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PREFACE
During tha recent past. a large voiume of Indian
tliterature on difersnt aspaots of entomological rese-
arch has asp2ared which indicates the racid stndes i
the sub:aci. 1T was, tharefore, d=cidad by the orgaai-
S coOoMmne > af Natonal Tonfesonee o Key Posts

~
of Agricuituratl Craps & their Maragament, to cCOagiier
up-todat= l.<ratuie ir a booxk form for studaents,
teacChCrs, rass sh ard extenson wmurkers engagedt n
1the tie!d o Entow2logy. In orzler to wnwcorporale the
besit poOoss B!'a coverage on diHHercnt 1elevant aspects,
a numsiber 0 eminsnt X experiencoed authars have
been requested to make contribution an their tield af
scecializaicnr,

This wvolume deals with polyplragous peoests,
management of Agricultural and Hostlcuitaral crops.
The arnrticles provide detailed accounts on 1the bioro-
mics ard management of various noxious pests. Al
possible efforis have been m™mads to include latest
informat on ot s aspects in itthie prasenrt docueaeas,
VWae bhyope that th s publicatian would ce:tainiy Do
uscful for trme studants of estonciogy., rescarch and
the extensicn worhers.,

Kanpur
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Taneja, S.L. 1987. Host-plant resistance in the

management of sorghum stem borer. Pages 212-233 in

g:g:i\epﬁgx::r?::,iaaﬁg&?:\o}:g{afeds Y.K. Mathur et al), Alanagement of Sorghum Stem Rorar 21
Chander, 1975). The most important borer species attacking sorghutn are
Chilo partellus Swinhoe and  Sesamia izerens Walker in Asia; Burreola fusca Fulle
C. partellus, Seiamia calamistis Hvinpray and Eldana raccharing Walker in Afric
Sesamia ¢cretica Lacerer in Mediterransan Furope and Middle East; and Diatea,

Host-Plant Resistance In The Management

Of Sorghum Stem Borers spp.  in southern United States, Metier and New World Tropics (Young, 197
S, L. Tanejn FAOQ, 1980),
International (raps Research Institute Distribution of dilcrent scen, boeee apecied a0 influenced by altitae
For The Semi-Arid Tropies (Icrisat), rainfull and temperature. o wans vd fow altnude areas, C, parlellus §s t
Patancheru, dAndhra Pradesh most important stem borer, howave:o 1 hae been recorded av altitudes rangi

from 2} 10 1678 m (Seshn Redddy, 1% 5 Iniram (1% reported that C. partef
could not live above 1220 1 in westesn Uganda or 1525 mvin eastern or northe

Sorghum is an important cereal crop in the semi-arid tropics (SA'T). In Uganda. Nye (1961) also fuund 10 .= the crastal and  platean regions of E
India, it is grown during the rainy (kharif) and the postrainy (rabi) scasons. Africa up 1o 13525 m. B, fused wae f20d tr ha the duninant atem borsre spec
In central and southern India, surghum is cultivated for grain and fodder pur- in cooler and high altitude areas ab ce 1500 Nye (1960) ceparted that
pose while in northern India it is primarily grown as a fudder cinp,  Nearly 150 species wae distributed in areas ~ve: 510 nand iv unable 1o wlerate the b
insect specics have been reported as pests or potential pests of sorghum  (Young temperatures occurring below 010 20 Pt Ay (e West Nule, A gun
and Theetes, 1977; Seshu Reddy and Davies, 1979a; FAO, 1480), However, the common above 1220 my (Logeam, 12700 A caluvtstic has been recorded i
most widespread and devastating insect pests of sorghum in the SAT as a whole areas in Kenya from sea level wa 530050 tiechn Reddy, 1983), o o

are shoot fly, scveral species of stem borers, armyworm, midge, head bugs and same  region Nye (1960 qecovdel e borr at all alitades  Liom

head caterpillars.
Tamr |

Stem borers constitute the most widely distributed and serious group of
insect pests of sorghum in the world, (‘Table 1). Plant damage is caused
by larvae feeding in the leal whorls or in the stem. Due to their internal fee- _Spccil.'s — T T e e T T
ding habits, larvae are protected to a large exteat from natural enemies e
( predators and parasites ), unfavourable environmental conditions, and
insecticides. Host-plant resistance offers an cconomie, eflicient, and a long
term solution to manage these insects cither alone or in combination with other

