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ABSTRACT

This book covers the sesame (Sesamum indicum L.) fungi, oomycetes, bacteria, and viruses that have been reported
on sesame. The mgjor diseases may seriously affect the yield or completely destroy fields and occur on al the
continents. The major foliar diseases are on the leaves (which may spread to other parts of the plant) and include
powdery mildew and the following leaf spots: Alternaria, Cercospora, Pseudomonas, and Xanthomonas. The
following major soilborne diseases of sesame occur primarily on the roots and stems: Macrophomina, Phytophthora,
and Fusarium. Other diseases affect the whole plant: Colletotrichum, Corynespora, phyllody, and Rhizoctonia.
Some fungi produce toxins, reduce germination, and/or affect seed quality and areincluded in thiswork. This
volume also includes species that have been used as biocontrols to combat infection and symptomology of
pathogenic fungi. Thisvolumeisapart of other published volumes which cover the descriptors of sesame
seedlings, roots and stems, plants, leaves, flowers, capsules, capsule zones, cycle, seeds, seed components,
agronomic and administrative, invertebrates and fauna, and weeds. There isavolume still in draft on abiotic
(physical) stresses. Thereis aso asesame bibliography. This series of documents are not intended to be read from
front to back, but rather to be used like an encyclopedia. Datais repeated as appropriate, e.g., effects of
Trichoderma spp. on Fusarium spp. will be under both Trichoderma spp. and Fusarium spp. for ease of use and to
give the most complete information on a given topic. When a speciesis both a pathogen and a biocontrol, the data
on the order, family, and genus is repeated in both sections.
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For ease of finding, the glossary is on pageii.

There are two indices:
= Thefirst index isin paragraph order and starts on pageiiv.
= The second index isin organism order and starts on page Xii.
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GLOSSARY

Acervuli: Cup shaped reproductive structures partially embedded in the substrate. These produce asexual spores
(conidia) and may or may not have setae (whisker-like appendages sticking up from the acervulus) present.

Anamorph: An asexual reproductive stage (morph), often mold-like.

Anastomosis. amethod for exchange of metabolic materials, hormones, genetic information, etc. that involves
fusion (e.g., fusion of hyphae from two isolates of a given fungus, followed by exchange of the hyphae contents,
including genetic material).

Anastomosis group (AG): Groupings based on the ability of hyphae of two different isolates to fuse and exchange
materials.

Ascospores: A spore contained in an ascus or that was produced inside an ascus. This kind of spore is specific to
fungi classified as ascomycetes. Ascospores are formed in ascus under optimal conditions. Typically, asingle ascus
will contain eight ascospores.

Basidiospor es: Reproductive spores produced by Basidiomycete fungi, a grouping that includes mushrooms, shelf
fungi, rusts, and smuts. Basidiospores typically each contain one haploid nucleus that is the product of meiosis, and
they are produced by specialized fungal cells called basidia.

Basionym or basyonym: The original name of a species on which anew name is based.

Chasmothecia (plural of chasmothecium, previoudy cleistothecia): The sexual fruiting bodies produced by the
powdery mildew organism. They only form on the surface of heavily diseased vine tissue and take about 90 daysto
fully mature. Immature chasmothecia are yellow, and gradually turn brown, then black.

Chlamydospores. Asexually produced thick-walled large resting spore of several kinds of fungi and oomycetes. It
isthe life-stage which survives in unfavorable conditions, such as dry or hot seasons.

Conidia (plural of conidium): Asexually produced microscopic spores of ascomycetes that occur in avariety of
shapes and sizes, form on microscopic conidiophores of varying sizes and shapes (stalk like structures), or
conidiogenous cells within various vase, cup, or other shaped structures (e.g., pycnidia, acervuli, etc.). The variation
in shape, size, and color isinstrumental in microscopic identification of these fungi and helpful in obtaining pure
cultures viasingle spore isolation.

Conidiophore: A specialized hypha upon which conidia develop. Used in microscopic identification of fungi.

f. sp.: Forma specialisis an informal taxonomic grouping alowed by the International Code of Nomenclature for
algae, fungi, and plants, that is applied to a parasite (most frequently a fungus) which is adapted to a specific host.
This classification may be applied by authors who do not fedl that a subspecies or variety name is appropriate, and it
istherefore not necessary to specify morphological differences that distinguish thisform. The literal meaning of the
termis'special form', but this grouping does not correspond to the more formal botanical use of the taxonomic

rank of formaor form.

Gram-negative: Gram-negative bacteria do not retain the crystal violet stain used in the Gram staining method of
bacterial differentiation into two broad categories according to their type of cell wall.

Gram-positive: Gram-positive bacteria give a positive result (retain the purple stain) in the Gram stain test, which is
traditionally used to quickly classify bacteriainto two broad categories according to their type of cell wall.

Heterotypic synonym: A synonym that comes into being when ataxon is reduced in status ("reduced to
synonymy") and becomes part of a different taxon.

Holomor ph: The whole fungus with respect to the life cycle, including anamorphs and teleomorphs.

Homotypic synonym: A synonym that comes into being through a nomenclatural act. when ataxon gets a new
name, without being included in another taxon (of the same rank). The old name becomes a homotypic synonym of
the new name.

Hyphae (plural of hypha): Long, branching filamentous structures of a fungus, oomycete, or actinobacterium. In
most fungi, hyphae are the main mode of vegetative growth, and are collectively called a mycelium.

Inocula (plural of inoculum): A substance used for inoculation.
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Macr oconidia (plural of macroconidium): The larger of two different types of conidia produced by afungusin the
same manner, e.g., some Fusarium species produce micro- and macroconidia at the same time.

Microconidia (plural of microconidium): The smaller of two different types of conidia produced by afungusin
the same manner, e.g., some Fusarium species produce micro- and macroconidia at the same time.

Microsclerotia (plural of microsclerotium): A very small sclerotia, approx. half or lessthe size of a pin head,
which isadurable long term survival structure of some fungi.

Oospore: A thick-walled sexual spore that develops from afertilized oosphere in some algae, fungi, and oomycetes.
They are believed to have evolved either through the fusion of two species or the chemically-induced stimulation of
mycelia, leading to oospore formation.

Propagule: Any material that functions in propagating an organism to the next stage in itslife cycle, such as
by dispersal. The propagule is usually distinct in form from the parent organism.

pv.: A pathovar isabacterial strain or set of strains with the same or similar characteristics, that is differentiated at
infrasubspecific level from other strains of the same species or subspecies on the basis of distinctive pathogenicity to
one or more plant hosts.

Pycnidia (plural of pycnidium): A variable and complex vase- or roughly circular shaped asexual reproductive
structure, or fruiting body sometimes partially embedded in substrate. It bears spores (conidia) variously known as
pycnidiospores, oidia, or spermatia. The spores are liberated through an opening (ostiol€) in the pycnidium. Often
brown or black in most species, though a few species produce lighter colors.

Sclerotia (plural of sclerotium): A compact mass of hardened fungal mycelium containing food reserves. One role
of sclerotiaisto survive environmental extremes, often for extended periods of time, even years. In some fungi,
sclerotia become detached and remain dormant (often in the soil) until favorable growth conditions return. Sclerotia
initially were mistaken for individual organisms and described as separate species until proved that sclerotia are only
astage in the life cycle of some fungi.

Seedbor ne: A pathogen that persistsinside or on the seed; may serve as a source of inoculum in the field if
pathogen remains viable until planting.

Setae: Dark brown, thick-walled, thorn like cystidia. Though mainly microscopic, the setae of some species may be
sufficiently prominent to be visible with ahand lens.

Soilbor ne: A pathogen that persistsin the soil.
sp. Single species within agenus.

Sporangia (plural of sporangium): Sac-like structures producing asexual spores endogenously by cytoplasmic
cleavage.

Spore: A unit of sexual or asexual reproduction that may be adapted for dispersal and for survival, often for
extended periods of time, in unfavorable conditions.

spp. Multiple species within a genus.

ssp.: The term subspecies refers to one of two or more populations of a speciesliving in different subdivisions of
the species range and varying from one another by morphological characteristics.

Synanamor phs: When a single fungus produces multiple morphologically distinct anamorphs.
Teleomor ph: The sexual reproductive stage (morph), typically afruiting body.

Var.: Variety isataxonomic rank below that of species and subspecies, but above that of form. Assuch, it getsa
three-part infraspecific name. It is sometimes recommended that the subspecies rank should be used to recognize
geographic distinctiveness, whereas the variety rank is appropriate if the taxon is seen throughout the geographic
range of the species.

Zoospore: A spore of certain algae, oomycetes, fungi, and protozoans, capable of swimming by means of a
flagellum.
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PARAGRAPH INDEX

TY PE of organism
= FNG = Fungus
» BAC = Bacteria
= OOM = Oomycetes
= VIR =Virus

The country column lists countries where the microorganism has been reported. There are many countries that have
not done much research on microorganism or the references have not been found. For example, it does not make
sense to have a species reported in Tanzania, Uganda, and Ethiopia, but not reported in Kenya. Or areport in West
Bengal, India and not in Bangladesh. In the sections on biocontrols (E and F), the country list includes only the
species that are not introduced for the experiments.

The following countries have reported microorganisms associated with sesame: International lists, Algeria,
Argentina, Australia, Bangladesh, Bolivia, Brazil, Bulgaria, Burkina Faso, China, Colombia, Costa Rica, Cuba,
Cyprus, Dominican Republic, Ecuador, Egypt, Ethiopia, Greece, Guatemala, Honduras, India, Iran, Irag, Israel,
Italy, Ivory Coast, Japan, Kenya, Macedonia, Maawi, Mexico, Myanmar, Nicaragua, Niger, Nigeria, Oman,
Pakistan, Panama, Paraguay, Peru, Philippines, Republic of Korea, Republic of Moldova, Russia, Saudi Arabia,
Senegal, SierraLeone, Somalia, Sri Lanka, Sudan, Surinam, Syria, Taiwan, Tanzania, Thailand, Turkey, Uganda,
Ukraine, United States, Uzbekistan, Venezuela, and Vietnam.

Page | Paragraph | Title Type | Country
ii Glossary
iv Organism index
Xii Organism index
XXVii Foreword
1 Introduction
16 Proposed and current
descriptors
24 Phenology of sesame
28 Fungi, oomycetes, bacteria,
and viruses by country
43 A Pest: Fungi FNG
44 Al Order: Hypocreales FNG
44 All Family: Nectriaceae FNG
45 All1l Fusarium spp. FNG | International lists, Australia, Bangladesh, Brazil, Bulgaria,

China, Colombia, Costa Rica, Cuba, Dominican Republic,
Ecuador, Egypt, Ethiopia, Greece, Guatemala, Honduras,
India, Iran, Irag, Isradl, Italy, Japan, Kenya, Malawi, Mexico,
Nicaragua, Nigeria, Pakistan, Paraguay, Philippines, Republic
of Korea, Saudi Arabia, Sierra Leone, Sudan, Tanzania,
Thailand, Turkey, Uganda, Ukraine, United States,
Uzbekistan, and Venezuela

94 Al1l2 Gibberella spp. FNG | India, Iran, Irag, Nigeria, Pakistan, Republic of Korea, Sudan,
and Uganda

96 A113 Neocosmospora spp. FNG | Internationa lists and Uzbekistan

96 All4 Cylindrocladium spp. FNG | Internationa lists

96 Al2 Family: Stachybotryacese FNG

97 Al21 Myrothecium spp. FNG | Egypt and India

97 Al22 Memnoniella spp. FNG | India

97 A123 Paramyrothecium spp. FNG | Cuba, India, and Pakistan

98 Al3 Family: Hypocreaceae FNG

98 Al31 Acremonium spp. FNG | Egypt, India, Iran, and Pakistan

100 | A2 Order: Botryosphaeriales FNG
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100 | A21 Family: Botryosphaeriaceae FNG

100 | A211 Macrophomina spp. FNG | International lists, Australia, Bangladesh, Brazil, China,
Colombia, Cuba, Cyprus, Ecuador, Egypt, Ethiopia, Greece,
Honduras, India, Iran, Irag, Israel, Japan, Kenya, Mexico,
Myanmar, Nicaragua, Nigeria, Pakistan, Paraguay, Republic
of Korea, Sri Lanka, Sudan, Syria, Tanzania, Thailand,
Turkey, Uganda, United States, and Venezuela

156 | A2.1.2 Phyllosticta spp. FNG | Mexico and Ukraine

157 | A2.1.3 Botryosphaeria spp. FNG | India

158 | A3 Order: Pleosporales FNG

158 A3.1 Family: Pleosporaceae FNG

159 | A3.11 Alternaria spp. FNG | Internationa lists, Australia, Bolivia, Brazil, Burkina Faso,
China, Costa Rica, Cuba, Egypt, Ethiopia, Greece,
Guatemala, Honduras, India, Iran, Irag, Israel, Japan, Kenya,
Mexico, Myanmar, Nicaragua, Nigeria, Pakistan, Paraguay,
Republic of Korea, Russia, Saudi Arabia, Sudan, Tanzania,
Turkey, Uganda, Ukraine, United States, and Venezuela

196 | A3.1.2 Helminthosporium spp. FNG | International lists, China, Costa Rica, Egypt, India, Italy,
Japan, Kenya, Nigeria, Philippines, Saudi Arabia, Tanzania,
and United States

200 | A3.13 Drechslera spp. FNG | International lists, Brazil, Egypt, India, Mexico, Pakistan,
Saudi Arabia, and Sudan

201 | A3.14 Cochliobolus spp. FNG | International lists, Cuba, India. and Nigeria

203 A3.15 Curvularia spp. FNG | Bangladesh, Cuba, India, Nigeria, Pakistan, Paraguay, Saudi
Arabia, and Sudan

206 | A3.16 Exserohilum spp. FNG | Egypt and Saudi Arabia

207 | A3.2 Family: Corynesporascacese FNG

207 A3.2.1 Corynespora spp. International lists, Australia, Brazil, China, Colombia, Costa
Rica, Cuba, Ecuador, India, Japan, Mexico, Republic of
Korea, United States, and Venezuela

213 | A33 Family: Didymellaceae FNG

213 | A331 Phoma spp. FNG | Brazil, China, Cuba, Egypt, India, Italy, Japan, Mexico,
Nigeria, Philippines, Republic of Korea, Sudan, and
Venezuela

216 | A3.3.2 Ascochyta spp. FNG | China, Japan, and Sudan

217 | A333 Didymella spp. FNG | Cambodia, India, and Mexico

219 | A4 Order: Capnodiales FNG

219 | A4l Family: Mycosphaerellaceae FNG

219 A4.1.1 Cercospora spp. FNG | International lists, Australia, Brazil, Burkina Faso, China,
Colombia, Dominican Republic, Egypt, Ethiopia, Guatemal a,
Honduras, India, Isradl, Italy, Japan, Kenya, Mexico,
Myanmar, Nicaragua, Nigeria, Pakistan, Panama, Paraguay,
Philippines, Somdlia, Sri Lanka, Sudan, Surinam, Tanzania,
Thailand, Turkey, Uganda, United States, and Venezuela

243 A4.1.2 Pseudocercospora spp. FNG | Australia, Ecuador, Mexico, Venezuela

244 | A413 Cercoseptoria spp. FNG | India, United States, and Venezuela

245 | A414 Pseudocercosporella spp. FNG | Indiaand Turkey

245 | A4.15 Phaecoisariopsis spp. FNG | Mexico

245 | A4.16 Cercosporidium spp. FNG | Paraguay

246 | A417 Passalora spp. FNG | India

246 | A42 Family: Davidiellaceae FNG

246 | A421 Cladosporium spp. FNG | Cuba, Egypt, India, Iran, Irag, Nigeria, Pakistan, Saudi
Arabia, and Venezuela

251 | A5 Order: Erysiphaes FNG
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251 A5.1 Family: Erysiphaceae FNG | International lists, Australia, China, Ethiopia, Greece, India,
(Powdery mildew) Irag, Israel, Japan, Malawi, Mexico, Myanmar, Nigeria,
Pakistan, Somalia, Sri Lanka, Sudan, Tanzania, Thailand,
Uganda, United States, and Venezuela
255 A5.1.1 Oidium spp. FNG | International lists, Australia, China, Ethiopia, Greece, India,
Israel, Japan, Mexico, Myanmar, Nigeria, Sri Lanka, Sudan,
Tanzania, Uganda, United States, and Venezuela
258 | A5.1.2 Erysiphe spp. FNG | International lists, China, Ethiopia, India, Japan, Mexico,
Sudan, Thailand, and Uganda
261 | A5.13 Leveillula spp. FNG | Internationa lists, India, Italy, Japan, Mexico, Pakistan,
United States, and Venezuela
264 A5.1.4 Podosphaera spp. FNG | International lists, Australia, China, Ethiopia, India, Irag,
Japan, Malawi, Mexico, Somalia, Sudan, Tanzania, and
Turkey
266 | A5.15 Pseudoidium spp. FNG | Japan and Republic of Korea
268 A6 Order: Cantharellales FNG
268 | A6.1 Family: Ceratobasidiaceae FNG
268 A6.1.1 Rhizoctonia spp. FNG | International lists, Australia, Bolivia, Brazil, China,
Colombia, Costa Rica, Dominican Republic, Egypt, India,
Irag, Japan, Myanmar, Nicaragua, Pakistan, Panama,
Republic of Korea, Uganda, United States, and Venezuela
276 A7 Order: Glomerellales FNG
276 | A71 Family: Plectosphaerellaceae FNG
276 | A7.11 Verticillium spp. FNG | International lists, Austraia, Bulgaria, China, Egypt,
Ethiopia, India, Pakistan, Turkey, Uganda, United States, and
Uzbekistan
2719 | A7.2 Family: Glomerellaceae FNG
279 A7.2.1 Colletotrichum spp. FNG | Internationa lists, China, India, Italy, Japan, Mexico,
Myanmar, Nigeria, Paraguay, Republic of Korea, Thailand,
Uganda, and United States
284 | A8 Order: Helotiales FNG
284 | A81 Family: Dermateaceae FNG
284 A8.1.1 Cylindrosporium spp. FNG | International lists, Australia, Brazil, Costa Rica, Ethiopia,
Guatemala, India, Kenya, Myanmar, Nigeria, Saudi Arabia,
Sudan, Uganda, United States, and Venezudla
288 | A8.1.2 Gloeosporium spp. FNG | ltaly
288 | A8.2 Family: Sclerotiniaceae FNG
289 A8.2.1 Sclerotinia spp. FNG | International lists, India, and Mexico
290 | A9 Order: Atheliales FNG
290 | A9l Family: Atheliaceae FNG
290 | A9.l1 Athelia spp. FNG | International lists, China, Costa Rica, Greece, Honduras,
India, Italy, Japan, Mexico, Nicaragua, Nigeria, Philippines,
Sudan, United States, and Venezuela
294 | A10 Order: Pezizales FNG
294 | A10.1 Family: Rhizinaceae FNG
294 | A10.1.1 Phymatotrichopsis spp. FNG | United States
296 | All Order: Trichosphaeriales FNG
296 | All1l Family: Trichosphaeriaceae FNG
296 | Al111 Nigrospora spp. FNG | China, Egypt, and Pakistan
298 | Al12 Order: Saccharomycetales FNG
298 | A121 Family: Saccharomycetaceae FNG
298 | Al12.11 Candida spp. FNG | India
298 | Al12.2 Family: Dipodascaceae FNG
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299 | A1221 Geotrichum spp. FNG | Nigeria

301 | A13 Order: Eurotiales FNG

301 | A131 Family: Trichocomaceae FNG

301 | A1311 Aspergillus spp. FNG | International lists, Algeria, Bangladesh, Cuba, Egypt, Greece,
India, Iran, Irag, Nigeria, Pakistan, Paraguay, Saudi Arabia,
Senegal, Sierra Leone, Sudan, Thailand, United States, and
Venezuela

328 | A13.1.2 Penicillium sp. FNG | Bangladesh, Cuba, Egypt, India, Iran, Irag, Nigeria, Pakistan,
Paraguay, Saudi Arabia, SierraLeone, and Venezuela

339 Al4 Order: Mucoraes FNG

339 | Al41 Family: Mucoraceae FNG

339 | Al411 Rhizopus spp. FNG | Bangladesh, Egypt, India, Iran, Nigeria, Pakistan, Saudi
Arabia, and Sudan

343 | Al141.2 Mucor spp. FNG | Bangladesh, Egypt, India, Nigeria, Saudi Arabia, and
Venezuela

344 | A14.2 Family: Choanephoraceae FNG

345 | Al4.21 Choanephora spp. FNG | Internationa lists and India

346 A15 Order: Microascales FNG

346 | Al5.1 Family: Ceratocystidaceae FNG

346 | A15.1.1 Thielaviopsis spp. FNG | Internationa lists, Egypt, and United States

348 | Al6 Order: Helicobasidiales FNG

348 | Al6.1 Family: Helicobasidiaceae FNG

348 | Al6.1.1 Helicobasidium spp. FNG | China

349 | A17 Order: Xylariales FNG

349 | A17.1 Family: Amphisphaeriaceae FNG

349 | Al17.11 Pestalotiopsis spp. FNG | Nigeria

350 | A18 Order: Chytridiales FNG

350 | Al81 Family: Synchytriaceae FNG

350 | A18.1.1 Synchytrium spp. FNG | Internationa lists, India, and Mexico

352 A19 Order: Sordariales FNG

352 | Al9.1 Family: Chagtomiaceae FNG

352 | A19.11 Pseudothielavia spp. FNG | India

353 | A20 Order: Sphaeropsidales FNG

353 | A20.1 Family: Sphaeropsidaceae FNG

353 | A20.11 Sphaeronema spp. FNG | India

354 B Pest: Oomycetes OOM

354 | B1 Order: Peronosporales OoOoM

354 | B11 Family: Peronosporaceae OoOoM

355 B1.1.1 Phytophthora spp. OOM | International lists, Argentina, China, Dominican Republic,
Egypt, Guatemala, Honduras, India, Iran, Japan, Kenya,
Malawi, Mexico, Nicaragua, Nigeria, Paraguay, Peru,
Republic of Korea, Sri Lanka, Tanzania, Thailand, Turkey,
United States, and Venezuela

370 B1.2 Family: Pythiaceae OoOoM

371 B1.2.1 Pythium spp. OOM | International lists, Australia, Costa Rica, Egypt, India, Irag,
Kenya, Mexico, Pakistan, Republic of Korea, Thailand,
United States, and Venezuela

376 | C Pest: Bacteria BAC

377 Cc1 Order: Pseudomonadales BAC

377 | Cl1 Family: Pseudomonadaceae BAC
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378 | Cl11 Pseudomonas spp. BAC | International lists, Australia, Brazil, Bulgaria, Burkina Faso,
China, Cuba, Ethiopia, Greece, Guatemala, India, Japan,
Kenya, Macedonia, Malawi, Mexico, Myanmar, Nigeria,
Pakistan, Paraguay, Republic of Korea, Somalia, Sudan,
Tanzania, Thailand, Turkey, United States, and Venezuela

394 Cc2 Order: Burkholderiales BAC

394 | C21 Family: Burkholderiaceae BAC

394 | C211 Ralstonia spp. BAC | International lists, China, India, Iraq, Japan, Mexico,
Republic of Korea, Thailand, and United States

397 C22 Family: Comamonadaceae BAC

397 Cc221 Acidovorax spp. BAC | Japan

398 | C3 Order: Xanthomonadales BAC

398 | C31 Family: Xanthomonadaceae BAC

398 C3.1.1 Xanthomonas spp. BAC | Internationa lists, Brazil, Burkina Faso, China, Ecuador,
Ethiopia, Honduras, India, Japan, Malawi, Mexico, Myanmar,
Nicaragua, Nigeria, Pakistan, Paraguay, Republic of Korea,
Sudan, Turkey, United States, and Venezuela

414 | C4 Order: Entomoplasmatales BAC

414 | C41 Family: Spiroplasmataceae BAC

414 | C411 Spiroplasma spp. BAC | International lists, Iran, and Turkey

417 | C5 Phyllody BAC | International lists, Australia, Brazil, Burkina Faso, China,
Egypt, Ethiopia, India, Iran, Irag, Isradl, Itay, Japan, Kenya,
Malawi, Mexico, Myanmar, Niger, Nigeria, Oman, Pakistan,
Paraguay, Philippines, Republic of Korea, Senegal, Sierra
Leone, Sri Lanka, Sudan, Syria, Taiwan, Tanzania, Thailand,
Turkey, Uganda, United States, Venezuela, and Vietnam.
[Authors comment: In many countries, they have not
determined the specific Phytoplasma species. Thislist
includes the countries that have specified the Phytoplasma
species]

445 | C6 Order: Acholeplasmatales BAC

445 | C6.1 Family: Acholeplasmataceae BAC

445 | C6.1.1 Phytoplasma spp. BAC | SeePhyllody above

462 | C7 Order: Enterobacterales BAC

462 | C7.1 Family: Erwiniaceae BAC

462 | C7.11 Erwinia spp. BAC | Ethiopia

462 | C7.1.2 Pantoea spp. BAC | Ethiopia, Japan

463 | C7.2 Family: Enterobacteriaceae BAC

463 | C7.21 Salmonella spp. BAC | Thisdoes not come from thefield. It may be picked up in the
processing from the field to the consumer in any country.

464 C7.22 Escherichia coli BAC | Thisdoes not come from thefield. It may be picked up in the
processing from the field to the consumer in any country.

466 | C8 Order: Bacillales BAC

466 | C8.1 Family: Bacillaceae BAC

466 | C8.1.1 Listeria spp. BAC | Thisdoes not come from thefield. It may be picked up in the
processing from the field to the consumer in any country.

466 | C8.1.2 Bacillus spp. BAC | Japan

468 | D Pest: Viruses VIR

470 D1 Order: Patatavirales VIR

470 D11 Family: Potyviridae VIR

470 D1.1.1 Genus. Potyvirus VIR

470 Dl.1.1a Watermelon mosaic virus VIR | China, Japan, and Republic of Korea

(WMV)
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471 | D1.1.1b Bean common mosaic VIR | China
virus (BCMV)

472 D1.1.1c Zucchini yellow mosaic virus VIR | International lists and China
(ZYMV)

472 D1.1.1d Cowpea aphid-borne mosaic VIR | International lists, Ivory Coast, Mexico, Paraguay, and United
virus (CABMV) States

474 | D1l.1l.1le Peanut stripe virus (PSV) VIR | International lists and China

475 D1.1.1f Turnip mosaic virus (TuMV) VIR | Chinaand Japan

476 D1.1.1g Tobacco vein banding mosaic VIR | China
virus (TVBMV)

476 D1.1.1h Peanut mottle virus (PeMoV) VIR | Internationa lists

477 D2 Order: Geplafuviraes VIR

477 D2.1 Family: Geminividirae VIR

477 D211 Genus. Turncurtovirus VIR

477 D2.1.1a Sesame curly top virus VIR | Iran
(SeCTV)

477 D2.1.2 Genus. Begomovirus VIR

478 D2.1.2a Tomato yellow leaf curl virus VIR | Nigeria
(TYLCV)

478 D2.1.2b Tobacco leaf curl virus VIR International lists, China, India, Mexico, Myanmar, Pakistan,
(TLCV) Nigeria, SierraLeone, Sudan, Tanzania, , and Venezuela

482 | D3 Order: Martellivirales VIR

482 D3.1 Family: Virgaviridae VIR

482 D311 Genus. Tobamovirus VIR

482 D3.1.1a Pepper mild mosaic virus VIR | China
(PMMoV)

482 D3.1.1b Tobacco mosaic virus (TMV) VIR | Internationa lists and Nigeria

483 D3.2 Family: Bromoviridae VIR

483 | D3.2.1 Genus: Alfamovirus VIR

483 D3.2.1a Alfalfa mosaic virus VIR | Unknown

484 D3.2.2 Genus. Cucumovirus VIR

484 | D3.2.2a Cucumber mosaic virus VIR | Not found naturally in fields
(CMV)

485 D4 Order: Mononegaviraes VIR

485 D4.1 Family: Bunyaviridae VIR

485 D4.1.1 Genus. Tospovirus VIR

485 D4.1.1a Tomato spotted wilt virus VIR Mexico
(TSWV)

485 D4.1.1b Melon yellow spot virus VIR | Mexico
(MYSV)

486 D4.1.1c Groundnut bud necrosis virus VIR International lists, India
(GBNV)

487 | D5 Order: Picornavirales VIR

487 D5.1 Family: Secoviridae VIR

487 D5.1.1 Genus: Nepovirus VIR

487 D5.1.1a Tobacco ringspot virus VIR | Not found naturally in fields
(TRSV)

487 | D5.1.2 Genus: Sadwavirus VIR

488 D5.1.2a Satsuma dwarf virus (SDV) VIR | Not found naturally in fields

489 D6 Order: Tymoviraes VIR

489 D6.1 Family: Alphaflexiviridae VIR

489 | D6.1.1 Genus: Potexvirus VIR
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489 D6.1.1a Potato virus X (PVX) VIR | Not found naturally in fields
489 D6.1.1b Potato aucuba mosaic virus VIR | Not found naturally in fields
(PAMYV)

491 E Biological control: Fungi FNG | Countries where the species occursin the field or storage.
Does not include countries where species was used for
research.

491 E1l Order: Hypocreales FNG

491 E11 Family: Hypocreaceae FNG

492 E1.11 Trichoderma spp. FNG | Internationa lists, Bangladesh, India, Iran, Irag, Nigeria,
Republic of Korea, Saudi Arabia, and Venezuela

519 E1.1.2 Gliocladium spp. FNG | Egypt and India

520 E1.1.3 Sphaerostilbella spp. FNG | No reportsof coming from the field

520 E1.2 Family: Clavicipitaceae FNG

521 E1.21 Metarhizium spp. FNG | India

523 E1.3 Family: Cordycipitaceae FNG

523 E1.3.1 Beauveria spp. FNG | Chinaand India

525 E1.3.2 Lecanicillium spp. FNG | India

528 E2 Order: Eurotiales FNG

528 E2.1 Family: Trichocomaceae FNG

528 E2.1.1 Penicillium spp. FNG | SeeA13.1.2

536 E2.1.2 Aspergillus spp. FNG | SeeA13.1.1

543 E2.1.3 Cordyceps spp. FNG | United States

544 | E214 Talaromyces spp. FNG | Nigeriaand Pekistan

546 E3 Order: Saccharomycetales FNG

546 E3.1 Family: Saccharomycetaceae FNG

546 E3.11 Saccharomyces spp. FNG | No reportsof coming from the field

548 E4 Order: Sordariales FNG

548 E4.1 Family: Chagtomiaceae FNG

548 E4.1.1 Chaetomium spp. FNG | Egypt, India, Iran, Irag, and Saudi Arabia

549 E4.1.2 Collariella spp. FNG | No reportsof coming from the field

550 E4.2 Family: Sordariaceae FNG

550 E4.2.1 Neurospora spp. FNG | India

552 | E5 Order: Glomerales FNG

552 E5.1 Family: Glomeraceae FNG

552 E5.1.1 Glomus spp. FNG | India

555 E5.1.2 Sclerocystis spp. FNG | India

556 E5.1.3 Funneliformis spp. FNG | Mexico

558 E5.1.4 Rhizophagus spp. FNG | No reportsof coming from the field

561 | E5.2 Family: FNG

Claroideoglomeraceae

561 E5.2.1 Claroideoglomus spp. FNG | No reportsof coming from the field

563 E6 Order: Diversisporaes FNG

563 E6.1 Family: Acaulosporaceae FNG

563 E6.1.1 Acaulospora spp. FNG | No reportsof coming from the field

565 E6.2 Family: Gigasporaceae FNG

565 E6.2.1 Gigaspora spp. FNG | India

567 E7 Order: Entomophthorales FNG

567 E7.1 Family: Entomophthoraceae FNG
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567 | E7.1.1 Zoophthora spp. FNG | Brazil
569 F Biological control: Bacteria BAC | Countries where the species occursin the field. Does not
include countries where species was used for research.
569 F1 Order: Pseudomonadales BAC
569 F1.1 Family: Pseudomonadaceae BAC
570 F1.1.1 Pseudomonas spp. BAC | SeeCl.11
587 F1.1.2 Azotobacter spp. BAC | No reportsof coming from the field
593 F2 Order: Bacillales BAC
593 F2.1 Family: Bacillaceae BAC
593 F2.1.1 Bacillus spp. BAC | International lists and United States
603 F2.1.2 Priestia spp. BAC | No reportsof coming from the field
605 F2.2 Family: Paenibacillaceae BAC
605 F2.2.1 Paenibacillus spp. BAC | Japan and United States
608 F3 Order: Hyphomicrobiales BAC
608 F3.1 Family: Rhizobiaceae BAC
608 F3.1.1 Rhizobium spp. BAC | International lists
610 F4 Order: Rhodospirillales BAC
610 F4.1 Family: Azospirillaceae BAC
610 F4.1.1 Azospirillum spp. BAC | No reportsof coming from the field
613 F5 Order: Streptomycetales BAC
613 F5.1 Family: Streptomycetaceae BAC
613 F5.1.1 Sreptomyces spp. BAC | No reportsof coming from the field
615 F6 Order: Nostocales BAC
615 F6.1 Family: Nostocaceae BAC
615 F6.1.1 Nostoc spp. BAC | No reportsof coming from the field
617 | F7 Order: Enterobacterales BAC
617 F7.1 Family: Enterobacteriaceae BAC
617 Fr.11 Enterobacter spp. BAC | No reportsof coming from the field
618 | FA Virus VIR
618 FA1 Order: Lefavirales VIR
618 FA1.1 Family: Baculoviridae VIR | Internationa lists
618 FA1.1.1 Genus. Unassigned virus VIR
618 FAl.l.1a Nuclear polyhedrosisvirus VIR | India
(NPV)
620 | G1 Toxin producing mycoflora
634 | G2 Effects on germination
653 | G3 Effects on seed quality
660 H Fungi associated with sesame
without known adverse effects
664 | Bacteria associated with
sesame without known
adverse effects
666 Bibliography
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ORGANISM INDEX

Thefollowing index lists al of the organisms (fungi, bacteria, oomycetes, and viruses) presently known to be
associated with sesame. There are undoubtedly more organisms associated with sesame where the references were
not found or will be researched in the future. The organismsin black have been documented as a pathogen; as
producing toxins; as affecting ger mination; as affecting seed quality; and/or have been tested as biocontrols.
Theorganismsin blue have been reported on sesame but do not fall into thetypesabove. The columns are as
follow:
= Para = Paragraph number in the document.
= Organism latin name. Initially, the common names were included, but the common names were different in
different countries, or in some cases, the same common name was used on different organisms. *Syn =
Synonym — see below.
= Sdborne = Has been reported on and/or inside the sesame seeds. Blank does not necessarily mean that the
organism is not seedborne. There are only two known publications (Japan and United States) that searched for
seedborne bacteria, and no known publications have searched for seedborne viruses.
= Type of organism
0 FNG = Fungus
0 BAC = Bacteria
0 OOM = Oomycetes
o VIR =Virus
= Func = Function of organism
0 AQL = Affects seed quality
0 BIOC = Used as a biocontrol
0 BIOF = used as a biofertilizer
0 PATH = Pathogen
0 RGR = Reduces germination
0 TOX = Produces toxins
= Synonym of another organism. (Wikipedia, 6 Aug 2021) In botanical nomenclature, a synonym is a scientific
name that appliesto ataxon that (now) goes by adifferent scientific name. Unlike synonymsin other contexts,
in taxonomy a synonym is not interchangeabl e with the name of which it is a synonym. In taxonomy,
synonyms are not equals, but have a different status. The exception is that some names are reproductive forms
(Teleomorph: the sexual reproductive stage [morph], typically afruiting body. Anamorph: an asexual
reproductive stage [morph], often mold-like. When a single fungus produces multiple morphologically distinct
anamorphs, these are called synanamorphs. Holomorph: the whole fungus, including anamorphs and
teleomorph) or a basionym ( basionym or basyonym means the original name on which anew name is based;
the author citation of the new name should include the authors of the basionym in parentheses.)

Para Organism Sdborne | Type | Func | Synonym of
H1.1 Absidia corymbifera *xk FNG Lichtheimia corymbifera
E6.1.1a Acaulospora laevis FNG BIOF
E6.1.1 Acaulospora spp. FNG BIOF
Cc2.21 Acidovorax spp. BAC | PATH
C221a Acidovorax valerianellae BAC | PATH
11.1 Acinetobacter spp. el BAC
Al3.la Acremonium chrysogenum *xk FNG | PATH
*Syn: Cephal osporium acremonium
Al31 Acremonium spp. *h* FNG | PATH
*Syn: Cephal osporium spp.
Al13.1b Acremonium strictum *xk FNG | PATH
D3.2.1a Alfalfa mosaic virus VIR PATH
D3.2.1 Alfamovirus spp. VIR PATH
A3.l1la Alternaria alternata *xk FNG | PATH
*Syn: Alternaria tenuis
A3.11i Alternaria brassicae *xk FNG | PATH
*Syn: Alternaria macrosporum
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A3.1.1l Alternaria brassicicola *kx FNG | PATH
A3.11 Alternaria carthami i FNG
A3.11 Alternaria chlamydospora *xk FNG
A3.11 Alternaria cinerariae *xk FNG
A3.1.1g Alternaria citri *xk FNG | PATH
A3.11 Alternaria dianthi *kx FNG
A3.11 Alternaria dianthicola *kx FNG
A3.11 Alternaria helianthi *xk FNG
A3.11 Alternaria infectoria *xk FNG
A3.1.1f Alternaria japonica *xk FNG | PATH

*Syn: Alternaria raphani
A3.1.1k Alternaria lini FNG | PATH
A3.11 Alternaria longipes *xk FNG
A3.1.1d Alternaria longissima *xk FNG | PATH
A3.11i Alternaria macrosporum *xk FNG | PATH | Alternaria brassicae
A3.1.1n Alternaria mali *kx FNG | PATH
A3.11 Alternaria pluriseptata *xk FNG
A3.1.1m Alternaria radicina *kx FNG | PATH
A3.1.1f Alternaria raphani *xk FNG | PATH | Alternariajaponica
A3.11 Alternaria seseamae *xk FNG
A3.1.1b Alternaria sesami *kx FNG | PATH
* Syn: Macrosporium sesami
A3.1.1c Alternaria sesamicola *kx FNG | PATH
A3.l1le Alternaria simsimi FNG | PATH
A3.11j Alternaria solani *xk FNG | PATH
A3.11 Alternaria spp. *xk FNG | PATH
*Syn: Macrosporium spp.
A3.1l.1a Alternaria tenuis *kx FNG | PATH | Alternaria alternata
A3.1.1h Alternaria tenuissima *xk FNG | PATH
A3.11 Alternariatriticina *xk FNG
12.1 Aminivibrio spp. *xk BAC
A3.3.2 Ascochyta gossypii *xk FNG
A3.3.2a Ascochyta sesami FNG | PATH
A3.3.2b Ascochyta sesamicola FNG | PATH
A3.3.2 Ascochyta spp. e FNG | PATH
13.1 Asinibacterium spp. *xk BAC
A13.1.1n | Aspergillusalba *kx FNG | PATH
A13.1.1 Aspergillus amstel odami *xk FNG
A1311 Aspergillus caespitosus *xk FNG
A13.1.1i Aspergillus candidus *xk FNG TOX
A13.1.1l Aspergillus carbonarius *xk FNG TOX
A13.1.1p | Aspergilluschevalieri *xk FNG | PATH
A13.1.1k | Aspergillusclavatus *xk FNG TOX
E2.1.2c BIOC
A13.1.1m | Aspergillusflavipes FNG TOX
Al3.1.1a | Aspergillusflavus *xk FNG TOX
E2.1.2g BIOC
A13.1.1h | Aspergillusfumigatus *xk FNG TOX
E2.1.2b BIOC
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A13.1.1 Aspergillus funiculosus *xk FNG
A13.1.1 Aspergillus glaucus *xk FNG
A13.1.1 Aspergillus montevidensis *xk FNG
E2.1.2f Aspergillus nidulans *xk FNG BIOC

*Syn: Emericella nidulans
A13.1.1b | Aspergillusniger *xk FNG TOX
E2.1.2a RGR

AQL
BIOC

A13.1.1d | Aspergillus nomius FNG TOX
Al13.1.1e | Aspergillusochraceus *xk FNG TOX
A13.1.1q | Aspergillusoryzae *xk FNG | PATH
A13.1.1c | Aspergillus parasiticus *xk FNG TOX
A13.1.1g | Aspergillus parvisclerotigenus *xk FNG TOX
A1311 Aspergillus quadrilineatus *xk FNG

*Syn: Emericella quadrilineata
A1311 Aspergillus repens *xk FNG
A13.1.1s | Aspergillusruber *xk FNG | PATH
A13.1.]j Aspergillus sacchari *xk FNG TOX
A1311 Aspergillus spp. *xk FNG TOX
E2.1.2 BIOC
E2.1.2e Aspergillus sydowii *xk FNG BIOC
A13.1.1f Aspergillus tamarii *xk FNG TOX
A13.1.1r Aspergillusterreus *xk FNG | PATH
E2.1.2d BIOC
A1311 Aspergillus tetrazonus *xk FNG
A1311 Aspergillus versicolor *xk FNG
A13.1.10 | Aspergillusviridus *xk FNG | PATH
A9.1.1b Athelia arachnoidea FNG | PATH

*Syn: Corticium centrifugum
A9.1.1a Atheliarolfsii e FNG | PATH

*Syn: Pellicularia rolfsii

Sclerotiumrolfsii

Botryobasidium rolfsii

Corticiumrolfsii
A9.11 Athelia spp. *kx FNG | PATH
F4.1.1a Azospirillum brasilense BAC | BIOC
F4.1.1 Azospirillum spp. BAC | BIOC
Fll.2a Azotobacter chroococcum BAC BIOF
F1.1.2 Azotobacter spp. BAC BIOF
F2.1.1d Bacillus amyloliquefaciens BAC | BIOC
C8.1.2a Bacillus cereus BAC TOX
F2.1.1c BIOC
F2.1.1a Bacillus megtella BAC | BIOC
F2.1.1f Bacillus methylotrophicus BAC | BIOC
F2.2.1a Bacillus polymyxa BAC | BIOC | Paenibacillus polymyxa
C2.l1a Bacillus solanacearum BAC | PATH | Ralstonia solanacearum
C8.1.2 Bacillus spp. *xk BAC TOX
F2.1.1 BIOC
F2.1.1b Bacillus subtillis BAC BIOC
F2.1.19g Bacillus thuringiensis BAC | BIOC
F2.1.1e Bacillus velezensis BAC | BIOC
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Cl1.1.1b Bacterium sesami *xk BAC | PATH | Pseudomonas syringae pv. sesami
Cl1.1.1b Bacterium sesamicola *xk BAC | PATH | Pseudomonas syringae pv. sesami
C2.l1a Bacterium solanacearum BAC | PATH | Ralstonia solanacearum
D1.1.1b Bean common mosaic VIR PATH
virus (BCMV)

El1.3.1a Beauveria bassiana FNG BIOC
E1.3.1 Beauveria spp. FNG BIOC
D2.1.2 Begomovirus spp. VIR PATH
H2.1 Berkeleyomyces basicola FNG

*Syn: Chalara elegans
A9.1l1a Botryobasidium rolfsii *xk FNG | PATH | Athdiarolfsi
A2.1.3a Botryosphaeriaribis FNG | PATH
A2.13 Botryosphaeria spp. FNG | PATH
H3.1 Botrytis spp. *xk FNG
Al2.1.1 Candida spp. FNG | PATH
C6.1.1a Candidatus Phytoplasma asteris BAC | PATH

(Group 16Srl)
C6.1.1c Candidatus Phytoplasmartrifolii BAC | PATH
(Group 16SrVI)

Al31la Cephal osporium acremonium *xk FNG | PATH | Acremonium chrysogenum
Al31 Cephal osporium spp. *xk FNG | PATH | Acremonium spp.
A4.1.3a Cercoseptoria sesami FNG | PATH
A4.13 Cercoseptoria spp. FNG | PATH
H4.1 Cercospora bolleana *kx FNG Mycosphaerella bolleana
A411 Cercospora chenopodii *xk FNG
H4.1 Cercospora koepkei *xk FNG Mycovellosiella koepkel
Ad.l1la Cercospora sesami el FNG | PATH

*Syn: Mycosphaerdlla sesami

Mycosphaerella sesamicola

Cercospora sesami var. somalensis
A4d.l1la Cercospora sesami var. somalensis *xk FNG | PATH | Cercospora sesami
A4.1.1b Cercospora sesamicola FNG | PATH
Ad4.1.1 Cercospora spp. el FNG | PATH
A4.16 Cercosporidium spp. FNG | PATH
E4.1.2a Chaetomium bostrycoides FNG BIOC | Caollariella bostrychodes
E4.11 Chaetomium elatum *xk FNG
E4.11 Chaetomium funicolum *xk FNG
E4.1.1 Chaetomium globosum *xk FNG
E4.1.1 Chaetomium olivaceum *kx FNG
E4.1.1b Chaetomium penicilloides FNG BIOC
E4.11 Chaetomium spirale *xk FNG
E4.11 Chaetomium spp. *xk FNG BIOC
H2.1 Chalara elegans FNG Berkeleyomyces basicola
Al4.2.1a | Choanephora cucurbitarum FNG | PATH
Al421 Choanephora spp. FNG | PATH
14.1 Chryseobacterium spp. *xk BAC
16.1 Chryseolinea spp. *xk BAC
A4.2.1e Cladosporium chlorocephalum *xk FNG | PATH
A4.2.1b Cladosporium cladosporioides *xk FNG | PATH
H5.1 Cladosporium elatum *xk FNG Ochrocladosporium elatum
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A4.1.7 Cladosporium fulvum *xk FNG | PATH | Passalora fulva
A4.2.1c Cladosporium herbarum *xk FNG | PATH
A4.2.1d Cladosporium macrocarpum *xk FNG | PATH
A4.21a Cladosporium oxysporum *xk FNG | PATH
A4.2.1f Cladosporium sphaer ospermum *xk FNG | PATH
A4.2.1 Cladosporium spp. *xk FNG | PATH
A4.2.1g Cladosporium tenuissimum *xk FNG | PATH
A4.2.1h Cladosporium variabile *xk FNG | PATH
E5.2.1 Claroideoglomus spp. FNG BIOC
E5.2.1a Claroideoglomus etunicatum FNG BIOC
E5.2.1b Claroideoglomus claroideum FNG BIOC
A3.1.5a Cochliobolus lunatus *kx FNG | PATH | Curvularialunata
A3.1l4a Cochliobolus sativus FNG | PATH
*Syn: Drechdera sorokiniana

A3.1.4b Cochliobolus spicifer FNG | PATH

A3.14 Cochliobolus spp. FNG | PATH

E4.1.2a Collariella bostrychodes FNG BIOC
*Syn: Chaetomium bostrychodes

E4.1.2 Collariella spp. FNG BIOC

A7.2.1b Colletotrichum capsici FNG | PATH | Colletotrichum truncatum

A7.21a Colletotrichum gloeosporioides FNG | PATH
*Syn: Glomerella cingulata

A7.2.1c Colletotrichum sesamina FNG | PATH
*Syn: Vermicularia sesamina

A7.21 Colletotrichum spp. *xk FNG | PATH

A7.2.1b Colletotrichum truncatum FNG | PATH
*Syn: Colletotrichum capsici

E2.1.3a Cordyceps fumosorosea FNG BIOC
*Syn: |saria fumosorosea

E2.1.3 Cordyceps spp. FNG BIOC

A9.1.1b Corticium centrifugum FNG | PATH | Athdiaarachnoidea

A9.1l1a Corticiumrolfsii *xk FNG | PATH | Athdiarolfsii

A3.21la Corynespora cassiicola *xk FNG | PATH

A3.2.1b Corynespora sesameum FNG | PATH

A3.21 Corynespora spp. el FNG | PATH

D1.1.1d Cowpea aphid-borne mosaic virus VIR PATH

(CABMV)

D3.2.2a Cucumber mosaic virus (CMV) VIR PATH

D3.2.2 Cucumovirus spp. VIR PATH

H1.2 Cunninghamella elegans *xk FNG

A3.1.5c Curvularia fallax FNG | PATH

A3.15a Curvularia lunata *okk FNG | PATH
*Syn: Cochliobolus lunatus

A3.1.5b Curwvularia macularis FNG | PATH

A3.1.5d Curvularia neergaardii *xk FNG | PATH
*Syn: Drechslera neergaardi

A3.15 Curvularia richardiae *xk FNG

A3.15 Curvularia spp. *xk FNG | PATH

All4 Cylindrocladium spp. FNG | PATH

A8.1l.1a Cylindrosporium sesami FNG | PATH

A8.1.1 Cylindrosporium spp. FNG | PATH
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Para Organism Sdborne | Type | Func | Synonym of
A3.3.3a Didymella minuta FNG | PATH
A3.3.3b Didymella rabiei FNG | PATH
*Syn: Mycosphaerdlla rabiei
A3.33 Didymella spp. FNG | PATH
H6.1 Diplodia herbarum *xk FNG
A21l1la Dothiorella phillippinensis *xk FNG | PATH | Macrophomina phaseolina
A3.1.3 Drechdlera ellisii *kx FNG
A3.1.3 Drechslera halodes *kx FNG
A3.13 Drechdlera hawaiiensis *xk FNG
A3.1.5d Drechslera neergaardi *xk FNG | PATH | Curvularia neergaardii
A3.13a Drechslerarostrata FNG | PATH | Drechderarostratum
A3.13a Drechslera rostratum FNG | PATH
*Syn: Drechderarostrata
A3.1.3b Drechslera sesami FNG | PATH
A3.1l4a Drechslera sorokiniana FNG | PATH | Cochliobolus sativus
A3.13 Drechdlera spp. *xk FNG | PATH
A3.1.3 Drechslera tetramera *kx FNG
E2.1.2f Emericella nidulans *xk FNG BIOC | Aspergillus nidulans
A1311 Emericella quadrilineata *xk FNG Aspergillus quadrilineatus
F7.1l.1a Enterobacter cloacae BAC BIOC
F7.1.1 Enterobacter spp. BAC | BIOC
H11l.1 Eurotium spp. *xk FNG
C7.1.2a Erwinia herbicola BAC | PATH | Pantoea agglomerans
C7.11 Erwinia spp. BAC | PATH
A5.1.2c Erysiphe betae FNG | PATH
*Syn: Erysiphe polygoni
A5.1.2a Erysiphe cichoracearum FNG | PATH
*Syn: Oidium acanthospermi
A5.1.2d Erysiphe communis FNG | PATH | Erysiphe cruciferarum
A5.1.2d Erysiphe cruciferarum FNG | PATH
*Syn: Erysiphe communis
A5.1.2b Erysiphe orontii FNG | PATH
A5.1.2c Erysiphe polygoni FNG | PATH | Erysiphe betae
A5.1.2 Erysiphe spp. FNG | PATH
C7.22 Escherichia coli BAC | PATH
A3.16 Exserohilum spp. *xk FNG | PATH
*Syn: Setosphaeria spp.
15.1 Falsibacillus spp. *xk BAC
14.2 Flavobacteriacese *kx BAC
E5.1.3a Funneliformis caledonium FNG BIOF
*Syn: Glomus caledonium
E5.1.3b Funneliformis geosporum FNG BIOF
*Syn: Glomus geosporum
E5.1.3c Funneliformis mosseae FNG BIOF
*Syn: Glomus mosseae
E5.1.3 Funneliformis spp. *xk FNG BIOF
All1]j Fusarium acutatum *xk FNG | PATH
Alllc Fusarium caeruleum FNG | PATH
Al11l Fusarium chlamydosporum *xk FNG TOX
Al.11i Fusarium culmorum FNG | PATH
All1l Fusarium dimerum *xk FNG
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Allilg Fusarium equiseti *kx FNG | PATH
All2a Fusariumfujikuroi *xk FNG | PATH | Gibberella fujikuroi
Alll Fusarium graminearum *xk FNG
Allle Fusariumincarnatum *xk FNG | PATH
*Syn: Fusarium semitectum
Alllm Fusariumlongipes FNG TOX
Al.l.1h Fusarium merismoides *kx FNG | PATH
Allz2a Fusarium moniliforme *xk FNG | PATH | Gibberella fujikuroi
All1l Fusarium nygamai FNG
Allila Fusarium oxysporum il FNG | PATH
TOX
Al.llal | Fusariumoxysporumf. sp. sesami *xk FNG | PATH
Al.l.la?2 | Fusariumoxysporumf. sp. FNG | PATH
vasinfectum
*Syn: Fusarium vasinfectum
Fusarium vasinfectum f. sp. sesami
Al1.1k Fusarium poae FNG TOX
All1b Fusarium proliferatum *xk FNG | PATH
All1l Fusarium redolens
All1l Fusarium reticulatum
All1l Fusarium sambucinum FNG
Allle Fusarium semitectum *xk FNG | PATH | Fusariumincarnatum
Al.1.1d Fusarium solani *kx FNG | PATH
All1l Fusarium spp. *kx FNG | PATH
All1l Fusarium subglutinans *xk FNG
Allln Fusarium sulawesiensis FNG | PATH
H8.1 Fusarium tabacinum *kx FNG Plectosphaerella cucumerina
All1l Fusariumtricinctum FNG
All.la?2 | Fusariumvasinfectum FNG | PATH | Fusariumoxysporumf. sp.
vasinfectum
Allla?2 | Fusariumvasinfectumf. sp. sesami FNG | PATH | Fusariumoxysporumf. sp.
vasinfectum
Al.1.1f Fusarium verticillioides *kx FNG | PATH
Alll Fusariumxylarioides *xk FNG
Al122.1a | Geotrichum candidum *kx FNG | PATH
A1221 Geotrichum spp. *xk FNG | PATH
All2a Gibberella fujikuroi *xk FNG | PATH
*Syn: Fusarium moniliforme
Fusariumfujikuroi
Al12 Gibberella spp. *kx FNG | PATH
Al12b Gibberella zeae FNG | PATH
E6.2.1a Gigaspora margarita FNG BIOF
E6.2.1 Gigaspora spp. FNG BIOF
El.1.3a Gliocladium penicillioides FNG BIOC | Sphaerostilbella aureonitens
E1.1.2 Gliocladium spp. *xk FNG BIOC
E1.1.2 Gliocladium roseum *xk FNG
A8.12a Gloeosporium macrophomoides FNG | PATH
A8.1.2 Gloeosporium spp. FNG | PATH
A7.21a Glomerélla cingulata FNG | PATH | Colletotrichum gloeosporioides
E5.1.1a Glomus austrae FNG BIOF
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E5.1.3a Glomus caledonium FNG BIOF | Funneliformis caledonium
E5.1.4c Glomus clarum FNG BIOF | Rhizophagusclarus
E5.1.4b Glomus fasciculatum FNG BIOF | Rhizophagus fasciculatus
E5.1.3b Glomus geosporum FNG BIOF | Funneliformis geosporum
E5.1.1b Glomus macrosporium FNG BIOF
E5.1.3c Glomus mosseae FNG BIOF | Funneliformis mosseae
E5.1.1 Glomus spp. FNG BIOF
D4.1.1c Groundnut bud necrosis virus VIR PATH

(GBNV)
H9.1 Haematonectria haematococca FNG
H10.1 Hapl osporangium spp. el FNG
Al6.1.1a | Helicobasidium mompa FNG | PATH
Al16.1.1 Helicobasidium spp. FNG | PATH
A3.1.2d Helminthosporium gigasporum FNG | PATH | Heminthosporium magnisporum
A3.1.2b Helminthosporium hal odes FNG | PATH
A3.1.2d Helminthosporium magnisporum FNG | PATH

*Syn: Helminthosporium

gigasporum
A3.12a Helminthosporium sesami *xk FNG | PATH
A3.1.2 Helminthosporium spp. *xk FNG | PATH
A3.1.2c Helminthosporium tetramera *xk FNG | PATH
H9.2 Hypocrea rufa FNG
E2.1.3a Isaria fumosorosea FNG BIOC | Cordyceps fumosorosea
E1.3.2a Lecanicillium leccani FNG BIOC
E1.3.2 Lecanicillium spp. FNG BIOC
A5.13 Leveillula spp. FNG | PATH
A5.1.3a Leveillula taurica FNG | PATH

*Syn: Oidiopsistaurica
H1.1 Lichtheimia corymbifera *xk FNG

*9yn: Absidia corymbifera
C8.1.1 Listeria spp. e BAC | PATH
A21l1la Macrophomina corchon *xk FNG | PATH | Macrophomina phaseolina
A21l1la Macrophomina phaseoli *xk FNG | PATH | Macrophomina phaseolina
A21l1la Macrophomina phaseoli ssp. *xk FNG | PATH | Macrophomina phaseolina

sesamica

A21l1la Macrophomina phaseolina *xk FNG | PATH

*Syn: Macrophomina phaseoli

Macrophomina phaseoli ssp.

sesamica

Sclerotium bataticola

Macrophomina corchon

Dothiorella phillippinensis

Macrophomina phillippinensis

Rhizoctonia bataticola

Tiarogporella phaseolina
A21l1la Macrophomina phillippinensis *xk FNG | PATH | Macrophomina phaseolina
A211 Macrophomina spp. *xk FNG | PATH
A3.1.1b Macrosporium sesami *xk FNG | PATH | Alternaria sesami
A3.11 Macrosporium spp. *xk FNG | PATH | Alternaria spp.
D4.1.1b Melon yellow spot virus (MY SV) VIR PATH
Al2.2a Memnoniella echinata *kx FNG | PATH
Al1.2.2 Memnoniella sitophila el FNG
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Al22 Memnoniella spp. *xk FNG | PATH
E1.2.1b Metarhizium anisopliae FNG BIOC
E1.2.1 Metarhizium spp. FNG BIOC
El21la Metarhiziumrileyi FNG | BIOC

*Syn: Nomuraea rileyi
Al4.1.2a | Mucor hiemalis FNG | PATH
Al4.1.2 Mucor mucedo *kx FNG
Al4.1.2 Mucor spp. *kx FNG | PATH
H4.1 Mycosphaerella bolleana *xk FNG
*Syn: Cercospora bolleana
H4.1 Mycovellosiella koepkel *xk FNG
*Syn: Cercospora koepkei
A3.3.3b Mycosphaerella rabiei FNG | PATH | Didymellarabiei
A4.l1la Mycosphaerella sesami *kx FNG | PATH | Cercospora sesami
A4d.l1la Mycosphaerella sesamicola *xk FNG | PATH | Cercospora sesami
Al23a Myrothecium roridum *xk FNG | PATH | Paramyrothecium roridum
TOX
Al21l Myrothecium spp. *xk FNG | PATH
A1.13 Neocosmospora spp. FNG | PATH
All3a Neocosmospora vasinfecta FNG | PATH
D5.1.1 Nepovirus spp. VIR PATH
E4.2.1a Neurospora sitophila FNG BIOC
E4.2.1 Neurospora spp. el FNG BIOC
E4.2.1 Neurospora glabra *xk FNG
D2.1.2b Nicotinia 10 virus VIR | PATH | Tobacco leaf curl virus (TLCV)
Al11.1.1b | Nigrospora oryzae FNG | PATH
All.1.1a | Nigrospora sphaerica FNG | PATH
Al111.1 Nigrospora spp. FNG | PATH
El.2.1a Nomuraearrileyi FNG BIOC | Metarhiziumrileyi
F6.1.1 Nostoc spp. BAC BIOC
FAl1.1.1a | Nuclear polyhedrosisvirus (NPV) VIR BIOC
H5.1 Ochrocladosporium elatum *xk FNG
*Syn: Cladosprorium elatum
A5.1.3a Oidiopsistaurica FNG | PATH | Leveillulataurica
Ab.12a Oidium acanthosper mi FNG | PATH | Erysiphe cichoracearum
Ab.14a Oidium erysiphoides FNG | PATH | Podosphaera fuliginea
Ab5.1.1a Oidium sesami FNG | PATH
A5.1.1 Oidium spp. FNG | PATH
*Syn: Oospora spp.
17.1 Okibacterium spp. *xk BAC
A5.11 Oospora spp. FNG | PATH | Oidiumspp.
H11l.1 Paecilomyces digitatum *xk FNG
H11l.1 Paecilomyces spp. *xk FNG
H11l.1 Paecilomyces variotii *xk FNG
F2.2.1a Paenibacillus polymyxa BAC | BIOC
*Syn: Bacillus polymyxa
F2.2.1 Paenibacillus relictisesami *xk BAC
F2.2.1 Paenibacillus spp. *xk BAC | BIOC
C7.1.2a Pantoea agglomerans *xk BAC | PATH
*Syn: Erwinia herbicola
C7.1.2 Pantoea dispersa *xk BAC
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C7.1.2 Pantoea septica *xk BAC
C7.1.2 Pantoea spp. el BAC | PATH
Al23a Paramyrothecium roridum *xk FNG | PATH

*Syn: Myrothecium roridum TOX
Al23 Paramyrothecium spp. e FNG | PATH

TOX

A4.1.7a Passalora fulva *kx FNG | PATH

*Syn: Cladosporium fulvum
A4.17 Passalora spp. *kx FNG | PATH
D1.1.1h Peanut mottle virus (PeMoV) VIR PATH
Dl1.1e Peanut stripe virus (PSV) VIR PATH
C6.1.1b Peanut witches” broom phytoplasma BAC | PATH

(Group 165r11)

A6.1.1a Pellicularia filamentosa *kx FNG | PATH | Rhizoctonia solani
A9.1l1a Pdllicularia rolfsii *xk FNG | PATH | Athdiarolfsii
E2.1.1b Penicillium aurantiogriseum FNG BIOC
E2.1.1a Penicilliumbilaiae FNG BIOC
A13.1.2h | Penicillium brevicompactum *xk FNG TOX
A13.1.2i Penicillium chrysogenum *xk FNG AQL
E2.1.1c BIOC
Al13.1.2 Penicillium citratum *xk FNG
A13.1.2b | Penicilliumcitrinum *xk FNG RGR
A13.1.2g | Penicillium crustosum *xk FNG TOX
E2.1.1d BIOC
Al13.1.2a | Penicilliumegyptiacum *xk FNG RGR
Al13.1.2 Penicillium expansum *xk FNG
Al13.1.2 Penicillium herqui *xk FNG
Al13.1.2 Penicilliumitalicum *kx FNG
A13.1.2 Penicillium janthinellum *xk FNG
Al13.1.2 Penicillium jensemi *xk FNG
Al13.1.2 Penicillium lanso-coerellum *xk FNG
Al13.1.2 Penicillium lilacinum *xk FNG
A13.1.2f Penicillium nordicum *kx FNG TOX
Al13.1.2 Penicillium oxalicum *kx FNG
Al13.1.2 Penicillium paxilli *xk FNG
Al13.1.2 Penicillium purpurogenum *xk FNG
A13.1.2c | Penicilliumrubrum *xk FNG RGR
Al13.1.2 Penicillium spp. *kx FNG RGR
E2.1.1 BIOC
E2.1.4 Penicillium vermiculatum *xk FNG Talaromyces flavus
A13.1.2d | Penicillium verrucosum *xk FNG TOX
Al13.1.2e | Penicilliumviridicatum *xk FNG TOX
Al13.1.2 Penicillium waksmani *kx FNG
D3.1.1a Pepper mild mosaic virus (PMMoV) VIR PATH
Al7.1 Pestalotia macrotricha *xk FNG
Al7.11a | Pestalotiopsis mayumbensis FNG | PATH
Al7.11 Pestalotiopsis spp. FNG | PATH
A4.15a Phaeoisariopsis griseola FNG | PATH
A4.15 Phaeoisariopsis spp. FNG | PATH
A3.3.1d Phoma exigua FNG | PATH
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A3.3.1 Phoma herbarum *kx FNG
A3.3.1b Phoma nebulosa i FNG | PATH
A3.3.1a Phoma sesami FNG | PATH
A3.3.1c Phoma sesamina FNG | PATH
A33.1 Phoma sorghina *xk FNG
A3.3.1 Phoma spp. *kx FNG | PATH
A3.3.1le Phoma variosporeae FNG | PATH
C5 Phyllody BAC | PATH
A2.1.2a Phyllosticta sesami FNG | PATH
A2.1.2 Phyllosticta spp. FNG | PATH
A10.1.1a | Phymatotrichopsis omnivora FNG | PATH
*Syn: Phymatotrichum omnivorum
Al10.1.1 Phymatotrichopsis spp. FNG | PATH
A10.1.1a | Phymatotrichum omnivorum FNG | PATH | Phymatotrichopsis omnivora
Cl.11b Phytomonas sesami *xk BAC | PATH | Pseudomonas syringae pv. sesami
Cl1.1.1b Phytomonas sesamicola *xk BAC | PATH | Pseudomonas syringae pv. sesami
B1.1.1b Phytophthora cactorum OOM | PATH
B1.1.1f Phytophthora capsici OOM | PATH
B1.1.1d Phytophthora drechsleri OOM | PATH
Bl.1l.1c Phytophthora hibernalis OOM | PATH
Bl.l.la Phytophthora nicotianae OOM | PATH
*Syn: Phytophthora nicotianae var.
parasitica
Phytophthora parasitica
Phytophthora parasitica var. sesami
Bl.1l.1la Phytophthora nicotianae var. OOM | PATH | Phytophthora nicotianae
parasitica
Bl.1l.1le Phytophthora palmivora OOM | PATH
Bl.l.1a Phytophthora parasitica OOM | PATH | Phytophthora nicotianae
Bl.1l.1la Phytophthora parasitica var. sesami *xk OOM | PATH | Phytophthora nicotianae
B1.1.1 Phytophthora spp. *xk OOM | PATH
Bl.1.1g Phytophthora tropicalis OOM | PATH
C6.1.1 Phytoplasma spp. BAC | PATH
C6.1.1d Pigeon pea witches broom BAC | PATH
phytoplasma (Group 16Sr1X)
18.1 Planctomycetaceae *xk BAC
H8.1 Plectosphaerella cucumerina *xk FNG
* Syn: Fusarium tabacinum
H5.2 Pleospora spp. *kx FNG
A5.14a Podosphaera fuliginea FNG | PATH
*Syn: Sphaerotheca fuliginea
Oidium erysiphoides
Podosphaera xanthii
A5.1.4b Podosphaera fusca FNG | PATH
A5.14 Podosphaera spp. FNG | PATH
A5.14a Podosphaera xanthii FNG | PATH | Podosphaera fuliginea
D6.1.1b Potato aucuba mosaic virus VIR PATH
(PAMV)
D6.1.1a Potato virus X (PVX) VIR PATH
D6.1.1 Potexvirus spp. VIR PATH
D1.1.1 Potyvirus spp. VIR PATH
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F2.1.2a Priestia megaterium BAC | BIOC
*Syn: Bacillus megaterium
F2.1.2 Priestia spp. BAC | BIOC
A4.12a Pseudocercospora sesami FNG | PATH
A4.12 Pseudocercospora spp. FNG | PATH
A4d.1l4a Pseudocercosporella sesami FNG | PATH
A4.14 Pseudocercosporella spp. FNG | PATH
A5.1.5a Pseudoidium pedaliacearum FNG | PATH
A5.15 Pseudoidium spp. FNG | PATH
Cl1 Pseudomonadaceae *xk BAC
Fl.1.1d Pseudomonas aeruginosa *xk BAC | BIOC
Cl111 Pseudomonas amygdali *xk BAC
Cl111 Pseudomonas aptata BAC
Fll.1la Pseudomonas fluorescens BAC BIOC
F1.1.1b Pseudomonas putida BAC BIOF
*Syn: Pseudomonas striata
Cl1.1.1b Pseudomonas sesami *xk BAC | PATH | Pseudomonas syringae pv. sesami
C2.l1a Pseudomonas solanacearum BAC | PATH | Ralstonia solanacearum
Cl11 Pseudomonas spp. *h* BAC | PATH
F1.1.1 BIOC
F1.1.1b Pseudomonas striata BAC BIOF | Pseudomonas putida
Cllla Pseudomonas syringae BAC | PATH
Cl1.1.1b Pseudomonas syringae pv. sesami *xk BAC | PATH
*Syn: Pseudomonas sesami
Bacterium sesami
Bacterium sesamicola
Phytomonas sesami
Phytomonas sesamicola
Fl1.1.1c Pseudomonas ver onii BAC | BIOC
A19.1.1 Pseudothielavia spp. FNG | PATH
Al19.1.1a | Pseudothielaviaterricola FNG | PATH
*Syn: Thielavia terricola
Bl.2.1c Pythium aphanidermatum OOM | PATH
B1.2.1b Pythium debaryanum OOM | PATH
B1.2.1d Pythium oligandrum OOM | PATH
B1.2.1 Pythium spp. e OOM | PATH
Bl.2.1a Pythium ultimum *xk OOM | PATH
C2l1la Ralstonia solanacearum BAC | PATH
*Syn: Pseudomonas solanacearum
Bacterium solanacearum
Bacillus solanacearum
c211 Ralstonia spp. e BAC | PATH
F3.1.1 Rhizobium radiobacter BAC
F3.1.1 Rhizobium rhizogenes BAC
F3.1.1 Rhizobium spp. BAC | BIOC
A21l1la Rhizoctonia bataticola *xk FNG | PATH | Macrophomina phaseolina
A6.11a Rhizoctonia grisea *xk FNG | PATH | Rhizoctonia solani
A6.1.1 Rhizoctonia leguminicola *xk FNG
A6.11a Rhizoctonia solani *xk FNG | PATH
*Syn: Rhizoctonia grisea
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Pellicularia filamentosa
Thanatephorus cucumeris
A6.1.1 Rhizoctonia spp. *xk FNG | PATH
A6.1.1 Rhizoctonia stolonifer *xk FNG
E5.1.4c Rhizophagus clarus FNG | BIOF
*Syn: Glomus clarum
E5.1.4a Rhizophagusirregularis FNG BIOF
E5.1.4b Rhizophagus fasciculatus FNG | BIOF
*Syn: Glomus fasciculatum
E5.1.4 Rhizophagus spp. FNG BIOF
Al14.1.1b | Rhizopusnigricans *xk FNG | PATH | Rhizopus stolonifer
Al4.1.1a | Rhizopusoryzae *xk FNG | PATH
Al411 Rhizopus spp. *kx FNG | PATH
A14.1.1b | Rhizopus stolonifer *xk FNG | PATH
*Syn: Rhizopus nigricans
E3.1.1a Saccharomyces cerevisae FNG BIOC
110.1 Rosenbergiella spp. *xk BAC
E3.1.1 Saccharomyces spp. FNG BIOC
D5.1.2 Sadwavirus spp. VIR PATH
C7.21 Salmonella spp. BAC | PATH
D5.1.2a Satsuma dwarf virus (SDV) VIR PATH
E5.1.2a Sclerocystis coremioides FNG | BIOF
*Syn: Slerocystis dussi
E5.1.2a Sclerocystis dussi FNG BIOF | Sclerocystis coremioides
E5.1.2 Sclerocystis spp. FNG BIOF
A8.21la Sclerotinia sclerotiorum *xk FNG | PATH
A8.21 Sclerotinia spp. *xk FNG | PATH
A21l1la Sclerotium bataticola *xk FNG | PATH | Macrophomina phaseolina
A9.1.1a Sclerotiumrolfsii *kx FNG | PATH | Athéliarolfsi
H2.2 Scopulariopsis brevicaulis *xk FNG
H2.2 Scopulariopsis spp. *xk FNG
110.2 Serratia spp. *xk BAC
D2.1.1a Sesame curly top virus (SeCTV) VIR PATH
A3.16 Setosphaeria spp. *xk FNG | PATH | Exserohilum spp.
A20.1.1a | Sphaeronema sesami FNG | PATH
A20.1.1 Sphaeronema spp. FNG | PATH
El.1.3a Sohaerostilbella aureonitens FNG BIOC
*Syn: Gliocladium penicillioides
E1.1.3 Spohaerostilbella spp. FNG BIOC
Ab.14a Sphaerotheca fuliginea FNG | PATH | Podosphaera fuliginea
C4.11a Spiroplasma citri BAC | PATH
C4.11 Spiroplasma spp. BAC | PATH
H9.3 Stachybotrys atra *kx FNG
H9.3 Sachybotrys chartarum *xk FNG
H9.3 Sachybotrys spp. *xk FNG
H5.2 Stemphylium botryosum *xk FNG
H5.2 Stemphylium spp. *xk FNG
19.1 Streptococcus spp. el BAC
F5.1.1a Streptomyces bikiniensis BAC | BIOC
F5.1.1b Streptomyces rochel BAC | BIOC
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F5.1.1 Streptomyces spp. BAC BIOC
H1.3 Syncephal astrum spp. *xk FNG
Al8.1.1a | Synchytrium sesami FNG | PATH
A18.1.1b | Synchytrium sesamicola FNG | PATH
Al18.1.1 Synchytrium spp. FNG | PATH
E2.14 Talaromyces flavus e FNG

Syn: Penicillium vermiculatum
E2.1.4a Talaromyces pinophilus FNG BIOC
E2.1.4 Talaromyces spp. el FNG BIOC
A6.11a Thanatephorus cucumeris *xk FNG | PATH | Rhizoctonia solani
Al19.1.1a | Thielaviaterricola FNG | PATH | Pseudothielavia terricola
Al15.1.1a | Thielaviopsisbasicola FNG | PATH
A15.1.1 Thielaviopsis spp. FNG | PATH
A21l1la Tiarosporella phaseolina *xk FNG | PATH | Macrophomina phaseolina
D2.1.2b Tobacco leaf curl virus (TLCV) VIR | PATH

*Syn: Nicotinia 10 virus
D3.1.1b Tobacco mosaic virus (TMV) VIR PATH
D5.1.1a Tobacco ringspot virus (TRSV) VIR PATH
D1.1.1g Tobacco vein banding mosaic virus VIR PATH

(TVBMV)
D311 Tobamovirus spp. VIR PATH
D4.1.1a Tomato spotted wilt virus (TSWV) VIR PATH
D2.1.2a Tomato yellow leaf curl virus VIR PATH
(TYLCV)

D411 Tospovirus spp. VIR PATH
El1.1.1g Trichoderma arundinaceum FNG BIOC
E1.1.1 Trichoderma aureoviride FNG
El.1.1h Trichoderma brevicompactum FNG BIOC
El.l.1e Trichoderma hamatum FNG BIOC
E1.1.1b Trichoderma harzianum *xk FNG BIOC
E1.11 Trichoderma homingii FNG
E1.1.1d Trichoderma koningii FNG BIOC
E1.1.1 Trichoderma longibrachiatum FNG
E1.1.1f Trichoderma pseudokoningii FNG BIOC
E1.11 Trichoderma spp. *xk FNG BIOC
El.1.1c Trichoderma virens FNG BIOC
El.lla Trichoderma viride *kk FNG | BIOC
H12.1 Trichomerium jambosae *xk FNG
H9 Trichothecium roseum *xk FNG
D1.1.1f Turnip mosaic virus (TuMV) VIR PATH
D2.1.1 Turncurtovirus spp. VIR PATH
H7.1 Typhula micans *xk FNG
H5.2 Ulocladiumatrum *kx FNG
H5.2 Ulocladium lanuginosum *xk FNG
H5.2 Ulocladium spp. *xk FNG
A7.2.1c Vermicularia sesamina FNG | PATH | Colletotrichum sesamina
A7.11a Verticillium albo-atrum *kk FNG | PATH
A7.1.1b Verticillium dahliae *kx FNG | PATH
A7.11 Verticillium spp. *xk FNG | PATH
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Dl.1.1a Watermelon mosaic virus (WMV) VIR PATH
C3.1.1c Xanthomonas axonopodis pv. ricini BAC | PATH

*Syn: Xanthomonasricinicola
C3.1l1la Xanthomonas campestris *xk BAC | PATH | Xanthomonas euvesicatoria pv.

sesami
C3.1l1la Xanthomonas campestris pv. sesami *xk BAC | PATH | Xanthomonas euvesicatoria pv.
sesami
C31l.1la Xanthomonas euvesicatoria *kk BAC | PATH
pv. sesami

*Syn: Xanthomonas campestris pv.

sesami

Xanthomonas sesami
C3.11b Xanthomonasricinicola BAC | PATH | Xanthomonas axonopodis pv. ricini
C311la Xanthomonas sesami *xk BAC | PATH | Xanthomonas euvesicatoria pv.

sesami
C3.1.1 Xanthomonas spp. *xk BAC | PATH
E7.11a Zoophthora radicans FNG | BIOC
E7.11 Zoophthora spp. FNG BIOC
D1.1.1c Zucchini yellow mosaic virus VIR PATH
(ZYMV)
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FOREWORD

D.R. Langham comments, 2021: | am not a plant pathologist; | have not taken a course in plant pathology; | do not
have any textbooks on plant pathology; | do not have access to a scientific library. Most of the information in this
document is based on the internet, which is not known for 100% accuracy. With the use of DNA, the taxonomic
classifications of all living organisms will be changing considerably over the next 25 years. Thus, over time, there
will be many modifications necessary. | am hoping to get feedback on errors. | have been working on this volume
on and off since 2014, and full-time for the past 8 months. | have 89 more references that | could add, but | want to
move on to new projects. | also did not reproof the entire document. | apologize for errors.

Over the last 60 yearsin thefield, | have seen many diseases, but not all.

