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Abstract 

Using organic fertilizers and growth stimulants as natural plant growth regulators is the leading solution 

to support sustainable coffee cultivation. This research aims to determine the best treatment 

combination, the best dose of goat manure, and the best concentration of moringa leaf extract for 

vegetative growth of robusta coffee non-mature plants 1. The research was conducted in Kemuning 

Village, Ngargoyoso District, Karanganyar Regency, in October 2023-April 2024. The method used was 

a Randomized Complete Block Design (RCBD) consisting of two factors and three replications. The 

first factor was goat manure (0, 3, 4, and 5 kg.plant-1). The second factor was moringa leaf extract (0, 

150, 200, and 250 g/L concentration). Data analysis used analysis of variance (ANOVA) at the 5% error 

level, then continued with Duncan's Multiple Range Test (DMRT) at the 5% error level if there were 

significant results. The observed variables include plant height, stem diameter, number of leaves, 

branches, leaf area, and total chlorophyll. The results showed that the application of goat manure and 

moringa leaf extract affected the vegetative growth of robusta coffee plants. The combination of goat 

manure 4 kg.plant-1and moringa leaf extract at a concentration of 250 g.L-1had an effect on increasing 

chlorophyll b and total chlorophyll. Goat manure did not affect all variables. The moringa leaf extract 

had a better impact on plant height, and the moringa leaf extract concentration of 250 g/L  affected the 

increase in leaf area 6 weeks after application. 
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Introduction 

Coffee is one of the economically 

superior commodities in Indonesia that can 

generate high foreign exchange for the country. 

Coffee ranks fourth after palm oil, rubber, and 

cocoa as the highest export commodity in 

Indonesia. Indonesia's strength in becoming a 

multinational coffee exporter is less intense 

than that of other exporting countries, such as 

Vietnam and Brazil. National coffee 

productivity is equivalent to a quarter of the 

coffee productivity in these two countries. 

Coffee widely produced in Indonesia is divided 

into robusta coffee and arabica coffee. Each of 

these coffees has more value that attracts coffee 

consumers. Robusta coffee is the most popular 

coffee in all segments of society. The bitterness 

level of robusta coffee is higher than that of 

arabica coffee due to the high caffeine and 

chlorogenic acid (CGA). Caffeine is a 

secondary metabolic product of coffee plants 

classified as alkaloids. People usually consume 

coffee to calm their minds, improve 

performance, overcome depression, increase 

stamina and work mood, and others (1). 

Coffee cultivation takes years to reach 

the generative phase of coffee. The vegetative 

phase will affect the vegetative phase of robusta 

coffee plants. According to (2), good vegetative 

growth will positively impact a plant. Using the 

concept of intensification in robusta coffee 

cultivation can speed up the cultivation process 

because plants can directly absorb synthetic 

chemicals. However, intensification using 

synthetic chemical fertilizers is not good in the 

long term because it hurts the environment and 

health. The continuous use of chemical 

fertilizers can cause a decline in soil quality, 
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such as soil acidification, decreased organic 

matter content, and damaged soil structure. 

Chemical fertilizer residues that plants do not 

absorb can pollute soil and water sources, 

threatening the ecosystem around coffee 

plantations.  

(3) added that excessive use of 

synthetic N fertilizer is the leading cause of 

rapid soil acidification, while manure is an 

effective countermeasure to reduce soil 

acidification. Using chemical fertilizers also has 

the potential to increase pesticide residues in 

agricultural products, which can endanger 

consumer health.  

Using organic fertilizers followed by 

applying growth regulators is the leading 

solution for coffee cultivation towards 

sustainability. The role of organic fertilizer is to 

provide a nutrient supply for plants that contain 

nutrients and organic matter needed by plants. 

According to (4), chemical fertilizers are 

considered to supply nutrients only for the 

growth of certain parts, in contrast to organic 

fertilizers such as manure, which can provide a 

balanced supply of nutrients for plant growth. 

Using a growth regulator plays a role in 

stimulating growth acceleration, so it is 

expected to give the exact representation as 

using synthetic chemical fertilizers. (5) 

explained that a growth regulator plays a role in 

regulating the speed of plant growth and as an 

integrator of plant tissues until it is formed as a 

plant. Organic fertilizers are natural, 

environmentally friendly, and not easily washed 

away.  

The characteristics of organic fertilizers 

are that they can change and improve the soil 

physically, chemically, and biologically, which 

will maintain soil aggregates. Using natural 

growth regulators is superior to sustainable 

agricultural practices that pay attention to 

external factors, not only increasing 

productivity. This study uses goat manure and 

natural growth regulator in Moringa leaf extract 

as a substitute for synthetic chemical fertilizers 

that negatively impact agricultural 

sustainability and robusta coffee growth. 

