FLOWERING AND FRUIT-SETTING PATTERNS OF COCOA TREES
come (Theobroma cacao L.) (STERCULIACEAE) AT THREE LOCALITIES IN COSTA RICAY/

A M YOUNGH*

Resumen

El patrén mensual de floracion y llenado del fruto de un amplio niimero de dr-
boles de cacap, Theobroma cacao L. (Sterculiaceae } se estudio en tres sitios del Bosque
Tropical Humedo de Costa Rica Los sitios diferian en su grado de estacionalidad, con
un perfodo seco corto normalmente entre enero y marzo. Los drboles de cacao selec-
cionados se encontraban bajo diversos tipos de sombra En los tres sitios, sin importar
la sombra, se encontrd un descenso en la floracién cerca del final de la estacion Huvio-
sa, cuando lg precipitacion fue muy alta Dependiendo de la respuesta de los drboles
de sombra a lo sequra, la produccion de nuevas flores de cacao vario de mes a mes. La
Horacion y el llenado de frutos varid entre drboles mensualmente en todos los sitios,
dificultando la cuantificacion del patron estacional y enfatizando el valor de interpre-
tacion cualitativa de los datos relacionados con la floracion y el llenado de frutos
Cuando la cantidad de sombra se redujo por carda nanoal de hojas al final de la esta-
cion seca, la fluctuacion en la produccion de flores se incremento en la siguiente esta-
cion lluviosa. En dos sitios se noto un pico alto de Henado de frutos coincidiendo con
la elevada floracidn de la primera mited de lg estacion Huviosa. En todos los sitios
se presentaron varios picos de floracion y llenado de fruto. La interpretacion de los
diferentes niveles de lenado de fruto depende del efecto de los factores climdticos
sobre las poblaciones de insectos polinizadores en los diferentes sitios La incidencia
de la Monilia en los flutos aunentd durante los periodos de buen lenado de fiutos
¥y desaparecid duranie otros periodos del afio.

Introduction

easonal cycles of rainfall in the tropics consti-
tute a major force shaping the annual pheno-
e logical patterns of flowering and fruiting in
tropical trees (4, 10, 15, 17, 18, 19, 23} The tree
species Theobroma cacao 1. (Sterculiaceae) “Cacao”™
or “Cocoa”, exhibits marked differences in flowering
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and fruit-set under widely varying regimes of rainfall,
temperature, and humidity both in the field and in
the tboratory (21, 22} Changes in photopertod and
temperature interact in complex ways to regulate
such phenological patterns in tropical plants (12,17,
19, 21} The description of flowering and fruit-setting
patterns in cocos under different naturally-accurring
regimes of climate is a major prerequisite $o under-
standing the adaptive significance of epergy allocation
in plants and the role of synchronous flowering on
fitness in plant populations (2, 13, 27) This paper
report such patierns for cocos trees at three tocalities
in Costs Rica

Study sites and methods

Mature cocoa frees, with established histories of
flowering and fruit production were studied at the
following three localities in Costa Rica: (1) “La Ti-
rimbina”, within 10 km of La Virgen (10°23'N,
84°07°W; 220 m elev), Heredia Province; (2)
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“CATIE” within 3 km of Turriatba (9°54°N,
83°41'W: 602 m elev ), Cartago Province; (3) “La
Lola”, within 15 km of Siquirres (10°06°N, 83°30'W;
50 m elev), Limor Province. The “La Tirimbina”
focality is within Premontanc Tropical Wet Forest,
“CATIE” within Lower Montane Tropical Wet
Forest, and “La Lola™ within Lowland Tropical Wet
Faorest (11}

Al La Yirimbina, iwo separate cacso {arms, “El
Uno™ and “La Tigra”, were studied Onc of these (La
Tigra) had s broken cunopy of advanced sccondary
growth forest, best described as a sunny habitat with
natural canopy The other plantation (El Uno) had a
unilorm canepy of Hevea brasiliensis rubber trees,
and is deseribed as a Heveg shaded habitat. At
CATIE, the canopy over the cocoa is 4 mix of planted
and naturally-occurring shade trees, and is best
descrived as a “‘partly shaded habitat” Two cocos
farms at La Lola were studied. One of these, “Area
A” consists of a dense uniform shade cover of pre-
dominuntly Erythring trees, while the other, “Area
B™, consists of 2 very broken disjunct canopy over
the cocoa These areas are considered as “shaded”
and “supny” habitats, respectively. The flowering
and fruit-setling patterns of individual cocoa trees
were studicd in each of these farms as a means of
comparing the relative effects of shade cover on
these phenologies Further descriptions of the Ef Uno
and La Tigra farms are given in Young (32, 33) and
for La Lola in Trojer {29) and Young (34).

The cocoa trees chosen for study at La Lola were
the variety “UF-29", a sclf-compatible clone thal
srows well under a variety of conditions. At CATIE,
the self-compatible variety “‘Catongo”, with many
characteristics similar to UF-29, was chosen At La
Tirimbina, the cocoa trees were of mixed varieties,
planted from the same seed stocks in both farms.
The trees in ail three localities were between 20 and
30 years old

A series of 20 randomly chosen trees were marked
with small yellow plastic tags. each with a code
number. in the El Uno farm and a second set of 20 in
the La Tigra farm A total of 52 trees were mariced in
the sume manner in the CATIE farm and 40 trees
gach in the two areas of the La Lola farm . A monthly
census of new flower buds, open flowers, and new
fruit (cherelles) was taken for each tagged tree
individuatly in ail farms. The census period at El Uno
and La Tigra was August 1978 through June 1981;at
La Lola it was June 1980 through January 1981
[n addition. three sets of 68 tagged trees at La Tigra
were sampled in the same manner from July 1980 to
June 1981, Two of the three additional sets of tagged
trees were located within a few meters of each other

and labeled the “A and B series”, while the third set
was situated further away from these trees. These
additional trees provided an expanded sample of trees
in different sub-areas of the La Tigra habitat These
census periods provided a representative sampling
of “phenological patterns during both wet and dry
periods st each locality. One trained worker did all
of the sampling at £l Une and La Tigra, and a second
trained worker did all of the sampling at CATIE and
Lz Lola For each area at each locality studied, all
of the trees were sampled on the same day, and at
about the same time each month. Al sampling
usually tock place between 8:00 am and 1:00 pm.

