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INTRODUCTION

Only a small percentage of the flowers produced by a
cacao tree develop into fruits, this percentage varying in
the different countries, but‘hzid;n passing 5%. Van Hall
(5) cited the following figures: 1..% (Jones), 4.3;» (v. Hall),
1.8% (Harland), 5.7% (Stahel),

Dropping of the f{lowers is not due to a defective consti-
tution of the ovary or of the pollen, but probably to lack of
pollination. It may be assumed that the ma ‘ority of the eacao
flowers never receive sufficient pollen to develop into a
fruit,

An increase in production might thua be effected if this
percenta;e could be increased. To achic ;;‘this a knowledge of
the mechanism of pollination is necessary,

Larly workers were conte.t to suggest that self-pollination
occurred either in the bud or w1tp the aid of wind. These theo=-
ries have since been larygely désé;;dod’because the former ase
sumption was not founded on facts, while the {lower-structure
and stieky nature of the cacao poilen mak.: wind pollination
unlikoly.v

The discovery of self-incompatibility, in 1931, brought
out the importance of the ways in which the caca. flowers are
pollinated and made investigation on the subject urgent.

Altho izh evidence on the methods of po:'lination has ac-

cumulated, it is still not conclusive, That cross-pollination

occ irs, and that both crawlins and flying insects are involved,
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has been definitely indicated, but comparatively little is
known regarding the actual agents of pollination,

Investigators in the different cacao producing countries
have found different insects to be involved in pollination,
The insects are, however, limited to a few groups, comprising
but a few speclies of aphids, thrips, ants, and a Ceratopogonid
midge,

The lack of agreement on any particula} insect as the
major agent of pollination of cacao necessitates investigation
of the subject in each country separately. This work is a
study of :actoro influencing pollination, and is intended to
¢ollect evidence regarding the agents of pollination in Costa
Rica.

As no work has been done, to the knowledge of the author,
on the iime the gacao pollen remains viadble, and he thought
this important, especially with regard to cross-pollination,
he carrioed out some experiments to determine this. Further he
thought this important in breeding programs where pollen might
have to be transferred from one country to another for erossing

purposes,
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VIEW OF LITkRATU

Opinions are divided as to the method of pollination.
De Haan (4) wrote that insects are of minor importance as
pollinating agents in Java, and that pollination takes place
with the aid of wind. Van Hall (5) believed wind to be one
of the most important pollinating agents and stated in sup-
port, that the number of flying insects visiting the cacao
flowers, both in Surinam and in Java, was exceedingly small.
On the other hand, he mentioned that pollen falls from ;hb
hinging flower rather easily Qhon the flowbrs are ;;:L;;.

No experimental evidence¢ was, however, accumulated by them
to support their belief, so that these can be classified as
Just personal opinions. ) .

Harland (7) and 3Stahel (12) have giown on and shgken
flowers to simulate wind action, but have ncver transferred
po.len to the stigmas in this way. They both concluded that
insects are the pollinatin- agents. Stahel indicated that‘
ants, aphids, and an-unidentified fl:ing insect were the
likely poilinators,

Voelgksr (13) reviewed the literature on pollination up
to 1937. He indicated ants, thrips, and aphids as the insects
responsible, theée being the only insects found in large
numbers in the flowers,

Cope (2), i{n Trinidad, followed the trends of fruit-
setting and of insect populations in the flowers of self-

sterile and self-fertile trees. ke did not find anyb



significant difference in the inseet population of the twe

sypss. The ocorrelation between aphids (Igxoptera aurantii
B. de Fona) and fruit-settin: was negative; that between

ants (Yagmanpis auropunctate Reg.) and shrips (fraakliniella
pArvula Hood) positive. . He pointed out that the correlation
between :ints ind fruit-settin: on self-sterile trees was
probabl; an anoualy. This also caste doubt on the aignifi-
cance of tha eorrelation betwsen thrips and setting.

Voelaker (l4) concluded that at least 254 of the fruit-
setting on self-fertile trees at Ibadan, Higeria, was the
result of ceross-pollination, provided that the trees were
uniformly surrounded by others. kHe soncluded fur her that
eross-poliination prouably Lakes plass Latween neighbouring
trees. This is at variance with Cope's (3) cunclusion,
that in Trinided, self-aterile trees are not dependent om
thelir imssedliate neighbours for fertile pollen.

In Trinidad, Voelaker (15) estimated up to 50% of croas-
pollin:ition on self-campatible trees, using Harland and
Frecheville's (6) hypothesis r«garding the genetics of axil
spot. The variation between results in Nigeria and Trinidad
indicates a difference in the ofrectiveﬁoal of the cross-
pollinating agents.

’osnette (9) found swo species of Crematogaster ants
pollinating cacao in the Gold Coast, but also showed that
flying insicts were respoansible fur at least half the fruit-
setting on the experiaental trees and concluded that these
flying inseets were more effective pollinators.
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Billes (1) conducted experimeats which indicated that
wind and water are not pollinating agents. He investigated
the insects associated with cacao flowers in Trinidad and
confirmed earlier findings that sticky bands have little ef-
fect on fruit-setting. He expressed doubt that aphids played
an important role in the pollinatiom and setting of fruits,
He stated further, that although thrips action might result
in some self-pollination, it was doubtful that they carried
sufficient pollen to cause cross-pollination. The thrips
population showed marked seascnal variation, Further he drew
atteation to the Ceratopogonid midge, Forcipemyia sp., which
Posnette (1l1) called the most important coantribution to the
literature on the pollination of cacao flowers.

Posnette (11) concluded that Forcipomyia was responsible
for most of the effective pollination of cacao flowers 4in
Trinidad.

luntsig Arne (8) stated that aphid-visited flowsras were
better pollinated in iZcuador than flowers not visited by
aphids.

HATERIALS AND METHODS

Location of Investigations

The investigations were carried out with materials from

two locations namely El1 Chino experimental plot and La Lola
rarm,

El Chino: This is an experimental and demonstration
cacao plot consisting of eight clones of the United Fruit Co.
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selettions. The trees are about four years old. It is
loecated at Turrialba on the Institute grounds near the
Reventaszon river at an elevation of approximately 600
meters. The total rainfall over the year 1949 was 3255.1
mm, and the average tonboraturo 22.3° C.

