
Cacao plantations on Sulawesi Island, Indonesia:
I—an agro-ecological analysis of conventional
and organic farms

André Freire Cruz & I Nengah Suwastika & Hayao Sasaki & Tomoharu Uchiyama &

Nurul Aisyah Pakawaru & Wahyuningsih Wijayanti & Muslimin & Zainuddin Basri &
Yoko Ishizaki & Takashi Shiina

Received: 26 April 2018 /Accepted: 11 July 2018
# Springer Nature B.V. 2018

Abstract The cacao plantation largely contributes to
the Indonesian agricultural economy, and the systems
with less environment impact have become fundamental
for the local farmers. The current research made a gen-
eral agro-ecological evaluation of six cacao farms in
Sulawesi-Indonesia cultivated under conventional sys-
tems and organic management, here referred to as envi-
ronmental friendly systems (EFS). Ten agro-ecological
parameters, the number of fruits per area, the rate of
infection (RI), number of seeds per fruit, and seed
weight per fruit were evaluated. Furthermore, plant
mineral nutrition was also analyzed, including the esti-
mation of diagnosis recommendation integrated sys-
tems. The overall data indicated that RI in the conven-
tional systems was lower than that in the EFS. The
density of dead plant materials showed negative corre-
lations with the area of weeds and density of weeds. The
density of dead plant materials, concentrations of Mg
and Fe showed a positive correlation with productivity.

In addition, Fe showed negative correlations with
weed area and density. The nutrient balance index
also showed that in Parigi and Palolo areas, the
plants were well stabled in terms of mineral nutri-
tion. These results suggest that some agro-ecological
parameters can function as cacao production indica-
tors, especially the biomass and dead leaves together
with plant mineral nutrition (Mg and Fe).

Keywords Agro-ecology. Diagnosis recommendation
integrated systems . Plant nutrition . Yield .Weeds

Introduction

Cacao (Theobroma cacao L.) is a crop grown largely by
smallholders in the lowland tropics. The cacao industry
has a strong impact on the global economy and social
development in the region. Indonesia is actually the
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third largest producer of cacao beans worldwide
(Schwendenmann et al. 2010), with Sulawesi showing
the most significant increase in cacao production in
recent decades, now accounting for 75% of the national
production. Cacao is now the main source of income for
farming households (Indonesia Investments 2015).

Environmental friendly systems (EFSs), which
sometimes include the organic agriculture, have been
studied and reported worldwide in terms of their eco-
logical benefits, which improves soil microbial activity
and diversity. Many researchers have mentioned the
importance of increases in agricultural production, min-
imizing the environment and human health negative
impacts. Within such challenge, the organic farming,
which aims to produce food with less negative effect
on ecosystems, is often proposed. However, many re-
searchers and farmers had criticized this system by
arguing the lower yields and product quality would
therefore lead to lower incomes than conventional
farmers would. A meta-analysis conducted worldwide
suggested that in a long term, the organic rotation does
not differ in their yield ratio as compared to convention-
al systems (Seufert et al. 2012). In Bolivia, at the Alto
Beni region, the cacao organic farms reached higher tree
and crop diversity, yields, and incomes, in addition to
more social connectedness (Jacobi et al. 2015). More-
over, in a short term of a worldwide survey showed
that cocoa yields were 47% lower in the organic
compared to the conventional monoculture, and in a
long term, the cumulative yields of all products har-
vested in organic systems overtook conventional ones
(Schneider et al. 2017).

Thus, the evaluation of both conventional and organ-
ic systems in cacao plantation would be useful back-
ground for local farmers, as they could even decide
which system is more viable in a long-term production.

