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K-< INTRODUCTION 

The impl1ortance of coconut to the Philippines is reflected by the number of people that 
end on t conut in dstry i i veli l Approximately 35Y6&fiheFiliPi°S_ 

depend, directly or indirectly on coconut produc'iion (Woodroof, 1979). There are about2 
500,000 farm holdings in the country with sizes ranging from less than 1 ha to over 50 ha. 
(PCARRD, 1980), Owner/tenant-operated farms under 3 ha-account for about 4,0/o 
farms 3-30 ha for abc't 30%, while less than 1% of the farms are 50 ha or largeI' 
Among the coconut-producing countries in the world, the Philippine's is the premier coco
,,ut-growing country and has been the leading e,(orter of coconut products. Between 
1980and 1984, the coconut industry was the second biggest dollarearner (Ignacio, 1983; 
1985) and contributed US $570 million in 1982 and US$727 million in 1984 to the 
national income. 

Coconut plantrings over the yeas reflect the importance of the coconut crop. The num
berast s grw at therate of abouint 53% during the period 1963-1973, 44% during 
1973-1t97 evand the average annual incrase was 1.2%during 1979-1983 (Abestilla, 
1984). Ofth,121 million ha utilized for agriculture in 1982, about 3.2 million ha were 
planted to co 6nut (Ignacio, 1983). It was also about 3.2 millioin in 1983 when 411.34 
million palms were million bari and 73.75 million nonpresent, comprising 337.S9 Sil; 
bearing palms, The number of palms planted vs,.replanted al.-,,) increased, but at a iuch 
lower rate. 

In spite ofe'athe countrda status as the world's leading producer of coconui, there is still 
much to be accomplished to improve the yields of Philippine palms, The average harvest 
was 40.4 nuts/palm/yr (range 32-49) during 1975-1984 (Ignacia, loca1985).174n some 
tions, however, average annual harvests ranged from 100-120 nuts/palm/yr (Woodro6f, 
1979). The lowyields have been attributed to (1) the predominance of old plais being 
past peak prodd~itivity; (2) low-yielding native varieties; (3) poor soil; and (4) other fac
tors. Among the other factor rat damage is frequently regarded as having an adverse 
Impact on coconut yields.e 

Rat damage has be'en an imp ortant factor limiting coconut production in at lr-ast some 
coconut groves in the country (Montenegro, 1962; Hocque 1973; Ku rylas, 1974; Sultan, 
1978; Reidinger and Libay, 1980; Gallego et al., 1981 ; Fiedler et al., 198?). Losses up to 
40% or more of harvested nuts have been reported. Nut harvests in research plots subject
ed to rat coprtrol methods increased dramatically -- up to 280/. Thus, the importance of 
rodent pests affecting coconut cannot be ignored. Work on rat problems in coconut by 
the National Crop Protection Center (NCPC) (then the Rodent Research Center) began in 
1972. As information from field studies became available, various control strategies were 
tested and developed; We present here an overview of these studies and those of others 
who identifeJ 'the rodent pests involved, described the nature of their damagen d deter
mined the biology and behavior of rodernt pests in coconut. This research was very help-

Jul in designing control trials that eventually led to current recommendations for reducing 
rat damage in coconut. 



PEST SPECIES,, THEIR BEHAVIOR AND DAMAGE 

in Coconut Groves 

Small c in coconut groves includedRattusrottus mlndod ss 
R: exulans Pn~Ie, R.Grg'entiventer Robin'son and Kloss, and Suncus murInus, an insecti

,vore not known to be a ppst inl coconut." Of these species, R,argentiventer has been'
 
reported only from the islands of Mindoroand Mindanao (Bir'behenn et al,, 1 9) ) where ''
 

it was ntfound in the crowns of pailms. This was' probably due to its limit d'climbing
 
ability (Fiedler et al., 1982). , ,
 

Tabl 1 show the species composition of small mammals trapped on the ground in coco
nut groves in'several locati('s ofthe ofthsmallnimmals
fcountrv(Ai'1ore

~trapped in Mindoro, Mindanao, and Luzon were R. r, 'h~indaniens's, *kbou tI 1%of the
 
species collected in Mindanao and Mindoro were R.Yqrgentiventerj' about 2Oi wcre R.
 

nsThese results indicate that R. r. mindanenpss is thf, most prevalent rodent
 
occurring in coconut plantations in the Philippines, 'Their pre lence in the field, both
 
on the: ground and in the crowns, discussed later, and their abilityto damage nuts (Sultan,
 
1978), leave little doubt as to their destructive potential.
 

:'	Table 1. Small-mammal species trapped on the ground in the coconut groves in Mindoro,
 
Mindanao',and Luzon islands. Source: (Gallego etal., 1981; Fiedler et al., 1982).
 

