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Abstract 
Citation: Ahmed, K.M., and Ravinder Reddy, Ch. 1993. A pictorial guide to the identification of seedborne fungi of sorghum,pearl millet, finger millet, chickpea, pigeonvea, and groundnut. Information Bulletin no. 34. (In En. Summaries in Fr, Es, andAr.) Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics. 200 pp. ISBN 92-9066-251-4.Order code: IBE 034. 

;eeds of sorghum, pearl millet, finger millet, chickpea, pigeonpea, and groundnut are known to harbor over 62 seedborne fungibelongiog to 37 genera. In this bulletin, an attempt has been made to help agricultural scientists and students identify seedbornefungi, usually observed during the seed health tests conducted for phytosanitary certification of the six ICRISAT mandate crops. Thisbuletin provides descriptions and illustrations of 45 seedborne fungi, with brief information on the diseases caused by them,methods of seed transmission, detection, symptoms on the seed, morphological characteristics of the fungi, quarantine importance,enrd control rnm3asures to eradicate seedborne inoculum and to prevent nadvertent introductions. Microphotographs are included tohelp idenifi y the fungi. A world list of seedborne diseases is also given to help regulatory agencies formulateseedborne fungi, policies involvingso that unnecessary restrictions on the movement of disease-free germplasm can be avoided. 

Resum6 
Guide i/lustre d'cidentifcation des charnpignons transmis par les semences de sorgho, de md, d'elensine, de pois chiche, de poisj*Ango/e et d'arachide. Les semences de sorgho, de mil, d'eleusine, de pois chiche, de pois d'Angole et d'arachide risquent detransmettre plus de 62 champignons appartenant 37 genres. Ce guide vise A aider les chercheurs agricoles et les etudiants hideitifier les champignons, transmis par les semences, generalement observes lors des tests effectupsphytosanitaire des six cultures du pour Ja certificationmandat de I'ICRISAT. On y trouvera les descriptions et les illustratiois de 45 champignonstransmris par les semences, ainsi qu'une information sur les maladies qu'ils causent, les methodes de transmission des semences,la detection, les sympt6mes sur les graines, les caracteristiques morphologiques des champignons, la quarantaine et les mesures 1prendre pour detruire 'inoculum et prevenir son introduction par inadvertance. Des photomicrographies sont incluses pour faciliterl'identification des ces champignons. Une liste mondiale des maladies transmioes par les semences est aussi presentee, afind'aider les agences habilitees a formuler une r6glementation sur les champignons transmis par les semences et ainsi eviter'imposition de restriction non necessaires sur le mouvement de ressources phytogenetiques bxeinptes de maladie. 

Resumen 
Una guia pictdrlca de los hongos albergados en lassemillas de sorgo, milo, garbanzo, guanduly mani. Se conoce que las semillas
de sorgo, miljo, garbanzo, guandul y mani albergan 
mas de 62 hongos pertenecientesintentado ayudar a 37 generos. En este boletin, se haa los cientificos y estudiantes de agricultura a poder identificar los hongos albergados en las semillas que sesuelen observar durante las pruebas de las semillas hechas para la certificaci6n fitosanitaria de los seis cultivos mandatorios deICHIST. Este boletin facilita descripciones e ilustraciones de 45 hongos albergados en las semillas con una informacitn brevesobre las enfermedades por ellos cuasadas, los metodos de transmis6n de las semillas, la deteccion, las sintomas de las semillas,
las caracteristicas morfologicas de los hongos, importancia de cuarentena, y medidas de control para erradicar los inoculos
albergados en las semillas y evitar las introducciones inadvertidas, se incluyen microfotografias para facilitar la identificacion de loshongos. Tambien se encuentra una lista mundial de las enfermedades albergadas en semillas a fin de que ls agencias reguladorespuedan formular politicas con respecto a hongos de las semillas para que las restricciones innecesanas sobre el movimiento degermoplasma libre de enfermedades se puedan evitar. 
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Foreword 

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
aims to improve the grain yields and quality of sorghum, pearl millet, finger millet, 
chickpea, pigeonpea, and groundnut in countries of the semi-arid tropics. ICRISAT 
also serves as a world repository for the genetic resources of these crops. 

The Government of India has agreed to the unrestricted exchange of the 
germplasm of its mandate crops by ICRISAT, subject to quarantine regulations. For 
safe germplasm exchange, the Indian Government and ICRISAT require safeguards 
to be followed, not only by ICRISAT scientists at all the Institute's locations, but also 
by cooperators in various countries. Details of the certification necessary for safe 
exchange are available from the Plant Quarantine Unit at ICRISAT Center. 

Plant quarantine work at ICRISAT involves the phytosanitary examination of the 
seeds and plant material of the Institute's six mandate crops prior to their export, 
and examination of any imported material. These examinations are carried out in 
close collaboration with the plant quarantine authorities of the Government of India. 
Since 1974 the Institute has exported 944 044 seed samples to 153 countries, and 
has imported 171 826 samples from 98 countries. 

The unrestricted movement and exchange of germplasm is vital to progress in 
crop improvement programs, but such movement must not at any time jeopardize 
crops by spreading pests or diseases. High priority should be given to designing 
treatments or other procedures necessary to allow movement of seeds without 
spreading diseases. The international exchange of disease-free germplasm of 
ICRISAT's six crops should be possible if safeguards are applied at ports of entry 
and exit. Quarantine stations receive seeds for certification from various sources 
including seed industries, growers, research stations, individual scientists, traders, 
etc. The risk of spreading seedborne pathogens varies widely with seed source. 
When the seed is received from scientists, research stations, and well-equipped 
seed industries, these risks are greatly reduced because it is assumed that the crop 
has been monitored during its active growing season by a qualified pathologist. 

The authors, during tne course of their quarantine work at ICRISAT, have 
intercepted 45 seedborne fungi out of the 62 reported in the literature; these 45 
fungi are illustrated in this publication. It is hoped that this publication will provide 
useful information to agiicultural scientists and regulatory agencies dealing with the 
import and export of seed and plant material, and will help to minimize the risk of 
spreading diseases that could reduce crop yields and limit the amount of food 
farmers can produce. 

The authors would welcome communications on any inadvertent omissions, or 
additional data. 

Y.L. Nene 
Deputy Director General. ICRISAT 
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Fungi that infect seeds and survive as spores or resting structures on and within 
seeds are known as seedborne. The term as used in this publication refers to the 
association of pathogenic fungi which are either transmitted by, or transported with 
seed. Seed-transmitted fungi often produce infected plants or can be the focus of 
inadvertent introductions; whereas seed-transported fungi are those which are 
present on the seed, but have not been shown to cause subsequent infection. 
Seed-transported fungi are considered relatively unimportant in crop production, 
but do represent one way by which a pathogen can be introduced into an area from 
which it was originally absent. Both types of fungi are important for plant quarantine 
and to plant pathologists, and no distinction is made between seed-transmitted and 
seed-transported fungi in this publication. 

By applying the above criteria to pathogens that affect the the mandate crops of 
ICRISAT, 62 fungi belonging to 37 different genera were found to have been 
reported as seedborne, and to cause various diseases under field conditions; these 
fungi are listed in Appendix 1. Seedborne fungi, which predominantly occur as 
pathogens causing grain molds, have been excluded, because such fungi infect 
seed during storage, transportation, etc., through their omnipresent spores. The 
seedborne inoculum of such fungi is less important than the inoculum from infected 
seedlings or plants. 

International Seed Health Testing Methods (ISHTM) are used to detect the 
presence of seedborne fungi on seeds. It is recommended that when testing seeds 
for quarantine and phytosanitary certification, these standardized procedures 
should be adopted, as this will help to eliminate situations where examinations in a 
receiving country reveal discrepancies with health certificates accompanying the 
seeds. Three ISHTIMs are briefly discussed in Appendix 2. 

The characteristic morphological features of 45 seedborne fungi belonging to 26 
genera that affect the six ICRISAT mandate crops, and that can be seen on infected 
seed when tested using ISHTMs are described in this publication. Among these, 11 
species belonging to 10 genera occur on more than one ICRISAT crop; their 
descriptions and illustrations are included for the crop on which the fungus is most 
frequently recorded. However, to show pathogen variability, illustrations of infected 
seeds of the other susceptible ICRISAT crops have also been included. This does 
not imply that isolates of one crop can infect the other, or vice versa. 

This publication can only provide a glimpse of the total range of morphological 
diversity exhibited by seedborne fungi, it aims to help the user quickly identify a 
fungus by comparing the symptoms shown in the photomicrographs with those 
exhibited by the seed under examination. Differences in colony characters, conidial 
morphology, and ornamentation of fruiting bodies which can be seen under the 
stereoscopic microscope are used to differentiate between the various genera. 
Fungal characters visible under a compound microscope are used to identify 
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species. Whenever possible, it is advisable to confirm the identity of the fungus with
the help of professional mycologists, and to prove its pathogenicity. 

Control 

Control measures that should be followed before crop seeds are exported are given
at the end of each description. These control measure only relate to seed health 
management. Some of the fungicides mentioned by their trade names in the text 
may not be available in some countries; in such case alternative fungicides should 
be used, and to help select the most appropriate their active ingredient has been
mentioned. In Appendix 3 a standardized seed treatment schedule followed at
ICRISAT Center is given. This treatment schedule is updated as and when more
information on the biology and control of a fungus becomes available. 

Photographs 

The photographs depict typical macro- and microscopic fungal structures, and were 
taken using stereobinocular and compound microscopes. Naturally infected seeds 
were observed under a Wild M7S stereobinocular microscope with a x6 to x31 
zoom magnifier, fitted with an interchangeable x2 additional objective, and xl0 and
x15 eye pieces. The microscope was fitted on a bright/dark, field-transmitted light
stand with a 6v/10w halogen bulb. Two additional 6v/20w incident light illuminators 
were used to obtain shadow-free illumination. The camera used was a Wild with a
35 mm back x0.32 photomagazine connected to a Wild photoautomat MPS 45.
Kodak ET-135-36 tungsten color film, 160 ASA was used. The pictures were taken 
by adjusting the photoautomat to 400 ASA. 

To prepare material for compound microscopy, seeds were inoculated with type
cultures and incubated on moist blotting paper in plastic petri dishes under near
ultra violet (NUV) light for a 12-h light/dark regime for 7 days at 22 ± 2°C. Squash
mounts of fungal growth on seed surfaces were made in sterile water without
staining, and observed under a compound microscope. The microscope used was 
an Olympus BH2 fitted with x20, x40, and x100 apochromat objectives, and a xl0 
eye piece. The microscope was fitted with an Olympus PM10 AD camera system.
Kodak 35 mm black and white film, 32 ASA was used. Rates of magnification are 
provided for each photograph in its caption. 
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Sorghum 

Acremonium strictum w. Gains 

Acremonium strictum causes sorghum wilt. Infected seed can be identified by
visual examination and incubation tests. Infected dry seeds are shrunken,
desiccated, mummified, and misshapen (Fig.1A). Such seeds weigh less than
healthy seeds. and germinate poorly. The fungus grows on incubated seed as a
white mycelium that produces conidia (Figs.1B and 1Ca). When the seed is
incubated for 8-21 days, the perithecial state of the fungus, which belongs to the 
genus Neocosmospora, is formed on the seed (Fig.lCb). Colonies in the conidial 
state appear similar in color and texture to some species of Fusarium. The
mycelium consists of thin, delicate, hyaline, srmooth, branched hyphae. Hyphal
cells are usually 0.5-1.5 pm wide. Often several hyphae aggregate to form thick
hyphal strands (Fig. 1Da) on which small conidiophores bearing conidia are formed.
Conidiophores (Fig. lDb) are simple, whorled or cymoid, hyaline and subulate,
32.5-60 x 1-1.8 pm, and arise directly at right angles from the aggregated thick
strands of vegetative hyphae in a basitonous fashion. Conidia (Fig.lDc) are
hyaline, single-celled, and produced endogenously at the apex of the conidiophore
in false heads. They are ellipsoidal to cylindrical with rounded ends, straight or
slightly curved, and measure 2-5 x 1-1.5 pm. Perithecia are usually orange to red,
rarely dark brown, globose to pyriform, ostiolate with a short neck lined with 
pe. ,hyses, and contain several asci. These asci (Fig. 1Dd) are hyaline, cylindrical,
rarely clavate, with a short stalk, each containing eight ascospores in a uniseriate 
fashion, and are 80-104 lam long. Ascospores (Fig. 1De) are pale brown to almost 
hyaline, single-celled, globose to ellipsoidal, thick-walled with irregular, rough
surfaces, and are 13-20 jm in diameter (Gams 1968; Frederiksen 1984; Cannon 
and Hawksworth 1984; Bandyopadhayay et al. 1987). 

Control. Control measures to be applied during phytosanitary inspections should 
aim to exclude the seedborne inoculum, by collecting seeds from disease-free
plants. Information on seed treatment to eradicate the seedborne inoculum of the 
fungus is not available. 
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Acremonium strictum Sorghum 

Figure 1A. 
Dry seeds of sorghum showing damage caused by Acremonium strictum (right), 

and healthy seeds (left), x 11. 

Figure lB. 

Infected seed after incubation, showing the growth of A.strictum, x22. 
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Sorghum Acremonium strictum 

a 

Figure 10. .::i.

(a) Conidial heads (arro wed) of A.strictum, x75,(b) peritheciaproducedby Neocosmospora sp, x 75. 
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Acremonium strictum Sorghum 
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(a) Aggregated hypha/ strands, ×x451, (b) conidiophores, x 1130,
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Sorghum Acremonium strictum 
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Figure ID. t 
(c) conidia (A.strictum), x 1130, (d) asci, x 1130,
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Acremonium strictum Sorghum 
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Figure 1D. 
(e)ascospores (Neocosmospora sp), x 1130.
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Sorghum 

Bipolaris sorghicola (Lefebvre &Sherwln) Alcorn 
HelmirithosporiumsorghicolaIxfebvre & Sberwin 
Drechslerasorghicola([,febvre& Sherwin) M.J. Richardson & E.M. Fraser 

Bipolaris sorghicola causes sorghum target leaf spot. Infected seeds car be
detected by incubation tests (Fig.2A). The fungus grows on the incubated seed
producing mycelium, condiophores, and conidia. Conidiophores usually arise
singly or in small groups on the infected seed. They are straight, or flexuous with aswollen base and a geniculated apex, smooth, simple, septate, 115-700 Aim long,
and 6-9 Aim wide. They usually bear conidia in an acropleurogenous fashion (Fig.2Ba). The most distinguishing character of this species is that the primary conidia,
while still attached to the conidiophore, frequently bear long secondary
conidiophores on which small secondary conidia are p;iduced (Fig. 2Bb). Conidia 
are 3-8 in number, distoseptate, 30-100 x 12-19 jim, pale to mid-golden brown,slightly curved, fusiform, ellipsoid or straight, with an inconspicuous hilum (Fig.2C).
Conidia are frequently seen attached to the conidiophores (Tarr 1962; Ellis and 
Holliday 1976; Sivanesan 1987). 

Control. Seed treatment with ferbam at about 2.5 g kg-1 is effective in reducing
seedborne inoculum (Neergaard 1979). 
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Bipolaris sorghicola Sorghum 

Figure 2A. 
Infected sorghum seed after incubation, showing the growth of 

Bipolaris sorghicola, x27. 
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Figure 2B. ..
,"':" "I N 

(a) Conidiophore and conidia, x 122, and (b)secondary conidia (arrowed) produced on the 
secondary conidiophores by B. sorghicola, x 113. 
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Sorghum 

Cercospora sorghi Ellis & Everhart 

Cercospora sorghi causes gray leaf spot of sorghum. The fungus is present as a 
dormant mycelium on and within infected seed, and can be detected by incubation 
tests. The fungus produces numerous light to dark gray conidiophores on the 
incubated seed. These conidiophores bear hyaline conidia which when massed 
together give infected seed a light grayish, velvety appearance (Fig.3Aa). 
Conidiophores emerge from a stroma-like body on the surface of the seed, in 
small scattered tufts of three to four, or more (Fig.3Ab). They are medium to dark 
brown, rarely pale, narrower towards the apical tip, irregular in width, simple but 
long, flexuous, and geniculate with each conidiophore bearing one to six conidia. 
Conidiophores are 20-80 x 3-5.5 pm, or even up to 150 [im long (Fig.3B). The 
conidia are indistinctly multiseptate (1-12 septa), hyaline, 30-300 x 2-4 gim, 
acicular, obclavate to cylindrical, straight or slightly curved, with a truncate or 
obconically truncate base (Fig.3B) (Tarr 1962; Mulder and Holliday 1974). 

Control. Conduct pre-export crop health inspections during crop growth and 
select seeds from healthy noninfected fields. Fungicides such as benomyl, thiram, 
or chloranil can be applied at about 2.5 g kg- 1 as seed dressings to eradicate 
seedborne infection (Neergaard 1979). 
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Sorghum Cercospora sorghi 

a 

Figure 3A. 
(a) Infected sorghum seed after incubation, showing the growth of Cercospora sorghi, x 12,
(b) stroma (S), conidiophores (CP), and conidia (C)of C.sorghi, x 75.
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Cercospora sorghi Sorghum 
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Sorghum 

Claviceps sorghi Kulkarni et al. 

Claviceps sorghi causes ergot of sorghum. The fungus converts individual florets in
infected panicles into hard sclerotia of varying sizes and shapes. These sclerotia 
are overwintering bodies that can be detected during visual seed examination. If 
crops are sown with contaminated seed, the fungus is disseminated to new areas. 
The sclerotia are hard, cylindrical, elongated, slightly curved arid horn like, cream
grayish or dark brown or black, 10-25 mm long, and 4-6 mm wide (Fig.4) (Butler
1918; Tarr 1962; Doggett 1988). 

Control. Do not export seed from endemic fields. Separate the sclerotia manually
by immersing seed lots in 10% common salt solution (Wallace and Wallace 1953).
Seeds that do not float should be dried and then treated with the fungicides listed in 
Appendix 3. 
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Claviceps sorghi Sorghum 

Figure 4. 
Sc/erotia of Claviceps sorghi (right), and healthy sorghum seed (left), x 15.
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Sorghum 

Colletotrichum graminicola (Cesati) G.W. Wilson 
C. sublineolum iern. 

Anthracnose of sorghum is caused by Colletotrichum graminicola. The fungus can
overwinter on seed as dry acervuli and within the seed as a dormant mycelium.
Seeds harvested from diseased plants are likely to carry the fungus. Infected seeds can be detected by visual examination and incubation tests. Dry seeds show visible 
symptoms of infection, in the form of dark brown to black acervuli scattered on their
surface (Fig. 5Aa). These acervuli are irregular in shape and consist of dark setae(Fig. 5Ab). Sometimes acervuli are also formed on the glumes. On incubated seed,
the fungus produces numerous acervuli (Fig. 58), which are rounded or elongate,
separate or confluent, superficial, erumpent, with conspicuous multicellular, darklypigmented setae, and 70-300 pm in diameter. The acervuli consist of a gelatinous 
or mucoid, salmon orange colored conidial mass (Fig.5C). Conidiophores arehyaline, 8-20 pm long, and 4-8 pm broad (Fig.5Da). Individual conidia are
hyaline, single-celled, falcate, fusiform, spindle-shaped, with acute apices, and 
measure 19-28.9 x 3.3-4.8 pm (Fig.5Db). Setae are brown with a dark swollen
base and a pale rounded tip (Tarr 1962; Mordue 1967; Sutton 1980). 

Control. Conduct pre-export crop health inspections during crop growth. Discard
moldy seeds. Seed treatment with benomyl (Benlate" at about 2 g kg-1) is advised 
to reduce the seedborne inoculum (Mishra and Siradhana 1978). 
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Colletotrichum graminicola Sorghum 
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,, Figure 5A. 
(a) Dry seeds of sorghum showing the symptoms of infection caused by 

Colletotrichum graminicola, x 6, and (b) dry acervuli (arrowed), x 75. 
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Sorghum Colletotrichum graminicola 

Figure 5B. 
Infected sorghum seed after incubation, showing the 
growth of C. graminicola, x32. 

