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ABSTRACT 
	This study aims to determine the best soil conditioner composition that can improve the growth and yield of shallots (Allium cepa L.) in sandy soil, as well as to evaluate the effectiveness of weed conditioners and chicken manure on the growth and yield of shallots. This study was conducted from June to September 2025 in Sungai Hitam, Beringin Raya Village, Muara Bangkahulu District, Bengkulu City, Indonesia, at an altitude of ±10 m above sea level. Soil analysis was carried out at the Soil Science Laboratory of Bengkulu University, Indonesia. This study used a completely randomized block design (CRBD) with one factor consisting of seven treatment levels, namely the composition of sandy soil, ultisol, weed amendments, and chicken manure. Data were analyzed using ANOVA, followed by a 5% DMRT test and a 5% t-test. The results of the study indicate that the composition of the soil conditioner has a significant effect on all growth parameters and yields of shallots, including plant height, number of leaves, number of tillers, average bulb diameter, largest bulb diameter, number of bulbs per clump, wet bulb weight, dry bulb weight, bulb weight loss, and bulb yield per hectare. The best composition for shallot growth and yield was obtained with a composition of 220 kg of sandy soil + 40 kg of ultisol + 30 kg of weed ameliorant with the variables of plant height (32.40 cm), number of leaves (31.8 leaves), number of tillers (9.93 tillers), average bulb diameter (21.84 mm), largest bulb diameter (29.28 mm), number of bulbs per clump (12.13 bulbs), wet bulb weight (138.28 g), dry bulb weight (110.88 g), dry plot weight (2772.08 g), and bulb production per hectare (22.18 g). In addition, the weed ameliorant composition had a better effect on the growth and yield of shallots compared to the chicken manure fertilizer composition.
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1. INTRODUCTION 	
Shallots are a high-value agricultural commodity in Indonesia. Their bulbs are often used as a cooking ingredient and have health benefits. Red shallots contain substances that can help prevent cancer, act as a substitute for antibiotics, lower blood pressure, regulate cholesterol, and control blood sugar (Thamrin et al., 2013).  Shallot production in Bengkulu Province is still relatively low compared to several other regions in Indonesia. Shallot production in Bengkulu Province fluctuated during the period from 2021 to 2024. In 2021, total production was recorded at 990 tons, increasing to 1,023 tons in 2022. However, in 2023, there was a significant decline to 671 tons, followed by a slight increase to 710.8 tons in 2024 (CSA, 2025). The decline in production was caused by limited productive agricultural land and a high rate of tuber damage due to decay. However, there is still potential to increase production by utilizing marginal land, such as coastal land. 
One of the obstacles to increasing shallot production in Bengkulu is the lack of optimal land. Bengkulu has a coastline of 586 km, stretching from the border of West Sumatra to Lampung (Supiyati et al., 2017). Some beaches in Bengkulu include Panjang Beach, Pasir Putih Beach, Jakat Beach, Malabero Beach, Tapak Paderi Beach, Cemara Sungai Serut Beach, Berkas Beach, Muara Jenggalu Beach, and Lentara Merah Beach on Baai Island (Sutaryo and Yolandari, 2020). Coastal land is classified as marginal land with loose sandy soil, low cation exchange capacity, low water retention, and high temperatures (Yuwono, 2009). The productivity of sandy soils is influenced by parent material and pedogenic environment (Siregar, 2023). Coastal land problems can be addressed with ameliorants, both organic and inorganic, to improve the physical and chemical properties of the soil (Sari et al., 2019). Nugroho (2013) proved that a mixture of 20% mineral soil and 30% organic matter provides the best growth for shallots. Ultisol soil, which is rich in clay, is also effective in improving soil structure.
In addition to mineral soil, organic matter is also important for improving soil fertility. Rahmah et al. (2013) also found that chicken manure increased plant height, number of shoots, leaves, and tuber weight. Applying 120 g of chicken manure per plant can increase the growth and yield of shallots. Applying 10 tons/ha of chicken manure can increase shallot production to 10.33 tons/ha (Srifatriati et al., 2024). In addition to chicken manure, weeds can also be used to improve soil and increase crop yields. Weeds have many benefits in the ecosystem, such as serving as organic material, biofilters, biopesticides, shelters for natural enemies, and raw materials for insiltry (Mukhlis et al., 2014). Weed biomass can be used as an ameliorant to improve soil fertility. The selected weed species should contain high levels of N, P, and K nutrients. As a result, shallot productivity in a growing medium with a composition of (76%) Entisols + (13%) Clay + (11%) weed compost is higher than in a growing medium without soil ameliorants (Nurjanah et al., 2024).
Based on the study of Wulandari (2023), the best dry bulb weight was obtained by the Super Philip variety with a medium composition treatment of (76%) sandy soil + (13%) ultisol soil + (11%) weed compost, which was 65.72 g, equivalent to 25.8 tons/ha. This composition also produced the lowest bulb weight loss and was better than (100%) sandy soil. The optimal composition for improving sandy soil and enhancing shallot growth is (84%) sandy soil + (9%) Ultisol soil + (7%) weed compost. These findings prove that the addition of soil amendments such as weed compost, mineral soil, and chicken manure can increase productivity by improving the physical and chemical properties of the soil. Therefore, field trials are needed to determine the optimal soil amendment composition for improving the growth and yield of shallots and to evaluate the effectiveness of weed compost compared to chicken manure compost on the growth and yield of shallots.
2. MATERIALS AND METHODS
2.1 Time, Location, and Research Design
	This study was conducted from June 2025 to September 2025. The research location was in Sungai Hitam, Beringin Raya Village, Muara Bangkahulu District, Bengkulu City, Indonesia, at an altitude of ± 10 meters above sea level. The study was conducted using a completely randomized block design (CRBD) with one independent variable, consisting of seven treatment levels, namely P0 (220 kg of sandy soil), P1 (220 kg of sandy soil + 20 kg of ultisol + 10 kg of weed ameliorant), P2 (220 kg of sandy soil + 20 kg of ultisol + 10 kg of chicken manure), P3 (220 kg of sandy soil + 30 kg of ultisol + 20 kg of weed ameliorant), P4 (220 kg of sandy soil + 30 kg of ultisol + 20 kg of chicken manure), P5 (220 kg of sandy soil + 40 kg of ultisol + 30 kg of weed ameliorant), P6 (220 kg of sandy soil + 40 kg of ultisol + 30 kg of chicken manure). Each treatment Was repeated repeated 3 times, resulting in 21 experimental plots.


