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Abstract

Sorghum is one of the main stapls food crops of the world's poores! and mos! food-insecure people. Approximabely
907% of the workd's sorghum areas are located in Africa and Asia During 18982-84. 42% of Ine iotal sorghum
produced worldwide was uliized for food, and 48% for animal feed, A preliminary study was conducted (o
understand the various stamge conditions of sorghum grain, and the potential cccurmence of mold fungi undar such
condifions. A total of 67 sorghum gran samples were collected from two surveys, 15 samples from the 1986 rainy
saason harvest, and 11 from the 1996/97 postrainy season harves! collected in June 1887, and 153 samples fram
the 1996/87 pastrainy season and 22 from 1897 miny season harvest collected in Oclober 1997, Approximately
1 kg grain from each of the grain lots stored under varous conditions. (gunny bags, mud-dined baskets, metallic
containers, polypropyléne bags, and gramns piled in a comer of a room) by farmers in ruial India was collecled.
Ench graks sampla {200 grains treatment ') was sxamanad [ identity fungs up fo the specees level. Girains with and
without surface stedlization were fransierred separately to pra-sterilized peln dish humid chambers under asepbc
conditions. The petri dishes were incubated for 5 days 81 28:1°C in an incubalor with a 12-h light cycle. Under each
treaiment, 200 grains (25 grains dish ') wera examined for 45 maold fungl. including the species of Aznermilius and
Penicifium The magor fungl observed on fhe grans included species of Alternana Curviana, Drechsigna,
Fusarium, and Rhizapus The frequency of occurrence of the various fungl on each grain sample under the various
treatmants was anatyzed. Thes bullatin reparts some new moid fungi on sarghum grain in India: Alternans longipas,
Bipolaris zeicol, Curvularia affinis, C. clavata, C. lllax, C. gericulata, C. harveyi, C ovoidea. C pallescans,
€ fuberculata, Orechslera halodes, Gonatobafrys simplex. Ngrospors oryzas, Pencoria maciospinosa, Spadicoides
obovala, Tonwa graminis, and Trchofhaenn fossum

Abstrail

Lis Soigho, c'est considant comme une des cullures vivriares de Dase 0ane las nalions s plus pauvies el 1B plus
soufframies an o@ qui conceme |Bs denrées alimenialres, au monde. A peU Drés 90% gy sorgho cultvd sy monde
&8 troive &n Afrque et on Asie. Pendant les annédes 199218094, 429 du sorgho produit au monde a ste ulilise pour
' alfrmantation des populations, of 48% comme fourrage pour e Bétail. Une studs prélminaire a &l faite pour pouvoir
comprendre les différenies condibons des slocks de sorgho. el aussi, loccurence des fongicides dans ces
condions. 67 chantillons du sorgho ont été rapportds de deux enquétes, dont 15 de la récolle pendant la saisan
pluviala dia 1996, &t 11 de colle do 1996/87 aprés la saison pluvisle (récollés en juin 1987), o 18 échantilons oe calle
de 1896/07, 6l 22 da celle de 1987 pendant la saison pluviale (recoltés an octobire 1997, A peu pres 1 kilo de grain
oo chague stock de grain des termiers en Inde (rurale) dans les conditions difdrenes {sAcs & tola, paniars
couvrent de boue, récipients en matal, sacs en polypropyléns, o les grains slockes dans un coin d'une salke) a aie
ramassé. Chague dchanillon (traftement de 200 graing) 8 &8 examnd pour Nidenidication de la fongicide psguau
nivedu des espéoes. Les grains avec, de méme gue sans. slérlisation de surface, ond ébé individuallemarnt
ranshnks aux bolles de pétrl déja starlisées en salle humide ot dans les condibons aseptiques. Les boiles de patn
ant ébé incubsas pandant 5 jours & une température de 282 17C dans un incubateur avec un cycle luminaux de 12-h,
Dans chagque traflement, 200 grains (25 bollas de grains) ont #é examinés pour 48 vandles difiérentas de
fongicida, y compris I'espéce de Aspergilus el Penicifium. Les fongicides principales remarquées aux grams
pomgrenalent les espboes de Allermana. Cunvidaria, Drechsiera. Fusanur, of Aivrpoous Le méguence
f ocourence des. difiénentes fongicides sur chague échantillon de grain dans ks traitements variis. & #16 anafysee
Ce bulistin identiie quelgues nouveles fongicides sur les grains de sorgho cuflivés en inde. Allérnand OAQIDes,
Bipolaris Zeicola, Curvuaiaria affinis, € clevaia C. faflax, C genicuiats, C harveyi, C. ovoidea. C. pallescens,
 tubsrculata, Drechslers hatodes, Ganafobolrys simpiex. Nigrospors oryzse, Perconia macospingsa, Spadicodas
obovata, Tonwa grarminis, 81 Trchothecium rosew

Cover Micrograph of Aspergilus flavus. (Note: The sample was cribcal pont dned and observed under JSMIGS
CF Scanning Electron Microscope al 10KV )

Front Spore head containing spiny conidia on raugh conidiophone of 15 pm widih
Back Conidiophores (15 pmowidth) bearing spore heads with spiry conidia
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Foreword

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) aims
to help the poor by increasing the productivity of resources committed to its mandate
crops while protecting the environment, through agricultural research and in concert
with national agricultural research systems.

Germplasm improvement continues to be ICRISAT's main line of work, responding to
a predicted increase in demand for advanced germplasm products and for source
populations containing special traits. For this reason ICRISAT also serves as a world
storage and trust facility for the genetic resources of sorghum, pearl millet, finger millet,
pigeonpea, chickpea, and groundnut.

By recognizing and reducing the enormous crop losses thal occur between harvesting
and final utilization a significant contribution can be made 10 improving the supply of
agricultural products above and beyond what may be achieved by increased primary
production. Historically, the study of postharvest crop losses has largely been
associated with protection of food stocks, paricularly emergency grain supplies,
during wartime and especially where more developed temperate countries have been
involved.

The main objective of this bulletin was to compile and collate information of practical
value which plant pathologists, plant quarantine experts, and seed technologists could
use in handling such seed stocks both in the field and in the laboratory. This publication
is the result of a fruitful cooperation between ICRISAT, India, and the Food Security
Depariment, Natural Resources Institute (NRI), UK.

The study conducted by the authors at ICRISAT was to understand the various storage
conditions of sorghum grain and the potential occurrence of mold fungi under such
conditions, and the importance of individual fungi including production of mycotoxins.
The information in this bulletin is based on observations of the sorghum grain samples
collected from grain lots stored by farmers in gunny bags, polypropylene bags,
mud-lined baskets, a comer of a room, and metallic containers in rural India. This
bulletin is a ready reference for researchers working on sorghum grain mold.

Director General Director
International Crops Research Institute Genetic Resources and
for the Semi-Arid Tropics Enhancement Program



Introduction

People need food, and a crop is not food until it is eaten. A program to reduce storage losses
probably could result in an increase of available food in some developing countries, and might
also assure that whatever increases in production occur in future would be used for the
nourishment of people, not for feeding pests. Overall postharvest losses of cereals, cilseeds,
and pulses have been estimated at 20% of the harvested crop in Africa, Asia, and Latin
America. The Food and Agriculiure Organization of the United Nations (FAD) has estimated
losses of these commodities at 10% on a worldwide basis (FAO/NCRISAT 1996). In individual
cases losses may be much greater and it is suggested that losses at the farm-level of 35-50%
foliowed by 10-12% in traders’ stores and further 5% in centralized stores may nol be
uncommon (Booth and Burden 1983).

There is little doubt that grain mold in its broadest sense constitutes one of the most important
biotic constraints to sorghum [Sorghum bicolor (L) Moench) improvement and production. The
real and potential importance of grain mold has been emphasized for Africa, the Americas, and
India (Forbes et al. 1992). Grain mold fungi have repeatedly been associated with losses in
sead mass, grain density, and germination and other damage relating to storage quality, food
and feed processing quality, and market value of the grain. More specifically, the effects of
fungi in quality loss in stored grains are: (1) decrease in germinability; (2) discoloration of part
or all of the seed or kemnel; (3) healing and mustiness; (4) various biochemical changes; and
{5} production of toxins that if consumed may be injurious to humans and to domestic animals,

Grain mold continues to receive much attention because of the growing concem for delsterious
nature of subacute dosages of mycotoxins on animals. Mycotoxin content of grains
contaminated during pre-harvest increases when the grains are stored. There are species of
32 dematiaceous hyphomycetes which produce mycotoxing and other metabolites. More
species in the genera Alfernarna, Bipolars, Cunvulania, Drechslera, Exserohilum, and Fusanum
have been investigated for mycoloxins than those in the other fungal genera (Sivanesan
1831). In addition, species of Aspergilus can produce aflatoxins (Pitt 1991),

Seeds carry mycofiora which vary with the host species. This is especially true for the more
deeply seated mycoflora, whilst on the surface many “accidental guests' may be carried as
well. The seedborne mycofiora can be identified through the use of seed health tests. The tests
are used for several purposes:

* To assess the incidence of a seedborne pathogen that may affect seed quality.
= To detect organisms of quarantine concern.

« To determine seed quality in terms of germinability and or vigor.

* To determine if pesticide treatment of the seed is necessary,

In this study, efforts were made to compile information on symptoms of 48 grain mold fungi, 1o
detall their morphology, provide quick clues for identification, and describa their importance in
terms of diseases, and mycotoxin and metabolite production.
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Collection of Sorghum Samples and
Storage Conditions

A lotal of 67 sorghum grain samples, representing hybnds, vareties, and local cultivars wera
collected in two surveys in rural areas of the states of Andhra Pradesh, Karnataka, and
Maharashira in India. The grain samples were collected from lots stored by farmers for food
purpose in five types of storage condiions: gunny bags, mud-ined baskets, metallic
containers, polypropylene bags, and piled in a cormer of a room. During the first survay in June
1997, 15 samples were collected from grain lots stored after harvest in the 1996 rainy season
and 11 from the 1996/97 postrainy season harvest. During the second survey in October
1997, 19 samples were obtained from 1996/87 postrainy season harvest and 22 samples
from the 1997 rainy season harvest. Approsimately 1 kg grain samples wera collected from
gach lot using compartment probe (B0 cm long = 2.5 cm diameter) whare there was open
access o the grain bulk (mud-lined basket and loose grain piles) and where access was more
difficult {stacks of gunny bags and polypropylene bags), a short probe (27 cm long = 1.5 cm
diameter) was used. Farmers were paid for their grain at the market rate. Care was taken not
to mention to farmers that a further sample would be taken at a later stage. This was done to
ensura that thair subsaquent behavior would not be influanced by the opportunity to sall grain.



Detection Technique

Eight hundred grains from each sample were examined 1o identify fungi up to the species
level. Each grain sample was subjected to four treatments (200 grains treatment');

1. Grains were surface stenlized in 1% sodium hypochlorite (NaOCI) [prepared from Clorox®
(Clorox Company, Oakland, CA 94612, USA) containing 5.25% NaOC|) without fungicide
treatment.

2. Grains were slerlized in NaOCI, and treated with benomyl (0.05%) [Benofit* 50 WP
{benomyl 50% WP), EID Parry {Indiaj).

3. Grains were sterilized in NaOCl and treated with benomyl.
4. Grains were nol sterilized and no benomyl treatment

The grains were transfermed to pre-sterilized pefri dish humid chambers (@ 25 grains dish’
(Fig. 1a, b) under aseptic conditions, and were incubated for 5 days at 2821°C in an Incubator
(Percival®) with a 12-h light cycle for observation. The fungi mentioned in this bulletin were
encountered across the treatments, siorage conditions, seasons, and cultivars. The effects of
all these factors on mean frequency of occurrence of individual fungi are published separately.



Figura 1b. Adler incubition



Identification and Photomicrography of Fungi

Each of the grains in the four treatmenis were axamined under a stereoscopic microscope
(Olympus CO1) for grain colonization and & compound microscope (Dlympus BH2) for
proper identification of fungl using the scotch-tape method (Appendix 1). This method was
mainly to preserve attachment of conidia lo conidiophores. It was pariicularly useful for
those fungi in which the conidia readily dislodge from conidiophores under normal
procedures for slide preparation. Pholomicrographs were made of the colonization of
grans either by an individual fungus, or by a group of fungi using the stereoscopic
microscope and for fungal structures using the compound microscope. The proper
identification of fungi was confirmed by comparison with the details available in the
literature, and the knowledge acquired by the senior author in the international course on
identification of fungl of agrncultural and environmental significance at the International
Mycological Institute, Egham, Surrey, UK 1n 1996. In addition, most descriptions of each
fungus included in this bulletin are from Standen (1945), Nelson (1958), Whitehead and
Calvert (1959), Simmaons (1967), Barron (1968), Ellis {1971, 1976). Barnett and Huniter
(1972}, Raper and Fennel (1973), Sutton (1980}, Zillinsky (1983}, Sivanasan (1887), Pitt
(1988}, Hanlin (1990), Champ et al. (1991), and Hawksworth i al. (1995)



Symptoms and Morphology



Acladium conspersum Link ex Pers.

