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1. INTRODUCTION 

Breadfruit (ArtocarpusaltilisFosb) is a source of carbohydrates and is rich in nutrients so that it 
becomes an alternative food to replace rice in Indonesia [1]. In Latin American countries, 
breadfruit plants are used as reforestation plants because of their large crowns and their roots 
which grip the ground to reduce erosion. The breadfruit’ beautiful leaves and habitus makes its 
trees often be used as garden elements, especially in countries in the Asia Pacific region[2]. In 
Indonesia, breadfruit is not cultivated commercially even though climatic conditions are 
classified as suitable for cultivating it [3] and does not require high inputs[4]. 

Generative propagation is very difficult to do in breadfruit plants because as a parthenocarpy 
formed fruit this plant does not produce seeds [5]. Breadfruit vegetative propagation is generally 
through cuttings, grafts, root shoots [6], budding, grafting [7] and using tissue culture techniques 
[8]. 

The growth of breadfruit root cuttings is relatively slow because [9]it is estimated that they will 
sprout only in the eighth week or so [10]. To stimulate the growth of shoots from root cuttings, 
plant roots are injured mechanically or by giving various Growth Regulatory Substances [11]. 
The growth regulator commonly used in accelerating cuttings is Auxin. Applying the auxin is 
very important in the entire physiological processes of plants. Auxin forms root shoots, 
participates in cell division, and takes part in Tropism [12]. Compound 2.4-D (dichlorophenoxy 
acetic acid) is a strong auxin which is often used alone to induce callus formation. Callus is a 
mass of undifferentiated cells and is very important for the formation of early plant organs 

The purpose of this study was to determine the effect of organic matter in the planting medium and a 
concentration of 2.4 D on the growth of breadfruit root cuttings. This experiment was carried out in the 
form of a factorial experiment consisting of two factors using a Completely Randomized Block Design 
(CRBD) with 2 treatment factors. The first treatment was utilizing media of organic materials; filter 
cake, sawdust and rice husk. The second treatment was adding a concentration of 2.4 D: 1.0 ; 1.5 ; 
and 2.0 mL.L-1 water. The experimental results showed that breadfruit root cuttings in the filter media 
were better for shoot height, number of leaves, leaf area and root volume compared to sawdust and 
rice husk media. A low concentration of 2.4 D (1.0 mL.L-1 water) showed better growth of shoot height 
and number of leaves than higher concentrations. The interaction of filter cake media and low 
concentration of 2.4 D (1.0 mL.L-1 water) had a significant effect on the sprouting rate of breadfruit root 
cuttings. 
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including roots [13]. Giving exogenous growth regulators can be done to increase the content of 
growth hormone in root cuttings so as to accelerate root formation on cuttings[14]. The use of 
growth regulators substance can stimulate plant growth at the right concentration, contrary it 
can inhibit growth if added at excessive or insufficient concentrations [15]. 

If environmental conditions are neglected, the use of growth regulators substance will still not 
support the roots of the cuttings emerge. The most important environmental factor in the growth 
of seedlings is the growing medium that provides nutrients, moisture and a place for roots to 
grow. Many media can be used to seed cuttings, as long as they are loose and smooth, so that 
new roots don't hinder their growth. Organic materials (natural fertilizers) include all materials 
made from the remains of metabolism or living organs that contain nutrients needed by plants. 
The use of organic matter is very important to maintain the life of soil organisms in addition to 
provide nutrients for plants [16]. Apart from sand and humus soil, cuttings seedling media can 
also be mixed with organic materials such as filter cake (sugarcane waste)[17], rice husks [18], 
sawdust [19]. 

MATERIALS AND METHODS 

2.1 Experimental Site 

This experiment was conducted in a screen house at experimental farm laboratory department 
of Agricultural Production Technology, Pangkep State Polytechnic of Agriculture, 
MandallePangkep Regency from July 2022 to November 2022. It is located on latitude 
4o33’59"S and longitude 119o35’50”E, 57 m above sea level. 

