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Abstract 

One of the problems that is often encountered in mineral soils that have a low pH is the content of organic 

matter and low soil nutrient status. Organic matter is very important because it is able to improve the physical, 

chemical and biological properties of the soil. Organic wastes cannot be directly utilized by plants and must be 

composted first by soil microorganisms into nutrients that can be absorbed by plants. The use of microorganisms 

and organic matter in agriculture is done because it can increase the availability of nutrients in the soil and its 

absorption for plants and form soil structures to become more loose, reduce the weight of clay-textured soil and 

increase the amount and biological activity of the soil which synergistically can increase seedling plant growth. 

This research was carried out in Lima Puluh Koto district of West Sumatra Province for 8 months from March 

to October 2018. The purpose of this study was to obtain the most appropriate dosage tithonia of compost  and 

microorganisms to increase cocoa plant production. The design used in factorial randomized block design with 

DMNRT follow-up at a level of 5%, consisting of 2 factors, the first factor was the dose of Tithonia compost 

and the second factor was the dose of Pseudomonas fluorescens + Trichoderma harzianum microorganisms. 

responses from parameters observed were N, P, and K soil and plants, as well as the average weight of wet 

cocoa beans per plant. The results showed no interaction between compost tithonia and Pseudomonas fluorecens 

and Tricoderma harzianum microorganisms on all response parameters in cocoa plants.  

------------------------------------------------------------------------ 
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But the administration of compost tithonia and Pseudomonas fluorecens and Tricoderma harzianum has an 

effect on all response parameters in cocoa plants. The administration of Tithonia compost was obtained in the 

treatment of 10 kg / plant and microorganisms at a dose of 400 ml Pseudomonas fluorecens + 4 kg Tricoderma 

harzianum. 

Keywords: Cocoa Plants; compost; tithonia; microorganisms.  

1. Introduction 

Damage to agricultural land increases with increasing population and increasing area of critical land. Critical 

land is land that is currently less productive in terms of agricultural use, because its use does not pay attention to 

the principles of soil and water conservation. One effort in reclaiming critical land or non-productive land is the 

use of organic fertilizers and decomposer microorganisms. Now organic fertilizers and decomposer 

microorganisms are becoming a concern of agricultural and environmental experts because of the impact caused 

by the high use of chemical fertilizers and pesticides that cause land degradation. The application of organic 

fertilizers and decomposer microorganisms is a way to restore soil fertility or an attempt to improve the 

physical, chemical and biological properties of soil due to loss of nutrients transported by plants through crop 

yields, and efforts to increase crop production. Improvement of soil fertility by returning organic matter into the 

soil is one of the efforts to increase soil and plant productivity [1]. Reference [2] states that to increase the 

productivity of dryland agriculture in the tropics including Indonesia in a sustainable manner can be done 

through mulching, minimum tillage, addition of organic matter, calcification, optimization of cropping patterns, 

and land conservation. 

The use of microorganisms in agriculture has a positive impact to enrich the availability of nutrients in the soil 

through the process of decomposition / mineralization of organic materials that convert organic compounds into 

inorganic compounds [3]. Soil microbes have a beneficial role in the agricultural sector, which is to play an 

active role in destroying organic waste, recycling plant nutrients, fixing biological nitrogen, dissolving 

phosphate, stimulating growth, organic biocontrol and assisting nutrient absorption. Microbial-based 

biotechnology was developed by utilizing the important roles of these microbes. Reference [4] showed that 

giving various types of microbes (Pseudomonas fluorescens and Trichoderma harzianum) in the process of 

making Thitonia compost had a very significant effect on the value of C / N ratio, total N, P content and K 

content of compost. Reference [5] reported that the use of Trichoderma harzianum and Pseudomonas 

fluorescens microorganisms was able to increase the availability of P-available reaching 97.4%, increasing the 

effectiveness of controlling leaf spot disease in peanut plants to 49.7% so that it could be used as biological 

pesticides, and can increase dry seed production per plot of peanut plants from 91.7 dry seeds per plot (treatment 

without microorganisms) to 172.4 seeds (treatment with microorganisms Trichoderma harzianum and 