One of the characteristic features of such system is
the presence of terrestrial weeds, whose species richness
has increased sharply and rapidly in response to changes
in cacao management in Central Sulawesi, Indonesia
(Cicuzza et al. 2012). Moreover, these weed species’
biomasses were all significantly higher in the infre-
quently weeded plots than in the frequently weeded
ones. However, their response to fertilizers was very
low, and the species showed no clear patterns relative
to their ecology or biogeography. It is worthy to use
some agricultural indicators to evaluate the current situ-
ation of the cocoa plantation. Some of them are very
useful such as weed control, fertilization, weeds

presence, fruit size, and plant nutrition. The weeds
sometimes are good indicators, and their interactions
with other organisms might affect the agro-ecosystem
functions (Petit et al. 2011). Among the edaphic factor,
the soil potassium, organic matter, and sand amount
strongly influenced the weeds in maize plantations
(Ahmad et al. 2016).

Plant mineral contents play an important role on plant
growth and productivity (Marschner 2011) with special
focus to the chemical composition of the cacao beans as
the basis for quality definition (de Araujo et al. 2017).
One significant example is that although the soil nutrient
status is sufficient, total P availability and stagnant soil
water conditions limit yields (Juhrbandt et al. 2010).
Moreover, the element balance within the plants, esti-
mated by the Diagnosis Recommendation Integrated
System (DRIS), could determine their mineral nutrition
status (Wadt 2014; de Matos et al. 2018). Some data
could be used as ecological indicators, which provides
the idea on the local farm management situation and
factors that might affect the productivity. The overall
impact of the effects of agricultural management includ-
ing the productivity, fertilizer, pesticide using, in cacao
plantation located in Central Sulawesi is still unknown,
and a general agro-ecological evaluation of these di-
verse places would be appropriate. Thus, this study
focused to understand the interrelationships between
productivity, agricultural management, and plant health.
To this end, agro-ecological parameters represented by
fruit size, weed presence, plant nutrition, and soil fertil-
ity were analyzed. In parallel, interviews with Indone-
sian farmers were performed to evaluate how their man-
agement could affect production.

Materials and methods

Experimental design and interviews

Samples and interviews were carried out on six cacao
farms located in Palolo, Kulawi, Sarjo, Sidondo, Parigi,
and Poso in Central Sulawesi, Indonesia (Suppl. Fig. 1).
Two kinds of systems were visited at each farm site
(conventional and organic). The characterization of the
sampled areas (Suppl. Table 1) and the soils (in prepa-
ration) is described. The organic plots here referred to
the environmentally friendly system (EFS), which max-
imizes the use of organic fertilization and avoids as
many chemical pesticides and herbicides as possible.
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However, occasionally, the farmers still applied some
chemical-based products (fungicides and insecticides)
under certain extreme conditions, such as serious path-
ogen and pest attack. Moreover, there is no certification
agency in that area which qualifies these farmers are
organic producers; thus, in this research, the EFS is
more suitable to define such system. The experimental
design was composed of 6 locations, 2 systems, and 4
samples totalizing 48 experimental units. Sampling was
performed in August 2015 and at each sampling site
(Suppl. Fig. 1). We interviewed local farmers about (1)
yields per hectare, (2) methods to maintain soil fertility,
(3) methods to control pests and disease, (4) frequency
of weed control (freqW), (5) frequency of pruning
(freqP), and (6) the grafted clones used. The leaves were
also taken from the middle of the canopy at the second
branch, and then they were washed, drought at 60 °C for
3 days, and finally ground to be submitted to plant
mineral nutrition analysis. The ground material was
applied to sulfuric and nitro-perchloric digestions before
the mineral analysis.

Plant mineral nutrition and statistical analysis

The total N in plant leaves was estimated using the
Kjeldahl method after sulfuric digestion (Bellomonte
et al. 1987). Total P levels in extracts obtained by
nitro-perchloric digestion were determined using the
spectrophotometric vanadium phosphomolybdate meth-
od. The same sample extract was used for atomic ab-
sorption spectrophotometer (AAS) analysis of levels of
K, Mg, Ca, Zn, Mn, Cu, Fe, and B. The di-acid (HNO3-
HClO4) digestion method followed by turbidimetric
methods was used for S analysis (Isaac and Johnson
1985). All analyses were performed by Mycellium Co.,
Barretos, Brazil.

