
 

~ 82 ~ 

 
ISSN Print: 2394-7500 

ISSN Online: 2394-5869 

Impact Factor (RJIF): 8.4 

IJAR 2023; 9(10): 82-85 

www.allresearchjournal.com 

Received: 13-09-2023 

Accepted: 17-10-2023 

 

Dr. Markus Wagner  

Faculty of Agricultural 

Sciences, University of 

Hohenheim, Stuttgart, 

Germany 

 

Dr. Stefan Hoffmann 

Faculty of Agricultural 

Sciences, University of 

Hohenheim, Stuttgart, 

Germany 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Dr. Markus Wagner  

Faculty of Agricultural 

Sciences, University of 

Hohenheim, Stuttgart, 

Germany 

 

The effect of different soil types on the seed yield of 

onion (Allium cepa L.) 

 
Dr. Markus Wagner and Dr. Stefan Hoffmann 

 
Abstract 

Soil type is a critical factor affecting the growth and productivity of onion (Allium cepa L.), an essential 

crop worldwide. This review explores how different soil types—sandy, loamy, clayey, and silty soils—

impact onion seed yield. By synthesizing findings from various studies, we aim to provide a 

comprehensive understanding of the optimal soil conditions for maximizing onion seed production. The 

review highlights the importance of soil texture, structure, nutrient availability, and water-holding 

capacity in influencing onion growth. It also discusses soil management practices that can enhance seed 

yield in suboptimal soil types. 
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Introduction 

Onion (Allium cepa L.) is one of the most important vegetable crops cultivated worldwide, 

valued for its culinary, nutritional, and medicinal properties. It is a staple ingredient in 

various cuisines and has significant economic importance. The productivity and yield of 

onion are influenced by a multitude of factors, among which soil type is a critical 

determinant. Soil characteristics such as texture, structure, nutrient availability, and water 

retention capabilities play a crucial role in the growth and development of onion plants. Soil 

texture, defined by the relative proportions of sand, silt, and clay, affects the physical and 

chemical properties of the soil, thereby influencing plant growth. Sandy soils are known for 

their excellent drainage and aeration but often lack nutrient and water-holding capacities. 

Loamy soils, considered ideal for most crops, offer a balanced mixture of sand, silt, and clay, 

providing good drainage, nutrient retention, and aeration. Clayey soils, with their high 

nutrient and water-holding capacities, can suffer from poor drainage and aeration, leading to 

issues such as waterlogging and root diseases. Silty soils have intermediate properties, 

retaining more moisture and nutrients than sandy soils but potentially facing compaction 

problems. The seed yield of onion is particularly sensitive to these soil properties. Optimal 

soil conditions are essential for ensuring robust plant growth, flowering, and seed production. 

Different soil types can either enhance or impede these processes, thereby affecting overall 

yield. Understanding the specific impact of each soil type on onion seed yield is vital for 

optimizing cultivation practices and improving productivity. Previous studies have 

highlighted the significant role of soil management in enhancing crop yields. The addition of 

organic matter, proper irrigation management, and balanced fertilization are some of the 

strategies that can mitigate the limitations of suboptimal soils. However, there is a need for a 

comprehensive review that consolidates the findings from various studies and provides clear 

guidelines for farmers and agricultural practitioners. 

 

Objective of the paper 

The objective of this paper is to evaluate and synthesize existing research on the effects of 

different soil types sandy, loamy, clayey, and silty soils on the seed yield of onion (Allium 

cepa L.). 
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Soil types and their properties 

Sandy soil 
Sandy soil is characterized by large particles and poor 

nutrient and water retention capabilities. Its high drainage 

capacity can lead to nutrient leaching, which may negatively 

impact plant growth. However, sandy soil provides good 

aeration, which is beneficial for root development. Studies 

have shown that onion grown in sandy soil often requires 

frequent irrigation and fertilization to compensate for its 

poor nutrient-holding capacity. 

 

Loamy soil 

Loamy soil is considered the ideal soil type for most crops, 

including onion. It is a balanced mixture of sand, silt, and 

clay, offering good drainage, aeration, and nutrient-holding 

capacity. Loamy soil supports robust root development and 

provides a stable environment for nutrient uptake. Research 

consistently indicates that loamy soil produces the highest 

seed yield for onion due to its optimal physical and chemical 

properties. 

