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Introduction
Sheep wool that is unsuitable for use in the textile industry 

is classified as “special waste” by the European Commission.1 
In parallel, an increasing number of scientific studies report that 
fertilizers produced in different forms from sheep wool can be 
utilized in agricultural production and may enhance both crop yield 
and quality. Recent research further indicates that sheep wool and its 
residues can be valorized as organic fertilizers and represent valuable 
inputs in organic farming systems. Particularly promising results have 
been reported for crops grown in sandy-loam soils.2

Sheep wool is characterized by its relatively high nitrogen content 
and notable water-holding capacity, making it not only a fertilizer 
but also a potential organic mulching material.3 Due to its keratin-
rich structure, sheep wool decomposes gradually in soil and thus 
functions as a slow-release nitrogen source. This characteristic has 
been suggested to positively influence agricultural product quality.4 
Studies evaluating sheep wool and wool-derived agricultural inputs 
have examined not only their effects on yield and conventional quality 
parameters, but also on bioactive compounds. In one such study, 
raspberries cultivated in substrates containing sheep wool exhibited 
a 37.7% increase in total polyphenol content compared to the control 
group.5

Overall, current research suggests that sheep wool can function as 
an environmentally friendly mulch and soil amendment, contributing 
to soil moisture conservation, reduction of plant stress particularly 
under drought conditions and improvement of product quality.1,2,6 
While determining the effects of sheep wool–based fertilizers on 
yield, quality, and bioactive compound content may be relatively 
straightforward and rapid in annual crops such as vegetables and 
cereals, evaluating these effects in perennial species such as plum 
requires longer-term studies. Therefore, comprehensive and long-

term research focusing on quality parameters and bioactive compound 
profiles is still needed.6

Sheep wool and its various derivatives are increasingly defined as 
sustainable and environmentally friendly inputs for crop production.1,2,6 
The aim of this review is to compile and evaluate published studies 
investigating the effects of waste sheep wool and its processed forms-
such as pellets, hydrolysates, and carbonized materials-when used 
as fertilizers or mulch in agricultural production, particularly with 
respect to crop yield, quality attributes, and bioactive compound 
content. The review also synthesizes findings regarding their role as 
soil amendments and organic fertilizers influencing product quality. 
Special emphasis is placed on physical, chemical, technological, and 
bioactive quality parameters of crops, as well as their relationship 
with water-use efficiency and climate-resilient agricultural practices, 
which have gained increasing importance in recent years.

Some characteristics of sheep wool relevant 
to crop production

Sheep wool is a protein-based waste material rich in keratin. It 
is an organic material composed of approximately 95% keratin 
and contains around 10% total nitrogen.7,8 Keratin contains high 
levels of carbon, oxygen, nitrogen, and sulfur and is composed of 
a copolymeric structure of 18 different amino acids which includes 
predominantly glutamic acid, serine, glycine and cysteine.8,9 Protein 
hydrolysates are known to function as biostimulants in agriculture, 
enhancing nutrient uptake and metabolic activity in plants.10,11 It has 
been reported that one ton of raw wool consists of approximately 640 
kg of wool fiber, 150 kg of lanolin (if not scoured), 40 kg of suint 
(water-soluble contaminants such as potassium salts derived from 
sweat and feces), 150 kg of mineral residues (soil), and around 20 kg 
of vegetable matter that may contain insecticide residues.1
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Abstract

