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ABSTRACT:

Indonesia's cocoa production has experienced instability in recent years, highlighting the
need to improve productivity through intensification and extensification strategies. The
success of these approaches is highly dependent on the availability of high-quality seedlings.
Therefore, the utilization of coconut water as a natural plant growth regulator and
supplementary nutrient source has potential to enhance cocoa seedling growth. This study
aimed to evaluate the effects of different doses and application frequencies of mature coconut
water applied as a foliar spray on cocoa seedling growth and to determine the most effective
treatment combination. The experiment was conducted from December 2025 to May 2026 at
the Ciparanje Experimental Field, Faculty of Agriculture, Universitas Padjadjaran, Jatinangor,
located at an altitude of approximately 752 m above sea level. A Randomized Block Design
(RBD) consisting of ten treatments and three replications was employed. Treatments
comprised combinations of mature coconut water doses of 10, 15, and 20 mL plant™ applied at
intervals of 7, 14, and 21 days, while a 0.2% urea treatment served as the control. Observed
variables included plant height, stem diameter, and leaf number. The results showed that
foliar application of mature coconut water significantly increased cocoa seedling stem
diameter at 6-10 weeks after treatment. In addition, variations in coconut water dose and
application frequency were able to support plant height and leaf production with effectiveness
comparable to that of the inorganic fertilizer treatment (urea). For stem diameter, the
application of 10, 15, and 20 mL plant™ resulted in significantly greater values than the control
treatment. Among the tested application intervals, the 21-day interval was found to be the
most effective.
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INTRODUCTION

The cacao plant (Theobroma cacao L.) is widely cultivated in Indonesia due to high market
demand and stable selling prices. Indonesian cocoa is not only processed into food products
but is also in demand in the cosmetics and pharmaceutical industries (Pusat Data dan Sistem
Informasi Pertanian, 2022). According to the latest data from the International Cocoa
Organization or ICCO (2025) for the 2022/2023 period, Indonesia’s cocoa bean production
ranked only 7th globally with a total of 160,000 metric tons, behind Céte d’Ivoire (2,241,000
metric tons), Ghana (654,000 metric tons), Ecuador (454,000 metric tons), Nigeria (315,000
metric tons), Cameroon (270,000 metric tons), and Brazil (220,000 metric tons). This ranking
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reflects a significant downward trend; Indonesia, which was still ranked 4th globally in the
2016/2017 period, has remained stagnant at 7th place since 2017.

The decline in cocoa bean production in Indonesia over the past eight years has been driven
by two main issues: a reduction in plantation area and low productivity levels (Direktorat
Statistik Tanaman Pangan Hortikultur dan Perkebunan, 2024; Norfahmi et al., 2019).
Intensification and extensification are considered the most effective strategies for maximizing
the potential of cocoa land (Nadila & Kurniati, 2025). The success of these two strategies
heavily depends on the proper preparation of seedlings before transplanting. This is because
good nursery management produces high-quality plants with high productivity and supports
agricultural sustainability (Boruah et al., 2024).

Good cocoa seedlings can be identified by optimal plant height, a large stem diameter, and

well-developed root systems. This is supported by Ishida et al. (2023) who state that cocoa
seedlings with high photosynthetic activity and good biomass growth also reflect high plant
vigor, making them better able to adapt after being transplanted to the field.
The cocoa seedling phase often faces challenges such as relatively slow growth due to
environmental constraints, which affect the plant’s physiological processes (Ishida et al., 2023).
These conditions are often accompanied by small stem size and low plant vigor, reflecting
suboptimal vegetative growth (Baligar et al., 2021). Furthermore, the development of the root
system in cocoa seedlings is often suboptimal, even though roots play a crucial role in the
absorption of water and nutrients to support plant growth (Lahive et al., 2019).