The Diagnosis Recommendation Integrated System
(DRIS) was used to quantify all nutrients and then
calculate the Nutrient Balance Index (NBI) (Wadt et al.
2007; Wadt 2014). SPSS 10.0 was used for statistical
analysis to calculate standard errors of means and
Pearson’s correlation coefficients.

Agro-ecological research

We sampled three rectangular areas (1 × 6 m) in each
location (Fig. 1). After measuring the rectangles, we
quantified healthy fruits, infected fruits, and sampled
mature fruits within this area. Then, the number of fruits

per area (NF) and the rate of infection (RI) were calcu-
lated. Also, the trunk diameter of three cacao trees (DT)
at a height of 50 cm from the ground was measured. By
horizontally crossing the area, we then counted the total
number of steps and the number of those steps that were
on weeds and used this to calculate the area of weeds
(AW, %). Next, a sub-area of 40 × 40 cm was taken to
measure the density of weeds (DW) and dead plant
materials (DDPM). Finally, we measured the lengths
and diameters of fruits (LF and DF, respectively) and
quantified the number (NSF) andweight (WSF) of seeds
per fruit.

Results

Interview

According to the interviews as shown by the fluctuation
of yield and fertilizer using amount, the yield of EFS and
conventional tended to increase and decrease over time
respectively; however, the amount of fertilizer using
increased in both systems. Except in Poso areas where
the amount of fertilizer using maintained constant in
conventional areas and decreased in EFS ones. Kulawi,
Palolo, and Sidondo managed with EFS used solid and
liquid fertilizers composed of a mixing with animal
manure and plant residues (unpublished data). The
highest yield was from the organic system in Parigi.
Some cacao plantations are based on the EFS, and the
effect of the amount of fertilizer was not different com-
pared to that in the conventional ones. In Sarjo, freqW
and yield were higher for the EFS, whereas in Palolo,
there was an increasing of pruning frequency and higher
yield in the conventional system. The highest variety of
clones was found in the EFS in Parigi. As stated in the
interview data, there are several clones grafted in each
cacao farm; recently, due to diseases and low production

Trunk of cacao tree
* Sampling area

*

Fig. 1 Model of sampling area
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problems, they tend to substitute the old varieties by
new clones. The S1 and S2 were the most frequent in the
sampled areas. Taken together, these data revealed the
structure of cacao plantation in Indonesia (Table 1).

Agro-ecological research

In addition, the conventional system only in Sidondo
area showed better results for NF, but not for RI; in
contrast, the organic system in Sidondo had the lowest
RI. Generally, the NF and RI were higher and lower
organic areas respectively. The highest NSF was from
the conventional system in Parigi, which also had the
second highest MSF. Parigi showed the highest MSF in
the organic system. Interestingly, every value of RI in
conventional systems was higher than values in EFS.
Moreover, RI values on the seacoast were usually higher
than RI values inland, suggesting that other factors may
be influencing this parameter (Table 2).

Plant mineral nutrition

The highest level of N was found in the organic system
from Sarjo, which also showed high levels of P. The
highest levels of P and of K overall were found in the
organic system from Poso. Calcium levels were highest
in the conventional system in Sidondo (Table 3). The
overall results of mineral nutrition showed that the N
and Zn had higher values in Seacoast areas as compared
in Inland. The N, P, Ca, Zn, and Fe suffered effects of
location, where the concentration of Ca and Zn were
higher in Palolo and Parigi, respectively. Kulawi had
the lowest Fe, but in terms of systems, there was no
effect in general. It was observed mostly in each place
independently (Table 3).

Table 4(a) shows the indices calculated for DRIS,
whose value indicates the balance of each nutrient in the
leaves of cacao. A positive value indicates a level of the
nutrients in excess of the recommended value, and a
negative value indicates a deficiency of the nutrient.
Overall, we found the highest DRIS indices were for
Ca, which was the most deficient nutrient, and P, which
was most in excess, both in the conventional system
from Kulawi. At seacoast areas, conventional system,
the B was deficient, whereas the similar element only
was in excess in Sidondo (Table 4(b)). Finally, the NBI
was calculated from DRIS indices, which indicated a
higher value in the EFS in four areas (Kulawi, Palolo,

Poso, and Sarjo); however, only in Sidondo was such
value lower in EFS (Fig. 2).