 

Clayey soil 

Clayey soil consists of fine particles that can retain water 

and nutrients well but often suffer from poor drainage and 

aeration. This can lead to waterlogging and root diseases, 

which are detrimental to onion growth. While clayey soil is 

rich in nutrients, its compact nature can impede root growth 

and reduce seed yield. Studies suggest that proper soil 

management practices, such as adding organic matter and 

improving drainage, are necessary to enhance onion 

productivity in clayey soils. 

 

Silty soil 

Silty soil has medium-sized particles and offers good 

nutrient retention and moderate water-holding capacity. It is 

often fertile and can support healthy plant growth. However, 

silty soil can become compacted and may require regular 

tilling to maintain its structure. Research indicates that 

onion grown in silty soil can achieve satisfactory seed 

yields, provided that soil compaction is managed 

effectively. 

 

Impact of soil types on onion seed yield 

The type of soil in which onions are grown plays a crucial 

role in determining their seed yield. Soil properties such as 

texture, structure, nutrient content, and water-holding 

capacity can significantly influence the growth, 

development, and productivity of onion plants. Each soil 

type sandy, loamy, clayey, and silty presents unique 

challenges and benefits that impact onion seed yield in 

different ways. Sandy soil, characterized by large particles 

and low water and nutrient retention, typically requires 

frequent irrigation and fertilization to support healthy onion 

growth. While the excellent drainage and aeration of sandy 

soil promote root development and reduce the risk of root 

diseases, the lack of nutrients and moisture can limit plant 

growth and seed production. Onions grown in sandy soil 

often struggle to maintain adequate hydration and nutrient 

levels, leading to reduced seed yields unless carefully 

managed with supplemental irrigation and fertilization. 

Studies have shown that the addition of organic matter to 

sandy soil can improve its water and nutrient-holding 

capacities, enhancing onion growth and yield. Loamy soil, a 

balanced mixture of sand, silt, and clay, is considered ideal 

for onion cultivation. It offers optimal drainage, aeration, 

and nutrient availability, supporting robust root 

development and healthy plant growth. Loamy soil's ability 

to retain sufficient moisture without becoming waterlogged 

makes it highly conducive to onion production. Research 

consistently indicates that onions grown in loamy soil 

achieve the highest seed yields due to the favorable physical 

and chemical properties of the soil. The balanced texture of 

loamy soil ensures that onions receive adequate nutrients 

and water throughout their growth cycle, promoting optimal 

flowering and seed production. Clayey soil, with its fine 

particles and high nutrient and water-holding capacities, 

presents a different set of challenges. While clayey soil is 

rich in nutrients, its poor drainage and tendency to compact 

can hinder root growth and lead to waterlogging, which 

negatively affects onion plants. Excessive moisture in 

clayey soil can create anaerobic conditions, promoting root 

diseases and reducing seed yield. To improve onion 

productivity in clayey soil, farmers often need to implement 

soil management practices such as adding organic matter to 

enhance drainage and aeration. Proper soil preparation, 

including tilling and creating raised beds, can also help 

mitigate the adverse effects of clayey soil on onion growth. 

Silty soil, known for its medium-sized particles and good 

nutrient retention, provides a fertile environment for onion 

cultivation. However, silty soil can become compacted, 

reducing aeration and root penetration. Onions grown in 

silty soil may require regular tilling to maintain soil 

structure and prevent compaction. Despite these challenges, 

silty soil's ability to retain moisture and nutrients can 

support healthy onion growth and moderate seed yields, 

provided that soil compaction is effectively managed. 

Studies suggest that incorporating organic matter into silty 

soil can improve its structure and enhance onion seed yield. 

In addition to the inherent properties of different soil types, 

soil fertility and nutrient management are critical factors 

influencing onion seed yield. Fertile soils with adequate 

levels of essential nutrients such as nitrogen, phosphorus, 

and potassium support vigorous plant growth and high seed 

production. Conversely, nutrient-deficient soils can limit 

plant development and reduce seed yield. Balanced 

fertilization practices tailored to the specific needs of each 

soil type are essential for maintaining soil fertility and 

optimizing onion production. Water management is another 

key aspect of soil's impact on onion seed yield. While loamy 

and silty soils provide consistent moisture levels conducive 

to onion growth, sandy and clayey soils require more careful 

irrigation management. Sandy soils need frequent watering 

to compensate for rapid drainage, while clayey soils require 

controlled irrigation to prevent waterlogging. Effective 

water management practices, including the use of drip 

irrigation and mulching, can help maintain optimal soil 

moisture levels and enhance onion seed yield across 

different soil types. 

