
Optimizing Shallot (Allium ascalonicum L.) Productivity in Sandy Soil Through Integrated 

Organic and Biological Amendments: Evidence of an Optimum Treatment Combination 

Muh. Zayin Sukri1 , Anggita Rizky Fadilah1* , Ni Nengah Putri Adnyani2 , Refa Firgiyanto1 , 

Hanif Fatur Rohman1  

1 Department of Horticulture Crop Production, Faculty of Agricultural Production, Politeknik Negeri Jember, Jember 68121, 

Indonesia 
2 Department of Plantation Crop Production, Faculty of Agricultural Production, Politeknik Negeri Jember, Jember 68121, 

Indonesia 

Corresponding Author Email: anggita.rf@polije.ac.id

Copyright: ©2026 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license 

(http://creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.18280/ijdne.210611 ABSTRACT 

Received: 11 April 2026 

Revised: 14 June 2026 

Accepted: 22 June 2026 

Available online: 30 June 2026 

Sandy soils are characterized by low nutrient retention, poor water-holding capacity, and 

limited organic matter, which constrain crop productivity. This study evaluated the 

effects of integrated organic and biological amendments on sandy soil fertility and shallot 

(Allium ascalonicum L.) productivity, with emphasis on identifying optimum amendment 

combinations for sandy soil management. The experiment was conducted in Ambulu 

District, Jember Regency, Indonesia, using a Randomized Complete Design (RCD) 

consisting of 13 treatment combinations of organic fertilizer, humic acid, and 

mycorrhizal inoculation with three replications. Soil properties, plant growth, and yield 

parameters were analyzed using analysis of variance (ANOVA) followed by Duncan’s 

Multiple Range Test (DMRT) at p ≤ 0.05. The results showed that integrated amendments 

improved soil organic carbon, nutrient availability, and microbial activity. Leaf number, 

bulb diameter, fresh bulb weight, and dry bulb weight were significantly affected by 

treatment combinations, while plant height and tiller number showed limited responses. 

Several balanced and non-maximum combinations produced more favorable yield 

performance than the highest combined input treatment. Treatment P6 produced the 

largest bulb diameter and among the highest fresh and dry bulb yields, whereas the 

highest fresh and dry bulb weights were recorded in P3 and P11, respectively. The results 

suggest a non-linear response pattern, where balanced amendment combinations 

produced superior or comparable yields relative to higher input levels. The study 

demonstrates that integrated organic and biological amendments provide a promising 

strategy for improving shallot productivity and sustainable soil management in sandy 

agroecosystems. 
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1. INTRODUCTION

Shallot (Allium ascalonicum L.) is one of the most 

economically important horticultural commodities in 

Indonesia, playing a critical role in daily consumption, rural 

livelihoods, and national food security. The continuous 

increase in demand has driven the expansion of shallot 

cultivation into marginal environments, including sandy soils 

commonly found in coastal regions. However, such expansion 

introduces substantial agronomic challenges, as sandy soils are 

inherently characterized by low fertility, weak structural 

stability, limited water-holding capacity, and high 

susceptibility to nutrient leaching [1, 2]. These conditions 

collectively limit nutrient availability and plant uptake 

efficiency, thereby constraining shallot productivity. Such 

characteristics are widely recognized as typical of tropical 

sandy soils, where rapid drainage and poor nutrient retention 

significantly reduce crop performance. 

To overcome these limitations, soil fertility management in 

sandy environments increasingly emphasizes the integration 

of organic and biological amendments. Organic fertilizers 

improve soil structure, enhance water retention, and increase 

nutrient buffering capacity [3, 4], while humic substances act 

as biostimulants that enhance nutrient uptake, root 

development, and metabolic activity [5, 6]. Meanwhile, 

Arbuscular Mycorrhizal Fungi (AMF) play a crucial role in 

expanding the effective root surface area, thereby improving 

phosphorus acquisition and plant tolerance to abiotic stress [7, 

8]. Previous studies have consistently demonstrated that these 

amendments can significantly enhance crop growth and yield 

in degraded and sandy soils [9-13]. 

Nevertheless, most existing studies tend to evaluate these 

inputs independently or focus solely on yield outcomes, 

without adequately linking soil fertility status, plant 

physiological response, and the concept of nutrient-use 

efficiency optimization [14-17]. In particular, there is limited 

empirical evidence addressing whether increasing input levels 

linearly improves productivity or whether different 
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amendment combinations produce non-linear responses in 

productivity under sandy soil conditions. 

This research addresses that gap by investigating the 

integrated application of organic fertilizer, humic acid, and 

mycorrhizal inoculation in sandy soils. From a systems 

perspective, this research highlights the importance of shifting 

from input-intensive approaches toward precision-based and 

ecologically optimized fertility management. The non-linear 

response pattern aligns with sustainable agriculture principles, 

where productivity is maximized not through excessive inputs, 

but through efficient resource use and balanced soil–plant 

interactions. 

Therefore, this study aims to: 

1) Characterize the baseline physical, chemical, and 

biological properties of sandy soils in Ambulu District; 

2) Evaluate the effects of integrated organic and biological 

amendments on shallot growth and productivity and 

identify treatment combinations associated with favorable 

yield performance. 

The findings are expected to contribute to the development 

of site-specific, resource-efficient, and sustainable soil fertility 

management strategies for shallot cultivation in sandy and 

other marginal agroecosystems.  

 

 

2. METHODOLOGY 

 

2.1 Research location 

 

This study was conducted in Sumberejo Village, Ambulu 

District, Jember Regency, East Java, Indonesia. The study area 

is characterized by sandy soil with high permeability, low 

water-holding capacity, and limited nutrient retention, 

conditions that frequently constrain crop growth and fertilizer-

use efficiency. These characteristics make the area suitable for 

evaluating integrated soil fertility management strategies 

involving organic and biological amendments. 

