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Abstract. A review is made of the ecological interactions that occur between shade trees and
the perennial crops: coffee (Coffea spp. L.), cacao (Theobroma cacao L.) and tea (Camellia
sinensis L. Kuntze). These interactions are classified firstly as advantages or disadvantages,
and secondly as: effects on crop management; effects on the hydrological cycle; effects on
pathogens, insects and climatic conditions; and effects on soils. References are given for the
20 advantageous and 16 disadvantageous consequences of using shade trees, emphasizing
publications that provide original data and useful methodologies. Finally a check list of
desirable characteristics for perennial crop shade trees is presented.

Resumen. Se hace revision de las interacciones ecologicas que ocurren entre arboles de
sombra y los cultivos perennes: café (Coffea spp. L.), cacao (Theobroma cacao L.) y té
(Camellia sinensis L. Kuntze). Estas interacciones fueron clasificadas en primer nivel como
ventajas o desventajas, y en segundo nivet como: efectos sobre manejo de los cultivos; efectos
sobre el ciclo hidroldgico; efectos sobre patégenos, insectos y condiciones climaticas; y
afectos sobre los suelos. Se dan referencias para 20 consecuencias ventajosas y 16 consecuen-
cias desventajosas al utilizar drboles de sombra, dando énfasis a publicaciones que proveen
datos originales y metodologias utiles. Finalmente se presenta una lista de las caracteristicas
deseables para drboles de sombra para cultivos perennes.

Introduction

The principal biological interactions, that occur between shade trees and
underlying crops, have been reviewed by several authors [23, 40, 63, 73,
74]. This report provides check-lists of all the suggested advantages and
disadvantages which have been attributed to the shade trees used for coffee
(Coffea spp. L.), cacao (Theobroma cacao L.) and tea (Camellia sinensis
L. Kuntze) [16, 35, 76, 79, 96]. These check-lists are designed to help the
student, researcher or extension agent identify the most important crop-
tree interactions, or the most suitable shade tree species, when working
with a new (to him) agro-forestry combination and/or new site. The
references given in these lists are to publications which contain experi-
mental data, and which describe a methodology used to study a particular
interaction. In a few cases, where experimental data is scarce or non-exis-
tent, reference is made to previous publications which include the same
suggestion (e.g. see below 1.IV.7. Beneficial effects on soil organisms [35]).
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No references are given when the possible advantage or disadvantage is
obvious (¢.g. 2.1.4. Mechanization of crop is hampered).

The use of shade trees for tropical perennial crops

The recent tendency of agricultural extension services is to recommend the
culture of coffee and cacao without shade trees in order to gain the highest
possible yields. These recommendations are based on experimental work,
carried out in many countries, which has shown that on the most appro-
priate sites, intensive management of self-shading monocultures can give
2 and 3 fold yield increases over traditional shaded systems [4, 18, 25, 26,
46, 66, 68, 95, 96]. However, information such as that provided by Aken-
korah et al. [1], on the relative long term profitability of the unshaded vs.
the shaded crop, is rare.

The inclusion of shade trees is less controversial in the case of small
farmers since they are frequently cultivating a sub-optimal site for their
crop (see Nair [71], Purseglove [76], Wrigley [96] for descriptions of the
optimal conditions for coffee, cacao and tea). Purseglove [76, p. 587]
summarizes some of the most important considerations in such a situation
when he states ““‘Shade reduces photosynthesis, transpiration, metabolism
and growth and therefore, the demand on soil nutrients and so enables a
crop to be obtained on soils of lower fertility””. Shade is invariably recom-
mended for the establishment of cacao [4, 31] and it should be gradually
removed on optimal sites as the cacao becomes self-shading [17, 26, 68].
However, in cases where intensive management, in particular the regular
application of fertilizers, can not be guaranteed, some shade trees should
be retained for both cacao [95] and coffee [74]. Many reported advantages
and disadvantages of shade trees are listed in this report but it appears that
the fundamental question, when planning the renovation or establishment
of coffee and cacao plantations, is whether the owner has the site, educa-
tion and resources to maintain these crops without shade. In the case of
these export crops there is an additional risk, that the value of the product
will temporarily fall to a level where the farmer can no longer afford the
necessary inputs and therefore, will temporarily abandon his plantation.
Cacao or coffee under shade will survive such a setback far bettér than
monocultures of these crops [44, p. 88].

