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ABSTRACT 

In many areas of the world, rodent damiWQ to field crops causes severe 
reduction of human food supply and increases the risks of small-farm agri­
culture, In localized areas, roes uy be a principal factor limiting 
crop production; irare often, "odents unobtrusively remove a share of produc­
tion before harvest--crop after crop. season after season. Although there 
are more than 6,000 kinds of rodents, u,-lv about 50 could be 'onsidered 

important agricultural pests. 

Development efforts, particularly those involving irrigation and 
intensification of agriculture, usually result in substantial increases in 
local rodent populations, frequently with a change in the pattern of repro­
duction. In dry environments, rodents usually breed during or shortly after 
the wettest season, probably in response to iv,"roved food and habitat. In 
year-round intensive a.Uricul ture breeding generally occurs throughout the 
year- -wheneve r local fodd hab-i tat (maturing crops)' are present. 

Another problem which appears to accentuate rodent damage to irrigated
croplands is invasion, Rodents reproduce during the wet season over wide 

" areas and a variety of habitats.. As drying begins to occur, food supply and 
habitat deteriorate and gradual rhifts occur in the ran-es of local animals 
as they seek remaining food, cover, or water. In undeveloped areas, consid­
erable population die-off probably results under such conditions. When 
irrigated croplands remain productive, animals that nove from adjacent non­
irrigated areas may cause heavy crop damage. 

Examnples of these situations have been evident in many parts of Africa 
and Latin Apkerica during the past 2 years, and have again called attention 
to tile need~to consider a pest control prograin as an integrdl part of agri­
cultural development. This program should be based on a thorough knowledge
Of the ecology *of rodent species associated with agricult-.a-al development,
appropriate techniques to reduce crop damge by rodents, and personnel
 
trained to supervise and carry out long-tern crop protection programs. ,
 

PROBLEtISS PRODEtT INIAGRICULTURE 

Rodents damage a v¢ariety of agricultural crops throughCrt most developing 
regions of the world. At least 50 species of rodents are invol ed although 
relatively little information is available from most areas of the extent of 
damage. Rice is perhaps the imost severely affected crop; damage is also re­
ported in corn, sorghum, wheat, peanuts, coconut palm, oil palm, cacao, sugar­
cane, and many other vegetable and f'bi t crops . Although most countries have 
at least rudimentary research arvd operational cortrol programs, few have de- ' 

veloped sufficient information or sufficient nuirbers of trained personnel to 
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444 ALTERNATIVE STRATEGIES FOR DESERT DEVELOPMENT AND MANAGEMENT 
undertake effective crop p-otectiujrj progrars Oila nkational scale. This paper
surnrizes Sore of the information obtained in the cour.-e of several years'
work with agricultural rodent probletls in lets-developed countries by U.S.
Fish and WOiife Service (USFWS) biologists and cooperators ac the Rodent 
Research Center (RRC) in the PhiliFpines. 

fBecause econumic losses. caused by rodents are difficult to estimate and
 
cannot usually be determined on experimental station plots, research on the
 
control of rodent damage has been given mTuch less attention than research on
---c n t rol.-of-.-Insec ts-and.-pt ..d seases-..-Rodent.damage,-o f tan- a - .... 

basic patterns, one superimposed upon the other. The first is chronic damage,
w.ihich occurs every year inevery area and may be highly variable, even from
 
field to field. The second pattern, w.hich is poorly understood, isthat of
exceptionally heavy damage associated with rapid increases, or "outbreals' 
of
 
rodent populations over wide areas.
 

Little information isavailable on chronic losses caused by rodents.
 
Preharvest damage surveys conducted over a 
3-year period (1970-1972) in
nearly 1,600 rice fields dstributed throughout the Philippines revealed some 
rodent damage in about 90X of the fiel'ds. Counts in these fields showed that 
cut stems avraged about 3.5% of the total sLens at harvest, but much early
damage is missed in such surveys because early cuts are no longer visible at
harvest. 
 Stem cutting inrthe survey paddies ranged as high as 58%. Consid­
erable variation in the extent of damage is cormon, even from paddy to paddy.