Figure 50. 
Acervuli containing conidial mass and setae of C. graminicola, x 75. 
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Colletotrichum graminicola Sorghum 
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Figure 5D. 
(a)Conidiophores (CP), x1130, and (b)conidia of C.graminicola, x1130.
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Sorghum 

Exserohilum turcicum (Pass.) K.J. Leonard & E.G. Suggs 
Helininthiosporiuimturcicumn P. 
ffipolaris turcica (Pass.) Siloillktr 

Drcchsleraturcica(Pass.) SuL,ra nnlaii & P.C. Jli 

Exserohilum turcicum causes leaf blight of sorghum, and also attacks maize. 
Fungal isolates from sorghum and maize can attack either host singly or in 
combination. Seedborne infection can be detected by incubation tests. The fungus
produces conidiophores and conidia throughout the seed surface (Fig.6A). The 
growth is hairy and isdark gray to brown. Conidiophores emerge in groups of two 
to six from the seed coat, and are 135-300 pm long, and 8-10 pm wide. They may
be flexuous, simple, erect, with a swollen base and geniculated apex and bear
typically straight and spindle-shaped conidia acropleuiogenously (Figs.6B and 
6Ca). Sometimes conidia are produced in loose spikes. Conidia are seen growing
at the tips of the conidiophores, each of which continues to grow at the apex,
pushing aside the first-formed conidium. Conidia are 3-11 distoseptate, measure
50-144 x 18-33 pm, pale to olivaceous brown, widest in the middle, fusoid to
slightly curved, and taper towards both ends (Fig.6Cb). Conidia have a truncate 
and protuberant hilum in their basal cell, hich is visible as a small, thin stalk at the 
point of afochment to the conidiophore. This can be noticed at high magnifications 
even under the stereobinocular microscope (Ellis and Holliday 1971a;
Chidambaram et al. 1973; Sivanesan 1987). 

Control. Avoid collecting seed from endemic fields. Seed treatment during seed 
distribution, to minimize the risk of spreading the disease to hitherto noninfected 
areas, is important. Fungicides such as guazatine (Panoctine-R, at about 2 mL
kg-1 of seed) are useful in eradicating superficial infection (Shree 1983). Captafol
(Difolaton" at about 4 g kg-1) eradicates both external and internal seedborne 
inoculum (Vidyasekaran et al. 1980). 
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Exserohilum turcicum Sorghum 

Figure 6A. 
Infected sorghum seed after incubation, showing the 

growth of Exserohilum turcicum, x 18. 

<i 

Figure 6B. 
Conidiophores and conidia of E. turcicum, x 113. 
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Sorghum Exserohilum turcicum 
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Figure 6C. 
(a) Conidiophore, x451, and (b) conidia of E. turcicum, x451. 
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Sorghum 

Fusariummoniliforme J. Sheldon 

Fusarium moniliforme causes head blight of sorghum, and twisted top or top rot of 
pearl millet. Infected seed can be detected by visual examination and incubation 
tests. Awhite powdery fungal growth can be seen on dry infected sorghum seed 
(Fig.7A). Sometimes, infected seeds of white-seeded sorghum cultivars have a 
pinkish or violet tinge. Profusely infected seeds are reduced insize and weight, and 
do not germinate. The fungus usually produces awhite to light orange powdery 
growth consisting of aggregated or loosely scattered chains of microconidia on 
incubated seed (Fig.7B). Under the stereobinocular microscope, these 
microconidial chains appear as fine, thin, long, hairy, white threads (Fig.7Ca). 
Sometimes the microconidia may be produced on monophialides in false heads 
instead of chains (Fig.7Cb). The microconidia are catenulate, hyaline, one- to 
two-celled, 2-4 x 5-12 lam, and appear as beaded chains (Fig.7Da). They are 
oval- to club-shaped with a flattened base (Fig.7Db). When the microconidia are 
not produced in chains, they might be confused with those of F. oxysporum. 
However, the phialides are longer and narrower in F. moniliforme than in 
F.oxysporum. Macroconidia are produced inpale orange sporodochia which can 
be obscured by the mycelium and the abundant chains of microconidia. 
Macroconidia are produced on macroconidiophores (Fig. 7Dc). They are hyaline, 
3-7 septate, long, 1.5-4 x 20-82 pm in diameter, slender, awl-shaped, falcate to 
almost straight, and taper towards either end. They are slightly hooked at the tip, 
thin-walled, with the apical cell slightly curved and tapering to a point, and may be 
either distinctly or slightly foot-shaped at the basal cell (Fig. 7Dd). Chlamydospores 
are. absent (Ram Nath et al. 1970; Booth 1971; Booth and Waterson 1964; Mathur et 
al. 1975; Nelson et al. 1983). 

Control. Discard infected seeds. Seed treatment with carbendazim or a mixture 
of benomyl +thiram (Benlate-T"), or carbendazim at about 2 g kg-1 isadvised to 
eradicate the seedborne infection (Vidyasekaran 1983). 
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Sorghum Fusarium moniliforme 

Figure 7A. 
Dry infected seed of sorghum showing damage caused by Fusarium moniliforme (right), 
and healthy seeds (left), x 11. 

Figure 7B. 
Infected sorghum seed after incubation, showing the growth of 
F.moniliforme, x22. 
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Fusarium moniliforme Sorghum 
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. ,-Figure . 7C. 
(a) Povtdery growth containing microconidia in chains, x 122, and 

(b)dry false heads produced by F.moniliforme, on sorghum seed in which 
micro and macroconidia are produced, x 122. 
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(a) Microconidia inbeaded chains, x 1130, (b)oval- to club-shapedmicroconidia,x 1130, 
(c) macroconidiophores(arrowed), x 1130, and 
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Figure 7D. 
(d)macroconidiaof F. moniliforme, x 1130. 
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Sorghum 

Gloeocercospora sorghi Bain and Edgerton ex Deighton 

Gloeocercospora sorghi causes zonate leaf spot of sorghum. Seeds carry the
fungus as both sclerotia and dormant mycelium. Infected seeds can be detected byvisual examination and incubation tests. Dry infected seeds show black, shiny,
spindle- or irregular-shaped sclerotia, about 0.1-0.2 mm indiameter (Fig. 8A). The
sclerotia are embedded inthe seed coat, and often become erumpent by rupturingit.On incubated seed, the fungus produces dark brown to charcoal black sclerotia,
and pink to reddish orange sporodochia (Fig. 8B). Sometimes only sclerotia areproduced. The mycelium is scanty or abundant, white to dull white, thin and
branched. Sporodochia are pink to salmon pink, and are visible to the naked eye.
Each sporodochium consists of numerous hyaline conidiophores and conidia, that 
can be seen under a compound microscope. Conidiophores are hyaline,
branched or unbranched, septate, short, 5-10 pm long, with a somewhat swollen 
apex. Conidia are borne in a pinkish, slimy matrix, and are hyaline, elongate tofiliform, 1.4-3.2 x 20-195 pm, and septate (Fig. 8Ca and b). Scierotia on incubated
seed appear similar to those produced on dry seed (Mulder and Holliday 1971;
Watanabe and Hashimoto 1978). 

Control. Collect seed from disease-free fields. Discard infected seed lots
particularly those originating from countries where the disease occurs. Seed
dressing with carbendazim (Bavistin, at about 1g kg-1) or thiabendazole
(Tecto-50" at about 2 g kg-1 of seed) is effective in reducing the seedborne
inoculum (Mathur et al. 1987). 
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Gloeocercospora sorghi Sorghum 

Figure 8A. 
Dry infected seeds ofsorghum showing damage caused by 

Gloeocercospora sorghi, x 11. 

-•
 

Figure 8B. 
Infected sorghum seed after incubation, showing the growth of G. sorghi, x27. 
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Sorghum Gloeocercospora sorghi 
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Figure 8C. 
(a) Hyaline, elongate to filiform conidia, x225, and 
(b) conidia of G. sorghi, x451. 
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Sorghum 

Peronosclerospora sorghi (W.Weston &Uppal) C.G. Shaw 

Sclerosporasorghiw. weston &Uppal 

This fungus isan obligate parasite, and causes downy mildew of sorghum. Seeds 
harvested from diseased fields are likely to carry the fungus inthe form of oospores 
adhering to their surface, and as dormant mycelium present ininternal seed tissue'. 
Seeds carrying oospores can be detected by a seed-washing test (see Appendix 
2). The oospores are smooth, globose, spherical, hyaline, yellow, and 25-43 Aum 
indiameter. Oogonial walls are irregularly thick, and are yellow. The contents of the 
oospores are finely granular and rich in oil globules (Fig.9) (Safeeulla 1976; 
Francis and Wiliiams 1983b). 

Control. The introduction of ,his disease into new areas can be prevented by: 
conducting pre-export crop health inspections, producing seed from a field certified 
to be free from downy mildew, and distributing seed of cultivars with ahigh degree 
of resistance to sorghum downy mildew. 

These measures eliminate the possibility of oospore-contaminated seed being 
exported without recognition. 

Dressing seed with systemic fungicides such as metalaxyl at about 1g kg-1 

eradicates the seedborne inoculum (Anahosur and Patil 1980). 
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Sorghum Peronosclerospora sorghi 

Figure 9. ____ 

Oosporesof Peronosclerospora sorghi, x 451.
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Sorghum 

Phoma sorghina (Sacc.) Boerema, Dorenbosch, &van Kesteren 

Phoma insidiosaTassi 

Phoma sorghina causes leaf spot and blight of sorghum. The seedborne inoculum 
of the fungus causes considerable damage. The fungus is carried as pycnidia and 
as dormant mycelium. Infected seeds can be detected by visual examination and 
incubation tests. Numerous pycnidia can be seen on dry seeds under a magnifying 
lens (Fig. 10A). The pycnidia are dark brown to black and the size of a pinhead. 
The fungus produces black pycnidia scattered throughout the surface of incubated 
seed. When the seed is heavily infected, the fungus can rupture the seed coat 
giving seed a cancerous or warty appearance (Fig. lOBa). Sometimes fungal 
growth on incubated seed consists only of mycelium and chlamydospores (Figs. 
lOBb and lOCa). The mycelium is profuse, fluffy to dense, and is often very 
variable in color. Sometimes pycnidia are produced on the aerial mycelium. 
Pycnidia may be immersed or erumpent, drk brown to black, shiny or dull (Fig. 
lOCb). They are single or multiostiolate, variable in shape, often globose to 
subglobose, and 60-150 Itm in diameter. The beak is very small or inconspicuous, 
and cirrhus is not usually produced. Conidia are hyaline, single-celled, variable in 
shape, usually globose to ovoid or shortly cylindrical, they measure 1.4-4.4 x 3.5
8.8 pm in diameter, and are straight and guttulate (Fig. lODa). Chlamydospores 
are frequently produced on the aerial mycelium and directly on the seed surface in 
a catenuliform. They are single- to several-celled, dark, thick-walled, resemble 
Alternaria spores, and are sometimes irregular in shape (Fig. 1ODb) (Tarr 1962; 
Punithalingam 1985; Sutton 1980). 

Control. Control measures should include selection of seed from noninfected 
plants combined with seed treatment. During visual examination infected seeds 
should be discarded. Seed treatment with thiram, captan or mancozeb (Dithane 
M-45-) fungicides at about 3 g kg-1 is advised to reduce the seedborne inoculum 
(Anahosur and Hegde 1980). 
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Figure 10A.
 
Dry seeds of sorghum showing damage causedby Phoma sorghina, x 12.
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Infected sorghum seed after incubation, showing two types of fungal growth; (a)pycnidial, x27, and
(b)chlamydos,,res of P.sorghina, x24. 
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Figure 10C. 
(a) Chlamydospores, x 113, and (b)pycnidia of P.sorghina, x 113. 
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Sorghum Phoma sorghina 
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(a)Conidia, x 1130, and(b) chlamydosporesof p. sorghina, x225. 
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Sorghum 

Sporisorium cruentum (Kiihn) K. Vdnky 

Sphacelothecacntenta K1ihn) A.A. Pottr 

Sporisorium cruentum causes loose smut of sorghum. The fungus is seedborne as 
chlamydospores. During crop maturation, harvesting, and threshing, grain from 
fields containing smutted plants becomes contaminated with chlamydospores. 
Chlamydospores adhering to healthy-looking seed can be detected by seed
washing test, they can be identified under the compound microscope by their 
shape and color. The chlamydospores are globose to subglobose, elliptical or 
slightly irregular in shape, light yellowish-brown to dark olivaceous brown, and 
finely echinulated (Fig.11). They are slightly darker and larger than the spores of 
Sporisorium sorghi, and range in diameter from 5 to 10 pm, with spore walls about 
1-jim thick (Tarr 1962; Ainsworth 1965a). 

Control. Conduct pre-export crop health inspections during the growing season. 
Seed treatment with carboxin at about 2.5 g kg-1 can be used to control the smut 
fungi. Elemental sulfur at about 5 g kg-1 is also effective in reducing the seedborne 
inoculum (Neergaard 1979). 
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Sorghum Sporisorium cruentum 

Figure 11. 

Chlamydosporesof Sporisorium cruentum, x 1i30. 
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Sorghum 

Sporisorium holci-sorghi (Rivolta) K. Vinky 

Sporisorium reilianunt (Kfihi) M(Alpilne 

Sphacelotheca reiliana (Kthn)G.P.Clinton 

This species causes head smut of sorghum and maize. Infected plants produce 
smutted earheads. The surfaces of seeds harvested from diseased fields are likely 
to be contaminated with chlamydospores of the fungus, which can be detected by a 
seed-washing test. Under the compound microscope, these chlamydospores 
appear somewhat opaque, dark brown, globose to subglobose. They aie usually 
somewhat angular, minutely, but abundantly papillate, 9-14 pm in diameter, and 
their spore walls are about 1 pm thick (Fig.12). Sometimes sterile hyaline cells 
intermixed with chlamydospores can be seen (Tarr 1962; Ainsworth 1965b). 

Control. Avoid collecting seeds from endemic fields. Seed treatment with 
carboxin at about 2.5 g kg- 1 or elemental sulfur at about 5 g kg -1 helps to eradicate 
the seedborne inoculum (Neergaard 1979). 
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Sorghum Sporisorium holci-sorghi 
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Figure 12. 

Chlamydosporesof Sporisorium holci-sorghi, x 1130.
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Sorghum 

Sporisorium sorghi Link 

Sphacelothecasorghi(Lnk)O.P. Clinton 

This fungus causes grain smut of sorghum. Its seedborne inoculum can be carried 
as admixtures of smut sori, and as chlamydospores adhering to the seed surface. 
Smut sori are visible to the naked eye, and can be identified under a magnifying 
lens with a magnification of x2, by their shape, size, and color (Fig.13A). 
Chlamydospores present on contaminated seed can be detected by a seed
washing test. Smut sori are oval, cylindrical, or nearly conical in shape, sometimes 
surrounded by unaltered glumes at the base. In some sorghum varieties, the shape 
of the smut sori is similar to that of normal grain, but when such grains are broken, 
they reveal the dark powdery spores of the fungus. Smut sori are between 4.32
12.7 mm wide and 4.23-38.1 mm long. They vary considerably in size, but even the 
longest are much shorter than those of long smut. The chlamydospores of this 
fungus are very similar to those of S. cruentum, but are usually slightly smaller and 
somewhat paler brown. They are globose to subglobose, and appear smooth, but 
under high magnification, minute echinulations can be seen (Fig.13B). Individual 
spores range between 3-9 pm in diameter (Tarr 1962; Ainsworth 1965c). 

Control. Avoid collecting seed from endemic areas. Discard smut sori during 
visual examination. Treat apparently healthy-looking seed with carboxin (Vitavax -4 
at about 2 g kg- 1) (Atac 1989), or elemental sulfur at about 5 g kg- 1 (Neergaard 
1979). If chemical seed dressings cannot be obtained, soak the seeds in water for 4 
h, then dry them, first in the shade and then in the sun. This procedure kills 
germinating smut spores without impairing seed viability (Doggett 1988). 

41 



Sorghum Sporisorium sorghi 

Figure 13A.
 
Smut son produced by Sporisorium sorghi (right), and healthy sorghum seed (left), x 11.
 

Figure 13B. 
Chlamydospores of S.sorghi showing minute echinulations, x 1130. 

42 



Sorghum 

Tolyposporium ehrenbergii (Kiihn) Patouillard 

This fungus causes long smut of sorghum. The sori produced by Tolyposporium 
ehrenbergii can be detected in sorghum seed lots as admixtures during visual 
examination. In addition to smut sori, healthy-looking seed might also be 
contaminated by teliospores (chlamydospores) adhering to its surface. Teliospores 
can be detected by a seed-washing test. Long smut sori which are visible to the 
naked eye, are cylindrical, elongate, and slightly curved (Fig.14A). They are 
considerably longer and wider than those of covered smut Sporisorium sorghi, and 
are 4.23-12.7 mm in diameter, and 25.4-63 mm long. Smut sori consist of masses 
of spore balls enclosed in a thick light yellowish-brown membrane which splits 
irregularly from the apex downwards to reveal a dark, solid mass of spores. The 
spore balls are light brownish-yellow, 45-200 pm in diameter, and consist of a 
mass of teliospores. Teliospores are single-celled, brown and opaque, globose to 
oval or irregular in shape. The spores towards the periphery of the spore ball are 
dark brown and echinulate, with papillate on the free surface. The spores towards 
the center of the spore ball are light brown, and have a smooth surface. They are 
usually globose, but somewhat angular, ovate, flattened, brownish-green, and 10
15 pm in diameter (Fig.14B) (Tarr 1962; Ainsworth 1965d). 

Control. Conduct pre-export crop health inspections to select disease-free seed. 
Discard smut sori during visual examination. Chemical seed dressing with thiram at 
about 2 g kg- 1 is effective in reducing the seedborne inoculum (Kumar and 
Viswanath 1991). 
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Sorghum Tolyposporium ehrenbergii 

Figure 14A.
 
Smut sori produced by Tolyposporium ehrenbergii in sorghum (right),

and healthy seeds (left), x 11.
 

Figure 14B.
 

TeliosporesofT.ehrenbergii, x 1130.
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Pearl Millet 

Bipoiaris sacchari (E.J. Butler) Shoemaker 

HeInintlhosporilurnsacchlari E.J. Butler 

Drec/lslerasacchari (F.A. iuter Sii raimaniani & I.C. Jai 

This fungus causes eye spot and seedling blight of pearl millet under very humid 
conditions. It is known to occur particularly in areas where sugarcane is grown.
Infected pearl millet seeds can be detected by incubation tests (Fig.15A). On
incubated seed, the fungus produces light brown conidiophores on which long, thin,
slightly curved conidia are borne in various ways (Fig.15B). The mycelium is
similar in morphology to that of any other Bipolaris species. The conidiophores 
arise singly or in groups of two to four, have a swollen base, and are long, thin,
straight or flexuous, olivaceous brown, paler towards the apex, septate, smooth,
200 pm long, 5-8 pm thick, and bear conidia at short intervals. Conidia are 5-9
distoseptate, mid-pale to mid-yellow, golden brown, solitary, acropleurogenous,
usually straight but sometimes slightly curved, long, cylindrical, and measure 35
96 x 9-17 pm (Fig. 15C). They have a broad and distinct hilum which lies within the 
contour of the basal cell (Ellis 1971; Ellis and Holliday 1971b; Chidambaram et al. 
1973; Misra et al. 1974; Sivanesan 1987). 

Control. Seed treatment with copper oxychloride + zineb (Miltox" at about 2.5 g
kg-') is advised to eradicate the seedburne inoculum (Grower and Suryanarayana 
1970). 
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Bipolaris sacchari Pearl Millet 
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Figure 15A. 
Infected pearl millet seed after incubation, showing the growth of Bipolaris sacchari, x40. 

Figure 15B. 
Conidiophores and conidia of B. sacchari, x 127. 
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Pearl Millet Bipolaris sacchari 
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Figure 150.
 
