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Abstract  This research aims to determine the soil 

chemical properties (N, P, K, pH, organic C) at different 

slope positions, assess the performance of cocoa fruit 

(Theobroma cacao L.) at different slope positions, and 

understand the relationship between climate components 

and the performance of cocoa fruit (Theobroma cacao L.) in 

a wet tropical land. The study was conducted for three 

months (October to December 2017) in Karangan Hilir 

Village, Karangan District, East Kutai Regency. The 

research employed a Randomized Complete Block Design 

(RCBD) with slope position (P) as the treatment, consisting 

of three slope positions: P1 (lower slope), P2 (middle slope), 

and P3 (upper slope). Each treatment was replicated five 

times. Observed variables included flower count, fruit count, 

fruit length, fruit diameter, wet fruit weight, seed count, and 

wet seed weight. Data were analyzed using Analysis of 

Variance (ANOVA), and mean separation was performed 

using the Least Significant Difference (LSD) test at the 5% 

significance level. The results indicated significant 

differences in slope positions for observed parameters such 

as flower count and seed count, while fruit count, wet fruit 

weight, and wet seed weight showed non-significant 

differences. Correlation analysis revealed a positive 

correlation (0.343) between cocoa fruit performance and 

climatic factors, although it was not statistically significant 

with a p-value of 0.211, greater than 0.050.  

Keywords  Performance, Cocoa Fruit, Slope Position, 

Climate, Land, Wet Tropics 

 

1. Introduction 

The significant increase in population in developing 

countries, including Indonesia, has led to a growing demand 

for food and agricultural land. Concurrently, the progress in 

development has resulted in competition for land use, 

prompting farmers to utilize sloping dry lands for 

agriculture without adequate soil conservation measures. 

This situation renders the land vulnerable to erosion and 

degradation, ultimately turning it into critical land. 

The development of the agriculture, plantation, and 

forestry sectors aims to improve the welfare of the 

community by increasing income while adhering to three 

principles: ecological sustainability, economic productivity 

and profitability, and social acceptability. Food, energy, 

environmental, and biodiversity crises collectively pose 

major challenges in the management of natural resources in 

Indonesia. An alternative strategy to enhance crop 

production potential, meet market demands, and 

simultaneously engage in conservation is the utilization of 

sub-optimal land, which holds considerable potential for the 

cultivation of crops such as cocoa and other commodities. 

Cocoa plants (Theobroma cacao L.) are one of the 

significant agricultural productions that play a crucial role 

in realizing agricultural development programs, particularly 

in providing employment opportunities, improving the 

welfare of farmers, and increasing the country's foreign 

exchange [1]. 

Cocoa cultivation in Indonesia is largely carried out in 

smallholder plantations in villages scattered across almost 

the entire country. Common issues faced include limited 

cultivated land, damage caused by pests and diseases, 

insufficient attention to nutrient needs, and seed quality [2]. 

Therefore, the involvement of various stakeholders is 

crucial to help address these challenges. 

The use of land that neglects soil conservation will 

impact the decline in land productivity, subsequently 

leading to land degradation. Land use systems can be 

modified according to models, especially in the selection of 

economically valuable perennial crops, which can enhance 

land productivity and reduce soil erosion rates [3]. 

According to previous research [4], the increasingly steep 

slope conditions result in the influence of gravity and the 

movement of detached organic materials down the slope, 

affecting soil fertility levels. Therefore, cultivation practices 

need to be considered to ensure optimal cocoa fruit 

performance, particularly addressing environmental factors 

such as slope steepness that influence plant growth and 

development. 

The increase in slope and rainfall intensity directly 



 
 

impacts runoff rate. Steeper slopes and higher rainfall 

intensity result in faster water flow and increased runoff. 

This can lead to a significant increase in runoff rate, ranging 

from 20% to 90% [5]. Steep and long slopes are more prone 

to soil erosion as they provide less resistance to water flow 

and allow for greater distance for erosion. Soil texture, 

specifically the proportion of sand, silt, and clay particles, 

also plays a crucial role in soil erosion. Soils with more 

sand particles allow for easier water infiltration and less 

erosion, while soils with more clay particles make 

infiltration harder and increase erosion likelihood.  

Various activities related to plant growth, whether in 

agriculture, plantation, or forestry, greatly require basic 

climate data. According to [6], climate greatly affects plant 

growth and production, as supported by plant ecology 

research. This connection is seen through three main 

aspects: agronomy, physiology, and agroclimatology. 

Having knowledge about how different plant types, climatic 

elements, and soil properties work together is crucial for 

ensuring the successful growth of a specific crop. 

Previous studies [7] state that in the development of 

commodities in a region based on climate type, regional 

form, and soil, it is expected to enhance agricultural 

efficiency and stimulate the local economy. Another 

potential factor in plantation development is the 

agroecosystem conditions, including geographical 

conditions, sunlight exposure, rainfall intensity, and soil 

diversity, which are highly supportive and potential for the 

development of plantation commodities [8]. Plantation 

commodities can be harvested several times before 

experiencing a decline in yield and becoming economically 

unproductive. There are also other plantation crop products 

that are cultivated on a small and less intensive scale but are 

collected and processed as plantation products [9, 10]. 

The interaction between genetic factors and 

environmental factors, such as soil type, topography, crop 

management, climate patterns, and technology, exerts a 

significant influence on the outcome of a specific plant 

species [11–13]. Different factors in the soil can impact the 

growth and development of plants. These factors include 

the texture, structure, and depth of the soil. Soil pH usually 

has an indirect impact on plant growth as it affects the 

solubility of ions and the activity of microorganisms [14]. 

The main limiting factors for both rainfed crops and 

perennial crops are topography, effective soil depth, surface 

rocks, and soil erosion [15].  

In addition to soil factors, climate is another crucial 

determinant for plant growth  [16, 17]. Soil conditions are 

significantly influenced by rainfall, temperature, and 

humidity. This influence can be advantageous, but at times 

it can also be detrimental. Unlike soil factors that have been 

extensively studied and understood, weather and climate are 

among the most challenging variables to control in food [7]. 

Information regarding the compatibility between annual 

plants, climate, and soil becomes a crucial element in 

enhancing the success of planting programs. The 

compatibility between climate, soil components, and the 

planted crop type significantly determines the success of 

planting activities.  

 

2. Materials and Methods 

2.1. Time and Place of Research 

The study took place between June and December 2017, 

with the research site being Karangan Hilir Village in 

Karangan District, East Kutai Regency. 

2.2. Research Tools and Materials 

The tools used include a machete, calipers, scale, raffia 

rope, scissors, wheelbarrow, camera, clinometer, writing 

tools, and laboratory equipment for analyzing soil chemical 

properties. Meanwhile, the materials used are 13-year-old 

Sulawesi 1 cocoa plants, sacks, label paper, plastic bags, 

soil samples, and chemicals for soil chemical property 

analysis. 

2.3. Research Design 

This research is a single factor, namely slope position (P) 

which is designed following a Randomized Group Design 

(RGD) consisting of 3 slope positions, namely: p1 = Lower 

slope position, p2 = Middle slope position, and p3 = Upper 

slope position. Each slope position treatment was repeated 5 

times. 

2.4. Research Procedure 

2.4.1. Determining Slope Steepness and Slope Positions 

The slope steepness was determined using a clinometer 

(%) tool, and areas with a slope steepness of 15-25% 

(Moderately Steep) were selected. The slope positions were 

determined based on a land size of 225 m X 75 m, then 

divided into three slope positions (Lower, Middle, and 

Upper), with each area measuring 75 m X 75 m. 

2.4.2. Determining Age and Sampled Plants 

Cocoa plants (Theobroma cacao L.) were identified as 13 

years old, Sulawesi I variety, with the criteria of tree height 

being 2 meters and branch length being 2 meters. There 

were 9 rows of trees for each slope position with 5 

replications. 

2.4.3. Soil Sampling 

Eight points were sampled at each slope position with a 

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was 

taken as a composite soil sample. Subsequently, the soil 

samples were analyzed for N, P, K, Organic C, and pH at 

the Chemistry and Soil Fertility Laboratory, Faculty of 

Agriculture, Mulawarman University. 



 
 

2.4.4. Secondary Data 

Secondary data on climate components from 2013-2017, 

including air temperature, air humidity, rainfall, and 

sunlight, were obtained from the Meteorology, Climatology, 

and Geophysics Station at APT Pranoto Samarinda Airport. 

2.5. Observation Variables  

2.5.1. Number of Flowers per Tree (pistils) 

The total number of cocoa flowers was determined by 

counting the flowers on each tree. We sampled 45 trees 

from each slope position to calculate the average number of 

flowers. The flower count was done in single observation. 

2.5.2. Number of Fruits per Tree (fruit) 

The average number of cocoa fruits was determined by 

counting the total number of fruits per tree, with 45 sampled 

trees taken from each slope position. The calculation of the 

fruit count was conducted in a single observation 

2.5.3. Fruit Length (cm) 

The average fruit length was calculated by measuring the 

length of the fruit with a ruler from the base to the tip, with 

45 sampled trees taken from each slope position. The fruit 

length calculation was performed in a single observation. 

2.5.4. Fruit Diameter (cm) 

The average fruit diameter was determined by measuring 

the circumference of the fruit with calipers at the widest 

part of the fruit, with 45 sampled trees. The fruit diameter 

calculation was conducted in a single observation. 

2.5.5. Wet Fruit Weight (g) 

The average wet weight of fruits was obtained by 

weighing harvested fruits with yellow skin using a scale, 

with 45 sampled trees from each slope position. The wet 

fruit weight calculation was performed in a single 

observation. 

2.5.6. Number of Seed per Fruit (seeds) 

The number of seeds in each cocoa fruit was calculated 

by counting the harvested seeds from 45 trees at different 

slope positions. The seed count calculation was conducted 

in a single observation. 

2.5.7. Wet Weight of Seeds per Fruit (g) 

The average wet weight of cocoa seeds per fruit was 

determined by weighing the harvested seeds from 45 

sampled trees at each slope position. The calculation of the 

wet weight of seeds was performed in a single observation. 

2.8. Data Analysis 

The obtained primary data were subjected to variance 

analysis for analysis. In the event that the effect is found to 

be significant, a comparison between the means of the two 

treatments is carried out using the Least Significant 

Difference (BNT) test at a significance level of 5%. 

Secondary data in the form of data on climatic factors 

related to cocoa fruit performance were tested by 

correlation test using SPSS. Furthermore, the data were 

interpreted with the correlation coefficient as shown in 

Table 1. 

Table 1. coefficient correlation 

Coefficient interval Level of relationship 

0.00 to 0.19 

0.20 to 0.39 

0.40 to 0.59 

0.60 to 0.79 

0.80 to 1.00 

Very weak 

Weak 

Moderate 

Strong 

Very strong 

3. Results and Discussion 

3.1. Availability of Nutrients N, P, K, Organic C, and 

Soil pH at the Lower Slope Position, Middle Slope 

Position, and Upper Slope Position 

The results of the analysis of the availability of N, P, K, 

organic C and pH in the position of the lower slope, middle 

slope, and upper slope can be seen in Table 2. 



 
 

Table 2. Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 
Soil Chemical 

Parameters 

Soil Chemical 

Values 
Unit Status Soil Chemical Status 

P1 (Lower Part) 

N Total 0,20 % Low 

P 10,64 ppm Low 

K 104,61 ppm Very High 

pH 5,43 - Acidic 

Organic C 2,12  Moderate 

P2 (Middle Part) 

N Total 0,15 % Low 

P 3,95 ppm Very Low 

K 67,38 ppm Very High 

pH 5,38 - Acidic 

Organic C 1,74  Low 

P3 (Upper Part) 

N Total 0,11 % Low 

P 1,72 ppm Very Low 

K 35,46 ppm Moderate 

pH 5,23 - Acidic 

Organic C 1,61  Low 

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University 

(2017) 

 

The analysis of soil chemical properties reveals that the 

lower slope position is superior when compared to the 

middle and upper slope positions. This is due to leaching, 

surface runoff, and soil erosion, which transport soluble 

nutrients along with soil particles and organic matter. As 

stated by previous research [18, 19], nutrient loss due to 

leaching results in the movement of nutrients downward to 

the root zone and the lower slope position. Meanwhile, 

organic matter significantly influences soil fertility [20], 

organic matter is one of the determining factors for the 

success of plant cultivation [21]. Organic matter has the 

ability to improve the soil's chemical, physical, and 

biological fertility. 

Nitrogen (N) Content  

The nitrogen (N) chemical status of the three slope 

positions is classified as low. However, there is a tendency 

for the highest N content to be found in the lower slope 

position at 0.20%, followed by the middle slope position at 

0.15%, and the lowest in the upper slope position at 0.11%. 

This condition is closely related to the high content of 

organic carbon (C-organic) in the lower slope position. 

Meanwhile, the soil N content is directly proportional to its 

organic matter content [22].  

Nitrogen is an essential nutrient used in large quantities 

by all forms of life. It is grouped into organic nitrogen and 

inorganic nitrogen, but the majority of nitrogen in the soil is 

in organic form [19]. The reduction or loss of nitrogen from 

the soil occurs not only through leaching by rainwater (in 

the form of NO3-) but also due to utilization by plants and 

microorganisms [23]. 

Phosphorus (P) Content 

The lower slope position has a phosphorus (P) content of 

10.64 ppm (low), which is higher than the middle slope 

position with 3.95 ppm (very low) and the upper slope 

position with 1.72 ppm (very low). The high available P 

content in the lower slope is suspected to be due to the 

transport of soil nutrients from the upper and middle slope 

positions, along with water during rainfall. 

Meanwhile, the low phosphorus (P) content in the upper 

and middle slope positions is suspected to be due to the 

presence of a relatively high clay fraction. Braskerud [24] 

state that factors influencing P retention in the soil include 

clay content. The retention capacity of phosphate increases 

with the increasing clay fraction in the soil. Kaolinite clay 

minerals tend to adsorb more P compared to 

montmorillonite clay minerals [25]. This is because 

kaolinite clay minerals have a larger number of open OH 

groups in the Al layer, which can exchange with P. 

Potassium (K) Content 

The soil potassium (K) content in the lower slope 

position, middle slope position, and upper slope position is 

respectively 104.61 ppm (very high), 67.38 ppm (very high), 

and 35.46 ppm (moderate). The lower slope position has a 

higher K content compared to the middle and upper slope 

positions. This is suspected to be due to water flowing from 

the upper and middle slopes during rainfall, leading to the 

accumulation of water carrying nutrients on the lower slope. 

The loss of K from the soil occurs through leaching towards 

groundwater, surface runoff, and soil erosion that carries 

soluble K along with soil particles and organic matter [26]. 

Olson and Papworth [27], state that K loss through 

leaching occurs due to continuous high-dose K application 

surpassing the plant's uptake and the soil's K retention 

capacity, resulting in the movement of K downward to the 

root zone [19]. 

Organic C content 

The organic carbon content of the soil in the lower slope 



 
 

position is 2.12% (moderate), which is higher compared to 

the middle slope position at 1.74% (low) and the upper 

slope position at 1.21% (low). The elevated organic carbon 

content in the lower slope position is suspected because it 

serves as a deposition site for materials resulting from the 

erosion process from the middle and upper slope positions, 

including soil particles, nutrient elements, and organic 

matter. According to Banjarnahor et al [18], erosion caused 

by water leads to the transport of soil particles, plant 

nutrients, and organic matter. 

High organic carbon indicates a high level of soil organic 

matter. Organic matter plays a crucial role in soil fertility 

[20]. Soil organic matter consists of complex organic 

compounds that are in the process of decomposition, 

including humus from humification and inorganic 

compounds from mineralization. 

Organic matter is a significant factor in determining the 

success of plant cultivation [21]. This is because organic 

matter can enhance the chemical, physical, and biological 

fertility of the soil. 

Soil pH 

The soil pH values in all three slope positions are 

classified as acidic. The lower slope position tends to 

provide a higher pH value (5.43) compared to the middle 

slope position (5.38) and the upper slope position (5.23). 

The higher pH value in the lower slope position is suspected 

to be related to the high content of organic carbon in the 

lower slope. 

High organic carbon values indicate a high level of soil 

organic matter. Soil organic matter contains organic acids 

that can bind H+ ions, causing soil acidity, and 

consequently lowering the soil pH. Previous studies [28, 29] 

mentioned that organic acids can bind H+ ions through 

carboxyl groups with negative charges. 

According to Bayer et al [30], the fluctuation in soil pH is 

a function of H+ and OH- ions. When the concentration of 

H+ ions increases, the pH decreases, and if the 

concentration of OH- ions increases, the pH rises. Cookson 

[22] added that with slightly acidic soil conditions, the 

nutrients available in the soil can still be well-processed by 

the soil and absorbed by plants during the flowering process. 

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at 

Lower Slope, Middle Slope, and Upper Slope 

Positions 

The performance of cocoa pods (Theobroma cacao L.) in 

the lower slope, middle slope, and upper slope positions can 

be seen in Table 3.

Table 3. Cocoa Fruit (Theobroma cacao L.) Performance at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 

Number of 

Flowers 

(pistils) 

Length of 

Fruit (cm) 

Fruit 

Diameter 

(cm) 

Number of 

Fruits 

(pieces) 

Wet Weight 

of Fruit (g) 

Number of 

Seeds in 

Fruit (seeds) 

Wet Weight 

of Fruit 

Seeds (g) 

P1 

(Lower Part) 
68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a 

P2 (Middle 

Part) 
41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a 

P3 (Upper Part) 29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b 

Note * 

significantly 

different, tn not 

significantly 

different 

* tn tn tn tn * * 

BNT 10,75 2,34 41,03     

KK 8 5 6 9 11 6 7 

 

The position of the lower slope has a higher nutrient 

content so as to provide better performance of Cocoa 

(Theobroma cacao L.) fruit in terms of the number of 

flowers formed, fruit length, fruit diameter, number of fruits, 

fruit wet weight, number of seeds and wet weight of seeds. 

Plants can grow optimally if their nutrient needs are met. 

Nutrients N, P and K are nutrients that are needed by plants 

to grow and produce [31].  

The availability of nutrients N, P and K which are macro 

nutrients is very important to support plant growth and 

development [32]. Nitrogen plays a role as a constituent of 

proteins, amino acids, nucleic acids, vitamins, and enzymes, 

chlorophyll factors in leaves, as the basic ingredients of 

DNA, RNA and for all plant biological functions. 

Phosphorus has multiple functions in plants, including 

promoting cell division, forming albumin, aiding in flower 

and fruit formation, speeding up maturation, enhancing 

stem strength, supporting root development, facilitating 

carbohydrate metabolism, and boosting overall plant quality. 

Potassium acts as an activator of various enzymes in 

metabolic processes and spurs carbohydrate translocation 

from leaves to plant organs [33], root development, starch 

formation, and physiological processes. 

Number of Flowers (pistils) 



 
 

The analysis of variance results indicate a significant 

difference in the number of flowers across the three slope 

positions. The number of flowers is much higher on the 

lower slope position than on the middle and upper slope 

positions. During the generative phase, the blooming 

process is affected by the presence of phosphorus and 

potassium, whereas nitrogen is predominantly needed in the 

vegetative phase. The increased presence of phosphorus in 

the lower slope area boosts the growth of additional flowers 

in comparison to the middle and upper slope. According to 

[34], suggest that the growth and blooming of plants are 

strongly influenced by the presence of nutrients, particularly 

phosphorus (P). This essential element plays a crucial role 

in triggering the generative phase of plants, leading to the 

formation of flower primordia that eventually transform 

into flowers. phosphorus (P) plays a role in flower 

formation, and P deficiency can suppress the number of 

flowers and delay flowering initiation due to changing 

phytochrome balance [35]. 

The soil acidity level (pH) is also suspected to affect the 

flower formation process. The lower, middle, and upper 

slope positions fall into the acidic category but are still 

within the tolerance limits for plants to undergo the flower 

formation process. As stated by Jadeja & Hirpara [36], with 

acidic soil pH conditions, nutrients available in the soil can 

still be processed effectively by the soil and absorbed by 

plants during the flowering process. 

Fruit Length (cm), Fruit Diameter (cm), and Fruit Number 

(fruit) 

The analysis of variance results shows that the length of 

the fruit is not significantly different. This is suspected to be 

because the slope position does not affect the number of 

fruits since potassium is very high but not significant 

enough to directly cause a large quantity of cocoa fruits. 

The growth process of the number of fruits is certainly 

influenced by environmental, physiological, and genetic 

factors of the plant. According to [37], the number of fruits 

is often observed as a measure of plant growth and as a 

parameter used to measure the influence of the environment 

or applied treatments. 

The lower slope position tends to produce longer fruits, 

wider fruit diameter, and a greater number of fruits. This is 

likely due to the higher phosphorus and potassium content 

in that area compared to the middle and upper slope 

positions. As a result, longer fruits, wider fruit diameter, 

and a greater number of fruits are encouraged to form. 

According to [38], a plant will not yield maximum results 

if the required nutrients are not available, and the 

availability of nutrients is one of the factors that can affect 

the yield of a plant. Tando [32] adds that N, P, and K 

nutrients are very important macronutrients for plant growth 

and development. Furthermore, Raihan [39] adds that 

phosphorus and potassium can increase the size of 

harvested fruits, seeds, and tubers. 

N, P, and K nutrients in corn plants will be translocated 

during the formation of cobs and seed filling, thus 

increasing the cob diameter [40]. The role of phosphorus 

nutrients in flower formation affects the formation and size 

of cobs because the cob is the development of the female 

flower [41]. According to [42], corn plants lacking N and P 

nutrients result in imperfect cob development. The size of 

the cob circumference, according to [43], influences the 

yield because the larger the circumference, the higher the 

weight of the plant's fruits. 

Fruit Wet Weight (g) 

The results from the analysis of variance show that there 

isn't a significant difference in wet weight. However, it 

seems that fruits grown in the lower slope position tend to 

be heavier compared to those in the middle and upper slope 

positions. This could be because the lower slope position 

has more nutrients like N, P, and K, which contribute to the 

heavier fruit weight. Additionally, the weight of the fruit is 

also influenced by the process of transferring photosynthate 

products to the fruit. 

According to Rahni [44], the increase in weight is related 

to the amount of photosynthate translocation into the fruit 

and the better the plant's root system to absorb nutrients 

from the soil. Another literatures [45] suggest that weight is 

a way to gauge the progress and advancement of plants. 

This is because weight represents the buildup of organic 

substances that plants have effectively created. It serves as 

an indicator of a plant's overall health and can determine 

whether its growth and development are thriving or 

struggling. Additionally, weight is closely tied to the 

availability of nutrients, making it an important factor to 

consider. 

 The available N, P, and K elements in the soil play a role 

in stimulating the flowering process, and if the flowers 

undergo successful pollination, the fruit's growth will be 

maximized. The generative process is influenced by the 

number of leaves formed because the photosynthesis 

process that produces carbohydrates takes place in the 

leaves. Subsequently, the carbohydrates (C6H12O6) 

produced will be stored as food reserves. According to [46], 

the photosynthates produced in leaves and other 

photosynthetic cells must be translocated to other organs or 

tissues to be utilized for growth or stored as food reserves. 

[47] add that the primary role of potassium in plants is as 

an activator for various enzymes involved in metabolic 

processes and promotes the translocation of carbohydrates 

from leaves to plant organs. Meanwhile, phosphorus plays a 

role in the growth and yield of plants [25]. Nitrogen, as 

mentioned by previous studies [3, 48], is essential for 

vegetative growth, carbohydrate formation, protein, fat, and 

other organic compounds. 

Soil acidity (pH) also affects crop yield because of its 

relationship with nutrient availability. Anita-Sari & Wahyu 

[49] state that soil pH plays a crucial role in maintaining the 

balance of nutrients and soil fertility. The optimal condition 

for plants is when soil pH is neutral because nearly all 

nutrients are available for plants, thereby supporting 

optimal production. 



 
 

Number of seeds per fruit (seeds) and wet weight of seeds 

per fruit (g) 

The analysis of variance results for the number of seeds 

per fruit shows a significant difference, with the bottom 

slope position providing the highest number of seeds per 

fruit compared to the middle and upper slope positions. This 

is attributed to the higher availability of N, P, and K 

nutrients at the bottom slope position compared to the 

middle and upper slope positions. 

The availability of N, P, and K nutrients influences the 

formation of fruit and seeds, as stated by Raihan [39] 

indicating that N, P, and K have an impact on the size and 

quantity of fruits and seeds produced. [37] adds that fruit 

length indicates seed density and is closely related to the 

number of seeds per fruit, with a tendency for larger fruits 

to produce more seeds. Sharar et al. [50] state that the 

number and weight of seeds increase with the availability of 

specific nutrients. 

