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Abstract. In Central Sulawesi Province, there are shallots as raw materials for the fried onion industry with the
best quality. However, the main problem of productivity is still low (< 4 tons/ha), as a result of the use of small
bulbs (seeds) with low PGR content to support their growth. It is necessary to provide effective plant growth
regulators (PGR) in increasing the growth and yield of shallots, especially Lembah Palu shallot variety (LPSV).
One of the PGR is natural PGR, including coconut water (CW) and moringa leaf extract (MLE). This study aims
to know the effect of CW and MLE at various concentrations on the growth and yield of shallots. This research
was arranged out in randomized completely block design (RCBD) and three replications. The first factor was the
natural PGR types consisted of two kinds, i.e., coconut water and moringa leaf extract. The second factor was the
natural PGR concentration consisted of five levels, i.e., 20, 40, 60, 80, and 100%. The results showed that there
was a significant interaction between PGR types and concentration on the growth and yield of shallots including
tillers number, tubers number clump, the tuber fresh weight clump™, and tubers dried weight hectare. The CW
application at a concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings show that
PGR type of CW at a concentration of 40% provides the highest growth and yield of shallots. Besides, it is
necessary to carry out further research with various sources of other types of natural PGR.
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Introduction

Central Sulawesi, as one of the provinces in Indonesia, has the potential as a development area for
shallots cultivation. One of the varieties that have enormous potential to be developed is the LPVS,
which is one of the local types which is the result of a natural cross between local onions and is widely
cultivated in the Lembah Palu area. This shallot has a high adaptation, suitable for planting in lowlands
(<400 m ASL.) with dry climates with low rainfall. The tubers are slightly white, oval, and relatively
small (Rabinowitch and Currah, 2002).

In general, the LPSV productivity was lower than other types of shallots, where the Bima, Brebes,
Philippine varieties can reach 20 tons ha™. In comparison, the LPVS only had a productivity potential
of 9.7 tons ha, and at this farmer's level, only range 4-5 tons ha*. The low productivity of LPVS caused
the need for raw materials for the fried onion industry in Palu city and its surroundings not to be fulfilled
continuously. The low shallots productivity of LPSV was due to the application of cultivation
techniques that are not according to the recommended technical standards (Pasigai et al., 2016).

The application of natural PGR is one way of improving cultivation techniques to get a good yield
because it can affect plant growth. The provision of appropriate growth regulators, both in composition
and concentration can lead to better plant growth and development. Some PGR is synthetic, but some
are natural. The PGR can be mixed to stimulate plant growth and development (Manurung et al., 2020).
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The CW and MLE were alternative natural PGR sources that can be utilized. The CW contained auxins,
various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. CW contains indole-3-acetic
acid (IAA) and is the main auxin in plants (Yong et al., 2009).

Higher concentrations contained the highest amount of inorganic elements and growth hormones
than low concentrations. MLE is effective to improve the growth and productivity of cereal forages
under stress environments of salinity and aridity (Abusuwar and Abohassan, 2017). The CW produced
higher protocorm multiplication than those without CW. Application of 15% CW + 0.5 mg L?*
Thidiazuron had higher plantlet numbers and a greater percentage on normal putative polyploidy of
Phalaenopsis amabilis (Aziz et al., 2019). The MLE at a concentration of 3% provided maximum
growth potential at low temperatures for moringa seeds. The content of mineral nutrients, antioxidants,
and growth hormones can increase the number of branches (92%), leaves (141%), leaf blades (61%),
leaf chlorophyll (51%), and b (71%) and the total chlorophyll content (54 %), membrane stability index
(60%) and leaf phenolic content (78%) in moringa seedlings (Batool et al., 2019).

Application of MLE 10% at two weeks after emergence and every two weeks thereafter
significantly increased growth of plant height, shoot length, fresh weight and dry weight of shoot, and
yield components like the number of grains cob, 100-grain weight, and grain weight plant* in maize
plant (Biswas et al., 2016). Leaf of Moringa oleifera Lam., and other plant parts may contain potential
novel properties, namely secondary metabolites (Carbungco et al., 2017). The MLE performance of
sprayed at tillering, jointing, and booting stages was the best as it produced the growth and yield of
wheat (Jhilik et al., 2017). Application of MLE increased cumulative yield and nutrient uptake by
Sudan grass compared with the untreated (Merwad, 2017).

The highest values of straw and grain yield, quality yield, and nutrient uptake by plants were
obtained with 4% of MLE, while the lowest values were obtained with untreated plants. Also, the
highest percentage increase in grain yield of 71 and 88% was recorded from the treatment of 4% MLE
in the first and second seasons, respectively (Merwad and Abdel-fattah, 2016). Foliar applications of
6% MLE aqueous extract can be used effectively to improve fruit set, yield, fruit weight, firmness,
color, soluble solids content, vitamin C, anthocyanin content, and antioxidant activity of “Hollywood”
plum (Thanaa et al., 2017).

Ethanolic extract of drumstick leaf contained flavonoids total as 71.9 mg quercetin equivalent g2,
and alkaloids total as 3 mg quinine equivalent g-1, tannin as 24.7 mg tannic acid equivalent g, and
saponin as 44.4 mg g*. The minimum inhibition concentration (MIC) of drumstick leaf extract is
3.125%, while the minimum bactericidal concentration (MBC) was 6.25%. The drumstick leaf can be
used as an alternative natural antibacterial agent, which can be applied especially in aquaculture
(Kenconojatil and Rukmana, 2019).

The CW has many applications. Coconut water is traditionally used as a growth supplement in
plant tissue culture/micropropagation. The wide applications of CW can be justified by its unique
chemical composition of sugars, vitamins, minerals, amino acids, and phytohormones (Yong et al.,
2009). Morphogenesis of watermelon cotyledon segments can be obtained from explants collected from
the proximal region of three-day-old cotyledons of in vitro germinated seedlings on a culture media
supplemented with CW (Krug et al., 2005).

Multiple beneficial biochemicals such as vitamins, minerals, proteins, sugars, and enzymes have
been identified in CW. Phytohormones, particularly cytokinins were one of the most interesting
components reported present in CW. Different maturation levels of CW were found to affect the
cytokinin concentration, and higher at the immature and mature stages of coconut (Lazim et al., 2015).
The IAA content decreased while the T-ZR content increased with fruit maturity. Treatments with CW
from fully matured dried fruits produced the largest and the most vigorously growing plantlets (Mintah
etal., 2018).



The concentration of plant growth hormones (auxin, cytokinin, gibberellins) present in CW changes
with fruit maturation. It has affected the in-vitro growth of potato plantlets significantly. Therefore, it
can be used instead of synthetic PGR in media for potato micropropagation (Muhammad et al., 2015).
The CW significantly promoted hypocotyl elongation. Germination of seeds either in liquid MS
medium supplemented with 0.1 mg L kinetin before callus initiation slightly delayed callus induction
but did not significantly affect callus size. At two weeks of culture, kinetin significantly decreased the
length of hypocotyls (Tantasawat et al., 2010).

Based on previous literature studies, it turns out that no one has applied natural PGR and its
concentration on shallots cultivation, especially LPSV. Application of PGR with optimal concentration
is very important to accelerate plant growth, especially in LPVS. By testing types and concentrations
of natural PGR in the study, it is hoped to know the effect of CW and MLE at various concentrations
on the growth and yield of shallots.

Materials and methods
Study area

This research was conducted in Oloboju Village, Sigi Biromaru District, Sigi Regency, Central
Sulawesi Province. The research was carried out from May to August 2019. The location of the study
is at coordinates S 1°01'14.6532" and E 119°59'29.0256"; place altitude 120 m above sea level (m ASL),
with a daily average temperature of 30.8°C and daily average air humidity of 62.3%.

Experimental design

This research is experimental design research arranged in an RCBD factorial with three replications.
The first factor was the natural PGR types, which consisted of two kinds, i.e., CW and MLE. The second
factor is the concentration of natural PGR, which consisted of five levels, i.e., 20, 40, 60, 80, and 100%.
Experiments obtained 10 (ten) treatment combinations.

Research procedures

The population was all shallot plants in the experimental plot. The sample was part of the number
and characteristics possessed by the population observed as a representative of the population of 119
plants in each experimental plot. The sample plants were determined systematically by selecting the
observed plants as many as five clumps of plants per experimental plot.

Soil cultivation was preceded by clearing the land from the remains of previous plants. Apart from
that, the first plowing of the land was carried out using a tractor. The second hijack that took place was
done one week later. The beds are made according to the experimental plot with a length of 255 cm, a
width of 105 cm, and a height of 25 cm. Seedlings that came from tubers that were free from pests and
diseases, with relatively the same weight (uniform), then the outermost skin that has dried and the
remaining roots are cleaned.

The young coconut was used green color with the characteristics of smooth skin color, free from
pests and diseases, and had a soft and thin endosperm. Meanwhile, MLE was made by refining the
material and giving it water in a ratio according to the treatment. Moringa leaves used are young
moringa leaves with a maximum age of 35 days since appearing as leaf buds. The cleaned moringa
leaves were added with water in a ratio of 1:1 (100 g of moringa leaves were added with 100 ml of
water), then blend until smooth. Furthermore, the MLE was filtered into a container to obtain a stock
solution of MLE with a concentration of 100%. To get each concentration of MLE in the treatment was
necessary to do dilution. After completing the preparation of the planting media, prepared RGR for the
treatment of planting material. Shallot seeds that were ready for planting are soaked according to the
treatment that has been set for 90 minutes. After that, the seeds were dried.



The plant spacing in the bed used 15 x 15 cm. The seeds were immersed in the planting hole and
planted in an upright position like turning a screw until the tuber's end appears flat with the soil surface.
Watering was done by sprinkles. The beds were watered until wet evenly every three days or as needed.
Embroidering was done at the beginning of growth until the age of 7 days after planting by replacing
dead or rotten seeds with spare seeds that have been prepared. Weeding was done with the aim of
clearing weeds so that there was no competition with onion plants. Weeding was done manually by
removing the growing grass and was done according to conditions in the field. Weeding activities were
carried out in conjunction with soil tilling. Tilling aimed to weaken the soil which will support early
plant growth and made it easier for tubers to develop optimally. Fertilizers were used, namely bokashi
goat manure and NPK (15:15:15) fertilizers. Bokashi was given before planting by mixing the fertilizer
with the soil. Meanwhile, NPK was given when the plants are two weeks after planting at a dose of 2
g.plant?. Pest and disease control are adapted to field conditions. Manual control (picked) and discarded
was done when an egg and leeks show signs of attack. Pest control was also carried out by spraying
insecticides and fungicides.

Harvesting was done when the plants are > 70 DAP. The plants had shown signs of being ready to
harvest. The tubers have been lifted above the soil surface. 80-90% of the leaves had turned yellow,
and the stems had fallen. Harvesting was done by pulling the shallot plants and their tubers, then
cleaning them from the remaining soil that sticks.

Measurement

Observations of plant growth and yield data included tillers number, tubers number clump-t, tuber
fresh weight clump™, and tubers dried ha™.

Statistical analysis

The data observations were analyzed with analysis of variance (ANOVA) at 5% significant levels
by using IBM SPSS Statistics 23 software. Differences between treatments were compared using
Duncan’s new multiple range test (DMRT) at 5% significant levels.

Results

The results of analysis of variance on tiller number, tubers number clump, tubers fresh weight
clump™, and the tuber dried weight hectare showed a significant interaction between CW and MLE.
The results of DMRT at 5% on tiller number, tubers number clump-, tubers fresh weight clump, and
the tuber dried weight hectare™* can be seen in Table 1.

Table 1. tiller number, tubers number clump?, tubers fresh weight clump, and the tuber dried weight
hectare™!

PGR PGR . Tiller number Tubers Tubers fresh Tuber dried
types concentration clump number weight (g clump?) | weight (t ha'l)
yp (%) p clumpt gnt(g p g
Ccw 20 7.93 bc 4.49 ab 17.87 a 794 a

40 9.00c 5.99b 2240h 9.96 b

60 7.40 ab 4.47 ab 17.07 a 759 a

80 6.13a 3.76 a 15.33 a 6.81a

100 7.00 ab 4.32 ab 15.07 a 6.70 a




MLE 20 7.20 a 4.06 a 1493 a 6.64 a
40 6.93 a 3.30 a 12.27 a 5.45a
60 6.73 a 447 a 17.40 a 7.73 a
80 7.73 a 4.65a 15.87 a 7.05a
100 7.67 a 4.27 a 18.80 a 8.36 a
:\r;l':f_alrzactlon of CW and ) ) ) )

Remarks: the average number of treatment combinations in the column followed by the same letter is
not significantly different based on DMRT at the 5% significance levels. (+) = significance interaction

between PGR types and conc

Table 1 shows that CW at 40% concentration is the best treatment combination and yielded the
maximal tiller number, tubers number clump-, tubers fresh weight clump-, and the tuber dried weight

hectare™.

The effect of PGR type and concentration on tiller number, tubers number clump?, tubers fresh

entration.

weight clump™, and the tuber dried weight hectare* are presented in Figure 1.
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Figure 1. The effect of PGR type and concentration on (a) tiller number, (b) tubers number clump-,

d. Tuber dried weight ha

(c) tubers fresh weight clump, and (d) the tuber dried weight hectare™*




Figure 1 shows that there was a difference in the trend of the two PGR types. The CW shows
an increase of the tiller number, tubers number clump™, tubers fresh weight clump™, and the
tuber dried weight hectare™ from concentrations of 20% to 40%, but after a concentration of
40% continues to decrease to 100% concentration. This was different in MLE, there was a
decrease in tiller number from a concentration of 20% to 60%, but after concentration 60%
continues to increase and is constant at 100% concentration. Therefore, tubers number clump-
! tubers fresh weight clump®, and the tuber dried weight hectare® decrease from a
concentration of 20% to 40%, but after a concentration of 40% increased to 100%. For CW, at
low concentrations (20-40%) increased the growth and yield, in contrast, MLE was better at
higher concentrations (60-100%).

Discussion

From this experiment, it was found that CW at a concentration of 40% resulted in the highest tillers
number. CW is a natural ingredient that contains various types of hormones such as auxins and
cytokinins, which can stimulate plant growth, thus increasing the growth parameters of the shallots. The
CW was a natural PGR that can provide the most optimal results for the growth of the LPSV. Auxins
can promote plant growth and development and work by stimulating the apical meristem cells of the
stems and shoots (Tarigan et al., 2017). The combination of auxins and cytokines will stimulate cell
division and influence the differentiation pathway (Widiastoety, 2014). Supported by Sukamta (2015),
which showed that CW concentration had a significant effect on the number of roots, shoot length,
number of leaves, and leaf area. The concentration of 40% was the best treatment for pepper cutting
compared to 20, 60, 80, and 100%. The CW contains PGR and other compounds that can stimulate and
accelerate roots, shoots, and leaves. The content of cytokinins in CW can stimulate cell division in leaf
primordia. cytokinins can accelerate the formation of leaves and promote cell division and enlargement
(Wulandari et al., 2013). Auxins can stimulate the work of cytokinins in the process of cell division and
enlargement.

The CW at a concentration of 40% produced the highest number of tubers clump™. The CW
contains several hormones that play an important role in plant growth and following the general nature
of the hormone that was relatively low concentrations it can stimulate cell division and elongation,
thereby affecting plant growth and development. Young et al. (Yong et al., 2009) stated that CW
contained auxins, various cytokinins such as trans-zeatin and Kinetin, gibberellin, and ABA. The CW
also contained indole-3-acetic acid (IAA), the main auxin in plants. IAA is a weak acid that is
synthesized in the meristematic region located in the shoot shoots and then transported to the root tips
in the plant. Cytokinins are also found in coconut water cell division and thus promote rapid growth.
One of the advantages of CW was that it produced sufficient plant cell proliferation without increasing
the number of unwanted mutations.

