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ABSTRACT

‘There has been considerable change In the piant disease situation in Indis during the last few decades. This is because of
changes In systems from ing Lo modern, tmproved practices such s Introduction
of new crop cultivars, Intensive cropping, Increasing use of chemical  fertilizers and fungicides, and wse of genetically
uniform, high-ylelding cultivars In commercial farming. These changes have led 1o Increased severity of rusts, smut,
Karnal bunt, and scab In wheat; blast, bacterial bilght and tungro virus in rice; leaf blight In malze; downy mildew and
ergot in peari millet; downy mildew in sunfiower; grain mold In sorghum; bacterial bilght and wilt In colton; fusarium
wilts In pigeonpea and chickpea; scab In apple; and wilt in coconut. Hast-plant resistance (HPR) offers a highly effective
means of managing diseases in crop piants. HPR has been successfully used to contaln losses from rusts in wheat, blast
and bacterial blight In rice, downy mluew In peart millet, wiits in pigeonpes and chickpea and several other diseases.

Genetic of cultivars with stable/durable resistance In diverse sgro-
ecologieal zones of India s strategle to db«n management through HPR. A proper understanding of the genetics and
mechanism of hust-pathogen and disease 15 essential to the pment of a sultable resistance

breeding strategy. It is desirable, although often difficult, to combine resistances 1o more than one disease in a single
cultivar In order to prolong the life of the cuktivar. Integration of HPR with other disease management practices, such as

cultural, chemical, and biological control measures are more effective and na crop
system.

INTRODUCTION

Host-plant resistance (HPR) provides the most efficient, ical and logically !
method of managing diseases in r.rop plants. HPR wurks on the principle lhal in nature,
resistance is the rule and p an T of plant diseases through
HPR is a continuing, dynamic process with changes in crop cultivars, introduction of alien crop
specics, and changing farming practices. The major advantages of disease with HPR

as a  major component are: compatibility with other  crop management  practices  such  as
fertilizer usc. m'igalion cn.. cnvnronmemal safety (HPR can avoid or reduce the use of
hemicall inability (it does not drastically infl the

and economic vn.\bnhly (it docs not involve extra cost 1o farmers).

Literature on the usc of HPR in discasc management 1s quite extensive and 1s well
documented (Nelson, 1978;  Buddcnhagen, 1983; Johnson, 1984; Singh, 1986; Robinson, 1987;
and Si ds, 1991). Resi has ily been classified as vertical or  monogenic;
horizontal or p ic; host-specific and host pecific; partial or pl and stable and/or
durable  (Nelson, 1978; Parlevlict, 1979;  Johnson, 1984; Vanderplank, 1984). A stratcgy for
discasc management through HPR can be developed depending on the nature of  host-pathogen
interaction (Nelson, 1973; Buddenhagen, 1983; Simmonds, 1983, Singh, 1986; Simmonds 1991).

Discase management through HPR consists of three main components: i) sclection of
sources of genetic resistance; ii) utilization of i and iii) depl of resi: A
thorough understanding of each of these components in relation 10 a given host-pathogen system is
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unpennve 1o the successful use of HPR in disease management. Selection of sources of genetic

requires ledge of the path biology, discase epidemiology, field and green
house screcning techniques, proper disease evaluation system, access to a large germplasm
collection, and proper field, laboratory and greenhouse facilities.

Resistance utilization is a joint venture bctwwn pamologlsls and brwdcrs and
requires an understanding of the genetics and h, of D P of a
proper bnedmg slmegy is crucial for the effective ulilization of resistance. In a  practical
two aspects must be carcfully considered.  How much
resistance is really needed for lhc powmul ecolognl target, and how much durability is needed
for the level of satisfactory g to B h (1983), the cssential steps for
a practical breeding program are: ecosysiem and rmmg system analysis, pathosystcm analysis,
choice of selection site, analysis of germplasm base, sclection of parental lines, recombination,
screcning method, and the development of new varictics.

Si ds (1983) provided a thoughtful review on the strategy of diseasc  resistance
breeding in crop plants. Resi in dnl‘rcn;nt" t-pathy can be cxp as: i)
nonspecific major gene resistance (NR); ii) vertical resistance (VR) which is specific  and
confers with gene-for-gene  relationship;  iii) horizontal  resistance  (HR)  which 1s  usually
polygcmc aud pathotype nonvpecuﬁc like NR; and iv) interaction resistance (IR) that is

in h such as mululmcand varictal mixture. An  appropriatc
breeding strategy can then be devel ped to i in a cultivar (Fig. 1).

