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Sorghum is onc of the mostimportant cercal crops i Asie Mocoand T Amencr Tos damcd by

ISOmscat speaies of which sorghum shoot v ( Vihcrigona soccata Rond ) stem boras (Chalo paree s

Scvarna sppod Diatraca saccharalin Wik )

Spodoptcra cxempia Wik and S fragporda 11 Soath) aphads

(Mclanuphis sacchare Zchne Sche aphus gramnum Rond  md Rhopalosiphion madis Vitch ) nites
(Oligonychus spp ) wudge (Contunna sorchicola Cog ) had buns (Calocorns anqustates 1 cth
Furvsovlus immacudanes Odh and Ocbalus spp ) ind had caapilbus (cicovarpa armgera Hb

Fublcmma spp Pyvroderces somplee Wam  Covproblabes spp o and Nola spp ) uce the mgor posts

world wide  Constdernible prowress s boen moade i sarcaommg, ind brecdimg tor reast mee 1o shoot
stem borers preenbue mudec wnnvworms ind hoad bugs Rasstince to mogor pasts s nuhiblc i

diverse genotypes Teis possible to combind TESIStInGe 1o two or Morc Inscet SPeaes 1 some Cases (o g

ind arnvworms mdec ind aphids ind hoad bues nd haad

catarplirs) Flowevar atmay boe quite dithicult to combing resistance to some imsaet speaaes (¢ g shoot

thy varsus nudee ind/or head bugs) Host phant resistince ¢ be used tor the maneement of sorghum

midge  greenbug mtes aphids ind head catarprlbus However host phint resistinee nead 1o be
supplein nted with othar methods of past control tor shoot thy stem borars ammyworms ind hoad buges

Abstract
Swin Busscola frusca Yaller T ldana saccharima Wik
wmyworms (M ihmmna separata Wik
shoot 1y and stem borar stam borcr
Keywords  Sorghum Sorghum bic olor pest management host plant rest tince
Introduction

Sorghum  Sor¢hum bicolor (1) Mocnch  onc of the
mostimportantccreals i the semi-arid tropies provides
food fced and forage howevar gram viclds on peasant
farms arc gencrally Tow  owing partly o mscet pest
damage (Doggett TO88) Nearly 150 species of inscats
have boen rccordad as pests of sorghum (Reddy and
Davics 1979 Jotwam Young and Toctes 1980)  the
damage  economic importance and  distnbution of
most important pests are hsted in Table 1 Avordabl
vield Tosses have boen cstimated avncarly 329 m India
(Botad and Mittal 1983) 9% 10 USA (Wiseman and
Morrnison  1981) and ncarly 20° - Atnca Central
Amernica and Moxico  The financral Toss s nearly A$S0
X 10" duc to midge alonc - Austraha (ICRISA|
1985) and Rs 100 X 10° duc 1o panicte-feedimg msects
i India (1 cuschner and Sharma  1953)
Recommendations for integrated pest management
(IPM) 1n sorghum nvolve cultural practices natural
enemics  host plant 1esistance and inscctiades In
ramfed agniculture  the sowimmg  date  cannot be
manipulated to avord pest damage  so sowing pest
resistant cultivars 1s espeatally uscful under subsistence
farming conditions of the semi-and tropics (Davics
1981) Untortunately ncwly developed cultivars often
farl the challenge of heterogencous pest populations
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nd arc rgected by tumars Produdts ot crop mmprove
ment programmes must be vible under oxisting hicld
condiions and have the potential tor marcsed viclds
host plnt
resistance assumes - central 1ole an the corts 1o

with improvad anputs  In s contot

mcrcase the production and productivity of sorghums
Inscctresist it cultvars should  wicddd more than
suscepuible cultiv nsan the prosence of pests aind yicdd
at lcast as much as the susceptible coltiv s in the
absance of post attack Hlowever thare may be o few
axneeptions where the pest problams arc ovawhenung
(Doggctt Starks and Tharhart 1970)  low viclding
mscet resistant vanctics mauy boaceepted by the
farmers  Past management i sorghunmt has been
discussed cathier by Jotwani o2 al (1950) Gahukar and
Jotwan (1980) Tcctes (1979 1980 1955) T cuschnar
Fancpa and Sharma (1985) and Sharma (1955 1) i this
paper the latest mformation on host-plant resistance to
inscets mosorghum s reviewad to formulate 1strtegy
tor the use of resistant cultivars montegrated pest
management in diffcrent agroccosystoms

Host-plant resistance to insects
Shoot fly (Atherigona soccata Rond )

Studics i the Al India Coordmated  Sorghum
Improvement Project (ATCSIP) at ICRISAT and in
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12 Plant resistance in IPM in sorghum H C Sharma

Table 1

Important arthropod pests of sorghum<

AN
Common Scientific Naturce of South
name name damage South Fast
White grubs o Holotrichia spp - Feed on roots tab *ab
b Anomala spp
o Phnvllophaga
crinita (Burm )
Wireworms Feed on * *
germinating
s seeds and
secdlings
Shoot fly Atherngona Feeds on v e
soccatu Rond growing point
and produces a
deadheart
Stem borers o Chio partellis 1 arvae feed on ***ac
Swin leaves, produce a
b Busseola fusca deadheart and
Fuller tunncl into the
« I'ldana stem
saccharina Wik
d Dwatraca spp
¢ Sesamia spp
Corn leat Rhopalosiphum — Sucks sap from ‘ '
aphid matdns Trich whorl leaves and
Paricic
Sugarcane Mclanaphis Sucks sap from 77 v
aphid sacchart Zehnt lowcr leaves
Green bug Schizapluy Sucks sap from '
grarunum Rond lower leaves
Armyworms  a Mythumna Farvae feedon *ta ta
separata Wik on leaves
b Spodoptera
exempta Walk
¢ Spodoptera
frugiperdu J 1
Smith
Grasshoppers  a Oedaleus Feed onleaves  *hede b
and locusts senegalensis and sometimes
Krauss on gram
b Hierogh phus
spp
¢ Colemania
sphenariowdes
Bat
d Schistocerca
gregaria Vorsk
¢ T ocusta
nugratorta |
t L. mugratora
nugratoriotdes
R &F
Mites a Oligonychus Sucks sap from  ‘a ‘a4
tndicus Hirst leaves
b O pratensis Sucks sap from
Banks leaves
* *

Shoot bug

Spittle bug

Peregrinus
mardis Ashm

Poophilus
costaltsy Walk

Sucks sap from
leaves

Sucks sap from
leaves
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Table 1 (continued)
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Post stituy/

Asta Aftica America Austraha
North
Common Saentific Nature of South nd
name name damage South Fast Wt West bast South Central - South
Sorghum Contarina Lanvac feed on o % * 't v *t v v o e
midge sorghicola Coq doveloping gram
Head bugs a Calocory Suchs sap from ***ade *do ***hede *ude *od A °f
augustais Leth  dovddoping grain
b Furvstvlus
»ammacudaties Odh
o Tavlorihyguy
vossclert Popp
d Camprlomma
pp
¢ Agonoscelts spp
{ Oebalus spp
Bectles a Psalvdolvita spp Teed on *abed *tabade *tabade *ud
b Cyvhindrothoray - inflorescenc
\pp
« Mylabris spp
d Pachnoda spp
« Rlumyptia spp
Hcad a Helicoverpa Larvac feed on o fabaddt *a ‘a **abadc fac tac *thet *abet *ab
caterpatlars arnugera Hb doveloping gramn

=7

Cryptoblabs
spp

I ublemma spp
Pyrodcrees
stmplex: Wsm
Cclama spp
Nola spp

r o

S This hist of mayor inscet pasts of sorghum thar ichitive import e and distiibution s bascd on Raddy and D avies (1979) Gohakoa ind Jotwam (1980) Toaies
(1979 1980) Sharma (19851) Shuma ind Davics (1988) Toctes cral (1983) nd TCRISAT (1988) 1 st present and damage occsionally sciions ** jow o

modcrate fovads of dimage over scsons ocosion sty scrous ***

West, T astern and Southern Africa (Lable 2y (Simgh et
al . 1968, Starks, Fbherthart and  Doggett, 1970,
Pradhan 1971 Jotwani, 1978 lancja and | cuschner,
19854, Singh and Rana, 1986) have shown that most
sources of resistance to shoot fly ongmate from the
post-tamy scason sorghums grown i India under
stored soil mowsture Cultivars M 31-1 (IS 1054) 1S
2123015 2146 1S 4004, 19 2205 1S 5604 and 1S 18551
have been widely tested, and possess moderate fevels of
resistance Some of the improved hines such as 1CSV
700, 1CSV 705 and 1CSV 717 developed at ICRISA |
have a yield potential better than the  landraces
(Agrawal and Abraham. 1985)

Non-preference for oviposition 18 considered as a
primary mechanism for shoot fly resistance i sorghum
by Kuishnananda, Jayaray and Subramanian (1970),
Pradhan (1971), Soto (1974). Sharma ¢r al (1977),
Singh and Naravana (1978), Singh and Jotwam (1980a)
Sharma and Rana (1983), Rama e al (1984) and
Unmithan and Reddy (1985), but under no-choie
conditions the tesistant and susceptible varieties are
cqually damaged (Soto, 1974, Lancja and | cuschner,
1985qa)  Under glasshouse conditions, none ot the
varicties are highly resistant (Jotwant and Srivastavd,
1970), and non-preference 1s substantially reduced with

serious damoage

a Iigh shoot iy density (Singh and Jotwam 19804)
Antibiosis to shoot tly has been reported by Jotwam
and Stivastava (1970)  Blum (1972) and Soto (1974)
Survival and dovddopment ware advarsdly affected
when shoot thes ware raarcd on resistant varieties
(Naravana, 1975h  Ramna ¢f al 1951 Unmithan and
Reddy  1985) compared with susceptible genotypes
(Smgh and Natayana 1978) Growth and development
were tetardad and the Tarval and pupal periods were
extended by & 1S days on resistant vanieties (Smgh and