The region experiences a tropical monsoon climate with 

relatively high annual rainfall and warm temperatures 

throughout the year. Due to the rapid drainage and low 

moisture retention of sandy soils, supplemental irrigation was 

applied regularly during the growing period to maintain 

adequate soil moisture for shallot growth. To provide 

environmental context for the experiment, the main 

characteristics of the study area are presented in Table 1.  

 

Table 1. Environmental characteristics of the study area 

 
Parameter Description/Value 

Location 
Sumberejo Village, Ambulu District, 

Jember Regency, East Java, Indonesia 

Coordinates 8°20′51.1″ S, 113°36′20.4″ E 

Altitude ± 0–25 m above sea level 

Climate type Tropical monsoon climate 

Average annual rainfall ± 2,300 mm year⁻¹ 

Average temperature ± 25.5 ℃ 

Soil type Sandy soil 

Irrigation method Manual irrigation 
 

Agriculturally, Ambulu District represents one of the 

emerging shallot production centers in East Java, where 

cultivation has expanded into marginal sandy lands due to 

increasing market demand. However, production levels have 

shown significant fluctuations in recent years, reflecting the 

vulnerability of sandy soil systems to environmental stress and 

suboptimal fertility management. This condition makes the 

study area a representative case for evaluating sustainable soil 

fertility improvement strategies in sandy agroecosystems. 

The field experiment was conducted from July to November 

2025, covering one full growing season of shallot cultivation 

under typical farmer management practices, with controlled 

experimental treatments applied according to the research 

design.  
 

 
 

Figure 1. Sample location 
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Figure 2. Land preparation 

 

2.2 Soil sampling and analysis 
 

Soil sampling was conducted before the application of any 

treatments to establish the baseline fertility status of the sandy 

soil. The sampling was performed in shallot cultivation fields 

located in Sumberejo Village, Ambulu District, Jember 

Regency, representing typical sandy agroecosystems in 

coastal areas. Figure 1 shows the sample location. Figure 2 

shows the land preparation. 

Initial soil fertility analysis was conducted using one 

composite soil sample collected before treatment application. 

The composite sample was prepared from several subsampling 

points within the experimental area and was intended to 

represent the general baseline condition of the sandy soil 

before the application of organic fertilizer, humic acid, and 

mycorrhizal inoculation. This approach was adopted because 

the experimental site was assumed to have relatively 

homogeneous sandy soil characteristics and because the main 

purpose of the initial soil analysis was to characterize the 

baseline fertility constraints of the study area. 

After treatment application, soil samples were collected 

separately from each treatment group to describe the changes 

in soil chemical and biological properties associated with 

different amendment combinations. Therefore, the initial soil 

data served as a reference baseline, while the final soil data 

were used to compare the descriptive fertility status among 

treatment combinations. 

Composite soil samples were collected from the topsoil 

layer at a depth of 0–20 cm, which corresponds to the active 

root zone of shallot plants. At each experimental plot, multiple 

subsamples (5–10 points) were systematically taken using a 

soil auger following a zig-zag sampling pattern to capture 

spatial variability within the field. These subsamples were then 

homogenized to form one representative composite sample per 

plot. 

The collected soil samples were air-dried at room 

temperature, gently crushed, and passed through a 2-mm sieve 

to remove coarse fragments, roots, and debris. This 

preparation ensured uniformity and suitability for subsequent 

laboratory analyses. The processed samples were then stored 

in clean, labeled containers to prevent contamination prior to 

analysis. 

The sampling design aimed to capture the inherent 

heterogeneity of sandy soils, which are typically characterized 

by uneven distribution of nutrients due to high leaching rates 

and low cation exchange capacity. By using composite 

sampling, the study minimized localized variability and 

improved the representativeness of soil fertility 

measurements. 

The prepared samples were subsequently analyzed to 

determine their physical, chemical, and biological properties 

in order to comprehensively characterize soil fertility 

constraints and support the evaluation of soil–plant 

interactions under different treatment combinations. The 

parameters analyzed and their respective methods are 

presented in Table 2. 

 

Table 2. Soil analysis parameters and methods 

 

Parameter Method of Analysis 
Purpose/ 

Function 
Source 

Soil moisture content Gravimetric method 
To determine soil water availability and retention 

capacity in sandy soils 
[18] 

Total Nitrogen (N) Kjeldahl method To assess nitrogen availability for plant growth [19] 

Available Phosphorus (P) Bray I extraction 
To evaluate plant-available phosphorus in sandy 

soils 
[20] 

Exchangeable Potassium (K) Ammonium acetate extraction To measure available potassium for plant uptake [21] 

Magnesium (Mg) 
Atomic Absorption 

Spectrophotometry (AAS) 
To determine secondary nutrient availability [22] 

Aluminum (Al) 
Atomic Absorption 

Spectrophotometry (AAS) 

To identify potential toxicity and soil acidity 

constraints 
[23] 

Organic Carbon (C-organic) Walkley–Black method 
To evaluate soil organic matter content and fertility 

status 
[24] 

Iron (Fe) Spectrophotometry 
To assess micronutrient levels and potential nutrient 

imbalance 
[25] 

Microbial population Total Plate Count (CFU g⁻¹) 
To estimate soil biological activity and microbial 

abundance 
[26] 

 

2.3 Experimental design 

 

The field experiment was arranged using a Randomized 

Complete Design (RCD) to evaluate the effects of integrated 

organic and biological amendments on shallot growth and 

productivity in sandy soil. The experiment consisted of 

thirteen selected treatment combinations involving different 

levels of organic fertilizer, humic acid, and mycorrhizal 

inoculation. Due to practical field considerations, a subset of 

treatment combinations was selected to represent low, 

moderate, and high amendment levels. These treatments were 

designed to represent different integrated fertility management 

scenarios and to evaluate the performance of representative 

amendment combinations rather than a complete factorial 

arrangement. 

