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 The study was conducted on farmers' field in sofi district of Harari Regional State during 

2013/2014 main cropping season, eastern Ethiopia, to investigate the impact of brewery 

sludge on sorghum production and soil fertility. The treatments comprised seven levels of 

brewery sludges (0, 2.5, 5.0, 7.5, 10.0, 12.5 and 15.0 t ha-1) and NP inorganic fertilizer at 

recommended rate, arranged in randomized complete block design with four replications. 

Application of brewery sludge at 15 t ha-1 significantly increased the yield and biomass 

yield of sorghum by 79 and 85% over control and by 57 and 67% over NP application, 

respectively. There was no effect of brewery sludge application on heavy metals 

concentrations in soil after crop harvest, compared to international standard tolerable 

level. Co and Se levels were high in the control as well as in the soils treated with 

brewery sludge indicating the already high concentration of these heavy metals in the 

soils of the area. Plots, which received higher brewery sludge application, resulted in 

decreased or less percentage of grain nitrogen content showing the independence of grain 

protein content on lower brewery sludge level. The nitrogen uptake by sorghum grain, 

straw and the total was maximum (52.68, 44.25 and 79.03 kg ha-1, respectively) with the 

application of brewery waste sludge at 10 and 15 t ha-1 which were significantly higher 

than the other brewery sludge and NP mineral fertilizer applications.  
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Introduction 

Beer Brewery is among the industries known for 

production of by-products (spent grains, excess yeast) and 

sludge from the waste water treatment plant at different 

stages of the manufacturing process. Sludges are usually 

rich in organic matter and essential nutrients. As a result, 

they have great potential for use as fertilizers and soil 

conditioners, and when they meet the necessary 

requirements concerning the concentration of heavy 

metals and pathogens, can replace part or all of mineral 

fertilizers (Silva et al., 2002). There are scientific 

evidences of increase in productivity of different crops 

with the application of sludge (Silva et al., 2002; Basta et 

al., 2005; Bjuhr, 2007). According Bjuhr (2007), the 

benefits of application of biosolids can exceed those 

achieved with mineral fertilizers, especially in terms of 

productivity and economy with fertilizers, mainly 

nitrogen (N) and in some cases phosphorus (P) and 

metallic ions like calcium (Ca) and magnesium (Mg). In 

line with this, (Yohannes Gelan, 2011) reported an 

increment in maize crop yield from 2.70 t ha
-1

 in the 

control plot to 5.23 t ha
-1

 with the application of 8 t ha
-1

 of 

sludge of textile factory in Kombolcha town area, 

northern Ethiopia. However, studies on the viability of 

brewery sludge from industries for agricultural use are 

few and specific for certain industrial by-products such as 

tannery and coal (Korboulewsky et al., 2002; Ferreira et 

al., 2003). Nevertheless, brewery sludge wastes are 

diverse, with characteristics that vary according to the raw 

materials and manufacturing processes/processing 

systems followed (Ferreira et al., 2003). These justify the 

need for investigating the technical feasibility, 

determining the levels of application, evaluating 

agronomic performances and economic benefits, and/or 

assessing environmental safety of major industrial wastes.  

The current daily sludge production of the Harar 

Brewery in the eastern Ethiopia has increased 

significantly along with the expansion and increase in its 

beer production. It is therefore inevitable to focus on the 

development of appropriate brewery sludge waste 

management strategy and management plan that enables 

to reutilize the industrial liquid waste for other purposes 

in an environmentally friendly manner. One way of 

reutilizing such byproducts is application on cultivated 

lands as fertilizer for improvements of soil fertility and 
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crop production which is also a common practice in many 

countries. This practice stands out as a way to reduce soil 

fertility depletion and input cost for smallholder farmers. 

This also avoids final destination options such as 

incineration and disposal in landfills that involve higher 

production costs on the factory and greater impact on the 

environment (Abdousalam, 2010). 

The fact that sorghum is the major crop cultivated 

continuously without crop rotation and/or fallowing 

followed by complete crop residue removal from the 

farmlands have exacerbated the process of soil fertility 

depletion and overall land degradation in Harari People 

Regional State (HPRS) (Heluf, 2003; Heluf, 2005; Heluf, 

2006; Heluf and Mishra, 2006; Heluf and Yohannes, 

2011). Some farmers in the Region have already started 

using the brewery sludge of the Harar Beer factory as a 

fertilizer input for crop production. However, there is no 

scientific study carried out yet to investigate the impact of 

brewery waste sludge on crop production and soil 

fertility. Keeping this in view, the present study was 

planned to investigate the impact of brewery waste sludge 

on sorghum yield components, yield, and soil fertility. 

