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1. Introduction 

Wheat (Triticum aestivum L.) is one of the 

most widely cultivated cereal crops 

globally and serves as a primary source of 

carbohydrates, proteins, dietary fiber, and 

micronutrients for a large proportion of the 

world’s population. Its central role in global 

food security makes the improvement of 

wheat grain quality and nutritional value a 

continuing priority in crop research and 

agricultural development. Genetic studies 

demonstrate that wheat’s nutritional 

attributes can be enhanced through targeted 

breeding and exploitation of its wild 

relatives. For example, Distelfeld et al. 

reported that wild emmer wheat carries 

valuable alleles such as Gpc-B1, which 

increases grain protein, zinc, and iron 

concentrations, highlighting the importance 

of genetic resources in enhancing grain 

nutrient density [1]. Likewise, 

biofortification initiatives emphasize the 

potential of using natural genetic variation, 

genome-wide association mapping, and 

genome editing techniques to increase the 
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 ABSTRACT  

    
Wheat (Triticum aestivum L.) is a globally important staple crop that provides essential 

carbohydrates, proteins, fiber, minerals, and vitamins to human diets. However, the widespread 

use of chemical fertilizers in wheat cultivation has raised concerns related to soil degradation, 

nutrient-use inefficiency, and chemical residue accumulation in food products. Organic 

fertilization offers a sustainable alternative by enhancing soil biological activity, improving 

nutrient cycling, and supporting gradual nutrient release throughout the plant growth cycle. This 

review synthesizes findings from recent studies to evaluate how organic fertilization influences the 

physicochemical properties and nutritional composition of wheat grain. Evidence indicates that 

organic amendments such as farmyard manure, vermicompost, green manures, and biofertilizers 

increase soil organic carbon, microbial biomass, and enzyme activities, leading to improved root 

development, efficient nutrient uptake, and enhanced grain filling. Wheat grown under organic 

fertilization commonly exhibits higher protein quality, enriched mineral content (particularly Fe, 

Zn, and Ca), and increased dietary fiber, along with reduced pesticide and chemical residues. 

Although organic systems may initially result in lower yields during the transition phase, yield 

stability typically improves over time as soil structure and fertility are restored. Overall, organic 

fertilization not only enhances grain nutritional quality but also promotes environmental 

sustainability, making it a valuable approach for resilient wheat production systems. 
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micronutrient content of wheat grains, 

particularly Fe and Zn, thereby improving 

human nutrition [7]. 

Advances in molecular breeding have 

accelerated the development of wheat 

cultivars that meet both productivity and 

quality objectives. Dreisigacker et al. [3] 

emphasized the effectiveness of marker-

assisted and genomic selection tools in 

improving complex traits in spring wheat 

breeding programs. Xu et al. [9] further 

identified stable marker–trait associations 

for spike-related traits, providing useful 

molecular markers that can be deployed for 

enhancing grain yield and spike 

architecture. Such genomic improvements 

are essential for maintaining yield stability 

in the face of environmental constraints and 

nutritional demands. 

However, wheat production systems today 

face significant environmental and 

management challenges, particularly those 

associated with high-input chemical 

agriculture. Intensive agrochemical use has 

contributed to soil organic matter depletion, 

loss of microbial diversity, increased 

greenhouse gas emissions, and 

contamination of surface and groundwater 

resources. While chemical fertilizers 

improve short-term crop yields, they often 

fail to sustain soil health and ecological 

balance over time. These concerns are 

amplified by emerging climate variability. 

For instance, Wang et al. [8] observed that 

warming winter temperatures in 

Kazakhstan increase frost injury risk in 

wheat-growing regions, while Visse-

Mansiaux et al. [10] demonstrated that 

climate drivers strongly influence wheat 

yield variability across ecological zones. 

The increasing complexity of climate–crop 

interactions underscores the urgency of 

adopting resilient and ecologically 

balanced cultivation practices. 