Fields near .-farm.ed areas and those bordering roads or irrigation canals

often have heavier damage than others, presumably because of the additional
 
rat harborage. It is conir:oniy observed that fields maturing much earlier 
than the surrounding ones or isolated fields which ,ature late receive 
heavier damage because of localized moveirent of,rat,
 

P.cports of rodent population outbreaks usually stern from the sudden
 
appearance of spectacular nunibers of animals and the devastatio 
of crops

over r.ide at-as. Although similar reports are available from every
continent, involving a variety of rodent species, the occurrence of rodent
outh r'aks in any particular place or with any )articular species is inter­
mllitteniL, a d largely unpredictabbe, It is clear, however, that rost out­hriaks, do riot develop as rapidly as is coirnonly believed and that improvedsurveillance could provide sufficient warning to deal with such occurrences 
in anl oganied mianner--as opposed to the ad hoc mannerwith which they are
usual ly approached. Di ferent approaches iay' be requi red to reduce crop
losse; associated with rodent population outbreaks than those considered as 
chronic problems. 

A central difficulty ill tile de-.elopn:ent of field rodent control programs
in i-any countries lids been a tendency to ignore the importance of species and
efnvjiron'ertal differences arid attempt ofto to apply control n;>ethods the 
tor,,vay rat (Pattus norve(icus) in tierate cities directly to tropical crop
situations iroI','TJing other- spec ies. '.Wurk in the Phil i"pines has shown that 
this approach is not productive for, crop prolection. Variation in tirebhvi,,or of individual rodents under diff'erent environental conditions, 
coupled itih tihe rccurrence of differenrt species in the various co.untries, 

i9vr. t tihat Itterrlpts to rise control wethods for one country on. another 
should be )pproached cautiously and only with careful field evaluation. 

Additional considerations in de.veloping effective agricultiral rat
cnntr-ol prograrrs for less-developed countries are differences in farming
practices, iii farmer attitudes, and in the capabil i " tie ' of local plant
pr'orectio, afvncies. In r:ist situ;ations, an understanding of these factors 
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is pr'obably of equal importance to an undeis tanding of the rodent popula­
tions t Research evaluaion projects aifrd at assistingYenselves. and 
countries to develop control programs which effectively prevCt Crop loss 
(as opposed to simply killing large nuders of rodents) should be planned
with the assumption that a broad undersLanding of the problem will be re­
quired in each situation. 

.~E FFECT';OFAGRICTULTURAL-DEVELOPii. 

Efforts to "increase agricultural productiion if; t, rhia-developod 
countries have involved environmrental changos ,h I cif aza, to influence the 
types and degrees of rodent damage problems encountered, A principal means 
for countries to)increase agricultural production has been to bring new lands 
under cultivation by clearing forest, scrub, or marsh areas. Rodent popula-
Lion outbreaks have often been associated with such nar'ita .iisturbance, and 
new faniers on marginal lands may suffer serious crop losses during the 
critical first years of cultivation. Further, chronic losses may he accentu­
ated when rodents rove from adjacent uncul tivated lands to exploit the newlyavailable food sources in cultivated fields. 

Various approaches to increasing production on lnd alr-aJ;y under 
cul i,,,tion have also appeared to have major influences on agri:ultural
rodent problemis. Irrigation, which allows year-round plantinq in areas 
formerly dpendent upon seasonal rilinfall, results in changes in tie behivior 
of rodent populations. Although r'ost of tire rodent sDecies considered us 
agricultural pests are capable of reproduction throughout the yelar, physio-
logical or behavioral mrechanisms appear to restrict reproduction to per-ic's
during or a fter rainy seasons vdhen the quality of food and cover impi-'es
In areas with one crop per year, considerable mcrtali,ty of rodEnl.s may oc:urI 
during the long dry season. In such tituations, this se, oral rortalit y ria',, 
act to k!eep chronic crop damage at reltively low levels. Abnormally pro­
longed rain,. seasons resulting in a lunger pcriod of food vai ahi 
increased cover, and reduced mortal itv my set the stU-e Frr a populW'ton 
outwbreak in the next season when reproduction begins ag,-lin fr-om a higic; 
population base. Year-round planting ray allow so;,10 spiecies to hreed through­
out the year, raising tire gneralilevels of populations, and arcentrlating 
chronic dar ,age. Construction of ounds and canals creates additional fivorabl 
habitat for' burrowing rodents close to agricultural field3. Occasionally,
rodents dmaOe c irrigation systems by these burrouiin acti,;ities. 

