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Relationship between age of cocoa {Theobroma cacao
L) trees and soil nutrient contents,

Resumen. La relacion entre la edad de los drholes de ca-
cao y ias concentraciones de C organice, N. F disponible. K
cambiatle, Ca vy Mg en e perdil v superficie de suslos fue es-
tsdiada en wes (ocalidades en tres afios.

l.2 edad de {os arboles de cacao varia de 4 a 37 afios Los
valores del C organico del sueto. N. K cambiable, Ca y
Mg fueron correfacionados positivamente con la edad de los
arboles de cacao E! P disponible fue carrefacionado negati-
vamente con la edad de los drboles de cacao

Huizo disminucian en los conienidos nutritives de! suelo
cuando la edad de los drboles de cacac aumento a 37 afos.

Cocos. the mayor component of chocolate and
many beverages consumed throughout the world, is
an important cash crop in tropical countries An
investigation of the relationship between the age of
cocox trees and soil chemistry is expected o
contribute to the understanding of the supplementary
rutritional needs of the crop

This refationship has not received sufficient atten-
tion, although it has generated controversy  In Ghana,
Ahenkorah {1} observed thal cocoa cropping deterio-
rates humus and the cation content of soil, but Wessel
(10). in a discussion of cocoa soils of Nigeria, indicat-
ed that cocoa did not deteriorate seil chemical prop-
eriies Ahenkorah noted and absence of published in-
formation (rom other cocoa growing countries relat-
ing soil fertility with cocoa cropping The present
study. performed over three years at three locations
in Nigeria. investigules changes in nutrient contents of
surface and subsurface soil as a result of differing age
of cocoa trees

Materials and methods

fn 1979 five Amelonado cocea plots which were
34, 25, 22, 18, and 10 years old were selected at
Apoje (6°57'N, 4°6°E) A profile pit was dug in
each plot fer the purpose of coliecting soil samples
from cacl specified horizon (Table 1)} The soil at
Apoje.  classilied as  Psammentric  Usthorthent
{USDA), is derived {rom biotite, and the surface soil
is composed of 73 0% sand. 8.6% silt and 16 4% <lay
(4)

in 1981 soil samples were collected at 2 I3 ¢m
depth at Gambari (6°50°N, 4°33°E} over each of
sevent cocoa plots that were 4 to 37 years in age
{Fable 2 ) Soil samples from each plot were combined
The soil at Gambari hias the sume origin as the soil
at Apoje, but the surface (0 to 15 ¢m) soil consists
of 75 8% sand. 9 1% sili and 15 1% clay

In 1982 three cocoa plots which were 10, 15 and
19 years old and 3 5. 4 and 5 ha in size respectively
were located at Ilesa (6°32°'N. 4°54’E) Specified
numbers of surface soil samples were collected over
each plot (Table 3) as dictated by soii colour vari-
ability. The soil at Hesa, classified as Oxic Paleustalf,
is derived from amphibolites and consists of
85 7% sand, 7 0%silt and 7 3% clay

Fach soil sample was air-dried and 2 mm sieved
Organic € was determined by the Walkey-Black
method {(9) and total N by the Kjeidahl method
Available P was determined by the molybdenum blue
method afler exteaction with Bray and Kurtz solution
No 1.
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Exchangeable bases were displaced by IN am-
monium scefate (pH 7.0}, K was determined by tlame
photometry and 2 and Mg by atomic sbsorption
spectrophotometry  The vatue of pH was determined
using a glass electrode placed in 1:1 soil ~ IN KCL
medium

Results and discussion

Organic € in the O to 20 and 20 to 38 ¢m soil
layers increased linearly with increase in age of cocoa
trees {Table 1) But the relationship does not held in
the third (38 to 65 cm}) horizon Mean organic C
content in the soil profile also rose an linearly with
the increuse in the age of trees, the correlation coef-
ficient being 0.97 At Gambari. organic € in surface
soil tended to increase with the age of the tree {Table
1) up to 34 years, but fell to the minimum when the
age of the tree increased to 37 years At llesa {(Table
3y, maximum and mean values of soif organic C also
increased as the cocos trees advanced in age from 10
to 19 years

Soil N contents in the first two horizons under 24,
25 and 22 year old cocon trees {as compared with 18
and 10 vear old trees) were greater The mean scil N
content in the soil prolile was positively correlated
with the age of trees (r = 092} In surface s0il at

Gantbari mean soil N and the maximum value of soit
N inereased when the age of cocos trees advanced
from 10 to 19 years

Soil K contents in the first two horizons under
34 and 25 yeusr old cocoa trees {as compared with 22,
20 and 18 vear old trees) were greater The correla-
tion between mean vaiues of K in the soil profile and
age of cocoa trees was 0 85

Soil Ca contents in the first two horizons under
34, 25 #nd 22 year old cocoa trees (as compared with
18 and 10 year old trees) were greater In the third
horizon, greater amounts of Ca were observed under
34 and 25 year old trees compared with younger
trees The correlation coefficient between mean Ca
content in the soil profile and age of cocca trees was
0.97

At Gambari, exchangeable K and Ca in surface soil
were positively correlated with the age of cocoa trees.
It is shown that the values of soif K and Ca declined
when cocoa trees reached the age of 33 vears and rose
at the age of 34 years before falling finally at the age
of 37 years. The relatively low values observed for
33 year-old trees might be due to error. A similar
observation was made at {lesa, where the greatest

