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ABSTRACT. Sheep wool is an important organic fertilizer, friendly for environment, and  rich in nitrogen, 

carbon, and sulfur. In this study, the sheep wool manure fertilizer doses (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 

and 5.0 t da-1) were applied to the root area of the seedlings in the soil to investigate its effect on the pepper 

plant growth under greenhouse condition. The seeds of the crop were initially pre-sowed in trays, and 

further, transplanted into the flowerpots.  Following the treatment, the plant length, root length, shoot fresh 

weight, root fresh weight, shoot dry weight, root dry weight, fruit weight, fruit diameter, fruit height, 

number of fruits per plant, water-soluble dry matter, and SPAD value were measured.The results showed 

that some yield characteristics of pepper plants were significantly affected (p<0.01) with the increment in 

the doses of sheep wool manure applications. Generally, in the yield components of the pepper plant, the 

lowest and highest values were obtained from 5.0 t da-1 and 1.0 t da-1 of the manure application, respectively. 

It was concluded that the ideal dose of sheep wool manure for the crop is 1.0 - 2.0 t da-1. 
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INTRODUCTION 

Due to their excessive use and richness in vitamins, pepper plant production is very 

important for the national economy and human nutrition of our country. It is necessary to 

increase the yield per area and quality of the pepper plant [1]. Sheep wool is one of the 

natural and renewable sources and a friendly fiber for environment, which is widely used 

in the textile industry to make clothes, rugs, socks, and carpets, besides some uses in 

agriculture as fertilizers. 

Adi and Păcurar [2] stated that economic and environmental reasons need suitable 

management, and use of fertilizers for more exploitation. In addition in the agricultural 

sector and agribusiness, the correct use of fertilizers is not just for economic reasons, but 

also to protect the environment [3]. In 2011, the worldwide production of animal wool 

was 1.985.797 million tonnes [4].The wool can be used as a cover material especially 

after sowing of seeds, to reduce soil evaporation and maintain constant soil temperature 

to increase the crop growth [5]. Profitable yield and environmental friendliness can be 

achieved by using sheep wool manure as a nutrient source, hence, it is a good source of 

organic fertilizer for sustainable agriculture [6, 4].  Zheljazkov et al. [7]  observed that 

the roots take up nutrients from the wool layer and can serve as a nutrient source and 

growth medium for five growing seasons. In addition to that, Zoccola et al. [8]  reported 

that grass-grow yield (wet and dry matter) was greatly increased when wool was added 

to the soil. 

Zheljazkov et al. [7] tested the usability of sheep wool as an organic fertilizer source 

in plant growing containers. Four different rates of wool (0 or unamended control, 20, 40, 
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80, and 120 g of wool per plastic pot (851 cm3 volume)), three growth medium [(2.1) 

wool plus perlite, (2.2) wool plus peat, and (2.3) wool plus peat plus perlite], and two 

crops (chard and basil) were compared. Results showed that total basil yield increased 

1.6- 5 times during five harvest periods and chard yield increased 2-5 times in four harvest 

periods. It was observed that when the wool was added to the growth medium, it causes 

the increase in biomass yields of the plants. In addition, it was concluded that one-time 

application of wool can supply nutrients to the grown crops for 4-5 growth seasons. Also, 

the result determined that wool application in containers, without any other fertilizing 

agent, can supply the required nutrients, besides it serve as the growth medium for the 

crop. According to Ordiales et al. [4]  two experiments aimed to study the effect of 

different sheep wool manure [(0, 100, 150, 200, and 300 kg N ha-1 as a floraPell (10% 

N), 300 kg N ha-1 as wool pellets 8 mm (8% N), and 150 kg N ha-1 as a humibio (6-7-7) 

on tomato) and (0, 50, 100, 150, 200 kg N ha-1 as a floraPell (10% N), and 100 kg N ha-1 

as a humibio (6-7-7) on Broccoli plant)] as an organic fertilizer and as a soil amendment 

agent on vegetable crops. The trials were conducted at the experimental fields of Centro 

Tecnológico Nacional Agroalimentario Extremadura (CTAEX), in Badajoz (Spain). 

According to the results, when different sheep wool manure was increased, total yield of 

tomato and broccoli plants increased, and floraPell can be used successfully as an 

alternative biological fertilizer at a dose of 2 t ha-1 in both crops. The effect of sheep wool 

(0, washed wool at the rate of 10 g per 1 dm3) on dry substrate amended containers under 

greenhouse conditions, significantly increased sweet pepper fruit yield/plant, fruit 

number/plant, and mean weight/fruit [6]. 