Conidia produced by B. sacchari, x 677.
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Pearl Millet 

Bipolaris setariae (Sawada) Shoemaker 

Helminthosporiumsetariaesawala 

Drechslerasetariae(Sawada) Subramanlan & P.C. Jain 

Cochliobolus setariae (Ito & Kuribayashl) Drechs. ex Dastur 

This fungus causes leaf spots of pearl millet and finger millet, and is known to be 
seedborne. Infected seeds can be detected by visual examination and incubation 
tests. Dry infected seed sometimes appears brown and more intensely colored 
than normal pearl millet seed (Fig. 16A). On incubated seed, the fungus produces a 
hairy or velvety, olive brown to black growth (Figs.16Ea and b). Sometimes a 

perfect state of the fungus is also produced on infected seed, when this happens 
dark-colored perithecia can be seen growing either superficially or partly 
embedded in the seed coat (Fig.16Bc). The mycelium is dark; individual hyphae 
are irregularly branched with rough surfaces. Conidiophores arise singly or in 
small groups throughout the surface, and are up to 200 prm long and 5-9 gm wide. 
They are simple, erect, straight, or sometimes slightly curved, and dark brown to 
black. The color becomes paler towards the apical portion of the conidiophore, 
while the base remains dark and swollen (Figs. 16Ca and 16Da). Conidia are 5-10 
distoseptate, pale to mid-golden brown, solitary, acrogenous, acropleurogenous, 
cylindrical, slightly curved or rarely straight, fusiform or navicular, and 45-100 x 10
15 jim (Fig. 16Db). Secondary conidia are produced on the conidiophores growing 
from the primary conidia, but not so frequently as in 6. sorghicola. Perithecia 

develop within the stroma and are dark brown to black, unilocular with a globose 
body and a paraboloid to cylindric ostiolar neck, measuring 240-500 x 220-350 
gm. Often sterile, hyaline, brown hyphae cover the perithecia (Fig.16Cb). The 
perithecia contain asci which are vestigial, bitunicate, hyaline, cylindrical to 
.obclavate, short, often bpcoming more or less distended especially before 
dehiscence, and 130-150 x 22-32 jim (Fig.16Dc and Dd). Each ascus contains 
eight ascospores (Fig.16De) which are hyaline, indistincily pluriseptate, coiled, 
and filiform. Ascospores are helicoid, 5-9 septate, 200-315 x 6-7 pim and are 
violently discharged (Wells and Winstead 1965; Ellis and Gibson 1975; Shetty et al. 
1982; Sivanesan 1987). 

Control. Conduct pre-export crop health inspections. Discard infected seeds 
during visual examination. Seed dress pearl millet with benzothiazole (Delsan-30"
at about 1 mL kg-1) to eradicate the seedborne inoculum (Hao et al. 1984). 
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Pearl Millet Bipolaris setariae 

Figure 16A. 
Dry, deep brown seeds ofpearl millet showing damage caused by Bipolaris setariae (right),
and healthy seed (left), x 11. 

a 

Figure 16B. 

(a) Hairy, velvety B.setariae fungus on incubated pearl millet seed, x40, 
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Bipolaris setariae Pearl Millet 
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Figure 16B. 
(b)hairy, velvety B.setariae fungus on inctibatedfinger millet seed, x35,
 

(c) perithecial state (Cochliobolus setariae) of the fungus on pearl millet, x 113.
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Pearl Millet Bipolaris setariae 
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Figure 16C. 
(a) Conidiophores, and conidia of B.setariae, x 113, (b) perithecia of C. setariae, x98. 
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Bipolaris setariae Pearl Millet 

a 

b 

Figure 16D. 
(a) Conidiophore, x 1130, (b)conidia, x 1130, of B. setariae (C.setariae), 
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Figure 16D. , 
(c)ascus, x451, (d) asci, x251, (e) ascospores, x451, of 
C.setariae (B.setaria). 
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Pearl Millet 

Clavicepsfusiformis Loveless 

Claviceps microcephala(Walir.) Tul. 

Claviceps fusiformis causes ergot of p3arl millet. In infected plants, the fungus 
produces sclerotia in place of normal grains. Admixtures of sclerotia, sown along 
with the normal seed, may serve as a primary source of disease inoculum. 
Sclerotia can be detected by visual examination. They are hard to brittle, weigh 
less than the normal seed, are light to dark brown, grayish-brown, or blackish
brown, pyriform, obpyriform, elongated to rounded, somewhat longer than the 
spikelets, with irregular longitudinal furrows, and are 3-6 mm long and 2-3 mm 
wide. The apical portion of the sclerotium tapers and is somewhat curved, while the 
basal portion is broad (Fig. 17) (Butler 1918; Thakur 1984; Thakur et al. 1984). 

Control. Avoid collecting seeds from endemic fields during pre-export crop health 
inspections. Whenever sclr .)tia are detected in the seed lot, separate them 
manually or by immersing the seed in 10% common salt solution. The sclerotia float 
on the surface of the salt solution and can be separated out (Nene and Singh 
1976). Seeds that do not float should be dried and then given fungicidal treatment 
recommended for the export certification of pearl millet (see Appendix 3). 
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Pearl Millet Claviceps fusiformis 

4
 

Figure 17.
 
Sclerotia of Claviceps fusiformis (right) and healthy pearl millet seed (left), x 16.
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Pearl Millet 

Curvulariapenniseti (M. Mitra)Boedljn 

This species of Curvularia causes leaf spots in sorghum and pearl millet. It may be 
present as dormant mycelium in infected seeds and can be detected by incubation 
tests. The fungus produces dark brown colonies on incubated seed (Fig. 18A). The 
mycelium is mostly immersed in the seed coat and is composed of branched, 
septate, pale brown, thick hyphae. The hyphae are swollen at the .Oint of origin of 
the conidiophore. Conidiophores arise singly or in groups and are erect, simple, 
straight or flexuous, sometimes geniculate, mid to dark reddish-brown and paler 
towards the apex, 68.4-200 im long, 6-8 pm wide with a swollen base of 10-16 
im, and '3-5 pm wide at the apex (Fig.18B). Conidia are produced acro
pleurogenously. The 3-septate conidia are clavate and almost always slightly 
curved; septa are thick and visible at higher magnifications under the 
stereobinocular microscope. The third cell frc.n the base of the conidium is larger 
than the others and ipsdarker in color. Cells at either ends are subhyaline or pale 
and measure 29-42 x 13-20 pim (Fig.18C) (Mitra 1921; Ellis 1966; Sivanesan 
1987). 

Control. Discard moldy seeds during visual examination. Sorghum seed can be 
treated with thiram at about 2.5 g kg- 1 (Agarwal and Khare 1978). For pearl millet 
seed, benzothiazole (Delsan-30" at about 1mL kg- 1) is effective in eradicating the 
seedborne inoculum (Rao et al. 1984). 
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Pearl Millet Curvularia penniseti 

Figure 18A. 
Infected pearl millet seed after incubation, showing the 
growth of Curvularia penniseti, x36. 

Figure 18B.
 
Conidiophores and conidia of C.penniseti

growing on pearl millet seed, x 122.
 

Figure 18C.
 
Conidia produced by C. penniseti, x 1130.
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Pearl Millet 

Pyriculariapenniseti Prasada and Goyal 

Pyricularia penniseti causes brown leaf spot of pearl millet, and is known to survive 
in infected seeds. Seedborne infection can be detected by incubation tests. The 
fungus grows on incubated seeds, producing small, thin, hairy, inconspicuous gray
green to grayish brown, or olivaceous brown colonies (Fig. 19A). The mycelium is 
sparse and immersed in the seed coat. Conidiophores are visible under a 
stereoscopic microscope growing directly on the seed coat often on the ends of the 
seed in small groups (Fig.19B). They are slender, thin-walled, simple or rarely 
branched, septate with a somewhat swollen basal cell and geniculated apex. 
Conidiophores bear conidia at their tips and successive growing points in a 
scorpoid manner, and measure 49.5-150.0 x 3.6-5.5 pm (Fig.19Ca). Conidia are 
hyaline, tri-celled, pyriform, narrow towards the apex, straight or slightly bent, 
obtuse to subobtuse at the tip, 18.35-36.70 x 7.35-11.10 pm with a small and 
distinct hilum at the base. The protuberant hilum indicates their point of attachment 
to the conidiophore. The walls of the conidia are smooth, 1-2 septate, and their 
cells are broadest at the lower septum (Fig.19Cb). Strong stereobinocular 
microscope lamps used very close to the colonized seed can dry delicate 
Pyricularia colonies, so if infection by this fungus is suspected the use of such 
lamps should be avoided. A minimum magnification of x40 is recommended for 
identification (Prasada and Goyal 1970; Singh and Pavgi 1977). 

Control. Seed treatment with captan or quintozene (Brassicoli) at about 1.5 g 
kg-1 is advised to reduce the seedborne inoculum (Duhan and Thakur 1977). 
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Pearl Millet Pyricularia penniseti 

Figure 19A. 
Infectedpearl millet seed after incubation, showing the growth of 
Pyricularia penniseti, x46. 
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Figure 19B.
 
Conidiophores and conidia of P.penniseti, x57.
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Pyricularia penniseti Pearl Millet 
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Figure 19C. 
(a) Conidiophore,x 1130, and (b) conidia of P. penniseti, x 1130. 

61 



Pearl Millet 

Sclerospora graminicola (Sacc.) J.Schroet. 

This fungus is an obligate parasite and causes downy mildew of pearl millet. It is
reported as internally and externally seedborne; however, some workers do not 
agree that it is internally seedborne. Seeds harvested from infected fields are likely
to carry the fungus. The fungus is seed-transmitted as oospores adhering to the 
seed coat and as dormant mycelium present in internal seed tissues. During seed
health inspection, oospores can be detected by a seed-washing test. Under a 
compound microscope, oospores (Fig. 20) appear light to reddish-brown, and are
globose, smooth, thick-walled, mostly uniformly thick, and 20-40 Pjm in diameter. 
Mature oospores are spherical and have three walls; the exosporium, which is 
smooth and is 2 im thick, mesosporium, and endosporium. The oogonial wall is 
persistent and is visible as irregular folds the mature oospore (Butler 1907;on 
Kenneth 1975; Safeeulla 1976; Shetty et al. 1978 and 1980; Francis and Williams 
1983a). 

Control. Conduct pre-export crop hearth inspections during the growing season 
and select seed from disease-free fields. The seed treatment schedule 
recommended for the export certification of pearl millet is given in Appendix 3,
effectively eradicates the seedborne inoculum (India 1977; Williams and Singh 
1981). 
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Sclerosporagraminicola Pearl Millet 

Figure 20. 
Oospores of Sclerc'oora graminicola, x451. 
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Pearl Millet 

Tolyposporium penicillariae Bref. 

Tolyposporium penicillariae causes smut of pearl millet. Smut son are usually
found in pearl millet seed originating from smut-infected fields. These son are
produced in the ovaries of panicles infected by T penicillariae. In addition to the 
admixtures of smut sori, healthy-looking seed may also become contaminated by
aerially disseminated spores, when smut sori rupture in the field during threshing.
Teliospores, when present on the surface of the seed, can be detected by a seed
washing test. Smut sori are visible to the naked eye, and can be readily seen under 
a magnifying lens (Fig.21A). They are pear-shaped, 3-5 mm long, and 2-3 mm 
broad, i.e., half to twice the diameter of normal pearl millet grains. The apex of the 
sorus is bluntly round to conical. The sori are chocolate brown to dark brown, often
dirty black in color, especially when mature. Teliospores occur in large numbers 
and are attached to one another, forming compact balls of varying shapes, 50-150 
pm in diameter. Individual teliospores are globose to subglobose, or ovoid, light
brown, with smooth, irregular or slightly roughened walls, single celled, and 6-12 
pm in diameter (Fig.21B) (Butler 1918; Bhatt 1946; Ainsworth 1965e). 

Control. Methods recommended for control of long smut of sorghum
(T ehrenbergi) can be used during phytosanitary inspections. Seed treatment is 
useful to prevent the introduction of smut spores from contaminated seed to clean 
soil. Seed treatment with ceresan is effective to eradicate the externally adhering 
spores on contaminated seeds (Rachie and Majumdar 1980). 
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Tolyposporium penicillariae Pearl Millet 
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S 	 . ,-" Figure 21A. 

Smut soft produced by Tolyposporium penicillariae in pearl millet, x 11. 

Figure 21B. 
Teliospores of T. penicillariae, x 1130. 
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Finger Millet 

Bipolaris nodulosa (Berk. & M.A. Curtis) Shoemaker 

Helminthosporiumnodulosum Berk. & M.A. Curtis 

Helminthosporiumleucostylum Dr'chsler 

Cochliobolus nodulosus Luttrell 

Bipolaris nodulosa causes blight of finger millet. The fungus is a virulent parasite
that attacks all parts of the plant, including the roots. Infected seeds can be
identified by visual examination and incubation tests. Heavily infected dry seeds 
appear shriveled, are smaller, darker brown, and weigh less than healthy seeds 
(Fig.22A). The palae of infected seeds are gray and remain closed, whereas the 
palae of healthy seeds are yellow and open wide. Infected seed, when stored in
humid weather, appears sooty or olivac.ous green, due to the superficial growth of 
the fungus. Infected seeds usually fail to germinate, and even if they do, produce
decayed seedlings. Thick, dark gray hyphae can be seen on the glumes, palae,
and seed coats of less severely infected seeds. On incubated seed, the mycelium
consists of thin-walled septate hyphae, which are hyaline, even at the place where 
conidiophores are produced (Fig. 22B). Conidiophores occur singly or in groups.
They are subhyaline, light olivaceous, geniculate, hyaline at either end,
unbranched, or sometimes produce short lateral branches, usually 3-8 septate,
have swollen subhyaline basal cells, with flat or anvil-shaped tips, and measure 
21-112 x 4-6 jim (Fig. 22C). Conidia are borne at a distance of 18-40 Am from the 
base, and successive spores at intervals of 5.25 Am. Conidia are olive green, light
olive brown, straight, obclavate, ovoid, obovoid, widest at the second septum, their 
apices taper uniformly to form narrow tips which are rounded off abruptly. The
hilum is dark, conspicuous but not protruding, 1-8 septate, and 18-80 x 10-21 Am 
(Fig.22D) (Mitra and Mehta 1934; Ramakrishnan 1963; Ellis and Holliday 1972; 
Sivanesan 1987). 

Control. Conduct pre-export crop health inspection and avoid collecting seed 
from endemic areas. Seed treatment to reduce the seedborne inoculum iseffective 
with such fungicides as; dithianon (Delan WP75 R)at about 2 g kg- 1 (Rajashekar et 
al. 1989) in the form of slurry, guazatine (Panoctine-RP at about 2 mL kg-1)
(Ranganathiah and Rao 1982), or captafol at about 2 g kg- 1 (Krishna Prasad and 
Basuchaudhary 1987). 
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Bipolaris nodulosa Finger Millet 

Figure 22A. 
Dry seeds of finger millet showing damage caused by Bipolaris nodulosa (right) and 

healthy seeds (left), x5. 
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- . . , - ' Figure 22B. 
Infected seed after incubation, showing the growth of 

B.nodulosa, x20. 

Figure 22C. 
Conidiophores and conidia produced by 

B.nodulosa, x113. 
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Finger Millet Bipolaris nodulosa 

4
 

Figure 22D. 
Conidia produced by B. nodulosa, with a hyaline zone just above the hilum, x 1130.
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Finger Millet 

Melanopsichium eleusinis (Kulk.) Mundkur & Thirum. 

Ustilago eleutsuiis Kulkarni 

Melanopsichium eleusinis causes smut of finger millet. This fungus is ovaricolous, 
and the infected grains are scattered in the spike. During seed distribution, the 
fungus can spread in the form of smut sori, or as teliospores adhering to the surface 
of the seed. Smut sori are visible to the naked eye. They are round, elongated or 
irregularly shaped bodies projecting beyond the glumes. Smut sori are from one to 
six times the diameter of normal seed. Usually they are 3-8 mm in diameter when 
round, and 4-15 mm long when elongated (Fig. 23A). Sori are chocolate brown or 
dirty black. Their color is due to the membrane enclosing the spore mass which is 
deep brown to black. Sori contain lysigenous cavities in the hypertrophied host 
tissue which can be seen under a compound microscope. The cavities are irregular 
in shape and size with no columella, and contain powdery black spore masses. 
Teliospores adhering to healthy-looking seed can be detected by a seed-washing 
test. They are globose to subglobose with a densely echinulated epispore. The 
spores are olivaceous brown, rough surfaced, and 6-12 pm in diameter (Fig.23B). 
The outer layer of the exosporium is highly pigmented and bears projections 
(Mundkur and Thirumalachar 1952; Khanna and Payak 1971). 

Control. Conduct pre-export crop health inspections and avoid collecting seeds 
from endemic fields. Discard smut sori during visual examination. Seed dressing is 
useful to prevent the introduction of smut spores from contaminated seed to clean 
soil. Soaking seeds in 2%copper sulphate solution kills smut spores on the seed 
surface (Kulkarni 1922). 
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Finger Millet Melanopsichium eleusinis 

Figure 23A. 
Smut sori produced by Melanopsichium eleusinis, and the contaminated seeds of
finger millet, x 4. 

Figure 23B. 
Teliospores of M. eleusinis, x 1130. 
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Finger Millet 

Pyricularia setariae (Wallace) Ramakrishnan 

Pfjricularia grisea (Cooke) Sav. 

Pyricularia setariae causes leaf and neck blast of finger millet. Pyricularia can 
infect the crop at all stages from seedling to grain formation. Infected seeds can be 
detected by visual examination and incubation tests. Dry infected seeds of finger 
millet appear brown or dark gray, shriveled, undersized, and a high percentage of 
them fail to germinate. Upon incubation, infected seeds show profuse growth 
(Fig. 24A) of mycelium and spores. Colonies are colorless to light olive green, and 
grow in tufts or a continuous mass. The mycelium is profuse and darkens as it 
matures. Individual hyphae are hyaline, brown with hyphal cells somewhat swollen 
and 1.5-6.0 pm long. Conidiophores are simple, septate, darker at the base and 
paler towards the apex (Figs. 2AB and 24Ca). Conidia are typically obpyriform, 
subhyaline, acrogenous, or produced one after another by the sympodial growth of 
the conidiophore. Each spore is 3-4 celled, the middle cell being broader and 
darker than the others, and measures 19-31 x 10-15 p.m (Fig.24Cb). The darker 
color of the middle cell is only observed in a few conidia. Chiamydospores are 
thick-walled, olive brown or dark brown, terminal or intercalary, and 4-10 Pm in 
diameter (Wallace 1950; Ramakrishnan 1963). 

Control. Conduct pre-export crop health inspections and avoid collecting seed 
from endemic areas. Seed treatment with organomercurial fungicides at about 2 g 
kg- 1 is likely to reduce the seedborne inoculum (Ramakrishnan 1963). Guazatine 
(Panoctine-R" at about 2 mL kg-I of seed) is also effective to reduce the seedborne 
inoculum (Ranganathiah and Rao 1982). 
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Finger Millet Pyricularia setariae 

Figure 24B.Figure 24A. Conidiophores and conidia of
Infected seed of finger millet showing profuse growth of P.setariae, x 113.
 
Pyricularia setariae, x 112.
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Figure 24C. I
 
(a) Conidiophores, x 1130, and
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Pyricularia setariae Finger Millet 
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Figure 24C. 
(b) conidia of P.setariae, x 1130. 
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Finger Millet 

Scleropltthora macrospora (Sacc.) Thirum., Shaw and Naras. 

Downy mildew of finger millet iscaused by Sclerophthora macrospora. The fungus
has more than 140 graminaceous hosts, but physiological specialization is well
developed in this species, and as a result, certain races may be host-specific. Thefungus may be associated with otherwise healthy seed in the form of oospores
adhering to the surface, and dormant mycelium present in the embryonic tissue.Oospores adhering to the seed surface can be detected by a seed-washing test.
They are spherical, dark to golden brown, thick-walled, the walls having threelayers, with the outermost layer having small protrusions, and usually confluent withthe host cell wall (Fig. 25). The oogonial wall is 2-3 pm thick and the oospores are
35-70 ,im in diameter (Safeeulla 1976; Thirumalachar et al 1953). 

