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Abstract: Maize (Zea mays L.) crop is attacked by number of fungal, bacterial and viral diseases, out of which
banded leaf and sheath blight (BLSB) caused by anastomosis group 1-lA of Rhizoctonia solani f. sp. sasakii Exner.
is one of the most widespread and destructive disease of maize in Southeast Asian countries. The occurrence of
this disease has also been reported from other parts of the world, which causes significant yield loss up to 100%. R.
solani can survive in the soil for several years and able to infect plants belonging to more than 32 families, including
many economically important monocots and dicots plants. The severity of the disease favoured by humid weather
with temperature around 28°C, poses challenge to maize growers due to its soil borne nature and lack of resistance
cultivars. It is indicated that none of the disease management approaches are effective against BLSB. Banded leaf
and sheath blight is difficult to control through either fungicide or crop rotation alone. A number of quantitative trait
loci (QTLs) controlling BLSB have been identified that would help the development of maize hybrids resistance to
this disease. Management of BLSB requires an integrated approach based on the knowledge of each stage of the
disease and molecular aspect of maize defence responses against R. solani. Mention conclusion statement and
novelty of the work. The present review summarizes consolidated information on distribution, yield loss, symptoms,
pathogen life cycle, epidemiology, genetic structure of the pathogen population, molecular aspect of pathogenicity
and its integrated management through cultural, biological, chemical and genetic means. The consolidated knowl-
edge presented in this review should help better disease management and reduce crop yield loss due to banded
leaf and sheath blight pathogen.

Keywords: Banded leaf and sheath blight, Biological control, Genetic variability, Rhizoctonia solani f. sp. sasakii,
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INTRODUCTION Guijarat, whereas, non-traditional maize areas argd<

. . £ th _ | taka and Andhra Pradesh (Jostal., 2005).
Maize ¢ea mays L.) is one of the most important cerea Despite very high yield potential of maize, onetloé

crops i_n the world agricuftural economy as fooddfqnd major deterrents to high grain yield is its sevisjtito
mdus’;nal produgts. As compare to rice and Wh_mze several diseases. From different parts of the wabdut
contains approximately 72% starch, 10% protein,&d 115 §iseases of maize have been reported, of BEsee
fat, supplying an energy density of 365 Keall 108 g na\wn to occur in India (Saxena, 2002). Seed rat an
(Nuss and Tanumihardjo, 2010). Being ac€real crop, seedling blight, leaf spots and bliéhts downy eive

it is cultivated widely throughout the world andsttite o rots, banded leaf and sheath blight, and smdt
hlghgst production among all the cer(_eals. It 'mm rots are the most important diseases of maize(ttafiz,
that in 2014, the total world production of maiz&sw 19gg) Among different fungal diseases affectingzena
1021.6 million tons (FAO, 2015), with the Unite®6, o4 ction, banded leaf and sheath blight (BLSB) in
China, and Brazil harvesting 35%, 24%, and 8% ef th j ,-oq byRhizoctonia solani f. sp. sasakii causes signifi-
total production of maize respectively. India ranié® cant gain yield loss from 11% to 40%, even to 1a9%
with the total maize production 23.7 million tonsda ¢ < cultivars in some warm and hu;nid regions, evher
share 2.3% of the total worldwide maize production. o ~onditions are favourable for the pathogen (Ml

India, maize is the third most important cereapcafter & 5 2011 Izhar and Chakraborty 2013; Getoal
rice and wheat, grown in a wide range of envirortsien 2014"). ' ’ K

extending from extreme semi-arid to sub-humid amd h The pathogen: The causal agent of banded leaf and

mid regions. Traditional maiz_e growing areas, ideki sheath blight (BLSB) isrhanatephorus sasakii (Shirai)
Bihar, Madhya Pradesh, Rajasthan, Uttar Pradesh anﬁJ:J and Kimbrough (St. ImpRhizoctoniz solani Kiihn
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f. sp. sasakii Exner). This is one of the most wide Rhizoctonia solani causing BLSB) have been reported
spread, destructive and versatile pathogen found imworldwide (Ogoshi, 1987).

