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hepor-t of ~. course held at tllc ~lest Africrl. r~icc

Development Associu-cion's (~JJJillA) JCcles T. l?hillips
Jr. LeGional TraiuL~~ Cantre, FcndQll, Liberia,
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If m.s.terial i'rol..l this publication is copied, or
translated into another lon~uatc, CI0l?, U~.ID, ~~d this
pulbieation should be credited.

Edi.tor E:- .G.A. Akinsolo.
:8. CuayoL,ode
I. Akintayo
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PltEFACE AND ACKNOolLCDGEUill'IT S.

..

These plocccdinGs are th8 lcctul~e papers cu::mo.tint:;

frow the short COtusc, ;iInte~n:ted FelSt I.1:mat,clilent iLJ. 1.ice

in \Jest Africa;; held at the \Iest Africa hice DcvcloII'J.ent

Association (v!Al~A) 1raininb Centre Fcndull, Liberiu~

January 10 - 23: 1902. The shor'~ course and this
publication were sponsored join-i;ly by \iAlUJA, the

Consortium for International Crop Protection (ClCP), and

the U. S. Abenc~r for lnternationcl1 Development (U~lD).

At a seminar or[;.anized by ilArmA in Bobo Dioulasso,

Upper Voltn in Septciuber 1979.ll pe st s 'ilere recot.l1i~ed us

wajor constraints to rice production in iJes1i Africa and

current contr'ol ueasures relSardcd as inadcquate to cope

with the probleiJ. posed by pests. I~ecommendationswere made

by the member countries that HAhDA should initiate nctions

towards a rebionully coordinated procramwe on Intccrated

Pest Lianacement for rice in Hest Africa. The shor·t cow"se

nas a first step in this directione

The ov~rall objoctive of the cour'se was to cJ:'eate

awar'eness on the cOl1cepts.ll teChniques and application of

InteGrated Pest l.iC.l18.(;0111ent in rice in Y/est Africa. dore

specific objective \lore:

1. To introduce to extension and research officers and

:pro j ect m.:l.pcrvisor s worl-dnL 011 projects J:'clated to

rice pest contlol in \IAli.DA rcc>ion, the concopi.is.ll

presently available and prow~sinG techniquec, and

application of intecriliecI pcs't manri£b11en"t illn-C-"O~

2. To review the pest problems affectinG rice in \iest

Africa ~!d the present approaches to their control.
3. To establish illechonisllls for effective dialof:,ue and

coordination ~JonL rice protection specialists in the

'liAItDA :r.ebion, and
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4. To deter1.1ine need for subscquent requiremCllts in

IELi trainin[, for personncl lX1Itieipatinc; on

hec.ional Pro[;l"a.:rrwe on the Intee;rated lJanaLCl21en-ii

of Pests of ILice in vlest Africa.

In addition to formal presentations, a field trip

\las conducted to the Central ACricul tural Ii.esearch
Institute, Su.cli:oko; a panel discussion lool;:ed into

the aspect of post-harlest rice pest control; wbilc

pc.rticipants$ alr~1Lcd in three c..GooeosysteLl tea;~s

prepared and prcsented status repori:;S and reeoLll~'icnclD.tions

conccrninL trainll1g needs, research lequirewcnts etc.

Tvl1enty-eiCht tlainees from 13 countric:3 ill '.[est

Africa namely: Benin, ~'he Gambia, Ghana, Guinea, GUlllOa
Bissau, Ivory Coast, 1.ali, li1aw.·i-iio.nia, Nigeria, Seneeal,

Sierra Leone, TOLO and Upper Volta participated at the

course. Lcct~~crs ,vere invited from national and ll1ter

national acricultur21 institutes ro1d Universities ~~

\/est Africa. Others C8.rJ0 from the Un; ted Stc..tcs of ..'..:;.lorica,

~hilippines ond Fra.ncc. Some lectuI'crs resided in tho

dormi tory togetl...er \"Ii tIl the tr6.inces thereby haviJ,1[, t1.clple

opportunities for informal discucsions which in mm1Y
occasions ran lnt8 into the niU1t.

I wish to express sincere £tppreciation to ClOP and

the USAID for their role in the implementation of the course.

Deep gratitude [,oes to the course coordinators, l.-uost

lecturers and trainees for their cn"i:;husiasm and dedication
wi thout './hich the courSe could nvt have achieved (;uch 8.

Fll1ally, I \/is11 to express sincere th::!ll1l::.s to those

v/ARDA officials includinG translutors £'..Ild typistEl who have

contributed to the proparation of this proceedinLs.

flidi Coulibaly
Executive Seeretal~y

V/.A.n.D.A.
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INThODUCTION... ... .................. .

.•

There is a QiverGenee of opiuion as ~o \lllethcl the
idea of inte[:,~:ated pest manal;,eiJlemt is new to VJest Africa.
Some workers believe that rice farBers, for instance, have
practiced a fo~ of intebrated pest wansgement. ~ley claim
to sce nothi..'I'l[. no,,'! and that recent hue and cry werely
formalises and conceptualizes the idea.

The man6rove r"ice farmer ,,-,,110 ..Ilira.nsplants old soedlin£s
in order to esc~pe crab dacage, the hi&hly laborious paddy
systems of sublilor[.irl':' ;-vceds into puddled soils, tra.nsplfAllt
inC seedlings 0111 enouGh to coopete successfully rli th It'l.ter
cerminatin6 weeQs anQ the system of plantinG rice on raised
rid.L;es to evadc nc"·~el~-loviIl[, lllsect posts and soil problems
these may be cited as pestwana~emont practices. But the
application of t1l8se teChniques wore rather hapha.~ard and
unintegrated.

Inte{;Iatiol1 connotes the idca of cOlJpatibility which
~an only be obtaillctl throubh a conscious effort at
understandinG pcst complexes and available control tactics.
As stated by Profc~sor T. Ajibola ~aylor, \;unlcss -there is
a basic under"staJ.1<lillG of the fact thu:~ inte[;ratcd pest
control is a conscious p carefully planned, and rousonably
stable system in v~lich all suitabla methods of control and
management arc blended in such a wc..y as to perlilllIlcntly

reduce the significance of a pest as a source of economic
da.ma.ge or loss, thcro will be no conscious effort to
develop the concel)t as a real strateGY for pest control in

lik'lIly parts of Africa.';

HQTein lies ehe relevance of this ShOlt CO'lu'se. The
i.lCuninc. of, the D.l)l)!"oach to and the level of undel stOlldin[,. of
the conce,t of ill·~OL:ra.tcd pest lik'UlaGCli.1ent do vr::.r"'Jr Ol1d the
course aimed at l1rovi<linL opportunities for crystali~ation

of ideas and apreud of ~he real concept of intcLratcd pest
luanacelllent •
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It is hoped that these proceedin&s ~ould pxovide
invaluable reference waterial not only to rice
protectionists but also to all involved in crop protection
in '.clest Africa.

The editors acknowledge the excellent cooperation
of the course lecturers and trainees who submitted written
material incorpora:~cd into the Proceedings. \:c should
note that one lecturer, Dr. Peter Kelli!10re, presented
several J:'orwal leetUI'os at the cow'Se (r'efer to D..c..cnda),
but did not submit papers for incorporation.

E.. A. Akinsola
B. OuayoGode
I. Akintayo
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Dedicat~d to Baboucarr Chan of The Gambia, a
trainee who lost his life shor'-'lily after' the course.
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ORIGll-rS OF nil. ., . t. .
By

Dale G. Bottrell
University of California, Berkeloy

Consor-~iuw for L"lte:rnai.:ional Crop Pl"o"l;ec-jjion
2200 Fulton Street, adte 310

Berkeley, Califol~ia 94704, USA
- ..--............- ....._-------.._---

GElffi 5'I S OF PE ST COUTllOL
r • • • • •

Long before the bioloeY of pests was unQcrstood,
hunmn bein~s devcloped many bioloGical, cultural, and
physical methods for the protection of crops, animals l and
self. r~ of these practices sUbsequently proved scienti
fically valid, thOU@l oriGinally derived from crude empirical
~ethods (Ordish, 1976).

The earliest referenec to the use of chemicals to
control pestD dc..tes, back to cir:..:.I. 23500 B.C. nhen the Si.lLler·ia.l.;~

used sulfur compounds to control int.}cts and mites. Thousands
of miles cast of Sm~er, and somc 1,000 years later, the
Chin~se developed plant-derived ' insecticides for protecting
plant seeds and for fumigatinC plwrts infested Yii tIl insect
pests (Flint and vml den Bosch, 1901). Chemicals were also
used to con'brol plant disoases at least 1,000 yeal"'s before tho
Christian era ; at tho tirue of Homer, sulfur was used as a
therapeutic aeon·~ (Uallmr, 1950).

Several centuries before Ch.rist, the Chinese c:leveloped
sicnificant pest control techniques, learninG to control
insect pest denEli tics by exploitine ;'Ilatural onemies\; and
by adjustinc crop p1zntine times. By A.D. 300 the Chinese
'"It'I,...n '9 Cltab' ishin.:; ~~"1-ie&v-f prcJatury---(-insec L-fccdill£;}

ants in Citl'US orcher-de to control caterpillars rold lurge
borinG beetlos (Flint and van don Bosch, 1901).
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The first B.e"~ods of weed contr'ol involved hUDDll,
, .

livestock, and i.1eChOllical enerL;jr. Fro.~ 6000 to 3000 B.C.
~eeds were controlled by human hands. Crude woo~en

iLlplelJ.lents, includL."1G hoes, used fl~OH 3000 to 2000 D.C. Vlcre
supplelilcutcd by h~rmd sickles and -~he first ijioodel1 plow about

1000 B.C. A wooden spiked-tooth hal'row had been invmlted

by 500 D.C., and iuprovcd wooden p10HS became available

during A.D. 1600-1000. The first all-steel ploHs, drawn

by horses or mules, TIera ~troduced in 1837 (Tiwoons, 1970).

FOUNDATIONS OF IP:i-.. ,.... .
The latter half of the 19th century and the first

part of the 20th murked a sif;;l1ifican"1i era in pest control.
As public aC;l"icult1..1.l~al experiLlClri;' stations CIllel'[;;ccl in the

late 1800s in the USA, for eXaLlple, pest control c:~pcrts

beGan to discover the bioloGical basis: for earlier pest
control Llethods developed lar"[;ely by ;:tI'ial Uld Cj;'ror:'

(Smith et 01., 1976; 3Jith, 1970)., Pcrtially by intuition and
]!artially because "~here were no cffective, alternatives,

leading experts advocated habitct wanaco~ent'practices that

would, lil8.X~i~e tho benefi ts of 110.iiurt'.l biolo[,ieo.l Dnd

environmental control.

In the late 1000s, Stephen A.FOrbes, ~~tomoloList

at the Universi-i;y of Illinois in the USA, adopted tho' word

\'ecoloc.:;y'l and s'~l"'esE1ed the broad application of ecoloLical

principles in controlling a&ricultural crop insects

(Ue"tcalf, 1930). Other pest control experts of this era

advocated an ecolOGical approach that inteBratod C~ array of
pest suppressive tecltniquos, such no resistwlt crop varieties,

____ ~__~_~_cultural-E.!'acticesl and biological con-trol. Fr'OIl1 these
~ - ---~-_.-.-_.- -.-.- -~_.- -_._ .... --"_.--- - --- .. -- ----------------- ._-_._-_ .._•.. _-----_.~, .._._----_.- ----- -----_._-_._---_.--.

efforts somoof the wost ingenious WEmat;ement sys'cems ever
developed for e.[;ricultural insect posts 0volved (alith at al.,

1976; Watson ot al., 1975; Nov/soUl, 1975), and the iiloucrn
approach to pest control knovm as t:intec;rated pest ilk'U1ae;ement Cl

(IB.i) waS born.
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Plant patholocists algo developed important disease
illansgement concepts and techniques.durinc the late 1800s
and early 1900s. For example, plants resistant to
diseases W9rc rec0i.J1iz\;;d in the .19th·century, tmd bieedine
disease-resistant crop varieties ~~s accelerated after t~e

discovery of Ilcr:.dol l s lavvs of herodi toy in 1900. Followin~

these bre~~thrcuChs, the approach was quickly exploited
for tho control of ililportunt plant diseases of ~y cereal and
some horticultural crops (Apple, 1977; \iallcer, 1950).

The late 1000s and early 1900s also witnessed wajor
developments in public health pest control. A Qosquito
manaLement stratecy that inte&ratod eeolo6i~al manipulation
of tho aquatic brccdins habitats (draininb, fillL~G,

impounding, and flushing) and occasional use of kerosene to
kill immature mosqui-t;oes in. the liTatcl' had been developed by
the early 1900s. Construction of tho Panama Canal
(completed in 1914) froS ma~e possible in part because ~he

USA was able to ~luLe the malaria and yellow fever
lllosquitoes which had IJrevented the French from succeeding
earlier.

THE SHIFT TOWAnD CHl:I1ICAL CONTHOL•• •• ............ r.

Despite the inc..cnuity and c..ppal"CIlt effectivcmcssvf
some of the early management schemes developed for atricultural
ond public health pests, they frequently did not provide
satisfa~tory pest control Cauged by present stundards. The
ecolo(:,ically orientod approach· thus shifted to contl"ol ·by
chemical pesticides as effective ~terials becamo available
in various areas of the world. Pesticides were ofton more
cff'octi·;e, were iiI"tlCh swplei- . GO asu ~haLl Lhe maliC complex
and labor-intensive nonchemical approaches, were cheaper,
Cave gZ'eater yiolds, and provided readily available and
inexpensive insw."ance to the user.
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Their use dis~laccd many of the earlier control tcclIniques,
such as cuItural and biological control, pest-resistant
crop varietics~ Em.d habitat manaGei:lent. The nev! clwmical
pesticides could be used by theMselves and could achieve
hiGher levels of pest control; they Greatly simplified pest
control, and the eUI'liar integrated pest control schemes
\'lere viewed as obsolete.

Use of chcnical insecticides in the USA dutos from
1867 ~ when ~aris [,recn (an arsenic COillpOUIl.d) was usoc1 to
control outbrcG.ks of the Colorado potato 'LJee,\;.Lc. rJithin a
decade, Paris-creen and kerosene oil emulsion were beine
used Q.sail.:st a var'iety of insect pests.

COllillon salt 'rJ£'..S apparently the first ruQ.terial used for
chemical eontrol of weeds in the USA. It was usod
extensively to control field bindv!ccd in K.ansas in the late
1000s. Copper sulfate was introduced toward the t~~ of
the century for control of weeds in wheat (Tilili.:.10nS, 1970).

Around 1032 the use of Borduaux mixture (quicl\:lime and
coppc;r sulfate) as u fungicide (with SOIile insecticidal
properties) was accidentally discovered in France, addinG
further impetus to usc of pesticides. This discovery was
soon followed by fluorine-based insecticides and insecticidal
compounds derived from plants (NAS, 1969). In the USA and
certain other cOl,U1trics~ there vIas optimism as early as the
turn of the ccnt~~y that Chemical pesticides would ultimately
control both diseases and insects (Apple, 1977). ~lC introduct
ion of aircraft UPIJlication in tho e::u;ly 1920s con·~l·ibuted

further to the usc of pesticides. '£he emer{;ence of effective

the herbicide 2,4-D-aft3r \/orlc1 \/o.r' II prompted further
optimi~l and soewad to promise a pest-free environwant.
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The post,var pesticides initially produced spectacul~

results aGainst u::.;riculi.-ural posts, partieularl~r insects
und weeds, and public health pests, and the SUCcess of
the materials led to widespread acccpo~ance and reliance
upon them in the developed countries.

The syn-t;llo-i;ic orGanic pesticides also had 0. i:ilajor
impact upon the concopt and implcucntation of tho ;;Grecn
Revolution t ; by providinG a major moda of pest control for
the hieh-yieldinc..; varieties of \1heo:ii, rice, mait.e, and other
food grains introduced into the developin&
countries. They produced equally spectacular results
asainst pests that airectly affected htmmn health and comfort.
For a:lcamplc, wide scale eLlploYlilent of DD~ re sul-ced in the
temporary riddance from entire cotmtries of serious public
health pests, such as ll1alaria Llosquitoas.

In the USA oncl lUml.Y othel cotUJ:iiries, the success of
the chemical pesticides evantually erected a dile~a. On

the one hand, llk~y of the necessities of life cocvolved
wi th pesticide te:clmology to the cxtsn"C that inhabitants of
these countries become larcely dependent upon the technolo&y.
Yet there were 'I£U1.1in~S a&ainst continuinc. to rel~r heavily on
pe sticide technolocy, and pest conotrol experts .beGin to
question whether this t~chnology could &uaranteo serious pest
ravagcs in the lons term. Apart from the ri~inc concern
about the enVirOnLlcntal and human health hazards of chemical
pestici~es, their continued use ~as challeneed by "t;lle fact

-- ---._-~.. -_.,_._-_._---_ .._-- -_. -- -- .- . - ---.--.__.-.. . --_.-- .-----~--- . -- --

that significant GTOUPS of pests developed eenotic
resistance beccuso of repeated e;:posuro to (and thuEl

liselectionH by) the iilatcrials.
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l~reover, in recent years, despite the economic cains
realized from usc of the materi~ls, the price of synthetic
or&2~ic pesticides has increased siGnificantly parallel
with th9 increasinG costs of petroleum and other chemicals
from which they arc derived. These unsavory e;;:periences have
illotivc:.ted Governacl1t and insti"L-utional actions to support
the develo~went and implementation of pest control systems
based on ecolOGical principles. In "~e past 10 years s

the USA, Canada, Europe, Australia, and many other
countr'ies have ui";;l1essed a major levival of the aplJlication
of ecolOGically oriented pest control that was well-advanced
by the early part of this ccnt'l.try but cast aside ['.s the
postwar pesticides became available.

OltIGIN S OF ll:1ill ~r~.i rPM
• • •• •• ••• til •

The term inteGrated pest lluu1aGement evolved from
~'inteerated pes"t control, 0; oricinally proposed in the 1950s
to describe the ll~te~ration of biolOGical and chemical
controls into a cohesive insect pest ruanaGcment system
(Bartlett, 1956; Stel~ at al., 1959). It Vias 0. conflict
between entomolOGists who advocated the usc of cheBicals to
cQntrol insect pests and entomoloGists who advocated the use
of parasitea and predators to c:ontr'ol them tha"~ spmrmed the
u~e of the tCllU intecrated pest control (Smith, 1970).

This first usc of the term intcGTated pest control
emphasized the inte;.;ration of only chemical a&entfl and
biological control cccnts, and aG~inst ir!sect pests only.
In the USA, the first inteGrated pest contr'ol pr-oLrulll,
developed under that term per se, \Ins for the spot'~od

alfalfa aphid (~~2...~i!hi~ ~c~E:.t.-aJ byVernoii T:. Storn,
hay F. Sllith, l.obcrt vo.n den Bosch, and l~ennctll S. Hac,en
(1959) of the University of Califoxnia.
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In 1965$ the Food and ALricult~'e OrcaniLatioll of
the United Nations (FAG) held an interuational conference
in inteGrated pest ('ontr-ol and in 19G6 established the
FAO Panel of Experts en Intc[,I-ated Pest Control \"ihich
still exists today under the ehcir~w~ship of l~y F. Suith
(refer to traininc course paper by ~le G. Bottrell,
Intecrated Pest l..anaGcment in a Global Perspective:
ProGress and Problems). The FAD Panel subsequently broadened
the definition of in-cebrated pest control to ewphasi~e the
use of control teelUliqucs other than chemicals and biological
QL;enta in inteGrated control proCrams against insects and
also other pests (FAD, 1967).

The term pest lik~agement NUS introduced by Geier and
Clark in 1961, and the term is still used widely today.
Some consi~er tho tenn to be synonymous with inteGrated pest
manaGement. But others believe that the terms i1.lply two
distinct approaches '[;0 pest control (Apple, 1977; Flint
and van den Bosch, 1901).

Following FAO's initiative in the 1960s to l1ro:Jote
integrated pes'\; con'~rol and the subsequent initiE':iiivQ of
the Inter.nati0nal Organi~ation of BiolOGical Control in

Europe to do tho SW.10, the terra inteGrated pest con'lirol has
. been popular \'VOrld··vride cltilOnli:, crop protection specialis,ts.
However, the terlil llltcGTated pest nmnagement, introduced in
1972 by the U.S. COilllCil on Enviroruncntal Quality (CEQ. 1972)
is now preferred b~r many. Here, 'ilie term inteGr'c,t(.!d Pi)st

control used by FAO (1967) is synonymous with into~rated

p€.lst manae;ement introduced by CEQ (19'!2).
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Integrated ~cst manaGement \~s first articulated by

insect control specialists and insect ecologists. It
gained considerable attention and fundin6 as an insect
mana~ement approach before the concept came to include all
classes of pests (Apple" and ~ith, 1976). The fact that
IFL suGGests in~cGrated insect-pest managom~t has
alienated some wecc1 scientists ond l)lant patholoc;is'iis
althoueh the intcGI'c..tecl post mana[;f.llllont concept is applicalbe
to all classes of pests and all the pest control disciplines
llavO shared in its dcvelopuent and inplemantation.

FOUNDATIONS OF IPll IN AFfi.ICA. ... ... ., .. ..
ThOUGh the tCrtl intel§;rated pest r.m.nacomcn.lli is not yet

widely used in Africa, African farucrs have pr&cticed a form
ofIPM for centUl~ies. ThrOUgh trial and error, e~pirical

lilethodoloGY, ancl l::ccm observation traditional African
farmers developed cro~ping' systems iihat =;intogrEl:~ct; certain
fundELLlental IPl.~ cOmponents. For m::a.mplc, the hiCh.1y
laborious rice padcl~r system of sUblaor[,ing woeds in-i;o puddled
soil, transplantine rice seedlinGs old enough to compete
successfully ~ith lctcr-gorminatine weeds, and flooding pro
bably evolved (first in Asia andthcn in Africa) as a prac
tical system to DOna~e woeds. Traditional farmers in Africa
developed and continue to use today u variety of innovations
for protectinc thoir crops and postharvest products a~~inst

pests. Research has shown some of those control .Ilicchniques
to be quito effective for uSe in m.i schemes.
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'IRE llJPORTANCE OF IJ?I.I I:~T RICE PLODUCTIOn m V:EST AFI~ICA
, -

By

B.A. AKINSOLA
\lest Africa hice Dcv. Association
P.O. Box 1019
l,ionr'ovia, Liberia.'

The Im.,;portant:lc o.f, !Lice in Hest jif:rjca

Idee a.s a food crop in Hest Africa. has rClil£u'!Lubly

increased in importance in recent years. It is rn

important food itciJ. in most of the countries and Co main
staple food in mmlY of them. Con&~ption ranges frow 100
lCIS per year per person in the coastal countries on -~hc western

part of the leLion to 10 kg in some countries in the eastern

part of West Africa.

The demand for rice in the reaion has been m:panding

at the rate of about 5% per annuw over the last two decades,

and the pace has cccclerated. further in the last -two years
(HAnDA, 1980S.). atell a hi()1 demand has been attributable

to population ~ro'ir'lih, income l;roV'rth, urbanization and
substitution of ether cereals and root crops. The effect

of these factors on rice consumption in countries lilte

NiGeria and IV017 Coast is tremmldous (Sarfo, 1980).

Total paddy production is estimated at 2.0 million

tons in 1980 ancl it is projected tha-c r'ice dCIimnd in 1990

will surpas,s 4. 2 million me tric tons (WARDA, 1900a ). The
[;ap between production and domanC':. has led to a rapid

increase in imports, currently estimated at 1.7 million
tons annually end valued at abQUE d-r020 mi 1 , i nn .



12 ..
Hi&~ rice imports constitute ws.jOI' strain on the ruther
poor financial state of most of the countries. This is
confounded by thc universal hit;.h oil bills. \/itIl this
back[;round, seveTnl countries in ~,cst Africa have eclbarked
on massive rice pr-oc1uctio:.l pro[,r8.i~cs in order to Hinillize
their heavy reliance on rice imports and save ~lcir

foreign exchanbe.

Constraints to hice Production. ,. -

The full bcnefit of i:;i[)antic rice prod.uction activities
cannot be reali::.;uc1 nithout a conscious and cleterwil1cd effort
to eliminate major constraints. nice is cultivated under
several ecosystenls IUUbinb from rainfed upland~ irriGated,
inland s~v.amp, manLrove svv~p, deepflooded to floatinG
ecosystems. The constraints to production remain ~s varied
as the ecosystews.

In beneral, both biotic and abiotic components- of the
environment are l.-::novm to influence rice production. The
problems of availability of water, temperature, solar
radiation, nutrients and problem soils are lart'?el~T

predictable and with sound planninL, are relatively easier
to manu[,c. The clynauic nature of living thin[:.s confound
problems associated with pests - weeds, plant pathoGens,
insects, rodents, birds, etc.

The rice plant is attacked by several posts.
Insects and Othcl' ..::.nthropods, plant pathogens, weec1s, birds
8J.1d rodents rava[;e the crop right from. seeding throUGh
Iiarve~tl.fig and s'\;oriJ.t,e.
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Accurate inforWQtion on the collective affects of
the pests on [,I·o.in ~/icld in \/est Afl"'ica is not yc'i;
available. l1ecent data, hOHeVel", show that protection of
rice crops fz'ou} insec.... damaL,e alone co'uld produce specta
cular increase III yield. Crop protection on farillars'
irri{:,ated rice fields in Senegal £5ave yield increases of
3.25 c-.nd 5. £>7 t/hr.. (i,lluLDA 1979). Grain yieId increase of
34.8~ was obtained on deepflooded rice in Mali, \ulile
increases rE:nbin[:; frolll 10 to 207~ were reported for iou:mlSrove
Sywa,mp rice in Sierrr.. Leone (HARDA 1900b).

Cramer (19G7) estimated that· yield loss attributable
to insects, diseases and weeds in Africa was 33. 7/~ of
potential production (}~b.l). This appears a rather
realistic estimate. Considerinc the toll oxerted by birds,
rodents and anthropods such as crabs and mites, the
ultimate yield loss must be staccerinG indeed. \nlcn Cra~er's

modest estimate is applied to 1900 rice production figur'e
for West Africa the enonnity of post problems on l'ico is
apparent. \kst Africa loses about 1 million tons of rice
estimated at about ~600 million.

Vlest Africt1.J."J. rice growers fall into one of' tHO

categories as reLar-ds crop protection activities. Tllcx'e
are those that do. very little as far as crop. protection is
concerned. They identify the most conspicuous o.nd hiChly
destl~tive pests in the locality, usually birds and
perhaps weeds for special attention and i,;nore otllers that
do not result in totnl crop failure. On those infrequent
'occu.rrenc-es of'sporad.ic arici"severeiy destructive pests like
armyworms and locusts, they seek help frQffi aLricultural
extension workers where a.vailable.
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Otherwise they J: esort to whatevo:r' cultural practices that
would llliniL1i~c devC'.station. Other lJest control 1.lcasures
adopted are labour-intensive i.e. hand weedinL and usc of
hur.&1all bird scarers. The far'mer crops a smc.ll arca
(0.5 to 1.5 ha) and overwhelu!ed by the nmnerous constraints
in rice producticl1» he tolerates ·~he endemic insect pests
and diseases, mlQ his yields are veI7 low (1-1.5 ton/ha).
~~le yield-depresslll~offect of pests are ignored. As
ric,htly stated (Brady, 1979), a 20/~ reduction of u yield
of b ton/ha is uuch more noticeable than a COlilpo.rablc
reduction in a 2 ton/ha crop. Eo st of the farl1lCrs fall into
this cate6ory.

The other Group is Llade up of fairly larGe scale
private or public f~rills which adopt some measure of middle
level technolo~y. Crop protection activity is 0. routine
and pesticides, very often reco~~ended by their mrolufacturers,
are procured, E)'bored Ellld applied to the crop on calender
reeimes. Very often they are needlessly applied at times
\"lhe.i..l. low levels of de-maGc do not justify their expenditure.
Pesticide le~islation is non-existent in many countries and
u wide ranee of ha::.:ardous chemicals find their \lay into the
ecosystem.

rlhat is IPr:i?

I shall not attempt a definition of IPI.! in Jlihis
presentation as this is the theme on which vIe shall deliberate
in the next twenty days. Suffice it to say, hovever, that
Inteerated Pest I.JD.nabement has been described as n prOCess
for determining IF you need pest sUPPI"ession trou'iiEICl1ts,
\mBN you need treatment action (timin~), ~BErill you need

"'~-- ---~_. . - ---'.--_ ..'---- ._.. - -. - ,--. ~-.-_.-.. - - - --- --_.---

treatment applica~ion (spot treatmant), and \fr~T strategy
and mix of tactics to use (Anon, 1900).



The key factor- in IP:.~ is that all actions or' non-o.c"i;ions
must result in sound cconoQic, ccoloLical and socioloGical
consequences.

.
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\iest AfricD. is endowed with a rich fauna of no.turaJ.

cnomies of rice pests. Some worleers believe thet the
seeminGly low level of pest problems in certain areas is
primarily dUe to tho activities of ~lC natural controllinc

All illdicc.:~iollS point to the fact that lice 11roduction
in 1Jest Africa r·ecluircs an enerc:;etic boost. This is
attainab:~ ~y increasin& production per- unit al~ca mld by
extension of plantin[; area. SUeh intensification aGGravates
pest problems. The consequences of replacinG traditional
ric e cuItura wi -G:U new intensiva cultu.re has been ap-tly
described for the Philippines (Glass, 1976). BradY (1979)
cave three primar,' 7easons for increased pest pressures
associated with model~ cultivars as limited host resistance,
such cultural practices as hea~J fertilization and increasing
croppinC intens~ties.

About 65% of rire Growers in \lest Africa arc 1:>001'

peasant farmers, -ccndille; small holmc,s and wi thOtlt any
substantial amo\.urG of capital. The farmers as well as
modern laree-scale plantations necd control strateGies that
are long-lastinG, cheap, easy to adopt and free from
environmental hazards. The concept of pest manaGement,
thOUGh not new ill Uost Africa, has not been consciously
implemented in rice production.

-,,"""'_.&..-.., utJcou u.....



packace before full ~ass adoption.

Intecrated Pest ianagement has its own pro0lems, it is

not an easy task. Det~ie~n planninG and impleucn"tn.lliion cf an

IPH proGra.nm.te is a lone and tortuous journey. There i.s
traininG andgc;moro.lonlightenLlont on the principlcs and
concepts of IPI.i at all levels» conrluct of adaptive research

.
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In or'der to rai.nillli~e or' eliminato such problcLls as
outbrealtsof pO'l:;cn'~ia1 neccndary posts, it is absolu'bely
essential to exercise utmost care aGainst I-'educ'~ion or
'simplification of the biotic component of'·the o.[;ro-ecosystem.
In this regard, thore has been only 0. limited usc of .pesticides
in rice production inVest Africa and absolute reliance on

, '

pesticides should be disccur~god. Apart from the drawbacks
of pestic,ida usage - i.e. pesticiderosistancc, post
resurecnce, seeondm...Y pest outbrcak and residue problem~

(alIi th and Reynold, 1~66~, ,experience the world over has

shov~ ~at the. application of a sincle control method is
Ull1ikcly to overcome pest,incidenco successfully.

tihat should ('Inc expcc";;.in an CnVij;Ollillent so stable as a

resu~t of div€~sity both ,in terms of its floristic and

faunal composition. And yct it is this stability that will
be affected by lllOcl.Cl'n chan6es in rice culture. In spite
of thiS, the balance between na~~al enemies and ~csts

could be mainta~ed by intelliLcnt and rational approach to
pest prolllems. Jung and· ScheinpflU[; (1970) clail:led that the
increas~; ~n the i!;~portanceof leo.f- anel plant-hoppers as
pests of rice in J::.];:m resulted fj;'oll1 the destruction of their
small spider and rcduviid bUG predators by insccticides for

the control of the rico stemborors.
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One c~.';.~ thine about IPli is that i'~ is not an ~;all or none';
strategy and we do not need to wait till all problcns are
solved before initinting an IPE P:l:"oe:;l"aLlWe.

It has been said that successful IPJ.:::i implei".lc:ntation
might be achieved by relatively hi@lly oduoatod farclers.
iTe believe that vnlatever stratee:;y developed must be tailored
to suit the Banerality of the farminG population, be they
educated or not. ~e farmers should be a'~ the een'~l'C of the
concept. The strateGY of pest i~acemcnt may be d~fferent for
both the developed and developinG countries. The approach to
IPIT in the USA (Huffalcer, 1980) a.'1.d in China (Shin·..]'oo Chiu,
1979) arc noteworthy exaruples.

~eillance, monitoring mld forecasting of pests
form major cocponant of pest manacement (Bottrell, 1979).
It is often discussed whether this iwportant aspect should
be entrusted to Government extension workers or to the
fallmerS themselves. This is an issue to be deter@ined at
the appropriate time. However, althouch most of our
farmers practise minillIDl crop protection now, they should
have a scientific basis for (;doir..G nothing.'; The 8ituation
might not remain the same for too lone.
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In Africtl. "Glle types of bore_I:_l:?
Pyralidae such as ~~o, SCirEoph~4~

By

J. Breniere
Il1A1"'-G:GILDAT J tlontpollier , Francc

Of all the insects at:tackin[, rice in the' \'lorld,
stemborers certainly constitute pest &roup vnLich Generally
cause most damaGe.

AlthouGh leaf-fecdinb insects constitute red dnncer
when in abundance at the ea~ly Growth stage of the crop,
however the borers start to develop at the t111ertng stage
when they affect the production of illany tillers and fruit
bearing stems. Seuc borers affect the heads and wa.turing t:,rains
by destroying the stems and panicles after the booting stabe.

Generally crop 'losses are hiGher when irreversible
damaLe caused to well developed crops is detected late. There
are two t7pes of rice stemborcrs namely the lepidoptera and the
t1.iptera. This lecture will discuss the lepidoptera borers in
Africa and not diptcra which are mainly dioRsidq.

Lepidopterous bor'ers of rice belonG to two mail1 [)roups
namely Fyralidae WLd Noctuidae amonG which OCcUl~ a few

, species found in all parts of thc tropical re~i6ns. Species
differ' frem one con"l;inent and one reGion to another but their
behaviour, biolOGY and the type ofdama~e caused arc similar.
Lepidoptera bore:A:"s of rice constitute 0. remnrkable croup of
borers which arc closely associated vdth borers of cultivated
cer·eals.

found. are, mai.!l.ly
mld l'1e.liar'Q,ha cenOI"a-

and -the noctuids such as the ~fJWi1if,J, Genus. \Ie shall discuss
successively these main genera and give an over view of control
measures al:>ainst the lepidopter"u borers of rice in Urica.
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CHILO SPP. p'JIalidae: Cr·8.l:lbil1ae--
Two species are found on rice in Vlest Africa namely,

ChilE zacconius DlcL., and Chilo d.if!usilin~us. The former is
mostly found in the Se.helo-&1daneso ~one, and '~he latter .
seems to occur only in the humid equotorial Sudo.ncsc areas.

Chilos species are polyphagous which does or docs not attack

cereals. Theil' bioloGY is similar to that of Q. ~~Jressalis
- -

n. borer whi.ch causes widespread daruacc in Asia. ALronomicall~r

spe~tine, it is difficult to identi~ species of Chilo
to • .....

o 0 0

whose caterpillars arc difficult to defferentiate. &pecialists

are only able to idon"&jify them throU[;ll the male [;onitalia.

The following specifications mainly relate to C. ~acconius•...,. . ....
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There are t\lO types of dama.:.cs.
a). At the ear-ly ·~illerinl;. st::l[)O the larvae dig '~unnels

at the base of the youn~ still flat stem consistinL of a
cluster of leaf 3neaths ~~lich they perforate in diffc!cnt
areus. The caterpillars thus lead a semi-endophytic life by
mostly confirmlll~ thcmselves to tilC spaces b~~leml th€ leavcs.

b). Caterpillars live in hollow stems of the internodes;
however the youn0est ones preferably develop in the upper
parts of~he stem specially the spil::e a few cemtiweters
below the 1~icle. In the first case, they dWllcGe some stems
which dry up after most of its parts have been sevored.
ill the second case, either the tips of the stoms dries up
;;deadhearts'; or ",hen they are older some panicle lose their
chlorophyl and become whitish t;whitehead". Finally, tho
based of ·~e stow can be damaged and this slows do~~ food
supply to.the upper parts. GenerSLlly, each damaGed stem has
many exit-holcs. ~1}le Sallle caterpillar can eventually move
from one stem to another and in~..ny oaterpillars COIl live
together· in the same stem. When they are still very young,
5 to 10 of them arc often found tOGether in the narro~'Jest

part of the steLl below the panicle. Generally in such a
case the entire stem is damaGed.

NUil~beE...of {Jenerati,on,s

There could be 5 to 7 ~enerations in a year in the same
farming area. In fact the nmuber is limited by the length of
the dry season \lhe11 the food supply to dried-Up plrorcs is
reduced. There could generally be 0. succession of two
cenerations on a particular lice field. The first Generation
attacks the tillers and the second attuclc:s the pOllicle stems Emd

..- .. -'-".'~"---' --~~-_. .- .'- - - ~ - . - ._.... - .. --.-

induc e \'vhite headil.



.. 23 .
•

Durin€, the fu"y season, the caterpillars Llostly a.ttack
the shoots, some Heeds such as fdrinoclilo~~, OpYza barthii,
.qorghum arundinac,c:!-1!i1 (Brcniere, 1967, Descamps, 1956) or off
season rice fields. HO..-Jever they can live for several months
without food (Deccillber to April in Casamance - Vercarnbre 1977).

SCII~OPHAGA spp - P,yralidae: Schooncbiina€:-.;..;..;:;,;.......=---- -
The genus cowprises 33 species (l£mpson, 1895) which

arc scattered allover the world, and cause dWDa{;o to x-ice
und other crops. Their names and distribution pattern vlill be

discussed. In Africa however, arc found: SCir~ophnea
" .. .-.....".....

uola..'"loclista Hcyr: Iyory Coast, [iali, Niceria, .An[.ola,-,-----
Cameroun, Senecal, Zaire, lbdagascar (Lor sun ~ 1970) •
.§. ~bUiilbrosa Heyr: 1.LU1i, Ghana......... These are probably
the two widesprcaQ species.

~escrintion Adult (photographs) the wings arc whitish in
colour and forIll a V shape at rest. Pemale: sur·facl} ur~a

3D-35nnn, body slenc1er and long, blaclt: thora:x: covered with
tiny white scales, and white feet.

Egg - layin[;: The cluster is light brovm and fluffy
sticldnG ei thar to the upper or lOHer part of the rice leaf
about lO-18wm lone, the overlappinG of ereyish eggs.aretwo
to threo in a rOrl. The larva is deep grey, and then becomes
dull ochre covered ~dth asiny layer of reddish brovm pubescence.
The pupa is elonCatcd, pearly white and is quite trrmsparent
(Breniere 1976 n).

Biol~~y, damage; Adults preferably lay e~&s on the young rice
plant at the tillerin~ and bootin~ stabes. The fecundity is
100 to lQO e_6gs. The. young caterpillp.r eats un the lea!
sheaths followed by the hear·t of the stem a few centimeters
below the ncel!:.



Sene6al to Cameroun), in East and Central Africa. The name
whi te borer refers to the yellowish whi ~e colour of 'iihl3
caterpillar.

This borer o:>.:ists in Asia but it has never been
considered as a rice borer in that continent. On the contrary
it is considered as the main rice borer in l~daLascar, and as a
• ," •• l' ff · ~ ~. . 'J .• 11-"" (-",
00161 OIIiIIVU:tt:rrCi'i1l v.arefr VJ;!'J;v€- ':in~lesv~>~~~O!!L---

Generally '~he pupa lives at the base of the stem in the
median cavity constituted by the lower internodes.

yycle: E~&: 0 daysp larva: 20 to 44 days; pupa; 12 - 14 days;
Adults: 8 days (No. Bouy HenB, 1978).

. '.24.
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\ihen it is oldel: it .i.!oves frow one internode to Q'lother and can
cause serious dall1n[,G to the entire s'ii~ms by cuttillG them in
two areas in order to prepare an area about 4cm whcre it will
live. Since it is protected by the stem, it floats and can
move frolil one stel!l to another. It leads a semi-aquatique life
which, in the case of floatinG or irriBated rice in deep
water enables it to reach stem below the water level. The

protectin~ stem is indispensable to old caterpillars.

Iill'portance of dElf1!l::::.e,

Each caterpillar can destroy 1-4 stems of rice but it
has been observed most plonts are destroyed thI'ou[,hout their
life cycle. The adult is very visible and active durin8
the day. The eGG is often attacked. Larva mortality is also
ver'y hi€,h undoubtedly because it Ulust necessarily pass
throu~h the semi-acuatic staGe. ~herefore in Africa only
very few cases of damaCe especially on floatinG rice (tali,
author's own observation) has been reported but these are
not as serious as dawabeu caused in Asia by TrYR~~~~ innotata,
;;the white ste~fboler\i whose biolOGY is similar to others.

~allml12:. ='pp~~ili!!!. Ii-abonot (1900) - Fyralidae, Fhycitinae.
This is the African v~lite rice borcr.
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Description (:Photol;,Xephs) Adult: Vlin6s yellov/ish with a
reddish brown line alone:, the edee of the fore wini:;s. The

- .
body is covered vdth yellowish scales. At rest the wines are.
V. shaped and stretched to cover jihc body.

Egg layinG: overlapping eCLs forminB an eloIl[;.ated
batch. of eggs sti~kin~ to the' upper part of the leaves by a
strong substEJIlce. which when dry causes the entire leaf to
shrivel and envelop the eBGs completely.

Larva: Vlhen hatched, it is transparently white then it
becomes yellow. ~le pro-legs which ~rc small and short only
allow the larva to move inside tho plWlt~ The pupa is brovilll
and elongated.

!101o§Y: The eeCs are laid on the leaves at the tillering
stage. As soon as it hatches the caterpillar is very active
in the morning, first moves from one plant to ano"i.her then

. .,

enter~ a leaf sheath and the stem, Coos down tho leaf sheath
and then into. the stom in the mediULl. cavity. It completER i 1; ;:.

life cycle as a larva in only one stom by diBginG~wall

circular cavities in the walls without piercing theOll and by
moving from ono internode to another by piercinG the nodes.

The :pupa which starts about 30 - 40 days aftor hatching
takes place in the first bi~ internode above the ncclc. The
caterpillar had cal~lier prepared a silky conical chwlnel which
allow the youn6 adult to move towards an area within the walls
of the stem.

Life cycle: e6&: 3 - 12 days, larva 40 - 72 days, pupa 32-65
days. It is rare to find more than one caterpillar or pupa in
one steLl
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Da.i:1at;e: .!d. sepal'ate*~ is specific to cenus Or~lZEl;.

Therefore it is only found on cul·bivnted and \"lild I"ice.
O. barthii, O. loncistalllinata et O. punctata. ~le fe~le- . .....--.... ....-
does not lay its eeLs on youne seedlinGs except on the leaves
of plants at the tillerL~g stabe (earliest 15 dnys following
transplantinc in irriGated rice). From the headLLG sta~e

onwards, eegs arc rarely laid and this wainly depends on the
insects choice at this period.

The caterpill~l'S development is closely related to
that of the pl~~t. It is very active and it attael~s tall
plants (yount., plants from 50 - GO days) Dr"enierc, 19(2).
As a result, the plaJ.1t will be affected indiscri~J.inately since
the layinG of eLL; mi~ht have tal.:en place more OJ: less at an
ear"lier stabe.

The damaGe is difficult to estimate. Plants have never
been destroyed by the i1dcadhearts';. An early attach: causes
the formation of whiteheads. SUch a formation is no·1; caused by
the modification of the panicles' spike but by the modification
of the stem's base where the larva exists is the end of the
e;rowth staLe durinG the :rice booting staGe. The whi tehead 1t

symptoms arc qUite sporadic and do not explain tho cause of
yield losses obse~~ed. However, vnlen the panicle has a normal
formation, the destr~ctive act~on of the larva docs not affect
the constitution of the panicles, crain sterilisation, maturlty
and weicht (Pollet, 1979 - Appert, 1970).

Yield losses observed when serious dalnaee occtrr are
attributed to the relluction in the averabe wei[,ht of the
p~.1.nicIc. 111ds C811 only happen when ilifcstatiofi oCCUTg~-mr
ear"ly sta60 to affect the strenbth of the plantEl:G the bootinb
and heading staLes.
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Annual cycle: There could be .sevcl·al LCI?-erations of
!IaJ.iarIP-.~ durinL the yem" but in prc.tiee not Illore than two
Generations attack -Ghe same plant. Tt .... cfcvelopucnt of thc
supple larva and the OLe distribution cause a Groat variation
in the rate of infostations which a~e breatly influenced
by the seedinG and transplantinG rEL ~es in the same rice
8rowjnG area. The 6-Gh sta5e larva hibernates qUietly at
the base of dr1ed stems. It becomes active oncc aeain when
humidity sets in and qUickly winds up its cycle. III the
both wet areas the dormancy is very short because of the
presence of cultivated rice (or \'lild rice) for most of the
year.

lialtE'..rpha mostly affects ar'cas whoI'C rice is Grown. i,-wice
a year. It abounds mor'e on irri[;,ute rice than on upland
rice fields.

Economic import~~

The inter·..relati.on LIOChanisl11 between the insoct ,:and
host plant explains the speci:fic nature of the oconomic.
importance of this borer. Unlike the case of Ch~~~~. and
Sesamia ~ the relationship betHcen damage and yield lOBS is
not a simple onc. Generally thero should be a heavy infes
tation before losses should be of economic importance.
This is what happens in IJadagascar v/llere damae,es .were.
estimated at 1 ton/ha with more than 90~ of stems lllfested.
In Africa, damace is Generally lower i.e. 400 to 000 kg/ha
vnlen the infestation affects between 40 and oO~ of the stems.

This constitutes an economic problem only in the
permanent rice cultivation ~here,rico is Lrown ·~\'yicc or tl~eE3

time-a'a.- year and. when there. is a neod to increase' production:-

The eee; parasite is quite' active others arc very
moderate in their action as they develop during the rainy
season.



.. 28 ..

Awpipyrinee - pink borer.

Se samia ol11a.m1etiG Ham.:ps
• I .... ~.

5. nonakrioidp~ botane~h~~ Tans and Bowden
S. Qretica Lcd-. --
.§. poephaL.u Tans and Bowden

The polyphaGous parasite similar to the SCsc~lia
~.-..-r ••

~enera attacks most crops. .§.:. ..9alaEistic seems to be the
most common in Last and West Africa, r~dagascar and South
Africa. .§. nons.["I:..ioides botanc,Pha'ce is less COlirl.lOn
and limited to Vlot tropical and equatorial areas of Africa.

pcscription: Adult - libht bei&c colour, more or less with
broV\n stripes, br'oad, whitish frintSes partly ~reyish black.
The hind wings arc pearly white ~ith br~ad frinGes. Colour
and types vary and does not make possible to idantify
easily the species or the geO&ral~lic races.

Eggs: sub-spherical, flat~ened ut tho ends with a number
of lonbitid~~al stripes - They are yellowish.

Larvae: with few hairs, whitish yellow with pinlt: patches.
pupa: reddish brown: two dorsal spines and one with small
ventral protuberance. (Breniere, 1976a ).

The adults which are nocturnal can cover lonB
distances. EgGS are laid in the first night. Tho fe~le

lays its eggs in croups of varyinL densities under the
sheaths of upper leD.ve s • Fr'om 0 - 300em;s are laid. The
young caterpillars first feed on the lamL~ae of the leaf

---_._+---,--.. -._ .. ---"--_._--.,..--

andd1gholes in the sheathe's and stems. Tli'ey ciiL a
horizontal hole under the terminal bud and climb bacl;: alonG
-chc internodes while takine:. cover under the sheaths of the
stems. The lifo cycle of the larva lasts 4 - 5 weeks.
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Pupation takes place at the ,vase of tile stem in the folds
of dried sheaths.

The damaGe causod varies accordin~ to the aLe of the
plant and the nUubcr of insects. It is mostly at the
heading stage tha:ii the Y0Ul:l& catcn"pillars found in the
upper parts of the stem can cause ;;wllitehead,; symptoms to
appear. filion they nrc youne caterpillars first Group
themselves then they move in all directions and GO dorm
into the lower into~~odes even to the base which they can .
damage" 'completely.

The life cycle is practically a QontinoUB one.
DrOUGht or cool Heather oetting in can cause delays bu b
.' . ' .

the .caterpillar's development continues on off-season
irrigated rice. Thcnumber, of Gancrations vari~s from 5 to
6 in wet intertropical Africa and there are only 3
Generations in Saholian areas.

~san1il:~. mostly cause damaGe to upls.:nd rice nnd in

areas close to corn 'fields, their profered crops~ Other
pyralids and noctuids can feed at the expense of rico by
borinb sheaths and ~tEHilS. Of all, ! ...~accharin~ ~~" the"
G~eatest borer of sUGar cane in Africa. It also attacks corn"

CONTHOIJ OF, LEPIDOPTEf£A BOlillliS OF RICE
~. . ......... ". ......

\fuereas the control of phytophagous pests can be dono
pr'o{:;rossively following noticeable infestations" the
con"brol of borers is a necessarily a,preventive one.

-".--, -_..--'

------- ---- ---------:rn-reaTfiiy,--tho. larvae whCn"VC3ryyoun-e--are ;not' "

easily visible when they ,enter tho stom but their Qffect
becomes noticeablo vdlen the dama~o is already caused.
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Since _losses causad by borers L,ene:rally seem -to vary from
year to year it seCillS that it is possible to lay dorm a
systematic control proGramme adaptcd -to each a[;;r'onomic
and ecologioal oonditicn~

Chemical Control
• I •

Only improved irriGated rice crops with high
yieldinG varieties justifies the use of insecticides to
control borers. Upland xice or less yieldinG varieties do
not make it possible after treatment to anticipate an]
improvement of sufficient yield to cover the e~~:pcnses made.

Every chemical cont:: 01 41easurc i:.~ust tal>:e into account
the entire cntofo.una (insect e;roups) and their c.1ynUlilics must
be examined at the level of the wllole cultivatcd area and
not one rice field level. In the ~ue area, the succession
of many croppinG -seasona, and the various growthsta~es of
neighbourinf:, rice fields cause an overlapping of cencrations
of bor-er-s and a phenomenon which is essentially related to
the phenology of a plant in each rice field.

It is important to draw a treatment schedule for
oach pest based upon the big sensonal variations, plant
croweh, varietal susceptibility and the degree of potential
productivitYe ~11e sprayin~ of insecticides on leaves is
not very effective, necessitates a series of roplications
and can seriously affect ontomophaGous species.

On the contrary, insecticide application to the soil
or water in the rice field allows the chemical to penetrate

____ • 0 • " " • ,' '., • __

into tho plant tissucs.----Contact--iD,scctf6Icfessucli--as----------
Lindane, Diazinon can penetrate into the plant in the same
manner as systenic chemicals. The cranular fOI'lrlulc1tion
facilitates distribution and a slow c.lisseminatiol1 by
increasing perSiS-~Cl'lCC. Thor'e are f.1any effectivc chomicals
amonr; which one 1il1done, Diazinol1. o.t 1.5 lee; a.i./ho. or
Carbofuran at Doo Gr. a.i.!ho. (Danrote, 1967; Dreniel"O 1976.;

Vercanbre 1977~ Soto, 1976).
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In Scncf,al (C~snrJ::-lllce) 2 :rcplicctions of Cel bofurcn:

10 days and 40 dcys efter tr&nspl~mtinb (800 GX x 2) appeared

to be more effective (V·erc8.lilbre, 1977).. ~~hc pe:rsistanco or

Lindane mixed vii '~h Gl'::mules in \w;.tcr in '~llC riccfiold lasts
3 weeks but the:ii of C~rbofura.."1 can lest over 1 month. In

Uest Africa (Senec,c:.l, Ivory Cocst) \IC cc.:.l'l anticipc.tc an

.incrense only frow. 700 to 10000 l~ of pc.dQy VdlCIl c:..~1.Llr.:.Ge

c~used is serious (JJ10n; 1970 - Ve~caillbre, 1977).

FormulD.tions in vvhich insecticides 5~-e mi:;~u<:1 rli th

fertilizers help uil'liiilise the trer:G~ICnt cost. III lJr~,ctice,

insecticides Core not much used 011 ri,~c fields in Aflic.:..

They are only used on hiLhl~r protected irriGated rice fields.
There is no need '~o IJI"omo'Ge ell e:;:-~ensiva chamicc:.l control
if its qualitative economic advC11t~;c;a end safety cmmot bJ

GarWlteed.

AcropC"mic Contro). LetJlods

These :ire c1.utural pI'~ctices W11ic11 br(?~ks -~ho bor-ar' s

cycle. They j include: straw r€l1uovc.l to aliminEi.t~ clir.puusinL>

caterpillars \nlich reumined at tho buse of the stoms ufter

hurvest, int0rrup-i;iol1 of croPP~G' attempts to liait the.

number of interiJodiax'y host plan-~s \lhether' cul tiv£!.tcd or

uncultivated and the floodinG of rice fields tifter harvest.

Generally these jileasurea are not very realistic end affective

in a. disunified ue;ricultural SystCIJ besot Hith serious

water problems and limited time for ogriculturul activities.

These cul~ural prncticea and the usc of manure fortille~in~

and crain produp.tiol1 c~uso incr-oused infest~tions C'~a well
as better plant resistance. Generully they yield pocitive

results" -_. --_ .. -. __.__._----_._---- -_._--._."-'-- ._. -----_._-- ,
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In principle, the use of cntomcphabous lllsoctS
throU&h the introduction of new useful species is a very
Lood apPJ."oE'.ch but i"~ requires fur-thor studies on the present
host-parasi ~e :t'(.;lc.tiOllShip befoJ:'c CllVis3.gin[. tht; int:r-oduetion
of parasites which cc,n live in aV2.i12"ble \:ecoloL.icC'"1 h~'bi tE.ts;;.

Research in thic field in Afric~ is still at its c2rly stab3.

The existin~ entolilopha~ous species are bein[. identified bu"i;
up to now Iittle e:fforts have beon lJE.de to intl'oduca
pdIusites.

Varietal I"esistancc. .... .. ......

The resistance of certain I-ice varieties to borers is

D. fact which is cC'..sily obser-ved 011 the livinG plc..ll"~s in

aeronomic stations. Breeders have rcalised. tha.t their
ins.bility to selec"i; L"'lscct resis"(;~nt varieties cspecially the

borer resistan-t oncs, has led to the use of varieties which

arc more susceptible than local verieties.

Research is conducted in wany countries (Ivory Coast,

I:Jali, Senecal, Niccrio.) to idcntify lines with stron[:;

resistant genes, (~ltibiosis). For instance in Senecal,
Tai tung varietics 16 and SC 302 ere resistEnt 'iihol'eas

.- Rexoro and TNl c,J:-c susceptible end DJ 684 D alid Dbtmc:.ioulaye

ara very suseep~liiblc. In the Ivory Coast Moroberekan is

more resistant than It'UElpe - Catcto ~ in Nigeria Hatna, HO,
LIalee;-kit, Sune Sane., and 51..L 81 B lcsist very str'onGly
a[;;ainstC. zaccol1ius whereas TK L6, '111203, Taitun[ 10 and- --...-.".................-.-
5riIL BIB which ar-o Lnovm to rcsis·~ uCainst S. calE'-lilistis are

__ ....... P' • ••

susceptible to _,o.11i10 and l'.Ialiarphc.. spp.. .. _

This aspect ralated to tho control of bor-er-s is very
promising and shoulu be developcd.
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Statuus of Crop' :Protection••in \"lest Afric::..

By.

P:i.'OfeSSol~ I~. l\:umar'.
Univor sity of L31~:.on, A~CI'S.. Ghanc.

Introduction

2he tropical climate of VV0st Africa is hiLhl~r

oonauoive to the rapid multiplic~tion of insects. A

variety of insect pests affect mrol, 11is domestic~tcd 8nimals

and crops. Bec~use of the r~vaGcs of vector bOl~C diseases

to man, West Coast of Afr'ica h:!.s b~ell desi[natc<1 C.D ;;f;hite

man's gravel:. A vo.riety of insect pests have from time

immemorial dcve.stat0d crops in West Africa and t~lo farmers

have been aware of tile illlportance of L"1sect pests. It is

easy to imat.,ine, for instsnce, thc:i.i one of tho C.dvllllte..teS

of shifting abriculturn and mixed croppinb practised in

Africa is the avoidrnce of' hibh 10f;;ses from pests, disease

and we eds • In Gh81la, as eal1y El,S 190{3, T!;.;i speru>:inC'

farmers were aH~r'e of the destruc'~ion to cocoa '~r'ces causecl

by capsids and called these pests as ~konuabc v~lich

literally means La back to your oil palm in~ustry.

~~s du,_ to crop. l?ests in· V/es.t A:(rica

Uodern estimates of crop losses ill \fost Africa., due to

the activities of insect pests, £ore few and very sca.ttered i:.1.

tho literature. Amon[,. the tree crop~,' we ax'e c.ware of the

ravabes caused ~y cocoamirids to tho cocoa tree, ~loobroma.cocoa
. F ••

cacao. Losses duo to th~ir activitios in Gha~u alone have

been estilJated s.t bot\'loen bO, 000 tons. Ev'Sl'Y yom'" sovcral
'i/e st African-t:ovol'11111oiits--spencr la.r~e--sumscfmonoyll1-------
tr~TinG to check the sVlollen shoot disease which is tr-Wlsmittcd

by mealy bugs. Closely related to cocoa is the ImlG. tree

which is the sourco of inCflIl10 to Ori'J1Y farmer's in the forest

zone of 'de at Afx'ica,
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This crop in ~ies'~ Afr j.. is att2.ckcd by at le8.s'~ 19

species of insect lJcsts thouGh reli:.JJlc dEtta <;11 the losses

due to them are still lackin6. ~la coffee plant, a native of

Africa is atta.ckcd by insect pes'i;& \/hc1'ever coffee is &I'o...-ln.

The coffee berr~r borel', indic,enous to AflicEl, has noVi been

exported to neax'ly all parts of thc tr'opics. Allover

Afr·ica and elscv/h~re larGe sums of w.oney a1 e SPCl1"~ in

controllinG this tmd other PCS"Gs. The oil-palm industry in

Hest Africa is seriously affected by the activities of 0

leaf-miner whose infestations nay be so heavy that only the

Iispikes;; of the tlees rem.::in [,r'ec11. Vast areas of fo.l'111 1ar..c1,

forest and nl?.tural pasture in 1J.l21ly '.Jest African countries

have, from time to time, boen dcvastr..:;ed by looust/sHarms.

Over 500 [,enere. 8.11d :J.bout 5000 species fr'om Afric2. c,~~e

included in the :3upc:L •.fumily Acridoidea, lllaJ.1Y of "i~lich are

wi thont doubt potentially serious pcs·~s.

One of the crcatest limi till'::; factors in at·~Ci.:lP·~S to

increase the pr'ocluetivi ty of L,l~ain leLumes in \ic&t Afl-ica

is the wide ran[.c insect pests with \'/hich they arc associated.

Oll:itbo (1978) states that lithe pO'cen"Gial of Gr'ail1 lcl)xmes

will never be rec.lised without under'standing the pests ond

the pest control problems of lCGuues in the field, ll~

transit, storaGe, processing and proeossodprouucts Dnd
without developillG scientific pes"c lili.:.,nabeillent SystCl:1S for

grain let::.umesn ,

Cereal crops in Africa nrc liable to attack by a

variety of insect pes"ts. Of t11cSO the stem borers have

been considered as the most i~portant. Losses due to their

activities are difficult to assess.------------.-----._-- - ------_._- --.-_.
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Yfuitney (1977) has provided details of some losses c~used

by these pests. Sato and Sidoiqul (1978) in a discussiO:l
on insect pests and rice production in Africa state ~;little
detailed research has been done on the va;ious insect pests
which affect African rice crops, primarily because there are
so fevl workers in this field in Africa\;. The s~~ory does not
end there. Vfuatever produce we are able to retrieve from
the field must be stored and heTo insects come into -::;h"
picture again. A large number of insects: includi.."16 many

species of beetles and moths, attack crops in felTllC~srcinB,
mills~ warehouses, retail stores and in home. The d~agc

done in this way is estimatl3d to run into millions of
dollars ~~tllilly. Comes (1973) lists 219 species belonging
1:;0 56 genera of 11 orders of insects associated with stored
products in Nieeria. Ditchor (1976) estimates that in sub
Sah~an regions of Africa, lassos of food graL~s durinG
storarJe at farm or village level can amount 25-40% of the
harvested crop. This wastago cannot be justified tNhon so
many pcoplG remain hungry.

In West Africa Virtually ~velJ crop is attacked by
insect pests and certain degree of protuction against them is
mo stly nec assary (soo 'Whitnay, 1977, Kumar, 1980 etc.)
In some instancos, for example cowp~a and cotton, very little
yield is obtained in monoculturus unless tho crops arc
protected by the usc of insecticidcs, not only do inswcts
cause great loss in quantity, but also soriously lowur tho
quality of food •

.alP» pro1i~Etion. E..tpatog,i.ll,s in Wc:st..h.tE~

In discussing the sta.tus of crop protection in West
Africa, the particular featul"cs of agriculture in this :part

___ ...J.:£ i;hv- wvrlu must- be DOrne in mind.

".,
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The size of f~ms in g~n~r~lly small. In West Afric~

live, 10-12 million small farmers, 8 million in Nigeria
alone. The inadequate resources and poor education of the
farmers also greatly influence crop protection pr2cticQs.
~xrthcr, government initiated extension services ~~e

virtually non-exiEltent in most Vlest African coun:tries. Tho
status of crop protection in West Africa may best be
discussed in terms of different rust management st:i.'c.togies,
currently baL.,@; practised in various parts of the sub
::,egion.

Chemical Control
na....

According to Anonymous (1972), in 1968, thc usc of
pesticides on cotton ffild cocoa in West African cotmtri~s

produced extra crops to tho value of 139 million i.e.
5-1 00~ of the exports of the l'cgion as a whole. \1hile
gravc conccn~ has been expressed over the side effects of
thc usc of chemicals, 90% of insecticide usage throUGhout the
would is effective ~~d achieves tho object (of its usc)
qUickly und efficiently. Although the search for alternative
methods of pest control continues at an acceloratcd pac~, it
is difficult to th~lk of a time ~hen it will not be
necessary to make some usc of insc;cticidcs for tho control
l)f crop pests.

In Francophone West Africa, well org~~izod pest
control campaigns hav-.; been underto.kon to improve crop
production. This has involved v!id0-sprcnd improvCl.lcnt i.:~

the teChniques of tho usc of better secds, fertilizors
and insecticides. Table 1 sho~s n cOillparison of avercge
yiolds in th·.J 111io.-19 50s rmd in 1963.
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Table 1:---- Comparison of the average yield of cotton (lint
und fibre) in SODe Francophone countries) (FAO 1969).

---------_...._._.-.-...._.._._---_.__.....------------------
Country Kilogr£'.L.1S par

hectare
• P$ "C • I .

Per cent
increase

Crt t •

Upper Volta
Ivory Coast
Dahomey
Cruneroun

.._- .

195 / 56
100

100

60
340

1968
400
650
520

630
• eO • « •• _

300
550
767
85

•••• . t..........-

The Elmergence of Ivo-r¥ Coast a.s the \i',orld's number one
producer of cocoa and coff·.:o must; to a greater degree be
cttributod to well organised and executed pest control
campaigns.

In tho A.uglophone West Africa. on the o'::her handp peat
control servioos p.r3 poor.ly l)!~ge.n1sed.. Fr6qucn"c:1YlI ini:.ic;c·~io.iu.Js era
no i: o:V'rdlcblo ~!h~n requi:r~ec!. for s:P::-ay;!,llg....

~le equipment used for treatment io genera.lly
obsolete end unsuitable, the extension services era
lam.entably inadequato and tho state of chemical control has
generally stoadily doteriorated. In 1958~ when cocoa
production in Ghana had stabilized around 205/250,000 tous par

annum, scientists at Tafo rccocnlendod the usc of lindane
~gainst capsids to boost production. After treatment with
lin.dono cococ. production rose to over 3000,000 tons and
stabilized at around 400/150?OOO tons in 1961/65u It Should
be noted thnt over OO~oOO g!1.11n.."1s of J.i::J.dnne w(~r(") usr~d

every year before 1965. But froll 1965, thore wes a dr~tic

drop in its sales with tho vollli~o sold deel~~ing to 70,000
rrr"'11",.,~ .;,., 10hl:::/r:..h +t-.,.,,..,_.... ,., ')/i /if"\,,-,.,·... ,,~· ........... .; ........ 1966l&'T7.-tfiB.--u .. --"~;;;1 0 0 3 ...~ ~-=-.ry~ t;;=='O' = T

quc.ntity available dopendillg on n foroign exchC'.ngc Llo.dc

a.vniluble by the govornLlont.
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Th,..; chm:.lic2.1 con-Gl'ol of Diric.s in tho 1:105t bcn(;i'icio.l

procuss for c. cuceC'. tr.:;C,;. :':"V\.;l1 s0~iously c.ffuctc.d '~r(;c;s

whc:ther younG or' old hc..ve C I'ewc.r!;::c.bl..:; powor- of recovery as

soon ~s they cr~ proparlytrcct~d. Tho ccnopy is soon

rGstored, ceco['. production COll.!ul1CCS and chcuicc.l troo.twents
Cell be drcsticC'lly l·~ducccl. The; COS"t of trcc.tu~n"i; is

equivo.lcnt to just D. fC'N dOLan IdloC;rC'~naes of dried cocoe

por hectare. To provid0 c fo~ millicn dollcrs north of
insecticides end ~.chines to contlol cnpsidostmc ~~n soue
:;:'500 uillion OJ.:' Lloro ['..l111uc.lly is c. very sensiblc invustlJcnt
but no gove:rl'lLlcn-1; ill All[;lophon-:o \i\,;st AfricC'.. hcs considercd

fully r.lOl:tinb th~ lJrusslllG u..:WL-.l1ds of thu industlY. ~hus

~hile properly orccni~\.;d C'nd cxccutwd cheuicnl past control

is ccpcble of illcrccsinL crop production very considerably,

the prcsant stcto of crop protection by ch~uicnl c~cinst

insect pests is ill c v~ry sad stcte.

The position nith stored product posts is no battor

either. In Ghcnc., OU"t of c. totcl t~uc.l hr.rvcst of 250-300,009

tons of l:w.izo c.bout 20/0 is lost to insect and rodcn"~ dcnnGo in

storc.gc (Proapell, 1971). In Nigeric, up to 27. 7,~ lossoss hnve

rcsuctcd froD inSect daDn&c to wai~e stored in cribs for 4
Ilonths without P(;S"~ control (Ocunlc..na, 1976)., All -Chose lossos

could be brectly roduccd if th~ nocoss~ry preventive end othar
l:lCQ.SU!'OS could b.:J c.doptcd.

As noted by Grec.thcad (1971), none of the countrios in

Host Afr"icn hnvo buon consistcntl~l nctive in bioloL;ical
~ con iil" 0 :l.--Act·tU::;l±Y-Jap£.rt---f~~Z'"tC c ~ s efu' -c {'of'rn-·t-t.u_ c..on.trc!~ .._

the muc.ly bur; vectors of swollen shoo"1i disoc.su of cocoe.. by

biolOGical u&unts, thuro arc vory fcwuttuwps at th~ usc of
bioloe;icc.l contJ:'ol C'.S c. plo.nt protuction str'c.tecy in Host

Africa.
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It was un£ort~atcl that £ciluro to control the mealy

bu.gs (g,onoc...oc,oi.d,e,s ~.alOJ1&s~) on cocoa disouraged
further biological control work in West Africo.~ The
difficulty in controlling these pests lies in the fact that
many indigenous natural anemies already keeps tho pest

. .
populations to low level~ It is tho ability of the very
low nu@bers of the ~eo.ly bug pests to cm~se considerable
daDo.go which atteLlpts In using natural enemies to control
the~ (Kumar, 1979).

Mirid pests (3-Wlbergclla. ~1J.l,Qllo.ris and Dis~~;tj,Qlli

tihGcbr~lma ) of coco£'.. are without offective local pa.rasi tes-,--------
but introductions cgainst the~ have not progressed because of
financial comcitments frem locel governments. Recently the
idea. of manipulating the environment of a facultative
predator so that it may pross heavily on .its pest prey has
been developed by Lcston (1970) and his associates. However,
attempts at artificio,). spread of .92..£~~ have not been
successful (Collin~vood and Marchart, 1970). Colonies of
this ant tond to be stable and ~ay occupy e nesting and
foraging t~rriroty over several years without vunturing into
mirid infested traes. Moreover, this ant is absent from
areas of brokml cocoa canopy where tho mirids thrive.

An ~d~r.m1ndd but highly lethal bacterial pathogen of
~. s~ar~s discovered in Nigeria has been found to be

equaJ.ly effective against 12• .th.,9.o]J:r:o~and ,He~o.£el t,=h.f!~•.
ExporirJents by Boton (1973) in Ghvno. have Shown that
spraying with a suspansion of bo.ctoriuu rosulted in a 32*
kill of capsid populations coopared with untreated controls.

__H_'_ ·-~--i?rob3:.-ows-iJ:rLm±ntui.n±ng_und'bu±ld::i.ng__up·v±u:trl,o---culGLLL'OH·uf----·------·--

the patho~en have licited its use. It is difficult to sec
why such a prorJising approach has not been followed up
further.
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CoDtlonwQclth Institute of BicloGiccl Control (CIBC)
set up ::'~ substction in 1969, c.t KUL1D.si, Ghrnc.. Tho
institutu ~d~ special attcupts ~t iuportation and releasc
of parnsitus against lepidopterous stcu borers ct various
locclities in Ghana. 14 species of e£B, lc.rvnl end pupal
parasites were ~portcd froD India and released against
sugar cane stcn borers at Asutsu8Xe and Kor..lCndn betw(:C:Il
1973 and 1978 (Scheibolrc:iter, 1980). In India thoS0
parasites are considered effectivQ against stow borers of
maize end sugar-cone. In GhOlll:'. thu se parnsito s bred 'IITell in
the lUboratory on Ghanninn borer species. But no recoveries
were l~de in the yiold.

Lar/ae of ~~ialo insulato wore iLlported ~d relacscd..
against Eupato~i~~ odoratuL, in Ghnnc c.s well as Nieerin.
However, these larvae which proved hiehly successful in tho
control of the wood in SOuth Acoric::'. and India, failed to
survive in the West Africa ecosysten they arc carried away
by ants soon after release on the plants.

Actually, no significant con-erol of pests was achieved
by the CIBC substation ruld its activities in Ghana are
nL~ost negligible currently. However, CIBChas, with
funding-froD IDRC, undertakun ~ throe-year project exploring
natural enoo.ies of tho cnssava I:.leo..lybug, Phenaoooo:q~ LlOIlihoti
for release ~d assussnent in Nigcric. r~d other parts of
Africa (Gruc.thcud, 1978).

West Africa far.clers practice c. nutlbor of truditional
uuuT.ICthoUs of po s"C'-c-6ntrorOY-l:1C.iiil)uIo.~:L~e···orops nncf Tcil(l~- "'rn

sone West Africnn countries, for cxcrJplo, Gh~a, production
of ste-ple food crops such as nr.izQ would be iupossible
without such a ncthod.
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Here the practico o~ erowine wnize at the be~innine o~
.••"t

tho first rciny senson to cvoid borer ~tteck docs not
necessitate !lIly control neasures cgnins:t; the boror posts.
Howevcr~ to obtain C Decningful crop, during tho second
seeson, requires chaDical control of borers, tho use of
fertilizers end irriGation of 1['1.1c1.

In the Sudan snvc.,nnr. zone of Northern Nigeria I

sor@1w~ and willets ere sown by farners as carly us possible
in tho Wet saason. Yields ere erenter when an ~arly onset
of sanson is nccowpnniod by curly sowing. Further, cultivers
used by fnrclcrs in this reGion have boon selocted over long
periods to \lstart hendine so as to oct soed at the end of the
nor-unl rainy sanson:: withtha result thnt e.;rnins o.I'e: not
attacked by Doulds and inS0Cts cs thoywould be if heeding
was ~trlicr (~~SS~J £! ~., 1976).

In Ghana o.:n.d Niguric., ficl¢!. observations havu shown ~tho.t

if oaizc st~~ks rurnin in the field after harvosting, boror.,
, .

incidence, incroases considerably when uuize is grown in J)oth
first and second scn~ons on tho sru~e lend in consocutive
years. The stalks contain larvae and pupae of the stcn borers
and, adults oDoree frou the etc.lks cncl re-infost OIly youne
c~izo plants. ~1C: recuDrJcndcd practice of burning stalks
cocpletely,nfter the Brain has beon harvested with a view to
killine all the dinpausinB lrxvao, is seldoo followod by tho
famers whv usc stalks for n variety of purposes. The recent
suc:eestion of' AtlosiUl~ r-nd Ajo.yi(1980) of partir-.l bumine ,of
stalks which results j~ killine 95% of the lc.rvuu still noeds

...~-----_._---_._----------_.~- _.--_. __.._-~_ .._--- .-. - ._--~-_._-- -
to be adopted by--tho-~W~8-t.AfricCiifo.rners~



.. 42 ••

In Gho.na, Elc.k.Iln succhnrinD. is 0. najcr peEt of.. . ..
sue;o.rcc.nc stanGs. Studies hc.ve shown thut the ll:'xvc.e of
E. succharina rc~in in the stubble after hcrvest and- -
reinfest now shoots. Thus the stubble servos cs 0.

roscrvoir for reinfustc.tion by sto~.]boI'c:r-s (Ktu:.1.....r c.J.ll1
~lpson, 1982). Tho stUbble lo.rvce destroy tho shoots
in tho r~tooned fiold thoreby roducing the tillers of
the rc.toons. The iQea of discontinulllB the practice of
rctoonin~ with a view to ronovo the stubblo which serve as
1:'. reservoir for reinfestc.tion still rOilC'.ins to bn D.doptod
by the sugarc~e estates.

Tho above oxru~plcs of eultural practices availnble
to tho West African faTtlerS DUy be oultiplied. There is
the practice of ~;elosod souson l ; to control tho pinlt bollwoTtl
on cotton in NiGeria and this hus tho backine of tho law.
Thoro is tho carly planting of c;roU!lc.1nut to obt['.in hichor
yield of tho crop, by reducine lassos froD rosette virus
diseuse tro.nsr.litted by Aphis cre.c.civora. Exporir.1Cnts in

Nie;oria has shovm (IITA, 1973) that weeds in f.,Tain leauo9

fields oro positively corroleted' with insoct dc.I:lV.ee to
cowpea and soyb~an. Rotation of crops is kno~vn to be
effective against insocts hcvine a rostricted host ranee and
those possessine lioitocl tlie;ratory capabilitics. Oki[;bo
(1978) conclUdes thD.t tto trcditionnl fC~wor ~rccticen

intercroppinc becD.uso it cives hieher total yields and
grocter rotuxnc thrul the SCllO crops e;rown in pure culture.
Sir.lilarly plant density is known to affect the pest
incillonce in COWPOc.s. It is surprisine so little is

--------.. _- ..-._-.. -.. --~.---,. - .. --"- --_.,-~--- ...._--_._---, -."----_._----_.- '---"-.--".-- -"- . __ ._-_ ..- - -- - _._-_._._-_._---",-- ,. ._--_. -~----.
currently boine donu to dovelop llovel culturc.l I>rc.cticQs fro;.l
which tho traditionul fcrwinC clrec.dy benofits so Greatly
in Wost Africa.
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Plant rosistanco represents tho inh~rQnt ability of
a crop variety to restrict, retaru or OVGrcoue pest
infostations. Crop resistanco, froD the point of view
of tho furnor, is perhaps tho easiest, Dost uconowical
and effective way of control1inc insect posts and diseases.
It requires fewer techno1Q~icn1 inputs, cruotes no
cnvironwantnl 'hnzurds und is canorally conpntiblo with
other oethods of post control. (Pathak and ~enn, 1976).
In West Africa, resistant cult~vars nrc boine devulopod for
cowpea at IITA. Sineh (1978) reports a collection of over
10,000 cowpea accessions with the ,plant breoder aud~nL sovoral
thousands seGToeatin~ lines overy year. This has enabled
resistunce to field pests such us leafhopper (EJ.:lgo..q,,~c1:. §.,ol.-i£.hj)
end pod borer (Thbruca tcstulalis) to be studi~d extcnsjvely.

~.. .-..... ....,......-:.'.•. ~'""..: • .c...........

Bidaux (1978) has reviewed the screenine for horizontal
resistance to ~ico blast in Africa. It is thus clear that
rJUch Doro nood~ to be dono to use the proven Dcthod of crop
protection in West African Agriculturo.

O.:th9..E.J1.9..~ods..of C,rp,E Protoctiop.. .

Modern tochnj.quos utilisine cenetics, attractants,
lopollents, anti-feedo.nts nnd hon:loncs, in tho ocnneoI:lent
of crop pests, have hardly tk~de n start in West Africa.
Takine tho subreGion as n wholu, it is only fair to say
cropprotoction as a tool in increasinG food production is not
at all accorded n hiCh status in Dost West J~rican countries
either in torus of research or extension. Ivory Coast

-I---------pcrha,ps-15 bUIlds ouiI-.r-s±n[::lu-uxcuOP ~iOIl-W--~this stcotoLlOn"c.

: Part of the problcu is to ouuco.tc nc1L1inistrators thc.t, 
althoueh costly, scientific rosearch is a cooc1 invostuont
and Dost proc1uctivo when l:1O.tly scientists work Sir.IUltonoously
on tho SODa problcu.
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CA~GORIES OF IN~CT PESTS

Petrici~ c. l~tt~son

Univursity of C~lifonlin, Berkeley
Consortiun for Intcr.netioncl Crop Protection

2288 Fulton Streot, Suite 310
Berkeley, California 94704, USA

When clesicninc 0. systeD of intCLrc.tecl pest Ll..'"'n~"ce:::ant,
one I:.1Ust first cslc: which ricvfielc1. orccnis:'Js nI'v consic~cre:::'

pests? Why erc they consi~ered posts? And when Qo they
becoue pests? ~husc seetiinely siDple questions ere, in fect,
vitel. n~ post cnntrol proCrruos fQil becauso (1) without
va.lic~ rec.son, D..."l OrC['.lliSD is lcbclccl c. "pest ii cnd clc;ci1::o.teC:.,
o.nd the surroundinC ccosystew is tbro~v.n out of bGla,nco,
~elea.sinc 0. whole new ·Sl)\.;ctruw of nuw ;;p\.)st i1 probloi:1S; of
(2) the pest tk~a.Lcr siuply tries to kill the pest (n
teDporcry soluticn) L"lsteo.c1 of ~iscovcrinc the recson why tho
OrL:c:misLl hus becoDo c. problcLl c.ncl chancinc thc.t situntiun
(0. pQrDanent solution) Flint ~"ld von den Bosch, 1581).

A pest is en orconisu rcccrued by people cs h~Jful to
their selves, their property, or their envirO~lant. In
developinc acriculture, we have crec.teu crop pests es we
know theD todey. In the ricofielu, these nro consuwers
(rodents, birds, insect posts, disoases) und co~petitors

(weeds) of resourceS which we w~t.

Modern conc.1itions o.Ceruvcto pust IJroblel:.1S, in thc.t we
are increasinely loss willinC to CivQ pests n sh.c.r0 of tilo
crop (Corbet, 1976). Land rosources nrc dir1inishinc, lost
to urban develo~went, desertification, or depletion c.ncl

erosion due to I.li~jano.cenont. Tho pr~ssuro of populaticn
rises, as l:.lOrO cncl :'10re pOOl')lG L1US"b be feU. whillJ en increc.s~1L
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nericultural l)rcc.luctiv~l pr0Cl.: SSe Thu rC:'12.iniJ.'JL f'['.IDors
ere pressed to IJrcc.1ucu c. surplus in l;xcho.:.lce fer c~sb.~

which thuy nc. Gc.l to co lX~ \-vi th nuw c.u:Jc:n2.s: the lJUl"che-su of
cOu~oQitics th~t nr~ not prc.QucoQ ill t~~ vill~L~J tc.xcs,
school fo(.;s (while school chilclrcn ~ro no lancer e-v~ilc.blo

for lc.bor).

vVith hich-tcchnolo[y a.criculturc, thu sta.k~s ere...: evon
hicher: there is c biCGcr investu~nt a.t risk (ce-pitc.l for
lancl prepc.r~tion, fertilizer, JosticiQcs ••• ), cnQ thl.: shcre
the-t pests r..J::..y tnko is Ie-reel' o.J.1C.. :-.10rc vnluc.bli.,;. l~t the Sc;~l~

tiDe, the ccricultura.l revolution of the twontictil c~ntury hcs
further disrupted cnu co~plicctoQ the stability of pest species
in our acroocosyst~ns~ ThrouCh npplca.tiGn ~f sci~ntific

CU!lctic pril1cipl~0 ['11C. tuclll1clvC~T, nevI hi[)l-yiolc.1ine:;
cultivc.rs c.do.ptcblo to nechanizcQ culture, hcrvcstinc, ~~G

postharvest prococ.1url.:s have b;"~l.:Il s..:llJctcd one.. intensively
pIonto'l over wiele c..rec.s. L1nny new cuItival'S o.re cuneticc.lly
uniforrl nncl potcntiQlly nore vuhlera.bll.: to pest epiQowics.
The new cultivc.rs Bust frequently h; protectell fro~l p..,;sts,
c.nc:.. so posticic.LOS 0.1'':: 0xtl.:nsivoly Ioquircl1 to c..ttr:.in
potentic.l yielt1s. r.1c.ny cultv.rc.l prc.cticos of •.:Ol:urn
ncriculturo o.lso cnhmlc~ suscl.:ptibility to c:..iscc.se...:, wuuc:..s,
nowntoc.1es, or insects. Thcsc inclu~l.J: (1) irriLction, which
fnvors r~y disQuse nlld insect pests us contrc.steu to tho
fluctuctinL soil ~oisturc levels ill1ccr nc.turcl ruinfcll
condition~, (2) uultiplu croppinc, which proDotes rc.pid
pest populo.tion incr0usos, (3) UGllSO crop pl~lt ~clmlctions,

re8nltine in cnviroru:lentc.l chc.nL;(;S fc.V'orinC sone: pusts, und
(4) fertilization, which pro~ucos lnrCl.:r cnQ noro succulant
plo..nts, which c.ro cf'tun (lOre suscO:i.Jtiblc: to IJcst cttack than
those Cro\-Vl1 in low-fertility levels (S~ith, 1972)~

Rico prouuction in tho Philippine Islents affars an
exoellent ox~plo of what ho.ppens v~len prouuction is
jntensifiod qUickly without nduquc.te s~feLucrQs C.LClllSt
pest opil1eoios.
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Traditional rice culture L~ thet countrJ pro~uceQ o~ch

yocr c wod~st but ~cthor constcnt yiolQ. ~lw vc~i~ties

were rcnk t~ll tYDes thct survivoQ on low fertility ~Q

conpeted succcssfully aLainst wuous. They ~~ro not
icr.1~~e to insects, disocs~s cnu roQ~ts, but ell pests
were rensoncbly tolcrctoL. Rico weB cultiv~tcQ once a yeur
durinC tho wet !Jonsoons c~d was followed by n 5- or 6-~onth

fcllow·throuch tho dry sensen. F~st survive1 Qur~lC the
dry period, whun hardly c Cre~ bleeo of rico cr thoir
cress cen be found except clone stroc.:.l b.::'.11.,ks J v:ns low, c.nll

only insicnificcnt populctions survivoc~ to c.ttcclc tho next
crop (Glnss, 1976).

Coopore this situction to tho now intcnsivo rico
culture in the sc~o country. First, thore is irricnticn cs
one crop follows c~other throuchout tho entire yoar. The
nuw varieties ere short c.nu. stiff nnc1 requir0 VI\~Oc.. cc::.trol to
roeliL~ full yiolL potcnti~ls. ~lC ccrliost hiCh-yi0ldinC
varieties wore not scloctoJ for pest rosistc~lCO. Inovitnbly
post problcDs lllcronsodBiLnificc~tlyend in 1971 severo
lassos fron lecfhop~er nttcck end the lecfhopPcl~trnnsDitted

virus disease :itunCro:l wel~O oX1J<.:ricncec.l over thousc..nu.s of
hectares in the c;ricc bowl:; of Luzon. r.~ore recently c.llothcr
lco.fhoppor-trcJlsi:.1ittec.l virus, [:,Tnssy stunt, struck the area.
( Glc.ss J 1976).

Population c.1cl1sittes of un insoc-c species stc.y.fnirly
stable over clone porioQ of tiU0 cnQ ern be sciQ to fluctucto
cround n Doan level which ontoi:lOlocists cnll thQ c,CluilibrilE
J?o si tio,p.a The LK'.intano.nc~ of this oquilibriUI.l position (or
characteristic ebundL~ce) is duo prilJCrily to constreints

set by the enviroru~cnt (d~n~it~~ir~u»on~nntfectors)
tu[athurWi~ rCUGbacK DccnCfiisns opwrdtihC on bothintrn
and inter-species luvels.
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These Llcchnnisns -- such ['.s :Jr(:dr:.tion, po..rasi tis::'J.,
intro..spocifie con~etiti0n fur feLQ or r:.vo..il~ble n~stinc

sites, 2..nc1 territoric.lity - chc.r['.cturistienlly ex;.::rt L:uch
h0avier pressures wh~n populo..tions c.r~ hiCh C~lC h['.vo
c1i~inisheu influence· when populntions nro lewi they C.re
thus cc.llc.c1 llep.,s,i t'y'-c1c,Pcnc.ont fc.ctors (Fie_ 1) (Flint c.nll
vnn <len Bosch, 1981) _ Iaost ins..:cts era nCV0r CO~Lon ",nCULI: tc
be ccnsiclcred pests. Vl'hen 0. sp..:cies populo.ticn riscs C.lJ0Vll

tho level that cnusos ~eononic lossos, hcwever, the s]~cius

becoDcs 0. pest (Fie_ 2)~

Nonpests c.ro those orcc..nisl:.:s in ttl(; ~eosyst0L1 tllC.t
ho.ve no potc;ntit'..l fo::::, bee0uinc injurious becc.us(; of their
place on the fooQ chain relc.tivo to the rosource. The
offects of these; orcc.nis::1S ['.re oft~n b~neficic.l. For oXo..l:lplo,
they oo.y pIny c.n iLlportnnt role ns nnturnl uncnics of posts,
by rccyclinC nutrients, by pollinntinc fruit or s"'cu crops,
or by providinL nlt~l~o.tive nutrition cnd shelter tu
beneficial orc~isws (Flint ~~c1 ven <lon Bosch, 1981).

Careful worl;: ..lust CO into the clocision thc.t 0 clortain
insect is 0. post, ['.TId WhUl. The fiolu situation IJny not bv us
it superficinlly soons. Dls~CtS Dust bo proFcrly iclontific<l
nnu then studio<l: their bioloCY, s~o..sonc.l distribution nnu
Dbunc1nnc0, wec.:l;hor c.ffects, nntul'c.l on~t1ios, thL: c;ffcct of
crop crowth sto.c;os on their c.ctivitios, crop loss c['.use<1
under various circU=1stnncos. In Vest ~fricv..n rice, for
insto.nco, on0 Dust bo c.blo to clistinLuish bcnuficic.l
coccinollid prcC.['.tors froLl ~.l?i.l.c:.c}~p. siDilis J thu phyt0phc.L.ul.\.~

pest of the SC.1:10 f~1ily (Brcni~rc, 1976) II Pests c10 net
nocossnrily do tho ~ost UULIC.LO vAlcn they ~ru nlli~Orous. For
oxc.J.1ple, cowpon ;;flovvlJr thrips;;, !o"'F~~~.rothri.J.J..~ .sJ.0..s.t,:;dti,

-+. •.

is l:1ost destructive whon coupc.rc.tivwly low populc.. tiol1s o.tt~cl{

flower bucls cc.rly in tho SOGGon. In m"'.:cli tion, ll~.Xl.c.;c nust not
be confused with crop loss.
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Loaf-feedine rice il1s~cts s-Ilch ~.s thi..: pyrc.lid !'l1!2:1ph~lF.

s.tc.{l1c.l.i..:? I:.1.'·W cnuso spuctc.culc.r C.efolic.ticll, but L ..lportc..:nt

crep lcss,)s result c:::lly frl,;:·..~ c-ttc..cl::s occurrinc Ul) tu "1;:10

Didcle stace of till~rinc (Brcnibr~, 1976). ~lG stc-Lo uf
crop attackod cen c.lso influenc~ thu p~st stc.tus of c

spocics. Stenboror JOc.u heurt infestctions cf up to 10

purcent cnn be co~pensc.teu fur in rice p1~ts up to 7

vlOelts c.fter trc.nsplL'-'>1tinc (Pc.thel:: role::. Dyc!:, 1972).

Finc.l1y, post c.~..l]...'"'..Co Dey OVU1 incrunse yield. fu:J1e tll:J.l

infesto..tions of ric~ hispc. hC'.vc r. subsequent StiL:ulr.ti:1C

effect on plcnt ~rowth (Lippold, 1972).

l1!crc.nt pop.:t.s, such ns locusts, }Jo,cus..ta gi,rrp.•toric.

Ri.cro...tor~ic1es ond _S.chis.t.9c_~:..cE- cr.c~p.,rin., nll(1 SOlJe cr.wyworos,
§:podoptcJ."'n. spp." C.1"O hiChly notiliJ c.ne: will infcs'G the Vlest
Africnn rice: crOl) perio(!.ic~.lly for shc:~t periolls of ti~le,

often inflictinC suvore d~CG.

Potonti~l ~qsts cOwpriso tho vest ~cjGrity of resource

consuuors and co~potitors. Those orccnisDs n~ViJr causo

enouGh dc.ouLO to inrlict SiOlific~t loss of yi~l( tmdcr

pr(jvc.i1iJ.1L t1."'J1c.cu~:1iJnt prc.ctic~s. How\.lVOr, thuy Imvo the.

potun tic.l to boco:.1o 1x:sts if Ll...rmc.L),)iJ.cnt prcctices nrc

chnnL:c<l (Flint Cl1cl ven den Busch, 1981)" In tho l:hiliplJinQC,

the introduction of hiLh-yieldinc rice vc.rictiws lad to

ro.picl mcrous0s of tho pl£'.l1thoPlJlJrs Nj.lC!.-pc.ry~..t.c; f.u~ons c.nc.l

Ne~h~~Qtt~x spp., the rice Lo.1l niQcc, ~oljE 2:lz~o, th~

the rice whorl [~CGot, ~ur?fli~ l~\i~~lTI)in~, tho rico
lec-ffolder, Cnc..l)pp.l,or~£ci.s l:lO,r.1;iE£:1..i~, :::.nQ thG loc.fholJpur
vectored [r~ssy strLmt end tunGro virusus (I~ritru1i, 1979).

The loafhoppcr outbreaks havo rocantly bw~ trc..cod to

pc sticiQe-inclucec:. lJortc.lity of th:.::ir nr..turn1 c.:nonic; s

(P-. :KuIIlJoro,pors. CO.:.i:.1.).
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Occnsioncl iJosts c.r() OrLGIlisns whcSQ POIJulC'.tions fla.rc.........................
UIJ tc CC.USQ siLnificC'.nt dC'..r.J£..LI.,; once in [!. while but

cencrc.lly GO not c~uso llltclcrnbla loss (FiL- 2). Thuir

flGre-ups nr() oft0ll due tc disl~ptions in nc.turc.l control,

cl~Jntic irreLulnriti0s, or lJisL~aGonont by puople

(Flint o.nd vc.n c1.un Bosch~ 1981). Lc.rvco ene. C'.i..:'ults of rico

hispi<..l BootIes, I1i.sj,J.q sp., ur~ c HGst l~fricc.n oxC'.t11Jle.

Thoy cc.n (10 extensive folic.r c:'C'..r.1D.CC by LnnYlinc the ~fc.cc

uf lenves, but l~Cu inf0stutions occur seldon (Br~ni~re,

1976) •

Orcunisus that CUUS0 c. siLuificant reuucticn III yield

wvcry soeSOl1 unless soue IJ0st lJrolc.ceL1ont cction is tclcun

c.re known c.s kGY ~ests. Those r..ro tho pests c.round which__ oZ......... _

LlunnccLlent syst"':L1S cr0 built. (Flint and. vr.n <..len Bosch,198l).

It shoul(l be kOlJ-'C in ::1inLl that ('" corte..in crop in r:, Civcn
10cC'.:liion r.1....'wY h8.VC no key IJcstS. StOl~1:>(Jrcrs erc susllocto<..1 key

post insects of Vast Africcn rice, but definitive crop loss

esse SSDcnt stu<..lio s concrnlly rcucin to bw clone.

ThrouCh chC'.l1CinC croppinc prc.cticos, usc of resisto.nt

cultivars, ['J,lC.:' pl"esorvnticn one. o.u[}:lOntc.ticn of neturn1

cnc~ics, populctions reuch n new oqui1ibriun level that is

not econonicclly dru:mLinG (Fi~. 3). Pesticides cc.n then be

nsoel solcctivc1y, when no cl1e<..1, to <..1e0.1 with occnsiona.l c..nC.
niCTctory posts or with koy posts for ~hich no other control

DCo.surC is yot ~vnilnb10.
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PESTS .ilS A CONSTRAINT TO RICE..-._~ ...

Rico WE.y be attacked by a wide ranto of unwanted
or[;oniSl:.ls such ns insects, <lisea.sos, weeds, birtls, rodents,
end other- collectively ~;pests. t; Because of the witlcly
diverse conditions undar which rico is Lro~vn frow tcnporate
to tropical arecs and froD seu lovel to a.ltitudcs of 3,000
DotGrS, Dest proble~s vary frOD one arca to another. As shown
in Tc.ble 1, tho conposition c..nd severity cf rice inSect .pests
and diseases even differ considerably between tho Huwid
Tropicc.l o.nd Guino~ &..vro:mc clinD..tic zenaS of West 11fr:, cc.•

Insects arc COUJon pests of rico. Over 800 spocies
attack tho fiold crup or tho hc.rvestcd [.rain (Grist and
Lovor, 1969). A lur~e nuober of !UnLi, bacteria"virusos,
~rcoplasDa-liku orcnnisos, and ncuctodus also COWDOnly
infect tho crop (au, 1972; Burr ut cl., 1915). Weeds
crcate probIens overy placo that rice is tro~v.n and uny be
one of the Dost iDportant factors liwitinL rice production
(Xasasino, 1911, Barr at 0.1., 1975). Rodents, particularly
rats, ony be the nost il:lportont posts c.ttc.ckinC field rice
jn SODO arcas nnd cause ospocially sOvere dCDCCe to tho'

'1inrvo-stocl rico (~1c.ll, 1971; Burr at al., 1975).
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Tc.ble 1: Coupurison in insuct Dcsts end disonscs
cffcctinL ricu in the Hur~id Tropical ~d
GuinCC'.l1 &..vc:nnn zonl.Js of V!~st tiricn

_________.._. ......_ .. ...__._._.._._P-_.-._---------
Seic:ntific NULla

INSECTS

Cotn:lCn Nm.lu HUl:1id Guinean
Tropicel Savanna

....

DISEASES-

Ric (.; cell r.lidCll
Stouboror

White fly

Mito
Mite
Locust
T0rnitos
.Arr.rywoXLl
Ricll but..:

tt

x
xx
xx..,.

J\,

xx
xx

-
xx

x
x
x
x
x

xx
xx
xx
xx

x
x

xx
xx
xx
xx
xx
xx

x
x

xx
xx
xx
xx

Hclointhos~oriur.l 2Flzac
Rfi~cos~or~uo ~;yzuo
t1S~!O'f:J.noJ.dea0-vJ.rcns
xoilt'hoDoncs o;r:yzuox. translusccns 1'':' sp.
- ~J.coln
RhiZ'ec"=Goniilsolrmi
VJ.rus · ·
~~rriculo.ria oryZc.c
~J"rJ.culc.r·in' orxzne
~J"rJ.cu~nrJ.a ~~zn~

absent
x not CODr.1CJn

xx cor.U:lon

Bro:ml spot x.."<
Lenf scnld xx
Fo.lsu SDut xx
Bnctorinl bliLht
Bactorial loaf streck -

Shoath blicht x
Eele yullow wottle x
SoodlinC blast xx
Lecf blast xx
Neck blast y~

x
xx

x

x

xx
xx
xx

Source: West Africa Rico Dovu10puont Association, Monrovia,
Liberia.
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r.1iscclll:'noous pests include. crL'.bs" sncils" c~cer!, .Donkoys ,
wild pies, birds, and elephants "(Berr et 0.1., 1975). ThouLh
Loncrn]~y locnlizeu in nnture, tho Q~uLo by tholcttor
posts can r~sult in dev~stctlllC losses jn sOue arues.

Accurate clc.tn on war] 'lwL~e lassos frOD rico pests ~e

not uvuiluble. Current uothods for assessinc lossos
incurred fror.l post infestations rely alr.lOst exclusively on
;:exporto l opi...'tlions" Emd not on hnrcl dataR

Tho fiolcl loasc:s to rice posts have lJoc:n ruviowod by
CrOIJcr (1967) and Burr et nl. (1975). ThoULh thu clWLrGC of
accurccy of tho loss ostiLntcs is questionablo, tho
ostioatus of rica lossos cuusud by various rico posts arc
alc-.rl:linC (Fic':!ro 1). For .Asic. (uxcludinC Jc-.pen end tho
People t s Republic of Chinn), Cronor Qstit',ntucl thnt Dare rico
is lost to insect pests, discases, nnc1 woods then is
hcrvested. He ustioctod thnt rico production would wore
than doublo if thuso Lassos wcru ~ntiroly olii.1inn.toQ.

Tho onorrJity of rice lassos cttributed to pasts in tho
devolopinG countrios is shown in Tcble 2.

PF.STHIERlJRCHIES-
Ascliscu'ssoc1 by Patrici~. C. IJnttoson IJ. t this tra.ining

·course (CD.toL~ries of Insoct ~ests), correctly iuontifyine
tho posts c..nc1 c.1iffcrontintinC thOl:1 :.:.ccortlin[; to their
dC.IJC.L;o potc:ntiel ero osscntinl in inte[.rated post

onnncoQont (IPM). InfcrL1IJ.tion on tho Posts' tc.xO~OL~,

soo.sono.l c.bunc1"cnco Ollddlstribution, anc1 epirlOl:uoloLY (in
tho Cc.so of rico discases), c.ncl tho effect of weather,

-_...:-_-~~~~ _.~1" cno:.ri:os,roru ric-a ... crowthmrthm:rcra in1iol"'~rol'G~-- -

Without this infon:.lD.tion, tho IP1I IJrocrGJ-:1 lJcy :m fact focus
" .

on tho wronc 11CStS t:"nO yiolr1 (liAf"'..Pllointinr; rosults.
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Figure 1: Estimated percent potential rice

production and percent lost to various pests

'===-:ure~J:"..e~.;lit;;::;;:Wllll:·="=:ClCN-~DlRTH...gNg-&....g _.·-T
JAPAN

I
AMERICA AMERICA

I
I dli'R .......

,

ASIA

IrorENTIAL 86.4% (except

I Japan &
PRODUCTIon P.R. China) 79.5% 79.0%
I r---

66.3%
HARVESTED II
I

I 44.9%

.A

I~IAL
I 1.~ 3,,~ I ),,4CZD 3.4% I

w8.6%
I 14.4% D 6.0% D 6.4~

PRODUCTION -
13.6% I 34.4% J) 5.8%

li 11.0% W11.2%
,LOST BEFORE

HARVEST TO: 20.5% 21.0%

Iw13.5%
I INSECTS (I) I,
I.._sm·SES 1..\ r ---- ____ 33!}~

" ... ---- .... --._..-.
IlJ~ t tur--------- - - 1)9-;9%-- . .__._---~._---,------

IWEEDS (W) •
w10.&~I

Source I From Cramer (1967) as modified by Barr et aJ.. (1975).



.• 59 .•

TC'.blo 2; Rico IJroc.:.uctic,n in vnrious rocions
i~ 1972 ~d pQtonticl ~stiuctod losses

by pests

___........ ...... -.. • I , on

Recion or
Country

Asia (excludinC
Japan and P. R.
of Chino.)

Africa

South lu:.lOricc

Jc.pan

North end Contrcl
.Al:1ericD.

Prvuuotion
(1,000 Dotric
tons)

149,200

7,420

10,200

15,480

5,250

EstiDnt~c.:. lossos by
ins~ct pusts, diseases,
.(I.nd woocls
(1,000 l.:ot,r~ons)

183,100 .

3,770

2~630

2,440

1,400

------_ _..-..-.------_._----_ __..-..,-----
Sourco:fr0~ E~r~ot cl. (1975) nftor Cranor (1967) and

FAO (1972).

!!ii_--.------.-.. - -_. . - -._ ..
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A L.iven ricL: fiolc"'.. =.lCY be; infL;stod with c.:'ozano of
potcnticlly hcrwful pest spucios ct any one t~~o. For
~ech situction, however, thero ere rercly DorO then e fow
post species in sufficient c.:'ensi ty to ceuse siDJ,ificcnt
U~~~LC. Th~so ofton recur ct ru[ulcr (cnc oft0n fcirly
predicntablc) intervcls.

Posts thn~ cenernlly rucur rOLul2xly unQ cause
oconouic lossos if not controlled ere the focel point for
intcCrc:.t\.:lG. pest l:.1..'UlnCCl:1Cnt procrru:.1S; thoy ere Imown c.s iikey\;
pests (frJith QUu vru~ den Bosch, 1967). Host key crthropoQ
pest species leck effective n~turel anonies.

Tho key pests contro.st to ';occnsionnl ii post or
secondnry posts which attnin injurious levels only
irreLulnrly whon conditions of the natural anviroru~e;nt

(e.c., optiLml wecthor, low incidence of naturnl biolocical
control) nrc pc.rticulnrly fuvo~eble for their increaso.
Another cetecory of IJests, ';potontiul;; posts, incluc.los
potenticlly ha.J."'i:lful specie£) thct rosicle nt S'.J.beconoI:lic
levels unless cccra.vetod by h~1cn [~~ipulntions of the
atroecosystCl:'1 (efC.' introduction of e now crop va.rioty,
usc of em insocticiQu that clisrupts biolo[;icnl centrol)
which favor their incroesu. A final cc:.tecory of pusts,
°nicrntoryn pe~ts, is OXOi.1plifioll uy uicrntory spucios (0. D.

oicretory nr[wworus or locusts) tha.t do not rosido in a Liven
D.LrOCcos;ystorJ but occCLsi.onally enter it, son.JtinJs cnusint:
sovero clc.l:1ULe.

The key posts CLru not ulweys tho Dust cbunclnnt spocies
-------1IL--rncr-CI'O].Ji- -btrt .-mc;rcrc- the- ·l1e-'Wnij.~Y--UQ.St--.scriQ1lS..__I.rL_ _ _

Wost i~riccn rice, e 10cf-feodinG rice insoct such c:.S
furBPhu].p;. stc{)~c:.lis, for cxcnplc, t:2.y bo far I:.lOrO a.bundc.nt
th~ ono of the lepidoptorous ston borors (e.c-, Chilo. .-
.zac.coniu~, ~.arj2hn. ~c...P£1:rntoll,.q, or ScsCd.~in 6I).)
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Yet its potantial for cnusinc SiOlificcnt yiolu
losses ocy bo Duch less (Brcni~rc, 1976).

The classification uf a species as a key pest uepcnds
on the synchronization of its dawcCinC staLe with the
vulnerable stacu of rico Lrowth, the typo of dcnnce resultinc,
-the crop plonts t tolercnco to the clCJ..lnCe, tho valuu of the
crop, the pest rS naturc.l cneuics, I:'ncl sOL~etil:.1es other
variables.

UndorstanuinG the rolationship of pest L~fcstation

nnu crop phonolo[y is espocic.lly :l::lportnnt. The crop rJcy
bo hiChly susceptible to da.o..'"!.co c.lurinc one str'..C''':': of Lrowth
but only barely, or not at all, susceptiblu Wlrjnc other
stuLes. For eXaLlple, low populntion uonsitics of a W0GU,

1 - 2 por oeter of row, wny cause serious yield. ruductions when
tho woeds infest a younc rico crop. But very hiCh population
densities of the sarlO species fJay have no appreciable effect
whun inhabitint.: n I:.1oro IJC.turc rice crop.

Vllie~ developinc an inteGrated pest ncnccouent stratoLY,
it is ];loxticulnrly iOl)ortont tho.t actions taken to ne.nece
tl:.o focel l)osts, tho key posts, do not cc.;c::;rc.vc.to the
potential posts. The inpropcr usc of insccticiues directed
at key ~xthropod pests froquuntly has resulted in tho
outbreak of potential ];lost spocieso Tho total fauna of key
and ];lotential arthropod ];losts in 0. civen aeroocosysten Dnybe
likened to on iceberc ~ a body of water. The real pests-..
(the key pos'ts), those which usually lack effective
nn+J''''"1 cnctliGs,.......ar~-r€:efrilyree-ot:.nizod' ubovo-t~-surto;ccr--'---'-
tho potential pests, which [~ay rOl')rescn'c 80-90 porcunt of 0.11
tho pest spacies present, are not ruadily rococnizod c~d will
!"Gl:lD.in innocuous if thoir natural anotlies arc not c.lestroyod.
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A ship nC'.vicc.tor views th~ visibla portion of en

iceberL c.s c. donLer siLnnl to ~ potnntially ~ore serious

p;.~oblo::1 Gllc.$ thorofaro $ ~pproc.ches it cc.utiously. The

I:PI:I specic.list si::.lilc.rly shoulcJ. ~pproo..ch tho lx:n~cei)ent

of the key posts co..utiously in orc;'or to :;.voiel the croation

of l)otGntic-.lly nore serious problc':lS.

As discussed in tho trc.i..."'1ll'lL cou~sc pC'..p.cr,

EstnblishinC nncl UsinL Econouic Tr~csholQs (Dele G. Bottrell),

intoCt'c.tcd past ':lC'..n~LcLlent e;fforts c-.irJ to ::1..'U1.ipulcto the

cnvironuent so to reduco c. key post's equilibriULl position

(i.e., nenn PODulution density) ponJ['.l1cntly to ['.. laval

lowur than the econooic throsholcl. This is c.chievcQ by

intrcc;'c:.cinC nnturc:.J. oncDios, post-resistent or lJOst··tolerunt

vGrioties Cif crol) plents, or ho.bito.t 1:.1oQificc-.tions such C'..s cro:r:

rotation, crop hc:rvest rOD:i.<Jno destruction, we"!. soil tillo.LC.

lest r..1811c'.cc::1cnt prac'L.ices cnn o.lso raise the equilibriUll

POSi-l;:LOll of 2. posto For c):c.;:lplc, ropoc.toc1 applicc.tions of

insccticic10s l:lo..y c.lostroy nnturo.l iJIlel:1ie:s, thus crontin[, n

hicher cq....i.il:Lbriw:l posit:Lcl1 thun when un insect pest was

rO[}llc:. tec1 by i ts ene,:lies~ A bc.sic fecture of lEI prOLrUI:.1S

is to u~vt~o ways to lower the cquilibriULl positions of kay

posts '~'!Lilo o..voillinC practices that crec.tc OllvironI:.1ents

fc.vor.:lLlo to posts of soconQcry il:lportonce.

THE TillY :n~i;::3T:::: OF ~mST AJi'KL:Cl-:N RICE..........~_...... . .

Of the 18 ll1suct posts cnc.1 uicht llisoo..sc:s listocl in

Tnblo 1, only 2 or 3 of tho insoct spucios nT.a 1 or 2 of

the c.1iso2.sa or£.p..nisns 1:1C.Y rocur eo.ch yunr in n. CiVC.:l1 ur0C'.. ()f

\lest l~fricc end co..uso SiOlificcnt c.lc..tl:J.[:;O if loft uncontrolluc1.
---',--- -- .. --.-_ .. _---_. .-.- .-_...--- ~ ---- . -- -- ---.. ~,-------~--~--.-,~.""

The stor.1Dorinc :i.nS(;cts o..uQ rice: 1.:>lo..st nro prv 1Jt~b1y tho [lost

suriuus, porormic.lly occurrinc rico pasts, i .. 0., ke;y" posts,

of the recion.
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Rets und crc.in··cntinL birc.~s ere other key lJosts

affectinL rice i.n S':-:,10 of ~iGst l~fricC'...

'i'/eods £l.rc unclCJubtcc1ly l:.lD.jcr lJosts CJf rico ill Hust

.L~fricD.. RowoveI' J weeel sciell.tists i:lUy £l.rCt.w thC'.t the ke;y
pest cOnCelJt hc.s little; vo.lic.1ity in tho lJ.C'.Ilc.LlJl_lCnt

of weeds, pnrt~culc.rly in tl'o].Jicel c.criculturc.l c.rens

where tho weed. flore. is quito rich in conposition with Q.

cOl:.lplex of L'h.'"'.j or noxious species. If one o:C tho se weeel
species is renovec1 froo £I. crop by horbiciues or other

neans, it way be rople.cec.1 by another species thc.t is just

us severe or ove;n LlOre soV"era--£I. phenoLlcllon !mown us

nwCJod. specios clisplc.coiJ.ent."
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C!.T~_G.9RIE..~ OF P:Y~ PI.SE!l..~SL NATURE !l.ND Cl~SES

By

ProfGssor Olnuclw F. ESttrUoso
Univcristy of Ibc.dnn

Ibuc;'o..n, Niecric.

Introcluction
.~ -

Plant cliscC.S0 is c. physioloeiccl disorder or structur~l

c.bnorLnlity th~t is cuusuu by continuous i~ritntion to the
pln..'1.t, tho.t is hL"'..rDful or doloturious to the plc.nt or cny
of its parts or procucts, or thc.t roduces thair econooic
vnluo. In pro.cticc.l tcn~s in nCriculturc, plcnts nro
rwcnrdod cs clisec.sud if their noruo..l Lrowth is ir.1J.)c.irc<1 in

o..ny wc.y; or the quantity, quc.lity o~ l~rket vcluo of th~ir

produnts is rnc1ucccle Honce, for exo..:Jp'.o, my fOr::l of
physioloGico..l disorder thnt kills, reduces the crowth, or
reduces tho yiuld of the rice pl~'1.t in tho fiold, or
recluce s the quc.li ty or r.la.rkct vc.luc or co.use s the cleterior
ution of it~ product eithor durinC tho crowth of tho plc.nt
or <1urinc the trcnsporto.tion, storcLO or use, of these
products is c Qisocse of ricee Thus concepts rcco.rdinC
disecscs of crops c.ro not only biolocicc.l, but o.lso oconooic.

Various fectors in thu onviroru)ont in which tho plcnt
Crows internet with one another and with the plc.nt itsulf
before disocso cm1 develop. Thl.l l.:1....... in coupononts in this
inlierc.ction o..ro thu plo.nt itself, whether or not it is
suscoptible or cnpcblc of buccrtinC disccsod; tho onvironoent,
..._~. ..- _ .. -_.- .-. -- ._._--- -. ..- --.-._.... -_.-... .. "--- ._-- .. -. . _. - - - _ .. -_. "'-._._-_.- -~... - "--- -- --~ .-.------>._---. -_.,----

whethur or not it is fc.voureblc for disocsu to Qcvulop; and
in the cnSa of cis0nso co.used by nicrOOrtrulisDs, whother or
not the DicroorCcnisn or pnthCLall is virulent.
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Disc['.sc dcvelopi:~cnt in plents therofore is c. positive
rcsult o=f the: in torc.ctions Ul:lunC th~ pIont J tho
cnvironr.lCnt; c,nu the cc.usal orCnnisw. of clisaases or
pathoGen.

Generally, SY2~tows arc produced in discescd plants.
~l:.lptows nrc eviclonces of diseaso which the plants thcI:.lselves
present eithor in...:ividl.Ac:.lly or in CroU.l)s. But c.. syr..1Ir~(Ji:l

should not be cOllIused with the diseuse in rec.ction to which
tho pla.nt hus produc0d tho S~JptOI:.l.

For oX2J'Jplo, t~·.:.e spcttinC. of the lea.vos, the rottinG
of the basal pcrts, tho stuntin0 of tho crowt~ or tho
death of seoQlincs of the rico pl~lt anQ the ~iscolorntion

cf its seed nre aJ.I syaptolJs of one c"l..isenso or anothor.
SiDilcrly, tho rottinC of tho pod in cowpea. or cocon,
the rottinc of the =fruit in ba.ncna ond orant:e, the decay of
the tube.r in yUiJ. or IJOta.t0 , the l:.lOttlin[ n.nt~ yclluwine:
of leaves in ousaic diseases, tho swellinG uf the sten or
shoot in cortc.in discuses of cocoa, or tho knottinC of
roots of torJUto, olcru, cowpoc. or kenaf; nre ell sy~ptOI:.lS of
discuses. Uost s~'JptOI:.lS like those referred to nbovo, cxa
of the visible type. Soootioes, howeverJ synptows of
disoase in plants nay not be perceived throuch tho eye, but
nrc detocted throuGh taste, socII or touch, as in the rottinc
of citrus fruits or LnnLo, or in tho deterioration of rice
sead.

Classification of Diseaso......-..,;,--;;,;;,;;--~;;.._I..-...-....... ... _.,. ....
It is uscfl.~l to pu.t plc.nt disoasos into various

-~--'-'--"'-- -~.-_..~----~--~---

cntC::lLcrios, or to classify theD, in'oruor to hava C:. full
unuorst~dinG of their nnturo, c~use, end ulti[IDtely, thoir
control.
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Ph,-! nppY'()::l.cht.:s to thu clc.ssif'icc.tiun vf plnnt C'.isur'..sus
hcwu vc.ricc. uvcr th~ clmturics with th\,,) Cipinions of' plc.nt
putholoLists. Thu ult~:~to purpGsc of the clc.ssif'iers
hnvc c.lwc.ys c.~tu~JinoQ thu L~sis fur clc.ssif'icc.tion.
Thus plc.nts Qiscesos hc.vu bU0n cl~ssifiod on vc.rious
buses such ~s s~~ptO~lS or Lroups of S~~pt0US, th~ cnusnl
c.L0nts, the uf'fuctcG plnnt parts, end the pntholocicnl or
physioloL,icc.l processes clisturboc.l or c.ff'ectcc.l.
Clc.ssificc.tion h...:.s c.;vcn buon besec.:' on tho sito or locntion
where S~lptous hc.ve bocn obscryeu, i.c~ \nlethcr i~ is
above or uulow soil level. Ec.ch of these basvs hns it~

own ~erit one. deccrit.

