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CANOPY ARCHITECTURE, PHOTOSYNTHESIS AND
YIELD OF COCOA TREES (")

G. THOMAS, D. BALASIMHA (**)

Sammary : Five different types of canopy architecture viz., unpruned single storey (T 1)» unpruned double storey (T,),

minimum pruning to give cone shape (T,), severe pruning (T,) and flat spreading canopy (T ) were maintained in cocoa.

Due to pruning, the canopy area and number of branches were significantly reduced. A significantly low light interception
; dlficiency with correspondingly high PAR was noted in pruned treatments. Due to this effect, stomatal conductance and
; transpiration rate increased in T, and T, with a reduction in water use efficiency. Net photosynthetic rate did not show
. any significant treatment effect. Current photoassimilates were translocated and the stored stem starch was mobilized to
- sustain the sink demand cxerted by intense flushing observed in the pruned treatments. The maximum yield was obtained
*inT, and T,. The low yields in T,, T, and T, treatments can be attributed to the following reasons : (i) the reduction in
; Ganopy area and number of branches, (ii) carbohydrate exhaustion for flushing and subscquent carbohydrate stress at the
; time of flowering and pod load, (iii) high transpiration rate. It is concluded that cocoa requires a comparatively big and
* spreading canopy for better yicld. Whenever pruning is found necessary, it should be restricted to maintenance pruning
-towards optimum lcaf arca index and rcmova‘ of excessively shaded bottom or interior branches.

INTRODUCTION

For optimum productivity a comparatively big
- canopy with spreading nature seems to be ideal for
- cocoa. Maximum leaf area should be maintained
with pruning practices to avoid self shading of
laves. Martin and Prasad (1983) reported a
. pruning experiment with three types viz., discretio-
nary pruning where 2-3 basal chupons were allowed
to grow, strict pruning and no pruning. Discretio-
‘tary pruning showed higher yield which might have
 helped in maintaining optimum leaf area index. In
:Ghana a pruning experiment showed that during
carly years the pruncd trees yielded slightly more
than the unpruned trees, but after ten years from
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planting, the unpruned trees started to yield more
(Bonaparte, 1966). In another trial (Ampofo, 1986)
on five-year old trees pruning showed non-
significant negative effect. These can be explained
on the basis of light profile in different systems with
the detailed physiological studies which however,
have not been done so. far. In order to understand
and elucidate optimum canopy shape and structure
of cocoa, physiological and biochemical responses,
yield and light interception efficiency of mature
cocoa trees at different sizes of canopy were
studied.

MATERIALS AND METHODS

gen 0.05-0.09 %, available P,Os (Bray and Kurtz, .
no. 1 solution) 3.8-7.1 ppm, and available K,O
35-85 ppm. The mean annual rainfall for the years
(1988-1990) ranged from 3,678 mm to 3,977 mm
distributed over a period of one hundred and five
days. Usually a long dry period prevails from
December to April. Temperature ranges between
32-33 °C maximum and 22-23 °C minimum.

The cocoa (Theobroma cacao Linn. cv. Forastero
Accn. Landas 351) plants were used in the present
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study. Planting was done in 1983 at a spacing of
2.7 x 5.4 m under the shade of eighteen year old
arecanut palms (Areca catechu Linn.) at
2.7 x 27m in spacing. The annual fertilizer
dosage was 100 g N, 40 g P,O; and 140 g K,O per
tree. The plants were irrigated at ten days intervals
during dry periods. Four replicates per treatment
were laid out each having five trees in a row. Five
treatments were imposed during September, 1988.
The canopies were maintained as follows : unpru-
ned single storey (T,), unpruned double storey (T,),
minimal pruning to give cone shaped canopy (T3),
severely pruned with 2-3 main branches at first
jorquette (T,) and pruned flat spreading canopy
(Ts). The average canopy areas are given in table 1.
Measurements were taken for physiological para-
meters during November 1988 (S,), April 1989 (S,)
and September 1989 (S,) representing the onset of
flowering, peak pod load and harvest respectively.
Growth measurements were recorded and yield
data for three years (1989, 1990 and 1991) were
collected.

