
\-,-- i.," 

--:)PICA- rESr MdANAGEMENT. 1535, 31(1). 67-72 m , / 

Calcium carbonate enhancement of rnethiocarb repellency for quelea 
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A-.stract. Methiocarb causes illness when present in food below 
le .es at which it can be detected b, some birds. Thus, sensory 

c have,, o useduse repellentc.s added to food-. avebee,dbeenfod as, epolen enhancers.enianerS 
E-:.ause white contrasts with most plant colours, various calcium 
c_'-bonate (CaCO3 ) combinations vere experimenta~y surface-
c: .,u-ci on to wheat, rice, white sorghum or red sorghum. In 
p _ red preference tests, quelea, Ouelea quclea L., consumed 
r-.. e control than treated (2';. CaCO 3 -- 005 '. rnethiocarb) for alt 
f:r grains. However, CaCO, one was not epellent. Most 
i-:,ortantly. birds that had been conditioned to avoid the 
rrecIhiocarb-cue treatment avoided 2,',%calcium carbonate treat-
rr.-,ts on all four cereai grains. In concentratio, tests, 0-008% 
I - 1 12 kg.'ha rnethiocarb and 9'32% (-44.8 kg/ha) CaCO, were 
t-e lowest levels affecting repellency. The enthancement proper-
t s of CaCOC as a visual cue were illustrated in tbrA coricentra-
I :7)s of 032 . and above were repellent wv'eweas those below 
,.re not. 

Introduction 

Bird depredations on agricultural crops are not new but 
t-ey are increasingly in conflict with mat-'s interests. 
E=sp-cially serious are ,he losses to graminivorous 

av r-birds in the %ubS haran region of the African con-
t'nt. Losses in East Africa alone exceed US$15 N-1artn 
a:y (Eitiot and ::esley, 1979; Kitnye and Allan, 1979; 
E-uggers, 1930). Most of this darrage is caused by the 
re.1-billed quelea, Quolva quelea, which has been known 

attack fields of sorghum and millet :n the drier parts of 
A;rica since time immemorial (Ward. 1973). 

Hundreds of millir.ns of birds have been killed by 
%_rious means (toxicants, explosives, r:tc.) during thu past 
:-rea decades Without reducing quelea r.cGrulations to tol-
c-able levels (Fumilayu and Akande, 1979). The high cost, 
: ssible contamination, and low success of such activities 
ras led some to question their continuation (Ward, 1973) 
_d to consider a more ecologizal appr)a(:h (Jackson and 

_.ark, 1973). The goal Lecame one of crop prote -tion rather 
:-an simple reduction of pest populations (Futmilayo and 
A*,..ande, 1979; Ward, 1979). 

Chemical repellents Lave been considered to ba a rea-
S:nable alternative. Repellents have been defined by 
Z:.,gers (1973) as cornpou,ds or a combination of corn-

_,unds that, when added to a food snource, act through he 
*£ste system to produce a marked declrea.;e in the uti-
' zalion of that food by the targt species. They can be 
e'hur 1,irna ry, it which an ,nial respods Inotre tatste ol 
:-e chorical, or secondary (ronditi -rred arber-ion), in 
•.'i;ch tste of the repellent is ass ociated with adverse 
: :.s-inq st.t-n d oftects (Ro.r; rs, ibli ,j r brth Sitr.K Ins 

" treated crop i,; avoided, hovver, seconrlary topllorht , 
..: currentv conFri(:,:rtd to be more rc liable (013l lard o.! 

el., 1G83). The chemical nethiocarb (3,5-dimethyl-4
(methylth;o)pheno methylcarbamate--Mesurol 0) has 
provent to be an elfective, nonlethal, broad-spectrum 
rorea to bran ie nonltalt sptum 

repellent to pest birds in numerous agriculture situations. 
In Africa, melhiocarb has protectd ripening wheat, rice, 
millet ard sorghum against bird attack (De Grazio, 1974; 
Bruggers. 1977; Ruelle ,aidBruggars, 1979). 

However, curre, t field application rates for this purpose 

are generally higher thn those for other pesticides, 
making the cost prohibitive for low-income furmer,. 
Because birds have olificulty in tasting methiocarb, higher
levels are us,-] than actL,lly needed to induce Its charac
teristic soporific effec;t (Bullard et al., 1983, 1984). Fortu

nately, studies at the Denver Wildlife Research Center 
have indicated tii ,t inexpensive chemicals can be added 
as sensary cutes (tactile, visual, or olfactory) to formula
tions, making thom effective at lo;er methiocarb concen
trations and thus lower application costs (8ullard et al., 
1983; Elnahdi, 1982). 