La lolg: This farm is located near lMadre de Dios
some 55 kilometers from Turrialdba, in the Atlantic coastal
lowlands. Prior to 1948 this was a commercial cacao farm,
The magority of the cacao tress are between 32 and 34 years
of age., The total annual rainfall for 1949 was 402,;.63 =mm,
Elevation of the farm is from 2, to 56 meters.

Germinating tests werse carried out in the Institute

laboratory.

Water and Wind Pollination
Examination of dew water in the flowers and of water

accumulated in the flowers after rain was done by aﬁﬁrbaching
the drop with a dry microscope slide and totiching it with
the slide to transfer the water from the bottom part of the
drop to the slide. The slides were then taken to the lubo-
ratory for exsmination to determine the presence of pollen.
Stickiness of pollen in the antherg: To determine the
degres of stickiness of the pollen in the anthers, open
anthere, full of pollen, were placed under a dissecting micro-
seepe and elamped firmly with the four pollen sacs pointing
upwards, Someone them blew on the anthers horizontally ae

gainst the pollen, while the behaviour of the pollen graino
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was watched eenstantly by the observer throeugh the micre-
seope. The blowing was done softly at first, then harder,
and finally imn seft and hard puffs.

Hand Pollination

For a proper understanding of hand pollination, the
structure of the cacao flower must be considered. This 1is
also of importance when considering wind pollination,

Struct of the gacao flower: The cacao flower is pen-
tamerous with five, white or rosy coloured sepals and five
petals. The petals hLave a very peculiar form, consisting of
a basal, cup-shaped part, to which is attached a ribbon-
shaped ligule spatulate at its end. The basal part is white
or rosy with three dark carmine ridges running longitudinal-
ly on the inside, Ths center ridge starts higher up in the
cup. The ribbon-shaped part is yellowish. The five stamens
are arranged alternately with five staminodes., The sta:ens
and sta:inodes are united at their base to form a tube. The
awl-shaped, hairy staminodes are dark carmine coloured a.d
protrude above the petals and the pistil like five little
horns. Th: five stamens are whitish, much shorter than the
ntaminodea and reflexed, so as to hide the anthers in the
cup-shaped part -f the petals in such a way, that the anthers
face upwards in spite of the natural downward position of the
flowers. Lach stamen bears two 2-celled anthers. The ovary
is superio;, comprising one compound pistil with five indis-

tinct stipmas more or less coalesced.
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Techniqueg: Whenever artificial pollination had to be
done the open flowers were removed the day before the ;o0llie
nation was carried out, with a twofold purpose: (i) to have
fresh flowers for the tests and (1i) to assure that no
flowers already pollinated the day before were included in
the tests, This last precaution was of great importance as
the flowers were in no way protected to avold natural polli-
nation.

To carry out artificial pollination, the petal was
;inched 16656 from the receptacle at the Jﬁggkléghwith lh;r
pointed forceps, then carafully lifted from the stamen 8o as
not to lose more pollen than necessary. Once the stamen was
free, this was pinched off and the anthers rubbed against
the stigmas. When necessary, several anthers were used, until
the pollen could be observed with the naked eye. This, though
it increased the édcurady, could sometimes be misjudged when
the stigmatic lobes separated, but was the mnost accurate way
transference of pollen could be effected and jﬁdged;

In selfing with pollen of the same flower, the anthers
of tha same flower were used. In cross-pollinations the
anthers came from a different flower.

Collection of Insects

In collecting insects to determine the insect population
in the cacao flower, the followin:; method was used: A wide-
mouthed bottle, containing 80» alcohol, was held under the
flower without disturbin; it in any way. The flower was then

rapidly cut off with a pair of scissors at about the middle
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of the pedicel, and on falling into the alcchol, the l1lid
was replaced rapidly on the bottle, Lach sample collected
for insect counts consisted of 10 flowers.

The samples were taken in 2 different sections of La
Lola; section §#7 consisting of upruned trees, and section
#1 with pruned trees. Fortnightly collections were made
consisting of 5 samples in each section., The samples were
taken fortnightly because the life cycle of Frgnklinjellas
parvuls Hood is about 14 days. The collections for the
general insect counts were always made at about 10 a. m,

3ome colleetions were made at about 7 a. m., 12 noon,
and 5 p. m. to find out if the density of insect population
in the flaowers differed at different times of the Jay. In
this case 3} samples of 10 flowers each were taken at each
time.

After the sauples were obtained they were taken to the
laboratory and the insects carefully separated from the
flowers, grouped by classes, and counted. It was observed
that very ssldom an insec¢t remained in the flower itself, all
floating in the alcohol, so that a dissection of each flower
was discontinued and only a superficial examination of each
carried out., If any insect was present in the petal cup,
this could easily be obser-ed as it stood out as a dark spot

against the cup.

Germination of Pollen

The pollen used in the germinating tests was collected
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from clonal trees in El Chino,

Collection of sa pleg: The samples were collected at
‘about 9 a, m. On the'proceding day, all open flowers were
re-oved from the trees selected for sa.pling. Each sample
couﬂained 3 flowers, which were placed in a test tube and
taken to the laboratory. The tost tubes were loft open all
the time,

Agar preparation and arransement of experim : Several
media were tried before the tests wsre set out. A saturated
atmosphere gave a good but low percentage of germination,
Liquid water failed to give any -erwination, either pure or
as an ex:ract of macerated stigmas and styles. Two percent
agar with 55 sucrose jave excellent ger.lnation, but come
mercial white surar was used and'as this may contain contami-
nations, 1t was decided not to use it in the tests., It was
finally decided to use 2% acar and 5% dextrose which gave a
good germination,

After the agar-dextross was prerared it was put in
srlenneyer flasks before sterilization, For each experi.ent
anvther flask was used since it had been noticed that continu-
~al boiling to liquify the azar for setting up the tests could
have a detrimental effect on ger i-ation.