The onrlicst ntteopts at clnssificc.ticn of plc.nt
c1isenses wore bc.scc.l on synptons or Croups of' S~:lptOi:1S.

But evon now, centuries nfter the f'orlJulation of' tho
uircrobinl theory of disense in plc.nts, clc.ssificetion
in which syr~ptows £orn thu contrel theue is still very
valid, usoful anc.1 of' very prc.cticC'.l inlJortonco, pnrticulo.rly
in c.levelopinc countries.

M['~y poople can distinL~ish botW0on c. livll1C pl~t

onc1 c. denu. one, '!Jut only c. fow Imvo uvor takt.:n tho tiuo
to note the n~]erous chances thut first inc1icc.tc Qisunso in
plants. The recocnition of such chances nnc.1 fru~iliurity

with the turl.linolo[;y c:.P1JliL:d locally J no.tiunclly anC..
inter.nQ.tionul~y to describe theu~ f'onJ tho bnsis for the
clescription and diuenosis of c.1isuasos.

Dio.G100io ellc.1Jles one to c.:'iscrinina.tu botwuen the
disease of the plant and to c.listinLuish such c..isunsos by

chara.cteristic s~~ptouse
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The rapid one:!. nccuratw dicLnosis of plant dis~cs0s on tho
bcsis of SY[lptO~S is very iwport~t in pl~t uisucsu
surveys in plc.n:li u.is~as\.,;s or-c.c:!.icc.tion co.wpaiLns c.nC. in

extGnsion work. It is clso il.lport~t in the fiol(l
reco[nition of uis~a.sus which erc ceusod by biotic ~d

c.biotic £a.ctors. DicQlosis is ~l art which shoulQ be
hiChly cnc ccnst~tly ~U consistently cultivated end
al)plied.

Every (lisoo.s(; of plants is expressed throuL.h c nW:lber
of synptOl:'ls; tho so syuptOtlS c.ru cunernlly cownc.n~r COi:1binccl

to foro definite sy~pton pictures or syndroDcs. Truce for
Qxcwple tho blo.st diseuso of rice.

The Dost conspicuous syr~ptons of tho blest dis(;ase of
rice ure those tha.t c.ppcar on tho leaves nucl neck of rice
plants. On the louves, thoro uro disoased lesions or spots
which aru spindle-shuped, pointed c.t both enus, nnd often
showinC c brownish unrein with u creyish contre. The sizo,
colour cnd shape of tho spots [my vary with environr10ntul
and cultural conditions nnd varietal resistance. Greyish
brown lesions are fOrDed in the necl::, and the neck Inter
becotles Circ1luu Cc.usint the head of panicle to fell over.
If the (lisease occurs befor.,) the wille staee, the crains nrc
not filled, they becone ~lpty. If it appears later, the
crains r.k~y be ~'U'tially or partly filled, but the l:::ernels
c.ppeer chnlky and brittle or LTean in colour.

All tho so nrc vnrious SyI:.lptOl:.1S of tho sync1rollo of tho
rice blast c1isensuo The disease roduces the yielu or evon

------------ --V&W3-eB--thfr--{leeth 0-f the- p--lar"'lt-.-·
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Another disease which can be referred to is the wilt
of tomato. The disease may appear at any time that
conditions for its development are favourable. Yellowing
of the lower leaves appears first, usually affecting the
leaflets unilaterally. Thepeticles drop, the affected
leaves die. After the plant has been diseased for a few
weeks, brownning of the vasoular system may be seen in cross
sections of the lower stem. The plant as a whole is
stunted; the leaves wilt and dio whilst still clinging to
the upright woody stem.

Si£As of CEusal Microo:r::ganisms

In many cases particularly in the very 8arly stages
of the developnent of diseasos caused by microore~~isms,

signa of the causal aBcnts, the microorganisms, arc
associated with the symptoms. SUch siens may be in the form
of mycelium, hyphal fragments or spores of fungi, cells or cell
ooze of bacteria, eGgs or larvae of nematodes. Insect
vectors of viruses nny also be found on diseased plants.

But such signs are not to be confused with tho symptom
or the disease itself. When symptoms nro observed in the
early stages of disease development, signs of tho ca'U:sal
organism may constitute a reliablo means of indicating tho
actual type of disease-causing agent. For example, tho
causal organisms for the diseases referred to above arc
RUricularia ~~~~q Cav. for the blast diseas~ of rice and
~sariU!I! oxysp"o..~~ f. Bp. l?3Q.0l?£.I'~~el. (Saec.) ~yder nnc.1
Hansen for the wilt of tomato. This lat~er example is
particularly important in that many types of mieroore~ism

for ~xample fun,gi, baeturia oncl nematodes or evon abiotic
factors may ccuse wiltine; in tomato, oild the corr;oct-idontity
of tho ca.usc..l ce;cnt is of c.. e;ruc.t va.luo in fcr:ollt.:lf'.tj"),S'
control measures.
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If tho diseases have beon on for soue t~e before the
syrJptom is observed, the siens associated with tne syoptoms
lillly not be those of the causal ore;o.nis41s. For exnmple, if
the SyoptOD is recoenizod oarly in the black pod disease of
cocou, tho associated siens arc the liwcelia and sporaneia
of tho' causal orconiso.

P&.to.p~thor!: P,c.lmj.;vp:r:q, (Butler; if however, the disease has
been very advanced before the SyDpto41s are observed, the
associated si.&ns ony be tho spores of Bot,r;Y,od.i,;p,l,o.d.i,q
thcobroQue Pat. u secondary inv~c1er of the rotten tissue,

• I

and not those of the r.min causal oreaniso.

There are well over fifty different typus of synptoms
of plant discuses, but all of thou can be put into throe
broad categories, nauely (i) necrosis or necrotic symptoms,
those that ere exprussed in the forn of deeaneration,
disintegration or death of plant tissues, (ii) hypoplasia
or hypoplastic SYClptoDS, those that are expresseu in the
foro of reduction, or stoppage of erowth of plant tissues,
and (iii) hyperplasia or hyperplastic Sywpt041s, thoso that arc
expressed in tho fora of excessive nultiplicc.ticm, o,\Tcre;rowth
or overdevolopuent of plant tissues.

SODe exaoples of necrosis nre yellowing, us in leaf
yellowine of rice caused by a virus; wilting, as in the
fusnriuo. wilt of tonato, cotton emel other l:Jalvaceous ond
solanaceous pl~ts, caused by ~~.qriurl spp.; streak, as 'in
bacterial lenf strock of rice caused by X~~thoDonas

..... I' .......
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Parde siDo, or t:'..S in Ll£l.izo stroc.lc: ccusecl by ~ virus; loaf
spot, us in bro\v.n leaf spot of rice caused by ~~~¥ny~os~o~iUD

.oryzp...o. Brede de Hccn (syn. C.oc.h}-.i,o.b,olu!:, ~~iYC;b.offiu.s (Ito and
KuribuY£lShi) Drechsler (ox D:'wstur); blieht as in seedline;
blieht of rico caused by Sblorotitto rolfsii SCcc. or

~ .........~~ .........-.....~
bucteric.l leaf blicht of ricu caused by 2C.91,jl1,opo!'!£-J3, E.rJLzae.
(Uycdc und IshiyruJ.:='.) Dcwson; dr.upinC-off" as in the
duwpinB-off of secdlinf,s of vef,etnbles and forest trees

caused by ,g!li.zo.c.t.o.n,i.c; ~ol~:h Kiihn, .Scloroti~ !..o.l.f.s,i}; &..cc.
and various species of P~~JF}~.ori~; blast cs in tho blast
clisoaso of rica ccused by ~. PF7.zP...U) rot, ns in steLl T::>t
of rico cnusecl by ~oJ?to.sJahueri.o. ,sn.lyj.nii Catt. (syn•
.Seloroti2£,:! .~y'zP:i:. Cctt. = lis,1Dip.tl'l;,<?.~oriuu siJ:t:1o.i~1,1JU::! Car.)
or foot rot of rico co..used by .§. !,o.J;,fsii; die-beck, us
III the diu-buck of cocou caused by PI~lonoctr~c ~ijS-ifti~~cUlc

and scald, as in tho lccf scald of rica causod by

~~chosnoriill~ ~r1LzF2 Hashiokn and Yokoei.

Exaoples of hypoplasia nre rosettine" us in Groun~-nut

resotte; dwurfine, o..s in the.: ';tuneroH disonso of rice; o.nd
chlorosis, us in th~ chlorosis of leaves of toocto, cocou" and
pepper. All theseexCLlplos ara of disuases caused by
different virus·os. Ex£:.l:lplcs of hyporplasia arc Imottine of
roots as in root-lmot of okra, tOData, cowpea, ete. caused
by tho Mcloiqo~ SPP1 of nelJatcdes; swclline of shoot as in
the swollen shoot diseaso of cocou cnusad by u virus;
crown call of rosncoous plants or of tobacco caused by

A[;ir'y.bacterj..~Y:;IH0.faciens (E.F. 3".1ith and Townsencl) Conn.,
ancl tUl:l0ur, as in StCl:l tul:lOur of cassava cuusecl by
A~robucterilli~Dcnillotis.,
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Tho posi tivQ procf by J)e Eery cntl Berkale:y durinG
the latter helf of tile nineteenth contury thct tho late
blieht of potcto is caused by the ftUlt:,v.s ~.!(jj';!l1oth.o.rp,;

infestona (Mont.) De Bury wes the beeinnin[. of the eolden
I ......

r'..co of IJycolo[:Y o.ncl its influence: on plant po.thuloe;y.
31bsequent investiGators were eble to dCDonstrct0 that
various other species of fungi CCUSu diseasos bl pl~~ts.

Thus IJycolo(1"Y dooinnted "the scon\.- in plr..nt pntholoe;y.

wter, other workers werQ c.ble to prove that
wicroocanisDs other than fUnei, for eXaLlple, bectoria,
virusos cnd nQl~todes cause diseuses in plants. As u
result of theso series of investiGntions, disecsus CUDe to
be equntecl with nicrooreanistls CUlc1 wore clnssifiocl on tho
basis of causal orcanisDs. This vros tho I~etiolocical appr0ach.

Prier to tho advent and al;ceptunce of the lllcrobial
theory of plant disease developocnt, discuses were usually
cttribut0Q to the effects of various unfavourub]ecliontic
conditions; nicroorcanisos associated with diseuses were
reeurdod as excresoence froD diseased tissuo~ But OVQn
after the Dicrobinl classificntion had dooinatod tho scene,
researches continueu into the hnr,[~ul effects of adverso
onvironDontal fcctors us cuusos of plant discusos.

Discuses hevo been classified into five brond cateGories
on the basis of tho causel aeents. These erc (i) those
causod by funGi or funCal diseases, (ii) thoso causod by
bacteria or bncterial discuses, (iii) those c~lsad by viruses
or virus diseases, (iv) thoso ccused by ncoctodcs or nooutoclc

__ ._ .. __1.1i:f30~~.Q~I_~c1.(ytth9_?9.9qul?-cgl-'b;Y- I:l.9Il....1?U:r'u.f3ij:;i~ __ Q7' __:i,..n.QJl:iJ:l~j;_c_ ---

neents. There ere nlli~orous varicnts of this systell of
classificr.tion.
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Tho Dain w0I'i t in this tYlxl of clc.ssi:ficc.ticn is thc.t

thu truo cause of d~socsu is iUillltifiou¥ c~J such c

!mo'Nlodc;u holps ~n furuu.lc.tin[:; control r.locsuros. The

~rllVV-.b£lck is the.t the; snr.:o wircourt::D.nis-.:.l u,:-y CmU3Q

disocsos wj,th diffoT;Jnt tYIJOS of S;Y7.lptO::l3 in different

crops, End disuo.sos with the SD.l.JO typo of SyDptco..3 r..:ny b"-l

caustld by c1ifferunt wircroorC[!.!1is::1S evon in tho Sc:'..lO plO11.t.

Thus wiltincor to~to, for excnplo$ uny bo ccus~d by

funCi, bo.ctaric. end n~l:letcdes alike.

Diseases causc2 by f~~

About 805b or l:10rO, of c.llIllnl1t dis~G.s,::s Imown L"1

Wc~t Africo. CIa cc.usocl by flmci. The f'tUlCC.l body is J.:1O-do

up c.:;c:nerc.lly of c. netwurk cf hyphco mown as uyc.::liu:::s and

f~~litin£ ~cdios vmich proQuc~ tho sp0r~s 0r ccniQia..

Su.ch sporos or coniclic Llo.y u.' DC.y n0t be enclc. soC. in Cl~

bor~e ~ or on struct~r8s suc~ as spor~cin, esci, basiQic

pycnidic., und ecervuli. Thu speros or ccnidie ero III nest

casos the propo.[Ml)s which caUSa tho infections thc.t lOUd

to plc..."1t disoc.sc llovololJ!:1ent. Son:,; Ll"uUlJs of fu.ll.:.;i uv not

produce spores; \vitb then the ir!foctinL prOpc.Lulcs nrc

either tho orc~innry hyphae ur sp()ci':~lis(,.:d ones Imown D.S

sclerotic... Funei bclonL to four [v:~in classes, nru~oly, thu

J?hycOl:wcotes, AScol:1ycotes, BflSiC.. i<'>l:.wcotc G enCl.. E'ul1Ci I~]peI'fccti.

Each of th0se cl~ssos cun 1e subdivided into orders,

frnilies, ConerD. end species. Sbww disease clnssifications

ha.ve oven h.:lon 1X1scc1 on these 8ubc.livisiollS of funCi.

It will to-leo c crcmt c.1cl:'.l of tii.10 end space to Civc

cxruoplc of diseases C0USOU by variuus Lroups or subCroups

[ivcn in the soction on synpt)l"Jo.tolOLY.
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Th0.ro is cunor~lly no ~~ifcr2ity in th~ ~~ttOl~ of
syoptuns of disccsos c~used, cr in tho r~Lo of host
plants in which discns0s arc c~usod, by Doobur of c
croup or subLroup of funCi; sywptows of diso~sus CGuscd
by DCDbor of c. croup of funCi CC.ll lJ0 a.s vc.rioc.:' c.s
possjblo. However, there ero certain instcncos L~ which
SOrJO Croups of ftU1Ci ca.use disc;[',.scs of SOI:.lowhc.t sinilc.r
SYLlptuDS. EX~lplos of such disec.ses arc tho Qovmy lJildcws
cO-usecl b;y 'the Poronosporc.los, the powQory nilc.er;s CC.USlJc!.
by tho Erysiphnlos, the SDUts c~usod by the Ustilc.Cll1C.lus,
~d the rusts Cc.usoc by tho Urodicnc.lcs. In such caSes,
tho ScrlO nur..lOS hnvo been nPIJli6c: to buth tho t:.isec.sc:s a.nd
the funCi which Cc.usc thvn.

Sowo OXCLlplc~, other then those c.lrendy Liven III the
section on sy1JptCl:.1C'.. tcloCY, of :k.~ico (lisonses CC.US\,;L by

funCi nrc irro[~lc.r stoD ret, ca.uscu by ~air-thos»ori~

~iP:lOiclour.l vo.r. if'rof ;ulnro with Sy-.i:1ptODS siI.lilc.r to thosu of
sten rot, but in which the cm:~Lc cc.usod is lCS3 suvero;
shea.th blicht, cc.usod by CorticiwJ spp.; foot rot, ca.used
by GibbcrillE:, fUji~ (SD.w) Vlollenw.; narrow brovJIl loo.f
spot, cnusod by Corc,u,sporn cryzc.e HiYD1{c; locf saut, causccl
by Entylotm EEYz~o; f~lse sDut or croan SCIUt, cnusad by
Ustilo'£;i.noic1oc. vir<.:ns (Oke.) Tc.k; St~ut, ca.usocl by Tillotic.
1:a.rclc:l~ (s~'!l. = T~ horricla.); rhizoctunic.. sheath spot,
causod by Rhizoctonie solani KQhn, ~~d ~irty panicle........ ..........._---
c1iseeS0, caused by Ourvulp.rio. lunnt,£ othur specios of

.Qll..:ryulnriC'.., !!. ~Z£':£. nn.c.l l2:r:rG spore spp~

Disea.ses cuusuJ by buCtl~

Bc.c teric ero tho CD.usc.l GLunts of Gbout 10-12% of.
disao.sos of plcntse Bncturic. C'..rL: c,-,nur-nlly i.:licrc.:.scopic ono 
fJoJ.lod orCffilisI:1s.
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Like tho ftUl[)., bnctoric. COJ.1. bu cl~ssificd :UltO sLyorc.l

crou~s cl~]}':""'''1clinL: on tho shepa e-.nl'.. sisG of incliviC..uc.l

bcctariel colIs, vnlothur or nwt flcLollc. ero prusont un

tho colls, the nunbor and she-.pe: of tho flGt.'olle, nnc~ the

reaction of' the bc..ctoric.l colI to Cra:.l stC.ininL.

~lptons of c1isocsod ccuscc1 by bactcric ccn bo

noctrotj.c, cs in tho c.nLulnr luo..f SlJot CJr black er::l of

cotton, cnusou by X~ltho~onas uclvc.conrur~ (E.E. S~ith)

DovJS~ wild firo 'Jf tobncco. causoc1 by PSOuc.1.ouone-.s te-.ba.ci
l _ • ., ••

(Wolf cncl Foster) stevons; bnctoriel blicht of CCW1)LC.,

cnuscc1 by Xc.ntho.:1cnns vi<nicoln; soft rGt of vocote-..bles

consocl by Ervliniq ca.rotov02:S (R.L. JCl1os) Hollc..nc1; stC:.:.l

co.wllor of tOJ:.leto, causocl by Corm;.;be-.ctoriUl.1 uichiCT.nons.

(E.F. SJith Jensc;n.~ end br-t"ltcric..l wilt (;f :.1C.ny vGC.:..tc.blos,

cnuGOc.1 by PseuC..01.10nc.s SOlC;llCCOc.ruu ~. F. 3:..1ithe......
Thoy cen else b(l hYPI-rplc..stic, c.s in the crown C~ll

clisoesu of tcbc.cco end rUsc.CCGUS plC.llts, c['..usUll by

Acro~~ ~~cfccions (E.F. &lith c.ncl To~ns) Cenn.;
cnc.l thw StCl:l tur.1om.... of cnssc.va cr.USL:c.. by Ae;rlJbc.~riur:.l

.:1Ullihotis.

Bacterinl l1isuc.ses with hYP(1)lc.stic Syl:lptOlJS 8.1"'0

oninly in the fon~ of chlorosis, c.s j.n the hnla ~licht of

fren~h boens ceuscc1 by PscuJouonc.s ~~csc01icu~; a"1c1

halood lenf blJ.[).l t of cnsso.vc, CCtusucl by XIJl1 tho,:1ones. .
cru~pustris pnthovc.r CCSSUVc.o.

EX!l1:1plos of ! -LCU c1iscc.ses cLusc;cl by bcetoric 8.1"'0

bactorial locf ~licht cc.usocl Ly Xc..nthoLlOnc.s G;ry:Z[1.(; (Uyeda.- ,
ritidIshiyCl:k..... J Doweon; and bc.ctorie luc.f str(;c.I: cr:..USQC. ty

X?Af;homol1~']~l-J.:&2.!la-f.. ~1>" or.:rzae Pordea.imo (s~rn. !._orlli.~9..Q.l~

:~7'~.nG n ~o) Rice di:Jet'.fJAO oaused bY' bactel.'j have no1; yet been

renorded in some countries of West Africa e~g. Nlgexia.



Virusea c.rc tIl\..: ccusc.l c.[ l'nts of c.'.Jout 5% of plt..nt

disoc.sos, ~ut the uccllooic iwportt~co of cisccsos c~usad

by vixuscs is vary cruet. A ViIUS is ~iGchunicc.lly and

biophysicclly c. nucleic c.cic strcnd c3secic.t~u with c. C0C.t

of prutein.. BioloCicc.lly c. virus pc.rticla is, unlib..: f'LID[:i

and uncteria, ~lcc.pc.ble cf inJapondvnt uetc.~cliswi its

propc.Cntion depwnQs on the nucleic Gcia tn~ ~rvt~in

synthesisinc cmzy-wu sJrstel:.ls e;,;f thu plcnt which the virus

infects.

Viruses c.r~ thu Cc.usu of cortein pl~~t dis~c.s~s of

croat econonic i:.:.lportC..!lce.. The swollc:l sheet of' cooee is Con

cxauple of c. c.i.isuc.so with. hypIJrplcstic syupto;::; the; oxcnple

of one with hypoplnstic S~~lptoU is tho ros\Jttec of crounJ··

nuts" The ocsaics which Cc.us,J mottli1!g end chlc:i.:'osis of

leeves of tmny plc.nts, for ex~~p10 potato, totc.cco, tonato,

bec.nsl' cowpcc, okra., occplc.nt, J!elJper tnd cocot., c.nc.l thoJ
yellows, in which the sylJ.ptOl.1S c.re i.la:L.-1ly yello\;dnC and

curlinC of ~ucves, or excessive urcnchinc of the shoots ~f

plants ero i;:llJ01"'tant virus disuc.f:les"

Rice disecses cc.usod uy viruses lllclude yullow dWCorf,

tTC'.ssy stunt, yellow luo.f orc.nCo, tUllCro, hcjc. blencr..,

cmd oront.:e lec.f.

KnQwledce of thJ cS::5ccic.ti on of nC::'1C t(;t~es vii th rice

diseasos c.ncl c.i.i~oc.sQS of other IJlrmts Cct1U L,uch lutur then

thc.t rul2..tinc to tho pc.rt plt.yocl uy funCi, tc.ctcric encl

viruses in j;)lunt c1iscnsos. NOi.ic.tuC:lJs r:.ru T0.un(:'ViOri.:1S which

li'n:. in scil or wc.tor. Nic..ny ncur.~todus c.ru fro.:,.'-livinti

o~hcrs' caUSe disecsvs in plante or cnil~.ls.
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~~pto~s cf uisu~s0s c~uscc by n~untoL~s cculc ~u

necro sis ['.s i...1. th,,; roc t I:::: sivr..s of IJlc.nts cuusuc"'. ~JY

RE.,c.tyle;uchus SP1). u.e. Prc.tylcpchlA.s ,1Jrc.ch2Trusu~.

in lJc.izc, or hYlJ~~r1Jlc.sin uS in thli roc.,t-lmct Qr root Lc.lls

of U~lY plents CGusod wy HeloiQorync sp~. or hypc~lc.sic c.s
..- _.-"'-"'----

in the stuntjnc of plc.nt pc::.rts cc.usocl by ::.lc.ny nc::.~~ tOlla

species such us r.Ieloido{~o S131J .. Hotcroclcr['. 81J1). Trichcc10rus
It7"2 .._~ ~

Disec.ses Cc.usoc by neDntocles in rice inclucla the ~~1ite

tip, c['.usud by Anhulonchoic1os bosscyi Christio, which r0c1.uccs
,;= we . ........

the nunGer of Crc.ins Mel i.::.lcrec.ses tho IJroporticn of sterile

SlJikelcts por pr:.niclo, thu ufra stcw clisaus0, causucl lJ~T

,Di tylonchus ['..nr;us"tu;~ Filipjov, th.J SY'~lptCr:.1S cf which era

stwltinC of plrults, often with withcro~ lcevcs ~ld with bro~n

areas ncar tho noues; reet knot cc.usccl ~y ~fuloido~c spp.

si;u.·"1:d.nC Ci.:usocl uy Hotcroclerc oryzc. ..J c.r..d ~rlr:m,cJ:o}~h#'!llhus SPi).

Non-livinr: or c.'iJiotic cC.uses of lJI2.llt clisec.scs.
~""' ...:..l: -..":-':';;""__--''''''~_........ ~.....;:.;,;;,.;...--....;...:.

It is net only :':licroorco,l1is':1S tho.t ceUS0 C"'.iS0['.SuS in

plents. Certnin pl[illt clisc::'.S0S UTl:: CC.USL:1.l 1.Jy ·~hc: uffe:cts

of vt:'.rious c.c.vGrse cli:JC'. tic Cl1.c1 onvircnl:!cntc.l fncturs.

Such Cc.uscs nrc.: vnriously referred to c.s nbivti( lllo.ni1J.c.tu,

non-po.rnsi tic, nu·~ritionnl or physiolo[ic['.l. The.: lust is

clGurly u IJisnowcr in thct 0.11 plo.nt disoc.scs nrc

physiclocicc.l Dl noturu, who.tuvc.:r thuir cruses; 1ut it is

u turu which hc.s ~con usecl by vc.1"ious wurkcrs o.nu occurs

very frequently in the lituro.turo on plo.nt Qisunsco. For

this reuson, it hc.s .:!Orc or l(.;ss cor.:o tc stf'.y in s,,;yurc.l

publicatiens.

Tl10 LlUin Cc.us\:.:s of this cc.te;cory cf c1iscc.sos ::'.1"(;

nutritioncl t;iscro.:ur'S', evil-l.:ciettU"\; t1.i5turl;~..tle08,

utwosphoric impllritic'1, end. liCht f'.l1d touporc.ture 0ffccts.
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&>::10 workers hr..vo incl'l.tcled. in juric.: s c.1ue to, f0r (.;:~~1)10,

liehtninc OIld other phc.:l1otlcl1C- ru::cnt...: tho CLUSi,.;S of such

disacsos; but injuries should not bo c.:quctod vdth

diseases. Horsfell end Dinond (1959) hcve cleerly ~~dc

a distinction between tho two proc~ssos: injury ir-~lios thct

the action which ccusos the iw~airw~t CODes end coes

sudc1enly; injury rc sults fro::1 SUcl<..'!.Cll or trrolsic.."1.1-;

irri tation, whorocs (lisoo.so results frou conti..."1UOUS

irritation. Inj~~y~ howevor, nay pave tho way for tho
C:Iltry into £'.. pIcnt of D. pc..thoccn which 11C.y Ie-tel" C::-.us.:.;

uisoase in tho pIcnt~

Nutritioncl uisordors rk~y result fro~l deficimlcics vr

exoossos of l:1cjor (ossontinl) C.'l~ l..dll0r (trr-.ce) olo::l..mts in

tho nutrition cf thu plcnto

Disocsos CCUSG<..'!.~ ~l nutrient Qcfici~cus

Effect of thu ~oficiency of esscnticl Jlow~ts cr~

cenerally w[~if~st ~1 thu lccves of thu ric\.; plc~t. ~le

lJlont cs c wholu bCCO:le:S ~tuntc(l in crowth, nnc.1 tillcrinc

is roducoll. Dofi -.i.....:ncy of nitrocen nnd sullJhur in tho

soil loads to yollowinC of thu Ioc.ves, thct of lJhospLorus

cnusc.:s tho lecves to be dark creen, ereot end ncrrow;

while that of lJctnssiur.l cnuses tho l.oe-ves to be vary' dark

[,Toen onG. droopy, the tip of tho 10vlOr lunvus boconinc

yellCJVl ..

Wi th iron cloficionc~r tho entire loc.vos bCC0l:.1C

chlorotic ruld whitish; zinc ~eficiancy CC.Usos the younC

lo~vo~ to becoDe chlorotic; cnlci~~ dcficiQ1CY ccusuu the

tips of tho uppcr loc.vc s to b\.)C_0l:1C \'111i t;:;, loc.(lin(; _-Co the:

(1enth of tho CrcwinC lJoint in oxtrmJO cc-3es; root oloncction

is rctcr~ea and tips of reots UOCOwG brovm.
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I11.tor-vcmrtl chlorosis of Ivwur lc[';vcs occurs vvith

1:.1['.cnesiU1:~ doficioncy; vIi th :~tU1C[,.l1.(jSQ cloficiancy, thcl"O is c.t

first intorvej~cl chlcrosis of ~lC younCest lc~v~s, tho

oldor lcc.vas rm:'lc.il1mL: rolctiv-.:ly yoll(,;wish cro",n. Lc.tal

brown chlorotic lesions or s~ots ~p~crtr on t~o 18cvos~

~U ~owly o~crLinc lu~vcs bec02C,; short ~ld n~rrow TIith

sevaro ~hlorcsis. Boron ~aficicncy loc~s to C sttu1.tec

srowth of' tho l:>lunt, with aI:1crci.."'1C lenvos c"'cvc101JinC v:hi to

tips ['.Di, L"'1 sovaro cnsos? eyinc. In cc.s~s of copper

Qofici~~cy, tho lcc.vos first ~ppcnr ~luish creens l~tcr

thoy bocoDe chlorotic fron tho tips do\vn-wcrcs c.10nc ~oth

sidos of tho n:Lc1rib, with (.lc.rl;:-1Jro'iv!l j.lucrcsis cf thu tipse

The new uwcrClllL: lo~vcs fcil to Ullroll, but l~CintC.~l c

naoele-liI:.:; o..pIJccrc...."1.ciJ ~

DjscnsC,;s co..usod by uxccss of certnin n~triunts

Fxccss of c~rto.in olo;.l\.mts in tho soil 1:.1Cy Cc.us~

toxi~i ty or hcznrc"', c:.nc'" i:k'l.;r result in c1isucscs in tl:o

crowine 1:>1ont.

Toxicity c.luo to C..l1 (;xcc:ss of iron Cllc1 SOl.l~ other

oler.l:mts, loo..('.. s to bronzinc, cho..rcctoris(.;(1 by thiJ CP:Jo(~rc...l1.OC

of tiny brovvn spots ~1 the lOV1Gr lco.vos, stnrtin::..; fron tllo

tips UIltl SlJrenc.linc tov/nrcls the b~scl :x.lrts of tho lcr..vus.

In severo Cc.sos, ontir.::: leaves turn lntrplish bro'an, while

tho nffcctotl plcmts c~0velop sc['.nt~l root systo!JS whic.h nrc:
l1:::.rk brown r'.!lcl coo..rse r The.: plc..l1t lx.. co1:1oS st'U..'rltcc1 [U1c~

proc:uce less tillers. Exoc;ss of so:.~e clcLlcnts L1cy in(~UCC

tho :J.efici(;ncy of sO!::u othc:i.... s ~ for QX['..:~j,plu, iron toxicity

uo..y induce deficiency of phos~10rus ~lU pot['..ssiw~.

Nutriti~~ disor~~rs ere CQncr~ly r~1~t0~ to soil

conditions. In thl; o..pplioution of fe:rtiliz0r ::-.nc.1 h~r1;icil"'C. ~

clue rucarcl ... hou1l1 ['..lw['..~;s ~;\.; ;~:['..L.~ "GO the. 10c['..1 ccntlitions vf

tho suil.
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.Qlasaif1.cation 0ll tbe..}e.s~s'of d:lsee.setL~~.:L.lLa.!-:E!

Some plant diaeases are grouped and designated on the

basis of the affected pla."'l,t p~'bei$ such as the root, as in root

rot, of kenai caused by ~h~QPlUUlo~a spp; the stem as in stem rot

of oowpea. oaused by Rhizoctonia solani Kuhn the leaf as j.n leaf

bliGht, of maize aaused by ~.~,thosp~~ELa~~; the

unflorescenoe as in the infloresoence blight of ca~tor-oil plant

oaused by Dotrytis rioin!, frttit and pad, as in the fruit rot end

pod rot of man~' orops. Such a olassification is largely one of

convenience. Many examples of diseases which can oome under this

type of classifioation hnve beeu given in 1:11e €a..rlie~ oec'Uolls of

this leoture.

ClassificA,t.!.on bas~oIl the sil:!Lor looall2..1f. of diseases in

.-a~:!!

This is yery similar to the one that has just been consj.de~eo.

except that ins'~ead of muning the part of plant on which the

s~'1Ilptoms are observed, the site, whethexo it is above ground 10"1el or

below ground level, whether it 1s on the root system or the shoot of

system the plan'!; i.s named.

Dipeases below grOUlld level will be those ob~erved on the

roots or underground stems of plants o Examples will be root lesions

~id root-knotooaused by nematodes; root rota o~used by various

~oups of fungi; dry or "ret rot of tubers of yam and potato o Disea.ses

above, ground level are those ~hat oocut' all the aerial parts of tb'd

plant, suoh as the stem leaf, flowera in-floresoenoe, pods, fruits, etoo

The structure ani ph~'siol06"Y of the varic'.ll.t pa.rts of ~...he pla.u~

and the na.ture of' the ca.usal organisms will de'termine to Dome extent

ubsro and when disease oan dGvelop.



C1o..ssif.ic2-ticn f,O-,soP.. on. tho p:1:i}iip,l.o.Cica1 p-p.p.. J~C'~tll,o.loCi.ca.~

prccessos or l1j.sturlJoC:.
_. • e * « •• r T « ••

This is tl1D 1c.tost .:nc~ so fer IliJrhc.1Js the Llcst correct

cppruo.ch to p1cnt c1ism:'.sw c1c.ssifico.tion.. It is Dc.seu. n()·~

on tho ccusc1 orC~lis~ or the sy~pto~s oxpross0c, not on

the part of tho p1c.nt in ~hich S~Jptous hc.ve t~~n ubs~rvoQJ

but on the c.etun1 c.:'isoc.so processes tho physio10cical end.

patho1ocico..1 processes - thnt cenerato tho sYQ~tocs.

It wo..s the ~lC1ish plc.nt ratholoList H. 1~rshc.11 \Jc.rG

iLl 1901 who first cr:.ve tho hint nbcu t this tY1JO of c1c.ssifi··

cntion. He ObSi..:r-\TCl: thC'.t ;-~11 c.:'iso['.se is physio1vCicc1 in so

fo.2· C'.s it consists in the c~is·jjurbC'llcc ci ncr::''U'.l l)h~TsiCJloCicr:.l

function of' the p1c.nt, C'..:nc.. he ce.utionccl uLuinst ccnfoundinc

tho cc.uso..l nL.:on t wi t11 tllO Qisc;e.s~ i tsolf or of ccnfusil'lL

"the syupto::J wi th the ~Jnlnl'..y. An .fU.luricc:a ]J1o.nt lJC'.tho IIICi st J

Stevens, in 1977, stressod that III the censiQ~rc.ti0n of plant

disunscs, it is the: l:'isuo.sos tl1ur.:selv.:s, C'..n(:'not thi..: cc.usc.1

acents, which neue clcssifico.tion.

H~rsfa11 ~ld Di[J~on~ in 1959 usuJ this approach to

c1cssif~cGtion of Dl~t Qisco.ses ~L ri..:COLnizi..:L six

llistuxuccl 1')hysioloCi~c1 processos in c~isoc.soc.l p1c.nts" nc.::;uly 1

tissue is c1isin tocrcted oX<:'..:~i.lJ1ifioc.l by vc.rious sy1.1pto::i.S vI'

nocrosis; Growth is e.ffectoc.. c'.s in l:'~.::.ny CCECS cf l:'Wo..l~fillC

or co.11inc reproduction. is c:::.ffcctoc.l c.s in creats ['.11c1 E.:/UtS;

host is starved; wnter is deficiont} enG r~spiro.tioll is

0.1tercc:'.

l!1D.ny of tho OXl:'.:':llllu S \vhich hQ.vc c.lr'0C'.l1y 'Lle c.J.l ci t()~l of

clisoaso in p1c.nts v,ill fit i..."1to 0110 or thu ()tllOr cf theso

cutccvrico.
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This systOlJ of cl~.ssifi.cc.tilm is "'...cry L.oocl for tho
scionco of plc.nt ~ntholocy; for tho ml~orstrnel~l~ of tho
fine elotc.ils of tile nctUru of tilC Qisturbcd Drocasscs III

plant ~iscc.s~s, but it is rather i~pr~cticc.ule to use f0r
the rupid QiCLTIOsis of~lant Qisec.scs III clisGCSO sUl~oys

and in diseasc crc<.1ico.tion ecrlp~.iQ.1S.

Conclusion.........,. . .

No sincle systew of clisccse classificc.tion is
cbsolutely c.doquate. ~ch of the approc.chos hcs its o~n

nerits and dencrits. It cay bo useful to consiLUr ell
tl~~ nvailcblo systens of classificction in orclcr to fully
unc.ersto;(lrl tho na.tur~ a..11(,1 CC.UfJQS of pl2..l."1.t :.lis0['.808, .r.na

to d~volop Quoqunto nn~ np~roprictu j~Ousuros fer their
cantrol and ncua.cenollt. Furthe:l"noro, n consi<.~orction t'.nc1

unde:rstandinc of tho va.rious ucses of clussificction of plant
discases is portinur-t for the forwula.tion unL ~ovclo~~ent of
effectivo intecrated pest uancC020nt preLrnr~ies for
plont (liseo.sos.
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INTRODUCTION---- ..

In the previous lecture on ;~Categories of plant
diseases: nat-ure and ce:u.ses ll

p it was mentioned that
disease in plants is the resultmlt of the inter~ctjnG

factors of the host plant~ the mlvironraent, and the pathogen.
In this lecture He shall examine in greater detail the
effect of environmantal factors on the distribution and
dissemination of plant pathogens.

Microorganisms such as fungi, bacteri~~ viruses and
nematodes which cause disease in plants are celled plant
Pathogens.

The body of the fungus is made up of a network of fine
thre~dlike strands knovvn individuc.l1y as hyphc.e and
collectively as myccli."..U.l!c There c.re thoso hyphae whoso
function is mainly to provide support rold absorb nourishm\3nt
fOl... the fun~us fr om the medium or subst:L'utum on \vhich the
fUllGUS grows. SUch hyphae constitute the somc.. Thero are

~---

also those hyphc~o wb.ose function it is to ensure tIl"" contin-
uous existenco of the f'u..n.gt..tS fron one generatiol1 to ["..noth~r.
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These hyphae fonu the fruiting bodies or sporocUI'ps in

spore-for.mL~g·spcciesand give rise to spores end conidic~

in non-spore-forlllin.g species cs v;oll as in somo spore
forming species~ they givo riso ·1;0 sclerotic... &1.ch hyphae
const:.tuto the sporangia, sporongiophoros and sporrtngiosporos
of the PhycolDj,-cctes; the asci, the D.scosporuz ~d c.ssociated
structures and fruiting bodies of the Asco~-cotos~ the
basidia,? basidiospores and associated stn1.ctures and
fnu. tin'g bodies in the Basidiomycetes; end tho pynicidi:1"
ucervulia, conidiophoros, conidia, and sclerotic of tho
~~cGlia sterilia.

It is the spores, conidiu, and sclerotic from
st:.:u.ct1.Aros such as '~hoso alreo.dy dcscribed abovo, o.s wall as
the growing myceli~~, dormc~t mycoliura in SQuds or other
parts of plant, mycelial strands or rhizomorphs that
constitute tho infective propo.~ules or bodies that enable
fungi to C£tUSo i...'1.fection in plnnts. It is thesu ll1fective
progagulos that ure distributed and dissemj.nc.ted.

The correspondll1g infective propcgules for bacterin nrc
the individual bacterial cells while thoso for nematodes tiro
the eggs and the cysts. Vi~~ses era lllcapable of ~ndepcndent

metabolism; their in.fective propngulc.::s ara the viroid
particles, tho pro~~gntion of whicll depends on tho nucleic
acid und proteinusynthesizing systems of tho host plro1tS.

Environment

For plants, ~~d the~ofore for plc~t pathogons, tho
enVir01Lment is genorally concoj.ved of in te~~s of th~ soil
und tho atmosphere. An additional aspect of the environment
for plant :pathogens vvill be the host plants themselves ..
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The cOQronents uf the soil ~lviroDllont ere the soil

type, soiJ. I:lOisturo ~ soil pH, soil te:"Jpereturu, uther

living organisms in tho soil end the remnins of deed

\.irgc.nism8~ those of the o..ti:J.osphcric c:lvironrJon"li m:'c

wG8.ther conditions suoh us tCBporr.turo, rcletive l1w:lidi ty,

dew~ gaseous co@position of 'the cir, wind velocity,

rainfnll, etc., and the typo ond nWJbor of other liv~'~

crgrulisDs, particulo.rly insects culd rodents. ~le host plcnt

enviroru:J.ant consists of tho roots QUd the rhizosphorc, tho

sto@s, tho loc.ves and the flornl structures, culwL~cting

in the sood. Thosc pl~t perts harbour 0.. lot of wic~o

orGc.nifl1:1S other thC11 -th-J :9c.thoGcns sucn ot1lCr orgo..nisr.~s do

intorcct positively or negatively with the p8.thogens ~~d

nffcct their distributiun culd dissUl:lino.tiol1"

801:10 fc.cto:i..~S of the onvirol1nont, Ce g .. r.:oisturo o...."1.d air,

nrc cO~:J.on to both the soil end tho ntwospherc.

All thoso cor.1poncnts of tho cnvironr..ent O:XI';."t 0. grant

influonce on the distribution CJ.la. dissemination ()f' pl8.l1t

pathogens.

Water in tho fO~l of rninfall, free wnter, dew ~d

relative hW:J.idity exerts 8. Bract influ011ce on the loco.l

distribution o.nd disSCl:l~lr.tion of plc..nt pcthogens.

In 801:10 cnses, rnin is rul ir.lportc...."1t fnctor in tho

distribution within or between fcrLls, of infective

propngules of l:lCUY br.cterinl cnd fungcl pcthcgons which

remain viable in tho docC.yinlS d(~uris of plcnt po.rts.

For exnoplc XanthoDonns DGlvccenrlli~ which CC.USQS cnGulcr
• ,e, • ... • nO er..-.........

ler.f spot or blo.clc o.:rl:l of cotton, ['..l1d the infectJ.ve

prop~~los of ~~~y nc~~todQ spocies ere spr0cd Inrgciy by

ruin wc.ter, surfncc vir.tor or irrigc.tion 'Wc.twr.
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:E:hyto.@thor.c: ..P.§.J~·.~i~orF which CD.uses the blE'.ck pod of
cocoa is sprec.d by splattorinG r~l1d splc.shing durin2-,"
rainfall. For exe,aplc pods on lOVior pc.rts of trees Got

infested firs'c. Spores of fungi g po.r-ticul8.rly th0s0 that·
£':.1'0 extruded in gelatiOllOUS i:~C:sse s thr:..t l:),C'.y hc.rcl.on when

dry, are sepro.ted f1'or.1 one ~iJ.lo·~11or and washed dO\l.n trues end

ether kinds of pla...."1ts during rc.ins orhcD.vy dens.

Tho swelling through tho iubibition of wctor, of

gelatinous substo.nces aids the liberation of s~oros III

1:1O.11Y fungi. This is the case with slJores fon:10d in the
sporc..ngia of mmy !Jucorc.loc., ",in the p-';1'i thecic. of j.1o.l1r

Aseowyeetes nr~d in tho p~lieidic. of tno Sphaoropsidalos.
In these;: oxaoples, the spor.:.:s aro rolac..sod by extrusion

resulting frau the sVlClling of the gelati..ll0us subs-JJo.."1ce,

which then pushes out through the ostiole. The sporos thuz

cxt:::'uded Geminate.

Most pathocenic Fhycoi~cetes, po.rticularly thu

Fythiaeeao such e.s species ~f ~t2~h)horo. and ~t?~~J

produce wctilc zoospores wit~~"1 their sporc~&in. ~1

liberation, these zoospores which 0.1'0 cilie.ted or

flagella.ted swii:l for 0. short tiLle, thon COLle to rost an.d

gerIJinete. When soil cont:dninG sporangia of thesa fune;i
is wetted to saturation, or sporangia. fron soil nrc pl~ced

in water, lnrGc nill~bors of Llotile zoospores nrc ruloD.sod.

When free water is no lonser o.vnilc.blo~ the zoosporos
eneyst repidly.

Most IJlc.nt - po.thc{1cmie bo.ctorj.a. for OXQ4Jplc,

~Opdor.lona.f? ~o.l~'P9E.Q,o...TU!-.l, !:. .EE.c..s.o2.lJ.~p].£ ClIJ,cl ~~.E:.
c.r.1Ylovorn nro l:.1otj.lo by l:le£1..!lS of fleE-oIl£'... It is Imown the.t----
wotility incr~nsos the infoction Dot0ntial cf thes0 pc.thc€ens
by l:lD.kint; it possibl f) for thoLl to ranch fc..V'ourc.blo sitas of

entry.
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Cells of !. CL)y~ovor~ L~side host tissuus ere not motilo,

but blJcolJ.c se wh~ pIc-ced in c,:'nt~ct vii th frc;.; VIntcz',
provided the tcwp~rct~~ is optiL~1 for synthesis of
fl0.50110..

l?orhcps the IJ.ost ufficient-lo::J.ls of oxtansive dispersel
and disseoinntion of spores of funCi \~hich ec-usc disccscs
ll~ cerio.l p~ts of plC~ltS is the \~llld_ V~riGus stuQics with
volunetric sporo trnpn have sho~n thc.t spores of funGi such

ns l?iLriculnri.c: ,o!Jl.zp-,c.., ,Dl'c,ch.:?l.o,.;t'E; (He.ll.lin,~ho.s,p.o.:r:i~) arxZC-S'
species of C~lc.rip.p Alt.,S.I?C:.2:., P.ip}-.odic, ~\s.c~l:i.U£~' Gncl c.
host of othors ure rocdily rclccsed into the air end c~e

sUbsequently disso~inntod by winG.

rJIr:.:n.y funcc.l pc.thoce:ls aro very re~lc.rkably c.clcptud to
dissoi:.1inntion by wind. Vc.rious neChrolisl:.1S oporc.:~o for the
rolu.:'.:5e of spores froLl the spor-Jscnrps. Ba@o involve:
eh~nees in uoisturc stress or relntive h~J.idity of tll~ c~r.

Others invelve forcible ronc1 v:lolent relocso - in'i;o the cir.
Tncy product.: and libcrnte into the c.ir by those vc.rious
rlech~isus countless nWJ.b~r of s~nl1 cnd liGht ~poros which
ure cnrried uver shurt or lone.; dis"tc.nccs bJT tho \'lind.
Dissenination by wind has bucn 'i;ho CCUSc of tho s:,Jroc.d of
fungi eeb- rusts, country to ccwltry, or over us s~ont

Qxpnnsc within continents.

Interaction betweer.. wir..d C'.~c1 ,~:ois·~urlJ in disseuiJ.lc"ticn• • _ ..... • .•• _re ••• ..e. • • r. •

Thc:re is Geperclly n close reIa.tiollSh~p betv:ool1 l:loisturu ~

either in the forn of rain, claw or c.tl:..1osphoric relc.tivQ
hw~udity and wind dispcrsnl r espucially with spores in which

-thosiJoro wall is reic.tivcly thin. Tho sporos of nost ofsuC'll
fungi CIa conernlly rcloGsLa when tho rola.tive hunidity is at
or l1Qa.rly lOO/~e Thus in the clil~1ctic conGitions in Wost
Africc., thel'c is n c1iurna.l p-Jri<.)(.licity in the rolcnse of
fune;nl sporcs't



87 .
•

Mo st of the spores ere: 'relo::lsud in the uoxly hCiurS of tho
ZJ.ornine; or in the LJ.te hours of th;J cvuninc; when the
relative hUDi.dity is hieh nnd the dryinG effcc"'1i of sunshil:e
has not set in, or has ~iso.ppocred.

Under continuously wet conditions providcd by dow
dcpusits or by rc:L"1~·fo.ll, the slJores of ucny funCi nrc
r0lcas~d froD spore-bearinG bodies sucr. cs pya101d1~1

pcrithecic, etc., into the air. In t~ cases, wind-blown
rein t'.Ild rain - splc.shes prCivcd to be very cffcctivo :.:ea.IlS
by which conidia nre dispersed; the distance of dis?crs~l

and tho nUtlbers co.ucht c..t vcrious distnnces nro Ge:norc.ll~y

hiGhly correlated ~dth the c~cn wind volocity GurinG tho
rnL"1Y 'lJeriods. With Venturi~ inc.cqtmlis, the cc.uscl

- ........ t

oreoniso of apple f'co.b, wi..."1d - blown rein wns found tv be £1..n
effective uuehoni~ for disseuinc.tion. A siDilnr
observation hes boun wado in ruspoct of Cclonoctrio.. ..... ...
~_tol~ice c..nd p_~onoctri~ rieidA~sp?1~, tho letter beinc
the causo.l orec..ni6r.l of the die br.ck disease of coc,on, in

which spore dispersal is uoinly by wind - blovm rain spl~w10s.

Studies on tile rolccsc and dispersal vf sporaneic. of
E!!l..~0l?hth.ora pqJ.r~iv:ora hcvo ouphasizod the coubinecl affects
of rain and wind in tho disset1ination of the pathOGen.
SporanGia coulQ not be rec~vorod on Hirst spor~ trnp slides
plc.cod in infected pc.pc.yn (pCWPl:'.Yl) fiol<::'s even thoueh
infectod fruits surrouri.dinc the trap or in wind 'tunnels
were subjectCJd to a. wide ronce of lJ.QtoQrolocico.1 condit.ions
that wore known to be suitable for tho rulcc.so of dry
sRorcn~c.. of FAttpphthor~ infostcns frou L"1foctod potctu
loc.vos.

--_._,-----_ ...-.
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Hov;e~..rer, wind - bJ.oV'.n rain collected fro:n severely diseased
orchards contaiJled sporangia. Hain--splash experiments
shovled that the sporangia of this pat~logen were reE'_dily
released in splaSh droplets formed when rain drops L~pact on
diseased lesions. De"tached spoI'angia held at relative humidity
values lower than IOO~ dehydrated in 2 - 4 minutes, and faile5
to germinate when subsequently placed in water. illUS wind
blown rn.in appears to be ~ very ideal mechanism for ·~l1e

release and dispersal of the sporangia and spores of this
species of fungus.

Insects are in a special category as ag~nts of
dissemination of plant pathogens, particularly viruses and
certain bacteria. There are o~ly a few viruses that are not
knovm to have special insect vectors. All the discuses
caused in rice by viruses a~e transmitted by insects
generally by species of leaf hoppers and plant hoppers.
The tungro, yellow - orange leaf~ leaf - y~llowing, yellow
dwarf, und transitory yellowing discasos arG trrnsmittod by
"the green leaf-hopper !i2pho~tti2S .im,pj..cticcps or by
l'!. a;picalis. Grassy stunt i.s translllittcd by the rice brown
plant-hooper, Ni~a~!yata lugens.

Tr~~smission of plQUt viruses by insects is nndo cfter
certnin conditions ure comploted. Such conditions include
ncql;cisition of the virus by tho insect vector during fe~ding,

virus incubation pe:!:'iod in insoct voctors, during vlhich time
the virus multiplies and bocomes infeuLivu, retrntion of th~

infective Vil~S in tho i~sact vector, jnocul~tion feeding on
-----------.--.- --.,--------

new host pl~~ts by in~cct vuctor, during which time tho
infective virus is introdl.l.cod into frosh nost plants, and
finally incubation of tho inocula:liod Vi:n.1S in the host plant.
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The duxntion of Q~ch aspect cf tho trcn~ission cycle varies
with viruses nnd wit~ tho vectors.

Although npbj.ds and leaf - hopper::; n.rc perhaps the
two mo~t important groups of plunt virus vectors, other
insect groups such us the white flies und the me~ly bugs
transmit plant viruses. For m::umplu, the cowpeu mosaic
virus as well as the potato leaf roll virus ~e t~~smittcd

by theuphid I4rzus .p.9!sic?£" tho beon mosaic virus is
transmitted by AB~is fabac, while tho ca~savn moscic virus
is transmitted by the white - fly, Bcmesic sp.; coco~

sW01len shoot virus is transmitted by mealy bugs. The
virus-host plant relationship mo.y be persist~"1t o:nd propagative
or ~on-persistcnt. However, c given vector may transmit one
virus in a persistent mnnner, und c.nother virus in Co non-.
persistant manner. Long distance spread of virus by insects
may be aided by thevdnd. Most insoct vectors have suckL~g

mouth parts, others such as flea beetles and grass hoppors
have biting mouth pC'..rts.

Certain bacterial pathogens of plants are trrolsmitted
by insects. For example Erwinic trccheiphiln, the causal
urgunism of cucrbit wilt is tr~"1smitted by cucumber beotles,

Aealymma vittata. Gnd ~iabroti,ca ffidc.c.i!t.E.u.n.£t~t.E:; ~:r:v(ip.ia

cnrvj~v~~, the causal organism of blac~lcg of potato is--- .
trc.nsmitted by tho seed-corn mc.ggots gylcsYS oi.lJc.~ end
.li. ~richodo.ctyt,u" Ery"}.E-i.s anw.l.,9voFC.s which cCUS(;S fire blight
of apples, pears, and certnin other members of the fnmily
Rosacoae, is diss0minatod by bues and wasps, while
XnnthOrJ01w.s stevl:::l..ctii vihich cc:.usos wilt of laUizc o:nd
•• I _ .................

!. vusculorum, the causal org~nis~ of sugar-ccne BUQDosis ere
disseminatod by fIca beotlus.
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A few fmlg~ p~thogcns ere elso in~tinted by insects. For
exal:lple, rusts, spccius of Fu.sc.::iU::l, 9G}lQ...c::t~~.C]lULl 2..I2d c.
nuwbcr of other fungel pl~t pQthog~~ such as ~El~o~thorc,

!.!clLlinthosporiuw, Q.c?,l.leisj;:r:.is!ll.~, ~c.ptorin:-..nd ~ot;r:vtis ere
also tr~~soj.ttcd ~d dissc~inated by L~sects, pcrticulcrly
~usps, bees, be~tl~s and ants. In G w~y sioilar to w~ct

obtnL."'1s with viruses l control of these insect vc:ctors r:.f.."'.y
reduce substantially the nnount of discc.scs caused by
those fungi.

SoDC viruses are soi~-bor.nu ~d ney be dissew~lated

by cctopnrnsitic ncuc.todoso EXaLlplcs nrc tho tobacco
ringspot virus trcnsiJittea. by ~I?hinelJ.C.. ru.lerico.:nn, tOl:.mto
blacker~lg virus trQnsnitted by ~~n~idoru~£~o~~n~~~ and
tobecco rattle virus trm1suittcd by Trichodorus christici.

. .... . ----
Active spread of viruses by ner.ntodcs nay be ncconpnnicd by
pessivu sprend through rein splcshcs of th~ infested s0il.

Birds do sprcnd spores of fungi e.g. rusts, fTon
plants to plant ::':.1.1d froLl field to field. Birds ::"lso carry
icrgc nt....l.lbcr of SP01"'CEl in thei::." fcc.thers o.nd deposit thOl:l on
susceptible plnnts. V~lun birds foud on vector insocts, they
also help in the disSOIJinC.tion of plCllt pc.thoLons.

r1a.n also thrOUgh nctivities li.ke grafting, slc.shing of
plants, etc., help in th~ dissuwin~tivn of viruses.

The vcrticc.l distribution of neL~todcs Dl cultivated soil
is usually irrogulcr but is gonerc11y closely relc.tod to the
-d±otribtriivrrvr pirort roui;s- PL~J. i;icul:..,J.'ly in -rno- rtri~o fipiIJl'O.

Soil type, soil nointurc, soil toupwr~turo, ncrc.tion, ~ld

pH interact to influo:'1cc the survivnl of nc;:lt~todcs in the soi1 0
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N~tcdes cc~ot ~cv~ ~oro tilC~ n ~~TI c~ntioctres Dor
bro~ing seeson on thuir:Lw. Fccto~s s~ch cs ~ct~r, either
cs roi..."1, irrigc.tion water, ruin splcsJ'.. , etc., conto.uin<:lted
fCn::l equip;:lc..'lt, end i.nfested :pl~'?'J.ts or plc.nt parts used cs
plant~g nctericls, help' in tho dissci1inction of necr.todcs.

SarJe soil fUi."lgi :llso tr::'..nS'.:J.it viruses.
the tobacco necrosis virus is transrJitted by
OJ..4idiur~ E.ro.ssic,cc vlhich cc..J.'ry the virus on
while tho lettuce big vein virus is present
zoospores.

Seeds end otller plr~lting ~_terials such c.~ JGUbcrs,
con~s, bulbs end rhiz~~cs, eonstituto every iDportcnt
uediuQ for the dissouincticn of pl~'lt pathogens. In this
jet cge whml distant countries can be recchcd very qUickly
throuGh nir travols, dissewinction of plant pcthcGcns
through seeds mld other plcnting uutcrinls is fast ~ld has
assuoed tronundous ~~port~ce.

In~octive propcBulcs of the vcricus p~thoGuns - fungi,
bacteria, newntodes ~ld viruses aro genorally carried in

or on tho sced, whore they renuin viable end qUiescent or
derwent until the seed is sovm. Thoso h~fcctive propugules
then becooe active, develop, end forw so~'cos of inOCulurl for
causing diseases in pl~~ts.

~lere erc throe l.~ia ~.ys L~ which p~thogcns ero

distributed with plcnt souds. nlCY can be fo~~d III tho fOT.Cl
of fungnl hyphc.l fro.~;o.ill1ts, dor-~lC1.nt oyceliul:1, or bc.ctorinl
-e-&l~frjHvirtttr p..~l ~':'ul~F -or mriJC"tmla c~rstS W1tmn'tT:c tissues OY

sced, i.e. in the cubryo, jn the cotylcdors, within the
perj.olu--p or under tho 6"';;\...(1 COe.t.
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Exawp1cs of p~thcG~~s w~ich cr~ sCC~-bOl~O in this TI~Y ere

v:::.rio'l.1s species of tho funB~l c;cn~:i:'c. C.crc.£~el:C'.,

Collcctotrj.chuw, Fusc.riu:w, Phc::.:c., &.:ptu rio.. , Scl<..rosporc.,
--------.......- ............................... - .« ...

r::n.d the ~ut ftUlgi. Bnctcrin S11C11 c.s :e:cn.:tl'':,o.::~cnc..s

wnlvo.c.Jc.ruI:.l, E'..uc'l virusos such c.s the COl..]~lOn bOml r.ioscic1. ......
virus, th~ tobc..cco riUB-spot virus c..nd th~ tu~to spotted

wilt virue, o..rc o..lso borne withlll soo~ tissu~s.

Po..thogens cen o.lso be cr:.rried SU1Jerfici~11y on tho

surf'~ce of the sec~, in the fora of o.dhcril1e; :Jropc.E:,ulJc such

us sporos, sclerotics pieces of' Lwcoli~1, hyphr:.l frc.Q~~~ts

r:.nd bc"ctcrinl e~lls. Exc;,L'.plos cf pc"thoE:;(.)!1s c0::.li.:ol1ly b(..nJ.o

on tho seed Sl~fnce include species of tho funsc.l &cnorc.

Alto.~.nr~, §.teHJ??~r,l.iu::.l, ~l,!3c..r~, I-!c.ll:1in.:th.os.:?cr.i~1

RYriculuric c.nd 9.~?-:c.0EJ.J.9.~;' tho bc.cteriUl.l Xc.nthot~C~lP.~

visic~torir:. on tooctc ~~d tho VilUS tobo..cco nosc..ic Vil~S_.... " ..............
The :d ce white tip nenc..tcdo, A.I?110.~1.C!lOides ~.el.i. is c.lso
seec1b,nno.

The third -typo of pathogen distribution with se;.;d i'3

in the fOrDl of cOl'loonin~t oont::mlnrmt, i.e. in the form or
infectod plrol~ cl.E)b~ic, scleJ:oUc, hyphr>l and I!lycelio.l fr~"bBel-:.tf;,

nem!:!.tode ~:rstEl ~·J.ltl infect<)d soil pxdicles, mixed "Iith the seed.

Suitr..bIe nothoc.1s hny(; be~n C.ovc;lvpcCl end stc..n<.1o.rdisecl

for detecting seo<.1-borno pnthogl,.)n.s. Tho nssocie.tiol1 of plrtIlt

pathogons with s~ecls in the ways nlr~ndy described el1sure

very uffoctive ancl efficient c.listribution onc.1 c.lissoLlinc. tion

of these pc.thoGons. SuecL trc:.c1o betV'/(;(.;n c~n<1 withul countries

he"vo developed tronondously over thu YIJc.rs. In the offorts

to ioprove tho yielus of vc.rious crops, lots of seeds for

~Jlo.nting :;.r0 pttrchc:.soc.;' o.nc.1 intl'C:c.1ucoc.: into c. ccuntry froLl
•• ----_ ••.,-----,-- .0 - _ ._. _.. __

other countrios. UnllJss cffcct1vc auo.rrntino i::othocls nre...
du\-eloped, scet1..-bornc lXltho()Jns \"Ihieh uc.y cc.use c::.isonscs cf

e;rent eeononic il:1portc..Ilcol' o.J:.'C introducod <11011[; with the

inportod seIJd lots.
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P~thoecns C~~ elsa be dissouinctod cn~ ~istributod

in the sene ymy \'lith other plc.ntine; or l1rolX'.e;r-.tivQ r.:~.torinls

such es seed potnto, seod yen, soc~ c~s~~, or CV~l with
soil, particularly soil with nycorrhizcI fungi which is
sODctiues iwportod i~nto n country in order to ~lprovo tho
establish.I:1cnt potentir:.l of ccrtc.ill soudlings, p..'U'ticu1c.rl~r

forest tree secdlines.

Conclusion,

Generally the various uff~cts of the cnviror~cnt urc
not exerted in isolation for tho distributicn und disse~Une

tion of plant pnthoeens. These anvironuentel fectors like
those we havo alr~ndy discussed interact with ono r~oth~r to
cnsure uffectivu ~iss~~inGtion of Dl~t pathogens. Thu
practical tcst of effectivQ di8su~tin~tion is th~ luvcl of
the devulopuent uf disoesc resultine frQ~ tilC dissc~Unation.

The fect that disease in plants develop fro~ season to
soeson without the intro~uction of fresh pethogmls provides
abundont cvidoncc ·~hc.t inits totelity, tho inf'lUCllCO of t.1.e
onvironoant on the distribution end disscoinution of plant
pathogens is reclly trewondous.
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INTR0DUC'1.'ION..... . .

Crop lassos uue tu p1e~t discCS0S hcvc b~~l r~cG~~oQ

sim~e 1800 BC, e.J1u. ::'lD..."1 pro bc.bl~r lJrovicocl fevourc.b1e:
occ1oe.;ica.l chc.n[;us so~:.:.e gooo ye:c.rs c.eo for discc.sc:-cc.usme;
argurtist1s when he stc.rted to cultivc..te plc;.Ilts c.s cro:?::: (11).
ill present dey cl::ost ell food crops Cro\v.n by u~ ~~ c.ttc.cke:c
sinely or in cOl:.lbinc:ticn b;r funei, bc.cturi.c., OYCOI)lc.s.:J.C..-li~Q

fonJs, nuwntodes, protczoc, end by virus ~d viroi~ particles.
It has bCl:n csti.:~l~ ted th:1.t p1c.J1t l:iscc.sws elcnu c.riJ
r~opcnsib1Q for losses uf 135 rJillion tons (t~) of ccrcc.ls,
31 MT of voectc.blos, ~d 35 MT of fruits en c Clobcl sccle
(1). Frau 1978 pricQs, the totc.l vc.luo of losses c~uscdby

ple..nt d.lse:-,ses in th3 ~'lcrld wr.s 70 billion dollurs (1). ~ho vclue o£

~ osses ccused bY' diner.seo» insects, and weeds for L'.ll ln~o2.1.".o~ L,

Afrioa in tarms of percenta.()e 10 42 (1). These figu:.:'3B aho~.· t;.le.t

therv is to, need for plant disease control meaS'l'\res at all levels in
national agrioultural programa.

In pl~lll~ contrcl strntceies to reduco tho L~cidencc

of discuses in fooJ creps the t<.."tcl ~lvircruJcnt should bG
consiG.crccl so thc.t ccntr01 ucthods which cculcl bu h~rl:1ful

to the conponcnts cf the o~csysto~ ~oulcl bL c.voiuGu.
In c.~ditic.l.1 tu CCl1SiL:.O.rlllG thw c;llvil'(lli.1Cnt, sGver~l ecntrul
i:.lethoG.s coulcl be o~:lpl.)y(.:c1 fvr oithor c specific c.1isoc.se or

________ .__ £~:t"_ ~J:l9_~1Cjor l!.isunsc:s of n crolJ in orQur_ta P.91:l:~_~Yu_"!i~'),(J

'bcst possible result~3 Vii t:lin Giyen CC01101:1ic cunstrc.lllts.



95 ..

It is within this fr~"'Jewol'k that the i:nportance of'
integrated control in plant disease ji1rnagement is being
stressed. Integration implies a oulti-factor approach in

applying control methods as opposed to a single.·fo.ctor
approach. Management implies the consideration of the
effect of control methods on both the biotic an~ abiotic
com:ponents of the e."1vironment wi'chin the immediate aso
ecosystem, and beyond into the broader ecosystem.

The first part of this lecture will consider the
general methods of' plant disease control. A full discussion
of these methods is outside the scopo of this lecture. In
the second part of the lecture some approaches to integro.tea
control will be discussed.

METHODS OF PLANT DISEASE CONTROL__ ••.• 0.

General: In controlling diseases plents nre for tho most....... ....
part treated as populations, not as individuals. Most often
control methods arc preventive rather than curative.
Exceptions to those two gcnoral approaches occur in the
centrol of tree crops where in somo cases tho tre~ is
treated as an individual and therapeutic methods are applied
following infection and establishment of the causal agent.
Disease control methods could be classified as, re&ulatory,
cultural, cultivar resistance, biological, physical, and
chemical. The first three arc usunlly preventive measures,
whereas the three latter methods could be both preventive
and curative.

--------_._-.-------------_.- -
-._~ ----.--- ---",-- ...._- _.-. __ ._-_ .. -_.... _...._.--_.,_._-_..------'-...,_._--------- -. -_...__.-._--.--------
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RcguJo.!.0Z:l.. Metho~i.s.; To ensure tha.t plr-nt cntcrir.'~s having
diseasc-0al.l.si:c.g c-gents ere 110t trrulsportcd ccross country,
state, and coun·t;y bordcrs~ lc.ws ere enforced which
regulate the movewent of lilfected plnn~ materiels. This
form o~ disease contTol is extremely import~t in situntions
where a po.rticular disease is not knC\v.n to occur in n
country or. in c. given aroc. within n country. Inspection
t..'lJ.rough pl~t quarantine is ct'.rried out at stratcgic points,
especially at airports Dlld border posts. seeds and other
propagative materials nr0 inspected by trained persollilel who
will declare thcLl disease free. Quare-n.-tine lcws could sto.te
tho conditions ~mder which some crops ~~y be groval in any
c.rec. Inspection and regulation of the movement of pl~t

materials conld be goveTrJaent controlled, or voluntcry
through fo.rmers' co....opera.tivcs for small local c.reas. Tho

ideo. is to keep-the host plant and the source of 1n£ootion
c.part. Regulatory control mcy be referred to as exclusion.
The major vc.rio.ble is the distt'~ce be~voen the host t'~d the
source of inoculum.

Cultural Methods: Culturc.l control methods involve the_____.. d

nanipulation of agronomic prc.ctices to minimize disor-.su
incidence and severity. One o.pproach to this method is the
eradication of host pl~ts haboring the pethogcn by physical
removal and/or burning. Tho host plc.nt mc.y be tho primcry
crop, a secondary host of no economic importcnce such as
vwocds, and on econemically less i.r.1pcrtan t 0.1tcnlcte host
in which the pathogen completes its life cycle. ~he

populc.l tion of plcnt pa.thog:ms i.."1. soil t1Uy eithur be roducod
to econo~ic~lly low nlli~bcrs or bo eliminated by crop
rotation. ~ccics or fmtiilios of plc.nts not c.ttncked by

_.-~_---...:. givun pUGhogmr coulU 'tHY grown IcTlOUr't6 five yJo.rs
doponding on thu longuvity or h~lf-life of tho pnthcgun
in soil.
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Crop rot~tion is ~ost e~fective for pcthogons which neod
eithor the living or de~d host tissue for surrivnl, D..."1.d
:for those 'vvhich cc.nnot coopoto successfully ~s sc.prelJllYtos
with other soi: microbes for food.

xroper disposal of infected plant parts, thorough
washing and disL"1.foction of far~ tools, good druinago,
proper use of fertilizers, and good plcnt spccing ell
directly or indirectly contribute to the control of SOQO

diseases.

ResistD.l1t Cultivars: Ono of the best methods for... -
controlling pl~t disc~sos is tho usc of resistent cultivars~

Though it may take soveral y~ars to produce c. resistent
cultivar, its comple~ent of genos, which confers rcsistcnco
to it, could lest for I:1£U1y yccrs without boing oyorcowC by
now ptrnins of pathogens. Thu~ c ,crop resistent to the
economi~clly ioportcnt diseases in an aren ,cen bo planted
with very little or no need to implemont other control
measures. This will dcpond on the degree of resist~cc

shown by tho crop. Constc.nt monitoring of the l'opulc.tion
of the iuportant pathogens in ~n exoa is necossary so as
to identify new strcins or biotypos of the pathogans that
might bG able to OVlJl'COl.1C thu resistc.nce shoV'¥n by the crop.

~~logical ~othcd~: Certain uic~ooganisus and viruses ere
,PJ"r£'.sites of soce plMt pa.thogenic organisos. For exa.wplc,
b'.\.'(;oriopho.ges, I.JYcopnrasite, o.nd nOl".1c.topho.gcus fungi have
bec,a EUlown under oxporirJontcl condi tiona to attack
bcoteria. fungi, und nowntodos, ro~p~ctively which nrc
pa.thogenic to plants.. Howover, bi.ologicnl Llcthods of plont

______~iSCDS~__~O~ tro_!_arc ~o_t\li.clC1Y"J~§o<l_undQl;'_fiQld-~ondi.tiQns- . . _
und huito rJo·b with liui.tcd succoss (1). Biclegicc.l Llothods
have the ~otcntinl of bocowing vary choep r~d affective
moans of plmlt disoase control, with little or no advorso
effects on tho anvironwent.
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:Pgysicc.l lVIeth~: Hcc..t trcc..tr:cr.. OJ is used tc sterilize
soils in nttrscries ~1d greenhouses. ~'h,j soil is hoc..tud
by stcaw OJ' hot wnter. Sc ...1ds Ql1cl oth':}r propct,ctive
IJD.terinls way bo trec.tcd with hot wnter to kill nny
~nthogcns infecting thc~. Huct troctwGnt of storcge
organs und of pl~ts, pesthcrvQst reirig~rcticn of fleshy
pl~t products, ~d usc of different typ~s cf rcdiction
arc also cDployed.

Chcoical Methcds: Various cheDical cODpoun&S erc tcxic
to fungus, bactcriun, e~d ne~ctodc pcthogons of plents.
Most of these cheuiculs ere sprnyed on to the folineo cs
a. preventive Densure. Others he.ve s~rstewic action c.nCi. ere
tak0n up by the plent cftc~ cpplicetion to soil end to
soeds. ~stcwic chewiccls hevo thorepeutic action on pl~t

pcthogcns.

SUGGESTED APPROACHES TO INTEGRATED PLANT
DISEASE CONTROL

Rationcls...for Iptpc€~rnted Coptro!: The idea of intc&retod
control is not new in ?lunt patholoBY. P~thologists h~vc

always, at lecst in theory, advocated tho Cooblllction of
several Dcthods to control plnnt disoases. In prcctice
however, this hcs not nlwcys boon the caSe. Che~uccls have
beon used exclusively end widely to contrul sane diseases.
Over the years, the single-factor epproa.ch to insoct control
by the sale usc of insecticides in North Anerica, Europe,
end sane parts of Asia has shovm that rosiste~t inseet
pests develup in the L."'lSIJct IJopulntion, bcncficinl spacios
Qre destroyed, outbreaks of sQccndn~- pests occur, chcuicnl
rosidues nrc left in fouds 1 feeds, ~ld the environucnt,

_____.. Q,D,d gQne~Q,l.Jlo,zc.rdl;L_tQ hur.)c.ns.J'..J'rlth.cLUllYironnnnt.-.~LL

crented (4).
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Integrated control prcBr~s should therofore
consider the ccnsulidction of ell cvcil~ble techniques
into 0. uni:fiod progr!".l.J to irnaC;c lJl,,;s'c lJGpul~tic'ns,

without the overuse of CheLlicc.ls, so thc.t econcmc
dack~eC is cvoidcd cnQ adve~se side c:ffects on the
cnvironDent ere Diniuized (4). This npproo.ch to plcnt
disease control, 'uhcre all c.vcilo.blo pcrticnt infor-~tion

regarding a crop, its pathogens, the cnvironDcntnl conditions
uxpected to pre~.il, locality, c'T.ilcbility of [~te~icls,

and costs aro taken.into ~ccount is the Dost successful
end econonical (1).

HorizontclResist,CJ1,ce iJ.'"l ,Integrp.t.c.d.. .C5m·~rol~ Two L:nin
types of genetic rosistance to disoc.ses occur in plants.
Vertical rosistance is ccntrollcG by either 0. single gene
or 0. few genes. Horizontal resist~co (HR) is controlled
by soveral genos. In coopering both forus of resistc~cc,

HR nunifests itself for loneer periods in a crop. It is
uore difficult for pcthogens to develep now strc.ins or
biotypos which could ovorcooe the Dnny resistent eenos in
crops with HR. In aaaition, HR is usually effective ceainst
~cvernl Imawn strcins of 0. p~thoE;cn. For these rec.sons end
for the fact thct in geneml growing resistont cultivars .is
the cheapest, easiost, scfest, and l~oSt effective Doens of
control (1), cro~s'with HIt to tho econowicully ml1ortont
disucscs inngivcn oren should be the ccro of an integrated
control prOBrau~ HR ioplies, in souo casos, the presence of
a residual nnount of disease in tho crop below the cconooic
thre8~old. Chcn~ine weather conditions c~u other ecological
factors could, fran tine to tine, f~vor c pathoecn ~opulation

to tho extent thnt tho disease approaches epipl~totic levels in

secondary or nino!' po.thoeen which ho.s tho potenti~l of
roc.ching cpiphytotic loyols. To CVGid such occurrencos
other Docsuros could be tnkun to roduce sourcos of pathogon
llloculuw. Theso other DCGSUros will fonJ tho pori~hernl

control f.1onl3lU'os in cdc1ition tc tho uxistine lID. c.t tho core
<Fie,'Ura l).
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Poripi'lurcl control l:lctllOc..S ....111ic11 cQt'.ld bo intw;3rc..tcd
in~o c HR ~roerrxl in order of priority urc, culturc..l,
biolo&ical where fcesible, and chonicnl. For cX2n~lc,

LAC 23 is c.n iilprovccl rice cuItivnr developee. in Lj.burir.
end is resistent to blast, the Dost serious diseese of
rice. It is elso resistent to bro~n srot, cnother serious
disocse of rico. Howovc=, LAC 23 is susceptible to lenf
scald disease of rice. Leaf sccld is prevalent in Biorrc lone
and Liberia (9, 10)0 Prelioinnry rcsGerch dctc hcv~ shove
that nitroecn fertilizur as uroe cnd ncrrow plrolt SlXl.cint;
fnvor lenf scald dovclopoont (M.D. Thol:~s, unpublishGQ).
In cddition, tho leef sccld fmlLus ~~chcE»ori~ ~rlzcs

Hnshioka & Yokoei is ~oed trnnsoitted (6), and short
dis~nncc spread withj~l e rice field could CCCU2~ throuen
rain splnsh (9). Thus, proper furtilization and bood p12.l1t
specing toeether ~ith seed trentoent coulcl hulp produce a
heulth~r crop of LAC 23 ~~til lew levels of lecf scnld.
SOne of these cult~rcl ocnipulations wiCht not be readily
applicable to s~cll sccle fcnJinG, where fnr~ers br0cc1c~st

rice by hend at randoll ~~d do not usc fertilizers. Under
such circULlstnnces on effective uxtellsion service ~J.C.y h..:lp
raroors who {JJ:OllT LAC 23 nnd who. cen afforcl thu cost involved
to spray their rico crop with n suitablo and sefe chenical ct
tinely intervcls unu at ood~rct~ concentrations. Four
sprays of the systor.1ic fungicicle bel10wyl (uethyl (l-butyl
carbaooyl)-2-bcnz~~idez0Ioccrb~~~te) under conditions in

Siorrn Laono, c.t 0.3 kg a.i./he, siDlificC'..'!1tly suPl1rossod
leuf scald c1isot~sO in thi:l ric e cuItivnr HOK 16. Sinilc.r
results wore obt:tined for LAC 23 in Liberia (M.D. ThOi:.IDS,
unpublished)" Bono:...lY1 is ono cf the sefest cE:riculturc.l
chcnicnls. It.· hc.s~01"L.-tQ.x.icitv loyel lLD5&_.orc.1 is 9~ _

...
Dg/ke) and hc.s no Imo~~ adverso offucts ~n thu ullviroruJent

(3)"
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Susc~.l1tibl~ Crc.l~S. ill "I?~;;"rc:t~cl G.C:l1..Jli}'£!: In sitl..tc.tic:ns
\'!h~IC Ie: ~istC..l1 t cul'~i\iC.::' s t~ thl,.; 11j:~v.:..ilil1L discr'.s~ E C.l";:'

n(, t c.V':".i:i~blc J tIl:. ccrt; of rn inte:::r c:'ccc1. centrc..:l 1~::'0,:,,1"r'.::1

could be suit~bl~ cl..u-~cl w~~lGJS. PJriphcr~l U~~SUIas

for intcGrc.tiCin llltC thc..: ccntrr.l CIJ1"'O \.I11(.:n n-:.:c.:;ssc.::';y-,

incrclor Cif IJricrity, ce'ulC.. b~ r uCl..'tlc:~(.,ry , l1hysic~.l5·

biolo[,icel wlwre f~c.siblo,· c.nc.1 chonic~l (Fi[.,ur~ 2).

However, in c.rc~.s wi -iill effcctiVQ qu......rc.ntinc C'J.1c.l :L."1S1..:~ctiQn
services roCu1C'.to~cy l:.lcthou s of c(;ntrol could fOI2 ·~h..:

central core of the i..k".:.lc.5CD,Cnt lJr0L;rCD. In such c. l~rcvI·c.L.l

culturnl D.cthuds lvoulc1 talco l?r-~CQC:onCQ over bioloCicc.l,
lJhysicul, and choaiccl nothcus c.t t11.;;: l)Oz'iphury of the
lJro[:,rcr.l (Ficure 3). .G:;.:copt thwl'Q is en cff,:;ctiv~ c.;ovcJ:nl:..:ont

extension service or a pro~crly c.iliJinistarou fcruar

co-oporr:.tivc tv SUlx.:rvise thlJ lJr'Oc.'!.uction, inslx.c·~ion, C..!lcl

c.listribution cf L'..iscr:.sc-frcc sccC..s cncl ve[,;ctc..tivc 111C'..lltinC

rr..teri~ls, rcculcotry DctilouS will not be of mlY usc in an

intc[:.I-c.teu control Drl..Cre.u. This \ilill c.lsc be -tlU~ whQre

q~.r~tinc laws Lovcrnin[. tho Dovcr~nt of plant ucterinls
across stc.tc anu oounty borders ero not onfor·coc1 or r..ro

non-oxiste:nt.

~. Iuportr'llco of \1ci.1.t11cr i.n L"1tc.::rC'..t.s.,g Control,: In tho
. ..

presence of c suscoptiblo host ~lU u pn~10[Cn c1isoC'..so

LlC.Ili.fosta.tion :ill lJlC..rl"lis bJC01.1CS C'..1'J1Je..rc.:..."1t only if r:. suiteblo
uxtcrno.l onVirc,nrlOn t exists 'Nhich is con<1uoiVu -to L:.is'-lC'.so

clcvclol:ll:.lCnt. In this raspoct, two wQo.ther perC-l:.latal's nff'cct
disease c1cvclopuon"l; 'Glla DoSt. Those: ere ~loistuI'u (rr.info.ll)

mld tCr.llJorr..ture. !~1i:'.l1Y l'Jitllt pnth(l[:cns ere :ravol'cc.l by
rclc.tivoly hi[.h hl..ulic.:i tjr un<1 loVl tcnlJOr'c.turc& Fluct"tm.tions

in r.C'.J.nf'r.~1 c.nc.l tOL11Jcrp.ttu'Q_cl1Jr_:\.n!: tho rrowillr 00::'.50n 1.lirht

effect the decreo of sovcrity e cliscr:.se.
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Lec.! scald of rict; is fe-vored by prolonc;ed Doist
conditions in Brezil (2). hclctivcly cool tc~percture

Qnd hitriJ. and p:t-olon~ed rninfcll in Siorrn Loone incroc.s;J
the infection rato of lenf sca.ld clisoc.se in rice (U.. D.
Thoons, unpublim~ed). Under tropiccl conditions rice
blest cnuses severe clnwncu to rice pl~ts where ~lcre is
frequent ~ld lone ~eriods of ruin (5). Metcoroloeicc.l ucta
Sh01Ud therofore for-won intceral pert of diseesc ~~n~Ge~ent

systows. Daily a.nd protrected forccestine systcus ere
ext.~·eL.1ely useful in predictine carte.in epiphytotics.
Prior knowledeo of weu~her conditions cculd encblo suiteblc
nousure:s to be te.kcn in cdvnnce, if it is Imovvn the.t such
iopenQine weather ~cy fcvo~ an epipr~totic.

Other Copsid0rq.tion_s ,L"'l Intecrn.t.cd Cont.ro.:l;: A hic:h. liJvel
of control of e llisec.sc ["£.y be c.ehi0vod if 'Ncc.lmess.:.ls in the
life cycle of tbe pathoGen, under specific eeolo~ical

conditions, ere l::novm. These weul;: points cen be' exploite':
in a control proGr~. Hew de Pc.thoccns survive d~~~le the
dry seeson? Do thoy hnve G soconQc.ry host? Dc thoy foru
resistent struetures? To whc.t o~~tcnt is tho lJC,tho.:;on
saprap~-tic? Ara thoro e:ny nc.turcl enooio ~ of thc lll"ovalcn'li
lXlthacons in c eiv~n locclitj-? Vic need to know tho priJ.:1C.:r'y
source(s) of inoculm~ and ooens of lone and short dist~ce

spread of the pnthoGcns. How do loccl cultivcrs cruvf.U by
faroers respond to the provc.lcnt diseaseS ns cODpc.rod to
i~proved cultivcrs? How ricb c sourco ara those local
faroors' cu.ltivnro for rosistent eoncs? \lhnt ere sono of tho
stross fl.1.ctors which iJieht tricger en epiphytL,tic in c.
GOOI:linCly unir.lportCllt or 'idortlCJ1t\; host-pathc,cen relationship?
In tOrL1S of tho Inttcr, both Fusnriw~ nohiliforr~o ~101don... .. . ........... .. .._..........

._-_ ..__._----~_.- ._--_. ------._------_._-----------_ .._-_._-------------
r:.r..d F. 1~1oni.li:l:'o:r'l:lc vc.r. subrrlutinc.ns VIr. C'.l1u Rainl;:.

a.... '-1..-.. • PO • ..--....... ......-...i1~ ",« • ....
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h~vc boen iso1ctod fro~ h~~tl~- lookinC DCi~c ~wr.ncls ~a

seedlinGs L~ Niee~i~ end Sierr~ LconQ (7, 8), ~U in
Liberia (M.. D. ThCl:.lO.S, unpublishcc:.). These fur.ci c.re known
to cause stclk end cob rots in r.x:.iz.J in ::::C'-'.IlY r:c.r-~s of the

world. VVlmt fectors in the West Africe.-"l ccoloLY w:l.Cht
inc:.uce this cO!JCc:ns~1-1ikc rc1c.tionship botv·;ocn tho
Fysaric ~~d ~izc to chnnC~ it into c uisecsed sit~tion?

?ossib1y th;:; nnizo cultiYcrs sr'.Llploc1 hnve LUOU sourcos
of resistent eunes and therefore can be used in ~n

intcercted control proernu for stc1k ~id cob rots of wcizo.
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1. CULTURAL
CONTROL

2.. BIOLOGIC.t~L

CONTROL

t
3. CHEMICAL CONTROL

!IGUBE!: ~~ llltcC~.tud discasQ control proCr~ hcvine
c cro~ with horizontcl resistance as tho coro of the
procraw. Cultural, bioloCic8.l (whyre feasible:), ~..ncl

chcuic~l control ~cthcds arc at tho pcri~lcry and urc
incorporated into the core of the prOCrD~, in thct order
of priority, if tho nead arises•

.2. PHYSICAL CONTROL

t
CULTURAL

\~1. REGULATORY CONTROL 3. BIOLOGICAL
CONTROL ) CONTROL

~lETHODS /

----------_._.._.-_._--
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FIGtJR.E 2 ..

culturc..l 1:.1e.: thcC:s c.s thu ccr.:; of' tho :L).='vC;rc.w. RcOl1c.tory,

IJl1ysicn1 1 biolot:iccl (\/h.:lro fcc..siblo) I c..nG. chc::licc.l

control Dothods ~r~ nt tho p~ri~h~ry ~lC erc incQr~orc..t~u

into thG core.: cf tho pruCl~, in thct orGcr of priority,

if tile necd. urisos ..

1 C'f CULTtrn_o\L
COW~ROL

2. PHYSIC~L CONTROL

~

I~
CONTROL ) f-

r.mrn:ODS

3. BIOLOGICAL
COlfl'ROL

'r
4. CHEI.IICl1.1 CONTROL

T:'IGURE 3: l1Xl intccrctetl c1isca.sc control lJrOLr~l hc.vinC;
to • 1-"'"

re[:.ulo.tory centrol tlcthous c.s tlw core of the proLr~.l.

Cultura.l, physicul, bioloeiccl (whoro foc.siblo), ana
Chchlicnl control r.1otho<ls arc at tho ],Joriphcry cnJ c.ro

incorporated lllto tho core of tnc proCr~, in thc.t orGel'"

of priority, if the noc~ arises.
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INSECT :PESTS CO:NTROL........... ...-.................- ..
By

~.1B1:..YE NDOYE
Nction~l AcrOllGuic TIosccrch C~ntrc

Ba::1bcy, Sonuccl

---_.-------------
It con ricJ.1.tly be sc.id llovvo(1.nys thc.t ":'"1rn conSt1:.lOS

wh~t hes b0C11 left by insects. Thu re.picl incrwcso of hu.;:l::!l

populntion Iles inuvitnbly 1\3c1 to tho clevc:lopuc.a."'lt of o:~tC!lsivc:

uo~ocultures i.o. 1rxcc crucs so~n to sin~le cro~s vmich

havo becc~c ~~ idecl fcecinc cround £or j~lS~CtS t~lich CCUS0
oxtonsivo dnnr.[;o cnc.l r.ro ref·erou. to in Ene1ish cs c;IJo sts. ;;

The Food onu Aericult"J.ra Orc~:misc.tion (FilO) hcs
estiL~ted thut only 80~ of fcad proCuce~ in tho world is

conSUl:1ecl by r.1ml, the rer.1.C..inbc 20~ is by insects. The fooc.l
crisis in the world would have pcrticlly been solved if

this 20% wore consunoc1 by oem.

FrO:J tioe iwucI:loric.1 JJZ::.n he.s bO\ID c..cvisinc "ilc.ys to
DUliniso dnwc£e cc.uscd by jnscct posts without w~ch SUCCJSS.

This is why n lnree nuaber of IJusticiQcs has boml developed

by tho chenicnl industry folluWlllC vc.rious nttowpts to kill
these PCJsts. r,Tcn is still tcdc.y uovisinC; new tlothoc.ls of
control tu ir.lprovotl on tho previous 01!OS.

However it should be undurstoocl thnt ~ore cCro
choiJicnls nre currently boine useu than OVer boforo. In

tho not too dist~t pust in developod end souotiuQS in
devolopine countries, pes ts were bcincc~ntrollct1 +..hrouch

preventive o",thoc.1s. Besides LivinG riso to more rosistant

pests thoreby requirlllL ndditioncl traatoants, the food
cho.l.llS were borne cCl1.-tr..l:u.uc.tacl throu[)1 tho usc of these;

insccticide and this constitutod c serious threat to ~le

ecosysten.
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Wa hcvc rccch~Q c t~~~inC ~cillt in ~cst ccntrolo
Dcfinitoly chouiccl control is bci.."1C ccnsiclorocl in :~':.n:{

raspects cs thn only ~~cilcblc ~~thoc but it is buine cr[ueQ
thct other ncthcc1s such e.s biolccico.l, [".utoc:.c.~c.l intoLrc.tccl
pest contrcl i past ~2ne.ccuant er tcrcct pest central ~~thcds

shculd elso be: tckcn into cccount foT' tho Cro[".t oonofi t (;f

LlGll':rL'l'J.c.

I. CI:.w.UCl,L CON'l'ROL I.I.ETHODS. .
~lsecticiQos which have boen fur rk~y yoers th~ unly

ChC~liccls used by f~~~~rs to control L"1soct posts ere beinL
ccnsidered tOQcy ['.6 her..:J.ful whcse us.:; shoulC'.. be lio.ilieu in

oruer to cnsur~its offoctivc~Jss.

For this rccscn, insocticicl~s s~oulG. be us~~ in tho
followinG ornner.

1. T..~oy should be usecl at c. very convenient parioc'" on the
bcsis of the post's bioloLY. Troctl:1onts shculcl therefore
not 00 Liven in C.Il irroLul["..r LlC'.Il!1wr.

b. Usc the lllDecticiuc nost effective for killinC c.
spocific insect post.

c. Usc thG Dost appropriate spreyinL cathod.

1~ insccticiLC is n stronc poison c~d for tilis recson
it is neccssc.r;r to Icy clvWIl i.ts l:lCthvcl of c.pplicetivn c.nc1

nb50lutoly respect insectici:l0 lccislc.ticn. .tin insccticj.do
is not only hc.rL~ul throuLh its c.ctivQ incrocionts but n1so
throuch its SOluUlts cnJ c~t~lysts. It is hc.rtuul to tho
fo110winC:

Plc.nts
The r.lost C01"'U~lOn hurl] l~CnG is the phytotoxicity which

resu1ts fro11 tho frc.Ci1u nc.turu of the plnnt c,l1d this is
chc.rc.ctorisec.1 b~r s~lcll or biL (~::'"rl;: bl'ovm spo -hs buinL synptcI:1s
of necrosis.
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Such diseases which c~.l1noi; be vCr'J lloticeable are similar
to symptoms of respiratO!7 o~ seed ge~ination diseas~s.

Other symptoms detected in the plant are of tro~~obiosis

defined by CHABOUSSOU (1966) as the "exhaustion of the living
orga~ismts ritali~· resultinG from a beneficial alteration
of its food lJattern r;. In this caSe 'this refers to the food
obtained from the host.

Insecticides used on plants have yielded opposite
results since they have rather giv~e to outbreaks of
pests.

1~ and domestic aninlals........... .......

r&m and domestic a~imals have been directly or
indirectly contaminated by insecticides and this constiJGUtcs
tho most immediate danger. Practically, all insectici~es

arc harmful.. Some which 8.:'0 of plant origin ~re less
harm:f'11l but the systemic on.:Js arc the most dangc'rous. Those
who usc insecticides arc likely to sufferfI'om direct
poisoning. Domestic animals and insects arc often ontirely
destroyed. The persistence of the insocticides which
detenIDJ!cs its stabili~y ovor a certain period constitutes
a danger for the usu~s. The persistence factor is very
essential since it shows a distinction between farmers who
wish to possess very persistent insecticides and othor
USers who wish that such products shculd be as less
pesistent as possible in other to be able to keep their
food in a hual~hy state.

In any case, nowadays, legislation on posticides is
based on the persistonce fuctor because of the serious

.---danGors -iiLc~g--th-~~;~;~yst~~~~-~~i';-th~r-~sor-;~-------------.
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V~ry oftan, residue of insecticides remain in tile
anvironment ar~d c~usc irrcvcrsiblu condition. The danger
is universal end gcncrully, the long term ef:fect of the
product used is unforseen.

The most coemon case is that of DDT. Since 1945,
millions of tons of DDT were imported and the chemical
considered less h~r.mful. DDT provided a grent service to
manlcind but today heavy concentrations of this produc"t; nrc
found in the lipids of all animals. The food chains hcvo
bean contemin~ted.. In 1970, tho usc of DDT was banned in
tho US and in Sweden altheugh it is still being used in
nlany African countries. This is 0. fact one should know
of before using a chemical for control measure. There ere
m~~ types of insecticides and their production (for uSc in
farms) is the Dost iillpcrtrolt aspect of the chemical
:i:~ldustrics.

There: arc 5 mr.in type s:

1.1 .. 1. l1:,secticid;.c.s oJ. min.eFo.l ori&~

These insecticides wore mostly used in th~ pest bccnuso
they were cheaper and effectivQ but nowadays they are not
frequently used except for poisoning bcits. A typical
eX~lple is the laad arsenate which was mostly used in
Europ~ to control doriphores.

1.1~ 2. lnse..cti<.;idas. aOl. 'pl,~t. sri,gin

~Gleso ara nicotincs, p;:,rrothrins, end 110'tenonos which
--------cu-c-r-e- 5..:meraIIY:---knovm·-for1d.lling ins0 cts--l..llstantly- nncr-- -----

causing no harm +'0 J.:.lCl1.
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Initially those ~sceticidc~ were mostly USud in
hoae.:s. Synthetic I'~rrc..:iihroids which \':er~ d':':ir~lopcd quite
rcccn'l;ly have made this typo of insecticides to bc kno\"1!l
however they arc core stable and their effect is not Duch
ImoVln.

These ar~ one of the @ost popular types of insecticides
given tho nu.ober of its syntlletic ccoponents nl1d the
qUk~tity produced. They were mostly used between 1950 Nld

1970 ffi1d today they nrc still very popular ~ong pest
control products. For over c dccede.: ~~lY countries hcvc
adopted n ~ore rction~2 approach with respect to the us.:.:
of this products bcccus0 of thoir pJrsistencc..: und si.de
effects which arc now wull 10l0wn.

~1e following insecticides er.o nnong the Dost populnr
cmd tne oost iDportnnt types.

Dichloro,. diphenoT..c, trichlcro-octmlO the f2.I.1oUS cnd
controversiul DDT~

Hoxachloro - cydo - hexcne (H.C.H) which is qu~~e

ropuln.:c and well kno\'vn for killing Oigro.tol'y- or loco.l
locusts especially i..~ the 8..'1.l1c:licn c.ree.s.

,

There arc oth~r pOPLtlcx insecticides such as dieldrin,
mldosulfan or thioa.on, hepto.pondor of tc.xnphino etc.,
wh:"ch ore ofteil uso.d.

11l1 .. t1r • p}1os.l?hori.c o.s.t.c,r~ (Org~1.o-phosphctos)

~h0ro arc two types nWJuly:

r~:.ot}1crnp'~c ,ost.cF..fl: oxo.l:lplos of whic:l nrc c.thyl
Cill~.:.~lCs, choronvWosdrazi!i-on ·llh.:C6K-:csstill--usccftokII1-----~-·---

insuct posts of rico, dichloruos or Vcponn, fmlithrothion,
r.nlathion, po.rcthion and trichlorifon which are all ~iduly

used although they nrc v(J!:Y toxic to 1:1.~ me. dOlJe stic
nniLlnls.
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- .~do~erapic est~:~ or systemi~ insecticides which
penetrates the pla.n t anc. is carried "to all parts by the
vascular syst~m. Exauples of these are Dimetroate,
endothion, phosdrine, vamidothion•.

Generally these are insecticides used for various
pt'.rposes but their use is limited because of their toxicity.

1.1.5 Car·ba.ma.tes

Carbamates are synthetic organic insecticides cade
from carbanic acid and whose effect is similar' to that of
the systemic insecticides. Carbary, the most popular, is
used against the caterpillars of Lepidopterous pests.
MOlltionmus·t also be made of the arbocarb and tho famous
Baygon which are widely used in Afri.ca.

In conclusion, this overview only gives a parti£'J.
indication of the number of chemical products used in
agriculture. It'further ShOHS that there is a need to
have qualified people capable of selecting c.pproprio.ta

insecticides against a particular species. The wide
ran&c of insecticides used at present is·to some extent an
indication of man's failure to control effectively the
populations of insect pests destroying his crops.

Therefore it has become nocessar~ to seck other
control methods and to define a now philosophy in order to
secure a greater quantity of the food produced.

II. ~~plogicnl Co~~ro~

In a very broad senso, biological control consist
of all methods which minimise pest dwnagu ~~d this exclude
chcnlJ.caI and otnorcOlltrQrmcthods- whichdostroy- pests -----

directly. Tradit.iondlly, the biological control mothod is
n method used to kill pests by using their natural enemies
oithor in the form of plants or animals. (BALACHOWSICY 1951).
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To those who usc this term, Biologic~l controlimplios
tho usc.: of entomophagous organisms which generally include
the following:

Insects. whose lar\"o.ld~velopDcnt entirely or partially
dcpunds on one and tho samo host.

Predators which conSUDe c. number of hosts or preys at
every instar. Given the rcmarkablG progress made by

microbiological control methods and its iruportoncG it j.s
~cccssary to understand the biological control concept
propounded by BALACHOWSOC.

In reality in 1874 when 11uis·Po.steur was at the final
stage of his rcscQ.rch on silk v\~rm disec.ses and while
phylloxera wes causing great damage to virus in .Fr£:.Ilce, he
suggested that sene discesos could be used to control insect
pests in agxiculture. This suggestion vms Cleo made earlier
in the United Scates (CONTE, 1872). Research was later
cenducted about the some tm'J in many countries rvIETC:-fNIImV
in Russi~, PAILLOT in Fro.nce etc.,. Differont results Vlore
obtained during those initial research works ~d altiloUgh
people were enthusiastic fron tho onsot they later becOIJe
skeptica.l about the effectivoness of "'ella biological cantrol
mothod.

With respect to the ~~tomophagous, insects, Bodo;iA
(Novius) Cnrdinulis ~~1L was very' effective against the--Australian citrus bugcottony cushion scale - (Icc,rxc l£r,chp,si
MAS[) and its effc~tivancsc was promptly ascerto.fned thrOUgh
tho Dcclimatisetion of specific parasites such cs
.9EY.J2.t,o.€Au~!!.£odiec;Q,~ IiHLT,. 0. bug frotl Trinido.d which r.ttc.clt.od.
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~~di.otu.s .d:9..~:EE.£to.r SIGH~ ~ post which WCd destroying
pc.lrJ. troes in the Fiji Islnnds; Croptolc.er.lus lilontl'oorieri

• .... t I

h"ULS vlhieh .:. prcd~tor of ~ll"d~cocc:incs,or r.gc.i.."'1Pros'pp..tcll.~
~c?l~~ai How.~ ~ specific ~~~dolaccsp~~g~.~~ona TAG~ however
these parasites have rovealed to a certaL"'1 degree tho
linitc.tions of the biological cuntrol nothod.

The intensive usc of synth0tic org~ic insocticides
nfter the second World War which were persistent and
con.sequently resulted in adverso effects led to ronev.'a.l of
interest in the widely concept of biological control ~othods.

And pe..rticulnrly, the works of STEIN HAUS (1946 a'rld 1949)
und Cclifornicll resenrchers based on the experiocntul results
in agricultural prnctice (80,000 ha treated from 1939-1952
by dopnrtIJonts of tho r.Iinistry of Agriculture) with tho
bnc"i;erio. Bncci}~ .E.<2.Ei.l.l.i~ DUTKY, in the North Ea.st of tho
United Stutes against the Jnp~mosu Hunnoton rekindled the
interest in tho biologicnl control IJethod.

Following this awareness thero wes u genoral ncod to
l:mintain the natural equilibria, and consequently rcso::.rch
on biological control took n now t~n8

It con elso be snid with BILIOTTI (1966) that
docllWontation available today nrc scettcrvd c~d arc 110t
equally fnr-foctched although thoro ~re date on sooe arons
where the biological control I:.wthod hc.s boon used for n
nm~ber of years. Reviews dealing with such inforwntion nra
those of CLAUSEN (1956) for the U.S..A., WILSON (1960)
fOl' Australia and New Guinea, mCLEOD (1962) for Canada,
end B:C:NASSY (197 1) for Fronce. Thure nra other bulletins
which contain il:lportont infori.lation (DE BACH, 1964, HURPIN,

1971) "

Whatever the b::'ologicc,l c.gont usod in biologiccl
control, the followingbnsic principlus should bo appliod"
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K.~owl.edge (,f the biolo~y cf' the to.:cget :pest c.nd its
cnviro~ant ~ovld bo as uocur~te~s possiblo~

Knowledge of the cconowic vclua of dcncg0 ccuscd by

this post in. relation to its popull'.:tion dync.w.ics ..
~orough knowledgG of the popula.tiondynamir::s of pest

in ordo.!' -:to EeaS'lJ.rc tho effectiveness of biologiccl agc.."1t
in~roducc~ coopered with o~ler control Dethods for crop'
protocti0n.

~le usc of entoDop~Agous species (insocts) rcquir~s

detailed knowledgo or tho following:

c) biology of naturcl onenies and their prccticnl
inportonco;

b) oethod of production of ontoDophngous jnsocts in order
to always hcvo biological onturicl n~cessa~J for
Gxporiocnts.

c) :rC1:."'.ct~O:i'.s of cn~;ow~pheeo14s,insoctsusod in tho ncrl
onvironncnt where they ere released end whore various
factors con ncer..tc their action, such as indigenous'
natural cnellies and the phytosanitulJr trGotocnts cpplio~

thrOUgh tho yoar o.gninst other ,osts.

Reeccrchers ho:vo It'.icl dO'v'm principles regarding tho
usc of cntoDopa'thogoIlous Llic.I'oorg~"1iS1J.s in biologiccl control
~d these include:

0.) Pr~cj.ple~ based, .0!1.J~~cr2.:~~:
Thusc principlGs lay cDpho.sis on the identification

ar.i.d the doscr:ption of pcthogmls V charc.ctcristics" About
1200 species worn i.dcnti.fiecl o.s follows: bo.cterio.,
reckcttsio., viruses, protozoc and fungi. Their onin
chr.ra.cteristics are thoir £1.1:>i1ity to bl) virulont 1 pOl"'siston t

to nt·cnclco. speci:f..~~~.~(;~L__~E-t~9.!~h~~~~ 1vc:,s o.p.!t_~ul,~~;by _
on a lnrge scnla.
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The usc of po:thoe;cnic tllcroor[;.'mliSlJ.s is based on tho
dcter-wL~ation of dise~so dcvolopoent fron tho enzootic to
the epizootic stage bofore or after nan's action. These
fccto~s arc relntad to t~e cBBrcssivencss of the GCX:w, the
reccptivanesD of tho host as well as the anvironw~ntal

influence.

The obj~ctiveJ alrendy well kno~m, is to intrv~~ec III

an ocosysto~ an agent to ~~llitCin const~tly the level of
post population below the oconocic inj~- threshold with
regard to n specific cropo This preventive neasure ioplies
thc.t we should not only tnke the insect end the pc..thOGCll
into consideration but clso the enVirOnLlcnt in which th~

pathOGen shall l.1Ultiply. In ~his cr.so the Unit area to be
subjected to trco.tn:mt is very il::lportcnt. Tho pathoBen" s
hideouts arc the first to bo treated sinco tho oaintCllCllce
of an endeoic disease is clwnys relutod to pcrsistanco of c
rJinil:ruw population. A peresito which is introduce cun
coopcto with other biotic agents und 0. General trec.twant
based on the use of u uioro-orBuniso can IJolluto thu
cnvironoOIlt •

d) • Prine i,Rle s bo.sud op, .l?:§~~:

The opinions of the nicrobiQloeist, tho patholoGist
and the ecologist arc" not always L~ aeroeuont with thosu of
the o.gronol.ust. Thus the use of uierobilogy Dost uften tunG..~

to inclUde bio10gicnl prepcrntion III an j~tregreted pest
con'brol prot;rnJ:ll.1e; the lone; ter-w epizootic effect is sOl:letiU()D
inconpatible with crop protection oither qunntitativoly on th~

basi.s o.:f·_~h9_P!~~_t'll pj.,n:i,.nUJ:trg~tQ_f3_tg-Y:i.:yo.~_~__t!to toJ,.QK~.nc0 _

threshold of the crop or quc:.li tnt:i.vely on tho basis of
r.nrketine; pr::lCticos lI Tho type of orol) dotcrr.lincs tho control
l:lOthocls to be used ..
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The nature of tho acticn tc~o~ on n rico field is diff0r~lt

fren that of £roundnut plcnt~tion~

It is very ioport~t to ~pprecicte the ocono~Jic

value of the wethod to b0 us~d ~ ureel" to InlOW, frc~ the
onset, what will be the werucnossos of the wethod in

c6I'icul ture. Beccuso of its specific end cOu:pl~;~ nc..turo,
the bioloeical control ilothod is cost often initiated by tho
governncnt end this eives it c nation~l churc.ctcr. ill
o{,;ricultur~1.l officers end cC;o.'"lts ere involved in tho
proBrDr~ie ~d as such the usc of the bioloeical control
Leti~od requires the participation of specialists III v~rious

fielcls.

Today the bioloCical cuntrol ucthod has proved lk~Y

tiDes n success (noro tl1C~ 200 cnses in 60 countries
nccordine to DEBACH, 1964). Undoubtedly, this fiL~~o is
rel~tively low conparod with the eruct nurlber of pests to
be kil:ud. How~vcr the bioloGical control ncthod is a
lcstine suec~ss end cannot causa unforsw~ side effects.
FUl"''ther-..lore it should be noted thllt res(.mrch conLluctod to
develop this uethod r~~dc it p0ssiblc to deter-wino in

certain ccses the bost preventive ucnsures to be tckcn.

The reel weulmossos of this ~othoa. nrc busod on tho
nUl1ber and ir.Jncino.ticll of o=~lJarts in this fiold end tho
neons c.va.ilablo to thoD.. But tho ecnollc.l tc.nctcncy of theSe
experts to proDoto int0cratcd pest control docs not r~flect

their failures or wecltncssos, fllr fren that, undoubtodly,
this tendency is n sino qua 110n for tho continuation of
their vvork an.d the rc:sult of their conornl c.ttitudo to
use the concepts of concrul ocolotY ~nd population dyncL1ics~
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III. GmLotic cr ~utociJ~l cont~ol UO~lOQ:. . ... ~

III - 1. Introclucti<.;n..

The discc1vc.ntc(;es of tho u.sc: of chc.::iccl pcsticicles
clready nuntioned cecinst insect pests heva led to rcs~~ch

on now control Dethods.

~lC usc of ~~to~oph~cous, species cs already disCUSSJC,
h~s led te the tnssivc llltroducticn of pcresitcs and prcdntors
fron their native crees and the dcvelop~wnt of LT.ss breo~int;

techniques in DaSS relonso proBTcowos.

Tho oicrobiolcCicnl centrol l:10thou. r:here pctho(("l1s
ccpnblo of causinc epi~ootics in pusts ~ru us~d.

Pk.nt resis t:::.nco "lihx'ouCh va.rioteJ.. iuprcV'el.lcnt. The
autociclcl control ~cthou. cs ~ new concept dcv~lopou L~

1938 by KNIPLING in the Un::i.ted Stctos wns l:'. roo.nrlmblc
success.

111-2. Princiglos

The ncturnl population of a. species cen be considerebly
reducod sonotinos to e DOint tha.t ·it boconos extinct \~~en c
roduction fector is cpplied eq~~ly end constcntly ovon ct
u rolntivoly low decre~. This principle can dofinitely
epply to the chewicel control Dethod cs it wes prLvoL by
KNIPLING. However, if this theory is u.~t1l).ly applied, it
t~y Iced to IDlfevourable results.

~1J:lo insect po st i tscIf Cl:'Jl be used to rotluce its Gvm

popu.lntion. KniplinC (1962) shewed thet this could be
Gchievod throueh thw fclloWlllC=

~le releeso of storilis~cl rr.le species throueh irrndintion.
________---=Th~e_u_s_o__o_f·_~!lo~?_c9__J._pro(~':tcts__!C?-_~!oriliso no.turo.l

lJo lJuleti011s.
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~le releaso of disccs~~ ~dul~~1 the ~~~ which is to
clostory tho off sprines throuGh diroct infection or
th~"ou[;h cnviroIlUlJntnl ccntc.winc..tic'n.
The cuvclopcent rnu r~lecso of lllsoct s~Qcios Witil
cluf~ctivc cunetic chcrcctcristics.

~~c olce~cc and officQcy of these ~~thocls were
hiOl1y approcicted nfter they succeeded in elirlinntlllL t~c

livestock fly; Codili2E¥.~~~~~ COQUEREL in the
Scruthorn United States oncl in the Curo.So.o Islo.nd - sincu 1954.

Tho releases of BUSHLAND and HOPIallIS (1953) BAU;:.S::OLJ~H

at 0.1. (1955) and I{NIPLING (1960) were bcsecl on theoretical
calculctions worked cut by ICNIPLING hi~self. (sec tcble 1).

Table 1: Theoretical reduction of pupulntion when sterile
rnle insects rXIJ cdcled Witll a constant nurJber to c
natural population:

___...- __ ~~ __,_ -...._ .__o-_.~..o__ _ _._ _ o__ _ "'"' __~_

.~..... "0 _ •

Po lJl.1.1c.tion
of fertile
fO<:.k'l.lcs
obtcinocl

Pcrccntc.c;o of
fel".1C.les cr~ teL.
,,'Ii th starile

Naturel population
of virein fCl.:c.1es

Sterile L~les Ratio of
relonsed sterilo

no.les/
fertile
f c.n:'lo.1u s

----• .-._...._.................. _.. '..................................... ... • ••• , ••• t

1;000,000

333,333
47,619
1,107

2,000,000
2,OOO~000

2,000,000
2,000,000

2/1
6/1

42/1
1807/1

66,7
85.7
97,7
99.95

333,333
47,619
1,107

loss then 1
._, •__._••_..........._...._,_. I"""'~ ..........__...._••_.__•• _._....................___...._.a_

Tho usc of such (l. l.lo·lihod roquires certc..in proconclitions
us noted by FF.RON (1963):

Hearine of' tho insocts should be.: en ec.sy prccacll..ll"o vii tIl
~-_.---_.-e-po ~,;"Jibilrty··ur·cto1.ng· J. t .ori··-u·-Tui\S8 -scr.1.-c nCJ:i·Cf·····ut-n·rc c.1l)~C~ ~l-n._-_._----

cost.
fr~orilisntJ.on should alloH L"..::::.los to ::'10.1.'1 tci..."1 th-.:ir

nOrLnl untinc potential end accoptod by fo[~lus.
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If the tlC.les C1:':ll11ot bu cr~siJ.~T E'C1X1.:....C,-cc;O' fro:! tb;

fennles, both SO:l:CS Dust be sterilj.sec1..

The unj.quc (sill[:.ulc.r) u.::.tinC of thi,,; fwiJ.c.le is a Gooel

thine but not indislJOllSc.ble.

The nntura.l insect IJOpulc.tion 's consity shou1cl be low.

T.h0 dispersion of sterile ins~cts should be easy.

Arens where intcC:r'c.tocl control l:lethocls will be used

Should be protected so that roinfcstc.tion cannot occur oc.sily~

111-3. APpli"s"t:!:.tions•.o.nc~ C,opclus.i,ons

In udcli tion to L.r'..U.la ionisinG rc.C:intions pro(~ucelL by

Cnbalt 60, wcny chcwicc.l substnr-cos such c.s the c.cylc.tin~

acants, antiootc.bolitcs l ~r witotic poisons wure USU~ to obtcin

tho stcrilisc.tion of r~los of various fl~it flios, Dosquitoos,

ticks; Dyna.ctic1c.o a.s well ns tho livostoclc fl;y·.

Considcrin~ its iuportrolco, it is n Dothod worth USlllC

but which is very exp0nsivc end rC,,;quircs nc.lvCIlcod stuc2.i\.;s

in ucophysiolo~y and biolotY.

The Dast obvious wcc.lcnoss of this l:lethod however is

thc.t it cc.n l:J.o.ko 0. species to Cc.uso th<.:lyotolmus pa.rthcno

[:;ooosis (proc1ucinc; ouly fo~]nlos). This ncthod has rc.isocl

hope in narry peoplo and shows thc.t c.touic onurcy can be
applied to onthoDOlo[y.

INTEGRATED PEST CONTROL_.-..-................ -.
This cOl1'~rul l.1othou wes dc.:rinecl by SI).IITH I:'.:ld RE11{OLDS

___-:(>-1--"'9:.......62.2 a.S~~st~i:L~QE?~L1l9l~_ to __!,_crulqj;e pOpUlp.tions _-=-G=..f__.

posts which, Liven tho specific cnvironD0nt end. thu

l.Jopulc.tiCin t1yl1Cl'::lics c,f tho pusts, nbvays usc suitable:

tcclmiquos to r.1D.i.ntnin };Justs populations blJluw th~

oconCiuic injury 10vol.
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The reclistic enu somld philosophy was propu~~duQ ~s

u rasult uf the s~ricus conse~l~nccs cncountwrwJ in the
oxcussivc usu of chouiccl products jn ~~op~ ~ld in th~

United StGtes whurw thoy wurc consilierwd ~s tho only DC~lS

to elir:.linc:to insects c.nc1 bocc.use of the \"w~lmessos of
other control Dethods used thus fur.

Undoubtedly the introductiun of IntoGTctod pest
control, pest r~nCODmlt or tor£et pest control (MA~HYS ~d

BAGGIOLINI 1967) concept hns resulted in tho net evolution
of crop protectione It is not necessary to cr~uu ~bcut

its se~IDntics sinco we arc ell ecroed todcy en definition
civan by FAO.

Howover tnis ccvelo~l~:t should occur L~ a worl~

where th~re is ~~ acute shortcce of food resources ~d
where tho rolc of acriculture is bellle questioned cspuciclly
in tho countries which initiatod this evolution. The ronl
problews con only b~ overco~u by findinC in each cns~ tho
solution best suited to locel conditions while takine ell
aspects of the probloD into considcrction.

~le basic knowledGo is still not yet fully acquired
but tho intoerntoc1 pest control concept shows how the
l:1C:cns cvnilnblc cc.n bost be utilisc:d. It is nccossc.ry nt
this stnce to be acqunintud with tho vutlinus of this
r.l0thccl.

It is necussnry to have a thorouUl undcrstondinc of
the ecro-ecosystco whichycu have to deal with. The

_____. . __~ro-9co~¥st.~r:l ?-s an .~!l1i~~~_.l~de.~J.J of n_~c.:r;(:;~_!l~~?~~'!~..
ore:;cnisas rola.suc1 to crOlJs in n eivon nroo. which cun bu
Dofifieu throuU1 Lk~'S cLriculturo.l incustriul or socio.l
nctivitios. Thus the nWJbor of posts end thoir cuw~otiticn,

prouetors and pnrcsitcs nrc tho inportc.nt eloDonts to
considor.
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The ucriculturcl ucOSystODS ere vary cowpl~x end
vcriec., ::'.nd their sizes elso vc.ry. This cowplexity is
not stc.tic but dy.nc~c; chances. Mor~ov~r tho physicc.l
bOUIlc'cries of an c.cro-ece systeo c.ro solc~ow clua.r but
Generally in intecrctod pest control wcu~~e, only physicel
bounderies ere defjned c.c. c. rice fiela, en erchurd etc.
Thus it ccn be snid thct the various biotic factors
exercise sone influ~~ce ~~thin this ure::'..