Each experimental plot measured 5 m × 1.2 m and contained 

60 shallot plants planted at a spacing of 15 cm × 25 cm. Ten 

plants per plot were randomly selected and tagged for growth 
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and yield observations. Organic compost was applied as basal 

fertilization at rates equivalent to 2.4 kg plot⁻¹ (4 t ha⁻¹) and 

3.6 kg plot⁻¹ (6 t ha⁻¹) according to the treatment. Irrigation 

was performed three times daily (morning, midday, and 

afternoon) due to the high permeability and low water-holding 

capacity of the sandy soil. Pest management was conducted 

every three days using Sumo insecticide (1–2 mL L⁻¹ water) 

and Lannate insecticide (1–2 g L⁻¹ water), applied alternately 

throughout the growing period. 

The selected treatment combinations incorporated three 

amendment components: organic fertilizer, humic acid, and 

mycorrhizal inoculation. These components were chosen 

because they represent complementary approaches to 

improving the physical, chemical, and biological properties of 

sandy soils through integrated fertility management. The 

treatment combinations are described in Table 3.  

 

Table 3. The treatment combinations 

 
Treatment 

Code 

Organic Fertilizer  

(ton ha⁻¹) 

Humic Acid  

(g plant⁻¹) 

Mycorrhiza 

(g plant⁻¹) 

P1 0 0 0 

P2 0 30 30 

P3 0 30 60 

P4 0 60 30 

P5 0 60 60 

P6 4 30 30 

P7 4 30 60 

P8 4 60 30 

P9 4 60 60 

P10 6 30 30 

P11 6 30 60 

P12 6 60 30 

P13 6 60 60 

 

The humic acid used in this study was a commercial AH-90 

product containing 90% humic acid. The AMF inoculum 

contained approximately 99 spores per 100 g and consisted of 

a mixed consortium of Glomus claroideum, Acaulospora 

rogusa, Acaulospora colosica, Glomus fasciculatum, Glomus 

mosseae, and Glomus etunicatum. The inoculum was applied 

directly into the planting hole before bulb planting. 

 

2.4 Shallot growth observation 

 

Shallot (Allium ascalonicum L.) growth was monitored to 

evaluate the plant response to integrated organic and 

biological amendments under sandy soil conditions. 

Observations were conducted during the vegetative growth 

phase at 4, 6, and 8 weeks after planting (WAP), which 

represent critical stages of canopy development and biomass 

accumulation. 

The growth parameters measured included plant height and 

leaf number per clump, which are widely recognized as key 

indicators of vegetative performance and photosynthetic 

capacity in shallot cultivation. 

Plant height (cm) was measured from the soil surface to the 

tip of the longest leaf using a ruler. Measurements were taken 

on randomly selected plants within each plot to ensure 

representativeness. Leaf number was determined by counting 

all fully developed leaves per clump at each observation time. 

At the end of the growing period (harvest stage, 

approximately 12 WAP), yield-related parameters were 

recorded to assess productivity response. These included bulb 

diameter (mm), measured using a digital caliper; fresh bulb 

weight per clump (g), measured immediately after harvest 

using a digital balance; and dry bulb weight per clump (g), 

determined after oven-drying the bulbs at a controlled 

temperature until constant weight was achieved. These 

parameters reflect assimilate accumulation and partitioning 

efficiency under different fertility treatments. 

The selected growth and yield parameters were chosen to 

capture both vegetative development (source strength) and 

bulb formation (sink capacity), enabling a comprehensive 

evaluation of plant performance in response to soil fertility 

improvement and identifying favorable amendment 

combinations. In sandy soils, where nutrient availability and 

water retention are limiting factors, these indicators are 

particularly relevant for assessing treatment effectiveness and 

evaluating plant responses under different fertility 

management scenarios. 

To ensure data reliability, all measurements were conducted 

using standardized procedures across treatments and 

replications. The same sampling units were consistently 

observed throughout the experimental period to minimize 

variability. 

 

2.5 Data analysis 

 

All experimental data were subjected to statistical analysis 

to evaluate the effects of treatment combinations on shallot 

growth and yield parameters. The analysis was performed 

based on the RCD with thirteen treatments and three 

replications. 

A one-way analysis of variance (ANOVA) was applied to 

test the significance of treatment effects on each observed 

variable [27, 28], including plant height, leaf number, bulb 

diameter, fresh bulb weight, and dry bulb weight. Data were 

analyzed using one-way ANOVA under an RCD using SPSS 

software. Prior to ANOVA, data normality and homogeneity 

of variance were evaluated using the Shapiro–Wilk and 

Levene’s tests, respectively. Since all datasets satisfied the 

assumptions of ANOVA, no data transformation was required. 

Treatment means were compared using Duncan’s Multiple 

Range Test (DMRT) at a significance level of p < 0.05. The 

statistical model applied in this study is defined in Eq. (1). 

 

Y𝑌𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝜀𝑖𝑗 (1) 

 

where, 

𝑌𝑖𝑗  = observed value of the i -th treatment in the j -th 

replication; 

𝜇 = overall mean; 

𝜏𝑖 = effect of the i-th treatment; 

𝜀𝑖𝑗 = experimental error. 

When the ANOVA indicated statistically significant 

differences among treatments, a post-hoc comparison was 

conducted using DMRT at the same significance level to 

identify differences between treatment means [29]. 

The data were examined to ensure compliance with the 

assumptions of normality and homogeneity of variance. When 

necessary, appropriate data transformation was considered to 

stabilize variance and improve normal distribution. 

