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Abstract  Continuous intensification of agriculture 
with inorganic fertilizers causes a decrease in soil quality; 
grumusol soil has high clay content and low organic matter. 
This study aims to examine the effect of liquid organic 
fertilizer on flowering, shallot yield, and the ability to 
improve soil quality. The research used a completely 
randomized block design with one factor, namely 
fertilization with six levels: 100% inorganic fertilizer; 75% 
inorganic fertilizer and 25% liquid organic fertilizer; 50% 
inorganic fertilizer and 50% liquid organic fertilizer; 25% 
inorganic fertilizer and 75% liquid organic fertilizer; 100% 
liquid organic fertilizer; 100% solid organic fertilizer. 
Repeat three times. Fertilization has a significant effect on 
the flowering of shallots. Liquid organic fertilizer can 
support shallot flowering with the highest number of 
flowers, namely 8 flowers. However, fertilization did not 
affect the yield of shallots. Liquid organic fertilizer can 
increase carbon organic and soil organic matter, 
exchangeable potassium content, exchangeable sodium 
content, and the number of bacteria. The highest number of 
fungi was fertilized with 50% inorganic fertilizer, and 50% 
liquid organic fertilizer, namely 2.0.105 cfu/gr. 
Substitution of inorganic fertilizers with liquid organic 
fertilizers can support soil nutrients so that liquid organic 
fertilizers have the potential to replace inorganic fertilizers 
to stimulate flowering and increase the growth and yield of 
shallots. 

Keywords  Anorganic Fertilizer, Number of Flowers, 
Organic Fertilizer, Soil Biology, Soil Chemistry 

1. Introduction
Shallots (Allium cepa L. Aggregatum) are horticulture 

with a high economic potential to be developed. The 
shallot consumption of the Indonesian population 
increased in 2018. However, the productivity of shallots is 
still relatively low [1]. The Central Statistics Agency (2019) 
stated that in 2014-2017, the national productivity of 
shallots decreased from 10.22 tons/ha to 9.29 tons/ha, so 
the production of shallots in Indonesia has not yet met the 
level of consumption [2]. Agricultural intensification is an 
effort to support increased productivity of shallots [3]. 
Shallot farmers often use chemical fertilizers for 
agricultural intensification and high yields. However, these 
chemical fertilizers can only be absorbed by plants by 
10-40%, and the rest of the fertilizer remains in the soil in 
the form of insoluble inorganic salts [4,5]. 

Soil can be negatively affected by the continuous use of 
chemical fertilizers, namely the presence of 
ammonium-nitrogen (NH4+) and phosphorus residues. 
These residues cause an increase in soil acidity and change 
the structure of bacterial and fungal communities [6]. 
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Efforts to increase productivity and soil fertility by using 
liquid organic fertilizer (LOF). Liquid organic fertilizers 
have high N and C content so that they can recycle 
nutrients, increase soil carbon stocks, influence microbial 
processes that lead to N2O release, change the structure of 
soil microbiota communities, and increase the abundance 
and activity of nitrifying and denitrifying microorganisms 
[7]. This is because the biogeochemical cycle of soil 
nutrients is influenced by soil microbiology [8]. In addition, 
soil microbiota can produce phytohormones that promote 
plant growth [9]. 

Using liquid organic fertilizers can stimulate plant 
growth, and fungi can provide a sustainable alternative to 
chemical fertilizers [10,11]. The advantage of LOF is that it 
contains growth regulators that can stimulate plant growth, 
thereby increasing plant production and uptake of micro 
and macro nutrients needed by shallot plants [12]. 
However, releasing organic fertilizer nutrients is slow, so 
that it can be substituted with inorganic fertilizers as the 
initial provider of nutrient needs for plants. The 
combination of inorganic fertilizers and liquid organic 
fertilizers is an effective method of providing nutrient 
needs [13], because it is enriched with microbes that can 
maintain soil fertility and quality to help plant growth [14]. 
Research on the combination of inorganic and organic 
liquid fertilizers on the yield and flowering ability of 
shallots and soil quality has not been widely carried out. 
This research's novelty is combining inorganic and organic 
liquid fertilizers with various dosage ratios in the 
cultivation of shallots in vertisol soils. This study examines 
the effect of liquid organic fertilizer on flowering, shallot 
yield, and the ability to improve soil quality. 