The length and circumference of the cobs, according to 

Sirajuddin [43], affect the yield, as a larger circumference 

corresponds to a higher fruit weight. [37] states that longer 

fruits tend to yield higher results because they indicate a 

higher number of seeds. The availability of nutrients is 

closely related to the seed-filling process [37]. Nutrient 

uptake accumulated in the leaves will be transformed into 

protein and play a role in the seed formation process. The 

accumulation of metabolized materials during seed 

formation will increase, resulting in seeds with maximum 

size and weight. The metabolic process runs optimally 

when the nutrient requirements are met. 

Soil acidity (pH) also influences the number of seeds 

produced. The availability of N, P, and K nutrients in the 

soil can be decomposed and absorbed by plants effectively 

due to the support of higher soil pH. The bottom slope 

position tends to have higher soil pH because organic 

materials and water flow to the slope below it [19]. With 

these soil pH values, the availability of macro-nutrients is 

possible to be easily absorbed, even if their availability is 

low. 

[51] state that nitrogen is required in small amounts for 

the formation of cocoa fruit seeds compared to macro-

nutrients. The largest amount of nitrogen is needed during 

the generative phase because nitrogen plays a crucial role in 

the growth and development of plants [52]. 

Phosphorus plays a role in photosynthesis, respiration, 

energy transfer and storage, cell division and enlargement, 

improving the quality of fruits, vegetables, grains, seed 

formation, genetic trait transfer, accelerating root 

development and germination, enhancing water use 

efficiency, increasing resistance to diseases, and ultimately 

improving harvest quality [49, 50]. 

3.3. Climatic Conditions and Cocoa Fruit Performance 

(Theobroma cacao L.) at the Lower Slope, Middle 

Slope, and Upper Slope Positions 

Climatic Conditions and Cocoa Fruit Performance 

(Theobroma cacao L.) at Lower Slope, Middle Slope, and 

Upper Slope Positions are shown in Table 4. 

Table 4. Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper Slope 
Positions 

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%) 

2013 27.40 80.00 237.80 54 

2014 27.70 80.00 210.20 51 

2015 27.80 80.00 174.80 51 

2016 27.70 78.98 156.22 46,33 

2017 27.80 81.30 213.90 39,26 

 

Based on the results of the correlation test in Table 5, it 

can be seen that there is a positive correlation (value 0.343) 

between cacao fruit performance and climatic factors (as 

criteria listed in Table 1, although it is not significant with a 

sig value of 0.211 greater than 0.050. 

 



 
 

Table 5. Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017 

Model summarya 

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation 

b. Dependent Variable: performance of cocoa pods 

 

The positive correlation test results between cocoa fruit 

performance and climate factors truly indicate the existence 

of an interaction between climate, soil, and plants that is 

very important and mutually influential. Information on the 

suitability of climate and soil factors for perennial plants is 

crucial to know. The general requirements of climate and 

soil factors for perennial plants usually involve a range of 

annual rainfall from 500 to 3000 mm, monthly air 

temperatures of 15-34°C, monthly relative humidity of 70-

90%, and pH of 4.0-8.5 [19]. 

The characteristics and types of climate can determine 

the types and production of plants that can grow well in a 

region, so climatology studies in agriculture are very 

necessary [11, 12]. Several climate elements that affect 

plant growth are rainfall, temperature, humidity, sunlight, 

and evapotranspiration [53]. 

Cocoa (Theobroma cacao L.) grows optimally in tropical 

forest regions [54], especially at latitudes 10°N to 10°S, 

altitudes of 0-600 meters above sea level, annual rainfall of 

1500-2500 mm, minimum temperatures of 18-21°C and 

maximum temperatures of 30-32°C, with the desired 

average annual temperature of 25-27°C, air humidity of 

80%, sunlight between 50-70%, slope below 45 degrees, 

soil texture of sandy clay, clay sandy, and sandy clay, and 

pH of 6.0-7.5. 

East Kalimantan has a wet tropical climate, with daily 

sunlight ranging from 40-80% (sky always cloudy), daily 

air temperatures between 26-27°C (range between 20-32°C), 

daily air humidity about 80%, and annual rainfall ranging 

from 2,000-4,000 mm [55]. Considering these climate 

conditions, cocoa plants (Theobroma cacao L.) are suitable 

for cultivation in East Kalimantan because they have 

growing requirements that are in line with the climatic 

characteristics of the region. 

This is done so that even though soil conditions 

experience changes due to climatic influences, the changes 

will be as minimal as possible and will not cause significant 

losses to human life and the environment [19]. Generally, 

the growth of plants is influenced by soil temperature and 

humidity. [56] suggests that the temperature of the soil can 

be affected by the quantity of solar radiation that is 

absorbed by the surface of the soil. During the day, the soil 

temperature varies greatly from the temperature at night. 

When the sun heats up the soil surface, the air nearby also 

becomes hot. However, as night falls, the soil temperature 

drops significantly [57]. 

Kramer [56] finds that soil temperature affects water 

absorption by plants. Higher soil temperatures lead to faster 

water uptake by plant roots due to increased metabolic 

activities and faster evaporation. Warm soils also have 

lower viscosity and surface tension, making water flow 

more easily through the soil pores. A sudden decrease in 

soil temperature can lead to plant wilting because the roots 

absorb less water when the temperature is low. The depth of 

the soil determines the variations in soil temperature. Soil 

moisture levels are constantly changing due to evaporation 

from the surface of the soil, transpiration, and percolation. 

Soil moisture is crucial for the government to gather data on 

various aspects like potential surface flow and flood control, 

soil erosion failure and slope, water resource management, 

geotechnics, and water quality [58]. 

Soil moisture is crucial for plant growth and is influenced 

by factors such as rainfall, soil composition, and 

evapotranspiration [19]. Rainfall replenishes soil water 

content, with higher rainfall leading to higher soil moisture 

levels. Different soil types have varying water-holding 

capacities, affecting their ability to retain moisture. 

Evapotranspiration, the combined process of evaporation 

and transpiration, impacts soil moisture levels, with higher 

rates leading to increased water loss from the soil. Soil 

moisture is essential for plant growth as it determines the 

availability of water for plants. 

4. Conclusion 

In conclusion, the research findings reveal significant 

insights and recommendations for cocoa (Theobroma cacao 

L.) cultivation in East Kalimantan. Nutrient availability 

across lower, middle, and upper slope positions indicates 

varying levels for nitrogen (low), phosphorus (very low to 

low), potassium (medium to very high), organic carbon 

(low to medium), and pH (acidic). Notably, the 

performance of cocoa fruit exhibits distinct differences 

among slope positions, with the lower slope demonstrating 

superior outcomes in terms of the number of flowers and 

wet seed weight per fruit. Conversely, parameters such as 

the number of fruits per tree, fruit length, fruit diameter per 
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1 .343a .117 .050 104.78102 .033 1.730 107.4779 54.4657 .211 



 
 

tree, wet fruit weight per tree, and wet seed weight per tree 

show no significant variations. 

The climate and soil conditions in East Kalimantan are 

identified as highly suitable for cocoa cultivation, 

characterized by an average temperature of 25-27°C, annual 

rainfall of 2400 mm, relative humidity of 80%, and sunlight 

duration of 60-80%. Consequently, the suggestion for 

farmers is to prioritize cultivating cacao in the lower slope 

position, which has proven to provide optimal cocoa fruit 

performance. However, cultivation in the middle and upper 

slope positions can still yield satisfactory results, contingent 

upon the implementation of soil conservation measures. 

Moreover, technical guidance is recommended for cocoa 

cultivation, particularly in terms of maintenance practices to 

enhance overall crop productivity. 
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Abstract  This research aims to determine the soil 
chemical properties (N, P, K, pH, organic C) at different 
slope positions, assess the performance of cocoa fruit 
(Theobroma cacao L.) at different slope positions, and 
understand the relationship between climate components and 
the performance of cocoa fruit (Theobroma cacao L.) in a 
wet tropical land. The study was conducted for three months 
(October to December 2017) in Karangan Hilir Village, 
Karangan District, East Kutai Regency. The research 
employed a Randomized Complete Block Design (RCBD) 
with slope position (P) as the treatment, consisting of three 
slope positions: P1 (lower slope), P2 (middle slope), and P3 
(upper slope). Each treatment was replicated five times. 
Observed variables included flower count, fruit count, fruit 
length, fruit diameter, wet fruit weight, seed count, and wet 
seed weight. Data were analyzed using Analysis of Variance 
(ANOVA), and mean separation was performed using the 
Least Significant Difference (LSD) test at the 5% 
significance level. The results indicated significant 
differences in slope positions for observed parameters such 
as flower count and seed count, while fruit count, wet fruit 
weight, and wet seed weight showed non-significant 
differences. Correlation analysis revealed a positive 
correlation (0.343) between cocoa fruit performance and 
climatic factors, although it was not statistically significant 
with a p-value of 0.211, greater than 0.050.  

Keywords  Performance, Cocoa Fruit, Slope Position, 
Climate, Land, Wet Tropics 

 

1. Introduction 
The significant increase in population in developing 

countries, including Indonesia, has led to a growing demand 
for food and agricultural land. Concurrently, the progress in 
development has resulted in competition for land use, 
prompting farmers to utilize sloping dry lands for agriculture 
without adequate soil conservation measures. This situation 
renders the land vulnerable to erosion and degradation, 

ultimately turning it into critical land. 
The development of the agriculture, plantation, and 

forestry sectors aims to improve the welfare of the 
community by increasing income while adhering to three 
principles: ecological sustainability, economic productivity 
and profitability, and social acceptability. Food, energy, 
environmental, and biodiversity crises collectively pose 
major challenges in the management of natural resources in 
Indonesia. An alternative strategy to enhance crop 
production potential, meet market demands, and 
simultaneously engage in conservation is the utilization of 
sub-optimal land, which holds considerable potential for the 
cultivation of crops such as cocoa and other commodities. 

Cocoa plants (Theobroma cacao L.) are one of the 
significant agricultural productions that play a crucial role in 
realizing agricultural development programs, particularly in 
providing employment opportunities, improving the welfare 
of farmers, and increasing the country's foreign exchange [1]. 

Cocoa cultivation in Indonesia is largely carried out in 
smallholder plantations in villages scattered across almost 
the entire country. Common issues faced include limited 
cultivated land, damage caused by pests and diseases, 
insufficient attention to nutrient needs, and seed quality [2]. 
Therefore, the involvement of various stakeholders is crucial 
to help address these challenges. 

The use of land that neglects soil conservation will impact 
the decline in land productivity, subsequently leading to land 
degradation. Land use systems can be modified according to 
models, especially in the selection of economically valuable 
perennial crops, which can enhance land productivity and 
reduce soil erosion rates [3]. 

According to previous research [4], the increasingly steep 
slope conditions result in the influence of gravity and the 
movement of detached organic materials down the slope, 
affecting soil fertility levels. Therefore, cultivation practices 
need to be considered to ensure optimal cocoa fruit 
performance, particularly addressing environmental factors 
such as slope steepness that influence plant growth and 
development. 

The increase in slope and rainfall intensity directly impacts 
runoff rate. Steeper slopes and higher rainfall intensity result 



 
 

in faster water flow and increased runoff. This can lead to a 
significant increase in runoff rate, ranging from 20% to 90% 
[5]. Steep and long slopes are more prone to soil erosion as 
they provide less resistance to water flow and allow for 
greater distance for erosion. Soil texture, specifically the 
proportion of sand, silt, and clay particles, also plays a crucial 
role in soil erosion. Soils with more sand particles allow for 
easier water infiltration and less erosion, while soils with 
more clay particles make infiltration harder and increase 
erosion likelihood.  

Various activities related to plant growth, whether in 
agriculture, plantation, or forestry, greatly require basic 
climate data. According to [6], climate greatly affects plant 
growth and production, as supported by plant ecology 
research. This connection is seen through three main aspects: 
agronomy, physiology, and agroclimatology. Having 
knowledge about how different plant types, climatic 
elements, and soil properties work together is crucial for 
ensuring the successful growth of a specific crop. 

Previous studies [7] state that in the development of 
commodities in a region based on climate type, regional form, 
and soil, it is expected to enhance agricultural efficiency and 
stimulate the local economy. Another potential factor in 
plantation development is the agroecosystem conditions, 
including geographical conditions, sunlight exposure, 
rainfall intensity, and soil diversity, which are highly 
supportive and potential for the development of plantation 
commodities [8]. Plantation commodities can be harvested 
several times before experiencing a decline in yield and 
becoming economically unproductive. There are also other 
plantation crop products that are cultivated on a small and 
less intensive scale but are collected and processed as 
plantation products [9], [10]. 

The interaction between genetic factors and environmental 
factors, such as soil type, topography, crop management, 
climate patterns, and technology, exerts a significant 
influence on the outcome of a specific plant species [11]–
[13]. Different factors in the soil can impact the growth and 
development of plants. These factors include the texture, 
structure, and depth of the soil. Soil pH usually has an 
indirect impact on plant growth as it affects the solubility of 
ions and the activity of microorganisms [14]. The main 
limiting factors for both rainfed crops and perennial crops are 
topography, effective soil depth, surface rocks, and soil 
erosion [15].  

In addition to soil factors, climate is another crucial 
determinant for plant growth  [16], [17]. Soil conditions are 
significantly influenced by rainfall, temperature, and 
humidity. This influence can be advantageous, but at times it 
can also be detrimental. Unlike soil factors that have been 
extensively studied and understood, weather and climate are 
among the most challenging variables to control in food [7]. 
Information regarding the compatibility between annual 
plants, climate, and soil becomes a crucial element in 
enhancing the success of planting programs. The 
compatibility between climate, soil components, and the 
planted crop type significantly determines the success of 

planting activities.  
 

2. Materials and Methods 

2.1. Time and Place of Research 

The study took place between June and December 2017, 
with the research site being Karangan Hilir Village in 
Karangan District, East Kutai Regency. 

2.2. Research Tools and Materials 

The tools used include a machete, calipers, scale, raffia 
rope, scissors, wheelbarrow, camera, clinometer, writing 
tools, and laboratory equipment for analyzing soil chemical 
properties. Meanwhile, the materials used are 13-year-old 
Sulawesi 1 cocoa plants, sacks, label paper, plastic bags, soil 
samples, and chemicals for soil chemical property analysis. 

2.3. Research Design 

This research is a single factor, namely slope position (P) 
which is designed following a Randomized Group Design 
(RGD) consisting of 3 slope positions, namely: p1 = Lower 
slope position, p2 = Middle slope position, and p3 = Upper 
slope position. Each slope position treatment was repeated 5 
times. 

2.4. Research Procedure 

2.4.1. Determining Slope Steepness and Slope Positions 
The slope steepness was determined using a clinometer (%) 

tool, and areas with a slope steepness of 15-25% (Moderately 
Steep) were selected. The slope positions were determined 
based on a land size of 225 m X 75 m, then divided into three 
slope positions (Lower, Middle, and Upper), with each area 
measuring 75 m X 75 m. 

2.4.2. Determining Age and Sampled Plants 
Cocoa plants (Theobroma cacao L.) were identified as 13 

years old, Sulawesi I variety, with the criteria of tree height 
being 2 meters and branch length being 2 meters. There were 
9 rows of trees for each slope position with 5 replications. 

2.4.3. Soil Sampling 
Eight points were sampled at each slope position with a 

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was 
taken as a composite soil sample. Subsequently, the soil 
samples were analyzed for N, P, K, Organic C, and pH at the 
Chemistry and Soil Fertility Laboratory, Faculty of 
Agriculture, Mulawarman University. 

2.4.4. Secondary Data 
Secondary data on climate components from 2013-2017, 

including air temperature, air humidity, rainfall, and sunlight, 



 
 

were obtained from the Meteorology, Climatology, and 
Geophysics Station at APT Pranoto Samarinda Airport. 

2.5. Observation Variables  

2.5.1. Number of Flowers per Tree (pistils) 
The total number of cocoa flowers was determined by 

counting the flowers on each tree. We sampled 45 trees from 
each slope position to calculate the average number of 
flowers. The flower count was done in single observation. 

2.5.2. Number of Fruits per Tree (fruit) 
The average number of cocoa fruits was determined by 

counting the total number of fruits per tree, with 45 sampled 
trees taken from each slope position. The calculation of the 
fruit count was conducted in a single observation 

2.5.3. Fruit Length (cm) 
The average fruit length was calculated by measuring the 

length of the fruit with a ruler from the base to the tip, with 
45 sampled trees taken from each slope position. The fruit 
length calculation was performed in a single observation. 

2.5.4. Fruit Diameter (cm) 
The average fruit diameter was determined by measuring 

the circumference of the fruit with calipers at the widest part 
of the fruit, with 45 sampled trees. The fruit diameter 
calculation was conducted in a single observation. 

2.5.5. Wet Fruit Weight (g) 
The average wet weight of fruits was obtained by 

weighing harvested fruits with yellow skin using a scale, with 
45 sampled trees from each slope position. The wet fruit 
weight calculation was performed in a single observation. 

2.5.6. Number of Seed per Fruit (seeds) 
The number of seeds in each cocoa fruit was calculated by 

counting the harvested seeds from 45 trees at different slope 
positions. The seed count calculation was conducted in a 

single observation. 

2.5.7. Wet Weight of Seeds per Fruit (g) 
The average wet weight of cocoa seeds per fruit was 

determined by weighing the harvested seeds from 45 
sampled trees at each slope position. The calculation of the 
wet weight of seeds was performed in a single observation. 

2.8. Data Analysis 

The obtained primary data were subjected to variance 
analysis for analysis. In the event that the effect is found to 
be significant, a comparison between the means of the two 
treatments is carried out using the Least Significant 
Difference (BNT) test at a significance level of 5%. 

Secondary data in the form of data on climatic factors 
related to cocoa fruit performance were tested by correlation 
test using SPSS. Furthermore, the data were interpreted with 
the correlation coefficient as shown in Table 1. 

Table 1. coefficient correlation 

Coefficient interval Level of relationship 

0.00 to 0.19 
0.20 to 0.39 
0.40 to 0.59 
0.60 to 0.79 
0.80 to 1.00 

Very weak 
Weak 

Moderate 
Strong 

Very strong 

3. Results and Discussion 

3.1. Availability of Nutrients N, P, K, Organic C, and Soil 
pH at the Lower Slope Position, Middle Slope 
Position, and Upper Slope Position 

The results of the analysis of the availability of N, P, K, 
organic C and pH in the position of the lower slope, middle 
slope, and upper slope can be seen in Table 2. 



 
 

Table 2. Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position Soil Chemical 
Parameters 

Soil Chemical 
Values Unit Status Soil Chemical Status 

P1 (Lower Part) 

N Total 0,20 % Low 
P 10,64 ppm Low 
K 104,61 ppm Very High 
pH 5,43 - Acidic 
Organic C 2,12  Moderate 

P2 (Middle Part) 

N Total 0,15 % Low 
P 3,95 ppm Very Low 
K 67,38 ppm Very High 
pH 5,38 - Acidic 
Organic C 1,74  Low 

P3 (Upper Part) 

N Total 0,11 % Low 
P 1,72 ppm Very Low 
K 35,46 ppm Moderate 
pH 5,23 - Acidic 
Organic C 1,61  Low 

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University 
(2017) 

 
The analysis of soil chemical properties reveals that the 

lower slope position is superior when compared to the middle 
and upper slope positions. This is due to leaching, surface 
runoff, and soil erosion, which transport soluble nutrients 
along with soil particles and organic matter. As stated by 
previous research [18], [19], nutrient loss due to leaching 
results in the movement of nutrients downward to the root 
zone and the lower slope position. Meanwhile, organic 
matter significantly influences soil fertility [20], organic 
matter is one of the determining factors for the success of 
plant cultivation [21]. Organic matter has the ability to 
improve the soil's chemical, physical, and biological fertility. 

Nitrogen (N) Content  
The nitrogen (N) chemical status of the three slope 

positions is classified as low. However, there is a tendency 
for the highest N content to be found in the lower slope 
position at 0.20%, followed by the middle slope position at 
0.15%, and the lowest in the upper slope position at 0.11%. 
This condition is closely related to the high content of 
organic carbon (C-organic) in the lower slope position. 
Meanwhile, the soil N content is directly proportional to its 
organic matter content [22].  

Nitrogen is an essential nutrient used in large quantities by 
all forms of life. It is grouped into organic nitrogen and 
inorganic nitrogen, but the majority of nitrogen in the soil is 
in organic form [19]. The reduction or loss of nitrogen from 
the soil occurs not only through leaching by rainwater (in the 
form of NO3-) but also due to utilization by plants and 
microorganisms [23]. 

Phosphorus (P) Content 
The lower slope position has a phosphorus (P) content of 

10.64 ppm (low), which is higher than the middle slope 
position with 3.95 ppm (very low) and the upper slope 

position with 1.72 ppm (very low). The high available P 
content in the lower slope is suspected to be due to the 
transport of soil nutrients from the upper and middle slope 
positions, along with water during rainfall. 

Meanwhile, the low phosphorus (P) content in the upper 
and middle slope positions is suspected to be due to the 
presence of a relatively high clay fraction. Braskerud [24] 
state that factors influencing P retention in the soil include 
clay content. The retention capacity of phosphate increases 
with the increasing clay fraction in the soil. Kaolinite clay 
minerals tend to adsorb more P compared to montmorillonite 
clay minerals [25]. This is because kaolinite clay minerals 
have a larger number of open OH groups in the Al layer, 
which can exchange with P. 

Potassium (K) Content 
The soil potassium (K) content in the lower slope position, 

middle slope position, and upper slope position is 
respectively 104.61 ppm (very high), 67.38 ppm (very high), 
and 35.46 ppm (moderate). The lower slope position has a 
higher K content compared to the middle and upper slope 
positions. This is suspected to be due to water flowing from 
the upper and middle slopes during rainfall, leading to the 
accumulation of water carrying nutrients on the lower slope. 
The loss of K from the soil occurs through leaching towards 
groundwater, surface runoff, and soil erosion that carries 
soluble K along with soil particles and organic matter [26]. 

Olson and Papworth [27], state that K loss through 
leaching occurs due to continuous high-dose K application 
surpassing the plant's uptake and the soil's K retention 
capacity, resulting in the movement of K downward to the 
root zone [19]. 

Organic C content 
The organic carbon content of the soil in the lower slope 

position is 2.12% (moderate), which is higher compared to 



 
 

the middle slope position at 1.74% (low) and the upper slope 
position at 1.21% (low). The elevated organic carbon content 
in the lower slope position is suspected because it serves as a 
deposition site for materials resulting from the erosion 
process from the middle and upper slope positions, including 
soil particles, nutrient elements, and organic matter. 
According to Banjarnahor et al [18], erosion caused by water 
leads to the transport of soil particles, plant nutrients, and 
organic matter. 

High organic carbon indicates a high level of soil organic 
matter. Organic matter plays a crucial role in soil fertility [20]. 
Soil organic matter consists of complex organic compounds 
that are in the process of decomposition, including humus 
from humification and inorganic compounds from 
mineralization. 

Organic matter is a significant factor in determining the 
success of plant cultivation [21]. This is because organic 
matter can enhance the chemical, physical, and biological 
fertility of the soil. 

Soil pH 
The soil pH values in all three slope positions are classified 

as acidic. The lower slope position tends to provide a higher 
pH value (5.43) compared to the middle slope position (5.38) 

and the upper slope position (5.23). The higher pH value in 
the lower slope position is suspected to be related to the high 
content of organic carbon in the lower slope. 

High organic carbon values indicate a high level of soil 
organic matter. Soil organic matter contains organic acids 
that can bind H+ ions, causing soil acidity, and consequently 
lowering the soil pH. Previous studies [28], [29] mentioned 
that organic acids can bind H+ ions through carboxyl groups 
with negative charges. 

According to Bayer et al [30], the fluctuation in soil pH is 
a function of H+ and OH- ions. When the concentration of 
H+ ions increases, the pH decreases, and if the concentration 
of OH- ions increases, the pH rises. Cookson [22] added that 
with slightly acidic soil conditions, the nutrients available in 
the soil can still be well-processed by the soil and absorbed 
by plants during the flowering process. 

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at 
Lower Slope, Middle Slope, and Upper Slope 
Positions 

The performance of cocoa pods (Theobroma cacao L.) in 
the lower slope, middle slope, and upper slope positions can 
be seen in Table 3.

