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LABORATORV REARING OF Forcipomyia spp. MIOGES 
(OIPTERA. CERATOPOGONIOAE): 1. AOUL T FEEDING 

LARVAL FEEOING ANO COPULATION TRIALS; 
A REVISION OF SAUNOERS METHOO OF REARING 

Hugo Albert Besemer· 
Saulo de 1. SorÚI" 

ABSTRACT 

Laboralory mass rearing of Forcipomyil1 may bc imporlanl lo inerease the pol­
Unalion of Theobroma cacao L. The Saunders rearing melhod permils lhe rearing 
of only one generalion. 

Several compounds were tesled as adult food , in order 10 increase lhe repro­
dUClive capacily. The value of severa I microorganisms as larva! food was Icsted, as 
weU as the effecl of larval density 00 larval growlh. The efrecI of lemperalurc and 
humidity was Icsled on adult longevity, and the degree of ferli1ization in emer­
gence boxes was compared 10 the degree in lhe field. 

Feeding on a combination of sugar and a cacao Ilower increased the percent­
age of females ovipositing from 33.3 lo 71.4% and the size of lhe batehes from 
55 .5 lO 117.3 eggs, as comparcd 10 sugar only . This cffecI could nOI bc imilated 
by adding casein, choleslerol or calcium oxalale to the adult diet. 

Larvae grew quickesl on malt agar dishes wilh Pseudomollas sp. and Xanthtr 
mOllas sp. SaprophYlic fungi appeared to inhibll growlh . There is a density abovc 
which growlh is inhibited. Within the rang('s above anu below Ihis densily there is 
nO clear density efrect. 
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No conelalion was found belween average m.x imum and minimum daily lem­
pemlurc and humidity , and longevily. A high con~la lion was found bctween lhe 
longevity of the female and the number of days which preceded lhe maxim um air 
temperalure. 

Sperm \Vas found in lhe spermalhecae of fema les cmerging from emergence 
boxes. The pcrcenlagc of fe males copulaled \Vas low. belolV 10%. IVhich was also 
the case in the ficld . 

Il was concluded Ihat .mphasis should be pUI on the possible role Ihal vila­
mins from cacao nowers have on lhe rcproduclive capacily . Larvac feed mainly 
on bactcria . Copulation can lake place in dark , moisl circunSlances, shortJy afler 
emergence. Pcak temperalures are an importanl fa clor delermining adult mor­
talily. 

INTROOUCTION 

Obtaining succe Ive generationô 
anti large numbers of Forcipomy ia 
midges in lhe laboralory is lhe goal 
lo he achicved , becawe nf the pOlen­
lial use of Ihesc insecls to increase 
cacao po llinalion , eilhcr hy liberalion 
o f lhesc insect · when populalions are 
scarcc or by inlrocluclion inlo arcas 
where tlH:y are ahsen\. 

K.caring of Forcipomy ia midgcs has 
becn done in Ih!! pasl u:;ing a siJllple 
crnpirical melhod devised by I.. C . 
Saundcrs (5) for cacao pollinaling pe­
cics. Atlult females collec ted in lhe 
ficld are fed on 2()o,{, sucro:;c saiu lion, 
in 'ingle rcaring cagcs until oviposilion 
0 , (,). The cggs are rccovemd from lhe 
"ages and placcd on Illalt Mgar mediul1I 
inoculated wilh washings from decay­
ing organic material frum lhe leaf 
mat (lf lhe cacao planlation. El1lcrging 
la,,'ae are mared to pupation. aml 
adults em erge a fc w days afler pupa­
lion from tht ô3mc environrn~nt. Thc 
culture however slnps ai lhis Slage: ,(c-
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males Ced on sugar solulio n survivc 

until ov iposition bul lhe egg never 
hateh. 

Wherea populatio n growlh and 
mass rearing is lhe general aim, lhe 
speeific objcctives of lhis work were 
lo tudy sc\'eral cornpound as diets 
for adults and lo investigate several 
eulturc media and microorgani m for 
la,,'ae in order lo optimizc populalion 

growlh and overco rne lhe problem of 
non-viabilily o f lhe eggs 01' female" 
obtain ed in lhe lahorato ry . Addilional 
observatio ns are included regarding 
d Ceel o f larval crowding on la"'al 
gr(l\Vlh rale and on prelirninary copu­
latinn lrial s. 

MATERIAL ANO METHOOS 

Experirn enls were earri!!d 0111 in lhe 
Cacau Research Cenler (CE PEC -
CEI'LAC) during 1977. 

Feeding experiments with adults. 
Fcmales collec teu Crom the ficld \V ere 
pul into ingle rcaring cage as described 
hy . oria anrl \Virlh (6). Th ey were Ced 
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using liule disc of purple blotting 
paper, thoroughly washed before in 
ordcr to avoid COlllacl with possi"le 
toxic compoulld. These dis<:s were 
dipped in either a 20% sucrosr olu­
tion, a 10% casein hydrolysa te solu­
tion, or water. One group of caged 
females was supplied with both a su­
crose disc and a casein disc, ali other 
females received only one type oI 
disco 

To evaluate the treatrnents, the 
longevity of the female, the numIJer 
of eggs oviposited and lhe number of 
hatched eggs were determined. 

Other feeding ex perirnents used 
fcmales obtained from emergence 
boxes, as deseribed by Winder and 
Silva (8). Tlle boxes were filled with 
one year old, rotten cacao fruils. 

The folJ owing series of treatments 
were compared in the order enumer­
ated below. 

1. Sucrose 20%, choleste rol 50 ppm 
solution in physiologi.cal serum (1/ 
1000 NaCI solulion), a combined solu­
tlon of 20% sucrose and 50 ppm cho­
lesterol in. physiological semm. and lhe 
latler solu tion combined with a 10% 
casein disco 

2. The same trea tments as in 1., 
using 100 ppm choleslerol instead of 
50 ppm cholesterol. 

3. A mix ed solution of 20% sucrosc 
and 100 pprn cholesterol in physiologi­
cal serum , cholesleroll 00 ppm in phys­
iological semm, sucrose 20% solution 
in physiological serum, and physiol­
ogical seru m only. 

4. SucroS(· 20%. a com bincd olu­
tiOIl of 20% $UCro"., and 0.1 % calcium 
ox alatc, lhe latter w lution cornbinet! 
wilh a 10% casein disco and a 0.1 % cal­
ciurn oxalalc olulion. 

5. Sucrosc 20% sucrosc 20% corn­
bincd with a cacao flower, and a cacao 
{lower onl y. Thc cacao fl ower was . up­
plied stuck in a small den tisl llnaeslhe­
sia lube hangi ng on copperwirc and 
fill cd wilh colton dipped in 1I0agland 
sollltion. 

Ali solutions wcrc supplied on liUle 
discs of blolting paper. These lreal­
menls were submitted to lhe same 
procedures as in lhe casein ex pcrimenl 
above. The chcllIicals uscd were lhe 
commercial types for laboralory use 
manllfaclured by Merck, excepl for 
lhe calcium oxalale rnanufactured by 
Carlo Erba. 

Feeding experiments with larvae. 
Forcipomy ia larvae were removed 
{rom rottcn cacao beans. The beans 
were wetled (avoiding excess water) 
and lhen pul into petri dishcs (9.6cm 
diam.). These were aulocla\'ed for 20 
minules at 120°(; and 1 kglcm2 pres­

sure. Tcn larvae were later placed in 
each petri dish. The larvae were treal­
ed differenlly as follows. Five dishes 
were supplied with larvae washed in 
waler and rinsed in 1/1000 HgCI2 50-

lution in order to prevent contamina-o 
tion of the beans by microorganisms. 
The larvae placed in five other d.ishes 
were washed with water only. As a 
test, ten larvae washed and rinsed in 

Rev. TheobToma (BrtlsiJ) 8:43·59. J 978 



46 Besemer ond SOrio 

HgCI2 were placcd in a malt agar dish 
inoeulaled wilh washings. reli olher 
larvae, washed in waler onl )' . were 
placed in anolher malt agar dish. In a 
imilar pair of dishcs, 10 larvae "'ere 

placcd in e<lela one; ali larvac \Vcre 
wa hcd in waler ; lhe larvae (l f o nc 
o f the di hes "'ere also rinst'd in II gCI2 
and uoth dishes were spray.)o wilh an 
ex lrael from auloclavco ro llen bea n ·. 

In another cx perimenl diJfl·rent 
microorganisms were i solal~o from pe· 
tri dishes, inoculatcd wilh washing:;. in 
which larvae "'cre Iiving fo r ,Olll f lime, 
which were oblained \'y nwan:, of lhe 

aunders rearing mcthod, as dcscribed 
in lhe Introdue\:ÍoTl . 

Isolations were made by dissolving 
inoclllllrn from the dishes in distill ed 
water, and inoculating aUloc\aved malt 
agar dishes wilh thesc solu tions. The 
samc procedllre was repca ted, taking 
inoculurn from one colony, until 
.lishes were o btained whir;h, aI least 
seemed lo contain only colonies or 
one type of microorganismo 

These differenl types of microor­
ganism were scrccncd for lheir value in 
lhe feeding of Forcipoymio larvac. 
This was done b)' placing larvae, ob­
laincd by means of Saunders rearing 
/TI clhod (de5cendanls o f onc pai r ()f 
parents) on petri di hcs (9.(, em diam.) 
wilh a culture of a cf)rlain microorgan­
ism. 'l'he average larval growth ra te ",as 
delerrnincd lJy mea uring lhe Icnghl of 
lhe living larvae as lhey wcre 51relehed 
on dry pap.~r. Measurcmcnl were 
carried o ul om:c cvery lwo days, and 
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lhe everage lenghl of lhe larvae or one 
dish was taken aS a rneasure for lhe 
gro wlh wilhin this po pulalion . The 
whole expcrilllcnt wa cxeculed in 
duplo . h shollld be noled thal chang., 
o f weight wo uld have IJ 'cn a heltr r 
mea ure for !,'Towth in lhe pOj)ulatio n. 
bul any wcighing proccdure mighl be 
100 prejudiciou for lhe very vllln cr3-
ble \nrvae. 