In a pievious study (Bullard et al., 1984) the visual cue 
calcium carbonate exhibite, outstanding characterhtics 
on s.nfo.'er applications Itis important that birds teadily 
detect t:t a food has be.n treated and the colour white Is 
more easily distinguishable from various plant pigments 
than any other dies or pigirents tested. Calcium carbonate 
olten sjerves as a pigment extender in white paints and 
contrasts with plants better ihan most ether colours. Our 
objective was to determine the potentiai of calcium car

boniate (CaCO 3 ) as a visual cue for quelea to associate 
with thra- post-ingestio.ial effects of mnethiocarb and to 
develop a suitable cue-methiocarb ratio for field applica
tions. 

Materials and methods 

A laboratory testing regime developed by Bullard and 
Shuma,- (1979) was followed in this study. Individually 
caged birds were exposed to the test substances that were 
surlac,.-cc,-led on wheat grains, and olfered to the birds 
on a tv,:-choice preference basis in a ceries of four tests. 

Ouet-a, imported from Africa and kePt indoors in a 
2 4 x 43 x 21 m aviary to acclinati', them to captivity, 
wore alilowed free access to ','ate. grit, and a main
tonance ratio mixture of whole millet seeds, whole grain 
SC)ohL.7. and Purina garne bird chrv,v. One week before 
the irti .d'dual cagirr. birds were transferred to 
53l 5' x 41 cr cornrNt1nal carie's anf were adapted grad
trally t: t.. t. I foos.!. Finally, th, birds were transferred 

to d:to h , (.14 x 25 x 23 cm). where they wore 
ep'r.dd t, :t wire-n,.slr p:ritr.Jr and Iurther adaptr. to 

http:p:ritr.Jr
http:millir.ns


the untreated test foods for 4 days before Initiation of the 
tests. During this period, their food consumption was 
'ecorded: those that had a daily ce-isumption of 3-5 g 
were retained for testing 

Six caive birds (three males and three females) were 

used ini all tire tests. Each of the six birds was given 10 g 

each of the treated and the untrea'-d (control) wheat daily 

for 6 days. li. positions of food cups were alternated 

daily to eliminate position bias. Spillage collected by
was 
means of boxes placed under the cages and accounted for 

in food consumption calculations. D.:ily food consumption 

from 
 the control and treated food was recorded for each 

bird. A preference score was calculated for 
each bird by 

using the formula: 


Percentage preference 

Treated food consumed (g) 

Treated + control food consumed (gj 

A mean percentage preference was calculated and used 

to compare different treatment levels. To make data 
morc 
uniform, they were transformed by the formlaY-- ARCSIN Y/100. The percentage preference data we.re 

Y0 0- . RTChSeN pYa1r e nt a e p ef e e n c e d at w o ecreated statistically by analysis of variance (ANOVA) Pref-
treaedbyanaysitatstiall ofvaranc (AOVA Flef-erences at the different treatm ent levels wereby using the Duncan's com paredMultiple Range Test (MRT). Corn-

parisons between consumption of treated and control 

foods in individual tests were done 
by paired -tests. 


htfoornindividualatests 
 were donebpaired y e-t nThe test formulations were 
s

prepared by surface-coating 

the test substances on the cereal rains (wt1'wt). This wa; 
done by mixing 1 ml of water and v.'eighed arnounts of the
 
test compounds with 100 g of the test food in a 
beaker. The
 
mixture was then air-dried and presented to the birds. 


Results 

Test 1. Potential of CoCO as a colour cue ' 

The objectives of this test were to investigate the poten-
tial of CaGO, as a colour cue and to determine if crop 

preference would affect 
 repellency. A fornmulation contain-

ing a visually apparent level of CaCO., 
 (2%) and a concen-. 

tratiori of methiocarb known to be marqinahy repellent 

(005;) alone (Ehnahdi, 198n2) was chosen and surface-

coated ro 
 wheat, rice, white sorghum and red sorghum. 

Table I Surrmary of preference responses and total food consunrpthon 
tests On lou.-ceroalgrainsco.i!erl t-:tr 

Conmrumplior (,I)
(mean .F so.)' 

