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ABSTRACT 
A number of waste material and by products (such as animal manure, municipal solid waste 
compost and sewage sludge) are used currently in agricultural crop production. An attempt is 
made in this work by the use of uncomposted sheep wool waste as nutrient source for high value 
plants and to evaluate the effect of these waste materials on soil microbial community. In the pot 
experiment, the addition of uncomposted wool waste to soil increased yield in Cluster Bean. 
Addition of wool waste also increased NH4-N and NO3-N in soil, increased total N concentration 
in plant tissue and stimulated soil microbial biomass. It`s addition also increased concentration 
of S, Ca, Na, Fe, Cu, Zn and Mn in soil as well as in plant tissue. Our result suggest that the 
addition of 6.6 g/kg or 14784 kg/ha of wool  is sufficient for Cluster Bean crop and can support 
at least 2-3 harvest of crops, without the addition of other fertilizers. 

Key Words : Uncomposted wool-waste, Microbial biomass, Cluster bean, Mineral 
elements, Plant tissue 

 
INTRODUCTION 

Wool is an important textile fibre in the world. 
It is used for wool manufacturing, clothes and 
carpets. Rajasthan specially the Bikaner 
district is one of the highest sheep and wool 
producing area in the country. There are about 
163 Woolen Mills in Bikaner, manufacturing 
1.5 lakhs kg of Carpet Woolen yarn per day 
and releasing a huge quantity of wool waste. 
Mainly the wool waste is generated from 
`Opener Section’ of woolen industry. The 
presence of pesticides in the wool is one of the 
main problems with regard to it`s safe 
disposal. In addition fine hair of wool waste 
can cause breathing problem, decay of 
fellmongering effluent can cause various 
diseases in human. As mentioned above, 
landfill is not a desirable option; converting the 
wool into a reusable and (preferably) 
marketable product may be a much better 
waste management approach. 
Wool is composed of 82% keratinous protein 
(characterized by a high content of cystine), 

17% non-keratinous protein, which has a 
relatively low cystine content and a 1% by 
mass of non-proteinaceous material consisting 
of mainly waxy lipids, plus a small amount of 
polysaccharide materials. The hydrophobic 
nature of wool is known to be due to the 
specific properties of exocuticle and 
epicuticle.1 Wool’s keratinous material is 
resistant to degradation by proetolytic enzyme 
such as trypsin and pepsin due to the cross 
linking by disulphide bonds, hydrogen bonding 
and hydrophobic interactions.2 Hence, although 
rich in plant macro and micronutrients this 
product had limited applications in crop 
production. However a recent study has 
demonstrated that uncomposted wool and hair 
waste could be used as nutrient source for 
crops like basil, thornapple, peppermint and 
garden sage.3 Another study used washed 
sheep wool waste and showed it’s effect on 
tomato, sweet pepper and eggplant.4 

AIMS AND OBJECTIVES 
The objective of this study was to examine the 
effect  of  uncomposted  wool waste as nutrient  *Author for correspondence 
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source for Cluster Bean plant. The Cluster 
Bean or Guar (Cyamopsis tetragonoloba) is an 
annual legume and the source of guar gum. 
Guar grows well in arid to semi arid area, but 
frequent rainfall is necessary. This legume is 
a very valuable plant within a crop rotation 
cycle, as it lives in symbiosis with nitrogen-
fixing bacteria.5 Cluster Bean as a plant has a 
multitude of different functions for human 
and animal nutrition but its gelling agent 
containing seeds (Guar Gum) are today the 
most important use.6 This gum is widely used 
in food industry as thickening agent and has 
commercial value. To assess the properties of 
wool and utilize them for conditioning of soil 
and improvement in crop yield. This attempt 
will be beneficial for industrialist as well as 
farmers as industrialist get better place for the 
disposal of the waste and in turn get the 
monetary benefit, on the other hand farmers 
get a better and harmless fertilizer at cheaper 
rate. 