Various efforts can be made to enhance the growth of cocoa seedlings during the nursery
phase, one of which is through the application of plant growth regulators (PGRs) that can
stimulate plant physiological processes. Coconut water (Cocos nucifera L.) is a highly promising
organic waste material for this purpose because it has a biochemical composition rich in
nutrients and bioactive compounds (Shi et al., 2025). This natural material contains various
plant growth hormones such as IAA (0.0039%), cytokinin (0.0017%), zeatin (0.0019%), kinetin
(0.0053%), and gibberellin (GA3) (0.0018%) (Rosniawaty et al., 2018). In addition to hormones,
based on the results of an analysis by Gaddamwar and Water (2013), coconut water contains
various essential minerals such as K (247 mg/100 mL), P (6.3 mg/100 mL), Na (48 mg/100 mL),
Ca (40 mg/100 mL), Mg (15 mg/100 mL), Cu (26 mg/100 mL), and Fe (79 mg/100 mL). The
synergy between these hormonal compounds and nutrients demonstrates coconut water’s
potential as an effective natural growth regulator for enhancing plant physiological
performance and growth.

This plant growth regulator (PGR) application strategy is carried out via the leaves (foliar
application) to overcome nutrient absorption limitations caused by the root system being
confined within polybags. The foliar method was chosen because it allows for more responsive
absorption of the active ingredient through the stomata and cuticular pores (Ishfaq et al.,
2022). Through the spraying mechanism, the coconut water solution forms a thin layer on the
leaf surface, facilitating the diffusion of ions and sugars into the cytoplasm (Pooja & Ameena,
2023). Additionally, foliar application is considered more efficient because it reduces the risk of
losing active compounds due to leaching or fixation in the soil (Ulfa et al., 2022).

According to technical guidelines, foliar nutrient application should be performed at least
once every three weeks to ensure optimal absorption (Heirloom Cacao Preservation, 2024).
However, past research shows that plants react differently to spraying frequency. Rosniawaty
et al. (2021) reported that changing the spraying interval (every 3, 7, 14, or 21 days) resulted in
differences in the growth of cacao seedlings. This indicates that application frequency is a key
factor in determining the extent to which the natural hormones in coconut water can be
absorbed and utilized by the plants. A more recent study from by Rosniawaty et al. (2024)
which tested application intervals of every 3, 7, 14, and 21 days, found that applying coconut
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water every 21 days to Arabica coffee seedlings was actually the most effective in promoting
height growth and the number of leaves. Therefore, variations in application frequency are an
important factor to be further studied to determine the most efficient application interval for
supporting cocoa seedling growth.

In addition to frequency, variations in the application dose of the solution are also
important factors that determine the effectiveness of the plants’ growth response. Coconut
water is a liquid medium containing nutrients similar to liquid organic fertilizer. Research
findings on liquid organic fertilizer (POC) indicate a positive effect on plants. A study conducted
by Gunawan et al. (2024) showed that applying POC at doses of 10 mL plant™, 15 mL plant™,
and 20 mL plant™ via direct application to the plants provided insight into the optimal dose
range for supporting the growth of cocoa seedlings. Based on these findings, the optimal dose
was determined to be 20 mL plant™. Meanwhile, according to a study by Rosniawaty et al.
(2024) the foliar application of coconut water at a dose of 100 mL mL plant™, applied six times,
had the most consistent effect on the height, chlorophyll index, and root volume of cocoa
seedlings. This dose can serve as a reference in the present study.

Although various studies have examined the effects of coconut water dosage and
application frequency, information regarding the combination of these two factors and their
ability to produce growth comparable to inorganic fertilizers during the seedling phase remains
limited.

MATERIAL AND METHODS

The materials used to support this study were cocoa beans from cocoa pods sourced from
farmers in Sekarwangi Village, Buahdua Subdistrict, Sumedang Regency, West Java. The
growing medium consisted of Inceptisol topsoil and cattle manure, water, urea fertilizer, the
fungicide Dithane M-45 (active ingredient: mancozeb), and mature coconut water from local
coconut plantations. The tools used included a hoe, 15 x 25 cm polybags, a vernier calliper, a
hand sprayer, writing utensils, documentation tools, laboratory equipment, and 75% shade
net.