[limination of the natural scheduling of planting season on irni gated 
areas, coupled with the availability of high-yielding crop varieties I, itiL 
short gnrowing seasons, often results in cr'ops uf diffei'ent age s in clo.;e
Proxiri ty. Rodents inhabiting a field being harvested iray easily move to 
nearby areas which continue to provide adequate food and cover'. Field2 

tiring earl ier on, iater than those of tie surrounding area ma,' ruccive 
particularly heavy damage in such situations. 

Another effect way be observed in some areas with s':sal1-scale seasonal0 
irrigation or in irrigated areas sur'ounrded by uncuoltivted land. Rod'nts 
reproduce over wide areas aid a variety of habitats du ring the wet seJ':;on 

when food and cover' are avail le. As dryii.nj begins to occur-, Food s ipply
and habitat deteriorate and gradual shifts occur' in the ranr,,s of locla 
populations as they seek remaining fond, cover, or' water. This samre 
process, ,h .-h results in increased natural Vrwalit ili nonii'nigated con-
ditions can result in intense rodent pr'essure or, orops remaining oi tile sia11, 
irrigated areas. 
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446 ALTERNATIVE STRATEGIES FOR DESERT DEVELOPMENr AND MANAGEMENT 
Postharvest loss 
problems caused by rodents may be ir.creased in some-
What the same way. 
 Storage facilities may b2 inadequate or almost nonexis­tent in areas where developnent processes are helping former subsistence
fanner; produce crops for sale. Stores in open fields, houses, or village(ranories may receive serious rodent da, uige when rodents seek cover and fuodsour(.es after harvest. 
The variable and unpredictable nature (particularly from the farmer's
-i 
 ).nt.rodudent,.dareage..to-crops.,inLrduces,an -important addi Lional.---
usandpo 
 .
risk facto'r for small-far' agriculture that should be considered in addition
to the actual crop losses suffered. 
It appears that the'risk of rodent
damage may often be most threatening at the time when farmers are beinger.ceraged to change faming practices, Vrow new crops or varieties, and 

contract loans 
to finance new technologies.
 

DEVELOPMENiT OF RODENT CONTROL METHODS
 

If rodent control is considered in a broad context, a nearly over­whelming variety of control methods has been used or proposed (Table 1). 
Table I. Methods and Techniques of Rodent Control
 

Ph0ys ical 
 Chemical Jiototiwcal others 

BArriers 1oison lHaits Sanit'ation BountiesTrapping Tracking I'o~.oer Parasites HarvestFlooding Poison Sprays Diseases AppeasementElec trocution Repellen ts Predators Insurance
Drives 
 Poison Grease Iabitat WMdificatton
lluni ting Sys tern icu Cul tural Pract ice sClubbing Reproductive Inhibitors Buffer'Crops

CLAIshin j Fu. [gat ion UltrasonicsFrLght.,ning Devices Wetting agents Lethal GCnes
 

Drugs 
 Biosonics
 
Glues l~ui11tanL Plants 
Frightening Aceonti 

. 2,h 5. -i.ry of Coits ~tlrn4 (..rryl n o,| .11ttn) Pr .t1-l,arbyF.tm* Usin.j "nrdtttonal 
,1, t t lot larmij 0t.tSuos.itn I ,jr,-Is 

tth,"lV inUt Coi Ms-1 Variou4 f oro the ph l !I.of Iil 

r...,t ,' t+. 1 TO. 1l. 0 1f It l'qI 10 -.Fs 4 (1 ")| An00 1' . 11 M, ' (1 s$/ t I ) I" l V. Nhr,, r.n. 