Four trees in each treatment were used for
photosynthetic and biochemical measurements.
Photosynthetic parameters were measured using a
‘portable photosynthesis system LI-6200 as descri-
bed earlier (Balasimha es al., 1991). Six observa-

tions were taken for each tree from the outy
canopy enclosing up to 30 cm” leaf area in a' 1 | led
chamber. The sampling was done between 10: 0}
12:00 h. Water use efficiency was calculated &
ratio of Py/E. Quantum flux distribution of ligh
above and below the cocoa canopy were noted to
obtain the light interception efficiency.

Phloem leaching was estimated according to the
method proposed by King and Zeivaent (197
using 20 mM EDTA solution with some modifics
tions. Insoluble PVP (20 mg) was added to ti
samples after lecaching for six hours in a humi
chamber. The filtered solution was used for estima
ting total soluble sugars by phenol-sulphuric ac
method (Dubois er al., 1956). Chlorophylls an
carotenoids were determined in 85 % acetom
extracts according to Lichtenthaler and Wellbun
(1983).

Dried tissue (0.1 g) was extracted in 80 % ho
aqueous alcohol for soluble sugars, clarified to
remove phenolics and estimated (Dubois et d,
1956). The residue obtained after the alcohd
extraction was estimated by the perchloric ac
digestion method of Clegg (1956).

RESULTS AND DISCUSSION

The mean growth characters of cocoa due to the
five treatments are given in table I. The canopy
area of T, was significantly higher followed by T,
and T;. Treatments T, and T, also had significantly
higher number of branches. ,

The PAR showed significantly higher values in
T;, T, and Ts with reduced light interception
implicating the percolation of more light through
the canopy (table II). The lowest light interception
efficiency and highest PAR was noted in T,. In
response to the increased quantum flux, the leaves

Abbreviations :

Chl a: Chlorophyll a ;

Chl b: Chlorophyll b ;

E : Transpiration rate ;

& : Stomatal conductance ;

PAR : Photosynthetically active radiations ;
P, : Net photosynthetic rate ;

PVP : Polyvinyl pyrrolidone ;

'RH : Relative humidity ;

SLW : Specific leaf dry weight ;

T\car : Leaf temperature ;

VPD : Vapour pressure deficit ;

WYVPD : Water vapour pressure deficit ;
WUE : Water use efficiency (= Py/E).
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of T, and Ts trecatments started to show ligh
adaptation by increasing the SLW (tableI). Tl
differences in Py of different treatments were no
significant though higher levels were recorded inT,
and T, (table 11I). Enhanced Py associated wil
high SLW was thus observed as reported in appk
(Barden, 1977). Transpiration rate increased with
reduction in WUE with the exposure of canop
(table I1I). A positive correlation (R2=10%
P = 0.01) was also noted between E and Py (fige
re 1). The g, was enhanced in T, and T (table IIl}

TABLE1
Mean growth characters of cocoa trees

Valeur moyenne des caraciéres de croissance des cacaoyers

Treatment Cg'f‘;;” No.of Stem girth  SLW
branches (cm) {mg/cm)

N

(m7)

T, 21.52b  438b°  3791b  653a

T. 26.78a  536a 43.53a 5.94b

T, 18.60b 257c  3787b  64la

T, 1271c  184d  3593b 68

T, 13.30c  234c¢  364lc 6912
LSD (P = 001) 3.16 48 2.27 0.5
CV (%) 16.58 14.2 5.80 10.32



TABLE Il i

PAR, light interception, Ty, and VPD in treatments 8 |
Radiations actives de photosynthése, interception de la lumiére, -
température des feuilles et déficit en pression de vapeur dans les’ w7 O
différents traitements R
Sl
PAR inl'[;::g‘h:ion Theur vPD g sf
(umol m 35 4 "M cC) (kpa) o
(%) _ 4}
o
Treatment g 3F
T, 536.17¢ 96.79 a 3436 259 L 2
T, 681.67 ¢ 96.85a 3580 298 E
T, 864.71 b 80.85b 3448 253 E 1F
T,‘ 1007.22a 7496 b 36.25 297 0 1 1 1 1 1 ] 1 1 1 [}
Ts 893.00b 88.96 a 3514 273 1 2 3 4 5 6 7 8 9 10
LSD 277.77° 8.27**  L4INS 049NS E (milli mol m=2s-1)
Season
S, 764.02 85.14 34.58 292 Fie 1 Relationshin be N heti d
‘o , . “ig. 1. — Rclationship between net photosynthetic rate an
5, §48.56 J6.13 35.89 3.22 transpiration rate. Lincar regression, y = 0.2275 x + 2.8360,
S; 776.86 9113 3515 213 R = 0.20 (P = 0.01)
LSD 215,16 NS 640NS L.14NS 037+ Relati le s ! de phot 1o P 4
elation entr X1 synthése et le taux
o %) 931 1148 510 2155 elation entre le 1aux net de photosynthése et le taux de