To prepare th- a ar for setiing out the poilen samples
for germination, it was boiled sons lLours before, then poured
on & slide and covered with ancther so as to ootaln an even,

flat surface to deposit the pollen on,
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For sach test, a small square of a;ar was cut out and
put on a slide, Thern a stamen was removed from the flower
and touched slightly en the azar so as to deposit pollen.

If necessary, several anthers were used. The samples were
then put into covered petri-dishes to avoid fungus contami-
nation. After at least 3 hours a germination count was made
of the samples, |

In counting, a distinetion was made between the grains
with a germination tube longer than 1l pollen grain diameter
and those grains with a germination tube shorter than 1l
pollen grain diameter. In the analysis, however, the total
of the two was used,

Three sets of experiments were laid out. In the first
test, a random pollen grain sample was taken to deteruine the
germination life of the pollen., Eaech flower sample oonsisted
of 3 individual flowers from three different clones. The
design of this experiment was that of a randomised plot-lay-
out with six treatments and five replications. Taking 7 a. m.
a8 the time the anthers are eompletely opsndd in E1 Chino,
the actual time falling somewhere between 5 and 7 a. m.,
sauples unr§ put in it 7 a. m., 7 p. m,, ote. giving a time
interval of 12 hourc between treatments. The treatments
included pollen 12, 24, 36, 48, 60, and 72 hours old. Tﬁil
experiment was duplicated one day later.

The second test was similar in layout, but here the

treatments used pollen 36, 48, 54, 60, 72, and 78 hours old,
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The third set of experiments was a test of pollen via-
bility differences between clones, laid out as a 3 x 6
fagtorial experiment with 3 clones: 613, 11, and 12 and eix
a-es of pollen as in experiment 1, Four replications were
used for each clone. The "clones™ 1l and 12 are not pure
clones, but in this experiment are referred to as clones.
The implications of this are discussed later. This experi-
ment was repeated.

RESULTS: AGENTS OF POLLINATION

In considering the agents of pollination, the assumption
h#d to be made, that pollen of a flower can cause pollination
in that same flower. To check this assumption, hand polli-
nations were carried out., of 32 flowers selfed in this way
on several trees, 26 develaped into fruits, giving a total of
81.25 .

Cross-pollination between a self-incompatible tree and
& self-compatible tree, using the self-sterile tres as male
parent was s:.own to be possible. Of 25 flowers pollinated,
1} developed into fruits i.e. 52 .
Water Pollination

dxamination of dg:‘;ltor or rain water for pollen showed
that pollen soldoa floats from the anthers to the bottom of
the drop and never a sufficiont amount to cause pollination.
Of 50 slides examined for pollen (25 from dew and 25 from rain
drops) L5 were without any pollen grains and in the remain-

ing 4 only 8, 16, 11, and 13 grains weres counted respectively,
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wind P i

Shaking 100 flowsrs without protacting them against
natural pollination resulted in 3 sets i.e. 3 e

Blowing against flowers froi different directions re-
sulted in 4 % setsting (100 flowers with L sets).

Blowing horisontally from a flower held at about 1 foot
at the same lsvel of the flower to be taested, resulted in
L % setting (100 flowers with 4 sets).

Blowing against antliers under the mieroscope never re-
sulted in pellen leaving the anthers.
Insect Pollination

Tables 1 and 2 show the distribution of insects found
in the flowers Ever the period May-November 1949 in La Lola.
Thrips (Erankliniells sp.X) are by far the most common
insects in the cacac flowers, followed by ants.

TABLE I, INSZCT TENSITY IN CACAC FLGWERS IK

LA LOLA OV.:R THi PERIOD NAY-NOV.1949
3cCTION I PRUNZD TRLES,

- Bat

3 - I r t owers :
H : : : - : er H
3 _Date Thripg : Agtg : Flieg :ingects :
126« g-h9: Lee6 i 0,0 ¢ G0 1 G2 :
: Qe 6=49: L.8 : 0.8 : (.2 : C.0 :
123~ 6<49: 2,0 ceu 8 UeU 1 e :
P 7= 7=49: LB ¢ 1.5 1 0.2 ¢ (LU
ek~ 7=49: leO @ e 2 CoeU ¢ (WU :
117~ 8a49: 29,5 Ued ¢ 042 &t .,0 :
i 8- 9=49: 17.2 G.U ey ¢ LG :
122- 9=49: 3.2 G.8 0,2 : C,2 $
© T=10=49: 28,7 .U 1t G.0 ¢ 0.0 ¢
:21-1C=49: 116.0 : C.3 : GO ¢ 0.3 :
P 4=1ll=49: 25.7 : UeO & 0.0 : (.0 :
:17 11 49: 19.3 : GC.3 : 0.0 : 0,3 :

Xldentification done by USDA Bureau of citomolo y and Plant
Quara:tine. Une sp cies of thrips of baoth sec<es,
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TABL. 2. INS«CT DuuSITY IN CACAO FLOWLRS IN
LA LOLA OVER THE PRIOD MAY=NOV,1949
SECTIUN VII UNPRUNED TREES,

Aver:ge number per ten flowers
ther

Date : Thrips : Ants : Flies :Insects @

o oo oo oo o

126~ 5-49: 40.8 ¢ 0.0 : 0.0 : 0,8 :
123= 6=49: 3.0 : 0.6 3 0.2 : 0.2 :
M 7" 7"‘&9: 8.2 $ 0‘6 H 1.2 H 0.2 H
:22" 7"9’ 508 . 0.0 H 002 : 002 H
122- 9=49: 5.6 H 0.0 ¢ 1,6 : 0.0 :
: 7=10=49: 74,7 H 0.0 s 1,7 t 0.3 :
121-10-49: 121.0 3 0.0 : 1,3 : 0.0 :
¢! L=ll=f9: 15.3 : 1.3 : 1.0 s 0,0 :
t17«14=498 14.7 : 1.0 : 1.0 : 0.0 H

| Unfortunately, the ants were not divided up into dif-

ferent species so that the larger black ants as well as the
small red ones are included. lLikewise, the flies were not
divided up into specises or genera so that their number gives
only an idea of the flying insects visiting the cacao flowers.
Some answered the description of Forcipomyja given by Billes (1).