P'.t,|r,ift ( 
 10. 1 11,4 ji,9 12f. 6 2 .1 4.1.9 '7.Q 33.4,
:1% 
 10.0 7.9 1(1,9 It),4 10.1 0.0 2-.. t .314 
PIAnt 
 1,0.0W ,l 7. 1 11,.)1 I.. 21.00.0 .0 Itl.& 1 1.3 17.1 17.0 4.314.1 tt.4 I 1 .+ I1 ,. 

SI .. 0 3. 1 Sl..0 0.0 'XII 0.0 - 0 1C1'1 1.7 1.9 4.6 hI.9 7.9 fl. / 2 .31. 
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ALTERNATIVE STRATEGIES FOR DESERT DEVELOPMENT AND MANAGEMENT 
SM0st of the rsearch and evaluation efforts in dvelopnent of rat control

v'l.tlhods have been directed toward coriwensal rodents iniitemperate cities and 
- towns where the principal pest species is Rattus norvegicus. Nearly all ofthe commercial efforc to develop rodent contro1 inse F-aFnd chemicals hasbeen di ected at this market. Iv urban situations, where the principalrat'Jonal e-for.rooent.contrel W,olves publ ic health--and: nusace-onsidern---
ations, the objective of a control program is to reduce the rodent popula­tion over a target area and maintain it at a low levl indefinitely. Thus,9pst of the efforts to develop nodent control methods have been directed atdeveloping mroreefficient neans of killing rodents. From the programstandpoint in urban rat control, it has become al rost axiomatic that asuccessful long-term program can only result if the envi rormental carrying
capacity for rodents is lowered by improving anitary services, reducingfood supply, and eliminating rodent harborage. Economics may play arelaLively minor role iin developing ur)an rodent programs. Programs are 

. often organized to~ofavailable funds meet legal politicalor or requirementsdepend up~on opgio,,l finaning by within the limit;Individuals wi thlintolerable problems. 

Attempts to extend existing rodent control technology and programapproaches from the temperate urban situation to rural areas havetbennotably ineffective, lhe density and wide distribulion o' tropical rodent
species over many habi ats, coupled with their ability to mW e rapid localshifts in principal habitat and to reproduce rap,.dly ndar relatively poorbhabitat conditions, essentially nan that short-term killi nq programs,whether based on use of rodenticides or other i ethods, d9 ror. h.ave suffi­cient impact to n'easurably reduce crop dar'age , t".cr.. cui.rlpex rodentcontrol programs based oil alteration or habitat or use of hih-technaloqy
approaches could probably not he sustained by eith-' farer or governmentinstitutions at an effective level. 

The further qualification that control meth d; use .,in r" agricultural,system must be effective within the hounds avaiia Ie 
for crop production, and must lhave tie potential 

of funds .. to ilirmers 
of providi rg positive

economic benefits in relation to cost, greatly l imits the range of wethodsand techniques that have real potentil for practical field use. Iffarmers or plant protection agencies are expected to Use Particul.rcoontrolmethods in operational situations, the methods must be, fro:: the earlieststages of research or adaptation, evaluated ini tern , of offi cay from the s tandpoint of protecting crops and in ters of their cost in reltiaon tothe total cost or crop production. As the physical aria and ime span ofproposed control operations are increased, such evaluations becomeincreasingly difficult to the extent that the techniques are probablylacking to make a benefit-cost anlysis of, for exiample, a largo-scale
introduction of a rodent predator. 