transpiration. Régression linéaire, y = 02275 x + 2,8360,
R =020(P=001)

Significant at P = 0.05 (*) or P =001 (**): NS = Not
- sgificant.
TABLE 111

P. and related characters in cocoa leaves

. TQUX D i SHOCOSE IS o VaPGUieres i wal SORT LSSOCIES JUIS [eS [eutices du cacdoyer

Py E g Intercellular WUE
(umol m 37" (mmolm 3™ ") (cms™ ) CO, (ppm) (Pn/E)
Treatment
T, 3.58 397a 0.48 263.9 0.90
T, 3.34 4.23a 0.51 256.6 0.79
T 3.68 36lb 0.54 266.5 1.02
T, 4.38 525a 0.59 265.3 0.83
T 4.32 540a 0.69 263.4 0.80
LSD 0.88 NS 1.36 * 0.19 NS 10.5 NS 0.25 NS
Season
S 3.69 383 0.40 255.9 0.96
S, 391 4.29 0.40 2514 0.91
Sy 397 535 0.89 282.0 0.74
LSD 0.68 NS 1.05* 0.15°** 8.1%** 0.19 **

_CV (%) 27.88 36.88 42.78 4.8 32.32

Significant at P = 0.05 (*) or P = 0.01 (**): NS = Not significant.

Stomata of intact leaves generally open in response tal action’ in cocoa. Since the VPD did not change

X wincreased PAR (Burrows and Milthorpe, 1976). significantly between the treatments, PAR perhaps
B Cumulative effect of PAR and leaf temperature played an important role in stomatal changes of
{table IT) would have enhanced g, and E in T and pruned treatments (table ID).
T, A strong positne cormzizton JRT =057 A razic of 0 M) 88 of inrarcellelir CO- amblent
& P=00l)was obsernad berwsen E end Gipomz T CO- wzs 72007l w s 18 Cerememsoe o 2= G
- 9.106). Balasimha and Rajagopal (1988) and Raja species. There was also no significant differences in
. Harun and Hardwick (1988) demonstrated stron- intercellular CO, concentration (table II1) as repor-
. greflect of RH and WVPD respectively on stoma- ted earlier for cocoa (Balasimha et al., 1991). The
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Fig. 2. — Relalionshi‘p between stomatal conductance and

transpiration rate. Linear regression, y = 0.1314 x — 0.0295,
R? = 0.57 (P = 0.01)

Relation entre la conductance stomatale et le taux de
transpiration. Régression linéaire, y = 0,1314 x — 0,0295,
R’ =057 (P = 000!)

pigment concentrations remained unchanged
during sun adaptations (table IV). .

During the sun exposure of T, and T treated
trees more photoassimilate had to partition
towards thickening of leaves. When considering
high metabolic investment involved in the alloca-
tion of more starch and nitrogen for thickening,
marginal increases of Py observed is insignificant.
This was also accompanied by increased E which
might reduce yields due to low WUE. Increased
PAR associated with pruning could not substan-
tially improve photosynthetic efficiency due to the
inability of cocoa leaves to utilize higher light
intensities. -

The changes in sugar, starch and starch/sugar
ratio of leaf and stem of sugar leaching from leaf
phloem are shown in tables V and VI. Leaf sugar
content was significantly high in S, season followed
by significant reduction during S,. Due to the
heavy translocation of current photoassimilate
from the leaves of pruned treatments towards
flushing, the starch/sugar ratio was significantly
reduced. Leaf starch content did not show signifi-
cant differences between treatments. The carbohy-
drate requirement for developing flushes may
exceed that available from current photosynthesis
(Machado and Hardwick, 1988). A similar deficit
can be expected at the time of pod filling (S,) also.
Any photosynthetic carbohydrate deficit is there-
fore balanced by import of stored carbohydrate
from stem and root (Bird and Hardwick, 1982).
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TABLE IV
Pigment contents in cocoa leaves