Parallel to these challenges, there has been 

a growing consumer-driven shift in demand 

for cereals free of pesticide residues and 

rich in natural nutrients. This shift has 

stimulated renewed attention toward 

organic and sustainable farming systems, 

which emphasize soil biological health, 

nutrient cycling, and reduced chemical 

inputs. Organic fertilization practices—

such as the incorporation of farmyard 

manure, vermicompost, green manures, 

compost, and biofertilizers—play a pivotal 

role in restoring soil fertility and improving 

nutrient availability for crops. Unlike 

synthetic fertilizers, which release nutrients 

rapidly, organic amendments provide a 

slow and synchronized nutrient release, 

enhance soil structure, promote microbial 

activity, and increase soil organic carbon, 

all of which contribute to healthier plant 

growth and improved grain quality. 
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Given these dynamics, the present review 

aims to synthesize current evidence on how 

organic fertilization influences the 

physicochemical and nutritional parameters 

of wheat grain. Specifically, the review 

examines: (i) changes in soil properties and 

nutrient cycling under organic inputs, (ii) 

wheat growth and yield responses to 

organic fertilization, (iii) effects on grain 

physicochemical attributes such as kernel 

hardness, gluten strength, and milling 

quality, and (iv) the nutritional outcomes, 

including protein content, mineral 

enrichment, fiber composition, and 

reduction in pesticide residues. By 

integrating agronomic, biochemical, and 

breeding perspectives, this review 

highlights organic fertilization as a viable 

pathway for producing nutrient-rich and 

environmentally sustainable wheat. 

2. Wheat Grain: Structure and Key 

Quality Attributes 

Wheat grain is a structurally complex and 

biochemically diverse organ composed of 

three principal anatomical regions: the 

bran, endosperm, and germ. Each 

component contributes uniquely to both the 

nutritional profile of wheat and its 

technological properties during milling and 

processing. Understanding the structural 

organization of the grain is essential for 

evaluating how fertilization practices 

influence grain quality. 

The bran consists primarily of multi-

layered cell walls rich in dietary fibers such 

as arabinoxylans and cellulose, along with 

phenolic compounds and minerals. The 

endosperm, which represents the largest 

portion of the grain, is composed primarily 

of starch granules embedded in a protein 

matrix. The germ is metabolically active 

tissue containing lipids, proteins, vitamins, 

and enzymes essential for embryo 

development. 

2.1 Morphological Structure: Bran, 

Endosperm, and Germ 

Piot et al. [1], using confocal Raman 

microspectroscopy, demonstrated that the 

molecular organization of cell walls—

particularly arabinoxylan and (1,3)-(1,4)-β-

glucan distribution—plays an important 

role in determining grain cohesion and 

kernel hardness. These structural 

characteristics influence grain fracture 

patterns during milling, thereby affecting 

flour yield and particle size distribution. 

Grundas [2] provided a comprehensive 

characterization of wheat grain structure, 

emphasizing that the spatial arrangement of 

cell wall components and the relative 

proportion of bran, aleurone, and starchy 

endosperm layers strongly influence grain 
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texture, nutritional density, and processing 

quality. 

2.2 Physicochemical Traits Influencing 

Grain Quality 

The physicochemical attributes of wheat 

grain are largely determined by cell wall 

composition, starch granule morphology, 

and protein matrix distribution. Saulnier et 

al. [3] found significant heterogeneity in 

endosperm cell wall polysaccharides, with 

composition varying by developmental 

stage and anatomical position. This 

heterogeneity affects parameters such as 

water absorption, dough rheology, and 

ultimately baking performance. 

Further analysis by Saulnier et al. [4] 

highlighted that variations in cell wall 

deposition and metabolism across grain 

development influence the functional 

properties of wheat flour. Such 

modifications can alter the grain’s 

mechanical strength and milling efficiency. 

2.3 Nutritional Importance of Wheat 

Wheat is an important dietary source of 

complex carbohydrates, plant-based 

proteins, fiber, B vitamins, and essential 

minerals. Its nutritional quality is strongly 

influenced by fertilization practices, 

genotype, and grain structure. 