This study was conducted at the Ciparanje Experimental Farm of the Faculty of Agriculture,
Padjadjaran University, Jatinangor, Sumedang Regency, West Java, at an elevation of
approximately 752 m above sea level, from December 2025 to May 2026. This study employed
a Randomized Block Design (RBD) experimental method consisting of ten treatments, three
replicates, and each treatment comprising three plants in a triplicate arrangement, thus
requiring 90 cocoa seedlings. The treatments tested were as follows:

A =10 mL of coconut water plant™, once every 7 days

B = 10 mL of coconut water plant™, once every 14 days

C = 10 mL of coconut water plant™, once every 21 days

D = 15 mL of coconut water plant™, once every 7 days

E = 15 mL of coconut water plant™, once every 14 days

F = 15 mL of coconut water plant™, once every 21 days

G = 20 mL of coconut water plant™, once every 7 days

H = 20 mL of coconut water plant™, once every 14 days

| = 20 mL of coconut water plant™, once every 21 days

J =50 mL of 0.2% Urea solution plant™ applied directly to the soil, once every 14 days.

Plant height was measured with a ruler in centimetres (cm). Plants were measured from the
base of the stem to the growing point. Stem diameter was measured at the base of the stem, 3
cm above the soil surface, using a vernier calliper in millimetres. The number of leaves was
determined by counting the number of fully expanded leaves. Observations were conducted
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every two weeks, beginning the week after treatment (0 WAT), 2 WAT, 4 WAT, 6 WAT, 8 WAT,
10 WAT, 12 WAT, 14 WAT, and 16 WAT. Experimental data analysis was performed using the
SmartstatXL

RESULT AND DISCUSSION

Plant height (cm)

Based on Table 1, it is evident that foliar application of coconut water has not yet shown a
significant effect on the height growth of cocoa seedlings at 0-16 WAT. However, overall,
seedling height continued to increase from a range of 16.97-18.92 cm at the start of the
observation to 34.17-40.17 cm at 16 WAT, where this growth remains comparable to that of
the control treatment.

Tabel 1. Effects of Dose and Application Frequency of Foliar-Applied Mature Coconut Water on
the Height Growth of Cocoa (Theobroma cacao L.) Seedlings

10 12 14 16

T OWAT 2WAT 4WAT 6WAT 8 WAT WAT WAT WAT WAT
A 16.97 17.46 18.99 19.62 21.20 24.19 26.69 30.72 34.17
B 18.51 18.91 19.91 21.37 23.78 26.20 30.72 35.06 38.29
C 17.30 18.00 19.17 20.32 22.72 25.68 30.17 33.72 38.35
D 17.59 18.03 19.31 20.32 21.33 25.23 27.45 31.33 34.39
E 17.75 18.31 19.20 20.07 22.19 25.19 27.72 31.11 35.38
F 18.92 19.30 20.33 21.07 22.17 24.37 29.63 32.67 37.17
G 17.77 18.34 19.82 20.83 23.33 25.27 29.69 33.17 37.93
H 18.57 19.24 20.40 21.16 24.01 27.42 31.17 36.39 40.17
| 18.14 18.70 20.11 20.78 22.37 24.47 27.39 31.00 35.63
J 17.41 17.91 19.06 19.61 22.13 26.40 30.38 34.83 39.93
Notes:

1) WAT: Weeks After Treatment
2) T: Treatment; A: 10 mL/7 days; B: 10 mL/14 days; C: 10 mL/21 days; D: 15 mL/7 days; E: 15
mL/14 days; F: 15 mL/21 days; G: 20 mL/7 days; H: 20 mL/14 days; |: 20 mL/21 days; J: control

In this experiment, although the application of coconut water did not result in a significant
difference in plant height, all treatments still showed a consistent increase in height during the
observation period. These results indicate that the nutrient requirements for supporting the
vegetative growth of the seedlings were still fulfilled adequately across all treatments.

Furthermore, the relatively uniform response in plant height across treatments also
indicates that coconut water applied via foliar application plays a greater role in maintaining
the plants’ physiological condition rather than stimulating excessive stem elongation.
Therefore, the results of this study indicate that the application of coconut water is capable of
supporting the vegetative growth of cocoa seedlings until they reach a height equivalent to
that of the control treatment, although it has not yet been able to produce a statistically
significant increase in plant height. In fact, based on the Indonesia's Good Agriculture
Practices/GAP on Cocoa (2014) which sets the minimum height for transplant-ready seedlings
at 40 cm, treatment H was the first group to meet this requirement.