The tubers fresh weight clump and tubers dried weight ha* can be influenced by the leaf area
number as the source of the photosynthesis process which produced dry plant matter. In addition, it was
also affected by the tillers number which directly forms the tubers number as a sink for stored
photosynthetic products. Increasing the tillers number will increase the tubers number clump- and a
high rate of photosynthesis will increase the tubers yields plant* and ha*. The CW is a natural ingredient
that contains various types of hormones such as auxins, cytokinins, and gibberellins which function to
stimulate plant growth. The CW was a natural hormone that can provide the most optimal results for
the yield of shallots because it contained many types of hormones needed for plant growth. Natural
PGR types contained different growth hormones and minerals, so they will have different effects on the
growth and yield of LPSV plants. For this reason, to obtain maximum results, natural PGR was needed
which contained a complete type of hormone with a concentration that needs plant growth and
development, including the shallots. The main cause, the highest parameter was found in the application



of young CW because the content of growth regulators in coconut water was more complex. As stated
by Indriani et al.(2014), the complexity of hormone and mineral content in CW resulted in a significant
multiplication effect when compared to the addition of BA synthetic hormone.

Conclusion

Based on the results and discussion can conclude that there was a significant interaction between
PGR types and concentration on the growth and yield of shallots including tillers number, tubers number
clump, the tuber fresh weight clump, and tubers dried weight hectare*. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings
show that PGR type of CW at a concentration of 40% provides the highest growth and yield of shallots.
We suggest that it is necessary to carry out further research with various sources of other types of natural
PGR.

Acknowledgements. We would like to thank the Institute of Research and Community Service of Tadulako
University, which has supported this research. Thanks were also conveyed to Mr. Waiz and Mrs. Sifa for their
assistance during the implementation of research in the field.

REFERENCES

[1] Abusuwar, A. O., Abohassan, R. A. (2017): Effect of Moringa olifera leaf extract on growth and
productivity of three cereal forages. — Journal of Agricultural Science 9(7): 236-243.
https://doi.org/10.5539/jas.vOn7p236

[2] Aziz, S. A, Putri, A. A., Sukma, D., Syukur, M. (2019): Enhanced growth of in vitro plantlets by
cytokinin and pre-colchicine application in Phalaenopsis amabilis Blume protocorms. In Proc. I11
International Orchid Symposium (pp. 205-212).
https://doi.org/10.17660/ActaHortic.2019.1262.27

[3] Batool, S., Khan, S., Basra, S. M. A. (2019): Foliar application of moringa leaf extract improves
the growth of moringa seedlings in winter. — South African Journal of Botany: 1-7.
https://doi.org/10.1016/j.5ajb.2019.08.040 (article in press)

[4] Biswas, A., Hoque, T., Abedin, M. (2016): Effects of moringa leaf extract on growth and yield of
maize. — Progressive Agriculture 27(2): 136-143. https://doi.org/10.3329/pa.v27i2.29322

[5] Carbungco, E. S., Pedroche, N. B., Panes, V. A., De la Cruz, T. E. (2017): Identification and
characterization of endophytic fungi associated with the leaves of Moringa oleifera Lam. In Proc.
| International Symposium on Moringa (pp. 373-380).
https://doi.org/10.17660/ActaHortic.2017.1158.42

[6] Indriani, B. S., Suwarsi, E., Pukan, K. K. (2014): Efektivitas substitusi sitokinin dengan air kelapa
pada multiplikasi tunas krisan secara in vitro. Unnes J. Life Sci., 3(2), 148-155.

[7]1 Jhilik, N. Z., Hoque, T. S., Moslehuddin, A. Z. M., & Abedin, A. M. A. (2017). Effect of foliar
application of moringa leaf extract on growth and yield of late sown wheat. — Asian Journal of
Medical and Biological Research 3(3): 323-329. https://doi.org/10.3329/ajmbr.v3i3.34520

[8] Kenconojatil, H., Rukmana, N. R. (2019): Inhibition potency of drumstick leaf extract (Moringa
oleifera) towards Aeromonas hydrophila: Preliminary Study for Aeromoniasis Treatment. —
Journal of Aquaculture Science 4(1): 12—20.

[9] Krug, M. G. Z., Stipp, L. C. L., Rodriguez, A. P. M., Mendes, B. M. J. (2005): In vitro
organogenesis in watermelon cotyledons. — Pesqg. Agropec. Bras 40(9): 861-865.

[10] Lazim, M. I. M., Badruzaman, N. A., Peng, K. S., Long, K. (2015): Quantification of cytokinins
in coconut water from different maturation stages of Malaysia’s coconut (Cocos nucifera L.)
varieties. — J. Food Process Technol 6(11): 1-8 (https://doi.org/10.4172/2157-7110.1000515

[11] Manurung, G. C. T., Hasanah, Y., Hanum, C., Mawarni, L. (2020): The role of bamboo shoot and
shallot extracts combination as natural plant growth regulator on the growth of Binahong



https://doi.org/10.5539/jas.v9n7p236
https://doi.org/10.17660/ActaHortic.2019.1262.27
https://doi.org/10.1016/j.sajb.2019.08.040
https://doi.org/10.3329/pa.v27i2.29322
https://doi.org/10.17660/ActaHortic.2017.1158.42
https://doi.org/10.3329/ajmbr.v3i3.34520
https://doi.org/10.4172/2157-7110.1000515

(Anredera cordifolia (Ten.) Steenis.) in Medan. In IOP Conference Series: Earth and
Environmental Science. https://doi.org/10.1088/1755-1315/454/1/012169

[12] Merwad, A. M. A. (2017): Effect of humic and fulvic substances and Moringa leaf extract on
Sudan grass plants grown under saline conditions. — Can. J. Soil Sci 97: 703-716.

[13] Merwad, A. M. A., Abdel-fattah, M. K. (2016): Improving productivity and nutrients uptake of
wheat plants using Moringa oleifera leaf extract in sandy soil. — Journal of Plant Nutrition: 1-7.
https://doi.org/10.1080/01904167.2016.1263318

[14] Mintah, L. O., Arhin, L., Ofosu-anim, J., Nkansah, G. O. (2018): Effect of coconut (Cocos nucifera
L.) water of different fruit maturity stages on axillary bud initiation, growth, and development of
plantain (Musa AAB.). — Journal of Applied Horticulture 20(1): 42-47.

[15] Muhammad, K., Gul, Z., Jamal, Z., Ahmed, M., Rehman, A., Khan, Z. U. (2015): Effect of coconut
water from different fruit maturity stages , as natural substitute for synthetic PGR in in vitro potato
micropropagation. — Int. J. Biosci 6(2): 84-92.

[16] Pasigai, M. A., Thaha, A. R., Nasir, B., Lasmini, S. A., Bahrudin. (2016): Teknologi budidaya
bawang merah varietas lembah palu. UNTAD Press. 190.

[17] Rabinowitch, H. D., Currah, L. (2002): Allium crop science: recent advances. — CABI Publishing.
https://doi.org/10.1079/9780851995106.0000

[18] Sukamta. (2015). Pengaruh konsentrasi air kelapa terhadap pertumbuhan stek lada bertapak
berdaun tunggal (Piper nigrum L.). — Jurnal Online Mahasiswa (JOM) Faperta 4(1): 1-10. (in
Indonesian).

[19] Tantasawat, P., Chaowiset, W., Sorntip, A., Kativat, C., Wannajindaporn, A. (2010): The effects
of proline and coconut water on callus Induction of cucumber (Cucumis sativus L.). In Proc. 4th
IS on Cucurbits (pp. 589-598).

[20] Tarigan, P. L., Nurbaiti, Yoseva, S. (2017): Application of onion extract as a natural growth
regulator on pepper (Piper nigrum L.) cuttings. — Jom Faperta 4(1): 1-11.

[21] Thanaa, S. M., Kasim, N. E., Abourayya, M. S., Abdalla, A. M. (2017): Influence of foliar
application with moringa (Moringa oleifera L.) leaf extract on yield and fruit quality of Hollywood
plum cultivar. — Journal of Horticulture 4(1): 1-7. https://doi.org/10.4172/2376-0354.1000193

[22] Widiastoety, D. (2014): Effect of auxin and cytokinin on the growth of Mokara orchid plantlets. —
J. Hort 24(3): 230-238.

[23] Wulandari, R. C., Linda, R., Mukalina. (2013): Pertumbuhan stek melati putih (Jasminum sambac
(L.) W. Ait.) dengan pemberian air kelapa dan IBA (indole butyric acid). Protobiont 2(2): 39-43.
(in Indonesian).

[24] Yong, J. W. H., Ge, L., Ng, Y. F., Tan, S. N. (2009): The chemical composition and biological
properties of coconut (Cocos nucifera L.) water. — Molecules 14: 5144-5164.
https://doi.org/10.3390/molecules14125144



https://doi.org/10.1088/1755-1315/454/1/012169
https://doi.org/10.1080/01904167.2016.1263318
https://doi.org/10.1079/9780851995106.0000
https://doi.org/10.4172/2376-0354.1000193
https://doi.org/10.3390/molecules14125144

Balasan dari editor: 15 Februari 2022

Applied Ecology <aeerjournal@gmail.com> 15Feb20221820 Y € H
kepada saya ¥

Xp Inggris v > Indonesia v  Terjemahkan pesan Nonaktifkan untuk: Inggris x
Dear Author,
Thank you for your submitted manuscript.
Your submission number is: 13417.
Please use this registration number in any case of communication with the journal.
‘We will contact you within a few weeks regarding the further procedures.
Best regards,
Technical Editors
Applied Ecology and Environmental Research

Open Access International Scientific Journal
http://www.aloki.hu/

Muhammad Anshar Pasigai <ansharpasigai@gmail.com= 15Feb20222248 ¢ € H
kepada Applied v

Thank you for your response.

"« Balas HI: ~ Teruskan

Manuscript in process : 21 Fbruari 2022

M Gmail Q. Telusuri dalam email Erd @ @3

2 Tuls < B O m B2 0 @ D asdarioe £ > S
O Kotak Masuk » Manuscript ref. 13417 Kotak Masuk x e B
u
¥r  Berbintang Applied Ecology <aeerjournal@gmail com- 2NFeb2022106 T €
® Ditunda kepada saya v
D Penting ¥a Inggris + > Indonesia v  Terjsmahkan pesan Nonaktifkan untuk: Inggris x
B> Terkirim Dear Author,
[ Draf 28 The prereviewing process of your manuscript (ref. 13417) has been completed. As a result of this, it was categorized as Basic Priority.
~ B Kategori
You can find the detailed description of the reviewing process on our homepage: http://www.aloki.hu/instruct. htm
&, Sosial 43n
st ceording to this, the reviewing process of your manuscript has been suspended until you declare whether you would like to pay the open access publication
According to this, thy i f t has bee ded until decl: hethe Id like t the blicati
@ Update fee related to its category, which is 850 EUR. The payment should only be made if your manuscript gets accepted.
2 Forum
The reviewing process will only be continued if we receive a positive answer from you.
©  Promosi 846

In case of a posilive answer please send us the email address of each author of the manuscript. It is inevitable for starting the full reviewing pracess.
v  Selengkapnya

We are waiting for your response as soon as possible.
Best regards,

Technical Editors

Applied Ecology and Environmental Research
Open Access International Scientific Journal
ittp:/www.aloki.hu!



Approval to pay publication fee: 22 Pebruari 2022

Muhammad Anshar Pasigai <ansharpasigai@gmail.com> 22Feb20220915 Y € H
kepada Applied

APPROVAL TO PAY PUBLICATION FEES

Dear
Technical Editors
Applied Ecology and Environmental Research

Our manuscript is entitled: The effect of coconut water and moringa leaf extract on growth and yield of shallots was categorized as medium priority.
We state that agree to pay the open access publication fee related to its category, which is 850 EUR after being declared accepted.
‘We send the email address of each author of the manuscript.

1. Muhammad Ansar, email: ansharpasigai@gmail.com
2. Paiman, email: paiman@upy.ac.id

This is the statement of agreement that we made.

Best regards.

Muhammad Ansar
Tadulako University. Palu, Indonesia

“ Balas /‘ r-) Teruskan |
wereeeneeee - 10 Maret 2022
= M Gmail Q  Telusuri dalam email 3= @ @
2 Tuis < B O @ B2 0 & Bm D 4202919 < > £~
PRI = Submitted manuscript: Applied Ecology and Environmental Research (ref. 13417) =
Kotak Masuk x
Berbintang
Ditunda Applied Ecology <acerjournal@gmail.coms> Kam,10Mar 0119 Y& €}

kepada saya, M.P. v

=]
A
O
D Penting
B
b
»

Terkirim F Inggris v > Indonesia v  Terjemahkan pesan Nonaktifkan untuk: Inggris x
Draf 28 Dear Authors,
4 Kategori We would like to inform you that the full reviewing process of MS ref. 13417 titled:

THE EFFECT OF COCONUT WATER AND MORINGA LEAF EXTRACT ON GROWTH AND YIELD OF SHALLOTS; by authors:

2, Sosial 431

@ Update 1481 Ansar M. — Paiman

2 Forum is in progress.

0 Promosi 846 If you did not co-author this submission or disagree with the process for any reason, please contact us by e-mail as soon as possible!

Thank you in advance!
Vv Selengkapnya

Best regards,

Technical Editors

Applied Ecology and Environmental Research
Open Access Intemational Scientific Journal
hitp://www.aloki.hu/

Thanks a lot. Received, thank you. Thank you for the information.

“ Balas " « Balaske semua /

3 N
\ > Teruskan )

I ahal -+



et 30 April 2022

= M Gmall Q  Telusuri dalam email Frd ® @&
2 s €« B O @ 8 0 & [ wdarioe < > L
Extract of referee opinions for MS 13417 Kotak Masuk x e B
B Kotak Masuk 641
¥¢ Berbintang " . . .
Applied Ecology <aserjournal@gmail.coms @ Sab,30Aprol03 Yy € i
@® Ditnda kepadasaya v
D Penting ¥ Inggris + > Indonesia v  Terjemahkan pesan Nonaktifkan untuk: Inggris x
B> Terkirim Dear Author,
0 Draf & We are sending you enclosed an extract of referee opinions for your manuscript ref. 13417,
~ B Kategori Please consider the suggestions and resubmit the final ready-to-publish version within approximately 2 weeks if possible.
2, Sosial 431 Thank you in advance!
@ Update 1.481 Best regards,
By Forum Technical Editors
Applied Ecology and Environmental Research
©  Promosi 848 Open Access Intemational Scientific Journal
i fwarwaloki.nu/
v Selengkapnya it
@ Mentes a virusoktdl. www.avast.com
2 Lampiran + Dipindai dengan Gmail © &

[ Extract from Refe... | 4 AEER_13417.dot



Comments reviewer:

Extract of referee opinions and editorial suggestions for manuscript ref. 13417

The authors conducted a simple field experiment in one growing season in which the plant growth promoting
effects of coconut water and moringa leaf extract was aimed to confirm. The moringa extract treatment did not
influence the plant growth and productivity and only the 40% coconut water increased the measured parameter.
The authors mentioned that the interactions of the factors had been evaluated but the experimental design was not
suitable for that. It is another issue whether the coconut water is available for such kind of purpose or could be
applied more efficiently.

