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Abstract. Climate change has a significant impact on crop failure and
agricultural production. To overcome this issue, fertilization strategy is
needed to increase plant growth. Magnesium Sulphate (MgSOs) role in
photosynthesis, enzyme activation, and synergism with other nutrients plays
big part in increasing plant growth and harvest. Complementing NPK
fertilizing with MgSOs4 can be a solution to fulfill nutrient needs with lower
input and higher effectivity. This study aims to find best formula of MgSO4
complementing NPK fertilizer in improving shallot growth. Experimental
method was conducted using Randomized Complete Group Design (RCBD)
with 9 treatments and 3 replications, namely: control, standard NPK (Urea
250 kg ha'!, SP-20 130 kg ha'!, and KCL 60 kg ha'), MgSOa (300 kg ha™'),
and six combinations of MgSO. with NPK. The results showed that
application of MgSO4 combined with NPK fertilizer significantly increases
the growth of shallots. The addition of 300 kg ha™! of MgSO. with % doses
of NPK fertilizer effectively increased shallot growth as indicated by the
highest plant height, number of leaves, and number of tillers.

1 Introduction

Agriculture production is highly sensitive to climate change. Ozone leakage is able to reduce
photosynthesis rate, slow plant growth, and increase susceptibility to diseases [1]. Changes
such drought and rain pattern can reduce food and livestock production. To soil, high rainfall
leads to nutrient leaching, decreasing soil fertility and contaminating water body [2].
Furthermore, change in rainfall pattern can increase soil degradation by erosion while higher
temperature contributes to soil carbon loss, reducing microbial activity and nutrient
availability [3]. These climate change impacts not only affect crop yields directly but also
hinder soil fertility preservation, which is crucial for sustainable agricultural productivity.
Climate change can accelerate soil fertility decline by loss of organic matter,
acidification, nutrient leaching, and increased nitrogen denitrification by the means of
temperature and rainfall changes [4]. Therefore, maintaining fertility in soil is very important
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for crop productivity. Main actions can be done by pH monitoring, understanding soil and
plant need for macro and micro nutrient, and optimizing fertilizer use [5]. Efficient nutrient
management focusing on source, timing, and placement plays crucial role in reducing nutrient
loss and promoting soil health and productivity [6].

One favourable solution to optimizing soil fertility and plant growth is by using
Magnesium Sulphate (MgSO.. 7H»0), also known as Epsom salt, a water-soluble fertilizer
containing 15% MgO and 28% SO; for magnesium deficiencies in plant. Magnesium is
forming element of chlorophyll, therefore magnesium deficiency indicated by yellowing of
leaves [7]. Magnesium Sulphate is known for its effectivity for increasing crop biomass and
yield under saline environment [8]. MgSO4 with borax addition to urea can reduce NHj3
emissions and increases nitrogen uptake in plant and with sufficient addition of zeolite can
reduce NO, emissions [9].

In Indonesia, shallot is one of valuable agriculture commodity. According to
[10,11], national need for shallot is 1.2 million ton while production is 1.3 million ton. It also
worth noting that shallot production has shown great increase in last 3 decades, FAO also
states that Indonesia is top 4 shallot exporter in ASEAN region with USD 6.53 million worth
[12]. With highest to lowest nutrient content in shallots are K > N >P=Mg > S [13], it is clear
that NPK fertilizer is in high demand on shallot cultivation. However, with the expensive
cost of non-subsidized NPK, it poses challenges to shallot cultivation. Therefore, there should
be innovations to combat this problem, one of them is to complement it with natural
amendment such as Magnesium sulphate. Magnesium sulphate application to onion has
shown positive shallot yield and bulb quality. This because as Sulphate increases so will TSS
(total soluble solid) resulting in higher flavour intensity [14]. It is also stated by [15], that
application of MgSOy increases plant height and bulb diameter on garlic. Despite sulphate
and magnesium are limiting factors in shallot growths [13] but relationship between MgSOj4
application to shallot growth is yet to be understood. Therefore, this research aims to address
this problem.

2 Method

This research was located in Srigading, Karanganyar, Central Java province, Indonesia,
located at 7°37°01.5°> S, 111°04°21.8”” E and geologically was lava flow formation from
Mount Lawu. Soil in study area was Inceptisols with low to very low nutrient status including
N (0.18%), P (2.16 ppm), K (0.36 cmol), Mg (0.04 cmol), and S (24.8 ppm), also slightly
acidic soil pH (6.23).

Experimental method using Randomized Completely Block Design (RCBD) with 9
treatments and 3 replications (Table 1) was used for the research design. There are 27 plots
with each plot measuring 2 x 4.5 m.