In the column "other insects”™ are 1ncludoﬁ those coumonly
encountered such as nymphs and adqlts of Jassids and Membracids
plus small spiders, but these were usually present only on the
flower stalk.

The density of the thrips showed a close correlation with
flushing as shown by the graphs 1 and 2. The flulhing percentages

represent averages from 50 trees in each section, the averages
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TABLE 3.

being determined from visual judgements classified as §,
25, 50, 75, and 100 % flushing for each tree.

The insect population showed a variation at different
times of the day only in the case of thrips, see Table 3,

DisNSITY OF INSECTS PER 10 FLOWERS AT 7 a.m., 12 NOON
ARD 5 Pelle AT LA LOLA.

? : Other

o0 oo 60
e Re oo

:
: Thr ts H F $ H
Date $ H

:l

3-6-49117.3 52.5 26.5:2.3 6.5 0.0:0,0 0.0 0,0:0.0 6,0 0,0:
116-6-49: 5.3 3.7 10,7:0.0 0.0 0.0:0.0 0.0 0,3:1.,3 0.0 0.0:
130=6-49: 1.3 6.3 2,7:1.0 0,3 C.7:0.0 0.0 0,3:0.0 2,7 0.0:
11lh=7-49: 2.7 6.3 6.7:1.7 0.3 0,7:0,0 0.0 0.0:0,3 2,3 0.0:

3

This variation, however does not show a statistically

significant difference.

TABLE 4., ANALYSIS OF VARIANCL Ur Dun3ITY OF THitIrS IN C..CAO
ELOWEAS AT 7 a.m. 12 NOOM AND 5 p.m. AT LA LOLA,
Factor 8.8 D.F. Variance ) 2
Trcatment 4,98.7 2 249.35 1.56
Error 4L793.8 30 159.79
Total 5292,5 32

Because of dpsufficient flowering only 2 samples of 10
flowers each were taken.
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DISCUSSION: AG-NTS OF POLLIKATICN
Water Pollination

In the early morning, especially following clear nights,
the flower is often filled with dew. Pollsn could floa®
frox the petal hood to the bottom of the dew drop which
because of the hanging position of the flower is around the
stigma and staminodes. On drying, the pollen could be de-
posited on the stigma and cause pollination. Estimates of
pollination percentages made by Posnette (9) showed that
pollination does not ocour before 9 a.m., though Stahel as
cited by v, Hall (5) put the time pollination takes place
between 6:30 a.m, and 9 a.m,

Water accumulated in the flowers after rain could effect
pollination in the same way as dew water, Billes (1) esti-
mated pellination before and after rain, did not find any
differences and concluded that raim did not have any effect
either favourable or detrimental,

Direct examination of dew water and rain water in the
flower showed that pollen grains are encountered very seldom
in this water, and never in sufficient amounts to cause polli-
nation, taking ten pollen grains as a minimum needed, Also,
the few grains encountered have a great chance of being de-
posited on the staminodes, instead of on the stigma,
¥ind Poliination

The structure of the cacao flower, especially the form of
the petals and the enclosed position of the anthers, the hairy

staminodes encircling the pistil, further, the sticky nature of



the pollen are strong indications that wind does not play an
important, if any role at all, in the pollination of cacao.

The majority of the investigators exclude wind as a polli-
nating agent., However, some still consider wind pollinatiom
a possibility, e.g. de Haan (4) and v, Hall (5). The experi-
ments carried out proved conclusively that wind does not ef-
fect pollination. The small percentage sets of 3 % and 4 %
in the tests are without doubt due to natural pollination by
insects, as the flowers were in no way protected to avoid
this and the percentages coincide with what is to be expected,
without any interference with the floiors.

Though by tapping the flowers some pollen can, in some
cas :s, be seen falling from the flowers, this pollen is usu-
ally united into clusters And}falla more rapidly than the
single grain diameter suggests. The mean dismeter of the
pollen grain (see appendix F) is 21.hu and falls thus in the
group of good floaters 171-58u as given by ' odehouse (17),
Though the single grains can fl10it thus for a consideradble |
time, the amount of pollen produced per flower is compara-
tively small, and from this amount only a small part ever
leaves the flower unaided by other I.lni. The chances are
further extremely small to negligible that a floating grain
weuld reach a flower and even if it should reach the flower
that it would reach the stigma, as thovotaninodoo would
probably intereept the grains.

The examination of open anthers with pollsn which were
blown against shows conclusively that wind By itself is not
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able to remove pollen graims from the anthers.
Aasest Pellinatien

All the major insects quoted im the different countries
as agents of pollinatien are present in Costa Risa, but their
frequency here is differeat from that im other eountries.
Yorcipomyia sp. was not diroctiy proved to be present, but
indirect evidence showed that it probably plays an important
role here also.

Thrips: The Thrips were vary abundant in the cacao
flowers in Costa Rica over the period of the investigation.
This does net prove that it always is like this, as the
climatic conditions in 1949 in Costa Rica appear to have
been differents from an average yesar, This was evident in
the small flower production of the sacao trees throughout
the year, However, comparing the thrips populstion here with
that of Triaidad over 1938-39 as given by Cope (2), ons ob-
serves that the peaks coingide glosely as far as time of year
is concerned, but the demsity in Costa Risa was abous 48
times higher., Om October 21, 1949 the highest number col-
lected here was 12.]1 thrips por flower as sgainst 25,3 shrips
per 100 flowers in Trinidad oa Octodber 18, 1938. Billes (1)
put the highest number of thrips per 100 flowers in Trinidad
as being over 200, These figures shew clearly that thrtpt
pPlay here a mores importamt role than in Trinidad, at least
in self-pollinatien,

As to howihar they can effo;t cross-pollination is
difficult to determine. According to Billes (1) they
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vibrate their wings prior to flying and by so doing shed the
pollen they carry acattered over their dbody, The truth of
this is not established, However, they do not carry pollea
only on their dorsal side, as pollen was observed quite
often on the abdomen and legs of the thrips. If the thrips
do not shed all their pollen in flying, they can play a much
bigger role in cross-pellination than up till now attributed
to them, About 50% of the flowers fall off before 24 hours
after opening., Of 152 flowers observed, 70 dropped befere
2h hours after opoﬁing (46.3%)e In Trinidad (16) 80% of
unpollinated flowers tall off the day after opening. The
pollen at this time is still viable (see sestion pollen
viability) and the thrips, falling with the flowers, have
at least a 50% chance to reenter a flower on another tree,
and so effegt cross-pollination.