Comments to the Authors:

1.

2.

10.
11.
12.
13.

14.

The concentration of the applied solutions should be added because the % is not interpretable
in itself.

The authors mentioned that the cultivation technology would be the limitation of the shallots
production in the study region but plant growth regulators are usually applied to improve the
productivity by appropriate or good agricultural practice. But it is highly questionable that the
usage of PGR could have high benefits if only half of the potential yielding capacity could be
realized.

Many times the authors mentioned evidence such as “Higher concentrations contained the
highest amount of inorganic elements and growth hormones than low concentrations”.
Indication the weather conditions during the study would be relevant besides the general
climatological description of the study area.

It must be explained why not the two PGRs were tested in combinations. Without these
treatments, their interactions cannot be determined.

Indicating the forecrop would be needed.

Introduction the applied insecticides and fungicides would be necessary. Please add the dosage
and the ingredients.

The authors should specify which type of ANOVA had been applied. Displaying the base
ANOVA tables would be required.

The MLE did not influence the measured parameters and the CW increased the productivity in
the 40% treatment, but other treatments did not differ from each other. Repeating the experiment
would be necessary to confirm whether this extraordinary trend is valid or not (many factors
could have an impact on the results of a field experiment, therefore repeatability would be a key
criterion).

The statistical expressions should be applied correctly (e.g. “significance difference”).

The information content of Table 1 and Figure 1 are overlapping.

The authors could improve the significance of the manuscript if the effects of PGRs on the
quality of the products would be analysed.

It should be confirmed whether the chemical composition of the CW is stable and no significant
variability can be observed.

The authors explained the modification of the parameters by the hormone content of the CW.

= Keywords should not be the repetitions of the title words, please find such words which are not in the
title, this way search engines of the web will find your manuscript with a higher probability.

= At the end of the Introduction please also mention the objective of this study.

= In the abstract please also mention the country of study.

= When first using an abbreviation, please write the whole name and abbreviation in brackets the first time.

=  The English throughout needs revision and careful proofreading.



AEER_13417

THE EFFECT OF COCONUT WATER AND MORINGA LEAF EXTRACT ON GROWTH AND
YIELD OF SHALLOTS

The article is mostly well written, yet it contains numerous language errors that negatively affect clarity and
comprehensibility. These include adjective/adverb confusion, missing conjunctions, and confusion of

comparative/superlative of adjectives, but the main problem is that some sentences have an unclear structure
(something is missing or is on the wrong place).

For example:
Line .
Errors Problem/correction
number
8 with low PGR content Abbreviations should be spelled out at first use
12 This research was arranged out in randomized This research was arranged in randomized
completely block design (RCBD) complete block design (RCBD)
13 The first factor was the natural PGR types The first factor was that the natural PGR types
consisted consisted
14 The second factor was the natural PGR The second factor was that the natural PGR
concentration consisted concentration consisted
there was a significant interaction between PGR there was a 5|gn|f|capt mteract_lon between PGR
15 . . types and concentration affecting the growth and
types and concentration on the growth and yield yield
Abbreviations should be spelled out at first use
26  |potential to be developed is the LPVS (abstract and article text should be treated
separately)—valid for all abbreviations
which is one of the local types which is the result |which is one of the local types and is the result of
27  |of a natural cross between local onions and is a natural cross between local onions; it is widely
widely cultivated in the Lembah Palu area. cultivated in the Lembah Palu area.
29  |with dry climates with low rainfall with dry climates and low rainfall
In general, the LPSV productivity was lower than |In general, the productivity of LPSV was lower
other types of shallots, where the Bima, Brebes, |than that of other types of shallots. While the
31  |Philippine varieties can reach 20 tons ha™. In Bima, Brebes, and Philippine varieties can reach
comparison, the LPVS only had a productivity 20 tons ha?, the LPVS only had a productivity
potential of 9.7 tons ha, potential of 9.7 tons ha,
33 |and at this farmer's level, only range 4-5 tons ha. |Meaning unclear
The low productivity of LPVS caused the need for|The low productivity of LPVS caused that the
34 raw materials for the fried onion industry in Palu |need for raw materials in the fried onion industry
city and its surroundings not to be fulfilled in Palu city and its surroundings could not be
continuously fulfilled continuously
Higher concentrations contained the highest Higher concentrations contained higher amount of
46 |amount of inorganic elements and growth inorganic elements and growth hormones than
hormones than low concentrations. low concentrations.




ceneenennst 23 Mei 2022

| ahal

27 Mei 2022

@

Muhammad Anshar Pasigai <ansharpasigai@gmail.com> 23 Mei 20220755 Yy “
kepada Applied

Dear Editor

Thank you for submitting a real extract of the referee's opinion for my manuscript ref. 13417. | will correct it according to the referee's suggestion and will
send it back as soon as possible.
Best regards

Muhammad Anshar Pasigai <ansharpasigai@gmail.com: @ 27Mei20222331  Y§ € :
kepada Applied +

MANUSCRIPT REVICED (AEER _13417)

To Applied Ecology And Environmental Research

Dear Editors,

Thanks for the correction. T have improved the content of manuseript and quality of English through the help of colleagues who work as
proofread and the article has been carefully checked for language, grammar, and style. Herewith I attach the required files:

1) Arevised paper with the highlights as addressed all issues and required corrections/changes.

2) A revised paper without highlights.

Thank you

Best regards.

Muhammad Ansar
University of Tadulako

|

2 Lampiran - Dipindai dengan Gmail ® &

[0 Manuscript_Revi

[ Manuscript_Revic... '

Ve Y
| € Balas  Teruskan |
\ N g



THE EFFECT OF COCONUT WATER AND MORINGA LEAF
EXTRACT ON GROWTH AND YIELD OF SHALLOTS
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Abstract. In Central Sulawesi Province, there are shallots as raw materials for the fried onion industry with the
best quality. However, the main problem of productivity is still low (< 4 tons/ha), as a result of the use of small
bulbs (seeds) with low PGR content to support their growth. It is necessary to provide effective plant growth
regulators (PGR) in increasing the growth and yield of shallots, especially Lembah Palu shallot variety (LPSV).
One of the PGR is natural PGR, including coconut water (CW) and moringa leaf extract (MLE). This study aims
to know the effect of CW and MLE at various concentrations on the growth and yield of shallots. This research
was arranged out in randomized completely block design (RCBD) and three replications. The first factor was the
natural PGR types consisted of two kinds, i.e., coconut water and moringa leaf extract. The second factor was the
natural PGR concentration consisted of five levels, i.e., 20, 40, 60, 80, and 100%. The results showed that there
was a significant interaction between PGR types and concentration on the growth and yield of shallots including
tillers number, tubers number clump™, the tuber fresh weight clump, and tubers dried weight hectare™. The CW
application at a concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings show that
PGR type of CW at a concentration of 40% provides the highest growth and yield of shallots. Besides, it is
necessary to carry out further research with various sources of other types of natural PGR.

Keywords: plant growth regulator, shallots, Lembah Palu, coconut water, moringa leaf extract

Introduction

Central Sulawesi, as one of the provinces in Indonesia, has the potential as a development area for
shallots cultivation. One of the varieties that have enormous potential to be developed is the LPVS,
which is one of the local types which is the result of a natural cross between local onions and is widely
cultivated in the Lembah Palu area. This shallot has a high adaptation, suitable for planting in lowlands
(<400 m ASL.) with dry climates with low rainfall. The tubers are slightly white, oval, and relatively
small (Rabinowitch and Currah, 2002).

In general, the LPSV productivity was lower than other types of shallots, where the Bima, Brebes,
Philippine varieties can reach 20 tons ha. In comparison, the LPVS only had a productivity potential
of 9.7 tons ha?, and at this farmer's level, only range 4-5 tons ha*. The low productivity of LPVS caused
the need for raw materials for the fried onion industry in Palu city and its surroundings not to be fulfilled
continuously. The low shallots productivity of LPSV was due to the application of cultivation
techniques that are not according to the recommended technical standards (Pasigai et al., 2016).

The application of natural PGR is one way of improving cultivation techniques to get a good yield
because it can affect plant growth. The provision of appropriate growth regulators, both in composition
and concentration can lead to better plant growth and development. Some PGR is synthetic, but some
are natural. The PGR can be mixed to stimulate plant growth and development (Manurung et al., 2020).
The CW and MLE were alternative natural PGR sources that can be utilized. The CW contained auxins,
various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. CW contains indole-3-acetic
acid (IAA) and is the main auxin in plants (Yong et al., 2009).

Higher concentrations contained the highest amount of inorganic elements and growth hormones
than low concentrations. MLE is effective to improve the growth and productivity of cereal forages
under stress environments of salinity and aridity (Abusuwar and Abohassan, 2017). The CW produced
higher protocorm multiplication than those without CW. Application of 15% CW + 0.5 mg L?*
Thidiazuron had higher plantlet numbers and a greater percentage on normal putative polyploidy of



Phalaenopsis amabilis (Aziz et al., 2019). The MLE at a concentration of 3% provided maximum
growth potential at low temperatures for moringa seeds. The content of mineral nutrients, antioxidants,
and growth hormones can increase the number of branches (92%), leaves (141%), leaf blades (61%),
leaf chlorophyll (51%), and b (71%) and the total chlorophyll content (54 %), membrane stability index
(60%) and leaf phenolic content (78%) in moringa seedlings (Batool et al., 2019).

Application of MLE 10% at two weeks after emergence and every two weeks thereafter
significantly increased growth of plant height, shoot length, fresh weight and dry weight of shoot, and
yield components like the number of grains cob*, 100-grain weight, and grain weight plant™ in maize
plant (Biswas et al., 2016). Leaf of Moringa oleifera Lam., and other plant parts may contain potential
novel properties, namely secondary metabolites (Carbungco et al., 2017). The MLE performance of
sprayed at tillering, jointing, and booting stages was the best as it produced the growth and yield of
wheat (Jhilik et al., 2017). Application of MLE increased cumulative yield and nutrient uptake by
Sudan grass compared with the untreated (Merwad, 2017).

The highest values of straw and grain yield, quality yield, and nutrient uptake by plants were
obtained with 4% of MLE, while the lowest values were obtained with untreated plants. Also, the
highest percentage increase in grain yield of 71 and 88% was recorded from the treatment of 4% MLE
in the first and second seasons, respectively (Merwad and Abdel-fattah, 2016). Foliar applications of
6% MLE aqueous extract can be used effectively to improve fruit set, yield, fruit weight, firmness,
color, soluble solids content, vitamin C, anthocyanin content, and antioxidant activity of “Hollywood”
plum (Thanaa et al., 2017).

Ethanolic extract of drumstick leaf contained flavonoids total as 71.9 mg quercetin equivalent g,
and alkaloids total as 3 mg quinine equivalent g-1, tannin as 24.7 mg tannic acid equivalent g, and
saponin as 44.4 mg g'. The minimum inhibition concentration (MIC) of drumstick leaf extract is
3.125%, while the minimum bactericidal concentration (MBC) was 6.25%. The drumstick leaf can be
used as an alternative natural antibacterial agent, which can be applied especially in aquaculture
(Kenconojatil and Rukmana, 2019).

The CW has many applications. Coconut water is traditionally used as a growth supplement in
plant tissue culture/micropropagation. The wide applications of CW can be justified by its unique
chemical composition of sugars, vitamins, minerals, amino acids, and phytohormones (Yong et al.,
2009). Morphogenesis of watermelon cotyledon segments can be obtained from explants collected from
the proximal region of three-day-old cotyledons of in vitro germinated seedlings on a culture media
supplemented with CW (Krug et al., 2005).

Multiple beneficial biochemicals such as vitamins, minerals, proteins, sugars, and enzymes have
been identified in CW. Phytohormones, particularly cytokinins were one of the most interesting
components reported present in CW. Different maturation levels of CW were found to affect the
cytokinin concentration, and higher at the immature and mature stages of coconut (Lazim et al., 2015).
The IAA content decreased while the T-ZR content increased with fruit maturity. Treatments with CW
from fully matured dried fruits produced the largest and the most vigorously growing plantlets (Mintah
etal., 2018).

The concentration of plant growth hormones (auxin, cytokinin, gibberellins) present in CW changes
with fruit maturation. It has affected the in-vitro growth of potato plantlets significantly. Therefore, it
can be used instead of synthetic PGR in media for potato micropropagation (Muhammad et al., 2015).
The CW significantly promoted hypocotyl elongation. Germination of seeds either in liquid MS
medium supplemented with 0.1 mg L kinetin before callus initiation slightly delayed callus induction
but did not significantly affect callus size. At two weeks of culture, Kinetin significantly decreased the
length of hypocotyls (Tantasawat et al., 2010).



Based on previous literature studies, it turns out that no one has applied natural PGR and
its concentration on shallots cultivation, especially LPSV. Application of PGR with optimal
concentration is very important to accelerate plant growth, especially in LPVS. By testing types
and concentrations of natural PGR in the study, it is hoped to know the effect of CW and MLE
at various concentrations on the growth and yield of shallots.

Materials and methods
Study area

This research was conducted in Oloboju Village, Sigi Biromaru District, Sigi Regency,
Central Sulawesi Province. The research was carried out from May to August 2019. The
location of the study is at coordinates S 1°01'14.6532" and E 119°59'29.0256"; place altitude
120 m above sea level (m ASL), with a daily average temperature of 30.8°C and daily average
air humidity of 62.3%.

Experimental design

This research is experimental design research arranged in an RCBD factorial with three
replications. The first factor was the natural PGR types, which consisted of two kinds, i.e., CW
and MLE. The second factor is the concentration of natural PGR, which consisted of five levels,
i.e., 20, 40, 60, 80, and 100%. Experiments obtained 10 (ten) treatment combinations.

Research procedures

The population was all shallot plants in the experimental plot. The sample was part of the number
and characteristics possessed by the population observed as a representative of the population of 119
plants in each experimental plot. The sample plants were determined systematically by selecting the
observed plants as many as five clumps of plants per experimental plot.

Soil cultivation was preceded by clearing the land from the remains of previous plants. Apart from
that, the first plowing of the land was carried out using a tractor. The second hijack that took place was
done one week later. The beds are made according to the experimental plot with a length of 255 cm, a
width of 105 cm, and a height of 25 cm. Seedlings that came from tubers that were free from pests and
diseases, with relatively the same weight (uniform), then the outermost skin that has dried and the
remaining roots are cleaned.

The young coconut was used green color with the characteristics of smooth skin color, free from
pests and diseases, and had a soft and thin endosperm. Meanwhile, MLE was made by refining the
material and giving it water in a ratio according to the treatment. Moringa leaves used are young
moringa leaves with a maximum age of 35 days since appearing as leaf buds. The cleaned moringa
leaves were added with water in a ratio of 1:1 (100 g of moringa leaves were added with 100 ml of
water), then blend until smooth. Furthermore, the MLE was filtered into a container to obtain a stock
solution of MLE with a concentration of 100%. To get each concentration of MLE in the treatment was
necessary to do dilution. After completing the preparation of the planting media, prepared RGR for the
treatment of planting material. Shallot seeds that were ready for planting are soaked according to the
treatment that has been set for 90 minutes. After that, the seeds were dried.