Ahuja et al. [5] demonstrated that the 

enzyme granule-bound starch synthase I 

(GBSSI) modulates starch composition, 

particularly the balance of amylose and 

amylopectin in the endosperm. These 

changes influence starch digestibility and 

energy release rates in the human diet. 

Rosa-Sibakov et al. [6] further emphasized 

that the structural arrangement of bran and 

aleurone layers plays a key role in 

determining fiber content, mineral 

bioavailability, and the functional 

properties of whole-grain foods. Their 

findings highlight the importance of 

preserving bran integrity in nutritionally 

oriented processing. 

2.4 Structural Impact on Post-Harvest 

Stability and Processing 

The physical structure of wheat grain 

affects post-harvest handling, drying, and 

storage. Chen et al. [7], using heat and mass 

transfer simulation models, demonstrated 

that kernel porosity and moisture gradients 

influence drying kinetics during hot air 

drying. These structural parameters are 

critical for maintaining grain quality and 

preventing microbial spoilage.
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Figure 1. Schematic cross-section of a wheat grain showing bran, endosperm, and germ. 

4. Organic Fertilization: Concepts and 

Components 

Organic fertilization refers to the 

application of naturally derived materials—

such as animal manures, composts, crop 

residues, green manures, and microbial 

inoculants—to supply nutrients and 

improve soil biological functioning. Unlike 

synthetic fertilizers, which release nutrients 

rapidly and often result in nutrient leaching 

or soil degradation, organic fertilizers 

provide a slow, sustained nutrient supply, 

enhance soil organic matter (SOM), and 

support biological processes essential for 

long-term soil fertility. These principles 

align with the broader goals of regenerative 

and sustainable agricultural systems. 

4.1 Principles of Organic Fertilization 

Organic fertilization is based on the 

following core principles: 

a) Cycling of nutrients through 

soil–plant–microbe interactions 

rather than direct chemical 

supplementation. 

b) Enhancement of soil organic 

carbon (SOC) to support soil 

structure, water retention, and 

aggregate stability. 

c) Promotion of beneficial 

microbial communities that 

facilitate nutrient mineralization 

and plant growth. 

d) Reduction of external chemical 

inputs, thereby lowering risks of 

environmental contamination 

and human exposure to 

residues. 

4.2 Major Organic Inputs Used in Wheat 

Cultivation 

4.2.1 Farmyard Manure (FYM) 
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FYM provides a balanced blend of carbon 

and nutrients while improving soil texture 

and microbial activity. Long-term 

application supports stable humus 

formation and improved nutrient buffering 

capacity. 

4.2.2 Vermicompost 

Vermicompost contains readily available 

nutrients, plant growth–promoting 

microorganisms, and bioactive humic 

substances. It enhances nutrient 

bioavailability and stimulates root 

development. 

4.2.3 Poultry Manure and Green Manure 

Poultry manure is nutrient-dense and 

supports rapid plant growth, while green 

manuring—through legumes—fixes 

atmospheric nitrogen and improves soil 

structure. 

4.2.4 Biofertilizers 

Microbial inoculants such as Azotobacter, 

Rhizobium, phosphate-solubilizing 

bacteria (PSB), and mycorrhizal fungi 

improve nitrogen fixation, phosphorus 

mobilization, and root nutrient uptake. 

4.3 Mechanisms Enhancing Soil Fertility 

Recent research emphasizes the role of 

organic inputs in recycling nutrients and 

improving soil health. 

Alharbi et al. [1] demonstrated that recycled 

dairy waste can substitute mineral 

fertilizers in wheat, showing that waste-

derived organic sources maintain plant 

growth while contributing to nutrient 

circularity. Long-term fertilization 

experiments further illustrate the 

cumulative effects of organic matter 

additions. 

Wang et al. [2] reported that continuous 

application of manure over 34 years 

significantly altered soil carbon and 

nitrogen fractions and enriched soil 

bacterial community structure, particularly 

in subsurface horizons. Likewise, Liu et al. 

