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EFFECT OF 1NTERCROPP!NG AND ENV1RONMENTAL FA CTORS ON 
ANTHESIS IN CUPUAÇIJ (ThEobronla grandiflorum - STERCULIACEAE)' 

Giorgini Augusto Von tur7cri2  and Márcia Motta Maués3  

ABSTRACT: Cupuaçu (Theobroma grnd/florum), oiie of rhe most profitable newcrops of 
Amazonia, is now attracting world-wide attention as ao exotic fruit, usecfin juicps, ice cream 
and sweets Neverthe/ess, its yie/ds are low and prices are consequently high The fow 
fecundity of cupuaçu is due to the low rato of nátural effectivepolfination; diat takes placa 
in only 1.6 % of the fiowers. The scarcity of poflinators and the /imitcd time during which 
the fio wer is attractíve ta the effective poilinator, the mosquito bee (Pl&ia mlnima), are 
senti as lhe principal limiting factors lo natural poflination. Observed varia doo in the riming of 
fio wer opening supgests the possibi/ity of selection for ear/ier f/owér opéning iri arder to gfve 
bees more time to po/linate. Contributions of individual genotypic variation, humidity, 
shading, and changes in light qua/ity (provided by coloured celiophane fi/ters on f/owers) on 
fio wer opening are reported. Shadfng was fel lhe only factor infíuencing anthesis. The 
timing of anthesis in /ess illuminated plants seemed to be more inf/uenced by raio fali than in 
the more i/ltiminated trees. Relativo hurnidity of lhe air vias higher with lhe intercropped 
plants and may be associated with earlíer anthesis. Treatments usfng coloured ce//ophane. 
filters were not found te influence on the time af fio wer opening. 

EFEITO DE CONSORCIAMENTO E FATORES AMBIEN TAIS NA ANTESE 
EM CUPUA ÇUZE1RO (Tbeobroma grandifloruin -5 TERCUL.!A CEAE) 

RESUMO: O cupuaçuzeiro (Thobromi grandiflorum) é uma das culturas mais rentáveis de 
Amazônia, usada em sucos, sorvetes e doces, e que como fruta exótica vem atualmente 
atraindo a atenção mundiaL Entretanto, a sua produção é pequena e os preços são, 
conseqüentemente, altos. A baixa fecundidade do cupuaçuzeiro é devida à baixa taxa de 
polinização natura/, que ocorre em somente 1,6% das flores. .4 raridade do polinizador- e o 
perfodo limitado em que a flor está atrativa para o polinizador, a abelha mosquito (Plebeta 
minima), são vistos como os principais fatores limitantes à polinização natural. A variação 
observada na tempo de abertura das flores sugere a possibilidade de seleção para antese 
precoce das flores para dar às abelhas mais tempo para efetuarem a polinização. A 
contribuição da variação peno típica individual, umidade, somixeamento e modificações no 
comprimento do onda da luz incidente (pra vacada pela colocação de filtros de celofane sobre 
as flores) na antese das flores são reportados. O sombreamento não foi o único fator que 
influenciou na anrese. O horário da antese nas plantas menos iluminadas parece ser mais 
influenciado pela chuva do que o horário das plantas mais iluminadas. A umidade relativa do 
ar, maior nas plantas em consórcio, pode estar associada à antese precoce. Tratamentos que 
usaram os filtros do celofanes coloridos não demonstraram qualquer influência no tempo da 
antese das flores. 

This study vias supported by a grant from lhe Margaret Mee Amazon Trust and is part of the Ph.D. 
Thesis of lhe firstauthor. 