A census of a tagged trees was accomplished by
counting all of the buds, open flowers, and young
fruit on each tree. When such a count was completed
on a given dale, the young fruit (cherelles) were
removed and discarded Thus “young fruit” samples
consisted of cocoa pods thirty days or less in age in
all samples The census of such pods was considered
to be an adequate measure of fruit-set since even
discased pods within this time interval rerain on the
tree and can be easily counted Because fruits
represent a carbohydrate-rich physiological “sink”
for plant species (1), one that removes a major
source of nutrients that would otherwise be available
for production of leaves and flowers, the removal
of fruits in this study represents a source of bias in
the data on levels of flower production At the La
Lola cocon farms studied, the numbers of young fruit
bearing signs of the fungal disease Monilia roreri
were also recorded, providing information on changes
in level of infestation at different times of the year.
Symptoms of this disease are readily discerned on
infected pods in the field (7} Cherelle wilt was not
recorded

Climatic data were obtained either from CATIE
(for both CATIE and La Lola) or courtesy of Dr J
Robert Hunter for La Tirimbina.

Results

During the census period, the La Tigra cocoa trees
sampled produced a total of 126 308 flowers (buds
and open fMowers combined) and I 789 new (young)
fruit; the FEl Uno trees during the same period
produced 20 473 flowers and 1 247 new fruit
Although flower production was more than six times
greater in La Tigra, the levels of fruit production
between the two farms were very similar, differing
only by about 500 fruit This production spanned a
period of 29 months The 19-month census period
at La Lola vielded a total of 96 933 flowers for both
Areas A and B combined, and a total of 26 531 new
fruit The sunny habitat, Area B, produced 35 020
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flowers and 13 746 new fruit, while the shaded
habitat, Area A, produced 4] 913 flowers and 12 785
new fruit during the same period. Even though the
sample of trees studied was larger for La Lola than
for La Tirimbina (80 and 56 trees, resp ), flower
production for all trees studied at La Lola was
considerably lower than at the latter locality. The
reverse was true for production of new fruit For

the 52 cocoa drees censused at CATEE, a total of

40 684 flowers were counted, and a total of 4 571
new fruit wete produced during the [9-month census
period FEven though total flower production was
slightly less than half that at La Lola for a compa-
rable number of trees, fruit production was propor-
tionately much fower at CATIE than at La Lola for
the same time period As an indication of the effect
of shade cover on flowering, & comparison of the
March 1982 dry period census of flowers between
the shaded and sunny habitats at La Lola reveals
considerable difference: 16 735 flowers (418 37 #
20513, N = 40) were counted in Area A (shaded

habitat) and only 0 246 flowers (15615 = 11343,
N = 40) in the sunny habitat {(Area B) on the same
day (11 March, 1982 at 4:00 pm)

Tables 1 through 5 summarize the monthly
abundances of flowers and new fruit on trees at each
locality, and for different cocoa habitats within some
localities (La Tirimbina and La Lola) There is a
tremendous amount of intertree variation in ihe
numbers of flowers and fruit each month for a given
kabitat {Tables | 1o 5). Furthermore. the distribution
of flowers and fruit vary considerzbly from menth
at cach locality These data are characterized further
by extremely large standard deviations ¢at times
equal to the average), reflecting a great amount of
biological variability in these parameters and tree
reproductive behavior, and making it very difficult
to determine month-to-month patierns associated
with chanpes in focal climatic conditions At best,
the data are examined within the context of tropical

Table 1. Monthly mean abundances of flower buds, open flowers, and new fruit on twenty-eight mature cocoa trees ( Fliechroma
cacee L)Y in the El Une cocon farm in northeastern Costa Rica, Aupgust 1978 through JTanuary 1981