MATERIAL AND METHODS 
The samples of wool waste were collected 
from Saraswati Export Pvt. Ltd., Karni 
Industrial Area and Abhishek Wool Textile 
Pvt. Ltd., Beechwal Industrial Area, Bikaner. 
These wastes were cleaned by hand picking 
the polythenes, matchsticks and other types of 
wastes. 
Experimental pots were prepared by adding 6 
kg of soil to each pot along with 300 g of cow 
dung compost. Treatment consisted of zero g, 
40 g, 80 g and 120 g of wool waste addition 
to the prepared pots. Cluster Bean seeds were 
sown in these pots. The experiment had a 
control with same treatment but with no plant 
to evaluate the effect of nutrient availability 
on plant. Cluster Bean was fully developed in 
one and a half month with a 14 hr. day and 10 
hr. night photoperiod, with an average day 
temperature of 280C. These were irrigated 
carefully and evenly once a day with 
sufficient water. The plant species were 
harvested when they started flowering and 
fruiting. 
After the harvest, the plant species were 
washed  under  running  tap  water  to remove  

soil particles and then spread on newspaper 
for drying. After sun drying the plants were 
weighed and oven dried at 700C for 72 hrs. 
The herbage was ground using a Wiley Mill 
to pass through a 1.0 mm screen. The 
powdered form was kept for mineral and trace 
element analysis. 
Fresh soil samples from all experiments were 
taken at harvest and kept in a cooler at 40C for 
microbial biomass and NH4-N and NO3-N 
analysis. Additional soil samples for nutrient 
and trace element analysis were taken at 
harvest, air dried (at 200C) and ground with a 
mortar and pestle to pass through 2.0 mm 
screen. 
For tissue and soil trace element analysis, 
plant tissues were digested in the diacid 
mixture of 20 ml conc. HNO3 + 2-3 ml conc. 
HClO4

7 and extract was prepared. For soil 
sample extract, DTPA method was used.8 
Parameters like pH is determined by pH 
meter, EC is determined by 
electroconductivity meter, Organic carbon by 
Walkley and Black titration method, 
Phosphorus in soil by Olsen’s method and in 
plant tissue by titrametric method, K and Na 
by flame photometer, Ca and Mg in soil by 
Versenate (EDTA) titration method and in 
plant tissue by AAS, Sulphur estimation in 
soil and plant tissue in CaCl2-extractable by 
Williams and Steinbergs, 1969 in 
spectrophotometer, Fe, Mn, Cu and Zn in soil 
and plant tissue by AAS and microbial 
biomass of soil by fumigation-incubation 
method. 

RESULTS AND DISCUSSION 
Result from this study suggests that wool 
waste is an excellent soil amendment and 
nutrient sources for high value crops. 
The soil used in the pot was sandy soil with 
very low nitrogen content and other minerals 
as shown in Table 1. Analysis of wool 
showed that it contain good amount of all 
nutrients required by plants (Table 2) and 
almost all nutrients showed their positive 
effect except few like phosphorus and 
potassium. It also introduces a significant 
amount of sodium into the soil. 
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Table 1 : The initial physical and chemical characteristics and the concentration of plant 
available nutrients of soil used in the pot experiments 

Parameter pH O C 
(%) 