Table 1. Treatment of MgSOs and NPK fertilizers

NPK Fertilizer
Code Treatment kg/ha

Urea SP-20 KCl
A Control 0 0 0
B Standard NPK 250 130 60
C 300 kg ha”! MgSO4 0 0 0
D Y5 NPK + 300 kg ha"! MgSO4 125 65 30
E % NPK +300 kg ha! MgSO4 187.5 97.5 45
F 1 NPK + 300 kg ha'! MgSO4 250 130 60
G % NPK + 75 kg ha! MgSO4 187.5 97.5 45
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H | %NPK +150 kg ha"! MgSO4 187.5 97.5 45
1 | % NPK+ 225 kg ha' MgSO4 187.5 97.5 45

Note: NPK= Urea, SP-20 and KCl

The research began with land preparation, by clearing the remains of the previous crop.
Shallot plants of the Bali Karet variety were planted with a spacing of 25 x 40 cm. MgSO4
fertilizer was given at 14 Days After Planting (DAP), while Urea fertilizer was given at 0,
14, and 28 DAP. Fertilization of SP-20 and KCl at 0 and 28 DAP. The parameters observed
included plant height, number of leaves, and number of tillers, which were measured once a
week until maximum vegetative phase of plant. Research data were analyzed using variance
(ANOVA) in determining treatment effect. Then, data were analyzed by Duncan's Multiple
Range Test (DMRT) at the 95% level in comparing each fertilizing treatments significance.

3 Results and Discussion
3.1 Plant Height

Shallot plant height varied with various treatments and up to 56 DAP, but there were no
differences between treatments. The effect of treatments was significantly different at 14 and
35 to 56 DAP (Table 2).

Table 2. Plant height of Shallot at various ages and treatments

Treatments Plant height
14 DAP | 21 DAP | 28 DAP | 35 DAP | 42 DAP | 49 DAP | 56 DAP
A 21.6* 28.0* 36.0* 38.52 38.7% 39.7% 33.9*
B 24.7% 33.7° 40.9 46.1¢ 46.6¢ 48.1% 44.1¢
C 234 33.4° 38.74% 40.2% 40.3% 43.5% 37.0%
D 23.58b¢ 33.3% 39.13b 43 6% 44 4bc 46.2b¢ 428
E 25.9¢ 34.5° 44.4¢ 46.7¢ 49.6¢ 50.5¢ 44.7¢
F 25.7% 34.8° 44.1¢ 46.3¢ 49.6¢ 49.0¢ 43.5¢
G 24.6% 32.8° 39.3% 45.1% 45.6% 46.2% 38.4abe
H 25.1% 34.4° 43.3¢ 42.6% 45.3b 46.5% 41.8bd
I 25.6% 33.3° 43.4¢ 44.4%¢ 45.6% 46.6 38.3ab¢

Note: DAP = day after planting
Number code followed by same lowercase letter in same column indicates significantly different
according to DMRT test at level of 0.05

Analysis of variance test shows the provision of fertilization treatment only gives a
significant effect on plant height at the age of 14 DAP and 35 to 56 DAP (P < 0.05). This is
because shallot plants since planting until the age of less than 35 days after planting still use
nutrients from the bulbs [16], so the effect of adding nutrients has not been seen. This result
is in line with the research of Hardiansyah and Bambang [17] which shows that shallot
growth is strongly influenced by nutrient reserves in seedling bulbs at the beginning of
planting. The high carbohydrate content in the bulbs supports a more efficient photosynthesis
process and has a positive impact on plant height growth [18,19].

Table 2 shows that all treatments show a response to plant height, where the combination
of NPK fertilizer with MgSQj in the % NPK + 300 kg ha! MgSOy treatment (E) produces a
significantly higher plant height compared to treatment A and B, indicated by different letter
notations in the DMRT test results, treatment E formed a statistically different group
compared to other treatment groups and showed the superiority of the treatment combination.
The addition of MgSOa can improve nutrient utilization by increasing the availability of
specific nutrients that support plant height growth, thus potentially becoming a more
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sustainable alternative fertilization strategy in reducing NPK fertilizers usage. These results
are in line with the research of Poonpakdee et al [20] the application of MgSQOj4 significantly
increased plant height as well as magnesium (Mg) and sulfur (S) concentrations in leaves,
and total chlorophyll levels that support overall plant growth. Differences in the dose of
fertilization given result in differences in nutrient availability, especially nitrogen nutrients
in supporting plant growth [21-23].

3.2 Number of leaves

Number of leaves increases closely related to roots ability in absorbing and translocating
nutrients to whole plant tissue [24]. Research data showed that in average, number of leaves
in each treatment was significantly different at 14 to 49 DAP (P< 0.05) (Table 3).