Flower buds Open {lowers Total New fruit

Date X 8D, XS0 X = 8.D. X:sD.
8 Aug. 1978 846+ 1B.65 332 6632 11.78 2533 171 285
30 Sept, 164+ 371 .50« 126 314 = 497 0602128
30 OQct 103+ 386 021+ 078 [24 1+ 464 0.21 =649
30 Nov. 160+ 3890 075 290 235 B.80 0.10 £ 0.41
15 Dec 106 491 1062 304 312 795 041 £498
15 Jan. 1979 324 740 134 = 321 4.58 2 1061 093 £ 407
15 Feb. 678 + 1363 414 + B27 1092+ 2190 057+1.10
17 Mareh 2044 £ 2079 7.13 ¢ 890 2757 £ 29 69 1.17+4.65
16 April 5810 £ 6369 26 96 = 3060 B506 £ 94 29 141+ 188
15 May 431726272 27.72 4570 70 89 + 16842 148 + 206
15 June 514 £ 1092 225: 580 139+16.72 0351098
18 Juiy 23 24 % 3553 10,10 £ 1943 33 34 £ 54.96 075¢126
17 Aug. 34 89 + 32.87 19,14 £ 2941 4403 £ 6228 G50 120
17 Sept. 4232 £ 63.01 2707 4173 69.39 ¢ 105 34 060+ 134
16 Oct 1742+ 37.77 1029 £ 19 50 271 £ 5727 667+ 0.88
19 Nov. 1.36 + 15.80 3 757 1115 %2357 6921146
17 Dec. 7.46 £13.23 389+ 543 11.35 + 18.68 (.14 ¢ 0 55
17 Jan. 1980 1174+ 1146 668+ i392 2442 %2238 0351081
16 Feb. i8.04 + 3365 1239+ 2509 3043 £ 5874 3.25 + 063
25 March 6.89 + 2520 346+ 13.89 1035+ 3909 0102040
11 April 339+ 1664 5681096 1507+ 2760 .37 2080
12 May 846 +18.57 346+ 769 11,92+ 26.26 14 + ) 58
15 June 13.53 £ 2912 700+ 16.89 26.54 + 46.01 .21 2001
15 Aug. 2157+ 3754 [1.46 + 2245 33.03 23999 0.39:1401
15 Sept. 28.29 + 46 93 1550+ 2792 43.79 2 14 .87 0252057
16 Oct. 2818 +4390 13.89 + 22 84 4207 £ 66.74 053086
15 Nov. 17893298 8.57 12092 24,23 £ 28.01 057114
16 Dec. 1460 + 18.31 571 £ 10 78 163222902 0.28 4+ 0.64
13 Jan. 1981 1946 + 3798 1100 % 2500 304626298 0.39 + 0 85
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seasonality in terms of those periods of marked
increase or decrease in flowering and fruit-set, that
is, a qualitative phenological pattern, rather than by
quantitative changes. The extreme variability of these
data precludes any wmeaningful interpretation of
possible correlations between flowering and climatic
factors in a quantitative sense Since the beginnings
and end points of these data sets are different in
some cases, the data are not entirely comparable.
Yet when the sample size of trees censused is
enlarged, as done for la Tigra cocoa, the same
patterns are seen in the expanded data (Tables 6
and 7), indicating that the sample sizes used provide
an adequate representation of phenological patterns

‘The monthly distribution of flowering is markedly
different between EI Uno and La Tigra cocoa farms
(Figure 1) in relation to the rainfail regime of this
locality. In La Tigra, the farm with the broken
canopy of native tree species, flower production
fluctuates regularly over relatively short periods
{1-2 months), with the most noticeable declines
in flowering occurring in short periods of reduced
rainfall of varying intensity (Figure 1). The trees in
this partly sunny and shaded habitat appear to be
acclimatized to the prevailing climatic conditions.
In marked contrast, flower production fluctuates
much more markedly over larger intervals at the
nearby El Uno farm (Figure 1). Peaks in flower

Table 2, Monthly mean abundances of flower buds, open flowers, and new fruit on twenty-eight mature cocoa trees {(Thecbroma
cacoo L.) in the La Tigra cocoa farm in northeastern Costa Rica, August 1978 through January 1981,
Flower buds Open flowers Total New Fruit
Date X: 8D X+ 5.D, X+ 8D, ¥:s8p.
7 Aug. 1978 13821 211901 3521 £ 4813 173,42 ¢ 167.14 089 +1.95
30 Sept. 148.82 2 133 11 67.17 + 56 87 21519 £ 189.98 096 + 1.45
30 Oct. 5514 + 4085 21.10 + 17.50 76.24 + 5835 0.78 + 1.34
30 Mar. 10335 « 11211 63.50 £ 6949 169 85 + 181.60 050103
15 Dec 79.06 + 106.07 50.07 £ 71 06 12913 17713 1.39 £ 2.57
15 Jan. 1979 7812« 104 20 4553 = 6432 123.74 £162.52 0752160
15 Feb, 6600+ 8553 39.75 + 55.09 105.75 + 140,62 146+ 191
17 Mas. 100.53 £ 11236 6300z 8724 163.53 £ 199.60 150216
15 April 93.80 + 9678 46.96 = 56 65 140.76 + 153 43 200225
15 May 74.56 + T71.63 3806 2 51 29 11262 £ 12892 153223
19 Jane 11077 = 11200 5361 6753 164 38 = 189.53 077¢135
18 Tuly 90,35+ 7639 7128 + 57.00 161.63+£13339 078 £1.13
17 Aug. 133,42 + 10643 79.50 + 69.76 21292+ 176.19 134 :1.81
17 Sept. 74 03 + 6941 47.89 +48.19 121,92 + 147 60 1602189
16 Oct. 17163+ 7218 97.66 + 50.79 26929+ 12297 2001204
19 Nov. 41.04 + 63.7C 2889 + 48 38 69.93 + £12.08 107164
17 Bec, 12814 = 52401 86 .86 = 41 59 21500« 9360 2.03+211
16 Fan 1980 78.18 + 9364 5261 + 6689 130.77 = 160.53 085138
19 Feb, 5714 = 8699 3368 + 56 57 9082 £ 143.56 1032142
25 March 101.36 + 143,98 597519736 161,11 £ 24125 067158
11 April 1754 ¢+ 8797 44 18 + 64.07 121 72+ 152,04 078=1.26
12 May 7821+ 64935 4721 + 4732 12542+ 11227 1622178
15 June 114,42 + 12338 76.14 + B1.89 190.36 + 24527 075132
15 Aug. 13418 + 7709 8586 t 5444 220.04 + £31 53 1.35+¢1.351
16 Sept 146,61 + 89.26 90.96 = 59.80 237,57 + 149.06 128+104
16 Oct. 138.89 + 64 43 B3 64 : 46 05 22353 £ 11048 142+ 104
15 Nov 53.35+ 4794 2314 + 21 47 7649 : 6941 100116
16 Dec 24 10+ 5827 1328 £ 38.03 3738+ 96.30 064128
13 Jan. 1981 817+ 3470 4 82+ 21.06 1299+ 53576 046 £ 090
15 Feb. 6.78 + 21.09 346+ 1381 1024 3490 067+ 110
15 March 1332+ 2794 742+ 18.72 2074 2 46.66 0.14 £ 0 44
13 April 3892+ 6664 16 .53 2 30.66 5545+ 9730 028 +0.58
15 May 5346+ 6236 27.21 + 4276 80 67 x 105.12 035076
14 June 6946 + 80.75 36.75 + 47.86 106.21 + 128 61 1.14 1+ 1.94
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Table 3, Monthly mean abundance of flower buds, open flowers, and new fruit for fifty-two cocon trees (Theohroma cacao 1.) in
the CATIE cocon farm at Turrialba, Cartago Province, Costa Rica, June 1980 through January 1982.