2.2 Research Stage
2.2.1 Weed ameliorant production
The weed ameliorants for broadleaf and narrowleaf weeds consist of kirinyuh (Chromolaena odorata), alang-alang (Imperata cylindrica), and paitan (Tithonia diversifolia). The weeds are cut into 2 cm pieces and composted using a mixture of 200 ml EM-4 + 200 ml molasses + 10 liters of water (Nurjanah et al., 2024). After mixing thoroughly, the materials are covered, tied up, and placed in large sacks. Compost is made using a ratio of broadleaf weeds : sedges : grass weeds of 2:1:1. Once a week, the sacks are opened and the contents are turned over.
2.2.2 Soil analysis
Soil samples P0 were taken at a depth of 0–20 cm from 5 points on the land, each weighing 0.5 kg, then mixed and taken to the Soil Science Laboratory at Bengkulu University, Indonesia. Soil samples P1–P6 were taken as composites of 2 kg per treatment and analyzed in the same laboratory. The analysis included permeability, moisture content, soil texture, and pH H₂O, which were measured using a soil tester at a depth of 0–10 cm at five points in each treatment plot.
2.2.3 Planting
Land preparation is carried out two weeks before planting by hoeing the soil and making 1 m × 1 m plots, spaced 0.5 m between plots and 1 m between blocks, then fenced with netting and labeled. Ameliorants are mixed one week before planting according to treatment, then the plots are covered with black plastic mulch to suppress weeds. Red shallot seedlings are cut ¼ of the way from the tip, coated with 70% Propineb fungicide, and dried. Planting was carried out at a distance of 20 × 20 cm, one seedling per hole 2–4 cm deep, plus 5 grains of furadan before covering with soil. Each plot contained 25 plants. For data collection, 20% of the plants per plot were sampled (n = 5 plants per plot).
2.2.4 Maintenance
Maintenance includes watering, fertilizing, pruning, and controlling weeds, pests, and diseases. Watering is done every morning and evening by supplying 200 ml of water per plant. Fertilization uses urea, TSP, and KCl according to the recommended dosage. Urea was applied twice, at 6.7 g/plot at 2 week after planting (WAP) and 13.4 g/plot at 4 week after planting (WAP). TSP and KCl were each applied at 15 g/plot at 2 WAP. All fertilizers were dissolved in 5 liters of water, then poured around the plants at a volume of 200 ml per plant. Transplanting was carried out at 7 days after transplanting using reserve plants that had been prepared in polybags according to the treatment. Weeds were manually removed around the plots. Disease control was carried out with a fungicide containing 64% mancozeb + 4% mefenoxam every 5 day after planting (DAP) to 7 week after planting (WAP) at a concentration of 2 g/liter of water using a hand sprayer.
2.2.5 Harvesting
Shallots are harvested at 60 days after planting, when the leaves turn yellow or fall over and some of the tubers appear on the surface of the soil. This study observed various growth and yield variables, including plant height, number of leaves, number of tillers, average and largest bulb diameter, number of bulbs, wet weight and dry weight of bulbs per clump, bulb weight loss, bulb weight per plot, and dry bulb yield per hectare. In addition, supporting data on soil physical properties such as moisture content, permeability, texture, and pH H₂O were analyzed at the Soil Science Laboratory of Bengkulu University, Indonesia. Agroclimatic data covering rainfall, temperature, and air humidity during June–September 2025 were obtained from the MCGA Pulau Baai Bengkulu Indonesia.
Weight loss (%) was used to determine the percentage of bulb weight reduction occurring during the drying process after harvest.
Weight Loss (%) =  x 100% 
Bulb weight per plot was used to represent the total dry bulb production obtained from each experimental plot.
Tuber Weight per Plot =  x Dry tuber weight (g) (Sugino et al., 2025)
Bulb yield per hectare (t/ha) was used to estimate the potential yield at the hectare scale based on plot-level production.
Conversion (tons/hectare) =  x Yield per plot (tons) x 80% (Sugino et al., 2025)
2.3 Data Analysis
The observation data were analyzed for diversity using ANOVA at the 5% and 1% levels. Further tests were conducted using the DMRT test at the 5% level and the t-test at the 5% level. 

