2016, and to record the characteristics of the 30 fields cultivated that year. I have also taken the advantage of being in the field to collect symptomatic leaves which I analyzed when back at IRD to validate the presence of Xpm in these samples and measure the impact of CBB during that season.

In the first part of this chapter we will present a brief context of this participatory research, the profile of the Villa López inhabitants and the methodology that was implemented together with the local farmers. This participatory mapping was a rewarding way of getting to know the territory through the biocultural memory of those who have inhabited it for several generations. Although our initial objectives did not include research on the effect of the armed conflict in the region, it is a recurring topic in the farmers' testimonies which has certainly influenced their way of life. The first part of the results and discussion of this chapter gives a panorama of the impact of agrarian conflicts and violence at a regional scale, on the livelihoods of Villa López farmers over time.

We also give a compilation of the common names of the cassava varieties that farmers mentioned. In this second part we discuss the effect of the market on cassava diversity at the local scale, since farmers have changed their local varieties for commercial varieties over time, privileging, for example, market potentialities and not their culinary preferences.

Then, we show the people's memory of the occurrence of CBB in Villa López. The interviews included an exercise of visual stimuli to determine what the farmers associated with the common name "quema". As a result, the farmers of Villa López mostly identified the symptoms of CBB, and differentiated this disease from the other possible cassava crop health issues, even when the symptoms could be apparently similar. This finding demonstrates an accuracy in the local knowledge documented in the participatory mapping about the disease over time, and validates the results presented in the previous chapters.

In this last chapter we show that the presence of CBB is related to the rise of cassava economic activities in the region, and remained until the use of land changed, especially owed to cattle breeding. According to the results of the collective map and the interviews, land tenure conflicts could have impacted CBB dispersion for two reasons: (i) farmers cannot select the best cuttings for planting, nor make an adequate control of their healthiness when circulating the propagative material; and (ii) considering that CBB did not cause significant yield losses, according to farmers perception, no early control has ever been done historically, suggesting that CBB occurrence was directly related to the expansion of cassava crops throughout the territory. As compared to our survey in 2016, we observed in 2021 a trend towards a reduction of fields planted with cassava and disease pressure, based on field survey and laboratory isolation.

We are currently in the last phase of revising the article and will be submitting it in the next few weeks. We are considering submitting this article to Journal of Peasant Studies or

Geoforum.
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Abstract

The establishment of capitalist agriculture has been one of the main factors that have generated the territorial and agrarian conflicts that have intensified the war in Colombia in recent decades. In this context, the farmers that cultivate cassava in the Colombian Caribbean have not only had to change their practices to increase their production and compete in a growing market, but have also been dispossessed and displaced from their lands, which has meant the deterioration of their socioeconomic conditions and the gradual loss of their traditional livelihoods. As a method of subsistence, farmers have adapted to these changes in the agrarian structure by changing their economic activities: first they cultivated for self-sustainability, then they worked as day laborers in agro-industrial crops and in recent years they have tried to enter into small-scale agribusiness.

Although there is documentation of the influence of land tenure dynamics on the Colombian armed conflict, there are no reports of its effect on the change in cultivation practices and, specifically, on the quality of life of farmers who cultivate small-scale staple crops in the Caribbean region. In this sense, in this article we will show the results of a participatory mapping we carried out with the farmers of Villa López (Sucre, Colombia), in which we documented the collective memory that the farmers had about the dynamic changes in land use in the region and their effect on territorial conflicts and their own socioeconomic conditions. In addition, we will show the impact of this phenomenon on the decrease of cassava varieties at the local scale and the spread of CBB, one of the main diseases that threaten cassava cultivation and that could be spread as a consequence of land tenure conflicts in the region.

Introduction

The historical origin of civil war in Colombia were the territorial and agrarian conflicts in the 1960s (Reyes-Posada 1987). Within these conflicts, land grabbing and dispossession of farmer and communities' lands has been one of the events that most significantly victimized rural communities during the last decades (Counter 2019). This was a phenomenon characterized by the massive acquisition of land for agro-industrial or extractive uses that benefit big capital and increase inequality, impoverishing the common people under the auspices of national governments [START_REF] Borras | Towards a Better Understanding of Global Land Grabbing[END_REF], in what Harvey ( 2004) called the "new imperialism". This problematic was even more acute in the Colombian Caribbean, where paramilitarism was particularly violent and brought catastrophic consequences in land use and possession [START_REF] Ojeda | Los paisajes del despojo: propuestas para un análisis desde las reconfiguraciones socioespaciales[END_REF].

In this sense, the dynamics of violence were key in the territorial and agrarian reconfiguration of this region. With the protection of the state, the elites increased their power in the territory, while leaving farmer, indigenous peoples and Afro-descendant communities without access to resources inherent to their way of life (Berman-Arévalo 2019). Additionally, agrarian policies during the 20th century and early 21st century have focused their interest on the establishment of a capitalist agriculture that has privileged intensive and technified monoculture production of crops that dominate the country's GDP and has left small-scale farmers with few possibilities to develop their traditional economies and ways of life [START_REF] Corrales | La economía campesina y la sociedad rural en el modelo de neoliberal de desarrollo[END_REF].

Among the crops that have been widely planted in the Colombian Caribbean is cassava (Manihot esculenta Crantz), which is cultivated for its tuberous roots as a staple food.

Cassava is one of the most important crops produced globally and is considered a key element for food security in tropical countries under the context of climate change due to its tolerance to stressful environmental conditions (El-Sharkawy 2007;2014;Jarvis et al. 2012). In the Colombian Caribbean, farmers identify two general types of cassava: "sweet cassava" is the one marketed for fresh consumption, and "bitter cassava" is the modified varieties that are not consumed fresh because of their toxicity and were introduced in the field for industrial use due to their high starch content [START_REF] Ceballos | La yuca en Colombia y el mundo: nuevas perspectivas para un cultivo milenario[END_REF]. These bitter varieties have different origin and use from the varieties present in the Amazon region of South America (Mühlen et al. 2019). Although fresh consumption of sweet cassava is part of local recipes, in recent years, industrial production of bitter varieties has grown to supply the demand for starch for the food and pharmaceutical industry, animal feed, beverages, biofuels, paper fibers and textiles (Uchechukwu-Agua et al. 2015;Jakrawatana et al. 2016).

However, despite the cassava market has grown, production is mostly done by farmers who have small-scale crops. But, this does not mean that they receive more income; on the contrary, these farmers generally receive fewer guarantees from the government that move them towards a depletion of their quality of life. In fact, cassava farmers who do not have enough cultivation areas or plant in small areas are more likely to face food insecurity problems [START_REF] Rivera | Farm management and varietal choice in cassava-based production systems in Colombia[END_REF].

Farmers who grow cassava in the Colombian Caribbean find themselves in the middle of a multivariable conflict, in which they are not only victims of violence, but also of noninclusive economic and agrarian policies of national governments. Moreover, land ownership could mean higher yields and better income for farmers [START_REF] Lawry | The Impact of Land Property Rights Interventions on Investment and Agricultural Productivity in Developing Countries: a Systematic Review[END_REF]), but dispossession makes that the cassava business be increasingly difficult for them: because they lost their land they must rent fields to establish their crops. Thus, as farmers have not enough time to obtain their harvest, they have had to change their traditional cultivation practices [START_REF] Richardson | Land Tenure and Sustainable Agriculture[END_REF], and cannot conserve propagative material of their best varieties for future harvests or put their health at risk with the use of agrochemicals to accelerate productions and manage phytosanitary problems [START_REF] Valvuena | Agrochemical pesticide production, trade, and hazard: Narrowing the information gap in Colombia[END_REF].

Likewise, these conflicts could have indirect effects as diverse as the loss of some local cassava varieties that do not respond to market rhythms, or the spread of cassava pests and diseases due to the exchange of stems for cutting.

In this article we will analyze the impact of land conflicts on cassava cultivation since 1975, taking as reference the findings of a participatory mapping exercise carried out with farmers from Villa López, a small town that belongs administratively to the municipality of San Juan de Betulia, department of Sucre, Colombia. We will demonstrate the effects of these conflicts by presenting a case study of the spread of Cassava Bacterial Blight (CBB), one of the main diseases that threaten the cassava crop, caused by the bacterium Xanthomonas phaseoli pv. manihotis (Xpm), and which has strong indications of being spread as a consequence of land tenure conflicts in the Caribbean region (Pérez et al. 2022a).

In the first part of this article we will present a brief context of this participatory research and the methodology that was implemented together with the local farmers. Subsequently, we will show the results of the participatory mapping, interviews and visits that we carried out together with the farmers who cultivated cassava during 2021. We contrast these results of the collective memory with the literature on the agrarian history of the region and its effects on (i) land use and possession, (ii) the impact on the diversity of varieties at the local scale and (iii) the dispersion of Xpm in Villa López over time. Finally, we present the conclusions of the experience.

Context of the participative research

In 2016, we made a process of choosing the study area after touring cassava-growing communities in the departments of Córdoba, Sucre and Bolívar, in the Colombian Caribbean (Pérez et al. 2022a). We chose Villa López because it is relatively close to areas where the presence of CBB had been described, but it was also possible to interview all farmers who planted cassava and visit their plots. Furthermore, we found in that place friendly people to contribute to the study, which made easy to build confidence. Thus, considering the level of confidence with this community and to give continuity to the process, we developed this research from January to October 2021.

In Villa López, cassava cultivation is an activity reserved for men, while women take care of the household. For this reason, in this research we focus on the results of the interviews conducted with the men, since they were the ones in charge of the crops. However, we are aware of the importance of including women's knowledge about the crops and the local and regional socio-political and agrarian context. This particular aspect should be addressed in later stages of this study.

The inhabitants of Villa López identify themselves as farmers who have inherited their customs from their parents and grandparents. Most of the farmers consulted were born in Villa López (37/44) and, although there are no official records of the creation of this village, they indicate that their grandparents already lived there, approximately a century ago. At that time, there were some relicts of dry forest that were burned over the years to transform the land for agriculture. Today, the forested areas are small isolated patches and the landscape is dominated by pastures for cattle and cassava crops.

On the other hand, although there is no established system of social organization or leadership, in the field we observed that there is respect for the word of the elders, who have lived there the longest. There is a community committee that is elected every year and meets periodically; it is in charge of organizing collective activities and interlocuting with other organizational figures in the region and nearby municipal governments. The farmers have created some temporary productive associations as a strategy to improve their income, but none were active at the time of this research.

In general, Villa López depends administratively on the municipality of San Juan de Betulia, in the department of Sucre, Colombia (Figure 1). At the beginning we did a local census, house by house, to determine the population and the total number of farmers that cultivated cassava in 2020. By 2021, it was inhabited by 131 families, of which approximately 30% earn an income from agriculture and livestock farming, especially the production and commercialization of cassava. Most of the cassava harvest is sold to middlemen who have connections to regional markets, but there are some plants that are periodically harvested to feed their families. Among these, 44 farmers planted cassava in 2020, and 30 farmers planted cassava in 2021. 

Methodological aspects

Before starting the field work, in January 2021, we discussed the methodology and objectives of the research with three community leaders. Before of carrying out interviews and mapping activities all the farmers signed the informed consent, in which they authorized their participation and use of the information that they gave us. This study was submitted and approved by the ethics committee of the Universidad de los Andes, in Bogotá, Colombia (Act No. 1190 of 2020). The farmers are owners and have the rights over the local knowledge presented here and their opinions remain anonymous, according to the agreements established with the community. In this study only men were interviewed because culturally there is a division of labor and they are the ones who are in charge of the field work of cassava cultivation. The textual quotations of the interviews that appear in the text were given, in general, by farmers over 60 years of age who participated in various stages of the participatory mapping.