Flower buds Open flowers Total New Fruit

Date X=S8D, X = 8.D. X 8D, X'+ 8.D.
27 June 1980 3730+ 4044 575z 684 43.05 + 46.49 205 340
29 July 3900+ 3331 1534 £ 16.85 5434 £ 48.14 382: 384
29 Aug. 2798+ 2523 B1ilzx 740 36.09 + 31.86 1165+ 11.60
3 Qct. 15461392 573 % 561 2119+ 1906 440z 553
8 Nov. 2401 23022 667 B17 30693797 6§01+ 7.52
6 Dec. 17,75+ 22158 671+ 6125 2446 £ 27 55 3843+ 473
10 Jan 1981 542+ 8359 373+ 589 915+ 1428 232: 375
6 Feb. 325+ 569 338+ 597 6631144 129+ 221
5 Masch 338+ 585 111+ 195 450 765 182+ 297
6 Aprit 19.54 + 1503 7.06 x 1567 26,59« 3070 121+ 196
9 May 4509+ 3574 9.07+ 683 5417 + 4181 2161+ 320
8 June 77.96 + 3920 20,69 + 12.30 98 65 + 50 54 4806+« 311
10 July 6165+ 3878 1753 +1223 79.19 £+ 49 44 717+ 561
10 Aug. 5223 +£3592 2640 + 2043 7863 ¢ 54 BS 419+ 348
5 Sept. 3857224 71 1934 + 1348 579243703 463+ 353
19 Nov. 2946 + 17 64 703+ 410 3650+ 2071 834+ 651
16 Dec. 1932+ 1319 398+ 563 16.587 + 24 96 225+ 217
14 Jan 1982 12.21 + 13.3% 333+ 350 1571 £ 16.23 323+ 2133
16 Feb. 27.54 £ 23.50 823+ 746 30433578 592+ 532

Table 4. Monthly mean abundance of flower buds, open flowers, and new fruit on forty mature cocoa trees (Fheobrome cacae L) in
Area A (shaded habitat) of the La I .ol cocoa farm, near Siquirres, Limon Province, Costa Rica, June 1980 through January