3. RESULTS AND DISCUSSION
The sandy soil used had a bulk density of 1.10 g/cm³. The study was conducted during the dry season with a monthly temperature of 26–27°C, rainfall of 10–34 mm/month (very low), and humidity of 85–88% (MCGA, 2025). These conditions are less than optimal for shallots because this plant requires rainfall of 350–600 mm/year (arjuna et al., 2024) as well as a temperature of 25–32°C and humidity of 50–70% (Suhartono et al., 2022). To maintain adequate water supply, watering is done in the morning and evening at 1–6 WAP of age and in the morning at 6–9 WAP.
Table 1. Analysis of soil permeability and texture
	Composition of growing media

	Water content (%)
	Permeability 
(cm/hour)
	Permeability criteria

	P0
	3,75
	59.4
	Very high

	P1
	
	38.59
	Very high

	P2
	
	33.00
	Very high

	P3
	
	21.32
	High

	P4
	
	18.28
	High

	P5
	
	9.65
	Currently

	P6
	 
	10.66
	Currently

	Composition of growing media
	Soil fraction
	Soil texture class

	
	% Sand
	% Clay
	% Silt
	

	P0
	81.78
	8.13
	10.09
	Sandy

	P1
	71.93
	14.09
	13.98
	Loamy sand

	P2
	68.73
	18.86
	12.40
	Sandy loam

	P3
	60.23
	23.12
	16.65
	Sandy clay loam

	P4
	61.65
	19.23
	19.12
	Sandy loam

	P5
	51.76
	25.23
	23.01
	Sandy clay loam

	P6
	48.57
	26.81
	24.62
	Sandy clay loam


Source: Soil Science Laboratory, Faculty of Agriculture, Bengkulu University 2025
 Based on Table 1, P0 has a very high sand fraction (81.78%) with a sandy texture and very high permeability. The addition of ultisol and ameliorants to P1, P2, and P4 reduced the sand fraction and increased the clay and silt fractions, changing the texture to loamy sand to sandy loam with lower permeability. P3 has a lower sand fraction and an increase in clay and silt, resulting in a sandy clay loam texture with high permeability. P5 and P6 have the same texture with moderate permeability. The addition of soil conditioners can improve texture and reduce soil permeability. Suyanto (2023) states that ameliorants increase the soil's water retention capacity and improve permeability.