[4] found that returning crop straw to soil 

for 14 years increased labile carbon 

fractions, soil enzyme activity, and 

microbial biomass, reinforcing the 

biological foundation of soil fertility. 

Organic fertilization also enhances water-

extractable organic carbon, which supports 

microbial metabolism. Chen et al. [3] 

observed notable increases in these labile 

carbon pools in organically amended soils, 

even when nitrogen fertilization alone did 

not show such effects. 

The integrated use of organic and chemical 

fertilizers can optimize yield and nutrient 

uptake. Akbari et al. [5] and Lu et al. [6] 

demonstrated that replacing part of 

chemical fertilizer with organic fertilizer 

improves soil nutrient status, increases 
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fertilizer utilization efficiency, and 

stabilizes wheat yields in diverse soil 

environments. 

Organic sources of potassium are also 

gaining attention. El-Abdeen et al. [7] 

showed that seaweed, filter mud cake, and 

yeast sludge are viable potassium sources 

for wheat–groundnut systems, with crop 

responses depending on the rate and type of 

organic K input. 

Emerging digital agriculture tools support 

organic management decisions. Moletto-

Lobos et al. [8] found that UAV and satellite 

multispectral imaging enable real-time 

monitoring of wheat under sustainable 

fertilization regimes, opening pathways for 

precision organic farming. 

Finally, sustainable practices such as 

conservation tillage, crop rotation, and the 

use of biostimulants complement organic 

fertilization. Mechri et al. [9] observed 

improved soil structure and crop 

performance under conservation tillage 

combined with nitrogen inputs and rotation, 

while Fasani et al. [10] reported that 

biostimulants enhance wheat yield and 

nutritional value when paired with organic 

fertilizers.

 

Table 1. Common Organic Fertilizers and Their Average Nutrient Composition (NPK %) 

Organic Fertilizer N (%) P (%) K (%) Notable Benefits 

Farmyard Manure (FYM) 0.5 0.2 0.5 Improves soil structure and 

microbial activity 

Vermicompost 1.5 0.8 1.2 Enhances nutrient 

bioavailability and root vigor 

Poultry Manure 3.0 2.5 1.5 Provides rapid nutrient 

supply; rich in N and P 

Green Manure Variable Variable Variable Adds organic carbon; 

enhances nitrogen fixation 

Organic K Sources (e.g., 

seaweed, yeast sludge) 

Variable Variable High Improves K availability in 

low-K soils 
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Figure 2. Conceptual diagram illustrating how organic fertilization improves soil carbon 

content, microbial biomass, nutrient cycling, and root nutrient uptake efficiency. 

4. Impact of Organic Fertilizers on Soil 

Physicochemical Properties 

The application of organic fertilizers exerts 

substantial influence on the physical, 

chemical, and biological properties of soil, 

thereby establishing a foundation for 

improved nutrient use efficiency and 

enhanced crop performance. Unlike 

chemical fertilizers, which primarily supply 

inorganic nutrient forms, organic 

amendments contribute organic carbon, 

humic substances, microbial inocula, and 

slow-release nutrient pools, which 

collectively reshape soil structure and 

biochemical function over time. 

4.1 Improvement in Soil Structure, 

Aggregation, and Porosity 

Organic matter additions from FYM, 

compost, crop residues, and vermicompost 

promote the formation of stable soil 

aggregates by binding soil particles through 

polysaccharides and microbial exudates. 

Increased aggregation improves soil 

porosity, aeration, and water-holding 

capacity, characteristics essential for root 

growth and microbial activity. These 

improvements facilitate better root 

penetration and enhance nutrient 

mobilization. 
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Long-term organic fertilization also 

reduces bulk density, increases macro- and 

micro-porosity, and enhances soil tilth, 

making the soil more resilient to 

compaction and erosion. 

4.2 Enhancement of Soil Organic Matter 

and Carbon Sequestration 

Soil Organic Carbon (SOC) serves as the 

foundation of soil fertility. Continuous 

application of organic fertilizers increases 

SOC pools, including both stable and labile 

fractions. 