The higher risk inherent in unshaded cacao cultivation is also illu-
strated by Cunningham’s economic analysis of cacao production in
Ghana [24]. “The extra expenditure and work associated with clear-felling
and growing unshaded cacao with large amounts of fertilizers would
probably be justified only when yields of 3,000 1b. dry cacao/acre
(3,360 kg/ha) and over are obtained” (but see also Vernon [90]). It should
also be noted that the majority of the shade/fertilizer experiments with
cacao have shown that any shade greatly reduces the response to fertilizer
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applications [1, 4, 17, 18, 23, 26, 69] and in such conditions they are rarely
economically justifiable. Part of the world-wide research effort devoted to
these crops, should be reorientated away from the achievement of maxi-
mum yields, towards the study of sustained yield systems for farmers of
few resources cultivating marginal agricultural land.

Some of the consequences of including shade trees with perennial crops
can be either an advantage or a disadvantage depending upon the situa-
tion, e.g., the influence upon the water balance of the understory crop.
Whether a particular interaction is detrimental or beneficial will largely
depend upon the characteristics of the species and of the particular farming
area (climate, soils, etc.).

Shade trees may be classified [21]: A) As a tool for the management of
the environmental conditions in the associated crop plantation, e.g. Eryth-
rina poeppigiana over coffee; B) As a means of diversifying crop produc-
tion (including timber) from a given area, e.g. Cordia alliodora over coffee;
and C) In some cases the shade tree fulfills both management (A) and
production (B) functions, ¢.g. Leucaena leucocephala over coffee.

Based on the interactions suggested in the two lists ““Advantages”™ and
“Disadvantages”, the shade tree characteristics given in the third check-
list are usually considered desirable, though which are deemed most
important will depend upon the objective (‘1°, ‘2’ or ‘3°). The first question
is whether the shade species is indeed adapted to the zone. Finally, the acid
test of the suitability of any shade tree is the long term financial yield of
the combination versus the perennial crop monoculture. The attached lists
are only guidelines to the choice of species for testing.

Lists of potential shade tree species have been published for: Brasil [58,
81, 93]; Cameroun [61]; Central and South America [55, 56]; Costa Rica
[43, 51]; Gold Coast [42]; India [28]; Ivory Coast [60]; Kenya [64]; Mexico
[51]; Sri Lanka [52]; Trinidad [67]; Uganda [89]; Various countries [22, 44,
62, 96]; and Zaire [75].

A. Possible advantages of including shade trees with perennial crops’
1. Consequences which facilitate crop management

(1) Prevention of overbearing (and subsequent die-back) results in less
variable annual yields which, over a long-term, permits a more
efficient utilization of labour and machinery during harvesting and
processing [76].

(2) Suppression of weed growth [14, 25, 87, 90].

(3) Product diversification, e.g. fruits, timber. Merchantable trees re-
present “standing capital” and hence are an insurance against crop
failure [84].

(4) Control of crop phenology, e.g. fruit setting and maturation, by
manipulating the environmental conditions through the careful



timing of shade tree pruning or the use of an appropriate deciduous
tree species [5, 19, 31, 42, 53, 92, 97].
(5) Shade may improve the quality of the crop, e.g. coffee [19, 20, 66}.

II. Beneficial influences on the hydrological cycle

(1) Reduction of evapotranspiration of the shaded crop [3, 33, 48, 54,
60, 65, 70, 871.

(2) Removal of excess soil moisture by transpiration of a heavy shade
tree cover [31, 63)], e.g. in North-East Indian tea gardens [95].

(3) Increased moisture input through horizontal interception of mist
or clouds, e.g. Grevillea robusta over tea in Tanzania (East African
Tea Research Institute cited by Willey, [95]).

II1. Protection of the crop from pathogens, insects and adverse climatic
conditions

(1) Extension of the productive life of the crop [1, 4].

(2) Reduction of air, soil and crop leaf temperature extremes, and in
some cases improvements of the microclimate for the crop, e.g.
higher humidity [2, 3, 18, 45, 48, 70, 87, 92].