Pseudomonas fluorescens). Cocoa plants are as Superior commodity in West Sumatra, especially in Limapuluh 

Kota Regency as a source of livelihood for farmers. According to [6] that cocoa crop yields at the farm level are 

not optimal due to lack of knowledge of farmers in utilizing microorganisms as biological fertilizers in cocoa 

plantations. In connection with this problem, a study was conducted on the Development of Microbial 

Biotechnology in the Manufacture of Organic Fertilizers and Their Role on Soil and Plants. 
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2. Experiment Method 

2.1. Experiment Design 

The experiment was carried out using a factorial randomized block design consisting of 2 factors. Factor I is 

compost Tithonia (T) which consists of 5 dose levels, namely: 

T0 = 0 kg / tithonia compost  

T1 = 2.5 kg / tithonia compost 

T2 = 5.0 kg / tithonia compost 

T3 = 7.5 kg / tithonia compost 

T4 = 10.0 kg / tithonia compost 

Factor II is a microorganism (M) mixture between Pseudomonas fluorescen and Trichoderma harzianum, which 

consists of 5 dose levels, namely: 

M0 = Without Pseudomonas fluorecens + Tricoderma harzianum 

M1 = 100 ml Pseudomonas fluorecens + 1 kg Tricoderma harzianum 

M2 = 200 ml Pseudomonas fluorecens + 2 kg Tricoderma harzianum 

M3 = 300 ml Pseudomonas fluorecens + 3 kg Tricoderma harzianum 

M4 = 400 ml Pseudomonas fluorecens + 4 kg Tricoderma harzianum 

Each treatment was repeated 3 times so that 3 x 5 x 5 = 75 experimental units were obtained. Before the 

experiment was carried out (initial soil analysis) and after two (2) months of the experiment an analysis of the 

nature of the soil and the (leaf) cocoa was carried out. 

2.2. Implementation of Research 

The preparation for conducting the research is as follows: 

a. Making thitonia compost. 

b. Propagation of Trichoderma harzianum microorganisms, Pseudomonas fluorescen. 

c. Analysis of the chemical properties of compost (N, P, K, C / N ratio) 

d. Composite soil sampling for initial chemical analysis (N, P, K, pH), and plant samples for initial 

chemical analysis (N, P, K) 
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e. In the soil, samples of cocoa plants were given various treatments according to the prescribed 

combination of treatments. 

f. Maintenance of cocoa plants (Weeding, basic fertilization (inorganic), and pest control. 

After 2 months the soil and plant samples were analyzed using various methods as follows: 

a. Determine the level of rganic ingredients by heating method 

b. Determining pH by electrometry method 

c. Determines total N using the Kjeldahl method. 

d. Determine the available P by the Bray method. 

e. Determine K-available using the Bray method 

f. Determine the best type of organic fertilizer. To find out the best types of fertilizers, namely by looking 

at the effect that gives the best results on the observed variables which are statistically analyzed. 

g. Observation of plant growth and harvest. 

2.3. Variable Observed 

Observations were made before the experiment was carried out (analysis of the initial soil, compost and plants) 

and after five (5) months of testing carried out observations of: 

a. The content of N, P, K soil and plants 

b. Production of cocoa plants (wet seed weight per plant) 

2.4. Data analysis 

The research data of the observations were tested by analysis of variance and if the treatment showed a 

significant influence, then proceed with DMNRT at the level of α 5%. 

3. Results and discussion 

3.1. Preliminary analysis of the study 

Table 1: Chemical analysis of nutrients in soil compost and cocoa leaves before the study 

No Chemical Properties Compost Soil Leave Cocoa  

1. N  2.04% 0.34%  0.95%  

2. P  0.39% 3.83 ppm 0.18%  

3. K  0.72% 0.88 Cmol/kg 1.25% 

    4. C ( % ) 33.05  - 

    5. C/N ratio 16.20  - 

    6. pH (H2O) -  - 
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3.2. Nitrogen (N) Total (%) Content Land 

Statistical analysis showed that there was no interaction between Tithonia compost and Pseudomonas 

fluorescens + Trichoderma harzianum on the N total soil content. While increasing the dose of Thitonia has an 

effect on the amount of N total soil, as well as an increase in the dose of Pseudomonas fluorescens + 

Trichoderma harzianum. 

