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Welcome Address

L.D. Swindale
1

G o o d m o r n i n g , ladies and gent lemen. I t is my pleasure to welcome you to this In te rna t iona l

W o r k s h o p on Sorghum Stem Borers. Some of you have been here before and have spent various

lengths of t ime w i t h us. I t is my pleasure to welcome o ld colleagues and to those of you fo r w h o m

this is a f i rs t v is i t to I C R I S A T , I extend a special welcome. I hope that you w i l l take this

oppo r tun i t y to learn about I C R I S A T and what we do here, besides sorghum and stem borer

research. I am pleased to note tha t y o u w i l l have a ha l f day f ie ld t r i p to see I C R I S A T f ie ld w o r k

and I hope that y o u w i l l take the o p p o r t u n i t y to see wha t else is go ing on here at I C R I S A T

Center.

I t has been ra in ing a lo t f o r the last few days, the c l imate is rather nice and coo l , bu t the rains

have come very late this year and generous at somewhat the w r o n g t ime. D u r i n g the ma in ra iny

season we had very l i t t le ra in and crops have suffered badly . Crops that are in the f ie ld ,

par t i cu la r l y those that are matu re , show evidence of gra in weather ing and m o l d . Th is applies to

some of the crops that have been left to stand beyond the n o r m a l harvest ing date fo r you people

to see. I hope y o u w i l l keep this in m i n d as you t o u r the f ie lds, that these crops have been left

s tanding to accomodate your visi t and do not represent I C R I S A T ' s no rma l c rop management

practices.

So rghum is a very impo r tan t c rop in the diets of mi l l ions of people, par t icu lar ly in As ia and

A f r i ca where over 9 0 % of the sorghum produced is used fo r human food . But i t is also impor tan t

in other parts of the w o r l d , par t i cu la r ly in the Amer icas. So rghum is one of I C R I S A T ' s f ive

mandate crops, the others being pearl mi l le t , pigeonpea, chickpea, and groundnuts . We have a 

geographic mandate area, the semi-ar id t rop ics, hence the name I C R I S A T , the In ternat iona l

Crops Research Inst i tu te f o r the Sem i -A r i d Trop ics . As you k n o w , the crops I have ment ioned,

par t icu lar ly so rghum, pearl mi l le t , pigeonpea, and groundnuts are crops of the semi-arid

t rop ica l regions, so to that extent our crops mandate and our geographic mandate converge very

wel l .

Research on sorghum started in 1972 w i t h the establishment of I C R I S A T Center, and

sorghum insect pest research at I C R I S A T Center was in i t ia ted two years later in 1974. We

concentrate on fou r major groups of insects: shoot f ly , midge, stem borers, and head bugs.

Because this wo rkshop is deal ing par t i cu la r l y w i t h stem borers, let me say a few words about

this g roup of insects. Here in I nd ia , at I C R I S A T Center, we concentrate on the spotted stem

borer Chilo partellus. In eastern and southern A f r i ca , research also concentrates on this stem

borer. In West A f r i ca , the maize stalk borer, BusseoJa fusca, is of p r imary concern.

The severity of stem borer damage can result in severe loss of c rop stand when seedlings are

at tacked, or in the case of later infestat ions, stem tunne l ing , wh ich weakens the stem and results

in stem breakage and unf i l led grains. Losses caused by stem borers have been reported to be

between 5 -15% in West A f r i ca , and 18-27% in East A f r i ca . In Ind ia , reported losses range as

h igh as 5 5 - 8 3 % on certain susceptible hybr ids and variet ies, a l though I am sure that this is not a 

n o r m a l occurrence. I f we d id no th ing to min imize these losses, w i t h al l the other insect pests and

var ious b io t ic and abiot ic y ie ld reducers, i t w o u l d be very d i f f i cu l t fo r farmers to g row good

crops, par t i cu la r l y fo r smal l farmers of the semi-ar id t ropics, wh ich const i tute our ma in target

g roup .

It is ext remely impo r tan t that our research, and I wou ld suggest, your research, be aimed at

increasing the ou tpu t of this impor tan t gra in . Increasing yield per uni t of cost is the most

i m p o r t a n t way in wh i ch we can help the poo r people o f the S A T and of the w o r l d , the people

1. Director General, International Crops Research Institute for the Semi-Arid Tropics (ICR1SAT), Patancheru, A.P.

502 324, India.
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w h o depend u p o n this type o f c o m m o d i t y f o r their l i ve l ihood. By reducing the impac t o f y ie ld

reducers we are do ing just that .

I t is t rue we can con t ro l these pests w i t h insecticides. But chemical con t ro l of stem borers is

not pract ical in subsistence agr icu l ture or w i t h this low cost c rop in general. Ad jus tment and

in i t i a t i on of other practices appears to ho ld more promise. Cu l tu ra l practices, man ipu la t i on of

p lan t ing dates, c rop ro ta t ions, and in tercropp ing can al l help to avoid pest damage. So w i l l the

use of parasites and predators, a l though these have not proved par t i cu la r ly successful in stem

borer con t ro l . Tha t is why at I C R I S A T , we emphasize host-p lant resistance ( H P R ) , hop ing to

pu t as much technology i n to the seed and then transfer tha t seed to smal l farmers in the most

efficaceous way. H P R is economic, eff icient and a long- te rm approach to be used, either alone

or in comb ina t ion w i t h other methods in an integrated pest management system.

F r o m the in i t i a l ident i f i ca t ion o f the ma jo r borer species o f impor tance in so rghum in the

1970s, we have moved closer towards p rov id ing the component parts fo r the management of this

pest. These are:

• O u r f ield research on resistance to stem borers is conducted in I nd ia at Hisar under na tu ra l

infestat ion and at I C R I S A T Center under ar t i f ic ia l in festat ion.

• Resistance screening techniques have been standardized and are also being used at var ious

other locat ions.

• We have so far screened 18 600 entries in the germplasm col lect ion and have ident i f ied 70

resistant sources, some of wh ich are being used in our breeding p rogram.

• Ov ipos i t i ona l nonpreference and ant ibiosis are the ma jo r mechanisms of resistance to Chilo, 

and we have ident i f ied var ious sorghum genotypes w i t h di f ferent resistance factors.

• We have a new and modern insect-rear ing labora to ry at I C R I S A T Center w h i c h has great ly

fac i l i ta ted the screening and selection processes of large quant i t ies of germplasm and

breeding mater ia ls , as wel l as a l l ow ing us to conduct specific studies on insect-pest/ host-

p lant interact ions.

• Emphasis has also shif ted to our A f r i c a n programs. I C R I S A T entomologis ts are now based

in Z i m b a b w e and Niger where the focus is also on borers. We expect to have an entomologis t

based in K a n o , N iger ia , in early 1988 and another one p robab ly suppl ied by I R A T in

Bamako , M a l i as wel l .

Dr de Wet and his colleagues w i l l tel l you what strategies are used in our breeding p rog ram fo r

stem borer resistance. Ob ta i n i ng h igh levels of resistance to stem borer is d i f f i cu l t . E n t o m o l o -

gists are able to produce levels of ar t i f i c ia l in festat ion in the f ie ld that v i r tua l l y no cu l t ivar of

so rghum is able to stand up to . Yet , even under very h igh levels of in festat ion, we can f i nd entries

that sustain less than 25% seedling damage in the f o r m of deadhearts. N o w I wonder i f you need

to do more than that . D u r i n g the course of this meet ing I w o u l d l ike y o u to consider whether we

real ly need to t r y to get resistance higher than 25% deadheart . I f we can have that level of

tolerance under h igh levels of in festat ion then perhaps we have accompl ished what we real ly

need to accompl ish in host-p lant resistance.

I w o u l d l ike to acknowledge the presence of representatives f r o m var ious organizat ions w i t h

w h o m we co l laborate in stem borer research, inc lud ing the Overseas Deve lopment Na tu ra l

Resources Ins t i tu te ( O D N R I ) , the In te rna t iona l Centre o f Insect Phys io logy and Ecology

( I C I P E ) , the A l l I nd i a Coord ina ted So rghum Improvement P rogramme ( A I C S I P ) , and

Haryana A g r i c u l t u r a l Un ivers i ty ( H A U ) . I am also pleased to note the presence of delegates

f r o m the Uni ted States Depar tment of Agr i cu l tu re ( U S D A ) , the Ins t i tu t de recherches agrono-

miques tropicales et des cultures vivr ieres ( I R A T ) , the C o m m o n w e a l t h Ag r i cu l tu ra l Bureau

In ternat iona l ( C A B I ) ; and Na t i ona l Programs f r o m several A f r i can countr ies, Ind ia , and

Centra l Amer ica .

Y o u have set aside ha l f a day to review no t on ly you r recommendat ions and discussions bu t

y o u r programs of w o r k . I am real ly keen that you should give us the benefit of your advice and

counsel on I C R I S A T ' s sorghum stem borer research and what you th i nk i t should be. At present

we are in a very active p lann ing stage prepar ing f o r a new f ive-year p rog ram of w o r k . Th is is a 

very good t ime fo r you to give us your advice on what we should do fo r you . We see our efforts as

4



part of a dynamic overal l system, where changes of cond i t i on and changes in research emphasis

are essential to keep us v i ta l . W i t h that , I wish you al l a successful workshop .

Before I pass on to the next speaker, I wish to pay homage to adynam ic statesman. President

Koun tche of N iger was a foremost and most concerned ci t izen of his coun t ry who put the

wel l -being of the Sahel ian farmers and increased agr icu l tu ra l p roduc t i on as the p r i o r i t y of his

pr ior i t ies. Under his leadership, I C R I S A T received f u l l suppor t and encouragement fo r our

act iv i t ies at the Sahel ian Center. I remember d u r i n g my vis i t w i t h h i m in Augus t 1985, he

emphasized that we should increase not on ly cereal p roduc t ion in Niger but more impor tan t l y ,

max imize product iv i ty .

I ask you al l to stand up and j o i n me in one minute of silence.
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Welcome to the Cereals P rog ram, and par t icu lar ly the en tomology research un i t wh ich has

organized this workshop . I hope your stay at I C R 1 S A T w i l l be pleasant and product ive , and

that you w i l l f i n d the t ime to visi t w i t h scientists o f other research un i ts , not on ly in cereals, bu t

also the Legumes and Resource Management Programs. The Cereals P rog ram has research

projects in breeding, pa tho logy , en tomo logy , phys io logy, and m ic rob io logy . Research is stra­

tegic and appl ied in nature, and designed to produce a useful end-product that may be a 

screening technique, new breeding l ine, or some basic i n f o rma t i on required to improve ef f i ­

ciency o f our c rop improvement programs a t I C R I S A T Center, A f r i ca , Cent ra l Amer i ca ,

M e x i c o , and Car ibbean.

D u r i n g the last f i f teen years the En tomo logy Un i t has been successful in developing rel iable

screening techniques for resistance to the impor tan t insect pests of sorghum and pearl mi l le t .

Th is a l lowed breeders to ident i fy genotypes of these cereals w i t h var ious degrees of resistance or

at least tolerance to sorghum midge, shoot f ly , and stem borer. Indeed, a sorghum cu l t ivar

resistant to midge, and bred by I C R I S A T was released fo r cu l t i va t ion in Ind ia .

Breeding fo r resistance to shoot f ly and stem borer are receiving special a t tent ion at I C R I S A T

Center at this t ime. I n t r oduc ing trai ts that confer resistance to these pests in to elite breeding

lines, however, has proved to be d i f f i cu l t . Th is is not surpr is ing. Resistance seems to be

cond i t ioned by several genes that may be d is t r ibuted across the chromosome complement of

sorghum.

This workshop was organized by the En tomo logy Uni t to review the research endeavors in the

Cereals P rog ram on stem borer, and to advise on fu ture research di rect ions. In par t icu lar , the

program wou ld l ike answers to t w o basic questions. One is whether stem borer on sorghum is of

suff ic ient economic impor tance in A f r i ca and As ia to jus t i f y fu r ther research on con t ro l

methods. Assuming that the answer is yes, the second quest ion is whether breeding fo r

resistance, chemical con t r o l , b io log ica l con t ro l , agronomic practices, or a comb ina t i on of these

deserves fu r ther research. Shou ld the choice include breeding, the p rogram wou ld l ike to have

you r o p i n i o n on the chances of successfully conver t ing an elite breeding l ine w i t h fa i r tolerance

to stem borer to a cu l t ivar w i t h t rue resistance to this insect. The quest ion is, whether such a 

complex genetic resistance system can be in t roduced in to a h igh ly product ive cu l t ivar w i thou t

upsett ing its balanced genetic system.

The Cereals P rog ram is l ook ing f o r w a r d to your recommendat ions. I can assure you that they

w i l l be considered careful ly in p lann ing fu ture research on stem borer con t ro l . The Cereals

Program has manpower and other resources to solve the stem borer p rob lem if i t is solvable. We

only wish to be sure that we do not invest resources on a research p rob lem that does not warrant

h igh p r i o r i t y , or in research that has a h igh p robab i l i t y of fa i lure. I wish you success in your

discussions du r i ng the next several days.

1. Program Director, Cereals Program, International Crops Research Institute for the Semi-Arid Tropics ( ICRISAT) ,

Patancheru, A.P. 502 324, India.
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Ladies and gent lemen, let me add my b i t o f welcome to you al l to this wo rkshop . The

In te rna t iona l W o r k s h o p on So rghum Stem Borers is a f o l l ow-up to the In te rna t iona l So rghum

E n t o m o l o g y W o r k s h o p held in Ju ly 1984 at Texas A & M Univers i ty , College S ta t ion , Texas,

U S A . Some of y o u were present at that wo rkshop wh ich set the stage fo r subsequent ones on

insect pests of sorghum. Thus, I hope the present workshop is, in a way the f irst in a series of

workshops that w i l l deal w i t h specific groups of insect pests of sorghum.

W h y a wo rkshop on sorghum stem borers? Let me answer this quest ion w i t h others. W h y is

Bueseola fusca devastat ing in one year and not in others? W h y is Chilo partellus a severe pest in

East A f r i c a and not in West Afr ica? W h y are Chilo partellus popula t ions very h igh in Hisar and

very low in Patancheru? W h y are natura l enemies of stem borers not eff icient in con t ro l l i ng stem

borers? W h a t are the actual losses caused by stem borers in farmers ' fields? If stem borer damage

results in y ie ld losses, what is the economic threshold level? W h y is stem tunne l ing not of ten

correlated w i t h yield? W h a t y ie ld factors are more impor tan t in stem borer resistance: dead

hearts? Stem tunnel ing? Peduncle damage? Head chaffiness? Do we need higher levels of stem

borer resistance, that is, less than 20% deadhearts? To what extent is current research on

sorghum stem borer con t ro l o f relevance to the farmers of the semi-ar id t ropics (SAT)? W h a t

are fa rmers ' perceptions of losses due to stem borer damage? The list of questions continues ad

in f i n i t um .

We p robab ly have the answers to some of these questions but I doubt i f anyone present here

knows al l the answers to them. Thus , to b r ing together entomologis ts and breeders f r o m across

cont inents , to d raw on the advances that have been made on other cereal crops (maize and rice),

and to compare notes f r o m other regions, constitutes an at tempt at answering the many

questions that st i l l remain unanswered.

At I C R I S A T we recognize host-p lant resistance as a ma jo r component in pest management

strategies. We also emphasize the need to understand par t icu lar pest s i tuat ions and the b io logy

of the pests, not as an end in itself but as it relates to the crop in par t icu lar agroecosystems. We

have organized the sessions in such a way that due a t tent ion is given to al l these aspects. But

more impo r tan t l y , we have prov ided ample t ime fo r discussion after each session, as wel l as t ime

slots fo r g roup discussions and a p lenary session, where I hope we w i l l w o r k in concert to

ident i fy areas of co l labora t ion , pr ior i t ize research objectives, and prov ide insights in to how we

can proper ly manage sorghum stem borers in the S A T . A l l this is being opt imis t ic , but l ook ing

at the cal iber of scientists gathered here today , I am conf ident that we w i l l come away f r o m this

workshop satisfied w i t h the efforts that each of us has cont r ibu ted in mak ing it a success.

T h a n k you .

1. Principal Cereals Entomologist, Sorghum Group, Cereals Program, International Crops Research Institute for the

Semi-Arid Tropics ( ICRISAT) , Patancheru, A.P. 502 324, India.
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Recent Advances in Sorghum and Pearl Millet

Stem Borer Research

I n t r o d u c t i o n

Research on the lepidopterous stem borer pests of

sorghum was reviewed on a wor ld basis at the Inter-

nat iona l So rghum En tomo logy Workshop at Texas

A & M Univers i ty in Ju ly 1984 ( I C R 1 S A T 1985) and

relevant papers presented at that meeting are referred

to later in this review. At the conc lus ion of the

W o r k s h o p , general recommendat ions fo r fu ture

w o r k on sorghum entomology were made and are

paraphrased below.

Surveys

• Conduc t surveys regularly in major sorghum

grow ing areas to assess pest s i tuat ions; and

• mon i t o r the possible development of biotypes.

Crop Loss Assessment

• Improve yield loss assessment methods;

• ob ta in quant i ta t ive data on yield losses a t t r ib -

utable to pests; and

• develop methods to establish economic in jury

levels for impor tan t pests.

Plant Breeding

• Intensify col lect ion and exchange of insect-resis-

tant germplasm;

• extend screening programs;

9

Abstract

Information on sorghum and pearl millet stem borer research published since 1980 is reviewed, 

and important advances in knowledge of the biology, ecology, and control of the main pest 

species of Ch i l o , Coniesta, D ia t raea, Sesamia, Busseola and some other relevant genera of

Lepidoptera are summarized. Progress in the assessment of crop losses, the production of 

resistant varieties, implementation of biological control, and the development of other nonchem-

ical methods of pest management are assessed and requirements for further research and 

development are identified. 

K.M. Harris
1

1. Director, Commonwealth Agricultural Bureau International (CAB1), Institute of Entomology, 56 Queen's Gate, London. SW7 5JR, UK.
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• study insect/ host relat ionships and insect behav-

io r in greater deta i l to improve con t ro l strategies;

• ident i fy and study resistance mechanisms;

• study the inheri tance of resistance; and

• in tens i fy p lan t breeding fo r insect-resistant/

stable-yielding varieties and hybr ids.

Cultural Control

• Study t rad i t iona l con t ro l practices; and

• emphasize the impor tance of crop du ra t i on ,

p lan t i ng dates, c rop hygiene, and other agro-

nomic practices in reducing pest incidence.

B i o l o g i c a l C o n t r o l

• Ident i fy na tura l enemy complexes of sorghum

insect pests and determine their eff iciency;

• study factors in f luencing the b io logy, ecology,

and behavior of key natura l enemies in c ropp ing

systems;

• develop simple strategies to favor natura l ene-

mies; and

• determine the effectiveness of exot ic natural

enemies, especially fo r use against stem borers.

Chemical Control

• Intensi fy research on the jud ic ious use of insecti-

cides;

• discourage prophy lact ic use of insecticides; and

• develop recommendat ions fo r insecticide use.

Integrated Pest Management ( I P M )

• Develop I P M strategies.

I t is now appropr ia te to consider the advances

that have been made since that ma jo r meet ing on

sorghum entomology , and to consider the progress

that has been made in so rghum stem borer research

d u r i n g the 1980s. In the br ie f per iod of three years

since the 1984 W o r k s h o p , i t is un l ike ly that many

ma jo r advances w i l l have been made and this review,

wh ich is based on l i terature publ ished between 1980

and 1987, w i l l inev i tab ly fa i l to include recent, as yet

unpub l ished w o r k . The f o l l o w i n g summaries o f

w o r k on the ma in stem borer species are therefore

intended to prov ide an i n t r oduc t i on to the more

detai led cons iderat ion of current w o r k wh i ch w i l l be

the main purpose of this W o r k s h o p .

Chilo partellus ( S w i n h o e )

This is the most impor tan t lepidopterous stem borer

a t tack ing so rghum, maize, and mi l le t in the Ind ian

subcont inent and East A f r i ca . In recent years more

research has been done on this pest than on any

other species of sorghum stem borer. Mos t of that

research has been based in Ind ia , especially at I C R I -

S A T and at Ind ian Agr i cu l tu ra l Research Insti tutes

and Universi t ies, and in Kenya at the In ternat iona l

Centre of Insect Physiology and Ecology ( I C l P E ) .

par t icu lar ly at the M b i t a Po in t Fie ld Sta t ion. D u r -

ing the per iod 1980-87 at least 50 research papers

re la t ing main ly to this species on sorghum or maize

have been publ ished, inc lud ing con t r ibu t ions to the

Proceedings of the In ternat iona l Study Workshop

on Crop-Borers and Emerg ing Strategies fo r their

C o n t r o l , held at the M b i t a Point Field S ta t ion ,

Kenya, 14 18 June 1982 (Insect Science and its

A p p l i c a t i o n , Special Issue, vo l .4 , nos. 1 and 2); the

Proceedings of the In te rna t iona l So rghum Ento-

mo logy W o r k s h o p , College S ta t ion , Texas, 15-21

Ju ly 1984 ( I C R I S A T 1985) and the Proceedings of

the In ternat iona l Study W o r k s h o p on Host Plant

Resistance and its Signif icance in Pest Management ,

held at I C I P E , N a i r o b i , 10-15 June, 1984 (Insect

Science and its App l i ca t i on , Special Issue, vol .6,

No.3) . Some of the key papers are noted below and

fu l ler b ib l iographies are avai lable in the Sorghum

and Mi l le ts I n fo rma t i on Centre, Bibl iographies and

Newsletter, in Sorghum and Mi l le ts Abstracts, in the

Review of App l ied En tomo logy , Series A (Ag r i cu l -

tu ra l ) , and in C A B In te rna t iona l Anno ta ted B ib l io -

graphies.

Biology

The b io logy of Chilo partellus has been studied over

many years at var ious locat ions in Ind ia and East

A f r i ca , and is wel l k n o w n . In recent years, Neupane

et a l . (1985) have publ ished the f i rst detai led account

of the b ionomics of this species in Nepa l ; K h a n

(1983) has studied its b io logy in Pakis tan; Verma

and J o t w a n i (1983) compared the b io logy and

behav ior o f specimens col lected f r o m D e l h i , I ndore ,
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Nagpur , and Hyderabad, Ind ia ; and A lgha l i (1985)

studied i t in Kenya. Length of l i fecycle, t ime of adul t

emergence, ov ipos i t ing potent ia l , locat ion of egg

batches on plants, and incidence of larval diapause

vary appreciably between local i t ies. These are possi-

ble indicators of the existence of biotypes, and sea-

sonal var iab i l i t y w i t h i n local i t ies, but the factors

determin ing these var iat ions do not seem to have

been fu l ly investigated.

Impor tan t research on the behavior of f i rst- instar

larvae immediate ly after hatch ing, has been con-

t inued by Chapman et a l . (1983) and Bernays et a l .

(1985) who have studied the surv ival and dispersal of

young larvae and the mechanisms by wh ich newly

hatched larvae reach the leaf who r l f r o m ov ipos i t ion

sites near the base of sorghum plants.

Ov ipos i t i ona l preferences of female moths on 70

dif ferent varieties and hybr ids were studied by Singh

and Rana (1984) but the behavior of ov ipos i t ing

females, wh ich results in d i f ferent egg counts on

preferred and nonpreferred plants, was not recorded.

Ecology

Few recent studies of C. partellus can be considered

to be essentially ecological and there seems to be a 

general lack of r igorous studies of the popu la t ion

dynamics of this pest. A short paper (Mahadevan

and Chel l iah 1985a) reports the use of l ight t raps to

m o n i t o r seasonal abundance in 1981 - 82 at one loca­

t ion in Ind ia , and two papers on the inf luence of

weather on the seasonal occurrence of this species

have also been publ ished (Mahadevan and Chel l iah

1985c, 1986).

Crop Loss Assessments

There is st i l l a notable absence of objective assess-

ments of sorghum yield losses direct ly a t t r ibutable

to C. partellus. In the per iod under review, F la t tery

(1982) publ ished the results of f ield tr ials over f ive

years on gra in sorghum in Botswana. He noted that

there was often an increase in yield when C. partellus 

damage resulted in increased t i l le r ing and that the

inherent t i l l e r ing ab i l i ty of one of the cul t ivars used

in the tr ia ls (cv 65D) masked any y ie ld reduct ions

that migh t have resulted f r o m attacks by this pest.

Some yield decreases were recorded f o l l ow ing high

levels of C. partellus attack but were not stat ist ical ly

s igni f icant . These results were interpreted by the

author as suppor t ing the view expressed by Dogget t

(1970) that so rghum can produce a good crop and

feed a large borer popu la t ion but that compensatory

g r o w t h f o l l ow ing borer damage may be reduced dur -

ing periods of stress. A lgha l i (1986) assessed the

effects of cu l t i var , t ime of a t tack, and incidence of

in festat ion on t w o cul t ivars in exper iments a t M b i t a

Po in t , Kenya. He concluded that the greatest yield

reduct ions (about 20 -25% of con t ro l yields wh ich

resulted when plants were ar t i f ic ia l ly infested w i t h

5-20 f i rst- instar larvae at six weeks after germina-

t ion) may not necessarily warrant con t ro l , except

when p lant ing is staggered and the pest popu la t ion is

h igh. His research also suggested that infestat ion

later than six weeks after germina t ion may not result

in s igni f icant losses of g ra in . The general consensus

seems to be that appreciable yield loss results ma in ly

f r o m attack w i t h i n the f irst two months o f g r o w t h ,

especially f r o m deadheart f o rma t i on , and that exten-

sive stem tunnel ing dur ing later g rowth does not

s igni f icant ly depress y ie ld , but fur ther r igorous

invest igat ion of c rop losses caused by C. partellus 

seems desirable.

Chemical Control

Chemical con t ro l of stem borers on sorghum in

A f r i ca and Asia has never been either par t icu lar ly

appropr ia te or feasible. W i t h increasing costs of

insecticide applications and increasing concern about

env i ronmenta l po l l u t i on , research on chemical con-

t ro l is greatly reduced. Since 1984, on ly four papers

abstracted in the Review of App l i ed En tomo logy

(Series A) are d i rect ly concerned w i t h chemical con-

t ro l of C. partellus on sorghum: (1) K h a n (1983)

reported that carbofuran and d i su l fo ton , appl ied in

the f u r row , were more effective than fo l ia r appl ica-

t ions of nonsystemic compounds in Pakistan; (2)

Sachan and Rathore (1983) reported a 126% yield

increase in Ut tar Pradesh, Ind ia , o f sorghum p ro -

tected by a p rogram of a soi l app l ica t ion of 10%

phorate granules, fo l lowed by six appl icat ions of 4%

carbary l granules to the leaf whor ls and a spray

appl icat ion of carbary l at f lower ing ; (3) K ishore

(1984) compared the t im ing and schedul ing o f 4%

endosul fan dust in Ind ia ; and (4) Natara jan and

Chel l iah (1986) reported effective con t ro l of C. par-

tellus with dust fo rmu la t ions of B H C , ca rbary l , m a l -

a th ion, endosulfan and phenthoate, also in Ind ia .

The general conc lus ion, at least fo r Ind ia , has been

succinct ly stated by Leuschner et. a l . (1985): " Insec-

ticides should be used as a last resort and on ly where

absolutely necessary".
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Plant Breeding Biological Control

Screening fo r resistance and , to a lesser extent,

invest igat ions of the mechanisms of resistance, have

been the ma in recent research activi t ies on C. par te l -

lus. Leuschner et. a l . (1985) reviewed the role of

host -p lant resistance in pest management in Ind ia

and concluded that , w i th a s t rong breeding ef for t ,

present levels o f resistance to th is and o the r key

pests c o u l d be deve loped to p lay an i m p o r t a n t

ro le i n the i m p l e m e n t a t i o n o f I P M i n s o r g h u m

and tha t l o w levels o f s tem bo re r resistance cou ld

be supp lemen ted w i t h c u l t u r a l and chemica l mea-

sures. T h e techn iques used to mass rear C. p a r t e l -

lus on a r t i f i c i a l d ie ts , to es tab l ish in fes ta t ions on

s o r g h u m p lan ts and to eva luate resistance have

been summar ized by Tane ja and Leuschner (1985).

They emphas ized tha t deadhear t f o r m a t i o n causes

m a x i m u m g r a i n y ie ld loss and shou ld be g iven

greatest we igh t in eva lua t i ng resistance. They also

no ted tha t an t i b ios i s and to le rance are the m a i n

resistance mechanisms.

Teetes (1985) assessed the role of insect-resistant

sorghums in pest management, and Srivastava(1985)

summar ized the results of screening programs up to

the early 1980s in Ind ia and described a breeding

scheme to strengthen stem borer resistance in sor-

g h u m . Rana et a l . (1985) reviewed in fo rma t ion on

stable resistance sources, resistance mechanisms,

and the genetics of resistance. They concluded that

an t ib io t i c mechanisms are more impor tan t fo r stem

borer resistance than ov ipos i t iona l nonpreference.

A detai led labora to ry study of the inf luence of

var ieta l resistance on ov ipos i t ion and larval devel-

opment by Singh and Rana (1984) showed that ant i -

biosis, measured in 70 sorghum cul t ivars , was ex-

pressed as slower larval development , higher larval

mor ta l i t y and lower pupal weights, and that factors

affect ing larval development exist independent ly in

leaf and stem tissues. They compared the results of

their labora tory experiments w i t h f ie ld observat ions

on the same cul t ivars and showed that larva l du ra -

t i on and larval mor ta l i t y on leaf w h o r l tissues were

negatively and s igni f icant ly correlated w i t h b o t h the

percentage of deadhearts and the number of tunnels

per p lant and per stalk. Ov ipos i t i on in cages was

posi t ively and s igni f icant ly correlated w i t h the per-

centage of deadhearts and the number of cavities per

plant and per stalk. These studies emphasize the

impor tance of successful larval establ ishment in the

leaf w h o r l of young sorghum plants as the ma in

factor de te rmin ing deadheart f o r m a t i o n and conse-

quent gra in yield loss.

Gi ls t rap (1985) predicted excellent prospects f o r the

b iocon t ro l of C. partellus and of o ther stem borers,

bo th by the conservat ion of endemic na tura l enemies

and by the i n t r oduc t i on of exot ic agents, bu t there

are few signs of progress being made in th is d i rec t ion

on sorghum.

Inayatu l lah (1983) studied host selection by the

braconid parasite Apanteles flavipes (Cameron) and

reported that i t was especially at t racted to frass p ro -

duced by C. partellus and other borers feeding on

sorghum and maize. Host -p lan t associations may be

of par t icu lar impor tance to parasit ic Hymenop te ra

and D ip te ra and mer i t more detai led study.

Chak rova r t y et a l . (1983) studied the effects of the

bacter ium Serratia marcescens B iz io , appl ied as an

aqueous cell suspension, wh i ch prevented egg hatch

and k i l led f i rs t - instar larvae. Th is and other patho-

gens also mer i t more research.

Cultural Control

Seshu Reddy (1985) reviewed the ma in cu l tura l

practices that are used against so rghum stem borers,

inc lud ing : t i l lage and mu l ch ing ; t ime o f p lan t ing ;

spacing; fer t i l izer and water management; c rop sani-

t a t i o n ; remova l o f deadhearts, vo lunteer p lants , and

al ternat ive host p lants ; c rop r o t a t i o n ; and inter-

c ropp ing .

In te rc ropp ing has received most recent a t ten t ion

f r o m research workers . Mahadevan and Chel l iah

(1985b), studied the effects of in tercropp ing sorghum

w i t h var ious leguminous crops to con t ro l C. par te l -

lus and repor ted that in te rc ropp ing w i t h cowpea or

lablab reduced stem borer in festat ion and increased

gra in and straw yields. O m o l o and Seshu Reddy

(1985) repor ted the results of in te rc ropp ing exper i -

ments in Kenya wh ich indicated that so rghum-

cowpea i n t e r c r o p p i n g reduced the incidence o f

C. partellus and other borers. M o r e research is

needed but much i n fo rma t i on is already available

and cou ld be used by extension workers to advise

farmers and to develop I P M programs.

Coniesta ignefusalis ( H a m p s o n )

This py ra l id species is closely related to C. partellus 

and occupies a s imi lar niche in West A f r i ca . It is

ma in l y a pest of pearl m i l le t bu t also attacks
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so rghum in the dr ier areas of the Sahel. Nwanze

(1985) commented on C. ignefusalis'm the context of

pest management in pearl mi l le t in the Sahel but

re lat ive ly l i t t le research has been done on i t . Some

progress has been made w i t h b io log ica l and other

studies d u r i n g the Un i ted States Agency fo r In te rna-

t i ona l Deve lopment ( U S A I D ) / F o o d and A g r i c u l -

ture Organ iza t ion o f the Un i ted Nat ions ( F A O ) /

Comi te permanent interetats de lut te contre la

secheresse dans le Sahel ( C I L S S ) / I P M Project.

Diatraea saccharalis ( F a b r i c i u s )

This species also belongs to the fam i l y Pyral idae and

is therefore relat ively closely related to Chilo and

Coniesta. I t occurs in t rop ica l and subtropica l areas

of the U S A , the Car ibbean, Cent ra l and South

Amer i ca and ma in ly attacks sugarcane, maize, and

sorghum. I n f o r m a t i o n on its b io logy and ecology is

reviewed in Har r i s (1989). I t is therefore the Western

hemisphere equivalent of C. partellusand C. ignefu-

salis w i t h b io log ica l s imi lar i t ies wh ich indicate that

research on al l three species may be interre lated,

especially in the contexts of b io log ica l con t ro l and in

selecting fo r resistance. M i h m ( 1985) repor ted meth-

ods of ar t i f ic ia l infestat ion and the evaluat ion of

resistance in sorghum against this species and G u i -

ragossian and M i h m (1985) reviewed progress made

in screening 200 sorghum lines du r i ng a Cent ro

In ternac iona l de Me jo ramien to de maiz y T r i go

( C I M M Y T ) / I C R I S A T coopera t i ve p r o g r a m i n

Mex i co . Some results of screening in Brazi l have

also been reported (Boica et a l . 1983; Boica and Lara

1983, and Lara and Perussi 1984). Tolerance is the

ma in type of resistance detected in these studies w i t h

low levels of ant ibiosis and of ov ipos i t iona l n o n -

preference.

van Leerdam et a l . (1985) studied the hos t - f ind ing

behavior of the braconid parasite, Apanteles fla-

vipes (Cameron) and f ound that a water soluble

substance present in fresh D. saccharalis frass was

at t ract ive to female parasites searching fo r hosts.

These observat ions paral lel those made on the same

parasite on C. partelIus in Pakis tan ( lnaya tu l lah

1983).

Busseola fusca ( F u l l e r )

This is the most impo r tan t noc tu id stem borer

a t tack ing sorghum in A f r i ca south of the Sahara and

it has p robab ly been associated w i t h cu l t ivated

sorghum since the earliest o r ig in of the c rop in

A f r i ca . A l t h o u g h i t is a widespread and impo r tan t

pest, l i t t le detai led research has been done on this

species in recent years. Ades iyun (1983) studied the

effects of in terc ropp ing so rghum, maize, and mi l le t

in Niger ia and concluded that the almost to ta l i nab i l -

i ty of B. fusca females to ov ipos i t effect ively on

mi l le t resulted in reduced infestat ions of so rghum

when in tercropped w i t h mi l le t , wh ich is a c o m m o n

practice in the dr ier areas of West A f r i ca . Gebrek i -

dan (1985) recorded that nearly 6000 indigenous

E th iop ian sorghums were evaluated in a natura l 'hot

spot ' in festat ion of B. fusca but less than 1 % showed

tolerance.

Mos t recently, van Rensberg et a l . (1987) have

pub l ished a deta i led account of the ecology of

B. fusca on maize in Sou th A f r i ca . The results of th is

w o r k are par t l y relevant to research on sorghum and

are referred to in a later paper presented at this

W o r k s h o p (Har r i s 1989).

Sesamia cretica L e d e r e r

Temarak et a l . (1984) have studied the in terac t ion of

the bracon id parasite, Bracon brevicornis Wesmael

and its hyperparasi te, Pediobius bruchida ( R o n -

dani ) w i t h overw in te r ing popu la t ions of S. cretica in

stacked so rghum stems in Egypt . La rva l mo r ta l i t y

rates of 14-68% were recorded, w i t h parasi t ism

account ing f o r 5 -28%. By the end of the w in te r

hyperparas i t ism by Pediobius had risen to 100%.

The on ly other recently publ ished w o r k on this spe-

cies seems to be that by Ba A n g o o d and Huba ishan

(1983) repor t i ng the screening of several in t roduced

high-y ie ld ing sorghum varieties in the Yemen D e m o -

crat ic Republ ic . The in t roduced D w a r f W h i t e M i l o

was very susceptible; the lower-y ie ld ing local var ie ty

Bain i was less susceptible; and the o p t i m u m sowing

dates fo r most varieties tested were 26 Augus t and 16

September.

O t h e r Sesamia Species

A l t h o u g h other species of Sesamia have been re-

corded as stem borers of so rghum (Ha r r i s 1985;

Seshu Reddy 1985) l i t t le research is being done on

them, ind ica t ing tha t they are general ly considered

of less impor tance than the m a i n stem borer species

dealt w i t h above.
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Eldana saccharins W a l k e r

In the past th is has been considered a relat ively

u n i m p o r t a n t pest in A f r i c a , except on sugarcane.

But Seshu Reddy (1985) noted that i t has recently

increased in impor tance on sugarcane, maize, and

sorghum in several areas of A f r i ca south of the

Sahara, and i t is the most impo r t an t stem borer of

so rghum in B u r u n d i . Sampson and K u m a r (1985)

publ ished an account of its b io logy and ecology on

sugarcane in Ghana and A t k i n s o n (1980) publ ished

a detai led account of its b io logy , d i s t r i bu t ion , and

host plants in Sou th A f r i ca .

C o n c l u s i o n s

D u r i n g the 1980s, progress has been made towards

ma in l y emp i r i ca l so lut ions o f stem borer problems

by selecting fo r host-p lant resistance and incorporat -

ing resistance in to h igher-y ie ld ing varieties. Screen-

ing techniques, especially f o r Chilo partellus and

Diatraea saccharalis, are wel l established and cou ld

easily be adapted fo r other species.

The mechanisms of resistance have not been fu l ly

researched, a l though some progress has been made

in s tudy ing the cr i t ica l phase of establishment of

f i rs t - ins tar larvae of C. partellus on young sorghum

plants. Other interact ions between pest species and

the i r host p lants, bo th in the adul t and larval stages,

mer i t f u r the r research w h i c h cou ld prov ide the basis

f o r a better unders tand ing of resistance. I f resources

were adequate, w h i c h they are not at present in

e i ther As ia or A f r i c a , studies of borer species on

the i r o r ig ina l grass hosts migh t also prov ide the basis

fo r fu r ther advances in p lant breeding.

Some w o r k on chemical con t ro l cont inues and

may be of use in some special circumstances but

seems u n l i k e l y t o p r o v i d e feas ib le l o n g - t e r m

solut ions.

C u l t u r a l methods of l im i t i ng borer damage are

avai lab le but are seldom used effectively in areas

where f a r m i n g communi t ies lack the suppor t of ade-

quate advisory services.

B io log ica l c o n t r o l , wh ich offers some possibi l i t ies

of effective long- te rm con t ro l , w i l l require substan-

t ia l research and imp lemen ta t i on inputs i f i t is to be

successful. I n g r a m (1983) reviewed the pos i t ion and

suggested fu r ther w o r k .

C a m p i o n and Nesbi t t (1983) have reviewed the

use of pheromones fo r stem borer con t ro l and con-

c luded that the m a i n potent ia l f o r con t ro l by ma t i ng
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Sorghum Stem Borers in India and Southeast Asia

Abstract

Information on the distribution, bioecology, and host plants of sorghum stem borers is reviewed. 

The sorghum stem borer species recorded in India and Southeast Asia, their avoidable losses, and 

control tactics are discussed, together with their natural enemies including pathogens. Their 

potential for use in the control of stem borers is discussed. 

I n t r o d u c t i o n

Of the 19.22 m i l l i o n ha o f so rghum g r o w n t h r o u g h ­

out As ia , I nd ia accounts fo r 15.30 m i l l i on ha w i t h a 

to ta l p r o d u c t i o n o f 10.30 m i l l i o n tonnes ( F A O

1985). At the beginn ing of the century , I nd ian

sorghum yields averaged 498 kg ha - 1 . P roduc t ion

averages increased to 673 kg ha - 1 by 1985 main ly due

to the i n t r oduc t i on o f hybr ids and improved va r i ­

eties in var ious states.

So rghum is an impo r tan t gra in and fodder c rop of

Ind ia . A p p r o x i m a t e l y 90% of the country 's sorghum

is g r o w n in the states of A n d h r a Pradesh, Gu jara t ,

Ka rna taka , M a d h y a Pradesh, Maharash t ra , Rajas-

than , and T a m i l N a d u . So rghum gra in is p r imar i l y

used as h u m a n f o o d in ru ra l areas, wh i le stems and

leaves prov ide fodder for catt le.

In Southeast As ia , so rghum is g r o w n in Bangla­

desh, B u r m a , Indonesia, Sr i L a n k a , T a i w a n , T h a i ­

l and , and the Phi l ippines. In Bangladesh, sorghum is

cu l t iva ted as a relay, m i x e d , or border c rop , and

rarely g r o w n as a monoc rop . S o r g h u m is rap id ly

ga in ing popu la r i t y in the Phi l ipp ines as an economi ­

cal feed supplement fo r pou l t r y and catt le. In the

central par t o f Tha i l and , sorghum is g rown on mar -

g ina l areas, or p lanted as a second c rop after maize

fo r expor t to Japan , Saudi A r a b i a , and Sou th

Korea. Very l i t t le sorghum is g r o w n in Indonesia or

any of the other Southeast As ian countr ies and very

l i t t le so rghum research has been done in those coun-

tries (Meksongsee and Chawanapong 1985).

I m p o r t a n t stem borers in d i f ferent sorghum grow-

ing regions in I n d i a have been reviewed (Seshu

Reddyand Davies 1978 ,Gahukarand Jo twan i 1980,

Srivastava 1985, and Sharma 1985). A review of

wo r l d l i terature on lep idopterous stem borer l isted

46 species of borers on di f ferent crops (Jepson 1954).

Other valuable research on these borers include the

area of systematics ( K a p u r 1950, 1967, Tarns and

Bowden 1953, and Blesznski and Col l ins 1962), and

b io logy, i n ju ry , and con t ro l tactics ( I ng ram 1958,

Nye 1960, Har r is 1962, 1985, Y o u n g 1970, and

Y o u n g and Teetes 1977).

The ma jo r stem borer species associated w i t h

sorghum in I nd ia and Southeast As ia have been

compi led (Table 1 ) f r o m C A B Anno ted B ib i l i og ra -

phies, E-105 issued by C o m m o n w e a l t h Ins t i tu te of

En tomo logy (1973-83). The f o l l ow ing documents
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var ious stem borer complexes f o u n d th roughou t

Ind ia and Southeast As ia , w i t h a t tent ion to species

d i s t r i bu t i on , occurrence, host p lants , damage and

extent of c rop losses, c o n t r o l tact ics, and na tura l

enemies.

D a m a g e a n d E x t e n t o f Losses

In Ind ia , incidence of stemborers ranges f r o m 10-75%

w i t h severe infestat ions that can necessitate resow-

ing o f the c rop ( R a h m a n 1944, T rehan and Bu tan i

Table 1. Sorghum stem borers, their distribution and hosts in India and Southeast Asia
1
.

Stem borer

A. Pyralidae 

Chilo partellus (Sw inhoe )

Chilo infuscatellus (Snel len)

Chilo auricilius ( D u d g e o n )

Chilo sacchariphagus 

(Bo je r ) (= Proceras 

venosatus W a l k e r )

Maliarpha sopartella R o g o n o t

Ostrinia furnacalis Guenee

B. Noctuidae 

Sesamia inferens ( W a l k e r )

D i s t r i b u t i o n

A n d h r a Pradesh, Assam, B ihar , D e l h i , Gu ja ra t ,

H i m a c h a l Pradesh, K a r n a t a k a , M a h a r a s h t r a ,

Or issa, Pun jab , Ra jas than , and West Bengal

States o f I n d i a ; Indones ia , S r i l anka ,

and T h a i l a n d .

( C I E M a p , 184)

A n d h r a Pradesh, Assam (Sh i l l ong ) Bengal , B ihar ,

C o i m b a t o r e , D e l h i , Gu ja ra t , Kera la , M a d h y a

Pradesh, M a h a r a s h t r a , Myso re , Or issa, Ra jas than ,

T r i p u r a , and U t t a r Pradesh States o f I nd ia .

Indones ia (Java) , Ko rea , the Ph i l ipp ines ,

T a i w a n , T h a i l a n d , and (Sou th ) V i e t n a m .

( C I E M a p 301)

A n d h r a Pradesh, Assam, B ihar , Dar jee l ing ,

D e l h i , Gu ja ra t , H i m a c h a l Pradesh, M a d h y a

Pradesh, M a h a r a s h t r a , M y s o r e , Or issa, P u n j a b ,

Ra jas than , and T a m i l N a d u States o f I nd ia .

Ma lays ia , the Ph i l ipp ines , T a i w a n , T h a i l a n d ,

and V i e t n a m .

( C I E M a p 300)

Indones ia , Ma lays ia , and People's

Repub l i c o f Ch ina

( C I E map 177)

Ind ia ( L u d h i a n a )

Assam, B ihar , M a n i p u r , Myso re , Pun jab ,

and West Bengal States of I nd ia .

Indones ia , K o r e a , Ma lays ia , S r i l anka ,

T a i w a n , T h a i l a n d , and V i e t n a m .

( C I E m a p 294)

A n d h r a Pradesh, B ihar , M a d h y a Pradesh,

M a h a r a s h t r a , M y s o r e , Or issa, Pun jab , U t t a r

Pradesh, and West Bengal States of I nd ia .

Indones ia , J a p a n , K o r e a , the Ph i l i pp ines ,

S r i l a n k a , T a i w a n , and T h a i l a n d .

( C I E m a p 237)

Hos t p lants

S o r g h u m , maize, m i l l e t .

r ice, sugarcane, ba j ra

sudan grass, rag i , Johnson

grass. Job 's tear,

and K a w d i a

Sugarcane, m i l l e t ,

s o r g h u m , and rice

Sugarcane, r ice .

and so rghu m

S o r g h u m and

sugarcane

Rice and so rghu m

Ma ize , m i l l e t , and

m a n y grasses

S o r g h u m , maize, m i l l e t ,

sugarcane, and grasses

1 . S o u r c e : C o m m o n w e a l t h I n s t i t u t e o f E n t o m o l o g y ( C I E ) , D i s t r i b u t i o n M a p s o f Pests, 56 , Queen 's G a t e , L o n d o n , E n g l a n d .
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1949, and Pradhan and Prasad 1955). Overa l l losses

due to stem borers may average 5 -10% in di f ferent

regions in Ind ia fo r ear ly-sown sorghum. Avo idab le

losses w i t h the C S H 1 hyb r i d and the var iety Swarna

have been est imated to be 5 5 - 8 3 % (Jo twan i et a l .

1971, and Jo twan i and Y o u n g 1972).

Stem borer severity on sorghum has ranged f r o m

54-100% in di f ferent years over the last decade.

Damage of 6 0 - 7 0 % has been reported in Rajasthan,

fo r bo th the C S H l hyb r id and local varieties. I t

ranged f r o m 80-100% in Co imbatore , Dewas, Indore,

Mansoor , Nagpur , Ra t lam, Sehore, and Uda ipur

distr ic ts. Besides these cases, peduncle damage has

been reported f r o m M a d h y a Pradesh on C S H 5, and

severe infestat ions were repor ted on late sown

sorghum in Ka rna taka and early sown sorghum in

Gujarat ( A l C S I P 1975-87).

Tr ia ls conducted at Hisar on plots under intensive

pro tec t ion compared w i t h nonprotected plots, have

shown h igh yields in protected plots and very low

yields in nonprotected plots. In festat ion ranged

f r o m 50-100% under f ield condi t ions (Taneja et al .

1987).

M a j o r S t e m B o r e r Species

Chilo partellus ( S w i n h o e )

The species C. partellus, k n o w n as the spotted stem

borer, is d is t r ibuted in Bangladesh, Ind ia , Indone-

sia, Sr i L a n k a , and the Phi l ipp ines. It is a major pest

of so rghum, maize, and sugarcane. C. partellus has

been recorded on other host plants, inc lud ing Sudan

grass (Sorghum vulgare), Nach in i (Eleusinae cora-

caua), Baru Johnson grass (Sorghum halepense). 

Jobs tears (Coix Lachryma Job i L ) , and Burger

(Polytoca harbata) (Trehan and Butan i 1949). The

borer is f ound th roughout the Ind ian subcont inent

and is a more serious pest in nor thern and central

regions.

Popu la t ion dynamics and seasonal abundance

studies at Co imbato re have revealed that adult activ-

i ty is higher in January than in other months, w i th

highest damage on the crop sown du r i ng March and

lowest on the crop sown in June or October ( M a h a -

devan and Chel l iah 1986). In Maharasht ra , the

number of larvae were found to be higher in winter

sorghum than in ra iny season sorghum. But the

average number of pupae, percentage of stem tun-

nel ing, and percentage of internodes at tacked, were

highest in rainy season sorghum.

M a n y scientists reported C. partellus carryover in

stalks and stubble of sorghum (Rahman 1944,

Rawat 1967, S ingh et al . 1975, Chundu rwar 1978,

and Taley and Thak re 1980). The metamorphosis of

moths f r o m pupae has been reported to occur f r o m

the beginning o f A p r i l to June in nor thern Ind ia

( R a h m a n 1944, Trehan and Butan i 1949, Panwar

and Sarup 1979, and Singh et a l . 1985). In M a h a -

rashtra, emergence of adults was observed in June or

Ju ly , but emergence started at Gwa l io r at the end of

February and cont inued th rough the end of A p r i l .

Env i ronmenta l condi t ions, p r imar i l y ra in fa l l , deter-

mines the t ime of emergence of adults.

The bio logy and behavioral response of larvae

have been studied in the laboratory . In a compar ison

of larvae collected f r o m De lh i , Hyderabad, Indore,

and Nagpur , the larval popu la t ion f r o m De lh i laid

more eggs and completed l i fe cycles quicker than the

others. In add i t i on , 91.8% of larvae f r o m De lh i

underwent diapause (Verma and Jo twan i 1985).

Chilo infuscatellus Snellen, and

Chilo auricilius (Dudg)

These two species of pyral ids are p r imar i l y of eco-

nomic impor tance to sugarcane and of m inor impor -

tance to sorghum. Both have been reported on

sorghum in Ind ia , Indonesia, the Phi l ippines, Ta i -

wan , and Thai land'. C. infuscatellus has been col-

lected in Madhya Pradesh, in central Ind ia , on maize

and sorghum hybr ids. The b io logy and nature of

damage are s imi lar to C. partellus. The borer C.

auricilius is p r imar i l y a pest of rice, commonly

known as the gold- f r inged rice borer.

Chilo sacchariphagus (Bo jer )

This species occurs in Ch ina , Indonesia, and Ma lay -

sia and is p r imar i l y a pest of sugarcane. It is k n o w n

as the spotted borer. It is an impor tan t pest of

sorghum in Hopei province of China. The f i rst-

instar larva is a leaf-feeder, concentrated in the plant

who r l and the second-instar and the older larvae

tunnel in the stem. There are two generations per

year. Peak ov ipos i t ion occurs in mid-June for the

first generat ion and in mid-Augus t for the second

generat ion. C. sacchariphagus damage in spr ing

sorghum has been reported at 65% and in summer

sorghum at 35%. Losses reported f r o m borer dam-

age are 32% for spr ing sorghum and 8% for summer

sorghum.
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Maliarpha separatella (Ragonot)

The species, k n o w n as the green st r iped borer , is

repor ted to be a ma jo r pest of r ice in A f r i ca . The

larvae were f i rs t observed in Ludh iana , I nd ia in the

stubble and lower stems of the C S H 1 sorghum

h y b r i d . The b io logy and behav ior of the pest has

been repor ted by Sandhu and Chandra (1975).

The adu l t m o t h is s tout , measur ing about 20-25

m m , w i t h p rom inen t da rk red bands on the fo re-

w ings , especially on adul t females. Eggs are la id in

batches and are ye l lowish-whi te and oval . The larvae

exh ib i t sexual d i m o r p h i s m . The male larvae have

f ive v io le t - to- reddish stripes whi le females have

fa in t l y def ined stripes or none at a l l . The larva l

per iod lasts f o r 6 -9 days in the labora to ry . Pupa t ion

occurs in stems or stubble and lasts f o r 14-16 days.

An average of one la rva per stubble was recorded in

the f ie ld .

Ostrinia furnacalis (Guenee)

The species is k n o w n as the t rop ica l co rn borer and is

d is t r ibu ted in parts o f Ch ina , Ind ia , Korea, Ma lay -

sia, S r i L a n k a , Ta iwan , Tha i l and , and V ie tnam.

T h i s species was f i rs t repor ted in T h a i l a n d as

O. salentialis (Snel len). It is an impor tan t pest of

maize in T h a i l a n d and the Phi l ippines, bu t infesta­

t i o n on so rghum is rarely observed. Succulent va r i -

eties of so rghum have been found susceptible to this

species in Tha i l and .

Sesamia inferens (Walker)

Th is species occurs in Bu rma , Ch ina , I nd ia , Indone-

sia, Ma lays ia , Sr i Lanka , T a i w a n , and the Ph i l i p -

pines (Teetes et a l . 1983). It is k n o w n to be a pest of

sugarcane, maize, sorghum, r ice, wheat , and f inger

mi l le t (Jepson 1954). I t has been reported a t tack ing

so rghum in the Phi l ippines ( Y o u n g 1970). In T h a i -

l a n d , is a pest of b o t h sugarcane and r ice, bu t i t has

not been reported on sorghum (Meksongsee and

Chawanapong 1985). In Ind ia , i t is m i n o r rice pest

and causes considerable damage to maize (Kapu r

1967).

The detai led b io logy of S. inferens has been stud-

ied in f inger mi l le t by K r i s h n a m u r t i and Usman

(1952). The adu l t moths are straw co lored. Female

m o t h lays creamy whi te eggs in clusters between the

leaf sheath and stem of the p lant . Eggs hatch in

about 7 days but ha tch ing may be extended in a 

w in te r or d r y season. On ha tch ing , larvae may pene-

t rate the stem d i rec t ly and can k i l l the y o u n g p lan t .

The fu l l - g rown larva measures 25-30 mm in length

and is pale ye l low w i t h a p ink t inge and a reddish-

b r o w n head. Several larvae may be present in one

gal lery. Pupa t i on takes place inside the tunneled

stem. The l i fe cycle f r o m egg to adu l t is completed in

46 days in summer and 71 days in win ter . F o u r - t o -

six generat ions are recorded per year in south Ind ia .

Symptoms of damage are s imi lar to those caused by

C. partellus. 

Insect C o n t r o l a n d R e l a t e d R e s e a r c h

C h e m i c a l C o n t r o l

In I nd ia , considerable w o r k has been done on chem-

ical con t ro l of C. partellus at the D i v i s i on of En to -

mo logy ( I A R I , New De lh i ) , b y the A l l I nd ia C o o r -

d inated So rghum Improvement Project ( A I C S I P ) ,

and at var ious agr icu l tu ra l universit ies. In early

t r ia ls , insecticides such as B H C and D D T appl ied as

sprays and dusts, proved effective in con t ro l l i ng

stem borers on local sorghums. Later spray f o rmu la -

t ions of insecticides such as pa ra th ion , d iaz inon ,

t r i ch lo rphos , carbary l , ma la th ion , and endosul fan

have p roven effective in reduc ing the pest (Sukhan i

1986). The effectiveness of granular insecticides was

tested fo r ca rbo fu ran 3%, ch lor fenv iphos 2%, and

fensu l fo th ion 5%, appl ied at 8, 10, and 12 kg per ha -1

in leaf whor ls (V ibhu te et a l . 1973-74, and Srivas-

tava and Jo twan i 1976). Other chemical contro ls

were tested on h igh-y ie ld ing variet ies and hybr ids of

so rghum, such as endosul fan ( K u n d u and Sharma

1974), phorate and ch lor fenv iphos, mephosfo lan

a ld icarb , qu ina lphos , d i su l fo ton , and a m ix tu re of

l indane and carbary l (Venugopal et a l . 1977, Srivas-

tava and J o t w a n i 1979, Jo twan i 1979, K u n d u and

Kishore 1980, and Patel and Jo twan i 1982). Results

revealed that carbo fu ran and endosul fan granules

were the most effective of the insecticides tested at

di f ferent locat ions.

Tr ia ls were also conducted at D e l h i , Kanpu r ,

Pa rbhan i , and Uda ipu r , on compara t ive effective-

ness of proved granu lar and fo l ia r sprays of d i f ferent

insecticides. Tested under the A I C S I P p rog ram, the

granu lar insecticides proved super ior when appl ied

in whor ls .

Insecticides such as endosul fan 4 % , carbary l 5%,

l indane 0.65%, phenthoate 2%, appl ied as dusts at

reduced dosages of 8-10 kg ha - 1 in the leaf whor l s ,

proved effective and economical (Sadakathul la 1981,
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and Jo twan i 1982). In Ch ina , appl icat ion of granules

con ta in ing 0.25% demeton gave 80% cont ro l o f

str ipped borer C. sacchariphagus (Anonymous 1977).

Very l i t t le w o r k has been done on chemical con t ro l

of other species of borers on sorghum.

Biological Control

A number of parasites and predators of stem borer

have been recorded by var ious scientists (Rao 1964,

Sharma et a l . 1966, and J o t w a n i , et a l . 1978).

Recent ly, a large number of parasitoids have been

repor ted f r o m D h a r w a d . Considerable i n f o rma t i on

is also avai lable f r o m other parts of the w o r l d and

reviewed by Van Rensburg and van H a m b u r g

(1975), and Greathead (1971).

In I nd ia , at tempts were made to con t ro l C. partel-

lus by releasing strains of egg parasite Tricho-

gramma exiguum f r o m Barbados, Co lomb ia , and

the Phi l ipp ines in di f ferent ecological areas. The

parasite has been established in De lh i and Nagpur

areas (Jo twan i 1982). Recent releases of egg and

larva l parasites Trichogramma chilonis and Apan-

teles flavipes have been successful, a t tack ing C. par-

tellus in so rghum penduncle w i t h up to 65.5% m o r -

ta l i ty ( A I C S I P 1986-87).

A vast amoun t of l i terature is avai lable on patho-

genic microbes, i.e. funga l , bacter ia l , and v i ra l dis-

eases of stem borers. Ramakr i shnan and K u m a r

(1977) reviewed the wo rk done on pathogenic m ic ro -

bes in Ind ia . The fungus Fusarium aleyrodis proved

effective in con t ro l l i ng the stem borer when sprayed

either in spore suspension or crude t o x i n (S inha and

Prasad 1975). S imi la r ly , the granulosis and nuclear

po lyhedra l v i rus of d i f ferent strains were reported

on C. infuscatellus, C. sacchariphagus, and 5. infer-

ens in Ind ia (Easwarmoor thy and Dav id 1979,

Nayak and Srivastava 1979). Bacterial disease caused

by Serratia marascens has been recorded f r o m

C. infuscatellus in sugarcane (S i thanatham 1979).

A l t h o u g h useful i n f o r m a t i o n is avai lable on parasi-

to ids and insect microbes that at tack the stem borer

comp lex , a systematic use of these b io t ic agents has

not been explo i ted.

C o n c l u s i o n

F r o m the present level o f knowledge on the con t ro l

of stem borers, i t is obvious that the damage caused

by this pest cou ld be reduced in Ind ia , and in Sou-

theast As ia . Economic threshold levels fo r di f ferent

stem borers should be investigated so that appro-
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Lepidopterous stem borers are the main insect pests of sorghum in West Africa. Their relative 

importance, distribution, bioecology, and the damage they cause are described. The various 

control strategies that include cultural, genetic, biological, legislative, and chemical methods and 

the integration of these approaches into a pest management system are discussed. 

Recent changes in cropping patterns in the sorghum-growing areas of West Africa may have 

influenced the incidence levels and damage caused by stem borers. Future research needs are also 

indicated.

I n t r o d u c t i o n

Sorghum or Guinea corn , Sorghum bicolor ( L )

M o e n c h , is the most widely cu l t iva ted cereal c rop

and the most i m p o r t a n t f ood c rop in the savanna

areas of West A f r i ca . Its impor tance can be i l lus­

trated w i t h the s i tuat ion in Niger ia , the ma jo r p r o ­

ducer, where i t accounts fo r about 50% of the to ta l

cereal p roduc t i on and occupies about 4 6 % of the

to ta l land area devoted to cereal p roduc t i on (other

cereals are r ice, maize, m i l le t , and wheat) . The area

devoted to so rghum is s l ight ly more than 6 m i l l i on

ha and p r o d u c t i o n is est imated to be about 9 m i l l i o n

metr ic tonnes ( I A R 1984). These factors indicate

that the c rop w i l l cont inue to increase in impor tance

in Niger ia and other countr ies in the region a l though

s imi la r f igures fo r other West A f r i c a n countr ies are

not readi ly avai lable.