Table 3. Cocoa Fruit (Theobroma cacao L.) Performance at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 
Number of 

Flowers 
(pistils) 

Length of 
Fruit (cm) 

Fruit 
Diameter 

(cm) 

Number of 
Fruits 

(pieces) 

Wet Weight 
of Fruit (g) 

Number of 
Seeds in 

Fruit 
(seeds) 

Wet Weight 
of Fruit 

Seeds (g) 

P1 
(Lower Part) 68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a 

P2 (Middle 
Part) 41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a 

P3 (Upper 
Part) 29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b 

Note * 
significantly 

different, tn not 
significantly 

different 

* tn tn tn tn * * 

BNT 10,75 2,34 41,03     
KK 8 5 6 9 11 6 7 

 
The position of the lower slope has a higher nutrient 

content so as to provide better performance of Cocoa 
(Theobroma cacao L.) fruit in terms of the number of flowers 
formed, fruit length, fruit diameter, number of fruits, fruit 
wet weight, number of seeds and wet weight of seeds. Plants 
can grow optimally if their nutrient needs are met. Nutrients 
N, P and K are nutrients that are needed by plants to grow 
and produce [31].  

The availability of nutrients N, P and K which are macro 
nutrients is very important to support plant growth and 
development [32]. Nitrogen plays a role as a constituent of 
proteins, amino acids, nucleic acids, vitamins, and enzymes, 
chlorophyll factors in leaves, as the basic ingredients of DNA, 

RNA and for all plant biological functions. Phosphorus has 
multiple functions in plants, including promoting cell 
division, forming albumin, aiding in flower and fruit 
formation, speeding up maturation, enhancing stem strength, 
supporting root development, facilitating carbohydrate 
metabolism, and boosting overall plant quality. Potassium 
acts as an activator of various enzymes in metabolic 
processes and spurs carbohydrate translocation from leaves 
to plant organs [33], root development, starch formation, and 
physiological processes. 

Number of Flowers (pistils) 
The analysis of variance results indicate a significant 



 
 

difference in the number of flowers across the three slope 
positions. The number of flowers is much higher on the lower 
slope position than on the middle and upper slope positions. 
During the generative phase, the blooming process is 
affected by the presence of phosphorus and potassium, 
whereas nitrogen is predominantly needed in the vegetative 
phase. The increased presence of phosphorus in the lower 
slope area boosts the growth of additional flowers in 
comparison to the middle and upper slope. According to [34], 
suggest that the growth and blooming of plants are strongly 
influenced by the presence of nutrients, particularly 
phosphorus (P). This essential element plays a crucial role in 
triggering the generative phase of plants, leading to the 
formation of flower primordia that eventually transform into 
flowers. phosphorus (P) plays a role in flower formation, and 
P deficiency can suppress the number of flowers and delay 
flowering initiation due to changing phytochrome balance 
[35]. 

The soil acidity level (pH) is also suspected to affect the 
flower formation process. The lower, middle, and upper 
slope positions fall into the acidic category but are still within 
the tolerance limits for plants to undergo the flower 
formation process. As stated by Jadeja & Hirpara [36], with 
acidic soil pH conditions, nutrients available in the soil can 
still be processed effectively by the soil and absorbed by 
plants during the flowering process. 

Fruit Length (cm), Fruit Diameter (cm), and Fruit Number 
(fruit) 

The analysis of variance results shows that the length of 
the fruit is not significantly different. This is suspected to be 
because the slope position does not affect the number of 
fruits since potassium is very high but not significant enough 
to directly cause a large quantity of cocoa fruits. The growth 
process of the number of fruits is certainly influenced by 
environmental, physiological, and genetic factors of the plant. 
According to [37], the number of fruits is often observed as 
a measure of plant growth and as a parameter used to measure 
the influence of the environment or applied treatments. 

The lower slope position tends to produce longer fruits, 
wider fruit diameter, and a greater number of fruits. This is 
likely due to the higher phosphorus and potassium content in 
that area compared to the middle and upper slope positions. 
As a result, longer fruits, wider fruit diameter, and a greater 
number of fruits are encouraged to form. 

According to [38], a plant will not yield maximum results 
if the required nutrients are not available, and the availability 
of nutrients is one of the factors that can affect the yield of a 
plant. Tando [32] adds that N, P, and K nutrients are very 
important macronutrients for plant growth and development. 
Furthermore, Raihan [39] adds that phosphorus and 
potassium can increase the size of harvested fruits, seeds, and 
tubers. 

N, P, and K nutrients in corn plants will be translocated 
during the formation of cobs and seed filling, thus increasing 
the cob diameter [40]. The role of phosphorus nutrients in 
flower formation affects the formation and size of cobs 

because the cob is the development of the female flower [41]. 
According to [42], corn plants lacking N and P nutrients 
result in imperfect cob development. The size of the cob 
circumference, influences the yield because the larger the 
circumference, the higher the weight of the plant's fruits. 

Fruit Wet Weight (g) 
The results from the analysis of variance show that there 

isn't a significant difference in wet weight. However, it seems 
that fruits grown in the lower slope position tend to be 
heavier compared to those in the middle and upper slope 
positions. This could be because the lower slope position has 
more nutrients like N, P, and K, which contribute to the 
heavier fruit weight. Additionally, the weight of the fruit is 
also influenced by the process of transferring photosynthate 
products to the fruit. 

According to Rahni [43], the increase in weight is related 
to the amount of photosynthate translocation into the fruit 
and the better the plant's root system to absorb nutrients from 
the soil. Another literatures [44] suggest that weight is a way 
to gauge the progress and advancement of plants. This is 
because weight represents the buildup of organic substances 
that plants have effectively created. It serves as an indicator 
of a plant's overall health and can determine whether its 
growth and development are thriving or struggling. 
Additionally, weight is closely tied to the availability of 
nutrients, making it an important factor to consider. 

 The available N, P, and K elements in the soil play a role 
in stimulating the flowering process, and if the flowers 
undergo successful pollination, the fruit's growth will be 
maximized. The generative process is influenced by the 
number of leaves formed because the photosynthesis process 
that produces carbohydrates takes place in the leaves. 
Subsequently, the carbohydrates (C6H12O6) produced will 
be stored as food reserves. According to [45], the 
photosynthates produced in leaves and other photosynthetic 
cells must be translocated to other organs or tissues to be 
utilized for growth or stored as food reserves. 

[46] add that the primary role of potassium in plants is as 
an activator for various enzymes involved in metabolic 
processes and promotes the translocation of carbohydrates 
from leaves to plant organs. Meanwhile, phosphorus plays a 
role in the growth and yield of plants [25]. Nitrogen, as 
mentioned by previous studies [3], [47], is essential for 
vegetative growth, carbohydrate formation, protein, fat, and 
other organic compounds. 

Soil acidity (pH) also affects crop yield because of its 
relationship with nutrient availability. Anita-Sari & Wahyu 
[48] state that soil pH plays a crucial role in maintaining the 
balance of nutrients and soil fertility. The optimal condition 
for plants is when soil pH is neutral because nearly all 
nutrients are available for plants, thereby supporting optimal 
production. 

Number of seeds per fruit (seeds) and wet weight of seeds 
per fruit (g) 

The analysis of variance results for the number of seeds 



 
 

per fruit shows a significant difference, with the bottom slope 
position providing the highest number of seeds per fruit 
compared to the middle and upper slope positions. This is 
attributed to the higher availability of N, P, and K nutrients 
at the bottom slope position compared to the middle and 
upper slope positions. 

The availability of N, P, and K nutrients influences the 
formation of fruit and seeds, as stated by Raihan [39] 
indicating that N, P, and K have an impact on the size and 
quantity of fruits and seeds produced. [37] adds that fruit 
length indicates seed density and is closely related to the 
number of seeds per fruit, with a tendency for larger fruits to 
produce more seeds. Sharar et al. [49] state that the number 
and weight of seeds increase with the availability of specific 
nutrients. 

The length and circumference of the cobs affect the yield, 
as a larger circumference corresponds to a higher fruit weight. 
[37] states that longer fruits tend to yield higher results 
because they indicate a higher number of seeds. The 
availability of nutrients is closely related to the seed-filling 
process [37]. Nutrient uptake accumulated in the leaves will 
be transformed into protein and play a role in the seed 
formation process. The accumulation of metabolized 
materials during seed formation will increase, resulting in 
seeds with maximum size and weight. The metabolic process 
runs optimally when the nutrient requirements are met. 

Soil acidity (pH) also influences the number of seeds 

produced. The availability of N, P, and K nutrients in the soil 
can be decomposed and absorbed by plants effectively due to 
the support of higher soil pH. The bottom slope position 
tends to have higher soil pH because organic materials and 
water flow to the slope below it [19]. With these soil pH 
values, the availability of macro-nutrients is possible to be 
easily absorbed, even if their availability is low. 

[50] state that nitrogen is required in small amounts for the 
formation of cocoa fruit seeds compared to macro-nutrients. 
The largest amount of nitrogen is needed during the 
generative phase because nitrogen plays a crucial role in the 
growth and development of plants [51]. 

Phosphorus plays a role in photosynthesis, respiration, 
energy transfer and storage, cell division and enlargement, 
improving the quality of fruits, vegetables, grains, seed 
formation, genetic trait transfer, accelerating root 
development and germination, enhancing water use 
efficiency, increasing resistance to diseases, and ultimately 
improving harvest quality [49, 50]. 

3.3. Climatic Conditions and Cocoa Fruit Performance 
(Theobroma cacao L.) at the Lower Slope, Middle 
Slope, and Upper Slope Positions 

Climatic Conditions and Cocoa Fruit Performance 
(Theobroma cacao L.) at Lower Slope, Middle Slope, and 
Upper Slope Positions are shown in Table 4. 

Table 4. Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper Slope 
Positions 

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%) 
2013 27.40 80.00 237.80 54 
2014 27.70 80.00 210.20 51 
2015 27.80 80.00 174.80 51 
2016 27.70 78.98 156.22 46,33 
2017 27.80 81.30 213.90 39,26 
 
Based on the results of the correlation test in Table 5, it 

can be seen that there is a positive correlation (value 0.343) 
between cacao fruit performance and climatic factors (as 

criteria listed in Table 1, although it is not significant with a 
sig value of 0.211 greater than 0.050. 
 



 
 

Table 5. Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017 

Model summarya 

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation 

b. Dependent Variable: performance of cocoa pods 
 
The positive correlation test results between cocoa fruit 

performance and climate factors truly indicate the existence 
of an interaction between climate, soil, and plants that is very 
important and mutually influential. Information on the 
suitability of climate and soil factors for perennial plants is 
crucial to know. The general requirements of climate and soil 
factors for perennial plants usually involve a range of annual 
rainfall from 500 to 3000 mm, monthly air temperatures of 
15-34°C, monthly relative humidity of 70-90%, and pH of 
4.0-8.5 [19]. 

The characteristics and types of climate can determine the 
types and production of plants that can grow well in a region, 
so climatology studies in agriculture are very necessary [11], 
[12]. Several climate elements that affect plant growth are 
rainfall, temperature, humidity, sunlight, and 
evapotranspiration [52]. 

Cocoa (Theobroma cacao L.) grows optimally in tropical 
forest regions [53], especially at latitudes 10°N to 10°S, 
altitudes of 0-600 meters above sea level, annual rainfall of 
1500-2500 mm, minimum temperatures of 18-21°C and 
maximum temperatures of 30-32°C, with the desired average 
annual temperature of 25-27°C, air humidity of 80%, 
sunlight between 50-70%, slope below 45 degrees, soil 
texture of sandy clay, clay sandy, and sandy clay, and pH of 
6.0-7.5. 

East Kalimantan has a wet tropical climate, with daily 
sunlight ranging from 40-80% (sky always cloudy), daily air 
temperatures between 26-27°C (range between 20-32°C), 
daily air humidity about 80%, and annual rainfall ranging 
from 2,000-4,000 mm [54]. Considering these climate 
conditions, cocoa plants (Theobroma cacao L.) are suitable 
for cultivation in East Kalimantan because they have 
growing requirements that are in line with the climatic 
characteristics of the region. 

This is done so that even though soil conditions experience 
changes due to climatic influences, the changes will be as 
minimal as possible and will not cause significant losses to 
human life and the environment [19]. Generally, the growth 
of plants is influenced by soil temperature and humidity. [55] 
suggests that the temperature of the soil can be affected by 
the quantity of solar radiation that is absorbed by the surface 
of the soil. During the day, the soil temperature varies greatly 
from the temperature at night. When the sun heats up the soil 
surface, the air nearby also becomes hot. However, as night 

falls, the soil temperature drops significantly [56]. 
Kramer [55] finds that soil temperature affects water 

absorption by plants. Higher soil temperatures lead to faster 
water uptake by plant roots due to increased metabolic 
activities and faster evaporation. Warm soils also have lower 
viscosity and surface tension, making water flow more easily 
through the soil pores. A sudden decrease in soil temperature 
can lead to plant wilting because the roots absorb less water 
when the temperature is low. The depth of the soil determines 
the variations in soil temperature. Soil moisture levels are 
constantly changing due to evaporation from the surface of 
the soil, transpiration, and percolation. Soil moisture is 
crucial for the government to gather data on various aspects 
like potential surface flow and flood control, soil erosion 
failure and slope, water resource management, geotechnics, 
and water quality [57]. 

Soil moisture is crucial for plant growth and is influenced 
by factors such as rainfall, soil composition, and 
evapotranspiration [19]. Rainfall replenishes soil water 
content, with higher rainfall leading to higher soil moisture 
levels. Different soil types have varying water-holding 
capacities, affecting their ability to retain moisture. 
Evapotranspiration, the combined process of evaporation and 
transpiration, impacts soil moisture levels, with higher rates 
leading to increased water loss from the soil. Soil moisture is 
essential for plant growth as it determines the availability of 
water for plants. 

4. Conclusion 
In conclusion, the research findings reveal significant 

insights and recommendations for cocoa (Theobroma cacao 
L.) cultivation in East Kalimantan. Nutrient availability 
across lower, middle, and upper slope positions indicates 
varying levels for nitrogen (low), phosphorus (very low to 
low), potassium (medium to very high), organic carbon (low 
to medium), and pH (acidic). Notably, the performance of 
cocoa fruit exhibits distinct differences among slope 
positions, with the lower slope demonstrating superior 
outcomes in terms of the number of flowers and wet seed 
weight per fruit. Conversely, parameters such as the number 
of fruits per tree, fruit length, fruit diameter per tree, wet fruit 
weight per tree, and wet seed weight per tree show no 
significant variations. 
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The climate and soil conditions in East Kalimantan are 
identified as highly suitable for cocoa cultivation, 
characterized by an average temperature of 25-27°C, annual 
rainfall of 2400 mm, relative humidity of 80%, and sunlight 
duration of 60-80%. Consequently, the suggestion for 
farmers is to prioritize cultivating cacao in the lower slope 
position, which has proven to provide optimal cocoa fruit 
performance. However, cultivation in the middle and upper 
slope positions can still yield satisfactory results, contingent 
upon the implementation of soil conservation measures. 
Moreover, technical guidance is recommended for cocoa 
cultivation, particularly in terms of maintenance practices to 
enhance overall crop productivity. 
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Abstract  This research aims to determine the soil 

chemical properties (N, P, K, pH, organic C) at different 

slope positions, assess the performance of cocoa fruit 

(Theobroma cacao L.) at different slope positions, and 

understand the relationship between climate components and 

the performance of cocoa fruit (Theobroma cacao L.) in a 

wet tropical land. The study was conducted for three months 

(October to December 2017) in Karangan Hilir Village, 

Karangan District, East Kutai Regency. The research 

employed a Randomized Complete Block Design (RCBD) 

with slope position (P) as the treatment, consisting of three 

slope positions: P1 (lower slope), P2 (middle slope), and P3 

(upper slope). Each treatment was replicated five times. 

Observed variables included flower count, fruit count, fruit 

length, fruit diameter, wet fruit weight, seed count, and wet 

seed weight. Data were analyzed using Analysis of Variance 

(ANOVA), and mean separation was performed using the 

Least Significant Difference (LSD) test at the 5% 

significance level. The results indicated significant 

differences in slope positions for observed parameters such 

as flower count and seed count, while fruit count, wet fruit 

weight, and wet seed weight showed non-significant 

differences. Correlation analysis revealed a positive 

correlation (0.343) between cocoa fruit performance and 

climatic factors, although it was not statistically significant 

with a p-value of 0.211, greater than 0.050.  

Keywords  Performance, Cocoa Fruit, Slope Position, 

Climate, Land, Wet Tropics 

 

1. Introduction 

The significant increase in population in developing 

countries, including Indonesia, has led to a growing demand 

for food and agricultural land. Concurrently, the progress in 

development has resulted in competition for land use, 

prompting farmers to utilize sloping dry lands for agriculture 

without adequate soil conservation measures. This situation 

renders the land vulnerable to erosion and degradation, 

ultimately turning it into critical land. 

The development of the agriculture, plantation, and 

forestry sectors aims to improve the welfare of the 

community by increasing income while adhering to three 

principles: ecological sustainability, economic productivity 

and profitability, and social acceptability. Food, energy, 

environmental, and biodiversity crises collectively pose 

major challenges in the management of natural resources in 

Indonesia. An alternative strategy to enhance crop 

production potential, meet market demands, and 

simultaneously engage in conservation is the utilization of 

sub-optimal land, which holds considerable potential for the 

cultivation of crops such as cocoa and other commodities. 

Cocoa plants (Theobroma cacao L.) are one of the 

significant agricultural productions that play a crucial role in 

realizing agricultural development programs, particularly in 

providing employment opportunities, improving the welfare 

of farmers, and increasing the country's foreign exchange [1]. 

Cocoa cultivation in Indonesia is largely carried out in 

smallholder plantations in villages scattered across almost 

the entire country. Common issues faced include limited 

cultivated land, damage caused by pests and diseases, 

insufficient attention to nutrient needs, and seed quality [2]. 

Therefore, the involvement of various stakeholders is crucial 

to help address these challenges. 

The use of land that neglects soil conservation will impact 

the decline in land productivity, subsequently leading to land 

degradation. Land use systems can be modified according to 

models, especially in the selection of economically valuable 

perennial crops, which can enhance land productivity and 

reduce soil erosion rates [3]. 

According to previous research [4], the increasingly steep 

slope conditions result in the influence of gravity and the 

movement of detached organic materials down the slope, 

affecting soil fertility levels. Therefore, cultivation practices 

need to be considered to ensure optimal cocoa fruit 

performance, particularly addressing environmental factors 

such as slope steepness that influence plant growth and 

development. 

The increase in slope and rainfall intensity directly impacts 

runoff rate. Steeper slopes and higher rainfall intensity result 



 
 

in faster water flow and increased runoff. This can lead to a 

significant increase in runoff rate, ranging from 20% to 90% 

[5]. Steep and long slopes are more prone to soil erosion as 

they provide less resistance to water flow and allow for 

greater distance for erosion. Soil texture, specifically the 

proportion of sand, silt, and clay particles, also plays a crucial 

role in soil erosion. Soils with more sand particles allow for 

easier water infiltration and less erosion, while soils with 

more clay particles make infiltration harder and increase 

erosion likelihood.  

Various activities related to plant growth, whether in 

agriculture, plantation, or forestry, greatly require basic 

climate data. According to Hatfield et al [6], climate greatly 

affects plant growth and production, as supported by plant 

ecology research. This connection is seen through three main 

aspects: agronomy, physiology, and agroclimatology. 

Having knowledge about how different plant types, climatic 

elements, and soil properties work together is crucial for 

ensuring the successful growth of a specific crop. 

Previous studies [7] state that in the development of 

commodities in a region based on climate type, regional form, 

and soil, it is expected to enhance agricultural efficiency and 

stimulate the local economy. Another potential factor in 

plantation development is the agroecosystem conditions, 

including geographical conditions, sunlight exposure, 

rainfall intensity, and soil diversity, which are highly 

supportive and potential for the development of plantation 

commodities [8]. Plantation commodities can be harvested 

several times before experiencing a decline in yield and 

becoming economically unproductive. There are also other 

plantation crop products that are cultivated on a small and 

less intensive scale but are collected and processed as 

plantation products [9], [10]. 

The outcome of a specific plant species is greatly 

influenced by the interaction of genetic factors and 

environmental factors. These environmental factors include 

soil type, topography, crop management, climate patterns, 

and technology [11]–[13]. Different soil elements impact 

plant growth significantly, including composition, 

arrangement, and depth. Soil pH usually has an indirect 

impact on plant growth as it affects the solubility of ions and 

the activity of microorganisms [14]. The main limiting 

factors for both rainfed crops and perennial crops are 

topography, effective soil depth, surface rocks, and soil 

erosion [15].  

According to previous study [16], various factors can lead 

to low productivity or a decline in crop yields. These factors 

include a decrease in soil fertility, rapid changes in the agro-

climate, and improper soil management that does not adhere 

to soil conservation rules. Consequently, the soil quality 

deteriorates due to extensive erosion and nutrient loss caused 

by the washing process that infiltrates the ground. 

In addition to soil factors, climate is another crucial 

determinant for plant growth  [17], [18]. Soil conditions are 

significantly influenced by rainfall, temperature, and 

humidity. This influence can be advantageous, but at times it 

can also be detrimental. Unlike soil factors that have been 

extensively studied and understood, weather and climate are 

among the most challenging variables to control in food [7]. 

Information regarding the compatibility between annual 

plants, climate, and soil becomes a crucial element in 

enhancing the success of planting programs. The 

compatibility between climate, soil components, and the 

planted crop type significantly determines the success of 

planting activities.  

The study seeks to uncover the soil chemical properties (N, 

P, K, pH, organic C) at different slope positions, evaluate the 

growth of cocoa fruit (Theobroma cacao L.) at different slope 

positions, and determine the correlation between climate 

factors and the growth of cocoa fruit (Theobroma cacao L.) 

in a humid tropical environment. 

2. Materials and Methods 

2.1. Time and Place of Research 

The study took place between June and December 2017, 

with the research site being Karangan Hilir Village in 

Karangan District, East Kutai Regency, East Kalimantan 

Province, Indonesia. 

2.2. Research Tools and Materials 

The tools used include a machete, calipers, scale, raffia 

rope, scissors, wheelbarrow, camera, clinometer, writing 

tools, and laboratory equipment for analyzing soil chemical 

properties. Meanwhile, the materials used are 13-year-old 

Sulawesi 1 cocoa plants, sacks, label paper, plastic bags, soil 

samples, and chemicals for soil chemical property analysis. 

2.3. Research Design 

This research is a single factor, namely slope position (P) 

which is designed following a Randomized Group Design 

(RGD) consisting three positions: p1 = Lower, p2 = Middle, 

and p3 = Upper. Each position was replicated five times. 

2.4. Research Procedure 

2.4.1. Determining Slope Steepness and Slope Positions 

The slope steepness was determined using a clinometer (%) 

tool, and areas with a slope steepness of 15-25% (Moderately 

Steep) were selected. The slope positions were determined 

based on a land size of 225 m X 75 m, then divided into three 

slope positions (Lower, Middle, and Upper), with each area 

measuring 75 m X 75 m. 

2.4.2. Determining Age and Sampled Plants 

Cocoa plants (Theobroma cacao L.) were identified as 13 

years old, Sulawesi I variety, with the criteria of tree height 

being 2 meters and branch length being 2 meters. There were 

9 rows of trees for each slope position with 5 replications. 



 
 

2.4.3. Soil Sampling 

Eight points were sampled at each slope position with a 

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was 

taken as a composite soil sample. Subsequently, the soil 

samples were analyzed for N, P, K, Organic C, and pH at the 

Chemistry and Soil Fertility Laboratory, Faculty of 

Agriculture, Mulawarman University. 

2.4.4. Secondary Data 

Secondary data on climate components from 2013-2017, 

including air temperature, air humidity, rainfall, and sunlight, 

were obtained from the Meteorology, Climatology, and 

Geophysics Station at APT Pranoto Samarinda Airport. 

2.5. Observation Variables  

2.5.1. Number of Flowers per Tree (pistils) 

The total number of cocoa flowers was determined by 

counting the flowers on each tree. We sampled 45 trees from 

each slope position to calculate the average number of 

flowers. The flower count was done in single observation. 

2.5.2. Number of Fruits per Tree (fruit) 

The total count of cocoa fruits was determined by tallying 

the number of fruits on each tree, with 45 trees sampled from 

every slope position. The calculation of the fruit count was 

carried out in a single observation. 