(3) Reduction of damage caused by hail and heavy rain.

(4) Reduction of some diseases, pests and parasitic plant infestations
[1, 2, 72, 83, 88, 89].

(5) Reduction of wind velocities in the crop strata [4, 59, 82].

1IV. Improvement of soil fertility andjor soil protection

(1) The growth (and possible die-back) of the shade tree root system
can improve soil drainage and aeration, [52], e.g. by breaking up a
“hard pan”.

(2) The provision of a soil mulch (which helps retain soil moisture
during the dry season) and an increase in the soil organic material
from natural leaf fall and pruning residues [12, 39, 47, 49, 52, 80].

(3) Reduction of erosion on slopes [85, 92, 94].

(4) Reduction of the decomposition rate of soil organic material (be-
cause of reduced soil temperatures).

(5) Recycling of nutrients which are not accessible to the crop [6].

(6) Nitrogen fixation by shade tree root nodules [12, 30, 78].

(7) The management of unshaded perennial crop plantations involves
greater use of agricultural chemicals, especially herbicides. These
chemicals may have inhibiting effects upon beneficial soil organ-
isms, e.g. organic material decomposers and free living nitrogen
fixers [35]. Moreover, the increased soil organic material content,
created by the presence of shade trees, can promote the activity of
beneficial soil organisms [70].



B. Possible disadvantages of including shade trees with perennial crops

1. Consequences which hinder crop management
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Natural fall of branches and trees, or the harvest of mature trees,
will damage the understory crop [9, 11].

Sudden defoliation of the shade trees, by insects or disease, could
cause severe shock to a shade adapted crop and consequent die
back (hence a mixed shade is preferable to one species).
Additional manual labour is necessary for combinations where the
trees are regularly pruned [29].

Mechanization of the underlying crop is hampered.
Establishment of erosion control structures (e.g. terracing) is ham-
pered once the trees are established.

New crop varieties are invariably bred for monocultural conditions
and may not be suitable under shade [10, 20, 29, 45, 66].

Heavy shading can reduce the quality of a crop, e.g. tea [50, 65].

I1. Detrimental influences on the hydrological cycle

(D

Shade tree root competition for moisture during the dry season and
oxygen during the wet season {3, 34, 36, 47, 57, 90].

II1. Promotion of adverse influences such as pathogens, insects and
detrimental environmental conditions

(M

)
3)

@
&)

Reduced air movement and increased humidity may favour fungal
diseases [18, 19, 27, 83].

Insect attack may be greater when the crop is shaded [83, 92].
Allelopathic effects [7, 77], e.g. the combination of Nogal (Juglans
spp.) with coffee is potentially hazardous.

Shade trees can act as alternative hosts for pests and diseases [17,
60, 83].

In addition to reducing the quantity of available light, and hence
yields on fertile soils [15, 17, 19, 91, 92], shade trees reduce the
quality of transmitted radiation since there is a preferential absorb-
tion of photosynthetically useful radiation [8, 70].

IV. Reduction in soil fertility (with respect to the associated crop) and
increased erosion

(1
03

)

Shade tree root competition for nutrients [32, 37].

Stemflow, and the drip of rain drops which coalesce on shade
leaves, can adversely redistribute rainfall thus increasing erosion,
crop damage, and reducing moisture absorbtion by the soil {13, 41,
62, 86, 94].

Harvesting of fruit and/or wood from the shade tree constitutes an
additional drain of nutrients from the site [32, 38].
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Desirable characteristics for perennial crop shade trees’
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(15)
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20
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Compatibility with the crop, which means minimal competition for
water, nutrients and growing space, e.g. does not produce suckers;
the crown branches above the crop; deep rooting; minimum over-
lapping of understory and overstory species root zones.

Strong rooting systems (not susceptible to wind throw). Shade trees
are more exposed to adverse climatic conditions than are trees in
a forest or a plantation and should be capable of adaptation to
open-grown conditions.

Rooting ability of stakes to permit rapid shade establishment by
vegetative propagation.

Ability to extract soil nutrients which are not trapped by the crop’.
Ability to fix nitrogen.