The plant spacing in the bed used 15 x 15 cm. The seeds were immersed in the planting hole and
planted in an upright position like turning a screw until the tuber's end appears flat with the soil surface.
Watering was done by sprinkles. The beds were watered until wet evenly every three days or as needed.
Embroidering was done at the beginning of growth until the age of 7 days after planting by replacing
dead or rotten seeds with spare seeds that have been prepared. Weeding was done with the aim of



clearing weeds so that there was no competition with onion plants. Weeding was done manually by
removing the growing grass and was done according to conditions in the field. Weeding activities were
carried out in conjunction with soil tilling. Tilling aimed to weaken the soil which will support early
plant growth and made it easier for tubers to develop optimally. Fertilizers were used, namely bokashi
goat manure and NPK (15:15:15) fertilizers. Bokashi was given before planting by mixing the fertilizer
with the soil. Meanwhile, NPK was given when the plants are two weeks after planting at a dose of 2
g.plant?. Pest and disease control are adapted to field conditions. Manual control (picked) and discarded
was done when an egg and leeks show signs of attack. Pest control was also carried out by spraying
insecticides and fungicides.

Harvesting was done when the plants are > 70 DAP. The plants had shown signs of being ready to
harvest. The tubers have been lifted above the soil surface. 80-90% of the leaves had turned yellow,
and the stems had fallen. Harvesting was done by pulling the shallot plants and their tubers, then
cleaning them from the remaining soil that sticks.

Measurement

Observations of plant growth and yield data included tillers number, tubers number clump-
! tuber fresh weight clump™, and tubers dried ha™.

Statistical analysis

The data observations were analyzed with analysis of variance (ANOVA) at 5% significant
levels by using IBM SPSS Statistics 23 software. Differences between treatments were
compared using Duncan’s new multiple range test (DMRT) at 5% significant levels.

Results

The results of analysis of variance on tiller number, tubers number clump, tubers fresh weight
clump, and the tuber dried weight hectare™* showed a significant interaction between CW and MLE.
The results of DMRT at 5% on tiller number, tubers number clump-, tubers fresh weight clump, and
the tuber dried weight hectare™* can be seen in Table 1.

Table 1. tiller number, tubers number clump, tubers fresh weight clump-!, and the tuber dried weight
hectare™*

PGR types PGR Tiller number | Tubers number | Tubers fresh Tuber dried
concentration clump? clump? weight (g weight (t ha)

(%) clump?)

Cw 20 7.93 be 4.49 ab 17.87a 794 a
40 9.00c 5.99b 22.40b 9.96 b
60 7.40 ab 4.47 ab 17.07 a 7.59a
80 6.13a 3.76 a 15.33a 6.81a
100 7.00 ab 4.32 ab 15.07 a 6.70 a

MLE 20 7.20a 4.06 a 1493 a 6.64 a
40 6.93a 3.30a 12.27 a 545a
60 6.73a 447 a 17.40 a 7.73a
80 7.73a 4.65a 1587 a 7.05a




100

7.67 a

427 a

18.80 a 8.36 a

Interaction of CW and MLE

*)

(+)

*) *)

Remarks: the average number of treatment combinations in the column followed by the same letter is not
significantly different based on DMRT at the 5% significance levels. (+) = significance interaction between PGR

types and concentration.

Table 1 shows that CW at 40% concentration is the best treatment combination and yielded the
maximal tiller number, tubers number clump, tubers fresh weight clump-, and the tuber dried weight

hectare™.

The effect of PGR type and concentration on tiller number, tubers number clump?, tubers fresh

weight clump™, and the tuber dried weight hectare* are presented in Figure 1.
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Figure 1. The effect of PGR type and concentration on (a) tiller number, (b) tubers number clump-,

g. Tuber fresh weight clump™

h. Tuber dried weight hat

(c) tubers fresh weight clump-t, and (d) the tuber dried weight hectare*




Figure 1 shows that there was a difference in the trend of the two PGR types. The CW shows
an increase of the tiller number, tubers number clump™, tubers fresh weight clump™, and the
tuber dried weight hectare™ from concentrations of 20% to 40%, but after a concentration of
40% continues to decrease to 100% concentration. This was different in MLE, there was a
decrease in tiller number from a concentration of 20% to 60%, but after concentration 60%
continues to increase and is constant at 100% concentration. Therefore, tubers number clump"
! tubers fresh weight clump®, and the tuber dried weight hectare® decrease from a
concentration of 20% to 40%, but after a concentration of 40% increased to 100%. For CW, at
low concentrations (20-40%) increased the growth and yield, in contrast, MLE was better at
higher concentrations (60-100%).

Discussion

From this experiment, it was found that CW at a concentration of 40% resulted in the highest tillers
number. CW is a natural ingredient that contains various types of hormones such as auxins and
cytokinins, which can stimulate plant growth, thus increasing the growth parameters of the shallots. The
CW was a natural PGR that can provide the most optimal results for the growth of the LPSV. Auxins
can promote plant growth and development and work by stimulating the apical meristem cells of the
stems and shoots (Tarigan et al., 2017). The combination of auxins and cytokines will stimulate cell
division and influence the differentiation pathway (Widiastoety, 2014). Supported by Sukamta (2015),
which showed that CW concentration had a significant effect on the number of roots, shoot length,
number of leaves, and leaf area. The concentration of 40% was the best treatment for pepper cutting
compared to 20, 60, 80, and 100%. The CW contains PGR and other compounds that can stimulate and
accelerate roots, shoots, and leaves. The content of cytokinins in CW can stimulate cell division in leaf
primordia. cytokinins can accelerate the formation of leaves and promote cell division and enlargement
(Wulandari et al., 2013). Auxins can stimulate the work of cytokinins in the process of cell division and
enlargement.

The CW at a concentration of 40% produced the highest number of tubers clump. The CW
contains several hormones that play an important role in plant growth and following the general nature
of the hormone that was relatively low concentrations it can stimulate cell division and elongation,
thereby affecting plant growth and development. Young et al. (Yong et al., 2009) stated that CW
contained auxins, various cytokinins such as trans-zeatin and Kinetin, gibberellin, and ABA. The CW
also contained indole-3-acetic acid (IAA), the main auxin in plants. IAA is a weak acid that is
synthesized in the meristematic region located in the shoot shoots and then transported to the root tips
in the plant. Cytokinins are also found in coconut water cell division and thus promote rapid growth.
One of the advantages of CW was that it produced sufficient plant cell proliferation without increasing
the number of unwanted mutations.

The tubers fresh weight clump and tubers dried weight ha* can be influenced by the leaf area
number as the source of the photosynthesis process which produced dry plant matter. In addition, it was
also affected by the tillers number which directly forms the tubers number as a sink for stored
photosynthetic products. Increasing the tillers number will increase the tubers number clump and a
high rate of photosynthesis will increase the tubers yields plant* and ha*. The CW is a natural ingredient
that contains various types of hormones such as auxins, cytokinins, and gibberellins which function to
stimulate plant growth. The CW was a natural hormone that can provide the most optimal results for
the yield of shallots because it contained many types of hormones needed for plant growth. Natural
PGR types contained different growth hormones and minerals, so they will have different effects on the
growth and yield of LPSV plants. For this reason, to obtain maximum results, natural PGR was needed
which contained a complete type of hormone with a concentration that needs plant growth and
development, including the shallots. The main cause, the highest parameter was found in the application



of young CW because the content of growth regulators in coconut water was more complex. As stated
by Indriani et al.(2014), the complexity of hormone and mineral content in CW resulted in a significant
multiplication effect when compared to the addition of BA synthetic hormone.

Conclusion

Based on the results and discussion can conclude that there was a significant interaction between
PGR types and concentration on the growth and yield of shallots including tillers number, tubers number
clump, the tuber fresh weight clump, and tubers dried weight hectare*. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings
show that PGR type of CW at a concentration of 40% provides the highest growth and yield of shallots.
We suggest that it is necessary to carry out further research with various sources of other types of natural
PGR.
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Abstract. In Central Sulawesi Province, Indonesia country, there are shallots as raw materials for the fried onion
industry with the best quality. However, the main problem of productivity is still low (< 4 tons/ha), as a result of
the use of small bulbs (seeds) with low plant growth regulator (PGR) content to support their growth. It is
necessary to provide effective PGR in increasing the growth and yield of shallots, especially the Lembah Palu
shallot variety (LPSV). One of the PGRs is natural PGR, including coconut water (CW) and moringa leaf extract
(MLE). Both of these materials are pretty much available around the research site. This study aims to know the
effect of CW and MLE at various concentrations on the growth and yield of LPSV. This research was experimental
design and arranged in a randomized complete block design (RCBD) and three replications. The treatment was
that the natural PGR types consisted of two kinds, i.e., CW and MLE. Each natural PGR type consisted of five
concentration levels, i.e., 20, 40, 60, 80, and 100%. The results showed that there was a significant interaction
between PGR types and concentration affecting the growth and yield of shallots including tillers number, tubers
number clump™, the tuber fresh weight clump?, and tubers dried weight hectare. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of shallots, while
MLE up to a concentration of 100% was still a trend to increase. The research findings show that the PGR type
of CW at a concentration of 40% provides the highest growth and yield of shallots. Besides, it is necessary to
carry out further research with various sources of other types of natural PGR.

Keywords: natural PGR, Lembah Palu, concentration, fried onion

Introduction

Central Sulawesi, as one of the provinces in Indonesia, has the potential as a development area for
shallots cultivation. One of the varieties that have enormous potential to be developed is the LPSV,
which is one of the local types and is the result of a natural cross between local onions; it is widely
cultivated in the Lembah Palu area. This shallot has a high adaptation, suitable for planting in lowlands
<400 m above sea level (ASL) with dry climates and low rainfall. The tubers are slightly white, oval,
and relatively small (Rabinowitch and Currah, 2002).

In general, the productivity of LPSV was lower than that of other types of shallots, while the Bima,
Brebes, and Philippine varieties can reach 20 tons ha. In comparison, the LPSV only had a productivity
potential of 9.7 tons ha’l, but at this farmer's level, only ranges from 4-5 tons ha?, so it can increase.
The low productivity of LPSV caused the need for raw materials in the fried onion industry in Palu city
and its surroundings could not be fulfilled continuously. The low shallots productivity of LPSV was
due to the application of cultivation techniques that are not according to the recommended technical
standards (Pasigai et al., 2016).

The application of natural PGR is one way of improving cultivation techniques to get a good yield
because it can affect plant growth. The provision of appropriate growth regulators, both in composition
and concentration can lead to better plant growth and development. Some PGRs are synthetic, but some
are natural. The PGRs can be mixed to stimulate plant growth and development (Manurung et al., 2020).
The CW and MLE were alternative natural PGR sources that can be utilized. The CW contained auxins,
various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. CW contains indole-3-acetic
acid (IAA) and is the main auxin in plants (Yong et al., 2009).



Higher concentrations contained a higher amount of inorganic elements and growth hormones than
low concentrations. MLE is effective to improve the growth and productivity of cereal forages under
stressful environments of salinity and aridity (Abusuwar and Abohassan, 2017). The CW produced
higher protocorm multiplication than those without CW. Application of 15% CW + 0.5 mg L™
Thidiazuron had higher plantlet numbers and a greater percentage of normal putative polyploidy of
Phalaenopsis amabilis (Aziz et al., 2019). The MLE at a concentration of 3% provided maximum
growth potential at low temperatures for moringa seeds. The content of mineral nutrients, antioxidants,
and growth hormones can increase the number of branches (92%), leaves (141%), leaf blades (61%),
leaf chlorophyll (51%), and b (71%) and the total chlorophyll content (54 %), membrane stability index
(60%) and leaf phenolic content (78%) in moringa seedlings (Batool et al., 2019).

Application of MLE 10% at two weeks after emergence and every two weeks thereafter
significantly increased growth of plant height, shoot length, fresh weight and dry weight of shoot, and
yield components like the number of grains cob*, 100-grain weight, and grain weight plant* in maize
plant (Biswas et al., 2016). Leaf of Moringa oleifera Lam., and other plant parts may contain potential
novel properties, namely secondary metabolites (Carbungco et al., 2017). The MLE performance of
sprayed at tillering, jointing, and booting stages was the best as it produced the growth and yield of
wheat (Jhilik et al., 2017). Application of MLE increased cumulative yield and nutrient uptake by
Sudan grass compared with the untreated (Merwad, 2017).

The highest values of straw and grain yield, quality yield, and nutrient uptake by plants were
obtained with 4% of MLE, while the lowest values were obtained with untreated plants. Also, the
highest percentage increase in grain yield of 71 and 88% was recorded from the treatment of 4% MLE
in the first and second seasons, respectively (Merwad and Abdel-fattah, 2016). Foliar applications of
6% MLE aqueous extract can be used effectively to improve fruit set, yield, fruit weight, firmness,
color, soluble solids content, vitamin C, anthocyanin content, and antioxidant activity of “Hollywood”
plum (Thanaa et al., 2017).

Ethanolic extract of drumstick leaf contained flavonoids total of 71.9 mg quercetin equivalent g1,
alkaloids total of 3 mg quinine equivalent g-1, tannin as 24.7 mg tannic acid equivalent g%, and saponin
as 44.4 mg g*. The minimum inhibition concentration (MIC) of drumstick leaf extract is 3.125%, while
the minimum bactericidal concentration (MBC) was 6.25%. The drumstick leaf can be used as an
alternative natural antibacterial agent, which can be applied especially in aquaculture (Kenconojatil
and Rukmana, 2019).

The CW has many applications. Coconut water is traditionally used as a growth supplement in
plant tissue culture/micropropagation. The wide applications of CW can be justified by its unique
chemical composition of sugars, vitamins, minerals, amino acids, and phytohormones (Yong et al.,
2009). Morphogenesis of watermelon cotyledon segments can be obtained from explants collected from
the proximal region of three-day-old cotyledons of in vitro germinated seedlings on a culture media
supplemented with CW (Krug et al., 2005).

Multiple beneficial biochemicals such as vitamins, minerals, proteins, sugars, and enzymes have
been identified in CW. Phytohormones, particularly cytokinins were one of the most interesting
components reported present in CW. Different maturation levels of CW were found to affect the
cytokinin concentration, higher at the immature, and mature stages of coconut (Lazim et al., 2015). The
IAA content decreased while the T-ZR content increased with fruit maturity. Treatments with CW from
fully matured dried fruits produced the largest and the most vigorously growing plantlets (Mintah et al.,
2018).

The concentration of plant growth hormones (auxin, cytokinin, gibberellins) present in CW changes
with fruit maturation. It has affected the in-vitro growth of potato plantlets significantly. Therefore, it
can be used instead of synthetic PGR in media for potato micropropagation (Muhammad et al., 2015).



The CW significantly promoted hypocotyl elongation. Germination of seeds either in liquid MS
medium supplemented with 0.1 mg L kinetin before callus initiation slightly delayed callus induction
but did not significantly affect callus size. At two weeks of culture, Kinetin significantly decreased the
length of hypocotyls (Tantasawat et al., 2010).

Based on previous literature studies, it turns out that no one has applied natural PGR and
its concentration on shallots cultivation, especially LPSV. Application of PGR with optimal
concentration is very important to accelerate plant growth, especially in LPSV. By testing types
and concentrations of natural PGR in the study, it can contribute to an increase in the growth
and yield of LPsv.

Based on the literature review above, so this study aims to know the effect of CW and MLE
at various concentrations on the growth and yield of LPSV.

Materials and methods
Study area

This research was conducted in Oloboju Village, Sigi Biromaru District, Sigi Regency,
Central Sulawesi Province. The research was carried out from May to August 2019. The
location of the study is at coordinates S 1°01'14.6532" and E 119°59'29.0256"; place altitude
of 120 m ASL., with a daily average temperature of 30.8°C and daily average air humidity of
62.3%.