Among the 30 farmers (all men) growing cassava in 2021 (they were all the farmers of Villa López who grew cassava during that year), an initial individual mapping exercise was carried out with all the farmers over 60 years of age (i.e. 10 people). Each of them, independently, was given a map of Villa López and its surroundings (source: Google Eath) that had transparent sheets on top. Each sheet represented a decade (Figure 2), since 1975, and there they marked (1) the distribution of the main crops at that time, ( 2) the cassava varieties present in that decade, and (3) the location of CBB. We used a color code for cotton (blue), tobacco (green) and cassava (pink), and for the presence of CBB (a black X on each infected field). During each individual mapping, open-ended questions were asked about their memory of land use, cassava cultivation and CBB. Subsequently, we conducted a focus group with the aim of verifying the information and collectively discussing the results. With the data from the individual interviews, we summed up the areas that were named more than 3 times and drew them on a sheet-size map, on which the focus group participating farmers had to indicate the areas in which the crops were found in each decade, the varieties and the places where the disease was present.

The same color codes were used, but this time small post-it note sheets were pasted (Figure 3). During the session there were also open questions and discussions about land tenure, cassava cultivation and CBB in the locality. 

Cassava cultivation and occurrence of CBB

From February to October 2021, we conducted semi-structured interviews (75 questions)

with the 44 farmers who had cultivated cassava during 2020, with the aim of having general information about cultivation practices and the characteristics of their cultivation fields.

Additionally, we asked questions about the history of cassava cultivation, the main issues surrounding its production and local knowledge about CBB. Considering that in our previous report there were doubts about which disease they associated the common name "quema", we used a visual stimuli methodology (Medeiros et al. 2014) in which we presented them with three images corresponding to different diseases on cassava leaves (Figure 4) so that they could identify which of these corresponded to the common name quema according with their knowledge (the common name "quema" is also applied to other crops in the region, such as yams, due to symptoms related to leaf wilt, but here we refer specifically to the quema of cassava). After, we evaluated if their responses agreed with the symptoms of the bacterium Xpm. Additionally, visits were made to the 30 fields of the farmers that cultivated cassava in Villa López during 2021, the size of each field ranges from 0.5 to 1 hectare. There, the presence of CBB symptoms was identified and samples of diseased leaves were taken for identification. In the laboratory, this material was sterilized with a 1% sodium hypochlorite solution and washed with sterile water. We then macerated the samples in a saline solution and cultured them on LPGA medium (5g/L yeast extract, 5g/L peptone, 5g/L glucose and 15g/L agar), where they remained for 48 h and incubated at 28 •C. Finally, identification of the bacteria was made from the morphological features of the colonies ( Van den Mooter et al. 1987).

Results: agrarian dynamics and CBB

For the decade between 1975 and 1985, Villa López farmers mentioned that around their locality there were subsistence crops and livestock (Figure 4). Although most of the inhabitants of Villa López were not landowners and most of the land around Villa López belonged to large landowners, some farmers owned fields ranging in size from 1 to 3 hectares, which were generally inherited from their parents and used for the cultivation of the food crops necessary for basic sustenance such as cassava, yams, maize and beans. According to the interviews, at this time large-scale crops predominated, especially cotton and tobacco, which began to generate profits for large landowners in the region, while farmers were mainly employed in these crops as jornaleros (people who work in farming activities and who receive a standard wage per day, regardless of their activity, whether it is fixing fences, planting, applying agrochemicals, moving livestock, etc.). In fact, the cultivation of cassava began as a strategy to feed the jornaleros who worked for the owners of these large extensions. This scenario was represented on the map (Figure 4), since the farmers identified an area of cassava production (pink area) adjacent to the large-scale crops of that time.

The farmers did not grow cassava on a small scale and there was no commercialization of roots for the region, but rather they lived off the wages obtained in a day's work. Thanks to the jornaleros activities the population in Villa López increased, since several families migrated because of the possibilities of having a relatively stable job at the expense of the agribusiness of the large landowners. Every day they hired 20 to 30 farmers who worked as jornaleros or "macheteros" (that is, farmers who weeded, cut down or burned the forest with machetes to clear the land for cattle ranching or industrial agriculture).

"Maybe there was more [money] earned because before there was clearing on the farms. They used jornaleros on the farms to clear the land, there where the pastures are. We worked as contractors and jornaleros. Since December, the rich used to look for people here to open the borders, and not anymore. To clear, and now it is pure scythe, nobody clears anymore. Nobody looks for people to clear.

In "El Desastre" they killed a cow every day to feed these people, and the rich, the boss, lived there on the farm" (Interview, February 2021).

The areas of the large landowners that were unused lands or were occupied with cattle ranching, began to be invaded by force by the farmers. In places such as Paloquemao, Las iguanas, El zungo, Tokio and Candelaria, the farmers fought against the authorities to occupy these territories or negotiated with their respective owners, until they finally managed to obtain title to some portions of these lands. However, the farmers retained ownership of these lands for only a few years. Those who had recovered or inherited their land from their parents eventually sold because their work on other farms did not allow them time to work on their properties. At the time of the interviews, only 5 farmers (of the 44 interviewed) who received their land from the state after the farmer struggles of the 1980s kept their fields, all of which were part of large areas owned by big owners. Selling land was also a strategy for adapting to conflicts in the region. At this time, farmers reported that the armed conflict environment was generating pressure to move to the larger cities in search of security, and abandoning their land or selling it at a low price to large landowners.

Subsequently, farmers represented on the map cotton, tobacco and cassava crops distributed throughout the territory between 1986 and 1995 (Figure 5). The increase in the cultivation of cassava and its predominance in areas where cattle used to be, as well as the expansion of cotton and tobacco crops, compared to the previous decade, is notorious.

According to farmers, the arrival of large-scale cassava cultivation was accompanied by cassava diseases that they were previously unaware of and, considering our specific question, they report the presence of CBB symptoms in all places where cassava was grown for that decade. El Venado was the place where the disease had the greatest impact due to CBB, therefore, the cassava yields were lost there, according with their memories.

"That year there were big cassava and small ones, immediately [there was] a rainstorm, like a hurricane, and then about 8 days later the quema came out. The one that was diseased while was in small size was killed, they had to rake the land and replant it again because it was no longer useful" (interview, February 2021). In that sense, considering the arrival of industrial crops, weed and crop disease control started to be done with the use of commercial agrochemicals available in the market. The wide extensions of cotton and tobacco crops around Villa López, made the owners of these large extensions had to find efficient methods of agrochemicals application. The business was so big that an airport was built on a farm in the municipality of Betulia, which served as a base for aircrafts that sprayed on a large scale. This activity radically impacted environmental quality and the health of farmer families.

"The people civilized with the cotton fields, because if they wanted to plant cotton they had to leave it clean [the soil], without weeds, and the trees had to be cut down almost completely, so that the airplane could [fumigate], and that was what destroyed the fauna. When they threw that, and fumigated around here, the dead animals were thrown to the shore, the dead birds..." (Interview, March 2021).

Farmers mentioned that manual fumigation was done with little protection and that this brought health problems to many jornaleros and their families, especially respiratory illnesses and muscle pains. Many reported being hospitalized due to the side effects of agrochemicals.

In addition, for this decade, they report the presence of 10 different varieties of cassava, both sweet and bitter (Table 1), although the variety called "Venezolana" predominated, which had a shorter production cycle compared to the others. In the accounts, they made an emphasis on the presence of a variety called "Monablanca" that was planted for family consumption due to its flavor, although its crop cycle was longer and for this reason it was not marketed successfully. Farmers say that the Venezolana variety produced yields after 5 months and thanks to this dynamic it was possible to plant cotton and cassava in the same year. Thus, with the first rainy season, cassava was planted during the first months of the year, and when it was harvested in the second rainy season, after September, cotton was planted.

"There were a lot of varieties, but the seed is getting lost. You know that what is important in the variety of a seed is its production. For example, the Venezolana variety of six months is already producing cassava in 4-5 months, and now it is the Chirosa that thickens faster. But, the best cassava to eat of all the cassava varieties is the Monablanca. In the following decade, from 1996 to 2005 (Figure 6), farmers say that tobacco cultivation disappeared from the region and cassava crops increased on a large scale. These cultivations were made using the methods learned from their parents and grandparents, and complementing them with the techniques and inputs of industrial agriculture promoted by state institutions. Although there are some fields that still planted cotton, these belonged to farmers living in Villa López who use fewer industrial methods to manage the crop, considering the decrease in the size of the production area. Once again, CBB is present in all the places where cassava was grown, although no production losses associated with this disease are reported for this date. In addition, when cassava was harvested, instead of planting cotton as was customary, it began to be replaced by sesame, which did not have a regional market, but served to supply local needs. On the other hand, the number of varieties reported decreased, prioritizing the use of commercial varieties. The planting of bitter cassava varieties began in Villa López, since local enterprises were opened to dry the root, which allowed the possibility of marketing cassava starch to regional associations or private companies. The Monablanca variety disappears from the accounts and the Venezolana variety is established as dominant, but some farmers mention that the production times of this variety increased from approximately 5 to 7 months, due to the fact that the quality of the soil has decreased over the years.

According to the map collectively constructed, between the years 2006 and 2015 (Figure 7), compared to the previous decade, approximately half of the cassava crops were replaced and remained few fields planting cotton that are also managed by farmers from Villa López.

Large landowners who previously considered agriculture as a profitable economic activity are replacing their land uses with cattle ranching. CBB is beginning to appear in smallscale crops and remains on farms where industrial cassava is grown, although there were no reports of effects on production. According to the interview accounts, the sweet cassava market decreases and large landowners reduce its cultivation, opening the possibility for Villa López farmers to plant at small scale (<1 ha). In other words, all the areas represented in the map were specialized in the cultivation of bitter cassava, opening the space for small-scale farmers to lead the sweet cassava business. However, these sweet cassava crops were grown in rented areas that were often located within or near the estates of large landowners. The landowners then obtained profits from this rent, and could use the rest of the area for other economic activities. Thus, although it is not reflected in the map, small crops were found to be scattered in the areas near the urban center where cassava is planted mainly as a business, alternating with other food products such as yams and maize. A decrease in the number of cassava varieties was reported, although most were monocultures of the Venezolana (sweet cassava) and MTAI (bitter cassava) varieties.

In this sense, the work of jornaleros decreased significantly as a function of the decrease in large-scale cultivation, and this meant that farmers began to be autonomous in their businesses, but also that they were more exposed to market dynamics. However, although less regularly, there were activities on larger farms that generated additional income. Thus, for example, the interviews mentioned the nostalgia of working with tobacco, as this provided a weekly or monthly income, while the profits from cassava cultivation could be achieved by selling the entire harvest once a year. Likewise, the price depends on external factors such as planting times, weather conditions, or market dynamics.

In recent years, farmers say that the cassava business has deteriorated and for this reason the cultivation of large-scale bitter cassava has been reduced, as well as small-scale sweet cassava, as they themselves represented in the map (Figure 8). CBB has been occurring less frequently and is associated with large-scale cultivation. López have stopped planting cassava on a small scale because the prices of renting the land, inputs and labor are not rewarded with low prices in the market, which mainly benefit the intermediaries. According to farmers, the "Chirosa" cassava variety has been gradually

replacing the Venezolana because it can be planted at a higher density, which ensures higher yields. Today, all crops are planted with this variety, sometimes mixed with Venezolana.

By 2021, there were 131 families living in Villa López and, among these, 30 farmers grew cassava, of which 8 planted bitter cassava on a small scale and the rest had fields of sweet cassava. The number of people who have been planting sweet cassava has dropped in recent years and for this reason the farmers of Villa López have seen in bitter cassava an income opportunity, due to the emergence of regional associations that serve as intermediaries:

they buy the production to transform it into cassava starch and sell it to the food industry.

12 farmers alternate cassava cultivation with cattle ranching, because this means a daily income.