2. Materials and Methods 
The research was conducted at coordinates 7°32'59.3" 

south latitude and 110°52'07.9" east longitude with an 
altitude of 101 MASL, namely in the hamlet of Gunung 
Sari, Ngringo, Karanganyar regency, Indonesia. The type 
of soil used for research is grumusol soil. The research 
site has an average temperature of 23-32⁰C and an 
average rainfall of 7231.4 mm per year. The research used 
a completely randomized block design with one factor, 
namely fertilization with six levels, namely: 100% 
Inorganic Fertilizer; 75% inorganic fertilizer and 25% 
liquid organic fertilizer; 50% inorganic fertilizer and 50% 
liquid organic fertilizer; 25% inorganic fertilizer and 75% 
liquid organic fertilizer; 100% liquid organic fertilizer; 
100% solid organic fertilizer. Repeat three times. The 
materials used in this study were shallots of bima Brebes 
variety, SP-36 fertilizer (total phosphate 36%) 120kg/ha, 
potassium chloride fertilizer 150kg/ha, zwavelzure 
ammonium fertilizer 300kg/ha, urea fertilizer (45-56% 
nitrogen) 150kg/ha, liquid organic fertilizer 539L/ha, and 
solid organic fertilizer 15.65 tons/ha. Bima Brebes variety 
is a local variety suitable for cultivation in the lowlands. 

The observed variables consisted of soil chemistry, 
biology, and shallot yield. Soil chemical analysis includes 
organic carbon soil by spectrophotometric method, 
organic matter, total nitrogen by Kjeldahl, phosphate 
available extraction method HNO3, and HCLO4. 
Exchangeable potassium using HNO3 and HCLO4 
extraction methods, exchangeable sodium with flame 
photometer/atomic absorption spectrometer, exchangeable 
calcium with atomic absorption spectrometer, 
exchangeable magnesium for atomic absorption 
spectrometer, cation exchange capacity, and soil pH. Soil 
biological analysis includes the number of bacteria and 
fungi. While the variables of flowering and yield of 
shallots include: the number of flowers, fresh weight of 
plants, the weight of bulbs, number of bulbs in a clump, 
and bulbs diameter. Inoculation of bacteria using nutrient 
agar (Na) media and fungal inoculation with Potato 
Dextrose Agar (PDA) media. Bacterial and fungal 
analyses were calculated using the total plate count 
method. Data on the number of flowers and yields of 
shallots were analyzed using the analysis of variance 
(ANOVA) F test at a 5% level, if it was significant, 
further testing was carried out with Duncan's Multiple 
Range Test at 5% level, while the soil biology data were 
analyzed descriptively. 

3. Results 

3.1. Number of Flowers 

Table 1.  The number of shallot flowers in various fertilization 
treatments 

Treatment Number of flowers 

100% Inorganic Fertilizer 4.33 a 

75% Inorganic Fertilizer, 25% Liquid 
Organic Fertilizer 4.00 a 

50% Inorganic Fertilizer, 50% Liquid 
Organic Fertilizer 5.33 ab 

25% Inorganic Fertilizer, 75% Liquid 
Organic Fertilizer 4.33 a 

100% Liquid Organic Fertilizer 8.33 c 

100% Solid Organic Fertilizer 6.33 b 

Note: numbers followed by the same letter in the column are not 
significantly different based on DMRT (α= 0.05) 

The results showed that fertilizer treatment affected 
shallot flowering (Table 1). It has been shown that plants 
can flower in each fertilization treatment. The highest 
number of flowers is 8.33 in treating 100% liquid organic 
fertilizer. Meanwhile, with 75% inorganic fertilizer and   
25% liquid organic fertilizer treatment, the lowest number 
of flowers was 4.00. This is supported by the content of 
liquid organic fertilizer, which can increase the content of 
plant hormones so that the ability of plants to flower is 
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high. Liquid organic fertilizer contains growth regulators 
that cause plants to grow well and produce high 
production. 