 

Materials and Methods 

Research activities were carried out on 

the robusta coffee land (Coffea canephora) of 

the Madusari III Farmer Group located in Tanen 

Hamlet, Kemuning Village, Ngargoyoso 

District, Karanganyar Regency, Central Java 

Province, from October 2023 to April 2024. The 

research site soil was analyzed at the UNS Soil 

Physics and Chemistry Laboratory. Data were 

collected once every two weeks.  

The design used in this research is a 

Complete Randomized Group Design (CRGD) 

consisting of two factors and three replications. 

The first factor is the dose of goat manure (0, 3, 

4, and 5 kg.plant-1). The second factor was 

moringa leaf extract (concentrations of 0, 150, 

200, and 250 g.L-1). 16 combinations were 

formed from these two factors, resulting in 48 

experimental units.  

The research implementation consisted 

of initial soil analysis (total N, total P, total K, 

pH, and percentage of organic matter), land 

preparation and research materials, treatment, 

and data collection. The observed variables 

included plant height (cm), stem diameter (cm), 

number of leaves, number of branches, leaf area 

(cm2), leaf size (cm2), and chlorophyll, 

including chlorophyll a, b, and total.  

The data obtained were analyzed using 

analysis of variance (ANOVA) with a 5% error 

rate. If the analysis results show significant 

differences, Duncan's Multiple Range Test 

(DMRT) was conducted with an error rate of 

5%. 

 

Results and Discussion 

Plant height 

The application of goat manure did not 

significantly affect the height of coffee plants 

22 WAT (Week After Treatment) (Table 1). 

The increase in coffee plant height is due to the 

supply of plant nutrients, one of which comes 

from goat manure. Goat manure can improve 

soil texture and increase microbial activity in 

the long term. According to (6), better plant 

growth is caused by more bioavailable nutrients 

that stimulate more microbes moving towards 

the rhizosphere. Goat manure that does not have 

a significant effect can be caused by one of the 

following: the nature of the manure. Goat 

manure is classified as an organic fertilizer that 

is slow-release or long-decomposing because it 

has solid particles. The slow process of 

decomposing fertilizer slows plants' absorption 

of nutrients.  
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Table 1. Effect of goat manure and moringa leaf extract on vegetative growth of robusta coffee plants, 

non-mature plants  

Treatment 

Plant height  

22 weeks after 

pruning (cm) 

Diameter 

of stem 

(cm) 

Number of 

leaves 

(strands) 

Number of 

branches 

Leaf area  

6 weeks after 

pruning (cm2) 

Total 

chlorophyl

l (mg.g-1) 

Goat manure 

(kg.plant-1) 
      

0 22.04±9.62 0.232±0.07 38.66±17.05 4.54±0.99 104.75±47.5 10.94±3.95 

3 24.17±9.77 0.234±0.11 41.56±15.27 4.45±1.47 114.18±28.6 12.31±2.52 

4 27.047±10.61 0.266±0.08 47.74±13.85 4.94±1.39 100.48±51 11.87±3.99 

5 27.047±10.98 0.237±0.1 43.23±11.4 4.58±1.75 116.96±57.6 12.69±3.61 

Moringa leaf 

extract (g.L-1) 
      

0 28.04±9.88b 0.254±0.06 44.01±15.6 4.13±1.1 116.86±35.75ab 11.70±3.5 

150 17.50±7.82a 0.202±0.08 38.11±14.82 4.21±1.42 82.98±28.82a 10.64±2.74 

200 27.83±9.15b 0.252±0 49.13±11.3 5.21±1.43 98.72±53.1ab 11.80±4.09 

250 26.92±10.66b 0.261±0.11 39.95±14.98 4.95±1.44 137.81±49.36b 13.66±3.33 

Interaction (-) (-) (-) (-) (-) (+) 

Sig. goat 

manure 
0.479 0.734 0.556 0.764 0.734 0.456 

Sig. of Moringa 

leaf extract 
0.058 0.292 0.338 0.088 0.017 0.08 

Sig. of 

interaction 
0.668 0.86 0.884 0.315 0.268 0.003 

CV (%) 40.1 35 36.6 26 37.66 23.1 

Notes: Numbers followed by the same notation in the table indicate not significantly different according 

to DMRT analysis at the α = 5% level, (+): there is interaction; (-): there is no interaction, Sig: 

significance, CV: Coefficient of Variance 

The application of moringa leaf extract 

showed a significantly different effect on coffee 

plant height at 22 weeks after pruning (Table 1). 