2.5.3. Fruit Length (cm) 

The average fruit length was calculated by measuring the 

distance from the bottom to the top of the fruit using a ruler, 

with a total of 45 trees sampled from each elevation level. 

The fruit length calculation was performed in a single 

observation. 

2.5.4. Fruit Diameter (cm) 

The average fruit diameter was determined by measuring 

the circumference of the fruit with calipers at the widest part 

of the fruit, with 45 sampled trees. The fruit diameter 

calculation was conducted in a single observation. 

2.5.5. Wet Fruit Weight (g) 

The average wet weight of fruits was obtained by 

weighing harvested fruits with yellow skin using a scale, with 

45 sampled trees from each slope position. The wet fruit 

weight calculation was performed in a single observation. 

2.5.6. Number of Seed per Fruit (seeds) 

The number of seeds in each cocoa fruit was calculated by 

counting the harvested seeds from 45 trees at different slope 

positions. The seed count calculation was conducted in a 

single observation. 

2.5.7. Wet Weight of Seeds per Fruit (g) 

The average wet weight of cocoa seeds per fruit was 

determined by weighing the harvested seeds from 45 

sampled trees at each slope position. The calculation of the 

wet weight of seeds was performed in a single observation. 

2.8. Data Analysis 

The obtained primary data were subjected to variance 

analysis for analysis. In the event that the effect is found to 

be significant, a comparison between the means of the two 

treatments is carried out using the Least Significant 

Difference (BNT) test at a significance level of 5%. 

Secondary data in the form of data on climatic factors 

related to cocoa fruit performance were tested by correlation 

test using SPSS. Furthermore, the data were interpreted with 

the correlation coefficient as shown in Table 1. 

Table 1. coefficient correlation 

Coefficient interval Level of relationship 

0.00 to 0.19 

0.20 to 0.39 

0.40 to 0.59 

0.60 to 0.79 

0.80 to 1.00 

Very weak 

Weak 

Moderate 

Strong 

Very strong 

3. Results and Discussion 

3.1. Availability of Nutrients N, P, K, Organic C, and Soil 

pH in each slope 

Table 2 presents the analysis results for N, P, K, organic 

C, and pH availability at different slope positions. 



 
 

Table 2. Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 
Soil Chemical 

Parameters 

Soil Chemical 

Values 
Unit Status Soil Chemical Status 

P1 (Lower Part) 

N Total 0,20 % Low 

P 10,64 ppm Low 

K 104,61 ppm Very High 

pH 5,43 - Acidic 

Organic C 2,12  Moderate 

P2 (Middle Part) 

N Total 0,15 % Low 

P 3,95 ppm Very Low 

K 67,38 ppm Very High 

pH 5,38 - Acidic 

Organic C 1,74  Low 

P3 (Upper Part) 

N Total 0,11 % Low 

P 1,72 ppm Very Low 

K 35,46 ppm Moderate 

pH 5,23 - Acidic 

Organic C 1,61  Low 

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University 

(2017) 

 

Soil chemical analysis reveals that the lower slope 

outperforms the middle and upper slopes. This is due to 

leaching, surface runoff, and soil erosion, which transport 

soluble nutrients along with soil particles and organic matter. 

As stated by previous research [19], [20], nutrient loss due to 

leaching results in the movement of nutrients downward to 

the root zone and the lower slope position. Meanwhile, 

organic matter significantly influences soil fertility [21], 

indeed organic matter is crucial for successful plant 

cultivation. [22]. Organic matter has the ability to improve 

the soil's chemical, physical, and biological fertility. 

The process of decomposing organic matter on land 

without tillage and maximum tillage will release organic 

acids, causing the soil to become slightly acidic compared to 

minimum tillage techniques [23]. 

Nitrogen (N) Content  

The nitrogen (N) chemical status of the three slope 

positions is classified as low. However, there is a tendency 

for the highest N content to be found in the lower slope 

position at 0.20%, followed by the middle slope position at 

0.15%, and the lowest in the upper slope position at 0.11%. 

This condition is closely related to the high content of 

organic carbon (C-organic) in the lower slope position. 

Meanwhile, the soil N content is directly proportional to its 

organic matter content [24].  

Nitrogen is an essential nutrient used in large quantities by 

all forms of life. It is grouped into organic nitrogen and 

inorganic nitrogen, but the majority of nitrogen in the soil is 

in organic form [20]. The reduction or loss of nitrogen from 

the soil occurs not only through leaching by rainwater (in the 

form of NO3-) but also due to utilization by plants and 

microorganisms [25]. 

Phosphorus (P) Content 

The lower slope position has a phosphorus (P) content of 

10.64 ppm (low), which is higher than the middle slope 

position with 3.95 ppm (very low) and the upper slope 

position with 1.72 ppm (very low). The high available P 

content in the lower slope is suspected to be due to the 

transport of soil nutrients from the upper and middle slope 

positions, along with water during rainfall. 

Meanwhile, the low phosphorus (P) content in the upper 

and middle slope positions is suspected to be due to the 

presence of a relatively high clay fraction. Braskerud [26] 

state that factors influencing P retention in the soil include 

clay content. The retention capacity of phosphate increases 

with the increasing clay fraction in the soil. Kaolinite clay 

minerals tend to adsorb more P compared to montmorillonite 

clay minerals [27]. This is because kaolinite clay minerals 

have a larger number of open OH groups in the Al layer, 

which can exchange with P. 

Potassium (K) Content 

The soil potassium (K) content in the lower slope position, 

middle slope position, and upper slope position is 

respectively 104.61 ppm (very high), 67.38 ppm (very high), 

and 35.46 ppm (moderate). The lower slope position has a 

higher K content compared to the middle and upper slope 

positions. This is suspected to be due to water flowing from 

the upper and middle slopes during rainfall, leading to the 

accumulation of water carrying nutrients on the lower slope. 

The loss of K from the soil occurs through leaching towards 

groundwater, surface runoff, and soil erosion that carries 

soluble K along with soil particles and organic matter [28]. 

Olson and Papworth [29], state that K loss through 

leaching occurs due to continuous high-dose K application 

surpassing the plant's uptake and the soil's K retention 

capacity, resulting in the movement of K downward to the 

root zone [20]. 

Organic C content 



 
 

The organic carbon content of the soil in the lower slope 

position is 2.12% (moderate), which is higher compared to 

the middle slope position at 1.74% (low) and the upper slope 

position at 1.21% (low). The elevated organic carbon content 

in the lower slope position is suspected because it serves as a 

deposition site for materials resulting from the erosion 

process from the middle and upper slope positions, including 

soil particles, nutrient elements, and organic matter. 

According to Banjarnahor et al [19], erosion caused by water 

leads to the transport of soil particles, plant nutrients, and 

organic matter. 

High organic carbon indicates a high level of soil organic 

matter. Organic matter plays a crucial role in soil fertility [21]. 

Soil organic matter consists of complex organic compounds 

that are in the process of decomposition, including humus 

from humification and inorganic compounds from 

mineralization. 

Organic matter is a significant factor in determining the 

success of plant cultivation [22]. This is because organic 

matter can enhance the chemical, physical, and biological 

fertility of the soil. 

Soil pH 

The soil pH values in all three slope positions are classified 

as acidic. The lower slope position tends to provide a higher 

pH value (5.43) compared to the middle slope position (5.38) 

and the upper slope position (5.23). The extreme pH 

decreases microbial activity in the soil which in turn leads to 

decreased organic carbon decomposition, and nitrification 

[30]. The higher pH value in the lower slope position is 

suspected to be related to the high content of organic carbon 

in the lower slope. 

High organic carbon values indicate a high level of soil 

organic matter. Soil organic matter contains organic acids 

that can bind H+ ions, causing soil acidity, and consequently 

lowering the soil pH. Previous studies [31], [32] mentioned 

that organic acids can bind H+ ions through carboxyl groups 

with negative charges. 

Bayer et al [33] conducted a study on soil pH fluctuation 

and found that it is primarily influenced by the presence of 

H+ and OH- ions. They observed that an increase in H+ ions 

leads to a decrease in pH, making the soil more acidic. 

Conversely, an increase in OH- ions results in a rise in pH, 

making the soil more alkaline. Cookson [24] built upon this 

understanding by explaining the implications of soil pH on 

plant growth, particularly during the flowering stage. He 

noted that even under slightly acidic soil conditions, nutrients 

in the soil can still be effectively processed and taken up by 

plants. This means that plants are still able to absorb essential 

nutrients from the soil, despite the slight acidity. 

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at 

Lower Slope, Middle Slope, and Upper Slope 

Positions 

Table 3 illustrates the yield of cocoa pods (Theobroma 

cacao L.) across various slope positions. 

Table 3. Cocoa Fruit (Theobroma cacao L.) Performance at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope 

Position 

Average 

number of 

flowers 

(pistils) 

Average 

Fruit 

Length (cm) 

Average 

Fruit 

Diameter 

(cm) 

Average 

Number of 

Fruits (fruit) 

Average 

Fruit Wet 

Weight (g) 

Average 

Number of 

Fruit Seeds 

(seeds) 

Average 

Fruit Seed 

Wet Weight 

(g) 

P1 

(Lower 

slope) 

68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a 

P2 (Middle 

slope) 
41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a 

P3 (Upper 

slope) 
29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b 

Description 

Mean 

numbers 

followed by 

the same 

lowercase 

letter in the 

same column 

indicate the 

results are 

not 

significantly 

different in 

the 5% BNT 

test (BNT 

10.75). 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Mean 

numbers 

followed by 

the same 

lowercase 

letters in the 

same column 

indicate the 

results are 

not 

significantly 

different in 

the 5% BNT 

test (BNT 

2.34). 

Mean 

numbers 

followed by 

the same 

lowercase 

letters in the 

same column 

indicate the 

results are 

not 

significantly 

different in 

the 5% BNT 

test (BNT 

41.03). 



 
 

BNT 10,75     2,34 41,03 

KK 8 5 6 9 11 6 7 

 

The position of the lower slope has a higher nutrient 

content so as to provide better performance of Cocoa 

(Theobroma cacao L.) fruit in terms of the number of flowers 

formed, fruit length, fruit diameter, number of fruits, fruit 

wet weight, number of seeds and wet weight of seeds. Plants 

can grow optimally if their nutrient needs are met. Nutrients 

N, P and K are nutrients that are needed by plants to grow 

and produce [34].  

The availability of nutrients N, P and K which are macro 

nutrients is very important to support plant growth and 

development [35]. Nitrogen plays a role as a constituent of 

proteins, amino acids, nucleic acids, vitamins, and enzymes, 

chlorophyll factors in leaves, as the basic ingredients of DNA, 

RNA and for all plant biological functions. Phosphorus has 

multiple functions in plants, including promoting cell 

division, forming albumin, aiding in flower and fruit 

formation, speeding up maturation, enhancing stem strength, 

supporting root development, facilitating carbohydrate 

metabolism, and boosting overall plant quality. Potassium 

acts as an activator of various enzymes in metabolic 

processes and spurs carbohydrate translocation from leaves 

to plant organs [36], root development, starch formation, and 

physiological processes. 

Average of Number of Flowers (pistils) 

The analysis of variance results indicates a significant 

difference in the number of flowers across the three slope 

positions. The number of flowers is much higher on the lower 

slope position than on the middle and upper slope positions. 

During the generative phase, the blooming process is 

affected by the presence of phosphorus and potassium, 

whereas nitrogen is predominantly needed in the vegetative 

phase. The increased presence of phosphorus in the lower 

slope area boosts the growth of additional flowers in 

comparison to the middle and upper slope. According to [37], 

suggest that the growth and blooming of plants are strongly 

influenced by the presence of nutrients, particularly 

phosphorus (P). This essential element plays a crucial role in 

triggering the generative phase of plants, leading to the 

formation of flower primordia that eventually transform into 

flowers. phosphorus (P) plays a role in flower formation, and 

P deficiency can suppress the number of flowers and delay 

flowering initiation due to changing phytochrome balance 

[38]. 

The soil acidity level (pH) is also suspected to affect the 

flower formation process. The lower, middle, and upper 

slope positions fall into the acidic category but are still within 

the tolerance limits for plants to undergo the flower 

formation process. As stated by Jadeja & Hirpara [39], with 

acidic soil pH conditions, nutrients available in the soil can 

still be processed effectively by the soil and absorbed by 

plants during the flowering process. 

Average of Fruit Length (cm), Fruit Diameter (cm), and 

Fruit Number (fruit) 

The analysis of variance results shows that the length of 

the fruit is not significantly different. This is suspected to be 

because the slope position does not affect the number of 

fruits since potassium is very high but not significant enough 

to directly cause a large quantity of cocoa fruits. The growth 

process of the number of fruits is certainly influenced by 

environmental, physiological, and genetic factors of the plant. 

According to Hapsari et al [40], the number of fruits is often 

observed as a measure of plant growth and as a parameter 

used to measure the influence of the environment or applied 

treatments. 

The lower slope position tends to produce longer fruits, 

wider fruit diameter, and a greater number of fruits. This is 

likely due to the higher phosphorus and potassium content in 

that area compared to the middle and upper slope positions. 

As a result, longer fruits, wider fruit diameter, and a greater 

number of fruits are encouraged to form. 

According to Gregory et al [41], a plant will not yield 

maximum results if the required nutrients are not available, 

and the availability of nutrients is one of the factors that can 

affect the yield of a plant. Tando [35] adds that N, P, and K 

nutrients are very important macronutrients for plant growth 

and development. Furthermore, Raihan [42] adds that 

phosphorus and potassium can increase the size of harvested 

fruits, seeds, and tubers. 

N, P, and K nutrients in corn plants will be translocated 

during the formation of cobs and seed filling, thus increasing 

the cob diameter [43]. The role of phosphorus nutrients in 

flower formation affects the formation and size of cobs 

because the cob is the development of the female flower [44]. 

According to Isnaeni [45], corn plants lacking N and P 

nutrients result in imperfect cob development. The size of the 

cob circumference, influences the yield because the larger 

the circumference, the higher the weight of the plant's fruits. 

Average of Fruit Wet Weight (g) 

The analysis of variance results indicate that there is no 

significant difference in wet weight. Nevertheless, it appears 

that fruits from the lower slope tend to be heavier than those 

from the middle and upper slopes.. This could be because the 

lower slope position has more nutrients like N, P, and K, 

which contribute to the heavier fruit weight. Additionally, the 

weight of the fruit is also influenced by the process of 

transferring photosynthate products to the fruit. 

Rahni [46] highlight that when a plant's root system can 

absorb more nutrients from the soil, it helps the fruit grow 

bigger and heavier. This happens because more 

photosynthate is transported into the fruit. Another literature 

[47] suggest that weight is a way to gauge the progress and 

advancement of plants. This is because weight represents the 



 
 

buildup of organic substances that plants have effectively 

created. It serves as an indicator of a plant's overall health 

and can determine whether its growth and development are 

thriving or struggling. Additionally, weight is closely tied to 

the availability of nutrients, making it an important factor to 

consider. 

 The available N, P, and K elements in the soil play a role 

in stimulating the flowering process, and if the flowers 

undergo successful pollination, the fruit's growth will be 

maximized. The generative process is influenced by the 

number of leaves formed because the photosynthesis process 

that produces carbohydrates takes place in the leaves. 

Subsequently, the carbohydrates (C6H12O6) produced will 

be stored as food reserves. According to [48], the 

photosynthates produced in leaves and other photosynthetic 

cells must be translocated to other organs or tissues to be 

utilized for growth or stored as food reserves. 

[49] add that the primary role of potassium in plants is as 

an activator for various enzymes involved in metabolic 

processes and promotes the translocation of carbohydrates 

from leaves to plant organs. Meanwhile, phosphorus plays a 

role in the growth and yield of plants [27]. Nitrogen, as 

mentioned by previous studies [3], [50], is essential for 

vegetative growth, carbohydrate formation, protein, fat, and 

other organic compounds. 

Soil acidity (pH) also affects crop yield because of its 

relationship with nutrient availability. Anita-Sari & Wahyu 

[51] state that soil pH plays a crucial role in maintaining the 

balance of nutrients and soil fertility. The optimal condition 

for plants is when soil pH is neutral because nearly all 

nutrients are available for plants, thereby supporting optimal 

production. 

Average of Number of seeds per fruit (seeds) and wet 

weight of seeds per fruit (g) 

The results show a clear difference in seed count per fruit, 

with the bottom slope having the highest number compared 

to the middle and upper slopes. This is likely due to the 

bottom slope's higher levels of nutrients like N, P, and K. 

The availability of N, P, and K nutrients influences the 

formation of fruit and seeds, as stated by Raihan [42] 

indicating that N, P, and K have an impact on the size and 

quantity of fruits and seeds produced. [40] adds that fruit 

length indicates seed density and is closely related to the 

number of seeds per fruit, with a tendency for larger fruits to 

produce more seeds. Sharar et al. [52] state that the number 

and weight of seeds increase with the availability of specific 

nutrients. 

The length and circumference of the cobs affect the yield, 

as a larger circumference corresponds to a higher fruit weight. 

[40] states that longer fruits tend to yield higher results 

because they indicate a higher number of seeds. The 

availability of nutrients is closely related to the seed-filling 

process [40]. Nutrient uptake accumulated in the leaves will 

be transformed into protein and play a role in the seed 

formation process. The accumulation of metabolized 

materials during seed formation will increase, resulting in 

seeds with maximum size and weight. The metabolic process 

runs optimally when the nutrient requirements are met. 

Soil acidity (pH) also influences the number of seeds 

produced. The availability of N, P, and K nutrients in the soil 

can be decomposed and absorbed by plants effectively due to 

the support of higher soil pH. The bottom slope position 

tends to have higher soil pH because organic materials and 

water flow to the slope below it [20]. With these soil pH 

values, the availability of macro-nutrients is possible to be 

easily absorbed, even if their availability is low. 

Ruseani et al [53] state that nitrogen is required in small 

amounts for the formation of cocoa fruit seeds compared to 

macro-nutrients. The largest amount of nitrogen is needed 

during the generative phase because nitrogen plays a crucial 

role in the growth and development of plants [54]. 

Phosphorus is involved in many important processes in 

plants. It helps with photosynthesis, which is how plants 

make food using sunlight. It also plays a role in respiration, 

which is how plants release energy from food. Phosphorus is 

important for transferring and storing energy in plants. It is 

also needed for cell division and enlargement, which helps 

plants grow. Phosphorus improves the quality of fruits, 

vegetables, grains, and seeds. It is involved in the formation 

of genetic traits and helps roots develop and seeds germinate 

faster. Phosphorus also helps plants use water more 

efficiently and makes them more resistant to diseases [49, 50]. 

3.3. Climatic Conditions and Cocoa Fruit Performance 

(Theobroma cacao L.) at the Lower Slope, Middle 

Slope, and Upper Slope Positions 

Table 4 displays the impact of climatic conditions on the 

performance of cocoa fruit at different slope. 

Table 4. Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper Slope 
Positions 

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%) 

2013 27.40 80.00 237.80 54 

2014 27.70 80.00 210.20 51 

2015 27.80 80.00 174.80 51 

2016 27.70 78.98 156.22 46,33 

2017 27.80 81.30 213.90 39,26 

 

As in correlation test results in Table 5, we can observe a positive correlation (0.343) between cacao fruit performance and 

climatic factors (as shown in Table 1 criteria), even though it is not statistically significant with a sig value of 0.211 higher 



 
 

than 0.050.  

Table 5. Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017 

Model summarya 

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation 

b. Dependent Variable: performance of cocoa pods 

 

The positive correlation test results between cocoa fruit 

performance and climate factors truly indicate the existence 

of an interaction between climate, soil, and plants that is very 

important and mutually influential. Information on the 

suitability of climate and soil factors for perennial plants is 

crucial to know. The general requirements of climate and soil 

factors for perennial plants usually involve a range of annual 

rainfall from 500 to 3000 mm, monthly air temperatures of 

15-34°C, monthly relative humidity of 70-90%, and pH of 

4.0-8.5 [19]. 

The characteristics and types of climate can determine the 

types and production of plants that can grow well in a region, 

so climatology studies in agriculture are very necessary [11], 

[12]. Several climate elements that affect plant growth are 

rainfall, temperature, humidity, sunlight, and 

evapotranspiration [55]. 

Cocoa (Theobroma cacao L.) grows optimally in tropical 

forest regions [56], especially at latitudes 10°N to 10°S, 

altitudes of 0-600 meters above sea level, annual rainfall of 

1500-2500 mm, minimum temperatures of 18-21°C and 

maximum temperatures of 30-32°C, with the desired average 

annual temperature of 25-27°C, air humidity of 80%, 

sunlight between 50-70%, slope below 45 degrees, soil 

texture of sandy clay, clay sandy, and sandy clay, and pH of 

6.0-7.5. 

East Kalimantan has a wet tropical climate, with daily 

sunlight ranging from 40-80% (sky always cloudy), daily air 

temperatures between 26-27°C (range between 20-32°C), 

daily air humidity about 80%, and annual rainfall ranging 

from 2,000-4,000 mm [57]. Considering these climate 

conditions, cocoa plants (Theobroma cacao L.) are suitable 

for cultivation in East Kalimantan because they have 

growing requirements that are in line with the climatic 

characteristics of the region. 

This is done so that even though soil conditions experience 

changes due to climatic influences, the changes will be as 

minimal as possible and will not cause significant losses to 

human life and the environment [20]. Generally, the growth 

of plants is influenced by soil temperature and humidity. 

Kramer [58] suggests that the temperature of the soil can be 

affected by the quantity of solar radiation that is absorbed by 

the surface of the soil. During the day, the soil temperature 

varies greatly from the temperature at night. When the sun 

heats up the soil surface, the air nearby also becomes hot. 

However, as night falls, the soil temperature drops 

significantly [59]. 

Kramer [58] finds that soil temperature affects water 

absorption by plants. Higher soil temperatures lead to faster 

water uptake by plant roots due to increased metabolic 

activities and faster evaporation. Warm soils also have lower 

viscosity and surface tension, making water flow more easily 

through the soil pores. A sudden decrease in soil temperature 

can lead to plant wilting because the roots absorb less water 

when the temperature is low. The depth of the soil determines 

the variations in soil temperature. Soil moisture levels are 

constantly changing due to evaporation from the surface of 

the soil, transpiration, and percolation. Soil moisture is 

crucial for the government to gather data on various aspects 

like potential surface flow and flood control, soil erosion 

failure and slope, water resource management, geotechnics, 

and water quality [60]. 

Soil moisture is crucial for plant growth and is influenced 

by factors such as rainfall, soil composition, and 

evapotranspiration [19]. Rainfall replenishes soil water 

content, with higher rainfall leading to higher soil moisture 

levels. Different soil types have varying water-holding 

capacities, affecting their ability to retain moisture. 

Evapotranspiration, the combined process of evaporation and 

transpiration, impacts soil moisture levels, with higher rates 

leading to increased water loss from the soil. Soil moisture is 

essential for plant growth as it determines the availability of 

water for plants. 

4. Conclusion 

In conclusion, the research findings reveal significant 

insights and recommendations for cocoa (Theobroma cacao 

L.) cultivation in East Kalimantan. Nutrient availability 

across lower, middle, and upper slope positions indicates 

varying levels for nitrogen (low), phosphorus (very low to 

low), potassium (medium to very high), organic carbon (low 

to medium), and pH (acidic). Notably, the performance of 

cocoa fruit exhibits distinct differences among slope 

positions, with the lower slope demonstrating superior 

outcomes in terms of the number of flowers and wet seed 
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R Square 

 

Adjusted 

R Square 

 

Std.Error of 

the Estimate 

Change Statistics 

R Square 

Change 

 

F Change 

 

df1 

 

df2 

Sig. 

F 

Change 

1 .343a .117 .050 104.78102 .033 1.730 107.4779 54.4657 .211 



 
 

weight per fruit. Conversely, parameters such as the number 

of fruits per tree, fruit length, fruit diameter per tree, wet fruit 

weight per tree, and wet seed weight per tree show no 

significant variations. 

The climate and soil conditions in East Kalimantan are 

identified as highly suitable for cocoa cultivation, 

characterized by an average temperature of 25-27°C, annual 

rainfall of 2400 mm, relative humidity of 80%, and sunlight 

duration of 60-80%. Consequently, the suggestion for 

farmers is to prioritize cultivating cacao in the lower slope 

position, which has proven to provide optimal cocoa fruit 

performance. However, cultivation in the middle and upper 

slope positions can still yield satisfactory results, contingent 

upon the implementation of soil conservation measures. 