Totwant  1980b)  Survival and fccundity were also
batter on highly - suseeptible vaneties (Smgh - and
Naravana  1978)  After the mam shoot s killed by

shoot fly  some sorghum cultivars can produce side
tllers that can produce a reasonable vield if the plant s
not subsequently attacked (Blum, 1972, Doggett,
1972)  Survival of ullers and  thenr  development
depends upon primary resistance (Sharma et al  1977)

Some characters of sorghum seedhings are assouated
with shoot fly resistance The wild species of sorghum
that are immunce to shoot fly have o high tnchome
density on the tower surface of the Ieaves (Bapat and
Mote. 1982b)  Although the direct influence  of
tnichomes on behaviour of the shoot fly needs to be
established., the importance of tnichomes on the under-

CROP PROTECTION Vol 12 February 1993
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Table 2 Sources of resistance to sorghum shoot fly Atherigona socc ita

Genotype(s)

Remirks

Retaronce

IS 5S66 18 3285 1S 5623 and 1S 613

IS 4822 1S 5210 1S 1061 and 18 1033

IS 105 (M 35 1)

IS 2123 18 M470 and 1S 1084

Soaner '

IS 1054 15 2209 1S 2123 and 1S Se04

Thalawar ind Vallibhnagar
M 31 2B MAL B ind X\/M 2B
1S 1053 1S 5469 and 1S 5490

PI 3k PJ 20K
19K ind PJ 21K

P4k PJ ok PI 3K PJ

PJ 4R X Shcnoli 425 ND 1S X Tuproved
Soaner 10 M3S T X PJ4R 22 M35 | x Pl
AR 2S5 imd M 3S 1 ITmproved Soaner 1Y

Sorghum purpureo scriccum and S
versicolor

M 35 1 and BP 53 (IS 10595)

IS 2146 1S 1664 1S 5469 and 1S 5490

1S 1054 1S 5309 and 1S S490

1S 2123 15 5604 1S 5490 and 1S 8315

1S 4663 15 1776 1S 5333 IS 8315 and PC 9

Improved Soaner GM 23 1 and 1S 3922

1S Nos 923
1104 2122
2269 2291
4646 4663
SR80 5484
5636 5648
18551

1034
2123 2146
2309 2312

1057 1071 1082 1096
2195 2309 2265
2394 3962 4224
4664 5072 5210 S469 5470
SSIT 5538 S566 5604 56013

18366 18368 18369 18471 nd

365A% 367A1 and 36684
1S 5642 15 5490 1S 5469 and 1S 4664

1S 2146 15 3962 and 1S S613
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T ow oviposition

Resistainee attnbutad to oviposition non preforence
nd natural mortahity

Low susceptibnhiny

Non pratorence was emgor mochinism ot resist
e Farval survival and sdult emereence dittered
on ditferent vanctics

Also Jess susceptible o stem borer

OVIPOSTNON W s L1 ater on susceptible vanctices
Susceptible v ncties wore also sutable tor baval
growth Fhes raared on the suscepuble vancnes had
the grotest tecundity

< 10 dadhoarts

Resistint
Highly stablc

Resistint

Doy itives of thase crosses wore batter than thon
resistant parents

Immunc to shoot tly

Hiter devclopment depends on primary resistinee

Resistance due to non prefarence s guomtitative aind
governed by the additive penes

Non preterence was reduced undar situitions ot
heavy infestaition suseeptible hybnd CSH 1 had
gredatar amounts of sugars monstune ind
chlorophyll | arval and pupal panods were 8 15
days Tonger on the resistant hines survival and
fccundity ware adversely adteated and long aind
narrow leaves Caster scedhing growth ind hardness
of ot shoath were assocnited with rcsaistine

Resistinee controlled by additive ind non additive
gene cffects Hlentability was 23-25 0 Biparental
mating s suggestad for tecovery resistine
Fstimates of genctic guns are low Under low
mfestation the hantability cstimiates were higher

Amino aad content s groater in resistant hines
Susceptibihity to shoot tly s positivedy corred ated
with P and negatively with totd phenols

Highly rcsistant

Irichomed and glossy (cxeept 1S 103315 1057 1S
4224 1S 5072 ind 1S SS1T) IS 1053 1S 1071 1S
2394 1S S484 and 1S 18364 were most stable 1S

2123 1S 2195 1S 1664 and 1S 18951 showed low
damge and modcrat stabihty

Resistant
[ ow ovipasition

Non preference for oviposition

KNishnanand v er ol (1970)

Totw mn and Sevastan (1) iy

Rao Sincdi imd Sty walu (107

Soto (1971

Ghode (1971)

Smch nd Navawvana (197y)

Kundu aind Sharmoa (197y)
I akshmunar oy ind Subbay Rao (1078)
Sigh ot al (197%)

Mote Shirole aind Bapat (1981

Bapat aind Motc (19870)

Bapat ind Motc (1957b) aind Motc (1983

Kundu  Kishorc aind Jotw i (1977)

Shumucral (1977)

Singh ind Totwane (1980 b oc )

Bonkar and Chopde (1980 T9K1 19K2)
ind Borik u Chndurw e ind Chopdc
(19K21 )

Khurimand Vam (1982 1983 19KS)
Salunkhe cral (1982)

Fangyr ind T euschner (19851)

Motce  Kadam and Bapat (1983)
Shirma and Rana (1983)

Raina «t al (1984)
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Genotvpe(s)

Remarks

Reteranee

PS2HI7T PS 21217 PS 2EUS PS HIoOR
PS 1103 and PS HHN

1S ~4u0

CSV 0 SPY S SPY 13
C(SH R |

SPV 29 SPy 70
03 and 1S S490

»
SPH 196 and SPH 228
1S 210 1S 4061 1S 5100 and 1S ~N90

1S 2122
1S S0

IS 2123 18 2705 18 229)
IS SN0 and IS 18y

1S 1660

P01 208 and 1303

IS TOS2 1S 2146
1S 4616185 Jool
1S 51700 1S 5490
and 18 ~633

IS 1663
IS N2
1S So

1S 2312 18 3962
1S 1006 1S 4712
1S 5604 18 S0l3

SGS9 3 SE o0 and SE L

1S S601 1S S0 and 18 Yo

IS 1456 1S 70048 and 1S 12611

RSV SR and RSV YR

1S 5400 and M 35 |

1S 4660
1S 2162

1S 2123 18 2200
IS 18551

1S 23 1S "o
1S 230 Fand 1S S

IS 105 IS INSST OIS 21238 and 1S S409

PC 6 Ponca VY2
2703 and W3

Vi by

IS ISSST IS 2205 1S 1054 1S 3962 S W IS
5469 SPV 102 1S 5019 1S 18577 and 18 8320

P24 T 303 370 X 3060A 306A X 1481
Khedi 2240, €S 3541 1 302 and IS 1199

surtace of Teaves has been reported by several worketrs
(Blum, 1968, Maii and Budinger, 1979, Mati et al .
1980; Laneja and I cuschner. 19854) Most of the hines
tesistant o shoot fly alvo extubit the glossy  leat
character during the seedling stage (Blum. 1972, Mt
and Bidinger, 1979, lancja and Leuschner, 19854,
Omon, Agrawal and House. 1988) Glossy leaves may
possibly affect the quality of hght retlected from leaves
and influence the orentation of shoot fhes towards
their host plants. Glossy leaves may also influence the

RBiccding ines dovddopad at TCRIS AT Tnchomes
and zlossiness arc assocnited with tosistance: Simplhy
mhoritad recosive trants Rosstance controlled by
additine and non addinn e gones
Tt had eraatcr Stcontent (1997 ) than CK 60B
(rhe™ )

Tmprovad vancues with siemticantly fow suscept
il i carly and Late sowanges

Showcd rood rccovany teastinee
One siale reeessive ene sovamed non protoronc
o ovipostion and two duplicate recessive vones

roreined the resstance to doadhe it formation

Non pratorence and antibrosis e the mochanisims
of resistance 1S 22910 showad cvidence ot antibiosis

30, deadha s comparcd with ST m CSHE

Rapid wrowth tallness
ledves ware

md narron vollow green
ssoctitcd waith resistingeg

I Cast susce pllhl\

Showad poad pencral combimmy bty Inhornit
ance wos additne and additne Xoadditive gene
whon

Swoct stalk sorghums with Toss susceptibility to
shoot th

Showcd orcater resstanc than tho parents M3~ |
and SP\ S0

They had the fowest chlorophyll content and werg
MOSt Tesistant

Showad 200 daadhaans Tnchome donsity

mamhy contribatad tow ards gonctic divarpaoncd tor
shoot thy rcastance tollowcd by glosamess 1S 84
and IS 10N formad separate dustars over the vears

Rosistance was govarned by addiive gone ctteds
Showed pood tolcrance

Showed 20 4070 deadhearts compared with 877
deadhcarts i CSV 1 Those hings arc also resistant

to stem borer

Showad
CSH

200 deadheants compared with 758

growing up

Nerawal and Abraham (198y)

Bothe and Pokhrkar (198y)
Kishorg

Rana and Agarwal (198y)

Mote Kadam and Bapa (195

Sharma ind R (19sy)

U nmithan and Roddy (1usy)

Kishore (1950)

NMote oz al (1950)

Sandhu Dhahwal and Sidha (1986)

Nimbalkar and Bapat (1987)

Ladhayv Mot and Bapat (1988)
Mot and Bapat (19sy)

Matc cral (198%)

Omorn o al (1958)

Singh and N enmo (19%8a)

Shivankar Ranm and Gupta (19589)

