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ABSTRACf 

Experiments in which cacao (Theobromo Cacao L.) scedlings were submitted 
to different eombinations of treatments involving protection and exposure to 
sunlight and wind have shown that the beneficiai ef(ect o( shading in young 
cacao areas is due nol only lo reduced exposure to solar radiation but also to 
reduced air movemenl around lhe plant s. 

Excessive wind caused severe mechanical injury, at lhe pulvinus leveI. Visible 
damage oecurred only 24 hours (ollowing exposure to wind. Injury progressed 
rapidly, leading to intensive leaf fall if the planls were maintained under non
protected conditions. 

11 is suggested that wind-breaks on their own can give adequale protection 
to cacao plantations, by providing both lateral shade and wind shelter. This 
practice mighl permil lhe use of a wide range of eeonomic trees for sheltering 
and would probably lead to higher yield due to higher photosynthesis. 

INTRODUCflON 

everal 6eld experim ents havc 
shown lhal crop yields were il1crca;;cd 

con iderably when wind-breaks were 
used(3, 6,7 , 8, lO) .Yet , liulei known 
about the plan! response to wind or lhe 
influence of lhe wind , a10ne ar in 
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combination with other cnv.ironmentaJ 
iactors, on the physiology of crops. 
Moreover, pre cnt knowledgé is almost 
entirely restrictcd to studies on the 
effect o f wind barriers on micro
meteorological f:IClOr1> affecting annual 
crops. 

There is also little information about 
the cffects oI solar radiation and wind 
on growth oI cacao planls. Although it 
has been demonstrated that you.ng 
cacao seedlings can thrive in lhe 
absence of shade when moisture stress 
is avoidedo by continuous watering (4) , 
in most cacao areas it is virtually 
impossible to start a new plantation 
wilhout shading the young plants 
d~ring the fi r1>t 2 - 3 year1>. This fact 
has been interpretcd as an indication 
Ihat cacao behaves as a true shade
loving species in its early stages of 
development. In places wilh very 
low light intensity or low potenlial 
evapotranspiration, as in some regions 
of Ecuador, or in areas exceptionally 
well protec ted against wind, as in lhe 
Colatina valley of EspírilO Santo, Bra
zil, il has been possible lO establish 
cacao plantations without shading the 
young plants. Thesc, however, are 
exceptional cases. 

After passing the juvenile stage, 
or when lhe leaf canopy is sufficiently 
developed to provide some self-shading, 
cacao growth and production are 
usuaIly higher with little or no shade 
than when plants are shaded(1 ,2,S, 9). 

Cacao is very wind scnsitive and, 
in areas exposed to frequent breezes, 
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cannot be grown without wind-breaks. 
Wind sheltering is a common practicc, 
for example, in Grenada and other 
cacao producing isIands of the W..,,st 
lndies, particularly in places near the 
coasl where strong winds are frequen t. 

The main effeet oi excessivc wind 
is to cause defoliation or premature 
leaf falI. In Brazil , frequent defolialion 
by wind oceurs in Linhares, Espírito 
Santo, particularly when cacao is 
grown withoul or with littJe shade. 
However in lhe nearby valley o f 
Colalina, which is protec ted hy 
mountalns, cacao has been under 
cultivation without shade for several 
years and defoliation does not occur. 
AnnuaI rainfaIl is aboul the same in 
both places (1 200 - 1300mm), but in 
Colatina the mean wind peed is 
lm .s - 1 compared with 4 m. s- 1 10 

Linhares. 

In some parts of Ghana and wcstern 
' igeria cacao yield is reduced by dry 

"harmattan " winds, which blow Crom 
the Sahara Descrt betwcen Deccmber 
and March. The duration and intensity 
of this wind vary from place to place, 
and are important Cactors in deter
mining cacao productivity. 