Table 2. pH analysis data
	Parameters
	Composition of growing media
	pH Value
	Criteria

	pH H2O 
	P0
	6,1
	Medium sour

	
	P1
	6,1
	Medium sour

	
	P2
	5,6
	Medium sour

	
	P3
	6,2
	Medium sour

	
	P4
	4,2
	Very sour

	
	P5
	6,6
	Neutral

	
	P6
	4,8
	Sour


Source: Soil Science Laboratory, Faculty of Agriculture, Bengkulu University 2025 
Based on Table 2, growing media P0–P3 have a pH of 5.6–6.2 (medium sour) and are still suitable for shallots, while P5 shows a neutral pH (6.6) which is the most ideal. This is in line with Zakaria et al., (2017) shallots grow well at a pH of 5.6–6.8. Meanwhile, P4 (pH 4.2) and P6 (pH 4.8) are very acidic and sour, which is not conducive to the growth and development of shallots. This is likely due to chicken manure that has not been fully decomposed and still produces acidic compounds. According to Dayah et al. (2023) a decrease in pH in treatments with chicken manure can occur when organic matter has not been completely decomposed, which can produce organic acids and release H⁺ ions through the nitrification process, making the medium less suitable for sensitive plants such as shallots.
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Figure 1. Condition of shallot plants at 14 days after planting
As shown in Figure 1, the condition of shallot plants at 14 days after planting varied among treatments. The results of the observation show that at 7 days after planting (DAP), the first shoots appeared in treatments P1, P2, P3, and P5, while in P0, P4, and P6, shoots appeared later, at 10–14 DAP. The accelerated shoot growth in P1, P2, P3, and P5 was related to soil texture that had a lower sand fraction and higher clay fraction compared to P0 (Table 1), resulting in better water retention and more stable soil moisture. Conversely, P0 with a high sand fraction (81.78%) has high porosity and low moisture content, which has the potential to increase soil temperature. In P4 and P6, the acidic soil pH (4.2 and 4.8) and the high proportion of unripe manure caused active decomposition, which potentially increased soil temperature and inhibited shoot formation. These findings are consistent with Setiyaningrum et al. (2019) which states that soil temperatures that are too low or too high can inhibit plant growth.  
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Figure 2. Condition of shallot plants (a) healthy plants, (b) plants affected by disease,
(c) plants affected by pests, (d) 6 weeks after planting, (e) ready for harvest
As shown in Figure 2, at 2–6 weeks after planting shallot plants experience fusarium wilt with symptoms of yellowing, wilting, and drooping leaves. Approximately 12% of the population is affected. Control was carried out using a systemic fungicide with 64% mancozeb + 4% mefenoxam active ingredients at a concentration of 2 g/L with an application interval of once every 5 days until 7 weeks after planting. The fungicide was applied using a hand sprayer. After three applications, the intensity of symptoms decreased and the infection rate fell to 5%. Fungicides with the active ingredient of mancozeb is effective Wijayanti et al. (2024) and can reduce disease incidence by up to 20% compared to the control of 86.67%. In addition to disease, weeds and pests also appear. Weeds around the plants are controlled by pulling them out, while weeds in the mulch area are cleared using a sickle once a week. Locusts (Oxyia serville) attacked about 0.95% of the plants at the end of the vegetative stage, but the damage was minor, so no further control measures were taken.
At 6 weeks after planting, tubers began to appear on the surface of the soil and enlarge, signaling the initial formation of tubers. Sumarni and Hidayat (2005) states that this phase occurs when plants divert energy from leaf growth to tuber enlargement. At 60 days after planting, approximately 80% of plants show criteria for harvest readiness, such as yellowing, drying, and falling leaves, as well as red tubers appearing on the surface. As sugested by Despita and Rachmadiyanto (2021), harvesting is carried out at 60–65 days after planting when the tubers have fully formed and the leaves begin to dry out.
[bookmark: _Toc175570775]3.1 Growth Patterns of Red Shallot Plants
The growth of shallots can be determined through vegetative indicators, including plant height and number of leaves. Observations were conducted gradually from 2 WAP to 7 WAP to obtain an overview of plant growth dynamics.
3.1.1 Growth Pattern of Shallot Plants (cm)
The growth pattern of shallots shows continuous crown growth from 2 to 7 weeks after planting (Figure 3), with growth rates varying according to the composition of the growing medium. Plant growth is an irreversible process of increasing size or morphological volume.
 