2.2 Planting Material 

The material of the breadfruit cutting roots is taken from the parent breadfruit tree of the Bone 
variety, which has a characteristic yellowish fruit skin with a distinctive aroma that cannot be 
found anywhere else. The parent tree was chosen to be 5 years old, healthy and bearing fruit 
and not affected by pests and diseases. Roots for cuttings were cut into pieces with a length of 
20 cm. The root cuttings were then divided into diameter classifications, namely 1.0 – 1.7 mm, 
1.8 – 2.5 mm, and 2.6 – 3.3 mm with the intention of placing them in different groups in the 
experiment. 

1.3 Experimental Design and Layout 

This experiment was carried out in the form of a factorial experiment consisting of two factors 
using a Completely Randomized Block Design (CRBD). The first factor is the organic matter 
media (S) which consists of 3 types, namely: Soil + filter cake (S1), Soil + Sawdust (S2), and 
Soil + Rice Husk (S3). The second factor is the concentration of 2.4 Dichlorophenoxy Acetic 
Acid (2.4 D) in technical form (H) which consists of 3 levels, namely: 1.0 mL.L-1 water (H1), 1.5 
mL.L-1 water (H2), and 2.0 mL.L-1 water (H3). Each treatment was combined so that there were 9 
treatment combinations which were repeated three times. Data analysis will use Duncan’s 
Multiple Range Test (DMRT) if the ANOVA shows a significantly or very significantly different 
response. 

 

2. RESULTS AND DISCUSSION 
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The interaction between the organic matter media with a concentration of 2.4 D had a significant 
effect on sprouting promptness but had no significant effect on shoot height, number of leaves, 
leaf area and root volume. 

The results of DMRT in Table 1 showed that the treatment of filter cake media with a 
concentration of 2.4 D 1.0 mL.L-1 water (S1H1) showed a faster germination time and was not 
significantly different from sawdust media (S2H1) and rice husk media (S3H1). In filter cake media 
with a concentration of 2.4 D 1.0 mL.L-1 water (S1H1) was not significantly different from a 
concentration of 1.5 mL.L-1 water (S1H2) but significantly different from a concentration of 2 
mL.L-1 water (S1H3). At a concentration of 2.4 D 1.5 mL.L-1 water treated with rice husk media 
(S3H2) showed the slowest average germination rate and significantly different from filter cake 
media (S1H2) but not significantly different from sawdust (S2H2), while the treatment of filter cake 
media (S1H2) was not significantly different from sawdust media. 

Table 1. Average Germination Speed of Breadfruit Root Cuttings (days) in Various Organic 
Material Media and Concentrations of 2.4 D. 
 

Organic Matter Media  Concentration 2.4 D (mL.L-1 water) CVDMRT 0.05 1.0 (H1) 1.5 (H2) 2.0 (H3) 
Filter rcake (S1) 31.17b

x 32.50b
y 48.33a

x  
Saw dust (S2) 43.33a

x 41.83a
xy 37.50 a

x 13.11 
Rice husk (S3) 31.67b

x 47.17a
x 47.50 a

x 13.76 
Remark: Numbers followed by the same letters in rows (a,b) and columns (x,y) are not 

significantly different at the test level α = 0.05 
 

The experimental results showed that the fastest germination time was obtained in the 
interaction between the filter cake media and a concentration of 2.4 D 1.0 mL.L-1 water. This 
was due to the filter cake media being able to create porous media conditions so that the water 
holding capacity was high which was useful for maintaining media moisture around the cuttings 
roots. Filter cake had properties that support the improvement of soil chemical, biological and 
physical properties, including high water holding capacity, low unit weight, porous and high CEC 
of soil compression, saturated soil moisture content and field capacity[20], [21]. 

Porous media conditions will greatly assist the movement of the roots to occupy the pore space 
while providing more water for the growth of the cuttings. Moreover, the filter cake media was 
combined with a low concentration of 2.4 D, namely 1.0 mL. L-1 of water, low auxin will stimulate 
the absorption of water as a medium for dissolving nutrients that are needed in the growth of 
cuttings. The presence of auxin will increase the diffusion of water entering the cell so that auxin 
directly supports the increased permeability of water entering the cell. Water is a solvent for the 
nutrients contained in the planting medium so that these nutrients are easily absorbed by plant 
roots [22]. Shoot growth will be accelerated if nitrogen and water are available[23]. 