1982.
Flower buds Open flowers Total New Fruit
Date X £ 8.D. X :5.D. X+ 8.0, X+8.D
20 June 1980 14612+ 9248 2530+ 16.48 17042 + 10576 2627+ 5809
18 July 340+ 508 125+« 1.89 465 641 742+ 6.50
1 Sept. 11371391 305 375 1442+ 1718 197+ 248
1 Qct. 1252+ 14 83 395+ 392 1647+ 1833 697+ 524
5 Nov., 635 719 375+ 426 10106+« 1105 10,00 + 12 33
5 Dec. 950+ 964 6472 616 1597+ 1516 1752+ 1623
9 Jan. 1981 1802 298 460+ 180 240+ 360 1135+ 1795
3 Feb. 400 705 1.80+ 298 580+ 983 315+ 448
8 Murch 63.25+ 4924 2070+ 1918 8395+ 6499 267+ 446
10 Agpril 116.52£ 9206 2937 £24 76 7200+ 80.06 7201024
7 May 7970 £ 43 09 4642 £ 2937 126 12+ 7129 2110 + 1385
4 June 153.07 = 96 50 55573820 20865+ 13291 8607 + 90 8C
9 July 87.50 £ 51.20 27.25 2 16 97 11475+ 6706 44 B7 + 4202
10 August 4101722 712+ 636 31224+ 2294 1247+ 911
3 Sept. 560+ 800 240+ 350 go0+ 1101 B57+ 642
20 Qct. 277121810 975+ BS57 37532+ 2587 845+ 532
24 Nov 245 396 1102 1.56 3535+ 516 565+ 4358
15 Dec. 030 093 002+ 015 033+ 093 475+ 338
13 Jan. 1982 0.15: 057 015+ 037 G030+ 113 225+ 183
15 Feb. 346752222 1235+ 10 55 4702+ 3201 0.52+ 119
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Table 5. Monthly mean abundance of flower buds, open flowers, and new fruits on forty mature cocoa trees (Theobroma cacao L.} in
Area B (sunny habitat) of the La Lola cocoa farm near Siquirres, Limon Province, Costa Rica, June 1980 through January
1982,
Flower buds Open flowers Total New Fruit
Date X+ ¥:8D. X+ 5.D, X+8.D.
20 June 1980 385.121.85 10562 + 5558 491 00 = 161 54 390+ 3.36
18 July 2105 2064 857+ 873 29.62 + 2821 980+ 774
§ Sept. 1502+ 1379 255+ 263 1757+ 1591 2107+ 18.19
1 Qct. 1250+ 13.55 6022 493 1852+ 1737 1947« 17,60
5 Nov. 1092+ B.64 520+ 330 16 12+ 10.89 32,77 + 23 41
5 Dec. 412+ 600 325+ 410 737x 990 2675 £ 30 56
G Jan 1981 017+ 063 020« 051 037+ 105 1035+ 667
3 Feb. 017+ 1.10 0052 0.31 022+ 142 160+ 299
& Masch 1745+ 2565 3.85x 7.15 2130+ 32.08 017+ 067
10 April 13742+ B1.89 3337+ 21.25 170 80 = 101.94 501+12.53
7 May 4840 + 3164 20,57+ 14.41 68972 4402 1180+ 1505
4 June 135,15 2 104 01 3120+ 24 84 166.35 + 125 81 22502178
8 Fuly 84,25+ 79.87 1895+ 13.73 10320+ 9234 308529325
11 Aug. 81,95+ 6786 2607 2 1704 10802+ 8361 15952 12.81
3 Sept 3487+ 1495 1207+ 619 4695+ 1937 300+ 530
3 Oct 2545+ 1520 855z 705 3400« 2026 26.85 £ 20.26
24 Nov 1930+ 1344 607 376 2537+ 1831 2200 : 14 80
15 Dec. 022+ 0.76 007+ 034 030+ 095 690+ 418
13 Jan. 1982 035+ 102 037+ 164 072+ 248 430+ 361
15 Feb 2277+ 15.06 927x 471 3205+ 1888 3.24 £ 105
Table 6. The monthly abundance of flowers and new fruit on an additional twenty-three tagged cocoa trees in the La Tigra cocoa
farm in northeastern Costa Rica, July 1980 through Jure 1981,
Flower huds Open flowers Total flowers New Fruit
Date Total X + 8.D. Total X:80D. Total ¥ 8.0, Total X :8.D,
30 July 1980 1621 7047 + 70 .64 44 410424741 2 565 111.51 £ 11805 22 095=116
30 Aug 1662 7226 ¢ 64.84 930 4043 2 41 31 2582 11269 + 10615 18 078 110
30 Sept. 1063 4621 + 4603 555 413 +3042 1618 7034 + 7645 18 0.78 +0.83
30 Oct 1582 6878 + 54 77 753 3273+ 3028 2335 10151+ 8498 37 160+212
30 Nov 959 41,69 + 53,83 465 20.21 + 3980 14324 6190+ 83863 20 0.86 = 94
30 Dec. 715 31085113 301 13.08 2784 1016 44 16 + 7897 29 1.26 £ 1.32
30 Jan 1981 378 1643+ 4977 244 10,16 + 33.96 622 3659+ 8373 3 013+044
25 Feb 305 13.26 + 2708 153 665+ 1636 458 19.91 ¢+ 4344 13 0.56 + 0.87
30 March 26 1132 406 14 060 143 40 E73: 569 4 017081
28 April 1045 4543 +34 00 418 18.17 £ 1965 1463 6360 53.65 7 030074
34 May 1244 5408+ 46.16 635 27.60 £ 26.59 1 879 Bi68=x 7275 3 0.13:033
34 Tune 1333 58821+ 5816 688 2991 3097 2141 88732 8913 11 047+ 087
{otals: 11933 6 140 18 143 185
X:+SD 996 08 = 520 74 S08.33 2 284 53 E51191 £ 806 15 1541+ 10.25

production coincide with the early and late phases
of the lengthy rainy season at this locality, while
marked declines in [owering occur immediately

following periods of peak abundance Peak
abundance periods are short and associated
with  the rainy sesson (Figure 1) During

the dry periods the Hevea canopy drops its leaves,
and such periods generally precede a period of intense
flowering. Peak abundances in fruit-set also occur
in the rainy months in both farms (Figure 1), and
fruit production is generatly weli-distributed over
successive months, with the noticeable exception
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Table 7. The abundance of flowers and new fruit on two intermixed sets of tagged Cocoa trees (N = 45) on the La Tigrs cocoa farm
in northeastern Costa Rica over several months (July 1980 — June 1981).

Flower buds Open flowers Total flowers New Fruit

Date Total X:5.D. Total X+ 8.D. Total X 8D, Total X 8D
A series-marked trees 1-28
30 July 1980 1351 5196+ 6186 760 2923 + 36 80 2111 8119+ 9866 g 033072
30 Aug. 1534 5681+ 6554 805 2981 + 3474 2339 86.62 + 100.28 36 133244
30 Sept. 826 30.59 + 36.83 393 14.55 + 2052 1219 4514« 5735 7 025+084
30 Oct. 978 36.22 2 41.03 435 16.11 £ 21.29 1413 5233+ 6232 18 066 =105
30 Nov 175 648+ 11.18 a7 322+ BoZ 262 970+ 1980 10 637:072
30 Deg. 0 0 0 0
3¢ Jan. 1981 0 0 0 0
26 Feb. 49 118 461 il 040+ 189 60 221+ 650 9 033:066
30 March 9 033z 118 2 007« 037 11 D40+ 155 0
28 April 97 359+ 624 35 129+ 296 135 488+ 9720 5 018054
30 May 1518 5622z 4365 727 2692+ 26 44 2 245 83 14+ 7009 B 079+059
29 June 1819 6737+ 35373 Ho 3333 2 3664 2719 10070 = 90.37 5 018 +047
Totals 8 356 4157 12513 107
X+8D. 69633 x 686 42 346 .25 £ 35096 1042839037 891 =047
B series-marked trees 1-17