Control. Finger millet seeds should be obtained from disease-free areas or cropsinspected during the active growth phase (Ramakrishnan 1963; Rachie and Peters
1977). Information on the fungicidal seed treatment for eradication of the seedborne 
inoculum is not available. 
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Sclerophthora macrospora Finger Millet 
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,Figure 25. 
Oospores of Scierophthora macrospora, x 1130.
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Chickpea 

Ascochyta pinodes L.K.Jones 

Ascochyta pinodes is seedborne in chickpea, and causes blight. Infected seeds can be detected by incubation tests. The fungus produces numerous pycnidia onincubated seed; the pycnidia arising singly or in confluent masses resulting inreduced seed germination (Fig. 26A). During blotting incubation tests pycnidia areoften seen on the seed surface touching the blotting paper. They are solitary or ingroups, immersed, erumpent or superficial, 100-200 pm indiameter, dark brown toblack, globose, papillate, ostiolate, and conidia ooze out of them in light buff toflesh-colored gelatinous masses (Fig.26B: inset, at left). Conidia are hyaline,guttulate, smooth, ellipsoidal, slightly constricted at the septa, usually 1-septate,sometimes 2-3 septate, and measure 8-15 x 3-4.5 pm (Fig.26Ca). The perfectstate of this fungus, Mycosphaerella pinodes (Berk. & Bloxam) Vestergr., also occurs oninfected chickpea seeds; pseudothecia can be seen growing superficially orembedded in the seed coat. Pseudothecia ar!se singly, and are 90-130 gim indiameter, globose, dark brown to black with prominent beaks and apical papillateostioles (Fig.26B: inset, at right). They contain numerous asci. The asci arecylindrical to subclavate, bitunicate, short, stipitate or sessile, hyaline, and are50-80 x 10-15 pm (Fig.26Cb and inset). Each ascus contains eight ascosporeswhich are hyaline, bicelled, constricted at the septum and rounded at the base,irregularly biseriate, ellipsoid, biguttulate, and measure 12-18 x 4-8 Am (Fig. 26Cc)(Punithalingam and Holliday 1972a; Bretag and Mebalds 1987). 

Control. Chickpea seeds intended for export should be collected from diseasefree areas or fields inspec:3d during the active growth phase. Information on
specific seed-dressing fungicides to be used on chickpea is not available. 
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Ascochyta p/nodes Chickpea 
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Chickpea Ascochyta p/nodes 
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(a)Bicelled conidia (arrowed)of A. pinodes, x 1130, (b) asci(arrowed),x451, 
inset,ascus, x 1130, 
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Ascochyta pinodes Chickpea 
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~Figure 26C. 
(c) ascosporesof M.pinodes, x 1130. 
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Chickpea 

Ascochyetx rabiei (Pass.) Labrousse 
Phonarabiei(Pass.) KhjUne & J.N.Kapoor 

Ascochyta rabiei causes ascochyta blight of chickpea. It is an internally and
externally seedborne pathogen. Infected seeds can be detected visually and by
incubation tests. Infected dry seeds are small, wrinkled, weigh less than healthy
seed, and often fail to germinate. Heavy fungal invasion results in dark lesions ofvarious shapes and sizes on the seed. Concentric rings of pycnidia can be
observed in the lesions. When the infection isdeep, pycnidia rupture the seed coat
(Fig. 27A). The fungus grows slowly on incubated seed (Fig. 27B) as mycelium and
pycnidia that are usually formed inconcentric rings and are seen paulicularly on the
seed surface touching the blotting paper during the blotting incubation test. Pycnidia
are spherical tu qlcbose or depressed, amphigenous, separate, confluent, darkbrown, ostiolate, measuring 140-245 pm in diameter (Fig.27C). When the pycnidia
mature, conidia ooze from them in a gelatinous cream-colored mass. Conidia arehyaline, 1-2 celled, biguttulate, straight or slightly curved, oval to oblong, rounded ateach end, and 6-16 x 3.4-5.6 pim (Fig.27D). Most conidia are unicellular, and they
may or may not be constricted at the septum (Kovachevsky 1936; Punithalingam and
Holliday 1972b; Maden et al. 1975; Haware et al. 1986). 

Control. Avoid collecting seeds from endemic areas and conduct pre-export crop
health inspections during the growing season. Discard infected seeds during visual
examination. Seed treatment with 11% tridemorph + 36% maneb (Calixin-Me)
(Reddy et al. 1982), or thiabendazole at about 3 g kg- 1 eradicates the seedborne
inoculum (Reddy and Kababeh 1984). 
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Ascochyta rabiei Chickpea 

Figure 27A.
 
Dry seeds of chickpea showing damage caused by Ascochyta rabiei (right);
 

and healthy seeds (left), x6.
 

Figure 27B. 
Infected chickpea seed after incubation showing the growth of 

A. rabiei, x 13. 
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Chickpea Ascochyta rabiei 

iV 
Figure 27C.v 
Pycnidia of A. rabiei, x 113. 

Figure 27D.
 
Bicelled conidia (arrowed) of A. rabiei, x 1130.
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Chickpea 

Botrytis cinerea Pers. ex Fries 

Botrytis cinerea causes gray mold/blight diseases of chickpea and groundnut. Gray 
mold of chickea is an economically important disease. Infected seeds can be 
detected by ',3ual examination and incubation tests. Infected dry seed appear 
discolored, shrunken, and mummified (Fig.28A). Grayish white mycelium is 
sometimes seen on the seed surface. Sclerotia may also occur as admixtures in 
seed lots from infected fields. These sclerotia are gray-black, and irregular in 
shape. On incubated seed, the fungal growth consists of long, siender, and erect 
conidiophores which are branched at the apex. The fungus sporulates profusely, 
and superficially the growth resembles that of Cladosporium sp. However, colonies 
of B. cinerea are white to light gray to grayish brown, spreading short distances 
around the infected seed (Fig.28B). Conidiophores can be seen at the tips and at 
intervals along the hyphae, and appear to arise as pegs on the swollen ends of 
hyaline branches. They are light gray, nearly 2 mm long, 16-30 pm thick, and 
dichotomously branched (Fig.28C). Conidiophores are brown at the base, 
becoming paler towards the apex, with the ends of the branches often colorless, 
and bearing conidia in clusters (Fig.28Da). Conidia are produced on short 
denticles at the tips of the conidiophores. They are usually single-celled, 
occasionally ellipsoidal or obovoidal, apiculate at the base, colorless to pale brown, 
and 4-20 x 4-18 prm (Fig.28Db). The ornamented arrangement of conidia on the 
conidiophores resembles a cruciferous inflorescence under a stereobinocular 
microscope (Ellis and Waller 1974; Laha and Grewal 1983; Nene and Reddy 1987). 

Control. Avoid collecting seed from endemic areas, and conduct pre-export crop 
health inspections. Seed treatment with carbendazim alone, or in combination with 
thiram at about 2.5 g kg-' (Bavistin 25WP" + Thiram 50WP") is recommended to 
eradicate the fungus from the seeds (Grewal 1982). Vinclozolin (Ronilan, at about 
1g kg-1 seed) eliminates internal and external infection on chickpea (Grewal and 
Laha 1983). 
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Chickpea Botrytis cinerea 

Dry seeds of chickpea showing damage caused by Botrytis cinerea (right), and healthy
seeds (left), x4. 

Figure 28B.
 
Infected chickpea seed after incubation, showing the growth of B.cineria, x 15.
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Botrytis cinerea Chickpea 

Figure 28C. 

Dichotomously branched conidiophores bearing conidia of Botrytis cinerea 
on chickpea seed, x29. 

b 

Figure 28D. 
(a) Conidiophore, x451, and (b) conidia, x 1130 of B. cinerea. 
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Chickpea 

Colletotrichum dematium (Pers. ex Fr.) Grove 

Colletotrichum dematium causes anthracnose in chickpea and groundnut, the 
disease can become serious in warin and humid weather. Infected seeds can be 
detected by visual examination and incubation tests. Dry infected seeds of 
chickpea appear shriveled, discolored (Fig. 29Ab), and sometimes the fungus can 
be seen as acervuli with black setae (Fig. 29Aa). At times only the white mycelium
is seen on profusely infected seed. On incubated seed, the fungus produces
circular, erumpent, dark brown to black acervuli (Figs. 29Ba and b). These acervuli 
are scattered throughout the seed or aggregated (confluent), and in groups.
Acervuli are usually longitudinally elongated, at first covered by the cuticle and 
epidermis, but later become strongly erumpent. They exude spores in pale, smoke
gray masses. The color of the acervular mass ranges from pale to bright orange.
Within this acervular mass, nimerous thick black, erect and hair-like spines or 
setae can be seen (Fig. 29C). '..onidia are hyaline, single-celled, measure 2.5-4 x
15-32 pm, fusoid, and bluntly tapered at both ends, with acute apices and truncate 
bases. Conidia are irregularly guttulate and smooth-walled (Figs. 29Da and b).
Setae are longer than the acervular mass. They are 1-5 septate, swollen at the 
base, 150-300 prn long, straight, rarely curved, irregular at the apex, and with thick 
smooth walls (Mishra et al. '975; Ghewande et al. 1987; Nene and Reddy 1987). 

Control. Chickpea seeds intended for export should be collected from disease
free areas or field3 inspected during the active growth phase. Information on seed 
treatment to eradi ,ate seedborne inoculurn is not available. 

90 



Colletotrichum dematium Chickpea 

a 

I ' , 2 1 , i t 

b 

2iA 

sum 	 Figure 29A. 

(a) 	 Dry acervuli on chickpea seed, x9, and (b) dry chickpea seeds showing damage 
caused by Colletotrichum dematium (right), and healthy seeds (left), x4. 
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Chickpea Colletotrichum dematium 
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Figure 29B. 
Seeds of: (a) chickpea, x 13, and (b) groundnut, x20, after incubation, showing
acervuli of C. dematium. 
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Colletotrichum dematium Chickpea 

Figure 290. 
Acervuli (arrowed) and setae of C. dematium on groundnut seed, x 113. 
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Figure 29D. 

(a) Conidiophores (CP), x 1130, and (b) conidia of C.dematium, x 1130. 
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Chickpea 

Fusarium oxysporum Schlechtend emend. Snyd. & Hans. 

f. sp. ciceri (Padwick) Snyd. & Hans. 

This fungus causes vascular wilt of chickpea, one of the economically important
diseases affecting this crop. Infected seeds can be detected by visual examination 
and incubation tests. Dry, infected seeds are discolored, small, and wrinkled
(Fig.30A), but healthy-looking seed may also harbor the pathogen. The fungus
produces white to light orange, aerial mycelium and sporodochia on incubated 
seed. The mycelium is profusely branched, covers the entire seed, and is white to
light pink. Sporodochia are rarely produced, but if present, are completely covered 
by the aerial mycelium (Fig.30B). Microconid'a are abundant, and are produced 
on short, unbranched ionophialides (microconidiophores) in small, dry, false
heads (Figs.30C and Da). Microconidia are hyaline, single-celled, oval to 
cylindrical, straight to slightly curved, and 2.5-3.5 x 5-11 Am (Fig. 30Db). Macro
conidia are sparse and produced on branched macroconidiophores (Figs. 30Dc 
and d). They are fusoid with pointed ends, hyaline, have 3-5 septa, and measure
3.5-4.5 x 25-65 Am. Chlamydospores are usually intercalary and are produced
singly or in pairs. They are globose to subglobose, thick-walled, and smooth
surfaced (Fig.30De). Chlamydospore-like swellings are often seen on the hypnae
(Haware et al. 1986; Nene and Reddy 1987). 

Control. Collect seed lots from disease-free fields. Discard infected seeds during
visual examination. Select healthy-looking seeds and treat them with a (1:1) mixture 
of 30% benomyl + 30% thiram (Benlate T"- at about 1.5 g kg-1) this will eradicate the 
seedborne infection of the fungus (Haware et al. 1978). 
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Fusarium oxysporum f. sp. ciceri Chickpea 

Figure 30A. 
Dry infected seeds of chickpea showing damage caused by Fusarium oxysporum 

f. sp. ciceri (right), and healthy seeds (left), x 14. 
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Figure 30B. Figure 30C. 

Infected chickpea seed after incubation, False heads of F.oxysporum f.sp. ciceri 
showing sporodochia covered by aerial mycelium (arrowed) in which microconidia are 

F.oxysporum f.sp. ciceri, x 13. formed on the aerial mycelium, x 113. 
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Chickpea Fusarium oxysporum f.sp. ciceri 
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Figure 30D. 
(a) Microconidiophores (MCP), x 1130, (b) microconidia, x 1130,
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Fusarium oxysporum f.sp. ciceri Chickpea 
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Figure 30D. 
(c) macroconidiophores (arrowed), x 1130, (d) macroconidia, x 1130, and 
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Chickpea Fusarium oxysporum f. sp. ciceri 
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Figure 30D. 
(e) chiamydos pores, of F.oxysporum f.sp. ciceri, x 1130. 
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Chickpea 

Fusariumsolani (Mart.) Sacc. 

Fusarium solani isa pathogen of chickpea and groundnut, and causes root rot and 
wilt diseases. Seeds are infected through the soil or through their mother plants in 
the field. Seed infection can be detected by incubation tests. The fungus produces 
abundant loose, aerial, white mycelium on incubated seed (Fig.31A). In this 
mycelium, several shiny, hyaline, and transparent to milky-white spherical droplets 
can be seen hanging at the tips of long thin stalks. These stalks are primary 
conidiophores, which arise laterally from the hyphae in the aerial mycelium. The 
hanging droplets are moist false heads in which conidia are produced 
(Figs.31Ba and b). Mucoid and moist pionnotes and snow-white to dull 
white sporodochia are also produced on the seed surface (Fig.31Ca). 
Microconidiophores (monophialides) that bear the microconidia are very long 
and slender, and measure 15-40 x 2-3 pam (Fig. 31Cb), whereas those bearing 
macroconidia (macroconidiophores) are short and measure 10-25 x 3-4.5 Am 
(Fig. 31Cc). Microconidia are hyaline, 1-2 septate, oval, ellipsoid to subcylindrical, 
and measure 5-20 x 2.8-7 pm (Fig.31Cd). Macroconidia are hyaline, stout, 
measure 22-75 x 3.5-7 pm, subcylindrical or slightly curved, with short blunt and 
rounded apical cells and indistinctly pedicillate basal cells. The walls of the conidia 
are thick, with dorsal and ventral surfaces parallel for most of their length. They are 
mostly 3-septate but 4-7 septate conidia are not uncommon (Fig.31Ce). 
Chlamydospores are formed singly and in pairs, or in clusters in sporodochia. 
They are globose to subglobose, smooth or rough-walled, and 6-11 Pm indiameter 
(Fig.31Cf) (Kraft 1969; Ram Nath et al. 1970; Booth 1971). 

Control. Seed treatment with benomyl (Benlate" ) at about 2 g kg-1 iseffective to 
reduce the seedborne inoculum of the fungus (Vishwakarma and Basu Chaudhary 
1982). 
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Chickpea Fusarium solani 
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Figure 31A. 
Infected chickpea seed after incubation, showing the growth ofIvFusarium solani, x16. C 
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Figure 31B.3 
(a) False heads of conidia produced on the aerial mycelium, x60, and () false head of F solani, x 1130. 
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Figure 31C. 
(a)Sporodochia, x26, (b) microconidiophore, x 1130, 
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Figure 31C. 
(e) macroconidia,x 1130, and (f) chamydospores of
F. solani, x1130. 
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Chickpea 

Neocosmospora vasinfecta E.F.Smith 

Neocosmospora vasinfecta is known to cause minor diseases by attacking theroots of chickpea, pigeonpea, and groundnut plants. Seedborne infection can bedetected by incubation tests. The conidial state of the fungus, which belongs to the genus Acremonium, is usually observed on seed after 7 days of incubation(Fig. 32A). The growth superficially resembles that of fungi belonging to the genusFusarium (Figs. 32Ba, 32Ca and b). However, when such seeds are incubated for more than 7 days (up to 14 days), perithecia are formed by the fungus, and can be seen under a stereobinocular microscope. After 7 days incubation abundant, brightorange perithecia are seen growing superficiaily throughout the seed surface,
either singly or ina confluent mass. The mycelium isprofuse, hyaline, septate, andbranched, with hyphal walls. Perithecia (Fig.32Bb) are superficial, globose toobpyriform, red orange or occasionally brown, the ostiolar neck is short, 300-500pm long, 280-480 pm indiameter, and lined with paraphyses. The outer cells of theperithecium are bright orange, and its inner cells are hyaline. Asci are unitunicate,
cylindrical or rarely clavate, short-stalked, 8-15 pm long, apex undifferentiated orwith an indistinct nonamyloid ring, and measure 80-95 x 10.5-15 pm (Fig. 32Cc).There are eight ascospores in each ascus. Ascospores are aseptate,monostichous, globose, brown, with a distinct wrinkled epispore. They are usuallyuniseriate, buff to solomon pink when in a mass, pale yellow individually, and measure 10.5-15.5 x 7.5-12 pm (Fig.32Cd). Paraphyses hyaline, inconarespicuous, loosely jointed, and unbranched (Udagawa 1963; Cannon and
Hawksworth 198.; Haware and Nene 1976; Barbosa Maria 1965; Beard and Van 
Wyk 1985). 

Control. Good crop husbandry will produce healthy seed and prevent seedborne
infection. Information on fungicidal seed treatment to eradicate seedborne inoculum 
is not available. 
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Neocosmospora vasinfecta Chickpea 

Figure 32A. 
Infected chickpea seed after incubation, showing the
 
growth of Neocosmospora vasinfecta. White growth
 

represents the imperfect state (Acremonium sp), and
 
orange red the perfect state of the fungus, x 15. 
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Figure 32B.
(a) Conidialheads (arrowed) produced on the aerial mycelium by Acremonium sp, x 75, 

(b) perithecia of N.vasinfecta, x 117. 
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Figure 32C. 

(a)Conidialhead (arrowed),x 1130, (b) conidia (Acremonium sp), x 1130, 
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() asi, x 1130, (d)ascospors of N.vasinfecta, x 1130 

107 



Chickpea 

Phoma medicaginis Malbr. & Roum 

Phoma medicaginis causes chickpea leaf spot, a seedborne disease. The fungus
is similar in morphology to P. mecicaginis Malbr. & Roum. var. pinodella (Jones)
Boerema. P. nmedicaginisis usually carried as mycelium on the surface of the seed.
Infected seeds can be detected by incubation tests. The fungus produces darkbrown to black, shiny pycnidia scattered on the surface of incubated seed
(Fig. 33Aa). The mycelium is dark gray to black. Hyphae are thick, branched, andhave rough surfaces. Pycnidia arise singly or inaggregate masses with extremely
variable shapes, 200-300 4im in diameter, usually globose to subglobose,
becoming irregular in shape when produced in groups. Conidia ooze out of thepycnidia in a slimy, dark cream mass, which rests on the ostiole as a droplet
(Fig. 33Ab). The conidia are hyaline to pale yellow, aseptat., straight or slightlyirregular, and measure 4.5-8 x 2-3 jIm. They may also be cylinarical, biguttulate or
variably guttulate (Fig.33B). Chlamydospores are small, thick, opaque, dark
brown to black, spherical to irregular, and have smooth to rough surfaces. They
may be terminal or intercalary, or formed in chains (Punithalingam and Gibson 
1976; Haware and Nene 1981; Nene and Reddy 1987). 

Control. Collecting chickpea seeds from disease-free fields isan important way toreduce the chance of disseminating the fungus to new areas. No information is 
available on the fungicidal control of seedborne inoculum of this fungus. 
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(a) Infected chickpea seed after incubation, showing the growth of Phoma medicaginis, x 13, 
(b) conidial ooze of the fungus, x 113. 
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Conidiaof P. medicaginis, x 1130. 
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Pigeonpea 

Alternaria alternata (Fr.) Keissler 
Alternariatenuis C.G.Nees 

Alternaria alternata causes leaf spot/blight diseases of chickpea, pigeonpea, andgroundnut. Infected seeds of pigeonpea and groundnut can be detected afterincubation, but when chickpea seeds are heavily infected they can be identified 
evan without incubation. Nonpathogenic forms of this species are often recorded on
seeds during incubation tests. Under the microscope, they are identical to thepathogenic forms. So, proof of pathogenicity is required to distinguish them. Dry,infected seeds of chickpea are discolored and shriveled. On incubated seed, the
fungus produces woolly or powdery chains of dark brown conidia of variable lengths
and shapes (Fig. 34A). The color of the colony isusually olive green to dark brown,
but extremely variable. The mycelium may be either sparse or abundant and veryvariable in color, usually light olive green to brown. Hyphae are dark brown, thick,
septate, and branched. Conidiophores are simple, erect, 40-50 Aim long, 2-6 Amthick, and often clustered. They produce darkly pigmented conidia in an acropetal
succession of simple or branched chains (Fig. 348). The chains normally branch atthe beak of a spore, or sometimes from the short lateral projection of the beak.Conidia have transverse and oblique septa, measure 10-18 x 20-65 Am, and areovoid to obovoid, obclavate, obpyriform, ellipsoidal, muriform, with an elongated
terminal cell. Conidia often have ashort conical or cylindrical beak which may be upto one third the length of the conidium, and measure 2-5 x 10-20 pm. (Fig. 34C)Surface walls are either smooth or verrucose and pale to mid-golden brown
(Haware et al. 1986; Nene and Reddy 1987; Reddy et al. 1990). 