Crop Control food Treactd food 

Brown rice + 4.2 i 0.1819 5 039 
Wheat 19 ± 3 9 00, - O81 
Rted sorghurn 23 9 -t 2 3 0 3.. 0"23 
White sorghuimn 22 1 :1602 021 4:0 11 

Avera~r. consiumption (gt)per ,ix bird . per day.t The percentage prt-,'rence i; he per ron! by wei., tihat the tre'athd 
plus con:rol lood -. 10'3 ;.) 

Paired I-test results of individual tests indicated lhrj
there was a significant diffeience between qnlea con
sumplion of heated atnd control foods for each of the four 
crops (P < 0.001). However, by ANOVA the mean prefer
ence scores n.wong tihe four crops were not si,,nificantly 
different (P > 0.05). The highest prefereniCe (least 
repellency) among the four test crops wa; for vwheat 
(Table 1). 

Tst 2. Repellency of CaCO: alone on whole
 
wheat and white sorqhun
 

Paired preference tersts were conducted on both 2% 
CaCO 3-treated wheat and white sorghum grains. Paired 
f-test results of individual tests indicated that there: was a 

significant dlifference in the consumption of treated and 
nontreated wheat (P< 0001) but not white sorghum 
(P > 0.20). The mean preference scores were 72.8 and 

37.0 respectively (Table 2). 

Test 3. Association of coloutr cue with sickness 

This experiment was designed to test whether thequelea would associate thn white colour of CoCO 3 with the 
.u np le as an t ' e x p e rie n c e of rn e th io c :rb-in d u c e d illn e ss.upesn'eprec frehonbidcdiles
 

Two per cent GaCO3 was coaled
t er 10 as was on the tour, cereal grains.o rmal a ins.After 10 days (simulating normal spray intervals) quelea 

used in the initial test (Table 1) were re-expoaed for 2 days
(a precaution against memory losses) to test materials 
(2% CaCO- + 0,05% methiocarb) before testingCaCOG treatments only. Although the birds' intake rates2%of 
both control and treatef (CCO3 ) food varied for the four 

Table 2. oral foodquelen (N :=6) to consrption rind prefe once wresponses of2A. CsCO3 -trerod wvhe.,t and white sorghum 

grairis 

cr nsum;rion (g)

(mean -+S.D.)* Percentage
 

P preterenceCrop Control food treated food tt st) (mea, a: S.D.)f 

Wheat 4.53 - 1.39 1286:11.49 <0 001 72 .3 + 9.15%
 
hile sorghum 14'13 : 4 43 8.76± 51 >020 1'.0 + 2.' O,
 

Ave'ag cosunitio lgt rsi birds per diy. 
I Ti pr;rcenlaQo preforei,:e is th,! per cent b., woight !,'.a th treated 

food lMadeUp of the tolal food con.urned (treated food consmumeo plus 
food : 100%)..2 Means followed by thio same letter ire not signifcantly diferent 

(Duncan', Multip!a Hairge Cornparison;). 

67ot qur in (N 6) determined i a sor,'s of two-choce prere'rec" 
2"X;,cC0c. -i 0-051', meflhocarh 

Perce.tage P 

preference (two-way
P (I-test) (mean i. s.n.)l ,NOVA) 

<0 001 202 + 1 05' 
<OP(0 4.15 . 4-34' >005
 
<0-001 1"47 -1 1 0"
 
<0-001 091 .; 0 45'
 

food mfd'2 tip of the I.'It food corIsL,:? '.' (tr(Urtd fcod consL,;med 

hto:c', !,ll iCl Y te. -Samu letter ,!r- r1ot 'sig iliicantly iE'mert (0r .im'air;f.l liple lt;iige Conp~lrison-i.) 

36 



69 
Methiocarb repellency for quelea 

Toble 3. Food consumption and profrene respons s of quctea (N- 6-)dot orined in a -Wries of two choice profortence tc!s on fourcefeal grains coa'ed with 2' 1.CaCO.Q,. Ouelea were previousfy Cxpos;ed to 2",., CaC, - 0 05-:1, niofhho',,b 

Consumption (g)* 
(mean -s )* rcent P 

preference (two wayCrop Control food Treated food P (-test) (meap S D)i" ANOVA) 

Brown rice 18-10 -3 .2119 1.43-1 1-45 <0 031 7'22 7 07"'
Wheat 1582 -5.43 G6.7 :L 3-77 <0 10 3103 18.58' <0-01
Re:l sorrqhun 18-43 3-91 3.24 -12.07 <0-01 1504 .- 10 20'
White so, gnum 1785 : 1-i5 0.36 <0 001+ 0.40 1.82 - 1.81, 