Figure 3.  Pattern of growth in the height of shallot plants from seven compositions of
planting media
The graph showing the increase in red shallot plant height (Figure 3) shows a uniform initial height at 2 WAP, but from 3 WAP onwards, differences in growth rates become apparent. Treatment P3 showed consistent height increases from 2 WAP to 7 WAP, with a height of 32.53 cm at 7 WAP. The ultisol composition and weed ameliorant in this treatment improved the physical condition of the sandy soil. Nurjanah et al. (2024)  states that clay amendments and broadleaf weeds can improve soil physical properties, increase microbial activity, and accelerate plant canopy development. Soil analysis showed that P3 had a texture composition (60.23% sand; 23.12% clay; 16.65% silt) with a permeability of 21.32 cm/hour and a pH of 6.2, so its water and nutrient retention capacity was better than P0.
Conversely, the P0 treatment began to show slow growth after 4 WAP, and at 7 WAP it only reached 21.20 cm. This slow growth was influenced by the very sandy texture (81.78% sand) and high permeability (59.4 cm/hour), which caused water and nutrients to be lost quickly. This is in line with Alista dan Soemarno (2021) which explains that sandy soil has a high proportion of macro pores, allowing water to move downward easily and not remain around the roots. The climatological conditions of the study, with temperatures of 26.00–27.42°C, humidity of 85.97–87.77%, and low rainfall of 10.28–34.18 mm/month, also affected growth. In sandy media such as P0, low rainfall and high permeability caused faster water loss, inhibiting growth from 4 WAP onwards.
3.1.2 Growth Pattern of Red Shallot Leaf Count (leaves)
Plant growth is indicated by normal leaf development, as leaves play an important role in producing energy through photosynthesis. The pattern of increase in the number of shallot leaves from 2 to 7  WAP in seven soil compositions can be seen in Figure 4.

[bookmark: _GoBack]Figure 4. Pattern of increase in the number of shallot leaves from seven growing
media compositions
 The pattern of leaf growth in shallot plants from seven different growing media compositions showed significant differences between treatments. At the beginning of the observation period at 2 weeks after planting (WAP), all treatments showed relatively low leaf counts with little difference between them. However, from 3 WAP to 4 WAP, leaf growth in each treatment began to show different patterns. The lowest results were shown by Treatment P0, which experienced a slow increase in the number of leaves, especially after 4 WAP to 7 WAP. This was due to the low ability of sandy soil to retain water and nutrients, which did not support optimal leaf formation.
Laboratory results showed that sandy soil P0 had a water content of 3.75%, permeability of 59.4 cm/hour, texture class of 81.78% sand, 8.13% clay, and 10.09% silt, with a pH content of 6.1 (slightly acidic). These values indicate that large-pored soil causes rapid water loss, making nutrients easily leached and difficult for plants to access. This condition inhibits vegetative growth, including leaf formation. According to Harefa and Zebua (2024) sandy soils have low cation exchange capacity (CEC) and low organic matter content, so their ability to retain water and nutrients is very limited.
In contrast, treatments that received additional soil amendments showed better growth. The greatest increase in leaf number occurred in the P5 treatment. At 2 WAP to 4 WAP, this treatment began to show faster vegetative growth compared to other treatments, and continued to increase until it reached the highest number of leaves at 7 WAP with an average of 31.8 leaves. This shows that sandy soil with ultisol and weed amendments can improve soil physical conditions and increase the soil's capacity to retain water and store nutrients needed by plants. The ability of treatment P5 to increase the number of leaves is closely related to the results of soil physical property analysis, where the soil in this treatment has a lower permeability value (9.65 cm/hour) compared to sandy soil without ameliorants (59.4 cm/hour), indicating that the soil is better able to retain water and maintain moisture. The texture of P5 soil consists of 51.76% sand, 25.23% clay, and 23.01% silt with a pH of 6.6 (neutral), indicating more ideal conditions for nutrient availability and plant root activity. These conditions greatly support the process of photosynthesis and the formation of new leaves. Conversely, in the P0 treatment with a soil texture dominated by sand, moisture was quickly lost, making it difficult for plant roots to absorb water and nutrients optimally.
The climatological conditions at the time of the study were dry season, with average monthly temperatures ranging from 26.00–27.42°C, air humidity of 85.97–87.77%, and low monthly rainfall (10.28–34.18 mm). These conditions caused the growing medium to dry out easily, so that treatments with better water retention, such as P5, were able to maintain water balance in the root zone and support maximum leaf formation. The result of this study proved that addition of organic matter improved the soil structure by increasing the number of micro-pore and increased soil water retention as highlighted by Andriyani and Patricia (2021).
3.2 Analysis of Variance Results
The results of the analysis of variance show that all observed variables, including crown height, number of leaves, number of tillers, tuber diameter, number of tubers, and wet and dry tuber weight, were significantly affected by the treatment of planting media composition (Table 3). The calculated F value, which far exceeded the F table at the 1% level, confirmed that each treatment had a significant effect on plant growth and yield. Probability tests also show that weed ameliorants have a more significant effect than compositions using chicken manure ameliorants.
Table 3. Summary of F-count results from analysis of variance of growth and yield of
shallots in various planting media compositions
	No
	Observation variables
	Treatment
	CC%
	 P-Value 