Moreover, technical guidance is recommended for cocoa 

cultivation, particularly in terms of maintenance practices to 

enhance overall crop productivity. 
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Abstract  This research aims to determine the soil 

chemical properties (N, P, K, pH, organic C) at different 

slope positions, assess the performance of cocoa fruit 

(Theobroma cacao L.) at different slope positions, and 

understand the relationship between climate components 

and the performance of cocoa fruit (Theobroma cacao L.) 

in a wet tropical land. The study was conducted for three 

months (October to December 2017) in Karangan Hilir 

Village, Karangan District, East Kutai Regency. The 

research employed a Randomized Complete Block Design 

(RCBD) with slope position (P) as the treatment, consisting 

of three slope positions: P1 (lower slope), P2 (middle 

slope), and P3 (upper slope). Each treatment was replicated 

five times. Observed variables included flower count, fruit 

count, fruit length, fruit diameter, wet fruit weight, seed 

count, and wet seed weight. Data were analyzed using 

Analysis of Variance (ANOVA), and mean separation was 

performed using the Least Significant Difference (LSD) 

test at the 5% significance level. The results indicated 

significant differences in slope positions for observed 

parameters such as flower count and seed count, while fruit 

count, wet fruit weight, and wet seed weight showed non-

significant differences. Correlation analysis revealed a 

positive correlation (0.343) between cocoa fruit 

performance and climatic factors, although it was not 

statistically significant with a p-value of 0.211, greater than 

0.050. 

Keywords  Performance, Cocoa Fruit, Slope Position, 

Climate, Land, Wet Tropics 

1. Introduction

The significant increase in population in developing 

countries, including Indonesia, has led to a growing 

demand for food and agricultural land. Concurrently, the 

progress in development has resulted in competition for 

land use, prompting farmers to utilize sloping dry lands for 

agriculture without adequate soil conservation measures. 

This situation renders the land vulnerable to erosion and 

degradation, ultimately turning it into critical land. 

The development of the agriculture, plantation, and 

forestry sectors aims to improve the welfare of the 

community by increasing income while adhering to three 

principles: ecological sustainability, economic productivity 

and profitability, and social acceptability. Food, energy, 

environmental, and biodiversity crises collectively pose 

major challenges in the management of natural resources in 

Indonesia. An alternative strategy to enhance crop 

production potential, meet market demands, and 

simultaneously engage in conservation is the utilization of 

sub-optimal land, which holds considerable potential for 

the cultivation of crops such as cocoa and other 

commodities. 

Cocoa plants (Theobroma cacao L.) are one of the 

significant agricultural productions that play a crucial role 

in realizing agricultural development programs, 

particularly in providing employment opportunities, 

improving the welfare of farmers, and increasing the 

country's foreign exchange [1]. 

Cocoa cultivation in Indonesia is largely carried out in 

smallholder plantations in villages scattered across almost 
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the entire country. Common issues faced include limited 

cultivated land, damage caused by pests and diseases, 

insufficient attention to nutrient needs, and seed quality [2]. 

Therefore, the involvement of various stakeholders is 

crucial to help address these challenges. 

The use of land that neglects soil conservation will 

impact the decline in land productivity, subsequently 

leading to land degradation. Land use systems can be 

modified according to models, especially in the selection of 

economically valuable perennial crops, which can enhance 

land productivity and reduce soil erosion rates [3]. 

According to previous research [4], the increasingly 

steep slope conditions result in the influence of gravity and 

the movement of detached organic materials down the 

slope, affecting soil fertility levels. Therefore, cultivation 

practices need to be considered to ensure optimal cocoa 

fruit performance, particularly addressing environmental 

factors such as slope steepness that influence plant growth 

and development. 

The increase in slope and rainfall intensity directly 

impacts runoff rate. Steeper slopes and higher rainfall 

intensity result in faster water flow and increased runoff. 

This can lead to a significant increase in runoff rate, 

ranging from 20% to 90% [5]. Steep and long slopes are 

more prone to soil erosion as they provide less resistance to 

water flow and allow for greater distance for erosion. Soil 

texture, specifically the proportion of sand, silt, and clay 

particles, also plays a crucial role in soil erosion. Soils with 

more sand particles allow for easier water infiltration and 

less erosion, while soils with more clay particles make 

infiltration harder and increase erosion likelihood. 

Various activities related to plant growth, whether in 

agriculture, plantation, or forestry, greatly require basic 

climate data. According to Hatfield et al [6], climate greatly 

affects plant growth and production, as supported by plant 

ecology research. This connection is seen through three 

main aspects: agronomy, physiology, and agroclimatology. 

Having knowledge about how different plant types, 

climatic elements, and soil properties work together is 

crucial for ensuring the successful growth of a specific crop. 

Previous studies [7] state that the development of 

commodities in a region based on climate type, regional 

form, and soil, is expected to enhance agricultural 

efficiency and stimulate the local economy. Another 

potential factor in plantation development is the 

agroecosystem conditions, including geographical 

conditions, sunlight exposure, rainfall intensity, and soil 

diversity, which are highly supportive and have potential 

for the development of plantation commodities [8]. 

Plantation commodities can be harvested several times 

before experiencing a decline in yield and becoming 

economically unproductive. There are also other plantation 

crop products that are cultivated on a small and less 

intensive scale but are collected and processed as plantation 

products [9], [10]. 

The outcome of a specific plant species is greatly 

influenced by the interaction of genetic factors and 

environmental factors. These environmental factors 

include soil type, topography, crop management, climate 

patterns, and technology [11], [13]. Different soil elements 

impact plant growth significantly, including composition, 

arrangement, and depth. Soil pH usually has an indirect 

impact on plant growth as it affects the solubility of ions 

and the activity of microorganisms [14]. The main limiting 

factors for both rainfed crops and perennial crops are 

topography, effective soil depth, surface rocks, and soil 

erosion [15]. 

According to a previous study [16], various factors can 

lead to low productivity or a decline in crop yields. These 

factors include a decrease in soil fertility, rapid changes in 

the agro-climate, and improper soil management that does 

not adhere to soil conservation rules. Consequently, the soil 

quality deteriorates due to extensive erosion and nutrient 

loss caused by the washing process that infiltrates the 

ground. 

In addition to soil factors, climate is another crucial 

determinant of plant growth [17], [18]. Soil conditions are 

significantly influenced by rainfall, temperature, and 

humidity. This influence can be advantageous, but at times 

it can also be detrimental. Unlike soil factors that have been 

extensively studied and understood, weather and climate 

are among the most challenging variables to control in food 

[7]. Information regarding the compatibility between 

annual plants, climate, and soil becomes a crucial element 

in enhancing the success of planting programs. The 

compatibility between climate, soil components, and the 

planted crop type significantly determines the success of 

planting activities. 

The study seeks to uncover the soil chemical properties 

(N, P, K, pH, organic C) at different slope positions, 

evaluate the growth of cocoa fruit (Theobroma cacao L.) at 

different slope positions, and determine the correlation 

between climate factors and the growth of cocoa fruit 

(Theobroma cacao L.) in a humid tropical environment. 

2. Materials and Methods 

2.1. Time and Place of Research 

The study took place between June and December 2017, 

with the research site being Karangan Hilir Village in 

Karangan District, East Kutai Regency, East Kalimantan 

Province, Indonesia. 

2.2. Research Tools and Materials 

The tools used include a machete, calipers, scale, raffia 

rope, scissors, wheelbarrow, camera, clinometer, writing 

tools, and laboratory equipment for analyzing soil chemical 

properties. Meanwhile, the materials used are 13-year-old 

Sulawesi 1 cocoa plants, sacks, label paper, plastic bags, 

soil samples, and chemicals for soil chemical property 

analysis. 
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2.3. Research Design 

This research is a single factor, namely slope position (P) 

which is designed following a Randomized Complete 

Block Design (RCBD) consisting of three positions slope: 

p1 = Lower Slope, p2 = Middle Slope, and p3 = Upper 

Slope. Each position was replicated five times. 

2.4. Research Procedure 

2.4.1. Determining Slope Steepness and Slope Positions 

The slope steepness was determined using a clinometer 

(%) tool, and areas with a slope steepness of 10-25% 

(Moderately Steep) were selected. The slope positions were 

determined based on a land size of 225 m X 75 m, then 

divided into three slope positions (Lower, Middle, and 

Upper), with each area measuring 75 m X 75 m. 

2.4.2. Determining Age and Sampled Plants 

Cocoa plants (Theobroma cacao L.) were identified as 

13 years old, Sulawesi I variety, with the criteria of tree 

height being 2 meters and branch length being 2 meters. 

There were 9 rows of trees for each slope position with 5 

replications. 

2.4.3. Soil Sampling 

Eight points were sampled at each slope position with a 

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was 

taken as a composite soil sample. Subsequently, the soil 

samples were analyzed for N, P, K, Organic C, and pH at 

the Chemistry and Soil Fertility Laboratory, Faculty of 

Agriculture, Mulawarman University. 

2.4.4. Secondary Data 

Secondary data on climate components from 2013-2017, 

including air temperature, air humidity, rainfall, and 

sunlight, were obtained from the Meteorology, 

Climatology, and Geophysics Station at APT Pranoto 

Samarinda Airport. 

2.5. Observation Variables 

2.5.1. Number of Flowers per Tree (Pistils) 

The total number of cocoa flowers was determined by 

counting the flowers on each tree. We sampled 45 trees 

from each slope position to calculate the average number 

of flowers. The flower count was done in single 

observation. 

2.5.2. Number of Fruits per Tree (Fruit) 

The total count of cocoa fruits was determined by 

tallying the number of fruits on each tree, with 45 trees 

sampled from every slope position. The calculation of the 

fruit count was carried out in a single observation. 

2.5.3. Fruit Length (cm) 

The average fruit length was calculated by measuring the 

distance from the bottom to the top of the fruit using a ruler, 

with a total of 45 trees sampled from each elevation level. 

The fruit length calculation was performed in a single 

observation. 

2.5.4. Fruit Diameter (cm) 

The average fruit diameter was determined by measuring 

the circumference of the fruit with calipers at the widest 

part of the fruit, with 45 sampled trees. The fruit diameter 

calculation was conducted in a single observation. 

2.5.5. Wet Fruit Weight (g) 

The average wet weight of fruits was obtained by 

weighing harvested fruits with yellow skin using a scale, 

with 45 sampled trees from each slope position. The wet 

fruit weight calculation was performed in a single 

observation. 

2.5.6. Number of Seed per Fruit (Seeds) 

The number of seeds in each cocoa fruit was calculated 

by counting the harvested seeds from 45 trees at different 

slope positions. The seed count calculation was conducted 

in a single observation. 

2.5.7. Wet Weight of Seeds per Fruit (g) 

The average wet weight of cocoa seeds per fruit was 

determined by weighing the harvested seeds from 45 

sampled trees at each slope position. The calculation of the 

wet weight of seeds was performed in a single observation. 

2.8. Data Analysis 

The obtained primary data were subjected to variance 

analysis for analysis. In the event that the effect is found to 

be significant, a comparison between the means of the two 

treatments is carried out using the Least Significant 

Difference (LSD) test at a significance level of 5%. 

Secondary data in the form of data on climatic factors 

related to cocoa fruit performance were tested by 

correlation test using SPSS. Furthermore, the data were 

interpreted with the correlation coefficient as shown in 

Table 1. 

Table 1.  coefficient correlation 

Coefficient interval Level of relationship 

0.00 to 0.19 

0.20 to 0.39 

0.40 to 0.59 

0.60 to 0.79 

0.80 to 1.00 

Very weak 

Weak 

Moderate 

Strong 

Very strong 

3. Results and Discussion 

3.1. Availability of Nutrients N, P, K, Organic C, and 

Soil pH in each Slope 

Table 2 presents the analysis results for N, P, K, organic 

C, and pH availability at different slope positions.
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Table 2.  Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 
Soil Chemical 

Parameters 
Soil Chemical Values Unit Status Soil Chemical Status 

P1 (Lower Part) 

N Total 0,20 % Low 

P 10,64 ppm Low 

K 104,61 ppm Very High 

pH 5,43 - Acidic 

Organic C 2,12  Moderate 

P2 (Middle Part) 

N Total 0,15 % Low 

P 3,95 ppm Very Low 

K 67,38 ppm Very High 

pH 5,38 - Acidic 

Organic C 1,74  Low 

P3 (Upper Part) 

N Total 0,11 % Low 

P 1,72 ppm Very Low 

K 35,46 ppm Moderate 

pH 5,23 - Acidic 

Organic C 1,61  Low 

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University (2017) 

Soil chemical analysis reveals that the lower slope 

outperforms the middle and upper slopes. This is due to 

leaching, surface runoff, and soil erosion, which transport 

soluble nutrients along with soil particles and organic 

matter. As stated by previous research [19], [20], nutrient 

loss due to leaching results in the movement of nutrients 

downward to the root zone and the lower slope position. 

Meanwhile, organic matter significantly influences soil 

fertility [21], indeed organic matter is crucial for successful 

plant cultivation [22]. Organic matter has the ability to 

improve the soil's chemical, physical, and biological 

fertility. 

The process of decomposing organic matter on land 

without tillage and maximum tillage will release organic 

acids, causing the soil to become slightly acidic compared 

to minimum tillage techniques [23]. 

Nitrogen (N) Content 

The nitrogen (N) chemical status of the three slope 

positions is classified as low. However, there is a tendency 

for the highest N content to be found in the lower slope 

position at 0.20%, followed by the middle slope position at 

0.15%, and the lowest in the upper slope position at 0.11%. 

This condition is closely related to the high content of 

organic carbon (C-organic) in the lower slope position. 

Meanwhile, the soil N content is directly proportional to its 

organic matter content [24]. 

Nitrogen is an essential nutrient used in large quantities 

by all forms of life. It is grouped into organic nitrogen and 

inorganic nitrogen, but the majority of nitrogen in the soil 

is in organic form [20]. The reduction or loss of nitrogen 

from the soil occurs not only through leaching by rainwater 

(in the form of NO3
-) but also due to utilization by plants 

and microorganisms [25]. 

Phosphorus (P) Content 

The lower slope position has a phosphorus (P) content of 

10.64 ppm (low), which is higher than the middle slope 

position with 3.95 ppm (very low) and the upper slope 

position with 1.72 ppm (very low). The high available P 

content in the lower slope is suspected to be due to the 

transport of soil nutrients from the upper and middle slope 

positions, along with water during rainfall. 

Meanwhile, the low phosphorus (P) content in the upper 

and middle slope positions is suspected to be due to the 

presence of a relatively high clay fraction. Braskerud [26] 

states that factors influencing P retention in the soil include 

clay content. The retention capacity of phosphate increases 

with the increasing clay fraction in the soil. Kaolinite clay 

minerals tend to adsorb more P compared to 

montmorillonite clay minerals [27]. This is because 

kaolinite clay minerals have a larger number of open OH 

groups in the Al layer, which can be exchanged with P. 

Potassium (K) Content 

The soil potassium (K) content in the lower slope 

position, middle slope position, and upper slope position is 

respectively 104.61 ppm (very high), 67.38 ppm (very 

high), and 35.46 ppm (moderate). The lower slope position 

has a higher K content compared to the middle and upper 

slope positions. This is suspected to be due to water flowing 

from the upper and middle slopes during rainfall, leading 

to the accumulation of water carrying nutrients on the lower 

slope. The loss of K from the soil occurs through leaching 

towards groundwater, surface runoff, and soil erosion that 

carries soluble K along with soil particles and organic 

matter [28]. 

Olson and Papworth [29] state that K loss through 
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leaching occurs due to continuous high-dose K application 

surpassing the plant's uptake and the soil's K retention 

capacity, resulting in the movement of K downward to the 

root zone [20]. 

Organic C Content 

The organic carbon content of the soil in the lower slope 

position is 2.12% (moderate), which is higher compared to 

the middle slope position at 1.74% (low) and the upper 

slope position at 1.21% (low). The elevated organic carbon 

content in the lower slope position is suspected because it 

serves as a deposition site for materials resulting from the 

erosion process from the middle and upper slope positions, 

including soil particles, nutrient elements, and organic 

matter. According to Banjarnahor et al [19], erosion caused 

by water leads to the transport of soil particles, plant 

nutrients, and organic matter. 

High organic carbon indicates a high level of soil organic 

matter. Organic matter plays a crucial role in soil fertility 

[21]. Soil organic matter consists of complex organic 

compounds that are in the process of decomposition, 

including humus from humification and inorganic 

compounds from mineralization. 

Organic matter is a significant factor in determining the 

success of plant cultivation [22]. This is because organic 

matter can enhance the chemical, physical, and biological 

fertility of the soil. 

Soil pH 

The soil pH values in all three slope positions are 

classified as acidic. The lower slope position tends to 

provide a higher pH value (5.43) compared to the middle 

slope position (5.38) and the upper slope position (5.23). 

The extreme pH decreases microbial activity in the soil 

which in turn leads to decreased organic carbon 

decomposition, and nitrification [30]. The higher pH value 

in the lower slope position is suspected to be related to the 

high content of organic carbon in the lower slope. 

High organic carbon values indicate a high level of soil 

organic matter. Soil organic matter contains organic acids 

that can bind H+ ions, causing soil acidity, and 

consequently lowering the soil pH. Previous studies [31], 

[32] mentioned that organic acids can bind H+ ions through 

carboxyl groups with negative charges. 

Bayer et al [33] conducted a study on soil pH fluctuation 

and found that it is primarily influenced by the presence of 

H+ and OH- ions. They observed that an increase in H+ 

ions leads to a decrease in pH, making the soil more acidic. 

Conversely, an increase in OH- ions results in a rise in pH, 

making the soil more alkaline. Cookson et al [24] built 

upon this understanding by explaining the implications of 

soil pH on plant growth, particularly during the flowering 

stage. They noted that even under slightly acidic soil 

conditions, nutrients in the soil can still be effectively 

processed and taken up by plants. This means that plants 

are still able to absorb essential nutrients from the soil, 

despite the slight acidity. 

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at 

Difference Slope position (Lower Part, Middle 

Part, and Upper Part) 

Table 3 illustrates the yield of cocoa pods (Theobroma 

cacao L.) across various slope positions.  

Table 3.  Cocoa Fruit (Theobroma cacao L.) Performance at Difference Slope position (Lower Part, Middle Part, and Upper Part) 

Slope 

Position 

Average 

number of 

flowers (pistils) 

Average 

Fruit 

Length (cm) 

Average Fruit 

Diameter (cm) 

Average 

Number of 

Fruits (fruit) 

Average 

Fruit Wet 

Weight (g) 

Average 

Number of Fruit 

Seeds (seeds) 

Average Fruit 

Seed Wet 

Weight (g) 

P1 (Lower 

part) 

68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a 

P2 (Middle 

part) 

41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a 

P3 (Upper 

part) 

29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b 

Description Mean numbers 

followed by the 

same lowercase 

letter in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Mean numbers 

followed by the 

same lowercase 

letters in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

Mean numbers 

followed by the 

same lowercase 

letters in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

LSD 5% 10.75     2.34 41,3 

CV 8 5 6 9 11 6 7 

 



304 Performance of Cocoa Fruit (Theobroma cacao L.) at Different Slope Positions in a Wet Tropical Climate  

 

The position of the lower slope has a higher nutrient 

content so as to provide better performance of Cocoa 

(Theobroma cacao L.) fruit in terms of the number of 

flowers formed, fruit length, fruit diameter, number of 

fruits, fruit wet weight, number of seeds and wet weight of 

seeds. Plants can grow optimally if their nutrient needs are 

met. Nutrients N, P and K are nutrients that are needed by 

plants to grow and produce [34]. 

The availability of nutrients N, P and K which are macro 

nutrients is very important in supporting plant growth and 

development [35]. Nitrogen plays a role as a constituent of 

proteins, amino acids, nucleic acids, vitamins, and enzymes, 

chlorophyll factors in leaves, as the basic ingredients of 

DNA, RNA and all plant biological functions. Phosphorus 

has multiple functions in plants, including promoting cell 

division, forming albumin, aiding in flower and fruit 

formation, speeding up maturation, enhancing stem 

strength, supporting root development, facilitating 

carbohydrate metabolism, and boosting overall plant 

quality. Potassium acts as an activator of various enzymes 

in metabolic processes and spurs carbohydrate 

translocation from leaves to plant organs [36], root 

development, starch formation, and physiological 

processes. 

Average of Number of Flowers (Pistils) 

The analysis of variance results indicates a significant 

difference in the number of flowers across the three slope 

positions. The number of flowers is much higher on the 

lower slope position than on the middle and upper slope 

positions. During the generative phase, the blooming 

process is affected by the presence of phosphorus and 

potassium, whereas nitrogen is predominantly needed in 

the vegetative phase. The increased presence of phosphorus 

in the lower slope area boosts the growth of additional 

flowers in comparison to the middle and upper slopes. 

According to Chrysargyris et al [37], suggest that the 

growth and blooming of plants are strongly influenced by 

the presence of nutrients, particularly phosphorus (P). This 

essential element plays a crucial role in triggering the 

generative phase of plants, leading to the formation of 

flower primordia that eventually transform into flowers. 

phosphorus (P) plays a role in flower formation, and P 

deficiency can suppress the number of flowers and delay 

flowering initiation due to changing phytochrome balance 

[38]. 

The soil acidity level (pH) is also suspected to affect the 

flower formation process. The lower, middle, and upper 

slope positions fall into the acidic category but are still 

within the tolerance limits for plants to undergo the flower 

formation process. As stated by Jadeja and Hirpara [39], 

with acidic soil pH conditions, nutrients available in the 

soil can still be processed effectively by the soil and 

absorbed by plants during the flowering process. 

Average of Fruit Length (cm), Fruit Diameter (cm), and 

Fruit Number (Fruit) 

The analysis of variance results shows that the length of 

the fruit is not significantly different. This is suspected to 

be because the slope position does not affect the number of 

fruits since potassium is very high but not significant 

enough to directly cause a large quantity of cocoa fruits. 

The growth process of the number of fruits is certainly 

influenced by environmental, physiological, and genetic 

factors of the plant. According to Hapsari et al [40], the 

number of fruits is often observed as a measure of plant 

growth and as a parameter used to measure the influence of 

the environment or applied treatments. 

The lower slope position tends to produce longer fruits, 

wider fruit diameter, and a greater number of fruits. This is 

likely due to the higher phosphorus and potassium content 

in that area compared to the middle and upper slope 

positions. As a result, longer fruits, wider fruit diameter, 

and a greater number of fruits are encouraged to form. 

According to Gregory et al [41], a plant will not yield 

maximum results if the required nutrients are not available, 

and the availability of nutrients is one of the factors that can 

affect the yield of a plant. Tando [35] adds that N, P, and K 

nutrients are very important macronutrients for plant 

growth and development. Furthermore, Raihan [42] adds 

that phosphorus and potassium can increase the size of 

harvested fruits, seeds, and tubers. 

N, P, and K nutrients in corn plants will be translocated 

during the formation of cobs and seed filling, thus 

increasing the cob diameter [43]. The role of phosphorus 

nutrients in flower formation affects the formation and size 

of cobs because the cob is the development of the female 

flower [44]. According to Isnaeni [45], corn plants lacking 

N and P nutrients result in imperfect cob development. The 

size of the cob circumference, influences the yield because 

the larger the circumference, the higher the weight of the 

plant's fruits. 

Average of Fruit Wet Weight (g) 

The analysis of variance results indicates that there is no 

significant difference in wet weight. Nevertheless, it 

appears that fruits from the lower slope tend to be heavier 

than those from the middle and upper slopes. This could be 

because the lower slope position has more nutrients like N, 

P, and K, which contribute to the heavier fruit weight. 

Additionally, the weight of the fruit is also influenced by 

the process of transferring photosynthate products to the 

fruit. 

Rahni [46] highlights that when a plant's root system can 

absorb more nutrients from the soil, it helps the fruit grow 

bigger and heavier. This happens because more 

photosynthate is transported into the fruit. Another 

literature [47] suggests that weight is a way to gauge the 

progress and advancement of plants. This is because weight 

represents the buildup of organic substances that plants 

have effectively created. It serves as an indicator of a plant's 

overall health and can determine whether its growth and 

development are thriving or struggling. Additionally, 

weight is closely tied to the availability of nutrients, 

making it an important factor to consider. 
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The available N, P, and K elements in the soil play a role 

in stimulating the flowering process, and if the flowers 

undergo successful pollination, the fruit's growth will be 

maximized. The generative process is influenced by the 

number of leaves formed because the photosynthesis 

process that produces carbohydrates takes place in the 

leaves. Subsequently, the carbohydrates (C6H12O6) 

produced will be stored as food reserves. According to 

Sarminah et al [48], the photosynthates produced in leaves 

and other photosynthetic cells must be translocated to other 

organs or tissues to be utilized for growth or stored as food 

reserves. 