most parts of the world and infecting a vast ranfje Cultural Characteristics. The young colonies pro-
host plants, including maize causing seed decayduced by the fungus were fast growing and formed
damping —off, stem canker, root rot, aerial bliggmid  silky white colonies on Potato Dextrose Agar (PDA)
seed or cob decay (Ogoshi, 1987). Previously, themedium; growth optimum at 25 and ‘89 which
causal agent of maize sheath blight was thoughito gradually lost their lustre and became dull. Myaeli

the anastomosis group (AG) 1 of multinucleBlézoc- often is colourless at young stage, while turnfigiot
tonia solani Kihn (teleomorph: Thanatephorus brown as it matures (Ahuja and Payak, 1985; Sivaku-
cucmeris (A. B. Frank) Donk), which is a soil- born mar et al., 2000). Microscopic studies of hyphae re-
fungal pathogen with a wide host range. Recently,vealed, it as multinucleate; branching near diség-
however, some binucleate isolates belonging to AG-B tum of cells in young vegetative hyphae; formatafn
and AG-A of group (AG) (Xieet al., 2008; Zhotet al., septum in the branch near the point of origin; troieon
2012) and one uninucleate isolate (Zhebwal., 2015) of branch; dolipore septum; no clamp connection; no
of Rhizoctonia spp. have also been identified as patho-conidium; sclerotium not differentiated in rind ante-
gens of maize sheath blight. Caesaal. (2010), Fang dulla and no rhizomorph (Ogoshi, 1975; Ahuja and
et al. (2013) and Zhoet al. (2016) observed the varia- Payak, 1988). Sclerotia & solani were produced abun-
tion in virulence of pathogeniBhizoctonia spp. and  dantly in culture, typically 1-5 pum diameter spbatiand
found that there was significant difference in lénce  dark brown to black in colour (Akhtat al., 2009).

among the pathogenkhizoctonia isolates, with multi-  Symptoms, disease development and epidemiology:
nucleate isolates the greatest, binucleate isolates  The pathogen affects all aerial parts of the mplaat
erate and uninucleaRhizoctonia isolate the lowest. except tassel. The disease manifests itself on legf
Distribution : This disease was first reported from Sri sheaths, stalks and ears as leaf blight, stallriesr
Lanka in 1927 as Sclerotial disease (Bertus, 192%), rind spotting and stalk breakage etc. It was regubrt
subsequently recorded from Malaysia, under the namé¢hat BLSB disease appears at pre-flowering stage on
of ‘banded sheath rot’, in the Philippines as ‘teahd 30 to 40 day-old maize plants, but infection caspal
sclerotial disease’ and as ‘summer sheath blight' i occur on young plants which may subsequently result
Japan (Wiltshire, 1956). This disease has also beem severe blighting and death of apical region raivg
reported in Germany, USA, Nigeria, Venezuela, @ierr ing plant (Saxena, 2002). The disease symptoms on
Leone, Ivory Coast and England. BLSB is recognizedleaves as irregularly globular to elongated lesions
as a serious impediment to maize production in &hin which appears as water-soaked areas. The affected
South Asia and Southeast Asia (India, Sri Lankdpin  areas appear bleached, soon they become stravedolor
nesia, Cambodia, Bangladesh, Pakistan, Nepal, Myanand necrotic (Ahuja and Payak, 1982). The lesions
mar, Japan, Malaysia, Thailand, Laos, Vietnam, Tai-enlarge rapidly resulting in discoloured areasra#e
wan, and Korea). Surprisingly, in China, yield Ess ing with dark bands, apparent on lower leaves &H@r
close to 100% have been attributed to BLSB (Singh a days (Rangt al., 2013).

Shahi, 2012). In India, the disease has been egpidm  The symptoms are more common on sheaths than
states of Himachal Pradesh, Uttar Pradesh, HarfPama,  leaves. A short of wave pattern of disease advance-
jab, Madhya Pradesh, Rajasthan, West Bengal, Meghanent can be seen not only on leaves but also on
laya, Assam and Orissa (R&hal., 2013). sheaths and husk leaves. The disease manifedfs itse
Taxonomy Classification: The genus concehizoc- on leaf, leaf sheath, stalks and ears as leaf hedtls
tonia was first described by De Candolle in 1815 blight, stalk lesions or rind spotting and stalkeak-
(Snehet al., 1991).Rhizoctonia solani is a genetically age, clumping and cracking of styles and horseshoe
diverse group of fungi with more than 100 speciesshaped lesions with banding of caryopses resulting
(Anderson, 1982; Adam, 1988; Bindet al., 2005), ear rots (Knight and Bunil, 1964; Sharma, 1999). In
that attack all known crops. A method based ontanas early stages marginal chlorosis and rooting of fexai
mosis groups (AGs) has been used for its identiiba  proceed inwardly, later as the infection becomelerol
and classification (Parmeteet al., 1969; Ogoshi, numerous sclerotial bodies are also seen (Saxena,
1987). Among the 14 AGs of multinucled®hizocto- 1997). Buddemeyest al. (2004), observed th&. so-