____________________Species 	 .composition (%) 

Rattus rattus ' ,,ttus Rttus No-£
 
mindanensis , exulons OrgentiVenter Other a trap nights
 

Mindoro and Mindanao 
"49 -; 14 	 17" 20 300 

"64 19 16 0 ,150: ' 

22v-55 , 9 15 150 
52 '30 9 50~ 
71 19 10 0 150 

80 13, 2 5 300 

Luzon 
~95 0 0 '", 5,~ 1,332 
'74 3 0 23 62 
24 3 0 73 40~ 
38 20 0 42 ',5 

'476 	 15 0 9:2 

Mean 61.4 : 82 	 0 304. 

aMostly Suncus murinus/ 



Nature of Damage 

Rats directly affect coconut yields by gnawing at developing nuts (Fig. 1). Rats have also 
been observed siting the inflorescene, but adverse effectls ,ienot presently known. 
Gnawing can result in supIerficial darmage of a penetrating hole found at the basal, lateral, 
of ditl portion .)ftlc nul. Depending on the severity and location of the damage, nats 
will iall as earlk as i ,days after *nitial damagc. 

M WO(7') Iihn, damageCd nlt', %t'i' than Lm (.arge, greter 10 in) diaire'ter able 2). 
I in\%e\ L, In rir rfL,fls Ch )Oto Aft 1r0t r raill\ L.cs tfallr',' forl darnragcd. I % were 
hbitol l Si/e' IV llal r111n ldi,ort' 23_, ' lal,(5 10 cm in dia teItr ), alld al lut 30%1 
roeLcliuni (11 I l tr' r di u,'rvr i.Li)W,1if\r tL'Snt a Irel-lfrhrice' In cagesittlitiO ill 
qIhOLfr'd tha R '. , prI t rIl'f botlori-<.'eL nits, while'. e' iiIit inlicted da-A. 111 11, IS/' 
Ilillre. ily ti) fl(if, d t) i ) rL1Ill&Ii, fLt', fStillJI1, 11)78). 1 I (\Lrt irr3gt' to Litton-
Ni/' fiftll IMSrltt i 1 i)11111101i\t itK i\t' ifi tihL' ll d. (,illegr cd Al.,(1981) f iiild tiat 

it) M)i d 0l1 f d 1 tir) r 1 h , lkfit . !,i ir1i , dill ged fol, 111ilC l '.d.. TO 

4 ,l .':,I dId i f LS . d ,i i u. (!,H, i.rtIt [ l1\ ,ho)ut 21 in If,!, \ 

,\hcUii I I:'I,i ()r1lf L'.'I),M i. 25 iigll,1t' l, 2). A pi L . ,rteri , ald S', L1liiL.1 I i 

pai, ifll \ , ic bat i. ib1( n1[ttw. : , in kC(tl. t0 t' hl tl i litiLf llif distalL11L. por
r f1rei )If bl i.lf I lie iil1i f)ll C, r (glii t_'n C i t.1r . ilc rt, I f r t,1ilagC dreW fit 


it'ri I l,fi iKt, trli l Alr 'r , idfiLtin g tt
\ ! ih 1,1,< 'ift,I I;LniI g hn irpritrenc ,,in 
)irl <. ',ri g fiI .. n i\. I hetir titLtA c Lrnt'-.1padlrI;Cillallr ,gt'giflIlot d L'eloi
fL't. ull irt l,i t fllr,\l S.\Ct 1oclhnL L A i 01r It'Ilktl L al Idinl C f ditlCltnft"0I
 

Fig, . Damage in oxperinenta!plots ranged fromn 12-65% of harvestable nuts. 
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R;3t damage in: cocoqut has been argued asunim because ofthe capabilities of 
Palms in some geographic regions to compensate for the rat damage Compensation may 
,--occurin two-was:-(;)-by-at-least replacinhg amiagedng r 

rat-damaged nuts with undamaged nuts by harvest ti'me, or (2) by increasing the size and 
weight of copra in uncanaged nuts, thus, lessening the impact of rat damdged nuts by

.increasing copra yields IA simulated rat damage study in Fiji Island showed that female 
flower production increabed, that yield remained stableand that pa ms could fully re
pla~e damagednutsbyabout 50% at harvest time (Williams, 1974). The second possible
compensation mechaiism was studied in the Philippines. Results showed that compensa
tion by increased copra content of undamaged nuts played only a minor part (Reidinger..
and Libay, 1981 ), The difference in weight of nuts from plots''with heavy rat damage and 
plots that had no rat damage (plots receiving rat control) was less than 10%. Reidinger
and Libay (1981) concluded that this difference was minimal when compared to the eco
nomic benefits derived from rat control. 

Additional studies are required to further de.cribe the extent and nature of rat damage to 
coconut. Until such information is available, it seems prudent to base ec,)nqmic benefits
of rat control practices on increased nut harvests and use actual measurements f fallen, 
rat-damaged nuts as a relative index for monitoring the progress of any control opera
tions. 

Table 2. Number of fallen, damaged nuts by damage IocaO_'i and size. (Source: Hoque, ' 
1973; Sultan, 1978.) 

Size
 

Damage Button Small Medium Large Total 
%of
 
total 

I'caton (KScm) (5-10cm) (11-16 cm) (>16 cm) no. nuts no. nuts 

Basal 8 529 696 996 2,229 67
 

Lateral 3 173 274 397 847 25
 
Distal 1 , 74 25 164 264 8 

Total 12 776 995 1,557 3,340 

%of total ,4 23.2 29.8 46.6 

aBasal, lateral, and distal damage denotes damage near the peduncle, on the side, or at the terminal 
portion of the nut, respectively., . " 

bsize classes ar- girth diameter measurements (cm) also designated as button, small, medium, and
 
2 large.
 