Species C o m p l e x

Insect pests const i tute an impo r tan t factor l im i t i ng

gra in so rghum p roduc t i on in West A f r i ca . The most

i m p o r t a n t f ie ld insect pests are shoot f l ies, stem bo r ­

ers, head bugs, head caterpi l lars, and gra in midges.

Of these, the stem borers are the most impo r tan t and

most widespread. M u c h of the w o r k on the insect

pests of so rghum in the region has therefore been on

stem borers.
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Stem borers repor ted on sorghum in West A f r i ca

include Busseola fusca (Fu l le r ) , Sesamia calamistis 

H a m p s o n , Eldana saccharina Wa lker , S. poephaga 

Tarns and Bowden, S. Penniseti Ta rns and Bowden,

and Acigona ignefusalis Hampson . A. ignefusalis is

p r ima r i l y a pest of pearl mi l le t , Pennisetum americ-

anum(L.) Leeke, but is a m i n o r pest of sorghum in a 

so rghum/m i l l e t in tercrop. A l t h o u g h details vary

between count r ies , B. fusca is the most impor tan t

stem borer since i t predominates in the major

so rghum-grow ing areas. Other species can be of

p r imary impor tance local ly. Fo r example, S. cala-

mistis predominates and E. saccharina is impor tan t

in the southern Guinea savanna in Niger ia ( A b u

1986a, b) , whi le A. ignefusalis is more impor tan t

no r t h of la t i tude 11° 30'N in Bu rk i na Faso (Nwanze,

I C R I S A T , personal communica t ion) . The relative

impor tance and d i s t r i bu t ion of stem borers in West

A f r i ca is st rongly inf luenced by ra in fa l l patterns.

Control Measures

Cultural Control

The most logical cu l tu ra l con t ro l measure against

B. fusca, wh i ch spends the d ry season in diapause, is

to reduce the f i rst generat ion adul t popu la t ion by

k i l l i ng d iapausing larvae w i t h i n the o ld stalks. This

is best done by dest roy ing o ld stalks by burn ing or

compos t ing before the onset of the rains (Har r i s

1962). Where the stalks are required fo r bu i ld ing ,

fencing, or f i rewood they should be par t ia l ly burned;

the leaves shou ld be burned a few days after the

heads have been removed, wh i le the leaves are d ry

but the stalks are not (Ades iyun and A jay i 1980).

Heat generated f r o m burn ing leaves is suff icient to

k i l l the larvae w i t h i n the stalks. The stalks should be

kept in the open rather than in large stacks in the

shade of trees where larval survival is much higher.

Where the stalks are fed to animals, the residues and

al l unused stalks should be destroyed before the

onset of the rains.

Fo r these cu l tu ra l con t ro l measures to be effec­

t ive, they must be adopted by al l farmers in the target

area, otherwise, remain ing insect populat ions w i l l

cont inue to seek avai lable hosts. One way to accom­

pl ish this is to enl ighten the farmers adequately or , i f

possible, enforce compl iance by legislat ion.

Sesamia can also be cont ro l led by par t ia l bu rn ing .

In the southern Guinea savanna, where sorghum

ratoons suppor t the carryover of Sesamia popu la-

t ions th rough the d ry season ( A b u 1986b) i t is advis-

able to p low ratoons in to the soi l .

Fo r bo th B. fusca and Sesamia, early p lan t ing has

been found to lower stem borer in festat ion ( A b u

1986a). This probab ly explains why peasant farmers,

who no rma l l y p lant as soon as the rains become

established, suffer less stem borer infestat ion than

occurs at exper imenta l stat ions, where p lant ing is

usually delayed.

Ano the r cu l tu ra l con t ro l measure involves inter-

c ropp ing . Peasant farmers in West A f r i c a a lmost

invar iab ly in tercrop mi l le t and sorghum. Ava i lab le

i n fo rma t i on (Ades iyun 1983) indicates that inter-

p lan t ing mi l let w i t h sorghum in alternate stands

w i t h i n the same row reduces la rva l in festat ion of

B. fusca on so rghum, since the adul ts do not effec-

t ively ut i l ize mi l le t fo r ov ipos i t ion .

Resistant Var iet ies

In West A f r i ca , the use of insecticides is largely

beyond the means of the smal l fa rmer , and recom-

mended chemicals are usual ly not avai lable at the

r ight t ime. Plant resistance is therefore an attract ive

method of reducing stem borer damage.

The search fo r stem borer resistant varieties in

Niger ia began in the early 1970s under the Uni ted

States Agency f o r I n t e r n a t i o n a l D e v e l o p m e n t

(US A I D ) JP 26 project. Hundreds o f sorghum lines

f r o m the w o r l d co l lec t ion were screened over a 

4-year per iod at Samaru using natura l infestat ion.

The entries were rated as R (resistant) if they had

< 1 cm tunnel ing and evidence of larval mor ta l i t y or

abandonment ; I ( intermediate) if tunne l ing was 1-10

cm and there was evidence of larval mor ta l i t y or

abandonment ; and S (susceptible) i f the tunne l ing

was > 10 cm and there was very l i t t le or no evidence

of larva l mor ta l i t y ( I A R 1976). On this basis, 22

varieties of the wo r l d col lect ion and four improved

varieties were rated as resistant. Of the 22 variet ies,

fou r were also repor ted ly resistant to shoot f ly ( IS

6747, 6441,6449, and 8910).

In 1981 and 1982, MacFar lane (1984) screened

122 entries f r o m I C R I S A T and the Inst i tu te fo r

Agr i cu l tu ra l Research at Samaru , Niger ia . His para-

meters were percentage of stem tunneled, percentage

internodes bored , and visual damage. Ano the r set of

122 entries f r o m an I C R I S A T project in Kamboinse,

Burk ina Faso, is current ly being screened at Samaru.

A number of observations can be made f r o m these

attempts to f i nd sources of resistance to stem borers

in sorghum. One observat ion is that borer infesta-
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t i o n is h igh ly var iable f r o m year-to-year, m a k i n g

in te rp re ta t i on of data d i f f i cu l t . A n o t h e r is that the

amoun t of leaf feeding is not a rel iable parameter f o r

measur ing stem borer damage. Th is is p robab ly

because m ixed infestat ions of Sesamia and Busseola 

usual ly occur and on ly Busseola feeds on the leaves.

A l s o , there appears to be no cor re la t ion between

tunne l length and gra in y ie ld .

I t is clear that the methodo logy fo r evaluat ing

stem borer nurseries needs to be perfected, prefera-

b ly using laboratory- reared larvae to ar t i f i c ia l l y

infest nursery plants. To help accompl ish th is , an

ar t i f i c ia l diet was developed at Samaru composed of

wheat , soyabean f l ou r , brewers yeast, ascorbic ac id,

sorbic ac id , fo rmaldehyde, water, and agar. Th is diet

y ielded up to 6 0 % pupa t i on and adu l t emergence.

Increasing the soybean f l o u r content s igni f icant ly

improved the rate of adul t emergence ( A n o n y m o u s

1975).

Potential for Biological Control

Several parasi to ids, predators, and disease orga-

nisms have been reported as natura l enemies of

sorghum stem borers in West A f r i ca (Har r i s 1962,

Gahuka r 1981). Acco rd ing to Har r i s , Tetrastichus 

atriclavus, Apanteles sesamiae, and Pediobius fur-

vus are always present on B. fusca towards the end of

the g row ing season and are p robab ly its most i m p o r -

tant parasites. Bacillus thuringiensisand Aspergillus 

spp are also f o u n d in or on the larvae and pupae of

B. fusca at Samaru . The list of na tu ra l enemies w i l l

p robab ly increase as more efforts are made to search

fo r them. A l t h o u g h the overa l l rate o f parasi t ism of

stem borers is low and seldom exceeds 10%, the use

of na tu ra l enemies fo r b io log ica l con t ro l appears to

be w o r t h pursu ing. Meanwh i le , there have been no

studies on the popu la t i on , ecology and eff iciency of

these na tura l enemies, nor have local staff been ade-

quately t ra ined on their u t i l i za t ion .

Chemical Control

A l t h o u g h the use of insecticides fo r sorghum stem

borer con t ro l may be unat t ract ive to the smal l

fa rmer , the number of large-scale sorghum farmers

w h o require and can af ford insecticides is increasing,

especially in Niger ia . A number of insecticides have

been ident i f ied in f ie ld screening tr ia ls and can be

recommended fo r use.

Fo r the con t ro l of leaf- feeding stages of B. fusca 

carbary l 85 W P ; granular endosul fan 5 G ; and g ranu-

lar t r i ch l o rphon 5G appl ied i n to the w h o r l three

t imes at weekly intervals have been recommended

( A j a y i 1978, Ades iyun 1976). Granules of the sys-

temic insecticide ca rbo fu ran , appl ied in to the p lant -

ing hole at p lan t ing , fo l l owed by a side dressing 6 

weeks later, cont ro ls Sesamia and provides con t ro l

of Busseola larvae wh ich enter the stem at the base

( I A R 1975, A jay i 1987). Recent y ie ld loss assessment

tr ia ls us ing insecticides show tha t stem borer con -

t r o l , in the southern Guinea savanna where Sesamia 

predominates, improved yields by 16-19% ( A b u

1986a). S imi la r stem borer con t ro l in the nor thern

Guinea savanna, where B. fusca p redominates,

improved yie ld by 4 9 % (A jay i 1987). In b o t h cases,

the th ick-s temmed sorghum var iety SK 5912 was

used. In t r ia ls at Samaru , in wh i ch several improved

sorghum varieties were p lanted, the th in-s temmed

variet ies exh ib i ted more severe damage than SK

5912 in terms of stem breakage, especially at the

peduncle. I t may be assumed, therefore, that stem

borers w i l l cause more yield reduct ion as more f a r m -

ers adopt these improved , th in-s temmed varieties.

R e q u i s i t e s f o r I n t e g r a t e d C o n t r o l

Var ious measures can be integrated and used in

con t r i bu t i on to con t ro l stem borers. But there are a 

number of requisites before in tegra t ion can be suc-

cessfully employed. Some of the more obv ious and

pressing needs are listed below:

1. In order to ref ine the use of insecticides, the eco-

nomic threshold level f o r each stem borer species

and a complex of species needs to be de termined.

2. To develop an effective b io logical con t ro l p ro -

g r a m , the b io logy , ecology, and eff ic iency of the

ident i f ied natura l enemies of the stem borers need

to be studied.

3. There is a need to develop an accurate procedure

for breeding and screening sorghum lines fo r

resistance to stem borers. Labora to ry rear ing and

screenhouse faci l i t ies, wh ich are cur rent ly not

avai lable to sorghum researchers in West A f r i ca ,

are impor tan t requisites.

4. A method of predic t ing outbreaks of sorghum

stem borers is needed. Such a me thod shou ld be

amenable to use by ind iv idua l farmers in v iew of

the commun ica t i on di f f icul t ies exist ing in West

A f r i ca . Pheromone t rapp ing is a possibi l i ty .
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5. Know ledge o f the d i s t r i bu t i on o f so rghum stem

borers is s t i l l inadequate in some parts of West

A f r i c a . The on ly comprehensive studies seem to

have been made in N iger ia (Ha r r i s 1962, A b u

1986a, b) and Bu rk i na Faso (Nwanze 1985).

6. Effects of the chang ing c ropp ing systems in some

parts of West A f r i c a , on the stem borer species

comp lex and act iv i ty , needs to be elucidated. In

N ige r ia , f o r example , large farms o f monoc rop -

ped so rghum have been developed. A l so , maize is

fast rep lac ing mi l le t in some parts of the southern

and no r the rn Guinea savannas. In add i t i on ,

wheat is being g r o w n under i r r i ga t ion d u r i n g the

d r y season in the nor thernmost parts o f the coun ­

t r y and Scsamia is the on l y stem borer so far

recorded on wheat (A j ay i 1986). The role o f

wheat in enhanc ing the surv iva l of Sesamia du r -

ing the d r y season has not been studied.

7 . The number o f entomolog is ts cur ren t ly w o r k i n g

on so rg hum insects in the reg ion is grossly inade­

qua te , as is the level of research f u n d i n g . There is

an urgent need to strengthen sorghum research

th rough na t iona l programs in the region.

C o n c l u s i o n

The iden t i f i ca t ion , d i s t r i bu t i on , and relat ive impo r ­

tance of stem borers of so rghum in West A f r i ca have

been studied. Busseola fusca and Sesamia, especially

S. calamistis, are the ma jo r stem borers. B. fusca is

more i m p o r t a n t in the no r the rn Guinea savanna

whi le Sesamia predominates in the wetter southern

Guinea savanna, a l though there are pockets in the

lat ter where B. fusca predominates. C o n t r o l mea­

sures have been developed fo r b o t h stem borers.

These inc lude the dest ruc t ion of stems to k i l l the

stem borer larvae, in te rc ropp ing w i t h mi l le t , the use

of s tem-borer resistant variet ies, and the app l ica t ion

of insecticides. M a n y natura l enemies of the stem

borers have been ident i f ied but fu r ther studies are

needed before they can be effectively used in b io log i ­

cal c o n t r o l p rograms. I t is desirable to integrate

those measures that are compat ib le in order to at ta in

economic con t ro l of the stem borers.
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Sorghum Stem Borers in Eastern Afr ica

Abstract

Twelve stem borer species have been recorded on sorghum in eastern Africa. Ch i l o partel lus, C.

or ichalcoc i l ie l lus, E ldana saccharina, Busseola fusca, Sesamia calamist is, and S. cret ica are the 

most important. The distribution, biology, ecology, and grain yield losses caused by these stem 

borers and their management are discussed. 

I n t r o d u c t i o n

In eastern A f r i ca , sorghum (Sorghum bicolor [ L . ]

Moench) is a t rad i t iona l staple crop fo r mi l l ions of

people. It is also g rown as feed fo r pou l t r y and

l ivestock in the f o r m of g ra in , forage, and fodder. A 

number of countr ies in the eastern A f r i can region

are w o r k i n g on sorghum improvement inc lud ing:

Burund i , Eth iop ia, Kenya, Rwanda, Somal ia, Sudan,

Tanzan ia , and Uganda. W o r l d p roduc t ion o f sor­

g h u m gra in totals approx imate ly 63 m i l l i on metr ic

tonnes, produced on some 47 m i l l i on hectares. In

eastern A f r i c a , where 12.5% of the wor ld 's acreage is

under so rghum, gra in yield is very low, w i t h an

average of 1090 kg ha - 1 , compared w i t h 3063 kg ha - 1

in the U S A ( F A O 1984). One of the major con­

straints to p roduc t ion is insect pests.

Lep idopterous stem borers are the most wide­

spread g roup of insect pests of so rghum in eastern

A f r i ca . On late-planted so rghum, infestat ions o f

these insects can cause substant ia l gra in y ie ld losses

on small-scale farms. This paper br ief ly discusses the

advances made in the studies on d is t r i bu t ion , inc i -

D i s t r i b u t i o n o f S t e m B o r e r s

The wide range of lepidopterous stem borer species

infest ing sorghum in the region of eastern A f r i ca is

indicated in Table 1. However , the most notor ius

species in these count r ies are: Chilo partellus, 

C. orichalcociliellus, Eldana saccharina, Busseola 

fusca, Sesamia calamistis and S. cretica. 

A l t h o u g h C. partellus occupies the low w a r m and

hum id areas of sorghum p roduc t ion , i t has been

r e c o r d e d a t an a l t i t u d e o f 1800 m, whereas

C. orichalcociliellus is conf ined to coastal areas of

Kenya and Tanzania. B. fusca occurs in mid-a l t i tude

and h igh land areas. In E th iop ia , the occurrence of

B. fusca is relat ively rare a round 1200 m but its

severity of ten intensifies du r ing periods of relat ively

w a r m temperature. I t usually phases out , w i t h C.

partellus and S .calamist is increasing in prominence

1. Senior Research Scientist, International Centre of Insect Physiology and Ecology (lC1PE), P.O. Box 30, Mbita, Kenya.

l CR IS A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRlSAT.
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S. calamistis, and E. saccharina ranged f r o m 95-

100%. L a r v a l and pupa l popu la t ions , measured per

40 p lants, ranged widely : C. partellus 0-14, B. fusca 

40-174, and S. calamistis 0-34. General ly , the p o p u -

la t ion of E. saccharina was l ow , rang ing f r o m 0 -2

per 40 plants. These fou r stem borer species were

also found feeding on the same sorghum plant .

In Uganda, 56% gra in y ie ld losses occurred when

sorghum was infested by C. partellus at 20 days after

p lant emergence ( D A E ) (Starks 1969). In f ie ld stud-

ies conducted at the IC IPE ' s M b i t a Po in t F ie ld Sta-

t i on in western Kenya, gra in yield losses in sorghum

caused by C. partellus reached 74.4% when plants

were infested w i t h 5 l a rvae /p lan t at 10 D A E . Losses

were 87.8% when plants were infested w i t h 10 lar-

vae /p lan t , at 10 D A E . As p lant development ad-

vanced, i n i t i a l la rva l in festat ion caused lower yield

losses, as l ow as 2 - 1 3 % at 60 D A E . In research

elsewhere in the reg ion , in Tanzan ia , i t was reported

that B. fusca is typ ica l ly f ound in sorghum at

4 0 - 1 0 0 % infestat ion (Jepson 1954), and Megenasa

(1982) repor ted tha t in E t h i o p i a , movement o f

B. fusca larvae in to the base of the sorghum head

resulted in undersized heads and a 15% gra in loss.

B i o n o m i c s , E c o l o g y , a n d P h y s i o l o g y

In eastern A f r i c a , the b io logy and ecology o f ma jo r

stem borer species of sorghum have been studied by

several workers (Jepson 1954, I ng ram 1958, Nye

1960, Wheat ley 1961, de Pury 1968, Schmutterer

1969, Ma thez 1972, Boh len 1973, G i r l i n g 1978, and

N u r 1978).

In Kenya , f ie ld and labora tory investigations

conducted on diapause associated w i t h aestivat ion

by larvae of C. partellus and C. orichalcociliellus, 

showed that whi le suff ic ient mois ture was avai lable

fo r p lant g r o w t h , development was cont inuous and

the larvae had p igmented spots. On the cessation of

ra in or i r r i ga t ion , the cut icular p igment was lost, and

larvae became resistant to d rough t and ceased feed-

ing. Temperature , relative hum id i t y , and day length

d id not affect diapause, ind ica t ing that changes in

the food-p lan t might be responsible (Scheltes 1978).

However , i nqu i r y in to larval development showed

that it was possible to rear B. fusca th roughout the

year on young so rghum stems w i thou t any interven-

ing diapause, whi le feeding on mature stems induced

diapause (G.C. Unn i than , personal communica t ion) .

Pre l im inary e lectrophysio logical tests on certain

tarsal and ov ipos i to r sensilla of adults of C. partellus 

and £. saccharina, showed that the sensilla were

as a l t i tude drops (Megenasa 1982). E. saccharina is

considered to be the most impor tan t stem borer and

a head pest of sorghum in B u r u n d i ( K a b i r o 1982). In

Somal ia and Sudan bo th C. partellus and 5. cretica 

are serious ( A l i o 1986, and Far rag 1986).

I n f e s t a t i o n a n d Losses

In western Kenya, i t is rare to f i nd healthy sorghum

plants in many fa rmers ' f ields at harvest. A m o n g the

damaged p lants , extent and density of stem borers

vary. In studies conducted in fa rmers ' f ie lds, infesta­

t ions of borer complexes C. partellus, B. fusca. 
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Table 1. Stem borers of sorghum in eastern Afr ica
1
.

Stem borer

Chilo partellus (Sw inhoe )

( so rghum stem borer )

Chilo orichalcociliellus 

Strand (coastal stalk borer)

Eldana saccharina Wa lke r

(A f r i can sugarcane borer)

Ematheudes sp. nr .

helioderma

Busseola fusca Fu l le r

(maize stalk borer )

Busseo la segeta Bowden

Sesamia calamistis 

H a m p s o n ( A f r i c a n p ink

stalk borer )

Sesamia cretica 

Lederer

Sesamia a/bivena 

H a m p s o n

Sesamia botanephaga 

Tarns & Bowden

Sesamia penniseti 

Tarns & Bowden

Sesamia poephaga 

Tarns & B o w d e n

Count r ies repo r t i ng the

presence of borer

E t h i o p i a , Kenya , Soma l i a ,

Sudan , Tanzania , Uganda.

Kenya , Tanzan ia .

B u r u n d i , Kenya , Rwanda

S o m a l i a , Tanzan ia ,

Uganda .

Uganda .

B u r u n d i , E th i op ia , Kenya ,

R w a n d a , Sudan , Tanzan ia ,

Uganda .

Tanzan ia , Uganda.

B u r u n d i , E th iop ia , Kenya ,

R w a n d a , Tanzan ia ,

Uganda .

E t h i o p i a , Kenya , Soma l i a ,

Sudan .

B u r u n d i

Kenya , Sudan , Tanzan ia ,

Uganda

Uganda

Kenya , Tanzan ia , Uganda

1. Sources : I n g r a m 1958. N y e I 9 6 0 , G e b r e k i d a n 1982. Seshu

R e d d y 1985a, a n d Seshu R e d d y a n d O m o l o 1985.



innervated by mechano- and contact - chemorecep-

t o r cells. Tarsa l receptors were sensitive to sucrose,

whereas the ov ipos i t ion sensilla were not (Waladde

1983).

H o s t R a n g e

Several host p lants of so rghum stem borers have

been recorded and documented by var ious workers

(Jepson 1954, I n g r a m 1958, Le Pelley 1959, and Nye

1960). Surveys to f i nd var ious na tura l hosts of the

sorghum stem borers were conducted in the environs

of Lake V i c t o r i a in western Kenya. Several species

of plants were f ound to harbor stem borers (Table 2).

Of these p lants , B. fusca damage was recorded as a 

percentage on several species: Hyperrhenia rufa 

(26%); Pennisetum macrourum (53%); Phragmites 

mauritianus (34%); and w i l d so rghum (49%). Cype-

rus ariticulata was ident i f ied as an i m p o r t a n t host of

E. saccharina, w i t h up to 4 2 % plants damaged.

Sesamia spp were f ound to infest C. papyrus (47%)

and Typha latifolia (35%).

C o n t r o l M e t h o d s

C u l t u r a l C o n t r o l

S o w i n g D a t e

I t has been f o u n d that early sowing of sorghum

resulted in less infestat ion by stem borers than the

late-planted c rop in western Kenya. Dest ruc t ion of

crop residues, stubble, volunteer and alternate host

plants have been suggested by d i f ferent workers to

reduce borer infestations (Duerden 1953, Jepson

1954, I ng ram 1958, Nye 1960, Seshu Reddy 1985a,

and Unn i t han and Seshu Reddy 1986).

Intercropping

In Tanzan ia , Ka to et a l . (1982) observed that ov ipo-

s i t ion response of insect pests such as shoot f ly and

stem borers (C . partellus, B. fusca, and S. calamistis) 

was higher in sorghum monocrops than in mixed

crops of sorghum and s imsim. A lso , fewer dead-

hearts were recorded in in tercropped sorghum than

in pure stands of maize.

In Kenya, A m o a k o - A t t a et a l . (1983) established

that in te rc ropp ing noncereal /cereal combinat ions

delays C. partellus co lon iza t ion and establ ishment

processes. Ear ly and late in festa t ion, co lon iza t ion .

Table 2. Natural host plants of sorghum stem borers.

Host p lant

Cenchrus ciliaris 

Echinochloa colonum 

Echinochloa

haploclada

Echinochloa

pyramidalis

Hyperrhenia rufa 

Leptuous repens 

Panicum maximum 

Pennisetum

macrourum

Pennisetum

purpureum

Phragmites

mauritianus

Sorghum

arundinaceum

Sorghum verticilli-

florum

Sporobolus

marginatus

Cyperus articulata 

Cyperus papyrus 

Kyllinga sp.

Typha latifolia 

Launaea c o m m a
3

C. par- Sesamia E. sac-

tellus B.fusca spp charina 

+ 1 -2

+ + 

+ +

+

+

+ + + + 

+ + + 

+ + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ +

+ + 

+

+

1. + = R e c o r d e d host .

2. - = N o t r e c o r d e d .

3. O n l y eggs were seen.

bu i l d -up , and establ ishment of stem borer c o m -

plexes of C. partellus, B. fusca, E. saccharina and

S. calamistis have also been related to d i f ferent

so rghum/cowpea /ma ize combinat ions ( O m o l o and

Seshu Reddy 1985).

Fertilization

In Uganda, f o l l ow ing n i t rogen and phosphorus fer-

t i l izer appl icat ions, greater popu la t ions of C. panel-
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lus were f o u n d in g ra in so rghum plots (Starks et a l .

1971). In Sudan , S idd iq (1972) f o u n d that appl ica-

t i on o f n i t rogenous fert i l izer to sorghum increased

the infestat ion of C. partellus and S. cretica. 

P l a n t Res is tance

An impo r t an t prerequisi te fo r ident i fy ing sources

and mechanisms of p lant resistance to sorghum stem

borers is the capaci ty fo r mass p roduc t i on of the

borers themselves. A me thod of steady p roduc t i on

of C. partelIus has been established at the I C I P E ,

Kenya and an ef f ic ient , s imple and easy method of

co l lec t ion o f f i rs t - instar larvae f r o m the incubat ion

chamber has been developed (Ochieng et a l . 1985).

Eva lua t i on o f so rghum fo r resistance to stem bor -

ers has been standardized using t w o categories of

parameters: co lon iz ing levels of insects on di f ferent

cu l t i vars ; and degree of damage suffered by them.

The parameters f o r the co lon iz ing levels are: ov ipo -

s i t ion (percentage of eggs la id ) ; and number of lar-

vae /pupae per p lan t , or per 10 plants. Damage

parameters inc lude: the p r imary damage expres-

sions, e.g., fo l i a r lesions (v isual ra t ing on 1-5 or 1-9

scales); stem tunne l ing (percentage of stem length);

deadheart (percentage of plants showing the symp-

t o m ) ; and secondary damage expressions, e.g., stalk

breakage a n d / or head breakage ( K . N . Saxena, per-

sonal commun ica t ion ) .

In the E th iop ian sorghum improvement p rogram

nearly 6000 indigenous E th iop ian sorghum germ-

plasm entries have been evaluated under hot spot

na tu ra l in festat ion fo r their reactions to B. fusca.

Barely 1% of the entries were rated to lerant . H o w -

ever, they were rated susceptible under more r igor-

ous tests in subsequent seasons (Gebrek idan 1981).

Seshu Reddy (1983 and 1985b), based on screening

w o r k in Kenya , reported several p romis ing sources

of resistance to so rghum stem borer complex . These

inc lude: IS nos. 1044, 1151,3962,4213,4405,5613,

10364, 10370, 10711, 12447, 18326, 18427, 18479,

18517, 18676, S-178, Tx 2780, and A & B Tx 2756.

Based on the overal l resistance and susceptibi l i ty

index ( O R S l , the ra t io of each parameter value for a 

cu l t i va r to that fo r the con t ro l ) , resistant sorghum

cul t ivars inc lude Tx 38, IS nos. 4660, 3962, 10370,

10711, and 4881 . IS 1044 and S-178 were found to be

h igh ly resistant relative to the con t ro l IS 18520. The

lower the O R S l value fo r a cu l t i var (<1 .0 ) the

greater its overal l resistance ( K . N . Saxena, personal

commun ica t ion ) .

D a b r o w s k i and K id iava i (1983) reported that a 

wide range of mechanisms were invo lved in C. par-

tellus resistance in sorghum inc lud ing nonpreference

fo r ov ipos i t i on , reduced feeding of the f i rst- instars

on y o u n g leaves, reduced tunne l ing act iv i ty o f the

f i rst- instars on young leaves, reduced tunne l ing

act iv i ty o f o lder la rva l instars, and tolerance of

plants b o t h to leaf damage and stem tunne l ing .

M o r p h o l o g i c a l , physical and other p lant character-

istics, wh ich are easily detectable and are of pract ical

p lan t breeding value, need to be fu r the r studied to

determine their con t r i bu t i on to resistance.

Studies on genetics o f so rghum resistance to

C. partellus in Kenya demonstrate that resistance is

polygenical ly inher i ted, and par t ia l ly dominan t to

suscept ib i l i ty (Pathak and Olela 1983). In Uganda,

Starks and Dogget t (1970) made signi f icant advan-

ces in bo th breeding methodologies and incorpora-

t i o n of resistance to C. partellus. A l t h o u g h several

sources of so rghum resistance to stem borers are

avai lable in eastern A f r i ca , l i t t le ef for t has been

made to incorporate the resistance in to h igh-y ie ld ing

cul t ivars.

B i o l o g i c a l C o n t r o l

In eastern A f r i ca , the role of natura l enemies (parasi-

to ids , predators , and pathogens) as a cause of p o p u -

la t i on f luc tuat ions in stem borers of sorghum has

been investigated by several workers (Jepson 1954,

I ng ram 1958, Schmutterer 1969, M o h y u d d i n and

Greathead 1970, Mathez 1972, Megenasa 1982, and

Seshu Reddy 1983, 1985a).

In Kenya , three egg parasi to ids ( two scelionids

and a t r i chogrammat id ) caused up to 9 2 % mor ta l i t y

in Chilo spp and 9 7 % in 5. calamistis. Parasi t ism of

larvae and pupae was usual ly below 10% a l though

eight parasi to ids were found together w i t h a fur ther

six possible parasi to ids (Ma thez 1972). M o h y u d d i n

(1972) suggested that Dentichasmias busseolae. a 

sol i tary pupa l endoparas i to id (and one of the abun-

dant and widely d is t r ibuted parasi to ids), cou ld play

a s igni f icant role in reduct ion of C. partellus popu la-

t ions in eastern A f r i ca . Parasi t ism ranged f r o m

6-58%. In western Kenya, parasi t ism of C. partellus 

by D. busseolae has been recorded at 11 weeks after

p lan t emergence reaching a peak of 6 0 % t w o weeks

after. Incidence dropped to 15% at 14 weeks and

again rose to a m a x i m u m of 70% at 16 weeks ( J .W.

Bahana personal communica t ion) .

Invest igat ions in Uganda considered the possible

b io log ica l con t ro l of E. saccharina, by the parasit ic

be thy l id , Parasierola spp. A labora tory co lony of
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the paras i to id was establ ished on the larvae of

E. saccharina in stems of so rghum. Up to 22 adul t

bethyl ids were produced f r o m one host larva and

the sex ra t io was 7 females to 1 male. Larvae of

C. partellus, B. fusca, and S. calamistis were not

accepted as hosts but those of C. partellus were

occasional ly paralyzed and used as food in the

absence of E. saccharina (G i r l i ng 1979). Releases of

exot ic parasi toids Apanteles flavipes, Bracon chi-

nensis, Isotima javensis, Trichogramma austral i -

cum, and Sturmiopsis inferens against B. fusca, 

S. calamistis, C. partellus, and E. saccharina have

not been successful in eastern A f r i ca ( I ng ram 1983).

In western Kenya, stem borers are parasit ized by

the parasitoids Trichogramma spp., Apanteles se-

samiae, Pediobius furvus, and D. busseolae. Pro-

duc t i on , development , sex ra t io , and longevi ty of

these parasitoids have been studied in the region.

A l so , techniques fo r mass cu l ture of impor tan t para-

si toids of so rghum stem borers have been in i t ia ted

( G . W . O l o o , personal communica t ion) .

In Kenya, Mathez (1972) considered unident i f ied

bacter ia, viruses, and fung i the most impor tan t l im i t ­

ing fact oh to larvae of C. partellus, C. orichalcoci-

liellus, and S. calamistis in the f ie ld . Spore suspen-

sion app l i ca t ion of a p ro tozoan Nosema spp. to

sorghum plants infested w i t h f i rst - instar C. partellus 

larvae, effectively contro l led the borer. A lso , appl i -

ca t ion of a nematode, Panagrolaimus sp is being

invest igated as a t o o l in integrated management of

so rghum stem borers ( M . O . O d i n d o and W . A .

Ot ieno, personal communica t ion) .

I n f o rma t i on on the role of predators in stem borer

con t ro l is scanty. However , in Kenya, earwigs (Dia-

perasticuserythrocephala), black ants (Camponotus 

rufoglaucus), lady b i rd beetles (Cheilomenes spp.),

and spiders have been recorded as predators of the

major stem borers of sorghum.

C h e m i c a l C o n t r o l

In eastern A f r i ca , several workers have used insecti-

cides to con t ro l B. fusca under exper imenta l cond i -

t ions (Duerden 1953, Coaker 1956, Swaine 1957,

Ing ram 1958, Walker 1960, Schmutterer 1969, Ma-

thez 1972, Bohlen 1973, and Assefa 1981). Chemica l

con t ro l of so rghum stem borers is expensive and has

not proven to be economical ly feasible on subsist-

ence farms. Other drawbacks to chemical con t ro l

inc lude the dangers of env i ronmenta l po l l u t i on , the

potent ia l fo r pest resistance, and post -cont ro l pest

resurgence.

P h e r o m o n e a n d L i g h t T r a p s

Pheromone traps con ta in ing either synthet ic or v i r -

g in females cou ld be used in m o n i t o r i n g stem borer

popu la t ions in the f ie ld . In western Kenya, mean

ca tches / t rap /n igh t in pheromone traps w i t h v i rg in

females were highest fo r Maliarpha separatella (a

rice stem borer) fo l lowed by C. partellus and. B. fusca 

( H o and Seshu Reddy 1983). Fur ther studies showed

that B. fusca v i rg in females were more than t w o

times as eff ic ient as synthetic pheromones in at t ract-

ing males, and mated females d id not at t ract males.

However , in C. partellus, traps conta in ing v i rg in

females at t racted a much higher percentage of males

(89%) than synthetic pheromone-bai ted (4%) or

b lank (7%) traps. Even after mat ing and ov ipos i t i on ,

C. partellus females cont inued to at t ract males,

a l though not as wel l as the v i rg in moths (G.C. U n n i -

than , personal communica t ion) .

Var ious factors wh ich inf luence t rap catches, and

cou ld be used to standardize t rapp ing techniques,

were also considered. I t was observed that traps w i th

C. partellus v i rg in females set 40 m apart at t racted

more males than those set 20 m apart . V i r g i n females

reared on ar t i f ic ia l diet at tracted males as eff ic ient ly

as those reared on natura l diet (sorghum). The

number of males t rapped increased as the number of

v i rg in females increased per t rap , up to a m a x i m u m

of 4 females / t rap . The a t t rac tab i l i ty of the v i rg in

females decl ined w i t h age (G .C . U n n i t h a n , personal

commun ica t ion ) .

Pre l im inary studies conducted in western Kenya

showed M. separatellato have the highest a t t rac t ion

to l ight t raps, fo l l owed in descending order by

C. partellus, E. saccharina, S. calamistis, and B.

fusca ( H o and Seshu Reddy 1983).

I n t e g r a t e d Pest M a n a g e m e n t ( I P M )

In Kenya, the ma in goal o f the I C I P E C r o p Pests

Research P rog ram is to develop ecological ly accep-

table management strategies to con t ro l sorghum

stem borers. These strategies must also be economi -

cal ly and sociological ly feasible fo r resource-poor,

small-scale farmers in A f r i ca and other deve lop ing

countr ies. Components that are being developed fo r

integrated management of stem borers belong to the

fo l l ow ing categories: p lant resistance; in tercropp ing

of certa in specific combinat ions of host and nonhost

crops; other cu l tu ra l practices such as sowing date,

c rop residues, disposal, etc; b io logica l con t ro l , use of
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parasi to ids and pathogens, and behav iora l man ipu -

la t ion .
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Sorghum Stem Borers in Southern Africa

Abstract

The four stem borers attacking sorghum in southern Africa are the spotted stem borer (Chi lo

partel lus Swin), which is the most important, maize stalk borer (Busseola fusca Fuller), pink stem 

borer (Sesamia calamistis Hmps), and sugarcane stem borer (Eldana saccharina Wlk). 

Control strategies include the use of cultural and chemical methods with little or no use of 

bioagents and resistant genotypes. Moth migration has been identified as an important bionomic 

factor. Thus, synthetic pheromones have an important role to play in integrated stem borer 

management. Current research activities are geared towards the use of resistant sorghum geno-

types, defining the extent of sorghum stem borer infestations and their subsequent translation 

into yield losses. 

I n t r o d u c t i o n

In southern A f r i ca , gra in sorghums are g rown p r i ­

mar i l y fo r human consumpt ion . Surpluses are used

fo r feeding di f ferent classes of l ivestock (Sibanda

1985). Gra in yields f r o m fields of resource poor

farmers are low, ranging f r o m 600 to 900 kg ha - 1 .

One of the ma jo r constra ints responsible fo r low

yields is insect pests (Seshu Reddy 1982).

Stem borers have proven to be the most economi ­

cal ly impo r tan t insect pests of sorghum and maize in

southern A f r i ca (B la i r 1971, van Rensburg et a l .

1978, van H a m b u r g 1976,1979,1980, van Rensburg

1980, van Rensburg and M a l a n 1982, Sam et a l .

1985, Si thole 1986, van Rensburg et a l . 1987, Sko -

roszwski and Van H a m b u r g 1987). The maize stalk-

borer (B. fusca), spotted stem borer (C. partellus), 

p ink stem borer (S. calamistis), and (E. saccharina)

const i tute the most economical ly impor tan t g roup

of insect pests of sorghum. Under heavy infestat ion,

these borers are capable of render ing a whole crop of

so rghum useless. The relat ive impor tance of these

stem borers in the subregion varies f r o m one agro-

ecological region to another. Infestat ions range

f r o m 30 -70% in subsistence farmers' f ields but aver­

age less than 30% on commerc ia l farms. To date, no

1. Plant Protection Research Institute, Department of Research and Specialist Services, P.O. Box 8100, Causeway, Harare, Zimbabwe.

l CR IS A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, lCRISAT Center. India. Patancheru, A.P. 502 324, India: lCRISAT.
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sorghum yield-loss studies have been conducted in

southern A f r i c a , bu t current research in Z imbabwe

seeks to quan t i f y the impact of stem borers on

sorghum y ie ld . Cur ren t research activit ies in sor-

g h u m en tomo logy in the subregion are directed

towa rd ga in ing i n f o r m a t i o n on stem borer migra-

t i o n , and deve lop ing con t ro l measures th rough

t ime ly use of insecticides, cu l tu ra l practices, b io -

con t ro l agents, sex pheromones, and resistant sor-

g h u m varieties.

D a m a g e a n d Y i e l d Losses

Busseola fusca, C. partellus, and E. saccharina p ro -

duce more or less s imi la r damage symptoms in

so rghum and maize plants. New ly hatched larvae

migra te f r o m ov ipos i t i on sites to feed on rol led

deve lop ing leaves. A f te r a few days, the leaves un ro l l

to reveal characterist ic patterns of smal l holes,

resembl ing ha i l damage, wh i ch are inf l ic ted by the

feeding larvae. As the larvae mature w i t h i n the p lant

funnels, they at tack d i f ferent par ts , bo r i ng in to the

stem below the funne l leaves. Once established

inside the s tem, larvae are protected and are much

less vu lnerable to insecticides and natura l enemies.

The larvae feed and tunne l inside the stems and p r io r

to p u p a t i o n , cut ex i t holes, t h rough wh ich the moths

emerge. Th is ex i t is o f ten seen covered by a t h in

'membrane ' of stem tissue. Stem- tunne l ing weakens

the stem, interferes w i t h the t rans locat ion of metab-

olites and nutr ients w i t h i n the p lant , resul t ing in

m a l f o r m a t i o n of gra in . Other symptoms associated

w i t h stem borer attack are deadhearts, stem or

peduncle breakage, and stunted g r o w t h of the who le

p lant .

Damage symptoms ascribed to S. calamistis at tack

may be dist inguished f r o m those due to B. fusca and

C. partellus in several ways. In S. calamistis, the

centra l leaves wi ther and t u r n b r o w n , and increased

t i l l e r ing is in i t ia ted . No feeding marks are f ound on

the leaves but an external borer-hole may be found

near soi l level at the base of the stem. Wal ters et a l .

(1980) and Van Rensburg (1981) described loss of

maize y ie ld due to B. fusca as ' t remendous ' whi le

Rev ing ton (1986) est imated losses due to C. par te l -

lus to be more than 50% in the h ighlands. Recent

w o r k by the au thor (unpubl ished) indicated that loss

in sorghum yield can range f r o m 5 0 - 6 0 % due to

C. partellus. 

D i s t r i b u t i o n a n d B i o l o g y

Spot ted S t e m b o r e r , C. partellus 

Chilo partellus invaded the A f r i c a n content f r o m

I n d i a ( M o h y u d d i n and Greathead 1970). I t was f i rst

repor ted in Sou th A f r i ca in 1958 (van H a m b u r g

1979). I t is the most impo r tan t so rghum stem borer

in the subregion. A l t h o u g h it may cause severe losses

in maize, C. partellus prefers so rghum as its food

p lant . Unpub l i shed wo rk by Berger has indicated

that C. partellus has 3 or more generat ions in south-

ern M o z a m b i q u e , especially where maize is g rown

t h r o u g h o u t the year (F ig . 1). First generat ion moths

emerge w i t h the onset of the ra iny season f r o m Sep-

tember to November , and lay eggs on leaves of the

Figure 1. Seasonal changes in the number of moths of Chilo partellus during the year.

J u l A u g Sep Oct N o v Dec Jan Feb M a r A p r M a y J u n
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early plantings of maize and sorghum. Newly hatched

larvae at tach themselves to leaves by sp inn ing-of f

t h i n s i lk threads, and are launched in to the air by the

w i n d to infest ne ighbor ing plants (Berger, personal

c o m m u n i c a t i o n , Rev ing ton 1986). Rev ing ton has

described this as an inst inct ive dispersal mechanism,

serving to reduce compet i t i on between larvae that

hatch f r o m the same egg batch and thereby increase

their surv iva l chances. The same indicat ions have

been given by van Rensburg and van H a m b u r g

(1975) and V a n H a m b u r g (1979, 1980) in Sou th

A f r i ca , Berger (personal communica t ion) in M o z a m -

b ique and C h a p m a n et a l . (1983) in Ind ia . Invest iga-

t ions on this dispersal ab i l i ty , in southern A f r i ca , has

shown a decline w i t h increase in age of the larvae.

Maize Stalkborer, B. fusca

This is the second most impor tan t sorghum borer in

the subregion, and among the insect pests of maize

B. fusca is general ly regarded as the most economi -

cal ly i m p o r t a n t pest (Annecke and M o r a n 1982).

Busseola fusca is indigenous to southern A f r i ca and

prefers maize as a host p lant but causes serious losses

to gra in sorghum (Skoroszewski and van H a m b u r g

1987).

F igure 2 summarizes the l i fe-cycle of B. fusca. van

Rensburg et a l . (1987) repor ted on the ecology of

B. fusca and recommend that the m o n i t o r i n g of

B. fusca infestat ions be conducted between 3- and

6-weeks after the emergence of the maize crop in

order to determine the correct t i m i n g of chemical

con t ro l measures.

Busseola fusca is the dom inan t stem borer species

of so rghum at h igh elevations in southern A f r i ca

(Table 1). However , this au thor has observed h igh

infestat ions of the pest on so rghum even at l ow

elevations in Z imbabwe , where very l ow infestat ions

w o u l d be expected. Clear ly , this shows the capabi l i ty

of the pest to adapt i tself to l ow - l y i ng and warmer

areas. Busseola fusca has t w o generat ions per year

bu t in some seasons a t h i rd generat ion may appear,

depending on prevalent env i ronmenta l cond i t ions

and the ava i lab i l i ty of suitable host p lants. At the

onset of the d ry season, second generat ion larvae

enter in to diapause in tunnels at the bases of d r y i ng

sorghum stems. These larvae pupate later, in about

mid-October , w i t h the ar r iva l o f summer rains.

M o t h s emerge three weeks later. The moths lay eggs

on the bases of leaf sheaths. The eggs take about a 

week to hatch and the newly hatched larvae migrate

to feed on tender leaves in the funnel before bo r ing

in to the stem. Unpub l ished results of invest igat ions

in to larva l m ig ra t i on in Z imbabwe have indicated

that m ig ra t ion is density-dependent. Peak mig ra to ry

act iv i ty was observed among second generat ion lar-

vae. The development of larvae and pupae lasts

about 2 months. The emergence of second-genera-

t i o n moths reaches a peak du r i ng the per iod f r o m

mid -February to M a r c h (F ig . 2). Larvae wh ich fa i l

to a t ta in f u l l development p r io r to the onset of the

dry season enter in to diapause and pupate w i th the

arr iva l of the summer rains. In September, the

weather warms up and w i t h avai lable sorghum or

maize under i r r i ga t ion , the d iapausing larvae pupate

and th i rd generat ion moths emerge later.

Figure 2. Seasonal changes in the occurrence of different stages of Busseola fusca during the year

(modified after Blair 1971).

43

Eggs

Larvae

Pupae

Adu l ts

Ju l A u g Sep Oct N o v Dec Jan Feb M a r A p r M a y J u n



Pink Stem Borer Sesamia calamistis 

The p ink stem borer, 5. calamistis, attacks sorghum

i n M a l a w i , M o z a m b i q u e , Sou th A f r i c a , and Z i m -

babwe. It is most prevalent at med ium elevations

(Table 1). Sesamia calamistis is unique in that its

feeding habits are di f ferent f r o m those of B. fusca 

and C. partellus. No feeding marks are f ound on the

leaves of the host p lant , but external borer-holes

may be not iced near ground- leve l in the base of the

stems. Cent ra l leaves w i ther and t u r n b r o w n and

suckers are produced. In southern A f r i ca , very I i t t le

research has been done on this pest, wh i ch is of l i t t le

consequence to sorghum y ie ld . Female moths have

been observed lay ing eggs between the base of the

leaf sheath and the ma in stem. Larvae hatch w i t h i n a 

week and bore in to the stem close to the ov ipos i t ion

site. Development is completed in the stem after

about 6-10 weeks. The pupal per iod lasts fo r 2 weeks

after wh ich the moths emerge. T w o generations of

the pest have been observed in a year by the author .

Sugarcane Stem Borer, Eldana saccharins 

The py ra l i d , E. saccharina Wa lke r , is an impor tan t

pest of sugarcane in southern A f r i ca and hence the

c o m m o n name sugarcane stem borer (A t k i nson

1982). I t occurs in M o z a m b i q u e , Sou th A f r i ca , Swa-

z i land , and Z imbabwe (Table 1). It has become a 

serious pest of sugarcane in recent t imes in the coast-

a l sugarcane-growing areas of Na ta l , in South

A f r i ca , and the southeastern part o f Z imbabwe.

A l t h o u g h i t is k n o w n to attack maize and sorghum

4 4

Table 1. Distr ibution of lepidopterous stem borer of sorghum in southern Afr ica.

Stem borer

C o m m o n

name

Spot ted

stem borer

Ma ize

s ta lkborer

P ink

stem borer

Sugarcane

stem borer

Scient i f ic name

Chilo partellus 

(py ra l idae)

Busseola fusca 

(Noc tu idae )

Sesamia calamistis 

(Noc tu idae )

Eldana saccharina 

(Pyra l idae)

C o u n t r y

Botswana

M a l a w i

M o z a m b i q u e

S o u t h A f r i c a

Swaz i land

Z i m b a b w e

Botswana

Lesotho

M a l a w i

M o z a m b i q u e

S o u t h A f r i c a

Swaz i land

Z i m b a b w e

M a l a w i

M o z a m b i q u e

Sou th A f r i c a

Z i m b a b w e

M o z a m b i q u e

S o u t h A f r i c a

Swaz i land

Z i m b a b w e

E leva t ion ( m ) and percentage

relat ive abundance 1

Economic

impor tance

rank 2

1

1

1

1

2

1

2

1

2

2

2

1

3

3

3

3

4

4

4

4

H i g h M e d i u m L o w

> 9 0 0 700-900 < 7 0 0

5 40 70

90 18 10

5 40 10

0 2 10

1 . I n f o r m a t i o n a r i s i n g f r o m an i n v e s t i g a t i o n c o n d u c t e d by t h e a u t h o r d u r i n g the 1985 /86 c r o p p i n g season. Percentage re la t i ve a b u n d a n c e i s

inc lus i ve o f a l l c o u n t r i e s i n the r e g i o n w h i c h have d i s t r i b u t i o n o f the c o r r e s p o n d i n g borers no ted on th is tab le .

2. R a n k scale of 1 - 5 . whe re 1 = h ighest a n d 5 = lowest e c o n o m i c i m p o r t a n c e .



in the subreg ion, E. saccharina appears to be of very

l i t t le impor tance in maize and sorghum produc t ion .

Newly hatched larvae feed on leaves and bore in to

the stem when they are fu l l y g r o w n . The larvae spin

o f f s i lken threads by wh ich they hang d o w n f r o m

plants and are b l o w n by w ind to ne ighbor ing plants.

The larval per iod lasts fo r about 3-8 weeks after

wh ich pupa t ion , last ing 1-2 weeks, commences

inside the stem. Female moths lay up to 200 eggs.

C o n t r o l o f S o r g h u m S t e m B o r e r s

Chemica l C o n t r o l

Evaluat ion of insecticides for the con t ro l of sorghum

stem borers has received considerable at tent ion

f r o m entomologists in southern A f r i ca , in recent

years. Chemical con t ro l measures against grain

sorghum stem borers are based on the use of contact

and systemic insecticides, as spray or dust treat-

ments to the fol iage. However , s ignif icant cont ro l

results have been achieved in the subregion w i t h

carbo fu ran 10% granules at 1 or 2 kg a.i. ha - 1 ( W a l -

ters and D r i nkwa te r 1975, van Rensburg 1980, and

van Rensburg and Ma lan 1982). Other insecticides

in use include carbary l , endosul fan, t r i ch l o r f on , and

synthetic pyrethro ids. These insecticides have been

screened in di f ferent sorghum localit ies and the ones

ident i f ied as being the most effective have been

released to farmers th rough the extension service.

The pro f i t marg in fo r sorghum is current ly very low

wi th the result that resource-poor farmers often

cannot a f ford to spray against sorghum stem borers.

It is therefore not surpr is ing that the use of insecti-

cides by these farmers is not widely pract iced. C o n -

sequently, the use of insecticides fo r the con t ro l of

sorghum stem borers is more or less restricted to

large-scale and government -comro l led farms. Apa r t

f r om the evaluat ion of insecticides for their effec-

tiveness against stem borers, some work is now being

done to f ind out the appropr iate methodologies and

t im ing of insecticide app l ica t ion, w i th a view to

reducing the frequency and thus the cost of appl i -

cat ion.

In a dr ive to protect maize f r o m C pa r te l l usdam-

age, the current recommendat ion is to start spraying

10-14 days after c rop emergence ( D A E ) , or f r o m the

two- leaf to four- leaf stage w i th the in i t ia l spray ap-

plied w i th in 21 D A E ( R e v i n g t o n 1986). S imi lar stud-

ies by Si thole (unpubl ished) of the C. partellus on

sorghum gave more or less s imi lar results, and it has

been recommended to spray du r ing the per iod

between 15 and 30 D A E .

Cultural Control

Theoret ica l ly , there are several cu l tu ra l measures

that could adversely affect stem borer popu la t ion in

a sorghum f ie ld . However , the pract ica l i ty and the

success of some of these measures as permanent

con t ro l tactics are quest ionable. Such measures as

early and simultaneous p lan t ing , disposal of sor-

ghum residues by burn ing , or bur ia l by deep p low ing

dur ing the off-season, removal and destruct ion of

volunteer and al ternat ive host plants, and c rop ro ta-

t i on are helpfu l in reducing stem borer infestat ions

and their impact on yield. In tercropp ing has long

been practiced by subsistence farmers, but l i t t le

research at tent ion has been given to this aspect in

southern Af r i ca .

Host-plant Resistance

The use of resistant -varieties is, by far , the most

promis ing con t ro l measure in reducing y ie ld losses

caused by stem borers. A l t h o u g h this type of con t ro l

is recognized to be economical and env i ronmenta l ly

safe, the use of resistant varieties is very l imi ted as no

research work has been done on varietal resistance in

southern A f r i ca . The existence of the Southern

A f r i c a n Deve lopment C o o r d i n a t i o n Conference

( S A D C C ) - I C R I S A T Program to improve sorghum

and mil let p roduc t ion in the subregion, has spear-

headed the current screening of sorghum germplasm

for resistance to stemborers.

Biological Control

A number of parasites and predators of sorghum

stem borers have been recorded but very few studies

on their effectiveness, as well as host /paras i te rela-

t ionships, have been conducted. A l t h o u g h the role

of predators is not easy to assess, ants, spiders, mites,

and reduvi ids are of ten encountered close to cadav-

ers of stem borer larvae. Entomolog is ts in southern

A f r i ca have shown interest in the use of b iocon t ro l

agents in con t ro l l i ng stem borers of maize and

sorghum. B iocon t ro l agents of interest in the subre-

g ion include egg parasitoids such as Trichogramma 

sp (Tr ichgrammat idae) , larval parasitoids inc lud ing

Apanteles sesamiae Cam. (Braconidae) , and pupal
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parasi to ids, e.g. Dentichasmias busseolae Heinr ich

( Ichneumonidae) , and Pediobius furvus (Gah.) (Eul-

ophidae). Skoroszewski and van H a m b u r g (1987)

investigated the possibi l i ty of con t ro l l i ng B. fusca 

and C. partellus using an in t roduced larval parasi-

t o i d , Apanteks f lav ipes (Cameron) . In M o z a m -

bique, wo rk on C. partellus (Goncalves 1970) re-

vealed the impor tance of T r i choramma sp in para­

si t iz ing eggs, and A. sesamiae in parasi t iz ing larvae.

Berger (1981) recorded D. busseolae H e i n r i c h ,

P. furvus Gah. and Lepidoscelio sp. (Scel ionidae) as

parasites of pupae reaching levels of 10 14% parasit­

ism. However , i t should be noted that the level of

parasit ism by these parasites is generally low under

natural condi t ions.

In southern A f r i ca , Bla i r (1969), and Ha l l et a l .

(1981), discussed the effectiveness of a female sex-

pheromone obta ined f r o m the 8th and 9th a b d o m i ­

nal segments of B. fusca in con t ro l l i ng the pest. The

effective pheromone has been characterized and syn­

thetic pheromones tested under f ield condi t ions.

C o n t r o l of the pest is achieved by incorpora t ing the

pheromone as a bait in traps or in general appl ica­

t ion to confuse the male moths, which are then either

k i l led or steri l ized by chemical means. Since females

mat ing w i th sterile males produce no progeny, the

pest popu la t ion can successfully be reduced to a 

subeconomic damage level.

Berger, A. 1982. Con t ro l e b io log ico da broca ponteada

Chilo partellus (Sw inhoe) no m i l n o c o m a bacter ia Bacillus 

thuringiensis. Es tudo do popu lacao da praga e eval iacao

dos prejuizos po r ela causados. Re la ter io anua l 1980 /81 .

P.O. Box 7044, 5.75007 U P P S A Z A , Sweden. ( In Pt . ) .
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Sorghum Stem Borers in Central and South America

Abstract

This paper presents a literature review of the two major sorghum stem borers in Central and 

South America: D iat raea l ineolata Walker and D ia t raea saccharalis Fab. Their importance, 

distribution, seasonal abundance, host plants, and life cycles are discussed. Control measures that 

are currently practiced (cultural, biological, and chemical) are also presented. 

I n t r o d u c t i o n

Sorghum Sorghum bicolor (L.) Moench is one of the

most widely g rown cereal crops in Central and

South Amer i ca (Table 1). In 1985, approx imate ly

3.2 m i l l i o n ha were harvested w i t h a g ra in y ie ld of

about 8.5 m i l l i o n tonnes w i t h 73% of p roduc t ion

coming f r o m Argent ina . Gra in yield ranged f r o m

0.714 4.75 t ha -1 ( F A O 1986, p. 121). In some coun­

tr ies, low-resource farmers g row nat ive sorghums,

in tercropped main ly w i th maize, Zea mays L., p ro ­

duc ing low sorghum gra in yields (Pau l and de Wal t

1985, and C A T 1 E 2 1986). In contrast, when i m ­

proved sorghum varieties are g rown commerc ia l ly in

mechanized monocu l tu re , w i t h higher inputs, yields-

increase substant ia l ly (Juarez and Valdez 1978, and

C E N T A 1980).

So rghum is used main ly fo r an ima l feed, in con­

centrates and as fodder . I t is also g rown fo r human

consumpt ion and in Brazi l i t is commercia l ly g rown

for a lcohol p roduc t ion (Bertels 1982a, Paul and de

Wal t 1985, and Pereira et al. 1987).

M i h m (1984) po inted out that the complex D ia -

traea spp. is the most impor tan t g roup of stem bor-

ers that at tack maize, sorghum, and sugarcane Sac-

charum officinarum. Har r is (1985) noted that d i f -

ferent species of pyra l id sorghum stem borers have

been recorded: D. lineolata Wa lk . , D. saccharalis 

Fab. , D. crambidoides Gro te , and Elasmopalpus 

lignosellus Zel ler. Since these borers are considered

occasional or m ino r pests, research on them in rela-

t ion to sorghum has been l im i ted.

Mos t of the w o r k on stem borers has been con-

ducted on sugarcane and maize, in f luencing this

review to include i n fo rma t i on on these crops. The

species infest ing maize and sorghum in Centra l and

South Amer ica are c o m m o n to most countr ies of the

region (Seshu Reddy 1985). Mendonca (1986) and

1.

2.

Coordinator, Sorghum Program, Centro Nacional de Tecnologia Agricola (CENTA), La Libertad, Apartado Postal 885, San Salvador,

El Salvador.

Centro Agronomico Tropical de Investigacion y Ensenanza.

ICR1SAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, lCR lSAT Center, India. Patancheru, A.P. 502 324, India: ICR lSAT.

4 9

R. Reyes
1



Table 1. Sorghum grain production in Central America,

Antil les, and South America during 1985
1
.

C o u n t r y

Central America

Guatemala

El Sa lvador

Honduras

Nicaragua

Costa Rica

Antilles

Cuba

D o m i n i c a n

Repub l i c

H a i t i

Ne th A n t i l l e

South America

C o l o m b i a

Venezuela

Ecuador

Peru

Brazi l

Bo l i v ia

Paraguay

U ruguay

Argen t i na

Area

harvested

('000) ha)

330

66

116

48

74

26

140

1F2

17

1203

2E

2 725

207

3053

33

5

163

7

7F

63

I 965

Produc-

t i o n

('000 t)

523

89

139

50

194

51

130

1F

52

75

2E

7 796

537

590

123

23

258

14

I 0 E

152

6 200

Yie ld

(t ha-1 ) 

1.63

1.35

1.20

1.04

2.61

1.95

1.36

1.10

3.02

0.62

0.71

2.60

2.60

1.93

3.57

4.75

1.58

2.01

1.43

2.40

3.15

1. FAO 1985.

2. F = FAO es t imate .

3 . U n o f f i c i a l f i gu re .

Peairs and Saunders (1980) have reviewed stem bor-

ers on sugarcane and maize, whi le Teetes et al .

(1980), Har r is (1985), and Seshu Reddy (1985), pro-

vide a review of these insects on sorghum.

A c c o r d i n g to several studies (Obando 1975, Se-

que i ra et a l . 1976, Sequeira et a l . 1986, and Reyes et

a l . 1987) the neotropical corn stalk borer ( N C B )

D. lineolata W a l k is the most impo r tan t sorghum

stem borer in Cent ra l Amer ica . In Sou th Amer ica ,

however, the most impor tan t stem borer is the

sugarcane borer (SCB) , D. saccharalis Fab. (Geraud

1970, Ru iz and K o r i t k o w s k i 1975, Bertels 1982a,

and V iana 1985). Given the many simi lar i t ies be-

tween the t w o species, the present review w i l l not

deal independent ly on each borer but w i l l relate and

share top ica l i n fo rma t i on re lat ing to these borers in

c o m m o n .

Sugarcane Borer

(Diatraea saccharalis Fabricius)

Neotropical Cornstalk Borer

(D. lineolata Walker )

Distribution

Diatraea spp. occur only on the Amer ican cont inent .

SCB is the most widely d is t r ibuted species of the

genus. I t is found f r o m southern N o r t h Amer ica ,

Cent ra l Amer i ca , and the Ant i l les south to A rgen ­

t ina in South Amer ica (F ig . 1) N C B , the second most

widely d is t r ibuted borer, ranges f r o m Centra l Amer ­

ica and the Ant i l les to nor thern South Amer ica ,

inc lud ing Co lomb ia , Venezuela, Guianas, and Ecua­

dor . N C B was f irst recorded f r o m Venezuela in 1856

(Bleszynsky 1969, Peairs and Saunders 1980, K ing

and Saunders 1984, and Harr is 1985). In add i t i on ,

N C B has been reported in N o r t h Amer ica , western

and no r the rn M e x i c o , and south Texas, U.S.A.

(Box 1949, Hodges 1983, and Y o u m 1984).