All statistical analyses were performed using SPSS software 

commonly applied in agricultural research. The results are 

presented as mean values accompanied by standard deviation, 

and significant differences among treatments are indicated 

using different superscript letters. Standard deviations and 

inferential statistical analyses were available only for selected 

soil properties (N, P₂O₅, C-organic, and total plate count 
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(TPC)). 

This analytical approach allows for the identification of 

both significant treatment effects and patterns of response 

across different levels of organic and biological amendments, 

supporting the evaluation of interaction tendencies and the 

relative performance of different amendment combinations in 

sandy soil systems. Figure 3 shows a research diagram.  

 

 
 

Figure 3. Research diagram 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Soil fertility analysis 

 

The comparison between the initial and final soil fertility 

characteristics was interpreted descriptively. The initial soil 

analysis was conducted using a composite sample representing 

the general baseline condition of the experimental field, 

whereas the final soil analysis was performed separately for 

each treatment group. Therefore, statistical hypothesis testing 

comparing pre-treatment and post-treatment soil properties 

was not conducted. 

The initial analysis of sandy soil in the study area revealed 

a generally low fertility status, confirming its limitation for 

shallot cultivation. From a physical perspective, the soil 

moisture content was approximately 4.9%, indicating very low 

water-holding capacity. This condition reflects the typical 

characteristics of sandy soils, which are dominated by coarse 

particles, high porosity, and rapid drainage, resulting in limited 

water availability for plant uptake. 

Chemically, the soil exhibited low total nitrogen (0.182%), 

high available phosphorus (163.60 ppm), and low magnesium 

(0.41%), indicating nutrient imbalance and suboptimal fertility 

conditions for shallot cultivation. In contrast, available 

phosphorus was relatively high, while iron (Fe) and aluminum 

(Al) concentrations were also elevated, suggesting a potential 

nutrient imbalance. High levels of Fe and Al may interfere 

with nutrient availability, particularly phosphorus fixation and 

root nutrient uptake, thereby reducing nutrient-use efficiency 

[30]. 

The organic carbon content (2.152%) was categorized as 

moderate, indicating that the soil still retains some potential 

for improvement through organic matter management. In 

addition, the microbial population (5.41 ± 1.28 × 10-1 log₁₀ 

CFU g⁻¹) suggested moderate biological activity, which is an 

important indicator of soil health and nutrient cycling capacity. 

This implies that although the soil is chemically constrained, 

it remains biologically responsive to organic and biological 

amendments. The results of physical, chemical, and biological 

soil properties before treatment application are presented in 

Table 4. 

 

Table 4. Initial soil fertility characteristics of sandy soil in Ambulu district 

 
Category Parameter Value Unit Interpretation 

Physical Soil moisture content 4.9 ± 0.072 % Very low 

Chemical Total Nitrogen (N) 0.182 ± 0.002 % Low 

Chemical Available Phosphorus (P₂O₅) 163.60 ± 0.124 ppm High 

Chemical Exchangeable Potassium (K₂O) 0.074 % Very low 

Chemical Magnesium (Mg) 0.41 % Low 

Chemical Iron (Fe) 2.76 % High 

Chemical Aluminum (Al) 1.07 % High 

Chemical 
Organic Carbon  

(C-organic) 
2.152 ± 0.064 % Moderate 

Biological Total Plate Count (TPC) 5.41 ± 1.28 × 10-1 log₁₀ CFU g⁻¹ Moderate 

 

The baseline soil conditions demonstrate that the sandy soil 

in the study area is characterized by low nutrient retention, 

poor water availability, and nutrient imbalance, which 

collectively limit shallot productivity. These findings 

highlight the necessity of applying integrated soil fertility 

management strategies, particularly through the use of organic 

fertilizers, humic substances, and mycorrhizal inoculation, to 

improve soil quality and enhance plant growth performance.  

The application of integrated organic and biological 

amendments resulted in noticeable changes in soil fertility 

characteristics, particularly in soil organic carbon content and 

microbial populations, while nutrient responses varied among 

treatments. 

(1) Organic matter and soil quality improvement 

An increase in C-organic content was observed in most 

treatments compared with the initial condition (2.152%). The 

highest value was recorded in P13 (6.264%), followed by P12 

(5.979%) and P4 (5.840%), demonstrating the strong 

contribution of organic fertilizer and humic substances in 

enhancing soil organic matter. Increased organic matter may 

contribute to improved water retention, aggregation, and 

nutrient buffering capacity in sandy soils. 

(2) Nitrogen and potassium dynamics 

Total nitrogen (N) varied among treatments, with the 

highest value observed in P6 (0.162%). Although several 

moderate amendment combinations exhibited relatively 

higher N concentrations than the maximum input treatments, 

no statistical comparison of final soil properties was 

performed. Exchangeable potassium (K₂O) values ranged 

from 0.182% to 0.292%, which were generally higher than the 

initial soil condition (0.074%). This pattern may reflect the 

contribution of organic amendments and humic substances to 

nutrient retention and potassium availability in sandy soils. 

(3) Phosphorus variability and nutrient redistribution 
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Available phosphorus (P₂O₅) exhibited considerable 

variation among treatments and generally decreased compared 

with the initial high baseline. This trend may be associated 

with plant nutrient uptake and interactions between soil 

amendments and soil microorganisms during the growing 

period. Lower P₂O₅ concentrations in several treatments may 

also reflect nutrient redistribution during crop growth, 

although phosphorus dynamics were not directly measured in 

this study. 