The present experiment is part of a 
larger investigation aiming to examine 
the effects of wind and solar radiation 
on cacao. ExperimentaI wind-breaks 
and Q\'er-head hade were used in 
this work, in an attempt to evaluate 
the relative darnages caused by each 
of these environmental fa ctor1> on 
cacao seedlings. 
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MATERIALS ANO METHOOS 

Cacao (Theobroma cacao L.) $eed
lings about 4 months olel \Vere lIsed 
in three experiments in the present 
work. 

In the fi rst experiment, the eedlings 
were transplanted to an unshaded 
area and submitted to lhree treatmenls : 
(a) control plants fully ex posed to 
sunlight and without any protec tion 
against wind, (b) lateral protcction 
against wind provided b)' \'ertical 
clear plastic sheets, and ( e) lhe same as 
"b" bUI using black plastic shects. 
Each wind-break measured 2.0 x 
2.0 m and protected nine cacao planls 
spaeed 50 cm apart. A randomized 
block design wilh four replicates was 
used. The leaf area per plant and the 
number of dead plants were measured 
weekly. 

The same procedure was adopted in 
the second ex perirnenl, with the dif
ference that lwo of the four replicates 
in each treatmenl receivcd over-head 
shade provided by a porous black 
"Saram" shading doth intercepting 
60% of the incident sunlight. 

As it was observed that excessive 
wind caused severe mechanical injury 
at the pulvinus level ,a third experiment 
was carried out to evaluate the time
course of this evento Seedlings previ
ously growing under well protected 
conditions were transferred to the 
experimental area and exposed to the 
various treatrnents applied in lhe sec-

ond experimenl. Tissue ruptllre in lhe 
leaf plllvini was observed 011 three 
,;onsecutive days. 

RESULTS ANO DlSCUSSION 

Although severe defoliation oc
curred in ali plants used in the first 
experiment during the first 2 months, 
presurnably dlle to absence of aver
heael shade, contrai plants were 
virtually deeimated , whereas plants 
protected by the vertically oriented 
plastic sheels refoliated well (Figure 
I). Plants surrounded b)' black and 
clear pia tic sheets were equall)' 
defoliated in the first two rnonths 
but those protected by black sheels 
refolialed better, probably because 
of lhe development of higher air 
temperatures around the plants. 

The second ex periment investi, 
gated whether or not the defoliatidn 
that occurred in the first experiment 
was due to the absence oi over-head 
shade. The results (Figure 2) showed 
that over-head shade was effee tive 
in preventing leaf fali only when 
associated with the use of wind
breaks. Wind sheltering, on the other 
hand, fumished sufficient protection 
against defoliation even in the absence 
of over-head shade. Thus, the plants 
protected against wind and direct so
lar radiation did not differ signifi
cantly from those exposed to sunlight 
but surrounded by wind-breaks. In 
fact, no difference was obsen 'ed 
when black plastie sheets were used as 
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Figure I - Effcct of black and clear plastic "wind breaks" on lcaf area and percentage 
of dead seedlings, foUowing transplanting to an unshaded site. 
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Figure 2 - Interacting effects of black and clear plaSlic wind breaks and over-head shade 
on leaf area of rccently transplantcd cacao scedlings. A - plants fuUy exposed 10 sunlight 
and wilhout wind protection ; B - over-head shade, no wind brcak; C - no shade, black 
plastic wind break ; D - over-head shadc, black plastic wind break; E - no shade, clcar 
plastic wind break; F - over-head shade, clear plast ic wind break. 
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wind·breaks. Though nol significanl , 
lhe differences found belween wind· 
protected shaded and unshaded plants 
( F and E), as well as lhose observed 
between non.protecled shaded and 
un haded plant (B and A) may well 
be due to the possibility Ihat lhe 
shading "Saram " cloth also afforded 
some wind shcllering. 

The high defolialion rate lhal 
occurred in wind sheltered planls in 
the fi rst experimenl was probably due 
to less favorabl e climatic conditions 
following transplant . 