H o s t P l a n t s

N C B is more l imi ted in its host range than is SCB;

the latter is considered polyphagous. Myers , cited by

Peairs and Saunders (1980) a f f i rms that or ig ina l ly ,

S C B was in the riversides and that its p r im i t i ve hosts

were l ikely aquat ic or semiaquat ic grasses such as

Paspalum, Ech inoch loa, Leptoch loa , and Hyme-

nachne. N C B and SCB attack crops of economic

impor tance such as sugarcane, maize, sorghurn

(sweet so rghum, and b room corn) , wheat, and rice.

Table 2 lists add i t iona l host plants (Jepson 1954.

Requena and Angeles 1966, and Peairs and Saund-

ers 1980). Accord ing to Qu in tana and Walker (1970)

in Puer to R ico , the preferred hosts, fo r ov ipos i t ing

and development of SCB young larvae were maize,

sugarcane, s o r g h u m , Euchlaena mexicana, and

Coixlachryma-jobi.

L i f e C y c l e

The l i fe cycles of the N C B and SCB are very s imi lar .

In Cen t ra l Amer i ca wo rk has been carr ied out on

maize by Sequeira et al . (1976) and K i n g and Saund-

ers (1984) on the di f ferent development stages. Egg

masses of 1-13 eggs are laid in jux taposed files at

bo th sides of the top leaves, appear ing yel low as a 

scale (Obando 1975). Larvae hatch about 30 days, or
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100-150 days in diapause. The larva undergoes

seven instars and measures 20-25 mm in length when

mature . Y o u n g larvae feed on tender leaves fo r 2-3

days after ha tch ing , before enter ing the stem. Usu-

a l ly they enter between the leaf sheath in the superior

par t o f the p lan t , then bore in to the stem, remov ing

frass f r o m the tunne l , and m a k i n g one or more holes

to the exter ior . At the end of the season, in response

to the qua l i t y de ter io ra t ion o f the f o o d , some mature

larvae undergo a pro longed per iod of resting (facul-

tat ive diapause). Th is lasts f o r the remainder of the

d r y season, as the larvae settle in the b o t t o m part of

the d ry stem w i t hou t pupa t i ng , u n t i l rains start

again.

In E1 Salvador , Quezada (1979) f o u n d 2 1 % o f

larvae d iapaus ing, o f wh i ch 5% d ied due to desicca-

t i o n or at tack by entomopathogenes. L ikewise,

Reyes et a l . (1987) recorded 2 2 % of d iapausing lar-

vae on nat ive sorghum. Larvae pupate in the stem

close to an ex i t hole and pupa l per iod lasts f o r 7-12

days. Pupae are b r o w n w i t h t w o po in ted pro tuber -

ances in the head, l ike horns , wh i ch are longer in

S C B than in N C B . Adu l t s l ive fo r 4 days, and

develop a m a x i m u m w ing expanse of 20-42 m m .

S C B has a d iagonal f i le of b r o w n dots more or less

def ined in the forewings, but ident i f i ca t ion must be

con f i rmed by examin ing the geni tal ia (Bleszynski

1969). The l i fe cycle f r o m egg to adu l t can last f r o m

45-165 days, depending u p o n the diapause per iod .

Quezada (1979) suggested 3-4 generat ions cou ld be

completed per year.

In Sao Pau lo , Braz i l , Bertels (1982a) indicated

that each S C B egg mass can have f r o m 30-40 eggs,

and a female can lay up to 600 eggs d u r i n g its l i fe .

The l i fe cycle of S C B largely depends on the t ime of

year, as wel l as temperature and hum id i t y . In winter ,

la rva l instars can last up to 3 months due to l ow

temperatures and h igh h u m i d i t y . I n R i o Grande do

S u l , B raz i l , and p robab ly also in Uruguay , there are

4 -5 annua l generat ions. In the t rop ica l regions o f

5 2

Table 2. Some host plants of Diatraea saccharalis Fab . reported in the Antil les, Central and South America.
1

Hos t p lan t

Axonopus compressus 

Coix lachryma-jobi 

Curcuma longa 

Cymbopogon schoenanthus 

Cyperus ligularis 

Echinochola colonum 

E. polystacha 

Eleusine indica 

Euchlaena mexicana 

Sorghum sudanense 

S. halepense 

Hymenachne amplexicaulis 

H. donacifolia 

Leptochloa virgata 

L. scabra 

Oriza latifolia 

O. sativa 

Panicum elephantipes 

Paspalidium geminatum 

Panicum grande 

Paspaium fasciculatum 

P. virgatum 

P. repens 

Pennisetum purpureum 

Saccharum oficinarum 

Tricholaena rosea 

Valota insularis 

lea mays 

C o m m o n name

Bermuda grass

Job 's tears

T u r m e r i c

L e m o n grass

N u t grass

-

-

Goose grass

-

Sudan grass

Johnson grass

-

-

-

-

W i l d rice

Rice

-

-

-

T a l l grass

-

-

Nap ie r grass

Sugarcane

Na ta l grass

Sou r grass

Ma ize , c o r n

L o c a t i o n

West Indies

West Ind ies, Puer to R i co

Venezuela

C u b a

Venezuela

Cuba

Br i t i sh G u i a n a , Venezuela

Cuba

Puer to R i c o

C u b a

Cuba

O r i n o c o del ta

H a i t i , Br i t i sh Gu iana

Cuba

Puer to R ico

Venezuela

A rgen t i na

S o u t h Amer i ca

H a i t i

Venezuela

Venezuela

Puer to R i co

Br i t i sh Gu iana , O r i n o c o

Puer to R i c o

S o u t h A m e r i c a

Cuba

C u b a

S o u t h A m e r i c a

1. Sources : Jepson 1954, R e q u e n a a n d Ange les 1966. a n d Peai rs a n d Saunde rs 1980.



Venezuela, this number increases s igni f icant ly . H i g h

humid i t y is unfavorable to spr ing generations, wh ich

great ly reduces summer at tack.

Damage

Damage inf l ic ted to sorghum crops depends on the

development of the plants. Improved sorghum var-

ieties are susceptible to borer attack f r o m 25-30 days

after emergence ( D A E ) . The larva tunnels in to the

stem k i l l i ng the g row ing po in t , p roduc ing dead-

hearts, a s y m p t o m that may also result f r o m attack

by E. lignosellus and termites (Te rm i t i dae : Isoptera).

Th is c o n d i t i o n can produce loss of p lant stand or

delayed ma tu r i t y because o f t i l le r p roduc t i on . H o w -

ever, i f young plants are seriously at tacked, the

whole p lant may d ry up . I f the top in ternode is bored

after f l o ra l d i f fe renta t ion and before head emer-

gence, the top leaves may d r y up , and the emerged

head cou ld be complete ly empty . I f the damage

occurs d u r i n g or after head emergence, i t can result

in par t ia l l y f i l led heads. General ly, this damage

occurs after the sorghum plants have f lowered and is

found in very localized areas w i t h i n a p lan ta t ion .

Busol i et a l . (1979) in Braz i l , and Reyes et a l .

(1983) in E1 Salvador , reported up to 4 8 % of infested

plants in improved sorghum varieties. Lodg ing and

at tack by microorgan isms, such as Colletotrichum 

sp. and Fusarium sp., are favored by stem borer

damage (Geraud 1970, Reyes et a l . 1983, and Harr is

1985). Losses due to stem borers are general ly d i f f i -

cu l t to assess precisely. The number of pest species

invo lved , the di f ferent types of damage, the plant

deve lopmenta l stages at tacked, and of ten the pres-

ence of other insects and microorganisms have made

i t d i f f i cu l t to determine thei r effect on y ie ld (Seshu

Reddy 1985).

Seasonal Abundance

In Cen t ra l Amer i ca , so rghum planted in August is

attacked more than sorghum planted in M a y because

Diatraea popu la t ions increase f r o m October to

December (Sequeira et a l . 1976, Lacayo 1977, and

Cor tez et a l . 1984). In maize/ so rghum c ropp ing sys-

tems, so rghum is damaged more due to h igh insect

popu la t ions in October and November . M a j o r infes-

tat ions in maize and sorghum are more l ikely to

occur f r o m f l ower ing to g ra in f i l l i ng , w i t h 19% aver-

age in festat ion (Sequeira et a l . 1986, and Reyes et a l .

1987). Th is m igh t exp la in the lack of awareness that

farmers have concerning the pest and its inf luence on

gra in p roduc t i on (Obando and V a n Hu is 1977).

Observat ions made by Har r i s (1985) suggest that

at tack at harvest is highest on h igh-y ie ld ing plants,

possibly as a result of preferent ia l ov ipos i t ion by

female moths on superior plants.

In Sou th Amer i ca , Busol i e t a l . (1979) in Sao

Pau lo , Braz i l , f ound that S C B in sorghum reached

peak infestat ion in M a y , whereas in R i o de Janei ro ,

Pereira et a l . (1987) a f f i rm that so rghum planted in

October and November is most affected. In Peru ,

S i m o n and A re l l ano (1959) reported that stem borer

damage is more intense in the summer than in the

spr ing.

Host-plant Resistance

In B raz i l , the sweet sorghums BR 501 , BR 504, and

BR 505 have good levels of SCB resistance ( A m a r a l

et a l . 1980, and Pereira et a l . 1987). In add i t i on ,

sorghum AF 28, wh ich is also resistant to sorghum

midge Contarinia sorghicola C o q . , showed levels of

13% in festa t ion, and sorghum EA 177, 2 6 % infesta-

t i on (La ra et a l . 1979).

Cultural Control

Poor farmers f r o m Centra l Amer i ca usual ly feed

their catt le maize and sorghum stubble d u r i n g the

dry season, wh ich helps to reduce the d iapaus ing

larvae populat ions (Quezada 1979, and C A T I E

1986). Several other cu l tu ra l con t ro l measures have

been suggested: destruct ion of stubble 1-2 months

before the onset of the ra iny season; gather ing and

bu rn ing o f stubble, o r i ncorpora t ing i t by p l o w i n g or

d isk ing ; early sowing; ear l y -matu r ing variet ies; c rop

ro ta t i on (a l ternat ing Gramineae w i t h Legumino-

sae); appropr ia te fe r t i l i za t ion ; and p lant density to

favor p lant v igor (Sequeira et a l . 1976, Cor tez et a l .

1984, and K i n g and Saunders 1984).

Biological Control

The number o f SCB and N C B natura l enemies is

large and complex . M a n y have been recorded in

S C B in sugarcane, maize, and sorghum. Tables 3 

and 4 list some b iocon t ro l agents reviewed by several

authors . Jepson (1954) has also reviewed b io log ica l

i n f o r m a t i o n on na tu ra l enemies o f stem borers in

considerable deta i l .
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Continued...

Table 3. Distribution of egg and larva parasitoids of Diatraea saccharalis (Fab . ) and D. l ineolata ( W a l k . ) reported in

Central America ( C ) , Antilles ( A ) , and South America (S ) .

Parasi to ids

Trkhogramma parasitoids 

Minutum R i ley

T. austratkum G i r .

T. fascia turn Perk.

T. brasiliensis 

Trkhogramma sp.

Teienomus alecto C r a m .

Larva parasitoids

Lixophaga diatraea Tnz .

Metagonistylum minensi tns.

Theresia (Paratheresia) ciaripalpis H u l p .

Jayneleskia jaynesi A l d r .

Leskiopalpus diadema W d .

L. famelicus W i e d .

Parthemoleskia parkeri Tns .

Stomatodenia flauvpennis W i e d .

Zenillia pa/pal is A l d r .

Achaetoneura archippivora W i l l .

Archytas sp.

Eucelatoria sp.

Ohysarcodexia peltata A l d r .

Sarcophaga lambens W i e d .

S. pedata Aldr. 

S. rapam Walk. 

S. sternodontis Tns. 

S. surrubea W u l p .

Apanteles xanthopus A s h m .

A. diatraea Mues.

Ipobracon tucumanus Breth .

/. grenadensis A s h m .

/. amabilis B re th .

/. aquaticus Myers

/. puberulus Szep.

/. saccaharalis T u r n e r

/ . do lens C a m .

/. puberuloides Myers

Microbracon femoratus A s h m .

M. chinensis Szep.

M. femoratus Ashm. 

Agathis stigmaterus Cress. 

A. (Bassus) crossi Breth. 

A. (Bassus) parifasciatus Cam. 

A. (Bassus) sacchari Myers

Iphiaulax sp.

/ . r i m a c W o l c o t

/. abancay 

Eupelmus cushmani C r a m a n i C ramf .

E.peruv ianas C r a m f .

Spilochalcis dux W a l k

F a m i l y : O r d e r

T r i c h o g r a m m a t i d a e : H y m .

T r i c h o g r a m m a t i d a e : H y m .

T r i c h o g r a m m a t i d a e : H y m .

T r i c h o g r a m m a t i d a e : H y m .

T r i c h o g r a m m a t i d a e : H y m .

Scel ionidae : H y m .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Tach in idae : D i p .

Sarcophagidae : D i p t .

Sarcophagidae : D i p t .

Sarcophagidae : D i p t .

Sarcophagidae : D i p t .

Sarcophagidae : D i p t .

Sarcophagidae : D i p t .

Braconidae : H y m .

Braconidae : H u m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Bracon idae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Braconidae : H y m .

Eupelmidae : H y m .

Eupelmidae : H y m .

Chalc id idae : H y m .

D i s t r i b u t i o n

C A , S 

A , S 

S

S

C

C, S 

A

A , S 

C , A , S 

S

A , S 

A

S

A

S

C

C

C

S

A , S 

A

A

C

A

S

C, A 

S

A , S 

S

S

S

S

S

S

S

A

A

A , S 

S

S

S

C

S
S

S

S

C, S 

Reference

Teetes et a l . 1980

Teetes et a l . 1980

Sarm ien to 1981

Sarm ien to 1981

K i n g and Saunders 1984

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Lacayo 1977

Lacayo 1977

Quezada 1979

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

K i n g and Saunders 1984

Teetes et a l . 1980

Teetes et a l . 1980

K i n g and Saunders 1984

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Sarm ien to 1981

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Cor tez et a l . 1980

Bar t le t t et a l . 1978

Bar t le t t et a l . 1978

Teetes et a l . 1980

Teetes et a l . 1980

K i n g and Saunders 1984

Egg



Table 4. Distr ibution of predators of eggs and first-instar larvae, entomopathogens and hyperparasites of D. saccharalis 

Fab . and D. lineolata W a l k , in Central America ( C ) , Antilles ( A ) , and South America (S ) .

Predators

Cicloneda sangunea L.

Coleomegilla maculata Deg .

Doru lineare Esch.

Anisolabis annulipes Luca

Prolabia unidentata Pal is

Ectatona quadridens F.

Monomorium fioricola Jerd

M. Carbonarium eben imun .

Fore l

Solenopsis corticalis Fo r .

Leptotrachelus testaceus 

punct ico l l i s Bates

Chrysopa spp.

Chrysoperla externa Hagen

Phlugis teres Deg .

Leucage sp

Tetragnatha sp.

Epinga c.f. O r n a t a Peckman

Entomopathogens

Metarhizium anisopliae 

(Me tsch . ) S o r o k i n

Cordyceps barberi G i a r d

Beauveria bassiana (Bals.) V u i l l

Entomophtora sp.

Aspergillus flavus L i n k

Fusarium sp.

Spicaria riley 

G r a n u l o u s V i r u s D s G V

Hyperparasites

H o s t : Theresia claripalpis W u l p .

Trichopria cubensis Fou ts

Aulatopria tucwnana B re th .

Thysanus dipterophagus G i r .

Melittobia sp.

Conostigma sp.

F a m i l y : O rde r

Cocc ine l l idae : C o l .

Cocc ine l l idae : C o l .

Fo r f i cu l i dae : D e r n .

Lab idu r i dae : D e r m .

L a b i l d a e : D e r m .

Fo rm ic idae : H y m .

Fo rm ic idae : H y m .

Fo rm ic i dae : H y m .

Fo rm ic i dae : H y m .

Carab idae : C o l .

Chrysop idae : Neur .

C h r y s o p i d a e : Neur .

Te t t igon idae : O r t h .

Te t ragnath idae : A rane ida .

Te t ragnath idae : A rane ida .

Sal t idae : A rane ida .

Mon i l i acea : Mon i l i a l es

Clav ic ip i taceae : Hypocrea les

Mon i l i acea : Mon i l i a l es

En tomoph tho raceae : E n t o m o p h .

Mon i l i acea : Mon i l i a l es

Tubercu la r iacea : Mon i l i a l es

Mon i l i acea : Mon i l i a l es

-

D i a p r i i d a e : P roc to t r upo idea .

D iap r i i dae : P roc to t r upo idea .

T h y s a n i d a e : Cha lc ido idea .

E u l o p h i d a e : Cha lc ido idea .

Ceraphron idae : P roc to t r upo idea .

D i s t r i b u t i o n

C,

C, S.

A , S.

A .

A .

S

A .

A .

A

C

C

S

S

S

S

S

A , S 

c , S 

A , S 

C

C

C

C

S

S

S

S

S

C, S 

Reference

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

M e n d o n c a 1986

S h o t m a n 1978, M e n d o n c a 1986

M e n d o n c a 1986

Lacayo 1977

Lacayo 1977

Lacayo 1977

Cor tez et a l . 1984

M e n d o n c a 1986

Meza a n d K o r i t k r o w s k i 1967

Meza a n d K o r i t k r o w s k i 1967

Meza a n d K o r i t k r o w s k i 1967

Meza a n d K o r i t k r o w s k i 1967

Meza a n d K o r i t k r o w s k i 1967
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Table 3. Continued. 

Parasi to ids

Spilocryptus diatraea Mye rs

Eulimneria alkae E & S.

Erethmtylus flavofuscus B r u l l .

Perisierola bogotensis k ie f f

Spalangia muscidarum R i c h .

F a m i l y : O r d e r

I c h n e u m o n i d a e : H y m .

Ichneumon idae : H y m .

Ichneumon idae : H y m .

B e t h y l i d a e : H y m .

Pte romal idae : H y m .

D i s t r i b u t i o n

S

A

S

S

S

Reference

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980

Teetes et a l . 1980



Apparen t l y , the tachin ids, Cuban f ly Lixophaga 

diatraea Towns., Theresia c lar ipalp is Wulp., and the

A m a z o n i a n f l y Metagonistylum minensi Towns ,

have been most effective in reduc ing Diatraea p o p u -

lat ions. Some L a t i n Amer i can countr ies have im-

por ted these parasi to ids and developed rear ing

methodolog ies f o r inundat ive releases, ex tend ing

the i r d i s t r i bu t i on range ( B o x 1952; A y q u i p a 1978;

Bar t le t t et a l . 1978, pp 179-181; S h o t m a n 1978; and

Bad i l la and Sol is 1984). L ikewise, the bracon id

Cotesia ( A p a n t e k s ) f lavipes C a m . , a native f r o m

Southeast As ia , and other parasitoids are common l y

being used as b iocont ro ls of S C B in sugarcane in

L a t i n Amer i ca (Mendonca 1986).

In E1 Sa lvador , Reyes et a l . (1987) f ound that

techin ids, braconids, and nematodes were parasi-

to ids o f N C B o n so rghum. M o s t o f t hem have not

been ident i f ied , bu t accord ing to Sequeira (personal

c o m m u n i c a t i o n ) , a m o n g the braconids Alabagrus 

sp. Iphiaulax kimballi, and Allorhogas sp. have been

iden t i f ied . Ectatoma sp is t h o u g h t to be an effective

preda to r o f N C B y o u n g larvae. The level o f nat ive

paras i t ism in Cen t ra l Amer i ca ranges f r o m 2 -19%

and the techin ids, as wel l as A p a n t e l e s diatraea 

Mues. , are the most i m p o r t a n t (Lacayo 1977, Que-

zada 1979, Sequeira et a l . 1986, Serrano et a l . 1986,

and Reyes et a l . 1987). In E1 Salvador and H o n d u -

ras, C. flavipes C a m . , bred on S C B , has been i n t r o -

duced and released to con t ro l N C B in maize/sor -

g h u m c ropp ing systems. Establ ishment o f the

paras i to id has no t been documented (Reyes et a l .

1987, and Sequeira, personal commun ica t ion ) .

Chemical Control

Chemica l c o n t r o l is of ten ineffect ive, w i t h its t im ing

restr icted to the per iod of egg hatch ing and the f i rst 3 

instars, before the larvae enter the stem. Th is per iod

on ly lasts about 10 days. Where the pest is impor tan t

and chemica l con t ro l is economica l , i t is necessary to

care fu l ly m o n i t o r the c rop to assess egg and young

larvae infestat ions. W h e n 25% of the plants are

infested, insecticides in dust or granu lar f o r m u l a -

t ions can be appl ied in to the w h o r l . Reyes et a l .

(1983) f o u n d tha t general appl icat ions o f g ranu lar

insecticides i n t o the sorghum w h o r l to con t ro l Fa l l

A r m y w o r m S p o d o p t e r a frugiperda S m i t h , w i l l also

con t ro l stem borers.

5 6

C o n c l u s i o n

The impor tance of stem borers as y ie ld - l im i t ing fac-

tors in so rghum p roduc t i on has been d i f f i cu l t to

assess. A l t h o u g h it is general ly accepted that the

Augus t -sown crop suffers more damage than the

M a y - s o w n c rop , there have been no in -depth studies

to evaluate the economic impor tance of borer infes-

ta t ions on so rghum y ie ld . Th is c o n d i t i o n may be

a t t r ibu ted to the fact that stem borers on sorghum,

wh ich also occur on maize and sugarcane, are consid-

ered occasional or m i n o r pests and research on them

in re la t ion to so rghum is l im i t ed . The way sorghum

is general ly used in Cent ra l and Sou th Amer ica

(an ima l feed and a lcohol p roduc t ion ) , in contrast to

use in A f r i c a and As ia where i t is a ma jo r f ood source

in the diet o f the p o p u l a t i o n , may also account f o r

this lack of i n f o r m a t i o n . Moreove r , i t appears that

there are a number of so rghum genotypes w i t h good

levels of borer resistance and th is, combined w i t h the

large comp lex o f na tu ra l enemies, may exp la in w h y

farmers have no t recognized stem borers as pests of

economic impor tance.
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D i s c u s s i o n

Wightman: Is the t axonomy of stem borers ade-

quately known?

Harris: Au tho r i t a t i ve taxonomic revisions of the

ma in genera have been publ ished: on Diatraea: 

Tarns and Bowden on Busseola and Sesamia; and

Bleszynski on Chilo and Acigona. So the species are

therefore recognized as good , morpho log ica l ly sepa-

rate taxa , a l though Kau fmann has suggested sub-

speciat ion of B. fusca in Niger ia . If there are any

instances where there is good evidence to suggest the

need fo r fu r ther t axonomic research i t should be

under taken.

Seshu Reddy: The d is t r ibu t ion of stem borers and

their incidence should be thorough ly worked out.

The t ime of at tack by the stem borers in re la t ion to

crop phenology and the density of borer popu la t ion

at the t ime of attack are impor tan t factors in crop

loss assessment.

Leuschner: In A n d h r a Pradesh, Ind ia , farmers make

use of c rop residues to the m a x i m u m extent. This is a 

good cu l tu ra l practice wh ich reduces the carryover

popu la t i on . Usual ly there is l i t t le carryover because

livestock consume the residues.

Nwanze: The d is t r ibu t ion of stem borers of sorghum

and pearl mi l le t in West A f r i ca was found to be

associated w i t h ra in fa l l patterns. B. fusca was found

south of la t i tude 11° 30 ' in Bu rk i na Faso where ra in -

fa l l was over 900 m m . Above this lat i tude and in the

n o r t h , in the dr iver regions of the Sahel, B. fusca was

replaced by A. ignefusalis. The same pattern was

also not iced in nor thern Niger ia.

Tabo: I t has been ment ioned that in southern A f r i ca ,

in Z i m b a b w e , f ou r impor tan t stem borers are dis-

t r ibu ted accord ing to la t i tude. W o u l d you suspect

temperature, ra in fa l l or in terac t ion of these two to

be the most l ike ly and impor tan t fac tor affect ing the

incidence of stem borers?

Sithole: The relat ive d is t r i bu t ion of these fou r stem

borers is p robab ly related to ra in fa l l patterns, tem-

perature, relative humid i t y , and elevat ion above sea

level, or the interact ion of some of these factors.

Srivastava: Is there any re lat ionship between al t i -

tude and env i ronmenta l condi t ions on the d is t r ibu-

t i on of B. fusca?

Sithole: In southern A f r i ca , B. fusca is most preval-

ent at higher elevations (>900 m) wh ich are cool and

receive h igh ra in fa l l . The incidence of this species is

lowest at lower elevations ( < 7 0 0 m) wh ich are w a r m

and receive low ra in fa l l .

Pawar: H o w much damage has been general ly expe-

rienced by A f r i can farmers due to stem borer

damage?

Sithole: In Z imbabwe , borer infestat ion levels in

farmers' fields varies f r o m 15-40%, but i n fo rma t ion

on real yield loss is not k n o w n .

Seshu Reddy: Some of the farmers in Kenya are

aware of the extent of damage or losses caused by

stem borers, but most are not. Farmers are being

educated on this aspect, on the reduct ion of food

losses th rough pest management strategies, and

about the use of small-scale and low-cost f a rm

equipment.

Sharma: Since deadheart f o r m a t i o n is the most

impo r tan t component o f y ield reduct ion, to what

extent was deadheart f o rma t i on observed in f a r m -

ers' fields?

Sithole: In farmers ' fields deadheart f o rma t i on is

no rma l l y less than 20%, but varies f r o m season-to-

season.

Nwanze: Does anyone know why stem tunnel ing

does not appear to be correlated w i t h gra in yield?

Are we fu l ly conversant w i t h borer b io logy and

behavior? Wha t is happening when low borer infes-

tat ions result in increased gra in yield?

Leuschner: Stem tunnel ing on fu l ly expanded inter-

nodes is not impor tan t . A t tack on unexpanded

internode below the immature head can cause d a m -

age such as poor head exsert ion or chaffiness.

Vidyabhushnam: The most serious damage caused

by stem borers is th rough peduncle bor ing . The

shorter peduncle types are apparent ly prone to

higher damage. Has any scientif ic study been con-

ducted to establish the re lat ionship between pedun-

cle length and borer incidence?

Taneja: We have noticed that in West A f r i ca even

lines w i t h long peduncles have shown considerable

ear shedding.

Leuschner: In that s i tuat ion, it is not peduncle length

but diameter of the peduncle in re lat ion to head size

that should be considered.

Singh: Our observations and results indicate that

long peduncle types suffer more damage w i t h higher

numbers of holes, larvae and pupae, tunne l length,

and percent stem tunnel ing. Studies on inheri tance

of peduncle and stalk resistance also indicated that

these were independent whi le the number of holes

and degree of tunnel ing in stem (stalk and pendun-

cle) are governed by nonaddi t ive genes, the her i tab i l -

i ty was however, low.

Shinde: No t a l l sorghum entries wh ich show leaf

in ju ry produce deadhearts. In such cases how does

one estimate the intensity of damage? Varieties
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show ing dcadhearts in one loca t ion do no t produce

dead hearts in other parts of the state. W h a t cou ld be

the reason?

Seshu Reddy: Deadheart f o r m a t i o n depends on the

densi ty o f borer popu la t i on , t ime o f a t tack, and

mode o f la rva l ent ry in the p lant . Damage intensi ty

can be est imated f r o m the number o f plants d a m -

aged, or by scor ing the damage on ind iv idua l leaves

and t a k i n g an average fo r the p lan t . I t is a fact that

deadheart f o r m a t i o n w i t h i n a region may occur in

one loca t ion and not in another. Even adjascent

f ields may show qu i te d is t inct levels of in festat ion.

Th is is due to the borer popu la t i on prevalent in an

area and the t ime of a t tack in re la t ion to the pheno l -

ogy of the c rop .

Gold: G iven the l im i ta t ions of cu l tu ra l practices as

evolved by smal l farmers and that they are not suc-

cessful in con t ro l l i ng pests, i t is impo r tan t to con-

sider the change in insect populat ions in d i f ferent

in te rc ropp ing t r ia ls . Is there any reduc t ion in stem

borer damage as a result of intercropping?

Seshu Reddy: Under so rghum/cowpea in tercrop-

p ing it was observed that there is increased act iv i ty

o f na tu ra l enemies. The c rop m ix tu re appears to

affect the v isual s t imu l i and o r ien ta t ion of d i f ferent

insects.

Pawar: Research in Ind ia and A f r i c a has shown that

cu l t u ra l practices have good pay o f f p rov ided they

are fo l lowed synchronously by farmers.

Nwanze: M o s t of the cu l tu ra l practices exercised by

farmers have evolved over t ime. The ro le of these

var ious practices needs to be precisely unders tood in

order to develop an effective I P M package f o r con -

t ro l l i ng stem borers.

Lavigne: W h a t chemicals are the best f o r the con t ro l

of Diatraea in central and southern Amer ica?

Reyes: Ch lo rpy r i f os 2.5 g (13 kg ha - 1 ) , p h o x i m 2.5g

(12 kg ha - 1 ) , and T r i c h l o n f o n , Metan ic lo fos 600 (1.4

1 ha -1). App l i ca t i on is recommended 20-30 days after

p lant emergence and before boo t ing .

Gadalla: W h a t chemicals are used to con t ro l stem

borers in southern Af r ica? W h a t degree of success

has been obtained in terms of f ie ld gain?

Sithole: Ca rbo fu ran , endosul fan, carbary l , t r i ch lo r -

f an , and synthetic pyrethro ids are used in commer-

c ia l farms and sorghum gra in yields of up to 5 t ha - 1

are ob ta ined. In resource-poor fa rmers ' f ie lds, the

yie ld is general ly less than 1 t ha - 1 where chemical

con t ro l of stem borers is not pract iced.

Hussain M a o Haj i : I C R I S A T distr ibutes in terna-

t i ona l nurseries t h roughou t the S A T . These are not

at t ract ive lines and it is impossible to use the resis-

tant lines in our breeding programs. W h a t purpose

then is this d i s t r i bu t ion to na t iona l programs, and

how can they make use of these lines?

Taneja: The purpose of sending these nurseries is

t w o f o l d : f i rs t , to test the s tabi l i ty of resistance across

env i ronments , and second p romis ing breeding lines

are inc luded in these nurseries, wh i ch can be di rect ly

used in the na t iona l p rograms i f they f i nd them

useful.
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Bioecology of Sorghum Stem Borers

Abstract

The evolution and significance of the stem boring habit in Lepidoptera is reviewed, with 

particular reference to the main genera with larvae that are specialized borers in the stems of 

Gramineae. Important elements of the biology and ecology of sorghum stem borers are summar­

ized, including host-plant associations and geographical ranges, and the main interactions 

between adult and larval sorghum stem borers and their host plants are reviewed to determine 

their relevance in pest epidemiology and the development of effective control measures. 

I n t r o d u c t i o n

D u r i n g the evo lu t ion of the Lepidoptera, the special-

ized larval habi t of feeding in stems of Gramineae

and Cyperaceae developed as part of the complex

in terac t ion between this ma jo r Order of insects and

f lower ing plants. The earliest fossil insects date f r o m

the Upper Devon ian , about 360 m i l l i on years ago

but the Lep idoptera evolved much more recently.

The i r earliest k n o w n fossils date f r o m the Eocene,

about 60 m i l l i o n years ago. W i t h the except ion of a 

few carn ivorous groups whose larvae feed main ly as

predators on scale insects and mealybugs, most

lepidopterous larvae are phytophagous. The plants

on wh ich they feed are main ly angiosperms, wh ich

f i rst appear in the fossil record in the early Cretace-

ous, about 135 m i l l i on years ago. Phytophagous

larvae may be general or specialist feeders on roots,

stems, bark , branches, twigs, leaves, buds, f ru i ts ,

seeds, or galls. It is general ly considered that larvae

of the more pr imi t ive famil ies (e.g. Hepial idae, Cos-

sidae) feed in concealed si tuat ions in the soil or as

borers, leaf-miners, leaf-tiers or case-bearers and

that larvae feeding in exposed posit ions on plants,

such as the many leaf-feeding species, usual ly belong

to the more advanced famil ies of Lepidoptera (Riek

1970).

The Gramineae, as w i th the Lepidoptera, evolved

comparat ive ly recently, p robab ly or ig inat ing in the

Mesozoic, w i t h the earliest k n o w n fossils dat ing

f r o m the late Ter t ia ry , about 25 m i l l i o n years ago.

(Gou ld and Shaw 1983). Both groups have been

highly successful in evo lu t ionary terms. Gramineae

are cur rent ly represented by about 7500 species, and

Lepidoptera by 200000 species.

S t rong interact ions between Gramineae and Lep i -

doptera have evolved over at least the past 25 m i l l i on

years and , as a result , the specialized habi t of stem

bor ing in grasses has developed in the fo l l ow ing

main groups:

1. Commonwealth Agricultural Bureau International (CAB1), Institute of Entomology, 56 Queen's Gate, London, SW7 5JR, UK.

I C R l S A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICR lSAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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Castniidae

Castnia

Agains t th is evo lu t ionary backg round , the devel­

opmen t o f stem b o r i n g on cu l t iva ted so rghum and

other cereal crops is comparat ive ly recent. The crop

i tsel f is p robab l y no t more t h a n abou t 5000 years

o l d . The ma in sorghum varieties cu l t ivated today are

even more recent, and p robab ly d i f fer substant ial ly

in physical and chemical at t r ibutes f r o m thei r w i l d

grass precursors.

Mos t of the i n f o rma t i on that is avai lable on the

b io logy and ecology of sorghum stem borers relates

to c rop hosts (sugarcane, maize, so rghum, r ice, and

pearl mi l le t ) ra ther than to nonc rop hosts, wh i ch are

ma in ly grasses. Th is i n f o r m a t i o n has been summar­

ized in general reviews of sorghum pests ( Y o u n g

1970, Y o u n g and Teetes 1977), and in specialized

reviews on lepidopterous stem borers (Jepson 1954)

and on so rghum stem borers (Har r i s 1985). An

extensive b ib l i og raphy , w i t h i n fo rmat i ve abstracts,

is avai lable in C A B A n n o t a t e d B ib l i og raphy E. 105,

Stemborers o f So rghum 1973-87, issued by the C A B

In te rna t iona l Ins t i tu te o f En tomo logy ( C I E ) . The

f o l l o w i n g accounts of the ma jo r pest species h igh ­

l ight some of the more impo r tan t elements of that

i n f o r m a t i o n , w i t h emphasis on recent publ ished

w o r k and key references.

to Indones ia and Ta iwan . I t f i rs t appeared in East

A f r i c a in the early 1950s and has n o w spread as far as

no r the rn Sudan , Botswana, and Za i re ( I n g r a m

1983) and may have spread westward f r o m the

Sudan to West A f r i ca .

Host Plants

S o r g h u m , maize, pear l , f o x t a i l and f inger mi l le ts ,

wheat , sugarcane, and rice are the ma in cul t ivated

hosts a t tacked. W i l d grass hosts inc lude Sorghum 

halepense, S. verticilliflorum, Panicum maximum, 

and Pennisetum purpureum. 

Adult Biology and Ecology

Neupane et a l . (1985) have publ ished a recent

account o f th is species in Nepa l , i nc lud ing observa­

t ions on adu l t ac t iv i ty , and have commented on

previously publ ished observat ions f r o m Ind ia and

East A f r i ca . Detai ls vary w i t h loca t ion , due to c l i ­

mat ic and other factors, and the f o l l ow ing general

account shou ld be supplemented by reference to

relevant local i n f o r m a t i o n , when necessary.

Adu l t s emerge f r o m pupae in stems du r i ng the late

a f te rnoon and early evening and are active at n ight .

D u r i n g the day they are inact ive, rest ing on plants

and p lant debris and , because of the i r c rypt ic co lora­

t i o n , are se ldom not iced unless d is tu rbed. Females

release pheromones to at t ract males and mate soon

after emergence. The components of the female

pheromone have been ident i f ied by Nesbi t t et a l .

(1979) as (Z)-11-hexadecenal and (Z)-11-hexadecen-

1-01 and some w o r k on the use of pheromones to

m o n i t o r this species has been done at I C R I S A T

( C a m p i o n and Nesbit t 1983).

On 2-3 consecutive n ights, females locate suitable

host plants and lay about 10 batches of 10-80 over­

lapp ing eggs on the underside of leaves, main ly near

the mid r ibs . Adu l t s are general ly shor t l ived (2 -5

days) and do not seem to diseperse far f r o m emer­

gence sites, a l though there are records of movements

of up to a few k i lometers. There is no evidence of

m ig ra t i on over substant ia l distances, a l though the

spread of th is species in A f r i c a d u r i n g the past 30

years may have resulted f r o m adu l t dispersal f l ights .

Mechanisms of host loca t ion and ident i f i ca t ion

have not been adequately researched, a l though some

w o r k has been done recently. Chadha and Roome

(1980) studied ov ipos i t ion behavior of C. partellus 

on maize seedlings. Ov ipos i t i on started about one
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A m p h i p y r i n a e Busseola, Sesamia, Manga, Poeo-

noma, etc.

Noctuidae

Pyralidae

Crambinae Coniesta, Chilo, Diatraea, etc.

Pyraust inae Ostrinia 

Gal ler i inae Eldana 

Phyci t inae Elasmopalpus, Maliarpha, Emmalocera 

Schoenobi inae Scirpophaga, Schoenobius, Rupela, 

etc.

Chilo partellus (Swinhoe)

Distribution

Th is is the most i m p o r t a n t stem borer o f so rghum in

As ia and parts o f A f r i ca . I t occurs th roughou t the

Ind ian subcont inent and t h roughou t Southeast As ia



hou r after da rk and batches of 10-200 over lapp ing

eggs were la id in a precisely ordered sequence, paral -

lel to the long axis of the leaf. Contac t w i t h the leaf

surface by antennae, ov ipos i to r t i p , and possibly the

tars i , were al l invo lved in choice of the ov ipos i t ion

site. Examina t i on of the ov ipos i tor t ip by l ight ,

scanning and transmission electron microscopy

ident i f ied t w o pairs of chemoreceptor sensilla among

many mechanoreceptor sensilla. These sensilla may

prevent ov ipos i t ion on surfaces that are chemical ly

h a r m f u l to the eggs but i t was noted that , in the

absence of smooth plant surfaces, eggs are deposited

on other smooth surfaces, even glass, polyethylene,

meta l or plastic ind icat ing that the ov ipos i t ing

female seems indi f ferent to the su i tab i l i ty of the

surface as f ood fo r its larvae. However , Chapman

and Woodhead (1985) noted that i f p lant leaves are

present they are preferred as ov ipos i t ion sites, so

there must be some measure of recogni t ion and pref-

erence. They also note that b r o w n , dry leaves are

preferred to green, turg id leaves.

Larval Biology and Ecology

Larvae emerge after about 4 8 days, hatching f r o m

early m o r n i n g before sunrise to a round 0800 h. The

larvae then c l imb up young sorghum plants w i th in

the f i rst 2-3 hours after hatching and enter the leaf

w h o r l , where they settle to feed on young leaf tissues.

The mechanisms determin ing this behavior and the

factors af fect ing survival have been studied in detail

in recent years (Chapman et a l . 1983, Bernays et al .

1983, and Bernays et al . 1985). On hatching, larvae

are posi t ively photo tax ic and move upwards f r om

hatch ing sites on the lower leaves. This phototact ic

response is qu ick l y lost under the influence of host

odo r and darkness, as larvae approach the leaf

w h o r l . These reactions usually ensure that most lar-

vae qu ick l y become established in the who r l . Posi-

t ive photo tax is is also mod i f ied when larvae stray

f r o m the stem on to the leaves du r ing their upward

movement . Contact w i t h a leaf edge usually results

in d o w n w a r d movement un t i l a larva regains the

stem; i t then cont inues to move upwards. There are

add i t iona l d i rect ional cues in leaf structure, inc lud-

ing large veins and distal ly directed spines. Leaf

waxes and plant odors also seem to have some

effects on the behavior of f irst instar larvae. Since

successful establ ishment of early instars on young

plants ma in ly determines deadheart incidence and

subsequent y ie ld losses, these studies are very impor -

tant in e luc idat ing useful resistance mechanisms.

C h a p m a n et a l . (1983) observed larva l surv iva l

and dispersal on two sorghum cul t ivars in I nd ia

du r i ng the f i rst six days after hatching. In a series of

fou r exper iments, 20 -50% of the larvae were present

in the leaf whor ls w i t h i n six hours of hatch ing. By

the th i rd day, v i r tua l ly al l surv iv ing larvae were in

leaf whor l s , but most ly in plants other than those on

wh ich they had hatched. One day after hatch ing on

smal l plants (25-40 cm tal l ) about hal f of the larvae

had moved to adjacent plants. The number of larvae

present in plants declined du r ing the f i rst three days

but then stabi l ized.

Subsequent instars tunnel in to the stem tissue of

the host p lant . Singh and Rana (1984) reported

detai led labora tory and f ie ld studies of ov ipos i t ion ,

larval development and pupa l weights on 70 sor-

g h u m cul t ivars and correlated these parameters w i th

symptoms of f ield damage (deadhearts, number of

holes/ tunnels and percent tunnel ing) . They con-

cluded that ov ipos i t iona l nonpreference and an t ib i -

osis act together to determine the degree of resis-

tance, but that ant ibiosis has the greater effect.

Ant ib ios is was expressed in slower larval develop-

ment , higher larval mor ta l i t y , and lower pupal

weights. Ant ib ios is factors operated in leaf and stem

tissues. In the absence of these factors, larvae gener-

al ly developed faster and produced heavier pupae

when fed exclusively on leaf w h o r l tissues rather

than on stem tissues.

Af te r 2-4 weeks, nondiapause larvae pupate in the

galleries that they have excavated in the stems.

Adu l t s emerge f r o m pupae about 5-12 days later.

W h e n c l imat ic condi t ions are favorable, the l i fe

cycle is completed in about 25-50 days. Up to f ive or

more successive generations may develop annual ly.

D u r i n g cold a n d / o r d ry seasons, larvae enter d ia-

pause in stems and stubble fo r up to six months.

When condit ions become favorable for fur ther devel-

opment , they pupate. The factors break ing diapause

do not seem to have been adequately studied.

Population Dynamics

I n f o rma t i on on factors that determine popu la t ion

dynamics of C. partellus on sorghum crops, or in

other c rop ecosystems, is available in var ious pub l i -

cat ions but has not been fu l l y integrated in to

research programs. Cl imate and host avai lab i l i ty /

su i tab i l i ty must be impor tan t , as must mate loca-

t i o n , host loca t ion , ov ipos i t ing success, and f i rs t -

instar la rva l surv ival and establ ishment. The many

causes of mor ta l i t y must also be impor tan t , i nc lud -

65



ing physical , chemical and bio logical factors, that

operate on egg, la rva l , pupa l and adul t stages. M a n y

pathogens, predators, and parasites are k n o w n but

their signif icance in regulat ing C. partellus popu la-

t ions is not .

I ng ram (1983) reviewed wo rk on the b io log ica l

con t ro l of this species in Pakistan and East A f r i ca .

Apanteles flavipes (Cameron)became an impor tan t

parasi to id in Pakistan after its i n t roduc t ion and

release f r o m Japan ( A l a m et a l . 1972), but s imi lar

in t roduct ions of A. flavipes and other parasitoids

f r o m Ind ia to East A f r i ca fa i led to establish ( I ng ram

1983). Research on A. flavipes in Pakistan by

M o h y u d d i n et al (1981) showed that strains of the

paras i to id are attracted to the frass of a par t icu lar

stem borer, feeding on a par t icu lar host p lant .

Six other species of Chilo have been reported on

sorghum in var ious parts of the w o r l d (Seshu Reddy

1985). These are of m ino r impor tance compared to

C. partellus. 

Busseola fusca ( F u l l e r )

D i s t r i b u t i o n

This is the most widespread stem borer of sorghum

in A f r i ca south of the Sahara. I t has been reported in

most countr ies f r o m Guinea in the west to Somal ia

in the east, and southward to South A f r i ca . It is a 

ma jo r stem borer of sorghum in Burk ina Faso. but

does not occur n o r t h of la t i tude 11° 3 'N , a l though i t

occurs as far no r th as 12° 6' N in Niger ia (Nwanze

1985).

Host Plants

Maize , on wh ich B. fusca is an impor tan t pest,

so rghum, sugarcane, and , to a lesser extent , pearl

mi l le t are al l host plants. W i l d grasses such as

Sorghum verticilliflorum, Pennisetum purpureum, 

Hyparrhenia rufa, and Panicum maximum are also

host plants.

Adult Biology and Ecology

van Rensburg et a l . (1987) have publ ished the most

recent account of the ecology of B. fusca, based on

their w o r k in Sou th A f r i ca , and refer to earl ier pub-

l icat ions on the b io logy and ecology of this species.

Key references given in their b ib l iography inlcude:

Sou th A f r i c a — M a l l y (1920), du Plessis and Lea

(1943), van Rensburg (1980); Z imbabwe—Smi the rs

(1960a, 1960b); T a n z a n i a - S w a i n e ( 1957); U g a n d a -

Ing ram (1958); and N ige r i a—Har r i s (1962, 1963),

and Usua (1970, 1974). In add i t i on , K a u f m a n n

(1983) publ ished a paper on f ood p lant adaptat ions

of d i f ferent popula t ions in Niger ia , and Adesiyun

(1983) has recorded the effects of in te rc ropp ing on

this species, also in Niger ia.

Adu l t s emerge f r o m pupae in stems and stubble

d u r i n g the evening and are active at n ight , rest ing on

plants and p lant debris du r i ng the day. As w i t h most

stem borer adul ts, they on ly f ly du r i ng the day i f

d is turbed. Females release a pheromone soon after

emergence to at t ract males, and the components

have been ident i f ied as (Z)-11-tetradecenyl acetate

and (E)-11-tetradecenyl acetate by Nesbit t et a l .

(1980) and H a l l et al . (1981).

D u r i n g the 3-4 nights f o l l ow ing emergence, fe-

males lay eggs in batches of 30-100 under the vert ical

edges of leaf sheaths, lay ing a to ta l of about 200 eggs

per female, van Rensburg et a l . (1987), w o r k i n g w i th

maize, observed that the sheath of the youngest

unfo lded leaf is most at tract ive fo r ov ipos i t ion and

that egg lay ing is concentrated on plants that are less

than 8 weeks o ld . They also recorded that the egg

batches of spr ing moths were smaller than those of

summer moths , possibly because the body reserves

of spr ing moths are smaller.

Larval Biology and Ecology

Larvae hatch about a week later and disperse over

plants before enter ing the leaf whor ls to start feed-

ing. Presumably their behavior is s imi lar to that of

C. partellus f i rs t - instar larvae, but there do not seem

to have been any detai led recent studies of B. fusca 

on sorghum, van Rensberg et al . (1987), w o r k i n g

w i t h maize, recorded that 8 1 % of lavae up to the

f o u r t h instar were found in leaf whor ls . F i f t h instars

were more evenly d is t r ibuted in the plants. S ix th

instars were found in considerably larger numbers

than the previous instars in the stems and ears. The

number of f i f t h instar larvae reached a peak at 8 

weeks after plant emergence, and only s ix th instar

larvae were found in stem bases, due to the com-

mencement of diapause in later plant ings. They also

noted that the extent of larval m ig ra t ion w i th in

crops was underest imated by earl ier workers , since

at least 4% of the to ta l number of larvae in a p lant ing

migrated to adjacent plants d i rect ly after hatching.

The average number of larvae per infested p lant

changed cont inua l l y due to m ig ra t ion du r i ng crop

development.
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Larva l development general ly takes 24-36 days

before pupa t ion in plant stems or stubble. Adu l ts

emerge about 9-14 days after pupa t ion and the l i fe

cycle in favorable condi t ions is completed in about

7-8 weeks. In d ry a n d / o r co ld cond i t ions , larvae

enter diapause fo r six months or more and diapause

is b roken du r i ng subsequent rains. Usua (1970) stud-

ied diapause in detai l on maize in southern Niger ia

and repor ted that d iapausing larvae are present

th roughou t the year, irrespective of the cond i t ion of

the host p lan t , bu t w i t h peak incidence in July and

December. He concluded that the presence of water

does not terminate diapause in the f ie ld. In a later

paper on the physio logy of diapause and nond ia-

pause larvae, Usua (1974) concluded that the main

factor enabl ing diapause larvae to survive adverse

condi t ions appears to be their eff icient water conser-

va t ion mechanism. Harr is (1962), repor t ing studies

of this species in nor thern Niger ia , where ra infa l l

ceases complete ly du r ing the f i ve -month d ry season,

observed that diapause was terminated at the end of

the dry season when larvae d rank water. Larvae that

had been kept in d ry sorghum stems in a laboratory

fo r f ive months d rank immedia te ly when given

access to drops of dist i l led water; their weight

increased by 20 -40% w i t h i n 24 hours, ind icat ing

rapid rehydra t ion , and they pupated w i t h i n a week.

A con t ro l set of larvae mainta ined in a humid

atmosphere d id not increase in weight and d id not

show any marked tendency to pupate, van Rensberg

et al . (1987) noted that there is no clear understand-

ing of the factors induc ing diapause, a l though i t may

be under genetic con t r o l , as suggested by Usua

(1970), and that it is st i l l uncertain wh ich factors are

responsible fo r breaking diapause. They also noted

that unpubl ished wo rk suggests that free water w i l l

advance pupat ion by a m a x i m u m of one week. F r o m

their own observat ions, i t appears that diapause lar-

vae must pass a specific per iod under specific cond i -

t ions before certain physical condi t ions w i l l induce

pupa t ion .

A second species of Busseola of m i n o r impo r -

tance, B. segeta Bowden, occurs on sorghum, maize,

f inger mi l le t , sugarcane, and var ious grasses in

Uganda and Tanzania . I ng ram (1958) publ ished a 

br ief account of its b io logy in Uganda.

Diatraea saccharalis ( F a b r i c i u s )

Because of its impor tance as a pest of sugarcane, the

l i terature on D. saccharalis is substant ial and main ly

relates to that c rop . Roe et a l . (1981) publ ished a 

b ib l iography cover ing the per iod 1887-1980 that

contains 1193 c i ta t ions. M o r e recent w o r k has been

abstracted in C A B Anno ta ted B ib l iography E.49,

Diatraea saccharalis 1973-87 issued by the C A B

Internat iona l Inst i tute o f En tomo logy .

D. saccharalis is the commonest and most wide-

spread of the many species of Diatraea that occur in

N o r t h , Cen t ra l , and Sou th Amer i ca , w i t h a range

extending f r o m Louis iana, N o r t h Caro l ina , and

Texas th rough Mex i co , Centra l Amer ica , and the

Car ibbean southward to Argent ina ( C I E D is t r i bu -

t i on M a p 5). Sugarcane is the ma in host p lant bu t

this species also develops on maize, sorghum and

rice, as wel l as on Johnson grass (Sorghum hale-

pense). Pampas grass (Cortader ia selloana) and

other grasses, inc lud ing Cymbopogon citratus and

C. nardus. 

A deta i led, i l lustrated account of this species in

the Uni ted States was publ ished by Ho l l oway et a l .

(1928) and is p robab ly st i l l the best overal l account

of its b io logy and ecology, w i t h detai led descript ions

of l i fe stages and damage symptoms. There are

obvious simi lar i t ies w i t h Chilo partellus. Ov ipos i -

t i on starts at dusk and cont inues du r ing the 3-4

nights f o l l ow ing adul t emergence. Batches of up to

50 eggs are laid on upper or lower surfaces of leaves

in over lapping, generally elongated clusters. A f te r

4-9 days larvae hatch, and , fo r the f i rst week, of ten

feed w i t h i n the leaf-sheath or between the leaf-

sheath and stem. They then tunne l in to the stems to

feed, and eventual ly pupate, after f irst prepar ing exit

holes. The life-cycle f r om egg to adul t is usual ly

completed in 35-50 days when condi t ions are favor-

able. In t rop ica l areas, cont inuous development may

produce as many as seven generations annual ly . In

the n o r t h e r n and sou the rn par ts o f its range,

D. saccharalis larvae enter diapause in the winter

and carryover to the fo l l ow ing season in c rop

residues.

Pheromone studies w i t h this insect have been

reviewed by H a m m o n d and Hensley (1971) and

other aspects of its b io logy and ecology that have

been studied in recent years include: the inf luence of

c l imat ic factors (Mendes 1978); the height and t ime

of adul t f l igh t in Brazi l (Mendes et a l . 1978); sea-

sonal abundance in Texas (Fuchs and Ha rd i ng

1979); i nduc t ion and te rmina t ion of larval diapause

in Texas (Fuchs et a l . 1979); f luc tuat ions of adu l t

popu la t ions in Brazi l (Teran 1979); larval density

and the effects of parasites and pathogens in Brazi l

(Teran 1983); and laboratory studies of ov ipos i t ion

and development in Brazi l (Bo r t o l i and M a n p r i m

1984).
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Other species of Diatraea that at tack so rghum,

main ly D. l ineolata (Wa lker ) , D. grandiosella (Dya r )

and D. crambidoides (Gro te) , have no t been studied

to the same extent as D. saccharalis. 

Coniesta ignefusalis ( H a m p s o n )

Har r i s (1962) publ ished a deta i led, i l lust rated ac-

count of the b io logy of this species in Niger ia . ln a 

review on pests of pearl mi l le t in West A f r i ca ,

Gahuka r (1984), included references to t w o subse-

quen t pub l i ca t i ons on th is species in Senegal .

C. ignefusalis is k n o w n to occur across the Sahel belt

o f West A f r i c a f r o m Senegal t h rough Niger and

nor the rn Niger ia to Chad. Its preferred host p lant is

pear l mi l le t bu t larvae also feed on so rghum, espe-

c ia l ly when i t is in tercropped w i t h mi l le t , and on

maize and some w i ld grasses, inc lud ing Pennisetum 

purpureum.

At Za r i a , N iger ia , Har r is (1962) observed that

adults emerged f r o m pupae in stems between 1900

and 2300h in a caged exper iment . Bo th sexes f lew

w i t h i n three hours of emergence and mated either on

the n ight of emergence or early the f o l l o w i n g n ight .

Eggs were la id between the leaf sheath and stem, in

batches of 20 -50 , w i t h up to 200 eggs la id per female

in capt iv i ty . Larvae hatched after 12 days and at f i rst

remained clustered under the leaf sheaths, but w i t h i n

24 hours they started to tunne l i n to the leaf sheaths

and under ly ing stems. They d id not disperse over the

plant or concentrate in leaf whor ls but dispersed

th rough the plants par t ly by active tunne l ing and

par t l y by upward movement in the leaf sheaths as

they grew. Some larval m ig ra t i on occurred between

plants but the m a x i m u m spread f r o m k n o w n ov ipo-

s i t ion sites was 1.2 m in the insectary and 1.8 m in the

f ie ld . D u r i n g the wet season larvae completed devel­

opment in 30-40 days, pupa t i on lasted 7-13 days,

and three generations developed w i th an average

life-cycle of about 57 days. T o w a r d the end of the

wet season, larvae entered diapause and carr ied over

in d ry stems and stubble un t i l the end of the 5-6

m o n t h d ry season.

The N o r t h Amer i can species, Eoreuma loftini 

( D y a r ) , is related to C. ignefusaJis but is ma in ly a 

pest of sugarcane. I t seems to be of relat ively low

impor tance as a stem borer of sorghum.

Eldana saccharalis ( F a b r i c i u s )

I ng ram (1983) records that this A f r i c a n species is

p r i m a r i l y a borer of Cyperus species and probab ly

attacks crops oppor tun is t i ca l l y when they have

replaced its na tu ra l hosts. It is p r inc ipa l l y a pest on

sugarcane and details of its l i fe h is tory , develop-

ment , and behavior on that host p lant in Ghana have

been publ ished recently by Sampson and K u m a r

(1985). In Ghana , mated females la id about 300-350

eggs over a four -day pe r iod , in batches, ma in ly

under leaf sheaths. Eggs hatched after 5-7 days and

early instar larvae dispersed du r i ng the f i rs t three

days before sett l ing to tunne l i n to stems. La rva l

development lasted about 31 days, fo l lowed by

pupa t i on in bored stems f o r 7-13 days, and the

l i fe-cycle was completed in 36-62 days. G i r l i ng

(1978) reported observat ions on the d i s t r i bu t ion and

b io logy of this species in Uganda and also assessed

its crop pest status in Ghana (G i r l i ng 1980). A t k i n -

son (1980) reported its b io logy , d i s t r i bu t ion , and

natura l host p lants in Sou th A f r i ca . Nwanze (1985)

recorded that this is the p redominant borer on

sorghum d u r i n g August and September in Bu rk ina

Faso but i t appears to be restr icted below lat i tude

12°N in bo th Bu rk ina Faso and Niger ia.

Sesamia Species

At least eight species of Sesamia have been recorded

as stem borers of so rghum, most ly in A f r i c a but also

in Europe , As ia and the Pacif ic. The i r geographical

ranges have been summar ized by Har r i s (1985) and

Seshu Reddy (1985). S. calamistis Hampson is

p robab ly o f greatest overal l impor tance in A f r i c a

south of the Sahara, where S. botanephaga Tarns

and Bowden, S. nonagrioides (Lefebvre), S. poe-

phaga Tarns and Bowden, S. penniseti Tarns and

B o w d e n and 5. albivena H a m p s o n also occur .

S. cretica Lederer is present in E th iop ia , Somal ia ,

Sudan and the western Med i te r ranean and S. infer-

ens (Wa lke r ) occurs in the Ind ian subcont inent .

Southeast As ia , and as far east as the So lomon

Islands.

Host ranges of these species are general ly s imi lar ,

inc lud ing maize, sorghum, pearl mi l le t and other

mi l le ts , and var ious grasses. Accounts of the b io logy

of the species vary in the amoun t of deta i l avai lable

but i n f o r m a t i o n on S. calamistisis p robab ly typ ica l .

In Uganda, I ng ram (1958) recorded that batches of

up to 20 eggs were la id under leaf sheaths, as in the

case of B. fusca, w i t h females lay ing about 300 eggs

each, over 2-3 nights. Eggs hatched 7-9 days later

and f i rs t - instar larvae bored straight i n to the stems,

w i t h on ly occasional feeding in the leaf w h o r l , in

m a r k e d cont ras t to the behav io r o f f i r s t - ins ta r

68



B. fusca larvae. Some larvae migrated to other

plants du r i ng development , wh ich took 27-36 days

in the labora tory . The l i fe-cycle in the labora tory

was completed in 45-58 days and breeding con -

t inued th roughou t the year, w i thou t any larval d ia-

pause. Har r is (1962) recorded s imi lar details of the

b io logy of this species in Niger ia and conf i rmed that ,

despite the severe d ry season, there was no larval

diapause and the species cont inued to develop

th roughou t the year.

I n g r a m (1958) r eco rded t h a t the l a r vae o f

S. poephaga enter the stem th rough the leaf w h o r l ,

so d i f fe r ing f r o m S. calamistis, bu t Har r i s (1962)

reported that in Niger ia they bored direct ly in to the

stems under the leaf sheaths. There is obv ious ly

scope fo r fu r ther study as this is an impo r tan t d i f fer -

ence in behavior that must affect mor ta l i t y factors

and con t ro l . There seems to have been l i t t le recent

research on either S. calamistis or S. poephaga but

a few post-1972 papers refer to S. inferens and

S. nonagrioides. 

O t h e r S o r g h u m S t e m B o r e r s

Elasmopalpus lignosellus (Zel ler) is a m ino r pest of

sorghum in N o r t h , Cent ra l , and South Amer ica ;

Ostrinia furnacalis Guenee has been recorded f r o m

sorghum in Japan and Ostrinia nubilalis Hubner ,

the European co rn borer, occasional ly attacks sor-

ghum in N o r t h Amer ica . None of these species seems

suff ic ient ly impor tan t to meri t in lusion in detai l in

this review.

C o n c l u s i o n s

F r o m the above accounts of the main species of

sorghum stem borer , i t is clear that much i n fo rma-

t ion is avai lable on their b io logy and ecology, but i t

has been obta ined ma in ly by i nd iv idua l research

workers operat ing in piecemeal fashion over the past

50 years. There has been no clearly integrated

approach t oward an understanding of the ecology

and ep idemio logy of the ma in species that wou ld

assist the development of effective pest manage-

ment. One possible except ion is the w o r k on Dia-

traea saccharalis in the U S A and Sou th Amer i ca ,

but that relates to sugarcane, not sorghum.

Jepson (1954), conc lud ing his review of the wo r ld

l i terature on lepidopterous stem borers of t rop ica l

graminaceous crops, suggested " the creat ion of a 

smal l in ternat iona l sub-commit tee o f workers f r o m

al l cont inents as a f i rst step to de te rmin ing the extent

of the problems and in f o r m u l a t i n g proposals f o r the

p r o m p t exchange of scienti f ic and technical i n fo r -

m a t i o n and fo r coo rd ina t i ng some of the pr inc ipa l

lines o f w o r k " . Th is W o r k s h o p may represent the

f i rst step in that d i rec t ion , fo r sorghum stem borers,

more than 30 years later.