Species of stem borers infeating sorghum

.O(igv;na—i.’ﬂ:ﬁn.tn}i: H n"upv.m' Poiaie e T AVea Mrua
Busseola furca Fuller Marae aalk boger Ay
BRusseola segetn Binvden - Foast Afnen
Chilo agamemnon Dlessvnshi

methods of control.  Host—plnnt resistance has scveral advantages @ it avoids hilo agame "yt
environmental pollution, it is compatible with natural conuol processes, it ('_""""f!lf""l""'l'J:d"‘!"-"l"ﬂ I‘-.-,‘.\&» e - -. . .
integrates cilectively with other pest control tactics, and involves no additional Chilo infuseatrllus Surlicn Parahe = teilon tap eayer ",:. ‘:'”f' .‘,, Y e
costs to the farmer. Therefore, an attemipt has been made to present an over- ;.: ‘. |-'rl. :: :m
view of host-plant resistance, and its potential in the management of siem . ) o o Java, Kored

i Chilo orichalenciiiel{ne Stramt  'vral e - Foant Africa
borera in sorghun. Clnlo parteling Swinlhie Pyiab e cportedaten birer Taat Aoy,
Distribution and Biology .

Contineat,

Twenty three species of stemn borers are known to infest sorghum (Table 1) AN
S Lanka,

which belong to several genera within two families (Tams and HBowden, 1953;
Ingram, 1958; Nye, 1960; Harris, 1962; Bleszynski, 1970; Sandhu and Ramnesh
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Species Femily  Common name Disteibution
Thailand,
West Africa

Diatraca grandiosella Dyar  Pyralidae South Western South Western U.S.

corn borer Mexico, New waorkd

Diatraca lineolola Walker Pyralidae — New world

Liatraea saccheralis F. Pyralidae  Sugarcane borer Southern U, S,
New world
Tropics

Elasmopalpus lignesellus Zell. Pyralidae Lesser corn stalk North, Central

borer and South

America

Eldena saccharina Walker Pyralidae Sugarcane borer West & Fast
Africa

Ematheudes 1pp. Pyralidae -

Meliarpha sepratella Rag Pyralidac  Green striped borer

Ostrinia nubilali; Hbn Pyralidac European corn borer North east &
Central U. S,
Furope, W. Asia,
Asia  minor, the
Caucasus, China

Precerus venosalus Walker Pyralidae

Sesamia batanephaga Tams - West & Fast

& Bowden Noctuidac Africa

Sesamia ¢ritica Lederer Nocwidae Sorghum borer South & Eastern
Europe, Morocco,
Middle East

Sesamia calamistis Hampson Noctuidae Fink borer Alrica

Sesemia infevens \Walker Neetcidae  Pink stem borer Indian sub
continent, S. I,
Asia, China,
Japan,
Plillipynnes

Sesamia panniseti Tams & - Africa

Bowden Noctuidae

Sesamia poephaga Tams & - Afvica

Bowden Noctuidae
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level to 2440 1. E. succharing was founed on sorgham and maze in Western andd
Nynnza Provinces of Kenya upto 1320 m (Gesha Rededy, 19835, Ingram (1958
indicated that L. savcharing was not a pestin bast Afuica whale Girhng {(1970)

found it in maize, sorghum and oo vycane and commented thar it w s hecoming
£ B

A setious pest in Fast Miiea,

Muost of tive borer species (Cide, Durgesia, Sesamma, (warerea, Fidana) Ly
eggs in batrhes, which hatch moobeme 4t A dages The Jasval peowd je mends
spent inside the stemg, and Lasta For 2 to 3 weeke, Pupation tikes plars peestiy
in the stem, and the adult eergge: within a weesk,  Thus, the + lucde Lfe eyele e
completed in about & month and 323 generations in dngle vrop gurving season,
In areas where there is one crop por vear, the larvae anter into duiapause during

the off-scason in stalks and stubblee.  In southern India, where rnviconmental

ennditions are equitable, ¢ parteilne rainnins active theoughont the yoar, Tirer
ms

v be up ta ten generations per vear i ns area. Tuncase of 17 sacdkana’og 1
larvae gicdle the stalk near the granad and hubeonate below @etling. Resides
sorghnnm, o number of enltivared and wild st plants have bren gepmrred
(Togram, 1958, Nye, 19%0; Ilans, 1) Yaum aned Tertes, 1907, F AW, 1M0),