Patch Sukhane md Srivastava (1989) and
Patch and Sukh e (1990h)

Dalvi Dalava and Khanvilkar

host selection by means of chemicals present in the
suttace waxes and/or leaves Rapid growth of seedlings
mav retard the fust-instar Larvae from reaching the
In contrast, slow growth due to poor
seedhng vigour, low ferulity or environmental stress
increases shoot tly madence (Taneja and | euschner,
19854, Patel and Sukhanic 19904)  Shoot fly-resistant
lines have rapid plant growth (Mote, Kadam  and
Bapat. 1986). greater scedhng height and hardness
(Stngh and Jotwani, 1980d), and have longer stems and
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16 Plant resistance in IPM in sorghum H C Sharma

internodes. and short peduncles (Patel and Sukham.
1990a)  Cultvars with a high transpiranon rate are
preterred  for ovipositon (Mate. Phadanwis - and
Mchetre, TUSS) Surtace wetness ot the central shoot
feat vanes between resistant and susceptible geno-
tvpes (Nwanze, Reddy and Soman, 1990) Rama et af
(1981) reported that leat mowsture s important tor the
movement of the larva o the growmg pomt and
deadheart formation Several biochemical studies on
selected genotypes have shown imteresting ditferences
between suseeptible and resistant genotypes. but then
1ole - shoot Hv resistance s not dear Ponnana
(1951). Blum (1968) and Bothe and Pokharkar (1985)
repotted the appearance of sihica bodies mresistant
vatieties trom the tour-leat stage. and from the siv-leat
stage m the susceptible ones They suggested that the
relatively late appearance of these sthea bodies i the
suseeptible vaneties mahkes them prone to shoot
attack over a longer pertod Sinlatly. the percentage
of nitrogen, reduang sugars, total sugars, moisure and
chlorophyll content ot Teaves was higher i susceeptible
than i resistant cultivars (Sigh and Jotwanr, 1980
Mate eral 1988, Patel and Sukhant, 19904) 1 vaine s
present e the leat sheath ol susceptible cultivars but
was absent i thiee resistant cultivars tested (Sigh and
Jotwant, 1980¢) Shoot flv-resistant himes also contamed
mote ammo acids, phosphorus and ol phenols
(Khurana and Verma, 1982, 1983)

Resistanee to A soccata s imhented quantitatively,
and s predomimmantly  controlled by addiive gone
action (Rao ¢ al , 1974, Balakotaiah et al , 1975,
Rana eral | 1975, Shatma er al 1977, Rana, Totwam
and Rao, 1981, Borhar and Chopde, 1981, Biadar and
Borthar. 1985, Nimbalkar and Bapat 1987, Singh and
Verma, 1988a). whereas Agrawal and Abraham (1985)
reported predominantly non-additive resistance genes
Hentability has been estimated as 50% and 82" for
Fyoand s ogencrations, respectively (Sharma e al
1977) In F, hybnids shoot thy resistance mareased over
the mid-parental value under low shoot (v miestation,
but the reverse was true under high shoot v imfestation
(Sharma and Rana. 1983) T stimates ol genetic co-
cthcients ot vanability, hertabihity and gentic advance
were better when shoot fiyv infestaton was optinized
(Bothar. Chandurwar and Chopde, 1982b)  Hyvbid
behaviour was also mdicared well by parental pertorm-
ance (Sharma ¢ al . 1977)

Stem borers (Chilo partellus Swin. and Busseola
fusca (Fuller)

Resistance to stem borers has been studied m India
(Pradhan, 1971, lotwant et al . 1978b, 1979, Singh et
al., 1983; Singh and Rana, 1984, 1989, Srivastava,
1985; lancja and I euschner, 1985h, Agrawal and
Lancja, 1989), Kenya (Alghali, 1985, Reddy, 1985),
Braszil (L ara et al ., 1979). and mn southern Africa
(Leuschner, 1989) (Table 3) 1S 1055 (BP 53), 1S 1044,
IS 2123, 1S 2195, 1S 2205, IS 2146, 1S 5469 and IS 18551

show moderate Tevels ot resistance to spotted stem
borer Genotvpre resistance s poothy expressed undar
conditions ot low tertithty . drought and untavourable
weather  The stage ob intestation s most cnitical for
expression ol resistance, as a progressive delay n
intestation reduces the production ot deadheants
(Lancepa and Teuschner 1985h) TCSN 705, SPy 138
CSY S RUSPN TO4 SPY 238 and SPY S8 e improved
genotypes with moderate levels of resistance to spotted
stem borer and with a better vield potential than the
onginal soutces of resistance

Ovipositonal non preference by moths has been
reported mosaveral genotvpes (Fal and Pant 1980
Dabrowskr and Kidiavar 1983 Singh and Rana 1989)
Moths did not preter to oviposit on 18 2309 18 5538 1S
ISSSTOAS ISS73 00 18 18SSO under natural intestation
(Lancya and Woodhead 1989)  The mamn mechanism
of stem borer resistance e sorghum s antibosis
(Jotwanmi, 1978 Pathak and Olcla, 1983 Singh and
Rana  1984) with hieh mortality i the carly larval
stages (Jotwant, 1978 Jotwam, Chaudhane and Singh,
1978a) and poor survival of larvae (1 al and Pant 1980)
noresstant genotypes Pupal development s also
atfected adversahy and fecundity as reduced (Tal and
Sukhant, 19820 Alghal and Saxena, TOSS, Singh and
Verma, T98Sh. Fancja and Woodhead. 1989) In some
selections with severe leal mpury and stem tunnchng,
viclds were not reduccd very much by spotted stem
borer mtestation (lotwani eral 19784y Slar results
have been reported by Dabrowske and Kidavar (1983)
and Alghali (1987) in Kenva

Plant height  tassel percentage, stem thickness,
number of feaves, [aat Tength, leal width deal thickness
and leal steneth were negatively conrclated  wath
deadheart formation according to Khurana and Verma
(1985)  Genotypes with carly pamcde imtiation (1S
12308 and 1S 13100) escape deadheart formation owing
to the mability of the Larvac to reach the growig pomnt
Faster imternode clongation also reduces the chancees of
the Tarva damagimg the growing pomt (Lancja and
Woodhead, 1989)
have a nartow angle between the leat and the stem
(Woodhcead and Faneja, 1987), and the lower leaves of
sorghum are detached from the culm m some resistant
genotypes  The eprcuticular wax and hgular hans also
act as a trap tor the young larvac, thus reduang then
success inchimbimg, and rate of estabhishment (Bernays,
Chapman and Woodhead, 1983, Chapman, Woodhead
and Bernays, 1983) T arvae cimbed almost twice as
fast on stems of 1S HST from which the wax had been
temoved, compared with stems betore removal of way
(Bernavs e al . 1983) Other factors associated with
stem borer resistance i sorghum incdlude fow sugat
content (Swarup and Chaugale. 1962), and greater
amounts of ammo aads, tannis, total phenols, neutral
detergent hbre (NDE). aad detergent fibre (ADP),
lignins (Khurana and Verma, 1982, 1983) and sthea
(Narwal, 1973)

Stem borer resistance 18 inhernited  quantitatively
(Rana and Murty, 1971, Pathak and Olela, 1983) but

The resistant penotypes tend to
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Table 3 Sources of resistance to stem borers (Chilo Busseola and Diatr 1e4d)

Genotype(s)

Chuly Busseola
Line 477

P30 (BP S X Katir By ind T 303 (BP S3 X
IS sy
P30 F 303 P37 NCL 3 and P ISt

IS 5679

DU 19 DUSS DU YMS DU WP U s L
373 L s and U 376

D168 D172 D259 D 3ISK D37 wmd D
6

307 D303 D I md 1S 4308

I S0t F SO 1 S03 1 S04 1 600 L 602}
603 and T 604

I 302 and | 303

P 302 1 303 IS 1O IS HIST IS 060 IS

4660 1S 17739 1S 18378 1S 18349 1 18179
ind 1S 18849

1S Nos 1044 1082 1119 2122 2123 (16
2168 2169 2291 2309 2312 2375 2376
1273 1546 1637 1576 1157 4776 1881
4981 SO75 5253 5429 5469 54700 S180
SS38 5566 SSTI SS58S SOO4 S619 5622
7223 KK811 9608 10711 12308 13100
13674 17742 17745 17747 17750 17948
17966 18333 1K3066 [8SST 18573 18877
[6578 18579 18580 [8548 18589 18662
[HO67 20643 71969 22039 221 V145
22507 23411 23962 nd 24077

I 303 1 S0 1 502 1 601 and | o4l
CSV ER SPV 35 SPV 103 SPV 110 and
SPV 192

SPV 31 SPV 101 SPV 110 SPV 232 SpV
257 SPV 209 SPV 291 SPV 301 and SPV
301 302 1 701 (SV 3 (SV e (SVER
ind Arwspur

CSVSXESVO (SVAIX SV
X 18 1664

md SV S

I 302 SPV 13S 1S 2312
wnd SPV 104

1S 1664 (SV KR

I 304

1C 119833

IS 10370 1 2 1S 10364 15 1041 S 178 1S
3962 1S 1213 1S 12197 1S 18479 1S 18320
LIS 05 IS 1071 1S 18676 1S S613 1S
I&NT7 1S 18323 1S 4881 1S 1IS1 and (S
18427

IS 2146 X Scren

Screny 1C T19/80 2 and P 101

P 311

Remoarks

Highly promismy,

Tolcrnt ot stam borar

Tolarice machimism of resistangg

Most resistint ine Rasistainae assodnited with

mortihty of firstnsta bay w

Damvatives of BPS3 XM 38

Highlv resistant aind stable ovar tour se sons

Fowar puption and hightar pupad wanhts on the
rosistant hnes compared with those on €SV 1 and