Symptoms on grain. Colonies are effuse. often very large, cottony and pale at first, later
becoming velvety and fulvous or snuff-colored (Fig. 2).

Morphology. Mycelium s mostly superficial. Conidiophores and hyphae have same
thickness (B-9 um), up to 350 um long but usually shortes, and are subhyaline; cyfindrical
denticles are numerous especially on the upper part. Comidia are ellipsoidal, papillate at the
base. smooth, individually subhyaline or straw-colored, fulvous in mass, 15-20 (average 17)
um = 8-14 (average 12} um (Fig. 3).

Quick clue. Lemon-shaped conidia are present on the conidiophore,

Importance. Acladium conspersum is very commaon on dead wood and bark of many different
trees and shrubs in Canada, Europe including Great Britain, and USA. Occurrence of this
fungus and also the mathod 1o kill the fungus adhering 1o the grains for its safe consumption
has been reponed on sorghum by Nawi et al, (1997,

Figura 2 =B7
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Acremonium strictum W. Gams

Teleomorph. Caphalosporium acremonium Corda
Cephalosponium madurae Padhye, Sukapure, & Thirumalachar

Symptoms on grain. Colony on grain is compact, slow-growing, white 1o pale and becomes
slate gray or black with age (Fig. 4). Hyphae are hyaline, seplate. simple or branched, and are
often grouped logether forming threads and along the sides of the threads numerous solitary
conidiopheres are formed, each with a globule of spores. Infected grain may show white
sireaks on the grain surface.

Morphology. Conidiophores. arising directly and singly at right angles from the vegetative
hyphae, are hyaline, shor, tapered towards the tip, and measure 30-60 um in length and
1.5 pm in width at the basa (Fig. 5).

Quick clue. The characteristic of Acremonium is the ball of spores produced at the apex of
solitary, tapering conidiophores, usually bome at nght angles ta the hyphae

(Note: The genus can be readily confused with ather genera such as Gliornasiix, Verticilium,
and microconidial Fusanum or Cylindrocarpon. Neverthaless, it is perhaps one of the easiest
fungi 10 identify at the genus level and one of the maost difficull in which 1o make species
delerminations.)

Importance. Acremonium stricium is distributed worldwide, but is more frequent in the tropics.
It causes acremonium wilt of sorghum (Bandyopadhyay et al. 1987) and black bundle disease
of maize (fea mays L), The latter is a late season disease which is common in USA
and other countnes.
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Acremonium strictum




Alternaria alternata (Fr.) Keissler

Symptoms on grain. The fungus produces woolly or powdery chains of dark brown conidia
of variable lengths and shapes, The color of the colony s usually extremely variable betwean
olive green to dark brown (Fig. 6a, b)

Morphology. The mycelium may be either sparse or abundant and variable in color, usually
light olive green fo brown Hyphae are dark brown, thick, septate, and branched.
Conidiophores are simple, erecl, 40-50 pm long. 2-6 um thick, and ofien clustered.
Conidiophores produce dark pigmenied conidia in an agropetal succession of simple ar
branched chains. Thasa chains normally branch atl the beak of a spore, or sometimes from
the short Iateral projection of the beak. Conidia have transverse and ablique septa, measure
10-18 « 20-65 ym, and are ovoid 1o obovoid, obclavate, obpyriform, ellipsoidal, uniform,
with an slongated terminal cell (Fig. 7). Conidia often have a shon conical or cylindrical beak
which is about ane third the length of the conidium, and measure 2-5 « 10 20 ym. Surface
walls are either smooth or verrucose and pale to mid-goldan brown.

Quick clue. Chains of conidia are produced at the beak of a spore, or sometimes from the
short lateral projection of the beak.

Importance. The fungus is distributed worldwide and is usually seedbame. || causes leal
spot on several hosts and biight of pigeonpea (Cajanus cajan (L.) Millsp.), chickpea (Cicer
darietinum L.). and groundnut (Arachis hypogaea L.). Several meiabolites and toxing have
been isolated from A, alfernata: tentoxin (Templeton 1972), AF-toxins | and Il (Maskawa et al.
1984), alkaloids (Rizk e! al 1885 alernanol (Logrieco et al 1990). and mannitol
(Combe at al. 1970),
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Alternaria alternata

Flgure Ba «17 Figure &b

v "i"“ﬂ. 4
Lo P




Alternaria brassicicola (Schwein.) Wiltshire

Helminthosporium brassicicols Schwainitz
Macrosporium cheiranthi Fr. var circinans Berk. & Curt.
Alternara circingns (Berk. & Curt.) Bolle

Alternaria oleracea Milbraith.

Symptoms on grain. Colones are amphigenous, effuse, dark clivaceous brown to dark
biackish brown, and velvety, Dark brown to almost black, circular (1-10 mm diameter), zonate
spots are formed (Fig. 8)

Morphology. The mycedium s immersed, hyphae are branched, septate, hyaling at first, later
turn brown or olivaceous brown, inter- and intracellular, smooth, and 1.5-7.5 um thick. The
conidiophores arise singly or in groups of 2-12 or more, and emerge through the stomata. They
are usually simple, eract or ascending, straight or curved, occasionally geniculate, more or less
cylindrical but often slightly swollen at the base, septate, pale to mid-olivaceous brown, smooth,
70 pym long, and 5-8 pm thick. The conidia are usually produced in chains of 20 or mare,
somatimes branchad, acropleurogenous, and arse through small pores in the conidiophore wall.
They are straight, nearly cylindrical, usually tapering, siightly towards the apex or obclavate, with
the basal cell rounded, the beak usually almost non-existent, the apical cell being more or less
rectangular or resembling a truncated cone, occasionally batier developed but then always shart
and thick, with 1-11, mostly less than 6 transverse septa and usually few but up to 6 longitudinal
septa, often shghtly constricted at the septa. pale 1o dark olivaceous brown, smooth or becoming
slightty warted with age, 18- 130 um long. 8-20 um thick in the broadest part, with the beak 1/6
the length of the conidium and 6-8 um thick (Fig. 9)

Quick clue. Comdia are neary cylindrical, usually tapering, the beak usually almost non-
existent

Importance. "Brassicicolon A" metlabolite was isolated from Alternaria brassicicola (Ciegler and
Lindenfelser 1969). The fungus causes leaf spot of crucifers.






Alternaria longipes (Ellis & Everh.) Mason
Macrosporium longipes Ellis & Everh.

Symptoms on grain. Colonies are amphigenous. The spots which appear first are orbicular,
brown, and frequently zonate (Fig. 10). The entire grain eventually becomes brown and the
spots then appear a shade paler than the surrounding areas (Fig. 10}

Morphology. Conidiophores arise singly or in groups, erect or ascending, simple or loosely
branched, straight or flexuous, cylindrical, septate, rather pale olivaceous brown, 80 um long,
3-5 um thick, with 1 or several conidial scars. Conidia are sometimes solitary but usually in
chains, obclavate, rosirale, pale fo mid-pale brown, smooth or verruculose, averall length
35-110 (average 69) um, body of conidium 11-21 (average 14) um thick in the broadest part,
tapering gradually into the pale brown beak which is usually 1/3 1o 1/2 the total length, 2-5 um
thick and often slightly swollen at the ftip; there are 3-7, usually 5-6 transverse septa and 1 to
several longitudinal or oblique septa (Fig. 11).

Quick clue. Refer Figure 11.

Importance. On lobacco (Micotiana fabacum L), A. longipes causes brown spot. But this is
the first repon of its occurrence on sarghum in India.

Figure 10 « 5
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Figure 11




Alternaria longissima Deighton & MacGarvie
Symploms on grain. Colony on grain is brown to blackish brown (Fig. 12).

Morphology. Mycelium is partly superficial and partly immersed. Conidiophores are  erect or
ascanding, simple or occasionally branched, straight or slightly flaxuous, sometimes geniculate,
somewhal swollen at the apex, septate, pale o mid-pale brown. smooth below, verruculose at
and sometimes below the apex, 150 um long, 3-5 um thick, with one to several conidial scars
Conidia are solitary or catenulate, extremety variable in shape and size, pale straw colored to
brown. They are usually very long (up to 500 um). Cercospora-iike, obolavate or with a basal
sub-cylindric portion of few to several cells and a very long, narrow septate beak (Fig. 13). They
have 5-40 transverse septa. Conidia are 4-17 um thick in the broadest part and about 2.5 um
thick at the apex. Shorter comidia, vanable m shape and often with a few longitudinal or oblique
septa, are also formed. Conidia are thin-walied, smooth except around the base whera thay are
often verruculose. Dark brown, multicellular, murform chiamydospores 1642 = 16-34 um
someatimeas occur, both on natural substrata and in culture

Quick clue. Very long, Cercospora-like conidium is a distinct feature of A, longissima.

Importance. The fungus was previously reported on sorghum along with method(s) to kill the
fungus adhering to the grains for sale use of grains for consumption (Maw et al 1997).
Metabolites isolated from A longissima include tenuazonic acid, cellulase, and
polygalacturonase (von Ramm and Lucas 1963; Mikami et al. 1971)

Flgure 12 =13






Alternaria tenuissima (Kunze ex Pers.) Wiltshire

Helminthasporium tenuissimum Kunze in C.G. & TEFL Nees
Macrosporium tenuissimum Fr

Symptoms on grain. Golden brown to black growth an the seed surface (Fig 14)

Morphology. Conidiophores are solitary or in groups. simple or branched, straight or
flexuous, more or less cylindrical. septate, pale or mid-pale brown, smooth, with one or several
conidial scars, up 1o 115 um long, and 4 um thick. Conidia are soltary or in short chains,
straight or curved, obclavate or ellipsoidal tapering gradually to the beak which is up to hali the
length of the conidium, usually shorter, sometimes tapered to a point but more frequently
swollen at the apex where there may be several scars; pale to clear mid-goiden brown, usually
smooth, sometimes minutely verruculose generally with 4-7 transverse and several
longrtudinal or oblique septa, and slightly or not constricted at the septa; overall length 22-95
(average 54) um, 8-19 (average 13.8) um thick in the broadest part, beak 24 um thick, and
swollen apex 4-5 um wide (Fig. 15).

Quick clue. Refer Figure 15

Importance. Alternaria lenwissima is extremely common and recorded on a wide range of
plant species, usually as a secondary invader rather than a primary parasite. It produces
tenuazonic acid (Davies et al. 1977). It has been reporied 10 cause leaf spol of pigeonpea. Il
produces the sama toxins as 4. alternala.

Fugure 14 =51
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Aspergillus candidus Link

Symptoms on grain. Conidial heads are persistently white or become yellowish cream with
age (Fig. 16a); typically globose when young, often splitting with age. or approaching columnar
in small heads (Fig. 16b).

Morpholegy. Conidiophores are smooth, colorless or slightly yellow in terminal areas.
Vesicles are typically globose to subglobose and fertile over the entire surface. Sterigmata
typically in two series, with pnmary series often much enlarged, sometimeas varying graatly in
size within the same head (Fig. 17). Condia are globose or subglobose and smooth.

Quick clue. Absence of pigmentation and smooth comidia. White comidial heads are present.

Importance. Aspergilius candidus s widely distributed In nature. It is encountered most
commonty on stored cereal grains and on grain products. It has been revealed frequently in
necropsies of birds and mammals at the Pans Zoological Gardens. I is a thermo-tolerant
fungus. capable of growing at 40-50°C, and is xerophilic {(Raper and Fennel 1873).

Figure 16a = 36 Figure 166 =436



Aspergilius candidus

Figure 17




Aspergillus flavus Link

Symptoms on grain. Colony on seed is usually spreading and very light yellow-green, deep
yellow-green, olive brown, or brown (Fig. 18a). Conidiophores are swollen apically and bear
numerous conidia-bearing cells (phialides) with conidia in long, dry chains, Conidial heads are
typecally spherical, splitting into several poorly defined columns, rarely exceeding 500-800 um
diameater, but mostly 300-400 um (Fig. 18b)

(MNote: Severely infected sorghum grains are discolored and shrivelled.)

