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ABSTRACT

The Malaysian cocoa industry is facing many problems due to cocoa being
grown on marginal soils, such as Ultisols and Oxisols. These soils are
generally acidic, low in basic cations and also low in soil cation exchange
capacity. A field study was undertaken to investigate the effect of organic-
based and foliar fertilisers on soil fertility improvement, the growth of
matured trees, yield and quality of cocoa grown on an Oxisol in Malaysia.
The treatments (with four replications) consisted of T1: NPK (fertiliser)
(control), T2: organic-based fertiliser + NPK, T3: foliar + NPK, T4: foliar +
Ca-foliar + NPK and T5: organic-based fertiliser + foliar + Ca-foliar + NPK
applied on approximately 5-year-old cocoa plants located at the Malay-
sian Cocoa Board Experimental Station, Jengka, Pahang. The results showed
that the combination of these fertilisers gave negative response on the
growth, yield and quality of cocoa. For clone PBC 130, T2 (organic-based
fertiliser + NPK) gave greater pod weight compared to other treatments.
Manganese toxicity is possibly the most limiting factor observed in this
study.

Keywords: Organic-based fertiliser, foliar fertiliser, cocoa yield, bean
quality, Mn toxicity

INTRODUCTION
The average yield of cocoa in Malaysia has shown very little increase and in
some areas, it has actually decreased. One of the problems related to the
decrease in cocoa bean production over the years is low soil productivity, achieving
only 0.98 tonnes per hectare in 2003. This is far behind the targeted yield of 1.5
tonnes per hectare (Malaysian Cocoa Board 2003). Some cocoa in the country
is grown on highly weathered soils known as Ultisols and Oxisols. The low
productivity of the soils is due to acid reaction, low cation exchange capacity
and high Al. The area under cocoa has decreased drastically. The decrease is
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attributed principally to low soil productivity, diseases and poor prices of cocoa
beans. Areas which are suitable for cocoa are replanted with other crops such as
oil palm and rubber while marginal soils are used for new cocoa production
(Malaysian Agricultural Directory and Index 2003). Another problem related to
poor yield of cocoa beans is cherelle wilt. Cocoa production depends on the
amount of flowers produced and the percentage of flowers that turns into cherelles
and successfully become pods. Normally, successful cherelles that form pods
are only a small quantity (1 to 5 %) from the whole amount of flowers produced.
About 60 - 93% of potential pods will vanish because of cherelle wilt. Cherelle
wilt is a fruit thinning mechanism (Kasran and Amirudin 1993). Competition
between cherelles and new shoots is one of the factors which causes cherelle
wilt. This may be due to competition to get nutrients and water not only among
new cherelles but also among cherelles and new shoots (Omran 1988). This
phenomenon may be also related to nutrient deficiencies or an imbalance in
nutrient supply.

Boron deficiency can cause incomplete formation of cocoa pod, but this
problem cannot be solved solely by supplying boron since other nutrients may
also be important. There might be some antagonistic effects between the nutri-
ents which may disturb nutrient functions such as nutrient absorption and trans-
location. Kasran (1989) has found that the wilted cherelles have lower nitrogen,
calcium, magnesium, copper, manganese, zinc and boron concentrations com-
pared to non-wilted cherelles. Calcium deficiencies in cocoa may lead to
irresistance to fungus attack, and cherelle wilt will continuously occur even though
the formation of pods has completed. Therefore, one of the alternatives that can
be taken to reduce cherelle wilt and increase cocoa yield is to apply fertilisers
containing all the nutrients needed for cocoa in sufficient amounts. Application
of organic fertilisers produces a variety of organic acids during its decomposi-
tion which form stable complexes with aluminium and iron, thereby, blocking
phosphorus retention sites and resulting in higher phosphorus use efficiency in
crops (Sharma et al. 1990). Besides the organic-based fertilisers, foliar fertilisers
may aid in supplying all the nutrients needed, especially during the pollination
stage and development of pods. Besides macronutrients (nitrogen, phosphorus,
potassium, calcium and magnesium), cocoa needs micronutrients such as cop-
per, manganese, zinc, iron and molybdenum for growth (National Agricultural
Research Centre 1986). Cocoa yield can be increased with the application of
foliar fertilisers because many soils and fertilisers cannot supply enough nutri-
ents during the productive stage. Therefore, a field experiment was conducted
to determine the effects of fertiliser treatments on soil fertility (Oxisol), the

growth of matured cocoa, yield and cocoa bean quality.