To esimt loses mos invetigaorsront falen dam ar nut hianmber (orheerciefdamagnd l fallseus 29(ally- p:... uts ttoa tradition aesredo asalt- :-ive81ind 'A 

llsraiy reatmen iosibet sotapaare easlmature Su sesbe usul v r ollected, 

fromr0,1i6 to 1,'30, or, amno(063 nUt/palm/mo. Nut damage during treatment was 
reuced to " of,1inut.,Th increase in0,02-0.34 t/aimnO, with an average 
arvested, nuts' during treatmenh,:: ranged: from l14.8% to 190.0%,: orl a mean .of :92.4%, 

": These results indicate that rats cause yiel lo0sses much, greater th'an the" numb :r of '.. 
:,, damaged nuts found on the ground, Thus, Reidinger and Libay (1980) suggestedi thait :: 
I:(.:ractual.. lse byrt ":be generalized. as much greater . than present........may .. . . ltayose-yrireal~izedanddfur-:i!:ii 
" !: ': ;ther. suggested that as:sessmen-,:-''Ilosses due ito rats shcuid inclUde noto)nly fallen 
'!~ damaged nuts, but fallen, undamaged nuts• iswell -CThoy 0bs.'Oed that the nu~mber of : 

-: fallen, undamaged nuts was also reduced when effective rat control was practiced, i ¢. 

,, Significant increases in yields after rat control was initiated were fo0und in each s'tidy "i: 
- (Table 3), From pretreatment levels of 2,2-3.0 (average of 2.6) nuts/palm/mo,-harvestsl ii~,
i. ,incre~ased to 3.1-6,71 (average of 4.9) nutsipalmlrno during treatment. / T h is increase '' 

ia m~junted, to about 2,3 nuts/palm/too in treated plots, and onlyl0.7 nut/palm/mo in the
 
untreateu reference ' lots,. Nut harvests increased more than 50,11, except when trunkbanding + ued (Gallego t al., 1981' 

SEcotomic benefits controlnus dringtretmetrnge and148%the value10.0, ora from studiesf 9.4%in 
TableThs 3areinteworthy Wh loes n il~lseexperimentamcpaotsaseected.by researchers mhe 

fromharvste procedusssfro o of losses man 
.eut.nict.ht.ascus getrta th n :m.i.r of 

npt be representatve ae tionalya aof most coconut n sevias leses 
even fromlow rat damage levels are still sineant. Assumin eas ofon n Pr0 a lf harvested nuts would mean that 2s6s 4 bb ion nuts are s annuatay in the Phiippineslycllh(baes n the reported average rf!47t4bil!ie nuts from r979 ato 1983 byAii 

[1981.oThis onstituted a ss of about 650,000 kg copra valued at P2.0312 miilion,
Which could have been additioa e sfperpincometforatte cocon

tl ut amer ing t 

ru o$002 

http:paotsaseected.by
http:0,02-0.34


Table 3. Estimates of nut loss due to rats and harvested nuts before and during treatment. 

Du rat ion Nle.11h ' ,ilat 'irn h rcsr 

Below 'Ind alm [ttI ti o11-1t' 1l, psltis:h Nut
Durii P,<du~ m'. i]]s[ ... f, .' . . ..I; s- ] l ssa 

Mrings h~ t hl~t Pot lsdin PI c 
Control method treatment trcatisser tica.iltemi irca tit.:i t; C.stMIt' treatment (%) 

Crown-luii .imt 7 so I . 7 ii 2 . 4. 7.2.; 


",,'.un~d-bai ing 7 n11: I I 7 In t I "i t 2.I .7 - .
 
Giot, id-hb i I i g I ', - 1,' 1 0.31 2. 1.5 3..3 


ITunk-banling 1 yr 4 yrs 0.61 0.20 2.7 3.1 12.9 

M Ciown-baiting 1 yr 2 yrs 0.22 0.02 2.7 6.7 59.7 

Bi-weekly trpping 5 mo 1 yr 0.16 0.06 2.2 6.4 65.6 

Ground-baiting 1 yr 2 yrs 0.99 0.31 3.0 5.8 48.3 

Mean 
treated plots 0.63 0.14 2.6 4.9 43.5 

Mean 
untreated plots c 2.7 3.4 40.6 

apercent nut loss = (harvest during treatnient -- pretreatment harve, *. harvest during tredinsent) x 100.
 

bPercent nut increase - (harvrst during ,treatment prvtreatncrnt hartest . pretreatment harvest) x 100.
 

Excluding data fronl Reidiner and Libav ( 1980) and Sa.rchez t al. 1976). 