Generally, thuro arc U fow, two or three r4Uin posts,
very often with We~y secondary pests and finally potential
pests which do not ceuse c1c..waco under prevclc."lt environncntc.l
conclitions.

Each fc.ctor shoulc.l be consic.1.urocl on tho bcsis of
its ilJ.porte.llco.

IV~·2. Econouic in jurx 'th.:r:.u sp:p.ld

As fer c.s this notion is concorned, a population
should not be cliLA.:i.llute.:d because on experirJont which wc.s
conducted did not yield the expected results. The priLJcry
~bjectivo to bo cchievod for the succoss of cny intoercted
pest control proLr~le is to identify the.: level of
oconooic dnnaee correspondinc to thu yield c.ccpctablo to
the feTtlOr before a control pro£rotme is started. B0yonc.1.
this threshold, tho Dost suitcble oethod will be used to
[tinirJise dCt~co caused by specific pest. It hcs to be
noted that this specios livQS in tho oLro-systolJ emd this
f~ct LMst be taken into ccnsiderution.

For this rec.sun it is nccossr.ry to escort:tin tho

the injury c.ono by ecch ~e8t in orQer not to be lJistcken
c.bout tho iuenti ty of tho pest c.ctuc.lly CLUSint. tho
p:trticulur dnlJ.c.Lo c.t the tiuo of soluctinC; the control
r.lethoc.1.
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IV-3. Classiccl lJethocls o.of. :Rest con.Vo,l

The usa of chanicn! pcsticiclcs ~lould"now take tho
fOI"D of e. rntionclisec1 trantuGnt in orQer to A.:.linirJist,: dnnc.ce
whilst avoidine the disedvontn£os of control noasuro for
this pest. Henceforth, chomcal products should be usuL1 e.s
tacticnl woasuro whilst othor woasuros shell be usou as
lonc-tc~ strntoeic nothods in an ~ffort to ucintcin th~

nature1 stability nocussnry for crop protection.

Tho wholosystcD to bo ioplawentcd ~lould ~tt~~

croat iuportanca to biolocical agents which exorcise souo
influuncc within the ecosysteLl against posts. For this
reason the cOuplex naturo of tho t1othod, tho u£ro-ocosystClJ end
pest....po.ro.sito relationshiJ..) should be considorod on the be.sis
of its ioportcnce e

It is not easy ,to rockon the bioloCicnl factors
which reG~ate the stability of th~ a~To-ecesystew and
cons'-Jc;,uontly uso tho l::ilOVlloclco ucquiroc..in post control.
In ree.lity t:'. dotuiled l:nowledee of thE) ocolocy, systcrm.tics,
pest behaviour, physioloGY nncl o~ other disciplines is
necessary. Therefore intecrated post control is a uethod
which requires the participation of specialists of
vnrious uisciplinos as well as iuportnnt" hurmn and financial
resources but it is not a. pane.coa capable of solvin£.; 0.11
tho probloos rolatee to crop protection.

v. Conclusion
.. -

We have just had a swecpine overview of tho tm.in post
control l:lothods currently boinL usod to control insect

---------
pests. Tn1S presentation hus oado it possiblo to ascertain
tho trends of offort~ mde by non in this ('xon.
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It hc.s doclt with the General cspccts of LJest control in
orcler to Live you nn insiGht into this problcw... The
other presentations to be wcdo in this uonth of JanUE.ry
will cmnblo you to hCVQ 0. dctniled Imowlcc.1ce of tho
DethoQ which hes been doveloped to protect rico and tho
nost iwportcnt =oaturos of rico insoct pests.
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INTRODUCTION.
Rodents are responsible for a tremendous reduction in

~le quantity, and also the quality of rice available for
utilization by man in most parts of the world~ Rodents
attack the stems of rice in the field causing mechanical
daE~ge which suppresses fruit yield. Rodents also cause
yield losses by consuming. planted, ripening and mature
grallls. Poor storage conditions may also cause harvested
grains to be contaminated and cnnsumed by commensal rats
at the pre-processing and processing phases, and at
warehouse, commercial stores and domestic pantries l~vels

of storage.

Clowes (1950) estimated that rodents destroy about
12 million tons of rice annually throughout the world. It
is necessary to drastically curtail rodent damage if the time
and material inputs into rice production for utilization
are to result in commensurate increased crep yield and food
availability to the numrun consumers.

This paper will examine the species composition of
the rodent pests of rico. Methods for assossing yiold
lossos caused by rodents and for protecting rice crops

________from ._~avagos.?.:f.. ro_9-~!1~~_.~._~~~._fio.!~_ar~.~.lsQ._ cnUlllorated and
discussed.
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SPECIES COLIPOSITION OF HODENT PESTS___.....~'•• ' • • aO' ............-

Even though more than 10 spocies of rodents may be
associated wi~~ rico crops in a givan locality Table (1)
only a few of these arc usually sufficiently troublesome
to need control. Tho composition of the species that
cause muchlos'scs in fields vSry locally and regionall.y.
Correct identification of each rodent pest species is a
:pro-requisite to ef:ficient and effective control. A

rodarit species could be identified initially in its local
name (which is of immense value in communication with local
:farmers) and later in its common Er:J.glish/Frcrichond
sciantific names. The methods of dotertnining tho idontity
of problem species include direct visual obscrrations of
diurna.l 'specios while they ere :feeding on rice crop. SUch
diurnal species include Arvicanthis nilotious Desmnrost,... .

.&~1!.Com,ys striat}l.f! Linnaous, !9.ruf! .e;rythroPll;s Geoffrey.
Types of run ways, foot prints, patterns of damage and
fo.ocal pellets could be used as indiroct ways of identifying
the rodcnts visitinS a rice crop (e.g. 1. SWinde~ipn.u;s.,

, A•. nilotichs).' Rodent pest species can also be identified
by' captul'ing (by tra.pping or snaring)o.nd stomch contont
ana~sis for noctlir.nal species (e.g" Rattus rattus---. •. . l .

Linnaeus, M. nata.lcp.s.i..~, Dasymys .in.cpnrt.¥!! Smdevall, J.:a.t.era
!~ep.l!:i;' wronghton, ~ ~~ Temminck).·

Some rodents pests of sown seeds can bo identifiod
bydy1ng'the seeds before sowing. This mothod was used by
Funmilayo and Akando (1974)e Rice seods wero dyed groen
o.nd plantod. Vertebrates were lQ,ter co.:pturon in tho

fields planted with tho~dressed seeds r~d their sto~~c~cs

wore examined.
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~- verteb:l~:::.ta with green stomach lining or with rcmnnts of
gr'ean rice seeds in its stonmch wr.s illcriuinated to be a
pest of sown rice seeds. The statu.s of oa.ch pest species
wns l however, daterwin~d froB its population dansity and
the vulnerability of the rico crop to its attacks.

The species of rodents commonly associated \v.Lth rice
crops and the types of damage caused by oach species are
shoYal in Table 1. Nuisance £1Ild pestiferous rodents fall
into three categories: The seed removers - these suek,
remove and conl~e plcntod soedsn They include tho pigmy
lilOUSe (!1. ?~scu.l.o.i.(~.sE) Fox's brush-furred rat J (.!!E..~0BY..s·
~ ThoDa,s), the ship or roof rat (B. ~attus) and thu
~Mltimnnmlate rat (M. natalcnsis). The most important
rodent in seed re~ov~l depends on the locality but M.nntal~sis- .
owes its iuportant pest status to its usual occurrence in

plaguo populations which is duo to its high reproductive
rate, nnd its ability to reproduce outside E:'nd wit~
bUildings. Seedling nnd young stem cutters - th~se.foll,

chop to pieces and chow seodling and young stems. Damage
could be very savere when s~eI:Js (Prir.lOXY tillers) arc cut r.t
pre-tillering stages and a whole plant is therefore totE:'~l~'

killed or retarded. After tho stems have tillered fully
this types of dWimge becoQes relativoly uninportant as
only one or tv/o outer tillo~s,of each 'plant are affected.

I ." • :

The rodents responsible for clutting seedlings c..nd young stet1s

are ho. niloticus, & .!£.ep;gi..t.!. ~~'?R~~ and 12- ~.C.Ol~l~f!.

l:lay be very ir.lportnnt in irrigated fields because of its
ability to swir.l.

FloweriI~g ond.. frui ting sterol cutters these, fell,
chop to pieces and chew steDs fron about the flowering

--------'--"-"''--

stage to when the fruits ~re about rendy for harvest and
thereby prevent fruit production or rmturation.
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Only the inner tissues of the steDs ere conSULled, the
outer sheath and leaves b~ing disec.rdcd. The wc~ rodent
pest of tillered, flowering and fruiting StODS is tho
Crola rat, T. swindericnus, which hes boon known to cc.use-.. .. ....
extensive dcnc.gc in tk':.IlY rico facns.

ASSESS.lENT OF RODENT DAr.iAGE TO FIELD RICE
I •• < • t. • _.. • • •

Rodent dat~ge to fiold rice Crol be Duesured at three
stc.ges; (1) At planting when freshly planted scods erc
ronoved o.nd consul.1cd 1:'y Sl:ID.ll rodents, (2) At seodling
stege when young plants c..ra cut dOVVll by rodents, und
(3 ) At flowering to fruiting steges when rice stons ere
;:gro.zcdl: by cone rOots"

Losses ~t eech stege can bo Dccsured by counting tho
nuobcr or proportion of soeds, seedlings and steDs killed.
The crop yield losses froD the nuwbcrs of seeds/soedlinGs/
steDs killed are than estionted by coopering with tho figures
of the average crop yiold per plant/tiller obtained fran the
SOXJe field, or in the case of totcl daccgc, fran other
rice fc.ros established under siuil~ soils and ecological
situations in the sruoe locality. Cash losses are
ostinnted on the bc.sis of current prico of paddy rico per
ke.

PREVENTION OF DAMAGE AND CONTROL OF RODENT :PESTS. ..... - .. ..... .

PJ:e;v;,ention of .DoI:1p.ac

Rodent dELIJaga to rico crop· cen be prevontwcl or
considerably ·reduced, ~ithout killulB the nuisance rodents,
by good crop husbendry uoasuros and by preventing physical
contract bct.'JVc~_~9.gQ:g,i£:L~~~l_~ic9._._~groP~~_These CD.!l~_._~ _

echioved by:
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1. Early ple.:ntint; 'which reduces sued rerlovnl and sOI:)dling

dnccgo bec~usu of the low population d~sity of tho
rodant pests ct this stage which is just bufore the
prouuction of the first ~I.muul crop of offspring by
Llost species.

2. &Ynchronizod plontillg of rice uver wide c.re~.s reduces
the period during which tho crolJ is availablo to roclents
and thcrofuro the ~nnual dDL~go for that locclity is
reduced.

3. Clecranc~ of weeds, bush and accuuulated debris in and
around crop reduces hurbottro.ge for pestiferous rodonts
and therefore lowers the nw~bers of rodents that could
causc dru:lage.

4.

6.

Maintaining the water level in irrigatod fields reduces
dawage during gortUno.tion and at othor tiues because
wast rodent pests cannot swio.

Proopt h~~estine to prevents grains frOD dropping to
the Bround and being available to rodontsn Grnjns
should be harvested as soon as they arc nature and not
left on the field until they arc dry.

Rodents can be oxcludc1 frow rice crops by v~rious fOrDS
of'foncin6 • FencinB is however expensive and auvisc.ble
only with highly valuable seeds. NOrrJ:ll fencine; is of no
consequence against cliObin€.,f~d burrowing rodents
(e.e. M. natalonsis, R. rattus) since it cannot prevent
their incursions.

Electrical fenco hes bucn us~d in the Philippines.
Tho cUITnn.t__ UL.sunnliQtLfrOl;I a 6/12 volt bn:t.:tory tronsforncd
to 125/250 volts and fod into 0. wiro fenco so that rodents
cliwbine the fence are cloctrocuted. To reduco the
c1a.:nBer to l:1C.Il a.n<.l other non-tarGot aniLk'1.ls thc current is
switchcd on only n~ night ~~d is therefore not effective
aGainst diurnc.l ~~d cropuscular rodent poets. Fencine
is very useful aGainst grazing of rice fart.1s by wild pics
and cows.
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Control of Field Rodonts,. ...~

Swnll plots of rice ere incdviscblo since thoy cr~

o~sily liquidated by pests and thorefore rico fams should
bo sufficiently larGo. Rico plots should bo'oxaninod recularly
for sif}ls of rojcnt infestation nnd dc.nngo because early
detection of these would leed tv pronpt control which will
provent nassivo lossos. Methods of killinC; rodents includo
trcpping, snaring, shootinG and poisoning. Various f01US
of snares (Evernrnd 1968, Fum1ilayo U!ltl Akando, 1976) ere
used in each locality ceainst tho different species of
rodents. Thero uro clso severnl types of trcps which kill
by two wain Dothods - by broakinB the head of back
(break-back or snap trap) or by holdinB the lce while tho
rodont dios of storvr.tion and exhaustion froD tho stTUeClo
to free i tsolf. Live rodent traps could also be used in tho
case of soall infestations.

Cane ruts end the Brouncl squirrel nro bie onoulSh to bo
controlled by shootine, using 00 No. 8,7,6,5, or 4 cartridge
fed into a 12 boro short gun. They arc also killed with
wire snares end various forus of lee-holding traps.
Exclusion of cane rats frow plots with low (~. hi&n)
chicken wire is a cor~10n practice.

Snall fiold rOots and nice can be controlled efficiently
with snap traps baited vdth oil pn~ fruit, oaize-on-cob or
other suitable baits. Fur quick effect, the nuobcr of traps
cnployedhas to rmtch tho size of the inf'ostation i.o. the
n~fuer of traps has to be in excess of tho nuubur of rodents
suspected to be present 0r the nuobor of discrete foetline
points one: runw~s.



••

Rodentioides are poisons made speoi!ioally to kill rodents.
Thero are two types o! rodentioides: An acute rodenticide is
supposed to kill a rodent after the ingestion o! a single adequate
dose while 3 ohronio rodenticides is supposed to kill a rodent
efter the ingestion over a number of days of many adequate small
doses. A rodenticide is applied in the field in bait boxes o! the
size 25 x 12 x 10 cm., with two openings eaoh 10 - 12cm in diameter.
These bait boxes oould be made of metal, wooden, plastio opaque or
transparent ma.terials. Suitable large bamboo stem internodes oould
elso be managed as bait boxes. Bait boxes prevent poisoned bait
from getting wet and from being blo\'1n a.bout by the wind. They also

malee the poison to be fairly target speoifio sinoe animaJ.s exoeeding
the size of small rodents ore unable to' 'enter the bait boxes.

Aoute rodentioides inolude Antu, Arsenio OXide, Phosphorus,
Ratio2.te, Red Squill, Zino phosphide, Sodium Fluoroaoetate, Stryohnine,
Oastrio eto. Aoute rodentioides ~e not reoommended beoause of their
high toxioity and beoause antidotes for some of them are not definitely
known. They are generally used mixed with a oereal bait (whioh oan
be either milled, b:::oken or \~hole grains) in -Lhe p::r:.,portionfJ
reoommended by the manufaoturers. If the oereal bait is whole or
broken grains then an adhesive (e.g. oil, milk) is neoessary to oause
the poison to adhere to the bait. Pre-baiting is essential i.e. the
unpoisoned bait has to be laid in baiting stations for 4-8 d~s

befo~e being replaoed with poisoned bait. It must be rGalized that
one of the grea.test problems in the eradication or rodents with any

type of poison is to ulduoe the rodents to consume lethal quantities
or poison. Refusal of rodents to consume poisoned bait is orten
experienoed, either because the poison is wet or mouldy or is
unpala.table as a result of the proportion of active ingredient in
the poisoned ba.it being--toohigh~----~----------"-
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It is not auvis~blo tu apply ccuto rcd~ticidc ~oro th~~ twice
CI.Ul~lly in ~~o eivan location because poison-Shy survivors
could woke Dore frcquuat poisoninL ineffoctivcs.

Funiennts or poisonous cesses nre rmothar type: of acute
poisons which could be used ceains~ rodants in coopcct
soils or within storos.

The :timieant, Hydrocen cynnide IJowder or
nluniniw~ phosphido tablets that hcve CODe into contact with
~oisture. Rodents thct live in burrows in cODpact soils
could be controllod with hydroLan cycnide ees. The powder
or tcblets is cpplied into tho exit of burrows in dnop soil
end tho uxits blocked firoly with earth. Reopanod burrows
ure treated aeain and blucked ruld tho proc8ss is repeatod
until tho burrows ceusod to be rG-opGnod~

Chronic rodcnticides ore cnticoc6ulants which prevent
blood frou clottin~ so that tho ~fected rodent dics of
r.mssive haemorrhege. Tho chronic rodenticidos ura
relatively s~£er to hcndle than the acute rodenticides
because the cntidotc for the ineestion of V~ rnticoec~a.nt

is an intravenous injoction of vitooin K. Chronic rodonticides
ere sold in four fortlS: us trackinc powder for application
into areas where rodents are active or frequent, cs roady-to
usepoisonecl-bait, c.s 0. concentratod poison (~1o.ster-l:lix) to be
wixed with ccroel bait end in a we.tor soluble foro for
rodents to drink.

Tha anticoceu1ant rodenticidas cO[Donly used ell over tho
wOl"ld inclUde Chlorophcci..."1ono, Diphncinene J Fur..m.rin, Pivo.l,
PI-lIP, Talon, Warfarin. Tc.lon is nn l:'...nticoc.eu1c.nt which is

____-=r-=oo....;,'PU-o.tod tobc__QQ.lK'J21Q_Qf __kill.in.e.-'; &:tpnrBr..ta9! wh; en f''Y'Q

the ruts thc.t arc tonotically-rosistnnt to anticccGulnnt
poisons.
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Thero is no need for pro-baitine with ~ nnticoctulant
rodonticidos. Tho rnticuntulant poisons ~ro usuelly
r.lJpliod at dosace levols of 0.005 to 0.05%, achievocl by
nixinG tho poison concontr8.to ond 1:1illoc1 naizuc1 ur rice
or whoat crains in -Gho ratio of, sey for instance, 19:1

(i.o. 5% poison to 95% bait), rocot~undcd by tho
l:lOnufactururs. Bait boxes contninint: 100-200C. of
enticoc6ulant poisonec1 bait should be placed about 15i~ apart
~c1 also ncar to rodont holes, runways or where rouonts will
usuully find and consuwo theD b0forc reachinG tho itcns at
risk. Donu rodents should bc found III about 5 ~uys fron
the bcCinninc; of poisonine. If rc-infestntio:::. is not
occurine tho consUL1ption of poisoned bait sh0uld drop in

about one week and finally stop in 3-4 woeks by which tir.1c
all tho rodents Dust heve buen ~lioinetod. Surplus poisoned
bait end doad ruts Dust be buried deep in tho soil or
proferably burnt.
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INTRODUCTION......
Rice ruprescnts one of thu DoSt ~~portant stcplc

fOull of the hUl:l<..'l.Il P01JUlctions in V/est ii-fricn. Tho
dev~lopuont nnd sust~n~co of hith productivity of rico crop
~cricultur0 is iL~pcrtmlt not only to Lunr~tco c rJculnr
supply of stcplc fo01 to tho hm:nn pOlJUlntions but elso
b~C~US0 incr~ns~u pru~uction end uvailability of food is
pr0ruquisitc to pcliticcl stnbility ~nd industricl
\.~cvoloP1~cnt•

It is t:encrclly nclmowlwd[;cd thct c;rc.in-ontlll[, bires
ere the.: principal l)Jsts of rice crop nne. thE:.t they quito
cr·i;en tctnlly C::ostrc;y both SU8.1l pOC.SDllt rico crops anel
lcrcc wuelcrn riCe plnntntionsft SUch total liquidntion of
rice crops by birds post huve bo~ roported frou wany
institutional and Govcn~ont fCJnJS 0.11 over the West i~rica

Peasc.nt farl.1ors crow only si.mll rico crops which they
cnn protoct physicclly froD bird posts. The non-availability
of efficient bird ~~struction devices to local ~nruers has
li.uited the size of traclitional rico crops to Sl:1C.11 holuin[:;s.
Wost Africn can no loncer rcly on 8:..1nll rico faro.s if sha is
to be self-sufficient in rice proc::.uction for 2.occl utilization.

sc11,:);:1(;s usinc o.dvancud ncricul turc..l toclmiquos.
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T:lCSU latter cc:cccori,..:s of at.,ricultural ricc prcduction
schoucs ccnnot bc protected effectively cCcinst birds by
traditional nc~surcs but with woQurn bird pest destruction
devices. These devicos incorporate the use of cppropriato
p0sticid.os end cquipDunts to destroy larLo nuubcr of birds
1)0sts at 0. tiDo~

Tho need for biru dostructicn in rico fanis occurs in

two stacGs: (1) at plantinc when bush fowls, doves and
picoons renovo end conSUDC planted seods and younC suodlinLs
nc:c.:::ssitc.tinC sl'lpplyinC ancl roplt::.n:iiinc 'which norwc..lly ~'csults
in unequal crowth of rico crop and poor yield. (2) ct
fruitine whan different specios of wwcverbirds conSULle uilky,
DaturinC end Datured crcL~s which often locds to total
crop loss.

This pnper identifies the DOSt inportant nvnin pests of
rico in West Africn and discusses the various Dethods by

\vhich bird pests Cell be cnntrolled to L~~rcntcc increase
rice crop yield.

The r.min avnin lXlst species anc.1 thu types of dr'..t1D.Ce they
c~uso to rice crop in West Africe ere shown in Table 1.

The IJnin evain pests of planteu secds and soodlinLs nrc
waturfowls and IJcdiUL1-lcrCC crain-onters. The wc..terfowls
o.re l:ID.cl0 up of Pc.lnortic 1Jicrants like tho ruff (Philc..A:.1O.chus. . .
pn01c.x), black-tailecl codwit (Li.r.1usc. linosa) and tho eoxe:;aIloy.............-_......._.......
(~S,.t!.orque<.lulc) and resi<.1.<.;nt water-fowls like tho opur-

wincol1 eoo_~_~ __ (~~ec.t.r.oJ?t.9:ry.E. r;ru:lbl.'i!1,!3,i.s)., ~t:yptinn coos_o _
(A,l.opoo,hcn D.Oi,';YJ2c.ip...o~) knob-billuc.l GOoso (~kidi.o.:rp.i.~

El~~o.notos), whita-fncou troo duck (~?~~ocYcrn f~~~).
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Vctarfowls consuwc se.:~ds frou the.: tiue.: of plantinG lli~til

all the stored food in tilo seed has bu~ usee by tho Crowin£
plant. They also t~nplo seoulincs end WL~o irriLntion
\vuter dirty end unh~althy for cood Cro\vth por!or.or~cc of rice.
This type of daocGe is severo only in a few localities.

The planted rice Grains of min-fod rice nre picked and
ccnsUt~od by wilQ fowls, Qcves and piL~ons (Tc~l~ 1).
Total loss of all pl~tcu secus necessitatinc replcntinc
h~s bcc.:n caused by bush fowls (Fr~colinus sp.) ~nd doves

.. c.

(Strotopelio. sp.) in ncny peasant ferns.

The nost inportcnt cvian posts nrc the s.o~ll woavorbirds
(Ploeeidc.o) which consuno rico froLl the flowerinc ~tace

until the fruit is hc.rvestod. The c;onurc. invclvec1 nrc
,Q,uo,lop., Phoceus, ~.;uJ2.1c.c.t,e.s, R,ass,cr ,"nc.l Lonchuro.. The nost
n~10rous species with the widest ceoGraphico.l distribution
r~~[;o is the rcd-billoc.l quuleo., Q~ulQ.c. g,uoluc.Equc.lly iD.portont
in tho wutter pc.rts of West l~rica is tho vi11c.Ce weeverbird
(P10cc.:us cucullc.tus). Ibny 13lJc.:cies bc.:loncinc to tho Lenura.......... . .. .
of weo.verbirus wcntioneQ above .cro capablo of co.~sinC severe
10c0.1 c.lru:ln.[;o. The sl:1:1.110 st wOD.vorbircls l1Ullot~a the huslc of
the o:.nturinC crains anc.l suck the uilk while thu quole.:us both
suck oilk of DC.turin£:; Cra.ins end e1so conSUDe c.lohusltcc.1.
r:mture [;ro.ins end the bigger speoies, like Plooey;s, consume onlY'
the dehusked matured grains.

~J3,se~S!-~~c.n,t of. Bj..rF, ,Dt1f'1E-Co ,to Fi0..lll. .r!.c.c.

Bird dOJJD{:;O to fielc.1 rice Crul be l:loc.surecl o.t throe
staces:

------:r-~----n-plL'.niiblt: -- when plau ~I,)d -SC-et.~ c.r~ rci~--e.ilil---eGnSU::luc1

2). At soodlinc steeos when younc sucdlinCS (of both upland
nnc.l irricated rico) c.ro killoc.l nna (3) At fruitinC
whe11 l:lilkJ', rJatur.inc o:nc.1 l:IDturoa creins ['xci consUl:leu by
wo['.vorbirc.ls.
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Lossos at steeas (1) und '(2) c.bova CUD. bo tloc.snrec1 by

countinC tho nUI:.lbcr or IJrOportion of seeds rOlJovoc1 or the
nuober or proportion of soedlincs killod. Lossos c.t stoce
(3) c.bove can be tlo[".surcc1 by cletorni!linc the total aroc.or
proportion of tho rice crop' conSULlCc1 by weavorbirds. The
yield lossos in oachcnsQ can thon bo converted to cash
losses by usinC the current nc.rkot price of 1 kL of peddy
rice.

Control of Avir..n Pests of Rico-........ - - ,..... .. .,. .,.

Various scnro cro~s can be uscd to prevent the US0 of
rice fiolds as raosts by waterfowls and thus prevent wild
foul trauplinC of younc rico pl~ts and the visit of
pestiferous bi.rcls to freshly plcntcd rice fiolds. Ju-oas
\~lich aro borc.dcast seoded ony have sovore seed end seedlinG
d["~~ce mld Dey thorefor~ need e lot of rcseodinc.

Poisoned crains (e.c. oc.izo brains soaked in insecticides
lli~e Dieldrin, Endrin, Tclodrjn have boen used to kill
bush fowls, doves end piccons whj.ch consuwe plontocl ceroo.1
crains) but thi.s .I:.1cthocl is potentially tlnncerous end
Should not be encouraeed.

~ne nost serious ucsJc.ce in rico is caused by tho
r:.:;rainvorous wec.verbirt1s of which tho l:.10st notorious j.s

9.'1;o.1..eo.. guol0E;' .9ac.l.9.P: .9.U;.ol0,o. livos in lc.rt;o colonios
consistinc of thouso.nds of inrlivi.dunls. The troublosO~lC

colonies nro located durinc tho dey end tho essossible onos
ere destroyed a.t nicht with oxplooivesll p.... trol bOl1bs, flona
throwers or orCunophos~10rus poisons. It Dust bo a.dded that
Dost of thuse pcsticidus and tho oquipDonts for dispunsine
thea a:ru-- no 'j;; so-l-d--co!.jJ,_~olIiy-m-~ur-'t1TIflforr--A± rJ.con

countries.
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l1:i.llions of quclc~.s cr'u dustroyed Ollu..'"'..lly ond Co D.JCsuro

of croD protoction is nchievoQ in ~~ locnlitics but
there is noed for L~provoucnts in thu sp~cificity of

the chcuicc.ls usod end of tho nothods of application to

roduco risk to non-tnrLotspccios end ~IDn.

Hu::.1Cll scc.rinC is thl; LlO st wicloly usc:d wc:thoc1 ill flost

~frica to provant uocVGrbird dunnec to rico froD riponlllC

to harvestinc_ Sc:'.XinC is only uffoctiv0 in S"wcll

l)lnntc.tions und when tho birds hcve ['.Il v.l teI'!lo.tivo source

of naturc.l food (liko wild crass fruits) to feed on. In
l:.K'.ny \"lost J~fricn.n villa[;os fnn:lOrs usu ;:juju" or locGlly-Dado

r0pellc:nts to prevent postiforous birds frolJ visitinG their

fGn~s. The -:;ffoctivcl1oSS of I: juju" still ncclls to be

confin:.lcd D

A non-lethal chenicul repellent, Hc:thiocarb (3,5-c.lir..wthyl

4) (uethylthio) phonol Dothylcarbc.wnte) hcs boon uscd to

rcc.luce bird dunneo to both freshly plnnted rico (Bru[:;cors und

Ruulle 1977) and ripening rice [rains (BruLce:rs 1977) in
Sunccnl. This roplcllont is yet to be usocl on cou-lorcio.l

scc.lc.

-----_.-----_._--- ....•.... _.. ..~... -_..
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Ta.ble 1: Species composition, types of damage and control methods

of a"ian pests of rice in vlest .Africn

1
Dr .... I .... -,'Name of bird Type of Dama.ge Severity , Control

Common- Scientific of 'Demege Methods
I "

IRuff 1 . Philomach:ts Consumption of

I UsuC'.lly smal Scaring,I
~1IDa.."C

I
freshly planted but could 'be Chemicalf

1 seeds and seed- I locally repellents

I lings of irrigated I oevere. and shooting.
rice. I

I

Black- I Limosn Limosa Fouling of irri- I
tailed' gation \,rater. I ..
godwit I I

I I

Gargancy Mcs- II
" H..9}1;erguedula

Spur- P1a.ectroptc.ru~ Jwinged gargbicnsi~ I: I r; II

goose I
Egyptian Alopochcn

~. I I 0-

I
.. ., ..goose c-.cQptiacus

I
1 IKnob- I S~rkidicrnis I
I Ibilled I mol [I.not a. tl o. HIgoose I

I
Whito I Dcndrocygng
faced l:f'ulva Ii H II

tree du~~::

Bush Francolinus Consumption Modera.tc Scaring,fowl bicalonratus of freshly but could Poisoning~
_.

plented and be locclly ChemicalCrcl<:e Creoopsis germinating o~vero repellonts &
egrogio. seods of shooting.

Rod-eyed ,S.tretopslJ.a upland rico.
turtle semito;rguata if .. il

Idove

I
......•,..._-- •... _-- ..-- "-T'·· ----------_.~'-----.'--.. _._-~--'-~-..~ -- -~

Red-
billed
dove Turfur a.fer " It II-Laughing Stimntope tia r:

·1
I: "dove sene~cnBiB

•
l I

I
I , --
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- seve;i't~ o~I.Natlc of bird J Types of Dcmage I Controi

1 S' t" f'" ]jnrn..~ I MethodsCommon I C1en 1 J.C II

Red-billed I$e1eo. Consumption of I Usuclly Scaring
quc1en sme1ea lIk.....turing CJ.ld I severe ftjuju"

I . ripo gra.ins of EXtermination
Red- bothirriga.ted I of birds in
que1ea QL!elcq and upland rice. I

roosts ond
emhr°Es ., nesting

colonies
Village P1oeous Chemiccl.
weaver- cucullatus repellent
bird "--I
Chcstnut-
end Oblack IpIoeous
"maver bird nigcrri~ I .. 11

Bronze Lonchura I " "..
manninkin cueullatus I---I IBlue- I
billed Lonehurc I

manninki reOlOr I t: .. "
Golden Passer
SparroiV Juteus

IGlossy "~MlProtomiS
starlinG fPO II • ... I I ..-.-..

----- -------------- -----~------.-- ---- ------
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~!ORPHOLOGY AND GROWTH STAGES OF RICE
~=---> ..- •. • • •.. P"?Qz~""""-""'''''''-=

A. O. Abifnrin
Senior Rico Breeder - IITA/
WARM. Licison Scientist

A. !'IDRPHOLOGY

INTRODUCTION

Norpnology of rice is the form and structure of rice.

Rice morphology describes the l~ in which the plnnt is seen

under its environment, the pltlIl:f;rs ports and how they CI'e

cnrriod or botmd together. ThUD the plant morpholo&y could be

looked upon ns the plnnt c.rchitecture. Plant-type is on

nssocintcd term that aliJo describes hOt,! "t!.l.e pl~t 08I':i:':'CfJ itcclf

or tho pltlIlt architecture.

J.iorphological chnracters of the plants thet nrc coverod in

this lecturo (illustrated lath slides) nre o.s follotIs:

Tcllll0SS is generally roferred to aD en undorsireblo

char.nctcr for most typo of rice. Tnllness on tho ncgetivo side

is o.ssociatod with lodgin6g low responsivenoss to fertilizer, 10~1

tillerin6 etc. On tho other bend under somo ecologios

intermeclic.to hei6ht (100 - 150 cm) to real tn11 pIenta (150 - 300om)
Q.l'O t'.dvuntaeeous o.g. under floeting rico ocoloeY.

2. Loo.f--
In tho considcro.tion of rice morphology' lcr-vao a.re the

physico.l cl1d pr..tholoc;icaJ. r-.ctivities. Lonf m..1iY' bti defined from

morpholcCiccl point of vicll no e lctornl orgcn borno by tho Dtem

on axis of most plents.
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other morpholocic~ tcros c~socicted ~~th le~£ ~e

briefly defined bclon:

(a.) Fl ... ". le"'f'o-~..r;; c.._ •

This is the topmost lc~f below the pnnicle.

(b) Loa.£' blcdc:-
---~."""'''''''

In rice it is the thin, flattened conspicuous portion of

the leci' joined to the lea.£' shenth. It is tho major pnrt of

the plcnt responsible for photos,ynthesis. It is green for

most port of the plcnt life-eyle. Lenf blcdo m~ be short

or lone, narrow or brod'..

(c) Lonf shodh:.... - . . ......
The lOlier pert of the lenf l"lhich invest or llI'npS ::-.round

the stem. &1 good bc.l::.'..l llI'r.pping of the lenf shedh is nn

importcnt foature for lodGins resistance.

In rice it refers to the dist~nco of tho lo~ blade from

the stem. It determines tho openese or closseness of the lent.

The [,"Cnernl descriptiveterms.often used ere erect (r.ngle of 0-300 )

1nte~edinte(31-600) horizontal (61-900 ) docoondincr O~ droPPT
(over 9" 0). Erec·t flo« leaf' d1soourngos bird c.ttool: co the

gr~s on the pC'.nioles ore leas showy therefore more
diffioult to reaoho

3. Culm-
Thie io the stem of 'the rice plnnt. The lenves have to be

removed to soo the culm cxcel,t lihon len£' shenth ucpping is

incomplete. Culm is round end smooth with nodes Md internodes.

In'rico it is the uprie;ht ....xis of the shoot. Morphol0cicnl
--------·-----importC'Jico-:i.s-tnerelntivo r..bilny~cnrry tho Ieu.vos and the

panicle. Usun.lly thick culmc core lodGinG' resistant though heic;ht, '

disov.se, insect pests, coil'fortility, stem c.na.toll\Y etc., o.:ro o'hher

fC'.ctors thnt influence lodcinc.



4. PD.niolo. , ....

•• 3.4·5 :

This is ths !lervost portion contdni:lg the rico gt"o.ins.
. . , "

Ptmiclos 1Il'l\Y' be long, sho;-t, ~. be lax or open or tight end compact.
• • '. J' • - • .. ~ .' ..

Othor terms of' morphological, i.mpor·~c.nce n.asooi.-.tod with

panicles ore:

c.).

b).

0) •

Paniclo O%is:- tho mnin axis of the poniolo. It ,is often.....'....... .
distinotively e;roovod~ oxtcndingfrom the bc.t:Q to tho o.pox.

Pcniclo b:l.so:,,, the nc~.rly solid hodo betWOGll thQ uppormost
..... .. r •• ••

intomo~o ot tho culm in rioe and the mnin c.xis of the

paniolo. Tho first pri~7 paniole branches originate from
thi"s' node. ..~ :-

Pc.niolc Clx~!1rtion:- -,his is tho exposure of tht. uppermost
~.~....... ~----. ....................
intem..::do below tho paniolo bo.so o.bove tho fi-o.g loaf... A well

exsertod paniclo is one in which panicle bo.so it3 oloo.r1y'
. ,.... '. ." I ". • ..' ",

above tho nne l~t\f shop,th; po.r-~ly exscrtod pnniclo is one
,;. oj.••;,..,. ."/ '. • "':. ,.. •.; _., • • _. '. • • • _,"' •

in lthioh the po.:'1iolo base appears at the SMO level o.s the
• • .~ •.••• ~" ..:: • I , " ..'• , :

tup of tho floe loaf sheo.th.

Thoro a1'fJ othor minor.morphological aspoots of tho. rico plents.
• • ' I ' • •

So~ of thoso ere assooio~o~ with tho groin e.g. ~ain longth, shapo,

sizQ ond ~lmB. There aro othor ph\Ysiologiocl morphological nspeots
.' : _: "~, .. ",.' ' . ..

such ~s v1gt.?r and til~o~inG.. '!'hOBO wero illus:tr~tcd with slidos ,
",' I'.. • , '.

during tho lecture.

:8" GROWTH STAGES
• • IT .,.

.. Growth,:stages mq-.be dofincd 0.8 distino:t poriode in .tho life

O7cle of a rico plo.nt. Thoro oro 9-10 major t wth stnooc of' rico.

Mnst of those woro illustrctod tdth slidos.

,,'.). ,

,.' J'
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1. G~:I:m..'!1c;l;ion tC" Oi:l-..:-:{;")ncu- -_._--_...- .-* ~..-._-
Gcrminc;l;i.Gn J.B i;h\,; inl ~·iu.l g.L'Owth of tb..: c:nl-ryo from the

seed. Tho ro.diel0 fir'at ~!"otrudc.s from the scod fC'J.lat:od by tho

shoot.. Emorgenee is t:lO .::oct of a. germi.no.t~d seed eowina into view

~1':oV'C the ground s'JI'fa.co cl'tcr SOWirlg.

2. .§.o,c.¥illf\ or tr~....!..iEA

This· is when the socdlin15s have reo.chod at lc:,-st· 3-4 lec.f

stage or 3-4 liOekS a.fter SO\dng.

3. Tillez:i?,g---
Tillering stages is usunlly between the period of 10-60

d~vs c.ftcl" tronl:.iplontinc,.

This is tho stage uhen tho 4--6 elongD.ted intornodes start
to elonga.te. This af'ten coincides with tho tillering sto.ge although

iihe 1st o.nd 2nd (topmost) internodes m..V· oontinu~ to clongc.tc past

tile mnxi~~ tillering stago.

5. :Bo~tin5

Booting is tho chc.rnotoristie swelling or onlnrgo:nc.."1t prior

to fl')lroring. n is proceeded by ponie'.o initiation. Ir.. 130 - ~

tn<:l.tla'ing rioo VOol'ivtios it occn:.rs 7) d~s after sccclincr cud o.bout
'" ...

55 d~c prior to In..1.-:'ul·ity. It :i.El 20-25 dCiYs before flolrori.!!g.·

The pcnielo is 1 r.ri.ll~.mei;or in size at th~.s s-k6'C.

Hon.di.r..J:!'
.......-'""'..w::i

JI'his is the stnce tmtm tho poniol0 ell*::rges ou·~ of the flug

sheo.th•.

This is the sio.cc lmCl1 the 1:lpikolota CJ;~ Cpon3U. Flol-rering

oO'J'U'S about 35 ~s nf'tor tho poniela initiation end ubou·t 25-35

~B bo:ore lu1.rvestine.

" l'
...,>



8. Hill:::: st['.,"':e.---_.-.......-

.. ..

This is the re:)roc:'uct iva :)heso "men the crrnil1s r'.I'C just

beine filled \'uth carbohyclJ.1 c.tcs. Tho crc.ins r.rc very soft ~d on

prosoure r:. milk like fluicl c..nrude from the ercins. The milk

stacc is ""bout 8-13 dc,ys ~.ftcr fertilizntion.

9. ~Lh.§.t.C?c

The sttl6C when tho rico [,Tn.ins erc filled but still coft to

pressure end the 1ernm.."1. c..nd pclca nre still creon. It is nbout

14 - 21 ~s niter nnthesis or ferti1izc.tion.

ThilJ is the stcce "mcn tho CI't'-in is ripe. It tclccs c.bout

30 d~s c.f'tcr fcrlilizdion. The pclco. nnd lornr.1Cl. chr"l1Gcs from creon

to strew color. Tho BI'c.in moisture content vr~ios from 18 - 22%

nt maturity during dry seeson.

ELugsestod roc.dine mntori£!!

1. Benito S. Vcrec.rc.'1979. A fnrmcr's primer on (;TONinrr rico.

Internntioncl Rico Rcoonrch Instituto, Box 933, 1t~i1o.,

fllilip~ines - pp.221.

2. Intcrnc.tionc.l Rico TestinG PrO€,TL'lll 1980.

Stnnclard cv""luetion ~rstom for rice. 2nd c~ition.

Tho Intor1!c.ticnr.l Rico Rosenrch Institute, :Bo~:: 933,

n.."'.Jli1n, Philii')pinos .~ Vii :)p. M·e

.., . .1
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l'JEE:DS _tll~m THEm CONTROL IN 1nTEST 1.FnIC1UI nICE

:CCOSYSTENS

I. Okczic likobunclu
Heeel Scientist

Inten1~tion~1 Institute o~ Tropicn1 AGriculture
P.N.B. 5320, Ib~u~, Niecri~.

]!!TR0DUCTION

nice is 8Town in West Africo. in ~ Trrido rD.11[,"C of cco10giccl

situG-tions r rmging from c1.ry1md. (up1D.11d) throuGh hyc1romor:.)hic to

sha11011 SUCJil:,S ~d flood 111dns. Consequently, "lcoe-:' infcstnticn

is by m.::ny diffcrent s;Jccies r.cL.:.ptec'. to the specific ecoloGY in

uhich rice is !3.,,:,oTrm. 1>1ec(1..o h.:wc ~or lone been ncc01Jtec: in Host

.Af'ric~, <'.s the nr,turcl consequence of 1e.ncl c1eerinc e.m':. crov

production. Since '''leeclc c.l0 not r.:J:)e~ to c.1...:.m..:.G'O crollS p1lYsicclly

e.s Iilnl1y insects end disee.ses clo, weed control mee.sures (if used o.t cll)

hnve 1nrcely reLlnined the olu method of hnnd vul1ina o.t the ~nrmcr's

convenience • Limited rCElcl'.rch in~ormntion a:vr'.ile.b1c on treed

intc~ercnce in rice pI'oduction in vlost llfrica. sholt th~t yield loss

cnuElecl by uncontrolled ,!CoG. GroTrJth is hiah.

This l)Cl.ver l'ovieus '\>Ioec~s of Hest African rice lr.ncls,

their bioloGY nnd methods of cIlIltrol thnt nro c.pA:)licnble to

f~rmers t~~t m~ not h<'.vc nccess to herbicides.

HEED BIOLOGY. .,.. .
Definition..

A t·recrl . is ('. p1n:.1t c;rouinc tlhore it is not tr.-'::1tccl: c. lJ1r.nt

vico vcrs<'..
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Plrnto ere dso ccnsic.erec. :700(10 uhen th.oy il~tcrfere t:ith the

utilizr--tionfl of lrnd end u,;~cr resources or othenn.se ;.ntrucle upon

men's 'l.:elfcrc. SOI:iC other :.)lc.nis Gre He'J(~G 1::cc~u:::::e ,the::~ ".re

poisonous to Iro.ll DIld/or livestock, or nre obnoxious r--t cll times.

Chcr~cteristics of wceto
.... t •• • •

lIeeds hr.w cert~in ch~t1.cteriotics th......t m..".ko them

undesirc.ble end unsiGhtly.

1. !. tendency to {;I'0tl in ~ undesired locdion.

2. Co~~etitive end ~Gcreosiw habits.

3. Uild ancl ra'l1c {;I'outh. Some Hoeds h~vo rapicl crouth habit
..

~d t.cncl to use the hGbitc.t more efficiently th~1 rice

c.ml othor crops e.c;. got.tppellio. exci.l tc.tG, ,~l?h,orbi~

~;,r.o+1p.y;llo. ;mel Euj).r;.t.o,riWl ,oc1orc.t;u,m.,

4. Persistent nnel rosisttllt .to cDntrol. Weecls thr..t flhoti these

chc.rc.ctoristics hr..ve diverse forms of ~rolJr..cules end

otruturo.l protection from control prc.cticos e.c.

9Yl?,.eruE 2.,sculcntus, QYJ?CI'Uf!, rotun,du! encl C~rnpelin". spp.

5. Ric;h reproductive cr.l)Q,city nnd. consistinc; of l~c;o populc.

tiona Mc..ny weods th......t ~hot"l these chnrr.ctoristicG {',I'C

~ucls. They ~o often c.clnpted to overcrolltlinG. Exam:;>les

nrc Tricl~: Erocu~b,c!l.~ end~~ c<?E;Y3oic~o.s.

Clr..soific~tion of ~~eds... .. . .
In c.cltlition to the t~onomicaJ. clo.ssifioc.tions, riee

weeds C~ bo further elcooified basod on lite form, lifo opnn

end ,hnbitc.t.
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Clr-..scificdion basad on Ii -:0 form
-~.. • I'::......... ~-..

•.

(r-.) Gr::-.ss ,-rceds:••• ,n ~

lIer.1bero .':f this croup c.re ~mu..--.ls .-.nd

IJerermicls ~:l1(: the leaves ho.ve pm-cllol veins. !j,t cc.rly

vc[;Ctativc sto.ccs they are cho.ro.cterizecl by a. erowinc point that is

protected by l~ers of loci' cllc::'.th. Thoy are difficult to control

nt tho eaxly stc.ecs bccnusc m..'"!J'JiY" members look like rice soedlines.

Common CXo."'Jl'II)les :'.Xe Di.?t~i.r., Aorizonj;L'}.i~ Hillel, ~t~ir. lona;isotn P,

Echinochloc colona. L ~cl Rottboellia. excltatn t •
• ••• I ... be· 1_ ••• , •

that ere net-veined.

(b) Bronclloa.£' ~reods:
• I P

These nre clicotyleelonous pl~ts \:ith le~wos

Ucmbero of this eroup thnt nre pests of rico

include ~\co.nthos-JZ.ernul1'lE2-.s!,i,dl:Ill DC, ltL1-Oratum E!?&zoi,c1e,s'i S;'penoclon

z.ezlnniop. Ga.crtn. 5 Eichhorni.C; !!t~ o.nu. lt~ol.lc. sp:..~.

(0) Secl~~= Woeds in this L~ouP resemble erecsos but cnn be

distincruished Qy the follotdnc chnracteristics: cross soction of

the stom iEl trianeular Me..: the lea.vos occur in three r:-.nks.

UnderbTouml stems of some meT.lbors m'e modificcl storace rhizomes

or tubors. Cornnon cxnmpleG nre~~ rotundus L., C,nJeru!

&fL0rmis L, ,I~l1in.fP:. ~lpo.s.o: P. end ~isc~ spp.

(d) iU®e: These are cquo.tic o.ncl sem aqua.tic c;roup of sinr..;>le

photosynthetic plr'.Ilto. They cnn be troublesome ill Da.dt'.y fields

mere the ur-.ter is stngnC'J1t.

Heode of Hest AfricCll rico loncls CM. be clo.ssifietl into

tHO eroups on the basis of life spnn. Thoso aro rnnucls nnel

porcrmiclc.

(0.) .i'.nnucls: Those are trceds thn.t complote their lifo cycle in
F P

one bTOl-nne conson. They m..~ be crasses, broo.cUoa.vcs or sodeos.

-.lUlilliQI--l-rccCIri prodlice l"'.ree qti6iitItlos of seeds rJ1clhcvo oUic[ei'lt- ----
methods of ccou disporsr.1. Common oX4~plos inclu~e Echinoohloa

R •

colonn, Brnchiaria. u.eflex~ ~d Tri~~ vrocumbens.
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(b) Pcrcnnicls: These lroeLs either require nore thnn one
r • • •••••

[;rOt·Tine se~son to complete -th.eir life cycle or tend. to (;,TOt1

inc~efinitoly. They m'e ~miculnrly r.,cln.ptecl to fclloH' systems

~d ccnorclly hnve pcrenn~tinc structures o.c. ~lbors, rhizomes

or stolons. E:ct"..l'1ples m'e CJrj",e~.s rptundu!, O,:r;y;zc l,onc:istcrnindn

Cl~ssificntion based on h~bitnt------ . ,... .....-.....-...

HOOClE: nro cl2.ssifie~l ~s cqurl.tic or non-qudic c'1.el)ondine on

Hhnt moisturo roc-ime they h~ve .:'.(:~.ptccl themselves to. lJ.l

aquatic Heoc~s h~.ve in cOr:m1on, L:. l)reference for aqudic hnbitnt.

~~ntic woods are further cl~soified aO:-

(0.) ll.~Pi;;, l!y'clr,ojJpyto,o: t:ccds that are in contact uith untor

end nir only ~.e. wnter lettuce (Piotio. strntioteo L.), nnQ
.Azolln SPj;J •..
(b) Epe!W!\t, lEm,ors,ccU. ]w.c..r.o.l"~: l.quntic woe(:'s thnt nro in

'contO-ct tath substrnte, lJ'::'.ter :-:.l1(~ a.ir e.c. t'lhite lJ'::'.tcr lily

(NY,T!1j2hae.q nmJ?la), wnter spina.ch or nquntic morninc-clory (Ipomo£.a

£;9P;r.ticn a.J.lc.1 Le,cr.sir. ]1cxOfic;riJ •

(c) SJlbme~.ecA lSJlbmerse,CJ ~c.\I:qll5YYe8: These 1I0Ct:S root in the

substrnto or hydrosoil but c:'o not emerco above the l'1<:'.ter e.e"

Eaoden (~na£~usiFho~~.)

Tcxonornicnl clnssification
•••••• T ...........

This is t~o clo.scicr.l b1110micl clc.scificatiol1 thr..t (;I'oups

angiosperms into monocotylec.lonous c.nd clicotylcclol1oufJ ,1cntlJ. Within

each croup tho weods nro ~lrthor sepnro.ted into families, then into

gcnorc

Species:

end species e.c. Frumily: Compositne, Genus: ~ilin.. ...
sonchifolir...

I •
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HEEDS 0li1 !,Il.Jon nICE: ECOSYSTEl,1S III llES'r AFRICA

Uee..'l.o of U,.,l['llil rice... .
t-1oec.~c of upl['l1t'.. rice nre similr.r to thoso of othor

uplc.ncl cro:Js. Uploncl rico is erOlm in ocolocicol zones from

forest throuGh so..WJUlc. to miLl-cltitUdes, the woed florc in these

zones ~.:ry Ilk""..inly in reS~Jonse to ch:mecs in roinfcll Cl'ld

microclim~tic \::on<litions. The intensity of woed il1fectrt.tion end

species richness c.re nlso modified b,y loccl 80il conditions, lnnd

use oystcm ~..ml croppine :i.)cttern ane.: frequC'ucy. Thus s lmile

nottboellin cxnltntn ~'1 bc the r.k~jor ~rocd limitinG rice prouuction--- ...........
in one nrec., ~!£.oc.hlop~ .c.<?1."P.£: li'l.:'y predomine.te in L'J'lothe;r reeion.

Some 110e(~S such e.s Rottboe.ll}..c .c:coJ.;tqtc c.nd ~hoz:bic 0P:". c.re

problel11s becQ.u8e they crerminc..te o..t o..p:i.Jroxima.tely tho O['.r.le time ::.8 tho

,rice crop D.nc.'l. competes l1ith thecr01J for nutrients, moisturo or light.

Other uectls nre ephemeroJ. annunls toot o..rc found in stnnc.:o by

mo..turine rice plants, e.s they ccrmil'Ul.te o.t'te:.' the le.st h:mcl-l-lcedin6'"

Such Into Hoeel infostc.tion .hc.o little effect on crop yiell1 but it

interferes with crop hnrvootincr and ofton he.rbours roQanto. A

liot of COmIi1on ueeus of uplc.nd l'ioo is B'i'ren in Tcblo 1. The

major weeds of the humid reeiDn include Pcnicum maximum and.........................

PorcnioJ.oecls of t~ior clonred forest role. <'1.erivod so.~.nna

zones include SYJ?.c:rp.s spp. anel ImJ2o.rq,t.~ ,£Y;lind,ricc.. Tho perenno.tinl3'

tubers e.m1 rhizomes of thoDe \1oec1o mo.ke them more elifficuIt to control

then tho c.nnuo.1 weoL:.s.

lIece. cQLJl1'.:rtition in L1QrO_~Q.YQl·Q_in i,,;:.r~lrQmpr2h:i,9_t;oi:J..:J __ . _

(Fnt:.r.mno, bolilnndo) thu"'l in uplc.ncl I'ico ccnclitions. In e.<..1clition

to the woe<..1o cliccucscu cbovo, troods ntlnptc<..1 to t~~cr-loC~<..1

oonditions liko !,i,mb:rz.~l.i.s 611'., Ec]1:l..nochlon spp., /,;tji.crnnntherc spp.



LOSSES CAUSED m: t"lEEDS IN nICE

c..ntl \Jilc~ rico (Oryza. sPP.) ero cornmon problems of hydroCloI?hic

soils. Lt le~st thrce tioely h~~-lrocdine nre nececscr,y to minimize

yield loosoo cc.used by Hced cor.J:~etition. ~rcchc.n:'ccl methoc.l of

interro'tl Heecli.nc io not ~i..j:jlicnblo in these comlitiollO becc-use of

hieh coil moisture con(:1tiono.
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J1qua.tic \teeds predominc.to in this hnbita.t. Those Hoecls

include sedc~sf gra.sses nnd broecllea.vcs. ~ list of COmDan

c.quc.tic \leeds of 101l1c.nd rico nro eivcn in Tnblo 2. J1quc.tic \loeds

ldth uicle Qotributions era .o~,[.za. lonEi.s.:tq;;p.na;t.s,..~e.~s opp.,

~~ uPI>, F;.i,flbrj.st;y;lis, sP:J. f El.eoch~is. sPi..)., SC.irpJ1s .Sl)P.,

tic,hinochl,g"q op:)., S;ehcnoc.l.e.~ 0:.):). nncl LOJl.toc.l~,o.a.. Thoy nro di:ffi cult

to control b,y culturcl methodo.

One of tho most la.bour requirin~ opcrntion in rice

production io weod control. H~ld wooding in Uk~ rico a.rens in

t'le13t l.fricc. 11......s been ostill1c.....tetl to be 250 to 780 man-houro per hoctc.re,

clopenc.ling on tho ucosystcm, frequency of weedina' end cnvir<?nmentaJ.

conc!.itions c.luring croppinG. Poor lallLl prepa.rc.tion ct plc.lltinc time

is a. rojor factor nffoctinc; the severity of \-lOod infectc.tien.

In pa.dt'.y rice, \r.:'..ter mr.nc.6'Coont is another factor in Heed control.

T,ypiccl yield loosos in rice r.rc givon in Table 3. In ul1lc.nd rice 0.

heavy infootc.tion of Rottboollie exa.ltntc. ms been 1010141 to ceuse totel
I ... •• --.0,;;;;;;;0,...........

crop loss. Lyieli reduction of up to 80% ha.s boen reportod for weed

flora. in uplc.ntl ccnc.litions. III clirect-soo<1od lou1rJ1Cl rice uncontro11ocl

\'lOocl eroulih cr.n ca.uso yieltl 1000 of up to 70%. In t:.~r.nsplC'.l1tot1

. -TOWloncl rJ.co- wooiIcomi)otIti"ori c~M-15cBori"OU:s-wliore -tIlor,iTs :i.ntornll.tlont _._---
supply of ur.tor.



lOOHODS OF UElm CONTROL

.•..

For loulcllcl rico, pro:!or lc.nrllevelling is neceosc.ry to

onb~re c wliform WD~er de~th•

Incre~sed yields fran usc of improvec ~xieties ccnnot

ccnerally be rec.lized 'by farners until troed control pr~ctices

ere ir.lprovecl. There nrc severcl mothocls for roducinff ueeel

relcteL yield losses. The choico of method ~rill in ~crt depend

on ferm size, lnbour avcilnbility end the economics of 9~erntion.

In intc[;"I'ctecl r.lethoel of ,-reec'1. nc.nCf,"Cment is in most situations

better then uee of any one method of ~rood control.

tIeecls nlco ccuse crol) loss 'by servil1ff cs clterllr.te hosts for

severn! insects,nct~~toues~d fw1cnl diseeses of rice ~l~ltS.

They also provide shelter for birds end rocents.

Thore ere t'1TO ffic.:.in ol)jectives in lcncl propc.rdion. The first

is to provi(~e cood physiccl conditions for the 6Cruinatioll and

subsequent (JI'owth of tho rice. The second objective ie to Dro-

viele ueecl-free condit-ione d rice l.,lc.ntinC. In most rice [,JTO~rinC

conditions, Gevcra.l tillnce oporntionEJ nro umlnlly requirecl to

cchicvc a. "TOod-froe seedbed. 1.1thOUGh n fine tilth favours seed

cermin~tionv ~ rouGh eeocllJec: is often needed in Uest l.frica. this

reduces CToetly the possibility of coil structur~~ broclcdo,~

under hiGhly erosive reins.

.---- ---------------~---nri:1:r iv n -l)I'llct icn1--ro.nt ott1ot<:rnt"- motlH'l~or_clJ:mi:no:tine-----~~~-----------

wecclo tIithin the rOHS (,_..l1C1 hill s of crops in t-bich l-leccls tTill bo

difficult to reL'.ch with the hoc or other interrovl uoo<.lors.
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It is the bos-li r.1othocl of oontrol for mmucls Cll(l si~)le l1orcnniols. This

weee.'!. control method. usuclly requires thnt tho fermer "'tdt until

tho "meels nre lcrCC cnouch so th<:'..t they ccn be firr.l1.y hele'" cml

~llec."!. out. .:i. clisa.dvrmte{1"C of this cothocl is tha.t the 'Heot!. ~

he.ve ccusctl c1n.nu:'.ee to the crop through competition by '~hc time it

eats to this stnge.

In u~la.nc"_ rice, tHO hoo '-lOedinGS nt 30 mel 70 clC\Y's a.:f'ter

rice seetlinG ere necesser.r to minimize yield reduction cr.usod by

"lOods. This l'leodincr frequency npplies to most rice [.TOUincr

conclitions except wirloly s;:>t:.cecl h;y'clromorphic rice ,,:here c ihird

"roedincr is eoncrolly nccecscry. 11Ilothor tliElndwnt~ of hcnc.1

'troccline is timt it is c..pplicnblo to smcl.l fa.rm sizes (less than ono

hecta.:re). Ai early era:) estcblichmeni some seecUincr lrocds e.c.

Echinochloe spD. c.nd ldld rico resemble seeGling rice cn~ could.. ..
be mistaken for thc seocUinG's of cultivnied rice.

Thio is the most uicloly usetL method of vroetl control in

tiest JI...fricn. It· i.s t.". fastor operntion tlum honcl pullincr of '\ieeds.

Like hond-lmlline. it is moot oconomicr~ in small plots rnd in

crens llhere lcbour is chcc..l1 {'J1cl aveilcblc when neoclecl. Thoro is

o.1so n rick of cccidontcl crop clC'.IIIO.@3. Tho effectiveness of hoo

'·lcec1.ine:; is I'ccluced Mel frOqu011CY of vroeding increa.se<.l in high

rcinfcll conclitions or in hy~1remorphic soils beco.use the tioed is

invnrinbly romoved ldth c bcll-of-enrth end rnl\1 end up first

trc.nspla.ntod from one locc..tion to nnother. Hoo woodinG requires

that rico '00 SOl'Jl'l ~.n lineo t'J1cl r:t interrol1 spccine (':·5 cm is

populcr uith 1i1O.:ny West :"friC~l fa.rmers) thd \ull permit eo.ay

__. ._ ... _manGuver~~~_~~~ ~~l~~~ '. It is 0. c~ifficul t mathoC'.· te ulJe "Thoro
broa.dccot oeudine io prnctised.
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4. r,tochr-nicd IntcrrrO~l l1ccclinE. -

ThiE: is Co ucccl control ncthod r'.dcrted to t1mliutl ~(l

lc.rec scda rice production. It is effectivc where \rood

infestetion r~"1ees from liGht to tledium; mc1. in locc.tions "There

rcinfcll is modcrctc, soilE: ~e liGht r'.lld not w~tcr-loceed.

Interro\"l lrocc1in3 d.ocs not control \-loeds within thc roue These

hevc to be removed. b~.. Elomc other methods. Liko hoo ueoclincr7

interro~T cu1tivntion io ~r~cticuble only where the rice is so~m

in rouse

rl;ny \ieeds cmmot GCrminnte in flooc1ccl pcc....c~icEJ, therefore,

flooding is uf:lccl for weol!. control in lowlend rice. Fcilm.·o cen

occur \ihcrc pa.ddies ere not h:vcl end lend is cx;>oseclf or \.mere

\\"t'..ter lovel is r'.l1C'hed to fcll so thnt weed seeds gcrmincte or

rCBTo"rth occurs. v1.:l.ter depth of' c..t lecst 10 cm \orben rice is C'..t

the seedling stC'.go hclps to control In.."l1Y rnnucl KooelS. In

trnnsplentec1 rico, m~intc.ininB' vmto~ level throughout tho crop

senson helps to control we~1s.

6•. ' Prevontive ueecl control
I

This vlOocl control mothoil comprises ...11 me~sures tcl<:on to

pr0vcnt tho in·troduction ~d 0l~rcr.'d of vroeds. It iEl often tho

most l~r....r;:tica.l method of "rood con"trol. Prevontive\1eocl control

involves (c) rnnking sure th.......t '''leods C'.ro not cnrriecl into CUl c.rcc.

along with contominc..tod socel, m.......chil1ery and w:::.t,or; (b) preventing

\leeds in en nren from going to seed, (c) preventing the c11re~d

of percnnieJ. \"loe(lcuwhich-rCl~r()c.uc6vogeto.t i vc1.Y cncr-ta:)-onsurJ.ng --

that \\'Occl-f'rcc rico secu,s ao usecl for plr..nting.
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:m.....ch crop hCEl it13 01·m ch~.":'D.c;tcristic l-rcec.El me. by

grovdne tho scme crop on the S'::''llC pieco of lend evcry- yOC,I',

theflo ''icOtls tend to incrcnso in l)oPUJ. o.tiO:l. The posei'bil i ty of"

n build up of n "ert~in lleCt1. Dl'>ecies is grcr..tly retluccd by

rotating cro~)s. The rotction should be plcnned such thnt no

croup, of ,reod species heEl c. ch..'"'J1ce for undisturbed clevcloj,:ment.

In addition. the correct ocquence of crops m~remut in ~

increr-.sec. vic-our of tho clifforent crops in the cycle. It is knOl'ln

th~t phosvhr..te or nitrogen fertilizer cpplicd eithor preplcnt or

nt tho ccrly stngcs of rico eroi'1th stirm1l(~tes e;roiTth of' ercssy

weeQs. The SQme phoRphcte cpplied to tho crop preccdincr tho rice

in r.. rotr-.tion benefits tho rice and not the iroods.

notation of 10\'11:'.21c.1 rico uith an uplr.'J1c: crOl) (in tho dry

senson) he be~n shot~ to rccu~o the inf~stations of w0~cr tolerant

wcec1s in the lowlrnd rico crol) mel drylr.nd woods in tho upl:-.nd. rice.

8. Chemicpl 'ioed cnntrol

Herbicidosn.re noll' uic10ly used for 't1IDod control in rice.

They nro orton tho most prncticcl, effectiV'lJ elld economiccl merns

of reducing crop losses c."'lcl proc1uction oosts. In nrer.s i'mortl l'ioo

is bro~doa.st, ohomiool ,-Teed cDntrol is the only cltornntivo, to'

h..~d or hoe treeding. Usc of tho ~ieht herbioide, npplio~r-.t the

right rr.te nnc1 time, with proj!crly oo.1ibro.t.:J r'. sprCJ' equipment and.

with the oorroct nozzle is esscnticl for optimum oontrol of weods.

Herbicides th..:..t haw bcon roported to be effectivo in pnrts of

liest ..\fricc ere fluorodifen, thiobencnrb, MCP..1 end oxndir:.zon whon

each of thoso is nppliocl cs ('.. mixod formul".~ion l'lith propcnil .

------10 21 dcys t,f'bol. ~inc-or- CI'tlllsJ,)leniinge In 10'Wl5.l1cJ. rl.eo, oheml.cCW:

weed control is enhcncocl by (SOo';.". wnto:r lll..1J'll'.gement.
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ll.IIlone; the limitr-.tiono of chemiccl ,vcod centrol nrc: l[l.ck

of knowledcre of proper usc of

herbicic.es 7 l",ok of consumer uce:-..ble pc.ckcgcs (1-5 litre

pnckne;cs) end c"!.eep-sec.tecl ~d often vlI'one ielcns a.bout herbicide

sCofoty ~"1cl cost~ Incrocsine cost of l:'..bour oncl l<-.bour sca.rcity

11.."s ID.."'.c1e cherniecl weed control chcr..per th..."'.1l other methods of

!-roec.l control in mc.n.Y' t-lcst l£ricrn countries. The foroi[,n exch:-.J1ee to

import hcrbici~es m~ be.Co ~is~c1vnntr..eo to chemiccl ,mel control

in soma West l£ricnn countries.

No \-leed control t1othoc.~ is idee! for solvine lTeell

problens in rice or nr~ other crop. Intearntcd VlCed nk~lc.eernent

involves the use of tt"IO or nore motho~s of \icad control r-.t lOTI'I(.-:

input levels th~ tvhen ono method is used clone. The use of Do 10t-l

herbicide r[l.te ill combination uith good wnter control in lOt"llond

rice is a.n exnrnplo of an inteernted weoe'!. mnnOt;.rrement system. In

hydromorphic rice ''1eoelin~ frequency enn be reduced 1;r,y reducing

int~rroll spncin8' from 45cm to l.5cm. Rice yield in OS 6 c.nd

IT!. 116 cultivnrs l'lnS similar in plots with 150m intcrrovl Sl)ncO

vrhero ono ,meding wns clone d30 c't.C'•• a. compnrocl to plots Heeded

three timos or m.."intn~ned l1cecl~frooo.t the Dnmointorrotl spnoin8'''

In 45cm rO!1 plots, at lo~st threo 'l'lCeclings were nocessnIy to

rninicizo rico yield loss.

CONCLUSION

Ono of the constr~ints to higher yield of Wost ~fricn

rice is oxcecsiva waoel 6l'0I·rth. Doth nnnunJ. and porenni~l l'loeds
--------~e oommon. I..Ithougli-thci--fm-mcr-m..'\Y nttompt to control-;~-cc1~-------"

his timine is often wronG~ m",inly becc.uso of other l.-J)our c.lomnnc1s

durine the ~:.Jpropri<\to vlOec1.illG' time.
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It is necessary to improve the lleed control practices of'

West African rice farmers L~ order for them to benefit from the

use of other production inputs such ,as impro\~d varieties,

use of fertilizer, and improved land preparation teohniques.
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Table 1:

- •• I b • r • ., PT' • F

COMMELlNACEJI.E

CONVOLVUL!~CE.tlE

CYP'ERaCElIE

EUPHORBI1I.CEilE

Alterncnthcra sessilis (L.) R. Br. e= Roth
lJ1laranghuo hybridus L
A. spinosus L.
A. viridis L.
Celosin spp.

Commelina benghalcnsis L.
C. crocta. L.
C. cliffusa. Burm. f.

Acanthospermum hispidu~ DC
Ageratum conyzoidcs L.
Aspilia spp.
Bi1cns pilosa L.
Chrysonthcllum arncricrolum (L.) Vntkc.
Emilia spp.
Syncdrolla nodiflora Gacrt.
Tridax procumbcns L.

Ipomvca spp.

Cypcrus csculentus L.
C. rotundus L.
C. sphacc1atus Rottb.
C.,tubcrosus Rottb.
Mariscus spp.
Fimbrystylis spp.

Acalyphn ciliata Forsk.
Croton lobntus·L.
Ettphorbia hctervp~lln L.
Pbyllontus £lJik'1.I"U.S Schum. & Thonn

Brachiaric. spp.
Chloris pilosa (L.) Schum.
Bacusino indica (L.) Go.crt.
Digito.ria spp.
Ductyloctenium aegyptium (1.) Bo~vo

-ImpcrOot.., -cyiimlri"Cn'-{:U-ti}- Etmv.--vnr.--ntriuazm-----
Pnnicum mnximum Jacq. (.Anderss.) C.E. Hubbard
Paspalum orbiculnro Forst.
Rottboollin oxaltntn L.
Sotnric spp.
Pennisoturn spp.
CynOdOll dactylon (L.) PE:lgs.



LOG1JU1.CEt.E

MiiLW.CElill

NYCT1.GnL~CE.\.E

PliPJLIONACEl~

PORTULil.C..1CEAE

RUBIt.CE.L°"E

SOLDtt.CE.:IE

TILIt~CEliE

URTICACE1.E
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Spigc1i~ ~thc1rni~. L.
Hibiscus spp.
Sidl1 spp.

]ocrh~vic. cliffust:!. L.

Dcsmodiur.t spp.
Indigofcrc opp.

Portu1ncc. o1crncon L..
P. qu.."'.drifid~ L.
Talinum opp.

]orreric. spp.
01dun1nnclin spp.

Physclis spp.
So1nnum nigrum L.

Corchorus spp.
Triumfctt~ cordifo1in ~. Rich.

Stnchyt~phctc. spp.

1;1].OUI'"J'c. spp.
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Table 2. COmr.'lon ~·lQcd of :..fricOll lowlMd rice ecosystems

• fl

cOMMELm.:.CE1'.E

3

GR1'.Mnml.E

ONl..GRACEf.E

PONTEDERll..CEl..E

POLYGON1..CE1'.E

nTJBL~CE1.E

SilLVmL1CElJ;

SPHENOCLEACE:.E

• ••• g .,. - ..

Altcrn~thcr0 spp.

Commo1inn Eipp.

Cypcrus difformis L.
C. distrns L.f.
C. hcsl1r~ L.
C~ sph~celntus Rottb~

FimbrystyliEl spp.
Y.;y11ing1".. opp.
Mnxiscus spp.
Pycrcus opp.

Brcchicri0. spp.
Cynodon dr.cty1on (L.) Pegs.
Echinochlon colcnum (L.) Link
E. cru.s-p~voniB Schult.
E. pyrnrnid~is (Lern.) Hitch &: Ch~se
Ischccmum rugosum Salisb.
Leptochloc cuorulescens S~eud.

Oryzc brcvi1igulntn A. Chov. & Roehr
O. longistnminntc 1... Chev. & Roohr
O. punctnta Kotso~ ox Steud.
Pc.spnlUI:l spp.
Sncciolopsis spp.

Ludwigir. spP.

Hcternnthcrn cnllifolin Rchb. ex IOxnth

Polygonum spp.

Pcntoclo11 pentc.ndru.;] (Schum. &: Tholln) V::l.tko

Sr..lvinic spp.

Spcnoclc~ zoylnn1cn Gncrt.
--~.._-------_ ...-.. .., _.__._----~_..-..-,.~-- ..._--
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INTEGRATED \'lEED M!.NAGE~NT IN RICE

IN \'JEST AFRICA

By
WILFRIED GODDERIS
vIARDA, Nonrovia -

Integrated weed management combines cUltural, biological
and chemical weed control methods to keep the weed populations
at an acceptable economic level i.e. at a level where the cost
of weed control is lower than the value of the crop yield incre~s~

this increase being the result of the weed control. No single
weed control method gives continuous and effective we~d control~

so farmers use zeveral methods simultaneously.

In the absence of efficient weed control other inputs such
as high-yielding disease and insect resistant varieties, fertili
zers, water control, etc. will be useless (Dadey,1973). An eco
nomic study has shown that in the case of upland rice in Ivory
Coast more than 50% of the yield variation can be explained
by the labour input for weeding (Lang,1979).

1 • WEEDS AS PESTS

1. A weed is a plant growing where it is not desirEd.
For non-weed scientists a weed is merely any uncultivated

plant. However, most wild plants are not weeds because they do
not occur with crops but serve various functions in n~ture.

Fewer than 1,000 plants are said to behave as weeds in agricul
ture and only 250 of these are important for world agriculture
(Holm et 0.1'.,1979). In my opinion only about 50 weeds are

__.. _." ._._seriQJJs.!QX'..r!"ce.-cultivationin-.West Afric So .- -......----.. --.-------
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Ch:lr:,ct·::-':st ir:s of the tmin weed groups in West Africa.

For ncn-tot~nists th~ fcllowing hooko can be re
c':::-r:1cr.ued :

-I~en3,G.~., Mccdy,K. & EgWljobi,J.K., 1978.
HC!Jt l\.fr1C!.Hl-·::tkods·, Ox.f·~rd University Press,
Iond::.n, ~agcria.

- F~rhaut,J., 1967. Flore du S~n~gal, Editions
~lnirnfrique~ S~n~gal.

:.~. vlffL:rcnc~s'between dicotylE:dons"'and"'mcnocot'Y'iedo'r.~.s~

be t·AI. t,':1 Cyp..:r~lr:C<:le and Gromineae.

I .... .... ,.'~., •

• ,I ~ • Visible, fJ.ow~r~,
'"'v ·

.."..,~-~./ .
/"'/"//':,:-- ' :' ' ...,

,/.: ....:--: .~
.,~.:~

Dicotyludcns

-'I •

I C} I
l., ..... \ \, _.. ,

t-. :Hf~'<:";~r:G',; : tw.::~r. QryZ~ .§.:.tj-Yil

.' '~nd ~nothl::' Sp'Ch:3 b..: lcnging to

. ",.. ...................

(\', \
,\_, r
~ ~.f \...._.-

'.Qr ' 'ri' lo!'i"1st'b.m'inatf, _Y1:_ . ~. .~ ..

ttlc Grn:nineae •

~ ~.17; ,~. "4t ~ -: 1~,---...- -.... ~ .'....-
~. rr,~: :;;.,st ~hr·h:I.:.:" "'t,. ....,cs in 'd:st African ric~ fit:.; Ids 0

-
! ...)~:. -'..'~::,;~

.. _-_. __._ .... -._..--_ ....._~-- .._.', _. - ~_. .~--_._--_. -----.~

W~:~S h~vc r~~n s~lcctcd out of 316
... I ~""'~'\"_. "",. "I ,,- " 1 ~C!

.# ......... '.. t. '.... ..... '" '_ ...... ...:"'I·.... J • 't.,- ...~ f,:;u...'1d ':'n ','ls5t .\frlcan rir.e fields
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In upland rice: Dicotyledons: Agera tum ~n'y.zoi.d.e~,

.§YE.edre).l.a nodiflora, PA.yllantAu~ a:narus, Portul.a,c,a
plerac,ea, Bo,rrcriB:, ver,ticill,at.a, 0fdenlandia c.o5YE!bosa,
Corchorus olitorius.

- •• I • I

Monocotyledons: ( wi th visible flowers:) Commelina. .
bengh¥.ep.sios" C0IIl!!elina erec..t.a; (G!ami~oa.e) ~ctlloct'IDium

~t;i:u:n, )~i~itaria ,!:lor,izont.?-.l,is, Echinochlo.E!; ':py'ramidalis,
Ele~~~~ in?~P~J Pennise~um ,SU~~&ustum, Rottboelia exaltata;
(Cyperaceae:) Mariscus alter.nifolius.

I' Fl •• , ._

In lowland rice: Dicotyledons: Alter.nan~ora sessilis,___.......__...~,....~.... • ,4 ~

!cliRt.a '£:r:o/~tra,ta., .iussiaea ~i!0.liaJ §j?Aep.ocf.ea zeylanica,
_C_o_mm_·_e~~~~~~ ~iffus~;

Monocotyledons: (Gramineae); Ep~inochloa coloA~,

~a£?rooS..ii,~ Jlapgeti,ca, Ischaem~ rugoSUIn, 0ryZ;B:. barthii,
Panicupl .1.8:,~;" (Cyperaceae:) CDe,rus difformis.

b. Perennials:. -
In upland rico: Dicotyledons: Sida acuta, Sida-

rhomb.i.fo.l.~, Crotalaria hY;ssp.:e.il.oli.!!, Talinum tz:ianguJ.are,
striga'hermontheca~,_Monocotyledons: (Gramineae:)

Chlori~ p~losa, C~odon dact~19~' ;m£orata cll.in~~!£!,

Pas~l~2!£icu1are,'§gorob~lus:i~~amidaliS;
(Cypero.ceao:) '.9.l:e.erus escn]..ep.tu,s, CyPeI1ls rotundas.

In lowland rice: Dicotylodoncs: IRomoea ~Suatica;

rlIonocotylcdonos: (Gramineac:) 0EY,z.a longistrunina~,

___. Panicum..:r:cpcn.~ Pas;palumcPI!1u-&~~,J?a...s~~ vaginatum. __

(Cypcracoao: ) Clperus ~isto.n~, Cyperus l!,'Ohacolc:. tuos,,

ClReru~ ~pp:osus Eloochario ~u~~gqlaris, ~b!lstil~s

ftichoto~J It')71!brystil,is lint co~l.i.~" I<yllinga. ;etBllilo..
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4. Beans of multiplicction

0.. Annuals end biennals ara generally prop~gnted by
saed. They grow rupid~y after the first rains und
Should bo destroyed in their ~arly growth stages. Once
the top of the flower is killed, the weed dies without
any moons of prop8.go.tion.

produce about 100,000 soeds

Cno.:r:u.~ s...~~ flowor in

e. g. - 1 Amaran thus mnv.. .. . "

- ~~ irio. ond
about 0. month.

- SOme Commelinaceae produce new shoots from the
nodes and are therefore difficult to control.

b. Perennials, having a J ife cycle of more throl 2
years, arc difficult to control. They may possess:
rhizomes (underground stems):- e.g. Paspalum vaKip.ntum,

.9T1.lZ~ ~o.p.£{t~t~~linat.£,. C;rp.9~. £.9~dUS rold other
perennials produce buds on their rhizomes and thus new
plants. The rhizomes should therefore be removed by
e.g. spring tines and offset disc harrows end not be
cut by e.g. plows. If the rhizomes arc cut, tho huds
produce new plents.

dormant seeds: c.g. Echinoehloa erus-galli QUY
produca about 7,000 scads, which cen remain dOTUEnt
for 40 to 70 years in the soil. Herbicides arc mostly
ineffective against dormant seeds. Prc-irrigat~0nb,

cultur2..1 p~ncticos and favourablo conditions i~lo.y

bruak the dortmncy of the secds of o.g. Oryzc ~p~is

tnminata ..
•

bulbs (swollen underground buds ncting as food
stora~: c.& CVDcrus

h
bulbosus _bros bul h~. ---Bo--th.o--tap- .-----

.---.- .- -- -_._-.-~-- ....... « .. "., .... • ,

growth has to be .repeatedly destroyed to deplete the
bulb.

Tubers (swollen underground stoms or roots neting

as food storage): eog. ~~ru~ ~~ntup und PlEerus
rotundus possess tubers.
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5.
,...,.....

Culonodes that produce roots end axillary buds:

.9..IjLzE, .!.~n&.~tOL1inC'. tn.

Rice yield reduction.

Crop-woed co~potition.

Weeds cay compote with rice for wutar, sunlight j

nutrients end spnce.

m upland rico cultivation woeds with numerous
,nnd d~)Cp roots 1:10.,; oxtrnct wator frow the so.me soil
le.yor as the rice plant. C4 plC'nts having C'. crassu
lcccnn acid Dctnboliso, such as Echinochlo~, Imperatn
p~l~d~icc, F~icULl repons, Cyperus rotundus require
loss water and utilize it batter than C3 plants such as
rico end ero therefore very competitive.

Tall weeds such as ~~iPoc~~~~ ~~rami~~~~t

~~.~s~tum subun~UStunl and~ottboella, exa~y~tp may overShadow
short end inteIT.lOdio.te statured cultivnrs. Cyperus
~}ff?:r-~~ grows so rapidly that it ~ overshadow
lowland rico seedlings in 3 to 4 weeks timo nfter sowing
or trcmsplanting rico.

The higher the soil fertility~ tho higher the weod
infosto.tion will be if no particular ,weed control octhod
is c.pplicd.

b. Heeds as hosts for insects alJ.d diseasEls.

Tho following cot~on insocts and diseases in rico
cultivation in West Africa arc found ~ Wast African weeds
0400dy, 1973) Chile in p;chin.opploc ste.gpip.D;" Oryzo. barth,ii
end PCllnisetum mpurClltl; ~S,o.Iil~ in ~.;.so~Rur'p'u;ro~t

l\IT~1 it' -rE1".-e-.Q" T'I'" ......, toll..... ;6"1 G-r::= .'barthi.-i· Pfteh~F~lo-fr'.re-:in·h.;: :;:;;=:. J&;. ...... - .... • 4J<._ (O;D cv =--~ •• , t .c.. ~_~ _

Q:JL~~ ?~rthii. Blast, stewrot mld tungro III Elpusin~

indica; hoja blC'~ca in E10usino indica and Echinochlon__",-.__·4 ................. ., ...... ,;0;.........__......_

P.£..~. .!isF1O.'todos in ~o:;~~.lolp.cp. olorncup~, ?.9:..sffilUE
orbicularo and ~hriscus nlternifolius.......................................... • ......._ .....;..:.:.....0;;;;;.;....... _
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c. Allelopc.th~/.

Scturie and Rottboclin cxalata Day e~~dc growth• ..... h................. . ....-
inhibitors from their roots that Bupp~asa tho growth of
rico.

d. Incrouscd costs.1'. . ._
Woeds increase the costs in rice cultivation in

Lk~y ways; e.g. for land clearing, th~ difforont weed
cuntrol trcatIJ.cnts, clooning of' "the irrigations systeLls,
cleaning of the rice grains, h~pering tho harvest
cfficiancy and Llost of nIl by redueing the potential
crop yield.

II. CULTURAL WEED CONTROL rmTHODS.. . ....--
First, it is essantial to weed for tho first tiDe

not later and not much carlier than 3 woeks ~tcr sowing
or tro.nsplanting, becnuso y 1 0 the potential rice yield
dccreases most during the carly growth stagcs of rice
whan wueds, reaching the 3 leaf stage, start coopeting
seriously (Moody 1973); mld 2. time requireocnts increase
rapidly if woeding is delayed (DoDntta, 1979). The
shorter rico varieties can tolorate woeds °for 3 weeks,
the tnl10r, leafier varieties for 4 weeks (Moody, 1979).
In Sierra Loone, in 1971, thore was an elDost t~t~l

yield los~ on a 25 ha uplo.nd rice fa1~ due to a 3-week
delay in wooding (moody, 1974).

Sucondly, it is equc.lly irJportant that on srnnll
sized far-ws rice is sown or trnnSpltUlted in rows and that
sharp, long-hc.ndlod hoes oro used for weoding. Three
~pcroons-wo-rking8- hours o°Ct day··ernr hoe-wcrodl··hoataroin-- .

cbout 7 days (FAO, 1976).
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"

0..

If the tioe rc:quireLl\.ll1ts era coopnruc1:

for'planting + handw~odine:

bronclcnsting: 5 + 1150 = 1155 iJ£'..nhours/ha

socding in pro-ncxkcc1 rows: 80 + 321 = 401 r.lo.n-h/hu

clibbling ,: 77 + 300 =, 4~7 r.:um-h/hu.. ,.
trnnsplcnting: 140 +,340 illan-h/ha.

,

b. 1 lloo-weuding: 160 r.lrol~.h/ha; 2 hoo-w(;wc1ines (3 + 6
, ,wo;::ks c:.ftor plE:"..:nting) = 252 I:k.:m":'iJ./hn.

1 hroidwc:cding: ,)30 uo.n-h/hn; 2'ho.ndwoedinSs (J,):

, 471 wnn~h/ha it bOCODOS clear thct oxt~sion

officers 'should convinco the: farLlers of rO','V'-sowing end
propor and tir.iely !hoe-wuoc1inC;.

The yield ?f upl~1d ricecul~ivation, which
cccounts for 62.5% of th~ total rice cultivnted area
in West Africa (WAHDA 1980b) coula be incrudsed' by' ,

60% by seed 'dibbling, tinoly wooding, c.nd top drossing

of 40 kg N/ha (W~, 19810.). By tinely ,woeding is
, "

IJoant: the 1st weoding 3 weeks after d~bbling and the

secol~cl woodin,B) IJOnt~ Intor.

1. L~d preparation:
. - ., - .- . .

, Zoro tillage r~q~~ros a non-residuel pre-plarit
herbicide such as glyphosctc at 1.4 to 4 kg a.i./ha to

c1ossico..tetho fallow voecto.tion. The crop is plontod

with c_ 1:1111iw~1 disturbnnco of the soil. SUbsLlquont1y
n pru·..ouurgonco herbicide.: such o.s Stcti F-34' Ct1i1 be used

to destroy wouds. ,However, c.ftor SOi:'10 yuo..rs pur'unrlicl

woods bLlCOl:IC such 0. prublul:1 that convonti~z:(\~ti~:l~t$u

------------ 'hCS"'-·e6"'·156-us6daBri:l.nTAk.obunclu,-·T9ri9T~-·



170

Start land preparation· soon after the harvest
of the first crop to reduce the period when the weeds
gron undisturbed. The rice fields ~hould only be
plowed on a very dry soil in upland rice to have the
rhizoE1es of perennials dr~r out in the sL1n, and only
~fter pre-irrigation in lowland rice to break the
dormancy of weed seeds. Only plowing by tractors of
at least 60 hp can turn up the upper soil layer to a
depth of 25 to 30 em to expose the rhizomes of wild

.> rice (FAO, i97G). Destroy germinated weeds in upland
rice by harrowing, which should take plac8 shortly

. befor£Lsowing, and in lowland r.~ce by puddling, passes
of an offset disc harroh' or of a tractor with cage
wheels. In lowland rico cul~ivation levelling of the
ficld._should be the last land preparation operation.

2. Prevcutjve weed control

Prevantive measures incluue the use of uncontaminated
seed (particularly to avoid the spread~g of red rice),
the er~dica~on of weeds around the rice fields during
the of£-sea~pn (£ire is not very effec~ive bec&use only
a small part· of tho woed socds are killod. It
further encourages .growth of certain WCC1ds.c.g.

Im~ora~~.cylindri~), proper composting of manure
(i.e. well made .·c.ompost produces suf':ficient heE oJ to
kill: wood scnds). ,.

3. Crop compc~~tion

Provide- fav0urablu conditions for rice and
unf'avourablc. conditions for weods.

a. Planting: -

Stra~ght·row planting makos wooding faster and
morc efficient.
Dibbling.i.IJ._upland ricu facilitates wo<;;ding

-- - Tl'a.nSplauting in low~.and rico is tho best
planting method becausc it gives ricl) a hCJadstart,
a compoti'i..ivc advantage at transplonting time ovel:'
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woeds in a ~;weud free l ; seed bed. Since, transplanting
.. ~ .,.'

requires about 45 me..ndays/ha and thus limits th\J siz~

of the field to loss than ahoetaro'for a small fronily,

direct l"Ov'v seedinK of pre[;c:rmin2,tcd ricO has to be done

in l::.rgur fields (FAO~, 1976).

b. CuItivars: 120 to 130 cm tall~ droopy·.loaf,'

moderate to heavy.. t.+~lq;rinc; cul tivars such as LAC 23
. '. - .....

in Liberia provide better weed competition than semi-

dwarf, low tillering varieties under upland farm

conditions. On th,~ other hand~ in ,lowland rice

cultivation tall cultivars lodge more and yield less than

ser:.1i· 4 dwnrfs. Early meturinG cuItivars require an crirlier

seoond weeding (i.e. befora the ,grains begin to fill),'

than later mn.turing. Som0 carly rnaturing eulti\TarS ~ay

be harvested before red rice ,produces viable seeds.

e. Plant density: Spacing closer than 20 x 20 cm

may mean higher crop cOillpetition and thus fewer woods'

but. it may also mean higher insect and disease infGstation.

If sp~cing exceeds 30 x 30 cm weods will infest tho rico

fieldS. , ,If, howover~ in the ,?ase of proper spacing,

rice seeds do not germinate sufficiently, tillers can

be tru{un from wull established rice plants to ~cplacc

the missing rico plants (Dobe1man~ 1976).

d. Fe~tilizor o.pplieations: Fertilizer applications

should bo li.1Q.do aft~r wU0ding, so that thuy are most

beneficial to the crop nnd tIlL: least to the weods. If

no"L"fo,rtilizers such us nitrogen ond phosphoruu

stimulC'Jtc weed growth [l.S woll us rice greiwt..... On small

holder -upl<:md rico rnrnis it can bo more p'l Jfitc.blo to

::.pply luulch from Leucucnn ~l::.ucu than'nitrogen from

ure::. or sulphate of [l.mmOl~ium (WARDA 1981). On lowland

f::.rITIS incorpor::.tion of ~~~~ ~inn::.tc may increase'yiold

by about 20% (Lumpkin 1980).
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u. UI>lrold rice cultivation: Plovving rl1ulch into the
soil wny holp to conservu woisturo, which stiuulc.tes both
rico mld weed sLod gcrmlll~tion. If moist COillpoSt or
mulch is timely cppliod in ro\'/s to the dry ric(;field,
thu rice secds sown in these rows will gorminute,
where2.s tho vlc:cd saeds in thQ unfo.vour~ble zones will
fail to [OITilinatc. Live ~ulch, according to 2. study
at IITA (Akobundu, 1980), [1.1so tIll imizus weeding cmd
fertilizer applicutions.

b. Lowlc.nd rico: SubLIc.:rging rico fieldS to 2.5 Cl:I
will reduco Grrunineau, whoreO,s subocrging thOl:l to 15 em

frODI 4 days after trrolsp~anting to the lute dough stuge
w~ill suppress Grumineo.c (SUCh us rud rico) und
Cypcrucoae (Do Datta, 1979).

5. Cropping system

n. Crop rotation: Each crop hus its characteristic
vw(~ds. So by rotating crops, the "building-up of
curtnin woods is roduced. In upland rico cultivation
affectivo smother crops such o.s swuot pot['.:toos,
sorghmu, oaize ~c.y be grovID during the dry off-soason.
Nodulnted leg~lcs used III crop rotation may add
nitrOGen to the soil; Peanuts (72 to 124 kg nitrcgen/ha),
soybc.::.n (1-168 kg N/hc-.. ), L~tylosnn"thcs (34-~220 kg N/ha) ,
COWpU[1.S (73 - 354 k& N/h2.), Ccnt.."OSClan (126 - 395 kg

N!hCL)f ~c::tc.:l1n (74 to 584 ICG N/hn) (Jutl71an, 1976).
In lowland ricu cultivntion rotc..tion with an upland
crop may rosult inrouucvG inf~atativilS 0f ~tcr
tolorant wauds (o.e. rod r~c~).

b. Mixed cropping, whon broadc~st, rnkus weeding very
difficult QJId inofficient.
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c. Intcrcropping: AttCulptS. to .control weods by

intorro~cu1tivctionh~vc failed both in Ivory Coast

and Ni~cric, bcc~use the pcnutrction of li@lt after

tho harvest of the first crup stiuulctes ~oed growth

(I.Iooc~y, 1974).

Diroct 1~4~thods

1. H~ld.~~d hoc-wooding:

Both ~cthods nrc very of~cctive, if o~r~iod .out
.. .

properly o.:nd on -ci.i:lC (i.c. 3 weeks nftcr sowing or

trcnsplffiltine and a ~Gc()l1d weoding 1 l:lon-bh l:.tor ) for

furras up to 1 h['...

If fnruQrs wait ,until the woeds· hnve l'u['.chod a
,I·

cortnlll 1?-uight i. Q • tho 4 or 1.10ru lcaf-stae;u bccnusb

i t i~ c';2..Sier ~o pull these: vlo-.:ds out, the ricl: plnnts

will nevc::r.~ recover frOLl this initial setback. rtro.:nuul

'{.;uedin&; is very effeetivC,; 011 noll young weeds, cven

young perennials, but ineffective against [~lunl wild

rice and older perennials.

T\'lO hanu.-or hoc-wwcdiuGs nrc very tilJ,lO cons-yLlil'lg:

471 l~!ruJ.~:l/hu nnd 252 rJ['..n~.h/lln respectively (FAD, 1970).

Any tlelo..y furthor incre['..SDS til~lU ruquirouonts

(Dc Datta, 1979).

One WQoding l~UY suffico in lowland rico cuItivution

with eood ~V8.tor 1~1O.!luGotlCnt, 2 aro nocossury in upland rice:

['..ncl ovuna third ono is roquired in hyc1.rm:lOrphic ricD ..

n.. HE'1,,(Jwo~i.~G: In nplf.U1d rice tho Wuods. SllOUIduu

uproo-toc1 ond c1r'ictl 01A.t in tho oun or l:l!'.de JJ.l to corapost.

In'lowlc.lld _:icc "the: wuods ~k'1.Y be: L'i thor tra.i~lpled into

thu soil,w~lOrc: they nc.lt1 or&nnic Llattcr, or uproutc:d,

reuovr.:cl frol:ltho fi ulc.1' r.mc1 unde into c orJpost, which is

r.lora cffoctivo.
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b. Hoe-weedLl'le:,: Hoe-weedinG is one of "l;he cheapest and

most effective means of VJccdi.l'lg and twice as fast at.

hand~ve~ding (FAO~ 1976)0 Therefore more research is

needed on the most efficient types of handhoe in West

Africa.

2. I:lechanical weeding::

Mechanical weedin~ is necesary in the case of 1 to

4 ha por family or in meditU!: to big-sized farm.s. It

always requires straight planting.

In upland rice cultivation powered rotary weeding

with a hand tractor is the most effective of all mechanical

methods$ according ~/O a study carried out in Nigeria

Curfs l 1974). It ~s fast, about 35 hr/ha over 1 crop for

3 wecdings (FAO, !-976). In the Gambia pedestrian tractors

are used for weedine, with modest success but Llaintenance

of these machines ofton poses problems (Terry, 1981).
In Ghana 1 man needs 15 t,0 :;>0 n.r-'l,~r8 to wood 1 hectare with

a hanillloe~ wh~roas ho can do the weeding with donkey

dra\'m cultivator in 2 days and nueds '1 few laoro days for

-I.:hQ complomentary ho,~w(;uding bctv!Oon thc rows (Korcm l 1978).
Hov/ever, animal tra~tion is not possi.ble in many parts of

West Africa, particularly in tho W8t rcgions~ bccause of

discases and undcrnourishiilent ..

In lowland rico cultivation special care has to be

talccn to have w~ll adaptudmachinc s c. g. with cage wheals

80 as not to clog thlJ soiJ.. A lot of rc..soarch is still

. ,: ,\i .ld. According to ono study (FAG, 1976) both animal

trnction and the: Japanosu typ0 of rotary w00dcr' clid not

E'·oem promising in Sen8gc.l. l\lorcovur, mechanical wc(;ding

operations must be r8poatcd a number- of times to control

vlild ric e. Limd preparutiOll and vVl1lJd control under

mangrove conditions'havo sucee~sfully boon carried out by

D. si.ll{Slc uxlu power tiller in Rokv.p.c; Sierra LIJ('lne.
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IIII. BIOLOGICAL WEED CONTROL

This method us~s li'\ring ·org:anisEB-···to control pests.
1

1. T~ll, droopy-leaf, mod~rat~ to he~vy-tillcring

cultiv~rs compete wull with nucds urid~. upland conditions.

2. 3om~ oth~r crops such cs p~nnuts$ soyb~ans,

.§.txlosa.nthos, utc., compete vloll with wlJcds during the;

off-season and add nitrog~n to thu soil (Nutmun 1976).
Thoy'cc~n be uscd as or~runic manurc after th~ harvest.

3. Bush fallo~ving in the forest zones suppresSoS 'perunial
grasses but is becominL ml cxponsivu control measure
(Akobundu, 1980).

4. Catch und trap crops aGuinst Strign hcrmonthccn (Del.)
Benth. (Korcm, 1978).

SGri~n is n parasitic weed of riCe in som0 parts of Wust- -
Africo.. Catch crops sueh [',.s GuiJ.:..e!"'.. corn, maize, millet
stij,j,1Ulnto the germination of Striga sG.Ods. Boforc thc
St~igu weod can produce sced i.o~. 90 to 120 days aftcr
pla.nting thL: crop, the farnwr cuts, tho· catch crop to foed thl::
cattle; and plows only the stubble with thu Strig,a' plonts dovvn.

Trap crops such as soyboan, sunflower, castorboon,
c1tton, wild sorghum and cowpeas, whieh ~rc not
parasitizod by Striga, stimulate its gcnnino.tion but not
its maturing and flow~rinG. Therefore it is not necessary
to plow 'trup erops dovm.

5. Animals

. .A.f-+f'"Y' the ~'t.rvBst of the rico msp snoop, goats ena
wild life should be encouraged to foed on Vlccds such as
rod rico.. During tho off-season fish can bCllltroduced into
the J.rrigation cennls tc control o.lgac and other aqu2.tic
weeds.
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6. Insucts

Attcwpts to contrcl ~upatoriwn odorct~ by illO~S

of thCl insuctEi:l8.1o insuI te. haV0 f£!.ilod in Hie,oric.

(KUfil2.X, 1902).

IV• .Q...Hill..-:":;...'\l.o;;;I_Co;;;A....L....~_'lE;;;,;·E...i'D.....C;..,;O..N;.::T:o;;.H....O.....:L

BOCo.US0 of thu I:.l8.l1Y COllS lirnints, repid o.doption

of herbicidus by smell f8.n:l holders in West Africc.

is not likely. Properly tr8.in~d oxtension officers,

lov/ volm:lO sprny~rs DIld SElnll r~erbicid~ po.ekagos arc

noeded.

In Q.pplying hurbicic1os, 011(; I:1USt tr'..ke into

accotul"G:

1. Tho.horbicide cction:

Contact horbicid(;s }(ill on .. ur noo..r thl,,; point of

cpplic8.tion, wheruo.s systuoic herbicides leill plo.nt

tissues ....orilO distanco fran thw point of applicc.tion.

Suluctivo horbicides~'·ciiu:1ngu curto.i.ri pll:'.JrGs without

causing dt1hl8.gu to othors, whwro:J.s nOll-soluctivc horbicidos

des'~roy all veg0tation.

l)~rsistcnt.horbicides still CC.US0 dru.l8..&O to plants

long aftor their application, whoreas non-persist~t

herbicide s do not rcrJUin t Jxic for :J. long time.

2. Tiuing of npplicntion:

Sowo herbicides are applied before planting, n

second group bofore onurgon~e of the crop and/or woeds,

and n third group nfter er.l\Jrgoncl: of the crop nnd/or

weuds.

3- Factors influunclllg thu herbicide action:

Wuods should not have pnssc...l tho 3 leef stngo.

Tho bost ti~o to sprny is' oarly in the worning

(bc'muso tho dew reduces lossos of spray) of Co. sunny'

d8.y (becauso fair wcnth~r o,tlons tho SiiOl:lo.:lio. of tho wooel
l\,,:['.ves) ,
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whun -th0re is no strong wind (so. ,tlw.t thiJ herbicides

do not drift) and nu rnins nrc OY~iJctou (b~c~us~ thoy

would wcsh foliar contr.ct hiJrbicidiJs off thl; l.JQ.vos).

~lU soil should be left undisturbed in.tho case of

systiJuic soil horbicides, becuusiJ thoir 0ffuct would

be rec1uced.

4. Thu wucd speoifioities:

~. Selective horbicides c&ninst annual weeds:
YOUJlg Dicotylodons~ Propunil ) Stan F-34, Hoguo, Chi..l:l.

Rico~ Surcopur), Fluorodifcn (Prufor2..U),. 2, 4 - D

t':[~c:<.1o:nb, HGdonc..l), r.1CPA, 2 4, 5 TP (ugninst woody plnnts)

Herbnzol (AgJrzol 1000), Oxuuiuzon (Ronstnr), Butralin.

YoUng GrauinQu~: .Propcnil"Fluorodif~n, But~chlor

o.bchoto), Nitro€:,iJn (Tolc), Avirosc.n, Benthioccrb (Saturn),

Molinutu (Ordr~1, against Echinochlou), Tribunial, sa 3153.

Young C;yparnccno: Bontc.zonu, 2, 4D, 1':iCPA, Iiitrogcn,

Avirosa.n.

b. Non··sulcctivo herbiciclcs c.gc.inst surious perennials:

PnruqUk~t (Grar.k~xunuJ ngc.inst wce:ds up to 15cm),

IJala.pon: (agninT,t wild ric u too), Glypho sutu (nguinst

wild ricu nnu l.lnny Cyporc.coo;u), r.101ino.tc' (Ordrc..r.. , Go:::.l,

Anitrolo, Diuron.

c. Herbicide mixtures:

J?ro~~il·.(~qJ,ic.r,cQntc.ct, . se:loctivo, ·non-piJrsistent

erc.r.liniciue, post-or.lel.'2;CJnCiJ c.pplicntion)+ MCPA = stC.r.l

Supur A~ + Benthiocnrb (pl;rsistcnt, prc-ul:lCrgencc) =
Tcr.lririz; +.Molino.to (prc-.oclJ~rg0l1cc)~ + Butnchlur

(pr~-ehldrgcnc\J, o.gc'.in~t Dico_tyloclons) i, +Trihunil~ . ,.
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1. In up1o.nd ric\; cultivc..tion.

In short, int(;rLwc1ic. tl. end tall-ste.turwcl ric c

cultivc..rs 2 rotovutions followinG 1 plovlinE; c1ccrcc.se

w(:(;tl \'/wicht Dost. Two hanc1w0wllir..t:;s end 30 kc N/ho.

inC!';\JQ.Sd ric(; :yic.:ld by 100~~ ov(.;r no N. One hiJrbicic1c

wCJ8c1inc follow.:ld by ]. hCl.l1(hVL.~dine uqu~.ls 2 ho.ndwL.uclil'lcs

and is far supQrior to 1 sine1u hc.:rtlcidu w~odinG.

2. In lowland rico cultiv~tion.,

IR 36 with its SlJl"co..din[; conopy cOl:.1petos IJ01,J

cffQctivcly with weeds nt 2.5, OIlll 5 CLl wo..tur dupth than

IR 3 with arect leave s nt thl. Sc.l~lU we.tor c.1.:JptI1S.

Whon pre-plant horbicic1a troc:.tlJunt is fullowed by c.

. ti~lo..e~ operation, w~od control is satisfactory.

HlJrbicic.1o troa.tl:lCnt fol1owucl by 1 hnnclwocdinC uquals

2 h~1c1w0edings. ~~an f0rtilizGrs and woou control

nrc UIJpli\Jd togcth\Jr, si@lificc..l1tly hi{)10J;' rico yiulds

o.ro obtainoG than when they arc appliec.1sinely.

VI • ECONOMIC S OF WEED CONTROL
• • • _... I ••••••••

1. A case study of weud control trials carried out

o.~ rJnrovoay (lVIado.euscar) in 1971 and 1972 (Dobelnan,

1976) r!p.va the fol1owinC; rcsul tSl:

ez· •• .. 1 ,.. ••• •• .e I • • .. ..1

Two hnndwcorlines

4,,330 kG!hn

,286.b/hn

8, 580 F MG
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l1nnucl w.Jed central yiulcls l:.IOrL; anc1. is cll.,;;c.pur~ but
tclclJS twice 2,S r.1uch t:u:'1U c.s ChL:Llico..l wUi.:c1 contrel.

2. OVerall situc.tion in tho WARDA rccion;
Bo.sod on tho 1981 nic~ St:::.tistic Y-.;c.rbook ()f

VllillDA (19Dlb) o.nd o.ssuninc ['. l.1oc1cst loss of 15%
(Po..rlc.::lr 0t c.l, 1975) in l)c.c1cly wGicht ()f th0 1979---- -..

IJrolluction of 2,668, 100 i.:ll..:tric tulls in tll(; HMillh. rut,ion,
losses clue to weed infcstc.tion would nccount ~or

400,,215 nutric tons of pnc1c1y, valued at US~~14,061,275

(The weichtod avur2,G~ 1979' prica rocciv~cl by fcruers
beine 28.5 cents pur kiloGro...:.l of pc.dc1y). This Wc.stc..[}..l
is n little under 20% of the costs of tile 1979 rice
inports of thu WARDA recion (po.cldy cquiv[~liJnt 1,326,300 =

2,000,545 x 0.285 = US$572,720,454 mld ['.vcrc.G~ nil1inL
rc.tio = 0.66). This loss is also uquivo..lunt to 9% of
the 1979 riCa consunptiol1 of thl; WARDA rc.:C;ion (the pc.llc1y
aquivrtlunt 2,948,500 = 4,467,424 lJi..:tric tons of paddy).
This loss also rcprcs~l1ts th0 ccnsunption of q.bout
13 i.'.lil1ion persons~ nssw-~~inL tho WARDJi. par c2.pi tt',
ConSUr.11Jtion of 20.3 let.; in 1979. (400,215,000 kC of
pc.cldy convertud to rice: 400,215,000 x 0.66 = 264,141,900.

~~{,.~~~O~ = 13,011,916 parsons)
20.3

••a .' •• ' ...
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PRINCIPLES OF INTEGIU1.TED PEST r.:i1J~lI.GEHENT.. ... ~ . . ....
By

Th.'.lo G. Bottrell
University of Cc.J.ifvrnfc., B\,,;rk-.ll\,,;y

COllsurtiu::.l for Intcrnc:;tivi'lCll Cropprot...::ctiul1
2288 Fulton street, Suit0 310

Burkoley, C6.lifornic. 94704, USA.

WHk.T I S IPm?

~poricncc with.wrulY crops in uany perts.of the

world hus shown thct.yi~IQ incro~sos ~l~ yiuld stability

uru 1:10!'(; likely i.f the burdan of crop pest lJrotuction

is systol.lQticully sprea.d. over a cOIJbinution of biolo

Lical, Gonetio, physi.cnl, end chGuical control techniquus

ruthur than D. sil1Clu tuCl.llliqu(,;. Tho t~rl:.I intu[,ro.tec1

post· l:1mJ.a[;Cl:lCnt-.or ··IPM-hc.s been used to c10scribu

this CIJproach. Discussions of tho. orit,ins of IPm and

its stntus in vcrious parts of the: wo!'lc1(~ru COVGrcu ill
• I '"

other pupers of this-tr:;.inin.::., courSe (rt::fcr to .Oricins

of Il1to[:;rc.ted p'est Mnno.tci.:lL:nt, end Inte[:ra.i;ucl Pest

llanD.C.:l.li.mt in a Globel Perspective: . Procrcss UIlrl

Probluus, by Dale G.. Bottroll).

IntuLratc.:d post oo.no.C"'::~(Jnt (o.lso knO'ivn as

i1ilrGw[:,ro.ted pest· control.~~) utilizus nIl suitc.ble.:

tochniqu...::s ui.thcr to rc:ducc: pest pupulo.tiuns and

uaintc.in thuD. ~ t lcvc.:ls .bolow tho se cnusinc aconomc

injury or to so l:1mlipulcto "1;11-.; populations that they

ure ,prevontocl fruu causin[, such injur;y (S:1i tJ~_q.nd

.-- Vt'.J1' C1C1Y E6sch, -1967). '. The tcehri.ques~~~ hCtr1:lonizud

in all orco.niz.cd wD:Y e:fter tho QeoloLY l,f the. pests arc
knovv.n c.nd .the.: cost effoetivcnoss nnc1 cnvironl.1un.to.l

suitability .of thu .con ural 1.10D.SurO huve bewn dOtU!'1:1int:c1.
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Us,~ vf cnp vc.ricti,-,s r..::ss-..;ssinc. 1\,,;siste-~1t ch~:rc.ctcris

tics e-~1'_'.. cultur2..l \..,r ,-nviron:i;.;ntc.1 uc-.nC"..... L.:.lcl1"C tc;chniqul...s

(sucL fe-.r.:in:.. prc-.ctic .... s c~s crlJ~) rete-.tic'll, p1e-.ntini..., en.:!.

he-.r"lt,-stil1~ schl.Jc:'ull.Js$ e-.Ill:' ,~ ..... struc t:icn 'Jf 1)0sthc.rv~st

cn;p rcsic.:'uL.:s) 2.rc c:.1I)h::::siz~l:' :.:s pri~lc.ry ~.ICl1['.Ll-~lCnt,

bu'i; th~y e-.rl,; '-'1:'.1;10y -..:l:' vnly 2,S I'(..quir,-,LL tu rl;'.:'..ucl... c..."1cl

i.:c.ia te-.in lL sts C". t tuL.ro.bl.: 1,-,vcls bc.seL:' cn:.:c(.,ncLlic

C-~1,,: L.:e~lc'cico..1 cri t(;ril:"'. r:'cVclcl)~(:' tc ShL\.' when C'.llCl . wh\...rc

ccm 'Grcl is truly justificC'.•

Th,-, cbjl.c"Civc cf IIll is tv cLlltrcl pests in C'.ll

cecnu;.lico.l1y -..;fficicnt C"~lC:' cCclULicc:lly SCUl1l:' uc.r.ulL.:r.

By uSinc. pcst:i.ciu,-s se;L.etive;ly c..nc.1. juc1icil,uslY$ IPi~;

striv0S tc prL;vl,.;nt n0,-,(ld3s insult tc. tho cl1vircr...u(;nt

2.11C.:' hU.1811 11(;.::.1 tho For buth trc.llitiunc.l C"~ll1 ~.lOc.l...::rn ricl,;

fc:.r;:lcrs, IPl'l pruuiscs tv l'l...lluC0 pest Ie ssc;s tG the ir

crelJs on r:. c0ntuluinc bc~sis cnu nt the; luwcst cost.

GENE.h.AL rnINCIPLE S

Thor\..; is c.onsiLlur['.bl~ tlisc.Lr,- ..:;:.1(;n t nbout \..~1c:. t

cunsti tutc s inte;(rntcd 1J..: st i.iC:nc:.L0d(;l1t. It h[~s beco~Jc

Cl. cCl1VOnilmt tcr:J sUl.iuti:xs used -.:I'rol1vously to

cl,.;scrib-.: 2.11y cuubinc:.tion cf Ut.:c.surI,.;S fer cuntro1 of p-.:st-

CV,-l1 thL; isvlL'!.tcd usC) of' tHO l1iffe:rc:nt IJl)sticitl~s

\'vi thout C'.ll Gl1c:.1ysis of n,-, ~"~ ur cOl1siu,-,rc:.tiol1 vf

c..l tCnlo..tivu ~.l(;CtSUrus. But th,-, ulJi..-nin2, uf IPl'.1 is

llistinct1y cliffl.;rul1 t.

Vo..rious nuthors hc:.v~ 2.ttl':Jptuu tv 1.1L.:1in..;c.t-.: IPl.'1

froL: othur etP11TO[.chL:s, for vXniJIJLJ$ Huffc:.kcr (1972),

V['.ll (1\.)11 Bosch [nc.1 lHl.;SS",nc,-,r (1973)$ Buttr-.:11 (J.979L

Bc.rfiiJl(1 c:.nu StL~lc:.C (1980) p S:li th (1980)) CU1CL F1in t cn,-1

vo..l1 clem Besch (1981). ].i'rU.l th0S,-, efforts, fivl.; (.,c.n\...I'[:l

pIinci1Jl~s eM b~ rccoLnizoJll. ['..11(,1 ['.rc uS~l1 !lvr\.; to

chc..ro..ctcrizL' the IPr:l StH'.t0LY;



1.

1 " ,-
v)

111.~ '!Jet.:. -1 tic.ll'v l"lC'..:'''l".:ful G')c~ie s will C'~:1tinuw_.--.-,._.1i en .~ ......~ .... ..£,,::.;.••__--._....~__ .-............ _

tv axis+. c.'c t.:J:l.i...rc.:Jl,. 1 e7018.._.~_~~..--_ .._-.~ . ..._-.,llIO..,.....

In in-:c.:i...rc.tcc.. ~J(, st ~.i:-n":~::".l;._h..J.l-:;~ it ::"s 2.SSu:..lCU the.t

uv.:..:r;y lJ-..:st sp...:cL.; s "..!::J. c_ CT'.' lJJ.J:'Ut eCe syst":l..;.--inS(;cts~

"1.. S ·"S'·S V'·""·, ·l~1".4. _I-. \...,; J . Y\,.,;"--'~J....;;;

hc.rui'ul" c:J.1C. r\.::~lod 1.c.1. C'.cr:iol1s ::my bLl :Cuquir(;u tv

::'1-"..intr'.in th.:.; pc.:s·;;s 2..':~ n0~1:il".!iur~_ous luvcls, IPH cloc.:s

not C1.C..vocc.te; crc.Cj,c:J.~j(,.. .;. ~.;:':' '~hQ IJc.:s·~S. Intc[rc.t(;cl

po.:. st ::'l2l1c.COl:1Cnt r:.; j oc+.s 1~hc n t::'on th[~t tho ~lor0 proscl1c()

vi thu pcst specie ': Hue (G::-::::'l~~;.ly justiftc s c.ction for

control.

l(,\'V-~liJv(:l inf0S .;c.tion:; of CCdC ru')ts jn the cruppin(.;

SystCi:lS L:ny bo ~losirc.1)!_L:" It is wolJ.-k:novVIJ. thc.t non-

injuriuus level!"'; l.f DO::,U e-(r:i.c'..:!J.turc.l j.nsccts nnd

uit.:Js, for cxru:lp~~.e9 L:C.;:l l;~o·,..:i.l1o ~_1Jpor"Gnnt sources of

fooc.~ or rcproducti\~Q host:;: Ie:..' :'1Q.tl:lrr~l l:ncniuS--IJroclntors,

of the S(; )Jest orf.,G.:',ip:.i8 LCy' .. ·~c.::'·'lo tho bunoficial

spc;cic s or force till !:'.1 to ~l.I,;C.. /''': ·th;,} -;roppinc SystCd

c.nll, thwrLlfur(), pr'c1'.~";u hL:,~;_~>t~. 3::.c10 uffccts.