Control. Seed treatment with thiram at about 4 j kg-1 satisfactorily controls the
seedborne infection in chickpea (Suhag 1973). For pigeonpea, captan or thiram at
about 3 g kg-1 as slurry treatment or a (1:1) mixture of 30% benomyl + 30% thiram(Benlate T at about 3 g kg- 1) are advised to eradicate the fungus from the seed
(Kannaiyan et al. 1980). 
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Altemaria alternata Pigeonpea 

Figure 34A. 
Infected pigeonpea seed after incubation, showing the growth of 

Alternaria alternata, x 18. 

'YO 

Figure 34B. 
Chains of conidia produced by A. alternata, x 113. 
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Pigeonpea Altemaria altemata 

Figure 34C.
 
Conidia ofA. alternata, x 1130.
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Pigeonpea 

Botryodiplodia theobromae PatouiUard 

Lasiodiplodiatheobromae (pat.) Griffin & Maubl. 

Botryodiplodia spp and B. theobromae cause blight in pigeonpea and collar rot in 
groundnut. Infected seeds can be detected by visual examination and incubation 
tests. Dry, infected seeds are usually discolored, shriveled, undersized, and moldy. 
Sometimes black pycnidia can be seen as pinhead-sized dots during visual 
examination (Figs. 35Aa, b, and c). The profuse growth of the fungus on incubated 
seed often results in the seeds' failure to germinate. Dark brown to black pycnidia 
grow below the seed coat, and can rupture it, resulting in a warty or charred 
appearance. Pycnidia mature slowly and ooze conidia in a white to dull white or 
black gelatinous mass. The fungus can be identified under a stereobinocular 
microscope by the presence of characteristic white and black, long, rough cirrhi 
(Figs. 35Ba and b). The mycelium is superficial, loose, cottony grayish brown to 
chocolate brown, and may cover the entire seed. Pycnidia are mostly immersed, 
but may be erumpent or superficial. They are separate or aggregated, confluent, 
globose, black, and 3-5 mm in diameter. Dark brown superficial hyphae can often 
be seen on their surface. There is no ostiole and pycnidia dehisce irregularly. 
Conidia are of two types: the first are immature, hyaline, single-celled (Fig.35Ca), 
and ooze from pycnidia in a white to dull white cirrhus; the second are dark, 
bicelled, mature, possess longitudinal striations, and ooze from black cirrhi 
(Fig. 35Cb). Conidia are globose, subovoid to ellipsoid-oblong, thick-walled with a 
truncate base, and measure 20-30 x 10-15 pim (Gilman 1965; Punithalingam 1976; 
Neergaard 1979). 

Control. Crop health, seed vigor, and optimum storage conditions should be 
considered while selecting seed lots for export. Discard seeds showing visible 
signs of infection. Fungicides such as phenyl mercury acetate (Ceresan at about 2 
g kg- 1) or dexonal can be used at about 2 g kg- 1 to eradicate seedborne infection 
(Kocaturk and Maden 1977). 
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Figure 35A. 
Dry seeds of: (a) pigeonpea, x27, (b) groundnut, x 7, showing
the damage caused by Botryodiplodia theobromae, and 
(c) pycnidia of the fungus on groundnut seed, x 61. 
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Figure 35B. 
(a) Pigeonpea, x22, (b) groundnut seeds, x 16, after incubation, showing the
 

growth of the fungus consisting of white and black cirrhi (arrowed).
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Pigeonpea Botryodiplodia theobromae 

a 

Figure 350. 
Conidia of B. theobromae: (a) hyaline and single-celled (immature), x 1130,
 
(b) colored and bicelled (mature), x 1130.
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Pigeonpea 

Fusarium udum Butler 

This fungus is seedborne, host-specific, and causes vascular wilt of pigeonpea. 
Infected seeds can be detected by incubation tests (Figs. 36Aa and b). The fungus 
grows slowly on incubated seed, and produces mycelium and conidia, which are 
formed from simple or verticillately branched conidiophores. These conidiophores 
bear branched monophialides, on the ultimate tips of which conidia are produced. 
Under a stereobinocular microscope the, appear as dry, white, powdery (false) 
heads (Fig.36B). The philalides (microconidiophores) are subcylindrical to almost 
d-liiform, with a distinct collarette, and measure 8-15 x 2.5-3.5 Pm (Fig.36Cb). 
Sporodochia and pionnotes, which are salmon to rose buff colored, are frequently 
formed. Microconidia are single- or bicelled, hyaline, reniform, mostly curved, 
ovoid to fusoid, scattered (Fig. 36Ca). Sporodochia ccntain masses of very variable 
macroconidia which are hyaline, thin-walled, falcate with a distinct foot cell, and 
an apical cell that decreases in width towards the tip. Macroconidia are produced 
on macroconidiophores (Fig.36Cc). The most distinguishing characteristir of the 
macroconidia are their strongly curved or hooked apices (Fig.36Cd). They are 
predominantly 3-septate, less frequently 4-5 septate, very rarely 7-septate, and 
measure 13-50 x 2-4 im. Chlamydospores are usually not produced on the seed 
but when present, they are intercalary. The walls of the chlamydospores are 
smooth (Fig.36Ce) (Butler 1906; Booth 1978a; Subramanian 1971). 

Control. Avoid collecting seeds from infected plants and fields where the fungus is 
known to be endemic. Treatment of seed with a (1:1) mixture of benomy! + thiram in 
a commercial formulation (1.25 g benomyl + 1.25 g thiram kg-1) is advised to 
eradicate the fungus (Haware and Kannaiyan 1992). 
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Pigeonpea Fusarium udum 
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Figure 36A. 
Infected pigeonpea seeds after incubation, showing two types of growth of Fusarium udum. 
(a) mycelial, x 15, and (b) sporodochial, x 15. 

Figure 36B. 
False heads (arrowed) produced on the mycelium by F.udum, x 113. 
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lb. Figure 36C. 

(a) Microconidia, x 1130, (b) microconidiophores, x 1130, 
(c) macroconidiophores, x 1130, 
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(d) macroconidia, x 1130, and (e)chiamydospores (arrowed) of F.udum, x 1130. 
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Pigeonpea 

Phyllosticta cajani Rangel 

Phyllosticta cajani is known to be seedborne, causing leaf spot of pigeonpea. 
Infected seeds show visible symptoms after incubation, when the fungus produces 
darkly pigmented pycnidia, chlamydospores, and mycelium (Figs. 37Aa and b). 
Sometimes pycnidia are also produced on blotters (during the blotter test) around 
profusely infected seed. Pycnidia may be erumpent or embedded, scattered singly 
or aggregated into a mass, and are 45-130 pim in diameter (Fig.37P . Individual 
pycnidia are globose to subglobose, pyriform or tympaniform, ostiolate with very 
short beaks, and are rough-surfaced. Mature pycnidia release hyaline, ovoid to 
elongate, single-celled conidia in a dirty white to light cream gelatinous mass. The 
conidia are globose, obovoidal, ellipsoidal or clavate, broadly rou ided, apically 
flattened or indented, and measure 2.0-6.0 x 1.5-2.5 pm (Fig.37ca). They are 
surrounded by aslime layer, have an apical appendage and characteristic greenish 
guttules which distinguish this fungus from the fungi in the genus Phoma. 
Chlamydospores are dark brown and resemble the thick-walled conidia of 
Alternaria (Fig.37Cb). They are irregularly septate into transverse and oblique 
septa (Kumar 1980; Holliday 1980). 

Control. Avoid collecting seeds from endemic fields or infected plants. Information 
on specific fungicidal seed treatment is not available. 
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Figure 37A. 
Infected pigeonpea seeds after incubation, showing two types of growth of Phyllosticta cajani: (a)mycelial,
and (b) pycnidial (arrowed), x29. 

-f . ;i. 4 
'C* 

Figure 37B. 
Chlamydospores(arrowed) and pycnidia produced by P.cajani, x335. 
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Figure 37C. 
(a) Conidia, x 1130, and (b) chlamydospores of P. cajani, x225. 
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Groundnut
 

Aspergillusflavus Link ex Fr. 

The fungus represents a member of an aggregate group of species frequently
observed on groundnut seeds. Aspergillus flavus is parasitic on the groundnut cropcausing aflaroot disease. Infected groundnut seeds can be detected by visual
examination and incubation tests. Masses of yellow-green ball-like structures
supported on stalks are visible on dry infected seeds under a stereobinocular 
microscope (Fig.38Aa and b). Moldy, discolored, shriveled, and damaged seed 
may also be infected. On incubated seed, the fungus produces compact globose to 
radiate conidial heads in shades of green (Fig.38Ba). The mycelium is mostly
submerged in the seed coat and forms a white to gray, tough felty mass.
Conidiophores of the fungus stand erect on the seed. They are sim'ple,
unbranched, colorless, transparent, smooth, up to 1 mm long, and 10-20 Am thick
(Fig.38Bb). The apex of the conidiophore is inflated into a vesicle upon which
radiating phialides are formed (Fig. 38Ca). Conidial heads are biseriate, 300-500 
.m in diameter, globose to radiate or columnar, very light to deep yellow yreen,

olive brown or brown. Conidia are hyaline, single-celled, and produced in chains.
They are typically globose to subglobose, 3-6 um in diameter, sometimes elliptical
to pyriform, and conspicuously echinulate (Fig.38Cb) (Raper et al. 1965; Onions 
1966a; Jackson and Bell 1969; Porter et al. 1984). 

Control. As a result of contamination by this fungus aflatoxins are produced in 
seed tissues. These toxins are highly resistant and hazardous to both human and
animal consumers. Contamination drastically reduces the value of the crop. So
prevention of fungal infecticn is very important. Groundnuts should be harvested at 
the right time and damage should be avoided while lifting and handling in the field.
Rapid drying of groundnuts immediately after the harvest to less than 9% moisture 
content prevents infection (Feakin 1973). Avoid moisture damage and insect
infestation during storage before export. Discard discolored and moldy kernels 
during visual examination. Fungicides such as captan, thiram, or carbendazim can 
be applied at about 3 g kg-1 seed to reduce infection (Ghewande et al. 1987). 
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Figure 38A. 
(a) Dry seeds of groundnut showing damage caused by 

Aspergillus flavus (right), and healthy seed (left), x 7,and 
(b)internal damage caused by the fungus, x 10. 
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Figure 38B. 
(a) Infected groundnut seed after incubation, showing the growth of A. flavus, x 15, and
 
(b) conidiophores with conidial heads, x 113.
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Figure 38C. 
(a) Biseriate conidial head, and (b) conidia of A.flavus, x 1130. 
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Groundnut
 

Aspergillus niger van Tieghem 

Aspergilus niger is parasitic on groundnut and causes crown rot and collar rot 
diseases. S6MdLuorne infection can be detected by incubation tests. On incubated 
seed, the fungus produces abundant conidial heads which are in shades of black
(Fig.39Aa). It also produces sclerotia which are globose to subglobose, and 
appear as woolly balls on the seed surface (Fig.39Ab). The mycelium is scanty,
hyaline to white or light yellow. Conidiophores arise directly from the seed coat 
and are 3 mm long, 15-20 pm in diameter, hyaline to light brown, long, thin,
unbranched, erect, brittle, and terminate in an inflated apex upon which radiating
phialides are formed. Conidial heads initially appear globose, but subsequently
split into a few to several irregular or well-defined divergent columns of conidial 
chains. They are black, globose, or radiate (Fig.39Ac). Conidia are produced in
chains on the sterigmata. They are single-celled, pale to dark brown, more or less 
globose, 4-5 pm in diameter, with low to prominent ridges and echinulations that 
are usually discontinuous with rough or echinulate surfaces (Fig.39Ba).
Sometimes sclerotia are also produced on the seed and appear as bright orange
woolly balls. They are globose to subglobose, thick-walled, and hard, containing 
numerous Helle cells (Fig.39Bb) (Raper et al. 1965; Onions 1966b; Porter et al. 
1984). 

Control. Discard moldy and damaged seed during visual examination. Seed 
treatment with captan at about 3g kg-1 is advised to reduce the seedborne infection 
(Ghewande et al. 1987). Seed treatment with carbendazim, benomyl or carboxin at 
about 2.5 g kg-1 is also effective to control the seedborne inoculum (Shekhawat et 
al. 1986). 
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Figure39A.S4O 

Infected groundnut seed after incubation, showing: (a)growth of Aspergijius niger, x15, 
and (b)scierotia (arrowed), x57, and 
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Groundnut Aspergillus niger 

c 

Figure 39A. 
(c) conidiophores with globose conidial heads of A. niger, x57. 
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0Figure 39B. 
(a) Conidia, x 1130, and (b) Hulle cells of A.niger, x 1130. 

134 



Groundnut 

Fusariumequiseti (Corda) Sacc. 

Fusarium equiseti causes leaf spot of groundnut. Seedborne infection can be 
detected by incubation tests. Sporodochial forms are frequently produced on 
incubated seed. Mycelial forms may also occur, but are rare. The growth of the 
fungus consists of orange sporodochia covering part, or the entire surface of the 
seed (Fig.40A). Mycelial forms of this fungus produce few microconidia on the 
aerial mycelium. These microconidia are oval to comma-shaped, produced on 
microconidiophores, and measure 5-24 x 2-6 pm (Fig.40Ba). Sometimes the 
fungus also produces a white to beige, fluffy, compact or loose mycelium in which 
light orange mucoid pionnotes are present. Sporodochia are irregular in size and 
shape. The sporodochia and pionnotes consist of masses of macroconidia, which 
are hyaline, 3-5 septate with thick septa, 10-87 x 2.3-6.5 jim, and curved; they 
have a distinct foot-shaped basal cell, while the apical cell is long and extended 
(Fig. 40Bb). They are produced on branched and unbranched monophialides of the 
conidiophore (macroconidiophores) (Fig.401Bc). Chlamydospores are produced 
abundantly on mycelial forms and are 8-20 pm in diameter. They are very 
prominent, thick, and have roughened walls. Sometimes thick, smooth-walled, 
globose to subglobose chlamydospores are also produced (Fig.40Bd) (Booth 
1978b; Porter et al. 1984). 

Control. Discard moldy, shriveled and damaged seeds during visual examination. 
Information on fungicidal seed treatment to eradicate the fungus is not available. 
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Groundnut Fusarium equiseti 

A.2Figure 40A. 
Infected groundnut seed after incubation, showing the growth of Fusarium equiseti, x20. 
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Figure 40B. .. 

(a)Microconidiophores (MCP) and microconidia (MC), x 1130, (b) macroconidia, x 1130, 
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Figure 40B. 
x 1130. 

(c) macroconidiophores,x 1130, and (d)chlamydosporesof F. equiseti, 
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Groundnut
 

FusariumOxysporum Schlechtend emend Sny. & Hans. 

Fusarium oxysporum attacks groundnut seedlings and plants, causing damping off
and wilts. The pathogen infects groundnut seed through the soil and infected
plants. Both the macroscopic and microscopic characteristics of this fungus are very variable. Infected seeds can be detected by visual examination and incubation 
tests. When the damage is profuse, dry seeds of groundnut emit a golden yellowflorescence under UV-light (Fig.41A). On incubated seed, the fungal growth
consists of mycelium, sporodochia, and spores (Fig. 41 B). Usually sporodochia arenot produced on the seed but when produced, they are completely covered by the
white to light pink aerial rnycelium of the fungus. Individual hyphae produce 8-12 x2.5-30 lam, unbranched and branched monophialides. These phialides are very
short and bear microconidia on false heads (Fig.41C). The microconidia
produced on microconidiophores, are abundant, hyaline, single-celled, oval, or
elliptical, and measure 4-13 x 2-3.5 im (Fig.4lDa). Macroconidia are not
abundant, and are mostly produced on the pale orange sporodochia.
Macroconidia produced on macroconidiophores are hyaline, mostly 3-septate,
sometimes up to 5-septate, measure 18-56 x 2.7-6 im, falcate to almost straight,
thin-walled, with a curved apical cell and slightly foot-shaped basal cell (Fig.41Db
and c). Chlamydospores are terminal and intercalary, irregular in shape, thick
walled with smooth surfaces, and measure 6-11 pm in diameter (Fig.41Dd) (Booth
1970; Porter et al. 1984; Kolte 1984). 

Control. Discard moldy and shriveled seed during visual examination. Seed
dressing with fungicides such as carbendazim at about 2 g kg-1 is advised to
reduce the seedborne inoculum (Ghewande et al. 1987). 
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Fusarium oxysporum Groundnut 

Figure 41A.
 
UV-light photograph of dry groundnut seeds damaged by Fusarium oxysporum (right),
 

and healthy seeds (left).
 

Figure 41B. 
Infected groundnut seed after incubation, showing the growth of the fungus, x 7. 

Figure 41C. 
Aerial mycelium showing microconidial 

heads (arrowed) of F.oxysporum, x113. 
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Figure 41D. 
(a) Microconidiophores(MCP) and microconidia(MC), 1130, 
(b) macroconidiopho res (arrowed), x1130, 
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. Figure 41D. 

(c) macroconidia,x 1130, and (d) ch/amydospores of F. oxysporum, x 1130. 
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Groundnut
 

Leptosphaerulina crassiaca (Sechet.) C.R. Jackson & D.K. Bell 
L. arachidicolaj. Yen. Chen. & K.Huang 

Leptosphaerulina crassiaca is pathogenic to groundnut and causes pepper spot/
leaf scorch diseases. The fungus usually overwinters in host debris, soil, and seed.
Infected seeds can be detected by incubation tests. Numerous pseudothecia are
produced on or below the seed coat of incubated seed (Fig.42Aa). Pseudothecia 
are separate, confluent or aggregate, superficial, embedded or erumpent, oftenrupturing the seed coat, giving infected seed a black crusted appearance
(Fig. 42Ab). They are beaked, globose, with a broad pore, and are 120-200 pm in 
diameter. Pseudothecia contain a few large, saccate, hyaline, thick-walled,
bitunicate asci which measure 50-90 x 40-60 pm (Fig. 42Ba). Each ascus contains
eight ascospores which are transversely and vertically septate. Ascospores are
oval, clavate or ellipsoid, hyaline, often becoming slightly colored when mature, and 
measure 25-50 x 10-20 pim (Booth and Pirozynski 1967; Smith 1984 ) (Fig.42Bb). 

Control. Avoid collecting groundnut seeds from endemic fields. Information on 
fungicidal seed treatment to eradicate the fungus is not available. 
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Leptosphaerulina crassiaca Groundnut 

a 

,.. -. , I 4 
, r , . , 

* 

fungus 

. 4. 

• .. . . .. 

• . .. 

o grout.see.., 

. .44' 

i. 

x 1. 

. 