nia, AG1l comprises many plant-pathogenic isolateslani caused round to elliptical, yellow to tan or black
recovered from a range of hosts. AG1 isolates havdesions on seminal crown and brace roots of maize
been divided into three subgroups based on hostgultivars. Depending on disease severity, crownsroo
symptoms and cultural characteristics: AG1-1A (shea of maize plants were completely rotten and affected
blight); AG1-IB (web blight); and AG1-IC (damping- plants lodged. Typical BLSB symptoms were observed
off). However, the host range of AG1-lIA and AG1-IB as small purplish brown lesion or greenish oliveviar
overlap (Ogoshi, 1987; Snehal., 1991; Liu and Sin- large continuous patches on leaf sheath and piade ol
clair, 1993a). Although isolates of AG1 (includes brown lesions on stalk as well as rotting of ears
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(Akhtaret al., 2009). lanaceael(ycopersicum esculentum andSolanum tube-

The fungus is capable of infecting maize plantalin oq,1) (Baruah and Lal, 1981). In artificial inocula-
the stages Qf crop grqvvth rlght. from See?'"”g tuma  iong it infects a number of crop plants belonging
ity. R. solani survive in the soil and on infected Crop ¢;nilies Poaceae, Papilionaceae and Solana&eae:
debris as sclerotia or mycelium. Sclerotium_ SE@®S  aium serobiculatum, Pennisetum americanum, P.
primary inoculum. The fungi spread by irrigation, o reum, Setaria italic, Panicum miliaceum, Coix
movement of contaminated soil and infected plant de lachrymal-jobi, Echinochloa frumentacea, Zea mays,
bris. At the onset of growing season, in respomse t 7., Mexicana, O.sativa, S. officinarun, S. bicolor),
favourable humidity and temperature (15 toG5the (a3 and Payak, 1988; Trivedi and Rathore, 2006).
fungal growth is attracted to rapidly grOW'”QS'“‘?!’E’ Maize has also been infected by strainRofsolani
and water soaked seed coats by chemotropic s_tnlBuIanfrom fice, sugarcane, arrow root and some grasses
released by growing plant cells and decomposingtpla anyia and Payak, 1985). Rice and maize isolates ar
residue. Secondary spread of this disease occurs by, ever indistinguishable on the basis of crossti
contact of diseased leaves or sheath Wlth health){ation tests, host range, virulence, number of giyzér
plants. High relative humidity (90%), an optimummée 55| cell, and other morphological charactertuithc
perature about 28, and rain fall in the first week of ing pathogenicity. Comparison studies on cultural a

infection significantly favours the development and p\q hhoogical characteristics Bf solani isolates from
spread of disease. Disease development and spreqﬁe, maize, sugarcane, and sorghum revealed that

becomes slow, if the relative humidity goes below n\5i76 ang rice are similar than those isolatesigas
70% (Sharma, 2005). Crop damage is caused by 10ss @4a and sorghum (Saxena, 1997).

photosynthetic leaf area due to foliar infectiom atalk M echanism involved in penetration of host tissue:

rot which lead to crop lodging (Let al., 2012). Sheath g 'oanj can infect underlying tissues either through
blight reduced the breaking resistance of lowariides o hanical penetration by means of force or through
and consequently resulted in poor Iod_glng resistgniu utilizing natural openings and wounds (Parmeter,
etal., 2012). The maximum damage is caused when €argg7. Backet al., 2002). The infection starts when

of maize are infected (Ahuja and Payak, 1982). . mycelia or hypae of the fungus starts to grow taisar
Economic Importance: The disease causes a consid- 5 ‘g jitaple host as a result of attracting chemioal-

erable reduction of high yielding maize varieties; dates, e.g., amino acids, sugars, organic acidphed
sulting in premature death, stalk breakage andc_ﬁar ols, from the plants (Keijer, 1996a). After thesfi

In India, Singh and Sharma (1976), have estimate ontact, loose and still unattached hypha startgdo
40.5% reduction in maize grain yield with 71% of over the plant and within a few hours the hyphé# fla
BLSB disease index, whereas letlal. (1980) esti-  (ong ang directional growth over the epidermalscisll
mated loss in grain yield ranging from 23.9 to 54 initiated, forming T-shaped hyphal branches that ca
disease score levels ranging from 3.0 to 5.0 inctédn give rise to hyphal aggregates known as infection
tivars. Lalet al. (1985), suggested that due to BLSB ¢,qhigns (Keijer, 1996a; Dodman and Flintje, 1970).
maize grain yield loss vary to the extent of oVB¥0  £inq infection pegs develop from the infection dash