A ruqu:'sitc to n,"',{ n'u p:r.0LrCi.l is to Jisccrn the

"ruel '; lJ...::sts ~.n tho c:;:'uppLTJLJ DystUL! f;:-olJ thuso thc. t 1.lt.y

bu IJorci.:ivc;u 0.8 Ilcc..l 1)1'P,;;) b".'i; :'l.ct'J.c..Jl.y c.rc. l1ot. Thl;

populntion luvol~:lt;.t d(;'~(;rjlin()S vvh~thi.:r 2. rClJu.tuu.ly
N:~n.JfUI-lJp(;CTC8-bc:J<,'.~:;·i~:'.:rnc.:c~--rQ[j. JJ-=st--s:t;'-tus-is-~ti~~---
',' ~c()noi"lic th:.~o s:101c1'7 (Y'cl\;1' .~(, -~11": ~::r'2ininL cuursIJ

peplJrs of J?ntT" ,::0,-0. c~ 1::--_;;"!;(;8<.m~ r;":'O::-l IJ:"ss i1SfJ...;ssLlunt,

Econo::lic In j',u.'Y Tln":~<21p:: ~ '11, 1,~r;ClVI' ,ic r.:;hrIJ Ghclcls, e..nd

Dc.Ie G. BottrclJ ~ i;:'·~ >'1-:'1 ~ 'iri.n~ c'.T.ll T]~dnc ECUll0i.lic

Thrl..:shollls) ~
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The economic threshold is the level of a pest
popUlation below which thc cost of applyin& control
fi1Casures exceSlds the 108s2s caused by the pest (Stern,
1973) •

Jl:ny manipulation of ·:;ho D.[:,roecosystem·--i. e., the
cropping system-may abgravato pest populations on the Ol1e
hend or effectively manage pest populations on the other.
~Yen illanip~lations that appear subtle to usc may affect
the pests.. The change to a new crop variety, rotation to
another crop, change in fertilizer R modified row spacing
or irri{:,ation schemes, change in pesticido use patterns,
shif-I; from a crop monocul turc (single crop) to a
polycul ture (crop mixtures)·-··these and other manipulations
may cause a rather drastic ;;,;hift in the status of pest

specie;;;; in a crop or group of crops in c:. given agroeco
system.

If they arc not carefully stUdied and introduced,

chances in cropping practices over a large area may lead
to severe pest outbroaks and rosult in the establishment
of permanent, often dcv~stating post hierarchies. For
example, changes in tho rice ecosystem is tropical
Asia in tho past 15 yuars have seriously aggravated the

brown planthopper (li?1:.a_par.v;'8:~ lugens), elevating it to
status of ~ikey'; insect post of hi[,h yieldinG rice in tho
r~(;ion (rofvI· to the traininG course papv.L by Dalo G.
Bottrell, The Key Post Concept, for a discussion of key

ric..; ucosystcrn thc.t aru thOUGht to havu accuntuatl'd
the brovVll planthopper pro bl-.;iil:



107

(1) .v/idaspr~2..d .E12.Ilj;.~1A .of modern, hig~yia1ding

rice vc.rietL~s.

The modern v~rieti~s Qpparant1y provided n more
f~vour~bl~ habitat for thv ~rovm planthoppcr than th0

tradi tionc:.l varioties did; c::.nd they latlmd Genetic
charo..ctiJristics of tho tr::tditionr..l variGtiL's that had
resisted the pest.

(2) Increased usc of nitrogen fertilizeJr's-------_........ . ~ ..--
The increased usc; of fertilizers with nitrogan

is thOUght to havo incransc~ the nutritional value of
the ri~c plants to the brov'm p1nnthopper and therefore
speed,cd up the insect pust's growth ro1d rcprocluction~

(3) Inc=ccscd use of ch..,)1!lical insecticides
• . • e

Us~ of insecticides on the modern rice vnrities
is known to:' (a) directiy ' kill somo nc.turnl anemies
important in ki.:..:3ping the brovm planthoppcr in chock in
unt~atcd fields; (b) disrupt food chuins of important
natural. enemies, forcine emigration of thew; (c) kill
off ~~~c~ptible brovm plnnthoppers, thus ~clecting for
insecticidal resi~tant struins? (d) stimuluta r0production
and fe~ding rate of the bro\~ planthopper when applied
at sublethal dosages; nnd (0) accumulate ll1 the resistant
populutions of brown plnnthoppors, and thus harm thu
susceptible no..tural anemios that cat tho insect posts.

(4) ~xPMsion of iqi£,?t,ion schemes

The expansion inirT~k0tion in _+~nr;n~l A2ia~xtclldi.:d

----- '---thc-i;;gth--;-f--th-;-;i~~-~~owinGs..;nson (from 1 to 2 or more

crops per ycar), created a. moist micro·-elilllate fc.vorabl'e
for brovm plnnthopper buildup; and rosulted III an increasc
in the EUnount cf r8.toon (second growth) end voluntoer ric\.:
in n e~ivr,)n arc a..

.------ ..~--
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Intebrated pest manaGem~~t 3trives to manipulate
agroecosystems as. to hold pests such as the brovm
planthopper to tolerable levels while avoiding
disruptions that aggravate notarget pests. Other
papers of the training course discuss the procedures
of manipulation known to be iUlport£.:l t in nanaging the
brown planthopper in tropic~l Asia (Peter E. Kenmore p

The Green hevolutionin FLice: Promise and Problems,
and , ibid., 1Vfanagement of Natural Enemies in rH.'1
Prograiils). As these' -papers discus's', lmowle'dge of the
actions, reactions, and interactions of the agroecosystewfs
components that si5Uificantly affect the tarbet pest
spccies is requisite to 8Il effective IP1~1 program.
Wi thout this lmowled{:,e, the: IPil'! specialist cannot be
expected to design an optiu~l pest ~~gement strategy.

3. Pesoe:. of natural contorool agents is ~:i.¥izod,
/

Integrated pest manag~ment emphasizes e~lsting

factors in the crop ecosystem ",!hich checH;.the pests'
numerical growth: limited resources (Soad, space,
sh~ltcr), periodically inclemont weathor or other hazards
(heat, cold, wind, drou€,ht, rain), competition within
the: species or with other plants and animals, and
natural enemies. Natural anemias may be insignificant
in the control of some post species; however, they aru
hi[,hly ~ffc;ctive against others, particularly insects
and mite pests. Although resources rarely so~m to be in

short ~pply, weather' can be constantly favourable, and
competitors sc~rc~~_or~J?E_cn!~_n_8._~u_rfl_~__ i;Il_crn_i~._s _o_f_many _
insect and mite spocios arc almost universally presont,
ofton significantly so (VQ1 don Bosch and 1I.Iwsscngcr,

1973).



; 189 a.

. ..

Bcc.:::.use the eOlllbinud cctions of V8.rious natural
supprossiv~ forces arc potentially si&nificnnt
against all p~st speci~s, ~ important Goal of
IPlvJ. is to al t..:r pust unvir·onllh..nts so to cnhzncc
the nction of all naturel forces dctcrminud to b~

important. The procedUI'cs may crlt2.il conservation
and ~UGillont2.tion of resident naturcl enemies,
int:roduction of new natural cmcmius, usc ofpcst-·
resisting crop varieties, and other cnvirOnLlcntal
l1lc'illipula.tions 'which are discussud in variou.s papers
of the training course.

4. AAY control Rroc~durc may produce ~bjcctionable

effects.
~--,.--

.The tcchnig~csfor controlling pests. draw from
a wide range and history of a.pplied science and
technology. Ancient civilizations developed many
biological, cultural, and physical methods for the
protection of crops. r~ of theso practic~s

subsequ~ntly proved sci~ntificnllyvalid, though
originally durived fro~ crudu empirical methods.

Tho list of pest control proceduros is almost
cndle:ss. Table 1 lists eXaluplus of alternatives
to chemical pusticidos. Some of th~siJ alternativeS arc
now beulg used in IFfu pro~rcms; nIl have potantial
vclue in intu8ro.ted pes ~ lllcnagement. In. cvddj. tiont'
chemical pcsticidus h[~ve considercblc value in IF~

prot;rnms.
-.-------------------

Usc of Chemical pesticidos hcs drcmati~ed that
any singlu control procoduru can have unexpected
and undesirable consequ~nces (~ufer to papers of
this training CO'AI'Se by Pntricia C. n~ttcson, The
Limitations ~nd Benefits of Pusticidus, end Impact
of Pusticidcs on tho EnviromLlcnt).
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But th: us~ of ~- of thc~ltcr.nativcs ll~Y alse produce
und-.:sircble cons()qucncos. No a.lternD.tivC,; is c pc.nnccn
any oure then DDT ~cs to ell insect prob10Ds.
G~etic str~ins of insect P0StS mcy uvolv~ that res~st

plcl1t vG.ricties, insect gro'.:th re&ul~tors, or other
cl tcrnntivc control techniqu-.:s th.::lt wer (; cnc...:: cffQctivc.
P\.Jsts nrc continuously Ch[:llgil1g, evolving neTa stra.ins,
nnd c.dcpting to new hc.bitc.ts c.nd centrol t0cbniquos.
A basic ~ssumption of intcGra.t~d pest wan~gcwant,

th~rcfore, is that no sinBlu control will be pcrmcncntly
succ~ssful bQc~uSC of th~ r~lurkG.blL ~dcptivo pow~rs of the
pest orgnni~lls. The ~cst lnstin~ form of pest prot(;ction
is a.chievod when thQ burdW'l ofP.c~.~, c9n.trol. is systcmc..-. .... . .. .' ,

ticclly sprend over n c0~blllation of t09~~~iques.

5. !fl intcraisciplina.:rX srstens n,pJ2rpp.•ch .i.S cs~cn tinl

During the past 10 yuurs n burgeoning literature has

been developing on thc npplicc.tion of syst\.J~s science in

post ~1n11.o.gcmcnt. Though thu taros ';nodeling;; nnd
tiSystcillS oncJ.ysi.s" hr..vc only reciJIltly found thoir Vvuy
into pwst t.1CJ:lugClJ.ont Ii tornturo, tho undi..rlying concop·ts
hnvc c.lwnys boon a part of pest control. Trcditionally,
PQst iilOIlo.gOlJont specialists have nttuL.1ptud to abstract
end collate infon~tion fro~ literature and frou field
obscrvo:tions to build n :i.lodcl, . \'lhothor physicc.l or
~cnto.l, of the whole systcw sUrrounding the posts in .
qUQstio:n. Though' not oquip~d with COj]putors b:o;l;ng used
by thuir }JodwIn collougu..;s, sone p~st·n[1no.g(,)j:lont

sp~cinlists working durll1~ the pru-synthutic pesticide..: urn
e~ployocrr.systous~nppro~ehend wuro ·vary succussful in
dovulopine concuptunl modols of vario~s pests' life
syste~s r~d th~ intcrnctll1G vurinblcs cffucting their
ubundancu.
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By studying end conceptucli:uin[, the nctiol1s s r-.lUC

tions, and interactions of' the pests t lif'~ systcus they

cCJuld I1D.kc ~CXiLlur_l usc of tIl..; nc.turnl supprussiv(; forces tl1ct

\":ure rli,:sulntint:; the dcnsiti"}s of th..: p8StS. Systt:;u

rolclysis~ 2..S defined by \i2..tt (196b) I is Llur~ly a. body of

toclmiqu-.ls nnd thuorL:.,s for 2.l1cly~ing ccuplGX problctls,

viQH-.;d as systCtlS of interlocking Co.us~-offuct

pc.thwuys. Thos0 C!XO the.. kinds of pc::.thwnys thut SOl:lu of the

aur'ly pest unnngewCIl t specialists sought in their fi8ht

cg~inst various pests.

Howover, the etlor~cncc of uffcctive synthetic

orgcnic pesticid(;s in the 12.to 1940s nnd the 1950s

loxgoly ~liuincted the n<.:~d for ['. continuation of tho

systoLls approc.ch. Thu sil:ll)listic nppronch of pesticidal

control led to less sophistica.tion, loss cOl:lplexity, and

loss cwphc.sis on studying lifo systOl:.ls.

The recent trend towa.rd integrated post ~nge~ant

has created ~ neod for wore sophisticcted cnnlytical and

synthesis techniques, end cOwputer nodcls nrc being

developed to unify and [;uid~ tho rosonrch end to give n

clearer understanding uf the vnrious intorcctions in the

posts' lifo systews and tho crop ccosystous. The appnrunt

utili ty of tho l.lodols is thnt they could b0 used, for

eXru:Iplo, to deterrJinc hO\i to l.l['.nipulntc c. crop (usc of n

particularly coubulation of variety, fertilizer, planting

schedul0 , crop rotution, 0tC.) to dchiov~ optiL1al post

nanugcuwlt. Efforts to develop these Dodcls reqUire thu

cooperction of ~ range of biological, physicu~ and
socJ.UI disciplines. -------------------..--.
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Table 1 E~ample9 of alternatives to
chemical pesticides

IndueeclMlIUliatMiJcy"'v*at............ '~COft~: ...~_
conttol . " .. . NerndocI••ftllCIMfI ....

=;~.~ /1..-,'..-; ......111
FfyMlnlPl· ~.~ . .

PrO..,.pldl" ~
Stdftt dfticM /,.-. $
IIfT1e1s
fI.......lftd~

AftCtlon ,.,.. rtPIfl"CY
AttllC'lntl .....,"'..

Gtntdc IftIftIPlf"IOl'I.'
,.,poputallom
.......4'M'
M"~"""..

'ItItctI. mftet Md
~"Snnrubtat_ ft"'tdi....

D1..~ rttfttarlCe

• ~III4!.... bJ
InIfttpull1Sont of plllntJ
-.ct~

Cofttroa 0'''_1~'vftlbnllIIflnIet

. Obtu.lJftd"""'led"""
MId MCI~t!n.
MltWfIl

. I:rop rotatlonlftd d
~t

D.atNcd...o'f~.~

wtic!.
IftMctl Mel 001- h.e.:....

OIaN111

1f1w1toniMntallftlfllpul,tiM
Cholca .",lIIery

\~ 1Ir'IPIfatl0l'
MettIolI til ......or .......
.....,.,.anct=.
aI.....
InfIatfon and....
INf1IllIIIlIftl
~...,..'
D..... oIlIrItaGoIt......
s pCIfIds
,..".... ..
W.lleft.

HalunI .......... .,.,
WOIfIIWS

PIli'll cOMPtIl.....

" .....ton .,......,..
bMhai"fertd ••~'"...tIt

"'tdi"t hlshfy ,-,,_.,dote
tot,ge.pecift· .

II ...
,~..... ..
Nei.....,......,.,...

~..•
Otllllial ,....••

T...,....~.....,
..............................

SOUt'C~; AnOn. (1965)
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The development of computer models is not a requirement

for integrated' pest management, and, in fact, some of' the most

ef:fective !PM schemes in use today evolved Nithout the aid of

computer models. However, an interdiccip1inar,y ~stems approach

is essentinl in order to successfully integrate the efforts of

pest control specialists, agronomists, economists, sociologists,

and others into developing 1PM schemes that are compatiblo with'

the agronomic and socio-economic structure for the farming operation

fo:' which developed as well as the surrounding cormmmity.

SUccessful integration requires intordiscip1inar,y cooperation

in all phases: research, development. and implementation.
lit

A range of disciplines is usuclly required to collect the

inf'onnation, formulate the 1PM strotegf, execute 'Wle atratogy

on the fo.rmers' fields, and evnlunte the results. To be

effective, the interdisciplinary tetun mst cooperate in £l. mode

tru? to the ~stems o.pproo.ch. Tho.t is, they mst nnticipcte"

integratio~ of theira9tivities'complete1y tram tho elemental

research phe1.S0 through. the implementation iond' ewluation phases.

Otherwiso, they 1T1<;Y complete their i'1Qrlc only to find that the

fro.grncntod results obtained £'rom the various oomponents Ct'.%U1~t

be fitted together as a meaningful Hwholo.~ This horrend~s

outcome 1llO\V be nvoided by o.dopting a system::> npproo.ch th::l.t

utilizos the tn10nts of EWstems scientists versed in eco10gicDl

prinoip1eD nnd npp1ico.tion to 1PMdove1opment. Peter E. Kenmoro's

pnper at this training course, The Role of Model1ng :md ForO

casting: Simple Examples, discusses the role of model development

o.s part of this o.pproach. Xiritoni (1979) reviewed devol~pmcnts

ill rico pest mona.gomont that rela.te to tho systems o.ppronch.
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DISCUSSION

n.."lJY oboto.c1cs-technic:U, economicy ,social, <:!rid l:'.ttitudi;"

n..-u-ClOt'l t.p.~ d9vo10pment of integI'nted pest monngemcilt.' " One

of the mn.jor obstncics is widesprcnel l~ckof underst~d.i.ng"
, .• ~ . ~

cmong pest control specir~ists, extension officers, and

odminis1;rc.tor13 o~ the principles of m.t end how this' a,pproC'.ch

differs ,~om nltcrna,te o.pproaches to pest control. Even where

the stro.tcGY' is developed, it m..V be difficult to trons1o.te.. ' , .
its o.dw.nta.gcs ond necessity to these individuo.1s, cspcciclly

those who nre still locked intothcirfnith and favouro.b1e

cxporiencos vdth effective chemical pcstici~os. The development

and imp1cmentntion of !PM are thUD henvily dependent upon the

philosophical' education as to whnt 11'11 is. The trainees of this

course CDJ'l sCrVo usefully in bringing ""bout thiD educction in

West Africn.
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COO? LOSS l..SSESSUEl1T, ECOUOltIC :nrJURY
LEVELS, A..lffi ECON01IIC THRESHOLDS*

.. By...

FCtricin C. Ibttoson
Ui~vorsity of Ccliforni~, Berkoley.

Consortium tor Internc.tional Crop Protect~on .
2288 Fulton Street, Suite 310

Derkeley, Californio. 94704, USA

.
It.--.ny netionnl crop :?rot~.c~icn COrviCcrl in Vlost .A:f'ricl:". hnve

undergone rnpitl gro.'!th in the recent pest, partly due to foreign
.. ..

ngricU1turcl o.id pro[;I'ruils" New training progI'nms Md increased.. .. .
sta:ff ond equipment OOVO led to a substmticl expcn~ion of

pesticide use. Often government pesticide intervention tenms

bring in pesticides o.nd spr~ers ·to tre~t fnrmers' field~ free of

chcrgo when ~ infesto.tion is reported. Fo.rmors, and thus

government officials, ere plecsed o.nc.l onthusio.stic. A fcvauro.ble

uneritic~ ottitude townrd pesticide use is quickly developing,

si~la.r to that in the U. S.. 'before the limito.tions and hl\Zerds ot
pesticide usc became clear. Unfortunr..telY, 0.11 this is h~ppcning

in the nbsonce of dc.to. on West Africon pests tho.t indic.-.te ''then

orop protoction meo.cures are o.otuolly justified.

To determine whother o.n insect hes renched pest sto.tus in 0.

given senson, nnd wh~n control ttonsuros u.ro justified, ono must

know tho OOOl'lOnli.c injury level (EIL) ~d the economic threshold

(En') for thD.t pest on the crop in question. The EIL is defined

o.s the pest pO:c"Ulo.tion level below t-lhich opecific intervention

is needed to r1re"'ront 0. post outbrenk end signifioMt crop injury.

It is the cri'liorion for treating key, occo.sional end migro.tory

pests: l1ithout on ostimo.to of' tho uQ~t.. donsi-tv.~. .cmL.re-__. .__- ___ _ __.._._.__• __ ._ ~ - 0

tolorntcd lVithout signifieMt crop loss, tnore con be no

reo.sonnble sr..fogunrd o.gninat eithor ovortrentmcnt or unoceoptable

crop d.."U'll..'1.B'o.
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The Er is the pest density at lIhich ccntrol me~curcs shoulcl be

tclcen to prevent an incrensing pest popu1~ticn from re<:'..chinc the

En. (He<'.dlcy, 1975).

At prescnt, EILs end. ETs hrl-vC been estC'..blishcc'. for

re1o.tivcly fe'!>1 of the most important pests of Horlel o.gricu.lture.

Uos-t of theso nre for species of insects, mites nnd composi-;e l\"Jedsj

fe\'1 hcve been established for plnnt po.thoGcns or nemr-..toc:es

(Olo.so, 1975).

Three f~otors UTe considered in determining when to

undertclte pest control mcnsurcs. First, tho crop income-pest

intensity rclc.tionship is the route throucn which quaJ.ity end

quantity losses become inputs in the decision to take protective

a.ction. Secondly, control cost becomes Dnother input through the

control costpest intensity rela.tionship. FinDJ.ly, the proclucer~s

o.ttitude tOl~~d pest~ risks will o.ffect control decisions

(C<>.rlson, 1971).

~o~ ~os~ nssessrnent. The crop income-past intensity

rolationship is determined through crop loss o.ssessment experiments.

The mainreo.sons for making such dDInCt..,'TQ evnluo.tions in pest

ma.:nc.gernent nre (1) to define the economic status of 0. Given pest

species in order to pIon ros~~h priorities and nlloco.tion of

resources, (2) to osto.b1ish economic thresholds and economic injur,y

levels, (3) to estimo.te tho effectiveness of control meo.suros,

Dnd (4) to e'\l'tl.1uo.to resistent vnrioiiies nnel lines of crop plC1llts

(Rucsink oncl ICogn.n, 1975).
,\

Crop loss <,-asessmont cxporimcntntion is complex end

difficult. Lossos will vt'J.'Y from pIneo to placo (with Vr'..I'Ying

weather oncl soil CQDdi±io"'.,) , -~fI'Cilt ~C ..iX GO yec:r. - --nwya.re-

nlso .o.ffectocl by sea.son, type of nc;roocosystem, crop vnrioty,

stoeo of crop ~ttackcd, cultural practices o.nd pl~t condition.
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Exporiments should 'be conducted for a.t 1ca.ct throe ye~s at
... . .

oooh 9f Co number of locations, nncl such infonna.tionneocls .to bo
. . . . ~ . . ".

up-dn.ted, 110rbps every fiva years. This nill be even morc

true in tho :tUturc because of .ra.picUy ch.."'.Ileing culturcl proci:ices,

tho introduction of new plant vnrieties ~ld ~iculturnl

chemica.i~ (Lc dicrcr, 1971).

It is not. surprisinG' th..".t most clevolopfncr countries h.....vo not

hnd the cnpability to conduct comprehensivo surveys clesi£P1ecl to

assess losses duo to 'Vr'.rious typos of pests on any rolinble o.nd

consistent basis, let alone on a detailed onnunl besis.

Even in developed countries; crops lOGS £ieures sometimes lack
. .

precision•. Inror~ti~~ on crop.lossos in developincr countries"

when a'V::!.ilable not ell.' .is usun.lly incompleto M~ ynrfcd,

cOl1sistin-cr of estimates 'of lossess oo~ring in ospecinlly bad _

years Or in espocinlly affected di~ricts, estimates of lossqs

caused by, 0. porticular post, ver.Y' e;'Cnorrl.l ostimo.tos of 10~ses:' duo

to o.ll or several pests, results of c.."Cperiments COmpo.r~6 yields

of rico protected from poats to yielcls of rice not "so 'protected,
, ' .

Md ~,o on. The literature abounds l'lith phrases such ns :leost. ,

dostructivc post,1I· "serious pests, i: i:'hO:'.Vy crop losses,;: Mel

"rna.jor losses a.rmu.."\lly" rather then precise figuros. Even when

figures r.re ~~.ilo.b1a, often D. distinction is not mado no to

l'zheth,er t~ losses,; given. perto.in toc.pnrti~~lyoo.d YfJ::'o.r or to
,.:' . ,

'0 more .norm.."ll, Y()n.I;' ,n.nd...o:etien ostirno.too nppoiir to. o.pply only't·

the arca .bo.C!.lY nffec~ed 'ttY the, post' uith no nceor.Qo.r..yina

informo.tion. o.s to tho. extent oftha nf'feoted arcb. (DC'.r:t' otoJ..,

1975).

The primnr,y'objective of most crop los~ '~xporimentD ia 0.

cO:npa=f'i~Oli of IJl'C'cccted and unprotectccll)lots (po.ired-trontment'

experiments) uhieh,invo1ve on eatimC'.to of p~st intensity 'Cl11cf'yield
f • ~ ••

on 0. numbor of ~o~imentol.sitos.
, "
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The resultfJ :from pcirc:d-troo.tment OXI'lerimcnts Give n rncnmJ.I'C

only of the estirn..1.ted loss caused by n particulor pest in L1.

porticulnr senson and location, ns reflected ~ "the intensity of

0. sinGle pest on crop yield. Such m..-perimcnts do not indicnte (n)

the inorornent of loss per unit increment of pest intensity, nor

(b) the cOIr.l)ctitiw or intcraction effects of more th~'1 one post

on yield loss. Dntn c.:.f these kin:1s permit' no more reliable

description of crop losses. HOfrov~r, to obtain this information,

marc sophisticated or complex field eX1Joriments arc required including

(n) on· approlirinte experimontnl desien, (b) the establishment of

vo.rious intensity' levals for each of the peS"';;s under stuclyJ, (~)
." ., ." .

the nvnilnbility of objective methode for the measurement of pest

intensities, (d) tho detcrmilk1.tion of crop yield at eO-ch level

of pest intensity, nnd (0) the sto.tistic~·~~~~tionof tho cro~

loss ~1.to. obtnined (Lo Clorg, 1971.
<0 I· .. • .,

To determino tho relationship bet~roen crop yield and crop

income roduction ~d pest population levals, one,comperes crop

losses from seto of plants subjected to attncks from w.rious 'known

populations of nn insect pest to losLus from n set which io kept

free from nttnck. Several methods c~ be used to establish diff

erent levels of pest intensity. (n) Experiments con be duplicnted

in 'crop arena IOlOt4n'to d;i.ffer in intensity of post atta.cIc.', "

(b) .ArtificiaJ. infestntion levals can be ma.intninod by mechonicoJ.

mocns, such' no hand-picking. (c) Plunts cnn be co.god with

various populc.tion levals of ~h\) post. In this cnse, uninfestcd

controls a.ro needod to indicate the effect of the cngeson' the pI onts.

Also, coees m..V drnsticnlly chungo the rnicroclim..'\te nrouncl the

plr.nto DJltl procluce results thE\t m..V not apply to open-field

conditions. (d) S91ective.-;"""'''dici:lcs oen be u",od co pro(tucQ uneven

populn~i~loVGls. However, pesticides or their solvents or

cnrricrs lll..,y hnve n direct offect on yield in addition to thoir

effect on the pest, so for nccurnto results one must set up a ch~ok

to confirm there is no bins cnuso~ b,y the chemicnls used.
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In nc.clitio~, insecti.cidc drift n.1'lc1 tho contiGUity of t'l..~

spx-~ed plots con rcc.uce IUl.turnl cneritY" popul:::::.tions in control

plots, nrtifici:::::.lly, depressing tho control yiolds. (e) Juiother

<l.ppror!.Ch consiots of usmc pl:::nts crol'2l1 under n~turol field conditions.

EStimtio:n of lassos is rode by rccrcssion nn:::::.lysis using yielc1s

ofplnnts (lispl~inG tlifforent levels of injury (Le Clorc, 1971);

Ruesink OIltl lCoG'lIl, 1~75) •
. ....

Reli:::::.ble surnpling methods end procedures must be used to

qucmtify the insect populntions in question, nnel yield loss•
•

Direct pr inclirect ~~ling mctho~s cnn bo used for insect pests~

1). ,Act"U:---J. counts of insects per lmitaroc; fl.,!' exa.mp1e, totol

numbers of. insects pcr square meter, in0ividuol plot, or motor

of row. 2) Rcl~tivc counts ~~~sed on number of insects per
••

minute of collection or observntion, or' per E:wcep, "trap 1 ight, or

:'lumbor per sticq bonrd. 3) In~ircct. counts where tho insects
F •

themselves ore not counte<1, but tho affects ,and products of their

a.ctivity ;:;1'0 noted. Those include imlices such ~s l-lbite hends, deed

hearts, ltcmion shQ,~ts,n hoppe~burn, dofolintioh, or the prosenco

of products such lJ,S gra.ss or exuvinc(F.AO, 1979). '. ".

~~ ~ornpling methods end devices <l.rO used depending upon the

insect pest, crop and tho loca.tibnto·bo s~led~ Specifio OX4~les

of samplinG prooo<:1nresoro d.oscribed:by Nishidn and Torii, (+970). .
for ricq stemborers ,QJlc1: for othor rice pests by Gomez (l9~).

Sampling CUll be extensive, coverinc n 'lnt'60 ':iren; or intensive,'

lnvolvinc sampline of n Dincrle .populntion in n limited c.ren.'

~le survoy methods hnvc been sumt"l..1.riG5ol.i oY Church (1971)..

A particu1nrly comprehensive necount of samplinC methods and

techniquoEl relevant to ecolocienl prC'jcctEl is civcn by Southwood.

(lS'58). Q;tt..r.nLii;yiueyiclt1 loss 1£1 rcIntively simple for direct

posts, which ctt~Ck produce (i.e., the mnrket~b1e fruit or crrnin)

direotly.
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Indirect, }?cc;t.s ~tto.ck plnnt PQ'to tllnt tr~ 1;)c pbysioloaicclly

reldccl to yield 'but do not pro(luce 'by thecselves r d£.llk""..CO

uSUDlly resultine only by intensive or o..~enclecl inf'csto.tion

(Turnbull nnclCh...."11lt. 1961). In the latter cnse experiments

tlUst cleCo.'1'."ly link vnrious levels of pest populc.tion Nith both

c1.u.rno.gc and the resulting yi~ld loss. , ... ,. .,............ - _-
Sineie-pcst cttacks rarely oc~~ in nature, ~mcre internctions

between ~jor [,Toups of hcrmful or~isms must be expected.

Their joi.llt offcot on yield 0l:lY be ~clitive, synergistic, or

antOlgOnistic • For instance, a lenf-catin6' insect pest and a fungus

di~ease m...V ec.eh tnke 10% of the crop if they occur sepo.ra.tc~·,

for on additive crop loss of 2\1%. If they occur simultNleously,

und mechnniccl. u..."\lIIO.6G from insect feeding facilitates infection of

the crop by the :f\meus, 10ssOs to the funaus I11a\V rise above 10%,

for n .s,y.nereist~c total effect on crop loss which will be ~eater

thu..., 20%. Conve~sely, if cliffernet pests attack the same plant

pOrt, their dooage mn;r be antoeonistic: tho :'Combined infestation

IYlO\Y cause Co 10l-ror total crop loss thM lrould be expected from

combined isolnted attncks 'by ench pest. For 'instance, if tliO

species of rice bugs are present, each numerous enqugh, to spoil

4~ of the crnins, total crop loss lIill be lesS thon 80%
because much crrnin tnll sustnin nt.tncko from both' species. The

study of tho joint effect of two or more pee,ts requires factorioJ.

experiments usinG selective control mcnsures. Approprintc

methodoloer hns not bcenwcll-resonrch (to C1ere, 1971).

r.~ost crop loss e;xperiments consider only the measurablo
: . . . . ... - ~ -

effects an current yield but there ere othcr loss cspectc to

consider. These include effects on futuro yields, limitntions on

croppine opcrntions and sequences. and Joln.yo "Dr1 cornrH ",:,,:'t:f..,nc in

harvestine (Chinrnppc, et al., 1971). Reduction in gsnlitX of the

crop is on irllPortant consiclerntion.
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Los~oo in quk~tity ~~ ~ity DUst, then be converteu ,to losses..'. - .
in crop i11come. This will depencl on tJ:le current market price of

the crop. Ch...--.nCinC :price levels mus1; be monitored, onel recurrinc

pntterns end tIle effects of ch.."Ulcine GOvernment =,.J1icy should.

be nnticil)ntc(l.

Control. costs va. pest intensi;tz: Control costs for

dealine vri.th v--...riouo intensities of ~ost infnstntion nust be

cnrcfu1ly ccl.cu1ded. These cm incluc"'.e 1) clccrenseu rovenues

from lower-yieldin6 resistant vcrietics; 2) unprofitcb1e crop,
0.. ,'.

rotntions;, J) lnbor costo, \olhich vrill vr..ry with senso~ on:.! skill

level n.n<l Illt:''''' be for cultural controls, npplicntion of cher.dcuJ,s,

or J;1n.rvcstinc n bieG'Cr yie:ld; 'en<lLl,) in];:U1; costs such, DoS clean

se~d, insecticides nne tuneicides, Nl<ls,r~ors. Loneer-torrJ

costs I..uch 6.s dn.nrige to the environment and rlc~ine with post

rcsistllJlcc to pestiddcs' and post-Moist""""1t crop vnriotiea, or

with pesticide-provokec". o.tto.cks 'by oeconclnr,y pests, o.re of':ton

ienored (Cro-loon, 1971). The cost picture is distorte(~ ,man
, '

government sUbsic~ provides insecticidos or sprny servicos to

formers free of chc.rec.

Fnrmcr risk:::• Risk vnries amonC proc".uccrs.' It "rill be

highest for f~.lers "rho have limited Off-fnI'1I1 employment

opportunities, little oroI' diversity r'.ncl l!'..rco"crop investments

at stoke (c..'\rlson, 1971).

Tho nfor~montionocl cost and crOl) incomo" relo.tionships, ·'1hon

o.djustec:. for tho producer's 'pc.rt1cu1nr a.ttitudo tot'1c.rC. risk, "till

determine the economic threshold (FiG_ 1) •. This is the poet

density for ~mlch there is the biGgest tlifforonco between orop

income C'..nc1 cnntro1 costs - ".0., the bi0'£!Ost retuI'll to tho f\U'lner.

At p·opulo.tion .1evels c;ronter th...-m the oconomic throsho'r'J :+,M,...

former \-lauld not eat more from tho additioncl crop revenuo thnn tho

am~tof'monC?;"'invostoc1for its protection (Ca.rlson, '1971).
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"4- Control Coste to tlchievc ~o.:rous Plent I:ntcnsitiee
\

'\
\

" "- ......
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J..-I-"
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2L-~..---...i,.-~-~~-__-"""
o Nl No PeGt Intoneity

FIGURE 1. Crop income- 'CJlcl control cos1;":'pcs1; intensity
rela.tionships. N* is the economic ':~hrcsholcl (:rrom Corlson, 19'P.).

Defore trentine 0. crop,-levels of n......turol· cnelltY' o.ctivity

should be obscrvccl. If the .hieh peS't '''i)opUln;Hon is hca.vily
, .,

pa.rnsitizec1, or if proCk"l.tor~ c.N a.1JUnflc.nt, nrtificinl'control measures

m..V be unneceest'.I7(:··· In' W~st Mrico., -c~torPill~~ of 'the ski!,pcr.

butterfiy ~o.l7l~O; '~P. ',>o'ccb.SionaH.y b9c.9mo ,n.bunaa.tlti :dctol!n.t'inG ",
f" , I,' , • ..

. rice. Honover, the's~' h1en ,populct;iollc IF,Vu 1Xiill o')cerva~ to '!.:o

.~:~L':~ :. :~.,ho~viJ.y l)crcciti~~J. :t:1 :~:~~;:G;,. '~J;":1o:r:i~~ ::1:): :~, (:Jrollioro: 19~6).

;
•

'. '. ....:..",.
The ·~conomic ,thrasb:Old Will shifi vith ch.onces'in rink ond

• ,,~. • ·1 • • ' •

the coat or crop income curves, and its n.a.~stment'must: l~e D. conti-

nuinG process. It will deffer with crop developmont stoeer ~rop
•• .', •• ,' .. I ' .'.~ J . :'.'

vo.r10ty M.c.~, reG1on, ond must be re'\i.Lsccl to~ account for new posts,

new \':U'ietigS; .new mt'..n~mcnt proctices,' 1'J.oti mo.rkotine stcntl.:;,rds.
and vnrintiolls in .commodity prices and,oon.trol' oosts. ' ""':', '

Tho comploxities involvcc1. in c6+'f\hl; I'!~""'G c,;'.:'ncmic

thresholds aro 60. erent th.o.t rna.n;y rcsearchers n.re.temptad to 'G'ivo

up indospo.ir. others :'beliovc tho.t until 'economio thresholc.lsnncl
.. I I '.

eoonomic injury lavale are ostn.blishocl 'Nith the most riB'Orous

noaurncy ~d in the most minute Qetnil, tha,y cannot ba used

effeotively in 1ntog:r.a.tec1 pest tl'IOJl,.'1.comont. However, empirionl
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evidence froc previous cX"j,Jericnce CIl,l relJlic~tell observntions

Ct'll be very usefu.l in the estc.blishment of provisioncl thresholds.

Successful pest manoeement proeroms CCi.'"1 be lLe'V-olopecl nrOtU'ld such

crude firct r-..pproximc.tions. Tho thrcshohls cnn then bo rofinod

as nddition~ informction becomes ~vr~l~ble (G1~ss, 1975).
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PESTICIDE USE mmTEGrumro PEST
rU.N1J.GEltElTT PROGRfJn.IES

C. Uiclulel Smi.th
Loui siano. Stnte Uriiverni.ty
futon Rouee, LA 70803, U.s,~:..

Control of insect pest3 of rice, ns in most other mcjor

o.ericultu.rt"~ crops, relics larecly on the usc of cher.Uccl.

pesticides. ~deed pectieidco'o.rc amcnc the cost pOt~rfu1 of all

to.c·~ics currently a.vailable for usc in inteero.ted pest m..-ma.gcmcnt

(m,l) systemc, It is oi'ten t'o.i.d and rem..:.ins lorgely true toot

p()sticides nro the "bo.ckbone17 of nn effective m·~ proWOJil. In

a.dditio:;l"to lO'torering the populntion levels of a pes1i insect

hOl1lever, insecticides cause ch~s ldthin both the oreonism uncler

scruti1'J3T, the eoinhabitunts of its environment ond the host plunt.
"

Dy ex.."l.r.Jinine come of those problems resulting from improper
•• I' •

pe~~~cicle .~~e in the po.st olso uith some of tho lr.:J\Y'S we ~e

presently nvoc"..ing these problems, perhaps we o:m define 'Wa\YS to

better establish the pesticide use po.tterns of the future.

nlsecticide Resistance: Insecticide resistance occurs in
•• t r , ....._

insect populntions l'lhen, nfter reponted exposure to above nvcro.eo

doses rnld!ornumber of npplico.tions of pesticides, the survivors

of the oricm..:.l populctions nre unnffected by the normolly toxic

pest icicle. Currontly, oootor 400 insect and mite spocies ere known

to be rosist~t to ono or mora pesticides (neyno1ds 1978),

AmOfig theco ero 0.11 of tho mo.jor rice insoct poste in Jo.PNl

(~sako.wn 1975), one mnjor past in the Philippines, (InRI, 1971)

and ono in the Uhitad Statos (Evpre±+. ct ~, 1961) (Table 1).
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Tnb1e 1: L'Decticide rcGisi~ce in rice insect ~csts

• e •• .... • = t • •• • p ,. r I r. .

Pe~ Species Pcsticiu.c. ·Yenr of' Occurrence

--.....--------------------
nice ic~ ~cr,

Ilicc \'rc::.ter l1cevi1,
~issor~0Jatru~ .o~oahilus nlclrin

...._0 ... • ,_ ..

Green'rico lont' hopp~~ .. , '" .. ··mn.lo.thion
NOEPot~tt~ ~incticovs cliazinon

....... ._- ....-...-.....

Rice stemboror,
.9a¥.-2 ,~;.mres,s~

Smnller brolJn plonthopper,
Lnodol.@.~ ..S!:r:intol1us,

DrOl'll1 plrnthoppor
Y1b1P~&1~n~

nice leot beetle,
~ .QW..0!is ,0a.Z:1c•

...., T.' ,... It,d'

mIC, DIYI'

mc

r.cl r-.thion
fonitrothion
clic..zinon

DHC, m..'1l<'.thion
lindano
MIPe, nl'UC
cliazinon

DHC
• •• '11 .!.t·l· ..·~· ..··-b ; ....

.. - ..- ..

.~-

1965.

1965
1965
1965 .

1964.!;'

1964
1964·

.196l{
1914
19192/
191o=t

" I L

• ,h.1 .....

b _

.' '.. ~

1/ United St·~tes . ::.... ._ .....
!I Philippinos' (lUI others occur ill J(I.p'VJi1 ~ ~ .• ::•. ".' • .. ."

........... i • ,I' ' ...•

.Thci' devciop~~;;t··~t' ~~~i~~co do~ends not only ~ thosoloction pressure

p1o.ced on tho' insect population in tOrntl3 .of insectioicto uGO, 'Out
o.lso on pest insect bioloGical fo.otors ouch ns generation timOr

clisporao.l bo~~vior, not rate of reproduction nnd doeree of reproduotive

isolO-tioT! (,..",-r-.tgia) of v~u:iOttG SOghroni:S of the totril pest po~~t.~on.

Short ~~.Q~C\.t1on-.time. and rolo.tivo Inok' o:f'roprol1u.ctive isola.tion............. ~ .,.'

favor the c1cvp1opment of insecticc1c rosistanoo in insoct posts,of,rioo,

and for this reo.son attompts shoul(1. 1)e ma.clo to minimize the usc of

inooctioiccG ond avoid tho oocurrence of rcs1stnnco.
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How is this poss~b1e? To cvoii ·insecticice TCsist~ceit is

. necessc.ry to trent only ccrtcin [;"CoGTD.phic seements of the pest

populction d such at time l1hcn populntions w~o.nt trcc.tment, in

..... order to- keep the pest's cones for insecticic'!.o resistance d c. lolV

frequency. The c.bility to pinj;)oint the proper time onc1.. locc.tion of

c.pplic<::.tion hinccs on nn intensive fie1c1.. GcoutinB' pro[,Tm E.upplemcn

ted 'by trc.p:,ill[; insects with blo.ck licht, pheromone, sticl'1 or

pitfall tr~ps. For pest insects such ns rice bor~rs, timinc of

o.pp1ica.tion is especially critical, since the periocl of m...,;rlmum

exposure io 0. ::;m.:.l1 Utd.nc'!.ow" of time, just nf'tcr :the peak lo.rwl

hc.tch c.nc.l jUst prior to diSJ.)crsnl nnd cntrc.nce into the plrmt stem.

In the er..r1y 1960's on aldrin rice Deed trea.tment W<lS

o.dopted co stN1d~l practice in the Uhited Stntes for control of

the rico l~~or ~rocvil, Lissorhoptru~ 0ElzophilRs IUlschel. Uithin

6 yeo.rs a.l1 be. ogzophilus popula.t ione in the southern Urites Sta.tes

torore a.ldrin-resisto.nt Mel different chemico.1s hael to be developed

for 1. ,o}Z~,oJal~i,1,u:.s, control (Do~TlinC' 1968, Rolston et al 1965)

(Table '2). This is o.n cxnmp1e of the kind of heavy selection

pressure 11hich is exerted on nIl insect populo.tion when persistent

insecticides are o.pplied sirm.l1ta.neously over n lnrcrc 6C0c;.ro.r>hio oreo..

• 1.'. • • 1 • • T •• •• • • I

To.ble 2-.-·' Occurrence of aldrin resistDJ'lce in populQ.tions of
L,i.s.sorho,gt,rus o;rxzoghill.\s in the southern United sta.tos.

« . ... .. I • • • 1 , I • r • I • f • ••

Sto.te ncferonco and Year._------- _......- .....
Looisio.11o.

Arkansa.s

Texes

Everett ot nl 1964-

no1Elton et a.l 1965

nr"··linJ "9 ....nJ: 00

PI ••

Solective use \'lill o.lso extend the useful life of tho

insectieillo enel reduce ita impact on non-target benofieiol insect
-.

prodators and parasites,
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Newsom et cl (1980) give Cl strikinG c.."CCJil;>le of the c.lotrimcntwl

offects of £'ii" improper~' timed inElecti~iu.o,.c.pp"iico:tiori on soybeL!.Il

yiolC!. N'l(1 beneficial predctors of thosoyboo.n pe~..feec;~ ..
Eeliothis zoo. ~(.Ti:l.blQ· 3) .... " ...:._, .•......~ ....., ,.. . . .

Table 3.- ~oct·-of. o..;.mine ipsccticicle· cpplieatiens on control of'
~; .•'~_"'4"""-'.' •. .. f. g. .?S nnd yield i;1 lnrcc scua field trial's. North

Cc.roliIul., 1976.Y ,. ,.... . .
__ .'. 'r ••

•
Timo of l~plicction

( ,

Immediately prior to·R. zoo. fielc1 infestotion 6
.' .

\fuon g. zeD.. populctions rooched economic· 30
injury-"i'evols

Control 18
•• ' 0 ,...........~ '.....

1l.PPl~cotionF3'.()f insecticide -to·.f'i~lcls....just· prio~,'to'l!~'~~

i.nf'esta.tiQ11QJ~~na:t.edpredntors, which allowed lI. .!2!lpopulations

to rC£l.C?h vcry·bieb levels .nnd..in:t1ict heavy- crop dOJllC:l.6C.

APplica.tion> of ~socticide when H.' zo~'infostntion~,recchcd ~
", - ........: ....

cconom:lC?a.UY'·d.o.mo.g:i.ng-levol howevor', combined the cf~octs of tho. . .

predator popu.l.D.tion and the .J..nsoctic1c.lo, rosulting in.si~ificontlY'. .
hiC;lor s~ctU:)..,yiol4s... :.

. ,Once C I;{olcotive insecticic.1e usc' pattorn has been mloptocl in

an.. IPM prot¢e.tl, n moni.torine system trillolso b.e nocessr-.r,y to kBop

rcc~rdD of the lovel. of BUBceptibility:in vnrious geographic

SoemoritS~.1;~9.. post. pOpulation end documont the o~curronce of '.. ~..
chemicol, control fa.ilUroB. Speoific seBmonto ofthopopulntion, .
can then bo testocl to c1,..,+'c'-r.'.:f.."lQ if ,iii !'.~GL hIscaticid¢' rosJ.stance

ht\.s dovelOJ;)ad~.. Our rosonroh..progrcm~t L.ouisiOJ1Cf. State

Universi~ incJ.uclas ri. system· of such 1Jiot\.ss~s to detoot oo.rbe:rurOn

rosistt"nco.. in:rice. l-mter' weevil populctions. A typioal sot of

monitoring ,Unto. is ahem in !l'o.ble 4.

'.
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T~b1q 4: Cnrbofur~ rosiston~e mmlitorinc in 5 ndult ~.

,oa.z.oi¥.lu.s, popula.tions. 1978.

, , • • .' ... ...

LD
SO

(ne/noevi1)
•• g • • ,

r.ionth of collection Loca.tion

_L_o_c...et_~....·,o...n__-.. J...un~.e-.-__. __ ~.a;o.=s.:.t ...,;:,;;X__~,.:l"I.I!_--

S~ut!i,&:'~, ..i'J(· ..-, '
0' •• -

Denoit, 115

Jones, LA

Crowley, LA

Knp1on, 14"..

SC:J,sonc1 X

.. -~ .. "5(3'::'7).sl

12(8--28)..

11(8-33)

6(11.-8)

6(5-7)
8

/;:6":'5) .'
, 5(L1,-6)

5(3-6)

5(3-6)
9(8-10)

6

..'

5
7
7
7'
7

pj 95%' confidence limit;'

Pest Inocc;t Resurrrsnc,e: Pest resurcrcnco occu-rs when post-

o trca.tment post insect population levels excoed protr.t'.ntmont

populo.tion ];-evels, duo to trentmcnt trith eithor n.no~-sclcotivo"

insocticidc rmd/or nn nbnormolly hie:;h closo re.te of insecticide,'

While these' ·pra.cUcos effectively olillli.n..'1.to tho post pOl'u1a.tion

tOtlpornrilyJ thoy NoSO canso popu1ntion lovels to increase

'.. drnmnticcl1y_ thercb.ft~r, cluG' to the olimina.tion of beneficial

insects. Dote. for sqybo,~ lo?pcr popul~tions in sqybeans (Figura 1)

. depict. such .Do typicD.1 rosur6~cG J.''''',ction, in tl:'.i~ cnso cluo to

<:!.pplicntion of mothol'lij"l nncl mC,lthyl pnrnthion (Shcporc1.. ot oJ. 1977).

In rico, resurgence of tho brown planthoppcr. Nilqg~t~ 1PfSns

(Stol) hes boen inwcod with npplica.tions of mo~l:JYl pnra.thion,

dio.zinon Mtl..clocc.t1eth in (Che11ioh & Heinrichs 1980). In this

'·inet"",.~ hGire;"-Cl',hoppor3 wore attrnctcc'!, to .troc.tccl.. plCU1tB duo to

incroo.socl plcllt erowth. Popu1l::.tion incroL".sc,s thoueh 'ilOre a.ctuD.1ly

clue to stirnulc.t.ionof hopper roprouuction b.1 feoding on insccticido'.
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L~ck of L,sccticiQe Selectivity: The l~ck of insectici~e. -
selectivity il3 c. r:njor problem lwith inl3ccticil~C usc in n1I

l)roeroms, since non-tnreet or~.1lismo ouch l".S bcneficicl incc~~ts

~G 't1el1 ~s pol1in~tors. l-dllUife, U'"'.n r.n~". c1.ornestic livestock:.

~e all subject to the effects of non-spocific insccticiQes. .

This problem is of ntlded importnncc in IrC oh ·lcn-tlo:rfe'!. flootletl':

rj~e sincq '.h..--..rvcst of nqua.tic invcrtobrntcs ond fish is on I
importnnt :tiOO,-'l. producing mechanism. ncynolC!.s (1918) avides '

insecticides selectivity into p~sioloCicnl one'!. oco1oeicnl
; I

cnteeori~s. f'hysiol0eicoJ. selet::tivity is :relntecl to specific i
,.\ ,

inscctidiclcs l~ihich nrc effective in contr,'-"lirLC only specific;
. ,

insects' or er~plJ of insects. tWlc this type of development ~,,
would seem the ultimate in safe insecticic1.e USQ8e, the occurrence

'. I

of such compounck is raro, due primnrily to the hieh cost of \

dcvc16pment to chemicnl companies. Nott'!.ble exceptions nro se.~oJ.

ncnr~cides nnd tho bioloricnl insecticide Dncillus thurincionsi1
t.J I - gEl t

I

~' ,

Pest Species ~ffected

Selective in~c6ticides currently in use in rnt proer~s
:i

..._n\o....... ·~u..'~,:.· ~.--::••

To.blq 5:

--------_._--_._-------------_._--------
:qo..cillus .thu:r;.inLJ"fonsis Dacterin Soybean Velvetbenn cntorpilla.r

Green Clovorworm
Soybean Looper

..,llice;.. - . ":..., Rico Lc:mfroller
Rice Stcmborer
Rico Skippers

cyhczo.tin (Plictrl'llln)

proparcrito (OmdteR)
n

Orennotin

__~lphr'.te

C~b!'.mr!.te

Apples EuropcrJl nod ~fite
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, ~... . .,'

e/2G8/20ell3

. - .

0- --<) Untreated

• & Treated

. ......

e/6

. ... . ~

5

6

DATE OF SAMPLE .0 .... -' ••
•,_, __..•._.,.e.. ..

••_ ...... _'..-,1 • • --'

Fig. 1. Resurgence of, Pseud0,P,lusia. iAo.luden.s, populations
in soybeans after applioation of methol'ltY'l +
meth;yl parathion. FromShepa:rd etal 197'(.

--------~--~--
" .... "

,... " ..'
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Ecc1oeicnlJ.y selective t~Ch."l:i.crlCS ho~rover. cc.n be

developed \-lith existing insecticicles but rely on c thorou.en

knowledee of tho relo.tionship be~Hecn the pest insect bio1o[Y

nn1 host plrnt phenoloGY. neduction o£ pesticide 1osOu~ rctec

is ane metho~ of ecoloBicel selectivi~ ~mich hns recievod

considerable L,~~stiention in recent ycnrso Simp~ stateli,

this method defines the minimuc necess~J dose ro.te of ~

pesticide needed to give effectiva control of on insect pest.

Due to this we of research, extensive revision MS occurred

in the minimum dose ra.tes for soybeon insect pests in tho

united States (Turnipseed et 01 1974)(Tnble 6).

Table 6. Changes III the minimum effeotive dose ro.te for control
of soy-beon inf:ect :pes·ts. 1973-197'7. J!

=- er I • s: e.... On...==crnac=:"a.~_r=-:...",-;..... ._._...._e............_·_, ·".. I' I: t ~f

-------------_._,-----------
Insecticide

}'letl'tY1 pnrnthion

Post Species

Deon Loa.f Dectlc
Volvo·tbeo.n c......torpi1Iar
Corn Eon,Torm

Southam Greon Stinkl:.ug
Deon Leni Dectlc

Recommendod Rnte
les .. i ... I./Acro
1973 1977--------
1.50 00 50
1.50 0.50
2.00 0• .50-1.00

0.50 0.25-0.50
0.50 0.25-------------_._-_.. ----------

II from nOt-mOm ot 0.1 1980.

4n0thor method of reducing insecticido doo~~ is b,y monns ot
ultre. 10t'1 volumo (ULV) o.pplico.tion of pesticides, which uscs r~tos

ot frow 1 to 10 1 diluent/hOo, compo.rod to low volumospro\yB of

10-100 1 diluont/hn 01' higL. volume Bp!'t".yS o£ 100-1000 1 c1iluont/htl.o

ULV sPICiY'ers a.ra nOli· monuf~cturecl for usc lu tho sm..lll fNner C'.&,d

Oodwnto.gos of this motbocl include roc1uced amounts of' l-J::l.ter, tlhich caveEl

time ondlnbor: ~nd roduced ~ostjo;ro n,~-o~i cnmr~~nn to ~~&~ ~!Olum~

spr~ing, llhichso.ves monoy 13pent on postioido. Considorcblo

SUSSCGSS ~s boon o.chiGwd usine tho L1JV techniquo in controlling

tho rico stink bug~ ~~J?E.!F~ (F.) (Tnbla 7), rico lonfrollers

o.nd o.rJl'tY'lrorms (Shin-Foon 198C).
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Table 7: ULV insecticide o.pplicntion for .2- w,cm~ control in

rice. JJ
_. R __-..-.. -- . l_l__'....~t_d__t.._.:;__, ..- _

InsecticidQ

Mnlathion

• Sumithion
. '

Motl\Y~ pnr~thion

:Kc fa! 1 spr~1 Post tre~:trnerit control (%)
hn 11.'1. 1 (~ 3 (1qa 7~

0.116- • 0.711- 89 85 79
0.116 o. 7;~ . 89 80 99
0.045 18.2 96 95 46

1/ :f'1-om Oliver ot al 1911.

It should 0.1,80 be' -poin~ad out thc.t-- pesticides om-be o.dveJ:elY

a.ffeotcc1. bi'th~ pH' of ·the 'water ~sed for mirlng b.I1d ,nppiiCdt"ion.. .
,-rure" Writer h:is 0. pH on'bt:t dcpend:hle on ceogro.phic lOQcrtian,.'most

, ' ,

wnter i~ either o.cidic·.(pH'1>-7) or o.l1c.."".linc (pH 7-14). Cc.r'W.mc.te
, . '

c.."'ld orecnophospho.te pe.at..i.oides undcrco "Jkn.J inc qdra1J'~St Q,
. .

prooess ~ch broQka npnr,t-tho pesticide moleculo nnd tcQctivntes

,~t. In GQ;nerl:'.l, the rato ~ decomposi'tian... dopendG on the do~o

." ,or· o.1kal1n:1ty of tho- wt'.rte.r.,. ~ ot tho currently ~,pestici(1es

,:w~k best when mixed. insl4rhtl;r acidic \-mer.· '.l'o.ble 8 liots SOlDO.. . ..

of tho nd:wrso td''foctsj)l:t changes con ful"l1'O on posticidc~•........, ....

Tn·~10 81 AUlcolino l\YdrolysiS of como comton insoc-tici<loa. J1
... • F ••• _ =.... -... .. •• •

Posticide W~ter pH 'rime (hr) for ~ lv'drolyals
..

"';1.•.

Dylox

Cuthion

Imidan

1
8
7 ,-

9
7

-~~-- . -~ ~--~-.-. ----tr~3----·- ---

6.4.
1.0

240.0
12.0

12.0

---'-----------,----------------:----
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_ .Se1ective use of pesticides cnn nlso be c1u.e to d:J.screto..
placement of chemiccls on specific plant pnrtso Exomples

of this technique· include the usc of systemic inse.ot~cid~S in the

root-zonetredment of ride for g"l11 mc1.Be, .control. (Shin-Foon
'. .,

1980) und the root-coa.t trco:iiment of rioe seedlings·'tor control

of' llh~~l m~eot end' green 1e~opper (Seiber 1977). In" both

cases the nocd for foliar spropngwns remoii-ed and' few'

. o.dvcrse effects wore observccl on nD.turDl· ·enemies.-ef the pest

inseots.

Conclusions: These remarks D'iva. but.· D..1Jrief overview.·' ot" pa.st• • . u

end present inseoticide usc, but I l:'.Jll hopoful.t1ul:t-theymll

i11ustra.te some ideo.s on how wo oon bott.cr-use :insecti~ide in

futuro rice·ml proera.ms. .,Unforlun£l,te!y. o.s a pest'~~Ol

ta.ctic insecticides ho.vo been overrelied upon·and OS.4 'result,
" , ... , '

oveNsed. 'Hol-rovor, this in no 'wtl\Y'. <limjni shes t~.oct±veness

nor thoirneecl in IFM wen th~. are' properly ·used., U1~im3tei.y. .
. _ I

insecticides in l.fricM rice !PM will serve....a-u~~~ose only'

if peet ~mont specialists o.t 0.11 lcvelf! help. ~nrmer

understond their benefits nnd..lin1itll.tian. --,... -

.' .
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IMPACT OF PESTICIDES ON HUMAN
HEALTH AND THE ENVIRONMENT

By

Patricia C. Matteson
University of California, Berkeley

Consortium for International Crop Proteotion
2288 Fulton Street, Suite 310

Berkeley, California 94704, USA

The increasing use of chemical pesticides in world
agrioulture ,and public health has conferred many benefits but
is beset by many problems. The dimensions of the hazard to
human health and the environment are still largely speculative,
but enough data and experience has accumulated to show that
pesticides have been, and are bei:1g, dangerously misused,and
thert great oare must be taken to apply _less dangerous ~heDioals

safely ~d judiciously.Suoh caution is eep~cially,necessar,y'in

developing oountries, where the populaoe generally rem$s'"
ignorant of the dangers involved, extension services ~end to: be
weak, environmental monitoring is usually nonexisten~, and
facilities for reoognizing and treating human pe~ticide poiso~g

are inadequate. This paper discusses pesticide hazards to",
human health and the environment. "The limitations and benefits
of ~estic1des" in agriculture is the subject of another article
in this volume.

The properties of individual pesticies determine their
aoute and long-term effects on plants and an~malB (inoluding
people) and their persistence in the environment. These properties
inc1ude their water-solubility (soluble chemicals are more xea.d.ily
broken down through hydrolysis), their tendency to adsorb onto'

soil particles (inversely oorrelated with solubi11ty), their
volatility (how easily they evaporate), and how readily ~hay

are degraded by
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microorGanisms or throughdho~cai'pro~cssus such as

hydrolysis, oxidation and photodecomposition (.Anb~o, 1978).

Host hc:rbicidcs 3.rtcl ;)rGanoplio~ifuatc, carbamate,

synthetic pyreth;oid~in~ucti~idusarc relatively non

persistent. They arc' rapidly degraded chemically and by

microorganisms in the cnvirol1m<..:11t g and higher animals

Detabolize them Emd excrote thu breakdown produqts with
! ..' '.

bOdily~astes (McEwen end Stcph~son, l~79) •....

~,' Bl"'e;akdown by mj.croorcrrn.i sma was well··illustrated

by",s; fitudyo'f' dia.~inon deGradation j.n :Philippine rice

paddics~ Thuchemical was degraded in' two months in a
prdviously untr'catacl :P:lddY, 'as Ol'lposod 'to si:iC...m~nth'·' .

pcr'Sist:mce in unfloodod so:~l~' l}lrG~ lass' pursistcncQ 

l,"Wo'w~cks- was obsorvcd i.n :padd~es that had' beon 'spr~y~d
•.• ;. , .' • • ..: •••• I j .'f';:

with diazinon bcfoTCJ, alJd this fsote'r degradation was'
asso·6io.ted with 10cOJ. buildups in the potnilation of:' ... ",.

microorgoilisms thu t ca'':'' l.;. ...i'J "i.,L.0Pcsti.'c:l.dO' asthc:ir sol"G

carb6n sourco~ Workers i'solatod' mie 6f those ~pccics~'a
Flavob~ctoriuni (ScthUnath::u' ~ 1972) .. '
~................... ,

; : 'I •

Mercury, arsonic,' and o!"r;nnochlorinc p.Jsticidd"s such

as DDT, HeR, aldrin, dieldrin: lbl~ane ~d hQptachlor persist

in org~i~s ond the ollvir('l:1IT'..,~nt for long poriods. Most. ..... . , .

of thq onvironmunta.l .:probJ,()lll~ ansoc:i.at.od wi tJ:l. p~sti~idcs,. '". -. .', .,.. ., "

;have ciID.turod o.round theso icompounds..~hoy...arQ wo.tQ~ ,"
To • I I • ~.. • • •• .., •

.' insoluble und tend tu adhere ~~osoilpartioles lilnd I.;·,',
.' ,'. '.', •.1:,',.:. :. " '_... . . : . t,'" "

accul1lula.te in the topf6w inch~s., 9f soil, W.hOl"l.othuy ,~p

rosistont to br~o.kdow:P.. by ChQ~li.q~l processe;.s or .,m~c;-9~r.galisms.

The organochlorines art; _.~ic;hl7f fc.t·~solublg. and whCl].. they

aro co~sum()d or absorbodby living th~~~, thuyaron~t
excreted qUickly but colloct instead in fa.ttytissucs

OlIcEwcn and StophCl1S0:iJ.~ 1979) t
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The term "biological I;l8.BIlification·: r~fcrs to the

p:roe,r~ssivc~~cuniulationof r3sidueS of persistent
pe's'tiCi<l.3s in the food cha;in. Low .r.o-siduelovcls may ,be
found in' soil or.~~terJ but the pesticides are f~ther

conc2ritrated in micro f19ra and~fauna, and even mo~e so in
the'larGer org~isms at hiGher trophic levels, dep~nding

on thci '~~ount of pesticides in their diet and pesticide
mstabolisw and excretion patterns specific, to each organism.
Tr:.ble".1 shows typical residues in va:rioussescents, of the environment.
Inaquatio habitats, predatory fish and' filter feeders suoh as orabs
end challf'ish oontc.:1n rel~t1vely: high levelo ofpeotioide reo.idues.

Table 1: DD~ residues' in various segments of the environment,
averaged from many studies (from Kenaea, 1972).,

,~.rophic. Layel

1

,2

3
4

Environmental
. .. sector

•
Fl"'csh r,ater
Plankton,
Aquatic invertebrates
Frashwaterfish
Predatory birdS

Rosidue (J?l!lL

0.00001
0"0003
0.001
2~0

10.'0

'. '.(

People, being omnivorous, feed at trophic levelS two
•• 'I,

to :f'dur. 'As might be expcc"tod, the average U.S. ci.tiz'en
has 6 ppm DDT in her tissues. This level has decreased
from .'11 ppn since 1972, 'wh'C11 DDT was banned in theU. S. '
Other persistent compounds Suc~ as dieldrin and heptachlor
epoxide arc a1'so cormnonly' found inlwople in,many regions
of theglobo and are secreted in mother's mi~k ~t levels
much hi~or than we would 'wish '(McEwen and Stoph~~onJ. , '

1979) ~
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EXC0pt when persistunt ins0cticides such as dieldrin
arc alJpli.::;d at high rates$ pesticides do not sc.:;m to havu
a las'~ing adverso cffeet on soil flora and fauna.
Howcv~r, most s~dios have been short-term, thu results
are variable, and it is difficult to obtain and int~rpr~t

gooddnta in this subj0ct ar~u (Fryer, 1977; Graham-Bryce,
1977) •

Pl.Jsticides must blJ us..:.:d Hith,0~trqij1c care in aquatic
, e.:nVironmonts, 'cspeciallt' v~hc;rG,crabsi" f1s1i aild. shdilfish
, ar,a eaten o~t of' th~' aff~ct~d,~;aciciicS' ond';'str~ams, 'and

," when puoplo drink, bath0, and \lash housuhold goods thlJrc.
Herbicide rlJsiducs in water are hie;h initially, but sink
rapidly and are not det~ctQblc after a fuw days or w~uks.

Rusiduc levels in aquatic organisms act similarly. Most
he~bicidus do not accumulato and persist in fish and

shellfish, but arc instead rnpidly excrctodin body wastes.
Herbicide l<..vels reqUired for weed control arc; usually
too low to caUS8 acute toxicity to fish. mortality dcpGnds
on wa:~ar quality, water temperature, 1I.Jngth of oxposuro
and fOInlulation of the herbicide (Fronk, 1972).

Insecticides can be oxtremely toxic to aquatic an~nals.

DDT, cndrin, Olldosulfan and othor chlorinated hydrocarbons
arc; uspecially poisonous to fish. Most organophosphates
have lowor toxicity•. Table 2 compares tho acute toxicity
of scllJctod pesticides to some fresh water fish, and
Tcblc lists tho rolative pcrsistonc~ of some posticides
in nnturul wators.

Pesticides eem affect uq,u.o.tic orgc::nisll1s in mEl1lY ways.
Direct poisoning!_9Il~__du£1..j;h [l'f'tnl" '';2.ting pantie-ideo-killed

n,nd •·contruninntlJd food, arc short-term affects. SCm\,;
spueies ~r~ moru sonsitivu to poisoning than oth~rs, so thu
effaets nrc scluctivu.
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The disappearance of certain species will mean that others
later starve from lack of food, leading to changes in
competition for food (Ferguson, 1969). Herbicides affect
the aquatic habitat and food supply by altering vegetation
patterns, and oxygen depletion caused by rotting herbicide
k1lled plants oan be lethal to aquatic animals (Robson and
Barrett, 1977).

Subl€lthal effects can also be very poerful. Experiments
have shown that sublethal poisoning by pesticides causes abnormal
behavior (affeoting oompetitive ability, and thus species
oomposition), and pathologioal oonditions that affect growth and

reproduotion. Fish fry have been observed to be killed at the
yolk sao absorbtion stage because of the high DDT oontent ot
the eggs. Some aquatio organisms become resistant to often-used

pestioides in oertain areas, leading to isolation and ohanges in

populations, and to mortality of predators whioh oonsume the
hieb levels of pesticides tolerated in the tissues ot their prey.
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TABLE 2. Acute toxicity of selected pesticides to sane fresh water fish. a
~in wh. values are for 48 hours unless indicate:l othentise
( Mcn.len and Stephenson, 1979).

.tdpe4 ra.th.ad Rainbow Channttl
'ut!.c:.!.cSe . : ea••b Ninno,", Trou~ . Blue91l1 Cold!hh Catthh Cup...-
A1~1:a 7.2 2& 3.0 13t 281'
Ch1c~. ; U.I 10· ' 17t 111'
DO'l 0.53 19t 7t It 2lt lU lOt
C1a1drtn 19.7 . 19t 3.4 31t
~nUQ 0.1 1.1 .-=I.a 0.094 1.U 1.S· 0.35· 140

hahlo1:" 3.0 9.0 19 230
K.~~hlo~ J.: J5- 7.2 30 S6t
C:CUphen. 4.4 IS • lit ~ :

tIPpboa' 1000.0

"iai.ftpb08lS.I:!lYl
' .,

235t .130t 22t 4100t 3250't . "Sf
Qlo~rUe.- O.~8 20
D!uwn 390" 52-
bJ.aatho&~. 19000" 9600
Rt.l\.1on 210

i'.n1~tMcm UOO
Ka1athJ.oa 1«.0 U50t '110t 10]t 10700t 1910t 1540t
J~Jl l'ulth1on 17.8 2,05Qt 2000, "7:.
... y1 "1:'atb1on ,.,OOt 2150 5'720t 'OOOt 57101' 1pOt
t~.ph..i4oft leoo
",",., " j" •

.~ l' 1000.0 . 13000t 43801' UfiOt 13200t 158C'Ot 5210t; azy
,e~f~n. 260 240 21.0
""Opo~ur 250
~l.tbr1a 19

175000

II

'75900·

3J500

2110G

35000t
175000

100

1300
----.~-_.- >SOO-------~ 400----·· ,.330·-----··---

HO·

•• II , .
ltOt:enone 22
Aldtrol. ,1050000
At1:'l11n. 12600
D~.poll 440000· >500000 115000
0lCMa1!1. 35000 130000
·Oldhlorb.l\1J, 20000 20000
011:&1: UOOOOt 20000 H5000
Zft that 480000 280000
Mc;I~I,·. lOOOCt
ICOQUftrn

~!I.~at 400000·
JI olo~.. '4000· ':UOOQ· 2UOO·
l'zaaetone
Ilu~ln. 56000 118000
'1'r1fluralln 15.2 210
2,4-D 960
2,.,H (.e14) 1300 !OO,..."..........., ..-...- '---'--"--"'--'---~-'-'''--- -.•.- ..~_._---.~-~-

150
Dl~ion.L"'''''''''- 48 340·"aa

.••~1 400.,.,....a.c 3850

a Data 11'0. r&Wlerou. report. \11th .xtend". UIiO of that coUected t,y Pbaentel (1971).
bW.~~ t ••pel'.~ure. not con.tan~.

e~l. flah 1n ••rln. "hour.. LCSO- ~orn and EArn.st, 1974.
lye afta I!nt, 1976_

;24 bou~.xpo.ur••,.'f. hGur .JfFO*~••
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TABLE 3. Felative persistence of sate pesticides in natural waters

(fran~ and Stephenson, 1979).

••1Ilpbo...thyl
c.~tan

cUbazyl
t:h1o:pynfoa
4emetoft
tichlonoa
41ftO~e
tiqut
DlIOc: '
aft40aulfu
_aotb.al
f.nitrotbion
UC
..latblon
_t,h1oca:tb
Mu.opnne
..thyl puatbion
.."bphoa
pa~&tbioat

ule4
pboaphUl1don
PRpoxur.,
pyrethrwa
hJtenone
taaephoa
ft'K
2,4-D

Sl1ght.ly
per.letentb

aldrin
IUIlitrole
CCAA
CDEC
chlor&mbllln
chlorprophG
cue
dalapon
die.inon
dlcUlba
411ulfoton
DlmP
UTe
t.IlUreD
MCPA
Mthoxychlor
!DOnuxon
pboret.
prophaa
Swap
'rCA'
thlcnazin
wrnolate

Mod.ra~ely

PerailtentC

aldlcarb
atrazine'
emetryne
brCl\\ac11
ca.rbot\U'an'
carbonft
chlordane
chlorfenv:l.nphos
chloroxuron
6ichlorbenil
diJ:letboate
diphenwd
cUuron
ethioA
fenaulfoth1on
fonotoa
l1ndan.
l1nuron
prometone
propad,ne
q,uintozue
allllailn.
'rDA
terbacil
,toxaphene
tr1.fltU.U.n

pers1atent.d

benoayl
d1el11:1n
.ndrift
hexachlo~~zen.

heptachlor
boclr1A
DQnQcrotophoa

~alf-llf. 1••• than 2 weeka.
b••lf-life 2 w••ks ~o S wee~••

eaalf·li!. , week. to,6 ~nth••
dualt-life .ore than , month••

.'

,. All t:heseiIrpac:ts on aquatic organisms act as a significant evolutionary force

[n the natural ecosystem•.. Iong-te.I:m changes in species catp:>sition &1d. distrib

xticm rtl.2St be expected in rivers, lakes, and paddies where pesticides are'used•

•irable for the well-being of the hunans \lJho depend on those resources.

Pesticides also pose a hazard to birds and manmals., Much wildlife is direct

.y killed ~ pesticide applications. Sublethal doses of organophosphates and
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Oarl)£]'[llatas are metabolized and excreted, but or6lU1oohlor1nes

porsist and can acoumulate to toxio levels in the 1"oc11es of animals p

as well aa oausing behavioral ~Ild physiological changes due to

ohronic expoeure (McEwen and. Stephenuonp 19~f9),

Reproduo'~ive .failttres in small m.1.trUlla.ls and high bioaccum'l1lation

rates in bats have been dooumented, bu,t harmful sublethal effeots .

of pesticides have been moat 'thoroughly studied in birds" In fact,

the ohronic poisoning ~£ bird populations in the Uo S. and Europe

first made UG aware of the lons-term effects ~f persistent pestio!des$

Many speoies high on the food ohain, especially fish--eating predators,

acoumulated high levels of pesticide residues (p:t'incipally DDT and

its metabolites) in their bodies a~d thls led to reproduotive

failures and the compJ.ete disa.ppearance of some large populations.

EBga ha.d thin eggshells and a. hi@'l brea.'k:age rate, clutch sizes

were reduced, ombJ."YO aJ.le. ch:~ck mortalj.ty l-re:re hi&-h ll und lute B..'lJ.d

unusual nesting behavior we,s obse1'Ved~ The cause-and-effeot

relationWlip has been determined through correlation studies, and

the physiological mechanisms involved are unknOW11 o Conflioting

ovidence from laboratory feeding teBt~ indicatea that aome bird

specIes are Dore vulnerable than other (McEwen anu Stephenson, 1979)~

Effects on human beings are of two sortoo Pesticide usa can

1nv~lve adverse sooial effects, aa well as health haza.rds~ An
example is the growing tendency toward herbicide use in developing

oountrieso Unless there are jobs available for them in oi;her seotors

of the economy~ agrioultural laborers who are thrown out ':.If work by

suoh madam t~ohnolog,y will remain unemployed, so that the ~~al1t.Y

of life is lowaredn£\tionwide alld'hhegovernment must de3J. with an

a.dditional burden a:J.d souroe of 1mrest"

Aoute poisoning of human beings by pesticides is a serious

problem throughout theworld~ but it is especlarry-Bevere~

developing countries becrolse farmers a~e not familiar with the

dange~s of pesticides or tho saiety preoautions ~hat should be
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taken~ Pesticides, D~ o£ the~ banned in the First World but
still e:A:ported to 'the Third World, are often sold through illegal
channels witho~t labels or inAtructions, and where extensicn
servioes ere no-~ adequate -to in s truc't i'o.!.'mers in their correct

use. Ironioally, some of the enV'ircnmen'~ally ll.'"1desirable
persistent pesticid~s such as DDT have a lower acute tox1ci~ to

applicators than the compounds that are replacing themo Most
acute poisonings ooour with oxganophosphates, but illness after

overe:1.:11osure to endrin, hep-tachlor, and other organochlorine
insectioides has bean re,o~ted in applying, mixing and formulating

these pr.oduots~ Reoovery from poisoning with carbarnates and
organophosphatos is rel~tively rapid. Organochlorine poisoning is
more difficalt to diagnose, and reocvery is slow (McEwen and

8te~henoon, 1979).

The long-term effect on humans of sublothal doses of
pestioides is speculativeo Only a limit&d number of studies
involving effects of pesticides have been conduoted direotly on

people" Residue hazards -to htunans have generally been evalus'ted
by 1) studies in experimental animals, 2) human epidemiologio

s'l;udies of the incidenoe of illness in exposed populations» and

3) exposure studi.es, 80 that h1.unan and animal effects oan be
oorrelated (D1lrham, 1979)~ Unfortunately, animal studies may not
be s very good indicator of human toxicity because of species

differenoes in metabolIo prooesses, and thUG far, epldemi.ologio
studies have prodlloed con£lioting datao

O'ther marune.ls show extensive subl.-., ~hal effects, inclUding

modifioations in enzyme produotion, growth rat~, r~produotion and

e.otiv!t:rlevels, as well as tumor produo'Uon and the defo:r.'Iilat1on

of of£spring(t There is 110 evidence tha't any of the widely 'Used
_._-----_.~-~"-~ .. __.-.-...---_."-_..--,--_.----_.....----'--'---~---~'--'------' ..-.---.~-----,---_._-_ ..----~--,-_ ..._- .. _, ....,-_._-,.-

pestioides are oarcinogeni0, teratogenic or mutagenio in man.
Some have been proved as suoh in some laboratory animals, espeoially

when administered in large dosages and/or by routes {suoh as
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injection) not charaoteristio of human exposure. ReSJIonses d1££er

in differen't laboratory mammals, and to .date there is no way to

sssess thG signifioanoe o:rthe~e .findings inte:;:OIas of human risk

factors (McEwen and Stephenson. 1979).

Recent disooveries conce~ing ohronic effeots of meroury

on those oonsl~ it sud on their offsprL~g, the role of

diethylstilbestrol (DES) in prerllsposing female progeny to some

types of vagInal oa:D.oe:.", aild ·the teratogenio ef'£ects of

~lalidomide and some dioxins give reason·for ooncern, These

examples of' the po'~ential toxic:f.ty of' new chem.tcals, plUS observed

h~l effeots on wildlife from pesticide oonoent~ations also

encoun'~ered by people, dictate 'l;hat all new products be soreened

ca~efUl17 and that exposure to new chemicals be aooepted only

where i'~ can be shown olearly that these oOD:trl'bll~e to peoples I

wel.fare (MCEwen and Stephenson~ 1979).

AlthOUgh pesticide use in West A£rioa has been minimal

compared to tha.t in some o~er arAas of the world, it is am1stake

to think that Af'~ican~ do not encounter signifioant hazarda.
. .

Aoute pestioide poisoning is oo~on~ butpestioide residue surveys

reveal additional evidenoe o:r:widespread misuseo£ pestioides and

indica;~e that Afrioans in manyoountries are already being routi%iely

exposed to Unaooeptable levels of residues in marketed foodstuffs.

GTZ J the German foreign aid· organization, has been sampling

pestioideresiuue levels ina>w1de' r.ange· of'produo'ta sold- iti'l'ocal '..

markets 0 This was done ~.n Niger in 1978, :mil· 51% o.f a.ll. aamples

were found to l>e contaminated' and unf.it for sa.le by Germa.n standa:cds,
'1- .

This 1ncluded 13 of 13 oereal samples, three of whioh were rioe•.:
Loca1ly-pl.~duced 3::l~e and rioe imported' from· China and N1ser:l.a· .. ;..--...... .;- - -,

all contained HCR and l..L1ldane residues at.5~25X permissible levels.
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56% of fresh vegeta.bles teo'bed were contamina.ted, not only with
HaH and lindane~ various samples showed exce~sive residues of
aldrin, dieldrin~ heptachlor epoxide, hept3chlor p chlordane,
endrin, and DIY,[I as well (Ulsperger, .1979) 0 The sampling was
repeated in 1981 0 As of this writing, only the results for
fresh vegetables have been computed, but these indioate that
the problem is growingo 7~ of the samples were contamina.ted with
exoessive residU9s of one or more pestioides (Ulsperger, 1981).

Suoh an example illustrates the urgency-for establishing
be't'cer pesticide regulations, management, and extension services.

The ha~ards an~ frequent mimlse of pestioides are 8 powerful
~gument for the oreation of integrated pest management systems
whioh will minimize dependenoe O~ pestioides and favor safer,
more eoologioally desirable methods o

-- ._------_._---_.__._-_ ..---
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CULTURAL METHODS AVAILABLE FOR
COnTROLLING RICE INSBCT PESTS AND .DISEASES

By
C. Michael anith

Lousiana State University
Baton Rouge l LA'70803

USA

The development of short-stature, nitrogen-
responsive, high yielding varieties (HYV's) of rice
has been a mixed 11ess'ing to rice farmers allover the
world. These varieties do increase productivity, (in many
cases making the difference between survival and starvation)
but their use has also led to an increased incidence of pest
lllsects and diseases. Thus, the farmer is left in a quandary
as to whether or not he or she should continue to use
traditional varieties, or usc HYV's and adopt the use of a
group of integrated pest management (IPM) tactics.
Cultural techniques, which manipulate water and fertilizer
use or planting and harvest datos and procedures, are one
of the least expensive and most effective groups of all
IPM practices.

Cul"Lura! techniques were used by the Chinese several
centuries before Uhrist, when planting dates were adjusted
to avoid post insect outbreaks and crop stubble was
burned to destroy pest habitat (Flint and van den Bosch
1981). T~day in much of tho rice production area of China,
cultural controls are the foundation of tnscc~ and
disease control. Using cultural techniques requires a
complete knowledge of the relation between rice phenology
and pest biology, especially the most vulnerable period
of tho pest's life cycle.
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For this reason, timing of treatment is the key to
success of cultural control tactics. To better define how
cuJ.tural controls are used in an IPM ~-stom,pertinent

examples in several categories will be described.

Planting: As with many crops, synchronized, early. .....~
planted riee will generally be more free of large
accumulations of insects and diseases than mid and late
season, plantings. This trend holds true for the bro\~

planthopper, Nila~arvata f~g~s (Stal), the rice gall midge,
Orseo}.j..~ E.r'l.';;..ae and rico thrips, _C.hloetprips ory:wae.•
Delayinc planting until after' emergence of 'the first
generation of'rice borers however, allows the crop to
(;miss'; this peale infestation. and avoid yield loss. In

order to succeed, this tacti~ roquires uniform monitoring of
early season borer population~ to predict their cmergence.
In Palciston, farmers are prohipitcd by law from 'planting
until after the emergence of fi~st generation moths (FAO
1979). Ling (1980) has describ~d several planting
practices which reduco the incid~co of rice disease occurrence •.
These include the uso of pathogci~ free seed end s~lection

of weed and debris free secd bcd;aite:s. Incrl)asing plant
,to plont spaci.ng in tronsplturt nuX-.serios also has been

"
shown to docrease tho incidence of\ricc blast disease,
.?zric:.~lE:Fl.s PEZzae, and sheath blig-pt, Thop.~t..9EhorU.!

cuc~e.rj..!! (Rush 1980). ':
\

\

'!y'o.te~.l.fc:P.a6.cmcn·~: Since the lnn;~ority of ricl) insoct
\

posts foed above the paddywo.tcr lov~ll, flooding of inf(;}sted
fieldS will ofton roducu post popula~ion (Table 1).

I
•
••

----------,----------- ... -
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Table 1: Rice pests adversoly affected by flooding of
infested fie:lds

___-._.. e ..._. _

bro~v.n planifuoppur
rice swarming catcrpillar
fall armyv:orm
rice leafroller
rice s'~emboror

yellow stemborer
stem rot
rico blast
___0_'-.._ 0 ' _ -.. • _.-'0_ _o_ _._~_. _
In Chine., early Spring flooding is mora effectivc for
control of over-wintering borer larvau, duo to higher
metabolic D.ctivity of larvae at that time of yc;cr and
BronteI' penetrati.on of stUbble by f:.ocd 'i;Cter. Conversely,
larval populations of the root feeding rice water weevil
cnn be re~uced by draining paddy water off fields (Isely
and Schwordt 1954). This practice is expensive though,
due to the expanse and labor of reflooding fi~ldsJ

fertili~cr loss and ineffectiveness of killing larvae
when the rice is reflooded too soon.

Some importont rice diseases arc also controllc.:d by
judicious \"later IlUl!lagemcnt,since this pra.ctice affects
retention of fertilizer in the soil, survival of soil
pathogens and movcmont of soil innoculum. stem rot,

caused by !,rc.~a:go,r.tA.q so.lvitl.il <.~}eroti~ ?EJl'i..a.e) can
often be controlled by changing tho water level during
the vegetative stego of rice growth. Vfr!an lesions on tho
outer sheathes aro covered with water, the rot and fungus·
does not penetrate into the llUlcr shoaths. By dropping
the water lovel afterwards, many of the lower loaf sheaths
nre exposed so that they dry up rold fall away from the
culm, prevanting penetra.tion by ..§. o!y'La.s.. Similar
macsures cen also be used to control rico blast (Rush 1980).
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. FortiliLer Mcno.gomcnt: Tha incidence of tho mc.jor
~~...... .~..

rice insuct and disease pests usually increuse as the rate
'of fertili~~tion increases (T~blc 2). As mentioned
previously this is one of th~ wc..jor problems which has
devclopad since the: inception "lld usc of HYVt s. Althov.gh
fcrtili~ors do have merit in t01~S of increcsod yieldS,
thu c:xtcnt of thoir usc should be. tcmpc.:red by thu degree
of crop loss incurred due to insoct wad diseasu lo~sc:s.

T~ble 2. Posts favJrad by tho us~ of increased amounts of
chemical fertili~(;r in cultivcted rice.

----."_._._ ---.-----._-_ _ --....-..-----_._.-._----
Fcrt:i.li~cr Reference

~----.....~.........._----,---------_._.-----------
rice Gall r,iidge,

Or.s.c,o.Ij.E, '.o.17_';:,.ue.

brown planthoppor,
. ~~2~a..ts:.l:U~cns

.rice stem borer,
.9.11.i1.o .S}t.P,Ex:os.s_a1~s

riCe water weevil,
~~!'1:EJ?t.~~
~~]~i):~~

rice bInst,
. l¥!ic~~~ .0!'.YJ£"2

stem rot,
..§£!'-:Eo,ti).lpl ..o!'Y.~.a..e.

potnsh

nitrogen

nitrogen

11itrogon

nitrogen

nitrogen

Hoddy 1967

Yochida & D,yck 1977

Ishii & Hirano 1958

Bowling 1963

Atkins 1956

Atkins 1975
--.-..-...• ...........................-..-....-...-.-...--.._..-...--..-..J.,.- ."...Ao. .......................~... _ ..... • ............... _ .._._. ,_

~.~F~Fo~: Wood control is one of tho truly ap~li~

cable culturo.l practices o.vc.ilablc for usc in rice Im
systems, since wild grasses and ~eods provido hcbitat
f01' uwny p~st ~sects end diseases end roducu rice yields.'
Rcmovnl of wild Brasses, which prOVide hcbitnt for many
rice insect pests (Tablu 3), hes ba~l shovm to reduce pest
incidoncu.
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Tc.blo 3: PLice inSQct pest3 utili~ing wild gr~sses end
sedges as alternate hosts.

. ..-... . .
Insect- - ..

rico gall midge,
Po.c.1W,d.i.:e.lo si.s oryznc

rice s"'ljink bug
00bo..~ ,PE@nx

leafhoppers,
NOJ2h.o.t.J,t.t.i:S spp.

rico bugs,
~cJatocoriS~ ccuto.

• or·n~oriUs· •
.... . ... e.

* ••..

Host

Pcnicum &
TIyp.·udon spp ..., .

Echinochloc.,
f:c~i.c~ fr. ~as.Enlum
spp.
Vorious grassos
rmd sodges

Vr:.rious gresses
and sedGos

Reference

noddy 1967

Odglon and
V!~rrcn 1962

Grist and
Lever 1969

'3-rist end
Lovur 1969

•

r -... • _ __• _. _._ _ _. ._...

!furvcstil1G, bunling or rouging clto.mo.te woeds in the field

c..nd transplant nursery also reduces the incidence of rice

diseases. Similarly, thero is a direct relation between

rice yield end tho degroo of in-field weed control.

Hcrvest Practices: The method by which tho rico........-..--.. ....... ....
crop is harvested also affects the fr~qucncy of pest

populations. Studies in rlInlaysin, BD.nglOodesh and

Indonosic vii th rico stem borer (Tnblc 4) indico."to that

cuttiJ.1G stnll:s ncar ground leval gives significantly better

borer con'~rol them harvest c.t 100 cm abovu ground. rn
tropical climo.tos, the groatest num~or of larvae
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Position of nhite ricu bor~r, Trypory~~

innotc.tc, Inrvc-.; in rice stillilS~D.rvOst•..... .
. .

HeiGh JIi (cm)
from ~TOllild 10v~1

Number I~rtality (%)
of Inl~~e expected from cuting------_.._----------_...__..........._._----------------

o
0-10

11-20
21-30
31-40
41-50
51-60
61-70
71-8
81-90
91-100

101-110

10 100
65 98
82 81
37 61

125 52
44 21
30 10
7 3
2 1

1
2 1

o-------_....._--------,-..........-.. , ..

v~ere found in rico stems bctwoml 10 to 60 cm abovu ground
level, mld III semi-tropicnl nnd tamp~rntc growing arcus
they TIGre concuntruted even closer to ground level. Though
c grGctc~ nlllewlt of labor mey bo roquirod to romove a
lcrgor portion of the stt~k, low sickle cutting or burning
of ric~ stelk r~siduc will eliminate borer reinfastntion
end disco.so incidc.mce in r['.toon cnd othc.:r following crops.

~rp~'I~~E: Crop rotation is a cultural practice
which helps prevent tho continuous brceding of post insects
c.nd discases in arcas whore multiple rico crops arc grmm

euch ycnr. No where is this lUoru clcur thon in :.::.rUC.3 where
HYV's have been introduced. In China., the.. c.doptation of
double nnd triple rice production ~ystums hes led to out
breaks of IT. ;luguns, Q orY,'iJ.r::-.£ cnd the yellow stem borer,
'Jrypo!:Lz,o., 2-Pc.c..:r:tv;.l.sE, (Shin FOOll 19(30). To roduco th~ .__- _
pro blem, farillers allOw 0:- shortfD.11ow-p~riod between crops
to eliminnto boror habitat. Double end triple crop fields
ere also sGpuratod goographicclly to prc.:V~lt Ga.ll midge
outbrc..mks sinco they occur on]y over short c1istcmcos.
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In crees of ri.ec production where LIU1 tiple cropping

c~USaS significcnt pest problems, it ~y be bcneficicl
to grow elterncte season c~ops such as v~aetnbleo~

Conclusions: Tho cxuwlllcS discussed hero indicato. ....................-..
that culturcl control techniques nro offoctivu IF!:!

practices. r~~ of these prc.etices involve nctunl
fcrning nli.:;"thcds which, with winor mOdificc.tion, can
b~conc sono of the lease uxpcnsive and most ~£feotive.

Culturcl control techniques should rucoivo Do hi.gh priority

in the dcvuloptlcnt o'!' Africcll rica IPI\~ systoms.
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PROMI SDIG ALTEl:NATIVE ,AllPhOACHG S
TO PEST CONTHOL

By

C. ~ichaGl 'Suith
Louisiana Stat~ University
~to~ Rouge, LA 70803 USA.

In addition to the chemical, biological and cultural
control tactics which have .been available for use in !PM
systems for several years, several new alternative
approaches to pest control have been or are being
dev~loped. All of the approaches are based on af~ecting

the pest insect selectively, at a vulnerable point in its
life cycle. In some cases the approach has l.lot yet reached
the point .of total field utility, but within each approach,
definite progress has been made toward controlling insect
pests. For purposes of discussion these new tactics can
be broadly classed as behavior modifying chemicals,
microbial insecticides, insect growth regulators and autocidal
control •

.Bep..ay2:.~r. Modif.lin.s, C]1em,ica~: .. Behavior modifying
chemicals have bean used both presently and in the past
in tr~ps tp either detect the occurrence of introduced
pest species (methyl Gugonolto trap the Japaneso bootIe
Pa~ill~PA jupon~~) or as toxic baits (molasses mixed
with insecticides for grasshopper control). vath the
development of synthetic Phoromono~ however, ont~mo~ogists

now have much more poworful behavior modifying chemicals,
since tho pestinsoct in question depends on these
compounds for location of a suitatla mate for survival----=- ---------_. -- - _--_.-- _- _-- --- - _---_ ----_.. __.. --- ------_._--.- - - ------
of that species.
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PheroIJ.1ones are olfactory stimulants used by insects in

chemical communication and occur as either sex pheromones
(released by one se~:: and. causing promaturc mating
behavior by the ot~er sex) or aggregation pheromones
(released by either sox and causing the approach of both
sexes of a given spocieS).

WitIl the exception of' the male produced aggrogation
pheromone of tho cotton boll weevil, AnthoJIl.?~ fjron,diS!
B?-"andi~ Boheman, most all pheromone research hae been
conducted on female sex pheromo:::lcs produced privr to
mating. As a result, t\·:o main strategies have developed
for tho use of sex phnromones in lEvI prograllls. The first
involves the use of pheromone baited traps fer population
reduction (control). The sucond involves permeating the
field atmosphere with male sox pheromones to confuse or
disrupt the male during its normal mating behavior
(Shorey 1977).

Until recently the only practical usc of pheromones in
lPM was tn pheromone baited traps to monitor tho spread
of tho pink bollworm, ~g.tiA.0t:g,h0rtr~ gossyp,i,e.lt-.£1:. (Saunders),
on cotton in tho south.western United States. Corre
lations bet~~een m&lo !. g~ssYEip~l~ trap catches and
ensuing larval poptuations were used to increase tho
efficiency of insecticides applied for E. ~op~Z£~ella

control (Table 1) (Toscano et ale 1974). more recently
howevor, Honeberry et 0.1 .. (~:)dl) deu.onstrated that t~.o

1:.. B.oS~¥i;.e.l,l.~ pheromone gossypluru, impregnated on
0.05 CLl three layer plastic IIflakes f1 and applied aerio.lly,
reduced larval infestations more than in plots treated

-with convcntional--insoctieido13 ol~-tFiS'tU.. C) --3;-}-.- Those resul'ts

confirm the usc of tho pheromone disruption tochnique in

IPM of ~oh~~ssYRiella on a small area (195 hn) of n
conwcrcial cotton acreage.
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AlBost simultaneously on the other sid~ of th~ world
sicilcr t0Sts wore being conducted on n~ting disruption
of the rice stalk borer, ~l2. sup"prc~~n..:I:.i.fi. (Ho.llmr)
in Japan (Rhnno ~t ale 1980). In these t~stsJ the
Q. ~.p.Er.c.:.s~1! mating disruptant Z-S-hoxadeccno wa.s
incorporated onto plastic strips and susp~dod on palos
above the rice plants in 0.2m2 plots. Results of those
tests (Table 2) indicated that disruptant troo.t~d fields
havo significantly less plant injury than untr~o.tod control
fields. Though the!



I

Table 1. C011lJ181.'j,sO'ns of ?i.lK bollvot'lt! i\\fe.ned cotton bolls obtair.ed. frem 2
different insecticide tTep.t3~nt prcgra=s in the Imperial Valley of
California lY71-l?73. ~i

--------------------
Scbedol«4

X No. of
Traatllents

10.9

6.7

X No. ~f Infeated
!kJlls e%)

9.5

e.9

-------_._------------------------
II ?rom Toecano et al 1974.

-----

- GoIt1Pl'11l ';otf1wd..._~.
........ 'l~ 0«*

t
":.
~:

=:
: :

, :
:.:

~.

.._~ .-......_-- -_._----

figure 1, Hei!1l UUl;ttJt:l (/( !Ji. ...k bolhJct"G1 t"t'.'3£> p'?l' \00 ~nl .; 111 tO~~'yp1l\re

t.reated, control and untrea':.ed Clll~ck f'lot:~. Ai' L~lilF\, 197'\) ,
(From Heneberry e~ al. 1981).
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Tc.blc 2. :;ff...ct of .thc DC.tint:; disruptcnt Z-5-h..:xt".d~c\..Jlc

un injury of rice.: 1Jl~.Jl"~s by lc..l'VL'.~ oi Chilo
...S?)t:~t:~sp~j-.s. Y ....

Untl'':'D:G.:ld 28.8
-...-.......- ......... -...... ... . '-" .-........._--...................-.............--......--.~..-.. .......
y Frow I~.l1no -.:t al. (1980).·

~ X of 500 stubblcs

hav~ not bean ~vcluctcd in fi~ld ~~tinG disruption tests,

th(; lJh-.:l"'Cr.lonws of tIl;:; pbk l'ico. boror, Sus~i:::, ,ipf.cF.cn.:i!'
(Nesbitt ot cl 1976) und ricu &rccn catorpillar,

:N:arr:n~ £2t~.cscan.s. (Ando at cl. 1977) have been identified.

Ano thc.l" lJCst of ric -.:, the .gell i]j.d~o. 0Fseo.J...i.E; 8:!)',:~c.c,

clso o.pp~nrsto possess c.s~x pll~romono (Cof~~ at a1. 1977).

MicrobicJ. InSucticidos: Thes.:: insocticides USc inscct
~......................... *' • r

dis<;c,sc..cc.usillg nicroorgcnisi\lS or thuir by products to

cause 'Go::ici t;y in :L."1f30CtS. For '~llis r:c.~on -i;llO:l c.:r..: :lCt

truly synthutic chalice1 insecticidos. Thu G'ructost·

udvoiJ.t~[;~S to th~ ur;) of those orgnnislJs is their hi@lly
specific· to:~ioity to insects end .sa;f~ty to nun'~nrgot

or~cnisQs. ~:.us fur no cdvursu w:ffocts to h~ns or othur

vertcbrctos hcvc been reported frcQ tho usu· of theso

bi01o~icc~ lllsocticidos.

Tho nicrobinl insccticidos J.r..~ludc tho bco-GJrin,

vir~sus and fungi no~a11y :found in insect populations

which cc.n be c:u.turcd in the lr.boro.tory or mnnipulo.tod in
natura ·l;o-~1?-tl1e--~ft~-enlcvvl. --p ----------
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Of 021 dcv~lopad to dcte, tllu b~ctQrie Bucillus........-
~UE,?p.~~ (B.t.) and 0. si.ililcr ba.cteriD. ffi.~~
Ropil.J..s.-? C..:ilky sporo disoe.se;) Ylhich is toxic to the

Jr.PCIl.CSC b~.:.;tle, Pal'..j.l.l.ip~ ~~EJ'.9...11i2. ere tho l.1ost widely
used. In the United st~t~s B. t. h~s b~un rusistcrad

for usc to control Lopidopt~rous lcrvue on nml~rous crops

end is ~:c.rl.:ctcd cotEwrcic.lly (Tc.ble 3) _ B. t. 11::-.s

~_._ ...~-- -.......-....------------, ... .- ....... -_..---~~~-_. --..-..-.. '......... .---.....-.....-............_~
Tubl~ 3- Pest insocts includud for control Ulldcr the

cO~Ecrcicl registration lebol of Bccillus
"~:lUrinLiCllsis. y .

----.- - _ ---...-......_----------_.-.------_.__._-_.._--
J.nsect Crop(s)

V\J{5ctc.b1os
v J[,..J"ca.bL:;s

Fl"om Flint &; van den Bosch 1981.

___•__.......--. .--.. J ......... ••....-.-.__••__-... ~__•• • , ........

cabbeG~ loop~r, Trjchp~~us~~~

i~portcd cUbbnbcworill, piu~i~.!~~

tobc.cco bUc1.rIOrLJ, Holiotilis vir.Jsccns......................_.....~.~.--. ....
grc.pe It;nffoldor J ,;geSl:l.:i:.::: ~~.l.e!.u.l.i.f!. grapes
fruit tree loafrollor, ~jy~ 3F~rospilu~ shude trees

tonlCto hornrlOrm, 1lic'Ul,du..cq ~u.i;npE~l?-.culu to. -'liOmo.to es

Cc.lifornic oakworm l Rh.lrAan:i;.d...i~ .cp.l.i.foDli.cp. shade trees
_.----- - -......-------....--....-...--._-----_._._..__..-.---_.-._..
y

received limited usc 011 rice, bu"~ ~. thurinA:i..eE.~.~vo.r.

,€j,ul.!.cp.ip.9. is cf;fcctiv~ in con"trolling the rico skipper in

ChinD. 1 'l/ller·o t'i'IO spray tr8c.tmonts provide 90/~ con"!;rol
(Shin Foon 1980)_

Tho Vil~tS0S d3velopcd to date jncludo th~ nucl~f.r

polyhcdl"'oais vi:uscs (NPV' s) J v/hirlt huvo also proven.

cffoctivu in controlling suvurnJ. oconooicc.lly si[;,1lifj..canii

species of L0p1doptoru (Table 4) end the polyh~drosis

v.iru.sus. oop t.WQ f'o ...."t:!t-, 'n.-.gi:s_ +h,· ,..,rp""?l ,,.,,..4·'L.·-...!~~:~~r;rv'·r.;il.. .... _.- -~ 'r-- .........--y-_· ..uu 0" ... :WV-w±J ~~(.:t-':

disll,n,r, c..ncl the dout:,les fir tussocl: moth 2E(;YJE.. 128c:udot~.&D. .•
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The NPV's of the soybe~ lool'lcr Pseudo~lusia includens.,. ..-... .~ .. ~~ ....~ ..~
( \/clker) , volva tbsan co.tor-pillar 1 ~c:.~~~ "Ci~~t.ali.s

HUbner, and a.lfnlfa loop8r, ~~o..(:,.r.aJJl1.a ~}t2.'Pj....~E:.
(Speyer), all have good pot.:':l1ticl for control of those insects

(NeTIsow et al.· IS80). In rurolY cases these virus~s have
the adv~~tnGe over other insJcticides in rcqturinG

Tablc 4. Introductions of NJ?", into iuscctpopu.lations
;j;'csulting in las"i;i!""l[; control. Y

_.-e........ _..._._~---....-..._._.._._•.~__-... ...................-........ • e •

POSJ\i DOGr~3 of Succ~ss Location
ZA ........---..•• ... _.&.·4-.. .................~~•._ • __.......·....4~• ....-. d , .Ii _....._ ...... _

Canada

sardinia

sprue c budr:ornl,
Chroistonoura fuwiferc~a
~ .- .. 4...... ................. ...... . . .

gypsy uloth,
~~i;F.~.o.~ .~~8.E

cabbu.:;u loopo:r' J

.~~.i.c.lloJ1~U.~~ ~

foiia&e protection
over 3 years

cpproxioc~ely 40%
cont~ol in second
YiJr:,r

stironG ,cvidcmcc of
natural spread and Crete
porsistence

controlled subsequent
Generations; ~.!l~ Columbia
no lonGer a post on
coJliton

moths
HisCE'J:lo. spp.
~............

J?asiiure menae;cl:l.Jnt. . NeH
main"tams controlZuo.land

'·below uconomic. levels
q I

e ........_..... . • ...............~.........._.__•...- .-..I...... . .• ••
y frQjJ BurgC3s 1981.

only ono in..s~a.son applica.tion, EIl.d porsistine.. throuBh
the non~ '[.l"'O\·::lng SeaSon to givuQ,c\od control tho follo~d.ng

season. :.Nen thou@1. NPV's aJ.'Q effective, ho\';CVCl·', much
resee..rch :rm~1aUis to be ·doneon ·~ha methodolo£;Y of ' .

------------
commel"ict'~ lJroduction. Unfortuls:licly, until this OJ':PonS:l.VC

resca.l'ell is complete, cOll1lllercicl industry is unlikely to '

become interested in LlnIketinc; 111sect viz'uscs.
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The fungus pomuraea riley~ has toxic sffects on
several economically Si~lific~t species of Lepidoptera
(Table 5) ranging over ~ wide variety of several
di~fercnt crops. Due to its wide Spectrum of activity~

N. ~~ has received a great deal of attention in IFill
research in the United states, but like other soybean
entomopathogens~ natural apiLootics of the iuntsuS usually
develop lata in the season after crop damage has occurred.
Recent resoarch by Sprenkel and Brooks (1975) however
has shown that by distributing pieces of lie @e.li
infected cadavers of the tobacco budworm, peljothis
vire~c.~.~ in soybean fields, earlier cmd more intense
epizootics cen be initiated than those occurring normally
or with application of spore suspensions.

Table 5. Lepidoptera reported as susceptible to
Nomuraea rileyi under normal field conditions. 11

........... "'&-C1.'II_r C ..c. .,t. ,.aGI It • CdC

Insect

p , I r ••

black cutworm,
velVt3tbean caterpillar,

bollworm,
tobacco 'btldworm,
European cora borar~

imported cabbagmrorni,
green clovorworm,
s'W"bcan looper,
boct arntYworm,

oa'bbc.go loopor,

soybean
soybt!an
cotton
cotton, soybean
cot·ton, soybean
corn
cabbage
soybean
soybann
millet
cotton
tobacco
cnbbngo, soybcnri

tEA
tEA
Africa
00.'\
tEA
USA
tEA
tEA
USA
India
Isrcol
Indin
Taiwnn,

USA

----------------_...-._------_._.._._ ......__._.---_.__...
...,
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Though these results v.re cm.cou.ra.gi.'l'lg, the possibility
of diI'oct application of N. rileyi under field conditions- .........~
is still in the c~~perimcntel stege and will not be available
as on D?L. tv.etic in tllC Lear future.

!~e-{;.eQrowth Re~tlo.y.~; Insect growth rl;gulators
(IGH's) DIe chemicals which mimic -the insect hormones and
enzymcs vUlich control growth and cuticle production.
One cluss of IGRlS, the juvenile hormone c.no.logues,
prevents ilurJo.ture insect·s from i:loulting to adults ond in

so doing prevents the occurrence of a new pest generation.
Methoprcno (Altosid), ~ mosquito growth regulator, is
the only juvenile hormonc analoGuo. currently rr::e;istercd
for use in the United states. A second claas of IGR's
work to inhibit tho production of chitin, the major
component of the insect cuticle. By o.pplyine; compounds
of this type to·insect populations, individuals arc unable
to moult nnd eventually die. _ Diflul;>enzuron (Dimilin~R)
is the only chitin synthesis inhibitor currcnt~y availe.ble,
but hcs sho~m a wide spoctrur~ of activity to several post
insects (Table 6). As withbehnvioro.lly Ulodifying chemicals

Tcblo 6: Insects ndvorsoly affected qy the chitin ~thcsiB inhibitor
diflubenzuron

• • •• .,

Coleoptera

Lepidoptcrll

Diptero.

bell lieevil ,
citrus rootwGcvil,
plum curcu1io,
~mite firfingored beotle,

c,ruco budwormv
coddling moth,
European corn-boror,'

houElo fly,
stt:'.blo fly,
horn fly,

AnthomonouEl grMdi.EI e:mdis l30hcmnn
Pnchnaeus litus (Gqrtr.o.r)
Conotra.q,holus nenu,P,hnr (LoConto)
Grllphoe;na.th~ ElPP.
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and nicrobiel insecticides, IGR's huvo greet prouisc as
iithird genoration insecticides;;, due to their specificity
for insects ond not vertebrates. Some problCl.lS rOlJ.ain to
be solved in the tiDing of application, since the effects
of diflubenzuron very from insect to ~.!J.soct ns to whj.ch
growth stnge is most adversely affected.

Autocidal Control: Autocidal control or sterile
~.. . --

~ule releasetechniquQs involve the introduction of sterile
(ehe:;nonstorilized or irradiated) Dale individuals into a
pest insect po~lation to lower its nULlbors. The success
of the technique depends on tile fewnle of the field population
LlUtingwitIl laboratory-produced sterile meles. Through the
usc of this technique three dipterous pests; th0 mulon fly,
Dacus cucurbi-tae Coquillctt~ the Orientul fruit fly, DaCUFl

• ,..... •• D • • &~

dorsqli.~ Hendol, und the screw \vOrril, Cochl.ioEiY..ia p.ominivorax.
(Coquerol), have beon eradicated in island habitats only.
Attempts to eradicate C. hominivorox in inlo.nd areCos where

- PIt. .. •••••

migration froo untreated areas occurs have not been successful.
Sterile tk~e release techniques have also boon used to
prevent the sprec.d of the pink bollwoI"IJ. from. southern
Californin into central California, but the value of this
procedure has not been docUl:1Cntcd experimentally. The basic
concept of on ml progro.t1 is to lowa!" the level of the pest
populc.tion to a ~on dC.Iaaging lev01- not to erc..dice:.to it.
For this renson, nutocidal control of insects by the
sterile ~n1e release technique is not a useful !PM tactic.

99npf~sion~: With the exception of ~utocidal c0ntrols,
each of the clternntivo IPM tactics discussed here hold
promisafor usa in thoirQWD wny~~~tQ success siWil~. ~

to thoso uentioned here, insuct scx pheromone research is
increasing rapidly in tho United Stutes, a trend which will
undOUbtedly loc.d to en increC'..sod USa of tho lil..'1ting disruption
technique in I1'M progre..tls.
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If tho Dhorowoacs of Africcn ricu insect pests can be
idantifiQd, tilOSC coopounds will bo v0ryus~fu1 .in IH~

progrcus there. 'As 1::Icntioncid oc.rlior, the l:.licrobial
inscc'cicic1os, with tho oxception of B. t., require:
cdditionc1 rcsecIch on production and a~plication

tlethods. Because of their nc:i;urnl occurrcnc'e Dnd non;"
'. r

. ·toxicity' to non-tcrget orgc.llisl:1s, they
too cen be'of great utility in Africon rice IPU, once
their etiolo&y has beun worked out. Tl1C insect grorith

regulators also hc.vc 0. plcco in Afriean rico IPi:.i, but
in nddition to ba:::ic efficc..cy end title of applicr:.tion
research, tho uffects of theso coopour-ds on non··target
aquatic invertobrate~ (shriop, crabs nod lobsters) in

the rice ~oecosysteDwill have to be dct~rLuned•

...•._-_.__ . ---'"---_.--_._'-~----_..
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PllINCIPLESOF HOST PLANT RESISTANCE -TO·
. - mm1t1T PEST~ •

en ,

Z.T. Dabrowski
The International Centre of Insect
Physiology and·Ecology, P.O. Box 30772,

. Nairobi, Kenya. :

The. use of resistant cul"tivars as a method of
crop protection has gained acceptance in tropical.
countries. Host -olant resistance is now considered to be- .",. '

one of the primary lines of defence in all pest manage-
ment programnes for small f8-~ers. Introduction of new
resistant cu1.tivar releases farmers from worrying about
technological aspects such as timing of applicatj.on,
dosage of a chemical, a biological agent and there is
no direct cost to growers. The latter two considerations
make the case of resistant plants important to both
developed and developing countries, and they should
thus form an integTated part of a pest management
programme.

Resistant varieties, even those with low or moderate
levels of resistance, offer a number of advantages to an
intograted control system. The reduction in pest numbers
achieved through resistance is constant, cumulative, and,
practically without cost to tho farmer. The reduction
ill :pest nt:mbers makcs control by e;hcmical and. cu1.tural
methods oasi~r and the level of n2ttu'ol biological
control required to hold pest r-umbers below crop-

---------a·...-am:-=-:a=-g:-:!Jl1c=-:-g=-·....,.I-o=vCIS-iieCd--not-~-1fc so--great tpImorrtcn.,--l~rr;---
Maxwell, 1972).
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It must be noted, h~wovcr, that while plant
rosistance to insects is a hiGhly promising strategy
of post control, it requires sustained 'long ~onge Ywrk
and joint uc~io~ of researcp by ontomologists,
agronomists, plant bre~ders and geneticists, and
sometimes pla:lt and insect physiologists and chemists.

Painter (1951) also strussad that resistant
varieties are not a panacea for 0.11 pest p:robloms. To
be most effective they must b~ carefully fitted into
control systems designed for. specific pests ~d into the
the plant improvemont pr~grnrrmles of particular crops.
Other me~~s of pest suppression also must be considered,
and theso often are the first line of defancu aGainst
injurious insects.

CLASSI.FICATION·-...-

The variety is dofined as. resistant vjlen it shows
inherently less· 9-eunag(: ·dono ,"by insect posts in nature
than one which is suitable for inso.ctsurvivalb.nd
multiplica.tion) which is called susceptible. fuelling
(1941) includud in plont r('sistonce those: churacturistics
tha"c: enublo a plant to v.void, .tolerate, or recover f:t:0m
o:ttack of insects undor conditions that would marc' 'severely
injure other plants of' the·spocios.· Painter (1951)
developed 'this definition by' characterizing varietal
resistc.nea '1;0' insect posts as ;;the rolative il o.mo~t of
heritable 'qualities possossed by c plant which influence
the ultim£'.te degree of dama.go done by tho insects. Iri'
practicnl o.gr~culturc, it represents the ability of a

--·----·--~ortv.lii-~rU·TctY-t'o--pr6'cfuco--'O:"T6rgcr-cr6p ·oT'gooa:"quo.:I.l. -ey-----------
. . . .

1il1an c:n ordinary varie,ty ct the same luvel ;of insect
populo.tion. ::
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Rasistnnce usuclly is macsured by using su3ceptible
cultivars of tho SDJile plant species cS.4ontrols.

Painter (1951) classified wechcnics of
resistance in host plant to the inBcCt pest into three
componunts:

(1) l?!'efercn.~e/non-pr0furcnce - refers to the group
of pl~t characters and insect responses or to
the nbsUIlce of o.ttr-o.ctive quo.litics in plants for
tho post to use thct Ik~ticulo.r plcnt of variety
for oviposition, for food or for sholt8r or for
combination of the three.

(2) Antibiosis - refers to adverse effect of the
plants on tho biology of the insect feeding on them.

(3) Tolor~.mce - refllrs to C!. bnsis of resista.n.cc in
which the host pl~lt exhibits an ability to
grow or reproduce normally or to repeir injury
to c marked degree in spite of supporting a
population approximc.tely equal to that s~vercly

dQ~maging 0. susceptible host.

In prnctico, it should be noted that the allocation
of plcnt characters into one of these three co~ponents is
more easy for cultivar showing high level of resistanco,
in'which only one plant chcrcctoristic is involved.
The allocation is much more complicated if the moderato
level of rusistance is condit~oncd by n nunwor of
differon';.; plont characteristics.

Tho aeewnulation vf now experimental results on
I!lucht::Ilisws or-'plu.nrrusistm1ua-to··insuat-··pcsts- shom.:rdi-··

however, tha.t the Pc.intur"as -i;urr.linolcgy i.s inadoqua:te
to tho present stato of knvY'llcdgc n.n1 f.1ometi.r.Jos ereo.to:'::
confusion.
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Bock (1965) J Saxcnc. (1969), lhbrowski (1976c.) de Ponti

(1977) end Kogan and 'Or~~ (1978) therefore proposed
soce modifica.tions in t...1.e' clt"'.ssificetion mld def'initions.
Dabrowski (1976) and de Ponti' (1977) replaced the tC:rIa

non-prcf'crc:ncc by the taro ;;non-c.cceptance.·; Non

ecccptancQ implies that durlllg the oriuntation ~ld

colonizution phase the plant is not accepted by thG
insect pests f'or feeding, ogg laying or for shelter in

choice and non-choice situation. ,Pruviously, nULlber of
scientists referred all of diff~r~ces found in the
profercrJ.cQ of ont) cultivar u:pon cnothcr to rlo3sistcnce,
not testing this so called rusistc.nt C1Utivar under non
choice (mono cultivars) s~tuation)•.

, '

Beck (1965) suggested the exclusion of tolercnco
from rcsistcncer.lOchoni~msbc'causc"i'6lcranco cannot be:. '

used to c~prcss nllelopathic relationships betwoan the
host plo.nt o.nd i'ts associated hcrbiv'oro fO:lU~a. He
restricts plo..'l'J.t rosistrof~o 'to' the' colloc"ti':;c: 'heritabie

" .
characteristics ljy which 0. plnnt epocLJ's. race, clono or
individunl may roducc theprobnbility till.1t cn insect
species, race, biotypo, or individual saccessf'ully uses

. the plrolt as, o.)lOst., Bockls,:dcf'ip..itipn narrows the
spuctrw~ of insect-plant intoractions to the successful

. . -
usc by tho insect of a plant as host, l)ut it excludes

the plMts o.bility to I'ccover or repair lossos aftar
injury.