Sheep wool unsuitable for textile use is classified as special waste. However, it has the 
potential to be used as a sustainable and inexpensive input in agricultural production. 
This review comprehensively evaluates the yield, product quality, and bioactive content 
of raw wool, pellets, hydrolysates, and carbonized derivatives after their use as organic 
fertilizers, soil conditioners, and mulches. Studies have shown that sheep wool-based 
materials function as slow-release organic nitrogen sources and increase the soil’s water-
holding capacity. This feature has resulted in yield performance comparable to commercial 
organic fertilizers. Some studies have reported maintaining product quality, while others 
have reported improving it. When applied as mulch, sheep wool improved the sugar-acid 
balance in fruits and increased phenolic and flavonoid content. Sheep wool-based soil 
conditioner application supported yield and quality. Variations in yield and quality were 
observed depending on the product and application. Overall, it was concluded that the use 
of sheep wool as an agricultural input does not lead to yield or quality loss and can be used 
as an inexpensive agricultural input.
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Globally, more than 5 million tons of wool and other keratin-rich 
wastes are generated annually,12 while Türkiye alone has an estimated 
potential of approximately 85,000 tons of sheep wool.13 However, 
the highly resistant structure of keratin has limited the effective 
valorization of these wastes.

Numerous studies have demonstrated that different types of wool 
waste and wool residues can positively affect soil properties and 
fertility. Wool keratins degrade slowly in soil, gradually releasing 
nutrients over an extended period.14–17 Researchers have also reported 
that wool waste contains significant amounts of phosphorus (P), 
calcium (Ca), potassium (K), copper (Cu), zinc (Zn), and manganese 
(Mn), which become available to plants after mineralization.18–20,17

Keratin extraction from sheep wool is commonly performed 
through hydrolysis processes, and the resulting hydrolysates are 
nitrogen-rich materials that can be used as agricultural fertilizers.21 
Sustainable production approaches have also been developed using 
superheated water hydrolysis (heated up to 180–187.5 °C), allowing 
keratin extraction without chemical additives.1

Agronomic applications of sheep wool in crop 
production

Uncomposted wool waste,19 hydrolyzed wool,22,14,17 wool pellets,23 
and scoured wool,24 have been reported to function effectively as 
organic fertilizers in various field crops25 and vegetable species.19,20,22–27 
A review by Camilli et al.28 summarized research on the use of sheep 
wool and its derivatives in crop production. According to this review, 
vegetables were the most studied group (28 publications), followed by 
field crops (15), ornamental plants (10), forage crops (9), medicinal 
plants and fruit trees/shrubs (3), and aromatic plants (2). Among 
vegetables, tomato was the most frequently investigated crop (7 
studies), covering almost all types of wool-based applications except 
scoured wool and wool management practices. Lettuce was examined 
in five studies using raw wool, wool pellets, wool mats, substrates, 
and wool compost, while pepper was studied mainly with raw wool 
and wool hydrolysates.

Research on the direct use of sheep wool or its acid/alkaline 
hydrolysates in agriculture indicates considerable potential for 
improving soil fertility and plant nutrition. Wool applications have 
been shown to increase total nitrogen and protein content in plant 
tissues, stimulate microbial biomass, and influence root mycorrhizal 
colonization.15 Due to its hygroscopic structure, wool can retain up to 
30% of its weight in water,14,29 making it suitable both as a mulching 
material30 and as a slow-release fertilizer.31 Hydrolyzed wool, in 
particular, has been reported to enhance plant nutrient availability and 
promote growth.21,22,32

In the context of climate change, increasing drought events and the 
rising use of synthetic fertilizers to maximize yields pose significant 
environmental risks. The IPCC33 recommends promoting agricultural 
practices that enhance soil fertility and carbon sequestration 
while reducing greenhouse gas emissions. Improving water-use 
efficiency is also emphasized as a priority34 Within this framework, 
the valorization of agricultural by-products such as sheep wool as 
organic soil amendments or fertilizers represents a sustainable and 
environmentally sound strategy.35,36

Impact on yield and physical quality attributes
Studies have examined the effects of sheep wool–based materials on 

crop yield and physical quality. Abdallah et al.2 evaluated carbonized 

and non-carbonized sheep wool waste as soil amendments and 
nitrogen sources in pot experiments. In ornamental sunflower, most 
wool treatments increased plant growth and biomass, with carbonized 
wool showing the strongest effect. In maize, a 1% wool application-
especially in carbonized form-improved plant growth even without 
additional mineral nitrogen. In contrast, excessive mineral nitrogen 
reduced biomass. These results suggest that carbonized wool waste 
may function as an effective organic nitrogen source and help reduce 
mineral fertilizer use.