2 Visitor researcher at Federal University of Pará (UFPa)/Dep. of Genetics, Campus Universitário do ?3uamá, 
660 75-900, Belém, PA, Brazil. 
Brazifan Enterprise for Agropocuarian Research-Centre for Agro forestry Research for Eastem Amazônia 

(Embrepa Amazônia Oriental). Caixa Postal 48, CEP 66017-970, Belém, Pará, Brazi/. 
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INTRODUCTION 

Cupuaçu (Tfwobroma grandifiorum - STERCULIACEAE) is a tree relativa of 
cocoa (T cacao) and is currently attracting world - wide attention as an exotic fruit for 
use in juices and ice creams. It lias an agreeab/e strong, acid-sweet fia vour that has 
gained it a rapid increase of popularity. Nowadays, cupuaçu is undergoing a rapid 
expansion lato lhe world market for exotic frult fia vours (Cement & Venwrieri, 1991) 
and is considered one of dia most profitable crops ia the Amazon, recommended as a 
cash crop for íntegrated agro forestry systems (Moraes et ai. 1994; Smith et ai. 1992; 
Venturieri, 1993). 

Three stingless bees (Hymenoptera: Apídae: Meiiponinae) are mentioned in 
lhe 1/reta rure as possible polilnators of cupuaçu. These are Ptilotrígona lurída (Smith), 
Plebe/a mínima (Gribodo) and Trigonisca pEdiculana (Silva, 1976; Venturieri, 1994). 
Howe ver, the biology of these social bees is noz' well known (Roubik, 1989). 

Cupuaçu exhibits very iow fecundity. Fa/co & Lieras (1983), for example, 
reported that some 2,500 fiowers were necessary for the production of only four 
mature fruits. The factoirs aiready poinred our as an explanation for this are: low ratas 
of natural poiination, estimated at 1.6% for pistils poiinated with moré than 60 poilen 
grains; a hypothetical self-incompatibility system; Iimited time period during the day 
which fio wers are a ttra clive to insects (1. e., presenting re wards to fio wer visitors); 
and rarity of poilinators (Venturieri, 19941. 

Cupuaçu fiowers sp/it their sepais during lhe day, but they open fuily only at 
lhe end of lhe afternoon between 16:00 (62.3%) and 18:00 (29.3%). Qccasionally, 
fiowers open at noon (6.42%) or more uncommonly between 18:00 lo 20:00 (1.8%). 
Open fiowers are receptiva until 10:00 of lhe next morning (Venturier,, 1994). 
P. minima gathers poilen from cupuaçu fiowers, especially during the Iate afternoon 
when the anthers are still covered with poilen grains. These bees generaily begin to 
forage early, leaving thefr nests in the morning at approximately 7:30, and remain active 
until abour 17:30. This means that there is a rala tively short time perioci during the day 
for poilen coilection from cupuaçu (Venturieri, 1994). Neve rtheless, the observed 
varia tion in the timing of fiowering suggests that it may te possible to anticipate the 
time of fio wering ia order to give lhe bees more time ia which to poilinate fio wers. The 
basis of the observed varia tíon could be individual genetic varia tion, or general 
environmen tal cono'itions, like humidity, light intensity, or changes ia light quality due to 
shading by other trees in inter-cropped pia ntinqs 

Ia (bis paper we report studies of cupuaçu fio wer behavíour ia shaded and 
unshaded trees and the effect of artificial changes in 11ghz' quality on fio wering. 
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MATERiAL AND METHODS 

Fie/d investiga tions were .carrieo' out in the ThEobromagErmpiasin bank of 
CEPLAC/ERJOH, in the municipality of Benevide.(1 0  12 S;49° 13' W) and at Embrapa-
CPA TU in Belém (10201.9;  48 030' W), both inthe state of Pará, Northern Brazil. The 
climate of these local/tios is classified as "Afi» in the Kóppen system (mean tempera ture 
o! 26°C, average te/ative humidity of lhe alt 84%, and 2,600mrn of rainfail per year). 
Observa tions were made from September lo December 1992. 