Morphology. Conidiophores are heavy walled, hyaline, coarsely roughened, and usually
<1 mm in length, with 10-20 pm diameter just below the apex. Apices are elongated when
young, becoming subspherical to spherical, 10-65 um in diameter, but commonly 25-45 um.
There can be one or two senes of conidia-beanng cells (phialides and supporting cells)
depanding on the species. Supporting cells are usually 8-10 « 48 pm but sometimes up o
13-16 = 8-9 uym In diameter. Phialides measure 6-10 ~ 3-5 pym (Fig. 19a). Conidia are
typically spherical to subspherical, conspicuously spiny, variable, 3-6 um in diameter, and
somelimes oval or pear-shaped at first and occasionally remaining so (Fig. 19h).

Quick clue. Aspergillus fiavus Is recognized by the light yellow-green, deep yellow-green,
olive brown, or brown. compact. spherical or columnar spore heads.

Importance. Aflatoxins produced by A. flavus are toxic to humans and animals, and reduce
grain palatabiiity for feed or food. Seed infection can reduce germination. Production of large
numbers of air-disseminated spores can cause respiratory diseases in humans and animals
{Raper and Fennel 1873). Aspergillus fliavus has been used more widely in industry than any
other group of molds, particularly for tha production of enzymes.
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Aspergillus niger van Tieghem

Symptoms on grain. Colony on seed grows Slowly, consisting of a compact 1o fairly loose
white to faintly yellow basal mycelium, which bears abundant erect and usually crowded
conidial structures, typically carbon black but sometimes deep brown-black, covering the entire
colony excepl for a narrow growing margin (Fig. 20). Conidial heads are typically large and
black, compact at first, sphencal, or splt into two or more loose 1o reasonably well-dafined
columns, and commonly reach 700-800 um In diameter,

(Mote: Severaly infected sorghum grains are discolored and shrivelled.)

Morphology. Conidiophores are smoath, hyaline or faintly browrush near the apex and up to 3
um in length and 15-20 uym in diameler. Apices are spherical or nearly so, up to 75 um in
diameter but often quite small. Two series of conidia-bearing cells (supporting cells and
phialides) are produced, but in some heads only phialides are present. Supporting cells are of
varying lengths and sometimes septate, but when mature usually 20-30 ym lang. Phialides
are mare uniform in length, usually 7-10 = 2-3 um. Conidia are typscally spherical at maturity,
often very rough or spiny, mostly 4-5 um diameter, and very dark in color or with conspicuous
longitudinal striations (Fig. 21).

Quick clue. Aspergilus niger is recognized by the production of compact, greenish black,
brownish black, purplish black, or carbon black, spherical or columnar spore heads.

importance. Seed infection can reduce germination. Production of large numbers of air-
disseminated spores can cause respiratory diseases in man and animais. Aspergilius niger is
worldwide in distribution and oceurs in and upon the greatest variety of substrata including
grains, forage products, spoiled fruits and vegetables, exposed cotton textiies and fabrics,
leather, dairy products, and other protein-nch substrata (Raper and Fnnel 1973).
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Bipolaris australiensis (M.B. Ellis) Tsuda & Ueyama

(Bippiaris species “with” Cochliobolus teleaomorph)
Drechslera australiensis M.B. Ellis
Heiminthosporium australiense Bugnicoun

Teleomarph. Cochliobolus australiens:s (Tsuda & Ueyama) Alcom

Symptoms on grain. Conidial colonies are effuse, gray to blackish brown, and velvety.
Hyphae are pale to dark brown, smooth, and septate. Stromata are erect, straight, cylindrical,
and black (Fig. 22).

Morphology. Conidiophores are single, flexuous, geniculate, septate, smooth, cylindrical,
reddish brown, up to 150 ym long and 3-7 pm thick, having verruculose, conidiogenous nodes.
Conidia are straight, ellipsoidal or oblong, rounded at the ends, pale brown to mid-reddish
brown, usually 3-, raraly 4-5 distoseptate, 14-40 = 6-11 um (Fig. 23).

The species is hatarothallic and the teleomorph is obtained by pairing opposite compatible
manoconidial isolates in Sach’s agar media with stenlized rice straw. Ascomata on rice straw
are globose to subglobose, black, superficial on columnar to fiat stromata, 375-940 ym in
diameter with a long cylindrical ostiolar beak 250-1250 = 90-125 ym. Pseudoparaphysas are
flamentous, hyaline, septate, and branched. Asci are cylndncal to long, 100-182 =
8.5-15 um clavate, vestigial bitunicate, short pedicellate, with 1-B spores. Ascospores are
parallel to partly or closely coled in a helix in the ascus, filiform, somewhat tapenng towards the
ends, flagelliform at the ends, hyaline to very pale brown, 3-13 septate, B1-206 -
25-56 ym.

Quick clue. Verruculose conidiogenous nodes are present

Importance. Production of mycotoxin by the fungus is unknown, Cochliobolus ausiraliensis
causes leaf spot of pearl millet (Penmiseturn glaucum (L) R. Br) (Chand and Singh 1966) and
leaf blight of citronella grass (Cymbopogan winferianus Jowitl.) (Ramaiah and Chandrashekar
1881) in India.
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Bipolaris halodes (Drechsler) Shoem.

({Bipolaris species “without" Cochiiobolus teleomarph)
Drechsiera halodes (Drechsler) Subram. & Jain

Bipolaris rostrata (Drechsler) Shoem.

Drechslera rostrata (Drechsler) Richardson & Fraser
Exserohilum halodes (Drechsler) Leonard & Suggs
Exserofulum rostratum (Drechsler) Leonard & Suggs Imp
Heiminthosponum appafternae K.5. Deshpande & K.S. Deshpande
Helminthosporium haltodes Drechsler

Helminthosporium rostratum Drechslar

Helminthasporium halodes Drechsler var fritic! Mitra
Helminthosporium halodes Drechsler var elaeidicola Kovachich
Luttrelia rostrata (Drechsler) Gonorstal

symptoms on grain. Stromata are formed on seeds and are erect, simple or branched,
cylindrical, dark, blackish brown to start, up o 2 < 1 pm (Fig. 24).

Morphaology. Conidiophores are up to 200 um long, 58 pym  thick, septate, cylindrical,
olivaceous brown, paler towards the apex, simple, and geniculate. Conidia are straight to
slightly curved, ellipsoidal to narrowly obclavate or rostrate, brown or olivaceous, thick-walled,
axcept in a small subhyaline ragion at the apex and a similar region surrounding the hilum
which protrudes as a darkened cylinder or truncate cone from the end of the basal cell, basal
saptum darker and thicker than the other septa, up to 18-disloseptate, 15-200 = 7-29 um
{Fig. 25). Germination occurs from the subhyaline region of the end cells and germ fubes
grow semiaxially,

iNote: Teleomarph is absent.)
Quick clue. A small subhyaline region is present at the apex of the conidium,

Importance. |l is a seadborne fungus and is widely distributed. Mycotoxin production by this
fungus is unknown. It commanly occurs on grasses, and many other plant species, soil, and
textiles (Sivanesan 1987).
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Bipolaris maydis (Nisikado & Miyake) Shoem.

[Bipolans species “with” Cochiiobolus teleomorph)
Helminthosporium maydis Nisikado & Miyake
Drechslera maydis (Nisikado & Miyakae) Subram. & Jain

Teleomorph. Cochiiobolus heterostrophus (Drechsler) Drechsler

Symptoms on grain. Colony on seed is pale to mid-dark golden brown with some white aenal
mycelium, and moderate in density (Fig. 26). A black matted mold may cover the affected grain
and can reduce germination

Morphology. Condicphores are mid- to dark brown, medium to long, commaonly long,
slander, straight or curved, single or in groups of 2 ar 3, pale near the apex, smooth, up to 700
pwm long, and 5-10 um thick, and bear conidia at wide intervals. Conidia are distinctly curved,
broad in the middle, sharply lapening lowards rounded ends, pale 1o mid-dark golden brown,
smoath, 5-11 saptate, mostly 70160 um long, 15-20 um thick in the broadest part; and point
of attachment is dark. often fial, and 3-5 um wide (Fig. 27).

Pseudothecia contain asci with four slender. thread-iike, 5-9 septate ascospores (6-7 =
130-340 pm) arranged in parallel coils. Pseudothecia rarely occur under natural conditions.

Quick clue. Conidia are light brown, slender, typically curved, and tapering sharply towards
both ends. The curvaturs is more pronounced than in any other related species. Conidiophores
are usually long, slender, alternately bent, and bearing conidia al wide inlervals.

Importance. Bipolans maydis 15 distributed worldwide but predominantly in the fropics and
subtropics There are quarantine restrictions in many countnes including Malaysia. Malze
germplasm with male stenle T cytoplasm also has guarantine restrictions. Bipolaris maydis
produces tour host-specific toxins of race T and C. heterostrophus produces ophiobalin B,
ophiobolin C, ophwbolin F, anhydroophiobolin A, 6-epiophicbolin A, and geranyinerolidol
(Ishibashy 1962; Nozoe et al 1965, 1966; Canonica et a8l 1966; Tsuda et al 1867; Cordell
1974; Karr et al 1974, 1975, Payne and Yoder 1978; Sugawera et al. 1987)
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Bipolaris sacchari (E. Butler) Shoem.

[Bipoiars species “without” Cochioboius telecmorph)
Helminthosporium sacchan E. Butler
Drechslera sacchan (E. Butler) Subram. & Jan

Symptoms on grain. Stromata are formed on seeds and are erect, simple or branchead,
cylindrical, dark, blackish brown to start, up to 2 < 1 mm (Fig, 28)

Morphology. Conidiophores are single or in small groups, often from groups of dark calls
which form a loose stroma, straight to flexuous, mid- 1o dark brown or olivaceous brown, paler
lowards the apex, seplate, smooth, cylindrical. up to 200 um long. 5-8 um thick; in culture up 1o
700 ym long and 10 um thick. Conidiogenous nodes are smooth to slightly verruculose
Conidia are slightly curved, rarely straight, cylindrical or narrowly ellipsoidal, mid-pake to mid-
yallow golden brown, 5-9 ([commonly 8) distoseptate, 35-96 « 8-17 pm, hilum 2-3 um wide

(Fig. 29)

(Mote: Teleomorph is absent |
Quick clue. Groups of dark cells and slightly curved distoseptate conidia are formed

Importance. Bipolars sacchar produces helminmthosporoside (Beder et al. 1982) and three
isomeric host-specific toxins (Macko et al. 1983). It causes eye spol and seedling blight of
sugarcane (Saccharum officinarum L) and leal spots of grasses

Figure 28 =4
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Bipolaris spicifera (Bainier) Subram.

(Bipolaris species “with” Cochiioboius teleomorph)
Helminthasporium spicifarum (Bainer) Nicot
Healminthosporium teframera McKinney
Curvulana spicifera (Bainier) Boedijn

Teleomorph. Cochliobolus spicifer Nelson

Symptoms on grain. Colony on seed is brown, gray or black, hairy, cottony or cushion-like
and spreads loosaly with abundant brownish conidiophores. single or in clusters of 2-3
(Fig. 30). Many small conidia are produced at very short intervals, giving nse to a bottle-brush
appearance. Colonies strongly resemble those of Curvulana spp

Morphology. Conidiophores are brown and curved, with obvious and numerous scars
resulting in an irreguiar zigzag appearance. Conidia are short, typically 3-saptate, light to dark
brown, oval, curved to straight with rounded ends. and measure 20-40 um « 8-14 um. Conidla
are lighter in color towards the terminal cells.

Ascomata are black, sphencal to oval, curved, 460-710 = 350-650 um, with an inverled cone-
shaped neck and pore. Asci are cylindrical to club-shaped, straight 1o slightly curved, with 1-8
spores and 130-180 = 12-20 pm, Ascospores are parallel to closely coiled in the ascus, thread-
like, somewhat lapered at the ends, 6-16 septate, hyaline, and 135-240 =~ 3-7 um
(Fig. 1),

Quick clue. Under the dissecting microscope, conidia appear to be clustered for some langth
on the conidiophores, giving the appearance of a bottle-bvush. Conidia are very small and
typically 3-seplate, almost cylindrical. more or less uniform in size, and the end cells have
subhyaline areas towards their terminal ands.

Importance. Bipolars spicifera is distributed worldwide and 15 very comman in tropical and
sublropical areas The mycoloxins isolated from B. spicifera are spiciferone A and cynodontin
metabolites and thase from C. spicifera are curvularin and D-mannitol (Combe &t al. 1968;
Nakajima et al. 1989), The main diseases caused by B. spicifera are fool rot {or common root
rot] of winter wheat (Tritcumn aestivum L) and mycotic keratitis in humans. A subculaneous
rmycosis in cat and horses is also induced by C. spicifer.
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Bipolaris zeicola (Stout) Shoem.