Parveen et al [49] add that the primary role of potassium 

in plants is as an activator for various enzymes involved in 

metabolic processes and promotes the translocation of 

carbohydrates from leaves to plant organs. Meanwhile, 

phosphorus plays a role in the growth and yield of plants 

[27]. Nitrogen, as mentioned by previous studies [3], [50], 

is essential for vegetative growth, carbohydrate formation, 

protein, fat, and other organic compounds. 

Soil acidity (pH) also affects crop yield because of its 

relationship with nutrient availability. Anita-Sari & Wahyu 

[51] state that soil pH plays a crucial role in maintaining 

the balance of nutrients and soil fertility. The optimal 

condition for plants is when soil pH is neutral because 

nearly all nutrients are available for plants, thereby 

supporting optimal production. 

Average of Number of Seeds Per Fruit (Seeds) and Wet 

Weight of Seeds Per Fruit (g) 

The results show a clear difference in seed count per fruit, 

with the bottom slope having the highest number compared 

to the middle and upper slopes. This is likely due to the 

bottom slope's higher levels of nutrients like N, P, and K. 

The availability of N, P, and K nutrients influences the 

formation of fruit and seeds, as stated by Raihan [42] 

indicating that N, P, and K have an impact on the size and 

quantity of fruits and seeds produced, Hapsari et al [40] add 

that fruit length indicates seed density and is closely related 

to the number of seeds per fruit, with a tendency for larger 

fruits to produce more seeds. Sharar et al [52] state that the 

number and weight of seeds increase with the availability 

of specific nutrients. 

The length and circumference of the cobs affect the yield, 

as a larger circumference corresponds to a higher fruit 

weight. Hapsari et al [40] state that longer fruits tend to 

yield higher results because they indicate a higher number 

of seeds. The availability of nutrients is closely related to 

the seed-filling process [40]. Nutrient uptake accumulated 

in the leaves will be transformed into protein and play a 

role in the seed formation process. The accumulation of 

metabolized materials during seed formation will increase, 

resulting in seeds with maximum size and weight. The 

metabolic process runs optimally when the nutrient 

requirements are met. 

Soil acidity (pH) also influences the number of seeds 

produced. The availability of N, P, and K nutrients in the 

soil can be decomposed and absorbed by plants effectively 

due to the support of higher soil pH. The bottom slope 

position tends to have higher soil pH because organic 

materials and water flow to the slope below it [20]. With 

these soil pH values, the availability of macro-nutrients is 

possible to be easily absorbed, even if their availability is 

low. 

Ruseani et al [53] state that nitrogen is required in small 

amounts for the formation of cocoa fruit seeds compared to 

macro-nutrients. The largest amount of nitrogen is needed 

during the generative phase because nitrogen plays a 

crucial role in the growth and development of plants [54]. 

Phosphorus is involved in many important processes in 

plants. It helps with photosynthesis, which is how plants 

make food using sunlight. It also plays a role in respiration, 

which is how plants release energy from food. Phosphorus 

is important for transferring and storing energy in plants. It 

is also needed for cell division and enlargement, which 

helps plants grow. Phosphorus improves the quality of 

fruits, vegetables, grains, and seeds. It is involved in the 

formation of genetic traits and helps roots develop and 

seeds germinate faster. Phosphorus also helps plants use 

water more efficiently and makes them more resistant to 

diseases [49, 50]. 

3.3. Climatic Conditions and Cocoa Fruit Performance 

(Theobroma cacao L.) at the Lower Slope, Middle 

Slope, and Upper Slope Positions 

Table 4 displays the impact of climatic conditions on the 

performance of cocoa fruit at different slope. 

Table 4.  Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper 
Slope Positions 

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%) 

2013 27.40 80.00 237.80 54 

2014 27.70 80.00 210.20 51 

2015 27.80 80.00 174.80 51 

2016 27.70 78.98 156.22 46,33 

2017 27.80 81.30 213.90 39,26 
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Table 5.  Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017 

Model R R Square 
Adjusted R 

Square 

Std. Error of the 

Estimate 

Change Statistics 

R Square 

Change 
F Change df1 df2 

Sig. 

F Change 

1 .343a .117 .050 104.78102 .033 1.730 107.4779 54.4657 .211 

Model summarya 

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation 

b. Dependent Variable: performance of cocoa fruits 

As in correlation test results in Table 5, we can observe 

a positive correlation (0.343) between cacao fruit 

performance and climatic factors (as shown in Table 1 

criteria), even though it is not statistically significant with 

a sig value of 0.211 higher than 0.050. 

The positive correlation test results between cocoa fruit 

performance and climate factors truly indicate the 

existence of an interaction between climate, soil, and plants 

that are very important and mutually influential. 

Information on the suitability of climate and soil factors for 

perennial plants is crucial to know. The general 

requirements of climate and soil factors for perennial plants 

usually involve a range of annual rainfall from 500 to 3000 

mm, monthly air temperatures of 15-34°C, monthly 

relative humidity of 70-90%, and pH of 4.0-8.5 [19]. 

The characteristics and types of climate can determine 

the types and production of plants that can grow well in a 

region, so climatology studies in agriculture are very 

necessary [11], [12]. Several climate elements that affect 

plant growth are rainfall, temperature, humidity, sunlight, 

and evapotranspiration [55]. 

Cocoa (Theobroma cacao L.) grows optimally in 

tropical forest regions [56], especially at latitudes 10°N to 

10°S, altitudes of 0-600 meters above sea level, annual 

rainfall of 1500-2500 mm, minimum temperatures of 18-

21°C and maximum temperatures of 30-32°C, with the 

desired average annual temperature of 25-27°C, air 

humidity of 80%, sunlight between 50-70%, slope below 

45 degrees, soil texture of sandy clay, clay sandy, and 

sandy clay, and pH of 6.0-7.5. 

East Kalimantan has a wet tropical climate, with daily 

sunlight ranging from 40-80% (sky always cloudy), daily 

air temperatures between 26-27°C (range between 20-

32°C), daily air humidity about 80%, and annual rainfall 

ranging from 2,000-4,000 mm [57]. Considering these 

climate conditions, cocoa plants (Theobroma cacao L.) are 

suitable for cultivation in East Kalimantan because they 

have growing requirements that are in line with the climatic 

characteristics of the region. 

This is done so that even though soil conditions 

experience changes due to climatic influences, the changes 

will be as minimal as possible and will not cause significant 

losses to human life and the environment [20]. Generally, 

the growth of plants is influenced by soil temperature and 

humidity. Kramer [58] suggests that the temperature of the 

soil can be affected by the quantity of solar radiation that is 

absorbed by the surface of the soil. During the day, the soil 

temperature varies greatly from the temperature at night. 

When the sun heats up the soil surface, the air nearby also 

becomes hot. However, as night falls, the soil temperature 

drops significantly [59]. 

Kramer [58] found that soil temperature affects water 

absorption by plants. Higher soil temperatures lead to faster 

water uptake by plant roots due to increased metabolic 

activities and faster evaporation. Warm soils also have 

lower viscosity and surface tension, making water flow 

more easily through the soil pores. A sudden decrease in 

soil temperature can lead to plant wilting because the roots 

absorb less water when the temperature is low. The depth 

of the soil determines the variations in soil temperature. 

Soil moisture levels are constantly changing due to 

evaporation from the surface of the soil, transpiration, and 

percolation. Soil moisture is crucial for the government to 

gather data on various aspects like potential surface flow 

and flood control, soil erosion failure and slope, water 

resource management, geotechnics, and water quality [60]. 

Soil moisture is crucial for plant growth and is 

influenced by factors such as rainfall, soil composition, and 

evapotranspiration [19]. Rainfall replenishes soil water 

content, with higher rainfall leading to higher soil moisture 

levels. Different soil types have varying water-holding 

capacities, affecting their ability to retain moisture. 

Evapotranspiration, the combined process of evaporation 

and transpiration, impacts soil moisture levels, with higher 

rates leading to increased water loss from the soil. Soil 

moisture is essential for plant growth as it determines the 

availability of water for plants. 

4. Conclusions 

In conclusion, the availability of nutrients in the lower, 

middle and upper slope positions shows levels of nitrogen 

(low), phosphorus (very low to low), potassium (medium 

to very high), organic carbon (low to medium), and pH 

(acidic). The performance of cocoa fruits (Theobroma 

cacao L.) at different slope positions showed significant 

differences in the number of flowers, number of seed and 

wet weight of seed per fruit. Meanwhile, fruit length, fruit 

diameter, number and wet weight of fruit were not 

significantly different. The lower slope position provides 

the best cocoa fruit (Theobroma cacao L.) performance. 
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The climate and soil conditions in East Kalimantan were 

identified as suitable for cocoa cultivation, characterized by 

an average temperature of 26-27°C, annual rainfall of 

<2000-4000 mm, relative humidity of 80%, and sunshine 

duration of 40-80%. 
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Abstract  This research aims to determine the soil 

chemical properties (N, P, K, pH, organic C) at different 

slope positions, assess the performance of cocoa fruit 

(Theobroma cacao L.) at different slope positions, and 

understand the relationship between climate components 

and the performance of cocoa fruit (Theobroma cacao L.) 

in a wet tropical land. The study was conducted for three 

months (October to December 2017) in Karangan Hilir 

Village, Karangan District, East Kutai Regency. The 

research employed a Randomized Complete Block Design 

(RCBD) with slope position (P) as the treatment, consisting 

of three slope positions: P1 (lower slope), P2 (middle 

slope), and P3 (upper slope). Each treatment was replicated 

five times. Observed variables included flower count, fruit 

count, fruit length, fruit diameter, wet fruit weight, seed 

count, and wet seed weight. Data were analyzed using 

Analysis of Variance (ANOVA), and mean separation was 

performed using the Least Significant Difference (LSD) 

test at the 5% significance level. The results indicated 

significant differences in slope positions for observed 

parameters such as flower count and seed count, while fruit 

count, wet fruit weight, and wet seed weight showed non-

significant differences. Correlation analysis revealed a 

positive correlation (0.343) between cocoa fruit 

performance and climatic factors, although it was not 

statistically significant with a p-value of 0.211, greater than 

0.050.  

Keywords  Performance, Cocoa Fruit, Slope Position, 

Climate, Land, Wet Tropics 

 

1. Introduction 

The significant increase in population in developing 

countries, including Indonesia, has led to a growing 

demand for food and agricultural land. Concurrently, the 

progress in development has resulted in competition for 

land use, prompting farmers to utilize sloping dry lands for 

agriculture without adequate soil conservation measures. 

This situation renders the land vulnerable to erosion and 

degradation, ultimately turning it into critical land. 

The development of the agriculture, plantation, and 

forestry sectors aims to improve the welfare of the 

community by increasing income while adhering to three 

principles: ecological sustainability, economic productivity 

and profitability, and social acceptability. Food, energy, 

environmental, and biodiversity crises collectively pose 

major challenges in the management of natural resources in 

Indonesia. An alternative strategy to enhance crop 

production potential, meet market demands, and 

simultaneously engage in conservation is the utilization of 

sub-optimal land, which holds considerable potential for 

the cultivation of crops such as cocoa and other 

commodities. 

Cocoa plants (Theobroma cacao L.) are one of the 

significant agricultural productions that play a crucial role 

in realizing agricultural development programs, 

particularly in providing employment opportunities, 

improving the welfare of farmers, and increasing the 

country's foreign exchange [1]. 

Cocoa cultivation in Indonesia is largely carried out in 

smallholder plantations in villages scattered across almost 



 
 

the entire country. Common issues faced include limited 

cultivated land, damage caused by pests and diseases, 

insufficient attention to nutrient needs, and seed quality [2]. 

Therefore, the involvement of various stakeholders is 

crucial to help address these challenges. 

The use of land that neglects soil conservation will 

impact the decline in land productivity, subsequently 

leading to land degradation. Land use systems can be 

modified according to models, especially in the selection of 

economically valuable perennial crops, which can enhance 

land productivity and reduce soil erosion rates [3]. 

According to previous research [4], the increasingly 

steep slope conditions result in the influence of gravity and 

the movement of detached organic materials down the 

slope, affecting soil fertility levels. Therefore, cultivation 

practices need to be considered to ensure optimal cocoa 

fruit performance, particularly addressing environmental 

factors such as slope steepness that influence plant growth 

and development. 

The increase in slope and rainfall intensity directly 

impacts runoff rate. Steeper slopes and higher rainfall 

intensity result in faster water flow and increased runoff. 

This can lead to a significant increase in runoff rate, 

ranging from 20% to 90% [5]. Steep and long slopes are 

more prone to soil erosion as they provide less resistance to 

water flow and allow for greater distance for erosion. Soil 

texture, specifically the proportion of sand, silt, and clay 

particles, also plays a crucial role in soil erosion. Soils with 

more sand particles allow for easier water infiltration and 

less erosion, while soils with more clay particles make 

infiltration harder and increase erosion likelihood.  

Various activities related to plant growth, whether in 

agriculture, plantation, or forestry, greatly require basic 

climate data. According [6], climate greatly affects plant 

growth and production, as supported by plant ecology 

research. This connection is seen through three main 

aspects: agronomy, physiology, and agroclimatology. 

Having knowledge about how different plant types, 

climatic elements, and soil properties work together is 

crucial for ensuring the successful growth of a specific crop. 

Previous studies [7] state that  the development of 

commodities in a region based on climate type, regional 

form, and soil,  is expected to enhance agricultural 

efficiency and stimulate the local economy. Another 

potential factor in plantation development is the 

agroecosystem conditions, including geographical 

conditions, sunlight exposure, rainfall intensity, and soil 

diversity, which are highly supportive and have potential 

for the development of plantation commodities [8]. 

Plantation commodities can be harvested several times 

before experiencing a decline in yield and becoming 

economically unproductive. There are also other plantation 

crop products that are cultivated on a small and less 

intensive scale but are collected and processed as plantation 

products [9], [10]. 

The outcome of a specific plant species is greatly 

influenced by the interaction of genetic factors and 

environmental factors. These environmental factors 

include soil type, topography, crop management, climate 

patterns, and technology [11], [13]. Different soil elements 

impact plant growth significantly, including composition, 

arrangement, and depth. Soil pH usually has an indirect 

impact on plant growth as it affects the solubility of ions 

and the activity of microorganisms [14]. The main limiting 

factors for both rainfed crops and perennial crops are 

topography, effective soil depth, surface rocks, and soil 

erosion [15].  

According to a previous study [16], various factors can 

lead to low productivity or a decline in crop yields. These 

factors include a decrease in soil fertility, rapid changes in 

the agro-climate, and improper soil management that does 

not adhere to soil conservation rules. Consequently, the soil 

quality deteriorates due to extensive erosion and nutrient 

loss caused by the washing process that infiltrates the 

ground. 

In addition to soil factors, climate is another crucial 

determinant of plant growth [17], [18]. Soil conditions are 

significantly influenced by rainfall, temperature, and 

humidity. This influence can be advantageous, but at times 

it can also be detrimental. Unlike soil factors that have been 

extensively studied and understood, weather and climate 

are among the most challenging variables to control in food 

[7]. Information regarding the compatibility between 

annual plants, climate, and soil becomes a crucial element 

in enhancing the success of planting programs. The 

compatibility between climate, soil components, and the 

planted crop type significantly determines the success of 

planting activities.  

The study seeks to uncover the soil chemical properties 

(N, P, K, pH, organic C) at different slope positions, 

evaluate the growth of cocoa fruit (Theobroma cacao L.) at 

different slope positions, and determine the correlation 

between climate factors and the growth of cocoa fruit 

(Theobroma cacao L.) in a humid tropical environment. 

2. Materials and Methods 

2.1. Time and Place of Research 

The study took place between June and December 2017, 

with the research site being Karangan Hilir Village in 

Karangan District, East Kutai Regency, East Kalimantan 

Province, Indonesia. 

2.2. Research Tools and Materials 

The tools used include a machete, calipers, scale, raffia 

rope, scissors, wheelbarrow, camera, clinometer, writing 

tools, and laboratory equipment for analyzing soil chemical 

properties. Meanwhile, the materials used are 13-year-old 

Sulawesi 1 cocoa plants, sacks, label paper, plastic bags, 

soil samples, and chemicals for soil chemical property 

analysis. 



 
 

2.3. Research Design 

This research is a single factor, namely slope position (P) 

which is designed following a Randomized Complete 

Block Design (RCBD) consisting of three positions slope: 

p1 = Lower Slope, p2 = Middle Slope, and p3 = Upper 

Slope. Each position was replicated five times. 

2.4. Research Procedure 

2.4.1. Determining Slope Steepness and Slope Positions 

The slope steepness was determined using a clinometer 

(%) tool, and areas with a slope steepness of 10-25% 

(Moderately Steep) were selected. The slope positions were 

determined based on a land size of 225 m X 75 m, then 

divided into three slope positions (Lower, Middle, and 

Upper), with each area measuring 75 m X 75 m. 

2.4.2. Determining Age and Sampled Plants 

Cocoa plants (Theobroma cacao L.) were identified as 

13 years old, Sulawesi I variety, with the criteria of tree 

height being 2 meters and branch length being 2 meters. 

There were 9 rows of trees for each slope position with 5 

replications. 

2.4.3. Soil Sampling 

Eight points were sampled at each slope position with a 

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was 

taken as a composite soil sample. Subsequently, the soil 

samples were analyzed for N, P, K, Organic C, and pH at 

the Chemistry and Soil Fertility Laboratory, Faculty of 

Agriculture, Mulawarman University. 

2.4.4. Secondary Data 

Secondary data on climate components from 2013-2017, 

including air temperature, air humidity, rainfall, and 

sunlight, were obtained from the Meteorology, 

Climatology, and Geophysics Station at APT Pranoto 

Samarinda Airport. 

2.5. Observation Variables 

2.5.1. Number of Flowers per Tree (pistils) 

The total number of cocoa flowers was determined by 

counting the flowers on each tree. We sampled 45 trees 

from each slope position to calculate the average number 

of flowers. The flower count was done in single 

observation. 

2.5.2. Number of Fruits per Tree (fruit) 

The total count of cocoa fruits was determined by 

tallying the number of fruits on each tree, with 45 trees 

sampled from every slope position. The calculation of the 

fruit count was carried out in a single observation. 

2.5.3. Fruit Length (cm) 

The average fruit length was calculated by measuring the 

distance from the bottom to the top of the fruit using a ruler, 

with a total of 45 trees sampled from each elevation level. 

The fruit length calculation was performed in a single 

observation. 

2.5.4. Fruit Diameter (cm) 

The average fruit diameter was determined by measuring 

the circumference of the fruit with calipers at the widest 

part of the fruit, with 45 sampled trees. The fruit diameter 

calculation was conducted in a single observation. 

2.5.5. Wet Fruit Weight (g) 

The average wet weight of fruits was obtained by 

weighing harvested fruits with yellow skin using a scale, 

with 45 sampled trees from each slope position. The wet 

fruit weight calculation was performed in a single 

observation. 

2.5.6. Number of Seed per Fruit (seeds) 

The number of seeds in each cocoa fruit was calculated 

by counting the harvested seeds from 45 trees at different 

slope positions. The seed count calculation was conducted 

in a single observation. 

2.5.7. Wet Weight of Seeds per Fruit (g) 

The average wet weight of cocoa seeds per fruit was 

determined by weighing the harvested seeds from 45 

sampled trees at each slope position. The calculation of the 

wet weight of seeds was performed in a single observation. 

2.8. Data Analysis 

The obtained primary data were subjected to variance 

analysis for analysis. In the event that the effect is found to 

be significant, a comparison between the means of the two 

treatments is carried out using the Least Significant 

Difference (LSD) test at a significance level of 5%. 

Secondary data in the form of data on climatic factors 

related to cocoa fruit performance were tested by 

correlation test using SPSS. Furthermore, the data were 

interpreted with the correlation coefficient as shown in 

Table 1. 

Table 1.  coefficient correlation 

Coefficient interval Level of relationship 

0.00 to 0.19 

0.20 to 0.39 

0.40 to 0.59 

0.60 to 0.79 

0.80 to 1.00 

Very weak 

Weak 

Moderate 

Strong 

Very strong 

3. Results and Discussion 

3.1. Availability of Nutrients N, P, K, Organic C, and 

Soil pH in each slope 

Table 2 presents the analysis results for N, P, K, organic 

C, and pH availability at different slope positions.





 
 

Table 2.  Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions 

Slope Position 
Soil Chemical 

Parameters 
Soil Chemical Values Unit Status Soil Chemical Status 

P1 (Lower Part) 

N Total 0,20 % Low 

P 10,64 ppm Low 

K 104,61 ppm Very High 

pH 5,43 - Acidic 

Organic C 2,12  Moderate 

P2 (Middle Part) 

N Total 0,15 % Low 

P 3,95 ppm Very Low 

K 67,38 ppm Very High 

pH 5,38 - Acidic 

Organic C 1,74  Low 

P3 (Upper Part) 

N Total 0,11 % Low 

P 1,72 ppm Very Low 

K 35,46 ppm Moderate 

pH 5,23 - Acidic 

Organic C 1,61  Low 

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University (2017) 

Soil chemical analysis reveals that the lower slope 

outperforms the middle and upper slopes. This is due to 

leaching, surface runoff, and soil erosion, which transport 

soluble nutrients along with soil particles and organic 

matter. As stated by previous research [19], [20], nutrient 

loss due to leaching results in the movement of nutrients 

downward to the root zone and the lower slope position. 

Meanwhile, organic matter significantly influences soil 

fertility [21], indeed organic matter is crucial for successful 

plant cultivation. [22]. Organic matter has the ability to 

improve the soil's chemical, physical, and biological 

fertility. 

The process of decomposing organic matter on land 

without tillage and maximum tillage will release organic 

acids, causing the soil to become slightly acidic compared 

to minimum tillage techniques [23]. 

Nitrogen (N) Content 

The nitrogen (N) chemical status of the three slope 

positions is classified as low. However, there is a tendency 

for the highest N content to be found in the lower slope 

position at 0.20%, followed by the middle slope position at 

0.15%, and the lowest in the upper slope position at 0.11%. 

This condition is closely related to the high content of 

organic carbon (C-organic) in the lower slope position. 

Meanwhile, the soil N content is directly proportional to its 

organic matter content [24].  

Nitrogen is an essential nutrient used in large quantities 

by all forms of life. It is grouped into organic nitrogen and 

inorganic nitrogen, but the majority of nitrogen in the soil 

is in organic form [20]. The reduction or loss of nitrogen 

from the soil occurs not only through leaching by rainwater 

(in the form of NO3
-) but also due to utilization by plants 

and microorganisms [25]. 

Phosphorus (P) Content 

The lower slope position has a phosphorus (P) content of 

10.64 ppm (low), which is higher than the middle slope 

position with 3.95 ppm (very low) and the upper slope 

position with 1.72 ppm (very low). The high available P 

content in the lower slope is suspected to be due to the 

transport of soil nutrients from the upper and middle slope 

positions, along with water during rainfall. 

Meanwhile, the low phosphorus (P) content in the upper 

and middle slope positions is suspected to be due to the 

presence of a relatively high clay fraction. [26] states that 

factors influencing P retention in the soil include clay 

content. The retention capacity of phosphate increases with 

the increasing clay fraction in the soil. Kaolinite clay 

minerals tend to adsorb more P compared to 

montmorillonite clay minerals [27]. This is because 

kaolinite clay minerals have a larger number of open OH 

groups in the Al layer, which can be exchanged with P. 

Potassium (K) Content 

The soil potassium (K) content in the lower slope 

position, middle slope position, and upper slope position is 

respectively 104.61 ppm (very high), 67.38 ppm (very 

high), and 35.46 ppm (moderate). The lower slope position 

has a higher K content compared to the middle and upper 

slope positions. This is suspected to be due to water flowing 

from the upper and middle slopes during rainfall, leading 

to the accumulation of water carrying nutrients on the lower 

slope. The loss of K from the soil occurs through leaching 

towards groundwater, surface runoff, and soil erosion that 

carries soluble K along with soil particles and organic 

matter [28]. 

[29], state that K loss through leaching occurs due to 

continuous high-dose K application surpassing the plant's 

uptake and the soil's K retention capacity, resulting in the 

movement of K downward to the root zone [20]. 