30 July 1380 1460 B5 88+ Bl16 813 4782 + 3494 2273 133.70 £ 136 .10 16 (.58 + 1.08
30 Aug. 1243 7311+ 7781 749 46.81 + 53.90 1992 1199213171 19 111+ 1.07
30 Sept. 1 560 91.76 + 9356 911 53.58 £ 60.15 2471 145.34 + 153.67 8 047077
30 Oct. 1732 101.88+ B579 1083 63.70 £ 7129 2 815 165.58 = 158.08 18 105+1.16
30 Nov 78 458+ 838 37 2,17+ 499 115 6.75: 1324 6 035+096
30 Dec. 5 029+ 1.17 3 0.17 0.70 8 046+ 1.87 6 .35+ 083
30 Jan. 1981 5 029+ 137 2 011+ 047 7 040+ 164 6 .35+ 083
28 Feb, 35 205 4206 4 023+ 094 39 228+ 5720 5 .29+ 1.37
30 March 0] ] i 0
30 Apri 24 141+ 303 6 035+ 082 3 1.76 = 31,85 0
30 May I 430 837+ 6981 654 4087 23352 2084 130.24 = 103.33 0
219 Ffune 1732 10825+ 7888 930 58.12 + 46 458 2662 166.37 + 125 33 23 135+ 184
Totals 9304 5192 14 496 101
X+ 8D 775.33 £ 760.97 432.66 + 435,16 1208 +1193.68 841742
overall
Totals; 17 660 9 349 27 0009 208

of November and December.
usually very rainy at La Tirimbina, resulting in both
a marked decline in flowering and fruit-set (Figures

1 and 2)

These months are

Even though climatic conditions behave rather
uniformly over the year at Turrialba, with some-
what noticeable peaks in rainfall occurring in the

November-December

periods,

the

most

intense

flowering occurs in the first half of the rainy season
(during June-August) (Figure 3). The least productive
period coincides or immediately follows the very
rainy months of November and December, with
such declines very noticeable in relatively dry periods
such as January and February at this [ocality (Figure
3). The phenological pattern of flowering of the

“Calongo” cocoa at Turrialba matches more closely
the observed pattern of flowering in the shaded cocoa
habitat (EI Uno) at the La Tirimbina locality (Figures
I and 3) Both habitats have 2 well deveioped shade
cover and many of the trees at Turrialba exhibit
marked deciduousness in the dry months Periods of
maximum frujt set coincide with those rainy months
that have high flowering In the dry months of
January and February are also periods of greatly
reduced fruit set at this locality (Figure 4)

Maximal fower production is clearly associated
in both areas at La Lola with the period March
through September, a uniformly rainy period (Figure
5). Moderate to slight buffering of the dry season
(January-February) in terms of sustained flowering

Turriatba Vol. 34, No. 2, 1984, pp. 129-142



136

TURRIALBA: VOL. 34, NUM. 2, TRIMESTRE ABRIL-JUNIO 1984

1800}
1600} EL UNO COCOA
" (SHADED hagar
WITH HEVEA CANOPY!
e I ) OPEN FLOWERS
o ——- BUDS
% 1200}
P N
T 1000
E 800
a
O 600
Q ago}
= NO DATA
< 200p
[72}
Q o
2
@ao00f LA TIGRA COCOA
(SUNNY HABITAT
6 1500 WITH NATURAL CANOPY)
gsooo
x
5 2500F
- 0
2000
3 4
= 1s00f A
=z
g 1000 I
500
2 0 . i it & i
=Zs0b
&
325
%3320}
Ig
FE
S0}
sa
s
w o
Sw
270l
E"igm L NO DATA AVAILABLE
gE3nf
= o Q
Zsel nooam - No T nopaTA
g—
zigor
T3 o0 e
’-E a z mmI>zJGO—\—>UZNEE;Z—JQLP>UZmlI(I>'Z_IQﬂ.)—>U mel:z_ﬂjﬂ- zoZa
32z SW3%333UQ2uSELE333288085ILe33320808IWSY33324 %'a;‘%&
: - '8

Fig. 1.

1979 1960 1981
SUCCESSIVE MONTHS

Phenological patterns in flowering of cocoa trees in
relation to local climatic conditions at the El Uno
and La Tigra habitats within the La Tirimbina
locality in northeastern Costa Rica.
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Fig. 2.

Phenological patterns of fruit-set (production of
cherelles) in the El Uno and La Tigra cocoa tree
habitats.
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Fig. 3. Phenological patterns in flowering of cocoa trees in
relation to local climatic conditions at Turrialba

(CATIE), in the central highlands of Costa Rica.
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is most evident in the shaded habitat (Area A) at La
Lola, although overall decline in flowering at this
time is associated with the rainy months of November
and December, as it was at the other localities studied
(Figure 5). Peak fruit-set is clearly associated with the
early phase of the rainy season, coinciding and
immediately following the initial stages of renewed,
intense flowering that occurs at this time here
(Figures 5 and 6). A second, less pronounced “pulse”
of intense fruit-set occurs late in the rainy season, a
consequence of the sustained rainy season flowering,
and the termination of the first pulse of fruit-set
that occurs at the onset of the rainy season here.
The marked decline in flowering in the sunny habitat
(Area B) at La Lola that occurred between August
1980 and January 1981 coincides with a less marked
decline of fruit-set (Figure 6). Overall decline in fruit-
set in Area B, however, is much more pronounced
than in Area A at the same time, as trees in the
more exposed habitat (Area B) may respond more
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Fig. 5. Phenological patterns in flowering of cocoa trees in
relation to local climatic conditions at the La Lola
locality, for both shaded (Area A) and sunny (Areas
B) habitats, near the Caribbean coast in Costa Rica.
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Fig. 6. Phenological patterns of fruit-set at La Lola.

quickly to dry conditions at this time (late December
and well into January) (Figure 6). Periods of high
fruit-set result in greater infestations of the Monilia
fungus at these times than in other periods when
fruit-set is very low (Table 8).

At all three localities, phenological patterns in
rainfall are far more variable than those of other
climatic parameters such as minimum-maximum
temperatures and relative humidity (Figures 1, 3, and
5).