Regarding CBB, of the 44 farmers interviewed, 89% (n=39) correctly identified CBB in the images of the visual stimuli method, suggesting that they associate the common name "quema" with the characteristic symptoms of Xpm infection. Although all farmers consider that the presence of quema is not associated with yield loss, 90% think that it is the most important disease because they do not know methods for its control. Additionally, all the fields that had bitter cassava (n=8) presented the occurrence of CBB, while the fields (n=32) with sweet cassava did not have the presence of the disease.

"Quema has always been more difficult to control than the "porrilla" [Sphaceloma manihoticola], because people controlled it using the famous Roxion® on the porrilla, but quema was not so easy. 

Discussion

Memories of land use and possession in Villa López

At the beginning of the 20th century, in the Caribbean region as well as other places of the Colombian territory, the dominant elites owed their power to the accumulation of land, being an exercise that was protected by the state [START_REF] García Nossa | La Tierra en disputa. Memorias de despojo y resistencia campesina en la Costa Caribe[END_REF]. Thus, although the beginning of the memory register in the participatory mapping begins in 1975, our results

show that the farmers of Villa López begin their narration from the agrarian struggles experienced by the farmers of the department of Sucre in later decades, in response to these agrarian conflicts that have been documented in the literature [START_REF] Fúnez | En medio de la acción y las normas: campesinos y tierras en Sucre, 1945 -1975[END_REF].

According to GMH (2010), the farmer movement that emerged in Sucre during the 1970s was decisive for the recognition of land rights for many farmers. In fact, the farmers of San Juan de Betulia played a key role by being part of the first wave of land invasions (CNMH 2018). In that sense, the lands of the inhabitants of Villa López, which were inherited from their parents and are reported in the interviews, were probably part of these struggles in the years prior to 1975.

During this time, international markets for Caribbean products such as bananas, tobacco, cotton and cattle were opened, while other products such as rice, cassava, maize and fish were grown in gardens and only supplied family needs [START_REF] Posada-Carbó | El Caribe colombiano, una historia regional (1870-1950[END_REF]. Accordingly, the report on land distribution that was made by the farmers of Villa López suggests that this panorama was maintained until 1985.

However, by the end of the 1970s the cotton farming business fails in the Colombian Caribbean, especially in the department of César (Gutiérrez-Lemus 2012). [START_REF] Bonet | Las exportaciones de algodón del Caribe colombiano[END_REF] states that after 1978 there was a significant decrease in cultivation hectares in the interior of the country and in César, probably due to the reduction of exports; but since the beginning of the 1980s there was a slight recovery and most of the production was generated by municipalities near San Juan de Betulia, that are located in the department of Córdoba. This could explain the increase in cotton crops described by the farmers of Villa López during the 1980s.

In the case of tobacco cultivation, which farmers place in the same proportion as cotton, the process was the opposite, since its business was relatively stable since the 1920s, and for the period up to 1985 it was probably a decreasing business. Additionally, according to [START_REF] Arango | Tenencia de la tierra y reforma agraria en la Costa Atlántica[END_REF], in 1979 the increase in milk prices in the Colombian Caribbean region promoted the increase in cattle raising, which is evidenced in our results. Both the establishment of industrial tobacco crops and extensive cattle ranching were activities that provoked the dispossession of land from farmers and the fragmentation of natural ecosystems in the municipalities of Sucre [START_REF] Fals Borda | Capitalismo, hacienda y poblamiento en la Costa Atlántica[END_REF][START_REF] Kalmanovitz | El régimen agrario durante el siglo XIX en Colombia[END_REF].

Colombian governments until 1982 gave priority to industrial agriculture and cattle ranching, favoring big landowners, and they used repressive measures to prevent that farmers occupied part of the large extensions of land owned by the most powerful people in the region (Zamosc 1990). This period is characterized by work as "jornaleros", which coincides with the farmers' narratives. The governments at the time provided economic resources to these big landowners and supported capitalist agriculture, which boosted the growth of industrial businesses and, therefore, increased employment for farmers [START_REF] Zamosc | The Agrarian Question and the Peasant Movement in Colombia: Struggles of the National Peasant Association 1967-1981[END_REF]). However, it is from this moment on that the farmers of Villa López cease to be landowners because their income allowed them to live on their employee's salary and they put aside their own crops.

The loss of land that was described by the farmers of Villa López, since the early 1980s, coincides with the paramilitary violence that affected the region, which forced many inhabitants of rural areas to abandon their land and displaced to large cities (Grajales 2011;CNMH 2015). Precisely, forced displacement to major cities, especially Sincelejo, means that since 1985 the urban population began to outnumber the rural population in the department of Sucre (Aguilera-Díaz 2005). Thus, while unemployment rates increase in the cities, rural employment is maintained thanks to the expansion of capitalist agriculture (Zamosc 1990).

In the memory of the farmers of Villa López this hegemony of the big landowners is recorded for the decade between 1985 and 1995. The entry of China and Pakistan into the world cotton export market caused a decrease in national production [START_REF] Kalmanovitz | La agricultura colombiana en el siglo XX[END_REF], however, in the departments of Sucre and Córdoba it seems that government incentives benefited large-scale production of transitory crops, mainly rice, maize, cotton and cassava [START_REF] Balcázar | Del proteccionismo a la apertura ¿El camino a la modernización agropecuaria? Bogotá: IICA en coedición con TM Editores[END_REF][START_REF] Bonet | La agricultura del Caribe Colombiano, 1990-1998[END_REF].

On the other hand, although the tobacco business had declined in Colombia, also by this time, the world tobacco market had a growth [START_REF] Tovar | El Cultivo del Tabaco en América Latina[END_REF]. So, even though prices dropped, some producers from the departments of Sucre and Bolivar entered the competition, which explains the increase in cultivation registered in the map by the farmers of Villa López.

Although according to FAOSTAT (2022) cassava production in Colombia remained stable after 1986, the results show a growth in cassava cultivation. This could be explained by a geographical redistribution of the crop that seems to favor the Caribbean. According to Vergel-Cabrales (1999), since the 1990s there has been an increase in the production of industrial cassava, especially for starch production, and this boosted the cassava business in the region.

Complementarily, the increase in industrial crops was proportional to the consumption of agrochemicals. For example, since cotton used large quantities of inputs for pest, disease and weed control, at the time of the cotton crisis, sales of these products were significantly reduced (Herrera-Rojas and Polanco-Rodríguez 1995). According to Wagner-Medina (2020), the use of agrochemicals in cotton produced environmental and human consequences that persist to this day and are aggravated by the scarce access to protective equipment, as in the case of farmers consulted in the interviews. In fact, many of these products, which are banned worldwide, are still used illegally in Colombia [START_REF] Varona | Organochlorine pesticide exposure among agricultural workers in Colombian regions with illegal crops: an exploration in a hidden and dangerous world[END_REF] or with very little regulation due to their reported hazardous effects (Valbuena et al. 2021), affecting the health of the communities that apply them [START_REF] Vargas-Melo | Residuos de insecticidas organoclorados en leche humana y de vaca en Colombia[END_REF][START_REF] López | Gas chromatographic determination of organochlorine and organophosphorus pesticides in human fluids using solid phase microextraction[END_REF]. Although the farmers of Villa López agree on the harmful effects of the application of agrochemicals in their fields, their consumption has remained constant in the region over time, benefiting the large companies producing these substances and violating the commons rights, local agri-food systems and farmer's life (Camacho 2017).

With the passing of time, cotton and tobacco production practically ended in the municipalities of the region. The market opening promoted by the national government in the early 1990s and the worldwide campaigns against smoking caused a decrease in their market [START_REF] Jaramillo | Liberalization, Crisis, and Change: Colombian Agriculture in the 1990s[END_REF]. However, by the decade from 1996 to 2005, as shown in the results, cassava cultivation was consolidated and increased in some fields, due to the expansion of the market for both cassava flour and fresh cassava [START_REF] Gottret | Analysis of a cassava integrated research and development approach: has it really contributed to poverty alleviation? In "Agricultural research and poverty reduction[END_REF]. Previously forested lands were transformed due to mechanization and excessive use of agrochemicals (Pizano and Garcia 2014), this facilitated the conditions for cassava cultivation. Farmers continue to work as jornaleros, but this time they switched tobacco and cotton crops to help the expansion of their employers' cassava cultivation.

The increase in cassava cultivation in San Juan de Betulia could also be related to the consolidation of a phenomenon of massive and rapid land accumulation, just as it is reported for other municipalities in the Colombian Caribbean, where local elites accumulated property thanks to the support of the state and illegal armed groups (Vargas-Reina 2021). Land ownership ensured the expansion of the cassava business that was dominated by a few, taking advantage of the growing regional market, while farmers lost possession of their land and were economically dependent on the big landowners. This was the case with oil palm, as the business expanded due to displacement and dispossession dynamics that were caused by armed groups (legal and illegal) and benefited big landowners [START_REF] Grajales | State Involvement, land grabbing and counter-insurgency in Colombia[END_REF][START_REF] Maher | Rooted in Violence: Civil War, International Trade and the Expansion of Palm Oil in Colombia[END_REF]. In this sense, the armed conflict was key to the expansion of cassava cultivation and influenced the livelihoods of Villa López farmers.

Although there are no direct reports of armed incursions in this locality, it is difficult not to think of a climate of deep tension or to relate the effects of regional socio-territorial conflicts to their daily activities. For example, by these years 18 massacres occurred in the Montes de María region (less than 50 km from our study area), which provoked massive displacements of farmers from rural areas and even to larger nearby cities, especially Sincelejo, capital of the department of Sucre (approximately 20 km from our study area) (GMH 2010;2015).

Starting in 2005, several paramilitary groups began their demobilization, which diminished the armed conflict in the Colombian Caribbean; however, territorial dispossession changed land tenure dynamics and left a deep fracture in society [START_REF] Thomson | The Agrarian Question and Violence in Colombia: Conflict and Development[END_REF]CNMH 2018).

For the case of Villa López, land tenure conflicts are the main consequences left by the war. Specifically, since the farmers of Villa López were dispossessed of their fields, they depended on contracts provided by large landowners. However, according to our results, over time there are fewer industrial fields planted with cassava and there is a shift towards cattle ranching. Then, as farmers gradually lost their source of income as jornaleros, they began to enter the cassava business, which was planted on small fields that were rented and belonged to large landowners. By 2009, both industrialists and small-scale farmers were supplying the demand for cassava, making the department of Sucre the main producer of dual-purpose cassava (marketed either fresh or for starch) at the national level (Aguilera-Díaz 2012).

Although preparations with cassava are part of the traditions of the Colombian Caribbean and the crop has been present for several generations as part of its biocultural memory, there are increasingly more factors that hinder the cultivation of this plant. According to 

Decrease in the diversity of local cassava varieties

Not only has the amount of cassava cultivated in Villa López decreased, but its agrobiodiversity has also been reduced. The total number of cassava varieties recalled by participating farmers indicates that previously the criterion for its conservation was not exclusively commercial, but that there were preferences related to patterns such as diet or adaptation to changing climatic conditions, as has been reported in semiarid areas of Brazil (Santos et al. 2020).

In our results, during the first decades, farmers remember common names of local varieties that were inherited from their parents and grandparents, especially the Monablanca variety.

According to Jaramillo (2002) this variety is part of the first breeding programs carried out by CIAT in the Colombian Caribbean, and was reported in its collection since 1969, so its introduction should be prior to that date [START_REF] López | Tres nuevas variedades de yuca para la Costa Atlántica[END_REF]. It is probable that the farmers have a special memory of this variety because of its flavor and because it was the cuttings that they began to sow in their first crops. Although there are no reports of this variety being planted in Villa López or San Juan de Betulia after 1985, studies by Alzate et al.