CSH L

Pronusing hines with pood apronomic chnactars

I 303 was 1Cast susceptible m the tany soson and 1

302 1 the post runy scison

Non prcforrad tor oviposiion Doadhoarts were
1S 1R3D8 and 1S 18349

lower on 1S 2162 1S 763

Showad resistinee over hve seasons

Modcoratddy resistant 1o shoot fly and stem borer

Promising, soutces of resistaine

Non prefarencc tor oviposition

Maost promusimg crosses Continuous sareoninyg,
improved the Tovads of borer resistince

I 302 and SPV 135 are good combiers

Donved trom 18 2954 X BP S3 1ts cquiv alent to

CSV I myicdd

Its yicld was not anflucnced by borer damage

Rasistant to borer complex ot € partelius B fusca

I saccharina and S calamistus Hmps

Provided bast chiance to salect for resistinee

Produced maximum tillers duc to borer mfestation
TC 119/80 2 showed anmercase i gran yiddd duc

to borcr infestation

Resstant

Retotence

Kundu ind totwaam (1977)

Totw i Sonv st v ind Kundu (1974

Totw e er il (1978

Jotw it o al (19780

lotw e or o (1979)

Sinph eral (1980)

1ol and Sukham (198)

Totw am (1987)

Dalvi Dalw e aind Khanvilkoar (1983)

D abrowshr and Kidin o (1983)

ey and Tauschner (198Sh)

Motc and Bapat (19K83)

Singh et al (1983)

Singh imd R (1984)

Kishore eral (1984)

R ctal (198¢)

Kundu (1985)

Alghah (1985)

Reddy (1989)

Pathik (19K9)

Algh il (1987)

Kishore (19871)

CROP PROTECTION Vol 12 February 1993
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Table 3 (continued)
Genotvpu(s) Romirhs

P17 PYY7 P PSEP ™o P 6™ P AT
wnd P 498

Rosistant

1S 1043 19 2123 1S 3369 and 1S 17308 ™ dadhaarnts it two locitions comparad with

Ratirona

Rishore (198 1)

Woadhad wd Ty (s )

SISV L T rect ind cutlad lanves ind a bt
inw s ssocited with hirval astaibhishment

1S 5469 and 18 2108 Showed intubios

IS 1% and 1S Sy

IS 178 Improved Ramhed S 136 PC 6 SPY 0 Reastint

ARTS
IS 146 Foss laading

1CSV 700 TCSY 701 1CSV 825 to TCSV 80

16 3967 1S 18584 15 2235 1S 1054 SPV 10°
15 5469 18 5619 1S IS877 and P 37

Resstint

Diatraca saccharaliny
Al 23 md P A 177

M 66157 (NPEHC 64735 X 1 35 1) 88 1 Poszy
Ricr ind 767 3

hentabihity s low (Singh Jotwant and Rina 1980)
General combming abibty s pracdommant for leal
feeding whercas speatic combimime abihity s greater
for stem tunncdling Resistance to feat feedmg dead
heart tormation and stem tunncdhing we imhenited
ditfcrent ways (Singh o al 1953 Pathak 1955) Stem
and pudunde tunndling are signthicintly corrclated
(Rana «f al 1984) However  tunndd length has no
corrctation with loss i gram vicld (P athak and Oldla
1983)  Additve gene cfeets are predomimant for
deadhcart and leat inpury (Sigh and Vama 1986
For Ostrinta nubidalis Hb o borer damage taits gena
ally had strong ncgative corrclations with gram vicld
(Ross ¢ al 1982) Continuous screanimg over sever il
gencrations has boeen suggested tomprove sclection for
borcr resistance (Kishore Rana and Sharma 19%4) F
302 SPV 135 1S 2123 1S 5469 SPV 104 and 1S 4664
arc good gencral combiners (Rana o el 1984 Singh
and Verma 196b¢)

Aphids (Schizaphis graminum Rond  Melanaphis
sacchan Zehnt and Rhopalosiphum maidis Fitch)

Lxtensive screcming for resistance 1o S gramunum has
been carned out in the USA 1S 809 KS 30 PI 264456
LAM 2567 SA 7536-1 Ix 2567 and DK 46 arc good
sources of resistance (lTable 4) FA 266 <hows non-
prefercnce  an important component of resistance to
aphids (Schuster and Starks 1973) 1S 809 has both
tolerance and antibiosis whereas PE 202178 and Pl
302236 cxhibit all thrce mechanisms of resistance
(Lara  Galli and Busoh 1981) Antibiosis has been
reported also m PT 228928 P1 220248 IS 809 Pl

Good combinces tor borar resistincg

High lovdds of resistinee

AL Sasadso resistant to nudge and corn et aphad

Supcnior to the susceptible chodks

S hond Varmo (1SS
Simech ind Vo (HIss)

Dhohwal Nodandowrc aind Ao (19NY)

Alyhoade ind Sivans (19N
Aprawal ot Tangpe sy

Fatch md Subham (18))

Fwvea o (179)

Mihim (195%) id Gy ossn and
Mihin (195y)

W78 P03 PLYY0006 PE 64953 KS 30 and
SA 7536 T (Schuster ind Stirks 1973 Tectes Schaddar
nd Johnson 1974y ind tolar imce b bacn obsavad in
P1 264453 Tolormce s dso dicated by nutnent supply
(Schwassing ind Wilde  1979) - Non prctarence ind
tolcr mee e not mtluenced by contmuous culturmg of
iphids on resistaint phints Feamdity of the iphids
dearoases \lgmm mthy with continuous 1 uimme on
resistant plants and s not o uned mmadrtedy
upon transter 1o susceptible hosts (Starks aind Schustar
1976) On resistant hines aphids hve clonga nymphal
instir - produce fowar progeny par female have
shortar adult hfc span (Tectes cral 1973) ind imbibe
less phlocm sap (Cumpbadl cr al - 1982) Iittcronees
botween resistant and susceptible Tines marc e ot
higher tempertures (Schwassme aind Wilde 1978
1979)  Genotypes with bloomless ind spuse bloom
charactars e not preferred by the iphids (Wabel ind
Stiths 1986 Warbel 1986a by the 1eproduction of
which s adversely atfeatad by those chimctars (Starks
and Wabcdl  1981)  Drovar ind Campbedl (19%4)
suggested that nacasad mothvhinon of the middle
lamcllar pectin hindars ponctration by aphids

Four biotypes of the aphud B maidis have been
identihicd but at s v sporadic post with no apparent
cHecton gram yicdd TAM 425 (SC 110 9) extubuts lagh
levdds of resistance to this aphid while genotypes 2R
SROHB 37 R 126 R 131 R 133 PIYSHITT7 md IS
S100C arc resistant to another aphid M sacchare (Table
4) Midge resistant ines 1CSV 197 and 1CSV 743 arc
rclatively less damaged by M sacchan (H (. Sharma
unpublishcd) Resistance of 2R (P1757595) 1s controlled
by a sngle dommant gene (Chang 1981)  but 1t s
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Table 4 Sources of resistance to aphids and mites

Genotvpe(s)

€S S nd Piper Sud i 8

FAM N

AV AN

»

R OSR oind HB W7

RI2S RIs ind R Py

PE OSHTT and 1S ST

93X 110y ind PRAPHISTNON) X 10
A

TCSV 197 1SN 743 ind 1CSN 71

PL 308976 PEYONYS PEOYIN 1S SO0
Shallu gran PE3OYTS PL3O3L PL
V00006 P1LOYISSE ind PLOTING

H 30 and Kb 60 X H 39
Pl 261453

1S 800 KS 20 and SA 7530

KRS 30 X SA 753 |
61453

SA 7530 1 ind Pt

Dekalb Goldan Acres W
nd Asprow

Tohsead

Hctcrozvpous rasstint hvbnds imvolving KS
30 1S 809 and SA 7536 1 s the source of
resistine

PL3OCITS P30 236 ISR | AT
7304032 and F A 2V

FA 2060 1SS0 PL20217% ind P30 36
Woskan (Bmand bm bmy M uaun (Bm nd
hity ind Redbin (Bmownd hhy (Bm = Bloom
bm bm = bloomicss aind it spase bloomy)
TAM 2567 and 1S 809

BR 64R+ WAC 652 ind H00R

Tx 2789 1o 1y O8O0

SA 7536 1 K 30 1S 809 PL 264453 Pl
220248 1S 923 P 264452 and J 292

OK GP 1o OK GP 26

AOK 8 bm BOK 8 bin AOK 11 b BOK
11 bm A Whadand bm B Wheitland bm
A Rudlan bm and B Redbin bm

RW D3 X Weshan 43112 (N) Redbine 60
(N) R Combine Kitir 60(N) Martuin(N)

Redlan derivative (N) SA 7536 1 (R) and 1S
509 (R)

Rumarks

I\Th /TI/TI/ a/::n.mh\
Resistnt
Resistant
Mclanap hus so
Rosistint

Hip hiv rasstint Roesistince in YRos controlicd by
single dommant wong

Rosistant
10 daad scadhmgs

Resistinee was donmnant

Fossdmgad thin CSH T aind AL S

Sche ap las v annum

PE20O0S IS NS00 Shadtu s run PEsO E7S and Pl
6000 showcd cvidence of b thrce mach insms of
Tosistange

By s did notrcduce vidkd m HE39 id hatcrozyy ous
secdhngs of Kt 60 X H 39 did not reguine
protcction

Non pretarred

Rosistinee i one puentas sutbicont to attord
wdeguate rasistinee to prcenbugs

Grreenbuy, resistaint hybrds outvicldad the suseept
iblc hyvbrids RS 670 ind RS 70°

Hataozvpous rosstmt bvbrds withstind 15
tmes s nnany aphids s the suscoptible hybid
Highhy resistant

EA 60 showed non proterence 1S SO tolorine
nd the P hines ol three mech imsms of resisting
Non pratarence suggestad s smech mism of resist
ince i bloomless sorghum