Harvest 
nutincrease b 

(9) 

8.0 
52.2 

1.4.8 

148.1 


190.9 

93.3 

92.4 

25.9 

Source 

F9.3 1983
Hoque, 

Hoque, 1983
 
Galego et al.,
 

1981
 

G-ilego et al.,
 
1981
 

Reidingcr and
 
Libay, 1980
 

Sultan, 1978
 

Sanchez et al.,
 
1976
 



Rat Movement inCoconut 

Rats tend to visit the palm during the night to f'ed on (developing nuts and rturn to the 
glround during the dry. Both R. r. Iinunensis and R.exuln.s actiely move from the 
ground to the crov'n. This wvis dem onstrated ina study conducted inlMindoro Oriental 
(Silc ,/ t l., 1976; F e rl 1t11., 1982), where bait containing tctriacyclinc was placed 
if) palm Crlow,,ns in onec pnts ,tnd ittruutid evel in another. trapping inB$ ,lbse.n(ItLtnt 


P,'', 'P ;,il,(11It i ln l4 L:il' I II tlht ;' + I M 11C 'I M d~l ' O Wt !I I ltlltk IIIlilt' c.1,,W I-h itIcLd 

!, l 0 1 11, c' ' 'l i [ , l hIkt."C llk III Wht' 'J UtL'1() t'il l , c !kt 1! :}h : ''t ; ! t i', I ,,_k ' J t ,l-f tlh 

''I :, !: :::wi I', ,ll , & t,itct h i m itri ridt PAL%, I ,. y > d 8 r. lmernsis 

M IIiU I illLI )\'Ilevt'l. ', l did 
IbL ' I ).All K. ', ' ;,: V0/ 1i N, \11tw 'lic ted in I'.'pI;:, ereWtmarkec. h\ 

,rr mirl [ it I Alet I i l ' r I,, \ l,1i ()III% I i! -, 6li el rats ollc ted (In 

R. ek\l/1: Cd '.J 1iidth,!l ' I i'(1471ti-iter not 

l c 

:11c "niurn rId Khetn I ' .i.nI1' .t,''i Ll tt i. it, L,nwirs. Airlt twict ,iel,1i 

;nLiKIr lit Wir tL HI'lllt'd Mldi .till> 'edIIII l' I,, H l lll; to crtOWl Iplacemnltl. 

I r C., 1 d ii1 1 - !nn t l1Ie! rL lrli II I d ,!tthle grOtllIde' .l, in i&LA ,11 tl' ' 


et'!, %hiiI hwtr,!in id iri xLi.i 11 ; ,t\t leer enter Crl\W IIx.
I 1! l i1niLJ 

Rit I i .. lti-lli 'tillt ' ., .h,' Hr it ieid ih' iitItiO llitif . S itrlr, 

) r ,id ' !,'.'. .r id . t tIir I ,t tilS S(G j H -tl ,ljll , t.,I,:% i\ c'-l-tIlltlp 

21l,ti i . itH( i ti tn l l i l I iI, wimri> ,i 48.2 iarnd 2()2 h ictinir 
r' ho. norlc ranges tir., l-mundtirrcn ti I,. i. nil I,rnrSr ,r largeo rune il a) 1 

rrrirtitiJ unI~n>/ mu I ;r: 

Fig. 2. Marked rat j~w with tetracycline indic:te active movement of rats between the 
ground and crown. 
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The use of tracking tiles (West et al., 1976) or activity boards is one method for assessing 
rat actisity in coconut groves and adjacent habitat (Figure 3). It has proven to be a parti

cularly useful tool for estimating rat activity in coconut plantations. Normally, 25-50 

tracking tiles/ha were placed near the base of randomly or systematically selected palms 

for 3 consecutive nights. The numbeI of tiles with rodent tracks (positive tiles) were 

recorded daily. Monthly use of this method cAn provide a continual index of activity in 

coconut plots. This tool has also been used to assess rodent control effectiveness in rice 

and corn (Sanchez etu l.,!97,)) and inl pin-aplle (t-loquLe, 1980) 

Changes in rat activity within co;onlt grve, were sometimes associated with changes in 

adjacent habitat or the pn!oscoC'lt tO ground CiOl)p. For example, increased rat activity and 

sometimes damage was ohservcd within experimental plots shortly after harvest or land 

preparalion in adjacent rice or co ii fields (Ilruggers, t979; 1980). Reindingur and Libay 

(1980) also observed increased rat ac ti\it whCn narby sweet notato and rice fields -;nr

rounding cocoonut CxpeCrimenital p115 wIec hir\es ted. Lowest rat activity in coconut 

plots occurred during late 'egetative and lature stages of aidja1cent ric2, crops 'ftat piovi

ded lavorable cover and tood lor riat..t\-i,ice haresr and during I'l prepuartion 

when fields were flooded for pl()%ing r ii na and food ,,iirce.co ci\v,i ed was -hus, 

in situations where coconut gl \ L We1 C iear t) Oiti Irtp>, lhe aiail,.bhl' d it, suggest a 

ent tell et, o. tt idi ro)p 

Such Iovllmelts lnied to Ces!aluation Ienwial coillol practice s. 
dynamic pat tern ofl irtt ci tl t 1itd grn\t- cet lands. 

he LonidC,red in .il,' 10p 

ii
 

iV
 

F ig. 3. Tracking ti/es are used to assess rat activityin coconat grove. 
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CONTROL METHODS 

Trunk.banding 

In trunk-bapifng, a25 to 45-cm-wide mletal or plastic band is tightly wrapped around and

nailed to the trunk 3 mabove the ground (Figure 4). Several workers have demonstrated

that trunk-banding with metal bands of plain galvanized iron (G, 1.sheet) coud effectively reduce'rat damage in coconut, provided the ban:15 are kept in,good repair, and theoverlapping fronds are regularly trimmed. Montenegro (1962) reportud that a 23,cm
wideplain G.l. sheet wrapped around a palm trunk increased the number of harvestuble
 
nuts in study plots by 21,5% over a 5-year period. Hoque (1973) recorded zero nutfall in

10 banded palms and 405 fallen, damaged nuts in 10 reference palms during a 17-week

observation,, Gallego et al (1981) reported an inurease of 14.3% harvestable nuts during
the first year when bands were installed. However, several fallen, damaged nuts were ob
served kinder banded palms. 