3.2. Shallot Yield 

Fertilizer treatment had no significant effect on plant 
fresh weight, bulb weight, number of bulbs in a clump, and 
bulb diameter (Table 2). This is because the combination of 
fertilizers can provide sufficient nutrient requirements for 
shallot plants' growth and development needs. The 
research [14] shows that combining chemical fertilizers 
and compost provides maximum shallot plant biomass. 
Combining inorganic and organic fertilizers can enrich 
microbes that can maintain fertility, soil quality, and plant 
growth. The average yield of optimum plant fresh weight 
was found in the treatment of 100% liquid organic fertilizer. 
This is because organic fertilizers can increase root activity 
in absorbing water and nutrients in the metabolic process 
because organic fertilizers have an effect and a positive 
correlation on root biomass and the number of shallot bulbs 

[15]. Treatment of 50% inorganic fertilizer and 50% liquid 
organic fertilizer showed the optimum bulb weight of 
54.33 g (Table 2). This is because the combination of 
organic and inorganic fertilizers can reduce the decline in 
soil health and increase and maintain agricultural 
productivity [16]. 

3.3. Soil Quality 

The soil in the research area is vertisol soil (Table 3). 
The data in Table 3 were analyzed descriptively. The soil 
is slightly acidic with a pH value of 6.55, containing 
organic carbon which is classified as low, namely 1.90% 
with organic matter which is 3.27% (low), total soil 
nitrogen and calcium exchanged are very low, namely 
0.002% and 1.69 me%, available phosphate is 10.57 ppm 
(moderate), exchangeable potassium and magnesium are 
0.27 and 0.46 me% with low category, very low 
exchangeable calcium is 1.69 me%. The results of soil 
biology analysis showed that the soil before planting had 
a total of 5.0.108 cfu/g bacteria and 3.4.105 cfu/g fungi. 

Table 2.  The yield of shallot bulbs in various fertilization treatments 

Treatment Plant fresh 
weight Bulb weight Number of Bulbs 

Per Clump Bulb Diameter 

100% inorganic fertilizer 3.76 a 45.73 a 6.07 a 0.903 a 

75% inorganic fertilizer, 25% liquid organic fertilizer 4.00 a 38.27 a 5.73 a 0.95 a 

50% inorganic fertilizer, 50% liquid organic fertilizer 4.00 a 54.33 a 6.80 a 1.048 a 

25% inorganic fertilizer, 75% liquid organic fertilizer 4.07 a 49.53 a 5.73 a 0.98 a 

100% liquid organic fertilizer 5.17 a 49.13 a 5.73 a 1.06 a 

100% solid organic fertilizer 4.80 a 54.13 a 6.60 a 1.02 a 

Note: numbers followed by the same column are not significantly different based on DMRT (α= 0.05) 

Table 3.  Chemical analysis of initial soil 
Observation variable Score Dignity 

Organic Carbon (%) 1.90 Low 

Organic matter (%) 3.27 Low 

Total nitrogen (%) 0.002 Very low 

Phosphate available (ppm) 10.57 Moderate 

Exchangeable potassium (me %) 0.27 Low 

Exchangeable sodium (me %) 0.47 Moderate 

Exchangeable Calciumexchanged (me %) 1.69 Very low 

Exchangeable magnesium (me %) 0.46 Low 

Cation Exchange Capacity (me %) 23.54 Moderate 

pH 6.55 neutral 

Total Bacteria 5.0.108 cfu/gr Positive 

Total Fungi 3.4.105 cfu/gr 10 to 25 
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The results showed that fertilization could improve the 
organic carbon and soil organic matter (Table 4). The 
highest organic carbon content and organic matter in the 
100% liquid organic fertilizer treatment were 2.10% and 
3.63% (Table 4). Meanwhile, the lowest organic carbon 
content and organic matter were treated with 75% 
inorganic fertilizer and 25% liquid organic fertilizer,  
1.77% (low) and 3.05% (medium). The results of organic 
carbon in applying a combination of fertilizers give low 
yields due to reducing nutrient levels due to microbes. 
The low organic carbon in the soil is caused by the 
immobilization factor or the process of reducing the 
amount of nutrient content caused by microbial activity 
[17,18]. 