Experimental design

This research was experimental design and arranged in an RCBD with three replications.
The treatment was the natural PGRs types, which consisted of two kinds, i.e., CW and MLE.
Each natural PGR type consisted of five concentration levels, i.e., 20, 40, 60, 80, and 100%.
This study need 30 experimental plots.

Research procedures

Procedure to make the natural PGR solution from CW. The CW was used from young green
coconuts, the skin of the fruit is smooth and slippery, free from pests and diseases, and has an endosperm
that is still soft and thin. Furthermore, the water from this coconut is used as a stock solution with a
concentration of 100%. Futhermore, making MLE is done by taking young moringa leaves that were a
maximum of 35 days old since they appear as leaf buds. Cleaned moringa leaves are added to water in
a ratio of 1:1 (100 g of moringa leaves are added to 100 ml of water), then blended until smooth.
Furthermore, MLE is filtered into a container so that a stock solution of MLE is obtained with a
concentration of 100%. To get each concentration of young CW and MLE according to each treatment,
dilution is carried out.

The population was all shallot plants in the experimental plot. The sample was part of the number
and characteristics possessed by the population observed as a representative of the population of 119
plants in each experimental plot. The sample plants were determined systematically by selecting the
observed plants as many as five clumps of plants per experimental plot.

Soil cultivation was preceded by clearing the land from the remains of previous plants. Apart from
that, the first plowing of the land was carried out using a tractor. The second hijack that took place was
done one week later. The beds are made according to the experimental plot with a length of 255 cm, a
width of 105 cm, and a height of 25 cm. Seedlings that came from tubers that were free from pests and
diseases, with relatively the same weight (uniform), then the outermost skin that has dried and the
remaining roots are cleaned.



The young coconut was used green color with the characteristics of smooth skin color, free from
pests and diseases, and had a soft and thin endosperm. Meanwhile, MLE was made by refining the
material and giving it water in a ratio according to the treatment. Moringa leaves used are young
moringa leaves with a maximum age of 35 days since appearing as leaf buds. The cleaned moringa
leaves were added with water in a ratio of 1:1 (100 g of moringa leaves were added with 100 ml of
water), then blend until smooth. Furthermore, the MLE was filtered into a container to obtain a stock
solution of MLE with a concentration of 100%. To get each concentration of MLE in the treatment was
necessary to do dilution. After completing the preparation of the planting media, prepared RGR for the
treatment of planting material. Shallot seeds that were ready for planting are soaked according to the
treatment that has been set for 90 minutes. After that, the seeds were dried.

The bed experiment was covered with silver black plastic mulch.The plant spacing in the bed used
15 x 15 cm. The seeds were immersed in the planting hole and planted in an upright position like
turning a screw until the tuber's end appears flat with the soil surface. Watering was done by sprinkles.
The beds were watered until wet evenly every three days or as needed. Embroidering was done at the
beginning of growth until the age of 7 days after planting by replacing dead or rotten seeds with spare
seeds that have been prepared. Weeding was done with the aim of clearing weeds so that there was no
competition with onion plants. Weeding was done manually by removing the growing grass and was
done according to conditions in the field. Weeding activities were carried out in conjunction with soil
tilling. Tilling is aimed to weaken the soil which will support early plant growth and make it easier for
tubers to develop optimally. Fertilizers were used, namely bokashi goat manure and inorganic fertilizers
of NPK (15:15:15). Bokashi was given before planting by mixing the fertilizer with the soil. Meanwhile,
NPK was given when the plants are two weeks after planting at a dose of 2 g.plant?. Pest and disease
control are adapted to field conditions. Manual control (picked) and discarded was done when an egg
and leeks show signs of attack. Pest control was also carried out by spraying insecticides of the
ingredient karbosulfan 200, with consentration of 10 g L™ of water, and fungicides with ingredient
propineb 70%, with concentration of 5 g L of water).

Harvesting was done when the plants are > 70 DAP. The plants had shown signs of being ready to
harvest. The tubers have been lifted above the soil surface. 80-90% of the leaves had turned yellow,
and the stems had fallen. Harvesting was done by pulling the shallot plants and their tubers, then
cleaning them from the remaining soil that sticks.

Measurement

Observations of plant growth and yield of LPSV included tillers number, tubers number
clump™, tuber fresh weight clump™, and tubers dried ha™.

Statistical analysis

The data observations were analyzed with analysis of variance (ANOVA) at the 5%
significant levels by using IBM SPSS Statistics 23 software. Differences between treatments
were compared using Duncan’s new multiple range test (DMRT) at the 5% significant levels.

Results

The results of ANOVA on tillers number, tubers number clump, tubers fresh weight clump, and
the tuber dried weight hectare™! showed no significant between the PGR types of CW and MLE. The
CW concentration was a significant effect on all of the parameters observed, but the MLE concentration
had no significant effect. The results of ANOVA can be represented in Table 1.

Table 1. The results of ANOVA on tillers number, tubers number clump?, tubers fresh weight clump?, and the
tubers dried weight hectare™



Mean square

Source of Degree of Tillers Tubers Tubers fresh  Tubersdried  © t‘:’)‘ble
variation freedom number weight weight 5%
number = 1 4
clump clump hectare
Block 2 13.617 * 3.7476 * 113.724 * 22.690 * 3.55
Treatment 9 1.829 ns 1.4555 ns 22.297 ns 4.404 ns 2.46
Type PGRs 1 0.432 ns 1.5687 ns 21.505 ns 4.256 ns 4.41
Ccw 4 3.424 * 2.0558 * 26.203 * 5.175* 2.93
MLE 4 0.583 ns 0.8269 ns 18.589 ns 3.670 ns 2.93
Error 18 0.963 0.6469 8.668 1.661

Remarks: * = Significantly effect at the 5% significant levels, and ns = Significantly effect at the 5% significant

levels.

The results of DMRT at the 5% on tillers number, tubers number clump-, tubers fresh weight clump-
1 and the tuber dried weight hectare™ can be seen in Table 2.

Table 2. tillers number, tubers number clump?, tubers fresh weight clump, and the tuber dried weight

hectare™
PGR types PGR . Tillers number | Tubers number Tubgrs fresh Tubers dried
concentration clump: clump Welght-l(g weight (t had)

(%) clump™)

CW 20 7.93 ab 4.49a 17.87 ab 7.94 ab
40 9.00 b 5.99b 22.40b 9.96 b
60 740a 4.47 a 17.07 ab 7.59 ab
80 6.13a 3.76 a 15.33a 6.81a
100 7.00 a 432 a 15.07 a 6.70 a

MLE 20 7.20p 4.06 p 14.93p 6.64 p
40 6.93p 3.30p 12.27p 5.45 p
60 6.73p 4.47p 17.40 p 7.73p
80 7.73p 4.65 p 15.87p 7.05p
100 7.67p 4.27p 18.80 p 8.36 p

Ccw 7.49 X 4.62 X 17.55 x 7.79 X

MLE 7.45 X 4.15 x 15.85 x 7.05 x

Remarks: the average number of treatment combinations in the column followed by the same letter is not
significantly different based on DMRT at the 5% significance levels.

Table 2 shows that CW at 40% concentration is the best treatment combination and yielded the
maximal tiller number, tubers number clump-, tubers fresh weight clump-, and the tuber dried weight

hectare™.



To clarify, the effect of PGR type and concentration on tillers number, tubers number clump, tubers
fresh weight clump, and the tubers dried weight hectare™ are presented in Figure 1.
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Figure 1. The effect of PGR type and concentration on (a) tillers number, (b) tubers number clump,
(c) tubers fresh weight clump-t, and (d) tubers dried weight hectare!

Figure 1 shows that there was a difference in the trend between the two PGR types. The CW
showed an increase of the tillers number, tubers number clump™, tubers fresh weight clump™,
and the tubers dried weight hectare® from concentrations of 20% to 40%, but after a
concentration of 40% continues to decrease to 100% concentration. This was different in MLE,
there was a decrease in tillers number from a concentration of 20% to 60%, but after a
concentration of 60% continue to increase and was constant at 100% concentration. Therefore,
tubers number clump™, tubers fresh weight clump™, and tubers dried weight hectare™ decreased
from a concentration of 20% to 40%, but after a concentration of 40% increased to 100%. For
CW, low concentrations of 20-40% increased the growth and yield, in contrast, MLE was better
at higher concentrations of 60-100%.



Discussion

From this experiment, it was found that CW at a concentration of 40% resulted in the highest tillers
number. CW is a natural ingredient that contains various types of hormones such as auxins and
cytokinins, which can stimulate plant growth, thus increasing the growth parameters of the shallots. The
CW was a natural PGR that can provide the most optimal results for the growth of the LPSV. Auxins
can promote plant growth and development and work by stimulating the apical meristem cells of the
stems and shoots (Tarigan et al., 2017). The combination of auxins and cytokines will stimulate cell
division and influence the differentiation pathway (Widiastoety, 2014). Supported by Sukamta (2015),
which showed that CW concentration had a significant effect on the number of roots, shoot length,
number of leaves, and leaf area. The concentration of 40% was the best treatment for pepper cutting
compared to 20, 60, 80, and 100%. The CW contains PGR and other compounds that can stimulate and
accelerate roots, shoots, and leaves. The content of cytokinins in CW can stimulate cell division in leaf
primordia. cytokinins can accelerate the formation of leaves and promote cell division and enlargement
(Wulandari et al., 2013). Auxins can stimulate the work of cytokinins in the process of cell division and
enlargement.

The CW at a concentration of 40% produced the highest number of tubers clump™. The CW
contains several hormones that play an important role in plant growth and following the general nature
of the hormone that was relatively low concentrations it can stimulate cell division and elongation,
thereby affecting plant growth and development. Young et al. (Yong et al., 2009) stated that CW
contained auxins, various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. The CW
also contained indole-3-acetic acid (IAA), the main auxin in plants. IAA is a weak acid that is
synthesized in the meristematic region located in the shoot shoots and then transported to the root tips
in the plant. Cytokinins are also found in coconut water cell division and thus promote rapid growth.
One of the advantages of CW was that it produced sufficient plant cell proliferation without increasing
the number of unwanted mutations.

The tubers fresh weight clump? and tubers dried weight ha® can be influenced by the leaf area
number as the source of the photosynthesis process which produced dry plant matter. In addition, it was
also affected by the tillers number which directly forms the tubers number as a sink for stored
photosynthetic products. Increasing the tillers number will increase the tubers number clump- and a
high rate of photosynthesis will increase the tubers yields plant™ and ha*. The CW is a natural ingredient
that contains various types of hormones such as auxins, cytokinins, and gibberellins which function to
stimulate plant growth. The CW was a natural hormone that can provide the most optimal results for
the yield of shallots because it contained many types of hormones needed for plant growth. Natural
PGR types contained different growth hormones and minerals, so they will have different effects on the
growth and yield of LPSV plants. For this reason, to obtain maximum results, natural PGR was needed
which contained a complete type of hormone with a concentration that needs plant growth and
development, including the shallots. The main cause, the highest parameter was found in the application
of young CW because the content of growth regulators in coconut water was more complex. As stated
by Indriani et al.(2014), the complexity of hormone and mineral content in CW resulted in a significant
multiplication effect when compared to the addition of BA synthetic hormone.

Conclusion

Based on the results and discussion can conclude that there was a significant interaction between
PGR types and concentration on the growth and yield of shallots including tillers number, tubers number
clump, the tuber fresh weight clump, and tubers dried weight hectare*. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings
show that the PGR type of CW at a concentration of 40% provides the highest growth and yield of



shallots. We suggest that it is necessary to carry out further research with various sources of other types
of natural PGR.
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THE EFFECT OF COCONUT WATER AND MORINGA LEAF
EXTRACT ON THE GROWTH AND YIELD OF SHALLOTS
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Abstract. In Central Sulawesi Province, Indonesia country, there are shallots as raw materials for the fried onion
industry with the best quality. However, the main problem of productivity is still low (< 4 tons/ha), as a result of
the use of small bulbs (seeds) with low plant growth regulator (PGR) content to support their growth. It is
necessary to provide effective PGR in increasing the growth and yield of shallots, especially the Lembah Palu
shallot variety (LPSV). One of the PGRs is natural PGR, including coconut water (CW) and moringa leaf extract
(MLE). Both of these materials are pretty much available around the research site. This study aims to know the
effect of CW and MLE at various concentrations on the growth and yield of LPSV. This research was experimental
design and arranged in a randomized complete block design (RCBD) and three replications. The treatment was
that the natural PGR types consisted of two kinds, i.e., CW and MLE. Each natural PGR type consisted of five
concentration levels, i.e., 20, 40, 60, 80, and 100%. The results showed that there was a significant interaction
between PGR types and concentration affecting the growth and yield of shallots including tillers number, tubers
number clump?, the tuber fresh weight clump?, and tubers dried weight hectare. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of shallots, while
MLE up to a concentration of 100% was still a trend to increase. The research findings show that the PGR type
of CW at a concentration of 40% provides the highest growth and yield of shallots. Besides, it is necessary to
carry out further research with various sources of other types of natural PGR.

Keywords: natural PGR, Lembah Palu, concentration, fried onion

Introduction

Central Sulawesi, as one of the provinces in Indonesia, has the potential as a development area for
shallots cultivation. One of the varieties that have enormous potential to be developed is the LPSV,
which is one of the local types and is the result of a natural cross between local onions; it is widely
cultivated in the Lembah Palu area. This shallot has a high adaptation, suitable for planting in lowlands
<400 m above sea level (ASL) with dry climates and low rainfall. The tubers are slightly white, oval,
and relatively small (Rabinowitch and Currah, 2002).

In general, the productivity of LPSV was lower than that of other types of shallots, while the Bima,
Brebes, and Philippine varieties can reach 20 tons ha. In comparison, the LPSV only had a productivity
potential of 9.7 tons ha’l, but at this farmer's level, only ranges from 4-5 tons ha, so it can increase.
The low productivity of LPSV caused the need for raw materials in the fried onion industry in Palu city
and its surroundings could not be fulfilled continuously. The low shallots productivity of LPSV was
due to the application of cultivation techniques that are not according to the recommended technical
standards (Pasigai et al., 2016).

The application of natural PGR is one way of improving cultivation techniques to get a good yield
because it can affect plant growth. The provision of appropriate growth regulators, both in composition
and concentration can lead to better plant growth and development. Some PGRs are synthetic, but some
are natural. The PGRs can be mixed to stimulate plant growth and development (Manurung et al., 2020).
The CW and MLE were alternative natural PGR sources that can be utilized. The CW contained auxins,
various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. CW contains indole-3-acetic
acid (IAA) and is the main auxin in plants (Yong et al., 2009).



Higher concentrations contained a higher amount of inorganic elements and growth hormones than
low concentrations. MLE is effective to improve the growth and productivity of cereal forages under
stressful environments of salinity and aridity (Abusuwar and Abohassan, 2017). The CW produced
higher protocorm multiplication than those without CW. Application of 15% CW + 0.5 mg L*
Thidiazuron had higher plantlet numbers and a greater percentage of normal putative polyploidy of
Phalaenopsis amabilis (Aziz et al., 2019). The MLE at a concentration of 3% provided maximum
growth potential at low temperatures for moringa seeds. The content of mineral nutrients, antioxidants,
and growth hormones can increase the number of branches (92%), leaves (141%), leaf blades (61%),
leaf chlorophyll (51%), and b (71%) and the total chlorophyll content (54 %), membrane stability index
(60%) and leaf phenolic content (78%) in moringa seedlings (Batool et al., 2019).