Some research workers may accept a pragmat ic

approach , and ma in ta in that r igorous and extensive

selection and breeding f o r host-p lant resistance w i l l

eventual ly p rov ide acceptable pract ica l solut ions to

stem borer problems. I accept that host-plant resis-

tance does offer the most feasible long- term solu-

t ions fo r much of the t ropics bu t am convinced that a 

better en tomolog ica l understanding of the b io logy

and ecology of the pest species w i l l result in improved

resistance and better overal l pest management. Tha t

w i l l require more and better-organized i n f o rma t i on

on key aspects: the extent of adu l t d ispersa l /m ig ra -

t i o n ; mate loca t ion ; cour tsh ip behavior ; host loca-

t i o n and select ion; ov ipos i t ion site select ion; larva l

behavior ; mor ta l i t y factors; and popu la t ion dynam-

ics. As Y o u n g and Teetes (1977) emphasized, un ique

pest management systems are requi red fo r each dis-

t inc t agroecosystem. Genera l izat ion is useful up to a 

po in t , bu t there is no subst i tute f o r accurate and

detai led i n f o rma t i on .
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Chemical Control of Stem Borers

Abstract

Chemical control is the most powerful tool available for controlling stem borers and is an 

important component in their management. The most important borer species on sorghum and 

maize are Ch i l o partel lus, Busseola fusca, Sesamia spp, E ldana saccharina, and D ia t raea spp. 

The knowledge of specific habits and periods of peak activity of the most vulnerable stages of 

stem borers with appropriate formulation, method, rate, time, and schedule of application of 

insecticides determine the degree of success of chemical control. This paper reviews recent 

research and recommendations on chemical control of major stem borers, and also discusses 

judicious use of endosulfan and its integration with host-plant resistance. 

I n t r o d u c t i o n

Chemica l con t r o l , despite its l im i ta t ions , is an

impor tan t t oo l fo r considerat ion in any integrated

pest management p rog ram, especially in t reat ing

epidemics. I t requires app l ica t ion methods based on

specific insect habits, peak per iod of act iv i ty , and

vulnerable stages of the l ife cycle. Economic thresh­

olds are also impo r tan t considerat ions of chemical

con t r o l , bo th fo r effective app l ica t ion and fo r m i n ­

i m u m impact on env i ronment (avo id ing destruct ion

of natura l enemies of pests by tox ic residues).

M o s t w o r k on chemical con t ro l o f stem borers in

Ind ia has been done on C. partellus, whi le very l i t t le

has been done in East A f r i c a (Coaker 1956, Nye

1960, and K a y u m b o 1976). Chemical con t ro l of stem

borers in South A f r i ca has been repor ted tobe inef­

fective (van Rensburg and van H a m b u r g 1975).

Besides C. partellus, a t tent ion has been given to use

of insecticides fo r the con t ro l of rice stem borers,

B. fusca and Maruca testulalis. L i t t le i n fo rma t i on is

avai lable on the chemical con t ro l of other cereal

stem borers.
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I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,
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S o i l F u r r o w A p p l i c a t i o n a t S o w i n g

Chemica l con t ro l of C. partellus t h rough soi l f u r r o w

appl ica t ion at sowing of systemic insecticides such as

cyt ro lane 5G, carbofuran 5 -10G, ald icarb 10G,



mephosfo lan 10G, phorate 10G, and d isu l fo ton

10G, at 0.7-2.0 kg a. i . ha -1 has been t r ied w i t h suc-

cess (Grewa l 1969, Baskaran 1971, N o o r and Pareek

1978, and Chat ter j i et a l . 1972). Sharma et a l . (1973)

repor ted no differences between app l ica t ion of v i r -

lane, cyt ro lane, phorate, or carbo fu ran and con t ro l .

Wal ters and D r i n k w a t e r (1975) reported signi f icant

reduct ion of B. fusca by ca rbo fu ran granules at 1 kg

a.i. ha - 1) . S imi la r f indings were made by van Rens-

burg et a l . (1978) .

Seed T r e a t m e n t

Lal et a l . (1961) t r ied f inely g round B H C and l indane

as seed t reatment f o r C. partellus con t ro l on maize.

G u m arabic paste was used as a st icker. B H C

(5g / 100g) and l indane (20g/ 100g) of seeds gave p ro -

tect ion against C. partellus. H igher concentrat ions

were phy to tox i c . Sharma et a l . (1973) also t r ied seed

treatment w i t h carbo furan at 5.75-10 g a.i . /100 g 

seed w i t h l i t t le success.

Side-dress ing A f t e r C r o p E m e r g e n c e

J o t w a n i (1969) determined the feasibi l i ty o f con t ro l -

l ing sorghum stem borers by side-dressing w i t h

mephosfo lan and ca rbo fu ran , 20 days after emer-

gence ( D A E ) . Other efforts f o u n d that mephosfo lan,

a ld icarb, and carbo fu ran granules appl ied 15-34

D A E at 1.0-2.5 kg a. i . ha - 1 gave effective pro tec t ion

against C. partellus on maize and sorghum (Grewal

1969, Chat te r j i et a l . 1972, and Sharma et a l . 1973).

F o l i a r S p r a y s a n d D u s t s

Fo l i a r sprays and dusts o f D D T , B H C , and para-

t h i on were used on local varieties of sorghum and

maize to con t ro l stem borers (Trehan and Butan i

1949, Pu t t a rud r i ah 1958). Later insecticides such as

end r i n , ca rbary l , monocro tophos , d iaz inon , fen i t ro -

t h i o n , and phenthoate were evaluated fo r use against

C. partellus in I nd ia ( Y o u n g 1962, and Ahmed and

Y o u n g 1969). Spray appl icat ions of the pyrethro ids

decamethr in , fenvalerate, cy loxy la te , cypermethr in ,

and pe rmeth r in at 25-150 g a.i . ha - 1 , were not very

effective against this pest ( A I C S I P 1982-83).

End r i n spray at weekly intervals was effective

against D. crambidoides (Bre t t 1953, and George

and W i l s o n 1957). T w o appl icat ions o f carbary l and

cyt ro lane, ei ther spray or dust , reduced the damage

of S. calamistis, B. fusca, E. saccharina, S. cretica, 

Ostrinia nubilalis, and C. agamemnon on maize in

Niger ia ( A d e y m i et a l . 1966, and Saad et a l . 1971).

Ch lo rpyr i fos and c h l o r d i m i f o r m as u l t ra l ow vo lume

sprays ( U L V ) , and d iaz inon , ch lo rpyr i fos , mephos-

fo lan and E P N as convent iona l sprays, were effec-

t ive against 5. cretica in Baghdad (Saad 1977). Spray

app l i ca t ion o f ch lo r fenv inphos, d iaz inon , and az i -

nophos methy l at 0.2-0.6 kg a.i . ha - 1 were effective in

rice against Chilo spp., M. separatella, Tryporyza 

spp., and Sesamia spp. A p p l i c a t i o n of ma la th ion 50

EC at 1.5 kg a. i . ha - 1 , or Basud in 60 EC at 1.2 kg a. i .

ha - 1 were f ound effective in con t ro l l i ng B. fusca, 

Sesamia spp., Chilo spp., and M. separatella (Sagma

1983). A ch lo rpyr i fos seedling roo t d ip t reatment ,

fo l l owed by fo l ia r spray appl icat ions of 0.5 kg a.i .

ha - 1 at 25 and 60 D A E , effectively cont ro l led the

Scirpophaga incertulas. App l i ca t i on of mephosfo-

lan to the roo t zone at 0.5 kg a. i . ha - 1 , plus spray

app l i ca t ion f ou r days after t reatment , also effec-

t ive ly con t ro l l ed the pest (Sasmal et a l . 1984). Fo l ia r

spray of fenobucarb, car tab, and fenvalerate reduced

the incidence of stem borer Scirpophaga innotata to

a greater extent than the other insecticides ( U t h a m -

asamy and Jayra j 1985).

L e a f W h o r l P l a c e m e n t o f Insect ic ides

Placement o f insecticide d i rect ly i n to the w h o r l o f

maize and sorghum plants solves the p rob lem of

keeping the chemical on the leaves at lower appl ica-

t i on rates per un i t area.

Application of Granules

In ear ly t r ia ls , endr in granules in leaf whor ls gave

effective con t ro l of C. partellus ( T h o b b i et a l . 1968,

Kulshrestha et a l . 1968, and A h m e d and Y o u n g

1969). A lso reported to be effective against this pest

were endosul fan, carbary l , phenthoate, qu ina lphos ,

m a l a t h i o n , l indane, mephosfo lan , and d iaz inon gra-

nules at 0.600-1.200 kg a. i . ha - 1 ( Jo twan i and Y o u n g

1972, J o t w a n i and K ishore 1973, N o o r and Pareek

1978, Taley and Thakare 1979, Sandhu and Chaha l

1980, and K u n d u and Kishore 1980).

He l icopter app l i ca t ion o f monocro tophos 2G and

end r i n 3G at 20 kg ha - 1 reduced la rva l popu la t i on of

Sesamia spp. on maize in Spa in (Cabal lero et a l .

1972). Single appl icat ions of ca rbo fu ran , d iaz inon ,

or ch lor fenv inphos granules were also f ound to be
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effective against S. cretica in maize (A l -Dabbas and

A l -Sa l i h 1978).

Recommendat ions for the con t ro l of rice stem

borers, C h i l o s p p , Sesamia spp., M. separatella, and

T. incertuJus inc lude granular app l ica t ion of B H C ,

ca rbo fu ran , ch l o rd ime fo rm , ch lor feminphos, d ia -

z inon , fensu l fo th ion , mephosfo lam, or sal i th ion at

0.45-2 kg a.i. ha -1 ( C O P R 1976, pp. 122-123).

Application of Dusts

Kishore and J o t w a n i (1977) f ound leaf w h o r l place-

ment of dusts of endosul fan, phenothoate, carbary l ,

m a l a t h i o n , and B H C to be economical ly feasible in

con t ro l l i ng stem borers in sorghum. These f indings

were subsequently proved effective at d i f ferent loca-

t ions ( A I C S I P 1977-79). Results o f t r ia ls conducted

in 1986-87 a t I A R I , D e l h i , showed that dust o f

fenvalerate appl ied in leaf whor ls is also effective

against this pest.

Swaine (1957) cont ro l led B. fusca w i t h 2.5% D D T

dust appl ied at weekly intervals on maize. Wa lke r

(1960) reported effectiveness of endr in dust in con-

t ro l l i ng B. fusca on maize, van Rensburg and H a m -

b u r g (1975) c o u l d not get ef fect ive c o n t r o l o f

C. partellus in South A f r i ca .

Application of Sprays

Barry and Andrews (1971) obta ined sat isfactory

con t ro l of B. fusca in sorghum by app ly ing a 1 mL

spray of carbary l mettable powder ( W P ) in the leaf

whor ls of each p lant using a specially designed pisto l

gr ip sprayer.

Comparison of Application Methods

Di f ferent app l ica t ion methods using endosul fan,

phenthoate, and carbary l against C. partellus, in

sorghum showed that granules and dusts were super-

io r to sprays in real iz ing gra in and fodder yields. No t

much dif ference was observed between granules and

dusts (Table 1, K ishore 1980). J o t w a n i and Y o u n g

(1972) demonstrated the super ior i ty of granules over

sprays. Endosu l fan spray and granules together

have been found effective against this pest in maize

( M a t h u r 1983).

E c o n o m i c T h r e s h o l d

Repeated appl icat ions o f B H C , D D T , parath ion

and endr in have been tested fo r their ab i l i ty to con-

t ro l sorghum stem borers. No signif icant difference

was f o u n d between 3 and 6 appl icat ions of endr in

( T h o b b i et a l . 1968). Var ious insecticide appl icat ion

schedules have also been tested. ( Ing ram 1958, Jot-

wani and Young 1972, Manoha ran and Balasubra-

man ian 1982, and Sachan and Rathore 1983). H o w -

ever, in the absence of economic thresholds fo r

var ious stem borers i t is d o u b t f u l that insecticide

appl icat ion is just i f ied by infestat ion levels.

Table 1. Efficacy of different formulations of promising insecticides for the control of stem borer.

Insect icide

Endosu l fan granules

Endosu l fan dust

Endosu l fan spray

Phenthoate granules

Phenthoate dust

Phenthoate spray

Carba ry l granules

Carba ry l dust

C a r b a r y l spray

C o n t r o l ( N o t reatment )

SE

C D at 5%

Borer damage

M e a n leaf

i n j u r y (%)

18.90

19.16

32.51

19.78

20.23

31.63

20.09

20.33

32.07

48.30

±0.026

0.076

M e a n stem

tunne l ing (%) 

17.35

16.21

41.44

17.94

18.40

40.58

18.63

19.45

41.09

43.97

±0.0045

0.031

Yie ld t ha-1 (mean)

G r a i n

0.57

0.57

0.37

0.56

0.56

0.36

0.56

0.55

0.36

0.31

±0.0085

0.025

Fodder

2.66

2.40

2.15

2.52

2.27

2.09

2.48

2.26

2.17

1.76

±0.15

0.43

Increase

in g ra in

yie ld over

c o n t r o l (%)

83.98

83.85

19.43

81.14

80.27

15.94

80.60

78.34

16.59

0.00

A vo idab le

loss

(gra in) (%)

0.00

0.10

35.08

1.54

2.01

36.98

1.84

4.82

36.63

47.40

S o u r c e : K i s h o r e 1 9 8 0 .
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Based on economic threshold studies in maize, the

most vu lnerable per iod o f borer damage was f o u n d

to be 10-17 D A E and the insecticide app l ica t ion

should be ini t iated between 10 and 12 D A E (Sarup

et a l . 1977).

Kishore (1984b), w o r k i n g on t i m i n g and schedule

of insecticide appl icat ion in so rghum, f ound that

two appl icat ions of endosulfan 4% dust at 5.0 and

7.5 kg ha - 1 , given on 25 and 35 D A E were as effective

as. and more economical t han , appl icat ions g iven on

20. 30,40 D A E in con t ro l l i ng stem borer . W i t h this

schedule, the rate of app l i ca t ion of endosul fan was

reduced to 12.5 kg ha -1 f r o m 22.5 kg ha -1 (Tab le 2).

Persistence a n d R e s i d u e s

Not much w o r k has been done on the persistence

and residues of insecticides t r ied against d i f ferent

stem borers. Concern over endr in residues in sor-

g h u m con t r ibu ted to the ban of its use. Studies con-

ducted on persistence and residues of ca rbo fu ran ,

ch lo r fenv inphos , ch lo rpyr i fos , l indane, endosul fan,

fensu l fo th in , qu ina lphos , monocro tophos and tetra-

ch lo rv inphos indicate tha t , in most cases, s igni f icant

reduc t ion in residues was observed 45 days after

app l i ca t ion . At harvest, none o f the insecticides

showed detectable residues in g ra in , except ca rbo fu -

ran . The residues o f ca rbo fu ran were below the t o l -

erance l im i t (Sr ivastava 1975, M a n o h a r a n and Bala-

subramanian 1982, and Guru ra j 1986).

C h e m i c a l C o n t r o l a n d I n t e g r a t e d

C o n t r o l

Quant i t ies of insecticides can be reduced to an eco-

nomic level by in tegrat ing thei r use w i t h resistant

varieties and cu l tura l practices (K ishore and Jo t -

wan i 1982). Studies show that endosul fan appl ica-

t i o n can be integrated w i t h 12 stem-borer resistant

varieties to achieve marg ina l benefits under moder -

ate levels of in festat ion (Table 3) (K ishore and G o v i l

1982, and Kishore 1984a).

D i s c u s s i o n a n d C o n c l u s i o n s

Stem borers of maize and so rghum can be effectively

cont ro l led by leaf w h o r l placement o f g ranu lar or

dust appl icat ions of endosul fan, phenthoate, qu i -

nalphos, ca rbary l , ma la th ion , and fenvalerate. Th is

app l ica t ion targets the vulnerable stage of the pests

as the larvae move towards leaf whor ls after hatch-

ing. The insecticide is less affected by ra in and its

quan t i t y can be reduced th rough this appl icat ion

method . Hazards of p o l l u t i o n residues and effects

on non-target organisms can also be avoided.

De te rm in ing economic thresholds fo r di f ferent

stem borers is desirable bo th to realize m a x i m u m

benefit of chemical cont ro ls and to reduce the

number of appl icat ions. Ef for ts should be made to

avo id h igh ly tox ic and persistent insecticides and to
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Table 2. Efficacy of different insecticidal schedules in the control of stem borer of sorghum.

Endosu l fan 4 %

dust app l ied

(days a f ter ge rm ina t i on )

20 at the rate 5 kg ha -1

25 at the rate 5 kg ha-1

20 and 30 at the rate of 5 and 7.5 kg ha -1

30 at the rate of 7.5 kg ha - 1

35 at the rate of 7.5 kg ha -1

20, 30 , a n d 40 at the rate of 5 , 7.5,

and 10 k g ha-1

25 and 35 at the rate of 5 and 7.5 kg ha - 1

40 at the rate of 10 kg ha - 1

C o n t r o l ( N o t rea tment )

S E

C D at 5 %

M e a n g ra in y ie ld ( t ha - 1 )

Year l 

0.41

0.42

0.41

0.35

0.35

0.45

0.47

0.32

0.28

±0.021

0.063

Year I I

0.41

0.43

0.42

0.36

0.34

0.46

0.49

0.34

0.29

±0.01

0.04

Increase in g ra in y ie ld

over c o n t r o l ( t ha - 1 )

( M e a n 2 years)

0.13

0.14

0.13

0.07

0.06

0.18

0.20

0.04

-

Cost -benef i t

ra t i o

1:34.14

1:37.45

1:14.39

1:13.76

1:11.27

1:10.87

1:22.25

1: 6.06

-

S o u r c e : K i s h o r e 1984b.



generate data on residues. In tegra t ion of chemicals

w i t h other methods of con t ro l is possible.
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E 608

E 609

E 610
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E 612
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Year I 

N o n p r o - P ro -
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Cultural Control of Sorghum Stem Borers

Abstract

The role of cultural practices such as time of sowing, crop rotation, tillage, plant spacing, water 

management, fertilizer management, removal of deadhearts, field sanitation, removal of alter­

nate host plants, mulching, and intercropping in the management of sorghum stem borers has 

been reviewed. Since the adoption of several cultural practices is either simultaneous or in close 

succession, it is rather difficult to ascertain the relative contribution of each practice in managing 

sorghum stem borers. Some commonly adopted and prevalent field and postharvest operations 

have been reported to contribute towards reducing the carry-over and population buildup of 

these pests. Since these practices do not involve much expenditure and are effective, there is a 

need to extend their application to farmers. 

I n t r o d u c t i o n

Insect pests are one of the major y ie ld-reducing fac­

tors in sorghum on a g lobal basis. Near ly 150 species

have been reported to damage sorghum, bo th in the

f ie ld and in storage (Seshu Reddy and Davies 1979,

F A O 1980). A wide range of lepidopterous stem

borers are especially damaging to sorghum and con ­

st i tute a ma jo r constraint in its p roduc t ion . This

complex consists of 27 species spread in 10 genera of

Pyral idae and Noctu idae famil ies (Seshu Reddy

1985). Of these, Chilo partellus, Elasmopalpus lig-

nosellus(Pyralidae), Sesamia inferens, and Busseola 

fusca (Noctu idae) are considered impor tan t wor ld -

wide.

In an ef for t to cont ro l these insects, crop man-

agement practices are part icular ly impor tant . Cu l tu r -

al con t ro l of insect pests has been appropr ia te ly

def ined as the tact ical use of regular fa rm practices

to delay or reduce insect pest at tack (Seshu Reddy

1985). Th is involves the man ipu la t i on of the envir-

onment to make it less favorable fo r insect pests and
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more favorable fo r c rop g r o w t h . Cu l t u ra l practices

wh i ch d i rect ly or ind i rect ly help to reduce pest dam-

age have become integral components of integrated

pest management ( l P M ) because they involve no

add i t i ona l expendi ture and do not d is tu rb natural

enemies of the pests. Effects of var ious crop man-

agement practices on incidence of stem borers in

so rghum has been reviewed by many researchers,

inc lud ing Lawan i (1982), Seshu Reddy (1985), and

S h a r m a ( l 9 8 5 ) .

C u l t u r a l Prac t ices a n d R e l a t e d

R e s e a r c h

T i m e o f S o w i n g

One effective insect con t ro l method is sowing the

c rop so that its most susceptible g r o w t h stage coin-

cides w i t h a t ime when the pest is least abundant .

Th is practice has been successful in con t ro l l i ng

many insect pests ( U S A : Na t i ona l Academy of

Sciences 1969). The impor tance of this practice has

been repeatedly documented by research. In Ind ia , a 

greater incidence of C. partellus in so rghum sown in

Ju l y than in September or October was observed.

In D e l h i , o ther studies have observed C. partellus to

cause extensive damage to so rghum sown in June

compared w i t h that sown in Ju ly or August (Panwar

and Sarup 1979). Taneja and Leuschner (1985) stud-

ied popu la t i on dynamics of C. partellus on sorghum

at H isar by m o n i t o r i n g l ight t rap catches and larval

incidence on so rghum planted at mon th l y intervals.

The highest pest incidence was observed in the crop

sown d u r i n g Ju l y . S ingh and Ve rma (1983) also

recorded seasonal incidence of C. partellus on

so rghum. The pest appeared th roughou t the c rop

season f r o m A p r i l to August w i t h a peak infestat ion

in the c rop sown in Ju ly . A t Co imba to re , Mahade-

van and Chel l iah (1986b) recorded the highest inci-

dence in terms of deadheart f o r m a t i o n , leaf in ju ry ,

and stem tunne l i ng by C. partellus in sorghum sown

in February and M a r c h . The least damage was re-

corded fo r the c rop sown in June and October.

A h igh cor re la t ion between t ime of p lan t ing and

infestat ion has been reported by Swaine (1957), in

crops at tacked by B. fusca, a serious pest of sorghum

and maize in Tanzania . Crops planted early, at the

onset of the ra iny season, were heavi ly attacked by

the f i rs t generat ion larvae whi le later plant ings lar-

gely escaped the damage of this pest.

I t w o u l d appear that t ime of sow ing and incidence

of insects are impo r tan t relative factors. Wh i le the

dates themselves may be region-specif ic, t ime of

sowing remains a universal cu l tu ra l factor . In sor-

g h u m specif ical ly, ad justment of p lan t ing dates can

be an effective method for checking the incidence of

stem borers.

Crop Rotation

C r o p ro ta t i on w i t h non-host crops reduces pest

in festat ion by in te r rup t ing the con t inu i t y of the food

chain of o l igophagous pests. The impor tance of this

practice has been supported th rough var ious re-

search. Fo r example, sorghum ro ta t i on w i t h non -

host crops, such as g roundnu t , is c o m m o n practice

in the Gamb ia . Research has shown this pract ice

reduces the popu la t ions of stem borers (Sesamia

nonagrioides botenephaga and B. fusca) in sorghum

(Sagnia 1983).

Ch iang and Hudson (1972) reviewed popu la t ion

data on Ostrinia nubilalis generated du r i ng 23 con-

t inuous years of m o n i t o r i n g . They concluded that

c rop ro ta t i on was the ma jo r factor that suppressed

this borer popu la t ion in Minnesota , U S A .

Other research, on the effects of lack of ro ta t i on , is

s imi la r ly conclusive. Fo r reducing the incidence of

D ia t raea complex in maize and sorghum, ro ta t ion

w i t h non-host c rop has in fact , been recommended

in Texas ( T A M U 1979).

M o h y u d d i n and Greathead (1970) observed that

ra tooned sorghum can be a signi f icant carryover

source of stem borers, fo r fu ture infestat ion.

Tillage

P l o w i n g after harvest is a cu l tu ra l pract ice k n o w n to

destroy stubble, weeds, and other al ternate hosts of

stem borers. By reducing the avai lable host mater ia l

this practice reduces the potent ia l fo r carryover.

W o r k i n g on sorghum in Ind ia , Gahukar and Jot -

wan i (1980) observed a reduct ion in popu la t ion of

C. Partellus and also its carryover to the next crop as

a result of off-season t i l lage. It was suggested that

this pract ice exposed the borers to their natura l

enemies and to adverse c l imat ic factors such as high

temperature and low humid i t y .

In an early exper iment , Du Plessis and Lea (1943)

s imula ted the possible effects of p l o w i n g on B. fusca 

carryover . They bur ied stems con ta in ing larvae at

depths s imi lar to those wh ich w o u l d be achieved by

p l o w i n g under c rop residues. They observed that
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moths were able to emerge f r o m depths of up to 10

c m , but that considerable mor ta l i t y occurred.

Recent research in Niger ia ( K a u f m a n n In press),

repor ted up to f ive times greater popu la t i on densi-

ties of E. saccharina, Sesamia, Calamistis, B. fusca 

and Mythimna unipunctata in zero-t i l lage maize

plots , compared to convent iona l t i l lage plots. In

these t r ia ls , i t was observed that mature borer larvae

of ten pupated in the soi l at depths of less than 10 cm

d u r i n g the d ry season and that these larvae were

possibly destroyed by t i l lage. S imi la r observations

were made in maize by A l l et al . (1979). Infestat ions

of the lesser corn stalk borer were great ly reduced in

no-t i l lage compared to convent ional t i l lage plots.

The incidence of corn stalk borer, Diatraea Jineolata 

appears to increase w i th m i n i m u m t i l lage ( U S A :

Na t iona l Academy of Sciences 1975). S imi la r l y ,

Mus ick and Petty (1973) w o r k i n g in the U S A

observed that , in general, no-t i l lage tended to in-

crease incidence of B. fusca and O. nubilalis in maize

crop.

In contrast to what has been reported by most

other workers , A l l and Gal laher (1977) found that

infestat ions of lesser corn stalk borer were great ly

reduced in no-t i l lage compared to convent ional t i l -

lage c ropp ing systems. Increased soil moisture was

found to be an impor tan t factor p roh ib i t i ng infesta-

t i on of this pest, and, that these condi t ions were

enhanced in the no-t i l lage system. In another study,

Cheshire and G r i f f i n (1985) indicated that predators

of lesser corn stalk borer were much more abundant

in no-t i l lage than in convent ional systems.

Plan t Spacing

Singh (1986), found a posit ive cor re la t ion between

the incidence of C. partellus and plant popu la t i on

per un i t area in sorghum. L ikewise, Ch iang and

Hudson (1972) observed that w i th an increase in the

density of maize plants there was higher incidence of

O. nubilalis. These observations suggest that higher

plant density probab ly helps in the dispersion of

larval popu la t ions . Zepp and Keaster (1977) re-

ported a posit ive relat ionship between maize plant

densi ty and damage incidence, caused by larvae of

Diatraea grandiosella. 

Water Management

Soi l moisture may inf luence crop damage by insect

pests t h rough its effect on p lant v igor and g r o w t h . I t

has been shown that sorghum g r o w n under d rough t

stress suffers greater damage f r o m C. partellus 

(Sharma 1985).

Effects of soi l mois ture content and i r r iga t ion on

infestat ions of the lesser corn stalk borer, Elasmo-

palpus lignosellus have been extensively investigated

in so rghum. (Reynolds et a l . 1959, A l l and Gal laher

1977, and A l l et a l . 1979). These studies showed that

increased or constant soil moisture, obtained through

wel l - t imed and regulated i r r i ga t ion , deterred infesta-

t ions of this borer. Use of i r r iga t ion has been sug-

gested as a method to con t ro l this pest. In rainfed

agr icu l ture, however, there is l i t t le scope for man ipu -

la t ing soi l mois ture except th rough moisture con-

servat ion.

Fert i l izer M a n a g e m e n t

Fert i l izer app l ica t ion is k n o w n to inf luence the sus-

cept ib i l i ty of crops to insects. Fert i l izers enhance

plant nu t r i t i on which can inf luence the longevi ty

and fecundi ty of insects, and the degree of damage

they cause ( U S A : Nat iona l Academy of Sciences

1969).

Infestat ions in maize of C. partellus (Singh et al .

1968, and Singh and Singh 1969), and C. partellus 

and S. interens (S ingh and Shekhawat 1964) have

been shown to increase w i t h enhanced levels of ni-

t rogen appl ied to the crop. S imi la r f indings are

repor ted fo r C. partellus infestat ions in gra in sor-

g h u m (Starks et a l . 1971). In studies conducted by

Singh and Shekhawat (1964) the borer incidence in

maize was not affected by d i f ferent phosphate

treatments. Starks et al . (1971) w o r k i n g on sorghum,

however, observed more C. partellus incidence when

bo th n i t rogen and phosphorous fert i l izers were

used. Kalode and Pant (1967) found that maize var-

ieties susceptible to C. partellus had higher ni t rogen

content than resistant varieties.

Removal of Deadhearts

Removal and destruct ion of deadhearts in so rghum,

if carr ied out by farmers over large areas, has been

found to be a successful pract ice in reducing infesta-

t ion of C. partellus (Seshu Reddy 1985). Dest ruc t ion

of central shoots showing early p inho le damage

(these conta in a large number of young stem borer

larvae, ready fo r dispersal to adjacent plants) has

also been found to be an effective practice (K ishore

and Jo twan i 1982).
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Jo twan i and Srivastava (1982) reported the overwin-

ter ing of stem borer larvae in stubbie left in the f ie ld

or in the harvested stems stored fo r fodder . Studies

on carryover of C. partellus in di f ferent parts of

so rghum and maize plants d u r i n g off-season have

been conducted by several workers (Rehman 1944,

Singh et a l . 1975, Taley and Thakare 1978, and

Kishore and J o t w a n i 1982). A l m o s t a l l o f them

observed that carryover of the pest occurred in left-

over stubble and stalks.

Field Sanitation

This prat ice involves the remova l or dest ruct ion of

c rop residues, weeds, and nearby w i l d host plants to

e l iminate a pest by dest roy ing its f ood and shelter.

As w i t h t i l lage, this practice is intended to reduce the

ab i l i t y of insects to carryover to the next season.

Acco rd i ng to A i k i ns (1957), economical ly impor tan t

stem borers on sorghum in Ghana, Sesamia sp,

Eldana sp. and Busseola sp., survive the d ry spell by

f inding fresh cereal or grass g r o w t h suitable fo r ov i -

pos i t ion and on wh ich the newly hatched larvae can

subsequently feed. He suggested that grasses, stub-

ble, and pieces of sorghum stems left after harvest be

destroyed because this mater ia l provides a med ium

to sustain populat ions of these pests.

In Tanzan ia , Duerden (1953) achieved nearly

complete eradicat ion of C. partellus and B. fusca on

sorghum and maize f o l l ow ing bu rn ing o f stubble

and c rop residues. I ng ram (1958) and Nye (1960)

recorded considerable reduct ions C. partellus and

B. fusca populat ions at the beginning of the sorghum-

g r o w i n g season, f o l l ow ing dest ruc t ion o f a l l c rop

residues and w i l d species of so rghum around cu l t i -

vated areas in East A f r i ca .

Mos t stem borers have w i l d p lant hosts in add i -

t i o n to their cu l t ivated hosts (Jepson 1954). Seshu

Reddy and Davies (1980) reported f ive cul t ivated

and ten w i l d plants as hosts of C. partellus in Ind ia .

W o r k i n g in Botswana, Roome (1976) observed

Sudan grass to be heavi ly infested w i t h C. partellus. 

Sesamia sp also has many graminaceous hosts

inc lud ing elephant grass, bu f fa lo grass, and f inger

mi l let ( I ng ram 1958).

Research has b rought recogni t ion to the i m p o r -

tance of f ield sani ta t ion as a cu l tu ra l practice to

reduce stem borer infestat ions. Dest ruc t ion of c rop

residues and other potent ia l host carryover mater ia l

has been widely recommended.

Ades iyun and A j a y i (1980) studied the effect of

d i f ferent practices o f deal ing w i t h so rghum stalks

after harvest on surv iva l of B. fusca larvae. The

authors observed that recommended practices of

b u r n i n g stalks or spreading them in the f i e ld , were

not f o l l owed by farmers. They fu r the r observed that

more t han 9 5 % of the farmers kept the i r stalks in

stacks, sometimes in the shade. Th is al lowed the

surv iva l of the d iapausing larvae inside the stalks.

Par t ia l b u r n i n g of the stalks immedia te ly after gra in

harvest ( to cure t hem fo r use as fuel) was f ound to

k i l l 9 5 % of the larvae w i t h no damage to the stalks.

Th is pract ice has been recommended as a c o m p r o -

mise to complete bu rn i ng and al lows farmers to

ut i l ize the stalks fo r bu i ld ing , fencing, and fue l .

Mulching

In Uganda, nontreated c rop residues are of ten used

to m u l c h the next so rghum c rop . Subsequent levels

of stem borer in festat ion have been f ound to be far

higher than no rma l f o r the area ( M o h y u d d i n and

Greathead 1970). Research by G i l l (1963) observed

that mu lch ing increased the incidence of stem borer

Chilo infescatellus in the ra toon c rop of sugarcane.

In maize, research has shown that mulches of wheat

and rye residue prov ide feed to lesser co rn stalk

larvae, wh i ch diverts them f r o m at tack ing the maize

crop (Cheshire and A l l 1979).

Intercropping

The pr inc ip le of con t ro l l i ng insect pest populat ions

by increasing the diversi ty of an agroecosystem has

been discussed by many authors , i nc lud ing , Smi th

(1972) and S o l o m o n (1973). I n te rc ropp ing has some

potent ia l as a cu l tu ra l method to con t ro l stem borer

infestat ion o f sorghum.

G r o w i n g sorghum in association w i t h other crops

has been shown to reduce C. partellus damage on

so rghum, mungbean, urd bean, pigeonpea (S ingh

and S ingh 1974); cowpea ( O m o l o and Seshu Reddy

1985, and Mahadevan and Ch i l l i ah 1986a); lab lab

bean (Mahadevan and Chel l iah 1986a, and Sadaka-

thu l la and M a n i 1978). Chand and Sharma (1977)

also f ound that g row ing maize in associat ion w i t h

legumes reduced C. partellus damage on maize.

Research has shown that in te rc ropp ing of maize and

sorghum w i t h o u t association w i t h a cereal crop gives

rise to h igher incidence of C. partellus (S ingh and

Singh 1974). Other research by A m o a k a - A t t a et a l .
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(1983) reported that the incidence of C. partellus, 

B. fusca, E. saccharins and S. calamistis in t r ia ls of

sorghum and maize monocrops , and maize/sor -

g h u m d icrops, was earl ier than in tr ia ls in tercrop-

p ing these cereals w i t h cowpea, wh i ch showed a 

signi f icant delay in borer co lon iza t ion .

D i s c u s s i o n a n d C o n c l u s i o n s

As wide-scale practices, postharvest t i l lage, chop-

p ing and s tor ing sorghum stalks in smal l pieces,

remova l o f deadhearts, par t ia l bu rn ing o f the stalks,

and dest ruct ion of stalks and stubble have al l been

found effective as cu l tu ra l practices in reducing

borer popu la t ions . T ime o f sowing, c rop ro ta t i on ,

t i l lage, p lant spacing, water and fert i l izer manage-

ment , mu lch ing , and in te rc ropp ing al l cont r ibu te

useful practices wh i ch also a f fo rd cu l tu ra l con t ro l o f

sorghum stem borers.
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Biological Control of Sorghum Stem Borers

Abstract

All the sorghum stem borers are polyphagous Pyralids and Noctuids which attack most tropical 

cereals. In developing countries, the biological control of these pests is directed at rice, maize, or 

sugarcane rather than sorghum. Attempts have been made to reduce their population levels by 

releasing indigenous or introduced natural enemies. Several species ha ve now become established 

although little is known about the economic implications of these introductions. The potential 

use of pathogens in the biological control of stem borers is also discussed. 

I n t r o d u c t i o n

In a l l the regions of the w o r l d where sorghum is

cu l t i va ted, this graminaceous crop is attacked by

lepidopterous stem borers. These are Pyral idae or

Noctu idae wh ich are general ly po lyphagous. The

species of genera Chilo, Sesamia, and Diatraea, 

ci ted by Seshu Reddy (1985), at tack at least three of

the ma in graminaceous crops th roughou t the t ropics

and subtropics (r ice, co rn , mi l le t , so rghum, and

sugar cane) and also f i nd suitable hosts in many w i l d

grasses. Mos t of these insects survive under w ide-

rang ing c l imat ic condi t ions and have been recorded

th roughou t the t rop ic and semi- t ropic regions of the

w o r l d .

Diatraea saccharalis is present in the southern

region of Un i ted States, and in Cent ra l and Sou th

Amer i ca . Eldana saccharina and Sesamia calamistis 

are f ound in A f r i ca south of the Sahara and tolerate

d r y or wet seasons. Severe damage has been caused

by Chilo partellus in Nepa l , Sou th A f r i c a and in al l

the Ind ian c l imat ic regions.

Sesamia calamistis and E. saccharina mu l t ip l y

th roughou t the year and their successive generations

attack cu l t ivated host plants d u r i n g the ra iny sea­

son (s) , then survive on w i l d grasses. Other stem bor ­

ers enter i n to diapause or quiescence w i t h the onset

of the d ry season, such as Busseola fusca, Acigona 

ignefusalis, C. partellus, or D. saccharalis. 

Several species of sorghum stem borers can cohabit

the same p lant , w i t h some at tack ing young stems

and others concentrat ing a round the p lant inter-

nodes and ears. Th is locat ion specif icity causes di f ­

ferent k inds of damage: the stem is destroyed

because the centra l shoot is k i l l ed , causing dead-

heart , or the stem is b roken at the level of a bored

in ternode; or the p roduc t i v i t y of the ear is reduced
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because the host p lan t is weakened or because a par t

of the ear has been d i rect ly destroyed by larvae.

Ag r i cu l t u ra l research and development ins t i tu-

t i ons , w i t h a mandate to improve so rghum produc-

t i o n techniques and insect-pest management in

deve lop ing countr ies, have directed efforts t oward

an integrated approach , par t i cu la r ly one wh ich

incorporates b io log ica l cont ro ls .

R e s u l t s o f B i o l o g i c a l C o n t r o l o f

S o r g h u m S t e m B o r e r s

C o n d i t i o n s o f B i o - c o n t r o l A t t e m p t s

Bio log ica l c o n t r o l o f so rghum stem borers has of ten

been considered to be par t of a strategy f o r g ram i -

naceous c rop p ro tec t ion in t rop ica l countr ies. Fo r

example , the purpose o f most in t roduc t ions o f par-

asites of D. saccharalis has been to protect sugar

cane against this stem borer in many countr ies of the

Amer i can cont inent . In the same way, at tempts to

establ ish na tu ra l enemies of C. partellus in I nd ia and

A f r i c a had the p r ima ry object ive to c o n t r o l this stem

borer in maize p lantat ions. But b io log ica l con t ro l

also involves safeguarding or enhancing indigenous

benef ic ial insects, so any changes in agronomic prac-

tices in f luenc ing their wel l -being warrants study.

B i o l o g i c a l C o n t r o l w i t h

E n t o m o p h a g o u s Insects

Parasites a n d Predators

M a n y parasites of d i f ferent fami l ies have been

recorded in As ia , A f r i c a , and the Amer icas f r o m the

f i v e m a i n s o r g h u m stem bo re rs : C. partellus, 

B. fusca, Sesamia spp, E. saccharina, and D. sac-

charalis (Tab le 1). Three fami l ies of la rva l parasites

p r e d o m i n a t e : B racon idae , I c h n e u m o n i d a e , and

Tachin idae.

Braconids account fo r 35% of parasites recorded

on C. partellus and 4 5 % of parasites f ound on

D. saccharalis. O n l y 4 out of 48 species of this fam i l y

w h i c h have been ident i f ied , are recorded as parasites

of t w o stem borer species, at least a m o n g the f ive

ci ted above. O n l y three species, after the i r in t roduc-

t i o n and the i r establ ishment, are actual ly present in

t w o regions : A f r i c a and Amer ica .

In A f r i c a , 5 of 11 b racon id species, 3 of 9 ichneu-

m o n i d species, and 6 of 11 tach in id species recorded

Table 1. Parasites of sorghum stem borers.

Fami l ies o f

parasites

Bracon idae

I chncumon idae

T r i c h o g r a m m a t i d a e

Pte roma l idae

Eu loph idae

E u r y t o m i d a e

Eupe lm idae

Cha lc id idae

Scel ion idae

Bethy l idae

Tach in idae

Species of s tem borers 1

C P

14

9

1

3

1

3

1

2

7

B F

8

6

3

1

2

10

SSP

4

4

1

2

2

1

3

ES D S

1 21

2 3 

2 5 

2

2 1 

1 1 

2

2 1 

1 1 

2 1 

7 10

1. CP = Chilo partellus; BF = Busseola fusca; S S P = Sesamia sp ; ES

= Eldana saccharina; a n d DS = Diatraea saccharalis. 

are c o m m o n parasites to at least t w o of f ive ma in

A f r i c a n stem borers. These data clearly show that

the possibi l i t ies of i n t roduc ing more exot ic parasites

of graminaceous stem borers are not exhausted,

even i f previous at tempts have not proven successful

in I nd ia , Amer i ca , and A f r i ca .

Scant i n f o r m a t i o n is avai lable on other stem borer

predators. M a n y species of ants are predators of

eggs and newly hatched larvae of E. saccharina 

(Betbeder -Mat ibe t 1983; Leslie 1982; and G i r l i ng

1978). Sharma and Sarup (1979) repor ted the role of

d i f ferent spiders and Seshu Reddy (1981) the con t r i -

b u t i o n of ants, l adyb i rd beetles, and earwigs in k i l -

l i ng popu la t ions of C. partellus. Temerak (1983)

repor ted that several so i l - inhab i t ing predators des-

t roy nympha l populat ions of Sesamia cretica. 

Review of Some Bio-control Attempts

On the Amer i can cont inent , var ious at tempts o f b io ­

logical con t ro l w i t h parasites were made in di f ferent

sugarcane areas d u r i n g the last 30 years to con t ro l

D. saccharalis. Few were successful. T w o notable

successes were obta ined w i t h Lixophaga diatraeae, 

w h i c h became established in some Car ibbean Is-

lands, and A. flavipes, wh i ch became established in

Barbados, S o u t h Amer i ca , and the Un i ted States.

A l t h o u g h these in t roduc t ions were designed f o r

integrated p ro tec t ion of sugarcane p lantat ions, sor-

g h u m cul tures have benef i t ted f r o m these parasite

releases.
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In A f r i ca , at tempts to in t roduce enemies o f g rami -

naceous stem borers have met w i t h va ry ing success

d u r i n g the last 20 years. In Kenya, Uganda, and

Tanzan ia , several species of T r i chogrammat idae ,

Braconidae, Ichneumonidae, and Tachin idae have

been impor ted f r o m Ind ia and released. None have

been recovered ( I ng ram 1983). In Sou th A f r i ca ,

A. flavipes was in t roduced recently (Zkoroszewski

and V a n H a m b u r g 1987) then released in maize and

so rghum infested by C. partellus and B. fusca. Th is

bracon id was recovered on bo th pests, some years

after releasing, but apparent ly has not been able to

ma in ta in popu la t ions . Un l i ke Apanteles sesamiae, it

seems that A. flavipes has not endured the c l imat ic

condi t ions of austral winter.

Some indigenous parasites have been found to

reduce larva l and n y m p h popula t ions of E. sacchar-

ina (Betbeder -Mat ibe t 1983). But most labora to ry

tests w i t h other parasites of pyra l idae were fai lures.

The braconids A. flavipes, Apanteles chilonis or

Bracon chinensis, the techinids L. diatraeae, Stur-

miopsis inferensor Metagonistylum minense do not

thr ive on larvae of this A f r i c a n stem borer. The

nymphs of E. saccharina are wel l -protected by a 

th ick cocoon and are not parasit ized by the eu loph id

Pediobus furvum. 

In Madagascar and in the Mascareignes Islands,

the sorghum stem borers C. partellus, C. orichalcoci-

liellus, and S. calamistis are f ound . Here and on the

cont inen t , thei r popu la t ions are decimated by a 

cohor t o f indigenous parasites (Appe r t and Rana i -

vosoa 1971). But several exot ic parasites, have also

been in t roduced , released, then recovered (Apper t ,

et a l . 1969). A. sesamiae, f r o m Maur i t i us , has been

released in Madagascar and Reun ion where i t

became es tab l i shed , p a r a s i t i z i n g the larvae o f

S. calamistis. F r o m Uganda, P. furvum, has been

released in Madagascar, Reun ion , and the Comores

Is lands . N o w i t i s recovered f r o m n y m p h s o f

S. calamistis and C. partellus. The eulophids Tri-

chospilus diatraeae and Tetrastichus israeli were

also released in Reun ion and recovered on the p ink

borer S. calamistis. 

Importance of the Safety of Beneficial

Organisms

Outbreak of insect infestat ions in the f ie ld is of ten

the result o f h u m a n intervent ions wh i ch mod i f y the

b io log ica l balance of the agrobiocoenose. New var-

ieties, cu l tu ra l practices, or a decision to use chemi-

cal con t r o l , fo r example, can create new ecological

s i tuat ions and cause an unexpected mu l t i p l i ca t ion of

a pest.

As we k n o w , the graminaceous stem borer p o p u -

lat ions can be decimated by parasites and predators.

Several authors note that ants and spiders are p r i n -

c ipal ly responsible fo r the mor ta l i t y (sometimes

exceeding 90%) of eggs and newly hatched larvae of

Pyra l idae and Noctu idae. F o r example Leslie (1982)

notes tha t 6 0 % of E. saccharina eggs are k i l led in

exper imenta l p lots w i t hou t soi l t reatment whi le on ly

19% mor ta l i t y occurs in plots w i t h soi l t reatment.

In Bu rk ina Faso, a nematic ide exper iment on

p lan ta t i on sugarcane con f i rmed the p rominen t par t

p layed by p reda to rs i n the n a t u r a l c o n t r o l o f

E. saccharina. Tab le 2 shows var ious soi l t reatments

appl ied in a randomized exper iment and 12 months

later, percentages of bored internodes in the p lots .

These percentages reveal surv ival rates of E. sacchar-

ina popu la t ions after egg incuba t ion , and the devel-

opment of newly hatched larvae before stalk in ter -

node penetrat ion.

The nontreated con t ro l percentage (3.9%) is equal

to the in festat ion level in sugarcane p lantat ions in

the exper iment area. W i t h methy l b romide appl ied

under a sheet, b io log ica l act iv i ty is s topped. In this

case, 21.8% of p lant internodes were bored. W i t h the

other three soi l t reatments, damage by E. saccharina 

is more serious than in the nontreated con t ro l on ly

when nematicides are appl ied at h igh rates.

This exper iment has indicated the real impor tance

of na tu ra l con t ro l of eggs and newly hatched larvae

of th is stem borer. W i t h o u t soi l predators, damage

to sugarcane can be f ive t imes greater. In so rghum

Table 2. Incidence of soil treatment
1
 on natural control of

Eldana saccharina. 

Trea tmen t

M e t h y l b r o m u r e

A ld i ca rbe

Phenamiphos

Phenamiphos

Phenamiphos

C a r b o f u r a n

C a r b o f u r a n

C a r b o f u r a n

Unt reated c o n t r o l

(a . i . m - 2 ha - 1 ) 2

100 g m - 2

4.0 kg h a - 1

2.8 k g ha-1

5.6 kg ha - 1

8.4 k g h a - 1

3.0 kg ha-1

6.0 k g ha - 1

9.0 k g ha-1

-

% Bored

internodes3

21.8

4.9

4.1

3.9

9.9

5.2

7.1

8.0

3.9

1. ln a n e m a t i c i d e e x p e r i m e n t on sugarcane .

2 . A c t i v e i ng red ien t a p p l i e d on 1 m 2 o r 1 ha .

3 . A v e r a g e o f 6 r e p l i c a t i o n s o f 20 s ta lks each .
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stem borer management, conservat ion of useful soil

fauna should be a recognized precaut ion before con-

s ider ing transfer and release of impor ted natura l

enemies in to sorghum areas.

B i o l o g i c a l C o n t r o l w i t h F u n g a l ,

B a c t e r i a l , a n d V i r a l D iseases

Few diseases have been ident i f ied on sorghum stem

borers and their value as b io logica l con t ro l agents is

general ly u n k n o w n . A few examples of recent re-

search in this area are given below.

Some labora to ry and f ie ld exper iments have been

carr ied out to evaluate the pathogenic behavior of

funga l , bacter ia l , and v i ra l diseases. The effect of a 

chromogenic st ra in of Serratia marcescenswas stud-

ied on C. partellusin Ind ia (Chak ravo r t y et a l . 1983).

A single app l ica t ion of the cell suspension of the

bacter ium prevented eggs f r o m hatch ing and k i l led

newly hatched larvae. Sinha and Prasad (1975) t h i nk

that t o x i n of Fusarium aleyrodis cou ld be used

against this stem borer.

Interact ions between parasi toids and pathogens

in the same host have also been observed, in order to

k n o w i f there is synergy or compet i t i on between

parasites. Th is w o r k is underway w i t h S. calamistis 

w i t h A. sesamiae and t w o viruses. Other labora to ry

tr ia ls have been under taken to investigate the trans-

mission of pathogens by parasi to ids, fo r example , in

Sesamia cretrca (Temerak 1982).

In nor thern F lo r i da , Funde rbu rk et a l . (1984)

repor t granulosis v i rus and Beauveria sp on larval

Elasmopalpus lignosellus. In Reun ion , a v i ra l com-

plex, inc lud ing nuclear and cytoplasmic po lyhedro-

sis viruses, has been detected on S. calamistis l a rvae .

But very few pathogens have been tested under

f ie ld condi t ions and the exper iments noted here have

not yet resulted in an improvement of integrated pest

management programs in sorghum.

C o n c l u s i o n s

Resources al located fo r b io log ica l con t ro l o f g rami -

naceous stem borers, and especially sorghum stem

borers in t rop ica l countr ies, have been too smal l to

permi t a good survey of na tura l enemies. Wh i le a 

number of parasites of eggs, larvae, and pupae of

these stem borers are k n o w n , very few predators and

pathogens have been ident i f ied. N o r has their eff i -

cacy been tested against pyra l ids and noctuids. We

k n o w that many nosema diseases destroy popu la-

t ions of stem borers in A f r i ca (Chilo partellus, Chilo 

zacconius, and Sesamia calamistis) but thei r epide-

m io logy and their relat ive eff iciency have not been

studied. Wh i l e some excellent w o r k has been carr ied

out on b io log ica l contro ls of sorghum stem borers,

the i r predators and diseases (wh ich can k i l l more

than 9 0 % of borer popu la t ions) have been largely

neglected. Insect pest management research in these

areas needs ampl i f i ca t ion .
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Assessment of Yield Loss of Sorghum and Pearl Millet

due to Stem Borer Damage

Abstract

The stem borer species that infest sorghum and pearl millet are listed. At 1CRISA T Center in 

India, loss in grain yield due to Ch i l o parte l lus damage in sorghum was estimated by two 

methods. These experiments involving the phased use of carbofuran, or artificial infestation using 

laboratory-reared first instar larvae showed that maximum grain yield loss occurred when 

infestation took place 15-30 days aftercrop emergence. The maximum number of deadhearts was 

formed when infestation took place during this period. Stem tunneling caused by later infesta-

tions did not cause a reduction in grain yield. 

In two studies at the l C R l S A T Sahelian Center in Niger, results showed that under low levels 

of borer infestation (caused by Coniesta ignefusal is) , a nonprotected pearl millet crop gave 

slightly higher yields than one that was protected by insecticide. In a date of sowing trial losses 

were heavier on late-sown millet with an increase in proportion of nonproductive tillers. Yield 

loss caused by other borer species are also discussed. 
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I n t r o d u c t i o n

O u t of 27 species of stem borers tha t at tack sorghum

crops, Chilo partellus Swinhoe is the predominant

species in As ia and East A f r i ca . P rominen t in other

regions are: Busseola fusca Fu l ler , Sesamia calamis-

tis Hampson , and Eldana saccharina Wa l ke r in

A f r i ca ; Sesamia cretica Laderer in Medi ter rarean

Europe and the M i d d l e East; and Diatraeaspp in the

southern U.S., M e x i c o , and New W o r l d Trop ics

( Y o u n g 1970, F A O 1980). In pearl mi l le t , the pre-

dom inan t species of stem borer is Coniesta (Ac ig -

ona) ignefusalis Hampson , wh ich is a ma jo r pest in

West A f r i ca .

Assessment of c rop losses due to insect at tack is

essential in determin ing pest status, economic thresh-

old levels, and suppression strategy opt ions fo r pest

con t ro l . I t is also a too l in decision mak ing in agri-

cu l tu ra l p lann ing and forecast ing. A l t h o u g h severe

stem borer infestat ions in so rghum and pearl mi l le t

have been repor ted f r o m a number of locat ions,

there are no rel iable qua l i ta t ive estimates of resul-

tant c rop losses. Several methods have been used in

an a t tempt to est imate c rop losses due to insect

at tack. These include visual damage scores, compar -

ing y ie ld f r o m fields having di f ferent levels of natura l

in fes ta t ion , compar ing y ie ld o f i nd i v idua l plants

w i t h and w i t hou t in festat ion, and compar ing yield o f

chemical ly protected and nonprotected plots. A n o t h -

er method involves releasing insects in vary ing

number per p lant or p lo t and corre la t ing dam-

age/y ie ld w i t h insect density. Th is method has also

been used in compar ing y ie ld of resistant and sus-

cept ible varieties under insect infestat ions (Walker

1983). T w o studies on yield loss est imat ion are

reported in this paper. The f i rst involves the spotted

stem borer , C. partellus in sorghum at I C R I S A T

Center in Ind ia , and the second is on the mi l let stem

borer , C. ignefusalis in pearl mi l let at the I C R I S A T

Sahel ian Center in Niger.

M a t e r i a l s a n d M e t h o d s

S o r g h u m

Yie ld loss in sorghum due to stem borer (C. partel-

lus) at tack was estimated by t w o methods: protect-

ing the c rop f r o m stem borer infestat ion at di f ferent

g r o w t h stages by insecticide app l ica t ion (Ca rbo fu -

ran 3G) in the leaf w h o r l ; and infest ing the crop w i t h

eggs and larvae at d i f ferent g r o w t h stages. The f irst

exper iment was conducted under natura l borer

in festat ion at H isar , I nd ia , f r o m 1982 to 1985. The

second exper iment was conducted at I C R I S A T

Center in 1985 and 1986. Eggs and larvae were

obta ined f r o m I C R I S A T ' s insect rear ing labora tory ,

where the insect is reared on ar t i f i c ia l diet.

Natural infestation. N a t u r a l in festat ion of stem

borer at H isar is usual ly severe on so rghum planted

d u r i n g the f i rs t ha l f o f Ju ly (Taneja and Leuschner

1985). So rghum was sown f o r these tr ia ls du r i ng this

per iod in each of the study years. D u r i n g 1982-83,

on ly genotype C S H 1 was used. In 1984, three geno-

types, C S H 1, I C S V 1, and IS 2205 were used, and in

1985 t w o genotypes, I C S V 1, and PS 28157-1 were

inc luded. P lan t ing was done in 8-row plots of 4 m 

length. In 1982 and 1983, a randomized b lock design

was used, wh i le in 1984 and 1985 a spl i t p lo t design

was used w i t h genotypes as main plots.

C a r b o f u r a n granules (2 g meter row - 1 ) were ap-

pl ied at 15, 30, and 45 days after emergence ( D A E ) in

var ious combina t ions to ob ta in the pro tec t ion levels

indicated in Tables 1-3. T o t a l number of plants and

those showing deadhearts in the centra l f ou r rows of

each p lo t were counted 45 D A E . At harvest, the

number of harvestable panicles were recorded, sun

dr ied and threshed, and gra in mass was recorded.

F r o m each p lo t , 50-100 stems were spl i t open and

stem tunnel ing was recorded.

Artificial infestation. Stem borer infestat ion on

sorghum is very low du r i ng the ra iny season at

I C R I S A T Center. U n i f o r m infestat ion is obtained

by using eggs or f i rst- instar larvae reared on ar t i f ic ia l

diet (Taneja and Leuschner 1985). Fo r larval infesta-

t i o n , a spl i t -spl i t p lo t design was used in bo th years

w i t h genotypes I C S V 1 and PS 28157-1 p lanted in

the ma in p lots. Subplots w i t h i n the ma in plots were

infested at 15,20,30,40, and 50 D A E . W i t h i n these

subplots , insect density was var ied in subplots.

Insect density per p lant was tested at 0,4,8,12 in

1985, and 0,1,2,4,8,12 in 1986. Each sub-subplot

consisted of 3 rows of 4 m length. A l l plants in the

central rows were infested w i t h a specified number of

f i rst- instar larvae. A selected number of larvae

(noted above fo r each year) were gently mixed w i t h a 

carr ier (poppy seeds) and in t roduced in the leaf

w h o r l to in i t iate infestat ion.

For egg in festa t ion, a sp l i t -p lo t design was used in

1985 w i t h genotype ICSV 1 and in festat ion stages of

15,20,30,40, and 50 D A E were established as main

plots. Insect density of 0,10,20,33 and 50% plants

infested w i t h single egg masses were established as

subplots. In 1986, a spl i t -spl i t p lo t design was used
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w i t h genotypes l C S V 1 and PS 28157-1 as the ma in

plots , in festat ion stages as subplots and insect den-

sity as sub-subplots. P lo t size was 8 rows of 4 m 

length and the central 4 rows were infested w i t h a 

specif ied number of egg masses. Each egg mass,

con ta in ing 50-60 eggs was stapled at the top f o u r t h

leaf.

Observat ions on leaf damage were recorded one

week after in festat ion. To ta l number of plants and

those showing deadhearts were recorded three weeks

after in festat ion. At harvest, harvestable panicles on

m a i n stems and t i l lers were counted in the infested

rows. These panicles were dr ied and threshed, and

gra in mass was recorded. Stem tunnel ing was also

recorded at harvest by sp l i t t ing open 50 stems f r o m

each p lot .

Pearl Millet

Date of sowing trial . The re lat ionship between

crop age, date of sowing and extent of c rop damage

by C. ignefusalis in pearl mi l le t was investigated in

f ie ld tr ials at the Nat iona l Ag r i cu l t u ra l Research

Sta t ion , Kamboinse, Bu rk i na Faso, in 1981 and

1982, and at the I C R l S A T Sahel ian Center, Sadore,

Niger in 1984 and 1985. Three varieties were used in

each t r ia l : Niger ia Composi te , E x - B o r n u , and a local

cu l t ivar at Kamboinse; and H K B t i f , C I V T , and a 

local cu l t i var at Sadore. F o u r repl icat ions of a ran-

domized spl i t - p lo t design were set up w i t h sowing

dates as ma in plots and cul t ivars as subplots (5m x 

5m). Observat ions on borer in festat ion were re-

corded at 35 days after sowing ( D A S ) , 50 D A S , and

at harvest.

Insecticide trial. Quant i ta t ive estimates of yield

loss in mi l le t were determined in 1985 by using

paired compar isons of insecticide-protected and

nonprotected plots. T w o varieties, Niger ia C o m p o -

site and a local cu l t ivar , were sown in a randomized

spl i t p lot design in six repl icat ions w i th varieties as

m a i n t rea tments and insect ic ide app l i ca t i on o f

Rogor® (d imethoate, 500g a.i. ha - 1 ) as subtreat-

ments. The f irst insecticide t reatment was appl ied at

15 D A S and subsequently at two-week intervals fo r

a to ta l of f ou r appl icat ions. Observat ions on borer

in festat ion were recorded at 35 and 50 D A S , and at

harvest f r o m an effective area of 5m x 5m w i th in

subplots of 8m * 8m. Gra in yield f r o m harvested pan-

icles was recorded after sun-dry ing and threshing.

R e s u l t s a n d D i s c u s s i o n

S o r g h u m

Natural infestation. D u r i n g 1982 and 1983, when

only genotype C S H 1 was used, stem borer infesta-

t i on in con t ro l p lots (no pro tec t ion t reatment) was

60 and 6 2 % (Table 1). G ra in y ie ld in fu l l y protected

treatments was 3.7 t ha-1 in 1982 and 2.33 t ha-1 in

1983. Avo idab le loss, calculated on the basis of grain

yield obta ined th rough intensive pro tec t ion and no
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Table 1. Effect of protection levels on stem borer infestation, grain yield, and avoidable losses in sorghum, Hisar, rainy

seasons 1982-83.

Trea tment

Pro tec t ion between

15-60 D A E 2

15-45 D A E

15-30 D A E

Zero p ro tec t i on

SE

C V (%)

1. A v o i d a b l e loss (%) = 

1982

Dead hearts

( % )

10.5

8.2

20.3

62.2

±2.98

17

Y i e l d i n in tens ive

p ro tec ted p l o t

G r a i n y ie ld

(t ha-1)

3.70

3.40

2.93

1.08

± 0.126

8

A vo id ab l e

loss (%)1

0.0

8.1

20.8

70.8

Y ie ld in a p a r t i c u l a r

t r e a t m e n t

Y i e l d i n in tens ive p ro tec ted p l o t

2 . D A E deno te days a f te r c r o p emergence.

x 100

1983

Dead hearts

( % )

9.5

12.4

21.8

60.1

±3.79

23

G r a i n y ie ld

(t ha - 1 )

2.33

2.00

1.74

1.01

±0.147

17

A v o i d a b l e

loss (%)

0.0

14.2

25.3

56.6



pro tec t ion , ranged between 56.6 and 70.8% in two

years. M a x i m u m gra in y ie ld was obta ined when the

c rop was protected between 15 and 60 D A E , how-

ever, m a x i m u m differences in y ie ld levels were

recorded between zero pro tec t ion and early stages of

pro tec t ion (15-30 D A E ) .