Milk agar and pcptonc agar inslelld 
of malt agar wcre used when th · latlcr 
experimenl was rcpcated. In lhese caSC5 
only bllcleria were isolaled. Thi, 
experim ent was done unly once_ ;\Iilk 
agar and pcplonc agar were manufac­
lllrcd by Merck, malt agar by Difco. 

The different microorganisms wcrc 
given names o n lhe basi uf lhe ·hape 
anrl color of lhe colonie . 

Density effects on larval growth . 
Larvac, obtained fro m one balch of 
'!ggs by means of lhe Saunucrs rcaring 
Illelhod, were placed aI differelll de 11-

silies in mall agar dishes (5.4 cm 
diam.), onc day afler halching. T hc 
di hes were prcpared and inoeulaled 
\Vilh washin!!S fro m ro ltcn cacao 

" leaves. Dishcs were prcparcd and in-
oeulaled five days before lhe 5tarl 
of lhe experim cnl , and "'cre chosen 
to have aS near pos ible lhe sa rne Slage 
of microbial growth . Th e reeenlly 
hatched larvae, deseending from one 
pair of parenls, wcre seI at densitics 
of 5, 10, 15,20 and 25 larvac per dish. 

Growth was mea lIreu by lhe sarnc 
procedure as in th e ex perilllcnl of 
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screening oí mieroorganisms, anel pc­
cial cmphasis ",as given to the diCCer­
ence between tbe initial linear stage 
oí growth and the later ncarly asymp· 
to lie stage of growth. 

Effeets of temperature and hu­
midity on adult longevity . Females 
emerging (rom emergence box es (8) 
were plaeed in single rearing cages (6) 
and fed by means of little discs of 
blotting papef with 20% ucrose 
solution, and their longev ity was 
detennincd. Ali material in the emer­
genee boxes was collected, several 
times, from one place. From the rot­
ten fruits, that werc collec led, mainly 
F. (F.) genualis and F. (F.) harpego­
nata emerged. 

A therm ohygrograVh (R. Fuess, 
portable) - al20 ccntimetres from lhe 
tested midges - reeorded the daily 
maxima and mínima or temperature 
and humidity . This gave a general idea 
of the room climate of lhe ex periment 

Correlatio n coefficients and regres­
sion coefficients weTC calculated be· 
Iween longevily and the cveruge max· 
ima and mínima oí lemperature and 
humidity to which lhe midges WCfC P"­
posed during thcir life. It should Iw 
notcd tJlal lhe mielges werc no l cx· 
posed to the humielities as measured, 
since lhe cages were placed on wct 
paper towcls. 

Copulation trials. Emergenee boxes 
as describcd l"y Windcr and Silva (8) 
appeared to yield females which were 

able to lay íertile, hatehable e~s. 

These boxes are made oí wood, each 
consisting of íive compartrnents, wilh 
a layer of 3 em of wet sand at the bot­
tom oí each compartrnent in order to 
main tain humidity and prevent drying 
out of Ule contents. The emerging in­
sects are collected in glass tubes with a 
baffle, serewed into lhe lid oí each 
compartment. In the present study the 
boxes weTe fill ed with rotten cacao 
fruits, which proveel lo be an excellent 
breeding rncdium for Forcipomyia 
sul"genus F. ~ensu slricto. 

In order lo investiga te, whether copo 
ulation had taken place in Ulese 
boxes, samples of about 20 females 
per day per box were ex amined for the 
presenee of sperrn cells in lhe spenna­
theca. 

This was cl one l"y drowning lhe 
midgcs in physiological se ru'" (l/lOOO 
NaCI solutiort). putting thern on -lide ' 
in a drop of cru 111 , separating out the 
spcrmath ecae, and sqlla hing these 
under a cover Jide. The spermaUlccae 
were th ell cX3m;neel urtdcr a com­
pounel rnieroscopc (800x). The sperrn 
cclls are lI11lllistakablc wh cn present. 

The percentage oí copulation was 
eompareel wilh a parallcl sarnple, ma de 
aI the same time, of 20 females col· 
lec teel in lhe field from flowers. These 
were ex amined in the sarne way. 

RESULTS ANO DISCUSSION 

Adult feeding. No ev idence cou ld 
be found Ihat adding a prOlein ,ource 

Rev. Theobroma (Brasil) 8:43·59. /9 78 



48 Besemer at/d SorilJ 

(casein) to lhe adull diet improved 
the reproduction of Forcipomyio 
(Table 1) It should be noted that 
fentales, handpicked in the field , may 
a1ready have fed before lhey arrivcd in 
the laboratory. This must be taken in 
aceount when eomparing Table 1 wilh 
Tables 2 and 3. The age of the midges 
when they arrived in lhe labora tory 
was unknown. This resulted in a lesser 
longevity , when they were fed on 
sucrose only, as compared to midges 
obtained Crom emergence boxes. 

The suggestion, in lhe lilerature, 
lhat lhe {emales need a protein source 

in lheir diet (6) could not be con­
finned. 

Omitting a sugar source in the dict 
appears lo be prejudicial to the fitness 
of the females and their reproductive 
capaeity (Table 2). The effect of cho­
leste rol cannot be ascribed to lhe 
sc rum in whieh it was diluted, since 
feeding on serum only appcared to be 
less {avourable to reproduction than 
feeding on cholesterol diluted in scrum. 

F eeding on lhe fl ower only had a 
remarkably favourable effec t on repro­
duction. Also lhe longevity in lhis 

Table 1 - Effecl of fecding females, hand picked in lhe field , with sucrose and casein 
hydrolysate solutions, on oviposition c.apacity and hatchability of eggs. 

Parameter 
measured 

Percentage 99 
ovipositing 

Average number 
eggs per batch 

of 

Average 10ngevity 
of 99 (in days) 

Sucros e 
(20%) 

12.9 

72 . 1 

2 . 48 

Percentage o f eggs 
31.4 

hatching 

Size of samp1e 
77 (number of 99 ) 
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Cas ein 
(10%) Combined 

8.8 16.3 

48.4 73. 0 

1.15 1.98 

13.0 25.0 

79 73 

Wa t er 

12 .3 

67.1 

1.67 

1.45 

73 
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Table 2 - Effect of fceding on oviposition capacity , egg halctiability and female longevi­
Iy, of adult femalcs, oblained from emergence boxes, fed wilh chofeslerol 5lJ ppm and 100 
ppm solulions in physiologicaJ sorum, physiological $Crum only, and IJower, as comparcd 
lO controls fed on 20% sucrose solutions only from lhe same populalions (valucs for sucrose 
belween brackets). 

Pa rameter 
measured 

Percentagc 9 
ov i pos iting 

Average number 
eggs per ba t ch 

of 

Choles te ro I 
50 ppm 

6 . 3(31.5) 

56 .0(37 .0) 

Percentage of eggs 0 .00 
hatchi ng 

Slze oE samplc ( 99) 32 

* Not reco rded . 

lreatmClll waô relativcly high : 5.2 day 
whereas felllale of the same poptlla· 
lion 011 which Ihis :;pccific experimelll 
was carried oul lived 6 .7 days whell 
l eu on 20% sucrose ollly. 

I f a sugar Source i included , by far 
lhe hesl combined diel appeareulo lIe 
Ilowcr + sugar: 71.4% of lhe females 
oviposiled with ali average of 11 7.3 
cggs per balch (Tablc 3). The percent· 
age of hatching in this trealmenl 
however was lower than in the treal· 
ment fed 011 sucrose only . This may 
be due to a lower average of fertili sa· 
lion in lhe specific population on . 

Cho l estero l 
100 ppm 

6.10 1. 1) 

69 . 7( 48 . 2) 

0 . 00 

40 

Se r um 

0(53 . 3) 

_*(75 . 8) 

0 .00 

15 

Flower 

31. 2(39. I) 

92 .0(57 . 8) 

1 . 55(11 . 6) 

30 

which the treatment was applied, or a 
lack of spcrrncells compared to tbe 
large number o f eggs produccd. In this 
respec t it i intercsting to note thal 
with a dic t o f 50 ppm choleSlerol. 20% 
5UCroSC and 10% t a ein , a ver)' high 
pcrccntage of lh e eggs hatched. More 
expf' rim cnts shoulu be do nt> before 
slaling anyUling deCinilcly aboul lltis. 

Th e lrcatmcnts wilh calcium oxa· 
la te could not be includcd in the 
Tables. silH:e lhe eggs in lhis treatment 
w~rc oI an immature appearance. 

\\' hereas eggs are normally chitinized, 
oc taedric, IIniforlll in size. and ge n-

Rev. Theobroma (Brasil) 8:43·59. 1978 
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Table 3 - Effect of feeding adult females, obtained from emergence boxes, with a combination of sucrose and several other food 
substanccs. Effects on oviposition capacity, egg hatchability and rem ale longevity. 