The provision of moringa leaf extract that gives 

a better effect is caused by the hormones 

contained therein. Based on (7), the 

continuation of cell division is caused by an 

increase in the rate of protein synthesis 

stimulated by the hormone cytokinin. In 

contrast, the hormone auxin spurs the 

elongation of cells, causing an increase in plant 

height. Giving a growth regulator to meet the 

plant's needs will have a good effect. According 

to (8), adding the amount of growth regulator 

doses adjusted to plant conditions will 

determine the development and growth for the 

better. The real effect of the moringa leaf extract 

treatment showed a decrease due to the use of 

moringa leaf extract. This is caused by poor 

plant conditions, causing plants to be unable to 

absorb and use nutrients properly.  

According to (9), the addition of 

substances from outside the plant that are 

expected to have a good effect on plants will 

affect the physiological balance of plants and 

have the potential to have an adverse impact if 

the plants are in poor condition.  

Stem diameter 

The use of goat manure does not give a 

significant difference in the increase in stem 

diameter of coffee plants (Table 1). The 

diffusion of the coffee plant's diameter is caused 

by the presence of the N element, which the 

plant can absorb. According to (10), nitrogen is 

part of the protein, an essential part of enzymes, 

protoplasm, catalytic agents, and other nutrients 

that accelerate life processes that play a crucial 

role in which accelerates life processes that play 

a vital role in the formation of plant diameter.  

Coffee plants are classified as C3 plants 

that do not require a lot of light to carry out 

photosynthesis. High light intensity during the 

study impacted the photosynthesis of coffee 

plants. According to (11), plant photosynthetic 

activity has lower and upper tolerance limits for 

plants to do photosynthesis; lower or higher 

environmental conditions will affect leaf 

activity in photosynthesis. (12) added that C3 

plants exposed to too high light intensity will 

impact photosynthesis results, which is 

overhauled.  

The application of moringa leaf extract 

did not significantly affect the growth of stem 

diameter (Table 1). This is thought to be caused 

by concentrations that are not yet appropriate, 

so plants give the exact growth representation. 

According to (13), more or less administration 

of the growth regulator can affect plant 

expression.  
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Number of leaves 

The application of goat manure did not 

give a significant difference in the increase in 

coffee leaves (Table 1). The content of N, P, and 

K elements in manure strongly influences the 

formation of plant leaves. The increase in 

temperature from November to April hurts 

coffee plants. Unfavorable impact on coffee 

plants. 

Temperature increase, which goes hand 

in hand with an increase in light intensity, can 

stress coffee plants because of the rise in soil 

evaporation, which impacts the slow absorption 

rate of nutrients in coffee plants, especially 

when applying goat manure. The occurrence of 

soil evaporation. The occurrence of soil 

evaporation will make the soil drier, and the 

need for water will not be fulfilled. According 

to (14), water-stressed soil conditions harm 

plant metabolism, interfering with plant growth 

and development. The provision of moringa leaf 

extract is not significant; it is suspected that the 

content of the hormone cytokinin contained in 

the growth regulator is not enough to meet the 

needs of plants to provide a real difference 

(Table 1). According to (15), using a banana 

pseudostem growth regulator, which contains 

the hormone zeatin, affects the number of 

plantlets. Zeatin hormone affects the number of 

coffee leaves. 

Number of Branches 

The application of goat manure did not 

significantly increase the number of branches 

(Table 1). Organic fertilizers can increase soil 

nitrogen levels and support branch growth. 

Branches will determine the potential 

production ability of a coffee plant. (16) state 

that the number of branches is directly 

proportional to the productivity of coffee plants. 

This explains that if there is an increase in the 

number of leaves, it will increase the 

productivity of coffee plants in producing fruit. 

The unreal difference is caused by the 

absorption of plant nutrients that are adjusted to 

the plant's needs, which are adjusted to the 

needs of plants. According to (17), providing a 

lot of fertilizer does not guarantee better plants 

because plants may not absorb all nutrients 

well; usually, plants only take enough nutrients 

according to their needs.  

Nutrients are provided in accordance with their 

needs. The application of moringa leaf extract 

did not significantly affect the number of 

branches (Table 1). The increase in the number 

of branches that was not significant on the 

application of growth regulator also occurred in 

the research of (18), where the use of growth 

regulator IAA had no significant effect on the 

increase of orthotropic branches and 

plagiotropic branches. Leaf extract Moringa 

leaf extract contains auxin and cytokinin 

hormones in zeatin. (6) explain that high auxin 

concentrations can provide significant benefits 

or even inhibit or interfere with plant growth.  