Discussion

The overall finding of this study is the coinciding
of peak periods of flowering in cocoa trees with the
rainy season, particularly the first half of this period,
at three localities in Costa Rica that vary to some
degree in terms of annual cycles of seasonality. A
consequence is that fruit-set patterns also fluctuate
in direct relation to flowering patterns: periods of
high fruit-set coincide with periods of high flower
production in cocoa. Oscillations in leaf flushing
often complement similar cycles in flowering in
cocoa (1). Very rainy conditions at the end of the
rainy season results in an enforced decline in flower-
ing, with very low fruit-set occurring in such periods
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as well as during the early phase of the dry period
which usually follows the wettest months in these
Jecalities The type of shade cover, and the degree
to which it is altered by seasonal rainfall conditions.
is a secondary influence upon the flowering and fruit-
set patterns in T cacao  Intense fluctuations in
flowering are seen in T cacac trees covered with
either natural shade or planted shade (Hevea, Ery-
thrina)  that become markedly  deciduous, with
considerable leal-crop in the dry season, or driest
months of the year. Dry conditions in the tropics
generally generate marked and regular cycles of
leaf-flushing and flowering in a variety of tropical
plants (19) When the shade cover over T, cacoo
opens up as the dry season progresses, the cocou
trees receive physiolagical “sheck™. sudden, in-
creased insolation. which may trigger flowering by
the end of the dry period. or very carly into the
following rainy season Yrees under a natural shade
cover that does not respond as intensely to the dry
conditions may exhibit a less pronounced and more
irregular response to sessonal changes in rainfall
A shade cover tree such as Eryvthring may exhibit
asynchronous responses to dry conditions (4}, which
in tura establishes a highly variable canopy over short
distances of @ cocoa habitat. Slight changes in photo-
period at different times of the year in the tropics
may alse affect the intensity of flowering and fruiting
patierns of some plants (17) Opler e7 al (19} noted
that some tree species in lowland tropical wel forest
may have several distinct periods of flowering within
a year, and cocoa also exhibits such behavior as
shown in the present study for various iropical wet
forest sites

Unifoerm thick shade cover., such as the Hevea
canopy at El Uno. dampens overall flower produc-
tion relative to what occurs in an adjacent cocoa
habital (La Tigra) with a broken, natural canopy
Yet there appears 1o be very little correlation
between levels of flower abundance and overall
production of cherelies under these contrasting
ecological conditions Fruitset in many plants is
limited by internal. physiological constraints rather
than exiernal factors {27) Thus a confounding
factor in this study is the fact that cherelles were
removed each month, thus possibly distorting the
observed responses of trees to seasonal rainfall
patterns. Yet such an effect would presumably
be similar for the trees at the three localities studied,
thus adding an approximately equal bias to the
observed numbers of fruits and Howers in all cases
In spite of this, it is necessary to exercise great cau-
tion in interpreting the observed differences in
monthly totals of cherelles and flowers within a
locality as being solely a response to seasonal changes
in the external environment (e g., rainfail)

Another factor influencing levels of fruit-set is
variety of cocoa studied The mixes of both self-
compatible and self{-incompatible trees in the El Uno
und La Tigra habitats lowers overall pollination
frequency when compared with pure stands of self-
compalible cocoa (such as the cocou studied at both
Fa Lola and Turrialba) The relatively much higher
fruit production observed at La Lola might be the
result of very high pollinztion frequency within the
sell-compatible UF.29 variety, very warm tempera-
tures throughout the year, and regular agronomic
practices. In contrast, the lower {ruit yield at Turrial-
ba might be in part due to the very high elevation of
this localily. the associated more uniform cloud cover
throughout the year, and intrinsic variety differences
between UF-29 and “Catongo” cocoas. Cuatrecasas
(5) noted that 7, caceo requires high air humidity and
temperalure, adequate shade, and 2 0600 — 8 600 mm
rainfall annually fo thrive optimally, and that eleva-
tions above 300 m are generally sub-optimal condi-
tions in most regions. Such differences in ocality and
the spalial availability of self-compatible and seif-
imcompatible varieties of T cacao may indirectly
influence the effectiveness of pollinating insects in
determining levels of fruit-set While some studies
have shown that when populations of pollinating
insects are sufficient. there is little or no difference
in fruit-sel jevels between self-compatible and self-
incompatible plantings of T caceo (see review in
Entwistie, 1972), when pollinator populations are
experimentally increased, fruit-set sometimes in-
creases  {34) suggesting naturally-occurring  low
abundance of pollinators Such a condition may
result in considerable difference in levels of fruit-set
between seif-compatible and self-incompatible trees
in the same plantation

Rainfall is most likely the major environmental
factor in both timing and spacing the flowering cycles
of tropical plants, even though the precise mechanism
of triggering the response remains unknown (18). Yet
it is very difficult to separate out the effects of rain-
fall from that of air temperature changes Overal,
the climatic daia suggests that decline in rainfall is
associated with decline in temperature, although such
patterns warrant further study. The timing and
spacing of flowering in a tropical plant is also
adaptive in relation to the activity of pollinators (18),
and the evolution of synchronous flowering may en-
hance the attraction of pollinating animals (2, 3).

Theobroma cacac exhibits fluctuations in flower-
ing in those cocoa-growing tropical regions where
there are marked seasonal patterns in rainfall (1) The
gvolutionary history of T cacao as an understory tree
species of Amazonian rain forest (1) places adaptive
constraints on the species in more seasonal regions
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and when the canopy or shade cover is not well
developed. Ditferent varieties of cuitivated cocoa
exhibit differences in the response of flowering to
seasonal conditions {1), and some of the observed
differences in the present study for cocoa trees at
different localities may be related to such an effect
Alvim (1) noted z compensatory effect in cocoa
trees: intense fruit-set acts as an energy sink on the
tree thereby reducing subsequent flowering. {nternal
competition for limited nutrients between flowers
and voung fruits dampens the intensity of [lowering
at certain times of the year, and superimposes a
pattern upon exogenous control by tropical seasona-
lity {1} The observed patterns of decline in flowering
at the end of the rainy scason at all three localities
were in part due to severe flower “knock-down” by
heavy rain as well as reduced nutrients at a time
when fruit-set had been high. Periods of high fruit
production provide the opportunity for increased
predation upon fruit by various organisms. [ntensely
shaded conditions at the end of the rainy season,
resulting from both the luxuriance of canopy growth
in T cacao and shade trees as well from frequently
cloudy conditions, may curtail photosynthetic
activity and subsequently flowering in T. cacao (20)
The observed increase in the frequency of the Monilia
fungus on chereiles may represent a density-related
response by this parasitoid to an inecreased food

supply.

