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Abstract

The objective of this study was to find out the growth and yield of shallots (Allium ascalonicum L.) with the application
of mushroom media waste and goat manure. A randomized block design was used with six treatments viz. without
mushroom media waste and goat manure, 25 ton/ha mushroom media waste, 20 ton/ha mushroom media waste + 5
ton/ha goat manure, 15 ton/ha mushroom media waste + 10 ton/ha goat manure, 10 ton/ha mushroom media waste + 15
ton/ha goat manure, and 5 ton/ha mushroom media waste + 20 ton/ha goat manure, and repeated four times. The
observed variables were plant height per hill, number of leaves per hill, number of bulbs per hill, wet weight of bulbs per
hill, wet weight bulbs per plot, dry weight of bulbs per plot, and yield per hectare. The results showed that the application
of 10 ton/ha mushroom media wastes organic fertilizer + 15 ton/ha goat manure gained 1.26 kg/plot, equal to 7.7 ton/ha.
The application of mushroom media waste and goat manure had the potency to reduce the use of inorganic fertilizers in
supporting eco-friendly agriculture.
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1. Introduction

Shallots (Allium ascalonicum L.) are one of the horticultural commaodities, which is widely used as spice and
medicine [1]. The need for shallots increases nationwide with the increase in population. The national household
consumption of shallots is 673,230; 731,010; 750,630; 729,820; and 790,630 tons, respectively in 2017, 2018, 2019,
2020, and 2021, whereas the national production of shallots is 1,470,500; 1,503,440; 1,580,240; 1,815,440; and
2,004,590 tons respectively in 2017, 2018, 2019, 2020, and 2021 [2]. The data on shallot production and
consumption shows the annual surplus of shallot production over consumption. Nevertheless, the national shallot
productivity vis. 8 to 12 ton/ha is lower than the potential yield of national shallot varieties vis. 14 - 17 ton/ha.
Shallot productivity can still be increased through better culture techniques such as fertilization improvement [3].

Table-1. National production and household consumption of shallots

Year Production (tons) | Consumption (tons)
2017 1,470,500 673,230
2018 1,503.440 731,010
2019 1,580.240 750,630
2020 1,815,440 729,820
2021 2,004,590 790,630

Source: Statistics Indonesia [2]

Farmers of shallots generally use inorganic fertilizers all the time in excessive doses. The excessive use of
inorganic fertilizer harms the environment and human health [4]. The continuous use of inorganic fertilizers reduces
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the soil aggregate stability and causes the soil to become compacted [5], causing soil C-organic degradation and soil
acidity [6], and poses serious collateral problems such as environmental pollution, pest resistance development, and
food safety decline [7]. One of the efforts to alleviate the worse impact of the continuous use of inorganic fertilizer is
the application of organic fertilizer. Furthermore, as reported by Mahfudz, et al. [8], the application of biofertilizers
(bokashi and mycorrhiza arbuscular) and biopesticides (Beauveria bassiana and Trichoderma sp.) elevates the
shallot production and the farmers’ total profit by 29.5% and 79.1%, in addition, to reduce the costs of chemical
inputs by around 69.5%.

Inorganic or organic fertilizer has positive and negative impacts if used singly on soil and plant growth.
Inorganic fertilizer contains all essential nutrients that are directly available for plants, but continuous use of
inorganic fertilizers causes soil organic matter depletion, soil acidity, and environmental pollution. Although organic
fertilizer has low nutrient content, in the long range, it improves the physical and biological activities of soil. An
integrated nutrient management system by combining inorganic and organic fertilizers is an alternative way for
sustainable and cost-effective soil management to increase soil fertility and productivity which is environmentally
friendly [6, 9, 10].

National and international market demands for organic agricultural products that are free of chemical residues
are currently increasing along with increasing public awareness of health [11]. According to Hartatik, et al. [12],
organic fertilizers improve the physical, chemical, and biological characteristics of the soil. Lasmini, et al. [13], also
reported that the application of cow manure and straw mulch could enhance the yield of shallot cultivation in
dryland.