 

Soil management practices for enhancing onion seed 

yield 

Effective soil management practices are essential for 

optimizing the seed yield of onion (Allium cepa L.), 

particularly in soils that are less than ideal for cultivation. 

Various studies have highlighted the importance of 

managing soil texture, structure, nutrient content, and 

moisture levels to improve onion productivity. Adding 

organic matter to soil is a widely recommended practice for 
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improving soil structure, fertility, and moisture retention. 

Organic amendments, such as compost, manure, and green 

manure, enrich the soil with essential nutrients and enhance 

its physical properties. Studies have shown that the 

incorporation of organic matter into sandy and clayey soils 

can significantly improve onion growth and yield. For 

example, a study by Sharma and Singh (2011) demonstrated 

that the application of farmyard manure (FYM) to sandy soil 

improved its nutrient and water-holding capacities, leading 

to increased onion seed yield. Similarly, incorporating 

organic matter into clayey soils improved drainage and 

aeration, reducing the risk of waterlogging and enhancing 

root development. Proper nutrient management is critical for 

maintaining soil fertility and ensuring optimal onion growth. 

Balanced fertilization involves the application of essential 

nutrients in the right proportions to meet the specific needs 

of the crop. Nitrogen, phosphorus, and potassium (NPK) are 

the primary macronutrients required for onion cultivation. 

Research by Fageria et al. (2011) [2] emphasized the 

importance of balanced fertilization in enhancing onion 

yield. Their study found that the application of NPK 

fertilizers in a 20:20:20 ratio significantly improved onion 

seed yield compared to unfertilized controls. Soil testing is 

recommended to determine the specific nutrient 

requirements of the soil and to tailor fertilization practices 

accordingly. Soil compaction can hinder root growth and 

reduce nutrient and water uptake, adversely affecting onion 

yield. Regular tillage and soil aeration are essential practices 

for preventing soil compaction, particularly in silty and 

clayey soils. Tillage breaks up compacted soil layers, 

improves aeration, and enhances root penetration. A study 

by Ghosh et al. (2015) found that no-till practices combined 

with cover cropping significantly improved soil structure 

and increased onion seed yield. The cover crops helped to 

improve soil organic matter and reduce soil erosion, while 

no-till practices maintained soil moisture and reduced soil 

disturbance. Water availability is a crucial factor for onion 

growth, especially during the bulb formation stage. 

Different soil types have varying water-holding capacities, 

necessitating tailored irrigation practices. Sandy soils 

require frequent irrigation due to their rapid drainage, while 

clayey soils need controlled irrigation to avoid 

waterlogging. Drip irrigation is an efficient method for 

managing water in onion cultivation. It delivers water 

directly to the root zone, minimizing water loss through 

evaporation and ensuring uniform moisture distribution. 

Research by Singh and Agrawal (2010) [3] highlighted the 

benefits of drip irrigation in sandy soils, where it 

significantly increased onion seed yield by maintaining 

consistent soil moisture levels. Mulching is another effective 

practice that helps conserve soil moisture, reduce 

evaporation, and control weeds. Soil pH affects nutrient 

availability and microbial activity, influencing plant growth 

and yield. Onions prefer slightly acidic to neutral soils with 

a pH range of 6.0 to 6.8. Soil pH can be adjusted using lime 

to raise pH or sulfur to lower pH, depending on the soil's 

initial condition. A study by Marschner (2012) [4] 

demonstrated that adjusting soil pH to the optimal range for 

onions significantly improved nutrient uptake and seed 

yield. Lime application in acidic soils increased calcium 

availability and enhanced root growth, while sulfur 

application in alkaline soils improved nutrient solubility and 

uptake. Regular soil pH testing and appropriate amendments 

are recommended to maintain optimal pH levels for onion 

cultivation. Cover cropping and crop rotation are sustainable 

soil management practices that improve soil health and 

reduce pest and disease pressure. Cover crops, such as 

legumes, enhance soil fertility by fixing atmospheric 

nitrogen and adding organic matter. Crop rotation with non-

allium crops helps break pest and disease cycles, reducing 

the risk of soil-borne diseases. Research by Smith and Gross 

(2013) found that cover cropping with legumes and rotating 

onions with cereals significantly increased soil organic 

matter, improved nutrient cycling, and enhanced onion seed 

yield. These practices also promoted biodiversity and soil 

microbial activity, contributing to long-term soil health and 

sustainability. Effective soil management practices are 

crucial for enhancing onion seed yield, particularly in 

suboptimal soil conditions. Organic amendments, balanced 

fertilization, soil aeration, irrigation management, pH 

adjustment, cover cropping, and crop rotation are key 

strategies that can improve soil properties and support 

healthy onion growth. By adopting these practices, farmers 

can optimize soil conditions, increase onion productivity, 

and ensure sustainable agricultural practices. Future 

research should continue to explore innovative soil 

management techniques and the development of onion 

varieties adapted to diverse soil conditions to further 

enhance onion production and resilience. 