The correlations between agro-ecological parameters
and mineral levels in leaves of cacao were calculated
(Table 5). Nine pairs (N-DDPM, P-AW, K-LF, Ca-AW,
Mg-DDPM, Zn-AW, Mn-LF, Cu-DW, and B-DW)
showed correlation at the 0.05 significance level, and
five pairs (Fe-NF, Fe-MSF, Fe-AW, Fe-DW, and Fe-
DDPM) showed correlations at the 0.01 significance
level. The RI means in EFS were also significantly
different from those in conventional systems at the
0.01 confidence level. Although RI showed negative
correlations with N in soil and FreqW, the means of
neither of these parameters in EFS differed significantly
from those in conventional systems.

Discussion

The overall survey indicated that the EFS could in
certain mode function well, and in the long term, it could
be considered sustainable agriculture. It means that the
alternative managements with less chemical fertilizers
and pesticides could maintain the productivity. Intrigu-
ingly, the amount of chemical product used in the EFS
was lower than that in conventional ones. This suggests
that the net profit from using the same amount of fertil-
izers is greater in organic cultivation so that in other
cases, this system could be more economically profit-
able despite its lower yield (Nemes 2009). Additionally,
a deep survey in Bolivia has shown that cacao yields
were higher in monocultures, but the revenues derived
from sustainable management areas including agrofor-
estry economically overcompensated such difference,
leading to conclude that cacao agroforestry systems
have a higher return on labor (Armengot et al. 2016).

Contrary to our expectations, we did not find signif-
icant differences in nutrient concentrations in leaves in
either the EFS or conventional ones. It is reasonable to
consider that while the amount of fertilizer affected
productivity, other factors such as microbes on the sur-
face of fruits, insect species, cacao house covering ma-
terial, and soil health could also have affected produc-
tivity. Despite the benefits of both chemical and organic
fertilizers, farmers need to consider the environmental
risk of their excessive application, particularly with re-
gard to N cycling in the soil (Kemmitt et al. 2006; Saito
et al. 2008; Xue et al. 2013). TheNBI, an indicator of the
nutritional status of the plants (Wadt et al. 1999, 2007),
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suggested a certain instability on inland (Kulawi, Palolo,
and Sidondo) conventional system farms, and on sea-
coast (Parigi, Poso, and Sarjo) EFS farms, and converse-
ly, the NBI might be stable in seacoast conventional
systems and in inland EFS. This stability is represented
by the NBI values, where those near the zero are equiv-
alent to well nutrient balance in plants, whereas the
higher values indicate nutrient in excess or deficiency.
The DRIS values indicated that in inland areas, the Fe,
Mn Zn, and K are limited by deficiency and in seacoast
by an excess of Zn, P, and K. Soils that have low levels
of organic matter and highly alkaline have shown to
exhibit a low plant-available Zn (Sadeghzadeh 2013).
However, the DRIS might vary according to the pheno-
logical stage, season, and the plant variety (de Matos
et al. 2017; Gott et al. 2017). This was only a general
estimation about the nutrition in the local cacao farms.

Among the ten agro-ecological parameters, some of
them showed interesting results, such as RI, which
indicated that cacao grown in inland locations and EFS
seemed to have an advantage. Compared with other
results (Wood and Lass 1992), our data clearly showed
that the number and weight of marketable fruits, as well
as yield, were significantly different depending on the
location and system. Besides the yield, the fruit quality,
represented by microbial flora, also differs in organic
and conventional systems. For example, in some vege-
tables, organic management leads to less abundance of
Enterobacteriaceae taxa (Leff and Fierer 2013). So, in
this research, it is expected that the microbial flora on
the surface of cacao cultivated in Sulawesi may be
different from inland and seacoast areas, as well as from
conventional and EFS. Furthermore, the availability of
nutrients for microbes differs depending on environ-
mental conditions (Jacobsen 2006); therefore, we be-
lieve that more studies are required to investigate how
microbiota differ in EFS compared to conventional sys-
tems, and what their protective effects against fruit
pathogens are.