In Guangxi province in South China, mai;e yield gnaple the fungus to minimize the force needed for
losses of 87.5 and 57.8% have been determined und?fenetration. However, also the production of lobate

natural conditions in the hybrids Luya 13 and Guili 5,5 res50ria was observed on rice (Marshall and Rush
planted at Bao Qiao and Chen Xiang countries;ggn) after a peg has penetrated, it continuegroov
(Sharma, 2005). Summer and Minton (1989), planted,atyeen the cuticle and the epidermal wall. Fintily
maize in infested and non-infested soils with hagil ¢, icje and epidermal wall are penetrated, andirthe
low inoculum levels, estimated yield reduction & 4 fectious organs may extend growth into the celléam
and 8% in soils infested with high inoculum level, (Demirci and Déken, 1998). Penetration is establish
while the same was 17 and 1% under low inoculural lev by using hydrostatic pressure, even though deggadin
for a period of three years in USA. Taagal. (2004),  onzymes such as cutinases (Baker and Bateman,, 1978)
reported that BLSB caused 0-60% loss in maize _gra'rbectinases (Bertagnoki al., 1996; Jayasinghet al.,
yield under natural conditions. However, the maglst 2004) and xylanases (Peltonen, 1995), are mostprob
of grain loss may reach 100%, if the ear rot plwdsbe ;. 5150 involved in infection and penetration. The
disease predominated (Huagl., 2007). production of endopectinlyase has been reportdzkto
Host Range: The pathogen has wide host range and,ssociated with the tissue degradation in latayestf
infects plants belonging to over 32 families in 88~ jnfection (Gonzalez-Garciat al., 2006). Necrotic

era. Isplates oR. solani causing _BLSB disease in lesions on epidermal tissue of shoots, roots avldrsd
maize infected members of Gramine&yr{odon dac- or as damping-off of the young seedlings can be,see

tylon, Oryza sativa, Saccharum officinarum and Sor- e fungus starts to grow inside the host andategr
ghum bicolor), LeguminosaeArachis hypogaea, Gly- ing the tissue (Demirci and Doken, 1998).

cine max, Pisum sativam and Vigna radiate) and So-  the fyngus may also utilize natural openings via- s
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mata on stems, cotyledons and leaves or lenticels aease is really dependent on our knowledge conagrnin
entry portals to plant tissue. Wounds can alsosg8 U variability of the pathogen populations and thetdes

as entry portals, but penetration usually doesomotir  affecting genetic structure of these populations.

solely via wounds. The growing hypha first spread a Molecular aspect of pathogenicity: Currently, mo-

fill out the wound with densely packed hyphae befor |ecular aspects dR. solani pathogenicity involved in
penetrating into healthy tissues without the fofomat maize leaf sheaths infected by BLSB are poorly
of infection structure (Parmeter, 1970; Baekal.,  known. The lack of molecular information on patho-
2002). Plant defence mechanisms may stop the fungajenicity can be related to the relatively large araa
infection at the following establishment stagesRof  size of the pathogen (Cubesh al., 2009). R. solani
solani: a) attachment of hypha to plant surface, b) for-jsolates have at least 11 chromosomes rangingzé si
mation of infection structure, c) penetration ofeity from 0.6 to 6 Mb (Keijeet al., 1996b). At present, the
tion pegs, d) continue invasion of penetration @®h genome sequences of AG-IA (Zheng et al., 2013),
can be stopped by hypersensitive reaction (ParmetenG1-IB (Wibberget al., 2013), AG3 (Cubetat al.,
1970; Demirci and Doken, 1998). 2014), and AG8 (Hanet al., 2014) are available. The
Genetic structure of the R. solani population: Ge-  genome sizes ranges from 36.9 Mb (AG1-IA, 10,489
netic diversity inR. solani AGI-IA population is im-  gene models), 39.8 Mb (AGS8, 13,964 gene models),
portant for understanding its ecology, pathologyd a 47.6 Mb (AG1-IB, 12,422 gene models) to 51.0 Mb
host specificity. Therefore, by accessing the genet (AG3, 12,726 gene models). The resulting databases
variability within and among various populations of will allow the comprehensive analysis of developmen
this phytopathogenic fungus will be useful in dE®a tal processes that are characteristic of this fapgu
management. Isozyme and DNA analysis have adcluding the molecular nature of pathogenicity. DNA
vanced our understanding of the structurd&ro$olani databases support analysis of the fungal transcnigt
populations. These molecular tools have easily anchroteome, and metabolome.