AI .the first Ioca/lty, cupuaçu trOes were inter-cropped with several other 
use fui troe species as an agro forest. The size of tho troes suggested that they were 
more than 40 years old, possibly derived from the typlcal home garden of an Amazon 
peasant agriculturallst. At lhe second Iocality, the analysed trees were 11 years old, 
part of an experiment at p!anting of cupuaçu that compared troes in pure plots with 
those inter-cropped with peach paim (Bactris gasipaEs). 'ingá" (laga cdulls) and açai 
(EuterpE oleracEa). Duo lo this on-going experiment, these troes were pruned, ferti/ised 
and kept under an agronornic management. The inter-cropped trees were !ess 
iiuminated than lhe trees planted as a single crop. The studied piants were in an Oxisol 
with red and yel/ow argilltes with a low drainage capacity and poor fertility, 

in an attempt to assess the influence of Ifght quality and a possible 
greenhouse effect on fio wer opening, co!oured ceiophane 11ghz' filters were used, much 
as was dono by Prance & Ar/as (1975) for Vidoria arriazonica. Five fiowering troes 
(identification numbers F13-2, 229-25, 296-1. 283-57 and 332-17) were randornly 
chosen at lhe CEPLAC study sito. From 18:00 lo 18:30 on 9 November 1992, 90 
matute buds were marked on each troe. Fio wers were indívidually protected with red, 
b/ue, green, transparent and superposed biue and red ceiophane paper tubes. Three 
fio wers on each tree were covered with the sarne co/ou, ceiophane. Transparent 
ceiophane was used lo test the greenhouse effect (raising lhe tempera luTe of lhe bud). 
As a controi, three uncovered fio wers were observed on each tree. Fiowers were then 
observed aI 12:00, 15:00, 16:00, 17:00 and 18:00 on the foliowing day, and lhe time 
az' which each fio wer opened fu/ly was recorded. 

The sarne experiment was conducted at Embrapa-CPA TU, using two 
cupuaçu trees inter-cropped with other fwit troes, in an environment similar to that at 
CEPLAC/ERJOH, and with two trees from pure stands planted in a plantation. The 
treatments in this experirnent were randomly applied between 6 and 22 October 1992, 
according lo lhe avallabiilty of fio wers. As an additionai observa tion, anthesis of 
uncovered fiowers, from two troes of a cioned seedless variety of cupuaçu pIanted in 
the shade and ia fuil sunshine, was observed 6,, 3 November 1992, at Ernbrapa-CPA TU. 

Survivai analysis approach. WáS appied. using Logistic Reression Analysis 
(Coliez', 1994) to anthesis time by environrnents. The calcula tions were dono asing the 
Logistic procedure frorn the SAS statistics package (SAS Instituto, 19.91). 
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RESUL TS 

The times when fio wefs covered with dífferent coiours of celiophane opened 
in the three studied environments are.shown in Table 1. No statistical differences were 
observed among the different treatments, so changes in Iight quality induced by the 
ceiophane or the possible greenhouse effect did not affect fio wer opening scheduies 
(Table 2). 

TABLE 1. Time of cupuaçu fiower anthesis. Environment a: # = plant F13-2; = piant 
229-25; C = plant 296-1; 8 = plant 283-56 and d' = 332-17; envfronment 
b: * =plant 1; + = pient 3; envfronment c: # = plant 2; @ = plant 4. 

Environment a: Cupuaçu trees inter-cropped with other trees at CEPLAC/ERJOH. 

Treatment Time (hours) 
12:00 	15:00 	16:00 	17:00 18:00 

BIue 4 	 Dd2'd2'c( 
Red DQD2Ó2 8d2 

Transparent cQ 	#~P 	>I< ff¥ 	 £7 UDY4?c2 
Green ###L7D 	D# 892d2d2 

Red & B/ue £7 £7 dcÇ'd  £7 

Control *4 	 £7 a a 8Zd2J2é 

Environment b: Well li/um/na ted cupuaçu trees at EMBRAPA-CPA TU. 