(Bipolans species "with” Cochlfobolus teleomorph)
Heilmnthasporium carbonum Ullstrup
Helminthosponum reicola Stoul

Drachsiera carbanum (Ullstrup) Srvan

Drechslera zeicola (Stout) Subram. & Jain

Teleomorph. Cochliobolus carbonum MNelson

Symptoms on grain. Grains are coverad by very dark brown 1o black mycelium which gives a
characteristic charcoal appearance. Conidia are also visible (Fig. 32).

Morphology. Conidiophores are single or in small groups, straight to flexuous, mid- 1o dark
brown or olivaceous brown, up 1o 250 um long, 5-8 pm thick, smooth, septate, and cylindrical.
Condiogenous nodes are verruculase with the surface wall below them granulose. Conidia are
curved or sometimes siraight, occasionally almost cylindrical bul usually broad in the middie
and tapering towards the rounded ends, 612 (commonly 7-8) distoseptate, 30-100 = 12-18
um, often finally becoming dark or very dark brown or olvaceous brown, with the and calis
sometimes remaining tapered than the middie cells (Fig. 33). The surface = often granulose
and mlum 8 not very conspicuous.

The species is heterothallic and the teleomorph s obtained by panng opposite mating single
conidial isclates in Sach's agar media holding sterilized maize leaf segments or barley
(Hordeumn wuigare L) grans at 24'C (Nelson 195%). Ascomata are black, globose to
gllipsoidal, 355-550 « 320-420 pm, with setae over the upper half of the wall mixed with
conidiophores, and with a well-defined sub-conical to parabolokd ostiolar beak 80-200 um
long. Pseudoparaphyses are filiform, hyaline, septate, and branched, Asc are cylindrical 1o
clavate, shorl-stalked, straight 1o siightly curved, 1-8 spored, vestigial bitunicate, 160-257 =
18.0-27.5 um. Ascospores are filiform or flageilform, somewhat tapering towards the ends,
hyaline, 5-9 septate, 1B0-307 = 610 um, cften surrounded by a thin hyaline mucilaginous
sheath

Quick clue. Disloseptate dark to dark brown conidia are present

importance. Bipolaris zeicola is distributed worldwide. There are quarantine restnctions for
Indonesia, Egypt, and Chile. Bipolans zeicols produces HC-toxins 1, II, lil, IV, and CHS
polypeptide (Ramussen and Scheffer 1988), and C. carbonum produces carbloxinine and
vicloxining (Nishimura el al 1966; Pringle and Scheffer 1967). Cochliobolus carbonum is
reporied on maize from many countries including Indsa. This is the first report on sorghum in
India.
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Botrytis cinerea Pers. ex Pers.

Teleomorph. Bolrvolinia fuckeliana (de Bary) Whetzel

Symptoms on grain. Colony on seed is while or gray or grayish-brown, and spreading for a
ghort distance around the afected seed (Fig. 34)

Morphology. Conidiophores are brown, tall, upnght or nearly so, septate and branched, up to
30 um wide and 2 um long. The branches are consiricted at their point of ongin and guickly
collapse when removed from a moist atmosphere Conidia occur in clusters at the swollen
rounded apices and at intervals along with condiophores on short blunt teeth. Conidia are oval
or egg-shaped, often with a shghtly projecting point of atachment. coloness 1o pale brown, and
measure 6-18 = 4-11 uym (Fig. 35)

Fairly large, black, irregular scierolia can be produced, but not normally within the period of a
sead health test. They are rather flat in appearance and measure 5 - 2 = 2 um

Quick clue. The funugs is characterized by stout, brown, branched conidiophoras supporting
glistening gray heads of pale conidia, which can be observed under low magnification of a
binocular microscope

Importance. The fungus is a common gray maold, frequently parasitic, and produces abscisic
acid, botrydial, botnyacton, citric acid, and thermostable toxins (Fehlhaber et al. 1974, Kamoen
and Jamart 1974 Lyon 1977, Welmer &t al. 1979, Morooko at al. 1988), Howewver, i1 is not
noted as a loxgenic specas

Figure 34 131
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Chaetomium oryzae

Symptoms on grain, Colony on seed is white with the density of mycelium varying from light
to dense. The perithecia are found on the seed surface benaath the aerial white mycelium (Fig.
36)

Morphology. Perthecia are spherical or elongate, with a pore opening, and a dark,
membranous, cellular wall which is covered with conspicuous hairs of various types (Fig. 37).

Asci are hyaline, usually club-shaped but in a few cases cylindrical, and contain eight
ascospores, Ascospores are one-celled and in most cases lemon-shaped. They are extruded
through the pore opening either as a mass amongs! the hairs or as a column depanding on
conditions.

Quick clue. Colonies of Chaeformium species can be readly recognized by the presance of
perithecia with many stiff dark terminal hairs with omamentation

Importance. Chaeformum is distributed worldwide. It has no significance in crop production.

However, it is a common saprophyte and secondary invader. Seeds of low germinating capacity
are somaetimes found to be heavily contaminated with Chastomium (Skolko and Groves 1953),

Fagure 36 «23

A2



Chaetomium oryzae

Figure 37




Cladosporium oxysporum Berk, & Curt.

Symptoms on grain. Colonies are effuse, pale gray or grayish brown, thinly hairy on natural
substrata (Fig. 38); cottony or loosaly felted in cultura,

Marphology. Conidiophores are macronematous, straight or shghtly flexuous, distingtly
nodose, pale or mid-pale brown, smodtn, up 10 500 pm long or somelimes even longer mn
culture, 3-5 pm thick, with terminal and intercalary swellings of 6-8 pym diameter. Conidia
anse from terminal swellings, which later become intércalary, in simple or branched chains
Conidia are cylindrical, rounded at the ends, ellipsoidal, limgnifarm or subspherical, subhyaline
or pale olivaceous brown, smooth, 5-30 « 3-6 ym (Fig. 39)

Quick clue, Uladosponum s charactenzed by erect, pigmented conidiophores with chains of
conidia in tree-like heads. This genus can freguently be identified by the distinctive lemon
shaped conidia. which have well marked. dark attachment scars and show considerable
variation in size and sepiation within and betwean species

Importance. Heavily infected sorghum grains may have dark green o black blotches, or
sireaks that exiend from the grain tips. The fungus is common, widely distnbuted in the tropics
on dead leaves and stems of herbaceous and woody plants. Many saprophytic species are
commonly encountered on seeds. Cladosponum 18 usually associated with frost damage and
wel weather. Black head molds are caused by saprophytic or weakly parasihc species and are
usually associated with insect intestations, lodging. nutnent deficiencees, and/or wet weather at
maturation and harvest.
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Cladosporium sphaerospermum Penz.

Symptoms on grain. Colony on seed spreads loosely or occasionally small, point-like,
cushion-like, cotton-like groups or with tufts, or hairy (Fig. 40a). It s often olive green but also
sometimes gray, light brownish yellow, brown or dark blackish brown (Fig, 40b). Colonies are
relatively slow growing and produce little aerial mycelium but normally sporulate freely
Conidiophores are produced in dense stands from the seed.

[Note: Heavily infected sorghum grains may have dark green o black blotches, or streaks that
extend from the grain tips.)

Morphology. Mycelium is hyaline, becoming dark, septate, smoath or finely rough, 34 um
wide. Conidiophores arise laterally from the mycelium or are formed terminally on the hyphae,
brown, smooth or finely roughened, septate, variable in length, up to about 160 um long, 34
um wide. Conidial heads are composed of branched chains of spores, a large proportion of
which are globose. Conidia are rown, echinulate (echinulation not readily seen at «800), the
majority globose or subglobose or rather ellipsoidal, continuous, 46 pm In diameter; a smaller
number of larger spores are more imegular in shape, globose, ovoid, ellipsoidal with both ends
pointed or pointed at one end and with two or more pretensions at the other, sometimes
septate, 6-14 ~ 46 pm (Fig. 41),

Quick clue. Clagosponum sphaerospermum i characienzed by erecl, pigmented
conidiophores with chains of conidia in tree-like heads. The genus can frequently be identified
by the distnctive lemon-shaped conicha, which have well marked, dark attachment scars and
show considerable varnation in size and septation within and between species. Tree-like heads
of conidiophores can be readily observed by using the scotch-tape method (see Appendix 1)
under the microscope at low power (- 100},

Importance. The fungus 15 & very common cosmopolitan specias. It occurs as secondary
invader on many plan! species and has been |solated from air, soil, foodstuff, paint, textiles,
and occasionally from man and animals
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Colletotrichum graminicola (Cesati) Wilson
Coltetotrichum sublineolum Henn. Kab & Bubak

Teleomorph. Glomerella grammnicola Politis

Symptoms on grain. Visible symptoms are dark brown to black acervuli scattered on grain
surface (Fig. 42). These acervuli are irregular in shape and consist of dark setas, Somatimes
acervuli are also tormed on the glumes.

Morphology. Acervuli are rounded or elongale, separate or confluent, superficial, erumpent,
with conspicuous multiceflular, darkly pigmented setae, and 70-300 pm in diameter, The
acarvuli consist of a gelatinous or mucoid, saimon orange colored conidial mass
Conidiophores are hyaline, single-celled, falcate, fusiform, spindle shaped, with acute apices,
and measura 19-2689 « 3.3-48 ym. Setas are brown with a dark swollen base and a pale
rounded tip (Sufton 1880) (Fig. 43)

Quick clue. Conidia are sickle-shaped and single celled.

Importance. Collefotrichum graminicola is widespread. It causes anthracnose of sorghum
and many other plant species

Figure 42 «37
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Curvularia affinis Boedijn

(Curvuigria spacias “without™ Cochiiobolus telaosmorph)

Symptoms on grain. Colonies are effuse, gray, brown or biackish brown, hairy, cottony of
cushion-like and spread loosely (Fig, 44). Stromata are cylindrical. black, and unbranched

Morpheology. Conidiophores arise singly or in groups, terminally and laterally on the hyphae,
also on stromata when these are present. On natural substrala, conidiophores are erect,
simple, straight or flexuous, sometimes geniculate, septate, brown, paler near the apex,
smooth, up to 200 um long, often swollen at the base (9-11 pm), 6-8 um thick just above the
basal swelling, and 3—4 pym al the apex; in culture simple or loosely branched, flexuous. often
geniculate, septate, pale brown to brown, smooth, up to 400 pm long, 2-3 ym thick at the base
broadening to 4-5 pm near the apex. Conidia are straight or curved, broadly fusiform to
allipsoidal, usually 4-, occasonally S5-distoseptate, cell at each end pale brown, intermediale
caells brown, middle cell sometimes darker, 2748 (average 32) um long, 8-13 (average 10)
(um thick in the broadest part (Fig. 45)

(Nota: Teleomaorph is absent. |

Quick clue. Conidia are often curved but selgom geniculate, 32 = 10 um

Importance. Cunvuiaria affinis is isolated from rice (Oryza safva L), maize, and some
dicotyledon hosts, and soil. This probably s a naw report on sorghum grain from India

Figure 44 18
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Curvularia clavata Jain
(Cunaslana specias “without” Cochiiobolus teleomorph]

Symptoms on grain. Colonies are grayish brown or brown and cottony (Fig, 46).

Morphology. Conidiophores arise terminally and laterally on the hyphae, simple, straight or
flexupus, sometimes geniculate, seplate, pale brown to brown, smooth, up o 150 pm long,
2-6 um thick, namower at the base, and thicker towards the apex. Conidia are straight or
occasionally slightly curved, usually clavate, sometimes truncate at the base, 3-distoseplate,
smooth, 17-29 (average 23) um long, 7-13 (average 9.68) ym thick in the broadest par
{Fig. 47). The hilum is not or very slightly protuberant, basal cell is pale brown and other calls
are brown or dark brown.

(Mote: Teleomorph is absent.)

Quick clue. Conidia are stralght or almost straight, symmetnical, and clavate.

Importance. Curvulana clavata is disinbuted worldwide especially in the tropics and is
frequently encountered as a pathogen or saprophyie. It causes senous losses in tropical
regions, but is a minor pathogen in lemperate regions. An unidentified loxin produced by C.
clavala has been reported (Olufolaji1986).
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Curvularia eragrostidis (Henn.)
(Curvulana species “with” Cochliobolus teleomorph)

Teleomorph. Cochliobolus eragrostidis (Tsuda & Ueyama) Sivanesan comb. nov.,
Pseudocochiiobolus eragroshidis Tsuda & Ueyama
Brachysporium eragrostidis P. Hennings
Spondylocladium maculans Bancroft

Symptoms on grain. Colony on seed s brown, gray, or black, hairy, coltony or cushion-like
and spreads loosely (Fig. 48).