While growing up in Venezuela in the 1950s with sesame on our farm, there were few diseases because my father
had bred tolerance to most of the local diseases.

| spent 9 monthsin Indiain 1967-68 studying sesame. | visited research stations and farmer fields all over the
country and had nurseries in Coimbatore, Tamil Nadu, and Hyderabad, Telangana. | viewed thousands of hectares of
sesame in most of the country and walked in hundreds of hectares. | was overwhelmed by phyllody (vectored by
leafhoppers), and | saw many diseased leaves and dead plants. The one thing that struck me was that there were
many reports of varietal tolerance to these scourges, but the diseases continue. Another major impression was that
famers used seed from their previous crop to plant the new crop and did not have enough capital to use chemicals or
biocontrols.

The Sesaco nurseriesin the USA, have been primarily in areas with low humidity and low rainfall, and thus, there
have been few leaf diseases and powdery mildew. However, root rots (Phytophtora parasitica, Fusarium
oxysporum, and/or Macrophomina phaseolina) have destroyed fields. Unable to do inoculations, there was a
nursery established in Uvalde, Texas, (west of San Antonio) where there was a 3 year rotation ensuring those
pathogens were present for screening. Initialy, we tried planting on the same spot, but there was too much
carryover seed resulting in mixed populations. In each nursery known susceptible lines were planted to ensure the
diseases were still present. After one full cycle, some susceptible lines died at emergence, and the rest did not
survive to flowering. Linesthat did not show tolerance were discarded, but in many segregating popul ations,
surviving plants were carried forward. Some survivors died the following season, but others persisted. We found
that tolerance could be passed down genetically, although we never tried to determine the number of genesinvolved.
We developed tolerance by brute force by planting 7 to 10 thousand plots of around 3,000 lines. We did not use
chemicals or biocontrols.

We did have satellite nurseriesin other parts of the country. In the nurseries near Lubbock, TX, in years with
considerable rain and cool nights, we did see leaf spots, which Ray Brigham from Texas A& M said were
Pseudomonas sesami. However, soon thereafter with hot dry weather, the diseases would disappear. However,
lines with more leaf spots were eliminated. 1t was interesting that lines with genes from Murray Kinman lines
developed in the same area in the 1950/60s were tolerant.

We are all fortunate that sesame has not been homogenized like so many other crops. In travellingintheworld, itis
easy to see differencesinjust 4 basic traits — number of branches, number of capsules per leaf axil, daysto harvest
maturity, and seed color. In many countries, germplasm passed down through millenniais still used in some farms.

| was taught alasting lesson in India. In walking in afarmer field there were many phenotypes; one phenotype
appeared superior to the others. | asked the farmer why he did not harvest just those plants for planting seed for the
next year. He walked through hisfield and pointed out that in dry years, this phenotype was better; in wet years, this
other phenotype was better; in years with the leaf roller, this other was better; in cool years, this other was better; in
hot years, this other was better, etc. He said that if he knew at planting what the year was going to be like, he would
select, but who can predict the weather in the coming 6 months with any certainty?

Sesame has been around for at least 5,500 years, and the variability of sesame isastounding. Dr. Sherwin Carlquist
was one of my professors. Heis a noted plant anatomist who was later recognized in hisfield by winning the
Linnean Medal in 2002. While looking at my work with sesame, he said that sesame had one of the widest variation
of any species he had seen or worked with. He wanted me to document some of the variability, and over the years|
have identified variability on over 450 traits. Many countries have collected landraces and have developed core
collections. However, in the new world of intellectual property, this germplasm is not shared across countries or
even across institutions and companies within a country. My father exchanged al of his germplasm with anyone
that requested it though the Sesamum Foundation. Twice, he lost his entire collection, first to afire and later to rats.
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Fortunately, he had sent many linesto Murray Kinman and John Martin in the United States, and they restocked his
collection. | was fortunate to be able to plant and look at over 3,000 introductions from 67 countries. Many of these
came from the USDA collection where they still share germplasm across country borders. We need to keep
germplasm that has survived millennia because some will have tolerance to a disease that was present hundreds of
years before, and the pathogen may reemerge.

Inspired by Dr. Carlquist, in 1966 | started accumulating data on the traits of sesame. Each trait had a descriptor
which are presently divided into different volumes (see below). The Capsule zone descriptors combine stem, |leaf,
flower, and capsule descriptors when they overlap, e.g., Capsules per leaf axil involves the attachment of the
capsules to the stem at the leaf axils. When they are first published, they are ‘Working paper 1’ (WP1) with
subsequent updates as WP2, etc. However, presently when they are revised, they will become ‘Revision 1’ (Rev1l),
etc.

As the documents are completed, they have been placed on ResearchGate. Google “Ray Langham sesame” and
click on https://www.researchgate.net/profiles/Derald-L angham. The volumes are as follow.

Volume name Release
Sesame descriptor summary WP1, Nov 2019
Descriptor index WP1, Aug 2017
Sesame seedling descriptors (SesamumindicumL.) WP1, Aug 2017
Sesame plant descriptors (SesamumindicumL.) WP1, Jan 2020
Sesame root/stem descriptors (Sesamum indicum L) WP1, Jan 2018
Sesame leaf descriptors (SesamumindicumL.) WP2, Jul 2020
Sesame flower descriptors (SesamumindicumL.) WP, Feb 2018
Sesame capsul e descriptors (Sesamum indicum L.) WP2, Feb 2020
Sesame capsul e zone descriptors (SesamumindicumL.) WP1, Nov 2017
Sesame cycle descriptors (SesamumindicumL.) WP1, Apr 2018
Sesame seed descriptors (Sesamum indicum L.) WP2, Jun 2020
Sesame seed composition descriptors (Sesamum indicumL.) WP1, Oct 2020
Sesame agronomic and agronomic descriptors (SesamumindicumL.) WP1, May 2020
Sesame abiotic descriptors (SesamumindicumL.) WP, draft

Sesame invertebrates and fauna (Sesamum indicumL.) with H.O. Sintim Rev 1, Mar 2021

Fungi, oomycetes, bacteria, and viruses associated with sesame (Sesamum  Dec 2021
indicum L.) with K.A. Cochran

Sesame weed control (Sesamum indicum L.) with W.J. Grichar and P.A.  WP1, Nov 2018
Dotray

Sesame bibliography (SesamumindicumL.) WP8, Jan 2020

K.A. Cochran comments, 2021: | am a Plant Pathology Extension Specialist and Assistant Professor with Texas
A&M University, located in Uvalde, Texas. When | began my current position in the fall of 2015, | quickly
discovered that like many specialty crops, sesame producers needed diagnostic support and education regarding
what diseases posed challenges to them and what plant disease management tools were available. | also quickly
discovered that little documented information on sesame diseases in the USA was available in the scientific
literature, and few treatment methods beyond agronomic techniques or lines thought to be tolerant to limited
diseases were available to farmers. In theliterature, data from international sourceswas availablein alimited
capacity, and few photos were available to observe symptoms of specific diseases. In my first season in Uvalde, |
began what would eventually become a larger effort to define sesame diseases that affected USA production,
starting with the Uvalde regional area with plansto expand. In the course of my efforts, | have published afirst
report to formally document Rhizoctonia solani on sesame and am in the process of preparing moreto come. | am
hopeful these will prove to be useful and serve the scientific community and future clientele well. 1n 2021, |
organized and hosted an online International Sesame Research Symposium, afree online 2 day event to share
scientific research and information with other scientists (day 1) and farmers/stakeholders (day 2). My thinking with
offering this online was that individuals with limited resources could participate, which worked well in light of
pandemic travel limitations aswell. Going forward, | plan to expand my sesame program and provide education and
applied pathology research for this growing industry to serve my local clients and those in the greater USA and
abroad. Plant disease education and diagnostic support are integral parts of expanding production and markets of
specialty crops, including sesame.
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INTRODUCTION

This document is not intended to be the authority on fungi, bacteria, oomycetes, and viruses associated with sesame.
In most cases, thisisasummary of the over 1,000 references to guide a researcher to go to the original documents
for more information. This document is not intended to be read from front to back, but rather to be used like an
encyclopedia. Dataisrepeated as appropriate, e.g., effects of Trichoderma spp. on Fusarium spp. will be under both
Trichoderma spp. and Fusarium spp. When a speciesis both a pathogen and a biocontrol, the data on the order,
family, and genusis repeated in both sections.

Initially, there was a common name attached to the species; however, there was considerable variation in common
names in different countries and even within countries for most species, and thus the common name is not in the
indices. There has been no judgement as to whether an individual publication made a misidentification of a species.
It was assumed the peer-review process handled the identification of the species.

Thiswork is an introduction to disease concepts, a detailed review of sesame diseases, methodol ogies for disease
resistance assessments, and geographic distribution of pathogens and disease events by country.

Sesame disease concepts

Plant diseases, caused by plant pathogens', are a challenge to production of sesame in many areas where sesame is
produced. Many types of diseases affect sesame, al of which fall into two main types: soilborne and foliar diseases.
These are all caused by pathogens (fungi, oomycetes (fungi-like, pronounced oh-oh my seets), bacteria, and viruses.
Diseases should not be confused with abiotic, or non-living, causes of plant problems such as weather-related
stresses or injury, herbicide injury, soil salinity/toxicity, or nutrition deficiencies. To have a plant disease event
occur, three things must be present at the same point in time: a susceptible plant host, a pathogen capable of causing
disease, and a favorable environment for that pathogen to cause the disease. While some plant pathogens do have an
incredibly wide plant host range, others are specific to asingle plant species. Various pathogens are active and
thrive in specific environmental conditions. While there are commonalities, conditions vary by pathogen. Foliar
diseases are becoming more commonplace as sesame production is expanding beyond traditional arid areas and into
areas with higher annual rainfall or are grown under sprinkler irrigation. The lack of approved application
regulations, limited availability, and financial costs of fungicide application make managing these diseases
challenging. Additionally, most soilborne diseases, including those of sesame, are difficult to manage due to several
factors, including longevity of inoculum in the soil for many of these pathogens, often having wide plant host
ranges, and limited chemical management options.

In sesame, most especially persistent and problematic diseases are caused by soilborne? fungi and oomycetes. Foliar
diseases can be very challenging but are typically do not have the persistent longevity of several of the challenging
soilborne pathogens that affect sesame. While assessment of plant pathogens and the diseases they cause is ongoing,
some of the most commonly encountered pathogens and the economically important diseases they cause are:
Macrophomina phaseolina (Charcoal rot), Rhizoctonia solani (root and stem rot), Phytophthora spp.® (Phytophthora
root rot), Fusarium spp. (Fusarium wilt and root rot), Alternaria spp. (Alternarialeaf spot, leaf blight), and
Cercospora spp. (Cercospora leaf spot), Pseudomonas spp. (bacterial leaf spot and blight), Xanthomonas spp.
(bacterial leaf spot and blight), and phyllody to name afew.

Plant diseases from seed to harvest

Seedling diseases and damping off can be caused by several fungi and oomycetes, or a complex of multiple species,
which often include Rhizoctonia solani, Pythium spp., Phytophthora spp., Fusarium spp. Low seed vigor can be
associated with not only damage or environmental stress during harvest or storage, but also seedborne or soilborne
pathogens. Low vigor seed are more vulnerable to poor emergence and disease. Both poor vigor and soilborne
seedling disease can cause poor emergence or damping off, which is seedling death after emergence. Many seedling
diseases are associated with planting in temperatures that are sub-optimal for germination, often too early when soil
temperatures are too low for rapid germination. Some soilborne pathogens thrive under warm conditions, such as R.
solani and some species of oomycetes of Phytophthora and Pythium, while others thrive in cooler conditions,
including other species of Phytophthora and Pythium. Seed treatments (as they are available by label), planting at

1 pathogen: A fungus, bacterium, oomycetes, virus, or other microorganism that can cause disease.
2 Soilborne: A pathogen persistsin the soil.
3 spp.: Refers to multiple species within a genus, while ‘sp.” refers to a single species within a genus.
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optimal times, and amending the planting site to promote ideal drainage can all help prevent seedling disease
challenges.

Many diseases can occur mid-season, though foliar diseases are often the most obvious at thistime. Many foliar
diseases thrive under humid or frequently rainy conditions, and many have a minimum period of moisture required
for successful infection. Typical foliar disease symptoms include leaf spots and blights, which come in various
manifestations with respect to size, shape, and general appearance to the trained eye. Differentiating these
accurately is difficult for those without plant pathology training. Leaf spots, or lesions, may have distinct sharp
margins with pigment, may have yellow (chlorotic) halos around the spot, may be water-soaked or papery dry, be
sunken, flush, or mounded, circular to irregularly shaped, and range in size from 2-3 to several mm. In some
diseases, lesions can coalesce and cover large areas of theleaf. These characteristics paired with microscopy in a
diagnostic lab can confirm the identity of a pathogen and the disease challenge.

In the later third of the season the full effects of unchecked foliar pathogens and the symptoms of many soilborne
diseases become more evident. Problems noted in this part of the growing season include defoliation due to both
foliar and soilborne diseases, stunting often due to soilborne diseases, and poor capsule set and development, or
death of the plant. While many of these issues began earlier in the season, disease pressure due to increased
pathogen populations and progression of symptom severity make them more apparent.

Seedborne! diseases are of concern with regard to reduced seed germination performance the next planting season,
aswell as possible food safety impacts or reductions to food-use seed or oil quality. Fungal seedborne pathogens
can create mycotoxins, which have negative impacts on human and animal health.

M echanisms of pathogen dissemination

Pathogen inocul & are propagules® of the pathogen with the ability to infect and cause disease on new host tissues.
Inoculum can occur in many forms, depending on the type of pathogen being considered. These include spores?,
specialized fungal survival structures such as sclerotia®, fungal hyphae®, bacterial cells, and virus particlesin sap or
insect vectors. Some foliar diseases are primarily spread by wind (think fungal spores, or virusinsect vectors), while
others spread by water splash (often fungal spores and bacteria). Soilborne inocula can be spread by soil movement
viawater drainage, farm equipment, etc., or even viawater flow through afield alone. The mechanism of
dissemination isimportant to understand, in that this information influences the cultural control methods that would
be helpful to implement.

Field scouting and rating tips

While disease diagnostics often require the assistance of a plant pathologist for confident diagnosis, the use of ahigh
quality hand lens, field microscope, or digital microscopy with the use of phones and tabl ets paired with basic
training can be helpful to make initial determinations. The following isalist of tips.
= Select amoderately symptomatic specimen for optimal sample quality.
0 Selecting particularly severe make observations more difficult because often older infections will lead to
having decomposed fungi present.
= To spot soilborne disease hot spots, look for areas of the field with plants much smaller than expected for their
age and growing conditions or areas of premature defoliation.
= Older leaves often start showing symptoms of foliar disease earlier than younger leaves, so they can be a good

1 Seedborne: A pathogen that persistsinside or on the seed; may serve as a source of inoculum in the field if pathogen remains
viable until planting.

2Inocula (plural of inoculum): A substance used for inoculation.

3 Propagule: Any material that functions in propagating an organism to the next stage in its life cycle, such as by dispersal. The
propaguleis usualy distinct in form from the parent organism.

4 Spore: A unit of sexual or asexual reproduction that may be adapted for dispersal and for survival, often for extended periods of
time, in unfavorable conditions.

5 Sclerotia (plural of sclerotium): A compact mass of hardened fungal mycelium containing food reserves. One role of sclerotia
isto survive environmental extremes, often for extended periods of time, even years. In some fungi, sclerotia become detached
and remain dormant (often in the soil) until favorable growth conditions return. Sclerotiainitially were mistaken for individual
organisms and described as separate species until proved that sclerotia are only a stage in the life cycle of some fungi.

6 Hyphae (plural of hypha): Long, branching filamentous structures of a fungus, oomycete, or actinobacterium. In most fungi,
hyphae are the main mode of vegetative growth, and are collectively called a mycelium.
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place to start looking.
= Upon collection for taking to a specialist, keep samples cool to maintain viability of microbes and insect pests.
= When conducting avariety trial or screening lines, be sure to be confident of the disease symptomology for the
pathogen of interest. A blanket rating of indiscriminate “leaf spot” or “root rot” is not as informative or
valuable as data for specific disease symptoms.

Disease management basics

While fungicides and agronomic practices used to manage plant diseases can reduce the severity of plant disease
symptoms or population of the pathogen, efforts do not eliminate the targeted pathogen. Disease management can
be especially challenging if environmental conditions are highly favorable for disease development. Soilborne
pathogens are particularly difficult to manage due to alack of labelled management options and persistent longevity
in many cases. Additionally, in the case of crops grown in developing areas, or ssimply by farmers on atight budget,
the financial costs of pesticides and additional agronomic activity (fuel, machinery investment, maintenance), can be
asignificant challenge in managing plant diseases. No matter the situation of the farmers, the best (cost, effort, etc)
option isto develop varieties that are tolerant to the disease. While ideally sesame varieties could eventually be bred
for dramatic and specific disease resistance using marker assisted selection, it is till likely to take many years and
significant investment by breeding companies for such linesto become areality. Additionally, for many pathogens
that are problematic to sesame (e.g., Macrophomina phaseolina and Rhizoctonia solani) finding true resistance
genesisarare event in plants, which is evident by their extremely broad host ranges. In many plants, it is much
more common to find ‘tolerant” instead of ‘resistant’ plants that can survive despite pathogens still present in the
field. Inreviewing many publications, the common thread is that the local varieties, particularly in areas where
sesame has been grown for centuries, are more tolerant than the introduced varieties, even if an introduced variety is
tolerant in another area.

Plant diseases are managed in avariety of ways as part of an integrated pest management program. Methods focus
on prevention of disease events and response once thereis a problem. Preventative effortsinclude the use of
resistant varieties, cultural methods to optimize plant health and discourage pathogen infection and proliferation,
preventing pathogens from arriving in the field (primarily useful for soilborne pathogens or foliar pathogens with a
short dispersal distance), and applying protectant products such as protectant fungicides or biological control
products. Cultural control methods can include effortsto ater humidity or soil moisture such as limiting frequency
of irrigation and watering deeply, reducing canopy humidity through increasing plant spacing or breeding for more
upward growing varieties, optimizing field drainage to reduce standing water or dry spots, tillage to remove crop
debris from the soil surface and prompt decomposition, and crop rotation. Response tactics include treatment with
fungicides or similar products and eradication of a pathogen (seed sanitation, fumigation, etc). The best outcomes
are usually achieved by utilizing more than one approach in tandem. It isimportant to understand that disease
pressure will vary according to the amount of initial inoculum present, the vulnerability of the host, and ultimately
the environmental conditions they are subjected to, which include those engineered through cultural control
methods. When conducting variety trials, it isimportant to ensure cultural management practices are consistent year
to year and location to location unless variability isintended as part of thetrial.

Major fungi and oomycetes pathogens

Among biotic caused plant health issues, fungal and oomycete diseases are typically the most commonly
encountered. True fungi (Alternaria, Cercospora, Colletotrichum, Corynespora, Fusarium, Macrophomina, Powdery
mildew and Rhizoctonia genera) cause the majority of the sesame diseases. Oomycetes (Phytophthora) look very
similar to true fungi but have some physiological and life cycle differences compared to true fungi. For the purposes
of thiswork, they will be discussed together in alphabetical order.
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Alternaria sesami (Synonym: Macrosporium sesami)
and Alternaria alternata (Synonym: Alternaria tenuis)
are mgjor pathogens with worldwide distribution. It
infects the stems, leaves, and green capsules causing
considerable damage. When environmental conditions
are favorable for disease development, the disease may
occasionally be severe enough to kill seedlings and
young plants. Symptoms are brown to dark-brown,
spreading, water-soaked lesions which can often be
observed the entire length of the stem. Thelesionsaso
occur on the midrib and even veins of leaves, which
can be without the typical leaf-spots. In very severe
? ‘& attacks plants may be killed within avery short period
Photo: S.U. Kim Photo: O.A. Enikuomehin after symptoms are first noticed, while milder

{Republic of Korea} {Nigeria} symptoms cause defoliation. The pathogens are
seedborne and soilborne. Favorable conditions for disease development are warm and high humidity or frequent
rainfall. There are many other Alternaria species that have been documented as pathogenic to sesame: A. brassicae,
A. brassicicola, A. citri, A. japonica, A. lini, A. longissima, A. mali, A. redicina, A. sesamicola, A. smsimi, A. solani,
and A. tenuissima. There are also other species in the Pleosporaceae family that are pathogens: Cochliobolus spp.,
Curvularia spp., Drechslera spp., Exserohilum spp., and Helminthosporium spp. Alternaria spp. have been reported
in international lists, Australia, Bolivia, Brazil, Burkina Faso, China, Costa Rica, Cuba, Egypt, Ethiopia, Greece,
Guatemala, Honduras, India, Iran, Irag, Israel, Japan, Kenya, Mexico, Myanmar, Nicaragua, Nigeria, Pakistan,
Paraguay, Republic of Korea, Russia, Saudi Arabia, Sudan, Tanzania, Turkey, Uganda, Ukraine, United States, and
Venezuela. For moreinformation, see A3.1.1aand b.

Cercospora leaf spot isamajor disease
in sesame production globally, largely
caused by Cercospora sesami
5  (Synonyms: Mycosphaerella sesami,
. Mycosphaerella sesamicola, and
Cercospora sesami var.! somalensis)
and C. sesamicola. The disease
manifestsitself just before flowering,
| and thefirst symptoms are the
. appearance of small light brown spots
" | on both surfaces of the leaves. Inthe
AT sy beginning, the spots are roundish but
Photo: O.A. Enikuomehin | gter coalesce to form irregular patches
{Nigerig} varying from 5-15 mm in diameter.
With the advance in age, the color of the spots darkens due to the formation of conidiophores? and conidia®. The
number of spots vary from 100 to 400 per leaf under humid conditions resulting in premature defoliation. The
disease, however, isless severe on the stem and the petiole, forming spots of varying lengths. These are light brown
at first but gradually become darker in color. The capsules are also affected producing similar spots and quite often
destroyed, resulting in poor yield. The fungus may infect the seed, leading to the potential for reduced seed quality
and performance. Primary infection is seedborne and from infected debris. The secondary spread is through wind-
borne conidia. It is suspected that other species of Cercospora occurring on other crops, such as soybean are
pathogenic to sesame and have been observed in the United States. Even within a single species, spores can have a
high degree of phenotypic variability with respect to length, which makes molecular identification of species

Phoio: K.A. Cochran {USA}

LVar.: Variety isataxonomic rank below that of species and subspecies, but above that of form. As such, it gets a three-

part infraspecific name. It is sometimes recommended that the subspecies rank should be used to recognize geographic
distinctiveness, whereas the variety rank is appropriate if the taxon is seen throughout the geographic range of the species.

2 Conidiophore: A specialized hypha upon which conidia develop. Used in microscopic identification of fungi.

3 Conidia (plural of conidium): Asexually produced microscopic spores of ascomycetes that occur in avariety of shapes and
sizes, form on microscopic conidiophores of varying sizes and shapes (stalk like structures), or conidiogenous cells within
various vase, cup, or other shaped structures (e.g., pycnidia, acervuli, etc.). The variation in shape, size, and color is instrumental
in microscopic identification of these fungi and helpful in obtaining pure cultures via single spore isolation.
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immensely helpful. Other fungi with similarly shaped spores (long and thin, borne on the end of adark
conidiophore) may be easily confused with Cercospora spp. particularly when using a hand lens, including
Corynespora spp, and Pseudocercospora spp. There are also other speciesin the same family that are pathogens:
Pseudocer cospora spp., Cercoseptoria spp., Pseudocercosporella spp., Phaeoisariopsis spp., Cercosporidium spp.,
and Passalora spp. Cercospora spp. have been reported in international lists, Australia, Brazil, Burkina Faso,
China, Colombia, Dominican Republic, Egypt, Ethiopia, Guatemala, Honduras, India, Israel, Italy, Japan, Kenya,
Mexico, Myanmar, Nicaragua, Nigeria, Pakistan, Panama, Paraguay, Philippines, Somalia, Sri Lanka, Sudan,
Surinam, Tanzania, Thailand, Turkey, Uganda, United States, and Venezuela. For more information, see A4.1.1a.

| Colletotrichum spp. has been reported to cause

¥ anthracnose on many crops, including sesame. Foliar
| symptoms can occur and may result in defoliation in
serious cases. Medium to dark brown water soaked lesions
# may occur on leaves or stems. This pathogen has also
been observed to cause stem lesions on lower portions of
“ the stem progressing upward. Heavy sporulation can
occur when conditions are favorable. Acervuli® with
48 conidial ooze are typically about the size of apinhead or
W dlightly smaller and can be observed with a good quality
¥ loupe. Acervuli may or may not have setae?, depending on
£ 1 the species of Colletotrichum present. Asthisfungusis

Acervuli sponj ating on the stem. p,gr ng  readily spread in humid conditions with splashing water,
lesion areas at risk for significant disease development include
Photos: K.A. Cochran { USA} irrigated fields, fields planted in areas with higher or more

frequent rainfall, or areas late season rains are likely to occur prior to harvest. The pathogen is seedborne. Most
publications classify Colletotrichum at the genus level, but there are some publications that have identified C.
gloeosporioides, C. sesamina, and C. truncatum. Colletotrichum spp. have been reported in international lists,
China, India, Italy, Japan, Mexico, Myanmar, Nigeria, Paraguay, Republic of Korea, Thailand, Uganda, and United
States. For more information, see A7.2.1.

The symptoms for Corynespora cassiicola are dark,
irregularly shaped spots appear on the leaves; they enlarge,
become brown with light centers, and coalesce forming a

. blotchy configuration. A concentric “target” pattern may be
seen on lesions. Extensive defoliation occurs, and the
affected plants often die. Infection on the stemsis
characterized by light-brown to reddish brown, elongated
lesions which later spread over the entire stems, causing

i death of the plants. Affected stems are bent irregularly or

- swollen on the lesion affected area. Cankers of various sizes
also appear on the stem and are often seen originating at the
node near the pod base, or the crown of the plant. The
pathogen has been reported to cause root rot and is likely
associated with a crown rot. Inimmature plants, the infected
stem cracks lengthwise and breadthwise, and these cracks

to: K.A. Cochran
China} {USA}

1 Acervuli: Cup shaped reproductive structures partially embedded in the substrate. These produce asexual spores (conidia) and
may or may not have setae (whisker-like appendages sticking up from the acervulus) present.

2 Setae: Dark brown, thick-walled, thorn like cystidia. Though mainly microscopic, the setae of some species may be
sufficiently prominent to be visible with ahand lens.
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~—. continue to expand if the plant manages to survive to
maturity. Heavy, black to grey velvet-like sporulation is
often observed on the crown area. Seedling infection has not
been observed under field conditions, though it is seedborne.
Capsules can be infected with symptoms appearing as
sunken lesions that may be brown or with pale centers.
Seeds may be infested and will appear shriveled and brown

4 in severe cases, which can result in aborted seed or reduced
seed quality. Symptoms usually appear and rapidly reach
epiphytotic conditions as the plants reach maturity. The
pathogen perpetuates through plant debris and is seedborne. C. sesameumis also a pathogen of sesame.
Corynespora spp. have been reported in international lists, Australia, Brazil, China, Colombia, Costa Rica, Cuba,
Ecuador, India, Japan, Mexico, Republic of Korea, United States, and Venezuela. For more information, see
A3.2.1a

 Side ariafront view of lesions.
Photos: K.A. Cochran { USA}

}| Fusarium wilt and root rots are a common problem in sesame production areas.
Symptoms of Fusarium wilt, caused by Fusarium oxysporum, are typically

" most noticed starting mid-season and progress upward on the plant, increasing
4 in severity as the season continues. Typical symptoms include yellowing,
«4= stunting, brownish vascular discoloration in the main stem, wilting and limp
% appearance of the leaves even after irrigation, drought like scorch looking

| symptoms on leaf margins, and papery dry dead leaf tissues on older |eaves.
4wl Several species of Fusarium are associated with seedling disease and root rot,
the symptoms of which are discoloration and lesions on roots, which may
¥ progress upward into the stem from the soil line. Infections in the seed
i1 germination or seedling stage are often associated with damping off.
8| Fusarium spp. are soilborne and seedborne fungi and reproduce via

= macroconidiat, microconidia?, and long-lived hardy chlamydospores®. While
macro- and microconidia are the main inoculum source in asingle season,
chlamydospores are concern for year-to-year inoculum carry over. There are
{ Paraguay} two f. sp.% F. oxysporumf. sp. sesami and F. oxysporum f. sp. vasinfectum.

E.A. Weiss (1971) reported F. oxysporum f. sp. sesami can be devastating on susceptible varieties. Severe infection
can cause the entire plant to become defoliated and dried. In less severe infections or when mature plants are
infected, only one side of the plant may develop symptoms. Peeling off the epidermis of the lower stem or roots will
reveal blackish streaksin plant tissues. If infected plants are uprooted, roots will be brittle and rotten, either wholly
or partially corresponding with that side of the plants showing disease symptoms. If plants are infected early onin
the season, poor capsule set occurs. When infection occurs in mature plants, capsules are formed but seeds are often
shriveled and underdeveloped. An early Fusarium infection can destroy an entire field. Other Fusarium species are
reported pathogens in sesame: F. acutatum, F. caeruleum, F. chlamydosporum, F. culmorum, F. equiseti, F.
incarnatum, F. longipes, F. merismoides, F. poae, F. proliferatum, F. solani, F. sulawesiensis, and F. verticillioides.
There are also other species in the Nectriaceae family that are pathogens: Cylindrocladium spp., Gibberella spp.,
and Neocosmospora spp. Fusarium spp. have been reported in international lists, Australia, Bangladesh, Brazil,
Bulgaria, China, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, Egypt, Ethiopia, Greece, Guatemala,
Honduras, India, Iran, Iraq, Isradl, Italy, Japan, Kenya, Maawi, Mexico, Nicaragua, Nigeria, Pakistan, Paraguay,
Philippines, Republic of Korea, Saudi Arabia, SierralLeone, Sudan, Tanzania, Thailand, Turkey, Uganda, Ukraine,
United States, Uzbekistan, and Venezuela. For more information, see Al.1.1a

1 Macroconidia (plural of macroconidium): The larger of two different types of conidia produced by afungusin the same
manner, e.g., some Fusarium species produce micro- and macroconidia at the sametime.

2 Microconidia (plural of microconidium): The smaller of two different types of conidia produced by afungusin the same
manner, e.g., some Fusarium species produce micro- and macroconidia at the same time.

3 Chlamydospores: Asexually produced thick-walled large resting spore of several kinds of fungi and oomycetes. It isthelife-
stage which survives in unfavorable conditions, such as dry or hot seasons.

4£. sp.: Forma specialisis an informal taxonomic grouping allowed by the International Code of Nomenclature for algae, fungi,
and plants, that is applied to a parasite (most frequently a fungus) which is adapted to a specific host.
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L' Macrophomina phaseolina (Synonyms: Dothiorella
phillippinensis, M. corchon, M. phaseoli, M. phaseoli ssp.*
sesamica, M. phillippinensis, Rhizoctonia bataticola,
Sclerotium bataticola, and Tiarosporella phaseolina.)
causes one of the most important diseases of sesame
worldwide - charcoal rot. The name charcoal rot is due to
the ashy/charcoal discoloration caused by durable
microsclerotia? embedded in plant tissues. Microsclerotia
are approximately the size of apin head or smaller
abundantly present in the symptomatic stem tissue, which
can include roots, stems, pods, and seeds. These can be
visible embedded in the outside of the stem, or in the pith
Microsclerotiaon stemin Microsclerotia on capsule when cut lengthwise. The pathogen is soilborne and
disease resistance assay seedborne and can persist in the soil up to 15 years. The
Photos: K.A. Cochran {USA} fungus thrives in the same conditions that are favorable for
growing sesame - hot and dry. When conditions are favorable, the fungus produces asexual spores (conidia) in small
round black structures (pycnidia®) that are apparent embedded on the surface of the stem. This pathogen has avery
broad host range (over 500 plant host species) and can manifest in avariety of symptoms such as damping off, stem,
root, and collar rots. The most commonly noticed symptoms include stunting, leaf yellowing, premature defoliation
and dry down, rot progressing up the stem, and premature or non-typical pod dehiscence for a given variety.
Symptoms are often noticed by producers mid to late season when they are most apparent, though infection often
occurs earlier mid-season. Infections that occur earlier in the season often result in significant stunting and plant
death by the end of the season. Microsclerotia can be spread field to field by seed transport, movement of
microsclerotiainfested soil on farm equipment, and within afield by equipment movement and flooding water
carrying microsclerotia. Other generain the Botryosphaericeae family that are pathogenic include Botryosphaeria
spp. and Phyllosticta spp. Macrophomina spp. have been reported in international lists, Australia, Bangladesh,
Brazil, China, Colombia, Cuba, Cyprus, Ecuador, Egypt, Ethiopia, Greece, Honduras, India, Iran, Iraq, Isradl,
Japan, Kenya, Mexico, Myanmar, Nicaragua, Nigeria, Pakistan, Paraguay, Republic of Korea, Sri Lanka, Sudan,
Syria, Tanzania, Thailand, Turkey, Uganda, United States, and Venezuela. For more information, see A2.1.1a.

Phytophthora nicotianae (Synonyms: Phytophthora nicotianae var.

' parasitica, Phytophthora nicotianae var. sesami, Phytophthora

| parasitica., and Phytophthora parasitica var. sesami.) isalocally

| damaging disease. These microbes thrive in moist moderate to warm
conditions, where disease epidemics can progress rapidly. Symptoms

| include water soaked spots on leaves and stems. Lesions on the leaves
& may coalesce and cause defoliation. Stem and branch lesions are
initially brown and darken to black with age. The blackening of the
stem is often most apparent near soil level. Affected branches produce
poorly formed capsules with shriveled seeds, and affected plants show
progressive wilting ending in death. Wet soils, rain, and warm
temperatures favor the spread of the disease, and itsincidence is higher

Lssp.: Theterm subspecies refers to one of two or more populations of a species living in different subdivisions of the species
range and varying from one another by morphological characteristics.

2 Microsclerotia (plural of microsclerotium): A very small sclerotia, approx. half or lessthe size of a pin head, which isa
durablelong term survival structure of some fungi.

3 Pycnidia (plural of pycnidium): A variable and complex vase- or roughly circular shaped asexual reproductive structure, or
fruiting body sometimes partially embedded in substrate. It bears spores (conidia) variously known as pycnidiospores, oidia, or
spermatia. The spores are liberated through an opening (ostiol€) in the pycnidium. Often brown or black in most species, though
afew species produce lighter colors.
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on more clay heavy soilswith poor drainage. Low areasin fields may be particularly affected. Phytophthora spp.
typically overwinter as oospores' or chlamydospores, which can germinate sporangia®. Motile zoospores® are
generated within sporangia, are released upon maturity, and can swim through water and subsequently infect new
plant tissues. Inoculum can carry over in either soil or plant material. The pathogen may spread by being
seedborne. Other Phytophthora species reported to be pathogenic on sesame, include P. cactorum, P. capsici, P.
drechdleri, P. hibernalis, P. palmivora, and P. tropicalis. Phytophthora spp. have been reported in international
lists, Argentina, China, Dominican Republic, Egypt, Guatemala, Honduras, India, Iran, Japan, Kenya, Malawi,
Mexico, Nicaragua, Nigeria, Paraguay, Peru, Republic of Korea, Sri Lanka, Tanzania, Thailand, Turkey, United
States, and Venezuela.

It should be noted that Phytophthora is actually an oomycete, not a true fungus, so it’s always a good idea to double
check fungicide labels for efficacy against it specifically prior to applying. Oomycetes are also known as water
molds, which is quite telling regarding how much they thrive in water logged or moist conditions. Phytophthora
spp. and other oomycetes have fairly interesting life cycles that include motile spores (zoospores) that can actually
swim through even a thin film of water seeking out plant tissuesto colonize utilizing chemotaxis. This unique
characteristic is one part of why these pathogens spread so proalifically in moist conditions. Without moving water,
zoospores could probably swim only afew cm at most, and soil particles may limit that distance. For more
information, see B1.1.1a

Powdery mildew is caused by many obligate biotrophic fungal
speciesin the Erysiphaceae family (Erysiphe spp., Leveillula
spp., Podosphaera spp., Oidium spp., and Pseudoidium spp.)
While some species can infect many host plants, most are host
specific. Powdery mildews produce asexual conidia asthe main
source of inoculum during the season. At the end of the season,
| sexua spores (ascospores?) are produced in tiny black generally
b spherical structures (chasmothecia®, formerly cleistothecia) with
clear to whitish-clear appendages. These are some of the most
easily recognized features of powdery mildew, though they are
not always present on symptomatic sesame. Chattopadhyay et a.
| - , (2019) reported symptoms start as small whitish spots on the
Photo P. Venkata Rama‘;ia Rao et al. (2013) upper surface of the leaves. The spots coalesce, finally covering
{India} the entire leaf surface with apale grey to white fungal growth.

1 Oospore: A thick-walled sexual spore that develops from a fertilized oosphere in some algae, fungi, and oomycetes. They are
believed to have evolved either through the fusion of two species or the chemically-induced stimulation of mycelia, leading to
oospore formation.

2 Sporangia (plural of sporangium): Sac-like structures producing asexua spores endogenously by cytoplasmic cleavage.

3 Zoospore: A spore of certain algae, oomycetes, fungi, and protozoans, capable of swimming by means of a flagellum.

4 Ascospores: A spore contained in an ascus or that was produced inside an ascus. Thiskind of sporeis specific to fungi
classified as ascomycetes. Ascospores are formed in ascus under optimal conditions. Typically, asingle ascus will contain eight
ascospores.

5 Chasmothecia (plural of chasmothecium, previously cleistothecia): The sexua fruiting bodies produced by the powdery
mildew organism. They only form on the surface of heavily diseased vine tissue and take about 90 daysto fully mature.
Immature chasmothecia are yellow, and gradually turn brown, then black.
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" The mildew is sometimes confined to the upper surface of the
leaves, though it can be apparent on top and bottom in a highly
favorable environment for disease development, which is humid
and warm. Free water and hot temperatures are unfavorable for
the pathogen. Much of the “powdery” substance on the leaf
surfaceis conidiophores and conidia. In previous work, the
disease caused ayield loss of 42%. The earlier onset of
symptoms, the greater the likelihood of high incidence and
severity of disease, leading to lower yields. The pathogens are
seedborne and soilborne. Recently, taxonomy has been greatly
¥ revised using DNA analysis, while previous taxonomy relied
primarily on morphology of teleomorph stages (Heffer et a.,
2006). Thefollowing species have been reported to cause
powdery mildew: Erysiphe betae, E. cichoracearum, E.

Powdery mildew (white patches) and bacterial cruciferarum, E. orontii, Leveillula taurica, Oidium sesami,

leaf spot (black spots) on the same |eaf. Podosphaera fuliginea, P. fusca, and Pseudoidium
Photo: K.A. Cochran {USA} pedaliacearum. Powdery mildew has been reported in

international lists, Australia, China, Ethiopia, Greece, India, Iraq, Israel, Japan, Malawi, Mexico, Myanmar, Nigeria,
Pakistan, Somalia, Sri Lanka, Sudan, Tanzania, Thailand, Uganda, United States, and Venezuela. For more
information, see A5.1.

| Rhizoctonia solani (Synonyms: Pellicularia filamentosa and
Rhizoctonia grisea, teleomorph: Thanatephorus cucumeris) isa
plant pathogenic fungus with awide host range and worldwide
distribution, which was discovered more than 100 years ago.
Although it has awide range of hosts, its main targets are
herbaceous plants. The pathogen thrivesin warm and moist
., conditions, though infection and symptoms can occur in awide
variety of environments. Symptoms can manifest in sesame as
seedling disease/damping off, root rot, crown rot, and stem
necrosis. Lesions are brown to dark-brown in color, often
sunken and may circle the stem, girdling it. Diagnostic
features are observed microscopically and include hyphae that
| arerelatively large and have right angle branching with
constrictions at the base of the branching. The fungusis easily
cultured and sclerotia typically form readily in culture.
Molecular identification (PCR) can be useful to confirm
identity. This pathogen typically occurs as hyphae or sclerotia
in the soil and infon host plant material. Sclerotia are durable
nugget-like pieces of modified hyphae (usually measuring from
" oneto afew mmin diameter) that can live in the soil or plant
" debris for many years. This fungus doesn’t typically sporulate
sexually, but basidiospores'! may occur on infected plant
tissues. Asexual spores are not produced, though sclerotia
el servein asimilar capacity in thelife cycle. R. solani isolates
Rhizoctonia solani crown and stem necrosis on are categorized into anastomosis groups (AGs)2, which is
sesame. Photo: K.A. Cochran {USA} important to note in diagnostic efforts. AGs are determined by
the ability of agiven isolate to undergo hyphal fusion with aknown AG isolate. Currently, only AG4 has been
reported to be pathogenic to sesamein the US. Additional information is needed regarding what AGs are
pathogenic to sesame globally. While it often infects its hosts when they are in early stages of development, such as
seeds and seedlings, infection can occur later in the season. If infection occurs early in the season, and often results
in stunting, root rot, and plant decline. Many infections are most apparent late in the season, when stunted and

! Basidiospores: Reproductive spores produced by Basidiomycete fungi, a grouping that includes mushrooms, shelf fungi, rusts,
and smuts. Basidiospores typically each contain one haploid nucleus that is the product of meiosis, and they are produced by
specialized fungal cells called basidia

2 Anastomosisgroup (AG): Groupings based on the ability of hyphae of two different isolates to fuse and exchange materials.
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poorly developed plants are more vulnerable to lodging. Co-infection with Macrophomina phaseolina has been
observed, and resulted in severe stunting, poor capsule set, and late season lodging. This pathogen is very difficult
to manage, asit isvery long lived in the sail, no resistant lines have been identified, and while chemical
management regulations vary by country, labelled fungicides are generally not available. Rhizoctonia spp. have
been reported in International lists, Australia, Bolivia, Brazil, China, Colombia, Costa Rica, Dominican Republic,
Egypt, India, Iraq, Japan, Myanmar, Nicaragua, Pakistan, Panama, Republic of Korea, Uganda, United States, and
Venezuela. For moreinformation, see A6.1.1a

Major bacteria pathogens

Plant pathogenic bacteria are adiverse group of microbes, with some being culturable, while others are difficult or
impossible to culture. The major sesame diseases/pathogens are phyllody, Pseudomonas, and Xanthomonas. Some
plant pathogenic bacteria are able to survive outside the host plant for a period of time, while others require being
within aplant host or vector (typically insect) for survival. Bacteriagain entry to a plant through natural openings
(e.0., stomata, lenticels), or injuries. Dissemination of bacterial pathogens can occur viawater splash, movement of
insect vectors, mechanical transmission, or viainfected or infested seed. It should be noted that non-vector insect
feeding activity often produces small wounds, are additional avenues for bacterial access. Copper based spray
products are often used as protective applications but are of little use if plants are already symptomatic. Vector
control is useful, particularly in the case of insect vectored diseases, such as phyllody, though thisis not aways
feasible due to lack of product or equipment labelling or access, financial constraints, and simply extremely high
insect populations.
Bt i, R

Phyllody is asignificant disease of sesame
globally. It is caused by phytoplasmas, which
are bacterialacking cell walls and are obligate
intracellular parasites. Phyllody isaterm
typically used to describe symptomsincluding
witches’ brooming, shoot tip fasciation, floral
virescence, reduced leaf size, malformed and
7 discolored growth of tissues (leaves, capsules,
' flowers). Symptoms are dependent on the stage
of crop growth at the time of infection. A plant
V- \ infected in its early growth remains stunted to
Photo: K.P. Akhtar etal. (20099) ~ Photo: G.P. Reoetd. (2015) ~ about two-thirds of normal plant size, and the
Pakistan {India} entire plant may be symptomatic. The entire
inflorescence is replaced by witches’ broom
symptoms (short, twisted leaves closely
arranged on a stem with very short internodes).
When infection occurs at later stages, normal
capsules are formed on the lower portion of the
plants, while phylloid flowers are present on the
tops of the main branches and on the new shoots
that are produced from the lower portions. The
most characteristic symptom of the disease is
virescence, which is when flower parts develop
into green leaflike structures, followed by
abundant vein clearing in different flower parts.
. ; . A detailed description is as follows: the calyx
Arrow pointsto normal plant. becomes polysepal ous and shows multicostate
Photos; E.J.G. Junior et al. (2019) { Paraguay} venation compared to its gamosepal ous nature in
healthy flowers. The sepals become leaf like but remain smaller in size. The phylloid flowers become
actinomorphic in symmetry, and the corolla becomes polypetalous. The corolla may become deep green, depending
upon the stage of infection. The veins of the flowers become thick and quite conspicuous. The stamens retain their
normal shape, but they may become green in color. Sometimes, the filaments may, however, become flattened,
showing its tendency to become leaf like. The anthers become green and contain abnormal pollen grains. In a
normal flower, there are only four stamens, but a phylloid flower bears five stamens. The carpels are transformed
into aleaf outgrowth, which forms a pseudosyncarpous ovary by their fusion at the margins. Thisfalse ovary
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becomes very enlarged. Inside the ovary, instead of ovules, there are small petiole-like outgrowths, which later
grow and burst through the wall of the false ovary producing small shoots. These shoots continue to grow and
produce more leaves and phylloid flowers. The stalk of the phylloid flowersis generally elongated, whereas the
normal flowers have very short pedicels. Increased IAA content appears to be responsible for proliferation of ovules
and shoots. Sometimes, these symptoms are found to be accompanied with yellowing, cracking of seed capsule,
germination of seedsin capsules, and formation of dark exudates on the foliage. Normal -shaped flowers may be
produced on the symptomless areas of the plants, but such flowers are usually dropped before capsule formation, or
the capsules are dropped later leaving the stalk completely bared.

The pathogen is now investigated to be phytoplasma (formerly referred to as mycoplasma-like organism—wall-less
bacteria belonging to the class Mollicutes). In Sudan, red varieties of sesame have been found to be affected to the
extent of 100%. Incidence and severity appear to vary by variety, with some varieties showing promising tolerance.
Sesame phyllody is not transmitted mechanically or by seeds. The disease is transmitted from one plant to another
by phloem-feeding leafhoppers. Nymphs of insect are incapable of transmitting the phytoplasma. The pathogenis
transmitted by the following leafhopper vectors: Circulifer haematoceps, Deltocephalus spp., Empoasca spp.,
Empoasca lybica, Empoasca motti, Hishimonus phycitis, Orosius albicinctus, Orosius argentatus, Orosius
cellulosus, and Orosius orientalis. The following phytoplasmas have been identified in sesame: Candidatus
phytoplasma asteris (16Srl), Peanut witches’-broom phytoplasma (16Sr11), Candidatus phytoplasma trifolii

(16SrV 1), and Pigeon pea witches'-broom phytoplasma (16Sr1X). For more information, see C5.

% Pseudomonas syringae pv. sesami (Synonyms:
Pseudomonas sesami, Bacterium sesami, Bacterium
{ sesamicola, Phytomonas sesami, and Phytomonas
il sesamicola) isamajor disease with worldwide distribution
and probably isthe major cause of yield loss whenever it
occursin sesame plantings. It is most damaging under
conditions of high rainfall or where high humidity persists
| for long periods, which are favorable for pathogen spread.
§ Symptoms are light-brown, angular spots, with a darker,
more purple margin. Spots may be water soaked initially
_ and become drier as the infection progresses, though water-
Effect on leaves ! Effect on stems and cansules soak_i ng may not be apparent if conditions become | ess
Photos: S.S. Firdous et al. (2014) {Pakist;nal}o humid. Spots are generally located between leaf veins, but
may advance along the veins and petioles, when they become dark-brown to purple lesions with a shiny appearance.
The spots themselves small, but often coalesce to form large necrotic areas on leaves. These later desiccate and
disintegrate, giving the leaf atattered appearance. Spots of the capsules are usually slightly sunken, shiny and
purplish-brown in color. The bacteria are internally as well and externally seedborne and can persist in debrisin the
field. Wind and rain spread the pathogen. Collection and burning of infected plant debris after harvest and before
ploughing will help control the spread in future years. However, the preferred method isto develop tolerant
varieties. It has been suggested there is a rel ationship between Pseudomonas sesami and Xanthomonas sesami.
Additional molecular analysisin the future may provide more insight to the relationship of pathogenic and epiphytic
Pseudomonads of sesame and other hosts, as well as relationships with Xanthomonas pathogenic to sesame. The
pathogen has been reported in international lists, Australia, Brazil, Bulgaria, Burkina Faso, China, Cuba, Ethiopia,
Greece, Guatemala, India, Japan, Kenya, Macedonia, Malawi, Mexico, Myanmar, Nigeria, Pakistan, Paraguay,
Republic of Korea, Somalia, Sudan, Tanzania, Thailand, Turkey, United States, and Venezuela.
For more information, see C1.1.1.
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&3 Xanthomonas euvesicatoria pv.
sesami (Synonyms: X. campestris
pv. sesami, X. campestris, and X.
sesami) has been reported to cause
bacterial blight of sesame and can
be difficult to distinguish from
Pseudomonas syringae symptoms.
Initial inoculum may be from seed
or weed hosts near by. The bacteria
gains entry via stomata and other
ATt SN § g S¥ES  openings, and secondary spread is
Photo: R. Felix-G et by water splash from rain or

al. (2019) {Mexico} irrigation. High temperature, high
humidity, and rainy weather favor the disease. Peak conditions for seedling infection are soil temperatures of 20°C,
while infection does not occur with hot conditions, with soil temperature of 40°C. ldeal soil moisture seem to beis
30-40% and relative humidity is 75-87%. Bacterial blight has been described as small, water-soaked, light-brown
lesions with yellow (chlorotic) halos around the margin that will coalesce as the infection progresses. Lesions on the
capsule and stem are also often present. Chattopadhyay et al. 2019) documented X. euvesicatoria pv. sesami first
occuring on the margin of the cotyledon approximately 10-12 days after sowing. If environmental conditions are
favorable lesions will spread, rapidly covering the entire cotyledons, then subsequently become dry. About 4%
mortality due to the disease in 4-6 week-old seedlings has been reported. If the seedling survives, dark brown,
water-soaked spotsalso appear on the true leaves. In a severe infection, the lesions extend to the stem through the
petiole, leading to the formation of brown discoloration, resulting in systemic invasion and death of the plant. Seed
can be infested with viable pathogen up to 16 months. The pathogen may a so be found in weeds, such as
Acntosper mum hispidum, which may serve as a green bridge or weed host resevoir. In the case of A. hispidum, the
pathogen may cause symptoms and harbor the bacterium in its dried leaves from year to year. The disease is known
in Sudan as Marad et Dum, meaning the blood disease, due to the red color of infected plant tissue. There is another
Xanthomonas species that is a pathogen in sesame: X. axonopodis pv. ricini (Syn. X. ricinicola). The pathogen has
been reported in international lists, Brazil, Burkina Faso, China, Ecuador, Ethiopia, Honduras, India, Japan, Malawi,
Mexico, Myanmar, Nicaragua, Nigeria, Pakistan, Paraguay, Republic of Korea, Sudan, Turkey, United States, and
Venezuela. For moreinformation, see C3.1.1a

The following are 2 summary documents that provide an overview on disease control.

K.N. Guptaet al. (2018) summarized the cultural practices recommended to alleviate or control the major diseases
of sesame.

5. No Practice Disease management
1 Pathogen free sites All diseases
2 Sanitation All dizeases
3 Deep ploughing in summer Sclerotinm rolfsi, diseases caused by pfoviophora,

Rhizoctonia and Fusarium
Phytophthora blight, Fusariim root rot, vascular wilt,

2 Clood fratnage Macrophomina root rot/stem rol
3 Soil Solarization Macrophominag stem'root rot, phytophthora blight
B Manipulation in planting

Rhizoctma roof rot
Macrophoming stem and root rot
30x10 em (3 lakh plantsha) reduced Macrophomina
stem'root rot and phyllody

A). shallow planting (17)

B) Plant spacing

c) Early planting (immediately after onset

om0 Cercospora leafl spot, Alternaria leaf spot and bactenal blght

Macrophomina stem and root rot. Rhizoctonia root rot and
phytophthora blight
phyllody

d) Late planting {about 3 weeks after
onset of monsoon)
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Soil amendment

Mustard cake

Rhizoctonia and Fusarium diseases

Sesame cake (2000 kg'ha
Meem cake (250 ke/ha)

Macrophomina stem and root rot

a. Urea

Rhizoctonia diseases

Urea (20 kg N'ha + FYM (20 kg N/ha) do
NPK (50,25,25) do
do

Wheat or soybean straw

Nitrogen @435 kp'ha

Bacterial blight

Phyvtophthora blight, Fusariem wilf and Root ro

8 Eoapminting Macrophoming root and stem rot, Corvaespora bhight
9 Intercropping system
a)Sesame + Perl mullet(4:1) FPhvtophthora blight and Cercospora feal spoi
b) Sesame + Mothbean (1:1 or 2:1) Muocrophomina stem and root rot
c)Sesame +Pigeonpea (1:1) Phylfody
d)Sesame +sunflower (6:1) Macrophomina stem and root rof
1 Ml eng s L g A, Fusarium and Rhizoctonia rool rot
Cowpea and Mothbean
11 i e u\;ery.z _“_Euk'i | Wiicnever Muacrophomina stemirool rot
necessary )
12 |Removal and destruction of disease plant Wilt root disease and phyllody
13 Destruction of collateral host Bacterial blight
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They also summarized the biocontrols and biopesticides recommended to alleviate or control the major diseases of

Sesame.

Practice

Disease managed |

Big-control agent

Trichoderima sp.

Rhizoctonia solani Macrophoming phaseolna

Trichoderma viride

Fusariuwm oxysporum £ sp.
Rhizoctonia sofani Phytophthroa blight
Muacrophoming stem/rool rot

Trichoderma harzianum

Phytophthora blight, Wacraphomina stem/ root rot

Bacillus subiilis

Macrophomina stem’ root rot

T. harziamim

Sclerotium rolfzn

Bio-pesticide

Meem o1l 5%
Neem seed karnel extract (3%}

Phyllody

of T}

Meem cake (250 kg'ha)t Trichoderma viride (2.5

kegtha)

Seed treatment with Trichoderma virtdae
(i ¥gkg seed+P. Fluorescens +Soil application
iridae +Soil application of P fluorescens

@2 5ka'ha

Macrophoming stem’ root ot

Foliar

spray of neem oil 3% might be due to the

presence of sulphur contamng cotnpotinds viz,

mumbidin and azadirechiin.

Powdery mildew
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They also summarized the chemicals recommended to alleviate or control the major diseases of sesame.

Disease Chemical Muode of application
2-3 time soi1l drenching along with the plant using
sprayver without nezzle from the pmitation of disease
at 7 days interval

Rovt rots; Rbizoctonia root rot, coflar)  Thiram (0.15%) + Captan
rof, Macrophoming stem and rool rof (0.15%) (1:1) + Urea {2%)

Fusarium root rol, Vascular will Daconil {chlorothaloml) Soal treatment
Phytophthora root rol Ridommul Mz (0.25%) Saoil treatment
Topsin-M (0.1%%)
. " Mancozeb (0.25% 3 sprays as and when disease appear at 13 day
Foliar Diseases- Cercospora leaf spog A { Di, it e BT ot i e
Difencconazole (0.1%) iterval

Carbindazim 50wp+Mancozeb

Carbindazim S0wp (0.1%); 3 sprays as and when dizease appear at 13 days

Alternarin feaf spot Mancozeb (0.25%) i
s . ===
Carbindazim 3wp+mancozeb
Ty -
Corveespora blight Zineb (00.25%) ——=diy--
Agrumyein 100 (250 ppm) —~do--
Bacterial leal spot Cupervit 50 (0.5%) or
Difolatan B0 (0. 16%0) --do--
Sulfex (0.2%) 2 spravs starting from the imitation of disease at 10
Powdery muldew days interval
Karathane ((.2%) 2 spray at the beginning of flowering and fruiting
A} Phorate 10 g (10 kg'ha) Soil anplicati
Phyllody and leaf curl Dimethoate {0.03%) erisptis ¥ o)

2-3 folar sprays

Profenofas/sponosad

= V.P. Queirogaet al. (2016) provided the following overview of diseases.

Pathogens can be found in several sources:

0 Seeds: The pathogen can go on or inside the seed.

0 Weeds: Weeds found around or within the field or farm of the culture, being hosts of the pathogen, can serve
as a source of inoculum.

o Insects: Some pathogens are able to survivein or on the body of the insect vector.

o Stubble: The quality of the pathogen varies depending on the position of the stubble and the length of time to
survive. In buried stubble, the decomposition of the residues |eaves the pathogen without food.

o Soil: The concentration of the pathogen occurs around the roots of plants. Thisis most common in association
with crop residues.

Diseases are disseminated, dispersed or spread in the field through the wind, rain, insects, seeds, animals,
humans and agricultural implements.

To identify the diseases, it is hecessary to determine the number of plants with symptoms or incidence and the
proportion of tissue with the symptom or severity.

To manage the disease, actions must be found that break the development of the disease before sowing, at
sowing time, during the establishment of the cultivation and after harvest.

Measures before sowing:

o Avoid transporting infected structures of the pathogen to planting sites.
0 Select the sowing date appropriately.

0 Select pathogen-free seed.

0 The seed must be treated.

o Incorporate stubble to break the pathogen cycle.

0 Sow live barriers to reduce the possibility of inoculum entering with the
o movement of the wind or with the movement of insects.

0 Sow strip crops to decrease inoculum.

o Rotate cultures to reduce or eliminate inoculum.

o Eliminate aternate hosts.
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Measures at the time of sowing:

0 Sow densities that allow light and air penetration.

0 Plant disease tolerant or resistant varieties from the area.

o Trace the rows of the crop with the orientation to the sun, this allows more light and decreases pathogens.

Measures during the establishment of the crop:
0 Make agood soil preparation.

0 Monitoring of pests and diseases.

o Remove and destroy susceptible plants.

o Eliminate diseased plants.

0 Measures after harvest:

o Rotate fields or crops.

o Incorporate stubble.
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PROPOSED AND CURRENT DESCRIPTORS

Thisvolumeis primarily intended to establish a common method of describing diseases of sesame but has become
more of a compendium of research on the organisms (fungi, bacteria, oomycetes, and viruses) that are associated
with sesame. The invertebrates and other fauna are covered in volume 14.

PROPOSED DESCRIPTORS
The following is proposed to be used for level of tolerance to a pathogen:

Descriptor values: 0 to 9 for tolerance and letter descriptor for phase note taken. Date should also be taken since may
take two sets of notesin the same phase.
= 0 = Segregating
= 1 =Zero disease in population
= 3 =High tolerance
= 5=Medium tolerance
= 7 =Low tolerance
= 9 =All plants with disease
= V = Vegetative phase
» R = Reproductive phase
= M = Maturing phase
= D =Drying phase

Thefollowing is proposed to be used for effectiveness of abiocontrol:

Descriptor values: 0 to 9 for effectiveness.
= 0 = Segregating
= 1 =100% reduction in disease

3 = 75% reduction in disease

5 = 50% reduction in disease

7 = 25% reduction in disease

9 = no reduction in disease

The following is proposed to be used for effectiveness of abiofertilizer:

Descriptor values: 0 to 9 for effectiveness
= 1=100% increaseinyield
= 3=75%increaseinyield
= 5=50% increasein yield
= 7=25%increaseinyield
= 8=noincreaseinyield
= 9 =decreaseinyield

CURRENT DESCRIPTORS

The following are the descriptors used in international and national systems.
* Authors comment: One thing that needs to be straightened out is that some descriptors have the high values as
being resistant or tolerant (NIAS, USA PV P) while others have the high values as being susceptible (This
document, IPGRI, Paraguay, USA patent).

INTERNATIONAL
= Anon. (2004a) IPGRI descriptor: 10. Biotic stress susceptibility

In each case it isimportant to state the origin of the infestation or infection, i.e., natural, field inoculation, or
laboratory. Also specify the causal organism and the corresponding symptoms. The susceptibility scaleisas
follows:

o 1=Very low or no visible sign of susceptibility

03=Low

0 5= Intermediate

0 7=High

0 9=Very high
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The growth state, coded according to the list below at which each reaction was recorded should be appended to
the record of that reaction.

0 1= Seed

0 2= Seedling

0 3 =Pre-flowering

0 4 = Early flowering

0 5= Mid-flowering

0 6 = Late-flowering

0 7 = Maturity

The following diseases are included in IPGRI descriptors:
0 10.1 Insect: See D.R. Langham and H.O. Sintim (2021) Sesame invertebrate and fauna.
0 10.2 Fungi

- 10.2.1 Alternaria sesami (Leaf spot and blight)

- 10.2.2 Cercospora sesami (Leaf spot)

- 10.2.3 Caoalletotrichum spp. (Anthracnose)

- 10.2.4 Fusarium vasinfectum (Fusarium wilt)

- 10.25 Macrophomina phaseolina (Root and stem rot)

- 10.2.6 Phytophthora parasitica (Phytophthora stem rot/blight)

- 10.2.7 Erysipheorontii (Powdery mildew)
0 10.3 Bacteria

- 10.3.1 Pseudomonas sesami (Bacterial black rot)

- 10.3.2 Xanthomonas campestris pv. sesami (Bacterial blight)
0 10.4 Nematodes: See D.R. Langham and H.O. Sintim (2021) Sesame invertebrate and fauna books.
0 10.5 Virus and mycoplasma

- 10.5.1 Nicotinia 10 virus (Leaf curl)

- 10.5.2 MLO transmitted by Orosius albicinctus (Phyllody)

BRAZIL

»= N.H.C. Arriel et a. (n.d.) Brazil descriptor: 24. Doenca: identificar 0 agente causal da doenca e contar o nimero
de plantas afetadas de acordo com uma escala de notas (roteiro anexo). Solicitar a presenca de fitopatol ogista se
necessario. [Disease: |dentify the causative agent of the disease and count the number of affected plants
according to a grade scale. Request pathologist if necessary.] The following are the ratings to be used.
01:0t05%
0 2:61t025%
0 3:26to050%
04:51to75%
0 5: 76 to 100%

The following diseases are listed in the document.

0 Manchaangular (Cylindrosporium sesami)

0 Cercosporiose (Cercospora sesami)

0 Podridao negra do caule (Macrophomina phaseolina)
0 Viroses (Viruses)

o Filoidia (Phyllody)

CHINA
= Anon. (2006a) China descriptor: 8.x Resistance. The following ratings are used.
0 0 =Immune
0 1 =High resistance (HR)
0 3 = Resistance (R)
0 5= Susceptible (S)
0 7 = High susceptibility (HS)

The following diseases are listed in the Chinese descriptors:
0 8.1 Resistance to charcoal rot

0 8.2 Resistance to Fusarium wilt

0 8.3 Resistance to Phytophthora blight
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0 8.4 Resistance to virus diseases
They provide a methodology for artificial inoculations and observing in natural fields.

JAPAN

= Anon. (2015€) NIAS Genebank Japan descriptor: 3.x Disease resistance. The following are the ratings to be
used
0 1=Very low
0 3=Low
0 4 = Slightly low
0 5= Intermediate
o 6 = Slightly high
0 7 =High
0 9=Very high

= Thefollowing diseases are listed in the NIAS descriptors:
0 3.2 Phomawilt resistance (Phoma sesami)
0 3.3 Bacterial leaf spot resistance (Alternaria sesamicola Kawamura)
0 3.4 Mosaic virusresistance (TUMV and UMV)
0 3.5 Wilt disease resistance (Fusarium oxysporum)

PARAGUAY
= Anon. (2015a) Paraguay descriptor: 1.10 Incidencia de patogenos [Incidence of pathogens]. The following
ratings are used:
o 0= Sininformacion [No information]
0 1 = Resistente [Resistant]
0 2 = Medianamente resistente [Moderately resistant]
0 3 = Medianamente susceptible [Moderately susceptible]
0 4 = Susceptible [Susceptible]

The following diseases are listed in the Paraguay descriptors:
0 Pseudomonas sesami
o Fusarium sp.
0 Cercospora sesami
0 Alternaria sesami
0 Phylodia [Phyllody]
0 Macrophomina

= V. Espiniolaet al. (2012) proposed the following rating system. [Authors comments: The publication implies
that the rating is for all diseases but recommend using it for each specific disease. There are varieties that are
susceptible to one disease and not susceptible to another. There are genetic and environmental conditions that
also affect yield. There are also cases where a disease may be severe and not have a commensurate effect of
yield, particularly if the disease becomes severe at the end of the cycle.]
Rating Symptoms Category

1 Absent Highly resistant to the diseases. Germplasm can be used as a progenitor
or acommercial variety. No symptoms visible. Excellent yield.
3 Weak Resistant to the diseases. Germplasm can be used as a progenitor or a

commercia variety. Weak symptoms with small lesions that may be
chloratic, wrinkled or deformed on about 10% of the plant. Good yield.

5 Intermediate  Intermediate resistant to the diseases. Germplasm can be used asa
commercia variety. Symptomswith small lesionsthat may be chlorotic,
wrinkled or deformed on about 25% of the plant with some economic
damage. Intermediate yield

7 Severe Susceptible to the diseases. Not useful as a progenitor or asa
commercial variety. Symptomswith large lesions that may be chlorotic,
wrinkled or deformed on about 50% of the plant causing considerable
damage to yield or death of the plant. Poor yidld.

9 Very severe  Highly susceptible to the diseases. Not useful as aprogenitor or asa
commercia variety. Symptomswith very large lesions that coalesce and
may be chlorotic, wrinkled or deformed on about 75% or more of the
plant causing considerable damage to yield or death of the plant. No
yield.
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7 = severe symptoms

& T ¥

9 = very severe symptoms .'

UNITED STATES

= D.R. Langham (1966) descriptor 131. Resistance to insects and diseases as
0 Resistant
0 Medium
0 Susceptible
0 Resistance varies with the variety and climatic conditions under which it is grown. For example, drought will

enhance the susceptibility to aphids.

= Anon. (2015c) USA PVP descriptor: 7. Diseases. The following ratings are used:
0 0= Not tested
0 1= Susceptible
0 2=Low resistance
0 3= Moderateresistance
0 4 = High resistance

The following diseases are listed in the USA PVP, * = mandatory
o Bacterial leaf spot (Pseudomonas sesami)*

o Alternaria leaf spot (Alternaria sesami)*

o Cercospora leaf spot (Cercospora sesami)*

o Cercospora leaf spot (Cercospora sesamicola)

o Verticiliumwilt (Verticilium albo-atrum)

o Phytophthora blight or rot (Phytophthora parasitica var. sesami)
o Powdery mildew (Odium spp.)*

o Fusariumwilt (Fusarium oxysporum)

0 Helminthosporium blight (Helminthosporium)

0 Charcoal rot (Macrophomina phaseoli)

o Southern blight (Pellicularia rolfsii)

o Other

= D.R. Langham (2015b) USA patent descriptor:
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Values: Average of aminimum of three plots of a subjective rating based on the following values: 0 to 8 scale
of the % of infected plants (Intermediate values are used).

0 8=Zero disease

0 7=<10% infected

0 4 =50% infected

0 1=>90% infected

0 0=dll infected

0 Intermediate values may be used

0 NT = not tested

0 NEC = no economic damage - not enough insectsto do ratings

Ratings can be donein several ways:

0 Takeratings after the disease is no longer increasing.

0 Take ratings on consecutive weeks until the disease is no longer increasing and average ratings.
0 Take periodic ratings and average ratings.

The following pests are listed in the USA patent descriptors:
O 34. Composite Kill Tolerance

O 35. Tolerance to Fusarium Wilt (F. oxysporum)

O 36. Tolerance to Phytophthora Stem Rot (P. parasitica)

O 37. Tolerance to Charcoal Rot (Macrophomina phaseoli)

O 38. Tolerance to Bacterial Black Rot (Pseudomonas sesami)

= D.R. Langham comments, 2021: The following descriptor was used in my nurseries. J.R. Mulkey (pers. comm.
1991) had been growing sesamein Uvalde, Texas, for several years, and he had observed root rots. Samples
were sent to the Plant Disease Diagnostic Lab at Texas A&M University, where causal organisms of the
diseases were identified as Macrophomina phaseolina, Fusarium oxysporum, and Phytophthora parasitica. Itis
likely that one pathogen will first penetrate the plant defenses to be followed by the other pathogens. By the
time the symptoms are seen and samples taken, all three pathogens are present. The decision was made that it
did not matter which pathogen killed the plant, tolerance needed to be developed for all three pathogensin the
sameline. Initially, ratings were taken at onetime. However, it was noticed that the later maturing lines had
higher ratings when the ratings were taken early. It was observed that as lines approach maturity, plant defenses
likely began to wane, and the lines become more susceptible to the pathogens. Thus, the decision was made to
take the ratings at physiological maturity of each plot followed by arating 1 week later and then 2 weeks later.
Within the USA, physiological maturity is defined as the point at which 3/4 of the capsules have seed with final
color. In most lines, the seed will also have a seed line and tip that are dark. The following photo illustrates the
difference between physiologically mature seed and seed about to mature (D.R. Langham et al., 2010c)

Within the green capsule, the S32 seed will These S26 seeds are physiolo

gically mature.
change from amilky white color in the Note the dark line (red arrow) and the dark tips
capsule to the left to the buff color in the (blue arrow) on the seeds. Thelineisonly on
capsule on the right when the seed is one side of the seed. Note from the side view
physiologically mature. that the seeds are somewhat flat. S26 and S28

have lighter color than S32 seed
= D.R. Langham (2015b) USA patent descriptor: 34. Composite kill tolerance
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o Definition: The amount of plants killed by root rots in the Sesaco nurseries.
0 Vaues: Subjective rating (NNN for data taking and N.NN for means). Ratings are based on the number of
plantskilled in a population over athree week period, as follows:

Before physiological maturity, the following ratings are used:
- 1=>90% kill before start of flowering
- 2=>90% kill between start of flowering and physiological maturity

After physiological maturity, the following ratings are used:

- 3=>90%kill

- 4=50to0 89% kill

- 5=25t049% kill

- 6=10to 24%kill

- 7 =lessthan 10% kill

- 8=nokill

o Distribution: Based on linesin Sesaco Uvalde nursery in 2000-2001 (Total number of samplestested =

3045), low = 1.00; high = 8.00, avg. = 4.52, std = 1.49.

- 1=<16;17%

- 2=<32;16.7%

- 3=<48;38.7%

- 4=<6.4;31.2%

- 5=>6.3; 11.6%

0 Methodology:

- On the week a plot reaches physiological maturity, arating is assigned. The ratings are then taken for 2
additional weeks. The three ratings are averaged for afinal kill rating. For example, if aplot hasafinal kill
of 766, the average for the plot will be 6.33. When avalue of 1 or 2 is assigned, there are no additional
ratings and there is no averaging.

- There are three root diseases that affect sesame in Texas: Fusarium oxysporum, Macrophomina phaseoli,
and Phytophthora parasitica. Between 1988 and the present, spores of these three have been accumulated
in one small area (1 square km) north of Uvalde, and thusit is an excellent screening areafor the diseases.
Although each root rot attacks sesame in a different way with different symptoms, no effort is made to
differentiate which disease is the culprit in each plot. Pathological screeningsin the past have found all 3
pathogens present in dead plants.

- Normally, the ratings will decrease a maximum of one value per week. There is an overlap between any
two ratings, but thisis overcome to a certain extent by using three ratings over 2 weeks.

o0 Comments:

- Inmost years, Fusariumisthe major cause of kill. When sesame isfirst introduced into a growing area,
there are few disease problems, but over time the spores of these fungi accumulate and disease tolerance
becomes important. When sesame was first introduced in Uvalde in 1988, the yields were high. As
farmers planted on the same fields in subsequent years, the yields decreased.

- Composite kill tolerance determines whether the plants can finish their cycle and have the optimum seed
fill.

- Lack of Composite kill tolerance can reduce Seed weight — 100 seeds from the entire plant.

- Lack of Composite kill tolerance can reduce Seed oil content.

- The amount of kill isusually increased with any type of stressto the plants. Drought can increase the
amount of Macrophomina; too much water can increase the amount of Phytophthora; high temperatures
and humidity can increase the amount of Fusarium and Phytophthora. High population can increase al
three diseases.

- Theratings for any one year can be used to compare lines grown in that year, but should not be used to
compare lines grown in different years. The amount of disease in any one year is highly dependent on
moisture, humidity, and temperatures.

- In developing sesame varieties for the United States, there are eight characters that are desirable for
successful crops. Shaker shatter resistance, I|mproved non-dehiscent visual rating, Composite kill
tolerance, Days to physiological maturity, Yield at drydown, Seed color, Seed weight — 100 seeds from the
entire plant, and Seed oil content. Thefirst four characters contribute to Yield at drydown, which isthe
most important economic factor normally considered by afarmer in the selection of avariety. Thelast
three characters determine the market value of the seed.
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References:
= D.R. Langham (1998d) described the progress in developing root rot tolerances in Sesaco.
= D.R. Langham (1998€) reported that Sesaco took notes in most years on “36. Kill from all stresses. Critical for
sesame becoming a crop in the US.”
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PHENOLOGY OF SESAME
In taking data on diseases, it isimportant to note the phase/stage of the sesame at the date(s) the notes are taken.

This document uses the following phenology from D.R. Langham (2007a and 2008a), which breaks down the cycle
in terms of phases (vegetative, reproductive, ripening, and drying) and each phase is broken into stages. The stages
are delineated by an event that can be visually seen by the researcher or grower. The following table shows the
range and mean number of days for each phase for lines that are acceptable for United States growing conditions.

Daysfrom Length of phase,
planting days
Phase Range Mean Range | Mean
Vegetative 33-53 40 33-53 40
Reproductive 56-114 81 27-52 38
Ripening 86-121 103 9-34 21
Drying 110-163 | 144 11-57 43
The following parameters use Sesaco 26 planted in Uvalde, Texas, planted in late-May. DAP = days after planting.
Stage Stage parameters Comments
VEGETATIVE PHASE -
Germination - Start: Planting into Germination is one of the most important -~
moisture or water up  stages because if there is a poor stand, ho
- End: Emergence subsequent farmer action or weather
- DAP (Days after condition can produce a high yield except
planting): 0-5 toreplant. Seell Sesame seedling
- Weeks: 1- descriptors for more information on
germination. Photo by A. Calderoni
{Argentina}.
Seedling - Start: emergence The seedling stage is the most vulnerable
- End: 3 pair true stage to perils. At the beginning of the
leaf length = 2nd stage, leaf eating insects can destroy the
- DAP: 6-25 plants, but towards the end, the plants can
- Weeks: 3- usually overcome the damage. There are

many damping off diseases. High winds
with blowing sand can sandblast the
plants or cover the seedlings. Rainswith
running water can cover the seedlings.
With no weed control, most weeds will
outgrow the sesame plants and cover

them.
Juvenile - Start: 39 pair true The photo isin the early juvenile stage.
leaf length = 2nd At about 30 days after planting, the plant
- End: First buds growth increases dramatically. Asshown
- DAP: 26-37 in the graph, in the first 30 days, the
- Weeks: 1 plants reach a height of about 30 cm and

s
=]

in the next 30 days, the height quadruples
;22: to about 120 cm. From the start to the
524 end of this stage, the crop can be
cultivated. Towards the end of this stage,
the first irrigation should be considered.

‘ Research has shown that between the

N o =
& & 8

Plant height (em)

g2 3

start of the juvenile stage through the end
of the full bloom stage, the plants need

full moisture and fertility to maximize
0 20 30 40 S0 &0 F0 B0 90 100 |dd
Days from planting yiela.
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Stage Stage parameters
Pre- - Start: First buds
reproductive - End: 50% open
flowers
- DAP: 38-44
- Weeks: 1

Page 25

Comments

Thereis a continuing debate on whether
the flowering date should be at the
appearance of buds or at 50% open
flowers. Both descriptors are provided;
however, it is easier to see open flowers
and that is the point where fertilization
(reproduction) begins. Technicaly, the
budsfirst appear inside the apical
meristem, and one has to pull the new
leaves back to see thefirst buds.

REPRODUCTIVE PHASE

Early bloom - Start: 50% open

flower

- End: 5 node pairs of
capsules

- DAP: 45-52

- Weeks: 1

Mid Bloom -

Start: 5 node pairs

of capsules

- End: Branches and
minor plants stop
flowering

- DAP: 53-81

- Weeks: 4

Start: Branches and

minor plants stop

flowering

- End: 90% of plants
with no open
flowers

- DAP: 82-90

- Weeks: 1+

Late bloom -

Pollination normally takes place around
the time the flowers open. In the
afternoon, the corolla tubes drop off the
flower, but the ovary that will form the
capsule, stays on the plant. Thereare
cultivar differences when the corollawill
drop, and there are some lines where it
does not drop and stays attached as the
capsule forms. Within 3 days the capsule
will be visible and will lengthen to about  §
2.5 cmwithin aweek. There are varietal
differencesin the rate of elongation. The
seeds form inside the capsul es.