distinctly groupedR. solani into subgroups of an AG. Fungi inevitably respond to extracellular signals o
Isolates of AG1-IA have been subject of differeit d stimuli via a wide array of transduction pathwags f
versity and population studies in which variatiomsh  pathogenicity. One of the most studied pathwaythién
been measured using intra and extracellular enzymefilamentous fungi is the signalling cascade mediate
and proteins (Liu and Sinclair, 1993b; Matsuyaeha by membrane-bound heterotrimeric G proteins, com-
al., 1978; Neerajat al., 2002a), and various fatty ac- posed of @ from G and G subunits (Liet al., 2007;
ids (Stevens Johnk and Jones, 1994), as well &ugar Wendland, 2001). The @subunit containing intrinsic
molecular techniques such as restriction fragmentGTPase activity is the key step in controlling tiedlu-
length polymorphism (RFLP) (Banniza al., 1999; |ar response via the G protein signal transduqiatin-
Rosewich et al., 1999), amplified fragment length way. Upon receiving extracellular stimuli, a G ot
polymorphism (AFLP) (Fierst al., 2011; Taheretal.,  coupled receptor (GPCR) interacts with the G pmtei
2007), repetitive element PCR (Rep-PCR) (Lirdle  inducing replacement of GDP in theaGubunit by
al., 2005), simple sequence repeat polymerase chaiGTP which leads to dissociation ofxGrom GB and
reaction (SSR-PCR) or microsatellites (Banniza andGy subunits. The releasedaGsubunit becomes acti-
Rutherford, 2001; Bernardes-De-Assis al.,, 2009;  vated and in turn cyclase, phospholipase, ion prans
Gonzalez-Veraet al., 2010), inter simple sequence ers, and mitogen activated protein kinase (MAPK)
repeats (ISSR) (Khodayari et al., 2009), analysis o involved in numerous biological processes like tagu
sequence variation in ribosomal DNA (rDNA) (Fenille tion of hyphal morphogenesis, infection structuse- f
et al., 2003; Wangt al., 2015) and random amplified mation, sclerotium formation, regulation of mating,
polymorphic DNA (RAPD) markers (Neeraja et al., sporulation and spore germination including patho-
2002 b; Gadkt al., 2013; Susheela and Reddy, 2013; genicity (Neveset al., 2002). Charoensopharat et al.
Chikaraet al., 2015). In a population genetic diversity (2008), demonstrated the function of the ubunit
study ofR. solani from India that was based RFLP and gene,Rgal, in the rice sheath blight pathogen by target
Rep-PCR, results were consistent with small genetiggene disruption and found that disruptiorRgil led to
distances among populations and high levels of genelecreased vegetative growth and pathogenicity ef th
flow (Linde et al., 2005). sheath blight pathogeR. solani. The Rgal disruptant
Despite these studies, genetic variability withapp-  showed altered colony morphology, also the sckeroti
lations, particularly among isolates of differeBs of  formation ability of the disruptant was completdbgt.

R. solani AG1 infecting maize is poorly known. In  Similar results have been observed for the germsiemy
particular, pathogen populations should be monitore G protein subunits in other phytopathogenic fusgih

to determine if new genotypes have been introduceds gpa3 in Ustilago maydis (Regenfeldert al., 1997),
into a region. However, understanding of disease ep cpgl in Cryphonectria parasitica (Gao and Nuss, 1996),
demiology, host-pathogen interaction, and subse-andfgal in Fusarium oxysporum (Jainet al., 2002).

quently successful management of sheath blight diszhenget al. (2013), analysed the genomeRfsolani

1723



Sorabh Chaudhamt al. / J. Appl. & Nat. Sci. 8 (3): 1720 - 1730 (2016)

AGL1 IA isolate and predicted the likely genetic re- genes can be used in marker assisted selection YMAS
quirements for the necrotrophic phytopathogen to in programmes for development of BLSB resistant lines
vade and colonize the rice plant. They concluded th (Singh and Shahi, 2012). In an experiment conducted
necrotrophy does not require a large number ofazarb by Aseaet al. (2012), results indicate that molecular
hydrate active enzymes (CAZymes) and secondarymarkers linked to target rQTL can facilitate pyrdmi
metabolites during infection, at least fersolani AG1 ing resistance to multiple diseases during earhegs

IA, which mainly utilizes key pathogenic glycoside tion of pedigree selection. Zhabal (2006), screened
hydrolase (GHs) and genes. The novel divergent elea mapping population consisting of 229 F2 individua
ments, such as dsproteins, GPCRs in MAPK signal- derived by crossing inbreds R15 (resistance) wit 4
ling pathway, are dedicated to the exclusive pticasi (susceptible), again®. solani at two locations. They
lifestyle and regulate nutrition, reproduction and constructed a genetic linkage map, containing 146 s
pathogenicity in the signal transduction pathway.gle sequence repeat (SSR) markers, on the basis of
Therefore, they hypothesized that solani AG1 IA composite interval mapping, and identified 11 QTLs
pathogenesis includes key GHs, secondary metabolitefor resistance to BLSB located on chromosomes 1, 2,
and diverse effectors to supress the host defentea 3, 4, 5, 6, and 10. But only four QTLs located fatoe
early infection stage. HR and the plant defence carmosomes 2, 6, and 10 were identified across bat lo
then be activated, which is followed by the progihes  tions. Linet al. (2008) analysed digenic epistatic and
expression of specific genes encoding degradationQTL X environment interactions for resistance to
associated enzymes to damage the rice plant. BLSB and detected 17 QTLs including 12 pairs of
Genetics of resistance to BLSB: To date, there are digenic epistatc QTLs. These QTLs were distributed
very limited sources of germplasm available whiah ¢ on seven chromosomes (2, 3, 4, 6, 7, 9, and 1@®nCh
give high level of tolerance over locations undiffed et al. (2009) identified four QTLs for resistance to
ent environments. Hybrids developed through crgssin BLSB distributed on chromosomes 6, 7, and D