In 1984, w i t h increase in p ro tec t ion level treat-

ments, d i f ferent levels of stem borer infestat ion and

corresponding gra in yields were not iced in al l three

genotypes tested (Table 2). In susceptible genotypes

C S H 1 and 1CSV 1, 100% in festa t ion was observed

and negl igible g ra in yield was realized in zero-

pro tec t ion t reatment. In resistant genotype IS 2205,

however, m a x i m u m infestat ion was 55.5% and some

gra in y ie ld was obta ined (0.75 t ha - 1 ) . A l t h o u g h

under protected cond i t ions , C S H 1 and I C S V 1 

Table 3. Effect of protection levels on stem borer infestation, grain yield, and avoidable losses in sorghum, Hisar, rainy

season 1985.

Trea tmen t

Pro tec t i on between

15-60 D A E 2

15-45 D A E

15-30 D A E

30-60 D A E

30-45 D A E

Z e r o p ro tec t i on

SE

C V (%)

1. A v o i d a b l e loss (%) = 

l C S V 1 

Dead hearts

( % )

15.9

8.1

19.5

36.5

36.6

80.3

±4.66

26

Y i e l d i n i n tens ive

p ro tec ted p l o t

G r a i n y ie ld

(t ha-1)

3.57

2.32

2.68

0.72

0.84

0.01

±0.667

16

Y i e l d in a p a r t i c u l a r

t r e a t m e n t

Y i e l d i n i n tens i ve p r o t e c t e d p l o t

2 . D A E denotes days a f te r emergence.

A v o i d a b l e

loss (%)1

0.0

35.0

24.9

79.8

76.5

99.7

x 100

PS 28157-1

Dead hearts

( % )

6.4

4.1

6.7

14.7

16.7

45.7

±4.66

26

G r a i n y ie ld

(t ha - 1 )

4.45

3.26

3.35

1.68

1.21

0.73

±0.667

16

A v o i d a b l e

loss (%)

0.0

26.7

24.7

62.2

72.8

83.6
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Table 2. Effect of protection levels on stem borer infestation, grain yield, and avoidable losses in sorghum, Hisar , rainy

season 1984.

Trea tmen t

Pro tec t ion between

15-60 D A E 2

15-45 D A E

15-30 D A E

30-60 D A E

30-45 D A E

45-60 D A E

Zero Pro tec t ion

SE

C V (%)

1. A v o i d a b l e loss (%)

C S H 1 

D e a d -

heart

<%)

25.2

23.8

39.2

61.1

53.7

95.1

100.0

± 3.46

18

G r a i n

yie ld

(t ha-1)

5.17

4.39

4.79

3.11

3.70

1.60

0.19

± 0.259

26

Y i e l d i n in tens ive

p ro tec ted p l o t

A v o i d a b l e

loss1

(%)

0.0

15.1

7.4

39.8

28.2

69.1

96.3

I C S V 1 

D e a d -

heart

(%)

28.0

49.0

50.2

75.9

79.0

100.0

100.0

±3.46

18

Y i e l d in a p a r t i c u l a r

t r e a t m e n t

Y i e l d i n in tens ive p ro tec ted p l o t

G r a i n

y ie ld

(t ha - 1 )

4.24

2.64

2.62

0.76

0.74

0.33

0.00

± 0.259

26

x100

A v o i d a b l e

loss

(%)

0.0

37.7

38.2

82.1

82.5

92.2

100.0

IS 2205

D e a d -

heart

(%)

33.9

37.6

30.6

43.2

43.0

47.6

55.5

± 3.46

18

G r a i n

y ie ld

(t ha-1)

1.87

1.28

1.91

1.18

1.04

0.90

0.75

± 0.259

26

A v o i d a b l e

loss

(%)

0.0

31.6

0.0

36.9

44.4

51.9

59.9

2 . D A E deno tes days a f te r emergence.



yielded s igni f icant ly higher than the resistant geno-

type; under zero pro tec t ion IS 2205 outy ie lded bo th

susceptible genotypes. M a x i m u m infestat ion and

gra in y ie ld differences were obta ined between zero-

protected and early protected (15-30 D A E ) treat-

ments, wh ich were s imi lar to the 1982-83 results.

In 1985, 80% deadhearts were recorded on sus-

cept ib le I C S V 1 compared w i t h 45 .7% on resistant

PS 28157-1 in zero-protected t reatments (Table 3).

Here again, in zero-protected t reatment, there was

no gra in y ie ld in the susceptible genotype, whi le

some y ie ld was obta ined f r o m the resistant genotype

even under no p ro tec t ion . M i n i m u m avoidable

losses were observed when the c rop was protected

between 15 and 30 D A E .

F o u r years of data on the effect of p ro tec t ion

levels indicates that the m a x i m u m con t ro l of stem

borer , and subsequently higher gra in yield was

obta ined when the crop was protected between 15

and 30 D A E . Th is is the c rop stage at wh i ch borer

infestat ion results in deadheart f o r m a t i o n , wh ich is

the p r i m a r y damage symptom related w i t h gra in

yield reduct ion (Taneja and Leuschner 1985). There

was no t rend observed in stem tunnel ing as a 

parameter in f luenc ing yield w i t h i n d i f ferent protec-

t i on levels in any of the genotypes tested du r i ng

1983-85.

Artificial infestation. Stem borer infestat ion (dead-

hearts) and gra in y ie ld w i t h var ious borer densit ies,

at d i f ferent stages of in festat ion d u r i n g 1985, are

presented in F igure 1. In festat ion at 15 D A E resulted

in m a x i m u m damage and subsequent y ie ld reduc-

t i on in b o t h resistant PS 28157-1 and susceptible

I C S V 1 genotypes. At this stage of in festat ion, there

was no s igni f icant dif ference between var ious borer

densities (4,8, and 12 larvae p lan t - 1 ) in terms of

damage and gra in yield f o r either genotype. H o w -

ever, infestat ions at 20 D A E showed l inear increase

in borer damage and decrease in gra in y ie ld , as insect

density increased. In resistant genotypes, in festat ion

was lower at a l l borer densities and cor responding

gra in yields were higher than in the susceptible geno-

type. Infestat ions carr ied out 30 D A E , and later, d i d

not result in deadheart f o r m a t i o n ; however, gra in

yield decreased in infested plots at 30 D A E . At 40

D A E in fes ta t ion, there was no decrease in gra in

y ie ld.

In 1986, s imi lar infestat ions and gra in y ie ld reduc-

t ions resulted when 4,8, and 12 larvae were i n t r o -

duced per p lant . However, w i t h the inc lus ion of t w o

more infestat ion levels (1 and 2 larvae per p lant ) ,

some t rend was observed even at 15 D A E infesta-

t ions (F ig . 2). Deadheart expression decreased as the

infestat ion was delayed. Avo idab le losses increased

w i t h the increase in borer density and decreased as

the infestat ion was delayed (Table 4). A l so , avoid-

able losses were lower in resistant genotypes than in

Table 4. Estimation of avoidable losses due to stem borer infestation in sorghum, I C R I S A T Center, rainy season 1986.

Insect densi ty

A v o i d a b l e loss (%)1

I C S V 1 

15 D A E 2 20 D A E

Larval infestation (Larvae plant
 - 1

)

1

2

4

8

12

31.7 28.0

48.0 38.4

70.2 41.2

86.5 54.4

84.9 56.8

Egg infestation (% plants with eggs)

10

20

33

50

1. A v o i d a b l e loss (%) = 

23.4 21.3

52.3 37.8

69.3 53.0

61.5 59.1

30 D A E 15 D A E

25.2 13.1

41.1 29.3

43.0 45.9

55.6 79.9

58.9 86.1

15.3 22.0

25.9 41.4

32.2 48.9

51.4 57.3

Y i e l d in in tens ive Y i e l d in a p a r t i c u l a r

p ro tec ted p l o t - t r e a t m e n t

Y i e l d i n in tens ive p ro tec ted p l o t

2 . D A E denotes days a f te r emergence.

x 100

PS 28157-1

20 D A E

15.9

28.1

31.1

50.5

48.3

5.5

20.9

22.8

39.0

30 D A E

3.0

9.8

9.8

24.8

28.6

2.2

14.9

22.4

36.8

9 9



the susceptible genotypes in a lmost a l l t reatments.

W i t h egg in fes ta t ion , borer damage was less than

that incurred w i t h larval in festat ion. Even w i t h 50%

plants infested w i t h egg masses 15 D A E , the m a x i -

m u m damage was 68% deadhearts in I C S V 1 and

5 9 % in PS 28157-1 ( F i g . 3). There was a l inear rela-

t ionsh ip between damage and borer density: increase

in borer density increased damage, and correspond-

ing ly decreased the g ra in y ie ld . Resistant genotypes

showed less borer damage and h igher g ra in y ie ld in

a l l the t reatment levels. W i t h egg in festat ion, as in

la rva l in festa t ion, borer damage decreased as the

infestat ion was delayed. S imi la r i t y , avoidable losses

increased as borer density increased, and decreased

as infestat ion was delayed (Table 4).

D a t a f r o m na tu ra l and ar t i f i c ia l in festat ion i nd i -

F i g u r e 1 . R e l a t i o n s h i p b e t w e e n s t e m b o r e r d e n s i t y , i n f e s t a t i o n , a n d y i e l d u n d e r a r t i f i c i a l i n f e s t a t i o n ,

I C R I S A T C e n t e r , r a i n y season 1 9 8 5 .

100

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

0 4 8 12

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

0 4 8 12

100

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

10

0

3 0 D A E 4 0 D A E
100

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

10

0

4

3

2

1

0

4

3

2

1

0

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

0 4 8 12

4

3

2

1

0

100

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

10

0

2 0 D A E

B o r e r d e n s i t y ( l a r v a e p l a n t " ' )

0 4 8 12

15 D A E
100

9 0

8 0

7 0

6 0

5 0

4 0

3 0

2 0

10

0

4

3

2

1

0

I C S V 1 (% of deadhearts)

PS 28157-1 (% of deadhearts)

I C S V 1 (Y ie ld )

PS 28157-1 (Y ie ld )



1 0 1

F i g u r e 2 . R e l a t i o n s h i p b e t w e e n s t e m b o r e r d e n s i t y , i n f e s t a t i o n , a n d g r a i n y i e l d u n d e r a r t i f i c i a l i n f e s t a t i o n

us ing l a r v a e , I C R I S A T C e n t e r , r a i n y season 1 9 8 6 .

I C S V 1 (% of deadhearts)

PS 28157-1 (% of deadhearts)

15 D A E

I C S V 1 (Y ie ld )

PS 28157-1 (Y ie ld)
100

8 0

6 0

4 0

2 0

0

0 2 4 6 8 10 12

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

3.5

3 .0

2 .5

2 . 0

1.5

1.0

0 .5

0 . 0

0 2 4 6 8 10 12

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

30 D A E

3.5

3 .0

2 .5

2 . 0

1.5

1.0

0 .5

0 . 0

0 2 4 6 8 10 12

B o r e r d e n s i t y ( l a r v a e p l a n t - 1 )

100

8 0

6 0

4 0

2 0

0

100

8 0

6 0

4 0

2 0

0

20 D A E

3.5

3 .0

2 .5

2 . 0

1.5

1.0

0 .5

0 . 0



F i g u r e 3 . R e l a t i o n s h i p b e t w e e n s t e m b o r e r d e n s i t y , i n f e s t a t i o n , a n d g r a i n y i e l d u n d e r a r t i f i c i a l i n f e s t a t i o n

u s i n g egg masses , I C R I S A T C e n t e r , r a i n y season 1 9 8 6 .

1 0 2

0 10 2 0 3 0 4 0 5 0

B o r e r d e n s i t y ( p e r c e n t a g e o f p l a n t s w i t h e g g m a s s )

100

8 0

6 0

4 0

2 0

0

30 D A E

3.0

2 .5

2 . 0

1.5

1.0

0 .5

0 . 0

0 10 2 0 3 0 4 0 5 0

B o r e r d e n s i t y ( p e r c e n t a g e o f p l a n t s w i t h e g g m a s s )

100

8 0

6 0

4 0

2 0

0

20 D A E

0 10 2 0 3 0 4 0 5 0

B o r e r d e n s i t y ( p e r c e n t a g e o f p l a n t s w i t h e g g m a s s )

3 .0

2 .5

2 . 0

1.5

1.0

0.5

0 . 0

3 .0

2 .5

2 . 0

1.5

1.0

0 .5

0 . 0

15 D A E

I C S V 1 (% of deadhearts)

PS 28157-1 (% of deadhearts)

I C S V 1 (Y ie ld )

PS 28157-1 (Y ie ld )100

8 0

6 0

4 0

2 0

0



cates tha t ear ly in festat ion by stem borer is c ruc ia l ,

results in deadheart f o r m a t i o n , and causes g ra in

y ie ld reduct ion . Th is has also been observed by

Singh et a l . 1968, and Taneja and Leuschner 1985.

Pearl Millet

Date of sowing tr ial . I n i t i a l c rop damage caused

by Coniesta in festat ion is usual ly observed as dead-

hearts of seedlings, a t t r ibu ted to feeding activit ies of

young larvae of the f i rst generat ion (Har r i s 1962).

Leaf feeding symptoms have not been recorded in

this species.

At Kambo inse and Sadore, there were no s ign i f i -

cant differences between varieties in deadheart f o r -

m a t i o n but differences were observed between sow-

ing dates, w i t h the late c rop showing a higher

p r o p o r t i o n o f deadhearts than the early c rop . A t

b o t h locat ions, stem damage increased w i t h a delay

in sowing.

T i l le r in festat ion and internode damage were

much higher on the th i rd -sown crop (mean of 84.3

and 44 .3% at Kambo inse ; 84.7 and 40.8% at Sadore)

than on the f i rs t c rop (mean of 64.8 and 2.6% at

Kambo inse , 26.5 and 1.5% at Sadore). G ra in y ie ld

data were confounded by b i rd damage bu t data co l -

lected on t i l ler p roduc t i v i t y also indicated a corres-

pond ing increase in nonproduc t ive t i l lers w i t h a 

delay in sowing.

Insecticide tr ial . A l t h o u g h planted in mid-June

1985, this t r ia l experienced a low level of borer infes-

ta t ion . No signi f icant differences were observed in

crop damage w i t h i n varieties fo r the insecticide p r o -

tected and nonprotec ted t reatments (Table 5). H o w -

ever, between varieties, N iger ia Compos i te was

infested more than the loca l cu l t i var . I t was also

observed that l ow levels of borer in festat ion resulted

in a sl ight y ie ld increase of the nonprotec ted t reat-

ment over the con t ro l (N iger ia Compos i te 11.9%,

Sadore local 1.3%). S im i la r results were obta ined

earl ier by Har r i s (1962), a l though in a separate

exper iment w i t h h igh levels of borer at tack he

recorded a gra in y ie ld loss of 15%.

C o n c l u s i o n s

In so rghum, m a x i m u m con t ro l o f stem borer infes-

ta t ion was obta ined when the c rop was protected

between 15 and 30 D A E by the app l i ca t ion of car-

bo fu ran granules in the leaf whor ls . Th is p ro tec t ion

also af forded signi f icant ly higher gra in yields. Under

ar t i f i c ia l in festat ion, resistant genotypes showed a 

consistent advantage in avo id ing g ra in y ie ld loss.

Infestat ions a t 15 D A E resulted in m a x i m u m d a m -

age and subsequent y ie ld reduct ions in al l genotypes

tested. D a t a f r o m bo th na tu ra l and ar t i f i c ia l infesta-

t i o n indicates that early in festat ion by stem borer is

the most damaging and results in greatest reduc t ion

of y ie ld.

W i t h pearl mi l le t , t r ials in Bu rk i na Faso and Niger

have shown that early sowing results in greater t i l ler

p roduc t i v i t y and higher yields. Tr ia ls w i t h insecti-

cide con t ro l p roved inconclusive in est imat ing y ie ld

loss in mi l le t . A d d i t i o n a l w o r k in this area m igh t be

useful .
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Table 5. Assessment of crop loss caused by infestation of Coniesta ignefusalis in two millet cultivars, Sadore, Niger 1985.

Parameters measured

N o . o f l a rvae /s tem (50 D A S 1 )

Infested stems (%) (50 D A S )

In ternodes tunneled (%) (50 D A E 2 )

N o . o f l a rvae /s tem (at harvest)

Infested stems (%) (at harvest)

In ternodes tunneled (%) (at harvest)

G r a i n y ie ld ( k g ha - 1 )

Y ie ld loss (%)

1 . D A S denotes days a f te r s o w i n g .

2 . D A E deno tes days a f te r emergence.

C u l t i v a r / t r e a t m e n t

N iger ia Compos i te

Protected N o n -

c o n t r o l protected

1.5 3.0

8.3 10.0

1.4 2.6

11.5 11.2

28.0 37.3

4.9 8.5

1856 2076

11.93

3 . Ind ica tes y i e l d a d v a n t a g e o f n o n p r o t e c t e d ove r p ro tec ted c o n t r o l .

Sadore L o c a l

Protected N o n -

c o n t r o l protected

0.0 0.2

1.7 3.3

0.3 0.6

6.3 7.5

17.3 23.0

2.6 3.4

1414 1432

1.3

M e a n ± SE

1.2 ± 0.72

5.8 ± 2.10

1.2 ± 0.60

9.1 ± 1.49

26.4 ± 2.87

4.8 ± 0.52

1720 ± 372
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Management Options for Sorghum Stem Borers for

Farmers in the Semi-Arid Tropics

I n t r o d u c t i o n

L i te ra ture abounds w i t h i n f o rma t i on on the con t ro l

of so rghum pests, and much of i t deals w i t h stem

borers. Recommendat ions fo r stem borer manage­

ment range f r o m the simple cu l tu ra l pract ice of sow­

ing date, to chemical and b io log ica l con t ro l , modern

resistant genotypes, and more ambi t ious integrated

pest management . However , very few farmers of the

semi-ar id t ropics ( S A T ) pract ice these recommenda­

t ions, wh ich gather dust in l ibrar ies.

Specif ic research has not been conducted on the

adop t ion by farmers of stem borer management

recommendat ions. Prerequisites to the success of

any pest-control technology, and thus the success of

any stem borer management research p rog ram have

been ident i f ied by Reichelderfer and Bo t t re l l (1985,

p.284): "Basical ly any pest-control technology must

meet fou r cr i ter ia before it can be considered a l i ke ly

candidate fo r acceptance and overal l effectiveness: i t

must be pol i t ica l ly pract ical , social ly acceptable, and

economical ly feasible, as wel l as technical ly effec-

t i ve . "
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Abstract

Currently recommended control measures against sorghum stem borers are briefly reviewed. 

Generally, successful methods applied in developed countries have been tested at research 

stations in developing countries and recommended to farmers in the semi-arid tropics. The extent 

of their use by farmers is assessed and farm-and sector-level constraints to adaptation are 

evaluated. Past research leading to control recommendations did not adequately take local 

farming practices into account. An approach for farmer-oriented research on control methods is 

suggested.
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T r a d i t i o n a l research concentrates on the technical

effectiveness of pest management recommendat ions,

usual ly neglecting or ignor ing other cr i ter ia v i ta l fo r

success. Th is emphasis on technical feasibi l i ty of ten

results in pest con t ro l recommendat ions that can, at

best, be adopted on ly by progressive farmers. P ro -

gressive researchers shou ld , ideal ly , take al l f ou r

cr i ter ia i n to account so that the i r recommendat ions

can be adopted by t rad i t iona l farmers in the S A T .

In this paper we explore some impl ica t ions of

adop t ing a f a rm ing systems perspective in stem

borer management research in an at tempt to increase

the u t i l i t y o f the research ou tpu t f o r farmers. The

essence of this approach is that by spending more

ef for t on ant ic ipat ing the consequences of manage-

ment practices tha t are i m p o r t a n t f o r farmers, we

reduce the chance of recommend ing pest manage-

ment practices that are no t adopted by farmers.

I m p o r t a n c e o f S o r g h u m a n d

S o r g h u m S t e m B o r e r s

F A O (1986) reports so rghum p roduc t i on f r o m 89

countr ies, 33 of wh i ch are deve lop ing countr ies in

the S A T . These countr ies con t r ibu te about 50% of

the annua l w o r l d so rghum g ra in p r o d u c t i o n o f 80

m i l l i o n tonnes, and account f o r 75% of the 50 m i l ­

l i on hectare p lanted w i t h so rghum, wor ldw ide .

In cont rast to the so rghum-g row ing countr ies in

L a t i n Amer i ca where so rghum gra in is used as

an ima l feed, near ly 9 0 % o f so rghum produced in

deve lop ing countr ies o f the S A T o f As ia and A f r i ca

is used f o r f o o d ( F A O 1984). So rghum gra in is a 

staple diet of many subsistence farmers and ru ra l

laborers in the S A T , and is an impo r t an t source of

calor ies and p ro te in . F o r example , poo r ru ra l f a m i -

lies in I n d i a on average der ive 15% of thei r da i ly

calories and 16% of thei r da i ly p ro te in f r o m sorghum

( M u r t y and v o n Oppen 1985). Deta i led surveys in

I nd ia ( R y a n et a l . 1984) showed that sorghum con-

t r ibutes about 2 /3 of da i ly pro te in and calories con-

sump t i on by ru ra l people in sorghum g row ing tracts.

S o r g h u m gra in is also wide ly used in the p roduc t ion

of ind igenous beer in A f r i c a (Haggblade 1987). The

uses of so rghum are no t conf ined to g ra in . So rghum

stalks, f o r example, became increasingly valuable in

parts o f I n d i a in per iods o f d rough t f r o m 1980 to

1986. D u r i n g that t ime the pr ice o f so rghum fodder

rose by about 270%. Fodder 's share in the value of

so rghum p roduc t i on has increased in the same

per iod f r o m below 5 0 % to more than 70% (Wa lke r

1987). S o r g h u m stalks are also used f o r fenc ing, and

prov ide bedd ing f o r l ivestock.

The severity o f damage to so rghum by stem borers

varies cons iderab ly across regions o f the S A T .

Har r i s (1985) est imated overa l l losses to be on the

order o f 5 - 1 0 % in many so rghum-grow ing areas o f

West A f r i c a , especially where early at tack causes

loss of s tand. Avo idab le g ra in losses on the hyb r i d

so rghum C S H 1 and the var ie ty Swarna were esti-

mated to be abou t 5 5 - 8 3 % in I n d i a ( J o t w a n i e t a l .

1971, J o t w a n i 1972). In a survey of cereal losses in

Kenya and Tanzan ia , Wa lke r (1967) reported losses

in y ie ld o f so rghum due to stem borer damage rang-

ing f r o m 18-27%. A recent survey of fa rmers ' per-

cept ion of losses due to stem borer in western Kenya

repor ted a range of 15-40% (Seshu Reddy In press).

M o s t losses in y ie ld are a t t r ibu ted to early attack on

the g r o w i n g p lan t . Cor re la t ions o f counts o f stem

damage, w i t h y ie ld at or before harvest, have of ten

fa i led to demonstrate any reduc t ion in gra in y ie ld

(Har r i s 1962, I C R I S A T 1987).

R e v i e w o f R e c o m m e n d a t i o n s f o r

S t e m B o r e r M a n a g e m e n t

Pest management strategies that have been sug-

gested fo r so rghum stem borers in the S A T (cu l tu ra l ,

chemica l , and b io log ica l con t r o l , host-p lant resis-

tance, and integrated pest management) are br ie f ly

reviewed in this sect ion. The more exot ic con t ro l

methods such as the use of pheromones, juven i le

hormones, and chemosteri lants are excluded.

Cropping Practices

C r o p p i n g practices can be conceived as hav ing

evolved over l ong periods of t ime and being we l l -

adapted to loca l env i ronments . Changes in c ropp ing

practices can have impo r tan t impacts on stem borer

ecology that may be exp lo i ted in pest management.

Such changes may, however, have in t r icate agro-

nomic and economic side effects that are d i f f i cu l t to

ant ic ipate and that d im in ish the acceptance of

recommended c ropp ing practices by farmers.

Rotations

Rota t ions can check stem borer popu la t i on bu i ld -up

by remov ing p r i m a r y hosts of the pest f o r extended
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per iods. Ro ta t ions inc lud ing fa l l ow, however, have

vanished i n parts o f the S A T w i t h explosive popu la -

t i o n g r o w t h , increasing land pressure, and decl in ing

land p roduc t i v i t y ( M a t l o n and Spencer 1984). F u r -

the rmore , the ar r iva l or absence of ra ins, sudden

changes in pr ice rat ios, and other variables outside

the c o n t r o l o f farmers of ten impede the planned

succession of crops. F o r example , analysis of the

crop choices of a smal l sample of farmers in Ind ia

showed that about ha l f of a l l at tempted rotat ions are

in ter rupted ( I C R I S A T 1987).

Intercropping

M o s t farmers i n the S A T g row so rghum in c rop

mix tu res , usual ly w i t h legumes and sometimes w i t h

other cereals. In general, c rop mix tures reduce pest

incidence when the choice of the crops in the m ix tu re

is p roper l y done. However , the ind iv idua l compo-

nent crops may not equal ly benefit . F o r example, in

Kenya , Ogwaro (1983) f ound increased borer levels

in maize when intercropped w i t h sorghum, whi le

bo re r levels rema ined the same in so rghum.

A m o a k o - A t t a and O m a l o (1983) f o u n d that a 

so rghum/ma ize in tercrop was more favorable to

C. partellus at tack than an in tercrop of sorghum and

cowpea. S imi la r studies by Mahadevan and Chel l iah

(1986) in I n d i a showed a much higher incidence of

borer at tack and lower y ie ld in monoc rop so rghum

compared to sorghum in tercropped w i t h lab lab

(Lablab purpureus (L . ) Sweet). A l t h o u g h there is

scienti f ic evidence of an effect of the compos i t ion of

so rghum intercrops on stem borer ecology, there are

no studies showing that farmers grow specific sor-

g h u m intercrops to exp lo i t this effect.

Sowing Date

In the sorghum tracts o f the S A T , sowing o f

sorghum is determined by ra in fa l l . P lan t ing after the

f i rs t rains is the f i rs t step the fa rmer takes to ensure a 

good c rop . Th is practice has considerable relevance

to stem borers since the early sown crop usual ly

suffers less borer attack than a c rop sown later

(Ha r r i s 1962, Nwanze 1981). Dev ia t ions f r o m this

ru le are usual ly founded on other constraints that

farmers have to consider, such as soi l type and t o p o -

graphy o f p lo ts ( M a t l o n 1980), labor bot t lenecks, or

r isk of c rop damage f r o m other insects. Given the

many constraints affect ing farmers ' choice of sowing

dates, it is un l ike ly that a change m sowing dates

alone w i l l result in higher sustainable so rghum

yields.

Farm Sanitation

Several stem borer species w i l l car ryover in so rghum

stems (C . partellus, B. fusca, A. igncfusalis) or sur-

vive the d ry season on alternate w i l d grass hosts

(Sesamia spp). Co l lec t ing and bu rn i ng stubble and

stalks, or p l ow ing and dest roy ing c rop residue are

recommended practices (Bowden 1956, Nye 1960,

and Har r i s 1962). Ades iyun and A j a y i (1980) f ound

in no r the rn N iger ia that par t ia l bu rn ing o f stalks

k i l led 9 5 % of d iapaus ing B. fusca larvae, and cured

the stalks, i m p r o v i n g thei r qua l i t y f o r hous ing and

fencing mater ia l . Species tha t survive on d r y season

w i l d graminaceous hosts are effectively cont ro l led

by c rop remova l . I n the densely popula ted S A T

areas of I nd i a , f ie ld san i ta t ion can hard ly be im-

p roved . Here a l l p lant residue is either grazed or

collected by the abundant f a r m labor. In A f r i ca ,

where f a r m labor is scarce and dra f t animals are not

typ ica l ly used, postharvest p low ing is very costly.

S o r g h u m stalks used as fencing mater ia l may have

no cheap substi tutes in remote ru ra l areas or may be

too valuable as fodder to be burned.

Manuring

F a r m manure provides nutr ients, improves soi l

s t ructure, and increases soi l water -ho ld ing capacity,

wh ich in t u r n improves p lant v igor and g r o w t h .

V igorous ly g row ing sorghum suffers less borer d a m -

age and escapes deadheart f o rma t i on . A l t h o u g h

l ivestock numbers are increasing at a slow pace in

the S A T of I nd ia , the ra t io o f l ivestock per cropped

area is stagnat ing, l im i t i ng the scope fo r increasing

appl ica t ion o f manure. Fur thermore , where f i re-

w o o d is scarce, dung is also used fo r fue l . F a r m i n g

households in I n d i a bu rn about 1 t o f d r ied dung per

year ( I C R I S A T 1986). These factors cause farmers

to app ly manure less f requent ly and in lesser quan t i -

ties than they wou ld i f more manure was available.

Loca l sorghum cul t ivars in I nd ia rarely receive

manure . Wa lke r and Rao (1982) f ound that on ly

1.4% of the plots planted w i t h postra iny season local

so rghum in t w o vil lages o f Maharash t ra , I nd ia ,

received manure. In contrast , 60% of the h igh-

y ie ld ing varieties ( H Y V ) sorghum plots in another

vi l lage of the same state received inorganic fert i l izer.

Farmers believe that sorghum is more responsive to

inorgan ic fer t i l izer than to manure and reserve the
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avai lable manure f a r cash crops. Evidence f r o m 56

vil lages in 10 countr ies in sub-Saharan A f r i c a i nd i -

cates that manu r i ng f ields is a pract ice that evolves

w i t h increasing f a r m i n g intensi ty f r o m fa l low to

annua l c ropp ing systems (Binswanger and Pingal i

1984).

Chemical Control

Several insecticides have been tested f o r the con t ro l

o f stem borers. The i r eff icacy depends cruc ia l ly on

the t i m i n g o f app l i ca t ion . I n A f r i c a , chemical con -

t r o l by ca rbo fu ran , ca rbary l , and endosul fan were

f o u n d effective against B. fusca and Sesamia spp.

(Tane ja and Leuschner 1985, Seshu Reddy and

O m o l o 1985). Sharma (1985) l isted nine insecticides

tha t are effective against C. partellus in I nd ia . G ran -

u lar f o rmu la t i ons o f ca rbo fu ran appl ied d i rect ly

i n t o the w h o r l gave reasonable c o n t r o l against

C. partellus a l though the procedure is labor-intensive

and was recommended on ly as a last resort (Teetes et

a l . 1983). H i g h labor in tensi ty w o u l d p robab ly not

prevent farmers in I nd ia to do this i f stem borer were

a severe y ie ld reducer. These insecticides are, how-

ever, o f ten unavai lable in ru ra l areas or too expen-

sive f o r subsistence farmers. The assessment of

chemical con t ro l o f sorghum in the S A T by Davies

(1982, p. 220) is as va l id today as it was 6 years ago:

" I n general , there is l i t t le conv inc ing evidence of the

economic soundness of some of the recommenda-

t ions made fo r insecticide use on so rghum, in devel-

o p i n g count r ies , except in special h igh i npu t , or a t

least h igh fer t i l i t y ... s i tuat ions" .

Chemica l insect pest con t ro l on local cul t ivars of

so rghum is conspicuously absent in Ind ia . Evidence

f r o m three study vil lages in d i f ferent agrocl imat ic

zones in S A T Ind ia (Binswanger and R y a n 1980)

shows that on ly hybr id sorghum is sometimes treated

w i t h insecticides in the event o f shoot f ly or midge

at tack . We have no reports f r o m our vi l lage investi-

gators tha t farmers actual ly apply insecticides direct-

ly i n to the w h o r l .

Biological Control

A number of na tu ra l enemies have been reported

(Pradhan et a l . 1971, F A O 1980, Seshu Reddy and

Davies 1979, and Sharma 1985). In general, the ef f i -

ciency o f na tu ra l enemies in par t icu lar f a rm ing

env i ronments is no t k n o w n . The scope fo r success-

fu l l y con t ro l l i ng sorghum stem borers w i t h na tu ra l

enemies is l im i t ed by the shor t c ropp ing per iod and

the lack of cont inuous habi tats f o r the na tu ra l ene-

mies. The i n t roduc t i on and establ ishment of Tri-

chogramma exiguem, a paras i to id on C. partellus 

eggs, represents a notable success in I n d i a ( Jo twan i

1982). In A f r i c a , the overa l l rate o f paras i t ism is l ow

and on ly increases when borer damage is wel l

advanced (Har r i s 1962, Nwanze 1985).

Host-plant Resistance

At I C R I S A T Center, more than 70 germplasm sour-

ces and breeding lines have been ident i f ied as resis-

tan t to stem borer C. partellus. These materials are

cur ren t l y being used in I C R I S A T ' s breeding p ro -

grams. Sharma (1985) also l isted 34 entries of wh ich

25 were h igh ly p romis ing , hav ing stable resistance

and good agronomic characterist ics. Several local

cul t ivars and landraces exh ib i t a h igh t i l le r ing ab i l ­

i t y , and t i l l e r i ng , as an aspect of var ie ta l tolerance at

l ow borer in festat ions, may result in an overa l l

increase in head p roduc t i on (Har r i s 1962). Mecha-

nisms of resistance and fu r ther studies on ov ipos i -

t i o n behavior and c rop phys io logy w i l l prov ide an

adequate f ounda t i on fo r the development of inte-

grated pest management programs. At this t ime ,

however, stem borer resistant cul t ivars have yet to be

released in the S A T . Fu r the rmore , germplasm has

not been screened fo r mu l t ip le resistance. We can-

no t , therefore, deny the possib i l i ty that cul t ivars

developed f r o m stem borer resistant germplasm

migh t break d o w n when exposed to mu l t ip le pest

and disease pressure in farmers ' f ields.

Integrated Pest Management ( I P M )

The i nd i v i dua l con t ro l methods discussed above

have their l im i ta t ions and none is suff ic ient to ade-

quate ly con t ro l stem borer outbreaks. W h e n no sin-

gle con t ro l op t i on is suff ic ient, one may t ry to

exp lo i t the interact ions of d i f ferent con t ro l strate-

gies integrated in a pest management system. I P M

takes in to account the interact ions between b io t ic ,

ab io t ic , and economic factors o f c rop p roduc t i on ,

and pest management itself becomes par t of manag-

ing or p roduc ing a c rop . The l im i ta t ions o f i nd i v i d -

ual con t ro l methods indicate that host-p lant resis-

tance and cu l tu ra l practices should be ma jo r c o m p o -

nents in the integrated management of sorghum

stem borers.

Where integrated pest management has seriously
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been t r i ed , its t ransfer to farmers o f ten met w i t h

constra ints tha t were not ant ic ipated by en tomo lo -

gists or social scientists. The ma in deficiency of

many I P M recommendat ions is that they are too

compl icated to be expla ined by extension workers

and to be adopted by farmers. A d o p t i o n of thresh-

olds, a cornerstone of I P M , is an example . Car lson

and Mue l l e r (1987) f o u n d that adop t i on o f thresh-

olds by pigeonpea growers in S A T Ind ia was m u c h

slower than adop t i on o f u l t ra - low vo lume sprayers

and that farmers w i t h l i t t le o r no f o r m a l educat ion

are very un l ike ly to be among the early adopters of

thresholds. D r a w i n g on her experiences o f I P M f ie ld

w o r k in the developing countr ies, Goode l l (1984,

p. 18) characterized I P M as fo l lows:

" O f the var ious components o f modern agr icu l ture,

I P M presents by far the most d i f f i cu l t challenge to

t rad i t i ona l , small-scale farmers in the T h i r d W o r l d

as they make the t rans i t ion to scientif ic f a r m i n g . "

Assessment o f t h e R e c o m m e n d a t i o n s

Recommendat ions fo r stem-borer management, al-

though appear ing p romis ing , have not carr ied far

beyond the research stations and l ibrar ies. F a r m

san i ta t ion can either not be improved or on ly be

improved at h igh cost. Sow ing dates are conf ined by

several constraints and are l ike ly to be wel l - t imed in

t rad i t i ona l f a r m i n g systems that have evolved over

long per iods. Rota t ions are of ten obstructed by the

vagaries o f the weather in the S A T . M a n u r i n g local

cul t ivars of sorghum is unat t ract ive to farmers.

S o r g h u m cul t ivars that are acceptable to farmers

and resistant or to lerant to stem borer and other

y ie ld reducers are yet to be released. There is no

consistency in stem borer con t ro l t h rough inter-

c ropp ing , and b io logica l con t ro l is ineff ic ient. Inte-

grated stem borer management, f i na l l y , is l i ke ly to

be severely constrained by the l imi ted management

capab i l i t y of farmers. Wha t has prevented stem

borer research f r o m con t r i bu t i ng more to sorghum

improvement? I t was cer ta in ly no t a lack of c o m -

m i tmen t on the par t of researchers, nor were they

lack ing in competence or devo id of a sense of

urgency to solve the stem borer p rob lem. M o r e

l ike ly i t was the cont rary : h igh ly mot i va ted , compe-

tent researchers at tempted to achieve transferable

results qu i ck l y , of ten w i t h f ruga l f inanc ia l suppor t ,

by app ly ing research approaches f r o m mentor inst i -

tu t ions in developed countr ies to the S A T .

A p p l y i n g methods and pr inciples o f en tomology

in subject mat ter research on stem borers in the S A T

is necessary. Transfer r ing approaches to p rob lem

solv ing stem borer research f r o m developed to

developing countr ies is per i lous: i t encourages cur-

sory p rob lem ident i f icat ion and acceptance of recom-

mendat ions w i t hou t cr i t ica l appraisal .

Prob lem-so lv ing stem borer research has to con-

sider that pract ica l problems are locat ion-speci f ic.

As ment ioned earl ier, estimates of y ie ld losses f r o m

stem borer at tack vary considerably across regions

and range f r o m 5-83%. Second, yield losses f r o m

stem-borer, as perceived by scientists, may be imper-

fect indicators of farmers ' perceptions of the i m p o r -

tance of stem-borer management. T h i r d , solut ions

of pract ical problems have to take in to account the

preferences, ski l ls , resources, and constraints of the

people whose prob lems are to be solved. We do not

have to elaborate again here the contrast between

farmers and the i r env i ronments in the S A T and in

the developed countr ies f r o m where research ap-

proaches have been bo r rowed . These differences

often prevent solut ions f r o m being successfully

transferred f r o m developed to developing countr ies.

In shor t , stem borer research has not been conducted

w i t h a f a rm ing systems perspective. Th is defect most

l ikely cont r ibu ted to the dearth of stem borer m a n -

agement recommendat ions that can be adopted by

farmers.

S t e m B o r e r M a n a g e m e n t : A F a r m i n g

Systems Perspect ive

Elements o f Research C o n d u c t e d

Over the last decade l i terature on fa rm ing systems

research has burgeoned and the f a rm ing systems

approach has been recommended fo r research on

pest management technologies fo r small-scale f a r m -

ers (A l t i e r i 1984). The essentials of f a rm ing systems

research are that it is conducted w i t h a f a r m i n g

systems perspective, that research begins and ends

w i t h the farmer (P lucknet t et al . 1987). Several of the

objectives and methods employed in f a r m i n g sys-

tems research should be considered l o r i n t roduc ing a 

fa rm ing systems perspective in to appl ied stem borer

research.

The ma in objectives of research w i t h a f a rm ing

systems perspective that are relevant fo r stem borer

management research are:

• to understand the physical , social , economic, and

human env i ronment o f agr icu l tura l p roduc t i on ;
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• to understand farmers ' ski l ls , constra ints, prefer-

ences, and aspirat ions;

• to comprehend fa rm ing systems;

• to ident i fy possibi l i t ies f o r i m p r o v i n g exist ing

fa rm ing systems;

• to evaluate new or i m p r o v e d practices f o r possi-

ble test ing on fa rms; and

• to test practices under no rma l f a r m condi t ions.

Research w i t h a f a rm ing systems perspective pur -

sues these objectives ma in l y w i t h three methods: (a)

Base-data analysis f o r descr ib ing the f a r m i n g envi -

ronment in a reg ion; (b) research s ta t ion studies fo r

the development of new components or the assembly

of new f a r m i n g systems; and (c) on - f a rm studies

wh ich invo lve on - fa rm exper imenta t ion studies o f

ex is t ing f a r m i n g systems, and studies of adop t ion

and farm-household impacts of a new technology.

Objectives and Methods Applied to Stem

Borer Research

In Table I we have correlated objectives and methods

fo r stem borer management research conducted w i t h

a f a r m i n g systems perspective. In this section the

elements of Table 1 are discussed.

Production Environment. In the past, stem borer

research has given adequate a t tent ion to the physical

env i ronment o f so rghum p roduc t i on . We expect

researchers w i l l also qu i ck l y absorb more detai led

i n f o r m a t i o n on the c l imat ic and edaphic cond i t ions

Table 1. Objectives and methods of stem borer manage-

ment research conducted with a farming systems

perspective.

Object ives

E n v i r o n m e n t

F a r m i n g System

Farmer

i m p r o v e tech-

no logy

Evaluate new

techno logy

Test new

techno logy

M e t h o d s

Surveys

* *

* *

* *

* *

ExperSiments

O n - O n -

f a r m s ta t ion Mode l ing

* *

* *

* * * *

* * ** 

* *
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in the S A T as i t becomes avai lable t h rough research

reports.

Bu t the economic and po l i t i ca l env i ronment o f

so rghum p r o d u c t i o n in the S A T also requires con-

t inuous m o n i t o r i n g by researchers. Th is is par t i cu -

la r ly t rue in A f r i c a , where some governments have

not yet at ta ined levels o f s tab i l i ty f o u n d in many

As ian countr ies, and where agr icu l tura l research

and extension systems of ten are less developed. We

do no t suggest tha t entomologis ts engage in detai led

surveys of the economic, po l i t i ca l , and in f ras t ructur -

a l env i ronment of agr icu l tu ra l p roduc t i on , because

much of the necessary i n f o r m a t i o n is prov ided by

social scientists and by the local press. We do

recommend, however, that sorghum entomologists

consul t social scientists and watch key price rat ios

that indicate changes in the economic env i ronment .

Some of the key ind icators are the price rat ios

between the farm-gate sorghum price and ru ra l

labor wage rates, or the prices fo r other f o o d staples,

or the prices fo r insecticides.

Farming System. An unders tand ing o f the f a r m -

ing system, not jus t the c ropp ing system, is pa r t i cu -

lar ly impo r tan t fo r stem borer researchers in the

S A T . There are many intr icate l inkages between the

var ious p roduc t i on and consumpt ion activit ies o f

smal l substistence or semi-subsistence farmers, and

farmers may a t t r ibu te l i t t le impor tance to stem bor -

ers as y ie ld reducers. If stem borer management

opt ions are to be adopted by farmers they must f i t

i n to ex is t ing f a r m i n g systems. Rare ly are stem borer

losses suf f ic ient ly h igh that farmers are l ike ly to

change their f a rm ing system on ly to accommodate a 

stem borer management recommendat ions.

Farmers. At the outset o f any app l ied, p rob lem-

solv ing stem borer management research, en tomo l -

ogists should prov ide evidence on whether the insect

is merely a pest or a pest p rob lem fo r farmers. Th is

d is t inc t ion between pests and pest problems is

impor tan t . Stem borers are regarded as pests because

they cause economic damage to sorghum. Th is is

necessary but not a suff ic ient cond i t i on fo r stem

borers to become a pest p rob lem fo r farmers. Sev-

eral other condi t ions must also ho ld before stem

borers can be regarded as a pest p rob lem.

First ot a l l , farmers must be able to associate the

pest w i t h economic damage. This ab i l i t y is l ike ly to

be cond i t ioned by farmers ' knowledge and ski l ls, the

degree of thei r exposure to f a r m management in fo r -

ma t i on f r o m extension services and other farmers,

and the a t tent ion they give to sorghum.



Second, farmers may not regard stem borers as a 

p r o b l e m pest when the perceived losses are smal l in

re la t ion to the perceived losses caused by other b io -

t ic and abiot ic y ie ld reducers of so rghum, or where

sorghum contr ibutes l i t t le to the subsistence of the

f a r m fami l ies. Under such cond i t ions , stem borers

are un l i ke ly to at t ract the scarce management atten-

t i o n o f farmers.

T h i r d , stem borers are not a pest p rob lem unless

farmers have at the i r disposal means f o r reduc ing

economic losses. W i t h o u t a feasible pest manage-

ment o p t i o n , farmers may regard stem borers as a 

pest but not as a pest p rob lem.

Establ ish ing that stem borers are a pest p rob lem

fo r farmers requires that surveys of stem borer d a m -

age in fa rmers ' f ields are complemented by surveys

of farmers ' perceptions of stem borers as a pest. Such

surveys do not have to be large exercises i nvo l v ing

entomologis ts , agronomists, and social scientists

equipped w i t h a detai led quest ionnaire. Of ten an

exp lo ra to ry survey using rap id ru ra l appraisal tech-

niques may be suff icient to pesuade the researchers

that stem borers are not a burn ing p rob lem fo r

farmers in whose fields entomologists have detected

deadhearts and stem tunne l ing. Where more sub-

stant ia l evidence is requi red, a f o r m a l quest ionnaire

survey may be needed. Guidel ines fo r f o r m a l percep-

t i on surveys can be obta ined f r o m a pest percept ion

ne twork operat ing f r o m the Open Univers i ty , UK

(Ta i t 1981). Whether a recommendat ion is a solu-

t i o n fo r a farmer 's stem-borer p rob lem depends on

the ski l ls of the farmer and the farm's labor force, on

the costs of imp lement ing the recommendat ion , and

on the expected returns f r o m stem-borer manage-

ment. The adequacy of farmers ' and laborers ' skil ls

fo r imp lement ing a recommended con t ro l practice

can be assessed f r o m experiences w i t h s imi lar pract i -

ces but can be determined on ly in on - fa rm tr ia ls.

Assessment of the costs of a stem-borer management

o p t i o n has to be based on the farm-gate prices of

purchased inputs , and the value of the fa rm-owned

resources in the i r best a l ternat ive use at the t ime

when they are needed fo r stem-borer con t ro l . The

value to farmers of their owned resources may

deviate considerably f r o m average market prices,

are usual ly locat ion-speci f ic , and may f luctuate con-

siderably du r ing the c ropp ing season.

Assessment of the expected returns has to be

based on farmgate prices fo r sorghum at the t ime it is

so ld . Th is assessment must take in to account that

so rghum stems are a valuable c o m m o d i t y , and

should consider the effect of stem-borer manage-

ment on the farmers ' p roduc t ion and marke t ing

risks. Me thods f o r assessing the costs and returns of

pest management opt ions are wel l established and

an excel lent expos i t ion was p rov ided by Reichel -

derfer et a l . (1984). In many instances the required

methods do no t require an economist .

Improve Technology. Sometimes there may be an

oppo r tun i t y fo r imp rov ing fa rmers ' pest manage-

ment practices w i t h adapt ive o n - f a r m research. Sev-

eral researchers have invested much hope in this

approach (Ma t teson et a l . 1984). F r o m our expe-

rience in I nd i a , we are skept ical about th is approach

because we have so far been unable to ident i fy t r ad i -

t iona l methods used by farmers to manage sorghum

insect pests that have a potent ia l fo r improvement

th rough research (Rao and Mue l le r 1986).

Evaluate New Technology. Eva luat ing new tech-

nologies in on-s ta t ion exper iments is the mainstay of

t rad i t i ona l pest management research. A d o p t i o n of

a f a r m i n g systems perspective w o u l d no t require

substant ia l changes in the exper imenta l methods. I t

w o u l d , however, require a broader set of cr i ter ia fo r

evaluat ing the results f r o m exper iments, and appro-

pr iate selection of contro ls . Convent iona l research

uses classical statist ical hypothesis testing to decide

whether a new management technique per forms in

some variable(s) better than a con t ro l technique w i t h

some arb i t ra ry level of signif icance. Such research

may be irrelevant f r o m a f a rm ing systems perspec-

t ive. Classical statist ical techniques are designed to

rule out Type I errors, the er ro r of reject ing the nu l l

hypothesis when i t is t rue, or the error of recom-

mend ing a technology that is not super ior to the

con t ro l . The convent ional ly chosen probab i l i t y o f

c o m m i t t i n g this er ror bears no re la t ion to the eco-

nomic consequences of this error . The fa rm ing sys-

tems perspective cou ld be in t roduced in to the analy-

sis of exper iments w i t h neo-classical stat ist ical me-

thods that take the costs of selecting a nonsuper ior

t e c h n o l o g y i n t o accoun t ( M a n d e r s c h e i d 1965,

D i l l o n and Off icer 1971).

Techno logy eva luat ion , the evaluat ion of new cu l -

t ivars in par t icu lar , is of ten conducted accord ing to

r ig id rules def ined by a large government research

admin is t ra t i on . These rules are designed to select the

best technologies f o r a coun t ry , or fo r large agroc l i -

mat ic zones, but may be too r ig id fo r l oca t ion -

specific technologies that pe r fo rm very wel l in some

locat ions, bu t poor l y in the larger environments

covered by these evaluat ion rules.

W i t h the rap id ly fa l l ing costs o f computer t ime,

mode l ing is becoming an increasingly at t ract ive
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o p p o r t u n i t y f o r i n t r oduc ing a f a r m i n g systems pers-

pective i n t o the eva luat ion of new technologies

before they are actual ly tested on fa rms. However ,

compute r models usual ly have h igh set-up costs and

their use can be recommended only when the prospec-

t ive technology w i l l have many impor tan t and com-

plex repercussions in the exist ing fa rming systems.

Test ing New Techno logy . Once a p romis ing new

stem borer management op t i on has been ident i f ied

in on-s ta t ion exper iments, i t should be tested on a 

smal l number of representat ive farms before i t is

recommended to a large number of farmers. These

tests shou ld be designed to evaluate the feasibi l i ty

and the per formance of the new o p t i o n compared

w i t h fa rmers ' convent iona l techniques. These tests

also help to ident i fy weaknesses or defects of the

technique that may have gone unnot iced in o n -

s ta t ion exper iments . They prov ide feedback f r o m

farmers that is essential f o r f ine- tun ing the recom-

menda t ion .

The most c ruc ia l test of any new technology is its

a d o p t i o n by farmers. The recommendat ion of a new

pest management technology should be fo l lowed by

adop t i on studies that include adopters as wel l as

nonadopters . Such studies rely on surveys. They

a l low researchers to document the success of the i r

research, they prov ide i n f o r m a t i o n on the character-

istics of researchers' cl ients and thei r assessment of

the new methods. Th is i n f o r m a t i o n helps researchers

to design the next generat ion of technology, and to

ob ta in funds f o r its development.

S u m m a r y a n d C o n c l u s i o n s

In th is paper we have br ie f ly reviewed the pract ica l -

i ty , and adop t ion , of stem-borer management recom-

mendat ions that have been reported in the l i terature.

Th is review indicated that most recommendat ions

are imprac t i ca l and have not been adopted by

farmers in the S A T . The i n t r oduc t i on of a f a rm ing

systems perspective to appl ied stem-borer manage-

ment research was suggested and some appropr ia te

objectives and research methods were discussed.

O u r expressed concern was f o r appl ied stem-borer

research to take in to account fa rmers ' percept ion of

the stem-borer pest p rob lem and farmers ' capacity

to implement recommended stem borer manage-

ment practices so that appl ied research results in

recommendat ions o f pract ica l use to S A T farmers.

Th is n o t i o n has been apt ly summar ized by Reichel -

derfer and Bot t re l l (1985, p.286): " I den t i f i ca t i on of

the basic needs and objectives of a technology's

recipient g roup is obv ious ly an i m p o r t a n t step, but

one that is no t always per fo rmed. Bypassing this step

w i l l p robab l y lead to poo r l y designed pest-manage-

ment p rogrammes. "
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D i s c u s s i o n

Reyes: Since older plants (six weeks o ld) are pre-

ferred fo r ov ipos i t i on , is this related to the nu t r i -

t i ona l status o f the p lant on wh i ch the larvae w i l l

feed?

Harris: Possibly, bu t I do no t have relevant i n f o r m a -

t i o n . Borers on c rop hosts seem to have developed

the strategy of go ing fo r the youngest tissues. Ev i -

dence of recent w o r k on Chilo in A f r i c a suggests that

leaf w h o r l tissue is more nut r i t ious .

Nwanze: Y o u spoke on the co-evo lu t ion of cereals

and thei r stem borers. We k n o w that sorghum and

pearl mi l le t or ig inated in A f r i c a and that the i m p o r -

tant stem borers are indigenous to A f r i ca . One

wou ld have expected that the natura l enemies of

stem borers w o u l d have also evolved in paral le l w i t h

the i r hosts, bu t this is not the case. C o u l d y o u please

elucidate?

Harris: Th is is a relevant quest ion and it is a huge

top ic . It is a mat ter of balance; par t of the answer is

that the natura l enemies are not operat ing the stra-

tegy that you w o u l d l ike them to operate. Fu r the r -

more , the strategy of na tu ra l enemies is no t a imed at

e l im ina t ing thei r hosts. M a n y are general parasi-

to ids or predators developing on a wide range of

hosts. Wha t we have are specialist stem borers that

we w o u l d l ike best cont ro l led by h igh ly specialized

parasitoids. N o t that many exist.

Vidyabhushnam: I t was suggested that chemical

con t ro l measures should be adopted whenever neces-

sary. H o w do you ascertain wh ich s i tuat ion warrants

the use of chemical contro l? Fur thermore , wou ld i t

be va l id in the case of peduncle infestation?

Prem Kishore: The reference to chemical con t ro l

was in the context of de termin ing economic thresh-

olds. Studies on insecticide app l ica t ion to protect

against peduncle infestat ion are st i l l lack ing. Th is

needs to be investigated.

Sharma: I f I have unders tood correct ly , y o u have

ment ioned that carbo fu ran provides borer con t ro l

f o r up to 45 days. In that case, wou ld you recom-

mend any insecticide con t ro l since at that stage the

crop wi l l be in the boot leaf stage?

Prem Kishore: Da ta f r o m tr ia ls conducted on seed

t reatment , soi l f u r r ow app l ica t ion , or side-dressing

at 15 days after germinaton indicate that under

moderate levels of resistance there is no need fo r

another appl icat ion o f carbo fu ran .

Suryanarayana Murthy: Wha t are the effects of

insecticides used in borer con t ro l on the na tu ra l

enemy complex? W h a t are the dangers of borer

resistance to insecticides as we now have in Hel ioth is?

Prem Kishore: The effect of d i f ferent insecticides

used in so rghum stem borer con t ro l on na tu ra l ene-

mies has not been studied in deta i l . However , da ta

generated on the effect o f endosul fan 4% granules or

dust show that its app l i ca t ion does no t affect na tu ra l

enemies. C. partellus has no t developed resistance to

insecticides.

Vidyabhushnam: Delayed p lan t ing has been sug-

gested in cu l tu ra l con t ro l o f stem borers. But th is

practice wou ld be disastrous in the Ind ian con tex t ,

where shoot f ly infestat ion w o u l d surely wipe ou t a 

late c rop. Moreover , a fo r tn igh t 's delay in p lan t i ng

w i l l seriously affect the c rop expression. Is this

recommendat ion therefore of any pract ical value?

Varma: The suggestion in quest ion is not a generali-

zat ion fo r saving the crop against stem borer. I t is

pert inent , however, in regions where shoot f l y is no t

a p rob lem. F o r example , in no r the rn I n d i a where

sorghum is g rown fo r fodder, we sow in Ju ly .

Lukefahr: Do you k n o w o f an example where the

combined act ion of the nat ive parasites actual ly

suppressed borer popu la t i on below the economic

threshold level?

Betbeder-Matibet: A good example is in West A f r i c a

w i th the sugarcane stem borer, Eldana saccharine. 

The natura l enemy complex of ants, parasites, and

predators have kept borer damage to less than 5%.

We have mon i to red this borer fo r more than 10 years

in several sugarcane farms and have found this level

main ta ined. When this balance is upset, fo r exam-

ple, t h rough the use of insecticides, borer damage on

stems increases to between 15 and 20%.

Seshu Reddy: In assessing yield loss using var ious

larva l densities at var ious g r o w t h stages, what pre-

cautions did you take to eliminate natural infestation?

Taneja: In t r ia ls conducted at I C R I S A T Center,

crops were planted in mid-June when natura l infes-

ta t ion is negl igible. A n y natura l in festat ion is taken

in to considerat ion by compar ison w i t h the con t ro l

(zero infestat ion). Usual ly this is less than 1%

infestat ion.

Seshu Reddy: In your studies on avoidable losses

you certa in ly encountered other sorghum pests such

as midge and headbugs. Wha t steps d id you take to

protect your c rop against these insects so as to have

accurate data on losses due to stem borer?

Taneja: We spray to protect the crop f r o m possible

panicle feeding pests, as and when required. S im-

i lar ly , we use b i rd scarers against birds.

Chundurwar: Y o u have presented the results of you r

studies w i t h par t icu lar hybr ids such as C S H 1. but

we need to have results on the released hybr ids in

Ind ia , especially C S H 5 and C S H 9 fo r compar ison.
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Taneja: We do no t have such results and s imi la r

t r ia ls w i t h C S H 5 and C S H 9 need to be conducted.

Nwanze: Dr Leuschner has po in ted ou t that the

effect o f stem tunne l ing on gra in y ie ld depends on

c rop age at in festat ion and po in t o f borer en t ry and

at tack. However , there are no data to show this. 1 

believe tha t w i t h the stem cage technique, we should

conclus ively show that this is the case. Exper iments

shou ld be designed in this regard.

Wiseman: Th is shou ld be a ma jo r po in t f o r discus-

s ion by Dr Verma's g roup .

Lukefahr: Based on data p rov ided by Dr Taneja,

one needs to have infestat ion early in the season w i th

a level of in fes ta t ion that great ly exceeds wha t one

n o r m a l l y expects in the f i rst or second generat ion. I 

am w o n d e r i n g i f there real ly is a p r o b l e m in fa rmers '

f ields.

Mueller: There may be a p rob lem in farmers ' f ields

bu t f r o m o u r observat ions, farmers are not par t i cu-

la r ly concerned w i t h stem borers. Farmers may have

5 - 1 0 % losses due to borers, bu t they may have bigger

prob lems such as d rough t and Striga that dwa r f

losses due to borers.

Nwanze: There are pract ica l ly no data avai lable

f r o m farmers ' f ields on actual losses due to borers.

There are, however , reports on pest incidence. Ou r

de f i n i t i on of a pest is of ten based on research stat ion

f ind ings. We need data that show its magni tude on

farmers ' f ie lds . We also need to take farmers ' percep-

t i on o f the p rob lem in to considerat ion.

Lukefahr: We should be care fu l , because otherwise

y o u set up a research p rog ram to see if a p rob lem

exists rather than to solve a p rob lem.

Nwanze: Bu t that is where the p rob lem lies. It is

w r o n g to set up a research p r o g r a m based on in fo r -

m a t i o n generated solely f r o m a research s ta t ion. We

must accumulate base l ine i n f o r m a t i o n on the extent

of damage on farmers ' f ields.

Leuschner: H o w w o u l d you r decis ion, in terms o f

research pr ior i t ies on stem borer c o n t r o l , be affected

in a s i tua t ion where farmers perceive 15% damage by

stem borer as un impor tan t?

Mueller: W h a t is impor tan t is fa rmers ' percept ion of

stem borer damage relat ive to losses f r o m other y ield

reducers. F o r example , i f the same farmers perceive

losses f r o m other y ie ld reducers such as Striga to be

much higher than 15%, and i f this percept ion is

suppor ted by y ie ld loss surveys, stem borers w o u l d

no t be l isted as t op p r i o r i t y fo r app l ied , p rob lem-

solv ing research.

Seshu Reddy: We cannot solve al l the prob lems in

one day. There are several constraints besides insect

pests wh i ch the farmers must deal w i t h . We need to

suppor t ou r on-s ta t ion research w i t h wha t is real ly

happening on the farmers ' f ie ld .

Harris: There are a l l sorts of technical i t ies, and tech-

nical aspects to the issue of whether stem borers are a 

p r o b l e m or no t . W e , as en tomolog is ts , may see this

as a p r o b l e m bu t I t h i nk in many cases farmers do

not . There must be s i tuat ions when they do , and

those are the si tuat ions tha t have to be def ined so

that someth ing pract ical can be done in p rov id ing

so lu t ions. These are some of the key issues being

considered in this workshop . I f there are prob lems,

where are they, and what do they amount to? The

f i rst t h ing to do is to t ry and assess the losses, i f they

occur. I t is no t easy, bu t i t is the f i rs t step in sett ing

up proper research programs wh i ch are in tended to

prov ide appl ied solut ions.
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Abstract

Methodologies used for screening for resistance in sorghum, So rghum b ico lor to fall army worm 

Spodoptera f rug iperda are reported. Screening for seedling and whorl-stage resistance is accom­

plished by applying neonate fall armyworm mixed in corncob grits with a mechanical infestation 

device at the rate of four larvae per 2-day old seedling. For seedlings, visual ratings of leaf-feeding 

damage are made on a scale of 0-9 when the susceptible control seedling approaches a rating of 9; 

for whorl-stage plants, visual ratings are made 10 and 14 days after infestation. Evaluations of 

panicle-stage resistance may be made directly in the field under artificial infestation or in the 

laboratory using a meridic-based diet bioassay. Resistance in the seedling and whorl stage of leaf 

development has been located in 1821 cm and at the panicle stage in NK-Savanna 5. 