Vončina and Mihelič [9]  found that when sheep's wool (140 kg (W1, L1)), leather 

shavings (560 kg (W3, L3)), cattle manure (280 kg (W2, L2, FYM) N/ha) were applied 

on green asparagus plantation at Rogelj organic farm in Kranj (Slovenia) field, sheep 

wool significantly increased the yields of asparagus in 2008 season. Experiments were 

conducted to determine the effect of sheep wool residue SWR (WW, is produced from 

the mechanic beating of scoured wool and is formed of wool fiber residues and vegetal 

residues), and black wool residue (BW, is produced from the “carbonization” of the 

scoured and beaten wool with a solution of sulfuric acid) on sunflower (Helianthus annuus 

L.) by using treatments (0, WW0.5%, WW1%, WW2% and BW0.5%, BW1%, BW2%) 

with three replicates in 21 pots. The result showed that when SWR (white or black) 

applications were increased, sunflower Leaf chlorophyll content (SPAD), Leaf Area 

(cm2), the number of flowers, and Leaf biomass (g) increased significantly. Also, when 

BW (0.5, 1, and 2%) increased, stem diameter (mm) increased, while root biomass (g) 

and stem biomass (g) decreased. Besides, when  WW (0.5, 1, and 2%) was applied, 1% 

application significantly increased the stem biomass (g) and root biomass (g), but 0.5 and 

2% application decreased it significantly, but stem diameter (mm) was oppositely affected 

[10]. The water-soluble part of the total dry matter called brix or refractometer value is 

an important quality criterion in both production and quality control. It is important in 

determining the mellowness, harvest time of fruits and is an important factor in 

production of fruit juice, concentrate, paste or canned food [11]. 

The study was carried out under greenhouse conditions to evaluate the use of sheep 

wool manure as an organic fertilizer in pepper plant production.  

MATERIALS AND METHODS 

The study was carried out in the greenhouse (in 2019) at the Department of Soil 
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Science and Plant Nutrition, Faculty of Agriculture, Selcuk University Konya, Turkey as 

a four frequency pot trial in randomized blocks factorial experimental designs. A sample 

of clay soil and increasing doses (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, and 5.0 t da-1) of sheep 

wool manure mixed with this soil were used in the study. 

The results of the chemical properties of the sheep wool manure used in the study were 

obtained from the company that produced the fertilizer. The sheep wool manure was rich 

in organic matter (81.1%) and other plant nutrients (N, P, K, S, Fe) with high pH (9.1) 

and salt (7.5 mmhos cm-1) content (Table 1). 

 

Table 1. The chemical properties and some nutrients content of sheep wool manure 
Properties        Value Methods 

Organic Matter % 81.1               [12] 
Total Nitrojen (N) % 10.5 [13] 

Total Phosphorus (P205) %  0.55 [14]  

Total Potassium (K2O) %  4.2 ICP / AAS 

Total Sulfur (S) %  5.8 [14]  

Total Iron (Fe) %  0.33 ICP / AAS 

pH  9.1 pH (1/10 potentiometric) 

EC (mmhos cm-1)  7.5 EC (1/10 in aqueous solution) 

 

The physical and chemical properties of the soil used in the experiment are presented 

on Table 2., and according to Jackson [15]   was slightly alkaline (pH, 7.52), saltless (54 

(µS cm-1) and poor in organic matter (1.58%). However, base on Ülgen and Yurtsever 

[16],  was very high in lime content (33.8%), and according to Bouyoucos [17]  the texture 

of the soil was clay loam. Besides that the soil was insufficient in nitrogen (39.14 mg kg-

1) content [13]. Also, the soil was sufficient in phosphorus (14.8 mg kg-1) and potassium 

(218 mg kg-1) contents, and was high in calcium (6132 mg kg-1) content [18]. According 

to Lindsay and Norvell [19]  the soil was sufficient in copper (0.8 mg kg-1) and insufficient 

in iron (0.7 mg kg-1), and manganese (0.18 mg kg-1). According to Richards [20]  the soil 

was insufficient in boron (0.32 mg kg-1) concentration. The soil was also sufficient  in 

Zinc (1.4 mg kg-1) concentration.  

Before the establishment of the experiment, the seeds of pepper (Capsicum annuum 

L.) were sowed in trays containing a 3:1 mixture of soil and peat and irrigated with 

distilled water. Taking the oven-dried weight into account, 5 kg soil was used.  