Average consumption (g) per six birds per day.
t The percentage preference is the per cent by weight that the treated tooJamade up of the total tood consumed (treated food consumed 

plus control food = 100,",). 
. Means followed by the same letter are not significantly different (Duncan'u Mult:ple Rarge Comparisons). 

c'ops, t-test results of individual tests indicated significant The paired t-test results (Table 4) on this experiment
differences between consumption of treated (CaCO,) and indicated that the 0-0015'". methiocarb level was the only
control cereals (Table 3). Overall, there was a significant one that did not induce avoidance (P> 020). Two-way
difference in quelea percentage preference for the CoCO 3 ANOVA indicated a highly significant treatment effect 
treatment among the four crops (P < 0-01; ANOVA). The (P < 0001) for mean percentage perference over all treat
mean percentage preferences were separated using ments. Percentage preference decreased as methiocarb
Duncan's MRT. Preference for treated wheat (31-03) and concentrations increased. Mean separation by Duncan's
red sorghum (15.04) were the highest and were signifi- MRT ird;cated that the 0008% methiocarb was the lowest
cantly different from each other. The birds' preferences for concentration to elicit the repellent response.

treated brown 
 rice (7.33) and white sorghum (1.82) were In phase B, the threshold level of inethiocarb fromsignificantly different from thoe to treated wheat but were phase A was tested without cue. Percentage preference
not significantly different from each other. Also, quelea and t-test results (Table 4) indicated that although that
preference response treated riceto was not significantly level is capable of inducing conditioned aversion, thatrifferent from that to treated ted sorghum. without the cue it was not effective in producing avoidance 

Test 4. Determination of optimum to the treated food.Experiment C was designed to determine the efficacy
methiocarb-cue fomutlation threshold far CaCO 3 as a visual cue. Four CaCO, dose 

According to the residue data obtained by Grass ot P/. levels (0-16, 0.24, 0-32 arid 0-40%) also were selected 
(1081), four methiocarb levels (0"0015, 0'008, and0.016 acc;ordin to Grass of at. (1981) residue data.0.24) v'.ere selected for this phase (A). Each of these four 

Each was
combined with 0-003 t, methiocarb and surface coated on

methiocarb levels was combined with 2% CaCO3 with the wheat grain. Quelea were then given a choice between 
objective being to find the lowest methiocarb level which, this formulation and urtreated control. 
in combination with the visual cue, would confer sta- Within individual tets, paired t-tcst results (Table 4)
t;sticaly significant repellency, indicated that cue enhancement of rnethiocarb repellency 

Table 4. Food consumption and preferornce respontses (N -- 6) for.,ar/ous meithfocarb-cuo varia!r )its on vmhole wheat grains. Foods 
offered in a tyvo-choice t.st for C days 

Field equivalent Consumption (g)
(-gtra)" (mean sD.)I" Percentage 

Experiment Methiocarb preferenceCue Control food Treated fod P (I-test) (mean +sD )+ 

A. Ale" ,octb variations 
0 0015':.. methiocarb + 2';;, CaCO 3. 0-22 200 2958 i4 -- 1058 - 3.42 020 54-921 982'0-COB'z methiocarb -t 2', CaCO . 1-12 280 12-17 j- 3 53 4-3;3 - 1-10 <001 27-72 ± 10-62"0-06';r.methiocarb -42, CaCO  2-2,4 280 130C5 2 .3 1-70- 073 <0.001 11.27 + 516c0 024'.;, methiocarb t-2':.. CaCO 3 4-48 280 16 45 1 2 52 088 ± 0 34 <0-031 5.03 ._ 1.62' 
8. Thrreos:old inethiocarb alonp
0 0M ,. trie-hocarh 1.12 - 573 J 061 4 83 _091 >0-20 45-61 5-C,-' 
C. Cue v~iria!ions 
0 008":. Trehio:;ar l- 0 15.. CaCC : 112 2? 4 95S :: 4 5 695 :4 3 78 >0 20 - ' 4267 20.U0 C 3" , rnetnioc- ,b [ 0-24";, CaCO 1-12 33 6 8 :,t1- 2 29 R 19 3 2.. .0 23 19-10 1-18 02'0 C3:,, r:et-hiocarh+ 0- "", CaCO: 1'12 44'8 11,5 , 2.23 5 !,7 2 27 - 0 Ct 3111:. 6 55"0 03":, rmilo(:arb .t 0 .13. CaCO:, 1-12 550 13 2 25 4-.1: 223 --00 24-3 - 10 S 