Morphology. Conidiophores are solitary or in groups, simple or rarely branched, straight or
curved, sometimes geniculate near the apex, mulliseplate. brown 1o light brown, variable in
length up to 5 pm diameter. Conidia are 3-distoseptate, ellipsoidal or barred-shaped, the middle
sepium almost median appearing as a black band, with brown to dark brown central cells and
paler end cells, rather smooth, 18-37 « 11-20 um (Fig. 49). Stromata are formed on rice straw
or other substrala

The species is heterothallic and the teleomorph s obtained by pairing compatible conidial
isolates in Sach's agar media containing sterlized rice straw (Tsuda and Ueyama 1985)
Ascomata are superficial, globose, black, 375-750 « 375-750 um, with protruding ostiolar
beaks, developing from columnar ar flat stromata firmly adhering to the substrate at the base;
ostiolar beak 250-1125 - 85-190 um, with a hyaline apex, Asci are vestigial bitunicate, almost
cylindrical with a short stalk, 1-8 spored, 150-240 = 12.5-22 ym, among filamentous
pseudoparaphyses. Ascospores are hyaline, filiform or flagedliform, 175-240 « 3.8-6.3 um,
1222 septate, parallel to loosaly coiled in the ascus or rarely coiled in a helix

Quick clue. Conidia are symmetrical, and middle septum is usually truly median appearing as
a8 black band;

Importance. The fungus was also isolated by Adiver and Anahosur (1994) from sorghum
grain samples. Mycotoxin production of this fungus is unknown. This fungus is widely
distributed on cereals, dicotyledons, and other substrata.
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Curvularia fallax Boedijn
iCurvulania species “without” Cochlivbolus teleomorph)

Symptoms on grain. Colornies are effuse, blackish brown, velvety or cottony. Stromata are up
to 7 mm long, often branched, biack, formed frequently on potato-dextrose agar and always on
grains

Morphology. Conidiophoras arise singly or in groups, terminally and laterally on the hyphae,
also on stromata, simple or loosely branched, straight or flexuous, sometimes geniculate,
reddish brown, often paler near the apex, smooth, septate; on natural substrata up to 250 um
lang and swollen at the base (1116 ym diameter), and in culture up to 1 mm long and 486 pm
thick. Conidia are straight or slightly curved, broadly fusiform or ellipsoidal, almaost always
4-distoseptale, smooth, cell at each end is subhyaline or very pale brown, and inlermediate
cells are mid-pale brown to brown. On natural substrala conidia are 24-26 (average 30) um
lang, 1016 (average 12.2 ) um thick in the broadest part, in culture 24-38 (average 30.6) pm «
8-15 javerage12.3) um ( Fig. 50.

{Mote: Teleomorph Is absent.)

Quilck clue. Conidia are often curved but seldom germiculate, 30 - 12.2 ym. Stromata are
branched

Importance. The fungus has a wide host range (species of Oryza, Panicum, Sorghum. and a
vanely of dicotyledonous hosts). It s also isolated from air, house dust, soil, and wood.
Prabably this is a new report of the occurrence of C. fallax on sorghum grain in India. However,
C faflax has been reported on rice in India.
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Curvularia geniculata (Tracy & Earle) Boedijn
(Curvulana species “with" Cochlioboius 1eleomaorph)

Teleomorph. Cochliobolus genicuialus Nelson

Symptoms on grain. Colony on seed is brown, gray, or black, hairy, cottony or cushion-like
and spreads loosely (Fig. 51)

Morphology. Conidiophores are up 1o 800 um long. Conidia are usually curved, geniculats,
fusiform, 3-4 distoseptate but almost always 4-distoseplate, rarely S-distoseptate, smooth,
2648 « B-13 um on natural substrata and 18-37 « 8-14 um in culture (Fig. 52). The end cells
are subhyaline or very pale brown, intermediate cells brown 1o dark brown, and the central cell
usually dark brown and swollen.

The species s heterothallic and the teleomorph is oblained by pairing compatible conidial
isplates in Sach's agar media containing slenlized bariey grains at 24°C under conslant
ardificial light (Neison 1964). Ascomata are frée or frequently develop on a columnar stroma.
up to 830 pm broad. Asci are 1-8 spored, cylindrical, vestigial bitunicate. and 170-290 =
15-20 pm among filamentous pseudoparaphyses. Ascospores are somewhat tapered al the
ands, filiform, 6-16 septate, 160-270 - 4-7 um, coiled in a helix inside the ascus.

Quick clue. Conidia are often distinctly geniculate, curved, and fapenng gradually towards
each end,

Importance. Cunvularia geniculata and its teleomorph is known to produce 1.4.58-
tetrahydroxy-2, 6-dimethylanthraquinone metabolite {Combe et al 1968). This is a new repor
of its ocourrence on sorghum grain in India, However, the frequency of occurrénce was less
jonly 24 grains wera colonized out of 20,800 grains).



Curvularia geniculata

Figure 51

Figure 52




Curvularia harveyi Shipton

{Cunidaria species “without” Cochliobolus teleomornph)
Symptoms on grain. Colonies are effuse, grayish brown, cotiony to velvety (Fig. 53).

Morphology. Conidiophores arise singly or in groups, lerminally and laterally on the hyphae,
simple or occasionally branched, straight or flexuous, sometimes geniculate, septate, pale
prown 1o brown, smooth, up 1o 250 um long, 3-7 um thick. Conidia are straight or slightiy
aurved, cylindrical 1o ellipsoidal, with a8 markedly protubarant hilum at the base, rounded at the
apex, and almost always 3-distoseptate, but rarely 1-4 distoseptate (Fig. 54).

(Note: Teleomorph is absent.)
Quick clue. Conidia are cylindrical to ellipsoidal with protuberant hilum at the base.

Importance. Occurrence of C. harvey has been reported only on Triticum sp from Australia.
This is a new report of its occurrence on sorghum grain in India

Figure 53 « 11
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Curvularia lunata (Wakker) Boedijn
(Curvularia species “with™ Cochiioboius teleamarph)

Teleomorph. Cochliobolus lunatus Nelson & Haasis
Psesudocochliobolus pallescens Tsuda & Usyama
Curvularia feonensis M.B. Ellis

Symptoms on grain. Colony on seed s brown, gray, or black, hairy, coflony or cushion-like
and spreads loosely (Fig. 55)

Morphology. Conidiophores anse singly or in groups, simple or rarely branched, straight or
sometimes geniculale near the apex, brown to dark brown, multiseptate, vanable in length, up
to 5-6 um diameter. Conidia are mostly 3-distoseplate, ellipsoidal o fusidorm, or often
disproportionately enlarged in the third cell and markediy geniculate or hook-shaped, pale 1o
somewhat colored, almost concolorous, 17-32 = 7-12.5 um, and smooth (Fig. 56}, Conidia are
sparse in culture, and variable in shape and size amaong isolates.

Teleomarph is produced when compatible conidial isolates are paired in Sach’s agar media
(Tsuda and Ueyama 1983), Ascomata are superficial, globose to subglobose, black, 250-750
« 250750 pm, with protruding cstiolar beaks, developing from columnar or flat stromata, firmly
adhering to the substrate at the base; ostiolar beak 190-880 ~ B0-160 um, with a hyaline apex.
Ascl are vestigial bitunicate, almost cylindrical with a short stalk, 140-215 - 12.5-19.0 ym,
produced among the filamenious pseudoparaphyses, ansing from the base of the locule.
Ascospores are flagelliform or filiform, hyaline, tapenng towards either end, 125-2156 -
2 5-6.3 ym, 6-13 septate, paraliel or coiled in a certain portion of the ascus.

Quick clue. Stromata are very rarely formed; conidia are 18-32 - B-16 um, always curved al
the third cell.

Importance. Cunularia lunata Is distributed worldwide especially in the tropics and is
frequently encountered as a pathogen or saprophyle. It causes serious losses in the tropical
regions but 1 &8 minor pathogen in temperate regions, Cunvularia lunata and C. lunalus are
known to produce the metabolites brefeldin A, D-mannitol, anthraquinone, cytochalasin B,
cynadontin, and radicinol (Bohlmann et al. 1961, Combe et al. 1968, MNukina and Marumo
1976; van Eijk and Roeymans 19877. Wells et al. 1981).
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Curvularia lunata var aeria (Bat., Lima, & Vasconcelos) M.B. Ellis

(Curvilana species “without” Cochiobolus teleomorph)
Malustela aeria Bat., Lima, & Vasconcelos

Curvulana cancae-pspayae Srivastava & Bilgrami
Cunutana lycopersici Tandon & Kakkar

Symploms on grain. Colonies are flioccose, brown, dark brown to black, often zonate,
showing reverse alternating bands of red, yellow, or gray. Stromata are large, black, cylindrical,
simple or branched, formed abundantly on grains (Fig. 57).

Morphology. Conidiophores are terminal and lateéral on hyphae and stromata, simple or
branched, straight or flexuous, often geniculate, septate, pale brown to brown, smooth, up 1o
BOO um thick. Conidia are straight to curved, ellipsoidal, obovoid or clavate, often truncate at
the scar, almost always 3-distoseplate, rarely 4-distoseptale, with one or more sepla
sometimes thicker and darker than the others, smooth, with walis often rather thicker, 18-32 »
B-16 um (Fig. 58). The third cell from base 15 requently larger and darker than the others, end
cells are usually pale brown, and intermediate cells are brown or dark brown.

iNole: Teleomorph s absent )

Quick clue, Stromata are large, black. cylindncal, simple or branched, formed abundantly on
grains.

importance. The fungus is distributed worldwide especially in the tropics and Is frequently
encounterad as a pathogen or saprophyle. It causes senous losses in tropical regions but s a
minor pathogen in temperate regions. It produces a thermaostable toxin (Bisen 1983).

Figure 57 =5
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Curvularia ovoidea (Hiroe & Watan) Muntanola

(Curvuiaria species “without™ Cochliobolus teleomorph)
Brachysponum ovoudeum Hiroe & Watan

Symptoms on grain. Colonies are ciroular to irreguiar, pale brown to dark brown, and velvety
Stromata are not seen (Fig. 53a, b).

Morphology. Conidiophores are straight 10 fisxuous, multiseptate, cylindrical, smooth, pale
brown, geniculate above, up to 400 pm long, 4-9 pm thick. Conidia are ovoid, 1-3
distoseptate, straight or curved, 16-29 « 10-17 pym, commonly 20-25 « 13-16 pm, brown with
paler end cells (Fig. 60).

(Note: Teleomorph is absent. Tsuda et al. (1985) treated this species as a synonym of C.
iunata )

Quick clue. Stromata are absent and often symmetrical conidia are produced

Importance. Occurrence of Cunvulana ovoidea on species of Capsicurn, Penniselum, and
ZFaa has been reporied from Egypl. India, and Japan. This is a new repon of C. ovoidea on
sarghum grain fram India.

Figuri 59 =15 Figure 586 =58
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Curvularia pallescens Boedijn
(Curvuiana species “with’ Cochlioboius teleomarph)

Teleomorph. Cochlicbolus pallescens (Tsuda & Ueyama) Sivan

Symptoms on grain. Colony on seed is brown, gray, or black, hairy, cottony or cushion-like
and spreads loosely (Fig. 61)

Morphology. Conidiophores arise singly or in groups, simple, rarely branched, straight or
somelimes geniculate near the apex, brown 1o dark brown, multiseptate, variable in length, up
to 56 um. Conidia are mostly 3-distoseptate, ellipsoidal to fusiform, or often disproportionataly
enlarged in the third cell, markedly geniculate or hook-shaped, pale to somewhat colored,
almast concolorous, 17-32 = 7-12.5 pm, smooth (Fig. 62). Conidia are sparse in culture, and
varnable in shape and size among Isolates

Ascomata are superficial, giobose to subglobose, black, 250-750 = 250-750 um, with
protruding ostiolar beaks, developing from calumnar or flal stromata, firmly adhering to the
substrate at the base; osticlar beak 190-690 ~ 60-160 ym, with a hyaline apex. Ascl are
vestigial bitunicate, almost cylindncal with a short stalk, 140-215 » 12.5-19.0 um, among the
pseudoparaphyses, arising from the base of the locule. Ascospores are flagellifarm or filifiorm,
hyaline, tapenng towards either end, 125-215 « 25-6.3 pm, 6-13 seplate, parallel or colled in
certain portion of the ascus.

Quick clue. Conidia are usually straight or only slightly curved, hook-shaped; all conidial cells
are usually pale or very pale brown.