As previously mentioned, the pulvini 
situated ai the base of the leaf blades 

UNSHADED 

511 ff ered severe mechanical II1JU ry 
whel1 the plants were ex posed lo 
exccssive wind . This tissue, formed 
uy a mas> o f thin·walled cells, howed 
visible ruplure in its outer layers o l1l y 
24 hours following exposure to wind. 
The injury progressed rapidly, attailling 
lhe vascular strands within a few days 
and Cinally causing leaC fali if lhe 
plants were llI'linlaned ullder 110 11 ' 

protected conditions. 

Figure 3 shows the pcrcenlage of 
damaged pulvini in the six environ· 
menlal conditions employed in lhe 
third experimenl. Control plants fuJl y 
exposed to sunlight and without any 
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Figure 3 - Mechanical damages of wind to the pulvinü of cacao seedlings foUowing 
transplanting to shaded and unshaded conditions (C = control plants with no wind break, 
CI = clear wind break, and 81 = Black plastic wind break). 
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prolec lion againsl wind had nearly 
50% of their pulvini showing th" 
inilial epidermic ruplure on the 
ncxt day fo llowing lransplant. \Vh cn 
clcar plastic slt ed s were used (IS wind
breaks, a significant differencc in 
damagc was found between plants 
growing with and withou t over-hcad 
shade, lhe fOrln er heing rnor.. ef· 
fcelively prolcc tcd, presurnahly due lo 
an exce' ive water loss in lhe plant~ 

which were more cxposed lo unlight. 

Tltis study indica lcs thal Ihc bene
ficiai eCfeel of shading in young r.acao 
areas is due nol only lo reduced 
exposure to solar radiation bul prima-

rily lo red uced air 1ll0VNIl cnt ar<llllld 

lhe plants. 

Thc rcslllIs fOll lld in the prcscnt 
work suggeSI Ihat wind-hrcak. on their 
OWII Can give adequat c protection lo 
'acao planlations, oy providing LotI. 
lateral 'hade and wind ltclter. 

Tltrough th e li e of willd-hrcak, 
il is forcseen lhat the caeao planls 
wOllld grow faster and yield more 
due to higher photo y nt eôis. Thi" 
might pennil lhe li e of economic 
Irces for shellering which had prc
vio u Iy not been considered for ovcr
head shading becau e o r lhe undesir
able shape o f Iheir canopy. 
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RESUMO 

Injúria Mecânica do Vento Sobre Mudas de Cacau 
Recém -Transplantadas com Relação ao Problema 

do Sombreamento 

Experimentos em que plântula de cacau (Theobroma cacao L.) foram 
submetidas a diferentes combinaçõe de tratamentos, envolvendo proteção e 
expo ição à luz e ao vento, demon traram que o efeito benéfico do sombrea
mento de nova plantações de cacau devc-se não somente à exposição a baixas 
intensidades luminosas, mas também à redução da turbulência do ar em torno 
das planta. 

Ventos excessivos ocasionaram severa injúria mecânica na região do pu Ivi
nlllus. Danos visíveis ocorreram apenas 24 horas após ex posição ao vento. Os 
efe itos deletérios progrediram rapidam ent e, provocando intensa queda de folhas 
quando as planta eram mantidas desprotegidas. 

ugere-sc quc uma proteção adequada pode ser oferecida a cacauais por bar
reiras periféricas que forneçam sombreamento lateral c redução na velocidade 
dos ven to.-. e/ll sub tituição ao somhreamento de to po convencionalmente uti-

Rev. Theobroma (Brasil) 8 : /1 7 - / 24. /978 



124 Alvim. Alvim a1ld Leite 

lizarlo. Tal prática permitiria elecionar maior variedade de e pécie econômic .. " 
para a proteção alllbiental de cacauais e provavelmente conduziria a produtivi· 
dade mais alta~, em decorrência de maio r fo tos Íntese. 
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