(2010), which included samples from San Juan de Betulia, found that this variety was being planted in the region at that time.

Varieties such as "Batea" and "Pata de paloma", which were remembered by the farmers of Villa López in the first decades, were also reported for the region by [START_REF] Patiño | Plantas cultivadas y animales domésticos en América equinoccial[END_REF]. That is, considering that they are reported prior to the first institutional breeding programs, their origin may be related to local selection made by the farmers of the region, intentionally favoring agronomic characteristics such as flavor and productivity, as has happened in other cassava growing communities [START_REF] Sambatti | Folk taxonomy and evolutionary dynamics of cassava: a case study in Ubatuba, Brazil[END_REF].

Venezolana variety has remained in use over time in the Colombian Caribbean [START_REF] Alzate | Variabilidad genética de la yuca cultivada por pequeños agricultores de la región Caribe de Colombia[END_REF]Pérez et al. 2022b). Although its introduction was spontaneous through the migration of farmers working in the state of Zulia (Venezuela), it was evaluated and became part of the CIAT breeding program in 1979 (Gottrer and Henry 1994). However, in recent years the Chirosa variety has been selected by farmers in the region because its flavor and production times are similar to those of Venezolana, but its roots extend along the vertical axis of the plant, which allows for a higher planting density (Pérez et al. 2022b).

It appears that the conservation of varieties has a direct relationship with market dynamics and land tenure. As long as farmers were able to conserve their fields, they planted varieties that had characteristics that favored productivity and alternated with varieties that were preferred for their flavor, even if they had longer production cycles. This type of sociocultural criteria considers tastes and needs based on local knowledge and is suggested for the construction of agrobiodiversity management and conservation plans at a regional scale (Emperaire & Peroni, 2007). However, when they lost ownership of their land, they were forced to prioritize those varieties that had more production in less time, in order to obtain harvests in less than a year, which is the standard time to keep a small-scale field under lease.

As time passes, the bitter cassava business has been growing. The ICA Costeña and MTAI varieties were the ones that have remained over time because they have been part of institutional breeding programs since the 1980s [START_REF] Corpoica | Nuevas variedades de yuca para uso industrial en la Región Caribe Colombiana[END_REF]) and the ones preferred by cassava starch buyers for their yields and quality. Additionally, the increase in smalland large-scale cultivation of bitter cassava identified by farmers in the decades evaluated coincides with FAOSTAT (2022) reports, which is explained by the growth in demand for the national food industry (Aguilera-Díaz 2012). According to our report of cassava cultivation in Villa López in 2016(Perez et al. 2022a), in the last few years there was an increase in farmers growing small-scale bitter cassava (2 farmers in 2016 and 8 in 2021), which would confirm that conditions for this crop have improved, in contrast to the poor conditions that exist in regional markets for small-scale sweet cassava cultivation.

Territorial conflicts that influence the spread of CBB over time

Farmers in Villa López mostly identified the symptoms of CBB, and differentiated this disease from the other possible phytopathological problems that are present in their crops, even when the signs could be apparently similar (Alvarez and Llano 2002). This finding demonstrates an accuracy in the local knowledge recorded in participatory mapping about the disease over time, and validates the results previously obtained by our team in this same locality (Pérez et al. 2022a).

Farmers think that CBB is the most dangerous phytosanitary problem in their fields because there is no control method (Trujillo et al. 2014). However, it is possible that their yields have not been affected due to cultural management practices (Zárate-Chaves et al. 2021), that rain and drought cycles regulate the growth of the pathogen, or that the short cycles of commercial varieties do not allow the development of Xpm (Wydra and Verdier 2002;Pérez et al. 2022a).

With the results of the participatory mapping, we recorded the presence of the disease in Villa López after 1986, which could be in line with the first report made for Colombia in 1971 (Lozano and Sequeira, 1974). Its dispersion in consecutive years could be due to the increase in the number of large-scale cultivation fields, poor manual control of the disease and climatic conditions (Mansfield et al. 2012). Subsequently, after 2006, the spread of CBB in small-scale cassava crops is reported, which could be explained by a possible exchange of cuttings with the fields of large landowners (Lozano 1986;Boher and Verdier 1994). Thus, cassava plants that harbored the pathogen asymptomatically could have been exchanged and infected other fields at the beginning of the rainy seasons (Restrepo et al. 2000a;Verdier et al. 1998;Wydra and Verdier 2002).

Land tenure is another factor that could explain the spread of the disease over time. Since few people own land, farmers cannot save cuttings from past harvests because they must hand over the empty land to their tenants. When it comes time for the next planting, considering that rainy seasons are relatively short, there is a shortage of propagative material locally. Then, given that cuttings lose viability in few days, they are forced to acquire them, purchased or donated, a few days before planting, directly from farms that were able to keep part of the crop standing, generally big landowners with large-scale crops (Pérez et al. 2022a). Therefore, farmers do not make an exhaustive control of the plant for planting, since they must accept the available material regardless of its origin, discarding only those cuttings that have evident signs of rotting or pest action.

On the other hand, land use is another factor that influenced the presence and spread of the disease. CBB started to be reported when cassava cultivation became a business. Thus, the disease migrated according to the locations where large-scale commercial cassava cultivation was present and remained there until the crops changed or were terminated for livestock establishment. In addition, the pathogen migrated between industrial crops and into small-scale crops, irrespective of the variety of cassava grown, whether sweet or bitter.

However, the fact that the occurrence has decreased in recent years could be related, as mentioned above, to the gradual reduction of crop cycles, especially of the Venezolana and Chirosa varieties (Pérez et al. 2022a).

Compared to our 2016 results, there is a reduction in the number of cultivated fields and infected varieties. For the farmers of Villa López, cassava cultivation is no longer a profitable business and for this reason there are few who take the risk of cultivating.

However, small-scale cultivation of bitter cassava has increased because this is a possibility to ensure the sale of crops, considering the increasing market for the food industry [START_REF] Rivera | Farm management and varietal choice in cassava-based production systems in Colombia[END_REF]). With our results there is no direct explanation as to why precisely these bitter cassava fields were the ones infected with CBB, while fields cultivated with sweet cassava varieties did not show symptoms of the disease.

The changes in land use and land tenure that may have influenced the spread of CBB, as well as other socioeconomic and environmental dynamics, are not isolated from the political violence in the Colombian Caribbean (Grajales 2011). In the results we see a growth in the areas with monocultures proportional to the growth of the disease, precisely replacing the areas where family and small-scale agricultural fields were reported. This suggests that the agricultural and livestock expansion described by farmers in the 1990s was mediated by land grabbing, often violent, by regional elites [START_REF] Borras | Questioning market-led agrarian reform: experiences from Brazil, Colombia and South Africa[END_REF], and that this process was accompanied by the spread of CBB, probably due to the intense circulation of cuttings among neighboring fields. In some reports for the region at the end of this decade, CBB had a low severity due to environmental conditions (Restrepo et al. 2000a), which could explain the fact that the disease spread in the fields, but did not affect yields, as reported by the farmers of Villa López. This behavior could have been maintained from the end of 1990 and up to 2015, while cassava monocultures spread around Villa López.

Reports indicate that in the region there was low severity, but high genetic variability until 2010, which can be explained by pathogen migration and climatic conditions (Restrepo and Verdier 1997;Restrepo et al. 2000b;Restrepo et al. 2004;Trujillo et al. 2014).

Although the collective map shows that over time there is a decrease in the occurrence of CBB, our 2016 report shows that there is prevalence of the pathogen in small-scale cultivation fields and that dispossession could be a possible explanation for this phenomenon, because farmers cannot efficiently control the stakes to be planted in each new rented field (Pérez et al. 2022a).

Conclusions

Land tenure has not only reconfigured the landscape of Villa López, but also changed the economic activities and local practices of the farmers who live in this locality. From the memories they have, it was possible to reconstruct the agrarian history of the territory, demonstrating the strong link they have with their peasant tradition and how decisive their land is for the development of their livelihoods. For example, in the first decades we report the environmental and social impact caused by the introduction of agro-industrial crops that were part of capitalist agricultural programs promoted by the national governments, especially cotton and tobacco. These crops provided an alternative source of work for farmers, which caused them to reduce their work on their own fields and to depend on the wages they received for subsistence. At that time, peasants lost ownership of their land, either because they sold it to large landowners or because were dispossessed or were violently displaced.

At the same time, the cotton and tobacco markets declined mainly due to the effect of the world economic opening, so large landowners planted cassava on an industrial scale to replace this source of income and respond to the growing demand for this product in the market. However, when the cassava business began to fail, large landowners changed their source of income and began to use the land for cattle. Consequently, in the most recent decades the farmers stopped being employed and went back to work on their small-scale crops, only that by this time they were no longer owners of their land and were forced to lease the land for the establishment of cassava cultivation, adopting modern cultivation practices to optimize their yields. At the same time, in addition to the difficulties of accessing a market that benefits those who produce more food, the farmers were victims of siege by armed groups, especially in municipalities close to Villa López.

Adaptation to these land conflicts caused farmers to change the local varieties of cassava that had been selected by their parents and grandparents, for those that allowed them to achieve higher yields in the limited time allowed to have their crops on rented land. On the other hand, these conflicts may have had effects on CBB dispersal due to two reasons: (i) farmers cannot select the best plants for planting, nor can they adequately control pathogens when circulating the propagative material. Additionally, (ii) considering that the disease did not cause significant losses, historically they did not make an early control, therefore, the occurrence of the disease was related to the expansion of cassava crops throughout the territory. Subsequently, the presence of CBB symptoms is reported in small-scale crops that have been planted during the last decade, which could be explained by the dynamics of exchange between the industrial crops of nearby municipalities and the farmers of Villa López.

GENERAL DISCUSSION

Cassava cultivation in Villa López, a process of continuous adaptation

The lifestyles of Villa López inhabitants probably reflect the peasant identity, resulting from the socio-political dynamics that Colombia has experienced in recent decades and the agrarian struggles that have historically taken place in the Colombian Caribbean. In fact, agricultural practices and, in particular, the cultivation of cassava are elements that have remained in the biocultural memory of the Colombian Caribbean communities through generations [START_REF] Fals-Borda | Historia Doble de La Costa, Tomo 4, Retorno a La Tierra[END_REF]. Farmers of Villa López wait for the rainy seasons and consider the moon phase calendar to plant and harvest. They also store cassava, maize and yams to keep sources of carbohydrates throughout the year, as they learned from their parents and grandparents. In this sense, cassava cultivation has remained a symbolic element of the local culture and a fundamental part of the daily diet of the region's inhabitants (Aguilera-Díaz, 2012).

However, the increasing demand for cassava on the regional market for its different uses, not only as a food but also in the industry of production of paper, textiles, glue, biofuel, animal feed and beverages, has progressively led to a switch from small-sized towards industrial scale cassava farming, which implies the change of local practices for strategies that maximize production. However, although this transition favors large landowners and rather disadvantage smallhold farmers, cassava and other food crops continue to be grown on a small scale by Caribbean communities. In that sense, these communities have been resistent to the capitalist agriculture that Colombian governments have promoted over the last decades, in the line with the implementation of the green revolution model, as has happened worldwide [START_REF] John | Lessons from the Aftermaths of Green Revolution on Food System and Health[END_REF]. In this line of idea, our results highlight a progressive decrease in the number of local cassava varieties grown in Villa López, favoring those improved varieties with shorter production cycles, thus allowing them to adapt to market timing, which has also occurred with other essential crops [START_REF] Stone | Disembedding grain: Golden Rice, the Green Revolution, and heirloom seeds in the Philippines[END_REF].