As a promising commaodity of horticulture, mushroom has increasingly been produced by Indonesian farmers.
National production of mushroom in Indonesia reached 31.051.571 kg in 2018 and continue to slightly increase in
2019 (33.163.188 kg) and 33.688.516 kg in 2020 (Statistics Indonesia, 2021). Mushroom cultivation produces a lot
of waste. Each kilogram of mushroom production generated about 5-6 kilograms of waste. Mushroom culture waste
may contain plant nutrients (P, K, Mg, and Si), and ash from such biomass waste can be used as fertilizer [14].
Organic fertilizer from mushroom media waste contains 0.7% P,0s, 0.2 % K,0, 0.6% N-total, and 49.0% C-organic
[15].

Goat manure can also be used as organic fertilizer. Styaningrum [16], states that goat manure can increase soil
organic matter, cation exchange capacity, and fertilization efficiency. The application of high-quality goat manure as
fertilizer may increase cactus growth performance in terms of racket numbers per plant, number of primary rackets
per plant, height, and diameter [17]. The application of goat manure compost with bio-urine and balanced inorganic
fertilizers increased red chili productivity by 46% [18]. Goat manure had the potential to increase the nutrient
content in S. alatum more than in poultry manure [19].

The research on the use of goat manure is found elsewhere. However, combining goat manure with mushroom
media waste is necessary to reveal. The objective of this study was to find out the growth and yield of shallots with
the application of mushroom media waste and goat manure.

2. Material and Method

2.1. Site Location, Climatic and Soil Conditions

The experiment was conducted from August to October 2022 at the experimental field Faculty of Agriculture
Universitas Siliwangi Tasikmalaya at 7°22'39.9” S latitude and 108°15'08.9 E longitude 350 m above sea level. The
average daily temperature and relative humidity (RH) were respectively 27.2°C and 82.96%, which was in the
optimum range of temperature viz. 20-30°C, but too humid for shallots viz. 50-70% [20]. The monthly average
rainfall during the experiment was 267.3-418.7 mm, which was above the optimum monthly average rainfall for
shallots viz. 25-208 mm. The soil at the experiment site was slightly acidic (pH 5,8), with very low C-organic
(0.80%), high N-total (0,64%), very low C/N ratio (1.25), low content of P,Os (10 mg/100g), and moderate content
of K,O (21 mg/100g). The chemical characteristics of mushroom media waste after being fermented/composted
were pH 6.5, C-organic 10%, N-total 2 %, C/N ratio 5, P,Os 1%, and K,O 1%. The chemical characteristics of
manure were pH 7.0, C-organic 10%, N-total 2 %, C/N ratio 5, P,O5 2%, and K,0 2.5%.

2.2. Methods

A randomized block design consisting of six treatments was applied and repeated four times. A total number of
24 plots was arranged with each plot size 1 m x 1.3 m, the distance between plots was 40 cm, the distance between
replications was 50 cm, and the plot height was 30 cm. The treatments were without mushroom media waste and
goat manure, 25 ton/ha mushroom media waste, 20 ton/ha mushroom media waste + 5 ton/ha goat manure, 15 ton/ha
mushroom media waste +10 ton/ha goat manure, 10 ton/ha mushroom media waste +15 ton/ha goat manure, and 5
ton/ha mushroom media waste +20 ton/ha goat manure.

2.3. Data Collection

Plant height was measured from the base of the stem to the tip of the highest leaf of the sample plants and then
averaged. The number of leaves was counted for all the fully open leaves on the sample plants. Plant height and the
number of leaves were observed at 15, 30, and 45 days after planting (DAP) on 6 sample plants. The number of
bulbs per hill was counted on each plant sample at harvest time (Figure-1). The weight of fresh bulbs per hill was
weighed using a digital balance, then accumulated the total yield per plot. The weight of dry bulbs per plot was
weighed per hill after being air-dried for 7 days. The bulb’s weight per plot was converted to yield per hectare.