Table 1. Relationship between age of Theobroma cacao trees and chemical properties of soil horizons,
Property Age of cocoa (year)
cm 34 25 22 18 10
C (percent) 020 4 | 32 18 27 12
20-38 32 : 18 14 09
1865 18 1.2 0.9 13 Q.7
N (percent) 020 01¢ 019 014 0.10 010
20-30 017 011 018 009 0.10
38-65 048 01t 016 008 006
P (ppm) 020 8.7 93 83 1112 139
2030 2 06 37 3.9 £
3865 G6 86 18 1.6
K {meg/100 &) 0-20 1 4% 038 804 003 004
20-38 049 019 911 004 0.04
38-65 G 10 808 021 018 0.20
Ca {meq/100 g) G20 it 1l 5 86 08 22
2038 130 i 54 0.5 1.2
3885 64 2 0.8 0.5 2112
Mg (meq/100 g) 0--20 086 068 085 0.44 036
2638 0.59 0.45 084 0.44 023
38-65 070 0.62 0.21 0.32 047
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Table 2. Relationship between age ol Theobromae cocoa trees and soil chemical properties at Gambari.
Age of free {year) C P K Ca

(percent) {ppm) {meq/100 g) {meq/100 g) pli

4 ] 257 6.02 12 6}

18 20 85 007 33 68

22 25 12 011 36 71

30 30 93 04908 7.9 69

1 3.0 83 014 28 10

4 33 40 021 162 72

37 i2 24 012 2.4 68

Corrolation with tree age 034 -0 91 059 040 4.7

mean values of soil K and Ca were observed under 15
year old trees compared with 10 and 19 year old
trees

Soil Mg contents in the first two horizons under
34, 15 and 22 year old trees {(as compared with I8
and 10 year old trees) were greater In the third
horizon. soil Mg content was greater under 34 and 25
year oid trees The correlation coelfivient between
age of trees and mean Mg content in the soil profile
was 093 At llesa, mean Mg content in surface soil
increased with the age of trees between 10 and 19
years

The value of soil pH in surface soil rose nen-
linearly with the age of cocoa trees (Tables 2 and 3)
This is consistent with positive correlations observed
between age of cocoa trees and concentrations of
soil K. Ca and Mg

Available soil P content was smalier under oid
cocoa trees in all horizons In the first and third
horizons. the soil under 18 and 10 year old trees
had greater P content than the soil under 34,25 and
22 year old trees The second horizon under 34 and

Tahle 3.

25 year old cocoa trees {as compared with younger
trees) had a smalier P content. The correlation coef-
ficient between mean soil P in the profile and age of
cocos irees was — 0 78 In surfuce soil at Gambari,
soil P content was smaller under older cocoa trees

Incresses in concentrations of soil organic C, N,
exchangeable K, Ca and Mg with the age of cocoa
trees from 4 to 34 years are consistent with the fact
that the cocoa canopy closes about the fourth year
{3) The canopy cover and titter fall increase until
cacou trees reach 30 to 40 years in ape (10} The
drastic reductjon in concentrations of soil organic C,
K and Ca when cocoa trees reach the age of 37 years
may be due to insufficient canopy shading. Trunk
die-back and consequent reduction in shading is a
common feature of oid cocoa farms of about 40 years
in age (2). Increased shading and litter turn-over with
advanced age of cocoa trees up to 34 years might
increase soil organic € and N contents and reduce
base leaching. The fact that K content increased
deeper into the soil profiie in 10, 18 and 22 yeer oid
cocoa plots suggests that K leaching from surface
soil occurred in the sendy soil al Apoje (4)

Range in values of chemical properties of surfsce soil in Theobroma cocoa plots of different ages at Tlesu.

Age of tree No. of C N K Ca Mg

{year} Samples percent meg/100 g meq/100 g pH

19 19 14-32 G11-032 005036 0.08-100 024-142 54-88
24 {020} (010 (32} (0 85} (83}

15 19 15-30 012-029% 0.06~0935 09-102 017-130 53-84
(1) 019 {0.25) (3.9 (069} (6 8}

10 2 08-235 012-022 005-038 63-40 022144 51-80
{(rs (0.18) {610} €0 5) (067) (6.6}

Values in pareantheses are means
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An observed increase in concentrations of soil N,
K. Cuand Mg and reduction in soil P with older cocos
trees are consisient with the results of nutritionat
studies on cocoa. Whereas N fertilizer decreased
cocoa yield in Nigeria (5,06, 7. 8). application of urea
to cocoa seedling produced a beneficial effect (11}
Responses of mature cocoa to K, Ca and Mg fertil-
izer were rare (6) Lxperiments in Ghana (1) and
Nigeriz (7} showed that P was the mucronutrient
delimiting the yield of cocou, although there was only
response to P when N was applied

It is suggested that more emphasis be placed
on supplementary nutritionzl needs of young cocoa
plants compared with old plants This s because soil
organic C, N, K, Cz and Mg conlents increased with
the ape of cocoa trees. However efforts should be
made 1o prevent likely deficiencies of P in soil under
mature cocoa trees since available soil P decreased as
cocoa trees got older

Summary

The relationships between age of cocou lrees and
concentrations of organic €. N, available P, exchange-
able K, Ca and Mg in the soil profile and surface soi
were studied at three locations during three years
The age of the cocoa irees varied between 4 and 37
yvears. Values of soil organic C, N, exchangeable K,
Ca and Mg were positively correlated with the age of
cocoun trees, while available soil P was negatively
correlated. There was a decrease in values of soil
nutrient contents when the age of cocoa trees in-
creased to 37 vears
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