• cult. jr:'.: condrzted on tim of ro'idut- d tl,err 

Av .rwe corrrstmrpton per -ix bird:; rer ci:ry

rh,- p,r-..nigo' fr(-f' 
 vico i.", the pu:r celit try vr.:-ttt tr:tl lhfr:'-:t toJ- r!.,.,, ,! of :ht II t t, consuirled (ti a:.,J feud... .t ;-:.d -i corrtn.l luad : 100 ,,r1 ,at'rs ,.,,ttllh{ :.;rr,. ott!rs ;ire iot * . intl7 l' .u-.tl (0 :t. -1.,; l.-i If 



E. M. Ehmahdl otal.fu 
(P < 0 '. occurrred c-ily at the 0.32". and 040% CCO. 
levels. Two-way ANOVA gave a highly significant treat-ment e'fcc (P < O'COI I over all treatments for percentage
preferw,- e. Percenta e preference tended to ducrease as 
CaCO 3 evels increased. .lean separation by Duncan's 
MR aR' paired t-tes! results both Indicated that 032,%.
calcium -arbo,!ate ,a ; the lowest level at which cue 
enhanc-2-lent of rnet;ocarb occurred. This appears to be 
the c:fic cv threshold for both rni:thiocarb and CaCO:. 

Discussion 

These studies he!,-) substantiate earlier findings (Bullard
et al., i l3) s-isory enhanceflit cues the repellent
properties of methiccarb formulations. In Test 1, with a 
margina",y effective melhiocarb level, the birds' consunip-
tion from all treated *cads was negligible compared to the 
control beginning the first day of the test (Figura 1)

These results contrast with other reported paired prefer-
ence observations involving mnethiocarb without a cue. For 
example, Rogers (19781 reported that at least two expo-
sures are neccssary for formation of a conditioned 
aversion in red.,inqed blackbirds when offered 
methioca rb-treated food. Also, because methiocarb has 
negligibte taste pronerties, quelea usually are confused 
when t- e food cup positions are atternated and thus 
consume uneypectedf amounts of the, untreated food 
(Bullard et al., 1983. Hence, it seems in these tests that
the w'hirte colour of t.-ie CaCO, enabled quelea to detect 

5.0 ------ Control 

methicarb-truated food in spite 
food cup positions. 

Test 2 indicated that CaCO;, 
lency to quclhx,. With the tnwor 
while cu,e may have influenced 
tion. Since CaCO powder was remo,'ed fronn t. ;umed
treated seed,; one Might sim pect that with this cereat the 
minore qualities of CaCO . were ir,potant. Vith the more
palatatle white sorghum, food intake ti omn the 
CaCO 3-treated seeds was much lower initially but an
increased trend rnade consumption for the two nearlyequal by the end W!the lost period. It the birds used in this 
te-t had previous expo! ure to treated white sorghum, the
initial avoidance may be attributed to tamiliarity (Oullard
and Shumake, 1979). However, during the adaptation
period they had fed on nontreatecd red sorghum. The 
increased consumption during the second half (Figure 2)
inriciles adaptatio and/or a mineral ef'ect for CaCO,. 

In Test 3, when qutela, initially tested on the 2% CaCO 3and 005% methiocarb combinalicn, were offered a choice 
of grains treated with CaCO., or untreated grains 10 days
later, they generally discriminated agal .;t the treated 
grain This indicates that quelea can associate a visual 
cue with illness induced aversion. Quelea avoided the 
Ca'CD3-rnethiocarb formUlations during, the 2-day exposure
period indicating that this precaution may not have been 
necessary. This is consistent with another study conducted 
earlier (Shurnake el 7i., 1977). Since these grains treat::J 
with CaCO, were shown in Test 2 to have no taste repel
ler.,,;y on quelea and since the birds used in this test were 

of the -Itcrnaliun of the 

itself has ro tis!- rci:e.
palabililt, of wh:tt, V, 
the increased ( n.sump 

--- Treatment (CaCO 3 + methiocarb) 

- 4.0 

.o 

0) 3.0 -

E 
:3 
C0 2.0 

~0 0 

Brown rice Wheat Red sorghum White sorghum 

0C) 