 

Materials and Methods 

 

Description of the Study Area  

The experiment was conducted at Daker in sofi district 

of Harari Regional State, eastern Ethiopia during the 

2013/2014 main cropping season on farmers' field under 

rain-fed condition. The area is located at 09
0
 18’ 43” 

North and 42
0
 07’ 23” East and 515 km East of Addis 

Ababa. It represents a medium altitude and moderate 

rainfall (850 mm/annum). 

 

Treatments and Experimental Design 

The experiment consisted of eight treatments viz. 

applications of brewery sludge (BS) that collected from 

Harar Beer factory at seven levels (0.0, 2.5, 5.0, 7.5, 10.0, 

12.5 and 15.0 t ha
-1

) and recommended rate of NP mineral 

fertilizer: N (92 kg N ha
-1

) and P (92 kg P2O5 ha
-1

) laid 

out in a randomized complete block design (RCBD) in 

four replications.  Sorghum variety “Teshale” was planted 

on a plot size of 3.5 m x 4.2 m (14.70 m
2
) in rows of five 

per plot at a spacing of 70 by 25 cm and a row length of 

4.2 m. All levels of brewery sludge were applied 2 weeks 

before planting and incorporated into the plow depth. Half 

of the N and the full rate of the P fertilizers on the plots of 

the fertilized treatments were applied 5 cm below the seed 

at time of planting as urea (46% N) and as triple super 

phosphate or TSP (20% P), respectively. The second half 

of the N fertilizer was applied 35
th

 days after planting at 

7-10 cm away from the plant as two side dressing at about 

5 cm below the surface.  

 

Data of Yield Components and Yield  

Ten plants per experimental unit were tagged and data 

on plant height (cm), ear length (cm), ear width (cm) and 

stalk diameter were recorded based on their recommended 

procedures. The grain yield and total biomass (kg ha
-1

) 

were calculated using the relevant variables.  

Analytical Procedure for Plant Samples, Soil and 

Brewery Sludge Physico-chemical Properties 

Plant samples collected at harvest were partitioned 

into vegetative and grain for the determination of N 

content in grain and straw. The straw and grain samples 

were ground and sieved through 0.5 mm sieve. The N 

content of the grain and straw samples were determined 

using the wet digestion method, which involved the 

decomposition of the plant tissues using various 

combinations of HNO3, H2SO4 and HClO4 by using 

Kjeldahl procedure. Total N uptakes in straw and grain 

were calculated by multiplying the N contents by the 

respective straw and grain yields per hectare. Physico-

chemical properties of soil and brewery sludge (BS) used 

for experiment and their methods of analysis are reported 

in Table1.  

 

Analytical Procedure for Accumulation of Heavy 

Metals in the Soil 

Extractable heavy metals (Fe, Cu, Zn, Mn, Cr, Mo, 

Co, Pb, Se and Cd) were extracted by DTPA extraction 

method (Lindsay and Norvell, 1978) and all these heavy 

metals were measured by atomic absorption 

spectrophotometer. Concentration of heavy metals (mg 

kg
-1

) in the soil (before application of treatments) and 

brewery sludge used for the experiment were given in 

Table 2. 

 

Statistical Analysis 

The data were subjected to analysis of variance (GLM 

procedure) using SAS software program version 9.1 

(SAS, 2003). From the analysis of variance, treatment 

means were compared using the least significant 

difference (LSD) at p = 0.05 significance level following 

the procedure described by Gomez and Gomez (Gomez, 

1984). 