Kognn and OrtLlOIl (1978) in tho other way
, '

eriticiz0cl tho eoncis.:;nuss of tho -:;0:....0 non-prufcrc.L.l.eo
whJ.ch J.S used by Pc.inter{I95I) to describe the tl0dality 

of resisto.nce involving offocts 'of behavioural process '
that rosul t in avoidonce of tho plont as food or as en
oviposition substrate.: ond wi-th a.llolopathic relntionship
esto.blishod at the o.nim~lls sunsorinl systeo.
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They proIlosed tho turw ~:c.ntixcnosis.;: A Grc·wk work,
°xcnos;;,' refers to ';gupst':., so o.ntixonosi.s Deons
~omcthing. "thct keeps a g~est awcy ~~d that. tho resistant
host is the bad host. The toro. c.ntixcnosis is parallel
to cntibiosis.

GENERAL CHARACTERISTICS OF HOST PLANT
INSECT RELATIONSHIPS

SUccessful host plant utilization by V~ insect
unquestionably depends on there being Co i2propcr fi ttl .
bctwe~n the biological characteristics' of insect and

,
plant. Both orgoniStls are dyno.Llic sy~toms, subject ·to
temporal changes in physical and physiological
properties. The rele of po.rticulcx plmlt characteristics
or on insects-Illo.nt relatienshiIl is dependent upon tho
effect of that char~ctoristic on tho behavioural and
developmental physio~ogy of the in~cct. Host Illant
resistance rJ.D.y bo viewed as the .result; of 0. ::partial fi tea
to a ilnot fi tt: rcto..tionship between the requiroments of
tho insect c.nd tho correlative chc.ractori'stics of tho
plont.

Sc..xcnc~ (1969) mentioned four levels of host Illc.nt/
insect relationships affecting: .

(1) j~soct orient~tion,

(2) oviposition~

(3) f~~ding end

-~4t-----grovtthund s~J.vnl on tho. n~ plcmr--.------------·

(Table 1).
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TYPES OF RESPONSE OF INSECTS TO PLANTS
(&'1.Xcno., 1969)

1. ORIENTATION',

Posltivo Response (Attrc.ction):
resuJ.ting in the insects' crrivnl/stay on plants

OR

NQg~tivo R~sponsc (Repulsion):
resulting in tho'insect's avoidence of plants.

Visunl and/or chcI:lico.1 'characters.

2 It • OWO SITION

Physical and/or chemical characters

3. FEEDmG

, , rcsulting ir... digestion of food
,Visunl, l:1cchonical and/or chomical chnrnctcrs

4. GROHTH AND SURVIVAL

Abs~co of netnbolic inhibitors (toxins). . .

Digcstibility/Absorbability of plant cQnstituonts
Nutritive value dctcrnining metabolistl of
ingosted food.'
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NON-ACCEPTANCE

Plcnt rosistcnce to oviposition

Aoong insects that lay thoir eggs on or nca.r the
plants utilized by the progeny, the first point in the
ins(;ct-plunt relationship at 'v"lhich the plant o.ny show
resistance is resistance to oviposition. But oviposition
is no·t c siL.lplo act; it involvus 0. s'.::ries of bc.:hc..viourru.
ovents. The first cooponont of oviposition bcllaviour is
that of ~;recognition;~ and Horicntction': to the host plant.
Follovling such orientation to th(; plant as a 1;7hole the
insect orients to differnet pl~t parts in the selection
of a specific oviposition site. Deposition of eggs follows;
and the insect finally departs froD the site of oviposi
tion. Different plant che.ro.ctoristics rJD.y influence the
initiation and completion of each of these ov~ts.

Chara.eteristics that .1cend to preyent oviposition
may do so either by failing to provide the appropriate
releasing sti.muli :for one or more of the behavioural
components, or by lJrovid.i.ng ,stimuli that inhibit
behavioural release. Many e=~a.mplcs of plant resistance
of t~e non-accep'tance type ll1volve.the effect of the plant
on oviposition ..

Insects seldom oviposit indistriminately over the
surfaces of the plant, but characteristically deposit
their eggs on selected plant parts. The sites selected
sometimes var-J in regard to leaf maturity and the presence
or absance of reproductive parts.

-- _._-_._._--_.._--_..•.__._._....•..._-_.

Tactilo, ~roprioceptive, chemotactic, and visual ,
factors may playa role in. site selection and SUbsequent
egg deposition.
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DifforancGs in oviposition of ~PRsi~ .tho:acic~

females on various rice cultivo.rs \Vcre observed by
Alghali (1981). Tho .rice cultivar suakoko 8 received
six-fold more eggs than OS 6 (Table).

Oviposit~on preference and dama~e of some rice
varieties by Diopsis thoracica tAlgbali 1981)
• . • « • .. • « • « • . . .

Variety No. of eggs/hill Tiller damage (in ~)-- . ...... _II ........ - ... 0

SUekoko 7.2 a 53.5 a

IR 5 6.1 e. 38.9 bc
BG 90··2 5.7 ab 31.3 bc
ADNY 11 3.6 b· 24.6 c
TOs 4121 3.2 c 44.7 ab
IIi. 8 3.0 bc 28.8 bc
GH 106-76 2.8 cd 23.0 c
IRRI 12682 2.8 cd 32.1 bv
3D 27 2.0'd 22.1 c
OS 6 1.2 d 54.6 a

. , ....... ere ......... . ••• « •• •• .0

Morphological characters of the host plont which appearod
to llo,ve ~fluenced the attraction of tho' fly t~ th.e plents
for oviposition were:

(a.) plant height
~b) stom diameter
(c) leaf anglcs~

A ganero.l association between" several morphological
--------

-----an---:Od-ax!-:"a-·t...o-mi....--cal characteristics of tho' rice plont and
r,fsisto.n.co to stomborors hv.s been recorded 'by Pathrik et
£1.1 (1971).
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Tell vnrie~ios, because of their height, might
bo' more v.ttrnc"t'ivc to oVj..iioSi~~ing moths. The length
and width of the flag-leafplnde ware positivoly
correlntcd with borer susceptibility. In separately
conducted oviposition~~ preforanca tests' thcs~ ~haracteris

tics were positively correlated (1" = 0.734 end 0.924,
rC6pec·~ively) with· the numbor of egg mnsscs laid
(Pathnk et oJ., 1971)~' A hc.iry leaf b).ade surface might
act as a Physica~ dotarrcnt for tho egg laying moths.

'. 'However, even tho removal of the hairs from the lca.f'
surface of the resistant variety TKM.6 did not mo.ke it
more attractive for oViposition'by the borer moths.

Resistance to oviposition is obviously on 'important
aspect, of the overoll resistcnce of plants to insects
(Beck, 1965). Few studies, however, have bean conducted
in which the causal factors contributing to resist£lnCc
have been, ;dantified by c+itical analysis of field
cxpcrimenJ"s where tho resistant lines were grovm. under
non-choice situations.

~~an~ resistance to 1~ed~

Feodtng involves n SOqUcnC0 of·stereotypo~ bchaviourol
componcnts' that closely paralloia that described for. , ,

OViposition. The steps in '.feeding ~dw.vio\U' arc:

(1) host plent recognition and orientation;
(2) initiation of feeding (biting or piercing);
(3) mnintononcu of feeding; . Md,
(4) cessation of feuding, followed usually by dispersal.

--------;±P;'±;lntl-"V l~e5i~ liWICO muy I'OSu.J:t from theplc..n"Gfs
fo.il~g to provide the r'elca,sin,g stimuli. roquirqd for one
or morc' componEmts of the feeding sequence, or by: the
possession of characteristics having advance effects on
foeding activities.
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Resistance mechanisms that ere diractcd against insect
feeding hD.vo usually boen clnssified co axomples of
rcsist~ce of the ,'non-O.cce~tonc'e type.',

, . ,

Dethier et 0.1 (1960) and Beek (1965) proposed a
terminolot§;y with which to deal with insoc·t feeding
boho.viour ondothor che~osonsory rospons'cs (Table 3). '
uAttro.ctmit:; ;i.s 'defined as a stimulus to which the insect
responds ~y orionting movements.toward the ap~rcnt

source.

Classification of stimuli influencing
qifforant foodin~ behaviour responsos

, '(Beck 1965)

.. ...
--_...._----.-,.-,-_...--:_-_.--

_ •• .- • • t

Response
Evoking stimulus

..llego:tiv,C'
-,---_.._~-~---

:Positive. .......1 _..
Orientation
Orientation
Biting or p~erci.ng

Maint~~r~ce of feeding
........... _..

Attractant
Arrostnnt,

'Incitont
stimulant

&aid'

.' Ropellent'
·'Repellent

Slpprosant
Deterrent

:;HepollontsH olicit en ori'entcd ro~ponso,away from
the appo.rent source. An r;nrrestont',. is e stimulus.that 
cnuses the insect to cease locomotion in close oontact
with the apparent, source. Bock (1965:) noted tha.t
initirotion and mnintentinCeof ;f'66din~{oXekribwn to bci ..

separable phu~omann. Tho!ofore, he proposed' tho term
"feeding inciliont'tto, ,describe '0. stimulus th£'l~t evokes'tho
biting or piercing roection; conversely, a stimulus'
tending to prevent this rosponse is designated as 0.

Hfeoding suppros£'.nt. CI
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stimuli -tonding to promot(;:, continuous fcuning are termed
':fcoding s-cimulo.nts'; j o.nd those preventing continuous
feeding or hcstening tho tcrminction of feeding are
designated a.s Hfeoding deterrents.;:

The resistance of mai~o to tho European corn

borer has beon shown to be in'fact, c resistance to l~IVcl

feeding. Ea.r1y instor whorl, end leaf lesio11s per infesting
borer tand to be more numerous and larger en suscoptible

than onresistn."lt plants (Chieng and Hodson 1953;

Beck 1955). ~e lea.ves of 'resistant corn varieties tend to
deter lc:l.rval £eo~lin3, "lith 'l:he chemical resistance £e.otor 6
metholo.-y-benzo::mzolinone, acting aa a leeding deterrent as well as
Do gro'tlrth 1nll1bitor (Boole 1960) ..

The feeding bohcviour of oligophagous insects is
more comp1e;:;: e.tid' morc'clos'oly dependent on plont-bomo
stimuli ··tfu."'.n is tho,.caso, with po1ypho.gous forms. sueh llS

the corn bo:r;er or, grasshoppers. It follows, thus that
plant ;r'osistonce may 9Porate against the oligophagous

insect·at more points in tp.o feeding sequence.,

IRILI entomo1ogists'notod that the green lenf-

ho ppC3r , , ~h.o:~'otti.?S!i!oSCOM, th~ bro\"Vl1 plcnthoppor'
, Nil!'.,Pn,:r:vp.,tc. l;U.E.ons, and tho whitc.-backCJd p1cnthoppcr,

Sogc.t,e,l.lp: f,u.rcifs,rc exhibited distinct non-acceptance for
certain rico vcxi~ties (IRRI 1977). This response was

gustatory rether than,visU4~ mochonical or olfact9r.Y, as
insects did not show diffcrpncos in o.1ightingupon
different va.ricties,but their feeding was not .sustained

on resistent vc.rieties. ' The foDo.1es of Sogo.tol:l;.n hoppers
--------;-~

started fcodin.g promptly on thCJ susceptiblo TNl plants
and. feed continuously but on resistent p1rults ~cy often
did not stm"1i foeding f(Jr tho first 20 to, -30 m,inutos rnd

their feeding durations wero short (IRRI 1977).
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S:i.r.1ilcrly, brm-m lJlcnthoppor femnlcs did little '
feeding on resistant varieties ,bu~ ingested large
quantities of sap from susceptible varieties
(Sa.xenc. end Po.thclc: 1977).. 'J!he weight gain

was ~~l on resistant vcrietios ~s against susceptible
varieties r-.nd wa.s related to'the amount of sap sucked
by thu insects :frotl the.: plo.:nts. The reduced fedding by
hoppers on rosistant varieties is probably due ~o either
absence of feeding stimul~ts or presence of feeding
deterrcmts or rep~ll;:;nts for those pests (Pr-.tllC.::'C.:ld
Snxonn. 1979).

Non··cccc:ptcnce Wr'.s found involved. in lllo~t of
resistant ric~ v~~ietiQs to tho bro~v.n plnnthoppcr,
Nilnpo.rv£l.tCl. lugons (Pathak 1972; Sogo.wo. 1973; Chong 1973;
Renedc 1974). The differanccs in variutnl prefuronce
wore not upparant within tile first 6 hours after caging.

l.1::my workers have attempted to idantify'the
specific~c6usal chumical for the brown plunt~oppor"

resistance, howev~rJ no particular compund'wns fo~d
, '

responsible for 0. spClcific detorrc:nt responsQI eXcept some
ganerul inhibitors wore iden~ifiod such cs oxalic acid,
s11ici ccid,' end othoralipho.tic acidS (Yoshiharn at 0.1

1979, 1980; Sogawa 1977).

ANTIBIOSIS

Antibiosis includes all adverse effects exerted by
tho plant on the insects biology,' for eXC'JilplQ survive.l,
dovelo:pllon!.t ond_ roprodl!ctj,._9n. The: J,)ffucts-.nn thc" ; ,.,s(... c.:t..__ . ~__, _

take tIle fon~ of rClduccd focundity, decreased sibe, abnoIn~~

length of life, ondiJ?,crcased lilortality (Painter 1959).
The lnttorc.ppec.rs usuc.llyin. thCl first instar or in thos~

stagos just procucding tho adult stege.
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Biophysiccl'rosistcnc~ to sttrVivnl

The physical form and tissue structure of plants
undoubtedly influence their utilizability as, insect
hosts. However, there have been few critical
experimantal studies of the role of biophysical factors
in host plant-~pecificity and plant resistance. Early
workor.c t3D.ded to postulatephysical'-causes for,
varietal resistance in a n\unber of instances in which
subsequent research showed resistance to be cuu,sed by
bio-chemical factors.

Tissue toughness as a result of hi&h si:ica
content was postulated by Sasamoto (1958) to render the
rice plant resistant to larvae of the striped rice
.Q!.1ilo, .~rPRr.e~sali~ (Walker).

Pathak et al (1971) listed a number of plant,
morphological and anatomical characters related to rice
resistance to£. ~.p..RreSsE!,J..i!3.'(Table 4). Each of, these,
characteristics appears to contribute'to borer resistance
and none by itself appears to be t~e main cause of such
resistanc~.' "Thisrela:tionship w~s' evident in several '
varietio,s thatJ-~Clcte~.a's','~sccptible ,to thp borers, ,,_
~ven when one of 'tli'e characteristics they pos'sessed was,
positively correlated with resistance. Resistance to
£. sunr.c.ss.ali.s has been recorded,'in rice varieties
having leaf sheaths tightly v~apP0d around tho stem,
closelypackod vascular -.bundles,' thick scclenchyma, and

high silica,'contont. - Those characteristics probably
in:4-o....:t"'orOA" •."+,,, t'ho 'ho....4'nno 0ct';"r';j,r aT' 'aMr~c. ;nthfL 'u - U; Ii. U::L£ as .. -- 0". -. U -~_ ..

stem as larvae feeding on silicious rice varieties
uxhibitod trypicalantibiosis effects and had worn out
mandiblc::s (Djamin and ':Pathak 1967; :Patanakamjorn and

PathDk 1967).
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Table 4: Correlations betwean rice plant characters
~d' percantagcs of tillers infested with
C11il.o suppresso.;lis.. (Pathak et al 1971).

rill .... _.......- ..

Plo.n·~ Churacter

-._..............' ......._._.--_._.----_.-_.__..............-..,.:---_.....__........._-------_.-*.

I Correlation cocfficionti~
I
I I

0.671

0.672

0.785

0.790
-0.756'
-0.756

0.632
0.715
0.798
0.836
0.796

I
Elongated internodes, number I
Third olonBo.ted internode, lengt~

Flag 1eaf, longth J
IFlag leef, ~idth I

Culm height !
iCulm, external diametor I
I

8 at helf its langth I

• c t one-fourth its length I
from the base I

Culm, internal diametc:r ~

• at hulf its langth I
• at onc.:..·fourth its length I

frow the base ~.•
Tillers per plant" number ~

Stem c.roa.occupicd by vascular i
bundlo Sheaths (perct::lntago) i

___._.................. • • •• _ ..o-e......;:...1....... • ._............_. --..........;...

~xplro1a.tioni~ All vo'luos highly significnnt.

BiocheraicDJ. resistonco to survival
~. • ......... __ • .1 ..- ......................___

Plt"l.ntbiochemicals thathc.v-:: cdverse effect on
insect faeding behaviour may thereby reduce the
probability for survival particularly among species in
which the larval forms ere incapable of locating a more
sui ~L~biG ho at.~-:rnsuct mOl"t(';11'ey mo.y-"""t.n~~-rrom -----------,--,-

starvation, or semistarvation, combined with unfo.vourable
anvironmental forces. A distinction needs to bo drawn
betweon resistancu to feeding and rcsistcnce that acts by
interfering with the physiological processes underlying
growth, metamorphosis, ond reproduction. Such
phySioloGical effocts may be co.usc:d by motabolic
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inhibit01'S in the plant tissues, or bY' the plant' s failing to 'provide
speoific nu~rients or nutrient balanoes required by the insect.

PhysioloDs~_~,nhil)ito~J!: Ve1'Y young OOJ:7l planta have long been
known to be highly resistant to the esta.blishment and survival
of la.:r.vae of '~he E'l....'t'ope:m corn borerS) SOt:;) &i3uat::'c:'i1.lca of co~n

become very susoeptible to larval survival as they mature;
others retain muoh of their juvenile resistanoe (Eeok 1965).

The bioohemical basis of resistance to first-b~~od of-
European corn borer has been identified as 2g 4 M dihydroxy - 7 
methorJ ~ 1,4 - benzoxazin - 3 - one, oommonly known as DIMBOA.
DIMEOA levels B.l:'e high :L.l most seedling s't.age maize plants, but '
deorease as plan'h mature~ At the mid-whorl stage of development,
some lines retaiJ.l high DIMBOA levels and are raeistar.;.t to the
European oorn borer. DIMBOA levels are low in all lines at the
time of secondnbrood :l.nfes·hahion: hence DIMBOA is not related to

stalk bortng resistanoe.

~ut~~Qnal defioienoies: Insect mortali~ and-the retardation ,of
development on reoistant cultivar's may be oaused notoDly by the

metabolio inhibitors'in the plant tissue but also by the plants
£ailingto provide specifio nutrients or nutrie~t balano~s

requirec". by the inseot.

In order to be fully adequate, a hOl:lt plant must provide

the nutritlonalfactors required by the,inseot. But the inseot
is dependent on the plant for muoh more than nutrients'alones
ohemos'J;irnulants, physioal i'ao·~ors, and mioro-environmenta.l
facto~s ~l play a role in determining the adequa.oy of a given
plant as ho~t for a given inseot.~A resistant plant, therefore is
....... 01. '!"'l"""Oeea: 4 '~r. '"........."....t ..._ ... " v ,f"" ...A",,,,~~.,._... __ .. . .._.,_ ._. - .__ . ' _

____._., ..• ..&..IJo,.I....f.J.-......._ . _. -~~~~-.-r ot.:;~'Wit;IiJ__ • •

The resistanlJe of 'Mudge' rioe oul""ivar to brown planthopper
biotype 1 was' attributable to i'~s lower asparagine oontent than in

the susoeptible variety ITN1 t (Sogawa. and Pa.thak 1970).



IIi cddition, the fraQ emino acid concentration in whole
plant 0xtro.ct end xylem cdud£1.tos.is three to four tiLlus
lower in IrJL:dgo' thc:i1. in T!'U' (SogD.\~:a, 1977).
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TOLERANCE
••••. t «

Tolorance includes all plant responses resulting
in tho cbility to withstand lllfustution and to support
insect populations that would soverely dnmcge susceptible
plants. The use of tolerance in resistance studies does
rc.:quire, hovwvor, 0. thorough understanding of the ways in

which insects may injure plants as well cos the ways in
which plants may repair tho dcmn~e don9 (Painter, 1951).
Tolorcnco res~onsG is perhcps more subject to
variations ns a rosult of cnvironmentnJ. cenditions than c.re
non-acceptance and antibiosis. Tho age and si~c of plant
end size of insect populo.tions strongly influence the
degree of toler~ce exhibited by none vcrietyin comlk~ison

wi th others ..

The general vigour of a plant greatly affects its
tolcrance toinsoct attr-.ck. More vigorously [;.'Towing.nmizo
wns usuo.lly mo~o attractivoto the ovipositing European
corn borer. Ostrinic nubilnlis but in hybrid mci~c the--_............... .

Coverage yield reduction per borer, per stalk, waS less than
it wes in open-pollinated corn (Paintcr et r.l 1935).

The insccts with chewing mouth pn.:rts, as C'. rule,
destroy' the plant part attacl::ud so completely tho.ttho only
type oftolorancc that crL be developed is that conccrned

_._. ~vith roplo.c ameIl:.:l;_ ~!_~2g!'_9!.'.:-~1. ~ ~_~h_~Qgrowth i.§.. oft~L .__ .__.. _. _
conditionod by. tho relo.tiva s'linge of maturity during which
dcstruc'~ion of ploot parts to.1:os plcco .(Po.ilitor 1951).
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THE PRINCIPLE OF HOST PL1~T RESIST1JiCE
T'O PLIJtT 15r~~S8S-------------

By

J. L. NOT~GHmii

IRAT, BP. 635,
Bouaku, Ivory Coast

11. non·ospccializod rusearchor r;:';8.ding D. v:ork on plc.nt

discas~s might think that uach plant spcci0s is cttacked
by very LlDlly microorganisms: fungi, be.ctcric., virus UIid

mycople.Slllo., nomc.todc.:so H0W(,;vuI', as he r~c.ds on, he will

chongo his oind because he will realize thc.t uech ~peciu

is only ntto.ckod by very fIJ\:/ of £'.11 the.. oxisting micro

org£nic I)cstS. Tho most Eolyphngous pE::chogens mIen as

Itizoctop.ia. solcni which cen c,tte:.ck potc.toes and ,rico or

thu tobacco mosaic virus which ce~ infest more th~ 100

plcnt sp~cics c~ only attcck n vory smnl~ numbor of all

the.: ::nOWl1 pl811"tspocies, end even then, this cen only take
pl~co under vory specific conditions.

L~ny ruicroorgnnisms can only infect one species.

Infqction by pathogemic microorganis~s is thc.:ruforc n
rolc.tivaly rerc. phc.:notlJIlon. Ii. ple.nt con only' be infected

by fo\': Vury sp~cic.lizod orgrolisms. This is so boco.usu the:

plcnt crol defond itself cguinst most microorganis@s'whilo
othcrs'hnvu a very high dagreu of adaptation to thc~r

hosts. HowGvc.r, thi~ phenomenon can not b~ attributed to
rosistc.ncu. We, shall usu thu turm resis,tcncw to define

aptitude of 0. plant to d':.Jfe:nd i tsolf age.inst c., microorgc.nisI:l

thct ceJl poxcl::1itizo tho slJocios to which tho plant bulongs.

&n;:e-vft-he d~fili"'lBar.1~1~...j.o'Jo t"'H"t ~c. used n:t, the.

initiel stt".go of en c.ttc-ok, for oxc.mplc, durin·S pcnutrc.tion

con bo the SCLlO irrospective of whctll;)r it is n pc.rc.sitc '

or c. pntho8~. Howuver, during later stcgos of the
diso['.sc, tho plc..nt uses rusistCllcO rll.:!chC'llis41S thnt oxo

specific of parasites.
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The concept of Ik..... thog(;1licity inplios the:!; at loast
during one stage of its dcvclop~cnt, the pathogen
survives at the expense of C'.. living orgCl.nisu. This is
possible oither because tho resist~co tekos p~ace

sODehow late or because it is inadcqucte. The zero
degree of rcsi~tance is that level which eucbles the
pathog~ to dcv~lop uninhibited, thus systematically
leading to the deeth of tho plcnt. Resistance is therefore
considered to be a general illechcnis~.

A distinction is usuallymndu be~vocn two types of
resistancc~ nuuely vcrticcl end horizontal resistcnce.

Specific rcsistnn~e (or vertical rcsistrncc, is
comp10te but its offcJtivilllCSS is li@itud to certain rccos
of the SaLle po.thogon.

G~oral resistance (or hori~onto.l resistance is
effective cgainst the ontiru population of 0. post
species. By the 5:cggressiven0ssH of 0. pest is r.leo.nt tho lJests
aptitude to overcooe the general resistance of the plant
whilo virulenco is tho capccity to over~o~c some of the
specific resistance of tho host.

Experts in fields such as oycology and virology aro
quite fer o.part for their ten:rlnology do differ. ThUS,
viroloGi~ts call a virus that is capable of wultiplying in

a pl~t speci~s virulont, a plrnt that doos not cllow 0.

virus to l:mltiply rcsistant# and C'. plc..nt thc.t cnn withstand
th:: F:'~SOllce of 0. virulont virus without suffering OIly
dcJJC{:;\':, toloront. During this discussion, the terms uSud
slmllbv oorr"1wd -f'rearnyeo-logy Of .•
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2c TEL:; m]SIST!~CE MECHlINIS,IS OF PLf~TS TO FUNGI
-~- ... :P1JV~S!TES

~.....................

gc shall uSu the clcssificction th~t r~us c
distinction bGtw(.;i..n pcssiv0 end and cctivc, physical C'..nd
chucicnl rcsistcucc, ~VQ~ thOU@l this distinction is sooo
what r'..rtificial. Hypersunsitivity shell bu dealt with
sopm.tcly.

2.1. Pcssivc resistance wuchanisus:

During its dcvulopuunt, n fungus pnthogcn confronts
physic~l or cheDic~ obstaclos which aro th0 nor~

constit-u~ts of tho plant.

Th0 SUCC0SS or failure of n s~oro is dotcn~inud es
soon as it Gots into contact VIith tho host. studios hc.vc
ehonn thc.t dopIJnding on tho ~osition t:Ild quality of tho
surfcco of u loaf, c spore has Dore or less chenccs of
being attcchLd to it.

In the case of rico, it ~ns beon observed that erect
unliko droopy Icc-vee, retain l;,,;ss sporus end water drops
thc.t fo.cilitnto their gorl:.1i.J1c.tiol1. It gOGS without
sc.yin~ that such chc.rcctcristics nrc not necessarily
dotcrcining factors. African uplnnd bl~st resistent rico
vt.ric"l;ios S'.1ch es rtiorobcrukrm have broad e..nd droopy lcc.vcs.

Onc~ thuro is ~ sporu on c loaf end if the cliQntic
condi";;ions erG favourable, the S1301'", gurL.line.tos an<1 the;
l~-cclic.l hypha pwnot~atos it uither dir~ctly through tho
cuticle or throu~1e ncturc.l opuning liku thu stumn~c.

-TliequnIity of J~ho cuticle cnn b", c.niL;pOrto..ntrosis'tc.ncc.:
fector. Silicon is 0. couponunt of thu ricL cuticle end
Japnnes(, scientists have shov'ln that thlJ rosistc..nce of plc.nts
cc.n be corrclu'~cd with the silicon cant~"'1t of' tissues.
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Tho silicon content is itsalf dependent on weny

fc.ctors such e.s tho supply of. nitrogen, w~tpr,.phosphorous,

etc., to the plcnt. In the cCBe.of pathogens which
necosscrily penetrato tho lllant 'through the stoooto.,

. their nUlJbor can bo ioport~t· in, the suscoptibili'ty'or
rosistcnce of the plant.

Po.ssivc rosistc.nco is rc.ruly the l'0SUlt of chor.ri.co.l
coupounds. Howover, as fer us onions arc concernod, thcso
with bro~n pools huvo resistance to scvere~ pathogens
(Collet,o·~l'ichUI:l cirin~, Botrytis ~ercc.) tluo to tho high
cc.techin content in supurficial tissues. On tho other hand,
subste.ncos exuded by tho plc,.nt favour tho growth of tho
pc.thoe;un.

Pc.ssive resistcncu to the dovelopoCllt of' thC,,) pathogen
nftar its punetration hes less often boen observed.

structure of organs con plc.y 0. rol\,,) in resistcncc
end it has boon observed thc.t whoat \To.rictios whose stet.4s
contain o;;;u.y scleronchyrJl:'.s are less nttccked by rust..

2.2. Induced resistance:.;;".;.._........-...._--.............

In very l:.1C.tly instances, plC'..nt c01lscnn fOrrJ bar.riors
to rostrict the growth of C'. po.thoe;on. Thescbnrriers can
bo;. famed by tho thickening of the coIl wa.lls closo to tho

aroc. infocted'by tho pathogun. It is o.lso possiblo in tho
CE'.se of traus, to a.ppeure.nce of cell r.lc.......ssas producine; corky
spot or the o.b1mdcnt production of Bur:n.losis. Those I'co.ction!=f

nrc not spocific of n pcthogon c.tto.ck, but they can
~ ".__ " __n_"·"_ _, ~_ ._ •.• • __ •

contribute te rusistc.ncc. In tho cnse of neck blast c.ttc.ck,
for resiste..nt rico ve.rietil,)s, t}lcf' 'r'"..JC.tion of c. barrior
by tho thickcni.u€, of the ce-ll wnlls c.rountl thu c.tto.t::ked zone
con bu 0 bsurVotl ~
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2.2.2. The j2roducE_on of ~~un[;ic substcnco~1?l.
the plt1.l1 t

Thu plant sccrotus substances which ~rc: toxic for the

pcthCG~ll or which inhibit i ts Grov~th. JU:.long these:

substcnccs i tho DOSt frequent· llrO phytoc10xinsand

phenolic compoundoo

As proBre:ss is nade III rosocrch, it is discovered

thc.t "iihu production of phytocloxins is tJ. very widcsproml

phcmoncnon a.c.ong diootyledons.. Those substances nrc not

spocific of po.thogan o.ttacks b~t it hcs boon shown that

their sccrotion by the calls closo to tho disndvcnto.god

cells cnl leed to tilcir concentration in erect nuobcrs

III dond Cells. Tho substcnccs can therefore: have

effective cntifunBal action.

Fhcnolic conpunds arc clso very widosprond in the

tiSSUes of plants attacked by Dcthogons. These substancos

ha.ve n fungicidal cctivity but in concc.:ntrC'.tions tha.t ere

not clwc.ys roa.chud in sicle tissues. HowoviJr J it is

consid0r0d thct they erc elso substancus that can

contrir~to to plcnt prot~ction.

In the ccse: of rico blest, these two substances

ha.vo shown to exist. Tho IJroscnco of pclyphonols. in tho

tissues which turn brovm Hhilo for:ting 0. kincl of bordor

c..round the ~. .:;a.f losions h['.s buen obsu't'Vod. Furthortloro,

th8 inoculc.tion of lcc.vQS usinC; sporos of Elriculc.ria

oryzc.q crmsos the socrotioll of substanCes that con

inhibi t the Gerw.inc.bion of .1.;h(; SP(;l~CS of .1Jyrim..L.nric

0EY~cc which thorefore hev\,; an effoct sil:.lilnr to that of
.. -phy ~ouluxin"
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Doto~ifying toxins----_.................---..,~.-.....-.-...

Toxins aro c. noons of protection producud by very
l:k'Uly funec.J. pn.thoBOllS. Their role is lX'.rticulc.rly
ioportmrli for cortnin disocsus such Hc1r.lintosporiun so.cchari
(SUBCl.I' cane) or Holnint(jspori~uaydis (cniLU). The
pethoGcns in question produce thu toxins'splJcific of the
host. This nouns that tho ucin rosistance fector of tho
host is, it~ ability to dutoxify tho toxin. Thus,
r,csistcnt auger cone vc.riotios ho.v~ buon obtc.inod by
regenera.ting the ccllus obtained froll thu cultivo.tion of
tiSSUes contnining a. pnthoeCl1 culture filtrate. As fer
es brown 'lea.f diseuse of rice is concoI'nud, the ;:)£Lin
protuction ncchanisu of c funeus is not a. toxin but its
pecticonzyues - J>yr!.culcxia. orl.za.e produces toxins; SOLlO
of which nrc pyriculcrin, picolinic acid and tunua.zonic
£lcid.

Rocent work consist~~e of the cultivation of callus o~

0. ucdiur.l conta.ining tunuo.2.0onic acid havo not shown OIly
difference betwc':(lIl rosistant. (IRAT 13) end susceptible
(Aichi c.sc.hi) vo.riQticse

2~4. ~perscnsi~ivity:

Tho :Phenotlenon of Hy1JorsGl1sitivity is c.vurywidc~

spruad noch~isu whiOh is d~scribod as the rapid solf
dostruction of tho first or th~ first eroup of cells c.tteckod
by Co pethoBon. In fungi, this necrosis inhibits thu erot,,'th
of hypha nnd afton of their lysis. Hyp~rscnsitivity can bu
oaused by bn~toria and virus. Tho discppocrrncc of 0.

fc.vourablu '-cnvironr.lont for thu lifo of tho pctho!SQn +.hrou&'h
--~"1G !lBGro-s-ia--o-fthaeel1s-oQ"1no-'~ always 00 -advroHH..~ as-.
c. r0cson for its inhibited erowth~ S~vornl cuthors
hypoth~si~u that the vary locnlizGd production of phenols
end I.>hyto.o.loxin could j;Jley C'w clotcrtlinin{,:; role.
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While it is ecsy to rucocnisu n typical lesien of
hypursunsitivity, thoru ere no fue-tures thc.t [ic'ke it
possible to distin{;,.uish c, sli[:htJ.y bie;gl.r naoro~1s which
is not n lesion of hyporsansitivity. In the CC.su of rice
blest, the D.virulont strc.ins ceusr..; c. hypcrsc:.lsiti'T.Ta
reaction on tho varieties which have correspondinG
spocific resistc~ce.

The parallel -liMt CD.Il bo clra.vm between plc..nt and
anir.cl t".cquircd imuunity is based on very fe'oN analoe;ies.
In fc.ct,ns fnr es plants arc consid9red, the protection
obtained throue;h preinoculation '.vith D. culi;u.re fil trc.to or
a non pathoeon strain is very afton lucclizocl end effective
for c. Short tioe. In the cuse of ccr~~~s, threw ceses era
knovv.n; TIhoat and yellow rust, cycspot of bc.rleycnd tnke all
of nheat. So far, the srune phcnorJonon hc.s not boon
de~onstrc..ted as far c.s rico is concerned. The phonoDonon
of lJTenunitionhas rbcoivocl very little prnc~ico.1·

applicction.

3. HE SI STANCE MECHANI 3;1S TO PHYTO PldHOGENOUS Bl1.CTERIA
_.. • . • • • « •. 0..... . .... •..

. Br:.ctoria do no·ii ha.vc the possibility of p0Iletra.tine;
actively. They thereforo cen only infust the host throue~

natural opcnine;s or wounds. Tho epidonis t"1lc1 its cuticle
theroforcdo not plc.y cny role, but tile density of stoonto.
can pInyan ioportant role. As fur as the rosistcllce
Dechcnisns of tho host after penetration by bcctcrin i~

concerned, they ere siwilc.r to thoSQuscd Ceo.inst funei.
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Virusqs ere purfee"'.: }?c.thoe;cns which cen 'only uultiply
within c host. ~boy nay Qe trensoittod Dochenicclly but

vory often Co specific insec·i; is an oblieatorY in.tel'Wcdj.o.to
.. • • I

host in which tho vj-r:us ce.n bo controlled by usinG tho
rosis·[jenco of thoplant to the in'sect. This is whet IRRI

hus been doing by usin6 rico varieties that cru
rusist~~t to brovm plant ho~per, vector of the two Asian
virus<;s.

Viruses do not secrete n1Y toxin or anz~~o,. and ~he

plant docs not sot up uny L:.OrlJ!loloeiea:I: or choDiee1 burrier

aGuinst these intracollular pnthoeons.. In ,s~ccific

rosistcnco, as is theces0 wi-th funei" ',tho .plo.u~ con
reC'.ct throu[;h hypersonsitivity becQ.uso;tho vi.:nts.is
bloolccd in 0. sno.J..l island of' dead .. cqlls. C<:~sos of
rosistcnce where; plunts do no,t p,orni t ,the v~rlls t?t1Ultiply
arc ('.1so observed as wvell as cases of t()l€,}l~anec for

variotios which con withstand lioitod oultiplica.tion of

the virus.

5.. CONCLUSION:
.......... 1 ..,.

APPLICATION OF KNOV'ILEDGE ON HOST ,PLJJ1T• .., .••• e·...... "e.. tn •• ·•
• ¥ ' •

HESISTANCE TO BREEDnlG.. n.." C »

Uost of ,tho ph~ooona that we have just discussed

ralJit11y is based on spocifiC) co.~es. Tho Co.so of tho host· ..

pcrcsit~ for 'Which 0.11 these Dhanou~ia were studio~ arc

rcrc. Tho case of rice-blast is one ,of th~sc ccsos but tho

knowlcclGe eo.inod hc.s not lod to tho croationof vt'.ricties

with c.hieh ucero~ of non~ or tho othor rusistonco

Duchanisws dcs~ribod.
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Ncturo of host plant rosist~"1co in
c.Cricul turo

Rosistent 6un~plc.sr.l suitable £01'" use in cericulturo
[lust corlO froLl ona of two source (or r cOLlbino.tion), n::U:lCly

plents which coevo~vod with the phytophatc or thosu which

did not • Harris (1975) chorcct~ri~u1 thusu c.s
syrJpc.tric nnd allopotric resistance, rosp~ctivuly.

11l1opntric rusistn.."1co Vlns llcfjnc.c1 c.s I~thosu huritublu

qunlitics lJOSsossud by en or[;onis~. which influC:llCO thu

ultiL~~tc dC8rcc of dawc.tu don~ by c pcrc.sitic species
hnvinG no prior continuous cocvolutioncry history with

that SlJccios of orec.n.isr.l l ; £'llc.l sy'lJpc.tric rosistcncu w('.s

dofinoc.1 by substitutine\;hc.Vlllc; c. prior" for ;;hc.vinB n0

prior': (Harris 1975). Both -i;anls c.ru r.lOc.n.t to c.lcscribo

ntricult~nllyuso~D. rusistc.ncc consistent with Pc.inter
(1951) •

This ndditional subdivision is also nucassnry to ellon
for c. noro COLlplGtc cho.ructurizo.tion of tho [:;onutic oric;in of

sy:.11"latric rosistcllcC, which con bo obto.inocl in 2 vmys (or in

cCI:1bino.~ion). If thi,; hc..ri tc.blu quc.li t~(;S in the; plC'.Ilt
Luticn~ine the interaction with the arthropod in tho

c.boricinc.l situc.tion can be roconstruct~d ur ~lcintc.in~u ll1

thu c.e;ricult'uraJ. plc.nt so us to reduce the C'.uv,.::rsu uf':oct

of tho t'..rthroPO('t in produclllG tho dcsire;c:.. rosourco, thWl
ana lcinc.l of syu].Jc.tric r,-,si.s':~~:.l.1CO iE (,,·o,jtUinLc.1.
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This is distinct froD sol~ctine cenus or cone cOl:.lbinutions
which ar~ not Dnint~lllGd in th~ ~borieinal cone pool of the
plnnt Que to solcction prossuros ~y.~rtud by tho arthropod,
but nuvortholess cr~ oIfectivQ in reducinc tho adverse
offect of tho a.rthrc:i.Jod j.11 producinG tho desired
resou:r'ce 'ivhcn incorpo:rontocl into c[:.riculturc.l plfUlts
(Harris 1980).

Ganes which ure part of the aboritlll~l duf~lS0

i:1CCh['.l1is'.l of tho plant £md r.lcintainod in tho ncturc.l cane
pool due to selection prossuros uxcrtod by the arthropod
fer rfuich rosistcncc is bOlllC soutnt, can bu chcractorized
us h~vine coovolveuo If, cocvolvod e~os urc availablo for

• CW we •

seloction at all, it is pril:1t:,.rily bccc.usc plC'.Ilts containinG
the~l hc.d n eroutor probability of producinc furtilo
offsprinc in the prcsancc of the arthropod thc~ those which
le.cked theLl ..

5~~pa.trie rcsist[~eu Cones whieh nrc not pert of the
aborie:lllCl dofense 2:10Chc.nisl:1 of the 111ant to -Gh~ crthroIlocl
but vUlich een uiticnte tho ndv~rso uffocts of tho
c.rthropod in n[:;riculturc.l situntions 'i can bu chara.cturiliJoc1
us beine unscl~ctod. Thosu differ froD couvolvod Lunes in tlmt

• • • • pm ••

thcdr iJxistencc uJ. the. cene cool is independent fror.l
S(;.:",~ct'ien pressures cxur-Gc:cl by the arthropod c-"1d the fact
"'<itJc-c they arw presc:nt r:.t r~l is vnrolc-.tcc.l to .I.;he r::rthrolJocl.

Thu concupts of nlle~ntric end unsclected rusistnncc
should be contrcstud with eoovolvcu rcsistcncu. Each
case.: of host 111unt rusistonco to c.n nrtlu~ol)Ocl VJhich derives
frolJ. c.llopatri:: or :ll1su10c"l:icd rosistc.ncu cuuld bu unique
fron every othwr casu bccc..uso of tho fortuitious conctic
bns;J for n::sistCllcC in cnch cnso.



Ca.tu{;orius of rc:sistc.nC0
~.~.......................... .

diffcrunt be~Ncon disciplules due to tho~1llur in which

tho sourc.:.; of rusistcnco was tlorivod. The lZeoerc,phic

oricris of nost plcJ1t sourcw~ ~f. resistant e;ori:lplnsl:1 cnd

the phyto1~lCCCS rosisted c.ru.prus~tly unkncval'(Hnrlan

1977, Hc.rris 1975).

Intoractions bc:'twoe:n insects end plents spc.n Q, wiele

reneo of intcn~itics. In·tor~s ot tho insoct, tho
intcrcction vari.os fro~ V1rults boine couplotely ca~quoto, to

COf.1111ctoly illcdcquctc hosts. Oonv(;rscly,in tCn:18 of the

plo..nt ~:t:ocios or cultivo.r, the: 'fuwo~ insect spocies

Cl.ssoeinto<.1 with it, and/or the; lOVlcrthoir o.bunelcncu mel

the :uss effect they c:x~rt ,n c. plant, ti~a noro r0sist~t

+"'0 p:.cn"l; c.1Jpocrs.

.
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Thcl~O' c10 a1Jpc;c.r to biJ rlC'.l1Y IJhanotypic ,sinilarities

'CI.l011G lJc>l.iho[:;ons end arthruIJiXls c.s thoy interact 'v{ith

. IJlmlts ill a host plsnt resistanoe oe·tt1ng

in ~criculturu. H0V!ovor, there is c. func1ru.1~llt['.l

divoremlcc of experience bO~7eon pl['~t,pctholoeistsend

cntcl:101ocists rucardinc th.:;; source of ceI"w];lc.srl usocl as

the resistant parent in urny instcnces. Hcrlcn(l977)

ohsurvos thc.t I:Geocro.iJhicc.lly, the llost rov/c.rdint rcC;io:as

to soc.rch 0.1"0 those: in which tho host ho.s be;en crown for

clone titlo in tho prescmcr.:. of oil enc1or..1ic c1is(;[1.soli, whilo

tho op~osite cppcnrs to ,bo' true for rosist~lcC tonrthropods

(Hc.rris 1975). If inueed, plcnt pc.tholocists c.re ecnorclly

utili~inC resist~co dorived fron a priors~wpa.tric

cssocintion of pathocen c.nd l)l['11t and un.tol.1oloe:;ists ere
relyinc onresistanco obtc.iUud priWcrily frow~lrolts which

hc...ve .hnel no· prior cowvolutiolJ.r-.ry association 'with thu

c.rthropod resisted, than c. co~~on basis .fpr cotuunicntion

concurninG host plant rosistnn~e to 'pathocens and to .

crthropods would be ooro difficult to ostc.blish than

cOL~lonly inceinod. Moreover, resistance ouchcnisos utilized
, .

m· ..., ..~; ~ulture ..,...,y ....1 0 0' .; .... l·'..., .... y CM SC'''' ' .. ~' "p"n r' .... ··l·,,,.... t"ll·y' .
'-"l~"'" -- oJ !.J.(".", e.." t.J .,Ir.,..I,.L .4-Co.M.I.... '-_ _ hJ ..... \,,; .. ,,-..... _,,-:.J.. \""O.,1,.L (." ,
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R~sistcncv usur~ly is w~nsurQc ~y USlllC suscc~tiul~

cultiv::'..I's ct.' the: se.De.. plc.nt SlJocics ns controls. Only

iDLl~~ity rcpr0s01tinG couplotu inadcquzcy for ins~ctsl is

en :::.bsoluta 'CCnl, b~t it is rcrcly cncoulltlJrUL in plents

wi thin :::. hOl:·t spceics. Plc.nts of c nonhost SlJccios wuuld

not ordincrlly bo clcssificQ fc~ rcsistnncc end thereforu

woulC bo consiucre:d irI1unc. L host ~lont C3n 00 woro or loss

rosistent 1.)ut not ir.uuno. .l'ul ir.,Uuno plc.nt is a. nonhost.

1.,;ny doCroc of hest rG8.ctioll loss then :i.lJL.unity j s I'~sisttJlco;

Dare til8.n llI1~~C is iupossi~l~. It Dust bu rcw~~bured,

thorufor"", toot the tern iUDunity d·~)(;s not pun.1i t qualifyinc
c.cljcctivus such ('.s C:ODpc.rc.'tivoly: DoTa nost, rather,
sc..•.1c'ilhc.t, or vwry.

1f!~\i:~y: 1;n i.Di..lune cultivcr is one. that 0. spocific
insect \';ill never consUllt.: or :L.'1juru unL1Gr CJ.1Y Imov1Il

conclition. Thus defined, thoru arc fow, if rm.y, cultivc.rs

iOJ.:luno to ~lO cttc.ck of specific insects kno\~n to a.ttack

cultivc.xs of tho S£U:.10 plant species.

E;it,h F.o,s.i,s.t.0fJ:.2£= is c1efJOnstra.tcd by c. cultivo.r thct has
qu...'1.lj,tios that rasuJ.t in S<:.lC.ll dODO-ee by 0. SlJecific insoct

1.md.L;~" c.. [;ivon set of conc1,.itions.

Low l'osisto.ncc indico.tes qu...'"1J.i tics tho.t Co.uSCJ 0. cultivo.r to
-.,::~~~.... -
shorl loss dc.r:nc:c or infast~tion by c.:u ins.:.c"i; then tho

c.verc.Co for tho crop consiuerod •

.s.u~~.~~2-..1?~l.i t;y;,: 1... susccptiblo cultivo.r shows o.vuro.co or
uo.J:'o then a.vora.Cv clru:lc.t;o by an insect.

RiCh s~s,ceptibiJ..itv.: 1... cultivnr shows hiCh su~cuptibility
wh~'!1 nuch ::'loro than a.vcrc.ec i..1,.n;JnCC: is cnus.:.cl by c.. syocic.l

inSl;ct.

The. t0rds indic~.tc tho clc.ssos us~cl by Llost workors

in insect rcsistenco as it is obscrvcu in thu fi~ld,

without cnalysis of the.: ...~ochC'.Ilisr.1S invL·lvud.
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Inter..:.lc;c.lic.tc rosistc.ncQ is sonc:tilJ.~s spokell of cs

ncderc.t~ r~sistanc~, which Diy result frow one 'of at

lcc.st three situc.tions. A cultiv6r ~~ct~d ~s ~odcrntcly

rc:sist~nt wcy consist of Ph~otypicc.lly siuil~ pl~~ts,

SODO of' nhicn hf'.YC hi[ll t'.nd othOl'S low rcsistc.ncl: b.::.cc.use of

diffor~ccs in physiolociccl ch~c.ctaristi~s. In cQntrc.st, c.
uoc.lcrr.tcly I'(;sistc.nt cultivrx rv:.y b~ lX.tIC. u:tl of plants
deriv~u frou c sinCl~, clone, which,is'h~t~ro~YtOuSfur
incCLll)lctcly douinr-nt tWll0S tht:'.t confur hiCh r-.;sistc.nci:,;
whan honcsyCous. F.lodl..lrc.t;.;ly r0sistent :plents clso tJJ:,.y bw

howoJrcous for L:cn~s which, untlcr .'Eivon <.Jlvi:t'onr.1\.;Iltcl
conclitions, lJroL1.ucIJ plents thc::t ere Qodcrc.tcly injureu
or infost-.)<lo

ccrtc.in phencnonc. rclc.tocl to .rcsistculcO, but not
nocosscrily bc.sc<l on heritc.blc·tfcits. were ~efin6d rulU
clc-.ssif'io<.l by Pcinter (1951) c.sfollovVs:-

The torw ~SO~~o!psist~~~~r.y be a:p:plied to c.ppcrant
resistanco which rcsults fro~1 tre.11sitcry Clk.'1To.ctors in

potantic.lly susceptible host plants. Cultivnrs er crops

shonint lJsuu<lorusist~co oru iDportc.nt in cconor-nc

ol1tol:1010£..:Y but Should be clistin[,'uishcd frou cultivars,tho.t

shc~ r~sistonco throuchout c. ~iucr ~~Co of ~vironoants.

Thre,c typos ~ be cliotj,n[~ish~d:"

(1) Host Lvc.siun: Un<.lwr SO~Q circuostenccs n hvst U4~'-.... .. .. '.

pcsstlu1 ouc;h tho r.:o6tsuscl,;lJti'bl~ steLc; qUicl:::ly or when

insect' nt.u:lbers ex\) rodc..:c1. Sona cultivc.rs uvc.dc ins~ct

injury by l:~turinC ecrly. J]C'.rly L'lnturi ty hcs boun usoc1 to

coo<.1 cc.lvontc.co in c.:concuic ontor.101ocy. Plc-.l1tinC CIl wc.rly
tlt'.turiJ.l(, cultivc-.r lo....;u er othor spl:,;o:';o.l 'oxp~r .h.l\oints will

---.,.-- ---~.._._---_._----_.__ ._-.-_. __._-------
intlicc-.to v/hethor-tru~·-r:sJ.st;t.ncc°is prus.:.ri:li.
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Induce Rwsistcncu:
.....- «~

This taro IJ::::Y be us.::.::1 for thu
t~Dporcrily increasod r0sistcnc~ r~sultinc frow sou~

condition of p1o.nt or c.m:vironncnt, such c.s c. ch[!D,Du in

th.;; cnount of wc.ter or soil fertility. S.1ch inc1UC0d
rusistrmcc c..r::y blJ of erc.:~t vr'..1uo, but should not bo
confused TIith inhcrant differ~ccs ~ r~sistcncc b~twuan

cultiV<:'..I'S or indiviQua.1 plcmt s •

(3) Zsc~x~: Escnpc rwforsto thu leck of infestation........
of, or injury to, the bast plant boccusu of such transitory
circunstnnccs cs incoDplcto infost~tion. ~lVSI findinL
an uninfostcd plant in c suscwptiblo populction do~s not
nec;:;ss:'.I'ily DC;rol that it is rusistc.nt. EvUl un<1~r vwry
heavy inf~stntions susc(;ptibl~ plents will occnsionnlly
escape so only studius of thuir proCunios will ustcblish
their tru~ r~lationship.

Tvw tc:t'wS oricino.lly lll'Opos.::d by VDll der Plc.nk
(1963, 1968) arc used in plc.nt disvasc 1itoraturu to
describe types of rcsistenco. Th~ torus aro qqunl1y
useful L~ plant ins~ct litorntur~.

Vertical rvsistoncc: This tern is usoc.l vihcn c. surios uf
~. e ~_ to

diffcr~t cultivcrs of thu scne crop infcstca ~ith n sories
of diffor\,;nt ins~ct b::otypes of the same speoies Elho':-r 8

dltferant1n.l ~~~·teract1cno In other wo:r:ds 1, some oult1'\"St's tU:'e
o).a.I:Hd.£1ofl bS r.e5l1atM:~ and sutfer lessor nodamageJ othero ere
OU130G:r·~:f.ble 'tI'hGll ':;h.Jy are 1u.t'es"lied wl·th the sama

insuct biotypu. Biotype sp\,;cific rcsistC..llCu is c.noth0r
t~rn. Vortical rosistcnc~ is contrul1~~ by lJnjor Lunus cr
oli[ocuncs an<1 is consiucr~Q loss stable then horizontcl
rusistcJlcc.

Horizontal rcsistc.tlco: This io us\,;G, to dcscril>u the.................. --
SCL:0 crop infested Wi~l c s~rios of difforunt cultivcrs of
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th..; So.r.J.c crup inf\,;st(.d with 2. s.::rL:.s of tiffcrl,;nt ins\..ct

biotyp~s of th~ S2nc sp~cics ~lOW no Qiff~rvntial

intcrr'..ction. In oth~.;r \,/orQs, th~ l...,lv.:.l c..f r\,;sist~c~

offer\.Ju by ~ pa.rticulcr host cultiva.r is siDil['.Z· c.t..:cinst

~l ins~ct biotyp~s, end vic~ VurSG. BiotJP~ nons p0cific

rosist2Ilcc or c.;-.:ncrcl r\,;sistc-'!'lcu C'.re oth;:,;r teras that UT0

usc;;d. G~oraJ.1YI horiz,0ntcl rosista.ncu is IJolYCcnicc.J.ly

controlled and is consiQorcd to be stable ~u pcrnanunt.

lIocl-.;rute r,Jsistnncc; (till) in crop plc.nts is LWlcrc-.J.ly

roco£ni~nblcund(;r ficlu conditions nnd is c~llud fiuld

resistanco. hm is exprcssccl ct c low levul and is

therefore easily Distckc;;n for susceptibility ~h~ thu

screc;;n~lC test is conducted in the tlos~housu Vitil c hccvy

infostc.tion of the insect pest. In contrcst to lffi,

olicoCcnic rusistc.nce is cxprcss;.;d at Co hieh levdl nnel is

cc.llec.l tl'"'UC r~sisienca. Td~r.su (1962) clif'furc:ntintod "true
rcsistcnc~ii and iifiu1cl rcsistcn.ce H by considurinC that true
rcsist~~cQ is qunlitc.tivu or tnjor t~c rosistc.ncu rnu ficlu

rasis·~.:-.ncu is qUC'.Jltitc.tivoor lJolYLc.nic in nc.turw. Yc.rlr1.dc

(1965) cssociut~d field rusistnnco with ~~turo resistC'ncG

r.nu pointed out that true r~sistnnco is rccu-spvcific and
cLilltrollwc1 by c. si:.U'~ll nuubur vf l:lt'..jor L.CllC;;S, v/hilu fiold

rc.:sistmlcu is controllocl by lJclYl).Jl0S QXPlosscc.l witIl

quc.n"'citutivc chl:'..ra.ctc:ristics end incrwr.sinG with tho

u~vcncuuunt of hGst CLOt

COl:1IJonunts of u proLrnr.n:.lO for plant rosist::.ncu
to insv~t6

11. :)rc.~~ tic a.Pl1roach l:.lust be taken ill s<.Jttinc
IJriori tius ononc p~sts_ t_() lJ~consl(h;rcd on ('w apt-.a; of; c I"'r~~r.

Pustr: ).1['.y U0 elividod into scvora.l CD.to£.;orios. A kay l;?;c.:s.~

is ono that rCtula.rly liuits crop productivity.
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.An .9.c.c,;.s,ion:::..l l?e~.1 occurs c.t infruquent interva.ls but
Cc.us.:..s s~vur~ clcrJr.UJ whun pr... scnt. 1.n in,c;.i~'fLtc.l ,P,c,:'3t
is 0110 constcntly pr-.;:scnt but inf'rcqucntly l'..r'..nrcinL.
Ii. ~o,.l~cll.~i;?-.cl R~~t is on(,; tlic.t Di[ht occur '.;ith c. choncc
in crop cnu culml"cl prc.c-cic\Js. In d~vclopin.::; resistc.nce to
one p~st it is ioportc.nt to cvclu~to th~ br~cdinc linus for
resistance.; to oth~r occc-sionel, incidental, anu potcnticl
p~sts to tunrc UCa.inst the duvolop~~t of suscoptibility
to c.nothcr insect.

Pr0Lross in the d~vulopoont of:pl~ts r~sistant to
inSQcts, c.S 0. vitc.l l.IDtity in lJ... st tlt..llC.[,;O;.J.Wl~ p::"'oLr~1Ws,

hinCOSOl1 thu conc~pt of ~ nultidisciplinc.ry tCJCI.l. It
cells for Co. coopcro:tivc c.nc.'t intoro.ctive ri.,;lc.tionship bE:itwccn
the cntol:JoloCist onc.lthc plc.nt brc0dors, who C\..lloroJ.ly foT'w
thc.initi~l teCil in c plc.nt rQsistoncc procrcn•. AS the
procrcu proceeds, cODplcx problODs nr~ likely to arisu
which tho initinl tcOD of scLmtists will noaJ in solvinL.
Other scientists shoulc1 be nuQed to thu Cruup o.s tho ncec1
for their contributions 'is rococnizcd. History shows thc.t
oajor vrocrcss in th dovelopJcnt of resistant vnrioties ha.s
b-.;.:..n l:.1C'.dc whun th.:, r.i"O(;rOD of rosistcnco hc.s bucn the
pritr~y rosponsi~ility of both the onto~olocist anu th~

plcnt br~ouor, not n'scconuc.ry cctivity.

l~thou5h cntooolocists lJUst laUd thu effort to
i<1cn·tify sourceS of rcsistcncc , thu plant brcudor U8Ur'~ly

pro7iuos th~ antonolocistrs sccQ source. QnC0 th~ sourc~

uf rwsistancu hcs b~~ idantifi0J, thu invulvenunt of thu
plcnt br~vd~r bvconos eoru criticcl. It is iLlportcnt that
c priority bu ~stcblishuu so that both thu ~ntonoloList

throuch th0~ny steps nccuss~xy to nchiovo status us c
cultivc.r.
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Friol" tc, c::1bnrkinL Ln ['. p1C'-nt rwsistc:nc~ proLrc::.l ,

th...r ... :.1US";; b(., c. siLnificcn"c 11001 of i.."1for.::r....tion on th~

inf1u~cw of biotic ~~d cbiotic fc.ctors on tilobioloCY of tilw

lJ~st. This should incJ.utl::. infcT"wc.tion on bch.c.viour,

0spcci~ly in rc1~tion tv fCGU hcbits, oviposition, and
nov..;~cnt; definition of the lJcx'cnotcrs of crowth end fccunc.ity;

nntl effect of th~ ~vironr.l~t ~n lJ~st populctions. These

types of infor-ucti.on DUst be cvci1nblc to dcsi()l uxporiDL;Ilts

wi thin the: renew of bchcviou.l' c.ntl activitilJs of the p.::.st.

It is cri ticc.l tc d.vsi[,.D. tests thct do not ];Jr':'~ludo the

bioloe-iccl (;xprGssicn of i!:.!portcnt trcits er chc.rt".ctcris-

tics of tho post or host.

The cvc.ilcbility of c cGnstc.nt and unifcT".:J. ins ...ct

pOPL11ctioll is ~ssantial to proCress. Attention DUst bv
civ~n to ic.l\.:.Y!.tifyin[. thv (,l)t~n.w P~3t pvJ:."'U1c:~ion thc/v ...-v'ill

per-wit differentiation waonL [cnctypcs. 1~ optinuu

populction is not nocusscrily c DOXiouu populc.tion. An

inS(;;ct populo:tion ucy h~ obtninucl by (1) intunsivoly

uc.nCCinC cxistinL fiold POllUlctions; (2) ru~~iriL populctions

on c ncturnl host in en insoctnry, Lrc~ouso, or Lrowth

chc.ubc.r; or (3) nrtifici('.lly r\.OcrinL, fez' ox['~plo', r:u::.ny of

. the lcpic.loptorous posts•. I.1cny factors tlictc.t(;; the outhod

usutl to Qcvclop end r~intnin insect populctions. A priwary

function of tho ~ntoooloGist in th~ rosistcnco tuco is to

undc..rstcllc1 'the bioloLY of tIl..; tcr[,ot SIlc;ci ... s c.nd to

~~il~nt~ the populctiun so thct thQ infestation lQVQl

will jlroclucc optir.lULl cliffl,,;r..:nc ... s C.I:lOnL L~otypus. Dnhns

(1972) iJcntifi~d 16 possib10 critvrin used to wVclucto
ins~ct rwsistr'J.Lcu in plants. The. slichtly ('.bridced list

follows:

1. Visucl ;,;vc.luc.tion of infcst~d cultivc.rs by obs<..rvmC,

for oxntlple:, rotcrcl\.,;c.l C,rowth, luc.1CinC, cuttinc, end

lliscolori2.l:'..tion.
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2. D;Jtc.r::li.n:::.tion of the nu::.lbt;r of surv~vmt:; plents c.t
vcrious intervals fcl10winL infwstntion.

3. Dct~r-.uinc.tion of the C.iffwr..mc~ in yiclu b-.:tvvl,,;.m
infGstwu end noninfestuQ plots.

4. De: torwine.tion of the.; nuwbcr of insect c.Qults or
lcrv~Q uttrc.ctcd to c. cultivCT when Liv~ n free choice.

5. Observation of th~ cow~~ctivQ uff~cts of forc~d insuct
fuoclinC (confiJwwont) on plents or cultivr..rs ~y
Ol.lcsurinc le:nc.;th of insuct lifQ cycle, oortoJ.ity ,
rc;productivo rc..tl.ls, tJr woltint, for c;xClJplw.

6:> ~J~i[ht of inSiJcts Cofter uofini to f~ua.inC j,JurioC. '':;::.1
diffurcnt cultivars.

7. D.;.;ton~linction of the nuwbc..:r of (.;L!.::,s laid.

8. Dctorwinc.tion of the n'Lt:.lber of survivinC insucts end
pro{'ony producod.

9. lV1ec.sure~Ult of tho c.uOUlltof food insocts consUllC.

10. EOt"'.SurCDUlt of the ['.Dount of food utili~ed by the
inscct.

11. Siuulution of insoct uaoncc and obsc..:rvc.tion of
rocovury.

12. llluircct octhod of evc.luntion such as uonsurint: root
clcao.ce by CD.OtUlt vf forco required to pull a. plc.nt out
oftha Lrounu.

13.Uso of plant lu(~vus or flowers in olfuctuuotcrs to
u.;.;tcnline nttrnctnncc.

14. Correla.tion of chauicnl factors in plents with ins~ct
rQsponso.

15. Growth and reproduction pot0nticl of insccts fed
vcrious pl~'t diuts contnininL C.iffwrunt plcnt
cultivnrs.

iarL;G nULlber of untr~os. 1.. rolntl.vu ro.tm[.' scbIe J.S
usually usod in tho initial s~recninc procuss rathur
than counts of insects.

16. Corrulation of Dorpholocicnl fnctors Wi~linjury.

Tho first four are the wost useful in screuninL C
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T'hl; osscnticl n~i..ds· c.r(;; to iJ...ntify rc~:pic.ly ~·JC.toricl

worthc~dvC1.Ilcin[:; c..."'ld to 4iff'<..r(.;Iltiato intc:r::l~u.ic.tos end
susc~'p·tiblos. Treeitio.pc1.. rctmt.,; scelus V{(,;ru frQi:l
o to 3 or 0 to 5, with tho hi[,h nur.lber inc1ic:::.tin(.
susc el1tibility. We ere usinC; rntint. scc.l~s frou 1 to 9.
Since it is often necesscry to USc statisticcl ovcluations,
z;,;ros should be avoidod. Plrult introductions end
scLrocatin[. populations DUSt be ~vcluc.ted in ~ Dannor
thc.t Hill identify plont-to-plc.nt vc.ric.tion WhUl it
occurs; sinClo ro.tinCs for a plot ony bo Disl~c.din[;. In

studios on inhoritc.nce of resistance chnrcct~ristics, it
beconc s noro critical to qunnt1f'y [rndi tm ts or luvcls of
resistcnco.

Success in idantifyin'G sources of rosistcnce is.,
'directly relc.ted to tho diversity of coropl~sw cvailcblc
end tho probability of rcsistanco occurrinc in tho host
populations. The search for sources of resistance is
cC.2'riod (Jut in 0. 'loCicc.J. sequence: first in o.c1.nptod
cultivcrs, then in .1llont introcluctions and exotic £oroplna.:l,
end finnlly in ncar rolc.tivos of tho cultivc..r. Tho
id~ntific~tion of thu source of rcsistanc~ is follow~cl by

hybriQization, seluction in sucreto.tine 6unurations, end
proCany tcstinC. specinl nursery end/plant propaco.tion
facilitios nrc ioportant for repid advancouant.

In initial studius it is l:lOst ioportont to oxo.uina c.

lc.rGe q~~tity of divcrsu [~turinl. In, theso studi~s it
~y bc aSSuntinl only to uistintuish broad u~fferonces

in affect on host or pest. Ratine schetlos wi. th vc.rious
lovols of sophistication or discrioino.tory pow~r arc used.

---,--------
A useful tool in 0. rntin(. schoI:lu is nsot of pictorio.l
stcnck.rcls. Lo.tor evcl.uo.tion studies should put'uit Doro
precis~ definition of tho level end expression of
resistanco. It is iLlportnnt that the assay tuchnique
roprwscnt tho insect host rclc.tionship as it occurs in thu
fielc1.
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Ji.tte:ntion :lust bo [,iVUl to coup..r;.rinC plc.nt !..lC.te.:rio.l
of tho So.:.lO CroV'lth stnr:..;Q or L:D.turity, and to conductine
the stuc,1y c.t tho c;rowth stuce v:hcn tho insect CCl1oro.lly
~tt['.cks the.: host. Unoquul scodl~nc ouortance is c onjor
probl\JD if pIents ~o to bo screwnod in th0 s~edlinc

steLe. If vecutntive plants arc coupcrc.:u wit~ those
sottinc seed, the chances for r0Crowth end conpansntion
nrc usuclly roc1uc ~d in the 10.ttor. StronE o:aphasis on
stLnQ~~dization of testinc procedures DUst not be allowed
to overricle th.o observation by C'.. sciuntist of a unique
CNc.mt. Consideration oust be £ivcn to the corrolc.tion of
resistance in thu seedlinc staGe with that in wore onture
plc.:nts.

Resistnn.ca is frequently f'ound in prirJitivQ cultivc.rs
or rolcted spcies. The transfer of r(;si~tcnce froD those
exotic sources oay require tho usa of spQcinl cenetic
oanipulntion such as coIl culture.

Tho donor pe.rcnt~ of rice resistent linos iclontified by
tho IP~I scientist (Khush 1978) ~~ve poor plant type,
tYl)icc.l of tall tradi tionc.l v2.I'ieties of the ·tropics. As
a fil'st step the sources of resistance woru transferrod to
ioprovecl plc.nt type bnckcrounc.l choro.cteri.zodby IR 8. This
conversion was c~ried out by cross~nc the dOllar par01"."ts
with en ~lprovcd plc.:nt typo pcxent. Botween 1965 TNl,
In 8, IR 24 ~d IR 262-43-8 were uSed extensively as inprovou
plcnt typo po.runts. Sovura.l c'lvmrf li.nos with resistance to
disease or insect ~d havinc coocl crainp woro solectod froD
oa.ch cross. By 1970 il:lprovocl plant typo linGS with
resistanco to L~diviuunl diseases and insects bocauc

______=o.c.!..v"""c""'i=l=o.b~~----~.---.----- _
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Th... crossint.. proLrr'L of the: IRRI \"I['.S ..:xp.."".!lcled in

1970 Cllc.1 cross~s 'were.: rm.cl~ eL:oncst these brlouuint.: lines
with resistcnce.: to ciffcr~t cisccscs end ins~cts. , B.Y
tile and ~f 1973, brc~dinG linuS with hiLh yi~ld ~otantial

and resistent or nodcra.tcly resistant to us ~"1.nY as five
dis~~s~s e~d four insuct spocius becaoc cva;la.blc. '

, I,i6thocls onploycd' in rice brcedinc 'forrosistOncc
, ,

IBRI plant breeders usc(l tho pcdicTc"e oothod of<: " ',,'
bro~dinC to develop Gorcplasu with Lultiplc resistcnce
(Khusll 1978). Selection we_s baaed en c"ll:,JrJh~siv~,

rc.:corus of the eisQnsc and insuet reactions of each line,
Mc.1,'in.the caso of ,]'4' Olld lo.tor-ccncro.tionlincis, also
on tho reaction of ancestral lines. The 'bulk octhod was
not usou ns it did notporoit concurrant scro~iuG for c'
nunbcr of discuses c.nd. ins~cts (Khush1978)." Nor was' the
br.clc:cross nothocl QlJployed extensively, 'b'cce-use '0£0."

lc.clc of' 'SUitable rocurront parunts in· thoeo.rlicr yocrs.
l~ fevi 'btckcrcsses were:: ooclcin ,'thu 'crossc;s with O. nivarc- .
for crnssy stunt re:sistc.nce;J:R 8, IR 20, c.nd lIR24 Were....
usocf cS rocurrunt pc;rcnts., After three or' four buckcrosscs
they outd.ined cro.ssy stunt-rusistbnt breodinc lin'os
sL":1ilc..r to '·tho recurrent 'pcxants, Lut:'thc;.y l~ck",t1.'rosiste.'1ndo

to oth.:,;r ioportant discus~s end insects. HOY1UVO~. those
linos could be uscd as sourceS of resistcnce to [,;ro.ssy
stunt in the hybriJiza.tion proC:ron. Now nuoerouo br'c~clinL

lin~s :'l1U ne.t.lcu voriotics o.ru C'.vnilo.blc.: thC'.t elm Borve 'as'
rocurrunt parunts. But IQlush' (1978) considers it
tlesircblc to dCVu101) LCrnp1c.SL.l with diVerse cunatic
'h..,,,1,..·......... , ·, .........""- ......... l_CJ:'"S==:;+'1;=J is t::uilcotcll;y i:tvoid~d •... eu ........c. u "" \;1., ·~-~~n \J'" l-A\.i ,,4, V

. I.
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Tho pvtU.C1'u:;, r~othod elf b:.:· .... ·.;(l.-lJli..: :.;';;d.l~.n::-.ntl;jT suit",d

.~~ 'J'i.SCC.SU ~~':lC"!. i.'rcvc:·t rcsistD.nCl..J IlroCr:':l5 :ii' r.;:;sietnnc(;
is covurned by nnjvr CClnr s, As c1i.scUS91,;d j,jl a:lct,hcr

scction nest of resistanco traits ~n rice ere undor oajor

cane 'cont~ol anu the pcdiL~0e llcthed h~s bo~n successfully
ooployocl..· But tho pcdicro~ iJc-thod of br0ccl:"1.lC is not
suitablv for trnits covorncu by po!Yeonos. R~sistancv

to sto6 burors and shcc.th blicht in rice CPPIolaX'S to b~

under polyccnic con~ol. For those ·traits tho IFRI is

usine e uinllol selactivu oatinC syeton proposed b.Y
J GllSQIl (1970).

Tho IR:RI also oXplorinc the.: poss1bility of ooployinC
thosinClost,lv-d dosc,ont ucthod foriDprovin[: thotra.its
£ovcrncd by. polYt;;~ic vc.ri~tion (KhuBh 1978). Early
cUD.oration .populations fron uultiplo crossos involvinf.

. ~. ';.

thru~ or fwur par~ts ~cvinC. Dinor canes for resistance
nrc propc.co.tod in bulk. Thruv or four E;0Z10I'ctionB nrc

CrOtal in nyour. Soluction is not practicod durin[ this
, ~. .-,

pcriod~ ,Atthu FS ,or, F6 s~oeu, tho ~ population is
oxp~sod to tho dis(.lo.su or insoct pro,sauro oud inclividunls
with bo·tto%;,:.lovols of rusistonco aro iclcntifiod end (,:,I'own
in proeOlly rowe for. furthor cvoJ.untion. (Khush 1978)..

-- -~ .- .... - . .. .- ~ ~' ... ..

Stratoeios inricv broodinb fQr rosistorlCO

It is obvious .:that E. .rcsistoncc toon~ or tv;o
diaoasus end insects :;'n rico voriutius is not onoue..h.
r!odorn v8Xi :Jtios [lust ho.vo: nultiplo rosist~c\J to oost
of '~le iupo.rtant discc.sos e.nd insocts provC'_le:nt in. tho

.p 44 • au _ .... j. ....calil:tai ...e.... UI£,.a"","". V lIAa C;;CX UV \;LV" C ....o .

ioprovod ecmpla.3u with oultiplu rcsis+.ancc; to as oony cs

four <11soasc;s end four insocts (Xhush 1978).
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The :i.Llproved plrolt type linos with rcsist~co- to one
or two discuses or insects vwro intercrossocl md ~

lorcc nunbcr of topcrossus end double crOSSeS were Dade
to cODbinc the resistance to several disccsas rundinsccts •
A "Ulrough , screcninc of tho swCro[.ctinc poJ;lU1ctions lad
to the identification of nultiplc-rcsistcnt lin0s. In

1969, cuout 85% of tho untriasin IRRI ru~~icatud yiold
tric..ls were oither susceptiblo to c.ll thE,; siJ= disuases
cndinsucts' (blast, br.ctoric. bli[ht, ~cro, Lrcssy
stunt, brovm pl~thopper, croan lccfhoppcr) or rosis~runt

to only one of thou. On 2% of tIlw entries Hore: resistunt
to thr<.:e diseases and insucts. The p"t'oportion of cntri.us
with ~mltipl0 rosistance Crr.dunlly increased ~~d in the '
roplicctcd yield trials erown in 1974, 90~ of thu watrios
were either rusistant to five diseases ~ld insects, or
to all six of then.

The disoa.se ond insect. :r:utin£..,s of IRRI··nt:.tlcu
vc.rictius c.ncl; IIffiIlines 11,0Llml by 'tho. 'Philippine Lovo;rn
tlent era. shown in 'Table 1. Tho pro.cressivo increase
in thu lovels of resistanco of tho varieties frotlIR 5
to IR 42 is evident.
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Tabla 1: risensu end Insect ncsis~co r0~ctions of
varieties by IRRI cnQ thos~ nruo0u by tho
Phi1.ippinc GOV~m:1cnt (Khush 1979)

-......----_ ..
Blast Bacterio.l Grassy Green BrOt-m. Stem Gall

Blight Stunt Tungro leaf- pIant- Borer Midge
hopper hopper

IR5 MR S S S R S lIS S
IR8 S S S S R S S S
IR20 IlR R S nUt R s r.m s
IR22 S R S S S S S S
IR24 s s S R R S S S
IR26 1m R I1R J:rm R R li:lR S
IR20 R R R R R R MR S
IR29 R R R R R R ram S
IR30 MS R R !1m Ii R MR S
002 rdH R 11. IIlR R It MIL R
004 R R n R R R ram s
m36iB~ IR R l1. R R R MIt R
IR30iB~ R R R R n R MIt R
IR40~W R R H R R R mtt R
IR42-:H~ R It n R It R MR R

..... e· ...... ,. . I • • .............................
* S • Susceptible; m <., Uoderatel:r susceptible; MR r: Moderately resistant;

R • Resistant. Reactions based on tests conducted in the Philippines
for all diseases and insects oxcept gall midge. Soreening for gall midge
was done in Asia.

** Named by tho Philippino Government.

V~xintion in insect orGanises

Tho dovolopwent of rosi.stc.nco-broc.kinL; biotypos
which era co.po.1Jlo of survivine Dnd o.tto.c1dnC thu
resistent vo.riuties is a ~.jor :problo~ in brooJinL for
disucso ~nd post rosistcnco.

In naturo, it is bolieved.that ~ilu populations
of ocny insects spcc1cs cons1st 01 1nd~v~iluals ccnot1cally
divorse in their ability to survivo on diffor~t plant
variotios, but of a li~itcd population bocnusu of SODO
inhorited h£lndicap. In rosponso to continuous association
with tho resistant variotios havinL uniforo resistant
eoncs ovor larco creas, tho insoct ony dovwlop a
rosiBt~~co-broakinc biotype (Paintor 1951).
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(Pc.thc.k, 1970: 1?athc.k cnc. Khush, 1979). It is proven that
biotype selection and C.cvclopocnt is hichly ~robable and
Dare rcpid on olicoLanic ~lan on polYLcnic resistant
variety.' Insuct bio~JPos rcrely develop in corn and
sorLhuw which have polyccnic resistanco ~hilo several
biotypus have bean reported in different cphid spucies
and in HiJssic.n fly to which host rdsis'tance is rlonot:cnic.
Pcintor (1951) clcssified insect biotypas into ~yobrocd

cr.tecories. ' One type is able to food on n rosistant plant
b~cr.use it is larcer: c.nd Dore vicorou's ro'J.(l hc.vin[; hi£hor
pcrnsistic fitness than thu avirulent biotype. l~othur

typo is ecnerclly adapted to the effocts of a sp~cific

plc.nt cene for resistance.

Tho EPH bioty~QS wcru first rocorduJ at IRRI in
1974 (IRRI, 1975) nn~ rococniz~u throULh difforuntial
varietal reactions. Biotypu 1 is the wild population to
which IIudC:o (Bph 2 t:ene), llcthy Hoonati (BPh 3 LODe) £l.I?{1

Bcbuwoe (BIJh 4 cane) erc resistant. Biotype 2 is' tae
population solected onI~deo, honce n~dLO is suscuptible
but ASD 7 is resistant to it. Biotype 3 is the rov~rso of
biotylJO 2. Biotype 4 and 5 o.rc B1?H populc.tions ho.vinC
virulant Gonus cc~blo of u£W:1f'LeinG Rnthu Hccno:ti and
BabC'.woe whose resistanco is [:;overnod by Bph 3 end Bph 4
canas, respectively. Bph 3 roltl Bph 4 are sincle dorlinnnt and

recessive ecncs which. secrcGate indopendently on Bph 1 and
.Bph 2 respectivoly (Lo.1tshinin,'JXD.yono. and Xhush, 1977).

Bvccuee the dovclop~cnt of biotypos cnuon~ers tho
stc.bilib;y of Iusisiluouil VUliioti~o; dynCl.1J.C lJroCrOLlLlo oT----~-------. . . .

colloction an~ ovaluation of ccrtlplnsw so cs to identify
resistant donors end anclyzQ thuD canuticclly should bo
c1ovolopoC..



: 296 ..

If tho vnri~tius with c pcrtictunr C~~ b~COD~ susceptiblo
boc~uso nQW biotyp~s ~ove10p$ Vt~riGti~s with c s~cond f.cn~

VloulQ "be c.vo.ilc.ble. This soqucnticl release stratl3CY ha.s
been oup10yed for resistance to brown plcnthop~cr. Thus,
five brO\"!D. plonthoppor-rcsistcnt vc.riutics "!ith BRh
were releasud in 1973 ~~d 1974. In 1976 those varictiws
stcrtcd to show suscuptibility ct S01:.10 lecations in the
Philippines. But by that tiLle, l::ultip1c (lis~csu ana
insoctresistant variotios with the~ for "bro\m
plo.nthoppor resistance beCaI.l0 avo.i1c.blo crld Yl\.:ru reloc.sod
as roplo.ccw~ts for tho variotios withBR~~. There ere
now available braedinc linos with B~3 end ~~.~ for
resistcncc.

Tho IRRI also tryinc to pyrCIJid ~10 onjor eunes for
brovl!l plcnthopper resistc.nco. ~ and ,BJ?h.2. CI'C closely
linlcoll and cmmot be COL1bincc.l. S:il..lilnrly Bph3 and Bph4
are also linkod. However, ~ end ~, ~ end BR~4

Bp~2 and ~Pf~~ and ~~2 ~4 seere~ato independently of oo.ch
othur and can be conbinod. They cnvisacothat the
vcrietios with two eanos for rosis~'Ulcc will hnvu a
10necr useful life (Khush, 1979).

Four known ecnus f(;r brovm plunthoppur rcsiste..nce
arc.: clso beinG transferuu. to isoGenic bo.ckcroun<1s by
backcrossinc. Tho IRR! plant brooders c.re oJ.so lookint: for
o.ddie'!iioncl Lenos for rosistrmco. Vihun 6 to 8 isoecnic linos
with c.lifforcnt rusistnnce conus bocorio cvo.ilriblc, they plbn
to ovcluo:lie tho fcssibili ty of developinc !.1Ultiline
variuties.

For traits ~hat aro under polYLenic control such as
rosistcnce to stouuorer thuy arc usinL u dio.llel
selectivQ natine systou proposcu by Jcns~ (1970). This
l'Jothoc.l involves: (1) crossinc 0. nunb.::r of l:lollorntcly
resistcncc pc.rents in all possible coobino.etions;
(2) intorcrossinc tho F1 ~olmlation in ell tho possiblo
conbinctions; (3)scrconinL; the doubl:.,) croes Fl IJroCcny
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for r~sistance; Dn~ (4) int~rcrossinL the seluctcd
plents found to hava better rc.sistanco then either of
tho ~~~onts•. Tho crossinL, scrucninc, selection,· and
recrossinc will bo continued until uonor L~es'froD

different sourCQS ure accuoulatod.

CONCLUSIONS
~............................

In tho scroonin~ and brccdL~c procraDU~ for plant
resistance to insects we mlould.rCDQwbcr that war nro
cleclin[; witr.. two biolo[;iccl systCf.1s. TIlCrofora the
followiJ."1C precnuticns nrc helpful to cnsuriJ the effioienoY'
of Genotic analysis for insuct rosistcncc:

A Genetically unifon~ population of the insoct
should be. uscc..

r"
The cultivars to bo cno.lyzod c.nel the rc"sistence
end suscoptible chC'.I.~ks shoultl be IJUre lines.
11. suitable techniquu I:IU.st be dQvclopuu for ress
roc.rinC heulthy lllS\.lC-f.;S for tIll.: test.
1111 c.;fficient tochnique is ossentiul in duto:n:li.nine
tho plEUlt-insuctintura.ctions. This tuchnique oust
IJerrri.t the eva.luation of' lurLo V01Ul.KlS ofsccrecatinc
plant r.m.tcricl.s.. GCl1crelly, 0. Dethod that cllows the
~otorrxLnation ofplnnt rocction to tho insect by USu
of injury rc..tinC;s is tho sinplost.

Tho tost should be conuuctcd undcr uniforw
onvironucnts so that resistancc and suscoptibility
erc clearly diffor~~tictcd.

--------,------_.
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HOST·.PLANT RESISTANCE TO DISEASES AS A'
COMroNENT OF nlTEGRATED FESl' IWtAGEMENT

J .L. NOI'limBliN
IRAT, BP. 635, Bouake, Ivory Col:!-st

nrmODUCTION
• b F

The concept of integrated oontrol ms dewlopo-d by

entomologists. It is used very Elparingly by phytopetholo{'ists

becL1.Usethc probloms of disease end insect oentrol, differ en
,

sovcrC'~ points. The ideo. thC'.t insects c£lnnot. bo controlled by
.'. . . .. .: .

tho simplistic use of insecticides spreEod ra.pidly "lith the

destruetion of pe.re.sites l1hich plaY ~ cff~~tiVe' rolo i~ limiting

pest populations. In the ca.so of plant disoases, there c.re ~co
, ,

nt'.turcl enemies which develop n~. the oxpense' ot micro~organisms

responsible for pl.ant disenscs tho.t nro called po.ra.sites.

Houovor, cnses of natural enomios nre relative rore. An ommple

is coffee rust (Hamle.!£: ~sto.tr.ix) ",hich CEm be c.tto.oked by this

viruses, Ve.::fi.icilu!s ll$'.mi}..oi.~e. o.nd CltUios,2oriUp1 H~milaip.~ or by

f\mgi virusos ond plvtopa.thogcncous bnoter1ophc.gcs. However, unlike

insoots; theso no.turn1 enemies do not seom to effoctively control

plont po.thogens. tmliko:in the USe of insecticides, it hns nevor

beon observed tha.t ~gioide trOt'l.tma1t hOos ho.rmtul consequences on

tho oquilibrium betwoen 0. pOothogon end 0. na.tu't'N.oneDtY or tha.t it

caused the prolifero.tion of tho pa.thogen. Fungicido trontmentso.ro

thorofore nlWDjys undertclcen ~Tithout a.ny o.ttention being poid to

Another oonsenuenoe of the inaffoctivenoss of nOoturol enomies

is tll~.t they hOovo never beon usod in biologiccl oontrol. Attonr.?ts

hC'.vo ho~,~vor, been rnt'.de to uso ontc.gonism by trying to replt"ce tho

pest with ,... htxm1esFJ fungus. Attompts Hore me.de with lo~,r spro\ying
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of spores of Trichodercc. s-~. r to control len.£' :?cthogcns or 'by

crtificiclly infesting the soil Hith tmtC'..goni~ic f'mgi of root

tungi pests. These ~ttempts did not yield results th....,t could be
, ,

c.pplied on ('~. 'td,do scole."

M.1.Il.Y siud.~es ho.ve, ,successfully lo:-..d to the erection of

, d.i~~~s~re~ist~t Vt-.ri~tics but' the nlJpel".~.ncc of'strl:'ins c!\P:-.bl~
.~ I' . ~ •

of over 'cominS' <this resistr:ncc hns led to rulos of rcsistOllce

mo.."'l~~cnt'•

.9l!Q!~ OF' Tn'E OF RESISTANCE

A distinct1on:i's m..1.debott"lCen specific resistance tmich is

total but inctf'3btive for cll the ro.~.es o( the pathogens end

general resistonce which is'qucntitc.tive but GUective o.gninst :lll

l'r-.thCigenic strEllns. 'In certcln combinntions ,such ns ricoond. she~th

blight, 'or 'maize; and Americ~ rust,' onl:r genorcl rcsistrince is kno\'m..'.
1~ . . '. C" ,

Hol'lovel'~ itLusub.1ly the ceso th.......tfor tho. so.:me comb1nntionplcnt'-' , '

po.thOge11, the two' types' of ~sist:mce coezist end the tirStfnctor i.rl
the ohoiooo£ the type of rcs,ist"-JlcO is the iifocycle ot the dicense.'

In -the c6.se of "simple 'int~reStIl disenses, thct is, dise:iso~ co.usod \"11100

the pathogen' finishes onl1 One Cultiplic6tionC,ycle' during one p1~t

cycle (fcilso Smut of rico, tmoat buDt, .oto.,) spocificroSiston,co is

usu..-uly usod~ Lot us tC'.1<:otho· oxo.mple of .~. resiBtant-vn;isty"rhioh,

r.fter-,ihoculc.t1on t'lOUld Only sutfer 2!30f tho d[\.m..".gO to '0. Enisooptfble

'V'r,'\.rioty•. The uso of r'l, re~istcnt ''W.riety "lOUld only reduce dc.m..~go'

by 1!3:\t"thc'end, of ono BOC-SOll irh1ch' or.-nbc 'oonsid.orad r.s'insuffic1cllt.

On tho otherh~.nd,' ·in tho cr.so of ri "c'olrl?ound interost" diGoo.E:o~

uhoro 0. pr'l.thogen Hhiohoomplotss its cycla'sevard times. during,one

oropping seO-son., lot 'ussr¥ E1ix' timos" the 'redUction 'of &..ml"..go on tho

susoeptible vr-.riety would be (2/3)6 • 0.081. Tho use ot tho resistC'J'lt (

1I ..:.duQ woaid l'osuit in the prov~i1~ oj 91.3% ot tho 109sos SUffered

by C'. suscoptibleV"".....riety., In \; oompoundintoroS1::iQ4soo.sos, c small

gonorol difforence can ha:vo en 1mportont ofleot. :But tho choico

of tho type of' :resistM6~ cUed dopends on othor criterio. tho.t t:m s1u:'J.l

CL"JDinoQ.ttor 'o.nolyzing tho metl10dc of' uEling oo.oh type of resistanco.
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THE CCIIDITIONS OF mma SPECIFIC RESISTMCE... ~.. .. .. ......

Since specific or vorticcl. rosistnnce is complete, it is

most often used alone. 'l'ho problem that has to be resolved hns to

do ~dth the stmtegy to be a.dopted "to control tJ:1e dQ~opment of virulent

stro.ins. Infact, fungi cnn usc sexanl end po.msoxuoJ. meohn1u.SD:S, "Moh

ensure -the recombination of' their gomplnsm "mch con lond to DOW'

stroms of the po.thogon. It con toko 0. ver:r long time to obscrvo tho

~prJeD.ro.nce of this virulent stroin. For oxomplo, 60 ye..'\J'~,,~or

using a. resistonce gene of F)1so.ri?Jl1 0?syBp0rum onb'lx-.ge, virulent

strc.ins bo.ve still not boen obsorvcd.. It mD3' ,simply tako 0. long timo.

The comel gene of bel:'.D which cho't~B resistc.nco to nnthrncnoBo

(qol1ec~otrichB.m.~Qmutic..1~) survived fel" 15 yOl".ra. llut then it

often ha.ppens, e.s .in the 0('.80 of bll:!.ok uhontrust, th..'\t virulent strC'.ills

0pponr o.t the end of 0. fou years. In this lo.st C".DO, if we knOll

scvornl genel:' for tho sema host - po.thogcn oocbi1Ul.tion, it A.s no:rmcl to

find out how best to usc them. The diffcront stratogios of us~ng

speoifio rosistanoo genos Ci.opondB cn the concopt of stcbi1~zing

brocding. It has boon dcrnonstrct.ied in sovoroJ. Cc.sosthnt 0. virulent

gono is n genetic problem. Aftor tho eliminc.tion of 0. specific

rosistanoo ~ne in Q, host populo.tion, it is obscrved in the post

popuJ.o;tion toot the proportion of thogenos poc~essing oorrospondi~.g

virulenco is decreasing. When. in sueh, 0. oitu.."tioo, tho. frequency of'

c virulent gena dooroo.sos rapidly, ·....his gcno·iBccnsiderod to be

strong end when it deorec.sos slowly, it is so.i.d to bo weck., This

II s'~rongth" or "woa.'knosstl ,can bo quantified by the duro.tion or tho

hnlf life of n gene tho.t is .tho tieo nooesso.r.v for its frequency

to .docroCLl:le byhll.l.f. ,Sovcrcl. methods ot usine;rosistMceoontho1'Oforo

bo o,ppl1od th~s '100 this phenomenon:

- tho roto.tion of vnrioties with difforont resistanco eonos;

- orop rotntion forcine tho pnthogen \-lith severcl oyolos
on t:IJ1 intormedio.to host;

- cultivntion ,()I!, mixod lil10D ocoh one with difforent ~eonoB;

- tho ~ocumu.1C\tion ot sovorcl rosistonco 6'onOSi11 the st'.ntoplmt.
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Whntevcr is tho sy:::rtem used, it is necessnry to h~vo

stronB' eoncs. We iJOuld liko to C7....~e 0. feu CC.SCG of their

c-.i'~~lic::,.tion to rice diso:-..scs. L'1. tho cnso of b.......cteriaJ. shonth

bliCht (duo to knthomcnns (;~L1Pestri,s pr o;ry;zee), 9 s;:ecific

reoist~lce {?,'Cne ~.rc IOlo'!:m. I..'1. the tropiccl zono of .Asi:--., it is

oE;Jecir-lly the X:-, '! cone th~t h~.s been usoc.l, rnd it \-1':"S effective

for 5-10 ycr.rs dependinc 011 tho nrc:,.. This durc-.tion is sufficient

for IRRI to cnvis~co rropocine the rotntion of ~~iotios ~tith the

beet I010rm gonos.

As f~ ~s rice blnst (~ricul~xin 0!lzco) is concernod,

13 COllOS <ere known, but thc~~ c~e considered to be botween \:oclc end

very ilo:::1<:.. Usine sicultc.tion tecbniq'los on n cOtr..Juterr Jo.pcnesc

cciontists hc.ve shm'lIl thnt nOllO of the possible stro.tcBies can be

c.pplied to known specific resist~lce genes. T11qy nrc thereforo

conducting their resenrch 011 tho use of ga~orc.1 :coistnnce.

USE OF GD-TEtUL RESISTANCE. . . -...

Genornl rosi13t~ce is quc.n.titntive ~d con be strong or

siL1j,Jly o.vero.ec. Whon gonorcl rooictanco is l'.t l'. very high lovel, it

Ct'll bo used nlone. When it is only c.verngo, it is bottor t9 intoarcto

several control methods.

~.~.E1!>.in.c.tionof resistE'-..c.~.,:':'.l1c1. n.qonomic control mothods

lfuile it is possiblo to c1.rClT up o. simplified list of c.eronomic

cO:1trol methods, ue must beer in mind thct thero is no eonerr..l

control mothod and thc.t, in e~ch Co.so, tho control method hr.s to bo

c.c.bpted to the chc.r~.ctoricticsof the roproduction ~Jclo of tho

peat. Tho most cO'IllTlonly u13ec.1 methods ro'O tho follo~JinB':

rJoloction of tho best fJOin.ne dnte, thd ie, GOlling o.t tho
most ttnfc:.vouro.blo period for tho post;

plMting crops from tho s~e reGion c.t tho SC'..t'IO timo;

crop rotn.tion, offective especicllyo.go.illElt pC'.thogons thc.t
ro~~in in tho soil;
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the judiciOus use of fertilizers;
. '.

destruction of'" p1ent reoidues; mld·

destruction of p1ents '-:ihich serVo ns interDonsoncl pest hosts.

Jh the cea:Je. of blect, it is bown thnt the germination of

spores cnn~ tcke p1nco t-lhcn h;rgroliletr,y is very high (97%).
Where possible, .it is better to SOll on 0. dcto th.....t cc.n ensuro th.....t

heeding will be in tho dry: sencon. However, ns f~ ns rice blast

is concerned, cl1 the unfnvottrnb1e conditions for tho pc.thoaon are

not 1o:l0l-m., ond it is only through locnl cxperimcntc-.tion tho.t the

period llith tho least risl<: of co.using on epic".emic can bo dotemined.

In cctucl. prc.ctice, in ccrtcin rocions such as tho Scnoenl River

F.oBian, GUBceptible 'Vt'xieties C('..L'1 bo CU:itivr',tcd llhile in other

reelons it is necessl".I'y to uso vt:'xietios with l",t 1enot c.verogo

reoictr..nco sown r.t the bast ~,oriod.

Nitrogoneous f'"ortilizer oncourr',gEls rlisonsos such r.s b1nst :,nd

rice shot'.th b1ieht. RestrictinG' tho uso of llitrogo."'1. ccn limit

10013013 to ('. lOi! deereo OVOll uith vr-riotios thc.t do not hnvo strong

£~"'1.or~ rosist:'nco.

Co10mbion rico fnrrners \1ho usur~ly use t\1llcrioidcs nariin'st

blo.ct h:,,-vo observe thnt l-lhilo two trentmcntiJ: nre c.cloquo.to \-lith ' ,

oertnin 'V:l..ricities, othors 'rcqu.1ro up to four +.reMmonts to protoot

the crop. In cll·cc.ses, onincroo.se in (,."Onorc-J. resistance ,mo.ko it

poasibloto ·sPo.co out treatments 1::tY' 0. durntion thr..t is dirootly

proportiono.l to tho reoiatr..nco meo.surod as tho .inverso of tho

rogt'Gss1cn ro.to of tho 'o1'1dor:t1o. ,"

THE COlmmATION OF TWO TIPES OF RESISTANCE
, F , •• •

rJhan speoific ·res1st:u'lco is usod, it is OJ.lro-\yS oombined

\-lith n cortoin dogree of GOnert'IJ. r~dstonce. Thia lovel is ofton l"u. .,

bocc.uso spooif'"ic rosistNlcO is opistctic over eonorril rosistr~oo

l'ncl so it is impossiblo for tho brooder to tc-.ko this chnr~otoriatic

into r.coount. Tho best str~toror i~ therofore to soleot 0. vcrioty
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beerlllse of its horizontcl rosiatcnco nne'!. thon to incorporc.te

specific rosist:mce.throueh bc.ck-cross. The result is ... vnriety

dlich, Cot the initicl stCCC, hne' complete rosistnnce, l1h.icll ccn

help in its extension. l'lhon n virulent stro.in nppe~o, eenercl

resistnnce icpecles its development. tfuc.t then remc.ins is genernl

resistance alone. This is 'definitely the icleclsituo.tion, but it

requires erec.t efforts in vt'..rietaJ. breedincr for resistance.

cmlCLUSION..

JU!Jt n felt' yC!".l'S ~, uhcn C'. V!".riety .,lIt'..s considcrco. disor-so

rosiot~t, tho f~rmcr ~mo ,'~s pl~tine it believed ho ~ros co~lotoly

protocted. Thi El is true of soma host-pest r'.Elsocic.tions. Hotrovcrr

~:u hc.vc soon thc.t it in c.bsoll.1tely noccss:"".ry to clafino the type of

rcsistc.nce ill cruostion t'lld tho conditions unclcr uhich tho w-.rioty

should be usod. Either it io spocifiu rosistNlce l~OSO usc must

tr1::o into r.cccunt tho strc.toeY involvinB' covcr01 eonos, or it is llori

zontcl rocistr-.nce ,',rhich, ,:hc.."1 it is not very hiGh, I:IlRt be c.ccompc.inod

by c.CTonomic control moc.SUl'OS or tho usc of lilJitod fungicide

t roc.trncnts.
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THE C(JlIlCEPl' OF llGROECOSIS'I'~ffi '1JND 'THE RICE... . . .... . ...
AGROECOSYij'l'mfS 'OF 'liES!' ~ICA.................--.....-..... .. .

,By

ll..O. .l'.DIFJ'UUN "
, Senior' Rice Breeder - IIT.A/l-lARDA

Lic.ison Scientist - r.fonrovic.

nlTRODUCTION....-.-.. ..

The,inter~ctions ~~ intorol~tionEhi~ of ~l livina pl~nts

c.l1c1. c.nit!t~~El influenced by the environmont ill Co cr!vel1 ecolocic~

nicho is ~ ecosystem. 1'nlen t:1is' unit iEl rol::-.tec. to crop production

it is reforred to e.s l..[,'ToecooycteCl. Thus tho ecolo[:y which io the

ctud;y of 0. ,plc.nt ill rolction to its cnviror..mont ::>l~s n mjor role

in my y;:roocosyotem. In m ocosyst'Otl tho constituents of tho

onvironment has to be lo:10l~1 'r,ml studied to unc1erstcnd ~.,hich aspects

nre mora influcnticl on n rico crop.

Conetituon9;Y" of No.turaJ. Envirol1t1ont:
• •• • ~.. .... I

Befora 'tole eo further it is essonticl to consider wh...,.t we tlCM

by no.turnl envlronr.tent. A cenarcl definition of n~,turDJ. onvironccnt

1s tI aJ.1 tho clir.tdic, odr.phic, C'nd biologicoJ. fectors controllecl only

by no.turnl forces (uno.ffectecl by hurnnn offorts) tho.t ero oporC'.tivo in

e Givan o.ron". Tho outline of the sub-division of tho o.bove is

ci~' below for roference purposes only. The fo.otors nrc interwovon

~ld co.n not encily bo cetocorized.

1..: Clir.to.t1c fr.ctors:. ..
HoC":thor conc1Hions: hot or cold___....... -..... IF

Att10spheric f~otors: Preocuro, tell11,or~tt1ro, humidity,
sUl1shino, etc.
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SC:"'.cons: d.ry cole". or hot oc~son. !'lct hot orcolrl se".eO:1.

L~titucle rnd 1"'.1titur'c: This is hOtT f·...r r.crth or south of

the et1''L~~to~ rncl the olo,,~r.tion or haiG!lt ~bovo the se=,- level.

Type of soil rna 1".0 innt~en(;ed by moioture throuGh r~illcs

s'crecms etc. Rivers: Ser.son~l or lJcrcnnicl undcrcround--
l·1r'.ter ns in hydroU'loI?hic cond.itiona.

Lend topocrr-..p11Y - er~clicl1t: flC'.t or slep:?y ~d hOl'T much.

c: ]iol0Q-cnl rector,s::

t"Ol1cl'cl vcectD.tions

crops

llceds

raInted specieD of the rice crops

dise~sos: fungi.

(ii) lmirn1".ls---
Pests e.g. birds, incccts, rodents, cr~bs otc.

~imr'ls ~rcctinc irri[~tion projocts e.c.

herd 0= cC'..ttIe in I'r.c1~r fielcls.

Dise~sos: nen..tods, b~ctori=,-, virus.

This is the intorr.ctien of f~etorcf.., B c..ncl C nbevo in

~nG degrees.

Nith tho~bovo e;el1eral overview of \'lhc.t ncturnl environment

rnecns we shcll briefly consider the effoct of these nr.turcl

environmental fc.l:tors on rice crop in West .Afric~. The min effects

of rico cultivntion in tho different ecosystens c.ro briefly tticcusoed.
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DISTRIDUTION OF RICE CULTIV1.TION-- ..-....._ .... ""'--_...

It r!J..-W- bo useful to hnvc r. eene;rnl· idee first on the totcl

rice l1roduction under cll the ecosystetl in rTost l..frico.. Types of

rice cultiw.tion vr.rios extensively in the llt.IU>1~ rcciun end ere

controlled qy clicntic, politicnl end economic f~org.

Stctistics bnsecl on different. types of cultivntion ere not I:'.vclleble

for lr.JV countries nnd \'Then nVT..ilnble they ore not VOr.Y relie-blo.

Thoreforo, Tr-.blel shous 't~.: +'<;1i:'.1 rice nreo. on country besis.

Tnblc 1: l.:ren under nice in W,rJ)...'l. J.7eobcr countries- -..- -.-......._........._--...-.-__ .._ e.

Countries:-----
Benin
Gr-.nbi~

Gh,·n~.

Guino~.

Guin0:-. Biss:'ll
Ivory Co".st
Liborin
lobli
IT.::.uritmin
Nicer
Nicorin
S0110~J.

Sienn Loono
Togo
Upper Voltc:.

11fJID.l1.

D. TYPES OF RICE C01.,TIVl.TIOn
"'"~ Te •• •

f.rcn :x 100 hn:
~._..-.........

10.3
22.6
43.2

t;·72.0
109.0
t;2G.0
202.1

~.O

26.6
253.0

91.6
416.0

15.6
1:.1.2 .....

There nrc rnni'lY typcc of nlc:.ssificntiono tl'l.....t ho.w been

proposed by cliffe~..nt C'.uthorc.· For tho scl<:c of uniformity, I r.m

ucincr ~UJRD~ eleosificntion ~dth little modificction.

Upl::'l1el rioo io nlso·.ccl.locl· r~infoclr.lco C'Jldin sarno pIneeo

referrod to no rlr,ylnnd rico. ~vl~nd rico cuItiVT~ion'is tho ,,~t

of Grouin(~ rico under unpmlcU. eel CJlcl U111Jllllf'.od Doil. Tho rice clepom'.El
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eolely on rein i-J!'.ter or undereround for its .:;routh Ool"1d do"\,--elopmcnt.

The soil is unc1er on ~orobic or unrodueocl cO~l{1.itiol1 f"or. tho ere:,.tcr

Dnrt of" the ~l1i.ng sec.son.

Upland rico is o:f'ten clossif"iecl into tiro erou~s bc.sod on

topocrcpby, in other ,vonls l~d cloVt'..tion r.ncl their slor-os:

c. Strictly uplrnd cultivr-.tio:u

i. Hill rice

ii. F1:-.tl~d

b. Gro'Wlcht:'.ter cuItiv:-,tiol1 uith rr-.in8. c.e. lJy,-1.romorphic rice.

T:~e soil the cf U;.Jl:-"lC: rice vr.rics fro::l s .....m1y fo::.m coil to

ho~:vy clr.vr soil thct is fOtU1l~ in bydromorphic conditiol'ls. HoT,levor,.
under the strict upl:md cultivr,tion, tho soil is \1011 d.r:-ine1, lou

in fertility c.nd of~cn highly eroded resultinc in ~~~id soil

deteriorct ion.

The trt'.clitionn.l 81.....oh r.nel burn in c. shi:f't:i.llC; cu1tivo.tion

syctCtl is prc.ctiscd. Direct Elecdine is dImo. Heccle uhich consiitutc

Co m.....jor probloc l'.lso contribute to tho trC'.ditionc-J. shif'tine

cultiv~tion s,ystem.

'p"ioloKi~l problem.!

Birds, rodents mel fun[;Us disec-.sos such ::!~ 1,l•.st mel yellol;

brolm.· spots nro im,ortr'.nt :,1rol,lems in vr-.rious plr.cos.

Vc.riotis....-....... .....

PopnV-r vr.rietics bo5.11G £.,JI'own ill Hest kirie..........ro 056,

rtoroboroIcC'.n, LAC 23, ROI<: 3, Ie:,'m:,po G~.toto, 6383, In.:..T 13 rncl m."11y

o·thor 110vly broe". or i~~trocluccc.l ~.=,ictics.
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~. E....r1y seecUinc vi(,'Or

q. L~~r tillerine
"

l;. L,onc I'n~l biC; :J~ic1os

c'.. 100-200 cm in l!ciCht

0, St.'.s,:ol'tib1c to loc1.[."inc:;

f. 100-180 c'l.l".ys to r.r.t\'.I'ity

g. Thick end cleop root systern

h. Drought tolercl1t

i. nosistnnce to comcon ~~ican dise~sos such ~B b1nst

j. Possession of t1roucrht escnpe and :::,voidc.."lcO mecho.nist"

rico

rice

In Sierra Loone,

is very, itlPortnnt.

cultivntion.

Liberia, lvo~- .Coast ondNicroria, upland

In the reeion, it occupies 6510 of totnl

2. LO't'vl~e. rice culti'Vr'.tion. .. .'
This is the WO of rico cu1t ivnt ion dono in soil l-:hich is

Qlbrnoreod to ~ n~jor or minor decroo during ~.~"lsidernb10p~~ of

tho crol~h veriod.

LO't'llrllc1 rico CC'J1 bo cub-c~ividoC'_ into tHo croul's:

~. l.t"'.l'lCl'OVO rico cuItiw.tion uith ~Elsocir.tinc snlinit;y

~nd ncicity ~rob1omo.

b. FreshWr',tor cuIti~.tion \-dth sm.."'.1l ~11c:.. ne~1B1blo problctlG.

This is c.lo~o on c1c~oc.l ccncrovo forost. Tho, soil mO\}" em!

r.t..~r not bo eubjoctod to se~ ticlo. The soil is ,hiah in or6t".nic matter

l·rith possible ncidity and oclinity problerJs~

Thoro ~o ~\ro types of n.."'.l'lcrovc oulth-::.tion; those with C'J'l.c.1.

1rithout ti~~ affects.
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Uithout tie1.."'1. effects... ---... ............

••

Those ~o.re relc:tivcly fox froo tho eo::.st ~l1. the crop, here

do not sufter t:roc, sclinity throue:;J;lout tho crO~'dll(; period. '

.:..

Soil-
Soil durinff tho 6I'Oui.ne sec.son is tree from sa-It. It is

t'.l'tit'.\}'o u'11.der nnMrobic or reduced condition.

~. ,.,.. .
~ •J

"Old s~odlingsotup t,o nix uocks or mora ero trcnsplt'J'ltod.

DiotoJiipplIirooloms '

Birds, rodonts, crcbs C.tlcl disoc.sos ere ir:rLJor.icrJ.t •
.~ .' ...

'Vc-'.riet'iep

Varieties su~,h ns TIOK 5, DD 2, D!~ 29, Pokkcli 9 Sri U"'lr.ici0

.o1:q~! r,r.o £r.I'Oun., TiC/lele, I"~'lBefrom 1.5- 2 tonc/l1r-...

tl~'lcrrove rice cultivntion ~dthout tid~ control is not vcr,y

ir.1j,::ort~t. I:t~ i~ j,:lI':'.etisod only in somo l)C'.rt of Sonoc::'.l,

Tho Gc-Z1bi~, t'~'lcl ,Sion:c I..OO~10. ,':!:t, rOlJresents nbout, 251,)orcont of

totcl ~erovo pnd~ nroc.s.

(ii) \'1ith tidr.l cffect:o·. .' , .... . - ' ...

Tho rico fiol~ is oubjoct tot~e sontidos; tloodincr 'and

drC".inine "bwioo t'. d~.. This tY?o of oultivntion is found o.lone

tho coC".ot cncl in tho 10l'l lyincr porto of ostucrieo. Thb tido w.ter

io solty throu~hout the yoc.r. Thoro is theroforo c.nood for

proteetion of tho riee pc.dl\v under this cond!tion.

~ \ .1
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Soil
",-.~---'.

The soil with in~dlJCI\m+'') proteotion elld ~~~ont is likoly

to 1.:"(- sclino, :-..cidic and. suf:f"~:r from tr.incrcl tv:x:icity cn<1

. imb..~onoos. Woods ere of re1etivel;y lesser problCLl on this typo at
soil.

Ql).tUl'r'.l prncticC?!,

The 1c..borious lDr'.ncrow clonrine MS to.be dono tirst. Tho.' .. . .....
tuo typos of mnjor troes r\I'O ~phora. racomo~ end Av!~P!1ir.

pitid...'1.. Clen.rine of tho formor is moro difficult bccnuso of their

prop-:-oots. The ~.ter loeaod soils dr:-.in~:~io t'J.s~.~m0l11t to

Tr:-.nspl:"ntine of 01(1 rico soorJlin[CEi is clfJO c10!t10 hore.

These nrc sim1c:r to thoso monttonoc\ for t-dthout tid.:l

innuenco.

VC'.riet1es... ......

VnrietioB CI,ro sicilr'.r to thoso listod cbovo. ' Thore c.ro

tlido rnnzo at 10co.1 \'nriotioEJ in a.dd1tion. Yield",,:u-e from

1.5 to 2.5 tons/hOo.

~a.cctorlstics ot !~vo S!S5l ri.~~i

1. Toloranco '~o sc1in1ty

2. 'l'olornnco tl) ncidit;y
_. - ~.- .~- . - .. -

3. Toloranoe to crt'.b Co.mo.go.

1. 1-2 motors. in hoiGht

6. Toler:moo to It-.to trr.-.nsplcntincr

7. Low to medium tiller1nc.

~ ...TIlo cro:". u11Clor this tYl'o ot mt".narovo r1vo is C'.bou·~ 75 porcO:lt
~'1f1Z
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cu1tiv::-.t:!.on is found in Gt.'.ino~ nics~u, winer.: Sicrr~ Leone,

Tt.!e G~J:lbin, Senc[~ n."1cl }Ticcri~.•

b. Frosh ~·;r-tcr ri·.o C'l1.1tiv::-.tion.......-- --.. ... --. _...... _...... ~-...--..

There r'xo m~.l;,y oll.b-c:'..i.vicio:i.lc cf t11io tY3.~o 1::.801' on tho loyol

of ':c'.tcr controller'.

i. 'lYl)OS \Ii thot'!.~ u~:to.r C0:i.1trol

c.C. flo~tine rico mllti~tion, m'~mps

"n.."'.11t~.:-.ro':. n~.c1..-tlr.n me. ''1301il::nclH C't'lltivr.tion.

ii. T,ypcs uith po.rti~ u~.tor control pra.cticod. in S0&10 6OVC~1Ii1o."1.t

1~60 projects nnc.l s~ni-dcve~opod cv~~.

iii. TlJPes l'lith cOr.1pletc ur'~tcr control

o.cr. irri~~cd rico culti\~tion.

(i) ~Of3 "dt~out \Jl".toz:~!:.t.x:0.l

Thero nre Ill.."lIliY sub-u.:.visions umlor this co.toaory but tho

flontiJ.1B' rico is used ns C"J'l o:.."'l:IPle.

!!?~~~nc rica cult~~~ipp

Ft-.ctors fc.vouril1G this tY'!{o of culti~.tion C\1'C l:-lld

topoGTnphy, rivera n"orlin~ C"Z!cl ~.picl riso of· 'tlt".tor laval. Tho

culti·V'~\tion is fOtu1d in r.lC'.jor ~)oc.1G of stre::.cs, fioocl pl~ns or

i::1 ':001' b~.cino. l·r~,tor c.:'O::t:1 -r.-.ricc fror.1 1-6 Dotore 1:'11C1 tho 't~tor

rico o-:-.y 1,,0 core th~n 2 contir.1otors ro. ck~.

Soil-
Tr.o soil i a dry c.t thCJ lJocim'linG of tho cro:"ll"incr Boeson.

it io 112_0 con tli11,ii:l soil 0::001'1; tllC'.;t ~'''- _.... .:,UIXU ,CU;CoL

hoc.vior. It t1~ bo clr'~ or c11uvi~ Eloil.

llico io often cliroctly cooclod thouGh tronS".J1~tinB ie clono

in 001:10 1)~f3 of Host 1.fri.ci:'.. ~rCOd8, os~)ccic11y "lilt:' r:'co£!, t.ro

vary it1j!orlN'lt.
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Dires, disc~scs ~~~ inseots ~o of economic icr:ort~nce.

V~etios
~--

Tcll vnrietiec, oElj!eciclly thoco vdth olon&.tion concs,

lalcolin~ r:.bility otc., ero found. unclcr this typo of cl~ltivntion:

Qrzz~ fflq,borritJn .-.re ~.bunc1.....nt untler this ecoloGY_ ."..vorc.eo yiolc113

nro from 1-1.5 tons/h~.. Importcnt ~..rietios erel lG1CO Gcew, liSP

11, DU16, tl"".1i Smm, Nc.na luou end ccn.y othor 10ccl w.riotios.

1. Rc.pic1 olon~tion of internodes

2. One or moro INworJ nro kept c.bovo tho lr..:.ter surfcco

3. Gel1orn1ly very tcll. Dopondine on thollopth of 't'r.'.ter

height nk~ ~xy from 2 - 6 motors.

4. KneolinG ~bilityoftho culmo

5. E~,sy rooting r:.t tho nodose

6. :..ori:-1 lJr...."nchinC of Domo ~.rietioEl

7. Ue'lium to stronc (10rn~.llC'1J

D. Ueclium to ctro.l~ thrcsh:-.bility

9. DrcuG~t rosict~co.

Flo~tine rice ia 110t cc."1cr:'J.1y irnportc.nt throu@lout tho

rnoc1)or countrios but is very im:.,ort:1Jlt in tho GC'.J'i'!bic, n.".li, Nic;;or

r'.11cl prcsent to somo oxtent in Nicoric. O..11l1 Siorr~ Loono.

othor types of froch H~.tor rico cult ivo.t ion lJithout l-lCtor

control ere found in othor pnrlo of rTost l.fricc. iln oxo.mp10

Loono.
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~._.... -

Uoot of the so-cclleel irrica.teet rice projects <mel seei

elevclopecl s't-r.".cps fcll into this ce-teCOry. Poor levelinl!,

unreliability of l'1r'.ter ptU:lpO, le-cle of ~ter clue to brocla::.ae of

c1.""lllO or 'bunt:1s end droucht, poorpl<'llIlinc md ~"'lercl inofficiency

in oporntions nre responsiblo for these Wes of rice cultiw,tion.

If coot of the above fC'-ctors r..re elici.n~t(lcl, 'tIr.tor control 'trill

be possible.

Soil.--..

Tho soil VC'.rioc in torturo r'.1l-:1 fortility. Problocs ::-lso

r::JllCO free minor:'.! clofficiollC"J to toxicity.