Methodologies Used for Screening for Resistance

to Fall Armyworm in Sorghum

B.R. Wiseman
1

I n t r o d u c t i o n

A tho rough understanding of the insect and plant

re lat ionship is required before a p rog ram of p lant

resistance is in i t ia ted. Techniques fo r measuring di f ­

ferences in damage to cul t ivars is p robab ly the key

fac tor in determin ing the success or fa i lure of any

p rog ram fo r developing insect resistance (Dahms

1972). L i t t l e comprehensive i n f o rma t i on is avai lable

on techniques to infest and evaluate fo r insect resis-

tance; such i n fo rma t ion is especially lack ing on

sorghum, Sorghum b ico lo r (L.) Moench . However ,

recently, Heinr ichs et al . (1985) publ ished an exten-

sive vo lume of techniques on 24 insect species attack-

ing rice, Oryza sativa. The i r w o r k reported on rear-

ing, greenhouse and f ie ld screening, mechanism of

resistance, and sources of resistance. M o r e recently,

the maize, Zea mays, p rogram at the In te rna t iona l

Ma ize and Wheat Improvement Center sponsored a 

comprehensive symposium directed ent irely to me-

thodo logy used to determine resistance in maize to

insects. The publ ished proceedings w i l l cover tech-

1. U S D A / A R S , Insect Biology and Population Management Research Laboratory, Ti f ton, GA 31793-0748, USA.

I C R l S A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICR1SAT.
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nolog ica l subjects such as rear ing, in fest ing, and

evaluat ing, mechanisms of resistance, breeding, and

the use of the resistant cu l t ivars in management of

pests. A l l maize insects are presented.

Even though extensive and comprehensive tech-

nolog ica l advances have been made fo r some crops

and insect species, the techniques usual ly cannot be

complete ly adapted to new insects or crops w i t h o u t

extensive modi f ica t ions . But the ideas and appl ica-

t ions that have been repor ted can be readi ly used to

develop new techniques fo r each insect pest under

invest igat ion.

F a l l A r m y w o r m

M o r e than 190 years have passed since the fa l l

a r m y w o r m ( F A W ) , Spodoptera f rug iperda ( J .E .

Smi th ) , was f i rst recognized as a serious economic

pest ( L u g i n b i l l 1928). It is one of on ly a few insects

that per iod ica l ly disperse and breed th roughou t the

U.S. The F A W plagues many f ood crops and grasses

and can l im i t p roduc t i on o f many crops in var ious

areas of the southeastern U.S., M e x i c o , and Cent ra l

and Sou th Amer ica (Wiseman and Davis 1979).

Entomolog is ts w i l l remember 1975, 1976, and

1977 as years of heavy F A W infestat ions th roughou t

the southeastern U .S. Est imated do l la r losses a t t r i b -

uted to F A W on a l l crops in the southeastern U.S. in

1975 were $61.2 m i l l i on and in 1976, $31.9 m i l l i o n ,

and the 1977 losses in Georgia alone were estimated

at $137.5 m i l l i o n (Sparks 1979). One of the most

i m p o r t a n t pests of so rghum in recent years in the

southeastern U.S. and in much of Cent ra l and Sou th

Amer ica has been the F A W .

The adul t o f the F A W is noc tu rna l . A t dusk,

adul ts in i t iate movement t owa rd host plants that are

sui table fo r feeding and ov ipos i t i on . Eggs are laid in

clusters and protected by a dense cover ing of scales.

Masses conta in f r o m a few to hundreds of eggs.

wh ich hatch in 2 -4 days i f mean temperatures are

21.1-26.7°C. As the eggs hatch, the larvae consume

the shells and then in i t iate feeding on the plants un t i l

they have completed six instars ( L u g i n b i l l 1928,

Sparks 1979). The s ix th instar drops to the g round

and pupates in the soi l at a depth of about 2.54-7.62

c m , depending on soi l texture, mois ture, and temper-

ature; the l i fe cycle requires about 30 days.

In so rghum, i t is necessary to recognize the d i f fer -

ent instars that cause in ju ry to the plant and the

plant stage at tacked. A lso , i t is impor tan t to deter-

mine whether damage was caused by the F A W or by

s imi la r pest species. M i x tu res of larvae such as the

corn ea rwo rm ( C E W ) Heliothis zea (Bodd ie) , and

F A W cannot be studied together unless a determina-

t i o n is made tha t b o t h species have ident ica l prefer-

ences and tha t the resistances expressed are ident i -

ca l . Th is is very d o u b t f u l since these insect species

are qui te d i f f e ren t—bo th in behavior and in host -

p lant preference. Thus , evaluat ions fo r resistance in

sorghum must be such that the t w o insect pests are

separated by t ime and / or space. This can be accom-

plished when the test insects are mass-reared.

Insect R e a r i n g

The p lant resistance p rog ram has been great ly

enhanced by ar t i f i c ia l rear ing o f the F A W . F A W are

mass-reared on a mod i f ied p in to bean diet (Table 1)

( B u r t o n 1969, Perkins 1979). The modi f ied p in to

bean diet is used because the wheatgerm-casein diet

is more expensive and the wheat-soy-blend (WSB)

( B u r t o n and Perk ins 1972) is no longer commer -

cial ly avai lable (Bu r ton and Perkins In press).

Table 1. Ingredients for the fall a rmyworm diet and

sources of diet ingredients
1
.

Ingred ient

P in to beans2

T o r u l a yeast3

Ascorb ic ac id 4

Wheat ge rm 5

M e t h y l p -hyd roxy

benzoate6

Sorb ic ac id 7

Forma ldehyde (10%) 8

Water ( for mix ing above

ingredients)

Aga r 9

Wate r ( f o r agar

so lu t ion)

g L -1 of d iet

120.0 (d ry )

35.0

3.5

55.0

2.2

1.1

m L L - 1 o f d iet

10.0

465.0

15.0

360.0

1 . I n s t i t u t i o n a l W h o l e s a l e , I nc . , P .O. B o x 4 7 4 7 , M a c o n G A

31208.

2 . L a k e States D i v i s i o n , R h i n e l a n d e r Pape r C o . , R h i n e l a n d e r , W l

5 4 5 0 1 .

3 . H o f f m a n L a R o c h e , I nc . , 340 K i n g s l a n d R d . , N u t l e y , N J 07110 .

4 . V i t a m i n s , I nc . , 200 East R a n d o l p h D r . . C h i c a g o , I L 6 0 6 0 1 .

5 . K a l a n a C h e m i c a l , I nc . , 290 R i v e r D r . G a r f i e l d , N J 07026 .

6 . 1CN P h a r m a c e u t i c a l s , 26201 M i l e s R d . . C l e v e l a n d . O H 44128 .

7 . F isher Sc ien t i f i c . P .O. B o x 4829 , N o r c r o s s , G A 3 0 0 9 1 .

8 . P e r n y , I nc . , P .O . B o x 7 1 1 , R i d g e w o o d , N J 9 7 4 3 1 .

9 . F r o m B u r t o n a n d P e r k i n s ( i n press).

M e n t i o n o f a c o m m e r c i a l p r o d u c t does n o t i m p l y e n d o r s e m e n t by

U S D A .
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Est imated costs fo r rear ing 1000 F A W in 1987 was

about $16.00, exclusive of labor . The F A W has been

reared f o r more than 20 years on the ar t i f i c ia l d iet

t h rough 300 or more generations. Plans are afoot to

in t roduce w i l d males i n to the labora tory cul ture at

least once a year to prevent inbreeding and to keep

the labora to ry insects as near to the feral popu la t ion

as possible. F o r details of the day- to-day procedures

and techniques fo r rear ing the F A W , refer to Bu r t on

and Perkins ( I n press).

P l a n t Res is tance

Gra in sorghum is one of the most impor tan t food

and feed gra in crops in the w o r l d . L u g i n b i l l (1969)

stated that " the ideal method of combat ing insects

that at tack plants is to g row insect-resistant cu l t i -

vars" . The development and use of plants resistant to

pests is essential to most integrated con t ro l p ro -

grams. In fact , Wiseman (1987) showed that the

resistant cu l t ivar should be the base f r o m which

integrated pest management strategies arise.

Plant resistance can be defined as " the relative

amount of heri table quali t ies possessed by the plant

wh ich influences the u l t imate degree of damage done

by the insect in the f ie ld " (Painter 1951). This def in i -

t i on applies today as i t d id more than 30 years ago.

Painter (1951, 1968) classified p lant resistance

in to three mechanisms: nonpreference, ant ibiosis,

and tolerance. Nonpreference results when a plant

or cu l t i var is used less fo r ov ipos i t ion , f o o d , a n d / o r

shelter. A nonpreferred p lant may possess comb ina -

t ions and / or levels of these nonpreferred qual i t ies.

Nonpreference may be fur ther classed as relat ive or

absolute (Owens 1975). Relat ive nonpreference de-

notes that the pest insect has a mu l t ip le choice, and

absolute indicates that the insect has on ly one choice

to ov ipos i t , establish, or feed on a par t icu lar p lant or

cul t ivar . Absolute nonpreference is the stronger of

the two . Ant ib ios is relates to the adverse effects (e.g.,

mor ta l i t y of larvae, smaller insects, longer develop-

ment t ime, etc.) on the insect wh ich uses a resistant

p lant f o r f o o d . Aga in , there may be combinat ions

and / or levels of these types of antibiosis w i t h i n the

same p lant or cu l t ivar . Last ly , tolerance describes a 

p lant or cu l t ivar that is able to produce wel l despite

infestations that seriously damage susceptible plants.

To lerant plants may g row and reproduce, repair

in ju ry or compensate, or recover f r o m damage to a 

marked degree in spite of suppor t ing an insect popu-

la t ion that damages a susceptible p lant or cu l t ivar

(Painter 1951, Painter 1968). Combina t ions a n d / o r

F i g u r e 1 . K e y areas i n w h i c h m e t h o d o l o g y s h o u l d

be d e v e l o p e d f o r a successful p l a n t resistance

p r o g r a m .

levels of the three mechanisms of resistance may be

present in a p lant or cu l t ivar to confer a given degree

or level of resistance.

Knowledge of p r io r research, and the b io logical

developments o f the sorghum plant and F A W rela-

t ionsh ip , should precede any new plant resistance

invest igat ion. As shown in Figure 1 (Wiseman 1985

and In press), methodology must be developed in

several key areas before signif icant progress can be

made in the development of sorghum plants resis-

tant t o F A W .

Dependable and repeatable techniques must be

developed fo r any phase of a plant resistance p ro -

g ram to make regular progress (Wiseman et a l .

1980a). The techniques must be as simple as possible

and must be efficient and accurate (Guthr ie 1975).

The methods that are developed should produce

m a x i m u m difference between the resistant and sus-

ceptible cul t ivars (Wiseman et a l . 1980b). In add i -

t i on , in order to separate the three mechanisms of

resistance a n d / o r various types of resistance w i t h i n

each mechanism, separate and unique techniques

must be developed.

Resis tance E v a l u a t i o n s

Greenhouse Screening

Sorghum cul t ivars were planted (26 per metal green-

house f la t ) in f ine-washed r iver sand, in rows 40 cm

long and 2.5 cm apart , fo r seedling evaluat ions
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(20-25 seedlings per ent ry) . We now use a large

metal f lat (187.5 cm x 90 cm x 10 cm deep) that

accommodates 250 entries per t ray. Outside rows are

bordered w i t h a c o m m o n commerc ia l hyb r i d . When

the seedlings are about 2 days o l d , infestat ions are

made w i t h neonate F A W by using the mod i f ied

" b a z o o k a " (Wiseman et a l . 1980a). For these infesta-

t ions, large numbers of F A W eggs, laid on paper

towels, are obta ined f r o m the rear ing section of the

labora to ry and incubated at about 27° C un t i l they

hatch. Larvae are kept in darkness to prevent web-

b ing. The larvae are gently shaken f r o m the paper

towels, mixed w i t h corncob gri ts and precal ibrated

to a m i x t u r e of about 20 ± 2 neonates per del ivery

th rough the bazooka. The neonates are dispensed

direct ly on to the sand adjacent to the treatment rows

at a rate of 4 larvae p lan t - 1 (F ig .2) . Bo th a resistant

and susceptible con t ro l should be prov ided when

possible. Greenhouse temperatures should be ma in -

tained between 27-30° C. Care should be taken when

water ing the plants da i ly to d i rect the water between

the rows and in to the alleys to prevent d is tu rb ing the

feeding of the larvae. A l l entries are visual ly rated fo r

damage when the susceptible con t ro l reaches 9, its

m a x i m u m damage rat ing. Usual ly this occurs about

the f o u r t h day after in festat ion. A d d i t i o n a l rat ings

on succeeding days may be taken to detect i f any

entries are more resistant than the resistant con t ro l .

A v isual p lo t ra t ing scale of 0 -9 is used, where:

0 = n o damage; 1 = s m a l l amoun t o f p inho le- type

in ju ry ; 2 = s e v e r a l p inholes; 3 = s m a l l amoun t o f

shot-hole type i n ju ry w i t h 1 or 2 lesions; 4=seve ra l

shot-hole type injur ies and a few lesions; 5=severa l

lesions; 6 = several lesions, shot hole in ju ry and

por t ions eaten away; 7 = several lesions and por t ions

eaten away and areas dy ing ; 8 = several por t ions of

the w h o r l eaten away and areas dy ing ; and 9 = the

w h o r l complete ly eaten away and more areas dy ing

or plant dead (Wiseman et a l . 1966). I f more than

one ra t ing is recorded, then the rat ings may be aver-

Figure 2. Infesting sorghum seedlings with F A W neonates mixed in corncob grits using the "bazooka"

(Wiseman and Courley 1982).
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aged, an analysis of variance calculated, and entry

means separated by Wa l le r -Duncan mul t ip le range

test. A b o u t 16000 exot ic sorghum cult ivars f r o m

Eth iop ia and Yemen have been evaluated to date fo r

seedling resistance. A p p r o x i m a t e l y 100 rated better

than the resistant con t ro l .

Field Screening—Whorl Stage

Tests are usual ly planted in the f ield in a randomized

complete b lock design w i t h 3 or 4 repl icat ions in

rows about 3 m in length and 75 cm apart. Field

infestat ions are made w i t h 20 neonate F A W larvae

per p lan t , at about the 8-10 leaf stage of develop-

ment , in t w o appl icat ions using a mechanical infes-

ta t i on device (Fig.3) . Larvae are obtained in a s im-

i la r manner as that of the greenhouse screening, and

neonates are dropped di rect ly in to the w h o r l . The

second appl icat ion should be made no later than 24 h 

after the f i rs t to prevent larval compet i t i on . V isual

damage rat ings should be made at 10 and 14 days

after infest ing, using the visual ra t ing scale described

above. The damage ra t ing may be a p lo t ra t ing or

rat ings of 10 ind iv idua l plants per p lot . The earlier

ra t ing permits the researcher to obta in differences in

damage by F A W before larval m ig ra t ion is in i t ia ted.

The v isual ra t ing at about 10 days can be made using

the scale fo r leaf-feeding resistance as described by

Guthr ie et a l . (1960).

Panicle Stage

Neonate F A W larvae mixed in corncob gri ts may be

infested d i rect ly in to the developing panicle at the

pref lower stage to evaluate fo r resistance in the pan i -

cle stage of development (Fig.4). Larvae are dis-

pensed at the rate of about 50 larvae per panicle in

t w o appl icat ions made the same day. T w o appl ica-

t ions are made to reduce the number of escapes.

Usual ly , 10 or 15 panicles per p lo t are infested.

Paper po l l i na t ing bags are used to cover the heads to

protect the larvae f r o m con tamina t i on by other

insect species such as the C E W , and to prevent

adverse env i ronmenta l effects reducing the infesta-

t i on . Since visual ratings are d i f f icu l t to estimate, a 

paired uninfested row is used fo r compar ison when

yield is recorded.

P lo t means are used in the analysis of var iance,

and Wal le r -Duncan 's mul t ip le range test is appl ied

to separate mean damage rat ings a n d / o r mean

yields fo r the entries.

Laboratory Screening and

Mechanisms of Resistance

In order to be complete ly sure that resistance to

F A W cou ld be separated f r o m that o f the C E W

dur ing resistance evaluat ions, we had to develop

labora to ry procedures that w o u l d ensure the neces-

sary iso la t ion of the t w o pests (Wiseman et a l . 1984).

Since F A W are mass-reared on mer id ic d iets, an

ample supply of diet mater ia ls and insects is ava i l -

able fo r laboratory use. The p in to bean diet (Tab le 1)

is used as a base diet in the deve lopment of a l abo ra -

to ry bioassay that incorpora ted fresh or d r ied p lan t

materials fo r subsequent feeding to neonate F A W .

Die t preparat ion fo r the bioassay is as fo l lows:

1. P in to bean diet may be requested in b u l k f r o m

the rear ing section of the labora to ry or made up

in 3.85 L amounts.

2. Plant mater ials may be processed f resh, freeze-

dr ied , or oven-dr ied (41°C) .

3. I f fresh p lant materials are used, they must be

blended in a suff icent quant i t y of d is t i l led

water, i.e., 1 2 0 m L of water and 50-60 g of p lan t

mater ia l , t o m i x w i t h 300 mL o f bean diet . F o r

ease in hand l ing , d ry p lant mater ials shou ld be

used. A b o u t 20 g of d r y p lant mater ia l is

blended in to 250 mL of p in to bean diet tha t has

been d i lu ted w i t h 150 mL of dist i l led water .

These rat ios of materials w i l l result in a m i x t u r e

that can be readily dispensed.

4. The diet-p lant mater ia l m ix tu re is dispensed

in to th i r ty -s ix 30 mL (1 oz) or 15 mL ( 5 / 8 oz)

plastic cups in amounts of about 10 mL per cup ,

and permit ted to sol id i fy fo r about 2 h.

5. One neonate F A W is placed in to each cup after

wh ich the cup is capped.

6. The t reatment cups are numbered and arranged

accord ing to the design of the exper iment . The

experiments are maintained in a constant tempe-

rature r o o m at 26.7 ± 2 °C and 75 ± 5% RH and

14 h l ight.

7. Ind iv idua l weights of larvae at 8-10 days af ter

infestat ion are recorded by using an electronic

balance interfaced w i t h a recording calculator .

Days to pupat ion and weights of pupae, as wel l

as days to adul t eclosion, may also be recorded

f r o m the same experiment.

8. A microtechnique is employed when much

smaller amounts of p lant materials must be

used. S ix ty mL of d i lu ted p in to bean diet (800

mL diet:200 mL dist i l led water) is blended in a 

microb lender w i t h up to 2-3 g of d r y p lant

mater ia ls. I f p lant f ract ions are used, then the
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Figure 3. Infesting sorghum at whorl-stage with F A W neonates mixed in corncob grits using the "bazooka"
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F i g u r e 4 . I n fes t ing s o r g h u m pan ic le w i t h F A W

neonates m i x e d in c o r n c o b grits using the

" b a z o o k a "
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solvent and ext ract must be m ixed w i t h about

0.5 g of alphacel. The solvent must be evapo-

rated tho rough ly and a solvent check, as wel l as

an alphacel check, prov ided.

9. The blended m ix tu re is aspirated in to about

seven plast ic soda straws, 0.625 cm diameter by

20 cm length, a l lowed to so l id i fy and sectioned

in to 20 mm lengths w i th each end beveled at

about 45° angle to permi t easy access to the

larvae.

10. T w o soda straw sections are placed in to a 15 mL

plastic diet cup w i t h one neonate F A W and

capped w i t h a polycoated l id to prevent mois-

ture loss f r o m the diet (Fig.5).

11. The exper iments consist of t w o cups per repl i -

cate w i t h 18 repl icat ions. The rat ionale of 18

repl icat ions is that the trays ho ld 36 cups. The

analysis of the data uses p lo t means and is dic-

tated by the design of the ind iv idual experiments.

Panicle spikelets of developing sorghum mixed

w i t h p in to bean diets and fed to neonate F A W

resulted in differences between weights of larvae at 8 

days fed 'NK Savanna 5' (resistant) and ' F u n k H-

5245' (susceptible)(Table 2). Differences in weights

of larvae fed the t w o sorghum hybr ids were f ound at

the pre f lower ing , f l ower ing , m i l k , and hard-dough

stages of panicle development. No signif icant rela-

t ionsh ip was f ound between tann in concent ra t ion of

var ious stages of panicle development, mi lk-stage

panicles of 12 sorghum genotypes, and weights of

F A W larvae. Di f ferent types of antibiosis resistance

were ident i f ied by smal l larvae, delayed pupa t i on ,

and smal l pupae. I t was found that the glumes (Table

3) of the so rghum panicles confer the highest level of

resistance. The next steps are to begin cooperat ive

w o r k w i t h a biochemist and in i t iate a chemical frac-

t i ona t i on of the p lant part(s) and then use the b io -

assay to direct us to the desired end product .

S u m m a r y

The F A W can be mass-reared fo r so rghum resis-

tance evaluations. Methodologies for evaluat ing sor

ghum fo r resistance to F A W have been developed.

Screening fo r seedling and whorl-stage resistance of

so rghum to F A W is accompl ished by app ly ing neo-

nates mixed wi th corncob grits through the "bazooka"

at the rate of four larvae per 2-day-old seedling, and

20 larvae in t w o appl icat ions at the 8-10 leaf stage.

Visual rat ings of leaf-feeding damage are made on a 

scale of 0-9 when the susceptible seedling con t ro l



F i g u r e 5 . A n e x a m p l e o f m i c r o b i o a s s a y t o d e t e r m i n e d i f ferences a m o n g entr ies a n d / o r p l a n t f r a c t i o n s .

Table 2. Weights of F A W larvae after feeding for 8 days on meridic diet supplemented with panicles of two sorghum

hybrids and corresponding tannin contents, 1984.

Stage o f

panic le

deve lopment

C o n t r o l diet

P re f l ower ing

F l o w e r i n g

M i l k stage

H a r d d o u g h stage

% t a n n i n 1

F u n k

H-5245

-

3.9

1.0

0.5

0.3

N K

S A V . 5

-

7.7

4.7

4.9

7.5

X la rva l wt (mg) 2

F u n k N K

H-5245

254a

178c * 

200bc * 

208 b * 

259a * 

S A V . 5

269a

214b

223b

95c

35d

X d u r a t i o n of

deve lopment (days) 2

F u n k

H-5245

14.8a

14.8a

15.0a

15.2a

15.4a

N K

S A V . 5

14.8a

14.7a

15.0a

17.8b

23.1c

X pupa l w t . (mg ) 2

F u n k N K

H-5245 S A V . 5

271a 273a

262a 270a

277a 274a

274a * 177b

207b * 128c

1. T a n n i n d e t e r m i n e d on a d r y - w e i g h t basis.

2 . M e a n s w i t h i n each c o l u m n f o l l o w e d by the same le t ter o r means n o t separa ted by * are n o t s i g n i f i c a n t l y d i f f e r e n t [P > 0 . 0 5 ; D u n c a n ' s

(1955) m u l t i p l e range tes t ] .

Sou rce : W i s e m a n e t a l . 1986.
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Table 3. Weights of FA W larvae after feeding for 8 days

on merdic diets containing seed, seed and glumes, or

glumes of three sorghum genotypes, 1984.

S o r g h u m genotypes

C o n t r o l diet

( H u e r i n x PI383856)

x H u e r i n

T A M 2 5 6 6 x PI383856

S G I R L - M R - 2 (select ion)

X la rva l mass (mg) 1

Seed

on ly

201 . 8a A 

130.9bA

108.8cA

131.8bA

143.3A

Seed and

glumes

181. 9a A 

146. I b A

8 1 . 3cB

21.0dB

107.6B

Glumes

on ly

183.7aA

23. 9 6 B

6.2cC

3.4cB

54.3C

1. E n t r y means w i t h i n a c o l u m n f o l l o w e d by the same l owe r case

le t ter , a n d h o r i z o n t a l seed means f o l l o w e d by the same uppe r -

case le t ter , are n o t s i g n i f i c a n t l y d i f f e ren t [ P > 0 . 0 5 ; D u n c a n ' s

(1955) m u l t i p l e range test ] .

Sou rce : W i s e m a n et a l . 1986.

approaches a ra t ing of 9, and at 10- and 14-days after

infestat ion fo r whorl-stage sorghum. Evaluat ions

fo r resistance of panicle-stage sorghum can be made

direct ly in the f ie ld under ar t i f ic ia l infestat ion or in

the labora tory using a meridic-based diet bioassay.

Resistance in the seedling and who r l stage of leaf

development has been ident i f ied in 1820 cm and at

the panicle stage of development in 'NK-Savanna 5'.
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A Review of Sorghum Stem Borer Screening Procedures

Abstract

The stem borer screening procedure developed at ICRISAT Center was evaluated for the stem 

borer ( C h i l o partel lus) infestation pattern in southern Africa. It was found that the existing 

screening procedure developed at ICRISAT is biased towards an emphasis on deadheart fo rma-

tion and harvestable main heads, not taking into account tolerance as a resistance mechanism. 

Therefore, the need arose to develop a modified screening system. In order to understand this, an 

account is given on the host-plant insect interaction leading to various damage symptoms. The 

value of each damage symptom for the modified evaluation system is discussed and finally the 

new screening system is presented. 

I n t r o d u c t i o n

For any host p lant resistance p rog ram it is essential

to develop a screening procedure based on insect-

host interact ions. Plant resistance to insects consid­

ers bo th the react ion of the host to insect act iv i ty and

pest popu la t i on response to the host. I n i t i a l screen­

ing fo r p lant resistance norma l l y involves quant i t ies

of diverse mater ia l . These studies are intended to

dist inguish broad differences in the effect on host or

insect. In the case of sorghum and the sorghum stem

borer, C. partellus, damage symptoms indicate

act iv i ty of the insect on the host. On fu r the r test ing

of selected materials the eva luat ion system should

permi t more precise de f in i t ion of the level and

expression of resistance. Research on stem borer

resistance at I C R I S A T Center employs bo th levels

of eva luat ion, since many sources of resistance have

already been ident i f ied.

A t Southern A f r i can Development C o o r d i n a t i o n

Conference ( S A D C C ) / I C R I S A T , current invest i -

gat ions include ident i f icat ion of resistant sources

and mu l t i l oca t iona l testing o f mater ia l f r o m I C R I -

S A T Center k n o w n fo r its resistance. Since most o f

this resistance screening is done at nat iona l research

stations w i thou t the benefit of an entomolog is t , an

evaluat ion system is needed, one that is bo th s imple

yet accurate enough to detect subtle differences in

susceptibi l i ty. The stem borer resistance screening

method current ly employed in these invest igat ions is

one developed at I C R I S A T Center. I t is biased

towa rd an emphasis on deadheart f o r m a t i o n and

harvestable ma in heads. Wha t is needed is a screen-

ing procedure that puts more emphasis on tolerance,

1. Cereal Entomologist, S A D C C / I C R I S A T Regional Sorghum and Millet Improvement Project, P.O. Box 776, Bulawayo, Zimbabwe.

I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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w i t h o u t t o ta l l y i gno r ing other resistance mecha-

nisms. Experiences, in the S A D C C region f i nd i ng

tolerance in mater ia l hav ing desirable agronomic

character ist ics, seems to ho ld greater potent ia l f o r

this w o r k . To date, sui table mater ials w i t h apprecia-

ble level of ant ib iosis have not been f o u n d . In con -

sider ing tolerance as a func t i on of screening f o r

resistance, i t is impo r tan t to consider symptoms of

damage as they appear on the plant . These damage

symptoms can then be fu r ther considered in re la t ion

to their value in a screening system.

D a m a g e D o n e i n R e l a t i o n t o t h e L i f e

C y c l e of C. Partellus 

Chilo survives the d ry season in la rva l diapause. As

soon as suf f ic ient moisture is avai lable and tempera-

ture increases, the diapause is b roken and the f i rs t

generat ion of adul ts appears. Usual ly the f i rst egg

masses are f ound on sorghum seedlings 10-15 days

after emergence. F i rs t - instar larvae c l imb f r o m the

ov ipos i t i on site to the w h o r l , wh i ch they enter. They

feed on the young and tender leaves near the base of

the w h o r l . Th is feeding act iv i ty is later visible as

elongated scars on the expanded leaves. Th is symp-

t o m is the f i rst ind ica t ion of the presence of Chilo 

larvae. Feeding act iv i ty cont inues in the w h o r l un t i l

the larvae reach the second and t h i r d instar (van

H a m b u r g 1980). At this stage they stop feeding,

leave the w h o r l , and migrate to the base of the seed-

l ing where they bore in to the seedling base at soi l

level or a few centimeters above (F ig . 1a). En t ry takes

place about 8-10 days after ha tch ing , depending on

temperature. Feeding inside the seedling base causes

t w o symptoms, depending on the pos i t ion o f the

g row ing po in t (Taneja, l C R I S A T , personal com-

mun ica t ion ) . I f f l o ra l i n i t i a t i on has taken place and

the apical mer is tem has moved upwards , larvae may

feed on ly on the in i t i a l stem (F i g . 1 b). The symp tom

is stem tunne l ing. If the apical mer is tem is st i l l pres-

ent at the po in t of larval ent ry , i t w i l l be destroyed.

The s y m p t o m w i l l be a deadheart . Th is usual ly

happens 30-45 days after ge rm ina t ion , or 18-25

days after egglaying. W i t h the death of the ma in

stem, apical dominance has been removed, and a 

number o f t i l lers f o r m (usual ly two) . The earl ier

these t i l lers f o r m the greater the chance that they w i l l

synchronize w i t h the ma in head development . I f no

deadheart is f o rmed the larvae cont inue to tunne l

below the g row ing po in t un t i l pupa t i on . Th is act iv-

i ty weakens the p lan t , mak ing i t susceptible to w i n d

breakage. Pupa t i on takes place in the stem. A f te r

abou t 30-40 days, one stem borer l i fecycle is c o m -

pleted w i t h the emergence of a new generat ion of

moths . The second generat ion moths ( i f there are

discrete generat ions; usual ly there are over lapp ing

generations) w i l l infest the p lant again between

45-55 days after seedling emergence. The infestat ion

pat te rn is the same. Larvae w i l l infest the w h o r l , the

second- and t h i r d - instars w i l l move one or t w o

internodes below the w h o r l (no t to the base), and

enter the stem usually at the leaf axis (F i g . l c ) . Lar -

vae w i l l feed on the already elongated peduncle, or

on the closely packed internodes below the fu l l y

fo rmed head i f the head is st i l l in the w h o r l . Stem

tunne l ing w i l l take place in bo th cases. I f the pedun-

cle is ou t o f the w h o r l , feeding w i l l no t interfere w i t h

peduncle e longat ion. I f the peduncle is not e lon-

gated, larvae w i l l tend to feed on the closely packed

internodes below the g row ing po in t (F i g . l c ) . In cer-

ta in genotypes this interferes w i t h penduncle elonga-

t i o n and the head may become lodged in the w h o r l .

I f peduncle e longat ion st i l l takes place, larval feed-

ing can damage vascular tissue. I f so, incomplete

g ra in f i l l and par t ia l or complete chaffiness of the

head may be observed. I f none of these symptoms

appear, larvae cont inue to tunne l the p i th of the stem

and peduncle. As long as feeding is restr icted to the

p i t h , g ra in f i l l w i l l be no rma l or on ly sl ight ly reduced.

Weakened by tunne l ing , however, the peduncle may

no t be able to suppor t the weight of the head, and

becomes especially susceptible to w ind damage.

Peduncle breakage after physio logical ma tu r i t y w i l l

no t reduce y ie ld p rov ided the peduncle remains

af f ixed to the stem.

S u p e r i m p o s i n g F a c t o r s

Super impos ing factors are those wh ich interfere

w i t h or otherwise inf luence symptoms, such as

d rough t , l ow soi l fe r t i l i t y , and molds. Fo r example,

p lant g r o w t h is affected, and damage symptoms

appear when larvae feed on or near the apical mer i -

s tem. I f p lan t g r o w t h is s low due to d rough t or low

soi l fe r t i l i t y , damage to v i ta l parts of the stem or the

apical mer is tem can be in f luenced. In such a si tua-

t i o n larva l feeding progress may be more rap id than

the development of new p lant tissue. Th is prevents

the g row ing po in t f r o m m o v i n g ahead o f the larva l

ent ry po in t .

A n o t h e r super imposing factor is ro t t i ng . La rva l

stemfeeding in the p i t h no rma l l y does not interfere

w i t h p lant g row th . However , early-feeding act iv i ty is

f o l l owed by ro t t i ng at an ear ly stage of p lan t devel-
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opment , vascular tissue may be damaged, and p lant

g r o w t h and g ra in f i l l may be complete ly or par t ia l l y

in ter rupted.

D a m a g e S y m p t o m s a n d t h e i r V a l u e

f o r Res is tance S c r e e n i n g

L e a f Feed ing

The present screening system on ly accounts fo r lev-

els of feeding. Feeding level is rated on a scale,

rang ing f r o m 1-5 or 1-10, depending on the prefer-

ence of the scientist invo lved . F r o m my experience

this ra t ing has l i t t le value fo r stem borer resistance

screening. Th is is suppor ted by Starks and Dogget t

(1970) w h o stated that leaf feeding ra t ing was a poo r

ind ica tor of expected gra in y ie ld . Results of their

study are presented in Tab le 1. The reason fo r this

may be that leaf feeding per se can involve many

larvae yet have l i t t le impact on y ie ld loss, wh i le

y ie ld - l im i t i ng damage such as deadhearts and chaff-

iness can be caused by a single insect. Thus yield loss

is not necessarily related to larval density. Ra t ing

leaf feeding a long a crop row ignores the number of

infested plants, and can even base a leaf feeding level

on a single p lant . There fore , I suggest tha t the leaf

feeding ra t ing be d ropped in favor of a count of the

number of plants infested. Th is wou ld give an i nd i -

ca t ion of the u n i f o r m i t y of the infestat ion at any

given po in t of t ime. A percentage of infested plants

should be calculated at 25 days after emergence

( D A E ) . Th is i n f o r m a t i o n wou ld complement a 

shoot f l y /deadhear t evaluat ion. Mu l t i p l e observa-

t ions may be required to screen advanced resistant

mater ials. I recommend t w o counts , 20 and 28 D A E .

Deadhearts

In a l l y ie ld loss studies conducted at I C R I S A T and

in Z i m b a b w e , deadhearts are one of the most i m p o r -

tant factors con t r i bu t i ng to y ie ld loss. Th is parame-

ter also gives a good indi rect ind ica t ion of p lant

g r o w t h status after f l o ra l i n i t i a t i on , i f we consider

the t ime o f in festat ion in re la t ion to deadheart fo r -

ma t i on (F ig.2) . Deadheart f o r m a t i o n is a func t ion of

F i g u r e 2 . D e a d h e a r t f o r m a t i o n i n suscept ib le

s o r g h u m C S H 1 w i t h l a r v a l i n f e s t a t i o n a t 1 4 , 1 7 , 2 3 ,

a n d 2 9 days a f te r c r o p e m e r g e n c e ( T a n e j a a n d

L e u s c h n e r 1 9 8 5 ) .

Table 1. M e a n rating of borer damage on CK 60 sorghum infested with 3 egg masses of C. zonettus plant
- -1

 (4 replications)
1
.

In fes ta t ion m e t h o d

N o a r t i f i c i a l in fes ta t ion

Once i n w h o r l

2 days apar t in w h o r l

Week ly i n w h o r l

2 days apar t on leaves

L S D (P = 0.05)

C V ( % )

R a t i n g leaf

feed ing 2

2.2

5.0

5.0

5.3

5.7

2.5

28.2

N o . o f

larvae s ta lk - 1

0.4

3.0

2.7

2.9

1.8

0.6

17.8

T u n n e l length

(cm)

3.3

17.8

14.9

9.1

16.5

6.6

91.7

Plant height

(m)

69.3

69.3

67.0

69.5

59.2

7.4

19.0

1 . T a k e n f r o m S t a r k s a n d D o g g e t t (1970) .

2. R a t i n g f r o m 1-9 w i t h 1 = l i t t l e f eed ing a n d 9 = severe f eed ing .
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t ime of in festat ion (Taneja and Leuschner 1985).

Therefore deadheart counts and t ime of infestat ion

are essential parameters f o r an eva luat ion system.

F o r a rap id screening resistance system, I recom-

mend on ly one deadheart coun t , wh i le f o r a more

detai led screening, deadhearts should be counted

twice (35 and 45 D A E ) . Ear ly deadheart and late

deadheart f o r m a t i o n leads to t i l le r ing. The earl ier

t i l lers are f o r m e d , the greater the chance that they

w i l l synchronize w i t h the m a i n stem and produce

high-y ie ld ing heads. Late t i l lers usual ly give l i t t le or

no y ie ld . Therefore, t w o deadheart counts and a 

shoot f ly deadheart count give an ind ica t ion of the

p r o p o r t i o n o f m a i n t i l lers being f o rmed early or late.

Late t i l le r ing has imp l ica t ions f o r potent ia l y ie ld loss

even w i t hou t later stem borer in festat ion. F o r f ina l

y ie ld eva lua t ion , some cr i ter ia are necessary in t i l ler

selection fo r pract ica l purposes. I suggest that on ly

t i l lers ma tu r i ng up to 7-days after the ma in head

should be sampled.

Stem Tunneling

Stem tunne l ing is a quest ionable parameter f o r stem

borer resistance eva luat ion. Research at I C R I S A T

(Table 2) has demonstrated that stem tunne l ing does

not correlate w i t h yield loss i f i t does not lead to

deadheart f o r m a t i o n , poo r head exer t ion , stem

breakage, chaf fy heads or peduncle breakage before

or d u r i n g g ra in f i l l (Taneja and Leuschner 1985).

Th is was also repor ted by Starks and Dogget t

(1970). These damage parameters are a direct or

ind i rect result of stem tunne l ing . Since they can be

evaluated external ly , and stem tunne l ing can on l y be

measured by sp l i t t ing the s tem, I f i r m l y recommend

discard ing stem tunne l ing as eva lua t ion cr i ter ia f o r

large-scale screening. S tem sp l i t t ing shou ld on ly be

necessary f o r species iden t i f i ca t ion and age d i s t r i bu -

t i on of stem borers, or in the case where fodder

sorghum is evaluated fo r stem borer resistance.

Poor Head Exertion

Poor head exer t ion is an interest ing damage c r i te r i -

on because i t can be caused by genotypes, d rough t ,

or insect in festat ion. I t def in i te ly cont r ibutes to y ie ld

loss. To use i t as an evaluat ion c r i te r ion f o r stem

borer resistance, one has to be cer ta in that the stem is

severely infested. Th is can be done by s t r ipp ing the

top leaves and con f i rm ing borer-ent ry holes. In

add i t i on , one has to look at the overa l l appearance

of th is parameter. I f i t is u n i f o r m l y d i s t r i bu ted , in a 

few genotypes i t may be genetic. I f i t is a c o m m o n

s y m p t o m across genotypes, d rough t may be a super-

impos ing fac tor ( i t was c o m m o n in 1986 in Z i m -

babwe, M a l a w i , and Tanzan ia where d rough t was

prevalent) . I f poo r head exer t ion is sporadic in a 

s tand, i t may be due to stem borers. In any case as i t

contr ibutes s igni f icant ly to y ie ld loss, i t shou ld be

adopted as an evaluat ion c r i te r ion .

Complete or Partial Chaffiness

Comple te or par t ia l chaffiness is another damage

symp tom that results f r o m stem tunne l ing . The

Table 2. Effect of stem borer attack on head and grain yield of sorghum hybrid CSH 1 at Hisar, Haryana , Ind ia , 1982.
1

Category

N o damage

Stem tunne l i ng

U p t o 10%

10-20%

2 0 - 3 0 %

3 0 - 4 0 %

4 0 - 5 0 %

5 0 - 6 0 %

S E

C V ( % )

M e a n stem

tunne l i ng (%)

0.0

6.1

14.1

26.3

34.2

43.6

52.8

±1.34

12

M e a n

head weight (g)

61.6

62.3

64.0

84.6

79.2

69.2

88.3

±10.49

29

M e a n

gra in we ight (g)

52.7

53.2

53.8

69.0

65.0

55.2

71.6

±9.56

32

R a t i o o f g r a i n t o

head we igh t (%)

85.3

84.2

83.1

81.5

81.8

79.3

80.6

± 2.70

7

1. Sou rce : T a n e j a a n d Leuschne r (1985) .
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damage by stem feeding restricts photosynthates

f r o m passing to the head. Th is c o n d i t i o n may be

in f luenced by d rough t , as seen in the S A D C C reg ion

in 1986. I t is a s t ra igh t fo rward damage c r i te r ion

wh ich has already been taken i n to cons iderat ion in

the present evaluat ion system and should be retained.

P a r t i a l G r a i n f i l l

Par t ia l g ra in f i l l is another d i f f i cu l t c r i te r ion to eval-

uate. I t appears to be caused by a comb ina t i on of

d rough t and stem borer tunne l ing . I do no t recom-

mend it as a screening factor . In detai led y ie ld loss

studies its occurrence cou ld be evaluated by compar -

i ng weight by vo lume samples.

Peduncle Breakage

Th is c r i te r ion may no t be reflected in y ie ld loss as

long as g ra in f i l l is n o r m a l and heads have not

d ropped to the g r o u n d . As a screening fac tor , how-

ever, i t reflects adequate st rength of the peduncle,

af ter b o r i n g , in re la t ion to head size. Penduncle

st rength af ter b o r i n g may be an i m p o r t a n t consider-

a t i on fo r so rghum breeders in avo id ing l ong or weak

peduncles in re la t ion to head size. Th is c r i te r ion

should be mon i t o red and is useful in areas where

w i n d damage is prevalent.

Stem Breakage

Stem breakage is an eva lua t ion c r i te r ion wh i ch

depends no t on ly on tunne l ing itself bu t also on stem

diameter , stem length , head size, and w i n d veloci ty .

N o r m a l l y stem breakage occurs late in the season,

and may or may not result in g ra in loss. Th is cond i -

t i o n is especially undesirable f o r mechanized har-

vest. Since i t holds the potent ia l f o r signif icant y ield

loss, stem breakage should be a c r i te r ion fo r screen-

ing resistance.

Peduncle Tunneling

Peduncle tunne l ing is par t of stem tunnel ing. Since

severe damage is reflected in chaffiness or peduncle

breakage, i t is not necessary fo r penduncle tunne l ing

to be used as a dist inct evaluat ion cr i te r ion.

Y i e l d

Since y ie ld is the u l t imate c r i te r ion in assessing

resistance ( tolerance) I recommend its regular mea-

1 3 4

Table 3. Comparison of resistance screening procedures.

25 D A E

3 5 - 4 5 D A E

A t harvest

Ex i s t i ng I C R I S A T screening system

1. N o . o f p lants

2 . N o . o f shoot f l y deadhearts

3. Lea f feeding (score)

1. N o . of stem borer deadhearts

1 . N o . o f p lants

2 . N o . o f m a i n heads

3. N o . o f chaf fy heads

4. S tem tunne l ing (%)

5. ln te rnodes no. and no. bored

Proposed m o d i f i e d screening system

1. N o . o f p lants

2 . N o . o f shoo t f l y deadhearts

3 . N o . o f p lants w i t h leaf feeding symp toms

1. N o . o f p lants

2 . N o . o f s temborer deadhearts

3 . N o . o f p lants w i t h leaf feeding symp toms

1. N o . o f unp roduc t i ve heads

(evaluate m a i n heads and t i l le rs 1 separately)

L u m p poor head exe r t i on a n d

chaf fy heads together1

2. T o t a l no . o f p roduc t i ve heads

(evaluate m a i n heads and t i l le rs 1 separately)

3 . N o . o f stems b roken

4. Peduncle breakage

5. G r a i n y ie ld p l o t - 1 ( t aken f r o m m a i n heads and t i l lers)

1 . O n l y t i l l e rs t h a t m a t u r e up t o 7 days a f t e r m a i n heads s h o u l d be t a k e n i n t o c o n s i d e r a t i o n .



surement in repl icated t r ia ls . Even When we have

on ly one r o w per rep l icat ion i t shou ld at least be

possible to get an ind ica t ion of y ie ld across repl ica-

t i o n and locat ions, in re la t ion to ex ist ing stem borer

damage parameters. I f par t ia l ly f i l led heads are

present in t r ia ls we should assess y ie ld by to ta l g ra in

mass as wel l as by vo lume rat ios.

Proposed Screening System

Table 3 compares the exist ing resistance screening

system developed at I C R I S A T Center w i t h a p r o -

posed, mod i f ied screening system. Contents gener-

al ly reflect the discussion and recommendat ions

made above.

C o n c l u s i o n

The proposed mod i f i ed screening system has, I 

believe, the potent ia l to ident i fy tolerance as a par t

of resistance. At the same t ime , this system can

indicate the l ike ly presence of ant ibiosis.
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Mechanisms of Stem Borer Resistance in Sorghum

Abstract

A number of sorghum genotypes resistant to the spotted stem borer (Chi lo partel lus Swinhoe) 

have been identified using natural and artificial infestations at ICRISAT. Resistance is attributed 

to ovipositional nonpreference and antibiosis mechanisms. The major plant characters identified 

include early panicle initiation and rapid internode elongation. In resistant genotypes, these 

factors were reflected in the success of first instar larval establishment in the leaf whorl, interval 

between hatching and larvae boring in the stem, larval mass, and survival rate. Success of the first 

instar larvae to establish in the whorl is also influenced by physical and chemical plant character-

istics. A chemical factor in the surface wax of some sorghum genotypes is associated with larval 

disorientation.

I n t r o d u c t i o n

Development of sorghum cul t ivars resistant to the

spotted stem borer , Chilo partellus Swinhoe is one

of the ma jo r research activi t ies at I C R I S A T . A 

number of so rghum genotypes resistant to C. par te l -

lus have been ident i f ied (Taneja and Leuschner

1985). Knowledge of these mechanisms of resistance

is essential to fu l l y understand and ut i l ize resistant

genotypes in the management of this pest.

A l l three types of resistance mechanisms ( n o n -

preference, ant ibiosis, and tolerance) def ined by

Painter (1951) have been observed in so rghum geno-

types resistant to C. partellus ( Jo twan i et a l . 1971,

1978, J o t w a n i 1978, Lal and Pant 1980, and D a -

b rowsk i and K id i ava i 1983). Exper iments have been

1.
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conducted a t I C R I S A T Center under ar t i f i c ia l infes-

t a t i o n and a t H isar under na tu ra l in fes ta t ion to d i f -

ferent iate resistance mechanisms and associated fac-

tors in a set of 20 genotypes, wh i ch have shown

var ious levels of resistance/suscept ibi l i ty to C. par-

tellus. Exper imen ta l methods have been prev ious ly

repor ted (Taneja and Leuschner 1985).

O v i p o s i t i o n a l N o n p r e f e r e n c e

This t r i a l was conducted at H isar d u r i n g the ra iny

seasons of 1986 and 1987 under na tu ra l infestat ions.

Egg l ay ing observat ions were made at 3,4, and 5 

weeks after c rop emergence.

T o t a l numbers of egg masses were s igni f icant ly

h igher on the susceptible genotypes ( I C S V 1 and

C S H 1) t h a n most of the resistant ones (Table 1).

T h e lowest numbe r of eggs (2 -3 egg masses per 50

plants) were recorded on genotypes IS nos. 2309,

5538, 18551, 18573, 18580 in 1986, and on IS nos.

7224 and 8811 (14-26 egg masses per 50 plants) in

Table 1. Oviposition of spotted stem borer Chilo partellus 

on 20 sorghum genotypes under natural infestation, Hisar,

rainy seasons 1986 and 1987.

1986

Geno type

IS 1044

IS 2123

IS 2205

IS 2269

IS 2309

IS 4776

IS 5469

IS 5538

IS 5585

IS 12308

IS 13100

IS 13674

IS 18333

IS 18551

IS 18573

IS 18577

IS 18579

IS 18580

I C S V 1 

C S H 1 

SE

C V (%)

Egg mass on

50 p lan ts

7

10

9

6

3

9

10

2

4

17

10

5

13

3

3

7

6

2

25

41

±4.4

33

1987

Geno type

IS 2205

IS 2376

IS 4546

IS 5075

IS 5469

IS 5470

IS 5480

IS 5566

I S 5571

IS 7224

IS 8811

IS 17742

IS 17745

IS 17948

IS 18578

IS 18584

IS 18585

IS 18677

I C S V 1 

C S H I 

Egg mass on

50 p lants

32

53

46

46

79

42

44

33

44

26

14

38

62

55

55

35

52

33

104

110

±14.4

25
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1987. Ov ipos i t i ona l nonpreference, as a mechanism

of C. partellus resistance in so rghum has also been

repor ted on some resistant genotypes by Lal and

Pant (1980), and D a b r o w s k i and K id i ava i (1983).

Establishment of Young Larvae in the Whorl

The success of newly hatched larvae of C. partellus 

in a t ta in ing the feeding site (p lan t w h o r l ) varies w i t h

cul t ivar , and some resistant genotypes show a marked

reduct ion in the p r o p o r t i o n o f larvae that establish

on the p lant . Var ious factors appear to be responsi­

ble f o r this tendency, inc lud ing env i ronmenta l effects

(Bernays et a l . 1983), and the physical and chemical

characterist ics o f the p lant (Woodhead and Taneja

1987).

Deta i led observat ions in the f ie ld a t I C R I S A T

Center showed that the c l imb to the w h o r l after

hatch ig was hazardous and , par t i cu la r ly on resistant

genotypes, many larvae never reached their feeding

site. Ha t ch ing no rma l l y occurs shor t l y after d a w n

when cond i t ions are most favorable fo r success;

there is usual ly l i t t le w i n d , and the temperature is

low. In order to survive, larvae must reach the w h o r l

expedient ly , avo id ing desiccation as the temperature

r ises, or being b l o w n o f f the p lant as w ind speed

increases d u r i n g the day. A l s o , the longer the t ime

larvae spend c raw l ing up the p lant , the more suscept-

ib le they are to possible predators. Several physical

characterist ics of the resistant genotypes have been

shown to affect the success of the larvae to reach the

w h o r l , i nc lud ing a d isor ient ing effect that has been

at t r ibu ted to the chemical compos i t i on of the sur-

face wax of some cul t ivars (Woodhead 1987).

P h y s i c a l Charac te r is t i cs

O r i e n t a t i o n o f L e a f t o S t e m

U p w a r d movement of Chilo larvae has been shown

to result f r o m posi t ive pho to tax is (Bernays et a l .

1983,1985). As the larvae c l imb the c u l m they avo id

the shadow cast by the leaves, thus f o l l ow a spi ra l -

l i ng pa th a round the c u l m . Susceptible genoypes

have f l oppy leaves m a k i n g an angle greater than 45°

between the leaf and the c u l m , whereas resistant

so rghum cu l t ivars have very erect leaves wh ich cast

l i t t le shadow. On these genotypes, larvae cont inue

upwards on to the leaves, rather t h a n avo id ing t hem.

Once on the leaves they eventual ly c raw l to the edge,

and , on resistant genotypes the or ien ta t ion of the



edge t r ichomes is such that the larvae tend to move

towards the leaf t i p and f r o m there disperse. Even on

susceptible genotypes, some larvae w i l l wander on to

the leaves, fewer disperse after becoming reor iented

at the leaf edge. Thus erectness of leaves and or ienta-

t i on of the leaf t r ichomes are physical factors that

affect resistance to establ ishment. Cul t ivars w i t h

na r row , erect leaves have long been recognised by

sorghum breeders as also resistant to snoot i l y (Athe -

rigona soccata) ( B l u m 1972). Th is characterist ic is

usual ly associated w i t h glossiness, and is on ly ex-

pressed clear ly in young plants about 15-20 days

after emergence ( D A E ) . In tr ials a t I C R I S A T Cen-

ter and Hisar in 1982-84, when 20 genotypes were

screened fo r resistance under ar t i f i c ia l and natura l

infestat ions, and assessed fo r physical and chemical

resistance characterist ics, the on ly physical charac-

ter c o m m o n to al l resistant genotypes was this t ra i t

of erect, na r row leaves (Woodhead and Taneja

1987).

Detachment of Leaf Sheath from Culm

Adu l t s of C. partellus f requent ly lay their eggs on the

underside of basal leaves of young so rghum plants

f r o m where the newly hatched larvae make thei r way

to the cu lm . These lower leaves can become detached

f r o m the c u l m , a characterist ic more not iceable in

some genotypes than in others. Where detachment

occurs, larvae have been observed to go behind the

sheath, settle, and at tempt to feed there. A l t h o u g h

this is the favored feeding site fo r young larvae of

Sesamia sp, most of wh ich tunne l i n to the stem

shor t ly after ha tch ing, there is no evidence that

young Chilo larvae can feed successfully on the

tough c u l m , and insects that a t tempt to feed here

rarely survive (Woodhead and Padgham,) . Thus the

tendency fo r detachment of the sheath f r o m the c u l m

can be an effective resistance mechanism to Chilo 

establ ishment.

Leaf Bases and Ligular Hairs

Detai led observations also showed that on approach-

ing the base of a leaf, par t i cu la r ly on an erect-leafed

genotype, there was a tendency fo r larvae to invest i-

gate the basal area of the leaves. On some genotypes

the edges of the leaf base are t igh t ly cur led such that

a smal l ' pocke t ' is f o rmed that larvae can enter.

Some larvae were observed to rema in in these

pockets fo r several hours. I t has been postulated that

host odor , h u m i d i t y , and leaf co lo r associated w i t h

this pocket are s imi la r to those o f the p lan t w h o r l ,

exp la in ing the tendency of larvae to rema in there.

Larvae are also at t racted to the leaf a x i l and f re -

quent ly remain there fo r some t ime. Some genotypes

have p ronounced l igu la r hairs and i t appears tha t

larvae may become t rapped in these hairs.

These types of mechanisms of resistance appear to

be effective because they delay the larvae in an

atmosphere o f host odo r and da rk , s imu la t ing con -

d i t ions in the w h o r l . Bernays et a l . (1985) repor ted

that the posit ive photo tac t ic response, essential to

ma in ta in the d i rec t iona l c l imb to the feeding si te, is

labi le and rap id ly lost on ent ry to the w h o r l I t is a 

s imi lar effect to that repor ted f o r the s i l k w o r m

Bombyx mori on mu lbe r ry , in w h i c h loss of p h o t o -

tactic response serves to keep the larvae on the i r host

(Sh im izu and Ka to 1978). So rghum genotypes on

wh i ch this type of behavior is observed have lower

rates of c l imb ing success and lower f i na l establ ish-

ment rates, a l though c l imb ing success has less

impact in terms of c rop loss to stem borer t han leaf

or ien ta t ion .

Internode Length

Plant height affects larval success rates in tha t the

fur ther they c l imb , the more l i k l i hood o f desiccat ion

or attack by predators, and the greater the exposure

to unfavorable env i ronmenta l cond i t ions. Th is char­

acteristic on ly operates as a resistance mechan ism in

plants where the in ternodal distances are large, and

is par t icu lar ly noticeable in nat ive sorghums that are

of ten ta l l and th in-stemmed in contrast to the shor t ,

h igh-y ie ld ing hybr ids.

Surface Wax Effects

Sorghum plants develop a whi te b l o o m of ep icu t i cu -

lar wax (Freeman 1970), wh ich is var iable in extent ,

and genotype dependent (Ayyangar and Ponna iya

1941). I t is clearly visible to the naked eye in some

genotypes (e.g., C S H 1 and IS 1151) and in ma tu re

plants it fo rms a th ick layer on the cu lm . It has been

shown that when this wax layer is consp icuous, i t

affects c l imb ing by Chilo larvae (Bernays et a l .

1983). Larvae accumulate wax a round thei r prolegs

as they move over the plant surface wh ich impedes

thei r progress. Larvae have been f ound to c l i m b

almost twice as fast on stems of IS 1151 f r o m wh i ch

the wax had been removed, compared w i t h stems
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p r i o r to remova l o f w a x . Thus surface w a x can have

a gross effect on la rva l success rates, a l t hough under

wet cond i t ions the superf ic ia l wax is o f ten washed

o f f p lants in the f ie ld . In general , larvae c l i m b more

s lowly and have a lower success rate on wet p lants,

an added fac tor wh i ch compl icates in te rpre ta t ion o f

the impor tance of a th ick wax layer in resistance.

In add i t i on to the gross effects of th i ck surface

waxes on la rva l movement , i t has been shown that

on some resistant genotypes there is a d isor ient ing

effect wh i ch has been a t t r i bu ted to the chemical

compos i t i on o f the ep icut icu lar w a x (Woodhead

1987). I t was f i rs t observed on y o u n g plants of IS

2205 d u r i n g f ie ld studies a t I C R I S A T Center. A f t e r

egg ha tch , la rva l progress towards the w h o r l was

mon i t o red . A l t h o u g h the p r i m a r y s t imulus was posi-

t ive photo tax is on a l l genotypes s tud ied, on IS 2205

a behavior pat tern was observed w h i c h was charac-

ter ized by hes i ta t ion, c i rc l ing , and s topp ing c o m -

pletely f o r per iods o f up to several minutes. A l l these

activit ies were accompanied by rais ing and side-to-

side m o t i o n of the head and upper abdomen in a 

searching movement . Appa ren t l y , insects were not

b i t i ng as they crawled over the p lant surface, but

were receiving cues f r o m i t wh i ch re inforced thei r

upward movement on susceptible genotypes, and

disor iented them on resistant ones. E x a m i n a t i o n o f

the surface of resistant and susceptible genotypes by

scanning electron microscopy revealed differences in

ep icut icu lar wax mo rpho logy , wh i ch were k n o w n to

indicate differences in chemical compos i t i on (Baker

1982). Deta i led analysis of surface wax extracts

showed a s im i la r compos i t i on f o r a l l genotypes w i t h

the except ion of a consistent concent ra t ion d i f fer-

ence in a c o m p o u n d that co-eluted w i t h the 32 car-

bon n-alkane. Th is compound was present in very

low amounts in the wax of IS 2205, whereas in IS

1151 and C S H 1 waxes, the concen t ra t ion was more

than double . I t appears that larvae of Chilo ident i fy

thei r host p lan t by chemical cues received as they

crawl over the p lant surface. I f any of the cues is

missing, or no t suf f ic ient ly s t rong, the insect is d isor-

iented, the upward c l imb is in te r rup ted , and fewer

larvae are successful in reaching the w h o r l and estab-

l ishing on the p lant .

P l a n t G r o w t h C h a r a c t e r i s t i c s

number o f internodes, shoot length , and panicle

length . The most s igni f icant parameters in resistant

genotypes were f o u n d to be the t ime taken f o r pan i -

cle i n i t i a t i on , and shoot length (Table 2). A l t h o u g h i t

t o o k more t ime f o r panic le i n i t i a t i on d u r i n g the

ra iny season, s imi lar t rends were observed in most of

the genotypes. Genotypes w i t h ear ly panicle i n i t i a -

t i o n escape deadheart f o r m a t i o n due to inab i l i t y o f

larvae to reach the g r o w i n g p o i n t w h i c h w o u l d

al ready have pushed up above la rva l ent ry po in t .

Thus a l though larvae may feed in the stem and cause

tunne l i ng , th is ac t iv i ty a lone may no t cause dead-

hearts, the cr i t ica l damage wh ich is associated w i t h

gra in y ie ld loss. Genotype IS 12308 had very early

Plant g r o w t h was mon i to red t h rough destruct ive

samplings at 2-day intervals up to panicle i n i t i a t i on

stage, and at weekly intervals thereafter, record ing

plant height , number of leaves, panicle i n i t i a t i on .

F i g u r e 1 . S h o o t l e n g t h a n d p a n i c l e i n i t i a t i o n o f

f o u r s o r g h u m g e n o t y p e s i n r e l a t i o n t o age o f t h e

c r o p , I C R I S A T C e n t e r , r a i n y a n d p o s t r a i n y

seasons 1 9 8 4 / 8 5 .

140

10 2 0 3 0 4 0 5 0 6 0

D a y s a f t e r c r o p e m e r g e n c e

160

120

8 0

4 0

0

P o s t r a i n y season

10 2 0 3 0 4 0 5 0 6 0

2 0 0

150

100

5 0

0

I S 2 2 0 5

I S 5 4 6 9

I S 12308

I C S V 1 

R a i n y season

T P a n i c l e

i n i t i a t i o n



panicle in i t i a t i on (12 days in postrainy and 17 days

in ra iny seasons). A l t h o u g h , the f ina l shoot length in

this genotype has been s imi lar to the susceptible

genotype I C S V 1 (F ig . 1), i t is st i l l resistant to dead-

heart f o r m a t i o n because of the shorter t ime taken to

panicle in i t i a t ion .