Teneur en pigments des fewilles du cacaoyer

Chla Chib  Chiab Saro.
(mgg ' FW)(mgg ' FW) ratio (mg g FW)
Treatment
T, 1.70 0.64 2.65 0.3
T, L7 0.67 2.67 0.39
T, 1.60 0.62 2.58 0.34
T, 1.71 0.63 271 0.38-
T, 1.69 0.62 273 0.36
LSD 0.22 NS 0.09NS 0.35NS 0.04N§
Season
S, 1.89 0.61 3.09 0.43
S, 1.68 0.63 2.66 0.37
S, 1.52 0.67 227 0.31
'LSD 0.17 ** 0.07NS 0.27** 0.03**
CV (%) 16.13 18.28 16.59 15.04

Significant at P = 0.05 (*) or P =001 (**); NS=Ni
significant.

TABLE V
Carbohydrate and phloem leaching in cocoa leaves

Glucide et écoulement du phloéme dans les feuilles du cacaoye

Starch/  Phloem
Sugar  leaching
ratio  (ug/em™)

Soluble sugar Starch
(mgg™' DW) (mgg™' DW)

Treatment
T, 28.73b 87.29 3.04 0.24
T, 28.13b 85.29 3.03 0.28
T, 3197b 88.79 2.77 0.28
T, 36.57a 90.71 2.48 0.27
T, 3701 a 90.42 2.44 0.24
LSD 4.57** 6.15NS 0.61 NS 0.07N§
Season
S, 30.11 69.57 231 0.14
S, 27.32 65.35 2.39 0.15
S, 40.02 130.57 3.25 0.51
LSD 3.54 0 4.76 ** 0.47**  0.06%
CV (%) 17.10 8.44 24.33 36.19

“Significant at P = 0.05 (*) or P = 0.01 (**): NS=M
significant.

Stem is the major repository of starch reser
(Balasimha, 1991). Mobilization of stored sta
starch for flushing and pod load was observedi
the present study (table VI). Due to excessive fle
hing in| T, and T, starch content was depletad

which also reduced the starch/sugar ratio. Ducs

the pod load at the S, season; stem sugar contentd
all the treatments was increased. During S,, stes
showed low sugar level and highest starch contes



when compared to earlier seasons. During this
period there was neither pod load nor leaf flushing
and the plants were restoring the depleted reserves.
This is corroborated by a significant increase in
phloem leaching from leaves during S, (table V).
From the foregoing results it is clear that the
three consequences of pruning, viz., increased
transmittance of light, flushing and reduction of
canopy area had adverse effect on the productivity
of cocoa. The yield of cocoa pods were higher in T,
and T, during the three years of the experiment

TABLE VI
Carbohydrates from cocoa stem tissues

Glucides des tissus du trone du cacaoyer

(table VII). A positive correlation of yield to
number of branches and canopy area was noticed
(table VIII). Yield was also positively correlated
with stem sugar. Thus, from this study it is clear
that the total canopy Py i.e., Py x leaf area is more
important determinant of yield rather than leaf Py.
Cocoa requires a large canopy with optimum leaf
area index of 7-9 (Balasimha, 1991) and pruning
should be restricted only for maintenance of
canopy shape, removal of bottom and interior
non-bearing branches. This is very essential as
highly shaded leaves do not show Py but are
maintained at the cost of other exposed leaves.