 

Table 5. Final soil characteristics of sandy soil in the Ambulu district after treatments 

 
Treatment N (%) P₂O₅ (ppm) K₂O (%) C-Organic (%) TPC (log₁₀ CFU g⁻¹) Fe (%) Mg (%) Al (%) 

P1 0.145 ± 0.002 164.38 ± 0.22 0.292 3.963 ± 0.017 6.20 ± 7.19 × 10-1 1.439 0.155 1.071 

P2 0.091 ± 0.003 90.58 ± 0.11 0.268 4.953 ± 0.018 6.58 ± 4.65 × 10-1 1.366 0.142 1.112 

P3 0.120 ± 0.002 44.29 ± 0.45 0.182 4.336 ± 0.011 6.67 ± 7.90 × 10-1 1.206 0.126 0.859 

P4 0.093 ± 0.003 179.83 ± 0.33 0.252 5.840 ± 0.016 6.30 ± 6.62 × 10-1 1.143 0.150 0.824 

P5 0.072 ± 0.001 43.87 ± 0.21 0.205 3.035 ± 0.018 6.26 ± 6.74 × 10-1 1.145 0.129 0.766 

P6 0.162 ± 0.002 78.88 ± 0.43 0.290 3.580 ± 0.027 6.20 ± 6.28 × 10-1 1.151 0.149 0.873 

P7 0.140 ± 0.004 65.74 ± 0.32 0.254 4.009 ± 0.026 6.18 ± 5.44 × 10-1 1.314 0.135 1.036 

P8 0.078 ± 0.001 45.30 ± 0.21 0.202 2.758 ± 0.005 7.34 ± 4.64 × 10-1 1.350 0.141 1.056 

P9 0.130 ± 0.002 50.30 ± 0.32 0.219 3.635 ± 0.012 6.18 ± 5.72 × 10-1 1.365 0.132 1.084 

P10 0.124 ± 0.001 30.89 ± 0.32 0.260 4.012 ± 0.004 6.32 ± 5.40 × 10-1 1.362 0.146 1.102 

P11 0.110 ± 0.005 62.59 ± 0.32 0.229 5.012 ± 0.024 6.98 ± 2.06 × 10-1 1.227 0.130 0.877 

P12 0.106 ± 0.002 54.10 ± 0.44 0.237 5.979 ± 0.016 6.18 ± 5.20 × 10-1 1.142 0.139 0.836 

P13 0.111 ± 0.004 94.76 ± 0.33 0.286 6.264 ± 0.009 6.72 ± 4.70 × 10-1 1.155 0.146 0.873 
Note: Standard deviations and inferential statistical analyses were not available for K₂O, Fe, Mg, and Al because these variables were determined from composite 

samples; TPC = Total Plate Count. 

 

(4) Reduction of Fe and Al constraints 

Fe concentrations decreased across all treatments relative to 

the initial soil condition (2.76%). Al concentrations were 

lower in several treatments, although some treatments (e.g., 

P2, P9, P10) were comparable to or slightly higher than the 

initial value (1.07%). This pattern may be associated with the 

addition of organic amendments and humic substances, which 

can influence the chemical forms and availability of these 

elements in sandy soils. However, the mechanisms underlying 

these changes were not directly evaluated in the present study. 

(5) Magnesium dynamics 

Magnesium concentrations ranged from 0.126% to 0.155%, 

which were generally lower than the initial soil value (0.41%). 

The observed variation among treatments may reflect 

differences in nutrient dynamics and possible interactions 

between amendment application and nutrient availability in 

sandy soils. However, because inferential statistical analyses 

were not conducted for Mg, these observations should be 

interpreted descriptively. 

(6) Enhancement of soil biological activity 

Microbial populations generally increased following the 

application of integrated amendments. The highest microbial 

population was observed in treatment P8 (2.20 × 10⁷ CFU g⁻¹), 

followed by P11 and P13. These observations suggest that 

organic inputs and mycorrhizal inoculation may have 

promoted a more biologically active soil environment. 

Following the baseline assessment, changes in soil properties 

after treatment application are presented in Table 5. 

 

3.2 Growth and yield response 

 

The improvement in soil fertility characteristics following 

the application of integrated organic and biological 

amendments was subsequently reflected in the growth and 

productivity responses of shallot plants. Enhanced nutrient 

availability, increased organic matter content, and improved 

microbial activity collectively contributed to better plant 

development under sandy soil conditions. The growth and 

yield responses of shallot (Allium ascalonicum L.) to 

integrated organic and biological amendments are presented in 

Tables 6 to 10. The results demonstrate that treatment 

combinations had differential effects on vegetative and yield 

parameters, indicating a complex interaction between soil 

fertility improvement and plant physiological response. 

The improvement in soil fertility characteristics following 

the application of organic fertilizer, humic acid, and 

mycorrhizal inoculation was subsequently reflected in the 

growth performance of shallot plants. Enhanced organic 

matter content, nutrient availability, and microbial activity 

likely contributed to improved physiological processes, 

particularly during the vegetative and bulb development 

stages. Plant responses under different treatment combinations 

are discussed in the following sections. 

 

3.2.1 Vegetative growth response 

ANOVA revealed that plant height was not significantly 

affected by treatment application at any of the observation 

stages (4, 6, and 8 WAP; p > 0.05). This suggests that vertical 

growth of shallot plants is relatively less sensitive to variations 

in soil fertility under sandy soil conditions. In coarse-textured 

soils, plant height is often more influenced by environmental 

adaptation than nutrient availability. 

 

Table 6. Analysis of variance (ANOVA) results for shallot 

growth and yield parameters 

 
Parameter F-Value p-Value Significance 

Plant height (4 WAP) 1.817 0.053 ns 

Plant height (6 WAP) 1.834 0.050 ns 

Plant height (8 WAP) 1.472 0.144 ns 

Leaf number (4 WAP) 2.088 0.023 * 

Leaf number (6 WAP) 2.245 0.014 * 

Leaf number (8 WAP) 2.148 0.019 * 

Number of tillers 1.622 0.095 ns 

Bulb diameter 2.838 0.002 ** 

Fresh bulb weight 3.973 0.000 ** 

Dry bulb weight 3.946 0.000 ** 
Note: ns = not significant (p ≥ 0.05); *= significant at p < 0.05; ** = highly 

significant at p < 0.01; WAP = weeks after planting. 