Auxin group growth regulators such as NAA, IAA, IBA, and 2,4-D function in increasing osmotic 
pressure, cell permeability, reducing pressure on the cell wall, increasing plasticity and 
developing cell walls, and increasing protein synthesis. In addition, auxin plays a role in 
stimulating cell elongation and enlargement. In conjunction with cell permeability, auxin 
increases the diffusion of water entering the cell. Growth regulator 2,4-D is an auxin which has 
strong activity, but at low concentrations it can induce callus [24]. 



 

 
 

The results of statistical analysis on the interaction of the filter cake media with the addition of 
2.4 D concentration showed that the increase in auxin concentration was inversely proportional 
to the rate of germination bybreadfruit seeds. The concentration gradually increased from1.0 
mL.L-1 water, 1.5 mL.L-1 water to 2.0 mL.L-1 water. The filter media turned out to have a negative 
effect on the germination time which showed a slower germination time. Growth regulators at 
high concentrations can inhibit the action of endogenous hormones thereby disrupting cell 
growth and development[25]. High auxin concentrations inhibit the growth of buds [26]. The 
same trend was also shown by the interaction of rice husk media with a concentration of 2.4 D, 
namely the increase in auxin concentration was inversely proportional to the results of the 
sprouting speed. However, in the interaction of sawdust media with a concentration of 2.4 D, the 
opposite occurred, namely an increase in auxin concentration was also followed by an increase 
in the speed of sprouting. This was because sawdust as a growing medium tends to stick to 
plant roots so that at the beginning of the growth of breadfruit cuttings there was direct contact 
between the area under the cuttings and the sawdust so that moist conditions are created in the 
area under the cuttings because it easily binds water. Sawdust planting media is able to 
increase the water retention of the growing media [19]. 

The results of DMRTin Table 2 show that the filter cake media (S1) showed the highest mean 
shoots and was significantly different with sawdust (S2) and rice husk (S3) media, but sawdust 
media (S2) was not significantly different from rice husk media (S3). The concentration of 2.4 D 
1.0 mL.L-1 water (H1) showed the highest shoots and was significantly different from the 
concentrations of 1.5 mL.L-1 water (H2) and 2 mL.L-1 water (H3). But the concentration of 2.4 D 
1.5 mL.L-1 water (H2) was not significantly different from the concentration of 2 mL.L-1 water (H3). 

Table 2. Average shoot height of breadfruit root cuttings (cm) in various organic matter media 
and concentrations of 2.4 D at the end of the experiment. 

Organic Matter Media Concentration 2.4 D (mL.L-1 water) Average CV DMRT0.01 1.0 (H1) 1.5 (H2) 2.0 (H3) 
Fish Cake (S1) 33.57 24.77 24.90 27.75a  
Saw Dust (S2) 24.17 22.33 13.77 20.06b 6.90 
Rice Husk (S3) 23.55 12.80 13.67 16.67b 7.25 
Average 27.10a 19.93b 17.45b   
Remark: Numbers followed by the same letters in rows (a,b) and columns are not significantly 

different at the test level α = 0.01 
 
Root formation is a major problem of vegetative propagation, especially for cuttings. If this 
problem has been solved, the method of propagation by cuttings of breadfruit will be the best, 
practical and economical method of propagation. The experimental results showed that the filter 
media showed the highest average yield of shoot height, number of leaves, leaf area and root 
volume compared to sawdust and rice husk media. This is due to the fact that filter cake is able 
to create better pore space in the media so that it supports the growth of breadfruit roots, in this 
case root penetration into the media is not hindered. The position of the pore space is very 
important because plant growth and the physical and chemical processes that occur in the soil 
occur in and through the root pore space. Plant roots develop through the pore spaces. 
Likewise where water is stored, the movement of water and the movement of nutrients[27]. 