The beginning of this stage normally
coincides with the branches starting to
flower. Thisisthe most critical stage for
yield in that if the plants are stressed,
they will drop whole flowers, including
the ovary. The diagrams show that most
of the flowers are produced in the 2 and
34 week after 50% flowers. Thediagram
at the far left is from the Republic of _
Koreaand the close left isfrom Thailand. £

The onset of this stage generally
coincides with the plants running out of
moisture and/or nutrients. Thisisavery
difficult stage to determine because at
timesit is very abrupt and clear, and
under other conditions, it stretches out
over along time as shown in the diagram
of Thai flowering above.
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Stage Stage parameters Comments

RIPENING PHASE

Ripening - Start: 90% of plants  PM isthe date at which 3/4 of the
with no open capsules on the main stem have seed with
flowers final color and adark tip. In many lines,
- End: Physiological the seed will also have adark seed line
meaturity (PM) ononeside. PM iswhen harvest aidscan i
- DAP: 91-106 be applied. The PM definition was -
- Weeks: 2+ conceived after an experiment where

plants were cut several days apart to
determine the maximum yield. At that
time, the lower capsules opened before
the capsules at the top were mature.
Basically, it was at the point where the
increase in yield from the upper capsules
equaled the loss of seed of yield from the @ i
bottom capsules. In most other countries the maturlty date |swhen theflrst
capsules are dry or when the plant changes to the appropriate color. Thisisthe
stage where the crop is most vulnerable to root diseases because it is the start of
senescence.

DRYING PHASE This phase applies only to crops that are harvented standing when the plants are dry and the seed is about 6%
moisture.

Full maturity - Start: Physiological  There was a debate as to whether this
meaturity (PM) stage belonged in the ripening phase or
- End All seed mature  the drying phase. The change has not
- DAP: 107-112 been made because the additional week
- Weeks: 1- delay in cutting or applying harvest aids,

pushes drydown into a cooler
environment which delays drydown, and
there are morerains later in the season.
After cutting or applying harvest aids, the
capsules above the PM ¥ line still make
good seed, and al that islost isthe 2-3
node pair capsules at the top, which
contribute little weight. Thereis
basicaly less than aweek between PM
and full maturity. Bear in mind, thereis
no wesather event that increases yield
after maturity, but there are many
weather events that decrease yield.
Photo: A.A. Khalafala{ Sudan}
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Stage Stage parameters Comments
Initial drydown - Start: All seed There are basically two drying patterns:
mature many lines dry from the bottom up; some
- End: 1st dry dry from the middle in both directions.
capsules In any sequence the lowest part of the
- DAP: 113-126 plant between the lowest capsules and the
- Weeks: 2 root isthelast to dry. For many years,

there was selective pressure to develop
varietieswith along initial drydown
window. In most of the world there are 3
methods of harvest: plants are manually
cut and shocked, cut with a binder and
shocked, or cut with a swather and left in
awindrow to dry. Inlargeplantingsorin
weather, it is best to have a choice asto
cutting time without any dry capsules

that shed their seeds.
Late drydown - Start: 1st dry Thisisthe most agonizing stage for the
capsules grower — waiting for harvest knowing
- End: Full drydown that even with non-dehiscence, therewill |
- DAP: 127-146 be seed falling out of the capsules. It can
- Weeks: 3 be accelerated by afrost or freezein |

some northern latitudes.

Full drydown - End: Plantsand In mechanized harvest, the seed is ] |
capsules are dry usually stored in silos after going through .
enough to harvest. several augers. In order to maintain seed

quality, the seed should be at 6% or less

moisture. Storing seed at high moistures
can lead to heating up and spoiling. The
heating can lead to firesin the silo.
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FUNGI, OOMYCETES, BACTERIA, AND VIRUSESBY COUNTRY

INTERNATIONAL LISTS
= R.S. Vasudeva (1961) in A.B. Joshi (1961) reported the following pathogens: phytoplasma, Leaf curl,
Cercospora sesami, Cercospora sesamicola, Phytophthora parasitica, Phytophthora cactorum, Colletotrichum
sp., Fusarium vasinfectum, Fusarium vasinfectum var. sesami, Fusarium oxysporum var. sesami,
Neocosmospora vasinfecta var. sesami, Macrophomina phaseoli, Rhizoctonia bataticola, Rhizoctonia solani,
Corticium solani, Rhizoctonia grisea, Xanthomonas sesami, Pseudomonas sesami, Bacterium sesami,
Phytomonas sesami, Bacterium sesamicola, Phytomonas sesamicola, Alternaria sp., Alternaria sesamicola,
Corynespora cassiicola, Phyllosticta sesami, Macrosporium sesami, Cylindrosporium sesami,
Helminthosporium sesami, Hel minthosporium gigasporum, Leveillula taurica, Sphaerotheca fuliginea, Oidium
sp., Oidium erysiphoides, Fusarium caeruleum, Fusarium solani, Verticillium dahliae, Synchytrium sesami,
Hypochnus centrifugus, Phoma sp. and Oospora sp.
J.R. Morschel (1964) reported the following pathogens in Australia and the world: Alternaria sesami (L eaf
spot), Cercospora sesami (L eaf spot), Corynespora cassiicola (Leaf spot), Macrophomina phaseolina ***
(Charcoal rot), Fusarium oxysporum (Wilt), Macrosporium spp. (Leaf spot)., Oidium spp. (Powdery mildew),
Pythium debaryanum (Damping off), Rhizoctonia solani (Crown rot), Verticilium dahliae (Wilt), Mycoplasma-
like organism (Witches broom and Big bud — phyllody). He added pathogens from outside Australia: Alternaria
sesamicola (On stems), Colletotrichum spp. (anthracnose), Helminthosporium sesami *** (Leaf blotch),
Fusarium oxysporum f. sp. sesami *** (Wilt), Neocosmospora vasinfecta var. sesami, Phytophtora cactorum
(Stem canker), Synchytrium sesamicola, Sphaerotheca fuliginea (Sesame mildew), and Pseudomonas sesami
**% (Wilt) {*** = seedborne} . [Cited by D.F. Beech, 19954]
= E.A. Weiss (1971) reported is associated with the following organisms: Pseudomonas sesami, Xanthomonas
sesami, Cylindrosporium sesami, Alternaria sesami, Alternaria tenuis, Alternaria macrospora, Cercospora
spp., Cercospora sesami, Cercospora sesamicola, Phytophthora parasitica, Fusarium oxysporum f. sp. sesami,
Rhizoctonia sp., Helminthosporium sesami, Macrophomina phaseoli, Sclerotium bataticola, Rhizoctonia
bataticola, Thielaviopsis basicola, Phymatotrichum omnivorum, Corynespora cassiicola, Colletotrichum sp.,
Oidium sp., Erysiphe cichoracearum, Curvularia macularis, Pellicularia rolfsii, Pythium aphanider matum,
Rhizoctonia spp., Sclerotium rolfsii, Sphaeronema sesami, Synchytrium sesamicola, and Pseudomonas aptata.
= C. Wescott (1971) reported the following pathogens:. bacterial leaf spot (Pseudomonas sesami), bacterial wilt
(Pseudomonas solanacearum), blight (Corynespora cassiicola), leaf spots (Alternaria sesami, Cercospora
sesami, Cylindrocladium spp., Helminthosporium sesami), charcoal rot (Macrophomina phaseoli) and wilt
(Verticillium albo-atrum).
= P. Neergaard (1979) described seedborne diseases caused by Alternaria sesami, Cercospora sesami,
Corynespora cassiicola, Drechdera rostra, Drechslera sesami, Drechslera sorokiniana, Macrophomina
phaseolina, Phytophthora nicotianae var. sesami, Pseudomonas sesami and Xanthomonas sesami with losses
caused, embryo/seed coat infection and control through seed treatment. [Cited by G.S. Saharan, 1989]
= M.O. Khidir (1981a) in areview of sesame in East Africa and the Near East reported the following diseases
were a problem: Pseudomonas sesami, Xanthomonas sesami, Cercospora sesami, Alternaria spp., powdery
mildew, leaf curl and phyllody.
= M.M. Satour (1981) compiled the following list of diseases during the Proceedings of Expert Consultation on
Sesame in Rome, Italy, 8-12 December 1980.

Organism IND ISR NIG SUD AUS VEN GRE JAP EGY KEN TAN USA MEX BUK
Alternaria sesami + + + + ++ + + + ++ + ++ ++
=Macrosporium sp.

Cercospora sesami + + + + + + + ++ ++ ++
Cylindrosporium sesami + +

Corynespora cassiicola +

Fusarium oxysporum + + + + ++ + ++ ++ + + + +
Phytophthora parasitica + + ++ ++ + +
Macrophomina phaseoli + + ++ + ++ + + + +

=Sclerotium bataticola
=Rhizoctonia bataticola

Oidium sp. ++ + + + + +

Pythium debaryanum + + + +
Rhizoctonia solani + + + + + +
Verticilium dahliae + + +

Helminthosporium sesami + + +

Colletotrichum sp. + + + +

Mycoplasma ++ + ++ + + + ? +
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Organism IND ISR NIG SUD AUS VEN GRE JAP EGY KEN TAN USA MEX BUK
Xanthomonas sesami + + ++ + + +
Pseudomonas sesami + ++ + ++ + +

IND = India, ISR = Israel, NIG = Nigeria, SUD = Sudan, AUS = Austrdia, VEN = Venezuela, GRE = Greece, JAP = Japan, EGY = Egypt,
KEN = Kenya, USA = United States, MEX = Mexico, and BUK = Burkina Faso.
= G.S. Saharan (1989) compiled the following sesame pathogens. (*** = seedborne)

Fungal pathogens
Alternaria sp. ***
Alternaria alternata ***
Alternaria lini
Alternaria longissima ***
Alternaria macrospora
Alternaria sesami ***
Alternaria sesamicola ***
Alternaria solani
Aspergillus niger ***
Botryobasiditun rolfsii
Botryosphaeriaribis
Cercospora spp. ***
Cercospora sesami ***
Cercospora sesami var.
somalensis
Cercospora sesamicola
Cercoseptoria sesami
Choanephora cucurbitarum
Cladosporium spp. ***
Cladosporium cladosporioides
Cochliobolus lunatus ***
Cochliobolus specifer
Colletotrichum spp.
Colletotrichum capsici
Colletotrichum gloeosporioides
Corticium centrifugum
Corticitun rolfsii
Corynespora spp.
Corynespora cassiicola ***
Culvularia lunata ***
Culvularia macularis
Cylindrocladium spp.
Cylindrosporium spp.
Cylindrosporium sesami
Didymella minuta
Drechslera spp. ***
Drechdlera neergaardi ***
Erysiphe cichoracearum
Erysiphe communis
Fusarium sp. ***
Fusarium equiseti ***
Fusarium moniliforme ***
Fusarium oxysporum ***

Fusarium oxysporum f. sp. sesami

* k%

Fusarium oxysporum f. sp.
vasinfectum

Fusarium semitectum

Fusarium solani ***

Fusarium vasinfectum

Fusarium vasinfectum var. sesami

Gibberella fujikurio ***
Gibberella zeae

Gigaspora spp.
Gloeosporium macrophomoides

Glomerella cingulata
Helminthosporium gigesportun,
sub sp. javanicum
Helminthosporium halodes
Helminthosporium sesami
Helminthosporium tetramera ***
Levelllula taurica
Macrophomina ssp.
Macrophomina corchon
Macrophomina phaseoli ***
Macrophomina phaseoli sub sp.
sesamica
Macrophomina phaseolina ***
Macrophomina phillippinensis
Macrosporium sp.
Macrosporium sesami
Mycosphaerella rabiei
Mycosphaerella sesami
Mycosphaerella sesamicola
Myrothecium roridum
Neocosmopora vasinfecta var.
sesami
Neurospora sitophila
Nigrospora oryzae
Oidium sp.
Oidium acanthosper mi
Oidium erysiphoides
Oospora sp.
Pestal otiopsis mayumbensis
Phoma spp.
Phoma exiqua
Phoma nebulosa ***
Phoma sesamina
Phoma variosporeae
Phyllosticta sesami
Phytophthora sp. ***
Phytophthora cactorum
Phytophthora drechdleri
Phytophthora hibernalis
Phytophthora nicotianae
Phytophthora nicotianae var.
parasitica
Phytophthora palmivora
Phytophthora parasitica
Phytophthora parasitica var.
sesami ***
Pythium aphani dermatum
Pythium debaryanum
Pythium oligandrum
Pythium ultimum
Pseudocercosporella sesami
Rhizoctonia sp.
Rhizoctonia bataticola ***
Rhizoctonia solani ***
Rhizopus stolonifer
Sclerotium bataticola ***

Sclerotiumrolfsii
Sphaeronema sesami
Sphaerotheca fuliginea
Synchytrium sp.
Synchytrium sesami
Synchytrium sesamicola
Thielavia terricola var. minor
Thielaviopsis basicola
Verticillium albo-atrum
Verticillium dahliae ***
Bacterial Pathogens
Bacillus solanacearum
Bacterium sesami
Bacterium sesamicola
Bacterium solanacearum
Erwinia spp.
Erwinia herbicola
Pseudomonas spp. ***
Pseudomonas sesami ***
Pseudomonas syringe pv. sesami
Pseudomonas solanacearum
Xanthomonas sp. ***
Xanthomonas axonopodis
Xanthomonas campestris pv.
sesami ***
Xanthomonas sesami

Viral Pathogens
Alfalfa mosaic virus

Citrus dwarf virus
Cowpea mild mottle virus
Cucumber mosaic virus
Groundnut mottle virus
Peanut mottle virus
Potato aucuba mosaic virus
Potato virus x.

Satsuma dwarf virus
Sesamum leaf curl virus
Tobacco leaf curl virus
Watermelon mosaic virus

Mycoplasma Pathogens
Mycoplasma-like organism

Other seedborne fungi
Alternaria tenuis
Aspergillus spp.
Aspergillus amstel odami
Aspergillus candidus
Aspergillus chevalieri
Aspergillus fumigatus
Aspergillus funiculosus
Aspergillus montevidensis
Aspergillus ochraceus
Aspergillus repens
Aspergillus sydowi

Cephal osporium acremonium
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Drechslera hawaiiensis Macrophomina phaseoli
Drechdlera tetramera Rhizosphere Fungi Neocosmospora vasinfecta
Myrothecium spp. Aspergillus spp. Penicillium spp.
Penicillium chrysogenum Fusarium spp. Sclerocystis spp.
Penicillium citrium Fusarium oxysporum Sclerotium bataticola
Penicillium jensemi Gigaspora spp. Streptanyces spp.
Penicillium rubrum Glomus spp.

Anon (2000a) is an organic grower guide for America. It describes the following pathogens/diseases and their
recommended organic method of control: Phytophthora Blight, Macrophomina phaseolina and Rhizoctonia
bataticola (Stem and root rot), Fusarium oxysporum (Fusarium wilt), Alternaria leaf spot, Cercospora sesami
(White Spot), Powdery Mildew 4 pathogens: Oidium erysiphoides, Sphaerotheca fuliginea, Leveillula taurica
and Erysiphe cichoracearum, and Corynespora Blight.

C. Chattopadhyay et al. (2019) reported the major pathogens are Phytophthora parasitica (Dastur) var. sesami

Prasad (P. nicotianae B. de Haan var. parasitica [Dastur] Waterh) (Phytophthora blight); Macrophomina

phaseolina (Tassi) Goid. (Charcoal rot); Fusarium oxysporum (Schelt.) f. sesami Jacz (Fusarium wilt);

Alternaria sesami (Kawamura) Mohanty and Behera (Alternaria leaf spot); Cercospora sesami Zimmerman

(Mycosphaerella sesamicola) (White leaf spot or Cercospora leaf spot); and phytoplasma (Phyllody). Other

pathogens are Oidium erysiphoides Fr., Oidium sesami Sreenivasulu et al., Sphaerotheca fuliginea (Schlecht)

Pollacci, Leveillula taurica (Lav.) Truaud, and Erysiphe cichoracearum DC (Powdery mildew); Corynespora

cassiicola (Berk. and Curt.) Wei (Corynespora blight); Cylindrosporium sesami Hansford (Brown angular leaf

spot); Cercospora sesamicola Mohanty (Angular leaf spot); Helminthosporium sesami Miyake (Aeria stem
rot); Alternaria alternata (Fr.) Keissier (Stem blight); Xanthomonas campestris (Pammel) Dawson pv. sesami

(Sabet and Dowson) Dye (Bacterial blight); Ralstonia solanacearum (Bacterial blight), Leaf curl virus (Leaf

curl); sesame mosaic virus (Mosaic disease); and Cowpea aphid-borne-mosaic virus (Cowpea aphid-borne-

mosaic virus disease). [Authors comment: This chapter summarizes the research on the pathogens. In this
volume in most cases, when a pdf or abstract of the cited authorsis available, the information is under the
author instead of in the summary.]

CAB International (accessed 12 Apr 2021) reported sesame hosted the following organisms.

0 Major host of: Candidatus phytoplasma trifolii (clover proliferation phytoplasma); Choanephora
cucurbitarum (Choanephora fruit rot); Cowpea aphid-borne mosaic virus; Cylindrosporium sesami (Angular
leaf spot of sesame); Macrophomina phaseolina (Charcoal rot of bean/tobacco); Peanut mottle virus (Peanut
mottle); Pseudomonas syringae pv. sesami (Bacterial: sesame leaf spot); Rhizobium radiobacter (Crown
gall); Rhizobium rhizogenes (Gall); Sclerotinia sclerotiorum (Cottony soft rot); Xanthomonas campestris pv.
sesami (Bacterial: sesame blight).

0 Minor host of: Aspergillus flavus (Aspergillus ear rot); Aspergillus niger (Black mold of onion); Athelia
rolfsii (Sclerotium rot); Candidatus phytoplasma asteris (yellow disease phytoplasmas); Chalara elegans
(Black root rot) [Synonym of Berkeleyomyces basicola]; Fusarium oxysporum f. sp. vasinfectum (Fusarium
wilt); Haematonectria haematococca (dry rot of potato); Leveillula taurica (powdery mildew of
cotton); Peanut stripe virus (Groundnut stripe disease); Phytophthora nicotianae (Black
shank); Phytophthora tropicalis; soybean phyllody phytoplasma (Soyabean phyllody); Tobacco leaf curl
virus; Tobacco mosaic virus (Tobacco mosaic); Xanthomonas axonopodis (gummosis: grasses); Zucchini
yellow mosaic virus.

0 Associated with (not a host): Bacillus subtilis, Hypocrea rufa (Green mold of narcissus); Spiroplasma citri
(Stubborn disease of citrus); Trichoderma harzianum (hyperparasite of Rhizoctonia solani).

0 Host of (source - data mining): Alternaria alternata (Alternaria leaf spot); Alternaria sesami (Blight of
sesame); Alternaria sesamicola (Zonate: sesame leaf spot); Cercospora sesami (Leaf spot: sesame);
Corynespora cassiicola (Target leaf spot of tomato); Fusarium oxysporum (Basal rot); Fusarium oxysporum
f. sp. sesami (Wilt: sesame); Groundnut bud necrosisvirus, Oidium sesami; Phytoplasma aurantifolia (lime
witches' broom phytoplasma); Podosphaera xanthii (Powdery mildew of cucurbits).

N. Ransingh et al. (2021) reported the major pathogens are Macrophomina phaseolina (Tassi.) Goid (Charcoal

rot, dry rot, stem rot or root rot); Alternaria sesame Mohanty and Behera (Alternarialeaf spot); Cercospora

sesame Zimmerman and Cercospora sesamicola Mohanty (Cercospora leaf spot); Phytophthora parasitica var.
sesame (Phytophthora blight); various pathogens (Powdery mildew); Pseudomonas syringae pv. sesami

(Bacterial leaf spot); and phytoplasma (Phyllody). [Authors comment: This chapter summarizes the research on

the pathogens. In this volume in most cases, when a pdf or abstract of the cited authorsis available, the

information is under the author instead of in the summary.]



Fungi, oomycetes, bacteria, and viruses by country Page 31

AUSTRALIA

= D.F. Beech (1995a) reported the following pathogens: Alternaria sesami (Leaf spot), Cercospora sesami (L eaf
spot), Corynespora cassiicola (Leaf spot), Macrophomina phaseolina (Charcoal rot), Fusarium oxysporum
(Wilt), Macrosporium spp. (Leaf spot)., Oidium spp. (Powdery mildew), Pythium debaryanum (Damping off),
Rhizoctonia solani (Crown rot), Verticilium dahliae (Wilt), Mycoplasma-like organism (Witches broom and
Big bud — phyllody).

= B.D. Conde (1995) reported the following pathogens. Cercospora sesami (imperfect state of Mycosphaerella
sesami) (small Cercosporaleaf spot), Corynespora cassiicola (Capsule/stem/leaf spot), Macrophomina
phaseolina (Ashy stem blight, necrosis of lower |eaves), Pseudocercospora sesami (imperfect state of
Mycosphaerella sesamicola) (Large cercospora leaf spot), Oidium sp. (Powdery mildew), tomato big bud
mycoplasma (Little leaf) (Transmitted by Orosius argentatus).

BANGLADESH
= M.D. Hosen and S. Shamsi (2017) isolated the following fungi from sesame seeds: Aspergillus flavus,
Aspergillus fumigatus, Aspergillus niger, Curvularia lunata, Fusarium merismoides, Mucor sp., Penicillium sp.,
Rhizopus stolonifer and Trichoderma viride.

BOLIVIA
= B. Carreno L. et d. (n.d.) in agrower guide reported the following diseases. Alternaria sesami and Rhizoctonia
solani.

BRAZIL
= N.E.M. Beltrao and E.C. Freire (1986) in a grower guide reported Cercospora sp., Fusarium sp., and
Cylindrosporium sp. cause major diseases.
= N.H.C. Arriel et a. (2009) and N.E.M. Beltrao et al. (2013) reported the following pathogens: Xanthomonas
campestris pv. sesami, Macrophomina phaseolina, Alternaria sesami, Fusarium oxysporum, Cylindrosporium
sesami, Cercospora sesami, and phyllody.

CHINA

= L.L.Li(1988) reported the following fungi cause severe damage to sesame: Fusarium vasinfectum (Wilt),
Fusarium vasinfectum var. sesami (Wilt), Macrophomina phaseolina (Stem necrosis), Macrosporium sesami
(Purple blotch), Phytophthora nicotianae var. sesami (Blight), Phytophthora. parasitica var. sesami (Blight),
and Pseudomonas solanacearum (Bacterial wilt). The following fungi cause major damage: Pseudomonas
sesami (Angular leaf spot), Pepper mild mosaic virus (PMMV), and Turnip mosaic virus (TuMV). The
following are cause minor diseases: Alternaria sesamicola (Black spot), Ascochyta sesami (Brown spot),
Ascochyta sesamicola (Ring spot), Cercospora sesami (Leaf spot), Colletotrichum sp. (Anthracnose),
Corticium centrifugum), Corynespora sesameum (Leaf necrosis), Dothiorella phillippinensis, Erysiphe
cichoracearum (Mildew), Helicobasidium mompa (Purple root rot), Helminthosporium sesami (Leaf blight),
Oidium erysiphoides (Mildew), Phoma sesami (Stem necrosis), Rhizoctonia solani (Rhizoctoniarot),
Thanatephorus cucumeris, Verticilium albo-atrum (Y ellow wilt), and Xanthomonas ricinicola (Bacterial wilt).

= H.M. Miao and H.Y. Liu (2010) reported the following pathogens: Fusarium oxysporum f. sp. sesami,
Macrophomina phaseoli, Rhizoctonia solani, Phytophthora nicotianae, Pseudomonas solanacearum,
Sclerotiumrolfsii, Ascochyta sesami, Ascochyta sesamicola, Alternaria sesami, Helminthosporium sesami,
Cercospora sesami, Erysiphe cichoracearum, Pseudomonas syringae pv. sesami, Turnip mosaic virus (TuMV),
and mycoplasmalike organism (MLO).

COLOMBIA
= Anon. (2013c) in agrower guide reported Macrophomina phaseolina, Fusarium oxysporum, and Cercospora
sesami cause major diseases.

COSTA RICA
= Anon (19914) in agrower guide reported the following pathogens: Rhizoctonia solani, Fusarium spp., Pythium
spp., Sclerotiumrolfsii, Alternaria spp., and Cylindrosporium spp.

CUBA
= LaHabana (2009) in agrower guide reported the following pathogens: Alternaria alternata, Alternaria sesami,
Corynespora cassiicola, Fusarium oxysporum, Macrophomina phaseolina, Drechsera sorokiniana,
Myrothecium roridum, Aspergillus flavus, Cladosporium sp., Curvularia lunata, Phoma sp., Penicillium sp. and
Pseudomonas sesami.
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ECUADOR
= M. Bustamonte (2001) in a grower guide reported the following pathogens: Pseudocercospora sesami,
Corynespora cassiicola, Macrophomina phaseolina, and Xanthomonas campestris.

EGYPT
= |.A. El-Kady et al. (1986) reported isolating Aspergillus ochraceus, Aspergillus sydowi, Aspergillus
amstelodami, Aspergillus niger, Aspergillus montevidensis, Aspergillus repens, Penicillium
chrysogenum and Penicillium jensemi from market samples. [Cited by G.S. Saharan, 1989]
= M.M.l. Abdel-Hafez et a. (2012) examined the rhizosphere and rhizoplane of sesame with the following

results:
Species Rhizosphere  Rhizoplane Species Rhizosphere  Rhizoplane
Fusarium spp. X X oo
: Acremonium sp. X
Fusarium acutatum X il ;
Fusarium chiamydosporum X lernaria sp.
Fusarium longipes X Asper S SPIJ!- X
Fusarium nygamai Cff?ﬂ'ﬂquriﬂm spp.
Fusarium oxysporum X Gliocladium sp.
Fusarium poae X Myrothecium sp.

Penicillium spp.
Scopulariopsis spp.

Fusarium sambucinum

Fusarium semifectum

Fusarium solani X Setosphaeria spp.

Fusarium tricinctum Stachybotrys spp.

Fusarium verticillioides X X Ulocladium sp.

= M.M.l. Abdel-Hafez et al. (2014) took ten samples of sesame from local marketsin Assiut city. They found the
following: Fusarium acutatum Nirenberg & O' Donnell (a new species), Fusarium chlamydosporum Wollenw.
& Reinking, Fusarium graminearum Schwabe, Fusarium solani (Mart.) Sacc., Fusarium. subglutinans
(Wollenw. & Reinking) P. E. Nelson, Toussoun & Marasas, Fusarium verticillioides (Sacc.) Nirenberg,
Fusarium xylarioides Steyaert, Aspergillus ochraceus Wilhelm, Aspergillus terreus Thom, Aspergillus flavus
Link, Aspergillus niger van Tieghem, Cladosporium spp., Eurotium sp., Gliocladium sp., Penicillium spp.,
Setosphaeria spp., Rhizopus sp., and Alternaria spp. [Authors comment, 2021 Interesting that F. oxysporum
was not found on the sesame, but it was common on the maize, sorghum, and lentils.]

= A. Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Alternaria alternata, Alternaria brassicae, Alternaria
solani, Aspergillus caespitosus, Aspergillus nidulans, Aspergillus ochraceus, Aspergillusflavus, Aspergillus
niger, Aspergillus oryzae, Aspergillus parasiticus, Aspergillus carbonarius, Aspergillusterreus, Aspergillus
tetrazonus, Chaetomium elatum, Chaetomium globosum, Chaetomium spirale, Cladosporium cladosporioides,
Drechslera ellisii, Emericella nidulans, Emericella quadrilineata [ Synonym of Aspergillus quadrilineatus],
Fusarium oxysporum, Fusarium chlamydosporum, Fusarium dimerum, Fusarium eguiseti, Fusarium
semitectum, Fusarium verticillioides, Penicillium brevicompactum, Penicillium citrinum, Penicillium
chrysogenum, Penicillium crustosum, Penicillium nordicum, Penicillium oxalicum, Penicillium purpurogenum,
Penicillium verrucosum, Penicillium viridicatum, Phoma sp., Phoma herbarum, Rhizoctonia solani, Pythium
ultimum, and Sclerotium bataticola. Ochratoxin A (OTA) isa secondary metabolite (mycotoxin) produced by
some seedborne fungi belonging to Aspergillus and Penicillium genera. The total OTA contamination percent

of the Egyptian samples were significantly less (16.7%) than those of the Saudi samples (83.3%).

EA A

i
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Isolate  Orginal Seedborne Ochratoxin A preduction

code location fungal isolates  (pg/100 ml culture medium)

1 Bam Swiet A. ochraceus 122.4

2 Bani Swief A. ochraceus 118.6

3 Bani Swief A. ochraceus 120.7

4 Jizan P viridicatum 248

5 Bani Swief P. nordicum 112.4

6 Holy Makkah P. verrucosum 273

7 Ismailia A. niger 14.5

8 Ismailia A. niger 134

9 Jizan P. crustosum 123

10 Sohag P. brevicampactum 176

11 Sohag P. brevicompactum 17.5

12 Sohag A. carbonarius 147.5

13 Holy Makkah A. niger 7.2

14 Jizan A. niger 326

15 Holy Makkah A. ochraceus 375

16 Jizan A. ochraceus 364

kT Ismnailia A. vchraceus 104
ETHIOPIA

= T. Geremew et al. (2009 and 2012) reported the following diseases are a major problem: Pseudomonas sesami
(Blight), Xanthomonas sesami (Blight), and phyllody. The following are aminor problem: Fusarium
oxysporum (Wilt), Verticillium sp. (Wilt), Alternaria sesami (Leaf spot), Cercospora sesamicola (Leaf spot),
Cylindrosporium sesami (Leaf spot), Oidium sp.(imperfect stage) (Powdery mildew), Erysiphe sp. (perfect
stage) (Powdery mildew) and phyllody.

= B.K Yirgaand B. Fiseha (2017a) reported the following pathogens: Macrophomina phaseolina (Stem and root
rot), Fusarium oxysporum f. sp. sesami (Fusarium wilt), Alternaria spp. (Leaf spot), Sphaerotheca fuliginea
(Powdery mildew), Xanthomonas campestris pv. sesami (Bacterial blight), and Pseudomonas syringae pv.
sesami (Bacterial leaf spot).

GUATEMALA
= Anon. (1982a). A grower guide reported the following pathogens: Phytophthora sp., Fusarium sp., Alternaria
sesami; Cercospora sp.; Cylindrosporium sesami; and Pseudomonas sesami.

HONDURAS
= V.P. Queirogaet a. (2016) reported the following diseases.

Pathogen Part damaged Age of theplant
Macrophomina phaseoli Root, base of the stem and stem Seedling
Fusarium sp. Root, base of the stem and stem Seedling
Sclerotium rofsii Root and base of the stem 15 days after planting to the end
Phytophthora sp. Root, stem, leaves, branches and capsules 35 days after planting to the end
Xanthomonas campestris pv. sesami Leaves and capsules 15 days after planting to the end
Cercospora sesami Leaves and capsules 15 days after planting to the end
Alternaria sp. Leaves, stems, and capsules 15 days after planting to the end

INDIA

= O.P. Kadian (1972) reported in sesame seeds, species of Alternaria sp., Phytophthora sp., Fusarium sp.,
Xanthomonas sp., and Pseudomonas sp. were most commonly associated whereas species of Cercospora sp.
and Aspergillus sp. were detected less frequently. Seven genera namely Alternaria spp., Phytophthora spp.,
Fusarium spp., Cercospora spp., Aspergillus spp., Xanthomonas spp. and Pseudomonas spp. were internally as
well as externally seedborne and were also pathogenic. The seed infestations (%) with Phytophthora spp. and
Alternaria spp. were comparatively higher than with other five genera. All these micro-organisms reduced seed
germination and had adverse effect on the seedlings. [Cited by G.S. Saharan, 1989]

= T. Singh and D. Singh (1983) isolated 24 fungi: Of these, Alternaria sesami, Cephal osporium acremonium,
Fusarium oxysporum f. sp. sesami, Fusarium solani and Macrophomina phaseolina were important pathogens.
The presence of Phytophthora parasitica var. sesami was detected in microtome sections of seeds.

= K. Kumar et a. (1984a) reported 17 fungal species were found to be associated with the seeds of Sesamum
varieties T-4 and T-12: Aspergillus flavus, Aspergillus sacchari, Aspergillus candidus, Aspergillus terreus,
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Aspergillus niger, Aspergillus clavatus, Aspergillus fumigatus, Alternaria sesami, Curvularia lunata,
Chaetomium sp., Fusarium moniliforme, Helminthosporium tetramera, Memnoniella sitophila, Memnoniella
echinata, Penicillium rubrum, Rhizopus nigricans, and Rhizoctonia bataticola.

= S. Maiti et al. (1985 and 1986) reported phyllody isthe most destructive disease in India. Leaf curl isalso
responsible for heavy losses when it infects at early growth stages of the crop. Bacterial leaf spot, Pseudomonas
syringae pv. sesami causes considerable yield reduction whenever it infects the sesamum crop. Bacterial blight,
Xanthomonas campestris pv. sesami is serious during the monsoon and to young plants. Among the fungal
diseases, leaf blight, Alternaria sesami leafspot, Cercospora sp., and Phytophthora nicotianae pv.
parasitica are important. Charcoal rot, Macrophomina phaseolina is widespread and destructive but difficult to
control. Mildew is not a serious disease. A humber of organisms have been reported to cause this disease. The
following are considered minor pathogens. Alternaria sesamicola (Kaw.) Hans., Corynespora cassiicola (Berk
and Curtis) Wei, Cercoseptoria sesami (Hansf) Deighton, Botryosphaeria ribis Gross and Dugg., Cladosporium
sp., Macrosporium sp., Phoma exigua Desm., Phoma variosporeae, Sphaeronema sesami Sehgal and Daftari,
Choanephora cucurbitarum (Berk and Rev.) Thaxt., Fusarium equiseti (Corda) Sacc., Synchytrium sesami
Sinha and Gupta, Synchytrium sesamicola Lacy, Colletotrichum sp., Thielavia terricola (Gilman and Abboutt)
Emmons, Thielavia terricola var. minor Rayas and Borutt, Pythium aphanidermatum (Eds) Filz., Sclerotium
rolfsii Sacc., Pellicularia filamentosa (Pat) Rogers, and Pseudomonas solanacearum Smith.

= M.L. Verma (1985) reported the following pathogens: Pythium aphanidermatum, Phytophthora parasitica,
Rhizoctonia solani (Pellicularia filamentosa), Rhizoctonia bataticola (Macrophomina phaseoli), Sclerotium
rolfsii (Corticiumrolfsii), Fusarium caeruleum, F. oxysporum f. sp. sesami, F. vasinfectum, Phytophthora
parasitica var. sesami (P. nicotianae var. parasitica), Corynespora cassiicola, Cercospora sesami, Cercospora
sesamicola, Alternaria sesami (Macrosporium sesami), Erysiphe cichoracearum (Oidium erysiphoides),
Fohaerotheca fuliginea, Pseudomonas sesami (Bacterium sesami), B. sesamicola, Xanthomonas campestris pv.
sesami (Xanthomonas sesami), Nicotiana Virus-10, Mycoplasma-like organism, and Rickettsia-like organism.

= Anon (1992a) in agrower guide reported the following pathogens: Phytophthora sesami (Seedling blight),
Xanthomonas campestris pv. sesami (Bacterial blight), Pseudomonas syringae pv. sesami (Bacterial leaf spot),
Leveillula taurica (Powdery mildew), Cercospora sesami (Cercospora leaf spot), Alternaria sesami (Alternaria
leaf spot), Rhizoctonia batati cola/Macrophomina phaseolina (Stem and root rot), and Mycoplasma (Phyllody).

= N.O. Srikantappa et al. (2009) studied 28 samples of sesame taken from fields, farmers, retail shopsand APMC
marketsfrom 5 areas. They found 34 four fungi: Alternaria alternata, Alternaria sesamicola, Alternaria tenuis,
Fusarium moniliforme, Fusarium oxysporum, Verticillium dahliae, Sclerotinia sclerotiorum, Sclerotiumrolfsii,
Cercospora sesami, Curvularia lunata, Macrophomina phaseolina, Cladosporium cladosporioides,
Cladosporium herbarum, Cladosporium fulvum, Cladosporium chlorocephalum, Acremonium sp.,
Helminthosporium sp., Gliocladium roseum, Neurospora glabra, Cunninghamella elegans, Chaetomium
globosum, Stachybotrys chartarum, Stachybotrys atra, Pestalotia macrotricha, Aspergillus niger, Aspergillus
flavus, Aspergillus ochraceus, Aspergillus versicolor, Aspergillus terreus, Aspergillus candidus,
Haplosporangium sp., Penicillium citratum, Rhizopus nigricans, Rhizopus stolonifer and Mycella sterilliae.
They tested the germination using two methods: sand and rolled paper towel. The differencesin germination
were significant as shown in the following tables. They recommended seed treatments are important to
improve germination.
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TABLE 3: Effect of seed borne fungi on germination by Sand method

Place of Germ  Normal Abnormal gtrn}i:ﬂ:d Rotted
collection (%a) seedlings seedlings seedlings seedlings

Fungal pathogens

A. aliernaia, A. sesamicola, C.
. sesami, C. globosum, V. dahliae,
: y ] . 3 5
Shivapura Q2.0 62.0 30.0 5.0 30 M. phaseolina, C.
cladosparioides, A. niger,

A. alternata, F. moniliforme, C.

—— . . - sesami, A. flavus, R. Stolonifer,

Agasanakatti 88.0 50,0 380 10.0 2.0 A seramicnts. M phasenting A

GCAracens.
A. alernaia, F. monififorme, C.
sesami, A flavis. R Stolonifer,

y (
Jhumbigeme 2.0 44 4.0 1240 0 A. sesamicola, M. phascolina, A.
ochiraceus.
A, alternata, A. sesamicola, C,
) o 5 = sesami, C. globosum, 1. dahliae,
Duthidrga 91.0 530 370 80 20 M. phaseoling, C.
cladosporioides, A. niger.
A alternata, F. momliforme, C.
- sesami, A flaves. R Stolonifer,
; h ] J Y
Hulikatti 90.0 49.0 330 310 30 A, suvissivoks, M phossaling, A,
ochraceus.
Mean 90 50.8 35.8 9 2
sD 1.584 7.918 434 6.204 1.224
SE 0.547 2179 1.248 1.790 0.353

TABLE 4 : Effect of seed borne fungi on germination by rolled paper towel method

Un

Place of Germ Normal Abnormal erannated Rotted Fuseal vatiopens
collection (%) seedlings seedlings g G seedlings g4’ pathogens
seedlings
A alternata, F. moniliforme, C.
g - 2 sesami, A. flavus, R. Stolonifer,
Shivapura 65.0 330 47.0 13.0 T.0 A-seaamivobi: M phaseabi 4.
achraceus.
A. alternata, A. sesamicola, C.
i : i sesami, C. globosum, V. dahliae,
Agasanakatti 62.0 280 520 10.0 10.0 A phasedling, C.
cladosporioides, A. niger.
F. moniliforme, C. sesami, A.
. Mavus, R Stolomifer, A.
Thumbigere 69.0 370 430 8.0 12.0 sesamicols, M. phaseoling, A,
ochraceus.
F. moniliforme, C. sesami, A.
i Sfavus, R. Stolonifer, A.
- ol
Duthidurga 71.0 26.0 540 2.0 1.0 sesamicola, M. phaseoling, A.
ochraceus.
A. alternaia, F. moniliforme, C.
2 " . sesami, A. flavus, R. Stolonifer,
Hulikatti 74.0 290 510 30 17.0 A seimicibe b phoseoliia A
ochraceus.
Mean 68.2 306 494 8.6 114
SD 4764 4.393 4393 3646 3.646
SE 1.375 1.268 1.268 1.052 1.053

= V. Bharathi et a. (2013) collected sesame seeds from farmersin Andhra Pradesh. They tested the seeds for
mycoflora, and the following fungi were found: Alternaria alternata, Alternaria tenuissima, Alternaria terreus,
Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Macrophomina spp., Cephal osporium spp.,
Fusarium oxysporum, Rhizoctonia solani, Rhizopus stolonifer, Curvularia spp., Drechdera spp., Rhizopus spp.,
Cladosporium spp., and Penicillium spp.

= P.L. Radha (2013) collected 18 cultivars from 7 districtsin Karnataka and identified the following fungi:
Alternaria sesami, Colletotrichum sp., Fusarium sp., Macrophomina phaseolina, Aspergillus niger, Aspergillus
flavus, Botrytis sp., Penicillium sp., and Mucor sp.

= H.R. Aglave (2016) screened two varieties (CV.N-85 and CV. Phule-1) for seed mycoflora. Twenty-seven fungi
were isolated from these varieties. Varietal variation was found during the investigation. The following fungi
were present Alternaria carthami, Aspergillus flavus, Chaetomium globosum, Fusarium oxysporum, Rhizopus
stolonifer, Aspergillus niger, Rhizoctonia leguminicola, Absidia corymbifera [Thisisasynonym of Lichtheimia
corymbifera], Mucor mucedo, Aspergillus versicolor, and Aspergillus terreus.

= M.K. Naik et al. (2017) reported sesame production, particularly in India, has been declining since last decade
and ‘Leaf blight’ caused by Alternaria spp. isreported to cause yield loss up to 30-40%. They investigated the
fungal toxin produced by Alternaria and its pathogenicity. A total of 164 Alternaria strains (A. alternata [39], A.
brassicae [10], A. porri [6], A. tenuissima [03], A. sesami [1] and Alternaria sp. [72]) were isolated on potato
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dextrose agar media from the infected sesame leaves showing circular concentric rings with dark brown spots
symptoms.

= B. Khamari et a. (2018¢€) collected 15 sesame seed samples from different localities of Odisha and analyzed
their quality parameters to include mycoflora. Moisture content ranged from 8.18 to 10.30%. Physical purity
ranged from 79.5 to 94.75%. Germination ranged from 71.5 to 89.5%. Seedling length ranged from 4.6 t0 6.8
cm. Vigor index ranged from 325.35 to 611.83. Infested seed ranged from 4 and 18%. The main mycoflora
included Aspergillus flavus, Aspergillus niger, Penicillium sp., Alternaria sp., Fusarium sp., Macrophomina
phaseolina, Curvularia sp., Helminthosporium sp. and many other fungi. The infestations were as follow.
Table 3. Percent contribution of each seed mycoflora to the total number of seeds. Af @ Aspergilluy fTavus, An @ Aspergillus
niger, Alt : Alrernaria sp.,  Mp © Macropfioming phaseoling,  Fus @ Fusarium sp.,  Cur @ Curvidlaria sp.. Hel @ Helminthosporium
sp., Pen : Penicillinm sp.

Total

Infes- % of
51 tated Percemt contnbution of each mycoflora to the wotal seed sample taken MY Co-
No. seed (%) Af An Al Mp Fus Cur Hel Pen Others flora
| 4 2 I 0.5 0.5 0.5 0.5 0.5 0.5 0 15
2 8 3 25 1 o 2 1] 0 0 1] s
3 9 4 3.5 1] 0.5 1.5 L] (1] ] 0 9
4 ] 5 4.5 1 i) 0.5 0.5 i) l 0 9
5 7 3.5 2.5 ] I-5 0.5 0 0 0 1] ]
L] 9 -3 2.5 LI] 1 1.5 0 0 1.5 1 9
7 13 3 4.5 0.5 1 2.5 0.5 0.5 1.5 0 14
] 3.25 5. I 0.5 0 | 0 o L] 0.5 8.5
9 12 | 2.5 ] b5 4 I 1 0.5 | 12.5
] 16 5.5 3.5 4 1 2.5 1.5 0.5 1] 0 18.5
11 18 5 6.5 2.5 1 2 I [} I 0.5 19.5
12 8 4 25 | o I 1] 0 0.5 0 9
13 13 35 3 2 0 2 0 1] 2.5 0 13
14 [i] | 2 1 | 1 0.5 0.5 L] 0 7
15 5 2 1 1 o | 0.5 0 0 1] 55

IRAN

= M. Gooyaet al. (2000) reported during 1997/99 one seed samples of each 17 sesame cultivars from 10 locations
resulted in 145 isolates, which included 34 species of 15 genera. The identified fungi were: 1. Acremonium
strictum, 2. Alternaria alternata, 3. Alternaria raphani, 4. Alternaria sesami, 5. Alternaria sp., 6. Aspergillus
flavus, 7. Aspergillus niger, 8. Aspergillus ochraceus, 9. Aspergillus terreus, 10. Chaetomium elatum 11.
Chaetomium funicolum, 12. Chaetomium olivaceum, 13. Cladosporium cladosporioides, 14. Cladosporium
elatum [Thisis a synomym of Ochrocladosporium elatum], 15. Cladosporium herbarum, 16. Cladosporium
macrocarpum, 17. Cladosporium oxysporum, 18. Fusarium moniliforme, 19. Fusarium oxysporum, 20.
Paecilomyces variotii, 21. Paecilomyces sp., 22. Penicillium brevicompactum, 23. Penicillium chrysogenum,
24. Penicillium citrinum, 25. Paecilomyces digitatum, 26. Rhizopus oryzae, 27. Scopulariopsis brevicaulis, 28.
Stachybotrys chartarum, 29. Semphylium botryosum, 30. Tiarosporella phaseolina, 31. Trichoderma
harzianum, 32. Ulocladium atrum, 33. Ulocladium lanuginosum and 34. Ulocladium sp. The fungi indicated by
Nos. 1, 3, 12, 16, 17, 27, 33 were new for Iran, Nos. 1, 3, 5, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 25, 26,
27,28, 29, 31, 32, 33, 34 were reported from sesame seeds for the first time, and Nos,, 2, 3, 6, 7 and 26 were
dominant.

IRAQ

= F. Al-Refaee (2005) collected sesame seeds from 6 regions of Irag and isolated fungi to determine which
produced lipase. The following fungi were isolated: Alternaria alternata, Alternaria sesami, Aspergillus flavus,
Aspergillus niger, Fusarium sp., Macrophomina phaseolina, Penicillium spp., Rhizoctonia solani, Rhizoctonia
stolonifer, Cladosporium spp., Cladosporium cladosporioides.

= N.A. Saad et a. (2013) examined seed and found the following fungi: Aspergillus niger, Aspergillusterreus,
Aspergillus flavus, Penicillium sp., Chaetomium sp., Trichoderma sp., Cladosporium spp., Ulocladium spp.,
Macrophomina phaseolina, Rhizoctonia solani, Fusarium oxysporum, Fusarium moniliforme, Alternaria
raphani, Alternaria alternata, Alternaria citri, Alternaria seseamae, Alternaria tenuissima, and Alternaria
longipes.
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JAPAN

= K. Kato et al. (2021) purchased seed in local markets and identified the following bacteria: Bacillus cereus,
Pantoea dispersa, Pantoea septica, Pantoea agglomerans, Serratia spp., Pseudomonas spp., Xanthomonas
spp., and Rosenbergiella spp. To prevent food poisoning caused by bacterial contamination, it isimportant to
roast sesame seeds at a sufficiently high temperature, do not leave the cooked food with sesame at room
temperature for along time and avoiding cross-contamination from sesame to ready-to-eat food. [Authors
comment: Thereisvery little sesame grown in Japan, and there are multiple sources of the seed including
Africa, America, Asia, and Australia.]

= T. Kuzuyuki (2021) reported the following pathogens: Fusarium oxysporumf. sp. sesami (Wilt), Rhizoctonia
solani (Foliage rot), Alternaria sesami (Alternarialeaf blight), Pseudoidium pedaliacearum (Powdery mildew),
Oidium sp. (Powdery mildew), Phytophthora nicotianae (Blight), and ‘Candidatus phytoplasma sp.” He also
refersto the Database of Plant Diseasesin Japan that adds the following sesame pathogens: Macrophomina
sesami (Brown spot), Acidovorax valerianellae (Bacterial leaf spot), Pseudomonas syringae pv. sesami,
Xanthomonas sp., Bacterium sesamicola, Ralstonia solanacearum (Bacterial wilt), Cercospora sesami
(Cercospora leaf spot), Corynespora sesameum (L eaf blotch), Alternaria sesamicola (Leaf spot), Turnip mosaic
virus (TuMV), Watermelon mosaic virus (WMV), Sclerotiumrolfsii (Stem rot), and Ascochyta sesami.

KENYA
= B. Mazzani (1987) visited sesame growing regions of Kenya and reported the following major pathogens:
Phytophthora spp., Pythium spp., Fusarium spp., and Macrophomina spp. He recommended treating the seeds
prior to planting. Several foliar diseases were present, but the damages were scarcely important. The low
humidity of the air at the sesame growing season and the well-known low susceptibility of African typesto the
more destructive air-borne pathogens limited the leaf diseases.

MALAWI
= W. Van Den Bos and C.J. Zee (2016) in agrower guide reported the following: Xanthomonas sesami,
Pseudomonas sesami, Fusarium oxysporum f. sesami, and phyllody.

MEXICO

= JR. Penalozaand D.R. Moctezuma (~1992) in a grower guide reported the following pathogens: Pseudomonas
sesami, Sclerotiumrolfsii, and Macrophomina phaseolina.

= E.C. Hernandez (2003) in a grower guide reported the following pathogens: Alternaria sp. (Mancha Alternaria),
Cercospora sesami (Mancha redonda), Phaeoisariopsis griseola (Mancha angular), Sclerotium bataticola
(Pudricion de carbén o marchitez), Phytophthora sp. (Pie negro o pata seca), Pseudomonas sesami
(Bacteriosis), and Leveillula taurica (Moho polvoriento).

= Anon. (2010a) in agrower guide reported the following main pathogens. Fusarium oxysporum, Sclerotium
rolfsii, Alternaria alternata, Phytophthora nicotianae, Macrophomina phaseolina, Sclerotinia sclerotiorum,
and Podosphaera xanthii.

= L.A. Moraila(2015) and L.M. Tamayo in a grower guide reported the following serious pathogens:
Phytophthora sp., Fusarium sp., Macrophomina phaseoli, and Alternaria sesami.

= Agrolytics.org (2021) reported sesame hosts the following: Alternaria tenuissima, Alternaria longipes,
Fusarium verticillioides, Ralstonia solanacearum, Pseudomonas amygdali, Pseudomonas aeruginosa,
Alternaria simsimi, Alternaria sesami, Alternaria, Cercospora, Trichothecium roseum, Mycosphaerella sesami,
Corynespora cassiicola, Pseudocercospora sesami, Didymella minuta, Diplodia herbarum, Erysiphe
cichoracearum, Fusarium oxysporum f. sp. vasinfectum, Drechslera sesami, Corynespora sesameum, Leveillula
taurica, Macrophomina phaseolina, Oidium, Phoma sesami, Phoma sesamina, Phyllosticta, Typhula micans,
Sclerotinia, Sclerotiumrolfsii, Synchytrium sesamicola, Synchytrium sesami, Trichomerium jambosae,
Funneliformis, Xanthomonas, Pseudomonas syringae, Cowpea aphid-borne mosaic virus, Tomato spotted wilt
virus, Melon yellow spot virus.
(https://lwww.agrolytics.org/specie/Sesamum_indicum/?DKrG8qY BQK a+FU+Y | 1dFKw==#hostOf, accessed 3
July 2021)

MYANMAR
= Y.Y. Minand K. Toyota (2019) reported the following pathogens: Candidatus Phytoplasma, Macrophomina
phaseolina, Alternaria sp., Oidium sp., Cercospora sp., Xanthomonas sp., and leaf curl.
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NICARAGUA

= R.A. Marenco M. et al. (1988) reported the most important diseases are those that rot the base of the stem, and
thisis most severe in soils with insufficient drainage. The principal causes of thisfungal disease have been
identified as being Macrophomina sp., Fusarium sp. and Rhizoctonia sp. The only methods of control are to
rotate crops and at the same time to avoid planting in soils with poor drainage.

= Anon. (1998b and 2009a) in grower guides reported Alternaria sp., Cercospora sesami, Xanthomonas
campestris pv. sesami, Macrophomina phaseoli, Phytophthora sp., Fusarium sp., and Sclerotiumrolfsii cause
major diseases.

NIGERIA

= D. McDonald (1964) reported further studies on the sesame disease complex have shown that Alternaria
sesami, Cercospora sesamicola, Curvularia macularis, Colletotrichum gloeosporioides (Glomerella cingulata),
Helminthosporium hal odes, Fusarium semitectum, Macrophomina phaseoli and Pestal otiopsis mayumbensis
are closely associated with disease, their individual pathogenicity was established, the first three being the most
virulent. None of the sesame strains tested showed complete resistance.

= H.A. Van Rheenen (1972) reported the following pathogens: Alternaria sesami, Cercospora sesami, Curvularia
lunata, Cylindrosporium sesami, Fusarium semitectum, Helminthosporium halodes, Macrophomina phaseoli,
Oidium sp., Pestalotiopsis mayumbensis, and Pseudomonas sesami. There is also phyllody and Tobacco |eaf
curl virus (vectored by Bemisia tabaci). The virusisthe worst problem.

= JE. Onyibe et a. (2005) in a grower guide reported the following pathogens: Cercospora sesami, Xanthomonas
campestris pv. sesami, and Tobacco leaf curl virus.

= F.M. Afolagboye (2011) reported the following fungi from 4 sesame varieties (NCRIBEN 03L, NCRIBEN
01M, E8 and 530-6-1) at Abeokuta: Aspergillus nidulans, Aspergillus fumigatus, Aspergillus glaucus,
Cercospora sesami, Fusarium oxysporum, Penicillium spp., Alternaria sesami, Curvularia lunata and Rhizopus
nigricans. [Based on abstract]

= C.N. Ezekiel et al. (2014) isolated the following fungi on sesame seeds: Alternaria sp., Aspergillus sp.,
Fusarium sp., Penicillium sp., Cercospora sp., Mucor sp., Rhizopus sp., Talaromyces sp., and Trichoderma sp..
Aspergillus dominated (48.1%) followed by Fusarium (41.6%), Cercospora (5.0%), Penicillium (1.5%),
Alternaria (0.7%) and others (3.1%). The Aspergillus were identified as A. flavus, A. tamarii and A.
parvisclerotigenus.

= A.D. Ojochenemi et al. (2015) examined 46 samples of sesame for mycotoxicological concerns. Ten fungi
generawere isolated from the samples, these include Aspergillus spp., Alternaria spp., Fusarium spp.,
Cercospora spp., Curvularia spp., Macrophomina spp., Penicillium spp., Phoma spp. and Rhizopus spp. The
Aspergillus generawas further divided into: A. flavus (L-strain), A. flavus (S-strain), A. niger, A. tamarii and A.
parasiticus. Members of Aspergillus (A. flavus (L-strain) and A. flavus (S-strain)), Penicillium and Fusarium
where most predominant.

PAKISTAN

= A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areas in Punjab and
analyzed for the presence of mycoflora. They found the following fungi: Alternaria sesami, Alternaria tenuis,
Fusarium oxysporum, Fusarium semitectum, Fusarium moniliforme, Macrophomina phaseolina,
Cephalosporium spp., Cladosporium spp., Drechslera halodes, Drechslera tetramera; Aspergillus spp. and
Myrothecium roridum.

= N. Altaf et al. (2004) tested 400 seeds from each of 10 cultivars for seedborne mycoflora. Eleven
phytopathogenic fungi were found: Alternaria brassicola, Alternaria redicina, Aspergillus alba, Aspergillus
flavus, Aspergillus niger, Aspergillus viridus, Cephalosporium sp., Curvularia sp., Drechslera sp., Fusarium
sp., and Penicillium sp. Infection ranged from 0.53 to 53%. The percentage of the fungi varied with the seed
asfollows:
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"Table 2: Fungal infection percentage on seeds of ten cutivars of sesame

Fungus Til-93 Til-89 Lateefi Tabrezi MNagari Johi-1 Johi-2 Schwani-1  Qallandan I'-.‘-_---'l"Ji
Alternaria brassicola 13.00 925 425 5.00 1.25 1.50 3.75 000 0,00 0.25 |
Alternaria redicing 11.00 0.00 375 3.00 7.50 0.0:0 0.00 1250 175 Q.75
,-Lspurgiﬂw alba 20 0d) 2825 25.50 53.00 24.50 2250 33,00 25,30 2550 28 80
Aspergillus flavus 3.75 250 6. 25 12.30 0.00 1230 15.00 3.25 Q.00 6,75
yAspergillus niger 20,50 20.50 25.75 2380 3300 3300 1230 200 2380 26.00 (
Aspergillus virids 6.75 4.00 0. 00 1.00 5.25 350 8.75 250 975 12.50
Ceplydosporium sp. 0.00 10.00 025 0.25 3.75 1.50 8.25 0.00 Q.00 1.25
Crrvidesricr sp. 0,00 L] 0 00 000 (LX) 7.25 0,0 325 0,00 0.00
Drechsiera sp. 0.00 0.00 Q.00 0.00 0.00 0.0:0 2.00 Q.50 Q.00 0.0
Fuscarivim sp. 625 275 0.00 1.00 2.00 0,00 350 0.00 0,00 0.75
Permicillum sp. 5.00 3.00 4.75 32 225 0.0 7.50 3.50 0.00 1.25

= B.G. Nayyar et a. (2013) examined 15 samples of seed to detect fungi using 3 methods: agar plate, blotter, and
deep freezing. The following were found: Alternaria alternata, Alternaria chlamydospora, Alternaria
cinerariae, Alternaria citri, Alternaria pluriseptata, Alternaria radicina, Alternaria triticina, Aspergillus flavus,
Aspergillus niger, Cercospora sp., Cercospora bolleana [ Synonym of Mycosphaerella bolleana], Cercospora
chenopodii, Cercospora koepkei [ Synonym of Mycovellosiella koepkei], Cladosporium herbarum,
Cladosporium sphaerospermum, Cladosporium tenuissimum, Cladosporium variable, Curvularia richardiae,
Drechslera hawaiiensis, Fusarium oxysporum, Fusarium proliferatum, Fusarium redolens, Fusarium
reticulatum, Fusarium tabacinum [ Synonym of Plectosphaerella cucumerina], Penicillium egyptiacum,
Penicillium expansum, Penicillium herqui, Penicillium italicum, Penicillium janthinellum, Penicillium lanso-
coerellum, Penicillium lilacinum, Penicillium paxilli, Penicillium vermiculatum [ Synonym of Talaromyces
flavus], Penicillium waksmani, Rhizopus oryzae and Verticillium albo-atrum.

= B.G. Nayyar et d. (2017) analyzed atotal of 428 Alternaria isolates obtained from 105 seed samples and
grouped into 36 distinct taxonomic groups based on growth pattern and morphologica characters and identified
the following species: Alternaria dianthi, Alternaria sesami, Alternaria citri, Alternaria longipes, Alternaria
brassicicola, Alternaria solani, Alternaria raphani, Alternaria alternata, Alternaria dianthicola, Alternaria
brassicae, Alternaria infectoria, Alternaria sesamicola, Alternaria helianthi, Alternaria longissimi, Alternaria
tenuissima, Alternaria triticina, Alternaria radicina, Alternaria pluriseptata, Alternaria cinerariae, and
Alternaria chlamydospora.

PARAGUAY

= N. Lezcano (2006) in agrower guide reported the following pathogens. Fusarium sp., Phytophthora sp.,
Alternaria sp., Cercospora sp., Pseudomonas sp., and a disease called Ka’are. [The pathogen is the Cowpea
aphid-borne mosaic virus (CABMV)]

= L.C. Ross and A.L. Orrego (2007) identified the following fungi on sesame seeds: Aspergillus sp., Fusarium
sp., Alternaria sp., Macrophomina sp., Curvularia sp., Penicillium sp., and Colletotrichum sp.

= L. Ayaaet al. (2010, 2011, and 2013b) in grower guides reported the main pathogens are Macrophomina
phaseolina, Pseudomonas syringae, Fusarium oxysporum, Cercosporidium spp., Cercospora sesami, Alternaria
sesami, Xanthomonas campestris, and a virus that leads to Ka’are.

PHILIPPINES

= N.M. Tepora (1989 and 1993a) reported the following diseases: phyllody, Cercospora leaf spot, Sclerotium
rolfsii, Fusarium oxysporum, and Oidium sp. (Powdery mildew).

REPUBLIC OF KOREA

= S.H. Yu (1981) reported the following fungi in sesame seed samples Alternaria sesami, Alternaria sesamicola,
Alternaria tenuis (Alternaria alternata), Corynespora cassiicola, Alternaria longissima, Fusarium oxysporum,
and Macrophomina phaseolina. All were controlled by pre-treatment with chlorine, except for Corynespora
cassiicola. [Based on abstract and cited by G.S. Saharan, 1989]

SAUDI ARABIA

= A.H. Bahkali and M.A. Moslem (1996) reported five cultivars of sesame were screened for their seedborne
mycoflora. Alternaria and Aspergillus were the predominant genera represented by 5 species each. Other genera
isolated were Chaetomium, Cladosporium, Curvularia, Drechdera, Fusarium, Helminthosporium, Mucor,
Penicillium, Pleospora, Rhizopus, Setosphaeria, Stemphylium, Syncephal astrum, Trichoderma and
Ulocladium. [Based on abstract]

= A. Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). See EGYPT.
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SUDAN

= M.A.F. Khamees and E. Schlosser (1990) in testing of 165 Sudanese sesame seed samples recorded Alternaria
sesamicola, Macrophomina phaseolina, Aspergillus flavus, Phoma sorghina, Ascochyta gossypii, and Fusarium
moniliforme [Gibberella fujikuroi] . [Based on abstract]

= N.M.A. Hamid (2006) identified the following fungus from seed collected from 3 areas of Sudan:
Macrophomina phaseolina, Aspergillus niger, Aspergillus flavus, Alternaria sesami, Fusarium sp., Curvularia
lunata, Alternaria alternata, Rhizopus sp., Ulocladium sp., Curvularia sp., and Drechslera rostrata. [Based on
abstract]

= H.l.H. Idriss (2016) collected farmer saved red and white sesame from 7 locations in Sudan. 14 different fungi
representing ten genera were identified. These, in order of prevalence, were categorized as: a) predominant
fungi (viz.: Aspergillusflavus, Alternaria sesami, Phoma sp., Macrophomina phaseolina, Aspergillus niger); b)
less frequent fungal isolates (viz.: Fusarium moniliforme, Alternaria alternata, Cercospora sesami); and c) low
frequency of occurrence fungi (viz.: Drechdera sp., Alternaria solani, Rhizopus sp., Fusarium oxysporum,
Curvularia lunata and Chaetomium sp.). Therarely reported Phoma sp. warrants further etiological,
ecological, and epidemiological investigations as well as analysis of pest risk assessment of this pathogen under
sesame growing conditions in Sudan.

= A.R.C. Umaima (pers. comm. 2021): The following diseases are a problem: Macrophomina phaseolina and
Rhizoctonia bataticola (Root rot or Stem rot or Charcoal rot), Alternaria sesami (Alternarialeaf blight),
Cercospora sesami (Cercospora leaf spot), Xanthomonas campestris pv. sesami (Bacterial leaf spot), Fusarium
oxysporum f. sp. sesami (Fusarium wilt), Erysiphe cichoracearum (Powdery mildew), and phyllody.

TANZANIA
= Kdfiriti, E. and O. Mponda (n.d.) in agrower guide reported the following pathogens: Cercospora sesami,
Cercospora sesamicola, Macrophomina phaseolina, Alternaria spp., Pseudomonas sesami, Fusarium
oxysporum f. sp. sesami, Phytophthora nicotianae var. sesami, Helminthosporium sesami, and phyllody.

TURKEY
= F. Akdeniz and H. Sert (2019) reported the following pathogens from 75 sample plants from Manavgat city:
Alternaria sesami, Cercospora sesami, Macrophomina phaseolina, Fusarium oxysporum, and Podosphaera
fusca.
= N. Ider et a. (n.d.) reported the following pathogens. Macrophomina phaseolina, Alternaria sesami,
Cercospora sesami, Xanthomonas campestris pv. sesami, Phytophthora parasitica var. sesami, Sphaerotheca
fuliginea, Leveillula sp., Rhizoctonia bataticola, Fusarium oxysporum f. sp. sesami, and phyllody.

UGANDA

= C.G. Hansford (1931, 1938, 1939, 1940, and 1943) reported the following pathogens: Alternaria sesamicola,
Cercospora sesami, Cylindrosporium sesami, Fusarium wilt, Verticillium dahliae, and Rhizoctonia bataticola
(Macrophomina phaseoli). [Cited by G.S. Saharan, 1989]

= S.B. Mathur and F. Kabeer (1975) reported the following pathogens: Alternaria sesami, Corynespora
cassiicola, Cercospora sesami, Fusarium moniliforme (Gibberella fujikuroi), Fusarium oxysporum and
Verticillium dahliae.

= J.P. Egonyu (2005) reported the following pathogens: Cercospora sesami, Cylindrosporium sesami,
Verticillium dahliae, Fusarium oxysporum, Nicotiana virus-10, Erysiphe cichoracearum, and Sphaerotheca
fuliginea.

UNITED STATES

= D.T. Smith et al. (2000) reported the following pathogens: Fusarium sp., Phytophthora sp., Rhizoctonia sp.,
Macrophomina sp., Alternaria sesami, Cercoseptoria sesami, Cercospora sesami, Helminthosporium sesami,
Thielaviopsis basicola, Verticillium sp., Pseudomonas sp., and powdery mildew.

= M. Fay et al. (2021) reported metagenomic analysis of food is becoming more routine and can provide
important information pertaining to the shelf life potential and the safety of these products. They examined 10
sesame samples. The microbiomes of these seeds revealed that these products are dominated by environmental
bacterial genera commonly isolated from soil, water, and plants; bacterial genera containing species known as
commensal organismswere also identified. Although these species are placed under the United States, the seed
probably was imported from another unidentified country. They identified the following bacteria
Acinetobacter spp., Aminivibrio spp., Asinibacterium spp., Bacillus spp., Chryseobacterium spp., Chryseolinea
spp., Falsibacillus spp., Flavobacteriaceae, Paenibacillus spp., Planctomycetaceae, Pseudomonadaceae,
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Pseudomonas spp., Ralstonia spp., Chitinophagaceae, Streptococcus spp., and Okibacterium spp. in the
following proportions.

Taxa
100 W Other faxa =1%

el i e W Aminnvibric
: M Bacilius
— e B Falsibacilius
: = W Flavobactenaceas
il B Pasmbacillus
X B Flanctomycetaceae
W Fseudomaonas
W Ralstonia
B Chitinophagaceas
[TE=5| B Sireplococcous
50
40
30
20
10
1]
A B C D E F G H I J

= K.A. Cochran comment, 2021: While sesame diseases that occur on modern varieties and geographic locations
where sesame is grown in the United States are not well documented, there are common diseases that occur
often. Foliar diseases such as bacterial blight (Pseudomonas syringae pv. sesami and Xanthomonas
euvesicatoria pv. sesami), Alternarialeaf spot (Alternaria sesami and A. alternata), target spot (Corynespora
cassiicola), and Cercospora leaf spot (Cercospora sesami) are all known to commonly occur in USA sesame.
Soilborne diseases that are often problematic are: Charcoal rot (Macrophomina phaseolina), Rhizoctonia root
and stalk rot (Rhizoctonia solani), Fusarium root and stalk rot (Fusarium spp.), Fusarium wilt (F. oxysporum),
Colletotrichum spp., and Phytophthora root rot (Phytophthora nicotianae).

VENEZUELA

= G. Malaguti (1973) reported the following leaf diseases: round white spot (Cercospora sesami), angular brown
spot (Cylindrosporium sesami), zonate leaf spot (Alternaria sesamicola) and bacterial leaf spot (Xanthomonas
sesami and Pseudomonas sesami. [Cited by G.S. Saharan, 1989]

= C. Zambrano and O. Tortolero (1985) conducted studies on 540 sesame cultivars, and isolations from seedling
rot and soil and reported the following pathogens. Macrophomina phaseoli (Mp), Fusarium (F), Phytophthora
hibernalis (Ph), Rhizoctonia (R), Sclerotium (S), Pythium oligandrum (Po) [isolated for the first time from
sesame seedlings], and Trichoderma (T). The incidence was related to precipitation and soil humidity. M.
phaseoli caused heavier infection than Phytophthora hibernalis during dry conditions. The following table

T0

Proportional Abundance (%)
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shows the origin of the cultivars and the distribution of the pathogens.

Table 1: Pathogens isolated from different cultivars of sesame during three
years in the fileld of FONALI, Portuguesa, Venezuela, and the numbers
of varieties infected by the pathogenms.
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= A.M. Colmenares and L. Subero (1989a) reported the following pathogens: Cercospora sesami, Corynespora
cassiicola, Alternaria sesami, Pseudocercospora sesami, Fusarium oxysporum, Phytophthora parasitica,
Macrophomina phaseolina. Lessrelevant pathogens are Sclerotiumrolfsii (Soft rot of the stem) and Leveillula
taurica (Powdery mildew).

= Y. Martinez et al. (1991) in studying aflatoxin reported the following fungi on sesame: Aspergillus niger,
Aspergillus flavus, Mucor sp., Penicillium sp., Aspergillus ochraceus, Aspergillus glaucus, Aspergillus tamarii
and Fusarium sp. in the following percentages 96, 88, 50, 40, 30, 8, 6, 6, respectively. [Cited by B. Mazzani,
1999

= B. Mazzani (1999) reported the following pathogens: Macrophomina phaseolina, Phytophthora sp., Fusarium
oxysporum, Cercospora sesami, Cercoseptoria sesami, Alternaria sesamicola, Pseudocercospora sesami,
Cylindrosporium sesami, Alternaria tenuis, Corynespora cassiicola, Aspergillus, Penicillium, and
Cladosporium.
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A Pest: Fungi

(Wikipedia, 21 Feb 2021) A fungus (plural: fungi or funguses) is any member of the group of eukaryotic organisms
that includes microorganisms such as yeasts and molds, aswell as the more familiar mushrooms. These organisms
are classified as a kingdom, which is separate from the other eukaryotic life kingdoms of plants and animals.

A characteristic that places fungi in a different kingdom from plants, bacteria, and some protists is chitin in their cell
walls. Fungi, like animals, are heterotrophs; they acquire their food by absorbing dissolved molecules, typicaly by
secreting digestive enzymes into their environment. Fungi do not photosynthesize. Growth is their means of
mobility, except for spores (afew of which are flagellated), which may travel through the air or water. Fungi are the
principal decomposersin ecological systems. These and other differences place fungi in asingle group of related
organisms, named the Eumycota (true fungi or Eumycetes), which share a common ancestor (from a monophyletic
group), an interpretation that is also strongly supported by molecular phylogenetics. Thisfungal group is distinct
from the structurally similar myxomycetes (slime molds) and oomycetes (water molds). The discipline of biology
devoted to the study of fungi is known as mycology (from the Greek pokng mykes, mushroom). In the past,
mycology was regarded as a branch of botany, although it is now known fungi are genetically more closely related
to animals than to plants.

Abundant worldwide, most fungi are inconspicuous because of the small size of their structures, and their cryptic
lifestylesin soil or on dead matter. Fungi include symbionts of plants, animals, or other fungi and also parasites.
They may become noticeable when fruiting, either as mushrooms or as molds. Fungi perform an essential rolein the
decomposition of organic matter and have fundamental rolesin nutrient cycling and exchange in the environment.
They have long been used as a direct source of human food, in the form of mushrooms and truffles; as aleavening
agent for bread; and in the fermentation of various food products, such as wine, beer, and soy sauce. Since the
1940s, fungi have been used for the production of antibiotics, and, more recently, various enzymes produced by
fungi are used industrially and in detergents. Fungi are also used as biological pesticides to control weeds, plant
diseases and insect pests. Many species produce bioactive compounds called mycotoxins, such as alkaloids

and polyketides, that are toxic to animals including humans. The fruiting structures of afew species contain
psychotropic compounds and are consumed recreationally or in traditional spiritual ceremonies. Fungi can break
down manufactured materials and buildings and become significant pathogens of humans and other animals. Losses
of crops due to fungal diseases (e.g., rice blast disease) or food spoilage can have a large impact on human food
supplies and local economies.

References:

INDIA
= C. Chattopadhyay and R. Kalpana Sastry (1999) studied the effect of soil solarization on the fungi population in
1995 and 1996 in Hyderabad (77.92E and 18.99N). Plotswereirrigated to field capacity according to the
design before they were covered with transparent polyethylene mulch of 50 um thickness for 0, 3, or 6 weeks.
The temperatures at 5 and 15 cm depth were as follow in the two years.
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The effects on the total fungi population (cfu/g soil) were as follow.




Pest: Fungi — A1 Hypocreales Page 44

- ir
- T
-+ N
4 N

T T L T T

d & a A &
Voo s rmism

A1 Order: Hypocreales Lindau 1897

Wikipedia (7 Apr 2021): The Hypocr eales are an order of fungi within the class Sordariomycetes. In 2008, it was
estimated that it contained some 237 genera, and 2647 speciesin seven families. Since then, a considerable number
of further taxa have been identified, including an additional family, the Stachybotryaceae.

Species of Hypocreales are usually recognized by their brightly colored, perithecial ascomata, or spore-producing
structures. These are often yellow, orange or red.

Al.1 Family: Nectriaceae C. & L. Tulasne 1895

Wikipedia (7 Apr 2021): The Nectriaceae comprise a family of fungi in the order Hypocreales. It
was circumscribed by brothers Charles and Louis René Tulasne in 1865.

The following species have been reported to cause diseases, produce atoxin, inhibit germination, or affect seed
quality.
= Al.1.1 Fusarium spp.
A1l.1.1a Fusarium oxysporum
A1l.1.1a.1 Fusarium oxysporumf. sp. sesami
A1l.1.1a.2 Fusarium oxysporum f. sp. vasinfectum (* Syn: F. vasinfectum and F. vasinfectumf. sp. sesami)
A1.1.1b Fusarium proliferatum
Al.1.1c Fusarium caeruleum
A1.1.1d Fusarium solani
A1.1.1e Fusariumincarnatum (* Syn: Fusarium semitectum)
A1.1.1f Fusarium verticillioides
A1.1.1g Fusarium equiseti
A1.1.1h Fusarium merismoides
A1.1.1i Fusarium culmorum
A1.1.1j Fusarium acutatum
A1.1.1k Fusarium poae
A1.1.1l Fusarium chlamydosporum
A1.1.1m Fusarium longipes
A1.1.1n Fusarium sulawesiensis
A1.1.2 Gibberella spp.
Al.1.2aGibberella fujikuroi (* Syn: Fusarium fujikuroi and F. moniliforme)
A1.1.2b Gibberella zeae
A1.1.3 Neocosmospora spp.
A1.1.3a Neocosmospor a vasinfecta
A1.1.4 Cylindrocladium spp.
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There are speciesin this family associated with sesame, but not reported to cause diseases, produce a toxin, inhibit
germination, or affect seed quality. See H9.1.

A1.1.1 Fusarium spp. (10 Dec 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium spp. Link 1809.

Summary:

A Fusarium wilt and root rots are a common problem in sesame production areas.
™ Symptoms of Fusarium wilt, caused by Fusarium oxysporum, are typically
most noticed starting mid-season and progress upward on the plant, increasing
in severity as the season continues. Typical symptoms include yellowing,
® 1 stunting, brownish vascular discoloration in the main stem, wilting and limp
L% appearance of the leaves even after irrigation, drought like scorch looking
. symptoms on leaf margins, and papery dry dead |eaf tissues on older leaves.
- Several species of Fusarium are associated with seedling disease and root rot,
=¥ the symptoms of which are discoloration and lesions on roots, which may
| progress upward into the stem from the soil line. Infectionsin the seed
| germination or seedling stage are often associated with damping off.
-+ Fusarium spp. are soilborne and seedborne fungi and reproduce via
22 macroconidia, microconidia, and long-lived hardy chlamydospores. While
macro- and microconidia are the main inoculum source in asingle season,
. chlamydospores are concern for year-to-year inoculum carry over. Thereare
L. two f. sp.: F. oxysporumf. sp. sesami and F. oxysporum f. sp. vasinfectum.

{ Paraguay} E.A. Weiss (1971) reported F. oxysporumf. sp. sesami can be devastating on
susceptible varieties. Severe infection can cause the entire plant to become defoliated and dried. In less severe
infections or when mature plants are infected, only one side of the plant may develop symptoms. Peeling off the
epidermis of the lower stem or roots will reveal blackish streaksin plant tissues. |If infected plants are uprooted,
roots will be brittle and rotten, either wholly or partially corresponding with that side of the plants showing disease
symptoms. |If plants areinfected early on in the season, poor capsule set occurs. When infection occurs in mature
plants, capsules are formed but seeds are often shriveled and underdeveloped. An early Fusarium infection can
destroy an entire field. Other Fusarium species are reported pathogens in sesame: F. acutatum, F. caeruleum, F.
chlamydosporum, F. culmorum, F. equiseti, F. incarnatum, F. longipes, F. merismoides, F. poae, F. proliferatum, F.
solani, F. sulawesiensis, and F. verticillioides. There are also other speciesin the Nectriaceae family that are
pathogens: Cylindrocladium spp., Gibberella spp., and Neocosmospora spp. Fusarium spp. have been reported in
international lists, Australia, Bangladesh, Brazil, Bulgaria, China, Colombia, Costa Rica, Cuba, Dominican
Republic, Ecuador, Egypt, Ethiopia, Greece, Guatemala, Honduras, India, Iran, Irag, Israel, Italy, Japan, Kenya,
Malawi, Mexico, Nicaragua, Nigeria, Pakistan, Paraguay, Philippines, Republic of Korea, Saudi Arabia, Sierra
Leone, Sudan, Tanzania, Thailand, Turkey, Uganda, Ukraine, United States, Uzbekistan, and Venezuela.