3 

4 . b 

,' 2 ~o 42A.,,Figure 
(a)Infected groundnut seed after incubation, showing the growth 
of Leptosphaerulina crassiaca, x20, and (b)pseudothecia of the 

fungus on groundnut seed, x 113. 
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Groundnut Leptosphaerulina crassiaca 
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Figure 42B. ,,lb/ i"( , 
(a) Asci, x 1130, and (b) ascospores of L.crassiaca, x 1130. 
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Groundnut 

Macrophomina phaseolina (Tassi) Goidanich 

Rhizoctonia bataticola (Taub.) E.J. Butler 

Macrophomina phaseolina is a pathogen of chickpea, pigeonpea, and groundnut, 
causing root and charcoal rot diseases. The fungus survives in the seed as a 
dormant mycelium, sclerotia, or both. The fungus inits sclerotial state isknown as 
Rhizoctonia bataticola. Seedborne infection is usually detected by incubation tests. 
However, in groundnut and pigeonpea, it can sometimes be detected by visual 
examination (Figs.43Aa and b). The fungus may be seen as black sclerotia 
scattered throughout the surface of dry seed. Infected seeds are shriveled and 
moldy. Incubated seeds often fail to germinate; and on such seeds, the fungus 
produces aprofuse aerial mycelium with pycnidia and sclerotia (Figs.43Ba, b,and 
c). Hyphae are thick, gray to brown, or dark brown to black, or dull white to light 
brown. Sometimes the fungus grows vegetatively without producing pycnidia and 
sclerotia. Pycnidia are larger than sclerotia, dark brown to black, and scattered 
throughout the surface (Figs. 43Ca and inset). They may be immersed or erumpent, 
separate or confluent, rough, globose, or irregular, beaked, ostiolate, and 100-200 Pm 
indiameter. When immersed, they rupture the seed coat and dehisce irregularly, 
giving the seed coat a charred, cancerous, or wa'ty appearance. Sometimes the 
immersed pycnidia fail to emerge from the seed coat and produce olive green to 
aark brown, hairy hyphae around their beaks which cover the entire seed surface, 
giving it acushiony velvety appearance (Fig.43Bb). Mature pycnidia dehisce and 
ooze conidia in a dull white, gelatinous mass forming acirrhus. Sometimes conidia 
ooze in cream-colored droplets that rest on the ostiole (Fig.43Ca). Conidia are 
aseptate, hyaline, ellipsoid to obovoid, and 14-30 x5-10 pm (Fig.43D). Sclerotia 
are black, shiny, irregularly shaped, and 100 pm-1 mm in diameter (Fig.43Cb) 
(Holliday and Punithalingam 1970; Kolte 1984; Nene and Reddy 1987; Reddy et al. 
1990). 

Control. The fungus isubiquitous and soil reinfestation is rapid. Avoid collecting 
seeds for export from endemic fields. Seed dressing is useful in reducing the 
introduction of spores from infected seed to clean soil (Feakin 1973). For chickpea 
and groundnut, seed dressing with thiram at about 4 g kg- 1seed isadvised (Suhag 
1973; Lewin and Natarajan 1971). This treatment eradicates the seedborne 
inoculum inchickpea and ingroundnut it minimizes the inoculum. To eradicate the 
fungus from pigeonpea seed, apply a (1:1) mixture of 30% benomyl + 30% thiram 
(Benlate T, at about 3 g kg- 1of seed) (Kannaiyan et al. 1980). 
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Groundnut Macrophomina phaseolina 
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Figure 43A.
Dry seeds of: (a)pigeonpea, x 6, and (b) groundnut, x28, showing the damage caused
by Macrophomina phaseolina (Rhizoctonia bataticola). 
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Macrophomina phaseolina Groundnut 
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Figure 43B. 

Infected seeds of: (a) chickpea, x 16, (b) pigeonpea, x 17, and 
(c) groundnut, x 7, after incubation, showing the growth of 

Macrophomina phaseolina. 
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Groundnut Macrophomina phaseolina 

a 

Figure 430. 
(a) The conidial ooze, x38; inset, pycnidia (M.phaseolina stage) on
groundnut seed, x 113, and (b) sclerotia (R. bataticola stage) on 
chickpea seed, x 113. 
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Macrophomina phaseolina Groundnut 
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Figure 43D. 
Conidia producedby M. phaseolina, x 1130. 
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Groundnut 

Rhizoctonia solani Kiihn 

Rhizoctonia solani attacks the root and collar regions of chickpea, pigeonpea, and
groundnut, causing a variety of diseases. Since the fungus does not produce
spores, it must be identified on the basis of its mycelial characteristics. It can be
detected on infected seeds by incubation tests. Usually three types of growth can
be seen on infected seed under a stereobinocular microscope. In the first twotypes, the fungus produces a thick mycelium covering the entire surface of the
incubated seed and often proliferates on to the blotting paper during the blotter test
(Figs. 44Aa and b). In the third type, the growth appears powdery and the mycelium
is usually white to dull white, slowly turning brown as it grows (Fig. 44Ac). Hyphae 
are hyaline when young and become brown with age, tending to branch at right
angles to parent hypha. They have a septum near the base of the branches. The
hyphal portion near the septum is slightly constricted. Hyphal cells at the advancing
edge of the colony are 5-12 pm wide and 250 pm long (Figs. 44Ba and b).
Sclerotia are rarely produced on seed. They are produced slowly when colonized 
seed is incubated for more than 7 days up to a maximum of 21 days. Initially,
sclerotia appear as shiny, guttation drops on the hyphae. They mature slowly and
become brown; they are initially irregular but become globose to subglobose as
they mature (Fig. 44C), consi, 'ing of pseudoparanchyma with little enclosed space
(Kranz and Pucci 1963; Mordue 1974a; Nene 1980). 

Control. Care should be taken not to use seed from infected crops or from areas
where this fungus is known to be a problem. Information on specific seed treatment 
for chickpea is not available. Treating pigeonpea seeds with phenyl mercury
acetate (Ceresan") at about 3 g kg- 1 is effective in reducing the seedborne
inoculum (Kamal and Verma 1979). Benomyl at about 3 g kg-1 is recomrended for
groundnut to reduce the seedborne inoculum (Abdou and Khadr 1974). 
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Rhizoctonia solani Groundnut 

a 

2b 

Figure 44A. 
Infected chickpea seeds after incubation, showing three types of growth of 

Rhizoctonia solani : (a) mycelial, x 7, (b) sclerotial, x 7, and 
(c) white powdery growth on groundnut, x 17. 
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Groundnut Rhizoctonia solani 
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Figure 44B.. .. _.__ _,,__-_ 

(a)Hypha, x 1130, and (b) mycelial fragments of R.solani, x 1130. 

Figure 440. 
Sclerotium produced by the fungus on chickpea seed, x 75. 
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Groundnut 

Sclerotium rolfsii Sacc. 

Sclerotium rolfsii isan important root pathogen, causing collar rot of pigeonpea and 
groundnut. It also causes stem and pod rot of groundnut. The seedborne inoculum 
of the fungus is important in groundnut, and can be carried as admixtures of 
sclerotia and as dormant mycelium within the seed. Sclerotia can be detected by 
visual examination, and the dc-mant mycelium by incubation tests. On dry infected 
groundnut seeds, the fungus causes a discoloration called blue damage, which is 
characterized by the development of small spots, whose color ranges from blue to 
black. One such spot may be of several shades, or different spots on the same 
seed may be of different shades (Fig.45A). Mummified and rotted seeds also 
indicate the extensive damage caused by this fungus. Dark brown mustard seed 
like sclerotia can also be seen by visual examination. On the incubated seed, the 
fungus produces white radiating mycelial strands and sclerotia. The mycellum is 
very floccose, snow white, thick, cottony, and grows rapidly all over the seed and 
blotting paper during blotter tests. Sclerotia, which are the resting infective 
propagules of the fungus, can be seen on the mycelial strands. They are globose to 
ellipsoid, pinkish, buff to olive brown to clove brown. Young sclelotia appear white, 
producing characteristic exudate droplets around them. These sclerotia slowly 
become dark as they age, and resemble mustard seeds, 1-2 mm in diameter when 
mature (Fig.45B). Sclerotia are not formed inside the seed coat or cotyledons 
(Mordue 1974b; Kolte 1984; Reddy et al. 1990). 

Control. Infected groundnut seed and sclerotia should be discarded during visual 
examination, and seed treatment with captan and quintozene mixed in 3:1 ratio or 
carbendazim at about 3 g kg-1 is advised to reduce the seedborne infection 
(Ghewande et al. 1987). A 1:1 mixture of 30% benomyl +30% thiram (Benlate T® at 
about 3 g kg- 1 of seed) is effective to eradicate the infection from pigeorlpea seed 
(Kannaiyan et al. 1980). 
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Groundnut Sclerotium rolfsii 

Figure 45A. 
Dry seeds of groundnut showing the blue damage (right) caused by Sclerotium rolfsii, 
and healthy seeds (left), x 4. 

A& 4 

Figure 45B. & 
Infected groundnut seed after incubation, showing growth of the fungus, consisting of 
cottony white mycelial strands and mustard seed-like sclerotia, x 11. 
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Appendices 

1. 	 Diseases caused by seedborne fungi of ICRISAT mandate 
crops, and their distribution 

Criteria for inclusion. (1)The report must be verifiable; that is, there must be a
published account of the disease occurring in each country on the cultivated host 
species. Only those countries where the disease isreported on the cultivated species
of ICRISAT's mandate crops have been included. (2)The economic importance or 
nature of infection of the pathogen on the seed (e.g., externally or internally
seedborne) has not been used as a classification criterion. (3)Only seedborne fungi
reported to cause disease on the host under natural conditions have been included.
(4) Seedborne fungi which predominantly occur as pathogens causing grain mold
have been excluded. (5)Fungi described indetail inthis guide are listed inbold print in 
the first column. (6) Inthe third column the first reference to each pathogen relates to
the occurrence of the disease in nature and the second reference refers to its 
seedborne nature: where only one reference ismentioned, it refers to both. There are
three instances where these authors unpublished work is used to support the 
seedborne natur9 of the fungus, this reference is based on the official records of
ICRISAT/NBPGR (National Bureau of Plant Genetic Resources) the national plant
quarantine authority of India. (7)The country codes used are given below. 

AF-Afghanistan CR-Costa Rica KM-Comoros PT-Porlugal
AL-Algeria CS-Czechoslavakia KR-Republic of Korea RO=Romania
AO-Angola CU=Cuba LA-Laos RW-Rwanda
AN-Antilles CY-Cyprus LB-Lebanon SA.Saudi ArabiaAR-Argentina DE-Germany LK-Sri Lanka SB-Solomon Islands
AT-Australia DK=Denmark LS-Lesoho SD.,.udan
AU-Austria DO-Dominican Republic LY-Libya SL-Sierra Leone
BB-Barbados EC-Ecuador MA-Morocco SN-Senegal
BD-Bangladesh EG.Egypt MG-Madagascar SO-Somalia
BE-Belgium ES-Spain ML-Mali SR.Suriname
BF-Burkina Faso ET-Ethiopia MR-Mauritania SV-EI Salvador
BG-Bulgaria FJ.Ftji MU-Mauritius SY-Syria
BI-Burundi FR=France MW-Malawi SZ-Swaziland
BJ-Benin GA-Gabon MX-Mexico TD-Chad 
BM-Bermuda GB-United Kingdom MY-Malaysia TG-Togo
BN.Brunei GH-Ghana MZ-Mozambique TH-Thailand
BO.Bolivia GM-Gambia NA-New Guinia TN-Tunisia
BR-Brazil GO-Grenada NB-Namibia TO-Tonga
BT.Bhutan GR-Greece NC-New Caledonia TR-TurkeyBU-Myanmar GT-Guatemala NE-Niger TT-Trinidad and TobagoBW-Botswana GY-Guyana NG-Nigeria TW-Taiwan
BZ-Belize HN-Honduras NI-Nicaragua TZ-Tanzania 
CA-Canada HT-Haiti NL-Netherlands UG-Uganda
CF-Central African HU.Hungary NP-Nepal US-United States ofRepublic IC-Ivory Coast NU-Nive America
CG-Congo ID-Indonesia NV.Nevis UY.Uruguay
CH-Switzerland IL-Israel NY-Nyasaland VE-Venezuela
CK=Cook Islands IN-India NZ-New Zealand VN-Vietnam 
Cl-Caribbean Islands 10IIraq PA-Panama WI-West Indies
CIS-Commonwealth of IR-Iran PE-Peru WS-Samoa

Independent States IT-Italy PG-Papua New Giunea YE-Republic ofYemen(earlier USSR) JM-Jamaica PH-Philippines YU-Yugoslavia
CL-Chile JO-Jordon PK-Pakistan ZA.South Africa 
CM-cameroon JP-Japan PL-Poland ZM-ZambiaCN-China JW-Jawa PR-Puero Rico ZR-ZaireCO-Colombia KE-Kenya PY-Paraguay ZW-Zimbabwe 
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Appendices 

Sorghum 
Pathcgen Disease Reference Distribution 

Acremonlum Wilt EI-Shafey et al. AR, BF, CO, EG, FR, HN, IN, LS, 
strictur 1979; Bandyo- LY, ML, MW, MX, SD, SW, TZ, 
W.gains padhyay et al. 1987 US, UY, VE, ZM, ZW 

Ascochyta sorghina Rough leaf Weimer et al. 1937; AO, BD, BM, BU, CF, CG, CN, ET, 
Saccardo spot Sprague 1950 GB, GH, IT, IN, GM, JP, MW, MX, 
A. sorghi Sacc. NE, NG, PA, PK, SD, SN, TD, TG, 

TZ, US, YE, ZM 

Blpolarismaydis Leaf spot Miathur and Jai BZ, IN, MW, US 
(Nisikado &Miyake) Prakash 1976; 
Shoemaker Fatima et al. 1974 
Drechslera maydis 
(Nisikado &Miyaki) 
Subramanian & 
P.C. Jain 

Bipolaris sorghlcola Target leaf Frederiksen 1986; AT, BO, BW, BZ, CIS, CN, CY, 
(Lefebvre & Sherwin) spot Wu 1983 EG, ET, GY, IN, IL, IC, LK, JP, 
Alcorn MY, NG, NU, NV, PG, PH, PK, 
Drechslera sorghicola SA, SS, SD, TG, TO, TW UG, US, 
(Lefebvre & Sherwin) VE, YE, ZW 
M.J. Richardson & 
E.M. Fraser 

Cercospora sorghl Gray leaf Tarr 1962 AO, AR, AT, BD, BF, BI, BJ, BN, 
Ellis & Everhart spot BR, BU, CF, CG, Cl, CK, CM, CN, 

CO, CU, ES, ET, FJ, GA, GH, 
GM, GT, GY, HN, ID, IN, IT, JM, 
JP, KE, KP, KR, LA, MR, MU, MW, 
MX, MY, MZ, NA, NC, NE, NG, 
NO, NP, NU, NV, PA, PE, PG, PH, 
PK, PR, RW, SB, SD, SL, SN, SO, 
SV, SW, TD, TG, TH, TO, TT, TW, 
TZ, UG, US, VE, VN, WS, WI, YE, 
ZA, ZM, ZR, ZW 

Claviceps sorghl Ergot Kulkarni et al. 1976; AO, BI, BU, BW, CIS, CM, ET, 
Kulkarni et al. Frederiksen 1986 GH, IN, JP, KE, LK, LS, MW, MY, 

MZ, NG, PH, RW, SN, SD, SO, 
SW, SZ, TH, TW, TZ, UG, YE, ZA, 
ZM, ZW 

Colletotrichum Stalk rot Van Hoof 1949 AT, BR, CN, JW, PA, US 
falcatum Went. 

C. graminicola Anthracnose Leukel et al. 1951; AO, AR, AT, BD, BF, BI, BO, BR, 
(Cesati) G.W. Wilson Basu Chaudhary and BW, BZ, C, CN, CO, ES, ET, GT, 

Mathur 1979 HN, ID, IN, IT, JP, JW, KE, LS, 
MW, MX, MZ, NA, NE, NG, NI, 
NL, NR, PA, PE, PH, PK, RW, SB, 
SO, SD, SV, SW, TG, TH, TZ, UG, 
US, UY, VE, WI, YE, ZA, ZM, ZW 

Sorghum continued 
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Appendices 

Sorghum continued. 
Pathogen Disease 

Curvularia penniseti Leaf blight 
(M.Mitra) Boedijn 

Exserohllum Leaf blight 
turclcum (Pass.) 
K.J. Leonard & 
E.G. Suggs 
Helminthosporium 
turcicum Pass. 

Fusarium Stalk rot 
graminearum 
Schwabe 


F monlllforme Stalk rot 
J. Sheldon 

F. moniliforme Twisted top 
J.Sheldon 
var. subglutinans 
Wollenw. &Reinking 

Gloeocercospora Zonate leaf 
sorghlBaln & spot 
Edgerton ex Delghton 

Macrophomina Charcoal rot 
phaseolina (Tassi) 
Goidanich 
[Rhizoctonia 
bataticola 
(Taubenhaus)
 
E.J. Butler) 

Reference 

Kore and Bhide 
1975; Kavita Rani 
et al.1978 

Mitra 1923; Wu 1983 

Frederiksen 1986; 
Tarr 1962 

Frederiksen 1986; 
Mathur et al. 1975 

Frederiksen 1986; 
Tarr 1962 

Bain and Edgeron 
1943; Bain 1950 

Uppal et al. 1936; 

Kavita Rani et al.
 
1978
 

Distribution 

IN,LK 

AR, AT, BD, BF,BG,BI, BJ, BN,
 
BO,BR, BT, BW,BZ, CA, CF,CG,
 
CIS, CM, CN,CO,CR, CS,CU,
 
EG, ES, ET, FJ, FR, GA, GH, GM,
 
GT, HN, ID,IL, IN, IR,IT,JP, KE,
 
KR, LA, LS, LY, MA, ML, MW, MX,
 
MY, NA, NE, NG, NI, NZ, PA, PE,
 
PG, PH, PL, PR, RO, RR, RW,
 
SA, SD, SL, SN, SO, SV, SW, SZ,

TD, TG, TH, TR, TW, TZ, UG, US,
 
VE,VN, YE, UY, ZA, ZM, ZW, ZR
 

AR, AT, BB,BO,CF,CL,CO,CG,
 
EC,GA, GY, MW, PE, PY, SR,
 
TD, UY, US, VE,ZA
 

AR, AT, BE, BF,BJ, CA, CF,CG,
 
CU,GA, GH, HN, HU, IN,IT,KY,
 
ML, MX, NG, PA, PH, SN, TD, TZ,
 
US, VE,ZA, ZW
 

AT, IN,KY, NG, PA, TZ, UG 

AO, AR, AT, BB, BF,BI, BJ, BR, 
BW,BZ, CF,Cl, CIS, CM,CN, 
CO,DO, ES, ET, GA, GH, GT, HT, 
HN, IN,JP, KE, LS, ML, MW, MX, 
MY, MZ, NE, NI, NG, PA, PH, PK, 
RW, SD, SN, SO, SV,TD, TG, TH, 
TO, TW, TZ, UG, US, VE,WS, 
ZM, ZW 

Worldwide 

Sorghum continued 
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Appendices 

Sorghum continued 

Pathogen Disease Reference Distribution 

Periconia circinata Milo disease Leukel and Johnson AT, MX, US, ZA 
(L.Mangin) Sacc. 1948; Swarup et al. 