 

In contrast, leaf number showed a significant response 

across all observation periods (p < 0.05), indicating that 

vegetative development was more responsive to soil fertility 
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improvement. The highest leaf numbers at 8 WAP were 

observed in P1 (28.60 leaves), followed by P3 (28.23 leaves), 

P9 (26.47 leaves), and P6 (26.03 leaves). These treatments 

represent balanced combinations of humic acid and 

mycorrhizal inoculation, with or without moderate organic 

fertilizer input. Table 6 shows ANOVA results. 

DMRT indicated that P1 and P3 formed the top-performing 

groups at 6 and 8 WAP, while P6, P9, and P10 often showed 

comparably high leaf numbers, frequently overlapping with 

the higher groups. This pattern indicates a balanced nutrient 

supply and possible improvements in root–microbe 

interactions. 

The increase in leaf number reflects enhanced 

photosynthetic capacity, which is essential for biomass 

accumulation and subsequent yield formation. This finding 

highlights the importance of integrated soil fertility 

management in improving source strength under sandy soil 

conditions. Table 7 shows the effect of treatments on the leaf 

number of shallot at different growth stages using DMRT. 

 

Table 7. Effect of treatments on the leaf number of shallot at different growth stages 

 
Treatment 4 WAP 6 WAP 8 WAP 

P1 11.73 ± 1.95 c 22.07 ± 3.44 d 28.60 ± 4.01 b 

P2 9.57 ± 2.45 ab 19.07 ± 6.92 abcd 24.63 ± 6.99 ab 

P3 10.93 ± 1.65 bc 20.83 ± 5.10 cd 28.23 ± 7.62 b 

P4 8.60 ± 1.50 a 15.07 ± 5.22 ab 21.77 ± 5.79 a 

P5 9.73 ± 1.88 ab 17.17 ± 3.54 abc 22.00 ± 4.93 a 

P6 10.47 ± 2.28 abc 20.30 ± 4.27 cd 26.03 ± 5.88 ab 

P7 9.70 ± 2.27 ab 17.60 ± 4.78 abcd 24.08 ± 5.48 ab 

P8 8.80 ± 1.68 a 14.63 ± 3.05 a 22.50 ± 3.88 a 

P9 10.17 ± 2.14 abc 19.53 ± 4.90 bcd 26.47 ± 7.53 ab 

P10 9.83 ± 1.84 ab 18.67 ± 3.47 abcd 26.10 ± 4.56 ab 

P11 8.77 ± 1.66 a 17.57 ± 4.09 abcd 22.93 ± 5.71 ab 

P12 9.70 ± 1.77 ab 18.93 ± 3.42 abcd 21.80 ± 3.55 a 

P13 9.67 ± 1.56 ab 18.57 ± 4.04 abcd 20.87 ± 4.45 a 
Notes: WAP = weeks after planting. Values followed by different letters within a column indicate significant differences at p < 0.05 (Duncan’s Multiple Range 

Test (DMRT)). 

 

The application of integrated organic and biological 

amendments significantly influenced the vegetative growth 

performance of shallot plants, particularly in terms of leaf 

development during different growth stages. Leaf number 

observations at 4, 6, and 8 WAP demonstrated varying 

responses among treatment combinations, indicating 

differences in nutrient availability and plant adaptation under 

sandy soil conditions. The effects of treatments on leaf number 

at different growth stages are presented in Figure 4. 

In general, treatments combining organic fertilizer, humic 

acid, and mycorrhizal inoculation promoted greater vegetative 

growth compared to the control treatment. The dynamic 

changes in leaf number across observation periods suggest that 

integrated soil amendments contributed to improved 

physiological activity and photosynthetic capacity during 

plant development. 

 

 
 

Figure 4. Effect of integrated organic and biological amendments on shallot leaf number 
Notes: Different letters above bars of the same color indicate significant differences among treatments according to Duncan’s Multiple Range Test (DMRT) at p < 

0.05; WAP = weeks after planting. 

 

The application of integrated organic and biological 

amendments showed varying effects on shallot plant height 

during the observation period. Although statistical analysis 

indicated that plant height was not significantly different 

among treatments at several growth stages, a gradual increase 

in plant height was consistently observed from 4 to 8 WAP. 

1645



 

Treatments combining organic fertilizer, humic acid, and 

mycorrhizal inoculation generally produced taller plants 

compared to treatments with lower amendment combinations. 

The highest plant height at 8 WAP was observed in treatments 

P1 and P3, while several moderate-input combinations such as 

P6, P9, and P10 also demonstrated relatively high vegetative 

performance. These findings suggest that integrated 

amendments contributed to improved nutrient availability and 

plant physiological activity under sandy soil conditions, 

although the response of plant height remained less sensitive 

than leaf development and yield parameters. The effect of 

treatments on shallot plant height at different growth stages is 

presented in Figure 5. 

 

 
 

Figure 5. Effect of integrated organic fertilizer, humic acid, and mycorrhizal inoculation on shallot plant height at 4, 6, and 8 

weeks after planting (WAP) 
Notes: Values represent mean ± SD (n = 3). No significant differences among treatments were detected according to analysis of variance (ANOVA) (p ≥ 0.05). 

 

The number of tillers produced by shallot plants showed 

relatively small variation among treatments, indicating that 

integrated organic and biological amendments had a limited 

effect on tiller formation under sandy soil conditions. 

Statistical analysis revealed that differences among treatments 

were generally not significant, although several treatment 

combinations demonstrated a tendency toward higher tiller 

production. Treatments P1, P5, P10, P12, and P13 produced 

the highest average number of tillers, while lower values were 

observed in P7 and P8. 