(Wikipedia, 7 Apr 2021) Fusarium isalarge genus of filamentous fungi, part of a group often referred to

as hyphomycetes, widely distributed in soil and associated with plants. Most species are harmless saprobes, and are
relatively abundant members of the soil microbial community. Some species produce mycotoxinsin cereal crops
that can affect human and animal health if they enter the food chain. The main toxins produced by these Fusarium
species are fumonisins and trichothecenes. Despite most species apparently being harmless (some existing on the
skin as commensal members of the skin flora), some Fusarium species and subspecific groups are among the most
important fungal pathogens of plants and animals. The name of Fusarium comes from Latin fusus, meaning a
spindle.

The following species have been associated with sesame but there are known no reports of being a pathogen,
producing a toxin, inhibiting germination, affecting seed quality, or being used as a biocontrol or biofertilizer.
= Fusarium dimerum [Egypt]
= Fusarium graminearum [Egypt]
= Fusarium nygamai [Egypt]
= Fusarium redolens [Pakistan]
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= Fusarium reticulatum [Pakistan]
= Fusarium sambucinum [Egypt]
= Fusarium subglutinans [Egypt]
= Fusarium tricinctum [Egypt]

= Fusarium xylarioides [Egypt]

References:

AUSTRALIA
= D.F. Beech (1981a) reported the presence of Fusarium sp. (Wilt) in 1977.
= D.F. Beech (1981c) reported considerable progress has been made in developing resistance to Fusarium sp.
through Aceitera and Glauca [Authors comment: These are Venezuelan varieties].

BRAZIL
= M.G.R. Faiad et a. (2002) examined seed from 416 accessions from 7 Brazilian states at 25°C under alternating
black lights and darkness in a 12-hour photoperiod for 8 days. They found Fusarium spp. They then examined
31 seed samples that had been stored for 5 and 9 years at 8°C and 25% RH. They found Fusarium spp. They
concluded the seed acts as a vehicle for pathogen dissemination.

BULGARIA
= S.G. Delikostadinov (1985) reported Fusarium sp. is anew problem. There are no plant sanitary measures
except agrotechnical disease control.

CHINA
= X.R. Zhang et a. (2000) studied 4,251 genotypes (4,073 from Chinaand 178 from other countries) using 14

traits that were genetically stable and agronomically important. They pre-selected a core of 884 accessionsto

grow in 3 locations for 2 years and finally selected a core of 453 accessions. They examined Resistance to

Fusarium wilt disease and had the following distribution:

O1 = Highly resistant (12.4%)

0O 3 = Resistant (31.1%)

O5 = Susceptible (41.9%)

O7 = Highly susceptible (14.6%)

= Anon. (2006a) Chinadescriptor: 8.2 (130) Resistance to Fusariumwilt. They provide a methodology for

artificial inoculations and observing in natural fields. The following are the ratings to be used.

0 0 =Immune

0 1=High resistance (HR)

0 3= Resistance (R)

0 5= Susceptible (S)

0 7 = High susceptibility (HS)

0 H.Y. Zhang/H.M. Miao (pers. comm. 2016): This descriptor is used to describe new germplasm that is
acquired by the Henan Sesame Research Center. It isalso used in the breeding program.

0 X.R. Zhang/L .H. Wang (pers. comm. 2016): This descriptor is used in the breeding program by the Chinese
Academy of Agricultural Sciences-Oil Crops Research Ingtitute, Wuhan. It isalso used to describe new
germplasm that is acquired.

COLOMBIA
= V.C. Barcenas (1962) reported Fusarium sp. was identified on sesame. [Cited by G.S. Saharan, 1989]

COSTA RICA
= Anon (1991a) in agrower guide reported the following pathogen: Fusarium spp.

DOMINICAN REPUBLIC
= R. Ciferri (1930) reported Fusarium sp. was often associated with Phytophthora parasitica.

ECUADOR
= Anon. (1968) reported Aceitera and Oro were least susceptible to Fusarium sp. [Authors comment: Aceiterais
aVenezuelan variety and Oro a USA variety]

EGYPT
= M.M.l. Abdel-Hafez et a. (2012) examined the soils around the roots of sesame and reported Fusarium spp. in
the rhizosphere and rhizoplane.
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= B.A. Sabry et a. (2016) in Egypt studied 28 sesame samples collected from food stores in different governates.
They found the following fungi.

NC Funga! !oad Percentage occurrence of fungal genera
Governorate| . d (log,, CFU/g)
Range | Mean + SDVAfternarialAspergillus|Fusarium|Penicillium|Cladosporium
Great Cairo | 4/4 | 1.72-2.32 | 1.9120.77* | 34.21 60.53 2.63 ND 2.63
Kalioubia | 3/3 | 1.72-2.32 | 1.97<1.03" 4.17 91.66 ND 4.17 ND
Alexandria | 6/6 | 1.72-2.67 | 1.99=1.63" 4.35 82.61 6.52 ND 6.52
El-Behera | 5/5 | 1.72-2.87 | 2.15£1.63" ND 71.82 0.91 17.27 10.00
Kafr El-Sheik | 5/5 | 1.72 -2.80 | 2.26+2.72° 3.96 60.40 1.98 17.82 15.84
Dakahlia 5/5 | 1.72 =3.02 | 2.52+0.70° ND 79.68 1.59 637 12.35

NC: Number of contaminated samples; TNS: Total number of samples
Mean with different superscript letters are significantly different

GUATEMALA
= Anon (1982a) A grower guide reported Fusarium sp. causes black rot at the juncture of the stem and root.
When the attack is late, it debilitates the plant, accelerates maturity, and reduces yield. When the attack is early,
it kills the plants.

HONDURAS
= V.P. Queirogaet a. (2016) reported Fusarium sp. affects the base of the stem and the root, causing the death of
the seedlings. Thereis ablack coloration in the place damaged by the disease.

INDIA

= O.P. Kadian (1972) reported five common genera to include Fusarium spp., which reduced seed germination
and had adverse effect on the seedlings. The seeds were internally as well as externally seedborne. [Cited by
G.S. Saharan, 1989]

» K.R. Sharmaand K.G. Mukerji (1974) reported a pathogenic Fusarium spp. on aging, senescing, and decaying
leaves. [Cited by G.S. Saharan, 1989]

= N.D. Desai and S.N. Goyal (1981c) reported that TC-25, TC30, and TC45 (Punjab) and UT-43 (Gujarat) are
resistant to Fusariumwilt in India.

= A.S. Reddy and S.M. Reddy (1983b) reported 36 fungal species were obtained from 105 seed sampl es of
sesame. Several species of Aspergillus, Fusarium aswell as Penicillium citrinum can produce a very wide
range of mycotoxins. [Cited by G.S. Saharan, 1989]

= K. Bhattachary and S. Raha (2002) studied fungal infection, moisture content, germinability and deterioration
of sesame in storage under natural conditionsfor ayear. Different species of Aspergillus (A. candidus, A.
flavus, A. niger, A. terreus, and A. ruber) were dominant followed by Rhizopus, Penicillium, Curvularia,
Fusarium, Alternaria, etc. Seed moisture was maximum in the rainy season followed by a gradual decrease
during longer storage. As storage proceeded, there was a gradual decrease in field fungi with simultaneous
increase in storage fungi, and a reduction in germinability. A gradual loss of carbohydrate (both soluble and
insoluble) content was recorded. A loss of protein content was recorded followed by a small increase. Oil
content decreased in prolonged storage with simultaneous increase in fatty acid. [Based on abstract]

= P.L. Radha (2013) collected 18 cultivars from 7 districtsin Karnataka and identified the following fungus:
Fusarium sp.

= B.C. Becerraet a. (2016) studied the correlations between Fusarium sp. and the following weather parameters:
maximum and minimum temperature, maximum and minimum relative humidity, rainfall, and bright sunshine
hours. Minimum temperature, maximum relative humidity, rainfall, and bright sunshine hours were positively
correlated to the disease development.

= B. Khamari et al. (2018c) conducted an intensive survey at flowering to ripening of capsule to record the
incidence of sesame diseasesin 10 agroclimatic zones of Odisha during rabi 2014-15 with the following results.
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S  Variety Fus [ Alt “PM Cer
No. (%) | (Grade) | (Grade) | (Grade)
3

[T Bheden Bhedenlocal ~ 18.09 9.78 0
I Balianta VRI-1 238 80 4 3 2 23
Nuagaon Nuagaon local 128 3.0 3 0 2 0.6
E Papadahandi  Papdahandi 1532 2 0 2 1.0
local
Betanati Betanati local 18.8 0.5 2 2 1 0
E Kalimela Kalimela local 113 0.8 3 1 2 0.8
Agarpada Agarpadalocal 80 1.0 3 1 1 0.6
n Kirei Sundergarh 158 39 2 0 1 1.4
local
[ Khajuripada  Phulbanilocal 105 2.9 3 3 1 0.0
[T Bhawanipatna Narla local 192 48 4 0 2 14

Mac=Macrophomina, Fus= Fusarium, Alt= Alternaria, PM= Powdery Mildew, Cer= Cercospora, Phy= Phyllody

= K.N. Guptaet al. (2018) recommended cultural, chemical, and biocontrol practices to alleviate or control
Fusarium wilt; refer to the introduction.

= B. Khamari et al. (2018€) collected 15 sesame seed samples from different localities of Odisha reported the
infestation of Fusarium sp. ranged from 0.5 to 4.0%.

IRAQ
= F. Al-Refaee (2005) collected sesame seeds from 6 regions of Irag and isolated Fusarium sp.

ISRAEL
= Ashri (19814) reported the major diseases are soilborne Fusarium sp. and Macrophomina sp. The varieties
Aceiteraand Renner proved extremely susceptible.

JAPAN
= M. Terui (1933 and 1934) reported Fusarium as awilt. [Cited by R.S. Vasudeva, 1961]

KENYA
= B. Mazzani (1987) visited sesame growing regions and reported the following major pathogen: Fusarium spp.

MEXICO
= L.A. Moraila (2015) in agrower guide reported Fusarium sp. (Wilt) can be prevented by using fields with good
soil drainage. It is characterized by lesions that progress up the plant leading to death.

NICARAGUA
= RA. Marenco M. et a. (1988) reported the most important diseases are those that rot the base of the stem, and
thisis most severe in soils with insufficient drainage. The principal causes of thisfungal disease have been
identified as being Macrophomina sp., Fusarium sp. and Rhizoctonia sp. The only methods of control are to
rotate crops and at the same time to avoid planting in soils with poor drainage.
= Anon. (1998b and 2009a) in grower guides reported Black foot (Fusarium sp.). The base of the stem rots and
turns black. The seedlings and mature plants die.

NIGERIA

= O.A. Enikuomehin (2010) evaluated the effectiveness of seedborne fungi control by plant extracts of leaves
(Azadirachta indica, Vernonia amygdalina, Musa paradisiaca and Anacardium occidental es) and synthetic
fungicides (Team [Carbendazin 12% + Mancozeb 63%] and Ridomil [Metalaxyl 60g + 60 g CuO;]) using two
sesame cultivars (530-6-1 and NCRIBEN-03L). All plant extracts significantly (P < 0.05) reduced the fungal
infection of seeds. A. indica leaf extract was comparable to the synthetic fungicidesin reducing fungal infection
of seeds. Leaf extracts of A. occidentales and M. parasitica enhanced significant (P < 0.05) seedling emergence.
Alternaria sesamicola, Curvularia lunata and Fusarium spp. were most sensitive to A. indica and M.
paradisiaca leaf extracts. [Based on abstract]

= C.N. Ezekiel et al. (2014) isolated the following fungi on sesame seeds. Fusarium sp.

= A.D. Ojochenemi et al. (2015) examined 46 samples of sesame and reported Fusarium spp.

= S.T. Anjorin et a. (2016) studied the effects of 6 botanicals (baobab [ Adansonia digitate] leaf powder, hot
pepper [ Capsicum annum] fruits, and ordeal tree [ Erythrophleum suaveolens] bark and leaves, garlic bulbs and
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ginger rhizomes) against fungi isolated from sesame seeds (Aspergillus niger, Aspergillus flavus, Mucor spp.,
Fusarium spp., Alternaria spp. and Penicillium spp.). The ginger, garlic, and ordeal bark were not effective.
The results of the effective treatments were as follows.

Sesame seeds treated with \spergillusniger| Fusariumspp. | Aspergillusflavus |Penicillivm| Mucordlternaria
plant extracts (cfog/ml) spp. spp. Epp.
Baobab leaf extract (100%) 0.00° 0.00° 0.00° 0.00° 0.00°0.00"
Baobab leaf extract (10%) 0.00° 0.00° 0.00° 0.00° 0.00°0.00°
Ordeal leaf extract(100%) 0.00° 0.00% 0.00° 0.00° 0.00°0.00"
Ordeal leaf extract(10%) 0.00° 1.00% 0.00° 1.00° 0.00°0.00"
Hot pepper fruit extract(100%%) 4.00" 2.00° 0.00° 4.00° 1.00"0.00"
Hot pepper fruit extract(10%) 5.00° 2.00° 0.00° 0.00° 1.00%0.00"
Untreated sesame seed before storage 7.00° 5.00° 4.00* 5.00° 1.00"2.00°
Untreated sesame seed after storage 5.00" 5.00° 2.00° 4.00° 2.00%1.00°
PAKISTAN

= H.N. Farhan et a. (2010) investigated the biological effects of Pseudomonas putida and Pseudomonas
fluorescens as biocides to inhibit Fusarium fungi growth and as biofertilizers to improve growth characters of
sesame crop grown in contaminated soil with Fusarium under field conditions compared with Dithen and
Radiomil. The results were asfollow.

Treatments Fusarium % inhibition Treatmenls Chlorophyll | % N % P % K
growth a+b
{mm) (mglgm)
Pseudomonas putida 2 | 4.80 942 ij:;:;"lmas e . s 22
+ Fusarium Fusarium
Pseudomonas 443 94 6 Pseudomonas | 2.17 3.06 0.23 3.11
fluorescens 3+ fluorescens 3+
Fusarium Fusarium
P_putida2 + P. 0.0 1000 e | B L
fluorescens 3+ Ficatiis
Fusarium Dithen 1.78 270 0.27 3.06
Dithen Fungicide + 29.0 64.9 Fungicide +
Fusarium Fusarium
: - Mo addition 1.86 3.03 0.18 3.31
gﬂg?';ég:j:;“m gg'g 80.1 Control 0.85 177 o1 134
! (Fusarium
only) only)
LSD at 5% 12 - LSD at 5% 0.81 1.52 0.07 0.98
Treatments Leaf Pods Grains Treatments Branch Height of | Leaf
no./plant no./plant no.{pod no./plant plant (em) zrealpla
Pseudomonas | 297.3 1013 512 rt (em”)
putida 2 + Pseudomonas | 32.9 105.7 a2
Fusarium putida 2 +
Pseudomonas | 374.7 106.0 528 Fusarium
fluorescens 3+ Pseudomonas 346 106.7 43.2
Fusarium fluorescens 3+
P. putida2 + P. | 428.3 146.7 69.1 Fusarium
fluorescens 3+ P. putida2 + P. 458 151.7 a7
Fusarium fluorescens 3+
Dithen 2693 88.3 470 Fusarium
Fungicide + Dithen 238 104.0 4.2
Fusarium Fungicide +
Na addition 2723 94.0 49.3 Fusarium
Control 162.7 440 313 No addition 274 105.3 40.5
(Fusarium Control 14.6 533 55
only) (Fusarium only)
LSD at 5% 77.82 17.3 B0 LSD at 5% 5.8 13.7 10.7
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Treatments Weight of | Total vield | % Oil in
1000 grain | of grains | grains
(gm} per  plot

(gm)

Pseudomonas | 2.24 3621 50.6

putida 2 +

Fusarium

Pseudomonas | 2.46 4422 51.3

fluorescens 3+

Fusarium

P.putida2 + P. | 2.92 982.3 56.2

fluorescens 3+

Fusarium

Dithen 1.81 303.5 41.9

Fungicide +

Fusarium

Mo addition 229 3524 46.3

Control 0.94 1124 266

{Fusarium

only)

LSD at 5% 0.38 49.0 10.5

= H.N. Farhan et al. (2011) investigated the biological activity of Pseudomonas bacteria as biocides to protect
sesame crop from some fungi and to evaluate its efficiency as plant growth promoting. The first experiment
investigated the effects of Pseudomonas putida (Pp) and Pseudomonas fluorescens (Pf) on germination and
seedlings growth of sesame crop against Pythium, Alternaria, and Fusarium under plastic house conditions. The
following are the results.

Sterilized soil Non sterilized soil
Treatments i _ - s :
Germination (%a) Seedlings (cm) Germination (%) Seedlings (cm)
Pythium + Pp 80 4.0 70 3.2
Fusarium + Pp 84 3.5 85 2.5
Alternaria + Pp 86.7 4.5 82 33
Pythivm + Pf 65 32 65.3 22
Fusarium + Pf 61.6 4.0 71 3.0
Alternaria + Pf 75.7 3.0 77 1.0
Pythium 0.0 0.0 21 2.0
Fusarium 2.0 (1.0 10 0.5
Alternaria 0.0 0.0 19 20
Control (no addition)  38.3 1.9 493 24

The second experiment grew the plantsto harvest.

Treatments Germination percentage Leaf no. per plant (cm*/plant) Leaf area/plant  Chlorophyll content (mg/gm)

Pp + Fusarium 89.7 27 22 3.27

Pp + Pythium, ®4.0 28 20 2.20

Pp + Alternaria 86.7 25 18 1.28

Pf+ Fusarium 70.7 22 19 3.23

Pf + Pythinm 1.0 19 17 1.96

Pf+ Alternaria 820.0 19 18 2,25

Fusarium 1.0 f 4 0.21

Pythium 23 4 4 0.32

Alternaria 0.0 0 0 0.00

Control (no addition)  52.0 11 9 0.76

LSD 5 % 10.9 3.98 5.12 0.167

Treatments Height of.  Begnch fip: 1?:;!]1?2‘; Treatmenits 2: ii:op;er \:‘;;1)%11:;; per Pagsnn:
plant (cm) per plant shost gi/olarit plant plant (am) per plant

Pp + Fusarium 76.7 53 6.9 Pp + Fusarium 50.7 2.2 337

Pp + Pythium #8.3 8.3 7.9 Pp + Pythium 64.0 2.5 373

FPp + Alternaria 6.7 6.3 6.7 Pp + Alternaria 537 2.1 35.9

Pf+ Fusarium 73.3 4.7 4.8 Pf\ Fusarium 533 1.9 350

Pf+ Pythium 69.7 43 5.7 Pf+ Pythium 54.7 1.6 26.7

Pf + Aiternaria 62.3 5.7 5.6 Pf + Alternaria 437 1.8 323

Fusarium 37.3 1.3 0.23 Fusarium 83 04 1.3

Pythium 36.3 2.7 0.3 Pythium 13.0 0.7 1.0

Alternaria 0.0 0.0 0.0 Alternaria 00 0.0 0.0

Contro! (no addition) 55.0 33 33 Control (no addition) 353 1:2 19.0

LSD 5% 11.4 1.78 1.26 LSD 5% 4.58 0.22 3.3




Pest: Fungi — A1 Hypocreales Page 51

N%in P%in K%in Oil%in

Treahmens sheot shoot shoot seeds
Pp + Fusarium 0.55 0.67 4.73 43.3
Pp + Pythium, 0.72 0.83 5.53 48.0
Pp 1 Alternaria 0.63 0.73 4.30 45.0
Pf+ Fusarium 0.40 0.61 443 42.7
Pf + Pythium 0.32 0.71 4.43 44.0
Pf+ Alternarta 0.41 (.66 4.52 43.7
Fusarium 0.07 0.03 2.2 53
Pythium 0.06 0.04 1.43 4.7
Alternaria 0.0 0.0 0.0 0.0
Control (no addition) 0.21 0.42 3.05 271
LSD 5 % 0.033 0.042 0.576 3.11
PARAGUAY

= N. Lezcano (2006) in agrower guide reported the following pathogen: Fusarium sp.
= L.C. Ross and A.L. Orrego (2007) identified the following fungus on sesame seeds. Fusarium sp.
= Anon. (2015a) Paraguay descriptor: 1.10 Incidence of Fusarium sp. The following ratings are used:
o 0= Sininformacion [No information]
0 1 = Resistente [Resistant]
0 2 = Medianamente resistente [Moderately resistant]
0 3 = Medianamente susceptible [Moderately susceptible]
0 4 = Susceptible [Susceptible]

REPUBLIC OF KOREA

= JI. Leeet a. (1985i) reported A new high-yielding sesame variety ‘Ansanggae’ was developed by mutation
breeding of ‘Early Russian’. Ansanggae was moderately resistant to seedling blight including Rhizoctonia
blights, and resistant to Corynespora leaf blight, Phytophthora blight, and Fusarium wilt. [Based on abstract]

= SW. Kang and H.K Kim (1989) reported sesame seeds coated with conidia of Gliocladium virens, were sown
in the field where sesame had been cultivated for five to six straight years. The antagonistic fungus was
evaluated for biocontrol potentials over Benomy! fungicide against Damping-off and Fusarium wilt of sesame
for two years with randomized block design with three replicates throughout the growing period of 1987 and
1988. Pathogenic fungi associated with sesame seedling disease in the field plot was predominantly Fusarium
sp. and Pythium sp. at 32.9% and 27%, respectively. Disease incidence of Damping-off and Fusarium wilt at
earlier growth stages was 20.1% in 1987 and 15.2% in 1988 for plots of seed-dusted with conidia of G. virens,
which was far effective compared to the infection rate at average of 35.2% of the untreated plot. It was
especially remarkable that G. virens seed-dusting was superior to fungicide seed treatment by Benomyl wp.
[Based on abstract]

= R. Radhakrishnan et al. (2013a) reported Penicillium sp. is a potent plant growth promoting fungus that has the
ability to ameliorate damage caused by Fusarium infection in sesame cultivation. Thein vitro biocontrol
activity of Penicillium sp. against Fusarium sp. was exhibited by a 49% inhibition of mycelial growth in a dual
culture bioassay and by hyphal injuries as observed by scanning electron microscopy.
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In addition, greenhouse experiments revealed that Fusarium inhibited growth in sesame plants by damaging
lipid membranes and reducing protein content. Co-cultivation with Penicillium sp. mitigated Fusariun+induced
oxidative stressin sesame plants by limiting membrane lipid peroxidation, and by increasing the protein
concentration, levels of antioxidants such astotal polyphenols, and peroxidase and polyphenoloxidase
activities.
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= R. Radhakrishnan et al. (2013b) studied the differences in amino acids and fatty acids between a control,
Fusarium and Fusarium + Penicillium. Compared with healthy plants, Fusarium-infected plants accumulated
higher concentrations of free amino acids, fatty acids, carotenoids, y-Aminobutyric acid (GABA), and some
lignans, and showed decreased concentrations of oil and chlorophyll. Furthermore, Penicillium treatment
mitigated the Fusarium-induced changesin amino acids, fatty acids, carotenoids, and secondary metabolite
contentsin infected plants. The results were as follow.
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= R. Radhakrishnan et al. (20144a) screened 41 genotypes for resistance to Fusarium sp. Fusarium sp. 40240
isolate was cultured in potato dextrose broth for 3 weeks. The Fusarium culture filtrate with mycelium was
mixed into pots. The pots treated with sterile water served as control. Sterilized seed was planted in the pots
with the following rates of germination.
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= R Radhakrlshnan et al. (2014b) evaluated the effects of 3 Penicillium species (RDA01, NICS01, and DFCO01)
on 3 cultivars (Pyeongang, Kangbaek, and 90 Day) on Fusarium sp. Seven-day-old RDAQO1, NICS01, DFC01
and Fusarium sp. culturesin PDB broth were applied to a4-mm disc placed on the opposite side of Petri dishes
containing potato dextrose agar (PDA) medium. The Petri dishes were incubated for 14 days at 28 + 2°C and
Fusarium mycelium growth was measured. The surface-sterilized seeds were sown in pots containing RDAO1-,
NICS01-, and DFCO1-treated Baroker soil in a greenhouse. Fusarium culture was applied to the Penicillium-
inoculated plants at 50 days. Shoot length was measured 15 days after the first appearance of wilting. The
results were as follow.
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Fus (P) P+RDAO1 P+NICS01 P+DFCO1 on Fue (P) P+RIJA01 P+NICSOL P+DFCO1

= S.U. Kim (pers. comm. 2015): The following is a photo of Fusarium sp. on sesame in a greenhouse.
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SAUDI ARABIA
= A.H. Bahkali and M.A. Moslem (1996) reported the following mycofloraon 5 cultivars: Fusarium sp.

SIERRA LEONE
= F.E. Jonsyn (1988) sampled the fungi in 4 different geographical areas and found three toxigenic Aspergillus
species: A. flavus Link ex Fries, A. ochraceus Wilhelm, and A. tamarii Kita were common to all samples.
Penicillium citrinum Thom and two Fusarium sp. were found in samples from two localities. The mycotoxins
aflatoxin B1 and G1, ochratoxin A and B, and citrinin were positively identified. [Based on abstract]

SUDAN
= N.M.A. Hamid (2006) identified the following fungus from seed collected from 3 areas of Sudan: Fusarium sp.

THAILAND
= V. Benjasil (1985a) reported Fusarium sp. (Leaf and stem rot) causes lossesin yield.

UGANDA
= C.G. Hansford (1931, 1938, 1939, 1940, and 1943) reported the following disease: Fusarium wilt. [Cited by
G.S. Saharan, 1989]
= W.O. Anyanga (2019) reported Fusarium is one of the main diseases.

UNITED STATES

= G.M. Armstrong and J.K. Armstrong (1949) reported Fusarium on a benne farmer field in Georgia where the
farmer reported the disease for the previous 15 years. He inocul ated sesame in the greenhouse and found most
lines susceptible, but one line (Sirigoma) was resistant.

= JA. Martin (1949c) reported two of the breeding objectives are to develop tolerance to Cercospora sesami and
Fusarium sp.

» R.D. Searsand S.A. Wingard (1951) reported Fusarium wilt in Virginia. [Cited by G.S. Saharan, 1989]

= J. A. Martin (1953a) reported the presence of Fusarium sp. in the US.

= D.R. Langham (1998e) reported that Sesaco took notesin most years on ““37a. Fusarium. Critical datafor
sesame becoming a crop in the US.”

= D.T. Smith et al. (2000) reported Fusarium wilt has been noted in Georgiaand Texas. The pathogens can
attack seedlings, cause damping off, reduce crop standsin cool, wet soils, and may attack the crop later in the
growing season. Sesame seedlings may emerge, but seedling diseases may reduce stands 70% to 90%. Some
varieties are very susceptible to Fusarium but breeding lines have shown some resistance. rhh may cause 80%
yield loss with susceptible varieties. Fusarium wilt became the major problem in sesame in the Winter Garden
area of Texasin the early 1990's, when sesame could be grown on set-aside ground. Repeated plantings resulted
in a build-up of fungal spores. Fusarium shows up in earlier stages and kills the plant before seed is produced
and reducing yields by 90% or more. Some lines, such as S-23, S-24, and S-25 show some resistance to this
soil pathogen.

VENEZUELA

= D.G. Langham and M. Rodriguez (1945d) classified Fusarium sp. as arange: resistant (K1), intermediate (K-
K4) and susceptible (Ks).

= G. Malaguti (1960) reported a sesame wilt caused by Fusarium sp. with symptoms similar to those of such wilts
in other plants. Incidence was related to ambient conditions, the disease occurred when the water content of the
soil was 17-27% of the dry weight. Nematodes, high air temperatures by day and low by night, and high soil
temperatures to a depth of 5-10 cm during dry periods increased its incidence.

= B. Mazzani et al. (1973) introduced a new variety ‘Maporal” which is especially adapted to conditions in which
soilborne pathogens (Phytophthora, Fusarium, Macrophomina, and Rhizoctonia) are prevalent.
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= B. Mazzani (19814) reported Fusarium sp. (Wilt) is one of the major diseases.

= C. Zambrano and O. Tortolero (1985) conducted studies on 540 sesame cultivars, and isolations from seedling
rot and soil and reported the following pathogen: Fusarium sp.

= Y. Martinez et al. (1991) in studying aflatoxin reported the following fungi on sesame: Fusarium sp.

Al.1.1a Fusarium oxysporum (7 Apr 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Fusarium oxysporum Schlecht 1824.

(Wikipedia, 7 Apr 2021) Fusarium oxysporum (Schlecht as emended by Snyder and Hansen),
an ascomycete fungus, comprises all the species, varieties and forms recognized by Wollenweber and
Reinking within an infrageneric grouping called section Elegans.

Although their predominant role in native soils may be harmless or even beneficial plant endophytes or soil
saprophytes, many strains within the F. oxysporum complex are pathogenic to plants, especially in agricultural
settings.

These diverse and adaptable fungi have been found in soils ranging from the Sonoran Desert, to tropical

and temperate forest, grasslands and soils of the tundra. F. oxysporum strains are ubiquitous soil inhabitants that
have the ability to exist as saprophytes, and degrade lignin and complex carbohydrates associated with soil debris.
They are pervasive plant endophytes that can colonize plant roots and may even protect plants or form the basis of
disease suppression.

Because the hosts of a given forma specialis usually are closely related, many have assumed that members of
aforma specialis are also closely related and descended from a common ancestor. However, results from research
conducted on Fusarium oxysporum f. sp. cubense forced scientists to question these assumptions.

References:

INTERNATIONAL

= JR. Morschel (1964) reported the following pathogen in the world: Fusarium oxysporum (Wilt). [Cited by D.F.
Beech. 1995g]

= Anon (2000a) is an organic grower guide for America. 1t describes the following pathogen and its
recommended organic method of control: Fusarium oxysporum (Fusarium wilt) is transmitted through seeds
and soil. Indehiscent strains are less susceptible. In case of strong soil infection, sowing interval of minimum of
5years.

= CAB International (accessed 12 Apr 2021) reported sesame was a host of Fusarium oxysporum (Basal rot).

AUSTRALIA
= D.F. Beech (19953a) reported the following pathogen: Fusarium oxysporum (Wilt).

BRAZIL
= V.P. Queiroga et al. (2010c and 2019) reported Fusarium oxysporum. For control, use resistant varieties
Sesamum radiatum or Delco). Rotate the crop and eliminate plant residues.

= N.E.M. Beltrao et a. (2013) reported Fusarium oxysporum It is characterized by sagging and wilting of the
plant, which later it causes drought and consequently death. When making a cross section in the stem of the
infected plant, there is blackening of the tissues of the vascular system. The disease affects any stage of the
plant's life, from germination and seedling stage to its development and maturation (G. Malaguti, 1960). The
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fungus survives in the soil in the form of spores, living saprophytically on crop residues. Its dissemination it is
made by soil particles and water droplets (from rain and irrigation).

CHINA
= JL.Huaet a. (2012) evaluated the effects of 4 normal crop rotations (vegetable crop (vegetable-vegetable-
vegetable-sesame, VVV S), aternation of sesame with peanut (sesame-peanut-sesame, SPS), 2 year continuous
sesame, CS2, and 5 year continuous sesame, CS5) on populations of Bacillus spp., Fusarium oxysporum (FO),
and Ralstonia solanacearum (RS). The results were as follow.
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It was clear that continuous cropping of sesame led to direct changes in the microbial composition of the
rhizosphere. Bacteria and actinomycetes decreased in abundance, while fungi increased. When rhizospheric soil
changes from "bacterial" to "fungal”, its biological activity and fertility decline, and it is Slower to recover from
ecological fluctuations caused by external factors such as pathogens and waterlogging. Fusarium
oxysporum and Ral stonia solanacearum continue to increase in abundance, causing worsening diseases. These
factors eventually lead to continuous cultivation problemsin sesame.

= D.H. Li et al. (2012) obtained 25 isolates of Fusarium species from wilted sesame grown on 25 farms from 22
regions of China. They identified Fusarium oxysporum and Fusarium solani.

= JF. Wang et a. (2013) isolated 421 endophytic bacteria from 36 samples of healthy sesame roots growing in
eastern Henan province. Antagonistic activity of these bacteria against Fusarium oxysporum was tested by the
dural culture method. The result showed that 3 bacterial strains (A21, G20, G36) had significant antagonistic
activity, and the biological control efficacies were 52%, 40%, 67% respectively. The detection of the enzyme
production ability indicated that the 3 bacterial strains produced different cell wall degrading enzymes, and
possibly had different bio-control mechanism. The test of physiological and biochemical characteristics of
endophytic bacteria indicated that G36 belonged to Bacillus sp. [Based on abstract]

= X.B. Zhao et al. (20214) studied the effects of Penicillium bilaiae on Fusarium oxysporum. |solate 47M-1 was
isolated from rhizosphere soil samples of tobacco and identified as Penicillium bilaiae. |solate 47M-1 inhibited
the mycelial growth of F. oxysporum by 81.3% and overgrew the colonies of F. oxysporum in co-cultures. In a
potting test, the control efficiency of isolate 47M-1 against Fusarium wilt of sesame was 50%, which was
superior to that of Bacillus subtilis (P = 0.022). There was no significant difference (P = 0.068) in the control
of Fusarium wilt between treatment with the fungicide carbendazim and treatment with isolate 47M-1. The
results also showed that isolate 47M-1 and its culture filtrate significantly promoted the growth of sesame. In
conclusion, isolate 47M-1 can control Fusarium wilt of sesame via multiple mechanisms, including competition,
production of inhibitory substances, promotion of plant growth and induction of disease resistance. [Based on
abstract]
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COLOMBIA
= Anon. (2013c) in agrower guide reported Fusarium oxysporum causes amajor disease. It istransmitted in the
seed and the soil.

CUBA
= LaHabana (2009) in agrower guide reported the following pathogen: Fusarium oxysporum.

EGYPT

= A.K.A. ElI-Ghany et a. (1970) reported Fusarium oxysporum, Rhizoctonia solani and Sclerotium bataticola
were isolated from diseased plants. Infection tests showed that vars. Introduction 51, Sharkya 57, 62 and 203
and especially Sharkya 79 were least susceptible. High soil moisture levels due to frequent irrigation increased
infection. The best yields were obtained with irrigation every two weeks.

= A.K. Selim et a. (1976b) reported in 4 crosses between 3 local and 5 introduced sesame cvs. tolerance of
Fusarium oxysporum in mature plants was governed by 1 or 2 dominant pairs of genes while in a 5th cross
governed by 3 pairs of genes; tolerance was recessive.

= M.S. Serry (1981a and 1981b) reported the presence of Fusarium oxysporum isamajor hazard. The variety
Giza-25 istolerant and now occupies 70% of the sesame area. Seed treatments with fungicides (Vitavax and
Captan) proved to be effective in controlling seedling diseases. Studies using nematicides and Trichoderma
herzianum have been initiated.

= M.B. Seoud et a. (1982) reported the most destructive diseases al sesame in Egypt are caused by Fusarium
oxysporum, Rhizoctonia solani and Sclerotium bataticola (Macrophomina phaseolina). Seed treatment with
Vitavax (carboxin) + Captan @ 4 g/ka seed and soil treatment with Daconil 2787 (chlorothalonil) at 3.75
kg/feddan gave the best control and highest yields.

= M.M. Satour (1984) reported one of the prevalent disease causal organisms was Fusarium oxysporum. [Cited by
G.S. Saharan, 1989]

= M.S. El-Abyad et al. (1988) studied the effect of the herbicide prometryn on the metabolic activities of two
formae speciales of Fusarium oxysporum. Prometryn at concentrations of 128 and 256 ppm significantly
inhibited growth and respiration rates, reduced absorption of both sugar and nitrate, and reduced rates of
synthesis of carbohydrates and organic nitrogenous compounds by both fungi. A concentration of 16 ppm did
not significantly affect the metabolic activities of F. oxysporum f. sp. vasinfectum. [Based on abstract]

= H.A.H. Hasan (2002) reported Fusarium oxysporum was a pathogen in the rhizosphere and rhizoplane. [Cited
by S.I.I. Abdel-Hafez, 2012]

= M.M.I. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium
oxysporum in the rhizosphere and rhizoplane.

= A. Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Fusarium oxysporum.

= A.S. Anter and G.M. Samaha (2021 ) reported molecular marker analysis revealed eight markers linked to
Fusarium wilt resistance (Fusarium oxysporum): they are seven positive markers (five RAPD and two ISSR),
which were found in the line C3.8 and absent in the check variety.

ETHIOPIA
= T. Geremew et al. (2009 and 2012) reported the following diseases are a minor problem: Fusarium oxysporum
Wilt).

GREECE
= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

INDIA
= R.S. Vasudeva (1961) described the following symptoms of Fusarium oxysporum: The disease is characterized
by yellowing, drooping, and withering of the leaves. The top of the stem gets dried up and bent over. A brown
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discoloration in the wood gradually extends from the roots to the apex and ultimately leads to the death of the
plant. The symptomsin general closely resemble with other wilt diseases caused by Fusarium.

= S.N. Bhargavaand D.N. Shukla (1979a) reported seed coat leachates and seed extracts of sesame decreased
spore germination of Fusarium oxysporum, Fusarium solani and Curvularia lunata (Cochliobolus lunatus).
Culturefiltrates of the fungi inhibited seed germination of the plants. [Cited by G.S. Saharan, 1989]

= S.N. Bhargava and D.N. Shukla (1980) reported the two most frequently encountered fungi, Fusarium equiseti
and Fusarium oxysporum caused a dight reduction in oil content of seeds of sesame when incubated for 45
days. [Cited by G.S. Saharan, 1989]

= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

= B.K. Vaidehi et a. (1985) reported culture filtrates of Fusarium oxysporum reduced germination percentage and
root and shoot elongation of sesame with the maximum on the 30th day. [Cited by G.S. Saharan, 1989]

= N.O. Srikantappa et al. (2009) studied 28 samples of sesame taken from fields, farmers, retail shopsand APMC
markets from 5 areas. They found 34 four fungi including Fusarium oxysporum. The fungi significantly
reduced germination.

= R.B. Kakde and A.M. Chavan (2011) examined the effects of fungi on seedsin storage. Ten dominant fungi
were isolated from seeds of groundnut, soybean, sesame, safflower, and sunflower. One hundred grams of
seeds were inoculated with 10 ml of the fungi. The flasks were left at room temperature for 14 days and then

analyzed for sugars, crudefat, and fiber. The results are as follow.
Table 1. Change in reducing sugar {g/100gm) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 52 48 11 11 13
Curvularia lunata 49 5.0 25 15 18
Curvularia pellescens 5.0 54 21 1:2 1.6
Fusarium oxysporum 4.7 4.4 1.8 1.7 11
Fusarium equisets 46 48 1.6 12 1.0
Macrophomina phaseolina 58 3.5 22 20 22
FRhizopus stolonifer 6.1 5.0 11 18 21
Penicillium digitatum 5.5 46 19 17 14
Penicillium chrysogenum 5.2 49 20 16 1.6
Trichoderma viride 6.7 6.1 21 19 26
Control 72 6.9 3.1 24 2.8
C.D. at 0.05 0.52 0.62 1.21 0.24 0.21
Table 2. Change in crude fat (g/100gm) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Sovbean Safflower
Aiternaria diantlicola 355 10.2 37.1 498 22
Curvilaria lunata 43.5 14.3 by 48.2 26
Curvilaria pellescens 16.5 10 11 19 a7
Fusarium oxysporum 43 16.1 38 44 20
Fusarium eguisets 47 142 35 49.7 19
Mucropliomina plhaseolita 48 10.5 39.2 46.8 30
Rhizopus stolonifer 50 16.3 40.2 486 33
Penicillium digitatum 42 153 342 39 24
Penicillium chrvsogenum 44 128 36.2 41 27
Trichodarma virtde 48 17.5 40 46 35
Cunlrul 48 20 45 50 36
C.D. at 0.05 271 2.05 2.04 24 3.7

Table 3. Change in crude fiber (g/100) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 39.1 35.6 33.9 26.1 201
Curvularia lunata 52.3 30.6 38.8 345 218
Curvularia pellescens . 461 411 42.3 31.1 21.6
Fusarium oxysporum 53.1 36.5 34.7 37.0 21.0
Fusarium equiseti 50.7 36.4 37.9 21.0 225
Macrophomina 477 34.8 419 36.6 17.9
phaseolina

Rhizopus stolonifer 416 316 401 285 19.6
Penicillium digitatum 435 405 276 21.0 144
Penicillium chryvsogenum 405 27.9 31.7 36.9 139
Trichoderma viride 475 35.1 38.3 37.0 198
Control 513 47.7 38.0 23.3 199
C.D. at 0.05 3.16 6.11 2.39 42 1.82

They also tested the effect of the following botanicals against the fungi: Azadirachta indica, Polyalthia
longifolia, Jatropha curcus, Santalum album, Withania somnifera, Datura strominum, Eucalyptus
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angophoroides, Vitex nigundo, Annona squamosal, Piper betel and Murraya koenigii. Most of the fungi tested
are not normally found on sesame, but for those that are, Azadirachta indica, Polyalthia longifolia, Murraya
koenigii, Jatropha curcus, Withania somnifera and Datura strominum showed antifungal activity against
Macrophomina phaseolina, and Eucalyptus angophoroides against Fusarium oxysporum.

= A. Sharmaet a. (2011) analyzed the metabolic alterations in sesame after infection with Macrophomina
phaseolina and Fusarium oxysporum by estimating the levels of total phenolic compounds and the activities of
phenylalanine ammonialyase (PAL) of one week old plants. The PAL showed high activity in infected plants,
revealing the active phase in the synthesis of secondary metabolitesin the plant after infection. Asa
conseguence, in infected plants the contents of polyphenols along with salicylic acid (SA) considerably
exceeded when compared to control plants. Thisin vivo study of M. phaseolina and F. oxysporum infection
reveals the differences of resistance levelsin sesame against these two pathogens. The following shows the
percentage increase in phenolics, PAL activity and defense related proteins in infected plantsin comparison to
control under in vivo and in vitro conditions in both 25 days 35 days old plants after 96 and 48 hours of

inoculation.
PAL Salicylic acid Total protein
A B A B A B

Varieties 25days 35days 25days 35days 25days 35days 25days 35days 25days 35days 25days 35 days
RSG-931 5 8 5 12 31 25 9 33 10 23 24 24
RSG-945 10 12 5 7 2 29 21 20 40 19 44 18
RSG-896 10 28 11 14 32 31 32 23 42 24 59 28
CSID-884 15 11 11 13 26 21 13 29 25 21 23 20

A-In vive, B-In vitro.

= D.K. Maheshwari et al. (2012) evaluated the use of Azotobacter chroococcum TR2 against Macrophomina
phaseoli and Fusarium oxysporum along with growth promoting attributes in conjunction with fertilizers. It
caused degradation and digestion of cell wall components, resulting in hyphal perforations, empty cell (halo)
formation, shrinking and lysis of fungal mycelia along with significant degeneration of conidia. The effectson
the pathogens were as follow.

Fungal Pathogen Incubation (h) Growth in dual culture (mm) Growth in centrol (mm) Growth inhibition (%)
M. phaseolina 48 25.0£0.03 482 £ 0.02 43.1
72 2834005 604 £ 0.05 53.1
96 29.7 £ 0.01 707 £ 0.03 579
120 30.9 £ 0.06 803 4+ 0.02 653
F. oxysporum 48 28.0 £ 0.03 400 £ 0.07 30.0
72 39.1 4+ 0.02 655 £+ 0.06 403
96 41.0 £ 0.03 767 + 0.11 46.5
120 41.8 £ 0.07 8.1 + 0.12 525

= V. Bharathi et al. (2013) collected sesame seeds from farmersin Andhra Pradesh. They tested the seeds for
mycoflora, and the following fungus was found: Fusarium oxysporum.

= H.R. Aglave (2016) screened two varieties (CV.N-85 and CV. Phule-1) for seed mycoflora. Twenty-seven fungi
were isolated from these varieties. Varietal variation was found during the investigation. The following fungus
was present Fusarium oxysporum.

IRAN
= M. Gooyaet al. (2000) took one seed samples of each 17 sesame cultivars from 10 locations leading to 145
isolates during 1997/99 They identified Fusarium oxysporum.

IRAQ

= K.M. Tamini and H.A. Hadwan (1985) reported the differences in the amount of inhibition of growth of arange
of sesamum wilt causing fungi by gaseous metabolites from Neurospora sitophila and Trichoder ma harzianum
could be accounted for by differencesin their ages. The highest level of growth inhibition from test fungi ever
recorded was as follows: 3-day-old N. sitophila was 55% on virulent Rhizoctonia solani, 51% on a virulent
Rhizoctonia solani, 48% on Fusarium oxysporum and 40% on Macrophomina phaseoli. Other soilborne fungi
were less effective than N. sitophila. [Cited by G.S. Saharan, 1989]

= N.A. Saad et a. (2013) examined seed and found the following fungus: Fusarium oxysporum.
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ISRAEL
= A.Z. Joffeand J. Palti (1964) reported of the nine Fusarium spp. identified in 79 isolates from soil and plant
material in association with 18 different hosts, F. oxysporum (23 isolates) and F. solani (27) were most
prevalent and affected hosts on many soils. Both the F. solani and F. oxysporum groups were associated with a
serious wilt of sesame. [Cited by G.S. Saharan, 1989]
= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

JAPAN
= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

MALAWI
= E. Lawrence (1951) reported Fusarium oxysporum (Wilt) causes one of the more important diseases. [Cited
G.S. Saharan, 1989]

MEXICO

= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

= Anon. (2010a) in a grower guide reported the following main pathogen: Fusarium oxysporum. For its control it
is recommended to till the soil immediately after harvest, in order to expose the immature sclercotia to the sun; it
also helps speed up the decomposition of organic matter by removing it at depths greater than those inhabited
by the fungus. Avoid introduction of organic matter from other areas where the pathogen is suspected. In
general, the most effective methods to control F. oxysporum include disinfection of the soil, free or treated seed
and vegetative material with fungicidal chemicals, crop rotation with non-hosts of the fungus, or use of resistant
cultivars.

NIGERIA

= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

= F.M. Afolagboye (2011) reported the following fungus from 4 sesame varieties (NCRIBEN 03L, NCRIBEN
01M, E8 and 530-6-1) at Abeokuta: Fusarium oxysporum.

= C.N. Ezekid et a. (2012 and 2013) examined 17 samples of sesame from 4 markets and found Fusarium
oxysporum, Fusarium semitectum and Fusarium verticillioides. They found no aflatoxins. Six randomly
selected isolates were screened for their ability to produce mycotoxins in ofadarice culture, and the crude
extracts of the mycotoxins were tested on week-old catfish (Clarias gariepinus) fingerlings with lethal effects.
They isolated 6 toxic metabolites produced by the Fusariumin the rice culture: equisetin, fumonisin By,
fumonisin B2, methyl-equisetin, moniliformin, and zearalenone. They concluded sesame may be potential
sources of toxigenic Fusarium.

= Enikuomehin (pers. comm., 2021) reported the causal pathogen of Fusarium Wilt and Fusarium leaf spot is
Fusarium oxysporum. Fusarium wilt symptoms: Presents as gradual loss of turgor and drooping of above
ground parts of the plant without any obvious sign of the pathogen on the soil surface or on the plant. Plants are
more susceptible at almost all stages of growth, particularly when plant roots have wounds that provided access
to the pathogen. Fusarium leaf spot appear as black, circular spots with less pronounced yellow halo. The spots
readily coalesce to form black blotches on infected foliage.

PAKISTAN

= A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areas in Punjab and found
the following fungus: Fusarium oxysporum.

= K.H. Wagan et al. (2002) reported 4 species of seedborne fungi, that is Alternaria sesami, A. sesamicola,
Curvularia lunata [Cochliobolus lunatus], and Fusarium oxysporum were isolated from infected seeds of
sesame varieties PR-125, S-17, PR-19-9, and PR-14-2. The frequency of fungi was highest from PR-125
(25.63%) followed by S-17 (24.75%), PR-19-9 (23.13%) and PR-14-2 (22.5%). A. sesami was isolated as most
predominant fungus according to its infection percentage (22.5-62.5). However, C. lunata was most frequently
isolated from the variety PR-14-2. Maximum seed germination percentage (82.0) was obtained from the healthy
seeds of PR-14-2 on filter paper followed by PR-125 (76.0), S-17 (67.0) and lowest from PR-19-9 (62.0).
Vitigran blue [copper oxychloride] significantly (P=0.05) reduced the colony growth of the fungus followed by
Liro-Manzeb [mancozeb], Dithane M-45 [mancozeb] and Topsin-M [thiophanate-methyl]. The number of spots
on 2-month-old inoculated plants was significantly (P=0.05) reduced by spraying with Vitigran blue compared
to Liro-Manzeb, Dithane M-45 and Topsin-M.

= B.G. Nayyar et d. (2013) examined 15 samples of seed to detect fungi using 3 methods: agar plate, blotter, and
deep freezing and found Fusarium oxysporum.
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= B.G. Nayyar et a. (2014) studied the effects of fungal pathogens on the germination of sesame. Seven
prevalent fungal speciesviz. Alternaria alternata, Aspergillus flavus, Aspergillus niger, Cercospora sp.,
Fusarium oxysporum, Penicillium egyptiacum and Rhizopus oryzae associated with sesame seeds were selected
for thisstudy. Fungi associated with seeds affected the seed health and resulted in reduced seed germination,
and seedling abnormality as shown in the table below.

Normal seedlings | Abnormal seedlings Un germinated seeds

Treatments Yaage “oage “age

Fungi isolated

Aspergifius flavus
Surface sterilized seeds 20 14 ] Aspergifius niger

Fusartum ox) ML

Alternaria alternaia
Aspergilius flavus
Naturally infected seeds 64 26 10 Aspergillus niger
Fusarium oxysporiim

Penicillim egvptiacim

The pathogenicity of the 7 fungi was tested with the following results.

5. Mo, | Fungi isolated Pathopenic Effect Healthy Plants
1 A. altermata Infected root & stem, Weak stem, Reduced growth 55%
2 A. flavies Reduced growth T
3 A miger Reduced growth, Infected roots, Weak stem 13%
4 Cercospora sp. Infected stem, Weak stem, Reduced growth 4074
5 P emvptiacum Infected root, Weak stem 26%%
f R anzae Reduced growth, Infected roots & stem, Weak stem I
T F. oxyvsporum Reduced growth, Leaves short & infected 32% \

Abnormality rate of seedlings depends on the type of pathogens with which they are infected. Thereis also need
for the management programs to control seedborne pathogens and reduce their impact on sesame production in
Pakistan.

= R.N. Syed et a. (2015) evaluated leaf, stem, and root extracts from 32 lines with the aim of identifying
genotypes with high content of metabolites potentially involved in resistance against fungal pathogens. The
extract of the leaves and stems sprayed with CuCl, were the most inhibitory against F. oxysporum. The results
for Fusarium oxysporum were as follow.

Leaves extract
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B.G. Nayyar et a. (2016) evaluated different treatments to increase the germination and inhibit the fungi on
sesame seeds: application of fungicides (Mancozeb, Thiophante Methyl, and Carbendazim) and plant extracts
(Méelia azedarach, Cannabis sativa and Pongamia pinnata). Seed germination was tested by following the
protocol of International Seed Testing Association. Antifungal activity was tested by poisoned food technique.
Theresults revealed that the germination increased effectively, due to thiophanate methyl up to 46%, followed
by Cannabis sativa (37%). Out of 7 fungi tested against fungicides and plant extracts, 4 fungi, namely
Aspergillus flavus, Aspergillus niger, Fusarium oxysporum and Penicillium egyptiacum, were inhibited up to
100% by Carbendazim and Thiophanate Methyl, while Mancozeb inhibited Penicillium egyptiacum (100%),
only. Cannabis sativa inhibited Alternaria alternata (100%) and Rhizopus oryzae (55.6%). Overall treatment
with fungicides gave best results but they were not eco-friendly. So, this study recommends the use of plant
extracts and bioagents, which may increase seed germination and inhibit seedborne fungi without any harmful
effect. The treatments had the following effects on specific fungi in terms of germination and inhibition:
Alternaria alternata, Aspergillus flavus, Aspergillus niger, Cercospora sp., Fusarium oxysporum, Penicillium
egyptiacum and Rhizopus oryzae.
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= M. Ajmal et al. (2021) evaluated the incidence of mycobiota and contamination of AFB; in sesame seeds from
rainfed and irrigated zones of the Punjab, Pakistan. Aspergillus flavus was the leading contaminant found in
fresh and stored sesame seeds from rainfed and irrigated zone followed by A. niger, Alternaria alternata and
Fusarium oxysporum. Least reported fungi were Aspergillus ochraceus and Cladosporium oxysporum. AFB;
analysis revealed that 92% fresh and 99% stored samples were contaminated with AFB1. 20% fresh and 100%
stored samples from rainfed zone and 28% fresh and 60% stored samples from irrigated zone were tainted with
AFB;: levels above 20 ppb and not fit for human consumption.

PARAGUAY
= L. Ayalaet a. (2010, 2011, and 2013b) in grower guides reported the following pathogen: Fusarium
sporum. Proloned rai nfaII and high temperaturesfavor Fusarlum oxysporum.

PHILIPPINES
= N.M. Tepora (1993a) reported the following disease: Fusarium oxysporum. The nature of the damage isrotting
and wilting of the infected plants. Control measures include seed treatment with Captan or Thiram before
sowing.

REPUBLIC OF KOREA
= S.H. Yu (1981) reported the following fungi in sesame seed samples Alternaria sesami, Alternaria sesamicola,
Alternaria tenuis (Alternaria alternata), Corynespora cassiicola, Alternaria longissima, Fusarium oxysporum,
and Macrophomina phaseolina. All were controlled by pre-treatment with chlorine, except for Corynespora
cassiicola. [Based on abstract and cited by G.S. Saharan, 1989]
= JI. Leeand B.H. Choi (1985h) reported that Fusarium oxysporum was reduced by planting under vinyl film.
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= E.K. Choand S.H. Choi (1987) reported Fusarium symptoms progressed from water-soaking continuous
banding lesions on one side of the stem to producing abundant Fusarium growth on the lesion at late stage of
pathogenesis. Although wilting of plants was most frequently observed in sesame seedlings when infected with
Fusarium oxysporum, reproduction of the partial stem discoloration and rot was possible by soil inoculation and
wound inoculation in old plants. The disease occurred from late July. Mycological characteristics of the isolate
Fusarium oxysporum compared with those reported in sesame suggested that the isolate might be F. oxysporum
f. sp. sesami.

= S.B. Paik et al. (1988) evaluated multiple rotations of sesame to determine the population of Fusarium
oxysporum as shown below.

Numbers of I'“,ox,\'sm:;;’.g af d'.'j;f- soil

Field soil

May.30 June. 30 July.30 August.30
A 10°X6.1 10°%10. 110°% 6.6 10°%7.3
B 2.0 5.8 1.4 4.5
C 4.1 7.3 5.4 7.3
D J.4 4.9 4.4 5.0
E 1.0 5.8 1.8 4.8
F 1.7 7.5 4.8 4.9
G 1.0 3.9 3.8 4.1

*A; Sesame, Sesame, Sesame, Sesame, Sesame. Re-
plant

B; Sesame, Upland-rice, Sesame, Upland-rice, Ses-
ame. Rotation

C; Sesame, Sesame, Upland-rice, Upland-rice, Ses-
ame. Rotation )

D; Sesame, Upland-rice, Upland-rice, Upland-rice,
Sesame. Rotation

E: Sesame, Peanut, Sesame, Peanut, Sesame. Rota-
tion

F; Sesame, Sesame, Peanut, Peanut, Sesame. Rota-
tion

G; Sesame, Peanut, Peanut, Peanut, Sesame. Rota-
tion

They also determined the rel ationships between Fusarium oxysporum and Actinomycetes, disease level and

population, and yield and population,
v
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= H.I.H. Idriss (2016) collected farmer saved red and white sesame from 7 locations in Sudan. 14 different fungi
representing ten genera were identified. One of the low frequency fungi was Fusarium oxysporum.

TANZANIA
= M.M. Satour (1981) reported the presence of Fusarium oxysporum (Wilt).

TURKEY

= B. Uzun (pers. comm. 2016): He and M.I. Cagirgan used tolerance to Fusarium oxysporum in their breeding
program at Adkeniz University.

= F. Akdeniz and H. Sert (2019) reported Fusarium oxysporum in sesame from 75 sample plants from Manavgat

city.
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UGANDA

S.B. Mathur and F. Kabeer (1975) reported the following pathogen: Fusarium oxysporum in trace or moderate
amounts in 4 genotypes.

J.P. Egonyu (2005) reported two wilting pathogens:. Verticillium dahliae and Fusarium oxysporum. The
severity was significantly affected by time of planting with more wilting in later plantings as shown below.

Tima of planting(WAQ) Lesf eurl L eaf spot witt
Incidence {%) Severily Incidence(¥%) Savarity Incidenea(%) Sevarity
0 164 305 842 2 171 362
2 294 405 17 13 299 162
4 15 376 421 1: 664 376
LsD,,, 9.50 NS 90z 03 729 0539
WAD-Wesks after onset of rain.
The population did not have as much effect as shown below.
Density( 000 plants/ha) Lest curl Leaf spot Wilt
Inciderce (%) Severity Incidence(%)  Severity Incidenca{%) Severity
40 5.7 44 LY 25 554 417
%0 184 47 31.8 33 60.6 5
60 143 3 0 2 714 4
JL 231 5 £9.3 33 B37 47
80 223 3 343 1 56.1 5
L] 306 5 489 28 538 43
140 1€.9 45 50.1 15 56.9 5
150 267 5 333 3 73.3 5
160 267 3 1] 2 457 A
170 277 5 56.9 25 55 45
200 269 4 303 2 G1.5 5
210 154 4 612 . M6 !'.
20 ¥ 4 522 15 B1R:] 45
40 fil ) % 4 40 i}
L3D,, NS N5 NS 15 NS NE
Intercropping did not have an effect as shown below.
Crapcing patiern Lear cur Leaf spot Wit
Incidence (%) Severity Incidence (%) Severity Incidence (%) Severity
Sole sesame 354 5 4.2 275 524 475
Sesame + finger millet 234 433 477 245 564 4584
L5D na3 0E3 NS NS Nz NS

05

UNITED STATES

D.R. Langham et al. (2010c) reported sesame root rots (combination of Fusarium oxysporum, Phytophthora
parasitica, and Macrophomina phaseolina) have been encountered mostly on fields where sesame is planted
after sesame. The current varieties are tolerant but not resistant to the root rots. The best way to avoid sesame
root rot isto rotate different crops every summer.
D.R. Langham (2015b) USA patent descriptor: 35. Tolerance to Fusarium Wilt (F. oxysporum)
o Definition: Amount of tolerance to Fusarium Wilt.
0 Vaues: Average of aminimum of three plots of a subjective rating based on the following values: 0 to 8 scale

of the % of infected plants (Intermediate values are used).

- 8=Zerodisease

- 7=<10% infected

- 4 =50% infected

- 1=>90% infected

- 0=adl infected

- Intermediate values may be used

- NT = not tested

- NEC = no economic damage - not enough insects to do ratings
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0 Ratings can be donein several ways:

- Takeratings after the disease is no longer increasing.

- Takeratings on consecutive weeks until the disease is no longer increasing and average ratings.

- Take periodic ratings and average ratings.

o Comments:

- Fusarium has been a problem in South Texas, particularly on fields that have been planted with sesame
before. Normally, only the Composite Kill Tolerance rating is taken.

- There are three root diseases that affect sesame in Texas: Fusarium oxysporum, Macrophomina phaseoli,
and Phytophthora parasitica. Between 1988 and the present, spores of these three have been accumulated
in one small area (1 square km) north of Uvalde, and thusit is an excellent screening areafor the diseases.
Although each root rot disease attacks sesame in a different way and may result in different symptoms, no
effort is made to definitively determine which disease is the etiological agent for the affected plants.
Pathological screeningsin the past have found all 3 pathogens present in dead plants.

- The amount of kill isusually increased with any type of stressto the plants. Drought can increase the
amount of Macrophomina; too much water can increase the amount of Phytophthora; high temperatures
and humidity can increase the amount of Fusarium and Phytophthora. High population can increase all
three diseases.

- Inmost years, Fusariumisthe major cause of kill. When sesame isfirst introduced into agrowing area,
there are few disease problems, but over time the spores of these fungi accumulate and disease tolerance
becomes important. When sesame was first introduced in Uvalde in 1988, the yields were high. As
farmers planted on the same fields in subsequent years, the yields decreased.

= D.R. Langham comments, 2021: My first encounter with Fusarium oxysporumwasin 1991 in Uvalde, Texas.
When moving the nurseriesto Texasin 1988, J.R. Mulkey of Texas A& M reported that in his nurseries, he
isolated Macrophomina phaseolina, Phytophthora nicotianae (known as Phytophthora parasitica back then),
and Fusarium oxysporum in dead plants. He felt that probably only one of the pathogens had penetrated the
plant defenses, but once that defensive line was broken, the others were able to enter the plant. He felt that M.
phaseolina was the culprit when after starting with good moisture, a crop faced a drought. The symptoms
appeared over several days. Hefelt that P. nicotianae appeared after an overirrigation or a heavy rain that
resulted in puddling. The initial symptoms appeared overnight with a characteristic drooping of the top of the
plant. The plant may or may partly recover. He did not have much experience with F. oxysporum. All 3
diseases are seedborne.

It was 4 years before my first experience with F. oxysporum. | had a seed increase of Sesaco 11 in afield that
had sesame 2 years before. Every day | saw more dead plants. In examining plants, the dead plants had brown
streaks up the plant with abrown collar at soil level. Most plants could survive astreak up one side for awhile
but would eventualy die. Texas A&M identified the pathogen as Fusarium oxysporum. My nursery was still
on virgin ground, and | did not see the disease; however, the next year | went on afield that had my nursery 3
years before, and | found many lines were extremely susceptible. Hereiswhere luck isinvolved. | had seed
increases of Sesaco 12, which had an excellent yield and a beautiful, large seed that processors were anxious to
have. There was no disease in the planting seed field, but in the nursery, Sesaco 12 died. Needlessto say, the
variety was never released so we never saw potentially hundreds of hectares dying.

F. oxysporumis amore serious problem in that either too little or too much water will induce M. phaseolina, P.
nicotianae due to a weakening of the defenses. F. oxysporum may attack the plants from seedlings to maturity
without aweather event. Our advice to farmers was to rotate crops with at least 2 years between sesame crops,
and this generally worked.

I maintained nurseries in Uvalde within 100 meters of each other for 26 years. | would rotate the field each 3
yearsin order to create tremendous populations of M. phaseolina, P. nicotianae, and F. oxysporum. | would
plant “‘canary lines’ that were very susceptible to the diseases to make sure there was pathogen pressure each
year. | would discard any lines that were susceptible with the exception of crosses between tolerant and
susceptible lines to move desirable traits from the susceptible line to the tolerant line. In those cases, the
disease would appear in the F1, but would often segregate in the F, and later generations. By the time that a
variety was ready to be released, it was considered tolerant to the 3 diseases. Although this proved true for P.
nicotianae, and F. oxysporum, it was not true for M. phaseolina. My nurseries did not provide a good screening
for M. phaseolina because there was no drought to induce the disease.

| feel fortunate that | have not seen large scale death from F. oxysporum on thousands of hectares. The
screening methodology worked.



Pest: Fungi — A1 Hypocreales Page 67

= K.A. Cochran comments, 2021: In the six years | have beenin Uvalde, | have observed F. oxysporumis not the
only Fusarium associated with sesame. After irrigation or rains, examination of plants for wilting with vascular
discoloration are first steps to determine if theissue at hand is Fusarium wilt vs. another species causing root or
stem rot. Further diagnostic efforts should be made with some degree of expertise utilizing microscopy,
culturing, and likely DNA confirmation to ensure that the correct speciesisidentified. Molecular identification
efforts should include the most up to date primer selections from the scientific literature at the time. Genomic
sequence based fungal taxonomy and resolution of genus specific genes within a database is continually
improving. The soilborne nature of F. oxysporum can make it particularly difficult to manage, so care should be
taken when moving equipment or vehicles from known infested fields to non-infested fields to prevent
inadvertent spread of the pathogen. Some species of Fusarium have been recovered from seed during seed
fungal assays, though it is unknown what the potential impacts of this on seedborne distribution.

VENEZUELA

= B. Mazzani et a. (1981b) reported the presence of Fusarium oxysporumis a permanent threat in the sesame
producing regions. Such cultivars as Venezuela 51, Venezuela 52 and Caripucha were practically wiped out
because of their susceptibility to Fusarium sp. Their place was taken by Aceitera which showed high tolerance.

= A.M. Colmenaresand L. Subero (1989a) reported the following pathogen: Fusarium oxysporum (Fusarium
wilt). The most common symptom is yellowing and wilting of the leaves on part of the plant. Necrotic bands
appear afterwardsin the wilted area of the plant.

= B. Mazzani (1999) reported the following pathogen: Fusarium oxysporum. B. Mazzani y G. Malaguti (1962d)
observed resistance in Sesamum radiatum and Delco; some susceptibility in Aceitera, Indehiscente, and
Glauca; very susceptible in Criollo, Inamar y Venezuela 52.

Al.1.1a.1 Fusarium oxysporum f. sp. sesami (7 Apr 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium oxysporum f. sp. sesami.

(Anon. n.d.k) Wilt - Fusarium oxysporum f. sp. sesami

Symptoms: The disease appears as yellowing, drooping and withering of leaves. The plants gradually wither, show
wilting symptoms leading to drying. The infected portions of root and stem show long, dark black streaks of
vascular necrosis.

B AN

Pathogen: The fungus produces macroconidia, microconidia and chlamydospores. Macroconidia are fal cate shape,
hyaline and 5-9 celled. Microconidia are hyaline, thin walled, unicellular and ovoid. The dark walled
chlamydospores are also produced.

Disease Cycle: The fungus survivesin the soil in the infected plant debris. It is also seedborne and primary infection
occurs through infected seeds or through chlamydospores in soil. The secondary infection may be caused by conidia
disseminated by rain splash and irrigation water.

Management: Treat the seeds with Thiram or Carbendazim at 2g/kg; seed treatment with Trichoderma viride at
4g/kg; apply heavy doses of green leaf manure or farm yard manure.

References:
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INTERNATIONAL

J.R. Morschel (1964) reported the following pathogen in the world: Fusarium oxysporum f. sp. sesami (Wilt).
[Cited by D.F. Beech. 19953]

E.A. Weiss (1971) reported Fusarium oxysporum f. sp. sesami can be devastating on susceptible varieties. The
symptoms first appear on the terminal leaves, then progressively those lower down the stem. Leaves become
yellowish, droop and desiccate. Severe infection can cause the entire plant to become defoliated and dried. In
less severe infections or when mature plants are infected, only one side of the plant may develop symptoms.
Peeling off the epidermis of the lower stem or roots will reveal blackish streaks in plant tissues. If infected
plants are uprooted, roots will be rotten either wholly or partially corresponding with that side of the plants
showing disease symptoms, When young plants are attacked little fruit is formed, but with more mature plants
capsules are formed in which are many shriveled and underdevel oped seeds.

C. Chattopadhyay et al. (2019) reported the following symptoms of Fusarium oxysporum f. sp. sesami
(Fusarium wilt): Plants get infected at any stage of the crop development including the damping-off phasein the
seedling stage. During later stages of the plant, yellowing of the leavesis the first noticeable symptom of the
wilt in the field. Leaves become yellowish, droop, and desiccate. Sometimes such leaves show inward rolling of
the edges and eventually dry up. The terminal portion dries up and becomes shrunken and bent over. In a severe
infection, the entire plant becomes defoliated and dry. In aless severe infection or when mature plants are
infected, only one side of the plant may develop symptoms, resulting in partial wilting, and a half stem rot
symptom has been reported. A blackish discoloration in the form of streaks appears on infected plants.
Discoloration of the vascular system is conspicuous in the roots. Roots in the later stages show rotting, wholly
or partially corresponding with that side of the plant showing disease symptoms. Numerous pink pinhead-sized
sporodochia (containing macroconidia of the fungus) may be seen scattered over the entire dried stem. The
capsules of wilted plants also show numerous sporodochia.

Seed treatment with benomy! or carboxin at 0.2% or with carbendazim (0.25%) or thiram (0.3%) resultsin
significant control of the disease up to about 45 days after seed germination (Q. Ahmed et al. 1989 { Unknown},
S.I.M Shalaby 1997 { Egypt} ). Balanced fertilization and insect pest control ensure good growth of the crop and
help in the reduction of the disease. Trace elements such as copper, manganese, and zinc decrease the incidence
of wilt of sesame (K.M.H. Abd-El-Moneem 1996 { Egypt}). In heavily infested sail, at least 5 years should
elapse between two sesame crops. Cultivation of sesame in rotation with onion or wheat is helpful in the
reduction of the Fusarium wilt in sesame (A. El-Kasim et a. 1991{ Egypt}). Sanitation and clean cultivation and
choice of sowing dates depending on the known prevailing local conditions are taken into practical usein
disease management. For example, sowing the sesame crop around June 10 through hills-over-furrow and
fertilizing the crop with NPK (65, 200, and 50 kg/feddan, respectively, in 0.42 ha) and giving oneirrigation
during the growing season in Egypt are avery useful cultural practice package for the management of the
disease in sesame (O.Y.M Shalaby and A.T. Bakeer 2000 { Egypt}). Several microbia antagonists such as
Trichoderma viride (Sangle and Bambawale 2004{ India}, Gliocladium virens (Wuike et al. 1998 { Unknown}
provide some control. Extracts of leaves of thyme, eucalyptus, and garlic reduce the incidence of Fusarium wilt
disease of sesame. Extract of peppermint (M. x piperita) leaves not only reduces the wilt incidence but also
increases the yield of sesame plant (A. Sidawi et al. 2010 { Unknown}).

CAB International (accessed 12 Apr 2021) reported sesame was a host of Fusarium oxysporum f. sp. sesami
(Wilt: sesame).

BRAZIL

N.H.C. Arriel (2009) reported Fusarium oxysporum f. sp. sesami. The symptoms are characterized by the
flaccidity and wilting of the plants, which later die and dry up. Through a cut transverse made on the stem of a
diseased plant, it is possible to observe the blackening of the tissues of the vascular system. When the fungus
establishesitself in the xylem vessels, it secretes pectolytic enzymes that act on pectic substances of vascular
tissues, with the production of melanins from brown coloration that are absorbed by the lignified walls of the
xylem vessels, giving way to the brown coloration that is characteristic of the presence of the disease. Fusarium
isasoil fungus and lives saprophytically in debris of culture, being able to survive for long periodsin the form
of resistance spores (chlamydospores). Its dissemination occurs mainly through contaminated soil particles and
through rainwater or irrigation; the spread over long distances is facilitated by the fact that pathogen infect
seeds both internally and externally. The disease affects any stage of development, from the seedling stage to
the ripening of the capsules. Low humidity, short days, less light intensity, soils poor in nitrogen and
phosphorus, high potassium content and pH between 4.5 and 5.3 are factors that predispose the plant to attack
by the pathogen. In addition to the use of resistant cultivars being the most efficient control, crop rotation,
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disposal of crop residues, the application of dolomitic limestone, and the fertilization rich in nitrogen and
phosphorus are measures that can help reduce the soil pathogen inoculum density.

CHINA

= H.M. Miao and H.Y. Liu (2010) reported the following pathogen: Fusarium oxysporum f. sp. sesami.

= Y.H. Duan et a. (2020) studied 69 Fusarium oxysporum isolates from the major sesame growing areas. Among
these 54 isolates were pathogenic and 15 were nonpathogenic. For the pathogenic isolates, three F. oxysporum
f. sp. sesami pathogenicity groups were defined based on the 3 differential sesame hosts for the first time. A
translation elongation factor 1a gene tree was constructed to determine the genetic diversity of the F.
oxysporum isolates but could not separate the pathogenic from the nonpathogenic isolates and other F.
oxysporum formae speciales. Ten secreted-in xylem (SX) genes (one family of effectors) were identified in F.
oxysporum f. sp. sesami isolates by a search with the genome data and were subsequently screened in the 69
isolates. Compared with the SIX gene profilesin other F. oxysporum formae speciales, the presence and
sequence variations of the 9 X gene homologs directly correlated with the specific pathogenicity of F.
oxysporum f. sp. sesami toward sesame. [Based on abstract]

EGYPT
= A.A. El-Deeb et al. (1985) reported cvs. Giza-25, Giza-24, Local-78 and Local 96 were susceptible to
Macrophomina phaseolina., Rhizoctonia solani, Fusarium oxysporum f. sp. sesami and Verticilium albo-atrum.
[Cited by G.S. Saharan, 1989]
= A.A. El-Deeb (1989) studied the relationship between fertilizer levels and Macrophomina phaseolina (root-rot)
and Fusarium oxysporum f. sp. sesami (wilt) with the following results.

Sohag Sharkia
1985 1988
Treatments Root-rot  Yisld Root-rot Yield

N p Kk Root-rot  Wilt  and wilt gﬂIJn? Root-rot  Wilt and wilt /1l n°

0.0 0.0 0.0 3.3 .2 296 2.4 4.8 .1 288
15 0.0 0.0 . 28.3 22.3 163 2.3 .2 2.5 135
o000 0o 2! 2 .8 w1 400 3.0 4.1 3. Jae
0.0 15 0.0 7.5 2.0 18.5 mn 4.5 .1 3.3 s
w15 0.0 1?5 2.0 18.0 414 18.4 18.4 2.2 410
N ox U 18.7 20.3 18.3 £ 16.0 8.0 1.5 833
W 4 16.8 13.2 17.3 415 183 15.8 2l 48
8 u 19.7 2.3 .8 L 19.5 2.0 2.8 461
45 SJ} i 1E-'|' i 2 EL' 5 71 18.7 1.1 a.e 481
L.5.0 29 1.5 1.8 1.4 27

" E. Abdou etal. (2001) coIIected seed from several locationsin Egypt Fusarium was the most dominant fungi
associated with the diseased sesame plants. Of 3 Fusarium species Fusarium oxysporum f. sp. sesami was the
highest frequency, followed by Macrophomina phaseolina, Mucor haemalis, Thielaviopsis basicola (Wetn),
and Rhizoctonia solani. Application of ascorbic acid or salicylic acid to seeds and/or plants reduced the number
of the diseased sesame seedling plants. Treated seeds plus twice irrigation with either ascorbic acid or salicylic
acid caused the best control against F. oxysporum f. sp. sesami infection as compared to the fungicide Benlate.
Meantime, ascorbic and salicylic acids had less effect to control sesame damping-off and root rot wilt diseases
caused by infection with M. phaseolina, Mucor haemalis or Thielaviopsis basicola as compared to Benlate.
[Based on abstract]

= E. Abdou et al. (2004) reported both salicylic acid (SA) and yeast (Saccharomyces cerevisiae) seed treatments
affected incidence of wilt and root rot of sesame incited by Fusarium oxysporum f. sp sesami, Macrophomina
phaseolina, Thielaviopsis basicola, and Mucor haemalis. Also, yeast derivatives variously affected root rot/wilt
severity. Combining SA with yeast or with its derivatives showed, in most cases, inhibition effects against the
tested pathogenic fungi. [Based on abstract]

= M.A.S. El-Bramawy (2006a) screened lines of two generations (Fs and Fs) from 15 crosses for two successive
seasons (2004 and 2005) for their reaction to Fusarium wilt disease under natural infection by Fusarium
oxysporum f. sp. sesami. Selection for both Fusarium wilt resistance and seed yield from these lines could be
feasible and lead to resistant cultivars with seed yield potential. The results showed highly significant and
positive correlations between lower infection in the F4’s and in F3’s through the two seasons. The highest
significant correlation of the evaluated traits allowed the selection of some linesto be used in breeding
programs.
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= M.S. Abdel-Salam et a. (2007) reported Enterobacter cloacae and Pseudomonas aeruginosa control the
soilborne plant pathogen Fusarium oxysporum f. sp. sesami.

= M.A.S. El-Bramawy et a. (2009a) posited that there may be a linkage between morphological traits and
tolerance to Macrophomina phaseolina and Fusarium oxysporum f. sp. sesami. They evaluated 48 genotypesin
2005 and 20006 and determined there was a linkage between tolerance with medium branch number, medium
maturity, and creamy seed color as shown below.

Infection percentage

Variables 2005 2006

regression equation R regression equation R?

F oxysporum fL.sp. sesami

Branch number Y=378-95X+ 133X 0.12° Y=21.0-50X+10 X* 0.27%*
Days to maturity Y =5263 -84 X +004 X7 0.01% ¥Y=6929-114 X + 0.05 X? 0.04™
Seed colour Y=538-355X+94X? 0.20" Y=392-290X+ 90X 0.20**

M. phaseolina

Branch number Y=352-72X+09X? 0.07™ Y=208-31X+06X 0.06™
Days to maturity Y=4995-81X+004 X? 0.02™ ¥Y=2961-4.1X+002X? 0.01™
Seed colour Y=344-17.8X +55X> 0.18 Y=222-108X+42X? 0.14*

= A.F. Sahab et al. (2010) studied the effects of sulphur on Fusarium oxysporum f. sp. sesami. In thelab,
different concentrations of sulphur (62.5, 125, 250, 500, 1000, and 2000 ppm) slightly reduced both linear
growth and sporulation than the control as shown below.