	1
	Height of header 7 WAP
	7.93 **
	9.56
	0.04

	2
	Number of leaves per clump
	17.54 **
	9.57
	0.01

	3
	Number of seedlings per clump 
	9.73 **
	12.03
	0.0002

	4
	Average tuber diameter 
	321.86 **
	2.9
	0.001

	5
	Largest tuber diameter 
	135.42 **
	4.72
	0.0004

	6
	Number of tubers per clump
	9.98 **
	14.92
	0.0001

	7
	Wet weight of tubers per clump 
	76.75 **
	13.58
	0.002

	8
	Dry weight of tubers per clump 
	100.28 **
	12.16
	0.001

	9
	Tuber weight loss 
	17.88 **
	26.28
	0.009

	10
	Dry tuber weight per plot 
	100.28 **
	12.16
	0.001

	11
	Dry tuber weight per hectare 
	100.38 **
	12.15
	0.001

	 
	F Table 5%
	3.00
	 
	

	 
	F Table 1%
	4.82
	 
	

	
	Alpha 5%
	0.05
	
	


Note: ** = Very significant effect, CC = Coefficient of Variation, P = Probability (P
Value < Alpha 5%, then there is a significant effect. P Value > Alpha 5%, then there is no significant effect). 
3.3 The Effect of Planting Media Composition on Shallot Growth
A summary of the results of the 5% DMRT test regarding the effect of variations in planting media composition on shallot growth can be seen in Table 4. The variables analyzed include crown height and number of leaves.





Table 4. Effect of planting medium composition on crown height and number of leaves     of shallot plants
	Composition of growing media
	CH (cm)
	NL (sheet)

	P0 = 220 kg sandy soil 
	21.20 c
	16.07 e

	P1 = 220 kg sandy soil + 20 kg ultisol + 10 kg weed ameliorant
	30.07 a
	26.27 bc

	P2 = 220 kg sandy soil + 20 kg ultisol + 10 kg chicken manure
	31.47 a
	29.87 ab

	P3 = 220 kg sandy soil + 30 kg ultisol + 20 kg weed ameliorant
	32.53 a
	31.07 a

	P4 = 220 kg sandy soil + 30 kg ultisol + 20 kg chicken manure
	28.20 ab
	23.27 cd

	P5 = 220 kg sandy soil + 40 kg ultisol + 30 kg weed ameliorant
	32.40 a
	31.8 a

	P6 = 220 kg sandy soil + 40 kg ultisol + 30 kg chicken manure
	23.80 bc
	16.07 e


Note: Figures followed by the same letter in the same column are not significantly different at the 5% DMRT level. CH = Crown Height, NL = Number of Leaves.
The results of the DMRT analysis in Table 4 show that treatment P3 produced the highest crown height (32.53 cm) and was not significantly different from P5 (32.40 cm), P2 (31.47 cm), P1 (30.07 cm), and P4 (28.20 cm). Conversely, P0 (21.20 cm) produced the lowest crown height and was not significantly different from P6 (23.80 cm). In terms of the number of leaves, treatment P5 produced the highest number of leaves, namely 31.8 leaves, which was not significantly different from P3 (31.07 leaves) and P2 (29.87 leaves). The lowest result was shown by P0 with an average number of leaves of 16.07 leaves. This difference is related to the nature of the planting medium. Treatment P0 had a texture of 81.78% sand with very high permeability (59.4 cm/hour) and low water content (3.75%), causing water and nutrients to be easily washed away, resulting in nutrient absorption disruption that inhibited crown height and leaf number growth. In contrast, P5 showed better growing medium conditions with a texture of 51.76% sand, 25.23% clay, and 23.01% silt, moderate permeability (9.65 cm/hour), and a pH of 6.6, resulting in more optimal water and nutrient availability for canopy and leaf formation. Treatment P3 also supports growth through a texture of 60.23% sand, 21.32% clay, 16.65% silt, and a pH of 6.2, which is still suitable for shallots.
This is in line with research Nurjanah et al. (2024) which reported that the addition of ameliorants in the form of clay and broadleaf weed compost to Entisol coastal soil significantly increased the height of the crown and the number of shallot leaves. In his research, a composition of 7.6 kg of Entisol + 1.3 kg of clay + 1.1 kg of broadleaf weed compost produced the highest crown height (43.89 cm) and the most leaves (51.33 leaves) in the Super Philip variety due to improvements in aggregate, texture, and availability of water and nutrients. Meanwhile, P6 with a clay fraction of 26.81%, acidic pH of 4.8, and permeability of 10.66 cm/hour tended to inhibit growth due to limited aeration and slowed root and soil microorganism activity, resulting in suboptimal nutrient uptake. Similar conditions were also observed by Nurjanah et al. (2024) which found that in coastal soils with excessively high clay fractions and poor drainage, shallot growth tends to decline due to limited aeration and root activity.
3.4 The Effect of Planting Media Composition on Yield Components and Yield
of Red Shallot Plants
The summary of the 5% DMRT test results in Table 5 shows that all yield variables, including the number of seedlings, tuber diameter, number of tubers per clump, wet and dry tuber weight, weight loss, tuber weight per plot, and yield per hectare, differed significantly between treatments. Treatment P5 produced the highest values for most parameters, while P0 produced the lowest results. These findings confirm that the addition of ameliorants can improve the physical and chemical conditions of the soil, thereby increasing the yield components and productivity of shallots.
Table 5. Effect of planting media composition on yield components and shallot yield
	Composition of growing media
	TSS
	AD 
(mm)
	LDD 
(mm)
	TTS
(umbi)
	WTT 
(g)
	DTWT
(g)
	WTS
(%)
	TWW 
(g)
	TWH
(Ton)