The doses of sheep wool manure used in the experiment were 0, 0.5, 1.0, 1.5, 2.0, 2.5, 

3.0, 4.0, and 5.0 t da-1. After 15-20 days of development, the pepper seedlings were 

transplanted to pots containing the soil. The experiment was kept under controlled 

conditions in the greenhouse from the transplanting of the seedlings to the harvest stage 

and irrigation and other maintenance operations were carried out accordingly. The fruits 

were harvested at the appropriate time and necessary measurements were made. 
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Table 2. Some physical and chemical properties of the soil used in the experiment 
Properties Value Methods Properties Value Methods 

Texture Clay loam [17, 21] Ca 

(m
g

 k
g

-1
) 

 

6132 [26] 

pH 7.52 [20] Mg 227 

EC (µS cm-1) 54 [22] Na 8.0 

O.M. (%) 1.58 [23] Fe 0.7 [19] 

CaCO3 (%) 33.8 [24] Cu 0.8 

N 

(m
g

 k
g

-1
) 39.14 [13] Mn 0.18 

P 14.8 [25] Zn 1.4 

K 218 [26] B 0.32 [20] 

 

According to Kacar and İnal [27]  plant height, root height, plant fresh weight, root 

fresh weight, plant dry weight, root dry weight, fruit weight, fruit diameter, fruit height, 

number of fruits per plant, water-soluble dry matter parameters were measured. SPAD 

value was determined using Minolta 502 SPAD meters [28]. The data obtained from the 

experiment were subjected to analysis of variance using MINITAB and MSTAT-C 

package programs. In the significance tests, 1% and 5% were used between groups. In 

mean separation, the least significant difference (LSD) test was used [29]. 

RESULTS AND DISCUSSION 

Research results of the growth pepper plant 

According to the research results, the sheep wool manure applications had significantly 

affected (p<0.01)  the pepper plant height, plant fresh weight (g), plant dry weight (g), 

root height (cm), root fresh weight (g), and root dry weight (g) (Table 3). Similar results 

were found by [10] Abdallah et al. (2019) who found that the sheep wool residue (SWR) 

(white or black) applications significantly affected the number of flowers and leaf 

biomass of sunflower. 

   

Plant height (cm) 

As can be seen in Table 3, the pepper plant height showed differences between the 

sheep wool manure application doses. It was determined that the pepper plant height 

varied between 39.67-57.00 cm. Also, the lowest value in plant height (39.67 cm) was 

obtained from 5 t SWM da-1 of sheep wool manure (SWM) application and the highest 

value (57.00 cm) of plant height was obtained from 1.0 t SWM da-1 application. Besides 

that, according to control when SWM applications were increased up to 4 t SWM da-1, 

the pepper plant height increased significantly, and while 5 t SWM da-1 dose significantly 

decreased the pepper plant height (Table 3). 

 

Plant fresh weight (g pot-1) 

The experiment results showed that the applications of sheep wool manure (SWM) on 

the soil, changed the pepper plant fresh weight between 21.43 and 39.40 g pot-1. Also, the 

highest plant fresh weight of the crop (39.4 g pot-1) was determined by 1.0 t SWM da-1 of 

sheep wool manure (SWM), and the lowest plant fresh weight (21.43 g pot-1) was 

determined with 5.0 t SWM da-1 application. Also, the pepper plant fresh weight 
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significantly increased with increase in SWM compared to control until 4.0 t SWM da-1 

dose and after which it significantly decreased (Table 3). Similar results were observed 

by [7] when  wool was added to the growth medium, it increased the biomass yields of 

the Swiss chard (Beta vulgaris L.) and basil (Ocimum basilicum L.) plants. 

 

Plant dry weight (g pot-1) 

In our study, when the sheep wool manure (SWM) as organic fertilizer was 

increasingly applied to the soil until 4.0 t SWM da-1, the dry weight of pepper plant 

increased significantly (p<0.01), and then decreased. Besides that, the dry weight values 

of the pepper plants ranged from 4.00 g pot-1 (5 t SWM da-1) to 7.50 g pot-1 (1.0 t SWM 

da-1), and the ratio of the lowest to highest was 88% according to dry weight of pepper 

plants (Table 3). 

 

Root height (cm) 

According to the result of the sheep wool manure (SWM) applications on slightly 

alkaline reaction soil, the root height of the pepper plant ranged between 11.67 cm (5 t 

SWM da-1) and 22.33 cm (1.0 t SWM da-1) values. Also, when the SWM increased to 1.0 

t SWM da-1, the root height of the pepper plant increased significantly, while when it 

increased from 2.0 t SWM da-1 and more, the pepper root height decreased significantly 

(Table 3).  