Table 4a shows the estimated costs for trunk-banding 100 palms on a 1-ha plantation.
The projected total initial cost of materialF was P1,900, which included P416 interest fori 
money borrowed to purchase the banding material. Labor costs of P255 would be 

- 

ncur
red during the iinstallazion of the metal bands as well as P60!yi- for maintenance costs -.!from-the second tothe tenth year. In the fourth and eighth year, additional major maintenance costs for materials and labor amounting to Pi18 would be incurred. Metal bands" 

.5;+; 

'So,- ; 

is 
So 

......... 
5)5.: 

SI 

); 

Fcig. 4.Metal bands when properly managed can effectively reduce damnage. 



--

Table 4a. Estimated expenses P) over a 10-yr petiod of trunk-banding palms on a 1-haplantation. Metal bands are assumed to have a 10-yr life spaa and are maintained regularly 
each year. 

Item Unit TotalQuantity cost cost 

Material (cash) 
Plain G.I. sheets (3m x 0.9 m) 14 pc 104.00 1,456
Nails (3.8 cm Iong) 2 kg 14.00 28
Interest oi loan to buy' materialsa 416
-otal initial cost of materials 1,900 

Labor lnoncash) 

Cutting and dividing G.I, sheet 4 man-hours 3.75 15Wrapping G.. sheet around trunk 24 man-hours 3.75 :90 
Cleaning coconut crowns 40 man-hours 3.75 150 
Total iriitial lah r cost 255 

Cutting cver lpping lronds of adjacent
 
coconut palhis (years 2 10) 
 144 man-hours 3.75 540 

Additional material aid labor cost
 
(years , and 8)
 

Nails 
 2 kg 14.00 28 
Labor 24 man-hours 3.75 90
 

Iotal additional and labor cost 
 118 
Total cost P 2,813
Mean annual cot 

P 281.3 

aAssuriling that to rirc iscthc ioaterial the tarmer borrows at 28% annual iterest. 

Vere ,SSUtMCrd h lst I 0 Vears; the equivalent initial and maintenance costs were P28 .30/
ha/yr. Ruhi( (I98G) ci irnjtcd a 10 -yea;- benefit: cost ratio of 15:1 lot handing based 
on a trleoretic.i! doubling oi hlarvest:-ble nuts, which iay or may not be possible. In con
trast, Gallego ct ii. (1981 ) indicated a n'galivC :etlrrn during the first 2 years and a posi
tive return st,iriig in the third reair. U9pdated tnd figures for their bandingcost return 
studies are shov~n in [able -1b. lIey determined production increases by estimating harvests in the banded plot at 2.7 n tLs/pAlrn/mo before and 3.1 nuIts/palm/no during banding. With copra valued t P3.1 2/kg, aterage price foran the I0-year period 1975-1984
(Ignacio, 1985), the benefits due to banding were orP374.40 gross P93.10 net/ha/yr.
Considering the total annualized cost of P281.30, the estimo,,td benefit: cost ratio was 

10
 



v 

tr one year of tninkbadn pam o
 
~one~haq .Ae tCoonut plantation to control rat damage.~
 

~T'bie 4b. nieiv cst anlysis (Pj estimated fo 

A4 Gross returns with banding 	 2916 
B3 Grs wtotandingbeun ~A2527,20, 

37 t,40'C,,~ 'Added returns from banding (A-B) 
D.~fTotal rat control cof(rmTbl a,213 

' E"'"'" ' ''>93.10E;Net benefit (C-D) 
-Bnft cs ai (C--D)' ',*' 	 1.3:1 

'4'iaed;f7 on Gallego et al. (1981), 14% Increase Inyield from 2.7 to 3.1 nu,ts/palm/mo, 4 nuts make 
1lkgcopra at an average price of P3.1 2/kg copra from a 1 0-yr period, 1975-1 9V~', and average prices 

'a4cost of materials and labor from 1982-1986. 	 '"' 

onlyabout 1.3:1. Tho~ugh trufr -;'i~ding was beneficial, the gair,s were small. 'Additional 
N 	 long-t'erm' studies and observati'ons should be 'conducted to de1_,rmine actual, yields fr>6m
 

trunk-banded palms and the life span of metal bands.
 

Trurik-banding has been impractical in most situations, in part because many growers are 
"reluctant or unable to" pay'for 'the high initial costs of banding materials. Moreover, 
fa,;me&s who'banded palmis, frequently failed to 0() maintain th'e bands, (2)trim over-. 

lapping or remove drooping fronds, anid (3) periodically cut the ground vegetation. In 
ai!a5 'where coconut is intercropped w~ith other trecrops such as1lanzones, cacao, and 
coffee,.banding 'may' not be practical since rats can Use the intercrop'to bypass bands and 

reach the crowrm Trunk-banding would niot be practical on shorter coconut palm varieties 

where droopin'g older fron~ids are allowed to touch the ground. These drooping fronds 

rovde a bridge for rats to bypass the bands. 