Wang et al. [2] showed that 34 years of 

manure incorporation significantly 

enhanced SOC and nitrogen fractions 

across multiple soil depths, demonstrating 

that the benefit of organic inputs extends 

beyond the topsoil. Similarly, Liu et al. [4] 

reported that 14-year incorporation of crop 

straw into rice–wheat rotation systems 

increased labile carbon fractions and 

microbial activity, which are vital 

indicators of soil functionality and nutrient 

cycling efficiency. 

4.3 pH Buffering and Cation Exchange 

Capacity (CEC) 

Soils under continuous chemical 

fertilization often undergo acidification, 

reducing nutrient availability and 

increasing metal toxicity. Organic 

fertilizers act as pH buffers, stabilizing soil 

acidity through the gradual decomposition 

of organic residues and release of weak 

organic acids. 

The increase in soil organic matter also 

enhances cation exchange capacity (CEC), 

improving the soil’s ability to retain 

essential nutrients such as Ca²⁺, Mg²⁺, K⁺, 

and NH₄⁺. 

This buffering capacity is particularly 

beneficial in coarse-textured and degraded 

soils, where nutrient leaching is prominent. 

4.4 Microbial Biomass, Enzyme Activity, 

and Soil Biological Health 

Organic fertilization significantly 

stimulates the soil microbiome—including 

bacteria, actinomycetes, and fungi—by 

providing carbon substrates and stabilizing 

soil microhabitats. 

Wang et al. [2] demonstrated that manure-

amended soils exhibit greater bacterial 

diversity and functional enzyme activity, 

indicating enhanced microbial-mediated 

nutrient cycling. Chen et al. [3] observed 

that increases in water-extractable organic 

carbon improve microbial metabolic 

efficiency, which strengthens nutrient 

mineralization pathways. 

Labile organic carbon fractions, as noted by 

Liu et al. [4], activate key soil enzymes 

including: 
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a) Dehydrogenase (indicator of total 

microbial respiration) 

b) Phosphatase (influences 

phosphorus availability) 

c) Urease (involved in nitrogen 

mineralization) 

Enhanced enzyme activity directly 

correlates with improved nutrient turnover 

and plant nutrient uptake. 

4.5 Role of Conservation Tillage, Crop 

Rotation, and Biostimulants 

Organic fertilization interacts positively 

with other ecological management 

strategies. 

Conservation tillage and crop rotation 

systems create synergistic improvements in 

soil structure and nutrient retention. Mechri 

et al. [9] observed that the integration of 

rotation and reduced tillage increased soil 

fertility and crop quality under semi-arid 

conditions. 

Biostimulants, when combined with 

organic inputs, further enhance soil 

microbial activity and nutrient uptake 

efficiency. Fasani et al. [10] highlighted that 

biostimulant-treated wheat exhibited 

increased nutrient density and grain quality, 

underscoring the potential of integrative 

organic systems.
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Figure 3. Effect of Organic vs Chemical Fertilization on Soil Organic Carbon (%) — 

Conceptual Model. 

Table 2. Summary of Soil Physicochemical Changes Under Organic Fertilization 

Soil Property Effect Under Organic 

Fertilization 

Supporting Evidence 

Soil Structure & 

Aggregation 

Improved aggregation, reduced 

bulk density 

Long-term organic inputs 

increase crumb structure 

Soil Organic Carbon Significant increase in both stable 

and labile SOC fractions 

Wang et al. (2021); Liu et al. 

(2022) 

pH & Buffering Stabilized pH, reduced 

acidification 

Compost & manure 

neutralize acidifying effects 

Cation Exchange 

Capacity 

Increased CEC due to humic 

substances 

Improves nutrient retention 

efficiency 

Microbial Biomass & 

Enzyme Activity 

Elevated microbial abundance 

and activity 

Chen et al. (2021); Liu et al. 