The thrips population shows a eorrolaxion with the
flushing of the cacao trees (graphs 1 and 2), as the young
leaves provide also a major source of food material for the
thrips. Whon flushing is general there is an abundance of
food. This builds up a large population of thrips which
migrate to the flowers after the flushing stops and the
leaves grow older, so we get large numbers of thrips in the
flowers about three weeks after a peak flush, as at this |
age the leaves are hardening up and are not used again as
food yy tQQ thrips.

Ah&!j‘ Ants do not seem to play an important role in
Costa Rica in the pollination of cacao. The highest

number encountered per 10 flowers was 1.6 and a great part
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of these were the big, active, black ants, which because of
tbqlr sise only can be excluded as pollinators of cacao.

The small red ant can effect solf-péllination, but its
frequency in the flowers does not suggests it as an important
pollinator,

Aphids: It is doubtful if aphids play any role as
pollinators here, They occur mainly on the flower stalk and
do not move about to any extent. Only on rare occasions
were aphids actually encountered in the flowers. An indi-
vidual flower c¢ould be pollinated by them, but as a general
agent they are of ne importance.

Plying insegts: Various flying insects were trapped
in the collections, but their role could not be established.

. The method used in collecting the insects was not a very good
one for trapping flying insects. Qn several occasions, a

fly answering the deseription of !g;g;gglz;g was noticed, but
diroct'proof eould #ot be otherwise obtapod of}ita {mportance.
It hqs; however, a characteristic way of depositing the pollen
in ciustcra or streaks on the stigma or style respectively,
which was noticed bof&r. the midge was discovered. Indirect
proof of its presence and imyortance was obtained by using
this fncﬁ, on examination of styles and stigmas of flowers,
about 2C~ showed the pollen in the charmgteristic cluster or
streak. The rest had the pollen scattered over the pistill

- in a manner suggesting thrips action. The scattered pollen
consisted in most cases of a limited number of grains,

whereas the pollen deposited in clusters and streaks was
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always plentiful. This confirms also the available reports
that Forcipomyia is a very effective pellinator,

RESULT3: POLL_K VIABILITY

The data pertaining to the following experiments on
pellen viabllity are added as appendices,

Experiment l1: The results of this experiment are
presented in Tables 5 and 6., Table 6 showing the mean
percentage germination at the different ages. The pollen
showed a highly significant dif erence in gerninating powe£
at the different ages. There ia no significant difference
in viability of pollen of 12, 24, and 36 hours old. The
decline in viability starts at 48 hours, dropping rapidly
at higher ages.

TABL: 5. ANALYSIS CF VARIANC.. OF G.RMINATION OF CACAO
POLL.N AT DIF:-L 1 .uIT AGES,

Factor 3.3, D.F. Variance Fo
Treatments 9006.6 5 1801.33 14.19 **
Error “3045.5 24 126,90

Total 12052,.20 29

TABL.. 6, MZAN PoRCENTAGE GERMINATION OF CACAO POLLEN AT
DIFr_K.NT AGES.

£§p in hours Woean in %

12 48.8
22 b5.5
3 2.4
4,8 27.3
60 17.3
72 5.8

Le3.D, at 1% 1s 19,91
L.,8.D. at 5% is 1,.68
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Sxperiment I-Ai This experiment is a duplicate of
experiment I and was carried out one day later. The results

as shown in Tables 7 and 8 confirm the findings obtained in
experiment I, showing no significant differences in germinat-
ing power 4in pollen of 12, 24, and 36 hours old and a decline
starting at 48 hours.

TABLE 7. . ANALYS8IS OF VAKIANCz OF GLRMINATION OF CACAO
| POLLEN AT DIFFLR:NT AGES.

Factor S.3, D.F. Variance F .
Treatments 4922.67 5 984.53 . 10.24°**
irror 2072,.68 2 86.36

Total 6995.35 29

TABLE 8. MEAN P:RCENTAGT GIRMINATION OF CACAQ POLL..N AT
DIFFERENT AGLS3,

Age in hours Mean in %

12 ~ 31.5
24 37.8
3 30.3
’ :
11.6
12 Yy .
Le3.D. at 1% 1s 16.44
L.3.D. at 5% 1s 12,13
sxpeximent I+I-A combinedi The results of the combi-

nation of oiperinents I and I-A into one analysis (Table 9)
show more clearly that the decline in germinating power
starts at the age of about 48 hours. Further it shows
that there is a difference in germinating power at differ-
ent times, As these experiments were carried out with

only one day interval, it shows that the pollen viability
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fluctuates even from day to day.

TABL: 9, ANALYSIS OF VARIANCE OF Gi:RMINATION OF CACAO
POLL=N AT DIFFuHENT AGES.

Fagtor 3.3, D.P, Variance F
Treatments 13111,.68 5 2622.34 24.60°*
Time 2172.20 1l 2172.20 20,37 »e*
Interaction:

Time X Troat.n. 317063 5 . 163053 1053
Total . 21219.75 59

TABLE 10, MEAN PERCENTAGZ CE’MINATICH OF CACAO POLLEN
. AT D%FFEHENT AG:S, COMBINSD FROM EXP, I
AND -‘o

Age in hours Mean in ¥

12 L0.15
2l L1.65
36 hl.31
L8 18.4
60 1. b
12 hald

L.S.D. at 1% is 12.42

L.S.D. at 5% is 9,30

-Experiment II; This experiment was carried out with a

clossr age interval of the pollen to cheek the degree of
loss in viability of pollen older than 48 hours, but 48
hours still shows to be the critical age of cacao pollen

with regard to its germination power,
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TABLE 11, ARALYSIS OF VARIANC: OF GoRMINATION OF CACAQ
POLLEN AT DIFFERSNT AG:S,

Factor S.S. D.F. Variance F
Treatment 1965.89 5 393.18 8.3*™
Error 1166.30 24 48,60

Total 3132.19 29

TABL: 12, M_AN PLRCENTAGE G.IRMINATION OF CACAO POLL:uN
AT DIFLIIRENT AGLS.