Ground-baiting

I'&ground-baiting, anticoagulant rodenticides mixed with binlid or whole rice are placed 

Mbai holders (Fig. 5). The bait holders are evenly distributed at arate of about I15/ha, " 

a number based on studies, where 4, 12,"and 27' baiting points/ha effectively rc-duced nut 
damage (lo'que" 1983; Galle go et al.,1981; Sanchezet al. 1976)' The movemen t pat 

S6fR, 'r. n'7ndanensis are larger,'requiring' fewerbaitlng points, -those' of R.exuans>' 
af'nacrteey eurgmoebiigpoints per'hectare.- inasmuchas the farmerK3 

may not eve know which one of the two pest species is predominant, 15, baiting points 
should' "be sufficient to intercept bthspecies. Bait isadded dnceortie per week,,de-<~ 

~ oen on~ bait' consumption' by'rats.' When more'bait isconsumed more rats are present 
and feeding,,thus, more b~ait i's 'required.,'" 	 ' 

rfclin baitnga8 reported, by tngo(92 erae a damage In cocut'b 
75%, Alhuhi a o et~e~la ido osnwsue damage levels again 



increased 5 mos after baiting was discontnoed. I-iedler et al. (1982) estimated the bene
fit: cost ratio from Kurylas (19,4) at approximately 10: based on differences in fallen,
dam-aged nUts recorded in 1-ha treated and untreated areas in Bohol. In another study, 
grou nd-baiting in a 5-ha coconunt plantation ter 13 rn os decreased 1he number of fallen,
damaged I!Ut. Itowever, th, decline reCired 5 s to drCkop to 10 , of i n itia l levels (Sn
chez et al., I976). It then renained low. Where pieapple was inturcropped with coco
nut -nd ground-baited, HoquC (19S3) oL.,er 'ed a faster decline il fallen, damaged nuts. 
Low nut damage occurred in about the third month after baiting and !ennained low 
through the seventh month. 

The material> and labo;r iuquihcnlcn, for grotn, J-baiting arc shown in lah 5i. (;round.
baiting requi[red a w iniiliil cipitil, Pll.5(0,1,ha/n110or mateiials and P33.75/lha/mo for 
lhor. With J Wcr in-itial c0,t (); materials 1or grond-haitiry cknpare(' to trillk-and
irll:, tarrllr arc probaK mtre inlli:red to initite r :ontrol i0ta1 costs tor rat control 
a'ltlountcd h, P891. Ihc added rctulltl, PI kk72, w re,itr eled.ct . cost )I 891/ha/, r or 
P7 I.25" (ableAl l -- ). l eeit: cost rtiu -eoiltirng Iroriu glon1d-balting wa. esti
ilated at ibo t 2.-1i I. At ocI doctior1 lesel ol 4j. Mis/palriinio oi n incieased klar\rst 

dLe 10 )l Ilti l "[lk,, gi ai n g appear,, ,c'orOrical. At a cot (T;
'Lrt u) 2 [,d:i r; Lrord-lr 

P/-'.25/1.1m, at, 011rrk ILuL 1 tcc abo.utpru) M I rut/)Li n ll1 ) 1r .t \('1 len Cotet (d 

\\'lrc tlu li [ ' ~ltp-, grAl i! i) t ider ti eC conm ut Pnlhr ,, grund-iaitirg nix 
prt), il a!ddl ioll,l herr.lits Otlt rc li/(.' d t'.A ' rout Il(11CcUitUre. 17o.1 irs, lce, grou innt 

Fig. 5. Week/y ground batting with anticoagulant baits evenly distributed at 15/ha. 

12
 

http:P/-'.25/1.1m


Table 5a. Estimated expenses (P) for ground-baiting 100 coconut palms/ha/yr. Fifteen 
baiting points/ha are baited weekly with anticoagulant rodenticides.a 

Unit Total 
Item Quantity cost cost 

Material (cash) 

Rinlid 78 kg 4.50 351 

irfarin 2 kg 45.00 90 
bait holder (coconut husk and 

bamboo stick) 150 pc 0.30 45 

Total cost of materials 436 

Labor (noncash) 

Construct bait holders 4 man-hours/mo 3.75 180 
Service bait holders 5 mon-hours/mo 3.75 225 

Totai labor cost 405 

891Total cost 

aBased on material and labor cos* from 1982-1966. 

baiting ina pineapple-coconut intercrop resulted in a benefit: cost ratio of 18:1, com
pared to only 7:1 in a coconut men(cultu:e (Hoque, 1983). However, only limited, 
short-term studies of 1 year or less h,vc huen conducted to evaluate the efftctiveness of 

ground-baiting in coconut intercrops. Longer term studies of at least 3 ,ears are more 
desirable. 

Table 5h. Benefit: cost analysis (P)fesulting from 1 yr of ground-baiting coconut nalms 

on one hectarefr 

Item Amount 

A. Gross returns with ground-baiting 4,305.60 

B. Gross returns without ground-baiting 2,433.60 

C. Added returns from grounJ-baiting (A-B) 1,87?.00 

D. Total rat control cost (from Table 5a) 891.00 

E. Net benefit (C-D) 1,032.00 

F. Ben, : cost ratio (C+D) 2.2:1 

aBased on data from Sanchez et al. (1976) and Gallego et al. (1981), and an 80% mean increase in 

harvested nuts (2,6 to 4.6 nuts/palm/noo(; 4 nuts make 1 kg copra at an average price of P3.12 kg 
over a 10-year period (1975-1984) and average prices and cost of materials and labor from 1982
1986. 
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Crown-baiting 

This technique targets rats that climb paims and damage nuts in the crown. Anticoagu. 
lant rodenticides ai , mixed with rice shorts (binlid) or whole rice. About 150 gof the 
mixture is put in small plastic bags. The bait packet is then placed in the crown of 
selected coconut palms once a month (Fignres 6a and 6b) 

The first reported study on crown-baiting in the Philippines was conducted in Mindoro 
(Reidinger and Libay, 1980). In the trial, 100-200 g of 0.025% warfarin (Ratoxin) in 
rice shorts or polished rice, packaged in a plastic bag, was placed randomly in 25% of the 
coconut crowns. The bit packet was placed monthly by a tree-climber or with the aid of 
a long bamboo pole in every fourth palm in -ha coconut plots. Since rats move easily 
from one palm to another using overlapping fronds, it seemed unnecessary to bait each 
palm. In subsequent trials (-iedler et al., 1982), baiting rates of 0, 2.5, 5, and 16% were 
tested and results showed that the 10'%g baiting rate was a reasonable compromise between 
the higher rates originally tested by Reidinger and Libay (1980) and the lower rates that 
were more sensitive to periodic rat immigration when nearby crops were harvested. 

Reidinger and Libay (1980) reported that rat activity' and fallen, damaged nuts decreased 
about 2 mo after baiting and remained near zero thereafter. In the plots that were bait
ed for 2 yrs, harvestable nuts increased by about 150% over the pretreatment yield 
(Reidinger and Libay, 1980). Crown-baiting in a coconut-pineapple intercrop showed an 
increase of 30X of harsestaile nuts (Hoque, 1983). Based on these studies, the estimated 

Fig. 6a. About 100 g mixture of rodenticides and rice shorts is putin small plastic bag& 
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Fig. 6b. Monthly baiting with 100 gram packet of anticoagulant bait placed at the crown 
of every 10th tree. 

benefit: cost ratio for crown-haiting ranged from 7.3:1 to 41.3:1 (Reidinger and Libay, 
1980), 8.8:1 for coconut Alone, and 24.4.:1 for coconut-pineapple intercrop (Hoque, 
1983). Rubio (1980) cost ratio of about 25:1 crown-baitestimated a benefit: for 100,%0 
ing, assuming a 133% increase in production. 

Table ha shows our estimated expenses for ,iovn-baiting 10 palms in 100 per hectare. 
The total expenditures to protect 1 ha/yr were P337.80. Thik included P157.80 for 
baiting mat,.ials and P1 30 for labor costs and was based on average prices for commodi
ties and labor over a 5-year period (1932- 1986) 

Increased harvest reulting from crnwn-baiting was 2.8 nuts/palm/mo (Fable 6b). This 
increase (102%) amounted to P2.620.801ha/yr, at a cost of only P337.80 for a benefit: 
cost ratio of about 7.8:1. Rubio (1980) assumed a 133% increase in nut harvest com
pared to our 102% increase, resulting in a lower benefit: cost ratio. Nevertheless, the 
crown-baiting technique was still more cost-effective than either trunk-banding or ground 
haiting. 
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Tabl 6a,,Etimaed xpeses(P) for crown-baiting 10 of 100 coconut palms/ha/yr. A 
100g packet of anticoagulant 'odeiticide bait was placed in the crown of every tenth 

~palm each month.a 

7 item... nT.otal. 

Item...a.t.ttecost cost 

'~Material (cash),, 
Binlid 18 kg 4.50 81.00 
Warfarin 0.462 kg 45.00 20.80 
Plastic bags 120 pc 0.05 6.00 
Bamboo poles 2 pc 25.00 50.00 

Total cost of materials 157.80 

Labor (nncash) 4 man-hours/mo 3.75 180,00 

Total cost 337.80 

a B s ed on a10% baiting rate and average cost of materiAls and labor from 1982 -1986. 

Table 6b. Benefit: cost analysis (P) resuting f'rom 1 yr of crown-baiting 10 of 100 
coconut palms/ha/yr. 

Item Amount 

A. Gross returns with crown-baiting 5,148.00
B. Gross returns without crown-baiting r 2,527,20 
C. Added returns from crown-baiting (A-B) 2,620.80 
D. Total cost of rat control (from Table 6a) 337.80 
E. Net benefit (C-D) 2,2 3.00 
F. Benefit: cost ratio (C-D) 7.8:1 

aBased on a102% increase in harvested nuts (2.7 to 5.5 nuts/palm/mo); 4 nuts make 1kg opra at an 
average price of P3.12/kg over a 10-year period (1975-1984) and average cost of material and labor 
from 1982-1986. . 

The dramatic increases in nut harvest from plantations receiving crown-baiting and, to a 
lesser extent, ground-baiting treatment are not fully understood. That placement of bait ' 

in the crowns results in large increases in harvestable nuts is,however, an established fact. 
++magedh'uts th fallen, da-+:: .! Just where+i thisaloneincreaseddo ho harvest comes nras.uefrom remains unclear since reduced
 

maged nutsralo ootaccount for the increase. Some researchers postulate that the
 
increased harvest may be due to the short-term response of palms to interruption of
 
damage to young coconuts,,and that production might stabi;ize at lower levels after
 
several years of effective 'rat control. Studies are needed that 'rnonitor individual palm
, response to long-term rodent control efforts that reduce damage. 
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SUMMARY AND CONCLUSION 

The success of crown-baiting over other methods In rapidly reducing damage and main
taining low damage levels is related to two factors (Fiedler,.et al., 1982). First, crown
baiting :selectively kills only. those rats- that-climb-palms-and, damage-nuts, thereby- redu-.--,-
cing bait material, labor, and total cost. Second, the bait used is highly preferred over 
growing nuts by rats, which are basically cereal caters. Therefore, the crown-baiting ap
proach holds the greatest potential for highly cost-effective protection of coconut from 
rats In the Philippines, Difficulty-in crown-baiting may occur in areas with older, taller 
palms. However, a long bamboo pole, commonly used by'coconut harvesters, may be ' 

used to place baits in the palm crowns. 

Ground-baiting may be the method of choice in situations where coconut is interplanted 
with other susceptible crops. Possibly a combination of ground- and crown-baiting would 
improve the effectiveness of protecting the coconut and the intercrop from damage. Fur
ther studies are warranted to determine proper timing and use of ground-/crown-baiting 
applications in relation to the different intercrop combinations. . . 

Trunk-banding is the least preferred method because of the prohibitive costs of materials 
and labor and maintenance requirements. If a coconut grower chooses trunk-banding, 
maintaining the bands and preventing vegetative bypasses as des.ribed earlier ;s essential. 
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RECOMMENDATIONS 

Technology can only be beneficial when it is used. Rat control technology has not yet
reached many coconut growers in the Philippines. Crown-baiting, an effective rat control 
technique developed by NCPC researchers, is now available. Ground-baiting may be used 
in combination with crown-baiting in certain ccconut-intercrops. Both techniques re
quire the use of safe, slow-acting rodenticides that rats uio not detect. Training of and 
extension efforts by Coconut )evelopment Officers (CDO's) of the Phi!ippine Coconut 
Authority (PCA) can tacilitate its adop tion. The increase it 'yields derived from the use 
of these techniques will benefit Itte cocoont griwet. It i expected that farmers exposed 
to successes Iron, usini thik techr ig, 'Aidl crti;rLj osing these fat 'ontrol niethlods 
e'ver after extension efror : Jh cli,-c. 

FDr faster idoptikn uft idt rio I 1)[r1rlt, Jrctis rced for regional deri(torIsTralioris Of 
crow,;-hltirll, Ilr Wtd, plI1,!, 1t tie atuhn ['C.,\ center5. Data gathered from piovincial
 
CDO', stud ploth corpited v,ith re.itii; by CDO' , and dat gathered fron farmers
 
will , , .1, ,,erli tior ,_li ht01 iCi 
 , 0f1 tcch -hiogy at tI regionil o4 proincial 

I r!teqtt0,tl)h thit r,' rr 'L ijIk\0lh7 irow i-haititn ctive. Whr,. does, LJhirr ,rto is so) effl 
: ocrktAl ' hMrir ro lr " 'iltidWIC designed to follow individual palnis and their
 
rim cicpr 
 itrid iOd untruitud plot, mat provide SnOr)e CIle . I irrcr'asS in
 
or ,dtL tii' r nIft.,- r !-tt'r iuhp)ns, ol pailors to itlt(!rnptiio1 01 darra/tgt (i11 icC Oirg 
fll, tIrerlr 1fhrl fI)I ifii l ',hIruld o e\ariricd. -h'rc , tht- pro!Uctinll (f ld olruthe p;itt11ri 

iter exhrrtufd pr (r'4!i Cr1 rrt LIntf(4 
shlould io, duied. Of equal riterest is,the
 

le ,!l u'd 
 l~r t' trt i1't% h( tol rirlted ill [idlllll if Criflltr f l tiofl occur . Sirrn.lited dail
age 'tudie r!mI(,,rd, Willirni,, 1),, ;help,t 

With ir1 e, ur ig 1dofpt)lr i oo.onut-intercropp ig hy farmers, continuous availability 
of altern! I(-oid (oujrcc ri. U lrtfd higher rat pPu lations over longer periods of time,
resulting in gitrd ttc damage' ti-c('Lo nLmt. Field reseach in interkropped Coconut should he 
carried out in 1eiec ted AIC, . 

-xcC)t nor a!i rftev. 1 k)[I ai losse to coconut, we do not yet know the x tent Of 
rati iial 0('S de t Ii s )tDamrageossessnen! iethods sinilar to ihos e developed by
Valencia 1<980) in C( ol tii,t rid WillianIs ("117.;) il I iji arLe needed. It is necessary to 
estimate nationa Iosss irI Cuk)I(L I dcue to rat dinlage to identil0 trbelvl areas arrd t(o 
justify the lecel of effort required to reduce these losses. 
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