Maize pearl millet, rice, and snzvcane are the majur culuvated crop haess,

while Sorghum halefienise, 8, verticiiiiiorunt, Uentiedurn purpurenn, Fatnuen svivaeues s
some of the wild host plants,

Crop Losses

Ly attack of borers may kil vy plants by caunsing e hearte’
thereby reducing the cinp stand, winie atack daring Iater growth st eeareduces
yield by Iaeval feeding in the leave, and cleman Stenn tunueling waaleny grete,
which may eanse lodiging amd ale v interferea swith the sapply ol gete ceng e g
developing grains and jesults in chaflv pameles, Veehan and Boeag (00
reported borer infestatom up to T e vent, bt ecimated thae the mseeoee
infestations in Mabarashtra did pes exoend 5 pereent. bnoa beld sunwy wieae
73.6 per cent of the plants were aliseoed by O paetelive, the gran le wae esue
iited to be aboue L kg bectaee, Povdboan aned Prasad (1935 arpeaned a0ty
nverage decrease e viehd pee plant withv e wle amt e cease nprreentaee, of stem
length tunneled.  Overall Tussed doe o stemy barers mav be 5t DY e cent

many sghum - growing areas, evecialiv where eaily infestanon takes plue
(Jutwam, 1972).  The avoidable sram losses doe to the spotied stem borer on
the susceptible surghum cultivars Call 1 and Swana have been estomated bet-
ween 55 andd B3 per cent in northern Tndey (otwani et ol 1971 b),



216 Reeent Adoances in Entomology
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Experiments at ICRISAT Center have indicated that crop protcn.inn
against stem borer in the early growth stages contributed to the maximum yield
increase on sorghum hybrid CSH 1 (Fig. 1). Dcadhearts caused !;y stemy borer
resulted in a significant reduction in yield. The eorrelation coellicient hetween
the number of deadhearts and yicld was -0,9%*,  Stem tunneling up W GO per
cent in any portion of the stem did not cause any reduction of grain yield in
CSKH 1 (Tangjn and Leuschner, 1905).

Host-Plapt Reslstance

Most of the work on host-plant resistance to stem borers has been confined
to C. partellys. ‘U'he eacliest report on sorghum  cultivars resistant to su-;m brer
is by Trehan and Buwani (1949).  Pant o al. (1961) amd Swarup aml Chaugale
(1962) reporied some surghum varicties to Le less damaged by spotted stem
borer, A systeminic screening of the world sorghum germplasm eollection
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against stem borer was initiated in 1762 in India (Sinch of ol., 1968, Anony-
mous, 1971 and 1978). Since then, sereening has becu continued by the Al
India Coordinated Sorghum Improvement I'roject {AICSHIP) sud the Inters
national Crops Research Tnstituie for the Sermi-Arid Tropics (ICRISAT).

The development of hostplant resistaner requires detailed jnfivmation
of knowledge of the rcology of the insect amil g relationship with hast plane,
development of an effectne and refiabie serrvning techimques, relisble criteria
for measuring resistance, identification of stalie s cen of resictance, a know.
ledge of the genetics of iesistance, aml the inaorporaton of genes for pest
resistance into elite agronumic backgronmids,

Resistance Screening Techniguen

An cfficient and relisble screening techninne shouid ensure unidorm and
sufficient Yinseet preswire® ar the mos rusceptible stage of the crop. ‘These
requirements can be achisved either by selociing a location where the pest
neeurtence is adequate and ceguliv, 4 hoteapet” ar by testeg the materiad sader
artificial infestations with laboratory.reared invests. Screening umler paural
conditions requires information on the population dyrames of the eet,
Walt this information the time of sowime can br adgusted so that the suscrpuible
stage of the erop eoincide ., with the peak setviy priod of the msect Hisar,
in northern India s such o hotoapor’ for e spotted stez borer (UL partrilug),
where severe borer infestation occury on sorgham plantet during the firsr fogt.
night of July (Taneja and Leuschner, 17353,

The screening of sighum cultivary o € partellur teumiance nneder artie
ficial infestation has been carcied ont by (= 1rang winects on nanmal {Srngh el 2t
193) aned synthetic diete (Chatterii of a0, Py P e al 12770 Laciminaravaus
and Soto, 1971, Siddediggui and Chaterj, 1977, Seetdeqque ot e, 1927 Shanma andd
Sarup, 1978 Seshu Reddy and  Davies, 19794, Taneja ard Lenschnes (19:45)
have described rearing. fieid infestation and e duntion methods for o paetelin
resistance insopghum,  Screening B e g, penasiames wasker aetiens)
infeaition ie carried oue at GEINIMY 1, Mesron (Mo, 1859, N, ritereny
(Chatterji ot al, 1969), B, fusea (van Renaherg and Wl v preesd, il 1,
saccharalyy (Ditther and Van Goozens, 1970, Miskimen, 1963) have e bern
reared on artificial diet for fickd infestaiim,