A light crown that provides a regular mottled shade pattern rather
than uniform shadow of photosynthetically poor quality light.
In the case of objective “2” (timber producing species). A small
diameter light crown to: a) reduce the wind resistance of the foliage
and hence the risk of wind throw, b) permit relatively high shade
tree densities without reducing light levels below critical values for
the crop; and c¢) minimize crop damage when individual trees
(continuous timber yield system) are harvested.

Non-brittle branches and stem.

Thornless stem and branches to facilitate management.

Rapid apical growth (Obj. “27).

Self-pruning and the ability to form a straight unforked stem in
open-grown conditions (Obj. “27).

Tolerance of repeated heavy pruning or pollarding (Obj. *“17°).
High biomass productivity of material that is recycled, through
leaf-fall and/or pruning. Readily decomposed leaves and woody
material.

If deciduous, rapid flushing of new leaves to regenerate the shade
cover.

Absence of major disease or insect susceptibility which could lead
to sudden defoliation.

Small leaves to minimize rain drop coalescence and subsequent
drip damage.

No allelopathic properties.

Smooth bark that does not harbour epiphytes.

Valuable wood, fruit or other product, e.g. rubber from Hevea spp.
Not an alternative host for insects and pathogens which are major
enemies of the crop.

Shade tree species should not have the capacity to become a weed
e.g. Ricinus communis and Leucaena leucocephala (certain areas).
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Notes

1.
2.
3.

Principle sources: Budowski [16], Purseglove [76], Willey [95], Wrigley [96].

See also Haarer [44], MacMillan [62]. Martinez and Enriquez [63] and Thomas [89].
This is a contentious point since many authors describe trees as nutrient pumps bringing
up elements from soil levels below the crop roots. However, Budowski gives as an
advantageous characteristic “‘superficial long horizontal roots™ since few nutrients then
escape the combined crop-tree root system [16). In fact, with the exception of sandy soils
there is little evidence in the humid tropics to show that crop and tree root systems
occupy different levels. In areas of high rainfall most feeding roots of all plants are near
the soil surface.

References

[

(78]

. Akenkorah Y, Akroft GS and Adri AK (1974) The end of the first cocoa shade and

manurial experiment at the Cocoa Research Institute of Ghana. J Hortic Sci 49:43-51

. Alvim P De T (1958) El problema del sombreamiento del cacao desde el punto de vista

fisioldgico. Agronomia (La Molina) 25:34-42

. Alvim P De T (1960) Las necesidades de agua del cacao. Turrialba 10:6-16
. Alvim P De T (1977) Cacao. IIl. Climate. In: Alvim P De T, Kozlowski TT, eds,

Ecophysiology of tropical crops, pp 280-289. New York, Academic Press

. Ampofo ST and Bonaparte EE (1981) Flushing fiowering and pod-setting of hybrid

cocoa in a cocoa/shade/spacing/cultivar experiment. In: Proc VII Int Cocoa Res Conf,
Cameroun, 1979, pp 103-108. Lagos/Nigeria. Cocoa Producers Alliance

. Ananth BR, Iyengar BRV and Chokkanna NG (1960) Studies on the seasonal variations

of plant foods under different shade trees. Indian Coffee 24:347-61

- Anaya AL, Ocotha GR, Ortiz LM and Ramos L (1982) Potencial alelopitico de las

principales plantas de un cafetal. In: Jiménez AE. Gomez-Pompa A, eds, Estudios
ecologicos en el agroecosistema cafetalero, pp 85-94. Xalapa/Mexico. INIREB

. Bainbridge R, Evans GC and Rackham O (1966) eds, Light as an ecological factor.

Oxford/England. Blackwell. 452 p

. Baker RED (1941) Immortelle disease. Trop Agric 18:96-101
. Barua DN and Sarma PC (1983) Effect of leaf-pose and shade on yield of cultivated tea.