EC 
millimhos/cm 

P 
Kg/ha 

K 
ppm 

Ca & 
Mg 
me/l 

S 
ppm 

Na 
ppm 

Fe 
ppm 

Mn 
ppm 

Cu 
ppm 

Zn 
ppm 

Conc. in 
soil 8.72 0.13 0.17 24 187 8.5 0.055 750.2 0.638 1.6 0.788 2.036 

Physico-chemical and biological parameters 
of soil 
NH4-N and NO3-N of Cluster Bean increased 
with increase in conc. of doses in control as well 
as with plant experiment (Table 3). NH4-N 
ranges between 0.40-13.40 ppm in control and 
between 0.71-49.2 ppm in with plant soil. NO3-N 
ranges between 0.145-25.65 ppm in control and 
0.61-82.83 ppm in with plant soil. The increase 
in NH4-N and NO3-N in soil is due to 
mineralization of N in wool rather than 
mineralization of soil N. 
pH of soil decreases with the addition of high 
doses of wool in soil and this is good in arid and 
semi arid regions where soil is mostly alkaline in 
nature. The optimum range of pH for plants is 
between 5.5-7.0.9pH decreased from 9.00 to 8.88 
(Table 3) in control experiment. The decrease in 
pH helps in the availability of nutrients in soil to 
plants. Organic carbon is a measure of organic 
matter which is the seat of nitrogen in soil and 
the permissible limit is between 0.20%-1%.10 Our 
experiment showed an increase with increase in 
dose i.e. from 0.12%-0.19% (Table 3).  
EC also increased with increase in dose but all 
values are with in permissible limit which is 
below 0.75 millimhos/cm.11 The range found is 
between 0.15-0.23 millimhos/cm (Table 3). The 
increase is because of liberation of sodium which 
increases the salinity of soil. 
Calcium and magnesium content in soil as well 
as in plant tissue increases with increase in dose. 
This is because wool contain a good amount of 
Ca and Mg. The range found of Ca and Mg in 
soil is 8.2-11.0 me/l (Table 4). In plant tissue the 
maximum conc. of Ca and Mg is found at 40 g 
dose after that conc. decreases because excess 
ammonia induces Ca deficiency.12 Sulphur 
content increases in both soils as well as in plant 
tissue. Sulphur present in our soil is very low 
i.e.0.055 ppm and with addition of  wool  it’s 
conc. increases but still below the  permissible 
limit  i.e. 10-20 ppm.13 The  value  increases from  

0.09 to 0.155 ppm (Table 4) and in plant tissue it 
increased from 30.5 to 59 ppm but values are still 
below permissible limit i.e. 0.05%-1.5%.14 The 
increase in S value is due to mineralization of 
wool. 
Experimental soil is rich in sodium content i.e. 
750.2 ppm and is not required further and with 
the addition of wool it’s conc. further increases 
from 750.2-827.2 ppm but not beyond the critical 
level of 5 %.15 In plant tissue also it increases 
from 231-264 ppm (Table 4). Soil used in 
experiment is deficient in iron content i.e.0.638 
ppm which is below the permissible limit of 2.5 
ppm. So the addition of wool is beneficial as it 
enrich the soil with iron content from 1.876-
2.628 ppm (Table 4). In plant tissue the 
maximum value comes at 40 g dose after that 
value decreases because of high Mn conc.12 
Values of plant tissue are within permissible 
limit i.e. from 10-250 ppm.14 Manganese content 
in soil is found to be 1.6 ppm (Table 4) which is 
above the permissible limit of 1.0 ppm wool 
waste addition further increase it from 1.6-36.58 
ppm and it is a good increase. In plant tissue the 
increase is from 6.32-7.42 ppm but the values are 
below the permissible limit i.e.10-1000 ppm.14 

Copper conc. increases in both in soil as well as 
in plant tissue i.e from 0.788-0.978 ppm in soil 
and 1.50-2.59 ppm in plant tissue (Table 4). All 
the values are within permissible limit i.e. 0.2-10 
ppm in soil and 1-50 ppm in plants.14 
Zinc conc. increases with increase in dose from 
2.036-4.560 ppm in soil and values are above the 
critical level of 0.3 ppm and experimental soil 
has Zn content as 2.036 ppm. In plant tissue also 
it increases from 2.20- 2.96 ppm and the values 
are within the permissible limit i.e. from 1 to 200 
ppm14 (Table 4). Only microbial biomass 
increased in soil with plant and not in soil 
without plant, this is because various chemicals 
secreted by plants attract myriads of micro 
organisms. The increase is from 2x104/g to 
2x105/g (Table 3). 
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Table 2 : The elemental concentration of wool waste used in the pot experiment with 
Cluster bean 