Pa r3me t e r S ue ros E.' Cho l es t e ro l Choles t c ro l Choleste ro l Cho leste r ol 
Seru:n 

(50 ppm) + (100 ppm) + 
0/1000 Na Cl) F IOlo/er 

measure d alone (50 ppm) ( 100 ppJ:l) 10 7. C3SC in 101. casein 

Pc rccntagc 99 33.3 25 .0 30 .0 21. 8 20 .0 20 .0 71.4 ~ 
uvipositi.ng :; 

i! 
Ave r3ge nu mbc r o f 55 . 5 49 . 8 52 .6 39 . 2 56 . 4 57 . 8 117 . 3 ~ 
cggs pe r b a t C'h § 
Pc rcentagt.: of 

~ 

15. 5 1. S4 5. 12 59 .0 -f, 0 .0 5 . 80 ~ cggs hatching S· 
Ave ragc l ongcvi t y 5.9 4 . 9 4 .8 3 . 1 3. <)4 4 . 53 6 . 2 
of <;9 (i" days) 

S i BC of slmp lo ( 99 ) 54 52 37 32 35 15 30 

:. thl t r ~co l d(!d . 
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erally laid in strings, these eggs wcrc 
whitish, shining, horse shoe shaped, 
and laid in a droplet of Ouid. Since 
they were very variable in sizc, it was 
impossible to decide, what could be 
considered as an egg, and what noL 
The percentage of females ovipositing 
was rather high , 60%. Perhaps calcium 
oxalate plays a role in stimulating 
oviposition, bu t in that case the 
concentration used in tJJ e ex periment 
was too high. 

1 n general it can be concluded, that 
a sugar ourcc. otJler than cacao Oow­
ers onl)' , is necessary fo r the survival 
of the adu lts. Some substances in the 
cacao Jlower are heneficial to the rc· 
prodllclive capacity of the midges. 
This effce l could nOI bc imitated by 
adding a prolein sourcc, (cascin) o r 
cholesterol to the diet.. It is know n 
that for some insects case in has too 
low a contenl of cerlain amino acids. 
such as c)' tille lInd glyc ine (7). On lh e 
o ther halld 110 beneficiai effec l could bc 
found a t ali , as casein cOlllains ali 
amino acids csscntial for insects. 

Cooke and ang (1) found lhat 
phytoslcro ls werc superior to chole ... 
terul. for Drosophilo, but the presellt 
trial s did not sho '" anv heneficial ef-

.' 

fe~t of addillg cholc-terol to the die l. 
50 it secms most worthwhile to put 
clllphasis on watersolllblc vitalllin:; to 
('xp l:lill the benefi ci:ll cffec t of feeding 
0 11 Cacao nower:; on the reproduction. 
T he highesllonge"ity O<:CLlrS if fenlale~ 
are red 0 11 20% slIcrn:;c only. 

Larval feeding. Only one larva 
pupated whcn fed on the medium of 
alltoclaved rotten bealls_ Presumably 
this larva was already fed sufficiently 
before beillg placcd 011 this medium. 
111 factum pupation may a1so be 
reached when larvae are put between 
wet filler papers, in order to recover 
faeces. Mortality did IIOt occur in any 
or the malt agar dishes. So the mOr­
laJity of tJJC larvae fed on autoclaved 
beans callnot be aseribed to lhe trea l­
ments of washing and rinsing, and also 
nol to a watersolublc subslance Crom 
lhe aUlocla,'erl rottell bcans. Therefore 
the most probable conclllsion is úlat 
the larvae live on th e biomass of tJJ(' 
lIIicroorganisms involved in the decOIll­
position of úle malerial , and no t o n 
the biomass of lhe roUen bean$. 

]f rcared on lTIalt agar dishes with 
diffcrenl cultures of microorganisms, 
lhe highcst growth rales can be found 
feed ing with cultures of Pseudomonas 
sp. and Xanthomonas sp. (Table 4), 
1.1 111m/ da)'. A lower growth rate was 
observ cd in cultures o f Mucor sr . 
(0.60 IIIm/ day). This was tJlC onl)' 
fllllgll S whic!. could sustain growth of 
ti ... larvae. No growth ai ali could be 
observcd in clIltllres of saprophy tiç 
fungi sueh as Penicilium sp .. Asper­
gil/us niger, and Bothryodiplodia theo­
bromoe. In these cases morla.lity 
occurred within 2 daye. ]f larvac 
werp reared on a mix tnre of Pseudo­
monas sp. alld I'enicilium sp. a lower 
growth rate wa fo und tJlan in the 
pLlrc cultllrc of Pseudomonos sp. (0.45 
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Table 4 - Growth rales in the initial growth ,Iage and length of larval slage, of Forei­
pomyiD larvae reared on mall agar dishes wilh coJonies of differenl microorganisms. 

Microorganism lnitial growth 
rate (mm/day) 

Length of larval 
s tagc (days)* 

Pseudomonas sp. 

Xanthomonas sp. 

Penici ZZi um/Pseudomonas 
combination 

/4ucor s p. 

PeniciHium sp. 

Aspergillus niger 

Bothryodip lodia theobromae 

1. 10 

1.10 

0.45 

0.60 

0 .00 

0.00 

0.00 

7 

6 

8 

8 

-
** 
** 
** 

* Difference betwe en first day on which hatching and the 
first day on whi ch pupation occurred . 

** Complete mortality after 2 days . 

mm/ day). Also lhe lenght of larva! 
stage was longer in lhe dishes where 
growlh occurred in lhe presence of 
fungi, indicating Ihal fungi delay lar· 
va! development. 

I f reared on milk agar or peptone 
agar dishes wilh cultures aí bacteria, 
lhe larvae did nol survive. Probably 
this was due lO the facl that .lhese me· 
dia soon became very sofl, and lhe lar­
vae drowncd in Ihesc media .' ln earlier 
experi!ll~nlS il was obscrved that lar­
vae af the subgenus Eupro;oannisio are 
more tolerant to a medium with a con-

Rev. Theobroma (Brasil) 8:43-59. J 978 

sistency oí ooze than lal'vae aí lh ! 
subgenus Forcipomyio sensu stri ~ to. 

Contradictory conclusions can be 
found in literature about larva! feed­
ing. Saunders (5) concluded ÍTom the 
oeeurrence of microoorganisms in lhe 
stomach that lhe larvae feed on these 
"molds, yeaslS and bacteria". Dessart 
(2) concluded from the fac.t lhat also 
deeayed plant tissues could bc, found 
in the stomach, thallhe larvae feed on 
these tissues. The presen t shldy giv,~s 

an indication that the larvae feed 
mainly on lhe pla/ll pathogclloll& Lac-
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teria in lheir habitat. The intestinal 
trac t afler dissec tio n appeared to con· 
tain Ul e Imlk material o f UI ". rolten 
cacao beans. On which th e dissected 
Inn'ae livcd. 'fhe faece,. which can ue 
ft'covered easily hy keeping thc larva.: 
a fcw days bel we ' n we t fil ter papt: r;, 
apl}ears lo consi. t o f lhe sam e material. 

Density effects. G ro wlh rales aI 
densi licl' 5 and 10 are much higher 
Ihan lhe growth rates occurring at 
dcnsitics 15, 20 and 25 (Taule 5). 
Within the two categories, howcvcr, 
growth ratcs wcr similar to each 
o lher. A !l0ssiblc e~ planalio n i;: Ihal ai 
a crtain density f()otl (lIIirroorl!anism,) 
Lecomc a lillliling fa!'l or. al .. 1 thill 
above thi ' dt' lb ily IJwn: i, an l·y "il ih· 
rium he lwt>(' (1 tlH' am ollnt o I' lIlit·ro· 

org3nisms con ,;ullll' d and li,,· growlh 
of Ih" noil'fOorj!3 I1iolll • . 

Belo w thc interft;rc ncc den. ity 
therc IS still considerahlc growUl 
after 5 th day after hatching, whereas 
ahovc thi;: de n ity hardly any gro wth 
oeeurs after thc 5 th day. Consequcntl y 
the lenghl o f larvaJ stage was longer at 
highcr densities. Figure 1 slto w U. c 
rclntio n bc twecn density and lhe time 
needed to rcach 50% pupation. T hi ' 
valu e was ohtaincd by in terpola tio n. 

In general in nny Forcipomyia 
brceding systr m lhe optimal rl ensity 
should be chosen in rclatio ll to that 
systcm. 

Effects of temperature and humidi· 
ty . TI,,· ,' xperilll p.nts dcoc riberl in thi" 
I'a p" r wcre cxeculed in phy.ical ('on· 
dili"" , "IIir h art generall)' considercd 
a, IIl1f'''·OIlf"hl· for keeping nrlult 
dil'kra ali\!'. In the cou rse o f 20 

Table 5 - Gro wth rates of Forcipomyia larva. on rnocula tcd pctri dishes with mal! agar 
15 .4 em d iam. ) ai dc\ ibcralivcly choscn densiti.s, in the linear and asymptotic growth 5lage . 

Dens i t y 
(Larvae pe r dísh) 

5 

10 

l5 

20 

2S 

Crowth ra l e b efo r e 
f i f t h day (mm/day) 

0 . 93 

0 .94 

0 . 68 

0 . 68 

0 . 69 

Gr owth r a t e afre r 
fifth day (mm/d ay) 

C. 21 

0 . 21 

0 .08 

0 .00 

0 .02 
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Figure I - Time needed to reach 50% pupation or larvae, related 10 lhe densily or 
Forcipomyia larvae. 

weeks lhe· air conditioning was fune­
tioning 65% of the days. 

During air conditill'lcd days. lhe 
maximum temperature oecurs aI about 
midnight, and maxima are between 
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26.5 and 30.7OC. AI 8 a.m. Ihere is a 
su dden fali in temptrature, with stablc 
mínima between 24.0 and 24.5°C. 
The mean temperature is variablc 
(a range of 2 - 3OC). After 4 p.m. lhe 
temperature rises stcadily towards lhe 
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maximum at midnight. The relative 
humidity is c1early related to the 
tempera tu re, maxima oceur al50 at 
midnight; these may vary Crom 68 to 
88%. A t 8 a.m. a sudden fali in humid· 
ily occurs, lo a rninimum thal varies 
bctween 45 and 57% After this mini· 
mum a steady risc of humidity o curso 

0 11 abnormal days ehanges are 
smaIler. ~laxima in tempcrature and 
humidity are reaehed between 6 and 8 
p.m., and range from 26.5 to 340 C. 
Minima are reached be tween 1.\ a.m. 
alld noon and vary from 24 to 31 OCo 
Humidity does not follow a clear daily 
paltern on these days, and shows 
dailv maxima between 78 anel 99% 
and daily minima hetwecn 58 and 78%. 