The relatively stable tiller number across treatments 

suggests that tiller formation in shallot plants may be more 

strongly influenced by genetic characteristics and 

environmental adaptation than by nutrient input alone. 

Nevertheless, the slight increase observed under several 

integrated amendment treatments indicates that improvements 

in soil fertility and root-zone conditions may support cell 

division and lateral shoot development. Enhanced organic 

matter content and microbial activity likely contributed to a 

more favorable rhizosphere environment, thereby supporting 

vegetative propagation and early plant establishment in sandy 

soils. 

 

 
 

Figure 6. Effect of integrated organic fertilizer, humic acid, and mycorrhizal inoculation on the number of tillers per shallot plant 

grown in sandy soil 
Notes: Values represent mean ± SD (n = 3). No significant differences among treatments were detected according to analysis of variance (ANOVA) (p ≥ 0.05). 
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Although the increase in tiller number was not consistently 

associated with the highest fertilizer input, moderate 

combinations of organic fertilizer, humic acid, and 

mycorrhizal inoculation tended to maintain better vegetative 

balance and plant vigor. This finding further supports the 

concept that balanced nutrient management is more effective 

than excessive input application in optimizing shallot growth 

under marginal sandy soil conditions. The comparison of tiller 

number among treatments is presented in Figure 6. 
 

3.2.2 Yield response 

Yield parameters, including bulb diameter, fresh bulb 

weight, and dry bulb weight, were significantly influenced by 

treatment application (p < 0.05), indicating strong 

responsiveness to fertility improvement. 

(1) Bulb diameter 

Bulb diameter varied significantly among treatments, 

ranging from 20.21 to 24.24 mm. The largest diameter was 

recorded in P6 (24.24 mm), followed by P8, P11, and P10, all 

of which involved moderate to high organic fertilizer 

combined with humic acid and mycorrhiza. However, 

treatments with the highest input levels (e.g., P13) did not 

produce the largest bulbs, suggesting that excessive inputs do 

not necessarily enhance assimilate partitioning to storage 

organs. Table 8 shows the effect of treatments on the bulb 

diameter of shallot using DMRT. 
 

Table 8. Effect of treatments on bulb diameter of shallot 
 

Treatment Bulb Diameter (mm) 

P1 22.37 ± 1.92 abcd 

P2 22.63 ± 2.43 bcd 

P3 22.39 ± 2.40 abcd 

P4 21.20 ± 2.18 abc 

P5 20.63 ± 2.92 ab 

P6 24.24 ± 1.87 d 

P7 23.08 ± 2.51 cd 

P8 23.48 ± 2.27 cd 

P9 21.19 ± 2.34 abc 

P10 23.24 ± 2.73 cd 

P11 23.35 ± 1.84 cd 

P12 21.45 ± 2.28 abc 

P13 20.21 ± 2.13 a 
 

(2) Fresh bulb yield 

Fresh bulb yield per clump showed a clear response pattern, 

with the highest yields obtained in P3 (33.04 g) and P6 (32.90 

g), followed by P12 (31.39 g). These results indicate that 

moderate and balanced combinations of inputs are more 

effective than maximum input applications. Conversely, 

treatments such as P8 and P9 produced lower yields despite 

relatively high input levels, reinforcing the concept of 

diminishing returns. 

(3) Dry bulb yield 

A similar trend was observed in dry bulb weight, with the 

highest value recorded in P11, followed by P10 and P6. This 

suggests that biomass accumulation is optimized under 

balanced nutrient conditions, where nutrient availability and 

uptake efficiency are aligned. Table 9 shows the effect of 

treatments on fresh and dry bulb yield of shallot using DMRT. 

To provide stronger support for the optimum treatment 

combinations argument, an evaluation of shallot yield 

performance was conducted based on three yield-related 

parameters: bulb diameter, fresh bulb yield, and dry bulb yield 

in Table 10. Several balanced and non-maximum amendment 

combinations produced more favorable yield performance 

than the highest combined input treatment. Although P13 was 

not consistently the poorest treatment across all parameters, it 

did not achieve the highest bulb diameter, fresh bulb yield, or 

dry bulb yield. This indicates that maximum combined input 

application did not necessarily result in the highest shallot 

productivity under sandy soil conditions. 

 
Table 9. Effect of treatments on fresh and dry bulb yield of 

shallot 

 
Treatment Fresh Yield (g) Dry Yield (g) 

P1 28.03 ± 6.38 abcde 17.03 abcd 

P2 27.46 ± 6.04 abcd 15.67 ab 

P3 33.04 ± 6.96 e 19.36 bcd 

P4 25.99 ± 5.81 abc 13.51 a 

P5 25.07 ± 5.88 abc 16.68 abc 

P6 32.90 ± 4.20 e 19.85 cd 

P7 29.24 ± 3.26 bcde 17.65 abcd 

P8 24.20 ± 2.99 ab 14.66 a 

P9 23.54 ± 5.51 a 14.11 a 

P10 30.06 ± 5.40 cde 20.55 cd 

P11 30.30 ± 5.46 cde 21.13 d 

P12 31.39 ± 3.03 de 19.33 bcd 

P13 25.84 ± 2.56 abc 15.25 ab 

 

 

Table 10. Evaluation of shallot yield performance under different amendment combinations 

 

Treatment 
Organic Fertilizer  

(ton ha⁻¹) 
Humic Acid (g plant⁻¹) 

Mycorrhiza (g 

plant⁻¹) 

Bulb Diameter 

(mm) 

Fresh Yield 

(g) 

Dry Yield 

(g) 