Parameter This study ^ 
Literature 

Wool  $ Wool  # Wool  @ 

C 296 g/kg 293 g/kg --- --- 

N 1.10 g/kg 1.08 g/kg 15.78 % --- 

Ca 1.089 g/kg 1.09 g/kg 2300 ppm 1790-2900   ppm 

Mg 185 mg/kg 335 ppm 185 ppm 120.8- 590.8 ppm 

K 187 ppm 32980 ppm 45 ppm 643- 755       ppm 

Na 165 ppm 1168 ppm 305 ppm 1486.7- 2165.0 ppm 

Fe 12.47 ppm 234 ppm 50 ppm 22.03- 513.17  ppm 

Cu 8.54 ppm 8 ppm 25 ppm 5.30 – 10.30   ppm 

Mn 8 ppm 21 ppm 25 ppm 3.37 – 22.93   ppm 

Zn 230 ppm 501 ppm 115 ppm 73.6 – 88.80   ppm 

P 125 mg/kg 805 ppm 0.0137 % 148 – 284 ppm 

S 32.10 g/kg 51.3 g/kg 3.21 % 18733.4 – 22038 ppm 

^    Elemental concentration of wool in this study was measured on AAS and various  techniques described in material 
and methods following  digestion in conc. HNO3. 
$   Wool mineral content as reported by Zheljazkov, V.D., 2005.3 
#    Wool mineral content as reported by R.H. Burns et.al. 1964.16 
@  Wool mineral content as reported by Bozena Patkowska- Sokola et.al,  2009.17 

 
Table 3 : Cluster bean yield, NH4-N, NO3-N, pH, EC, OC and microbial biomass as  affected 
by wool waste addition to soil with or without cluster bean plant and total nitrogen Conc. of 

cluster bean plant tissue as affected by wool waste addition to soil in pots 

Crop 

W
oo

l 
g/

po
t 

So
il 

N
H

4-N
 

pp
m

 

So
il 

N
O

3-N
 

pp
m

 

T
is

su
e 

N
 

%
 

D
M

 y
ie

ld
 

K
g/

po
t 

M
ic

ro
bi

al
 

bi
om

as
s 

Pe
r 

gr
am

 

pH E
C

 
M

ill
im

ho
s/c

m
 

O
C

 %
 

No crop 

0 0.40 0.145 - - 24x104 8.68 0.15 0.12 
40 0.437 0.350 - - 1x104 9.00 0.14 0.14 
80 0.668 1.275 - - 1x104 8.96 0.18 0.18 
120 13.40 25.65 - - 3x104 8.88 0.23 0.19 

Cluster bean 

0 0.71 0.61 2.212 0.236 2x104 8.72 0.19 0.18 
40 8.86 18.23 2.32 0.380 4x104 8.60 0.31 1.18 
80 22.47 44.31 2.54 0.314 1x105 8.69 0.23 0.20 
120 49.28 82.83 2.66 0.345 2x105 8.72 0.20 0.19 
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Table 4 : The phytoavailable nutrient concentration in soil (with or without plant), 
amended with wool waste and total nutrient content in Cluster bean tissue grown in pots 

with 0, 40, 80  and 120 g/pot in the wool waste pot. Only nutrients with concentration 
affected by the treatment are shown 

Crop Wool 
g/pot 

Na 
ppm 

S             
ppm 

Ca & 
Mg  
me/l 

Fe                
ppm 

Zn   
ppm 

Mn 
ppm 

 
Cu   ppm 

No 
crop 

 

0 750.2 0.09 8.2 1.876 2.036 1.60 0.788 
40 765.2 0.115 8.8 2.0 2.144 9.520 0.870 
80 772.2 0.125 9.2 2.124 2.786 24.62 0.924 
120 827.2 0.155 11.0 2.628 4.560 36.58 0.978 

Cluster 
bean 

0 743.6 0.125 8.4 1.876 2.732 10.682 0.896 
40 739.2 0.15 8.3 2.246 3.604 10.162 1.032 
80 717.2 0.225 9.5 1.628 1.586 8.548 0.950 
120 710.6 0.20 10.8 1.628 2.144 9.226 1.004 