Characters Sulphur concentration (ppm)

0 62.5 125 250 500 1000 2000

Linear growth 730a |68b 65b 63d 66¢c 6.3d 6.4d

(cm)

Conidia (1x10%cr®) | 11.59a | 592b | 447bc |323c [2.56d [265d |2.04d

In each row values followed by the same letter are not .\igmﬁfunll}' different at P05 according to Duncan's
multiple test

In a pot experiment, addition of sulphur to infested soil before sowing at the rates of 62.5, 125, and 250
kg/feddan significantly reduced the percentage of wilted plants and disease severity than the control as shown
below.

Ssulphur Wilt incidenc Muorphological characters/plant
Kg/feddan Disease®s | I severity Length (cm) Dry weight (g) Mo of
pods
shoot Root shoot Root shoot Root
/plant)
1] T5.0 a 37a 3Ma To.5a 45a L3¢ 18 b lL3c
G1.5 315d ldic 13d 67.7a 45a 13a 3% a 15a
115 515¢ 16 b 1l 72.3a | 45a L&6K b IL20 b L b
250 G50 b 19b 15b 73.9a | 40b LS8 b 38 a 1L3c

* [n each row, values followed by the same letter are not significantly different at F20.05 according

to Duncan's multiple test .
In afield experiment, soil drenched with sulphur at rates of 62.5, 125, and 250 kg/feddan significantly
decreased the percentage of wilt disease incidence as shown below.
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Sulphur Disease % Disease Seed yield
Kg/feddan severity (ardab /feddan)
0 273a 43a 1.93d

62.5 10.5¢ 29b 2.88a

125 145b 39a 237b

250 16.6b 4.1a 21l

*In each column ,values followed by the same letter are not significantly
different at P2{).015 according to Duncan’s multiple test

= M.A.S. El-Bramawy (2011) studied the relationship between tolerance to Macrophomina phaseolina and
Fusarium oxysporum f. sp. sesami and levels of anti-nutritional factors (phytate, trypsin inhibitor and tannins)
in 2009 and 2010 using 48 genotypes. He classified the linesin different groups (resistant, moderately
resistant, moderately susceptible and susceptible) and determined the following regressions.
Anti-nutritional factors

Sesame genotypes group 2009 2010
Regression equation (R?) Regression equation (R}
Phytic acid
Resistant (R) 0.62** 0.57
Moderately resistant (MR) 011" 0.04™
Moderately susceptible (MS) 0.31* 0.29*
Susceptible (MS) 0.19* 0.12*
Trypsin inhibitor
Resistant (R) 022+ 0.207
Moderately resistant (MR) 0.21* 0.01™
Moderately susceptible (MS) 0.45* 0.39*
Susceptible (MS) 0.14* 0.16"
Tannins
Resistant (R) 0.52* 0.60*
Moderately resistant (MR) 025* 0.21*
Moderately susceptible (MS) 0.61" 0.55"
Susceptible (MS) 042 0.34*

= |.S. Elewaet a. (2011) evaluated the effects of Bacillus subtilis and Trichoderma viride, a virulent Fusarium
oxysporum, and Glomus spp. (a Vesicular arbuscular mycorrhizae fungus [V AM]) isolates and afungicide
(Benlate) on Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina. The results were as follow.

Treatment Wilt and root-rot
Soil infestation Transplants Infection %  Disease severity
F. oxysporum Control 37.5a 1.87 a
B. subrilis 333 b 1.66 b
Avirulent F. axysporum 249 ¢ 2254
T. viride 249c 125 ¢
(VAM) 16.6d 0.83 d
Benlate (0.1%) 16.6 d 0.83
M. phasealina Control 333a 1.66 ab
B. subtilis 16.6 d 0.83 d
Avirulent F. axsporum 83e 042 e
T. viride 16.6 d 0.63 ¢
(VAM) 125d 0.62e
Benlate (0.1%) 16.6 d 0.83 d
F. oxysporum + M. phaseolina Control 20.8 ab 1.04 bed
B. subrilis 12.5d 0.62e
Avirulent F. exysporum 12.5d 0.62 ¢
T. viride 16.6 d 0.83d
(VAM) 83e 042 e
Benlate ((0.1%) 12.5d 0.62 e

= E.H. Ziedan et al. (2011) evaluated the effects of Bacillus subtilis and Trichoderma viride, and Glomus spp. (a
Vesicular arbuscular mycorrhizae fungus [VAM]) isolates on Fusarium oxysporum f. sp. sesami and
Macrophomina phaseolina. The effects on Fusarium oxysporum f. sp. sesami in the pot experiments were as
follow.
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Wilt disease incidence Morphological characters/plant
Treatments % of diseased disease length fresh weight No.
plants severity [em] [g] of pods
Control 79.2a 40a 68.3d 74d 6.0c
B. subtilis 66.7 ab 33b 80.0¢ 11.7¢ 67 ¢
T. viride 50.0b 25¢ 103.8 ab 126¢ 147b
VAM 50.0b 25¢ 80.0¢ 144¢c 68¢
VAM + B. subtilis 292d 15d 1156a 187b 190a
VAM + T. viride 37 c 1.3d 933b 150¢ 14.0b
VAM + B. subtilis + T viride 375¢c 11d 106.0 ab 253a 200a
The effects on Macrophomina phaseolina in the pot experiments were as follow.
Root-rot incidence Morphological characters /plant
Trevtienie % of diseased disease length fresh weight No.
plants severity [cm] [l of pods

Control 91.7a 46a 775¢ 552d 461f
B. subtilis 50.0 ¢ 25¢ 101.9a 194a 126b
T wviride 458d 23¢c 101.3a 181a 103 ¢
VAM 458d 25¢ B00b 8l1c 6.0e
VAM + B. subtilis 458d 24¢ 1044 a 182a 98d
VAM + T. viride 437b 33b 1042a 17.7b 95d
VAM + B. subtilis + T. viride 41.7 ¢ 21d 103.8a 193a 130a

The effects from Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina on seedlingsin the field
experiments were as follow.

Wilt and root-rot incidence
Treatments -
% of survival plants % of diseased plants disease severity
Control 51.0d 55.9a 28a
B.subtilis 54.1¢ 50.0b 25b
T.viride 67.5b 39.2¢ 19¢
VAM 56.7 ¢ 484 be 24b
VAM + B. subtilis 66.6 b 3M2cd 1.7¢
VAM + T. viride 793a 233e l12e
VAM + B. subtilis+ T. viride 7e0a 309d 1.5cd

The effects from Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina on the yield componentsin
the field experiments were as follow.

Shoaot Number/plant Seed yield -
Treatments length Jismister Root size - ol :Zadcii:f [%]
fem] [em] :

Control 1850 e 1.76d 25.0f 3.75f 1125e 253d 59.5
B. subtilis 196.3 ¢ 199b 50.0b 53e 1975 ¢ 455¢ 56.9
T. viride 180.0d 188¢ 35.0d 75b 2125b 491 ¢ 57.8
VAM 195.0 ¢ 185¢ 30.0e 50e 160.0 d 514b 57.4
VAM + B. subfilis 2100 a 1.77d 3.0c 675¢c 1963 c 495 ¢ 57.1
VAM + T, viride 2025b 1.82¢ 475b 6.0d 198.0 ¢ 505b 57.2
VAM + B. subfilis + T. viride 2025b 233a 70.0 a B85a 2325a 579a 57.8

= E.H. Ziedan et al. (2012) evaluated the effects of biofertilizers (Phosphoren - Bacillus megatherium,
Azospirillium brasilense - Cerialin, rhizobacterin and blue green algae) in combination with a fungicide
(Topsin) on sesame as affected by Fusarium oxysporum f. sp. sesami using the following disease severity
criteria
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The following were the results of the in vitro studies.

Treatment Disease %o *D.severity
Control 850a 34a
Topsin 490¢ 20b
Blue green algae 490¢ 20b
Rhizobacteren 56.0b 12¢
Cerialin 550b 226
Phosphoren 38.04d 1.5bc
Cerialin + Topsin 250e l0c
Phosphoren + Topsin 440¢ 18b
Cerialin + phosphoren 09.0f 04d
Cerialin + phosphoren + Topsin 000 g 00e

The following table shows the effects when the material s were transplanted to the field.
Treatment Survival plant % Wilt incidence

Infection %o D.severity

Seed cultivation

Seed coated V./Captan 353e 8§10a 41a
Transplanting cultivation
Control 50.7d 569b 28b
Topsin 637¢ 456 ¢ 23b
Cerialin 679 ¢ 360d 18¢c
Phosphoren 59.7d 471¢ 1. 7¢
Cerialin + Topsin 748 b 298 l15¢
Phosphoren + Topsin T00b 336d 13 cd
Cerialin + phosphoren 853 ab 191e lod
Cerialin + phosphoren + Topsin 978 a 175¢ 09d
The following table shows the effects on yield components.
Treatment Shoot No branch No pods Seed yield
lengh (cm) aradeb/
feddan
Seed cultivation
Seed coated V./Captan 1250 23e 333f 27¢
Transplanting cultivation
Control 1333 40cd 700e 27c
Topsin 1310 46¢ 1050d 30b
Cerialin 1300 46 1083 34b
Phosphoren 1350 50bc 105.0d 34b
Cerialin + Topsin 135.0 57a 108.0 4.1a
Phosphoren + Topsin 1333 43d 1387 ¢ 42
Cerialin + phosphoren 135.0 6.0 147.0 44 ab
Cerialin + phosphoren + Topsin 1283 63b 2033 a 46b

= M.M. Amin et a. (2017) reported Bacillus megaterium var. phosphaticum (BMP) have been used to control
sesame wilt disease caused by Fusarium oxysporum f. sp. sesami in the presence of different doses of calcium
super phosphate (CSP) at two successive seasons (2014 and 2015) using Giza 32. CSP was added with soil
preparation at the rate of 1, 2, 3 and 4 gm/pot and 50, 100, 150 and 200 kg/fed under greenhouse and field
conditions, respectively. The greenhouse results were as follow, which includes the use of afungicide — Topsin
M-70%.
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Treatment 2014 2015 Mean Decrease (%)
BMP* + 1 gm CSP** 63.35 63.35 63.35 2240
BMP + 2 gm CSP 60.02 56.67 58.35 28.53
BMP + 3 gm CSP 50.01 43.32 46.66 42.84
BMP + 4 gm CSP 40.00 36.64 38.32 53.06
4gm CSP 43.33 46.66 45.00 44.88
BMP 63.36 66.70 65.03 20.34
Topsin M-70% 40.00 43.32 41.66 48.97
Control 79.97 83.30 81.64 -
L.S.D. at 5% 11.53 10.76 - -

BMP* Bacillus megaterium var. phosphaticumand as seed dressing, CSP™ calcium super phosphate/pot

The field results were as follow.

Treatment 2014 2015 Mean Decrease (%)
BMP* + 50 kgCSP* 41.40 42.70 42.04 26.85
BMP + 100 kgCSP 39.65 41.76 40.70 29.18
BMP + 150 kgCSP 38.25 40.70 39.48 31.3
BMP + 200 kgCSP 35.70 36.80 36.25 36.92
200 kgCSP 41.05 39.65 40.35 29.79
BMP 40.00 41.05 40.53 29.48
Topsin M-70% 26.60 27.50 27.05 52.93
Control 56.06 58.88 57.47 -
L.S.D. at 5% 117 1.63 - -

BMP* Bacillus megaterium var. phosphaticumand as seed dressing, CSP*™ calcium super phosphate/fed

Theyields and oil contentsin the field were asfollow. There is additional data on plant height, number of

capsules/plant, number of branches/plant, and shoot content of N, P, and K.

Seed yield (arddab/fed) Qil content %
Lo 2014 | 2015 | Mean '"c(';?“ 2014 | 2015 | Mean '“‘:{f;‘;“

BMP* + 50 kgCSP** | 3.00 | 3.20 | 3.10 18.10 |52.00 | 54.00 | 52.89 4.56
BMP + 100 kgCSP 3.08 | 365 | 3.36 2810 |53.88 |54.13 | 54.00 6.56
BMP + 150 kgCSP | 3.50 | 3.83 | 3.66 39.52 |56.20 | 55.88 | 56.04 10.58
BMP + 200 kgCSP 433 | 455 | 444 69.05 |56.58 |55.00 | 55.79 10.09
200 kgCSP 325 363 | 3.44 30.95 |57.25 |56.75| 57.00 12.48
BMP 3.28 | 348 | 3.38 28.57 |56.25 | 55.70 | 55.98 10.46
Topsin M-70% 3.05 | 325 | 3.15 20.00 |53.63 |52.30 | 52.96 4.51

Control 258 (268 | 2.63 - 50.50 | 50.85 | 50.68 -

L.S.D. at5% 0.38 | 0.25 - - 153 | 1.41 -

BMP* Bacilius megaterium var. phosphaticumand as seed dressing, CSP*™ calcium super phosphate/fed

= A.F. Mahmoud and O.A. Abdalla (2018) evaluated the antagonistic capability of 24 isolates of Trichoderma
spp. (T. hamatum, T. harzianum, T. virens, and T. viride) in vitro against Fusarium oxysporum f. sp. sesami

(Fos).
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Colony diameter of Eox. fsp.  Inhibition of E ox. fsp. sesami
Trichoderma strains Bioagent No. sesami {cm)* growth (%)
Trichoderma hamertuwm T 4.15 00 5388 =
T2 IRSIE 5722 0E
3 3770 5805 e
T4 4400 sLnm
5 32 e 57500
Average 3994 55557
Trichoderma havzigrm T 371 5861
7 3 55 DEF 50 44 DEF
T8 3920 5638 tE
Lk} 290 61776
Tio 4.20 0 5333 @
m 4370 §138@
T2 4250 5277 TE
Average 3858 57.09
Trichoderma virens T3 43200 5194
T4 4758 47 32
TS 477K 46594 B
TG 4,12 coe 54167
Average 449 50006
Trichoderma viride mnz 427 oe 5305 0=
T8 4578 49165
T8 417 the 54.16TE
T20 4 75 CDE 52 77 @E
T21 2676 70276
T22 3950 56,11 0€
T23 4,07 coe 5472 0=
T24 352F 6083 %
BAverage jan 5638
Control H.00A

“Means within the same column followed by different letters are significantly different at 5% significant fevel.
Two strains of T. harzianum and T. viride had high antagonistic effect against F. oxysporumf. sp. sesami in
vitro with inhibition percentage about 70 and 67%, respectively. These two isolates proved to have high ability
to control Fusarium wilt disease under greenhouse conditions as shown below.

Seedling Increase in Reduction in
Application emergence spedling emer-  Disease sever-  disease sever-
Bioagent time (Fa)* gence (%) ity [9a)® ity (30)
Application of T 7 days before 87.35¢ 5442° 22500 74neo
harzigrum (T9) challenging
with Fos
At the some time  79.50° 40.70° 35255 60395
with Fas
7 days after TO50E 2477E 40508 5449°
challenging
with Fos
Average 759.08 39.96 3275 63.19
Application of T 7 days before 93,758 65928 20250 77247
wiride {T21} challenging
with Fos
At the same time  B4.50°C 49 55¢ 3275¢ 6320°
with Fos
7 days after 80ys o 424930 33008 5730
challenging
with Fos
Average 85633 52.79 3033 65.91
Infected Challenging 56.50F 0.00F B9.00" 000~
with Fos
Healthy Uninfected 100* 0.00~ 00aE D00E
control

"Means within the same column followed by different letters are significantly different at § % significant level.

M.G.A. Hegazy et al. (2019) evauated the effects of biocontrols (Alternaria alternate, Aspergillus spp. and
Penicillium spp.) on Fusarium oxysporum f. sp. sesami with the following results.
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Isolate No. Endophyiic fungi isolate Average of inhibition zone diameter (mm)
1 Alternaria alternate 15"
2 Aspergilfus clovatus 92>
3 Aspergillus fumigatus 08
4 Aspergillus niger 116"
5 Aspergillus svdowii 134
[i] Aspergillus ferreus L%
7 Aspergillus terreus iy 59
] Penicillium chrysogemim [Fl
9 Penicilitum chrysogenum 23°
10 Penicillium crustosum gy, T
11 Penictlitum crustosum 1, £.2"
12 Penicillium crustosum 3, .
13 Control 007

Means followed by the same letters (s) in a column are not significantly different at (p<0.05) according to
Dumncan's multuple-range test.

The species with the highest levels of inhibition were further tested using different concentrations.

Concentration Average of colony Inhibition
Eiogtac, Hngp (%a) dJamgctcrimmb ; [%a)
1 7330 18.55°
1 G930 23.00 =
Aspergillus niger 5 6330 29.66 ™
10 57.00 3666 <
20 4500 50.00 *
1 G830 24115
2 55.00 ELE
Aspergilius terreus 3 45.00 S0.00
10 3660 5833
20 2660 744 °
1 73.30
1 G550
Aspergillus terveus 5 Sh 60
10 4330
20 3330
1 7500
2 T0.00
Penicillivm chr=ogenum ] G2 (W)
10 55.00
20 44 (i)
Control SO0

Means followed by the same letters (s) in a column are not significantly different at {p=0.05) according
to Dhmcan s multiple-range test.

The species were then used in the greenhouse with the following results.
Plant growth parameters

Discase Shoot Root

Treatments Severity Plant Fresh DOry Fresh : Mumber

o e AE 3 AT ¥

AT I:I;_Il:‘_lt;l “::f?lm weight (g) “:‘E;h! weight (g) b
Aspergillus niger 36" 3 118" 166" 3.33° 13° 10°
Aspergillus terreus o 41" B3 19" 4.66° 7.83° 143° 16°
Aspergilius terreus o 52" 96 * 103 G 16" 266" 11"
Peniciilium chrysogenum .1, 386~ 85" 10.6™ A B.66 % 146 ° 10°
Control {untreated) G4 5 56 © G- 25 3" 1.16* 9

Means followed by the same letters (s) 1 a column are not significantly different at (p=0.05) according to
Druncan's multiple-range test.
The species were then compared to using Trichoderma spp. alone or in combination with the following resullts.

Growth parameters

Dhscase Shoot Root

Treatments Severity  Shoot Fresh Dry Fresh Dry  Number

(%) height weight  weight  weight  weight  of bods

fcm) gl (=) 1g) (=)

A. niger + Trichadernia sp. 16 © [EN 46" 96" 146 TIF 5
A. terveus ;, + Trichoderina sp. 253 44 27 85" 153~ 5.6° 12°
A. tervens 5, + Trichoderma sp. 46.6° 44 275" 16" 13c 54 6"
P chrysogenum ., + Trichoderma sp. 36 80+ I 3 = 98 35"° 13*
Caomtrol { Trichoderma sp. only) 133° [T 423" 126" 2567 14.3* o

= M.A.A. Hassan et a. (n.d.) evaluated the pathogenicity in vivo of 8 Fusarium isolates taken from infected
sesame plants with the following results. [Authors comment: Assume F. clmourumis F. culmorum.]
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Fungal isolates

Damping-off (£}

Survival plants {)

Wilt disease

Root rot disease

Pre- Post- Incedance (%) Severity (&) Incedance {&) Severiy [£)
E. oxysporiam
1 7.50 17.50 T3.00 4816 375 B.00 3.7
2 10.00 2500 B5.00 BRO09 61.35 12.00 59
3 5.00 17.50 TI50 SBAB 875 9.50 i3
E. sofani
1 3250 13.00 2250 10 al by ] 10
2 30.50 14.00 55.50 7.3 ia 15 T3
3 31.50 1300 25.50 19.1 43 X2 158
E. clmaurim
1 30.00 37.50 3250 LILE ] 000 LILE )] 000
2 28.00 3500 37.00 LELE ] 000 LELE ] 000
Control*® 250 0.oo 97.50 LELE ] 000 LELE ] 000
LS. at 5% 7.90 7.80 1241 13.51 537 1246 425

*Mon-infested plants, healthy plants. The significant differences between means compared by LSD at p < U5, NS, not significant
In another experiment, they reported the current study suggested that using the preceding onion and garlic
plants could be used for eco-friendly reduction of damping-off and wilt disease of sesame.

Preceding 2019 2020 Mean
e Damping-off Survival plants X Wilt Damping-off Survival plants % Wil Damping-off Survival plants X Wikt

k1 x x % & z

Pre- IMosi- Fre- Most- Pre- Post-
Chover 19.26a 9262 71.48a 41.66a 2257a 1221a 6522 48043 20923 10.74a BB35a 45.30a
White 14.45b 557b 79.98b 2135b 16.490 7.40b 76.11b 25.29b 15476  E49b 78.05b 2332b
Garlic 13.71be  444bc  51.85bc 18.24bc  1295bhc S5.18bc  B1.57bc 21.66bc  13.33bc 4.Blbc B1.71bc 19.95h
Onsen 1296 4.07c 8297c 16.15¢ 1545¢ 5.55¢ TEOIC 19.78c 14.21c 4.B1c B84 17.96c

Walues within columns followed by different lowercase letters are significantly different (LSD; p < 0105
In another experiment, they reported the antagonistic effect of in vitro biocontrol agents against Fusarium
oxysporum f. sp. sesami.

Microorganism Isolate Fuserium growth Reduction
Mo, [ i) [E)
Bocithus sibiilis 1 7.807a 11.93d
2 6. BR800 21.11b
3 B.d5h 25535a
q 7.361ab 1639¢c
] 7.i8ab 19.72h
Mean 706 1884
Strepromyces rochel 1 6.838ab 21.62h
2 7.415a 1585¢
3 3.80h 51.10a
Mean GME 2952
Pseudomonas .4 458
[fluorescens
Trichaderma viride 23 G6.84
Control 9 0.0
Ls.0. 005 A

The significant differences between means compared by LSO at p < 0,05, NS, not

significant

In another experiment, they reported the antagonistic effect of biocontrol agents against Fusarium oxysporum f.
sp. sesami in thefield.

Biocontrol agents 2019 2020 Mean

Damping-off survivalPlants wilt Damping-offi %} Survival wile Damping-off Survival Wilt

(&) X PMants % (E) Plants 1

Fre- Post- Pre- Post- Pre- Post-
B. subrilis 416 332 0382 180 527 415 9188 1R.65 472 3M 94 B5a 1837c
P fluorescens 4.72 4.17 91.11 2532 639 389 BaT2 23.E0 5.56 4.03 90.42h 24 56h
T viride 306 222 94.72 1699 417 3.05 9xTE 17.55 62 264 93_75ab 1727¢
Control 18.61 26.39 55.00 3796 i o B g 4861 .00 2042 2778 51.81c bldBa
L5.D. at 5% 292 342 6.25 414 275 413 5.18 650 284 378 5.7 532

Means with different lowercases indicare significant differences at p < 0.05

ETHIOPIA

= B.K Yirgaand B. Fiseha (2017a) reported the following pathogen: Fusarium oxysporum f. sp. sesami (Fusarium

wilt).

= B.K Yirgaet al. (2018a) surveyed 10 |locations representative low land areas of western zone of Tigray for 3
years (2015, 2016, and 2017). Xanthomonas campestris pv. sesami - bacterial blight (83.24%) recorded the
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highest disease incidence followed by Sphaerotheca fuliginea - powdery mildew (78.13%), Fusarium
oxysporum f. sp. sesami - fusarium wilt (78%), phyllody (72.01%) and Alternaria spp. - blight leaf spot (72%).
Whereas blight leaf spot recorded highest severity (31.33%), followed by fusarium wilt (27.2%), phyllody
(25.24%), bacterial blight (22.76%) and powdery mildew (22.6%). The phyllody isvectored by Orosius
albicinctus.

B.K. Yirgaet a. (2018b) evaluated 17 sesame genotypes in northern Ethiopia during 2014-2015 main seasons
against Fusarium oxysporum f. sp. sesami - fusarium wilt. Fusarium severity was recorded from 5%-100%
range among genotypes. HURC-2, Acc 227880, Setit -1, Hirhir, HURC-3, HURC-4 and ACC202514 were
among the resistant (R) sesame genotypes. Whereas Gumero, Acc 202300, Kefif, Acc 111518, Land race
Gumero were the highest susceptible (HS) genotypes for fusarium disease across the tested environments and
years. HURC-4 and HURC3 genotypes were found resistant to bacterial blight, fusarium wilt and phyllody.
Those genotypes could be used for diseases resistant breeding program across different locations.

GREECE

C.C. Thanassoulopoulos (1963) reported Fusarium oxysporum f. sesami is newly recorded for Greece.

INDIA

T. Singh and D. Singh (1983) isolated 24 fungi: Of these, Fusarium oxysporum f. sp. sesami was an important
pathogens. [Cited by G.S. Saharan, 1989]
M.L. Verma (1985) reported Fusarium oxysporum f. sp. sesami (Wilt) isamajor disease with the following
symptoms: Y ellowing, drooping. Withering of first lower |eaves then upper leaves. Top of stem bent down and
dries. Brown discoloration on roots to tip, blackening of stem.
A.R. Wasnikar et al. (1987) reported the influence of fungi varied for seed and soil contamination. Among four
fungi, Fusarium oxysporum f. sp. sesami caused maximum mortality: seed = 72 and soil = 64%. [Based on
abstract]
A.R. Wasnikar et al. (1988) reported media were prepared with various C and N contents. In general, growth of
Alternaria sesami, Fusarium oxysporum f. sp. sesami, Helminthosporium sesami and Myrothecium roridum, the
most important pathogens of sesame, increased with C and N concentrations. [Based on abstract]
K.S. Raghuwanshi et a. (1992a) evaluated the effects of 17 fungicides (Agrosan Gn, Aureofungin, Benlate,
Delsan, Dithane M-45, Ridomil, Rovral, Thiran, Vitavax, Aliette, Bavistin, Captan, Delsan, Dithan Z-78, RH-
124, Saprol, and Topsin) on Fusarium oxysporum f. sp. sesami using the poisoned food technique. Topsin,
Aliette, Benlate, RH-24, and Bavistin were found considerably more effective in inhibiting mycelial growth. In
field trials, Topsin, Rovral, Vitavax, Delsan, and Saprol reduced percent mortality.
K.S. Raghuwanshi et al. (1992b) screened 47 germplasm entries under natural field conditions against Fusarium
oxysporum f. sp. sesami using a 0-4 scale from no symptoms to susceptible. There were no immune lines, 11
were moderately resistant (1-10% infection), 23 field tolerance (11-20%), 11 moderately susceptible (21-50%),
and 2 were susceptible (>50%).
K.S. Raghuwanshi et a. (1992c) screened seeds from 21 varieties/cultivars for Fusarium oxysporumf. sp.
sesami using the standard blotter method and inspecting the seeds 7 days after incubation at 27 + 2°C using
stereoscopic microscope. The amount ranged from 0 to 5% seed infection. They concluded the disease is
seedborne.
K.S. Raghuwanshi and C.D. Deokar (1993a) studied the effect of temperature on growth and sporulation of
Fusarium oxysporumf. sp. sesami. The results were as follow.

Colony dia (mm) after 7 days Mean colony

Temp. (°C) 1 2 3 diameter (mm)  Sporulation
5 0.0 0.0 0.0 0.0 -
10 9.0 85 85 8.7 +
15 22.5 16.0 16.5 13.3 +
20 275 475 45.0 40.0 ++
25 60.0 57.5 50.0 53.8 ++++
27 65.0 50.0 67.5 60.8 ++++
30 62.5 57.5 535 57.8 +++
35 0.0 0.0 0.0 0.0 -
40 0.0 0.0 0.0 0.0 -

- no, + poor, ++ moderate, +++good, and ++++ abundant sporulation.

= K.S. Raghuwanshi and C.D. Deokar (1993a) studied the effect of pH on growth and sporulation of Fusarium

oxysporumf. sp. sesami. The results were as follow.
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pH Weight of mycelium (mg) Sporulation
45 1.01 -
5.0 1.08 +
55 1.15 ++
6.0 0.90 -
6.5 1.28 ++++
7.0 1.28 ++++
75 1.20 +++
8.0 1.10 ++
85 1.00 +
9.0 0.97 +

- no, + poor, ++ moderate, +++good, and ++++ abundant sporulation.

= S. Kumar et al. (2011) reported second most drastic disease is caused by Fusarium oxysporum f. sp. sesami
(Zaprometoff) Castellani sesame wilt which causes drastic decline in sesame production. Management of
Fusarium wilt is mainly through chemical soil fumigation and using resistant varieties. The broad-spectrum
biocides used to fumigate the soil before planting also have negative impact on soil biota. Moreover, adverse
effects of different groups of chemicals have been observed on sesame. Thus, development and use of resistant
cultivarsis effective, economical and eco-friendly for disease control. [Based on abstract]

= B. Jyothi et a. (2011) screened 35 genotypes for resistance to Fusarium oxysporum f. sp. sesami. All the
accessions displayed some percent infection rate with arange of 13.1 to 98.1%, and none could be described as
immune. Accessions NSKM S 260, NSKMS-267, NSKM S-261 and TMV -3 were found to be resistant with
infection rates of 13.1, 14.6, 15.1 and 15.7% respectively.

= K. Satyagopal et al. (2014) in an IPM manual reported Fusarium oxysporum f. sp. sesami was a regional
problem in Maharashtra and Rajasthan.

= B. Khamari et al. (20174) reported stem and root rot and wilt diseases of sesame incited by Macrophomina
phaseolina and Fusarium oxysporum f. sp. sesami respectively are serious biotic constraints for sesame
production. Investigations were formulated on dual culture technique, cut stem inoculation experiment, and soil
inoculation experiment in order to assess the interaction and combined effect of the 2 pathogens. Macrophomina
did not showed any antagonistic effect towards Fusarium and vice versain dua culture experiment. Inoculation
of healthy sesame stem with Macrophomina, Fusarium and in combination of Macrophomina +Fusarium
revealed the color of the stem changed from white to gray to black at different days of inoculations whereas the
stem color was green throughout the experimental period in control. The vascular bundle converted to dark and
hollow stem in case of Macrophomina and Macrophomina + Fusarium when split 30 days after inoculation. Soil
inoculation study revealed inoculation of Macrophomina + Fusarium recorded as low as 26.00% seed
germination due to pre emergence damping off followed by in Macrophomina alone (seed germination 34%).
The control pot recorded as high as 82% germination. Macrophominais fast growing fungus as compared to
fusarium, but the combination of Macrophomina and Fusarium didn’t yield any antagonistic effect and found
both in association leading to disease severity as compared to alone. The progress of the disease on the outside
of the stem were as follow.

Treatments 2 DAI 4 DAI 6DAI 10 DAIT

Colour | Coverage | Colour | Coverage | Colour | Coverage | Colour | Coverage
Macrophomina | White | Medium | Grey Medium | Dark Medium | Black Medium

half | grey t stem + stem
stem
Fusarium White Medium | White Medium | Cream | Medium | Cream | Medium
y white | + 1/4" | y white | + stem

stem
Macrophomina | White | Medium | Whitet+ | Medium | Grey Medium | Grey Medium
+ Fusarium grey + 1/4" 14 stem + stem

stem
Control Green | - Green | - Green | - Green | -

Comparisons of the outer and inner stem were as follow.
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Treatments 30 days after Inoculation
Characteristics before splitting Characteristics after splitting
Colour of | Colour | Stem character Colour of | Stem Microsclerotia
medium | of stem stem character

Macrophomina | Black Black Dark bark, fleshy, | Black Hollow VB | Present

black growth on it

Fusarium Creamy Creamy | Rotten, fleshy bark, | White Rotten VB | Absent
white white whitish growth on it

Macrophomina | Grey Grey Grey colour, fleshy Grey Hollow VB | Present

+ Fusarium

Control Normal Green Green and normal Light Normal VB | Absent

yellow

The effects of soil inoculation were as follow.

S.no Treatments Germination % Pre emergence
damping off

1 Macrophomina 34 (35.429) 66(54.534)

2 Fusarium 52 (46.311) 48(43.653)

3 Macrophomina + Fusarium 26 (27.586) T4 62.385)

B Control 82 (65.332) 18(24.632)

SE(m} 5.020 5.022

CcD 15.179 15.186

Anon. (n.d.k) reported Fusarium oxysporumf. sp. sesami (Wilt) causes a major disease.

IRAN

T. Basirniaand Z. Banihashemi (20060 showed that Fusarium oxysporum f. sp. sesami is seedborne. [Based on
abstract]
A. Fallahpori et a. (2013) evaluated the effect of inoculating 10 species of several families with Fusarium
oxysporumf. sp. sesami. Sesame was the only species with the disease symptoms. They monitored the
peroxide activity at 2, 4, 6, 8, 10, and 12 days after inoculation. In the tolerant varieties, the peroxide activity
rose through day 4 and then decreased, but in the susceptible varieties, the peroxide activity increased less than
the tolerant varieties. They concluded the peroxide activity plays a probable role in tolerance.
M. Ngjafiniyaand A. Aien (2021) evaluated 24 genotypes against Fusarium oxysporum f. sp. sesami in the
greenhouse, microplots, and the field. In the greenhouse and microplots, artificial inoculation was used whilein
field experiment, no artificial inoculum was used. The results showed 29.1% of the sesame genotypes (JL 1,
J14, 3110, JL11, JL13, J18 and Darabl) fell in resistant category and 37.5% of the genotypes (JL2,
Varamin37, Local, Yekta, JL29, JL16, JL6, J_14-1 and Darab?) fell in moderately resistant group. The
following photos show early and late infection.
- . RS

ITALY

E. Castellani (1950) reported in the summer of 1947, sesame plants growing at Florence developed wilt and
trancheomycosis. The bottom leaves turned yellow, withered, and dropped. The leaves above became affected
and top of stem dried up and bent over. A brown discoloration was present in wood and extended from the root
to the apex. A strain of Fusarium oxysporum present in infected material was demonstrated by inoculation
experiments to be specific to sesame and is therefore regarded as a new form F. oxysporum f. sesami. Artificial
infection experiments showed that the most severe attacks occurred in sterilized soil and that the organism is
carried on and in seed from diseased plants and livesin soil in the remains of infected plants. Control consistsin
the use of clean seed and resistant varieties. In one preliminary tests the var. Venezuela 25 showed marked
resistance. [Cited by G.S. Saharan, 1989]



Pest: Fungi — A1 Hypocreales Page 81

JAPAN

= Anon. (2015€) NIAS Genebank Japan descriptor: 3.5 Wilt disease resistance. Secondary essential character.
Observation and measurement of ablock. The degree of resistance to Fusarium oxysporum f. sp. sesami in
field of ininjection tests. The following are the ratings to be used
0 1=Very low
03=Low
0 4 = Slightly low
0 5= Intermediate
o 6 = Slightly high
0 7 =High
0 9=Very high

= T. Kuzuyuki (2021) reported the following pathogen: Fusarium oxysporum f. sp. sesami (Wilt)

KENYA
= H.A. Van Rheenen (1981d) reported the goal of developing resistance to Fusarium oxysporum f. sp. sesami.

MALAWI
= W. Van Den Bosand C.J. Zee (2016) in agrower guide reported the following: Fusarium oxysporumf. sp.
sesami. Terminal leaves turn yellowish, desiccate, and droop, the symptom progressing down to the stem.
Mostly infection is patchy and when mature plants are attacked, only one side of the plant shows symptoms.
When uprooted, roots will be wholly or partialy rotten. Highly recommended practices are: field sanitation,
crop rotation, no water logging conditions, and expose fungus to desiccation

REPUBLIC OF KOREA

= J.S. Park (1963) reported different sources and rates of N had a marked effect on the growth of Fusarium
oxysporum f. sp. vasinfectum and or f. sp. sesami the common cause of cotton and sesame wilt in Korea. Nitrate
N (best) and urea N had the most and ammonia N (either alone or in combination with other N compounds ) the
least effect. The latter produced effects similar to those induced by phenoxy compounds on other fungus.

= H.S. Chung and W.B. Choi (1992) reported the incidence of sesame damping off caused by Rhizoctonia solani
and Fusarium oxysporum f. sp. sesami in Korea was reduced by coating seed with 3 isolates of Trichoderma
viride or Benlate [benomyl] T (benomyl) in pot and field trials using naturally infested soils. When sesame
seeds were treated with Benlate [benomyl] T or conidia (107/ml) of the antagonists, seedling emergence was
significantly increased compared with the untreated control. The incidence of post-emergence damping off was
significantly reduced compared with the control. Soil samples taken from the crown area of the sesame
seedlings showed an increase in Trichoderma spp. populations during the growing season whereas those of R.
solani and F. oxysporum decreased. However, no significant decline was found in the population of F.
oxysporum from the rhizosphere at later stages. Mycoparasitism between the antagonists and the pathogens was
observed after mycelial contact in dual culture. Coiling and penetration of the antagonists in the hyphae of the
pathogens resulted in breaking, lysis and abnormal vacuolation.

= JW. Hyun et a. (1999) reported Bacillus polymyxa (synonym of Paenibacillus polymyxa) was isolated as an
antibiotic compound that was an antagonist against Fusarium oxysporum f. sp. sesami. Under greenhouse
conditions Bacillus polymyxa was shown its minimum inhibitory concentrations were 12.8 pug/ml for F.
oxysporum and Alternaria mali, 6.4 pg/ml for Colletotrichum gloeosporioides and Rhizoctonia solani, and 3.2
pg/ml for Phytophthora capsici.

SUDAN
= A.R.C. Umaima (pers. comm. 2021): Fusarium oxysporum f. sp. sesami (Fusarium wilt) is a current problem.
The symptoms are yellowing, drooping, and withering of leaves then wilting and drying. Roots and stems show
long, dark black streaks of vascular necrosis.
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TANZANIA
= Kafiriti, E. and O. Mponda (n.d.) in agrower guide reported the following pathogen: Fusarium oxysporum f. sp.
sesami.
TURKEY
= H. Kavak and E. Boydak (2006) screened 26 breeding lines from 3 provinces within the South-eastern Anatolia
district against sesame wild disease caused by Fusarium oxysporum f. sp. sesami by planting them in afiled on
an area known contaminated by Fusarium wilt for the last 5 years in 2002 and 2003. The most resistant line
was Sanliurfa-63189 with a 6.6% infection rate. Half the lines had less than 20% infection and 5 were below
10%.
= H. Kavak and E. Boydak (2011) evaluated the effect of irrigation interval (5, 10, 15, and 20 days) on the
infection of wilt caused by Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina in 2008 and 2009
at Sanhurfa (37.17N 38.80E). They found depending on delaysin irrigation within irrigated crops grown in
drought and hot regions, sudden wilt syndrome of sesame may increase. The causes of sudden wilt syndrome
appear to be parasitic pathogens, drought stress, or the combined effect of both. The percentage of infections
were as follow.
Y ear 5days 10days 15days 20days
2008 1.50 247 2.50 3.69
2009 1.85 1.90 212 2.27
» R.S. Silmeand M.I. Cagirgan (2010) screened 19 genotypes, 4 mutants, and 2 cultivars for their reaction to
Fusarium oxysporum f. sp. sesami. The evaluation was carried out during two successive seasons (2007 and
2008) in two soil conditions of an area known contaminated by a virulent isolate of the pathogen at Antalya.
Birkan, Camdibi, WS-143, WS-313 were classified asresistant. Birkan should be used as a parent to pass
resistance.
= N. Ider et al. (n.d.) reported the following pathogen: Fusarium oxysporum f. sp. sesami.

UGANDA

= Z.S. Mgamba et al. (20204) reported Fusarium wilts (Fusarium oxysporum f. sp. sesami) is among of the most
destructive soilborne disease of sesame in Uganda. The disease may cause yield loss of up to 100% if not
controlled. Eight parental genotypes of sesame with different levels of resistance to Fusarium wilt pathogen
were used in afull diallel to produce F; progenies. The eight parents and F1 progenies were evaluated in the
screen house under high pathogen pressure through artificial infection. The results revealed that additive and
non-additive gene actions contributed to controlling resistance to Fusarium wilt. However non-additive were
more predominant. Moreover, the study indicated that maternal effects have influence toward resistance to
Fusarium wilt in sesame.

= Z.S. Mgamba et al. (2020b) reported Fusarium oxysporum f. sp. sesami incidence ranges from 17.1 to 73.3% in
Uganda. In this study, 30 sesame genotypes that included released varieties, improved elite breeding lines, and
introductions were screened in the screenhouse under high pathogen pressure following artificial infection using
five isolates. The results revea ed that sesame genotypes showed different response to the pathogen and thus
disease devel opment among the genotypes. No genotype was identified as being immune to the disease. Two
genotyp&s (EM 15 1-5 and Sesim 2) were identified and rated moderately resistant to Fusariumwilt (37.3 and

UNITED STATES
= M.L. Kinman and JA. Martin (1954) reported the presence of Fusarium oxysporumf. sesami in afew locations
in the USA. Itis apparently specific to sesame. “Sirogoma” was highly resistant or immuneto it.
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= M.L. Kinman (1955) reported Fusarium wilt (Fusarium oxysporum f. sp. sesami) has attacked sesame at afew
locationsin the USA, and this speciesis apparently specific to sesame.
= G.W. Riverset a. (1965b) reported the following:

0 Some of the 568 strains and varieties grown during the 1961-1964 on wilt infected soil were resistant to
Fusarium oxysporumf. sesami in every year except 1964 when there was a severe epidemic, but reactions
were inconsistent.

0 Fusariumis not a serious threat to sesame in the USA at present but may become one.

0 When planted in June, the symptoms appear in early August.

0 Strainsthat seem resistant to this are: Dulce (S146), T5318 sel (S189), and Delco (S177).

= Anon. (2015c) USA PVP descriptor: 7. Diseases — Fusarium wilt (Fusarium oxysporumf. sp. sesami). The
following ratings are used:

0 0= Not tested

0 1= Susceptible

0 2 =Low resistance

0 3= Moderateresistance

0 4 = High resistance

VENEZUELA

= G. Maaguti and B. Mazzani (1962) isolated 3 strains of Fusarium oxysporum f. sp. sesami and tested them
against Venezuela 52, Acarigua, Inamar, Morada, Indehiscente, Fam. 37 and Criollo. Although
morphologically the strains had some differences, they showed the same pathogenic behavior in the plants.

= B. Mazzani (1964b) reported Sesamum radiatum could be used as a source of resistance to Fusarium
oxysporum f. sp. sesami.

= B. Mazzani et a. (1975) reported a new Aceitera variety resistant to Phytophthora nicotianae var. parasitica,
Macrophomina phaseoli, and Fusarium oxysporum f. sp. sesami was obtained by backcrossing with the African
var. Ajioo Atar 55 resistant to Phytophthora and Macrophomina. The yield and vegetative characteristics of the
new variety resemble those of the original Aceiterawhich isresistant to Fusarium.

= |. Herreraand H. Laurentin (2012) reported one of the most effective strategies for fungi control isto obtain
resistant cultivars, but for that, it is necessary an efficient inoculation protocol to identify resistant germplasm
and also to get initial propagule enough. The objectives of this research were to evaluate spore production of
Fusarium oxysporum f. sp. sesami on two culture media, and two inoculation methods of the fungus on sesame.
Inoculation methods were i. confronting plantlets to fungus spores, and ii. confronting plantlets to fungus
(mycelia and spores) mixed with soil. Spore production was 4, 5 and 2 times larger on potato dextrose agar than
on SNA (low nutrients agar) for chlamydospores, macroconidia and microconidia respectively. Thefirst
inoculation method resulted in 100% incidence and 91% of severity, which was measured as the relation lesion
length/plantlet length expressed as percentage. The second method resulted in 50% incidence and 68% severity.
The second method was considered the most suitable for screening sesame germplasm to the fungus.

= |. Herreraand H. Laurentin (2014) screened 4 varieties (Maporal, 43 x 32, UCLA 37, and UCLA 295) against
Fusarium oxysporumf. sp. sesami. They inoculated the plants with isolates taken in 3 different locations (13-
2009, 5-2009, and C3). The % of plantsinfected were as follow/
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The severity indices were as follow.
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Aislamientos

Genotipos de ajonjoli 13-2009 5-2009 L
Maporal 0,16" 026" 0,04%
43 x 32 0,34° 0,00% 0,03%
UCLA3T 1,30% 2614 270
UCLAZ95 0,342 oi7 1,00¢

= P. Fernandez and H.E. Laurentin (2016) evaluated the effect of sesame root and stem extracts of the three
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sesame cultivars (Fonucla, INIA, and UCLA295) on the growth of Fusarium oxysporum f. sp. sesami. It was
evaluated by means of the record of in vitro growth in ELISA microplates cellsin presence of 0.2 mL of sesame
root or stem extracts. Each cell contained 0.2 mL of spore suspension (200 conidiamL-1) in potato dextrose
broth and one of the treatments. Optical density was recorded each 12 h during 192 h. Root extracts had the
trend of inhibiting fungus growth, however only extracts coming from cultivar INIA had statistical differences
(P<0.05); it inhibited up to 25% of fungus growth. On the contrary, stem extracts had the trend of stimulating
fungus growth, but only INIA cultivar had a significant effect (P<0.05) as compared to the control treatment,
reaching to promote up to 20% of growth. The datawas as follows (* = statistical difference of P<0.05 from

the control.
Root extract data Stem extract data
Horas de Genotipoio cultivar Horas de Genotipo o cultivar
incubacitn Fonucla INIA UCLA295 incubacién Fonucla INIA UCLA295
24 0.0379 0.1074 0.0366 24 01411 0.2471% 0.0678
36 0.0987 0.1203 0.0335 6 0.1255 0.2378* 0.1273
48 0.1279 0.0842 0.0254 48 0.1405 0.2478* 0.0850
60 0.1642 0.0943 0.0440 60 0.1256 0.2828% 0.1409
72 0.1743 0.0555 0.0651 72 0.0986 0.2861% 01535
84 0.1626 0.0110 0.0560 84 0.0993 0.2323* 0.1424
9% 0.0265 0.1677 -0.0784 96 -0.0152 0.0572 0.0130
108 0.0099 -0.2127% -0.0339 108 -0.0352 0.0465 -0.0025
120 0.0101 -0.2222% -0.0551 120 0.0025 0.0013 -0.0021
132 0.0242 -0.2457* -0.0554 132 0.1010 -0.0025 -0.0004
144 0.0433 -0.2625% -0.0747 144 0.0107 -0.0043 0.0000
156 0.0426 -0.2815% -0.0779 156 0.0372 0.0084 -0.0034
168 -0.0048 -0.3282% -0.0917 168 -0.0624 0.0330 -0.0503
180 -0.0095 -0.3472% -0.0660 180 0.0741 0.0833 -0.0653
192 -0.0105 -0.3589" -0.0534 192 0.0099 0.0789 -0.0691
Al.1.1a.2 Fusarium oxysporum f. sp. vasinfectum (7 Apr 2021)

Synonyms:. Fusarium vasinfectum and Fusarium vasinfectum f. sp. sesami

Family: Nectriaceae

Definition: Amount of tolerance to Fusarium oxysporum f. sp. vasinfectum W.C. Snyder & H.N. Hansen 1940.

INTERNATIONAL

= R.S. Vasudeva (1961) reported the wilt of sesamum has been known to occur almost in al parts of the world

wherever sesame is cultivated. The diseaseis characterized by yellowing, drooping, and withering of the

leaves. The top of the stem gets dried up and bent over. A brown discoloration in the wood gradually extends

from the roots to the apex and ultimately leads to the death of the plant.

= Anon. (2004a). IPGRI descriptor: 10.2.4. Biotic stress susceptibility to Fusarium vasinfectum. (Fusarium wilt).
o Ineach caseit isimportant to state the origin of the infestation or infection, i.e., natural, field inoculation, or
laboratory. Also specify the causal organism and the corresponding symptoms. The susceptibility scaleis as

follows:

- 1=Very low or no visible sign of susceptibility

- 3=Low

- 5 =[ntermediate

- 7=High
- 9=Very high

0 The growth state, coded according to the list below at which each reaction was recorded should be appended
to the record of that reaction.
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- 1=Sed

- 2= Seedling

- 3=Pre-flowering
- 4= Early flowering
- 5= Mid-flowering
- 6= Late-flowering
- 7= Maturity

= CAB International (accessed 12 Apr 2021) reported sesame was a minor host of Fusarium oxysporumf. sp.

vasinfectum (Fusarium wilt).

CHINA

L.C. Tu (1985a and 1985b) reported Fusarium vasinfectum f. sp. sesami (Wilt) in Henan province with a
damage level of 1 out of possible 3.

L.L. Li (1988) reported Fusarium vasinfectum and Fusarium vasinfectum var. sesami (Wilt) cause severe
damage to sesame. Plants may be infected at any stage of plant development. In the seedling stage, infected
seedlings may be seen with the appearance of damping-off and withered seedlings. In the last stage, symptoms
of the affected plants appear on one side of the root system as red-brown withered stripe, and the leaves of the
infected side wilt, turn into yellow color, wither and fall from bottom to top. The vascular bundle of the
diseased stem becomes brown. Capsules on affected branches are smaller, precocious, easily dehiscing, and
they contain thin and shriveled seeds. The pathogen has two sorts of conidium, and the macroconidia are sickle-
shaped and 3-5 septate. The microconidia are ovoid to ellipsoid, and unicellular. It grows at the temperature
range of 10 to 35°C with an optimum temperature of 30°C. It grows at the temperature range of 10 to 35°C
with an optimum temperature of 30°C. The pathogen is reported to be seed- soil- and plant debris-borne. It is
quite evident that the fungus penetrates the host through the root tip and wound of seedlings and also infects the
healthy root directly. Then, it entersinto the vessel and finally extends upwards into all parts of plants.
Continuous cropping, high soil moisture and barren sandy loam are favorable for the development of the
disease. The disease could be controlled by using 3 to 5 years crops rotation, use of non-diseased seed or seed
treatment with 0.5% copper sulphate preparations for half an hour as an effective control method of the disease.

INDIA

E.J. Butler (1926) provided a detailed description of artificia inoculation of seedlings of both the hosts with
organismsisolated from wilted plants, the results of which together with the morphological and cultural features
of the pathogens |ed the author to consider that the wilt producing fungi attacking cotton, sesame and pigeon
pea (Cajanusindicus) in India are specialized strains of Fusarium vasinfectum, the American cotton wilt
organism.

M.L. Verma (1985) reported Fusarium vasinfectum (Wilt) is a major disease with the following symptoms:

Y ellowing, drooping. Withering of first lower leaves then upper leaves. Top of stem bent down and dries.
Brown discoloration on rootsto tip, blackening of stem.

EGYPT

M.S. El-Abyad et al. (1988) studied the effect of the herbicide prometryn on the metabolic activities of two
formae speciales of Fusarium oxysporum. Prometryn at concentrations of 128 and 256 ppm significantly
inhibited growth and respiration rates, reduced absorption of both sugar and nitrate, and reduced rates of
synthesis of carbohydrates and organic nitrogenous compounds by both fungi. A concentration of 16 ppm did
not significantly affect the metabolic activities of F. oxysporum f. sp. vasinfectum. [Based on abstract]

JAPAN

T. Mutsuo (1934) reported in 1932 sesame plantsin Sapporo were attacked by a wilt disease characterized by
wrinkling, dropping and blackish brown discoloration of the leaves and by the eventual death of plants. The
causal organism (Fusarium vasinfectum) was readily isolated al a number of standard media. Making the best
growth at about 30°C and was inoculated into sesame plants with positive results. It produced branched
conidiophores bearing a head of mostly non-septate ovoid to ellipsoid, hyaline micro conidia, 5to 23.5 by 2.5
to 5.5 u and also formed cinnamon buff colored macro conidia, 3-4 or 5 septate measuring 20.8 to 44.2 by 2.6
to4.5,36.4t049.4by 3to5u and 41. 6to 52 by 4 to 5 p respectively. Apical or intercalary chlamydospores
were produced.

MEXICO
= Agrolytics.org (2021) reported sesame hosts Fusarium oxysporum f. sp. vasinfectum.



Pest: Fungi — A1 Hypocreales Page 86

REPUBLIC OF KOREA

= J.S. Park (1963) reported different sources and rates of N had a marked effect on the growth of Fusarium
oxysporum f. sp. vasinfectum and or f. sp. sesami the common cause of cotton and sesame wilt in Korea. Nitrate
N (best) and urea N had the most and ammoniaN (either alone or in combination with other N compounds ) the
least effect. The latter produced effects similar to those induced by phenoxy compounds on other fungus. [Cited
by G.S. Saharan, 1989]

= C.Y. Choi (1964) reported most of the 10 culture filtrates of Fusarium oxysporum f. sp. vasinfectum (which is
known to produce atoxin — fumaric acid) tested inhibited or retarded germination or growth of the seedling.
Theinhibitory capacity varied considerably. In general sesame seeds were highly susceptible. [Based on
abstract]

= J.S. Park (1964) reported culture filtrates of Fusarium oxysporum f. vasinfectum strongly or weakly inhibited
the germination and brought about necrosis accompanying black discoloration of sesame seeds, probably due to
fusaric acid (wilt toxin). There were no varietal differences. Five strainsused in this study differ greatly in the
toxicity of culture filtrates inhibiting the germination of sesame seeds. In the seedling bed added with culture
filtrates, the growth of shoot as well asroot system of sesame seedlings are notably inhibited, and necrotic black
discoloration appear on both shoot and root system. But in the seedling beds added with weaker concentration
of culture filtrates (10%) the growth of shoot is dightly promoted. In culture of sesame seedlings with Knop's
solution containing 1 to 3 per cent culture filtrates, the growth of shoot as well asroot system are dightly
retarded and till the time of development of the third leaves the whole stem and leaf petiole tissue are weakened
so that they become thread like accompanying brown discoloration, interveinal light brown area appear in the
second leaves, and the third leaves curl from both sides towards the middle with necrotic brown discoloration,
especially symptoms of injury on the third leaves are nearly similar to that of the leaves of wilted sesame in the
field. [Based on abstract]

= C.W. Kang et al. (1985f) reported Sesame Fusarium wilt (Fusarium oxysporum f. vasinfectum) lesions on the
lower part of the stem are enlarged slowly or rapidly from seedling stage to late maturing stage. It therefore
reduces sesame yield greatly. Seven chemicals were applied three times from late June to the middle of July
after inoculating with artificially cultured sesame Fusarium wilt fungi. Oxydong 50% WP (sprayed three times
at ten day intervals 1,000X solution of 1.2 t/ha) was the most effective in controlling Fusarium wilt. The
incidence rate in the treated material was 13% compared to 61% in the unsprayed control. The treated plants had
afew more capsules per plant (100 vs. 91), and their yields were 12% higher. [Based on abstract]

= C.W. Kang et a. (1985i) reported the incidence of wilt caused by Fusarium oxysporum f. sp. vasinfectumin cv.
Kwangsan was considerably influenced by sowing date and mean air temperature in the field. [Based on
abstract]

= JI. Leeand B.H. Choi (1985h) reported that vinyl mulching helped escape infections of Fusarium oxysporum f.
sp. vasinfectum, which severely attacked young seedlingsin Korea. The disease occurs nearly wherever
sesameis cultivated in Korea. The variety “Ahnsanggae” is fairly resistant. They also recommend crop
rotation, using healthy seed, and spraying at one week intervals with Benlate-T and Benoram WP at the
seedling stage. At later stages they recommended Cuper (Coside) or Oxidong fungicide applications. When
there is damping off, 70% of thetimeit is Fusarium oxysporum f. sp. vasinfectum, 20% Rhizoctonia solani, and
10% Phoma sesami.

= B.K. Chung and K.S. Hong (1991) and B.K. Chung and S.O. Ser (1992) isolated Streptomyces bikiniensis and
reported it is antagonistic to Phytophthora nicotianae var. parasitica and Fusarium oxysporumf. sp.
vasinfectum.

UKRAINE
= |.VV. Bohovik (1936) reported Fusarium vasinfectum. [Cited by G.S. Saharan, 1989]

UNITED STATES

= JK. Armstrong and G.M. Armstrong (1950 and 1953) reported sesame wilt, caused by a species of Fusarium
was observed in 1948 on a plantation in S. Georgia. In inoculation experiments most of the varieties and
breeding lines tested proved susceptible with the exception of Sirigoma which was highly resistant. The sesame
Fusarium could not be differentiated from F. vasinfectum morphologically or culturally but was quite distinct
from pathogenicity, failing to cause wilting of any other plant inoculated. Fusarium isolates from 10 other hosts
did not attack sesame. It is suggested that the use of the names F. vasinfectum and Fusarium vasinfectumvar.
sesami for the sesame fungus is misleading and should be discontinued.

UZBEKISTAN
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= N.G. Zaprometoff (1925) reported Fusarium vasinfectum var. sesami. [Cited by R.S. Vasudeva, 1961, and G.S.
Saharan, 1989]

A1.1.1b Fusarium proliferatum (22 Apr 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium proliferatum (Matsush.) Nirenberg ex Gerlach & Nirenberg 1982.
(Wikipedia, 22 Apr 2021) Fusarium proliferatum is afunga plant pathogen infecting asparagus.

References:

IRAN
= M. Torabi et al. (2014) reported the first record of Fusarium proliferatum on sesamein Iran. Colonies were fast
growing, forming abundant aerial mycelium, with colorless to dark purple appearance on colony reverse. On
CLA, club-shaped and single-celled microconidia were formed in chains and in conidial heads arising from
mono-phialides and poly-phialides, the macroconidia were ender, almost straight, and usually 3-5 septate.
Chlamydospores were absent.

PAKISTAN

= B.G. Nayyar et a. (2013) examined 15 samples of seed to detect fungi using 3 methods: agar plate, blotter, and
deep freezing. They found Fusarium proliferatum.

= B.G. Nayyar et a. (2018) collected 105 sesame seed samples from different locationsin the Punjab from which
520 isolates of Fusarium spp. were recovered. These isolates were initially grouped and identified based on
morphological characteristics. The identities of representatives of the three most frequently isolated groups
(strains designated FO1, F98, F153) were identified as Fusarium proliferatum, on the basis of the sequencing of
ITS of rDNA and trandation elongation factor (TEF-1a) gene regions. Culturefiltrates of FO1 reduced sesame
seed germination (to 40%) and vigor (to 16.5%) of sesame seedlings. This baseline study suggests that F.
proliferatum infection of sesame seeds could be a major source of yield lossin the Punjab. [Based on abstract]

Al.1l.1c Fusarium caeruleum (28 Apr 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium caeruleum Libert ex Saccardo 1886.

References:

INDIA
= N. Prasad (1944) reported Fusarium caeruleum caused a disease in sesame. [Cited by R.S. Vasudeva, 1961]
= M.L. Verma (1985) reported Fusarium caeruleum (Wilt) isamajor disease with the following symptoms:
Y ellowing, drooping. Withering of first lower leaves then upper leaves. Top of stem bent down and dries.
Brown discoloration on rootsto tip, blackening of stem.

Al1.1.1d Fusarium solani (8 May 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium solani (Mart.) Saccardo 1881.

(Wikipedia, 8 May 2021) Fusarium solani is a species complex of at least 26 closely related filamentous fungi in
the division Ascomycota, family Nectriaceae. It is the anamorph of Nectria haematococca. It isa common soil
fungus and colonist of plant materials. Fusarium solani isimplicated in plant disease as well as human disease
notably infection of the cornea of the eye.

References:
CHINA
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= D.H. Li et al. (2012) obtained 25 isolates of Fusarium species from wilted sesame grown on 25 farms from 22
regions of China. They identified Fusarium oxysporum and Fusarium solani.

EGYPT

= M.M.I. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium solani
in the rhizosphere and rhizoplane.

= H.A.H. Ahmed et a. (2013) studied biological control of Fusarium solani and Macrophomina phaseolina
causing wilt and charcoal rot diseases in vitro as well as under pot conditions. Culture technique showed that
the addition of intact Nostoc sp. SAG2306 or its sonicate inhibited the radial mycelial growth of the test
pathogens. Application of Nostoc sonicates resulted in the lowest infection percentage (11.1% and 17.8% of
Fusarium and Macrophomina respectively) whereas in the control it was 95.6% and 97.7%. Under pot
conditions, plant height, fresh and dry weight of plantsincreased significantly as aresult of the inhibition of
fungal by Nostoc. Similar results were observed in chlorophyll (ch.la& ch.Ib) content of the treated plants.
Infection enhanced proline accumulation that was lowered upon Nostoc addition, indicating alleviation of
infection ascribed stress. The effect of sonicated (NS) or intact ( NI) Nostoc sp 2306 cells on seed infection of
sesame in vitro was as follow.

Treatements F. solani M.Phaseolina
NS 11.11 17.78
NI 26.67 33.34
Control 95.55 97.7
The effectsin potsin the greenhouse in 2010 and 2011 seasons was as follow.
F.solani M.phaseolina
Treatments Perczntage of infected plants Percentage of infected plants
Root-rot Wilt Root-rot Charcoal
2010 | 2011 | 2010 | 2011 | 2010 | 2011 2010 | 2011
N.sonicated 16.66 20 16.66 1666 | 16.66 20 20 16.66
N.intact 26.66 | 26.66 20 23.33 20 23.33 | 23.33 20
Control 36.66 | 33.33 | 56.66 60 33.33 | 33.33 60 63.33

= M.M.l. Abdel-Hafez et a. (2014) took ten samples of sesame from local marketsin Assiut city. They found
Fusarium solani (Mart.) Sacc.

= M.A.A. Hassan et d. (n.d.) evaluated the pathogenicity in vivo of 8 Fusarium isolates taken from infected
sesame plants with the following results. [Authors comment: Assume F. clmourumis F. culmorum.]

Fungal isolares Damping-off (%) Survival plants (%) Wwilt disease Root rot disease

Pre- Post- Incedance () Severity (%) Incedance () Severity (%)
E. oxysporiim
1 750 17.50 75.00 48.16 M7 B.00 37
2 10,00 25.00 6500 8800 6135 12.00 59
3 5.00 17.50 TS50 SHA48 IE75 9.50 33
E. solani
1 3250 15.00 5250 10 5.1 215 10
2 30.50 14.00 55.50 15 ig 15 173
3 31.50 132,00 55.50 191 43 22 158
E. chmaurnim
1 30.00 37.50 3250 LiLEH 0pn LiLEH 0po
7. 28.00 35.00 37.00 LiLiH 000 LiLiH 000
Contraol® 250 o.oo 97 50 LiLEH LiLE )] LiLEH LiLE )]
L5.D. at 5% 7.80 7.80 1241 13.51 337 1246 425

*Mon-infested plants, healthy plants. The significant differences between means compared by LSD at p < U5, NS, not significant

INDIA

= L.N. Daftari and O.P. Verma (1973) found that seed treatment with aureofungin (20 ppm) for 1 hour was
effective for checking seedling infection by seedborne Fusarium solani by 90.2% in a susceptible variety and
increased vigor in two varieties of sesame. [Cited by M.L. Verma, 1985, and G.S. Saharan, 1989]

= D.N. Shuklaand S.N. Bhargava (1977) reported Fusarium solani was associated with seed of sesame and
pathogenic to seedlings of the crop. Growth and sporulation were best at pH 5.5-6.5 and at 22-28°C. Agrosan
(Phenylmercury acetate), Benlate (Benanyl), Blitox 50 (Copper oxychloride), Ceresan (Mathoxy ethylmercury
chloride), Kirticopper, Plantvax (Oxycarboxin), Thiram and Vitavax (Carboxin) inhibited growth of fungusin
culture. [Cited by G.S. Saharan, 1989]
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= SN. Bhargava and D.N. Shukla (1979a) reported seed coat |eachates and seed extracts of sesame decreased
spore germination of Fusarium oxysporum, Fusarium solani and Curvularia lunata (Cochliobolus lunatus).
Culturefiltrates of the fungi inhibited seed germination of the plants. [Cited by G.S. Saharan, 1989]

= SN. Bhargavaet al. (1981b) reported during a survey of the diseases of pulses and oil cropsin and around

Allahabad a seedling blight of sesamum caused by Fusarium solani (Mart.) Sacc. was observed. [Cited by G.S.

Saharan, 1989]

M.N. Reddy and D.S. Rao (1981) reported a new record of Fusarium solani.

T. Singh and D. Singh (1983) isolated 24 fungi: Of these, Fusarium solani was an important pathogens. [Cited

by G.S. Saharan, 1989]

= RK.S. Chauhan and B.M. Kulshrestha (1984b) reported the diffusate obtained from the fruit cavities of sesame
inoculated with a spore suspension of Alternaria sesami was inhibitory to the germination of spores of
Fusarium solani.

IRAQ

= N.A. Ramadan (2009) reported The effect of the concentrations 0, 1, 2, 3, and 4 mg/ml of alcoholic extracts of
cress seeds (Lipidium sativum) on the growth and dry weight of root-rot fungi of sesame plants, Pythium
aphanidermatum, Fusarium solani and Macrophomina phaseolina indicated high significant inhibitory affect as
compared to the control. M. phaseolina was mostly inhibited than other fungi when 4mg/ml w, 86.66 and
78.26% respectively. Antagonistic test of the bacterial biocontrol agent Bacillus cereus showed high inhibiting
effect on al tested pathogens with the maximum inhibition 80.8% on M. phaseolina. Culture filtrate of B.
cereus also showed a highly inhibiting efficiency to the growth and dry weight of the biomass of al pathogenic
fungi with the increase of concentrations 10%, 20%, 30% and 40% (v | v) with the 40% was mostly effective on
M. phaseolina by theratio of 72.22% and 83.90%, respectively. The best inhibition was achieved with the use
of combination of 4 mg/ml of alcoholic extract of Cress seeds and 40% of culture filtrate of Bacillus cereus. It
showed synergistic inhibitory effect on all pathogenic fungi used, that exceeded the effect of each of the plant
extract or culture filtrate of the bacteria separately. [Based on abstract]

ISRAEL
= A.Z. Joffeand J. Palti (1964) reported of the nine Fusarium spp. identified in 79 isolates from soil and plant
material in association with 18 different hosts, F. oxysporum (23 isolates) and F. solani (27) were most
prevalent and affected hosts on many soils. Both the F. solani and F. oxysporum groups were associated with a
serious wilt of sesame. [Cited by G.S. Saharan, 1989]

TURKEY
= E. Bremer (1944) reported the sesame wilt presents a close parallel with that of tobacco both as regards
symptomology, time of development, and the favoring influence of drought. Moreover, Macrophomina
phaseoli and Fusarium solani were isolated from most of the specimens of diseased material, presumably in a
secondary capacity since inoculation experiments were again unsuccessful. [Cited by G.S. Saharan, 1989]

Al.1l.1e Fusarium incarnatum (12 May 2021)
Synonym: Fusarium semitectum

Family: Nectriaceae

Definition: Amount of tolerance to Fusarium incarnatum (Desm.) Sacc. 1886.
(Wikipedia, 12 May 2021) Fusarium incarnatum is afungal plant pathogen.
References:

EGYPT
= M.M.I. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium
semitectum in the rhizosphere.
= A. Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Fusarium semitectum.

NIGERIA
= D. McDonald (1964) reported Fusarium semitectum.
= H.A. Van Rheenen (1972) reported the following pathogen: Fusarium semitectum.
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= C.N. Ezekid et al. (2012 and 2013) examined 17 samples of sesame from 4 markets and found Fusarium
oxysporum, Fusarium semitectum and Fusarium verticillioides. They found no aflatoxins. Six randomly
selected isolates were screened for their ability to produce mycotoxins in ofada rice culture and the crude
extracts of the mycotoxins were tested on week-old catfish (Clarias gariepinus) fingerlings with lethal effects.
They isolated 6 toxic metabolites produced by the Fusariumin the rice culture: equisetin, fumonisin By,
fumonisin B2, methyl-equisetin, moniliformin, and zearalenone. They concluded sesame may be potential
sources of toxigenic Fusarium.

PAKISTAN
= A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areas in Punjab and
analyzed for the presence of mycoflora. They found the following fungus: Fusarium semitectum.

A1.1.1f Fusarium verticillioides (12 May 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Fusarium verticillioides (Sacc.) Nirenberg 1976.

(Wikipedia, 12 May 2021) Fusarium verticillioidesis the most commonly reported fungal speciesinfecting maize
(Zea mays). Fusarium verticillioides is the accepted name of the species, which was also known as Fusarium
moniliforme. The species has also been described as mating population A of the Fusarium fujikuroi species complex
(formally known as Gibberella fujikuroi species complex). F. verticillioides produces the mutagenic chemical
compound fusarin C. F. verticillioides produces a group of disease-causing mycotoxins—fumonisins—on infected
kernels.

References:

EGYPT
= M.M.I. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium
verticillioides in the rhizosphere and rhizoplane.
= M.M.l. Abdel-Hafez et al. (2014) took ten samples of sesame from local marketsin Assiut city. They found the
following: Fusarium verticillioides (Sacc.) Nirenberg.
= A. Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Fusarium verticillioides.

MEXICO
= Agrolytics.org (2021) reported sesame hosts Fusarium verticillioides.

NIGERIA

= C.N. Ezekiel et al. (2012 and 2013) examined 17 samples of sesame from 4 markets and found Fusarium
oxysporum, Fusarium semitectum and Fusarium verticillioides. They found no aflatoxins. Six randomly
selected isolates were screened for their ability to produce mycotoxins in ofadarice culture, and the crude
extracts of the mycotoxins were tested on week-old catfish (Clarias gariepinus) fingerlings with lethal effects.
They isolated 6 toxic metabolites produced by the Fusariumin the rice culture: equisetin, fumonisin B4,
fumonisin B, methyl-equisetin, moniliformin, and zearalenone. They concluded sesame may be potential
sources of toxigenic Fusarium.

A1.1.1g Fusarium equiseti (19 May 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium equiseti (Corda) Sacc. 1886

References:

EGYPT
= A. Hashem et al. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Fusarium equiseti.
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INDIA

= S.N. Bhargavaand D.N. Shukla (1980) reported the two most frequently encountered fungi, Fusarium equiseti
and Fusarium oxysporum caused a dight reduction in oil content of seeds of sesame when incubated for 45
days. [Cited by G.S. Saharan, 1989]

= S.N. Bhargavaet al. (1981b) reported during survey of diseases of pulses and oil crops, in and around
Allahabad, a new seedling rot (Fusarium equiseti) of sesamum was observed. Pathogenicity tests were
performed, and sesame seedling showed brown to black discoloration at the basal portion. Both pre and post
emergence damping off was observed. Preemergence rot was as high as up to 40 to 60%. Seedlingskilled at
early stage were generally necrotic and commonly covered with profuse fungal growth. [Cited by G.S. Saharan,
1989]

= S. Maiti et al. (1985 and 1986) reported the following minor pathogen: Seedling rot Fusarium equiseti (Corda)
Sacc.

= R.B. Kakde and A.M. Chavan (2011) examined the effects of fungi on seedsin storage. Ten dominant fungi
were isolated from seeds of groundnut, soybean, sesame, safflower, and sunflower. One hundred grams of
seeds were inoculated with 10 ml of the fungi. The flasks were left at room temperature for 14 days and then

analyzed for sugars, crude fat, and fiber. The results are as follow.
Table 1. Change in reducing sugar (g/100gm) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 5.2 48 1.1 1.1 1.3
Curvularia lunata 4.9 5.0 2.5 15 1.8
Curvularia pellescens 5.0 54 2.1 T2 16
Fusarium oxysporum 47 44 18 1 faa
Fusarium equisets 46 48 1.6 12 10
Macrophomina phaseolina 5.8 3.5 22 20 £33
FRhizopus stolonifer 6.1 5.0 11 18 21
Penicillium digitatum 55 46 19 17 14
Penicillium chrysogenum 5.2 49 2.0 16 16
Trichoderma viride 6.7 6.1 21 19 2.6
Control 72 6.9 3.1 24 2.8
C.D. at 0.05 0.52 0.62 1.21 0.24 0.21
Table 2. Change in crude fat (g/100gm) due to seed-borne fungi
Fungi Sunflower Sesame Groundnut Sovbean Safflower
Aiternaria diantlicola 355 10.2 37.1 498 22
Curvilaria lunata 43.5 14.3 3.6 48.2 26
Curvilaria pellescens 16.5 10 11 19 a7
Fusarium oxysporum 43 16.1 38 44 20
Fusarium eguisets 47 142 35 49.7 19
Mucropliomina plhaseolita 48 10.5 39.2 46.8 30
Rhizopus stolonifer 50 16.3 40.2 486 33
Penicillium digitatum 42 153 342 39 24
Penicillium chryvsogenum 44 128 36.2 41 27
Trichodarma virtde 48 17.5 40 46 35
Cunlrul 48 20 45 50 36
C.D. at 0.05 271 2.05 2.04 24 3.7
Table 3. Change in crude fiber (g/100) due to seed-borne fungi
Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 39.1 35.6 33.9 26.1 201
Curvularia lunata 52.3 30.6 38.8 345 218
Curvularia pellescens . 461 411 42.3 31.1 21.6
Fusarium oxysporum 53.1 36.5 34.7 37.0 21.0
Fusarium equiseti 50.7 36.4 37.9 21.0 225
Macrophomina 477 34.8 419 36.6 17.9
phaseolina
Rhizopus stolonifer 416 316 401 285 19.6
Penicillium digitatum 435 405 276 21.0 144
Penicillium chryvsogenum 405 27.9 31.7 36.9 139
Trichoderma viride 475 35.1 38.3 37.0 198
Control 513 47.7 38.0 23.3 199

C.D. at 0.05 3.16 6.11 2.39 42 1.82
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A1.1.1h Fusarium merismoides (25 May 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium merismoides Corda 1838.

(Wikipedia, 25 May 2021) Fusarium merismoidesisafungal plant pathogen.

References:

BANGLADESH
= M.D. Hosen and S. Shamsi (2017) isolated the following fungus from sesame seeds: Fusarium merismoides.

They evaluated the effects of fungicides (Bavistin DF, Capvit 50 WP, Dithane M-45, Ridomil Gold MZ 68 WG
and Tilt 250 EC at 100, 200, 300, 400 and 500 ppm) and plant extracts (Allium sativum L. (bulb), Azadirachta
indica A. Juss. (leaf), Citruslimon (L.) Burm. f. (leaf), Mangifera indica L. (leaf) and Psidium guajava L. (leaf)
at 5, 10, 15 and 20%) against both Aspergillus niger and Fusarium merismoides. The results of the fungicides
were as follow.

Name of % inhibition of radial growth at different concentrations (ppm)
fungicides 100 200 300 400 500
Bavistin DF 100° 100° 100° 100° 100°
Capvit 50 WP 0.0% 0.0™ 0.0% 0.0% 0.0™
Dithane M-45 43.82° 52.62° 56.18° 57.30° 60.67°
Ridomil MZ Gold 47.75" 53.37° 70.00° 100° 100°
Tilt 250 EC 87.08" %8.76" 92.70° 97.75 98.88"

The results of the plant extracts were as follow.
% inhibition of radial growth of the pathogen at different conc. (%)

MName of plant

5 10 15 20
Allium sativam 100® 100 100° 1o0*
Azadirachia indica fd. 4" 66.29* 67.42° 82.02°
Citrus limon 74.16" TR.65" 79.78° £0.90°
Mangifera indica 0.0™ 67.98" 7079 74.16°
Psidium guajava 0.0 0.0™ 0.0™ 75.84°
A1.1.1i Fusarium culmorum (13 Jul 2021)

Family: Nectriaceae
Definition: Amount of tolerance to Fusarium culmorum Corda 1838.

(Wikipedia, 13 Jul 2021) Fusarium culmorum is afungal plant pathogen and the causal agent of seedling blight,
foot rot, ear blight, stalk rot, common root rot and other diseases of cereals, grasses, and awide variety of monocots
and dicots. In coastal dunegrass (Leymus mollis), F. culmorum is a nonpathogenic symbiont conferring both salt and
drought tolerance to the plant.

References:

EGYPT
= M.A.A. Hassan et d. (n.d.) evaluated the pathogenicity in vivo of 8 Fusarium isolates taken from infected
sesame plants with the following results. [Authors comment: Assume F. clmourumis F. culmorum.]
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Fungal isolates Damping-off (£} Survival plants {) Wilt disease Root rot disease

Pre- Post- Incedance (%) Severity (&) Incedance {&) Severiny [£)
E. oxysporiim
1 7.30 17.50 73.00 48,16 HT5 B.00 37
F 10,00 Z3.00 65.00 88,09 B61.35 12.00 39
3 3.00 17.50 TI.50 3848 IB75 9.50 33
E. sofani
1 3250 15.00 3250 10 3.1 215 i}
2 3050 14.00 53.50 13 ig 15 IT3
3 31.50 13.00 5350 191 43 v 138
E. clmaurim
1 30.00 37.50 3250 LiLEH LiEE ] LiLEH LiEE )]
2 28.00 35.00 37.00 LiLEH LiEE ] LiLEH 000
Contraol® 250 o.oo 9750 LiLE ¥ LiLE )] LiLEH LiEE )]
L5.D. at 5% 7.80 7.80 1241 13.51 537 1246 425

*Mon-infested plants, healthy plants. The significant differences between means compared by LSD at p < U5, NS, not significant

A1.1.1j Fusarium acutatum (26 Jul 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Fusarium acutatum Nirenberg & O'Donnell 1998.

(Wikipedia, 26 Jul 2021) Fusarium acutatum is a fungus species of the genus Fusarium. Fusarium acutatum can
cause gangrenous necrosis on the feet from diabetic patients. Fusarium acutatum produces fumonisin B1, fumonisin
B2, fumonisin B3 and 8-O-Methyl-fusarubin.

References:

EGYPT
= M.M.l. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium
acutatum in the rhizosphere.
= M.M.l. Abdel-Hafez et al. (2014) took ten samples of sesame from local marketsin Assiut city. They found the
following: Fusarium acutatum Nirenberg & O'Donnell (a new species).