Stem Diameter (mm)
Based on Table 2, it was found that the application of coconut water had a significant effect
on the growth of the stem diameter of cocoa seedlings at 6-10 WAT.
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Tabel 2. Effects of Dose and Application Frequency of Foliar-Applied Mature Coconut Water on
the Stem Diameter Growth of Cocoa (Theobroma cacao L.) Seedlings

T 0 2 4 WAT 6 8 10 12 14 16
WAT  WAT WAT WAT WAT WAT WAT WAT
A 3.21 353 4.09 4.54 abc 4.63 cd 4.87 bed 586 654 721
B 3.20 374 414 4.50 abc 5.07ab 4.79cd 562 636 7.64
C 3.07 350 4.02 4.36¢ 473 c 5.15 abc 6.04 647 7.78
D 3.09 371 437 4.73 ab 5.14a 5.17 abc 6.10 6.19 7.69
E 3.21 3,58 4.05 4.44 bc 4.66 cd 5.18 abc 6.06 648 7.54
F 3.09 358 4.04 441c 4.84 bc 5.20 abc 595 642 761
G 3.28 349 413 4.62 abc 4.82 bc 5.27 ab 6.08 6.60 7.82
H 3.24 365 421 4.74 a 5.16a 5.28 ab 6.22 677 7.79
I 3.16 352 417 4.56 abc 5223 5.49a 6.17 6.76 7.60
J 3.01 330 381 4.08d 4.43d 4.59d 571 624 7.25

Notes:
1) WAT: Weeks After Treatment
2) T: Treatment; A: 10 mL/7 days; B: 10 mL/14 days; C: 10 mL/21 days; D: 15 mL/7 days; E: 15
mL/14 days; F: 15 mL/21 days; G: 20 mL/7 days; H: 20 mL/14 days; |: 20 mL/21 days; J: control

At 6 WAT, treatment H (20 mL/14 days) had the largest diameter compared to treatments
C, E, F, and J, but was not significantly different from treatments A, B, D, G, and J. Furthermore,
at 8 WAT, treatments D (15 mL/7 days), H (20 mL/14 days), and | (20 mL/21 days) had larger
stem diameters than treatments A, C, E, F, and J, but were not significantly different from
treatment B. Meanwhile, at 10 WAT, treatment | (20 mL/21 days) had the highest plant
diameter compared to treatments C, D, E, F, G, and H, but showed no significant difference
from treatments A, B, and J. During this period, it was also observed that the control treatment
tended to produce the lowest stem diameter compared to the other treatments.

Stem diameter development is closely related to cell division and enlargement in the
cambium tissue. These activities can be stimulated by the hormones cytokinin, auxin, and
gibberellin, and supported by the availability of potassium. This is consistent with the fact that
coconut water contains all three of these compounds, as reported by Rosniawaty et al. (2018).
Meanwhile, urea in the control treatment could not stimulate these activities due to its
specific role in providing nitrogen.

The synergy between cytokinins in stimulating meristem cell division, auxins in vascular
tissue differentiation, and gibberellins in supporting cell enlargement plays a crucial role in
optimizing plant stem growth (Kieber & Schaller, 2018; Nufus, 2025). The combined hormonal
activity of these three substances is believed to be the reason why the coconut water
treatment resulted in a larger stem diameter than the control.

In addition to its growth hormone content, the potassium in coconut water may also help
support stem diameter growth by regulating enzyme activity and the translocation of plant
photosynthetic products. This aligns with the statement by Wang et al. (2013) that potassium
plays a crucial role in regulating plant metabolism, the translocation of photosynthates, and
plant tissue formation. The availability of potassium from coconut water may help enhance
vegetative plant growth, including stem development.
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The frequency of foliar applications is also thought to influence the effectiveness of leaf
uptake of bioactive compounds from coconut water; as shown in this experiment, applications
every 7 days were no more effective than every 14 or 21 days. Too frequent application
intervals do not necessarily enhance plant growth responses because leaves have limited
absorption capacity within a given period (Fernandez & Brown. 2013). After the solution is
absorbed through the stomata and cuticle, plants require time to translocate and utilize these
compounds in metabolic processes and tissue growth. As explained by oleh Otto et al. (2021)
compounds from foliar applications must pass through the epidermal tissue, apoplast, and
symplast before being utilized by the plant; thus, the absorption and translocation processes
require a certain amount of time. If applications are made too frequently, the plant will require
more time to process the absorbed compounds.