of tolerant inbred lines show inconsistent levetesfis-  India, a F2:3 mapping population was generatedgusin
tance to this disease, under highly epiphytoticdcon CAO00106 (resistant) and CM140 (susceptible) atethre
tions. This may be attributed to inadequate knogded geographical locations. This study led to iderdifion
about mode of inheritance of resistance, genotype »>of three QTLs on chromosome 6, 8, and 9 with signif
environment interactions for resistance and possibl cant epistatic interactions (Gaegal., 2009). It is im-
presence of different races. Viméh al (1988), used portant to intensify efforts to identify stable aaddi-
combining ability analysis for resistance to BLS&BJa tional sources of resistance to BLSB and improwe th
concluded that both general and specific combiningdisease resistance of present maize hybrids.

abilities varied significantly for controlled dissmare- Zea mays Rhizoctonia solani interaction: R. solani
sistance but general combining ability variance wasbelongs to a necrotrohic species complex. AG1-IA is
predominant. They also identified inbred line CM104 one of the largest groups causing the most damages
as the most promising combiner for resistance. kumaamong all other AG groups. Little is known about th
and Singh (2002), studied inheritance of resistance pathogenicity and virulence factorsRfsolani. Maize
BLSB on the basis of the analysis of 10 crosseghtEi pathogens have plenty of pathogenicity genes tieat a
crosses were made between two resistant (CM104 ancequired for infection or for enhancing host vinte.
CML1) and four susceptible inbred line, one crossThe pathogenic capability of an organism is deter-
each was made between resistance x resistance amtined by its virulence factors. A specific inteiant
susceptible x susceptible lines. The BLSB reactiopn was governed in plant pathogen interaction thahés

F2 and backcrosses involving CM104 and susceptiblgpathogeravr (avirulence) gene correspond with the resis-
line suggested that resistance in CM 104 was contanceR-genes of the host plant. When corresponding
trolled by Duplicate dominant genes while crossks o andawvr genes are present in both host and pathogen, the
CML1 showed dominance and recessive interaction. result is disease resistance, if either is inaativabsent,
Recently, genetic and molecular studied on the BLSBdisease results (Flor, 1971; Dangl and Jones 2001).

and pathogens have been reported in maizest(al., Like other plant speciegea mays employs a diverse
2009; Liuet al., 2011; Zhangt al., 2012). These stud- array of defence mechanism that minimizes infection
ies revealed that resistance to BLSB is a typicaind- during interaction with pathogen. Besides pre-éxist
tative trait controlled by polygenes and three dign physical and chemical barriers, a variety of deéenc
cant quantitative trait loci (QTL) located on chmmm mechanisms are activated upon pathogen attack
some 2, 6, and 10 to be responsible for resisttmce (Huanget al., 2008). During the past decades, great
BLSB respectively (Campbedt al., 2002; Cheret al., efforts have been devoted to understand the malecul
2000; Zhanget al., 2006). The identification of QTL  mechanism of the plants infected Rysolani, such as

for resistance to BLSB is considered as an effectiv Oryza sativa L. and Zea mays L. (Liu et al., 2009;
tool in development of disease resistant maizeitlybr Zhanget al., 2010). There are many catalytic enzymes
The information generated from mapping resistanceinvolved in theR. solani infective response, including
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chitinase, glucanase, and phenylanine ammonia lyasbendazim, Benodanil, Thiobendazole, Validamycin,