Table 2: Effect of Compost Tithonia and Microorganism Fertilizers on the N content of Total (%) Soil on 

cocoa plants 

Tithonia compost (T) 
Microorganism (M) 

 Average 
M0 M1 M2 M3 M4 

T0 0.11 0.09 0.09 0.11 0.12 0.10 e 

T1 0.11 0.12 0.12 0.14 0.14 0.12 d 

T2 0.13 0.16 0.16 0.16 0.17 0.15 c 

T3 0.16 0.20 0.21 0.21 0.23 0.19 b 

T4 0.21 0.25 0.27 0.29 0.32 0.26 a 

Average 0.13 b 0.14b 0.15ab 0.16ab 0.16a 
  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

The administration of Tithonia compost with different doses has an effect on the total N of the soil. The N-Total 

content of the soil without administration of thitonia obtained an average N of 0.10%, while the highest was 

obtained at a dose of 10kg / plant with a total N content of 0.26%. Increased N content Total soil with the 

administration of tithonia is possible with weathering of organic matter given, besides the N content of compost 

tithonia which is the highest contributor to N elements. Reference [7] the administration of organic ingredients 

(organic fertilizer) into the soil will increase the amount and content of nutrients in the soil, including N 

elements. The compost value of C / N ratio 16.2 is a value that illustrates that the compost used is compost ripe 

which can enrich the availability of nutrients in the soil. Reference [8] that the compost C/N ratio ranged from 

16-18 is a value that describes ripe compost or is ready to be used as organic fertilizer. 

The use of Pseudomonas fluorescens + Trichoderma harzianum microorganisms by dosing can increase the N 

content of total soil. Without the administration of microorganisms the average N content total is 0.13%, and 

increases with increasing doses of microorganisms. The highest average was obtained at a dose of 200 ml of 

Pseudomonas fluorescens + 4 kg Trichoderma harzianum. Increased amount The administration of these 

microorganisms helps in the mineralization process which occurs due to increased decomposition activity. 

Reference [9]) the addition of a decomposer can increase the nutrient content of compost with the right storage 

time. Reference [10] While causes active microorganisms in the process of decomposition of organic matter are 

fungi and bacteria. 

3.3. P-available on soil 
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The organic analysis showed no interaction between Tithonia compost and Pseudomonas fluorescens + 

Trichoderma harzianum against the available P-content of soil in the cocoa plant. But independently, Tithonia 

compost which has a very significant effect on available P soil in cocoa plants. 

Table 3: The Effect of Independent Compost Tithonia and Microorganism Fertilizers on the available P content 

(ppm) of Soil on Cacao plants 

Tithonia Compost (T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 0.79 0.81 0.82 0.80 0.79 0.81 d 

T1 0.85 1.00 1.07 1.00 1.05 0.98 c 

T2 1.07 1.11 1.02 1.12 1.10 1.08 c 

T3 1.17 1.24 1.37 1.64 1.63 1.35 b 

T4 1.62 2.01 2.12 2.36 2.58 2.03 a 

Average 0.97 a 1.04 a 1.07 a 1.14 a 1.14 a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

Table 2 giving tithonia fertilizer to cocoa plantations provides different averages for available P content. The 

lowest available P-content was obtained without the administration of compost tithonia which was 0.81 ppm. 