1962 

Peronosclerospora Downy Kulkarni 1913; Bain AO, AR, BD, BI, BO, BR, BW, BZ, 
sorghl mildew and Alford 1969 CN, CO, DO, EG, ES, ET, GH, 
(W.Weston &Uppal) GT, HN, IL, IN, IR, JP, KE, MW, 
C.G. Shaw. MX, MZ, NG, PA, PH, PK. PR, PY, 

RW, SD, SV, SW, SZ, TZ, UG, 
UY, US, VE, YE, ZA, ZM, ZW 

Phoma sorghlna Leaf spot Tarr 1962; Bhale and AR, BE, BO, BR, BU, BW, CA, 
(Sacc.) Boerema, Khare 1982 CF, CG, Cl, CIS, CN, ET, GA, IN, 
Dorenbosch & IT,KE, MW, MY, NE, NG, NY, PG, 
van Kesteren PR, PT, SD, SN, TD, TZ, TW, UG, 
Phoma insidiosa US, ZA, ZM, ZW 
Tassi 

Ramulispora sorghi Sooty stripe Olive et al. 1946; AR, AT, BF, 81, BR, BW, CF, CG, 
(Ellis &Everhart) Frederiksen 1986 CN, ET, GA, HN, HT, IN,JP, KE, 
Olive &Letebvre ML, MW, MX, MZ, NE, NG, RW, 

SD, SD, SN, SO, SV, SW, TD, TW, 
TZ, US, YE, ZM, ZW 

Sporlsodurn Loose smut Tarr 1962 AF, AR, BB, BE, BI, BG, BR, BU, 
cruentum BW, CA, CF, CG, CI, CIS, CM, CN, 
(K~hn) K.Vbnky CS, CU, CY, DE, ES, ET, GA, GH, 
Sphacelotheca GR, HN, HT, HU, IL, IN, IQ,IR, IT, 
cruenta (Kuhn) JM, JP, KE, KR, LB, MA, MU, MW, 
A.A. Potter MX, MY, MZ, NE, NG, NI, PK, PL, 

PR, RO, RW, SD, SN, SO, SV, SW, 
TD, TN, TR, TW, TZ, UG, US, VE, 
YE, YU, ZA, ZM, ZR, ZW 

Sporlsorlum Head smut Tarr 1962 AR, AT, BF, BG, BI, BR, BT, BU, 
holcl.sorghl BW, CG, CI, CIS, CL, CM, CN, CS, 
(Rivolta) K.Vinky CY, EG, ES, ET, FR, GA, GH, GT, 
Sporisorium reilianum DE, HN, ID, IL, IN, IR, IT, JP, JM, 
(Kuhn) McAlpine JW, KE, KR, LS, MA, ML, MR, 
Sphacelotheca MW, MX, MY, MZ, NE, NG, PA, 
reiliana(Kuhn) PG, PK, RO, RW, SD, SN, SO, SV, 
G.P. Clinton SW, SZ, TD, TG, TW, TZ, UG, US, 

YE, ZA, ZM, ZW, ZR 

Sorghum continued 
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Appendices 

Sorghum continued 

Pathogen Disease Reference Distribution 
Sporlsorlum sorghl 
Link 
Sphacelotheca sorghi 
(Link) G.P. Clinton 

Kernel smut Tarr 1962 AF, AN, AO, AR, AT, AU, BD, BE, 
BF, BG, BI, BM, BN, BO, BR, BU, 
BW, CA, CF, CG, CH, CI, CIS, CL, 
CM, CN, CO, CR, CS, CU, CY, 
DE, DK, EG, ES, ET, FR, GA, GB, 
GH, GR, GT, HN, HT, HU, IL,IN, 
IQ,IR,IT,JM, JP, KE, KR, LB, LK, 
LS, MA, ML, MW, MX, MY, MZ, 
NE, NG, NI, NL, NV, NY, NZ, PA, 
PE, PG, PH, PK, PR, PT, RW, RO, 
SA, SB, SD, SL, SN, SO, SV, SW, 
TG, TR, TW, TZ, UG, US, VE, VN, 
WI, YE, YU, ZA, ZM, ZR, ZW 

Tolyposporlum 
ehrenberg/l 
(KOhn) Patoulliard 

Long smut Tarr 1962; Manzo 
1976 

BF, BI, BW, CIS, CM, CN, EG, ET, 
GH, GM, IL,IN,IQ,I.R. IP,KE, ML, 
MR, MW, NE, NG, PK, RW, SA, 
SD, SN, SO, TR, TZ, UG, YE, ZA, 
ZM, ZW 

Continued 
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Appendices 

Pearl Millet 
Pathogen Disease Reference Distribution 

Bipolarls saccharl 
(E.J. Butler) Shoem. 
Drechslera sacchari 
(E.J. Butler) 
Subraminian & P.C. Jain 

Leaf spot Misra et al. 1974; 
Ravinder Reddy 
et al. 1990 

IN, US 

Bipolaris sotarlae 
(Sawada) Shoemaker 
Drechslera setariae 
(Saw.) Subramanian 
& P.C. Jain 

Leaf spot Wells 1967; Wells 
and Winstead 1965 

IN, US 

Clavicepsfusiformis 
Loveless 

Ergot Ramakrishnan 1963; 
Thakur et al. 1984 

AO, BF, BW, ET, GH, GM, IN, 
MW, NE, NG, SD, SO, SN, TZ, 
UG, YE, ZM, ZW 

Curvularla penniseti 
(M.Mitra) Boedlin 

Leaf spot Misra 1959 IN 

Fusarium moniliforme 
J. Sheldon 

Top rot/ 
twisted top 

Ramakrishnan 1941; 
Konde et al. 1980 

IN, NG, US 

Pyricularla penniseti 
Prasada &Goyal 

Brown leaf 
spot 

Prasada and Goyal 
1970; Singh and 
Pavgi 1977 

CN, PK, IN 

Sclerospora 
g.aminlcola(Sacc.) 
J. Schroet 

Downy 
mildew 

Kulkarni 1913; 
Shetty et al. 1980 

AR, BF, BW, CM, GA, GH, GM, IL, 
IN, ML, MW, MZ, NE, NG, NL, PK, 
SA, SD, SN, TD, TZ, YE, ZA, ZM, 
ZW 

Tolyposporlum 
penlclllarlae Bref. 

Smut Ajrekar and Likhite 
1933; Thakur and 
King 1988 

AO, AT, BF, BU, BW, CM, EG, 
GH, GM, IC, IN, IQ, KE, ML, MW, 
MZ, NB, NE, NG, NY, PK, SN, SL, 
SD, TG, TD, TZ, UG, US, YE, ZM, 
ZR, ZW 

Continued 
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Finger Millet 
Pathogen 

Bilpolarlsnodulosa 
(Berk. & M.A. Curtis) 
Shoemaker 

Bipolarls setarlae 
(Sawada) Shoemaker 
Drechslera setariae 
(Sawada) Subramanian 
& P.C. Jain 

Melanopsichium 
eleusinis 

(Kulkarni) Mundkur 
& Thirumalachar 
Ustilago eleusinis 
Kulkarni 

Pyricularla setarlae 
(Wallace) 

Ramakrishnan 
Pyriculariagrisea 
(Cooke) Sacc. 

Sclerophthora 
macrospora (Sacc.) 
Thlrum., Shaw & Naras 

Disease 

Leaf spot/ 
blight 

Leaf blight 

Smut 

Leaf and 
neck blast 

Downy 
mildew 

Reference 

Mitra and Mehta 
1934; Grewal and 
Mahendrapal 1965 

Hiremath and 
Sulladmath 1985; 
K.M. Ahmed and
 
Ch. Ravinder Reddy,
 
unpublished.
 

Kulkarni 1922; 
Ramakrishnan 1963 

Ramakrishnan 1963; 
Shetty et al. 1985 

Venkatarayan 1946; 
Ramakrishnan 1963 

Distribution 

IN, MU, MW, NP, PH, TZ, UG, US, 
ZM, ZW 

IN 

AT, IN, TZ 

CF, IN, JP, KE, MW, MY, NP, SO, 
TZ, UG, US, ZM 

IN, US 

Continued 
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Chickpea 
Pathogen Disease Reference Distribution 

Alternariaaltemata Leaf blight Vishwakarma and BD, HU, IN 
(Fr.) Kelssler Chaudhry 1974; 

Haware et al. 1986 

Ascochyta p/nodes Blight Bretag and Mebalds AT, HU, IN 
L.K. Jones 1987 
[Mycosphaerella 
pinodes (Berk. & 
Bloxam) Vestergr.] 

Ascochyta rablel Blight Labrousse 1931; AL, AT, BD, BG, CA, CIS, CO, CY, 

(Pass.) Labrousse Maden et al. 1975 EG, ES, ET, FR, GR, HU, IL, 'N, 

Phoma rabiei (Pass.) IQ, IR, IT, JO, LB, MA, MX, PT, 
Khune &J.N. Kapoor PK, RO, SD, SY, TR, TN, TZ, US 

Botrytis cinerea Gray mold Joshi and Singh AR, AT, BD, CA, CO, IN, NP, PK, 

Pers. ex Fr. 1969; Laha and ES, TR, US 
Grewal 1983 

Colletotrlchum Blight Mi.hra et al. 1975; IN 
demat/um (,ers. ex Haware et al. 1986 
Fr.) Grove 

Fusarium Wilt Conci et al 1985; AL, AR, AT, BD, BU, CL, CO, ET, 
oxysporum Haware et al. 1986 ES, HU, IL, IN, IR, IQ, IT, KE, LB, 

Schlechtend emend. MA, MW, MX, NP, PE, PK, SD, 

Snyd. Hans f. sp. cicerl SY, TN, US 
(Padwick) Snyd. & 
Hans 

F solan! (Mart.) Sacc. Root rot/ wilt Grewal et al. 1974; AR, CL, ES, HU, IN, MX, SY, US 
Maden 1987 

Neocosmospora Wilt Haware and Nene IN 
vasinfecta E.F.Smith 1976; K.M. Ahmed 

and Ch. Ravinder 
Reddy, unpublished 

Phoma medicag/n/s Blight Haware and Nene AT, BD, HU, IN, US 

Malbr. & Roum. 1981 

Rhizocton/a Dry root rot Dastur 1935; Suhag AT, BD, ES, ET, IN, IR, KE, LB, 
batat/cola 1973 MX, PK, SY, US 
(Taubenhaus) 
E.J. Butler 
[Macrophomina 
phaseolina (Tassi) 
Goidanich] 

Rhizoctonla so/ani Wet root rot Nene and Reddy AR, AT, BD, CL, ET, IN, IR, MA, 

Kuhn 1987; Maden 1987 MX, PK, SY, TR, US 

Stemphylium Leaf spot Das and Sen Gupta HU, IN, IR, SY 

sarciniforme (Cavara) 1961; Kaiser 1972 
Wiltshire 

Continued 
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Pigeonpea 
Pathogen 

Alternarla altemata 
(Fr.) Kelasler 

A. tenuissima (Kunze 
ex Pers.) Witshire 

Botryodiplodla sp 

Botrytis cinerea Pers. 
ex Fr. 

Fusarlum udum 
Butler 

F semitectum Berk. & 
Ravenel 

Phoma sp 

Phomopsis sp 

Phyllostictacajani 
Rangel 

Rhizoctonla 
bataticola 
(Taubenhaus) 
E.J. Butler 
[Macrophomina 
phaseolina (Tassi) 
Goidanich] 

R. solani KUhn 

Sc/erotium rolfsii 
Sacc. 

Disease 

Leaf spot] 
blight 

Leaf spot 

Blight 

Blight 

Wilt 

Blight 

Blight/Leaf 

spot 

Leaf spot 

Leaf spot 

Root rot 

Root rot 

Collar rot 

Reference 

Venkateswarulu et al. 
1981; Lokesh et al. 
1987 

Kannaiyan and Nene 
1977; Kamal and 
Verma 1979 

Nene et al. 1989; 

Hepperly and
 
Rudriguez 1984
 

Nene et al. 1989; 

Kamal and Verma
 
1°79 

Butler 1910; 

Kannaiyan et al. 


1980 

Singh 1988; Ellis and 
Paschal 1979 

Lo'pez Rosa 1969 

Nene et al. 1989; 

Hepperly and
 
Rodriguez 1984
 

Khune and Kapoor 

1981; Kumud Kumar 

1980
 

Rathi and Lal 1977; 
Kannaiyan et al. 
1980 

Dwivedi and 
Saksena 1975; 
Karnal and Verma 
1979 

Phelps et al. 1974; 
Kannaiyan et al. 
1980
 

Distribution
 

IN
 

IN, PR, US, ZM 

PR, IN 

BD, NP 

BD, GH, GO, ID, IN, KE, MW, MU, 
NP, NV, TH, TT, TZ, UG, VE, ZM 

IN 

DO, IN, MW, PA, PR, TT, ZM 

PR 

BR, IN, JM, PR, TT, US, WI, SL,
 
SM
 

IN, JM, NP, TT, US, MW, ZM 

IN, ML, PH, SL, TT, UG, ZM 

IN, PK, PR, TT, US, VE, ZM 

Continued 

164 



Appendices 

Groundnut 
Pathogen Disease Reference Distibution 

Alternarla alternata Leaf blight Subrahmanyam et BB, IN,NI, SD, TH, UG, US, VN, 
(Fr.) Kelssler al. 1981; Joffe and ZM 

Borut 1966 

Aspergillus flavus Aflaroot/ Chohan and Gupta Worldwide 
Link ex Fr. yellow mold 1968; Kolte 1984 

A. nigerv.Tlegham Crown rot/ Jackson 1962; Worldwide 
collar rot Jackson and Bell 

1969 

Botryodlplodla Collar rot Orian 1949: Mercer AT, BR, JP, IL, IN,TH, US, VE, 
theobromae Pat. and Kisyombe 1978 ZA, ZM 
Lasiodiplodia 
theobromae (Pat.) 
Griltion &Maubl. 

Botrytis cinerea Pers. 
ex Fr. 

Blight/gray 
mold 

Wu 1979; Figueiredo 
and Cardoso Rosa 

AT, BR, CIS, JP, MW, NY, RO, 
TW, TZ, US, VE, VN, ZA, ZM, ZW 

1968 

Colletotrichum Anthracncose S.ksena et al. 1967; AR, IN, NE, NG, PA, TH, TW, TZ, 
denatium (Pers. ex Ravinder Reddy LJG, US 
Fr.) Grove et al. 1990 

Cylindrocladium Cylindrocla- Porter and Mozingo AT, CN, IN,JP, US 
crotalariae (C.A.Loos) dium black 1986 
D.K. Bell &Sobers rot 

Fusarlum equlsetl Leaf spot Ghewande Raj Jhala IN,ZM 
(Corda) Sacc. et al. 1987; El-

Magraby and El-
Maraghy 1988 

F oxysporum Damping off/ Ghewande et al. Worldw le 
Schlechiend; emend wilt/root rot 1985; ElMagraby 
Sny. &Hans. and EI-Maraghy 

1988 

F solani (Mart.) Sacc. Wilt Lima and Aguillar 
1978; Mercer and 

BR, IN,MW, US, ZM 

Kisyombe 1978 

Leptosphaerulina 
crasslaca (Sachet) 

Leaf scorch 
pepper leaf 

Nayudu 1963; 
K.M. Ahmed and 

AO, AR, AU, BF, CA, IN,MG, MU, 
MW, MX, MZ, NE, NG, SN, SZ, 

C.R. Jackson & spot C:i. Ravinder Reddy, TW, TH. US, VN, ZM, ZW 
D.K. Bell unpublished 

Neocosmospora Wilt Beard and Van Wyk US, ZA, ZM 
vasinfecta E.F. Smith 1985; Barbosa Maria 

1965 

Groundnut continued 
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Groundnut 
Pathogen 

Puccinia arachidis1 

Spegazzini 

Rhizoctonla 
bataticola 
(Taubenhaus) 
E.J. Buttler 
[Macrophomina 
phaseolina (Tassi) 
Goidanich] 

R. solani K~ihn 

Sclerotinaminor 
Jagger 

Sclerotium rolfsfl 
Sacc. 

Chalara elegans 
Nag Raj & Kendrick 
Thielaviopsis basicola 
(Berk & Broome) 
Ferraris 

Disease 

Rust 

Root rot/ 
stem rot/ wilt/ 
stem blight/ 
dry rot 

Root rot/ 
pod rot 

Sclerotinia 

blight 

Stem rot/ 
southern 

blight/white 
mold 

Black hull 

Reference Distribution 

Subrahmanyam and Worldwide 
McDonald 1982; 
Peregrine 1971 

Garren and Wilson Worldwide 
1951; Mridha and 
Fakir 1978 

Jackson and Bell Worldwide 
1969; Garren and 
Higgins 1947 

Porter and Beute AR, AT, BR, IL, ZA, US 
1974; Wadsworth 

and Melouk 1985 

Alstatt 1944; Mridha Worldwide 
and Fakir 1978 

Labuschagne et al. AR, IL, IT, ZA, US 
1980; Frank 1986 

1. Quarantine important when vegetatively propagating material is used for export. 
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2. 	International Seed Health Testing Methods (ISHTM) 
used by ICRISAT to detect seedborne fungi 

There are many types of ISHTM. The ones most commonly used at ICRISAT are 
described below. 

Dry seed examination. Dry seed are inspected for the presence of admixtures 
such as ergot or other sclerotia, free insects, nematode galls, smutted kernels, 
discolorations, and blemishes due to pathogenic organisms. An illuminated swing
ing-arm desk magnifier of x2 magnification is used to examine the seed. Some
times a stereoscopic microscope is also useful to detect fungal fructifications or 
resting hyphae on the seed. Impurities and admixtures observed in seed lots are 
readily distinguished as inert matter by seed analysts. A seed pathologist should be 
able to identify specific problems. 

Seed-washing test. Spores of some seedborne fungi adhere to the seed sur
face and are not revealed during either visual or incubation tests, thus escaping 
detection. To detect such seedborne fungi, a sedimentation or seed-washing test 
has proved useful in detecting the spores of fungi causing downy mildew, rust, and 
smut diseases. About 50 seeds are drawn randomly into a test tube containing 10 
mL of distilled water and a few drops (10-20) of 95% ethyl alcohol or a detergent. 
The test tube containing the seed is placed on a mechanical shaker for 10 min. The 
suspension is then centrifuged at 3000 rpm for 10 min. After discarding the super
natant, the pellet is resuspended in 2 mL of sterile water. A few drops of this 
suspension are examined for the presence of fungal spores under a ,impound 
microscope. Several mounts of the suspension should be made so that patholo
gists can use them to identify spores they contain. 

Blotter test. Several methods of incubation can be used to observe seed 
mycoflora. This standard blotter method of seed health testing ismost widely used 
for phytosanitary certifications because it is easy to conduct, economical, and 
suitable for the detection of a large variety of seedborne fingi. In this method, 
seeds are sown in 100 x 25 mm petri dishes containing three layers of moistened 
absorbent (blotting) paper. Ten seeds each of sorghum, pearl millet, and finger 
millet are sown and five seeds each of chickpea, pigeonpea, or groundnut. The 
seeds are arranged in the petri dishes equidistant from one another and incubated 
at 22 ±2°C, under near ultraviolet (NUV) light, with 12-h alternate cycles of light and 
dark for 7 days. After incubation, the seeds in each petri dish are examined under a 
stereobinocular microscope. The characteristics of the fungal colonies observed 
can be used to identify specific pathogens. 
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3. Fungicidal seed dressing schedule used at ICRISAT Center 

Crop 
Sorghum 

Chemical 
benomyl + thiram (1:1) 
metalaxyl 

Pearl millet benomyl + thiram (1:1) 

metalaxyll 

Finger millet thiram + carbendazim (1:1) 

Chickpea benomyl + thiram (1:1) 
thiabendazole 

Pigeonpea benomyl + thiram (1:1) 

Groundnut benomyl and 
thiram 

Dosage
 

(g kg-1 seed) 
2.0 
1 

2.5 

2 

2.5 

0.90 
1.5 

0.90 

2.5 
3.3 

Reference 
Vidyasekaran 1983 
Anahosur and Patil 

1980 

Ravinder Reddy et al. 
1990
 

India 1977
 

Dutta and Jha 1983 

Haware et al. 1978 
Reddy and Kababeh 
1984 

Kannaiyan et al. 1980 

Shekhawat et al. 1986 
Lewin and Natarajan 
1971 

1. 9 Soak the seeds in0.1% mercuric chloride for 10 min and then wash thoroughly in running water 
for 5 min.
 

" Transfer the seeds immediately into awater bath set at 55°C for 12 min.
* Transfer the seeds to water at room temperature for a few minutes, and then transfer them to an
incubator set at 35'C for 12 hand then at 40°C for 1h.

" Seeds should then be immersed inasuspension containing 2 gof metalaxyl in 800 mL of 1% acqueous methyl cellulose for 5-6 h. This is sLfficient for 1kg of dry pearl millet seeds." The treated seeds must be dried under shade/sunlight. Seeds treated this way can be sown
immediately or up to 4months after the treatment. 
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Glossary 

g kg-I grams per kilograms. 
mm millimeter (1mm = 0.10 cm). 

-pam micrometer (1pm= 106 m, previously micron: p).
 
UV ultraviolet radiation (wave length 40-400 nm).

NUV near ultraviolet radiation (wave length 320-420 nm).
 
