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Abstract

This study aimed to determine the effect of Trichoderma asperellum on the growth of cocoa seedlings under
cocoa stands around 20 years old, so that cocoa seedlings to be used as rootstock on approach grafting for the
rehabilitation of the roots of cocoa plants are old, growing well. Research compiled by randomized block design
with frequency variation application 7. asperellum that, once, twice and three times application respectively of4
gr.L"" each plant. The results of the research, granting 7. asperellum on cocoa seedlings planted under old cocoa
trees and is still productive, able to help overcome competition in the utilization of nutrients and water as well as
other growth inhibiting factors, and the influential on the vegetative growth of cocoa seedlings. Frequency of the
best is three times the application that provides the most effective results for growing cocoa seeds, the seed
growing percentage of 100% and an average plant height of 144.45 cm; number of leaves 37 strands; stem
diameter 12.22 mm; and total leaf area 1388.30 cm2.
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1. Introduction

Cocoa (Theobroma cacao L.) is the essential raw commodity for the world’s chocolate industry, which was
worth $150bn in 2014. By 2016, the global chocolate market will be worth $98.3 billion. Indonesian is the
world’s third leading producer of cocoa beans after Ghana and Ivory Coast, growing 740.500 tonnes in 2012,
according to the FAO (Worldatlas, 2015).

West Sulawesi contributed 20% of the national cocoa production, and is the largest cocoa producer in Indonesia,
with the area planted in 2014 is 172,000 hectares with a production of 110-115 thousand tons per year
(Anonymous, 2014). These data indicate that cocoa is the backbone of the economy in West Sulawesi, but
ironically in West Sulawesi cocoa productivity continues to decline. Several factors are significant on the level of
productivity of cocoa, besides extensive cocoa plantations, varieties, pests and diseases, climate anomalies, the
plant canopy is damaged, as well as age older plants cause less productive plants (Anaeani & Frimpong, 2013).
In addition, the dominant limiting factors increasing of cocoa productivity is soil fertility including low organic
matter content, low exchange able minerals nutrients such as K and low soil CEC (Ololade, 2010).

Side-grafting is the introduction of cultivation technology that quickly spread among farmers, which initially
gives hope bright enough in order to improve the productivity of cocoa. However, after the results are
satisfactory side-grafting produce multiple harvests, further crop losses in production and productivity. This is
likely caused by an imbalance of the capability of the plant canopy to produce, with the condition that the old
plant root system in supplying the needs of nutrients and water from the roots.

The work can be done to fix the root system of the tree cacao side grafting is a technique of approach-grafting,
by utilizing the cocoa seeds that have been aged for at least 6 months, so that plant roots can be rehabilitated and
is expected cocoa productivity can be improved. The success of this effort is especially if the cocoa seedlings
that will be continued to grow well. Cocoa seedlings were planted under old cocoa stand side grafting productive
results, will have competition in the use of water and nutrients to the vegetative growth.

One functional microorganism that is widely known as a biological fertilizer the soil is Trichoderma sp.These

176



mas.ccsenet.org Modern Applied Science Vol. 10, No. 11; 2016

microorganisms are fungi occupants of the land that can be isolated from plant roots field, including cocoa.
Species Trichoderma as well as decomposing organisms, can also function as biological agents and plant growth
stimulator (Okoth etal.,2011; Anad & Reddy, 2009; Saba etal.,2012). For example Trichoderma harzianumgive
the same response to auxin in improving the cocoa plant roots extension (Nurahmi etal.,2012). Trichoderma also
produce phytohormones ET and IAA, which plays a role in the sustainability of the growth of plants and plant
resistance to disease control and adverse environmental conditions (Hermosa etal., 2012).

Based on this, Trichoderma sp. is expected to help overcome the competition to get water and nutrients and
factors inhibiting the growth of other, so the cocoa seedlings to be used as rootstock on approachgraftingfor the
rehabilitation of the roots of cocoa plants are old, can grow well.

The results of research on the role of Trichoderma sp. of the cocoa plant is a lot, especially as disease control in
cocoa, such as leaf blight, pod disease and cancer stem caused by Phytophthorapalmivora (Asti et al., 2013;
Adebola & Amadi, 2012). Bae et al. (2009) reported that Trichoderma sp. resulted in cocoa seedlings are more
tolerant to drought. Technology of Trichoderma sp. is growing rapidly, but the information about the role of
Trichoderma sp. in addressing competition cocoa seedlings were planted in the area around the plant roots
productive yet available. This study aimed to determine the effect of Trichoderma sp. to the growth of cocoa
seedlings under stands of old cocoa productive.

2. Materials and Methods

The experiment was conduted infarm field of Bunde village, Sampaga district, Mamuju regency, West Sulawesi.
Six months old cocoa seedlings planted under the cocoa tree stand of around 20 years old, with a spacing of 3 x 3
m. Planting hole was made with size of 40 x 40 x 30 cm 3 hole, and in distance of 20 cm from old cocoa tree.

The materials used are the seeds of Theobroma cacao variety Masamba Cocoa Clone (MCC) 01, Trichoderma
asperellum isolates ART-4 were obtained from Laboratory of Microbiology Faculty of Agriculture University of
Hasanuddin, manure, NPK, meter, shove, and so on. The experiments used designed randomized block design
(RBD) with frequency treatment applications of 7. asperellum. The provision of T. asperellum: one time, two
times, three times application of T, asperellum respectively of 4 gr.L™" each plant and wihout application. The
first application was given at the time of planting and subsequent intermittent applications a week later. Each
treatment was repeated 3 times, so the total plants totaling 36 plants observed.