Importance. Tha fungus is distributed wordwide especially in the tropics and s frequenthy
encountered as a pathogen or saprophyle. |t causes serious losses in tropical regions. but is a
minor pathogen in temperate regions. The production of an unidentified toxin by this fungus
has been reported (Olufolaji 1986)
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Curvularia trifolii (Kauffm.) Boedijn

(Curvulania species “without” Cochliobolus teleomorph|

Symploms on grain. Colones are effuse, brown or grayish brown, hairy or dark blackish
brown, cottony, sometimes floccose (Fig. 63). Stromata are cylindrical, black, sometimes
formed in old cultures.

Morphology. Conidiophores arise singly or 1 groups. terminally and laterally on the hyphae,
simple or branched, straight or flexuous, sometimes geniculate, septate; on natural substrata
rathar pale brown, seldom up to 150 um long, with a swollen base of 8-13 ym, 5-17 pm thick
just above the basal sweliing, 3-5 pm at the apex; in culture pale brown 1o brown, smoaoth or
verucose, up to 400 pm long, 3-8 um thick. Conidia are 3-distoseptate, smooth, almost
always curved at the third cell from the base which is usually larger than the others, The hilum
i= protuberant, cell al each end Is subhyaline or pale brown, intermediate cells are brown or
dark brown, and the third cell from the base is often the darkest. On natural subsirata condia
are 28-38 (average 33.3) ym long. 12-16 (average 14} um  thick in the broadest part
wheraas in cufture they are 20-34 [average 27.7) um « B-14 {average 11.5) um (Fig. 64}

(Note: Teleomaorph 15 absent

Quick clue. Conidia are 3-distaseptate, <40 um, almost always curved al the third cell from
the base which 15 usually larger than the olthers

Importance. The fungus has a wide host range and is distnbuted widely. It produces 1.4,5.8-
tetrabydroxy-2 . 6-dimethylanthraguinone metabolite (Combe et al. 1968)

Figure B
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Curvularia tuberculata Jain
(Cunvulana species “with” Cochliobolus taleomorph)

Teleomorph. Cochiiobolus fubercuialus Sivan.

Symptoms on grain. Colony on seed |s brown, gray. or black, hairy, cottony or cushion-like
and spreads ioosely (Fig. 65)

Morphology. Conidiophores arise singly or in groups, terrminal or lateral on hyphae, stromata,
and ascomata, simple or branched, straight or flexuous, smooth, pale to mid-brown, septate,
up to 300 pm long, 2-7 um thick. Conidia are straight, ovold, obclavale or ellipscidal, 3-5
(somatimes B, but mostly 3) septate, imermediate cells brown to dark brown, end cells
subhyaline to pale or dark brown, malure conidia luberculate, 23-52 =« 13-20 um (Fig. 66).
Young conidia are smooth and subhyaline. First septum m the conidium is usually median,
second septum often delimiting the basal cell but variabons in septal formation may occur.
Germination is both by bipolar and lateral garm tubes

The species is heterothalic and the eleomorph is oblained by pairing monoconidial
compatible isolates {Sivanesan 1985), Ascomata are black, globose, often bome on a
columnar basal stroma or a flattenad crust. 500-720 pm high, 400- 490 um wide, with a conical
truncate beak up to 300 um high, 115-140 ym wide at the base, often hairy in the globose part
with simple, brown, septale hyphae. Conidiophores arise from the globose part of the ascoma
but are not formed abundantly. Pseudoparaphyses are hyaline, fliform, and branched above.
Asci are cylindrical, short-stalked, with 2-8 spored, vestigial bitunicate, 170-340 ~ 135 pm.
The stalk s cylindrical with of without a bdurcate base, with a wall that does not stain in
lactophenol cotton biue, Ascospares are filiform, hyaline, helically coiled in the ascus and often
straight at one or both ends. commonly tapenng at both ends but more so at the base,
somatimas with a truncate apex, with hyaline mucilaginous sheath up to 4 um thick (only visible
In water mounts), not consiricted, 13-23 distoseptale, 180460 - 3-4.5 um

Quick clue. Conicha are straight, 3-seplate. tuberculate (having tubercles) or rough-walled
unlike other Curvilaria species

Importance, Cunwlana tuberculata s distibuted worldwide especally in the tropics and is
frequently encountered as a pathogen or saprophyte. It causes serious losses in fropical
regions but is @ minor pathogen in temparate regions. The production of an unidentified toxin
by this fungus has been reported (Olufolaji 1986). This s a new report of C luberculata on
sorghum grain in India.
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Epicoccum nigrum Link
Epicoccum purpurascens Ehrenb,

Symptoms on grain. Colony on seed grows rapidly, often producing a yellow, amber to
orange, or red/black pigmentabon within but paricularly surrounding the white, compact
mycelium (Fig. 67). Due o these features, the fungus is occasionally confused with Fusanum
spp and frequently mistaken as Ustilaginales

(Mote: Infected sorghum grauns may become red.)

Morphology. Epicoccum nigrum is a milosporic fungus. Conidiophores are compact or
occasionally branched, loose, dark, smoath, short. occurmng In ght clusters from the hyphae
and produce a single, terminal conidium. Mature conidia are dark brown 1o black, mostly
spherical but also pear-shaped, imegularly septate, and may appear o be very coarsely
marked like a net. The septa are often hidden by the thick, rough spore wall, which appears 1o
be covered by short, blunt projections. Conidia measure 15-25 pm in diameter and often occur
in dark. cushion shaped spore masses of variable size within and on the surface of the

mycelium (Fig. 68).

Quick clue. Dark spore massas look like black spots scafterad over the mycelium. Individual
spores resemble dark, rough soccer balls, and may be confused with spores of smuts and
bunts.

Importance. Occurrence of E migrum on sorghum grains has been reporied along with
method(s) to kill the fungus adhering to the grains for safe use of grains for consumption (Naw
el al. 1997). The fungus is distributed worldwide. It is a common saprophyte and secondary
invader. lis quaranting imporance is not known, Unidentified toxins have been isolated from
this fungus (Schol-Schwarz 1959),
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Exserohilum rostratum (Drechsler) Leonard & Suggs

Helminthosponum rostratum Drechsler
Drechslera rosfrata (Drechsler) Richardson & Fraser
Bipolans rostrata (Drechsler) Shoemaker

Teleomorph. Setosphaena rostrata Leonard

Symptoms on grain. Colony on seed appears mid- 1o dark brown or golden brown with very
lithe white, aerial mycelium. Conidiophores are formed together in a dense mat covering the
sead, Infected sorghum grains show pink discoloration or are charcoal black when severely
colomzed {(Fig. 69)

Morphology. Comidiophores are solitary or in groups, straight or bending, mid- to dark brown
or olive brown, up to 200 pm long and 8 pm thick. Conidia are siraight or slightly curved,
lapering at both ends with one end typically wider, and the narrow end terminating in a
pronounced beak. Conidia have golden brown intermediate cells, 6-16 transverse sepla.
hyaline or pale end cells with a thick dark septum, and measure 40-180 - 14-22 ym (Fig. 70

Ascocarps are spherical, black, 3406800 - 330-580 um, with pore opening and upper part
surrounded with dark brown, blunt spine-like projections. Asci have a slimy sheath and are
short-stalked, club-shaped to cylindrical, 1-8 spored, and measure 105-260 « 26-42 um
Ascospores are hyahne to pale brown, straight 1o curved, 2-5 septale, narrowed at sepia,
29-85 ~ 8-21 ym,

Quick clue. Conidia have a distinctive shape and are straight or slightly curved, with a
pronounced beak, and visible, dark, end sepla

Importance. Infectad sorghum grains show pink discoloration or are charcoal black when
severely colonized, Exserohium rosfratum causes leaf blight of sorghum and produces

glyceollin toxin (Kumar et al. 1984) and cynodontin toxin (van Eijk and Roeymans 1977)
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Exserohilum turcicum (Pass.) Leonard & Suggs

Helminthosponuwm turcicum Pass
Drachsiara turcica (Pass.) Subram. & Jain
Helminthosponum inconspicuwm Cooke & Ellis

Teleomorph. Setosphaera furcica (Lutirell) Lecnard & Suggs

Symptoms on grain. Colony on seed is pale to mid-dark brown with very little white, aenal
mycelium (Fig. 71a. b).

Morphology. Conidiophores are single or in groups of 2-6, straight or bant, light to dark olive
brown, madium 1o long, sometimes very long, and measure 150-300 = 7-11 pm. Condia are
straight or slightly curved, club-shaped or widest near the middle. tapenng towards the ends,
with a rounded apex, and basal cell swollen at the point of atachment. Conidia are pale to mid-
straw colored or yellowish brown or olive gray in color, 4-9 septate, and 50-144 « 18-33 pm

{Fig. 72}

(Mote: Perithecia rarefy occur in nature. )

Quick clue. Conidia arise from long conidiophores and are large. yellowish brown, straight. or
slightly curved. narrowing towards both ends (almost cigar shapad). with tha basal cell bulging
at the paint of attachment.

importance. The fungus Is distributed worldwide but predominantly in subtropical to
temperate climates. There are quarantine restrictions for some countries. Mycotoxins
produced by this fungus are monocenn, ophiobohn A (ishibashi 1961; Nozoe et al 1965,
Canonica et al. 1966; Robeson and Strobel 1982), and ravenelin (Raistnck ef al 1936).
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Fusarium moniliforme J. Sheld. Lisea fujikuroi Sawada
Fusarium varicilioides (Sacc.) Nirenberg

Teleomorph. Gibberella fuikuror (Sawada) Ito
Gibberaila monififorme Wineland

Symptoms on grain. Colony on grain grows rapidly with white aerial mycelium often
becoming finged with purple, particularly on the blotting paper in the petri dish. Mycelium has a
powdery appearance due to the presence of chains of microconidia. Tan to orange spore
masses of iregular shape and size are occasionally present (Fig. 73).

Morphology. Abundant microconidia are formed. They are hyaline, usually one-celled but
occasionally two-celled, 5-12 = 1-3 um, oval to club-shaped, and slightly fiattenad at each end
(Fig. 74). Macroconidia are formed infrequently. They are hyaline, delicate with thin walls,
curved 10 almost straight, 3-7 septate, 25-60 « 2-4 ym, and have a fool-shaped basal cell
(Fig. 74). Chlamydospores are never present in the mycelum or conidia,

Perithecia, which occur rarely, are spherical, blue-black, and 250-350 = 220-300 pm. Asci are
oval o club-shaped with 4-B ascospores. Ascospores are hyaline, straight, mostly one-
seplate, and measure 47 = 12-17 ym.

Quick clue. Abundant uniform microconidia are formad in long chains that can readily ba
observed using the scotch-tape method (see Appendix 1) under the microscope at low
power (=100). Chlamydospores are never formed.

Importance. The fungus produces the mycotoxin fumonisin which is loxic 1o humans and
livestock when heavily infected grain 15 consumed. It is widespread in both humid and sub-
humid, temperate zones and subtropical and tropical zones. There are guarantine restrictions
far this fungus in Egypt.
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Fusarium semitectum Berk. & Rav. [W&R, G,B,J]

Fusarum rossum LK. emend. Snyd. & Hans. Pro Parte [S&H]
Fusarium roseurn LK. emend. Snyd. & Hans. var arthrosponicides (Sherb) Messiaan
& Cassini Pro Pare [M&C]

Teleomorph. Mot known
Symptoms on grain. Colony on grain is pink or orange in color and often turns white (Fig. 75)

Morphology. Microconidia are rarely produced. However, two fypes of macroconidia are
produced. Some are borme on mycelum and are spindie-shaped, straight to shightly curved
The other type are sickle-shaped and are borne in sporodochia. These are slightly curved, with
a fool-shaped basal call. Conidiophores are unbranched and monophialides and polyphialides
are branched (Fig. 76).

Quick clue. Polyphialides are present in the aenal mycelum and spindie-shaped
macroconidia are produced in the aarial mycalium

Importance. Fusarium semifecium has been reported fo be toxigenic (Nelson et al 1983),

Figure 75 «25
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Gloecercospora sorghi Bain & Edgerton ex Deighton

Symptoms on grain. Black, shiny, spindle or irregular shaped sclerotia, about 0.1-0.2 mm
diameter are seen on infected grains. The sclerctia are embedded In the pericarp, and often
become errumpent by rupturing it (Fig. 77).