A1.1.1k Fusarium poae (26 Jul 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Fusarium poae (Peck) Wollenw. 1913.

(S.A. Stenglein, 2009) Fusarium poaeis a fungus of increasingly recognized important, which has been associated
with human and animal toxicoses as its strains produce aurofusarin, beauvericin, culmorin, cyclonerodiol, enniatins,
fusarin, moniliformin, and trichothecenes of types A and B.

References:

EGYPT
= M.M.l. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Fusarium poaein
the rhizosphere and rhizoplane.

A1.1.1 Fusarium chlamydosporum (26 Jul 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium chlamydosporum Wollenweber & Reinking 1925.

References:

EGYPT
= M.M.l. Abdel-Hafez et a. (2012) examined the soils around the roots of sesame and reported Fusarium
chlamydosporum s in the rhizoplane.
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= M.M.l. Abdel-Hafez et al. (2014) took ten samples of sesame from local marketsin Assiut city. They found the
following: Fusarium chlamydosporum Wollenw. & Reinking.

= A. Hashem et al. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified Fusarium chlamydosporum.

A1.1.1m Fusarium longipes (26 Jul 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium longipes Wollenweber & Reinking 1925.

References:

EGYPT
= M.M.l. Abdel-Hafez et a. (2012) examined the soils around the roots of sesame and reported Fusarium
longipesisin the rhizoplane.

Al.1.1n Fusarium sulawesiensis (28 Aug 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Fusarium sulawesiensis Xiaet al. 2019.

References:

PAKISTAN
= M. Kamram et a (2019) observed diseased plants with the following symptoms: mature sesame plants (cv. TS-
5) were found wilting in afield. The |eaves became brown and necrotic and rotten areas were observed on the
cortical region of the stems. Eventually infected plants died. The disease incidence exceeded 75% in some plots
depending upon the date of sowing. The pathogen was identified as Fusarium sulawesiensis.

A1.1.2 Gibberella spp. (11 May 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Gibberella spp.

(Wikipedia, 11 May 2021) Gibberella is a genus of fungi in the family Nectriaceae. In 1926, Japanese scientists
observed that rice plants infected with Gibberella had abnormally long stems ("foolish seedling disease"). A
substance, gibberellin, was derived from this fungus. Gibberellin is a plant hormone that promotes cell elongation,
flower formation, and seedling growth.

A1.1.2a Gibberella fujikuroi (11 May 2021)
Synonyms: Fusarium moniliforme and Fusarium fujikuroi.

Family: Nectriaceae
Definition: Amount of tolerance to Gibberella fujikuroi (Sawada) Wollenw 1931.

(Wikipedia, 11 May 2021) Gibberella fujikuroi is afungal plant pathogen. It causes bakanae disease in rice
seedlings. Another name is foolish seedling disease. It gets that name because the seeds can be infected, leading to
disparate outcomes for the plant. There are not many diseases that initiate similar symptoms as bakanae.

References:

INDIA
= K. Kumar et al. (19844) reported Fusarium moniliforme was found to be associated with the seeds of varieties
T-4 and T-12. The species was pathogenic and reduced germination by causing seed rot under laboratory



Pest: Fungi — A1 Hypocreales Page 95

conditions and produced brown necrotic lesions on roots and later became a seedling invader to cause root rot
and seedling blight.

= B.K. Singh (1987) reported Fusarium moniliforme was found frequently on sesame seeds. [Cited by G.S.
Saharan, 1989]

= N. Saxenaand D. Karan (1991) reported on seeds of sesame cv. T-85 collected in Andhra Pradesh
contained Fusarium moniliforme [Gibberella fujikurai].

= N.O. Srikantappa et al. (2009) studied 28 samples of sesame taken from fields, farmers, retail shopsand APMC
markets from 5 areas. They found 34 four fungi to include: Fusarium moniliforme. The fungi significantly
reduced germination.

IRAN
= M. Gooyaet a. (2000) reported during 1997/99 one seed samples of each 17 sesame cultivars from 10 locations
resulted in 145 isolates, which included 34 species of 15 genera to include Fusarium moniliforme.

IRAQ
= N.A. Saad et a. (2013) examined seed and found the following fungi: Fusarium moniliforme.

NIGERIA
= A.O. Esan et a. (2020) purchased 60 sesame samples from markets in Nasarawa states during 2 seasons (wet
and dry) in order to determine the safety for human consumption. They identified the following fungi:
Aspergillus section candidi, Aspergillus section flavi (A. flavus and A. tamarii), Aspergillus section nigri,
Cladosporium sp., Fusarium fujikuroi, Penicillium spp., and Didymellaceae. [For the toxins found refer to
section G1 Toxin producing mycoflora.]

PAKISTAN
= A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areas in Punjab and found
the following fungus: Fusarium moniliforme.

SUDAN
= M.A.F. Khamees and E. Schlosser (1990) in testing of 165 Sudanese sesame seed samples recorded Fusarium
moniliforme [Gibberella fujikuroi] . [Based on abstract]
= H.I.H. Idriss (2016) collected farmer saved red and white sesame from 7 locations in Sudan. 14 different fungi
representing ten genera were identified. Among the less frequent fungal isolates was Fusarium moniliforme.

UGANDA
= S.B. Mathur and F. Kabeer (1975) reported the following pathogen: Fusarium moniliforme (Gibberella
fujikuroi) in trace or moderate amounts in 4 genotypes.

Al1.1.2b Gibberella zeae (8 Jul 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Gibberella zeae (Schwein.) Petch 1936.

(Wikipedia, 8 Jul 2021) Gibberella zeae, also known by the name of its anamorph Fusarium graminearum, is
afungal plant pathogen which causes fusarium head blight, a devastating disease on wheat and barley. The pathogen
isresponsible for billions of dollarsin economic losses worldwide each year. Infection causes shiftsin the amino
acid composition of wheat, resulting in shriveled kernels and contaminating the remaining grain with mycotoxins,
mainly deoxynivalenol, which inhibits protein biosynthesis; and zearalenone, an estrogenic mycotoxin. These toxins
cause vomiting, liver damage, and reproductive defects in livestock, and are harmful to humans through
contaminated food. Despite great efforts to find resistance genes against F. graminearum, no compl etely resistant
variety is currently available. Research on the biology of F. graminearumis directed towards gaining insight into
more details about the infection process and reveal weak spotsin the life cycle of this pathogen to develop
fungicides that can protect wheat from scab infection.

References:

REPUBLIC OF KOREA
= H.W. Chung et al. (1966) reported in inocul ation tests, sesamum was resistant to Gibberella zeae.
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A1.1.3 Neocosmospora spp. (29 Aug 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Neocosmospora spp. E.F. Smith.

(Wikipedia, 29 Aug 2021) Neocosmospora is a genus of fungi in the family Nectriaceae.

A1.1.3a Neocosmospora vasinfecta (19 May 2021)
Family: Nectriaceae

Definition: Amount of tolerance to Neocosmospora vasinfecta E.F. Smith 1899.

(Wikipedia, 19 May 2021) Neocosmospora vasinfecta is afungal plant pathogen.

References:

INTERNATIONAL

= C. Moreau and M. Moreau (1950) present an account of Neocosmospora vasinfecta including its geographical
distribution, host range, symptoms, morphology, biological characters and control. Since the organism can live
as a saprophytein soil, new plantings should not be made for several yearsin areas where diseased plants have
been found; soil disinfection is also advised. Neocosmospora vasinfecta var. sesami occurs sesame. [Cited by
G.S. Saharan, 1989]

= JR. Morschel (1964) reported the following pathogen in the world: Neocosmospora vasinfecta var. sesami.
[Cited by D.F. Beech. 19953]

UZBEKISTAN
= N.G. Zaprometoff (1925) reported Neocosmospora vasinfecta on sesame. [Cited by G.S. Saharan, 1989]

A1.1.4 Cylindrocladium spp. (20 Jul 2021)
Family: Nectriaceae
Definition: Amount of tolerance to Cylindrocladium spp. Morgan 1892,

(Wikipedia, 20 Jul 2021) Cylindrocladium is a genus of ascomycete fungi in the family Nectriaceae. Many species
within this genus are synonymous with the genus Calonectria.

References:

INTERNATIONAL
= C. Wescott (1971) reported the following pathogen: leaf spots (Cylindrocladium spp.).

A1.2 Family: Stachybotryaceae L. Lombard & Crous 2014

(Wikipedia, 22 Apr 2021) The Stachybotryaceae are afamily of fungi in the order Hypocreales, the genera it
contains have been described as "hyper-diverse”.

The following species have been reported to cause diseases, produce a toxin, inhibit germination, or affect seed
quality.

= Al.2.1 Myrothecium spp.

= Al.2.2 Memnoniella spp.

= A1.2.2 Memnoniella echinata

= A1.2.3 Paramyrothecium spp.

= Al.2.3aParamyrothecium roridum (* Syn: Myrothecium roridum)
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There are speciesin this family associated with sesame, but not reported to cause diseases, produce a toxin, inhibit
germination, or affect seed quality. See H9.3.

A1.2.1 Myrothecium spp. (22 Apr 2021)
Family: Stachybotryaceae
Definition: Amount of tolerance to Myrothecium spp. Tode 1790.

(Wikipedia, 22 Apr 2021) Myrothecium is agenus of fungi in the order Hypocreales and is now placed in the
family Stachybotryaceae.

References:

EGYPT
= M.M.l. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Myrothecium sp.
in the rhizosphere.

INDIA
= R.K.S. Chauhan and S. Chauhan (1984a) evaluated the pathogenic potentials of Myrothecium in relation to seed
viability, germination, and formation of seedlings. The toxic metabolites produced by the pathogen in culture
filtrate had phytotoxic effect on seeds and healthy plants. [Cited by G.S. Saharan, 1989]

A1.2.2 Memnoni€ela spp. (2 Jun 2021)
Family: Stachybotryaceae
Definition: Amount of tolerance to Memnoniella spp. Hohn 1923

The following species has been associated with sesame but there are no known reports of being a pathogen,
producing atoxin, inhibiting germination, affecting seed quality, or being used as a biocontrol or biofertilizer.
» Memnoniella sitophila [Indig]

Al.2.2a Memnoniella echinata (2 Jun 2021)
Family: Stachybotryaceae
Definition: Amount of tolerance to Memnoniella echinata (Rivolta) Galloway 1933.

(mold-answers.com, 2 Jun 2021) Memnoniella echinata is a common form of mold found all around the world. It
used to be called Stachybotrys echinata, and it is very similar to another common type of mold Stachybotrys
chartarum. Stachybotrys chartarum is sometimes referred to as black mold, sinceit is black in color, or toxic mold,
because it produces mycotoxins.

References:

INDIA
= K. Kumar et al. (1984a) reported Memnoniella echinata was found to be associated with the seeds of varieties
T-4 and T-12. The species was pathogenic and reduced germination by causing seed rot under laboratory
conditions.

A1.2.3 Paramyrothecium spp. (2 Oct 2021)
Family: Stachybotryaceae
Definition: Amount of tolerance to Paramyrothecium spp. L. Lombard & Crous 2016.
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A1.2.3a Paramyrothecium roridum (2 Oct 2021)
Synonym: Myraothecium roridum

Family: Stachybotryaceae

Definition: Amount of tolerance to Paramyrothecium roridum (Tode) L. Lombard & Crous, 2016.

(Wikipedia, 22 Apr 2021) Myrothecium roridum is a fungal plant pathogen. Mycotoxin B has been isolated from it.
References:

CUBA
= | aHabana (2009) in agrower guide reported the following pathogen: Myrothecium roridum.

INDIA

= D.B. Singh and H.S. Srivastava (1967) reported a new record of aleaf spot disease: Myrothecium roridum.
[Cited by G.S. Saharan, 1989]

= A.R. Wasnikar et al. (1987) reported the influence of fungi varied for seed and soil contamination:
Myrothecium roridum: 32 and 16%. [Based on abstract]

= A.R. Wasnikar et al. (1988) reported media were prepared with various C and N contents. In general, growth of
Alternaria sesami, Fusarium oxysporum f. sp. sesami, Helminthosporium sesami and Myrothecium roridum, the
most important pathogens of sesame, increased with C and N concentrations. [Based on abstract]

PAKISTAN
= A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areas in Punjab and found
the following fungus: Myrothecium roridum.

A1.3 Family: Hypocr eaceae De Notaris 1844

(Wikipedia, 27 Jun 2021) The Hypocr eaceae are a family within the class Sordariomycetes. Species of
Hypocreaceae are usually recognized by their brightly colored, perithecial ascomata, typically yellow, orange or red.
The family was proposed by Giuseppe De Notarisin 1844. According to the Dictionary of the Fungi (10th edition,
2008), the family has 22 genera and 454 species.

The following species have been reported to cause diseases, produce atoxin, inhibit germination, or affect seed
quality.

= A1.3.1 Acremonium spp. (* Syn: Cephal osporium spp.)

= A1.3.1a Acremonium chrysogenum (* Syn: Cephalosporium acremonium)

= A1.3.1b Acremonium strictum

A1.3.1 Acremonium spp. (27 Jun 2021)
Synonym: Cephal osporium spp.

Family: Hypocreaceae
Definition: Amount of tolerance to Acremonium spp. Link 1809.

(Wikipedia, 27 Jun 2021) Acremonium is a genus of fungi in the family Hypocreaceae. It used to be known
as Cephalosporium.

References:

EGYPT
= M.M.l. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Acremonium sp.
in the rhizosphere.

INDIA
= N.O. Srikantappa et al. (2009) studied 28 samples of sesame taken from fields, farmers, retail shopsand APMC
markets from 5 areas. They found Acremonium sp. The fungi significantly reduced germination.
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= V. Bharathi et al. (2013) collected sesame seeds from farmersin Andhra Pradesh. They tested the seeds for
mycoflora, and reported Cephal osporium spp.

PAKISTAN
® A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areasin Punjab and
analyzed for the presence of mycoflora. They found the following fungus. Cephal osporium spp.

= N. Altaf et al. (2004) tested 400 seeds from each of 10 cultivars for seedborne mycoflora. Eleven
phytopathogenic fungi were found to include Cephal osporium sp.

A1.3.1a Acremonium chrysogenum (2 Oct 2021)
Synonym: Cephal osporium acremonium

Family: Hypocreaceae
Definition: Amount of tolerance to Acremonium chrysogenum.

(https://www.nchi.nlm.nih.gov/pmc/articlesy PM C5640796/, 2 Oct 2021) Acremonium chrysogenum, belongs to
Filamentous fungi, is an important industrial microorganism. One of its metabolites, cephalosporin C (CPC), isthe
major resource for production of 7-amino cephalosporanic acid (7-ACA), an important intermediate for
manufacturing of many first-line anti-infecti ous cephal osporins-antibiotics, in industry.

References:

INDIA
= T. Singh and D. Singh (1983) isolated 24 fungi: Of these, Cephal osporium acremonium was an important
pathogens. [Cited by G.S. Saharan, 1989]

A1.3.1b Acremonium strictum (2 Oct 2021)
Family: Hypocreaceae
Definition: Amount of tolerance to Acremonium strictum W. Gams 1971.

(Wikipedia, 24 Jul 2021) Acremonium strictum is an environmentally widespread saprotroph species found in soil,
plant debris, and rotting mushrooms. | solates have been collected in North and Central America, Asia, Europe and
Egypt. A. strictumis an agent of hyalohyphomycosis and has been identified as an increasingly frequent human
pathogen in immunosuppressed individuals, causing localized, disseminated and invasive infections. Although
extremely rare, A. strictum can infect immunocompetent individuals, as well as neonates. Due to the growing
number of infections caused by A. strictumin the past few years, the need for new medical techniquesin the
identification of the fungus aswell as for the treatment of human infections has risen considerably.

A. strictum has been shown to be involved in some myoparasitic relationships, as well as awide range of plant
endophytic and parasitic relationships, and further studies are required to determine A. strictum's use as a biological
control agent and role as a parasite that reduces crop yields. A. strictum exhibits metabolism of many products that
imply future agricultural and pharmaceutical significance.

References:

IRAN

= M. Gooya et a. (2000) reported during 1997/99 one seed samples of each 17 sesame cultivars from 10 locations
resulted in 145 isolates, which included 34 species of 15 genera. The identified Acremonium strictum.
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A2 Order: Botryosphaeriales C.L. Schoch, Crous & Shoemaker 2007

(Wikipedia, 8 Apr 2021) The Botryosphaeriales are an order of sac fungi (Ascomycetes), placed under class
Dothideomycetes. Some species are parasites, causing leaf spot, plant rot, die-back or cankers, but they can also
be saprophytes or endophytes. They occur world-wide on many hosts.

The order was originally defined in 2006 to have only one family, Botryosphaeriaceae, but new taxonomic studies
have added at |east seven other families.

A2.1 Family: Botryosphaeriaceae Theiss. & H. Sydow 1918

(Wikipedia, 8 Apr 2021) The Botryosphaeriaceae are a family of sac fungi (Ascomycetes), which isthe type
representative of the order Botryosphaeriales. According to a 2008 estimate, the family contains 26 genera and over
1500 species.

The following species have been reported to cause diseases, produce atoxin, inhibit germination, or affect seed
quality.

= A2.1.1 Macrophomina spp.

= A2.1.1aMacrophomina phaseolina (* Syn: Dothiorella phillippinensis, M. corchon, M. phaseoli, M. phaseoli
ssp. sesamica, M. phillippinensis, Rhizoctonia bataticola , Sclerotium bataticola, and Tiarosporella phaseolina)
A2.1.2 Phyllosticta spp.
= A2.1.2aPhyllosticta sesami
A2.1.3 Botryosphaeria spp.
A2.1.31aBotryosphaeria ribis

There are speciesin this family associated with sesame, but not reported to cause diseases, produce a toxin, inhibit
germination, or affect seed quality. See H6.1.

A2.1.1 Macrophomina spp. (8 Apr 2021)
Family: Botryosphaeriaceae
Definition: Amount of tolerance to Macrophomina spp. Petr. 1923

Summary:

' Macrophomina phaseolina (Synonyms: Dothiorella
Y phillippinensis, M. corchon, M. phaseoli, M. phaseoli ssp.
sesamica, M. phillippinensis, Rhizoctonia bataticola,
Sclerotium bataticola, and Tiarosporella phaseolina.)
causes one of the most important diseases of sesame
worldwide - charcoal rot. The name charcoal rot is due to
the ashy/charcoal discoloration caused by durable
microsclerotia embedded in plant tissues. Microsclerotia
are approximately the size of apin head or smaller
abundantly present in the symptomatic stem tissue, which
can include roots, stems, pods, and seeds. These can be
visible embedded in the outside of the stem, or in the pith
Microsclerotia on capsule when cut lengthwise. The pathogen is soilborne and
disease resistance assay seedborne and can persist in the soil up to 15 years. The
Photos: K.A. Cochran { USA} fungus thrives in the same conditions that are favorable for
growing sesame - hot and dry. When conditions are favorable, the fungus produces asexual spores (conidia) in small
round black structures (pycnidia) that are apparent embedded on the surface of the stem. This pathogen has avery
broad host range (over 500 plant host species) and can manifest in avariety of symptoms such as damping off, stem,
root, and collar rots. The most commonly noticed symptoms include stunting, leaf yellowing, premature defoliation
and dry down, rot progressing up the stem, and premature or non-typical pod dehiscence for agiven variety.
Symptoms are often noticed by producers mid to late season when they are most apparent, though infection often

Microsclerotiaon stemin
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occurs earlier mid-season. Infections that occur earlier in the season often result in significant stunting and plant
death by the end of the season. Microsclerotia can be spread field to field by seed transport, movement of
microsclerotiainfested soil on farm equipment, and within afield by equipment movement and flooding water
carrying microsclerotia. Other generain the Botryosphaericeae family that are pathogenic include Botryosphaeria
spp. and Phyllosticta spp. Macrophomina spp. have been reported in international lists, Australia, Bangladesh,
Brazil, China, Colombia, Cuba, Cyprus, Ecuador, Egypt, Ethiopia, Greece, Honduras, India, Iran, Iraq, Israel,
Japan, Kenya, Mexico, Myanmar, Nicaragua, Nigeria, Pakistan, Paraguay, Republic of Korea, Sri Lanka, Sudan,
Syria, Tanzania, Thailand, Turkey, Uganda, United States, and Venezuela.

(Wikipedia, 8 Apr 2021) Macrophomina is a genus of fungi in the family Botryosphaeriaceae. There are two
species, Macrophomina limbalis and Macrophomina phaseolina.

References:

AUSTRALIA
= M.R. Bennett (1986-1997). In his sesame development program in the Northern Territories of Australia
between 1986 and 1997, he took data on ‘Susceptibility to Macrophomina’. In the 1993-94 wet season he took
data on 200 plants, and the data ranged from 2 to 157 plants with the disease. Hisideotype included tolerance
to this disease.

CHINA
= X.R. Zhang et a. (2000) studied 4,251 genotypes (4,073 from China and 178 from other countries) using 14

traits that were genetically stable and agronomically important. They pre-selected a core of 884 accessionsto

grow in 3 locations for 2 years and finally selected a core of 453 accessions. They examined Resistance to

charcoal rot disease and had the following distribution:

O1 =Highly resistant (5.7%)

O 3 = Resistant (24.9%)

O5 = Susceptible (50.3%)

O7 = Highly susceptible (19.0%)

= Anon. (2006a) Chinadescriptor: 8.1 (129) Resistance to charcoal rot (CCCC). They provide a methodology

for artificial inoculations and observing in natural fields. The following are the ratings to be used.

o 0 =Immune

0 1=High resistance (HR)

0 3 = Resistance (R)

0 5= Susceptible ()

0 7 = High susceptibility (HS)

0 H.Y. Zhang/H.M. Miao (pers. comm. 2016): This descriptor is used to describe new germplasm that is
acquired by the Henan Sesame Research Center. It isalso used in the breeding program.

0 X.R. Zhang/L .H. Wang (pers. comm. 2016): This descriptor is used in the breeding program by the Chinese
Academy of Agricultural Sciences-Oil Crops Research Ingtitute, Wuhan. It isalso used to describe new
germplasm that is acquired.

INDIA
» K.R. Sharmaand K.G. Mukerji (1974) reported a pathogenic Macrophomina spp. on aging, senescing, and
decaying leaves. [Cited by G.S. Saharan, 1989]
= N.D. Desai and S.N. Goyal (1981b) reported that TMV1, TMV 3, KRR-1, KRR-2, and G-5 are resistant to
Macrophomina.
= V. Bharathi et al. (2013) collected sesame seeds from farmersin Andhra Pradesh. They tested the seeds for
mycoflora, and the following fungus was found: Macrophomina spp.
= C. Jeyalakshmi et a. (2013) evaluated integrated disease management practices to combat major diseases
(Alternarialeaf blight, Macrophomina root rot, and Powdery mildew) and to increase the seed yield of sesame
during summer 2009 and 2010 using at Karaikal (10.93N 79.84E). The treatments were asfollow.
0 M1: Soil application of neem cake @ 250 kg /hat seed treatment with thiram (0.2%) + carbendazim (0.1%) +
foliar spray of mancozeb (0.25%) + endosulfan (0.07%) at 30 and 45 DAS.
0 M2: Seed treatment with Trichoderma viride (0.4 %) + soil application of T. viride @ 2.5 kg/ha + foliar spray
of mancozeb (0.25%) + endosulfan (0.07%) at 30 and 45 DAS.
0 M3: Soil application of neem cake @ 250 kg /ha + seed treatment with T. viride (0.4 %) + soil application of
T. viride @ 2.5 kg/ha + foliar spray of azadirachtin (0.03%) @ 3 mL/L on 30 and 45 DAS.
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0 M4: Farmer’s practices (control)
The results were as follow.
2009+ 2010*
Module i
Root rot Powdery Seed yield C:B Root rot AI:;:”;:M si:: C:B
(%) mildew (PDI) (kg/ha) ratio (%) (Pgl) (Eg“m] =
M1 828" 510t ARN© -1 & 80% 544" TOR © 1118
M2 7.05" 422" 690 ° 1:1.13 6.90" 6.16" 720" 1:1.28
M3 . . ” : 254" : a %
3.04 2.01 760 1:1.20 9.13) 2.48 766 1:1.32
M4 177" 11.95° 54514 1:1.00 18.60° 19.40 495¢ 1:0 98

= B. Khamari et a. (2018c) conducted an intensive survey at flowering to ripening of capsule to record the

iNCi dence of sesame dlseases in 10 agroclimatic zones of Od| shaduring rabi 2014 15 with the following results.
SL Mac | Fus PM Phy
(%) | (%) (Grade] (Grade) (Grade) %)

No.
[ Bheden Bheden local 18.09 9.78 3 0 2 0
[ Balianta VRI-1 238 80 4 3 2 23
Nuagaon Nuagaon local 128 3.0 3 0 2 0.6
ﬂ Papadahandi  Papdahandi 152 4.1 2 0 2 1.0
local
Betanati Betanati local 188 0.5 2 2 1 0
ﬂ Kalimela Kalimela local 113 D8 3 1 2 0.8
[ Agarpad Agarpadalocal 80 1.0 3 1 1 0.6
“ Sundergarh 158 3.9 2 0 1 1.4
local
[C Khajuripada  Phulbanilocal 105 2.9 3 3 1 0.0
[Tl Bhawanipatna Narla local 192 48 4 0 2 14

Mac=Macrophomina, Fus= Fusarium. Alt= Alternaria, PM= Powdery Mildew, Cer= Cercospora, Phy= Phyllody

ISRAEL
= Ashri (19814) reported the major diseases are soilborne Fusarium sp. and Macrophomina sp. The varieties
Aceitera and Renner proved extremely susceptible. [Authors comment: AceiteraisaVenezuelan variety and
Renner isa United States variety.]

JAPAN
= T. Kuzuyuki (2021) cited the following pathogen Macrophomina sesami (Brown spot) is listed in the Database
of Plant Diseases in Japan.

KENYA
= B. Mazzani (1987) visited sesame growing regions and reported the following major pathogen: Macrophomina

SPp.

MYANMAR
= D. Myint (2020) reported charcoal rot is a serious disease.

NICARAGUA
= RA. Marenco M. et a. (1988) reported the most important diseases are those that rot the base of the stem, and
thisis most severein soils with insufficient drainage. The principal causes of this fungal disease have been
identified as being Macrophomina sp., Fusarium sp. and Rhizoctonia sp. The only methods of control are to
rotate crops and at the same time to avoid planting in soils with poor drainage.

NIGERIA
= A.D. Qjochenemi et al. (2015) examined 46 samples of sesame and reported Macrophomina spp.

PARAGUAY
= L.C. Ross and A.L. Orrego (2007) identified the following fungus on sesame seeds. Macrophomina sp.
= Anon. (2015a) Paraguay descriptor: 1.10 Incidence of Macrophomina. The following ratings are used:
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o 0= Sininformacion [No information]

0 1 = Resistente [Resistant]

0 2 = Medianamente resistente [Moderately resistant]

0 3 = Medianamente susceptible [Moderately susceptible]
0 4 = Susceptible [Susceptible]

REPUBLIC OF KOREA
= SW Kang and H.K. Kim (1989) reported Macrophomina sp. is frequently encountered in the soils. [Based on
abstract]

THAILAND
= V. Benjasil (1985a) reported Macrophomina sp. and Sclerotium sp. (Root and stem rot) causes lossesin yield.

UNITED STATES

= J A. Martin (1953a) along with M.L. Kinman and J.A. Martin (1954) reported the presence of Macrophomina
in the USA under drought conditions.

= D.R. Langham (1998e) reported that Sesaco took notesin most years on ““37c. Macrophomina. Important in
South Texas.”

= D.T. Smith et a. (2000) reported Charcoal rot was observed on sesame in Texas and California on young
seedlings and in mid-season. Charcoal rot attacks roots, crowns, and lower stems when sesameis planted after
other susceptible crops. The stem rots just above the soil line and results in severe stand reductions. Early
sesame breeders in Texas (Kinman) and Arizona (Y ermanos) worked on resistance to charcoal rot and it is
rarely a problem now.

VENEZUELA

= D.G. Langham et al. (1961c) used the following symbology in the Sesamum Foundation: Resistencia a
mar chitez [Macrophomina)
0 K1 = Resistant
0 K2-K4 = Intermediate
0 K5 = Susceptible

= B. Mazzani et al. (1973) introduced a new variety ‘Maporal” which is especially adapted to conditions in which
soilborne pathogens (Phytophthora, Fusarium, Macrophomina, and Rhizoctonia) are prevalent.

A2.1.1a Macrophomina phaseolina (8 Apr 2021)
Synonyms:. Dothiorella phillippinensis, M. corchon, M. phaseoli, M. phaseoli ssp. sesamica, M. phillippinensis,
Rhizoctonia bataticola, Sclerotium bataticola, and Tiarosporella phaseolina

Family: Botryosphaeriaceae
Definition: Amount of tolerance to Macrophomina phaseolina (Tassi) Goid. 1947

(Wikipedia, 8 Apr 2021) Macrophomina phaseolina is a Botryosphaeriaceae plant pathogen fungus that causes
damping off, seedling blight, collar rot, stem rot, charcoal rot, basal stem rot, and root rot on many plant species.

One of the most harmful seed and soilborne pathogens, Macrophomina phaseolina is a fungus that infects nearly
500 plant speciesin more than 100 families. Theidentification of isolates of M. phaseolina is usually based on
morphology and efforts to divide the pathogen into subspecies, but because there are wide intraspecific variationsin
the phenotype of the isolates, these criteria are often not reliable. The failure to correctly detect and identify M.
phaseolina using conventional culture-based morphological techniques has led scientists to develop nucleic acid-
based molecular approaches, such as highly sensitive and specific polymerase chain reaction-based methods.
Researchers have also recently created species-specific oligonucleotide primers and digoxigenin-labeled probesin
hopes of better identifying and detecting M. phaseolina.

The pathogen M. phaseolina affects the fibrovascular system of the roots and basal internodes of its host, impeding
the transport of water and nutrients to the upper parts of the plant. As aresult, progressive wilting, premature dying,
loss of vigor, and reduced yield are characteristic symptoms of M. phaseolina infection. The fungus also causes
many diseases like damping off, seedling blight, collar rot, stem rot, charcoal rot, basal stem rot, and root rot.
Although brown lesions may form on the hypocotyls or emerging seedlings, many symptoms occur during or after
flowering, including grey discoloration of the stem and taproots, shredding of plant tissue in the stem and top of the
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taproot, and hollowing of the stem. Small black dots may form beneath the epidermis of the lower stem and in the
taproot, giving the stems and roots a charcoal -sprinkled appearance. When the epidermisis removed, small and
black microsclerotia (asign of the disease) may be so numerous that they give a greyish-black tint to the plant
tissue. In addition, reddish-brown discoloration and black streaks can form in the pith and vascular tissues of the
root and stem.

The M. phaseolina fungus has aggregates of hyphal cells, which form microsclerotia within the taproots and stems
of the host plants. The microsclerotia overwinter in the soil and crop residue and are the primary source of inoculum
in the spring. They have been shown to survive in the soil for up to three years. They are black, spherical or oblong
structures that allow the persistence of the fungus under poor conditions, such aslow soil nutrient levels and
temperatures above 30° C. However, in wet soils, microsclerotia survival is significantly lower, often surviving no
more than 7 to 8 weeks, and mycelium cannot survive more than 7 days. Additionally, infected seeds can carry the
fungusin their seed coats. These infected seeds either do not germinate or produce seedlings that die soon after
emergence.

Macrophomina phaseolina is a heat- and drought-favoring disease, producing large quantities of microsclerotia
under relatively low water potentials and relatively high temperatures. In soybeans especially, charcoal rot typically
occurs when the plants are experiencing significant drought stress.

When conditions are favorable, hyphae germinate from these microsclerotia. Germination of the microsclerotia
occurs throughout the growing season when temperatures are between 28 and 35° C. Microsclerotia germinate on
the roots surface, and germ tubes on the end of the microsclerotiaform appresoria that penetrate the hosts
epidermal cell walls using turgor pressure or through natural openings.

The hyphae infect the roots of the host plant. Initially, the hyphae enter the cortical tissue and grow intercellularly,
then infect the roots and the vascular tissue. Within the vascular tissue, mycelia and sclerotia are produced and plug
the vessels. This causes the greyish-black color often observed in plants infected by M. phaseolina, and it also
prevents water and nutrients from being transported from the roots to the upper parts of the plant. Thus, due to this
systemic infection, diseased plants often wilt and die prematurely.

(Anon. n.d.k) Root rot or stem rot or charcoal rot - Macrophomina phaseolina (Sclerotial stage: Rhizoctonia
bataticola)

Symptoms:. The disease symptom starts as yellowing of lower leaves, followed by drooping and defoliation. The
stem portion near the ground level shows dark brown lesions and bark at the collar region shows shredding. The
sudden death of plantsis seen in patches. In the grown-up plants, the stem portion near the soil level shows large
number of black pycnidia. The stem portion can be easily pulled out leaving the rotten root portion in the soil. The
infection when spreads to pods, they open prematurely, and immature seeds shriveled and become black in color.
Minute pycnidia are also seen on the infected capsules and seeds. The rotten root as well as stem tissues contains a

large number of minute black sclerotia. The sclerotia may also be present on the infected pods and seeds.
= R

Pathogen: The pathogen produces dark brown, septate mycelium showing constrictions at the hyphal junctions. The
sclerotia are minute, dark black and 110-130m in diameter. The pycnidia are dark brown with a prominent ostiole.
The conidia are hyaline, elliptical and single celled.

Favorable Conditions: Day temperature of 30°C and above; prolonged drought followed by copious irrigation.

Disease cycle: The fungus remains dormant as sclerotiain soil aswell asin infected plant debrisin soil. The infected
plant debris also carries pycnidia. The fungus primarily spreads through infected seeds which carry sclerotia and
pycnidia. The fungus also spreads through soilborne sclerotia. The secondary spread is through the conidia
transmitted by wind and rain water.

Management: Seed treatment with carbendazim + thiram (1:1) at 2g/kg seed; treat the seeds with Trichoderma viride
at 4g/kg; apply farm yard manure or green leaf manure at 10t/ha or neem cake 150 kg/ha. Spot drench with
Carbendazim at 1.0 g/I.
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References:

INTERNATIONAL
» R.S. Vasudeva (1961) in areview of sesame diseases stated Macrophomina phaseoli is one of the major
diseasesin theworld. Theroot rot has dark brown or black discoloration at the base of the stem which
frequently breaks off at the ground level. The disease may travel along the stem up to 30 cm or so. On the
surface of the affected parts of the stem, abundant dot-like black structures are formed representing the
pycnidial stage of the fungus. Inside the affected portion of the roots and stem there are numerous sclerotia
characteristic of Rhizoctonia bataticola. The pycnidiaand sclerotiamay also be present on the capsules and

seeds. Humid weather conditions at the time of maturity may results in severe attack on the capsules due to a

secondary infection. The infected capsules open prematurely. The immature seeds thus exposed also get

infected and as a result, shrivel up.

= JR. Morschel (1964) reported the following pathogen in the world: Macrophomina phaseoli (Charcoal rot)
which is seedborne. [Cited by D.F. Beech. 19953

= E.A. Weiss (1971) reported Macrophomina phaseolina (the sterile state, which is known as Sclerotium or

Rhizoctonia bataticola) has been recorded on 293 species of plantsin different parts of theworld. The

pathogen attacks the stems causing them to become characteristically black and rotten. In the early sates of

infection plants make poor growth and remain stunted, and numbers may eventually die. Capsules are also
affected, and seeds with the small black sclerotia can be found in the capsules. High soil temperature and
moisture favor the spread and increase its severity. Itisalso spread inirrigation water. Periods of drought
between heavy rainstorms are thought to favor spread. The very wide range of host plants makes control almost
impossible, and the infection is soil- and seedborne. The fungus can survive the heat of tropical dry seasonsin
the soil and reinfect subsequent crops.

= C. Wescott (1971) reported the following pathogen: charcoa rot (Macrophomina phaseoli).

= P. Neergaard (1979) reported the following pathogen caused a disease in sesame: Macrophomina phaseolina.
[Cited by G.S. Saharan, 1989]

= Anon (20004) is an organic grower guide for America. It describes the following pathogens and their
recommended organic method of control: Macrophomina phaseolina and Rhizoctonia bataticola (Stem and root
rot) — The contagion is transmitted through seeds and soil. Green manure and stimulation of antagonists (mature
compost). Use of resistant or less susceptible varieties (e.g., varieties with purple capsules).

= Anon. (2004a) IPGRI descriptor: 10.2.5. Biotic stress susceptibility to Macrophomina phaseolina. (Root and
stem rot)

o In each case it isimportant to state the origin of the infestation or infection, i.e., natural, field inoculation, or
laboratory. Also specify the causal organism and the corresponding symptoms. The susceptibility scaleis as
follows:

- 1=Very low or no visible sign of susceptibility
- 3=Low

- 5=Intermediate

- 7=High

- 9=Vaery high

0 The growth state, coded according to the list below at which each reaction was recorded should be appended

to the record of that reaction.

- 1=Seed

- 2= Seedling

- 3=Preflowering

- 4= Early flowering

- 5= Mid-flowering

- 6= Late-flowering

- 7= Maturity

= C. Chattopadhyay et a. (2019) described the following symptoms of Macrophomina phaseolina: Sesame plants

may be attacked immediately after sowing. The germinating seeds may become brown and rot. In the seedling
stage, the roots may become brown and rot, resulting in the death of the plants. If the plants survive, the older
plants are affected at the base of the stem indicating the formation of lesion that later spreads to the middle
portion of the stem and becomes ashy, causing drooping of leaves and top of the plants. Such plants make poor
growth and remain stunted. The mycelium of the fungus progresses upward in the stem, and as the stem dries,
pycnidia are formed as minute black dots. The stem may break off, and the blackening may extend upward on
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the stem. The capsules are also affected. Such capsules open prematurely, exposing shriveled and discolored
seeds. Seeds may show the presence of sclerotia on the surface.

Seedling mortality due to seedborne infection aggravates the disease problem by reducing the plant stand per
unit area, resulting in low yield. About 5%—-100% yield loss due to the disease is reported. An estimated yield
loss of 57% at about 40% disease incidence isreported (S. Maiti et al. 1988). If the disease appears
simultaneously with Phytophthora blight or with Fusarium wilt, the lossesin yield usually are very high. The
response of the sesame crop to stress conditions has been found to be of significant importance in
epidemiology, and irrigation reduces infection by reducing drought stress. Periods of drought between heavy
rains favor the development of the disease in Africa.

Seed treatment with carbendazim (0.1%-0.3%) gives complete control of seedborne infection of M. phaseolina
when used as seed treatment fungicide (C.S. Choudhary et al. 2004 { India}, R.A. Shah et a. 2005 { Pakistan},
P. John et a. 2010 {India}). Other seed treatment fungicides are thiophanate methyl (P. John et al. 2010
{India}), Benlate or Rizolex T at 3 g/kg seed (A.A. El-Deeb et al. 1985 { Egypt} ), mancozeb (P.J. Mudingotto
et al. 2002 {India}), thiram, captan, and carboxin (M.L. Vermaet a. 2005 {India}). Aminobutylic acid and
potassium salicylate can effectively control charcoal rot in sesame by induction of host resistance against M.
phaseolina and increasing plant height, indole acetic acid (IAA) content, and peroxidase (PO) activity (1.M.S.
Shalaby et al. 2001 { Egypt}). Soaking sesame seeds in indole butyric acid at 100 ppm or salicylic acid at 4 mM
produce healthy stand of plants.

The average charcoal rot incidence can be lowered down by choice of sowing date and levels and time of
irrigation depending on the local conditionsin a particular geographical area. Early sowing by June 10 in Egypt
and following hills-over-furrows method of sowing and giving only one irrigation during the whole growing
season to acrop fertilized with N at 65 kg, P at 200 kg, and K at 50 kg/feddan (0.42 ha) resulted in significant
reduction in charcoal rot incidence (O.Y .M. Shalaby and A.T. Bakeer 2000 { Egypt}). It is noteworthy that
green gram (mung) and black gram plant extracts are inhibitory to the growth of M. phaseolina (S.J. Kolte and
P.A. Shinde 1973 {India}).

Effect of antagonistic fungi and bacteriaisolated from the rhizosphere of sesame isreported to be efficiently
more effective in controlling the root rot and stem rot of sesame caused by M. phaseolina. Sesame seed
treatment with (@) Trichoderma viride at 4 g/kg of seed (T.S. Rajpurohit 2004a{India}, H.Z.A. Hafedh et al.
2005 {Iraq}, (b) Trichoderma harzianum (Cardona and Rodriguez 2002 { Venezuela}, A.M.H. Sattar et al. 2006
{Unknown}; S. Moi and P. Bhattacharyya 2008 { India} ), (c) Pseudomonas fluorescens (S. Moi and P.
Bhattacharyya 2008 { India} ), and (d) Bacillus subtilis has been found effective in the control of charcoal rot
disease. Seed treatment with Azotobacter chroococcum and seed + soil treatment with Azospirillum also reduce
the disease by about 30% (M.L. Vermaet al. 2005 {India).

Extracts of Thevetia neriifolia (A.A. Bayounis and M.A. Al-Sunaidi 2008b { Unknown}, and Helichrysum
flower (I.M.S. Shalaby et al. 2001 { Egypt}) show inhibitory effect on the growth of M. phaseolina, indicating
their potential use in the control of the disease. The extracts of Eucalyptus (Eucalyptusrostrata, E.
camaldulensis), peppermint (Mentha piperita), and thyme (Thymus serpyllum), when used in sand culture or
under in vitro conditions in growth media and inoculated with M. phaseolina, have been found to show increase
in sesame seed germination despite the presence of M. phaseolina in the culture, indicating potential usefulness
of these extracts (A. Sidawi et al. 2010 { Unknown}).

CAB International (accessed 12 Apr 2021) reported sesame was a major host of Macrophomina phaseolina
(Charcoal rot of bean/tobacco).

N. Ransingh et al. (2021) described the following symptoms of Macrophomina phaseolina (Tassi.) Goid
(Charcoal rot, dry rot, stem rot or root rot): Stem and root rot is a devastating disease which affects all the
stages of plant. It leads to poor seedling establishment, reduction of vigor, discoloration of plant, dry root rot,
and finally wilting of the plant which reduces the productivity (B. Khamari et al. 2016 {India}). The disease
affects the seed at the initial stage, causing seed rot leading to improper germination and rotting of young
seedlings and resulting into poor plant population in thefield (S.H. Yu and J.S. Park 1980 { Republic of Korea} ;
M.C. Gonzalez and M.L. Subero 1984 {Venezuela}; |.K. Daset al. 2015 {India}; B. Khamari et al. 2016
{India}). In the later stages, small brownish-colored lesions appear on the stem regions. It gradually spreadsin
both the directions affecting the whole plant (B. Khamari et al. 2016 {India} ). Affected plants turn black due to
the presence of microsclerotia (Y.A. Abdou et a., 1980a{India}; B. Khamari et al. 2016 {India}). It also
attacks the below-ground resulting in poorly developed secondary roots (B. Khamari et al. 2016 {India}). In the
advanced stage, it deforms and rots the roots. Finally, the whole plant wilts, which leads to poor development of
capsule and ultimately a significant reduction in total plant yield. Being systemic in nature, the pathogen moves
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through xylem vessel and totally degrades the vascular tissue. The infected vascular bundle turns to black color.
Hence, there is blockage in the flow of nutrients, which resultsin wilting and death of plant in later stages (B.
Khamari et al. 2016 {India}). The disease severity occursin drought stress as the defense system of the plant
becomes weak, and the pathogenic activity may increase several -fold.

The pathogen attacks more than 500 plant species and survivesin soil aswell asin seed. It existsin the form of
microsclerotiain the absence of host. These microsclerotia persist in soil for avery long period of time (2-15
years depending upon environmental conditions and host residues). These are potent resting structure having the
potential to germinate quickly from each and every cell and produce a germ tube which finally infects the
susceptible host, acting as the source of primary inoculum. These resting structures are adapted to a wide range
of environmental conditions, such as moisture, temperature, or nutrient stresses. It requires temperature, ranging
from 28-35°C for germination. These microsclerotia produce appressoria after germination, which helpsin
penetration of the host epidermis by secreting various cell wall degrading enzymes. The pathogen may also
penetrate through natural openings or wounds. These mycelia colonize in vascular tissue by entering the xylem
vessels. It clogs the vascular system and restricts the conduction process resulting in wilting of plant. The
pathogen produces various enzymes and toxins which may help in the development of characteristic symptoms
of rotting, wilting, and blight, etc.

The severity of the disease depends on microsclerotia density or pathogen inoculum present in the field (B.
Khamari et al., 2019 {India}). The pathogen also survivesin seed apart from soil. Seeds produced from infected
plants when sown in the field rot and do not germinate. Even if it germinates, after few days, the stems become
brownish, thin, wire-like and toppled down from that point though the upper portion remain green (B. Khamari
et al., 2016 {India}). Therate of disease development and disease severity is directly related to the pathogen
propagules present in the soils, as well asthe mode of pathogen invasion (B. Khamari et al., 2019 {India}). The
disease is more common at the maturity stage of the plant in dry weather. The pathogenic ability increases with
water stress and rise in temperature between 28 and 35°C (A.C. Jain and S.N. Kulkarni 1965 {India}; R.
Cardona 2006 { Venezuela} ; K.P. Akhtar et al., 2011 {India}; B. Khamari et al., 2018b {India}). The disease
incidence depends mostly on age of plant, atmospheric temperature, and soil humidity (M. Rodriguez and C.
Zambrano 1985 { Venezuela}). Soil temperature of 27-35°C for 2 to 3 weeks favors development of disease.
The disease incidence is positively related to temperature but negatively correlated with relative humidity (P.
Deepthi et a., 2014 {India}).

Management of this disease is a bit tough as well as not economical as the pathogen is soilborne, highly variable
and affects awide range of plant species. The management strategies should be formulated after proper
knowledge on biology aswell as survival of the pathogen and stage of the crop. It can be managed in various
ways like cultural methods, use of organic products, biocontrol agents, chemicals, use of resistant varieties, or
their combinations. It isthe safest method to manage the disease by altering cultural practices. Itisnot only
ecofriendly but also pocket friendly. Modificationsin cultural practices can save the crop from deadly diseases.
It may befield preparation, choosing the right cropping system, collection of healthy seed material, proper
sowing time, spacing, timely irrigation, fertilization, timely harvest, and proper storage. There are several
methods to manage sesame diseases. Intercropping of sesame with other crops can reduce disease incidence.
Inter or mixed cropping of sesame with moth bean or mung bean may minimize the stem and root rot disease
incidence. Mixed cropping of sesame with urd (Phaseolus mungo L.), cowpea (Vigna sinensis), moong
(Phaseolus aureus), guar (Gramopsis tetragonoloba) and moth (Phaseolus aconitifolius) also reduce root and
stem rot disease of sesame (L.N. Daftari and O.P. Verma 1975 {India}). Rotation of sesame crop with non-host
crop is effective against the diseases as the pathogen survivesin soil. Small grain and corn be used for this. The
effectiveness of this method depends on the type of crop and field where it is grown. Asthe pathogen is
seedborne in nature, the use of clean and disease-free seeds are mandatory. Treatment of seeds before sowing
provides a good plant population in the field by protecting the seedlings from disease. Soil solarization is also
an important component for the management of soilborne disease. The propagules of M. phaseolina effectively
reduced by soil solarization up to 20% as compared to unsolarized soil after 30 days. Soil solarization solely or
mixed with Trichoderma pseudokoningii and Emericella nidulans solely or in consortium reduces incidence of
disease (M.E. Ibrahim and A.M. Abdel-Azeem 2015 { Egypt} ). Combination of soil amended with powder form
of eucalyptus leaves and soil solarization has synergistic effect, which increase the number of healthy plants by
reducing disease (M.E. Ibrahim and A.M. Abdel-Azeem 2015 { Egypt}). Transplanting of sesame can protect
plants for along time against soilborne diseases than seed treatment (1.S. Elewa et al. 1994 { Egypt}; E.H.
Ziedan, 1998 { Egypt}; A.F. Sahab et al. 2001 { Egypt}; M.H. Mostafa et al. 2003 { Egypt} ; B. Alasee 2006
{Unknown}). Stem and root rot disease is more severe if it is grown in stress conditions such as high
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temperatures, drought or poor fertility, etc. Therefore, such cultural practices should be chosen that minimizes
plant stress and reduce the risk of charcoal rot. Reduction in plant populations, proper spacing, timely irrigation,
and optimization of fertility levels, especially phosphorus can reduce stressin plant. It may not control charcoal
rot but can reduce the risk and finally reduce disease impact on yield. Cultural methods are more effective and
economical against the soilborne pathogen. However, it takes along time to manage the diseases. Again, dueto
a high degree of variability, competitive saprophytic ability, as well as polyphagous nature of pathogen, cultural
methods like crop rotation are inefficient.

Biocontrols are used in many crops to reduce Macrophomina phaseolina. Some of the ones listed below have
worked for sesame, and others (i.e., Trichoderma polysporum) should work for sesame. It isamethod to
manage the disease with living organisms. Different species of Trichoderma such T. viride, T. harzianum, and
T. polysporum are reported not only to reduce stem and root rot disease incidence but also enhance germination
and boost plant growth in different crops to an appreciable level both in vitro aswell asin vivo conditions. T.
viride as seed treatment is effective for management of root rot fungus M. phaseolina in various crops.
Application of T. harzianum as both seed treatment as well as soil application significantly brought down the
disease incidence) and enhanced grain yield. Soil application of T. viride @ 2.5 kg/ha s effective and
economical for the management of root and stem rot disease of sesame (K.N. Guptaet al., 2018 {India}). The
use of biological agents such as T. harzianum, T. viride, Bacillus subtilis and Pseudomonas fluorescens to
manage soilborne pathogenic fungi is an attractive possibility (S.W. Kang and H.K. Kim, 1989 { Republic of
Korea}; JW. Hyun et al., 1999 { Republic of Korea}). T. viride coils around and penetrates into hyphae of
another soilborne pathogen, i.e., Fusarium oxysporumf. sp. sesami which causes wilt disease of sesame (I.S.
Elewaet al. 2011 { Egypt}). There are many bacterial biocontrol agents such as Bacillus subtilis and P.
fluorescens which are effective against stem and root rot pathogen (T.S. Rajpurohit 1999 {India}; V.A. Savaiya
et a. 2016 {India}). Bacillus subtilis has the capacity to reduce growth, sporulation, and sclerotial formation of
pathogen (1.S. Elewaet al. 2011 { Egypt}). Bacterial antagonists are found to be more effective biocontrol over
Trichoderma spp. (V.A. Savaliyaet al. 2016 { India} ). Combination of both fungal aswell as bacterial
antagonist as seed treatment as well as soil treatment provides more promising results in terms of seed
germination, growth, plant stand, and total harvested produce. Treatment of seed and soil application with
Trichoderma viride and P. fluorescens @5 g/kg of seed and 2.5 kg/ha respectively is effective against the
disease (K.N. Guptaand A.R.G. Ranganatha 2014 { India} ).

The association of mycorrhizain roots of a sesame plant can reduce the colonization of fungal pathogensin the
rhizosphere. Application of Glomus spp. in sesame not only reduces colonization of fungal pathogensin
sesame rhizosphere but also diminishes their virulence and enhances lignin contents in root system of the plant
(M.M.A. Khalifa1997 { Egypt}; A.F. Sahab et al. 2001 { Egypt}; A.l.I. El-Fiki et al. 2004a{ Egypt}; E.H.
Ziedan 1998 { Egypt}; M.H. Mostafa et a. 2003 { Egypt} ; E.H. Ziedan et a. 2010, 2011 { Egypt}). Vesicular
arbuscular mycorrhizae fungi (VAM) improve resistance of plants by increasing antifungal chitinase enzymes
in roots. Another mycorrhiza, i.e., Lums spp. (VAM) significantly increases biometric parameters of plants such
as plant height, number of branches, and number of pods. Treatment with mycorrhiza stimulates colonization of
selective bacteria such as bacteria belonging to the Bacillus group in the sesame rhizosphere which shows
antagonistic potential to fungal pathogens (E.H. Ziedan et al. 2011 { Egypt} ). Application of mycorrhizae and
biocontrol agent such as Trichoderma viride or Bacillus subtilisin consortium are more effective than the
individual for controlling Macrophomina disease incidences and increase morphological characters and seed
yield of sesame (E.H. Ziedan et a. 2011 { Egypt} ). Trichoderma spp. along with VAM (Glomus spp.) not only
protected sesame plant from wilt and root-rot disease but also significantly increased seed yield (M.M.A.
Khalifa1997 { Egypt} ; A.F. Sahab et al. 2001 { Egypt}). Mycorrhiza along with bacterial biocontrol agent such
as Bacillus subtilisis also effective (A.F. Sahab et al. 2001 { Egypt}).

Application of organic products such as oil cake, farmyard manure, green manure, and vermicompost (VC) may
reduce harmful microorganisms from the rhizosphere by promoting growth of antagonistic microorganisms.
Beside this, these organic products are rich in alkal oids which suppress the pathogens. Mustard cake, neem
cake, groundnut cake and sesame cake are few of the il cakes which are effective against the disease (B.
Khamari and C. Patra 2018a{India} ). Among which mustard cake gives better performance (P.D. Gemawat
and O.P. Verma 1971 {India}). Apart from oil cakes, different manureslike farmyard manure, VC, and goat
manure can also used in the field for reduction of disease incidence (B. Khamari and C. Patra 2018a{India})

Extracts of many commonly available plants which have effectiveness against the disease can be apossible
alternative to the hazardous chemicals asit is easily available in our localities, environment friendly, and suits
to the pockets of farmers. It neither disturbs the ecosystem nor leaves residuesin the final product. Garlic,
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onion, acacia, ginger, neem, turmeric, datura, and Karanj are commonly available plants which are effective
against the pathogen in vitro (V.A. Savaliya, 2015 {India}). The aqueous extracts of Cymbopogon citratus and
Powder of Datura fastulosa have been used against M. phaseolina in pots.

Essential oilsisolated from various sources have fungicidal aswell as bactericidal properties asit provides a
barrier between pathogen and host. Oils are reported to suppress much air-borne, seedborne aswell as a
soilborne pathogens. Actinidine isolated from Nepeta clarkei was found to be quite effective in vitro against M.
phaseolina. Garlic oil, neem ail, palmarosa oil, and clove oil are reported effective against M. phaseolina (B.
Khamari et al., 2018d {India} ). Neem oil is more or equally effective as compared to benomyl and
carbendazim. Oils can be utilized as seed dresser for effective management of disease.

A combination of Neem cake (250 kg/ha) and Trichoderma viride (2.5 kg/ ha) can also give good results against
the disease incidence. The combined application of heem cake and Trichoderma viride at the rate of 250 kg/ha
and 2.5 kg/ha, respectively, works well against the disease (T.S. Rajpurohit 2008 and 2013 { India} ). The use of
Pseudomonas fluorescens as seed treatment and soil amendment with mustard cake, VC, and FY M successfully
reduced Macrophominaroot rot. Soil application of ZnSO, followed by combined application of T. viride +
ZnS0, significantly reduces root rot incidence.

Asthereislittle resistant germplasm against virulent pathogen, utilization of systemic fungicides is a potential
approach to reduce the inoculum density of this soilborne disease. It is relatively cheap and more effective.
There are many fungicides that were reported to be effective against Macrophomina phaseolina both in vitro
and in vivo. They reduce the disease incidence as well as sclerotia production. Macrophomina phaseolina is a
virulent pathogen of sesame which can be managed by seed treatments before sowing (B.G. Nayyar et a. 2014
{ Pakistan}). Seeds treated with carbendazim, captan, etc., boost germination of seed by reducing disease
incidence (B.N. Shuklaand B.P. Singh 1974 {India}). Seed dressing (Benomyl @5 g/kg seed) combined with
or without chlorothalonil or dicloran (5 kg/feddan) as soil treatment reduces sesame diseases (El-Deeb et al.
1985 { Egypt}). ZnSO4 significantly reduces root rot incidence. Carbendazim, Captan, thiram, mancozeb, indofil
M-45, Tebuconazole, propiconazole, and vitavax or raxil are effective against the disease and reduce root rot
incidence (B. Khamari and C. Patra 2018a{India}). The new generation chemicals like Tebuconazole 2DS as
seed treatment and tebuconazole 25.9 EC as soil drenching are most effective against charcoal rot incidence and
increaseyield (A.l.l. EI-Fiki et al. 2004a{ Egypt} ; K. Choudhary et al. 2018 {India} ; B. Khamari and C. Patra
2018a{India}). Combination of VC with bavistin reduces the root rot incidence in pots conditions. A new
generation combination fungicide, i.e., Nativo (Trifloxystrobin 25% + Tebuconazole 50%) disrupts the
metabolism of pathogen and hampers their growth and development. It forms a covalent bond with sclerotia and
interruptsitsionic concentration (A.l.I. EI-Fiki et a. 2004a{ Egypt}; B. Khamari and C. Patra 2018a{India}).
Application of combination fungicide such as Carbendazim 12% + mancozeb 63% WP aso found effective
against the disease (B. Khamari and C. Patra 2018a{India} ). The plants protected with fungicides gave more
number of capsules per plant, more number of seeds per capsule, and finally increase the yield (P. Deepthi et al.,
2014 {India})

AUSTRALIA

= D.F. Beech (19953) reported the following pathogen: Macrophomina phaseolina (Leaf spot).

= B.D. Conde (1995) reported the following pathogen: Macrophomina phaseolina (Ashy stem blight, necrosis of
lower leaves) is a soilborne fungus with awide host range. The characteristic symptom isagirdling at or
dlightly above the soil line. Other symptoms include wilting and the eventual death of plants which turn brown
and remain upright. Charcoal rot is associated with plants under stress or insect-injured plants. Although
charcoal rot has been of concern overseas, this has not been the case in the Northern Territories.

= M.R. Bennett and B. Conde (2003) reported Macrophomina phaseolina. The characteristic symptomisa
girdling at or dightly above the soil line. Other symptoms include wilting with eventual death of plants which
turn brown and remain upright. The presence of small black microsclerotiain the plant tissue, especially
towards the base of the plant, is diagnostic of the casual fungus. To date, charcoal rot has not been a serious
disease of sesame.

BANGLADESH
= A.L.Khan et a. (1977) reported in seedling pot-tests sesame was susceptible to Macrophomina phaseolina. The
pycnidial structure was more pathogenic than the sclerotia one. [Cited by G.S. Saharan, 1989]

BRAZIL
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= E.S. Filho and O.D. Dhingra (1980) studied the effects of herbicides (fluorodifen, alachlor, EPTC, dinoseb, and
fluometuron) on Macrophomina phaseolina — one of the major diseases of sesame. Two types of soil were
infested with 500 mg of dry sclerotia. Then, 100 g of the soil were used to apply the herbicides at the
commercially recommended rates: fluorodifen at 0.03 ml a.i./100 g, alachlor at 0.08 ml a.i./100 g, EPTC at 0.02
ml a.i./100g, dinoseb at 0.07 ml a.i./100g, and fluometuron at 0.03 ml a.i/100 g. The populations of M.

phaseolina were determined at 10, 20, 30, 40, and 50 DAA. Theresults were as follow.
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» M.G.R. Faiad et a. (2002) examined seed from 416 accessions from 7 Brazilian states at 25°C under aternating
black lights and darkness in a 12-hour photoperiod for 8 days. They found Macrophomina phaseolina. They
then examined 31 seed samples that had been stored for 5 and 9 years at 8°C and 25% RH. They found
Macrophomina phaseolina. They concluded the seed acts as a vehicle for pathogen dissemination.

= N.H.C. Arriel et a. (20073a) studied 108 accessions from Brazil and the world. They used Sem black rot —

Macrophomina phaseolina as one of the descriptors. They showed the following correlations with other plant
traits.
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= N.H.C. Arriel et a. (2009) reported Macrophomina phaseolina, with the sclerotia stage of Sclerotium
bataticola. Thisillness can occur between 25 and 29 days after the germination. The fungus mainly affects the
stem and branches of the plant, which have light brown lesions and which can surround these organs or extend
within them longitudinally, reaching the terminal bud of the plant. In adult plants, as the damage progresses,
branches, capsules and leaves dry. Affected plants wither and die. In the necrotic area, several black
punctuations can be observed, which correspond to the pathogen's sclerotia and pycnidia. The sclerotia
(reproductive structures of the fungus) allow the pathogen to be transmitted from diseased plants to healthy
plants and enable the survival of the fungus from one year to another in hosts or on the ground (up to 3 years),
with or without crop residues. Since the fungus reaches the seed, it can be transported and transmitted by it. In
the cultivated area, dissemination also occurs through irrigation water or rain and soil particles.

V.P. Queiroga et a. (2010c and 2019) reported Macrophomina phaseolina. For control use resistant varieties
(Arawaca, Venezuela 52, Ajimo Atar, or Adong Acol) and clean seed. Application of agreen manure
stimulates antagonistic fungi. [Authors comment: Arawacaand Venezuela 52 are Venezuelan varieties.]

2
‘.

= N.E.M. Beltrao et al. (2013) reported Macrophomina phaseolina is one of the major diseases since seed
infection and seedling mortality lead to losses in production. Two distinct lines form pycnidia and sclerotia.
This fungus can survive in soil and sesame seeds. Plants can be attacked immediately after sowing. The fungus
mainly affects the stem and branches of seedlings, causing lesions that are light brown in color or extend
longitudinally, and may reach the terminal bud. The attacked seedlings grow little, remaining atrophied, the
roots and the stem can rot, and the parts upper ones are darkened (F.X.R. Valeand L. Zambolim, 1997). In
lesions, fungi can form sclerotia and pycnidia. The plants affected wither, may dry up, and die. In the case of
the capsules these are also affected, opening prematurely and causing wilt and browning in the seeds. The
growth and formation of sclerotia of the fungus can decrease below 15 and above 40°C. Dissemination occurs
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through water (irrigation or rain), by particles of the infected soil and seeds, as well as high temperatures, low
humidity of the soil, favor the appearance of this pathogen (N.A. Wulff and S.F. Pascholati, 2005).

N.H.C. Arriel et al. (n.d.) Brazil descriptor: PODRIDAO NEGRA DO CAULE [Black stem rot]
(Macrophomina phaseolina): Symptoms are characterized by the presence of light brown lesions on the stems
and branches of the plant. These may surround the stem or branch or extend longitudinally and may reach close
to the apex of the plant. The attacked plants wither and may later dry and die. The lesions have several black
scores, which are the pathogen pycnidia and sclerotia. The following are the ratings to be used.

01:0to5%

0 2:61t025%

0 3: 26 to 50%

0 4:51to 75%

0 5:76to 100%

CHINA

L.C. Tu (1985a and 1985b) reported Macrophomina phaseoli (Black stalk) in Henan province with a damage
level of 3 out of possible 3.

L.L. Li (1988) reported Macrophomina phaseolina (Stem necrosis) causes severe damage to sesame. This
disease is common all over the major sesame growing areas, and it can cause significant yield loss on sesame.
Theincidence of the disease is often from 10% to 20%, but seriously over 80% in afew yearsin some districts,
resulting in 10% to 15% lossin seed yield and reduced oil content from 1-12%. Only afew affected plants are
found in a seedling stage 1 it causes seed rot and seedling dies. A lot of infected plants are seen in flowering and
fruiting stage. The first symptoms appear on root and stem basal portion. The root becomes brown with small,
blackish sclerotiain the cortex. Water-soaked, yellow-brown spots appear, then become dark-brown, and lastly
turn into silver color at the middle part of the spots. There are many black pycnidia and small sclerotia on the
surface of the diseased stem. The leaves of the diseased plant curl and wilt from bottom to top and the severely
diseased plants die. The diseased seed, the soil and the diseased plant refuse al can spread the disease. Primary
infection results from the mycelium produced on sclerotia under high soil moisture and over 25°C soil
temperature. The incubation period is about 5 to 10 days. The spores from infected plants are widely distributed
by wind and spattering rains so that numerous secondary infections occur. The secondary infected plants are
about 46%. Sclerotiamay remain alivein soil for two years. A three-years rotation with non-host crops offers
an effective method of control. Non-diseased seed application and seed treatment with 55°C water for ten
minutes or 60°C water for five minutes have been reported to be effective in the control of the disease. He also
reported this pathogen as Dothiorella phillippinensis, which causes minor or regional damage to sesame.

X.Y. Feng (1988) reported Macrophomina phaseolina is one of the most common and serious diseases of
sesame in the major sesame producing areas in China. The lower incidence of the disease was 10-15% and the
higher incidence was 60-80%. The 1000-seed weight of an infected plant was reduced by 4-14%. The yield per
unit areawas less (19-81%) and the oil content was decreased by 1-10%. A few varieties of higher resistance to
the disease have been selected by naturally and artificialy induced identification. Among these, the wild sesame
from Congo was immune to the disease.

H.M. Miao and H.Y. Liu (2010) reported the following pathogen: Macrophomina phaseoli.

H. Zhao et a. (2012) evaluated resistance to Macrophomina phaseolina using 129 genotypes in 2010-2011.
There was no immunetype. A total of 6 varieties uniformly showed resistance in the two years. ZZM 0565,
ZZM 0570, Xiangcheng dazibai, Xincai xuankang, Shangshui farm species, and KKU3.

COLOMBIA

Anon. (2013c) in agrower guide reported Macrophomina phaseolina causes a major disease. It istransmitted
in the seed and the soil.

CUBA

La Habana (2009) in a grower guide reported the following pathogen: Macrophomina phaseolina.

CYPRUS

R.M. Nattrass (1934) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva,
1961]

ECUADOR
= M. Bustamonte (2001) in agrower guide reported the following pathogens. Macrophomina phaseolina. The

incidence of the disease is directly proportional to the density of the inoculum and is affected by the number of
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sclerotia. Each sclerotia can produce 10 germination tubes. The pathogen has between 130 to 248 hosts. The
pathogen causes a carbonaceous rot at the stem level that causes lodging of the plants and prevents mechanized
harvest. It is recommended to not sow sesame in fields where cultures of the host species have previously been
established. In afield that has been infested with Macrophomina it is necessary to practice crop rotation with
non-hosts such as some cereals, cabbage, onion, celery and carrot. This author recommends stopping cultivating
the field with sesame or host species of Macrophomina at least for 5 years to achieve a significant reduction of
the inoculum present in the soil. Another way to prevent the incidence of this disease by using seed from fields
that do not have the inoculum. This author also recommends as prevention measures to avoid the transfer of
seed from regions where sesame is grown in the rainy season since the seeds harvested there would be carriers
of other pathogens, especially Alternaria and Pseudocercospora. He also suggests that seed be produced in the
dry season or, if donein rainy season, which isin regions far from those with commercia sowings.

EGYPT

= A.K.A. El-Ghany et al. (1970) reported Fusarium oxysporum, Rhizoctonia solani and Sclerotium bataticola
were isolated from diseased plants. Infection tests showed that vars. Introduction 51, Sharkya 57, 62 and 203
and especially Sharkya 79 were least susceptible. High soil moisture levels due to frequent irrigation increased
infection. The best yields were obtained with irrigation every two weeks.

= M.S. Serry (1981a and 1981b) reported the presence of Sclerotium bataticola isamajor hazard.

= M.B. Seoud et a. (1982) reported the most destructive diseases al sesame in Egypt are caused by Fusarium
oxysporum, Rhizoctonia solani and Sclerotium bataticola (Macrophomina phaseolina). Seed treatment with
Vitavax (carboxin) + Captan @ 4 g/ka seed and soil treatment with Daconil 2787 (chlorothalonil) at 3.75
kg/feddan gave the best control and highest yields.

= M.M. Satour (1984) reported one of the prevalent disease causal organisms was Sclerotium bataticola
(Macrophomina phaseoli) [Cited by G.S. Saharan, 1989]

= A.A. El-Deeb et al. (1985) reported cvs. Giza-25, Giza-24, Local-78 and Local 96 were susceptible to
Macrophomina phaseolina., Rhizoctonia solani, Fusarium oxysporum f. sp. sesami and Verticilium albo-atrum.
[Cited by G.S. Saharan, 1989]

= S. Shafshak et al. (1985) reported out of three crosses, N.A. 372-6 x Giza 25 (tolerant x tolerant) N.A. 342-6 x
Margo and Giza-25 x Margo (tolerant x susceptible) tolerance to Sclerotium bataticola was partially dominant
(13T:39) in first cross and complete dominance of susceptibility (1T:3S) in other two crosses. 1-2 gene pairs
control the difference between the parentsin their reaction S. bataticola. [Authors comment: Margo is a United
States variety]

= A.A. El-Deeb (1989) studied the relationship between fertilizer levels and Macrophomina phaseolina (root-rot)
and Fusarium oxysporum f. sp. sesami (wilt) with the following results.

Sohay Sharkia

1985 1988
Treatments Root-rot  Yisld : Root-rot Yield "
N p K Root-rot  Wilt  and wilt  gft0 m* Root-rot  Wilt and wilt LIAURLE
0.0 0.0 0.0 8.5 2.3 7.2 296 28.3 24.8 .8 28k
15 0.0 0.0 3.2 28.3 22.3 163 .3 . 23.5 135
0.0 0.0 .2 2.4 .0 400 23,0 13,1 1.7 kL
0.0 15 0.0 7.5 20.0 18.5 n 13.5 2.1 23,3 348
W15 0.0 17.5 0.0 18,0 48 14.4 8.8 3.2 n
ki 1 H 18.7 20.3 19.3 'k 16.0 8.0 215 453
N 4 16.8 13.3 1F:3 475 16.3 15.8 e 48
45 ki 24 19.7 2.3 21.8 460 19.5 n.0 2.5 461
45 48 18.7 ?!.2 EE 5 471 18.7 1.3 EI.E 481

L.5.0. 5 1.6 9 1.5 .8 L
= M.R. Gabr et al. (1998) reported that the germinating seed and seedlmgs stimulate normal sclerotial

germination of Macrophomina phaseolina and attract developing mycelium to the host roots. Entry may occur
directly through the cuticle and epidermis, infection cushions and appressoria are al so reported to be formed on
sesame plants prior to infection, and the pathogen produces cell-wall-degrading pectolytic and cellulolytic
enzymes. The most aggressive isolate produces more cell-wall-degrading enzymes than the less aggressive
isolates. [Cited by C. Chattopadhyay et al., 2019]

= E. Abdou et al. (2001) collected seed from several locationsin Egypt. Fusarium was the most dominant fungi
associated with the diseased sesame plants. Of 3 Fusarium species Fusarium oxysporum f. sp. sesami was the
highest frequency, followed by Macrophomina phaseolina, Mucor haemalis, Thielaviopsis basicola (Wetn),
and Rhizoctonia solani. Application of ascorbic acid or salicylic acid to seeds and/or plants reduced the number
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of the diseased sesame seedling plants. Treated seeds plus twice irrigation with either ascorbic acid or salicylic
acid caused the best control against F. oxysporum f. sp. sesami infection as compared to the fungicide Benlate.
Meantime, ascorbic and salicylic acids had |ess effect to control sesame damping-off and root rot wilt diseases
caused by infection with M. phaseolina, Mucor haemalis or Thielaviopsis basicola as compared to Benlate.
[Based on abstract]

= E. Abdou et al. (2004) reported both salicylic acid (SA) and yeast (Saccharomyces cerevisiae) seed treatments
affected incidence of wilt and root rot of sesame incited by Fusarium oxysporum f. sp sesami, Macrophomina
phaseolina, Thielaviopsis basicola, and Mucor haemalis. Also, yeast derivatives variously affected root rot/wilt
severity. Combining SA with yeast or with its derivatives showed, in most cases, inhibition effects against the
tested pathogenic fungi. [Based on abstract]

= A.Ll. El-Fiki et al. (20044) studied the effects of using certain seed treatments to control Macrophomina
phaseolina Tassi (Goid). The seeds were planted in pots in the greenhouse and then took percentages as
follows: % pre-emergence = damping off within 15 days, % post-emergence = damping off within 45 days, %
charcoal rot = diseased at 90 days, and % healthy plants at 90 days. The results with antagonistic fungi were as

follow.
%o Disease incidence

Antagonistic fungi and bacteria A sestbiuE shage Al matmity; e
= = Pre- Post- Healthy
Charcoal rot %
EIETZence emergence plants
| B. megtella * 16.7 16.7 233 433
Bacillus sp 3 ** 133 10.0 233 533
Bacillus subtillus * 10.0 133 20.0 56.7
Chaetomium bostrycoides * 0.0 33 6.7 90.0
| Glisciadium penicilloides * 16.7 2000 26.7 36.7
T hamatum * 6.7 6.7 6.7 80.0
T viride * 16.7 6.7 7 70.0
Trichoderma harzianum *© 0.0 0.0 33 96.7
Trichoderma sp 10 ** 133 26.7 20.0 30.0
Trichoderma sp 2 ** 133 3.3 133 60.0
Trichoderma sp 3 ** 16.7 233 16.7 433
Trichoderma sp 3 ** 6.7 0.0 10,0 833
Trichoderma sp 6 ** 133 6.7 10,0 70.0
Trichoderma sp § ** 16.7 200 20.0 433
Trichoderma sp 9 ** 20.0 6.7 16.7 56.7
Control 30.0 26.7 26.7 16.7
LSD. at 3% 8.17 9.05 7586 9.53

* Obtained from Biological Comtrol and Onion and Ol Crops Res. Dept Agric. Fes. Center Giza, Egypt.
** Tzolzted fom rhizosphere of healthy seszme plants.

Fresh plant parts of garlic (cloves), thyme and marjoram (herbs) and dried plant parts of clove (flower buds),
roselle (sepals), ginger and rhubarb (roots), anise, fennel, and cumin (seeds), eucalyptus and azedrach (leaves)
were tested with the following results. There were two methodologies: filtered extracts and autoclaved extracts.

Sterilization method of extracts
Filtered extracts “F" Autoclaved axtracts “A”
P E 1 o g & ; E g
Source of plant L B - g " . b 5 8 o e
e:l:rac]: ?1?: on':f_: %E :ﬁ:é ?éﬂ Uﬂ;'gu 5?2 :I.::%
& = Fd & ] a - =
Cumin 10.0 13. 10.0 66.7 0.0 6.7 6.7 86.7
Ginger 13.3 233 16.7 46.7 133 13.3 16.7 56.7
Marjoram 10.0 6.7 6.7 16.7 133 233 20.0 433
Garlic 33 10. 35 833 200 26.7 20.0 33.
Rhubarb 6.7 33 6.7 833 33 133 33 80.0
Eucalyptus 10.0 16.7 233 50.0 16.7 10.0 13.3 60.0
Thyme i3 33 6.7 B6.7 16.7 20.0 233 40.0
Amize 10.0 6.7 10.0 733 6.7 6.7 10.0 76.7
Fozzelle 6.7 16.7 20.0 36.7 6.7 6.7 6.7 80.0
Fennel 16.7 200 200 433 133 200 16.7 50.0
Azedrach 133 16.7 133 56.7 ] 6.7 6.7 B6.7
Clove 10.0 16.7 16.7 56.7 6.7 6.7 6.7 §0.0
Control 23.3 26.7 233 26.7 233 26.7 23.3 26.7
Mean 10.5 13.9 13.6 62.1 10.3 14.4 133 61.6
L.5.D. at 5% for: Pra- Post- Baot Healthy
Sterilization mathed 1.z n.s. n.s. ns.
Source of extract 6.92 6.47 5.82 6.61
Interaction 9.7% 9.1 823 935

Chemical agents were used in three concentrations as follows.
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Table 1: List of the tested systemic resistant inducing agents and their concentrations.

Tested compound Tested concentrations
Salicylic acid (SA) 2.0, 4.0 and 8.0 mM

Bion 300 WG * 2.0, 4.0 and 8.0 mM

Indole acetic acid (TAA) 100, 200 and 400 ppm

Indole butyric acid (IBA) 100, 200 and 200 ppm
Hydrogen peroxide (H.0.) 1.0, 2.0 and 4%

Potassium chlonde (KCI) 1.0, 2.0 and 4%

* [30%% Aciberzolar-3 methyl (hvsoprosall), chemical name: benzol (1.2.3) thiadiazol-7-carbothioic acid 5-methyl ester (ETH]]

The results with chemical agents were as follow.

Avents % Pre-emergence | % Post-emergence %= Charcoal rot % Healthy plants
= 1 I m 1 I m *1 il 1II 1 I I
H.0, 233 200 267 | 167 | 133 | 233 | 133 | 16.7 | 133 467 | 50.0 | 387
KCl1 167 | 16.7 | 10.0 | 200 | 133 33| 200 133 | 167 433 | 567 | 700
IAA 6.7 133 | 187 33| 33| 100 33| 100 133 867|733 | 600
IBA 0.0 33 33 00| 00| 8.7 00| 67| &7 100.0 | 90.0 | 833
SA 33 00| 100 (| 33| 33 00| 33| 00| 00 00| 967 | 900
Bion 233 | 200 267 ) 133 | 100 167 | 10.0] 133 | 16.7 533 | 567 | 400
Control 267 | 26.7) 267 ) 233 | 233 [ 233 | 233 | 235 | 233 267 | 267 | 267
Mean [ 143 143 | 172 | 114 95| 110 | 105] 119|129 638|643 | 581
# The tested concentrafions of each compound were shown in Tabla (1.
LSD. at 0.05 for: Pre Post Charcoal Healthy plants
Chemical agents (A): 4.10 423 395 5.94
Concentrations (C): 280 N.5. n.s. 420
AxzC £19 845 7.90 11.87

They also tested inoculating pathogen-infested soil with different soil preparations of vesicular arbuscular-

mycorrhizal (VAM) fungi.