Th ere appeareel to be a very low 
corrclation he twecn average maximum 
tcmperature to which the midges were 
ex po ' ed. and their longevi t)' (r = 
0.004 1). Al so lhe correlalio ll coe f· 
fi c ient be twee ll a\'cragc Illlnl/nUrl/ 
temperaturc and longevity wa. v~ry 

low (r : 0.0466). Corrclatioll. be twecn 
longevit)' and average daily maxirnllrn 
ali.! minimurn humidity wert' no t 
ôignifi ant (I' : 0.01). 

0 11 lhe o ther hand, th ere appcarcd 
to bc 3 high l~ orrclalio n be l ween 

nU!1lber oI' day ~ before thc highcst 
l<:mperature du ring llH' liCe o f tlw 

mitlg\' . arul lhe longevit)" of the 
rt.~ lIli.dt' ~. Til .. ' l'u"f->laiiulI l"ot" fi'i l' it ' lIl 

wa, O.II')!). , ignifi ~ant wilh 3 reliallilit)' 
ofO.OI . 

Thc regre. ion cocffic ient was b = 

0.41. This means that iC the maxirnum 

tempcrature occurs one day later. 
longcvity is to bc cxptcte<! 0.41 days 

longer. 

The pro portion of the surn of the 
squares of longevit)', a ttributable to 
variation in tim e beforc th e maximurn 
te rnpcrature occurred is 78%. 

I t can he concluded, lhal peak rn 
temperaturc are highly corrdated 
with mortality of adull rnidge ' in 
ingle rearing cagcs. 

Copulation trials. Uy ex anllnrng 
tir e contents o f lhe sperrnathecae a 
positive proof cou lcJ bc found Ihat 
copu lation has taken place in the 
ern crgency hoxc . lhe avcrage of 
copula tion howevcr is very variahle. 
Tir e nurnbcr of populations sampled 
anr! the variahi lity are respcc tivcly too 
low and too high to give any avcrag<: 
reliable cnough lo he publi5hcd. 
Certainly th e avcrage of copula lion 
was never higher than 10%, anel al so 
of lh e p0l'tJlation ~ sarnpl t: d in th' fiel ti 
1I (ln(' p"f"cdt:r! thi::: av .. rage. 

Kaufman (4) staks that she """, 
able to gl'l COII S" CU tive gr neratio nii o f 
afri can Forcipomy ia spt:c ics in " rOllnd 
r age. r mwcd with fine 1I1 (,5h dl/Ih . 
Sho otatc~ nolhing about mo i. lure alld 
lighl rondit ion, in lhe cagcs. In our 
c:>. p.' ri e lll'E' Wl' are irwlined to helieve 
lh al copula lion i ~ fa\'oun,d by dark, 
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moisl condition and can lake placc 
imrncdiatly afler cmerging. The aver· 
age of copulation could bp. improved 
by looking for mean to syn ·hronil.e 
lhc emergcncc, in order lo incrca:re 
lhe chance of encOunler o f lhc adult 
rnidgcs. 

Thc suggctilion III lilerature. thal 
warrning is nece~sary for copulation 

(6) can be rejec ted. 

CONCLUSIONS 

1. Fecding adult fe rnalcs with a com· 
bination of cacao Oowers and a sug­
ar solution , lias a beneficiai e ECec t 
on lhe reproduction , resulting in 
a higher perccntagc of fcmales 
oviposiling and a larger numbcr oC 
eggs per egg bate/I. 

2. Fceding of adult femalcs wilh a sugo 
ar ~olu tion has a bene fic iai e frect 
011 lhe longevity o f the felnales. 
more than all y olher die t lricel in 
IlriR study . 

:~. Tire benefic iai e Hec t of feeding 
will, both nowers and sugar on rc­
prorluçlion cannol be imitale,1 by 
combining sugar wilh a prolein or 
slp.rol . so that (,mphasis sould he 

put now on lhe role of water olu­
ble vilarnins. 

4. The larvae do /lot fecd O/l lhe hio­
ma,;,; of thc decaying material 
which fnrm lh eir habilal . but on 
lhe biornass of lhe llIicroorganisrns 
living in tlris hahitat. 

5. Bacleria sueh as Pseudomollas sp. 
and Xanthomonas sp. providc the 
hesl food for the larvae. whcre,, ' 
lhey are unahle to feed on fungi 
sueh as Penicillium sp. Aspergillus 
niger anrl Bothryodiplodia IlIeobro­
mae. which inhibil lhe grow lh if 
presrnt in the samc medium a bac­
teria. The fllnguô Mucor sp. a a 
food sourcc t auscs a lo '_er lan'aI 
growtlr rale lhan hac tr ria. 

ó. There iR a clear bending point. 111 

lhe case of lhis tudy 0.43 lan·ael 
cm:!. atrovc which densi ty inhihils 
larval growlh. causes larval mortal­
ity and inereases lhe lenglh of lar­
vai s tage. 

7. Peak IcmperattHeô affee t adu lt lo n­
gevi ty in single rearing cages. 

o. Forcipomyia rnidgeô are able to 
copulale in moi, l. dark conditiOIls, 
shorlly after emergence. 
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RESUMO 

Criação de Mosquinhas Forcipomyia spp. 
(Diptera, Ceratopogonidae) em Laboratório: 

1. Alimentação de Adultos e Larvas e Ensaios de Cópula; 
Uma Revisão do Método "Saunders" de Criação 

A criação massal de ForcipulI! .. ia. ,'11 1 , · ,, ""i ~'''''' do' lal ,ora tó rio. I'" dnú ~er im· 
portante para aum entar a puliniza ~' ão .I .. "'II" HII' iro (Th eobroma cacao L.) . O mé· 
todo de criação de aunder- p" rnlit (' ,OIl I(· lIt,· a ,,1 .... II ~ ão de uma gcração das 
mosquinhas em laborató rio sendo. port anto. ill."<J ti , fa túri o. 

No presente trabalho, vários compo tos fo ram te tados como alimento para o 
adulto, a fim dc incrementar . ua capacidade reproduti\'a. Da mesma fonna, vá· 
rios microorganismos fo ram testados como alimento larval e o efeito da densida· 
de larval sobre a taxa dc cresc imento das mesmas foi de terminado. O !:feito da 
temperatura e da umidade sobre a longevidade do adulto foi de terminado e o seu 
grau de fertilização nas caixas de emergência fo i comparado ao de campo. 

A alimentação constituída de uma combinação de açúcar e flor de cacaueiro 
aumentou a percentagem de oviposição de 33,3 para 71,4% e o tamanho da pos­
tura de 55,5 para 11 7,3 ovo , quando comparada a alimentação exclusivamente 
constitu ída de açúcar. Esse efeito não pôde ser simulado pela adição da casei na , 
colesterol ou oxalato de calcio à die ta do adulto. 

A larva alimenta-se principalmente de bacterias e cresce mais rapidamente nas 
placas de malteagar com Pseudomonas sp. e Xanthomonas sp. A presença de fun­
gos saprófitos parece inibir o cresc imento das larvas. 

Há uma densidade de la"aslcm2 acima da qual o cresc imento é re tardado ; no 
entanto, não ocolTem diferenças significativas entre as tax as de crescimento de 
larvas criadas a densidades inferiores àquela. o mesmo acontecendo para as densi· 
dades superiores a ela. 

Nenhuma correlação foi encontrada entre a longevidade das fonna imaturas e 
adultas e as temperatura médias e máximas e·mínimas diárias e umidade. Entre· 
tanto, houve alta cOlTelação entre o número de dias decorridos antes que o pico 
máximo de temperatura Cosse atingido durante o ciclo da mosquinha e a sua lon­
gevidade. Os piCOS de temperatura são, pois, fatores importantes na determina­
ção da longevidade do adulto. 
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A cópula pode ocorrer no escuro, em condições úmidas, logo após a emergên· 
cia, pois foi encontrado esperma na esperrnateca de fêmeas oriundas das caixas 
de emergência. Tanto no laboratório quanto no campo, a percentagem de fêmeas 
fertilizadas foi baixa, menor que 10%. 

Face ao exposto, chegou-se à conclusão de que devem scr enfatizadas as pes­
quisas que visam determinar o possível papel desempenhadopelasvitaminas obti­
das pela alimentação em flores sobre a capacidade reprodutiva das mosquinhas. 
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LABORATORY REARING OF Forcipomyia spp. MIDGES 

(OIPTERA, CERATOPOGONIOAE): 

2. OETERMINATION OF THE REPROOUCTIVE 

ANO BIOTlC POTENTIALS, PRELlMINARY TESTS 

Salllo de J. Soria' 

ABSTRACT 

Thc purpose of this work was to determine the reproductive and biotic poten­
tials of the following species: Forcipomyia (Euprojoannisia) spatulifera Saunders, 
F. (E.) blantoni Soria and 8ystrak , F. (F.) genualis (Loew), F. (F.J poulaineae 
Macfie, F. vic. Lepidohelea sp. I and F. (MicroheleaJ fuliginoso (Meigen) in Iab­
oratory conditions. Saunders' method for rearing midges was adaptcd to the 
present work. Thc methods to measure lhe reproductive and biotic potentials 
were similar lO those used for other insects according to literature. 

ResullS indicated high values of reproductive potentiaJ for lhe non-pollinaling 
spccies F. genualis. F. poulaineae and F. vic. Lepidohelea sp. J. The reproduclive 
potential values for the pollinating species F. (E.) blantoni (34.87 x 108 midges/ 
year) and"F. (E.) spatulifera (22.43 x 107) were considered sufficient to fore­
cast good possibilitics of mass rearing for colonization and/or inundation purposes 
in ficld conditions. Numeric values of biolic potcntial were not yel determined be­
cause of the Iack of quantification of lhe leveis of population suppression caused 
by the predators parasites and pathogens in natural and Iaboratory conditions. 

lt was conc1uded Ihat mass rearing of spatulifera, blantoni and other Forcipo­
myia midges is a vcry promising lechnique due 10 the quick reproductivc capac­
ity observcd in this rcsearch. 