489



Journal of Agriculture and Crops

Figure-1. Observations of plant height, number of leaves and bulbs

2.4. Data Collection
The data were analyzed by analysis of variance, and the means were compared by Duncan's Multiple Range
Test at P<0.05 [21].

3. Results

Mushroom media waste and goat manure applications did not give a significant effect on the plant height at 15
days after planting (DAP) but gave a significant effect on the plant height at 30 and 45 DAP (Table 1). At 15 DAP
all the combination treatments were not significant differences in plant height. However, at 30 and 45 DAP the
combination treatments were significantly different in plant height by application of 5-15 ton/ha and goat manure 10-
20 ton/ha (Table 2).

Table-2. The effect of mushroom waste media and goat manure on the plant height

Mushroom media waste and goat manure | Plant height (cm)

15 DAP 30 DAP 45 DAP
Without 14.05a 19.68 a 24.36 a
25 ton/ha + 0 ton/ha 15.60 a 20.19 ab 27.69b
20 ton/ha + 5 ton/ha 14.88 a 20.35 ab 27.15b
15 ton/ha + 10 ton/ha 15.07 a 20.78 ab 28.52 hc
10 ton/ha + 15 ton/ha 16.00 a 2294 ¢ 28.96 ¢
5 ton/ha + 20 ton/ha 14,56 a 21.54 bc 28.72 hc
CV (%) 4.68 5.61 6.21

Note: The numbers followed by the same letter in the same column were not significantly different
according to Duncan’s test at P<0.05 0.05

The application of mushroom waste media and goat manure significantly affected the leaf number per hill
(Table 3). Table 3 showed that at 15, 30, and 45 DAP application of mushroom waste media and goat manure gave a
significant effect on the number of leaves compared to without organic fertilizer. The number of leaves at 15 DAP
resulted in less than 17 leaves without organic fertilizer. But, the application of mushroom waste media and goat
manure with different dosages resulted in more than 19 leaves. The same results were shown at 30 and 45 DAP that
without organic fertilizer, resulted from less than 22 and 28 leaves, respectively. Application of mushroom waste
media and goat manure in different doses obtained more than 25 and 30 leaves, respectively.

Table-3. The effect of mushroom waste media and goat manure on the leaves’ number

Mushroom media waste organic fertilizer + goat manure | Leaves number per hill
15 DAP | 30 DAP | 45 DAP
Without 16.62 a 21.32a 27.69 a
25 ton/ha + 0 ton/ha 19.56 b 25.87 b 31.14 b
20 ton/ha + 5 ton/ha 20.12 b 26.91bc | 31.36b
15 ton/ha + 10 ton/ha 19.85b 26.49 b 31.19b
10 ton/ha + 15 ton/ha 20.94 b 28.67 C 33.49 b
5 ton/ha + 20 ton/ha 20.92 b 27.58bc | 31.55b
CV (%) 8.11 9.75 6.04
Note: The numbers followed by the same letter in the same column were not significantly different according to Duncan’s
test at P<0.05

Table 4 showed that all treatment combinations have more bulbs per hill, heavier bulbs per hill, and per plot
than that without organic fertilizer and among the treatment combination. However, the treatment combinations 10
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ton/ha mushroom media waste organic fertilizer +15 ton/ha goat manure has more bulbs per hill, heavier bulbs per
hill and plot; the treatment has, respectively, 2.04 more bulbs per hill, 12.21 g heavier bulbs per hill.