VAN soil preparation

G. macrocarpum [G1]

G. australe  [G2]
Glomus sp.  [G3]
Malt VAM [G4]

Gl +G2 '
G1+G3

G1 + Mala VAM [G4]
GI+G3

G2+ Malo VAM [G4]
G3 + Malt VAM [G4]
G1+G2 + G3 + [Gd]
Control

LSD. At 3%

At seedling stage

% Pre-
emergance

13
233
20.0
133
0.0
16.7
16.7
133
10.0
6.7

0.0

233

% Dizease incidence
At mature

% Charcoal rot

e plant stage
% Post- ¥s Healthy
emargenu:e

367

200

0.63

855

ni.

= A.A. El-Fiki et a. (2004b) evaluated several fungicides to reduce the disease brought on by Macrophomina
phaseolina with the following results.

% Disease incidence
Fungicides and bioagents Mc}ihc‘::i:vi Atscedling stage AL matunty s;?u;‘ o
PP % Pre- % Post- % Rotted plants o EE LY
plants
A Seed 33 6.7 83.3
Soil 23.3 13.3 46.7
= Seed 133 13.3 63.3
’ Soil 20.0 13.3 433
Benlate Seed 0.0 i3 93.3
Maxim Seed 6.7 10.0 70.0
Plant guard Seed 16.7 16.7 63.3
Rhizo-N Seed 16.7 13.3 53.3
Amconil Soil 13.3 20.0 50.0
Control 26.7 233 26.7
Pre- Post- Rot Healthy
L.8.D at 0.05: 8.61 9.53 9.29 11.77
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They also tested 30 genotypes resulting in different tolerances to the disease and understandably different
amounts of protection from the fungicides.

= M.A.S. El-Bramawy and O.A.A. Wahid (2006b) studied two segregating generations (Fs and Fs) from 6 x 6
half-diallel crosses of a sesame breeding program exposed to natural infection by the root rot pathogen
(Macrophomina phaseolina) in two successive seasons (2004 and 2005). The level of infection in 2004 ranged
from 2.63-52.42% in the F3 and from 1.28- 51.78% in the F4. There was a high correlation of tolerance from
the F3 to the F4 indicating that tolerance isinherited and can be used in devel oping tolerant lines.

= M.E. Ibrahim and A.M. Abdel-Azeem (2007) evaluated soil solarization in combination with fungal antagonists
and soil amendments as a potential disease management strategy for the control of charcoal rot of sesame
caused by Macrophomina phaseolina. Solarization alone or in combination with Trichoderma pseudokoningii
and Emericella nidulans singly or in mixed inocula reduced disease incidence from 30% (control) to 80%, 91%,
82% and 85% respectively. It is noted that while pairing improved the biocontrols potentiality of E. nidulans by
increasing the number of healthy plantsin both unsolarized and solarized soilsit leads to decrease in the
biocontrol potentiality of T. pseudokoningii. On the other hand, the combination of solarization with soil
amendment with Eucalyptus powdered leaves showed a synergistic effect by increasing number of healthy
plants from 65% in amended unsolarized soil to 77% in amended solarized soil.

= M.A.S. El-Bramawy et a. (2009a) posited that there may be a linkage between morphological traits and
tolerance to Macrophomina phaseolina and Fusarium oxysporum f. sp. sesami. They evaluated 48 genotypesin
2005 and 2006 and determined there was a linkage between tolerance with medium branch number, medium
maturity, and creamy seed color as shown below.

Infection percentage

Variables 2005 2006

regression equation R regression equation R?

F oxysporum fL.sp. sesami

Branch number Y=378-95X+ 133X 0.12° Y=21.0-50X+10 X* 0.27¢*
Days to maturity Y =5263 -84 X +004 X7 0.01% ¥Y=6929-114 X + 0.05 X? 0.04™
Seed colour Y=538-355X+94X? 0.20" Y=392-290X+ 90X 0.20**

M. phaseolina

Branch number Y=352-72X+09X? 0.07™ Y=208-31X+06X 0.06™
Days to maturity Y=4995-81X+004 X? 0.02™ ¥Y=2961-4.1X+002X? 0.01™
Seed colour Y=344-17.8X +55X> 0.18 Y=222-108X+42X? 0.14*

= H.A.M. Ahmed (2010) collected seed from different locations in Egypt, and Macrophomina phaseolina was
found on the seed. The obtained isolates were different in their virulence on the tested sesame cultivars. Also,
they differed in their growth nature including colony color and sclerotial production. The color of colonies of
the pathogen seems to be correlated with density of sclerotial formation. Aqueous extracts of Majorna, Wild
chamomile, Geranium oil and Nees plants were highly toxic to tested isolates of M. phaseolina, in vitro. On the
other hand, the rest of the tested aqueous extracts had no effect. Soaking seeds of sesame before sowing in
aqueous extracts of Eucalyptus, Nerium, Ocimum and Rosemary plants decreased the disease incidence.
Aqueous extracts of Eucalyptus and Ocimum were the most effective treatment. Dipping sesame seeds in hot
water at 60°C for 5 minutes increased seed germination of Giza 32 and Shandawel -3 cvs. followed by 55°C,
50°C, and 45°C, while 40°C treatment resulted the lowest seed germination rate Dipping sesame seeds in hot
water at different temperature before planting decreased seed, seedling, and charcoal rots. Soaking seeds in hot
water at 60°C increased greatly plant height and decreased seed, seedling rot and charcoal rot followed by 55°C
and 50°C, under greenhouse condition.
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Table 3. Effect of cerain agueous plant extracts on mycelial

prowth of M. phaseoling, in vitro
Reduction of linear
Plants extracts h (%)

Majorana (Origamem majorarmim) 52.22a
Rosemary (Rosemarinus officinalis) 0.00d
Basil (Ocimum basilicun) 0.00d
Spear mint (Menthe spiceta) 0.00d
Wild chomanile (Matricaria chomamilla) 4073 b
Caraway (Carum carvi) 0.00d
Anise (Pimpineila anisum) 0.00d
Fruems cumini (Crinam cymirim) 0.00 d
Fermel (Foemiculum vilgare) 0.00 d
Wild celery (Apium grayeolens) 0.00d
Conander ( Corianerum sativim) 0.00d

Geranium [ Pelargonium graveolens)
Henna (Lowsonia inermis)

Halfa gar (Cymbopogon proxirmus)
Black cumin { Nigella sofiva)
Merium (Nerium oleander)
Liquorice (Glycirrhiza glabra)
Fenugreek ( Trigonella foenum graecum)

Tamarind (Tmfmﬁ:’c cica)

Mees (Cinnarmornin cassica)

Roselle (Hibiscus sabdariffa)

Blue gum (Fucalypius globulus)
Caster bean (Ricinus commumis)
il (Anethem graveolens)

Parsley (Petroseliman sativim)
Distilled water control

Page 117

5.92¢
0.00d
0.00d
0.004
0.00d
0.00d
0.00d
0.00d
537c
0.004d
0.00d
0.00d
0.00d
0.004d
0.00d

Table 4. Effect of sced treatments of Giza 32 and Shandawel-3 sesame cultivars with four medicinal plant extracts on incidence of sced
rot, scedling rot and charcoal rot caused by M. phaseoling in 2005 and 2006 scasons

2005 Season 2006 season
Plant Seed rot % Seedling rot % {,ilm‘:]nal Seed rod Seedling Charcoal rot %
, ot % Ya ot %a

Eixtracts

s Shan- i Shan- i Shan- | . Shan- .. Shan- . Shan-

Ciiza 32 dawel-3 Ciiza 32 3 iz 32 dawel-3 Giiza 32 dawel-3 Giiza 32 fwel.3 G 32 dawel-3

Nerium 25b I5b 20d 15d f f 25h 151 25k 15k 30m A0n
Ocimum 30 a 20b 20d 15d 25°F 20p 25h 20h 201 15k 20n 150
Eucalyptus 20b 15h 10e 10e g g 15h 15i 201 5l 20n 0o
Rosmary 30a 5¢ 10e 10e J0r 0 g I5h 5] 201 10m J0m 20m
Control 40 a J0a 25d 30d isf asf 35h 0k 30k Ik 3Sm i5n

Table 5. Effect of hot water sced treatment on seed germination of

two scsame cultivars, in vitro

Table 6. Effcct of treating sesame sceds with hot water on the

plant growth of Giza 32 and Shandawel-3 cultivars

Temperature Germination (%) - Plant height (cm)
(0 Giza32  Shandawel3  Mean e 2005 scason 2006 scason
60 9500 9333 g o416 a Ciiza32 Shandawel-3 Giza 32  Shandawel-3
55 86.60 h #333h 85.00 a 60 132a 1294 134 £ 128 h
50 B1.661 8000 i 80.33 b 55 105a 112d 105 f 13 h
45 80.001 7333) T6.66 b 50 9 b 116d BIf 110 h
a0 65.00k 6500k 65.00 ¢ Control (25'C)  26¢ e 23g Mi
Control (25°C) 20,001 18.331 19.16d
Mean T1.38e 6RAR T

= M.A.S. El-Bramawy (2011) studied the relationship between tolerance to Macrophomina phaseolina and
Fusarium oxysporum f. sp. sesami and levels of anti-nutritional factors (phytate, trypsin inhibitor and tannins)
in 2009 and 2010 using 48 genotypes. He classified the linesin different groups (resistant, moderately
resistant, moderately susceptible and susceptible) and determined the following regressions.
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Anti-nutritional factors

Sesame genotypes group 2009 2010
Regression equation (R?) Regression equation (R}
Phytic acid
Resistant (R) n.62 057
Moderately resistant (MR) 0.11™ 0.04™
Moderately susceptible (MS) 031 029
Susceptible (MS) 0.19* 0.12*
Trypsin inhibitor
Resistant (R) 022+ 0.20*
Moderately resistant (MR) 021 0.01™
Moderately susceptible (MS) 0.45+ 039+
Susceptible (M3) 0.14* 0.16*
Tannins
Resistant (R) 0.52* 0.60™
Moderately resistant (MR) 025" 0.21*
Moderately susceptible (MS) 0.61* 0.55"
Susceptible (MS) 0.42* 0.34*

= |.S. Elewaet al. (2011) evaluated the effects of Bacillus subtilis and Trichoderma viride, avirulent Fusarium
oxysporum, and Glomus spp. (Vesicular arbuscular mycorrhizae fungus - VAM) isolates and a fungicide
(Benlate) on Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina. The results were as follow.

Treatment Wilt and root-rot
Soil infestation Transplants Infection %  Disease severity
F. oxysporum Control 37.5a 1.87 a
B. subilis 333 b 1.66 b
Avirulent F. oxysporum 249c 1.25 ¢
T. viride 249¢ 1.25¢
(VAM) 16.6 d 0.83 d
Benlate (0.1%) 16.6d 0.83d
M. phaseolina Control 333a 1.66 ab
B. subrilis 16.6 d 0.83 d
Avirulent F. axsporum 8ie 042 e
T. viride 16.6 d 0.63 e
(VAM) 125d 0.62¢
Benlate ((0.1%) 16.6 d 0.83d
F. oxysporum + M. phaseolina Control 20.8 ab 1.04 bed
B. subrilis 12.5d 0.62e
Avirulent F. exysporum 12.5d 0.62 e
T. viride 16.6 d 0.83 d
(VAM) 83le 042 e
Benlate (0.1%) 12.5d 0.62 e

= E.H. Ziedan et al. (2011) evaluated the effects of Bacillus subtilis and Trichoderma viride, and Glomus spp. (a
Vesicular arbuscular mycorrhizae fungus [VAM)]) isolates on Fusarium oxysporum f. sp. sesami and
Macrophomina phaseolina. The effects on Fusarium oxysporum f. sp. sesami in the pot experiments were as

follow.
Wilt disease incidence Morphological characters/plant
Treatments % of diseased disease length fresh weight No.
plants severity [em] [g] of pods
Control 79.2a 40a 68.3d 74d 6.0c
B. subtilis 66.7 ab 33b 80.0¢ 11.7 ¢ 6.7 ¢
T. viride 50.0b 25¢ 103.8 ab 126¢ 147 b
VAM 50.0b 25¢ 80.0¢ 144¢ 68¢
VAM + B. subtilis 292d 15d 1156a 187b 190a
VAM + T. viride 37 c 1.3d 933b 150¢ 14.0b
VAM + B. subtilis + T. viride 375¢c 11d 106.0 ab 253a 200a

The effects on Macrophomina phaseolina in the pot experiments were as follow.
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Root-rot incidence Morphological characters /plant
Ticeimicns % of diseased disease length fresh weight No.
plants severity [cm] [l of pods

Control 91.7a 46a 775¢ 552d 461f
B. subtilis 50.0 ¢ 25¢ 101.9a 194 a 126b
T. viride 458d 23c 1013 a 181a 103 ¢
VAM 458d 25¢ 800b 81lc 6.0e
VAM + B. subtilis 458d 24c 1044 a 18.2a 98d
VAM + T. vivide 437 b 33b 1042 a 17.7 b 95d
VAM + B. subtilis + T. viride 417 ¢ 21d 103.8a 193a 13.0a

The effects from Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina on seedlingsin the field
experiments were as follow.

Wilt and root-rot incidence
Treatments =
% of survival plants % of diseased plants disease severity
Control 51.0d 559a 28a
B.subtilis 51c 50.0b 25b
Luiride 67.5b 392 ¢ 19¢
VAM 56.7 ¢ 484 be 24b
VAM + B. subtiliz 66.6 b 32cd 17¢
VAM + T. viride 73a 233e l12e
VAM + B. subtilis+ T. viride 760 a 309d 1.5cd

The effects from Fusarium oxysporum f. sp. sesami and Macrophomina phaseolina on the yield componentsin
the field experiments were as follow.

Shoaot Number/plant Seed yield -
Treatments length Jismister Root size - ol 2;::_;1:1’ %]
[em] [em]

Control 185.0 e 1.76 d 25.0 f 3.75f 1125e 253d 59.5
B. subtilis 196.3 ¢ 1.99b 50.0b 53e 1975 ¢ 455¢ 56.9
T viride 180.0d 1.88 ¢ 35.0d 75b 2125b 491 ¢ 57.8
VAM 1950 ¢ 185¢ 30.0e 50e 160.0 d 514b 57.4
VAM + B. subtilis 2100 a 1.77d 3.0c 675¢c 1963 c 495 ¢ 57.1
VAM + T, viride 2025b 1.82 ¢ 475D 6.0d 198.0 ¢ 505b 57.2
VAM + B. subfilis + T. viride 2025b 233a 70.0 a B85a 2325a 579 a 57.8

= H.A.H. Ahmed et a. (2013) studied biological control of Fusarium solani and Macrophomina phaseolina
causing wilt and charcoal rot diseases in vitro as well as under pot conditions. Culture technique showed that
the addition of intact Nostoc sp. SAG2306 or its sonicate inhibited the radial mycelial growth of the test
pathogens. Application of Nostoc sonicates resulted in the lowest infection percentage (11.1% and 17.8% of
Fusarium and Macrophomina respectively) whereas in the control it was 95.6% and 97.7%. Under pot
conditions, plant height, fresh and dry weight of plantsincreased significantly as aresult of the inhibition of
fungal by Nostoc. Similar results were observed in chlorophyll (ch.la & ch.lb) content of the treated plants.
Infection enhanced proline accumulation that was lowered upon Nostoc addition, indicating alleviation of
infection ascribed stress. The effect of sonicated (NS) or intact ( NI) Nostoc sp 2306 cells on seed infection of
sesame in vitro was as follow.

Treatements F. solani M.Phaseolina
NS 11.11 17.78
NI 26.67 33.34
Control 95.55 97.7

The effectsin potsin the greenhouse in 2010 and 2011 seasons was as follow.
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F.solani M.phaseolina
Treatments Perczntage of infected plants Percentage of infected plants
Root-rot Wilt Root-rot Charcoal
2010 | 2011 2010 | 2011 | 2010 | 2011 2010 | 2011
N sonicated 16.66 20 1666 | 1666 | 16.66 20 20 16.66
N.intact 26.66 | 26.66 20 23.33 20 23.33 | 23.33 20
Control 36.66 | 33.33 | 56.66 60 33.33 | 33.33 60 63.33

= A.Hashem et a. (2014) collected 18 seed samples of sesame in Egypt (12 samples) and Saudi Arabia (6
samples). They identified the following mycoflora: Sclerotium bataticola.

= S.G. Amen et a. (2020) compared 3 biofumigant crops (radish - Raphanus sativus, cauliflower - Brassica
oleracea var. botrytis) and rocket - Eruca sativa) versus the fungicide Rhizolex-T on mycelial growth of
Macrophomina phaseolina in vitro and compared to soil solarization in vivo. The obtained datain this study
demonstrated that brassica crops may be successfully applied as a safe and economical control measure for
sesame charcoal root rot disease as shown below (in vitro on the left and in vivo on the right).

Linear growth (cm) Disease severity index
Days after incubation Diays after transplanting

Treatments 7 14 Reduction (%)  Treatments 50 a0
First season (2017) First season (2017)
Rocket 75258 2247 9,188 Rocket-biofumigation 1.750= 3.500¢
Cauliflower 5 §25¢ 6698 26.17= Cauliflower-biofumigation 1750 20007
Radich 71708 7935 1263t Radish- biofumigation 1.500* ].EDG"
Rhizoles-T 1033 5485 3950 Lol el ot
Contral B8 9.083* ¥ :ﬂf“’fﬂ , ‘1"';03‘ i'ggg
LSD 0.05 1.057 1372 1389 LSIIZD ?ﬂ"r"mm" 1'2;5 i
First 2018, ! : :
. r;k season | ) ] e rae Second season (2018)
c”':l_‘;l r'?g;" i b Racket-biofumigation 15008 3250
H::_ 'sh‘:""er ;'uzw it i Cauliflower-biofumigation 20008 2.000°

; : R A b Radish-biofumigation 1250 2.000°
Rhizolex-T 05475 5360 3879 Contral 3,000 3,250
Control 8330 B0 o Rhizobex-T 1,750k 2,500
LsD 0.05 1.724 1.558 17.7d Soil salarization 1.000¢ 2500°
*Means in column followed by the same alphabetical letter are not significantly LSD 0.05 05066 0.8405
different at 5% level according to LSD, *Each figure represents the mean of four  Thizans incolumn followed by the same alphabetical letter are not significantly
replicate different at 5% level according to LSD, "Each figure represents the mean of four

replicates®
ETHIOPIA

= B.K Yirgaand B. Fiseha (2017a) reported the following pathogen: Macrophomina phaseolina (Stem and root
rot).

GREECE
= JA. Sargjanni and C.B. Cortzas (1935) reported Macrophomina phaseoli caused a disease in sesame. It appears
to be identical with that reported on sesame from the Philippines by Petrak as Macrophomina phillippinensis.
[Cited by R.S. Vasudeva, 1961, and G.S. Saharan, 1989]

HONDURAS

= V.P. Queirogaet a. (2016) reported Macrophomina phaseoli (Pata negra) symptoms are the base of the stem
rots and turns black, and the plants die.

INDIA
= R.T. Pearl (1923) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva, 1961]
= W. McRae (1930) reported Sclerotium bataticola readily attacked wounded plants, which soon collapsed. The
infected plants were blackened and bore numerous pycnidia of Macrophomina phaseoli. [Cited by G.S.
Saharan, 1989]

= S. Sundararaman (1931 and 1932) reported the yield from the affected plots with 36.6% infection of
Macrophomina phaseoli is only 43% of the normal. [Cited by R.S. Vasudeva, 1961]
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P.R. Mehta (1951) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva,
1961]

A.C. Jain and S.N. Kulkarni (1965) reported in Madhya Pradesh (Macrophomina phaseoli) remained viable in
the soil during the severe summer heat, grew best in the lab at 25-35°C with maximum sclerotial production at
35°C, and caused more disease at 100% than at 60% soil moaisture holding capacity. The disease may be
minimized by lowering the soil temperature and ensuring proper drainage. Of 13 sesame vars. tested, St-58 and
Gwalior-5 were most resistant. [Cited by G.S. Saharan, 1989]

N.B. Kulkarni and B.C. Patil (1966) reviewed relevant literature, and they concluded that an isolate studied
from sesame should be classified under Macrophomina phaseoli ssp. sesamica. [Cited by G.S. Saharan, 1989]
L.N. Daftari and O.P. Verma (1972) reported efficacy of seven fungicides were tested for eradication of
Macrophomina phaseoli on sesamum seeds under laboratory condition. Captan and Agrosan G.N. (2 gm/kg
seed), Mercuric chloride, Ceresan wet (0.1% for 3 minutes), and Aureofungin (20 ppm for one hour) gave the
complete control of seedborne infection in affected seeds. In addition to disease control, Captan also induced
maximum germination of seeds and vigor of the seedlings. [Cited by G.S. Saharan, 1989]

B.P. Singh et a. (1972) reported infected seeds invariably yielded Macrophomina phaseoli . The il content
was greatly reduced. Protein and carbohydrate values were also somewhat lower. [Cited by G.S. Saharan, 1989]
O.P. Vermaand L.M. Daftari (1974) reported the amount of Macrophomina phaseoli seedborne inoculum
(number of sclerotia on seed surface) affects the seedling mortality and growth. Depending upon number of
sclerotia per seed, seedling mortality of three varieties viz. Ex-116, G-5 and Limbdi-93 were 19-56%, 7-26%,
and 26-53% respectively. [Cited by G.S. Saharan, 1989]

A.K. Selim et a. (19764) reported mature plant reaction in 4 crosses between six local and introduced sesame
cvs. indicated that susceptibility to Sclerotium bataticola (Macrophomina phaseolina) was dominant over
tolerance and was controlled by 1, 2, or 3 pairs of genes. [Based on abstract]

K.K. Kushi and M.N. Khare (1979a) reported among 26 samples, Macrophomina phaseolina was associated
with 23, Corynespora cassiicola with 11 and Alternaria sesami with 10. Isolates of all 3 were pathogenic,
resulting in seed rot, pre- and post-emergence |osses, stem rot and leaf spots.

S.M. Jani and M.R. Siddiqui (1981) reported Macrophomina phaseolina was predominant in 23 of the 26
samples examined, particularly in untreated seeds in the blotter test. [Cited by M.L. Verma, 1985]

M.M. Satour (1981) reported the presence of Macrophomina phaseoli (Black stalk, stem rot).

S.C. Vyas (1981) reported crop losses from 5 to 100% from Macrophomina phaseoli. [Cited by P. Deepthi,
2012, and T. Ezhilarasi, 2021]

A.S. Reddy and S.M. Reddy (1982b) studied the activity of alkaline and acid phosphatase, esterase, peroxidase,
and polyphenol oxidase in sesamum seed under the influence of Macrophomina phaseolina and Phoma
nebulosa. [Cited by G.S. Saharan, 1989]

T. Singh and D. Singh (1982) reported using seed from infected plants, the presence of Macrophomina
phaseolina was confirmed in the next generation in infected but healthy-looking sesame seedlings. After 8
weeks, almost every surviving plant developed pale yellow to brown circular or oval concentric spots on leaves,
stem, and capsules. Mycelium and microsclerotia were observed in the peripheral region of lesions. Inter and
intracellular mycelium was demonstrated in cortex, xylem, and pith cells. Infection in the capsule was recorded
on inner wall, septum, placenta, and seed spreading from base to apex. [Cited by G.S. Saharan, 1989]

A.S. Reddy and S.M. Reddy (1983a) reported fungal succession on sesame seeds with different moisture levels
was analyzed monthly. Incidence varied with moisture content. Alternaria alternata was abundant only in the
initial stages. Aspergillus flavus predominated while Macrophomina phaseolina and Rhizoctonia solani were
associated only with seeds of high moisture content. The seed mycoflora at first increased with storage time but
subsequently decreased. Seed germination increased with storage time. [Cited by G.S. Saharan, 1989]

T. Singh and D. Singh (1983) isolated 24 fungi: Of these, Macrophomina phaseolina was an important
pathogens. [Cited by G.S. Saharan, 1989]

K. Kumar et al. (1984a) reported Rhizoctonia bataticola was found to be associated with the seeds of varieties
T-4 and T-12. The species was pathogenic and reduced germination by causing seed rot under laboratory
conditions and produced brown necrotic lesions on roots and later became a seedling invader to cause root rot
and seedling blight.

E.A. Abuewasim and A.B. Zeidan (1985) reported pycnidia of Macrophomina phaseolina were observed after 4
days on the wheat leaf bits. They appeared as raised, grey to black bodies, erumpt, oval to globular with a
distinct ostiole with average dimensions 140 x 135u. [Cited by G.S. Saharan, 1989]

S. Maiti et al. (1985) reported charcoal rot, Macrophomina phaseolina is widespread and destructive but
difficult to control.
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= M.L. Verma (1985) reported Rhizoctonia bataticola (Macrophomina phaseoli) (Root and stem rot) isamajor

disease with the following symptoms: Wilting of seedlings. Blackening of basal/ upper portion of stem.

C.D. Kaushik et al. (1986) screened 175 genotypes over 3 years (1983 to 1985) against phyllody (MLO), root
rot (Macrophomina phaseoli), and leaf curl (virus). There were other diseases: Bacterial |eaf blight
(Xanthomonas sp.), powdery mildew (Erysiphe sp.) and Phytophthora blight. Out of 175 germplasm
lines/varieties 16, 51 and 65 lines were resistant to leaf curl, phyllody and root rot; 49, 41, and 14 were
moderately susceptible and rest of the lines were susceptible to these diseases. Although there are reports on the
evaluation of germplasm lines/varieties of Sesamum against different diseases, no one has indicated-multiple
disease resistant sources in sesame.

I.J. Guptaand H.S. Cheema (1990) reported. the number of microsclerotia of Macrophomina

phaseolina present on sesame seeds was positively correlated with plant infection and negatively correlated
with seed germination, dry matter production and root and shoot length of seedlings. Treatment

with thiram, captan or Bavistin [carbendazim] increased seed germination by 16-40% compared with an
untreated control, increased shoot length by 0.6-28.5% and decreased incidence of disease by 14-70%. Seed
yields were also increased. Treatment with activated clay (attapulgite dust) or seed coating with Trichoderma
viride increased germination by 30% and 16%, respectively, and increased seed yield by 32 and 46%.

A. Singh et al. (1990) evaluated the effect of soil amendments with inorganic (urea) and organic (neem cake,
mustard cake and farm yard manure - FY M) nitrogen sources and their combinations on sesame root rot (caused
by Macrophomina phaseolina). Ureaand FY M were the most effective combined treatment. Disease incidence
was 9 and 7.5% (% plants killed) and seed yield was 88 and 60 g in 1982 and 1983, respectively, compared with
41.3 and 37.6% disease and 29 and 39 g seed for the control in 1982 and 1983, respectively. The next best
combination was urea plus mustard cake followed by urea plus neem cake.

Anon (19924) in agrower guide reported Rhizoctonia bataticola/Macrophomina phaseolina (Stem and root rot)
appears from the seedling to maturity. Sudden wilting is seen when the plant gets rot near soil surface, it starts
up and down. The rotted portion turns black, and a charcoal appearance is exhibited. The plant later droops
down from the point of infection and dies prematurely.

S.P. Sinhamahapatra and S.N. Das (1992) reported combining ability analysisof a9 x 9 diallel set of sesame
genotypes grown in asick plot infested with Macrophomina phaseolina reveal ed that the dominance component
played amajor role in controlling resistance to charcoal rot. Only two genotypes showed significant gca effects,
one having resistance and the other having susceptible reaction.

D. Dinakaran et al. (1996a) evaluated the effects of different soil amendments (Farmyard manure @ 12.5 t/ha,
Pressmud @ 12.5 t/ha, Decomposed coconut coir pith @ 12.5 t/ha, Sunn hemp green leaf manure @ 12.5 t/ha,
Poultry manure @ 1.0 t/ha, and neem cake @ 150 kg/ha) to manage Macrophomina phaseolina in inoculated
pots and under field condition in rabi 1994/95 using TMV 3 in Tamil Nadu. Carbendazim and untreated were
also included. The soil incorporation of neem cake recorded a significantly lower incidence of root rot both
under artificial (25.1%) and field conditions (6.9%) than the control with artificial (85.7%) and field conditions
(27.8%).

D. Dinakaran et al. (1996b) screened 44 sesame genotypes under field condition during the 1995 rainy season
against root rot (Macrophomina phaseolina ) and phyllody in Tamil Nadu. Three genotypes (IVT 21, IVT 22,
and IVT 23) were found to be completely free from both disease and three genotypes (IVT 14, AVT 1land HT
1) were found to be free from phyllody alone. The high incidence of the root rot was 94.4% with a mean of
35.5%, while for phyllody the high was 36.5% with a mean of 10.7%.

C. Chattopadhyay and R. Kalpana Sastry (1999) studied the effect of soil solarization on the sesame (stem root-
rot pathogen (Macrophomina phaseolina) population in 1995 and 1996 in Hyderabad (77.92E and 18.99N).
The experiment was laid out in split-split plot design in 3 replications with irrigated (1) and non-irrigated (NI)
asmain (M) plots, ploughed (P) and unploughed (NP) as sub (S) plotsand 0, 3 and 6 weeks of solarization as
sub-sub (SS) levels of treatment. Plots were irrigated to field capacity according to the design before they were
covered with transparent polyethylene mulch of 50 pum thickness. The temperatures at 5 and 15 cm depth were
asfollow in the two years.
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The effects on soil populations of Macrophomina phaseolina (cfu/g soil) were as follow.
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The effects on artificial inoculum of Macrophomina phaseolina placed at 5 cm soil depth were asfollow.
o] (1]
TP -<dl5) -7 T (Fld5) .23

i - — _ L —

E R ] —

e

N4 2

i T T i T T

L} 3 & a 3 [
Wi ol wosturreniim Wik ail e vk

The effects on artificial inoculum of Macrophomina phaseolina placed at 15 cm soil depth were asfollow.
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The effects on the total fungi population (cfu/g soil) were asfollow.
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The effects on the total bacteria population (cfu/g soil) were as follow.
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= K. Karunanithi et a. (1999) evaluated the efficacy of spraying KCl at several concentrations (0, 0.25, 0.5, 0.75,
1.0, 1.25, and 1.5) at 3 intervals (30, 45, and 60 DAS) to control Macrophomina phaseolina. Dry root-rot of
sesame caused by M. phaseolina is the most serious disease affecting the crop at later stages of growth and it
causes yield loss up to the extent of 30-40% in Tamil Nadu (A.N. Buldeo et al., 1979). They concluded
spraying of 1.0% at 45 DAS is the best combination which caused disease reduction from 75% to 52.5%.
Potassium chloride spray also enhanced the rhizosphere populations of fungi and bacteria and decreased that of
actinomycetes.
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Foliar spray of KCI Root rot incidence (%)*
(% concentration)
DAS
30 45 60 Mean

0.25 72.5(58.4) 70.0 (56.8) 75.0 (59.9) T72.67 (58.4)
0.5 72.5(58.3) 67.5 (55.2) 725 (58.4) 70.83 (57.3)
0.75 65.0 (53.7) 60.0 (50.8) 67.5 (55.2) 6417 (53.2)
1.0 60.0 (50.7) 52.5 (46.4) 62.5 (52.3) 58.33* (49.8)
1.25 57.5 (49.3) 50.0 (45.0) 62.5 (52.2) 56.67 (48.8)
1.5 57.5 (49.4) 50.0 (45.0) 60.0 (50.8) 55.83 (48.4)
Control (no foliar spray) 75.0 (60.0) 75.0 (60.0) T7.5(61.7) 75.83 (60.6)
hMean 65.7 (64.2) 60.7 (51.3) 68.2 (55.8)

CD(P = 0.05). Concentration = 1.46; Spray (DAS) = 1.41; Interaction = 2.72
* Mean of four replications.
Figures in parentheses are mean transformed values |

= R. Krishan et a. (1999a) evaluated the effects of edaphic factors and moisture regime on the incidence of root
rot disease caused by Rhizoctonia bataticola, which is the most devastating in North-Western parts of India.
Due to severe infections the stem becomes black causing break off or blackening may extent upward and
ultimately defoliation occurs. They used 4 soils (sandy, sandy loam, clay loam and clay) with different N levels
(O, 15, 30, and 45 kg N/ha— Noto N3 respectively) and different irrigation intervals (1, 2, 5, and & days). The
following were the results.

: Per cent Disease incidence
Tipeolsol Sand Silt Clay (%)
Sandy soll 96.0 2.5 1.50 66.66 (54.76)
Sandy loam soil 700 18.0 12.0 78.33 (62.24)
Clay loam saoil 535 19.5 27.0 56.66 (48.55)
Clayey soil 14.2 243 61.3 51.66 (45.97)
CD. at5% 5.56
Figures in parenthesis are angular transformed values
Nitrogen levels (kg ha') Disease incidence (%)

No 66.66 (54.76)

N1 68.33 (55.73)

N2 75.00 (60.00)

N3 88.33 (70.00)
C.D. at 5% 5.80
Figures in parenthesis are angular transformed values

Irrigation after days of interval Disease incidence {%)

1 6.66 (14.89)

2 16.66 (23.34)

5 36.66 (37.29)

i 48.33 (44.03)

Figures in parenthesis are angular transformed values
= R. Krishan et a. (1999b) evaluated the management effects of biological controls (using Trichoderma
harzianum) on the seed and the soil, different levels of N (0, 30, and 45 N kg/ha), and seeds treated with
different fungicides (Benomyl, Carboxyn, and Carbendazim) on Rhizoctonia bataticola. The results of using
the T. harzianum conidia on the seed was as follow.

T. harzianum conidia g kg-' seed {(w/w) Per cent disease incidence™
0 66.66 (54.78)
1.5 45.00 (42.13)
25 40.00 (39.23)
3.5 35.00 (36.27)
4.5 30.00 (33.21)
C.D. ats% 5.93

*Figures in parentheses are angular transformed values
Theresults of using the T. harzianum in the soil and at different levels of N were asfollow.
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Level of N kg ha-' T. harzianum g kg soil (wiw) Per cent disease incidence™®
30 0 75.00 (60.70)
66.66 (54.75)
56.66 (48.81)
50.00 (45.00)
46.66 (43.08)
40.00 (39.21)
88.33 (70.50)
78.33 (62.48)
71.66 (57.86)
63.33 (52.74)
55.00 (47.88)
45.00 (42.12)
Control 64.20 (53.25)
C.D. at 5% 7.51
*Figures in parentheses are angular transformed value
The results of using the T. harzianum on the seed with different fungicides were as follow.
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Conidia g kg seed (wiw) Fungicide at 2%, WV Disease incidence (%)
25 Benomy! 8.33 (16.60)
Carboxyn 10.00 (18.05)
Carbendazim 11.66 (19.89)
No fungicide 42 .50 (40.69)
3.5 Benomy! 5.00 (12.92)
Carboxyn 6.66 (14.76)
Carbendazim 6.66 (14.76)
No fungicide 36.00 (36.87)
Control - 66.66 (54.76)
C.D. at 5% 2:31

*Figures in parenthesis are angular transformed value

Theresults of using the T. harzianum in the soil with different fungicides were as follow.

Mycelial suspension of T. farzianum Fungicide at 2% W/W Disease incidence (%)*
(g Kg-" soil)

4 Benomyl 8.93 (17.36)
Carboxyn 3.58 (10.94)
Carbendazim 715 (15.45)
No fungicide 26.66 (31.11)

6 Benomyl 7.15 (15.45)
Carboxyn 1.79 (7.71)
Carbendazim 0.00
No fungicide 21.66 (27.76)

Control 6466 (50.53)
C.D. at5% 1.37

*Figures in parenthesis are angular transformed value

= C. Chattopadhyay and R.K. Sastry (2000) evaluated methods to screen for Macrophomina phaseolina tolerance.
They concluded for the first tier screening to use the blotter paper technique (seedlings grown on autoclaved
sand were dipped in a suspension of Macrophomina phaseolina for 1 minute and placed on afolded blotter
paper at 35°C for 10 days before observing the reaction). For the second tier screening they recommended the
pot culture method (5 g of Macrophomina phaseolina in sorghum seed meal was mixed into 100 g of
autoclaved soil. Seedlings from seeds sown in the pot were observed for the reaction).

= K. Jayashree et al. (2000) reported Pseudomonas fluorescens strain Pf1, effectively inhibited the mycelial
growth of Macrophomina phaseolina, the pathogen causing dry root-rot in sesame. Application of Pf1 as a seed
treatment (10g/kg seed) followed by soil application (2.5 kg/ha) effectively supported higher plant growth and
grainyield. Sclerotial number and root rot incidence were also greatly reduced. The rhizosphere soil recorded
a higher number of Pf1 population. The germination percentage were as follow.
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ST P} 92.0°¢
ST 4 8A -Pr1 97.5°
SA PP 89,07
ST - Carbéndazim 9.2 "¢
5T + 8D - Carbendazim 94.2°
SD - Carbendazim Rﬁ.&ah
ST -Pf1 + SD - Carbendazim 93,59
5T - Carbendazim + A - Pr 92.5%
Conirol 825"

ST = seed treatment, SA = soil application, SD = soil drenching
The data at 30 days after sowing was as follow.
1 Root § Shoot Prendomonas | Sclerousf

length | [ength population / | g of soil
{cm) | (cm} 100 g of soil

ST-Fri 60c¢c |414e 30571 1242 b
ST+ 6APr 751 48.6 h 6171 7.03a

53¢ |350¢ 543 h 2611 d
SA-Pr1

57d | 40.5d 75d 1432 b
ST - Carbendazim

TOh | 442 g iZ2c 397 a
ST+ 5D -

 Corbendadim |49 b 3180 30 d 26.12d

S — Carbendanim

G8g | 427T 245 ¢ 16,00 be
ST-Pri+
5D - Carbendanm

6410 41,1 ¢ 468 g 18.35¢c
ST - Carbendazim +
SA-PrI
Contral 42a | 256 a 26 a 3566 ¢

S5T-Seed Treatment, SA-Soil Application; SD-50il Drenching
The final results were as follow.

Root ot Grain yicld
incidemce (%) {kg / ha)
e 385 © 3p P
ST + SA - PP | 2322 1200 £
SA-Pr1 35.4 bC 680 ©
. I o be
ST - Carbendazim 403 K
ST + 5D - 26.% b 20 !
Carbendazim
SID — Carbendanim E 7 8 s 460 cd
ST-Pr1+ 279 ab ga0 |
S — Carbendazim
ST - Carbendazim + 31.2 abe san ¢
SA-PI
Contral sg3 d 190 *

= C. Chattopadhyay and R.K. Sastry (2001) evaluated the effect of solarization on Macrophomina phaseolina for
2 yearsin Hyderabad (77.92E and 18.99N) in sandy to clay loam alfisol type soil. The solarization was done
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with transparent polyethylene mulch of 50 um thickness during the historically hottest 6 weeks with 0, 3, and 6
weeks of cover. Six weeks of soil solarization of infested crop field sites in the summer months result in good
sesame seed germination and better disease management under Indian conditions as shown below.

Table L. Effect of sedl solavigation on initial plant stand of sesame®

Weeks of 14 . NP ML NINE
-.-.ul:uw,-.n'_-:'-n Fisstvear  Sacend yoar Fiesl yeni  Seioml vaap Farst vear  Seqgoml vew Firsl yea  Sewoimd vear
L 216 3520 230 $174 600 354 36 a5l
i-<.1} LN B .5 N A @wan (TS -
Ll KE I ER Va0 A0 1754 UK 1T 0 20
247 = (e =1 103 (233 (10,7 (1945
- Ahil 150 4 4314 A 417 G 426,45 Il 4
Ll S T U107 i) (248 { 6.0 12641 (541
CRAP 3y Tirs year {sub . sub) 1408
Sectndd year (o & sub K sub—suld I g

Pl of ey replites ot 21 davs alter sming

b Bresgantehy T2 Dinderimanesd s 1 Plougieds NP Ulsplocghsd: Figires i pametheses are 5 lbcmease aves comtiol,

Talile 2. Effect of coil solarization on incidence uf steimn—root rof disease in sesame®

Wk of HE 1P NP NP

sty umiznrian ; : i
f irst woqr  Sevond yem Fizst yeur  Bocomd vear First vear  Secomed wear Ficst yemr  Second yeur

0 4.6 L2 L ) 677 44 T3
1446 AR 20 (RGBT (M54 (5100 MR

3 9 457 3l N 6 28,4 1,
{3499 (5.0 24K TR 1307 {220 14440

i e | 4.0 2000 K2 LS ¥e. i) S0
(1A Wi (10,3 (225} (243} (1500 V250

C R0 Pirspysar imain & subvg ses: sulg 38

aegani] wein Congin & sub ok sgb=sphd

Eé i o thrie replicies ot T days afice samying

Prrunes in pasentheses aie actl peres
I beaganteds NG Unirrngatels 1% | Moarhed: gl

= D. Dinakaran and S.E.N. Mohammed (2001) screened 3 entries of sesame (ORM 7, ORM 14 and ORM 17)
along with check varieties (TMV 3, Co 1, and VRI 1) at fortnightly intervals from June 1997 to May 1998 in
Tamil Nadu against Macrophomina phaseolina (Root rot disease). All 3 cultures were found to be resistant (less
than 10% incidence) to root rot disease under natural field conditions recording a mean incidence of 4.99, 5.17
and 4.14%, respectively. These 3 accessions were also screened under artificially inoculated pot culture
conditions during rabi 1999-2000 showing also resistant reaction under these conditions, with a mean incidence
of 10.0, 9.1 and 8.3%, respectively, whereas the susceptible varieties TMV 3, Co 1 and VRI 1 recorded the
maximum incidence of 66.7, 70.0 and 91.7%, respectively.

= C. Chattopadhyay and R.K. Sastry (2002) evaluated the effects of chemicals, extracts, biocontrols, and
agronomic practices in controlling Macrophomina phaseolina with the following in vitro results.

Ireatment Mycelial growth (mm)* in different funmeidal concentrations Control I E‘I:I:‘ID[;. 9
 ippm  Sppm  I0ppm  JSppm  SOppm 100 ppm '
Carbendazim 12.7 140 93 H 0 an 40 25
Benomyl 200 157 14.7 53 23 0o 41.0 Ll
Captan 42.7 420 33.7 217 18.0 12.3 430 L 55 |
‘Ihiram 3.7 12.7 1.3 1.3 73 0.0 430 22
{Copper-oxychloride 427 42.0 283 277 257 17.7 410 1.2
Control 430 43.0 43.0 3.0 43.0 430
C.D.(P=001) 1.2 3.0 3.0 238 1.8 0.8 o

*mean of five replicates afler 7 days at 27+1°C
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Treatmunt Myeelinl growth {mm)* % Reduction in mycelial growth
Sabicylic uad (U 100.0
Garlic hulb extract Q5 T84
Neem leal extracl 307 30.2
Azadirachtin® 430 23
AFF® 44.0 0.0
Control 44.0 -
Ch.(P<00n) 28
*mean of five replications after 7 days on PDA at 27+1°C ‘neem formulation
Treatment Mycelial prowth (mm)* % Reduction in myceliol growth
Trishaderma virsce 216 713
1, harzianum 36,2 52.0
Gliocladium virens 14.2 8Nna
Contral 5.4 -
C.A, (P <0.01) 6.5

*mean of five replications after 7 days on PDA at 27+1C
Thefollowing were the resultsin pots.
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[]

Treatment % seci H:rminar.im'; Radicle length (mmy*  Shoot length (em)® % disease incidence *
Trichoderma viride R (R2:1) 50.5 A4 200 (257
T hearztenum 82.0 [70.5 310 2.6 sy (47.9)
Gltocladiium virens 96.0 {W.Sﬂ 355 B4 533 {474y
Crarlic bulb extract 533 (46.9) 120 280 85.0 (67.6)
INewrr el exlrnet Wi (739 295 e 45.0 {41.5}
Azadirachtin® 2.0 (58.1) 14.0 292 §0.0 (64.4)
AFFY 0.0 “@.0) 0o 0.2 61,6 (32.1)
Sulicylic ucid 8.0 {69:4) 26,0 375 &60.0 (51.0}
Carbendazim 92.0 (TL6) 293 nn st {15.9)
Copper-oxychloride #4.0 (66.5) 11.7 275 683 {36.3)
Thitam 787 (62.5) 4.7 26.6 65.0 {53.8)
Captan &40 (66.5) RO w09 5040 {44.9)
Inaculated Control 813 [64.4) 137 149 100.0 {50.0)
Lmnoculated Control B |- - 322 - -
CD.(P=045) 7.2 48 6.3 13.7

“mean of theee replicates 3 duys atler sowing

‘neem furmulations

Figures in parentheses are angular transformed valoes

_ Treutment % Disease incidence? % Discase reduction Shout length{em)* elnerepse fn shoot length

P20 kg ha 60.0 {50.8) 40.0

40 kg ha 58 (Ga.1) 417 ﬁg -.I:If
P60 ke ha 77 (583) 283 238 Jas
K15 kg b 33 (590) 26,1 217 326
K 30 kg ha' 650 (539 350 2.1 956
K45 ke ha 60.0 (51.6) 40.0 %1 281
K 1 % fotior spriy 00 (66.8) 00 21,7 2.6
Inoculated control 000 (R94) . 14.9 537
Uninoeulsted contral . e . 22 i
C.0 (P 0.05) 11.6 72 :

’t:ncan of four replicutes 12 wecks after suwing
Figures in parentheses are angular transfmmed vitluey

[Authors comment: Notice that on Trichoderma viride they also used an induced mutation.]
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I'reatment %4 Disease incidence* Shoat Il,'.ll;_:l,il (cm)* clu(x L |\|?| 2 ! soil*
P @20 kg ha' 61,7 {31.8) 353 §7.3
K & 15 kg ha' 733 (58.9) 25.7 0.7
Carbendazim @ 0.1% a.i 517 (46 0 43 417
Salieylic acid @& 1% (w/v) 61.7 (51.8) 273 48.0
Neem leaf extract (@ 1% (wiv) 6l.7 {51.8) 323 190
I richaderma viride (wild) 23.3 128.9) 36,7 19.3
Trichaderna viride (Mut) 1 {342y 370 290
P+K 3.0 {45.4)) 28.3 470
Carbendazim + P 46.7 {43.1) 54.3 44.0
Carbendazim — K 433 [44.0) 34.9 403
Cuarbendwaim = P+ K 367 (34.2) 353 8.0
Salicylic acid + P 5333 (6.9 207 433
Suhieyhe aod = K 3T (A6 28,0 40,7
Salievlic acid = P+ K 483 (44 m ina 1313
Neews lenl extrogt + P 30 479 33 303
Neem leaf extract + K 333 (16.9) 13 460
Meem eal extract + 1P+ K 0.0 (45.0) 34.7 450
Trichoderma viride (wild) - P 231 (289 .7 1.3
Trichoderma viride (wild) = K 3 1 | (27.7) 36,7 19,3
Trichodarma viride (wild) = P+ K 200 (261.6) 1 190
Trichoderme viride {(Mul) + P 30.0 (33.2) 373 27.0
Trichoderma virlde (Mut) + K 283 {32.1) 313 26.3
swhoderma virtde {(Mul) + Carbendazim 26.7 {31.1) 183 al.3
1 virige (Mut) + P -+ Carbendazim 20.0 {26.6) 387 19.3
T wiride (Mut) + K + Carbendazim 200 [26.0) w7 200
7, viride (Mut)+F + K 233 (28.8) 39.0 253
T 'wieide (Mut) + P + K + Carbendazim 3.3 (16.0) 417 18.0
Inoeulated control 1000 (90.0) 133 5R.3
I ininaculated contraol 37
C.L3, (F <4.01) 4.7 L6 3.4

.“.n".uun ol three replicates 12 weeks after sowing
Figures in paentheses are angular transfonned volues

= T.S. Rajpurohit (2002) evaluated the effects of intercropping (sole sesame compared to 1:1 and 2:1 of sesame
and green gram, mothbean, and pearl millet) on Macrophomina phaseolina and yield. Sesame or intercropped
with green gram in 1:1 gave less incidence of stem and root rot and also provided a higher sesame seed yield
equivalent as compared to sole sesame and this may be recommended for cultivation in an arid region of
Rajasthan.

= K. Thiyagu et a. (2007a) evaluated 15 genotypes and 36 of their F1s for tolerance to Macrophomina
phaseolina. The genotypes hamely ORM 7, ORM 14, and ORM 17 were identified as resistant to root rot
which could be used as cultivars or used in hybridization program. The F1s obtained by crossing the three
resistant genotypes (as testers) with twelve susceptible genotypes (as lines) found to be susceptible which
indicated that the resistance trait may be governed by the recessive gene.

= D.B. Ahujaet a. (2009) reported adoption of IPM technology comprising intercropping of sesame with

greengram and spray of 9 ppm azadirachtin at flowering stage reduced the incidence of major pests such as

Antigastra catalaunalis and Macrophomina phaseolina from 24.79 and 16.88 in unprotected treatment to 13.04

and 6.25, respectively. [Based on abstract]

S.U. Rani et a. (2009) reported use of Trichoderma viride (seed treatment) 4g/kg, soil application 5 kg/hawith

FYM managed Macrophomina phaseolina causing root rot in sesame.

= N.O. Srikantappa et al. (2009) studied 28 samples of sesame taken from fields, farmers, retail shopsand APMC
markets from 5 areas. They found 34 four fungi including Macrophomina phaseolina. The fungi significantly
reduced germination.

= R. Narayanaswamy and B. Gokulakumar (2010) studied 5 varieties grown in different trial plots with three
treatments (control, chemical fertilizer, and organic manure. Diseased and healthy roots were collected. The
roots were subjected to ICP-AES analysis and the elemental status of the diseased and healthy roots were
estimated. Based on the comparison between healthy and diseased roots, lowering the concentration of Ca, Na,
Mg and Fe and increasing the concentration of K, Cu and Zn in the soil may reduce root rot disease occurrence
caused by Macrophomina phaseolina . [Based on abstract and cited by C. Chattopadhyay, 2019]

= J Priyaet al. (2010) reported thiophanate-methyl and carbendazim were most effective against the mycelial
growth of Rhizoctonia bataticola followed by carboxin and Captan under in vitro conditions, whereas under
screenhouse conditions thiophanate-methyl, carbendazim and carboxin were found effective against charcoal -
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rot of sesame incited by R. bataticola. Seed treatment proved more effective than soil drenching
with fungicides.

= R.B. Kakde and A.M. Chavan (2011) examined the effects of fungi on seedsin storage. Ten dominant fungi
were isolated from seeds of groundnut, soybean, sesame, safflower, and sunflower. One hundred grams of
seeds were inoculated with 10 ml of the fungi. The flasks were |eft at room temperature for 14 days and then

analyzed for sugars, crude fat, and fiber. The results are as follow.
Table 1. Change in reducing sugar {g/100gm) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 52 48 11 11 13
Curvularia lunata 49 5.0 25 15 18
Curvularia pellescens 5.0 54 21 1:2 1.6
Fusarium oxysporum 4.7 4.4 1.8 1.7 11
Fusarium equisets 46 48 1.6 12 1.0
Macrophomina phaseolina 58 3.5 22 20 22
FRhizopus stolonifer 6.1 5.0 11 18 21
Penicillium digitatum 5.5 46 19 17 14
Penicillium chrysogenum 5.2 49 20 16 1.6
Trichoderma viride 6.7 6.1 21 19 26
Control 72 6.9 3.1 24 2.8
C.D. at 0.05 0.52 0.62 1.21 0.24 0.21
Table 2. Change in crude fat (g/100gm) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Aiternaria diantlicola 355 10.2 37.1 498 22
Curvilaria lunata 43.5 14.3 by 48.2 26
Curvelaria pelloscens 16.56 10 11 19 a7
Fusarium oxysporum 43 16.1 38 44 20
Fusarium eguisets 47 142 35 49.7 19
Mucropliomina plhaseolita 48 10.5 39.2 46.8 30
Rhizopus stolonifer 50 16.3 40.2 486 33
Penicillium digitatum 42 153 342 39 24
Penicillium chrvsogenum 44 128 36.2 41 27
Trichodarma virtde 48 17.5 40 46 35
Cunlrul 48 20 45 50 36
C.D. at 0.05 271 2.05 2.04 24 3.7

Table 3. Change in crude fiber (g/100) due to seed-borne fungi

Fungi Sunflower Sesame Groundnut Soybean Safflower
Alternaria dianthicola 39.1 35.6 33.9 26.1 201
Curvularia lunata 52.3 30.6 38.8 345 218
Curvularia pellescens . 461 411 42.3 31.1 21.6
Fusarium oxysporum 53.1 36.5 34.7 37.0 21.0
Fusarium equiseti 50.7 36.4 37.9 21.0 225
Macrophomina 477 34.8 419 36.6 17.9
phaseolina

Rhizopus stolonifer 416 316 401 285 19.6
Penicillium digitatum 435 405 276 21.0 144
Penicillium chryvsogenum 405 27.9 31.7 36.9 139
Trichoderma viride 475 35.1 38.3 37.0 198
Control 513 47.7 38.0 23.3 199
C.D. at 0.05 3.16 6.11 2.39 42 1.82

They also tested the effect of the following botanicals against the fungi: Azadirachta indica, Polyalthia
longifolia, Jatropha curcus, Santalum album, Withania somnifera, Datura strominum, Eucalyptus
angophoroides, Vitex nigundo, Annona squamosal, Piper betel and Murraya koenigii. Most of the fungi tested
are not normally found on sesame, but for those that are, Azadirachta indica, Polyalthia longifolia, Murraya
koenigii, Jatropha curcus, Withania somnifera and Datura strominum showed antifungal activity against
Macrophomina phaseolina, and Eucalyptus angophor oides against Fusarium oxysporum.

= A. Sharmaet a. (2011) analyzed the metabolic alterations in sesame after infection with Macrophomina
phaseolina and Fusarium oxysporum by estimating the levels of total phenolic compounds and the activities of
phenylalanine ammonialyase (PAL) of one week old plants. The PAL showed high activity in infected plants,
revealing the active phase in the synthesis of secondary metabolitesin the plant after infection. Asa
conseguence, in infected plants the contents of polyphenols along with salicylic acid (SA) considerably
exceeded when compared to control plants. Thisin vivo study of M. phaseolina and F. oxysporum infection
reveals the differences of resistance levelsin sesame against these two pathogens. The following shows the
percentage increase in phenolics, PAL activity and defense related proteins in infected plants in comparison to
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control under in vivo and in vitro conditions in both 25 days 35 days old plants after 96 and 48 hours of

inoculation.
PAL Salicylic acid Total protein
A B A B A B

Varieties 25days 35days 25days 35days 25days 35days 25days 35days 25days 35days 25days 35 days
RSG-931 5 8 5 12 31 25 9 33 10 23 24 24
RSG-945 10 12 5 7 21 29 21 20 40 19 44 18
RSG-896 10 28 11 14 32 31 32 23 42 24 59 28
CSID-884 15 11 11 13 26 21 13 29 25 21 23 20

A-In vive, B-In vitro.

= P. Deepthi (2012 and 2014) studied the effects of temperature and relative humidity on Macrophomina
phaseolina in afield study using 1 variety (TGK-22) in 2011/12 at Raipur, Chhattisgarh (21.25N 81.63E). The
control seeds were treated with Penflufen + Trifloxystrobin along with one foliar application of carbendazim.

The correlations with the weather were as follow.
(a) Correlation coefficient between weather parameters and lesion
length of charcoal rot of sesame

(a) Correlation coefficient between weather parameters and lesion
width of charcoal rot of sesame

Length Max temp Min temp  RH Width Max temp Min temp RH

Length 1 Width 1

Max. temp 0.6257641 1 Max temp 0.729714 1

Min. temp 0.0439474 0.1036966 1 Min temp 0.060163 0.103697 1

RH -0.777863 -0.366525 0.512541 1 RH -0.73122 -0.36652 -0.51254 1
The effects on yield components were as follow.

S.No  Nature of observation Unprotected Protected % Reduction

1 No. of capsules per plant k| 46 32.61

2 No. of seeds per capsule 29 45 35.55

3 1000 seed wt. [g) (healthy capsule seed) 2.50 2.9 14.08

4 1000 seed wt. (g) (infected capsule seed) 1.83 2.20 16.81

= D.K. Maheshwari et al. (2012) evaluated the use of Azotobacter chroococcum TR2 against Macrophomina
phaseoli and Fusarium oxysporum along with growth promoting attributes in conjunction with fertilizers. It
caused degradation and digestion of cell wall components, resulting in hyphal perforations, empty cell (halo)
formation, shrinking and lysis of fungal mycelia along with significant degeneration of conidia. The effects on
the pathogens were as follow.

Fungal Pathogen

Incubation (h)

Growth in dual culture (mm)

Growth in control (mm)

Growth inhibition (%)

M. phaseolina 48 25.0 £+ 0.03 482 £+ 0.02 48.1
72 283 £0.05 604 + 0.05 531
96 29.7 £+ 0.01 707 £ 0.03 579
120 30.9 £ 0.06 893 + 0.02 65.3
F. oxysporum 48 28.0 £ 0.03 40.0 = 0.07 30.0
72 39.1 +£0.02 655 + 0.06 403
96 41.0 £ 0.03 To7 & DAl 46.5
120 41.8 £0.07 88.1 +0.12 525

P.L. Radha (2013) collected 18 cultivars from 7 districts in Karnataka and identified the following fungus:

Macrophomina phaseolina.

K. Satyagopal et al. (2014) in an IPM manual reported Rhizoctonia bataticola (Dry root rot) symptoms were as

follows:

o The fungus attacks young seedling, their stems become water soaked soft and incapable of supporting the
seedling which falls over and dies.

0 On older seedlings elongated brownish black lesions appear which increase in length and width girdling the
stem and plant dies.

The pathogen survivesin seed and soil. High soil temperatures and moisture stress conditions favor the

development of the pathogen.

Cultural control: Avoid planting overlapping crops in adjacent area. Crop rotations, viz., sesame-maize,
cabbage, okra-sesame-maize, maize-sesame-maize and sesame- finger millet-egg plant are reported effectivein
reducing disease incidence. Crop rotation with non-host crops, particularly with paddy. Provide good drainage.
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Seed treatment: Treatment with Trichoderma sp. @ 4 g/Kg of seed, Pseudomonas fluorescens @ 2 g/Kg seed,
or Bacillus subtilis @ 2 g/Kg seed or NSKE 4%.

= S. Kumar et al. (2011) reported charcoal rot of sesame caused by Macrophomina phaseolina (Tasi) Goid isthe
most devastating disease, causing up to 50% or more disease incidence in field resulting in heavy yield losses.
The pathogen survives as scleratiain the soil and in host tissue for varying periods. Due to its soilborne nature,
practically no effective field control is available so far. [Based on abstract]

= K.N. Guptaand A.R.G. Ranganatha (2014) reported among the fungal diseases, charcoal rot of sesame caused
by Macrophomina phaseolina is the most devastating, causing up to 55% or more disease incidence in field
resulting in heavy yield losses. The pathogens survive as sclerotiain the soil and in host tissue for varying
periods. The pathogen attacks plant at al growth stages and causes pre emergence rotting in seeds, soft rot in
emerging seedlings, and charcoal rot in mature plants. Due to soilborne nature, practically no effective field
control and no resistance variety isavailable so far. Thus, management of charcoal rot by fungicidesis
expensive and not eco-friendly. Biological control of plant disease is cost effective and environmentally safe. A
field experiment was conducted on sesame during Kharif 2013 to find out the effect of Trichoderma viride on
incidence of charcoal rot disease in sesame. On the basis of number of capsule/plant, yield/plot/ha and 1000-
seed weight, it was concluded that seed treatment with Trichoderma viride (5g/kg seed) and before sowing mix
in soil (2.5 kg/ha) were found effective and economical for the management this disease. [Based on abstract]

= V.A. Savaliyaet a. (2015) evaluated the efficacy of various botanicals against Macrophomina phaseolina using
the poison food technique with the following results.

Phytoextract Concentration Sclernl.ial I:;fbff:'; Mean
1 (%) formation
over control
Allium sativum L.(Garlic) i : ;i;{lji 77,65
10 + 80.73
Allium cepal..(Onion) g : ;;:z 7715
10 + 81.47
Lo ] g 2 +H++ 43.70
Ocimum sanctum L.(Tulsi) 3 T 31.84 5221
10 +4 61.10
:‘;S:‘a’;a;dim indica A. Juss. i +::+ 12;; 47.52
10 ++ 52.96
2 Tt 32.95
Curcuma longa L. (Turmeric) 5 ++++ 41.10 42.46
10 44 53.33
2 Ft 36.29
Adhatoda vasicaNess. (Ardusi) 5 ++++ 4221 41.23
10 ++++ 45.18
Jatropha curcasL.(Jatropha) ‘; ::I: ;;Tg 35.79
10 +++ 38.51
++++ 29.99
Lantana camara L. (Lantana) 3 o 3110 34.56
10 4t 42.58
2 ++++ 21.10
Zingiber officinale Rosc. (Ginger) 5 ++++ 35.55 3234
10 ++++ 40.36
Control - -
Concentratio
Phytoextract (P) PxC
n(C)
S.Em. + 0.895 0.490 1.550
CD at 5% 2.532 1.387 4.386
CV % 6.09
# selerotial for ion: ++++ = abundant; +++ = good; ++ = moderate; + = scanty; - = no sclerotial formation

= B. Khamari et al. (2016) reported the first symptoms of Macrophomina phaseolina were seed rot, poor seedling
stand, pre- and post-emergence damping off, and reduced vigor. The pathogen gradually affected the fibro-
vascular system and base internodes resulting in loss of vigor, progressive wilting, and premature dying. The
growth of the secondary toot system was greatly reduced. The root system as a whole was poorly developed in
diseased plants. The characteristic symptom appeared after flowering as browning to grayish discol oration of
the plant and hallowing of the stem resulting in reduction in stem girth and heigh of the plant. Finally, the
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whole plant withered giving blackish appearance due to death of the plant and presence of numerous
microsclerotial bodies. The following is a comparison between healthy (H) and diseased (D) plants.

Plantg Rool length Stem Mo of rools Root length(om)  Plant height (em) Girth o ransiion
{cm) diameter(cm) Zone{cm)

H D H D H D H D H D H D

1 12 10.9 1.12 0.86 48 an 4.5 3.2 125 115 6.5 4.9

2 15 8.5 0.7 1.06 52 24 6 2 138 B6 51 52

3 17 16.5 1.2 1.03 59 22 5.6 29 135 127 53 4.0

A 14 125 1.3 083 42 20 4.5 2.2 130 58.5 51 55

5 13 15.0 1.8 0.9 a9 18 53 2.7 124 105 4.5 4.4
Mizan 14.2 12.88 1.22 0.86 48 23 4.93 26 130.4 106.3 53 4.8

» V.A. Saval iyaet a. (2016) evaluated biocontrols against Macrophomina phaseolina in vitro with the following

results.
Biocontrol agents Sclerotial formation Per cent inhibition over control
Bacillus subtilis + 87.03
T. viride ++ 71.48
T. hamatum ++ + 70.00
T. koningii ++ + 68.14
Trichoderma harzianum ++ 67.40
Psevdomaonas fluorescens + + 64.07
Control -
S. Em. + 1.602
CD at 5% 4.862
CV % 4.54
Biocontrol agents Per cent disease incidence Yield (kg / ha)
Bacillus subtilis 18.93(10.53) 680
Trichoderma konigii 25.43(18.44) 585
T. hamatum 26.90(20.48) 609
T. viride 28.42{22.65) 579
T. harzianum 30.02(25.02) 510
Pseudomonas fluorescens 30.93(26.42) 537
Control 32.96(29.61) 507
5. Em. + 1.30 28.36
C.D. at 5% 3.89 87.38
CV.% 10,46 8.59

= B. Khamari et al. (20174) reported stem and root rot and wilt diseases of sesame incited by Macrophomina
phaseolina and Fusarium oxysporum f. sp. sesami respectively are serious biotic constraints for sesame
production. Investigations were formulated on dual culture technique, cut stem inoculation experiment, and soil
inoculation experiment in order to assess the interaction and combined effect of the 2 pathogens. Macrophomina
did not showed any antagonistic effect towards Fusarium and vice versain dual culture experiment. Inoculation
of healthy sesame stem with Macrophomina, Fusarium and in combination of Macrophomina +Fusarium
revealed the color of the stem changed from white to gray to black at different days of inoculations whereas the
stem color was green throughout the experimental period in control. The vascular bundle converted to dark and
hollow stem in case of Macrophomina and Macrophomina + Fusarium when split 30 days after inoculation. Soil
inoculation study revealed inoculation of Macrophomina + Fusarium recorded as low as 26.00% seed
germination due to pre emergence damping off followed by in Macrophomina alone (seed germination 34%).
The control pot recorded as high as 82% germination. Macrophominais fast growing fungus as compared to
fusarium, but the combination of Macrophomina and Fusarium didn’t yield any antagonistic effect and found
both in association leading to disease severity as compared to alone. The progress of the disease on the outside
of the stem were as follow.
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Treatments 2 DAI 4 DAI 6DAI 10 DAI
Colour | Coverage | Colour | Coverage | Colour | Coverage | Colour | Coverage
Macrophomina | White | Medium | Grey Medium | Dark Medium | Black Medium
half | grey + stem t stemn
stem
Fusarium White | Medium | White | Medium | Cream | Medium | Cream | Medium
y white | + 1/4" | y white | + stem
stem
Macrophomina | White | Medium | White+ | Medium | Grey Medium | Grey Medium
+ Fusarium grey + 1/4" +14 stem + stem
stem
Control Green | - Green | - Green Green | -

Comparisons of the outer and inner stem were as follow.

Treatments 30 days after Inoculation
Characteristics before splitting Characteristics after splitting
Colour of | Colour Stem character Colour of | Stem Microsclerotia
medium | of stem stem character

Macrophomina | Black Black Dark bark, fleshy, | Black Hollow VB | Present

black growth on it

Fusarium Creamy Creamy | Rotten, fleshy bark, | White Rotten VB | Absent
white white whitish growth on it

Macrophomina | Grey Grey Grey colour, fleshy Grey Hollow VB | Present

+ Fusarium

Control Normal Green Green and normal Light Normal VB | Absent

yellow
The effects of soil inoculation were as follow.
S.no Treatments Germination %o Pre emergence
damping off

1 Macrophomina 34 (35.429) 66(54.534)

2 Fusarium 52 (46.311) 48(43.653)

3 Macrophomina + Fusarium 26 (27.586) T4 62.385)

B Control 82 (65.332) 18(24.632)

SE(m) 5.020 5.022

CD 15.179 15.186
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= B. Khamari et a. (2017b) evaluated the inhibitory effect of 30 commonly available plant products on growth of
Macrophomina phaseolina in vitro. Maximum inhibition was recorded in garlic followed by onion at all the
concentrations in methanol as well as in aqueous extract. Garlic registered maximum mean per cent inhibition
of 77.93%, 87.20, 92% and 100% followed by onion giving 70.22%, 85.80%, 92.67% and 98.73% at 5%, 10%,
15% and 20% concentrations respectively in aqueous extract. Methanolic extract of garlic witnessed mean per
cent inhibition of 85.32%, 92.67%, 96.33% and 100% followed by onion with mean per cent inhibition of
72.25%, 89.47%, 92.67% and 100% at concentration of 5, 10, 15 and 20%. Besides garlic and onion, neem,
bitter gourd, karanj and carrot grass had good reduction in mycelial growth at all concentrations. Lantana
recorded |east effective among all the plant extracts.

= K. Choudhary et al. (2018) evaluated chemicals (Tebuconazole, Carbendazim, and Mancozeb) and biocontrols
(Trichoderma harzianum and Pseudomonas fluorescens) to reduce the incidence of Macrophomina phaseolina
with the following results in terms of disease incidence and yield.
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Treatments Disease incidence (%)|Disease control (%)|Yield (kg ha™')
T -Tebuconazole 2DS ST (@ 1.5 g kg ! 16.16 (23.70)* 73.06 435.00
T2 - Carbendazim 12% + Mancozeb 63% WP ST (@ 2 g kg ! 18.16 (25.22) 69.73 420.10
Ts- T harzianum ST @ 10 g kg *! 31.00 (33.83) 48.10 378.00
Ts- P fluorescens ST @ 10 g kg ™! 33.50(35.36) 44.16 370.00
Ts- Tebuconazole 25.9 EC SA @ 1.5 ml Lt 19.51 (26.21) 67.48 410.00
Ts- Carbendazim 12% + Mancozeb 63% WP SA @ 2 g Lt! 22.50 (28.32) 62.50 405.00
T7-T. harzianum SA @ 10 kg ha”' 35.80 (36.64) 40.33 350.00
Ts- P. fluroescens SA (@ 10 kg ha'! 40.00 (39.23) 3333 330.10
Ty - Tebuconazole 2DS ST(@ 1.5 g kg ' + Tebuconazole 25.9 EC SD (@ 1.5 ml Lt! 9.52 (17.97) 84.13 480.60
Tio - Carbendazim 12% ST @ 2 g kg "'+ Mancozeb 63% WP + SD @ 2 g Lt 13.50 (21.56) 77.50 450.00
T -T. harzianum ST (@ 10 g kg ' + SA @ 10 kg ha'! 23.50 (29.00) 60.83 392.00
Tiz - P. fluroescens ST (@) 10 g kg ' + SA (@ 10 kg ha'! 26.55 (31.01) 55.75 385.30
T3 - Control (without treatment) 60.00(50.77) - 250.00
SEm = 1.58 2293
CD P=0.05 4.63 66.94
CWV(%) 10.23 10.21
*Figures in parentheses are angular transformed values

ST= Seed treatment, SA= Soil application, SD=Soil drenching
= K.N. Guptaet a. (2018) reported stem and root rot are caused by Macrophomina phaseolina. The symptoms
were produced at ground level stem becomes black, which extends upward rupturing the stem and black dots
appear on the infected stem. The roots will become brittle. In disease infected plants, black capsules are seen
which open prematurely exposing shriveled seed. The diversity of host species and the geographic range have
suggested that M. phaseolina is quite heterogeneous. Its variability has been confirmed by reports
demonstrating differences in pathogen city of isolates obtained from both a single plant and a single host
species (B.K. Babu et al. 2010 {India}). Despite having awide host range, only one speciesis recognized
within Macrophomina. The disease also causes severe losses right from seedling to maturity of the crop.
Intercropping of sesame + mothbean (1:1 or 2:1) is helpful for controlling stem and root rot. For
recommendations on cultural, chemical, and biocontrol practicesto aleviate or control the disease refer to the
introduction.
= C.S. Karibasappaet al. (2018) surveyed the disease incidence of root rot of sesame caused by Macrophomina
phaseolina in the major sesame growing areas of Telanganain 2017 in 21 locations. The percentage infections
ranged from 0-18%.
B, g -

Plate 2: Black coloured sclerotial bodies on pod (left) and on stem
portion of the diseased plants

= B. Khamari and C. Patra (2018a) screened 15 chemicalsin vitro at four concentrations such as 100 ppm, 250
ppm, 500 ppm and 1000 ppm employing poison food technique against Macrophomina phaseolina with the
following results.
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Treatments

Trade name

Systemic / contact

Mean per cent of mycelia inhibition

1) ppm | 250 ppm [S00 ppm | TO0D ppm

Carbendazim 50% WP Dhanustin 30% WP Systemic (g:‘ﬁ} t:;—i‘ :;;;ltﬁ:; {I;D&?)
Carbendazim 63%w/w + Mancozeb 12% wiw Saaf Systemic & contact (;rg:g} t:gg] t];::llg:; (I:]DC?[?)
Validamycin 3L Sheathrmar 3L Systemic (Eég} tg';'fl’] c:g:;ia {?;:Ei)
Azoxystrobin 23 5C One star Systernic {izﬁ} :12;1} tgi;}:) {'_f‘?;)
Hexaconazole 5% EC Contaf SE Systemic {:;- ?;} t;i;z] tlgntﬁi::;; {Il;:qu]][?]:;
Difenconazole 25 EC Score Systemic {i;gi} t;;z;:] t:;i; {:g:ﬁ)
Propiconazole 25% EC Tilt Systemic {‘;’:ﬁg} t:g:;g] tlguulfi%; {',3]”;;
Thiophenate methyl 70% WP Roko Systemic l:gﬁ} f::gilﬂ :;::i:::; {ED;L;
Propineb 70% WP Antracol Contact (:;gg} tz?g;‘l t:z;; {I‘;?]D‘:;I;
Chorai el A A
Carboxin 37.5%WP-+ Thiram 37.5% Vitavax power | Systemic & contact é’; :;3]} ‘gfﬁ, tl';ﬁg:; {'q‘i']”g;
Tebuconazole + Trifloxystrobin Nativo 75 WG Systemic {i‘;::i} t::;é] t:?:gl {Iqih'ﬂj[?]f;
Cyamoxanil 8% + Mancozeb 64% Curzate ME Systemic & contact {:ﬁgi} tg;;’;} ;ié;! {:g:ﬁ)
Fenamidon + Mancozeb Sectin 60WG Systemic & contact {:é?r:r} t;i:& :23;23 {ﬁ;}g)
Tebuconazole 25% WiW Folicure Systernic {?;;;} t;gg% t:?:ﬁ?‘ {I‘;Duﬂ;;

Cantrol = = 0.00 0.00 0.00 0.00

(0.00) | (0.00) | (0.00y | (0.00)

SE(m)= 0.221 0.364 2138 1.041

CD{0.01) 0640 1.054 6.187 3.013
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= B. Khamari et a. (2018b) studied the influence of physiological parameters like temperature, pH and light
Eeriod on growth and ~- orulation in vitro of Macrophomina phaseolina. The effects of pH were as follow.
|

Dry myeclia weight({mg
196.00
19700
204.00
226.50
230.00
238.00
275.25
285.30
278.00
260.00
257.00
246.00
240.25
217.00
210.00
14.957
15.195

ic)

5 0.00
0.00
0.70
4.57
490
8.57
9.00
7.80
723
583
0.567
0.191

30

The effects of daylight were as follow.
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~ Radial diameter

. 3 day of 5" day of

inoculation inoculation
[ 24 hours light 3.98 7.34
- 24 hours dark 3.89 5.54
12 hours light and 12 hours dark 4.55 7.69
4777 16 hours light and 8 hours dark 4.20 748
[E77 8 hours light and 16 hours dark 3.73 7.67
N.S. 0.645
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= B. Khamari and C. Patra (2018d) evaluated different plant oils, several locally available oil cakes, and manures
at different concentrationsin vitro using poison food technique against Macrophomina phaseolina. The results
with oil were asfollow.

: Mean myeelia inhibition
fino| (restments 2% conc 3% cone 5% conc
1 Karanj oil | T0.50(57.08) | 76.47 (61.50) | 85.87 (67.95)
2 Neem o1l 72.57(58.39) | 81.86 {64.87) | 8%.60 (70.28)
3 |Eucalvptus oil [ 3431 (34.9) | 56.05 (48.45) | T840 (62.34)
4 Clove oil [ 100.00 (90.00) | 100000 {(90.007 {10000 {90.00)
5 Sesame 0il | 25.98 (30.38) | 51.73 (45.97) | 73.25 (58.84)
] Olive o1l 1007 (18.33) | 40.77 (39.66) | 5746 (49.27)
7 Mustard oil | 71.82 (37.91) | 77.94 (62.51) | 8747 (69.23)
8 Control 0.00 (0.00) (.00 {0.00) 0.00 (0.00)
SE{m) + 3.189 2.604 0.733
CD{0.01) 9.642 7.873 2217

*Data in parenthesis represents transformed values

The results with cake and manures were as follow.

5. no

Treatments

Mean mycelia inhibition®

3% cone

4% cone

5% cone

Mustard cake

58.20(45.70)

GB.80(56.07)

93.73(75.50)**

MNeem cake

60.00(50.74)

76.57(61.02)

93.73(75.50)

Karan) cake

46.43(42.53)

63.63(39.90)

¥223(65.04)

B R L

Mahua cake

51.53 (45.86)

68.40(55.83

§7.13(68.95)

Sesame cake

46.43(42.53)

65.70(54.12)

§3.71(66.16)

Pouliry manure

43.45(41.24)

52.83(46.60)

72.78(58.53)

Gioal manure

S0.00(44.98)

60.00(50.74)

76.57(61.02)

b=l Rl =l AW

Conirol

OLOOC0.00

0.00(0.00)

0.00(0.00)

SE(m):
CD{(0.01)

0.211
0.647

0.273
0524

05334
1.615

“Mean of 3 replications ** Data in the paraenthesis represents the

transformed value

= B. Khamari et al. (2018€) collected 15 sesame seed samples from different localities of Odisha reported the

infestation of Macrophomina phaseolina ranged from 0 to 1.5%.