MATERIALS AND METHODS

Site and Soil
This experiment was conducted at the Malaysian Cocoa Board Experimental
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Station, Jengka, Pahang. The soil was Segamat Series (Jabatan Pertanian
Semenanjung Malaysia 1993), which belongs to the clayey, oxidic,
isohyperthermic family of Typic Hapludox (according to soil taxonomy).

Experimental Treatments and Design

Organic-based, foliar and calcium-foliar fertilisers were used in this study. The
five treatments with four replications consisted of T1: NPK (control), T2:
organic-based fertiliser + NPK, T3: foliar + NPK, T4: foliar + Ca-foliar + NPK
and T5: organic-based fertiliser + foliar + Ca-foliar + NPK. Treatments T3, T4
and T5 (which consisted of foliar application) were applied monthly. The
application of foliar treatments was done in May 2004 to August 2004 (for the
first season) and in December 2004 to June 2005 (for the second season), using
recommended rates. Leaves were sprayed using motorised sprayer before 10
o’clock in the morning, since stomata was known to be opened during this pe-
riod. The application of foliar fertiliser was carried out on the whole cocoa
crop, including the leaves, trunks, flowers and pods. Organic-based fertiliser
(derived from composted sugar-cane waste with pH of about 8.0) was applied
again after 6 months (November 2004) from the first application which was in
May 2004. NPK compound fertiliser (fertiliser grade, 12:12:17:2) was applied
3 times per year (starting in May 2004, followed by September 2004 and finally
in January 2005), following MARDI’s (1990) recommendation rate of 400 g per
plant. Organic-based and NPK compound fertilisers were incorporated into the
soil. The PBC 130 and KKM 22 cocoa clones were approximately 5 years old at
the time of the trial. Randomised complete block design (RCBD) was used in
this experiment with the block perpendicular to the soil gradient. Each plot
contained 12 plants and was surrounded by guard rows with planting distance of
3mx3m.

Plant Sampling, Soil Sampling, Preparation and Analyses

In order to determine the nutrient status of cocoa, soil and leaves of clone KKM
22 and PBC 130 at the experimental plots were sampled in April 2004 before the
trial. A random sampling of the soil was done with a distance of 3 m x 3 m,
using a stainless steel auger. Samples were taken from two depths, 0 — 20 cm and
20 — 40 cm. The soil samples were air-dried in a plastic bag. After air-drying,
soil samples were crushed in a pestle and mortar, then sieved through a 2.0 mm
sieve for the analyses of soil pH and other nutrients. The samples were stored in
a plastic container. The analysis of soil and leaf samples was done in replicates
with 4 replications. The soil chemical and nutrient analyses included pH:water
ratio 1:2.5 (McLean 1973), total N using Kjeldahl method (Bremner 1965),
available P using Bray and Kurtz no. 2 method (Olsen and Sommers 1982),
exchangeable K, Ca and Mg using ammonium acetate leaching method (Thomas
1982), available Cu, Fe, Mn and Zn using double acid method — Mehlich no. 1
(Soil and Plant Analysis Council 2000) and B using hot water soluble extractable
method (Bingham 1982).
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For plant tissue, the fourth leaf from the apex of matured branch was taken
as indicator leaf (15 leaves per tree) as this is the most active part of the cocoa
plant that absorbs nutrient from the soil (Denamany and Rosinah 1994). The
pieces of leaflet were washed carefully with distilled water to remove any
contamination from the leaf surface prior to extraction. Minimal washing was
done to avoid rapid leaching of plant nutrients during washing. The plant samples
were oven-dried at 65°C for about 7 days. Leaf samples were then ground and
passed through a 1.0 mm sieve and stored in a plastic container. These samples
were then used for the determination of macro- and micro-nutrients in the leaf.
Nutrient content, P, K, Ca, Mg, Cu, Fe, Mn, Zn an B, in plant tissue was deter-
mined using the dry ashing method (Gupta 2004) and the Kjeldahl method (Bremner
and Mulvaney 1982) was used to determine total N.