Every increase in the dose of compost tithonia occurs with an increase in the amount of P-available content. The 

highest available P-content is obtained at a dose of 10 kg / plant. Reference [7] giving organic material (organic 

fertilizer) to the soil will increase the amount and content of nutrients in the soil, including P elements. The 

compost value of C/N ratio 16.2 analyzed at the beginning of the study is a value that illustrates that compost is 

used is a mature compost that can enrich the availability of nutrients in the soil. This is corroborated by the 

opinion of [8], that the value of C/N ratio of compost ranging from 16-18 is a value that describes ripe compost 

or is ready to be used as organic fertilizer and can contribute nutrient availability in the soil. 

The treatment of microorganisms showed no difference for all levels of treatment of available P-soil content. 

This is presumably because the initial soil pH conditions before the implementation of the study 5.70 were 

considered not optimal to support the activity of microorganisms for optimal mineralization processes. In the 

opinion of [3] that the soil pH which is rather neutral to neutral (pH 6.0 - 7.0) will strongly support the activity 

of microorganisms in conducting mineralization in the soil which enriches the availability of nutrients, including 

the nutrient P in soil. According to [11] that at low soil pH (acid), nutrient P is strongly bound by Al elements so 

that it is less available in the soil. In addition, the dose interval of microorganisms used in each treatment is 

thought to be still low so that it can cause no significant difference in the available P value of the soil, although 

an increase in the available P value of the soil with increasing doses of microorganisms. 

3.4. K Exchangeable content (Cmol / kg) of soil 

Statistical analysis showed that there was no real interaction between Tithonia compost with Pseudomonas 
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fluorescens + Trichoderma harzianum in its effect on the exchangeable K content, but independently, both 

Tithonia compost and microorganisms gave a highly significant effect on K exchangeable Soil on cocoa plants. 

Table 4 states that the average value of K exchangeable of Tithonia compost for all treatments had a 

significantly different effect on the K exchangeable value when compared with without tithonia compost except 

for the 2.5 kg Tithonia/plant compost treatment. There was no difference between the treatment without 

compost tithonia and 2.5 kg of Tithonia compost/plant, presumably because the dosage used was still low or 

insufficient to influence the addition of K exchangeable value in the soil. The use of compost tithonia in the 

other treatments showed a difference in mean values of K exchangeable. This is presumably because in this 

treatment the dosage of compost tithonia was sufficient to increase the value of K exchangeable in the soil. 

According to [7] the provision of organic ingredients (organic fertilizer) into the soil will increase the amount 

and content of nutrients in the soil, such as N, P, K, Mg and others. 

Table 4: Effect of Independent Compost Tithonia and Microorganism Fertilizers on K exchangeable (Cmol/kg) 

Soil on Cocoa plants 

 Tithonia Compost(T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 0.23 0.26 0.26 0.26 0.25 0.25 d 

T1 0.24 0.28 0.28 0.30 0.30 0.28 d 

T2 0.28 0.31 0.33 0.34 0.36 0.31 c 

T3 0.33 0.40 0.42 0.43 0.44 0.40 b 

T4 0.41 0.50 0.55 0.58 0.63 0.51 a 

Average 0.27 b 0.31 a 0.32 a 0.33 a 0.34 a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

The treatment of microorganisms did not show any significant difference for all levels of the K exchangeable 

content of the soil except when compared to treatment M0 showed a noticeable difference, this is presumably 

because the initial soil pH conditions as shown in Table 1 of 5.70 (rather sour) were considered insufficient 

optimal to support the activity of microorganisms to carry out the mineralization process in the soil optimally 

even though there appears to be an increase in the K exchangeable content in line with the addition of 

microorganism doses. In accordance with the opinion of [3] that the soil pH is rather neutral to neutral (pH 6.0 - 

7.0) will strongly support the activity of microorganisms in carrying out mineralization processes in the soil 

which enriches the availability of nutrients including nutrients K in soil. Giving various doses of Pseudomonas 

fluorecens + Tricoderma harzianum did not give an effect on the K exchangeable value on the soil, this is 

presumably because besides the mineralization process has not run optimally also because the microorganism 

dose interval given is small. 