12 .q 4 5 6 1 2 3 4 56 1 2 3 4 5.6 1 2 3 4 5 6
 

Days
Fir!,,rt. 1. ;.O~il mnsU-. 'eon dturinrj 6-day l sts by t. ,iotr .p; t qr.o'.. L,'h g(7.1:1o 0 .ixbrrdLrd! 's:',:'J x , ~", C.tCO t 0 0:1

';Vllhiorct . Re?ac5,,,q te (l, !IVthe ,ictrt a Cu::.; cI .*, itt)on C .wh,i.- to thon te:rt(,. 
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CC,-
!,,4 

Sfood 

WV.te s.orqhum Wheat 

Con 40 

30o- 1 

2.0 --- -" 
. 

2.0pr 

.-..

-I.' 
J --

1 2 4 5 G 2 

Figure 2. Aoeafge daily food consumption f quelea (N . 6) 
from control 3nd 2% CaCo,-treated wheat or white sorghum in 

6-day choice tests. 

previously exposed to a combination of CaCOa-methiocarb 
treatm( nt, it would he reasonabie to assume that the biros 
were able to relate_ the white cotour of CaCO, with the 
previous rnethiocarb-indused illness in all four test grains. 
These results were consistent with Wilcoxon et at. (1971) 
v,'ho demor.strated that quail can associate a purely visual 
cue with a long-delayed illness without mediation of per-
ipheral mechanisms, such as taste. 

The preferences for the four cereal grains, though less 
than 40%, were quite variable (Table 3). Quelea prefer-
ences for tue treated rice and white sorghum were very 
low, approximating those of the four CaCO 3-mothiocarb 
treatments in lest 1. This further indicates that the birds 
were visually responding from the rnethiocarb-induced 
sickness experienced in the previous exposure. 

Theu~e, ths, a asocate a mere visual ri.o with ae pleaant experiee haue 
previous 'Unpleasant' experience. This phenomenon, ueria. 
to the current hign prices of bird repellents, may have 
desirable economic implications. Second sprayings of the 
inexpensive cue-only formulation may work for a local 
flock of birds. Among unevenly maturing local sorghurn 
varieties cultivated by lo,-income farmers, individual 


plants reaching the susceptible milk and dough stages can 
be spot-sprayed by the repellent-cue combination, while 
those whic, are relatively late in attaining this stage can 
be sprayed by the cue chemical only. The latter strategy 

can cease ifand when the birds are condiliorru to avoid 
the h~eld. 

Our effor:- to determin- the optirnrm methiocarb-cue 

formulation in Test 4 ,.-as probably the most informative 
study. These experiments helped substantiate earlier find-
ings (Builla,,:;ot a!., 1983) concerning the mode-of-action of 
sensory cufes enhancement in methiocarb formulations. In 
our study, 3 003'!, methiocarb (-- 1'12 klq/ha) alone was riot 
repellent to quelea but when detectable quantities of 
CaCO, as vsual cue was added !, the formulation, avoid-

ance beca me significant (Table 4). Thus, 0009', rnethio-

carb is a r igh enough level to elicit the soporotic eect. 
but apparc.tly the birds are n! able to detect itspresen1ce 
unless a sensory cue is added. Under this lost paradigm 
v.here cups are rotated daily, birds apparertly become 
confused Fas indicated oy tire consm ption ( a~ (Elrinaidi. 

1982). Mo-'over, this 'confusion' response v,hich might 
have bee,' confoundd'~. y thu time-delay inliffectation of 

methiocarb (flogrs, 194), resulted in an overall reduced 
corisumpticr. 

These studies give the first published indication of the 

lowest levels of a methiocarb-cue formulation that would 
be effective. Our projection ba a:d on calculations from 
Grass et al. (1931) is that 1-12 kq hia rnethiocarb plus 44.8 

kg ha CaCO, levelsi or higher loMuld be effectivE if prop-
erly applied. We miust caution from Table 4 data that this 
level of nrethiccarb and CaCO ,would be about minimum. 

These studies have provided further insight into the 
mechanlsm of sensory-cue enhancement of methiocaro 

repellency. Threshold concentrations for both methiocarb 
and cue in combination have also been established. It was 
revealed that repellent protection of cereal grain grops 
from birds can be cost effective. Alternate methods of 
application, such as direct head spraying of sorghum or 
millet, :!dge or strip treatments etc., are being studied as 
means of reducing applica.ion costs even further. 
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