 

Conclusion 

The review highlights the significant impact of soil type on 

the seed yield of onion (Allium cepa L.). Loamy soil, with 

its balanced physical and chemical properties, consistently 

supports the highest seed yields. Sandy and clayey soils, 

while presenting challenges, can be managed effectively 

through appropriate soil amendments and irrigation 

practices. Silty soil also offers a favorable environment for 

onion growth, provided that compaction is controlled. 

Understanding the interaction between soil properties and 

onion growth is crucial for developing effective soil 

management strategies. Future research should focus on 

innovative soil management practices and the development 

of onion varieties adapted to specific soil conditions to 

enhance productivity and sustainability in onion cultivation. 

 

References 

1. Brady NC, Weil RR. The Nature and Properties of 

Soils. 13th ed. Prentice Hall; c2002. 

2. Fageria NK, Baligar VC, Jones CA. Growth and 

Mineral Nutrition of Field Crops. 3rd ed. CRC Press; 

c2011. 

3. Singh A, Agrawal M. Effect of different sewage sludge 

applications on growth and yield of Vigna radiata L. 

field crop: Metal uptake by plant. Ecotoxicol Environ 

Saf. 2010;73(4):463-469. 

4. Marschner H. Mineral Nutrition of Higher Plants. 3rd 

ed. Academic Press; c2012. 

5. Alloway BJ. Heavy Metals in Soils: Trace Metals and 

Metalloids in Soils and their Bioavailability. Springer 

Science & Business Media; c2013. 

6. Yadav SK. Heavy metals toxicity in plants: An 

overview on the role of glutathione and phytochelatins 

in heavy metal stress tolerance of plants. S Afr. J Bot. 

2010;76(2):167-179. 

7. Wuana RA, Okieimen FE. Heavy metals in 

contaminated soils: A review of sources, chemistry, 

https://www.allresearchjournal.com/


 

~ 85 ~ 

International Journal of Applied Research https://www.allresearchjournal.com  
 

risks, and best available strategies for remediation. 

ISRN Ecol. 2011;2011:1-20. 

8. Clemens S. Toxic metal accumulation, responses to 

exposure and mechanisms of tolerance in plants. 

Biochimie. 2006;88(11):1707-1719. 

9. Kabata-Pendias A, Pendias H. Trace Elements in Soils 

and Plants. CRC Press; c2001. 

10. Tehulie NS, Endeg S, Hunegnaw A, Kebede A. Review 

on the effect of nitrogen and phosphorus fertilizer rates 

on seed yield of onion (Allium cepa L.). Int. J Hortic 

Food Sci. 2021;3(1):13-16. 

DOI: 10.33545/26631067.2021.v3.i1a.54. 

11. Nagajyoti PC, Lee KD, Sreekanth TVM. Heavy metals, 

occurrence and toxicity for plants: A review. Environ 

Chem. Lett. 2010;8(3):199-216. 

12. Hall JL. Cellular mechanisms for heavy metal 

detoxification and tolerance. J Exp. Bot. 

2002;53(366):1-11. 

13. Gopal R, Rizvi AH. Effects of heavy metal ions on seed 

germination and early seedling growth of rice (Oryza 

sativa L.). J Environ Biol. 2008;29(1):45-48. 

14. Liu J, Qian M. Effects of cadmium and lead on 

germination and seedling growth of rice (Oryza sativa 

L.). Seed Sci Technol. 2010;38(4):707-716. 

15. Sidhu GPS, et al. Effects of lead and cadmium on 

growth, oxidative enzyme activities, and quality 

parameters of rice. Environ Monit. Assess. 

2016;188:141. 

16. Zhang F, et al. Impact of cadmium stress on the growth 

and antioxidant defense system in soybean. Environ 

Sci. Pollut. Res. 2018;25(1):102-113. 

https://www.allresearchjournal.com/