Hortic Abstr No.3807 53(5):374. (Indian J Agric Sci 52(10):653-656. 1982)

- Beer JW (1980) Cordia alliodora with Theobroma cacao: A traditional agroforestry

combination in the humid tropics, Turrialba/Costa Rica. CATIE, Sp. (mimeo)

. Beer JW (1986) Nitrogen fixation and litter production in agroforestry combinations of

coffee and cacao (Submitted to Plant Soil)

- Beer JW, Clarkin KL, De Las Salas G, and Glover NL (1981) A case study of traditional

agro-forestry practices in a wet tropical zone: The **La Suiza” project. In: Chavarria M,
ed, Las ciencias forestales y su contribucién al desarrollo de la América Tropical,
pp 191-209. San José/Costa Rica. CONICIT-INTERCIENCIA-SCITEC

. Bermudez MM (1980) Erosion hidrica y escorrentia superficial en el sistema de café

(Coffea arabica L.) poré (Erythrina poeppigiana (Walper) O.F. Cook) en Turrialba,
Costa Rica. M. Sc. Thesis. Turrialba/Costa Rica. CATIE-UCR. 74p



17.

18.

15.

20.

21.

22,

23

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

. Bonaparte EE (1967) Interspecific competition in a cocoa shade and fertilizer experi-

ment. Trop Agric 44:13-19

. Budowski G (1981) Applicability of agro-forestry systems. In: MacDonald LH, ed,

Agro-forestry in the african humid tropics, pp 13-16. Tokyo/Japan. United Nations
University

Byrne PN (1972) Cacao shade spacing and fertilizing trial in Papua and New Guinea.
In: 1V Int Cocoa Res Conf, Trinidad 1972, pp275-286. St. Augustine/Trinidad and
Tobago

Cabala P, Miranda ER and Santana CJL (1972) Interaccion sombra fertilizantes en
cacaotales de Bahia. In: IV Int Cocoa Res Conf, Trinidad 1972, pp 181-189. St. Augus-
tine/Trinidad and Tobago

Carvalho A, Krug CA, Mendes JET, Antunes F, Junqueira AR, Aloisi J, Rocha TR and
Moraes MV (1961) Melhoramento do caffeiro. Bragantia 20:1045-1142

Castillo J (1960) Rendimiento de las variedades Typica y Boubon del C. arabica L., en
diferentes condiciones de cultivo. Cenicafe 11(5):137-142

Combe J and Budowski G (1979) Classification of agro-forestry techniques. In: De las
Salas G, ed, Proc agro-forestry systems in Latin America, pp 17-47. Turrialba/Costa
Rica. CATIE

Cook OF (1901) Shade in coffee culture. Washington, US Dep Agric Bull No. 25. 79p
Cunningham RK (1959) A review of the use of shade and fertilizer in the culture of
cocoa. London, England. West African Cocoa Research Institute. Tech Bull No. 6. 15p
Cunningham RK (1963) What shade and fertilizers are needed for good cocoa produc-
tion. Cocoa Growers Bull 1:11-16

Cunningham RK and Lamb J (1959) A cocoa shade and manurial experiment at the
West African Cocoa Research Institute, Ghana. 1. First year. J Hortic Sci 34:14-22
Cunningham RK and Arnold PW (1962) The shade and fertilizer requirements of cacao
(Theobroma cacao) in Ghana. J Sci Food Agric 13:213-221

Dakwa JT (1980) The effects of shade and NPK fertilizers on the incidence of cocoa
black pod disease in Ghana. Hortic Abstr No. 2164. 50(3):187. (Ghana J Agric Sci
9(3):179-184.1976)

Dutta AC (1978) Shade trees, green crop and cover crop plants in the tea estates of North
East India. Hortic Abstr No. 4094, 48(4):357 (Jorhat/Assam. Tocklai Exp Stn. Memo
No. 30, 1977, 128 p)

Enriquez GA (1986) Respuesta del cacao hibrido a dos sistemas de sombra en Turrialba,
Costa Rica. In: Beer JW, Heuveldop J, Fassbender HW, eds, Proc: Seminar advances in
agro-forestry research. Turrialba/Costa Rica. CATIE. (In preparation)

Escalante G, Herrera R and Aranguren J (1984) Fijacion de nitrogeno en arboles de
sombra (Erythrina poeppigiana) en cacaotales del Norte de Venezuela. Pesqui Agropecu
Bras /9 (Special Volume):223-230