Leaf area 

The application of goat manure did not 

have a real effect. This growth can be caused by 

environmental conditions when the study took 

place, showing an air temperature that was not 

in accordance with the growing conditions of 

robusta coffee plants, and an increase in air 

temperature from the beginning to the end of the 

study (Table 1). According to (19), climatic 

conditions strongly influence plant growth and 

development, so that climate change will harm 

plant growth.  

Moringa leaf extract 250g/L had a 

significantly different effect, among other 

levels, on the increase in leaf area at 6 weeks 

after pruning (Table 1). This is because using 

the right auxin hormone can accelerate cell 

division. (20) stated that if the auxin content is 

too high, leaf differentiation will be inhibited 

because the ability to divide by meristem cells 

is higher than the ability to differentiate into 

shoots or leaves (cellular growth overlapping). 

(21) added that using a growth regulator can 

stimulate the growth and development of 

leaves, including in photosynthesis and 

respiration. 

Chlorophyll Content 

The application of goat manure and 

Moringa leaf extract did not significantly affect 

the total chlorophyll in coffee leaves (Table 1). 

The unreal effect can be caused by high 

temperature and light intensity. The average air 

temperature at sampling reached 27.98℃ with 

high average light intensity. (22) state that 

shading coffee plants will affect the chlorophyll 

index. The unreal effect on moringa leaf extract 

is caused by giving the concentration of 

moringa leaf extract singly, not at the 

concentration of moringa leaf extract. 

According to (23), applying a natural growth 

regulator or an exogenous growth regulator that 

is not appropriate will provide obstacles to the 

growth and development of coffee plants. 
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Table 2. Interaction Value of Goat Manure and Moringa Leaf Extract on Total Chlorophyll Content of 

Non-Mature Plants  

Treatment 
 Moringa leaf (g.L-1) 

 0 150 200 250 Average 

Goat manure 

(kg.plant(-1)) 

0 7.61a 10.9a-d 9.87abc 15.37de 10.94 

3 14.6cde 11.15a-d 13.97b-e 9.5abc 12.31 

4 13.58b-e 8.79ab 8.53ab 16,6e 11.87 

5 11.02a-d 11.73a-e 14.82cde 13.18b-e 12.69 

  11.70 10.64 11.80 13.66 (+) 

Notes: Numbers followed by the same notation in the table indicate not significantly different according 

to DMRT analysis at the α = 5% level, (+): there is an interaction. 

There is an interaction in the 

combination of manure and Moringa leaf 

extract (Table 2). The best interaction was 

found using goat manure 4kg.plant-1and 

moringa leaf extract 25g.L-1. The interaction 

between the two treatments is caused by the two 

factors that have provided synergy to influence 

the variables. The increase in chlorophyll levels 

due to the interaction impacts increasing plant 

biomass by assimilation, directly proportional 

to chlorophyll levels. 

Manure containing the element N plays 

a role in the plant growth cycle that functions 

during plants' vegetative growth, so an adequate 

supply of N will provide good plant growth, 

especially in chlorophyll production. According 

to (24), nitrogen is an integral part of 

chlorophyll, so nitrogen is needed to form 

chlorophyll. Interaction is also caused by the 

concentration of moringa leaf extract that meets 

the needs of plants to produce chlorophyll. 

Based on the research of (25), it is explained 

that the provision of moringa leaf juice 

significantly affects the chlorophyll content of 

soybean leaves.  

The zeatin content in moringa leaf 

extract is vital in inhibiting leaf aging. 

According to (26), exogenous cytokinins will 

help inhibit chlorophyll loss. Mg content in 

moringa leaf extract, which also plays a micro 

role in chlorophyll formation, can cause the 

interaction. (27) added that Mg ions contained 

in chloroplasts are known as key components 

for light harvesting and as cofactors for 

photosynthetic enzymes. 

 

Conclusions  

The combination of goat manure at a 

dose of 4kg.plant-1 and moringa leaf extract at a 

concentration of 250g.L-1 had a better effect on 

the total chlorophyll content of robusta coffee 

non-mature plants. Goat manure does not affect 

the vegetative growth of robusta coffee non-

mature plants 1. Moringa leaf extract can be 

better on coffee plant height, and moringa leaf 

extract 250 g/L-1 is better on the leaf area of 

non-mature plants of robusta coffee aged 6 

weeks after pruning. 
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