Total concentration of nutrients in plant tissue 

    Ca 
ppm 

Mg  
ppm     

Cluster 
bean 

0 231 30.5 4836.18 296.52 10.77 2.20 6.32 1.50 
40 242 43 5121.19 297.62 29.79 2.33 6.670 1.64 
80 251 44.5 4311.58 129.85 27.94 2.26 6.676 1.91 
120 264 59 4695.99 129.76 21.13 2.96 7.420 2.59 

Analysis of plant tissue 
Cluster bean (Cyamopsis tetragonoloba) 
belongs to family Fabaceae. It is a legume used 
in crop rotation cycle in many semi-arid regions 
in Rajasthan because it replenishes the soil with 
essential fertilizer like N2. It grows in moderate 
alkaline soil and can tolerate salinity. For its 
growth if soil is low in nutrient, than a small 
amount of nitrogenous fertilizer may be needed 
prior to planting. Beans require adequate 
amounts of all essential plant nutrients for 
optimum growth but only a few nutrients are 
documented which are preferred over others. 
These nutrients include P, N2, Zn, K and S and 
to a much less extent Cu, Mn and Fe. And all 
these nutrients are available in wool waste 
which we have added as fertilizer. Our 
experimental result showed that physically plant 
showed maximum height and fruits at 40g dose 
of wool. Fruiting was also early in 40 g dose. 
Chemically, the parameter which showed 
highest conc. at 40 g dose is Ca, Mg, Fe and Zn. 
The conc. of parameters present at  40 g dose 
are NH4-N-8.86 ppm in with plant and o.437 
ppm in control,  NO3-N-18.23  ppm in with plant  

soil and 0.270 ppm in control soil, plant tissue 
nitrogen-2.32%, pH – 9.00, EC-0.14 
millimhos/cm, organic carbon-0.14%, 
phosphorus-1.29%, potassium-2981 ppm, 
calcium-5121.19 ppm, magnesium-297.62 ppm, 
sulphur-43 ppm, sodium-242 ppm, iron-29.79 
ppm, manganese-6.670 ppm, copper-1.64 ppm 
and zinc-2.33 ppm. Study of microbial biomass 
showed an increase with increase in conc. of 
wool treatment with 4x104/g of microbial 
biomass at 40 g dose.18-21 

CONCLUSION 
The results from this study suggest that addition 
of wool waste not only increased macro and 
micro nutrients in soil and plant tissue but also 
enrich the soil with microbial biomass. Study 
concluded that 40 g dose of wool in 6 kg of soil 
is sufficient in Cluster bean for their appropriate 
growth.   We  added  0-120  g  of  wool  waste  in 
Cluster bean and observed that 40 g dose of wool 
waste gave the best result in Cluster bean.  
As maximum height and fruits attained by plant 
was at 40 g. If we apply these doses in field it  
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will be equivalent to 6.6 g/kg or 14784 kg/ha (or 
40 g of wool waste in 6 kg soil) in Cluster bean, 
13. The use of a large quantity of wool waste as a 
nutrient source for crop production used for 
direct human consumption (e.g. vegetables) may 
be questioned these might be point of issue with 
marketability and social acceptance. As there are 
specific guidelines and regulations for the use of 
sewage sludge or industrial waste, similar 
guidelines should be developed for the use of 
these waste materials in agricultural crops. Our 
results also demonstrated that the addition of 
large amount of hair or wool waste to soil would 
depress soil pH due to mineralization and 
oxidation of sulphur and nitrogen containing 
compounds. But this is good for arid and semi-
arid regions where soil is mostly alkaline in 
nature. In acidic soil the application of higher 
doses of wool and hair are not recommended. 
Study also showed that there is increase in 
Organic carbon % with the addition of wool and 
hair waste which not only help in the increase of 
organic matter but also increases the water 
holding capacity of soil. So our study will help 
industrialists, barbers and farmers as industrialist 
and Barbers get the better way of disposing 
waste and in turn get the monetary benefit by 
selling it. On the other hand, Farmers will get a 
better option for chemical fertilizers as these 
wastes (wool waste) are not only inexpensive but 
also enrich their fields chemically and 
biologically.  Overall our results suggest that 
uncomposed wool waste can be an excellent soil 
amendment and nutrient source for high-value 
crops. 
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