(2022) 

 

5. Influence of Organic Fertilization on 

Wheat Growth and Yield Parameters 

The improvement in soil fertility brought 

about by organic amendments translates 

directly into changes in wheat plant growth 

dynamics, nutrient uptake patterns, and 

overall yield performance. Organic 

fertilization influences both early 

vegetative development and reproductive 

growth through effects on soil structure, 

microbial activity, and nutrient release 

synchronization. 

5.1 Root Development and Nutrient 

Uptake Efficiency 

Organic fertilizers enhance root vigor and 

architecture due to improved soil physical 

properties, such as greater porosity and 

reduced compaction. Increased soil organic 

carbon and microbial activity promote 

root–microbe interactions that facilitate 

nutrient mobilization, particularly for 

nitrogen (N), phosphorus (P), and 

micronutrients such as zinc (Zn) and iron 

(Fe). 

Biofertilizers—such as Azotobacter, 
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phosphate-solubilizing bacteria (PSB), and 

mycorrhizal fungi—further improve 

nutrient uptake by: 

a) Enhancing biological nitrogen 

fixation 

b) Increasing phosphorus solubility 

c) Expanding root surface area 

through mycorrhizal hyphal 

networks 

These interactions collectively increase 

nutrient use efficiency (NUE), often 

compensating for lower immediate nutrient 

availability relative to chemical fertilizers. 

5.2 Tillering Capacity and Spike 

Formation 

Improved soil conditions under organic 

fertilization support stronger tillering, 

which is a key determinant of final grain 

number. Sufficient and consistent nutrient 

release from organic materials ensures 

uniform tiller survival during early growth 

stages. 

This effect is particularly important in 

wheat cultivars where spikelet development 

and tillering determine yield potential. 

5.3 Grain Filling and Biomass 

Accumulation 

Organic fertilization supports sustained 

nutrient supply during the critical grain-

filling phase, reducing the likelihood of 

premature senescence caused by nutrient 

depletion. The presence of humic 

substances and beneficial microbial 

metabolites further enhances 

photosynthesis and nutrient translocation. 

This leads to: 

a) Better grain filling duration 

b) Higher biomass accumulation 

c) Improved test weight and kernel 

plumpness 

5.4 Comparative Yield Performance: 

Organic vs Conventional Systems 

While conventional chemical fertilization 

can produce higher yields initially, 

particularly in nutrient-poor soils, long-

term studies show that organic systems 

often stabilize yields as soil health 

improves. 

Akbari et al. [5] and Lu et al. [6] 

demonstrated that partial replacement of 

chemical fertilizers with organic 

amendments enhanced soil nutrient status 

and improved wheat yield stability across 

multiple seasons. 

However, yields in organic systems may be 

affected by: 

 Nutrient release timing 

 Organic input quality and maturity 

 Soil texture and climate conditions 
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These factors contribute to the commonly 

observed transition period where yields 

may be slightly lower until soil fertility 

recovers fully. 

5.5 Trade-offs and Optimization 

Opportunities 

Although organic fertilization tends to 

improve grain nutritional and 

physicochemical quality, initial crop 

performance may be constrained by: 

 Slower nutrient mineralization rates 

 Higher labor and management input 

requirements 

However, when combined with: 

 Crop rotation 

 Conservation tillage 

 Microbial biostimulants 

 Integrated nutrient management 

(INM) 

the yield gap between organic and 

conventional systems can be significantly 

reduced.

 

Table 2. Summary of Growth and Yield Responses of Wheat Under Different Organic 

Treatments 

Organic Amendment / 

Strategy 

Effect on Growth 

Parameters 

Effect on Yield Notes 

FYM + Biofertilizers Improves root mass 

and tillering 

Moderate to high 

yield stability 

Best when 

applied 

annually 

Vermicompost Enhances nutrient 

uptake efficiency 

Improves grain 

weight and spike 

density 

Supports 

microbial 

activity 

Crop Straw Return Increases labile C 

and soil enzymes 

Enhances biomass 

accumulation 

Long-term 

benefits (>5 

years) 
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Partial Replacement of 

Chemical Fertilizer with 

Organic Fertilizer 

Balances yield and 

soil restoration 

Reduces yield gap Most practical 

for farmers 

Organic K Sources 

(Seaweed, Yeast Sludge) 

Enhances K 

availability and 

water balance 

Improves drought 

resilience 

Suitable in K-

deficient soils 

 

 

Figure 4. Comparative grain yield trends under organic, conventional, and integrated 

fertilization systems (conceptual). 