Determination of Pods Production, Actual Yield of Harvested Mature Pods and
Potential Calculated Yield

The number of pods/tree was taken to determine the production of pods. Success-
ful cherelles (pods) having a circumference of 20 — 25 cm were counted and
marked with blue paint. The number of pods was recorded every month, start-
ing from 2 months after all treatments were started (T1 to T5 were applied
beginning May 2004). Mature pods were harvested monthly, starting from Oc-
tober 2004 until June 2005. Total number of harvested mature pods was re-
corded to determine the actual yield of harvested mature pods. A minimum of 30
pods/plot was sampled to determine potential calculated yield. Then, the cocoa
beans were taken out from the pods and total number of beans was counted.
The counted beans were then fermented for 7 days. One hundred beans were
sampled randomly from the fully fermented beans. These 100 beans were weighed
to determine the wet weight of fermented beans and were then oven-dried at 80
°C for 24 hours. They were weighed to determine the dry weight of fermented
beans. The potential yield was estimated by the following formula given by
Osman et al. (1994):

Dry bean yield (g / pod per year), N= (M /L x K)

J
J = total number of pods sampled
K = wet weight of fermented beans from J
L = wet weight of 100 fermented beans sampled from K
M = dry weight of 100 fermented cocoa beans
Therefore, yield / plot per year = N x total number of pods/plot

= (M /L x K) x total number of pods/plot
J

Pod and Bean Quality Determination

Pod analysis was conducted by the method of Sapiyah (1994) where 5 pods
were sampled out from each clone. This was done for each pod yield of each
cocoa clone that was harvested during peak harvest, which was in December
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2004. Parameters determined were length and diameter of pods, weight of har-
vested pods, average number of beans/pod, single dry bean weight, pod index
(number of pods to produce 1 kg dry beans) and dry weight of shell (derived
from bean samples).

Statistical Analysis

The analysis of variance (ANOVA) was done using PROC ANOVA of the Statis-
tical Analysis System (SAS 2001) and the Tukey Test was used for mean value
comparison if the treatments were significantly different.

RESULTS AND DISCUSSION

Soil Properties at Experimental Site

The chemical properties of the untreated soil are given in Table 1. Total organic
carbon content was higher in the subsoil (0.53 %) compared to the topsoil (0.44
%) which was rather unusual. This may be due to soil erosion. It has been
suggested that a minimum requirement of about 2 % organic carbon in the top 15
cm of soil is good for cocoa growth (Ahenkorah 1979). However, this soil
contained organic carbon below the recommended levels.

Available P was 33 mg/kg in the topsoil, while the value in the subsoil was 26
mg/kg. Soil exchangeable calcium, magnesium and potassium were low. Soil
pH was below 5. As such, much Al was expected to be present in the soil
solution. Extractable Mn was very high, with a value of 113 mg/kg in the
topsoil. It was even higher in the subsoil (> 149 mg/kg). These values of Mn
are in the toxic range for plant growth (Graham et al. 1988).