The lack of a significant effect at 12-16 WAT is likely due to the fact that as plant size
increases, the demand for hormones to support cambium activity continues to rise, while the
dose of coconut water remains constant. Consequently, the nutrient contribution becomes too
small relative to the plant’s total needs. This indicates that while the stimulatory effect of
coconut water is indeed present, its scope is limited to the early to mid-seedling stages only.

Number of leaves (sheets)

Based on Table 3, it was found that there was no significant effect of coconut water
application on the number of leaves in cocoa seedlings from 0—16 WAT. All treatments showed
a similar increase in the number of leaves, ranging from 3.67-4.11 leaves at 0 WAT to 15.89-
18.22 leaves at 16 WAT.

Tabel 3. Effects of Dose and Application Frequency of Foliar-Applied Mature Coconut Water on
the Number of Leaves Growth of Cocoa (Theobroma cacao L.) Seedlings

10 12 14 16

T 0O WAT 2WAT 4WAT 6WAT 8 WAT WAT WAT WAT WAT
A 3.67 3.67 6.22 6.45 9.55 10.22 14.00 14.34 15.89
B 3.78 4.22 6.67 7.44 10.22 11.55 13.89 15.56 16.78
C 3.67 4.22 6.55 7.11 9.45 10.44 13.11 14.55 16.67
D 3.89 4.00 7.11 7.22 9.67 10.66 12.67 14.44 16.33
E 4.11 4.22 6.89 7.11 9.89 10.78 13.00 14.67 16.67
F 4.00 4.33 6.55 7.73 9.33 9.78 13.22 14.00 17.67
G 3.67 3.78 6.78 7.22 9.56 10.45 13.45 14.56 17.56
H 4.11 4.11 7.44 8.00 10.89 10.89 13.89 16.22 18.22
I 3.78 4.00 6.33 6.78 9.44 10.44 12.78 15.34 16.78
J 3.67 4.00 6.11 6.89 9.44 11.00 13.33 15.33 17.45

Notes:
1) WAT: Weeks After Treatment
2) T: Treatment; A: 10 mL/7 days; B: 10 mL/14 days; C: 10 mL/21 days; D: 15 mL/7 days; E: 15
mL/14 days; F: 15 mL/21 days; G: 20 mL/7 days; H: 20 mL/14 days; |: 20 mL/21 days; J: control

The absence of a significant effect may be related to the periodic leaf growth patterns in
cocoa plants. As described by Almeida and Valle (2008) the flushing period or cycle in cocoa
plants is characterized by synchronous leaf growth controlled by the plant’s internal
physiological balance. This cycle is regulated by the balance of endogenous hormones, such as
ABA, auxin, and cytokinin, and involves carbohydrates (Almeida & Valle, 2008). Because this
cycle is endogenous, the application of exogenous plant growth regulators via foliar
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application at a dose of used in this study was unable to alter this natural growth pattern. This
finding is also consistent with the report by Wahyono et al. (2020) who also found that various
concentrations of coconut water (0, 25, 50, 75%) had no significant effect on the number of
leaves on cocoa seedlings.

CONCLUSION

The application of mature coconut water at various doses and frequencies significantly
increased the stem diameter of cocoa seedlings at 6-10 WAT. In addition, the application of
mature coconut water at varying doses and frequencies also supported the growth of cocoa
seedling’s height and number of leaves with effectiveness comparable to that of inorganic
fertilizer (urea) treatments. Regarding stem diameter, the application of 10, 15, and 20 mL
doses yielded significantly better results than the control. Among these treatments, an
application frequency of once every 21 days proved to be the most effective interval.

REFERENCES

Almeida. A. F. De. & Valle. R. R. (2008). Ecophysiology of the cacao tree. 19(i). 425-448.