{"e nit osSt ates el a i o theP t, ie ip, -ayo- t v w de r, 
i lies

In the course of devploping urthods for agricultural rodent control inthe Un ited StatLes as well1 as in Ovler counris, many of tue Wio rallgeof potential mthods have received varioqs degrees of ovaluation. Amongthe rathods for ccntrolling rcdnts in rice fields in the Philippines,cotnsiderdtiun somehas been given to i.s t physical approiciO:: tP d varietyof rodenticides and baiting techniquesi to reproductive ihhiito'rs; tofield sanitation, parasites, and prOdators; to hb tat noi fication andchanrr s in cultural p'ocLices; to genetic m di f ication of rodent.; to thepotential for developinge s ant p1 crts; and to Ourt .ies or other meoons 
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448 ALTERNATIVE STRATEGIES FOR DESERT DEVELOPMENT AND MANAGEMENT 
of harvesting rodent populati Theins. only approaches which have reached

the stage of serious field evaluation tinder 
 the program carried on jointlyby the Philippine Rodent Research Center and the U.S. Fish and Wildlife
Service 

and 

have involved nonlethal barriers, acute or chronic rodenticides,field sanitation. Of these, only sublethal barriers (still inearly stages of research) and the use of chronic rodenticides have 
the
 

appeared t) have potential for practical, economical use under rice field

conditions. A principal reason that the field sanitation approach isimpractical is thepr.: peirto'd Onila.s madifficultyl.l...fa rm .s calof e-maintaining control throughout irst of theforra -very low- cost-.- Th e-u se,-o f--ch run i c- ......... ..... .. r 
rodenticides or anticoagulants in a sustained bait ing system in which baitu3e is closely coupled to. the actual invasion of rodents at any crop stageappears to a nethod whichbe fits most of the criteria for a practical,
economically beneficial ilethod of protecting rice crops from rat damage in
 
tle Philippines,
 

Sustained Baiting with Anticoa anti 
4 

A principal problem in carrying cut a long-term baiting program

rodent control is the ability of -odents 

for
 
to learn to i-ssociate poisoningsymptoms with a bait material. The use of anticoagulant rodenticides,such as warfarin, avoids this problem because they are effective at lowconcentrations and do not produce symptoms until regular feeding has taken Q
place over a period of several days. However, because of.high population
density in rice field areas, continued invasion of new rodents throughout


tile crop period, and competitive interactions among rodents using bait
stations, specific baiting techniques must be used to make a sustainedbaiting program effective from the crop protection standpoint. Tile totalrkiterial cisc is very low because even poor-quality grain material is wellaccepted by Ratc-us rattus mindanensis and Rattus arqentiventer in
preference to green vegetation.-Sui table bait stations under mostPhilippine conditions may be constructed at no cost from locally availablematerials such as bamtoo or coconut husks, and by.rather simple procedures,a farrer way adjust hait placewent so that no nore bait will he used
is required to limit rodent activity in his fields. 

than 

The program devised to incorporate these findings, while arbitrary
in s e respocts, has sufficient11todiFication by far,-mers flexibilitytechnicians.to withor, supervising rri ain effective inorKey features of the 
approach developed for rat control in rice fields are­

- raiting should begin at the time of transplanting or. shortly
 
afte,--b _om_ ny r.it activity is evident. 
, 

- Baiting should be n.aintained until grain heads are fully developed

and hardened, approximat.oly 2 weeks before harvest in most,

situations; however, if bait consumption remains high during this
uteriod, baiting can be continued. Ilait consumption gererally
increases for several weeks as ;:nrse and more rats invade tile
i elds, then usually (ldclines sharply when grains wature. 