In horticultural crops, positive yield responses have also been 
reported. Washed wool increased tomato yield by about 30% compared 
to standard commercial fertilization.24 Wool pellets produced similar 
yield improvements in some studies,37 although other research found 
no significant difference between wool pellets and conventional 
fertilizers.38 Zheljazkov et al.15 reported yield increases in several 
medicinal and aromatic plants, including basil, sage, mint, and 
valerian, following wool application.

In terms of quality, most studies indicate that wool-based 
fertilization does not negatively affect key physical parameters. 
Ordiales et al.23 found no significant differences in °Brix, viscosity, 
color, or firmness in tomato, nor in head size and compactness in 
broccoli, when wool fertilizers were used. In pepper, wool fertilizer 
significantly improved plant height, biomass, fruit length, soluble 
solids content, and fruit number, although fruit weight and diameter 
remained unchanged.31 Bradshaw and Hagen38 reported that higher 
nitrogen levels increased total tomato yield, but fruit number and 
physical quality traits were not significantly affected by fertilizer type. 
Similarly, in spinach, wool pellet application did not significantly 
influence leaf dry matter content or leaf number per plant.

In fruit crops, promising results have been observed. In plum, the 
combined use of sheep wool and a soil conditioner increased yield 
by 37%, while wool mulch alone resulted in a 27% increase. Fruit 
weight and the proportion of first-quality fruits were also highest 
under combined treatments.6 In sugar beet, reducing chemical 
fertilizer by 33% did not harm plant growth when wool or wool plus 
hydrolysate was applied. Under reduced fertilization, shoot yield 
increased by up to 52%, while root yield also improved.39 Wool 
pellets also increased lettuce yield by approximately 20% compared 
to commercial fertilizers.37 Additionally, raw wool used as mulch has 
shown positive yield effects and may serve as a sustainable alternative 
to polyethylene mulch.40 Broccoli trials with wool pellet fertilizer 
(8% N) showed a 47% increase in total yield compared to the control, 
without reducing marketable quality. Yield increases were mainly due 
to a higher number of heads rather than larger head size.23

Most reported studies indicate that sheep wool-based fertilizers 
improve or maintain yield without negatively affecting physical 
quality parameters. They offer a sustainable alternative to mineral 
fertilizers and provide a valuable use for low-grade wool waste, 
although further research is needed to better understand their long-
term effects on soil properties.

Impact on chemical and technological quality 
attributes

Several studies have evaluated the effects of sheep wool-based 
fertilizers on chemical quality traits in different crops. In plum 
production, total soluble solids were higher under a corn starch–based 
superabsorbent soil conditioner compared to sheep wool treatment. 
However, the total soluble solid to titratable acidity ratio (sugar/acid 
balance), an indicator of taste and commercial maturity, was higher 
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in wool-treated plants than in the control. This suggests that reduced 
drought stress under wool application may positively influence sugar 
accumulation and flavor profile.6

In one study, the effects of using wool pellet fertilizer in tomato 
cultivation on technological quality parameters such as water-soluble 
solids content, viscosity, color and fruit firmness of tomatoes were 
investigated and no statistically significant difference was reported 
in terms of these values ​​when compared with control fertilizer 
applications. These findings show that wool-based fertilizers can be 
an alternative to commercial organic fertilizers and do not cause any 
decreases in product quality.23

In sugar beet, the impact of chemical fertilizer reduction, sheep 
wool, and sheep wool plus hydrolysate applications on quality 
parameters has been investigated. Fertilizer reduction did not result 
in a marked decrease in sugar content. However, wool and wool plus 
hydrolysate treatments generally led to a significant reduction in 
both total sugar content and refined sugar concentration. Despite this 
decrease, refined sugar yield at harvest was not negatively affected.39 
Bradshaw and Hagen38 reported that most elemental concentrations in 
spinach treated with wool pellet fertilizer did not differ significantly 
from those of the control group.