Received for publication Novembcr 11,1977 and in revised fom July 18. 1978 . 

• Ph. D., Divisão de Zoologia AgríCOla, Centro de Pesquisas do Cacau, C.P. 7,45.600 - !ta­
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INTROOUCTION 

Two pruetical approachc5 are prl>­
po:;cd in literaturc (7. 12) fo r increa". 
ing natural h'vels o f pollination in the 
caca o plantations: developm ent of 
management tec hniqll cs that hcl p 
pollinator in , r e ts to rcprodu ce lInder 
na tural conditions. and mass rearinf! 
o I' th ese insec ts in the la horato ry for 
rclease anu furth er Ill onito ritlg in 
fi cld condi tions. 

The litcraturc conccrning lhe rea r­
il1 g o f Forcipomy ia midges in the lab­
o rato ry i rather scarce. Th.; most we ll 
known methods of rcaring Forcipo­
myia m idl!es in the labora tory (:1. 'j. 7. 
12) fa il to yield co ntinuou genr r­
ations. The nurnbers o f rnidgcs o lr 
taincd gradually dccrease as mentioned 
by lI ernande? (3), Kaufmunn (.i ) and 
~oria and Wirlh ( 12). 

Detenllination of th e biotic and 
reprodllctive potcntials is necc,.ary 
to prcmct lhe nUlllber of Illidges in 
ficld populations in bot" . pace and 
tim p.. [n o rder to obtain numcrical 
estimates o f the biotic potential, it is 
necessarv to determine thc scx ra tio, 
the nllmber of reproductive descend­
anIS of eaeh genera tion , the number of 
gencrations per year and the rcpro­
ductiH po tential . T hen, based on 
these "alue., the hiotic polential is 
calculated. Finally ali approach to de­
termine environmental resistance is 
estabJished based on preliminary de­
tcnninatlo ns of natural enemics, para­
site •. prcdato rs anu pathogen •. 
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Soria 

The purpose of lhis work wa " to de­
termine lhe reprodu tive and biotic po­
tcn tials of the following spec ics: Forei­
pomyia (Euprojoannisia) lpatulifera 

allnders, F. (E.) blantoni Eoria and 
Bystrack, F. (F.) genuallis (Loew). F. 
(F.) poulaineae Macfic. F. vic. Lepido­
helea ,;p. J anu F. (Microhelea) fuligi­
IlOsa (\Icigcn) in laborator)' conditions. 

MA TERIAL ANO METHOOS 

In ordcr to devclop a rearing pro­
I!'am tJw following conventional pa­
ram eter;: wcre stl.ldied (2, 8): 

Sex ratio (sr.) Jo the proportion 
Iw twc.:n thc lIumber of females and 
th e num ber of females plu. males 
per cach genera tion (8). Thereforc : 

sr = No. of females 

No. of females + No. of males 

To de tcmlinc :;cx ra tios. eadt 
pec ies was rearecl in tJ1 C laboratory 

using the mcthod 01' Saunders (7) 
adapted to this tudy. To de termine 
seasonal variations of se x ratio, 
systernatie sarnpling of adl.llts with nn 
autornatic J ohnson & Taylor Sl.l c tlon 
trap was used (4). r inally scx dete r­
rnination of adult s 01' the different 
species was made li ing charac teristics 
of the genitalia. 

The num6er of generations. The 
number of generations per year was 
ealclllated ba:;.:cI on the life span per 
generation in the laborato ry (8 . 'J) . 
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No. of generations/year = 

365 days 

life span (days/gcneration) 

The number of descendants per 
female. The relalionship betwccn 
birlh ralcs and dealh rates detennincd 
in the pasl (9) indicated the egg and 
adult stages to be the most seriously 
mena(:ed in morlality. From ex peri· 
encc in reccnt years, it seems thallhis 
morlality occurs as a consequcncc of 

:deft!ctive lechniques in lhe laboratory 
rearing of midgc . In nature and when 
rearing of midges starts from larvae 
obtained in lhe field , lhe rcc()\'ery 
of lhe adulls is almost total. The num· 
ber of lan·ae per genera tion , uscd 
for the calcula lion of lhe number of 
descendants, gives a sa fe cslimate. 

Reproductive potentiaJ (Itp). ls the 
speed ai which an individual is able 
to reproduce ilself (8). lt is dependent 
on lhe sex ratio ( r)., on the nurnLer 
of desçendanls (d), and the number of 
generation (n). Therefore: 

Rp = (sr x d)n . 

Biotic potential (Bp). Is the inhcr· 
en! capacity or lh e individual lo 
reproduce ano :;un'ivc itsclf. in o lh eI' 
\\ ords, capacity lo increa:;t! in nllmbers 
(8) . This depends on lhe Reproducli e 
Potenlial (Rp) and th e Environnoental 
Resistance (Er). 

Thereforc, lhe biotic pOlential (Bp) 
oí an insect can be calculaled with the 
following equation: 

Bp = 
r.( No. of fcmaJes \ 

li No. of femalcs + No. of malcs-J 

x d J n - Er 

The environrnental resistance (Er). 
Is lhe inlegration of ph)'sical ano 
biotic factors which limit the growth 
of lhe" insect populall0n (8). In lhe 
equatiOIl it represents lhe number of 
individuais dead in lhe time con idercd. 
This number divided by the number 
of insccts initially avaiJable, gives 
an indication of lhe mortalit)' rate 
of the spccies under sIlJd)'. 

In the prese llt work , detcrmination 
of environm cntal resislance was lim· 
iled lo lhe listing for organisms founel 
causing morlalilies of rnidges in labora· 
tory anel field conditions. 

RESUL TS AND DISCUSSION 

Sex ratio (r). Resulte; on the num· 
ber of fcmale and male adulls oblained 
in lhe laboralor)' , and lheir specific 
sex ratio (Table 1), indicates lha! 
F vic. Lepidohe/ea sp. I (0.86). 
spatu/ifera (0.77) . blantoni (0.75), 
fuliginosa (0.71), poulaineae (0 .67) 
and genualis (0.56), showed sex ralio 
valu es tJlat usuall)' occurred a littJe 
bit above lhe expec tcd 0.50 sex ratio 
for any animal spccics. 
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Table 1 - Sex ratio of ForcipomyÜ1 adults captured for biological studies. 

lns ec t Fema l es Mal es Sex ralio 

far ipornyitt (Eupl'OJoallnisia) spatul.ifertl Saunders 1090 318 0.77 

F. (Eup!'Oj-oal';.nt~oiaJ bZantoni Soria and Bystruk 62 21 0.15 

F. IF{»)'CipMyiaJ ge.""Hs (Loo,,) 

f . (Porciporyyia J ~ear paulaincae Haç~ie 

F. (NiC1l{))re lSâ) tu Zi!fiMsa (Me ison) 

P. vic. lLepidtJl:eleàJ sp. 1 

Results of lhe variations or adult 
sex ratios throughout lhe year (Ta­
ble 2) indieate a variability that 
ehanges from species to specie . A 
striking example or sea onal variation 
in the sex ratio ' oecured in F. (Eu­
projoannisia) sensu strito. This 
species at the beginning oI the 

29 23 0.56 

2 0 .61 

ll3 41 0 . 71 

6 1 0.86 

year (January ) had a sex ratio or 
1.00, whereas al the end oi the 
year (November) it was 0.38. 
The males outnumbered the fe· 
males at the end of tbe year. This 
50rt of variation a1so occurs in 
closely related species oí Culicoides 
a indicated by Linley and 11 ind (6). 

Table 2 - Seasonal variation in the scx ratios of ForcipomyÜ1 (Euprojoonnisio) and For­
cipomyio (Forcipomyw) under field conditions. 

E li. P )'I '0 j <1 a n n. i 8 i a F ~ ~ c i P o m y i Q 
D 3 t a 

remale Male.s Sex ralio remale Male.s Sex ratio 

1912 Nov . O O t 1.00 

Dec. O O O 

1973 Jan. 3 O 1.00 11 I 0.92 

r.b . O O 2 O 1.00 

Mar. 5 O 1.00 19 2 0.90 

Apr 12 2 0.86 53 3 0.95 

Mày l1 S 4 0.97 110 23 0.83 

Jun. 171 81 0.68 190 105 0 .64 

Jul. 136 6S 0 . 68 159 34 0.82 

Aug.. 40 28 0.59 lO 3 O. H 

Sep . 46 l8 0 . 72 11 2 0.85 

Oé:L. 32 22 0.59 1.7 3 0.94 

Nov. 10 16 0.38 22 4 0 .85 

De·c. O O 35 10 0.78 

197~ ,1.1n. O O 20 42 0.48 
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There i a limitation in the conclu· 
sions related to sex ratios in Table l. 
Calculations 'are based on the adults 
obtained from manual field collection 
where there ia a1ways the risk of 
biased collection Iavoring femaJes of 
some species. A parallel systematie 
sample using a Jobnson & Taylor 
automatie lIction trap largely avoided 
the risk of biaa (Table 2). This vario 
ation in records oI sex ratios indicate 
that more inIormalion in this area 
should be aecumulated lo give ac· 
curate estimates of reproduction po­
tentials. 

The number of generations. Results 
(Table 3) of the potcntial number of 
generations per year indicated higher 
values for F. vic. Lepidohelea p. 1 
(13 generation!\"year) whereas the 
minimum values were observed Ior 
genualis, (8/year). Species that have 
particular economic value such as 
blantoni and spatulifera indicated 
10 and 9 generation!\"year respcctively. 
This is important from a practical 

stand point, because it favours quick 
reproduction of these insects in nature. 