Resistance deployment is the final process of releasing disease- resistant cultivars in a
particular agroecosystem where  all kinds  of adaptation factors need to be carcfully
considered. Depending on  the success of each step, it could take 5-10 years in the initial
stages, o generate basic information leading o the release of a disease- resistant cultivar. After a
cultivar has been accepted by farmers, it should be supporied by a strong  discasc-monitoring
system. A strong resistance breeding  programme should always be ready to replace the
cultivar with ncw resi genes wh there is an indi of the occurrence of a new

irul type of i d aggressi in the path

DISEASE PROBLEMS

Thirty years ago, plant diseascs were ot regarded as major constraints to crop production in
India. However, with the i g ion and the pressure on food, Indian
agriculure moved into a new cra dunng the 1960s and wraditional farming practices were slowly
replaced with modem crop production systems. These included: introduction of exotic genetic
material, cultivars with changed plant architccture (mainly dwarf), high-tilicring  plants.
i ing use of ical fertilizers, intensive cropping systems, use of chemical pesticides, and
growing improved cultivars such as hybmh with a narrow gcncuc basc. The “green revolution”
trans formed Indian agriculturc and the food prods b Ily to sustain the
growing population. The rate of food production hns not kept pace with the population growth and
we arc again striving for yct another revolution through a sustainable agricultural system.

During the past few decades, there has been  a considerable change in disease
sitation on different crops because of the changes in farming sysiems and rapid genctic
enhancement of crops. Discase scverily has increased in many cascs, and in  some  cascs,



epidemics have occurred resuling in J yield losses. ples are i severity
of blast (Pyricularia oryzse Cav.), bacterial blight (Xanthomonas campestris pv. oryzae Uyeda &
Ishi., Dow), and tungro virus in rice; rusts (Puccinia recondita I.sp. iritici Rob. ex Desm., P.
striiformis WesL., P. graminis (.sp. tritici Eriks & Henn,), Kamal bunt (Neovossia indica), loose
smut (Ustilago nuda Jens. Rostr.), and more recently scab (Fusarium sp.) in wheat; leaf blight
(Exserohilum turcicum (Pass) Leonard & Suggs) in maize; grain molds (several fungi) in sorghum;
downy mildew (Sclerospora graminicola (Sacc.) Schroet), ergot (Claviceps fusiformis Loveless),
and smut (Tolyposporium penicillariae Bref.) in pearl millet; wilt (Fusarium udum Buter) and
sterility mosaic in pigeonpea; wilt (F. oxyxporum f.sp. ciceri (Padw.) Snyd. & Hans.) and ascochyta
blight (Aschochyta rabiei (Pass.) Labr.) in chickpea; scab (Venturia inaequalis (Cooke) Wint.) in
apple, and many others.

India is enriched with a diversity of crops in a wide range of agroccological zones, and
plant disease problems are also diverse. In a recently published bullctin on the relative imponance
of crop pests in South Asia, Geddes and lles (1991) have divided the Indian Resource Development
Regions into 15 cropping system zones and in ¢ach zone economically imporant crops (10% or
more production value) have been ndenuﬁed {Geddes & Eles, 1991). Rice, wheat, maize, sorghum,

pearl millet, g p g polaw cotton, jute, rape/mustard, tea,
coffee, coconut, cassava, and d; arc crops in these zones. Based
on the importance of crops, 28 diseases on 16 crops mny be consndewd as major problems of
national importance (Table 1). This can form a le basis of prioritizing diseasc

research efforts ai the national level.

Table 1. Major diseases of important crops in India

Crop Diseases

Rice Blast, bacterial leaf blight and tungro
Wheat Rusts, loose smutand Kamal bunt
Maize Leaf blight md downy mildew
Sorghum Grain mold, anthracnose and charcoal rot
Pearl millet Downy mildew, ergot and smut
Groundnut Leaf spots and rust

Chickpea Fusarium wilt and Ascochyta blight
Pigeonpea Fusarium wilt and sterility mosaic
Couon Black arm and wilt

Slll.lrclle Red rot and smut

Pouato Late blight and virus diseases

Tea Blisier blight

Coffee Rust

Coconut Wilt (Kerala wilt)

Apple Scab

Mango Mango malformation

Introduction  of new crop species or crop varicties from one region to another within
the country or from outside (Table 2) has also added 1o the plant disease problems (Joshi, 1989).
Recent reports of yield losses duc to introduced discascs in different parts of the country include
sunflower downy mildew (Plasmopara halstedii (Forl.) Berl & de Toni) in Maharashtra, bunchy top



of banana in Tamil Nadu, and apple scab in Himachal Pradesh (Nagarajan, 1991).