Shoot length, i.e., faster internode e longat ion, has

been observed as a signif icant g r o w t h characterist ic

in stem borer resistance. This characteristic also

pushes the g row ing point upward , hamper ing the

ab i l i t y of larvae to reach i t , and thus prevent ing

deadheart f o r m a t i o n . In the present study, a number

of resistant genotypes w i t h s imi lar panicle in i t ia t ion

t ime escaped deadheart f o rma t i on due to faster

in ternode e longat ion. For example, two resistant

genotypes, IS 2205 and IS 5469, hav ing panicle i n i t i -

a t i on s imi lar to susceptible I C S V 1, had greater

shoot length du r ing its g rowth per iod in bo th sea-

sons (F ig . 1).

Insect B i o l o g i c a l P a r a m e t e r s

In a study on the effect of so rghum genotypes on

insect b io logy, using blackhead stage eggs to infest

plants 15-20 D A E , i t was f o u n d that among the

parameters measured, the most s igni f icant ones were

f i rs t - instar larval establ ishment, t ime interval be-

tween larva l hatch ing and b o r i n g in to the stem, la r -

va l mass, and survival rate. A lesser p r o p o r t i o n of

larvae became established in the w h o r l in some of the

resistant genotypes (Table 2), fo r example , in geno-

types IS 12308 (25%), IS 13100 (39%), IS 2269

(40%), compared w i th I C S V 1 (51%) and IS 18573

(77%). Chapman et al . (1983) and Bernays et a l .

(1983) observed marked differences in the estab-

l ishment of f i rst- instar larvae among resistant and

susceptible cul t ivars.

In some resistant genotypes, i t t o o k more t ime f o r

the larvae to arr ive at the base of the stem f o r bo r ing .

Table 2. Factors associated with stem borer resistance in sorghum, I C R I S A T Center.

Genotype

IS 1044

IS 2123

IS 2205

IS 2269

IS 2309

IS 4776

IS 5469

IS 5538

IS 5585

IS 12308

IS 13100

IS 13674

IS 18333

IS 18551

IS 18573

IS 18577

IS 18579

IS 18580

I C S V 1 

C S H 1 

M e a n

SE

C V ( % )

Borer

dead-

hearts

44

27

51

-

40

41

22

-

51

43

45

55

65

48

49

58

49

55

76

63

Days fo r

panicle

in i t ia -

t i o n

53

33

39

33

30

40

33

56

33

17

25

28

53

38

56

51

40

40

33

28

Shoo t

length

(cm)

28 D A E 1

15

21

13

11

14

9

26

6

19

50

46

24

10

12

6

8

8

11

10

9

Larvae

recovered

i n w h o r l

(%) D A P

54

54

57

40

53

44

57

56

41

25

39

64

58

62

77

41

42

57

51

42

51

±6.5

18

Larvae

recovered

in stem

10 D A I

9

7

16

17

35

10

11

12

9

31

7

24

21

10

10

21

13

12

17

13

15

±4.3

45

L a r v a l

mass

( m g larva - 1 )

21 D A I

92

93

103

127

85

109

98

99

89

88

101

85

109

140

84

92

99

115

94

99

±6.5

9

T o t a l

insects

recovered (%) 

28 D A I

28

15

9

22

8

20

25

22

15

21

18

26

10

23

20

21

15

19

20

24

19

±4.5

33

1 . D A E = days a f t e r c r o p emergence.

2 . D A I = days a f te r i n f e s t a t i o n .
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This may be due to nu t r i t i ona l content o f par t icu lar

genotypes wh ich may p r o l o n g the la rva l per iod . In

genotypes IS 1044, IS 2123, IS 5585, and IS 13100,

less than 10% of the larvae were observed at the base

of the p lant 10 days after the in fes ta t ion , compared

w i t h 21 % on IS 18333 and 3 5 % on IS 2309 (Tab le 2).

P ro longa t ion o f larva l per iod on resistant genotypes

was also reported by Jo twan i et a l . (1978).

Larva l mass was s igni f icant ly lower ( < 9 0 mg

larva - 1 ) in six genotypes ( IS 2309, IS 5585, IS 12308,

IS 13100, IS 18333, and IS 18577) compared w i t h IS

18573 (140 mg larva - 1 ) , and l C S V 1 (115 mg larva - 1 ) .

Surv iva l rate, measured by the to ta l insect recov-

ery, was s igni f icant ly lower in IS 2205, IS 2309, and

IS 18333 (8-10%) compared w i t h 28% in IS 1044 and

2 4 % in C S H 1. L o w surv iva l rate of C. partellus on

resistant genotypes of so rghum have also been

observed by Lal and Sukhan i (1979).

Parameters studied indicate ant ib ios is mecha-

nisms involved in borer resistance, wh ich have also

been observed by many workers ( Jo twan i et a l . 1971,

1978, Lal and Sukhan i 1979, and D a b r o w s k i and

K i d w a i 1983). The present study also indicates that

d i f ferent combina t ions of factors are involved in

con f i rm ing stem borer resistance in var ious geno-

types. Th is i n f o rma t i on is v i ta l f o r borer resistance

breeding programs.

T o l e r a n c e

Jo twan i (1978) reported s igni f icant ly lower yield

loss to stem borers in breeding selections such as 124,

175, 177, 446, 447, 731 , 780, 827, and 829, than in

C S H 1, and a t t r ibu ted this to tolerance mechanism.

In spite of severe leaf i n j u ry and stem tunne l ing in

these selections, the f ina l p lant stand was very good

and most of the plants had no rma l panicles. S imi la r

results were obta ined in genotype IS 2205 by Da-

browsk i and K id iava i (1983).

C o n c l u s i o n

Ovipos i t iona l nonpreference, ant ib iosis, and to ler-

ance type of mechanisms exist fo r stem borer resis-

tance in so rghum. The ma jo r p lant characterist ics

associated w i t h resistance are early panicle in i t ia -

t i o n , and faster internode e longat ion. Reduced lar-

val establ ishment in the leaf w h o r l , longer t ime

interval between larval hatching and bor ing in to the

stem, lower larva l mass and surv iva l rate have been

observed in resistant genotypes. Several physical

( leaf o r ien ta t i on , leaf sheath detachment , leaf bases

and l igu lar hai rs , and in ternode length) , and chemi-

cal characterist ics of the resistant genotypes have

been shown to affect the success of the larvae to

reach the w h o r l , inc lud ing a d isor ient ing effect. D i f -

ferent combina t ions of factors are invo lved in con-

fe r r ing resistance in a par t icu lar so rghum genotype.

Th is i n f oma t i on is v i ta l f o r borer resistance breeding

programs, where resistant sources w i t h diverse mech­

anisms may effectively be used either in a pedigree or

popu la t i on breeding approach.
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Abstract

The stem borer (Coniesta ignefusalis,) is a key pest of pearl millet in the Sahelian region of West 

Africa. Several cultivars and breeding lines appear to sustain lower populations of this insect 

compared to local landraces. These differences have not been quantified in trials designed to 

measure levels of insect resistance. The major constraint in these trials is the nonuniform 

distribution of natural infestations. In experiments at the ICRISAT Sahelian Center, emphasis is 

being placed on 1. developing methods to augment natural populations, 2. establishing p o p u l a -

tion levels that give repeatable and statistically significant results, 3. determining optimum plot 

size, 4. determining the sample size needed to measure differences at various population densities, 

and 5. determining economic thresholds for levels of resistance needed to avert economic losses. 

Considerations in the Development of a 

Host-plant Resistance Program Against

the Pearl Millet Stem Borer

1. Principal Cereals Entomologist, ICRISAT Sahelian Center, B.P. 12404, Niamey, Niger.

ICRISAT Conference Paper no. CP 493.

ICR1SAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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A review of the l i terature shows that sources of

insect resistance has been found fo r the major p lant

pests wh ich attack impor tan t agr icul tural food crops.

Fo r more than 100 insect species, sources of p lant

resistance have been ident i f ied (Har r i s and Frede-

riksen 1984). Even so, few insect-resistant cul t ivars

are actual ly being g rown. The reason for this appar-

ent d ispar i ty is pert inent to this presentat ion. The

H P R program at I C R I S A T Sahelian Center in

Niamey, Niger, is current ly being organized to w o r k

w i th pearl mi l le t , Pennisetum americanum, and w i l l

become operat ional in 1989. By this t ime certain

M.J. Lukefahr
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basic studies w i l l have been comple ted w h i c h are

fundamenta l to a successful H PR p rog ram. Some of

the concepts and pr inciples being considered f o r this

p rog ram are presented.

T h e S e a r c h f o r S o u r c e s o f Res is tance

The search fo r plants resistant to insects is the f i rst

step towards develop ing a pest-resistant cu l t ivar .

Mos t groups of po tent ia l l y useful breeding stock are

so large, that screening every genetic var ian t or

avai lab le accession is imprac t i ca l . In the case of

mi l le t , more than 15000 germplasm accessions are

avai lab le fo r screening. I f 1000 were screened each

year, i t w o u l d require more than 15 years to com-

plete the process. N o w entries are being added every

year, therefore compromises must be made when

selecting lines to be screened f o r resistance. These

decisions are especially i m p o r t a n t to deve lop ing a 

pest-resistant cu l t i var , since the end-p roduc t is p r i n -

c ipa l ly dependent upon the in i t i a l choice of potent ia l

resistant sources.

The search fo r resistance should be conducted to

obta in the best sources of resistances w i t h a m i n -

i m u m expendi ture o f money, t ime, e f for t , and man-

power. Painter (1951) in his b o o k " H o s t Plant

Resistance," suggests that host resistance shou ld be

sought f i rst w i t h i n the c rop species and secondly

f r o m the closely related species that w i l l p roduce

fert i le progeny when crossed. He also advocates

us ing those lines wh i ch are adapted to an area where

the resistance is to be used. However , this approach

does not op t im ize the chance of f i nd ing the best

source of resistance unless these sources are ran-

d o m l y d is t r ibu ted.

The cont inued presence of an insect in a system

indicates tha t i t has been able to overcome defense

strategies that the p lant developed. I f this is the case

it is not l ike ly tha t the insect popu la t i on has adver-

sely affected the p lant f o r a s igni f icant per iod of

t ime . Defence mechanisms that the p lant has been

able to develop p robab ly co-evolved w i t h the pest. I f

th is d i d not happen, the insect w o u l d p robab ly have

never reached the status of a pest.

M o s t sources of host resistance to insects pres-

ent ly being ut i l ized in agr icu l tu re consist o f p lant

mater ia l that have evolved in the absence of insects

to w h i c h they are resistant ( H a r r i s 1980). Resistance

in these instances is f o r t u i t ous and has a p le i t rop ic

basis since evo lu t ionary selection has not been

invo lved . Usefu l resistance is so impo r t an t that i t

must be obta ined f r o m any avai lable source, espe-

c ia l ly those sources o f fe r ing the greatest p robab i l i t y

of success. A general ly held assumpt ion , no t always

appl icable, is that the most l ike ly source of resistance

is f r o m areas where an insect is endemic.

Regardless of the o r ig in of resistance, i t is of

l im i ted use if i t is no t : (1) her i table; (2) re lat ively

permanent ; and (3) compat ib le w i t h desired agro-

nomic qual i t ies. I f these three cond i t ions do not

exist , the resistance source may never be ut i l ized

even t hough the p lant may actual ly be immune to

insect at tack (Har r i s and Frederiksen 1984).

I d e n t i f i c a t i o n o f Res is tance

M a n y di f ferent systems have been used to ident i fy

p lant resistance to insects. Some are based on obser-

vat ions of p lant popu la t ions subjected to a pest epi-

demic. Va luab le i n f o r m a t i o n can be obta ined f r o m

such observat ions, bu t carefu l ly designed exper i -

ments are needed to measure insect populat ions on

the host before dec id ing whether the p lant is resis-

tant . By de f in i t i on , a p lant that supports fewer pests

than another p lan t , but suffers unacceptable losses,

cannot be considered as resistant. The mechanisms,

however, that result in reduced insect popu la t ions

may prov ide valuable selection cr i ter ia in the devel-

opment of an insect-resistant p lant . These are the

products of research.

G e n e r a l K n o w l e d g e o f t h e B i o l o g y

o f t h e T a r g e t Pests

I t is impo r tan t to know the number of generations a 

pest has each c ropp ing season, as we l l as the relat ive

rate of increase per generat ion that the pest under-

goes. Tables 1,2,3, and 4 i l lustrate the impor tance of

th is i n f o r m a t i o n in designing a suppression p rog ram

based on chemical con t ro l or host-p lant resistance.

No te f r o m Table 1 that strategies needed to con-

t r o l an insect w i t h a 10-fold rate of increase w i l l be

di f ferent f r o m those needed to con t ro l a pest hav ing

on ly a 2- fo ld rate of increase. W i t h o u t this i n fo rma-

t i o n , i t w o u l d be d i f f i cu l t to k n o w levels of p lant

resistance necessary to avert economic losses.

The number of generat ions tha t a pest undergoes

d u r i n g the c ropp ing season is equal ly impor tan t .

Tab le 2 i l lustrates this po in t showing 10- and 5- fo ld

rates of increases fo r f ive consecutive generations

d u r i n g a g r o w i n g season. I t is obv ious tha t strategies

used to suppress an insect w i t h t w o generat ions per
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year and a 5- fo ld rate of increase wou ld be di f ferent

f r o m one having f ive generations a season w i t h a 

10-fold rate of increase.

There have been numerous studies on the f ie ld

b io logy of the mi l le t stem borer Coniesta (Ac igona )

ignefusalis wh ich can con t r ibu te to the development

of an insect-resistant p lant . For example, f ie ld stud-

ies indicate that , in most of the range occupied by the

mi l le t stem borer, there are two generations per year,

Table 1. Levels of suppression needed to stabilize a popu-

lation with different rates of increase (Knipl ing 1979).

Net increase

poten t ia l

per generat ion

20

10

5

3

2

Percentage o f c o n t r o l

levels above n o r m a l hazards

requi red fo r each generat ion

to stabi l ize a p o p u l a t i o n

95

90

80

67

50

and that the rate of increase per generat ion p robab ly

does not exceed 10-fold.

Table 3 shows natura l mor ta l i t y in a stem borer

popu la t ion taken f r o m mi l le t stalks left standing in

the f ie ld. Surv iva l of this insect is greater in stalks left

s tanding in the f ie ld than in stems exposed to h igh

soi l surface temperatures (Har r i s 1962). Since it is

c o m m o n practice by growers to up roo t mi l le t plants

du r i ng the d ry season, the degree of mor ta l i t y w i l l be

much greater than that shown in Table 3.

A conservative estimate wou ld be that less than

500 larvae per hectare survive the postra iny season.

Other factors such as i r regular emergence patterns,

and the inab i l i t y to f i nd a mate w i t h i n the short l i fe

span of the adults, tend to suppor t this estimate.

Using this f igure (500) as a realistic estimate, we can

project the populat ions that we must deal w i th in the

development of mi l let that is resistant to stem borer

(Table 4). Levels of resistance that w i l l be needed to

ma in ta in a stabil ized popu la t ion du r ing the g row ing

season can also be projected (Table 5). The u n k n o w n

quant i t y in this exercise is the levels of infestat ion

that can be tolerated before economic losses occur.

However , i t wou ld not be unrealist ic to expect this

Table 4. Estimated population levels of the millet stem

borer under naturally occurring conditions.

N o . adul ts ha - 1 su rv iv ing

to infest new c rop

First generat ion

Second generat ion

500

5 0 0 0

50 000

Table 3. Summary of dry stem examination for diapause larvae of Coniesta (Acigona) , l C R I S A T Sahelian Center,

Sadore, Niger, 1986/87 dry season.

M o n t h

N o v

Dec

Jan

Feb

M a r

A p r

M a y

J u n

Ju l

N o . o f

stems

examined

1725

2075

1350

1700

1775

1645

1100

825

921

N o . o f

l ive

larvae

2711

2400

1078

1578

1186

655

328

168

48

N o . o f

larvae

stem - 1

1.57

1.16

0.79

0.93

0.66

0.4

0.3

0.2

0.05

Est imated

p o p u l a t i o n

ha-1

51 810

38 280

26 070

30 690

21 780

13 200

9 900

6 6 0 0

1 716

Reduc t ion

(%)

-

26.1

49.7

40.8

58.0

74.2

80.9

87.3

96.7

N o . o f

pupae

0

0

0

0

0

0

0

0

821

1 . F i rs t pupae f o u n d d u r i n g the week s t a r t i n g J u l y 7 . 1987.
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Table 2. Rate of increase of two insect populations for

five consecutive generations.

5- fo ld

Genera t ion increase rate

1 100

2 500

3 2 500

4 12 500

5 62 500

10-fold

increase rate

100

1 000

10000

100 000

1000 000



level to be less than 10 000 larvae per hectare, in

wh ich case the level of resistance needed wou ld be

less than 8 0 % and should be an at ta inable goal .

M e t h o d o l o g y f o r a H P R P r o g r a m

A host -p lant resistance p r o g r a m begins w i t h collec-

t ions that have characters or t rai ts that are u n k n o w n .

Th is is compl icated by the var iab i l i t y that can be

expected w i t h i n an ent ry , since many plant in t roduc-

t ions are hetergenous. Har r is and Frederiksen (1984)

l isted three cr i ter ia that are per t inent to any screen-

ing p rog ram designed to detect p lant resistance:

1. F ie ld studies should ensure that the stressing

agent is un i f o rm l y d is t r ibuted.

2. Resistance should be expressed by a component

of the popu la t i on being screened.

3. The epidemic should not overwhe lm the factors

that cont r ibu te to resistance.

W i t h lepidopterous insects, popu la t ions tend to

be c l u m p e d , so infestat ions are not u n i f o r m w i t h i n

the test area. Fa i lure to have this capabi l i ty could

result in a fai led p rog ram. Th is can be i l lustrated by

an example f r o m a p r o g r a m that was designed to

f i n d resistance to the co t ton l ea fworm, Alabama 

argillicea H u b . In a nonrepl icated screening t r i a l ,

2200 entries were p lanted, w i t h 10% of the entries as

susceptible standards. Of these standards, 27% were

rated as being resistant and the remainder were rated

susceptible. In th is test the s tandard was t ru l y sus-

cept ib le bu t the insect p o p u l a t i o n was so poo r l y

d is t r i bu ted w i t h i n the test area that no mean ing fu l

results cou ld be ob ta ined. Re la t ing this example to

the mi l le t stem borer , a c lumped d i s t r i bu t i on w i t h i n

the test area cou ld be even more p rob lemat ic as the

insect is a much weaker f lyer than the co t ton leaf-

w o r m (moth ) .

Ear ly in our w o r k , we recognized th is p rob lem o f

uneven d i s t r i bu t i on and assigned h igh p r i o r i t y to a 

fac i l i t y to rear the mi l le t stem borer. W h e n c o m -

pleted, i t w i l l have the capab i l i t y to produce large

numbers of eggs or f i rs t - instar larvae that can be

used to ob ta in a u n i f o r m level of in festat ion in

screening t r ia ls. Other methods of augment ing the

na tu ra l popu la t ions are being invest igated, such as

d i s t r i bu t i ng stalks con ta in ing d iapausing larvae at

d i f ferent densities w i t h i n the test b locks. Th is me-

t h o d , however, does not have the precis ion that can

be obta ined using eggs or newly hatched larvae.

The level of in festat ion that is desirable f o r screen-

ing purposes has no t been determined, but this level

w i l l p robab ly be 50% of infested plants w i t h i n the

p lo t . The prob lems o f "over - in fes t ing" , and mask ing

low levels of resistance, must be considered. It is

un l i ke ly tha t s ingular mater ials w i l l be f ound wh ich

can impa r t a desired level of resistance. Several d i f -

ferent sources of resistance must be f o u n d , that can

be accumulated to achieve the desired level of

suppression.

M e t h o d o l o g y t o I n c o r p o r a t e

Res is tance i n t o E l i t e L i n e s

Numerous sources of p lant resistance have been

ident i f ied but on ly a few have been incorporated in to

agronomica l l y acceptable cu l t ivars. The pr inc ipa l

reason fo r this apparent d ispar i ty is p robab ly the

inab i l i t y to recover resistant factors in segregating

popu la t ions . Techniques appropr ia te fo r f ie ld and

labora to ry screening of resistant or susceptible lines

may no t be appropr ia te fo r recover ing resistant

plants in a segregating popu la t i on . On ly rarely w i l l a 

resistant source be f ound in an agronomica l ly accep-

table cu l t ivar . M o r e o f ten, resistance must be trans-

ferred f r o m an un improved parenta l source to one

that is agronomica l ly acceptable.

W h e n resistant and susceptible lines are crossed,

the inher i tance w i l l fa l l i n to one of three categories:

1. M a j o r genes wh ich show typ ica l Mende l ian rat ios

in F2 generations.

2 . M i n o r genes tha t cont inue to show va r ia t i on f o r

resistance level in segregating popula t ions.

3 . Comb ina t i ons o f ma jo r , m i n o r , and mod i f ie r

genes. Har r i s and Frederiksen (1984) indicate

that the inher i tance of resistance has been worked

ou t in on ly 33 of more than 100 species of

repor ted insect-resistant plants. F r o m this g roup ,

resistance was dominan t in on ly 17 species, sug-

gesting tha t most sources of insect resistance w i l l

be of a recessive nature, or con t ro l led by m i n o r or

mod i f i e r genes. To recover these resistant genes
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Table 5. Different levels of suppression and influence on

rate of increase of an insect with 10-fold rate of increase per

fenerat ion.

Generat ion

1

2

U n c o n t r o l l e d

p o p u l a t i o n

5000

50000

Suppress ion /genera t ion (%)

50 80 90

2500

125000

1000 500

2000 50



in segregating populat ions, precise methods are

needed, methods that are general ly not avai lable.

Th is fac tor alone may account fo r the lack of

resistant cul t ivars, even though good resistant

parental sources have been ident i f ied.

D i s c u s s i o n a n d C o n c l u s i o n

The probab i l i t y of developing a mi l le t cu l t ivar fo r

West A f r i ca that is t ru l y stem borer-resistant is

good fo r a number of reasons. F i rs t , the insect

has on ly t w o (under most condi t ions) generations

each g row ing season. The overwhe lming popu la -

t i o n pressures that result f r o m insects that have

fou r or f ive generations per g row ing season are

lack ing. Second, there is no evidence of long-

range m ig ra t i on , so researchers w i l l be deal ing

w i t h local popu la t ions . T h i r d , there is not a c o m -

plex of stem borers in most of the Sahel ian

reg ion, therefore if a resistant source could be

ut i l ized fo r popu la t i on suppression there w i l l not

be another borer to f i l l the " n i c h e " that was occu-

pied by C. ignesfusalis. F ina l ly , I C R I S A T ' s mi l let

germplasm bank contains more than 15 000

accessions of wh ich approx imate ly 50% or ig i -

nated outside the area that is occupied by the

mi l let stem borer.
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D i s c u s s i o n

Saxena: Dr Wiseman showed that the nonprefer-

ence of the a rmy w o r m fo r di f ferent resistant sorghum

variet ies cou ld be f o r feeding or f o r ov ipos i t i on . Bu t ,

we f i nd tha t a t h i r d aspect of nonpreference may be

f o r o r ien ta t ion to p lants, as dist inct f r o m or ien ta t ion

to nonp lan t characters or sett l ing response.

Wiseman: I showed a general overv iew of nonpref ­

erence. Yes, when nonpreference is b roken d o w n

in to the var ious factors, o r ien ta t ion w o u l d certa in ly

be inc luded.

Lukefahr: W h a t is the re la t ionship between the

greenhouse, w h o r l , and panic le resistance tests? I f

y o u select 100 lines in a greenhouse test, h o w many

exh ib i t w h o r l and panicle resistance in subsequent

tests?

Wiseman: P robab ly very few, i f any. I t is ext remely

useful to f i nd resistance to more than one stage of

p lant development.

Nwanze: Does the methodo logy y o u use in green­

house screening permi t y o u to ident i fy mater ia l w i t h

moderate levels of resistance, since y o u rate your test

mater ia l on ly after the susceptible con t ro l reaches a 

ra t ing of 9?

Wiseman: Yes, I s imply observe the mater ia l earl ier

or s l ight ly before the susceptible con t ro l approaches

a 9 ra t ing . Bu t ou r goal was to f i nd higher levels of

resistance than the resistant con t ro l .

Saxena: H o w d i d y o u do the w a x coat ing on the

surface? Wha t was the exper imental design to expla in

larva l movements?

Woodhead: Lea f models were prepared and the sur­

faces were waxed f o r measur ing the la rva l move­

ment . Speed and the d i rec t ion of the la rva l move­

ments were also ascertained.

Vidyabhushnam: W h a t select ion c r i te r ia should be

fo l l owed f o r breeding so rghum f o r resistance to

C h i l d ? In my o p i n i o n leaf feeding is the best me thod .

Ajayi: In N iger ia , we have a complex of borers

at tack ing so rghum. Sesamia does no t feed on leaves,

so leaf damage cannot be generalized as a c r i te r ion

fo r screening.

Taneja: The m a i n c r i te r ion is deadheart of seedlings,

wh i ch is h igh ly corre lated to y ie ld loss. I suggest that

the test mater ia l be p lanted at peak pest ac t iv i ty in

the ho t spot areas. Where possible, use u n i f o r m

ar t i f i c ia l in festat ion.

Leuschner: Lea f feeding scores shou ld be done

twice, as deadheart f o r m a t i o n depends on many

factors.

Guthrie: Deadhear t alone is not dependable, leaf

feeding shou ld be taken in to cons iderat ion wh i le

selecting a l ine.

Nwanze: I t h i n k i t is necessary tha t we also l ook at

leaf feeding resistance d u r i n g the w h o r l stage. A h igh

level of leaf feeding resistance, whether nonprefer­

ence or ant ibiosis w i l l certainly reduce larval popu la ­

t i o n and consequent deadheart f o r m a t i o n . We need

to ident i fy wha t type of resistance we are deal ing

w i t h . We should also remember that we are ta l k ing

about H P R as a componen t in the management of

stem borers. Do we then need very h igh levels of

resistance? Do we need to produce cul t ivars w i t h less

than 25% deadhearts?

Srivastava: Has anyone observed the behavior of a 

C. partellus larva where it s imp ly cuts an inc is ion on

the g r o w i n g po in t and goes away? The cu t t i ng of the

g r o w i n g points leads to the f o r m a t i o n of deadheart ,

bu t the rest of the p lan t does no t show any damage

symp tom.

Saxena: Yes, we have observed this phenomenon.

Seshu Reddy: A l l damage parameters must be taken

in to cons iderat ion f o r the eva luat ion of a l ine. W i t h

on ly one parameter i t is d i f f i cu l t to adequately eval­

uate stem borer resistance in a cu l t ivar .
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Breeding for Resistance





I n t r o d u c t i o n

M o r e than 20 species of rice stem borers, ma in ly

Pyral idae and Noctu idae, const i tute the major insect

pests on rice th roughou t the w o r l d . In Ind ia , the

yel low stem borer Scirpophaga incertulas Wa lker is

the most p redominant species and occurs in most of

the r ice-growing areas of the count ry . Ano the r spe­

cies, Sesamia inferens Wa lker , the p ink borer , has

assumed impor tance par t icu lar ly in h i l ly areas of

U t ta r Pradesh. Other species, wh ich cause concern

on ly in certa in years, include str iped borer Chilo 

suppressalis Wa lker , the dark headed borer C.

polychrysus Mey r i ck , and the whi te borer S. inno-

tata Walker .

Several estimates are available on yield losses due

to stem borer damage ( M a t h u r 1983). Exper iments

at the Cent ra l Rice Research Inst i tute ( C R R l ) , Cu t -

1.

2.

3.

Senior Entomologist and Head, Directorate of Rice Research (DRR) , Rajendranagar, Hyderabad, Andhra Pradesh 500 030, India.

Entomologist at the same location.

Senior Rice Breeder at the same location.

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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Screening and Breeding Rice for Stem Borer Resistance

Abstract

Progress on the development of rice varieties with resistance to stem borers in Asia has been slow. 

The reasons for this are the lack of suitable germplasm and screening techniques and a poor 

understanding of the genetics of resistance. In spite of this, efforts have been made at national and 

international levels to accumulate genes from moderately resistant genotypes. Such genotypes 

include ARC 6107, ARC 6044, RYT 2908 (vegetative stage), ARC 6215. ARC 6579. ARC 5757 

(heading stage), and ARC 5500, Manoharsali (vegetative and heading). In multilocational 

testing, promising breeding lines have also been identified from crosses such as Phalguna x TKM 

6 (RP 2199) and Swarnadhan x Velluthacheera (RP 2068). Resistance in Phalguna x TKM 6 

appears to be polygenic. Moderately resistant varieties like IET 2815, lET 2812, IET 31I6, and 

IET 3127 are useful in integrated pest management programs. 
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, J.S. Bentur
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tack , I n d i a revealed that a I % increase in deadhearts

decreased yie ld by 0.28% and every un i t increase in

whi te earheads resulted in a y ie ld loss of 0.624%.

Comb ined damage of deadhearts and whi te ear-

heads resulted in a 0.355% yie ld reduc t ion . Damage

simulat ion studies at the In te rna t iona l Rice Research

Inst i tu te ( I R R I ) , Phi l ippines indicated that 10%

deadhearts under greenhouse cond i t ions caused

yield losses of 10%, whi le 10% deadhearts under f ie ld

cond i t ions resulted in 5% y ie ld loss. On an average,

stem borer damage in t rop ica l As ia is est imated to

cause 5-10% losses, wh i le in I n d i a 3-95% losses are

repor ted. F ie ld exper iments in endemic areas, in

plots protected against stem borer damage, realized

addi t ional gra in yields o f 500-1000 kg ha - 1 . ( A I C R I P

1986).

T h o u g h rice varieties have been k n o w n to display

di f ferent ia l reactions against stem borers fo r more

than 70 years, progress on deve lopment of resistant

varieties is relat ively slow and not spectacular. Ear ly

at tempts made in this d i rec t ion have been reviewed

by Israel (1967) f o r I nd ia , Pathak (1967) fo r the

Phi l ipp ines, and by M u n a k a t a and O k a m o t o (1967)

fo r Japan. M o r e recent w o r k in As ia is covered by

Heinr ichs (1980) whi le Choudha ry et al . (1984)

exhaust ively reviewed the status of var ietal resis-

tance in Asia. In this paper we summar ize recent

research on the ident i f i ca t ion of resistant donors and

promis ing breeding lines at the A i l I nd ia Di rec tora te

of Rice Research ( D R R ) , Hyde rabad , and under its

A l l Ind ia Coord ina ted Rice Improvemen t P rog ram

( A I C R I P ) a t mul t i loca t ions .

S c r e e n i n g R i c e G e r m p l a s m a n d

B r e e d i n g L i n e s a t D R R

T a k i n g advantage of consistently h igh levels of yel-

low stem borer incidence d u r i n g b o t h wet ( ra iny

season) and d ry (Post ra iny season) seasons in exper-

imenta l farms at Rajendranagar and Ramachan-

d r a p u r a m , a to ta l of 289 germplasm entries were

evaluated. Based on in t i t i a l screening f r o m the 1980

rainy season, 36 selected entries were fu r ther tested

fo r six consecutive seasons (1981 post ra iny season

th rough 1983 ra iny season).

D u r i n g each of these seasons, selections were

made of at least 10 damage-free plants (no deadheart

a n d / o r whi te earhead) in each of the p romis ing

entries. Progenies of these plants were tested the

fo l l ow ing season at bo th test locat ions. Entr ies were

evaluated on a percentage basis of affected plants.

Per formance of a test ent ry was considered p romis -

Table 1. Performance of selected rice germplasm entries

against the stem borer.

E n t r y

M a n o h a r s a l i

A R C 5500

A R C 6107

A R C 6044

A R C 6215

A R C 6579

A R C 5757

N o . o f seasons reco rd ing p r o m i s i n g 1

reac t ion at

Vegetat ive stage

6

5

6

4

4

2

4

H e a d i n g stage

5

6

1

4

3

1 . W i t h less t h a n 6 0 % d a m a g e d p lan ts a t vege ta t i ve stage o r 1 5 % a t

h e a d i n g stage.

i ng i f p lant damage d id not exceed 6 0 % at vegetative

stage or 15% at heading stage. D u r i n g the 1984

post ra iny season, the seventh season of test ing, test

entries were f ina l l y rated fo r their per formance.

The highest damage among the test entries re-

corded at vegetat ive stage d u r i n g the course of eva-

lua t i on ranged f r o m 6 6 % ( A R C 6158 and A R C 6579

d u r i n g the 1981 ra iny season) to 9 3 % ( A R C 15831

d u r i n g the 1981 post ra iny season). At heading stage,

highest damage ranged f r o m 4 4 % ( A R C 6215 d u r i n g

the 1982 ra iny season) to 6 2 % ( A R C 6107 d u r i n g the

1981 ra iny season). Despite selection of damage-free

plants d u r i n g every generat ion, on ly 5 entries out of

36 tested showed relat ively consistent per formance

in at least one of the g r o w t h stages du r i ng 3 or more

testing seasons (Table 1).

P lant damage in the most p romis ing entries dur -

ing the 1984 post ra iny season (Table 2) h ighl ighted

Table 2. Percentage damage in selected germplasm acces­

sions by stem borer, postrainy season, 1984.

E n t r y

M a n o h a r s a l i

A R C 5500

A R C 6215

A R C 6579

A R C 5757

T K M 6 

I E T 2815

(Sasyasree)

Jaya

Damage (%) at

Vegetat ive stage

33.5

51.9

57.2

68.7

71.0

60.7

39.2

60.7

Head ing stage

3.7

12.3

33.9

5.0

8.2

19.6

17.8

30.3
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the per formance of new donors compared w i t h the

standard resistant con t ro l T K M 6 and the released

resistant var ie ty Sasyasree. T w o of the donors ,

Manoharsa l i and A R C 5500, displayed better reac-

t i o n at b o t h vegetative and heading stages, whi le

A R C 6579 and A R C 5757 showed a lower level o f

damage at heading stage. React ion of these donors

was better than the resistant con t ro l T K M 6 . A R C

6215, despite consistency in earl ier test ing, showed

on ly marg ina l resistance at vegetative stage, and

b o t h A R C 6107 and A R C 6044 showed higher d a m -

age than in earl ier test ing. Fur ther studies on the

extent of damage and mechanisms of resistance in

selected varieties are in progress.

M u l t i l o c a t i o n a l Tests

A I C R I P mu l t i l oca t iona l var ietal screening tr ials

against stem borers were re introduced in 1983 w i th

the con t r i bu t i on of p romis ing donors and breeding

lines f r o m di f ferent inst i tu t ions and universit ies. A 

to ta l of 142 entries have been tested so far at 10-20

test locat ions across the count ry .

Since the severity of pest load at test locat ions

var ied considerably , entries were chosen fo r retest-

ing on the basis of their relative performance over

locat ions. F o u r years of testing ident i f ied 7 donors

and 6 breeding lines w i t h consistency in performance

Table 3. Promising entries identified against stem borer

under A I C R I P 1983-1986.

Ent ry

Manoha rsa l i

C o 18

W 1263

R Y T 2908

A R C 6044

A R C 5500

A R C 6215

R P 2 1 9 9 - 3 8 - 4 9 - 5 6 - 2

RP 2199-76-42-8

R P 2199-115-2

RP 2199-201-221

RP 2199-84-2

RP 2068-18-2-9

N o . o f years w i t h overa l l

p r o m i s i n g 1 react ion at

Vegetat ive stage

1

2

1

1

1

-

-

1

1

1

1

3

-

Head ing stage

3

1

1

-

-

1

1

1

1

1

1

-

2

1 . T h e test e n t r y was cons ide red p r o m i s i n g i f i t h a d less t h a n 2 0 %

deadhear ts a t vegeta t ive stage or less t h a n 10% w h i t e earheads a t

h e a d i n g stage a t mos t o f the test l oca t i ons .

over locat ions (Table 3). S ign i f icant ly , f o u r of the

donors , Manoharsa l i , A R C 5500, A R C 6044, and

A R C 6215, selected on the basis o f the i r eva lua t ion

at Hyderabad, cont inued to display good per for -

mance in mu l t i loca t iona l test ing. G o o d pest resis-

tance was also seen in R Y T 2908 at vegetative stage,

and in Co 18 and W 1263 at bo th vegetative and

heading stages.

A m o n g the breeding l ines, selections f r o m the

cross Phalguna x T K M 6 ( R P 2199) f igured p r o m i -

nently. One of the selections f r o m the cross Swar-

nadhan x Vel luthachera ( R P 2068-18-2-9) was also

rated as promis ing. Several mult ip le-resistant l ines

have been developed f r o m this cross and are cur-

rent ly being evaluated against stem borer.

I n h e r i t a n c e o f Res is tance

Inher i tance of resistance to ye l low stem borer in the

cross P h a l g u n a / T K M 6 has been studied by Prasad

et a l . (1984). On the basis of damage at heading

stage, resistance to stem borer was observed to be

governed by 3 dominan t genes and 1 d o m i n a n t

i nh ib i t o ry gene, resul t ing in a ra t io of 27:229 ( to le -

rant:susceptible) progenies in F2 generat ion. F u r t h -

ermore , based on j o i n t segregation, l inkage was

observed between one of the genes govern ing stem

borer resistance and semi-dwar f habi t , and also

between a resistance gene and f lower ing d u r a t i o n

gene.

R o l e o f Res is tant V a r i e t i e s i n I P M

A l t h o u g h no var iety w i t h a h igh degree of resistance

to stem borer damage has been developed, ear l ier

breeding programs invo lv ing T K M 6 as dono r par-

ent have produced several moderately resistant c u l -

t ivars, inc lud ing Sasyasree. Under A I C R I P m u l t i l o -

ca t iona l pest management t r ia ls, the role of such

resistant varieties in stem borer management has

been demonstrated. At selected 'hot spo t ' l oca t ions ,

use of moderately resistant varieties such as I E T

2 8 1 5 ( S a s y a s r e e ) , I E T 2 8 1 2 , I E T 3 1 1 6 , a n d I E T 3 1 2 7

cou ld reduce pest incidence. Pest damage in moder -

ately resistant varieties under no pro tec t ion was

lower than in the susceptible con t ro l var iety under

pest management employ ing need-based pro tec t ion

(Table 4). Moreover , cu l t i va t ion o f moderate ly

resistant varieties coupled w i t h need-based appl ica-

t i o n of pesticides (pest management) increased gra in

y ie ld.
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D i s c u s s i o n a n d C o n c l u s i o n s

Var ie ta l dif ferences in degree of suscept ib i l i ty to

stem borers have been reported f r o m Ind ia as early

as 1937. M o r e systematic f ie ld eva lua t ion at C R R l

d u r i n g the 1950s led to i den t i f i ca t i on of a number of

moderate ly resistant donors inc lud ing T K M 6 and

M T U 15 (Israel 1967). Extensive var ieta l eva luat ion

programs under A I C R I P d u r i n g the 1960s and

1970s ident i f ied several Assam Rice Col lect ions

( A R C ) accessions w i t h va ry ing levels o f resistance

(Shastry et a l . 1971). T h o u g h consistency in per for -

mance of donors l ike T K M 6 and W 1263 was evi-

dent even in recent evaluat ions repor ted in this

paper, none of the rice germplasm screened so far

has displayed a h igh level of resistance. New donors

repor ted here such as Manoharsa l i , A R C 5500 and

others may serve to supplement fu ture breeding

programs.

Mos t var ieta l screening is reported f r o m f ie ld stud-

ies under na tu ra l level of stem borer in festat ion.

Such studies have the obv ious l im i ta t ions of nonun i -

f o r m pest pressure over t ime and space. Th is is

f u r t he r compl ica ted by the prevalence of d i f ferent

complexes of stem borer species at test sites. D i f fe r -

ent ia l react ion of varieties against di f ferent species

are apparent . F o r instance, d u r i n g the 1984 test ing,

R YT 2908 registered l ow dead heart damage at 5 test

locat ions bu t registered the highest damage among

test entries at A l m o r a where the p ink stem borer

S. inferens p redominated ( A I C R I P 1984). L ikewise,

d i f fe ren t ia l response of varieties and damage at

vegetative and heading stage is wel l -documented.

T h o u g h at tempts have been made to study the genet-

ics of stem borer resistance (Kosha i ry et a l . 1957, and

D u t t et al. 1980), no specific genes confer r ing resis-

tance have been ident i f ied . Thus , i t is no t c lear ly

k n o w n i f d i f ferent moderate ly resistant donors pos-

sess the same set of genes or if there is any consis-

tency in the makeup of genes govern ing resistance at

di f ferent stages of p lant g r o w t h . Nevertheless, efforts

are being made to accumulate genes f r o m di f ferent

moderate ly resistant donors to develop varieties

w i t h higher levels of resistance than presently avai l -

able (Choudhary et al . 1984).
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Table 4. Stem borer incidence and grain yield recorded in moderately resistant and susceptible varieties in Pest Manage-

ment Tr ia l 1984 -1986 .

Var ie ty

I E T 3116

( M o d e r a t e l y

resistant)

I E T 3127

( M o d e r a t e l y

resistant)

I E T 2881

(Suscept ib le)

Protec-

t i on

level

P M 2

NM3

P M

N M

P M

N M

Damage at

Vegatat ive stage (% D H )

1984

(3)1

5.3

7.9

4.6

8.1

8.9

13.4

1985

(2)

5.7

6.5

4.7

8.0

7.5

17.2

1986

(3)

6.8

9.7

6.3

9.6

14.0

21.7

M e a n

5.9

8.0

5.2

8.0

10.1

17.4

Head ing stage (% W E )

1984

(3)

3.6

5.0

2.8

4.6

6.0

10.4

1985

(2)

3.1

4.5

5.7

6.3

10.4

16.8

1986

(3)

9.7

13.7

11.0

9.4

16.2

26.0

M e a n

5.5

7.7

6.5

6.8

10.7

17.7

G r a i n y ie ld ( t ha - 1 )

1984

(3)

4.52

3.87

4.43

3.86

4.15

3.50

1985

(2)

4.67

4.04

4.62

3.97

4.17

3.28

1986

(3) M e a n

3.30 4.17

2.68 3.53

3.32 4.12

2.49 3.44

2.57 3.63

1.97 2.92

1 . F i gu res i n parentheses are n u m b e r o f test l o c a t i o n s c o n s i d e r e d .

2 . PM = Pest M a n a g e m e n t t h r o u g h need-based pest c o n t r o l .

3 . N M = N o m a n a g e m e n t o f insect pests.
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Breeding for Resistance to Stem Borer

(Chilo partellus Swinhoe) in Sorghum

I n t r o d u c t i o n

Sorghum gra in yields are general ly low (500-800 kg

ha - 1 ) under farmers ' condi t ions in the t rop ica l w o r l d .

One of the reasons fo r l ow yields is c rop damage by

insect pests. A m o n g the many insect pests wh ich

at tack so rghum, stem borers const i tu te the most

w ide ly d is t r ibuted and serious g roup th roughou t the

w o r l d ( Y o u n g and Teetes 1977, and Seshu Reddy

and Davies 1979b). Y ie ld losses due to stem borer

can be qui te h igh (80%) in t rop ica l sorghums. These

insects are in terna l feeders, no t much affected by

predators and parasites, unfavorable env i ronmenta l

cond i t ions , or insecticides. Host -p lan t resistance

appears to be an economic, ef f ic ient, and a l o n g -

te rm so lu t ion to manage stem borers either alone or

in comb ina t i on w i t h other methods o f c o n t r o l .

Research on host-plant resistance to so rghum stem

borers has been done p r imar i l y w i t h the spotted stem

borer , C. partellus. In this paper, we review the w o r k

done on breeding fo r resistance to the spot ted s tem

borer.

S c r e e n i n g T e c h n i q u e s

Deve lopment of an effective and rel iable screening

technique that ensures a un i f o rm and desired level of

Abstract

Stem borer (Chilo partel lus Swinhoe) is the most important pest of sorghum [ S o r g h u m b ico lo r

(L.) Moench]. Progress has been made in developing borer-resistant breeding lines with mode r -

ate yield and acceptable grain quality. Sorghum variety, ICSV 700, has high levels of stem borer 

resistance across several seasons and locations. Borer resistance is a quantitatively inherited trait 

governed by additive and nonadditive genes. Epistatic gene effects are more pronounced under 

artificial borer infestation. Cytoplasmic effects appear to be present. 

1.

2.

Plant Breeder, Sorghum Group, Cereals Program, International Crops Research Institute for the Semi-Arid Tropics ( ICRISAT) ,

Patancheru, Andhra Pradesh 502 324, India.

Entomologist at the same location.

ICR ISAT Conference Paper no. CP 491.

l C R l S A T (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICR ISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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insect pressure at the most susceptible stage of the

crop is the backbone of a host -p lant resistance

breeding p rog ram. These requirements can be met

either by selecting a locat ion where the pest occurs

regular ly w i t h adequate severity (hot -spot locat ion)

or by test ing p lant mater ia l under a r t i f i c ia l infesta-

t i on w i t h l abo ra to ry reared insects. Other agro-

nomic practices can also be used to increase the

insect in festat ion such as p lan t i ng t ime , use of d ia -

pausing insect popu la t i on , t rap crops, fe r t i l i za t ion ,

and i r r i ga t ion .

A three-step screening methodo logy was adopted

fo r stem borer resistance test ing in the A l l I nd ia

Coord ina ted S o r g h u m Improvemen t Project ( A I C -

S IP ) (P radhan et a l . 1971). The f i rs t step was a 

general screening carr ied out in s ingle-row plots

under na tu ra l in festat ion. Selected mater ials were

then entered in m u l t i - r o w repl icated tr ia ls under

natura l in festat ion. The t h i r d step was con f i rma t i on

of resistance in repl icated t r ia ls under ar t i f i c ia l infes-

ta t i on . I C R I S A T employs a s imi lar methodo logy

(F ig .1) w i t h some mod i f i ca t i on , and has wo rked

w i t h heavy na tu ra l in festat ion at Hisar and ar t i f i c ia l

in festat ion a t I C R I S A T Center.

Screening at a hot -spot loca t ion requires basic

knowledge of insect popu la t i on dynamics so that

p lan t ing t ime can be adjusted to ensure that the

susceptible stage of the c rop coincides w i t h the peak

act iv i ty per iod of the insect. Fo r instance, at Hisar ,

severe borer in festat ion has been recorded fo r 10

years (1977-87) on sorghum planted du r i ng the f i rst

f o r t n i gh t o f Ju l y (10-15 Ju l ) . Ear ly in the project

Table 2. Years of effective screening for stem borer resis-

tance in A I C S I P trials 1977-86.
1

Year

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

Leaf i n j u r y

Loca t ions

tested

-

7

7

6

6

9

5

-

4

9

Effect ive

locat ions

-

2

4

3

4

4

0

-

0

0

Stem tunne l i ng

Loca t ions

tested

8

5

8

9

9

10

7

6

7

9

Effect ive

locat ions

1

1

5

6

3

5

1

1

1

5

1. E f fec t i ve sc reen ing imp l i es a m i n i m u m score o f 5 f o r leaf i n j u r y

( 1 9 scale) a n d 2 5 % t u n n e l i n g o n the suscept ib le geno t ype .

Sou rce : A I C S I P 1977- 86 .

Table 1. Testing locations for stem borer resistance in

A I C S I P , 1977-86.
1

L o c a t i o n

D e l h i

I n d o r e

U d a i p u r

Navsar i

A k o l a

Hyde rabad

D h a r w a d

C o i m b a t o r e

R a h u r i

Pa rbhan i

Lea f i n j u r y

Years

tested

8

7

6

5

6

4

6

4

5

1

Ef fect ive

years

4

4

0

4

2

0

1

0

2

0

Stem tunne l i ng

Years

tested

10

10

9

6

9

5

9

4

6

7

Effective

years

6

1

4

0

7

2

5

3

0

2

1. E f fec t i ve sc reen ing i m p l i e s a m i n i m u m score o f 5 f o r lea f i n j u r y

( 1 - 9 scale) a n d 2 5 % t u n n e l i n g o n t he suscept ib le g e n o t y p e .

S o u r c e : A I C I P 1977 -86 .

A I C S I P concentrated test ing fo r stem borer resis-

tance at D e l h i , Uda ipu r , and Indore , where na tura l

stem borer incidence was h igh . A d d i t i o n a l test loca-

t ions have been added in recent years to record data

on stem borer infestat ion on the most susceptible

so rghum genotype (Tables 1 and 2). The data i n d i ­

cate that in any year, suff icient infestat ion d id not

occur at al l locat ions. In 4 out of 7 years, locat ions

were less than 50% effective in terms of leaf i n j u r y

(score of 5 on a 1-9 scale), and in 7 out of 9 years,

incidence of stem tunne l ing was insuff ic ient at al l

locat ions. This indicates that the pest attack was

of ten too low at some of the testing locat ions a n d / or

the susceptible stage of the c rop d id not synchronize

w i th the peak act iv i ty per iod of the insect.

Screening sorghum under ar t i f ic ia l infestat ion has

been accompl ished by many researchers in I n d i a

using labora to ry reared insects. Stem borers have

been reared bo th on natura l food (Singh et a l . 1983)

and on synthetic diets (Chat ter j i et al . 1968, D a n g et

a l . 1970, S idd iqu i et a l . 1977, and Seshu Reddy and

Davies 1979b). In A I C S I P , laboratory reared insects

have either been released as f i rst- instar larvae (S ingh

et a l . 1983) or as blackhead egg masses in the leaf

whor ls ( Jo twan i 1978).

I C R I S A T Center's ar t i f i c ia l rear ing l abo ra to ry

supports the screening of 2 -3 ha of so rghum each

season by ra is ing enough f i rs t - instar larvae to p r o -

v ide an in festat ion rate of 5-7 insects per i nd i v i dua l

p lant . Detai ls o f this rear ing method , f ie ld infesta-
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F i g u r e 1 . S c r e e n i n g a n d b r e e d i n g f o r insect -pest res is tance .
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t i o n , and eva lua t ion f o r stem borer resistance has

been described by Taneja and Leuschner (1985).

S e l e c t i o n C r i t e r i a

Symptoms of stem borer at tack in so rghum are leaf

i n j u r y , tunne l ing o f stem and peduncle, and dead-

heart f o r m a t i o n . Each of these symptoms is not

necessarily related to gra in y ie ld loss. A l t h o u g h leaf

i n j u r y is the f i rs t i nd ica t ion of borer a t tack, i t has no

clear re la t ionship w i t h y ie ld loss (S ingh et a l . 1983).

Lea f i n j u r y score varies over t ime because the p lant

recovers by p roduc ing new leaves. However , S ingh

and Saj jan (1982) observed a posi t ive re lat ionship

between leaf i n j u ry score and g ra in y ie ld loss in

maize.

Stem tunne l ing by borers is also no t related to

gra in y ie ld reduc t ion in so rghum (S ingh et a l . 1983,

Pathak and Ole la 1983, and Taneja and Leuschner

1985). Stem and peduncle damage can be c r i t i ca l ,

however, under t w o s i tuat ions: (1) i f tunne l ing

results in breakage of stem or peduncle; and (2) i f

tunne l ing interferes w i t h p lant nut r ient supplies by

dest roy ing the vascular system of the stalk. These

t w o si tuat ions depend on the c r i t i ca l stage of the

crop at t ime of in festat ion, and borer density.

The most cr i t ica l damage by the stem borer , wh ich

results in s igni f icant gra in yield loss and l ow plant

s tand, is the f o r m a t i o n of deadhearts. Taneja and

Leuschner (1985) observed h igh ly s igni f icant and

negative re lat ionship between number of deadhearts

and gra in y ie ld of so rghum (r = -0.9). S ingh et a l .

(1968) indicated that as a parameter of stem borer

at tack, the percentage of deadheart was the most

stable c r i te r ion f o r d i f fe rent ia t ing degrees of resis-

tance.

Researchers argue s t rongly that resistance screen-

ing shou ld be based ma in l y on deadhearts, wh i le

stem tunne l ing and leaf i n j u ry can be subsidiary

cr i ter ia . In A I C S I P the deadheart parameter was

used as a pr ime c r i te r ion fo r the evaluat ion of

so rghum mater ia l f o r stem borer resistance un t i l

1969. O n l y leaf i n j u r y and stem tunne l i ng are being

used as selection cr i ter ia at the present t ime. At

I C R I S A T , evaluat ions are done on the basis of

deadheart incidence, w i t h leaf i n j u ry and stem t u n ­

nel ing as secondary cr i ter ia.

I d e n t i f i c a t i o n o f R e s i s t a n t S o u r c e s

The earliest repor t on sorghum cul t ivars resistant to

spot ted stem borer (C. partellus) is by T rehan and

Bu tan i (1949). Pant e t a l . (1961) and Swarup and

Chaugale (1962) repor ted cer ta in so rghum variet ies

to be relat ively less-damaged by the stem borer t han

others. A systematic screening of the w o r l d so rghum

col lec t ion f o r resistance to stem borers was started in

1962, in I nd i a , under the cooperat ive ef for ts of the

Accelerated H y b r i d So rghum Project , I nd ian C o u n -

c i l o f Ag r i cu l t u re and Research ( I C A R ) , the E n t o -

mo logy D iv i s ion o f the I nd ian Agr i cu l tu ra l Research

Inst i tu te ( I A R I ) , and the Rockefel ler F o u n d a t i o n

(S ingh et a l . 1968, P radhan et a l . 1971, and J o t w a n i

1978). Th is w o r k has been cont inued by A I C S I P and

I C R I S A T .

General screening o f so rghum germplasm fo r

stem borer resistance was carr ied ou t under na tu ra l

in festat ion at D e l h i f r o m 1964 to 1969. A to ta l of

8557 lines were screened, and 1375 lines were

selected fo r fu r ther test ing (Table 3). Eva lua t ion of

these lines was done on the basis of deadheart

f o r m a t i o n .

Retest ing of selected germplasm accessions was

carr ied out a t D e l h i , Uda ipu r , and Pune d u r i n g

1966-76 and a number of accessions were selected

fo r c o n f i r m a t i o n of resistance (Tab le 4). The resis-

tance in selected genotypes was con f i rmed by a r t i f i -

c ia l in festat ion a t D e l h i , Uda ipu r , Indore , and K a n -

pur (Table 5).

A t I C R I S A T , stem borer resistance w o r k began in

1979 using ar t i f i c ia l in festat ion (Seshu Reddy and

Davies 1979). Later o n , test ing of the mater ia l also

began at H isar under na tu ra l in festat ion. Ou t of

nearly 16000 germplasm accessions tested over sev-

eral seasons, 72 genotypes have been found to be

resistant (Tab le 6). M o s t of these sources are of

I n d i a n o r i g i n ; however, some genotypes are f r o m

Table 3. Screening of sorghum germplasm for stem borer

resistance under natural infestation.

Year

1964

1965

1967

1968

1969

Accessions

Screened

3492

461

890

2906

808

Selected

507

74

794

0

Select ion

cr i te r ia 1

D H

L I , S T

L I , D H ,

S T

LI, D H

Inc idence on

susceptible

c o n t r o l

8 0 % (32-100%)

S T = 5 8 %

D H = 3 2 %

S T = 3 0 %

1 . Se lec t i on c r i t e r i a : L I = lea f i n j u r y , DH = deadhea r t s , ST = s tem

t u n n e l i n g .

S o u r c e : S i n g h e t a l . 1968, a n d P r a d h a n e t a l . 1971 .
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East Germany, Niger ia, Pakistan, Sudan, Uganda,

U S A , Yemen A r a b Republ ic , and Z imbabwe. Sta-

b i l i ty analysis, of 61 resistant genotypes tested over

six seasons indicated that the most stable resistant

lines were IS 5470, IS 5604, IS 8320, and IS 18573

(Taneja and Leuschner 1985).

Resis tance M e c h a n i s m s

a n d Assoc ia ted F a c t o r s

Knowledge of resistance mechanisms and associated

factors in donor parents is impor tan t in t ransferr ing

resistance in to elite cul t ivars. The role of var ious

mechanisms and morpho log ica l and chemical fac-

tors has been emphasized by several workers . A 

detai led review of this has been covered by Taneja

and Woodhead in thei r paper Mechanisms of Stem

Borer Resistance in Sorghum (these proceedings).

Genet ics o f Resistance

Knowledge of genetics of resistance and tolerance is

prerequisite to determin ing appropr ia te breeding

methods to be used in developing insect-resistant

cul t ivars. There is l imi ted i n fo rma t i on avai lab le,

however, on inheritance of resistance to so rghum

stem borers. Resistance to spot ted s tem bo re r

C. partellus, measured in terms of leaf feeding

in ju ry , percentage deadhearts, and stem tunne l i ng is

polygenic (Rana and M u r t y 1971, K u l k a r n i and

M u r t y 1981, Pathak and Olela 1983, Pathak 1983,

Rana et a l . 1984, Hagi 1984, and Pathak 1985). Rana

and M u r t y (1971) indicated that the inher i tance

patterns of p r imary (leaf in jury) and secondary

(stem tunnel ing) damage were di f ferent. Resistance

to p r imary damage was predominant ly cont ro l led

by addi t ive and addit ive x addit ive gene effects whi le

addi t ive and nonaddi t ive gene effects were i m p o r -

tant fo r secondary damage. Height and ma tu r i t y

t ra i ts were also found to be associated w i t h d i f ferent
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Table 4. Screening of sorghum genotypes for stem borer resistance under natural infestation in replicated trials, A I C S I P

1966-76

Year

1966

1967

1968

1969

1973

1976

Accessions

Screened

488

104

91

151

100

28

23

Selected

57

73

42

40

16

13

23

Select ion

cr i te r ia 1

L I , D H , S T

L I , D H , S T

L I , D H , S T

L I , S T

L I , D H

L I , S T

L I , S T

Incidence on

susceptible

con t ro l

-

D H - 3 8 %

S T - 5 0 %

D H - 3 0 %

S T - 2 8 %

S T - 7 2 %

D H - 2 9 %

ST-23%

-

P r o m i s i n g genotypes

I S Nos . 1034, 1099,

1151, 1499, 5479

IS Nos . 1034, 1044,

1087, 1115, 1137, 1151

3950, 4522, 4569, 4776,

4912, 4994, 5030

IS Nos . 1044, 5030

5606, 5615, 5656

IS Nos . 1 1 5 1 , 4 2 4 6 , 4 3 0 7 ,

4339, 4868, 4870, 5072,

5599, 5629, 5653, 5662

IS Nos. 1005, 1019,

1509, 1522, 1594 ,4522 ,

4780, 4793, 4797, 4833,

4866, 4870, 4897, 4912,

5615, 5701

J M L - 2 , A K L - 5 ,

G a n g a p u r i , N C L - 3 ,

P C L - 3 , A i s p u r i

V Z M - 2 B , P 151, S P V 61

1. Se lec t ion c r i t e r i a : L I = leaf i n j u r y , DH = deadhear ts , ST = s tem t u n n e l i n g .

Sou rce : S i n g h e t a l . 1968, P r a d h a n e t a l . 1971 , a n d J o t w a n i 1978.



Table 5. Conf i rmat ion of stem borer resistance in sorghum lines under artificial infestation, A I C S I P 1966-1975.

Year

1966

1968

1969

1972

1973

1975

N u m b e r o f l ines

Screened

5

59

17

20

8

98

25

12

Selected

5

36

7

6

7

25

12

6

Select ion

c r i te r ia 1

D H

L I , D H , S T

L I , D H , S T

L I , S T

L I , S T

L I , S T

L I , S T

L I , S T

Incidence o n

susceptible

c o n t r o l

-

D H - 18%

S T - 3 4 %

D H - 9 %

S T - 3 3 %

S T - 7 6 %

S T - 8 7 %

S T - 6 5 %

S T - 3 7 %

M o s t p r o m i s i n g l ines

IS Nos . 1034, 1099,

1151, 1499,5479

IS Nos . 1099, 1115,

1 4 5 8 , 3 9 6 7 , 4 1 1 8 , 4 2 8 3 ,

4316, 4522, 4 6 5 1 , 4776,

4 7 8 0 , 4 8 9 7 , 5 1 1 5 ,

5469, 5613, 5656

IS Nos . 1044, 1115, 1151,

4764, 4776, 4994, 5030

IS Nos . 1 0 5 6 , 4 5 5 2 , 4 6 5 1 ,

4747, 4782, 5470

IS Nos . 4424, 4689, 4827,

4 8 4 1 , 4 8 7 5 , 4 9 3 4 , 5 0 3 1

IS Nos . 2122, 4329, 4799,

5 2 5 1 , 6 0 4 6 , 6 1 0 1 , 6 1 1 9

G I B , B P 53, A i s p u r i ,

N a g - B , S P V 16 and R 147B

1. Se lec t i on o u t l i n e : L I = leaf i n j u r y , DH = deadhca r t s , ST = s tem t u n n e l i n g .

Source : P r a d h a n e t a l . 1971 ; J o t w a n i 1978.

types of damage. In a dial le l cross analysis in F2 and

F3 generat ions, K u l k a r n i a n d M u r t y (1981) repor ted

that resistance to percentage deadhearts is governed

by bo th addi t ive and nonadd i t i ve types of gene

act ions, but p redominant ly by addi t ive genes. The

general comb in ing ab i l i ty ( G C A) effects over gener-

at ions ind icated tha t at least one parent should be a 

good combiner in breeding fo r stem borer resistance.