Treatment Time (hours) 
12:00 	15:00 	16:00 	17.00 18:00 

Blue **++ 

Red * 

Transparent * * + + 

Green ** * 

Red&BIue * 	 ++ 
Control * 	 *+ 	*++ 

Environment c: Cupuaçu trees inter-cropped with other trees at EMBRAPA-CPA TU. 

Treatment Time (hours) 
12:00 	15:00 	16:00 	17:00 18:00 

BIue 
Red ### 	@@ © 

Transparent # 	 #@© 	#@ 
Green ##@@@ 	# 
Red&8Iue # 	# 	 #@@@ 
Control @ 	 ##@ 



TABLE 2. Effect of different colours of ceiophane on time of fio wer anthesis. (ns = 
difference aol sta fistically significant). 

	

A verage 	Wald c2-Square test Probabíllty to be equal 
Treatment 	lime of 	applied to time of anthesis and levei of significance 

	

anthesis 	of each treatment against 

	

(hours) 	 the contrai 

Control 17:00 
BIue 16:44 0,86 0,34ns 

Red 16:56 0,06 0,80 ns 

Transparent 17:03 0,03 0,87ns 

Green 16:48 0,53 0,46ns 

Red & B!ue 16:41 131 025 ns 

Sta tis tical differences were. observed, ho wever, among environmen ts. 
Anthesis ia the inter-cropped trees at Embrapa-CPA TU occuirred earlier than in lhe 
unshaded trees at the sarne locality (p<0.01). Nevertheless, anthesis in the inter-
cropped cupuaçu trees aI CEPLAC/ERJOH occurred later than in ínter-cropped trees at 
Embrapa-CPATU (Table 3). 

TABLE 3. Time of anthesis in different envfronments. * = difference barely significant; 
* * * = difference very significant. 

Environment 
Average 

anthesis 
(hours) 

Dífferences between environments according to the 
Wa/d c2- Square test 

lnter-cropped cupuaçu 17:04 
trees with other trees aI a x b 	 a x c 
CEPLA/ERJ0H 	a 0:26 	 0:55 

(p= 0.018) 	 (p= 0.0001) 
* 

Well illuminated 16:38 b x c 
cupuaçu trees aI 0:29 

Ernbrapa/CPA TU = b (p = 0.004) 
*** 

lnter-cropped cupuaçu 16:09 
trees with other trees at 
Embrapa-CPATU = c 

The sarne tendency was observed in the seedless cupuaçu cione, where 
fiowers of lhe inter-cropped tree opened earlier than those of the trees planted in . lhe 

pure stand (Table 4). 



TABLE 4. Time of anthesis in twa trOes of a seedless dono of cupuaçu, planted in two 
environments. * Fio wers opened during the night. 

Environment 	 Time moursi 
12:00 	15:00 	16:00 	17:00 	18:00 > 18:00 * 

/nter-cropped 	O 	O 	O 	O 	9 	15 

Cu/tivated a/ano 	O 	O 	O 	O 	1 	13 

DISCUSSION 

At Embrapa-CPA TU, anthesis in inter-cropped plants occurred earlier than in 
well-iiluminated troes. In ter-cropped plants (boa vily shaded) a t CEPLA C/ERJOH reached 
anthesis la ter than the others, showing that shade is foI lhe oniy factor influencing 
anthesis and that olher environmenta/ factors must a/so influence time of anthesis. 

Venturieri (1994) otserved thát when fiowers were protected prior lo hand 
pol/ination, coveringàhad lo be p!aced on them earber than usual on rainy days because 
the fiowers generaily opened earlier on rainy days. Anthesis in the shaded plants may 
have been more influenced by rainfail than in unshaded ones Since the tela tive humidity 
of lhe air is hígher near inter-cropped plants, early anthesis may te associated with 
higher humidity. 