Organic C content 

The organic carbon content of the soil in the lower slope 



   
 

position is 2.12% (moderate), which is higher compared to 

the middle slope position at 1.74% (low) and the upper 

slope position at 1.21% (low). The elevated organic carbon 

content in the lower slope position is suspected because it 

serves as a deposition site for materials resulting from the 

erosion process from the middle and upper slope positions, 

including soil particles, nutrient elements, and organic 

matter. According to [19], erosion caused by water leads to 

the transport of soil particles, plant nutrients, and organic 

matter. 

High organic carbon indicates a high level of soil organic 

matter. Organic matter plays a crucial role in soil fertility 

[21]. Soil organic matter consists of complex organic 

compounds that are in the process of decomposition, 

including humus from humification and inorganic 

compounds from mineralization. 

Organic matter is a significant factor in determining the 

success of plant cultivation [22]. This is because organic 

matter can enhance the chemical, physical, and biological 

fertility of the soil. 

Soil pH 

The soil pH values in all three slope positions are 

classified as acidic. The lower slope position tends to 

provide a higher pH value (5.43) compared to the middle 

slope position (5.38) and the upper slope position (5.23). 

The extreme pH decreases microbial activity in the soil 

which in turn leads to decreased organic carbon 

decomposition, and nitrification [30]. The higher pH value 

in the lower slope position is suspected to be related to the 

high content of organic carbon in the lower slope. 

High organic carbon values indicate a high level of soil 

organic matter. Soil organic matter contains organic acids 

that can bind H+ ions, causing soil acidity, and 

consequently lowering the soil pH. Previous studies [31], 

[32] mentioned that organic acids can bind H+ ions through 

carboxyl groups with negative charges. 

[33] conducted a study on soil pH fluctuation and found 

that it is primarily influenced by the presence of H+ and 

OH- ions. They observed that an increase in H+ ions leads 

to a decrease in pH, making the soil more acidic. 

Conversely, an increase in OH- ions results in a rise in pH, 

making the soil more alkaline. [24] built upon this 

understanding by explaining the implications of soil pH on 

plant growth, particularly during the flowering stage. He 

noted that even under slightly acidic soil conditions, 

nutrients in the soil can still be effectively processed and 

taken up by plants. This means that plants are still able to 

absorb essential nutrients from the soil, despite the slight 

acidity. 

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at 

Diference Slope position (Lower Part, Middle 

Part, and Upper Part) 

Table 3 illustrates the yield of cocoa pods (Theobroma 

cacao L.) across various slope positions.  

Table 3.  Cocoa Fruit (Theobroma cacao L.) Performance at Diference Slope position (Lower Part, Middle Part, and Upper Part) 

Slope 

Position 

Average 

number of 

flowers (pistils) 

Average 

Fruit 

Length (cm) 

Average Fruit 

Diameter (cm) 

Average 

Number of 

Fruits (fruit) 

Average 

Fruit Wet 

Weight (g) 

Average 

Number of Fruit 

Seeds (seeds) 

Average Fruit 

Seed Wet 

Weight (g) 

P1 (Lower 

part) 
68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a 

P2 (Middle 

part) 
41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a 

P3 (Upper 

part) 
29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b 

Description 

Mean numbers 

followed by the 

same lowercase 

letter in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Not 

significantly 

different 

Mean numbers 

followed by the 

same lowercase 

letters in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

Mean numbers 

followed by the 

same lowercase 

letters in the 

same column 

indicate the 

results are not 

significantly 

different in the 

5% LSD test. 

LSD 5% 10.75     2.34 41,3 

CV 8 5 6 9 11 6 7 

 

The position of the lower slope has a higher nutrient 

content so as to provide better performance of Cocoa 

(Theobroma cacao L.) fruit in terms of the number of 

flowers formed, fruit length, fruit diameter, number of 

fruits, fruit wet weight, number of seeds and wet weight of 

seeds. Plants can grow optimally if their nutrient needs are 

met. Nutrients N, P and K are nutrients that are needed by 

plants to grow and produce [34].  

The availability of nutrients N, P and K which are macro 

nutrients is very important in supporting plant growth and 

development [35]. Nitrogen plays a role as a constituent of 

proteins, amino acids, nucleic acids, vitamins, and enzymes, 

chlorophyll factors in leaves, as the basic ingredients of 

DNA, RNA and  all plant biological functions. 



   
 

Phosphorus has multiple functions in plants, including 

promoting cell division, forming albumin, aiding in flower 

and fruit formation, speeding up maturation, enhancing 

stem strength, supporting root development, facilitating 

carbohydrate metabolism, and boosting overall plant 

quality. Potassium acts as an activator of various enzymes 

in metabolic processes and spurs carbohydrate 

translocation from leaves to plant organs [36], root 

development, starch formation, and physiological 

processes. 

Average of Number of Flowers (pistils) 

The analysis of variance results indicates a significant 

difference in the number of flowers across the three slope 

positions. The number of flowers is much higher on the 

lower slope position than on the middle and upper slope 

positions. During the generative phase, the blooming 

process is affected by the presence of phosphorus and 

potassium, whereas nitrogen is predominantly needed in 

the vegetative phase. The increased presence of phosphorus 

in the lower slope area boosts the growth of additional 

flowers in comparison to the middle and upper slopes. 

According to [37], suggest that the growth and blooming of 

plants are strongly influenced by the presence of nutrients, 

particularly phosphorus (P). This essential element plays a 

crucial role in triggering the generative phase of plants, 

leading to the formation of flower primordia that eventually 

transform into flowers. phosphorus (P) plays a role in 

flower formation, and P deficiency can suppress the 

number of flowers and delay flowering initiation due to 

changing phytochrome balance [38]. 

The soil acidity level (pH) is also suspected to affect the 

flower formation process. The lower, middle, and upper 

slope positions fall into the acidic category but are still 

within the tolerance limits for plants to undergo the flower 

formation process. As stated by Jadeja & Hirpara [39], with 

acidic soil pH conditions, nutrients available in the soil can 

still be processed effectively by the soil and absorbed by 

plants during the flowering process. 

Average of Fruit Length (cm), Fruit Diameter (cm), 

and Fruit Number (fruit) 

The analysis of variance results shows that the length of 

the fruit is not significantly different. This is suspected to 

be because the slope position does not affect the number of 

fruits since potassium is very high but not significant 

enough to directly cause a large quantity of cocoa fruits. 

The growth process of the number of fruits is certainly 

influenced by environmental, physiological, and genetic 

factors of the plant. According to [40], the number of fruits 

is often observed as a measure of plant growth and as a 

parameter used to measure the influence of the 

environment or applied treatments. 

The lower slope position tends to produce longer fruits, 

wider fruit diameter, and a greater number of fruits. This is 

likely due to the higher phosphorus and potassium content 

in that area compared to the middle and upper slope 

positions. As a result, longer fruits, wider fruit diameter, 

and a greater number of fruits are encouraged to form. 

According to [41], a plant will not yield maximum 

results if the required nutrients are not available, and the 

availability of nutrients is one of the factors that can affect 

the yield of a plant. Tando [35] adds that N, P, and K 

nutrients are very important macronutrients for plant 

growth and development. Furthermore, Raihan [42] adds 

that phosphorus and potassium can increase the size of 

harvested fruits, seeds, and tubers. 

N, P, and K nutrients in corn plants will be translocated 

during the formation of cobs and seed filling, thus 

increasing the cob diameter [43]. The role of phosphorus 

nutrients in flower formation affects the formation and size 

of cobs because the cob is the development of the female 

flower [44]. According to Isnaeni [45], corn plants lacking 

N and P nutrients result in imperfect cob development. The 

size of the cob circumference, influences the yield because 

the larger the circumference, the higher the weight of the 

plant's fruits. 

Average of Fruit Wet Weight (g) 

The analysis of variance results indicates that there is no 

significant difference in wet weight. Nevertheless, it 

appears that fruits from the lower slope tend to be heavier 

than those from the middle and upper slopes. This could be 

because the lower slope position has more nutrients like N, 

P, and K, which contribute to the heavier fruit weight. 

Additionally, the weight of the fruit is also influenced by 

the process of transferring photosynthate products to the 

fruit. 

Rahni [46] highlights that when a plant's root system can 

absorb more nutrients from the soil, it helps the fruit grow 

bigger and heavier. This happens because more 

photosynthate is transported into the fruit. Another 

literature [47] suggests that weight is a way to gauge the 

progress and advancement of plants. This is because weight 

represents the buildup of organic substances that plants 

have effectively created. It serves as an indicator of a plant's 

overall health and can determine whether its growth and 

development are thriving or struggling. Additionally, 

weight is closely tied to the availability of nutrients, 

making it an important factor to consider. 

The available N, P, and K elements in the soil play a role 

in stimulating the flowering process, and if the flowers 

undergo successful pollination, the fruit's growth will be 

maximized. The generative process is influenced by the 

number of leaves formed because the photosynthesis 

process that produces carbohydrates takes place in the 

leaves. Subsequently, the carbohydrates (C6H12O6) 

produced will be stored as food reserves. According to [48], 

the photosynthates produced in leaves and other 

photosynthetic cells must be translocated to other organs or 

tissues to be utilized for growth or stored as food reserves. 

Parveen et al. [49] add that the primary role of potassium 

in plants is as an activator for various enzymes involved in 



   
 

metabolic processes and promotes the translocation of 

carbohydrates from leaves to plant organs. Meanwhile, 

phosphorus plays a role in the growth and yield of plants 

[27]. Nitrogen, as mentioned by previous studies [3], [50], 

is essential for vegetative growth, carbohydrate formation, 

protein, fat, and other organic compounds. 

Soil acidity (pH) also affects crop yield because of its 

relationship with nutrient availability. [51] state that soil 

pH plays a crucial role in maintaining the balance of 

nutrients and soil fertility. The optimal condition for plants 

is when soil pH is neutral because nearly all nutrients are 

available for plants, thereby supporting optimal production. 

Average of Number of seeds per fruit (seeds) and wet 

weight of seeds per fruit (g) 

The results show a clear difference in seed count per fruit, 

with the bottom slope having the highest number compared 

to the middle and upper slopes. This is likely due to the 

bottom slope's higher levels of nutrients like N, P, and K. 

The availability of N, P, and K nutrients influences the 

formation of fruit and seeds, as stated by Raihan [42] 

indicating that N, P, and K have an impact on the size and 

quantity of fruits and seeds produced. Hapsari et al [40] add 

that fruit length indicates seed density and is closely related 

to the number of seeds per fruit, with a tendency for larger 

fruits to produce more seeds. Sharar et al. [52] state that the 

number and weight of seeds increase with the availability 

of specific nutrients. 

The length and circumference of the cobs affect the yield, 

as a larger circumference corresponds to a higher fruit 

weight. [40] state that longer fruits tend to yield higher 

results because they indicate a higher number of seeds. The 

availability of nutrients is closely related to the seed-filling 

process [40]. Nutrient uptake accumulated in the leaves 

will be transformed into protein and play a role in the seed 

formation process. The accumulation of metabolized 

materials during seed formation will increase, resulting in 

seeds with maximum size and weight. The metabolic 

process runs optimally when the nutrient requirements are 

met. 

Soil acidity (pH) also influences the number of seeds 

produced. The availability of N, P, and K nutrients in the 

soil can be decomposed and absorbed by plants effectively 

due to the support of higher soil pH. The bottom slope 

position tends to have higher soil pH because organic 

materials and water flow to the slope below it [20]. With 

these soil pH values, the availability of macro-nutrients is 

possible to be easily absorbed, even if their availability is 

low. 

[53] state that nitrogen is required in small amounts for 

the formation of cocoa fruit seeds compared to macro-

nutrients. The largest amount of nitrogen is needed during 

the generative phase because nitrogen plays a crucial role 

in the growth and development of plants [54]. 

Phosphorus is involved in many important processes in 

plants. It helps with photosynthesis, which is how plants 

make food using sunlight. It also plays a role in respiration, 

which is how plants release energy from food. Phosphorus 

is important for transferring and storing energy in plants. It 

is also needed for cell division and enlargement, which 

helps plants grow. Phosphorus improves the quality of 

fruits, vegetables, grains, and seeds. It is involved in the 

formation of genetic traits and helps roots develop and 

seeds germinate faster. Phosphorus also helps plants use 

water more efficiently and makes them more resistant to 

diseases [49; 50]. 

3.3. Climatic Conditions and Cocoa Fruit Performance 

(Theobroma cacao L.) at the Lower Slope, Middle 

Slope, and Upper Slope Positions 

Table 4 displays the impact of climatic conditions on the 

performance of cocoa fruit at different slope

 

Table 4.  Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper 
Slope Positions 

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%) 

2013 27.40 80.00 237.80 54 

2014 27.70 80.00 210.20 51 

2015 27.80 80.00 174.80 51 

2016 27.70 78.98 156.22 46,33 

2017 27.80 81.30 213.90 39,26 

Table 5.  Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017 

Model R R Square 
Adjusted R 

Square 

Std.Error of the 

Estimate 

Change Statistics 

R Square Change F Change df1 df2 
Sig. 

F Change 

1 .343a .117 .050 104.78102 .033 1.730 107.4779 54.4657 .211 

Model summarya 



   
 

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation 

b. Dependent Variable: performance of cocoa fruits 

 

As in correlation test results in Table 5, we can observe 

a positive correlation (0.343) between cacao fruit 

performance and climatic factors (as shown in Table 1 

criteria), even though it is not statistically significant with 

a sig value of 0.211 higher than 0.050.  

The positive correlation test results between cocoa fruit 

performance and climate factors truly indicate the 

existence of an interaction between climate, soil, and plants 

that are very important and mutually influential. 

Information on the suitability of climate and soil factors for 

perennial plants is crucial to know. The general 

requirements of climate and soil factors for perennial plants 

usually involve a range of annual rainfall from 500 to 3000 

mm, monthly air temperatures of 15-34°C, monthly 

relative humidity of 70-90%, and pH of 4.0-8.5 [19]. 

The characteristics and types of climate can determine 

the types and production of plants that can grow well in a 

region, so climatology studies in agriculture are very 

necessary [11], [12]. Several climate elements that affect 

plant growth are rainfall, temperature, humidity, sunlight, 

and evapotranspiration [55]. 

Cocoa (Theobroma cacao L.) grows optimally in 

tropical forest regions [56], especially at latitudes 10°N to 

10°S, altitudes of 0-600 meters above sea level, annual 

rainfall of 1500-2500 mm, minimum temperatures of 18-

21°C and maximum temperatures of 30-32°C, with the 

desired average annual temperature of 25-27°C, air 

humidity of 80%, sunlight between 50-70%, slope below 

45 degrees, soil texture of sandy clay, clay sandy, and 

sandy clay, and pH of 6.0-7.5. 

East Kalimantan has a wet tropical climate, with daily 

sunlight ranging from 40-80% (sky always cloudy), daily 

air temperatures between 26-27°C (range between 20-

32°C), daily air humidity about 80%, and annual rainfall 

ranging from 2,000-4,000 mm [57]. Considering these 

climate conditions, cocoa plants (Theobroma cacao L.) are 

suitable for cultivation in East Kalimantan because they 

have growing requirements that are in line with the climatic 

characteristics of the region. 

This is done so that even though soil conditions 

experience changes due to climatic influences, the changes 

will be as minimal as possible and will not cause significant 

losses to human life and the environment [20]. Generally, 

the growth of plants is influenced by soil temperature and 

humidity. Kramer [58] suggests that the temperature of the 

soil can be affected by the quantity of solar radiation that is 

absorbed by the surface of the soil. During the day, the soil 

temperature varies greatly from the temperature at night. 

When the sun heats up the soil surface, the air nearby also 

becomes hot. However, as night falls, the soil temperature 

drops significantly [59]. 

Kramer [58] finds that soil temperature affects water 

absorption by plants. Higher soil temperatures lead to faster 

water uptake by plant roots due to increased metabolic 

activities and faster evaporation. Warm soils also have 

lower viscosity and surface tension, making water flow 

more easily through the soil pores. A sudden decrease in 

soil temperature can lead to plant wilting because the roots 

absorb less water when the temperature is low. The depth 

of the soil determines the variations in soil temperature. 

Soil moisture levels are constantly changing due to 

evaporation from the surface of the soil, transpiration, and 

percolation. Soil moisture is crucial for the government to 

gather data on various aspects like potential surface flow 

and flood control, soil erosion failure and slope, water 

resource management, geotechnics, and water quality [60]. 

Soil moisture is crucial for plant growth and is 

influenced by factors such as rainfall, soil composition, and 

evapotranspiration [19]. Rainfall replenishes soil water 

content, with higher rainfall leading to higher soil moisture 

levels. Different soil types have varying water-holding 

capacities, affecting their ability to retain moisture. 

Evapotranspiration, the combined process of evaporation 

and transpiration, impacts soil moisture levels, with higher 

rates leading to increased water loss from the soil. Soil 

moisture is essential for plant growth as it determines the 

availability of water for plants. 

4. Conclusions 

In conclusion, the availability of nutrients in the lower, 

middle and upper slope positions shows levels of nitrogen 

(low), phosphorus (very low to low), potassium (medium 

to very high), organic carbon (low to medium), and pH 

(acidic). The performance of cocoa fruits (Theobroma 

cacao L.) at different slope positions showed significant 

differences in the number of flowers, number of seed and 

wet weight of seed per fruit. Meanwhile, fruit length, fruit 

diameter, number and wet weight of fruit were not 

significantly different. The lower slope position provides 

the best cocoa fruit (Theobroma cacao L.) performance. 

The climate and soil conditions in East Kalimantan were 

identified as suitable for cocoa cultivation, characterized by 

an average temperature of 25-27°C, annual rainfall of 2400 

mm, relative humidity of 80%, and sunshine duration of 60-

80%. 
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Abstract This research aims to determine the soil
chemical properties (N, P, K, pH, organic C) at different
slope positions, assess the performance of cocoa fruit
(Theobroma cacao L.) at different slope positions, and
understand the relationship between climate components
and the performance of cocoa fruit (Theobroma cacao L.) in
a wet tropical land. The study was conducted for three
months (October to December 2017) in Karangan Hilir
Village, Karangan District, East Kutai Regency. The
research employed a Randomized Complete Block Design
(RCBD) with slope position (P) as the treatment, consisting
of three slope positions: P1 (lower slope), P2 (middle slope),
and P3 (upper slope). Each treatment was replicated five
times. Observed variables included flower count, fruit count,
fruit length, fruit diameter, wet fruit weight, seed count, and
wet seed weight. Data were analyzed using Analysis of
Variance (ANOVA), and mean separation was performed
using the Least Significant Difference (LSD) test at the 5%
significance level. The results indicated significant
differences in slope positions for observed parameters such
as flower count and seed count, while fruit count, wet fruit
weight, and wet seed weight showed non-significant
differences. Correlation analysis revealed a positive
correlation (0.343) between cocoa fruit performance and
climatic factors, although it was not statistically significant
with a p-value of 0.211, greater than 0.050.

Keywords Performance, Cocoa Fruit, Slope Position,
Climate, Land, Wet Tropics

1. Introduction
The significant increase in population in developing

countries, including Indonesia, has led to a growing demand
for food and agricultural land. Concurrently, the progress in
development has resulted in competition for land use,
prompting farmers to utilize sloping dry lands for
agriculture without adequate soil conservation measures.
This situation renders the land vulnerable to erosion and

degradation, ultimately turning it into critical land.
The development of the agriculture, plantation, and

forestry sectors aims to improve the welfare of the
community by increasing income while adhering to three
principles: ecological sustainability, economic productivity
and profitability, and social acceptability. Food, energy,
environmental, and biodiversity crises collectively pose
major challenges in the management of natural resources in
Indonesia. An alternative strategy to enhance crop
production potential, meet market demands, and
simultaneously engage in conservation is the utilization of
sub-optimal land, which holds considerable potential for the
cultivation of crops such as cocoa and other commodities.
Cocoa plants (Theobroma cacao L.) are one of the

significant agricultural productions that play a crucial role
in realizing agricultural development programs, particularly
in providing employment opportunities, improving the
welfare of farmers, and increasing the country's foreign
exchange [1].
Cocoa cultivation in Indonesia is largely carried out in

smallholder plantations in villages scattered across almost
the entire country. Common issues faced include limited
cultivated land, damage caused by pests and diseases,
insufficient attention to nutrient needs, and seed quality [2].
Therefore, the involvement of various stakeholders is
crucial to help address these challenges.
The use of land that neglects soil conservation will

impact the decline in land productivity, subsequently
leading to land degradation. Land use systems can be
modified according to models, especially in the selection of
economically valuable perennial crops, which can enhance
land productivity and reduce soil erosion rates [3].
According to previous research [4], the increasingly steep

slope conditions result in the influence of gravity and the
movement of detached organic materials down the slope,
affecting soil fertility levels. Therefore, cultivation practices
need to be considered to ensure optimal cocoa fruit
performance, particularly addressing environmental factors
such as slope steepness that influence plant growth and
development.
The increase in slope and rainfall intensity directly



impacts runoff rate. Steeper slopes and higher rainfall
intensity result in faster water flow and increased runoff.
This can lead to a significant increase in runoff rate, ranging
from 20% to 90% [5]. Steep and long slopes are more prone
to soil erosion as they provide less resistance to water flow
and allow for greater distance for erosion. Soil texture,
specifically the proportion of sand, silt, and clay particles,
also plays a crucial role in soil erosion. Soils with more
sand particles allow for easier water infiltration and less
erosion, while soils with more clay particles make
infiltration harder and increase erosion likelihood.
Various activities related to plant growth, whether in

agriculture, plantation, or forestry, greatly require basic
climate data. According to [6], climate greatly affects plant
growth and production, as supported by plant ecology
research. This connection is seen through three main
aspects: agronomy, physiology, and agroclimatology.
Having knowledge about how different plant types, climatic
elements, and soil properties work together is crucial for
ensuring the successful growth of a specific crop.
Previous studies [7] state that in the development of

commodities in a region based on climate type, regional
form, and soil, it is expected to enhance agricultural
efficiency and stimulate the local economy. Another
potential factor in plantation development is the
agroecosystem conditions, including geographical
conditions, sunlight exposure, rainfall intensity, and soil
diversity, which are highly supportive and potential for the
development of plantation commodities [8]. Plantation
commodities can be harvested several times before
experiencing a decline in yield and becoming economically
unproductive. There are also other plantation crop products
that are cultivated on a small and less intensive scale but are
collected and processed as plantation products [9], [10].
The interaction between genetic factors and

environmental factors, such as soil type, topography, crop
management, climate patterns, and technology, exerts a
significant influence on the outcome of a specific plant
species [11]–[13]. Different factors in the soil can impact
the growth and development of plants. These factors
include the texture, structure, and depth of the soil. Soil pH
usually has an indirect impact on plant growth as it affects
the solubility of ions and the activity of microorganisms
[14]. The main limiting factors for both rainfed crops and
perennial crops are topography, effective soil depth, surface
rocks, and soil erosion [15].
In addition to soil factors, climate is another crucial

determinant for plant growth [16], [17]. Soil conditions are
significantly influenced by rainfall, temperature, and
humidity. This influence can be advantageous, but at times
it can also be detrimental. Unlike soil factors that have been
extensively studied and understood, weather and climate are
among the most challenging variables to control in food [7].
Information regarding the compatibility between annual
plants, climate, and soil becomes a crucial element in
enhancing the success of planting programs. The
compatibility between climate, soil components, and the

planted crop type significantly determines the success of
planting activities.

2. Materials and Methods

2.1. Time and Place of Research

The study took place between June and December 2017,
with the research site being Karangan Hilir Village in
Karangan District, East Kutai Regency.

2.2. Research Tools and Materials

The tools used include a machete, calipers, scale, raffia
rope, scissors, wheelbarrow, camera, clinometer, writing
tools, and laboratory equipment for analyzing soil chemical
properties. Meanwhile, the materials used are 13-year-old
Sulawesi 1 cocoa plants, sacks, label paper, plastic bags,
soil samples, and chemicals for soil chemical property
analysis.

2.3. Research Design

This research is a single factor, namely slope position (P)
which is designed following a Randomized Group Design
(RGD) consisting of 3 slope positions, namely: p1 = Lower
slope position, p2 = Middle slope position, and p3 = Upper
slope position. Each slope position treatment was repeated 5
times.

2.4. Research Procedure

2.4.1. Determining Slope Steepness and Slope Positions
The slope steepness was determined using a clinometer

(%) tool, and areas with a slope steepness of 15-25%
(Moderately Steep) were selected. The slope positions were
determined based on a land size of 225 m X 75 m, then
divided into three slope positions (Lower, Middle, and
Upper), with each area measuring 75 m X 75 m.