Morphology. The fungus produces dark brown to charcoal black sclerobia, and pink to reddish
orange sporodochia. Sometimes only sclerotia are produced. Mycelium is scanty or abundant,
white to dull white, thin, and branched. Sporodochia are pink to salmon pink and are visible to
the naked ey=. Each sporodochium consists of numerous hyaline conidiophores and conidia
that can be seen under a compound micrascope. Conldiophores are hyaline, branched or
unbranched, septate, short, 5-10 um long, with a somewhat swollen apex, Conidia are borne
in a pinkish, slimy matrix, and are hyaline, elongate to filiform, 1.4-3.2 « 20-185 um, and
septate (Fig. 78).

Quick clue. Dark brown to charcoal black sclerotia, and pink to reddish orange sporodochia
are seen on the grain. Hyaline, elongate to filiform conidia are produced in a slimy matrix,

Importance. The fungus is widely distributed. Il causes grain discoloration and also zonate
leaf spot of sorghum.

Figura 77 <37
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Gonatobotrys simplex Corda

Gonatobotrys zeae Futrell & Bain (nomen nudum)

Symptoms on grain. Colony on sead is white and usually on the surface of other fungal
species, a.g., Aternana, Cladosporium, Curvulana, and Fusarium (Fig. 79a). Mycelium
appears as a mass of strings with clusters of “flower-like” bunches of conidia (Fig. 79b).

Morphology. Conidicphores are erect, sometimes tall, septate, simple or occasionally
branched, with inflated cells coverad with a senes of blunt teeth bearing conidia, insered at
intervals and terminally on the hyphae. Conidia are borne singly on the blunt teeth. They are
1-called, hyaline, oval 1o subspherical, and measure 10-22 « 6-12 ym (Fig. 80)

Quick clue. Gonatobotrys simplex is distinguished by the cluster of large, hyaline, conidia
arnsing from “nodes” along the length of the conidiophores, and appearing like a “string of beads™.

Importance. Gonatobolrys simplex has worldwide distribubon. Its quarantine significance is
not known. It |5 a parasile on Alfernana spp and Cladaspanum spp (Whaley and Barnett 1963).

Figure 75t =45
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Nigrospora oryzae (Berk. & Br.) Petch
Teleomorph. Khuskia aryzae Hudson

Symptoms on grain. Colony on seed is intially white and the shiny, black conidia standing
out in sharp conirast give the colonies a striking appearance under the binocular dissecting
microscope (Fig. 81). In older cultures the hyphae darken and the colonies appear black, with
profuse comdial production

{Note: Infected seads have while streaks with black spore masses naar the tips.)

Marphology. Conidiophores are shor, pale brown, inflated and bore al right angles to
hyphae, beanng coenidia singly and terminally. Conidia are smoky brown or (el black, sphencal
or egg-shaped, 10-16 « 10-13 ym, and commaonly measure 12-14 um in diametar (Fig. B2).

Perithecia are formed in clusters of 1-7 in series or irregular rows, up 10 2 um long. They are
spherical or oval and up to 250 um in diameter with protruding pore opanings. Asci are shor-
stalked, club-shaped, and measure 55-75 - B-12 um, with B ascospores. Ascospores are
hyaline, granular, curved, 16-21 - 5-7 ym, and tapefing to the base with rounded ends. They
are initially one-celled but after discharge from the ascus may develop & single transverse
seplum dividing the spore unegually into two cells.

Quick clue. Very dark conidia, slightly longer in the horzontal axis are borne on very short,
pale brown conidiophores with a charactenstic bulge.

Importance. The fungus is distributed worldwide It occurs commonly on Oryza spp and
maize but there are reports of isolation from air and soil (Hudson 1983). It is a new report on
sorghum grain from India. Nigrospora oryzae produces aphidicolin metabolite (Startratt and
Loschiava 1974)
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Penicillium citrinum Thom.

Symptoms on grain. The fungus is readily recognized by is penicilli, which consist of 3-5
divergent and usually vesiculate metulae, bearing long, well-defined cofumns of conidia.
Colonies are often dominated by copious, clear to yellow or brown exudate at the centers
(Fig. B3). On malt extract agar, the growth is slower and usually dense, with heavy conidial
production.

[Note: Lactofuchsin stain was used for microscopical observations (Carmichael 1855) (see
Appendex 1).]

Morphology. Conidiophores are bome from subsurface or surface hyphae, with stipes
100300 pm long, smooth walled, characterstically terminating in well defined verticils of 3-5
divargent metulae, less commonly with a divergent ramus, or subterminal or intercalary
metulae, Metulae are usually of uniform length, 12-15 um long, commonly spathulate or
lerminally vesiculate, up 1o 5 um diameler; phialides are ampulliform, 7-8 (sometimes 12) um
long. Conidia are spherical to subspheroidal, 2.2-3.0 ym with walls smooth or very finely
roughenad, typically borne in long, well defined columns, one per metula, arranged in a
characteristic whorl on each conidiophore (Fig. 84).

Quick clue. Penicilium citrinum is an isolaled species. Occasionally isolates show a few
characteristics suggesting a relationship 1o P conglophilum Deercksx, i.e,, faster growth on mall
extract agar and metulae of unequal length.

Importance. Like several other Fenicillium metabolites, citrinin produced by R citrinum is
known to be a potentially hazardous mycotoxin. Citrinin causes watery diarrhoea, increasad
food consumphion, and reduced weight gain due to kidney degeneration in chickens,
duckiings, and turkeys. The effect of citrinin on humans is not documented. Howaver, kidney
damage appears to be a likely result of prolonged ingestion. Peniciiium citrinum may well ba
one of the most common eukaryotic life forms of earth. It is ubiguitous in sail, decaying
vegetation, and the air. It is also a powerful biodeteriogen, commonly causing decay and
losses in foods, textiles, paints, and plastics (Pitt 1991),



Penicillium citrinum
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Penicillium griseofulvum

Penicillium griseofulvum Dierckx

Penicilium paluterm Bainier
Paniciium urticae Bainier

Symptoms on grain. The fungus produces very short phialides and it bears them on highly
branched conidiophores. Colonies on Czapek yeast extract agar and malt extract agar are gray
with only weak greenish overones, and surface texture is fasciculate to minutely coramial,

Morphology. Conidiophores are bome in fascicies, with stipes of indeterminate length, often
sinuous, smooth walled, brownish, terminating in distinctive penicilli, somatimes terverticillate,
mora commaonly a quatenverticillate, and not infrequently with 5 or even more branch points
patween stipe and phialide; rami are 15-25 (sometimes 30) ym long and ramuli are 1015 um
long. Metulae are 7-10 um long, sometimes apically inflated; phialides are ampulliform, closely
packed. exceptionally short. 4.5-6.0 um. abruptly tapering lo short collula. Conidia are
glipsoidal, 3.0-3.5 um long, smooth walled, borme in closely packed, disordered chains.

[Mote: Lactofuchsin stain was used for microscopical observations (Carmichas! 1955)
(see Appendix 1).]

Quick clue, The fungus is a stable specias, with little isolale (o isolate variation. Penicilium
gniseofulium has several features which set it apart from the other species, especially the
highly branched conidiophores, brown walled stipes, and very short phialides. It may provide a
link with the genus Nomuraea

Importance. Penicilium gnseofulvum 15 a very commaonly occurring species, with worldwide
distribution. It plays a major role in the decay of vegetation, and of seeds (cereals), food, and
feed. The fungus produces the antibiotic griseofulvin (Pitt 1991) and the mycotoxins patulin,
cycloplazonic acid, and roguefortineg C.

{Mote: Figures could not be reproduced due 1o techrical reasons.)
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Periconia macrospinosa

Periconia macrospinosa Lefebvre & A.G. Johnson

Symptoms on grain. Colonies are effuse, gray. brown, and hairy. The mycellum is mostly
immersed but sometimes partly superficial (Fig. BS).

‘I
- = i .8 h
Figure: BS <53



in groups (Fig. BEb)

Quick clue. Conidia are echinulated

Importance. FPenconia macrospinogsa has been isolated from species of Chenopodivm

Prunus, Trifohum, and Trticwm and soil in Australa, Ganada, Europe, Hong Kong, India. Irag
and LSA (Elis 1971). However, this 1s-.a new repan of its occurrence on sorghum gram in India

Figure Bi6a
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Phoma sorghina (Sacc.) Boerema, Dorenbosch, & van Kesteren
Phoma insidiosa Tassi

Symptoms on grain. Colony on sead has very litle white or gray mycelium but produces
large numbears of dark brown or black pycnidia on seead surface or an the blotting paper in the
petri dish. Grains with large number of pycnidia appear shrivelled (Fig. 87).

Marphology. Pycnidia are almost sphencal, dark brown, thin-walled, and variable in size
(100300 um diameter), with one conspicuous protruding pore opening. Conidia are released
from the pycnidia in the form of a creamy colored curved tendril (Fig. 88a). Conidia are
unicellular, oblong to oval, hyalne, and measure 5-8 = 2-4 im (Fig. B8b).

Quick clue. Spherical, dark brown pyonidia release unicellular, hyaline conidia through &
pronounced pore opening in the form of a curved tendril. The pycnidia of Phoma species often
develop in compact colonies and produce spores profusely. Unicellular conidia distinguish
Phoma species from the pyenidial fungi of the Seplona complex.

Importance. The fungus is distributed worldwide. It occurs as a pathogen after prolonged
periods of humid weather. It s frequently observed as a secondary invader. i produces
tenuaronic acd.

Figure 87 =58






Rhizopus stolonifer (Ehrenb: Fr.) Lindner

Symptoms on grain. Colony on the seed spreads rapidly by means of stolons with abundant,
loose, gray mycelium (Fig. 89). Stolons produce numerous, brown sporangiophores and
rhizoids.

(Mote: The lungus is so common on maize seeds, that tests for cther pathogens often employ
precautionary measures to avoid growth of Rhizopus, e.g.. by surface sterilization of seeds
with MaOCl.)

Morphology. Stolons are hyaline becoming brown towards nodes, near which a septum may
occur, Rhizoids are short, brown and sometimes absent. Sporangiophores anse singly or in
small groups from nodes on the stolons. They are brown, smooth or finely roughened. non-
septate, 1000-3500 um long and up to 34 um wide, Sporangia are spherical, initially white but
later black, and 100-350 um in diameter with numerous spores (Fig. 90). Columellae are light
brown, subspherical, 63-224 « 70-140 um, and umbrella-shaped when dehisced. Sporangio-
spores are yellow to dilute brown, sphencal or oval, longitudinally stnped, and measure 548 =
20-26 pm.

Quick clue. Dark. spherical sporangia can readily be seen under & dissecting microscope,
enabling identification of Rhizopus (without removal of the lid of the petri dish). The fungus is
often referred to as pin mold as the sporangia resembile black pinheads and are widety
intersparsed in cofton wool-like mycelium.

Importance. The fungus is distributed worldwide. It is a common saprobe and facultative
parasite of mature fruits and vegetables. It is important in storage rot complex under high
moisture and temparature conditions.

Figure B9 =15
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Spadicoides obovata (Cooke & Ellis) Hughes

Symptoms on grain. Colonies are effuse, dark olivaceous brown, blackish brown or black
atroma, setae, and hyphopodia are absent (Fig. 91)

Morphology. Mycelium 18 partly superficial and partly immersed. Comdiophores are
macronematous, mononematous, generally unbranchad, straight or flewuous, pale to very
dark brown or olivaceous brown, and smooth. Conidiogenous calls are polytretic, Integrated,
terminal and Intercalary, determinale, and cylindrical Conidia are solitary, dry,
acropleurogenous, developing through minute channals in the thick wall of the conidiogenous
cell, simple, elipsoidal, oblong, rounded alt one end or obovolid and hooked al the olher ana,
mid-pale to dark brown or reddish brown, smooth, 0-3 seplate, sometimes with thick, black or
dark brown bands at the septa (Fig. 92)

Quick clue. Hook-like structure of conidia Is diagnostic

Importance. Spadicoides obovafa is reported on dead wood of magnolia (Magnola
grandifiora L.) in USA. This is a new report of occurrence on sorghum grain in India

Figure 81 20
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Torula graminis Desm.

Symptoms on grain. Colony on seed forms small, compact, olve green mounds which may
coalesce and when older tend io become brown, Colonies are round or oval up 1o 1.5 = 0.5 um,

Morphology. Conidiophores are short including conidiogenous cells, 2-5 um thick, or lacking,
and not readily distinguished, with conidia arising more or less directly from the vegetative
hyphae. Conidia develop in long chains, which break inlo segments from one to many cells
when mature, brown, minutely verruculose, 4-5 « 446 um, cells or zero seplate conidia are
aimos! spherical but often slightly broader than long. Conidia are barrel shaped, with the end
cells rounded, smoath to moderately rough surface, and dark brown to black (Fig. 93)

Quick clue. Torula gramims is characlenzed by simple or branched chains of dark conidia
which break up readily and which arise more or less directly from the vegetative hyphae.