(Anurathaet al., 1996; Jedidalet al., 2000; Liuet al.,

Topsin M, Rhizolex, Propiconazole etc. have been

2009). Furthermore, a few pathogenesis-associatetested and found to be effective in inhibiting gthwf

genes transiently exist in maize and resisted #tkgp
gen (Alexanderet al., 1993; Dattaet al., 1999;
Agrawal et al., 2001; Zhuet al., 2006). Biochemical

the BLSB pathogen undén vitro condition. All these
fungicides except thiobendazole were effectivean r
ducing BLSB disease severity, also under field ¢ond

changes in many plant-pathogen interactions are actions (Ahuja and Payak, 1986; Sharma and Rai, 1999)
companied by the rapid increase in phenolic com-Saxena (2002), tested efficacy of chemicals (viz,
pounds and related enzymes, often termed the hypefRropiconazole, 0.1%, and Carbendazim, 0.05%), by
sensitive response (Mondgtlal., 2012). Such changes applying as foliar sprays, alone or in combinations
can be attributed to a variety of mechanisms ol Foliar sprays of Carbendazim showed the ineffeetive
as exhibited by the host during pathogenesis (dggar ness against BLSB. AGn-vitro evaluation, three often
al., 2010). Zhanget al., (2012), identified genes which used fungicides, namely Bavistin, Rhizolex, andofhi
are differentially expressed in maize during int&cn phenate Methyl, have shown absolute controlRof
with R. solani and found that 15 genes were up- solani mycelial growth with 100% inhibition (Sharma
regulated or down-regulated in response to R. solanet al., 2002). Meenat al. (2003a), evaluated Carben-
infection. These genes mainly regulates transompti dazim, kitazin and bulb extract of garliél{jum sati-
protein processing, metabolism, defense, disease resum) @ 5 % (w/v) against BLSB, these fungicides and
sponse and other functions. Recently, Dahima et alplant extract completely inhibited the mycelial @th
(2014), estimated total phenol content, peroxidas®  of BLSB pathogen at 1 ppm concentration. Rakgsh
polyphenol oxidase content in maize germplasm af-al., (2011), tested seed dressing fungicides (Bavistin
fected by BLSB and concluded that higher phenol,50WP @ 2.5 g/kg of seed, Vitavax Power 35.5 % +
peroxidase and polyphenol oxidase activities plays Thiram 37.5 % @ 2.5 g/kg of seed and Thiram 50 WP
vital role in inducing resistance against BLSB. @ho @ 2.5 g/kg of seed) against BLSB pathogen. These
al. (2014) conducted genome-wide gene expressiorfungicides has been found effective for the manage-
profiling using Solexa sequencing, to gain insigio ment of BLSB. Bavistin was found highly effective
the transcriptome dynamics that are associated witlwith 48.7% disease control and highest maize yiéld
BLSB resistance. The most differentially expressed64.7 g/ha over control.

tags were analyzed, representing, 1,476 up-regulateBiological control: Several micro-organisms have
and 1,754 down-regulated genes, except for unknowrbeen reported to parasitiRhizoctonia species. These
transcripts, which were classified into 11 funcibn are mainly fungus of specieFichoderma, Gliocla-
categories. The most enriched categories were thfose dium, and Laetisaria, bacteria Pseudomonas sp., Ba-
metabolism, signal transduction and cellular transp  cillus subtilis), and nematodesAphelenchus avenae).
Disease management: Due to ambiguity in under- Application of Pseudomonas fluorescens reduces dis-
standing of inheritance of resistance and non-ease incidence in field conditions besides imprgvin
availability of widely adapted and stable source of plant growth. The biocontrol agent showed produrctio
resistance to BLSB, control of disease by chendoa  of volatile ammonia and Hydrocyanic acid (HCN) un-
biological procedure is extremely important to mini derin vitro conditions (Sivakumaet al., 2000). Muis
mize the destruction of crop and to prevent yiekbks  and Quimio (2006), developed a seed treatment formu
(Singh and Shahi, 2012). lation of the selectedBacillus subtilis to control R.
Cultural practices: Cultural practices like stripping of solani in corn. Seed treatment wif. subtilis BR23

the second and third leaf sheaths from the groemel |  formulation supresseR. solani in microplots and in-

at the age of 35-40 days old maize crop is effeciv.  creased grain yield by 27% compared to that of the
checking further BLSB development (Meheh al., control capton with 14.4 per cent. Madhavi et al.
2012). Inter-cropping system of maize with legumes(2011), usedPseudomonas flurorescens aganist R.
especially with soybean effectively reduced theesev solani caused BLSB of maize undirvitro condition.