Several treatments using ceiophane filters decreased ilght intensity 
considerab!y, for example the superposition of red and green papers and green paper 
alone. These treatments might te expected to shade lhe fio wers and lead lo early 
anthesis, but this did not occur, reinforcing the suggestion that humidity, not shade, 
controis fio wer anthesis. 

CONCL USIONS 

The quallty of light did not influence on anthesis. Humidity may influence 
early anthesis in cupuaçu. 

A CKNOWLEOGMENTS 

We thank the Federal University of Pará (UFPaJ, Brazilian Enterprise for 
Agropecuarian Research/Centre for Agro forestry Research for Eastern Amazonia 
(Embrapa-CPA TU) and National Cocoa Board (CEPLAC) for lhe use of their fadiities in 
this study. Dr. Phifp Young, Universfty of Reading, performed lhe statistica/ analysis. 
Embrapa-CPA TU technicians Aluisio Alvos da Silva, &lilson de Freitas Leal and 
Francisco G. da Silva Frota assistecf with the fiekfwork. 

382 



BIBL1OGRAP1-IY 

CLEMENT, C. fi.; VENTURIERI, G.A. Cupuaçu and bacurL In: NA G Y, S.; SHA W, P. E.; 
WARDOWSKI, W., cd. Fruits of tropical and subtropical origin: composition, 
properties, uses. Lake Alfred. FI: Florida Dep. of Citrus, 1991. p. 178-192. 

COLLET, O. Modelling survivai data in medica! research. London: Chapman & Hall, 
1994. 347p. 

FALCÃO, M.A.; LLERAS, E. Aspectos fenológicos, ecológicos e de produtividade do 
cupuaçu (ThEobroma grandifiorum (Wil/d. ex Spreng.) Schum.), Acta Amazonica, 

v. 13, p. 725-735, 1983. 

MORAES, V.H. de; MÜLLER, C.H.; SOUZA, G.C. de; COHEN, I.A. Native fruit species 
af economic potential from the Brazilian Amazon, Angew. Bot. v.68, p.47-52, 
1994. 

PRANCE, G. T.; AR/AS, J.R. A study of the floral biology of Victoria amazonica (Poepp.) 
Sowerby (Nymphaceae). Acta Amazonica, v.5, n.2, p. 109-139, 1975. 

REFFYE, Ph. de; PAR VAIS, J.P.; MOSSU, G.; LUCAS, P. Influence des aléas de la 
polllnisation sur les rendements du cacaoyer: modèle mathéma tique et simulation. 
Café Cacao Thé, v.22, p.251-274, 1978. 

ROUB1K, O. W. Ecoiogy and natural history of tropical bees. Cambridge: Cambridge 
University Press, 1989. 5 14p. 

SA S INSTITUTE SA S procedures guide (vers. 6). Cary, North Caro/me, 1991. 706p. 

SIL VA, M. F. Insetos que visitam o cupuaçu (ThEobroma grandiflorum (Willd ex 
Sprengel) Scflum - Sterculiaceae) e o índice de ataque das folhas. Acta Amazonica. 

v.6, n. 1, p.49-54, 1976. 

SMI TH, N.J. H.: J. T. WILLIAMS, PL UCKNETT, 12 L.; TALBO T, J. Tropical forests and 

their crops. /thaca: Comstock Publishing Associates Corneil University Press, 1992. 
568p. 

VENTUR/ERI, G.A. Cupuaçu (ThEobroma grandffloru,n, Stercullaceae), In: CLA Y, 
Y. W.; CLEMENT,. C.R. ccl. !ncome generation forests and conservation in Amazonia, 

Rome, Italy: FAQ, 1993. p. 14 7-158 (Foresty Paper). 

VENTURIERI, G.A. Floral biology of cupuassu (ThEobroma grandiflorum (Willdenow ex 
Sprengel) Schumann). Reading: University. aí Reading, 1994. 21 ip. Ph.D. Thesis. 

383 