	P0 = 220 kg sandy soil 
	5.73 c
	7.98 e
	10.00 e
	7.07 b
	10.44 d
	8.30 d
	2.13 c
	207.58 d
	1.66 d

	P1 = 220 kg sandy soil + 20 kg ultisol + 10 kg weed ameliorant
	7.60 b
	16.45 c
	21.45 c
	8.53 b
	58.76 c
	46.54 c
	12.22 b
	1163.5 c
	9.31 c

	P2 = 220 kg sandy soil + 20 kg ultisol + 10 kg chicken manure
	7.07 bc
	16.65 c
	21.46 c
	7.40 b
	62.93 c
	50.19 c
	12.74 b
	1254.67 c
	10.04 c

	P3 = 220 kg sandy soil + 30 kg ultisol + 20 kg weed ameliorant
	9.27 a
	19.90 b
	27.46 b
	11.27 a
	96.49 b
	78.39 b
	18.11 b
	1959.67 b
	15.68 b

	P4 = 220 kg sandy soil + 30 kg ultisol + 20 kg chicken manure
	6.40 bc
	15.99 c
	20.45 c
	6.87 b
	53.43 c
	40.45 c
	12.98 b
	1011.25 c
	8.09 c

	P5 = 220 kg sandy soil + 40 kg ultisol + 30 kg weed ameliorant
	9.93 a
	21.84 a
	29.28 a
	12.13 a
	138.28 a
	110.88 a
	28.06 a
	2772.08 a
	22.18 a

	P6 = 220 kg sandy soil + 40 kg ultisol + 30 kg chicken manure
	6.07 bc
	11.43 d
	15.51 d
	6.20 b
	22.19 d
	16.55 d
	5.64 c
	413.67 d
	3.31 d