Selection Criteria for Resfatance
- Stem borer attack in sorghum canses lrat damage, dead hearts amd stem
tunneling.  All tese symptoms of attack are net naceanarily related to foar in
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grain yield, Brar(1972)reported that leaf injury caused by the spotied stem
borer varies over time because the plant recovers by producing new leaves.
However,Singh and Sajjan(1982) obterved a pasitive relationship between leaf
injury score and grain yicld loss in maize. Stem wnneling is not related to
grain yield reduction in sorghum (Singh elal.,, 1983; Pathak aned Oleln, 1983;
Tanejn and bovachnar, 1909).  Stagh of ol (100) dndicated than dewdhenn
formation is the most stable criterion tv select fur stem borer resistance.
Tancja snd Leuschner (1985) olserved a highly significant and negative
relationship bewween deadhearts and grain yield of sorghum.  Thus the rank
order for damage criteria is deadbeart, leal injury and siem waneling.

Identification of Resistant Sources

A number of sorghum germplasm lines and their derivatives have been
reported to be the resistant to spotted stem borer (C. pariellus) by varions workers
in India and elsewhere (Singh ¢f af., 19GB; Anonymous; 1971; Jotwani et al,
1974; Kundu and Jotwani, 1977; Anonymous, 1978; Jowwani of al., 19i9;
Singh ¢f al. 1900; Dalvi of al., 1983; Singh o al., 1983; Sharma et al., 198];
Tancjs and Leuschner, 1985), Fig. 2 shows the flow chart fur the identification
of sources of resistance fullowed at ICRISAT Cenwre.  Nearly 12000 germplasm
lincs have been tested for C. partellys resistance for more than three seasons,
and 61 lines have been found to be resistant (Table 2), OF these, IS 5470, 15
5604, 1S 8320 and 1S 18573 have been found 1o be stable for resistance over
locations, Twenty eight lines showed <40 per cent borer incidence with mode.
rate levels of stability for resistance as compared to 70 per cent incidence on
sorghum hybrid CSH 1. Thiry six of these lines originated in India, eight in
Nigeria, seven in USA, four in Sudan, two in Uganda and one each in Ethiopia
snd Zimbabwe, Taxonomically, 84 per cent of the resistant lines belong o
durra, 10 per cent durra membraceum, 4 per cent bicolar and 2 per cent guinea bicolor.
In addition, selections from 9000 germplasm lines are under various srages of
testing.

Mechanisms of Resistance

Although, ovipositional nonprelerence, is not a strong resistance mecha-
alsm’ against stem borers, some cultivars have been reported (0 be leas preferred
by the C. partelius moths for egy laying (Rana and Murty, 1971; La) and Pant,
1980a; 8ingh and Rana, 1984). The main mechanisms of resistance to C,
peortellus in sorghuin have been reported to be antibinsis and tolerance (Pant

ol al., 196); -Kalode and Pant, 1967s; Joiwani ¢f al., 1971a; Jotwani, 1976; Pathak '