= A.K. Satpathi and N.M. Gohel (2018) studied the influence of various meteorological factorsviz. bright
sunshine hours, wind speed, temperature, relative humidity and rainfall on the development of Macrophomina
phaseolina. Sesame variety Gujarat Til 2 was sown on five different dates at seven daysintervals from 07 July
during Kharif 2016. The stem and root rot were more progressive during 37th and 39th standard meteorological
week when the bright sunshine (8.7 and 9.1 hrs) and maximum temperature (34.5 and 33.3°C) increased,
minimum temperature (24.9 and 24.2°C) and relative humidity decreased (90.7 and 93.6%), respectively and
there was no rainfall as shown below.
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. — — - - " Atmospheric Relative

Sr. No Ub?:rtfa':ifm gyw | rrenseincidence () ﬁ:’:} [k: f?.r} R(’:::'"‘:‘;" Temperature ('C) | humidity (%)
) ) Dy D D3 Dy | Ds Max. | Min. | Mean | Rhy Rh:

1 7% Jul. 2016 274 0 - - - - | 3.20 7.40 13.20 | 3440 | 26.00 | 30.20 | 89.00 | 69.70
2 14" Jul. 2016 28t 0 0 - - - | 240 6.10 3040 ]3340 26.20 ) 29.80 | 91.10 71.40
3 21 Jul. 2016 29t 0 0 0 - - | 230 | 6.10 17.80 | 32.20 | 25.60 | 28.90 | BE.10 | 74.30
4 28% Jul. 2016 30 0 0 0 0 - 230 | 4.80 1920 | 33.50 | 25.60 | 29.55 | 91.40 72.10
S5 04" Aug. 2016 31 0 0 0 0 0 1.80 5.70 73.20 | 31.50 | 25.20 | 2835 | 97.40 | 79.40
] 11" Aug. 2016 32t 0 0 0 0 0 1.0 6.00 96.80 | 30.00 | 24.50 | 27.25 | 95.60 | 85.00
T 18" Aug. 2016 33t 0 0 0 0 0 | 5.60 6.40 2.80 3250 24.70 | 28.60 | 92.10 | 66.10
8 25" Aug. 2016 349 | 0.41 0 0 0 0 1.10 5.50 4960 | 2950|2490 | 27.20 | 94.70 | 90.10
9 01 Sept. 2016 35" | 458 | 1.66 | 0.83 0 0 | 270 [ 430 19.60 | 31.70 | 2540 | 28.55 | 9740 | 77.70
10 D8™ Sept. 2016 36% |1041) 6.25 | 458 | 041 | 0 | 8.80 5.80 8.20 3240 23.70 | 28.05 | 94.60 | 60.40
11 15" Sept. 2016 37% [22.50[15.41(12.08] 2.50 |2.08] 8.70 [ 4.40 0.00 34.50 ] 2490 | 29.70 | 90.70 | 54.10
2 220 Sept. 2016 38" |26.66| 1833|1541 ] 5.00 |4.16] 410 | 4.00 159.60 | 32.30 | 23.70 | 28.00 | 93.60 76.90
13 29% Sept. 2016 39% | 38.75)28.75 | 24.58 | 10.83 [9.58 | 9.10 [ 5.70 0.00 3330 | 24.20 | 28.75 | 93.60 | 64.90

Yield (kg/ha) 651 702 | 553 | 482 | 433

*Mean of four replications, Rhi-Relative humidity (Morning), Rha- Relative humidity (Evening)
SMW = Standard Meteorological Week, BSS = Bright sunshine hour, WS = Wind Speed

= B. Khamari and S.K. Hasmi (2019a) reported stem and root rot is a destructive disease of sesame which cause
huge economic yield loss and brought on by Macrophomina phaseolina (a soilborne as well as seedborne
pathogen with heterogenous host specificity). It affects all the stages and al the parts of the plant. At initial
stage, pre emergence and post emergence damping off symptoms are very common. Appearance of water
soaked lesion on the stem is the first symptom in the standing crop which spread in both the direction and
attacks both the foliar parts aswell as roots. The plant become black in color, dry up and finally wilts. The
capsules are poorly developed containing poor quality seeds with no market value. Hence, the production of the
crop decreases drastically. High temperature, lessrainfall, poor or less fertile and light texture soil is favorable
for the disease. Several bio control agents like Trichoderma, Pseudomonas, Bacillus are commonly used bio
control agents as seed treatment as well as soil application. Asthis a soilborne disease application of organic
products like oil cakes, farm yard manure, mycorrhiza as well as vermicompost in soil is also an effective way
of management.

= B. Khamari et al. (2019b) evaluated the impact of Macrophomina phaseolina inoculum load as well as duration
of exposure to the pathogen on disease incidence. The effects of g/kg of the pathogen were as follow.

Treatments | Germination M5 reddiniiom evei eamtinil Seed rot | Seedling mortality Survival B roinritan pies routrl
r o ‘o
(2kg) (%) (%¥a) (%) (%)
R 27.5 5.6 725 20.0 7.3 S0E3
= (31.38) 52 (58.58) 25.65) (13.82)* s
2 25.0 - 75.0 20.0 50 _—
: (29.72) i (60.24) {26.55) (6.64) i
17.5 _ R2S 15.0 73 _
S (21.20) il (68.76) (16.59) (4.61) i
12.5 = 873 12.5 0.0
i (17.88) 437 (72.08) (17.88) (0.00) i
— 80 20 o 80
e (63.78) ) (26.18) {0.00) (63.78) i
SE(m) 5.094 5.098 5.570 4374
CD{0.05) 15.493 15.508 16.944 13.304

*Data in the parenthesis indicates the transformed values

The effects of time of seen soaking were as follow.

Sloo| Time of seed soaking (hr) Germination (%) | Diseased seed (%) Seedling length (cm) | Vigour index

1 Control 81.0 2.0 6.2 5042

2 4 11.0 B6.0 5.9 64.0

3 ] 1000 £5.0 5.6 53.9

4 12 8.0 KE.0 5.0 41.5

5 16 8.0 905 4.8 389

f 20 6.0 94.0 4.0 23.6

7 24 5.0 95.0 3% 18.6
SE(mM 1.874 2.246 0.344 21.11%
CD0.01) 5.547 6650 1.017 62.526

= T.K. Babu et a. (2020) evaluated the use of Trichoderma viride and Pseudomonas fluorescensin combination
with neem to control Macrophomina phaseolina with the following results.
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Fi-Seed treatment T, viride @ 4 g'kg + soil
ipphication of T 5 ke'ha ennched in 100 kg
if I ‘n M :

2.5 kg'ha ennched in

1 gikp + soil
2.5 kp'ha enriched in 100 kg
250 kg/ha at sowing.
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£ 2.5 kg'ha enriched in

ha at

eem cake 250 kg
+ P 0o ke + Soi
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and 201 5)

" Phyllody %)

21.3
(26.8)

||~1|. med values

Yicld (kg'ha) Root Kot (%)

- 1.9
231

(15.6)

12.9

20 ¥
204 9Oy
6.8

26 :
4.1)

- 16.1
al (73 4}
. 13
304 5.8)
&)

= 3.5
153 71 7y
I'_l

127 it
3.7

71 3.1
1.6 23.5
490 30

Pooled (Summer, 2015 and 2018)

Yield (Kg'ha)

h54

0.1
193

| :.l

* M.G. Palakshappaet al. (2020b) eval uated the date of planting (3™ week of June, 2™ week of July, and 4" week
of July) on diseases from 2014 to 2017 at Dharwad, Karnataka (15.46N 75.01E). The main constraint for the

low productivity of this crop is due to severe outbreak of various fungal stem and root rot of sesame

(Macrophomina phaseolina), Alternarialeaf spot (Alternaria sesami), Powdery mildew (Leveillula taurica),
Cercospora leaf spot (Cercospora sesamicola), Bacterial leaf spot (Pseudomonas syringae pv. sesami), viral and
phytoplasma diseases. The control (Protected — P) used fungicides viz., Carbendazim @ 0.1% and combi
product (Tebuconazole 50% + Trifloxistrobin 25% WG) @ 0.05% were sprayed at 15 days intervals and the
Unprotected — UP did not use fungicides. The disease indices were as follow.

100
20
80
70
60
50

(-1

@ Third week of June
w Second week of July
 Fourth week of July
= Mean

Per cent disease index/Incidence

40 -
3
2 ’ v
= il e
]
P u.p P u.P P u.P P u.P

Cercospora Bacterial leaf Powdery Macrophomina
leaf spot spot mildew stem and root
rot

Interval of planting dates

The effects on yield were as follow.

Klelel gy Mean yield q/ha
Kharif- 2014 | Kharif- 2015 | Kharif -2016 | Kharif- 2017 &
Planting intervals P up P Up r up P urP r up
Third week of June | 11.80 | 430 | 970 | 575 | 545 | 4.62 | 540 | 3.04 8.08 442
Second week of July | 7.00 | 2.60 | 7.10 | 4.00 | 6.89 | 3.64 | 2.69 | 186 5.92 3.02
Fourth week of July | 4.10 | 130 | 440 | 335 | 1.12 | 047 | 1.92 [ 0.62 2.88 1.44
Mean 7.63 [ 273 | 706 | 5.03 | 448 | 3.57 | 333 | 1.84 5.62 3.29
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Proterted

Protected '|'N_'l eted

Unprotected

Unprotected, Unprotected

Third week of June sowing Second week of July sowing Fourlh week of July sowing
= P. Renganathan et al. (2020a) examined the in vitro effect of extracts of locally available different organic ail
cake extracts (neem, groundnut, gingelly, mahua, and coconut) at different concentrations (10, 20, 30, 40, and
50%) on the mycelial growth and mycelia dry weight of Macrophomina phaseolina (Tass) Goid. The results
for the mycelial growth were asfollow.

S.No | Source Mycelial growth (mm) of M. phaseolina Per cent inhibition
| Concentration (%) Concentration (%a)
|10 20 30 40 S0 10 20 30 40 50
1 | Mahua cake | 6024 32.12 24.15 19.35 1570 | 33.06 6431 | 7306 | TRSD | B2SS
2 | Sesame cake 86.00 79.64 64.19 6032 4659 | MM 7964 | 2867 | 3297 | 4823
3 | Groundnut cake | 85.74 7552 63.17 5493 267 | W73 7552 | 2981 | 389 | 5258
4 | Neemcake | 7231 5200 4732 307 2756 19.43 5200 | 4742 | 5647 | 6937
5 | Coconut cake | 8723 8252 T428 6345 498 | 0307 8252 | 2270 | 2950 | 4440
6 | Control | o000 90.00 90.00 90,00 90,00 -
S Ed 0.68 1.12 012 0.51 0.43
CD(p=0.05) 1.45 154 025 110 0.98
The results of the mycelial weight were as follow.
S.No | Source Mycelial dry weight (mg) of M. phaseolina Per cent inhibition over control
Concentration (%)
10 20 30 40 S0 10 20 30 40 50
1 Mahua cake 100,00 | 9365 T928 6127 5036 | 6177 69.82 | 7445 | BO2S | 8377
2 | Sesame cake 20617 | 19852 19106 | 18367 16990 | 33.57 3603 | 3844 | 4082 | 4525
3 | Groundnut cake | 19275 | 17436 16021 | 16835 12059 | 37.89 4382 | 4169 | 4576 | 6114
4 | Neemcake 16985 | 15452 13627 | 12397 9780 | 4527 5021 | 4831 | 6005 | 6848
5 | Coconut cake | 28006 | 21046 | 204.82 | 20064 18495 | 973 3218 | 3400 | 3535 | 7262
6 | Control 31036 - - - -
S.Ed 0.51 1.01 0.74 0.97 (.85
CD(p=0.05) 1.21 2m 176 199 1.78 -

Theresults of present study suggest that among the organic amendments mahua oil cake effectively managed
the M. phaseolina induced charcoal root rot disease.

= P. Renganathan et al. (2020b) reported Macrophomina phaseolina attacks at different stages of plant growth
and causes complex disease syndromes like root rot, seedling blight, charcoal rot, ashy stem blight, wilt, collar
rot, dry rot, capsule rot, and seed rot. The fungusis not only soilborne, but also seedborne and infects plants
from seedling to maturity. The inhibition of seed germination is brought about by Phaseolinone, a metabolite
isolated from the culture filtrate. The diseases plants showed yellow to brown concentric spots on leaves, stem,
and capsules. Infection was also noticed in capsule inner wall, septum, and placenta of the seed. The stem near
the soil level showed discoloration and shedding of the bark. Premature opening of capsules and discolorations
of the seeds were other symptoms. The production of hydrolytic enzymes have been reported to play acrucial
rolein the development of the disease. Phaseoline appears to be the most important of the toxins that include
aspirin, phomalactone, phaseolinic acid, and phenomenon. The pathogen is both externally and internally
seedborne. The hyphae were inter and intracellular in the tissues of the seed coat, endosperm and embryo. It
has been reported that the dry rainfed conditions favored higher root rot. The disease incidence was greater in
sandy loam as compared to clay loam.

Many Trichoderma species are regarded as growth promoters by increasing fresh weight, height, and flowering
while inhitbiting pathogen growth. T. viride and T. harzianum inhibited the growth and caused sclerotial lysis of
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M. phaseolina in vitro. Pseudomonas fluorescens was also effective using various modes of action especially
rhizosphere colonization, antibiotic production, and induction of systemic resistance.
= K. Vinothini et a. (2020a) collected samples of Macrophomina phaseolinain 15 locationsin Tamil Nadu. The
amount of incidencein the fields ranged from 17.2 to 32.6%. In general, the crop grown under rainfed
conditions showed more root rot incidence when compared with the crops grown under irrigated conditions. In
respect of soil type, sandy soil had more root rot incidence than clay and clay loam soil.

S. No. | Isolates Village Soil type District Situation | Variety | Root rotincidence (%)
1 MP, Andiyur Red sandy loam | Krishnagiri Irrigated | TMV 4 18.70(25.62)
2 MP, Maganoorpatti Sandy loam Krishnagiri Rainfed T™MV 3 32.57(34.79)
3 MP, Mathur Sandy loam Krishnagiri Irrigated Local 29.90(33.14)
4 MP, Pochampalli Clay loam Krishnagiri Rainfed Local 24.40(29.60)
5 MP, Harur Clay Krishnagiri Irrigated Local 17.20(24.50)
6 MP, Eggoor Sandy loam Krishnagiri Rainfed ™V 3 36.25(3701)
7 MP Singarapettai Clay loam Krishnagiri Irrigated Local 28.82(3246)
8 MP, Karapattu Sandy loam Krishnagiri Rainfed ™V 4 20.50(26.92)
9 MP, | Vadakkumangudi Clay Cuddalore Rainfed Local 2725(31.46)
10 MP, Sivapuri Clay loam Cuddalore Rainfed | TMV4 17.90(25.02)
11 MP,, Annuvampattu Clay loam Cuddalore Rainfed Local 23.65(29.09)
12 MP,, | Theithampalayam Sandy loam Cuddalore Rainfed Local 25.80(30.52)
13 MP,, Pudhuchathiram Sandy loam Cuddalore Rainfed T™V3 314503411
14 MP Koththa Clay loam Cuddalore Irrigated Local 19.30(26.06)
15 MP,, Periyapattu Sandy loam Cuddalore Rainfed ™V 4 22 98(28 64)
Theisolates collected from different locations showed varied levels of pathogenicity in pot experiments as
follow.
SIL | Isolates Root rot incidence (%) Mean
No 45 DAS 60 DAS 75 DAS At harvest
1 MP, | 1498(22.77) | 2547 (30.30)| 35.79(36.74) | 5245(4640) | 32.17
2 MP, | 29.79(33.07) | 46.96 (43.25)| 57.69(4942) | 7593 (60.61) | 52.59
3 MP, | 2560(3039) | 36.25(37.01) |49.52 (44.72)| 67.75(5539) | 44.65
4| MP, | 21.042730) | 30.64(33.60) 4546 (4239)[ 6293 (5249) | 40.04
5 MP, | 1435(2226) | 25.29(30.19) | 34.92(36.22) |48.30 (44.02) | 30.71
6 MP; 3245(34.72) | 4996()44.97 | 65.69(54.14) | 7993 (6338) | 57.07
7 MP, | 27.79(31.81)| 4328(41.13) | 55.69(4826) | 6724(55.08) | 50.17
8 MP, | 17.72(24.89)| 29.07(32.62) | 40.09(39.28) | 60.04(50.79) | 36.73
9 MP, | 2300(2865) | 34.53(35.98) | 49.35(44.62) | 64.82(53.62) 43.65
10 | MP | 1517(2292) 26.52(30.99) | 39.25(38.79) |49.82 (44.89)| 33.50
11 | MP | 20.15(2667)| 32.78(3492) |45.87(42.63) | 61.83(50.79) | 4043
12 | MP, | 2260(2838) | 35.06(3630) (47.60(43.62) [63.05 (52.56) | 42.52
13 MP . | 2621 (30.79) | 3728(37.63) | 50.82(45.46) | 73.93(59.29) | 45.66
14 | MP, | 1636(2385) | 2727(3148) | 39.72(39.06) | 53.07(46.76) | 33.95
15 | MP, | 1852(2548)| 31.20(33.95) |42.02(4040) |61.05(51.38) | 3820

All the fifteen isolates of the root rot pathogen showed variations with regard to mycelia growth, number of
sclerotia, and sclerotial size.
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S. |Isolates Mycelial character Mycelial | No.of. |Sclerotial
No. growth(mm) Sclerotia | size (u)
1 MP, | Blackish grey, profuse aerial growth 7646 16826 91.90
2 | MP, Deep black, fluffy growth 90.00 184.34 10227
3 | MP, Greyish white, fluffy growth 86.57 18025 10032
4 | MP, | Blackish grey, profuse aerial growth 8145 17736 9752
5 | MP, Greyish white, flat growth 7395 16520 90.50
6 MP; Blackish grey, flat acrial growth 90.00 186.50 10575
7 | MP, Greyish white, fluffy growth 8583 17931 99.65
8 | MP Blackish grey, slightly fluffy growth 7843 169.72 9341
9 | MP Black protuse, aerial growth 8470 178.62 98.90
10 | MP, Greyish white, flat growth 7486 167.75 91.34
11| MP Blackish scanty, aerial growth 8130 176.09 9523
121 MP, Deep black, flat growth 8225 17820 98.10
13 | MP,, | Blackish grey, profuse aerial growth 8782 183.72 10120
14| MP, Medium black, flat growth 7185 16853 9250
15| MP, Blackish grey, flat growth 8047 176.10 9465
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= K. Vinothini et a. (2020b) evaluated 5 native Trichoderma viride (Tv) and Pseudomonas fluorescens (Pf)
antagonists isolated from healthy sesame rhizosphere soil in different regions for their ability to reduce the
growth of Macrophomina phaseolina aswell as sclerotial germination. The results with the dua culture
technique were as follow.

L viride(Tv ) P. fluorescens (Pf,)
S. No. Mycelial growth | Percent inhib- Myecelial growth Per cent Inhibition
Isolates of M. phaseo- ition over Isolates of M. Phaseo- inhibition zone
lina (mm) control lina (mm) over control (mm)
1 Ty, 2053 77.18 P‘fI 2733 69.63 733
2 Tv, 3056 G393 Pf, 2819 GR.O7 G675
3 Tv, 18.69 7923 F'fJ 2438 7291 9326
4 Tv, 3542 6lled Pf, 2640 T0.66 842
5 Tv, 23.56 73.82 Pf, 2230 7522 10.04
6| Control 90.00 — Control 90.00 - -
S.Ed 0.51 S.Ed 0.13
CD (p=0.05) 121 — CD(p=0.05) 0.28 — -
The results with the poison food technique were as follow.
5. No. T viride (Tv,) F. fluorescens (Pf)
Concentration | Mycelial Percent Mycelial Percent Mycelial | Percent Mycelial Percent
of cultural growth inhibition | dryweight | inhibition growth inhibition |dry weight | inhibition
filtrates (mm) over control (mg) over control (mm) | overcontrol (mg) over control
1 10 2433 7296 200.86 36.10 2957 65.84 176.96 43.50
2 .1} 1946 T8.57 12095 €l.52 1739 7323 134492 50.54
3 El] 1013 88.71 1993 &.12 12.64 8.37 5765 2160
4 4 NG 10000 168 99.46 NG 100.00 132 99.57
5 50 NG 10000 125 99.60 NG 100.00 1.05 99.67
6 | Control 90.00 - 31434 - 90.00 — 31325 —
S.Ed 0.54 0908 049 052
CD (p=0.0%) 1.96 s 213 — L1l — 145 —
NG-Nil Growth
The effects on number, size and sclerotial germination were as follow.
S. | Isolates No.of. | Percent |Sclerotial | Percent |Sclerotial ger- | Per cent |No.of.Germ tube | Percent
No. Sclerotia | inhibition | size (m) |reduction| mination(%) |inhibition | per Sclerotium’ | reduction
1 Tv, 94.90 4413 75.11 3750 49.46(44.69 ) 45.73 705 £9.17
2 v, 105.73 35 8852 2651 64.85(53.64) 3022 93y 32
3 Tv, 74.21 5031 7024 41.55 42.62(40.75) .14 492 0452
4 Ty, 13492 2056 102.13 1501 68.78(56.03) 2599 10.03 2768
5 T, 10202 3903 8579 2292 560948 49) 0 nd 6HRS S 6l
6 | Control 169.86 - 120.18 - 92.94(74.59) - 13.87 -
S.Ed 042 0.62 045 012
CD(p=0.05)| 1091 —- 1.65 — 0.99 - - 028 -
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S. | Isolates | No.of. Percent |Sclerotial| Percent Sclerotial Percent | No.of. Germtube | Percent
No. Sclerotia | inhibition | size(m) |reduction | germination(%)|inhibition | per sclerotium™ | reduction
(T P [ ®® | &5 | 746 | BT | SIB@sy) | BR[| om 3762

2 sz 8425 47.09 79.74 2685 54 36(47.78) 39.61 124 20.32

3 P 7291 5233 7006 3570 45.02(42.14) 5044 7.01 56.83

4 Pf . 8125 4897 7895 2754 51.96(46.12) 42.80 994 38.79

5 Pf, 64.78 5965 6391 4135 39.63 (39.01) 5637 5.09 68.65

6 | Control | 15925 - 108.97 - 90.85(72.39) - 1624 -
~ SEd i 012 011 ' 013

CD (p=005)| 015045 — 026 — 023 — 28 —

= T. Ezhilaras et al. (2021) reported Macrophomina phaseolina (Tassi) Goidanich causes root rot disease in
sesame. S.C. Vyas (1981) reported it is very serious and destructive pathogen in all sesame growing areas and
causes 5-100% yield loss. Thus, the new variety VIR 3 (VS 07 023) was screened and compared to the current
varieties and proved to be moderately resistant as shown below with a mean of 15% infection.

8. No Entries Rabi 201314 Summer 2013- Rabi 2014- Summer Maan
14 15 2015-15

1 VS 0T 023 14 15 16 15 15

2 SVPR 1 18 20 22 20 20

3 TMV (SV) 7 24 22 20 22 22

= P. Mahalakshmi and P.A. Devi (2021) Studied the effects of biological controls (Trichoderma viride and
Pseudomonas fluorescens) and a fungicide (Carbendazim) on Macrophomina phaseolina in 2016 and 2017 at
Vridhachalam ,Tamil Nadu (11.56N 79.33E). Theresultsfor 2016 were asfollow (ST = seed treatment, SA =

soil application).
Module Treitments Disease Yield C:B
No incidence (%) (Kg /ha) | ratio
2
Mi ST with T viride + SA of T viride 2.5 Kg /ha enriched in 100 Kg FYM (Egig} 578 1.29
Ma ST with P. fluorescens +SA of P. fluorescens 2.5 Kg /ha enriched in 100 Kg 25.15 561 1.48
S FYM (30.10) ;
M ST with T. viride + SA of T. viride 2.5 Kg /ha enriched in 100 Kg FYM +Neem 18.56 621 2.00
i cake(@250Kg/'ha {25.51) i
M ST with P. fluorescens +SA of P. fluorescens 2.5 Kg /ha enriched in 100 Kg 22.21 615 L68
Hil FYM+ Neem cake@250Kg/ha (28.11) il
Ms ST T viride+ P. fluorescens+ SA of T. viride+ SA of P. fluorescens enriched in 14.75 648 260
R 100 Kg FYM +Neem cake(@250Kg/'ha (22.58) 7
M ST Carbendazim 2g/Kg +Soil drenching with Carbendazim 1g/1 f':jg} 651 2.62
5 37.21
My Untreated check (37.59) 454
S.Ed 0.56 7.98
CD(P=0.05) 1.11 17.40
The results for 2017 were as follow.
i Root rot Yield C:B
Tr. No Treatments (%) (kg/ha) ratia
2
Th ST with T viride + SA of T. viride 2.5 Kg /ha enriched in 100 Kg FYM égi]‘} 635 1.46
T2 ST with P. fluorescens +SA of P. fluorescens 2.5 Kg /ha enriched in 100 Kg FYM (%?;?: 625 1.44
T ST with T viride + SA of T. viride 2.5 Kg /ha enriched in 100 Kg FYM +Neem 17.28 610 141
1 cake@250Kg/ha (24.56) i
T ST with P. fluorescens +SA of P. fluorescens 2.5 Kg /ha enriched in 100 Kg FYM+ 23.71 505 137
. Neem cake@250K g/ha (29.13)
T ST T. viride+ P. fluorescens+ SA of T. viridet SA of P. fluorescens enriched in 100 11.15 651 15
i Kg FYM +Neem cake(@250Kg/ha (19.5(01) i
Ts ST Carbendazim 2g/Kg +Soil drenching with Carbendazim 1g/1 (1;23} 659 1.52
3745
T7 Untreated check (37.73) 432
SEd 1.31 2.92
CD(P=0.05) 2.86 6.36

= Anon. (n.d.k) reported Macrophomina phaseolina (Sclerotia stage: Rhizoctonia bataticola) (Root rot or stem
rot or charcoal rot) causes a major disease.
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IRAN
= M. Gooyaet a. (2000) reported during 1997/99 one seed samples of each 17 sesame cultivars from 10 locations
resulted in 145 isolates, which included 34 species of 15 genera. The identified Tiarosporella phaseolina.

IRAQ

= H.Y. Al-Ani et a. (1970) reported Sclerotium bataticola (Macrophomina phaseoli) causes serious infection of
sesame at all stages of growth. None of the 22 vars. tested was resistant. Temperatures of 30-3S°C favored
fungal growth.

= K.K. Al-Hassan et al. (1973) reported all 22 vars. tested were susceptible to Sclerotium bataticola
(Macrophomina phaseoli). American 48, American 71, and Giza 24 showed relatively high tolerance when
inoculated in May but little tolerance when inoculated in June.

= W.S. El-Shamma (1976) reported natural infection (by Macrophomina phaseolina) on local vars. in Irag was
studied in 1968-69. Red sesame had the highest yield and the lowest percentage of infection at al 3 seeding
dates. For al vars. there was a significant negative correlation between seed yield and percentage of infection.

= Y.A. Abdou et a. (1980a) reported Macrophomina phaseoli is a destructive pathogen of sesame, causing
typical wilt with dry root rot associated with discoloration of infected tissues due to sclerotial formation. Seeds
of infected plants carry the fungus on and inside the testa as sclerotia and stromatic mycelium. Infected and
healthy seeds were indistinguishable. Normal germination occurred at first in infected seed, but seedling
deterioration followed and pycnidia were abundant. [Cited by G.S. Saharan, 1989]

= Y.A. Abdou et al. (1980b) reported Macrophomina phaseoli sclerotia remained dormant in soil treated only
with distilled water in the absence of the host. Ihe presence of germinating sesame seeds and seedlings
stimulated normal sclerotial germination and attraction of developing mycelium to host roots. Infection
cushions and appressoria were also formed prior to infection. Remnants of PDA in soil stimulated limited
sclerotial germination without subsequent development or infection. The results suggest that sclerotial
germination and behavior depended on nutrients. [Cited by G.S. Saharan, 1989]

= K.M. Tamini and H.A. Hadwan (1985) reported the differences in the amount of inhibition of growth of arange
of sesamum wilt causing fungi by gaseous metabolites from Neurospora sitophila and Trichoderma harzianum
could be accounted for by differencesin their ages. The highest level of growth inhibition from test fungi ever
recorded was as follows: 3-day-old N. sitophila was 55% on virulent Rhizoctonia solani, 51% on a virulent
Rhizoctonia solani, 48% on Fusarium oxysporum and 40% on Macrophomina phaseoli. Other soilborne fungi
were less effective than N. sitophila. [Cited by G.S. Saharan, 1989]

= F. Al-Refaee (2005) collected sesame seeds from 6 regions of Iraq and isolated Macrophomina phaseolina.

= N.A. Ramadan (2009) reported The effect of the concentrations 0, 1, 2, 3, and 4 mg/ml of alcoholic extracts of
cress seeds (Lipidium sativum) on the growth and dry weight of root-rot fungi of sesame plants, Pythium
aphanidermatum, Fusarium solani and Macrophomina phaseolina indicated high significant inhibitory affect as
compared to the control. M. phaseolina was mostly inhibited than other fungi when 4mg/ml w, 86.66 and
78.26% respectively. Antagonistic test of the bacterial biocontrol agent Bacillus cereus showed high inhibiting
effect on all tested pathogens with the maximum inhibition 80.8% on M. phaseolina. Culture filtrate of B.
cereus also showed a highly inhibiting efficiency to the growth and dry weight of the biomass of all pathogenic
fungi with the increase of concentrations 10%, 20%, 30% and 40% (v | v) with the 40% was mostly effective on
M. phaseolina by theratio of 72.22% and 83.90%, respectively. The best inhibition was achieved with the use
of combination of 4 mg/ml of alcoholic extract of Cress seeds and 40% of culturefiltrate of Bacillus cereus. It
showed synergistic inhibitory effect on all pathogenic fungi used, that exceeded the effect of each of the plant
extract or culture filtrate of the bacteria separately. [Based on abstract]

= N.A. Saad et al. (2013) examined seed and found the following fungus: Macrophomina phaseolina.

ISRAEL
= |. Reichert (1930) reported Rhizoctonia bataticola has so far been isolated from 35 plants in Palestine, the
greatest damage being caused to sesame. [Cited by G.S. Saharan, 1989]
= A. Meiri and Z. Solel (1963) reported experiments using commercial sesame var. Renner 15 demonstrated
Sclerotium bataticola (Macrophomina phaseoli) to which thisvar. is very susceptible is seedborne and a high
degree of seed infection may account for the poor field germination. [Cited by G.S. Saharan, 1989]
= M.M. Satour (1981) reported the presence of Macrophomina phaseoli (Black stalk, stem rot).

JAPAN
= M.M. Satour (1981) reported the presence of Macrophomina phaseoli (Black stalk, stem rot).

KENYA
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= H.A. Van Rheenen (1981d) reported the goal of developing resistance to Macrophomina phaseoli.

MEXICO
= M.M. Satour (1981) reported the presence of Macrophomina phaseoli (Black stalk, stem rot).
= |.C. Joaquin Torres (1985) reported that Macrophomina phaseoli affects the Mexican crop and reduced yields.
J.R. Penaloza and D.R. Moctezuma (~1992) in a grower guide reported: Macrophomina phaseolina.
E.C. Hernandez (2003) in a grower guide reported the following pathogen: Sclerotium bataticola (Pudricion de
carbén o marchitez). Symptoms are brown areain the stem from base to upper part. The foliage withers and the
plant dies. Recommend rotation with crops not susceptible, regulation of water on the ground, and resistant or
tolerant varieties.
= Anon. (2010a) in a grower guide reported the following main pathogen: Macrophomina phaseolina. Causal
agent of charcoal rot with awide host range that occurs in regions with climates varied from arid to tropical. In
Mexico it has been observed that it causes significant damage, mainly in common beans, sesame, sorghum and
soybeans. Attacks bean seedlingsin dry conditionsin pre and post-emergence or reduces adult plant vigor and
seed yield.
= L.A. Moraila (2015) in agrower guide reported Macrophomina phaseoli (Stem rot) causes black rot on roots
and stems. In early attacks it causes a delay in the development of the crop, and if the environmental conditions
are favorable, the plant dies. The diseaseis difficult to control requiring resistant varieties.
= Agrolytics.org (2021) reported sesame hosts Macrophomina phaseolina.

MYANMAR
= W. Small (1927a) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva, 1961]
= Y.Y. Minand K. Toyota (2019) surveyed diseasesin 10 farmer fields and interviewed 25 farmers. They
reported the following pathogen: Macrophomina phaseolina. The disease incidence ranged from 10% to 30%
and was reported in 80% of the fields. The yield losses ranged from 10 to 75%.

NICARAGUA

= Anon. (1998b and 2009a) in grower guides reported Black foot (Macrophomina phaseoli). The base of the stem
rots and turns black. The characteristic symptoms are black colorations at the base of the stem and root, which
rot at the end of the disease cycle. Asaresult of the disease, the seedlings die. The adult plants wilt and have a
premature death.

= Anon. (2008a) in a grower guide reported Black foot (Macrophomina phaseoli) was one of the major diseases.
It isknown asroot and stem rot. It can appear in any stage of development, but primarily in drought. In the
seedling stage, there is wilting, yellowing, and then death. During flowering through physiological maturity, it
manifests in the roots and then advances to the aerial portion and leads to flower loss. When it attacks the stem,
it takes on a black color asfar up as 20 cm leading to defoliation and damaged seed in the capsules. If thereisa
strong infestation, recommend a 2 year gap and sorghum should also not be planted since it can increase the
pathogen. The main method of control is crop rotation, use of resistant varieties, and assured good drainage.

NIGERIA

= D. McDonald (1964) reported Macrophomina phaseoli.

= H.A. Van Rheenen (1972) reported the following pathogen: Macrophomina phaseoli.

= M. Elaigwu et al. (2017) tested the in vivo effectiveness of the plant extracts (Prosopis africana, Azadirachta
indica, Eucalyptus globulus, Vitex doniana, Tridax procumbens, Mangifera indica, Eucalyptus camaldulenss,
Ocimum gratissimum, Cymbopogon citratus, Morinda lucida, Jasminum dichotonum, Citrus aurantifolia,
Carica papaya, Chromolaena odorata, Nauclea latifolia, Musa sapientum, Gmelina arborea, Daniella oliveri,
Psidium guajawa, Lophira lanceolata, Bridelia ferruginae, Gardenia florida, Thevetia peruviana, Lawsonia
inermis, Vernonia amygdalina, Amaranthus spinosus, Delonix regia, Annona senegalensis, Newbouldia laevis
and Anacardium occidentale) against Macrophomina phaseolina (Tassi) Goid using fresh and dried leaves.
The present findings indicate that plant products, particularly extracts of fresh leaves of Anacardium
occidentale, Prosopis africana and seed treatment with fresh extracts of Prosopis africana offer a potential and
environmentally safe alternative for use as fungicides and could be exploited for effective management of root
rot diseases of sesame caused by Macrophomina phaseolina.

PAKISTAN
= N. Prasad (1944) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva, 1961]
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N. Ali and A. Beg (1985) reported Macrophomina phaseoli (Root rot) is acommon and destructive disease.
They recommend planting disease resistant varieties, field sanitation (crop rotation and removal of all crop
residues after the harvest) and early planting.

M. Sharif (1985) reported Macrophomina phaseoli (Root and stem rot) isamajor disease.

A.S. Shakir and M. Ansar (1992) studied 25 samples of seed collected from various areasin Punjab and found
the following fungus: Macrophomina phaseolina.

D.A. Shambharkar et al. (1997) evaluated 30 genotypes from 9 countries for tolerance to Alternaria sesami,
Leveillula taurica, Macrophomina phaseolina, and phyllody. The Macrophomina phaseolina incidence ranged
from 0 to 16.5%. The genotypes SIK-113 and SIK-104 from Kenya exhibited better tolerance under high as
well aslow input conditions. Other good genotypes were Krishna, Padma, and Tapi. These genotypes should
be used for breeding programs.

K.P. Akhtar et al. (2011) subjugated a Macrophomina phaseolina sesame isolate to a growth rate test at 10, 15,
20, 25, 30, 35 and 40°C. The optimum temperature for fungal growth and microsclerotia production was found
to be 30-35°C. M. phaseolina was found to be pathogenic against all the 18 tested plant species (sesame,
sorghum, sunflower, maize, cotton, castor, wheat, lentil, mungbean, urdbean, chickpea, tomato, chili, tobacco,
rice, ladyfinger, brassicaand cucumber) and this pathogenicity proved its necrophytic behavior. Seed infection
efficiency of M. phaseolina was 100% with significant reduction in seed index. They identified some sesame
mutants with some tolerance to M. phaseolina.

R.N. Syed et a. (2015) evaluated leaf, stem, and root extracts from 32 lines with the aim of identifying
genotypes with high content of metabolites potentially involved in resistance against fungal pathogens. The
extract of the leaves sprayed with CuCl, were the most inhibitory against Macrophomina phaseolina. The
results for M. phaseolina were as follow.

- Leaves extract
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i Roots extract
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= M.R. Bashir et al. (2017) evaluated new fungicides (Antracol, Topsin-M, Mancozeb, Score, Topas, Nativo) at
various rates (150, 250, and 350 ppm) against Macrophomina phaseolina both in vitro and in the field. Thein
vitro results were as follow.
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Treatments Colony growth (em)

Antracol 2.0444

Topsin-M 1.4222

Mancozeb 1.7778

Score 1.1444

Topass 2.3333

Nativo 0.9333

Contral 6.5000

LSD 0.0304
Thefield results in terms of disease incidence were as follow.
Treatments “Mean DI [%)
Antracol 52.453C
Topsin-M 32.333E
Mancozeb 44.324D
Score 16.466F
Topass 62.393B
Nativo 12.557G
Control 77.217A

PARAGUAY

= L. Ayalaetal. (2010, 2011, and 2013b) in grower guides reported one of the main pathogens is Macrophomina
phaseolina. It forms highly branched primary and secondary mycelia, in addition to numerous black sclerotia
found in necrotic tissues on stems and primary roots. The fungus attacks the plant in the base of the stem
showing a dark color, which can move towards the aerial part of the plant, causing a withering and may diein
short time. The optimum temperature of growth and formation of sclerotiais between 28 and 32°C. The fungus
grows better and produces more sclerotiain conditions of continuous light than in the dark. It also causes
damage from the seedling to the adult stage. The largest infestations have been observed more frequently in
long periods of drought, aswell asin late sowings that are subject to soil drought when therains. Therefore, itis
very important to establish the cultivation according to the recommended sowing dates. There is evidence the
fungus can survive in soils between 3 months and 3 yearsin sclerotial form. Crop rotation with non-host crops
such as mai ze _ cotto sorhum sugarcane, or o beans reduce the pathogen over 2 years.
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= D.D. Ruiz et a. (2017) evaluated the effects of Trichoderma arundinaceum, T. harzianum, and T.
pseudokoningii on Macrophomina phaseolina. The % inhibition across 96 hours is shown below.
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REPUBLIC OF KOREA

= SH. Yuand J.S. Park (1980) tested 12 samples of sesame seeds and found Macrophomina phaseolina on 7 of
the samples. M. phaseolina caused heavy reduction in seed germination and seedling stand. It wasaso
detected on over wintered plant debris and diseased seedlingsin the field.

= S.H. Yu (1981) reported the following fungi in sesame seed samples Alternaria sesami, Alternaria sesamicola,
Alternaria tenuis (Alternaria alternata), Corynespora cassiicola, Alternaria longissima, Fusarium oxysporum,
and Macrophomina phaseolina. All were controlled by pre-treatment with chlorine, except for Corynespora
cassiicola. [Based on abstract and cited by G.S. Saharan, 1989]

SRI LANKA
= W. Small (1927b) reported Macrophomina phaseoli caused a disease in sesame. [Cited by R.S. Vasudeva,
1961]

SUDAN
= M.A.F. Khamees and E. Schlosser (1990) reported testing of 165 Sudanese sesame seed samples showed that
although seedborne pathogens such as Alternaria sesamicola and Macrophomina phaseolina were widespread
in the country, their incidence was generally only at alow level. [Based on abstract]
= N.M.A. Hamid (2006) identified the following fungus from seed collected from 3 areas of Sudan:
Macrophomina phaseolina.
= H.I.H. Idriss (2016) collected farmer saved red and white sesame from 7 locations in Sudan. 14 different fungi
representing ten genera were identified. One of the predominant fungi was Macrophomina phaseolina.
= A.R.C. Umaima (pers. comm. 2021): Macrophomina phaseolina and Rhizoctonia bataticola (Root rot or Stem
rot or Charcoal rot) isacurrent problem. The symptoms are yellowing of lower leaves, drooping and
defoliation. The stem near the collar region shows dark brown lesions and bark shows shredding then sudden
death of plantsin patches.

> Y S e

SYRIA
= M. Al-Ahmad and A. Saidawi (1988) reported the first record of charcoal root rot of sesamein Syriain

surveying 12 sites. Laboratory isolation revealed that Macrophomina phaseolina was the causal organism of
root rot, stalk rot, blight, and wilt symptoms on infected plants. The pathogen was isolated from root bark and
stem pith, sclerotia and rarely pycnidia were formed on these parts of infected plant. Local varieties showed a
relatively low rate of susceptibility (12-24%), while most of the introduced ones were highly susceptible.
Macrophomina phaseolina spreads by the movement of soil and crop debris and through the sesame seeds. The
sesame seed has been found to carry the fungus on and inside the testa as sclerotia or as stromatic mycelium.
Pathogenicity test proved that the pathogen induced typical symptomsto artificially infected plants. [Based on
abstract and cited by C. Chattopadhyay et al., 2019]
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TANZANIA
= Kafiriti, E. and O. Mponda (n.d.) in agrower guide reported the following pathogen: Macrophomina
phaseolina.

THAILAND

= S. Maneekao et al. (1999b) screened 120 new and 33 existing cultivars against Macrophomina phaseolina and
Pseudomonas solanacearum. They identified MR 13 (red seed) and MR 36 (Black seed) were more tolerant to
the pathogens than the existing major cultivars (UB 1 and MK 60).

= N. Worasatit et al. (2003a) evaluated the resistance to Macrophomina phaseolina (Charcoal rot) using 90
genotypesin 1999 and 2000 at Ubon. Potswere grown in the greenhouse and inoculated 1 month after sowing.
Sesame lines UCR 3 x N0.585, Y uzhi No. 5, Sesamum 25 [DRL comment: Sesaco 25], Yori x No. 585, MKS-
[-84001 x MK S-1-84013, No. 585 x MK 60, and Y ori x MK 60 were considered resistant with the following
percentages of infection: 19.0, 16.7, 19.2, 16.7, 13.4, 0, and 0O, respectively.

TURKEY

= E. Bremer (1944) reported the sesame wilt presents a close parallel with that of tobacco both as regards
symptomology, time of development, and the favoring influence of drought. Moreover, Macrophomina
phaseoli and Fusarium solani were isolated from most of the specimens of diseased material, presumably in a
secondary capacity since inoculation experiments were again unsuccessful. [Cited by G.S. Saharan, 1989]

= P. Sagir et al. (2010) studied the effect of sowing time and irrigation on yield, yield components and Charcoal
rot disease (Macrophomina phaseolina). The average charcoal rot diseases percentage of sesame lines changed
according to sowing time and irrigation conditions. The lowest disease percentage were recorded from B-60
line (40.6%), and the highest from C-36 line (%49.0). When all factors were evaluated, the lowest disease
percentage were recorded from irrigated (27.6%) and late sowing time (34.7%), the highest from in dry
condition (58.0%) and early sowing time (50.8%). [Based on abstract]

= F. Akdeniz and H. Sert (2019) reported Macrophomina phaseolina is one of the main disease of sesamein
Turkey. Colonies occurring in host plants tissue are black, smooth, 100-750 pum diam.

|

. N. Isler etal. (n.d.) reported théfollowi ng pathogens: Macrophomina phaseolina and Rhizoctonia bataticola.
For control, use fungicides, plant in October, and have good drainage.

UGANDA

= S.F. Ashby (1927) reported as aresult of careful morphological and cultural comparison of material,
Macrophomina from adry fruit of sesame from Uganda, isidentical with sclerotia fungus, Rhizoctonia
bataticola. He agrees with Petark's suggestion that pycnidial forms devoid of stromaand -with long thin-walled
elliptical sporesthat remain hyaline and continuous should be included is latter's genus M acrophomina.

= J.D. Snowden (1927) reported a mildew (Oidium sp.) on sesame in same plot where the sclerotia and pycnidia
of Macrophomina corchon (Macrophomina phaseoli) were found is thought to have made the leaves more
susceptible to attack by the latter. [Cited by G.S. Saharan, 1989]

= C.G. Hansford (1931, 1938, 1939, 1940, and 1943) reported the following pathogen: Rhizoctonia bataticola
(Macrophomina phaseoli). [Cited by G.S. Saharan, 1989]

UNITED STATES
= M.L. Kinman (1955) reported Charcoal rot (Macrophomina phaseoli) will cause a stem rot of sesame; this
disease is favored by droughty conditions.
= M.M. Satour (1981) reported the presence of Macrophomina phaseoli.
= D.R. Langham et a. (2010c) reported sesame root rots (combination of Fusarium oxysporum, Phytophthora
parasitica, and Macrophomina phaseolina) have been encountered mostly on fields where sesameis planted
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after sesame. The current varieties are tolerant but not resistant to the root rots. The best way to avoid sesame
root rot isto rotate different crops every summer.
= Anon. (2015c) USA PVP descriptor: 7. Diseases— Charcoal rot (Macrophomina phaseoli). The following
ratings are used:
0 0= Not tested
0 1= Susceptible
0 2 = Low resistance
0 3 = Moderate resistance
0 4 = High resistance
= D.R. Langham (2015b) USA patent descriptor: 37. Tolerance to Charcoal rot (Macrophomina phaseoli)
o Definition: Amount of tolerance to Charcoal rot.
0 Vaues: Average of aminimum of three plots of a subjective rating based on the following values: 0 to 8 scale
of the % of infected plants (Intermediate values are used).

- 8=Zerodisease

- 7=<10% infected

- 4 =50% infected

- 1=>90% infected

- 0=dll infected

- Intermediate values may be used

- NT = not tested

- NEC = no economic damage - not enough insects to do ratings

0 Ratings can be donein several ways:

- Takeratings after the disease is no longer increasing.

- Take ratings on consecutive weeks until the disease is no longer increasing and average ratings.

- Take periodic ratings and average ratings.

o Comments:

- Macrophomina has been aproblem in Arizona and Texas, particularly on fields that go into a drought.
Normally, only the Composite Kill Tolerance rating is taken.

- There are three root diseases that affect sesame in Texas: Fusarium oxysporum, Macrophomina phaseoli,
and Phytophthora parasitica. Between 1988 and the present, spores of these three have been accumulated
in one small area (1 square km) north of Uvalde, and thusit is an excellent screening areafor the diseases.
Although each root rot disease attacks sesame in a different way and may result in different symptoms, no
effort is made to definitively determine which diseaseis the etiological agent for the affected plants.
Pathological screeningsin the past have found al 3 pathogens present in dead plants.

- The amount of kill isusually increased with any type of stress to the plants. Drought can increase the
amount of Macrophomina; too much water can increase the amount of Phytophthora; high temperatures
and humidity can increase the amount of Fusarium and Phytophthora. High population can increase all
three diseases

= K.A. Cochran (2020) evaluated the tolerance of 50 varietiesto Macrophomina phaseolina. Symptoms include
stunting, defoliation, reduction in yield, and possibly plant death. In the southwest Texas area, production losses
have been reported to be over 30% in severely affected fields. This pathogen is particularly difficult to manage
due to its soilborne nature and longevity in the soil. Additionally, the often utilized cultural control method of
supplemental irrigation is not always appropriate for drought tolerant crops such as sesame. Of the varieties
analyzed, 9 had average stem symptom progression of less than 5% of the total stem length, while varieties
thought to be relatively susceptible in other research efforts had symptom progression of over 60% of the stem
length. [Based on abstract]

= D.R. Langham comments, 2021: My first encounter with Macrophomina phaseolina wasin 1981 in Y uma,
Arizona, when an irrigation ditch broke, and a 5 acre field could not be irrigated for several weeks. All of the
plantsdied. The University of Arizonaidentified the pathogen. Other fields within 10 meters on two sides did
not have any dead plants. When moving the nurseriesto Texas in 1988, J.R. Mulkey of Texas A&M reported
that in his nurseries, he isolated Macrophomina phaseolina, Phytophthora nicotianae, and Fusarium oxysporum
in dead plants. Hefelt that probably only one of the pathogens had penetrated the plant defenses, but once that
defensive line was broken, the others were able to enter the plant. He felt that M. phaseolina was the culprit
when after starting with good moisture, a crop faced adrought. The symptoms appeared over several days. He
felt that P. parasitica appeared after an overirrigation or a heavy rain that resulted in puddling. The initial
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symptoms appeared overnight with a characteristic drooping of the top of the plant. The plant may or may
partly recover. He did not have much experience with F. oxysporum.

Over the years, | have seen the same pattern for M. phaseolina in many commercial fields over thousands of
hectares. In yearswhen there is enough marginal moisture to geminate a crop, the plants will grow and produce
alow yielding crop, but the plants will not die. However, when planting with afull moisture and fertility
profile, if thereisno rain (or irrigation), the plants will die from the disease. In another case, there was a year
with no moisture in the soil when a25 mm rain allowed planting 250 ha. The seedlings were healthy, but when
the moisture evaporated, the plants died from the pathogen. In the Coastal Bend of Texas, there are very heavy
soils that retain winter rains, resulting in a healthy crop, but then a high pressure system will prevent rain for as
much as 6 weeks resulting in death from the pathogen. There are years when a grower will plant the dry corners
of acircular pivot field because there have been good winter rains. If the soil moisture in the dry cornersis
marginal at planting, the crop will grow with a poor yield (will flower and mature earlier than the sesame under
the pivot). However, if the soil moisture in the dry cornersisvery good at planting time, then the plants will die
unless there is sufficient rain through the season. It is dramatic to see a circle of healthy plants with dead plants
outside the circle dead. Itisrarely aperfect circle because winds may carry irrigation water for some meters
into the dry corner. The prevaent winds in Uvalde are from the southeast and so the northwest dry corner will
have more live plants at harvest.

I maintained nurseries in Uvalde within 100 meters of each other for 26 years. | would rotate the field each 3
yearsin order to create tremendous populations of M. phaseolina, P. nicotianae, and F. oxysporum. | would
plant “‘canary lines’ that were very susceptible to the diseases to make sure there was pathogen pressure each
year. | would discard any lines that were susceptible with the exception of crosses between tolerant and
susceptible lines to move desirable traits from the susceptible line to the tolerant line. In those cases, the
disease would appear in the F1, but would often segregate in the F, and later generations. By the time that a
variety was ready to be released, it was considered tolerant to the 3 diseases. Although this proved true for P.
nicotianae, and F. oxysporum, it was not true for M. phaseoli. In retrospect, it was probably because the
nurseries had full irrigation for the entire season, and thus there was no M. phaseolina pressure. When the
disease appeared in the Coastal Bend, | realized that | really did not know which lines were susceptible to M.
phaseolina, and thus did not have ‘canary lines.’

= K.A. Cochran comments, 2021: M. phaseolina is one of the most widespread and persistently problematic
plant diseases that challenge sesame production. Thisisin part due to the fact that both sesame and this fungus
thrive in hot and dry conditions. In my experience in the case of extreme cases |ocated in the southwest Texas
area, production losses have been reported to be over 30% in severely affected dryland fields. This pathogen is
particularly difficult to manage due to its soilborne nature and longevity in the soil combined with alack of
effective and suitably labelled fungicides. Additionally, the often utilized cultural control method of
supplemental irrigation is not always appropriate for drought tolerant crops such as sesame. Genetic tolerance
or resistance would be incredibly useful, though resistance to this pathogen in cropsis rare. Since M.
phaseolina is endemic and has a very broad host range, repeated plantings of susceptible crops can lead to
buildup of pathogen populationsin fields, even if crops are rotated. | see thisin many casesin the Uvalde
region where sesame is produced. | have noted this pathogen is especially problematic in cotton-sesame rotated
fieldsin arid production areas. This disease is mitigated using irrigation, but thisis not aways possiblein
dryland production. | suspect subsistence and small scale farmersin developing countries who may lack
resources for supplemental irrigation might be especially vulnerable to crop losses from thisdisease. In such
situations, genetic tolerance to this pathogen would be invaluable to meet the nutritional needs of the farmers
and their communities.
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Microsclerotiaon stem in disease Microsclerotiaon capsule
resistance assay

UNKNOWN

= A.A. Bayounisand M.A. Al-Sunaidi (2008a) showed the effect of some powder plant materials (Azadarichta
indica seed, Datura stramonium seed, Nerium oleander |leaves, Eucalyptus camaldulensis |eaves) on the control
of Macrophomina phaseolina. The powder plant material powder was used as 60, 40, 20g/kg of soil. Sesame
seeds showed the highest germination rate in the soils treated with A. indica seeds powder. Germination rate in
the soils treated with A. indica seeds powder reached about 69%, whereas germination rate for control was
about 4%. The study has also indicated that the highest percentage of infected seeds under the soils treated with
Eucalyptus leaves powder was 84.8%, while percentage infected seeds under A. indica treated soils was about
25%. All treatments with different concentrations of plant powder have shown inhibition effects on
Macrophomina phaseolina growth. The highest percentage of inhibition was seen under the treatment with A.
indica seed powder (73.9%) , whereas Eucalyptus leaves treatment powder was about 11.4%.

VENEZUELA

= B. Mazzani et a. (1975) reported anew Aceitera variety resistant to Phytophthora nicotianae var. parasitica,
Macrophomina phaseoli, and Fusarium oxysporum f. sp. sesami was obtained by backcrossing with the African
var. Ajioo Atar 55 resistant to Phytophthora and Macrophomina. The yield and vegetative characteristics of the
new variety resemble those of the original Aceiterawhich isresistant to Fusarium.

= B. Mazzani et a. (1981b) reported the presence of Macrophomina phaseoli is a permanent threat in the sesame
producing regions. All of the common cultivars were very sensitive to Black stalk, but the tolerance of several
African varieties was incorporated into Aceitera.

= C. Zambrano and O. Tortolero (1985) conducted studies on 540 sesame cultivars, and isolations from seedling
rot and soil and reported the following pathogen: Macrophomina phaseoli. M. phaseoli caused heavier
infection than Phytophtora hibernalis during dry conditions.

= JB. Pinedaand JM. Avila (1988a) evaluated the use of herbicides (Alachlor applied and not applied) and
fungicides (Propineb [Antracol 70%], Dicarboximida [Captan], Iprodione [Rovral] and Carboxin [Vitavax]) to
manage Macrophomina phaseolina. They reported high temperatures, associated with low soil moisture, double
the severity of the disease; the maximum infection occurs when the soil is dry, affecting the crop, both in the
seedling stage and when the plants are maturing; the disease becomes more severe in sandy soils due to their
low water storage capacity. The results were as follow.

Treatment Yield (kg/ha)
Antracol + Alachor 1,031
Antracol 964
Captan 927
Rovral 905
Control + Alachor 871
Control 855
Captan + Alachor 845
Rovral + Alachor 782

Vitavax 671
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Treatment Yield (kg/ha)
Vitavax + Alachor 654

= M. Rodriguez and C. Zambrano (1985) reported several studies. They evaluated the devel opment of
Macrophomina phaseoli using various inoculation methods. Indole acetic acid (IAA) wasthe most effectivein
inducing sclerotial germination on M. phaseoli. The first 3 weeks of the cultivar AceiteraM were the critical
plant age for infection and disease development. The effectivity of fungicides was tested in vitro with Benlate
and Captan being effective and Brasicol and Ridomil were not effective. Ten different sesame cultivars were
tested for susceptibility. The most resistant were Maporal, Arawaca, and 439. Benlate and Captan were tested
as seed protectants, and both showed no significant difference. Captan can be of use in protecting the initial
growth of sesame. [Based on abstract]

= J.B. Pinedaand E.R. Glonnella (1988b) isolated 12 different cultures of fungi from soil samples collected in El
Playon (7.47N 73.20W) and Turen (9.33N 69.11W) where some | ocations showed alow incidence of dry stem
disease (Macrophomina phaseolina). The isolates were 8 Aspergillus spp., 2 Trichoderma spp., 1 Cladosporium
sp. and 1 Pythium sp. These organisms were tested against one isolate of Macrophomina phaseolina (Tassi)
Gold, pathogenic in sesame. They determined 2 Aspergillus spp. and 2 Trichoderma spp. could inhibit the
growing and sclerotia production of this pathogen. Under natural field conditions, Trichoderma | and
Aspergillus 1 were highly effective in reducing sesame dead plant percentage by M. phaseolina until 72 days
after planting, indicating a good control.

= A.M. Colmenares and L. Subero (1989a) reported the following pathogen: Macrophomina phaseolina (Black
stem). The symptoms of this disease appear in the root and then advance to the stem. It is possible to observe a
necrosis which goes from the root to the top of the plant. Initially, the necrosisis light brown and later changes
to black of charcoal color because of the numerous pycnidiaand sclerotiaformed. Stem necrosisis hard and
dry. Recently, in the eastern part of the country, new symptoms have been reported. These consist in extensive
watery spots on the leaves which advance towards the petiole though the rings. Necrosis occur in the stem,
weakening and bending the plant until it falls over.

= J AvilaM. and J.P. Pineda (1996b) evaluated 10 varieties against Macrophomina phaseolina in 3 seasons
(1986-89) in Turen (9.33N 69.11W) and El Aji (9.22N 69.05W). Although the soils contain both
Macrophomina phaseolina and Fusarium oxysporum, the dry conditions lead to higher incidence of M.
phaseolina. Arawaca (5.8%) and LP 8 (9.3%) were the most tolerant with a mean for all lines of 19.3% and a
high of 30.5%.

= B. Mazzani (1999) reported the following pathogen: Macrophomina phaseolina. Mazzani (1983) reported
minor susceptibility in Ajimo Atar, Adong Acol, and Sesamum radiatum and major susceptibility in Aceitera,
Acarigua, Caripucha, and Venezuela 52.

= J.B. Pineda (2001) evaluated using Trichoderma harzianum in different forms (clayey soil granules
impregnated with conidia of T. harzianum and 5% sucrose, rice grainsinoculated with T. harzianum, sesame
seed coated with conidia of T. harzianum, and no treatment) to control Macrophomina phaseolina in Turen
(9.33N 69.11W). Theresults were asfollow.

Reduction of
Treatment Dead plants (%) mortality (%)
Clayey soil granulesimpregnated with 28a 69.5
conidia of T. harzianum and 5% sucrose
Sesame seed coated with conidiaof T. 4.3 &b 53.3
harzianum
rice grainsinoculated with T. harzianum 6.8 bc 26.1
No treatment 9.2c 0

R. Cardona and H. Rodriguez (2006a) studied the effects of Trichoderma harzianum on Macrophomina
phaseolina using 3 methods: application on the seed; application in clay granules, and application in rice grains
versus a control with no application. Across 3 years, These results do not show any difference of T. Harzianum
on the incidence of the charcoal rot, also evidenced the necessity of evaluating cultural practices that might
improve the environmental conditions that allows the fungus T. Harzianum to develop all its antagonist
capacity.

= R. Cardona (2006b) studied the vertical distribution of Macrophomina phaseolina sclerotia versus the influence
of the temperature and humidity on a soil infested naturally with the following results. (E1: Sclerotiafrom0to 5
cm of depth. E2: sclerotiafrom 5-10 cm of depth. E3: Sclerotia from 10-20 cm of depth. H1: Temperature from
0- 5 cm of depth. H2: Temperature from 5-10 cm of depth. H3: Temperature from 10-20 cm of depth.)
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= R. Cardona (2008 ) studied the effects of Trichoderma harzianum and green manure of Crotalaria spp. on the
number of sclerotia/g of soil (SG) of Macrophomina phaseolina and the incidence of charcoal rot in sesame
with 3 treatments: a) green manure (GM) and absolute control (AC); b) GM, green manure + Trichoderma
(GMT) and ¢) GM, GMT and AC. The results indicates that the GM slows down the M. phaseolina
development at the beginning, but when advancing the crop cycle the levels of inoculums reaches equal values
to the AC; whereasthe GMT treatment showed diminution in the SG throughout the cycle in comparison with
the treatment GM. In the third essay, a high significant difference (P<0.01) in the incidence of charcoal rot with
the GMT treatment constitutes a viable aternative for controlling M. phaseolina in sesame.

= A. Martinez-Hilders and H. Laurentin (2012) and A. Martinez-Hilders et al. (2013) studied 7 isolates of
Macrophomina phaseolina characterized by means of growth velocity, microsclerotia production, mycelium
color, aerial mycelium presence, and RAPD markers. These results indicate it is difficult to manage charcoal rot
by means of obtaining resistant cultivars because of the fungus variability found in al the levels evaluated.

= Y. Mendoza and H. Laurentin (2012) evaluated the effect of sesame root and stem extracts from 4 varietieson 3
isolates of Macrophomina phaseolina. There was some suppression of mycelial growth from the root extracts
but little from the stems as shown below.
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There was no correlation between suppression of mycelial growth and the alkaloid, flavonoid, and phenol in the

extracts as shown below.

Grupo de metabolitos en raiz

Grupo de metabolitos en tallo

Genotipo de

Fenoles

P Alcaloides Flavonoides 1 Alcaloides Flavonoides Fenoles
ajonjoli -mg mL"-
43 x 32 10344 a 0,00 c 0,00 0,00 b 7428 a 0,00
India 7 103,63 a 63,87 a 0,00 61,11 a 9380 a 0,00
Maporal 0,00 ¢ 2571 b 0,00 0,00 b 3225b <25
UCLA 295 6285b 250a 0,00 000 b 0,00 ¢ <25

» D. Perazaand H. Laurentin (2013) evaluated 3 methods of inoculati ng sesame with Macrophomi na phaseolina:
For the first method, sesame plantlets were put into Petri dishes containing microsclerotia suspension; for the
second method plantlets were put into Petri dishes containing the fungus growing on potato dextrose agar

medium, and for the third, plantlets were grown into substrate mixed with the fungus growing into a Petri dish.
Lesion length on plantlets and germination percentage were quantified in the three methods. All methods were
successful for causing disease, however, second method was difficult to manage due to contamination
problems, for that, data was not registered. Germination percentage was the only variable showing differences
among sesame genotypes when third method was used. Third method is proposed as routine protocol for
measuring sesame germplasm reaction to M. phaseolina.

A2.1.2 Phyllogticta spp.
Family: Botryosphaeriaceae

(2 Jul 2021)

Definition: Amount of tolerance to Phyllosticta spp. Pers. 1818.
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(Wikipedia, 2 Jul 2021) Phyllosticta is a genus of fungi. Many of the speciesin this genus are common and
important plant pathogens. They typically infect the foliage and cause tannish-gray leaf spotswith dark brown to
purple borders. However, Phyllosticta may also infect fruit and stems. Yield loss is a common consequence

of Phyllosticta infection.

References:

MEXICO
= Agrolytics.org (2021) reported sesame hosts Phyllosticta spp.

A2.1.2a Phyllosticta sesami (2 Jul 2021)
Family: Botryosphaeriaceae

Definition: Amount of tolerance to Phyllosticta sesami Bohovik 1936.

References:

UKRAINE
= |.V. Bohovik (1936) reported Phyllosticta sesami caused alight outbreak of awhitish, rounded or irregular leaf
spot with abrown margin up to 1 cmin diameter. There were emergent brown, mostly globose pycnidia, 30 to
100 p in diameter and hyaline, continuous, elongated spores rounded at both endsand 6 to 13 by 2to 4 .
[Cited by R.S. Vasuveda, 1961, and G.S. Saharan, 1989]

A2.1.3 Botryosphaeria spp. (28 Apr 2021)
Family: Botryosphaeriaceae
Definition: Amount of tolerance to Bostryosphaeria spp. Cesati & De Notaris 1863.

(Wikipedia, 4 Jun 2021) Botryosphaeria is a genus of pathogenic fungi in the family Botryosphaeriaceae. There are
193 species, many of which are important disease-causing agents of various important agricultural crops.

A2.1.3a Botryosphaeriaribis (28 Apr 2021)
Family: Botryosphaeriaceae
Definition: Amount of tolerance to Bostryosphaeria ribis Grossenb. & Duggar 1911.

(Wikipedia, 28 Apr 2021) Botryosphaeria ribisisafungal plant pathogen that infects many trees causing cankers,
dieback and death.

References:

INDIA

= B.N. Shuklaand S.C. Vyas (1977) reported leaf blight (Bostryosphaeria ribis) of sesamum caused brown or
black irregular marginal leaf spots and brown sunken capsule spots; stem and flowers are also affected; seeds
turn brown.

= S. Maiti et al. (1985 and 1986) reported the following minor pathogen: Blight Botryosphaeria ribis Gross. and
Dugg.

= M.L. Verma (1985) reported Botryosphaeria ribis (Leaf blight) isaminor disease with the following
symptoms: Brown black irregular marginal leaf spots. Brown, sunken, pod spots. Stem, leaves and flowers
affected. Seeds turn brown.
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A3 Order: Pleosporales Luttr. Ex M.E. Barr 1987

(Wikipedia, 8 Apr 2021) The Pleosporales is the largest order in the fungal class Dothideomycetes. By a 2008
estimate it contains 23 families, 332 genera and more than 4700 species. The majority of species are saprobes on
decaying plant material in fresh water, marine, or terrestrial environments, but several species are also associated
with living plants as parasites, epiphytes or endophytes. The best studied species cause plant diseases on important
agricultural crops. Some species of Pleosporales occur on animal dung and a small number occur as lichens and
rock-inhabiting fungi.

There are species in this order associated with sesame, but not reported to cause diseases, produce a toxin, inhibit
germination, or affect seed quality. See H5.

A3.1 Family: Pleospor aceae Nitschke 1869

(Wikipedia, 8 Apr 2021) Pleospor aceae is afamily of sac fungi. The taxonomic relationship of thisfamily to
associated generais still not determined.

The following species have been reported to cause diseases, produce atoxin, inhibit germination, or affect seed
quality.

= A3.1.1 Alternaria spp. (* Syn: Macrosporium spp.)
A3.1.1aAlternaria alternata (* Syn: Alternaria tenuis)
A3.1.1b Alternaria sesami (* Syn: Macrosporium sesami)
A3.1.1c Alternaria sesamicola
A3.1.1d Alternaria longissima
A3.1.1e Alternaria simsimi
A3.1.1f Alternaria japonica (* Syn: Alternaria raphani)
A3.1.1g Alternaria citri
A3.1.1h Alternaria tenuissima
A3.1.1i Alternaria brassicae (* Syn: Alternaria macrosporum)
A3.1.1j Alternaria solani
A3.1.1k Alternaria lini
A3.1.1l Alternaria brassicola
A3.1.1m Alternaria radicina
A3.1.1n Alternaria mali
A3.1.2 Helminthosporium spp.
A3.1.2a Helminthosporium sesami
A3.1.2b Helminthosporium halodes
A3.1.2c Helminthosporium tetramera
A3.1.2d Helminthosporium magnisporum (* Syn: Helminthosporium gigasporum)
A3.1.3 Drechdera spp.
A3.1.3aDrechserarostratum (* Syn: Drechdera rostrata)
A3.1.3b Drechdlera sesami
A3.1.4 Cochliobolus spp.
A3.1.4a Cochliobolus sativus (* Syn: Drechslera sorokiniana)
A3.1.4b Cochliobolus spicifer
A3.1.5 Curvularia spp.
A3.1.5a Curvularia lunata (* Syn: Cochliobolus lunatus)
A3.1.5b Curvularia macularis
A3.1.5c Curvularia fallax
A3.1.5d Curvularia neergaardii (* Syn: Drechdera neergaardi)
A3.1.6 Exserohilum spp. (Syn: Setosphaeria spp.)

There are speciesin this family associated with sesame, but not reported to cause diseases, produce a toxin, inhibit
germination, or affect seed quality. See H5.2.
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A3.1.1 Alternaria spp. (10 Dec 2021)
Synonym: Macrosporium spp.

Family: Pleosporaceae

Definition: Amount of tolerance to Alternaria spp. Nees 1817.

Summary:

. Alternaria sesami (Synonym: Macrosporium sesami)
and Alternaria alternata (Synonym: Alternaria tenuis)
are major pathogens with worldwide distribution. It
infects the stems, leaves, and green capsules causing
considerable damage. When environmental conditions
are favorable for disease development, the disease may
occasionally be severe enough to kill seedlings and
| young plants. Symptoms are brown to dark-brown,
spreading, water-soaked lesions which can often be
observed the entire length of the stem. Thelesions aso
occur on the midrib and even veins of leaves, which
can be without the typical leaf-spots. In very severe
LA <@ attacks plants may be killed within avery short period

Photo: S.U. Kim Photo: O.A. Enikuomehin after symptoms are first noticed, while milder

{Republic of Korea} {Nigeria} symptoms cause defoliation. The pathogens are
seedborne and soilborne. Favorable conditions for disease development are warm and high humidity or frequent
rainfall. There are many other Alternaria species that have been documented as pathogenic to sesame: A. brassicae,
A. brassicicola, A. citri, A. japonica, A. lini, A. longissima, A. mali, A. redicina, A. sesamicola, A. smsimi, A. solani,
and A. tenuissima. There are also other species in the Pleosporaceae family that are pathogens. Cochliobolus spp.,
Curvularia spp., Drechdlera spp., Exserohilum spp., and Helminthosporium spp. Alternaria spp. have been reported
in international lists, Australia, Bolivia, Brazil, Burkina Faso, China, Costa Rica, Cuba, Egypt, Ethiopia, Greece,
Guatemala, Honduras, India, Iran, Iraq, Israel, Japan, Kenya, Mexico, Myanmar, Nicaragua, Nigeria, Pakistan,
Paraguay, Republic of Korea, Russia, Saudi Arabia, Sudan, Tanzania, Turkey, Uganda, Ukraine, United States, and

Venezuela
T

Alternaria spp. and Cercospora spp.
often occur on the same plant/leaf.
Alternarialeaf spot (irregular tan/light
brown lesions, mostly on top half of |eaf)
and Cercospora leaf spot (reddish-brown
margins, small circular lesions; see edges
of leaf especialy). Photo: K.A. Cochran
:"'": {USA‘}

(Wikipedia, 8 Apr 2021) Alternaria is agenus of [ Deuteromycetes] fungi. Alternaria species are known as
major plant pathogens. They are a'so common allergensin humans, growing indoors and causing hay fever or
hypersensitivity reactions that sometimes lead to asthma. They are present in the human mycobiome and readily
cause opportunistic infections in immunocompromised people such as AIDS patients.

There are 299 speciesin the genus; they are ubiquitous in the environment and are a natural part of fungal flora
almost everywhere. They are normal agents of decay and decomposition. The spores are airborne and found in the
soil and water, aswell as indoors and on objects. The club-shaped spores are single or form long chains. They can
grow thick colonies which are usually green, black, or gray.
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At least 20% of agricultural spoilageis caused by Alternaria species;, most severe losses may reach up to 80% of
yield, though. Many human health disorders can be caused by these fungi, which grow on skin and mucous
membranes, including on the eyeballs and within the respiratory tract. Allergies are common, but serious infections
arerare, except in people with compromised immune systems. However, species of this fungal genus are often
prolific producers of avariety of toxic compounds. The effects most of these compounds have on animal and plant
health are not well known. Many species of Alternaria modify their secondary metabolites by sulfoconjugation,
however the role of this processis not yet understood. The terms alternariosis and alternariatoxicosis are used for
disorders in humans and animals caused by afungusin this genus.

Not all Alternaria species are pests and pathogens; some have shown promise as biocontrol agents against invasive
plant species. Some species have also been reported as endophytic microorganisms with highly bioactive
metabolites.

The genus is now known to be polyphyletic.

The following species have been associated with sesame but there are no known reports of being a pathogen,
producing atoxin, inhibiting germination, affecting seed quality, or being used as a biocontrol or biofertilizer.

= Alternaria carthami [India]

= Alternaria chlamydospora [Pakistan|

= Alternaria cinerariae [Pakistan]

= Alternaria dianthi [Pakistan]

= Alternaria dianthicola [Pakistan]

= Alternaria helianthi [Pakistan]

= Alternaria infectoria [Pakistan]

= Alternaria longipes [Mexico and Pakistan]

= Alternaria pluriseptata [Pakistan]

= Alternaria seseamae [Iraq]

= Alternaria triticina [Pakistan]

References:

INTERNATIONAL
= M.O. Khidir (19814) in areview of sesame in East Africaand the Near East reported the following disease was
aproblem: Alternaria spp.
= Anon (2000a) is an organic grower guide for America. It describes the following disease and its recommended
organic method of control: Alternarialeaf spot is transmitted through seeds, therefore resort to resistant
varieties. Totally hairy varieties seem to be more resistant. They recommended a copper product, but it was
banned in Europe in 2002.

AUSTRALIA
= D.F. Beech (19814) reported the presence of Alternaria sp. (leaf spot) in 1964 and 1973 and Macrosporium sp.
in 1941.

COSTA RICA
= Anon (1991a) in agrower guide reported the following pathogen: Alternaria spp.

EGYPT
= M.M.l. Abdel-Hafez et al. (2012) examined the soils around the roots of sesame and reported Alternaria sp. in
the rhizosphere.
= M.M.l. Abdel-Hafez et al. (2014) took ten samples of sesame from local marketsin Assiut city. They found
Alternaria spp.
= B.A. Sabry et a. (2016) in Egypt studied 28 sesame samples collected from food stores in different governates.
They found the following fungi.
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NC Funga! !oad Percentage occurrence of fungal genera
Governorate| . d (log,y CFU/g)
Range | Mean £ SD|Alternaria|Aspergillus|Fusarium|Penicillium|Cladosporium
Great Cairo | 4/4 | 1.72-2.32 | 1.9120.77* | 34.21 60.53 2.63 ND 2.63
Kalioubia | 3/3 | 1.72-2.32 | 1.97£1.03° 4.17 91.66 ND 4.17 ND
Alexandria | 6/6 | 1.72 -2.67 | 1.99£].63" 4.35 82.61 6.52 ND 6.52
El-Behera | 5/5 | 1.72-2.87 | 2.15+1.63" ND 71.82 0.91 17.27 10.00
Kafr El-Sheik | 5/5 | 1.72 -2.80 | 2.26£2.72° 3.96 60.40 1.98 17.82 15.84
Dakahlia 5/5 | 1.72 -3.02 | 2.52+0.70° ND 79.68 1.59 6.37 12.35

NC: Number of contaminated samples; TNS: Total number of samples
Mean with different superscript letters are significantly different

ETHIOPIA

B.K Yirgaand B. Fiseha (2017a) reported the following pathogen: Alternaria spp. (Leaf spot).

B.K Yirgaet al. (2018a) surveyed 10 locations representative low land areas of western zone of Tigray for 3
years (2015, 2016, and 2017). Xanthomonas campestris pv. sesami - bacterial blight (83.24%) recorded the
highest disease incidence followed by Sphaerotheca fuliginea - powdery mildew (78.13%), Fusarium
oxysporum f. sp. sesami - fusarium wilt (78%), phyllody (72.01%) and Alternaria spp. - blight leaf spot (72%).
Whereas blight leaf spot recorded highest severity (31.33%), followed by fusarium wilt (27.2%), phyllody
(25.24%), bacterial blight (22.76%) and powdery mildew (22.6%). The phyllody is vectored by Orosius
albicinctus.

HONDURAS

V.P. Queiroga et a. (2016) reported Alternaria sp. (Mancha circular zonada) symptoms are spots on the leaves,
stem and capsules. These are circular in shape with irregular, whitish contours with purplish edges and
concentric inner areas with purplish borders.

INDIA

J.H. Mitter and R.N. Tandon (1930) reported Macrosporium sp. caused a disease in sesame. [Cited by R.S.

Vasudeva, 1961]

O.P. Kadian (1972) reported five common genera to include Alternaria spp., which reduced seed germination

and had adverse effect on the seedlings. The seeds were internally as well as externally seedborne. The seed

infestations (%) with Alternaria spp. were comparatively higher than with other five genera. [Cited by G.S.

Saharan, 1989]

K.R. Sharmaand K.G. Mukerji (1974) reported a pathogenic Alternaria spp. on aging, senescing, and decaying

leaves. [Cited by G.S. Saharan, 1989]

T.S. Rajpurohit et al. (1983) reported maximum growth (mycelial mat) of Alternaria sp. was observed in case

of glucose followed by sucrose, fructose, lactose, and maltose with excellent sporulation except in case of

maltose. The fungus is widely adaptable in utilizing various forms of nitrogen for its growth.

S. Maiti et a. (1985 and 1986) reported the following minor pathogen: Blight Macrosporium sp.

K. Bhattachary and S. Raha (2002) studied fungal infection, moisture content, germinability and deterioration

of sesame in storage under natural conditions for ayear. Different species of Aspergillus (A. candidus, A.

flavus, A. niger, A. terreus, and A. ruber) were dominant followed by Rhizopus, Penicillium, Curvularia,

Fusarium, Alternaria, etc. Seed moisture was maximum in the rainy season followed by a gradual decrease

during longer storage. As storage proceeded, there was a gradual decrease in field fungi with simultaneous

increase in storage fungi, and a reduction in germinability. A gradual loss of carbohydrate (both soluble and

insoluble) content was recorded. A loss of protein content was recorded followed by a small increase. Oil

content decreased in prolonged storage with simultaneous increase in fatty acid. [Based on abstract]

C. Jeyalakshmi et al. (2013) evaluated integrated disease management practices to combat major diseases

(Alternarialeaf blight, Macrophomina root rot, and Powdery mildew) and to increase the seed yield of sesame

during summe