TABLE 1
The initial chemical characteristics of the Segamat soil

Variables Topsoil (0 — 20 cm) Subsoil (20 — 40cm)
pH (H,0) 4.80 + 0.07 453+ 0.04
N % 0.14 +0.01 0.13+£0.01

Available P (mg/kg) 33.14 + 2.44 26.18 £ 1.58

Exch. Ca (cmol /kg soil) 2.31 £0.18 1.63+0.16

Exch. Mg (cmol /kg soil) 2.04 £0.14 1.40+ 0.10

Exch. K (cmol /kg soil) 0.16 = 0.01 0.12+ 0.01

Exch. Al (cmol /kg soil) 0.15 = 0.03 0.32+ 0.03
Organic C % 0.44 = 0.06 0.53+0.10
Cu (mg/kg) 459 + 0.68 497+ 0.89
Fe (mg/kg) 55.25 £ 3.37 69.53 + 3.46
Mn (mg/kg) 113.23 +7.84 149.60 £18.79
Zn (mg/kg) 2.51 £0.08 2.98+ 0.26
B (mg/kg) 0.18 + 0.01 0.20£ 0.09

* Mean + standard error
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TABLE 2
The initial nutrient status of the cocoa leaves

Variables Clone KKM 22 Clone PBC 130
N % 1.78+ 0.02 1.73+ 0.03
P % 0.12+ 0.01 0.14+ 0.01
K % 0.34+ 0.01 0.38+ 0.01
Ca% 0.71+ 0.02 0.72+ 0.03
Mg % 0.52+ 0.01 0.51+ 0.01
Cu (ppm) 11.49+ 0.27 12.79+ 0.80
Fe (ppm) 68.42+ 2.72 70.91+ 0.86
Mn (ppm) 1058.91+ 60.23 1119.27+29.02
Zn (ppm) 55.98+ 2.62 51.79+ 1.68
B (ppm) 16.9 + 1.39 15.93+ 0.86

* Mean * standard error

Plant Tissue Nutrient Status

Data in Table 2 show the concentrations of macro- and micro-nutrients in the
cocoa leaf. The concentrations of nitrogen, phosphorus, potassium, calcium
and magnesium for tissue samples of cocoa clone KKM 22 and PBC 130 were
more or less the same.

However, a slight difference can be seen for micronutrient concentrations.
The concentrations of copper, iron and manganese in the tissue samples of clone
PBC 130 were a bit higher compared to clone KKM 22. Zinc and boron concen-
trations in the tissue samples of clone KKM 22 showed higher values compared
to clone PBC 130. The N concentration was low, but the concentration of Mn
was high, with the value at a toxic level.

Effects of Fertiliser Treatment on Pod Production

The development of the pods to maturity took 5 — 6 months from flowering to
full ripeness. Data in Fig. 1 show that pod harvesting continued at all times of
the year with two peak harvest periods observed per year, which were in Octo-
ber and December. Both clones, the KKM 22 and PBC 130, showed a similar
trend of pod production throughout the year.

Data in Fig. 2 which refers to pod production on a yearly basis (July 2004 to
June 2005) show that all treatments gave no significant difference to pod pro-
duction for clone PBC 130. However, for clone KKM 22, treatment T5 (or-
ganic-based fertiliser + foliar + Ca-foliar + NPK) showed a slight increase in the
number of pods per plot compared to other treatments.

Effects of Fertiliser Treatment on Yield

During the 8 months of the harvesting period (October 2004 to June 2005), the
dry weight of beans per plot over the year were not significantly different in all
treatments for both clones, KKM 22 and PBC 130 (Fig. 3). Since pod produc-
tion was not affected by the treatments, it is reasonable to assume that the yield
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Fig. 1: Pods production at different months (means followed by a common letter within
cocoa clone are not significantly different at 5 % level by Tukey Test)

=
=
5 mkkm 22
(o]
- @ pbe 130
o
o
=

T T2 T3 T4 T5 TMT2T3T4T5

Treatment
Fig. 2: Pods production according to treatments (means followed by a common letter within
cocoa clone are not significantly different at 5 % level by Tukey Test)
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Fig. 3: Dry bean yield according to treatments (means followed by a common letter are not
significantly different at 5 % level by Tukey Test)
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