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ABSTRACT
Mace, nd peurt milletare cultivated as g1 ain, sced, and foruge crops in buth the raliny and the pustr ainy seasons
In India. Untl e 19508, Handr uccs & actices without a major thi eat from discases
Tolncrease yleld, [ put respo cultivars,p \ hybrids, ¥ In earty 19605
Aquantum leap in yivid was achieved with years. 2!
that reduced the yIold drastlcally, and becaime » major thr-cat ot only b0 the hig butat

5. These diseases were Pythium stalk rot (Pythium aphamdermatum), Erwinta stalk rot (Erwinia carviovora), dwany
mildews (P sorghs und » rayssuse var. ceae), beat BURh (Frserohilum urcicum), and rust

Puc lysura) In malze; grabn mold: fungh), ergot ros
phaseciing) in sorghum; and downy mildew (Sclerospora graminicola) and ergut (Claviceps /uu/ormu) in peart mil
Considerable progress has been made for the control of some of these diseases with host-plant resistance and other control
measures. While breeding for diseuse resistance and search fur alternative disease control measures continues, constant
monitoring of potentially Important diseases is needed.

INTRODUCTION

Sorghum (Sorghum bicolor (1) Moench), maize (Zea mays 1), and pearl oublenPennsetum glaus um
(L) R Bro) are important cereal crops an India, These veops have been cultivated m India since times
immemorial. Because of random selection and open: pothnzaton, the genetic constitution of cultivars has
been ina state of constant change. As a result, such culuvars had a broad genenc base This lead w0 a
“bulfering etfect” against several bote and abotic suesses. The absence of any major outbreak of
discases or pests on any of these crops until the 1960s supports this phenosticnon. Most of the discases
were present carhier but none reduced the yelds significandy. The  crops and the plant pathogens
remained in a state of equilibrium in which both l!u, hu\(> .md the pathogens survived. Increased
population growth in India, parucularly after inds ated ncreased food production.
This paper deseribes the changing discase scenario in maize, sorghum. and pearl nnllet in India.

DISEAS

OF MAIZE, SORGHUM, AND PEARL MILLET

Fhese crops are grown as open-potlinated culuvars. Selecuon was made by the tanuers, particularly w
increase yield. Open pollination, as a rule, provided a broad geneue base, Due 1o this, the crops had
high survival values even under severe suess condiuons, This resulted an low but stable yiclds, A
literature survey revealed that these crops are susceptible to alarge number of diseases caused by vanous
bionc factors (Yable 1), Pearl mullet, although considered to be comparatively less susceplible o
discases, is infected by a large number of  discascs. g1 are the most important pathogens on these
crops. Amongst the other pathogens, @ few bactenial and varal diseases are 1mporiant on maize. Many
ncmatodes have been reported but  nonc is currently considered to be of any economic importance.
However. only a few discases are potentially important on cach of these crops (Table 2).




Genetic diversity in landraces of these crops was the major reason for little or no discase
problems. Duc to this genetic  diversity, the pathogens survived but never caused cconomically
imponant crop losses. The other contributing factors were the traditional cultural practices and low
inputs. Irrigation, for instance, was not a le. Similarly, chemical fertilizers, which are now known
to enhance development of several discascs, were also not available. Also, all these crops were grown
in the main cropping seasons and lapping cropping was unk . Thus, there was no carry-over
of pathogens, particularly of viable asexual spores.

THE ESTABLISHMENT OF THE COORDINATED PROGRAMS

Population growth in India increased rapidly after independence. To meet the growing demand for food
and to reduce dependency on imported food, the Indian Council of Agricultural Research conceived
the idea of establishing “All India Coordinated Projects™ for crop improvement. As a result, All India
Coordinated Projects blished first for maize in 1957 and then for other crops including sorghum
and millet (Singh, 1980). Intensive rescarch was initiated by the establishment of these programs. The
three major objectives of these programs were 1o prosuce crop cultivars that were short statured
(panticularly for sorghum and pearl miller), carly maturmng, and responsive to gh inputs, The products
of these programs were hybrids and varictics. These improved cultivars gave a quantum leap in yields
of sorghum and pearl millet (Safeculla, 1977: Singh et al., 1987). As a result, production increased
substantially. However, these changes in cultivars were associated with a change in plant discase
scenario, Discase epiphytotics oceurred on the improved cultivars, and, duc w increased inoculum
Tevels, the traditional cultivars as well as the local landraces were threatened by these diseascs. The
discases that were present but not important prior to the beginming of the crop improvement programs
and those that became important later are presenied in- Table 3,