Application of MLE 10% at two weeks after emergence and every two weeks thereafter
significantly increased growth of plant height, shoot length, fresh weight and dry weight of shoot, and
yield components like the number of grains cob-*, 100-grain weight, and grain weight plant? in maize
plant (Biswas et al., 2016). Leaf of Moringa oleifera Lam., and other plant parts may contain potential
novel properties, namely secondary metabolites (Carbungco et al., 2017). The MLE performance of
sprayed at tillering, jointing, and booting stages was the best as it produced the growth and yield of
wheat (Jhilik et al., 2017). Application of MLE increased cumulative yield and nutrient uptake by
Sudan grass compared with the untreated (Merwad, 2017).

The highest values of straw and grain yield, quality yield, and nutrient uptake by plants were
obtained with 4% of MLE, while the lowest values were obtained with untreated plants. Also, the
highest percentage increase in grain yield of 71 and 88% was recorded from the treatment of 4% MLE
in the first and second seasons, respectively (Merwad and Abdel-fattah, 2016). Foliar applications of
6% MLE aqueous extract can be used effectively to improve fruit set, yield, fruit weight, firmness,
color, soluble solids content, vitamin C, anthocyanin content, and antioxidant activity of “Hollywood”
plum (Thanaa et al., 2017).

Ethanolic extract of drumstick leaf contained flavonoids total of 71.9 mg quercetin equivalent g1,
alkaloids total of 3 mg quinine equivalent g-1, tannin as 24.7 mg tannic acid equivalent g%, and saponin
as 44.4 mg g*. The minimum inhibition concentration (MIC) of drumstick leaf extract is 3.125%, while
the minimum bactericidal concentration (MBC) was 6.25%. The drumstick leaf can be used as an
alternative natural antibacterial agent, which can be applied especially in aquaculture (Kenconojatil
and Rukmana, 2019).

The CW has many applications. Coconut water is traditionally used as a growth supplement in
plant tissue culture/micropropagation. The wide applications of CW can be justified by its unique
chemical composition of sugars, vitamins, minerals, amino acids, and phytohormones (Yong et al.,
2009). Morphogenesis of watermelon cotyledon segments can be obtained from explants collected from
the proximal region of three-day-old cotyledons of in vitro germinated seedlings on a culture media
supplemented with CW (Krug et al., 2005).

Multiple beneficial biochemicals such as vitamins, minerals, proteins, sugars, and enzymes have
been identified in CW. Phytohormones, particularly cytokinins were one of the most interesting
components reported present in CW. Different maturation levels of CW were found to affect the
cytokinin concentration, higher at the immature, and mature stages of coconut (Lazim et al., 2015). The
IAA content decreased while the T-ZR content increased with fruit maturity. Treatments with CW from
fully matured dried fruits produced the largest and the most vigorously growing plantlets (Mintah et al.,
2018).

The concentration of plant growth hormones (auxin, cytokinin, gibberellins) present in CW changes
with fruit maturation. It has affected the in-vitro growth of potato plantlets significantly. Therefore, it
can be used instead of synthetic PGR in media for potato micropropagation (Muhammad et al., 2015).



The CW significantly promoted hypocotyl elongation. Germination of seeds either in liquid MS
medium supplemented with 0.1 mg L kinetin before callus initiation slightly delayed callus induction
but did not significantly affect callus size. At two weeks of culture, kinetin significantly decreased the
length of hypocotyls (Tantasawat et al., 2010).

Based on previous literature studies, it turns out that no one has applied natural PGR and
its concentration on shallots cultivation, especially LPSV. Application of PGR with optimal
concentration is very important to accelerate plant growth, especially in LPSV. By testing types
and concentrations of natural PGR in the study, it can contribute to an increase in the growth
and yield of LPsv.

Based on the literature review above, so this study aims to know the effect of CW and MLE
at various concentrations on the growth and yield of LPSV.

Materials and methods
Study area

This research was conducted in Oloboju Village, Sigi Biromaru District, Sigi Regency,
Central Sulawesi Province. The research was carried out from May to August 2019. The
location of the study is at coordinates S 1°01'14.6532" and E 119°59'29.0256"; place altitude
of 120 m ASL., with a daily average temperature of 30.8°C and daily average air humidity of
62.3%.

Experimental design

This research was experimental design and arranged in an RCBD with three replications.
The treatment was the natural PGRs types, which consisted of two kinds, i.e., CW and MLE.
Each natural PGR type consisted of five concentration levels, i.e., 20, 40, 60, 80, and 100%.
This study need 30 experimental plots.

Research procedures

Procedure to make the natural PGR solution from CW. The CW was used from young green
coconuts, the skin of the fruit is smooth and slippery, free from pests and diseases, and has an endosperm
that is still soft and thin. Furthermore, the water from this coconut is used as a stock solution with a
concentration of 100%. Futhermore, making MLE is done by taking young moringa leaves that were a
maximum of 35 days old since they appear as leaf buds. Cleaned moringa leaves are added to water in
a ratio of 1:1 (100 g of moringa leaves are added to 100 ml of water), then blended until smooth.
Furthermore, MLE is filtered into a container so that a stock solution of MLE is obtained with a
concentration of 100%. To get each concentration of young CW and MLE according to each treatment,
dilution is carried out.

The population was all shallot plants in the experimental plot. The sample was part of the number
and characteristics possessed by the population observed as a representative of the population of 119
plants in each experimental plot. The sample plants were determined systematically by selecting the
observed plants as many as five clumps of plants per experimental plot.

Soil cultivation was preceded by clearing the land from the remains of previous plants. Apart from
that, the first plowing of the land was carried out using a tractor. The second hijack that took place was
done one week later. The beds are made according to the experimental plot with a length of 255 cm, a
width of 105 cm, and a height of 25 cm. Seedlings that came from tubers that were free from pests and
diseases, with relatively the same weight (uniform), then the outermost skin that has dried and the
remaining roots are cleaned.



The young coconut was used green color with the characteristics of smooth skin color, free from
pests and diseases, and had a soft and thin endosperm. Meanwhile, MLE was made by refining the
material and giving it water in a ratio according to the treatment. Moringa leaves used are young
moringa leaves with a maximum age of 35 days since appearing as leaf buds. The cleaned moringa
leaves were added with water in a ratio of 1:1 (100 g of moringa leaves were added with 100 ml of
water), then blend until smooth. Furthermore, the MLE was filtered into a container to obtain a stock
solution of MLE with a concentration of 100%. To get each concentration of MLE in the treatment was
necessary to do dilution. After completing the preparation of the planting media, prepared RGR for the
treatment of planting material. Shallot seeds that were ready for planting are soaked according to the
treatment that has been set for 90 minutes. After that, the seeds were dried.

The bed experiment was covered with silver black plastic mulch.The plant spacing in the bed used
15 x 15 cm. The seeds were immersed in the planting hole and planted in an upright position like
turning a screw until the tuber's end appears flat with the soil surface. Watering was done by sprinkles.
The beds were watered until wet evenly every three days or as needed. Embroidering was done at the
beginning of growth until the age of 7 days after planting by replacing dead or rotten seeds with spare
seeds that have been prepared. Weeding was done with the aim of clearing weeds so that there was no
competition with onion plants. Weeding was done manually by removing the growing grass and was
done according to conditions in the field. Weeding activities were carried out in conjunction with soil
tilling. Tilling is aimed to weaken the soil which will support early plant growth and make it easier for
tubers to develop optimally. Fertilizers were used, namely bokashi goat manure and inorganic fertilizers
of NPK (15:15:15). Bokashi was given before planting by mixing the fertilizer with the soil. Meanwhile,
NPK was given when the plants are two weeks after planting at a dose of 2 g.plant*. Pest and disease
control are adapted to field conditions. Manual control (picked) and discarded was done when an egg
and leeks show signs of attack. Pest control was also carried out by spraying insecticides of the
ingredient karbosulfan 200, with consentration of 10 g L™ of water, and fungicides with ingredient
propineb 70%, with concentration of 5 g L of water).

Harvesting was done when the plants are > 70 DAP. The plants had shown signs of being ready to
harvest. The tubers have been lifted above the soil surface. 80-90% of the leaves had turned yellow,
and the stems had fallen. Harvesting was done by pulling the shallot plants and their tubers, then
cleaning them from the remaining soil that sticks.

Measurement

Observations of plant growth and yield of LPSV included tillers number, tubers number
clump™, tuber fresh weight clump™, and tubers dried ha™.

Statistical analysis

The data observations were analyzed with analysis of variance (ANOVA) at the 5%
significant levels by using IBM SPSS Statistics 23 software. Differences between treatments
were compared using Duncan’s new multiple range test (DMRT) at the 5% significant levels.

Results

The results of ANOVA on tillers number, tubers number clump, tubers fresh weight clump, and
the tuber dried weight hectare showed no significant between the PGR types of CW and MLE. The
CW concentration was a significant effect on all of the parameters observed, but the MLE concentration
had no significant effect. The results of ANOVA can be represented in Table 1.

Table 1. The results of ANOVA on tillers number, tubers number clump™?, tubers fresh weight clump?, and the
tubers dried weight hectare™



Mean square

Source of Degree of Tillers Tubers Tubers fresh  Tubersdried tible
variation freedom number weight weight 5%
number 1 1 1
clump clump hectare
Block 2 13.617 * 3.7476 * 113.724 * 22.690 * 3.55
Treatment 9 1.829 ns 1.4555 ns 22.297 ns 4.404 ns 2.46
Type PGRs 1 0.432 ns 1.5687 ns 21.505 ns 4.256 ns 4.41
CwW 4 3.424 * 2.0558 * 26.203 * 5175 * 2.93
MLE 4 0.583 ns 0.8269 ns 18.589 ns 3.670 ns 2.93
Error 18 0.963 0.6469 8.668 1.661

Remarks: * = Significantly effect at the 5% significant levels, and ns = Significantly effect at the 5% significant

levels.

The results of DMRT at the 5% on tillers number, tubers number clump-, tubers fresh weight clump-
1 and the tuber dried weight hectare™ can be seen in Table 2.

Table 2. tillers number, tubers number clump?, tubers fresh weight clump, and the tuber dried weight

hectare™
PGR types PGR . Tillers number | Tubers number Tube_rs fresh Tubers dried
concentration clump: clump Welght_l(g weight (t had)

(%) clump™)

CW 20 7.93 ab 4.49a 17.87 ab 7.94 ab
40 9.00 b 5.99b 22.40b 9.96 b
60 740a 4.47 a 17.07 ab 7.59 ab
80 6.13a 3.76 a 15.33a 6.81a
100 7.00 a 432 a 15.07 a 6.70 a

MLE 20 7.20p 4.06 p 14.93p 6.64 p
40 6.93p 3.30p 12.27p 5.45 p
60 6.73p 4.47p 17.40 p 7.73p
80 7.73p 4.65 p 15.87p 7.05p
100 7.67p 4.27p 18.80 p 8.36 p

Ccw 7.49 x 4.62 x 17.55 x 7.79 X

MLE 7.45 X 4.15 x 15.85 x 7.05 x

Remarks: the average number of treatment combinations in the column followed by the same letter is not
significantly different based on DMRT at the 5% significance levels.

Table 2 shows that CW at 40% concentration is the best treatment combination and yielded the
maximal tiller number, tubers number clump-, tubers fresh weight clump-, and the tuber dried weight

hectare™.



To clarify, the effect of PGR type and concentration on tillers number, tubers number clump, tubers
fresh weight clump, and the tubers dried weight hectare are presented in Figure 1.
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Figure 1. The effect of PGR type and concentration on (a) tillers number, (b) tubers number clump,
(c) tubers fresh weight clump-t, and (d) tubers dried weight hectare!

Figure 1 shows that there was a difference in the trend between the two PGR types. The CW
showed an increase of the tillers number, tubers number clump™, tubers fresh weight clump™,
and the tubers dried weight hectare® from concentrations of 20% to 40%, but after a
concentration of 40% continues to decrease to 100% concentration. This was different in MLE,
there was a decrease in tillers number from a concentration of 20% to 60%, but after a
concentration of 60% continue to increase and was constant at 100% concentration. Therefore,
tubers number clump™, tubers fresh weight clump™, and tubers dried weight hectare™ decreased
from a concentration of 20% to 40%, but after a concentration of 40% increased to 100%. For
CW, low concentrations of 20-40% increased the growth and yield, in contrast, MLE was better
at higher concentrations of 60-100%.



Discussion

From this experiment, it was found that CW at a concentration of 40% resulted in the highest tillers
number. CW is a natural ingredient that contains various types of hormones such as auxins and
cytokinins, which can stimulate plant growth, thus increasing the growth parameters of the shallots. The
CW was a natural PGR that can provide the most optimal results for the growth of the LPSV. Auxins
can promote plant growth and development and work by stimulating the apical meristem cells of the
stems and shoots (Tarigan et al., 2017). The combination of auxins and cytokines will stimulate cell
division and influence the differentiation pathway (Widiastoety, 2014). Supported by Sukamta (2015),
which showed that CW concentration had a significant effect on the number of roots, shoot length,
number of leaves, and leaf area. The concentration of 40% was the best treatment for pepper cutting
compared to 20, 60, 80, and 100%. The CW contains PGR and other compounds that can stimulate and
accelerate roots, shoots, and leaves. The content of cytokinins in CW can stimulate cell division in leaf
primordia. cytokinins can accelerate the formation of leaves and promote cell division and enlargement
(Wulandari et al., 2013). Auxins can stimulate the work of cytokinins in the process of cell division and
enlargement.

The CW at a concentration of 40% produced the highest number of tubers clump™. The CW
contains several hormones that play an important role in plant growth and following the general nature
of the hormone that was relatively low concentrations it can stimulate cell division and elongation,
thereby affecting plant growth and development. Young et al. (Yong et al., 2009) stated that CW
contained auxins, various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. The CW
also contained indole-3-acetic acid (IAA), the main auxin in plants. IAA is a weak acid that is
synthesized in the meristematic region located in the shoot shoots and then transported to the root tips
in the plant. Cytokinins are also found in coconut water cell division and thus promote rapid growth.
One of the advantages of CW was that it produced sufficient plant cell proliferation without increasing
the number of unwanted mutations.

The tubers fresh weight clump? and tubers dried weight ha® can be influenced by the leaf area
number as the source of the photosynthesis process which produced dry plant matter. In addition, it was
also affected by the tillers number which directly forms the tubers number as a sink for stored
photosynthetic products. Increasing the tillers number will increase the tubers number clump- and a
high rate of photosynthesis will increase the tubers yields plant™ and ha*. The CW is a natural ingredient
that contains various types of hormones such as auxins, cytokinins, and gibberellins which function to
stimulate plant growth. The CW was a natural hormone that can provide the most optimal results for
the yield of shallots because it contained many types of hormones needed for plant growth. Natural
PGR types contained different growth hormones and minerals, so they will have different effects on the
growth and yield of LPSV plants. For this reason, to obtain maximum results, natural PGR was needed
which contained a complete type of hormone with a concentration that needs plant growth and
development, including the shallots. The main cause, the highest parameter was found in the application
of young CW because the content of growth regulators in coconut water was more complex. As stated
by Indriani et al.(2014), the complexity of hormone and mineral content in CW resulted in a significant
multiplication effect when compared to the addition of BA synthetic hormone.

Conclusion

Based on the results and discussion can conclude that there was a significant interaction between
PGR types and concentration on the growth and yield of shallots including tillers number, tubers number
clump, the tuber fresh weight clump, and tubers dried weight hectare*. The CW application at a
concentration of 40% as a natural PGR showed the best effect to increase the growth and yield of
shallots, while MLE up to a concentration of 100% was still a trend to increase. The research findings
show that the PGR type of CW at a concentration of 40% provides the highest growth and yield of



shallots. We suggest that it is necessary to carry out further research with various sources of other types
of natural PGR.

Acknowledgements. Thanks to Mr. Wahdi who has provided the research area and supporting facilities. Thanks
are also conveyed to Mr. Waiz and Mrs Sifa who have helped carry out research in the field.

REFERENCES

[1] Abusuwar, A. O., Abohassan, R. A. (2017): Effect of Moringa olifera leaf extract on growth and
productivity of three cereal forages. — Journal of Agricultural Science 9(7): 236-243.
https://doi.org/10.5539/jas.vOn7p236

[2] Aziz, S. A, Putri, A. A., Sukma, D., Syukur, M. (2019): Enhanced growth of in vitro plantlets by
cytokinin and pre-colchicine application in Phalaenopsis amabilis Blume protocorms. In Proc. 111
International Orchid Symposium (pp. 205-212).
https://doi.org/10.17660/ActaHortic.2019.1262.27

[3] Batool, S., Khan, S., Basra, S. M. A. (2019): Foliar application of moringa leaf extract improves
the growth of moringa seedlings in winter. — South African Journal of Botany: 1-7.
https://doi.org/10.1016/j.5ajb.2019.08.040 (article in press)

[4] Biswas, A., Hoque, T., Abedin, M. (2016): Effects of moringa leaf extract on growth and yield of
maize. — Progressive Agriculture 27(2): 136-143. https://doi.org/10.3329/pa.v27i2.29322

[5] Carbungco, E. S., Pedroche, N. B., Panes, V. A., De la Cruz, T. E. (2017): Identification and
characterization of endophytic fungi associated with the leaves of Moringa oleifera Lam. In Proc.
| International Symposium on Moringa (pp. 373-380).
https://doi.org/10.17660/ActaHortic.2017.1158.42

[6] Indriani, B. S., Suwarsi, E., Pukan, K. K. (2014): Efektivitas substitusi sitokinin dengan air kelapa
pada multiplikasi tunas krisan secara in vitro. Unnes J. Life Sci., 3(2), 148-155.

[7] Jhilik, N. Z., Hoque, T. S., Moslehuddin, A. Z. M., & Abedin, A. M. A. (2017). Effect of foliar
application of moringa leaf extract on growth and yield of late sown wheat. — Asian Journal of
Medical and Biological Research 3(3): 323-329. https://doi.org/10.3329/ajmbr.v3i3.34520

[8] Kenconojatil, H., Rukmana, N. R. (2019): Inhibition potency of drumstick leaf extract (Moringa
oleifera) towards Aeromonas hydrophila: Preliminary Study for Aeromoniasis Treatment. —
Journal of Aquaculture Science 4(1): 12-20.

[9] Krug, M. G. Z., Stipp, L. C. L., Rodriguez, A. P. M., Mendes, B. M. J. (2005): In vitro
organogenesis in watermelon cotyledons. — Pesq. Agropec. Bras 40(9): 861-865.

[10] Lazim, M. I. M., Badruzaman, N. A., Peng, K. S., Long, K. (2015): Quantification of cytokinins
in coconut water from different maturation stages of Malaysia’s coconut (Cocos nucifera L.)
varieties. — J. Food Process Technol 6(11): 1-8 (https://doi.org/10.4172/2157-7110.1000515

[11] Manurung, G. C. T., Hasanah, Y., Hanum, C., Mawarni, L. (2020): The role of bamboo shoot and
shallot extracts combination as natural plant growth regulator on the growth of Binahong
(Anredera cordifolia (Ten.) Steenis.) in Medan. In IOP Conference Series: Earth and
Environmental Science. https://doi.org/10.1088/1755-1315/454/1/012169

[12] Merwad, A. M. A. (2017). Effect of humic and fulvic substances and Moringa leaf extract on
Sudan grass plants grown under saline conditions. — Can. J. Soil Sci 97: 703-716.

[13] Merwad, A. M. A., Abdel-fattah, M. K. (2016): Improving productivity and nutrients uptake of
wheat plants using Moringa oleifera leaf extract in sandy soil. — Journal of Plant Nutrition: 1-7.
https://doi.org/10.1080/01904167.2016.1263318

[14] Mintah, L. O., Arhin, L., Ofosu-anim, J., Nkansah, G. O. (2018): Effect of coconut (Cocos nucifera
L.) water of different fruit maturity stages on axillary bud initiation, growth, and development of
plantain (Musa AAB.). — Journal of Applied Horticulture 20(1): 42—47.

[15] Muhammad, K., Gul, Z., Jamal, Z., Ahmed, M., Rehman, A., Khan, Z. U. (2015): Effect of coconut
water from different fruit maturity stages , as natural substitute for synthetic PGR in in vitro potato
micropropagation. — Int. J. Biosci 6(2): 84-92.

[16] Pasigai, M. A., Thaha, A. R., Nasir, B., Lasmini, S. A., Bahrudin. (2016): Teknologi budidaya



https://doi.org/10.5539/jas.v9n7p236
https://doi.org/10.17660/ActaHortic.2019.1262.27
https://doi.org/10.1016/j.sajb.2019.08.040
https://doi.org/10.3329/pa.v27i2.29322
https://doi.org/10.17660/ActaHortic.2017.1158.42
https://doi.org/10.3329/ajmbr.v3i3.34520
https://doi.org/10.4172/2157-7110.1000515
https://doi.org/10.1088/1755-1315/454/1/012169
https://doi.org/10.1080/01904167.2016.1263318

bawang merah varietas lembah palu. UNTAD Press. 190.

[17] Rabinowitch, H. D., Currah, L. (2002): Allium crop science: recent advances. — CABI Publishing.
https://doi.org/10.1079/9780851995106.0000

[18] Sukamta. (2015). Pengaruh konsentrasi air kelapa terhadap pertumbuhan stek lada bertapak
berdaun tunggal (Piper nigrum L.). — Jurnal Online Mahasiswa (JOM) Faperta 4(1): 1-10. (in
Indonesian).

[19] Tantasawat, P., Chaowiset, W., Sorntip, A., Kativat, C., Wannajindaporn, A. (2010): The effects
of proline and coconut water on callus Induction of cucumber (Cucumis sativus L.). In Proc. 4th
IS on Cucurbits (pp. 589-598).

[20] Tarigan, P. L., Nurbaiti, Yoseva, S. (2017): Application of onion extract as a natural growth
regulator on pepper (Piper nigrum L.) cuttings. — Jom Faperta 4(1): 1-11.

[21] Thanaa, S. M., Kasim, N. E., Abourayya, M. S., Abdalla, A. M. (2017): Influence of foliar
application with moringa (Moringa oleifera L.) leaf extract on yield and fruit quality of Hollywood
plum cultivar. — Journal of Horticulture 4(1): 1-7. https://doi.org/10.4172/2376-0354.1000193

[22] Widiastoety, D. (2014): Effect of auxin and cytokinin on the growth of Mokara orchid plantlets. —
J. Hort 24(3): 230-238.

[23] Wulandari, R. C., Linda, R., Mukalina. (2013): Pertumbuhan stek melati putih (Jasminum sambac
(L.) W. Ait.) dengan pemberian air kelapa dan IBA (indole butyric acid). Protobiont 2(2): 39-43.
(in Indonesian).

[24] Yong, J. W. H., Ge, L., Ng, Y. F., Tan, S. N. (2009): The chemical composition and biological
properties of coconut (Cocos nucifera L.) water. — Molecules 14: 5144-5164.
https://doi.org/10.3390/molecules14125144



https://doi.org/10.1079/9780851995106.0000
https://doi.org/10.4172/2376-0354.1000193
https://doi.org/10.3390/molecules14125144

Check Proofread : 23 Juli 2022

= M Gmail Q  Telusuri dalam email Fr @ &=

M dari 919 4 > -

2 s « B O W B 0 & B D

T 40 Galley proof for manuscript ref. 13417 Kotak Masuk x e B
Ul
Y¢ Berbintang Applied Ecology @ sab,23Jui024 Yo 6
@ Ditunda kepadasaya v
D Penting a Inggris + > Indonesia v  Terjemahkan pesan Nonaktifkan untuk: Inggris x
B> Terkirim Dear Author,
2
O Draf ¢ We are sending you attached the galley proof of your manuscript (ref. 13417)
~ B Kategori Please check and approve it for publication or make any necessary final correction.
2 Sosial 4315 Thank you in advance!
® Update 1.481 Best regards,
By Forum Technical Editors
) Applied Ecology and Environmental Research
©  Promosi 845 Open Access International Scientific Journal

hitp:/fwww.aloki.hu/
v Selengkapnya

@ Mentes a virusoktdl. www.avast.com

2 Lampiran - Dipindai dengan Gmail ® ¥ &
BB 13417.pdf y [ 13417.doc | 4
Muhammad Anshar Pasigai Min, 24 Jul1854 Y
Thank you for your mail. There are still some things we need to improve. Thank you
Sending PDF and Word to editor : 24 Juli 2022
Muhammad Anshar Pasigai <ansharpasigai@gmail.com> @ 240120222253 Yy € :
kepada Applied v

Dear Editors,

Herewith | attach the manuscript (ref: 13417) in Word and PDF. We have improved the quality of English through the help of colleagues who work as
proofreading.

Best Regards

Ansar, M.

L]

&

2 Lampiran « Dipindai dengan Gmail ©®

(8 13417_final_corre... y [ 13417_final_corre... y

"« Balas [~ Teruskan )



Muscript Final Correction

THE EFFECT OF COCONUT WATER AND MORINGA LEAF
EXTRACT ON THE GROWTH AND YIELD OF SHALLOTS

ANSAR, M.T" — PAIMAN?

!Department of Agrotechnology, Faculty of Agriculture, Tadulako University, Palu 94118, Indonesia
(e-mail: ansharpasigai@amail.com; phone: +62-813-9212-2864)

2Department of Agrotechnology, Faculty of Agriculture, Universitas PGRI Yogyakarta, Yogyakarta
55182, Indonesia
(e-mail: paiman@upy.ac.id; phone: +62-813-2862-9000)

“Corresponding author
e-mail: ansharpasigai@gmail.com; phone: +62-813-9212-2864; fax: +62-451-429-738

(Received ; accepted )

Abstract. In Central Sulawesi Province, Indonesia, there are shallots as raw materials for the fried onion industry
with the best quality. However, the main problem of productivity is still low (< 4 tons ha) as a result of the use
of small bulbs (seeds) with low plant growth regulator (PGR) content to support their growth. Therefore, it is
necessary to provide effective PGR in increasing the growth and yield of shallots, especially the Lembah Palu
shallot variety (LPSV). One of the PGRs is natural PGR, including coconut water (CW) and moringa leaf extract
(MLE). Both of these materials are pretty much available around the research site. This study aimed to know the
effect of CW and MLE at various concentrations on the growth and yield of LPSV. This research was experimental
and arranged in a randomized complete block design (RCBD) and three replications. The treatment was that the
natural PGR types consisted of two kinds, i.e., CW and MLE. Each natural PGR type consisted of five
concentration levels, i.e., 20, 40, 60, 80, and 100%. The results showed a significant interaction between PGR
types and concentration affecting the growth and yield of shallots, including tillers number, tubers number clump-
!, the tuber fresh weight clump™, and tubers dried weight ha*. The CW application at a concentration of 40% as
a natural PGR showed the best effect to increase the growth and yield of shallots, while MLE up to a concentration
of 100% was still a trend towards increasing. The research findings show that the PGR type of CW at a
concentration of 40% provides the highest growth and yield of shallots. Besides, it is necessary to conduct further
research on various sources of other natural PGR.

Keywords: natural PGR, Lembah Palu, concentration, fried onion

Introduction

Central Sulawesi, as one of the provinces in Indonesia, has the potential as a development area for
shallots cultivation. One of the varieties that have enormous potential to be developed is the LPSV, one
of the local types. It results from a natural cross between local onions, widely cultivated in the Lembah
Palu area. This shallot has a high adaptation, suitable for planting in lowlands < 400 m above sea level
(ASL) with dry climates and low rainfall. The tubers are slightly white, oval, and relatively small
(Rabinowitch and Currah, 2002).

The productivity of LPSV was generally lower than that of other types of shallots, while the Bima,
Brebes, and Philippine varieties can reach 20 tons ha™. In comparison, the LPSV only had a productivity
potential of 9.7 tons ha', but at this farmer's level, it only ranges from 4-5 tons ha* so that it can increase.
The low productivity of LPSV caused the need for raw materials in the fried onion industry in Palu city,
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and its surroundings could not be fulfilled continuously. The low shallots productivity of LPSV was
due to the application of cultivation techniques that are not according to the recommended technical
standards (Pasigai et al., 2016).

Applying natural PGR is one way of improving cultivation techniques to get a good yield because it
can affect plant growth. The provision of appropriate growth regulators in composition and
concentration can lead to better plant growth and development. Some PGRs are synthetic, but some are
natural. The PGRs can be mixed to stimulate plant growth and development (Manurung et al., 2020).
The CW and MLE were alternative natural PGR sources that can be utilized. The CW contained auxins,
various cytokinins such as trans-zeatin and kinetin, gibberellin, and ABA. In addition, CW contains
indole-3-acetic acid (IAA) and is the main auxin in plants (Yong et al., 2009).

Higher concentrations contained more inorganic elements and growth hormones than low
concentrations. MLE effectively improves cereal forages' growth and productivity under stressful
environments of salinity and aridity (Abusuwar and Abohassan, 2017). The CW produced higher
protocorm multiplication than those without CW. Application of 15% CW + 0.5 mg L Thidiazuron
had higher plantlet numbers and a greater percentage of normal putative polyploidy of Phalaenopsis
amabilis (Aziz et al., 2019). The MLE at a concentration of 3% provided maximum growth potential at
low temperatures for moringa seeds. The content of mineral nutrients, antioxidants, and growth
hormones can increase the number of branches (92%), leaves (141%), leaf blades (61%), leaf
chlorophyll (51%), and b (71%) and the total chlorophyll content (54%), membrane stability index
(60%) and phenolic leaf content (78%) in moringa seedlings (Batool et al., 2019).

Application of MLE 10% at two weeks after emergence and every two weeks after that significantly
increased growth of plant height, shoot length, fresh weight and dry weight of shoot, and yield
components like the number of grains cob, 100-grain weight, and grain weight plant in maize plant
(Biswas et al., 2016). Leaf of Moringa oleifera Lam. and other plant parts may contain potential novel
properties, namely secondary metabolites (Carbungco et al., 2017). The MLE performance of sprayed
at tillering, jointing, and booting stages was the best as it produced the growth and yield of wheat (Jhilik
et al., 2017). Applying MLE increased cumulative yield and nutrient uptake by Sudan grass compared
with the untreated (Merwad, 2017).

The highest values of straw and grain yield, quality yield, and nutrient uptake by plants were
obtained with 4% of MLE, while the lowest values were obtained with untreated plants. Also, the
highest percentage increase in grain yield of 71 and 88% was recorded from the treatment of 4% MLE
in the first and second seasons, respectively (Merwad and Abdel-Fattah, 2016). Therefore, foliar
applications of 6% MLE aqueous extract can be used effectively to improve fruit set, yield, fruit weight,
firmness, color, soluble solids content, vitamin C, anthocyanin content, and antioxidant activity of
"Hollywood" plum (Thanaa et al., 2017).