 

Root fresh weight (g pot-1) 

Additionally, the results of the study showed that the ratio between the lowest root 

fresh weight of the pepper plant (2.67 g pot-1, 5.0 t da-1 of sheep wool manure (SWM)) 

and the highest root fresh weight (9.20 g pot-1, control) increased by 245%. In addition, 

the pepper root fresh weight decreased significantly with increasing SWM according to 

control (Table 3).  

 

Root dry weight (g pot-1) 

Depending on sheep wool manure (SWM) applications, the root dry weight values of 

the pepper plant ranged from 0.57 to 1.33 g pot-1. The lowest dry weight of the pepper 

plant was 0.57 g, and it was determined in the plant in the pot, where 5 t da-1 of sheep 

wool fertilizer was applied to the root zone of the plant.  Besides, when the SWM was 

increasing applied to the soil according to control, the root dry weight of pepper plant 

decreased significantly (Table 3). Additionally, the application of sheep wool manure in 

the soil according to control, increased the soil salinity which negatively affected the plant 

growth by decreasing the pepper root fresh and dry weight (Table 3). Similar results were 

obtained by [30] where an increase in salinity negatively affected the product amount of 

the plants according to the tolerance response of the plant. 

 

Research results yield and yield components of the pepper plant 

The results showed that while the fruit weight (g) and fruit diameter (mm) were non 

significantly (p˃0.05) affected by the sheep wool manure applications, the fruit size (cm), 

number of fruits (piece), water-soluble dry matter (%), and SPAD value were 

significantly (p<0.01) affected (Table 4). In that time as a same result for number of fruits 

(piece) of pepper plant the effect of sheep wool when was applying according to control, 
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affected significantly on sweet pepper fruit yield/plant, fruit number/plant and mean 

weight/fruit [6]. Additionally as opposite result, Vončina and Mihelič [9]  found that 

sheep wool manure significantly affected  the yields of asparagus in 2008 season. 

 

Table 3.  The effect of increasing doses of sheep wool manure on some yield elements of 

pepper plant  
Fertilizer  

Dose 

 (t SWM da-1) 

Plant 

height 

 (cm) 

Plant fresh 

weight 

 (g) 

Plant dry 

weight  

(g) 

Root 

height 

(cm) 

Root fresh 

weight  

(g) 

Root dry 

weight 

 (g) 

0 40.83C  21.70C  4.90BC 18.67ABC 9.20A 1.33AB 

0.5  51.50AB 31.67B  6.17AB   21.00AB  7.10AB 1.27AB 

1.0 57.00A 39.40A 7.50A   22.33A 8.43A 1.30AB 

1.5 56.17A 39.00A 7.23A   17.67BC  5.20BC 1.33AB 

2.0 53.00A 37.67A 6.90A   14.33CD  5.13BC 1.30AB 

2.5 54.00A 38.87A 6.90A   15.00CD 4.07C     1.17A 

3.0  50.00AB  33.77AB 6.47A   14.33CD 3.73C     1.07B 

4.0  44.67BC 29.50B  6.00AB   12.33D 3.20C  0.90BC 

5.0     39.67C 21.43C 4.00C   11.67D 2.67C 0.57C 

LSD (p<0.01) 7.12 5.71 1.45     4.24 2.79 0.43 

Different letters: significantly different at p<0.01, Similar letters: insignificant at p˃0.01, LSD: Least significant 

difference.

 

Fruit weight (g pot-1) 

According to the research results as seen in Table 4, the sheep wool manure application 

had different effects on the fruit weight values of the pepper plant, and it varied between 

14.25-20.07 g pot-1. The lowest fruit weight of the pepper plant was 14.25 g pot-1 in the 

5.0 t da-1 application, whereas the highest fruit weight of pepper plant (20.07 g pot-1) was 

determined in 2.5 t da-1 of sheep’s wool manure fertilizer. Contrasting results were found 

by [4] with tomato and broccoli plants and by [6] with sweet pepper who reported that 

the sheep wool application significantly increased fruit yield/plant.  

 

Fruit diameter (mm) 

The results of the research showed that the lowest fruit diameter of the pepper plant 

was 19.10 mm which was obtained from 3.0 t da-1 of sheep wool manure (SWM) 

application to the plant root area. In addition, the highest fruit diameter of the pepper plant 

was 23.24 mm, which was determined in 2.5 t da-1 of SWM application. Generally, the 

fruit diameter of pepper plant decreased with an increase in the SWM application to the 

soil (Table 4). 