Table 3. Number of leaves of Shallot at various ages and treatments

Treatments Number of leaves
14 DAP | 21 DAP | 28 DAP | 35 DAP | 42 DAP | 49 DAP | 56 DAP
A 8.92 12.32 16.12 17.52 18.72 18.72 13.92
B 14.3b 18.9° 25.1° 29.4° 30.4° 30.75 20.8%
C 14.4° 19.5° 26.4b¢ 29.6° 28.7° 28.2b 20.1%
D 16.2° 19.5° 29.0bc 35.2b¢ 33.7b¢ 33.7b¢ 21.4¢
E 17.3b 24.0¢ 33.1¢ 39.4¢ 37.8¢ 37.7¢ 22.4¢
F 14.1° 23.9¢ 31.6% 36.0%¢ 33.8b¢ 34.0b¢ 21.4¢
G 16.5° 22.4b¢ 28.3be 35.2b¢ 32.1b¢ 32.1b¢ 18.3%
H 15.1° 21.1% 29.2b¢ 32.3b¢ 28.4b 31.4b¢ 18.6%
I 15.5° 20.9%¢ 30.9%¢ 33.9b¢ 33.6% 34.1b¢ 18.22b

Note:  DAP= day afier planting
Number code followed by same lowercase letter in same column indicates significantly different
according to DMRT test at level of 0.05

Research observation showed that number of leaves has increased until the plants reach
the age of 35 DAP, then there is a decrease in the average number of leaves caused by shallot
plants already entering the generative period (bulb formation). These results are in line with
the research of Souminar ez al [25] when entering the age of 35 DAP to 50 DAP shallot plants
will experience the generative phase (optimum bulb formation) so that photosynthate is more
concentrated in bulb formation than in the vegetative phase which is driven by the rate of leaf
reduction.

All treatments affected a number of leaves, with the % NPK + 300 kg ha! MgSO4
(treatment E) leading to a significantly higher number of leaves compared to the control and
the standard NPK treatments as seen from the different letter notations in the DMRT test
results, treatment E was included in a statistically separate group, indicating the superiority
of this treatment combination over the others(Table 3). MgSO4 which provides magnesium
and sulfur significantly increases nitrogen (N) uptake by improving soil properties and
facilitating nutrient absorption in plants. These findings suggest that the combination of
reduced NPK dosage with MgSOa supplementation can optimize nutrient efficiency, improve
soil health, and enhance leaf growth, and offer a sustainable approach to nutrient management
in crop production. Magnesium promotes root growth, increasing the plant's ability to absorb
N, while sulfur is essential for protein synthesis, helping effective N utilization. In addition,
kieserite (MgSOs)neutralizes aluminum (AI*"), limiting root development and calcium
uptake, thus promoting better nutrient uptake [26].
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3.3 Number of Tillers

The effect of combined treatment of NPK and MgSO; fertilizer on the number of tillers at
the age of 14 to 56 DAP (Table 4). Research data showed that combining NPK and MgSO4
fertilizer significantly affected the number of tillers until the age of less than 56 days after
planting (P < 0.05).

Table 4. Number of tillers of Shallot at various ages and treatments

Treatments Number of Tillers
14 DAP | 21 DAP | 28 DAP | 35 DAP | 42 DAP | 49 DAP | 56 DAP
A 2.12 2.82 3.0° 3.2¢ 3.1° 3.2¢ 3.6
B 3.2b 3.8° 4.2 4.3 5.0 4.4b 4.5b
C 3.1b 3.8" 4.6 4.5% 4.5 4.5° 4.8
D 3.6 4.5b 4.8b 4.7b° 4.8b° 4.7% 5.6
E 3.8° 4.5b 5.3b 6.0° 5.7¢ 5.8¢ 5.8°
F 3.5° 3.9b 5.1b 5.1be 5.3be 5.0b° 4.9b¢
G 3.7 4.3b 4.9b 5.0% 4.8b° 4.8 5.0
H 3.4 3.9 4.4° 4.4 4.4b 4.5° 4.5b
I 3.8" 4.5b 4.8b 4.8 4.4° 4.7%¢ 5.0
Note : Number code followed by same lowercase letter in same column indicates significantly

different according to DMRT test at level of 0.05

The fertilization treatment with a dose of % NPK + 300 kg ha-' MgSO. (E) produced the
highest average number of tillers from 14 to 59 DAP, although it was not significantly
different from the other treatments (Table 4), indicating that all treatments exerted relatively
similar effects on tiller formation during this growth period. This suggests that although
fertilization can support tiller development, genetical factors are more dominant in
determining the number of tillers [27]. These findings emphasize the importance of selecting
high-yielding varieties with superior tillering potential, complemented by optimized
fertilization strategies to maximize crop productivity. In line with the research of Napitulu
[28] and Sumarni et al [29], number of bulbs and number of tillers are dominantly influenced
by genetical factors than fertilization factors so that N, P, and K fertilizers do not give a
significantly different effect on the number of tillers. Similar results were found in the
research of Budianto et al/ [30] that the number of tubers is dominantly influenced by
genetical factors and less influenced by environmental factors. The number of tillers is more
related to size of the tuber where larger tubers will have fewer tillers.