Baligar. V. C.. Elson. M. K.. Almeida. A. F.. Araujo. Q. R. De. & Ahnert. D. (2021). The impact of
carbon dioxide concentrations and low to adequate photosynthetic photon flux density
on growth. physiology and nutrient use efficiency of juvenile cacao genotypes.
Agronomy. 11(397). https://doi.org/10.3390/ agronomy11020397

Boruah. P.. Dhar. S.. Kumari. V.. & Gogoi. S. (2024). Seedling Production and Nursery
Management. In Vegetable Science Frontiers: Insights of Olericulture (p. 191). Stella
International Publication.

Direktorat Statistik Tanaman Pangan Hortikultur dan Perkebunan. (2024). Statistik kakao
Indonesia 2023. In Badan Pusat Statistik Indonesia (Vol. 8).
https://www.bps.go.id/id/publication/2024/11/29/ed255af0c9059f288fb7e1de/statistik-
kakao-indonesia-2023.html

Fernandez. V.. & Brown. P. H. (2013). From plant surface to plant metabolism: The uncertain
fate of foliar-applied nutrients. Frontiers in Plant Science. 4(JUL). 1-5.
https://doi.org/10.3389/fpls.2013.00289

Gaddamwar. A.. & Water. C. (2013). Influence of constituents of coconut water on fenugreek
plant. International Journal of Herbal Medicine. 1(2). 162-168.
https://www.florajournal.com/vollissue2/26.1.html

Gunawan. M. F.. Subroto. G.. Savitri. D. A.. & Farisi. O. A. (2024). Effect of dose and type of
liquid organic fertilizer on early growth of cocoa seedlings (Theobroma cacao L.). Protech
Biosystems Journal. 3(2). 102—109. https://doi.org/doi.org/10.31764/protech.v3i2.20840

Heirloom Cacao Preservation. (2024). Technical guide for cacao nursery management.
https://www.hcpcacao.org/uploads/1/3/3/5/133562027/6_25_ english_nursery_guide_f
ormatted.pdf

ICCO. (2025). Production of cocoa beans (thousand tonnes) 2022/23: Vol. LI (Issue 1).
https://www.icco.org/wp-content/uploads/Production_QBCS-LI-No.-2.pdf

Ishfag. M.. Kiran. A.. ur Rehman. H.. Farooq. M.. ljaz. N. H.. Nadeem. F.. Azeem. I.. Li. X.. &

83


https://conferences.uinsgd.ac.id/

Gunung Djati Conference Series, Volume 66 (2026)

Proceedings of the International Conference on Perennial Crops

. ISSN : 2774-6585
Website : https://conferences.uinsgd.ac.id/

Wakeel. A. (2022). Foliar nutrition: Potential and challenges under multifaceted
agriculture. Environmental and Experimental Botany. 200. 104909.
https://doi.org/10.1016/j.envexpbot.2022.104909

Ishida. A.. Ogiwara. I.. & Suzuki. S. (2023). Elevated CO2 influences the growth. root
morphology. and leaf photosynthesis of cacao (Theobroma cacao L.) seedlings.
Agronomy. 1-13. https://doi.org/https://doi.org/10.3390/agronomy13092264

Kieber. J. J.. & Schaller. G. E. (2018). Cytokinin signaling in plant development. Development
(Cambridge). 145(4). 1-7. https://doi.org/10.1242/dev.149344

Lahive. F.. Hadley. P.. & Daymond. A. J. (2019). The physiological responses of cacao to the
environment and the implications for climate change resilience . A review. 0. 1-22.
https://doi.org/doi.org/10.1007/s13593-018-0552-0

Nadila. & Kurniati. E. (2025). Peran intensifikasi dan ektensifikasi dalam pengembangan
komoditas kakao di wilayah Pesawaran dan Tanggamus. Jurnal Ekonomi Pertanian Dan
Agribisnis (JUEPA). 2(2). 73-85.

Norfahmi. F.. Rahayu. H. S. P.. Ishak. A. B. L.. Febrianti. T.. & Juradi. M. A. (2019). Kelayakan
ekonomi peremajaan usahatani kakao di Sulawesi Tengah. Informatika Pertanian. 28(1).
31-42. www.researchgate.net/publication/348411610

Nufus. N. H. (2025). Zat pengatur tumbuh dan aplikasinya. In Aikomedia Press.