In soco oountriec, rice io directly, cooc~oct oither dry or

precerr.1inr.tod. Honover ill c......lY othor countrios, trrnsplm1tinc

3.... ;. lrook old seoc1lil1l!S io j,)rc.cticod. Itoods cro sorious problees untler

thic tyj,"lO of eultivr.tion.

Dircts, roc1.el1tc, insects, maoe.sos Met \Jt'.ter bOrll0 disor.,sos

ouch Cos those cCoucetl by roullt.l lloms cncl schistosom.

Varietios
.,,,. , I
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Il:[loIj;:"l1ce Md distribution

••

This ty;o of culti~.tio11 c~n bo founc'1. ~.nytThere ili Wost

l.:fric~. 'ef3;leci"lly ~'ncrcvcr ro.ttcmpts :-ro m:-~le to introduce
. -
irric~tion:"'l S'lJstem of rice cuItivr.tion 'Hithout E1.....tisfYine essenti=-.!

conclitions for tr..tor control. They ·::xo ho~~)'Ovor commonly foune'. ill

!Icli, Sonoe:-1, Niceri,., ~ndLiboric. This typo of oultiv-:-.tion :'.ccounts

for cbout 3 percent of totcl rico [Iron. in West l..fric:..

(iii) ~os ~rlth e0mPlote ~~ter control

This is the most idocl type of rico cuItiv:-.tion. Thoro ero

foUr m.......in conditions for 't'1r'.tormon~mont:

- Good levellin6 of pr-.ddios uith bunds;

- W~tor supply d r.Il timeD by gr~vity or pumping;

Control of wntor depth in the p~1dios

Ability to drcin ~m.tor from the pc-ddios nt Drry' growth
ot~ for rny operntion.

Soil-
Types of soil C~[lO v:-~ but elry lo~ soil ia preferred

for ~·lt'.ter rotention. Thoro rro somo minorc1 clofficicncy mel

toxicity probloms buttlr~ininc.~u [loil m~nc£Oment holp to roduoo

thoso. i~ tn='.jor lirnitinc; f-:ctor ie tho coot ofinitirl ,;I.ovolo~ment

:'11('. m.."'l.1nton:-nco. This is ona of the ro"'sons \-z11Y most irri(!'.tod fiolds

:-ra ofton ~rith l'0or l~.tor oontrol •

.~tlturcl pr~ctioes

Lc-.nd lovelling ='llfl pUi.:tUinB' :u'0 <lone unclor this typo of

cultivn.tion. In most plC'.coD aoodlinB'S of 3-4 1'10ck old ~o tr:-.no-

plmtod. Woods {'.l~e cOl1trollotl 'JY w::".ter, herbicidos Md somo hrnd l'lootling.
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DioloCic~l ;oro'b1ems :-nc1 'V-:".rietics ~rc ~.C clescrilJorl ~bovo

\ul':.ler B(ii). Yioids 1"1'0 hOlicvor higher Hith .:'.21 ~vorr-.e;o of

3.5 tons/h:-. for West l...:fric~.•

EXEIlClSE.
P::-..rticipnnts nrc to m.."'.Jco ro. tcble clnssifYine tho type of

ricc cuItiV':l.tion in their inC!.ivit1ucl countries bcsed on tho

lecture's cla.ssificntion. The tablo shoulcl ffi,vo r1.t lor-at tho

followinB information.

1. T,ypo of rico

2. t'1hero ench typo is fOtUld

3. l.:rea of proC:uction

4. Importnnt ~~ioties rna nvo~ yields

5. Ml~jor problems.

AE Ii'. E aE N C, E S

'VIAIIDAl 1979: nose~.rch Dep~.rtccllt 1979 A.1'111UI".l neport,

Contr~l Printin~ Inc., lionrovi:--.. Viii, 99 r'.

tTA~nDA 19&>: Occl".E:ionr~ l':-.por No.2, July, 1980

TYPes of rice culti~~ion in West Africc

Development Dop:'.rtmcnt, 23 !'l:. mimoc.

W1JIDt.: 1979: Rice Stc.tistic Yearbook (!:'.bstra.cts)

3rd odition, October, 1979. 50 tables.
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!HE. UiJOfl PEST PIlOIlLElm OF lIUUG.:.TED..I. tJPLl.ND
1.ND Ul'.NGnOVE SU!J4P RICE ECOSYSmts IN THE_ ., T. • P

HUMID TROPICl.L -'- GUINFJi S4'l.Vl...~ll. .t~ ,SABEL
. CLD-tlTE ZONES .

14. ;&en-S~one
W1J1Dll. Spocicl noso~~h Project

Rokupr, Sic~. Loone

The mjor ecosystems of "lost l..frico ecnerclly run Co.st-liCst

end the low land of tho llot forest zone no~ the equctor shif'tfJ first

into Guinon sr-.~nnt".. then to Suclmir-n st"..wnnc r.nd than to da~ert CD

ono :"roceeds north. Usuclly the clim"'tos :u-e chr-.r::"'.ctcrized by r.

f:,.irly liell tll.-;rked d ternro.tion of net r-nd dry se.....sonfJ rr-thor th:-.n

tot~l rr-,infcll. Thuc the m:-..ill climde belto ere:

(i) 110rtharn very short mO!lemod:-.l r~.inEl C:.sc.oci:'"tcd with

long l)eriods o~ hot/dry \-TO\'.thcr end coltl secscns with

long sunshine;

(ii) :-.ret".. of birnoclcl rc.infr.l1 Elopc.ro.tod by n short dry fJj?ell

and t'. longer c?ltl c1:ry period; end ,

(iii) conatal OJ.'OC'. \-lith long hcr.vy monococl'"'.l ro.ins.

IJ.though rico is eu1tiw.tod under those clif:foront climr.tic end

eoological conditions in the rogion botween lC'.titutl0 5-l6~, depending. .
on tho lovel of tho W<:I.tor reGime and. m.1n.'1.eement, various fnctoro,

temporC'.ture, ro.infcll light \dnd - combine·d.uri1~e the grol-rth of the ..

rice l)lnnt to influence the bio11omies of tho incoot devo1opincr thoreon

~d thorein in the region. Tlxus,both mncro end mioro climate nffoct

of 011 the environrnento.lfl'.ctors Cl.ffect birth ro.tos, doo.th cncl

t1ioporsnl t:'nd so oc.uso populr.tions to fluctuc..te in Eliza mel pODition.
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Clim.....te ns 0. LirnitinfP F.:-.ctcr of Distribution
.. pn .....+. _.....-.......__ • P' • .

Gcnern.lly, the prev::-lenco of the -:..:me s;ecies of rico :lest

~.rios ~1ith tho m~.jor c1irr.tic zones (~.ble 1). The' c11stri'bution

of tho 18 recorde~ 1cpi~opterous rice stenborcrs in Nest i~ic~

(lccn-SrI!Tl'onc:, 1979) is 1nrcre1y f,'Owrnerl ~rclir:r.tc clthou-eh they

~e uic.cly found in tho uholc reGion.

Chilo spp., ...-ore rccorc.led in different coul'ltriec in both the

scV'::'nnc ..'1ld humid tropics. Tho t::'.XonoIl\Y' of Chilo SP~)., of'ten

present difficulties nndrnost of the cvnilcb10 info~tion ~e without

speci:ric names. Out of the six .Q.!:ili epp. r recorded by I31es~sl:::i ns

hnvine boen collected from Ni~erin, only one,aqil~ zncconi~~ \~S

COCLlon on rice (tJdnsolc unpl~b1ishod). Uncertcintios exist C.D to

the exc..et idcn"tifiectJ.on of £. zr:.leuko!I31.osz, £. clenio1'+..~

(Strand) and.2.. Ji$ccson.... Uort md thore is nood for &lore to.xonomic

rrluc.lios on CJ1.iJ£. spP.

Tcb10 1:

INSECTS
• •

P.ro~.lencG of rico pests in tho ~~jor climatic zones

Oraool i£ oryzr.e

Chilo zncconius
'z ••

Chilo diffusilineus. '--' .
Chilo spp.,

;;:,.:.l~;;;;"";,;:l,,;:io::;('.;;:.rn_,,;;;;h.-r. E:C;' ~.!'r'.t '"11~.- ...... ..... - .
Sos~r.d.:-. cril~mistis-....-.......... ---
§.e.srmp.,n ~nol?hr'ec.

~iopsis spr.

lfuito flies

Locust

Tormites

l.rqy;rorrn

Grein suckors

xx l:: Cornmon

xx

x xx

xx xx

% X

.~,. ::x:......
% :x:

%X x
xx xx

xx
~----- X"

X

xx xx

x x

x xx

x = Not Comon

xx

xx

x

x

x

:xx

x

x

x

x
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With tho uso of liCht tr:-.ps .~n~'. rlim:ectiol1 of infostc,:'.... .

rioo stOtilS, T~.vrkib·i:l .(1977)' ~cteminorl the rliGtri'bution of

Ch,ilq ~p in' Ivory CoCost ., Of the siX Sl=,ocies rocorc.lod, .£=.
cli.f:f\'ls,i.lincus lit.S tho coot n'l.lr.1orous Md ~lirlely clictributed

, throuchout tho country in both rL'.in forest cncl ~nvr.nn:Ls•. C!li.l~

zr.cconiu.s, tho second ll'U?0rous opecies, ~l:'.S c~finecl to ··tho north

in the Guinoe (rol~tivoly ooist) ~cl Sudcnicn (~) s~vrxm~.

Tho two Chilo specios tendod to nttnck rioe on upbnd th..iJ1 in'-irric;c.tccl field. mos~ski (1970) similcrly notec1. th:J.t the rcnl!O

of .-z...c,..c,,;;,o...o.n,.i;U,;;,;;.s ovorlC'.ps thnt, of u.t:fusil,ineus in t-lost l.fricn. The

rest of ·tho Chilo spocies in Ivory Canst wore founcl m..-unly in tho

rcin forost C'.nd Guino:::. snvr.J~c of, the oontrc~ bolt. They were

£. !\l.e,niellc.,. Chilo mes.o;')hna:}i.s. (Hrunpson), ~ilo lJsc.mmo.this (Ha.t'Ij?son)

und. Chil.q Dor~snli~ (Hr~son).

In Nir,erin, .Q• .!:?EE2..~C'.p:.:>onrod to be 1"redominc.nt in tho

northern Guinoe. sr.vnnn.:-. :'.11C~. clso occurred in the hieh forest zona

(..iki."1fJol:::. unpublishod) •

It'''licrphC'. sOP:".~'1t.2!k is mothor mt".jor stocboror of rico in

t~ct l~ricr.. The eonus co~tC'.ins only one spoeieD ooncidcrcQ ~s ...

reot' of rico ~r1 1ms not boen recorded ~s ~ r,cst of C'.l1y other

(,Trminr.ceouEl crop. n is uir'.el:r ~1istributcrl, ocCt'!.rrine .in :l1l the

rice ooolociosin the differont oli~~tic zonoa, p:xticUl:-.rlyin the

Humic'. Tropicr~ a.nd Guine:::. SI'Wl:'Jlll~.

Of the tl"1O speoies of Sesnmio., .§. botr.11oJ2-hr:.ag. is, oommonly

found in the foroot zono lihile S. ocla.mi.otis is oonfined minly to tho... . -..-, .. ,-_ .. ,- - . ~

ElCl.wnncs. The crro.in suckors - (Stonocor.!! so.ut.h'l'!00.!~' nivtor,tl.\s Elpt'.,

I!i.~'ox:us sp. AElPCl:V;~ ep. Pi:J2.1pm. spp) ere rocorded on rico crop

__~_,_oI3"Jcoicll;V' aurin€, tho m; 1"" '"It ... eo, :b"'l all· the elitliO.~ic ZOIlUEI but mora------
provolont in Guince. Sc,Vt'JU'lc.

Termitos of difforent spoeioD ntto.ok tho stem of youne rice

crol' (~.ur1ng' short rtry apollo. noatly in tho uplC'J1cl fiold of tho

humic'!. t'J'ld Guinon Elnw.nno.
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llith recent incrccses in rico cu1tivr.tione in the Scl1elinn

bolt, uhito 'nios' (clcyrOi'c'titls) 'end mites (totrt:l~chic1S ond

l)l;ytosoiid~) ha.ve becomo pr~Vr'~~t c"nd ofton cC1lS~ eXton~ivc crop

loss in the hot dr,y'sc~son of ~pril to J~. In 1973 Chie.-hwn

ro~)ortcd of severe c1."'lnCCO C'C11.Socl by l'ihito fly (Tric1eurodcs oryz~e)
. . '. ..' .

to r~co CroP3 in Chineso ~~iculturol Hissio~ ~nrrns ~t Debo in uppor

Voltn. In tho irri£r-:'.tocl rico fm-rns in 'tho raircr Sono~~ V:",lley,

~~iol(l lossos 25-110 p~r cant, nero ct',usc~ 'b;)r ,AlouI:OPJl:1;otus Spa indic~[J

(Dio!, 1979). In I(o:uVr-ilcYt ,-op{16r Volt:" r-nd in Knoell, r.~uritCllir.,

:-lcyrOi:clic~s 'hC'.voclro~,dy boon ol)scrv~d '~,s :poste of rico.

Tho r,dult l"1hito fly i E: mecly loThit o-l1ingocl insoot t"Jld itD eccl0

like l~,o food on the rioe plc.nt~Thoy couldbo found on the plcnt

frOtI Deodline; to roturity, md ~ho synrtom of c.ttc.ck is tho blo.uk

f'une;uD dovelopmont on tho vo[."ct::!.tivo ports ,cnc't tho evontuoJ.
.~ . '.'. , .

l'ri.thorine and wilting of t,he ~lcnt~ Mc.ny woods, sorvo e.s cl.tornntive

host s end SOc.sonc.l out~oclc tlOpOllds on, tho clime.tio, ond onvironmontc.l
" . . '.

conclit ions - biBb toltUJorn~uro Nld IO~"l humid!ty. Thus, hiGhor inf'ostC'.tion
. " .

occuro in tho hot c1Iy SCc.son then tho hQt wotsor.son.,

Tho' spider mitos suck end.' prodUco oopious l10bbing on tho rico

pl61t one! thrive undor tho serno climtic conclitions C'.s· white nios.

They hnvo boon obsorved on 'Chinoso wriotios in Guocto, on DJ68.1l)

in Richard Toll,Seneecl (Di?p, 1978). Arn~llsoiu~ SP. (Fhytooeii~Q)

anel .211aon.yo.~ sp. (~ot,ronychitl......o) woro f~d in pnddy fields of

Scne6£'~ .River Rogion' (Diop, 1900).

Gall nddeo, o,rsooli,'1 SJ.'rl-z.t:t.p, is well ostr-.b1ishod in Quinoe'. c.ncl

SUtlc\.ninn zones Cl-I1lRDA 1979).' It is found in countrios or pnrts of

c01.U1trios whioh 1io in thoDO ,zones. For ox~.tIl"lo, it 'lsone of tho

most soriOUD r-nd "rielospro~tl r~00 1"10st in t1Dl"O'l" Yo1tron; ""'rOO; t'7"+ e r\

rr.infod or lou lr.nd rioo (nonzi, 1900).
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Outbrer..ks nre more corious l"lhen tho first rn.ins nro o~ly P.:1rl

then follo\1od by r.. roln.tivcly lOllG' clrouent lThich c~ol~s the. plnntine

timo. Tho first eenerdion ·,f tho B!'~1 midge occurs on gr:-..ss uoerls

"11<1 l;hen rice comes it is her-.vily infested. L~.to cr0l" r-lc.ntine C~l

be soverely infosted e~)eci~ly if it is in ~ irrit~ted zone.

Its infostr-.tions r'.re f~.irl;r lo(;~lise(l rncl usur1.1y corI'(lspoml to

fdrly strict ecoloeic~ conclitions. Tho oxtent of infostr..tioll

In..-;Y be rolc.tod to tho hod :)l~ntst the :".rnount of rein - eElpeciC'~ly

:-..t tho boeinnine of the rci~l Ber..GOn rnc1 the sllccesc10n of rico

crops ero\m r..t a. given locclity. Little is knOlll1 c.bout post/hoot

plcnt relctionship which io oscential in control strntogy.

Tho region is t;enorclly I:l..:.rkod with definito l·rot dry soa.SOl1S.

Tho hot dry periods rr...~ bo elotrimontcl to insect lif('~ Thus r.r.ny

insects a.ro known to ovorcOtle 1.U1fo.vourn.blo periotlo by undereoine a.

sta.te of domancy - aeoti\T.tion - dio.pnuco. For oxaJl1j,)le, in

northern Ghcnrl... rice err..Flshopper, .Hic.:;o;·..c...r_op.:J.~ c1VTl10n:Jil"1 Kr:-"'lrJo lr.yEl
, _ ~t.I ..... ~roQ~.....1

CCSlJS in pods in the .soil C'ncl undereo embryonic clia.pa.use durina tho

seeson forn Octobor/No"V"'Omber to r.baut Ju~r of tho following ycc:r,

uhich is C'..bout tho boeinnine of tho rein soC'.son uhon flushes of crr.SD

nro :'.bundont (llgy'en-Sr.mponcr, 1975).

nico stcmborors di~p~uso in l~r~~ form. nor..rine of fic~rl

collected .!:!.'!.I'\;:ph". ,!l2J'~:rr.t~~}}l1J1.r'e. l:'..I"lt-::'.o ro.t P.okupr, northorn

Siorr:-.. Loono, indic~tcd th~i thoy ot~~tod toun~orgo di~vrllsc r.s

m......turc }.r...-.vC'..o in ectobor f to~ll'.rc1c tho end of tho lifo cycle of the

host-l:-1M't. Tho intoneity. of :~iC'.p:'.t'tsinC' il1crCJr',soc". eh:-.rply in cc.rl:r

Novctlbor ronchine 0. penk nbout mel-December. The elir-.p.:'.usine lr.r\T.Q

r:tr.rted to emerce in December r.t the titlo non-clir.pcucing borers
--------'--- .-----_.~~-------'-----_._-._-.-~---------'-----------------~--------

terminntod emergence. Tho tcrminC'.tion of dic.pr.1.!GC rec.ched 0. pccl: in

JW10 r.t the boeirming of ·tho rc-.iny soason, and tc-.i1ed off in l1u(JJ.st/

September. Field-collected larvt'.o roared in tho lc.borc.tory, could

remc.in in dio.pr.use for e.s lona o.s 251 cltws, hOl1ovcrf mjority (72.3/0

st'W'eel in dicpauso for 180-220 c.1CliYs.
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IIoioto..'10d conditions ~:;>::oc.reC.. to hr-.stml ~c!'r.dn~.tioi.1 of' cli:-.:;r.nsc.
. ., .

Tho role of onvironmo."ltcl f~ctorD in the induction end torr.nn:-.tio41

of dir.'-pnuse in rice stomborers in Hest l.:fricc. is iLT.l?ropcr1y

un~"'..erstood.. There t'.l"e int!.icr.tiol1s, hOllevor, tb".t those fnctorc

~tillcr soverclly orjoiutly cl'feot both tho host ~lr.nt end the

i1100ct post in anticipntion of ullf~vournb10 cOllc:itions for foec.:.:L"1G

Md crowth.

Six lr..rV""'....J. po.rc.sitos of .H. cOj2a.r:-.te,l.l.s, mwe1y, IUm2.8n.?tp.o s~.,.,

rJl~~notus spirpo,p]u'=lE:c· Uilkinson, PhC'Jl,!)rotnmc n:-....jor Druce,

.ftonioz;t\s ap, Eumon.... sp ~d V.on~u.ria o,rp.ssicc..mt (Uorloy),
. . .

devclo~ ~dthin the borer In~.o, c~d tho ecereonce of these pn~sitoc

continuod into the dry soccon oOllths. It is not knOi'll'l for cortnin

~lhothcr those percsitos q;r.ir.. ntt~.ck tho dicpc.usinc- 1r..I'Vr.'.o.

The I1r'rkocl dry .=-.1lC~ ~:ot CO=-.DO.1D of tho rocicll ~nr.1 i'. corri'.:;i:lnt ion. .

of' v:-.rious ft:".otora, suoh' ~o tornpcI'r-.ture, r:-.ihf:-l1 ~"·l!.:l hur:tirlit~r of the

olio:-.to, influenco tho Dor.com".l ~.btuldr:noo. Gcnorcll~rt insocts ~.ro·

nUtlOrOUD durinc tho Hot. scr.con l1hOll rico is C.TO';~l1 in tho rec;.on,

honco core rica posts. Hie;a popu1ntions of rioo stocoorors uEIU:""lly

ocour in tho trot CO~Elon c.nd. tho fo110tmle' \loro' ~otOt"'.. by Dovercl

t1O:'kors:.Q. diffuDilEl0.!!!! in Ivory' Co:-.st (Ttl-vt'ld1it.n, 1977); in

Siorrl:'. Loono, (/~·on-S~.r.t:!onCtul1!JUb1ishod);£•.z.r~c.oonius, in Ni[."Ori:'.

(1Jcinoo1:>., 1975); in SonoC'C'J., Diol', 1970); !I•. s.oVC'.rc.tp11o., in Siorrn

Loono (flmron-St'Jl1Pona, 1979); ill Nicrorir-., :Jdnsolc., ..1979; .in Ivory

Cocct, (~:-'vcld1c.in, 1977); :Po110t, 1977); nnd,s,osr.t'Ii£: c.o.,lqi,stis I-IC'.o:>.

ill lticroric, (llkinsola, 1975). Hith tho m......tw--ityof tho rioo croD ct

tho rnins, popula.tion of tlost c.L!ul·t stocbororD doclino. Tho 1crVC'.0

in locC'.litiea with \'1011 In...'''.rkocl c.lry season uncloreo Uiapo.uso whilo

continuous undor irri{~.toc.1. conc.litions, the 1crvt".o hcvo no rostinc;.

po:oiot".. ·(J\cron-Sr.cpone, unPLtlJ1ichocl). ."xl ~::'.t11)10 of clirect link

lJotuoOll rico inoocts nnc1 rnillf\"ll is \dth outbrock of .Afrioan

l".rt'\Yi1Orm, Spodoptorn o:o!1.,tc. ~lhioh io \Ticlely t1.ictri1m.tcc1 in Hoct

l£ric~.
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It cp0rC'.clicl11ly c..tt~cks crcr.rl.l1~cious ueGcls C'l1c: Oror>l3, includinc rico

in 10cwlisod crc~s. Odiyo (1976) roportcd tl~t .~iC~l ~10rm out

b,..ecl:::s occurred durillC ri'..LTls ~er 1;)ro10n00cl U;r.J ser..sons. TIle

~thor noted thct r..I'r.Vlroro oui;-bredc ill Siorrc. Lone c'1:rarinG' JWlO,

1979, np~Je:'.I"ocl c1urine tho becilminc of c1olnyol~ rr..i::.y se~ons.

Iro rc.infnll t'rr'.S recorded in tho proccclinc Il.-;y nt nolm11r ~"1d

01oolnlcro in the eountr,y it ~~s be10N noror..1.

l~clysis of !..fricr.. ?lr..ck bectle, Heterol1.y~E2.or:yzr..e,

lieJlt trr..:;;>ped in northern Sierr:-. Loono rovocl.ocr its first ':-.:.:'1='o"",r:-.11co

in Ju..'l1.CJ r..t i;hoc,tt~.ck !'~r.lers' seccUillCS ill JtU1e (I...Gron-SrmpOi.1C: 19(9).

Un1iko mr'l1y rice posts, mitc :-.mJ. lnite flios n:::-c c.".mi.v·\"'...'l1.t in to.ry

cO:'.l:Jon in Scl1c1ir'11 zo::ws cb.'!.rii.l' hot dry porio:1 of rt--y/Jtmo (Dio:"

1979).

Unc.lor tho Sr..r.lO clim..;.tic ccn~tion, rico cou.lcl bo culti~.to::'..

ill c'l..iffercnt oco10[:;ios such :'.oS up1r::J.cl 1011l ~lcl irriGnted r-nd SW:'~'1PS;

unLeT thODe different hr.bitntc, difforont specios show rcl~tivc

a.bul'l(1C'.llCO(To.b10 2). For ~"::cX1l"lo, Diol)ois thorr..cicr.. Host, t':e. - ........,...- ...
n1'Hr'J"s nUt1crOUS in 10cclitioE! uith hi[;h hur.dt!.itYt thus they a.ro

sorious post in tho hUIJid tropiccl zonos e..nd in ceri~r..in specific

hut'litl nroo.s of dry trol'iowl ZOllOE. In C'.l1Y locr..1ity, irri~tocl ~.ntl

inlc.nd GWCOpS rice toncled to be hiGhly infostocl \Jith Diopsic sp

tht'Jl tho u::,loncl.

T~b10 2: Tho llolntivo occurr~~cc of ir.ccct ~osto in
difforcl1t ecol2.{joo in ~ Clil:'lo.tic ~Olle

nTSEaI'S UPL:JJD . ~m1L.mD Il"JTan01lE Sl'L'U·IT'----.-.--...- nillIGJ.TED

xx
:x:c

xx

x

::c x x
xx xx xxx
xx x xxx
xx xx
:x::x.: :cc :cc
xx xx: xx
xx jOt: :;c'~.

x ::c x·,.....

x x x
..,...,........

:c
x

!=:' ,
~lrJ)0ptlCfro op. ::c JCit

r.r..;.li0rphn sv~"-I'~.:~ollc x xx
Chilo cliffuailincus :::x x
ChTiO' r."cco·rd" r.:r - ~-_---_..:_ _ ..-..- ._._... _.._~__~_.__ .------~--------------

SecC'J:rl~-:- =:t

Dio2f?i!. sDP. J'C

NJrr.dmlr-. 'leptU1ctclis
Oruc·o1Tr: 017rZl:',C
Pol01)ic1r-.0 r.tl"..thir-.s
NOrhotet1iix 01'.
Ccfc.nc". G"Jie

Grr.in suckors
Tormites
Epilr..cmlc sir.ti1is- .
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At ~Qclcc,_ Ivor.J- Co~ct (T~~kili~l~ 1977 ~~~ Pollet, 1977)
110toc1 th~t C. t:.".iffusili.."1OUS r-.."1'.1 Soc~~ Bpl1 l:cro comnon-.................. .
stornbororc of r~fod rico ~.S cOlJ'~r.rorl ,-lith U. lJo'!X'r"'.toll'" ~nr~. - ....... - .............
~rrol1h~c:- c:.' "hic11 ofton ::,.tt~.ckoc'l. irrir;r.ter:'.. fiele.. rica..

Ibli~h:'. r::o:~r.rr-tellr- io tho coot ;,ra~loI!15.nr'.l'lt ctoeborcr in the.

OCJ1l:,Tovo I:mncps in Siorri':. Loono, l1:-.rri in Nicorir.. C~s~nco ill

Oouthorn Sone~l, The Ck'nbir. :-ncl GLlino:-.. Dr-scr.u. Houovcr in

loccliood crer.s, Chilo SD could be quito prOu.er.Wl~lt. ."..t I:i.l'l1,r;;.::::::-.,

~1 croe. \>1ithin tho I:1.."".r.BTove O'tu:'J:1l)sof southern Siorrc. Leona,

Chilo cliffUoilinous outnuobereu ll. Gopcrr~ollr-. ScirpophCQD o~

Hero occ:-..sio:lnlly rocorc.oll froe tho ero.:-.. It.'''.1ic.r-.;>S sop~.rc.toll ...

infostctionis usuo.lly oxtCl1Civo in rico crop fiold 'uhore wc.ter·

ctr.ncls for lon6Cr porioll:::: clurincr tho grOldnC'SO~OO:lO, for inst~lco

in irri{;'t'.tocl, ocnerovo CW1:'.I'.1I' ant'. iIi deep l~.ter rica fiolde.

Hot,;ovnr, lJdnsolc. (por. COr.T.10n) notec'!. thct .ll••SOlx'.r::-..tellr. lJCG tho

t1c.jor stot1boror specios in tho uplN1cl rico-croull1c condit1'ono of "tho

forost zonee in Nieeric.•

Tho Chilo a;ooios eomon in tho t1Mp:rOVO Olr.:-J:11:lS of Cr.OctlCJ1CO

is C. zc.econiue t-1hilo C. Cift\lsilinOUB tho prCtlot1il1='.nt spooios in... .........-. ..
Siorrc. Laona. This rnieht dt1.0 to "tho tliffcronoo ill tho r:"'.infcll

ro(,1.mos. Tho cwerr'.{;."O ~l1nucl rc.inf:".ll in C.:-.sr'.t1r'nco is C!.bout 1500m

uhila thr'.t of tho m::-nc:;rovo Sll':'J:11:m of Siorr... Loono io 3000mrn.

Jo"..C notoc1. ~.1)oVO £. z~ceoni'l:c i e ~')ro~1or:rl.lv"nt ill o~~.:m... za:'lca t"~horo_...--.........
thoro is 10DS rc.inf.:-ll ~,llC C. tlifficulincuEl comon ill "tho Humic'!.

Tropics.

No~r no]cupr, SicrI'~ LOOllO, :tS r,"t Dou:'.kc, .9... ~oilir.(j\t~ nl1.c1

Soo~ ... sp. wore tho eOmOl'l Sio111)Qroro loTh; oh I"tt~1 ;11"cc1 "p' ....1"l(1 .,..; co

E:)ilo.ehn~ similia is cleo prevelent on yo,mg upland rlce ero;,; in

SiorrC'. Leono.
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C~sONOro, n~:ln.'!.l~. r10:~t!llct~is (Gucn),. [;":'\11 Llic1GO,
~- . ............. .

Orccpo,;tir-. .2.~Z~.Of 10cl'l~0:,:~o:rc7 l\'-a:"l1otctti:::: C:'::, lo~.f folr~orsf

r:c.l.o,j.):i..t"..~s I:!;....thi~ (F), P.or;Jo. ftm"j;£. Ev.ll....vo bOCl'l. o:1scrvc'1 to bo
" t.. .. .. t'" ~f" l' ., t' .. hil ..!."rov.-..Lon ln lrrJ.[7'. 0 .., ~.n~., C1I<l:T) . J.O LS ln lie raClon. ~t c cr=-.J.l1

cuckero "-I'e frcC'IUc.1.1tly recor:locl on tlpl~cl ~~..n~1 irri~.ted rico cro~El.

In briof,? O'.1'S crict in our 101011loclco :-.s rcer-.rc1.s tho vc.rio:'!.:::

clitl.,"'..tic p~.motcrs the-.t in.fluence tho clictribution, <1evcloJ;:nc.."1t

:'.o"1t:' ~)ol'ulr.tinn t1ynctrlcs of n.....ny rico pests. IIuch of the

inforc.."'..tion in tho liter::.turo io only obseI'Vr'.tion:-.1 rncl relc:.tively

ccnercl; definite infoIT.'IC.tion io noeded on tho ecoloGY' of rico

rlith different cli~tie zonee in the reGion l.:horo rice io

cro'Nn, stuclies on ciir.l......tic fc.ctors on popul~tion t1ynruaics of rico

inoocts in l'. 6iven r'.rec:. choultl bo et:r.:?h.......sizocl. Tho epo:,o.dio

c:.ppac:.rnnoe of l.friocn a.I'r.\)~iOrn in 10crlioecl t.roc:.s in tho roGion r.l'let

the reoent ir:1Porto.noa of tlhito flics ('.11(1 mites on rico orop 1n

S...1101ia.."1 zono, c.re not llc1l unc.orctood.
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STfau> 11m rnosmCTS OF nICE nlTEUIU111Jl:D l~
• it1iil~GEMi!1fl' nr TIm min> TtOPIClL zam P

•• I. •• ........... • • • • 7"1':-:---"-' I •••••

ll. .t..rorcn-S~onc
tUJIDA ~ocicl neoec~ch Project

noku::;>r, Sierrt'. Loone

Tho Humid Tropicol Zono run acnerally e~ot-l1oGt clone;

the const streclrincr roU:G11ly bOtlroon Intitude rioON' chcrcct~ricoc:.

by cltomate l'rot and dryCOCIJOJ."'1o. Tho d..7 conths w..ry froo o~e to

four or more.

't-lithin this clirete Zono,c1iff'orcnt rice eooEG"otom oxicrt -
, ,

r.J.."'J'l£r1'OVO Sl·J'nt1P, irricntod, upland, boli oncl inlcncl 'Vt'~lcy m-~.

Tho intor J"Ccction of tho clirote r'lld tho ecosystoc innuencec the

pre'Vt'.lonca of tho posta in tho rioefiold (~Wc.n-s..1.DPonB', 1982).

Tho mo.jor rico 1")ooto ofoconor:dc icportoncoin the Hl.:icid

Tropical Zono includo; I.f.'1liorl)hn sOEor'\tollo.~ Chilo c1iffUoiiihOus,
..... 1 • _. •• ... ... .... a _ D'.' ,p L • I •• ,. F-

,~e.D.t'..r:p..~ 81'P. Di.o,ES.i.E1, 'J:.h.e'Fnc,i.cp., ~c'i. Grc.insuckorD, J!irJ30X:~.2. ape

l-lith tho moronso in rico production in tho huci.d'tropiccl.,

('.c.lequnto end incxponso insect control io coscntio.l to sUppross

thODO nnjor poSts to' cchi~vb bicnificont ~d sustainod yio1c1S.
Pest control£l.pproo.ch uhich intec;rnto diff'oront methods llOUld bo

cpproprinte onc.
" '

Tho 1ovol~pmont of rico inooct post ~lOG~t1ont s,ystocs

in tho rocrion is at vo.rious otc.aos. ITovcrthololJO most COt1PO~onts

ero in rODoo.rch phnso 1.."'1 frC'.(;r.lcntntions or isolc.tod' tom in ''Vt'.rious
1)"',..""" ..,..,... T~_... .: ......~ --....... _co o •• ;Z;;Z;hJu;t;uaucu.
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In the region the peasent rice farmers do unknowingly

practise cul'tural control only - burning and digging of rice

stabbles. However, on big commercial institutional controlled

farms insecticides are still the primary component of control.

STAGE OF COMFONENTS DEVELOPr.mlNT
• • • em. • •

S}1!!!RlinS:
• • I

Efficient sampli.n:g techniques are essential first

stop into rational IPM progrnrnmo. It is. a means of :providing

information for making rPM decision. Several sampling techniques

have developed or adopted for uso ~,d tho type dcpcnus on species

involved. Some of the methods of collecti~g rico pests ClIld factors

influenoing s~ling progra~o have discussed (Agycn-Sarnpong, 1982).

Croe loss assessment and ecol1omic threshold-...e-e-c..' 1 • a I I •• I ,. • •• I d L

Thore is limited information in tho 1fumid tro:i"d.cal of the

relationships between popula.t,ion density (and/or plant damage)

and yield. loss. .

In Ghana, Agren-Sampong (1976) recorded yield loss of

a.bout 30% in irrigated rice dne to lack of stomborer protection,

and yield losses of one ton of paddy per hectaro 1ms also

recorded in Iyory Coast due to insect pest (Brenierc, 1977).

In tho mangrove s't-romp of Northern Siorro. Leone, studies

of tho relationship betwoen stemborer infesto.tion of ~~iA£Pha

s.ell~r,at,oll~ and crop yield on fo.rmers' fields revoo.led different

and complex rclil.t,ionships from ferm to farm. Of the ten sots of dctE1

collected from ten fnrms, fivo exponential curves, ono quadro.tic curve

and two straight lines best describe tho l'OSl1ltse-----------_.
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Tuo oth~r sots of tl1e dztc shol~d no relation~p.Difioront,

fectors intorpl~ to in:t'!uonco cr~p loss assessment duo to

ll. se~ctello.. These ere, shorm.in the VClI'iouD C'UrVOS of tho
_1 1 __ ~ ' ~',' ~.: .'~~,. \

reletiO!lshipsof yield and stem "infostc.tion. . Tho . c:cponenticl,
. ,'...;~ . . .'~. .'. , " ,,' - .-

rell:'.tions~p\'xhoro crop loss decreases wi;thincrocsos in,
~ . .. ,.

infostation nppears to be more recl.istic then the straight l:ipo
r ~_ " .:

rolntionship.

~i.o~sj.~:", At .Ibcdon, Nigorie,Alghali (1980)- shcnrod thnt there

'-ms 0. positiva correlntion .batl'.'eEm the' number of -eggs lcldo.!1d

tho a.mount of dc.mc.ge 'lv!. !~o.rp.c.i.c.l\ on rioe tillers. 1io~;fuver,

he further demonstrntod thct tho lovel of domngc of tho rico e.s

indicated b;r tho number of udond hec.rt" m..-w boar no direct
.- • '., •. • • • ~. - • . ' *

relo.tioI,lsh~p with actunJ. loss. in .yiold as measured 'lv groin ,,""Oight,
" . ..". ,.

thus it is not UBO:f'ul. index for crop loss nsscssmont duo to-tho.
. ;,.'

compenso.~~:):rY' til10ring of rioo crop. ,(Tho dogreo of cot1Ponso.ti~ -
...' ; . . '" .'

wries with difforent vnriotios. Of tho ten vnr-iotios of-which -,

thoi:~ re~ative ~scoptibUity t? Diopsis .do.mo.gc ~~,r.o, ro.to~,. orop

lossos ranged from 1..9% (Sunkoko 8) to 54.2% (Tos 4121) 0 ';

At Rioo Reseo.rch St~tion,:a"Ldeggi, lTigorir_; ~.6p~if!.

infostntion oo.used yield reduction- of'S;O% end 19~0% respoctiVely

to :SG 90-2 and FARO 25 (Akinaoln" 1980). '
., .... -." -. . ,..; ""'. . . .;'...',

R,1.e.e. !Jugs: In c preliminr.ry'studies, Agy'on-Snmpong ond.

F't:m1c.h (1980) reportod the' fOllOtr!ng rointions.."lip bot~cn' €rain

weight (gm/SOO grnins) end porocntcge groin do.m..'1.go: ' .'
. ,

Aspcrlo. on ROle S
, Y • lO'.15 ;.; '0.12 x (r II: .98**)

Aspcrlo. on CP 4
y =9.91 - 0.11 x (r m -899**)

Stonocoris sp on ROKS

y a 9.2 - '0.15 X (r ... -.~90=-*_*.!...) --,-- _
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It is evident thc.t little progress h~.sboon or-de in the

devolopment of crop loss ccsessment ~nd cconomc t~.!Xosho1cs .

for nnjor pests of rice in the humid tropics. ne hoed to

refine them end work further on the different gro't-rth sto.gcis

end on tho different vc.ricties CI'cmn in the verious ecosystctls.

To prediet in a.dvnnco of possible build-up or outbreclt of

tho pe~t is,n ~sefu1 tool in pest control. Nevertheless,

foreca.sting ~stems h~vo not being offective1y ~evo10ped in the

region.

Light tr~p cO-tches could bo used to forecc.ct Africcn

bla.ck bottle ~!.eroro:chus o:r:y:Zc.o infestction in northern Sicrrr.

Leone. Tho bottle sporc.dic~lly cttnck rice seedlincs. Thqy

usuclly' first D.pper: in liGht traps onrly Juno quickly reo.oh,1ng
pe~t popul!"..tion before the and of tho month end dec1ino sud.cl.cnly

by ol".r1y July. Thore is ~nother·grC'.c'u~l populr.tion 'bliilclinC ill

November Hith ,.. ru~ in Docer:1ber. Tho er'.rly popl11dion build.-u~

lT11ich lo:-.c1s to the per-k in Juno is of itn;)ortr.nce in northern

Siorrr, Leone•. ,Tho-fr,rmors' crop nre in the SOOcUiJ1C' st:-.goin

r.~ :",n.:l June !:'Del suclc1en :-.ppoc.rrnce of tho l)opulr-tion could lo~.cl to

c.::::tonsivQ crop dr.m~_f.,"C, c,c H~,S witnoocad during, on outbroo.l:o£ the

bett10s e~.rly June~ 1977, c.rOUl1C.1. Rokupr (AGYen-S,:"ml'ong 1977).. "

Rosec.rch hc~ to be devol oped to knOll the ~.ried fectors

involvod in foroccstinc~ste~of recent outbre~e in the

rCG~on of such pest nsnroyworc ~podopter~ ~XollDta.

Chomic~l Control
P • I 1 • •

L~socticides ere still often used in Govorr~ont/

Institution hlsed fe.me e.o prophyll"..ctic troa.trnont cCC.inst rnnjor

1 ico poses tuld when otltbroC'1co {c-.c.. crrnuorms} occur. Howcvcr;--------~---

in a. post m~ngemont cchoma, se1octivo insoctici~eE rnd
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modificdion of npp1icction techniques to lessen the

disoru?tive nction of the insecticide c:.re come of ossentide

to cclceinseoticidcEl fit into the scheme.

Extensive insecticit~Cs h:we boen Gw.1u1".tec'l. in the region

for effectiveness l'lt,'t".inst tho v:-.rious rice insect ;>ests.

FOl' cx~lrIJ?le, nt Djibe1or, SoutheI'!l Senc[;"r'l from 1969-1972,

six illsocticines affective :'.O".inst 1e~-e~ter Nltl ti"!'~in rockers 'torero

selocted throuch field screeninc, ~rcyinc on oieht occ="sions

durincr the sen.son. Granuleo of lindane, birlcno, czodri.."le C'llrl

ful'r',clnn, npplyina 2-3 times l1ere found most effective o.gn.i.nst

borors (ISRA, 1911).

In the mangrove Sl>1t'Jl11" ocology, thl.> rico fo.rmer's sto\v

av~~ from thoir f~ms cfter trcnsV1nnting ~nd return there only

at the tiClo of ho.rvcst. In this ocosystcm the soil is mudey o.r.cl

sticky mld difficult cmd unplcasant for regular visits. A Clothod

of !llseet control being doveloped c.t WARDA, RokJ.~')r holds promise

ac;ninst tho dominant stctlboror ].~"l1.i9£Pht\ s.o~-u:~tc;,l.lO; Furndc.n

(1.0 kg o.i) broc.dcast on seoeUincs 0. woe.'I:c before trt'.ns~lantin6

anel later o.ppliod onco in Septotlber/Octobe; .before post o.dult

po4JU,lt'.tion rcio.oh peN<: supprcss infestation.

Chemical oontrol methods cust essontial11 be developed

to suitdifferen~ rioe,ecos,ystcms in the humid tropios.

Vnrietol Resistance
•• I $ .. '

Souroeof plont :£'00c1 e.s n fc.ctor of reeulnting pest

abundance is sienifioant in ccr1cu1ture - crop varietios which

c':'o attncked less then othors 1000 b. yield.

J.lost of tho vo.rietru. resistance Tt.'Ork ho.c boon rncinly

screcning c lareo number of co~lnsm of the rico for rcsistcnca

to the major pest.
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1...t !ITA throe vt'.rietios, S!.lL 8lB, W1263 end T:'..itunC 16

"'Ore rOj/oneel to be toler:-nt to the nttc.ck of Sesntlin cclCt'listis
• L ..~ •

one: Chilo ZllCCOniUS. At Rolcupr preliminro-y Elcrccnine of over lOCO
.........-. l~

rice vnrieties e.eninst Diopsio ond }mli~~hc. ntt~clc ~~s done un~er
•• llIlIIt • • • .....,. :;=n;. a

nc.tur<.ll infestntion (WARDA, 1978 ant'.. 79) end. over trronty vnricties

heve been recorded nS tolerll1lt, hOl'rover, detro-loc. stuclies uhich

invo1ved the use of 1c.rcer numbers of the post u.."1c~er control

environment is lc.cking in the region. Hal-lOver, In..1.SS recrinc

techniques of some of tho r.tn.jor liests h.."'.vc been st~toc1. -

Chilo spp - IITA, Ibc.d..'Ul, IIiC;'orin, IR!l,T, Bou.."'.ke, Ivory Const

Sescr.ri.~ sp IIT.ll. rOIPE hc.s i.."'litilltecl ross recrinr. techni,...,le on
b • • 11:9" - ~-

I'Icl.iC'..l?hll sepa:rntc1lo. in llnirobi, Ken;yc..

Rice insect pest in the region have a. complex nc.tur<.ll

enemics of lihieh little is kno~ll1. Attempt MS beon rondo in isole-ted

pl~cos end times to document the incliecnous na.turnl enomies of tho

rice pests. About 40 fcrnilies end 70 species of the pnra.sitoic1.c

of 20 rice pests hnve been scc.tterecUy rccordeQ in the literature.

~ronty species of ece end l~rvol pnro.sites of soven species

of rico pests ha.vo reoently beon recorded at WJlRD1l., Rok:upr.

Two ege parnsites To.l,on.o.lilU~ sp (predominant species) and

I~eclio~i~~ ,:te1cnomi, pernsitisctl PcloJ2ic1.~ J1k1"t.~itr;,~ locf folcler, o.t

c. ret 0 of more than 70%0

r·}l1ip.I;~~~ ,scHa.ra.j;.c.l.l,q la.~e \-Tere "the IilOst hea.vily

po.rn.sitised omong the rice pests, possibly becnuso they were tho

predominant ~est. Of tho thirteen larvnl Dnrllsites, eight were

rocred from!. sepa.rp.t.o,1.1~11 .~lt;\torot,g,1T2m~C?r. :ames and ~cE;t~;O;

~c..s,sj.,c.a.lli"t (~ior~ey) a.~t::0~~~tl_!~r_about_~1__12~J:'(Jcnj_2~~sitiElQ,j;Jotl. n _

during the two Ser.sons of 1978 cncl 1979 (~G}"en-Snrnpone 1980).
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These ne.turcl ene~os tocothor ~tith other cruppreoivo fercos

rocu1C'.te tho rice pest P01)ulr.tion t.."lc1 those coull.lsorvc e.s C'.

focM point pest manceemcnt cyster.l cround nolOlIlr.

Systenntic stuc1y, conserw.tion (lnd I:1.."'lli]/Ulntion of nc.turcl

enemies for control of rico Dests hnvo to be enphcsised. The

stutly of nc.t.urol enemies should include pree........tor cncl ontor.Jj?htho~

Ooceous fungi. of l-lhich little ia known in the ree;ion.

Cultural Control.... ......
CulturOJ. mothods restrict or prevent pest c"~ by

roducinc; pest populo.tion thus, c useful conponont of pest rnnncB'cmcnt.

Tl:.oy nre e;onerolly cconomicnl ancl tdcloly c.lJplicr.blo. Hotrowr, c-c

cultivntion prcctices ir.llJrove cultural control methods should be

devoloped onc:~ tested in c1.iffercnt rice ecoS"Jstot1s.

;;;;D...o,.st...ru.;;;.-;;;,ption of ri.c!J st~bf.o••otJi.er. ha;rvos;t: . In the mc.nerovo swt"..rnp

lmere burning of stubbles is not feasible due to ci..."'1ily tic1c1

floodinB' of the field, Dlo.ehina of the rice stubb1es at bOose

c".ro.sticolly reduce the hibcrno.tina ],~1liPlI?-!m lo.rvr..o popu].a.tion.

HOl-rovor,for the pro.ctico to bo useful o.ll formers in oxtensivo

c.reo. should be involvoc.l cinco .!!_ ~Eri:C'..t~~~ Ctm fly lone dietoncClc.

,1,.!n1e••o.of. 13lon.;!:.~1 Enrly tronsplcntin~ of both chort C'nd lone

r!Uro.tion w.rieties in the IilD.n[,TOVO swo.r.1ps of northorn Siorro. Loono

osco.po tho ponk 1ofosto.tion of }'1cli~hri.' and ChiloinfostOotion.
• • ...." .... % ,a, I

The susceptible stO£Os of e;rotrlih of tho crop miss tho peak' porioc:l

of tho s-temberer o.tt(l.cl~ Hhon rice is transplanted in July than lctor

trnngplontod rico in AU6Ust~d Septombor. Short uur6tian vnrietioD

tl'c.nsplCJltod oo.rly nro c.tta.cko~ :t6.r 10DS' ·thC'n the lonG durntion

w..riotios.

- -.-.----.-_.------ '. - ~----_._--_._---.-~-_.
-_.------.---_._------_._~-~---'_.-------
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Forliilizernnnlicntion= f.c hes boon notodt,'ith othor insect
••••• , I J .o.~.~.........
pests, hi6her nitro6C%1 fertiliz~tion 10c1 to hit;hor levels of

atccborer infaoto.tion of ~~'p'h.r; in the i:l..-merove 8t:nmpS.

Resist~t varieties responsive to fe~i1izer npplicetion would

be iclecl in tho fu"ttu'e.

Pl.nnt. sgo.cini\ ond, S~.emboror. .!A:t:o.s,!qti,£a= Recent priliminary

stuclies of different spncincrs - 10cm x 10cm. 150m x 2cm,

20cm x 30cm onel 30cm x 300m, at NARDI., Rokupr inc.licatod th..~t

closer spacing led to lOt-Tor JRl,inrphc.,infostction in tho r.1~crovo

ecosystem. The renson for this is not obvious. However, formers

tonclec1 to transp1o.nt c.t uic..er spacing end thio obseI'V::1.tion t1i6ht

be uoc:f\tl in fortmllatinc future control stra.toGY'_

ElOSPECTS... ... . ...
1..8 notod ,- ~rc, Hork on cOI:1Ponents of pest l'J..."'.1l0e0mont

proar~os h.."'l.VG been stortod in .the reBion at w.rious levels

in different t'oseo.rch institutions.

Ho\vcvor, c. lot of fundc.mcnta.l infortl1c."l.tion o~ tho ocolo&1 end .

bio10& on the rico posts Met their nnturru. onomioD oro nooclecl in .
\

clifforent locctions for developmont of mr pr0G1'crnr.to.

In ccnorol, in tho hurnic1 tropics tho roculo.tinc fo.ctors

of pnro.:?H.C'c, predators and po.th0GO%l8 h.."'l.VC 0. gronter role on tho

nurnorous pcstsrecorde~ in rico fio1ds, r.1ost of thorn ore left in

tho sta.tus of lOtI lovel sec~>ncW.r;y postStt Fu.rthert1oro in tlost of

tho rice ocosystoms the level of pesticide use is not hieh oncl thus

thoro ha.s beon relo.tivoly littlo disturbcnco. Those reasons ~~ce

m.l an appropriato o.ad worknble in tho lmrnicl tropio·· of tho reefon.

Often as in dovolopell countrios, Co lona' poriod of proporiltory

work is roauired .f9r n. 210m mrm "'t3""l"""'''l't: for bc.o1cG'I'ound kllowiuc1co ot
l"opulc.tion ~~c.mi.cs of tho pest com;>lox nncl tho rolatod ocoDyctom.



Ieloolly dotcilod kno111oclcc cault!. be useful bUt obtnir.ina it for roll

tho mc.jor rice pos'ts coulc.l bo tit1~ consur:Ji,""lC t'J1t!. teclmicclly

eliffiCu1t for tho racion to t'.fford. Experience free mo.ny countries

shon thc.t evon partiol utilizctionof the concol)t could be
.' ,

u.clvontQ6COUs (Ho.skoll, 1977). ' Pro.ctica.l pest rncnceeccnt ie 11C

tn..'!.ttor of COUlCon sen~e bc.ckecl by exporiencet itlO.lP-no.tion anel cp:,:>rocintion

of reloVt".nt rosearch nocc~ll (l1~, 1977) one: there is no neec. to l~OlT u.ll

cbout tho pest ecol061_
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Therefore some of IPII components doveloped could be tricC: on

lo.rcro plot scola" the results at: 't'mich.could bo used to establish

rosoarch prloritic~ for more effoctive post ~J16cct1cnt ~stemc.

Further prospectfJ of IPU procrt'l.tlt1e olso dopend. on full

oo-o~crntion,of extension ~orvicos olanL-si~o tho resco.rch. - Thus

tro.inina personnel Clot vc.rious lovole in tho lPU.

Administro.tors Mc1policym.."1ko:.-s must' bo ec.lucctod to' crccto

m·ro.ronoss o.mone thorn o.bout the icportanco of IPJ.I.

. .,
Farmers o.re o.1.so to be oc.luco.tod grtloc.1uolly" and. ro-oriontc.totl

to oonsider ~t u.s part of fnrcinGculturnl prcctice.
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mTmRlJ.TED PEST COliTllOL IN JIC2 PnOD'JCTIOlIJ' IN'
. S.LHELI1.N STJ]MN'

PnOSP.EiC'!'S IE POSSIBILITIES, ron nESE:~CB. .

By'

J. Bl1E1~mm

nu~Tf lIontpollior, FrC'llCO

This p::l.por cloos not docl With tho into£;T::l.tccl pest control

dofinitions given for ecch oroIl ill the current course, nor with

the ~~ious control ~e~sures n~~lnble. The Drotection of ~

crop should 'o.s muoh as poosible bo based on tho study of the

rclc.tionship betuocn tho crop end its ];lests l"li.thin tho tlGI'oecolo

aicnl: systom: plant reo.ction to the constraints of climto,. coil,

cropping conditions, livincr oromisms tho.t eonerc.lly c£fect its

dev'Olopmcnt: population c1;ynctli.cs 9f posts t.s llell o.s tho factors

l'lhich fc.vour or o.ffoct their devolopmnt.

illl those intero.ctions - clinm.te, coil, plC'nt-post relation
. I

and nC'.turo.1 enomies of pests form 0. eomplex llhich should nt loc.st

be pmio.1ly studied te detormine the mothodo by uhich the f'a.rtler

oan con'trol ·the (1nm~s cansee: 'btJ ~the posts to the plant. This

stop t-lill 10M to the utilizc.tien of· controlmonoures: o.c1D.ptod to

eceh situation l'lhich in effect is tho cssono,oof iiltoc;rl:l.tocl control•

. '

Tho wot conditions of the rico field in itsolf constitute rln

C'Qosyotom thct ospeoially fo:vours 0. l~cro. concontrction of f'o:ur.n.

Tho rico plwt romo.ins croen ondture-:i.d throuc;nout ito development.

C'.ncl is both n source of sheltor t".:lc1. food. Boforo tillorinlr whon

it hes 0. ero.ssy nppeo.rcnce, rice is susceptible to lonf-foocline

--'-- -'P.-:.:o::,::s:.,:t's: howoVQr, tho 'sooc~' ;"C'-,'CC'" --."'ccl'J"l"'c1i1" popu.latocl on~- 'jrory

sovere ottc.oks could brine c.l:out irrOl)(:.rc.blo G.::un.....co to "tho orOl),
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Ti1lcrine thereforo :::l~c ~ iUQorlont co~ensr:.tory role

uhcn c. LA.......ont of tho steI:l is t!.estrC'J~e:l. By contr<.et, bootinc

fo110l"Tocl 1;y hc['.c.li.nlJ ie c. c"..c1icc.te st~. Ibtor requirer.lOllt is the:l

very im:)ortcnt nne! ovell ~ rnrticl brecl;:C:o\·m, in ec.:' tr~Cl)orta.tion

in the nnrrowost part of tho ~~ic1ors peduncle I:1L~ result in the

lli1tine of the \'1h010 lX.niclo.

DurinG'mnturotion, tho ue.ter requircI:'Icnt is re1ctively 10';'1

~tl the stem resorves nre co0 (.1 therefore c.1niiln.~S to tho let'rer pert

of the otems or the roots uill ha.va n mnor effect on tho h.--..rwst.

By contr['.st, u.t this,sto.cct My c.1.D.rno.CO_ ('.one directly to the I'cniclo

or the c;ra.in 'tv tho suckinG of c. hcrnipoteron (::;uc) Clm h...·wo c.

1c.stincr effect on the quclity of the pt'.t!.c1y c.nc.l even reduco ~·ie1d.

These 6enernl retn..-:.rks S110l'1 the imprtcnco of c.leterr.ti.ni.nc Ml!.

lUlclerstMclinc tho intcI't'.ctions beti-10en olernollte of the ocosyctem in

orc.'tc:L' -to define control strt'.toc;ics. To be more concreto end more

specific 't1O shaJ.1 use the Sucl..:.1..'1oce-Guinet'Jl zone of Cr.CnIIlL'.llCO tl,lJ 0.

reference.

Tbo resonrch conc1uctoc.l there CM be c"..ividoe! into 4· phcees.

Phnsc 1: :~t.'.; ~1v of the nost s
....... 11' r, T •••

TlJo in:i.'tiC'.1 etudielJ reweled tho e:x:iotence of u. fow n.'\jor

Dests: r;b the becrinnine of vccoto.tion (ecce".. bec.l- mcl beeinnine of

tillcrine) II' the Coccinellc E2ilc.c~\o. ~i.m;i.!i.E!. l'Jhich somotj' ,t! cr.'l1.oe

very extensive lec.f d..··.mGc cbrine sporc.c'l.ic outbrcclcs i ";'011olIec.l

by the c.liopsid, Diopsis thorc.cica. froe tho ecrly to th<. tl1idd10

otceoo of til1cri~c, then tho 1eDidopterous rico stemborers of tho

conera.: C~.'.il C', r·~cJ ~r...r~C'llcl Sescrni~ .. Mtl tho cecic.l0l1\Yic.l (mielee)
-..'t....~':.-.~J .........:".,..,. -:...., ..... , ...

Orsoo1in. c"";'~no.
l 4 • ,. • I • ~/""''''''

The studies hevc priI:k.-:.rily coverec.l lJopulction ~"'.I.li.cs of

__--=p'--o_s_t_o r.'..C Vo;C U 0.£1 t~po~t~ci~!9E..._'loocl_~'""cine:L!hoGe D~!ltJ?L_:IiLrocQn~t,,---_

yonrs, tloro inforrna.tion ho.o boen eu.thered on theoa pests.
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It hc.s been observctl t~".t SCIilO secondo.ry insect pests ceil

develop into serious.pesto ~n~ socotirnes replcco ~~jor ones.· This

is true of tho Coleopterr-.., fctJily Cllrysomolitlc.o, su~fnmilies·

Ris,inoo nnd 1.1ticinnc, (Tr.i.c.h.i.s;~o.1' l.>t-ti.c.c cnc".. pCA~o.t.o~n.on;."1; ccncrc.);

HeteropteI'C'., Pcniinomic!c..e (Dill1otis) which suck crcins, the HOtloptern

Cica.do21ic~o and Del~".cic~".e (potential voctors of viruses disocses

of' rice in .i:.cia. presently non-existent on the l..:f'rict'ln continent),

n pCOUtlococcic"tr.,o, Tiwsonoptera. on1 evon tho c.cc.rid (cite),

Tetr~chidce which ccn sproc~ in off-senson rice fields especic~ly

c~uriilG tho c1ry sOQ.son.

There is: thorefore, evor,y ranson to desiOl intecra.tod

control techniqueo on thebnsis of a. specific number of problems

civon thnt these probleI:1s ccn w:ry ill titlo clltl spQ.co. It io

for this renson tho.t diopsic"..a ere ospeoially found on irrientec"..

rice but rnrely on uplcnel r.ico in tho romote o.rco.s of wet 1ow-lc..ncls,

tho borers Chilo cncl Uclicrphc. lrore vor,y o.bunclr-llt duril1£! 1970-74
but ~"'1.VO diminishod ovor tho po.st fow years. l}--J..i,p=:J?hA i;y;Jica.lof

tho c;onuo~ io po.rticulnrly l'.bund..."U1t on t1:.o irrie;t'.ted rico. ,mon

rico cultiVt'.tion sprent!.s over a. [;'I'oQ.ter jim t of the yoar (2 to 3

harvests per ycc.r).

Ph......oo 2 - Assessment of Losoes· c"..uo to Poots
............ " •••••• IS L • . '. a I P.'"

It ho.s ofton boen SQ.itl th......t one of the f'une1c.mentol aspects

of il1tocrc.toc'!. control is tho elocision-rn.."':.l~i11Cbnsec'!. on nn

csseosmont of tho economic throsholcl; i.o. tho populr.tion level ct

l'lhich tho control t1Onsu:re io economicolly justifieel, Thio

ccoooocont is conoi(1oro(1 n preroqUisito to on;y' ro.tiono.l o.pprocch

tOlm.rcls control.

One I'oo.dily realisos th~t it is VOI",f elifi'icult to nSBoss tho

c.conoci.c injuIy levol. In fc.ct, it doponcls on tho o.bility.Of_t.:....h__o _

j,)lcnt to overoome tho insect t 13 ~ttc.ek which vrXioB c.ccordinc to

the pest. tho phonolot;iccl atC'..GO of tho rice crop boine c.ttt'.ckocl,

tho rosistanco or tolorcnco thrshold of tho w.riety concerncc.".. roOm"..

tho oconomc fa.otors of productivity,
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If" this level io c:..e:'inct.. CD tr..e pOj,:'luetiD:l level CI.t 't-rhich

pest control is justificc'!., it l'1ill then be ncceso.-.ry to c'!.etcroine

the dosired control mec.curo C>J.1c1.'tmc.t it OJ:'lounts t) in torms of'

inputs (insoctici~es, the lc.~our rcquirec'!. for c.~~licc.tion, for

exr-.rn:>lc). Theso fectors shoull!.· then be cOm:;:Jc.rccl u:i.th the expecte~l

yieltl incrense. This econorJic injury lovel o..."10ull'.. ciso be correlete"l

uith the ecolocieDJ. tolernnce thresholc.1. lIhich io the level of :,Jeest

pO:JUlntion below uhich this control no lonc"Cr tl..--lces it poosi'blc to

conta.in the obnoxious prcc.~....tor or ~)nra.sites nt .-.n effective level. The

GConool0 injury lovel io c. n..... jor fa.ctor in c.leterr.lininc the

optir.1UO efficiency rnte of na.turc1 enomes.,

Prc.cticc1ly spocldne, it is itllJosoible to cttetlPt c cot1j!lote

c.n..~YlJis of tho ocOsyotolih Tho cconot'li.c injuIy eCDcssncnt could

c.ccount for only a. pnrt of the clements of the systetl onc.l coulel

only be restrictoc. to provil"..inc COrnt1on solutions to common problems.

For oxomplo, in ordor to elotermine tho econotlie cdvt'Jlt"-l..,"PQ of

c proposed chemiccl control mothod follol'dnC the results of

experitlonts conducted in n.cricultur£l.l stntionsr it 'tlill be ncccElsnry.

to unc.lortclcc c.ctunl fiold OXJ)ericonts usincr pnirs of trea.toc.l O%1e"..

untrec.tocl plots tha.t nrc llic.lcly c.liotributod O"lOr tho a.roc thC'.t is

to be protected. A cotl~C'.rioon of the yiolds of C Dorios of thoBe

pcirs ~dll provide an initiC'~ cpproxitlC~icn of tho potentit~ benefits

cf theDe trec.tcents. HOHover, it 'tall bo necococ.ry to corrolo.to this

a.p:?roxin."'.tion with tho.t of the level of clnmc[,"Cc co well a.c the tl...... jor

posts t'13'no.r.dcs; tho efficioncy of the troC'.tucllt uill obvicucly

do~onQ on tho level of pcrnoitic :,Jrossuro thc.t tho plant weB subjocted

to,

It ~mEl obsorved thnt tho a.Elseosment of the economic injury

level oo.nnot be 0. prerequisito to the studies loc.u.nC to tho

implomollta.tion of intecrc.totl control_.__. .__ . ._._.__.. __. ._.. _. -- _._---------------- -------------_.._----
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Hot-lOvor, it o.l1pe~EJ to bo the au·tcono of Co collection of

biolocrico.l r-.r..cl ecolociccl Gtut:i.OEl rcquire(". for c CCUlltl l:no't-llec.\.,'"'O

of tho inter relt".tions 1..'1 the eeosycten.

After defininc the Ck~in objectives which inclu~e, species

of tm'cot pests o.s well es the type of rico cu1tiv::-.tio:,l o.nd ci'ter

stut'.yincr the mo.inbiolociccJ. fcctures of theso posts, it is

ncccecory to invosti(;O.te uhother ohemccl control con brine nbout

oo.tiofcctory irJProwrnont.

This study co.n only bo undortaken vJith c l'Jerfcct control

of rico cu.1tivc.tion: i:hic inc1udos moro or 10so cOmj;)lote wnter

control, voriotios 'Lhct ere prot'1"uctivo end resistent to rlisences,.

cdequo.to fcrtilizc.tien to encurc 0. relntivoly hiOl procluctivity

l1otolltiol when PCElt clom.."'.(;;'CD ere nvoiclod. Initio.l stutlios will be.

comluctotl in an o.crriculturc.l stction by tryine tOD.tlopt methode thc.t

oro ns ofoso' o.s possiblo to oxistine onos or thODO thc:l.t CeIl' sorvo

cs n tlodel for oxtons~on. The objective of the insecticide tricJ.o

uill be to compo.ro vo.rious notive inerodionte:, their forrJUlo.tion,

dosa.v~, o.nel trec.trnont schoc.1ulo.

FrOtl this stoeo on, it uil1 bo necoss~ to inoludo 0.

serieo of obse~tions on tho t1evolopt1cnt of' peste c.13''''1'lamios in tho

tritlla both on ·the trce.toc.l· t:Jlc'!. untroo.ted oontrol plots. 1n fo.ct,

it lJil1 require more thrn t'. sincle yie1c.1. cornpo.rison exorcise to

c.lotorr.dne the. post ocoinst trhichtho products hnvo actod, or the tiI:te

trhon tho troo.trnont wt\£1 most offeotive.

The chernicol control t1oc.aure to bo inco~'Jorc.tod into £In

intocro.tod f\Y'BtC1Il should e.o t1Uch os possiblo be liciitod to 0.

roatrictod nurnbe:.c' of tro..'\tt1c.."1ts .for economic ronoane, to 1""'''''.''0'''+ thoi:%:'

clootructivo effocto on ur.:oful fctmn, to c:void tho tlovolopmont of

resistent strains to tho l'Josticiclos end tho outbroclc of rosistent

socml~'y i,:-bsts.
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Therefore, £':rom the initiel trir.ls onwa.rcls, it is c.clvil3enblo to

L'l"J.vostiO".te the cost fnvourc.b1e period to n:;l:;?ly c. control ceesura

n[JLlinst one or more nujor iJCcts c.t the penk 1.loriocl of thoir

populction e.s 1'1011 cs the time l'mcn the p1:mt is most frc-.[;-11e.

This 1ms done in Cc.sCL1.."'.nce ,mere oc.ch insecticide tricl wes

c.ccotJ:)wiecl by n series of eboervo.tions all the c1ymuniclJ of pesto

found on triDl plots n.'1cl the surrounclinc ere::'...

For example, the rico stcm1..lorors of tho genu.s .9lEc.~ cxict

in tllO succossive ~eretions on n sinelc rico field. Tho firct

coneretion nppears durine til1crinc cnustnc the ~ceth of e nunbcr

of tillers which is pa.rtly replc-oce:' 'by cOIIliJonsntory tillerincr.

The second 6Onera.tion np,enrs C.urinB' heedinc uhcn pcnicles (lmite

panioles) ere likely to 1..lo deEltroyeei. t"'Y younG cc.terpillc.s 't·1ithout

~ renction from tho l1lwt. In this cnse, chcr.u.ccl centro1 ohoultl

be cnvioa.eod mrdnly £':rom the micl-tillerinc- to hencline stc.cos

(treL'.;~i1lcnt recomrnondeel in Ct!.Sa.r.lrllCC is 30 end 60 ck;;ys oftcr

tra,nsplantine.) On the cnntrnry, if it involveo en r.rce. l1ith Co hicIl

incidence of diopsics, it 'tnll be necessnry to protect

it er.rlier beccuse r..iopsitlo only c....octroy rice n.t the ecrly

tillcrincr stnccs.

SELECTION OF INSECTICIDES 1.ND ll.PPLIC1I.TIOU lmTHODS ni 1;N• • •• L' •• • • ••

mTEGILlTED srsmr.... ,

Somo nctive insecticit~ chordcols thOU~l effective, should

be c.voitlecl bcenuse fl'cquent UGn.[,'O result El in r'.ll outbrecl<: of seCmlt4."'.I':f

pests•. This ncs the Cece of Sevin in Upper Volta. l1hich after tilO

yCCo""s of intensive usaco feu ycc.rEl ceo, brouc;ht c.bout lorCO outbrenks

of en n.1euridic.'!. (vlh.ito flies) Hhich 'WO.o till then l'ro.ctictTlly

ul'llcnol'm in rico cu1tivntion. Similcrly DlYl' caUDeD croenfJ.y outbreaks

t'Jld OOI:1C pyrcthroidEJ reoults in mite infeEltatiOll.
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Liquicl s~r.:-.;r of f'oliC[,"O c.:'O o~ective cccinot external

peste: (defoliators - incect peste of lenvcs) ;JU.t siGIlificcnt~·

~oct prec1..'1.t.ors cnc.l entoc011hr'..u"m16 insects. Tho nUI:i:Jer of

dreEleincro over short r-eric<'.e should bo 1.icitct'.. 0/ contrast, in

order to cnntrol stecborcrs, Gpr~s .cho~~ be rc~o~ted .5-6 t~e

bectmGe' they havo 0. 101'1 resic....ucl effect· to CnoUre sctiefnctor.r

protection.

The nUI:1bcr of trentmcnts uhen cranulc:tecl fort1Ul~tion ie
., ,

usod in rice fieltlo is limite,c!. to 2 or 3 if 'Sj-ste~c o~.pnrar.yetenio

vroducts nrc; used -for their eff'oot on tho ~lont ,cOn bo felt for

2"""!. \leoks. Dcsic1es tho reduction in tho nur.iber 'of trontrnents, in

the cnso of arnnul.es, there is no clirect contaot 'bctl'1oon the

insootici~e and tho freo foree of 0ag p~.siteo, l~foedine

sl100ies and coot predo.tors., Thio lmo verifiec~ recently in IVOry

COc.st 1moro the use of CI'r-.nulc.tod cnrbofuron broUGht a.bout only l'.

s~11 rocOlction in the nUtlber of prodntor,y spiliorc on tho troctoQ,
rico ficlc'!.s. Linc10.."'1e, Cc.rbof'u.rrJ1, Chlorfenvinphos on:!. Q,tinolfos

nro 0.11 effeotive in c,rcnulr.toc1. fore O£!I2inst stomboi-orDe On tho

othor hnnc'!.,· they heVc turnCt~' Out to hOoV'C n vor,y £llou ~ffect on

cortc.i.n lecf-fooc1J.nc i11000tS l1ith vor,y rapid rroliforctio~:

(l1yrJj!hulin!'.o cnd· ~.ili poste). .

Rooer.rch is ~'reeontly boinG conlluctocl on specific

insoctioidos ,mioh only ccuso CG littlo hcr~ ne poosible to posts

no.turo.l anomies.
"

,~'1.CiJ..IR.s .tJ1:S~~0A.r:;i.s, sl)ecific to Loph'!.optcro. io cocpletely

so.fo for ~cnoptorOo nnd Dipterc ~mich oro the ~~jor pcrnsitoa.

Sinco tho bcotcrium only ncte ~, incrostion, it C('.ll only o.ffeot

lont-foeders (defoliatorD) but hOoo n rnini~~ offoct on stomborors.
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In conclucion, intecrctec".. pest contrel in rice

cultivntion .~ in'clucle the uce of insccticic1.es un<ler the folloHin£;

conditions: .

1. Their use shoul<l bo restricted to rice fielc10 whoso .
. ~ .~ .

pro<luction petenticl io ouch th..1.t the yield incrco.so rcsultine froc

tho effect of the trca.tconto ,is oicnificontly hiGher then tho cooto

involvec"!..

2. The number of' trca.tcontc shaull!. bo rec..ucocl to tho requiroc"..

minimuD nnd applioc..~ at the opoc1fic perio~s.

3. The cherni.cc.l o.ncl the IJethec1 of o.l)plicntion should hn.vo
, '

tho lca.ot possible ef'f'ect on tho nr.turel enemes me".. s.i.ould. neither

cr.:use thb development of' resiot-mt post stra.ins. nor favour the

outbrenks Of substitutes.

Phl'.SO 4 - Assessment of' the role of' nnturcl cner.u.os. - .
The outbreak of' inoect l'pcts results ill the prolif'ere.tion

of' thoir no.turcl pornsites, 6.nir:J..~ prec1c.toro or ~x~thocrons. SOIJO

of' them ere Onemc, 'bu.t (;cnerdly hevo ('. clelr~ed effect (a.t tho
,', t ., ' ' \,

enc1 of the senDon) \~en their host i)opulctions hc;vo reo.che<.l their
. ',' .

peok o.m1 c1.c.m.'"l.{:.'C ho.e clrecc1y been clone. Initiclly thorofore, thoeo

nnturcl enetlies, do net seotl to h.......vo ('~. useful effect. "

A. closer oxcrninction cho\1s Ii1l:l.%lY thinc..-s tcl::incr 1'lo.ce :from tho

bocinn~6or. tho lo.rvn.ts life: tho eces l"CI'nciteD o.:re, less . ,.

conspicuoUs th.."'.%l tho ItZV"'..J. pnrc.eites but c.:re [loro effocti"rO becr.uoe

they sorvo o.s 0. doterrent. This is true of Tricho6I'~ po.-r:csitos

on the OefSB Lopidol)toro. C'J1c1' Scolio'nidc.o (4 species ic.lentitio~l on

ctct1bororo in Co.Sfl.t!k'U1CO).

Tho rolo of'pre~~toro ie still ~oro difficult to nssoss. In. '.

rico fiolds their itlPortmce io of' incroasi:'lZ:; c;iOlificnnco. Spic~ora
~------=..._--_._....._-_._._'

ao VOIy cbUnClr'Jlt. They feoc1 on 0. larec number of lc.rvne of ell

typos of insocts livinG' in tho rico fiolds(both hr.rrnful o.nc1. hc.rr.il.es13

oneo).
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It is very difficult to clotOI'r"..ll10 tho clectructive cnl1ccity of a.

proc:......tor, for beoiC..es the c".ivorsity of preyo, sone of thetl ere not

entirely consumed. This resultc in (,Tect 'Vr'.ric.bility dej;)cncline en

the benviour of tho. pl'cclc.tor trhich ch~eco c.ccorcli.llt3' to the

cbundcnco of oxistina preys.

There nrc vor,y little stuc1.ioc on these problems. t'Te traul ..:,

honever, lilco to drml :J.ttOlltiol1 to the resec.rch concluctecl in

Thcilnnd by Yc.sumtsu ~mo oboervoc: thc.t the cpielers of the Ce.11UO

Tetr"'f}1nthn consume c. lc.rCC number ct'.terpillc.ro of .!£l2.i.e...0l'.te:r:.op.~

rice stomborers. This prec1.....tion ~ bo divertocl from the

d.esirod objective lllhen the cpitlers usecl other preys like the lnrvt".e

of chironomids which often c.bounJ in the muu of rice fiel~o. Tho

lc.:rvne .of Chironomicme thouCh hnrrnless nre il1i.liroctly Wlc::.esirc.1Jle

to the fa.rmer..

Irrespective of tho e0r.li)lcxity of these ncchcnisTJo cnc1. the

difficulty posecl by t11'lclysine the TJcrits of usdul fc.urm, the

import~.ni; role pl~ed 'by the lntter in 1imitinc peste even durinc

outbrooks should not bo icnorecl.

It has often boen obee:rvcd thd there io 0. very hiGh level

of eCG pnra.oitism, oVer 80%, Hh~n the eGe clcneity i~, hich. The

uaefu1 effect, thouch cl01c¥oel, is Wldenia.b1y folt. Thus, offorts

should be mele to oncouraco it.

Por exnmple, the pcrnoitism ofeeco of Scil?o;?hqgo, by. - _.1_
Telonomuo is oll'lO\Y'chie:h in 11013t A:rrioo. c.nd. ver,y Ho1l Doomato bo

tho m..'\in renoon l'illy the c.clvorse effects of §c.i:FSJPPAb.t."D. is rninir;r.l

in J'..frica.. Similnrly, the cuc.lden outbrec..lcs of the Lepic1optorc.,

Hosl')erid, thec!ontlly loot l1ects (clofolio.toro) r.re clmost nlllr.¥s

contt'.ined from the aeconaC;cnora:tin."1 ommrc.:s by c cholcic! of tho

eenus ,D,rcoAYpo:o:-io. which dt:()(}~..o_~rnost 100]6 of the lorvn 'PoPUlc.tion _
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To protect n.....turcl ener.noo, one met first of all nvoicl

t'!.estroyinc theo 'by ensurinc n jut'liciou(f nnt".. liIJitee!. use of the

pesticides (incecticidos cn~ herbicides). It is Clso neccssnr,y

to il!.cntifY thcD by carryinG out O.l1 inventory on the fo.unc cntl

doteroining the rolo of each.

In C11S~-mCO, fore.xnL~le,tho list of nr-.turCl anenies of

~jor pests incrcncoo e~ch ycnr. Horc thon 30 cpecies of pr.r~oitoo

of ~onopter~ on stamborcro, (~opcius nnl!. cccido~ds of rice hcvo

been identified. These stuclies should dotermino tho relo plrwcll 1.-y

e\'.ch of thom. The chnr.c.ctcristicc of tho ccol0ciccl niche usee:

chould be defined. This inclul"..es tho st::Lu""O of the hoot-

pc.rsite, tho o.bility to dfect the hoat, pnro.oitis~ t".yno.mics in ..

reldion to tho.t of the hoot, tho lifo expoctcncy of tho pm-c.aito in·

the nbscnco of tho host, the renee of its hosts c.11tl ultiIik.1.tely

titc tlovcoont cyclo from one hoot to L.nothcr. Evidently, thoro is

mill "rery little inforr:t.:'.tioll on ell thoDc fc.ctors onC'. for the

rJoracnt, very fro.crnonto.:ry OOElorvt'.tiono should suffico.

However, SOIJO oimplo t1.......tc. crn 1JO cxtrc.ctecl froe thcDe

obcervntions:

- M eCG po.:ra.sitc io potentiu1.y morc importt'Jlt tholl In1'V!'.o

or ~~hol parr-.cito.

- A poJ.yphC'.couo lx,..rnoito is noro effoctiVe th.."'Jl a. "I:lonoph£'..gous

in so fc.r e.s tho inoect l:>eats tha.t \olC nrc ODl'lccrnod 11bout io ito

fc.vourito host. ~o surviw~ cc.pc.city of tho j!olyphC'-6OUS pClr(l.oito

t:urincr off-sco.son \dll ill fnct bo bottor tlu!.."1 tho.t· of tho

Donophe.eous l"ora.cite.

~ A prodntor ~dth ~ rc.pid c,yolo and 0. ro~~ka.blc hoot

Boarchin6 o.bility \odll be r.tore intorestinc thon ono l1hich develops

clolror or is not perfect~v ndo.ptcd to the rico bioiype.
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Thoro ia vor,ylittle nr..tcricle on pcthoccns nffccti.'>lO insocta

of rioo posts. Aa~cod rosenrch an cotton lopi~optorn c~ sorvo nD
n modal. Ik....ctorioloeiccl ~d viroloeical lnborntorios shoul~ be

c;rco.toc.l in llIrJ.cc to tLocI-lnth these su'bjocts ~(l to o:x.tonLl ther:1 to .----

rl....jor rico posts,

Studios aro also bainC conductocl ill Scneccl on l£ich0tECfffi

l-nlich feeds on u. tdde ron{J"C of posts but l'lhosO bo11cviour a.ecor<linc

to the specios or ra.ce is ete-blo enoueh to neceooitnte rosec.rch on

the bost cdnpta.blo crlrci."lo to tho rice r'.roa. c.S \Toll o.etho pect eCCe

th......t they t".ro likely to meet. 1Iult il')liea.t ion of those paro.Elitos

before they ere releasoel io r'.bsolutoly necessr..Iy if o.ttcrnpts o.t

introdncing thoso po.ro.sites nro to ,bo ouceossful.

••••

- Obsorvr.;Ho~B of this typo cosocir'.tecl 't,dth tho kno\110c".ec of

pr.rt".oitos of tho SCLlO pests or silJilcr Dpecioo livinC in othor- ' ' . .

continents (rnci.nly in S.E. l..sio.), '\-lill Irko it poosible,' to 1~020se

biolociccl control I:leCSUI'es co cs to introduco uooful SpOCiOD .likoly

to occupy c nOl!lceted "ocolocicc.l ni7hcu from one cOl¥lt~,to tho othor.

- t'1'ith t~D. objective in viell, some projcctD h......vo b'ccnplr'llllCt1...

One of thee hns sto.rted ~"1 Ccsc.m.:mce, ScneG'~. It i:lvoh"'Cs the

llltroc.'!.uction, of the po.rr'.sito .~").~t,o,l.o.s 'f},r'.~;-'O.S on tho stccbererD

of the ccnus Chilo•. a."

It io nocesoory to undertake 0. serios of ocolociccl antl

biolocrical,stuclios a.s 'troll o.s to' formulnto methods of broodinG hosts

('Jlc". thoir pt'..I'o.sitos. This hr'.s boon aohieved. in soce oa.ses - in!

sternborers of cramtnoce for excmplo. As far co'othor posts ero

concerned, no still lle not hew r.tlcqucte mot'J1o to ensuro lcrcre-scuo

~ltipli~o.tion of thoir pnrnsitoo.

Internc.tioncl linkc ohoultl bo further -Gtroncthonocl to -.

fccilitnto o::CChMeoS NlL".toncquire n better lalotrledeb o:f' control

pooaibilitcs.
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The new discoveries of baculovirus properties should
serve as an· incentive to thoroughly explore these
possibilities. These'microorganisms are quite poly
phagousand can multiply thcmselves rapidly after
dissemination among the crops. They can, therefore,
have LIore interesting results. than that of Bacillus

. . .. .
thur~E~.~~ which is not likely to multiply after
dissemination. ·How~ver for now, these are merc
speculations and future undertakings.

:Phasc 5 Varietal resistance

To return to inte~rated control proposals that are
morc read1ly accessible, one should recall that the
selection of re.sistant varieties to insects takes place
when a nGW SQt of varieties is adopted.

Rice rcsistanc.e to insects is never abso~ut;J as it is
to certain disuases.

Seloction should, however, take into account tho
diffcrcncus in susceptibility of th0 va.rieties undur '
study. IJIi was observed that, gQIlcrally, increased yiqld
triggers off increased, insect attacks.

If caution is not cxercised, thore is tho risk of
selecting susceptible varietius and losing tho bcnofi'ts
of c:xpuctud increasos. The antibiotic. factors, some:
of which arc already known, should be investigated to
correlate thom with the physical or chemical chara~turistics

of the plant such as tissue durability, silica quantity,
stomthicknoss,tilling c&p3.city, sea.son durc.tion,otc.
However, correlations are: g~erally numorous and a
single characteristic cannot detonnino a sel~ction method.
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In Casamance, as in Ivory Coast, it nas decided
to incorporate the observations on varietal suscepti
bility to mcjor ricu insects into each vcriutul
seluction programme. For this purpose, a distinction
should be llUldc botwo~n ontibiosis, 'per se end c.ttractive
nuss or preference which is only a relativo factor
without much usc.

Firstly, thero should bu a susceptibility
classification of traditional vnricti~s.

Practically~speukin~group trials wi~l be
conducted in a.djacent rows ill which i-=, will bu possible for
varieties to show differences due to cttrcctivcncss as well
as antibiosis. Replications with various sots of
varieties cnn pcrtially correct the effects of attractive
ness among variuties. Obsorvations on selucted variotios
should be 'mude on lcrgcr ccragu., Field studios aro
important for they are conducted under naturcl conditions
which ,cannot bu 'replaced. The re'sults obtained for tricls
on small acrage arc to be viewed with ~~ution. :~ lorgu
number of replications will co nocCJssury" (c.t lecst 8)
to modify the variations occurring in such tests •

. Secoridly, the tests will bo 'confirmed by monitored
infestation trit'.ls in order to have en homogenous posts,
populatiu:;:l. Thirdly, the trillld in l1lorta.lity rv.tu durinf,
tho postfs development willbo,obscrvod to confirm tho
anti~;otic qualitiCJs of alruody selected vc.rioties. The
objective .in this phase ,is to look for varieties which can
servo CD rcsistonce-co.rrying typos to be introducod in
solp9tion.programmcs.

In Ccs~'1.nce, at prosont, uxpcriDcnts nrr; only
______--=-c=C1l="lirod on the firE:t pho.so. Tho sCJcond phese is in thu

propc.ro.tory stcges r.:nd covers resistonca in ,CAilo spp.
In Ivory'Const, tho first tvvo phasos ara underway vnd tho
third under prcpcxction.
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OTHER RESEARCH ACTIVITIES TOWARDS mTr:GRATI~D P:i:ST CONTROL. ... . ....• «. . .......... . ,..... ... -. .
Phc.:!'OtlOllOS : Supe:r:visc:d chULlicc.l cs well cos----biological control ruquiro Co good, knowldgc of populC'.tion

dyn~cs. One of the possible 8acus o~ cssussing population
dynCIuics is tho trapping of (l,.dults to dct\Jr-.LJlin6 the

differe:nce in population c:'a.nsi"liy, before.. thu c..ppearoncc

o:f d::'..L1C..f:;c.

Light traps o.ttrcct c considerablo number of
insects but o.rc unsolectiv'-l end inconsistent (ve.rio.tiens

, '

in lighting, wind c:f:foct on (l,.jjtrcctivity, influencu of tho

m00n) •

Tho usc of soxuC'.l attrc.ctcnts is 0. highl~/ suporior.

step. Phero~ouet c substc.ncc ruluc..scd by the.: s~xucl

310nds of onu of the SOXGS C'.ttra.cts the other sex of the
SDXuO specius. qcncrally, it is the fcuc..~c pheromones
whi.ch cttract tho IaO.lus :frr)l'1 thw distanoe thoreby

fa~ilitcting mating. S~udios on pheromones, of LupidoptorGU

undertaken over the pe.st few yuc..rs hE'.ve led to the
ono.lysis o~ pheroDones released by ec..ch species cs wo~l us

to tho r,~c.nufo.ctupo of synthetic products which C['.l~ b\;

usod in trcps. It is for this reason thct synthetic
pheromones ,of several Lepidoptora of cotton cn~vegotable

ha.vu recontly been devolopc.::d.

This yoo.rwith the c.ssis·to.n.c a of INBA C'.il<1 !RAT,

tricls of sovcral specific phonor.lonas formula.u of phi],o

zc.cconius have boon undertc.kel'l by ISBA at ZiC!>uillchor,-...............................
Scncgo.l. Dna of them ho.s proV'ud effective.' Its
rCC;iuirumc.::'l'lis for use will be studied thisyco.r. Otll0r
studies C'.ru underway to in.vestigo.te the pheromoneo of

other African rice sto~borcrs.
._--,-_._----
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INTEGRATED AGRONOIlIC IlVlPROVEM;mT. . .. ..

Agronomic, .ip1.p:r:o;vemenj; which tends to facilitate
plant growth as well as :L'tlnreased pro ducti.vi tyhelps to
give the plant a better resis'~ance to pest attaclcs.
Thus it will be possible to contain, to a certain
extent, potential damage due to defoliation if adequate
water supply is ensured and rapid growth at the
beginning of vegetation is facilitated.

Every aspect that is conducive to tillering should
be investigated when there is a danger of attacks by

diopsids, stemborc:t's or gall-mici.ges~ An application of
ammonium sulphate at the mid-tillering sta~e can act. as..
a stimulant to adequately comp~sate the plan~ for lost
tillers.

Some polyphagous insect pests invade the rice
fields from outside or feed on grass weed growing in
canals and drains. This is the case of armyworms
(Spo~oPtera cXiBua), mites and the coccinella ~aphna
SLmilis. Monitored observations,.wQcQ Qantrolor
possible insocticide treatments cm! contribute to
contain some of these infestations.

Pest contr2.l•.b~ .a.£onomi;.c m..o..tFodS can also be
accomplished by tho following:

Short durE:.tion flooding of a. soodbed or rice field
during tillcring can help eliminate th~ attacks of
ciwysomolids Hispinao (rice lice) or most leaf feeders.

On tho other hend, tho drying up of a rice field
invaded by ~h~~.~ spp. is an effoctive means of

_______~_.Ql_imi.nt1.ting th_Q __Qr:..tQrDillnr.s_._whic~_~.E!.qua.tio.... . ..-------
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After harvest, tho ccterpillars of !~~~~~
sOJSratcllc which hibarncto in stem bcscs could be
eliminatcd either by stubble ploughing, drying up
the tufts, or if possible flooding the stubblcs
to accelerate degrndction.

It will also be cdvisuuble to r~mOVQ off-sunson
rice regrowths in rice fields, cennls and surrounding
dra:i.ns, us well e.s wild rice (PEYz.~ qartpii end Q.
lopgis.taminotp) which is 0. focd substitute tlIld a. host
for most rice insect pests.

All these operations adapted to uach agroocologic~l

system complement each other end if curried out cen
effectively contributo to conta.ininB of the spread of
certoin posts.

CONCLUSION
.... pr

Integrated pest control in rico cultivation in
Africuis still ct its initie~ stages. Despite tho
uvailcbility of basic sci~ltific dcta, un in~depth

knowlodge of cgroecosystcms end interactions bc~vucn.

plants, pasts end ~~cir biologiccl environment \vill
still require extensive rese£'.:r.'ch to perfectly design
models of control tochniques integrating all thu
compononts of the system. Although this ccnnot bu
c..chieved in the nor.r future, He C~, hovlUvor, folloiv
genarnl guidclinus ""hich i.."1 o£>.ch cesu will permit the
USc of the best possible solutions by ~voiding orrors
resulting from the incom~~tibilitiesof soma of those
solutions.

----- -~------------------ ~- ~--~----------"----~------
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, ESTABLISFnNG'Mm USING ECONOI':TIC THBE~OLDS." r.. . •. , ,. •. _ f ..
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Delo G. Bottrell
University of Cclifornic, Berkeloy

Consortium for nltcrnctioncl Crop Protection
2288 Fulton stroet, SUite 310

Bcrkul~y, Calif'orni~ 94704, USA

-
ECONm.D:C THRE ::HOLD EXPLAINED

As noted in onothor paper at the training course
(Dc.le G. Bottrell, Principlus of lntogrctod Pest
Mnnn~cmbnt)i ,int,6~ctcd pest rn..'Ulc.gcni~nt' (n>ri) ~~~lOS thct
ecch of the rClJUtodly",!l..'"1.roful sp.;cicsin a cropping
ecosystom hD.s c popul~tion lovel bolow ~jlich thoro is no
economic injury: The popu.ll:'.tion level thc.t d'otcrnlines
whether the pest orgcnisll has o.ttc.inod, toroc.1:r pust ',_
status is called thu ;;,cconomic threshold. Si He:ru, : :.
~conomic throSh~ld is defined c.S the d2risity of c'pust·
population below which the cost of' cpplying control,
mec.suroS OX9codsthu losses ccused by thc"p.:st (staIn,

, .' .

1973; Glnss, 1975) •.

To ostablish tho economic threshold, the ;;ucCinemic
injury level;; first must be dotc:rnincd. Tho oconooic
injury level is tho point at which c p~st populction
hegins to cause economic loss. As illustrated in
Figure 1, the ocononlic injury level is slightly gl'cc.ter
than the economic tltroshold level. This difforunco in
populction densities provides c l~rgin ot scfcty for tho
title thE:'.t elapsos betwecn when tho throe.toning infes-

.te.tion if;L.do:.lic.c:trui~.cn.d..-w'hc'" the post control trot.ttlOll b

is cppliod (Sta~l at ~l., 1959).
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Fiqure 1 Relationship of economic threshold and
- economic injury level

Equ1librium position

-\--
Economic th~88hcld

Time

--- -- -------~--
----_._-----_."-_.,~.....----_.-- ..-
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In other words l the uconouic ·threshold is the point
e.t which the true. t-wCIlt -crust be cpplicd to prevu.."1t c.
post ~rol:l reeehinG the cconol:lic ll~jury lovel.

Key pests--those s(,;rious sp-.:cios VJhich recur c.t
rcgu1er, end often feirly prodictcbla, int~rvcls

(rufer to trcining coursc peper by ~.lc G. Bottrell,
The Koy P~st Concopt)-- g~crclly cxc~ed tolercbla
levels eech yc~r in the ebsuncu o~ control cctions.
T"14.....t is, their cvcr~'..gc; donsity, mown r.s :;e:quilibriUl:l
p08ition, 51 exceeds the oconooi.c tlu"osl1eld. Intogrctod
post L~~cgCDant efferts cia to ~~ipulcte th~ anviron
Dent so to reduc~ c kay p~strs oquilibriuw position
peTUk~cntly to G l~vul low~r then the ~conoDic throsholG,
uS illustrated in Figure 2. This ruduction r~~ybe

uccolJplishod using throo priIJ..""..ry n...'"'l1cgQl.lent cOLll1on~ts,

singly or ineoubinction:

-- Delibercte introduction end estr.blishw~lt of
naturel enouics (poxcsites, J.jrcdr.tors, disec.sos) in

r.ro~.s where they did not previously occur.

- Utilizr.tion of post-resistont vc.rietios of
crop plents which ceuse c reduction in tho pest's
equilibriUI:l position or which sil:Jplytolerc.toliho
pest nt oquilibriuo ~osition.

~odificction of the pest cnvironoant in such
c. wc:y us to increese the effectivenoss of thepostls
biologicc~ control r.gcnts, to destroy its breeding,
feeding, or shelter hr.bitet, or otherwise to
rc.."ldcr it hc.l~oss. Exr.nples include crop
rotation, destruction of cro~ hnrvest residues, r~d

soil tille.go.
------------------------ ... _----------------.----- - ------------- ---- -- - --------------------------
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Figure 2 Lo~erin9 the equilibrium poaition
of 4 pest.
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U~ilizqtion9f tho bc~t coubinctionOI nctur~
an~ies, rusist~nt vnricties, end unvironDGntcl
oodificction DnY oliwincto tho noed for further cction
cg~inst ~~ key posts except undor unusual circuws
tqnces. Nocrly po~~unt control of key nrt~~opod end
discc.se post of SOf.1C egriculturcl crops, for o:::c~.1l1lc,

has bean cchieved by inteerc.ting such culturc.l .11rccticos
a.s plowing ond tining of ir.r.i~~~~o~.:witho pest---rcsistc.nt
crop ~xioties ~nd consorvction of netura.l un~~

popula.tions.

For tho occesion when the key pwsts have :fl~..rud

up or tho secondcry pests ere out of control, r6nediul
r.1ccsures I:lU,st'C'c tclccn: (se~ Fic,ura 2); pesticides rJr.y
be tho only recourse. In into6rcted pest orncccocnt

, .

proercos, seloction o~ tha p~sticidc, dosngo, ~nd

trco:tocnt tina ere c~.refu11y coortlinc.ted to ~~void

ecological disruptions and other problons cssocictad
with the iopropcr usc' of pesticides.· Econo!.lic "thrcsllolds
sorvo to identify when end where tho rCDoClicl Dec.surcs
such as pesticidel trectncnts cr~ truly justifiud.

COST CONSIDERATIONS

Figure 3 dCIJicts c. Sil:lplifiad econcuic threshold
for a. crop post~ The net crop inconc dccrecses ct en
incrcnsine rete eS post density incrceses ebove e crop
tolerance lovel (Nl ). Control costs to cchiovo vcrious
post densities ere repros~tad by tho curved brok~~ line.

The econooic throshcld (N~f) is the past tlcnsity
(or CI.1ount of plant dCL~eO) et ~hich incroucntel costs
of control just uquc~ incrooentnl crop r~tur.ns. At N*
SOTlC crop· incoru}--4s---sc.€-ri-:f-h~J-{e-~~-)-.--------------
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Figure 3 Hypothetical economic threshold
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Above N* the fcrLlcr would fail to Bot cd~itionel

crop rcvcnu~ III proportion to tho eraeter cost of
control. If controls ere initietud succossfully ct the
tolcrcncc: or de..1..1C.ga thrcshol<l (Nl ), zero dc.u..n..t:a \!ou1Q
occur but thu costs of control wculd ~ot bu justified
(Cc:."'lson, 1971).

Tho concept of tho ~cononic thrcsnol<l is ~c~lcl1y

ouch Doro conplax th.:m this il1ustre.tion; CCCl1.0i:lic
thresholds DUst accurc.toly rufluct l:.1..'"'.Ily cU:'lpl(;:~ r-.nc.1
intercctine vurieblcs (FiLurL 4). Idccl1y, thoy ~r0

based on cccurcto CSSCSSLlcnts of tho pctcntir-l Q~~2CC,

tho h~n risks ~1d unccrtcintias involved, c~u tho
ucoloeiccl, socioloCiccl, ~d c:cton1el econoDic costo
of control.

D:,,;tern:i.nction of cconorlic thr..:::sholc1s is cspecic.lly
cOI:1J,)lex when LIoro th~'1. strict profi"to-lo ss rol~.JliiOIlShips
ere involved (Sterk, 1971). For axe.r.lplo, d[,Ll~C;J th......t
cuuses nutritivu losses or cdversely effects thu
usability or pc.lctcbility of c focd product is fex uoro
inporte.nt th['..Il dClJne;e thct r.lOI'ol;y- [~:rfects eppocr['..Ilco.

Establishing economio thresholds is even more d1££1cult
when a oro~ is cttcoked b~ a conplex of pects. rf.hen a orop is
attacked by ~ pect cooplex, growero

r:.cy ('.sk ,....,hc.t shoulC:bo c.ono when the crop is infested by
pest spocies, A,B,C, end D, nOlle of which I1GS rccched
the ccononic throsholcl but oc.c11 of \";11ich l:1Cy bu within
onc-hclf to thruc-fot~ths of it. Arc the effects cf
tlultiplo infestctinns ndditivo, synereistic, or
~tnGonistic? ~~OE~ bcsic questions hr.vc roeoivou fcr
too little ctt~ltion, cnu oxp~rincntcl tocluliques

_____.. _. requirod:t:.~!_Eo~co.rch on Qcononic thresholds for st
cotlplexes hc.vo lceecc1. A substt:'.nticl ros(,;r.rcll effort
is l10cuSScry to fill this void in Imowluc1c.:;u (Glc.ss,
1975; rncin, 1977; Stern, 1973).
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Figure 4 Factors that determine the economic

threshold for a plant disease pest
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BE SIWlCH REQUIREMENT

Thoro ere no st2J.1ck.rcl tuchniqu"s for cltwr•..:.inine;
the rolf'. tionshilJ of lx;st c1e.tlC'.G(; (or j,,)C st inf(; stction)
luvol cnu crop loss, ['.s ruquir~d to ustcblish oconcDic
thrQa"'lolc.1. Sor.lo of the cm:.r.lonly usC,;cl, teclmiqu.:::s f'.re

discussed.

A cornon Droceduro of ~towol06ists involves tho

USe of suall experincntcl field plots, situcted side by

side, ccch subjected to c different levul of insect

density. DifferQIlt lovols ef IJast c.tteck ero r'.chiovod by

r-.rtificinlly infestine the plots' plGI.l"~s (o.e. inf.;;s·liinc;
plents in tho field with insects rcureQ in tho lr'.bor~tory)

or by controllinc; tho (1.onsi tios of the nnturcl infcstc

tions. Probc.bly the best 10lo~n i..:.cthod invol~os the ~su of
~ll, rcplicctcd cxperinontnlplots that becone nr'.tur['~ly

irlfostocl with insoct IJests; oc..c11 rece,;ivQs ::'. c1iffol""011t

level of insec~ici(lc troC'..t::'lCn~, u~".lly producinG froLl
0-100 percent control. Tho l:lothoc.l has widu epplicGtion
but tho choice of QxpuriwQnt~l dusiQl is criticnl

(Stern, 1973). S~irJ.I oxpurincrltcl piots IJC.Y be c. 1)001"
choice if the pesticide trcc..tncnt influencos plt~t :

CTowth or yield. For cxnnplc, the usc ofsoue syst~Dic

insecticides Dr.Y Give increased yields, indeDcndontly
of the insect infestations; therefore, the yie~cls of

thu control (chock or .untrec.tcc.l) plots c.re clisnclvro.l1tc£;eu,

l'oec.rdless ofthu' pest <.1onsi tios thc.t c::.uvulop in thOl:le.

Other pesticides L~y be phytotoxic ~ld l~.y c~use yield

lossos; yiolds of thu trento<1 l)lots thorofore l:1C.Y be
J.scdvc.r.tcc;od if thos-o-·l)osticic.lus c.ru-used.
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Another error in cxpqrioont~ dusicn is -eho usa
of su.'"8.1 IJlots siii'U['.tad sL10 b~" SiLe: vvithou.t sufficiunt
speeD bu~vDan ~ny tUQ,plots to buffer insocticid~~

sprcy drift frou onu to ~10 othur (S~cr.n, 1973).
Thu inscctieidcl drift Lk~ not bo sufficiently ~otwlt

to kill the: posts in the control plots, but it D~~

kill ~lscCt ncturcl cnouies rQsiuine in thuu ~lQ thus
unlecsh th~ pests thct the nct~~cl cnc~ies re~ul~tcQ;

this would eive trectad plots u yield cuvcntc[:e.

To Bot reclistic results,the expcrinents sheulu
be conducted on fcrwers fielus; tho plots should be
buffered freQ control prcctices beine used on thc
femers' fields. All vericblos (o.G., soil fertility,
irriccticn level, tillc.[:e) but tho teclmiques beL"lG usec1 to
v~.ry the level of IJes'c infestctiol1 should bo he1cl
constcnt (stern, 1973). The s['.1:11)10s Dust be sufficiontl;>r
lc.rGe c.nCll:.1Ust be tckel1 uniforrlly over the plots.
Swell sauples l~CY m~ffieeif the pests ere miiforw2y
distributed ever the fielu~d plant 6TowinG conditions
aro unifon:l. Lccl~ of uniforoi ty in' distribution croc.tes .
specic1 probloDs when ostcblishine econonic tlurcsholds
fer nei~"'..tocles. Because of clifferOllcos in soil j)uttorn
and the relativo ii~lObility of not~todes, n61~toda

distribution within c field. rmy be hiGhly vcricble
(Bcxker end Nusb~~J, 1971). It is useful to seek
advice of str'.tisticicllS, crop l)hysiolocists, Q.ll<.l ,others

,

who nay offer SUBcestions on chci~e of expericents to
estcblish eoonooic thresholds. It is pcrticulr'xly
inportcnt that crop oconouists ere contcetou. They
should bo tc.ueht tho l)rinciplos of oconor.lic thresholds

_________________ g.tld_§A.91lJ.a._p.Q_c_QnsuJ.tod-Ckbou.t, thc. __ cc.oD.omc.reclitic-ELof---.---.-- -_... -_.
throsholu vcluos VAlich ere to be ~doptoQ by tho fcrwors.
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A wi~oly uscu toclll1iquo III cconoui~ threshold

studies on insect ~ests is to pIece screen c~ces over
field pl.cnts c..ntl to introduce vcrious nunbers of l1ests
into the c1iffercn·~ cC.[:;es. The ccce tcclmique i:..1...".y elso
bo used instuc1ies on other invertobrcto posts (o.c.,
slues end sncils), cnu rodents, for excnplei Hc~ever,

soua ceeos ney urcsticclly c~cnea tho nicrocliLnto
cround tho pl~ts, landinL toorronoous results.

Sil:.lUlc.ted Ik'.l:1.."..r:a---_,_.-'...............~
Nur.1arc.us investicntors kvo cttenptecl to sii.::l.l.lc.te

pest injury by rancvin[; or injurinc locvos or ethor
plcnt pr'..rts. SirJUlc.tion techniquos llcveboan.doviscd
that UiDic injtu~y by insacts, disocsos, anQ rodents, ,

for excr.11)lo, end hc.vo Hi<lo c..PIJlieetion. HC\"levor, the
sirrJ.1c.tec1 c1c.r.1.......ce L1.".y not c.doqU£'.tely :lioi'c the clc..rJ......[;e of
sone pests. Insects r~"y porsist over u pariod of tioe

, .

or inject e. toxil1thc.t doos not procluco !rn effect for .c.
• I • _.

relntively lone title e.fter beincir,ljoctec1.Sor.:e .
clisec30s end insects attack only the, llUreins of c leaf.

• J

or ~othor swell hnbitc.t eroa ~d sonccttack only
loc.ves of 0. cortnin aco. rJIechcnicc.l injury thet

Sil:.lulo.tos injury by ona pest spocios.rJD.Y prcc1i,SlJoSe
tho plcntto injury by n different l)ost species thnt

4" 'J". '.

is c.ttrnctOtl to the injured plent lX!.rts. Thoreforo,

tho dennee s~nulation,techniquo should ,bo usou anl~

aftor tho bahe.vior end ecolocy of tho pusts encl,l their

intarcc~ions with tho plmlts aro woll-knov~.
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r1ic..tho:~.ticcl •.10c.1els of lJlc-..l1t erowth, crop yield,
end post populc..tiol1 t~Yl1c-.w.ics offer nuci.l. potellticl in

sr...c.rpeninc tho c..PIJroc..ch to the estc.blishu,c.nt of
econol:lic thresholds. Couputer lJ.otlels that provicl0 r:.

thoorcticCl explc..nntion for tho self-liDitinc effect
of ~jt~ious or co~~otitive crccni~ls on crop yield
hc..ve been doveloped. The nuwbqr of these Dodcls is.
increc..sinG. Yield loss cc.used by pests (Qope~dent

vc.rieblc) tlC.y be eX11ressetl c.S the St'h:.l of line~.r

functions of other (intlepcnu.ent) ilJIJortcnt vc.riC'.bles.
SUch Doucls nrc p~rticulcrly usoful if they prcvi~e

estil:lctes over ti~:lc Clf luss end c.ccount for Chc.llCCS in
wecther, plC'nt LTc~th, vclue of crop, and other vcrinbles.

Jpterpretinr:j t,~~ Re sul~

To conputo oconoDic thresholds requires
roC;ression of yielcl reduction on pust population level.
If y represents loss (cxpresse:l ~.s c. percent cf crop
yield, for eX~1pld) end x the pest populction lovol
(e.~. nunbers of pests per Deter of plant row, PCI' 100

plents, or ~er hectere) or 'tho plmlt dcrJCcelevel
(e.c. percent leci' ureu druocEe, percent dc~ceec steus),
then in its silJplost foro, the relc..tionship woule be
lincr-x; in other worc.ls the level of 10ss "'-IOulll be
directly related to the lovel of the pest pOlJUlntion or
pest injury. For oX~.lpleJ when x is 1 and y 10 (10 tiL:1oS
cree.ter than x), thi.m when x is 1.1, y is 11 (still
10 tiuea eroater than x), and so on. However, levels
of post L1OJ.1tl.ce- c011d.--crop -ITru.1nLO- r.lC.Y-I16-t~c.J1[;-- III --fficl;-;-----------------

often nre no--pcrfcctly ccrrelcteu C'.nd the relntiu~lship of
p:!r-J'lt u.OJJC!.t;O and yJ.,--ld recluction l:.1r:.y not we: linec.r.
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Statisticians should be sought before attempting to
design the ex:p~ri.iuents end to interpret the results.

Case Historx Stu¢l..y for Rice·

The following SUImIlarizes a study b~Poch~ et
ale (1981) to determine the relationship of rice damage
by rats and yield loss in Bangladesh: The effects of
simulated rat d8.l11age (stem cutting) or IR 8 rice ;y-ield
was examined. Fields were subjected to fOUl~ d~uage

levels: 0 (control, 10, 25, and 50 percent of the stems
cut. A modified split-plot sampling design was used
with ten 1 "square-meter plots tested at each dama&o
level in three growth stages: tillering, booting, and
maturity. Each "of the 120 plots (2.400 hills) was
harvested and yiolds compared by Analysis of Variance
and Least Significant Di.fference (I,SD) tests. Ten
percent of all stems removed during tillering stage
produced growth compansation and a higher yield resulted.
Trends in rice yields fer different damage levels
showed that ". tho later damago occurred, the greater the
yioJd loss. An LSD analysis of yields for the damage
levels revealed no significant differences during
tillering. At booting, significant differences (p less
than 0.05) in yields were noted with more than 10
percent of tho stoms cut. At maturity, yields for all
damaged levels differed significantly (p less than 0.01).
Tho results of this stUdy demonstratod that rat dWuage in
ric. up to the "booting stage did"not affect yiol~

significantly. From an economic standpoint, rodent
control by field bui!iinK.'pc~Q!'9_J)OO.t~;:J~'J.-Q_j.s J:!Q'"l;...._.__.... _

recommended in monsoon rico.
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This cXCLlple illustratcs the import~nce of the

effect of plont'm6.turi ty- on economic threshold
determination. The economic thrcsholds must be
adjusted to account for chvn~es in seaLonol crop erowth.

MONITORING REQUIREMENTS

TO,the farmer or crop protoctio~ speciclist, ~
economi~ threshold ~s m9rcly a ~uago to determine the
need for remedial control measures. Monitoring tho
pest populotions, l:1nd· the nr..turcJ.. con ':irol factors cc.n
establish the need, or lack of need, for those measures.
Population monitoring is conducted in a variety of ways.
The most common rJ.o·~hod consists of field surveys of
post control scouts or the farnlers themselves, using
various techniques which are discussed in variuJ.s othel"
papers at the. training course. V~hen surveillonce shews
that a pest pepulation iS,rising to dacaging.levels,
despite the presence of nctural controls. or the
primary ~age~ont co~p0nents. such aS resistant rice
vcxieties, steps rJa.y be necessary to prevent· sie;n.1ficnnt
crop damage. The economic threshold tolls t~e fnnJer
or crop protection specialists when to apply .tho
reuedinl mGa~os. Ro@cdial wcasurcs that cause UlllimUO
disruption tc theno.turt~ cneoies should be selected.
It is unwise to rely on nuy control rJcthod thc.t disrupts
the natural control systora even tOwporarily unless there
is great certainty that tho target pest cen be porLk~lently

e~.iminatod or unless other ~.lterno.tivefl fail.

STA~'US FOR RICE PE ST S

It is corte.in thc.t UCll,"" rice pests can cause
devastating losses if cllowod to go unchecked (a~r

et c.l., 1975).
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However, ct ~hct pOlllt roucdicl action is called for,
or whether it niGht bo delc.;y-ed or cntirely o;:ri-i;tod,
has not beon cst~blished for ucny r~co posts. Dost of
the work on ocononic thresholds for pests of tropiccl
rice has involved insoct pests inhcbiting
tropical Asic (FAO, 1979, D,yck, 1978). There hus
been little work to cstcblish econooic thresholds for plcnt
pathogens~ nonmtodes, end weods.

Estc.blishinc; and using econonic thresholds lllyolvo
wuch work end often considerable expanse (Gless, 1975).
The oconooic thresholds Dust be constnntly revised to
['¥ccount for chC'.Ilges in crop growth, crop v['.ri.ctios,
nctural cncwy populntions, cnncgenent practices,
warkoting stcndcrds, ondcODl.10dity prices, for cxcnplo.
However, even crude thresholds are better than none,
osp'1cinlly for sporadic pests end thoso to \"Jhich the
rice plants hcvea recsonnbly higl tolerance. Ltcr.ning
the characteristics of rice plant ~TWoth end crup
dovelopwont end keen obsorvc.tion of tho posts for
scvorc.l genorcticns erc inportant first stops.
Initia.lly J IPM proC;rcns t:"1.1Il be be-sed on crude econo::1ic
thresholds.. But tho thresholds should be constc..ntly
oxm~L~od c~d refined, if. noedod, cs ndditioncl
info~mtion rold exporience becone ~vnilublev
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The teclmiques for scnplinG insect populc.tiollS ir:l

one of the first principles en entor.1010[;ist lOf'..rn8 ·~o

enable hiD lalOn Yihat species cncl nunbers of insocts

found in nn c.ren. &1.':1pline; is only a tool v.'hio11 the
entoDclogist usos to obtcin infCr.cl['.tion,. whicp C~ln:ot be

eot throueh OIly other v,ny.

Insect popul['.tioil rcy be s~Jpled to deteruinc

oconooic thre~holds to wcke ceenful L~toereted Pest

r~aeeDant decisions, life/po~ulution tables, po?~lction

distributi~n, pest intensity role density/yielu (crop less
c.ssess1:1Q...,t) •

Factors i;l:o..t influence s~lpline proCrc.l.]]e in Go

field of rice include:

ro.. Ecosystel:1 crec.ted by the [;rowth of rice e .c:;.
seedlint, tillorine mld uilk steees.

b. Behc.viour, Life cycle. hc.bi-c of insects eoe.
Nocturnel, or diur.ne~ flicht ectivities;
steoborine, lenf actinG or suckinC he.bi ts.

c. Purpose or type of scnpline - Extensive, CCyeriJlt';
0. lc.rc;e c.rec or intensivn illvolvine; sc.r.1plin.::; of n
sinele populntion in c. l;~liteu cren.

d. Distribution of populo.tion - e.e. rcndoD c.ccreect\ 1
()J:'. ¥A!:f()rl:1 type of. eli ~tI'ipu.'iiion ~ ..

e. ~~rlinG unit, selection end size of cree unuar
studinGs (s[',r.lplinC urn .~ for hither clensi ties

i~liGht not be suitC'..ble for lovler
clcnsi tics)"

f. SoqueutiC'.l s~..l:1pli..~t.
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In sc..r.lpliJ.1C, i7hule J;lopulc..tiun cm .J.o·c be l:!ec.surod,

so SLk~l portions of pupul~tion is rOwoved in ~ scuple
end tc.kcn c.s relJrosontCltive of the v:hole J.)opule_tion.

Ropresentc..tive sru:J.Ille is so~etir..1o diffieult to obt~il1.

However, inforwc.tion obtciJ.l throuGh this seJ:.1IJlillC

consi1orably reducos tiue, effort end expensu.

The follouine ere sono of the nothods.of col1octL~e

insects end assossine insect po~~ntions:

Insoct swoop nets
Mouth c..spir~tors

Traps e. c;., sticl~, lie;ht, sex pherol:lone trC'.lJS
SUc tion l:1."..chino s

Counts per unit offort

Visu.."..l cou.."1.tine;

Products of lllsocts o.C. C~lls, fc.cces

r:loC'.surinc dcr.l..'1.[;e done by insects

EstirJCtion ~f p~rcsitisu end predationQ

Dc:rj.nitions:. . .
There exi:Tcs tochnicc.l voce.bulrxy of C'lly se..tll)linC;

IJrocrnrJrlC:
1~ c;sCl:lple:; consists of c. sn:1.11 collection clrC'.vlll fr0:J.

t"" lo.rE;er lipopult".tiOll" c.bout which illfor':lr..ticn is l!.esircd.