- Excess bait must be avall,iblc. a ill Lilres so that rats consuire

bait regularly several The amount of bait
over days. should beadjusted to !.he i it ns it; C4 rat tctivity by using several smallstations at ;;t. rodentseach bji .i.)n, Thii allcws to establish 
a r!qular fCedinlq pa!t.er"n and helps to decrease the effects of

co;iipi tition at: the food source.
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- A wide variety of bait carriers can be used, Milled rice, polishedrice, broken rice, or- brewers' rice wor;: well Iouuh rice shouldnot be used because rats remove the. hulls in Feedinb and d0 not

ingest toxicants coated on the surface. 
- Any of several anticoagulant rodenticides commercially availableand already in use for rice field rat control in the Philippinesutb]e;sml.Chanams.i areS .. . . inie-th wethods.hy. which. these ratrials -are.used can result ill effective crop protection. 

addition to the developmental researchn carried on with sustainedbaiting approaches since 1972, several fild evaluatioh; have been carriedout on farms in major rice-growing regionsranges of the Philippines within theof the two major pest species--Rat'tts rattus mindanensis and Rattusar ontiventer. Table 2 sunmarizes the field tri ls whic ;ere carriedout on sinal1 farn:; involving "treated" fal:l.; v"cre the sustained Ilaitinlmethod was used and "untr'a ted" whe ,efarmers carried on their usual rodentcontrol activities. These farors, howmver, do not represent random solec­tions of Philippine far::ers; rather, field trials involving both rodentJ
sper.ios were carried outdiamj..;e at variable levels 

in areas Vhich hCd a hiL.tory of serious rodentfrom year i year. The 1974 trial in Laguna was
in an area with such heavy rodent pressure that fainrers generil1y had

dif ficul ty if) producing Wot-season cr.,' bL'cree oif invvv; ion ofr. t-s fromi
adjace:lt wirshes. BLcause actual operatirt; fid i were used in the trials,it was not poss ib1e to statdardize all production inputs as mig.9ht betypically done on small plo, evaluations )f i nsect icide treatirents on aneperiwent sian. There fore, it inst !h r(,cognized that in all of thesetrials, production increises cannot validly ire attributed solely to rodentCo, tou1 tIa then Ls but. ::ay be pa rt ialy (u! 'o dI f fer ences in other produc-tion pra: tices. 1ionetheless, these trialindicati n the t )Lyp: 

.n.om is a ohole provide a goodof belIefit'i htailied I',,1f~ft. iYe rdIlO.tiOnLrul 
proyra s. 

In all instances , farmers obtained wajor product ion increx.es in theareas where sustained baiting practices %.ere followed. Production increasesbetween cooparison plot.s ranged from 34' in the 1973 trial in Pangasinan
 
to vore tha 3,000'" in 
 the area with heavy rat pressure in Laguna in 1974. 

Ifhe cost of carrying out the sustalined baiting procedure (excludingte value of far labor) in these trials was less than 3' of gross productioncosts. The calculated materials cost for sustvained baitingranched fro: S1.86 in the trialsto $5.29 per hectare, cour1pared with liaterials cost fromS0.29 to $1.28 over tire n tiods employed by farmers in tre reference areas
(eocept in L.aguna "here tle reference fa, .. employed 
no rodem cout,rol,easures). [Pe"nfit/cost ratios calc:ulat( 
*rs 

)tnthe value of the toal prroduc-Lion incre,a:;e on treated areas ir relat ion :o the cost inc 'ewent oF sustainedhaiting over other mthods ranged from 68-110 in these field trials. Theva l e of the averac e product in increases tO the far ers sel I ing sacks ofI.'oclr rice ran.ed about. $90 -SOMilectare.-
 The actual ilrcreae in har.,esledi,,ddy (rough rice) avera:ged nearly 1 rmtric to'/hectare in three of:thetrials, ,hile in the La4u11a area under heav ra.t pressure, ar addi tionaI3.6 ,;tric tons of rice/hectare was hrrv..., Led. 

It should be noted 
approach 

that the Sustained hilLinj proqiral;I is a preve"ntiveto rodent centrol and that, in s it u., doesi is whorm rodent damol' doIot. terume .lili cant in a c1laitIpart I so, ur area, th C:rsits of fo I lowingsuc.h a rro:ruwi would be alr:us t rl'glirlii le, I. iS I I so e.,perrLed th.ti c}ns io-dorable, '.ving" in cost of rodent cwOlftrol ei eight he realizd if o 

i 
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450 ALTERNA'IVE STRATEGIES FOR DESERT DEVELOPMENT AND MANAGEMENT 
number of farmers over a wider area were carrying onibaiting prograis
simultaneously; however, no data are available to surigest what. further 
savings. might be realized. 