Table 2. Introduction of plant diseases

Disease Introduced from Year
Coffee rust (Hemilia vastatrix (Berk. and Br.) Sri Lanka 1879
Fire blight of pear and pomes

(Erwinia amylovora (Burrill) Bergey et al.) England 1940
Late blight of polato (Phytophihora infestans

(Mont.) de Bary) Furope 1883

Flag smut of wheat (Uracystis tritici
(Preuses) Schroet.) Avsinlia 1954

Black rot of crucifers (Xanthomonas
campestris (Pammel) Dowson) Holland 1950

Runchy top of banana Sri Lanka 1940

Wan of potato (Synchytrium endobioticum
(Schilb.) Perc.) Holland 1950

Golden nematode (/fetrodera rosiochinensis

(Wollenweber) Nilgini Hills 1961
Apple scab (Venturia inaequalis
(Coocke) Wint.) J& KwoHP 1970

Source: Joshi, N.C. 1989,
PROGRESS MADE

A systematic rescarch on discase management through HPR staricd with the establishment of the
All India Coordinated Crop Improvement Projects (AICCIP) by the Indian Council of Agricuitural
Rescarch (ICAR) in the mid 1960s. This led to a significant outcome which was evident in the
latc 1960s and the carly 1970s. For example, pearl millet hybrid HB 3 which was released in
the latc 1960s, increased pearl millet grain production from 3 10 8 million tonnes by the late 1960s.
Unfortunatcly, it became highly susceptible to downy mildew in 1971-1972 and production declined
substantially (Singh er al., 1987). With the excell \aboratve cffonts of p ists and breeders,
new hybrids, such as BJ 104 and BK 560 were reicased in the mid 1970s and thesc contained the
discase for the next 5-6 years. Subscquently, BJ 104 and BK 560 also became susceptible in  the
carly 1980s, and BJ 104 was finally withdrawn from cultivation. BK 560, however, still
continucs to be grown in some parts of the country. Several new hybrids (ICMH 451, ICMH 501,
ICMH 423) and open- pollinated  varicties (ICMV 1, ICMV 4, ICMV 155) resisiant 10 downy
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Figure 1. Strategy of disease resistance breeding

NR = Non-specific major gene resistance - due to a major gene or
cytoplasmic factor resistance to all forms of pathogen.

VR = Vertical resistance due to major gene(s) - resistance to specific
genotype, gene-for-gene relationship.

‘HR = Horizontal resistance - pélygenic, pathotype-nonspecific (like NR).

‘IR = Interaction resistance - resistance in multilines (ML) and varietal
mixture (MX) (Simonds, 1983).



mildew, have since been released to counter the downy mildew men ace.

Discase management through HPR reccived a further boost with the establishment of
ICRISAT Center in Hyderabad. At premn. scvcnl sources of resistance and disease-resistant
cultivars of pearl millet, h and pigeonpea are availabl m India
(ICRISAT, 1985-89). Close collabwwm of AICCIPs wlﬂ\oﬂm ional Agricul
Centers (IARCs), such as Iniernational Rice Rescarch Institute (IRRI) for rice, Centro
Inicrnacional de Mcjoramiento de Maiz y Trigo (CIMMYT) for maize and whcat, Interational
Institute of Tropical Agriculture (IITA) for cowpeas, Centro Internacional de la Papa (CIP) for
potato, ctc., has helped strengthen the HPR program in the country in various crops. In addition,
private seed industrics have played a major role through their Resurcl\ and Devclopmcm
programs in utilizing resistance sources in brecding prog and
cultivars.

Other cascs of the successful management of discases through HPR include blast in rice
(Reddy et al., 1986), bacterial blight in rice (Gocl et al., 1988), rusts in wheat (Singh et al., 199Ca),
loose smut in wheat (Aujla et al.. 1990), leaf blight in maizc (Sharma and Payak, 1990), downy
mildew in pearl millct (Singh ef al., 1990b), lcaf spots and rust in groundnut (Subrahamanyam er
al., 1990), fusarium wilt in chickpca (Haware ct al., 1990) and in pigconpca (Nene, 1988), sterility
mosaic in pigconpea (Reddy er al., 1989), bacterial blight in cotton (Verma, 1986), etc. In
addition, there arc good sources for multiple discase resistance available in legumes (Nene,
1988), pearl millet (Thakur et al., 1988), sorghum (Anahosur et al., 1990), and in several other
crops.