Alvim (1) concluded from work in Bahia, Brazil
that flowering in T cacgo is inhibited by moisture
stress, and that dry periods are times of reduced
flowering The data obtained in the present study
provide additional support for this result. The studies
of Leston and Gibbs (14) and Gibbs and Leston {8} in
Ghana with leaf-flushing in T caecao indicate that
trees grown in highly exposed conditions exhibit
analomous responses to sessonal conditions The
ohserved, sudden shifts in flowering observed in the
present study in T cacao when shade cover trees
exhibit leaf-drop in the dry season. lanzen (13)
predicted that the heavy rains that terminate the
tropical dry season provide an effective trigger for
the synchronized flowering of trees Such an effect
is most pronounced in highly seasonal tropical
regions, even though many tree species exhibit
varying degrees of synchronous flowering in less
seasonal regions (18) Hilty (10) noted that in rela-
tively non-seasonal tropical localities, flowering and
fruiting within a tree species may have multiple peaks
of intensity. Hutcheon (12) proposed two different
flowering patterns operative in 7. cacap A pattern of
“normal flowering” is regulated principally by
internal physiological conditions, while “crazy
flowering” is an immediate response to the removal
of some inhibitory factor such as moisture stress

(12) Depending upon the locality, both control
mechanisms operate to determine the phenological
patterns of flowering in T cacap. Hutcheon also
found that the major burst of flowering at the end
of the dry season in Ghana results in the greatest
amount of fruit-set. A similar pattern was seen with
the present study, particularly at both CATIE in
Turrialba and both habitats at Lz Lola. Both of these
localities exhibit a greater amount of seasonality in
availability of rainfall than the La Tirimbina locality
As the rainy season progresses, there are increasingly
less favourable conditions for flowering in T. cacao
as well as increased energy allocation to fruit develop-
ment, and both factors contribute to a marked
decline in flowering by the end of the rainy season
{12). The deliberate removal of new fruit {cherelles)
in the present study may also stimulate sustained
flowering, thereby postponing or dampening the
effects of fruit development on flowering intensity

(12)

Tempora} changes in the abundance of new fruit
1" cacmo must take into consideration the changes
in distribution and abundance of pollinators. When
flowering is both intense and synchronous within a
population, a greater number of pollinators may be
attracted fo inflorescences (2, 27). High fruit-set
observed during and immediately following periods
of intense flowering, as seen in the present study,
may resuit in part from increased activity of pollinat-
ing insects. Cocos-poliinating insects are more
abundant during the rainy season than in the dry
season (6, 31, 33, 34), allowing for some synchrony
between flowers and pollinators, Yet in some regions
there exists considerable asynchrony between
abundance cycles of cocoa flowers and pollinators
and flowers may increase fruit-set to some degree,
many trees possess an internal, physiological limit
on fruit-set which is independent of pollination levels
(27). By inspection the data suggest a difference in
the ratio of fruitset to flowering for some of the
trees studied, such as seert in a comparison of these
parameters for La Lola and Turrialba. This difference
might be due to a direct or indirect effect of locality
upon the abundance of pollinating insects and their
annual cycles of population dynamics (24, 25, 26},
Peak flowering periods in T cacao provide an
abundant resource of adult pollinating midges such as
Forcipomyia species (Diptera: Ceratopogonidae).
Pollinator populations are reduced during the dry
scason, a time when flowering declines as well. The
dry season-related abiotic constraints on the survival
of T cacao flowers may further limit the opportu-
nities for pollination and fruit-set, since the dirunal
cycle of flower opening and receptivity is highly
synchronized to times of the day when relative
humidity is high (30)
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Summary

Monthly patterns of flowering and fruit-set were
siudied for large samples of cocoa trees, Theobroma
cacao k. (Sterculiaceae) at three localities within the
Tropical Wet Forest zones of Costa Rica All three
localities exhibit varying degrees of seasonality, with
a short dry season usually occurring between January
and March. Cocoa trees at each localily chosen for
study included ones with various kinds of shade
cover. At all three localities, and regardiess of shade
cover, there was a marked decline in [lowering near
the end of the rainy season when rainfali was very
high. Depending upon the response of the shade cover
to dry conditions, the month-to-month production of
new cocoa flowers varied. Inler-4ree monthly levels
of flowering and fruit-set varied greatly at all
localities, making it difficult o determine quantita-
tive seasonal patterns, and emphasizing the inter-
pretative value of qualitative comparisons involving
clearly large differences in flowering and {ruit-set
data When shade cover was thinned through leaf-
drop by the late dry seasan, fluctuations in {lower
production varied preatly in the following rainy
season Al two localities in particular, there was a

large peak in fruit-set coinciding with the burst of

fiowering in the first halt of the rainy season
Muitiple peaks of flowering end fruit-set occurred at
ali localities Understanding differences in levels of
fruit-set depend upon the effects of climatic factors
upon populations of pollinating insects at different
localities The incidence of the fruit disease Monilia
increased during periods of high fruit-set and disap-
peared at other times of the year
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