Duncan's Multiple Range Test results in Table 3 show that the filter media (S1) showed the 
highest average number of leaves and was very significantly different from the sawdust media 



 

 
 

(S2) and rice husk media (S3), while the sawdust media (S2) did not differ significantly with rice 
husk media (S3). The concentration of 2.4 D 1.0 mL.L-1 water (H1) showed the most leaves and 
was significantly different from the concentration of 2 mL.L-1 water (H3), but not significantly 
different from the concentration of 1.5 mL.L-1 water (H2) . The concentration of 2.4 D 1.5 mL.L-1 
water (H2) was not significantly different from the concentration of 2 mL.L-1 water (H3). 
 

Table 3. Average number of leaves of breadfruit root cuttings (strands) in various organic matter 
media and concentrations of 2.4 D at the end of the experiment. 

 

Organic Matter Media Concentration 2.4 D (mL.L-1 water) Average CV DMRT 0.01 1.0 (H1) 1.5 (H2) 2.0 (H3) 
Fish Cake (S1) 6.50 6.33 5.33 6.05a  
Saw Dust (S2) 5.17 4.50 3.17 4.28b 1.30 
Rice Husk (S3) 4.83 2.83 4.00 3.89b 1.37 
Average 5.50 4.55 4.00   
CV DMRT0.05 0.95a 1.00b 4.16b   
Remark: Numbers followed by the same letters in rows (a,b) and columns are not significantly 

different at the test level α = 0.05 
 
The water concentration of 2.4 D 1.0 mL.L-1 showed the best average shoot height and number 
of leaves followed by concentrations of 1.5 mL.L-1 water and 2.0 mL.L-1 water. It seems that 
these results follow a quadratic curve, that is, the lower the auxin concentration, the higher the 
shoots and the number of leaves produced. This is possible because the low concentration of 
auxin given can increase the content of growth substances present in plants which in turn will 
stimulate cell activity in the form of elongation, cell division and lead to tissue formation. One of 
the roles of auxin is to stimulate cell elongation in shoots and significantly affect the growth of 
shoots and leaves[27]. 
On the other hand, filter cake media stabilized soil structure better than sawdust and rice husk 
media with a better ability to hold/hold more water so that the media moisture could be 
maintained. Wet filter cake had a moisture content of 50-70% [20]. The number of leaves was 
also influenced by genetic and environmental factors. For example, leaf growth will be 
encouraged if there is enough water in the growing medium [23]. In addition, the easily 
weathered nature of filter cake was able to provide nutrients compared to sawdust and rice husk 
media which were needed for the growth of breadfruit cuttings because they contained high 
nitrogen and little phosphorus and potassium. The total nitrogen content of filter cake after 2 
months of fermentation was 1.23%, while phosphorus and potassium were 1.26% and 0.38% 
respectively [28]. 
Duncan’s Multiple Range Test results in Table 4 show that the filter cake media (S1) showed the 
largest average leaf area and was not significantly different from the sawdust media (S2) but it 
was very significantly different from the rice husk media (S3), while the sawdust media (S2) was 
significantly different from rice husk media (S3). 
 
Table 4. Average leaf area of breadfruit root cuttings (cm2) in various organic matter media and 

concentrations of 2.4 D at the end of the experiment. 

Organic Media Matter Concentration 2.4 D (mL.L-1 water) Average CV DMRT0.01 



 

 
 

1.0 (H1) 1.5 (H2) 2.0 (H3) 
Filter cake (S1) 136.20 126.25 119.64 127.36a  
Saw dust (S2) 106.61 94.95 80.35 93.97ab 35.55 
Rice husk (S3) 96.68 79.44 84.67 86.93b 37.37 
Average 113.16 100.21 94.89   
Remark: Numbers followed by the same letters in rows (a,b) and columns are not significantly 

different at the test level α = 0.05 
 
Filtercake contains nutrient compounds that are easily weathered. The weathering process 
produces CO2H2O and minerals [22]. Mineral nutrition and water availability affect the growth of 
internodes, especially by cell expansion, nitrogen, and water, needed for vegetative growth such 
as roots, stems and leaves. More nitrogen is available and assisted by potassium, so more 
protein will be produced, and leaves can grow wider [23], [29]. 
 