Additionally, over time regional elites have determined the use and distribution of land, especially for technified monocultures (especially cotton, tobacco and cassava) and livestock. In this context, most of Villa López's farmers work as daily laborers in cassava fields for industrial purposes as a strategy to get a daily income, as previously reported in several municipalities of the region (Zamosc, 1990). The lands they had inherited or recovered through their past agrarian struggles ended up being sold for low prices, or violently seized, through processes that benefited large landowners and that were facilitated by the Colombian state (Grajales, 2011). In this sense, when the farmers of Villa López lose their land, they also lose the possibility of developing their traditional livelihoods. Not only do they begin to depend on the income of large landowners, but they also lose the space to plant their crops for self-sustenance.

However, from the 2000s approximately, the large extensions devoted to industrial farming decreased in the municipalities near Villa López, and the incomes of daily laborers decreased proportionally, the farmers to restart small-scale cassava fields to compensate for their loss of income. These crops were mostly grown on rented land and, for this reason, it turned out necessary to apply methods allowing production in less than one year.

Consequently, farmers gradually changed some practices that were inherited from their parents and grandparents, such as land rotation, cuttings conservation and intercropping.

Some farmers even reported the use of modern agricultural techniques such as the application of agrochemicals and mechanization of the land, although this requires additional costs and can have negative effects on human and environmental health. These changes in their practices due to market influence not only affects their minimum survival conditions and livelihoods, but also reinforces social inequity and promotes agrifood dispossession, as has been reported at the regional scale (Camacho, 2017).

Occurrence of CBB in Villa López: multiscale interactions

Among the various phytopathological problems that occur during the stages of the cassava crop cycle in Villa López, CBB was identified as the main disease because farmers have not found a solution to avoid its impact. This coincides with several studies that show the prevalence and diversity of the disease in areas near Villa López, probably in line with the increase of cassava farming for industrial purposes in the Colombian Caribbean and the absence of reports of a method for its effective control (Trujillo et al., 2014).

Farmers report the occurrence of CBB in Villa López since 1986 as a direct result of the expansion of industrial cassava crops, but also report that the disease gradually decreased as the land began to be used for cattle ranching. In other words, it seems CBB was present in all fields where cassava was planted, but without significantly affecting yields, which probably explains why farmers did not have the need to find ways to control the disease.

According to reports made for the Colombian Caribbean, CBB prevalence was consistent in the region during the last decades but without impacting cassava yield significantly (Restrepo et al., 2004;Trujillo et al., 2014).

Our analysis of Villa López conducted in 2016 tend to point to the same results. The occurrence of CBB did not impact yields and a possible explanation is that the first symptoms of the disease appeared at the beginning of the rainy season, when the cassava was already of adequate size for extraction, i.e. the disease could not develop because roots were harvested before the plant was significantly affected by the disease. This may be related to the fact that dry seasons were prolonged during the time of the study [START_REF] Ideam | Precipitación decadal en Colombia[END_REF], but also to the shorter production cycles of cassava since the growing cycle of the improved varieties is increasingly shorter, which may be limiting the time needed for the bacteria to multiply in the plant and spread naturally to other individuals through rain, thus interrupting the infection cycle of the disease (Zárate-Chaves et al., 2021).

Effects of land tenure on CBB spread

According to the results of the interviews conducted in Villa Lopez in 2016, there is a positive correlation between land tenure and the occurrence of CBB in Villa López. In fact, farmers report that the presence of the disease was linked to the expansion of industrial cassava monocultures. Precisely, our participatory mapping approach highlighted that farmers have lost their land and that in these areas in these areas have been maintained the large-scale crops and cattle ranching as part of the agrarian structure of the rural areas of the department of Sucre (DANE, 2017).

In this sense, farmers have been victims of the imposition of the capitalist agricultural model and accumulation by dispossession historically exercised by the elites of the region (Counter, 2019). Since most of the land was dedicated to industrial crops and livestock, and because alternative sources of work are scarce, farmers had to lease areas of less than one hectare to grow cassava marketed locally. In fact, our results show that these rented fields had a higher prevalence of the disease, which could be explained by the limited possibility that the Villa López farmers had to save their cuttings and the need to acquire plants for planting from external sources in each crop cycle without further control of its apparent phytosanitary status. In line with what has been reported in the literature, inadequate control and management of the propagative material before planting could be a key factor for the spread of CBB (Mansfield et al., 2012).

Dispersion of Xpm due to changing farming practices

Although some of the farming methods inherited by farmers from their parents and grandparents are still preserved, Villa López farmers have modified their agricultural practices to respond to the growing demands of the market. This has been a general trend in the region as over the last few years, land uses tended to switch from family farming to industrial monocultures and extractivist projects [START_REF] Daniels | La transformación de la estructura productiva de los Montes de María: de despensa agrícola a distrito minero-energético[END_REF]. However, it is possible to find some areas with polycultures in nearby municipalities, especially in Tuchín or San Andrés de Sotavento.

One of the most used practices of modern agriculture is the application of agrochemicals, that farmers apply at all stages of the cultivation cycle, leaving aside local methods for soil fertilization and pest and disease management, such as manual control of weeds or crop rotation. Our results indicate that the use of fertilizers may increase the probability of CBB occurrence (Pérez et al., 2022b). In line with this, some studies show that chemical fertilizers are effective in supplementing soil nutrition, but could increase plant susceptibility to diseases (Long et al., 2000;Veresogloua et al., 2013). Increased nitrogen supply has also been shown to increase host disease susceptibility (Dordas, 2008) but no data about the impact on CBB has ever been reported.

Farmers also use various pesticides that can work effectively at various stages of cassava cultivation for pest control. Villa López farmers use them including some organophosphate insecticides as a preventive measure against CBB, although there are no reports about their effectiveness in the literature. Some studies however report that copper-based treatments can be successful in the management of bacterial diseases (Sundin et al., 2016). Villa López farmers applied copper oxychloride on cuttings before planting, but apparently this superficial cuttings treatment cannot eradicate bacteria located in vascular tissues and, therefore, has little effect in limiting the occurrence of CBB.

In small-scale fields some practices have adapted to the commercial cassava cultivation dynamics, such as considering moon cycles or climatic conditions for cultivation and harvesting. Additionally, intercropping is a common practice for food self-sufficiency, trying to take advantage of the limited time they can stay on rented land. For the case of CBB, although we did not analyze the impact of this practice in our investigation, intercropping was found to occur frequently in Villa López. It may reduce CBB as intercropping can act as a physical barrier limiting the spread by rain and wind of Xpm within the field (Wydra & Verdier, 2002;Zinsou et al., 2004). This polyculture system, due to agroecological competition dynamics, could also be beneficial for weed control (Weerarathne et al., 2017), which may facilitate bacterial dispersal as reservoir hosts (Sikirou & Wydra, 2008).

CBB in cuttings exchange networks

Villa López farmers developed cuttings exchange networks allowing to obtain sufficient material for planting, considering that they are not land owners, and they can hardly store propagative material for the next planting cycle. In fact, our results show that there is a positive correlation between the occurrence of CBB and the exchange of cuttings between local farmers and donors situated outside of the locality, probably because the cuttings circulated without proper phytosanitary control.

The origin of the cuttings could also explain the relatively high diversity of Xpm haplotypes reported in the cassava fields of Villa López, compared to other studies conducted in nearby municipalities of the Colombian Caribbean (Trujillo et al., 2014). Interestingly the greatest Xpm diversity was associated with rented fields, where plants for planting could not be conserved for the next cycle but, on the contrary, were acquired through exchanges with both people outside the town and the same farmers of Villa López. Thus, there were different sources of origin of haplotypes, compared to the industrial cassava fields where less genetic diversity of haplotypes is found, probably due to the low mobility of cuttings between fields and the homogeneity of the cuttings.

On the other hand, the fields that are geographically closer presented greater genetic similarities, which highlights the limited migration potential of Xpm through natural dispersal (Lozano & Sequeira, 1974). In this sense, dispersal mediated by human activities could explain the diversity of pathogens within each field due to the introduction of haplotypes from different origins, as well as the appearance of the same haplotypes at geographical distances greater than 1 km, as had been reported in the Colombian Caribbean (Rache et al., 2019). In fields that exchanged cuttings we found greater genetic similarities between populations, suggesting that the bacteria migrated between fields via the network of cuttings circulation. This coincides with previous reports by Restrepo and Verdier (1997) about the occurrence of the same haplotypes in different regions, indicating a possible migration of the pathogen in the Colombian Caribbean during the 1990s.

Farmers participation for CBB control

Since colonial times, land tenure issues have been determinant for regional socioeconomic dynamics as reflected in our participatory mapping project, where farmers represented the conflicting interests of a landowning elite favored by the state and the farmers of Villa context deepened the phenomenon of violence on a regional scale, which is one of the particularities of the Colombian armed conflict in comparison with other civil wars in the world [START_REF] Thomson | The Agrarian Question and Violence in Colombia: Conflict and Development[END_REF].

Although in some cases it is stated that people's economic conditions influence the characteristics of conflicts and that, therefore, economic growth is the best solution to prevent these conflicts, it should be stressed that in the case of Villa López, the capitalist development was violent and produced poverty, as reported in other contexts [START_REF] Ballentine | Beyond Greed and Grievance: Reconsidering the Economic Dynamics of Armed Conflict[END_REF]. Thus, once they lost their daily laborers' jobs and their land, Villa López farmers entered into a competition to produce cassava for regional markets, which is usually associated with limited profits. For example, farmers must plant on rented land, generally less than 1 hectare, thus, although their yields are lower compared to large-scale fields, the sale prices are the same because they are regulated by the same regional market. Thus, as recorded in several tropical countries, the capitalist model modifies the agrifood structure and forces people to change their local practices to enter the dynamics of a global market, directly affecting the livelihoods of people [START_REF] Verner | Reducing poverty, protecting livelihoods, and building assets in a changing climate: social implications of climate change in Latin America and the Caribbean[END_REF][START_REF] Rubio | El dominio del hambre: crisis de hegemonía y alimentos[END_REF].

The loss of their land and the changes of their agricultural practices has caused farmers to lose the link they have with the plants they grow, commodifying cassava and the food crops associated with it, based on the economic gains they make and not on the preferences of the farmers themselves. Now most farmers in Villa López plant for market production, with cassava varieties with shorter crop cycles and using modern methods for soil nutrition and pest and disease control. This transformation of farming systems to favor the interests of the capital has effects on environmental conditions, health, and biological and cultural diversity, as has been reported for several Latin American agri-food systems [START_REF] Ezquerro-Cañete | Poisoned, Dispossessed and Excluded: A Critique of the Neoliberal Soy Regime in Paraguay[END_REF][START_REF] Leguizamón | Environmental Injustice in Argentina: Struggles against Genetically Modified Soy[END_REF].

Specifically, in the case of plant diseases control, the incursion of the global agrochemical market has had effects on the quality of life of rural communities in the Colombian Caribbean (Camacho, 2017). The use of agrochemicals for the control of pests and diseases within this type of technified crops in Villa López was highlighted from the starting date of the participatory mapping, with the widely reported consequences that agrochemicals have on human health and the environment [START_REF] Rani | An extensive review on the consequences of chemical pesticides on human health and environment[END_REF], as even mentioned by the farmers consulted in our research.

Although farmers recognize symptoms of cassava diseases and other crops in the region, there is no coordinated initiative with public institutions towards their control, and there are no participatory plant breeding programs. Thus, farmers have no other choices than to use agrochemicals because this is the commercially recommended method, even though there is a general lack of knowledge about their action, and or usage. Wrong dosage could for instance cause toxic effects on crops, as reported in other crops in the Andes [START_REF] Struelens | Pesticide misuse among small Andean farmers stems from pervasive misinformation by retailers[END_REF].