Evans H and Murray DB (1953) A shade and fertilizer experiment on young cacao. In:
Rep Cacao Res 1945-51, pp. 67-76. St. Augustine/Trinidad. Imperial College of Tropi-
cal Agriculture

Fassbender HW, Alpizar L, Heuveidop J, Enriquez G and Folster H (1986) Sistemas
agroforestales de café (Coffea arabica) con laurel (Cordia alliodora) y café con pord
(Erythrina poeppigiana) en Turrialba, Costa Rica. III Modelos de la materia orgdnica
y los elementos nutritivos. Turrialba (In press)

Fordham R (1972) Irrigation and shade experiment, Las Hermanas. In: Annu Rep on
Cacao Res 1971, pp 38-46. St. Augustine/Trinidad. Univ W Indies

Folster LJ and Wood RA (1963) Observations on the effects of shade and irrigation on
soil-moisture utilization under coffee in Nyasaland. Emp J of Exp Agric 31:108-114
Fournier LA (1980) Fundamentos ecologicos del cultivo de café. San José/Costa Rica.
IICA, Promecafe. Publ Misc No. 230. 29p

Franco CM (1951) A agua do solo eo sombreamento dos cafezais na America Central.
Bragantia 11(4-6):99-119

Gehrke MR (1962) Distribution of absorbing roots of coffee (Coffea arabica L.) and
rubber (Hevea brasiliensis Muell. Agr.) in mixed plantings in two ecological zones of
Costa Rica. M. Sc. Thesis. Turrialba/Costa Rica. IICA. 117p



38.

39.

40.

41.

42.

43.

46.

47.

48.

49.

50.

51

52.

53.

54.

5.

56.

57.

38.

59.

60.

61.

11

Glover N and Beer JW (1984) Spatial and temporal fluctuations of litterfall in the
agro-forestry associations Coffea arabica var. Caturra — Erythrina poeppigiana and C.
arabica var. Caturra — E. poeppigiana — Cordia alliodora. Turrialba/Costa Rica.
CATIE. 49 p (mimeo)

Glover N and Beer JW (1986) Nutrient cycling in two traditional Central American
agro-forestry systems. Agro-forestry Systems. (In press)

Gogoi BN (1977) A review of research on shade in tea. Hortic Abstr No. 10996.
47(11):917. (Two Bud 23(2):67-73. 1976)

Govindarajan AG (1969) Shade trees for coffee. IX Syzygium jambolanum D.C. Indian
Coffee 33(7):219-224

Greenwood M and Posnette AF (1950) The growth flushes of cacao. J Hortic Sci
25:164-74

Gutierrez ZG and Soto B (1976) Arboles usados como sombra en café y cacao. Rev
Cafetalera (Guatem) 18:27-32

. Haarer AE (1962) Modern Coffee Production. London. Leonard Hill. 495p
45.

Hadfield W (1968) Leaf temperature, leaf pose, and productivity of the tea bush. Nature
219:282-4

Hadfield W (1974) Shade in North-East Indian tea plantations. 1. The shade pattern. J
Appl Ecol 11:151-78

Hadfield W (1981) Climatic constraints in Ecuadorian cocoa production. In: Proc VII
Int Cocoa Res Conf, Cameroun, 1979, pp. 13-24. Lagos/Nigeria. Cocoa Producers
Alliance

Hardy F (1962) La sombra del cacao en relacion con la intercepcion de lluvia. Turrialba
12:80-86

Heuveldop J, Alpizar L, Fassbender HW, Enriquez G and Folster H (1986) Sistemas
agroforestales de café (Coffea arabica) con laurel (Cordia alliodora) y café con poré
(Erythrina poeppigiana) en Turrialba, Costa Rica. II. Production agricola, maderable y
de residuos vegetales. Turrialba (In press)

Hilton PJ (1974) The effect of shade upon the chemical composition of the flush of tea
(Camellia sinensis L.) Trop Sci 16(1):15-22

Holdridge LR (1957) Arboles de sombra para el cacao. In: Erickson AL, ed, Manual del
curso de cacao, pp 113-117. Turrialba/Costa Rica. IICA

Holland TH (1931) The green manuring of tea, coffee and cacao. Trop Agric (Colombo)
77:71-98, 197-218