TABLE VII
Yicld of cocoa in relation to canopy architecture

?;lgutg;h_: lsuDg::Vr; (mgsgu'l'l"Cth) Slar:::‘iiugar Rendement des cacaoyer;’ ;r:' 52,":-2',:.0" de l'architecture de la
Treatment N
T, 25.15a 132.15a 5.25a Yield (no. of pods/tree)
T, 23.77a 117.89b 495a Treatment
T 20.06 b 106.35 ¢ 5.30a 1989 1990 1991  Average
T, 2381 104.36 ¢ 4.38b 1989-1991
Ty 28.04a 100.18 ¢ 357a T, . 40.2(8.72)* 61.8(13.41) 69.8(15.14)  57.3
LSD 4.84* 9.83** 091 ** T, 30.5(7.78)  61.6(15.71) 78.4(19.99) 56.8
Season T, 22.3(6.53)  53.3(15.61) 45.9(13.45)  40.5
S, 14.73 69.90 4.74 T, 15.4(5.47) 33.5(11.89) 38.2(13.56) 29.0
S, 35.37 60.85 .71 Ts 19.9(6.42)  24.5( 7.91) 26.1( 8.43) . 235
S, 221 205.81 9.26 SE 100 4.2 34 5.1
LSD 3.75 % 7.61 ** 0.70 *+
CV (%) 24.33 10.64 20.13 * Values in parantheses represent fresh weight of pods
(k%//;:x)x:s entre parenthéses: poids des cabosses fraiches en
Significant at P = 0.05 (*) or P = 0.01 (**). kgfarbre.
TABLE VIII

Correlation matrix of growth characters, Py, carbohydrates and yield of cocoa trees

Matrice de corrélation des caractéres de croissance, du taux net d ‘assimilation, des glucides et du rendement des cacaoyers

; Parameter b::c::s Yield SLW Stem sugar  Leafsugar  Stem starch  Leaf starch
' Canopy area 0.7919 **  0.6959 ** 0.5891 ** - 0.1270 0.2540 - 0.2.676 0.4276 0.0122
. No. of branches 0.6491 ** - 0.6972** - 03164 0.2397 - 0.3695 0.6881 ** - 0.1606
% Yield » - 03584 . — 04357  0.5368%¢ -~ 0.0451 0.4117 0.0501
¢ SLW : | 0.3947 0.1707 0.4706* — 0.5022+ 0.2332
F Py —.0.1327 0.2385 - 0.1345 0.1519
Stem sugar ' 0.0824 0.2684 0.0270
Leaf sugar - 02791 0.2162
. Stem starch - 0.2638

3

&
I
fa

i Significant at P = 0.05 (*) or P = 0.01 (**)-
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mination de la base de la frondaison trop ombragée ou
aux branches internes de la frondaison.
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Con objeto dc analizar la arquitectura de la frondosi
dad se realizaron cinco tipos diferentes de frondosidad
del cacao : un solo nivel sin podar (T1), dos niveles sin
podar (T2). poda minima para darle la forma de un cono
(T3). poda scvera (T4) y frondosidad dc desarrollo
horizontal (TS5). Como consccucncia de la poda sc redujo
notablemente la superficie de frondosidad y el nimerode
ramas. En los tratamientos de poda se observo um
eficacia de la intercepcion de la luz bastante reducida,
provocando asi elevadas radiacioncs fotosintéticamente
activas (PAR). A causa dc estc cfecto, sc observo w
aumento de la conductancia estomdtica y del indice de
transpiracion en los tratamicntos T4 y T35, asi como um
reduccion de la cficacia de utilizacion del agua. Ninguno
de los tratamientos tuvo cfectos significativos sobre d
cocficiente ncto de asimilacion. Los asimilados de folo
sintesis corrientes son transferidos y ¢l almidon almace
nado en el tallo es utilizado para satisfacer la demanda
provocada por la intensa produccién de brotes en los
arboles podados. Los rendimicntos miaximos se obtuvie
ron con los tratamicntos T1 y T2. Los rendimicntos bajos
observados cn los tratamicntos T3, T4 y TS5 puede
atribuirsc a las siguicntes razones : (1) a la reduccion dels
superficic de la frondosidad y del nimcero de ramas, (I)-
al aumento de glucidos requeridos por los nucvos brotes
y. por consiguiente, a la falta de glicidos durante ks
¢pocas de floracion y de formacion de las mazorcas, (L)
al elevado indice de transpiracion. Este estudio permi
concluir que, para ofrecer el mejor rendimicnto, el caca
necesita una frondosidad bastante densa que pueds
desarrollarse. Si la poda fuesc necesaria, deberia limitars
a una poda de cuidado que permita obtencr un 6ptimo
indice de superficie foliar, a la eliminacion de la base &
la frondosidad demasiado sombreada o a las rams
internas de la frondosidad.