Table-4. The effect of mushroom media waste and goat manure on the number of the bulb per hill, bulbs weight per hill, and plot

Mushroom media waste organic fertilizer + goat | Bulbs number | Bulbs weight | Bulbs weight per
manure per hill per hill (g) plot (kg)

Without 6.62 a 29.41 a 1.01a

25 ton/ha + 0 ton/ha 7.33b 35.46 b 1.19b

20 ton/ha + 5 ton/ha 7.71 bc 39.17 be 1.33 bc

15 ton/ha + 10 ton/ha 8.25 cd 37.83 bc 1.35bc

10 ton/ha + 15 ton/ha 8.66 d 41.62 ¢ 1.48 ¢

5 ton/ha + 20 ton/ha 7.62b 37.25 be 1.21b

CV (%) 9.25 11.31 12.84

Note: The numbers followed by the same letter in the same column were not significantly different according to Duncan’s test at P<0.05

The statistical analysis revealed that the mushroom media waste organic fertilizers and goat manure
significantly affected bulb dry weight per plot and yield per hectare (Table 5). Table 5 showed that all the treatment
combinations, except for the treatment 10 ton/ha mushroom media waste +15 ton/ha goat manure, have the same
weight as without mushroom media waste and goat manure. The yield of shallots per hectare in this experiment
ranges between 5.1 and 7.7 tons, which is below the national average of shallot productivity vis. 8 to 12 tons. The
treatment of 10 ton/ha mushroom media waste +15 ton/ha goat manure increased yield per hectare by 2.6 tons
compared with the treatment of without organic fertilizer.

Table-5. The effect of mushroom media waste organic fertilizers and goat manure on the dry bulb weight per plot and yield per hectare

Mushroom media waste organic fertilizer + goat manure | Dry bulb weight | Yield per
per plot (kg) hectare (ton/ha)

Without 0.84 a 51la

25 ton/ha + 0 ton/ha 1.05 ab 6.4 ab

20 ton/ha + 5 ton/ha 1.12 ab 6.6 ab

15 ton/ha + 10 ton/ha 1.11 ab 6.8 ab

10 ton/ha + 15 ton/ha 1.26 b 7.7b

5 ton/ha + 20 ton/ha 1.02 ab 6.2 ab

CV (%) 12.99 13.11
Note: The numbers followed by the same letter in the same column were not significantly different according to Duncan’s test at
P<0.05.

4. Discussion

The application of 10 ton/ha mushroom media waste + 15 ton/ha goat manure gave better growth characteristics,
yield components, and yield of shallots. This study shows that a good combination or composition between
mushroom media waste and goat manure, which is nearly balanced in weight, gives a better effect on the growth and
yield of shallots.

Soil that has high organic matter content can be ascertained to have fair physical, chemical, and biological soil
properties. According to [22], organic matter plays an important role in improving soil structure. Budianto, et al.
[23], state that the number of leaves is related to vegetative growth, which is influenced by the rate of photosynthesis
and respiration, whereas leaves with fast photosynthesis and respiration rates will affect the amount of sugar in
higher leaves and increase the growth of mesophyll cells. Despite its slow natural decomposition, organic fertilizers
contain macro and micronutrients that are needed by plants [24]. As stated by Budianto, et al. [23] that the
appropriate fertilizer doses will produce optimal growth. Nitrogen affects the number of tillers which will develop
into bulbs. In the process of forming these tillers, nitrogen is needed for the formation of plant cells so that optimal N
administration can increase the rate of plant growth. Mushroom media waste, which is rich in organic matter, is
highly potential to be used as organic fertilizer. The protein content which is quite high in the mushroom media
waste is a source of nitrogen. Shallot bulbs are formed from enlarged and fused layers of leaves. This formation
process is inseparable from the mechanism of action of N nutrients. Elemental N is the basic ingredient for the
formation of nucleic acids that play a role in the cell nucleus for the cell division process to form leaf layers which
then develop into bulbs [25].