Populition growth was toss than on SC 173
Resistant

Rosistaint to biotspe C I 2780 1o 1x 079 e nnle

sterdes mo AT cvtoplssm
Resistant to biotype |
Resistant bloomlcss and spoarse bloom hines

Bloomlcss hines

Bloomless hines were non preferred

Retcrenc

Nt (i S

Lectes (1o 0y

Fava d (brn

Chang (19NH

Chang aind Fang (198H

oo Umdhime ind Ono 19Ny

Hach and Pro1oss)

O Sharma tunput hishad)

Schustor ind Starks (1w

Hhavey and Hhckarote (19714

Tectesaral (19 h

Foctes Tohnson md Roscnow (1975)

Do Pow ind Watt (1979

Moy Walde id Tohnson (19%0)

ot o and Babos (1S
Favveral (1M1

Sturhs ind Waibdl (1981
Camphadlcral (1987)

Badcth v and Castcdbmo (1981

Patcrson o al (1955h)

Stuhs ind Mavo (198y)

Wbl (1986 1)

Waibdl (1986h)

Waibe! ind Starhs (1980)
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Table 4 Continued
Genotvpe(s)

N4 N2 and N3

Ix 2567

Dokalb DK 46

Dk b DK 41
1S 2388 Sarvann PL26ANY PL220OYIS IS

S0 PT 266965 1S 923 PL 208N 22
PL30OY136 N SO735 and N 43172

PLAN30SE PLASTT00 and PTINTT IS

SC Y9 6

CSHS CSHO CSHY SPH SO (SV S SPY

Sharma

Ramoarks

Rttt to hiotype t

Phints stivad alive tor "N dass wath 10 aphads par
phnt compared with Y d s i BR 60

Grreenbups wore consistently fower thain on SG 1O
ind Proncer 8790 sorghum hybdnds

Greenbug resistant hyvbrd

Anttbiosis i the mor mechiimsm of rasstnee o
preenbug PLY66YS hid the highost doved of it
brosis PE 229828 had the highost Tovel of tolcninee
nd 128 had the ghast Toved of tolor e to
“lﬂl\pg I

Antiobosisas the mgor mech imsm ot resistance to

Sipha flava Forbes The resstint penotypes had
25 mvmphs par phint comparad with 61 on Pl

Y6183

Mutes (Oligonyvahus spp )y

Showcd tolar e

Rosstint

Retorencd

Nordguist Rindlcr ind Spomcr (1987)

Cruz and Vondrimnn (10NN

Fouvay id Thompson (195N

Burton o al (1990)

Pivon oz al (1990)

Wobstor (a9

Foster fal (1977)

197 SPV 220 SPV 222 SPV 24 ind SPV
269

SC S99 6
TesIstance

incompletely dommant i P (Tan et al | 1985)
Additive and domimance vartances are signihicant, with
the additive factor larger than the dommant factor for
resistance Complementary interaction was suggested
n cross 129-3A X 1 X 403 (Hsich and Pr, 1988)

Mite (Oligonychus spp )

The genotype SC S99 618 tolerant of mites (Foster et
al , 1977) Mite damage has been reported to be less on
late-flowering hnes (Perning et al | 1982), and more on
senesang hines (Foster et al | 1977), but non-senescence
1s not directly Iinked with resistance to mites (Archer,
Bynum and Peterson, 1986)

Shoot bug and chinch bug (Peregrinus maidis Ash
and Blissus leucopterus Say)

Lines 1753, H 109, GIB 377B, BP S3, IS 8884, S K&87,
IS 8891 and 1S 8918 are less damaged by the shoot bug
(Agarwal, Verma and Bharay, 1978, H ( Sharma,
unpubhshed) BCK 60-1155, 1155, SC 303, SC 261 and
Atlas arc resistant to chinch bug Sorghum hybrids
possessing kafer germplasm exhibit moderate levels of
resistance whereas those based on milo cytoplasm are
relatively susceptible (Teetes, 1980) 1 caves tightly
wrapped around the stem have been suggested to be
associated  with shoot bug resistance in sorghum
(Agarwal et al , 1978) Ihe fecundity of chinch bugs

Non senescence wis not dircatly eehited 1o nmite

Singh R and Rao (1981

Archar cral (19%6)

feedmg on BOK 60 TISS, 1SS T arly Sumac and SC 303
is reduccd (Wilde and Morgan, 1978, Mizc and Wilde,
19864 b)

Armyworms (Mythimna separata Wik and
Spodoptera trugiperda J E Smith)

Armyworms arc sporadic pests, and result in extensive
damage on most cercals durmg outbreaks (Sharma and
Davies, 19K3)
unlikely to be helptul However, some resistance may
be usetul to restrict a population build up F'mes B 302
and T 709 (resistant to borers) hase been reported to
be less damagaed by M separata SC 109 1201821 (M,
TAM 2566 and NK Savana S are resistant to Spodoptera
Jrugiperda (Table 5) Antibiosis has been reported as o
mechanism of resistance 1o S frugiperda (1 ordello,
Fara and Parra, 1980) Tanmin content ol gramm does
not seem (o influence the devddopment of fall army-
worm larvac (Wiseman et al | 1984), whercas chamical
factors in glumes have o greater ctiect on larval
development (Wiseman et al | 1986)

In such situations plant resistance 18

Sorghum midge (Contarinia sorghicola)

Substantial progress has been made in identification
and utilization of resistance to sorghum midge i India
(Jotwani, 1978, Sharma, 1985h, Agrawal, Sharma and
I cuschner, 1987, Singh, 1987, Sharma et al , 1992b),
the USA (Johnson, Rosenow and leetes, 1973, Teetes,
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Table 5 Sources of resistance to leaf-feeding insects

Genotvpe(s)

SPH 6, 22F . CSV 3 3600 X 370 and 36A X
148

R 16, R 24, 604 and S 3541
SB RO, 1744, 296 and 604

F 302 Eme 131 303 and NT 1953

SB YOS and SB 412

1S 9692, 18 61,18 6983 CSH S and (SH Y

IS 47S7.8C 109 12 1 1Sand F A Yol

1821 (m

Savanna S and TAM 2566

TAM 128 88 4 Poza Rica, 787 3 and 896 1

NK Savanna S

P 4S5S4, PTISSOLR, PLASOLLL, PL4S25T71,

Remarks
Mylloceris maculosus Desb

1 ess damaged

My thimna separata
Fess suseeptible
L ess susceptible

Fess suscepuible

Feast damagaed SB 2145 18 hughly susccptible

Sattered a damage rating ot < 2 compared with S i
1§ 2761

Spodoptera frugiperda
Most resistant

Moderately resistant SGIRE MR T highiy suseept
ble

Greatest differences were observad when nulk stape
prams were incorporated mothe artihaal dict

Tolerant 1o armyworm and borer
Pamcle at flowenng mulh and hard dough stagcs
affecred Larval mass m mendic dicts compared with

Funk HS 215

Damage rating - 6 compared with 9 Huenn Inta

Reference

Kishore Totwant and Sharma (1977)

Rangatayan o al (1974)
Nulkarm and Ramaknishna (197%)

Kulkarne Patameshwatappa and Kayjan
(1978a)

Cuaradde and Kulkarm (1980)

H € Sharma (unpublishad)

Fordello o al (1980)

Wiseman and Goutley (198)
Wiseman (198S)

Wiseman of al (18 1)
Cunragossian and Mihn (1985)

Wiscman of al - (1986)

Wiscman and T ovell (1988)

PEAS2962, PL 452987, P1 452771, P1AS3120,
Pl 457620, P1 153356 and Pl 454733

1980, Peterson ef al | 1985a), Australia (Page, 1979;
Franzmann and Page, 1984, Passlow, Franzmann and
Allsopp,  1985) Latun  Amcnca (Rossetto,
Goncalves and Dimz, 1975 Reyes, 1985; Rossetto,
1985). Sorghum mudge resistance 18 also being utihzed
in breeding programmes i Alnica, Argentina and 1)
Salvador

IS 2579C, 1S 12666C, 1AM 2566, Al 28, DT6SI4, IS
10712, It MR 88, IS 7005 and IS 8721 arce diverse
sources of resistance (Fable 6). 1CSV 197, 1CSV 745,
ICSV 88013 and 1CSV 88032 have high levels of midge
resistance, and thenr yield potential is comparable to
commercial cultivars  Sorghum mudge  resistance 18
being transterred o hybrid parents with improved
agronomic backgrounds, and expenimental hybrids are
being tested  The use of host-plant resistance in- the
management of sorghum nudge 15 therefore most
pronmising as the levels of resistance are quite high.,
These new cultivars will provide greater flexibility i
sowing times to - get maximum  yields, and proper
utthzation of available ramnfall without risking midge
damage.

and

Non-preference as @ mechanism of resistance to
sorghum  midge was reported by Wiseman  and
McMillian  (1968) and  Sharma, Vidyasagar  and

I cuschner (1988h)  TAM 2500, 1S [2666C and
SGIRT-MR T were not preterred by the nudges, and
sulfered less damage (5 117 Horets with midge Tarvace)
under natural conditions, but SGIRF-MR-T - was
susceptible under no-choree condimions (Sharma ef al |
1988b)  Fewer mudge tlies emerged from panicles of
resistant cultivars than from susceptible ones (Jotwant,
1978, Page, 1979, Sharma I cuschner, 1986,
Sharma, | cuschner and Vidyasagar, 19904, Sharma,
Vidyasagar and T euschner, 1990b) Resistant cultivas
(DJOSTA AT 280 TAM 2566 and 1€ 15107) had fewer
cggs (<50 cgps per 100 florets) e the spikelets
compared with the susceptible check CSHT (122 cggs
per 100 spihelets)  The hife eycle ot sorghum mudge s
prolonged by S & days when reared on o resistant
genotypes such as IS 107120 1S 19474, 15 19512 and
1AM 2566