FUTURE NEEDS

Although some of thc major crop discascs have been managed success fully through HPR and
these will continuc to he managed, there arc several other diseases which have not been managed
so well through HPR. These arc: Karnal bunt in wheat, grain mold in sorghum, ergot in pearl
millet, ascochyta blight in chickpea, new wilt in cotton (unknown etiology), red rot in sugarcanc
(Glomerella iucumanensis (Speg.) Arx & Muller), blister blight in tea (Exobasidium vexans Massee),
rust in coffce (Hemileia vastatrix Berk. & Br.), coconut wilt (unconfirmed ctiology). apple scab,
mango malformation (unconfirmed ctiology), ctc. For these diseases, more conccru:d cffort is rcqunred
to undcrsmnd the etiology, basic factors rclated to path biology. id 1

h naturc and hanism of gene  action, and finally developing stratcgies for brwdmg
resistant cultivars. In cascs where HPR alone is not the answer, intcgration of other methods, such as
cultural, biological, chemical, ctc. should be cncouraged.

During the past decade, significant advancss have been made in  the  application of

genctics and biolechnology in plant discase 1] These include the

of plants with uscful genes for crop prolccuon namcly Bt gene into cotton and the mapping
of host resistance genes with i length  polymorphisms (RFLPs) and random
amplified ploymorphic DNAs (RAPDs), usmg polymerase chain reaction (PCR) technique. These
tech nologies permit the selection for and introducti o[ umquc i motifs into parti
hosts. Similar advances have been made in d bili in  populati of plant
pathogens. Usc of multi-locus probes has been ful in ch izing i of rice

blast fungus (Lcvy et al., 1991) and sorghum downy mildew pathogens (Yao er al., 1991). One of

the most difficult arcas to cvaluatc deployment of host resistance has been the method of

sampling pathogen populations for their variabilty. Through DNA technology, it has become
249



y easy o d ine p iability. DNA can easily be transporied without being
' and RFLPs, PCR/RAPD:s of pathogen can be associated with
specnﬁc vu'ulence traits and these techniques can be routinely used for both host and pathogen
genetic of lhe host and the pathogen would  help in

heni our‘ ding h and cultivar dep in different agr zones,

] PP

Tissue culture is another good technique to isolate and generaie rcsusum plants bul the
success with field crops has been very limit ed. are y in
the initial siages for a developing nation like India 1o try these on a Iarge scale oCross a

spectrum of plant diseases. However, a modest beginning has already been made with the
establishment of Biotech Centers, and some excellent work is in progress.

With the cnrmu Ievel of Ige  and i I am optimistic that
plant pathologists, in with scientists from other disciplines, will be able to manage
diseases of major crops and help sustain the production of crop cultivars in India.

ACKNOWLEDGEMENTS
Submitted as ICRISAT CP. No. 788
REFERENCES

ANAHOSUR, K.H., LAKSHMAN, M. and SHIVANNA, H. 1990. Identification of stable multiple disease
resistant sorghums. Indian Phytopathology 43:444-445.

AUJLA, §.5., GREWAL, A.S., NANDA, G.S. asnd SHARMA, INDU 1990. Identification of stable resistance in
wheat 10 loose smut. Indian Phytopathology 43:90-91.

BUDDENHAGEN, LW. 1983. Breeding suaicgics for swess and disease resistance in developing countries.
Annual Review of Phytopathology 21:5-409.

GEDDES, AM.W. and M. ILES, 1991. The relative importance of crop pests in South Asia. Natural Resowrces
Institute Bulletin No.39. NRI, UK. pp. 1-39.

GOEL, RK. SAINE, RS, and GUPTA, AK. 1988. Resistance of rice germplasm 1o bacterial blight at
Ludhiana, India. International Rice Research Newsletier 12:12-13.

HAWARE, M.P., JIMNEZ-DIAZ, RM., AMIN, K.S., PHILLIPS, J.C. and HALILA, H. 1990. Integrated
management of wilt and root rots in chickpea. ICRISAT 1990. Chickpea in the Nineties. In Proceedings of the
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989. ICRISAT Center, India. pp. 129
133

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) 1985-1989. Annual Reports. ICRISAT,
Patancheru, Andhra Pradesh 502 324, India.