Analyzing the relationship between agro-ecological
indicators and plant mineral nutrition, the positive cor-
relation shown between DDPM and some elements was
the most remarkable, especially with N, Mg, and Fe.
Weed presence indicators had negative correlation with
Fe and P, and the higher utilization of herbicides can
lead to decrease the weeds in conventional systems.
Therefore, the higher weed presence may commit the
uptake of these two elements. Fe also correlated to the
number of fruits and dead plant materials, suggestingT
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that there is no trade-off between these parameters. It is
reasonable, therefore, to assert that in order to in-
crease yield and ameliorate the plant mineral nutri-
tion, farmers should severely control weeds and use
the dead leaves of cacao as a ground cover in cacao
plantations. This result may reflect that leaves and
branches can control the weeds by influencing the
absorption of sunlight and the soil microbial com-
munity (Turner et al. 2013), which may indirectly
affect the plant yield and mineral nutrition due to an
improvement of nutrient dynamics in soil through
microbial activity.

On Sulawesi Island, the farming practices within a
given village are usually consistent. However, local
farms have suffered from relatively consistent levels of
production loss, mainly due to fungal rot, pests, and
heavy rains. Some farmers estimated that around 60%
of their crop was affected, and some considered that
cacao farming was no longer profitable (Cicuzza et al.
2012). Most farmers used fertilizers, herbicides, pesti-
cides, and fungicides, aiming to reduce the impact of
pests and pathogens and boost yields. Further studies
could provide more insight into the difference between
the two systems in inland and coastal locations,

Table 4 DRIS (Diagnosis and Recommendation Integrated System) index (a) and limiting sequence (b) of nutrients for each location and
system of cacao farms on Sulawesi Island

a)

Place System Location N P K Ca Mg S Zn Fe Mn Cu B

Inland Conv. Kulawi − 0.22a 0.3 − 0.58 − 0.77 − 0.51 − 0.22 − 0.28 − 0.48 − 0.58 − 0.18 − 0.73
Palolo 0.22 − 0.37 0.12 0.38 0.22 0.38 − 0.73 − 0.12 − 0.17 0.29 0.14

Sidondo 0 − 0.14 0.26 − 0.06 0.21 − 0.94 − 0.12 0.41 0.33 − 0.83 1.71

EFS Kulawi − 0.97 − 0.47 − 0.85 − 0.22 − 0.29 − 0.45 − 0.22 − 1.03 − 1.06 0.6 − 1.34
Palolo 0.77 0.14 − 0.27 0.26 0.41 0.36 − 0.85 0.25 0.17 0.51 0.31

Sidondo − 0.87 − 0.65 − 0.71 − 0.1 − 0.49 − 0.57 − 0.53 − 0.34 − 0.39 − 0.56 0.21

Seacoast Conv. Parigi 0.74 − 0.13 0.64 − 0.09 0.56 0.23 0.44 0 0.37 0.29 − 0.18
Poso 0.13 − 0.26 0.29 − 0.56 − 0.62 − 0.41 − 0.14 − 0.48 − 0.53 − 0.51 − 0.65
Sarjo − 0.35 − 0.31 − 0.49 − 0.42 0.08 − 0.09 1.22 0.19 0.12 − 0.81 − 0.86

EFS Parigi 0.02 − 0.46 0.18 − 0.32 0.22 − 0.11 0.16 − 0.17 0.54 − 0.14 0.15

Poso 0.31 1.06 1.12 1.04 − 0.32 0.48 0.87 0.22 0.12 0.38 0.58

Sarjo 0.58 1.61 0.36 0.85 0.77 1.25 0.79 1.33 1.18 1.13 0.61

b)