Table £ Aninventary of maize, sorghum, and pearl mitlet disesses in Indin

Number of discases caused by

Phanerogamic and
Crop Fungs Bactena Vinie Nematode  non-panasiuc Toul
Maze 5 4 1 6 - 6l
Sorghum 66 2 6 2 5 101
Pearl millet 75 4 2 2 | m
Source Taar (1962), Ramakeishna (1963), Madan Mohan ei af (1978); and Payak and Sharma (1980)

“Table 2. Impartant diseascs of malze, sorghum, and peart millct in India

Phancrogamic

Crop Fung Bactena Virus Nematede diseases Total
Maize 9 1 1 - - 9
Sorghurm 12 . i IR}
Pearl muller 4 1 s

Source: Rangaswamy (1975)



Table 3. The relative prevalence (PR) and economic importance (El) of malze, sorghum, and peari millet diseases in

Indla before and after the 19605
Between
Priorio 19603 and
1960s 1990
Disease and causal organism PR El PR El Remarks
Malze
1 Seed Rot, Seedling Blight and Root Potentially reduces plant populauon
Rot Diseases - - + 3 especially in Hunalayan region dunng
(Several unspecialized fungi such Kharif, and in northem India dunng Kabu
as Sclerotiwm rolfsii (Sacc.) Curzi, because of cold climate
Fusariuwn moniliforme Sheld.,
Cephalosporium acremonium Cord. Gams,
Pythiwn aphanidermatum (Eds.) Fiuzp.,
etc.
o Foliar Discases
Maydis leaf blight ++ 3 +es 3 lolerant hybnds and composites available
(Helminthosporium maydis) Nisikado 1n dufferent matunty groups for
cultivaton
Turcicum leaf blight + 2 ++r 4 A potential disease of concem and can
(Exserohilun turcicum) become widespread i maize growing
(Pass.) Leonard & Suggs. regions
Carbonum lcaf spot o2 Sporadic but never became senvus in
(Helminthosporium carbonum)Ulstrup manze production arces
Other Helminthosporium leaf spots v 1 Occasionally present and can rarely cause
(Exserohilum rostraiwn (Drechsl.) sigmhicant loss
Leonard & Suggs emend Leonard, #/
tetramera McKinney, Drechslera
hawaiiensis (Bugnicourt) Subram. &
Jain ex. M.1. Ellis.
Banded leaf and sheath blight ver 3 Of ncreasing mportance. causes
(Rhizoctonia solaniKuhn Sagnticant loss i masze producton i
high ruinfall arcas dunng rany scason
Phacosphacna leaf spot o2 Widespread i castem and central
(Phacosphaeria maydis (P. Henn.) Hunalayan halls and foct halls
Rane, Payak & Renfro
Brown spat + 3 v 2 Prevalent in Rajasthan, Himachal Pradesh,
(Physoderma maydis)Miyake 1 & K and U.P, Resistant sources can be
utilized 10 inimse the loss 10 case the
discase becomes severe, in future
Anthracnose Sporadic, some of them are of icreasing,
(Collewotrichun graminicolu (Ces ) . 2 unponeace but have never caied
Wilson, Cercospors leaf 3 SgmIcant loas 1 any iz growang
(Cercaspora sorghi Ell. & Ev.) - 2 region of the country



Pallescens leaf spot
(Curvlaria pallescens Bocdijn.)
Other leaf spot discases

(Curvularia clavata Jain, Pithomyces
maydicus (Sacc.) Ellis, Phylosticta
2eae-maydus Saceas, Gloeocercospora
sorghi Bain & Fdgerion, Aschochyta
«pecics, Dedymella exitiales, (Mor.)
Muller, Diplodut macrospora Yarle.)

Rubrilincans Bactcrial lesf stnpe
(Pseudomonas spp.)
maize fields during rainy season.

Downy Mildew Discases
Brown stripc downy mildew
(Sclerophthora rayssiae Kenncth

var. Zeac, Payak and Renfro.

ity groups released for commercial
cultivation. Chemical control by
metalaxyl sced treatment.