Age in hours Mean in %
36 21.2
L8 22.3
54 10.7
60 L.3
72 4.9
78 2,6

L.8.,D. at 1» is 12.33
L.3.D, at 5% is 9.10

bxperiment 11]l: This experiment was carried out to find
out if there existed any diffcronce between clones with
regard to pollen viability. The results as expressed in
Tables 13, 14, and 15 show a highly significant difference,
the pollen of Clone 12 showing a greater germination power
than either Clone 1l or 613.



TABLE 13, ANALYSIS OF VARIANCE OF GERMINATION OF CACAO
POLLGN OF CIrFFoisNT CLONeES AT DIFFSRSHT AGLS.

Factor 3.3. D.F. Variance ) 3
Clones 2693.29 2 1346.65  10.93*"
Age 658,.33 5 1316.86 10,69**
Interaction. .
‘.. X 6101”. 2775.33 10 277. 2.25 >
bpror 6651,85 Sk 123.1
Total 18703.85 71

TABLE lhk. MEAN PERCENTAGE GORMINATION OF CACAC POLLwLN OF

TABLE 15.

DIFFJRENT CLONu3.

Clones Mecan in %
613 12.16
11 7.39
12 22,08

1% 1s 8.58
’ is 60“

MUAN PERCoNTAGE G.RMINATION OF CACAC POLLIN AT
DIFFURLNT AGES,

Age in hours

Mean in %

26,01
20.15
22,11
10.98

3:80

L.S.D. at 1% is 12.16

L.S.D. at 5‘ is

9.12

g;n,;;!,gg_;;;=gz To check the results obtained in
experiment III this experiment was duplicated one day later.
The results obtained as presented in Tables 16, 17, and 18
confirm the earlier findings with regard to differenees
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between clones and also to differences between ages.

TABLE 16. ANALISIS OF VARIANCE OF GBRMINATiON OF CACAO
POLLEN OF DIFFERUNT CLONuS AT DIFFSRiENT AG:3,

Factor s.8. D.F. Variance ) 9

Clones 2913.95 2 56,98  LU.k2.s
Age 18215.70 5 - 36h3.1k 101.06
Interaction: ..
Clones x Age 2087, 34 10 208,73 579
Error - 1986.47 54 '36.05

Total 25163 ,46 71

TADJ4a: 17 MuAN P:RCENTAGL GIiMINATION OrF CACAO PC. LuN
OF DIFFERENT CLON .3,

(-] n i
9.23
12 24,08

L.3.D. at 1% is 4.63
L.8.D, at 5% 18 3,47

TASLL 18. MsAN DSRCENTAG. GL-MINATION OF CACAO POLL:N AT
DIFFLRSNT AGsS. -

Age im hours Mean in %

12 49.00
3 13.54
48 9.62
60 4,09
72 0.43

L.3.D, at 1% 18 6.56
Les.D. at 55 43 4.92

cxperiment III III-A combined: The combination of
these two experiments into one analysis of the data as

presented in tables 19,20, and 21 eonfirms the earlier
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findings. Comparing these results, however, with Table 9
the striking difference is the lack of significance in the
time factor. ”

TABL: 19. ANALYSIS OF VARIAKCE OF GLIMINATION OF CACAO

POLL:N OF DIFF.L:iNT CLONGS AT DIFFnRoNT AGES
AND DIFFLi=NT TInis,

Factor $.3. D, F. . Variance r,

Clones 519L 24 2 2597.12 32.62..

Time 78.33 1l 78.33 -

Interactions:

Clones x.Age 2803.83 10 280,38 3.52¢0

Clonel X Time 13,00 2 206,50 2.59
2057.88 10 205,79 2.58 .o

urror 8598.33 108 79.61

Totel L3945,64 143

TABL. 20, MioAN FoROLiTAGLD GLiHINATION CF CACAO PO_LLN OF
DIFFZRENT CLUN.LS OF LXP, III III-A,

Clones Mean in %

613 10,70
11 10,05
12 23,10

LQSQDO .t 15 1. ‘0"
L.S.D. at 5% 18 3.61
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TABLE 21, M_AN PSRCENTAGL GERMINATION OF CACAO POLLEN OF
DIrPaRLlT AGL3 OF aalSRLoKTS IXI+III-A.

Age in hours Mean in %

12 37.50
2 17.79
3 17.83
L8 10,30
60 3.73
72 0.51

L.3.D. at 1’ is 6076
L.S.D. at 5% is 5.11

DISCUSSION: POLLEN VIAB

The percentage valuss by themselves are of no great
importance in these experiments, as another medium may give
oﬁhor vilues, and the artificial germination probably does
not duplicato the process of natural germination on the:
stigmas.,

The 1nt.n;ion was not, howavoé, to obt;in germination
values as such, but to arrive at comparative values. As
such they are valid and general conclusions can be drawn
from them, ' - |

As shown in Table 22 and 23 the pollea grains show a
viability up to 48 hours, after which their germinating
power declines rapidly. In general as shown by Tables 22
and 23 for the significances pollen of the age of 12, 24,
and 36 hours have the same germinating powsr. Table 23
shows pollen 12 hours old to have a highly significant
difference over pollen 24 and 36 hours old, but this might
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be due to a time variability in germinating power of the
pollen at the different ages as exrressed by the significant
age x time interaction (see Table 19) though this interaction
failed to be significant in axperiments I and I-A (see Table
9). However, even in this case where the 12 hours pollen

was significant over 24 and 36 hours, the latter tvwo ages
kept their position relative to the higher ages as in the
other experiments,

TABLE 22, OIGNIFICANT LIFruii.iCo8 IN GERISINATION FUWER CF
CACAO POLLEN AT T1¢FL-XNT AGES COF unXpP, 1, 1I,

AND I 4 I-A.