Tho scoplo obsorv~tion (n) in the s~J~le is referrcQ to
o.f=l Hsol"..lplo sizo,~; while thu physicnl cooposition C',.l1u.

tUl.eni tudo of :::. Slllele sCLlple is ce.lled tho Hscuplo unitit.

a.e. &~lplo u.."1.it oieht be 5 swoeps with 0. sweop not;

0. sc.r.llJlo sizo of 10 units would ·~hcl1 ir.ll)ly 10 sets of
-----..•._------------.-_._----~.---_ ..---_.__ ._-_ .. _-._~------- ... -. .._-_. __.. ~--_ ..._._------_.~-.------,-----_._ .._-- .•.. _------ .._----.-----_.-._-_....__._-..•----_..-._-_... -. . .. _._-_ .. _._--_._---_.-.+-.-_.-...---_._-._----~_.-

, s'weops ec.eh •

..~;" .:,'" .
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Units portc..ininc to the rice plc;.Ilt c.ro:

1. StOLl (cr IJortion of c.. stOLl)
2. Cluster (or Group of stc~s). -.

3. Hill (c nc·~~cl eruup'of cluster wf stow)

4. Clu.ster or ErOU1J of hills.

Unitspertcinin~ to borers ~u pcrcsitos ~~'e:

1. IndiviC:unl eC[5-nc.ss, lc.rvc., lJUlX.'. c.nd c.Quli.
2~ Cluster or Croup of ecc-nc.sses, lcxvne, DUP~o

or adults.

Unit IJertc.ininL to n='ec.."

1. Plot (various sizes or shc.ves).

The c.ri thnetie I:le;::n (i) is the ~~lost cOl:nonly

used C'.llcl is COr.llJUte:~ by

-x = 1...
n

whore xi represQ~ts the ith of the n observctions.

Tho Dec.sure of sprond r:.l:lone; tho n observc.tions is the
;lstol1ck.rd clevic.tion'; (s), which is cOrllJUted bJr

s /-i:'x. 2 _... ! (~x. )2_.:!: o¥ .. ~__
. n-

\

The ;;vc.ric.nce·; (s2) is sinply tho squc.re cf tho stc'llck.rc.1

clevie.tion while the ;istcnuc.rd error l : (Si) is

s.. = s
x ---yn

While the stcnd~d devic.tion i~ en expression of tho
_.---_._-_... ,.------ ._._-,.,

--------_._~~_..._---- - ------_.------._----------.- -.--".-._----- -.. ,.'-- - ._._ .•..._-----...--.-_.-_.__._-_._._---

sprOD.d cJ:lOn[; observc.tiuns, tho strnuc.rc1 error is 1:10::'..11 of

tho distcnce frOl:l 0:;= to tho true i:lCCl1 of the lJ01JUlc.tion
"'~

beine 13c.Llpled.

..,:•..



RV = (~x)(lOO).

Adult steubor.cr•s• C'Jl4. Arr.w;worl:.lJ .Cr-.s.e:vy..oro, rice .b~.B.E!'

~o te:r;:oIlLchus Og"zp.e.~.

Sovercl ratios Lro used thet coopcre the sDre~u

r:nonc: obsorvctions to the observed 1:10r;.nS. Tho
iicoofic'ient of vnric.tion" (CV) is u'efined cs

.•

sIx

375.
•

CV =

For cOlJprehonsive nccou.."1t of specific S['.l.llJlinC
Dethous end tecl1niquos reluvcnt to acolocicnl studies
consult, SOuthwood (1978); Nishiuc end Torii, (1970)
end COChrrol, (1963).

A l:lorc useful retia is the Sx to '~he x' which
cntonolocists usu...'1J.ly refer to cs iireletive vc.rintion~'

(RV) :

CV rnd RV ~re usefv~ in saupline proernrJDes beccu~o

s increnses nS x inc~o~ses end they nre unitlcss h~~co

'Joapc.r::'obie re[;c.rclle ss cf the sc..aple unit used (Rue sink

1980) •

Althoueh li[)lt trc.p ce:tchos, ::'oro usuclly
influenced by wind, rninfc.ll, tellDercturo end h~lidity,

they however provide u relativo Docsure of ~dult

populc.tions of stOl:lborors, un:lYY/Orl:ls, cr..soworw.s, rice
bUcs, and other insects. The lllsects ~rc trcpped
bocc.usa of their nocturnel flyinC nct~vitics. Tho use of
litht trcp presupposes that the trep cc.tches r..re directly
pro~ortionc.l to tile Doth populc.tion in n civen locc.lity
for c.. [;iven species 0.1 thouCh lu.nc.r effects r.U'..y influellce

.__ ._---_._.------.. -_._.----~.- ._ .._.~ .._--
-----'tl1C)~DVJ.IrC-r6.ii6~-
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Due to difforonces in photot~ctic responses

between species, tho nunbur of insect trc.1Jpecl clo not

however indiceto s~ecies co~position in ~ civen crUc..
Thcre c:.rc L1..".lly vc.rietinils in desi[').l ~d construction of
insect liGht trc.~s especiclly tile elcctricc.lly poweruu
or bcttory types. AlthcuLh efficient, they c.re not
suitc.ble for il:'llJ.ec'!.iete use in neny rice ficlcls. T.r.in
electricity is not ofton c.veilcble neer rice fields

end ouintanance of bntteries for licht trcps C~l lced to
recharGinc probleus. A siople.trc.p c'!.eveloped c.t \~~
specic.l Rosecrch Project c.t Rolcupr which coulcl be UEcd in

re~ote fields consists of hurric~e lCL1P htmc over c. bowl

contG.ininc n solution of 10% percen'l; fOnlc.ldehyde or 20

percent ethly clcohol which is lit dnily ct sun~.. sot end

insects trcpped sorted out weekly. Shed is built over the

liCht trc.p to protect it fr01:'1 the Vlenther.

Trnppine t1c.tc. collecte<.1 c.·t Rokupr over two sec-sons

for l~licx~n sepc.rctellc., the Dost predonUlcnt stewborer
...................~ «

of the wCl1crove SWc..l:lj,J nrc shovm in Fie. 1. The ropulo.ticll

chu."1[:;os of ~.9}l.oco~~ .s.9..~th\'IO.o.c.1i, !:!eter.,9.ny.0J.l~ PFX,z.E2. ('..11c1

RF.ec.cpo"01S sp .. , ere c.lso shm'.'Il es ere: ~t1;u:l;1!. Aiop~, rice

cues - .§tanoc.9.ri.~ sp, Rij2.~Ft.u.~ sp., As~"'..vic., A!-..l-?l.~~,

crasshoppers ~ !l~:oclYlJhu_~ .c1c.lr~les.i.~ e.nd .COllCPJ?}lr-.l;U,S sp•

..~~••swe.e'p D;.et: In uSint.; the s\,/eelJ net, the operc.tor
wc.lks throuch the crol.) holc1inC the net stretched s·l;rc.iell t

in fron with the openine c.lwc.ys f~cinC tho plc.nts to be
st~pled. The oDer~tor woves forw~rd swecpulC the seep net

so the:.t the Oj~C11inC of the not pc..ssos throu[)l the folic.co.

This ono forwt:'.rc.1 stroke is followed by e qUick br..ckstrolce

over the SC..i.'le vecetetion. E[~ch strol:::o of the net i~._ .._. . _
.-.---.----coUnt o·o:--nS -ono -S\~C oi)~·
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Nuober of insects ccucht ~l n ~weo~ is r£fcctcd by ~~C ceo
or heiGht of croD, we~thor, beh~viour of lllsect,
uperetoretc. De~anuinL on the size of tho plot ten
or two..."'lty sweelJs l:1r..y be tclcen.

stenborers
• • c·

l£'..TVce end pupr..e

li.n..lir..rjJl~: ~c:;)p..,rntellp_, .~e_~c:~ip~ S1). .9hil.o, S1) enc.l
Diol)sis sp., ere the COmlon stOl:lborers in the re::.:;icl1 elld.-
their larveo behr..ve different tron e~ch other. Chilo spp.

L_'-

prodonincntly stny ~l the Diddle end upper perts of the
1Jlent and ccuse ::deC'..u-hor:.rt:: cnc.l ;;\'lh:'-te-hecxt::. \/hile
rll."..l.im'j?hc occupies the lower lx'_r-;;s vf tho stOD..
Diopflis thorc..cicc. usucll~" C'.tto.clcs younc plents c.nc1.
,;;.,..,~_.- -
ccuSoS ;:decc1.-hec-..rtH •

One of the s~pling procedures for sC~1plinc levels
of infostction by rice stooborers is c forwulr:. ~ovclc~ed

by Oncte (1965). This fOIT.lulc.. cO~~nJ.only usec1 in S.B. Asic..
could be cppliccble to Diopsis,.Pp~l~ sD-, ~d Lcl1 wiu[e
in tl:c rr:Licm.

= No. infested hilla U04t infested tiller
No~hills obs"";rle I. x W() 'Total No.t"lllersx

in infested hills

100 hill s~~Dles seloeteu nt rnndow C~l be utilised
to SCUIJl0 r.lore fields r..ncl c..roc..s li1 0. [:.ivell tine or r:. unit
urn:'.. e.G. 2 sq_ 1:1 l:lr'..y be usecl.

Ancther fon:lulc devoloped by Goooz (1972) scucht
to Ltin~Jise tho errer if infustction is very lo~:

p
100

where;
p = _PQ~9_Q~t~~gj·~lqIl_oe
I = Total nurlbor ot ~fusteQ tillers froD ~~l lllfestoQ

hills in the s~lvle plot.
n = Total nlliJber of lllfosteu hillso
x = AveraGo nW:1bor of tillers PCI' hill frQr.1 infe steel

hills.
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N =. Totcl nU:.lbor of hills ill l)lot (both infe s·~ec.l
'uninfesteC), end

y = Avera£e n~ber of tillers per hill fro~ 10
uninfested hill~~

Since infestc.tiun of M......lic.r11h2. usu.clly ,c.loos not

show c.ny outwaru s~wtoDS, a uoru cceurcto but lcborious

Dethod involves selection of c certain nunber of hills
and dissectin~ ell tillers.

WARDA' Speci~l nesccrch Projoct at Rokupr sru~~le
.. '. -~ . .

insects on follo~lllC basis:, .
(1) 240 hills selected at rnnclCl.l por 55 x 401:1. plot;

for population d~~~Jic studies: weekly sctlplin5.
(2) "All hills'll~ rcmc10cly solect\Ju one - LlCtrc-squnros

sl:U:lpletlfor· crol) loss iil f.'eJ;'L~ors' fieldS. '

(3) 60 11ills/4 x5 wotre l:>lot in expcrir.lontel trinls.

~ M..".S so,!.

8.".Dple size is usually hidl end varies with the

lJJ.ot size Mel the extent of infesta.tion:. . .

hills a.re oX~lined for eCe ~~sses.
" .... '.... ' .

In S.E~ Asic tho sruople sizes varies 'fron 100-500
hills per repliecte.

At n1RDA, Rol~pr 250 hills per repliccte ~re .used.

1".':::t: f. 0 oder:.
_ • • ""=............~I'.-e.........

F:l"; la.clma sil:1:i.lis: The r.clul t c:.ensi ty in rico fielcs
........."..- « ............................

eOl.'Lld be r.ssessed by liGht trc.p er SWC01) net which CQuld

t't'c.p. both tho c.c.1,llts nYl:1phs. Sovoro dCDGCO is cc-used by
both tho c.t1ul'~ c.llc.1 l1yr.ll:>h,s.

Tho claDk....co CC1.t~~od by the footiinc nctivities on tho

youne:; plc.nt by bo th the nclul t and nYl.::7hs lJ.cy be
--- ----=d-o-;-t:-O!-:'tl-1J:~16d viElunlly--by-~o-ic011t-;20- UClr.Lo·p~r ··un:it·-ci~o~~:-- .- -_..--.----
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~odoJ).teFD: .s?'.e?p.t~ (cxWJ11,voxu): Out-brecJcs, SlJor[....clic~.llY,
occur in v~.J..,ious :x:.rts o£ the rO L,icl1. 1;',1£M, Ro1.~l:>r

sc.r.llJled r~Jl<lor.lly o.rnywor::l d~L:o.LC by t~lO usc c£ hclf

Detrc quo.c.rc.nt. lluLlber of seeQljncs c.ncl c.rlJyv,oro.s IJer

quo.rc.lrcntis coun:ced 0

qtlp}lulc. sP._ (Cc.seworas)

Density ~d d~~~co Lty be nssossod by SnLlplinC. per llilit

cren of the lcrvo.o/co.ses on the rice c.s well ~.s on \1o.ter

sur£ace. 8...'1l.1lJlin:::.: unit LlUst be selected I}c.ro£ul since

winc1 nicht c~.rry lr:.rvue C!lll co.ses "1;0 one sil'..e of "'ellu £iclC."

Visual C.SSOSS~]Ol1t of percon"lic.ce ·leuf ck""-.i.c.cc l.lCY be

cc.lcull:'.toc1. ~s.9.!?£. oryz,cp: (Go.ll tliclLe) - Onion or

silver shoot c.cn~.ce is. cssessoc1 c.S cleuc1-her..r.t/vihi"bo llCUc1.

(Refer stelJborors). Tbe totc.l nunber of onion shoots in

n wlit c.rec.. is expresseu cs percontCLe of tho tetcl'

tillers in thct cree.

Hete.r.o~.~9.El.zP'.c..: (Africcrl blcck beetle): The c.clul t
papulc.tion eml be tlonitoreu in li[~t trc.ps but tho

cll:'.DC.t:e cc.usetl by 'bhe cclu.lts to Y9tU1C secc.11inc is c.ssossecl

by t'. l:letre or hC'..lf··~J.otrc quc.clrcmt.

The cclul t insects [.love belcr! the soil surfcco cnc:

cl~J.cce tho stews of see~lines bolo~ CrowlJ level by

nibblinc, lecvin[; the uttc.ckecl IJ~.rts fj.brous whioh

consequently ct.use the ler..vos to wither end tUl'n brQhn.

As c. rosult o£ recent incrocsos in rico cultivutions

in the s..~1.eli~:.Il zone, white flios (c.loyroiclids) [',lld nites

(totrnnychi~s cn~ p~ytoseiiQs) hC:10 bocone preVc.lmlt ~ld

ofton c~use oxt~~sivo croD less in the hot-ury eecson of
_______~___. -- -ApriJ.-w·JulYt- ---Virtu~l±yno'dotc;iJ::odlJopuir~tt(Jl1-stuaiaS-'

. ,
of both \vhitc flies cn<.~ IJi te 0,. rice hc.vo beon UllL~ortdwn.
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Villite flies.
l~clul ts: The ~Jult ',','hito :fly is ~eco.ly vI'hite··

winced enG. with its ocn!e-liltu nYT.11JI'lS they suck frC.l the

rice pl~t. ~le cuult ~o~lction :~~ ba uonitoreu Ul
the rice field v:i th the usc of sticl~ or r.'r.ter trco.:~s

pl~ced cbout tho lovel of tho cro~.

Efl;s 'p'y!.lp'hs. ~~ .~~3e: Exce1"'1t the first instcrs co.ll
the developuentol stcees c.ro sessile. 1~ [.OOl: stuc.:y of

c.bsolute end stratified rc.nc."'..oD. sCDj,Jlin[, IJro.:.;rcr'L.ie coulcl

be established to .:..lonitor the lJo~JU1r:.tions basec: 011

counts of inclivic..u.......ls on pc.rts of rice lJl~t.

5~ider uit~s: Tho Dests spin copious webbinG on tho
plc.nt, hence cO::1l:lon1y cr.lled :; spic.:ers,a.

Direct obsel"Vc-l:;icns con'::' counts c.ro L1D.C."'..O fl'u':l
rC"n~lol:lly selectol1 lor...ves either thrutt[:h hone.: lens or

with unaided eyes. ~1ithout rJCGnifyinC L1nss, cccurccy
is sccrificeu, enll this r.lCthod. is not suitcb1e c.t hieh
nite uonsitios. However, tho 4:.1cthocl is usoful for iielel

survoys to knOH po:literns of occurrence in the field.

Two loo.ves/hi1l woeltly :frm:l 5-10 rcncloLlly selcctoc1
plc.ces in c plot/rice fiold.

10-20 i'infestedll leo.ves re.nuOl":'l1.y seloctoc.l frOD

ench. plot III s1:.1.....11 l)lot expori:.~crLt. 3."',,1:11)los ere 11le.cocl in

pint jurs/p1c.stic be.Gs e..nd COtU1t ii:.uellio.to1y ['.c.:ults,
~'!.ll)hs ond 0[;[;8 tU1uer raagllifyinl! glass 1~ the leb.,

otherwise, lwep in »efrlgerutor until you ere rQcc.~y to

count. This ucthoc1. is til.lc-consuninc.
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Pc.rnsi toids: Pcrr:sitisr.: is c::.otor.:.rl.nocl by tho
perc OJ."lteee of 'i;l~o :,)0sts fl'C::.l \':hich lx'.rc.sitoS ::.TC

reared. The ~Ol~~tiun of SuDe r:~ult ~::.rc.sites CQulQ

be sc.:.J.ploc. by li[l1t trc.1JS r'..D.u. S\:oOl) nots c.c.

Rhc.conctus sp. Phr'..D.orotc~ uc.jcr Bruos - p~.sitos of-----............ _ ...
,tt..licr.J2hc. s,?pc.tr'.•t.o.l,lf; e.t 'i'lfJ'JJ1.. , Rolmpr.

Proc.lc.tion: .L....t YilJ?LD1.. , Rokupr, Qcnsitics of S1?il~orS end
reduviids in rico ficlus hc.vo beon astiilnte~ by the usc
of sweep net.

Cul1clusion

In YUillDA ~~o.:..;ion Iittlo vJorl:: h::.s boon clone to
evcluatc stntisticc.lly variousssmpl;~g tochniques beine

lJrc.cticed. Our Imm'ilcl!.Le on p::.tterns of lJest occurrence
in the field, density/intensity cl~cas, secsonc.l
c.bundcnce of past, crop loss cssesswont, econowy thrcsholQ

etc., is liui.te<l. We neecl to develop sC.lJplinC procedures

Vdlich would cive relicble datu.

---- -----------------,.
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SAl:IPLllTG l\fETRODS FOR RICE DISEASES
~............... • •• e·--.... t.

By

V. A. AWODERU
HARDA, P.O. BOX 1019 s hiONI....OVIA

LIBERIA

INTRODUCTION... ..

A sampling method is a procedure of appropriately
select~g sample units in such a way that ~lese units may

best represent the population to which they belong
(La Clerg at al 1966). Little or no work has been done--..
on sampling methods for rice diseases as in insects.
Diseases can only be sampled by t~cing sample units at.
random in a given rice field and in ~lree to fo~~ replicates
in such a way that the assessment of such samples can be
statistically analysed. Obtaining a repres~~tativc

sample is a difficult task to perform and gre~t care
must be taken ~hen sampling a field for disease incidence.
Whe11 sampling the points to note include (Dyck, 1978):

(?.) area. of the field size of tho plot
(~) population of ~le crop
(c) relative or absolute sampling
(d) patte:m and time of sampling
( c ) sequentio.l sampling
(f) nUII1ber of samples
(g) effect of samplin€; on tll0 wholQ ];)OpulQti.on

(h) uniformity of samplinG
(i) disease distribution
(J) . growth stagcsor-lliC plant and the climatic

condi-ticln under which sampling is beinG
carried out.
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Evaluation of sovcrity of diseases ~ithin the
samples is bas~d on:

(a) type of infection or lesion
(b) size of lesion or lesion arGo. c::-.:pressod a.s ;

a percantcge of totnl leaf cIea of seedling
or c.dult plant

(c) number of lesions
(d) degree of stunting
(0) nwuber of hills/plo.nts effected
(f) spore production from lesions
(g) degree of wiltLig.

In these leeturo therefore, an attempt is made to
~iscusa the basic concepts involved in rice disease
sampling tho characters involved in the evalllo.tion of
disoc.sea, scales dcv·oloped fo::' c.asoasing diseases and
the growth sto.BOS for disease assossment in the rice
plant.

BASIC CONCEPT S IN SA","\tPLING--........--............_~_...... ............ . _.
Popglation end ~~Rle

For sampling in replicated trio.ls, Gomez and Gomez,
1976 indicated that CCl,ch experimental plot is 0.

popula~ion. The population valuo is the plot value, .which
will be ostimcted from a few semple plents tckcn from
onch plot.

fP!n.r.1ing Un.i i?

The unit in hhich (".ctuo.l meo.surement of n
character is nnd9__l9_.g. disease incidence) is rufcrrod to
as sampling unit. For rupliccted trials where the plot
is the populo.tion (hills 1."1 l""ice) the SE'Ji1pling unit LIUBt
be smaller than the plot.
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Sb~e couconly usod ~~its ere: (i) le~f, (ii) n pl~t

(iii) c group of plents ~d (iv) specified cre~. A

good saopling unit Dust be (c) ocsy to idantify (b) ecsy
to oensure t:.nd (c) fairly uniforr.l.. The sCLlplin{;, unit that
ern satisfy theso features mr~ very with the crop plcnted,
the chcracter to bo ~ecsured, ~d the culturcl prcctice
to be used~ For ex~ple in cssessing disease incidence,
the ureu of lanf dnucged ony be cppropricte, nurlber of
spots on the leaves may be tnken into considerc.tion,
number of hills affected per plot c~ be calcul~ted ~~d

possibly the type of lesions developing on e~ch cultivc~

cen nlso be to..kcn into consider~tioll. For replic.::'.ted
experioonts, s~ple units hcvo to be considered for each
replicnte.

B..'lll1--ple Size-. ~ .
&1Llple size refers to tho nuuber of sawplinG units

to be uensurcd in each populction. In replicated trials,
sucple size specifics tho nUIJber of pl~ts per plot to be
Doo.surcd for diseuse s or the nuubeI' of leaves on which
lesions will be counted lJer plr.n·~ or the nuwber of hills
to be assessed per variety for dise~se incidence. Tho
choice of SCLlplo size depends on the sizQ of the
variability of the chrxcctor to be necsurod ~ld the level
of procision required of the estir.:cto (GOl:1CZ rnd Gor.lez,
1976) •

&u:w..1.ip.g ~.s.i.e

A scoplinG design is tho wodo by whlchsr~ple

cODUonly used designs in scupling:
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(i) Sir.lJ?.l-C I~.pfl.on S:'P.2l ip,.&

Sinplo rrmdoil Sr'Llpling r.lC~..ns the.t ccch of the
units (plents, le~vos or hills) in the plot is given

~ .

the chance of being selected to cOwposc tho unit. ~his

ccn be dena in w..."'.l1..v ways. One procedure is to ll\t:1bor .roll
the lec.ves on the plr.nt, cll the plents/hills in n plot
fro:..l I - X c.nd select n.t r::mdon nur.lbers by:

(c) using c. re.ndoo. nuwber tc.ble
(b) by dr~wing cnrds
(c) by thro'\iing dice

(d) or by c.n:y othor opere.tions thc.t sor;o the
se.Ge purpcse •

In doL~g t~iD, one hes got to detoroinc hou ~~
hills ere to be scuplod porplot.

(ii) !:l1:.ti.~t.c':l3.,o.•So.upling:- depends on which disease
ha.s t:> be sCI.lpled. For eXruJple for fc.lse Sl:rut C'..tld wni to

head thcnuuber of ~~cles infected per plcnt can be
counted but lJcnicle.itsolf ccnnot be t~en ('.S Co sntlpling

unit. One hr'.s to tc.ke the nUl:lber of lA-'"'.Ilicleo infected
per ·p1...-;nt into considerc.tion t'lld the nunbol" of plrmts
por pvpulo.tion. This typo of SOI.'l11ling is tclcon as 0.

tv;,-o-sto.go se.t.lj?ling Viith uhills t : or llple..nt stc..nds il as the

:urir.lc.ry SCLlpJ.ing tUlit r.nd pculiclo r.s tho scccndr.ry unit.
This i.:lethod ccnbe extended to throe or r.l0re stc.e;us.
In estinc.tingleaf exec. dnImgod by the disoe.se, tthillsu

I:1.'1.Y be considered as prirm.I'y unit, fltiller;; ['.s· Becondnry

unit and lenf a.s tertic.ry unit.

(iii) ~trC'.t.it:i.ed. Rc.ndo.r.~_~'!:lJJl.i.p£

In stratified rc:ndO~l sc:w.uling•.:t11Q r1Qt i~ first________-==c-=-..-.-=-=-c..=

divi~ed into sub-so~ticns end then siwple randon SQJplo

units arc selected fron onch of these sub--seetions.
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Such sub-soctio:.J.s r:r~ refcrTcl"l.. to r'.S strr'.tc_. For
ex~ple, for r'. rico plut consisting of ~bcut 200 hills,
the plot ccn first be divided into 2 str['.t['. cecil
consisting of 10 x 10 hills frCiLl cc..ch str'c.tur.:. Tt:n t(j
twenty plants/hills CQn then be selected fro~ ecch
strc.tu::.l.

GRmiTH STAGE S OF RICE FOR DI SBASE OOIPLING. .. .---- ..- -_...
1. Nursery or Seedling periau bef'oro trC..lls].Jlc.ntin,:;

30 - 35 d~'.s·s cl'ter lJlc:nting ..
2. (c) Vcgetctivo or trtnSpl~ltinc period

(b) Reproductive or flo~erinG period
3. Ripening or ':T.turc.tion parioc.l
4. El~est period

DISEASE CHARACTERS lli DI SEASE SA!.J?LING
.;;;;.;;o.-;;;....";~.,.;;,,,;,;;o;.:;;;..;;.:.~~ • _ • •

~.~iop Type s

Fernnndo et ['.1 (1961) c.lcscribed lesion types us........ -....

rc~ging fron A to F cs enULleruted belo~. 0u(19Gl),
described 0 lesion types. These descriptions r'.Xe
specificully for rice blust (~Fj?ut~ric. oryz££ (~v).

H0wever, Outs cl~ssificctivn cODbL~es both lesion type
~nd leuf cror'. d~~.gcd. Anon, 1980, described scoring
,scules for fungul, b['.ctcri~l ~d virus Qisocses o£ rice
~~d this pCIJphlot cnn be obt~lllCc1 diroctly frou the
Intornutionnl ilicc Resecrc~ Institute, Los a~~os,

Philippines on request.
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Infec,tion or .lesion types a13 des.cri.bod;by ~c..:rp.~~o at oJ.
(1961)

Infe~tion

!i..E£ .
§YElptop Grcc10 of" rosistc.nce

(Size, shc.pe end colcu::- of to it1iig~.l uevelop-
lesion) Dent. . -............. ... . .. .. .. .........................._.. _.----

Resistent (Ft)

Highly nesistc..nt
(RR) .

A

B

c

No lesion or very uinutc
bro~n lesion which is
Sll.-:llcr then 0.5 l:'li::

ntinu~c bro~n lesion,
0.5 to 1 u:l2

3:1...":11 brmvn lesion, with or
Hithout f;rTeyish brOLll centre,
1-3Cl:.l2 in ~ec.

Modor~tl:ly

Resistent (HR)

D 1'1cdiun s:Lze lesion r:i th or Modcre..tcly
~ithout ereyish bro\m eentre~ Susce~tible (NS)
3-8 l:JI.l2 in ('.Te£'.

E h.'1XBC br\~on lesion Hith SUsco:ptiblc (S)
greyish brov,n Qcntl"e over
8 rJn2 'in cree.. 2

F Mcdi~l to l~ee, ~ulleroYishHighlY susceptible
groen, grey~sh-vnl~to, pclc (HS)
croon or water soaked .lesion,
viith or without lJl.U'lJlish
bro?m ccrBin; or pale. white
lesion.

Figuro 1 providos c sto.l1dnrc.l senlo of lesion size in
9q.~~. lesion shupe exprosse~ e..s lengt~brocdth (lib).

Lesion .a.ree;., .e:'lJ!.Essec1 0..6 JJercentqgo o.f totaJ...~c.6f
area. of s,ces\l.~~

. Tho stnndc.rd 1 to 6 in Figure 1 are used for
estinnting by eye the lesion uree us u percentaGe of tho
total leuf area. Lesion of typos A end B just described

to cover ncar 0% of the totul locf urch of tho sccdline
~d ere a..ccoruin~ly rctod cs O.
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The st~dcrc:'s l to 6 r:.re 1-2..ti..'1c,s for losion ('ICC.S

vcxying fro:'l 0.5 to 55~ of the tutc.l loc..f c.re:'.. c.s
shOV'vl1 below:

Gr:'.dc or
R:::.tinr.·

• M.·

o
1

2

3
4
5
6

Lesion ('xu:'. ~s percont~ce

vf toto.l lcr..f erea.... -.. .. .
o
0.5~

2%
5%

11%
25%
55%

In describinG the variety for its blest susceptibility
the ratine 0 to G or the lesion exec porccntcce itsolf
tmy be used. Lesion Nunber: A vis~~l ussessuent of
1csio~ n~:ber con be ttde irrespective of lesion size
or type. FOr instance, the nutilier or 1esionsc~n be
described cs none (0), few (f), l~~Y (0) br nurlerous
(n). Lesion nuuber is clependon"c on vnrietc.l rcsistc.nco
to fWleal entry, sporulation, the encle of uroopinc of
lecves end steee of growth. ~1 the other hcnu fo~

uccurccy, lesion nunber CGn be counted.

3tunting:- Is c syUptotl that CC,,ll e.ccoopcny loc..f blest CJr
ligula bla~t. The dnrwvce ccusod by lec.£ blast on c
variety which is licble to stwltine c~ be ~Qro severo
then on 0. vm-ie ty \'/hich sho;vs no stuntille, evun thouCh
the lesion cree perccntaees o~y be sc~o in oo.ch c~sc •

.',
Stunting is therofore of iDvortcncc in susceptible
va.ri 0 tic s and t."-_....._~_1:>~_d_e_n~.1~(1_b'y._(.flJJ_or .!Yhcn ~~tUJ:~n~"c"",,in~t'_.,-- __-,--_---------
is severe by (ss).
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Ou's Clessific~tion of disee~c rc~cticn in rice. . . .. . . .. ..-.

Grou~ 1:

Group 2:

GroulJ 3:

GrC/l.l];) 4:

Group 5:

GrCU~J 6:

GI'0U.1.J /:

Only ~1all brovm specks .of pin-heed size ere
pret:~ucecl en lec.vos, 'few or 'ur.ny, sOD.etines
unrecocnizeble, no necrotic spots.

SliGhtly lc.r[;er bror.n specIes, c.bout 0.5 'WO

in diru:leter, no necroticslx,ts.

Sbcll roundish, necrotic, [rey spots cbout
1-2 U.l in dionctor, surround.ed by ~. brown.
or.r£;;in ),:11ic11 is roundish or tenus to be
ellipticcl; the lesions ~~ be ~ny but lecvos
~e not killocl.

Typicel olcst lesions, ellipticcl, 1-2 cu
lone with lerce necrutic, crey ccn'~ros,

brov.n or reddish brvv.n nc.rcin usunlly relc.tively
few on c lec.f, less t11aIl 5% of tlie led crec.
i s tlC!.!U'.t3e c1.

Many lc.rce blest lesions, c..s in crcup 4 or
lc.rcer, the uPIJer lJortion of one or two lcc..vos
of !'. seodline of 4 or 5 lec..ves Dr::! be killecl
by coc.lloscine of lesions, the tote! ('.roc.
killed howevor does i10-'li e~:coocl 25}~.

Lesions as in Group 5 but woro n~loreus, so
thr.t one or two lecf blc.~os ~~ be coupletoly
witherecl ~d the tetal ~rec killed i~~Y be 50~;

the colour of the uc..reins of losiuns often
show loss brovn colour but tend to yellowish
or c;reyish bro\.n.

Ll.l.I'Ce, qUicI~ly OX1;C'J1UlllC Ie s~ons, tho r..l.......rCllls

noatly GToy with c brovm tinee; ~ost of tho
Qxpendecl lecves nre killou but yuunc enes
re~~in, typicclly 75-80% of the ler£ c.ree
is killed.
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Group 8: L~ce quickly expr.nclil1C lesions, entirely
Croy, lOr'.ves ~o cCJD.].Jlutaly Id.lllocl.

SI =

Evr~ucticn of Disccsos.;;;;;..;. ....::::. _._---
The InternntiQne~ Rice Testinc Pro[;,rCl.L..~e (IllTP)

of the Intornc.:tiollr'.l Rice Ii.csoc.rch Institute in 1900
proposaQ the uoe of 9 trou~s of disecse reection L~

clcssifYinG thu QCLTeo of rosistcnco to blest end other
diseescs in rice. Tho ero vrxiction of tho ebuvo sccles.

Loci SC~ld end BrO\v.n spot is cssessed on the bcsis
of loci eroa effected. Falso scmt is scored on the
n'Ul:.lber of florets infected. Heel;: Blest is elsa c.ssossed
on the nunbcr of ~~icles infected. !{resek i.o.
bccteric.l bliolt on the scedlulCs is bcseJ on tho n~lbor

of hills affected.

All viruses ~cl virus-lilce disenses c.1'o systoi..lic
(Anon 1980) c. COLDon se~lo is therefore useu for cssessine
tbcn. The ~sscss.oont is bcs~cl en tho nuubcr of hills
effected. The sc~les usod ero tho s~~e as descriuo~

nbc,ve.

In the dotonIinc.tion of host ~l~t resist~cu tv
diseases, it uicht bo necoss~y to clcssify roc.ction into
Hosiste.nt, Intor~1eL1ie.to mil SuSC01)tiLle, at this point
the COLl1JUte.tiol1 of tho ~'I bOCOr.10S bportont. Tho inc.lox

is conputod fran tho forculc. (~1on, 1968).

Nr + 3Ni + 5Ns
Nr '+ lff '+lrs

whero Nr, Ni~~__~~~~_?__ t~~_~~=l~aI'S_()t_r<:J~~_~~_~·~L . .. _--_._-------
intertl0dieto r.nd susceptible rcc.ctions exhibited by tho
rico cultivC'xs.
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The ninimm Inc.le:::: ("'leO) ~e~s thr'.t the v~.riety is rosistent,
the !J['.xll1u::J. inllex (5.0) t.leC.l1 s th:~t the cultivex is
susceptiblo~ ~10 rocctions of the y~xieties b~seQ on ~lC

int'..ices CeD. be cla.ssified cs ShOWll beloH:

s

In<.1ex 1.0 2.4
2.4 - 3.4
3.5 - 4.4
4.5 - 5.0

Resistent (n) R
Idoc1cr::.tely I~esistnnt (lJR) Inter

l.~cu.ic.teMo<.1err-.tcly susceptible (US)

Slsceptiblo (S)

It hus boen ostcblished thct for diso~ses to occur
there Dust be c susceptible host rnd c virulent ~ctll0Len.

In cddition to these tho cbiotic fcctoro (Clll~tic

conditions - tOl:.lporr'.ture, rr.illfcll, relntive huuidity,
sunShine hour, cvailnble ~oir.ture) and biotic fcctors
DUst ~e conducive to successful infection•. ~lese four
charucteristics of infection ere cOl.1bineu. in v;hr'.t is
described ns c rectcncle of infection (Fie. 3). The
interactions of these cliLbtic or environnentnl fnctors
in n eenerction of ~lcnt infection is shov~ in Fie 4.
It is therefore succostod thnt for purposes of tellinc
u conpletc story about disccse s~]plinC, records of
tenporcture, hU1.1itl.ity 2.Ill.l rc.infr.ll shoulL1 be tc1::en.
These nicht help to explcin differencos in the
boheviour of" r'. pcrticulnr cultivc.r ill differont
locclitios of tho scuo country or in difforollt cOUlltries.
To~ts for ros1str:nco in rice. cttJ.tivurs r.:r'.y he.vo to bo'
rJndo throe or four consocutivetines bcfure ~lY rle~ineful

conclusion ann bo urn~n froQ the rosults.
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Fi r- 3·C· • F.ilCTOHS INVOLVED IN JJ~ EPIPHYTOTIC. .-.

HOST --- ---~-----_.~_.'._'--1 PATHOGEN

rPHYTOTICS

ABOITIC -----.----..-.---.-.---·--..-----.---.•-·-.------~~BIOTIC

SA!'1PLING OF nICE PLOT S FOR AIR-BOnNE PATHOGEN S
••• ,. • • • • e • • • •.• «

Wnan it is Qusire~ to finL out if c ~iso~so coulu
develop throuch out thu YQ~'.r, SUSCelJtible rice v~.rioties

['nd n resisti.nt v~..riety coulL. be~l\:'.Iltcd 4:1cntllly on bin

beds ~t the r~tc of 2 0Z, secus per sq. Y~Id. SOeu
should bc SO\v.n in drilled rows 2 in. cprxt. Ecch vlat

shoulcl be 48 in. X 24 in. Fertilizer r.'.~:)lic~.tioll should
be cC:.rrieu ou-~ nuruc.lly r..l1U scorinc of c.:iscc.se lllfectiun
c.::.rriec1 out 35 ll::-.ys c.fter pl~r~inc usinl the ocr.le
described ~bovo before c.. new set is plc.ntetl.

The sr.IlplinC of tho [~ir for the conicl.i::~ of

pi.thocens coulll be cr-..rribc1 out over the rice 1110ts

described ~bovo with the Hirst spore trGp (Hirst, 1952).
This is <lone in vrder _to fIDeI out if thero is r:'IJ.Y _

------------
correlc..tion botnoen tho incil""ence of tho blr.st l1iswr.se

on thoso rice vrxic~ies with the rcl~tivc tnolli1t of

conidic.. in cir ~bove the ~lcts ~s detcnJinea uy the

Hirst spore trr'.p.
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FIG. l. rNTE;(ACiIUN OF FAC10RS DURING ONE PAJ40GE.N GE.NE.~AlION,

conidioj:1lore -_.- --.-..-.-------.----f· CO~i~o l
I
i

ini t ial
l.esion C:~_d_ ........ . d1

WIf) I

dispersal
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The d1u.nm.l ~.ric.ticn in the.: conic.1icl relor-.so in

tho p['.thcCCll fr",:.:.! rico pl:-.nts in the nursery ur fielc! em

[.J.so bo C:ctcrwinoll with :-. Kr:-:-,:ul'-C0llins spvn; sC..::.l:)lor

(xr(~cr =.nu P~t~-, J.96b).

(iii) I~ontific~ticn ~n~ cuuntinL uf~~ocunidi~. ... -........-~

of Pr~tll.o.L..o~s tlopu sitouucn thu slitle

VV!ll;:lIl the c(jnic1ic. of the 1.1.:-'.thut. on ere s::r.ll r.nc1
hyc.lino; it is necosa.....ry to uount the slil.lo in 1 ~J(Jrc\IDt

cvtton blue in lc.ctophonul bcfol.·o Qx....:..dnc.tion. The

co~oured slJUros on the slide rou".ined unstc.ined but c.l1

the, hyc.line slJoI'eS incluuinL thoso of 1:. ~r¥.zI'-.e. would
bo ste-inec1 blue. The con5,uic. of pr.thoCcn cIe (:.iffcron

tictcd frol.J the o'thor hye.lino slJoros by their clistinct

shcpe.

Tho c1elJosit on the; sliJ.o shoulc1 be exc.uinccl uacicr'

C oicroscope Gt c. D4~CificLticn of X 500. Conidic will

be ccuntcu clone 5 trr~vorsea p~~cllol to tho direction

of wovoDcnt cf tho slide. hn cvcr~Le conc~tr~tio~ vver

24-hr., porio(ls will bo ostL..iC'.tod.. The nuiJbor of ,

conidj~ obtc.inud (XC convorted to en estit~tou nuu~cr

par cubic 'uotr~ of c.i~ ~S sho\m uclow: Voluao of c.ir

tckEm. L"1 by tho trc.p = 10 litrcs/uin. uf 0.61:13/hr.

Frc.ctiun of tr['.cc scr...nnod r..t 100 U wielO trr.vorsos

pcxc.llcl to tho direction of Duvc~ant,- 1/140

VolulJO of cir s~tiplod in 24 hvurs = 14. 4~l3
Nu. of cenic1io. "trc.J.JlJurl in 24 heurs = Y x 140

T.f;'4

(Whore Y is tho c.vcrc,l:;o nUl:lbor of cuniclil". cuuntod on tho

~~j.dc) •
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The Krc~cr~Cvllins slJLrc tr~::-..) USDS tho SL':.wO

principle CS thQ Hirst spure tr~~. ZlC trc~ consist
of c. SC..t1plinC chc..::.iber with c. cov-er, c. Yc.cuuu lJUllj;). A

rcl£'.Y end c. flm: Beter. A sprin(. ,'Jeuncl cleck cotor

served c.s the ~iL:inL end slil1e c..dvc.ncinL uecl'l::..l1isw..
Air enters throuLh c. 2.5 co tu1Jes, which ne.rrm;s clv\Jll

to Co 1400, Y 0.75~ orifice. This cccelerc.tes tho spaeu

of the air cs i"e is C!.rl:'.WIl in thI'vu[h tho slit.

The sC.I:lplor is oc.de to suction-s~ple the r.ir c.t
the rc.tG of 0.8 cub fit. per l.linuto, so thc.t the
pcrticles in the ~ir iopinccd un the sliQc. A rocker

c.!"tl \.ith c.djustc..blc sot screw cctivc.tos c. uiCI'v&;iitch

controliinc tho lJlL:.lj? A four-sitloJ. Cc.::.l c.ttc..chol. c.llvwocl
feur' SCIJplcs l)cr hour '\";i th er.ch sc..uplinC Ie.stint: 2i uin.

The slide cclvcncinc Dcchrnisu wes uporcteu by C'..one-lcLod
0(',1,1 011 the (,l1.."..ft of tho C10Cli: aotor \':11ic11. c.ll<"'\''ieJ. the

sJ itlo to c.uv.~ce once in en hour. In this 'i1C-Y, 24 br.."1cls
woulcl 00 clepositoQ on eaen slicle 'oc-ch clr..y.

Mountinc of tho sli<1os, ic1cntificr.tioll of cunic1ic.

vf pcthoLen end the sccnninL of the slides (lxe clone e.s

for the Hirst slJOrO Trc.p. Coniclic. ere countocl r.lon(.. oc.ch

b['nu ~nd the nunber of ccnidin de~osited per hour or per

uc.y is estil:lc.tcd c.s shown bolow: ..• Lot Y be the nuuber

~£ ~enidic depositocl in 1 banu in 10 oinutes, 3
Vol. of cir sucked per oinuto = a.8ft •

No. of conic1ie depos;' tecl IJer ft. 3/hr

= Y x 60 Goniclic/ft. 3,11r.
-------------w-=:ro- ------- --

___.....• ....·..-.........rn , • ........
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Let P be the tutcl nw~tur oi cuniQic ~opositeQ III ~4

be-.nus in 240 nlnutcs • No. of cGnicli~ IJer ft. 3 ];'or
• •

dcy~

= P x 24 x 60
TI2' . 240 . .,. /, 1ft 3 f

cunJ.c..;,J.~. lLr..y • (; <::ir.

The Kr~ar-Cullins spvro s('~~ler is usc~ in
tho blest nursery bcccuso it \,uulc.l s~lJlo intermttcntly,
thus CivinL ~ hourly c.lcpositivn of cunidic 2 wu c~crt.

This ockcs it cesy to ostiuC'.te tho ~ount of conidic

cl01J0si tod on tho slide every hour uf the ue.y ~.nc'" OVOl'jo'

de.y ..-lurj.nt,; tho porioc1 tho tI'cj? is 0porc.tocl. The Hirst

sporo trulJ on tile other henu oporctes continuously
fur £'. pori0d of 24 huurs S0 the:!; f. continuuus bend 48wu
i.'"l lencth is furwec1 on tho slic1e.

SEPJ?l~.li!Eo.•Seops £9.::" SCoc1b.o,rne Pcth.uLon_~

This technique is cOi.:l:l0nly used when seod hocl tIl

noed to bo deteruined. It involvos tho LrOUlJin~ of rice

soec1s to be tostod ~.nd frou oech Croup 400 seous ero
then plunte~ in h~~ic.l petridishes.

:PIontinL: Usuc.lly IJre-viously storilisucl dis1)0 sable......
:pl~..atinL. petridlahesCI'e usocl 9 C~J iiI tor pr..por ere 1>l['.cod
in side tho 9 Cl:l petr1d1ohcl3Q Then few drops of sterile

distilled wctor arc addod to n steee thct tho filter
].Jr..por 1s well sockecl tu produce tho hUl:.licl onvironj.1~nt

neoc1ocl fur the funcc.l pr<J[;.c.Cu1os on vr jn tho seec.1s tv

["eruincta C'.nc.l LrO\/ whon thf') pIe-to is c0vorocl up. Then

25 :>f these sooc.'" 8 nro solcctCHl onu. errC.ll["oG. on tho suC'..koc1
fil tor papor in the plt:~te in circles of fifteen scuds (15)

ct the poriphery 0f the filter pupur, nino (9) on tho
ilmer eirciC);;-Q- 0110--(1) ntthe---~on:tre of tho filter

pnlJer~ The j,)Gtrij,JJ.Gte is then covorod up. Thu sooLls so

planteu. c.re then mauLe.ted UJ:lllor fluo:r·uscen·~ c.~c.yliLh t

tuLes for ten llr..ys. Sixteen lJlc.tos (16) \,)f :four hunc1I'ecl

(400) secds erc to Lo sC~1plou for OGch eultivex.
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After 10 c.1r.ys tho sceds -ere thu.."1. inspectoc:. unl!.C!' the;

storcoscupic x 50 ~croscopo fvr ~1e Lru~th ~f ~~thvLcns.

The percantnLc sced occurrencois then detQr~dnoQ cs
the nunLor of seeds hcvinC t..."'lc Lrowth of the Q,;sircd
p~thoLan (X) on the overc1l ~opul~tiGn of the seeds
(400) tested.

Percentc.LC =

=

x x

This sr.wpliIlC llothod is pc.rticulcrly cooL. for
soodliorno fUIl[:;c.l Dcthoc.;ons. Tho 1..:.ccteric.J. infection
cuul~ hcve bc~~ over-shcdowou ~nd GS tho cuova wethuu
is oodified.

Tho procedure is the s~~e cs cbove except thct c
nodiuw is now used instead of the soc~ed filter paper.
(nutrient ccrx or Druth). Tho ooze- or slir~ oxudcte froil
ec.ch seed is then I.lQlll1tec1 un C". slide tu ccnfim the,

ncturo end iL.enti ty of thu 1c.cteriuu.

------------------------------- ------------------------------------------------
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T~ LnIITla.TIONS iili'D BENEFITS

OF PESTICIDES

BY

Pr'.tricie. C. I.Tc.ttosl,..n
university of C~lifornic, Borkoley

Cunsortiua for IntoIn~tiGn~ erC] Protecticn
. 2280 Fulton :Stroet, SUito 310' .

Borl~cley, .Ccl.ifon'lie. 94704, US!.

litcr Worltl Yl:::.r II, DDT boce..we 'widely r.vr'.ilc'ble fer
insect control 'cnu wes quickly fclloweu by c n~lber of
other orcanochlorlllc pesticides. Durine tho next 20
yeus, thosc L,socticiJos Y/era joinud Ly the oreeJlc- .
phcsphctcs, the crxt~.tcs,· the n~J~rcl rnd s~lthetic

pyrethroids, rnu o~hor clcsses of insecticidcl t~.tcricls.

HundroC:s of coopvul1ds in thvuscn0.s of f<Jrnulr'. tions t.ro·
cvcilc11c ellQ tk~ve Leen usoQ by ell of' us tu ~rctoct

our food, Lur possossions, rJlQ ourselves froD insect
(k.r.~LO. SoLlO eXCl.l])le s:

OrLCllochlorinos 1) DDT rnd rolntives
2) Cyclodicnes (HCH~ linQcJle,

eldrin, llial<1rin)
OreCl'lOlJhosphc.tos (LlC'.lr-.thion, dic.zinon)
Ccxb~·~.tos (propo~ur, ccrbcryl, ccrbofUl'~~)

Pyrothl"oic1s .( dOCC.!.lcthrin, cYl)OrUe thrin,
. pon~othrin, fcnvclerc.to)

Tho rt~iu uo~clopuonts in insccticiclos woru
j?t'1.u""lJ.olod uy nov; discQvcrios of CO'~lpOU."1l~S cf£ootivcfor.

plcJlt disocse end woed control. In tho lettor ccee,
the sorxch nce oscclctoQ uy risll1C lcto~~ costs thct
Deue hClld-weod~c too expens~vo, ~d tho d~scovcr~es

0f 24-D, ntrc.zine cnl1 It.tor chc.:nicc.ls j,Jrovi.c.1od selective
herbicides thc.t contriLutcc1 to tho efficiency of l:::.'Lor
inputs.
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The new pesticide technology ushered in a wide range
of compounds £or othe= pest control ~~oblems.

Products for rodent control, fish control, nematode
control and a host of other needs are available \'vi th
form~lations designed for practic~lly any conceivable
need (UcE\:Jen and stephenson, 1979).

111e development of modern pesticides l1as broUbht
many benefits, and their use has steadily increased.
With increasing experience, hOTIever, has come the
realizatien that pesticide use can entail sel"'ious
hazards to hW'lkrul beings and their environment, and that
injudicious use in agricultural and public health
contexts can be counterproductive. ~lis paper describes
the benefits and limitations of pesticides wi-li11 the
exception of effects of pesticide use on human health
and t~e environment, which is discussed in a separate
section of these proceedings.

Pesticides arc a power£ul tool. They are
effective, reasonably economical, adaptablo to most
situations and fast-acting. They are the only possible
control measure for pest population ~hich have already
reached the economic threshold level.

There is a proven favourable cost-benefit rntio
in using i ..'lsecticides for so:ne illajor posts, und \'Iithout
the insecticides available toa.ay, profitable production
of certain crops would not bo possible. Sced treatment
chemicals to centrol insects and diseases in coreal
seedlings, beans, and c host of other large-seeded
ege 0. soea. requJ.remen uS per acre mla---

'P,rovj.ded greatly im:tJrovcd ClOp stt'..:nds (McEvlon and
Stephenson, 1979).

--------
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Herbicides ccn hcve ~~y avidQ~t bencfits: they ,
oliminate the -tlU'eo.t of C1:0 1J 10ss -to ':u eds during
excessively \C,-et wanther \'.hen mocl'krulicnl cultivo.tion
and Ilw.d labor o.rc not effective; a substantial.
reduction in tho use of fossil fuel energy is
achieved whan herbicides arc substituted fer mcchr~ical

cultivators; the practice of @inimum or no tillage of
crops produced on soils with fuvoureble physical
properties, made possible by tho ~=0 0~ herbicides,
conserves soil moisture ~d reduces soil erosioni
grower options in choicc of crops and crop rotations
~. be subs tontielly increased by contI'ollinC; v:oods with
herbi~ides; finally, herbicides ere usuclly more cost
effective thQn hunk~l labor (Bottrell, 1979).

The ecrly success of DDT against insect vectors
of important norld discuses such as pla6uo, yellow
fever, e.."1d malaria. wes eutstc:ndinB. ResidU<.1J. treutment
of homes in malaria zones rosultad in the eradication of
malaria in 37 countries' by 1972 and a drastic reduction
in cases in en additional 80 countries, affecting 1.5
billion people.' The economic bmlefits of the nuu1ber
of ill dc.ys converted to working days through this
progrc..m is phonomenal (McEwel1 end Stol'hcnson, 1979).

At the srune time, thore'-e.re run-jor disadvo.ntagos
to virtually complete rolimlco on chemicc.l pesticides
of the types now available. Thoy Bill not po~~ently

resolvQ c.ny of the problem~,i. Tho uncoordinated uttnck
~- on small segments of pest populc.tions is, c.t best, £l.

I
I temporary 'control mocsure. \~ Crol expect mejor pests
I to be c. con-tinuing threa.t to lJroduction or her.l tIl yoar
~I------uf-=-t,.-e--r-y-e-o.-r, -- requIring-essentir'.flY~thosc.mo---lllput -il1-------------

I control costs, and a.t the SeIae time, sufferillg the scme
I dogree of darM'..&;e thc.t occurs deepite such control

efforts.
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Expenditures for pesticides hcve risen even 'Ghou~

thero hc.s been no ilapl'oveDcnt of the pest situ:::~ion.
In 1955, tho pesticide portion of the cost of
a.griculturcl production 'wes l~'~' ~d by 1968 it lU'..d
risen to 4.65~ (lTeUDoyer et ('ol., 1969). TotcJ.
c.grictiturcl o;::pcndituros for pesticides were 93~~

higher in 1976 than in 1971 (Bottrell, 1979).

It is not roalistic to 110pe for selective r:~ys

to control e~ery pest, nor is there justificc.tion to
a.ttet1pt to mL'.nc.ge tho total lJopulc.tion of every pest.
Thousc.nds of species of ~inor, locc.l or spor~dic

inporta...'"lco justify control only \:hen t'::tl where llecessnry.
For such species, the use of pestieidus ~s needed wcy
offer the tlost prnctico.l solution. However, porhr-.ps
90% of the losses to lllsects ~nd 90% of choDicnl insocti
cides used todny involve only a few (in the Unitod
States, no ~oro th~~ 100) of the wost in~ortcnt posts
or closely cllied post cot1ple:~es. The Qxton"'1i of lusses
caused by thoso and othor key pests, bc.sed on pest
history, can be predicated with rensonc.ble eccurccy.
Thrcugh intensive rosearch it. soens Vrobcblc ~lC.t

ecologicelly nccoptnble oeans of attccking P01~ctions

of hk~y mujor pests throughout ecosysteus can be
developed that ~ill virtuclly eliuinc.to the duocGo
they cause (Imivling, 1979). ~lis is the goel of
integrctod pest rk~cgeDent rese~rch end ir.lpleDentntion
IJrograus.

Rislllg cxr~ndituros for pesticides, c.s uantioned
c.beve, c~e c~ especially severe prebloD bl developL~g

countries.
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~lird World- govcrnucnts end f~~lcrs goncrclly do not
-.

hevo c.d~qucto co..sh to purchc.so l)ef:rhicidos ["..l1d
c.pplicc.ticn oquipwe:nt, c-"ld noccssc.ry extensiOll,
supply end tl.......iJ.l"'Gcncnee services ~":"c undepundc.ble vI'

- .

nonexistent. Tllissc;rt of e;:::lJOllSive inpor-'&jed tcclmology
is often incppru~ricte, r~d dc~endonco on it shculd
bo oiniuized.

Pesticidos 2c.y hcve unexpected hc.ruful effects
on sprcyed crops. Phytotoxicity is often obvious,
b'\.tt sODet~es SY'.:llJtOtlS c.re subtle. In C[".liforni::.~

recently, i~ ~as.noted thct lettuceond strcv:be~ry

yields were reduced in plots thct had been sprc.yed to
keep theD free of insect posts. TIesecrchors found
thc.t tho cheuic~s used wore c.dverse1y effectinG
photosynthesis end tronspirction rctes (sances.et cl.,
1981). On the other hend, pesticides cruu stinulnte
crep yield. C["xbofurcn ~nd other systeuic insecticides
have this effect on so~e coracls.

Resistcnce to pesticides on the Pt.rt of pests is
c ~cjor prob1eo thct crises with repected use of
chouicnls. It oost,cc~D0nly resultsfroD the
biochooiccl co..pccity of c pest orBc.nisu to convo=tc'
pesticide in"~oproducts that crc not. toxic to tho orgr'l1iso.
Strains evolve v,hich c.ro· cUJ)nb10 of survivin~ eXlJosure
to dOSQ,ges to which r..n calier gcner-~.tion rica
susceptible•. ~~iVlllg L~dividuc.ls of:~nc generction
,fJr.. ss tho. resistcnco chcrc.cter on to tho ne~>:t gcnern·~ion~

Upon repec.tod exposure to U pesticide, gene-cicr.,lly
resistent individuc..ls constitute;> en incret'.sint3;11 lc.rgel"

,. , .
pc.rtof the l)es·t POlJUlc.t:i.on. Eventually, if every

. ..
generation io exposed to 0. IJesticide tha.t selects fer
recistance, tho population cr.y contc.in lcrgely
resistent individUL~s (Bottrell, 1979).
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Ceses of resistcncc in cr~ll~opod pests of crops,
cnimcls old L~ prolifer~ted ~lwost oxponenticlly L~

the dec~des ~ollo~ing the introduction of syntiletic
org~ic insecticides, lecdin6 to the current situntion
of ~t lecst 428 s~ecies th~t h~ve developed strnins
resistant to one or nore pesticides in nre~s ~herc

cheuiccl control h~s been l~~cticed intensively.
In c.ddi tion to its frequent occurrence in insec'~s end
uites, rcsist~ce isnlso encountered in ple~~t pctho
genic b~cteri~ end fungi, end hes especielly ~ffected'

the pez·foI'IUc.'IDce of systel:1icelly ecting fu.'"lgicides C11d
b~cterieides. ~ore recently, eeses of resistenee
c.ppec.red in ['. si:lc.ll LlX:1ber of ',.'eeel species tor:ercl
tri~zine herbicides, ~~d there ~re ecrly ll1diccticns
of SOtle resis'Gc.l1cO in :)l~t p~re.sitic nelJ8.totlcs to"..'c.rd
residuul ec.rbcL1."..te insccticiclcs. Tl1uS:i resistCllce h::~s

emerged cs G proble~ of nctu::u or ~otentic.l siQ1i
ficcnce in ell c.recs of pest control (Gcorehi0u, 1981).

\'fucrecs tolercnco is often nonspecific,
rcsistrulce is usually specific to one insecticide or
group of insecticides. There ere exceptions, hODovcr.
For in.sta..~ce, cross-resistcnce bethQen lJyrethroids and
DDT hus beml observed repectcdly (Goorghiou, 1980)
and selection of housflies or Llosquitoes with orgC'110

phosphorous coupounds results in high DDT resistonco Cs
well cs hi@l cyclodiene resist~1ce in houseflies
(Winto~ingh~u end Hcxrison, 1959; Bro~n ~d Abedi, 1960).

Soce species of insects c.ro 1:1ore I'osistcnco
prone then others, and struins DUy differ in their
suscoptibility. Hesistnnce l:1..-;.y first c..ppcex in ['. loco.l
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Vfuan sprcying ~ith ~ ccrtclll pesticide is discontinued,
resistance will slowly declllle ·in field pest POlJUlctions.
However, if the pesticide is usod cg~in, resist~nce is
very qUickly reg~ined. For ell pr~cticcl l~Doses, en
insecticide is unuscbIe cfter c high dogree of
rasistmlce hc.s bean elicited. In eancrcl, the deeree of
resistance to c cert~in insecticide rises slowly through
n f1lctent peried:: and then ir.l.crea,ses rc.pidly. This is
beca-use resistance usuclly involves ~ l,)olyfcc·tori~~l

genetic systew. It tekes tine to cccUi1Ulc.te resistcnca
alleles, which ere initially very rare, to sup~ort the
l:1c..'l.in resistc.nce ~enc by rC1Jlc-;,cil1g 0. nUI..lber of l3enes uf
l:linor effect Hith c.Ileles tha.t cary r.1Orc ViLer Ol~ ere
Dore cOl:lpc.tible ilith the resistCllce Gene. Once these
supportins clleles hcve prenccULulctod, resist~ncc to
other insecticides will develop ~ore quiclcly. la:esistcllce
to a given 11es"l;icic.1c is occcsioncJ.ly observed to have
en upper licit (Brovm, 1971).

Re3istcnce nrises rJost quickly when c.. r;ide uree..
is contcuine.ted \"1i th c residw.....I, very -toxic pesticide
for c sedentnry pest whichhcs l~~y eenorctions per
year. Conversely, the cppeurmlce of resist~cc is
delcyed when non~ersistcnt coopounds ere used in relctively
circUTJscribed nrcc., so thct pest L~sects cen iL~.iGrete

fron surrounding untouched pOj,Julc.tions, cncl when sOrJe·
generetions of the pest e..r·e ul1true-ted (Bre'..n, 1971;
Georghiou, 1900).

The use of pesticide oixtures is suootioes
sum~ested, bu"ii this nsSUf.1CS thc.. t no pest inc.lividuc.ls
ere resistent to colI of the chetlice.ls usod, Cllc1. ha.s
been laws,ill to sia~:71,y ::eac1--ter ~rtlltiplo resi;;r'G.:-llcc.

Rota.tion of IJesticidcs h::l.s been IJrOposed, c.llo'iJillg ['.
hi@l proportion of resistent inuividu~s.to disa.p~enr

bet~ccn applications of ~lY ol1eposticidc.
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L~ ~dditioni thore cxe noc~tively correlcted
insecticides, for \Jhich rcsist~lce to one confers

vulnernbi1ity to the other~ Sowe DDT-resist~lt

houseflies h...:.ve shoY,1J1 incroc.Eod sensitivity ·~o

r.mlc.thien, c.lld there Core other eX~:llJ1es (1!letcc.lf r.nd

FUku.to, 1961). TIc sec.rchers :'..1'e eXIJerir.lentillG '.:ith

pesticide synerGists thct lllhibit detuxificc.tiLn
enzy-wes, but nunc c.re ~vc.i1able thus fur tlu~t ['xc

effective under field conditions (BrO\in, 1971;
Gearghiou, 1900).

Chor.1icr-..1 insecticides :::lJpliecl to eOlltr'ol insects
mel cites frequently hc.ve delet~rious effocts 011 tho
naturel cnenies (i.c. beneficic.l predetors, perc.sites,
or discc.se-Ct....uslll[:, ore,cnis1:1s) th[~'li reguleto tho \;tc.rget l :

pests. They n......y ['..lso disrupt tho r-.etic..lls of nc"L1.ll"'cl

enc1:1ios thnt roCul:'..tc nc,nt::.:.rf:,ct orGcnisws shcxill&
ho.bit~ts with tho tc.rget pests. The resultinc eff...:cts

arc referred to as tarGet pest rcsurgenee end llldueod
sccondcry pest outbreck.

Tc.rc;et lXISt resurcence is the rc:.pid inerc£'..se of

the tc.r13ct pest lJoPulc.tion followine; r-..pp1icntion of cn

insecticide, often to c. levol hiGher thc..n exis"lieel IJriur
to the contrel oeD.surc. Eocc.uSQ ~le pestIs nc.~'r-..l

enol'Jies usur.lly recover consielcrc.bly narc slowly fror.1

pesticide trcc.tr.1cnt than do the lJcsts, tho lJcs'~

popul~tion 1:1c..y rench c. rauch hie;hcr lavel thr-.ll bafora

tre~tncnt. In c.c.lditicn, tho inseeticit:c l.1r.y disrupt

food chc.ins i1:1)JOrtc.nt to tho tr.rget's nC1.tur~:.l cncl.lios,

thus Cc.usine thoD to st~rve, r.1iGr~te or coeSe to reproduoc.
Induced SOCOlll1~lJr lJQst outbre~,k refers to tho flc.roup of

following pesticidal dOGtructiell of their I'espoctiv\J

nc. turc.l encIJia s (a.Ii th c.ncl vrn clan Eo sch, 1967;
S2ith, 1970~ Bottrell, 1979).
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A sODCW1:lr-...." c.nr-~cGOt1.S lJrQblo:.l is tho lJllCllouollon
Imov'iIl c.s s;wecc1 s],Jccics c1is~lc.ce::.lOllt,;; nllich is c:'.used

by extensive usc of horbici~os in cru],Js. ~lC t~cet

~eods erc repl~cec1 by uncffected spocies \lllich nr~

ceuse even l.~ore sevore probleDs. The so c.Ie often
c.nnu...'"1i c.nc1poronnir~l c;rc.sscs or ';voluntoorS; crc.:'JS

(NASi 1975; Bottrell, 1979).'

Pollinetors ~re cnother cc.toccry of b~~cficir'~

insects thct is often hc~~ed by ~esticidcs. Thc
r-.nnuc.l vc.lue of be c-pollinetad crolJs is Dore then

$1 billion (Metcc.lf, 1975). Bee ~oisoninG l~.s beeoDe

incroe.sinely eoa.lon, c.S l::cny insecticides c.re iliChly
toxic to boos r'nc1 c.re espeei~ly dec.dly if c.ppliod

durin6 the bloo~ pariod \~lcn the cro~s ere inhnbited by

lc.reo IJopulc.tions of honeybees l'ncl mpurtcnt ~tiltl beo

pollinc.tors. Herbicide.l destruc.ticn of bee fcrc.c;o pIenta

~~ produce even wore hr~~ul effects (Jclk~sen, 1977;
Bottrell, 1979).

(Alsovloc.se seo :;Ir.:p~ct of pesticides on hUlJe.n

hecl th end tho cnviro:ru:len"'G,~· this volULle.)
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PANEL DISCUSSION ON POST-HARVEST ASPECTS'
OF nICE PEST CONTROL

INTRODUCTION
~

Tho question of storcLo pests of rice, thOU@l

of significcncc, wcs deliber~tcly Qxcluded oriGinclly
.'

in the pro6r~:e for the short course. Recsons for the
exclusion were ~Io-fold. Firstly, the durction of thu
course ;"U'"do it lX'ndc.tory the.t .1Jriorities bo plt.cue. on
choice of subjoct uritters. Secondly, coupc.roc.l 'Ii th

field pests, stcrcBc pests of rice ero vf less

ioportnnco in ~resent dey West Africcn rice sit~c.tion.

Pc.rticipC'llts [:t the course durin[:, eno of thoir

nutlorous infur::.:cl i~loctinc.S, hO\':ever, indicr.tuc1 r'.
clesiro to h~vo tho subject troctod no r.lctter how briefly.
The cODend led to the scttint; Ul) of c prowl consistinc
of four Doubers, o[".oh requostec1 to cddress end briofly

hiehli@lti 0. pa.rticular aspoct of the subject in 01··dcr
to stiuu.lctc discussions.

Tho pr'nclist woro:

1. Mr. lfi. A. Lc.rindc, Seed TeohnoloL,ist
WARDA, Fundull.

2. Dr. I. Akinto.yo, Trninil1e; Officor/311tior.1G
loc;ist, WAhDA, Fou(k.11.

3. Dr. Kel~JOre, Postdoctornl Fellow
IRRI, Philippinos.

4. Dr. E.A. Akinsolo., Entol:101o[,.ist,
WARDA, Monrovic. •

._.----_ •.-_.._ •..._-_...•- --- _-..-_..__._--_.._._--_ __._._--------_._---
In fnirness, it Dust be stcte~ that tho p~lo.1ists

hed very little tiDe to ~ropcre their presili~tetions

which erc Liven in the follo·.. intS pc.t.es.
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POSl'-HARVEST CROl? LOSSES OF nICE Dr WEST A:hIDCA
• I • • • ••• F" .. • ••

By

lie A. LAnmDE
WlillDl1. J FENDAL, LIBERIJ.I.

L~TRODUCTION

Pcst-h~xvost crop losses cOllsti~tc·cn iwportcnt,
but often neclected end unuerustiL~ted fector which oontribute

to a decreas~hC world food supply. Tho vcluo of post-
hcrvost crup lossos depends on the purpose fer which

the crop is bellle cultiv~tod, food ~rnin or soed.
th~"t .

Losses in seed crop is Dore thc.nf 01 ere.in for ti':O IJt:.in
rec.sons - soeel cc.rry r.lOro l')I'oniUl.l then ordino.ry GTC.in
~d c dovm-crcdcd sced ncy still be converted to usc cS

food but not vice vcrsc.~

Post-hc.rvest cos defined by Hcrris et c.l (1978)--oenns losses nftor sep~rc.tion froQ the Dediun rold site

of ir.modic.to ero\'ith oz' production of tho food. Post
hcrvcst crop losses thus coo~cnce froD tho t~~o tho crop

is h~rvestecl end centinue throueh such steees e.s dryine,
processinG (for food or seed) encl storneo (holc.line, in

trc.nsit, clurine distributic.n in the Vlcrehouse, retc.ilers
shop encl COnS\,1;.lors house or shed Drior to cooking or

soodine. This contribution~vill focus u.......inly on lJost
harvest losses of seed rice with just c~.s~.l roforonco

to rice erc.in.

~es encl, Ec.usos of lc;ss0,s

Post-hc.rvost lOSE:cS could be croupeu. into trio
brond ccteeorios - direct (\ihen (;;I'C.in/seec. is lost to . _

~ho environwent thrwueh shcttor~lC'or is physic~lly

consuood by post) ~d indirect (loss in quclity).
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Indirect losses tc.kc :''.£::J.y 2.11c1 vcrieu. forns \Ihioh

renee froD UOCh~liccl injury (bruisinc, creckinc etc)

to loss of vicbility or even CC"-.1~11oto cletorioretion

(s].J0ilc[.e) '.-,'hich ronc.~rs tho crolJ u,selcss for oi th.:.:r

seedinL or COOklll~.

Direct post-h~v-cst losses_ .• ..........._ ...... 'I •

Detc.ilec1 c;~C'..i·Jinc..tion of stc.cos bct\-.'ecn rice

hc~rvostin[, end l:.lillin[. on tho 1IeC'.sC'nt feI!... c..s civon

by tho FAO (1979) \7ill throw li[;ht on tho c.:OCro 0 cnrl

n~turc of lassos sustained c.t ~iffcront tiL10S.

(i) H~ost~~:- Dclc..ycd hcrvostinc result III seorl. .. ..
shetterine '·.hile the il.llJC:.ct cf -,,1'10 cuubinw hc.rvo ster

or the jerk of the blo..de (sickle) elurinG h~c1 hC:i."Vostint

c~su cdd to this loss. Most of theso Lreins shod un

tho lXl.dcly ficld ['xc picl::ed up by r'c;'ts end I'c'H.1onts;

SCLl~ c.re caten end the rost stored in their burrol.s.
IvI.n.IJr..c.ls ere c~so !iJlovm tv bite thr(;uch the rico 1:1['.11t

ct its bc.so cnd ccrry vff \-;holo 1)c.11ic10s. Hcc~.rds of c.S

uuch es 4 kG., of stolon CrC.U1 have reportedly boml

Que cut frol:l burrv.is uf l"c.ts c,.j,'lll rGdonts.

(ii) Threshir"I.:- r.loro Grr.iJ.1s ere lost frol.l bunc1loJ.

];lc..udy vvhi10 it is beinG cUl'rioel froLl the fio1cl -to dryin[,

floor. Trclli tionc.1ly, throshint is achieved by boc.tine

the hc..rvostoc.1 pnniclo with c. club (l.lotc.r) or by beutint..

tho pc:..:niclo on suno sv1ill struc'~UZ"es" In tIle

l:lochcnizod syster.l, vC'..riuus tYIJCS of threshers e;dst.

Sinoe ~11 tho CrC'..ins nre not C'..t the scrJe stC'..Go cf

l:.lc.turi ty, SOl:10 [;1'2.i11S lJ.::.y 5ti11 r·o:::r.in on t110 c~isc[~rc.1ec.1

-----'---------t-hreshod PC'nicl-c-tllus~rcpl"csol1tin[,c.nothor s1:1['.11 loss.
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(iii) Drzip.c::- Tho throsllcd ere-ins ero SlJr'oc.c1 to c.

clopth of 5 to 7cn on tho dryulL floor for m'lnu c.1ryinc

or ~.t difforent lc.yers (delJenc.~inL en tho ll."'..chino type)

in ~_ dryer. DuriilC this precess the scad!cr..:in is

turnec.1. constc.lr~ly on the clrYlllC Ll'ound :,nd if cnuu[;h

ccro is ne t tclcen c.t this s t~.ce,' birc.s r.nd SO:-lO

IJestiferous :l2.l.11::lcls vdll pick up SOi.le wore [,rc.ins.

Inoffieic..l1t c.1ryi.."1C Llcy ciso result in loss of
vic.bility or even spoilcLe. in ~le dryer.

Losses fru:.l hcrvastinc to c1ryint stC.60S h~.yo beon

ostil:Jc.ted at bot\:ecn 4 to 10 l:)ez'cont depanclinc on the

cliLmtic conditions ~~~cr which croD hes Dc.·~ou 2nu

he.s beon hcrvefl'~ed.

(iv) .St",reL'p: lb::lclic.n pcsts ~.s well ~.s uz'tlu'0lJ0ds

end funti elso COllSUl:lO pc.d.dy in storc.~e c.nc'1,. oauoa

eonsic.lcrc.blo reduction in the pe-J.cly \"loi['"ht , 5-20

perccr.t of tho ovorcll \'lOiOlt loss hc.s boon rO:;'Jortiell

(Gorcetti-Neto 1979). Tho cctivitics of these stor~,Lc'

posts erc influencod by the s~nitc.ry conditivn of t~o

stvI'c.cc rooW. CoS woll c.S tho tOl:l110rc.turc cnc.l relr-.tivo

hurJidity of stor~cc enVirOnIlont.

Bolow 100e r;nd 400e H.H. (e ~~ M. e. in CCI'~c.ls)
, . -_.

insect ...vill no'l; bo c:.ctive. In \lost Afr'icr'. c.S in l'.lost

of the trolJics) tOLlperc.tUl~o Gro likely to 1.>0 well c.buvo

100e c.nd unless tho lloist"U!'c content of stered se~ds

is leapt c.t Co low lovel, insect 1Jcsts cen cuuse c~nsic1orc

blo clrl"Jnce whon othol:' control ;".Wr'.BUres t.I'C no·~ tc.l::on'.

Tho princil')e,l wc.ys in which insects cen effoct storcd

secds c.ro listod bolow: _

c_) Auult or lc.rvc. ur:.nc[.o/kills ulJbryu of scud by its
feedine activitios.

't) Insects l~""Y introuuca funci which era hc.r':lful to
seed.

c) Wobbs l~.Y be Sl~ or cucoons cunstructed nocoosi
tctinC clocxine with seDo loss uf sced.
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Indirect losses ere influenceL by thro~ w~

fc.ctors; rel2.tivQ lluniuity (i ..oistu.rc cuntent of seed),

teilpCr2.turo ~nd the cundition of soeJ/Lr~in ~t

storr.ce. Such losses u~ l:ceur ct eny of ['.11 the post
harvest ste.ces.

i) Relc.tive huuidity (seed l.1oisturo content) me.:
tcoperuture ~re the nast iuport~lt fectors ecusinc
indirect lJost-h...-....rvest losses end. of the tt,-,'O fcctuI'S,

relc.tive hunidity is the uore iu~ortcnt. Besides thc direot

effect these tr.o fnc-tors hc.ve on seed/erein, they rols;,)

influence the c..c·iiivitics of storc.[:;e insects cnc.l funt:i.

At hiGh relc..tive hwJidity enQ tenporcture tho rcprouuc
tion of these pests nrc f['.vourod resultine inulcrec.sed

infestnti\m by insect pests ','111ile f'unecl o.ttr~cli: clso
increc.sos rc.pic.l1y. Hec..t fI'ur..1 the respirutory

uctivities of funLi r.lso produce ;;hot spot"/:'lucul

hentint effect;; which r..my even result in conbustion.

In c.c1cli tion, storcce Dold lil~e AS,E.er4ilus spp. l1c..vin-
t,ruue storcd crnin/scud by producinL .c.fletoxin ~,hich

is c['.l'cinucenic. Vii th fm.' exceptions, the c..ctivi tics

of beth insects end funCi (ooIds) ure knovvn tobo [rossly

reduced c.t rolc.tivo hur~idity of cbwut 65~ (c..buut 13%
M.C. for rico) cnQ 15°C (590 F).

ii) SCed/Gre.in Fc.ctOl' c.lsu influence the extent of

indirect post....hcrvost losses. CI'['.clced (Jr' bruisod seed

(fror.1 hc.ncllin[:; operc.tions) rXc aore susceptible to

sto'=-uce pests ntte.clcthnn \i·,holesOl:.le seoc1/Lrr~in.



Sto.tisticr.ll;r sound cconowic loss cstinc.tcs ero .

"'!ory difficult to obtc.i.n thus wost of tho fi(,'Uros on

l)OSt-~'Vcst losses C.I'O bcsod on 'iLuostinntion'; of

experts. Difficulty in ebtc.ininc true loss osti~tc

is·due to tho fact tho.t they ~c affectod by L~~.y

vnrio.bles suehns locction end seeSon.

Loss cstinrtion
• I·

.
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Rico post-hcrvost 10 SSGS in ytest AiricC'. hc.ve

boen put c.t 6-24 percent, vii th "tho folIo hint,:; brcr-ole

dc\v.n percontcBes - Dryine 1-2 on-fc.rn stcrccc 2-10,
pcrboilinc 1-2 and nillinL 2-10 (Lindbo.ld, 1970).
Accordine ~o WARDA (1981), the totel pnddy proQuction
:L"1. West Africc.. for- 1980 "r-.S o.bout 2.8 uil1ion tons.
ApplyinL tho conservativo ostlilo.te of G percent loss
to tho 1980 peddy production fiC~~c for Wost Africc the

cv~r 0..11 loss ni11 be c.PlJrCXi~lc.tul~· 108,000 tons.
This reprosmlts c cunsidor-~blu loss ccnsiderinc the

fe.ct toot tho bulk of rico IJroducod in WARD1~ re[;ion is

still c.t ~hopoc..scnt fcruor level. also tho fect th~t

tho 15 West Africcn countries iu~ortcd c tote1 of 1.66

nillion tons of rice in 1980 (WiJtDA 1981) 8110\.s ·~hc.t t'.

drestic reduc~ion in post-hr.rvest losses UiOlt be

anothor wr.y of Dovine tho ro[;ion fe.stcr towc.l'c.ls sclf

SUfficiency j.n rico production.

Pa.tterns of trc.ditionr-.l r.lCthocle hr.vo l:lc.rkol1

sinil~~itios across W1JRDA recion. This rr-nco aen be
rouch:~-:r clr.ssified intc throe b:::-.sod on tho C.L;l"'O-clil:1C'.tic

. .
conditions provcilinS ospccil.~ly uurin[ end ~ftor

riponin[:; of tho crop. This clil:~l.to pc.ttom c.1utor~..lincs

tho typo of stru.c turc s r.s l10 scribod bolo\t~:
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i) &".hcl zonc This is ch.:-x.:'.ctcrizcu. by distinct
cry sc~son coincidin5 with the crop ~ipening phnse~ In these

pl~ces SOwo forn of solid \lcll contcincr is ~rcv~lcnt

c. c. tlud \vcllccl Cr211['.XY of NiLor is siLlila iJ."'l

constructiol1.:'.l cletr.ils to tho ;;nhUl.lbull of nLirthonl

NiCcric. In this zone ~ryinc ~rcblc~ is loss (if cny)
eftor tho oaturity o£ the crops which are ~apidly reooved

froLi tho fioltl into otorC&O. Further stOl'C.L 0 in "_lUtl-

welled bins offer protection. frow ~k".IlYJ but not

c~l storcce h~'zcrds (l~on, 1979).

ii) r.1oist-forest zone - this is chr.r[.ctorizo\.l by

unfc.yourc..blc '7ec.ther condition (hi["h rc.infc.ll cr

hUilidity cnd hi[::h tcwl1erc.tue) C:'1i the tiao tho crop is

reedy for hrIVest. Honco dryinc (esvcciclly mlll (~'yint)

is c. problCl~l (,.l1d scolls ere subjectcil to serious ].Jest

cttc.ck "./hile bein.:; left on the field fer nc.turC'.l c1ryinc •

Tr~ditionc.l structures ~re chcxc.ctorizccl by h~vinC

slc.·~tecl wclls or sO::le tlOcns pernittll'lt; the free r1ove~·:lent

of c.ir throu[:h the storcce Crcins to c.llov;' for llC'.tu:l."r.l

dryint ~s the sc~son proCresses.

iii) SCvcnnc ZOlle - In those creeS dry season coincides with

tho ripeninc of crops but in so~.:e yo::'.1"s rein ur'.y

persist beyoncl the optir.nxu hc.Ivest dey. In this zona,

the situ..r;,ticn is r:lOre cOl.lplox r-.n<l fCX.J01'S tend to 0lJt

for freely velltilc.ted typo struc·~tu:·e. Hov:ovor, i'~ llC.E

boen pointed out th~t the pctteITI of rel~tivo h~lidity

ill this c.rc~. novcl·tholuss is br.sicc.lly f['.voUl~r.blc C.l1U

crop rc.pidly G.ries, inspite of tho occr.fJiul'lcl I'c.ill

storns, to G level suitc.blo for storGce ll1 wore
------p-roto CtodrJu2t:\;/~J.:rcLl··oi~--soIi-(f-'con:~O:iilQr-s-ft;n-o!1'T979r:'
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Reduction of Post-harvest losses.. - .. ~

Reduction of post-hal~est losses can only come
about by inter-disciplinary apl~oach in which losses
occurring at different post-harvest operations al~e

reduced. Strategies already worked out by pest
control scientists for other crops may be applied to
the rice crop ~:i'~h some modifications.

For indirect losses of post-harvest crops,
greater a ttention need' to be focused on' the stol'aGe
segment as this has been reported to account for about
half of the total loss. Regardless of the kind of
strutureor method, good stor~.ge must perform "i;ho

follo,.-:ing:

i. keep brain cool and dry
ii. protect grain from insects

iii. protect ~Tain from rodents
iv. retard the activities of storage fun~i.

As pointod out by Lindblad et al (1976), tho foux---cl')nditions above are achieved by, the observation of the
fc1lO\iing good storage practicos~

1. Drying sead well to about 13% bofore storc.c;c.
2. Putting only wholsome clean seed into storaLc.
3. Keeping the sced cool and protected from lurgo

changes in outside tmapcraturcs.
4. Protecting the seed from insects throuGh strict

observence of good bygene, application of
insecticide (if neel~ be) and/or by puttinG the
seed into airtight storage.

5. water proofing the buildinGS and containers es much as
possibleD espeoially when seed are to be oarried over for
more than one planting season.

6. liaking sure containers nre rodent proofed in 0.11
ways possible.

7. Checking sced in store periodically to ensure
that there is no j.nfcstction.
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PEST OF STORED RICE. . .
By

I. AKINTAYO
. WARDA, FR..~DALL, LIBERIA

INTRODUCTION. . ..

Moulds, insects end rodents ore tUIlong the importrolt
agents responsible for the deteriorction of rice end

other stored products. In ordel' to control thoso
agents effectively, wo nec.d to 1mo'.. their hc.bi-bs,
and their onvironmontcl needs. \lith this knonledGc,

we con then device the most effective end cconoaiccl
control mecsures.

Rice mcy be stored ns pnddy (rew or pCl'boiled)

or as milled riee (raw or pE'..l"'boiled). All these forms
ore c.ttc.cked rnd damnged in store.ge by moulds, Ulsects
end rodents. Peddy (rt'.w) is the most stnble for'Ul in
v'/hich rice ID.e."'.y be stored.

In this lec1iur6, \i,'a will discuss only o.bouJ\i insect
c.S pest of stored rico.

Genart.:'.l behE.vioUJ:". ... . ....

Insect pests of stored rice ~y either be primary

pests (i.e. insects that cm o.ttC'..ck undNn.'1ged or
previously uninfested rice) or they may ba secondary
pests (i.a. insects that prefer ar~ged or previously
infested l'ice) • Adult insects lay eggs loose.lyin tho

storad I'ice or in crevices in 'i;he gra.in or in smcll

holes bored in the rico grt~in r:i'lli tho mouth pcrts.

The 0&52 hatoh into lr..rvce. The 1..:;1' v..LU LUIJU OIl ~hu .&. icc

grains and arc responsible for most of the dnmcgc suffcrvd

by stored rico.
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The pup~e develop into cdult insects. The l~~al 2nQ

pupal stcges IIl<.:'y be pessed inside or outside t.;.; rice
grcins.

Optimlliil conditions for the developmant of these
insocts ere temperatures within the rc..nge of 200 
3SoC end rcl~tive humidities in the rQnge of 60-70
percent. Durction of dev~lopmont under optimuw
conditions is within ~O-40 d2~s.

Among these insects, the more COmlll0n ere:
1. Sitophi~u~ spp.(Coleopterc, Curculionid~e)

..§:. pryzD.e end ..§. ~ep..mo.is (Rice rmd lhize rleevils
respectively)

Both ere prim=~l~ pests of p~ddy nld milled rico.
They C.re the most impoI'tc.nt insect pests of milled rice.
These vveevils e~ o.lso attc.clc rice in the field before
hc.rvost.

The cdult fcm..'"'.le bores c holo in tho rico e;rein
end then lc.ys tho egG into the holo. It sCt:'.ls the hole
with a. mucilc.ginous substcnce. Er~ch fenr..lc may lay 300
400 eggs. The lervc hutches from tho egg end remc.ins
inside the &Tain. It feeds end ~oults scvercl times
end then chonges into c pupa. ~~le pupc. chcngos into
rul o.dult which bi'ces its wcy out of tho grc.iJ.l. Dur·~tion

of tho lifo cycle is 30 - 40 d~ys Wider optirn1Uil conditions
(28°C ond 70'}'o rh). Aciult ~.'eevils muy live for 4--5 month.

2. Rhxzopertp~~o~~ (r0loopterc, Bostrychid~e)

(The lesser grnin borer)

Primcry l)es'l; of' peddy f.lld milled rice. Not very
S11Ct"Ce:te:tf't.,1 cl1r.1illocl ~oc. It -e-t-~eek5-riec in bhefl-ald

befoz'e h<.'.rvos·~. Both c~dults mid lr.rvr.u r:.re vorr~cious

foedoro.
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Irmcge ccuscd to tho rico ·grcin is moro irre8ulcr

th.."'.D. thct cc.usod by rice .:;ncl IJ......izo weevils.
,

Eggs (300 - 500/feLJ..'"'.le) r-.Ie lr.id singly oz' in

clusters in storod rice. The first stage l~lvr.cn-ters

tho grain throuGh creeks in tho husk or foods on tho

dust produced by tho boring of c.dult insects. The lnrvc..

is unc..ble to ~enetrc..te the llltc.ct husk. The lifo cycle
is completed eithor \:i thin t~le rice grnin or in the

grnin dust. Under optimum conditions (34°C ~nd 50-60 RH),
development time is about 25 dnys.

3. 51totrogr. cer ec.lelln (Lepidopterc, Gelechiic1"o)
(Angoumois g-ra1il moth~ II

Pri~xy pest of pc.ddy end willed rice. It
cttr-~cks rice on the field bofore hcrvest. It is en

iraportrnt pes"~ of peddy ospecinlly \,'here rice is storod

unthroshod. "\lhore ~'1.ddy is stored in bulk, the

nctivity of this insect is li~lited to tho surfc.eo lcyor •

Dc.mnge is ceused by the le.rve. onl;~t.

Eggs Cl'e leid singly or in Croups on thcsurfc.cc

of pnddy in the field or in store.Go. Ec.ch feul..r1.1e lcys

nbout 50-100 oggs. Tho first staGe lcrvc borers into

the gre.in \lhere it rOLle.ins until it is fully grOi",n.

Bofore it pup~tes, the lc.rvc borbs C clk~Ulel to the

surfnco, ler.vine:; c. thin le.yer of husk. Durc.tion of

the life cycle is ['.bout 35 dqrs under optimur.l conditions

(26o_30oC r.nd 70% IlH).

4. Triboliuru cnstcllcum (Coleoptorc:, Tonebriollidco)
•• t ~.. d

(Red floux' 'bootlo).

50condr-.ry post of r.lillcd rico. Paddy \;ith l11t1.jor

husk dCl.Il1O.ge uU'.Y c.lso be c.ttc.ckecl. Adults r..nd lc.rvc.o

foed on tho oxposodsurfc.cos of Br~ins.
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The feu~lc l~ys ugGs ~t rC~ldow III the storeu rice.
E~ch fc~~lc ~~y l~y 400-500 eGCs. Eg&s hctch lllto
slender lcrvc.:l with ·.-.hite ~:nd ;yellO\; bru:1ds. Under·
optirrun conditions (35°0 ~d 70% r~), dur~tiGn of
the life cycle is ~bout 2U d~ys. Adult beetles wr.y
live for over one yecr.

5. Orxzc.c:.:.e.h2:..~ .s:u-incpcn.s.i.~ (Ooleopterc' J Silvc:.nic1~c)

(SCw-toothed grcin beetlc).

Sccondcry pest of nilled rice. Adults <:,.nd larvae

feed on previously dcocbed Grein.
Eech fCl:1..'"'..le lc.ys r.bout 300 eggs. Tho eGGs c.l'C

leid loosely in the stored rice or ere deposited in

crevices in the Grein. Ec.ch eGG he·~cr..cs into c. S'~!..'"'.ll

Viorl:l-like lc.rvc. dlich woves freely in the stored I·ice,
feeding ~s it Goes. The cnturc lc.rvc pupctos in ~

delicate cocoon-·liko coverinG constructed by jOinlllg
grc~!s together ~ith e stick7 secretion.

TYPE OF DAI.IAG:3 CAUSEDa.=..,;;o.;:.............,.;,;;,;;......................~ • •

Infestetion of stored rice by insecto Dey le~d

to:
(i) Ieduction in qucntity due to feeding of c.dul·i;

ihsects ['.ud lr-.Ivr.c.
(ii) Ieduction in qunli ty. Tho hi[:,her the stc.Ilc1c.rds

set by the COnElUl:1Or, the L.l'uc.ter tho loss potonticl
is. The IJCrO presence of iIlsects ill rice l:.lt'.y c.:~u~e

cooplete rejection by SOlle consm~ers.

CONTROL...
Methods for cuntrollinc insect pests of otor~d

---~:i:ee mE.jr -re·-~idQa :i:nttrt'.-:o-..K~ill·· gl OUIJ{±}-norr-

cheuicc.l end (ii) chCl:li c[~l control I:lethods.

--_.----------- .._-.-----
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1. Non-chordcel .cou·crvl l:1ethotls. . - . .

These f.lcthoils r'.rc vor~l inportCll t cspccir'.lly in
our region r:hcrc posticicles r'.rc ei-thor too o:;:pcnsive
or not oesily obto..inC'.ble. Souo of those nethoc.ls of
control r:1.'"'.y be .listed {'.s ::'ollo'.:s:

0.) Pre-hcrvest ~cthods. . .-.....................-._---
i. li'"'.int...in ~ clc~.n field.

ii. Grow rcsis'cc:nt vC'.rictic:s. Rcsistrncc of ricc
vr.rieties to priD.."'..!'y stercge insec"li pcs'~s

appor.I's to bebo..sed on "the provention of kernel
cntry by the l~~-co.

iii. Hcxvest rice o..t the ri&~t tine.

iv. Avoid hC'Xvostill[; culd threshiJ.l~ tlethods thr.:t
lend to husl~ dOl ~rgo.

b) • Post-hk'"'.IYcst wothous.......__...__.~...............~..............

i. Cler.n storos end contc.il'lers before ne\: Grain is
stored.

ii. Rice ~hich is not infested should not be stored
close -co infested l'ice.

iii. store rice cs ~~ddy.

iv. Store in airtight cOl1-tc,iners.

2. Cheniccl control oethods_. . .... . .
Insecticides for USO'lll stored products inoect

control should hc.vo, OJ:lonc othore, tho follor:inG

chr.rr-.ctoristics:

i. Low t1."'.tll:1Clicn to~dci ty in relLtionto the
doscgo levels requiruc ill prccticce

ii. hoderC'.to porsistenee.

~he insecticides used nre either contact insocticides

or furJigcnts.
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STOrJ~GE PESTS OF nICE AND !:PM--. -,--_.------......._~....

By

E. A. JJGNOOLA
YlJJillA, mONROVIA, LIBEhIA •

Proper cr'op storcgo h[~s ::. vitel role to plc..y

in tho gigc.ntic cgricultur::::.lprocr['.,lJOos oubcrl::o<l ulJon

by sOwO West Africcn countries. It is vary osscnti::::.l

to preserve tho quclity ~d quantity of ell coreel

crops producod for ~s lon& nS required so th::::.t they

can be cvailnble for hunan eonsw~pticn ti1rouehout thu

yee.r. Tho self-sufficiency objcctives of uwy ceuntries
hnv13 not yet beon cchieved rncl storne,c prC.i'blOl":S tond to

be overlook13d. The situation, however, is thct oven the
subsistenco fc.rLler \.ho keop f'. bit of his crop beth cs

food und ~s soed fer plr...ntinc, tho reser.r'ch 1,:orker '.;ho

tries to onint::::.in vic-ble e;orl:.lplr..SlJ CLU tho governuent
seed Dultiplicction units, ell need to protect tileir
eOi:.];.lodity fI'ow post-hervest pest deve"station.

Lossos ~~,y involve physicnl destruction or rol::::.te

to sociel sten~cxds. Physical dt~~ge in rico ll~volvcs

weight loss t'.1ld loss in oill1116 yiold. The c.eonts
Cc.usi.nB substantia.l lassos 0.1'0;

ins~et infestation

l:.lould infection, end

rodent infestction.

A close observction of the loco.l fc..r-L..lCr revar~ls

tho.t ho prcctices ccrtcin techniques ::::.ioed at protecting

his gre.ins frot1 post-hr.rvcst pests. I!iust wcs·~ Air-icon

rico fUr410rS p::::.rboi.l their rico. It has bean scid th::::.t

parboiled oilled rico i.s loss susceptible to il1fostc.~tion

thc~ rcw Dilled rico.
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This is due to the touchness ll.!pUI'tod to the [:.rc;in by
tho pc.:rboilinC process. Other :.1Cthods c.doptod by

ponscnt fcrwors to protect tileir Gr~ins include stor~ee

on rcised p1ntforw cbovc the fire plcce in ti10 kitchen
where hou~ ruld snoke discourc.ge insect infestction.
Tho P='0coss also ensures c.doquc.to c;,ryinc; v-;hich prevc...'"l-Gs
Llouldiness. Sol::e fcr.L.1ers nix dried popper ',.ith thoir
grcins. VillnQc - level storuEO nay clso involve
cribs which ere desi&nod to provide ~dequcte ventilation.
Rodents t'.re prevented froQ en-;;r·y aither by uso of ~lippery

wc.tericls such e.s baaboo for constructinc the lacs of
the crib or by usc of rodent Guerds.

How docs IB~ cooe into this? Let us recowlt c.

fow of tho funclru:.lcnt::.l principles of IPII'l. Tho 1:101'0

presc...~co of n post spccies doos not justify cetion for
cOnt~ol. vili~'"l control uecsuros t~e required$ the USc

of non-choI:.lic~l control C6~~ts is ewphcsized first end
chcoiccl pesticides used cs e lest resort. IIlL! t'.v~ids

cooplote or heevy relicncu on rny ono control uethod.

Elsoents of pest ~~'"lccowont Cell be seen in the
pecs811t fcnJors' techniques. However, these prccticos
need to be scientificclly invostigetcd end iuproved upon
whore necessary. The lcneth of tiue the ereins noad to
bo ~torod nay detonJine level of control censure to
cdopt. The crcins should bo chocked constcntly.
Tiooly harvest and snnitetion nlso Co clone nuy to
tliniuizc post-h~'vost losses. When thero is noed for
chenicc.l contro~., r.:pply such cho1.liccls like pyrcthriulJ
v.hich hes luw l:JCJ.:.ll..lC.lic.n toxici ty.

___ ••••• ••__0__•__ .__ __._~__ •• ~ .__~ ,__._.__~
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./i. cc.rofully developed strc.tee;y for tho control
of post-hervest pests bcsecl (;::'1 the principles c.::f

inteercted pest l~~c~ewent ~ould ensure thct lassos
are reducod nld ~intcined ct levels bolo~ econo~c

threshold vlhile c.t the sr'.L1e tiue olininute ho.zc.rds
posed by too uuch reliance on pesticide usc. Prevention
end suppression actions need to be tckcn. The inpleuQ.'"l
tction of such a strctoey would bmlefit both the s~~l

pecsnnt fcn~er CllQ the lnree rice production schewes.
Rice dcf'icits in "i.lcrJ.Y' countries ill West Afric:'. \:oulcl be
OiniLlizod to ~ l~~to extent throueh intoBrcted pest
l.1cnc.t:,el:.1Cnt •
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EXAllP.LE OF EXPEhI:MENTAL APPROACHES TO THE
ASSESS).illNT OF YIELD LOSSES IN CHOPS DUE TO

PLANT DISEASES

By

M. D. THOI..i.AS
University cf Liberia

Monrcvin, Liberi~.

ExUl:lple!.t Lecf sc::.ld of rice, RhyP;chosporl:EE .~yz9:.£

(Fr on lli. D. ThoLms, unpublished).

n). 1979 in Sierra Leone et 2 locations, 3 ku cprt.
Design: pcirecl plots, (trca.tod and untrce.ted),
replicated 6 tiuos for 2 cultivars, ROK16 and

PN 623-3 ill sepCI'2..te cxpermcnts. No Buard rows
betwecm plots. lhAT 8, a susceptible cult~vur

plcnted. c.rouncl the periueter,of tho oxucrlilCl1ts.

Plot size e..nd seed rate: 0 x 2 l:lplots; seeCls clril1ec1.
-.-,. •• • ••. ¢

ct 80 kelhn, 20 co between rows.

TroatrJonts: 'treated plots received 4, sprays of the
systouic f'uIiBicide bcno,::Jyl o.t ree;ular intervcls,
beBinn il1G at tloxiuurJ tillerine up to DC.turi,ty, c. t
the rato of O~33 ke c..i/ho.. Untrectou plots
c.llowod to bo infected frotl nctura1 inoculut1.

Disecso C.SSCSSr.1cn t : Percent loc.f c..rea. infcctecl Cl.t doueh. ,. ..............
stage fI'OrJ the 4 top 1ec..vus frOLi 18 rcndOl:l1y chason
fertile tillers; avorceed £~a expreSSed. ~S disease
severity per plot.

Yield: Whole plot, except sinelo bOl'der rows, expressed
as kg/he. at 1410 c:rr-.in lJ.oistu;r~c~CO~,l~l-lLtOllo<Jnbl.t-"-.L. _

b) '1980 in Siorrc ~oono ct2 locntions in the North,

3 1m cp£1.rt, ond III 1 locc.tioll in tho Ec.st 359 k1:1 c.wc.y.
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Dosi.c.n: I~cnc1.oLlizocl cc~plotc block rop1ic2.. ted 4 titlcs.

Four tu.txd ro'.. s', 20 cu bct1',OCll r(,Vjs, uflLOK 3
u resistc.l1"i; cultiv2..r, plcl1toc.~ ~.r()und ot'.ch plot;

40 Ctl \":ic.lc lJ<:!.th bothecn [,tU'.rd I'm,s end plots.

Dise~se ~3sessDent: Percent 1e~ cree. infected frou
." • e

the 3 top lec.ves frOl:l 2.11 "tillers of S l'Tndo:uy

chcs~ p1~nts froD ecch plot c.t 2 to 7 tiues

durint; the Crowinc. sc~son.

Yield: Harvested centrc.1 ror! of or.ch plot. Yiel(1-
cOl1ponents tc.ken were, neicht of 1000 I~C111els

and nuuber of kernels Del' panicle frCJf.! 1 u 2 t1.rec..

Durc.tion: 2 c;ru'.d.nt; se~.sons.

EXaI:1R..le. J: Conl lcc.f b1iCht (Northern) !!~lp:illtho.spoI'iUl:!

turCiCUl:l. FrOD A.D. k:YLlundo e.Ild A.L. Hoolcer.

1981. P1c.nt disecse 65:35-327.

Dot3i£...n: R~:ndolJized cor.1plete bloclc, rOlJ1icntec.1 4 tiues,

usine 3 l~brius.

PICJt size end seeu. rc. to: 2 rOviS of 4 IJlc:nts. Hews 7b.. ....... ..
co upo.rt, 38ct1 between hills, with 2 ,plc.nts/h111.

Treatuent: E..'"'.ch plc.nt incculc.ted Yiith 10 rJl of r:. slJoro

suspension contcir!inL 55,000 conidic/ul of H.-
tl¥cj.~. Each hybrid plc:nted in Co checli:block
isolated frow the disee.sa block, but in sru.le

cenert'.l a.re,.•
Disecse c.sseSS1Jen·t;: Percent lee.f c.ree. infected in each. . ...

row, recorcled vlOekly stc.rtinc, c.t silkin[:,. (Did

not IJention •.hichleo.vos were Gssosse(1).

Yiold: Enrs fro~:l oc.ch rO\l (excopt end plcnts) bulked
p

GVI"\""CFl~nr' ..,s ""'';'l''I+O,.,../l... ~ - vielu-.a.-~-~----- "' .,-" cu t:r.. ' .....a ,,~ ... gl .. :teo•• -.- ;;--vv.-~-.Jtv...~ ... "'...., -

woie,ht in errns of 500 kenlels frm:'1 cr.ch plot.

Dur('~tion: 2 t.;rov:L,c sor.SOl1s.
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NOTE THE FOLLOWING; 1. Usc c.ultiplo-pcL'I'lt 1:.1c(':.el. ...
(sovorcl c.1i so~ ..:.so rec.clines) i superior to eriticc.l-
POlllt Dodel (sincle Qisocsc re~dint).

2. Cc.lculc.ter, prOtTess or rr:.te of discC!.so fro:]
oither slope of erc..ph. \:ith loe x/l-x (y~ lec.f
eIe~ infected cs ~ proportion of he~lthy tissue)

c.s Y Gxis, end tiLle ~.S X c..xis, or froLl the cu..".ticn
for r civen in l(b) ~bove~

3. Usc c,uc.rcl ro\.s to roduco illterplot interfer-C:~lCC.

4. For rico t'.lld siuilcr cerec-.ls, usc 2 top lcr:.ves
(flcE; end next successive lcc"vcs) for clise[~se

,..

--_._---------_._.._-- --_..._---_._.._-...,--
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ECONO~IC EVALUATION OF RICE

Pest Control Procedures

By

C. Liichc.el alith
Louisir-.nr-. stcte University

&.ton noute , LA 70803 U. S. A.

In the dovelop~mlt of ~lY inteerc.ted ~est n~c.ee

rJent (IPM) proc::rcr.l, considerr-.tion ::.lUst be [;ivcn to the
econoI:lic costs c..llc1 benefits ['.ssocic~·tod with insuct post
control. As ['. rcsult, the COnCCIJt of tho cconouic
injury level (ElL) h~s c1evelCipcc.1 for usc in !PIl. The
EIL ia the injUl~y lovel c. t r,hich tho cust of inSlJct
cCintrol is cor.lpcns['.ted for by ['. rcsu.ltint incI'o['.se in

crop yield (Kirit~i 1980) L,r tho lc\','csti pest 110pulc.tion

densi ty the.t r;ill Cc.usc crop injury si[.nificr-..!lt encu[,h

to justify c.rtificic.l control lJl'ocudurcs (Stern ot :::.1

1959). A closely related concept is tho control or
econooic threshold (ET) (usunlly Im.or then the ElL),
which is tho c.lonsity nt \I:hich control :-Jensurcs should

be £'..::?plied to prevent pest pOlJUlo.tions fro~l roc.c.~d.nG

tho ElL. Most siuply stcted, tho ET is tho injucry level

which sepcrc.tes en ecceptcblo iroD en unccceptcble deBTee

of dm~~ge (FA01970). Sinco c. rico production syston

ispc.rt of both c.CToecoloeicc.l c.nu socioecononic systews,

the ET cen fluctuc.te in tine. Changes in the vc.lue ()f

the rico crop, cost of control r-..nd the deGrce of
I

d::'.u.......ee inflictodby insect peste s) tc.s influencell by
i..'1soct density, plC'.11t tolor~cc [,:11d insect viruEJo...vector

relationships), cen ell detcrrJine the ET r.~d ElL.
----------_...:..........--
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5:'.u12lin.t:. Rice .J!1s.cct :PU1?ulr.t~.~: ThQ c.ccurc.cy r-nd
success of both the ET rnd ElL ~re hecvily clclJenC.u...'1.t
on relicble insect surveillcnc0 (trcppinc) tcclllliques

end in-field sr-.fllJlint; of populctions or lJl~:.llt Ur..tlCGu.

These techniques YI'~ll vr.ry iD. r-eJ.c.;tioll, to the insect
pest, typo of crop· (u:PL.....nd vs lO\'llc..ncl 'encI eao[;r;'phic

locc.tion in r/hich tho crop is crotin. Re[/'...rdless of
sc~ple size or nrec, c sc~ple should be en accurcto

repro sentation of tho insect or plant populr-.t'ioh froLl

~,hich it is drr..vm. KuowleLlr.;e of the spc.ticl distribu

tion of the pes-'li insect (Clur.lpcd or rr-.ndou), ..~..nOUl:;'·~ of

lc.bour c.vc..ilc..blc to teko s[,~lplcscnd urccncy 'Hi tll ~.'hich

control dccisions have tobo ncdc erc the fectors which

uSUk~lly dictGto the s~plc sizo. Insect populntions

c~ bo sewDlod usinC diroct or indirect wethods (FAO
1979), includin~ ~ctu~l CCWlts of lllsocts por llilit
['..rec., rol~~ivc counts (insocts l,cr svwop 'or'perninute'

of collection) C11d .il1clirc~t insect counts br-.SCl1 on
" ' .

lllsect cctivity 011 the plc..nt, i.o., white hcr ..els,. c1c~d

hocrts, hoppQrbunl, dofuliction.

A vc.rioty of· lieht trr.p l10 si[j11s end ],JoVIer source s

(kerosene or olertric)heve been developcQ to ~rouict

sto.1borer populc.tio~ outbrodts in rice, since infostr:.tion

of plcnts usuelly becins with~l 5-10 dc.ys·of the peck

Doth flieht.- Thoueh lieht trc-..ps hc.ve·beonuscc1

extensively in Chine. in tho lJc.st Shin-Foon (1900),
roports thct usoof the tr~ps is beinGoliLlinetcu uuo

to the ox~onsc of oJ)orc.tion t:"...."1U hor.vy colloctionof

bano~ici~l lllsect popul~tions. As ~ore ere idmltificd,

boror sox phorOl:lOnos will be very useful in borer

populction uonitoru1e, end'duo to their specificity,
Shou.Lunot r-.cLvo:csely CffC~OCllOf~cif.T m13ects.------------
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For sevcr~l yc~rs~ e s~~~plinG tccmliquc developed

in the PhiliplJmeS m~s used. to cstit1~'"'..te rice ste::!bor'cr

d~~cc (Onete 1965 III FaO 1979).

%Berer =Infcotdicn
!lo. In:lcctc-". Hille
No.-HiiYs· Obscrvc~

x i:o. Infc:::tu'" Tillc.r~:

'TO'tcl'NO.'Ti"llcrs In· X 100
InfcsteC: Hills

This is ['. relr:tivcly f~.st end r:ccurc.te wethoC: v,hich

is c.pplic['.blo to both v:hi te ho['.u end de[~d hCr'.r"ii cl~Y.Go.

Hesocrch ct t!lO Intornc.tion~l nice Hesec.rch Insti':;ute

however, hc.s shmm tht".t clue to plc.:nt [.rO\ith response to

infestc.tioll, infested pl['..nts h..."'.vo nore tillers th['.l1

non-infested l)l2UtS. GOr.:lOZ (1972) :?roposccl tho

follovJint fOI'"i.1Ule to eOLlpOl'ls['.te for the plcnt l~ro\lth

response:

%Borer • • ~ro"••~~PE-aed Tillers In A SanrJ-t..e J\rea. ...._ I I ..

Infestation Total No. . Total No. Total No.
Tillers In 1.11 + 5 Faires Of ,,. Undamagod X 100
Darna.gcd Hills Undamaged Hills/10·" Snmple llrea

Sever~l StDp1inc nothous lllCludin[ swac) nut~

visuc.l COUllts r.n<.l lit.:ht trl:":ps he-.ve beon usecl to tr~lJ

vericus species of lenfhuppors ~ld ~lt.:ntho~vers (FAO 1979).
thoueh only \,lllccl1 £o1"1:1s ere collected ill liGht tr..~ps.

Other IJests such ~'.s rice bucs (L.e~t.o.curis::~ t..nd Qs..1?J.~ SP1J.)
end lepidopterous lcrvce (lc['.f-rullcrs, e.rlJy';,·urns,

skiplJerS, c~se\"iOrD.s) C['.l1 be s~!:~plucl by swecpnct ~"J:lpling

or direct in-field J:)lc.nt counts.

Econol:.'lic Th1"e sholds cf Hico Insect Pests: R~:lCge
e , •••• _~ •• .... • ... 0_............ • ..........

to rice by steD borers is closcly correl~toa to yield

losses" In 'Gho C['.SCl of' the J:..fric~ i"lhi to rice borer,

li'1.."'.liJ2t".r~ ~C:;}.f:..r.r:.t.oll.;.... , c. clll se rel~tiOllShip hc.s boen
C10I:10nstrc.tecl between lerv~l il1festc.tion ['nc: Gl"'c.in loss
....--- -----_._.-_._---- --_.- --....•-- ..... __.._--

(FiC. 1).
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Similarly, research on grain yield reduction by the
yello~ stemborer, T:~Eorlz£ ir~~rtLt1as, in Indo~esia

indicates that each 1% of dE.illat;;e results in an

approximate 1~~ yield reduction (Soeji ton 1977). '

Good correlations also exist for the relationship
bet\lsen leafhopper ann planthopper damaGe and yield
l~ss in rice. A s\II,'eep net sampling technique
developed in Japan has been used to calculate GraL~

losses related to bro"n plenthopper,N~~aR~~~

luge~s, populations (,Fig. 2). ~ne relationmlip is
linear up toa midpoint until insect crowding apparently
begins to affect hopper feedinG_ Similar reduction
estimates have also been calculated for populations
of the white bacl\: planthopper, ~.&.a:~efJ.a fp.rc.i!.~~.

If untreated, populations of 10 hoppers/100 s~eeps

in the tillering stage can cause up to 10~ yield
loss. Infestations of 10 or more hoppers/100 sweeps
can cause from 40-90/~ yield reduction, dependinl£ 0:1

the degree of plant damage (~~.O·1979).

The quality of the rice crop may also be
dependent on the degree of insect infestation.
Kiri tani (1980) demonstrates a linear' relationship
between population densities of Nazara viridula and

,.;.-............. -_....-.

~c»tocorisa'El~~and husked:ricc quality in Japan
(Tablo 1). Thoue=,h the effect of fu.. viridulq Vlas about
50% less than "liha'c of L. chinensis, doubling the... ..
populations of each insect lowered the quality of the
infested rice crop by one f)rade. Dyck (1978)
summai~ized the presently used ET for some of the major
rice insect posts (Table 2). Those thresholds arc
based on 01. mcr plantaamage or

H

mscct popu"I~J.ons;

the latter usually employed \'lhcn insect arc et:sy to
sample.
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In the Southern United States about 30~:' of the
riee gro.,n is trouted i:i th carbofuran €,I'anules for
control of' rice \!atcI' \!ecvil, L.issorho.Qtrus
2F~~p~hilus larvae. Control costs in Louisiana alone
are about ~1.7 ruillion annually. ~is practice
produces an approx~tc lOtb yield inereasc and C~~SGS

a net increasc in profit of' about $25 POI' acre above
the cost of control. Using cur:,'cnt cost 2.Ild p:roduction
figures, Roblllson (1980) developed the follo .ing ElL
for ~. o!yzopp~l~s in Louisiana.

Cost of carbofuran = 20 LB/AC X 35~/LB = ~7/AC

Cost of application (airplffilc und flaGmen) ~3/AC

Total t,;ost; of control .tplO/AC

Crop loss due to 1 ~o 0-If-Z01?hilEE .. Value of !!.. ~~phj.Jp.s
larvae/9cm j root samp 0 X rice crop cro~ loes

.08/LB) = :J 2.74/AC

EIL Cost of Control 10 AC
• I •••

Cost of Loss 2.74 AC •
'),.65 larw.e/

9cm3 root cample

One of the most comprehensive studios involving
the cost vs benefits of' ce.rbofurol1 based insect control
as woll as aspects of fish culture in rice production
v.aS oonducted by Heinrichs ot 0.1(1978). Rosul ts
of this study (Table 3) not only demonstrate that
root-zone applicr..tion of carbofuron enabled hcu.'vest
of fish populations, but they also point ou"iithc"t
consideration should be Given to othcr~ hurvostablc
organisms in the rice c.gI·oecosystem whon insect BIL's
ere being eotublished.
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Table 1: Rel<::.tiol1ships of hUfJkcd rice qunli ty '(;0
po;pulc.tion densities of t\,;O Illc..nt bUG spccil,;s.
y

-------_...,.-.........- ..-.- ._.--~- ... -.~..-~------_.~ -- _._.--.----
Grado

(% of spotte:1 gl·':'.inS)

_....1L0~ Adul ts/50 Ne'~ S.. e.cJl:.-s _

Leptoeuris['~ chin\'msis Ncz~~rr:. viridu1c-..-_... -....--.......-... ...-.............~ --..........._--_.......-..........~----.....--.----_ ....._--------_.....-~...._.....__...------
1 (0.1) 6 2

2 (0.3) 17 5
3 (0.7) 39 13

Sub~ad9 . ( 0.8 )

-----.....--.-. -........-------_...... -..-....._._.-_.----- .....~.. ~ .......----
!/ From ICi:ri t,:ni (1980).

'l'<::.ble 2: EeGllomie thresholds for some m~.jol lice il1soct
pos'i;s in South r,lld Suu"Gho~.st Asir-.. 1/_-:1

---------.~--..----._ ...._--_-...._- --..-...-.--~-_ ... -~._....---..----~......- ..-
Insect Thloshold

~-_.--- _ - .._----_ -._ -...----_.. _.- _-- -..----
Stem bUl'crs

Ermin plC..llt hopj,lol'

G......'een rice lc[~fhopPer

i:~hite-br-.ck pli":n thopper

G~.ll midge

Lm~.f foldor

I~ico skippers

) lO~~ da~~<i he.rt (UlJ ·co 3u DT)

) 10 insects/hill

) 20 insects/hill

) lO/lOu l1Q'~ sweeps

5··1v~~ uf pl~nts \)i th [;~~lls
(c1Ul'll1& tillcrinG)

lO..15~b dr.llK.~ecl lc;-.ves
(d'LUll1g Gr~~in fill)

,··10 c1i"lJJ.q:~,ed steills/100 plZ::!l ts

--_.-- --.. '.........-..-__.--_.- ~~.-... ~-_ .....-. ......
Y F:r"om Dycl:: (1978).
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Tc.b1c 3: Effect of roct-zen0 c'pplic.:-.tion of c,.rboful'[·n on
yields of rice rnd fidl ill the J?hilippines
(Heinlichos at c.1 1970).- ---

-~----_...... -... -_._.~--..-............-._ .... ....---- .....--_._-_ ..~ ....----.._----
App1icc.tion

J:r. te D./
(n. i./hc.T

Cost cf
insecticide
['.pn1i cc..ticll

- (;Z;)

FishY
Yield V lUQ L~c~~c

(lC~1 h=~) (~/ he.) ( 4)
_____ .. •• __ ·• ~_.4__.. _ •. __ • _ _. _

No insecticide

Broadcast
lkg at 3 DT
1kg at 3,23
43 & 63 DT

Root zone
1 kg at 3 DT
2 kg at 3 lY~

o

30

120

46
92

155

141

o

166
150

127

115

o

130
123

701

b87

566

804
815

_._._. • ....... --........... II'" _ • • •••• p , .... _

a.i. - active ingredient; DT - days after ·~:I'ansp1anting.