Note: Numbers followed by the same letter in the same column but different rows are not significant at the 5%
DMRT level. TSS = Total Number of Tubers per Clump, AD = Average Tuber Diameter, LDD = Largest Tuber Diameter, TTS = Number of Tubers per Clump, WTT = Wet Tuber Weight per Clump, DTWT = Dry Tuber Weight per Clump, WTS = Tuber Weight Loss, TWW = Tuber Weight per Plot, TWH = Tuber Weight per Hectare
Based on the results of the 5% DMRT analysis in Table 5, the ameliorant composition treatment had a significant effect on most of the growth and yield components of shallots. An increase in the weed ameliorant composition was accompanied by an increase in production components such as the number of bulbs, bulb diameter, wet bulb weight, dry weight, and yield per hectare. Although the number of tillers per clump and the number of bulbs per clump showed slightly different responses, the P5 treatment remained the best treatment overall, while the P0 and P6 treatments were less favorable with low yields. Treatment P5 produced the highest number of tillers per clump (9.93 tillers), the largest average tuber diameter (21.84 mm), the largest diameter (29.28 mm), the highest number of tubers per clump (12.13 tubers), wet tuber weight per clump (138.28 g), dry weight per clump (110.88 g), and tuber weight per plot (2772.08 g or equivalent to 22.18 tons/ha). These findings are consistent with the variety description, but the tuber production results obtained in this study show higher figures than the variety description, which is recorded at 17.60 tons/ha. This indicates that weed ameliorants and ultisols are able to optimally improve the physical and chemical conditions of the soil, thereby supporting plant growth and yield.
Based on soil analysis results, treatment P5 has a texture (51.76% sand, 25.23% clay, and 23.01% silt), with moderate permeability (9.65 cm/hour). These conditions provide adequate aeration and are able to maintain soil moisture longer, allowing roots to grow well and nutrients to be absorbed more efficiently. Chemically, P5 soil has a pH of 6.6 (neutral). These conditions support the availability of essential macro nutrients, because according to Fibrianty et al. (2022) N is most available at pH 6–8, P is optimal at pH 6.5–7.5, and K is easily absorbed at pH above 6. At neutral pH, soil microorganism activity also increases so that the decomposition of organic matter and nutrient release occur optimally. According to Marlina et al. (2022) organic matter from soil conditioners increases cation exchange capacity (CEC), improves soil structure, and reduces nutrient loss due to leaching. This explains why treatment P5 produced the best growth and yield.
Environmental conditions during the study also supported optimal results for this treatment. The study was conducted during the dry season with an average temperature of 26°C–27°C, rainfall of 10–34 mm/month, and air humidity of 86–88%. According to Prathama et al. (2023), The optimal temperature range for shallot growth is 25oC - 32oC. High humidity with low rainfall also helps maintain soil moisture without causing excess water, especially in media with organic amendments that can retain water longer. Increased vegetative growth in P5, as indicated by a greater number of leaves and taller crowns, is directly related to yield formation. The more leaves that form, the greater the photosynthetic capacity that produces assimilates for bulb formation. N plays a role in leaf growth, P in root and bulb formation, and K in bulb enlargement and translocation of photosynthetic products. Apriliani et al. (2016) explains that K plays a role in facilitating carbohydrate translocation to tubers, thereby increasing tuber size and weight. Therefore, soil conditions in P5 produced the highest growth and production.
Conversely, P0 showed the lowest results with a tuber weight per plot of 207.58 g (equivalent to 1.66 tons/ha), a tuber diameter of 10.00 mm, and only 7.07 tubers per clump. P0 soil has low water content (3.75%) and very high permeability (59.4 cm/hour), causing water and nutrients to leach easily. These conditions cause plants to experience water and nutrient deficiencies during growth, resulting in fewer leaves, limited photosynthesis, and suboptimal tuber formation. P6 also showed low yields (413.67 g/plot or 3.31 tons/ha). This was due to the acidic soil pH (4.8). Acidic soil causes P and K to be fixed by Fe and Al, making them unavailable to plants. In addition, the heavy soil texture reduces aeration and inhibits root growth. As a result, nutrient uptake is not maximized. Similar conditions were also reported by Nurjanah et al. (2024) on coastal land with excessively high clay content and low pH, shallot growth declines because the roots are unable to absorb nutrients efficiently.
3.5 Comparison of Ameliorant Composition on Growth and Yield of Shallot
Plants
Based on the results of the t-test analysis in Table 6, all t-values for each variable were greater than the t-table (2.12), indicating a significant difference between the use of weed ameliorant composition and chicken manure ameliorant composition on all growth parameters and shallot yields. This difference indicates that the weed ameliorant composition is more effective because it can improve the physical and chemical properties of the soil, such as reducing permeability and increasing soil pH. This is in line with the statement Suyanto et al. (2023) that ameliorants can increase soil pH, improve soil water retention and permeability, and increase the availability of nutrients for plants.

Table 6. Comparison of soil conditioner composition on the growth and yield of shallots
	No
	Observation variables
	t-Test 

	1
	Height of header 7 WAP
	2.26

	2
	Number of leaves per clump
	2.74

	3
	Number of seedlings per clump 
	4.78

	4
	Average tuber diameter 
	4.02

	5
	Largest tuber diameter 
	4.49

	6
	Number of tubers per clump
	4.98

	7
	Wet weight of tubers per clump 
	3.79

	8
	Dry weight of tubers per clump 
	3.91

	9
	Tuber weight loss 
	2.98

	10
	Dry tuber weight per plot 
	3.91

	11
	Dry tuber weight per hectare 
	3.91

	
	t Table 5 %
	2.12


Note :t-Test > t Table 5%, then there is a significant difference. t-Test < t Table 5%, then there is no significant difference.
4. CONCLUSION
The composition of the planting medium consisting of 220 kg of sandy soil + 40 kg of ultisol + 30 kg of weed ameliorant provided the best growth and yield in terms of crown height, number of leaves per clump, number of tillers, average tuber diameter, largest tuber diameter, number of bulbs, wet bulb weight, dry bulb weight, bulb weight per plot, and bulb weight per hectare. The t-test results showed a significant difference between the weed ameliorant composition and the chicken manure composition, with the weed ameliorant composition having a better effect on the growth and yield of shallots.
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