According to Sumiati and Gunawan [26], the yield of shallot will decrease if the plant is deficient in nitrogen.
The number of bulbs is not only influenced by soil nutrient content but also by genetic factors. The yield of shallot
bulbs is significantly affected by the variety [27]. The addition of organic fertilizers increases C-organic in the soil
and nutrient absorption by plants and increases yields, especially bulbs. According to Smith, et al. [28], C-organic
can maintain soil quality to support plant growth. According to Azmi, et al. [29], the process of forming shallots
requires a longer period of days. The shallot’s bulbs will continue growing and emerging new tillers when the
minimum day length limit is reached. In line with the statement of Ramadhan and Sumarni [30], that wet bulb
weight is related to P (Phosphorus) content in the soil because the role of the P element helps in fruit formation and
bulb maturity. The high P,Os content in the soil causes the P elements needed by plants for bulb formation to be
available due to the application of organic fertilizers from oyster mushroom media waste and organic goat manure,
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which can increase the P content in the soil. This effect is in line with the previous study that the application of
mushroom waste substrate vermicompost can increase the amount of P-total and P-available in soil [31]. Wet bulbs
weight is one indicator to determine bulbs quality. According to Laude and Tambing [32], fertilization must be done
properly to produce maximum growth and yields.

According to Priyadi, et al. [33], the essential nutrients for plant growth consist of macronutrients and
micronutrients, and the nutrients are available in organic fertilizers. Elemental K plays a role in protein and
carbohydrate synthesis, photosynthetic translocation to all parts of the plant, increases plant resistance to disease and
improves yield and quality of crop yields.

In addition to increasing the availability of nutrients in the soil, organic fertilizer also functions as a granulator,
namely improving soil structure so that it can increase the ability to hold water and increase the Cation Exchange
Capacity (CEC) of the soil to be higher. Soil with a high CEC can absorb and provide nutrients better than soil with
a low CEC. Organic fertilizers, when given into the soil, will be able to increase the diversity and activity of soil
microorganisms so that the overhaul of organic matter will take place more quickly. According to Priyadi, et al. [34],
the increased activity of microorganisms will boost the decomposition of organic matter so that the nutrients
contained in the soil become available. The availability of these nutrients allows the rate of photosynthesis to
increase so that a higher dry bulb weight of shallots per plot is obtained.

According to Nurshanti [35], the increase in plant dry weight is strongly influenced by overall plant growth.
This is closely related to the photosynthate produced from the photosynthesis process which is used to build tissues
and organ systems in plants. The increase in the number of leaves and plant fresh weight is positively correlated with
dry weight. Nitrogen functions in producing amino acids (proteins), nucleic acids, nucleotides, and chlorophyll in
plants, thus supporting vegetative growth. Potassium acts as an activator of various enzymes that are essential in
photosynthesis and respiration reactions and for enzymes involved in protein and starch synthesis. Plant dry weight
is the accumulation of carbohydrates available for growth during the life of the plant [36]. Dry weight can become an
indicator of how much organic fertilizer is absorbed by plants in the form of minerals.

The application of organic fertilizers can activate various species of soil organisms that can release
phytohormones and promote plant growth [37]. Trénkner, et al. [38], state that potassium plays a role in helping the
process of photosynthesis, namely the formation of organic compounds that are stored in storage organs. The bulbs
weight increases with the proper dosage of organic fertilizers [39].

In this study, the application of mushroom media waste and goat manure increased plant height by 4.6 cm, the
number of leaves per hill by 5.8 at the age of 45 DAP, the number of bulbs per hill by 2.04, the weight of wet bulbs
per hill by 12.21 g compared to that of without organic mushroom media waste and goat manure. The application of
10 ton/ha mushroom media waste + 15 ton/ha goat manure yielded 1.26 kg/plot which is equivalent to 7.7 ton/ha and
with the increment of 2.6 ton/ha compared to that of without mushroom media waste and goat manure.

5. Conclusion

The applications of mushroom media waste and goat manure increased the growth and vyield of shallot. The
applications of best combination was 10 ton/ha mushroom media wastes organic fertilizer and 15 ton/ha goat
manure, which gained an optimum level in plant height (28.96 cm), leaves number (33.49), and yield of shallot (1.26
kg/plot equal to 7.7 ton/ha). Further study is required to achieve the potential yield of shallot by combining organic
and inorganic fertilizers at the most efficient level.
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