P1 0 0 0 22.37 28.03 17.03 

P2 0 30 30 22.63 27.46 15.67 

P3 0 30 60 22.39 33.04 19.36 

P4 0 60 30 21.20 25.99 13.51 

P5 0 60 60 20.63 25.07 16.68 

P6 4 30 30 24.24 32.90 19.85 

P7 4 30 60 23.08 29.24 17.65 

P8 4 60 30 23.48 24.20 14.66 

P9 4 60 60 21.19 23.54 14.11 

P10 6 30 30 23.24 30.06 20.55 

P11 6 30 60 23.35 30.30 21.13 

P12 6 60 30 21.45 31.39 19.33 

P13 6 60 60 20.21 25.84 15.25 

 

No single treatment consistently achieved the highest value 

across all measured parameters. Instead, different amendment 

combinations promoted different aspects of plant growth and 

yield performance. The application of integrated organic and 

biological amendments significantly affected both the fresh 

and dry bulb weight of shallot plants cultivated in sandy soils. 
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Variations in bulb biomass among treatments indicate 

differences in nutrient availability, root activity, and assimilate 

accumulation during bulb development. In general, treatments 

receiving balanced combinations of organic fertilizer, humic 

acid, and mycorrhizal inoculation produced higher bulb 

weights compared to lower or unbalanced input combinations. 

Fresh bulb weight reflects the overall capacity of plants to 

accumulate water and assimilates during growth, whereas dry 

bulb weight represents the actual biomass accumulation and 

yield stability after moisture reduction. Several treatments, 

particularly P3, P6, P10, P11, and P12, exhibited 

comparatively higher values for one or more yield parameters, 

indicating that different amendment combinations favored 

different aspects of bulb development. The comparison of 

fresh and dry bulb weight among treatments is presented in 

Figure 7. 

 

 
 

Figure 7. Effect of integrated organic and biological amendments on fresh and dry bulb weight of shallot cultivated in sandy soil 
Notes: Values represent mean ± SD (n = 3). Different letters above bars of the same color indicate significant differences among treatments according to Duncan's 

Multiple Range Test (DMRT) at p < 0.05. 

 

3.2.3 Evaluation of yield performance under different 

amendment combinations 

Although higher organic inputs improved several soil 

properties, excessive amendment combinations did not 

consistently enhance bulb productivity. This indicates that soil 

fertility improvement alone does not automatically translate 

into maximum crop yield. Instead, balanced nutrient 

availability and efficient soil–plant–microbe interactions 

appear to play a more critical role in optimizing assimilate 

partitioning and bulb development.  

Across all yield parameters, a general pattern emerged, 

indicating that the highest productivity was not achieved under 

the highest input levels, but rather under balanced and 

moderate combinations of organic fertilizer, humic acid, and 

mycorrhizal inoculation. This finding suggests that several 

treatment combinations performed better than the highest 

combined input treatment, indicating a non-linear response 

among the tested amendment combinations. 

The observed non-linear response reflects the complexity of 

soil–plant interactions in sandy environments. At excessive 

input levels, nutrient-use efficiency tends to decline due to 

oversupply and potential nutrient imbalance, which can 

disrupt physiological processes. Furthermore, high 

concentrations of organic and biological inputs may alter soil 

chemical equilibrium and interfere with beneficial plant–

microbe interactions, particularly in systems with inherently 

low buffering capacity such as sandy soils. These conditions 

can ultimately limit the effective allocation of assimilates 

toward bulb formation, thereby reducing yield efficiency. 

In contrast, moderate and balanced input combinations 

appear to create more favorable conditions for nutrient uptake, 

microbial activity, and root development, resulting in more 

efficient biomass production and partitioning. Therefore, the 

results suggest that higher productivity in sandy soils may be 

achieved through balanced and strategic combinations of soil 

fertility inputs rather than through input maximization. This 

finding underscores the importance of adopting integrated and 

site-specific fertility management approaches to enhance 

resource-use efficiency and ensure sustainable shallot 

production in marginal sandy agroecosystems.  

Although several physiological and microbiological 

mechanisms may explain the observed responses, parameters 

such as root traits, mycorrhizal colonization, nutrient uptake 

efficiency, and photosynthetic performance were not directly 

measured in the present study. Therefore, the proposed 

mechanisms should be considered as plausible explanations 

rather than direct evidence 

 

 

4. CONCLUSIONS 

 

The application of integrated organic and biological 

amendments modified several soil fertility characteristics and 

enhanced shallot (Allium ascalonicum L.) productivity under 

sandy soil conditions. The incorporation of organic fertilizer, 

humic acid, and mycorrhizal inoculation increased soil organic 

carbon and was associated with changes in nutrient availability 

and microbial populations. 

Plant growth and yield responses indicated that integrated 

fertility management generally supported shallot growth and 
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bulb production under sandy soil conditions, although 

responses varied among the measured parameters. The 

integrated productivity evaluation indicated that no single 

treatment consistently achieved the highest value across all 

yield parameters. Treatment P6 produced the largest bulb 

diameter and among the highest bulb yields, whereas the 

highest fresh and dry bulb weights were observed in treatments 

P3 and P11, respectively. These findings suggest a non-linear 

response pattern, in which several balanced amendment 

combinations produced favorable yield responses compared 

with the highest combined input treatment. 

The findings indicate that optimizing amendment 

combinations may be more important than maximizing input 

levels for improving crop performance in sandy soils. 

Balanced interactions among soil nutrients, organic matter, 

and beneficial microorganisms may have contributed to 

improved bulb formation and productivity, although the 

underlying physiological and microbiological mechanisms 

were not directly evaluated in this study. 

Integrated soil fertility management using organic fertilizer, 

humic acid, and mycorrhizal inoculation represents a 

promising approach for improving shallot production in sandy 

agroecosystems. However, the present findings are limited to 

the site conditions, growing season, and treatment 

combinations evaluated in this study. Therefore, further 

research across multiple seasons, locations, and soil conditions 

is required to validate the consistency and broader 

applicability of these results. 
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