Additionally, our results show that there is an effect of land tenure conflicts on the dispersion and diversity of the disease, demonstrating that, as has happened in other cases widely reported worldwide, the influence of human actions is determinant for the epidemiology of infectious plant diseases (Zadoks, 2017). Thus, the inclusion of a multidisciplinary perspective showed that there is a relationship between the socio-cultural factors surrounding small-scale cassava cultivation and the epidemiology and diversity of pathogens, as already reported for other plant diseases problems of cassava (Delêtre et al., 2021). In the long term, understanding farmers' ways of life and valuing their local knowledge could be a tool to understand the management of some phytopathological problems and, in that sense, could ensure food security at the local scale, beyond economic development models that have been imposed to benefit large elites.

The results of this study suggest reconsidering local knowledge for the identification and control of crop diseases as a challenge to reduce the impact of capitalist agriculture and a tool for the recovery of traditions associated with the cultivation of local food crops [START_REF] Scholthof | Ethnophytopathology: the relationship between plant pathology and human society[END_REF], without ignoring the importance of obtaining sufficient, healthy and economically profitable harvests for farmers. The participatory work reconstructed the memory of the agrarian structure of the region and made visible the voices of the farmers of Villa López, who have been planting cassava for several generations in the midst of a conflictive context and have managed and controlled phytopathological constrains with the tools they have had at their disposal, which is a common characteristic of traditional farming systems (Thurston, 1992).

In the case of Villa López, the effect of agricultural practices, social relationships and local knowledge on the spread of CBB is clear and, for this reason, the participatory and multidisciplinary approaches generate bridges between academia, public institutions and local communities for early control of the disease, adapting models that have worked in other places to the local context [START_REF] Stemerding | Social Dimensions of Integrated Production and Pest Management -A Case Study in Mali[END_REF].

scale commercial cassava cultivation was running and remained there until land uses changed, especially for livestock expansion. In addition, the pathogen migrated between industrial fields and into small-scale ones, regardless of the variety of cassava grown, whether sweet or bitter. The fact that CBB occurrence has decreased in the recent years could be related to the gradual reduction of harvesting times owed to improved cassava varieties, especially Venezolana and Chirosa, which do not leave enough time for Xpm to disseminate. However, our results concerning cassava varieties are not conclusive and are based on field observations. Further analysis of the characteristics of the cassava varieties planted in this region and their impact on CBB control is needed, as well as increased studies of the cassava germplasm, as a strategy to identify resistance genes tailored to the local Xpm population.

The changes in land use that may have influenced the spread of CBB, the economic dynamics that have diminished the diversity of local cassava varieties, and the socioenvironmental conflicts that prevail in the territory due to the transition to the extractivist and capitalist agricultural model, are not disconnected from the political violence that is specific to the Colombian Caribbean. The participatory mapping clearly highlighted how the increase of CBB was related to that of cassava monoculture, most particularly by replacing the areas where familial and small-scale agriculture fields were reported. This suggests that the agricultural and livestock expansion described by farmers in the 1990s is the result of land grabbing by regional elites and the forced displacement of farmers, and which was accompanied by the increased dispersion of CBB, probably due to the intense circulation of contaminated cuttings among neighboring fields. This may have continued from the late 1990s and until 2015, while monoculture fields expanded around Villa López.

A geographical study is needed to determine the historical trajectories of forced displacements and the regional dynamics of land tenure to understand better the relationship between the agrarian and sociopolitical conflicts and the distribution of crops and CBB occurrence. Regarding fertilizers, although most farmers use several types of agrochemicals at all stages of the crop cycle, fertilizers were not used in all the fields visited because it implies an additional cost that is hardly recovered in the final harvest profits. However, there is a positive correlation for fields treated with fertilizers and the occurrence of the disease.

Further experimental studies would be needed to confirm the impact of the application of these products on CBB spread, considering that increased host susceptibility to certain diseases has been reported, owed to the supply of some components of these chemicals.

Another factor related to the occurrence of CBB in Villa López was land tenure, in relation with the fact that only a few farmers owned the fields where cassava was planted. Most farmers are renting their fields and could therefore not save plants for planting from a previous harvest as they often had to give back the land to their tenants. When time comes for the next planting, there is a shortage of cuttings locally, in part because the rainy seasons are relatively short and because everyone is planting at the same time. Consequently, most farmers have no control on the origin and quality of the cuttings they receive. Farmers tend to obtain them a few days before planting, directly from fields that were able to keep part of the cultivation without harvesting, generally industrial crops. The available material is being circulated regardless of its origin and without any control of CBB or other diseases, which is anyway difficult without specific detection tools since CBB symptoms are not visible in stem cuttings.

Another interesting aspect of our study is the relatively high diversity of Xpm haplotypes in cassava fields of Villa López, as compared to other studies conducted in the Colombian Caribbean. The exchanges of contaminated cuttings might be one of the reasons for this, since the highest diversity was encountered in fields where there was no cuttings conservation, i.e. in which propagative material was usually obtained from neighboring fields. The exchange of cuttings is a daily and dynamic exercise that depends on the bonds of trust (neighborhood or family) that farmers have in this relatively small community.

In addition, the spread of the disease within the plots, in plants that were geographically close and that presented the same clone or genetically close clones of Xpm, could be explained by human action at the time of cutting the stems or through the action of rain.

Complementarily, the diversity of Xpm strains within each field could be explained by the many origins of the propagative material, and the consecutive introduction of haplotypes from different fields at the time of cuttings circulation.

Thus, social interactions provide information about the migration of the pathogen and its monitoring could be a key tool for understanding the epidemiology and prevention of the occurrence of the disease in the Colombian Caribbean conditions. In this sense, a horizontal dialogue between public institutions, academia and the people are necessary to update knowledge about CBB and collectively generate local tools for the control of cassava diseases, which meet the double challenge of producing what is necessary and avoiding environmental contamination.

On the other hand, considering the increase in our knowledge about pathogen resistance, it is necessary to create participatory breeding programs that include the preferences of local communities when choosing cassava varieties to be propagated. To this end, it is urgent to secure land tenure that will help farmers introduce and monitor improved varieties, as well as develop their local strategies for cuttings conservation, local food production and management of phytopathological problems. One scenario can be the inclusion of communities that have historically been displaced and dispossessed on account of the territorial conflict within the perspectives of the implementation of an integral rural reform that was raised within the Peace Agreements signed in 2016 between the Colombian Government and the FARC-EP guerrilla.

These years of working with the inhabitants of Villa López we learned about the relationship they have with the cultivation of cassava. Despite being direct victims of the expansion of the capitalist agricultural model and the conflicts associated with land tenure, they preserve their peasant culture, which has not only been their livelihood in recent decades, but also represents their resistance, identity and biocultural memory. Additionally, this participatory work was a strategy that recognizes their specific needs, their cultivation practices, their local knowledge about phytopathological problems and their contributions to the continuous improvement of crops. In particular, this experience becomes an input to expand the knowledge we have about cassava bacterial blight at a local scale and an opportunity for its early control, as well as an invitation to include local knowledge in programs for the control of phytopathological problems.
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Figure 1 .

 1 Figure 1. Process of plant-microorganism interaction. In phase 1 (I), plants detect Microbial-Associated Molecular Patterns (MAMP, red diamonds) to trigger MAMP-Triggered Immunity (MTI). In phase 2 (II), successful pathogens deliver effectors that interfere with MTI resulting in Effector-Triggered Susceptibility (ETS). In phase 3 (III), one effector is recognized by a protein (red star), activating Effector-Triggered Immunity (ETI), an amplified version of PTI that often passes a threshold for induction of hypersensitive cell death (HR). In phase 4 (IV), pathogen isolates are selected that have lost the red effector (red points), and perhaps gained new effectors (green points). These can help pathogens to evade ETI. The recognition of a new protein of the new acquired effectors, could result again in ETI (green star) (Source: adapted from the original figure in Jones & Dangl, 2006).

Figure 2 .

 2 Figure 2. The classic plant disease triangle. Generally, plant diseases occur when a pathogen makes contact with a susceptible host, among the favorable environmental conditions for the development and spread of the disease (Source: adapted from the original figure in Agrios, 2005).

Figure 3 .

 3 Figure 3. Worldwide cassava production in 2020 (Source: FAO, 2021).

Figure 5 .

 5 Figure 5. Intercropping in the Colombian Caribbean. The photography shows the cassava crop associated with food species such as yams, beans, papaya and maize, in the background some tree species serve as a barrier to this plot (Source: Darío Pérez, personal archive).

Figure 6 .

 6 Figure 6. Manual planting of cassava cuttings in Villa López, Sucre, Colombia. The land is weeded so that it can be planted when the rains come. With the soil moist, one farmer digs a hole with a long stick, following a straight line, and another farmer inserts the cutting into the soil in the hole made by the farmer who preceded him (Source: Darío Pérez, personal archive).

  they can hardly keep a reservoir of standing plants from one season to the next. For this reason, at each new crop cycle, the farmers must acquire new plants for planting from various sources, either by exchanges or by purchasing propagating material on the market (McGuire & Sperling, 2016).

  Colombia is decisive for the national economy. About 32% of areas planted with cassava crops are located in the Caribbean region (mainly the departments of Bolívar, Córdoba, Magdalena and Sucre), representing around 50% of the national production, (Figure8), while the remaining percentage is mainly distributed in the Pacific, Andean and Orinoco regions (DANE, 2017).

Figure 8 .

 8 Figure 8. Harvested area of cassava in Colombia for 2014, according to the National Agricultural Census. The majority of the production takes place in the Colombian Caribbean departments (red box), as well as in Cauca and Nariño departments (Source: official data from the DANE, 2017).

Figure 9 .

 9 Figure 9. Field symptoms of CBB. On the left are shown angular leaf spot symptoms on the upper side that look slightly soaked on the underside. On the right, the limited growth of a diseased plant is illustrated (6-month-old plant that should be twice as large) (Source: Darío Pérez, personal archive).

Figure 10 .

 10 Figure 10. Cassava bacterial blight disease cycle (Source: adapted from the original figure in Zárate-Chaves et al., 2021).

CHAPTER 1 :

 1 Biocultural drivers responsible for the occurrence of a cassava bacterial pathogen in small-scale farms of Colombian Caribbean 1

  returned to Villa López and conducted field work from August to December 2016. During the first weeks we were in the field with Sophie Caillon (researcher at CEFE-CNRS) and Anne Duputié (researcher at the Université de Lille) to do the methodological design. We were also accompanied by Rubén Mora (PhD student at the Universidad Nacional de Colombia) to help us with the identification of CBB symptoms in the field. Then, I conducted a participatory observation experiment for which I lived with a Villa López farmer family. Meanwhile I carried out 48 interviews (of all farmers who grew cassava that year in the locality) and visited 40 cassava fields (that is, all the fields where cassava was grown in Villa López) to collect leaves with CBB symptoms. During this time, the bonds of trust between me and the community were strengthened, which gave more precision to the results related to local knowledge, as well as the first-hand knowledge about the needs and concerns of the people. After having the testimonies of the people and taking the leaf samples, I returned to Bogotá to systematize the data. We isolated the bacteria from symptomatic leaves and performed PCR-based diagnostic tests to confirm the presence of Xpm in the laboratory of Christian Vernière (researcher at CIRAD), with the support of Koralie Begue (undergraduate intern at the Université de Montpellier), Laurence Blondin (researcher at CIRAD). For data analysis we considered the variables that appeared most frequently in the interviews related to the presence of the disease.The selection of the variables and the analysis methodology was done with Christian Vernière, Boris Szurek, Anne Duputié and Sophie Caillon. Subsequently, I went to Université de Lille and with the advice of Anne Duputié, we constructed and implemented the statistical analysis.

  they do not know how to control the disease. In conclusion, the local knowledge about cultivation practices generated in the course of this study appears as an essential and complementary approach to develop locally-adapted control strategies against CBB through possible participatory plant breeding processes. This text was written collectively among all co-authors since December 2020. The article was submitted to the journal Frontiers in Ecology and Evolution in December 2021 and finally published in May 2022. This publication was part of a special issue called "Integrating Traditional Ecological Knowledge into Ecology, Evolution, and Conservation". Health Institute, Univ Montpellier, IRD, CIRAD, INRAE, Institut Agro, Montpellier, France. 2 PALOC, IRD, Muséum National d'Histoire Naturelle, Paris, France.