ity of the pathogen in soil (Kato and Incue, 1995). The results showed that Pseudomonads have signifi-
Maintaining the proper population level and applica cantly inhibited the mycelial growth and sclerotjgir-
tion of cattle compost (FYM) prior to planting, ped mination ofR. solani ranging from 48%-92% and 29%
in decrease of disease level and its subsequeradspr  -87% respectively over checKrichoderma sp. found
field (Sharma and Hembram, 1990). Selection of b we to be an effective biocontol agent, provided as ldg
drained field and planting on raised beds are itappr 68% of inhibition of the mycelia dR. solani, underin
cultural aspects to avoid contact of excess wafdr w vitro conditions, compared to the control of BLSB
seeds and faster growth of seedlings (Habdh, 2015). (Sharmaet al., 2002). Volatile compounds released by
Chemical control: Many attempts have been made to T. harzianum supress both growth and sclerotial for-
control BLSB of maize through fungicides under  mation of R. solani, inhibited 80% and 34% respec-
vitro and field condition. Different fungicides viz. Gar tively followed by T. viride which inhibited 70%
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growth and 26% sclerotial formation (Meeptal., pattern of BLSB resistance in maize verities/hybrid
2003b). Trichoderma hyphae coiled arounR. solani through conventional and/or biotechnological ap-
hyphae and subsequently caused the cell wall lysiproaches. Additionally, progresses made in the
(Yobo et al., 2004). Khan and Sinha (2007), reported “omics” field will revolutionize the possibilitiegor

T. harzanum and its volatile compound inhibite. improving pathogen identification and investigating
solani followed byT. viride in dual culture techniques. host-pathogen interaction, epidemiology and dewvelop
Saharet al. (2009), also reported thak. hamatum ment of novel disease management practices. Adethe
showed highest reduction in the growth Rf solani information should lead to more efficient managemen
followed by B. subtilis, while it was less effective of this menacing disease.

againstM. phaseolina andF. solani.

Integrated disease management: Integrated disease REFERENCES
management (IDM) which covers physical, cultural, Agrawal, G.K., Rakwal, R., Jwa, N.S. and AgrawalPV
chemical, biological and resistance hybrids/vaemgti (2001). Signalling molecules and blast pathogeacktt
are required for the control of BLSB. This strategy activates rice OsPR1a and OsPR1b genes: A maat! ill
emphasizes prudent use of chemicals in combination  trating components participating during defenoesstr
with other management practices for maximizingdyiel responsePlant Physiol. Biochem, 39:1095-1103.
with minimum environmental hazards. Dalmacio et al. ANW&: S-C. and Payak, M. M. (1985). Comparativédyy,

- . pathology and karyology of rice and maize isolaiés
(1990), conducted three experiments on the mechani- g oo™ o0 § sp. sasakii. Int. Rice Res.

cal, chemical and biological control of BLSB. Insea Newsl .10: 5-6.
of mechanical control, the de-leafing of basal jport  Anuja, S.C. and Payak, M. M. (1988 vitro response of
of maize plants proved to be effective in contrajli maize and rice isolates Bhizoctonia solani to antibiotic

the upward spread of lesion. Among the chemicads an and fungi-toxicantdnt. Rice Res. Newd.11: 16

biological agents, Validamycin gave the best cdntro Ahuja, S.C. and Payak, M. M. (1988). Banded leaf &heath
followed by T. harzianum. Akhtar et al. (2010), con- blight of maize. In: Agnihotri, V.P.; Sarbhoy. A.Kand
cluded that management of BLSB can be achieved by ~ Kumar. D. (eds.) Perspectives in Mycology and Phant

integrating soil application of. harzianum precolo- tlh(l)g)gy’ Malhotra Publishing House, New Delhi, edp.

nized farmyard manure (FYM) with foliar application Ahuja, S.C. and Payak, M.M. (1982). Symptoms agdssif

of carbendazim. In an IDM approach, Singh and Singh  “panded leaf and sheath blight in maiPbytopapasitica
(2011) found best performance of Validamycin 10: 41-49

(0.25%) andT. viride as foliar spray than the fungi- Akhtar, J., Jha, V.K. and Lal, H.C. (2009). Occuoerof

cides like Tilt (0.15 %) and Bavistin (0.1%) andbi Banded Leaf and Sheath blight of Maize in Jharkhand
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harzianum as seed treatment (ST) and combinations ofAkhtar, J., Kumar, V., Tiu, K.R. and Lal, H.C. (ZD1 Inte-
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2012). Raniet al. (2013), examined fungicides and Weymann, K., Friedrich, L., Maddox, D., Ahl-Goy,, P.
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Conclusion Anuratha, C.S., Zen, K.C., Cole, K.C., Muthukrishnan, S

and Mew, T. (1996). Induction of chitinases dhd,3-
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is most prevalent and serious limiting factors fioe Asea, G., Vivek, B.S., Lipps, P.E. and Pratt, R.C.120
successful cultivation of maize worldwide. Studies ~ Genetic gain and cost efficiency of marker-assisted
revealed that none of disease management straisgies  Selection of maize for improved resistance to rpleti
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. . ack, M.A., Haydock, P.P.J. and Jenkinson, P. (20D&-
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