12 .. 48 60 72 e 48 60 T2 e 48 60 72

2h o L8 60 72 e LB 60 72 s LB 60 72

36 . 48 60 72 % 48 60 72 e 48 60 T2

gg . 72 oo o ';%
R [ )

TABL: 23, SIGNIFICART DIFr...L.C.S IN G=ZRMINATION IPC "R AT
DIFIRUNT AG:S OF LAFP, 111, IlI-A, AND I1I$III-A,

Age =Xpe ITI 2Xp. III-A Lxpe III4III-A
Sign. Inferior age Sign. Inferior age Sign. Inferior age

12 e 48 60 72 se 2l 36 L8 60 72 ee 24 36 48 60 T2

IR ') 60 72 e 60 72 oo L8 60 72
. L8 . L8

36 'Y L8 60 72 e 60 T2 o L8 60 72
L

L8 .. 72 e 72

. 72 . 60 . 60
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Germination of forty eight hours old pollen shows
significanco over that of 72 hours old pollen, At 72 hours
we can eoneider that the pellen definitely has lost its
viability. Pollen at this age shows a small percentage
germination which may be due to latent viability or
gerninatioa in the anthers previous to ¢ulture, the latter
deing probably the major fastor.

Regularly, in the early morning, dondensation was
noticed within the test tubes containing the flower samples,
This suggests a saturated atmosphere around the flowers and,
as previously mentioned, some germination can take place in
& saturated atmosphere. No attempt was made to estimate
this germinatien, as tho influence of concentrated or
artificial light on the germination of the pollen grains was
not known. Exposure to this light would have been unavoidable
if the microscope was used to estimste the germination in the
anthers,

TABLE 24, SIGRIFICANT JIFFsRENCZ3 IN GIRMINATION POWZR OF
CACAO POLL&N AT DIFF....ENT AGULS OF .:XP, II.

Age Sign. Inferior Age

36 oo 60 72 78
. Sk

L8 ) 60 72 78
s 54

Table 2, indicates that pollen older than 48 hours
shows such a decline in germination power that, though

small percentage germinations are obtained at higher ages,
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these can be disregarded for all practiscal purposes.

Thess results open a possidbly ainor, but dotinito‘ﬁy
mew aspect in cross-~pollination. Crawling insects in this
light are not entirely excluded as coross-pollinating agint:.
When the unpollinated flower drops before it is 36 hours
old, as happens with over 50% of unpollinated flowers, and
cravliné insects are present in the flowers, they could
reach another tree and cause cross-pollination.

Their potentiality as cross-pollinators will depend
on th; role the crawling insects play generally as pollinators
in the couniry concerned. This may explain why Voelcker (1l4)
in Nigeria, did not consider the distance over which pollen
48 carried to be far, and considered one guard row sufficient
4n clonal blocks to avoid cross-pollination, whereas Cope
(3) concluded in Trinidad, that self-sterile trees are not
dependent on their immediate neighbours for fertile pollen.

Table 9 shows that there exists a difference in viability
of the cacac pollen at different tiues, As this sisnificant
difference was arrived at with only a one day interval in
time, its importance acquires added value. Though the time
factor failed to be significant in Table 19 this does not
unde the value of the significance earlier mentioned, as
the time interval here also was one day, a very small time
interval, and these experiments were carried out about one
week later than experiments I and I-A, It rather stresses
the time variability in germination of pollemn, in that at
some periods the germinating power does not change much,

whereas in other periods it fluctuates considerably,
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In Trinidad it was noticed that there exists a period
during which no pollination takes place called "crasy
flowering." Posnette (9) noticed a similar phenomenon in
the Gold Coast in Marech 1940, and observed that hand-
pollinations also gave poor results during this period.

He concluded that this was possibly due to eclimatic factors
effecting abscission of flowers. It is also possible,
howsver, that the pollen at this time is not viable or
poorly viable, through climatic or other factors,

Different clones show a difference in viability of
their pollci. This, however, doss not extend to differences
between self-eompatible an& self-ineempatible clonc¢s (see
Tables 14, 17, and 20). Clone 613, which was used in the
experiments is a self-incormpatible clone and doea not show
any difference in germination from the self-compatibles 1ll.

The clones 11 and 12 are not pure clones. In their
original selection, 4 mother trees were used for the
establishment of each clens. However, it was not considered
of much importanes in our work, as the chance is great that
~ at least 50% of the trees in E1l CMino came from one mother
tree. As only a few of the trees were used to collect the
samples, it can be considered that most pollen came from
one original mother tree, The results, showing the constant
highly significant difference of 12 over both 613 and 11,
adds value to this assumption.

Gven if the samples were a mixture of pollen of 4 mother

treas, it still shows that this group of mother trees produce
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a more viable pollen, under the gpecific conditions, than
the other clones and that there exist viabiiity differences
in pollen between clones. This might prove to be a factor
worth while considering in future selections.

The results obtained with these germination tests
sugzest that further work should be done on viability of
pollen. An attempt should be made to determine which
factors are causing the variability in time and also the

variability between clones should be studied in more detaill,

, CONCLUSIONS

1. Neither wind nor water play any role in the pollination
of cacao.

2. Insects are the only natural agents of pollination of

| cacao.

3. Jdoth thrips and a flying insect which probably is a
Forcipomyia sp . play a major role in the pollination of
cacao in Costa Rica.

4. Ants probably effect soume pollination but are not of
much importance in Costa Rica.

5. It 18 doudtful that aphids effect any pollination at
all in Costa Rica.

6. Cacao pollen is viable up to the age of 48 hours and
declines rapidly after that in viability.

7. Cacao pollen varies in viability at different times.

8. There exist clonal differences in vianility of cacao
pollen, which do not extend to diffcrences between self-

sterile and self-fertile clones.
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SUEARY

The literature on the pollination of cacao is discuased.
The structure of the cacao flower and the metho! of hadd
pollination used are deseribed. |

The possibilities of wind and water pollination were
investigated and excluded.