In sugarcane production, increased accumulation of α-amino 
nitrogen in roots has been associated with quality losses, as elevated 
α-amino N enhances sugar transfer to molasses during processing, 
thereby increasing refining losses.41–43 Wool and wool plus hydrolysate 
applications increased shoot nitrogen concentration, which in turn 
elevated α-amino N accumulation in roots. However, the increase in 
root biomass compensated for the partial decline in quality parameters, 
and total refined sugar yield at harvest remained unaffected.39

Impact on bioactive compounds and antioxidant 
capacity

Sheep wool-based soil amendments and mulching applications 
have shown promising effects on bioactive compound accumulation 
in several crops. In apple, total polyphenol content in the control group 
was approximately 210-220 mg gallic acid equivalents (GAE)/100 g 
fresh weight. This value increased to about 240 mg GAE/100 g under 
sheep wool–based soil conditioner treatment and to approximately 250 
mg GAE/100 g with wool mulch alone. When both wool-based soil 
conditioner and wool mulch were applied together, total polyphenol 
content reached 280–290 mg GAE/100 g, representing an increase of 
approximately 30–35% compared to the control.44

In plum, the highest total phenolic content (1.30 ± 0.09 mg GAE/g 
dry weight) was observed under the combined wool + soil conditioner 
treatment, compared to 1.16 ± 0.09 mg GAE/g dry weight in the 
control.6 In contrast, in tomato, most chemical parameters were not 
significantly affected by fertilization treatments, and total polyphenol 
content was reported to be higher in the control than in the wool 
fertilizer treatment.38

Wool fertilizer has also been associated with increased secondary 
metabolite production in medicinal and aromatic plants. Zheljazkov et 
al.15 reported enhanced levels of essential oils and alkaloids in basil, 
sage, mint, and valerian following wool application.

Antioxidant capacity, assessed using different assays (DPPH, 
FRAP, and CUPRAC), was highest in the combined wool plus soil 
conditioner treatment, and a strong positive correlation between total 
phenolic content and antioxidant activity was reported.6 In apple, total 
flavonoid content increased from approximately 85–90 mg catechin 

equivalents/100 g fresh weight in the control to around 100 mg 
under wool-based soil conditioner treatment and 105 mg with wool 
mulch. The combined application resulted in 120–125 mg catechin 
equivalents/100 g, corresponding to a 35–40% increase compared to 
the control.44

Conclusion
Research indicates that fertilizers and mulches derived from 

sheep wool, when used in crop production, do not pose a problem in 
terms of yield and quality, and sometimes even provide advantages. 
Wool pellets used as fertilizer have shown comparable success to 
commercial organic fertilizers in tomato and broccoli production. 
Sheep wool or wool-derived fertilizers have been considered as 
alternatives to other organic or non-organic fertilizers. In drought-
stricken regions, the use of sheep wool as organic mulch has been 
reported to have positive effects on fruit quality. Improvements have 
also been reported in properties such as sugar-acid balance, phenolic 
content, and antioxidant capacity. Using sheep wool not alone, but in 
combination with other inputs, has positively contributed to product 
yield and quality. 

Raw sheep wool, pellet, hydrolysate, and carbonized forms, 
can be used as an alternative organic nitrogen and soil conditioner 
source by crop producers, especially those practicing organic and 
good agricultural practices. Long-term sheep wool trials may offer 
unique research areas in terms of cultivation and product quality 
studies. Enhancing the use of sheep wool in crop production can 
promote a circular economy, environmentally friendly approaches, 
and reduce fertilizer use. Farmers are expected to reduce input costs 
without experiencing losses in product quality or yield by using sheep 
wool and/or its derivatives as inexpensive fertilizer and mulch raw 
materials.
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