4 Conclusions

The research findings indicate that combining NPK + MgSO;, fertilizer significantly
enhances shallot growth. Using % NPK + 300 kg ha'' MgSO, led to greater improvements in
plant height, number of leaves, and number of tillers compared to using standard NPK
fertilizer. These results of this study highlight the effectiveness of integrating MgSO4 with
NPK fertilizer can be used as new fertilizing method to minimize input cost, reduce fertilizer
loss, and increase both quantity and quality of shallot harvest.

The authors gratefully acknowledge the support of this research from the Higher Education Science and
Technology Development Grant funded by the Ministry of Research and Higher Education. The authors
would also like to acknowledge the support of PT. Permata Agro Persada Jakarta.



BIO Web of Conferences 155, 01008 (2025) https://doi.org/10.1051/bioconf/202515501008
10" ICCC 2024

Reference

1. H. S. Halliday, A. M. Thompson, A. Wisthaler, D. R. Blake, R. S. Hornbrook, T. Mikoviny,
M. Miller, P. Eichler, E. C. Apel, and Alan J. Hills, Effects of Ozone on Plant Health and
Environment: A Mini Review. Research Journal of Agricultural Sciences. 13, 3 (2022).

2. G. Prasanna, J. L. Steiner, C. Olson, M. Boggess, T. Farrigan, and M. A. Grusak, Agriculture
and Rural Communities. Impacts, Risks, and Adaptation in the United States: Fourth National
Climate Assessment, Volume I1. 40, 3 (2018).

3. H. Elbasiouny, H. El-Ramady, F. Elbehiry, V. D. Rajput, T. Minkina, and S. Mandzhieva,
Plant Nutrition under Climate Change and Soil Carbon Sequestration. Sustainability
(Switzerland). 14, 2 (2022).

4. S. Mondal, Impact of Climate Change on Soil Fertility. Climate Change and the Microbiome.
October (2021).

S. S. C. Hodges, Soil fertility basics: NC certified crop advisor training. Raleigh, NC: Soil
Science Extension, North Carolina State University. (2010).

6. J. Havlin and R. Heiniger, Soil fertility management for better crop production. Agronomy.
10, 9 (2020).

7. P. K. Mani, Fertilizers in Vegetable Production. Fundamentals of Vegetable Production.
February (2017).

8. K. Sharavdorj, S. O. Byambadorj, Y. Jang, and J. W. Cho, Application of Magnesium and

Calcium Sulfate on Growth and Physiology of Forage Crops under Long-Term Salinity Stress.
Plants. 11, 24 (2022).

9. H. Wang, L. Oertelt, and K. Dittert, The addition of magnesium sulfate and borax to urea
reduced soil NH3 emissions but increased N2O emissions from soil with grass. Science of the
Total Environment. 803, (2022).

10. S. Hindarti, A. J. Saputro, and L. R. Maula, Social economic factors affecting the technical
inefficiency of shallots in Malang. Jurnal Sosial Ekonomi dan Kebijakan Pertanian. 7, 1
(2023).

11. International Center for Applied Finance and Economics (InterCAFE) IPB University, Market

Study on Food Sector in Indonesia, (2018).

12. R. Darmawan, A. A. Susanti, M. A. Supriyatna, S. N. Sholiha, and Suyati, Outlook Bawang
Merah, (PUSAT DATA DAN SISTEM INFORMASI PERTANIAN, KEMENTERIAN
PERTANIAN, Jakarta, 2023).

13. Sutardi, Kristamtini, H. Purwaningsih, S. Widyayanti, F. D. Arianti, M. D. Pertiwi, J.
Triastono, R. H. Praptana, A. Malik, I. G. Cempaka, Yusuf, M. P. Yufdy, M. Anda, and A.
Wihardjaka, Nutrient Management of Shallot Farming in Sandy Loam Soil in Tegalrejo,
Gunungkidul, Indonesia. Sustainability (Switzerland). 14, 19 (2022).