Phalippine downy mubdew
(Peronosicerospora philippinensss
(Weston) Shaw

Sugarcano downy mildew
(Perenoscleraspora sacchari)

(. Mcyokw & Ito) Shaw

Sorghum downy mildew
(Peronosclerospora sorghi)
Weston & Uppal

Stalk Rot I
Pythiom stalk rou

(Pythium aphanidermatum)
(Hds) Frup,

caves

Charcoal ot
(Macrophoming phaseolina)
(Tass) Gond

Fusanum wilt and stalk rot
(Fusariwn moniliforme Sheld )

Black bundic discase
(Cephalosporium acremonuum Cord Gams

Late wilt
(Cephalosporium maydis Samra,
Sabet & Tlungorant

Other fungat stalk rot discases
(Ratryodiplodia theobromae Pat.,
Candida iropicalis (Cast.) Berkhout ,

~

N

Sporadic in occurrance Someumes can
cause significant loss in occasional

Important in high rainfall arcas of
northem [ndia dunng rainy scasen.
Reusunt maize culuivars of different

Prevalent in sporadic form in nonth
Induan ststes, except Rajasthan.
Effecuvely conurolied by metalaxyl seed
treaiment

Prevalent in South India and Rajasthan
fiffcenvely controlled by metalaxyl sced
treatment. Resistant sources are available

Restncied 10 high rainfall sreas and
comparauvely more prevaleat in heavy
sonls

Reduces both quality and quanuty of
grains. and dry fodder in Khanf as well
as Rabu crop scasons, especially 1f
ranfall i< <canty at post-Nowenng stage

Potentially important diseases in light
<onls and can cause sigmificant grain
yicld losses dunng Khanf season

Of increasing importance and can cause
significant grain yield losses, especially
Jdunng Rabi culivation

Somcume widespread  However, never
became serious threat 10 maize culuvauon



VI

Vi

Diplodia maydis (Berk.) Sacc.
Erwinia stalk rot

(Erwinia carotovora (Jones)
Holland {. sp. zeae Sabet

Other bacterial stalk rois
(Erwinia dissolvens Roten) Burkh.
Pseudomonas lapsa (Ark) Starr & Burkh.

Rusts and Smuts
Comman rust
(Puccinia sorghi Schw.)

Polysora rust
(Puceinia palysora Underw)

False smut
(Ustilaginoidea virens (Cke ) Tak

Common smut
(Ustilago maydis (IXC) Cda

Head smut
(Sphacelotheca reiiana (Kuhn)
Chinton

Ear, Cob and Kemel Rot Discases
(Rhizoctonia teae Voorhees, Gibberelfa
Jujikuroi (Saw.) W,

Nigrospora orytae (Berk. & Br) Peich,
Fusarium graminearum Schw , Diplodia
maydis (Berk). Sacc. Diplodia

macrospora Earle, Aspergillus niger Von
Tieghen, Macrophomina phaseolina (Tass1.)
Goid, Botryodiplodia theobromae Pat

Virus Discascs
Maize stripe or chlorauc sinpe
(Maize mosaic virus 1)

Veun enation

Mosaic
(Sugarcane mosaic virus)

Nematode Discuses
Maize cyst nematode
(Meterodera reae)Koshy,
Swarup & Sethi

Other panasitic nematodes
(Pratylenchus teae Graham,
Tylenchorhynehus vidgaris Upsdhyay.
Helicotylenchus dihystera (Cobb)
Sher, Noplalaimus indicus Sher,
Meloidogyne incognita (Koford &
White) Chit,

-

Prevalent under hot humid condinons
dunng rainy scuson, causes sigmiicant
1oss and a threat 1o maize production

Of occasional unportance

Prevalent in hully tracts dunng Khant
and north-west plains of nonth India and
peminsular Indis dunng Rabs

Observed recently in Kamataka, occurning,

possibly i north-east region and Sikkin
since 1945, of ncreasing importance

Of oceasional importance

Widely spread i Himachal Pradesh and
other hill regrons, but never became
senous threal to maize production

Prevalent dunng Khant season, if
rainfall concrdes with ear development

Needs watch,

Needs watch
s of ncreasing umponance especially in

<prng matze cultivation

Restncted uy muize growing arcas of
Rajasthan and other areas where soil is
light

Needs watch



i,

Vi

Sorghum

Tlead and Seed Diseases, Grain Mold
(severnl unspecialized fungi) + 1 44

FErgot or sugary disease
(Spahacelia sorghi (Mc Rae) + 1 s

Foliar Diseases

Anthracnose

(Colletotrichwn graminicolo [ Y
(Cesti.) Wilson,

Zonate leaf spot

(lososercospora sorghi24 (Rains

and Edgenon. + 1 "