Fertilization can improve the total nitrogen content of 
the soil (Table 5). Based on Table 3, the initial soil has a 
very low total nitrogen category. Based on table 5, total 
soil nitrogen increased in each fertilization treatment, 
although it was still in the low category. Treatment of 50% 
inorganic fertilizer and 50% liquid organic fertilizer 
showed the highest total soil nitrogen compared to the 
other treatments, namely 0.19%,while the lowest nitrogen 
was in the treatment of 25% Inorganic Fertilizer and 75% 
liquid organic fertilizer 0.13%. This is because nitrogen is 
a nutrient easily decomposed and leached by microbial 
factors to decompose organic matter [19-21]. The results 
of the potassium analysis test showed that each fertilizer 

treatment was able to increase available potassium (Table 
5). However, the increase in potassium was still relatively 
low due to immobilization caused by microbes [22,23]. 
The results of the initial soil phosphate test showed that it 
was higher than the final soil phosphate with various 
fertilization standards. This is because plants absorb 
phosphate nutrients, and most of the phosphate fertilizer 
that plants do not absorb will be leached. The optimum 
available phosphate yield was found in the 50% inorganic 
fertilizer and 50% liquid organic fertilizer treatment. 

Fertilization treatment can increase the content of 
exchangeable sodium, calcium and magnesium (Table 6). 
Treatment of 100% liquid organic fertilizer showed the 
highest available sodium and calcium yields were 0.71% 
and 1.46%, respectively. These results showed an increase 
compared to the initial soil (Table 3). The results of this 
study are because organic fertilizers are more 
environmentally friendly, contain nutrients needed by 
plants, and can increase the activity of beneficial soil 
microorganisms [24]. The highest available Mg content 
was in the treatment of 25% inorganic fertilizer with 75% 
liquid organic fertilizer, namely 1.72% in the medium 
category. This is because the integration of organic and 
inorganic fertilizers can maintain soil fertility, produce the 
best crops, as well as a way to increase soil productivity in 
a sustainable manner [25-28]. 

Table 4.  Effect of fertilization on C-Organic and Organic Materials 

Treatment Organic carbon (%) Dignity Organic matter (%) Dignity 

100% Inorganic Fertilizer 2.03 b High 3.50 b High 

75% Inorganic Fertilizer, 25% Liquid Organic Fertilizer 1.77 a Low 3.05 a Moderate 

50% Inorganic Fertilizer, 50% Liquid Organic Fertilizer 2.00 b Moderate 3.44 ab High 

25% Inorganic Fertilizer, 75% Liquid Organic Fertilizer 1.98 ab Moderate 3.41 ab High 

100% Liquid Organic Fertilizer 2.10 b High 3.62 b Very 
high 

100% Solid Organic Fertilizer 1.96 ab Moderate 3.37 ab High 

Note: numbers followed by the same column are not significantly different based on DMRT (α= 0.05) 

Table 5.  Effect of fertilization on total nitrogen content, available phosphate and available potassium 

Treatment Total 
nitrogen Dignity Phosphate 

available Dignity Potassium 
available Dignity 

100% Inorganic Fertilizer 0.17 a Low 7.33 b Low 0.15 ab Low 

75% Inorganic Fertilizer, 25% Liquid Organic 
Fertilizer 0.18 a Low 5.62 a Low 0.22 ab Low 

50% Inorganic Fertilizer, 50% Liquid Organic 
Fertilizer 0.19 a Low 7.5 b Low 0.08 a Very low 

25% Inorganic Fertilizer, 75% Liquid Organic 
Fertilizer 0.13 a Low 7.42 b Low 0.12 a Low  