3.5. Content of N (%) Cocoa Leaf 
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Table 5 shows that without the administration of compost tithonia the N content of the leaves of the cocoa plant 

is very low at 1.20%, without the administration of Pseudomonas fluorecens + Tricoderma harzianum the 

average N content in the leaves of the cocoa plant is 1.38%. Increasing the dosage of Tithonia compost up to 

10.0 kg/Tithonia compost plant gets an N content in 1.76% leaves, as well as increasing the dose of 

microorganism to 400 ml Pseudomonas fluorecens + 4 kg Tricoderma harzianum gets the highest N content in 

plant leaves with N content in leaves of 1.56%. This is consistent with that obtained by [12] using bokashi with 

each increase in dosage giving an increase in the amount of nitrogen content in the leaves. 

Table 5: Effect of Compost Tithonia and Microorganism Fertilizers on N (%) content on the leaves of Cocoa 

plants 

Tithonia Compost(T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 1.06 1.15 1.16 1.41 1.44 1.20 d 

T1 1.42 1.47 1.49 1.51 1.52 1.47 c 

T2 1.51 1.53 1.53 1.56 1.57 1.53 c 

T3 1.53 1.60 1.67 1.71 1.73 1.63 b 

T4 1.64 1.79 1.80 1.81 1.83 1.76 a 

Average 1.38 c 1.44 bc 1.46 b 1.55 a 1.56 a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

The N content in cacao leaves before the study was 0.95%. An increase in the content of cocoa leaves can be 

caused by available nutrients in the soil by giving compost thitonia and an increase in nutrient uptake, especially 

N elements so that the amount of N content in the leaves increases. This is in accordance with the opinion of 

[13] Increasing plant N uptake is related to the increase in plant dry weight, improvement of plant root 

development, and increase in N soil availability. 

3.6. Content P (%) Cocoa Leaf 

Table 6 shows the difference in percentage content of P in plant leaves. Without titration, P content in cocoa 

leaves was 0.49%, which was originally 0.18% P content in the leaves of the cocoa plant. Each increase in the 

dose of tithonia increases the average percentage of P content in cocoa leaves. The highest average P content in 

cocoa leaves was obtained at T4, which was 0.83%.  

This increase in P content in cocoa leaves can be caused by the P content in green tithonia leaves which has an 

average of 0.37% [14] Apart from that the speed of release of nutrients that occurs in tithonia is faster than that 

of other organic ingredients. Reference [15] reported the percentage of P-nutrient release originating from 

tithonia faster than other sources of organic matter, on the 84th day tithonia had already merged with the soil. 

The fast release of P elements made from tithonia makes plants able to utilize the nutrients released by these 

organic ingredients. 
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Table 6: Effect of Independent Compost Tithonia and Microorganism Fertilizers on P content (%) on the leaves 

of Cocoa plants 

Tithonia Compost (T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 0.45 0.49 0.51 0.50 0.54 0.49 d 

T1 0.53 0.52 0.53 0.56 0.63 0.53 d 

T2 0.59 0.63 0.65 0.68 0.68 0.64 c 

T3 0.65 0.70 0.75 0.78 0.83 0.72 b 

T4 0.75 0.84 0.87 0.88 0.89 0.83 a 

Average 0.56 c 0.58 bc 0.61 b 0.63 ab 0.67 a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

The content of P elements in plant leaves can be influenced by the administration of N and K fertilizer. The 

higher the dose of N and K fertilizer is given, the higher the P content of the leaf. The high content of P 

elements in the leaves of cocoa plants is possible by the role of N elements in plants. Apart from that, an 

increase in N availability in the soil can be absorbed by plants, so that it can spur P uptake and cause leaf P 

levels to increase. [16] reports that the availability of N elements can stimulate P uptake and vice versa. 

3.7. Content  K (%) Cocoa Leaf 

Table 7 The administration of thitonia and soil microbes shows no interaction with the K content, but the 

administration of tithonia shows different averages for each dose and so does the administration of soil 

microbes. Without the administration of tithonia, the lowest average was 0.76%. The higher the dose of tithonia, 

the higher the elemental content of K increases at 10 kg/plant, the content of K elements in the leaves increases 

to 1.23%. Before the implementation of the research, the content of K in the leaves of the cocoa plant was 

1.25%. The K content in the leaves of the plant which declined after the implementation of the study was 

possible because the element K is a mobile element in the plant, so that displacement is very possible.  