IFactors such as the degree of apposition of glumes
(Geermg, 1953), chestogamous glumes (Bodwen and
Neve, 1953), closed spikelets (Rossetto, Nagai and
Overman, 1984) and pantcle compactness (Murty and
Subramamam, 1978) have been reported to be assour-
ated with resistance to sorghum midge: Susceptibihity to
sorghum midge 1s positively and signiticantly correlated
with the length of glumes, lemma, palea. anther and

and
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Table 6 Sources of resistance to sorghum midge Contarinia sorghrcola

Genotype(s)
Nunaba
obc 19

IS 2579C 1S 2816C
and 1S 12666

IS 35740 15 12612C

SGIRT MR

A 25 Grenador INTA mf Linca 64121 mf
(RS 25 83) Tinca 63/54 mf (RS 2324) Ting

3017 (SA 8774 2 2 109 WH) and 11157
(Arkansas)

1S 2660 and 18 2663
Hurein INTA
Al 28

1809 cm 2321 «m and 2331 ¢m

DJ 6514
FC 92792 FC 92794 and SGIRE MK 1

16 3472 1S #4110 1S 4870 18 5977 and 1S
6170

Al 28

(od Coll Col8and K 4

DJ 6S14

AT 28 16 1257C and 18 2508(
IS 12608C and 1§ 12664¢
LA TN

AF 28

SGIRL MR |

Alx 2754 X 1x 2767

1S 8100C and 1S 2549¢

ATx 2755 X RIX 2767 and Allx 2761 X
RTx 2767

ATx 2755 X R1x 2767 and ATx 2761 X RTx

2767

AL 28

SGIRL MR 1 and PI 3838S6

Tx 2801 to Ix 2818

ATx 2755 X RIx 2767

Romarks
oanadonce

0 2 thes per pamdde compared with 82 2 thes on O
CRAN

Damage rating < 49

Damage rating < S

Damage rating < S

Closed glume character
Tolcrant of mdge
Resistant to midge

Showdd Tcast damage

279« inadence
< 10" madanee
< L andpe por panicde
3nndges cmerged trom AE 28 comparcd with 137
252 trom the susceptible hvbrd R 1090
10Y inadence

Resistant

AL 28 was most stable
Signthicantly superior to Alpha and kS 19
Highly rcaistant

AL ICast two paits of major recessive genes
daterminge s resistance

Behavad in a ditfcrent manncr to other parents
Small glume character was a uscful genctic marker

Mcan viddd loss per temale i this hvbnd was 0 19 g
comparcd with 92 ¢ for susceptible hybiids

Resistant
Resistant hybrids lost (032 g of gran per nudpc
comparced with 1S g graim por midge i the

susceptible hybnid ATx 2752 X R1Ix 130

Midge infested resistant hvbrids produced SO-60%
less progeny per fem al

Recorded 17 imes less cggs than Sart
Resistance of SGIRE MR 1 was reccssive and
greatly reduced when used as a temalc parent and

that of PI 383856 15 rcccssive

Resistant to mudge  [x 2801 to Ix 2803 arc male
stenles in AL cvtoplasm

ass midges were trapped on it than on A Tx 2752 X
Rix 430

Reterance
Bowden id Nove (1951

Wisamian ind MM (1968)

lohnson cral (197)

Wicam i MMl aind Wadstiom
1073y

Waiscman McMitlim ind Wadstrom
(1v7h

Bergquist Rotar ind Mitchddt (1974)
Parodt Gamba ind Scintunbuddo (197 1)
Rossctto of al (1975)

Wiscman McMilhan id Wadstiom
(1979)

Shy imsundar oz al (1975)
Raodco md Koo mghoa (1974)

Gowd v and Thontawd v (1976)
Iy Rossatto and Tpuc (1977)
Murty ind Subrmnoim (1978)

Kulk o Parameshwarappa and kagpin
(197%8b)

Fans Tireand Vaga (1979)
Page (1979)
Busol and Osuna (1982)

Rossctto and Tgue (1983)

Boozaya Angoon ot al (1984)

Franzmann and Page (1984)

Hagio et al ( 983)

Hallman  Tcctes and Johnson (1984)

Mclton and Tectes (1984)

Rossctto eral (1984)

Widstrom ¢ al (1984)

Pcterson et al (1985q)

Waguil  Tectes and Peterson (1985)
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(i NOVPU(S)

PVK SO PVR Sy AL 23 aind D) o4

AN 273 X T 2307

AT 275 X T 27607

)

1CSN 197

DFoyTd aind 1AM 2560

1S 3017C NK 66 15 S100C and 18 25 149¢

ATy 75y X I Y767 Fank HW S09 ad
Funk HW 6045

DI 6SE TAM 2566 ind 15 12606¢

SGIRT MR 3 ind SGIRTE MR

It MR SS

Romoarks

Suttared . P00 dimaec comparad with 7~ i SPA
23 Anubiosis was onc of the machimisms ot
Tesistbanee

Dy izinon apphicition resulted in highar vicdd ain the
resistint hvbnd

Oviposition cHicenoy was 4 ames foss on the
resistant than on the suseeptible hvbnd ATy Y78 x
In 430 Tow hinvae raachad Dast Lirval st pupail

NETUEY

Highlv resistant to mudec with vickd potentil
companible to commeranl cultiy ars

Bost genenl combinats tor nudge resistinee
Resist it

Showdd Tow susceptibihity to miadgpe

Showcd repaatible foveds of ressstince undar no
chorce hoadaee testing

Rosistint to midpg

Darved trom BCT populition of Radinne 60 X Pl

Ratorone

Nt and Challih (1986)

Toctes Bacarm and Patarson (1980)

Waguil Toctes ind Patcrson (195600 by

Aptawad o al (1ONT)

Avtawal cral (198S)
Hoapo ind Ono (1988)

Scearrr Cuamona o al (1989)

Shama Vady e v oand L auschnar
(198N by

Wisaman Duncm and Wadstrom (198%)

Hoanny cral (1989)

NG

IS 1837
3300(
TI9%C

IS 8237C IS SH2C IS 7300 1S
IS 71320 1S 2655C IS ON7C 1S
IS 21440 and 1S 12872¢

percentige viddd Joss

1§ 5232C IS 8237C IS SHPPC IS 7400 1S
3390C 1S 71320 1S 2655C 1S 957C 18
TIO3C 1S 21440 and 1S 1372¢

Resistant to midge

Scleated for resistaince both by visud scores ind

Potcrson oral (1959)

Sharm i (1955h)

style The rate of grain devclopment between the third
and scventh days after anthcas s negatively assocrated
with midge damage (Sharma er al - 19904)  Short and
tight glumes possibly hinder oviposition and Tt the
space between glumes and ovary for the devalopment
of mudge larvac Santos and Carmo (1974) have
sugeested that the tannim content of gram may be one
of the factors impartig resistance o sorghum midge
but there are distinct exceptions ¢ g DJ 6514 (Sharma
etal 1990a)

Resistance 1o C sorghicolas inherited quantitatively
and v contiolled by additive genes and some cvto-
plasmic ellects (Widstrom. Wiseman and McMilhan
1984 Agrawal, Abraham and House 1988) Suscept-
ibihity to mudge s completely or mcompletely dominant
I some parents At least two pairs of recessive gences
determine the resistance of AP 28 and genes with
minotr effects are also present (Rossetto and Tgue
1983) Muidge resistance of Lift MR 88 has been
reported to be under recessive gene control (Hanna et
al . 1989)  SGIRL-MR-1 and PI 383856 bchave n
ditferent wavs and resistance of SGIRT-MR-1 1s lost
when used as a female parent (Widstrom et al - 1984)
The genotypes DI 6514 and TAM 2566 are good
general combiners Both general and specific combining
ability of the parents 1 important (Patil and Thombre
1985) as the mean performance of parents and general

abihity  cHedds anc corrclated

(Atawal o al  1988)

combining highly

Head bugs (Caloconis angustatus Leth and
Eurystylus immaculatus Odh )

A major ctort concarmng dentificition of resistance
1o head bugs has baen made m Indra (Sharma 1988¢
Sharma and Topez 1990 1991 19920 b) and in West
Afnca (Shatma  Doumbia and  Dionsho 19924
Sharma et al - 1993) 1S 17610 1S 17045 1S 21443 and
IS 17618 have modirate fovdls of resistance to €
angustatus (Table 7) CSM 388 S 29 1S 14332 Mahsor
84-7 and Sakoiha arc good sources of resistance to /
immaculatus
cither coloured gram/high tanmin content o1 are
guanense sorghums from West Africa Malisor 847 a
Imc denved from granense sorghums has a modcarate
vicld potential and s medium dwart in haght with a
good gram quahty It can b cultivated harcas
endemic to bugs i West Africa and also used 1ina
resistance breeding programme

IS 2761, 1S 17610, 1S 17618 and 1S 17645 were not
preterted by the bugs in laboratory tests (Sharma and
[opez. 1990) Under cage conditions, nine eggs per 10
sptkelets were recorded in 1S 17610 comparcd with 129
eges per 100 spikelets in CSH S (Sharma and Topes,

Most of the sources of resistance have
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Table 7 Sources of resistance to sorghum head bugs

Genotype(s)

( hencholam

1S 2761 159692 1S 9639 1S 6U84 1S 176010
IS 17618 and 1S 17645

IS 17610 1S 17618 and IS 17648

’
IS 17610 1S 17618 15 17645 18 21443 1S
20444 1S 19940 19 25069 1S 19949 1S

19950 TS 19957 15 20068 1S 25760 and 1S
27329

1S 14332 Mahsor 847 (SM 388 § 29
Sihotha and Kamboinsc local

Remirks

Calocony angutatuy

Supported low popul itions

Supported lowcr head bup numbers ind or suttcrad
arrun dmpe ritmy ot S comparcd with - b

the susceptible cultiv i CSH S

Support lowcr ho d bug numbars ind suttcred low
g damape cross scsons ind mtestation fovdds