Means not followed by a cornrJon letter differ significantly
at :p = 0.05.
Seeded 7 days post insecticide application (3000/ha).
Income = (value of rice + value of fish)·.insecticide
and application costs.
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INTEGfLATED PEST rJIAltAGEI.t2:NT IN A GLOBAL
PEnSPEC~IVE: PROGI:ESS AND PROBLErdS

By

Dale G. Bottrell
University of Califol~ia, Berkeley

Consortium for International Crop ~rotection

2288 Fulton street, SUite 310
Berl>:elcy, California 94704, USA

The past 5 years have seen an explosion in the
literature 011 integrated pest management (IPH). The
misuse, overuse, and unnecessary use of chemical
pesticides have been major fac~ors in the rapid 6rowth
of interest in IPtE--and quite a:ppropriat~l~·, since the
IPM concept seeks to minimize the disadvantages of the
materials and to maximize their advantage. Robert L.
Metcalf (1900) designated 1976 as the beginning of the
;;Era of !PM,;; in commemoration of' the Interna·~ional

Congress of Entomology hold in thct year. He
reported that during the Congress tho concept ;;clearly
came of ago.::

Br~der (1979) reviewed development in intesrated
pest management in the less developed countries (LDCS).
Young (1979) and the Speci['~l Issue of the Intcrnationnl
Organization for Biological Control of Noxious Anim~s

and Plants (IOBC, 1981) provided additionc~ discussions
on the SUbject. The Special Issue compiled the r~pors

presented at thu Conference on Future Trends of
Integrnted Post tbno.gemant held in Bollng10, Itt~ly,

May 30-June 4, 1980. FAO (1979) and Kiritcni (1979)
are recommended for information on developments in
IPM in rice. Haskell ot al. (1979) reviewed tho
worldwide socio-economic construu1ts to crop protoction.
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THE INTERNATIONAL ORGANIZATIONS' ROLE:
HISTORICAL PI:HSPECTIVE

A moeting sponsored by the Food end A£riculture
Orgrolization of the United N~l:~ions (FAO) in 1959 to
review the role of pesticides in agrieulture YIC.S

probably the single mostsigni£ie~t stimulus for !PM
at the international level (Brader et 0.1., 1980).
A recommcnd8.tion of the meeting's purticip~ts ~us

tha.t "governments initia.te or intensify resee.rcll
which will le2.d to the hcrmonizing of c1:emico.l Ul1d

biologicc.l control practices." This rccommClldation
cleurly supported tho ·:inteGrc.tod control;: concept.
In that srune yec.r, the now clc.ssic publicr-.tion ':The
Integrc..ted Control ConceptI; by Vernon M. Stenl, Itc.y
F. smith, Robert van den Bosch, end Kenneth S. H~gen

(1959) cppecred in n.ilbc:.rd~. The publicc.tio!l hc.u a.
significant, c:.lbeit slow, imp~ct in rousinG tho
intcrest of c..."1tomologists in inte[;Tc.ted control.

In response to tho recorrn~lalldr.tion from 'ehe 1959
meotlllG, FAO ercc.ted the FAO Committee of Experts on
Pesticides in Acriculture III 1962. This Conmlitteo
formed c series of FAO \rorking Perties on Pesticide
Residues, nesist~lce to Pesticides, end Officic.l
Control of Pesticides (Breuer et cl. J 1980).

In 1963, The Twelfth Session of the FAD Conference
(the govurninG body of FAO) recomnonded thct FAD
emph~sizc an inteGrc.ted cpprocch to plcnt protect~on.

In October 1965, the Director Generc.l of FAD convClled
tho ~posimn on Dltoerctod Pest Control ct FAO in



The conferces endorscd the use of the tcrm
Hintegrc.ted pest control;; <:md recommonded thc:.t c-

apanel of expcrts all inte&,'l"C!.tcd pest control bc

estc.blished ••• ;; III 1966, FAO 1 s Director Genere-l

estnblished C!. panel of experts on integr~ted post

con~rol to sorve ~s c. ste-tutory c:.uvisorJ body to PAO.

In 1979, tho prolel bc~nmo ~1 ndvisor to both United

Nations agencies, FAO Dnd the United Nctiol1s Environ-
ment J?rogrc.mme (UNEP), under the title ;~FAO/UNEP :P2.Ilel
of Experts on Integrated Pest COlltrol. ii The ponel

considers the term integrc:.ted pest control to be

synonymous \'/i th i"ltegrc.ted pest mCllc.Gcment. P.r.y F.
Snith of the University of Cc.lifornie, Berkeley end
Executive Director of the Consor·tium for Internntionc.l
Crop Protection, ~s served ns Chnirwl~l of the P~nels

since 1974. BredeI' coli c:.l (1980) discussed the eOlnposition

of the Pencl ~~d its c:.ctivities.

448 .
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The FAO/UNEP Pc.nol edvises end c.ssists tho

Director Gcnerel of FAO end the Exocutive Director of

UNEP in formulcting clld execu·~ing policios elld procrams

I'elc.ted to ;;ilr~oGrc.ted end onvironLlentc.lly sound

c.ppronches to past control in ngriculturo.;; 011e

importcnt cctivity has bean to dovelop c. sorics of

~uidolillOS <:md lihor/-to" mc.nuc.ls for tho devcloprJont end

inplclil0ntc.tion of .IPrI. The Guicloli.."'loS for IntoGr'cted.
Control of nice Insect Pestf3:; (1979), for oxeffiple, wes

developed under the Pellol l s aSuid~ce. SimileI'

guidelines hcve been developed for cotton, sor~lunl, and

nmize. All c.re c.vnilcblc in English c.nd ono 01" r.loro
other lenBUc.ges. Guidelines non ere being developed

for soyber'.ll, groundnu-li (pacnu"C), c.nd sUBc.rboet (Bruder
e t ['.1., 1980 j;---------.-------.----------.---------------------.-.
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The FAO end F.AO/UNEP Pr.llels he-ve initic~ted
severcl DC..jor IPlI projects ·~hrou[;h tho FAO/UNEP
Cooperative Glob~1 ProGr~ for the Dcve10puant ~d
Applic~tion of IntebT~ted Pest Centrol in AgTiculture.
Tho Global P:rosrcJa is coordin~'i;ed by FAO, ~c1. the
Pmlcl serves ns the techniccl e-dvisory body. Threo
cr..jor projects in IPM aro no~ opuratingunder the
Globnl Proi:,rcn:
(1) the CILSSl IPm reso~ch project in bcsic food c=ops
in the &~el of Africa, (2) tile Southeust Asic soven
country prosrnJ:1 in rice IJ?r1, end (3) the cotton IPl.I
progr~ in North Africc end Ncnr Er..st. They wore
initir..ted, respectively, in 1979, 1980, nnd 1977.
The projects ere being funded by vcrious dOllor G3Cncies.

The three projects of the ~~~O/UNEP Globel Pro~r~~l

crc tho 1creest coordll1cted lllten1ctionc1 effort to .
develop cocprehensive IPM syste~s for c5ricu1tur~1 crops.
T~leir long-ternl objoctive is to devolop ecologicr'.lly
bcsod systems of pest r.l~CBomont for tho crops unQcr
considerction. The projects erc e~phcsizll1g cde-ptivQ
rcsccrch, cnrriod out wostly on fcrwcrs t fields, fcrucrs'
der:ol1stro..tions of' prClaisine IPU technique s, end tr£'.inine;
r.s required ·to lllcrecse tho indigenous o:::.p[".ci t;y- in IPM
in tho pcrticipntL~g countrios. Althoueh it is too
ccrly to detcrcL~o the impuct of theso projocts L!
r.dvcncing IPI.I, 'i;he reseurch end operetioncl e.dvcnees
represent c. trend tU~·IC'.rd Dore rf~tionnl .~lcne.Geucmt of
c6riculturcl pests ll1 the LDCs.
-----_._.._--_._--_....._.'......... _ .......' .- .. ,...-
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The FAO/UNEl? Pc...'"lel he-.s prob~.bly been the single

lc..rgest stiuulus in o.dvCllelllG the concept of llrLiec;rc.ted
pest r.u::nc..gcoent in the l,DOs. Tho Intarnc..tionc..l
Org~Ilizc.tion for Biologicc.l Control of NOJ~ious .f.nilX'.ls
end Plents, Contre for Oversec..s Pest RoseGrch,
U.S. l~cncy for Intenlctionel Dcvclcpwont, ~nd verious
other internc..tionr'.l orecollizc.tions hnvc [~lso contl:ibutcd

in e.dvcncing IPn in these cQuntrius.

Sose of the c.t,'riculturc.l centers of tho Consul tc.tive
Group for nlternc..tionc.l Agriculturel TIescc.rch (CGI1~R)

hc.ve tnjor prO[;rCLlS in plc.nt pro·i;oction. T'..o CGIlJi:
centera -the Internc.tion:::'.l 11ice TIosoc..rch Institute

(IRHI) nndthe Wost Africc. Rice DcvoloprJent Associetion
(WARDA) he.ve l:1c.jor responsibiliJ~ies to rice l)roduction.

In recont yoel's, IRRI hr-.s contributed sicnificc.ntly in

2.avencinG the concept of !:PH in rice end developing

resac.rchlec..clllle; tOivc..rd ~:lproved systcrJ.s of rico pest

tr.nc..Gcocnt. The Vlcst l1.fric:::,. Rice Devalopucll*; Assccic¥tion

(WARD1~) is bccoaine; in tcrostcd in c..dv.:cncinG IJ?H in rice

in West Africc. ns evidenced by the Associetion's
effort in the pnst two colld one-hnlf yec.rs to bac;in c..

ree:;ionc.l progrC'.I.l in rice I1'1'l in the WAli.D11.. t1o~:lbcr

countries.

Verious l1r-.tionc..l institutions in tho LDC~ elso

hc.ve contributed sienif'icr-ntly in develolJine; 2nd
i~:lplcL:lCntinG IPM. For ex~JlJle , the· r,blc.jr sir'.l1 ABriculturnl
Rosec.rch r'.Ilcl Develo).Jl:.!ont Institute hr..s beon r. key lec.dor

in ndvc..l1cing the IFH concolJ·~ in il1c.lc..ysia. Other nc.. tionr:l

institutiollS in the LDCs in l~sic'J ltfricc., r.l1cl LC'.ti1l
lU:1Cric~. hc..ve pl~'.yod sinilr-.r loc.dership role s.
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STJ.TUS OF !PI.I IN THE
DEVELOPED COl.lNTl1IE S

The st:-.tu~ end prospects of intee;rc.tedIlost
ornneencnt in the developed cOUlltrics were discussed
in lOBO (1981) vUlich is recol~lmldcd ~or c nor9
cooprchcnsivo discussion on the subject.

USi'..--
l1."'..jor proe;ress hcs bcml I:.1.."'..dc rocently in "lihc USA,

pcrticul~ly in'~ericulture vn1crc public resecrch cnd
extension c.e:;encic.:s lu~ve tc.kell' stops to develop [:.l1d
deuonstrc.te IPll concepts end tochniques.' To dnte, the
l~.reest nc.tionnl reser-.!'ch c:f~ort to develop iJ.1"l;o[:;r~ted

ccnceewcnt of crop posts rel~tcs to insects ~ld uitcs.
M....... jor etlphr-.sis llc.s been plc.cod on cotton, citrus,
deciduous fruits, soybec.n,' end c.lfcl:fc, 'v'lhich ~CCOUl1t

for c.pproxiI:.~~tcly 70 percent of the insecticides
c.ppliod cnnuc.l1y to U. S. croplc.nd. It is uS'i;irlCted
thnt prototype IPr4 systoos now c.vc.ilc.ble or bain.:.:
developed for '~hesc pests could roduco the qtu'.llti ty
of insecticides currently used for their control
40-50 ,percent ill the next 5 yer-.rs cnd pcrhnps 70··80
percent in the next 10 yccxs, ~ith no reduction in

present crop yield levels. ,]D~wers L~ souo reeions '
heve nlreudy bee1ll1 to adopt thosOSystODS.

It hes boen dei:l0nstre.ted ·chc.t 1."'1 sorJe c.ro'c.,s of ,I

Texes cotton tlC.Y be produced v:ith 50-75 percen'~' loss
insecticide. Uo~ooYer, the IPtl systow incorporctos
ocrly tnturine cotton vcriotios thct roquire 00 percent

--- --~,C.B.fL.for.+:;''; zc::' r..'"1d· 50 porcont less i-rriGt:tJ;;i-,~O~lr;-i;-1',~;e~:'~ec""'l~'------

than tho lcter rJCturine vCIiotics.

-
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The systcw 118.s inerec.scd pr-.r-cicipc.tine; fc.r;]ers'

pro:fits nore thc.n :';;100 per r'.cre (fron ~~62 -1;0 ~170).

The Texc.s Pest 11.'"'.l1CceI:1Cnt ll.ssoei['.·;;i.on~ c. nonprofit

f~er-cdoll1isteredore~iz~tion, n~s rec~ltly forued
to :JroI:lo-l;c incrcc.:led use of I1:'1'.1 systeus on co-,t011 end

other crops.

Since 1971 the Cooperc.tive Extension Scrvicu hes
been de~onstr~t~le the c.dvcntctcs of inteGrc.teQ pest
u..rmneenent on· c. Hide vc.riety of field crops C11c1 livestock

opere.tions. The objective of the dcwonstrc.tiolls, conducted

on SODe 25 crops end in ccttle feedlots, is to introduce
far.::ers ..mel livestock :~1cn['.t;erS to IPm co:ncepts r-.nd
tccmliques. For ne~ly overy crop lllCludcd in the

denonstrc.tions in over 30 statos, pesticide use h~s

dropped sj.c;nific~'.lltly without c. sccrifice in yiclLl or

qvuli ty clld \':i "1;11 increc.sed profit to the fe.1"'.:.:e1'. The

deno:1strc.tions in cc.ttle feedlots !lcve shO\.n c..

reduction ill the useaf cl1eLlico.l pesticides rnd. GIld

~ increc.se L~ the dc..ily weiGht cain and feed
efficiency of the rol~~ls.

EqWllly cl1courne;inc results hc.ve been t'..chieved in

IPM proBrc.r.ls directed nGc.inst ~ests c.ffcctlllC urbc.!l crens,
public heelth, end forests. In Cc.lifornic.. , em IPIJ

proerco Si@lificmltly reduced llls~cticide use on city

o\Y.nod shade trees. Before the proerc~ wes llliticted,
cpproxil~~tely 16 percent of tho five-eity tree

population (462,000) wus tre8.tod for p~sts. Under the
IP!i'I progreJ:l, only 0.08 percont of tho trees \/Qru troe.tecl

wi th chowicr'.l pos-liicide s, end e.1Jproxil:1c.toly 1 porcent
were treo.tod \:i-I;h tho i.'"lsoct elisoc.so c.Len"1; &.cillus ______________________________. . .__ .. ... ------._---- ----------- -----~__.__.._:'i.......___ ---

.th,,\rj.l1£,j..ons.i.~•
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\'Vith tho nunber of chcr.ll.cC".l trer:.tuonts reduced to
7 percent of "me prcproercJ.:.l dr:.ys, the pests \;ere
offcc't:lvely D.."'.llcCe,d. -These reEUlts illustI'c.t~ the
potantial' for raducine pesticide use in urbc~ crans,
~ sienificc.nt source ef ccntc.uino.tion in rivers end

other aquctic s,ystc~s in netreDolitan reBions.

'Results frow llosquito control districts in

California show IP14 IJotonticl. ill j;Ju.blic hecl.th Jtr0CroDS.

Incorporatinc physical, biolobicel, culturcl, ~d
chooico.l I:lotho(ls, tho' systorJ 1mS" providod affective
Dosquito control'while sicnificnntly reducinL Dosticide
use. In 1962--the pock yeer of' IJestici:1e nplllicCl.tion
in the districts--615,OOOpounda of insecticides were
used; with intecrated pest ~nnncoocnt, only 63,000
pounds were C".111Jlied in 1976, C". Ie-fold decreo.se.
Labor and nntoricl costs have been cut end enVir0DJlcntal

. ... .

poll~tion isne~lieible.
... '

Intensified .offorts ere undcrwo.y to devclolJ
i~,t,eero.ted llu:-.nac;oDont schencs for forost 'pests,
pc.x,'~icull:'..;rly inrsoets. ,j Tho, ~\ppronch ho.s boen Jc,;o'

develop, cvcluo.to, end iuplouCIlt tlC.nne;Ctlont syateuS ..
that nro environnentnlly so.fo end to provide the
lQl0wled~o nocosscry to prevent orsuppruse ~est ou~

, ' -
breoks~ 'In 1976, 'cdisecsc-cnusinB virus wee reGistered
for uso a[:,o.inst the Douelo.s-t·:lt tussock Doth, C.11d in'1978
reei~tr~tion of rnothor virus~as ~Tcntod for eontrol
of the e;ypsy, ooth-tho l:lothsc.re tiWo o:f the nc.tion t s '
!.l('st serious forest insoct posts. l~othor bioloeicc.l

,, contro:l:-, ,the eli sens;o aeen t ~c.j,.:l;.l.~~ t.hU:~l[~i.op..~~1 r'1CS

recontly reeistorod for usa c.eainst the' Doue1es....fir "
tussoclc tlot:!:l. ,_._. __
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Retistr~tion of thcsu biclocicrl cc~~ts is

sicnificcnt, boccuse the DO~Gl~s-fir tussock uoth ~d

the GYpsy Lloth h['.vc ~CCOUlltecl for a substcntic.l IJortion

of the insecticicl~s used. L't'J. fe-I'e sts in the :x'..st

2 c1.C1co.des.

Bottrell (1979) reviewed the status and prospects

of IP~ in the U&. enc1. discussed the obstc.cles to

wic1.esprecd use of the stretc~Ye Of ell the sectors,

cE,Ticult-urc h~s benefited tho ::.10 st. Hm··!evar, fm7

operctioncl post ~unceoDmlt proCr~s ere truly
intocrctud. Boccuse of techniccl, eccnowic cttitu
e1incl~ nnd possibly other bc.rrj.ers, IPlJ. hes not bel.ll1
used for c v:ide vc..riety of pests r'.nc1. res0urcus.

Chewicul herbicides Gnu insecticides nre still the
i:buckbone;; cOl~Qonel1ts used. to :~r..na.ce Heeds Colle insact

1)ests. riost of the IPIiI proCrc.ws have been C.eYolcpeQ
for sinelc posts (e.e-, one lllocct species) or for

closely rcl~tec1. pests (eeC. sC"ITernl insect slJecies).

Efforts to develop nultipcs'~ IP!;I schones, synchronized

with cnd intecrctcd into optil~~l crop production systeDs,

hcve just becun.

Euroj2e

IOBC tl98l) SUl:ltlarizecl the aituo·~.i.on ill Europe us

follows:

I:Iri Europe, concertod stuelies on intocrc:hed control

~ve beilll prooutod since 1956 by the Intenlction~l

Or{"Gnizo.tioll for BioloCiccl Control. DifficulticD
oxperiencad with the cppOC~r[".llc(J of spider :.~iteresistullce

to pesticides in tho fifties sti;'lulctetl dotr:.ilec1.
_____________. jJnr.QJ;rtiCn.tiOD--on..-tha.--PrQsorvc.·Gi~"1-(rf.····neturel---ent.Tf.:t±ceg--------·········--·-

L1ninly in cpple orchards c.nd viney['.I'c1.s.
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This research hns [;rr.c1uc.lly e:::p[',11<1oc1 to include
ell ':'1c;,'1.jor crolJs and CoS a cOllsequence it bec~":1e possible

/

to develop r:.l9re 1Jrecise end less IJl'odicc.l systei..1S of
pesticide usc, canera.lly culled supel~isod control, in

whioh econo1:1ic -threshold v~lues for pests \vcre us\,;d,
wore selective pesticides were ~pplicd C'.S fer r.:s
uvo.ila.ble, end rolic.nce Wc.s pl['.ccd on i.r.lprovel.l
forecastinc systcus.

The next step, b~sed on en c.llprovcd ID10wloQLo
of supelvised control, wes the develop~ent of
inte[;ruted conJ"l~ol SystOl:1S, which in uddi-~ion to tho
requircO~lts for supervised control c~ll ~or deliberate

~sc of bioloLicc.1 and biotechniccl nethous.

The fin~l devolo~~ont ~lould loed to llltocrnteL

production \'/hich is tho ;Jost a.dv2.Ilcucl SystC"'l o.s it

tclcos into cceount, in cddition, ell aspects of
cultivation, includinL tho choice of crop r~d va.rioty,

culturnl Llccsures, soil l:lOJ1acoucnt, weed CO:"ltrcl, etc.

After wore than 20 yenrs of research L~ uociduous
frui t crowinc the t~ost striltil1(; nc1vc.ncos he.vo bcon
rJCdo in o.pple production, for ~'Ihich intecrc:toc1 control

I

is sufficiently c.dvanced to be e;onera.lly in-troc.lucec.1 in

Europecn countries. Tho oconouic returns hnve Droved
to bo hiGher thrn in convon-Iiionnlly protoctecl ol"chC'.rds.
Ho\'/~ver, tho introduction of tho systelJ is r.~r:Jt:int: slow
proc;ross.

In 1975 Cl. first o.ttcnpt to .introduce an intOtTc.tod
prod~cticn schewe wns ~~de III ·a:itzer1o.nd on 200 hectcres
of aplJlo orchards. Since ·~hel1, Growers' Associations in
tho IillCll~ ful-lay-±nFIT.nmrl1:~-cmvclopcrcrsucli'-systc;.J1r---·-·-------

which, however, rOL~ll! III their oxporiumltcl steee.
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The second ::.lost ::-.c'lVC.l1C Jcl sector is Cl['.~ol10t1.Se

crop protee-'~iCll for ~- hiell i..··rGeLrc.teG. syste:~s ::-.re in
prcctiec.l use, ~·.1......inly in the Nctlle~lc.ncls, Unitoe:'
KinCc10:L:1, o..nc1 Finlc.nc1. .....1 thouc;h thore ere still now

probl~s ~risinG, sueh cs the upsurCe of hitherto ~inor

pests, these s~;stCi:lS ere beine exploited v!ic.ol~7'.

A ccnservctivQ csti~C1nte inQiectes thct in these

countries 40-50 percant of the tou~to and cucm~bcr crops

under Clcss ere Drotected III this wcy.

Considorr:.ble clevelop:1cnts hl:'..ve clso tclcon iJlcce

in CrcpcvL"1e, tlcizc, oilsee:d 1'::-.11e, citrus, Cond, to 0

lesser extent, in \\'he~t ::-..nd vccctc.blcs, but for ·~hcso

crops the stcLe: of intecrcted control hes not yet

boen recchcu c~d there ~o still unresolved problci:ls

il:11JosinC linitc.tions.

This ~hort survey is L'J.l illustl"'c.tion of thc
reI:1a.rkeblc collcbor:::.tivo efforts which r.rc 1:1.['.c1e =-:n.inly

throuch IOBC ViorkinC P::-.rtios.

Tho vcrious ~h~ses.lc~QinC froll purely chc~icnl

centrol to intcCI'c.,ted lJest L'!..'"'..IlC.[,O:~lCllt L'ntl even to
intocrntecl production, G.S oxoi::lplified by fruit Cl"'O';:inC,
represents the cellorc.l trencl follo\led in Europe. It

is onticipc.tocl thnt with the l"ecant SUPIJ01~t of this

c.1Jpronch by the EuI'opcnn Ccr.1l:1tmity techniecl 1,1ro[;ress

o.s well c.S COl1erc.l c.cccptnnce of these systCils will bo
inere:[~sed. ;:

Q+,hop. :Qovo~.ol).e.<.l.C2.un tri£§

Tho stc.tus of intecrc.tec1 lJest U;..'"'..Ilr'.L:Cl:lCnt ill C.:::.nc..d~,

Austrnlic.., New Zealand, and othor ~evelopcc1 cCltntrios
. -------------rs"ecnercllj--s:ltlIlc.r-tothc"sit-u--:..;iion--clcsc1"'i"betl-f~r---"--------·_-

tho USl1. encI Europo. Good procress has boon ~(Jh:1evoll in

SOLle erolJs whoro tho COVQrn~~lOnts hc.vo OLllJhr.sizoll tho

IPM c.pprocch. Ho~over, it is ccnerclly believeu

the.t fe.roors in the c.1evclol)Cll countries usc ;J01"'e
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pesticides th...".ll necesnry, e1:(1 c.. vc.riety of obs"lie.cles
slow the proCress of IPM in ell these countrios.

STl1TUS OF !PIl IN THE LDCs

Brnder (1979) used eXc.I:1LJlos to sl1O\'1 thc..t
inteL;r~ted IJes't ll..'"lIl~ccwent he-s been c.ppliccl successfully
to both snc.ll :ceIu cnd estcte Cr01JpillC situc.tions in

the LLCs. lOBO (1981) reported thc.t ;ithe DevclolJinC
World provides the oc.r1icst ey~~~~les of tho deliberete
introduction of IPr.i procr[1jU"'es.;' Ono of thoce cxo.L~plGS

cited in tho lOBO report i'la,S en intccrutod inseet
control procrnu introducod into cotton in tho
C{'llete VC';,lley of :Peru in the 1950s. This pro':';l"c'.a \lCS

hiChly successful, C'nd it hc.s bean \io1l clccttJen-i;ocl
(refer to ,S:1i'~h end van don Bosch, 1967 for references
to the doc~Jontc.tion). Its c.do~tion by cutten
producers in tho Vc.lloy lod to a rcpid, strikinc roduction
of the cotton post probleu. Boforo the intecrc.te~,

proCrno, tho Valley's cotton inc.lustl'y HCS throctel1ed
, ,

by lllsect pest outbreaks brouGht on by nisuse of

insecticides. IlS n result of the inteerc.ted IJro[;rc.l.l,
the insecticide problen wes corrected, eotton yields

rebounded, ~li tho pest situc.tion returned to nor~~

in 1 or 2 cror:inc seasons.

Brader (1979) and lOBO (1981) elsa eave other
eXttl.lples of successful !PIlI proGrCr.ls L"1 the Loos.
Most of these involved nonfood crops--cotton, cocon,

oil pnlr.l, olive, and coconut. In [enerel, Il?I.1 ho.s
lacced in tho bcsic food cre~s III cODpcrison to IEl
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IPli has received 4:.lOre c.ttcntion in rice then in rmy

other food crc.l 11. HO'.vcver, the CILSS !PH :rcsco.:rch
proj ect in the &iliel is enpllesizinc roscc.rch in IPi;~

for rJillet, sorchu:.l , 4:.1c.ize, rico, end other £oocl crops
£ro~n by subsistence faracI'S in the &lllol.

P.orhc..11s tho concept (,f ill-cio[:;ro.tecl pest

uanULcDellt and its applic~tiun heve cdv[mcocl fua'ther
in the Peopl01s Republic of Chllle th~~ in ~lY cOQ~try~

Plcnt protoction now has hi(:;11 priority in Chine, :me:
inte6r~tod pest nanaconcnt hcs been popularized and is
incroasincly practiced by ~~y cooumles. The Chinose

ere workinc to epplypest control in context with

tho totlJ.1 c[:;riculturnl scheLle, c.ll activities bein[;

directed to~o.rcl c. food h~rvost (NLS, 1977).

A uelecntion of U. S. entowolocists concluded,

efter visitinL; Chine. in 1975, thr:'li: ';Cler..rly.s thu

Chinese hc.ve l)rocressecl beyond levels e.ttninec.1 in the

Uni ted Stute s bo th in \"lideSlJrcc.d en thusio.Si:l for

intecrcted control ruld, in nGnY respects, III the
cppliention of the acoloticnl principlos funL~1entnl

to i ts c.1ovoloPlJ.on·~. Tho C!.evelolJr.lont end o.:)111icntion
of cult-urc.l control l]o'lihoc1s r:ero cxouplcry in Deny

instcnces. Tho tenls t;post I.1Cncceacnt': or ;lintocrntoc1

pest f.1£IlnCCl:1cnt:: woro virtuall~rnevor used by our

Chineso collocL:ues; the tOl""l:.l usea \'ICS ':inteerc.tod
c1.1,Utrol:; (NAS, 1977).

IPU Di RICE

Ki.ri tcni (1979) end the Proceodines of tho :. Short
Course on TntacrrtNi "Pc~t Con+,...o' fOl"-Irri,:,:-.tc,"'" r.ico

III South and Southccst Asir.;~ (Anon. I 1978) ho1<.1 in
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the Philippines in 1978 revie~eu the st~tuo of
inte~rcted pest Dun~ceuent III rice in Asic. F~O

(1979) proviueu cuditioncl ll~orwntion un the

subject. Vnrious pcpers of this W1JIDl~ trc.illillG
course discussed tile status of IPM L~ rice in Africc
end clso Southccst AsiC'.•

These discussions cleerly showed that IPM has

not advanced verj- fc.x in the crop.. r;!ost euphc:sis
has been en developinc disense ~d insect resistent
rice vcrieties, selective cheniccl control uec.sures,
end iclprovedpcst surveillrncc ~d forcccstinC systeDs.
Those nocsures hc.ve fncili tc:l;ccl nore efficient USe
of insecticides ill liDited v.rcr'..s. For c~":1p1e,necr

Cuttnck,inOrissc, Indiu, the nUi:.lbcr cf insec·ticidcl
npplications per rice crop hc.s:buen roducec fron

3-4 to about 2 (Brader, 1979). ,The .Indian fnruers
hc.ve beon ree:.ulnrly involved ill iLlplcnOlltinL tho IPm
proerrua necr Cuttcck. Other licited efforts to
develop IPU syster.ls for l~sicn rice .hnve elsa bvOll
prorJisinc, al1u. the l12,tion..'l.1 GoveInl:.lonts of the oojor

ricecountri,es have endor~ed tl~e eoncept of IJ?U ns
the preferred strctecy for conb~ttinc the pest~ of

rico.

The Southeost lA-sian rice IPUprocroo beillG

developed under tho FAO/Ulr.mP Globel ~ocrau for tile

Deve1opuont ond l~pplicc.tioll of Ineecre-ted Pest Control
in l~[;riculture is the first orcc.llizedeffort to develop

cooprohansive systcns torIrI! in rico III dovclopine
countries. It is teo ec.rly to cleteminethe iupnct

of this. effort 011 cc1vcncinC !PI,I over Co wide c.:r.cr., but
tho PI'ojoc L rOJ:!.I.'CSCIl Lf;l a- In Lio.LIul CI'GIld LVlVUI'd

ocolocical-bnsocl systeus of pes'c ::ll:'nr..ccl:1Cl~t.
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ID:EDS In TIler:

Tredition~~ rico cul~~o, cl~recterizo& by s~~ll

fcrws, polyculturo (Lrorlinc of rico ~.nd one or Dore
crUl)'S siuultcneously on tho s~.cu field in tI1Cl scno

yocr, undor Upl~ld conuiticns), locel, un~provod

vc..I'iotios, littlo or no c..rtificinl fertilizers,
pesticidcs, or othcr inl~ts, ~a ninll~UL1 tillcco, is

still prr.cticcd by e substcnticl portion of rico
fn.rr..lers tYIJicc.l of thosc in Hest lJ'ricc cnd Southoo..st
Asic. Tho rico usuclly is Cbnsut10d entirely by ti~Cl

hULlo.Il inhc.bitents on tho fc.l"l:ls \llloro proG.uced. Yiolc."!.s

nre very loyv, r-nd there c.re no orccuizec1 De·~holls of
pest control; pests sir.:ply e.re· tolerntec."!. or IJrotoction of

the crop depen~s on neturcl control fectors nnd rere

pesticidr.1 trec.tl:lents. The fc.nJors heve eccees to
linitec1 cnvitnl r~d teclrnoloCJ, often arcilliterc.te

or be.rely literete, c.ncl hc..ve vir"'Liunlly no lmo\"!letlce of

tho benefits or the lioitc.tions to pest centrol

prnctices.

HoV/evcr, hi[:11 yieldinc v<::rieties, irriC:J.tioil,
Dechcnizc.tion, fertilizers, ~~ld other oodenl llll10vctions

ere beine introduced into these rice Cro'.-:inC crer'.s.

The rico yiolus heve lllcrecsed, often sicnificr-.ntly so,

end tho increcses heva provided lllcentives to ~evclop

other rice ll:ll)l~Oval:lCnt tecluliqucs thc.t \wulcl L1ixil:lize

tho yioldpotenti~l. Pesticides, pcrticulcrly

in~ecticidcs e.llu. hcrbicicles, cro boine usc:.c.1 in, theso .

a.rea.s.

I.ioderniz~~tiol1 enc.l e:,pc.nsion of rice in c.1evclopinL._-----
nrer.s such r'.S "lest l~frico. pro~Jiso to yield ineS"Gir.1Cblo
benefits for uillions'of peoplo.
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However, the che,nce froD truc.1..itiol1a.l rice culture to
Do Dorc l:>rod'.lctive stc.te should not and ccnno'~be

bused on the intensivc use of c[;riculturc.l
pesticiLl:3s. It h..'"'.s beell esti::1Ctcd thc.t if-c~l, rico
fcuuers in Sou"i;hu{,'.st llsir-. usec.l llcsticicles ct tho
sene mte c.S Jo.pv..nese fcrr.lers,they would uso no:....e
than the current cnnucl \,/01-.1(1 l1roc1uction (l'JlO'n.,· 1974).
The oconooic resources und inircstructuxes needed td'
ccquire ~d use these tools c~e not canercll~

cvc.ilc.b1e (Gless and Thurston, 1978)~

Intecreted pest oancLonent specic.1ists commi~ted

to koopinC pc~ticic.1e uso low thorl.lforc should becol:le '
Dor,e c.ctive pc.rtners in efforts to incr~ec.se rico
production in West l~ricc ruld other dcvelopulL cr~c.s.

It ~.s ospccicJ.lyi::lportant thq.t tOC!;lS qf discil)l~Qs

uLronolJists, plc.nt b~ei3dcrs, insect ant:. <2~SCc.sc cvnt1"01
specialists, sqciclo[,ists, ~conol.lists, end vth.ors","":,,"bo
involvod in tho fo~~tivo staees vf rico prouuction end
rice protoc,tion.

The role of s()cicJ.sc:iell·~ists, cduco.tors, CllU.

oconouists ~s especic.lly' ioportant in IFli efforts in
-_. thec1evclopiriL.. -coWl-trios. EvOll when the Il'r~lr str'ctOLY

exists, it i:1.."\Y bel extrel.lely cliffi9u1t' to soIl, tofan-iers
who cre c.ccustonec1. to chenicel control cnothor'
c.pproc.ch. Theso inc1.ividUl:'.ls I:lUst "fir'st bo shovm that

.the Il?I!i ~tro..tei..:ywiil c.dcqun.tely nchicve on objectivo. , , . - .,

they consider to be :Loportnrit--i. c •. , lsm<?rini tho
costs, incrce.sine 'the, yiolcls~ ur c.nothor.'
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Then they Dust be t~uLht how to iupleDcnt the

strc.tCty. Thou[;h IPI~ C£'l.ll be ii:lploi:1onted by fc.rucrs J

they initic.lly wr.y resist ir.lplCl:'lCntint. the s-trc.tOLY

becc.uso they feel cwkwc.rd ll1 doine souothll1~ new.
Then, tho IPm strc.te[y oust be Dr.de CCi:.1lJctible wi th

the existinc social-cconODic-lJo1itico.l structure of
the cOl:ll:.lunity. Persons prolJerly trC!.ined ill the

ycriou~ soci~l sciences ere essentic~ inLredi~~ts in
ell of these efforts.

rr.intaininc ~enetic Dive!si~y

For SOLIe yeC!.rs now, Lelleticists have worried
('.bout the worldwide loss of Lenct~c clivol"'si ty c..i:lonL

plc.nt crops. l.x.intaininL [enotic diversity is vi tal
for' twv rec.sons. The first is the vulnorc.bili·~"y vf

nnrrow l:,er-wplo.sl.! tc.: :L."'lsoct pests. diso('.ses, ~:.Lld

cl:wcte chcnLe.When hULe hectc.res c.re plcnted with [l.

f:linclevo=io"cy or a few closely relctcd vcrietios,
ontiro he..rvos"lis can be wipecl out by one clisec.so or by

tho resurtDnco of en insect Dest. Siuilurly, tho

harvest becol:1os torribly sensitive to cny chonce in

clioate. When the ~:1C1.ssive use of insecticicles is

constantly upsettinc prGdctor.~prey relctionships and

cho.nGin& the r.lix of insoc-t pqpulations, tho plcntinc of

fewer and fC\"ler vurieties i.s po.rticulcrly orJinous.

Second, thore is the neocl to preserve the celletic

rosuurccs fron which plcnt broe~ars cen create new
strains tailored to chon[;in[; enviroru:1Cnts.'Only freD

the laree cenatic 'pool that hus evolved over oons can
_________.llil\LlU.a.rl.:t chnrn.ct.or.iatic.S~~Qof~-diS~-I"''''' (1 --insoc±------- . ------------

pest resistance, lrmc:th of Cro\'.'in[: sec.son, wator and
fortilizor roquirawonts, soil end sun noodo, pro-cei::'l

content, and Su on-be drawn.
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Public Health Consider~tions., . .
The institutions involved in tho doYeloJ:ltlcnt of

rice pests Uc.ncLoLlent prOCr~:.ls end policies share
uc.ny uf the SCLle concer.ns cs the institutions involvod
in public heclth prOtrC~s--llJprovodnutrition, worker
sufety, and cnviroIllJeutcl protoction, for eX~J~le.

Yet efforts of th~ rice pest t~~uLewcnt spoci~lists

could Live rise to 0. conflict which efforts of "the
public health specialists, if efforts of the two ere
not coordinated. Tho hecvy use of insecticides ll1 rico
could have particularly neco.tivo iupacts on lJUblic
health. Aside fron the potential direct heJDful
cffects of insecticides on hULk~ health, the ChC1JiCC~

cctcrials uay o..CLrcvato certcin diseuse vectors or
intero.edicte hosts of disease orcc.nisr.lS. In the
Gezira Schewe of SUdan, the uso of the insecticidos
DDT elld De.'1.lc.thion on cotton Iles so cOdifiod the
posquito hubitc.t as to result in tho evolution of
insecticide resistant nularic Dosquitoes, thus nddine
to huucn heclth probleDs.

A few yecrscc? the bnttl~ nLcinst ~lcrin seGued to
hc.v~ been \'.'un'. Howevor, not"l, clespito vi£:"orous r.nti
nulnrin c~pciLns, the disccse hus ~~do u coucb~ck,

- . ~.." - . ". .
as recently discussed by Chcpin end Wusserstro~ (1981~.

The resu:rcence of tho di~co.sc hcs boonpc.rcllclcc1 by "
intcnsif~ed c~ric~~e und increcsod, use of insecticides.
The relationship in pestici~c usc in rice unQ wulcxiu. , ,

has not boen s"tudied adequntely in Wost ~fricn. ~10

effects of other pest UQ.nc[.cLlcnt prc.cticeE =4J. rice such
I-:"'- o..s habi..j;a:tJJo~ifi.Q_tltiJ,)n.....s,""~CLnQ..t_ wQl-~_unclQ~s_tQQtL.Qithor .... _~_. _
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1;ny effort in pest Dcnc.ccilentin. rice in the rocion

should ~lphcsize tho iLlport[~1CO of s~lchronizinL and

intcGratinc policies t.ntl pro[:'r~s ill rico pest

onno.ccilcnt v,ith thosc in pUblic hcalth post control

so os tv o.voi~ prcctices which cccrev~tc the probleil

of rJ~I.larit. cnd othcr public hculth clisoc.ses.

SaLlc Innov.ut.iOllS Cannot ~~~it. for thc Experts

S:1o.11 fc.n.lcrs do not clC1Jond on covernuent l~usuerch

und extension officials £!.s iJuch o.s donors co~]nonl~T SGO~l

to nssurJe. ~.r:lcrs in tho LDCs arc bctter Lulovetors thrul

cenerally reco[nizcd. Glass [mel Thurston (1970) ~cl

BraLI.lOr (1980) cited oxc.L1plcs '.';1hic11 shcvv just how successful

soue of the iJ.1.novations cc.rriocl uut by LDC fen.:.ers

thcoselvos heve beon. Brm~~er eoncluded thc.t tho

Lovernoent officicls v lack of cttentiun of those

innovc.tions hes retarded aLricult~rc.l devclo~~ont.

It is il:llJortunt that r'csocrchers r.:nc1 extension

officers bocowo awarc of fcn~or llhiOVo.tions in rice

which inpince on new IPlil proL;rru:ls that wey evolve foz'

tho croIl. The crowine of riee in l:lC.nLz'ove SWCllPS,

rice intorcroppinL: ';'.i th vocotc.bles, the crue end docruo- .
systeDs of ontchinG varicties of appropriate hc.rvest

oc.turity ~nd resist~ce to rislllC and fellinc floo&

wc.tors of the erent Wost ~friccn rivcrs--these arc

just 8. few of tho inno"lo.tive rJethods clovolol.Jed by

tr(!.di tional l:..:fric8n. fun.lers. I~[!llY of the ilCthods still

ern beinG used today. These Dothods could have evolved,

in Ilc.rt, clue to the need for conbo..ttin[. pestsl»

Studyine thel~l under actu.al fc.n.lers' field conditions
------ ------ ·---rs--thoro:ror(r1np01"'tCllt-~······- - - ..-.---- ----- .. -- - -.- ----.--- -.- .
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Extension could usa tho fCrl.lerS r fiel<.ls CoS clowons

tration sites, mcl could ol"'i.:;c.nizQ c1oLlonstrc.tions of

oucrLinc nov! IJrectices in othol:'. c:.rcc.s where .. ccnc"litions
era sioiloxo Tl1is cccalerntod pece of rascc.rch end

ext0~sion. could lecu to a noro rapid increase in

n~riculturnl production. Inevitc.bly, too, the

spinoff in enhenced rJutucl respoct ·cIlecna·ored bctv?oen

officials and fcr~ors would ~rQcluce ~dditioncl

banofits ~_ production throuCh £rcc.tor caroor interest

clld fnrr.lors' COOpol'c.tion. As BraDner (1980) stc..tec.1,

failure to inclu~e fCTIJors ~~ ~cvclopD9nt cfforts·iE

.% awo.ste in opportunity. •• for r'. nutual intorost 1.:."'l

findin£.. solu'cic;>l1s to u[:;ronoLlic probleus.;;
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AGROECOSYSTEII1 TEA~.i RE?ORTS

INTRODUCTIO~

Of all food crops, rice has the greatest capacity
of adapting to the most varied ecological conditions.
Cultivation of rice in West Africa ranges from the
coastal humid tropical areas \-,.ith slight changes in

temperature and long heavy monomodal raj~s to the
dry Sahelian areas of the north \/ith strong daily and
seasonal temperature fluctuation and very short mOl'lomodal
rains. Based on the water rcgi~e, five types of rice
cultivation exist. These are rainfed upland, irribatod
and lowland swamps, mangrove swrnmps, deep-flooded and
floating rice ecosystems.

Vith such a diversified ecosystem, it is to bs
expected that pressures exerted on the crop by both
the biotic and abiotic components of the enviromucnt will
s~milarly vaxy. In the case of pests, dif~erences exist
in terms of prevailing pest species and also in their
relative severity.

Course participants were organized into three
teams; upland rice, irrigated rice and mangrovo rice
'With tho aim of pulling their experiences tOGether in
order to develop status reports and recommendations
concerning present state of Imowledge, research
requirements, training needs, regional and local, and
needed me~hanisll1s to improve dialOGue muon[S rico
s~ecialists working in the various agroecosyctems.
Regretably, there was no team report on dcc~·£loodGd

and floatlll& rice since none of the participants
----cIaimcd --eo-'V,'Ol"'1r-on"tna"G"C co sy stCl.lT~--Tli~s ~s~n -po'intel' ''t"Q-------

the fact that very 1ittlc is Immm about the ecosystem.
Reports SUbj:li·~-ted by tho three teams ore lJl·OSOn.~cd

in the next fevl pages.

L:.....::.: . ..._._..__._
:..~••-r' ••. :. '. ., ,.•.•.
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REPORT OF THE IRRIGATED RICE: ECOSYSTEM TEAll

"IRP..IGATED RICE AGROECO~STEM: m WESTAFh~CA:

PROSPECTS FOR· THE DEVELOpr,IENT OF AN INTEGFLATED·

PE ST MANAGEr5ENT PROGIWtill1E:1
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o

Rice is the major staple food in West Africa.
There is a constant increase in demand for rice
because o~ several reasons. There is a continuous
upw~rd trend in population grow~h. Worker income has
incrE",sed over the years. Because these factors have
put greater demands on rice production ita supplY' has c.lu~.y's

fallen short of demands. For example, in 1980 the
total amount of rice available for consumption in the WARDA
region was 1,674,000 tons whereas consmnption anw~~ted to
2,987,000 tons. The amount imported in the same year
waS 1,313,000 tons. To reverse this trend, a lot
could be done in tenns of manaGement. Bringing new
land under cultivation, particularly for irrigated
rice, would mean considerable investment. But this
in7estment could p~ove useful in the long run because
of the promise this method of rice culture holds for
increasing production • Irrigated rice is grm"lIl
throughout the re&ion and this m~sures maxirmml utiliza-
tion of our water resources. Dlputs required for cultivation
and crop management are costly and this calls for a
search for new Md better approaches that would enable
farmors to derive stable yields fro~ their plots in as
economical a manner as feasible.

GOVERNr~T POLICY ON nICE PRODUCTION.. ,t. .. ........

Seeing the importance of rice as a staple food
crop, Governments have gene~'ally shoyYIl keen interest
in the increased production of this c~op. This interest
is demonstrated by the amount of help given by the

-----------------------·vafIous--governm01i:Cs-:Co ":farmers- '-6ngagod--lil-rfcoprodue t ion~----'-
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In some countries the goverPJUcnt is responsible for
land preparetion, supply of fertilizor to fal"'ii1ors.
and pest c~ntrol operations, wld these sorvices are paid
for by the farmers 'at highly subsidized rates after
harvest. The harvested rice is sold 'to governmental
agcncie s - as in Uppe~ Volta and' Ghana - at fixed
prices. SCed multiplication and distribution are also'
usually the responsibility of thegover.nments aQting
through seed multiplication units~ In Upper Volta,
however, seed multiplication and distribution ~xcdone

by selected farmer's. Advice to the farmers regarding
rice production is given by government extension uBents.

The importance governments attach to rice
production is also Qvidencec by the presence in tho
region of bilateral and international ,agencies involved
in promotin~ increased rice production. SUch agancies,
like the West Africa Rice Development Association
(W.Al<DA), United Nations Agency for International
ncvelopment (G.3AID), Food ond ,Agriculture OrgtUlizo.tion
(FAO), Canadian International. Development Agency (elDA),

Organization de Mise on Valeur 10. Fleuve Senegal (OMVS),

the World Bcnk, and thc Peoples Repu'Qlic of China,
provide .financial support for projects related to rice,
production. ~ese agencies, also prrvide high level
J;lersonnel under whom the host country counterpart
pers~,U1cl rcceivo training mld work experience.
Training farmers in the methods of rice J;lroduction is 
in somo casas - rolother task undcrtakon by those
J;lersonnel. Governments hosting or cooperatinG with
these agencies contributo certain ,o.mql:m'tf?_-9f_m.9ney.-a._~----_ _ _--.-_._---_._-----_ .

well o.scounterpr.rt personnel for the implementation of
those projects.



These efforts by govenlillcnts are, ncvertholess,
not without their setbacks. Ther~ ere loopholes in

communicctioll rd th the farrJ.cl's. QUalified persoID1el
and machinery cdapted for oua~ ~onditions ere lr~kll1b.

There is somct~cs poor coordination of efforts between
national goven~nonts ~nd cooperating bilatcrcl and
international agencies. Agriculturc~ credit to
farmers is inadequate and at tizacs non-existent. The
marketing structure is disrupted in some cOUlltries
where fUI'IiJ.ers sell their rice to govenlLlellt ct;oncic s
at low prices fixed by these ('.gancies. ~eeing this ns
U mcjor discdvcntcge, such far@ers would rather sell
their produce to private individucls ~d non-bovelnmental
concerns. ilorcover, poor infrGstl~cture ~kcs ucrketing
a problem to reckon with.

;;;,or.IE;;;"T;;;;,;H,;;.:u;,;;;;D;,,;;;;;S_O.;,,;F-.'....H;;,;;:;;I.o.;;,;CE;,:;;.'.l1i.ODUC T I ON

Irri~nted rice is grovn on small individ~~l plot
generally rDnBing in size from 0.3 - 2.0 hectares.
Prepc.rGtion of lElIld is carried out with the aid of
tractors, power tillers, OX-drarm ploughs, ffi1d elso
zuanually viith hand hoes. Seedling ara grovm 011

prepared nurseries, usur~lly located in the vicinity of
the rice fields. \\~an scedlints arc big enough to be
trunsplanted the seed beds eru properly wctored the dey
before their removal to facilitate removal. The
seedlings arc tr".l1splnnted 1:1nIlu8.l1y in rowe. Planting
is usually s"l;aGgercd in most countries, but in Nigeria and
soma parts of SCnegal, synchronized planting is practisod.
Irrigated arecs 8.~O characteristically located near
viater rcservoir~ lil.w rivers, d~..n1s, tributcries, la1~es

----~·_·_·cna:__rcf1,.::is;··Wliicliedt ristl.cf1ii'1iJ.1:cipaTsoui;;ccs' o':t'\:':a'tcr~'-'-
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Water is conveyed to rico fields ';/ith the help of

Hater pu&lPS and ill some cese s through f..l"nvi teotion.•
Since proper \;uter l:k."Ulago~cnt is on mport£'..,."1t part of

irrigated rice production, ~~ter level is rcbulated
c.cco:"ding to the grm;th stnge of tho crop. DurinB

times of fe~tilizer and pesticide application, the

quantity of water needs to be s"'lirictly regulated to

achicve good results. Iuproved rice varieties, adapted
for irrigated conditions ~d selected and recoLLlendod

by local resccrch institutiollS, nrc gror.n. H~rvCS"'liin~

is done l11£'.Ilually \:i th lmivos or sickles end threshing

is carried out '.iith foot-opera.ted thrashers or by
benting. The crop cycle ranGes frew 1-2 per ye~r.

:FE ST PROBLEriIS. ..

Kc,jr Pcsts

L"1.3ects:

StCiilberers (.9.h.i1:£ sl:>. J UulinrJlE.9 sp.) Diops,is Spa

Gc.1l rtidge (OFsoolk qXZo.o) - in UPlJ,:Jr Volta.

Birds:. . .....
~~ .Q..u.e.le.a (in all tho countries except
Gruabia, Lhuritcnin and Guinec. Bissnu)

Plocous cucuJ: -:tus........ ... -.............-
Golden &~arrQw - in Northern Nigeria..

DisenF'es:
.... I I •

Woeds:

9rzzp.. l2P£ii.s~Df'1~s!s (in Lbli, Scnee!:'~ DIld
GaT"'bi C 0_



Occc.siono.l Pests

Insects:

Gro.sshoppers

Locusts

Ade.:l;.P.hc!,?-p.D. sp.
ScirpoRho.gE:, sp.
Ri,;etortus sp.

Rice stink bugs

Idce hispn

PotC'..!l tiul :Pests. """-. ..
Insects:__ c _

So saI.li['. SlJ •.

Disecses:
I

.
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Helminthosporim~

XcnthoDoncs trcnsluscans
••• em.... « e« e _ ....

Rice Yellow r.1ottle Virus (RYUV)

It is il:lportont to nota thct vc.rying intonsities

of these pest IlrobleTJs exist in the region boccuse of

differences in onnuul ro.infcll, temperc.ture ['nd hill~idity,

factors thut infl1.1.ence the c.bundcllCC end distribution

of different pest; species. In Lie.uri tenic. s for OXt"Llplc,

it is interestinG to kno't\' th['.t insect· post and c1isec.sc

proble~s are 8ll1i[k~1 relntive to other pc.rts of the

region.

---------
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Gcneral~y ehowical control is practised. In
certcin countries cheDicul ~pplicution 011 tilO fcr-~ersv

fields is done free of' c~rgc, e~~cept in Ghnnc ~nd Upper

Volto. v/hero fnTrJers puy for these services in cc.sh ·c.t

subsidized rc.tes. In Guinec. BisEC.U, Huli cnd Soncgc.l

spraying is clolle, cnd in GCl:lbio. and Nigerit'. by sprny

brieo.des only. Ser.le of the insecticides in COLi-10n use

include fenitrottion, Qulattion ~id dic.zincn. Fmlttion

~~d rncCiutlin nre used in Ni~erinfor bird ~ld rodent

control respectively. Certc.in cuO.turo.l control r.letho~s

ar6prnctised by fermers. Theso include dclc.yin~

plantine; time, ploughinG or tillage, pulling out

rc.toons end feacling crop residua to livestock, bunling

crop residue end hend pulling for .,;oed control.

RcsistOlt varieties ~o used III Soue pErts. These

inclUde Ikon[:; Pe.a Dlld Durcdu Precoce which show

resistance to blast.

DEVELOPMENT OF lili IPM PROGllAr:I .
• ,. ... C t .......

In an atte~~t to develop an effective and vicble

Integrated Pebt DIDn~teDont ProgrCXl for irrigctod rice

culture in the reGion '.:e need to usl~ ourselves cCl'te.in

questions. Why is there 0. neecl for IE,I in tho ree;ion'?

WhE'.t c.pproc.ches ere 'ile gcine; to take to ir.lpler:lent such

n pest nUlnc.Bemcnt proBrml? To ~lswer the first

question it is evident thut .irri6uted rice ctut~e

requires c consider~ble aoount of L~vestwcnt. nlputs

are becoaine [1ore end l:lOre mqJensiva. There is c.. need

to reverse the continuing he~.ViJ relieJlco on ChChlicc.l
----1JC'S'trCiClcs m- OrCler "tOCTcc-eo--c. n.CB.:rtIiy-·envJ.romton"t------- _.__n_. ---.---~---

and thereby prevent hc.zc.rds to hunc.ns, livestock, vdldlife

o.nd fish.
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In cddition to hi@l costs, chcnic~l pesticides create

probleuls like ,Posts resist~cc, sacondc.ry 1)es'l;s end

pest resurgence. It is therefore elDost inpcrutivc to

develop and iwplel:lcnt Co pcs"i; rJcna.~el:1ent procrClJ. that
is not only cost~effactive but ulso c~pcblc of inorensing

rico production in the rce;ion \:i tIl ninir.1c.l cn,rirOl'lr.10ntr..l

disruption. This tO~ IPIa nould sorvc as c. coed

cc:nc1idute.

To provicle ~Ul answer for the second que s'i;iol1 it is

iDportunt to note the..t in oreler to dO'T~ulop cnd ilJ1JloL.:cnt

an offective ~ld successful InteGrGtod Pest I~naGcn~~t

progr~ the prlllciples end concopts involved shoulcl be well

1X.1derstcod. Huvi.."1{3; idcntifioc. the rec.l or key pust

problCl:ls it is il:lportO.J.""lt to e stc.blish ['. kllCJrllGc1Go of

the irriec.tecl l'ice c.croacosyston cnd how its different

cOwponents lllterc.ct. In developinG tr..etics tho f~1~er

should be c.t tho centre of tho pro~TCL1. Tec.chine hiw

the vc.rious control options, \"lith culturo..l prc.ctices [':os

the core of the proL:;l'o.l:l, .:md 1;orforl:linc field tric.ls all

his fun:J. r:oulcl sorvo us vnluc..blo tool in cvc.lu~tin[:; tho

econOl:.lic c,l1d sociolcc;icc.l coapol1cl1ts of the 1)r0cre..1"1.

Orcc.nizin6' the fc.l"'aers into croulJs unclo·.. · tho supervision

of extension o.e011ts w0uld be c. uocns of seJ.line; IPl'J to

the fc.r1:1ine C0r.Il.luni ty, for this ,-;ill sorvlJ c.S c.

I:1echanisn tho.t c.Ssures croup pl[!1lnine: 8Ild c.ctivn in cny

eiven pilot c..roc.. The oxploi'cn.tion of other LInss

eor.1i.linicn.tion uoclin such ['.s thur~~c1io could be dono to

cive on c..ddocl c1inonsion to s·cir up ll1tercst c..l.:Ol1lj tho
faruors •.



CONSTRAINTS TO IPM AND THEIH POSSIBLE SOJJUTlONS.-. ...... .. ............-............... ..--....... ............

Thero is no doubt that obstacles exist~. ~ttenpts

to develop en IPH :JI'o[.rCI.l for irricc.tcd I'ico in Jliho
reeion. Thero is ~ sc~rcity of cdcquctoly trc.ined

...j::..~n9J'Y_OX.t'J:lcli:1C..t.or;io.l~.noodcJl to..cC'.l"ryoutc_succcssful
pest ~~~lcecllont procrrxl.

The 1'010 of pest surveillance cmd fcrecc.stine in IPiiI

prOeraL1S is of treocndous inportrnce. An effective
proeTruD ~ould ccll fer the est~blisru~ent of surveillance
end foroc~stll~G systews on ll~t~cncl or subreeion~l

scnles th~t provide reliable infor~mticn. Tllere ~ill

elso bo c necessity tocre~te qUick mlu officient
delivery systcDsfor the tinely acquisition of inl~ts

::-..nd delivery to toxget c.re/:'"s. .An evaluatio:;,: syste:.l
'with a set of Criteria Vlould also need to be set up to
deternine the decroo of success of the v~'ious tcctics
enployed.'
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Evidently reseurch cunnot be divorced iron en
I:i?ItI progr,c.n. Inter-discipli.J.lnr~i cooperation be·~wocn

ent0801o~ists, plrnt patholoGists, neI:1~toloGists, noed
control speci~lists ~d other ~pocic.lists is dosircble
for c proper coordinction of efforts. Studies L~to

life histories of pests, C:eterainntion of ocono1".1ic
thresholds, eva.lu~tinc: thJ 1'010 of ncturcl l]ort~'.1it~r

acents end brcedin~ for post resist~~ce includi.J.1C
biocontrol 0.1'0 SOL1e of the rosccI'ch uctivities tl'U'.-'li
cell be cc.rried out to support lPI.I.

Tho mplomen·tation of IPr:I CrU1l1ot be dono. in the
absence c:f' ~-: crop .of tr",inec.l i:1cnpov'1Or. Shor·~ r'lld

lon(, to;;.:.1 t~'r..ininE on speci~lizec1 :::spects ·of lEI is
iaperc.tiv(,) for the success of IPI:l in the: reL,iun.
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The f'o.rwors who should be c.t the Contro of tho prc~rn[1

ere not ldoll tr['.illOcl nnc1 dic.lccuo \/i th thow is llocossC.ry

to convinco thcw to ewbrc.co tho pr~ctice of ~est

oCIlut:enent. Thero is .little or ['. t tines no cO[u~:tUlicc.tion

or cuordinc.tion of efforts by the diffcrent SDecic.lists

whose interdisoiplinary cooper~tion is vitc.l III tho

sl:looth rurmllll.::· of IPm pro[~r['..L1s. EconorJic tlu"csholc~s,

onc 01' thc l"x-.jor supportive tools of IJ?f'!I t'.ro not

estc.blishoc1 ~ld it will require sOue tiec ~nd cffort

before those nro cst£'.blishud for l]<."1jor l'ice po sts in "i;he

rOGion" T:1C infol"'l:1C.tion delivcry end cxtonsiO~l 110"i:;".0:I:'1.:S

ero in i:1ost CGses ineffective. Tho IJrescl1ce vf sprc:y

briG:::dos end tho J?rectice Lf l)rovic1i...~C freo l)os"~icic~()

c.pplicntions for the fc:n:lers ere c.150 uc.jor obst~clos.

To cub thesc obstc.cles trc.ining for CraIl lJrotection
porsonnel, spr['.;y br'icc.c.lt1S ~~(1 f'c.:::1",lCrS noeds -[;0 ba

intonsified. Cor.1r..l'lUlic['. tiCJns bet\~·ccn vC'.ricus slJecir-.lists

should be strc.112:tl1cned 2nd l:lore ~tte!ltion C;iven to
ioproVlllt the lllfon:~tien delivery r-nd oxtension netwCJrks.

CONCLUSION

~'he inlJOrt~.llCe of rico c.S en il:.1lJortc.nt fooll crop

in uur ree;ion Cc.l1l1<Jt bo ovcrloclt:cll. i'/ith the oveJ:'

:i.ncrensi..:.~G pOpule.tiol1 the c'en.:'nu fer rice is GOll1L:;

to continuo to rise. Ccnsequcnt1.y thorc is [111 irJporr~tive

need to c.dc.pt prc.c.luices thc.t CC'.ll L".sSJ"..re not onl;~r

ulcro~scd production but clso self sufficiency in the

WARDA region. Irric;r.tod rico is pronisinc ll'l this

reec.rc1 bcccuse of its hi[:;h yield ,lotcntic.l. But to

·onsurc c stoc.dy end continuous increc.se in yiold we

neod to lwep c. WC.tcllful eye all insect pests, cliso['.sos,
-.---.---v/c.ods.-ciicl athol" posts wlil.cl1 cO:~ll)ote\;li th us for ;.:uch

of \,hc:G \/e [,r0rl.
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The current r-.PlJro.::-.chcs tu ccntrollbe these: J?csts,

~hich plcce incrc~sinc ew~h~~is on cho~c~l

posticidcs~ ~o usu~lly expensivo ~nd on\~r0~lilont['~ly

ullclesir~-cle. I"~ is thoroforo lo[,;ic.::-.l und ',;ort:l the

whilo to try ~ post l.1...'"!.:."1o..BOr:ont systOr..l th~t is

cconor.:ic::::.l ~s Holl ~s s::::.fc for our onvi""'Clli1.ont.

RECOIlIIENDATIONS.........

Tho irricc.:I;od rico [".t:rocco systoLl te[",.j~ :K'.S i'.l....c.:s.~·;;oG.
the :fo11oviinC roeo.:.llond[".ticns:-

Trcininc .• both loc~l end oversees - should be
provided for IPI.'l reso~rcl1 r-nc. c==tensicJn porsonnel unJ.
f::::.n2or-ocuc~tion on tho prulciples cnu concepts of IPil
initia.tec1. Sel.lin~rs ['nc~ \lorksholJS 0n IPJ:.I should bo
further onccurc.[:;(ld b;~r in-''"Ol"1lr'.tionc.l Gcencios enc;c.ccd
in rico pr0duction such c.s ~UJ{IU1, so thr'.t such
c.otivitics cculc1 cct c.s C'. fOl"'ULl "ahere vr-.rious speci::::.lis·ts
worlcinc.; ill vC'.l'ious r-.Cruocosystcns could cxchr..nr:;c
infoI'"wc.ticll C'n<.l foI'l~:u1C'. te better IP!:I strt:tcGius.

Research rclov~t to ~lte6r~tcd Post r~~~couent

should be supported r-nd mlcourcced by 0..12 comltries
in the rOGion c.S vlcll .::.s o:qp.nizntions liltc \1ARD.'\.

GoveInnel1ts i11 -the recion should ostcblish C'..l1c.l
strictly c.l:>i;lly phytosC'.uitr.ry :::·o[,ulctions.

All nttoupts should be ~~do to infor.D ~d convinco
COl:lpetcnt ~duinistrC'.tors C'nd l)oliticicms C'.bout t~le

concepts e.nd L1onef'i ts of IPI.1.

Extension services Dud input delivery systc~.lS should.
be iaprovo<.l to ensure bettor infcrur.tion c1e1ivory
end ~ve.il[".bility on inlJuts neodcd for oxccutil1t:
IPr:I :proGrC'~·.1s.

we.tor rJ....:.n~Col.1on"'l; Elhould bo :;l'oporly ::.1C'.storcL".. ~~..nc:

c~rrioc1 out C'.s is roouirec.~ fel'" tho bettor ::1.--.n::.... c.c::.1Cnt
ui tho iJ:'ricr-.tud rico orol).
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CONTRIBUTOll.S TO THI S IiEPORT•• _e • _ • ..-.....

riARK UKViUNG\lU

SA.I.~Ia.lNG B. St~G:NIA

BABOUI1~ CHlJl

nORO TRli.ORE

OUl.:iAR BARRY

ALFHEDO JO SE Dll, S'ILV1..

SAD.Will .ll.BDOUIJ..T~

KVil. SI li.NJ?O FO

DAUDA iiLlYU G1JUCIDA

U:'1j;cr Vol tL-..

Gc.r.:bir...

Gc.Llbic.

l.ie.li

Scncccl

Guin.JC- Bissr.u

E~uritr.nir:.

Niccric. •

. " .. ---.- ....-._...--_..-._._-_._------_.
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EANGROVE SllJJ.D? RIC2 i~GRO~COSYSTEn IN WEST .il.FItIC.ii.:
PROSPECTS FOR j,l'I INTEGHli.TJJD PEST IIhNl..GillillNT PROGRJilI

___. .1_....-.-.-..., '......_...

C01TPlLED BY • SliliR N. FOrIS..:':.. - Siel"'r~. Leone
C~~LO B:lLDIE - GuL~oc Biss~u

l ..UGUSTTh""E 1;.. CHILl:J\'.A - NiD:;;ri~

lJ.IGEL1.. EJ1..I.D (Liss) - Nicc:ri~.
,lI1..LLI1J.l Sl::TTLD - USt•.ID/SCncc2.l

. . .............._....._.-_.__-...._.~ .._.~_..-.-._-_.....-.._.--.-........._---
INTRODUCTION...-....-.... ,

L~~Lrovc &l~~p rico cultiv~tion constitutes one of

the sevorr.l tYlJ0S :;f rice c.croecosystous in ~ics-~ Af'r'icC".•

In rele.tiva terrJs hO:';ever, only r'.bcut 100,000 J.1C. cut

of 2.) lJillicn hoctcras oi' ricel~:':ld is c;ro'.'.n tv this

typo of rice cul tu.r·..1 with the lJo".;ontic.l fer furthor
doveJlop:.1ent scvorr:.l ti:..~ec :.:o:ro tll~ thc.t c.ll'er.<2y
dovol~poc1. Tho i:li.)Crtc.nco of this rice r.Ll.'(;acosystc~

vc.rie s in ~:1portr.ncc fru:~ one COUlltry tu thu otl:er ~

in Guinec. Biss~u cbout 80% of rice cultivction is

DC.ntrOVO, whorcC'.s i..."1 Sierrc. LOOllO, only c.buut ~..··5~~ of
the totc.l c.re~ so~~ to rice is of this type. Othor
countrios with ucncrovo swcr~p rice cultures ~ru SonoL~l,

the GC.Llbic., Guineo.-Collc.kry end 11iL;ori~.. The ~cr.rcios

Rivers Besin of northorn Sierrc Leone consti~~tos one of

the i.:.lcst intensely cruppecl l'icolr...ncl in tho i~..)st

f~ricc. subrocion unQcr pec.sc~t lovel tochnolcCY.

AlthouGh tho present proportion of ricolr...nd in tho

subre£;;ion~ccoun"liodfo:." by l:.:C.l1CrOVO swc.np is s::.cll it

coulQ ~.ss~:l0 cree.tor il:~1Jortc.nco in tho futuro r:hen noro

virGin rJ.......l1crovc foro sts, fol.' excu:llo in Southorn Sierrc:.
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pa.rticulr.rly ·...i·~h the inherent stC'.bility ill yields

provicled c.c":equc.·:;c culturr-.l :vr:-;cticcs r-.i:":cd r:t cO:J.serv'int.;

soil fortili ty r:i th ::ri.niUUl:l clisturbr-llcc c..f the clolicc.te

bc.l~ce in tile ccosysteD, C'.re observed.

But in oreler tu iD1Jrove en the IJresent level of

prouuctivi ty of these swcr.:ps in tho sub-rce:;iolls, the

follo'l/ine univcrs::'..l constrr'..i.'llts L'!Ust bo solvod:-

(1) inC'.doq~~to l~bour ~t pc~lc sOr'..sons; (2) c.vc.ilC'.bility

of crodit fr-.cili tics/inputs duz<ing opor['.ti01l tiuosj

(3) suit~.blo V'~.riotios with rcquisi te rcsist~.llCC tu tllO

post ~~d soil ~roblc~s of this ocosysteLl; (4) ['.~oqu~te

oxtonsion services; (5) t~~lsport~ticll un l~ncl ~ncl

w.::tor Dust be :L!r'.c.1c :.~cccssiblo r'llU r'.ucquatc; (6) relcvcnt

rcso2.rch r-.ac":rossoc1. to :problci~lS en the fr'..rncr's ficllls,

nust be cc.rriocl out.

I: GOVERN!:IE:HT POLICY ON RICE PHODUCTION.. . .... . ...... • • -+._. •

The stir.nUus to rice ~roduction is S0Wld

GOVOr.nL10nt Policy. Govenl~ent policy on rice proQuction

veries froa one country to the other 2l1U this is not

exclusive to nny one typo of rico culture conaiclerine

thn (liverse nc.ture of West l.l.fricr'.l1 rice le.n(ls Qj~cOIJt

in SOLle COUlltrio S Vlhcro li:.:itc. tion of clii.:1Cte, r'11l1

consequently soil t;y-pos lir.lit proclucticn to one rJr.jor

typo c.c. Guiner'.. Biss:lu with l:1r-.inly ~.l2nL:rc.vo typo rice

cuItivntion. The CCVelnlJent ern influence rice

production cither thruuch llirect :JrvQueticn by usc of ste.to

fe.rns or by supportin[ ~.[;ricttltUI'~l cloveloptlent proj ects

which he.ve rico ['.8 one of tho C('~:llJOl1ent crups 1"'0 by

of crecli ts r'.l'll1 l1r'ovJ.siur.. ;,)f' inptt'~:J; or by c';l'lCOurr:L;in[;

coolJerr.tint.; fr.nJinC prr'.cticQs.
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But one of the no st i::'l:Jcrtr-.11t noc1::-.11isr....:s of'
stiLTUlc.tinC ='ico is tlllQULh ~:C..T~;:otinL: 1JCJlic~". ~ho

LOVernIlent Dtil~~tcQ pricL~L ~clicy ~~ either surve
to stiwulnte or uepress ricu DroQuction ueDcnulllC en
\lhet~er the l1riccs bainc offered ere strcn~ lllc~~tives to
fcroers to Crow Doro.

The ccvel~ont cen clso stiw~cto rice proQuction
thrcuLh provision of requircblc inf'rcstr~c~~es such ~s

[:ood net\"mrks of feeder roc.ds so that fe-lUcrs could
brine their produce to I:lcrkets III tho urbc.n cCJ.'"1·l;resj
Load stor~ce end DillinC fccilitios cnd stcnd~xd

Decsurcs for ret~ilinc the proQuce. Apcrt froLl pricinc
policy thc privctc sector ern c.lso proviOe cocd~illinL

fccilities providod cood retunls ere roclizud frou
these ventures, for eXC!.lple, in Sierrn Leone. The
cvercll effect of scund ~riclllC p:liey is not only tc
st~~~lnte rice production ~.n~ ~chieve self-sufficiency
but elso to conserve sc~rcc fore iva excl~~lGe by cuttine
dorm or eli;:.'~inntine i:'lportr. tion vi rice. The COVelWJOnt
crn clso sicnificcntly stil~lctQ rice proQuction by
suppcrtinc relevr:l1t rcisecrch ~~ctivitics end by

estnblishinC ~ efficiant infor~~tion end oxtension
service. This \1ill r.icl in e<1ucr..tinC the fC.l"'l]ol"S CJn tho
innovCl.tiens end fllldincs beinC evolved by tho rosec.rch
soctor/depurt:.lo"lt. Tho extonsion lJerSClmel ~'Jill clao
deliver such inptl.-~s r.S fertilizers, lJOsticicles on til..~o

and ,instruct on ~leir proper USa. \~ilo tho cbove.is
fer froLl exhr.ustivo it shoulLl [;iva r.n i<1cc. on 110\': u
SCUl'l<.1 coVernl:1ell'l:i lJolicy en production will ['0 c. lOl1G V/C.Y

to~r.rds Dcotinc tho nctionCl.1 objectivo of self-bilfficiency
in rica pro<1uctionL_~_~horo_,_~~"4-E_is _f9i}_§j,~J~_~91__.9CC110~,lis:s.ll:r. _
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II. lillTHODS OF PDODUCTION
=~-......::.......--_ ........~.....----

..

In the ~::.-..n.Lrove s\V2.DlJ ccolc[.;r the initi~

cle~rinc of ~ho virein forest iE ~ e~pitcl ~nc 1~bo~1

intcn'3ive cIJorr-:liicn. How this is clone v~ics fron

country ~o cOIDltry. For ex~~lo III Sierl~ LeGne, tho

whole op~r~tion is in the 14~~~ of llldivic~~l f~rwers.

GoVern.L1cn!; r.ssist~ca in D.ectinc tho C,Jst of the

ulJorr..tion will Co c. lone v·.j~y in illcro~~sinc the r.ree'.

cuI tiva.tecl for rice, pC'xticulr.rly in the south of tho

C(:Ul1try. With l-'usl)oet to HieeriC'. Y~'hich l1['.s y:.ct ::~1'e['.s

of unt~ppoc [~~LTOVe forest, tho lcnQ clc~rlll~ io ~

cove~~t o~orr..tion. After tho initir..tioll l~cl

cloc.ril1C of the ot'icil'lr.l vc(;etr.ticn, ::c.il'lly !.Q~'!..?11o.rc:.,

cnd ll.vieenie. SlJP., the lrnd io left to £c:.llo\"; so th::.t. . .
the StuL1PS ~lQ veLotc.tion eoul~ rot ~le.t is ml~cr the

tr<.~ditionr.l lr.l1LL clc.:r.rinc t:e·l;llv<.1.s, befero rice is lJlcntoe

thore. Uoch...-:nicc.l clcc.rinc is hc.l:.llJcrecl un the Gthor hr-lld

by tho soft lle.ture of the flail "-lhich lJreVen~li the usc of

her..vy L~~chinery.

Lend pre1Jc:.r~tioll is by the h(.'o, usu~.lly \.ith c'.

loll[, hcnl':.le in the eeoe of Sicrrr-. Leono. L~bour is

often hirod for this l~rposo. Usua.lly only plct~~~lC is

llono; but occr.siona.l hc.rro·,;inc:; is ~.lso 0 bscrvcc"'.. Undc11

oxpcrincntc..l condi ticl1 c. s1.."l(:lo C'.xlo lx:.,;or tiller 11['.6

beon fuunc.l to be vory uffoctive ill cul tivc:i.;in[ the lc.nu..

In Northern Sic:rrr. LOu110, fc.n~~~rs sho".:od C. Lro~ t r..1c:r.l

of 01'1 thusiem':'1 :fer this innevr.:i.;iol1 lJGrticulc~rly e.o it cuts

clO\:11 tho rJ:10'I.U1"t of lcb0ur .:~nc: r.iLls r;oeu central. 1,"!r-.tor

control is prc.ctisc..:J in s~:.:e ~~~~·.nL~· GVC S\I~]P cre~s, e .L..

Guino~. Bissc..u oi thor by buil(:inc \.lyl~os ur 'by ri(:L;il'lL.



.. 485 ..

IIi Sierrc Leone, ll.~,r~ve S\l2.WPS r-.S well Cs in NiDeri=.,
liuiteQ er no ~~tcr control is prcctiscu on f~r~crs

fields. The r-.d'\o'T.lltC'.Ce of ',:r:ter con~rol is t:l......t l::orc
crops uf rice could be crov~n per yccr. On tile other

hr.nd, <2ryinc ulJ of ll.'"'.Il[;rove soils could lec,::.l to
probl~l.l of eeic1i-liy C'J.1U. utllcr to~;:icity rele-teil lJrublo::.:s.

r~~crcve STI~P rice is tr~lspl~~ted rice;
nurseries r-.rc often prepr-.rec1. c.m llrylGl'lcl C'.lll1 uIJlc.nt~s

under rr:infed eonc1itions, in soui-net condition ~~c!o

Ground VI'c.ter level is hith or in h'ct nurse~· beds.

The letter needs strjncent ~ctcr control, end is tho

lcc.st use<l by fcr':lCrs, if usee. c.t ell. In Sierl"c' Leone,

tne first two typos of nurseries r:re GenarC'~ly founcl.

The nurserios ['.re usue.lly IJrel,Jr-.red bethocn I.T::'.y end Juno

v;i tIl trr-.nsplcntmc tcl:inC plc.co in July - l..u[~ust or

evml Soptcuber/October. In Guinor: Bisseu, tr~splc.ntinC

tc.kes plc.ce in July IJrovidecl sufficient reins he.ve

fe.llen to bc.el;: tho sclts. In Niceric., trr-.nsplc..ntinC; is

dono in June - July. Ace of sooc11ines n t trr-nslJic.ntil1e.;
ve.rios bot\.'eon 4-8 ,":eoks, dOlJendinc; on the country c..n<2

trc..c1i tionnl lJrc.ctic~ used b~r the fc.l:':loI's. Gel1ul'c.lly

r-.fter tr~splcntinC which is G l~bour-intcnsivo o~orction.

r.. sla.ek periou occur betwoon Octobor/UovOl:.:bcr ill the
c::.sc of Sicrrt'. Loono. HC:f.'!evC2~, lil:.litod woodinG is
prcetisod in tho Gss0cictoJ swc~:ps. In GUll10~-Bisscu,

constC.ll t\iC'. tch is l;:o~t en dylcoE rnd those ['.ro rO:Jc.irud

r..s '~11e neec:1. c.risos so e.s to preolude ontry of sC'.lt \\'r'.tor

into the Ilr:d<lios.

Hnrvostinc is usu......l1y cr.rricc1 on in DOcoLlborl

Je.nua.ry. This is done by cut'liine: ~JcJ.liclos \'li tIl C'.

scythe •
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The hcrvestcQ crop is ticJ into ste~vos ~L stock

011 to::Jj;}arc.ry rc.iseu. ~c.\unLls i..."1 tIll) sV;·Cl..llJ. Sc~otil.lcS it

is threshcC: the:~e befere tr:-.lllS1JortcQ fur finc.l s"liur~.Le

in the villc.cc or t~.lten to urbcn e~nt:t'es for i\trtller

prucessinc, for e~""'.l.lpleJ pCl"boilinC ~.nd ::.:i.l1inC.

H::::.rvostinC is cl1Qthor lc.bour-intonsive 0J;c:r2.tio~,

often necessit::::.tinC the presence of tho f2~~or en the

field in tODpor~ry ::::.bcQOS mltil it is co~plcteu. The

produce is tr::::.ns~ortcu by hocd or river trmls~ort to

tho villeces frOl:l the s\lc..nl)s.

III. PEST PROBLBI.1S.......................-..........

A pest is r'.l1 or[r'..l1isl:.1 "chc..t r.'.uversely ~ffocts the

rice IJl~t such tll:-.t it suffers elenc.cu to either its

vecctc.tive }.J<,.::...ts, c.c. StCL~, lc::ves, rots cr its

relJrocluctiva OrC~.llS, cr:.ucinL.; c. rcJuction in yicl(l or

cr~.in.s or qur.lity uf the C'r::-.:Uls. Pests CCJ.l be

clnssifiec1 into tIu'ce c~.tccories c.s fcllo~:s: (::::.) kcy

pest(s); (b) potonti~l pest(s); c.n~ (c) occ::::.siunel ~ost(s).

1~ key pest is ene thC'.t c..::uses eCOllOl:lic lk.r.lc..CO,

yoc.r in, ycr:r (Jut, ond thereforo shoulc.1 bo ccntl"'ollou,

for eXr'.l:11Jle crcbs in Sierrc. Leone 2nd Guino~ Bissr:-.u;

seedlinc bl~st (~~~p~lcriq9~~£) in nursery beds

of Sierra Leone rnc.1 Helr.~i.p..tl1.o.s.E0~~ ?rX!'.:~s. ill the

field; poosibly r~.ia.rl)l~ E..~~~..::s..b..~l1-.£, end \:\)ec.
Pa.spnluLl vncinetU:l in Sierrc. Leone. II p()tel1ti~.l pest

is one the. t is r:lrOL'.dy 1J1"'ooont in the ecosystor.l but c100s

not c..ppe~r to be cluinc oconcL:ic c1C1:1CLC tU1der -eho present

level of tcclmolOL~r.

-----------~._~---._---..- _._._-----.~---
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For example, the stetlborers, lea"!: hoppers and leaf
eaters in general; several f\tn&al diseases sUch as
leaf scald (rt11.YP;c.'hosporuim ogza.e), narrow brovvn
leaf spots (Ce.r~o.sJJOr.e~ f2.rzza"e) , sheath blight (Co.¢ricui~

t,asalaii) sheath rot (Acrocy,lind.:t:i;.un oqza.e) and udbalta
(E~alis R!lliAa) and birds. An occasional pest occurs
infrequently but when it does so often economic dEUJage is
caused for example ~10rms (~odo~tera spp.) on nursery

t • ~

beds and the ceseworm (NifuJ2h~~ depunctali~) in the
swamps, particularly where standing water is pund.

IV. CUR..."tf.ENT CONTROL FiJETHODS OF PES'I'S• • •• ••

A control method is the practice or a combination
of practices which is used to reduce the damaGe caused by
a pest. Under the present levcl of farmer's technology,
two m~lin control practices crn 'be identified thus:
(a) varietal resistance, thrOUgh the uso of local
varieties which have more Ol~ loss cocvolved \-;i-th "the pest
populations or selected for aaverse soils; and (b)
cultural practices which reducc the level of infestation
or infoction by pests. For example, tho growing of
eight weeks old seodlir.gs in most mangrove swamps of
Sierra Leone helps to reduce the damage to seadlings

bY' orabe; crr...b:.J dEJDCGG younger

seedlings by shredding'tho stem.. 'The bUilding of bunds
in Guinea Bissau and the neighbourinF.; coun"bries in the
northern mangrove swamps of West Africa, prevent salt
water from ~tering the paddy fieldE, thas protecting the
plants from_tho .-9ff9-ci- of. salinity. _ Salt toleranco 1s
~lso often found in local cultivnrs.
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Similar protection is provided by 5;rowing rice on ride;es

such that the root zone docs nO'l; 1'o:::.ch thc toxic salte.

rn the dry SrJaSon, the v;;ater is let into the fields emd
this suppres3es the level of '.:ced infc~1;etion, in

Guinea Bissau.

Generally weed control is achievcd by thorough

land preparation using hoes TIith lonG bundles, in the
case of Sierra Leone. Water control is not practised
as such in Sierra. Leone. Date of plnnting is also
vcry important. Since most vurieties gro~n in this
ecosystem arc photopcriod sensitive, they all como to

flowerL~g at more or le~s the same time. Thus damage

caused by birds is spread over the entire are2:..

Pesticide application r:ith tho exception of

Guinea Bissau, and perhaps the SCna Gr~biu, is not

Widely used in this ecology. In G-uinee Bissnu, spr~y

brig~dc of the Cl~OP pro taction unit often spr8.j-s 1//ith

mr..lathion at the rate 0.4 kg c..i./ha. h''hetiler -this
rate of arplication is based on sound ocoloLical

reasons und ccono41ic th:'osholds is not Imo;.n fOl"" certain.

In experimental plots, several \.'cedi.cides end insecti
cides hnvc been tried in several places. The usc of
Cc~rbofura.n grrululel::l to control stembor'ers, such r'..S

pretrectmcnts on nur'sery beds prior to trcnsplr'..nting hns
boen tried. Considering tho d~~1cnlic n~turc of this
ecosystem Viith tv:ice daily flooc1i11g in tho c['.se of

Sierra Loone mru~grove rice fields and the potenticl for
onviromJon"tal hazards und eOnCel'll for hWilCl1 hoc..lth,
any large scale usc of pesticide should bo b~scd on tho

lec.st dangerous methods of Cl.pplicution; end uinirJUL.l ratos
--- -------or"o:ppIrcf.tr0n~·" Ju.dicIous USC d6~f6i~liIiz:::.tIon--to---cv6Id----.----

bu.ild up of pests in c..ll cn"begorios should be recomr.lended.



v. DEVELOPn:~~T OF A..""1 INTEGR.~TED PEST r:rANAGEl~rT
• - ............. ,. q. • •••••

PROGRAU (IPE). ..
An inta~rnted pest mnnusouant progrcB cen be

defined cs the control practico which uses sound
ccologica2 pr~ciple. level of economic damnge caused
by the pest, und takes cOBDi~once of conoequonce· of
this package of control DoaSQrcs on society. The Shift
towards the development of IPLIprogl'om hus becotle evc..'1.
more urgent because of the develoIL~ant of pesticide
resistant biotnes and strains of pestsond pnthoe;ens
thus leading to the proble~ of resurganceof key pests
after they hc.va been controllodonly for short periods.
Indiscriminate use of pesticides in ~n ecosystom also
leads to killinb of bcnoficicl insects end predc..toro trlus
allowing build up of potential pasts into key pests.
Environucutnl hc.zo.rds such E'.S pollution of rivez's, which
in our sittk~tion not only prOVide water fer drinking but
nlso as a @cjor source of our protein dict, and ~ctual

effect on the henlth of the hUl:lO.n population, a.'"'..ke the
developnunt of IPrJ progr~es v/hich am at cinirJizing
pesticide use, even uore inperntivo. The LlC.IlGrove SWaI.lp
rice agroecos,ystetl provides en ideal condition for the
dcvelo}:Ccntof IH.l progro.tls boct.usu (a) 0. ccnsidero.blc
stability clreudy exists in the host/pest relationship;
(b) c~turnl ~lothods for Lk"1ncGing the eco systeu !levc
o.lrec.dy boen evolved by the f~or~ tho~sclvas and (c)
the usc of locc.l cultivars with hiGh level of adr.ptc.blo
characters to tho posts and cdversc soil enviro~lant of
this ecosystcl:l alroc.dy exists.

~----- .~---_..._~~--._. _.__._-_ ..~_ ..._--_.-._-_._~-_. ----
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However, to ~~lcc this rico ~cosysteu Bore productive,

sOwe ir~ov~tions such cs tho ~se of iDpr0ved v~rieties

with suitable chcrccteristics, use of nitroban

fertilizatiun 2nd other relev~lt pr~ctices ~ill have

to h) oncouro..ged.

In order to se t up r..n IP!:! progran in the L'!cngrove

rice ngro-ecosyste~, n thorough survey should be dcne

to est~blish ~ clecr picture of the best situation on
far-werst fields. This will an[!.ble us to define \!hc.t the
kay posts o.rc; this inforontion together with lllfol'wc..tion
on the no.tionul encoies of the key pests r/ill enc.ble us
to proceed to defllling the econooic thresholds ~ld

econowic injury level or rouGh esti2~tes of these •...
Further inforck~tion on the socio-econo~ics fector
role.ting to '~he fOrr.ling coa:uni-ty such Cos size f'm.:r.l

fC~lily, uvailcbility of lo.bour outside of the fruJily
oradic; fc.cili tics, inputs (pesticides) :md stctus of

gover.ru~ent extmlsion services, should enable us to

estcblish a SOUlla IP~ progrruw. nl the ~~Grove SV~~lP

rice c.groccosystm:l for an IPf.! progrc..I:J. to succeed ....1itIl

r.linil:1Ul:l costs to the ecolOGY the core prccticc should

be tho use uf resistent vo.riety (With stable resistance

Vii th cuIturc.l control prc.cticos, biolocical control ~d

r.linitlUI:.l use of J.1u sticide us the secondn.ry control

nec:.sures. This \Vill I:lOst lilmly nilliL'liso disturbinG the

equilibriUl:l thc.t noro cr' loss u;;;:is'~:;:; botv.'ocn host/past

cOL.binn.tions uncleI' farne:'s field condition.



.. 491 o.

'VI: CONSTRAINTS TO L1'TEGFLATED PEST l1ANAGEllENT AND
~ j?(rSSI'.B1Z -WWTIolrr- . .. . • ....

• • • ...~. • p

To b::l cb1e to apply t.n IPli prol3,rcn p to certain
level of educction is necess~r. Tho basic principles
of on IPM progrcu LluSt be coru:.lunicc.ted to th~ f'c..ruer.
It is also nccess~y to stop L~discri~te spr~yin5 of
pesticides 'iiithout first estllb11shinB what the key pasts

are nnd vvhcn it is necessnry to cpply 0. contr'ol ~ec.surc, thet
is defininB the cconuwic threshold ~ld econo~ic

injury level. One wrJ;~l to effect a. c~--:.nee in the
indiserinnno.te usc of pesticides is to reDCVO sub
sidies on theD. Free pesticides Deans Dore UEe of
pesticides becnusc the f~r.uer is not pcying for theD.
Failure of extension Vlorlwrsnurturo confidence of
fc.nlers in thew; this con be c.voided if extension
wOlkors ere ~cre relicble. Av~ilcbility of relevnnt
research dc.tn on Optil~ rctes of epplication, nethod~

of applicc.tion, end frequencies of application, of
pesticides, ere ~lso obst~cles to develo~lent of IPI[

progrr.ns. Of-cen chcaico.l CO~llXlJlies (and Bcrl~ers)

prouote scio end usc of posticides without considerr.tion
to c.ctunl needs. The cheuicr~ conpcnieswill still be
in business oven if IPM progr~:scre usto.blished, but
perhaps core selective cheoica.ls with less deleterious
effects on beneficial insocts mld Pred~ters rulU on ~le

enviroru~ont, will hcve to be developed. Tho usc of
obselete sprc.yin(; equi]?Dent vtill hc..ve to be discourc.Gcd
sothc.t only required doses of pesticides nrc cpplied.
Tioe of operction will also h~ve to roceive consideruble
attention in order of cpplicction of posticidos~
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An intoc;rc.ted post ilCllc.Gonent progr:::.n C211 bo
estc.blished in the D...~"1grcvo E\"lo..::p rice c.eroecosystOl:1
beccvso fcrnors clreQdy prc.ctiso c. sc~,d cultur~ control

and usc of locc.lly adcpted vc.rioti0s, for ex~~ple P So
Kent, Po. Nylon, and ATANHA. The ttSO of iLl1JrOvoc1
vc.rieties with c.dcqu~te rcsistcuce r~d qUQlity Lrc.ins
for exc.ople, OP 4, ROK 5, BD 2, and RH 2 is crc.du~ly

eninin5 erounds. ill Guinee Bisseu, ROK 5 is reported
to be very popular. But t".Ily use of pesticides riill h2.vC

to be winiuWJin erder not to disturb the colicnte host/
pest bcl~ce alrC2.dy in existent end to ~void ~olluting tilC
c::nviroIlDent.

VIII: RECOIJl1.'lENDATIons
- Oz ........

(a) d:'!~~inK:. ll'I.7 pro~rC'.Ds require tr2..ined specio..lists,
in orl~c;r to continue to fo~ulc.te and devise oi':fectivo

:Dacus of iupleucnto.tion. F'"',....I'l..1erS also require truinine; in

the principles and 1Jro.tice of D?Il progrt1l.]:.les. However,

this should be si1:11>10 enout;h for thOl:l to ccnlJrchond without

cOI:lpro4:.1ising the func.1c.nentc.l principles. Horlcsll01JS shculd

be organized to brll~e toeethor f~~Jers, extension workers,
research workers end policy l:.1~l'Cers fer better con:lunicc.

tion and undorstmldine of each others proble~s ~~d hov to

solve t11eo.

(b) ~e.s.ear.cA.p..c.q~:..eE.c:~
To l:m.ke IPI:I effective, rose['.rch procrnn should be

lJultidisciplinc.ry so as to include c. Plcnt Breeder,
Plr.nt 'Pr,+.hol 0C;?t J -It1to:_lolGCi6t,-\j'ce..t-Bcimrt±~,--Wil·----- ----------

~ientist, Agrict'~tura.l Econol.1ict; ALrOnOlJist/Ex-'ccnsion

Specio.list Olld c. Soci2.1 SCiontist.
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This should f~cilitcto ~ roclistic cppronch to
sol,,-in.B fnn.~crsf problcr:1S L'.Ilc.l l...~"'.ko fer 0. sounder Il?M
prograu. Collnbor~tion ct n~ti0nn2, r~Gionr~ and
internctioncl lavels should be mlcourc6ed in order
to woke better us~ of scnrce resou~ces end narc
effective IPI.l pro[:;rCLls.

Crodi t fa.cilities should be lJrovided for tho purchnse
of needed inputs ~~ch as fertilizers. Dcvclol~lmlt of
virgin ll..-:ncrove SWCJ:lPS should either be Ul1clertol::on by

Bove:.rnocnt or subsidized by BOVer:ru:.lmlt when dono by
individucl far~crs beccuso it is ccpitQl int~~sive.

Trcnsportution should bo devoloped both on lend and
~Q.ter. Pricine policy shoul~ be cquitcblo so es to
cncourcge fU~lers to grow nore rice·~.d thus rcuuce
iDpartntion with n conscquant Geving in foreien eXC!k~lee.

Adequ.nte publici ty throuch cobile cinC::1C.S (where nVt!.ilc.ble),
redia, television, posters cnu ne~s papers on the norits
of IPM procr~l should be lnunchec.l/r~owited. Ioportction
of post:icides froLl. ndvrolced countries sh"uld bo llone only
when ro~or~1cndcd by n conpetont roseerch or6cnizction.
stUdies on tho cppl~cntion retos, froquoncies of applicction,
toxicity, rotantion in the cnvironucntunder tropienl
conditions should clso bo cnrried out; effect on
beneficial insects end predctors should r~so be llonitored
end c.ssessec1.

Central to tho practice of an IPM proer~~ is tho
ostc..blishl~cnt of on oconouic throsholcl o.nc1 ocollar-lie inqury

lavel for tho lcoy post( s). Thoso values should ba rovised
"""(1 .;rlrro.....od u~jcn £'~S ~fiicns Ch..J:IgCS sinca hos t/J.jcs,,;~

relationship is n dynmJic ono.
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(d) pecpcniSI-1s, ot: 1l:i:.e;l0£;;ue, [,I:~o=1£,~ &~e spe.c.i.;~l.i..set.s,

In oru.el" -Co pronote con.lu:i.licntioa end clio..locue

r'J:lone rice ~J?ccia.lists (c) scr.:L"1.c.rs and (b) \'.~orkshops

shoulu. be orGcJ.1ized frow tine to tli.le. This nill bri.n.r;

toeether reseurchers, extension ~orkers and ~o1icy

I~ttors end cnc.b1e theD to fonlule-te Lew idee-s 2nd

il:llJrove on existinG IPH proer~s.
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1. A question \lr.S nsl:ec1 r!hether crc.bs were edible nnel

their 110ssible croppin.:;. It hCS observecl thc.t th:,:lre

wns sODe prejudico ~ec.lllst ectinc sone crc.bs L~

Sierrc Leone. This we-s thoucht to indicc.te low

~oci['.l stetus. Howevc)r, in Guineo. Conclcry crld

Gutner:. BissD.u, 0.11 the crGbs were edible. On the

ll1.l'Jstion of erC1Jpine; crebs, there wa.s 1l0thlllC

b:':':1'lC; done 'but since they ure ubundcnt in this

o..:: 010 L:;y , they L""USt be well c.dnpted, end hence

tlwir lere;e nUl:1bers.

2.. A quostion \:o.s csked on vc.rietc.l rosistC'..nt s'liUclics

on cr2.bs. It 'wns notecl thet vo.ricties with toueh

ahec.ths coulel tolerate crnb druJcec bettor tl~~ those

verieties with sepple shoeths, e.c. CP 4 (toler~t)

c.n<.1 Polcc.1i (susceptible).
-----------------------
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PROGRAII[iT': FOR THE mmI'i.T COUTIsr5 ON RICE INTEGHATED
PEST UANAGEI.1EIiT IN \~'EST .tU'RICA i0-28 Jl:JilllJlY, 1982

_ ••_ r ••••• I .... -_._.--.._._._.---

Arr~v~ and Reeistrction of ~~rticip~nts.

11 J~nuc.;ry V-10nc191

08.30 - 09.00
09.00 - 09.15

09.15 - 09.30

09.30 - 10.00

10.00 - 10•.30

10 .. 30 - 11.00

12.00 - 13.30
13.30 - J.·1..30
14.30 - :!.'i.OO

15 .. 00 - J.G"OO

10 .. 00 - 17.30

ft

•
•·
••

••

••

·•

·•
••
••

·•
••

ReGistration.
Wclcoue cddross - l~. D.K. krmtc,
Director of Tr~ininc.

Oriantation to ,IARDA objectives in
rc1ntion to Trair.inc - I~. Sidi
Coulib~ly, Executive Socrotcry.

AdLlinistrctive untters, Trcve1, Fin~nce/
Fooc1/Dorr.li tOl"'Y Sorvices, Hoclth/
Recro~.tion fr:.ci1i tics - Hr. B. Cole,
Actlll[; Chief, Trc.il1inc Celltrc.

BREAK

ObjectiV"os of the oourse coduo opo~::.nd1 
Dr. E. A. lJ~insolr'.•

LUNCH
Orieins of IB.I - Dr. D. G. Bottrell
BREAK
The Iuportcnce of ~ in Rice Production
in Wost Africt'. - Dr. E.A•..'IJ.::inso1c.•
r.lectinc of ~plewontction COi:1Gitteo.

09.00 - 10.00

10.00 - 11.00
11.00 - 11.30

: Experience \ii'~h Green Ituvo1ution in Hice
in South Ec.st Asic. - Dr. P. Kom.l0re.

: Discussion

: BUBAK
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1l.30 - 12.30

12.30 - 14.00

14 .. 00 - 16.00

..·
~·
~

•

I.Ie.J.;ho<1s of :Plc.n.J1i Disensa Contrel
Dr. tie Tho~......s.

L U R C H

Cctocvries of Insect :Pests/I~wy :Pest
ConceIlt - Dr. P. 1.1::'. tteson.

09.00 - 10.00

10.00 - 11.00

··
·•

Cntcccries of Plc~t Disecses: Nc..ture
and Cc.Use s - Dr. o. Esuruo so •

Influence of Environr:ont on Distributicn
cnu Dissoninction of Plcnt Pc.thoGons 
Dr. O. Esuruoso.

11.00 - 1J..30 · B n E A K•

11.30 - 12.30 · D i s c u s c i a n•

1.2.30 - 14,,00 · L U N C H·
14.00 15.00 · 1'Iethods of Insoet Pest Control -•

Dr. M. Ndoye.

15 .. 00 - 16.00 Inteer r.tot1 Hoed l:C.nc.c;enent in rico ill
West Africn - L~. w. Gouderis.

~4 JC!lucry <,Th..~.oc:c'y)

09.00 - 11.00 Voed Collection end rcentificcticn
- Hr. Godc.1cris/Akobunclu.

11.00 - 11.30

12.30 - 14.00

14.00 - 15.00

1S.00 - 16.00

••

••

·•

B REA Ie

r,1r:.jor '.'Ceds in Hicc Ecusys'i;o:'lS in
West lSricc. - Dr. IJrnbUa."1t1u.

LUNCH

llethoc1s of Uooll Control with spocie:.!
eophns1s on non-chcD1Cc..I uothOQS 
Dr. Akobuntlu.

Weoel collection ~d Idcntificction
continued.



: 497 ....

10.00 - 11.00

09.00 10 .. 00 ·..
··

Principles of IPil - Dr. D.G. Bottrell.

Crop Loss .L'..ssoss;::.cnt, Eccl10uic Injury
Lovols t'ncl Econo:.:u.c throsllulLS
.- Dr. P. I.:r-.ttoson.

11.00 - 11.30 ·.. B R E l~ Ie

11.30 12.30 : D is c u S S ion

12.30 - 14.00

14.00 - 15.00

15.00 - 16.00

·•
·•

·•

LUNCH

~10 Inportnnco of Popu1ction ~lr~Jics;

Hanitorinc rnc1. D..'":.l.~ee r'"ssess:Jon'~ -
Dr. P. KCJ:li.1ore.

ExrJ:.I1Jles of m::poriDCl1.tcl r'.l):i.Jro~cllOs to.
tho cssesa:1mlt of· yield lesses in cro~s

clue to Dl:'.I1·~ clisoc.sos. - Dr. n.• D. Thou-.s.

09.00 - 13.00 •• Suw-up \ieol::s c.ctivi tics v:h~t Wr'"S
cccoDplished - Dr. B. Ouk~oCoao.

Free Dc.y

18 .Januc.r~ ~on..t1f:.Y..)..

09.00 - 10.00 : .Assess:.:lcnt of ro::1ent clnLll:'..t,;e in :fio1d
rice rnd rodunt control ~roco~uros -
Dr. o. FUl'll:1ilc.yo. _.

10.00 - 11.00 : .Asscs~ent of bi:;,"a dnr.l~.co 1.."1 fio·1cl rico
end bird control procedures -
Dr. O. Funr.1i1cyo.

11.00 -11.30 .. BREAK·
11.30 12.30 • Stntus of crop protection 1.."1 YloS"'Li•

J~ricc. - Dr. R. ICUWo.l".

12.30 -14.00 • LUNCH•

14.00 - 15.00 • Posticicl0 usc in IPtI proerr.DlJo B -•
Dr. C. u. atith.
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15.00 - 16.00 ·• li.."'.llc.catlent of nr:.turr:l oncnics in IPI.!
iJrocr~.lcs .... DJ..... Potor Kal1.:~:cre•
.

19 J~up.r}-...<~~asc1~.;r~

09.00 - 10.00 .. Prc~:li sine cl to1""11:::,.:1:;i va c:PIJror:ches to..
kJest control .. Dr• C. I1. 3.1ithe

10.00 - 11.00 .. Principles of host plent ro sist:-.IlCC to..
insoct postis - Dr. Dabro'v,sl:t.

11.00 - 11.30 .. BItE 1~ K•

11.30 - 12 .. 30 .. PriIlCilJlos of host pl:mt r~si S-~C'llca to..
plcnt disoe.ses - Dr.. NottoLho~..1.

12.30 - 14.. 00 .... LUNCH

14.00 15.00 .... Host p1c..nt rosistc.Ilce cs :-. CO::1pC110nt of
IPti - Dr. No tte[;1101:.1.

15.00 - 16.00 ·• ~le liL~it~tions ~~d benefits c1
posticic~es - Dr. P. lIc.ttoson.,

09.00 - 10.00

10.00 - 11.00

11.00 - 11.30

11.30 - 12.30

12.30 - 14.00

14.00 - 15.00

!.5.00 - 16.00

··

..·

..•

..
•

••

••

•..

Llteercted Pest Control in Ilico
Production in the &~le1i~ SUd~n:

Prespeci;s :'..11(1 Possibilities for
resecrch - Dr. J. Brcniore.

Lo~idopterous Borors of rice in \~st

Afric~: BicloeY, ~~Ge rune Control
Dr. J. Brcniore.

BUBAK

~10 onjor pest prob10us of irricctcd,
uIJ1~.nd e.nd nc.l1crove SWCI.lj,J l'ico ecosystm:ls
in the hunic1 -crc:picc.l, Gulllec. SO:VOllo. o.nu.
&:hol cli:~1:'.to zono s - Dr. r.I. AC;YOll- Sr.unpo1l()

LUNCH

Sta.tus end lJrospccts of rico intoGrr'.te<1
pest l::C..n.C'.t:cr.~ent in tho hUr.1ic.. tro'1)ic~'.1

zone - Dr. m. ! ..r:.;yo.."'l- S'"'•.nponc.
Trcnus end needs in breodinG rico for
hest pl~t rocistoncc - Dr. Z. DC'.browslti.
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09.00 - 10.00 ·· Tho ~lx:ct of ~osticidcson h~~

hecJ.th end tho C'nvirom.;.ent - Dr. P.
I.:c.tteson. .

10~00 1:::.• 00 ••

11.00 11.30 ·•
11.30 - 12.30 ·•
12.30 - 14.00 ·•
14.00 - 15.00 ··

Est~b1iShinC c~Q usinc econowic
thro~lold - Dr. D.G. Bottrell.

B R E 11. K

&~plinC nO~lous for rico insects 
Dr. U. l~.:.:~ron-&:.l::ponL..

LUNCH

The concept of aLro-ecos~rstCl~lS {'.1lc1 tho
rice c.croocosys·~ous of \lest .Africc.. 
Dr. 1..•0. Abifc.rin.

15.00 - 16.00 •• Uor:Pho1o[;Y CllCl Cro',ith stc.cos of rice 
Dr. i •• O. Abifcrb.

R.Jon~;rz.J,F!:i.d.nY)
Field trip to Centrel Aericulturc.l nosc~xch

Instituto, Su~oko.

2,3 Jenuqry· ( ~~lt:.Y)

t~otinc of A~roccosystcn te~lS.

24 .Jr-.nunry•.( ~.<1E:YJ.

Froe Day

25 ~pn~9;!Y, (r:I0p.,c1r-31
09.00 - 10.00 : Snop1inC nethalis for rice disec.ses.

- ·Dr. V.~. Awouoru.
Preparation of rice ccroecosyston tecLl ro~orts

_end rccol11m1dntions.

09 .. 00

12.30

12.30

14.00

••

••

5.'1Uu1inc urococ1UJ."'os - Dr. lI. Ar:von-

LUNCH

14.00 - 15.00 : CtUtur~1~ethods cvc.i1c.ble for contro
llinG rico insect lJosts C.llll disor.sos 
Dr. C•r.T. 8..lith.
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08.00

09.00

10 .. 00

10.30

12 .. 30

13.30

14 .. 30

15 .. 30

09.00

10.00

10.30

12.30

13.30

14.30

15.30

16.30

·•

··
o·
··

·•
··
·•
·•

Il?Il i.n rice in South.-Scuthocst Asia
Dr. PO' lCel1.~:wro

BREAK

~nel Qiscussion on post hcrvest
cspocts of rico pest control

I.II'. H. il.. Lc.rillde
Dr. I. .Akintr.yo
Dr. P. Kennore
Dr-. E.l... IJ::insol2..

L U N C H

Irri[ctcu nice To~ Report
- IiI'. I.lcrl;: Uh.",\,1uno,u..

Uplc.nL:. Hice TeC.l:.l Heport.

I.Icncrcve S'V':C.r.lll Rice TOCLl r..eport ~..
L.lr. S. Ii.. FO:.lbc..

08.00 - 10.00

10.00 - 10 .. 30

10.30 12.00

·•

··
··

Verbo.1. cvcluction nnc.l 8.sscssncnt of
courSe by c.I1 ·trcinces ~u. trninoe
c.1csic.nce.

BREL.K

Grc.due.tion rmc1 clo sine cerel:.lonie s:
Addross by Executive Secret2.ry
Hr. Sicli Coulibt:1y.

Course evcluction - Dr. I. /J:intcyo

Presentcticn of Cortificctcs 
ncpreEentctivQ of US lJJbcss['.~or.

REFllE SHI.rEliT S

.,.,;.-------_..- - . - .- ._. - --
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"lEST .l\FRIC:.. RICE DEVELOn~ IJ3S0CI:.TIOlr

nEGIOn.:.L TRl.lUING CENTRE
PEKD~';LL, LIBERL'l.

LIST OF P..1RTICIPlll'IS• • • •• ., "w.

FOSITION filID J'J)DRF..sS
I • •••• •••~

1. l..rn.....dji Firmin

4. Da.bouc~r Chem

G1t1T1..•

GT.JlNEE• •• ••

6" Foc."..o Cc.mo.r~

GtnNEA BISSA'tU. . -
9. IJfretlo Josti c:~ SilV'r'.

C.S.1.., DcpC'.rtrncnt L~O 1e. Recherche
.l'.eronomique, Dr. 88l;., Cotonou, Benin.

Incenieur ~ercncmc, L.:'..lJor~toire cle
~fense c'!.es culture, :sr. 128, Porto
Novo, BOnin.

Scientific Officer, Crop Protection
Service, YuncUun ~erimcnt St~ticn,

Yunc.'1um, Tho O~m1.::ir'...

Scientific Officer, Cro~) Protection
~orvice, t'unllum, The Gr..m1Jb.•

Resenrch Officer, Crops Rcsocrch
Instituto, Box 3705, 1l1u:'Icci, Ghene.

Directour Regiom~l (le lr-. I'1'otcction cleB
vccotc.ux - Da.blJ1c, DP. Bt!., R.P.R. Guince •

.Dircct~urRogioncl rrotection ~os

Voe~tc.ux - Borfe. D.r. 7, R.P.R. Guincc.

Directour, Recrion~ Proteotion dos
vc5~+."".". .. Trl"'ll,.,.,,.., ........ p T'l.n. Gl,-l..,-5"'.

Chef r~u Investiccc.o.i no cnJ'Er.{fl.C (mPJ'.)
M.D.n. C.P. 71, DiGscu, n. Quinoe
Bissctt.



10. c..-..mi1o Cnci.ssc B...-:1c.o C1lef c'!.i Rechcrcc c.u ~bc%~que mr!.. r.t.D.R.
C %71, Bissc..u, Guinen Bisson.

Hi...urE VOLTi:'••

.• 502 :

11. SD.lr.'..QOC:;O J..bc'!.ussclCI.l

12. Sere Yncoubn

UIJ.l--
13. r.Ioro Trt'.orc

r·t.....URIT.l\NIE..... .

14. Soum..-.ro .t..bcloul-vc

Nl<Th'Ull.... . .
15. lJlC;;clo. Ehcle (luss)

16. Dnuclc. t.J.iyu Gnrkh".n

17- Chilclm [... t..ucustino

)

SEliEGi.L.... -

Cherchour (Ueco.tolocisto) Projot
Protection cos 'VCce1;cu.=:, B.P. 403,
13obo-Dioula.sso.

Phytol)ntholo(r.i sic, StctiOll de Recherche
c"!.e Fl:'..rako Ba., DP. 32, BO~Jo-Dioulnsso.

In6Cnieur PhytoDctholociste en ccrvice c
1a. section de ncchereche sur les
cultures vivri~res et olcncineuGcs
(sncvo) .BDJ:1oko Sotubn Dr. 438 f1rROJ:cT
LU'I'l'E mTEonEE: ClLSS::

Coordonc.teur de In TIecherche cu Crml.Dl.. ,
IQ:0c'!i, BP. 22, n. lsl:-.r.rlque ('.0 I\~urit~ie

nesea.rch Officer (In Trninine) Agric.
BioloGY Dept., Uhivcrsi~of Ibccl~,

Ni{;E)rin..

Hicher [.eric. Supt. (Field Officer)
Federal Dcportmcn1; of Pest Control
Services. rr.ID. 1638, It'U(lucuri, Dorno
Sto.1;e, NiGeria..

Hieher !~ic Supt. (Fie1dOfficcr)
Feel. Department of Pest COl'ltro1 Services,
Hm. 1400, Enugu, .t.ncmbc.r~~ Sto.to, Uicroric

Rosc~~h. Officer, Nntionn1 CoronIa
nese~h Institute, nice nesenrch Stntion,
Dacleggi,. r:1m.. a, 1Jh~J nieel'·Sto.t~,Yiger-ie. - .

BP. 282, Zil:..uinehor, Senccc.l.

l.T.f•• en service o.u Cel'ltro do forrnC'.tion,
Phytoc~itniro, Centre de £o~~tion

I'l'l;Ytoocnitniro Dr. .19, Do.'Ic:u-.
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21. S:lCbc Dicw

22. Soulcym...'"lJlc Gcye

23. ScuGlc .1'J.iounc 'l'hiar.l

24. Castleton, Cnr1 N.

25. Sottle, Willnic

sm-tIU LEOnE• •

26. Sohr N. Fombo.

TOGO-
27. Dossokou }.fussnn

28. !..cbobli Cornlon 1.ts\.l.

Increnicur (les trevr.wc ncricolcs en
se~~ce ~ Centro de ~cCherchos rizico1os
('.0 Djibelor, Dcpc.rtoent ~~lvto;.J~tholiGie

DP. 34, Zi01inchor.

Ineenicur LOS trc.~~ ~ico10s.

:.ssist~t de rechercho r. 10. stc.tion te
recherches ri.dcolec c. Djibelor,
DP. 34, Zicuinchor.

Chercheur en Service r. itInstitut do
Teolmolog1a .tJ.imentdrc. Section StockCt.:,'"'O

dos cro.u:s, DP. 2765. Dckr.r.

Trnininc Officer, USL.tD nocri,on.."!J. Food
Crop Protection Project, llP. 49, Dclcnr.

Countr,y Projoct Officer (Entomolocrist)
US1JDD ncgion~~ Food Cro~ Protection
Project, D? 49, n:..knr.

Reseo.rch Officer (Pl~t Pntho1o{§, 1'1JJlD.A
l:1.."'J1erOVO Swcmp Rico Project, P.O. Box 7,
Rijo Resenrch Stet ian, Rolcupr,S/Leone.

!~horbologicte, Servico Proteotion des
V!Sg"'etc.ux, 13P. 1263, Lorllo, Toao.

Doctcur ?hytopctholoaiete, Direction ~o

11:'. Rechorche ~\GTOllOmiquO, DP. 2312
LOn1e, Togo.
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l~'bifo.rin, ..:~~O•
. lL~~, P.O. Dox 1019, Monrovi~, Libcri~~

lJtinso1a, E.A.
NIJ1DL, P~O. Box 1019, Nml~ovi~, Liccrin.

~~int~o, I.
H1ltDi'.., P.O. Box 1019, nonrovin, LibcriD..

,AN'o<1cm, V.J...
lUJlDL7 P.O. Box 1019, Monrovi~t LibcriD.•

.l~obunt1u, I.O.
IrrA, PMD. 5320, ruadcn, NiGQria.

lJottrc11, D.O.
ClCP, 2288 FU..1ton Stroe:t
Suite 310 Dcrkolqy, C~iforniD.t U.S.A.

Th'cniore, J.
InAT- Nantpo11ier, Franco.

D;:-.brouclQ', Z.T.
:ClI'E, Box 30772, Irciro'bi, Kenya.

Esuruoso, O.F.
Dept. of f~ic. Biolocy
Uliversity of I1Jnt1."'.l1, Ibc.clon, Niccria.

~'U:1ilr~o, O.
Dl'lpo.rtmcnt of !~;riculturnl BioloGY
Univcrsity of llJc.<.lCJ1,: Ibo.clan, Nigcrin.

Goc!.G.cris, H.
WARDL, D.P. Box 1019, Nonri\~, Liberia.

Kenmore, P.
InRI, P.O. Box 933
Los Benoo, Philip,incn.

--_.
x:u.,lC.r, n.

Univernity of Lecon, ~'..ecrC!., Ghonc..

MAttoson; p.O.
ClOP, 2288 FUlton Street
Suito 310, Berkeley, Ccli,fornio., U.S •.LA,..
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IDESSf... - DP. 635, Dou.~e, Ivory' Const.

~WCn-Sa.r.ll1onG, r.t.
lllJrnA, Specinl neso~eh Project,
Rokupr, Sie:rra. Leono.

Srnith, 0.1-1.
Louisiana. Sto.te University
futon nouGe, Louisicn::., U.S.!u

Thornc.s, l~.D.

University of Libcric
nonrovic, Libcric..