Place System Location Limiting sequence

Inland Conv. Kulawi Ca > B >K >Mn Mg > Fe > Zn >N = S > Cu > P

Palolo Zn > P >Mn > Fe = K >B >N =Mg >Cu > Ca > S

Sidondo S > Cu > P > Zn > Ca >N >Mg >K >Mn > Fe > B

EFS Kulawi Mn > Fe > B >N >K > P > S >Mg > Zn = Ca >Cu

Palolo Zn >K > P >Mn > Fe > Ca > B > S >Mg >Cu >N

Sidondo N >K > P > S > Cu > Zn >Mg>Mn > Fe > Ca > B

Seacoast Conv. Parigi B > P > Ca > Fe > S > Cu >Mn > Zn >Mg >K >N

Poso B >Mg >Ca >Mn >Cu > Fe > S > P > Zn >N >K

Sarjo B > Cu >K >Ca > P >N > S >Mg>Mn> Fe > Zn

EFS Parigi P > Ca > Fe > Cu > S >N >B > Zn >K >Mg >Mn

Poso Mg >Mn > Fe > N > Cu > S >B > Zn > Ca > P >K

Sarjo K >N >B >Mg > Zn > Ca > Cu >Mn > S > Fe > P

a Index value compared to other nutrients
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especially regarding the minimization of cacao losses
due to diseases with a minimum of chemical pesticides
that might increase the local net income of farmers.

Conclusion

Overall, this research confirms that among the agro-
ecological indicators, the number of infected fruits
and the density of dead materials were the most

representative to explain the current situation of
cacao in Sulawesi Island, Indonesia. In addition,
the effects of EFS on production were more local-
ized than generalized, i.e., the observation of EFS
on improvement was individually for each area. The
correlations between the agro-ecological parameters
and plant mineral nutrition also proved that the weed
area and density could indicate the productivity in
each area. The plants were most limited by Ca and
B, whereas the P was more in excess.

Table 5 Correlations between agro-ecological parameters on the cacao farm and mineral nutrition in leaves of cacao on Sulawesi Island

N P K Ca Mg S Zn Fe Mn Cu B

NF 0.172 − 0.021 − 0.055 0.037 − 0.005 0.011 − 0.033 0.372** 0.027 − 0.247 0.217

RI 0.156 − 0.012 0.047 − 0.010 − 0.120 0.024 0.001 0.026 − 0.012 − 0.176 0.282

NSF − 0.167 − 0.001 0.176 0.034 0.020 − 0.085 0.149 − 0.231 0.180 − 0.074 − 0.027

WSF 0.015 − 0.152 0.008 − 0.237 − 0.063 − 0.124 − 0.155 − 0.423** 0.227 0.062 − 0.244

DT 0.069 − 0.110 0.082 − 0.051 − 0.010 − 0.119 0.034 − 0.105 0.018 − 0.268 0.020

LF 0.168 0.170 0.295* − 0.008 0.163 0.032 0.193 0.125 0.289* − 0.012 0.161

DF 0.187 − 0.197 0.051 − 0.057 − 0.090 − 0.029 − 0.266 − 0.014 .252 − 0.032 0.276

AW − 0.065 − 0.302* − 0.142 − 0.298* − 0.099 − 0.042 − 0.309* − 0.510** 0.066 0.122 − 0.261

DW − 0.227 0.098 0.179 − 0.227 − 0.126 − 0.047 0.043 − 0.547** 0.116 0.331* − 0.335*

DDPM 0.326* 0.139 − 0.258 0.057 0.340* 0.131 0.240 0.538** 0.064 − 0.180 − 0.024

NF number of fruits per area, RI rate of infection, NSF number of seeds per fruit,WSF weight of seeds per fruit, DT diameter of trunk, LF
length of fruit, DF diameter of fruit, AW area of weeds, DW density of weeds, DDPM density of dead plant materials

*Correlation is significant at the 00.05 level (two-tailed); **correlation is significant at the 00.01 level (two-tailed). Pearson correlation
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