Hurd RG and Cunningham RK (1961) A cocoa shade and manurial experiment at the
West African Cocoa Research Institute Ghana. III. Physiological results. J Hortic Sci
36:126-37

Jimenez AE and Golberg AD (1982) Estudios ecoldgicas del agroecosistema cafetalero
III. Efecto de diferentes estructuras vegetales sobre el balance hidrico del cafetal. In:
Jiménez AE, Gémez-Pompa A, eds, Estudios ecologicos en el agroecosistema cafetalero,
pp 39-54. Xalapa/México. INIREB

Jimenez VG (1980) Asociacion de especies frutales con cacao. Turrialba/Costa Rica.
CATIE. 16 p (mimeo)

Jimenez VG (1980) El sombreamiento de cacao. Turrialba/Costa Rica. CATIE. 26p
(mimeo)

Laycock DH and Wood RA (1963) Some observations on soil moisture use under tea
in Nysaland. II. The effect of shade trees. Trop Agric 40:42-48

Leite J de O (1972) Medida de densidade de sombreamento em cacausais com base em
fotografias aéreas. In: Proc. IV Int Cocoa Res Conf, Trinidad 1972, pp300-311. St.
Augustine/Trinidad and Tobago

Leite RM de O, Alvim R and Alvim P de T (1981) Effects of wind and solar radiation
on the mechanical rupture of the cacao pulvinus (Abstract) In: Proc VII Int Cocoa Res
Conf, Cameroun, 1979, p 129. Lagos/Nigeria. Cocoa Producers Alliance

Lemee G (1955) Influence de I’alimentation en eau et de 'ombrage sur l'economie
hydrique et la photosythese du cacaoyer. Agron Trop 10(5):592-603

Letousey R (1955) Les arbres d’ombrage des plantations agricoles Camerounaises. Bois
For Trop 42:15-25



62.

63.

64.
65.

66.

67.

68.

69.

70.

7L

72.

73.

74.
75.

76.
77.

78.

79.

80.

81.

82.

83.

84.
85.
86.
87.
88.
89.

90.

Macmillan HF (1943) Tropical planting and gardening. MacMillan. London.
pp208-214

Martinez A and Enriquez G (1981) La sombra para el cacao. Turrialba/Costa Rica.
CATIE. Bol Téc No. 5. 93p

McClelland TL (1935) Coffee shade in Kenya. East Afr Agric J 1(2):107-118
McCulloch JSG, Pereira HC, Kerfoot O and Goodchild NA (1965) Effect of shade trees
on tea yields. Agric Meteorol 2:385-99

Montes S (1979) Estudios del porcentaje de granos vanos, y el rendimiento en Coffea
arabica var. ‘Caturra Rojo’ y *‘Amarillo’ en plantaciones al sol y a la sombra. Ciencia y
Técnica en la Agricultura: Café y Cacao 1(1-2):35-45

Murray DB (1956) Shade trees for cacao. In: Rep Cacao Res 1955-56, pp45-47.
Trinidad. Imperiat College of Tropical Agriculture

Murray DB (1956) The use of shade for cacao. Conf Interam Cacau, 6th, 1956.
pp 111-116. Bahia/Brasil

Murray DB and Nichols R (1966) Light, shade and growth in some tropical plants. In:
Bainbridge R, Evans GC, Rackham O, eds, Light as an ecological factor. pp 249-263.
Oxford/England. Blackwell

Nair PKR (1979) Intensive multiple cropping with coconuts in India: principles, pro-
grammes and prospects. Berlin/Germany. Parey. 147 p

Nair PKR (1980) Agro-forestry species: A crop sheets manual. Nairobi/Kenya. ICRAF.
336p

Nataraj T and Subramanian S (1975) Effect of shade and exposure on the incidence of
brown-eye-spot of coffee. Indian Coffee 39(6):179-180

Obaga SO (1985) Shade trees in tea — a review. Hortic Abstr No. 4010. 55(5):409. (Tea
5(1):39-47. 1984)

Ostendorf FW (1962) The coffee shade problem. Trop Abstr 17:577-581

Poncin L (1958) The use of shade at Lukolela Plantations. In: Rep Cocoa Conf 1957,
pp 281-288. London. The Cocoa, Chocolate and Confectionary Alliance