100% Liquid Organic Fertilizer 0.15 a Low 6.13 ab Low 0.27 b Low 

100% Solid Organic Fertilizer 0.18 a Low 7.33 b Low 0.18 ab Low 

Note: numbers followed by the same column are not significantly different based on DMRT (α= 0.05) 
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Table 6.  Effect of fertilization on the content of exchangeable sodium, exchangeable potassium and exchangeable magnesium 

Treatment Exchangeable 
sodium Dignity Exchangeable 

Calcium Dignity Exchangeable 
magnesium Dignity 

100% Inorganic Fertilizer 0.40 a Moderate 1.84 ab Very low 1.46 a Moderate 

75% Inorganic Fertilizer, 25% 
Liquid Organic Fertilizer 0.22 a Low 2.54 b Low 1.58 a Moderate 

50% Inorganic Fertilizer, 50% 
Liquid Organic Fertilizer 0.31 a Low 1.03 a Very low 1.49 a Moderate 

25% Inorganic Fertilizer, 75% 
Liquid Organic Fertilizer 0.53 ab Moderate 1.62 ab Very low 1.72 a Moderate 

100% Liquid Organic Fertilizer 0.71 b Moderate 2.47 b Low  1.46 a Moderate 

100% Solid Organic Fertilizer 0.48 ab Moderate 1.41 a Very low 1.37 a Moderate 

Note: numbers followed by the same column are not significantly different based on DMRT (α= 0.05) 

Table 7.  The Effect of Fertilization on the Number of Bacteria and Fungi 

Treatment Number of Bacteria (cfu/gr) Number of Fungi (cfu/gr) 

100% Inorganic Fertilizer 3.1.107 9.5.104 

75% Inorganic Fertilizer, 25% Liquid Organic Fertilizer 4.6.106 1.6.105 

50% Inorganic Fertilizer, 50% Liquid Organic Fertilizer 3.5.107 2.0.105 

25% Inorganic Fertilizer, 75% Liquid Organic Fertilizer 3.5.106 8.5.104 

100% Liquid Organic Fertilizer 4.0.107 5.5.102 

100% Solid Organic Fertilizer 3.1.106 1.1.104 

Note: cfu/gr is colony forming unit per gram, cfu/gr is used for solid samples 

Table 8.  Correlation of plant biomass with number of flowers, number of bulbs and sodium and potassium 

 Plant biomass Number of 
flower 

Number of 
bulbs 

Exchangeable 
sodium 

Exchangeable 
potassium 

Plant biomass 1 .429** .530** .444* .370* 

Number of flower .429** 1 .270 .140 .196 

Number of bulbs .530** .171 1 .249 .154 

Exchangeable sodium .444* .140 .249 1 .212 

Exchangeable potassium .370* .196 .154 .212 1 

Note: ** = significant correlation at 0.01, * = significant correlation at 0.05 

The results showed that soil bacteria and fungi that had 
been applied with fertilizers were able to produce bacteria 
with positive quality standards and fungi in all treatments 
with quality standards 10 to 25 (Table 7). The data in 
Table 7 were analyzed descriptively. These results are 
ideal results for the growth of shallot plants. According to 
[29] the total population of fungi and bacteria in several 
types of land use is measured by microorganisms present 
in the soil, the more the number of bacteria and fungi, the 
better the quality of the soil. 

Optimum bacteria in 100% liquid organic fertilizer 
treatment, this is because organic fertilizers can increase 
the population of microorganisms in the soil, so organic 
fertilizers are able to increase production yields [14]. The 
optimum mushroom yield on 50% inorganic fertilizer   
50% liquid organic fertilizer treatment, due to the 

combination of inorganic and organic fertilizer application 
as a way to increase yields and increase soil productivity 
in a sustainable manner [30,31]. 