L eaf blight
(Helminthosporium turcicum Pass.) S

Rust (Puccinia pwpwrea Cooke) T e

Downy Mildews

Sorghum dawny mildew

(Peronnsclerospora sorghi Weston P R
and Uppal

Crazy op

(Sclerophthora macraspora (Sacc ) o
Thirum; Shaw and Naras,

Vinis and Mycoplasm

Maize dwarf mosaic . [T
Marze stnpe vinus P
Sugarcane mosic e
Patyvirus () S s

Stalk Rots and Root Rote
Charcoal o
(Macrophomina phaseolina (Tass1) Goid . 2 ees

Acremaonum wilt
(Acremonuam stricum Gams.) e

Stalk and top rot
(Erwina chrysanshemi Burkh., e
Mcffadden & Dimoc

Smuts

Head smut

(Sphacelotheca reshana (Kuhn) Clinton) + t ‘e
Loose smut

(Sphacelotheca cruenta (Kuhn) Poier) + 1 e
Covered smut

(Sphacelotheca sorghi (1.ink, Chinton) + 1 +

(VRN

"

"~

Potentially reduces both quality and
quantity of the short duration sorghums
in rainy season.

Specifically important and a threal to
hybrid seed production.

Of increasing impornance, causes
nignificam loss along with 7onate and
other leal sputs to fodder sorghums.

Of occasional importance.
Of increasing importance in postrainy
season sorghums.

Sporadic, effectively controlled by
chemicsl seed dressings

Virus discases are of growing importance.

Hybnds and high yielding cultivars arc
supersuscepubie.

Needs wach,

Resincted to gh rainfall areas.

Smut, although wide spread, never became
8 senous threat to sorghum production.



Long smut

(Tolyposporiwm ehrenbergii (Kuhn) o e 2

Porouillard)

Pearl Millet

Downy mildew Continues to be the major constraint to

(Sclerospora graminicola (Sacc.) bl aee 4 production of F, hybrids

Schoet.

Ergot (Claviceps fusiformis 1 oveless, + 2+ 2 Distribution 1 limuted, but when v curs
spoils grain quality, rendening the
product unfit for consumption

Smut (Tolyposporwn penicillariae) o2 e 2 Has lunned oceurrence

Bref.

Rust (Puccima penntsen Zsmm 2 e 2 Generally comes after gramn fithng The
losses may not be substantial However,
of comes w carly stage, has pownual 1o
cause considerable damage

Blast (Pyricularia setariae Nisikado) L R | S0 far this 18 not consdered  yiehd
reducing factor on an wverall basts

PR = prevalence Bl = Feonomic imponance
not reported 1 causing no losses
+  occasionally present 2 muor umponance
++  commonly present 3 moderaic importance
vor o genenlly found on most plang 4 Represents a major detemment an imes o
0 most helds Crop producton

FACTORS AFFECTING SUSCEPTIBILITY TO DISEASES

A detailed analysis of the crop improvement programs in India clearly suggests that the programs were
dominated by breeders. Because of this, the host was “over emphasized”™ and the pathogen was “under
cmphasized”. To support this point, we cite the classical example of peart millet improvement and the
subsequent downy mildew epidemics in India. To improve yield several F, hybrids based on Tift 234,
male sterile line were released for commerciai cultivation in India. Newher the male sienle me nor the
hybrids were tested for their discase reaction. This resubted in severe downy mildew epidemics i 1971
72 to date (Singh et al., 1987). Unforunately, the potential of many diseases as yield reducing tacton
was not considered at that time

Another important factor was the use of high mput producuion practices. Since the improved
cultivars were developed for high mput conditions, farmers were encouraged 10 use fertihzers wmerease
production. Irrigation helped o ncrease yield but created a microchmate conducive - disease
development. Several factors resultmg in greater discase incidence are discussed below

Genetic Uniformity

One of the most imponant products of crop improvement programs is F hybrids. These have a warrow
genetic bases, Therefore, the pathogen can casily adapt 1o these cultivars, and withimna penod of 3-3 yed




a resistant hybrid may become susceptible. This has happened with downy mildew of pear] millet (Singh
et al., 1987) and brown stripe downy mildew of raaizc (Sangam Lal, Personal communication)

Lrgot(Claviceps fusiformis)of pearl mullet was not a serious discase 1n Indaa prior 10 the advent
of hybrids, cxcept. in centain arcas. This was duc to the cultivation of local cultivars in which flowering
was spread over a long period. However, F, hybrids, which flower synchronously, if flowering occurs
during a rainy period and ergot inoculum is available, severe crgot develops. Occasional but severe
cpidemics of ergot have occurred on F, hybrids in India.