Ethanolic extract of drumstick leaf contained flavonoids total 71.9 mg quercetin equivalent g%,
alkaloids total of 3 mg quinine equivalent g%, tannin as 24.7 mg tannic acid equivalent g, and saponin
as 44.4 mg g. Therefore, drumstick leaf extract's minimum inhibition concentration (MIC) is 3.125%,
while the minimum bactericidal concentration (MBC) was 6.25%. Therefore, the drumstick leaf can be
used as an alternative natural antibacterial agent, which can be applied especially in aquaculture
(Kenconojatil and Rukmana, 2019).

The CW has many applications. For example, coconut water is traditionally used as a plant tissue
culture/micropropagation growth supplement. The wide applications of CW can be justified by its
unique chemical composition of sugars, vitamins, minerals, amino acids, and phytohormones (Yong et
al., 2009). For example, morphogenesis of watermelon can be obtained from explants in vitro
germinated seedlings on a culture media supplemented with CW (Krug et al., 2005).



CW has identified various beneficial biochemicals such as vitamins, minerals, proteins, sugars, and
enzymes. Phytohormones, particularly cytokinins, were one of the most interesting components
reported in CW. Different maturation levels of CW were found to affect the cytokinin concentration,
higher at coconut's immature and mature stages (Lazim et al., 2015). The IAA content decreased while
the T-ZR content increased with fruit maturity. Treatments with CW from fully matured dried fruits
produced the largest and the most vigorously growing plantlets (Mintah et al., 2018).

The concentration of plant growth hormones (auxin, cytokinin, gibberellins) in CW changes with
fruit maturation. It has affected the in-vitro growth of potato plantlets significantly. Therefore, it can be
used instead of synthetic PGR in media for potato micropropagation (Muhammad et al., 2015). The CW
significantly promoted hypocotyl elongation. Germination of seeds in liquid MS medium supplemented
with 0.1 mg Lt kinetin before callus initiation slightly delayed callus induction but did not significantly
affect callus size. At two weeks of culture, kinetin significantly decreased the length of hypocotyls
(Tantasawat et al., 2010).

Based on previous literature studies, it turns out that no one has applied natural PGR and its
concentration on shallots cultivation, especially LPSV. However, applying PGR with an optimal
concentration was crucial to accelerate plant growth, especially in LPSV. Therefore, testing types and
concentrations of natural PGR in the study can contribute to an increase in the growth and yield of
LPSV.

Based on the literature review above, this study aimed to know the effect of CW and MLE at various
concentrations on the growth and yield of LPSV.

Materials and methods
Study area

This research was conducted in Oloboju Village, Sigi-Biromaru District, Sigi Regency, Central
Sulawesi, Indonesia. The research was carried out from May to August 2019. The location of the study
is at coordinates S 1°01'14.6532" and E 119°59'29.0256"; a place altitude of 120 m above sea level
(ASL), with a daily average temperature of 30.8°C and air humidity of 62.3%.

Experimental design

This research was arranged in an RCBD with three replications. The treatment was the natural PGRs
types, which consisted of two kinds, i.e., CW and MLE. Each natural PGR type consisted of five
concentration levels, i.e., 20, 40, 60, 80, and 100%. Therefore, this study needed 30 experimental plots.

Research procedures

Procedure to make the natural PGR solution from CW. The CW was used from young green
coconuts. The fruit's skin was smooth and slippery, free from pests and diseases, and had an endosperm
that was still soft and thin. Furthermore, the water from this coconut was used as a stock solution with
a concentration of 100%. Furthermore, making MLE was done by taking young moringa leaves that
were a maximum of 35 days old since they appear as leaf buds. Cleaned moringa leaves were added to
water in a ratio of 1:1 (100 g of moringa leaves were added to 100 ml of water), then blended until
smooth. Furthermore, MLE was filtered into a container as a stock solution with a concentration of
100%. Dilution was carried out for each concentration of young CW and MLE according to each
treatment.

The population was all shallot plants in the experimental plot. The sample was part of the number
and characteristics possessed by the population observed as a representative of the population of 119



plants in each experimental plot. The sample plants were determined systematically by selecting the
observed plants, as many as five clumps of plants per experimental plot.

Soil cultivation was preceded by clearing the land from the remains of previous plants. Apart from
that, the first plowing of the land was carried out using a tractor. The second hijack that took place was
done one week later. The beds were made according to the experimental plot with a size of 255 cm
(length) x 105 cm (width) x 25 cm (height). Shallot seedlings should be free of pests and diseases with
relatively the same weight (uniform), then the outermost skin that has dried and the remaining roots are
cleaned.

The young coconut that was used is a green color with the characteristics of smooth skin color, free
from pests and diseases, and a soft and thin endosperm. Meanwhile, MLE was made by refining the
material and giving it water in a ratio according to the treatment. Young moringa leaves were used for
the maximum age of 35 days since appearing as leaf buds. The cleaned moringa leaves were added with
water in a ratio of 1:1 (100 g of moringa leaves were added with 100 ml of water), then blended until
smooth. Furthermore, the MLE was filtered into a container to obtain a stock solution of MLE with a
concentration of 100%. To get each concentration of MLE in the treatment was necessary to do dilution.
After completing the preparation of the planting media, prepared RGR for the treatment of planting
material. Shallot seeds ready for planting were soaked according to the treatment set for 90 minutes.
After that, the seeds were dried.

The bed experiment was covered with black silver plastic mulch. The plant spacing in the bed used
15 cm x 15 cm. The seeds were immersed in the planting hole and planted upright, like turning a screw,
until the tuber's end appeared flat with the soil surface. Watering was done by sprinkles. The beds were
watered until wet evenly every three days or as needed. Embroidering was done at the beginning of
growth until the age of 7 days after planting by replacing dead or rotten seeds with spare seeds that have
been prepared. Weeding was done with the aim of clearing weeds so that there was no competition with
onion plants. Weeding was done manually by removing the growing grass according to conditions in
the field. Weeding activities were carried out in conjunction with soil tilling. Tilling aimed to weaken
the soil, supporting early plant growth and making it easier for tubers to develop optimally. Fertilizers
were used, namely bokashi goat manure and inorganic fertilizers of NPK (15:15:15). Bokashi was given
before planting by mixing the fertilizer with the soil.

Meanwhile, NPK was given when the plants were two weeks after planting at a dose of 2 g.plant.
Pest and disease control depends on fielding conditions. Therefore, manual control (picked) and
discarded was done when an egg and leeks show signs of attack. Pest control was also carried out by
spraying insecticides of the ingredient Karbosulfan 200, with a concentration of 10 g L of water, and
fungicides with ingredient Propineb 70%, with a concentration of 5 g L of water.

Harvesting was done when the plant's age of >70 DAP. The plants had shown signs of being ready
to harvest. The tubers have been lifted above the soil surface. 80-90% of the leaves had turned yellow,
and the stems had fallen. Harvesting was done by pulling the shallot plants and their tubers, then
cleaning them from the remaining soil that sticks.

Measurement
Observations of plant growth and yield of LPSV included tillers number, tubers number clump-,
tuber fresh weight clump-, and tubers dried ha™.

Statistical analysis

The data observations were analyzed with analysis of variance (ANOVA) at 5% significant level
using IBM SPSS Statistics 23 software. In addition, differences between treatments were compared
using Duncan'’s new multiple range test (DMRT) at 5% significant level.



Results

The results of ANOVA on tillers number, tubers number clump, tubers fresh weight clump, and
the tuber dried weight ha showed no significant between the PGR types of CW and MLE. The CW
concentration significantly affected all of the parameters observed, but the MLE concentration had no
significant effect. The results of ANOVA can be represented in Table 1.

Table 1. The results of ANOVA on tillers number, tubers number clump-t, tubers fresh weight clump-?,
and the tubers dried weight ha*

Mean square
\S,erjigcteio(: I?reger(jeslf]f Tillers  [Tubers number| Tubers fresh | Tubers dried | F table 5%
number clump?®  |weight clump?| weight ha*

Block 2 13.617 * 3.7476 * 113.724 * 22.690 * 3.55
Treatment 9 1.829 ns 1.4555 ns 22.297 ns 4.404 ns 2.46
Type PGRs 1 0.432 ns 1.5687 ns 21.505 ns 4.256 ns 4.41

CWwW 4 3.424 * 2.0558 * 26.203 * 5175 * 2.93

MLE 4 0.583 ns 0.8269 ns 18.589 ns 3.670 ns 2.93

Error 18 0.963 0.6469 8.668 1.661

Remarks: * = Significant at the 5% significance levels, and ns = Not significant at 5% significance level.

The results of DMRT at the 5% on tillers number, tubers number clump2, tubers fresh weight clump-
!, and the tuber dried weight ha* can be seen in Table 2.

Table 2 shows that CW at 40% concentration is the best treatment combination and yielded the
maximal tiller number, tubers number clump-, tubers fresh weight clump-, and the tuber dried weight

ha™.

Table 2. Tillers number, tubers number clump-, tubers fresh weight clump-!, and the tuber dried weight

hat
PGR . Tillers number | Tubers number| Tubers fresh Tupers dried
PGR types | concentration clump-: clumo- weight (g clump™) weight (tons
(%) p p g g p ha-l)
20 7.93 ab 4,49 a 17.87 ab 7.94 ab
40 9.00b 5.99 b 2240 b 9.96 b
Cw 60 740a 4,47 a 17.07 ab 7.59 ab
80 6.13a 3.76 a 15.33a 6.81a
100 7.00a 432a 15.07 a 6.70 a
20 7.20p 4.06 p 1493 p 6.64 p
MLE
40 6.93p 3.30p 12.27p 5.45p




60 6.73p 4.47p 17.40 p 7.73p
80 7.73p 465p 15.87p 7.05p
100 7.67p 4.27p 18.80 p 8.36 p
Cw 7.49 x 4.62 x 17.55 x 7.79 X
MLE 7.45 x 4.15x 15.85 x 7.05 x

Remarks: the average number of treatment combinations in the column followed by the same letter is not
significantly different based on DMRT at 5% significance level.

The effect of PGR type and concentration on tillers number, tubers number clump, tubers fresh
weight clump, and the tubers dried weight ha* are presented in Figure 1.

CW MLE CcwW MLE
_ m] T
=% =P
g s ¢ g °
-_ — 5 4
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Figure 1. The effect of PGR type and concentration on (a) tillers number, (b) tubers number clump-,
(c) tubers fresh weight clump-t, and (d) tubers dried weight ha*

Figure 1 shows a difference in the trend between the two PGR types. The CW showed an increase
of the tillers number, tubers number clump, tubers fresh weight clump-1, and the tubers dried weight
hal from concentrations of 20-40%, but after a 40% continues to decrease to 100% concentration. It
was different in MLE. There was a decrease in tillers number from a concentration of 20-60%, but after
60% continued to increase until 100%. Therefore, tubers of number clump-, fresh weight clump?, and
dried weight ha* decreased from 20-40%, but after a concentration of 40% increased to 100%. Low



concentrations of 20-40% for CW increased the growth and yield. In contrast, MLE was better at 60-
100% higher concentrations.

Discussion

This experiment found that CW at a concentration of 40% resulted in the highest tillers number. CW
is a natural ingredient that contains various hormones, such as auxins and cytokinins, which can
stimulate plant growth, thus increasing the growth parameters of the shallots. The CW is a natural PGR
that can provide the most optimal results for the growth of the LPSV. Auxins can promote plant growth
and development and work by stimulating the apical meristem cells of the stems and shoots (Tarigan et
al., 2017). The combination of auxins and cytokines stimulates cell division and influences the
differentiation pathway (Widiastoety, 2014). Supported by Sukamta (2015), CW concentration
significantly affected the number of roots, shoot length, number of leaves, and leaf area. The
concentration of 40% was the best treatment for pepper cutting compared to 20, 60, 80, and 100%. The
CW contains PGR and other compounds that can stimulate and accelerate roots, shoots, and leaves. The
content of cytokinins in CW can stimulate cell division in leaf primordia. Cytokinins can accelerate the
formation of leaves and promote cell division and enlargement (Wulandari and Mukalina, 2013).
Auxins can stimulate the work of cytokinins in cell division and enlargement.

The CW at a concentration of 40% produced the highest number of tubers clump. The CW contains
several hormones that play an important role in plant growth. Following the general nature of the
relatively low concentrations hormone, it can stimulate cell division and elongation, thereby affecting
plant growth and development. Young et al. (2009) stated that CW contains auxins, trans-zeatin,
kinetin, gibberellin, and ABA. The CW also contains indole-3-acetic acid (IAA), the main auxin in
plants. IAA is a weak acid that is synthesized in the meristematic region located in the shoot shoots and
then transported to the root tips in the plant. Cytokinins are also found in coconut water cell division
and thus promaote rapid growth. One of the advantages of CW was that it produced sufficient plant cell
proliferation without increasing the number of unwanted mutations.

The tubers of fresh weight clump* and dried weight ha! can be influenced by the leaf area number
as the source of the photosynthesis process, producing dry plant matter. In addition, it was also affected
by the tillers number, which directly forms the tubers number as a sink for stored photosynthetic
products. Therefore, increasing the tillers number will increase the tubers number clump-, and a high
rate of photosynthesis will increase the tubers yields plant* and ha. The CW is a natural hormone that
contains auxins, cytokinins, and gibberellin. The CW can provide the most optimal results for the
shallot's yield because it contains many hormones needed for plant growth. Natural PGR types contain
different growth hormones and minerals so they will have different effects on the growth and yield of
LPSV plants.

For this reason, natural PGR was needed to obtain maximum results, which contained a complete
type of hormone with a concentration that needs plant growth and development, including the shallots.
The main cause, the highest parameter, was found in the application of young CW because the content
of growth regulators in coconut water was more complex. As indicated by Indriani et al. (2014), the
complexity of hormone and mineral content in CW resulted in a significant multiplication effect
compared to the addition of BA synthetic hormone.

Conclusion

Based on the results and discussion, there was a significant interaction between PGR types and
concentration on the growth and yield of shallots, including tillers number, tubers number clump™, the
tuber fresh weight clump-t, and tubers dried weight ha*. The CW application at a concentration of 40%
as a natural PGR showed the best effect to increase the growth and yield of shallots, while MLE up to



a concentration of 100% was still a trend towards increasing. The research findings show that the PGR
type of CW at a concentration of 40% provides the highest growth and yield of shallots. We suggest
that it is necessary to conduct further research with various sources of other types of natural PGR.
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Abstraet. In Central Sulawesi Province, Indoacsia, there are shallots as raw materials for te fried onion
industey with the best quality. However, the main problem of productivity s still low (< 4 tons ha'') as a
 small bulbs (sceds) with low plant prowth regulator (PGR) content to support their

sary to provide effective PGR in inc
Lembah Palu shallot vasicty (LPSV). One of the PGR:
water (CW) and moringa leaf extract (MLE). Both of these materials are pro
rescarch site. This study aimed to know the effect of CW and MLE at var

growth and yield of LPSV. This rescarch was experimental and arranged in  randomized complete block
design (RCBD) and three repli The treatment was that the PGR types conssed of two
Kinds, i.¢, CW and MLE. Each natural PC

80, and 100

ubens number clump”, the tuber fresh

lump”, and tubers dried weight b The CW application at a concentration of 40% as a natural
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