To assess the effect of treatment, it was carried out observations of parameters including average plant height
(cm) measured from a height of 2 cm from ground level to the growing point of the top, the average number of
leaves (leaf) formed , average trunk diameter (mm) 5 cm from ground level, and the average total leaf area
(cm*)was measured using graph paper (Nasaruddin, 2011) with the formula:

LD = n x Ik(1)
LD is the leaf area (cm®), n is the number of boxes, and Ik is the area of each box (1 cm?)

To determine the effect of treatment on the parameters observed, an analysis of variance and if there is a
treatment effect were significantly different followed by Least Significant difference test (LSD) with significance
level of 5%.

3. Results and Discussion

Observations were done to determine the physical and chemical properties of the soil. The results of the analysis
of soil chemical properties in the study area is a total-N, C / N ratio, organic C, K and Na is low, pH, Ca and
P,0:s is classified, and Mg and CEC is high and the type of clay clayey (Tab. 1).

Table 1. Chemical and physical properties of soil in the experiment

soil chemical properties

pH H,O 6,2
N total (%) 0,11
organic C (%) 1,08
C /N ratio 10
P,0s (ppm) 10,9

Ca(cmol/kg) 6,84
Mg (cmol / kg) 3,52
Na (cmol / kg) 0,19
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CEC (cmol / kg) 25,66
soil texture

Sand (%) 32
dust (%) 30
Clay (%) 38

Note.Source: Lab. Chemistry and Soil Fertility, Soil Department Agriculture Fakulty, Hasanuddin University

The provision of T. asperellum was very influential on the vegetative growth of cocoa seedlings planted under
old cocoa stand still in production (Tab. 2).

Table 2. Effect of Frequency Applications T. asperellum of the vegetative growth of cocoa seedlings age of 12
weeks after treatment applications in the field

Treatment Height Number of Stem Total leaf Percentage
Plant leaves Diameter area Growth
(cm) (Ieaf) (mm) (cm’) (%)
without application 10933 a 24.56 a 8,55 999,72 a 52a
one-time application 134 b 32.89b 10,89 1357,22 b 83b
two-times application 134.44 b 32.78 b 10,44 1302,84 b 94 be
three-times application 144.45 ¢ 37¢ 12,22 1388,30 b 100 ¢
LSDa0.05 8.90 2.05 tn 130.79 13.21
CV (%) 591 5.59 12.35 8.98 15.27

Note.Description:Figures followed by the same letters in the same column are not significantly different
according to LSD test level of 5%

Growth of cocoa seedlings the highest and have the most was the number of leaves on the seedlings by 7.
asperellum for three times application and significantly different from other treatments. In total leaf area, giving
Trichoderma asperellum once, two times and three times did not differ very significantly different result but with
no provision of this fungus. Giving 7. asperellum did not significantly affect seedling stem diameter, but the
percentage of seedlings grown greatly affected by the fungus is mainly on the treatment two to three times as
many applications. This indicates that the application of 7. asperellum can increase vegetative growth is better
than without the provision of 7. asperellum.

The foregoing is highly correlated with the intensity of growth (elongation rate) shoots high. As we know that
the growth of the plant involves a number of processes, such as multiplication and differentiation of cells (Basri,
2004). Cell multiplication caused more cell mass (as in the elongation and enlargement of the trunk diameter)
while the cell differentiation leads to formation of tissues or organs (such as increasing the number of leaves).
Thus, it is clear that with the increase of the length and diameter of the rod will be accompanied by the
establishment organs, such as the size (length and width) as well as the number of leaves on shoots of cocoa. As
we know that there are a number of factors that influence the growth of planting material, including external
factors (environment such as climate, soil and applied technology) and internal factors (genetic including the
quality and size of the mass meristem cells contained in a planting material) (Fosket, 1999; Hopkins, 1999).

The regression analysis in Figure 1 show that aplication of 7. asperellum positively correlated linearly with the
vegetative growth of cocoa seedlings age of 12 weeks after treatment. The more the frequency of application of 70
asperellum increasingly better the vegetative growth of cocoa seedlings.
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Figure 1. Graph of the regression equation vegetative growth of cocoa seedlings age of 12 weeks after treatment
applications in the field

Based on the figure above shows that each increase of one unit of frequency applications 7. asperellum with a
dose of 4 gr.L"" will increase by 7.07 cm plant height, leaf number 3.72 strands, stem diameter of 1.06 mm and
leaf area of 111.1 cm*. Giving T, asperellum able to increase vegetative growth of cocoa seedlings, because
fixing rhizosphere plant roots and helps decompose soil organic matter into nutrients that plants need for growth
(Adedeji, 2008). The existence of 7. asperellum on the ground can improve the physical properties (porosity) and
soil fertility. Conditions arable land with good soil aggregation can stimulate vegetative growth of plants.

Trichoderma asperellum can multiply rapidly in the rhizosphere, and a parasitic fungus that can attack and take
nutrients from other fungi (antagonist). The role of Trichoderma sp. antagonistic and at the same rapid breeding
in the rhizosphere make the existence of this fungus can act as a biocontrol against fungi that cause diseases
(Harman, 2011) for example Phytophtora palmivora causes stem rot disease, the fruit and leaves of the cocoa
that can improve plant growth

4. Conclusion

Granting Trichoderma asperellum on cocoa seedlings planted under old cocoa trees and is still productive, able
to help overcome competition in the utilization of nutrients and water as well as other growth inhibiting factors,
and the influential on the vegetative growth of cocoa seedlings.

Frequency of Trichoderma sp. the best is three times the application that provides the most effective results for
growing cacao seeds, the seed growing percentage of 100% and an average plant height of 144.45 cm; number of
leaves 37 strands; stem diameter 12.22 mm; and total leaf area 1388.30 cm?.
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