Acervulus (pl=acervuli) a compact subepidermal fruiting body consisting of mat of hyphae


giving rise to short conidiophores, conidia, and sometimes setae on the upper surface. 
Acicular (of a spore) which is needle-shaped, slender, and pointed. 
Acrogenous conidia borne at the apex of the conidiophore. 
Acropleuro§enous con idia borne at the apex and on the sides of the conidiophore.
Acropetal conidia produced successively towards the apex, having the youngest conidium 

at the apex.
Aerial mycelium mycelium which grows above the substrate frequenting the air. 
Aflaroot a disease of groundnuts caused by the fungus Aspergillus flavus. 
Aggregate crowded together. 
Amphigenous growth of the fungus all around or on two sides. 
Amylold (of spore walls, spore ornamentation, hyphal walls, ascus tips, etc) stained blue

black in Melzer's reagent, presumably because of the presence of starch or starch-like 
compound. 

Ampulliform flask shaped. 
Angular (of spores) not regular in outline; not rounded. 
Anthracnose a plant disease having characteristic limited lesions, necrosis, and hypo

plasia caused by acervular fungi. 
Apical (of spore) referring to the apex; situated at the end. 
Apiculate refers to a hilar appendage of the conidium having a short projection at one end. 
Apically flattened (of conidia or fruiting bodies) flattened at the apex.

Appendage usually referring to a filiform outgrowth of a conidium.
 
Ascospore a spore produced inan ascus.
 
Ascus (pl=asci) a sac-like reproductive cell of the perfect stage of the Ascomycetes, in
 

which ascospores are produced. 
Aseptate a cell without cross walls or septa. 
Basitonous conidiophore arising near the base of a hypha. 
Beak (of pycnidia or perithecial an elongated neck through which spores are discharged;

hook-like projection at one end or an extended apical cell in the case of a conidium. 
Bicelled having two cells. 
Biguttulate (of spores) having two spherical oil Iroplets within each cell. 
Biseriate (of spores or fruiting bodies) arrangement in two rows or series. 
Bitunicate (of asci) having two walls, the outer of which is inelastic and ruptures at matu

rity, releasing an extensible inner wall that stretches until it protrudes from the ostiole 
before the spore is discharged.

Blight a kind of plant disease which is characterized by extensive spotting, discoloration or 
destruction of leaves, flowers, sterns or entire plant, and is often cot,pled with the name of 
the affected part.

Blotter test a methoo of seed health inspection inwhich seeds are incubated on moist
ened blotter papers to test the presence of microorganisms. 

Cancerous cancer-like. 
Catanulate or Catenate (of spJres) developing in chains; linked as ina chain. 
Cell basic unit of structure and functio;i of all living things consisting of a mass of proto

plasm and nucleus. 
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Chlamydospore a thick-walled, nonsexual (asexual) resting spore developed by
 
thickening of hyphal cell or cells. Intercalary: When chlamydospores are formed between
 
the apex and the basal cells. Terminal: when they are formed at the apex.
 

Cirrhus (or Cirrus) (pl : cirri or cirrhi) mass of spores laden with mucus forcing ou! of an
 
ostiole in a ribbon-like ashion.
 

Clavate (of fructifications, spores, etc.) club-shaped, which is narrowing towards the base,
 
or thickened towards the apex than the base.
 

Coa;es-e (of fructifications) running together; joining together.
 
Collar rot rotting of the stem near the soil surface due to infection by a pathoger.
 
Colony a group of hyphae or a mycelium belonging to one species, growing together.
 
Columella (pl = columelae) a persistent, sterile, axial body within a sporangium or fruit
 

body.
 
Columnar having the form -f a column.
 
Compound microscope an optical instrument to magnify objects invisible to the naked
 

eye. It consists of two lenses of different focal lengths mounted on the same viewer. 
Concentric one circle within another with a common center. 
Confluent fungal structures joined together by hyphae, cells or stromatic tissue. 
Conical (of spores) more or less cone-shaped. 
Conidium (pl=conidia) an asexual spore of a fungus. 
Conidiophore A specialized hypha which bears a conidium. Primary conidiophore - one 

arising from the stroma, substrate, or hyphae. Secondary conidiophore - one borne on 
the conidium. Simple conidiophore - an unbranched conidiophore. 

Contamination (of seed) intermixed with a pathogen; (of spores) not pure. 
Cruciferae a family of dicotyledonous plants. 
Cruciferous like cruciferae. 
Cuticle the outer layer (of basidiocarps or fruiting bodies) consisting of compressed 

hyphae parallel to the surface. 
Cylindrical (of spores, fructifications, etc.) round in cross section and of the same 

diameter throughout its length. 
Cymoid (cymose) primary and secondary branches of a conidiophore terminating in 

conidia. 
Dehisce (of fructifications) opens when mature, by a pore or slit, or by tearing. 
Denticule small tooth-like projections on which conidia are borne. 
Dichotomous branching, frequently successively, into two more or less equal arms. 
Disease any disturbance of a plant that interferes with its normal structure, function, or 

economic value. 
Disseminate transport of fungal inoculum. 
Distoseptate of a conidium having individual cells, each surrounded by a sac-like wall 

distinct from the outer wall. 
Doliiform barrel-shaped, cask-shaped, or jar-shaped. 
Dorsal back of an organ as to the under surface of a leaf. 
Dormant mycelium a thallus or a kind of mycelium, usually thick-walled resting for some 

time and capable of becoming active during favorable conditions. 
Downy mildew a type of plant disease caused by the fungi belonging to the 

Peronosporaceae. 
Echinulate conidium having pointed spines projecting from cell walls. 
Ellipsoidal (of spores) elliptical inoptical section. 
Elliptical (of spores) having the shape of an ellipse, i.e., of foreshortened circle; an oval 

curve. 
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Embedded fixed in the substratum; surrounded by other matter. 
Endemic (of a plant disease) restricted to one country or geographical region; (of fungi) 

native to certain region. 
Endogenous (of spores) developing or originating inside the conidiogenous cell.
 
Endosporium the irnermost membrane of the oospore which is usually thin.
 
Epidermis the outermost limiting layer o .e thallus or the outer layer of cell in plants.
 
Epispore outer spore wall which determines the shape of the spore.
 
Eradicate to control a plant disease by eliminating the pathogen after it is established.
 
Ergot sclerotium of ergot fungi; the disease of cereals caused by the fungi belonging to
 

genus Claviceps. 
Erumpent bursting throLgh the surface of substratum. 
Externally seedborne (of fungi) located outside functional part of the seed; (of disease) 

the infection is present on the surface of the seeds but may be externally difficult to 
eradicate by ordinary seed treatments. 

Exosporium the layer of the oospore that covers the 'epispore' and becomes the 
outermost layer after the 'perispore' disappears. 

Exudate liquid discharge from diseased tissue, or in case of a fungal body not usually 
through an aperture as in root or leaf exudate. 

Eye spot of fungal disease of cereals (Bipolaris sacchan) causing oval or eye-shaped 
areas of black dots on the lea'.es. 

Falcate (of spores) curved like a sickle. 
False head a mass of conidia formed at the tip of a conidiophore or phialide appearing like 

a ball without a distinct wall. The conidia are enclosed in a gelatinous matrix.
 
Filiform (of spores) slender and thread-like.
 
Flexuous easily bent alternately in opposite directions, or having turns or windings.
 
Floccose cotton-like groups or tufts.
 
Fluorescence property of emitting light in the presence of certain rays such as during
 

absorption of ultraviolet radiation.
 
Floret one of the small flowers in a clustered or compact inflorescence.
 
Fluffy downy.
 
Foot rot rot involving the lower part of the stem-root axis, synonymous to collar-rot.
 
Foot-shape refers to the shape of the basal cell of a macroconidium produced by fungi of 

the genus Fusarium which is shaped like a foot. 
Fructification a fungal structure which bears spores; spore-bearing organs like 

apothecium, ascocarp, basidiocarp, perithecium, pycnidium, etc. 
Fungicide a chemical agent or a substance that can kill or inhibit fungi. 
Fungus (pl=fungi) a group of saprophytic and parasitic lower plants that lack chlorophyll, 

as molds, mildews, smuts, and rusts. 
Fusiform spindle-like; narrow towards the ends. 
Fusoid spindle-shaped; narrowing towards the ends. 
Gelatinous rubbery; jelly-like. 
Geniculate bent like a knee. 
Genus (pl=genera) a group of related species. 
Germplasm seeds and plants used for breeding. 
Germinate to begin to grow. 
Germination active growth from the embryo of a seed; or a process of growth from a 

spore. 
Globose nearly spherical. 
Glume one of a pair of small scale-like bracts enclosing a grass spikelet. 
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Grain mold an obvious mycelial or spore mass on the grains.
 
Granular covered with a granule-like substance.
 
Gregarious (of fructifications) formed in crowded groups or close groups, but not fused or
 

joined together.
 
Gray mold a type of plant disease caused by fungi belonging to the genus Botrytis.
 
Guttulate refers to the presence of oil droplets within a cell.
 
Guttation having tear-like drops; marked as if by drops of liquid.
 
Helicoid coil-like; spiral-like.
 
Hilum a scar or mark in the basal cell of a conidium, indicating the point of attachment to a
 

con idiophore.
 
Host a living organism harboring a parasite.
 
Hlle cell encasing cell of vesicular nature surrounding the cleistothecium in the fungi
 

belonging to the genus Aspergillus. 
Humid a geographical area where the water vapor content of the air is high. 
Hyaline colorless; transparent. 
Hypertrophy abnormal enlargemen of an organ. 
Hypha (pl=hyphae) one of the filarn ri s of a mycelium; the basic structural unit of a 

fungus. A hypha without septa is aseptate or coenocytic, one with septa is septate. 
Immersed see'embedded'. 
Imperfect state a phase in the life cycle of a fungus in which asexual spores or no spores 

are formed. 
Infection process of beginning or producing disease. 
Inflorescence flower or flower cluster. 
Incubate (of seed health testing) maintaining seeds in an environment favorable to the 

development of symptoms or structures of pathogens. 
lnoc',um infective material, or pathogens, or parts of them. 
Internally seedborne (of fungus) when it is located inside the functional part of the seed; 

,fdisease) when the infection is deep-seated. The pathogen is carried within the seed 
and when the seed is sown at least some of the infected seeds will give rise to diseased 
seedlings. The disease is directly transmitted from one generation to the next via the 
seed. 

Lateral attached to one side. 
Leaf spot circular spots on the leaves due to infection caused by pathogens. 
Lesion a localized or limited diseased area. 
Long smut a type of smut disease in which the entire grain is converted into compacted 

mass of spores protected by a persistent grain membrane. 
Loose smut a type of smut disease in which the entire grain is converted into a rass of 

loose, unprotected spores. 
Macroconidium a long or large conidium of fungi of the genus Fusarium. 
Macroscopic large enough to be visible without the aid of the microscope. 
Mesosporium a delicate layer of the oospore wall often difficult to distinguish. 
Microscopic requiring the use of a microscope to be seen clearly. 
Microconidium a conidium, much smaller than macroconidium, usually single-celled. 
Monophyalidic phialide with single opening. 
Morphology a branch of scienrte which deaio %-,'ith form and structure of organisms. 
Mold a microfungus having a well-marked mycelium ur spore mass. 
Mucoid like mucus or dime. 
Multiseptate (of spores) having a numter of septa. 
Multiostiolate (of fructifications) having more than one ostiole. 
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Mummified decomposed, dried or distorted in shape.
 
Muriform conidium with transverse and longitudinal septa.
 
Mycelium a group of hyphae constituting the vegetative body of a fungus.

Navicular boat-shaped.
 
Nonamyloid (of spore coverings) remaining hyaline or becoming yellowish in Melzer's
 

reagent (see amyloid). 
Obclavtte inverted club-shaped widest near the base (of spores, fructifications, etc.) 

inversely clavate. 
Obclavate cylindric shape of a spore or fruiting body of the fungus which is widest near 

the base and is round incross section. 
Obconical conidium shaped like a cone with broad end at the base. 
Obconically truncate a conical spore or fruiting body of a fungus with its terminal portion 

ending abruptly.
Obligate parasite a parasitic fungus that can develop only in living tissues, 
Oblique septa (of spores) septa formed somewht perpendicular to the horizontal septum 

as in Alternaria. 
Oblong (of spores, fructifications, etc.) twice "islong as wide and having somewhat 

truncate ends. 
Obovoid (of spores, fructifications, etc.) reversely ovate; shaped like an inverted egg, with 

the narrow end at the base.
 
Obpyriform pear-shaped with the broad end at the base.
 
Obtuse rounded or blunt.
 
Oospore a thick-walled resting spore produced by the union of oogonium and
an an 

antheridiurn. 
Ooze movement of spores or substances through apertures of microscopic or macroscopic 

dimensions. 
Organism an individual life form, usually of microscopic nature, such as a fungus.
Ostiole an opening or a pore by which spores are dispersed from a sexual or asexual 

fruiting body. 
Ovary female reproductive structure containing an ovule or egg. 
Ovate - ovoid egg-shaped, with the narrower end at the top. 
Overwinter survival of a fungus from one season to the other. 
Panicle an indeterminate inflorescence, the main axis of which is branched, with 

pedicillate flowers on the secondary branches. 
Pa.illate having one or more, small, nipple-shaped elevations. 
Paraboloid bowel-shaped. 
Paraphysis [(pl=paraphyses) of fructifications] sterile filaments having free tips, usually 

clkvate or filiform. 
Parasite an organism living upon another living organism and drawing its food from it,with 

or without fatal effect on the host. 
Pathogen an agent that causes disease. 
Pathogenicity the ability of a pathogen to cause disease. 
Pedicel a slender stalk bearing a spore. 
Pedicellate being produced on a pedicei. 
Perfect state sexual part of the life cycle of the fungus during which spores are formed as 

a result of some sort of sexual process; sexual stage in which a fungus is capable of 
sexual reproduction 

Perithecium a flask-shaped sexual fruiting body of a fungus with a pore at the top. 
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Phiallide an end cell of a conidiophore which is usually bottle-shaped with one or more 
open ends on which conidia are produced.
 

Phytosanltary refers to the health of plants or plant commodities to be exported.
 
Pionnote spore mass collected at the tip of a conidiophore.
 
Plant quarantine official precautions used to prevent the ir,' roduction of plant pathogens
 

and pests from one area to another usually noninfested area.
 
Pluriseptate see multiseptate
 
Primary inoculum the first inoculum of a pathogen available for infection of the host.
 
Preventive a precautionary measure to prevent the occurrance of infection, for example,
 

application of fungicides.
 
Propagule any part of an organism capable of initiating independent growth, such as
 

spore, sclerotium, mycelial fragments, etc.
 
Protuberant having a short projection.
 
Pseudoparanchyma a thick tissue formed by hyphae becoming twisted and fixed
 

together like a mass; having lost their individuality. 
Pseudoseptate the appearance of having septa which do not reach across the conidium 

from wall to wall. 
Pseudothecium (pl= pseudothecia) perithecium-like fruiting body containing asci and 

ascospores. 
Pycnidium the sporocarp of the Sphaeropsidales, frequently globose or flask-shaped. 
Pyriform pear-shaped. 
Radiate spreading from a center. 
Reniform kidney-shaped. 
Saccate like a sac or bag. 
Scar that part of the septum involved in secession which ijrms the base of the conidium. 
Sclerotium (pl=sclerotia) a hard, dark and pigmented resting body of a fungus, comprising 

afungal tissue. 
Seed the grain or mature ovule of a plant, used for sowing. 
Seed certification certification based on official inspection and testing of seed with regard 

to its quality and origin. 
Seed coat the outer protective cover of the seed. 
Seed mycoflora refers to the association of fungi with seeds, which may or may not have 

the potential of causing diseases of the seed or plant. 
Seed rot seed decay caused by pathogenic fungus. 
Seed transmission an act of perpetuation of a pathogen from one generation to another 

through the seed. 
Seedborne an organism cr an infectious agent which iscarried in,on or with the seed, but 

not necessarily transmitted. 
Seedborne pathogen an infectious agent assoriated with seed and having the potential of 

causing a disease. 
Septum (pl=septa) a cross-wall in a hypha or conidium. 
Sessile without a stalk or stem. 
Seta (pl=setae) stiff hair, usually dark and thick-walled. 
Sign any indication of disease ncner than reaction of the host plant: i.e.. spores. mycelium, 

exunate, or fruiting bodies uf the pathogen. 
Sorus (pl=sori) a fruiting structure in rusts and smuts: mass of spores. 
Smut a plant disease caus-d by the fungi belonging to Ustilaginales a smut fungus. 
Solitary arising singly at one point. 
Species a taxonomic division of a genus. 
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Spindle-shaped fusoid; narrowing towards the ends.
 
Spore a general term for a reproductive structure in fungi.

Spore ball an aggregate of many spores, or a group of spores clustered together usually
 

formed insmut fungi. 
Sporodochium a cushion-shaped fruiting body consisting of conidiophores and conidia. 
Stern rot decay of the stem caused by a pathogenic fungus. 
Sterigmata a short, pointed, extension of a cell which bears a spore. Sterigmata inone row 

are uniseriate, ardJ in two rows are biseriate. 
Stereobinocular microscope a kind of microscope with lenses arranged so that the 

object inview isseen in three dimensions. 
Sterile an organism that does noi produce spores. 
Stipitate having a stalk. 
Striate marked with lines or groves or ridges.
Strnma (pl=stomata) a matrix of vegetative hyphae, with or without host tissue, sometimes 

sclerotiurn-like in form, inor on which spores are produced. 
Subclavate club-shaped with little narrowing in the direction of the base. 
Subcylindric nearly cylindrical. 
Subepidermal occurring just beneath the epidermis. 
Subglobose almost globose or spherical. 
Subhyaline somewhat or imperfectly clear .r nearly colorless. 
Subovoid nearly egg-shaped. 
Subulate slender and tapering to a point awl shaped. 
Superficial occurring on the surface of the substrate. 
Supernatant clear liquid floating on the surface. 
Symptom a visible expression by a host of a diseased condition. 
Teliospore thick-walled resting spore produced by rust fungi. 
Terminal conidium borne at the apex of a conidiophore. 
Tissue an aggregate of cells usually similar instructure. 
Tropical the regions which lie between the Tropics of Cancer and Capricorn. 
Tympaniform drum-shaped 
Unicellular one-celled. 
Unilocular single, simple, undivided cavity.
Uniseriate arrangement of ascospores inan ascut, inone series. 
Unitunicate an ascus in which both the inner and outer walls are more or less rigid.
Ve.'vety cushion-like. 
Ventral front or lower surface. 
Verrucose warty.
Verticillate arrangement of hyphae or conidiophores inwhorls. 
Vesicle a bladder-like or swollen apex of a conidiophore. 
Vesitgial an organ having little or no utility but performing a useful function. 
Violently forcefully. 
Visual examination a method of examining seeds with or without the help of a magnifying 

lens. 
Warty rough surfaced. 
Whorled referring to the arrangement of conidia on the conidiophore in which more than 

one conidia are produced at a given locus. 
Wilt a vascular plant disease caused by a fungus affecting the normal uptake and 

distribution of water. 
Zonate marked with zones; having concentric rings. 

(Source: Ainsworth et al. 1971; Dalai-Clayton 1981; Holliday 1989; and Snell and Dick 1971) 
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About.ICRISAT
 

The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of India, parts 
of southeast Asia, a swathe across sub-Saharan Africa, much of southern and eastern Africa, and parts of 
Latin America. Many of these countries are among the poorest In the world. Approximately one sixth of 
the world's population lives in the SAT, which is typified by unpredictable weather, limited and erratic 
rainfall,' and nutrient-poor soils. 

ICRISAT's mandate crops are sorghum, pearl rr,,llet, finger millet, chickpea, pigeonpea, and ground
nut; these six crops are vital to life for the ever-increasing populations of the semi-arid tropics. ICRISAT's 
mission Is to conduct research which can lead to enhanced sustainable production of these crops and to 
improved management of the limited natural resources of the SAT. ICRISAT communicates information on 
technologies as they are developed through workshops, networks, training, library services, and 
publishing. 

ICRISAT was established in 1972. It is one of 18 nonprofit, research and training centers funded 
through the Consultative Group on International Agricultural Research (CGIAR). The CGIAR is an infor
mal association of approximately 50 public and private sector donors; it is co-sponsored by the Food and 
Agriculture Organization of the United Nations (FAO), the World Bank, and the United Nations Develop
ment Programme (UNDP). 