14. Z. Qiu, E. O. Esan, M. Jjenyo, L. R. Gunupuru, S. K. Asiedu, and Lord Abbey, Photosynthetic
activity and onion growth response to compost and Epsom salt. International Journal of
Vegetable Science. 26, 6 (2020).

15. I. Al-Barzinji and A. Naif, Effect of Magnesium Salts on Growth and Production of Garlic
(Allium sativum L.). ARO, The Scientific Journal of Koya University. 2, 1 (2014).

16. I. K. Addai and D. K. Anning, Response of onion (Allium cepa L.) to bulb size at planting and
NPK 15:15:15 fertilizer application rate in the Guinea savannah agroecology of Ghana. Journal
of Agronomy. 14, 4 (2015).

17. V. Hardiansyah, Pengaruh perbedaan ukuran umbi bibit dan aplikasi berbagai dosis pupuk
nitrogen pada pertumbuhan dan hasil bawang merah ( Allium ascalonicum 1. ). Plantropica:
journal of agricultural science. 7, April 2021 (2022).

18. K. H. Uke, H. Barus, and I. S. Madauna, Pengaruh ukuran umbi dan dosis kalium terhadap
pertumbuhan dan hasil produksi bawang merah (Allium Ascalonicum L.) Varietas Lembah
Palu. Jurnal Agrotekbis. 3, 6 (2015).

19. Azmi, I. M. Hidayat, and G. Wiguna, The Effect of Varieties and Size of Bulbs on Shallot
Productivity. Jurnal Hortikultura. 21, 3 (2011).

20. C. Poonpakdee, K. Khawmee, and J. Onthong, Response of rubber tree saplings to Dolomite
and Kieserite application and K:Mg ratio. Pertanika Journal of Science and Technology. 29, 4
(2021).

21. L. Wang, S. Chen, D. Li, C. Wang, H. Jiang, Q. Zheng, and Z. Peng, Estimation of Paddy Rice



BIO Web of Conferences 155, 01008 (2025) https://doi.org/10.1051/bioconf/202515501008
10" ICCC 2024

Nitrogen Content and Accumulation Both at Leaf and Plant Levels from UAV Hyperspectral
Imagery. Remote sens. 13, 2956 (2021).

22. D. Saragih, H. Hamim, and N. Nurmauli, Pengaruh dosis dan waktu aplikasi pupuk urea dalam
meningkatkan pertumbuhan dan hasil jagung (Zea mays, L.) PIONEER 27. Jurnal Agrotek
Tropika. 1, 1 (2013).

23. T. K. Manik, P. B. Timotiwu, and Mua’ddin, Shallot growth and yield supported by irrigation
and nitrogen application in utilizing dry land area in Mesuji, Lampung Province, Indonesia.
Sains Tanah. 20, 1 (2023).

24. A. Hafiz and T. Nurhidayah, Pengaruh pemberian kompos limbah tanaman jagung terhadap
pertumbuhan bibit kakao(Theobroma cacao L.). JOM FAPERTA. 7, 2 (2020).

25. S. Souminar and S. Fajriani, Respon Pertumbuhan dan Hasil Tiga Varietas Bawang Merah (
Allium ascalonicum L .) terhadap Beberapa Tingkat Ketinggian Bedengan Response Growth
and Yield Of Three Varieties of Shallots ( Allium ascalonicum L .) to Some Levels Height
Seedbeds. JURNAL PRODIKMAS Hasil. 6, 10 (2018).

26. W. Grzebisz, W. Zielewicz, and K. Przygocka-Cyna, Deficiencies of Secondary Nutrients in
Crop Plants—A Real Challenge to Improve Nitrogen Management. Agronomy. 13, 1 (2023).

27. A. E. Marpaung and R. Rosliani, Adaptability of Growth and Yield on 5 Varieties of Shallot (
Allium ascalonicum L . ) in Wet Highland. 2, 1 (2019).

28. D. Napitulu and W. L, Pengaruh Pemberian Pupuk N dan K terhadap Pertumbuhan dan
Produksi Bawang Merah. Jurnal Hortikultura. 20, 1 (2010).

29. N. Sumarni, R. Rosliani, and R. Basuki, Respons Pertumbuhan , Hasil Umbi , dan Serapan
Hara NPK Tanaman Bawang Merah terhadap Berbagai Dosis Pemupukan NPK pada Tanah
Alluvial. Jurnal Hortikultura. 22, 4 (2012).

30. A. Budianto, Ngawit, and Sudika, Keragaman genetik beberapa sifat dan seleksi klon berulang
sederhana pada tanaman bawang merah kultivar ampenan. crop agro. 2, (2009).