The results of DMRT in Table 5 showedthat the filter media (S1) showed the largest root volume 
and was significantly different from sawdust media (S2) and rice husk media (S3). However, 
sawdust media (S2) was not significantly different from rice husk media (S3). 
 

Table 5. Average volume of breadfruit root cuttings (cm2) in various organic matter media and 
concentrations of 2.4 D at the end of the experiment. 

 

Organic Media Matter Concentration 2.4 D (mL.L-1 water) Average CV DMRT0.01 1.0 (H1) 1.5 (H2) 2.0 (H3) 
Filter cake (S1) 2.49 1.86 2.10 2.15a  
Saw dust (S2) 1.78 1.78 1.63 1.73b 0.38 
Rice husk (S3) 1.66 1.86 1.55 1.69b 0.40 
Average 1.98 1.83 1.76   
Remark: Numbers followed by the same letters in rows (a,b) and columns are not significantly 

different at the test level α = 0.05 
 
Filter cake was a better planting medium than sawdust and rice husk because it created good 
porosity for breadfruit root development. Abnormal root development due to obstacles in 
penetrating the soil, nutrients that were dissolved in water and were far below the reach of root 
suction would not be absorbed. If the roots were unable to penetrate the soil, the roots would 
become short and all the branches of the roots and main roots would grow thick hairy roots [30]. 
Rice husk media showed the lowest root volume. This condition was caused by the pore space 
formed by the rice husk media which was not as good as filter cake and sawdust. It was 
suspected that the porosity of the rice husk media was too loose resulting in lower water holding 
capacity so that water was easily lost due to evaporation or by the movement of water down to 
deeper areas of the media surface. 
 
4. CONCLUSION 
Based on the experimental results it canbe concluded: 
1. The interaction of filter cake media with the addition of 2.4 D concentration showed that 

the increase in auxin concentration was inversely proportional to the rate of sprouting rate 
produced by breadfruit seeds and became the best treatment combination on the 
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parameter of sprouting rate. Although not optimal, the same trend was valid to rice husk 
media. 

2. In contrast, the interactions of sawdust media with a concentration of 2.4 D, showed an 
increase in auxin concentration was also followed by an increase in the speed of 
sprouting or germination. 

3. The filter media revealed a better effect on shoot height, number of leaves, leaf area, and 
root volume. 

4. The concentration of 2.4 D 1.0 mL.L-1 of water had a better effect on shoot height and 
number of leaves of breadfruit root cuttings. 

 
REFERENCES  

[1] H. Estalansa, E. Yuniastuti, and S. Hartati, “The Diversity of Breadfruit Plants (Artocarpus 
altilis) Based on Morphological Characters,” Agrotech Res J, vol. 2, no. 2, pp. 80–85, 
2018, doi: 10.15900/j.cnki.zylf1995.2018.02.001. 

[2] S. J. Deivanai, S. and Bhore, “Breadfruit (Artocarpus altilis Forsb.)-An Underutilized and 
Neglected Fruit Plant Species,” Middle-East J. Sci. Res., vol. 6, no. 5, pp. 418–428, 2010. 

[3] H. Hendalastuti and A. Hidayat, “Characteristics of Breadfruit Cultivation and Management. 
Case Studies in Solo and Kampar,” in Research Report on Forest Products Research 
and Development Workshop, 2006, pp. 220–232. 

[4] A. M. P. Jones, D. Ragone, N. G. Tavana, D. W. Bernotas, and S. J. Murch, “Beyond the 
Bounty: Breadfruit (Artocarpus altilis) for food security and novel foods in the 21st 
Century,” Ethnobotany, vol. 9, no. 2011, pp. 129–149, 2011. 

[5] J. A. Parrotta, “Artocarpus altilis (S.Park.) Fosb. Moracea Mulberry Family,” U.S. 
Government Printing Office, pp. 1–6, 1994. 

[6] L. B. R. Nkrumah, Breadnut and Breadfruit Propagation: A Manual for Commercial 
Propagation, 1st ed. Rome: Food and Agriculture Organization of the United Nations, 
2012. 

[7] J. H. Fownes and W. C. Raynor, “Seasonality and yield of breadfruit cultivars in the 
indigenous agroforestry system of Pohnpei, Federated States of Micronesia,” Trop. 
Agric., vol. 70, no. 2, pp. 103–109, 1993, [Online]. Available: 
https://journals.sta.uwi.edu/ojs/index.php/ta/article/view/7076 

[8] D. Ragone, N. Tropical, B. Garden, and J. M. M. Engels, Breadfruit, Artocarpus altilis 
(Parkinson) Fosberg, 10th ed., no. January 1997. Rome, Italy: The International Plant 
Genetic Resources Institute, 1997. 

[9] D. Nandwani and A. H. Kuniyuki, “Grafting and improvement of breadfruit production in 
micronesia,” in Acta Horticulture in Asian-Pacific Region, Ed. R. Drew, Ed., Boulder city, 
Nevada: College of the Marshall Islands, 2005, pp. 307–310. doi: 
10.17660/ActaHortic.2005.694.50. 

[10] A. Maruapey and F. Saeni, "Breadfruit Plant Nurseries (Arthocarpus altilis Park.) For the 
Community of Tanjung Kasuari Village, Maladum Mes District, Sorong City," Abdimas 
Papua J. Community Serv., vol. 4, no. 2, pp. 22–28, 2022. 

[11] K. Faozi, A. Iqbal, and Supartoto, "Growth of Three Soybean Varieties with Different Leaf 
Shapes and Planting Spacing," in Development of Rural Resources and Sustainable 



 

 
 

Local Wisdom IX, Department of Agrotechnology, Faculty of Agriculture, Ed., Purwokerto: 
University General Soedirman, 2019, pp. 221–228. [On line]. Available: 
http://jurnal.lppm.unsoed.ac.id/ojs/index.php/Prosiding/article/view/1186 

[12] J. Sosnowski, M. Truba, and V. Vasileva, “The Impact of Auxin and Cytokinin on the Growth 
and Development of Selected Crops,” Agric., vol. 13, no. 3, pp. 1–14, 2023, doi: 
10.3390/agriculture13030724. 

[13] A. Shofiyani and N. Damajanti, "The Effect of 2,4-D (Dichlorophenoxy Acetic Acid) and BAP 
(Benzyl Amino Purine) on Callus Proliferation and Production of Secondary Metabolites 
from Callus Kencur (Kaemferia galanga L.)," J. Indonesian Pharmaceutical Sciences., 
vol. 15, no. 2, pp. 180–185, 2017, [Online]. Available: 
http://jifi.farmasi.univpancasila.ac.id/index.php/jifi/article/download/514/326 

[14] D. K. Anam, "The Effect of Various Growth Regulatory Substances and Cutting Materials on 
the Growth of Breadfruit Cuttings (Artocarpus altilis)," Biofarm J. Ilm. Pertan., vol. 15, no. 
1, pp. 31–36, 2018, doi: 10.31941/biofarm.v15i1.1103. 

[15] P. A. Merahabia, B. Daeng, V. L. Tuhumena, and H. W. Tbur, "The effect of planting media 
and growth regulator application methods on the success of breadfruit root cuttings 
(Artocarpus Altilis Fobs.)," Agrotek, vol. 8, no. 2, pp. 23–30, 2020, doi: 
10.46549/agrotek.v8i2.198. 

[16] M. Abror, E. Agustina, and S. Arifin, "Analysis of Microorganisms and Organic Planting 
Media Against Growth and Results of Lettuce Plants," J. Phys. Conf. Ser., vol. 1114, no. 
1, 2018, doi: 10.1088/1742-6596/1114/1/012007. 