A"PLICAB ILITY OF THE PIHILIPPItlE EXPERIEICE 

The basic approach developed for sall-farm rodent control in the
 
Philippines, at least from a technical standpoint, would appear applicable
 

problems with effectiveness or suitability in situations involving different
 
nident species, differing agricultural practices and economies, and differ­
ing attitudes among farmers are likely to exist,
 

In the Philippines and other areas, a principal difficulty with farrer
 
acceptance of. this approach way be a tendency For fanners to evaluate the
 
results of toxicant application by the number of dead rats found. With

chrmnic rodenticides applied over a cropping period, few dead rats are found

because the slow-acting aterials allow the animals time to return to

burrows or seek shelter among plants when toxic. symptoms develop. Farmers
 
often prefer to use an acute rodenticide which provides visible, inivediate
 
resIlts, M.any rodent control programs in less developed countries are
 
organi'ed toward killing large numbers of rats during periods of peak

visibility, usually after harvest in one-crop areas.
 

Difficulties involving species differences have been evident in prelim­
inary field trials in Nlepal. This work ha's suggested that the behavior of 
local pest rodent species (Bandicata bennalensis and possibly Rattus 
brunneus) is sufficiently differenE-tht acceptance of surface bait apl)lica­
Lions--isnegligible during the growing period of crops. Field damage does 
not a1ppear prevalent untiil cereal crops are nearly mature, when the abundant 
grain appear to be preferred over bait material. 

In parts of Africa and Latin Aerica much cereal production is carried 
out on large conrercial farms where labor intensive methods are no longer 
practical or economical. Subsistence fari:ers in these saile areas mayconsider the material cost and labor requirements to be too high for their 
use. Availability of materials-.-both toxicants and bai.t bases--may be 
a problem for small fa:mers in wany areas, particularly since proper timing
of applications and availability of excess bait throughout the crop period 
are essential for satisfactory results. 

Finially, this approach, simple as it seems, appears very complex and
laborious to many fan,,ers and extension technicians accustomed to using
other roans of killing rats in agricultural areas. Training and demonstra-
Lion are probably essential in rost areas to (ain even preliminary accep­
tance outside small com; farn;s and exparimr.nt stations.nercial 


P1A::,,IlG FOR ItTEGRATED D ',.OP.ME,T 

During the past 2 years rodent population increases coupl:!d with 
ri'oveirent of animals to crop areas resulted in serious crop daanige in many
parts of Africa and Latin America. In Africa, particularly, efforts to 
develop rodent control programs i-;ere started after much damane had already
occurred, and the lack of hasic ecological inforation, materials, trans­
port iLion, and trained personnel--despite considerable international
involvemr.ent--made pro,,ram organization difficult and the results of control
efforts largely unsatisfactory. 

..........................
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Opportuni ties exist in wany areas to consider the development of pest 
control systemns concurrently with other development activities. This is 
particularly important for Lhe farmer, who must, ultimately, be the one 
to integrate, the many new agricultural practices and overcome potential 
risks, "n order to harvest successfully. Because rodents'have generally 
been considered serious agricultural pests only intermittently, when 
popul ati ons-reach -outb reak .pr.opo t:ti ons, maj or.gaps..o-Lfi l.forma Lionn.exist.. 
This sitiatioi should be rectified through a c6hirpreensive effort in many 
countries to gain information on the ecoiogy of rodent species associated 
With representative agro-ecosystems and to devise, adapt, and evaluate 
control rethods hich are appropriate for use by siall farmers. Training
of research and extension personnel to organize, supervise, and carry out 
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crop protection programs is an imrediate need in fi-est countries. Planners 
should recognize that rodent damage is a problem for serious consideration 
in the development process--one which changes as development proceeds and 
one for which no single, simple solution can exist. 
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