Early Maturing Cultivars

Prior 10 the b ing of crop imp g in India, grain molds were never a problem in
sorghum. Cultivars were: photoperiod ﬁcmmvc and of long duration in which the grains matured only
after the rains ceased. These cultivars had low to modest yiclds, with limited adaptation outside their
natural habitat, and often failed to produce grains if rains ccased carly (Bandyopadhyay et al., 1988).
In order to increase yield, shon- to-medium duration cultivars were developed. These cultivars are
photoperiod insensitive and widcly adapied, but mature during the rainy scason. This favors
development of grain molds, which is the most important problem in sorghum production at present.
Several feaf discases of maize also became important after the introduction of carly maturing cultivars
(Sangam Lal. personal  communication).

Change in the Growing Season

Winter cultivation of maize in India is a relatively recent development. Imitially, no serious discases were
ohserved on winter maize. However, turcicum leaf blight (Helminthosporium turcicum) is now an
umportant diseane in Bihar and also in the Tibetan colony in the Mysore arca Similarly, rast on ninze
(Puccinia sorghi) in Punjab, Haryana, and castern Utar Pradesh, and post-flowering swalk rots,
particularly charcoal rot  (Marrophomina phascolina) w Peninsular India, have become important
(Sangam Lal, unpublished data).

Seed Production in Off-season

With the release of F, hybrids for commercial culuvation, the seed of these hybnids is produced dunng
the off-scasons, and m arcas where the crop was not cultivated previously. For the production of ¥, seed
of sorghum, the crop is grown during the  posiramy scason when temperatures generally are lower
Frequent rngation mercases humidity in the crop canopy. High humidity and low emperature tasor the
developmentand spread of the ergot pathogen (Sphacelia sorghi) insorghum. Thisisan unpocant discase
on the off-scason sced crop. Lakewise, pearl maffet rust (Puccimia penmisets) has become a potential
problem in seed crop 1n Gujarat from February to April.

RECENT ADYANCES IN DISEASES MANAGEMENT

The cercal crops discussed in this paper received major rescarch thrust in the 1960s, and, all of them
arc the mandate crops of the Intermational Agnicultural Rescarch Centers (IARCs). Therefore,
considerable rescarch efforts have heen made by the TARCs and the Indian Natonal programs. Some
examples of successful discase control are given here,



Downy mildew was a devastating discase of pearl mnllcl hybrids in India during 1970s (Singh
etal., 1987). Because of th ilability of reliable ing resistant sources were identified
and several discasc-resistant cultivars were relcased. The resistant cultivars are now used by the farmers.
Although epidemics of this disease continued to occur in the 1980s, these were less trequent and over
smaller geographical areas. This has reduced the crop losses caused by downy mildcw. Brown stripe
downy mildew of maize was alsoa severe problem, particularly in northem India. However, the discase
is now controlled by using resistant cultivars. The same is true for Peronosclerospora sorghi on maize.

One of the major developments of the last two decades has been the availability of a systemic
fungicide - metalaxyl. This fungicide effectively controls downy mildews when used as 4 seed treatment
at2gm (a.i.) kg of seed (Singh, 1983; Singhand Shetty, 1991). The fungicide can also control the disease
after it has become established (as a systemic infection) if applied at the right stage (Singh et al., 1984).

Turcicum leaf blight of maize is now under conurol with the use of resistant cultivars. Leal

and shcam blight of maize are now successfully controlicd by cultural practices. Seed rots can be

y lled by sced with fungicides. Sufficient data are now available to show that

stalk rot (Macrophomina phaseolina) in maize can be controlled by reducing water stress al flowering
time (Sangam Lal, personal communication).

FAILURE OF DISEASE CONTROL

There are several cases where we have failed to control diseases. Disease control measures have not been
developed for grain molds and charcoal rot in sorghum, crgot in peart millet, and stk rots (several)
in maize. Unfortunately, all of these destructive discases arc highly important and have global
significance.

Our failure to control these diseases has been due to several reasons. Resistance, which s the
most economical method of disease control, has either not been found or 1s only present in low
frequencies, and is not easy to utilize. Also, use of fungicides is not recommended because this may
interfere with the process of pollination in the case of floral diseascs. However, the most important
reason has been the lack of continued active research programs.

Grain molds and charcoal rot of sorghum, ergot of pearl mitlet, and several statk rots of maize
are still difficult to control. It is unlikely that these discases will be convrolled by fungicides or by other
culural control methods. Genetic resistance is the only answer, Therefore, it is necessary that these
diseascs are considered a high priority for future research programs
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