It was concluded that insects are the only natural agents
of pollination of cacao in Costa Ricza,

rvidence was accumulated to show that thrips (Fragkliniells
sp.) are em= of the major pollinating agents in Costa Rica.
The pereentage flushing of the cacao trecs and the average
numder of thrips per flower werse put into one graph which
showed that there is a correlation between the two factors.
No significant difference was found between the thrips
populations in the flowers at different hours of the day.

A great fluctuation was shoﬁn in the thrips populations in
the flowers from week to week.

It was shown that ants and aphids do not play an important
role as pellinators of cacao in Costa Rica.

Indirect evidence was collected to show that probably
Poreipemyla 15 & major eross-pollinating agent i{m Costa
Rieca.

The cacao pollen reuained viable for about 48 hours. The
implication of this in relation to flow r abscission and
oross~-pollination is .iscussed. |

It was shown that pollen viability varies at different
times.
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There exists a significant difference in pollem viability
bstween clones, but not between self-incompatible and
self-gompatible eslomes as sush.

SUMARIQ

Se discute la literatura scbre la poliniszacién de cacae.

Se desecribe la estructura de la flor de cacao y los métodos
de polinisacidn artificial usados.

e investigl y excluyd la posibilidad de polinizaciémn por
medio del viento y del agua.

Se concluyé que los insectos son los Gnicos agentes poli-
nisadores naturales del cacao en Costa Rica.

Se acumulé evidencia para mostrar que thrips (Frankliniella
sp.) son unos de los agentes polinizadores més importantes
en Costa Rica. ,

El porcentage de brotacién de los £rboles de cacao y el
promedio del némero de thrips ;or flor fueron puestos en
un zréfico el cual mostrd que existe una correlaciéa entre
los dos factores.

Ninguna diferencia significativa fué oncontrada‘ontrt las
poblaciones de thrips en las flores en diferentes horas

del dfa.

Se mostré una fluctuacidn grande en las poblaciones de
thrips en las flores, de una semana a otra.

Fué demostrado que las hormigas y los aphidos no juegan um

papel importante como polinizadores del cacao en Costa Rica.

Se ccleat8 evidencia inliirecta para mus-rar que sn Costa



Rica Forcipomyia es probablements un agente importante
en la poliniszacifm ajena.

11, El polQn de caceo perman-:ci$§ viable por ajproximadamente
48 haras. 3e discute la implicacién de este hecho en
relacifn a la cortada de las flores y polinis&cidn

ajena,

1z, Je mostrS que la viabilidad del polen var{a en diferentes
tiempos. |

13, cxiste mdifmnch aignificativa en la viabilidad del
polun entre clones pero ni la auto-incompatibilidad nd

la autoe-compatibilidad sjercen ninguna influencia.
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APPENDIX &4,
GERMINATION PIRCENTAGE OF CiCAO :o:. -

» M

Treatments Replications I
Hours I 11 111 IV —zs

¢ 2 2k ¥ e
o8 T2 sy =L
6 B
g6 9
ke (

. ’,
3 8 @i
. . . . . 1l ) ~,
C . . 1509 0 29.7 :3 "‘ s,
72 ° [} 70’ d9 1.5 29.° nl‘z
-‘;‘
LXPERIUERT I-A

APPENDIX B,

G.RZINATION PER.:HTAGLS OF CACAO POLLER AT DIFF:RIT s

EXP.RILET 1I
A: PERDIX C,
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EXPERINERT 11X
APPENDIX D.
GERUINATION PERCEWPACE; Or CACAO POLLEN OP DIFr RENT
CLONES ARD AT DIPFERERT AGES

Clomes Age Replicatioms
Howre 4 11 11X Iv Total Hean
s 2 1l LB 33.6 o0 15.
é g}.g Ny 5.3 g.z .E
. . 0 1;1.3 120, 30,
35 b %} = I A
12 o.z 0.8 3 0.0 k. 1.2
b4 Y .7 12.0 1.2 8 112, 28.2
g 15.3 1.5 9.4 22 9 58.Z g
2.0 1.0 2.2 2.2 7. é
0.0 9.6 1. 2.2 13); 3.
o 1.9 o.o OQZ o.o 2. 007
12 1.0 0.0 1. 0.0 2.6 0.7
2 12 . 2 1. 1 ol
23 232 83 23 188 B
29.5 ol m:z 362 1&.1 3.3
29.2 22 31.3 1 g 25.1
7.6 11.3 o7 6 n. )
72 0.0 0.0 0,0 0.0 0.0 0.0
Age totals Clone totals
- 2,1 GR o 2 :g
- M
0 08
72




EXPERIMERT III-A

APFPHEDIX Be

OBR.:INATION PERC'MTACE3S OF CACAO rOLLIN CP .

CLONES AND AT DIF. LRLHT AGE3

Replications

Clones

-

Total Nean

I1X IV

II

0 ADODO
e & o @O

.mmmnlruo

AARIG N

=1 i O N

Age Totals

Clones Totals

8

576.9

221.

613
11
12

A
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APPERDIX F,
P EQUENCY DISTRISUTION OP 100 FOLL'™N OBRAINS DIAKETERS IN U

Class FreqQusncy
Larger dian. Jmaller dlanm,

12.96 - ].h. 9 1
15.00 « 17.49 é 1);
17.50 - 190 57 2

20000 - 22 9 5 5
22.50 = &.29 . Lo
25.00 = 2?.12 12
Z7.50 = 29, 1 b §

Total‘larger diameter: 2178.81 m

Nean larger diasmeter @ AT N
‘otal smaller dlam. 1 211,63 p
Nean smaller diam. g 21.12 ).

The measurements of the grrains were taken at night
angle, Of the 100 grains measursd, 5, were round having the
same dlamoter in both directions. The remaining 46 grains showed
& difference in diameters sz showm by the following frequency
diatribution.
FREQUENCY DISTRISUTION OF O1: Fﬁ'}iENLZ,S IN DIAKETER OF
SINGLE POLLEN GRAINS (expressed in m)

Class Frequency
0.40 - 1.19
1.20 = 1099 20
2.00 - 2,79 2
2.80 = 3.59 5