Suttcred vdamgd mmg of 3 aoss scsons ind
under hewdeage conditions comparcd with
damage ninne ot =30 the susceptible calty v €SH
D

Furvsovlus immacudaties

Resistant to Fursstylus inmacudaties under natunal
and headcage conditons

Retarance

Balasubrumanin s al (19°9)

Shoanm e (T9NS)

Sharmo ind Topez (1990 1991 190y )

Shatma and Lopez (199°h)

Sharmoacral (1997 1903

1990) Cultivar non-preference 15 also a component ol
resistance to Lurvstyfis 1S 143320 CSM 388, Mahsor
84-7, 83F6-16 and 831 6-111 had less then five females
per panicle compared with 11 females per panicle in |
35-1 under tree-choice conditions in the field  The non-
preference of CSM 388 has also been contirmed
laboratory cage tests (Sharma er al , 1993)  Post-
embryonic development of C angustatus 1s prolonged
by 1-2 days on IS 17610, 1S 17618 and 1S 17645
Survival and establishment of firstainstar nymphs 18
relatively lower on IS 17645 than on the susceptible
checks, CSH 1 and CSH S (Sharma, 1985¢, Sharma and
Loper, 1990) Growth rate and etficiency of conversion
ot imgested food nto body matter are lower on 1S 6984
and IS 2761 than on CSH S (Sharma, 1985¢)

Balasubramanian eral (1979) reported that cultivars
with loose panicles are fess susceptible to head bugs
Grain damage and bug population increase  arc
positively assocated  with  pamicle  compactness
(Sharma, 1985¢, Sharma et al , 1993) Howcever,
under hcavy levels ot head bug densty, severe gram
damage of genotypes with loose pamicles could be due
to other factors  Cultivars less suseeptible 1o €
angustatus tend to have long, hard and less hairy
glumes (Sharma, 1985¢) Days to glume opening (>20
days from anthesis), longer glumes (™5 mm), >50% of
the grain surface covered by the glumes, hard corncous
grain, and possibly quicker grain ripening, all contnibute
towards resistance 10 I immaculatus (Sharma er al |
1993)

Head caterpillars (Helicoverpa armigera Hb )

Resistance to head caterpillars has not been studied
spectfically, although some hnes sutfenng less damage
have been reported  Chencholam, SPV 130, SPV 69
SPV 9, RS 160 and K Tall are resistant to head
caterpillars (Wilson, 1976, Balasubramanian et al ,
1979, Natarajan and Babu, 1988) Genotypes with
loose panicles suffer httle damage by head caterpillars,

possibly because o casy aceess to parasitonds and
predators (Balasubramanian eral - 1979)  The abihty to
combine factors for resistance to head caterpiflars has
been studied by Patel er al (1986)

Effect of insect-resistant cultivars on population
dynamics and economic thresholds

Adcquate levels of resistance are present against only a
few sorghum pests  sorghum midge and aphids
However, varicties with low to moderate levels of
resistance agamnst shoot fly, stem borcas, head bugs and
armyworms can be very useful for pest suppression
over a period of time The adverse effects of resistant
genotypes on pest populations are continuous, cumu
lative and without costs to the farmers, whereas
pestiades require: money and their etfect on pest
populations dechnes over time, so they may require e
application  Reduction i pest density through plant
resistance also can assist control with natural enenues
and reduces the number of pestiade treatments that
may be needed A reduction of the rate at which the
pest populations increase will delay the attainment by
the msect of an cconomic threshold tevel (T 1) Thisas
espeatally true af the resistance mechamsms increase
the mortality of immature stages and prolong the
developmental period of survivors The delay may also
prevent the nsect population reaching an 1 1L until
after the most susceptible stage of the crop, thus
chimimating the need for any insectiade use Overall,
the use of host-plant resstance 1n IPM conserves
natural enemies, preserves environmental quahty, and
slows down the rate of development of insecticde-
resistant insect populations

Effect of host-plant resistance on economic
thresholds (ETL)

The cffect of nsect-resistant cultivars on threshold
levels will depend on the nature of resistance and the




criterion on which the thresholdas based Tt the F T s
based on damage (¢ g pereentage of deadhearts tor
shoot tly and stem borer number of leaves damaged by
aphids or percentage leat arca consumed by armi-
worms) and the major component ol resistance s
tolerance  non-preference and antibiosis (as i shoot
fIv stem borers, greenbug. aphids, armyworms ete )
then economic damage will be sutfered by a suseeptible
cultvar in Julv, a0 moderately resistant cultivar i
August and a resistant cultivar by the end of the season
(Jigroe 1 avc) Where msect damage s inited to g
particular stage and over a short penod (¢ g deadheart
tormation due to shoot flv and stem borer), the dates
when acultivar can be sown will depend on s level of
tesistance Thus a suseeptible caltivar such as CSH
cannot be sown atter June
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Figure 1 Effect of host plant resistance on economic threshold
level (ETL) when the ETL 1s based on (a) damage, (b) non
damaging adult stage and (c) damaging adults on genotypes
with non-preference and antibiosis A, B, and C are susceptible,
moderately resistant and resistant genotypes, respectively

Plant resistance in IPM in sorghum H C Sharma 25

Hthe BT s based on adults that do not damage the
aop.such as midge adults on pamdles or the number of
moths caughtin pheromone or heht traps, the 1T will
be higher with an ncrease i the devel of nsect
tesistance The F I of sorghum miudee mav be fivg
adults per panicde tor a suseeptible caltivar 25 adults
per pamicde tor a moderately resistant cultivar, and - +50
adults par panicle tora highly resistant culuvar (£ e
Iy Under tield conditions b the mseat density
increases hnearly between August and November, the
suseeptible cultvar must Hlower by September, the
moderately resistant one by October and the highly
resistant one at any tme, to keep the nudge damage
below 1
suttable cultivar can be selected tor sowmg catly on late

Thus based on 1T tor a genotvpe, a

m the scason Tt the T s based on adults that cause
head bugs), and the mochanmsm ot
resistance 1s non prelerence and antibosis (decreasing
the rate of population increase), then sowing aresistant
vaniety will mmarease the T UL (Fegare 1oy and also dalay

damage (g

when s attaimned

Effect of plant resistance on insect density/yield
loss relationship

Lhe usetulness of resistant cultivars can beassessed
from relationships between isect density and vield loss
on resistant and susceptible cultivars Plant resistance
to shoot {ly depends on non-preference but this
mechamsm does not operate under no choee condi-
tions o1 under situations of high pest density For all
0% deadhearts result moa sigmhcant
dearcase i ogram yield (Higure 2) The ultimate aim
should tharctore be to devddop cultivars that would
sutfer = 20% deadhearts, mrespective ol pest densities
or sowme dates Currently available cultivars sutter

50”0 damage when susceptible cultivars sutter 100%
damage

cultivans
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Figure 2 Effect of different levels of protection (treatments 1-4)
on shoot fly deadhearts and grain yeld in the susceptible
cultivar CSH 1 during 1983-84 @——@, Percentage deadhearts,
1983, B——M, yeld, 1983, -(), percentage deadhearts,
1984, '] - [l yeld, 1984 (S L Taneja, personal communica-
tion)
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Figure 3 Effect of number of larvae per plant on deadheart
formation and grain yield (a) 20 and (b) 40 days after emergence
(Tangja and Nwanze, 1989) ——-—— - VYield of resistant
cultivar, ~ — -, yield of susceptible cultivar, --—, percentage
of deadhearts on susceptible cultivar, — ——, percentage of
deadhearts on resistant cultivar

With O partellus. the situation s almost similar to
that of shoot fly, except that the pest can complete 3 4
generations on a single crop compared with only onc
shoot fly generation. Thus, even low levels of resistance
can have a greater cumulative ettect in reducing pest
populations. The extent of damage (deadheart torma-
tion) 15 greatly influenced by the timing of infestation
(Figure 3) Greater damage and vield loss can occur 20
days atter crop emergence compared with 40 days after
crop emergence Under a heavy infestation (12 larvae
per plant), a resistant cultivar yields more than a
susceptible cultivar whereas the reverse can occur
without borer infestation
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Figure 4 Fttect of (a) insect density (N0 of midges per panicle)
and (b) number of infestation days on midge damage in five
sorghum genotypes resistant cuttivars ICSV 197 (1) and ICSV
745 (/ ), susceptible cultivars ICSV 1 (), ICSV 112 (.) and CSH 1
(m) (H C Sharma, unpublished)

In relation to level of nudee mtestation or numbet
of mfestation days, the extent of loss (percentage nuidge
damage) remams < 10% 0 the resistant cultivaes [CSV
197 and [CSV 745 compared with a Timear iarease in
damage in the susceptible cultivars CSHETUTCSV and
TCSV 112 (Figure 4) At hive madges per pamele, the
susceptible cuttivars fose 100 20% gram yield compared
with < 4% m the resistant cultivars Thus, nidge-
resistant cultivars can be sown arrespective ol pest
densitics without suffermg a sigmibrcant loss i grain
vield