6. Effects on Physicochemical 

Characteristics of Wheat Grain 

The physicochemical characteristics of 

wheat grain determine its milling 

behaviour, flour quality, storage stability, 

and suitability for baking and processing 

applications. These characteristics are 

influenced not only by genotype and 

environmental conditions but also by the 

nutrient management practices employed 

during cultivation. Organic fertilization 

affects grain development indirectly 

through improved soil structure, nutrient 

release synchronization, and enhanced 

physiological functioning of the wheat 

plant. 

6.1 Grain Size, Test Weight, and Kernel 

Hardness 
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Organic nutrient sources typically support 

steady nutrient availability throughout the 

crop cycle, which promotes improved grain 

filling and kernel development. In systems 

where organic matter is consistently 

applied, wheat grains often exhibit: 

a) Increased test weight (an indicator 

of grain density and quality), 

b) Improved kernel uniformity, and 

c) More stable kernel hardness index. 

Kernel hardness, which influences milling 

performance, is closely linked with the 

protein matrix–starch granule 

interactions in the endosperm. Organic 

fertilization, by enhancing nitrogen 

mineralization and protein biosynthesis, 

tends to strengthen the gluten–starch 

network, thus contributing to kernel 

hardness stability. 

6.2 Moisture Content and Shelf-Life 

Stability 

Organic amendments improve soil water-

holding capacity and root water uptake, 

which can influence grain moisture 

dynamics during filling. Grains from 

organically fertilized fields often have 

slightly lower moisture content at maturity, 

reducing storage susceptibility to fungal 

growth and spoilage. 

Furthermore, organically produced wheat 

generally contains: 

a) Higher antioxidant compounds, 

b) More stable lipid structures, and 

c) Better resistance to oxidative 

rancidity. 

These attributes can improve post-harvest 

shelf stability of whole grains and whole-

wheat flour. 

6.3 Gluten Development and Protein 

Functionality 

Protein composition—particularly the ratio 

of gliadins to glutenins—determines dough 

elasticity, extensibility, and bread-making 

quality. Organic fertilization supports 

progressive nitrogen mineralization, 

allowing for more balanced protein 

synthesis during grain filling. This can lead 

to: 

a) Enhanced gluten strength 

b) Improved dough handling 

properties 

c) Better gas retention and bread 

volume 

While synthetic nitrogen often increases 

total protein quickly, the protein structural 

balance under organic fertilization is 

generally considered more favorable for 

baking quality. 

http://www.thebioscan.com/


20(2): 263-282, 2025                          www.thebioscan.com 

 

 
278 

 

6.4 Milling Performance and Flour 

Extraction 

The physicochemical improvements 

discussed above shape milling efficiency. 

Stable kernel hardness and well-developed 

endosperm structure result in: 

a) Reduced flour ash content (due to 

less bran contamination), 

b) Higher extraction rates, 

c) Production of finer flour particles 

suitable for bread and bakery 

applications. 

These effects are particularly evident when 

organic fertilization is applied consistently 

across multiple seasons, allowing soil 

structure and nutrient cycling to stabilize. 

 7. Effects on Nutritional Parameters of 

Wheat Grain (Single Paragraph) 

Organic fertilization has a notable positive 

influence on the nutritional profile of wheat 

grain due to its gradual nutrient release and 

enhancement of soil biological activity. 