In another d ia l le l cross analysis, Pathak and Ole la

(1983) showed that resistance to deadhearts ( p r i m -

Table 6. Sources of resistance to sorghum stem borer identified by I C R I S A T , 1979-86.

O r i g i n

Ind ia

Niger ia

U S A

S u d a n

Uganda

E.Germany

E th iop ia

Pak is tan

Y A R

Z i m b a b w e

IS N u m b e r

1044, 1082, 1119, 2195, 2205, 2375, 2376, 4273, 4546, 4637, 4756, 4757, 4776, 4 8 8 1 , 4 9 8 1 ,

5075, 5253, 5429, 5469, 5470, 5480, 5538, 5566, 5571 , 5585, 5604, 5619, 5622, 8320, 13100,

17742, 17745, 17747, 17750, 17948, 17966, 18333, 18366, 18662, 18677, 21969, 22039,

2 2 0 9 1 , 2 2 1 4 5 , 2 3 4 1 1 ,

7224, 18573, 18577, 18578, 18579, 18580, 18584, 18585

2122, 2123, 2146, 2168, 2269, 10711, 20643

2 2 6 3 , 2 2 9 1 , 2 3 0 9 , 2 3 1 2 , 2 2 5 0 7

8811 , 13674

24027

18551

9608

23962

12308

Sou rce : T a n e j a a n d Leuschne r 1985.
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ary damage) is governed p redominant l y by addi t ive

genes. They also f o u n d that inheri tance patterns of

p r i m a r y and secondary damage are di f ferent. Bo th

resistance and tolerance mechanisms fo r stem borer

resistance exist in sorghum.

Hag i (1984) studied the genetics of resistance (per-

centage deadhearts) to spot ted stem borer under

na tu ra l and ar t i f i c ia l infestat ions, and f ound di f fer-

ent patterns of resistance under these two si tuat ions.

M a j o r gene effects (addi t ive and dominant ) were

f o u n d to be con t r i bu t i ng under na tura l infestations

whi le epistat ic effects (addi t ive x addi t ive, addi t ive x 

d o m i n a n t , and dom inan t x dominan t ) were p redom-

inan t l y c o n t r i b u t i n g under a r t i f i c ia l in fes ta t ion ,

where the expression of ma jo r gene effects is masked.

In t u r n , his studies indicated that the ov ipos i t iona l

nonpreference mechanism is cont ro l led by major

gene effects, wh i le ant ibiosis is inf luenced by epis-

tat ic gene effects. The epistatic gene effects were

found unstable over environments.

Pathak (1985) repor ted that susceptibi l i ty is d o m -

inant over resistance in susceptible x resistant (SxR)

and susceptible x to lerant (SxT) crosses, whi le

resistance was dominan t over susceptibi l i ty in the

to lerant x resistant ( T x R ) cross. Bo th resistance and

tolerance mechanisms were found to be operat ing

and independent ly inher i ted. Estimates of l ow her i t -

ab i l i t y , genetic coeff icient of var iab i l i ty , and ex-

pected genetic advance indicated the usefulness of

recurrent selection to simultaneously improve the

level of stem borer resistance, tolerance, and yie ld in

sorghum.

B r e e d i n g f o r Res is tance

Breeding fo r stem borer resistance started in 1966 in

Ind ia , when a number of resistant parents were

inc luded in the breeding p rogram (Pradhan et a l .

1971). Since then a number of ident i f ied sources of

resistance have been ut i l ized by crossing them

most ly w i t h agronomica l ly elite susceptible parents.

A list of p romis ing derivatives and their parents is

given in Table 7. A borer-resistant parent, BP 53, has

produced a number of p romis ing der ivat ives, par-

t i cu la r ly when crossed w i t h IS 2954. Other good

resistant sources have been A i s p u r i , M 35-1 and

K a r a d Loca l . Stem borer resistant sources have also

been ut i l ized in developing h igh-y ie ld ing varieties

and hybr ids in A I C S I P (Table 8).

One of the objectives of the Stem Borer Resistance

Prog ram in i t ia ted a t I C R I S A T was to strengthen

the sources of resistance by accumula t ing diverse

Table 7. Most productive borer resistant sources and

their promising derivatives.

Resistant

source

BP 53

A i s p u r i

M 35-1

IS 4906

IS 5837

IS 10327

Other

parent

IS 2954

IS 84

IS 3691

C K 60 B 

IS 3954

IS 3922

IS 539

I S 531

C K 6 0 A

C K 6 0 A

C K 6 0 A

Prom is i ng der ivat ives

Select ion nos. 165, 169, 174,

1 7 7 , 3 0 0 , 3 6 4 , 3 8 4 , 4 3 4 , 4 4 6 , 4 6 8 ,

D nos. 124, 167, 168, 172, 175, 244,

259, 350, 358, 365, 366, 367, 609,

D U nos. 98 , 1 3 5 , 2 4 5 , 2 9 3 ,

P nos. 108, 1 5 1 , 2 3 5 , U 376

Select ion no. 602

D U 2 9 1 , U 369

E 302, U nos. 37, 218, 35, 373

E 303

Select ion nos. 829, 835, D 832

D U 19

U 83

P 37

P 82

P 90

Source : A I C S I P 1972-85.

genes f r o m di f ferent sources. To meet th is ob jec t ive ,

a popu la t ion breeding approach was chosen. A 

sorghum popu la t ion resistant to shoot pests, (shoot

f ly and stem borer) has been developed us ing ms3

and ms7 male-steri l i ty genes. So far , a to ta l of 175

genotypes have been fed in to this popu la t ions (85

Table 8. Stem borer resistant sources utilized in A I C S I P .

Resistant source

A i s p u r i and its

der ivat ives

IS 3541

(CS 3541)

M 35-1

( IS 1054)

G M 1-5

K a r a d Loca l

B P 53 ( IS 1055)

P D 3-1

Promis ing var ie t ies /hybr ids

C S V 5, S P V nos. 14, 58, 80, 96 , 99 ,

101, 102, 104, 105, 107, 108, 110,

115, 1 6 8 , 2 6 5 , 2 7 0 , 2 7 1 , 3 7 4 , 3 7 8 ,

475, 513, 516, 716, 727, 743,

744, C S H 7R

C S V 4 , S P V nos. 60, 104, 122, 126,

245, 292, 297, 303, 312, 346,

3 5 1 , 3 5 4 , 3 7 1 , 3 8 6 , 7 4 1

C S V 7R, SPV nos. 19, 270, 364 , 440 ,

510, 727

S P V nos. 9, 33, 34, 183, 268

C S V nos. 2 , 6, S P V nos. 8, 13, 17

C S V 3, 26, 70, 513, 688

C S H 8R

Source : A I C S I P 1975-86 .
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stem borer resistant sources and the i r der ivat ives, 76

shoot f ly resistant sources and the i r der ivat ives, and

14 el i te genotypes). A f te r six cycles of r a n d o m mat-

ing under borer- infested cond i t ions , this popu la t i on

has shown good improvement fo r agronomic fea-

tures and resistance. The shoot pests resistant p o p u -

l a t i o n is being advanced by using (S2) cycl ic recur-

rent selection as out l ined in F igure 2.

A compar ison of 135 fert i le derivat ives (S2) of the

shoot pest popu la t i on and 130 advanced progenies

f r o m pedigree breeding was made f o r stem borer

resistance at I C R I S A T Center under ar t i f i c ia l infes-

t a t i o n , and at Hisar under na tu ra l in fes ta t ion, du r -

ing the 1986 ra iny season. In general , the popu la t i on

derivat ives showed better levels of resistance under

b o t h types o f in festat ion compared w i t h progenies

der ived t h rough pedigree breeding (F ig .3) . The pop-

u l a t i on der ivat ives showed a good level of borer

resistance, 6%, compared w i t h on ly 0 .6% resistance

of the pedigree progenies.

Transfer o f resistance in to imp roved genotypes,

in i t ia ted t h r o u g h the pedigree breeding approach

has ut i l ized a number of resistant sources (Table 9).

M o s t p roduc t i ve are IS 1082, IS 3962, IS 5604, and

lS 5622. The most p rom is ing der ivat ives are I C S V

F igure 3 . P e r f o r m a n c e o f pedigree a n d p o p u l a t i o n

derivat ives against stem borer .

F i g u r e 2 . S c h e m e f o r r e c u r r e n t s e l e c t i o n .

1 6 6

N u m b e r A c t i v i t y L o c a t i o n

1 R a n d o m m a t i n g I C R I S A T C e n t e r

2 0 0 0 A g r o n o m i c I C R I S A T C e n t e r

e v a l u a t i o n

1 0 0 0 E v a l u a t i o n I C R I S A T C e n t e r

- b o r e r

- s h o o t f l y

2 5 0 E v a l u a t i o n

- b o r e r

- n a t u r a l H a r y a n a A g r i c u l t u r a l

U n i v e r s i t y , H i s a r

- a r t i f i c i a l I C R I S A T C e n t e r

S h o o t f l y I C R I S A T C e n t e r

a g r o n o m i c I C R I S A T C e n t e r

S e a s o n S t e p s

P o p u l a t i o n

R a i n y

S u m m e r

P o s t r a i n y

R a i n y /

p o s t r a i n y

S e l e c t 2 5 - 3 0

bes t p r o g e n i e s

S 2 p r o g e n i e s

H a l f - s i b s

Ped ig ree

d e r i v a t i v e s

P o p u l a t i o n

d e r i v a t i v e s

24

20

16

12

8

4

0
H i s a r P a t a n c h e r u H i s a r + 

P a t a n c h e r u
L o c a t i o n s

S1 p r o g e n i e s



Table 9. Stem borer resistant sources and their promising

derivatives, utilized at I C R I S A T Center.

Resistant source

IS 1082

IS 2312

IS 3962

IS 5604

IS 5622

IS 13681

Shoo t pest

p o p u l a t i o n

Promis ing der ivat ives

PS 14413, PB 10791, PB 12446

PS 19338, PB 12693

PS 18601, PS 18822, PB 12611,

P B 12631

PS 18527, PS 19336, PS 27623

PB 10365, PB 12040, PB 12497,

PB 12687, PB 12689

PS 14454, PS 19295, PS 19663,

PS 21113, PS 30768, PS 30769,

PS 31376, PB 10337, PB 10445,

PB 10446

PB 12049, PB 12050

PB 12339, PB 12342, PB 12346,

PB 12380, PB 12387, PB 12413

scrut iny, par t icu lar ly as any cor re la t ion may i n f l u -

ence future breeding strategies fo r borer resistance.

700, I C S V 701 , ICSV 825, ICSV 826, 1CSV 827,

ICSV 828, and ICSV 829 (Table 10).

Experience over the years has shown that there is

very l i t t le cor re la t ion between selections made for

stem borer resistance under natural and ar t i f ic ia l

cond i t ions. This may be due to the d i f ferent ia l

expression of resistance mechanisms in these two

types of infestat ions. Some mechanism(s) may not

be operat ing under bo th types of infestations. S im-

i lar observations were made by Ha j i (1984) in his

genetic studies conducted in re lat ion to natura l and

art i f ic ia l infestations. This apparent d ichotomy needs

Table 10. Performance of improved lines for stem borer

resistance.

Line

1CSV 700

I C S V 701

I C S V 825

I C S V 826

I C S V 827

I C S V 828

I C S V 829

Resistance index1

Natu ra l

0.50

0.65

1.05

0.90

0.13

0.94

0.96

A r t i f i c i a l

1.250

0.625

1.320

0.625

1.380

0.710

0.700

% of dead hear ts in a p a r t i c u l a r l ine
1. Resis tance i n d e x = 

% o f dead hear ts in res is tant c o n t r o l

( I S 2205)

C o n c l u s i o n s a n d R e c o m m e n d a t i o n s

The effectiveness of a host-plant resistance breeding

program largely depends on the development of a 

reliable screening technique, rel iable cr i ter ia fo r

measuring resistance, ident i f icat ion of stable sources

of resistance, knowledge of the inheri tance of resis-

tance per se, the resistance mechanisms, and f ina l l y

the selection of breeding procedures to incorporate

resistance in to agronomical ly superior backgrounds.

A l t h o u g h considerable wo rk on host-plant resis-

tance to stem borer has been accompl ished in Ind ia

and elsewhere, there is st i l l a scope f o r fur ther

improvement . Intensif ied efforts are needed in the

fo l l ow ing areas:

• Na tu ra l borer infestations at specific locat ions

should receive a thorough examinat ion of popu-

la t ion dynamics, p lant ing t ime, use of overwin-

ter ing popu la t ion , fert i l izers, and other factors

affecting these populat ions.

• Feasibi l i ty of ar t i f ic ia l infestat ion should be con-

sidered by nat ional programs according to the

facil it ies and support available.

• Determine breeding should be carr ied out under

natural or ar t i f ic ia l borer infestations, or under

both types.

• Deadhearts should be given pr ime considerat ion

as a selection cr i ter ion for resistant types. Stem

tunne l ing and leaf in ju ry should be used as

secondary parameters.

• Tolerance should be considered as a factor in

breeding for borer resistance.

• Cult ivars w i th mult iple resistance should be devel-

oped according to regional needs.

• M o r e genetic in fo rmat ion needs to be generated

on ind iv idua l resistance fac to rs /mechan isms/

resistance.

• Resistant parents need to be developed to use in

the fur ther development of resistant hybr ids.
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Breeding Maize and Sorghum for Resistance

to the European Corn Borer

Abstract

Resistance in maize, Zea mays L., to leaf feeding by first-generation European corn borers (ECB), 

Ost r in ia nub i la l is Hubner, is conditioned by at least eight genes. Resistance to sheath-collar 

feeding by second-generation ECB is conditioned by at least seven genes. Reciprocal transloca­

tion studies showed that at least 12 of the possible 20 chromosome arms, contributing a minimum 

of 13 genes, are in volved in resistance; only 2 or 3 of the 12 chromosome arms are in common for 

genes resistant to the two ECB generations. Thus, resistance to the ECB is conditioned by two 

different mechanisms. This number of genes rules out the possibility of using a backcross 

procedure to transfer resistance to susceptible maize genotypes. A recurrent selection breeding 

technique was used to develop genotypes of maize resistant to leaf feeding by first-generation 

ECB, resistant to sheath-collar feeding by second-generation ECB, and to develop genotypes with 

resistance for the whole life of the plant. 

I n t r o d u c t i o n

A successful host-plant resistant project is depend­

ent upon : (1) an eff icient insect-rearing technique;

(2) eff icient ar t i f ic ia l infestat ion of crop plants; (3)

eff ic ient evaluat ion of plants; (4) genetic techniques;

and (5) plant breeding techniques. Th is approach

has been employed by both the publ ic and pr iva te

sectors in the USA and approx imate ly 10 o ther

countr ies in breeding maize, Zea mays L. , f o r resis-

tance to the European corn borer (ECB) , Ostrinia 

nubilalis Hubner.

1. Supervisory Research Entomologist, Corn Insects Research Unit, United States Department of Agriculture, Agricultural Research

Service (USDA/ARS) , and Department of Entomology, Iowa State University, Ames and Ankeny, IA 50021, USA.

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. International Workshop on Sorghum Stem Borers,

17-20 Nov 1987, ICRISAT Center. India. Patancheru, A.P. 502 324, India: ICRISAT.
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E g g P r o d u c t i o n

P l a n t E v a l u a t i o n

In f i rs t -generat ion E C B resistance studies, maize

and so rghum plants are infested w i t h egg masses or

larvae d u r i n g the m i d w h o r l stage of p lant develop­

ment. Relat ive degree of resistance (ant ibiosis) is

measured by ra t ing the leaf-feeding damage on

plants ( ind iv idua l -p lan t or p lo t basis) on a scale of

1-9, where 1 = no damage to leaf tissue and 9 = 

extensive damage. Leaf- feeding damage rat ings are

made 3 weeks after egg hatch.

In second-generat ion E C B resistance studies,

maize plants are infested w i t h egg masses or larvae

(sorghum plants are infested w i t h egg masses) du r i ng

anthesis. An t ib ios is in maize is scored by ra t ing the

sheath-col lar feeding damage on plants (p lo t basis)

on a scale of 1-9, where 1 = no damage, and 9 = 

extensive damage. Sheath-col lar feeding rat ings are

made 45-60 days after egg hatch. Genotypes w i t h

rat ings of 7-9 are discarded. Cav i ty counts (cm of

damage in stalks) may be used to detect differences

among genotypes w i t h rat ings of 1-6. Damage (cm)

in peduncles and heads may be used to detect d i f fer­

ences among genotypes of sorghum.

Genotypes of maize are evaluated fo r tolerance by

de te rmin ing the percentage of b roken stalks as an

index of stalk s t rength, and by de te rmin ing percen­

tage of d ropped ears as an index of shank strength

(Guthr ie and Barry In press).

t i o n E C B , maize is in the w h o r l stage of p lant devel-

opment . M o s t larvae feed on leaf tissue in the mois t

area deep in the w h o r l f o r several days after egg

hatch. M o s t f i rs t -generat ion la rva l mo r ta l i t y occurs

d u r i n g the f i rst few days after egg hatch. Resistance

to f i rs t -generat ion E C B on maize is, therefore, leaf-

feeding resistance; i.e., h igh ant ibiosis against f i rst

and second instars.

Breeding methods used to develop c rop cul t ivars

resistant to insects are determined by t w o factors: (1)

mode of rep roduc t ion in the c rop species; and (2) the

k i n d of gene ac t ion that cond i t ions resistance in the

host-p lant to the insect.

M a n y studies have been made to determine the

genetic basis of resistance (Guth r ie and Russell In

press). Segregation of F2 and backcross generations

of a susceptible (M 14) x resistant ( M S I ) cross i nd i -

cates that at least three gene pairs are invo lved in

leaf-feeding resistance, w i t h at least par t ia l pheno-

typ ic dominance of suscept ib i l i ty . In a B14 (suscept-

ible) x N32 (resistant) cross, one or t w o genes fo r

leaf-feeding resistance by f i rst -generat ion borers

were indicated on the basis of i nd i v idua l p lant segre-

ga t ion in F 2 and in backcrosses. In another suscepti-

ble ( W F 9 ) x resistant ( g l 7 V 1 7 ) cross, segregation of

F2 and backcross popu la t ions showed that resist-

ance of gl7 V1 7 was cond i t ioned by a single dominan t

gene. The resistant gene was l inked w i t h gl7 V1 7 genes

of the resistant parent w i t h crossover frequencies

est imated at 31-37%. I t was concluded f r o m the ease

of t ransfer r ing resistance by backcrossing w i t h selec-

t i on in the improvement of inbred l ine Oh45 that

leaf-feeding resistance to f i rs t -generat ion borers was

s imp ly inher i ted . But in a study of the use of test

crosses in breeding fo r resistance, segregation in a 

24-l ine synthet ic cu l t ivar , as measured by the net

var iance, d imin ished after each self ing, whi le a sig-

n i f i cant residue of segregation remained in the f i f t h

selfed generat ion. I f there was an average of one

effectual heterozygous locus in the S5, theoret ical ly ,

there should have been 25 or at least 32 effectual

heterozygous loci f ive generations back in the S0.

To determine the type of gene act ion invo lved in

resistance to leaf feeding by f i rs t -generat ion borers,

F2 , F3 , and selfed backcross popu la t ions of C131A

(resistant) x B37 (susceptible) were used a long w i t h

i nd i v i dua l F2 p lants of ( C I 31A x B37) x Cl 31 A, and

ind iv idua l F2 p lants of (Cl 31A x B37) x B37. M o s t of

the genetic variance was of the addi t ive type, al-

t hough a po r t i on of the genetic variance was of the

dominan t type.

Reciprocal t ranslocat ions were used in ident i fy ing

chromosome arms invo lved in resistance to E C B .
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Maize

D u r i n g the per iod of egg deposi t ion by f i rst-genera-

The use of wheat germ marked the advent of p rac t i ­

cal a r t i f i c ia l diets f o r rear ing p lant - feeding L e p i d o p -

tera. Th is is the single most s igni f icant b reak th rough

in breeding maize f o r resistance to the E C B . In 1987,

researchers in the pr ivate and pub l ic sectors in the

U S A and several fo re ign countr ies produced 70 m i l ­

l i on E C B egg masses (2 b i l l i on eggs) f o r host-p lant

resistance research. Us ing the mer id ic diet tech­

n ique, seven t imes as many egg masses were p ro ­

duced in 1987 than were produced by the Un i ted

States Depar tment of Agr icu l ture (10 m i l l i on masses)

over a 33-year per iod (1932-65) w i t h the o ld tech­

nique (Guth r ie 1987).



The inbred C131A has genes fo r resistance to leaf

feeding by f i rs t -generat ion borers on the short arms

of chromosomes one, t w o , and four , and on the long

arms of chromosomes fou r and six. Inbred B49 has

genes f o r resistance on these chromosome arms

(possibly allel ic to those of C131A) plus an addi -

t i ona l gene fo r resistance on the long arm of ch rom-

osome eight. Leaf-feeding resistance factors di f fer-

en t ia t ing the inbred l ine A411 f r o m the susceptible

l ine A344 are associated w i t h one gene on the 3L

chromosome, one gene on the 4L chromosome, and

probab ly another on the 5L chromosome.

An A c - D s mutable system ( jumping genes) was

evaluated f o r induc ing resistance to leaf feeding by

f i rst -generat ion E C B in two susceptible inbred lines

(Oh28 and W F 9 ) of dent maize. No mutants were

found among 40000 plants evaluated. We d id not

prove that this b iotech technique w i l l or w i l l not

cause muta t ions fo r corn borer resistance; perhaps a 

m i l l i o n , 2 m i l l i o n , or 10 m i l l i on plants would have to

be evaluated. We believe that the Ac -Ds mutable

system, however, is not a pract ical too l fo r maize

breeders because the maize genotypes being im-

proved may be obsolete before a mutant can be

found .

The development of genotypes resistant to the

E C B has been in progress for more than 60 years.

Resistance to leaf feeding by f i rst-generat ion ECB

has been easy to f i n d , whereas frequency of genes in

maize fo r resistance to sheath-collar feeding by

second-generation borers is low.

Open-po l l ina ted cult ivars were the direct source

mater ia l f o r most of the inbred lines developed f r o m

1930-40. D u r i n g the 1940s and 1950s, inbred lines

w i t h a sat isfactory degree of resistance were ex-

tracted f r o m special crosses (second-cycle breeding).

D u r i n g the 1960s-80s, a recurrent selection tech-

nique was used to improve resistance in breeding

popu la t ions f r o m wh ich resistant lines may be

developed.

In a study of S1 lines recurrent selection fo r leaf-

feeding resistance by f i rst -generat ion E C B in f ive

synthet ic cul t ivars of maize, t w o cycles of selection

were suff ic ient to shift the frequencies of resistant

genes to a h igh level in al l cu l t ivars. Three cycles of

selection produced essentially borer-resistant lines.

In I o w a , 34 of the 99 most wide ly used pub l i c

inbred lines of maize rated h ighly resistant, resistant,

or intermediate in resistance to leaf feeding (an t ib io -

sis) by f i rst-generat ion E C B . In the Un i ted States in

1975, about 7.4 m i l l i o n ha of maize were p lanted to

hybr ids whose pedigrees contained at least one of the

resistant or intermediate l ines. On ly one of the 99

inbreds (SC213) rated resistant to sheath-col lar feed-

ing (antibiosis) by second-generation ECB.

S o r g h u m

Most ECB larvae feed on leaf tissue in the mois t area

deep in the w h o r l of so rghum, Sorghum b i co lo r ( L )

Moench , for 9 days after egg hatch. Mos t f irst-

generat ion ECB larval mor ta l i t y occurs d u r i n g the

first few days after egg hatch. Resistance to f irst-

generat ion E C B on so rghum, as in maize, is there-

fore leaf-feeding resistance, i.e., h igh ant ib ios is

against f irst and second instars.

D u r i n g the 1960s, several sorghum cut l ivars were

evaluated under a low level of a r t i f i c ia l E C B infesta-

t ion (75 eggs per p lant) . D u r i n g 1981-83, 208

sorghum hybr ids were evaluated under a h igh level

o f a r t i f i c ia l E C B infestat ion (750 eggs per p lan t ) . A l l

sorghum genotypes were resistant to leaf feeding by

f i rst-generat ion ECB. The leaves on so rghum had

pinholes, ind icat ing that some larvae fed f o r on l y a 

short t ime on leaf tissue.

Because al l sorghum genotypes are resistant to

leaf feeding by f i rst-generat ion E C B , the type of gene

act ion and number of genes cond i t i on ing resistance

are impossible to determine.

Genet ics a n d B r e e d i n g f o r R e s i s t a n c e

t o S e c o n d G e n e r a t i o n E C B

M a i z e

D u r i n g the per iod of egg deposi t ion by second-

generat ion ECB, maize is in various stages of anthe-

sis. Mos t larvae feed on sheath-collar tissue fo r sev-

eral days after egg hatch. Resistance in maize,

therefore, is resistance to sheath-collar feeding.

A generat ion-mean analysis was used to deter-

mine the genetic basis of sheath-collar feeding resis-

tance by second-generation borers. N ine popu la -

t ions were studied: P1, P2, F1, F2, F3, BC1, BC 2 , and

selfed progenies of both backcrosses. The da ta i n d i -

cated no simple genetic basis of resistance and sug-

gested that high resistance to a second-generat ion

infestat ion may be the result of the cumula t ive effect

o f an u n k n o w n number o f loc i . Add i t i ve genetic

effects were predominant in cond i t ion ing resistance,

but dominance was signif icant in al l crosses.

Inbred B52 (h ighly resistant to sheath-col lar feed-

ing by second-generation borers) contains a gene or

genes on the long arms of chromosomes one, t w o ,
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C o m b i n i n g Res is tance i n M a i z e t o

F i r s t - a n d S e c o n d - G e n e r a t i o n E C B

Popu la t i on improvement programs are needed to

develop genotypes resistant t h roughou t the l i fe of

the maize p lant because genotypes of maize, resis-

tant to f i rs t -generat ion E C B , are usual ly susceptible

to second-generation E C B .

Resul ts f r o m rec ip roca l t r ans loca t i on studies

showed that at least 12 of the possible 20 c h r o m o -

some arms, con t r i bu t i ng a m i n i m u m of 13 genes, are

invo lved in resistance to E C B . Th is number o f genes

rules ou t the poss ib i l i ty of us ing a backcross proce-

dure to transfer resistance to susceptible maize geno-

types. In many ef for ts to breed f o r resistance to leaf

feeding by f i rs t -generat ion E C B , the backcross me-

t h o d was no t successful when the recurrent parent

was susceptible. The desired genotype cou ld no t be

ident i f ied in the segregating generat ions. W h e n

more t h a n t w o backcrosses were used, the needed

level of resistance was lost. The level of resistance

cou ld be increased, however, by i n te rmat ing among

resistant plants in progeny of the f i rst or second

backcross.

Rec iproca l t rans locat ion studies also showed that

on ly 3 of the 12 ch romosome arms are in c o m m o n

fo r genes resistant to the t w o E C B generat ions. Eva-

l ua t i on of S1 l ines showed near-zero cor re la t ion

between the t w o E C B generat ions f o r resistance.

Thus , resistance to E C B is cond i t i oned by t w o d i f -

ferent mechanisms.

Ten inbred lines were selected to develop a syn-

thet ic cu l t i var , designated BS9, specif ical ly fo r S1

recurrent selection fo r E C B resistance th roughou t

the who le l i fe of the p lan t . The 10 lines were: B49,

B50, B52, B54, B55, B57, B68, C 1 3 1 A , M o l 7 , and

SD10 . These lines vary in thei r resistance to the t w o

generations o f E C B .

The object ive in the BS9 improvement p rog ram

was to evaluate 300 S, lines in each cycle (ca 10% of

the best S1 were recombined to start the next cycle) in

three replications using separate experiments fo r the

two generations under heavy art i f ic ia l infestat ion.

W h e n BS9(CB)C4 ( fou r cycles of recurrent selec-

t ion) was released to the hyb r i d seed indust ry in 1982

it marked a s igni f icant event in hos t -p lan t resistance

invest igat ions. I t was the f i rs t C o r n Belt ( m i d -

western Un i ted States) synthet ic specif ical ly devel-

oped and released w i t h resistance to E C B fo r the

who le l i fe o f the p lan t . To determine the eff icacy o f

S, recurrent selection f o r resistance to the t w o

generat ions of E C B , the base popu la t i on (CO) and

fou r succeeding cycles ( C 1 , C2 , C3,and C4) of selec-

t i o n in BS9 were evaluated b o t h fo r E C B resistance

and corre lated effects of agronomic t ra i ts . Each

popu la t i on (CO, C I , C2 , C3, C4) was crossed w i t h

f o u r C o r n Belt inbreds (test cross parents) selected

on the basis of the i r react ions to the t w o generat ions

of E C B : B73 is susceptible to b o t h generat ions; B75

is h igh ly resistant to f i rst and susceptible to second

generat ions, B52 has in termediate resistance to f i rst

generat ion, and is h igh ly resistant to second genera-

t i o n ; and B86 is h igh ly resistant to b o t h generat ions.

Sign i f icant increases were f ound f r o m BS9CO to

BS9 (CB) C4 f o r resistance to f i rs t generat ion ( leaf

feeding), second generat ion (sheath-col lar feeding),

and stalk tunne l ing (cavi ty counts) . F i rs t -generat ion

leaf-feeding damage decreased f r o m 3.6 in CO to 2.7
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fou r , and eight and on the shor t arms o f c h r o m o -

somes one, three, and f ive. The f requency of genes

f o r resistance to sheath-col lar feeding by second-

generat ion E C B is very low. On l y one inbred l ine,

B52, and three maize composi te popu la t ions have a 

good degree of resistance.

Sorghum

D u r i n g the per iod o f egg depos i t ion by second-

generat ion E C B , sorghum is in var ious stages of

anthesis. M o s t larvae feed on sheath-col lar tissue fo r

35 days after egg hatch. Resistance in so rghum as in

maize, therefore, is resistance to sheath-col lar feed-

ing . So rghum genotypes vary in degree of resistance-

susceptibi l i ty when an in fes ta t ion occurs d u r i n g

anthesis. Some genotypes are h igh ly susceptible,

however, E C B larvae rare ly enter so rghum stalks

below the peduncle, so on ly peduncles and heads are

damaged. In constrast, on susceptible genotypes of

maize infested d u r i n g anthesis, E C B larvae tunne l

th roughou t the who le p lant .

The genetic basis of sheath-col lar feeding resis-

tance in so rghum is not k n o w n . A f u l l set of t r i som-

ies is avai lable f o r locat ing ch romosome arms in-

vo lved in insect resistance, bu t the t r i somic genetic

stocks are d i f f i cu l t to ma in ta i n . A f u l l set of rec ipro-

cal t ranslocat ions (20 are needed) is not yet avai lable

in so rghum fo r de te rm in ing the number o f genes

cond i t i on ing resistance to second-generat ion E C B .

Three cycles of S1 l ine recurrent select ion in t w o

sorghum populat ions increased resistance to second-

generat ion borers. As in maize, polygenes p robab ly

cond i t i on resistance to second-generation E C B in

sorghum.



in C4 fo r cycles and f r o m 3.9 in CO to 3.2 in C4, fo r

cycles in test crosses. Second-generat ion sheath-

co l lar feeding damage decreased f r o m 6.4 in CO to

4.4 in C4 fo r cycles and f r o m 5.6 in CO to 4.7 in C4,

fo r cycles in test crosses. Second-generat ion damage

in stalks (one cavi ty = 2.5 cm) decreased f r o m 8.4 in

CO to 3.3 in C4 fo r cycles and f r o m 7.4 in CO to 4.9

in C4, fo r cycles in test crosses.

The increase in resistance in populat ions of BS9

reduced y ie ld losses under ar t i f ic ia l infestations of

E C B , but the reduct ion was not suff icient to com-

pensate fo r the loss in yield potent ia l that occurred

as a corre lated effect f r o m selection fo r E C B resis-

tance. Reduct ion in the gra in yield f r o m BS9CO to

BS9(CB)C4 under no ar t i f ic ia l infestat ion was esti-

mated to be 8.4% caused by changes in gene fre-

quency due to selection and 18.8% caused by

inbreeding depression due to d r i f t . Mos t of the y ie ld

reduc t ion , therefore, was caused by a random fixa-

t i on of heterozygous loc i , and the yield reduct ion

may have been increased because of l inkages to

alleles of other trai ts under direct and indi rect

selection.

S, recurrent selection, therefore, was effective in

increasing resistance th roughout the l ife of the maize

p lant , bu t unfavorable responses in other agronomic

t ra i ts , par t i cu la r ly in gra in y ie ld , suggest that the

selection cr i ter ia fo r ECB resistance should include

yie ld.

Because of l imi ta t ions of resources fo r replicated

yield tr ials and the impor tance of popu la t i on size to

reduce d r i f t , an S1 recurrent selection p rog ram

wou ld be the most desirable method to implement .

A l t h o u g h this wou ld require an ext ra year in tem-

perate zones, selection can be conducted in t w o sea-

sons. The S1 lines cou ld be evaluated fo r f i rs t - and

second-generat ion ECB resistance, anthesis date,

and p lant height in one or t w o repl icat ions to e l im i -

nate the most undesirable lines. These trai ts cou ld

then be evaluated again in a smaller popu la t i on of S2

l ines, in add i t ion to evaluations fo r y ie ld in rep l i -

cated tr ials.

Inbred B86 was developed by selecting and self-

po l l i na t ing th rough several generations in progeny

of a single cross, B52 x Oh43, under h igh a r t i f i c ia l

infestat ions o f bo th generations o f E C B . The inbred

cont r ibutes resistance to f i rs t -generat ion E C B ( f r o m

the Oh43 parent) and resistance to second-generation

E C B ( f r o m the B52 parent) in single-cross hybr ids.

B86 was the f i rs t inbred of C o r n Belt o r ig in k n o w n to

combine in to one genotype good resistance to the

insect f o r the l i fe of the p lan t . Recent ly , t w o o ther

pub l i c l y released inbreds, SC213 and D E 8 1 1 , have

Maize

D I M B O A (2,4-dihydroxy-7- methoxy- 1,4- benzoxazin-

3-one) is a chemical factor present in resistant geno-

types of maize in the w h o r l stage of development . A 

simple inbreeding and selection technique fo r D I M -

B O A ( in a cross of a susceptible and resistant inb red

line) and a recurrent selection technique can be used

to increase levels o f D I M B O A fo r resistance to leaf

feeding by f i rst-generat ion ECB. Select ion on ly on

the basis of D I M B O A , however, may cause the

eventual loss of other E C B resistance factors in

maize breeding populat ions. Fu r the rmore , D I M -

B O A is not a factor in resistance of genotypes of

maize to second-generation E C B because sheath-

col lar tissue contains very l i t t le D I M B O A .

Sorghum

D I M B O A is not a chemical factor in the resistance

to leaf feeding by f i rst-generat ion ECB. Research in

1949 impl icated cyanogenetic ( H C N ) as a resistance

factor. I f H C N is, however, a resistance fac tor , i t is

effective at very low concentrat ions because geno-

types o f sorghum conta in ing low levels o f H C N were

as resistant as genotypes conta in ing h igh levels of

H C N .

D i s c u s s i o n a n d C o n c l u s i o n s

A host-plant resistance project is of value even if it

on ly prevents the release of extremely susceptible

germplasm. For example, in our 14 000 -20 000-plot

nursery (Co rn Insect Research Un i t ) , each year a few

lines are so highly susceptible to ECB that the insect

ki l ls every plant. This type of mater ia l is cul led

immediately.

Hopefu l l y , some of the genetic engineer ing tech-

niques w i l l be useful in breeding maize fo r resistance

to insects. Improvement in crops w i t h mu l t ip le gene

t ra i ts , however, is a bu i ld ing process based on step-

wise accumulat ion of genes w i t h favorable addi t ive

effects. At present, the only k n o w n way to accumu-

late favorable genes for mu l t ip le gene t ra i ts is by

selecting over several sexual generations i nvo l v i ng

genetic recombinat ion . In sexually produced crops,

173

C h e m i c a l Basis o f E C B R e s i s t a n c e

displayed resistance to both E C B generat ions.



the most ef f ic ient breeding methods to accumulate

favorab le genes w i l l necessarily p lay the largest ro le

in p lant breeding.

Resistance to leaf feeding by f i rs t -generat ion E C B

is cond i t ioned by at least eight genes, and resistance

to sheath-col lar feeding by second-generat ion E C B

is cond i t ioned by at least seven genes. Recurrent

selection breeding methodo logy has been successful

in deve lop ing genotypes o f maize w i t h resistance to

bo th generat ions o f borers. I t i s no t k n o w n i f genetic

engineer ing techniques w i l l be as successful or faster

t han recurrent selection in breeding genotypes of

maize resistant to insects.

Genetic engineer ing technology may be used to

insert a genet ical ly engineered Bacillus thuringiensis 

(B.t.) t o x i n gene i n t o the p lan t i tself, m a k i n g the

p lant inherent ly resistant to insects. The level of gene

expression must be h igh enough so that an insect

feeding on the p lan t tissue consumes a le tha l dose of

the t o x i n before the p lant incurs unacceptable levels

of damage (K i r schbaum 1985).

McGaughey (1985) repor ted tha t , in tests w i t h

B. thuringiensis f o r the con t ro l of the Ind ianmea l

m o t h , Plodia interpunctella ( H u b n e r ) , t w o genera-

t ions of exposure resulted in 30- fo ld resistance and

that 15 generat ions of exposure resulted in 100-fold

resistance of the insect to the pathogen. At present, i t

is no t k n o w n i f insects feeding on B.t. t o x i n -

t rans formed plants w i l l also develop resistance. I t is

k n o w n that genotypes o f maize developed (by

o r t h o d o x breeding methodo logy ) f o r resistance to

insects such as the E C B , have no t developed insect

b iotypes that can overcome the resistance (p robab ly

because resistance is mul t igenic) .

Assuming that a B.t. t o x i n gene can be inserted

in to maize plants render ing susceptible genotypes

resistant to insects, many quest ions w i l l have to be

answered before the technique can be used in breed-

i ng maize f o r resistance to insects. F o r example , w i l l

the B.t t o x i n gene express itself in a l l p lant parts?

W h o r l leaves con ta in factors cond i t i on ing resistance

to leaf feeding by f i rs t -generat ion E C B . Sheath-

co l la r tissue contains factors cond i t i on ing resistance

t o second-generat ion E C B . The D I M B O A gene o r

genes are expressed at a h igh level in m i d w h o r l

leaves of some genotypes of maize bu t at a very l ow

level in sheath-col lar tissue. Thus , D I M B O A is a 

chemica l fac to r cond i t i on ing resistance to leaf feed-

ing by f i rs t -generat ion E C B , bu t is no t a fac tor in

cond i t i on ing resistance to sheath-col lar feeding by

second-generaton E C B . F o r the B. t . t o x i n gene to be

effective th roughou t the l i fe of the p lan t , i t w i l l have

to be expressed in several p lan t parts. W i l l maize

insects feeding on B.t. t ox in - t rans fo rmed plants

develop resistance to the B.t. tox in? W i l l single-cross

hybr ids be resistant i f on l y one inbred l ine conta ins

the B.t. t o x i n gene, or w i l l b o t h inbreds have to

con ta in the gene?

Endophytes (microorgan isms tha t l ive w i t h i n a 

p lan t ) may be useful in t ranspo r t i ng the B. t . t o x i n to

a l l p lan t parts. F o r example , Crops Genetics In ter -

na t i ona l C o r p o r a t i o n has used b io techno logy to

m o d i f y the genetics of selected endophytes to p r o -

duce b io log ica l c rop protectants and g row th en-

hancers. Too ls o f b io techno logy inc lude t ransfor -

m a t i o n (the process o f i n t r oduc ing fore ign D N A

in to an organ ism) , recombinant D N A (new sequen-

ces o f D N A fo rmed by chemica l ly recomb in ing d i f -

ferent segments o f D N A ) , pro top las t fus ion ( f o rma -

t i o n o f a h y b r i d cel l by j o i n i n g t w o d i f fe rent cells

f r o m wh ich the cell wal ls have been removed) , and

mutagenesis ( the del iberate c reat ion , u t i l i z ing phys i -

ca l , chemica l , or b io log ica l agents of a mutan t ) . The

company expects to use recombinant D N A and

mutagenesis f o r its c rop protectant and g r o w t h

enhancer products . Recombinan t D N A technology

requires tha t the company develop genetic trans-

f o r m a t i o n systems, a range o f p romote rs (a D N A

sequence tha t cont ro ls gene expression), and an

ar ray of appropr ia te vectors ( the agent used to car ry

new D N A i n to a cell) f o r its endophytes and insert

bacter ia l genes in to the endophytes. The company

has discovered an endophyte f o r maize, has ref ined

recombinan t D N A too ls , and has acqui red a gene

p roduc ing a t o x i n active against the E C B . The insec-

t ic ide gene is f r o m a s t ra in of B. thuringiensis. 

Molecu la r biologists have successfully engineered

the B.t. gene in to a nonendophyt ic bacter ium and

have demonstrated act iv i ty against the E C B . They

are eva luat ing a range of p romoters isolated f r o m

the maize endophyte f o r ab i l i t y to dr ive the expres-

s ion of the B. t. gene. They have inserted the B. t. gene

in to the endophyte and are cur ren t l y eva luat ing the

engineered bacter ia f o r insect ic idal ou tpu t , genetic

s tab i l i ty , and levels of co lon iza t ion in labora to ry

and greenhouse t r ia ls. In summary , C r o p Genetics

In te rna t i ona l C o r p o r a t i o n is deve lop ing a fam i l y of

genetical ly engineered m ic rob ia l pesticides, wh i ch

can be inocu la ted in to seeds and p lants. These

pest ic ide-producing microorganisms are designed to

reside and f unc t i on in a plant 's vascular system and

prov ide benefi ts f o r the l i fe of the p lan t . Because the

endophy t i c del ivery system func t ions in terna l ly , the

p lant w i l l protect the products f r o m outside env i -

ronmen ta l forces that degrade externa l ly appl ied

biologicals and chemicals. The system shou ld be cost
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effective because single app l ica t ion of minute dos-

ages are ant ic ipated to achieve and sustain potency

fo r the l i fe of the p lant (Anonymous 1987).



D i s c u s s i o n

Vidyabhushnam: W h a t is the nature of inher i tance

of resistance to rice stem borer?

Ka lode : In one of the crosses studied in rice by

Prasad et a l . in 1984, Phalguna x T K M 6, resistance

is governed by dom inan t genes and 1 dominan t

inh ib i to ry gene at heading stage.

Vidyabhushnam: W h i l e screening the breeding

mater ia l fo r stem borer, what precaut ions are taken

to con t ro l shoot f ly? I f the screening is done under

cond i t ions free of shoot f l y , the chances of na tura l

infestat ion by stem borer are also l ike ly to be low. It

wou ld be desirable to have an approach comb in ing

the t w o pests together.

Agrawal: Shoot f l y incidence is avoided by adjust ing

sowing dates. Regard ing screening under natura l

in festat ion at Hisar , p lan t ing in the f i rst fo r tn igh t of

Ju ly resulted in very l i t t le shoot f ly incidence.

Screening under ar t i f i c ia l in festat ion avoids the

prob lem. Ef for ts are already being made to combine

resistance to bo th shoot f ly and stem borer.

Seshu Reddy: In answer to Dr V i dya Bhushanam's

quest ion, Dr A g r a w a l indicated IS 1082,2122,2312,

5604, and 5622 as mater ials con t r i bu t i ng to stem

borer resistance. A l l these entries are also resistant to

sorghum shoot f ly . I am happy that D rs A g r a w a l

and Taneja have been t r y i ng to incorporate resis­

tance sources of shoot f ly and stem borer i n to h igh -

y ie ld ing cul t ivars. In fact this is an excellent ap-

proach where t w o major pests have been considered.

Kaiser Jamil: A m o n g the several strains of Bacillus 

thruriongiensis, wh ich par t icu lar st ra in was ut i l ized

for incorpora t ion in to the seeds? H o w was this done?

Guthrie: These are trade secrets.

Seshu Reddy: In A f r i ca , Chilo, Busseola, Sesamia 

and Eldana have al l been found feeding on the

grains. Does the corn borer bore in to maize cobs?

Guthrie: Yes, the co rn borer bores in to maize cobs.

M u k u r u : D r Gu th r i e , you ind icated in your presen­

ta t ion that there is resistance to f i rst generat ion E C B

in hybr ids g r o w n in the U S A , but not to second

generat ione E C B . Y o u also indicated that by using

recurrent selection you have been able to increase

resistance to bo th f i rs t and second generat ion ECB.

W h y is it then that second generat ion resistance has

not been incorpora ted in to commerc ia l hybr ids in

the U S A using recurrent selection.

Guthrie: We have recently received genotypes w i t h

resistance to bo th borer generat ions, so we have not

had enough t ime to get these genotypes in to hybr ids.

D a k o u o D o n a : A lot of studies are under taken on

C. partellus at I C R I S A T and at I C I P E . W h y are

s imi lar studies not done on B. fusca, the ma in stem

borer in Afr ica?

Seshu Reddy: Some w o r k on the resistance of

so rghum to B. fusca is being done at I C I P E under

natura l in festat ion. Invest igat ions under ar t i f ic ia l

in festat ion are hindered because of lack of adequate

techniques fo r the mass rear ing of B. fusca. 

Lavigne: I f resistant hybr ids of co rn are so widely

planted in the U S A and give such good con t ro l o f the

f i rs t b r o o d of E C B , why is the second b rood infesta-

t i on such a problem? This quest ion relates to areas of

A f r i c a where so rghum is doub le -c ropped. I f we con-

t r o l the f i rst generat ion w i t h resistant l ines, w i l l we

st i l l have a p rob lem w i th the second generat ion of

stem borers?

Guthrie: The b io log ica l capaci ty of the E C B is great.

A large second generat ion can develop f r o m a smal l

f i rs t generat ion popu la t i on i f c l imat ic condi t ions are

favorable.

Lukefahr: In hot-spot eva luat ion tests, what percen-

tage of the t ime do you ob ta in results that are not

comparab le to ar t i f ic ia l infestat ion? A lso , how are

hot spots selected?

Taneja: There is at least 50% correspondence between

the results obta ined at hot spots and under ar t i f ic ia l

infestat ions. H o t spots are selected on the basis of

severity and regular i ty of the pest incidence at a 

par t icu lar locat ion.
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Plenary Session





R e c o m m e n d a t i o n s

In accordance w i t h the objectives of the workshop

part ic ipants were div ided in to two groups to

deliberate on issues arising f r o m presentations and

discussions and to draw-up recommendat ions.

These recommendat ions were presented at a plenary

session du r i ng which each point was discussed,

modi f ied where necessary, and then approved. The

recommendat ions are presented under two major

sections: B io logy and Con t ro l ; and Host p lant

Resistance and Breeding for Resistance.

Biology and Control

Pest surveys

The need fo r surveys of sorghum stem borers on

farmers ' fields was recognized. These w i l l require

careful p lanning to obta in essential i n fo rma t ion

using standardized procedures that w i l l a l low

repeatabi l i ty and compar is ion of data across

locat ions. There is a need for : species ident i f i ca t ion;

the farmers' perception of infestat ion levels, and

losses; and ident i f icat ion of con t ro l measures

employed in dif ferent countries. The need fo r

logistic support w i t h t ransport and other facil i t ies in

some areas was noted.

Diagnost ic A ids

Accurate ident i f icat ion of pest species is essential in

surveys and other work , and it was suggested that

i l lustrated diagnostic data sheets should be

produced by the Commonwea l th Inst i tute of

Entomology (C IE) fo r the ma in stem borer species.

B i o l o g y , E c o l o g y , P h y s i o l o g y , a n d B e h a v i o r

I t i s recognized tha t m u c h pub l i shed and

unpubl ished in fo rmat ion is already avai lable but

there is a need to prepare cr i t ica l reviews as a basis

fo r fur ther work . This wou ld best be done by

reviewing in fo rmat ion that relates to each of the

major species (Chilo partellus, Busseola fusca, 

Sesamia calamistis, S. cretica, S. inferens, Eldana 

saccharina, Acigona ignefusalis, and Diatraea 

saccharalis). Emphasis should be placed on factors

affect ing the d is t r ibu t ion of pest species, behavioral

studies of adults and larvae ( inc lud ing adul t

d ispersal and ov i pos i t i ona l preferences) , the

physiology of diapause, and popu la t i on dynamics.

Preparat ion of reviews w i l l indicate where fu r ther

research i s needed t o p r o v i d e a d d i t i o n a l

in fo rmat ion .

Yield Loss Assessment

Evidence on crop losses direct ly a t t r ibu tab le to

sorghum stem borers is conf l ic t ing. The assessment

of losses is d i f f icu l t especially on farmers' f ie lds, but

there are impor tant indirect effects of borer at tack

through interactions w i th stress factors, especially

drought and sorghum midge. There is a need to

determine situations in wh ich stem borers are

restr ict ing sorghum product ion now, and are l ike ly

to restrict i t in the future.

Control Measures

Chemical Control. Chemical con t ro l w i l l cont inue

to be used in some circumstances but seems un l i ke ly

to be used extensively on sorghum by small-scale

farmers. In Ind ia , some fur ther research is needed on

techniques of appl icat ion and economic thresholds.

Biological Control. The importance of endemic

complexes of predators, parasitoids and pathogens

in l im i t ing stem borer infestations is not f u l l y

understood. It was stressed that the beneficial effects

of these complexes should not be lost. Conservat ion

and augmentat ion of natural enemies mer i t f u r the r

study and a better understanding of the ro le of

pathogens is needed.

Cultural Methods. I t was agreed that the choice

and implementat ion o f cu l tura l methods o f c o n t r o l

depend on local circumstances and ac t ion must be

taken at that level.

H o s t - p l a n t Res is tance a n d B r e e d i n g

f o r Res is tance

1. Host -p lant resistance is a viable o p t i o n to s tem

b o r e r m a n a g e m e n t . I n a d d i t i o n t o t h e

development o f resistant cu l t ivars i t w i l l he lp in

a v o i d i n g the release o f s u p e r - s u s c e p t i b l e

cul t ivars.
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2. Rearing procedures and faci l i t ies fo r Chilo are

adequate at l C R I S A T , and are in progress at

regional centers but not in some of the nat iona l

programs. Rearing facil i t ies f o r other stem borer

species should be in i t ia ted. Hotspots should be

ident i f ied for screening under natura l in festat ion.

3 . I n f e s t a t i o n p r o c e d u r e s a re a d e q u a t e l y

established fo r Chilo. In festat ion should be done

at 2 and 4 weeks after emergence. Corre la t ions

should be worked out between early and late

infestat ions w i t h regard to leaf feeding and

dead heart f o rma t i on .

4. Eva lua t ion fo r stem borer resistance should be

carr ied out f o r the fo l l ow ing parameters:

• Leaf feeding at 7 days after ar t i f i c ia l infestat ion

and 3 and 6 weeks after emergence under

natura l infestat ion.

• Dead heart counts should be taken 15 days

after ar t i f i c ia l infestat ion and 4 and 6 weeks

after crop emergence under natural infestations.

• Panicle damage should be evaluated at

matur i t y .

• Stem tunnel ing counts should be taken only in

fodder sorghums and for economic threshold

studies.

5. Biology and behavior of stem borers should be

studied on resistant genotypes. Resistance

mechanisms and associated factors should be

worked out.

6. Genetics of resistance on each evaluat ing

parameters should be reexamined th rough

generation mean and dial le l analysis, w i th

emphasis on leaf feeding and dead hearts.

7 . U t i l i ze genetic i n f o r m a t i o n f o r dec id ing

a p p r o p r i a t e breed ing schemes. Recur ren t

selection is presently being used in breeding for

Chilo resistance at I C R l S A T and also in

comb in ing Chilo resistance w i t h resistance to

other insect pests. This w i l l help to accumulate

r e s i s t a n t genes i n t o c o m m o n g e n e t i c

background(s) for mul t ip le resistance.

8. Screening of w i ld sorghums for stem borer

resistance should be done to ident i fy s t rong

resistant sources.

9. The above recommendat ions are main ly fo r

Chilo partellus; f o r other borer species they

should be modi f ied wherever necessary.

10. Since I C I P E is p lann ing a stem borer workshop

w i t h i n the next three years, the progress made on

stem borer research should be reviewed du r ing

that workshop .

Training

Apar t f r o m general t ra in ing a t l C R I S A T Center

( l C ) specific t ra in ing at IC or in nat ional programs

should be organized in the f o r m of t ra in ing

workshops. Such t ra in ing should be conducted at

regular intervals i f they are to have long- term and

sustained impact on nat ional programs.

Fo l l ow ing the recommendat ions in the plenary

session, a special g roup meeting was held to discuss

and streamline the procedures/methodologies to be

used in resistance screening and yield loss

assessments. The fo l l ow ing is a summary of the

discussions.
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Group discussions on Resistance

Screening Methodology and Yield

Loss Assessments held at 1500-1630

on 20 Nov 1987

Integrated Pest Management ( I P M )

Stem borer research should have as its u l t imate

objective the development o f I P M strategies fo r

fa rm ing systems, talcing in to account the f a rm ing

communi t ies in par t icu lar regions and subregions.

Cu l tu ra l methods and host plant resistance were

recognized as the major viable components in I P M .

Screening Methodology

1. Damage rat ing for leaf in jury should be scored

f r o m : 0 to 9 

0 = Immune

1-2 = H igh ly resistant

3-4 = Resistant

5-6 = Intermediate

7-9 = Susceptible

Develop a d iagramat ic ra t ing scale showing

dif ferent scores fo r un i f o rm i t y in eva luat ion.

Prepare slides fo r use in workshops and seminars

fo r nat ional programs.

2. For evaluat ion under natura l infestat ions,

damage rat ing should be based on infested plants

only .

3. Deadhearts should be considered a parameter as

indicated in the recommendat ions i.e., deadheart



Yield Loss Assessments

1. Pest surveys should be conducted in India for the

ma jo r pests of sorghum. Their frequencies of

occurrence and severity of attack should be

mon i to red along geographical zones.

2. Yie ld loss assessment trials should be conducted

at specif ic locat ions and the f o l l o w i n g

methodologies should be used:

• insecticide protected and unprotected trials

• ar t i f ic ia l infestation

• pa i red p lant analyses of infested and

uninfested plants

3. The relationships between insect infestation and

actual yield losses should be worked out.

4. A realistic and comprehensive est imat ion of

insect related losses under farmers' situations

should be conducted.
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count 2 weeks after ar t i f ic ia l infestat ion, and 4 

and 6 weeks after crop emergence in case of

natura l infestat ion.

4. Panic le damage shou ld be evaluated by

conduct ing a series of experiments at various

locat ions, w i th infestations at various crop

g r o w t h stages (boot leaf, postboot leaf and

panicle emergence). The fo l lowing parameters

should be noted: bored panicles and chaffy

panic les/unproduct ive panicles.



D i s c u s s i o n

Harris: A l t h o u g h considerable i n f o r m a t i o n is ava i l -

able on stem borer research, there is no cent ra l rep-

os i to ry f o r these documents. C A B can assist in c o m -

p i l ing exist ing in fo rmat ion . However, i n fo rma l pub l i -

cat ions f r o m nat iona l p rograms w i l l need to be

added to the i n f o r m a t i o n base. Th is documen ta t i on

ef for t can be taken up as a cooperat ive e f for t and

C A B can be a con t r i bu to r . We have an i n f o r m a t i o n

base da t ing back to 1972. I C R I S A T should serve as

a focal po in t f o r co l lec t ion and d isseminat ion of

i n f o rma t i on . We should start w i t h Busseola and

then move to Chilo and Acigona. 

Kanwar: The C A B offer is welcome. The exist ing

i n f o r m a t i o n can be made avai lable in a few weeks.

The missing i n f o r m a t i o n f r o m na t iona l p rograms

can be added to i t . In case of species present in

A f r i c a , possibly agencies such as O D A may also be

ready to help.

Lavinge: We shou ld have an i n f o r m a t i o n base and

then decide wha t is to be done. Areas of research

should be ident i f ied and dup l i ca t ion should be

avoided.

Kanwar: Recommendat ions qu i te of ten remain on

paper, we should ident i fy the people to under take

this documenta t ion act iv i ty . I recommend that Dr

Harr is o f C A B and D r Saxena o f I C I P E should

prepare a c r i t i ca l review, w i t h suppor t f r o m I C R I -

S A T . A decision can be made later whether this

mater ia l should be publ ished or mimeographed fo r

d is t r ibu t ion .

de Wet: As we move the discussion f o rwa rd I wou ld

l ike to have y o u consider the quest ion , are borers

impor tant? W h a t are incidence and damage levels?

Sithole: We have not worked on losses in Z imbabwe ,

but in festat ion may be as h igh as 70%. Ac tua l losses

are not k n o w n .

Lavinge: In Somal ia , 100% of sorghum fields may

show in fes ta t ion , and 6 - 1 0 % of the plants show

dead hearts.

Nwanze: In West A f r i ca , in festat ion may go up to

100%, but actual losses may on ly be 5%. Var ious

estimates show 10-15% actual losses.

Seshu Reddy: In Eastern A f r i c a we have conducted

a number of surveys. A b o u t 10-75% losses are

recorded due to a l l pests. E laborate techniques are

d i f f i cu l t to use on farmers* f ields. T i m e of in festat ion

determines the actual losses due to insects.

Wiseman: I f you have a proper chemical con t ro l

check, y o u can est imate the associated losses wh i ch

may be a t t r ibutab le to a l l pests. Specif ic exper iments

may have to be set up f o r this purpose.

Saxena: Pheromones fo r m o n i t o r i n g C. partellus are

not sat isfactory and requi re fu r the r studies. H o w -

ever, B. fusca popula t ions can be mon i to red effec-

t ive ly using pheromones. Some cu l tu ra l practices

also have the po ten t ia l f o r reduc ing stem borer d a m -

age and may be ment ioned in recommendat ions.

Harris: C u l t u r a l con t ro l has a po ten t ia l , and varies

accord ing to loca l practices. There may even be need

fo r p roper legis lat ion to take up such practices over

large areas. However , we have no t gone to that level

yet.

Vidyabhushnam: Seasonal abundance and off-sea-

son carryover studies should be emphasized.

Amin : In l P M , wha t w o u l d y o u l i ke to have as a 

ma jo r component?

Harris: Host -p lan t resistance.

Kanwar: People in na t iona l p rograms shou ld i nd i -

cate the type of t r a i n i ng requ i red , and the scientists

and technicians should be ident i f ied who might

benefit f r o m par t ic ipa t ion in such t ra in ing .

Nwanze: Appa ren t l y , equal weight is being sug-

gested fo r d i f ferent parameters f o r measur ing insect

damage. Wha t is the just i f icat ion?

Wiseman: Leaf damage should reflect p lant resis­

tance. Stem tunne l ing has been suggested fo r forage

sorghums. Possibly, d i f ferent types of resistance

may operate at d i f ferent stages.

Guthrie: I t may t u r n out that we can infest at one

stage on ly , i f there is a good cor re la t ion in p lant

resistance across stages. However , resistance fac-

tors , e.g., D I M B O A concent ra t ion in maize changes

w i t h p lant age.

Kanwar: A commi t tee should suggest ways of eva-

lua t ing materials fo r resistance. We should develop a 

ne twork of people w o r k i n g fo r a c o m m o n cause and

agree on a c o m m o n p rogram.

Lavinge: A subcommit tee should discuss what para-

meters should be measured fo r host-p lant resistance

in stem borer research.

Nwanze: We shall meet in the a f ternoon.

Seshu Reddy: We should also l ook in to mul t ip le pest

resistance. Those interested in H P R should come

together and co l laborat ive arrangements should be

made.

de Wet: We are p lann ing to have a ne twork of testing

mater ia l f o r resistance to insects, diseases, and other

trai ts.

Nwanze: We have started mu l t ip le pest resistance

w o r k , and the same is reflected in recommendat ions.

de Wet: I am now fu l l y conv inced that research on

stem borers is an essential componen t of cereals

improvement p rog ram.

Kanwar: One o f the i m p o r t a n t con t r ibu t ions o f
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H P R is to stop the release of supersusceptible cu l t i -

vars in the absence of cult ivars w i th high levels of

borer resistance. I C R l S A T ' s Cereal Entomology

Prog ram should come up w i th proposals for discus-

s ion at the p rog ram level on future research on stem

borers. It is t ime to revise our projects and make the

necessary changes. Resistance to other insects should

also be incorpora ted . The fu ture technology should

be m o d e r n , economica l , and viable. Management of

pests shou ld be our a im , and needs to be cost effec-

t ive. We should also th ink of mil lets. I C R I S A T ,

I C l P E , and other inst i tut ions should wo rk together

and even jus t i f y and sponsor common workshops.

O u r approach should be interdiscipl inary in nature.

Entomolog is ts and breeders should go hand in hand

to make fast progress in H PR and pest management.
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