Bug numbers remn substantially lower across
stages of panicle development ona resistant cultivar (IS
21443) compared with a susceptible cultivar (CSH 1)
(Figure 5) At the dough stage. there were 824 bugs per
five pamicles i CSH 1 sprayed four times with
demeton-O-methyl compared with cight bugs per five
panicles o the resistant cultivar IS 21443 Yield
potential of the susceptible hybnid is much greater than
that of the resistant cultivars, but a very low level ot
head bug damage can render the gram unfit for human
consumption (Sharma and Lopes, 1989) Loss in gran
yield in CSH 11 due to head bugs 1s 3 tha ' compared
with 0.74 t ha ' for IS 21443, Currently available
sources of resistance to bugs reduce  the rate of
increase 1n bug populations, resulting in less loss of
grain yield and quality
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Figure 5 Effect of different levels of protection (no of sprays)
on head bug numbers (closed symbols) and gram yield (open
symbols) in a resistant (IS 21443 ) and a susceptible
cultivar (CSH 11 —— ) (H C Sharma unpublished)

Host-plant resistance as a component of IPM in
sorghum in different agroecosystems

The most aceeptable form ot TPM mvolves the use ot
inscet-resistant varichies e conjunction with - crop
husbandiy practices ind natural cnenmies with inset
1ades apphed only it really necessary Both natural
cnemies and mscetiades can b used e an 1PM system
provided that the target pests for cach are separated m
space (¢ groot teadimg pasts such as white grubs
varsus fohage feedars such as armyworms aphids cte)
or e (it diftarent stages of aropogrowth) A
improved cultvars do not have adequate host plant
resistance agamst bugs chancal control with carbanl
(0 1) or demcton O mcthyl (0 025°5) 18 a battar
option based on cconomic thresholds (five bugs par ten
pamcles at halt anthess) (Sharma and | euschne
1987  Sharma and Topcz 1989)  In this situation
natural encmies can be combimad with modcerate Tevels
of plant resistance to control shoot fly and stem borers
Where  chamical control s naither - feasible nor
ceonomical reststancd to ke pests has to be sutherently
high o avord postiade use and consarve the natural
cnemics

I'he rolc of host-plant 1esistance for post manage
mentin ditfcrent agroccosystems is discussed below

South Asia

Duting the ramy scason timedy sowing ot the same
cultivar over a large arca can mimmize shoot tly and
midge damage  This will hedp decrcase the msedt
density par plant and also avord the multiphcation of
the pest that occurs on scquentially sown crops Where
other insects such as stemborers armvworms and head
bugs arc also important a need-based inscciade may
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be apphad to mmmuze dimaee Trichogramma spp
nd Apanicles falvipes Cam e important parasitords
tor the control of stem borars v ruficrus Hal can be
used tor the bological control of M separata Timchy
sowing of mudec resistant vanctios can nvord shoot thy
damagc and hoad bugs may be controlled with st
wades b nocessary Midec resistint vancties such as
TCSN 197 TSN SN0 and TSN SSOTY with Toose
panicles arcalso lass damaecd by the hod catarpillars
Stem borer s problem an Pakistan Tom and Svia
while nudec cm be davastitme m Yomen Genotypes
with resistance to those posts may be developed to it
into speathic necds ot these regrons but eoncrally: morg
studics are neaded o datcrmine the rehitive import
ance ol past speaies and to daevedop the TPM svstems
iccordimely

Cultivars with modarnite lovads of resist e to shoot
th such as M 3N TS 2208 CSHE SR ind CSHE 3R
an b sown durmye the tust tortmght of Octobar when
shoot th madance baams o dedime durmg the post
tamy scason e Indie Midec and hoad buges are not
mojor posts during the post ramy scison howevear as
most ol the genotvpes with adaptiion to the post ramy
scason are highly suscoptible 1o those pests mmsect
iade apphcon moy be nccess uy - Trechogramma and
v flavipey can be used as important natural cocnies
iarnst borgrs

South East Asia

Most sorghum grown i this region s tor teed id
sown altar the mam aop ol paddy - Shoot fly and
wmvworms are the mogor posts of sorghum m this arca
with aphids i colder arcas Midgc has been reportad to
be 1 problem e the Phalippmes Tapain China and
Fhuland  Ganotvpes with speathe resistainee to shoot
Iy are neadad for most rcas but othar posts such as
armyworms may have to be controlled by usimg natural
cnemies o mscetiades Dwart culon os with resistance
to shoot thy and midec e most desirible Resistance to
iphids s rcquinad m China T uwan id Tpan

Americas

Cultvars with adequate Toveds ol resistance to-aphids
have been davddopaed and cttorts are bame made to
davclop midue resistant hvbnds  Othar pests arg
sporadic i nature id moay bo managad through other
components ol pest management  The parasite
Paysiphlchus tostacapes Cress can be used for the
management ot aphids in conjunction with resistant
varcties (Staths Muniappan and  Fikenbary - 1972
Staths Wood and Burton  1974)

Australia

Midgc-resistant varictics and hvbnds are neaded o
control of this major pest Other pests which are
sporadic i nature mav be controtled through other
components of IPM
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Eastern Africa

In Burundi  Fthiopa  Kemva Rwanda Somalia
Sudan, Tanzama and Uganda the sevanty of stem
borers, midge  shoot fly and aphids ditfers Army-
worms and locusts are sporadic pests while head bugs
mayv  become sertous on late-flowenng crops  In
equatortal arcas, two successive crops ol sorghum are
grown during the long- and short-scason rams
additon  the sowings are staggered m relation to
ramfall pattern This areates conditions that are highly
conduave to mereased populations of shoot flv and
midge 1 ocal landraces are tall photopeniod sensitive
coloured (less damaged by birds) and have speaitic
adaptations for pests, diseases and drought - depending
upon altitude, latitude and ramtall pattern To incrcase
sorghum  productivity - short-duration (tor - drought-
prone darcas) and  medium-duration  cultivars arc
required  Resistance (or at least some tolerance) to
stem borers and shoot fly 18 essential i most arcas
espeatdlly the drier lowland and mud hill arcas where
most sorghum s grown  Farmers have a marked
preference for red sorghums to mimmize bird damage
but, where large arcas are sown, white sorghums can be
cultivated to mercase crop productivity and improve
nutriion Resistance to aphids s also essential in some
of these arcas  Resistance to midge will bo most
desirable tor regrons m which the sowings are staggared
or where the genotypes with ditferent maturnitics are
grown, ¢ g the lowlands of I thiopra (Gambella
region). the midlands of Kenya (Busca region) and
Tanzania As resistance to shoot thes and nudge 18 not
available ' the same backgrounds, genotypes with
specatfic resistances to these pests may be sown over
large arcas to avord population builld-up  Minad
cropping of sorghum with cowpeas  together with
biological control, can also be used to mmmuze the
damage by stem borers  Chemical control s largely
non-cxistent m these areas, but m epidemic situations
such as major armyworm infestations, chemical control
may be necessary With a change in the croppmg
patterns and the cultivars grown, the situation with
head bugs (Tavlorilygus) may have to be watched
carcfully

West Africa

In sub-Saharan Africa (Mauritania, Senegal, Mali,
Niger, Nigeria, Cameroon, Burkina Faso, Togo, Ivory
Coast, Ghana, etc ), the major pests of sorghum are
head bugs, midge, stem borers and shoot Hy  Farmers
usually grow tall photoperiod-sensitive guunense land-
races, which flower at the end of the rainy season
during the last week of September  In some arcas,
durra and durra-bicolor sorghums are also grown
There 15 a wide vanation i rainfall (400 1500 mm) n
the sorghum-growing arcas, accordingly, landraces
with specitic adaptation  to  ditterent  agrodimatic
regions are grown by the farmers Efforts to replace the
locdl landraces have largely been unsuccessful because
of problems ot adaptation and food qualty The latter

is lighly iflucncad by head bug damagc which als
praedisposes the gram o a graatar inadence ol eram
mould  Resistance o head bues and or nndec s
ossential m o most arcas  resistance oo stem borars s
neaessany i dncr zones himcy and umtorm sowing of
the same cultivar moategron can hedp to mimmnze the
losses duc to shoot the and nudec T o landraces have
long glumes which covar the gram tor a ponod of 0
23 davs compared with 68 davs i the mproved
cultivars Thase genotypes usually have vary hard and
corncous gran - which reduces the coctinge focdimg
pentiod by the head bups Inaddition these genotypes
tlowcr at the (nd of the tamy scason when the rclating
hunidity begins to dachine and the dimatc conditions
are not conducne to the dovclopment and survival of
head bugs

Mcdium matunity genotypes with glume gram and
panicle charactenisties mpartimg resistance to- head
bugs ncad to be developad for thisragon Furthcrmone
mmprovements  withm  ferra forra i Nigana o and
crnense sorghums m othar rcgrons would b nghly
desitable
objcctive in TCRISAT S sorghum improvement pro
gramme i West Afnca CSMOISS (a0 ligh yiclding
landrace of gunea sorghums) and Malisor &7 (a

Fitorts arc bame made 1o acdiove s

medium matunity hine denved from grinca sorghums)
may be usctul for arcas endamic to head bugs Midge

resistant hines may bo usctul - arcas whaore midge
populations build up bocause of staggarad sowings As
head bugs arc extarnal feadars chenical control s
tanly cttective and a single apphcation ot a rcadily
available inscetiade s cnough to mimmnze head bug
damage Intarcroppig sorghum with cowpeas (which s
the mostimportant legume crop of the region) can also
be used to reduce the damage by stem borars

Southern Africa

Stem borets, shoot ly armourcd cricketand aphids are
some of the mportant pests of sorghum i southarn
Aftica Head bugs have begun 1o appear on newly
developed genotypes in Botswana Both local landraces
and improved genotypes are grown by farmers in the
region Cultivars with resistance to borcers and aphids
may be applicable to the integrated nost management
systems  himely and uniform sowing can reduce the
inadence of shoot fly and midge, and  adequate
fertihzer apphcation can help to reduce damage by
borers Head bugs may have to be watched caretully on
newly developed cultivars Birds are by far the most
important pests in this region Coloured grain sorghums
with a high tannin content, which are also useful in the
brewing industry, may be developed lor these arcas
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