[17] Maharany, Rina, and D. W. Purba, “Effect of Blotong (Sugarcane Waste) and Urea 
Fertilizer Application on the Growth of Oil Palm Seedlings (Elaeis Guineensis Jacq.) in 
Polybags,” Agricultura, vol. 4, no. 3, pp. 117–126, 2020. 

[18] H. M. El Sharkawi, M. A. Ahmed, and M. K. Hassanein, “Development of Treated Rice Husk 
as an Alternative Substrate Medium in Cucumber Soilless Culture,” J. Agric. environment. 
Sc., vol. 3, no. 4, pp. 131–149, 2014, doi: 10.15640/jaes.v3n4a10. 

[19] S. Lin et al., “Mineralization and nutrient release pattern of vermicast-sawdust mixed media 
with or without the addition of Trichoderma viride,” PLoS One, vol. 16, no. 7 July, pp. 1–
16, 2021, doi: 10.1371/journal.pone.0254188. 

[20] E. Ariningsih, "Towards a waste-free sugarcane industry," in Proceedings of the 34th World 
Food Day National Seminar on Agriculture-Based Bio-industry, 2014, pp. 409–418. [On 
line]. Available: 
http://pse.litbang.pertanian.go.id/ind/pdffiles/PROS_2014_MP_37_SET_Ening.pdf 

[21] Soeptrapto, "The Relationship between the Distribution of Local Superior Sugar Cane 
Varieties and the Physical Appearance of Plants in Sugar Cane Development Areas," J. 
Din. Sauce. Econ., vol. 5, no. 1, pp. 1–8, 2004. 

[22] M. Aksa, J. P. Jamaluddin P, and S. Yanto, "Engineering Planting Media in Hydroponic 
Planting Systems to Increase Vegetable Plant Growth," J. Educator. Technol. Pertan., 
vol. 2, no. 2, p. 163, 2018, doi: 10.26858/jptp.v2i2.5172. 

[23] T. M. Hartati, C. Roini, and I. Rodianawati, “Growth Response of Local Cassava to Cutting 
Models and the Number of Buds,” Caraka Tani J. Sustain. Agric., vol. 36, no. 2, p. 379, 
2021, doi: 10.20961/carakatani.v36i2.37746. 



 

 
 

[24] R. Chaturvedi, M. K. Razdan, and S. S. Bhojwani, “Endosperm culture: A novel method for 
triploid plant production,” J. Plant Physiol., vol. 93, no. 1, pp. 557–564, 2003, doi: 
10.1007/s11240-008-9336-6. 

[25] P. Kartikasari, M. T. Hidayat, and E. Ratnasari, "The Effect of Growth Regulatory 
Substances 2,4-D and Kinetin on the Growth of Shoots Explants of Jabon Plants 
(Anthocephalus cadamba Miq. ex Roxb.) In Vitro," Lantern Bio , vol. 2, no. 1, pp. 75–80, 
2013. 

[26] R. Untari, E. Sandra, and D. M. Puspiningtyas, "Aclimatization of Black Orchid Seeds 
(Coelogne pandurata Lindl.)," Bulletin of the Indonesian Botanical Gardens, Bogor, pp. 
13–19, 2007. 

[27] S. Amanah, M. T. H. S. Budiastuti, and A. Sulistyo, “Effect of the media type and auxin 
concentration on the growth of cuttings seedlings of pepper (Piper nigrum),” Cell Biol. 
Dev., vol. 6, no. 1, pp. 32–40, 2022, doi: 10.13057/cellbioldev/v060105. 

[28] Supari, Taufik, and B. Gunawan, "Analysis of the Chemical Content of Organic Fertilizer 
from Sugar Cane Blotong Waste from the Trangkil Sugar Factory," in Proceedings of the 
6th 2015 SNST, Faculty of Engineering, Wahid Hasyim University, Ed., Semarang, 2013, 
pp. 10–13. 

[29] Endriani, "Physical properties and soil water content due to the application of conservation 
tillage," J. Hidrolitan, vol. 1, no. 1, pp. 26–34, 2010. 

 