The number of descendents per 
female. Results (Table 4) indicated 
higher values (24. 22 and 17) for 
genualis, F. vic. Lepidohelea sp. 1 
and poulaineae. The pollinating spccies 
F. (E.) spatulifera and blantoni, on lhe 
olher hand, had a smaller number of 
descendants (11 and 12, respectively) 
per female in the laboratory. Ali these 
value have relevance in the final 
computation of the reproductive po­
tential, as shown in the re pective 
paragraph. 

It was not possihle to obtain de· 
scendantsfrom !uligúzosa: because eggs 
ovopo ited never hatched. It was ai· 
tributed to reproductive habits of these 
insects, different from the ones demo 
onstrated in Table 4. 

The reproduetive potential. Results 
(Table 5) indicated lhat the reptO­
duetive potentials for blantoni (34.87 

Table 3 - Estimate of lhe potential number of generations per year based on the life 
span egg-egg of lhe commonest Forcipomyio spp. midges. After Soria and Wirth. 1915. 

S P e c. i e s 

Po~ipomyia (EUprojoannisia) spatulifera Saunders 

P. (Euprojoannisio) bLantoni Soria and Bystrak 

1'. (l'orcipomyÜll genuaU8 (Loe,,) 

1'. (I'orcipomyia) near pouLaineae Maçfie 

.o. vir {{.iJPidoheleal sp. 1 

Life. span 
egg-egg 

(No. days) 

37 

34 

41 

38 

26 

Number Df 
generations 

per year 

9 

10 

8 

9 

13 
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Table 4 - The number of descendents: fourth instar FfNcipom)//o larvae obtained from 
one fertile female under laboratory conditions. 

M idgC$ 

F. fEup1'ÔjoarmiRial r:patulifera St'runders 

Aver asf' number 
descendent s 

Si ~e o( sample 
(Na. o f hma les) 

F. (Euprrcjoanni8iaJbl.cmtan:' 501'14 3.nd 8y8t::rRk 

.". (Fo~ipomyia) (Jlm~l-ÍlI ( Loe", ) 

11 

12 

24 

17 

22 

O 

3~ 

7 

18 

1 

\ 

20 

F. (E'orcipflr'1Yia' ne al'" po:JLain,·u,..' Hacfie 

F' , vi C. Lepidohl? l~a s p. t 

1'. (Microolkleal ,fiA.lipinor.a (~eige.n) 

x L08 midges/year) and for spatulifera 
(22.43 X 107 midges/year) are high 
enough lo guarantee plenty of midges 
for polJination, iI secondary limiLing 
factors do not appear in the environ­
menl. In reality , limiting (actor" for 
reproduction are always present a. 
wilJ be demonstrated in the nex l 
paragraph. 

The reproductive potentials (or F. 
vic. Lepidohelea sp. 1 wa 39.81 x 
1014, for pouloineae was 32,26 x 
1010 and for genualis was 10.89 x 

108. These species are non pollinating 
ones. 

The biotic potentiaJ and enrnon­
mental resistance. The mites Tyro­
phagus putrescentiae, lhe nematode 
Aphelenchoides sp. and several ento­
llIophagous fungi were found dalllag' 
ing immature stages of Forcipomyio 
midge8 in lahoratory eonditions (12). 
Under fjeld conditions, on the other 
hand, the anis Solenopsis p. (Fonlli­
cidac, lJymcnoptera) and some spidcrs 

Table 5 - The reproductivc pOlential : cxpected number of midges per year starting 
from one fertile female after continuousgeneration under laboratory conditions. 

li i d g e S 

POl'cípomy iA Ii:up}'ojoannisia J ; putu Tifel'a Saunde rs 

f. IEupl'Ojoanni"ial blarttoni Soria and Bystrak 

f . lPol'cipomyía! gCIlU4liD (Loe,,) 

P. rF'o,'cipomyia! nea r pou/ain.-ae Hacfie 

f. vic. óepidohelea sp . 1 

F. rMicl'ohe~a) fuLigi>U>80 (fleigen) 
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Amount oC midges 
expected 

22.43 X 10 7 

34.87 x 108 

10 . 89 x 10 8 

32 . 26 x 1010 

39 . 8\ x 1014 
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(Araehnidae) were observed lo prcy 
on ali stage of Forcipomyia (Table 
6). The ' suppression and degree of 
damage oí a midge population. eaused 
by the eombined aetion of thcse 
organism has nol been quantified. 
Field reeord give an estimated drunage 
of more lhan 30% of the populalion 
per generation. 

Due to the fact that midge popu­
lation growUI is controUed hy the 
relationship between birth and death 
rales (1. 2), a ma rearing program 
wil\ be able to sueeeed ü death rales 
are redueed lo minimum leveIs. 

Preeise ínformaLion of midge death 
rate i neeessary however to deter· 
mine how mueh of the population 
i being lo t beeause of the action of 
natural enernics. umerical value 
for the biotie potential ean lhen he 
safely ealeulated .. 

ince biotic factors are c1assieally 
eonsidered density dependent faetors, 
biotic limiting faetors may be aclive in 
diverse forms depending on particular 
cireumstances of space and time. The 

action of contaminant mites on aging 
laboratory eultures, for eltample. is a 
clear example of density depending 
factors aIfecting reproductive poten­
tial of midges, as indicated in Table 7. 

Determination of varia.tion of popu­
lations of Tyrophagus putrescentiae, 
according to lhe material used as 
source of inoeulum for culture for 
Forcipomyia feeding (I'able 7) índio 
cated for example, that culture u ing 
rotten pod ' facilitcd more th contam­
ination of aeari (6/eIl1 2). lhan in­
oeulation with moss material (4/cm2). 
More research is lherefore needed 
to obtain a more precise determinarion 
oI the biotic potentials of the midges. 

Physical factors, sueh as climate. 
among other density independent 
{actors. also deserve pararnount con­
sideration. InformatioD on population 
dynamics of Forcipomyia midges 
indicate that water budget alld heal 
budget faclors interact fIlost c10sely 
with midge populations in field 
conditions (lO, 11). 

Table 6 - Organisms found causing mortality of Forcipomyil1 midges by predation 
and/or parasitism in Iaboratory and field conditions. 

o l" g li n i 5 m 
Egg 

1'yl"Ophagus pUt~~8 ~lt.iat:.' CAcllrlna , Arachnida) x 

Solenopsic sp. (Formicidae. Hymenoptera) 

Spiders (Arachnidae) 

En tomofagouti {ungi 

ApheLi?ltenoidplJ sp. (Aphe1inchoidid3~t Nl?matoda) 

x 

x 

x 

Sta.ge of hOSl 
Larva Pupa Adule 

x x 

x 

x x 

x x 
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Tale 7 - Popuiatioos of mites Ty rophagus pu trecentiae per cm2 occuring 00 the surfa­
cc or malt -'.lgar media inoculated with severa I microorganisms for feeding immatures ar 
Forcipomyio midges in the laborator}'. 

Petri dish 
Moss 

1st 9 

2nd 4 

3rd 4 

4th 3 

5th 3 

6th 3 

Mean 4 

CONCLUSIONS 

L The reproductive potentials of the 
poll inaling species blantoni and 
spatulifera are high, due mainly 
to lhe number o f generalions 
per year. 

2. The reproductive polential values 
corresponding lo the non pollinat­
ing species sueh as pou/aineae and 
sp. 1 near Lepidohelea were as high 
as lhe values observed for lhe pol­
linating species. 

3. Th e number of descendents per 
{emalc/ gcneration secms lo contrib­
ute a great deal for lhe high vallles 
of reproductive pOlential in sp. 1 
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Sources of inoculum 
Rotten pods Leaf mat 

6 9 

6 6 

4 3 

11 3 

1 3 

la 7 

6 5 

near Lepidohelea, pou/aineae, ge­
nualis and o ther species. 

4. The biotic potentials for u.e species 
studied were not ye t deterrnined, 
because of Lhe lack of quanlifica­
tion of mortality valu es due mainly 
lo predation and parasitismo From 
field observations, however, it was 
estimaled to be nol less than a 
30% of the values observed in Lhe 
reproductive potentials. 

5. For fuliginosa it was not possible 
to deterrn ine the values of repro­
ductive pOlential hccause of lhe 
impossibility of getting descendents 
in laboratory condition8-
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6. Mass rearing techniques aí pol­
linating species secm to he highly 
promising to program colonization 
and/ or inundation of midges in the 
field for practical purposes. 

7. Programming insect release for col-

onization and/ Or inundation pur­
pose in lhe fi eld should be hased 
on the exact measurernent of the 
popula tion dccrease due to the 
oecurrence of parasites, palhogens 
and predators, which wil\ finally 
de teml ine the hiotic potentials 
of these rnidges. 
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RESUMO 

Criação de Mosquinhas Forcipomyia spp. 

(Diptera, Ceratopogonidae) em Laboratório: 

2 • Determinação dos Potenciais Biótico e Reprodutivo, 

Ensaios Preliminares. 

A finalidade deste trabalho foi determinar os potenciais bió tico e reprodutivo 
das sçguintes espécies: Forcipomy io (Euprojoannisio) spatulifera Saunders, F. 
(E.) blantoni Soria P. Bystrak , F. (Forcipomy ioj genualis (Loew). F (F ) poulai· 
neae 'Iadie, F vic. Lepidohelea sp. I e F. (Microhelea) fuliginosa ( 1eigcn) , sob 
condições de laboratório. Para criar as mosquinhas foi utilizado o método de 
Saunders, adaptado para o presente trabalho. Para medir os po tenciais biótico e 
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rí:produli\"o. fora", IIlilizado, 0 ' ", ,'Iodo já consagrados para outro in elos. de 
3c·ordo c·om a lil, 'r3Iur3 . 