According to [17] Potassium is the most abundant cation in phloem sap (almost 80% of total cations) as a 

consequence of filling photosynthate results and the mechanism of transporting photosynthate products through 

phloem to photosynthate wear organs.  Reference [18] that organic plays an important role in the synthesis of 

carbohydrate transport and photosynthesis. 

3.8. Results of wet seed weight of ICS 13 clone cocoa plant (g / plant) 

Table 8 shows no interaction between the administration of tithonia and microorganisms, but the administration 

of tithonia gives a different average for each seed weight of cocoa plants, and so does the administration of 

microorganisms giving different averages. Without the administration of tithonia it was the lowest average of 

513.17 g/plant, the highest weight was obtained by giving compost tithonia with a dose of 10 kg plant to get a 

weight of 881.33 g/plant. This increase in weight allows the fulfillment of the amount of nutrients needed by 
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plants, given the unusually high content of tithonia. According to [14] the nutrient content in Tithonia compost 

is quite high at 3.5% N, 0.37% P, and 4.1% K. The administration of microorganisms showed that weight gain 

was almost the same at each increase in dose, but the highest wet weight of cocoa beans was obtained at a dose 

of 400 ml dose of Pseudomonas fluorecens + 4 kg of Tricoderma harzianum. Giving microorganisms can 

encourage an increase in the wet weight of the seeds of the cocoa plant. This is possible because many elements 

can be provided by microorganisms, because microorganisms are very active in helping the process of 

weathering organic matter. According to [19] Thrichodermas fungi are actively involved in the decomposition 

of cellulose, hemicellulose, and lignin in organic matter. The composting process can be accelerated to one 

month by inoculation of cellulolytic fungi such as Aspergillus and Trichoderma [20] because of its ability to 

produce enzymes that can reduce cellulose, hemicellulose and lignin [21]. 

Table 7: Effect of Independent Compost Tithonia and Microorganism Fertilizers on K content (%) on the leaves 

of Cocoa plants 

Tithonia Compost(T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 0.73 0.73 0.75 0.81 0.82 0.76 e 

T1 0.81 0.91 0.94 1.02 1.07 0.92 d 

T2 1.06 1.09 1.09 1.10 1.11 1.09 c 

T3 1.09 1.13 1.17 1.18 1.21 1.14 b 

T4 1.20 1.23 1.23 1.25 1.26 1.23 a 

Average 0.92 d 0.97 cd 0.99 bc 1.03 ab 1.05 a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

Table 8: Effect of independent compost tithonia and microorganisms on the wet seed weight of cocoa plants 

(g/plants) 

Kompos Tithonia (T) 
Mikroorganisme (M) 

 Average 
M0 M1 M2 M3 M4 

T0 525.00 481.00 518.67 528.00 530.67 513.17  d  

T1 513.67 521.67 540.67 544.33 580.33 530.08  d  

T2 568.33 643.67 666.67 692.67 722.00 642.83  c  

T3 720.33 749.33 757.67 767.33 845.00 748.67  b  

T4 815.67 867.00 915.00 927.67 925.33 881.33  a  

Average 581.83 b 598.92 b 620.92b 633.08b 669.50a 

  

Remarks: Numbers marked with the same letters are not significantly different according to the 5% DMNRT test 

4. Conclusion 

The results showed no interaction between compost tithonia and Pseudomonas fluorecens and Tricoderma 
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harzianum microorganisms on all response parameters in cocoa plants. But the administration of compost 

tithonia and Pseudomonas fluorecens and Tricoderma harzianum has an effect on all response parameters in 

cocoa plants. The administration of Tithonia compost was obtained in the treatment of 10 kg / plant and 

microorganisms at a dose of 400 ml Pseudomonas fluorecens + 4 kg Tricoderma harzianum. 
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