and Olcla, 1983 Singh and Kana, 12804,

(Juwwani et al., 1970 tal
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Sorghum germplasm lines jdentified as resistant to stem horer at oD
H <l borer anea
ICRISAT Center (Tantjs and Leuschaer, 1985) Pedigren Origin (deadhearts)
i Stem borer Damage 56N Ladlia 3.3
Pedigree Origin (deadhearts) -'32::'—' Ludia 410
1S 1044 India 179 ; " *’. Nigaria )
1082 India 193 o Tnidia M
119 India 424 uat Vianda .4
2122 USA 19.8 toiit VhIA 387
2123 USA 0.6 1230 Zimbabwe kLK1
2146 UISA a6l URLILE Tadia N
2168 USA 50 4 ! :': U nda )
2198 India 438 biis Fudia 4.5
2203 India 40.6 e Tnddia Ay
2263 Sudan 38.1 . India 5.4
2269 USA 18.6 : ;" '"? India 47.%
2291 Sudan 3.7 T Tiedia 36
2309 Sudan 33.8 Vif India "
2312 Sudan 313 1H33) Toelia mi
4273 India 63.9 |83‘:G Lindia 1.7
4546 India 43.9 m{’i"l Fihiopiy .0
4637 India 1.4 18573 Nigeria 24.0
475 India 38.1 taw Nigrria 3.9
4776 India 38,0 16376 Nigeria 10.5
4881 Indin 41.0 N\:n? Nigeria M0
4981 India a3 18330 Nigeia 4.8
5075 India 49.5 Ll Nigeria W5
5253 India 53.4 1S Nigeria FER]
5429 India $1.1 “""l':' Nigrria a9,
3469 India 28.3 1n73 Tlia Y
8470 India 35.5 20043 (nhin PP
5480 India 37.9 S8 U5 UsA 200
5538 India 3.1 ("}%l:l u.s.l. 29y
" Tl
3366 India 329 et ——
5571 India 15.3 1} Mean ol six sephivatod vaals,
3385 India 35.2 cultvars, Dabrewsks aned Kidiavar (19555 hove fonnd thar evipesstaad e

prefesence, vedueed leat freding, bow deadhieane amt sem tunnehing  amd wle
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rance to leaf and stem feeding contribute to resistanee. Marked differences in
the establishment of first Instar larvae among resistant and susceptible cultivars
have been reported by Chapman et al. (1983) and Bernays ot al. (1983). Surface
waxes on the leaf and stem probably affect the movement of first instar larvac,
snd some wax components act as feeding deterrents (Woodhead, 1963).  Low
sugar content (Swarup and Chaugale, 1962), amino acids, total sugars, tanunins,
total phenols, neutral detergent fibre (NDF), acid detergent fibre (ADF), lignins
(Khurana and Verma, 1982; 1983); and high silica content (Narwal, 1973) have
also been reported to be associated with C partelins resistance in surghum,

Genetics of Resistance

Rana and Murty (1971) reported that resistance to stem borer is poly-
genically inherited. ‘They found that resistance to primary diunage (leaf feed.
ing) was governed by additive, and additive x adiitive typr ul groe acton
while adiditive wad non-ndditive typa geus nerion were impeatant o arcounbngy
damage (stem twnneling).  Pathak and  Olela (1983) reporied that 1esistance o
C. partellus for primary Jdamage i.e. deadhearis’ was governed by both addi-
tive and non‘additive type of gene actions while resistance for seconday
damage i.e. stem tunneling was governed predominatly by additive gene action.
It was also noted that the inheritance pautern of prumary and secondary damage
was different.  Haji (1984) found that resistance o C. parlellut way polygeni-
cally governed. The epistatic gene alfects were more pronounced under
artificial infestation. He also noticed that under natural infestation, resistance
was controlled by additive and dominant major gene alfects. Cy toplasmic influcnces
were present, which may play an important role in the inheritance of stemn
borer resistance.

Breeding for Resistance

The quantitative nature of the inheritance of jesistance to stem horers
makes the breeding task dillicult because bath resistance and yiclds are quanti-
tatively controlled trails. Both pedigree and population breeding methods have
been used to incorporate resistance into good agronomic backgrounds. Pedigree
breeding has been used at ICRISAT Cente as a short term approach, The use
of broad based, saudom mating pest resistant populations is a long term app-
roach fur breeding sorghuing resintant 10 stem borers (Agarwal and Hoase 1982),

Starks and Doyget (1970) described the brerding methmlology to incor-
porate resistance to stem borer in sorghum.  They concluded that an effective
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methad of developing cultivars possessing resistanca to €, partelivs shoubd jnvalve
population breeding. Al plants in a compuosite population or the 31 lines fiom
a composite population shoubid be infested with egg masses 20 days after plant
emeryence. The crop should then be evaluated for yreld using recureent salec.
tion, - ACTCGRIS VT Center a shusot pese {shont fly and stem borer) popslation is
beimg developed using s 3 and e 7 male sterility genes {Agarwal and Touse,
B Agaewal and Abraluage, 1999, Ounee thos ,wpulmi«;u w o improved  for
characters hke haghe, matanty, v quaiiey and tesstence, $2 teating will be
wed. Major seieation pressaes iy placed on resistanes W shoor peyts (deadhe-
arts) g0 that only wwlaneacged plants are lsanced 1o the next generatinn,