Os rctiultados indit-<lr<llll "<llor!'.- altos de potencial reprodutivo para as espécies 
não polinizac.lore. F gel/ualis. pouloineae e F vic. Lepidohelea sI'. 1. Os valores 
do potencial reprodu li, o para as espécies polinizadoras hlantoni e spatulifera 
(:1-1-.117 x 1013 c 22.4:1 x 107, respectivamente) foram considerados suficiente 
para prel·cr boa;: possibilidades de criação em massa das mesmas objetivando as 
finalidades de colonização e/ou inundação sob condiS:ões de campo. Os valores 
numéri cos de potcncial bió tico não foram , todavia , determinados em virtude da 
falta de quantificação dos níveis populacionais eliminados pela ação de predado­
res parasitas e patógenos ob condições naturais e laboratoriais. 

Conclui-se que a criação em massa de spatulifera, blontoni c outras rnosqui­
nhas Forcipomyia é uma técnica bastante promissora , devido à sua rápida repro­
dução observada nesta pesquisa. 
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EFEITO DA APLICAÇÃO DE CALCARIO E FÓSFORO 

NO CRESCIMENTO DE PLÃNTUlAS DE CACAU 

EM CASA DE VEGETAÇÃO 

Francisco I. Morais' 
Charles J. L. Santana .. 
M. Bernadeth M. Santana •• 

ABSTRACf 

Effect of lime and Phosphorus Application 

on the Growth of Cacao Seedlings 

Cacao seedlings grown under grecnhouse conditions on an acid soil (Vargilo 
- Typic Tropudult) were submited to five leveis of lime (O, 15.25 ,80 and 100% 
of lhe amounl requircd to rcach pH 6.4) and Ihree leveis of phosphorus (O, 20 
and 100 ppm). Ali the plants reccived an unifonn dosage of nitrogen. pOlassium, 
magnesium, sulfur and micronulrienls (Fc, Cu, Mn, Zn and Bo). 

Lirning incrcascd yicld of cacao when lhe AI sa tu ration wasgrealcr Ihan 50%, 
Ihis effeel being enhanced by P fertilizalion. On soi! samples wilh AI less Ihan 
50%, P application Was more effcclive than lime in increasing growth or cacao 
seedlings. 

Growth response lo liming took place up to the point of elimination of ex­
changeable AI (25% of the amounl of lime required to reach pH 6.4) afler which a 
significant reduction occurred due to micronutrienl deficicncics, espcciaUy zinco 

Recebido para publicação em I!> de março, 1978, e em forma revisada em 8 de novembro. 
1978 . 

• PhD., Divisa'0 de Geociências (DIG EO), Centro de Pesquisas do Cacau (CEPEC). Caixa 
Postal 7,45.600 - \tabuna, Bahia, Brasil. 

•• M.S .. DIGEO. CEPEC. 
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INTRODUÇÃO 

A ac idez do solo é um problema 
associado com a presença de hidrogê. 
nio e alumínio em forma trocávcl. O 
alumínio, em conct:ntração tóxica, afe· 
ta o crescimento das plantas cultiva· 
das, limitando o desenvolvimento do 
. istema radicular e, cm consequência , 
a ab:;orção de água e nutrientes do solo 
(5, 8. 10. 19). Os efe itos deprimentes 
no alumínio 'olÍlvcl no crescimento do 
cacaueiro foram demon trados por IVli· 
randa C Dias (12) e Santana, Cabala e 
t\liranda (15). 

A calagclII, práti<:a recomendada 
para o control ' da acidez do solo, tem 
, ido tradicionalmcn te cfctuada com a 
finalidade de elevar o pfl do solo para 
uma faixa próxima à ncutralidade, gc· 
ralmente 6,5 a 7,0 (3), Admite·se que. 
desta forma, fatores tai corno a baixa 
saturação de bascs, a fixação de fós­
foro (' a toxieidade devida ao alumínio 
e manganês sejam eliminados ou favo­
ravelrn,)nte influenciados. No entanto, 
diverso investigadores mo traram que 
a utilização deste critério em solos de 
regiões tropicais provoca efeito nega· 
ti\'OS na produção dos cultivos agrí· 
colas, consistentes com urna deficiên· 
cia dc micronutricntes (14, 20) ou di· 
minuição na disponibilidade de P 
(6, 9). 

A recomcnda~ão ria calagern basea· 
da na quantidade de alumínio ex traído 
por sal não lam ponado, sugerida por 
Coleman , \Veed e !\IcCraken (4), apa· 
rece, deste modo, como uma alterna· 
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tiva mais racional para o controle da 
acidez de solos de regiõe tropicais. O 
alumínio é O eation predominante e 
prillcipal responsável pela toxicidade 
de solos ácidos (13, 19). Adernais, a 
precipitação do alumínio trocável se 
processa quando o pH do solo atinge a 
faixa entrc 5,0 c 5,5 (10), situando-se 
este limite cntTc aS respostas positivas 
e negativa das cultura à incorporação 
de calcário, 

Embora a acidez do solo e a dc fici· 
ência de fósforo constituam os princi. 
pais fatores que limitam o crescimento 
e produção do cacaueiro na Bahia (1 , 
12), nenhum e t11do foi realizado s0-

bre a influência da calagem na dispo­
nihilidadc de P e outros nu trientes em 
solos regionais. Não são conhecidos. 
também, resultados experimentais que 
('omprovcm qual o mé todo mai ade· 
quado para estimar a necessidade de 
cal agem para o cacaueiro. 

Este trabalho leve por obje tivos: i) 
determinar o efeito da aplicação de 
calcário e fósforo no Cresc imento de 
plântula de cacau ; e ii) se lec ionar um 
método adequado para estimar a ne· 
cessidade de calagem do cacaueiro. 

MATERiAIS E MÉTODOS 

O ex perim ento foi realizado em ca· 
sa de vege tação. utilizando·se solo da 
unidade Vargito, pobre em fósforo, 
classiCicado como Typic Tropodult 
(18) de acordo com a 7f1 aproximação 
americana. As amostras do 010 foram 
selecionadas para ahranger valore va· 
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riáve is de capacidade de troca de 
cations (eTC), alumínio trocávd e íll­
dice de saturação de alum ínio (Qua­
dro 1). 

Plântula" d,' ('((cau da variedad,' 
Catongo, (, Ililivatla. ,'li' vaso,; plástico" 
"onlt' ndo :i kl! .I,' , 010, foram sulllll c ti· 
da ~ ;1 t' j,lI'o do:-,(:'~ tit) t: alt-ilrio t' tn";,$- de 

fil" forn . () (',:q UCII'iI ~~ pcri,nclltal foi 
(: 111 parl'da; >IlI,dividida •. I' om cinco 
r" ).le ti ,·...,c •. A calagem f(li efe tuada PI" 
lo mé todu S~ II' ( 17) na, dosagens de 
O; I;': :!5; ao c 100% da qualltidade 
lI"cc,:;.;ria dI! I'akário para c1,'vilr o ri I 
do solo para 6,~ (Quadro I). (1" n í, ('i~ 
d,' 15 e 2:;% de ('abA" !II rorre 'pOIl' 
dCIII a 1.0 r I.;' Vt'''''. a quantidade de 
a1UIll ínio tror;Íq,1 ri o solo. A aplieação 
de fÓ ' foro foi determinada cm função 
das "aractcrí"ti ca$ de fixar;ão de P, em­
pregalldo-se quantidades que elevaram 
o I' da 'olução elo solo para 0,14 
(20 ppm P) e 0,90 ppm (100 ppm P) e 
uma testemunha sem fósforo (Figu ra 1). 

O solo, antes de cultivado, foi ho­
mogencizado com calcário e incubado 
durante 4 semanas, recebendo, em se· 
guida, os tratamentos à base de fósforo 
e outros elementos. Todas as parcelas 
foram adu badas com 100 ppm de N, 
100 ppm de K, 27 ppm de S, 30 ppm 
de Mg, 5 ppm de Fe e 1 ppm de Zn, 
Mn, Cu e Bo. 

Seis meses após a semeadura, as 
plântulas de cacau foram colhidas, 
oportunidade em que foi realizada 
uma amostragem de $010, raízes e fo­
lhas para análi se de labora tório. Amos-

tras do solo foram também coletada:; 
ao término do período de incubação. 

A análise química de raízes é folha. 
do cacaueiro foi real izada de acordo 
com a metodologia descrita por 
Chapman e Pratt (2). A caracterizaç'ão 
do solo quanto a tex tura, carbono or­
gânico, bases, pl! e micronutrientes 
(Zn. Bo, Pc e Mn) foi efe tuada por 
métodos utilizados no laboratório da 
Divisão de Geociências doCEPEC (16). 
A acidez trocável (H + AI) foi deter­
minada pela técnica desenvolvida por 
Yuan e Fiskell (21). A CTC efetiva do 
solo {oi obtida pela soma de bases tro­
cáveis com a acidez ex traída por solu­
ção de KCI (4.), O incremento no teor 
de cálcio trocável do solo (tlCa), após 
a calagem, foi considerado como aci­
dez to tal neutralizada, sendo a neutra· 
lização da acidez trocável avaliada pela 
diferença en tre alumínio ex istente an­
tes e depois da calagem (tlAl). A fix a­
ção de P no solo Coi determinada segun­
do O método de Fox e Kamprath (7), 

RESULTADOS 

A Figura 2 mostra os efeitos da ca­
lagem c da aplicação de fósforo no 
crescim en to do cacaueiro. A adição de 
calcário provocou incrementos signifi­
cativos (P < 0,01) na produção de bio­
massa de plântulas de cacau quando o 
índice de saturação de alumínio (AJ%) 
do solo foi maior do que 50% (solos 4 
e 5), sendo este efeito intensificado em 
presença de fósforo. 'as amostras com 
AJ inferior a 50%, a adubação fosfata· 
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Figura 2 - Efeitos da calagem e da aplicação do fósforo no desenvolvimento de plântulas 
de cacau em seis ultisols da Região Cacaueira da Bah.ia. 
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da produziu maior desenvolvimento do 
car.aueiro do que a calagem, não se vc­
rificando difercnças significa tiva entre 
as doses de P empregadas. 