JOHNSON, R.1984. A critical analysis of durable resistance. Annual Review of Phytopathology 22:309 330
JOSHI, N.C. 1989. Plant quarantine in India. Review of Tropical Plant Pathology 6:181-200.

LEVY, M., ROMAO, J., MARCHETTI, M.A. and HAMER, J.E. 1991. DNA fingerprinting with a dispersed
sequence resolves pathotype diversity in the rice blast fungus. Plans Cell 3:95-102.

NAGARAIJAN, S. 1991. Plant discases and sustainable agriculture. Plan Disease Research (In press).
NELSON, R.R. 1973. Breeding Planis for Disease Resistance. Pennsylvania Stie Umiv Press. Londuon. 401 pp

NELSON, R.R. 1978. Genetics of horizontal resistance to plants. Annual Review of Phytopaihology 16:359-378.
NENE, Y.L. 1988. Multiple discase resistance in grain legumes. Annual Review of Phytopathology 26:203-217.




PARLEVLIET., J.E. 1979. Components of resistance that reduce the rate of epidemic devclopment. Annual Review
of Phytopathology 17:203-222.

REDDY, G.V., REDDY, K.J. and NAIDU, V.D. 1986. High yielding, semi dwasf blast-resistant NLR 9672-96
and NLR 27999 for southern Andhra Pradesh. | Rice Research N 11:6-7.

REDDY, M V., NENE. Y.L.. RAJU, TN, SHEILA, VK., KANNAIYAM, J. snd BENIWAL. S.P.S. 1989.
ef lines for resi 0 wilt, sterility mosaic and Phytophthora blight.  /niernational
Pigeonpea Newsletter 10:22-24.

ROBINSON, R.A. 1987, Host M. inCrop P il London, UK. 263 pp.

SHARMA, R.C. and PAYAK, M.M. 1990. Durable resistance 1o two leaf blights in two maize inbred lines.
Theoretical and Applied Genetics 30:542.544.

SIMMONDS, N.W. 1983. Strategy of disease resistance breeding. FAO Plant Protection Bulletin31:2.10.

SIMMONDS. N.W. 1991, Genetics of horizontal resistance to discases of crops. Biological Review 66:189-241.

SINGH, D.P. 1986. Breeding for Resistance to Pests and Diseases. Narosa Publishing House. New Delhi, India.
222 pp.

SINGH, H., JOHANSON R.. and SETH, D. 1990a. Genes for racespecific resistance to yellow rust (Puccinia
striiformis) in Indian wheat cultivars, Plant Pathology 39:424-433.

SINGH, 5.D., BALL, S. and THAKUR, D.P, 1987. Problems and strategies in the control of downy mildew
In Proceedings of the International Pear! Millet Workshop, 7-11 April 1987. ICRISAT Center, Patancheru.
A.P. Indis. pp.161-172.

SINGH, 5.D, KING, $.B. and REDDY, P.M. 1990b. Registration of five pearl millet germplasm sources with
stable resistance to downy mildew. Crop Science 30:1164.

SUBRAHMANYAM, P., McDONALD, D, REuw 1, 1s, tviuaim, 3.0v., U035, 5.6, 1VOI, AL @it vy,
V.R. 1990. Resistance 1o rust and late leaf spot of groundnut at ICRISAT Center: problems and progress. In
Proceedings of the Fourth Regional Groundnut Workshop for Southern Africa, Arusha, Tanzania, |9 23 Mar
1990. ICRISAT, Patancheru, A.P. 502 324, India. pp. 85-91.

THAKUR, R.P., SINGH, $.D., and KING, §.B. 1988. Registration of four populations of pear! millet germplasm
with multiple disease resist ance. Crop Science 28:381-382.

VERMA, J.P. 1986. Bacterial Blight of Cotton. CRC Press, Florida, USA, 278 pp.

YAOQ. C.L. MAGILL, C.W., FREDERIKSEN. R.A., BONDE, M.R.. WANG, Y. and WU, P. 1991. Detection
and identification of Peronosclerospora sacchari in maize by DNA hybridization. Phytopathology, 81:901-
905.

VANDERPLANK, J.E. 1984. Disease Resistance in Plants. Academic Press, New York, USA. 194 pp.

81



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif

