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Nature of Damage

Rats dircctly affect coconut yields by gnawing at developing nuts (Fig. 1), Rats have also
been abserved visiting the inflorescene, but adverse effects «¢ not presently known.
Gnawing can result in superficial damage or a penetrating hole found at the basal, lateral,
or distal portion of the nut. Depending on the severity and location of the damage, nuts
will fall as carly as 3= 5 days atter initial damage,

Most (H725) tallen, damaged nuts were large, greater than 16 ¢ in diameter (Tabte 2).
However, larger nuts close 1o hatvest are not normally damaged.  Less than 190 were
button size Tess than S cmvin diametes, 230 smal” (310 ¢cm in diameter), and about 30%
medivm (11 T6 amon diometenst, Laboratory tests in g lree-choice situation in cages
showed that A nendaneass preteried buttonsize nits, while R exwfans intlicted da
mage cnly o outs of 0 0 cm i diamete (Sultan, 1978). However, damage 1o button-
size nuts has not been commonby observed in the field, Gallego et al, {19811 tound that
4100 mo old nuts constituted A9 ot the damaged nuts they colfected, while 5.5 10

B oo ofdand 1o 505 m old s nade up ondy about 217 invacl cateaony |

Abcut 670 of talfon nuts received basad, 2500 ateral, and 8¢ di danage tTable 2}, Ap-
parenthy, the basal portion ot auts s maore aceessible torats than the daterat or distal por-
tion: hence, the Bigner inadence ot busal injury, The descriptions or nut damage are
comistent with the fact that tats cre opportanistic foragers, adjusting their preferences in
Pt tccording o food eoatabifig . Their preference tea particutar stage ol nut deselop-
meet could be mttaenced by severat tactons such as the tefative abundance of ditferent

grons th stages, nutnitonal content, palatability, or taste,
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Fig. i. Damage in oxperimental plots ranged from 12—65% of harvestable nuts.
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Table 3. Estimates of nut loss due to rats and harvested nuts before and during treatment.

__buration Mean damuage Mean harvest Harvest

Betore ind nuts palm/nmo nuts, palm’mo Nut nut
During during Pre - Post - Pioe Post— losg 3 thcrease
Control method treatmient  treatment  treatment  reatment  geatment  treatment (%5) (56) Source
Crown-baiting 7 mao For, 7mo 002 002 27 4.3 37.2 393 Hoque, 1983
Gyound-baiting 7 mu Ty, 7mo 63 il 2.5 1.7 168 $8.0 Hoque, 1983
Ground-baiting byi iy 1.30 0,34 2.3 3.5 34.3 52.2 Gatlego et al.,
1981
Trunk-banding 1yr 4 yry 0.6 0.20 2.7 3.1 12.9 14.8 Gailego et al.,
1981
Crown-baiting 1yr 2yrs 0.22 0.02 2.7 6.7 59.7 148.1 Reidinger and
Libay, 1980
Bi-weekly trepping 5 mo Tyr 0.16 0.06 2.2 6.4 65.6 190.9 Sultan, 1978
Ground-baiting 1yr 2 yrs 0.99 0.31 3.0 5.8 48.3 933 Sanchez et al.,
1976
Mean
treated plots 0.63 0.14 2.6 4.9 435 92.4
Mean
untreated plots ¢ 2.7 34 40.6 259

APercent nut loss = {harvest during treatment — pretreatment harvest = harvest during treatment) x 100,
b .
Percent nut increase = (harvest durnmy treatment  pretreatment hanvest & pretreatment harvest) x 100,

CE,\c!udin;; data trom Reidinger and Libay (1980) and Sanchez et al. 119706).



Rat Movement in Coconut

Rats tend to visit the palm during the aight to feed on developing nuts and return 1o the
ground during the day, Roth R, r. mindunensis and R. exuluns actively move from the
ground to the crown.  This was demonstrated in a study conducted in Mindoro Oriental
{Sanches eval,, 1976; Fiedler et al,, 1982), where bait containing tetracycline was placed
i palm crowns in one plots and at ground level in another, By subsequent trapping in
e crowns an the seound bated prot and tapping or the eround i the aown-baited
Pt et that boed coton thie bar were sdentitied By Huorescence of dhe bone due to the
Presctce ol febacye e boaee Do Toappong results rdicated that Ao mindanensis and
aracntiventer  did not

)

Aoesudars moved Detwcen vround nd arown fevels and that X
Chabte 1 AR eenanicrnds and R exedans coliected inpaio crowns were marke by
constmimg bait focated on the viound; however, only o poit of the rats coltected on

the eround had been previousts marked by bait plac din the cowns, About twice o

much bait was consumued frons ground tTeeds stations compared to crown placement.
Phese vostiis indicated that rost rats it enter croans have prviousdy fed at the ground

fevel while osubstantial number of cee ot the around Tevel never enter crowns,

Rat aiovemonty wohin coconui woses waere cso monitored by radiotetenmetry . Sultan
PHO78) radic-equipoed foe A pydanensie and s sie Ko catdans tive-trapped at thy
sround fevels e tobtowed the movement o these animals Tor 8.2 h and 292 tocation
changes for P, Ko RGN imi) ceneradly Larger home ranges on the <ound

tcdn ol Yo 3 m ) than A exadans (b1 m™y,

Fig. 2. Marked rat jow with tetracycline indicate active movement of rats between the
ground and crown,



The use of tracking tiles (West et al., 1976) or activiiy boards is one method for assessing
rat activity 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 consccutive nights.  The number of tites with rodent tracks (positive tiles) were
recorded daily, Monthly use of this method cdn provide a continual index of activity in
coconut plots. This tcol has also been used to assess rodent control effectiveness inrice
and corn (Sanchez et al,, 1975) and in pincapple {Hogque, 1980)

Changes in rat activity within a coconut grove were sometimes associated with changes in
adjacent habitat or the presence of ground crops. For example, increased rat activity and
sometimes damage was observed within experimental piots shortly after harvest or land
preparation in adjacent rice or corn fields (Bruggers, 1979; 1980). Reindinger and Libay
{(1980) also observed increased rat activity when nearby sweet notato and rice ficlds sur-
rounding coconut experimental plots were harvested. Lowest rat activity in coconut
plots occurred during late vegetative and mature stages of adjacent rice crops that provi-
ded favorable cover and tood tor rats. After dce harvest and during lend preparation
when fields were flooded for plowing cover was climinated and food was scarce. Thus,
in situations where coconut groves were near otter ceops, e availeble diata suggest 4
dynamic patiern ol rat movemnents between coconut groves and adjicent crop lands,
Such movements need 1o be considered in the evaluation of potential control practices.

Fig. 3. Tracking tiles are used to assess rat activity in coconut grove.
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Table 4a. Estimated expenses {P) over a 10-yr period of trunk-banding palms on a 1-ha
plantation, Metal bands are assumed to have a 10-yr life span and are maintained regularly
each year,

. Unit Total

Item Quantity cost cost
Material (cash)

Plain G.1. sheets (3m x 0.9 m) 14 pc 104.00 1,456

Nails (3.8 cm long) 2 kg 14,00 28

Interest on loan to buy materials? 416

Total initial cost of materials 1,900
Labor fnoncash)

Cutting andd dividing G, 1, sheet 4 man-hours 3,75 15

Wrapping G.1. sheet around trunk 24 man-hours 3.75 90

Cleaning coconut crowns 40 man-hours 3.75 150

Total initial fabor cost 255

Cutting cverlapping fronds of adjacent
coconut palhs (years 2 -10) 144 man-hours 375 540

Additional material and labor cost
{ycars 4 and 8)

Nails 2Ky 14.00 28

Labor 24 man-hours 3.75 90
Total additicnal and labor cost 118
Total cost P 2813
Mean annual cost P 2813

1 . N . . .
SAssuming that to purchase the material the farmer borrows at 28% annual interest,

were assumed to Last 10 vears; the equivalent initial and maintenance costs were P281,30/
halyr. Rubic (1980) ¢stimated 4 10 -year benefit: cost ratio of 15:1 for banding based
on a theoretical doubling of harvestzble nuts, which may or may not be pussible, In con-
trast, Gallego ¢t al. (1981) indicated a negative return during the first 2 years and a posi-
tve return starting in the third vear, Updated cost end return figures for their banding
studies are shown in Table -th, Fhey determined production increases by estimating har-
vests in the banded plot at 2.7 nuts/palm/mo before and 3.1 nuts/palm/mo during band-
ing. With copra valued ot P3.12/kg, an average price for the G-y ear period 19751984
{lgnacio, 1985), the benefits due to banding were P374.40 gross or P93.10 net/hafyr,
Considering the total annualized cost of P281.30, the estitnat~d benefit: cost ratio was
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increased 5 mos after baiting was discontnued. Fiedler et al, (1982) estimated the benc-
fit: cost ratio from Kurylas {19,4) at approximately 10:1 based on differences in fallen,
damraged nuts recorded in 1-ha treated and untreated areas in Behol, In ancther study,
ground-baiting in a 5-ha coconut plantation for 13 mas decreased the number of fallen,
damaged nuts. However, the decline required 5 mios to drop to 10% of initial fevels (San-
chez et al,, 1976). It then remained row, Whers pincapple was intercropped with coco-
nut and ground-baited, Hoque (1983) observed a faster decline in fallen, damaged nuts,
Low nut damage occurred in about the third month after baiting and remained low
through the seventh month,

The materials and fabor requirements tor ground-baiting are shown in Tahle 52, Ground-
Baiting required a 1ow initial capital, P10.50/ha/mo for materials and P33.75/ha/mo for
Lbor. With w lower initial cost op muaterials for ground-baiting compared to trunk-hand-
g, farmers are probab.y more inclined to initiate rar control. Total costs for rat control
amounted 1o P89 The added returns, PEST2, wore realized at « cost of P89 /hafyr or
PTE25/he/ma (Table Sb), The benelit: cost ratio resulting froim ground-baiting was csti-
mated at about 211, Avaproduction level of 46 nuts/palm!/mo or an increased harvest
duc to contol of 2 nuts b mo, ground-baiting appears economical, AL a4 cost ol
P7L25y/mo farmers only need o protect about I nut/paim/mo 1o cover the cost ol

rat control,

When ather ratsusceptible crops are grown under the coconut pabs, ground-haiting m.-

provide additional benetits not realized in 1 coconut monocuiture, For instance, grouri
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Fig. 5. Weekly ground baiting with anticoagulant baits evenly distributed at 15/ha.
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Table 5a. Estimated axpenses (P} for ground-baiting 100 coconut palms/ha/yr. Fiftaen
baiting points/ha are baited weekly with anticoagulant rodenticides.®

Unit Total
{tem Quantity cost cost
Material (cash)
Rinlid 78 kg 4,50 351
" arfarin 2 kg 45,00 90
bait holder (coconut husk and
bamboo stick) 150 pc 0.30 45
Total cost of materials 486
Labor (noncash)
Construct bait holders 4 man-hours/mo 3.75 180
Service bait hoiders 5 mon-hours/mc¢ 3,75 225
Totai labor cost 405
Tow! cost 891

9Based on material and labor cost fram 1982-1986.

baiting in a pineapple-coconut intercrop resulted in a benefit: cost ratio of 18:1, com-
pared to only 7:1 in a coconut monceulture {Hoque, 1983), However, enly limited,
short-term studies of 1 vear or less have been conducted to evaluate the effectiveness of
ground-baiting in coconut intercrops. Longer term studies of at least 3 years are more
desiratle.

Table 5h. Benefit: cost analysis (P) cesulting irom 1 yr of ground-baiting coconut nalms
on one hectare.?

ltem Amount
A.  Gross returns with ground-baiting 4,305,680
8.  Gross returns without ground-baiting 2,433.60
C.  Added returns from ground-baijting (A—B) 1,872.00
D. Total rat control cost (from Takle 5a) 891.00
E.  Net benefit (C-D) 1,032.00
F.  Ben. :costratio (C+D) 2.2:1

4Based on data from Sanchez et al. (1976) and Gallego et al, (1981}, and an 80% mean increase in
harvested nuts (2.6 10 4.6 nuts/palm/mo(; 4 nuts make 1 kg copra at an average price of P3.12 kg
over 2 10-year period (1975--1984) and average prices and cost of materials and labor from 1982—

1986.
13
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Crown-baiting

This technique targets rats that climib paims and damage nuts in the crown., Anticoagu-
lant rodenticides ar: mixed with rice shorts (binlid) or whole rice. About 750 g of the
mixture is put in small plastic bags. The bait packet is then placed in the crown of
selected coconut palims once a month (Figures 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 palished rice, packaged in a plastic bag, was placed randomly in 25% of the
coconut crowns. The bait packet was placed monthly by a tree-climber or with the aid of
a long bamboc pole in every fourth palm in 1-ha coconut plots. Since rats move easily
from one palm to another using overlapping fronds, it seemed uniecessary to bait each
palm. In subsequent trials (Fiedler et al., 1982), baiting rates of 0, 2.5, 5, and 16% were
tested and results showed that the 1042 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 mos 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 30% of harvestacte nuts (Hoque, 19831, Based on these studies, the estimated
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ixture of rodenticides and rice shorts is put in small plastic bags.
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Fig. 6a. About 100 g m

14



of every 10th tree.

benefit: cost ratio for crown-baiting ranged from 7.3:1 to 41.3:1 {Reidinger and Libay,
1980), 8.8:1 for cocenut zlone, and 24.4:1 fYor coconut-pineapple intercrop (Hoque,
1983). Rubio {1980) estimated a benefit: cost ratio of about 25:1 for 10% crown-bait-
ing, assuming a 133% increase in production,

Table 6a shows our estimated expenses for ciown-baiting 10 palms in 100 per hectare,
The total expenditures 1o protect 1 ha/yr were P337.80. Thic included P157.80 for
baiting matcrials and P130 for labor costs and was basec on average prices for commodi-
ties and labor over a 5-year period (1982-1986)

Increased harvest reculting from crown-baiting was 2.8 nuts/palm/mo (Table 6b). This
increase (102%) amounted to P2 620.807hafyr, at a cost of only P337.80 for a benefit:
cost ratio of about 7.8:1. Rubio (1980} assumed a 1339 increase in nut harvest com-
pared to our 102% increase, resufting in a lower benefit: cost ratio. Nevertheless, the
crown-baiting technique was still more cost-effective than cither trunk-banding or ground
naiting.
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RECOMMENDATIONS

Technology can only be beneficial when it is used. Rat control technology has not yet
reached many cocenut growers in the Philippincs. Crown-baiting, an effective rat control
technique developed by NCPC researchers, is now available, Ground-baiting may he used
in combination with crown-baiting in certain ceconut-intercrops. Both techniques re-
quire the use of safe, slow-acting rodenticides that rats go not detect. Training of and
extension cfforts by Coconut Development Otficers (CDO’s) of the Philippine Coconut
Authority (PCA) can facilitate its adoption. The increase in yields derived from the use
of these techniques will benefit the coconut grower, [t is expected that farmers exposed
to successes from using this technoiogy will continue using these rat “ontrol methods

even after extension efforss decline,

Far faster adoption of et contiol techniques, there s need for regional demonstrations of
crown-haiting in study plets at the various POA centers. Data gathered from provincial
CDOYS study plots compared with observations by CHO's and dat gathered from farmers
will serve as veritication on the efticacy of the techinalogy at th e regional or provincial

level,

Crie duestion that remaing unanswered is why crown-baiting is so effective, Where does
thencreased harvest come from” Stadies designed o folfow individual palms and their
nut developmient o teated and antreated plots may provide some clues, Hincreases in
production are ~hort-term responses of palms to interruption ot damage to youing coco
nut, then this possibibity should be examined., Henee, the production pattern of coconut
after extended periods of ¢Hidient rat controf should be studied.  Of equal interest s the
tevel of damuage that may be tolerated in palms it compensation occurs, Simulated dam-
age <wdies Lalter Williams, 1971 would help.

With ihe wrowing adoption of coconut-intercropping by farmers, continuous availability
of alternate taod sources may sustain higher rat populations over longer periods of time,
resulting in greater damage 1o coconut, Field research in intercropped coconut should be
carried out in setected areas,

Except for a tew teports on locdl losses 1o coconut, we do not yel know the extent of
nationdl Josses due to rats. Damage assessment methods similar to whose developed by
Valencia (1980) in Colombia and Williams (1974 in Fiji are needed, 11 s necessary to
estimate national losses In coconut due to rat damage to identify problem areas and to
justify the level of effori required 1o reduce these losses,
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