 

Fruit size (cm) 

According to the results of the research, when the sheep wool manure (SWM) fertilizer 

was increased, the pepper plant fruit size increased (p <0.01) significantly. In the study, 

the highest fruit length of the pepper plant was determined as 12.61 cm in the plant in the 

pot, where 2.0 t da-1 of sheep wool fertilizer was applied to the root zone of the plant.  

 

 



Çetin Karaca et al.: The effect of sheep wool manure on growth and yield of pepper (Capsicum annuum) plant 

79 

Number of fruits (piece) 

Results revealed that the lowest number of fruits of pepper plant was 4.67 and it was 

observed at  5 t da-1 of sheep's wool manure (SWM) application, and the highest number 

of fruits of the pepper plant (10.67) was obtained at 1.5 or 2.0 t da-1 of SWM to the plant 

root area. Also, the result showed that the number of fruit significantly increased when 

SWM was increased to 3.0 t da-1 compared to control, and it significantly decreased when 

SWM was increased after this dose. 

 

Water-soluble dry matter (%) 

According to the research results; and depending on the sheep wool manure (SWM) 

applications the water-soluble dry matter values of the pepper plant ranged from 4.16-

6.40%, and the lowest water-soluble dry matter value of the pepper plant was obtained 

from the control treatment, and the highest water-soluble dry matter value of the pepper 

plant was obtained from 3.0 t da-1 of SWM. Additionally, the water-soluble dry matter 

values of the pepper plant was significantly increased when SWM increased according to 

control (Table 4). 

 

SPAD value in the leaf 

The resulst as seen in Table 4 showed that according to sheep wool manure (SWM) 

application, the leaf chlorophyll value of the crop was ranged between 48.22-60.18 

SPAD. Besides that the lowest SPAD value of the pepper plant was obtained (48.22 

SPAD), by 5 t da-1 of SWM, and the highest SPAD value in the leaf of the pepper plant 

was determined as 60.18 SPAD from 0.5 t da-1 application. In another direction, the SPAD 

was significantly increased when SWM was increased until 3.0 t da-1 application, while 

it decreased when SWM was increased after this dose. Similarly when sheep wool residue 

(SWR) (white or black) applications were increased in the soil, sunflower leaf chlorophyll 

content (SPAD) increased significantly [10].   

 

Table 4.  The effect of increasing doses of sheep wool manure on yield and yield 

component of pepper plant and fruit 
Fertilizer Dose 

 (t SWM da-1) 

Fruit 

weight  

(g) 

Fruit 

diameter 

(mm) 

Fruit size 

(cm) 

Number of 

fruits  

(piece) 

Water 

soluble dry 

matter (%) 

SPAD 

value 

0 17.80 21.91     9.02D 6.33CDE    4.16C 55.47AB 

0.5 18.94 21.70 10.06BCD     9.33AB    4.34BC  60.18A 

1.0 15.85 19.19 10.27BCD 7.33BCD 5.38ABC  58.59A 

1.5 19.65 21.73 11.17ABC 10.67A 5.54ABC  57.57A 

2.0 17.83 21.26   12.61A 10.67A 5.56ABC 55.59AB 

2.5 20.07 23.24   12.33A 9.33AB     5.86AB  57.04A 

3.0 15.72 19.10   11.49AB  8.67ABC     6.40A 55.75AB 

4.0 16.69 19.77 10.75AD 5.67DE 5.39ABC 53.62AB 

5.0 14.25 19.44 9.40CD      4.67E 4.87ABC  48.22B 

LSD (p<0.01) N.S. N.S.     1.87       2.48      1.44    7.09 

Different letters: significantly different at p<0.01, Similar letters: insignificant at p˃0.01, LSD: Least significant 

difference, N.S.: Not significant
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CONCLUSIONS 

The results of the experiment showed that the sheep wool manure (SWM) had 

significantly (p<0.01) affected the plant height, plant fresh weight (g), plant dry weight 

(g), root height (cm), root fresh weight (g), and root dry weight (g), the fruit size (cm), 

the water soluble dry matter (%), SPAD value, number of fruits (piece) of pepper plant, 

while non significantly affected fruit weight (g) and fruit diameter (mm) of pepper plant. 

Additionally, when the sheep wool manure was increased in the soil until 4 t SWM da-1, 

the plant height, plant fresh weight (g), plant dry weight (g) of pepper plants were 

significantly increased, while the root height (cm), root fresh weight (g), and root dry 

weight (g) were significantly decreased. In addition, when the SWM increased in the soil 

until 3 t SWM da-1, the fruit size (cm), number of fruits (piece), and SPAD value of pepper 

plant decreased. 
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