There are three hasic unitt in pest ressstanae beesding approach (Agarwal
and Flouse, 19825, Unit 1 invoives the snengthenin: of satirce material, unit 2
the developiment of agromemie e chige Fones, aned anicd the crossing of materaa)
u.(o'ultli- o vt bt ot bavwron g srrenl ie advaneed woely eon-
tnvous testing  (selecting undmmanved ploe uiing diTerent devels of inser
pressure, Jotwani ef al. (1974) bied twn o farte iy yesiatant varetees 10302 and
E 303 by incorporating resistance froun o b al raltivse BP 25 Several varie
ties have been identified with highv bevele of reciatance o G pacteline (Anony
mous, 1978, Singh ez al,, 1980, Widear, 1858 by, Singh of al, (183 enneclude
that inspite of the low heritabile natare of stem boser resitance (leaf feeding and
stemn wnneling), it is posable to develop odtevars with stable resistagee by
continuous selection unde; high e

o advanced genesatinns of agen

nomically improved progemies of sneeastiis duah e lding) resictane rreses
Host-Plant Resistance in Integrated Peat Managemnsent

Integrated  prat management invaives a o variety of pea cappressien
measures that suppress pest dencee enl damaes and favours cvap productioe
Theire are several wavs by whoeh Boveplait ceastanes can be wee i an anteay
ted pest management progeanuns, Bde div repatantoaliivars should provide cor
plete and pamanent control.  Thavever, Tieh devele of revistaner have ne
been transferred an hugh yieldin g caltvire Also high sesitane s inav reand
in the development of inseet Bote por svhin hosail e able tointra the previnned
resistant cultivars, Uiy host plant ceaist i e e Be aeed A a0 vomponent o
integrated pest manaement i yomdunateom sith oher cont b e e ane
as cultural, biological and chemiai vietliods,
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Resistant Cultivars and Economic Thresholds

Economic threshold level (ETL) is the pest density at which control
measures should be used to prevent the increasing pest density from reaching
the level that causes cconomic damage. An insect resistant cultivar may lower
pest density or raise the ETL depending on the type of resistance.  Antibiosis
and non-preference result in lowering the pest density, whereas tolerance type
of resistance raises the ETL (Teetes, 1982), In the case of stem borers infesting
sorghum, antibiosis and tolerance, the main resistance mechanisms, Jowrr the
pest density as well as raise the ETL (Fig. 3).

Modified ET (Tolerence)

r---‘~-.--.---_- - — - SN Oy - - - .- - — o ——

Economic mreshoi_d levt“ (€r)

P FAR
Genera) Lqui) ibrium Position (h10)

Fopulatisn denshy —

3 ) I
Modified GIP (AntiDioatis A Non Frefarence) 4
- - . ——— - 0 ) —— — - A - b bl -
\ ! \ \
\ T \ / *
J \ ] \\
S Y F; ~

Tine ——mm—y

Plguze 3. Schematic fllystration of the fluctuation of theorntical 1nyect populatinn
in ralaZfon to genersl equilibrium position, ecunomic threshold and
resistant cyltivars

Antibioris to C. partellus, as cxpressed by the high mortality in larval
stages (Jotwani efol, 1978; Lal and Pamt, 1980b), may reduce the bn.ncr
demsity by inducing a constant level of suppression on cach pest generation
(Table 3). It will reduce the rate of population inciease and vetard .pop.u'.u-mn
growth. Therefore, ETL is not reachied or is reached at a lmf:r ;mun‘ in time
depending on the level of resintance (Fig. 4). I a large area is |'.u:(:\||ued h‘y a
resistant cultivar, the reduction in pest density will be cumulative over ime
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Tante 3

Theoretical rate of jncrease of C. partelius population on a suscepilible
and two resistant cultivars that reduee population size by 257, and 50°
respectively, in rach generation. Assume fivefold rate of increane

per geaeration (Adapted from Kaipling, 1964)

Number of inercry hectare

Generation CSugeeputle T Resicant T Ressian:

culuvar cultivar-1 cultivar-

First year

parent (L] iy b
Fl i 135 i
12 < Hm I 4o ©25
¥ 12 5w 1w
F G2 Htny I 2% T hw.