2.4.2. Determining Age and Sampled Plants
Cocoa plants (Theobroma cacao L.) were identified as 13

years old, Sulawesi I variety, with the criteria of tree height
being 2 meters and branch length being 2 meters. There
were 9 rows of trees for each slope position with 5
replications.

2.4.3. Soil Sampling
Eight points were sampled at each slope position with a

depth of 20 cm, totaling 8 kg, mixed evenly, and 1 kg was
taken as a composite soil sample. Subsequently, the soil
samples were analyzed for N, P, K, Organic C, and pH at
the Chemistry and Soil Fertility Laboratory, Faculty of
Agriculture, Mulawarman University.



2.4.4. Secondary Data
Secondary data on climate components from 2013-2017,

including air temperature, air humidity, rainfall, and
sunlight, were obtained from the Meteorology, Climatology,
and Geophysics Station at APT Pranoto Samarinda Airport.

2.5. Observation Variables

2.5.1. Number of Flowers per Tree (pistils)
The total number of cocoa flowers was determined by

counting the flowers on each tree. We sampled 45 trees
from each slope position to calculate the average number of
flowers. The flower count was done in single observation.

2.5.2. Number of Fruits per Tree (fruit)
The average number of cocoa fruits was determined by

counting the total number of fruits per tree, with 45 sampled
trees taken from each slope position. The calculation of the
fruit count was conducted in a single observation

2.5.3. Fruit Length (cm)
The average fruit length was calculated by measuring the

length of the fruit with a ruler from the base to the tip, with
45 sampled trees taken from each slope position. The fruit
length calculation was performed in a single observation.

2.5.4. Fruit Diameter (cm)
The average fruit diameter was determined by measuring

the circumference of the fruit with calipers at the widest
part of the fruit, with 45 sampled trees. The fruit diameter
calculation was conducted in a single observation.

2.5.5. Wet Fruit Weight (g)
The average wet weight of fruits was obtained by

weighing harvested fruits with yellow skin using a scale,
with 45 sampled trees from each slope position. The wet
fruit weight calculation was performed in a single
observation.

2.5.6. Number of Seed per Fruit (seeds)
The number of seeds in each cocoa fruit was calculated

by counting the harvested seeds from 45 trees at different
slope positions. The seed count calculation was conducted
in a single observation.

2.5.7. Wet Weight of Seeds per Fruit (g)
The average wet weight of cocoa seeds per fruit was

determined by weighing the harvested seeds from 45
sampled trees at each slope position. The calculation of the
wet weight of seeds was performed in a single observation.

2.8. Data Analysis

The obtained primary data were subjected to variance
analysis for analysis. In the event that the effect is found to
be significant, a comparison between the means of the two
treatments is carried out using the Least Significant
Difference (BNT) test at a significance level of 5%.
Secondary data in the form of data on climatic factors

related to cocoa fruit performance were tested by
correlation test using SPSS. Furthermore, the data were
interpreted with the correlation coefficient as shown in
Table 1.

Table 1. coefficient correlation

Coefficient interval Level of relationship

0.00 to 0.19
0.20 to 0.39
0.40 to 0.59
0.60 to 0.79
0.80 to 1.00

Very weak
Weak

Moderate
Strong

Very strong

3. Results and Discussion

3.1. Availability of Nutrients N, P, K, Organic C, and
Soil pH at the Lower Slope Position, Middle Slope
Position, and Upper Slope Position

The results of the analysis of the availability of N, P, K,
organic C and pH in the position of the lower slope, middle
slope, and upper slope can be seen in Table 2.



Table 2. Availability of N, P, K, Organic C and pH at Lower Slope, Middle Slope, and Upper Slope Positions

Slope Position Soil Chemical
Parameters

Soil Chemical
Values Unit Status Soil Chemical Status

P1 (Lower Part)

N Total 0,20 % Low
P 10,64 ppm Low
K 104,61 ppm Very High
pH 5,43 - Acidic
Organic C 2,12 Moderate

P2 (Middle Part)

N Total 0,15 % Low
P 3,95 ppm Very Low
K 67,38 ppm Very High
pH 5,38 - Acidic
Organic C 1,74 Low

P3 (Upper Part)

N Total 0,11 % Low
P 1,72 ppm Very Low
K 35,46 ppm Moderate
pH 5,23 - Acidic
Organic C 1,61 Low

Source: Data processed, source Soil Chemistry and Fertility Laboratory, Faculty of Agriculture, Mulawarman University
(2017)

The analysis of soil chemical properties reveals that the
lower slope position is superior when compared to the
middle and upper slope positions. This is due to leaching,
surface runoff, and soil erosion, which transport soluble
nutrients along with soil particles and organic matter. As
stated by previous research [18], [19], nutrient loss due to
leaching results in the movement of nutrients downward to
the root zone and the lower slope position. Meanwhile,
organic matter significantly influences soil fertility [20],
organic matter is one of the determining factors for the
success of plant cultivation [21]. Organic matter has the
ability to improve the soil's chemical, physical, and
biological fertility.

Nitrogen (N) Content
The nitrogen (N) chemical status of the three slope

positions is classified as low. However, there is a tendency
for the highest N content to be found in the lower slope
position at 0.20%, followed by the middle slope position at
0.15%, and the lowest in the upper slope position at 0.11%.
This condition is closely related to the high content of
organic carbon (C-organic) in the lower slope position.
Meanwhile, the soil N content is directly proportional to its
organic matter content [22].
Nitrogen is an essential nutrient used in large quantities

by all forms of life. It is grouped into organic nitrogen and
inorganic nitrogen, but the majority of nitrogen in the soil is
in organic form [19]. The reduction or loss of nitrogen from
the soil occurs not only through leaching by rainwater (in
the form of NO3-) but also due to utilization by plants and
microorganisms [23].

Phosphorus (P) Content
The lower slope position has a phosphorus (P) content of

10.64 ppm (low), which is higher than the middle slope

position with 3.95 ppm (very low) and the upper slope
position with 1.72 ppm (very low). The high available P
content in the lower slope is suspected to be due to the
transport of soil nutrients from the upper and middle slope
positions, along with water during rainfall.
Meanwhile, the low phosphorus (P) content in the upper

and middle slope positions is suspected to be due to the
presence of a relatively high clay fraction. Braskerud [24]
state that factors influencing P retention in the soil include
clay content. The retention capacity of phosphate increases
with the increasing clay fraction in the soil. Kaolinite clay
minerals tend to adsorb more P compared to
montmorillonite clay minerals [25]. This is because
kaolinite clay minerals have a larger number of open OH
groups in the Al layer, which can exchange with P.

Potassium (K) Content
The soil potassium (K) content in the lower slope

position, middle slope position, and upper slope position is
respectively 104.61 ppm (very high), 67.38 ppm (very high),
and 35.46 ppm (moderate). The lower slope position has a
higher K content compared to the middle and upper slope
positions. This is suspected to be due to water flowing from
the upper and middle slopes during rainfall, leading to the
accumulation of water carrying nutrients on the lower slope.
The loss of K from the soil occurs through leaching towards
groundwater, surface runoff, and soil erosion that carries
soluble K along with soil particles and organic matter [26].
Olson and Papworth [27], state that K loss through

leaching occurs due to continuous high-dose K application
surpassing the plant's uptake and the soil's K retention
capacity, resulting in the movement of K downward to the
root zone [19].

Organic C content
The organic carbon content of the soil in the lower slope



position is 2.12% (moderate), which is higher compared to
the middle slope position at 1.74% (low) and the upper
slope position at 1.21% (low). The elevated organic carbon
content in the lower slope position is suspected because it
serves as a deposition site for materials resulting from the
erosion process from the middle and upper slope positions,
including soil particles, nutrient elements, and organic
matter. According to Banjarnahor et al [18], erosion caused
by water leads to the transport of soil particles, plant
nutrients, and organic matter.
High organic carbon indicates a high level of soil organic

matter. Organic matter plays a crucial role in soil fertility
[20]. Soil organic matter consists of complex organic
compounds that are in the process of decomposition,
including humus from humification and inorganic
compounds from mineralization.
Organic matter is a significant factor in determining the

success of plant cultivation [21]. This is because organic
matter can enhance the chemical, physical, and biological
fertility of the soil.

Soil pH
The soil pH values in all three slope positions are

classified as acidic. The lower slope position tends to
provide a higher pH value (5.43) compared to the middle

slope position (5.38) and the upper slope position (5.23).
The higher pH value in the lower slope position is suspected
to be related to the high content of organic carbon in the
lower slope.
High organic carbon values indicate a high level of soil

organic matter. Soil organic matter contains organic acids
that can bind H+ ions, causing soil acidity, and
consequently lowering the soil pH. Previous studies [28],
[29] mentioned that organic acids can bind H+ ions through
carboxyl groups with negative charges.
According to Bayer et al [30], the fluctuation in soil pH is

a function of H+ and OH- ions. When the concentration of
H+ ions increases, the pH decreases, and if the
concentration of OH- ions increases, the pH rises. Cookson
[22] added that with slightly acidic soil conditions, the
nutrients available in the soil can still be well-processed by
the soil and absorbed by plants during the flowering process.

3.2. Cocoa Fruit (Theobroma cacao L.) Performance at
Lower Slope, Middle Slope, and Upper Slope
Positions

The performance of cocoa pods (Theobroma cacao L.) in
the lower slope, middle slope, and upper slope positions can
be seen in Table 3.

Table 3. Cocoa Fruit (Theobroma cacao L.) Performance at Lower Slope, Middle Slope, and Upper Slope Positions

Slope Position
Number of
Flowers
(pistils)

Length of
Fruit (cm)

Fruit
Diameter
(cm)

Number of
Fruits
(pieces)

Wet Weight
of Fruit (g)

Number of
Seeds in

Fruit (seeds)

Wet Weight
of Fruit
Seeds (g)

P1
(Lower Part) 68,17 a 14,52 7,73 15 420,07 35,07 a 245,93 a

P2 (Middle
Part) 41,43 b 13,58 7,53 15 358,22 33,10 a 241,13 a

P3 (Upper Part) 29,49 c 12,79 7,28 16 248,64 26,16 b 321,31 b
Note *

significantly
different, tn not
significantly
different

* tn tn tn tn * *

BNT 10,75 2,34 41,03
KK 8 5 6 9 11 6 7

The position of the lower slope has a higher nutrient
content so as to provide better performance of Cocoa
(Theobroma cacao L.) fruit in terms of the number of
flowers formed, fruit length, fruit diameter, number of fruits,
fruit wet weight, number of seeds and wet weight of seeds.
Plants can grow optimally if their nutrient needs are met.
Nutrients N, P and K are nutrients that are needed by plants
to grow and produce [31].
The availability of nutrients N, P and K which are macro

nutrients is very important to support plant growth and
development [32]. Nitrogen plays a role as a constituent of
proteins, amino acids, nucleic acids, vitamins, and enzymes,
chlorophyll factors in leaves, as the basic ingredients of

DNA, RNA and for all plant biological functions.
Phosphorus has multiple functions in plants, including
promoting cell division, forming albumin, aiding in flower
and fruit formation, speeding up maturation, enhancing
stem strength, supporting root development, facilitating
carbohydrate metabolism, and boosting overall plant quality.
Potassium acts as an activator of various enzymes in
metabolic processes and spurs carbohydrate translocation
from leaves to plant organs [33], root development, starch
formation, and physiological processes.

Number of Flowers (pistils)
The analysis of variance results indicate a significant



difference in the number of flowers across the three slope
positions. The number of flowers is much higher on the
lower slope position than on the middle and upper slope
positions. During the generative phase, the blooming
process is affected by the presence of phosphorus and
potassium, whereas nitrogen is predominantly needed in the
vegetative phase. The increased presence of phosphorus in
the lower slope area boosts the growth of additional flowers
in comparison to the middle and upper slope. According to
[34], suggest that the growth and blooming of plants are
strongly influenced by the presence of nutrients, particularly
phosphorus (P). This essential element plays a crucial role
in triggering the generative phase of plants, leading to the
formation of flower primordia that eventually transform
into flowers. phosphorus (P) plays a role in flower
formation, and P deficiency can suppress the number of
flowers and delay flowering initiation due to changing
phytochrome balance [35].
The soil acidity level (pH) is also suspected to affect the

flower formation process. The lower, middle, and upper
slope positions fall into the acidic category but are still
within the tolerance limits for plants to undergo the flower
formation process. As stated by Jadeja & Hirpara [36], with
acidic soil pH conditions, nutrients available in the soil can
still be processed effectively by the soil and absorbed by
plants during the flowering process.

Fruit Length (cm), Fruit Diameter (cm), and Fruit Number
(fruit)

The analysis of variance results shows that the length of
the fruit is not significantly different. This is suspected to be
because the slope position does not affect the number of
fruits since potassium is very high but not significant
enough to directly cause a large quantity of cocoa fruits.
The growth process of the number of fruits is certainly
influenced by environmental, physiological, and genetic
factors of the plant. According to [37], the number of fruits
is often observed as a measure of plant growth and as a
parameter used to measure the influence of the environment
or applied treatments.
The lower slope position tends to produce longer fruits,

wider fruit diameter, and a greater number of fruits. This is
likely due to the higher phosphorus and potassium content
in that area compared to the middle and upper slope
positions. As a result, longer fruits, wider fruit diameter,
and a greater number of fruits are encouraged to form.
According to [38], a plant will not yield maximum results

if the required nutrients are not available, and the
availability of nutrients is one of the factors that can affect
the yield of a plant. Tando [32] adds that N, P, and K
nutrients are very important macronutrients for plant growth
and development. Furthermore, Raihan [39] adds that
phosphorus and potassium can increase the size of
harvested fruits, seeds, and tubers.
N, P, and K nutrients in corn plants will be translocated

during the formation of cobs and seed filling, thus
increasing the cob diameter [40]. The role of phosphorus

nutrients in flower formation affects the formation and size
of cobs because the cob is the development of the female
flower [41]. According to [42], corn plants lacking N and P
nutrients result in imperfect cob development. The size of
the cob circumference, influences the yield because the
larger the circumference, the higher the weight of the plant's
fruits.

Fruit Wet Weight (g)
The results from the analysis of variance show that there

isn't a significant difference in wet weight. However, it
seems that fruits grown in the lower slope position tend to
be heavier compared to those in the middle and upper slope
positions. This could be because the lower slope position
has more nutrients like N, P, and K, which contribute to the
heavier fruit weight. Additionally, the weight of the fruit is
also influenced by the process of transferring photosynthate
products to the fruit.
According to Rahni [43], the increase in weight is related

to the amount of photosynthate translocation into the fruit
and the better the plant's root system to absorb nutrients
from the soil. Another literatures [44] suggest that weight is
a way to gauge the progress and advancement of plants.
This is because weight represents the buildup of organic
substances that plants have effectively created. It serves as
an indicator of a plant's overall health and can determine
whether its growth and development are thriving or
struggling. Additionally, weight is closely tied to the
availability of nutrients, making it an important factor to
consider.

The available N, P, and K elements in the soil play a role
in stimulating the flowering process, and if the flowers
undergo successful pollination, the fruit's growth will be
maximized. The generative process is influenced by the
number of leaves formed because the photosynthesis
process that produces carbohydrates takes place in the
leaves. Subsequently, the carbohydrates (C6H12O6)
produced will be stored as food reserves. According to [45],
the photosynthates produced in leaves and other
photosynthetic cells must be translocated to other organs or
tissues to be utilized for growth or stored as food reserves.
[46] add that the primary role of potassium in plants is as

an activator for various enzymes involved in metabolic
processes and promotes the translocation of carbohydrates
from leaves to plant organs. Meanwhile, phosphorus plays a
role in the growth and yield of plants [25]. Nitrogen, as
mentioned by previous studies [3], [47], is essential for
vegetative growth, carbohydrate formation, protein, fat, and
other organic compounds.
Soil acidity (pH) also affects crop yield because of its

relationship with nutrient availability. Anita-Sari & Wahyu
[48] state that soil pH plays a crucial role in maintaining the
balance of nutrients and soil fertility. The optimal condition
for plants is when soil pH is neutral because nearly all
nutrients are available for plants, thereby supporting
optimal production.



Number of seeds per fruit (seeds) and wet weight of seeds
per fruit (g)

The analysis of variance results for the number of seeds
per fruit shows a significant difference, with the bottom
slope position providing the highest number of seeds per
fruit compared to the middle and upper slope positions. This
is attributed to the higher availability of N, P, and K
nutrients at the bottom slope position compared to the
middle and upper slope positions.
The availability of N, P, and K nutrients influences the

formation of fruit and seeds, as stated by Raihan [39]
indicating that N, P, and K have an impact on the size and
quantity of fruits and seeds produced. [37] adds that fruit
length indicates seed density and is closely related to the
number of seeds per fruit, with a tendency for larger fruits
to produce more seeds. Sharar et al. [49] state that the
number and weight of seeds increase with the availability of
specific nutrients.
The length and circumference of the cobs affect the yield,

as a larger circumference corresponds to a higher fruit
weight. [37] states that longer fruits tend to yield higher
results because they indicate a higher number of seeds. The
availability of nutrients is closely related to the seed-filling
process [37]. Nutrient uptake accumulated in the leaves will
be transformed into protein and play a role in the seed
formation process. The accumulation of metabolized
materials during seed formation will increase, resulting in
seeds with maximum size and weight. The metabolic
process runs optimally when the nutrient requirements are

met.
Soil acidity (pH) also influences the number of seeds

produced. The availability of N, P, and K nutrients in the
soil can be decomposed and absorbed by plants effectively
due to the support of higher soil pH. The bottom slope
position tends to have higher soil pH because organic
materials and water flow to the slope below it [19]. With
these soil pH values, the availability of macro-nutrients is
possible to be easily absorbed, even if their availability is
low.
[50] state that nitrogen is required in small amounts for

the formation of cocoa fruit seeds compared to macro-
nutrients. The largest amount of nitrogen is needed during
the generative phase because nitrogen plays a crucial role in
the growth and development of plants [51].
Phosphorus plays a role in photosynthesis, respiration,

energy transfer and storage, cell division and enlargement,
improving the quality of fruits, vegetables, grains, seed
formation, genetic trait transfer, accelerating root
development and germination, enhancing water use
efficiency, increasing resistance to diseases, and ultimately
improving harvest quality [49, 50].

3.3. Climatic Conditions and Cocoa Fruit Performance
(Theobroma cacao L.) at the Lower Slope, Middle
Slope, and Upper Slope Positions

Climatic Conditions and Cocoa Fruit Performance
(Theobroma cacao L.) at Lower Slope, Middle Slope, and
Upper Slope Positions are shown in Table 4.

Table 4. Relationship between Climatic Conditions and Cacao (Theobroma cacao L.) Fruit Performance at Lower Slope, Middle Slope, and Upper Slope
Positions

Year (average) Temperature (°C) Humidity (%) Rainfall (mm) Illumination (%)
2013 27.40 80.00 237.80 54
2014 27.70 80.00 210.20 51
2015 27.80 80.00 174.80 51
2016 27.70 78.98 156.22 46,33
2017 27.80 81.30 213.90 39,26

Based on the results of the correlation test in Table 5, it
can be seen that there is a positive correlation (value 0.343)
between cacao fruit performance and climatic factors (as

criteria listed in Table 1, although it is not significant with a
sig value of 0.211 greater than 0.050.



Table 5. Results of statistical analysis of correlation of cocoa pod performance with climate in 2013, 2014, 2015, 2016, 2017

Model summarya

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity, Radiation

b. Dependent Variable: performance of cocoa pods

The positive correlation test results between cocoa fruit
performance and climate factors truly indicate the existence
of an interaction between climate, soil, and plants that is
very important and mutually influential. Information on the
suitability of climate and soil factors for perennial plants is
crucial to know. The general requirements of climate and
soil factors for perennial plants usually involve a range of
annual rainfall from 500 to 3000 mm, monthly air
temperatures of 15-34°C, monthly relative humidity of 70-
90%, and pH of 4.0-8.5 [19].
The characteristics and types of climate can determine

the types and production of plants that can grow well in a
region, so climatology studies in agriculture are very
necessary [11], [12]. Several climate elements that affect
plant growth are rainfall, temperature, humidity, sunlight,
and evapotranspiration [52].
Cocoa (Theobroma cacao L.) grows optimally in tropical

forest regions [53], especially at latitudes 10°N to 10°S,
altitudes of 0-600 meters above sea level, annual rainfall of
1500-2500 mm, minimum temperatures of 18-21°C and
maximum temperatures of 30-32°C, with the desired
average annual temperature of 25-27°C, air humidity of
80%, sunlight between 50-70%, slope below 45 degrees,
soil texture of sandy clay, clay sandy, and sandy clay, and
pH of 6.0-7.5.
East Kalimantan has a wet tropical climate, with daily

sunlight ranging from 40-80% (sky always cloudy), daily
air temperatures between 26-27°C (range between 20-32°C),
daily air humidity about 80%, and annual rainfall ranging
from 2,000-4,000 mm [54]. Considering these climate
conditions, cocoa plants (Theobroma cacao L.) are suitable
for cultivation in East Kalimantan because they have
growing requirements that are in line with the climatic
characteristics of the region.
This is done so that even though soil conditions

experience changes due to climatic influences, the changes
will be as minimal as possible and will not cause significant
losses to human life and the environment [19]. Generally,
the growth of plants is influenced by soil temperature and
humidity. [55] suggests that the temperature of the soil can
be affected by the quantity of solar radiation that is
absorbed by the surface of the soil. During the day, the soil
temperature varies greatly from the temperature at night.
When the sun heats up the soil surface, the air nearby also

becomes hot. However, as night falls, the soil temperature
drops significantly [56].
Kramer [55] finds that soil temperature affects water

absorption by plants. Higher soil temperatures lead to faster
water uptake by plant roots due to increased metabolic
activities and faster evaporation. Warm soils also have
lower viscosity and surface tension, making water flow
more easily through the soil pores. A sudden decrease in
soil temperature can lead to plant wilting because the roots
absorb less water when the temperature is low. The depth of
the soil determines the variations in soil temperature. Soil
moisture levels are constantly changing due to evaporation
from the surface of the soil, transpiration, and percolation.
Soil moisture is crucial for the government to gather data on
various aspects like potential surface flow and flood control,
soil erosion failure and slope, water resource management,
geotechnics, and water quality [57].
Soil moisture is crucial for plant growth and is influenced

by factors such as rainfall, soil composition, and
evapotranspiration [19]. Rainfall replenishes soil water
content, with higher rainfall leading to higher soil moisture
levels. Different soil types have varying water-holding
capacities, affecting their ability to retain moisture.
Evapotranspiration, the combined process of evaporation
and transpiration, impacts soil moisture levels, with higher
rates leading to increased water loss from the soil. Soil
moisture is essential for plant growth as it determines the
availability of water for plants.

4. Conclusion
In conclusion, the research findings reveal significant

insights and recommendations for cocoa (Theobroma cacao
L.) cultivation in East Kalimantan. Nutrient availability
across lower, middle, and upper slope positions indicates
varying levels for nitrogen (low), phosphorus (very low to
low), potassium (medium to very high), organic carbon
(low to medium), and pH (acidic). Notably, the
performance of cocoa fruit exhibits distinct differences
among slope positions, with the lower slope demonstrating
superior outcomes in terms of the number of flowers and
wet seed weight per fruit. Conversely, parameters such as
the number of fruits per tree, fruit length, fruit diameter per

Model R R Square Adjusted R
Square

Std.Error of
theEstimate

Change Statistics
R Square
Change F Change df1 df2

Sig.
F

Change
1 .343a .117 .050 104.78102 .033 1.730 107.4779 54.4657 .211



tree, wet fruit weight per tree, and wet seed weight per tree
show no significant variations.
The climate and soil conditions in East Kalimantan are

identified as highly suitable for cocoa cultivation,
characterized by an average temperature of 25-27°C, annual
rainfall of 2400 mm, relative humidity of 80%, and sunlight
duration of 60-80%. Consequently, the suggestion for
farmers is to prioritize cultivating cacao in the lower slope
position, which has proven to provide optimal cocoa fruit
performance. However, cultivation in the middle and upper
slope positions can still yield satisfactory results, contingent
upon the implementation of soil conservation measures.
Moreover, technical guidance is recommended for cocoa
cultivation, particularly in terms of maintenance practices to
enhance overall crop productivity.
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