4. Discussion 
Pineapple, bean sprouts, tempeh, coconut water, 

molasses, and Saccharomyces sp are essential for making 
liquid organic fertilizer in this research. This liquid 
organic fertilizer contains a very high content of the 
hormone gibberellin, namely 36.9595 ppm which plays a 
role in supporting flowering and other hormones such as 
auxin and kinetin [32]. Auxin and cytokinin hormones are 
produced at the end of the liquid organic fertilizer 
fermentation process [33]. These hormones can stimulate 
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plant growth and flowering, namely flower initiation, 
flower development, and flower production [34]. In this 
study, the highest number of flowers was fertilized with 
liquid organic fertilizer so that it could support flowering. 
Shallots of the bima Brebes variety have a low flowering 
ability and start flowering 50 days after planting with an 
average of 2-4 stalks per clump [35]. The number of 
flowers was positively correlated with plant biomass 
(Table 8). However, fertilization did not affect the yield of 
shallots. Liquid organic fertilizer has not been able to 
increase crop yields because it has the characteristic of 
releasing nutrients slowly [36]. The plant biomass was 
correlated with the number of bulbs. The more the amount 
of plant biomass, the more bulbs produced. In this case, 
plant biomass is also positively correlated with soil 
analysis results, including exchangeable sodium and 
potassium. The element of calcium supports the 
development of meristem tissue; with the availability of 
abundant potassium nutrients, the meristem tissue will 
develop optimally. 

Bulb weight can indicate plant metabolic activity. Bulb 
weight is influenced by several elements, including tissue 
water, metabolic products, and nutrient content in the soil. 
Bulb weight was not affected by fertilization because of 
all treatment combinations; fertilizers had sufficient 
elements for the nutrient needs of shallots. Gromosol soil 
showed increased soil quality with liquid organic and 
inorganic fertilizers. It affected the size of shallot bulbs 
because the looser the soil, the greater the chance of bulbs 
to develop so that later it would affect the growth of 
shallot bulbs [37,38]. Fertilization treatment can improve 
soil quality, namely soil chemistry, and biology. 

The results of the analysis of bacteria and fungi on 
shallots in the application of fertilizers were able to 
produce bacteria in all treatments with positive quality 
standards and fungi in all treatments with quality 
standards 10 to 25. This soil condition is suitable for 
supporting the growth of shallots. Bacterial yields had the 
highest average of 40 million colonies. Mushroom yields 
had the highest standard of 200 thousand colonies. The 
highest number of bacteria was 4.0.107 in fertilizing with 
100% liquid organic fertilizer. This is because there are 
791 bacterial isolates in liquid organic fertilizer with 
pineapple ingredients. These isolates can degrade and 
dissolve nutrients such as nitrogen, phosphate, and 
potassium [39]. Soil microbial communities can affect the 
decomposition of organic matter and nutrient cycles to 
improve soil aggregation and further support plant growth. 
This microbial community is supported by sources of 
organic matter such as liquid organic fertilizer. The liquid 
organic treatment can increase the number of bacteria. 
This is supported by an increase in organic matter, organic 
matter, nitrogen, phosphate, and increased soil potassium. 
Soil treated with organic fertilizer has enzymatic activity 
and high microbial functional diversity compared to 
inorganic fertilizer treatment [40]. This is because organic 
matter largely determines the soil microbial community's 

composition and function [41]. Based on [42], the total 
microbial activity and the physiological profile of the 
community level will be disturbed if the soil EC and pH 
are reduced. Long-term liquid organic fertilization 
improves crop yields, plant health, soil chemistry, and 
microbiota. 

5. Conclusions 
Liquid organic fertilizer affects the flowering of 

shallots. However, fertilization did not affect the yield of 
shallots. Liquid organic fertilizer can increase organic 
carbon and soil organic matter, exchangeable potassium, 
exchangeable sodium, and the number of bacteria. The 
highest number of fungi was fertilized with 50% 
Inorganic Fertilizer, 50% Liquid Organic Fertilizer, 
namely 2.0.10 5 cfu/gr. Substitution of inorganic 
fertilizers with liquid organic fertilizers can support soil 
nutrients so that liquid organic fertilizers have the 
potential to replace inorganic fertilizers for the growth and 
yield of shallots. 
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