Importance. The fungus is distributed worldwide It Is a common saprophyte and secondary
invader. It is predominant in wet harvests. it causes sooty head mold of wheat. Occurrence of
I. graminis on grasses in Europe has been reported. However, this is a new repon of
occurrence on sorghum grain from India.
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Trichothecium roseum Link

Symptoms on grain. Colony on ssed usually appears as a salmon pink crust with the
production of numerous conidia (Fig. 94). Colonies can be cushon-like or powdery

Morphology. Conigiophores are erect or suberec!, produced singly or in groups, simple or
spanngly branched, long, slender, hyaline, and septate. Conidia are produced in short, fragile
chains. Conidia are large (12-18 = 8-10 um}, smooth, two-celled (slightly namowed at the
saptumy}, hyaline, mora or less egg-shaped, with well marked attachment point and upper call
somawhat larger than the lower one (Fig. 95)

Quick clue. Colony on seed superficially resembles the spore masses of Fusanuwm or
Gliocladium species. The short chains of two-celled conidia at the apex of a hyaline, simple
conidiophore are diagnostic

Importance. The fungus is widespread, It 15 a commaon saprophyte and secondary invader 115
guaranting signiiicance |1s not known. It causes pink rol of apple (Malus pumila Miller) It
produces trichothecene mycotoxins, e.g., trichothecin and trichathecolon

Fagurm 84 &6
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Appendix 1

Identification procedures: scolch-tape method

The scotch-tape method s used to assist identification of different fungi by preserving the
attachment of conidia to conidiophores, It is particularly useful for those fungi in which the
conidia readily detach themselves from the conidiophore (e.g., Cladosponum spp) or those in
which chains of conidia readily break up (e.g., Fusarium moniliforme) under nommal
procedures for slide preparation. The procedure is as follows:

1. Cut a small section of cellotape (sticky transparent tape; scotch-tape) approximately
4 cm long.

2. Gently hold the tape at each end between the thumb and forefinger with the sticky side
pointing downwards in a U shape and the least amount of tape in contact with the fingers
as possible.

3. Gently place the bottom of the U onto the surface of a colony culture 50 that the sticky
side picks up some mycelium and conidia from the colony. Contact with the colony
should be very light so as to only pick up a very small amount of fungal matarial.

4. Place the piece of lape on top of a drop of water on a slide without touching the middle
section of the tape.

5. Place a coverslip on top of the cello-tape.
6. Obsarve the slide under the microscope.

Microscopical observations of Penicillium spp

Preparation of wet mounts. Use an inoculating needle, or a nichrome or platinum wire cul 1o
a chisel point, or a steel sewing needle, fo cut oul a small portion of the colony including sporing
structures. With freely sporing isolates, cut a piece of colony near the margin, where penicilli are
just maturing, and conidial numbers are not excessive. If sporulation is tardy, examination with
the stersomicroscope can be useful. Cleistothecia should be taken from near colony centers,
where the chance of obtaining mature ascospores is highest. Float the cut colony sample from
the needle on to a slide with the aid of a drop of 70% alcohol. it may be necessary to tease out
the mycelium with the needie and the cormer of a cover slip (square coverslips are best).
Penicillium conidia and penicilli are highly hydrophobic; the alcohol helps to set the preparation,
minimizing the amount of entrapped air. When most of the alcohol has evaporated, add a drop
of lactic acid (for phase or interference contrast optics) or lactofuchsin stain for bright field.
Ptace a coversiip; if necessary, remove excess liquid from the preparation by gently blotting with
facial tissue or similar absorbent paper. The preparation is now ready for examination,

Staining. A wide variety of stains are used for mycological work. However, most ame time
consuming to prepare, or 1o use, of are mild, because walis and spores of some fungi are highly
resistant to stains. By far the most effective stain for preparations of Penicillia Is lactotuchsin
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{Carmichael 1955), which suffers from none of these faults. It consists of 0.1% acid fuchsin
dissolved in lactic acid of 85% or higher purity. Young actively growing structures are
preferentially stained bright pink; hence penicilll, cleistothecial initials, developing asci, and
mature ascospores can be readily distinguished against a background of old mycelium.

Observation. Commence observation under a low power objective, <10 or =18, to locate the
preparation on the slide, and an area of the preparation where fruiting structures are most
readily observable. Then use a =40 objective to study the morphology of the fruiting structures.
Measurement of lengths of fruiting structure elements and examination of conidia require the
use of a =100 oil immersion objective,
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Acervulus (pl = acervuli)

Acropleurogenous
Amphigenous
Ampulliform

Ascoma (pl = ascomalta)
Ascospore

Ascus (pl = asci)

Bitunicate

Canlenulale

Chlamydospaore

Clavale

Columella

Concolors
Confluant

Conidiogenous cell
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Glossary

Saucer-shaped conidioma in which the hymenium of coni-

diogenous cells develops on the floor of the cavity from
a pseudoparenchymatous stroma beneath on  the
integument of tha host lissue which ruplures at maturity.

Borne at tha tip and along the sides.

Growth all round or on two sides.

Flask-like in form.

An ascus-containing structure [(also called ascocarp).
A meiospore bome in an ascus.

A sac-liike cell generally containing a definite number of
ascospores formed by free cell formation usually afier
karyogamy and meiosis; characteristic of the class
Ascomycetes.

An ascus in which the inner wall is elastic and expands
greatly beyond the outer wall al the time of spore liberation.

In ehains or end-to-end sarnes.

An asexual 1-celled spore (primarily for perennahon and not
dissemination) onginating endogenously and singly within
part of a pre- existing cell, by the contraction of the protoplast
and possessing an inner secondary and often thickened
hyaline or brown wall, usually impregnated with hydrophobic
material

Club-shaped, thickenad towards the apex.

A sterile central axis within a mature fruit-body which may be
unicellular or multicellular, unbranched or branched, of
fungal or host origin.

Of ane color.
Coming togethar, running into one another.
Any cell from or within which a conidium is directly produced.



Conidiophare

Conidium (pl = conidia)

Determinate

Distoseptate

Echinulate
Ellipsoid
Erumpent
Fasciculate
Filiform
Flexuous
Fusiform
Geniculate
Globose
Hyphopodium

Hilum

Hypha

Indeterminate
Heterothallic

Limeniform

Macroconidium

Macronematous

A single or branched hypha (fertile) bearing or consisting of
conidiogenous cells from which conidia are produced.

Any asexual spore which when mature is liberated from a
conidiophore or conidiogenous cell.

Growth ceasing with the production of terminal conidia.

Having individual cells each surrounded by a sac-like wall
distinct from the outerwall,

Having sharply pointed spines; spinose.

A conidium having an outline of an ellipse.
Bursting through the surface of the substratum.
Hyphae having growth in fascicles,
Thread-like.

Bent alternately in opposite directions.
Spindle-like; narrowing towards the ends.

Bent like a knee.

Mearly spherical.

A short branch of one or two cells on epiphytic mycelium of
Meliolales.

A mark or scar especially that on a spore al the point of
attachment to a conidiogenous cell or sterigma,

A fungus thread or filament.

Continuing growth indefinitely.

Two different thalli being required for sexual reproduction.
Lemaon-like in form.

The larger and generally more diagnostic conidium of a
fungus which also has microconidia (and sometimes also
mesoconidia); (infrequent) a large conkdium.

Conidiophores  morphologically different from vegetative
hyphae.
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Meatula

Microconidium

Mononamatous

Maonophialide

Mucilaginous
Murifarm
Mycealium

Obciavate

Obovoid

Obpyriform

Ovaoid
Fapilia
Papiliaia
Pedicel
Pedicallate

Pearitheciurm

Phialide

Phialidic

Polyphialide
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A conidiophore branch having phialides, eq.. of Penicillium
and Aspergilus

The smaller conidium of a fungus which also has macro-
conidia,

Condiophares, solitary or in lwifts or loose fascicles.

Conidiogenous cell having one locus through which conidia
are produced

Sticky when wat; slimy.
Being dividied by intersacting septa in more than one plane
A mass or group of hyphae making up the thallus of a fungus.

The shape of a club upside down, thickened towards the
base.

The shape of an egg upside down with the narrow end at the
base

The shape of a pear upside down with the broad end at the
base.

Egg-shaped, with ane end narrower than the other.
A minute rounded prajection.

Having a papilia.

A small stalk

Having a pedicel

A closed ascocar with a pore al the top. a true ostiole, and a
wiall of its own.

A discrete or integraled, phialidic conidiogenous cell.

Enterablastic and producing conidia, usually in large numbers
in basipetal succession through one opening or several
openings which are often provided with collareties, and
with niedthar the outer mor inner wall contributing towards the
formation of the conidium wall

Conidiogenous cell having more than one condipgencous
locus at which conidia are produced.



Pseudoparaphyses

Pseudoperithecium
Psaudothecium
Pyenidium (pl = pycnidia)

Pyriform
Quatervericillate

Rhizoid

Rostrate

Sclerotium (pl = sclerotia)

Sata (pl = selae)
Solitary
Spinulose

Sporangiophore

Sporangium

Sporodochium

Sterigma (pl = sterigmata)

Stolon

A little or strongly, modified terminal hypha in the hymenium
of Hymenomycetes (paraphyses, pseudoparaphysts,
paraphysoid, dikaryoparaphysis, and pseudophysis are
SYNONYMS OF NEar Synonyms),

An uniloculate ascostroma.

Contrition of pseudoperithecium.

A frequantly flask-shaped conidioma of fungal tissue with a
circular or longitudinal ostiole, the inner surface of which is
lined entirely or partially by conidiogenous cells.

FPear-shaped with the broad end uppermost.
Hairy branching at four levels,

A rool-like structure consisting of anucleate, filamen-
tous, branched, extension of chytrid thallus acting as
a feeding organ.

Beaked or strongly attenuated at the apex.

A firm, frequently rounded, mass of hyphae, with or without
the addition of host tissue or soil, normally having no spores in
or on L.

A stiff hair, genarally thick-walled and dark in color.
Arising singly at one point.
Covered with little spines.

Thallus element (usually morphologically differentated)
sublending one or more sporangia.

An organ enclosing endogenously generated spore(s), the
walls of the spore(s) nol being derived from the supporting or
containing structure.

A pulvinate stroma with closely packed, relatively shon
conidiophore covering its upper surface.

An exiension of the metabasidium composed of a basal
filamentous or inflated part and an apical spore-bearing
projection.

A runner as in Rhizopus.
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Stroma An often cushion-like mass of fungal cells or closely inter-
woven hyphae.

Telaomorph Sexual stage.

Terverticillate Having branching at three levels, i.e., having rami bearing
metulag and phialides.

Tretic The sort of conidiogenesis in which each conidium

(tretoconidium, tretic conidium, poroconidium, porospore)
is delimited by an extension of the inner wall of the
conidiogenous cell

Truncated Ending abruptly, as though with the end cul off horzontally
Verrucose Warted

Verruculose Finely waried.

Vesicle A bladder-like sac, swollen apex of the conidiophore.

118



A SRR B

FFrTes

e o PP

A B S el o i B s = e o

-

R R e b

R A - e

rrin

R e R L T E R ELENT] i b -

R EE T AN E PR e

S

EELIAREL LR AR AR

ELIIAeT

e S PRI

ambrivtaerreindn




Notes



About ICRISAT

The semi-and tropscs (SAT) encompasses parts of 48 developing countnes including mast of India, parts
of southeast Assa, a swathe across sub-Saharan Africa, much of southern and eastern Africe, and parls
of Latin America. Many of these counires ane among the poorest in the warld. Approximately one-sixth of
the world's population lives in the SAT, which is typified by unpredictable weather, limdled and erratic
rainfall, and muireni-poor solis,

ICRISATs mandate crops ane songhum, pearl millet, finger millet, chickpea, pigeonpea, and groundnut
thase six crops are vital to e for the ever-ncrasing populations of the SAT. ICRISAT's mission is to conduct
research which can lead 1o enhanced sustainable production of these crops and to improved management
of the limited natural resources of thi SAT. ICRISAT communicates iormation on technologies as they are
desveloped through workshops, networks, iraining, library senvices. and publishing.

ICRISAT was established in 1872, Il is one of 16 nonprofit, research and training cenars funded through
the Consultalive Group on Intemational Agrcultural Research (CGIAR). The CGIAR & an informal
association of approximately 50 public and private sector donors; It is co-sponsored by the Food and
Agricufture Organization of the Uinited Nations (FAD), the Unitad Nations Development Programme (UNDP),
e Lindlad Mations Ervironmeant Programeme (LIMEP), and the Wardd Bank,
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