  The relative impact of farming practices and social drivers on CBB occurrence have not yet been clearly determined. Here, we investigate the role of local knowledge (i.e. perception of CBB), agronomic practices (i.e. fertilizer use, diversity of cultivated cassava varieties, circulation of plant propagative material) and socioeconomic factors (i.e. land tenure) on the occurrence of CBB, at the scale of a village in the Caribbean region of Colombia.

Figure 1 .

 1 Figure 1. Location of the village Villa López in the Caribbean region, Colombia, and of the localities mentioned in the text. WGS 84.

( 2 )

 2 three farmers cultivate more than one field, and (3) twelve interviewed farmers (30 to 60 years old) shared the same collective field as they are part of a local association of cassava producers named "Asoproagrovilo" (Cassava Producers' Association of Villa López). Table1. Farmers interviewed and fields visited in Villa López. interviews (77 questions) conducted at the farmer's home and then in the field (Supplementary material 1 & 2) sought information about (1) sociodemographic characteristics of each farmer (i.e. gender, age, life history), (2) identification of cassava diseases, presence of CBB, the farmers' perception about its occurrence in the field, (3) cassava management practices (i.e. planting techniques, use of agrochemicals [fertilizers, insecticides and herbicides]), (4) the diversity of cassava varieties planted and their characteristics based on local knowledge, (5) general information about each field (i.e. associated crops within the same field and in neighboring fields, farming calendar, crop rotation, associated land user rights and history), and (6) the origin of planting material (i.e. characteristics and circulation networks of cuttings). To analyze the origin of cassava stems for cuttings, we asked whether farmers (1) recycled stem cuttings from their own fields, or(2) if they received cuttings from other farmers (i.e. identity and localization of the donors; terms of the transaction: gift or purchase). In statistical analyses, the farmer association was considered as a single farmer, characterized by their collective way of managing their field.

  identify factors that could explain the occurrence of CBB at the scale of individual fields, we assessed the impact of five qualitative explanatory variables on the occurrence of CBB (Supplementary data S1): (1) land tenure (owned or rented), (2) cultivation time in the same field (3 consecutive years or fewer, versus 4 consecutive years or longer), (3) use of fertilizers (yes or no), (4) origin of the plant material (three modalities: acquired from other farmers, recycled from the same field, recycled from another field cultivated by the same farmer), (5) whether sampling occurred before or after harvest of the fields' cassava; and two quantitative variables: (6) the number of varieties of cassava cultivated in the field, (7) the number of other farmers who provided planting material for the focal field, (8) the proportion of external donors living in villages other than Villa López.

Figure 2 .

 2 Figure 2. Cassava stem cuttings circulation among farmers from Villa López and from neighboring villages. A transaction is described as cuttings of a given variety provided by a farmer to a farmer from Villa López. The size of the arrow is proportional to the number of transactions and the direction of the arrows shows the provenance of cuttings planted in Villa López (from donors to receivers). Numbers: the number of incoming transactions/number of donors from each neighboring village. This figure only focuses on stem cuttings received in Villa López, since they may imply the transfer of Xpm in the village.

Figure 3 .

 3 Figure 3. Symptoms of Cassava Bacterial Blight in Villa López. (A) Angular leaf spot with water soaking on the leaf underside, (B) leaf blight symptom, and (C) wilting leaves on 7-month-old cassava.

Figure 4 .

 4 Figure 4. Distribution map of the 40 cassava fields sampled in Villa López and infected by Cassava Bacterial Blight. Fields infected with CBB are depicted in red (n = 19), and uninfected fields appear in white (n = 21). WGS 84.

Figure 5 .

 5 Figure 5. Map of the distribution of Cassava Bacterial Blight occurrence as a function of land tenure. WGS 84.

Figure 1 .

 1 Figure 1. Climatic data, cultivation schedule, and different possibilities of plant infections by Xpm. A) Ombroclimatic diagram for the town of Sincelejo, 25 km away from Villa López. B) Cultivation cycle. C) Scheme illustrating the status of three fields owned by farmers A, B and C. Bacteria are pictured as rectangles, colors indicate different bacterial strains. The four ways of infection are: 1) use of the same tool (in the schema this results in combining two strains on the same plant); 2) rain splashes or natural dispersal of bacteria among geographically close plants; 3) exchange of infected propagative material; 4) mutation within a plant.

Figure 2 .

 2 Figure 2. Map of Villa López showing the plants sampled, with infected plants in red and non-infected plants in white.

Figure 3 .

 3 Figure 3. Xpm haplotype network. Nodes are labeled by the name of the haplotypes; node size increases with the number of strains displaying that haplotype, and colors indicate the farmers that cultivate the plant on which the Xpm haplotype was isolated. Numbers on the edges indicate the number of mutations. Clonal complexes encompass those haplotypes that differ at most at 3 loci. Red lines connect haplotypes that were found on the same plant and that belong to the same clonal complex.

Figure 3

 3 Figure 3 highlights the haplotype network of Xpm in Villa López. Most Xpm haplotypes can be grouped into 14 clonal complexes, i.e. complexes that vary by at most 3 loci. Among these, the three smallest clonal complexes (CC10, 13 and 14) are constituted by only 2 haplotypes found in the same farm and differing at just one locus, indicative of mutations occurring within the farms. In all other clonal complexes, the Xpm haplotypes were found on different farms, indicating dispersal among fields, either naturally or through exchanges of plant material among farmers.

Figure 4 .

 4 Figure 4. Maps showing plants infected by Xpm, colored by clonal complex, a) at the scale of the village, and b) at the scale of three adjacent farms, cultivated by three different farmers and delimited by the thin white straight lines. The numbers are the names of the haplotypes. Note that on several instances, two different strains of Xpm were isolated on the same plant.

Figure 5 .

 5 Figure 5. Social network showing the exchanges of plant material within and to Villa López. a) Node labels are farmers' ID, node sizes are proportional to the farmers' in-degree. Nodes circled in black indicate farmers from the village, and red nodes indicate farmers whose fields were infected by Xpm. b) Zoom on the part of the social network implying farmers whose plants are infected by Xpm from the clonal complex 1 (in red) and all farmers involved in the shortest paths among them.

  from a socio-economic perspective, by integrating host and pathogen genetic data, interview-based analysis of local farming practices, and with a focus on the role played by the social network of seed exchange.Many crop diseases are indeed known to be propagated through infected germplasm and local seed systems may be fundamental in the dissemination of seedborne pathogens. A recent interesting study combining anthropological, genetic and plant epidemiological data, reports on the analysis of the genetic structure of local populations of the African cassava mosaic virus (ACMV), which is one of the main causal agents of cassava mosaic disease (CMD) in Africa. Interestingly, the study highlights how different local modes of seed exchanges result in contrasted patterns of viral diversity, demonstrating how social factors through the nature of the seed exchange networks influence the genetic structure of plant virus populations(Delêtre et al., 2021).Here, our results point to a relatively high level of diversity of Xpm unraveled at the scale of the village of Villa López with the identification of 73 multilocus haplotypes (41,5%) upon the analysis of 176 Xpm strains. In comparison, larger-scale studies performed earlier in the Colombian Caribbean coast distinguished, based on the same MLVA scheme, 88

  Villa López in 2021 to address new questions that resulted upon the analysis of the results of the field work that was done in 2016. At first, I conducted interviews with 44 farmers who cultivated cassava in 2020. Then I followed up the entire crop cycle of 30 cassava fields during 2021, from the months before planting (February 2021) and until the first symptoms of the disease appeared (October 2021). The methodology and interviews were designed together with Laure Emperaire (Researcher at PALOC, IRD) and Boris Szurek. Going back to Villa López was important to communicate the preliminary results and to reaffirm the trust and friendship bounds I developed with the Villa López community, which resulting in a better understanding of their social and cultural dynamics.

Figure 1 .

 1 Figure 1. Location of Villa López.

Figure 2 .

 2 Figure 2. Individual mapping with farmers over 60 years old. (a) Field interview. (b) Result of a mapping done by a farmer. (c) Base map on which the farmers located the areas.

Figure 3 .

 3 Figure 3. Map construction in the focus group. (a) Development of the focus group session. (b) Participants in the collective construction of the map. (c) Example of the final result of a map of a decade, in this case 1986 -1995.

Figure 4 .

 4 Figure 4. Images that farmers saw during the visual stimuli method applied. The image 1 shows the symptoms of the fungal disease Cercospora vicosae, the image 2 is a healthy plant, its first leaves have dried and this indicates that it is ready for harvest, and the image 3 shows the symptoms of Xanthomonas phaseoli pv. manihotis on the leaves.

"

  [I have planted cassava] since my mother's time, in that time I was working in the fields, because that's what you eat. And with my mother all the time, because my father was killed early. They [the armed groups] killed him in front of us. Well, my mother stayed and my mother planted a little plot of half a hectare. She rented half a hectare and with that we had a little plot to eat, because it was not to sell. All the time to have a little bit of cassava for breakfast. If you are going to make half a hectare and sell it, then what are you going to have to eat?" (Interview, February 2021).

Figure 4 .

 4 Figure 4. Land distribution in Villa López between 1975 and 1985.

Figure 5 .

 5 Figure 5. Land distribution in Villa López between 1986 and[START_REF] Henry | Global Cassava Sector Constraints and Estimated Future R&D Benefits[END_REF] 

Figure 6 .

 6 Figure 6. Land distribution in Villa López between 1996 and 2005.

Figure 7 .

 7 Figure 7. Land distribution in Villa López between 2006 and 2015.

Figure 8 .

 8 Figure 8. Land distribution in Villa López between 2016 and 2021.

Fajardo ( 2019

 2019 ), in the period from 1980 and until 2010 national governments intensified agroindustrial production for export, weakening local and family food production systems. According to our report of cassava cultivation in Villa López in 2016 (Pérez et al. 2022a), the number of families inhabiting the locality increased by 2021 (115 families in 2016 and 131 in 2021), while the number of cassava growers decreased (48 farmers in 2016 and 30 in 2021).In this context, Villa López farmers have stopped growing cassava because they have lost their land and the market is increasingly unequal, with supply chains that mostly benefit middlemen and leave them with little economic gain, while they have to face natural and human threats in the field. This is not an isolated fact, in other regions of Colombia such as southern Urabá or northern Chocó, the change in land use due to dispossession and forced displacement favored the expansion of cattle ranching and African palm crops, and caused the reduction of family food production (CNMH 2018).

  López themselves. The elites often used violence to maintain and impose the capitalist development model facilitated by the various Colombian governments to open up to global markets, modifying the agrarian structure and impoverishing local communities. This

  The collective mapping points to a decrease in the occurrence of CBB in industrial fields over time; however, in 2016 the disease was present in about half of the small-scale fields visited. According to the results of the interviews, three main factors may explain the occurrence of the disease in 2016: fertilizers use, land tenure and exchanges of cuttings with industrial cassava farmers.

  

  

  

  

  

Table 2 .

 2 Sum of Akaike weights of the models for each variable. The last column indicates in which way the important variables affect the occurrence of CBB.

	Variable	Variable	Interpretation
		importance	
	Fertilizer use	0.77	Fertilizer use increases the probability of
			occurrence of CBB
	Land tenure	0.73	Farmers who rent their field are more prone
			to CBB infection than those who own their
			field
	External donors	0.44	Weak effect. Farmers requesting cuttings
			from farmers outside the village seem to have
			more CBB than those receiving cuttings from
			other farmers living within Villa López
	Origin of planting	0.30	Very weak effect
	material		
	Cassava diversity	0.29	Very weak effect
	Sampling date	0.23	Very weak effect

Table 3 .