Nas amostras do solo que apresenta­
ram respo tas do cacaueiro à aplicação 
de calcário a melhor dose do corretivo 
situou-se em torno de 25% da necessi­
dade detenninada pelo método SMP 
(Figurd 2). Doses superiores a essa 
quantidade retardaram o crescimento 
das plântulas de cacau , provocando de­
ficiências de micronutrientes. especial­
mente zinco, em quase todos os solos 
utilizados no experimento (Figuras 
2 e 3). 

O efeito da ealagem nas propriedades 
químicas do solo e na absorção de nu­
trientcs pelo cacaueiro está sumarizado 
no Quadro 2 e Figura 4. Durante o pe­
ríodo experimental, a calagem não 0-

casionou modificações nos teores de 
carbono, nitrogênio, potássio, magné­
sio e micronutrientes (Fe, Cu e Bo) do 
solo e, portanto, os dados obtidos não 
são apresentados. 

A aplicação de doses crescentes do 
calcário neutralizou progressivamente 
O alumínio trocável e elevou o pH do 
solo para os valores esperados de 6,3 e 
6,5. Deve-sc notar que as menores 
quantidades do corretivo reagiram 
principalmente com o alumínio e as 
doses mais altas com a acidez não tro­
cável do solo. A dosagem equivalente a 
25% da necessidade detenninada pelo 
método SMP neutralizou quantidades 
aproximadamente iguais (.:lA1 / 6Ca = 

0,58) de alumínio e acidez não trocá­
vel (Quadro 2). 

A calagem aumentou o teor de 
cálcio e reduziu os níveis de zinco e 
manganês do solo e de folhas e raízes 
do cacaueiro, em fu nção das doses 
aplicadas. O maior acréscimo no nível 
de cálcio ocorreu entre as doses de 25 
e 80% da necessidade de calagem 
detenninada pelo método SMP, que 
correspondeu aos maiores decréscimos 
nos teore ele zinco e manganês (Figura 
4a, c e d) . O fósforo, no solo e nas 
raízes das plântulas, apresentou pe­
queno decréscimos devidos à adição 
de doses crescentes de calcário, não se 
verificando influência desta prática no 
teor de P em folha do cacaueiro. A 
adubação fosfatada incrementou o 
teor de P tanto no solo corno em 
folhas e raízes das plântulas de cacau 
(Figura 4d). 

DISCUSSÃO E CONCLUSOES 

Tanto a acidez quanto a deficiência 
de fósforo limitaram o desenvolvimen­
to do cacaueiro no solo estudado, veri­
ficando-se uma interação calagem x 
fósforo em função do índice de satura­
ção dc alumínio (AJ%). as amostras 
com AI maior do que 50%, o cresct. 
mento máximo do cacaueiro, medido 
em tennos de produção de biomassa, 
foi obtido na dosagem de 25% da ne­
cessidade de calagem para elevar o pll 
do solo para 6,4 (SMP), especialmente 
quando em presença de P (Figura 2). 
A I::elhor dosagem do corretivo, qut. 
micamente equivalente a 1,5 vezes o 
teor trocável de AI, neutralizou cerea 
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Figun 3 - Crescimento de pl§ntulas de cacau e deficiências de miaonumentes em 
função de doses crescentes de calcário. C =doses do corretivo (O, 15, 25, 80 e 100% da ne­
cessidade de calagem pelo método SMP) ; Pl = Oppm P, P2 =20 ppm P, P3 - 100 ppm P. 
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Figura 4 - Efeitos da calagem no teor de Ca. p. Zn e Mn do 9010 e em tecidos do cacauet-
10 (as barras verticais mostram a dispersão dos dados analÍticos). 
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QuadJo 2 - Efeitos da ca lagem no pH , alumínio trocável e na re lação entre alumínio e acidez total neutralizada (Ml l t:ca)+. 

Equivalen t e ~plicado de calc lÍ rlo baseado no l:Iétodo SHP pH 6.4 (\) 

So l o O 15 ZS 80 100 

pH AI pH AI 6A1/6C. pH AI 6A1/6C. pH AI bAl/ec. pH AI 6A1/6C. 
~ 

I '. 3 1.4 S. ' 0 . 6 0,89 5,6 0,1 0,63 6.3 0,0 0:02 6,5 0.0 0,0 i'l 
Jõ' 

1 4,5 2.0 5.1 0 , 5 0,19 S,3 O, I 0.45 6.J 0,0 0.02 6, 4 0,0 0,0 ~ 
3 4, 7 5.0 5.2 :: • 1 0,83 5,3 I ,5 0,67 6,0 0,0 0.11 6.3 0,0 0,0 s 

i: 
4 4 ,1 l.O S. Z 1 • :! 0,"5 5.5 0.6 0,55 6,1 0,0 O. I 5 6.5 0.0 0,0 " 
5 ,\,0 8.0 5,0 4,8 O .9 1 S. Z 1 . 8 0.11 •. 0 0,0 0,28 6, ' 0,0 0,0 ~ 

" S 
6 4 ,0 2.3 5,4 O " , 0.6" 5.i 0.0 O . 4 ~ •. 3 0,0 0,00 6,5 0,0 0,0 i: 

Média 4, I .\,6 S,2 1,1 0,8 1 5,4 0,9 0.58 6.2 0,0 0.11 6,' 0,0 0,0 

ValoTe$ do alum l nlo ~$tão expressos em mbq/JOOC do solo. 
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de 80% do alumínio do solo (Quadro 
2). Kamprath (10) afirma que a ilpli­
cação de calcá rio baseada no a lumínio 
trocável do solo é a melh or alterna tiv a 
para tiolos de regiõc tropicai~. ~ a5 a­

mostras com AI% menor do qlH' ;'0%. 
a adição de fó"foro na dosagc lIl de 
20 pprn de P (YO kglha 1'205 ) o l'asio­
nou maior incremento de ma&~a das 
plântula- de cacau do que a calagem 
(Figura 2). ~mbora o ' dados não te­
nham sido mo,trados, a aplira~ão de P 
não modificou o teor de alumíni o lro­

clÍvel do solo. Em ambos os c3õü". a a­
dubação fosfatada aumentou o leor de 
P no $0 10 e em tecidos do carilll ciro 
demonstrando que o. resultado. da in­

teração caJagcm x fósfo ro,;e d ~\"f'm à 
neutralização do alu mín io tóxil' o e 

maior suprimento de 1', nos solo. com 
AI superio r a 50%, c apena~ ao maior 
suprimento de P nos dcmai :; :501 os. 

Na maio ria das amos tras do solo , 3 

incorporação de calcário I:m quanti­
dades superio res a 25% ,Ia nece:;:;ida-

de de terminada pelo mé todo MP 
(iguai ou superiores a 80% SMP) ini­
biu o desem'olvim ento do cacaueiro_ 
Comparação dos dados ilu strados nas 
Figuras 2 e 4 indica que o decréscimo 
observado na produção de biomassa 
das plântulas de cacau coincidiu tom 
lima diminuição na a ], o rção de man­
ganês e. principalmente, zinco. A defi­
c iência de Mn e Zn se manifes tou quan­

do o ní " .. I dessc elementos nas folhas 
do cacaueiro decresceu para valore~ 

inferiores a 1000 e 70 ppm , respecti­
vamente. que equivalem a uma quan­
lidade menor do que 5 ppm no $010 

(Figu ra 2). Loué (11), na C05ta tio 
,\I arfim , encontrou teores variáveis dr 
zinco entre 20 e 120 ppm e de manga­
nês enlre 192 e 528 ppm em folhas 
normais de plântuJas de cacau. anchcz 
e Kampra th (14) c Wcar (20) tambélll 
encontraram efeitos depressivos da 
sobrecalagern do solo na produção de 
alguns cultivos agrícolas devidos à de­
fi~ iêne ia de micronutrientes. 
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RESUMO 

Plântulas de cacau da variedade Catongo, cultivada em vasos plásticos con­
tcndo 5 kg de solo. foraJII submctidas a cinco doses d calcário e trê de fósforo. 
O 0 10 usado pertence à unidade Vargito, class i fi~ado corno Typic Tropudult de 
acordo com a 7a. aproxima\:ào americana. A cal agem foi efe tuada com base na 
quantidade necessária para elevar ° pH do solo para 6,4 (método SMP). Todas as 
parcelas foram adubadas com 100 ppm de N, 100 ppm de K, 27 pprn de " 
30 ppm de Mg, 5 pprn de Fe e I ppm de Zn, Mn. Cu e Bo. 

A acidez do _0 10 c a defi dênc ia de fósforo limitaram ° Crescimento do ca­
caueiro n O '0 10 estudado, verific8ndo-se urna interação entre estes fatores em 
função da !<U tura~ão de aluminio. A calagem provocou acréscimos significativos 
(P < 0,01) n3 produção de biomassa do cacaueiro quando a AI Coi maior do que 
50%, sendo este efeito mai pronunciado na presença de fósforo. Nas amostras 
com AI menor do que 50%, a aplicação de fósforo ocasionou maior incremen to 
de biomassa das plântlllas de cacau do que a calagem. 

1 a maioria dos casos, a incorporação de calcário em quantidades uperiores a 
25% da ne~essidade delenninada pelo método SMP oca~ionou distúrbios nutri­
cionai no cacaueiro, que se manifestaram por crescimento retardado e apareci­
mento de in torn as visuais de deficiências de micronutricntes, especialmen te 
Zll1co. 
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