Purseglove JW (1968) Tropical Crops: Dicotyledons. Harlow. Longman. 719 p
Rietveld WJ (1979) Ecological implications of allelopathy in forestry. In: Holt HA,
Fisher BC, eds, John S. Wright For Conf, pp91-112. Purdue/Indiana. Purdue Univ
Robertson GP, Herrera R and Rosswall T, eds, (1982) Nitrogen cycling in ecosystems
of Latin America and the Caribbean. Plant Soil 67 (Special Volume): 241-291
Robinson JBD, ed, (1964) A handbook on Arabica coffee in Tanganyika. Tanganyika.
Tanganyika Coffee Board. 182p

Santana MB and Cabala P (1985) Reciclagem de nutrientes em uma plantacao de cacau
sombreada com Eritrina. In: Proc IX Int Cocoa Res Conf, Togo 1984, pp.205-210.
Lagos/Nigeria. Cocoa Producers Alliance

Santos MO and Lebao DE (1982) Sombreamento definitivo do cacaueiro. Itheus/Bahia/
Brasil. Comissao Executiva do Plano da Lavoura Cacaueira. 24p

Schroeder R (1951) Resultados obtenidos de una investigacion del micro-clima en un
cafetal. Cenicafe 2(18):33-43

Smith ESC (1981) The interrelationships between shade types and cocoa pest and disease
problems in Papua New Guinea. In:Proc VII Int Cocoa Res Conf, Cameroun 1979,
pp. 37-43. Lagos/Nigeria. Cocoa Producers Alliance

Somarriba E and Beer JW (1986) Dimensions, volumes and growth of Cordia alliodora
in agro-forestry systems. (Submitted to For Ecol Manag)

Suarez De Castro F (1951) Experimentos sobre la erosion de los suelos. Chinchilla,
Colombia. Federacién Nacional de Cafeteros de Colombia. Bol Tec No. 6. 44 p.
Suarez De Castro F (1952) Potencialidad erosiva de las lluvias dentro de un cafetal y al
aire libre. Cenicafe. 3(32):21-31

Suarez De Castro F, Montenegro L, Aviles PC, Moreno MM and Bolamos M (1961)
Efecto del sombrio en los primeros afios de vida de un cafetal. Santa Tecla/El Salvador.
Inst Salvadorefio Invest Café. 36p

Tapley RG (1961) Crinkle-leaf of coffee in Tanganyika. Kenya Coffee 26:156-157
Thomas AS (1940) Chapters: IX. Robusta coffee; X. Arabica coffee; XVII Shade Trees.
In: Tothill JP, ed, Agriculture in Uganda. London. Oxford Univ Press. 551 p

Vernon AJ (1967) New developments in cocoa shade studies in Ghana. J Sci Food Agric
18:44-48



91.
. Vicente-Chandler J, Abruma F, Bosque-Lugo R and Silva S (1968) Intensive coffee

93.
94.
9s5.

96.

97.

13
Vernon AJ (1967) Yield and light relationship in cocoa. Trop Agric 44:223-8

culture in Puerto Rico. Bull 211. Agric Exp Stn. Univ Puerto Rico. pp 23-28

Vinha SG and Silva LA, (1982) Arvores aproveitadas como sombreadoras de cacaueiros
no sul da Bahia e norte do Espirito Santo. Ilheus/Bahia/Brasil. Comissao Executiva do
Plano da Lavoura Cacaueira. 136p

Wiersum KF (1984) Surface erosion under various tropical agro-forestry systems. In:
O’Loughlin C L, Pearce AJ, eds, Symposium on effects of forest land use on erosion and
slope stability, pp231-239. Honolulu/Hawaii. East-West Center

Willey RW (1975) The use of shade in coffee, cocoa and tea. Hortic Abstr 45(12):791-798
Wrigley G (1969) Tropical agriculture (The development of production). London/
England. Faber. 376 p

Young AM (1984) Flowering and fruit-setting patterns of cocoa trees (Theobroma cacao
L.) (Sterculiaceae) at three localities in Costa Rica. Turrialba 34(2):129-142