 3 These measures relate to the 153 haplotypes found on plants cultivated by farmers having 7 or more Xpm strains in their fields. Farmer: Farmer's ID; N: number of Xpm strains isolated from plants cultivated by that farmer; MLG: number of haplotypes; Hs: Nei's gene diversity index(1973). Simpson: Simpson's diversity index; Evenness: Evenness index; Ar: allelic richness (rarefied over the minimum sampling size=7 genes), PA: number of private alleles; PAr: their richness (rarefied over the minimum sampling size).

		# infected plants		
			# plants % infected
	Venezolana	52	146	35.60%
	Chirosa	33	113	29.20%
	Negrita	16	96	16.70%
	Cogollo verde 5	55	9.10%
	Vidrio	0	29	0.00%
	Mona blanca	0	13	0.00%
	Botón	0	5	0.00%
	Espelucada	3	5	60.00%
	Unknown/others 0	25	0.00%
	MTAI	12	22	54.50%
	Ligerita	14	14	100%
	1433	3	5	60.00%

Table 1 .

 1 The Monablanca used to be planted practically to leave it to eat, it was not very commercial. Farmers left the little piece [of stem] planted and it did not deteriorate. That cassava was slow, it was harvested from 8 months. It took a long time to thicken, but it was tasty to eat. It was tasty to eat, but they don't plant it anymore. You don't see a Monablanca plant here anymore" (Interview, March 2021). Cassava varieties recorded in Villa López.

rentable pour les paysans, le manioc et d'autres cultures vivrières continuent d'être cultivés à petite échelle par les communautés des Caraïbes. En ce sens, ils ont résisté à l'agriculture capitaliste que les gouvernements colombiens des dernières décennies ont privilégiée en réponse à la mise en oeuvre du modèle de révolution verte, comme cela s'est produit dans le reste du monde[START_REF] John | Lessons from the Aftermaths of Green Revolution on Food System and Health[END_REF]. Par exemple, en conséquence de la mise en oeuvre de ce modèle agro-industriel, nos résultats montrent une diminution progressive du nombre de variétés locales de manioc à Villa López, privilégiant les variétés améliorées qui ont des cycles de production plus courts du fait de la nécessité de répondre aux contraintes de gain de temps du marché, ce qui s'est également produit avec d'autres cultures essentielles comme le riz[START_REF] Stone | Disembedding grain: Golden Rice, the Green Revolution, and heirloom seeds in the Philippines[END_REF].Au fil du temps, les élites régionales ont eu un rôle déterminent dans l'utilisation et la distribution des terres, en particulier pour les monocultures industrialisés (particulièrement le coton, le tabac et le manioc) et l'élevagel. Dans ce contexte, la majorité des paysans de Villa López se sont spécialisés comme travailleurs journaliers sur les grandes extensions, une stratégie permettant de gagner un revenu quotidien, comme cela s'est produit dans plusieurs municipalités de la région(Zamosc, 1990). Les terres dont ils avaient hérité ou qu'ils avaient récupérées grâce aux luttes agraires passées ont fini par être vendues à bas prix, ou violemment saisies, dans le cadre de processus qui ont bénéficié aux grands propriétaires terriens et qui ont été facilités par l'État colombien(Grajales, 2011).En ce sens, lorsque les paysans de Villa López perdent leurs terres, ils perdent aussi la possibilité de maintenir leurs modes de vie traditionnels. Non seulement ils deviennent dépendants des revenus octroyés par les grands propriétaires terriens, mais ils perdent aussi l'espace nécessaire pour faire pousser leurs cultures de manière autonome.Cependant, à partir des années 2000 environ, les grandes extensions de cultures industrielles dans les municipalités proches de Villa López ont diminué, et le travail salarié des journaliers a diminué proportionnellement, ce qui a poussé les agriculteurs à se lancer dans la culture du manioc à petite échelle pour assurer des revenus. Ces cultures étaient principalement pratiquées sur des terres louées et, pour cette raison, il était nécessaire de développer des pratiques agricoles permettant d'obtenir des rendements en moins d'un an.Ainsi, ils ont progressivement modifié certaines pratiques héritées de leurs parents et grands-parents, comme la rotation des terres, la conservation des semences et les cultures intercalaires. En fait, les agriculteurs ont déclaré utiliser des techniques agricoles modernes,

peuvent donc pas conserver les boutures des récoltes précédentes parce qu'ils doivent céder les terres vides aux propriétaires. Lorsque vient le temps de semer, il y a souvent pénurie de boutures au niveau local, car les saisons des pluies sont relativement courtes et tout le monde sème à la même saison. Ensuite, comme les boutures perdent leur viabilité en très peu de temps, les agriculteurs ne les obtiennent que quelques jours avant des les semer, directement auprès des exploitations qui ont pu conserver une partie de la récolte sur pied, généralement des cultures industrielles. Cette situation est directement liée à l'échange de boutures, car les agriculteurs font circuler le matériel disponible quelle que soit son origine, et ne procèdent guère à un contrôle exhaustif des semences pour la détection précoce du CBB et d'autres maladies. Ce problème est exacerbé par le fait que les symptômes du CBB ne sont pas visibles à ce stade précoce de la culture du manioc. En plus de l'occurrence accrue du CBB, un autre aspect clé est la diversité relativement élevée des haplotypes de Xpm retrouvés sur les plants de manioc de Villa López, comparativement à d'autres études dans les Caraïbes colombiennes. Notre étude montre que cette importante diversité génétique peut être associée à l'origine des boutures, car la plus grande diversité a été trouvée dans les champs où la conservation des boutures était difficile, et où le matériel de propagation était généralement obtenu à partir de champs voisins à l'échelle locale ou de champs industriels. Ces échanges de boutures est un exercice quotidien pendant le période des semis et dynamique qui est lié aux liens de confiance (de voisinage ou de amille) que les cultivateurs entretiennent dans cette communauté relativement petite et, encore une fois, à la possibilité limitée de conserver leurs semences en raison des problèmes liés à la propriété foncière. Bien que jusqu'à présent la maladie n'ait pas eu d'impact sur les récoltes, il est essentiel de considérer que les perspectives sont variables en raison du changement des facteurs climatiques. En ce sens, en tant que stratégie pour éviter les effets néfastes de l'impact du capitalisme néolibéral, il est nécessaire d'inclure les connaissances locales dans les processus de recherche et d'actions participatives qui envisagent un dialogue entre les institutions, le monde académique et les agriculteurs. À partir d'un tel dialogue, il sera possible de créer des programmes de sélection participative qui incluent les préférences des communautés locales quant aux choix des variétés de manioc améliorées pour la propagation, ou d'obtenir des informations primaires comme base pour la construction collective de politiques publiques rurales dynamiques et adaptées au contexte.

This chapter was published as an article in May

2022: Pérez D, Duputié A, Vernière C, Szurek B, Caillon S. 2022. Biocultural drivers responsible for the occurrence of a cassava bacterial pathogen in small-scale farms of Colombian Caribbean. Frontiers in Ecology and Evolution 10: 841915. DOI: 10.3389/fevo.2022.841915
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Effect of cuttings circulation system in the spread and diversity of Xanthomonas phaseoli pv. manihotis infecting cassava crops of the Colombian Caribbean
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Abstract

Cassava Bacterial Blight (CBB) is a bacterial disease that severely affects cassava production worldwide and is caused by the pathogen Xanthomonas phaseoli pv. manihotis (Xpm). Its spread can be associated with several factors, but especially with the exchange of cuttings at planting time. Although knowledge about the prevalence and diversity of Xpm populations has deepened in recent years, the effect of the cuttings exchange system on CBB dispersal and diversity is still unknown.

In this research, we compiled information on the cuttings exchange network in a village of farmers growing cassava in the Colombian Caribbean and evaluated its effect on the dispersal and diversity of Xpm. Our results show that, compared to other reports for nearby municipalities in the region, there is a relatively high diversity of the pathogen at the scale of the village we evaluated, and that this may be associated with cuttings exchange dynamics. (ii) Geographic proximity or rain splashing: when a plant infected by Xpm from the same clonal complex was present within a radius of 300 m from the focal plant (but belonging to another farmer). Geographic proximity contributes to explain 64 cases (39.2%), this factor being the only plausible cause of contamination for only 5 infections (5%).

Causes of Xpm infections
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Supplementary Table 1 Although so far the disease has not caused an impact on harvests, it is key to consider that the panorama is variable due to changing climatic factors. In this sense, as a strategy to avoid the adverse effects of the crisis of neoliberal capitalism, it is necessary to include local knowledge in research and participatory action processes that consider a dialogue between institutions, academia and farmers. From this dialogue, participatory plant breeding programs can be created that include the preferences of local communities when choosing cassava varieties for propagation, or primary information could be obtained as a basis for the collective construction of dynamic agrarian public policies that are adaptable to the context.

Considering that this is the first time that this type of participatory science techniques are implemented for the documentation of the agrarian history of cassava crops in the Colombian Caribbean and, specifically, for the evaluation of the prevalence of CBB over time, it could be important to consider the other crops associated with cassava and the other phytopathological problems that occur throughout the crop cycle, as a strategy to provide greater precision to the data and as a reference for the formulation of management and control plans for pests and diseases associated with tropical crops.

Getting to know the work of the farmers taught us to appreciate their historical struggles for land and to understand how the armed conflict transformed their livelihoods. We learned through their words about the lack of rural goods and services, and the serious food security problems that ironically face who produce our food. The mapping identified that the formalization of land has benefited the elites and did not consider the productive character and, in that sense, weakens the economies and ways of life of farmers. Thus, considering traditional peasant knowledge is not only a tool to value the biocultural memory of the Colombian Caribbean, but also generates paths for the inclusion of the people who live in the fields in the construction of a comprehensive rural reform that is owed to rural communities, in the framework of the implementation of the Peace Agreements signed in 2016 between the Colombian Government and the FARC-EP guerrilla.

CONCLUSIONS

Cassava is a vital food for the inhabitants of Villa López, not only is it part of their culinary traditions but it has remained as their main livelihood and source of income for at least four generations. But cassava farming cannot be restricted to a simple commercial transaction:

generations of farmers have adapted to changing environmental conditions to establish the best times for cassava planting and harvesting, as well as organized their livelihood strategies in response to the plant growth cycle. To that extent, a problem associated with the crop, as a consequence of natural or human factors, will not only have direct consequences on productivity, but will also affect farmers' livelihoods.

Thus, it is explainable that CBB is recognized by Villa López farmers as the main disease affecting crops in the locality, because they have not found an effective control method.

However, although some farmers refer to some isolated cases of CBB with considerable impacts in the past, most did not report losses due to this disease. One possible explanation is that, as it was the case during the years we sampled, the first symptoms appeared at a time when the roots were already of commercial size and the harvest was run at the beginning of the rainy season which is essential for pathogen dispersal. This is all suggesting that time was too short for the disease to spread naturally.

Farmers use the common name "quema" (burnt in English, because diseased plants look like if they were burnt) to differentiate CBB from other diseases with leaf wilting. This was confirmed through a visual stimulus method whereby farmers identified CBB symptoms associated with that common name. This finding highlights accuracy of the local knowledge about the disease over time, as recorded in the participatory mapping that was conducted together with the farmers of Villa López, and validates the results obtained in this locality.

Likewise, the participatory mapping allowed recording the occurrence of the disease in Villa López after 1986. Its persistence over time could be due to the increase of the number of large-scale fields, the lack of knowledge about the disease and the climatic conditions recorded. According to farmers' memories, CBB started to be reported when cassava cultivation became a business. Thus, the disease occurred mainly in places where large-