Assume all insects enter dinpanse at the end  of first ye.s of whick
LLXd N
only 5% survive

- — o — —

Second yem

parcnot 3 1M asd 195
Fi 15 620 3 o i
I 812, idosar LA )
LK) 3m s AR B Loy
L U w3y s 1o B T

e ver . ——

(Table 3),  Leugthenmyg of the laval prveeed on resictant cnltivase o aldee
been reported (Anouviaons, 1978), which amphies that the nastes wl grues .
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Figure 4. Theuratical ropulaticn tramia of a hypottatical
\ngact poruiation on. suscsptible varienty, resistant variety !,
and 2, and iise influeuce Lo relatioo to time.

tions per senson or year is reduced (Table 4). [ncorporation of 1esistance nnt

only increases the ETL but also delays the time when that level is reached

(Teetes 1982).
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‘Tanir 4

Theoretical rate of increane of C. Partellus population on a suscrptibis
and two resistant cultivars that reduce ane generation with same and
50", reduction in population size per generation, reapectively,
Assume fivefold rate of increase per generation,

(Adapted from Knipling, 1961)

Nuriber of 1nsccry hectare-
Generation Su:u:p::l;lc Resistant Rcm;a-s:
culuivar cultivas.| cultivar
First year
Parent 1 100 100
Fl i) 500 20
F2 2 PRI 02%
F3 12 5 12 300 }ow?
F¢ 62 S - -

Assume  all inercte enter diapanse At the end of  first year of whicl
only 5% survive

Second year

Parent 3 12 W% H
Kt R A b I et 195
12 P P 17 6% 975
I3 300 6.5 U P 4 075
Kt 195y 1 - -
End of Second
year I o953 1 P 4 075

Resistant Cultivare and Cultural Couteol

The following apronomie gpravtices have some peential in reducing th
stemn borers population in sorghun @ destmetion of crop reyidues and alternat
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hosts (Duerden, 1953; Atkins, 1957; Ingram, 1958; Bowden, 1976; Girling,
1978); tillage and mulching (Du Plessis and Lea, 1943; Kaufmanu, 1983); time
of planting (Swaine, 1957; National Academy of Sciences, 1969; Bowden, 1976);
multiple and intensive cropping {Bytinski-Salz, 1965); intercropping (Kaufmann,
1983; Ogwaro, 1983); fertilizer use (Singh and Shekhawar, 1964; Kalode and
Pant, 1967b; Singh and Singh, 1969; Singh, «f al., 1963; Starks ¢t al., 1971), and
irrigation (Chowdry and Shanua, 1900). These practices can be used alouy
with growing resistant cultivars, which will further reduce the population
buildup of the pest.

Resistant Cultlvars and Rinlogleal Control

Scope [ur bivlugical cuntrol in surghum appears to be litnted becavse
of the nou-continuity of the crop.  Growing of resistant cultivars may increase
the effcctiveness of natural encinies. Resistant cultivars help in the elficieny
of bio-control agents by lengthening the larval period of stem borers (Anony-.
mous, 1978) and by exposing the young larvac outside the feeding sites fur a
longer period (Chapman ef al., 1983). This will provide more time for the
natural encmies to find their prey.

A number of predators and parasites avacking soghum stem hure:s
have been reported.  Trichogramma chilonis Ishii is the only cgg parasite {Anony-
mous, 1981), while a large number of larval and pupal parasites and predators
have been recorded on C. parfellus ( Joiwani and Verma, 1969; Anonymous,
197); Jowwani « al,, 1972; Sandhu, 1977; Seshu Reddy and Davies, 1979a;

Anonymous, 1981).
Resistant Cultivars and Chemical Control

Effectivencss of chemical control increases when used in combination
with resistant cultivars provided need based application is practiced.  Elfwctive-
ness of chemical control in conjuction with growing tesistant cultivars increases
becausa of the folluwing reasons : slower growth and lengtheuing of the larval
period on resistant cultivars (Anonymous, 1970) increases the chances of hover
larvac to come in contact with the chemical; more dispersal of carly instar
jarvae on resistant cultivars (Chapman «f al,, 1983) make thentinore vulnerable

" 0 chemical contact; by raising the economic *threshold level and by reduciong
the frequency of application,  Kishore (1984a) reported no net monetory
benefit with even two insceticide applications in 12 stem borer resistant lines

while insccticide applicd to & susceptible ybrid CSH 1 increased the grain
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yu:.ld substantially,  Similuly, Kidwre amd Govil (1282) vecommended wo
resistant cu‘luv.m P37 and P IS for genaial coluvation withewt insecticile
control against stem borey,
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