Otto. R.. Marques. J. P. R.. & Pereira De Carvalho. H. W. (2021). Strategies for probing
absorption and translocation of foliar-applied nutrients. Journal of Experimental Botany.
72(13). 4600-4603. https://doi.org/10.1093/jxb/erab229

Pedoman Teknis Budidaya Kakao Yang Baik. Pub. L. No. Nomor 48/Permentan/0T.140/4/2014.
1(2014).

Pooja. A. P.. & Ameena. M. (2023). Nutrient and PGR based foliar feeding for vyield
maximization in pulses: A nutrient and PGR based foliar feeding for yield maximization in
pulses: A review. Agricultural Reviews. 42(1). 32—41. https://doi.org/10.18805/ag.R-2056

Pusat Data dan Sistem Informasi Pertanian. (2022). Outlook komoditas perkebunan kakao. In
Pusat Data dan Informasi KEMENTAN. Kementerian Pertanian.
https://satudata.pertanian.go.id/assets/docs/ publikasi/Outlook_Kakao_2022.pdf

Rosniawaty. S.. Anjarsari. I. R. D.. & Sudirja. R. (2018). Aplikasi sitokinin untuk meningkatkan
pertumbuhan tanaman teh di dataran rendah. Jurnal Tanaman Industri Dan Penyegar.
5(1). 31. https://doi.org/10.21082/jtidp.v5n1.2018.p31-38

Rosniawaty. S.. Ariyanti. M.. Suherman. C.. Sudirja. R.. & Fitria. S. (2021). Utilization of coconut
water waste to increase cocoa growth seedling by different application methods and
intervals. IOP Publishing. 653(1). https://doi.org/10.1088/1755-1315/653/1/012081

Rosniawaty. S.. Hazrati. F. S.. Soleh. M. A.. & Sudirja. R. (2024). Optimizing mature coconut
water application on the growth and chemical properties of the planting medium for
Arabica coffee seedlings. Surjan. 1(2). https://ejournal.iaar.or.id/surjan/article/view/13

Rosniawaty. S.. Sitanggang. E. B.. Sholeh. M. A.. & Sudirja. R. (2024). The effect of application
technique and dosage of mature coconut water on the growth of cocoa (Theobroma
cacao L.) seedlings. Surjan. 1(12). 18-23.
https://doi.org/https://ejournal.iaar.or.id/surjan/article/view/3

84


https://conferences.uinsgd.ac.id/

Gunung Djati Conference Series, Volume 66 (2026)
2 Proceedings of the International Conference on Perennial Crops
‘“"‘"‘"‘"‘ “ ISSN : 2774-6585

Cewre

Website : https://conferences.uinsgd.ac.id/

Shi. S.. Wang. W.. Wang. F.. Yang. P.. Yang. H.. He. X.. & Liao. X. (2025). Research progress in
coconut water: A review of nutritional composition. biological activities. and novel
processing technologies. Foods. 14(9). 1-30. https://doi.org/10.3390/foods14091503

Taiz. L.. Zeiger. E.. Mgller. I. M.. & Murphy. A. (2015). Plant physiology and development (6th
ed.). Sinauer Associates.

Ulfa. F.. Anshori. M. F.. Amin. R.. & Igbal. A. A. (2022). Effect of coconut water concentration
and planting media on growth and post-harvest characters of large chili using
multivariate and non-parametric analyses. Australian Journal of Crop Science. 16(5). 620—
627. https://doi.org/10.21475/ajcs.22.16.05.p3593

Wahyono. N. D.. Hasanah. N.. & Surachman. S. N. P. (2020). Concentration of soaking coconut
water and the use of kinds of clon entres toward the growth of bud shoots of cocoa
(Theobroma cacao L). Food and Agricultural Sciences: Polije Proceedings Series. 3(1). 19—
27. https://tinyurl.com/3sv79bt;j

Wang. M.. Zheng. Q.. Shen. Q.. & Guo. S. (2013). The critical role of potassium in plant stress
response. International Journal of Molecular Sciences. 14(4). 7370-7390.
https://doi.org/10.3390/ijms14047370

85


https://conferences.uinsgd.ac.id/