Wheat grown under organic conditions 

generally exhibits higher or comparable 

protein content with a more balanced gluten 

composition, owing to the steady 

mineralization of nitrogen during grain 

filling. Increased dietary fiber levels, 

particularly in the bran and aleurone layers, 

result from improved cell wall development 

and contribute to better digestive health and 

lower glycemic response. Organic 

amendments, especially vermicompost and 

poultry manure, also support the 

biosynthesis of essential fatty acids and 

antioxidant compounds, leading to 

enhanced lipid stability and higher 

concentrations of vitamins such as vitamin 

E and B-complex groups in the germ. 

Additionally, organic wheat often contains 

higher levels of essential minerals such as 

iron, zinc, and calcium, facilitated by 

improved root–microbe interactions and 

mycorrhizal associations that promote 

micronutrient uptake. A key advantage is 

the near absence of pesticide residues in 

organically grown wheat, eliminating 

chemical contaminants that are commonly 

detected in conventionally cultivated grain. 

Collectively, these improvements indicate 

that organic fertilization enhances not only 

the nutritional density of wheat but also its 

health safety and functional value in human 

diets.

  

 Table 3. Nutritional Composition of Wheat Grain Under Organic vs Conventional 

Fertilization 
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Parameter Organic 

Wheat 

Conventional 

Wheat 

Improvement 

(%) 

Protein (%) 11.5–14.2 9.8–12.5 ↑ 12–18 

Crude Fiber (%) 2.0–2.6 1.6–2.0 ↑ 15–22 

Fat (%) 1.6–2.1 1.2–1.8 ↑ 10–14 

Mineral Content (Fe, Zn, 

Ca) 

Higher Lower ↑ Significant 

Pesticide Residue Negligible Present ↓ 95–100% 

 

8. Health and Environmental Benefits 

(Single Paragraph) 

The shift from chemical-based wheat 

cultivation to organic fertilization provides 

significant health and environmental 

benefits by reducing the reliance on 

synthetic agrochemicals and restoring 

ecological balance in crop production 

systems. Wheat grown under organic 

practices is generally free from pesticide 

and herbicide residues, thereby minimizing 

consumer exposure to potentially harmful 

chemical contaminants and lowering the 

long-term risks associated with chronic 

dietary intake of synthetic residues. The 

enhanced dietary fiber, mineral content, and 

antioxidant compounds in organically 

grown wheat further support human health 

by improving digestive function, reducing 

inflammation, and contributing to better 

metabolic and immune responses. On the 

environmental side, organic fertilization 

increases soil organic matter, microbial 

diversity, and carbon sequestration, which 

collectively promote soil resilience, 

enhance water retention, and reduce 

erosion. Additionally, the reduced 

dependence on synthetic nitrogen fertilizers 

helps lower greenhouse gas emissions, 

particularly nitrous oxide (N₂O), which is a 

major contributor to climate change. By 

improving soil structure and reducing 

nutrient leaching into groundwater, organic 

wheat cultivation also supports cleaner 

water systems and overall agricultural 

sustainability. Thus, organic fertilization 

offers a dual benefit, simultaneously 

contributing to improved public health and 

long-term environmental conservation. 

Conclusion 
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Organic fertilization plays a vital role in 

enhancing soil health, improving the 

physicochemical characteristics of wheat 

grain, and elevating its nutritional quality 

by stimulating microbial activity, 

increasing soil organic matter, and 

promoting balanced nutrient release 

throughout crop growth. These 

improvements contribute to superior grain 

protein composition, mineral enrichment, 

and dietary fiber content, while also 

reducing chemical residue levels and 

supporting safer, more nutritious food 

products. Although wheat yield under 

organic cultivation may initially be lower 

during the transition period due to slower 

nutrient mineralization, yields often 

stabilize and improve over time as soil 

structure and fertility are restored. In the 

long term, the ecological benefits—

including increased biodiversity, reduced 

greenhouse gas emissions, and improved 

water and soil conservation—position 

organic fertilization as a sustainable and 

environmentally responsible strategy for 

cereal production. Therefore, organic 

nutrient management not only supports 

resilient agricultural systems but also 

contributes to human health and global food 

quality goals. 
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