 

Results and Discussion 

 

Yield Components 

The analysis of variance revealed statistically 

significant (P<0.05) difference in plant height due to 

treatments applications (Table 7). Increasing sludge 

application from 0 to 2.5 t ha
-1 

increased plant height 

consistently. However, further increasing of sludge 

application from 2.5 to 15 t ha
-1 

not increased plant height 

significantly indicating that application of brewery sludge 

beyond 2.5 t ha
-1

 did not significantly increase plant 

height. However, as compared to the control and NP 

fertilized plots, brewery sludge application at all levels 

showed significance difference and the increment ranged 

from 23 to 27% and 8 to 11%, respectively. This 

increment in plant height due to sludge application may 

be due to the increase in crop cell elongation and cell 

division improved as a result of application of brewery 

sludge that might enhanced availability of essential 

nutrients for the growing plants. 
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Table 1 Physico-chemical properties of soil and brewery sludge used for experiment 

Property Values Method used 

Soil   

pH 8.55 
Glass-calomel combination electrode (Agustina Branzini and Marta Susana 

Zubillaga, 2012). 

Total N, % 0.09 
Kjeldahl digestion, distillation and titration method as described by (Blake, 

1965). 

Organic Carbon, % 1.98 Wet digestion (Walkley and Black, 1934) 

Available P, ppm 14.23 According to the standard procedure of (Olsen et al., 1954). 

Cation exchange 

capacity (cmol (+)/kg) 
28.7 Ammonium acetate (Chapman, 1965). 

Soil Texture  Bouyoucas hydrometer method (Day, 1965). 

Sand 39%  

Silt 23%  

Clay 38%  

Class Clay loam  

Brewery Sludge   

pH 8.67 
Glass-calomel combination electrode (Agustina Branzini and Marta Susana 

Zubillaga, 20120). 

Total N, % 1.33 Kjeldahl digestion, distillation and titration as described by (Blake, 1965). 

Organic Carbon, % 3.5 Rapid titration method (Walkley and Black, 1934) 

Available P, ppm 39.75 According to the standard procedure of (Olsen et al., 1954). 

 

 

Table 2 Mean concentration of heavy metals (mg kg
-1

) in the soil before application of treatments and brewery sludge 

used for the experiment 

Heavy metals 
Concentration of Heavy Metals (mg kg

-1
) 

Soil Brewery Sludge 

Zn 35.00 38.50 

Fe 25.05 20.50 

Cd 0.04 1.27 

Ni 19.00 31.33 

Mn 2.24 0.83 

Co 9.50 33.00 

Cu 42.50 40.00 

Se 2.02 12.56 

Mo 1.00 0.45 

Cr 20.00 47.00 

 

 

Ear width was measured after harvest and it showed 

statistically significant (P<0.05) difference due to 

treatments application (Table 7 and Table 3). In this 

respect, application of brewery sludge at 12.5 t ha
-1

 gave 

the maximum (16.5 cm) ear width, which was statistically 

at par with the application of sludge at 15 t ha
-1

 (16.4 cm), 

7.5 t ha
-1

 (15.6 cm) and 10 t ha
-1

 (15.5 cm) (Table 3). On 

the other hand, the lowest (13.9 cm) ear width was 

recorded from the control plot. Increasing brewery sludge 

levels from 0 to 15 t ha
-1 

showed a consistent ear width 

increment ranging from 27 to 37% over the control and 

from 7 to 15% over NP fertilizer application.  

On the other hand, the difference among sludge 

applications with respect to ear length of sorghum was 

found to be non-significant (P>0.05), however, the mean 

of separation revealed that application of brewery sludge 

from 2.5 to 15 t ha
-1

, showed significantly increased ear 

length over control and NP fertilized plots (Tables 7 and 

3). 

Similar to ear width, the stalk diameter was found to 

vary significantly among brewery sludge levels, whereby 

sorghum stalk recorded the highest diameter (1 cm
2
). In 

this line, the mean of stalk diameter (0.83 cm
2
) of sludge 

treated plots were 46.6% and 6.4% thicker than that of the 

control and NP fertilized plots, respectively (Table 3). In 

this respect, application of sludge at 15 t ha
-1

 gave the 

thickest stalk whereas the thinnest was observed in 

control. The NP fertilizer application also recorded the 

fifth highest mean stalk diameter following application of 

sludge at 15, 5, 10 and 7.5 t ha
-1

. Generally, on the 

average, larger stalk diameters were observed in BS 

treated plots compared to control and NP fertilized plots. 

Similarly, (Barriquelo et al., 2003) reported larger ear 

width and stalk diameters after sludge application, 

because of its contribution to greater availability of macro 

and micro nutrients in the soil. 

 

 



Alemu et al., / Turkish Journal of Agriculture - Food Science and Technology, 5(4): 366-372, 2017 

369 

 

Table 3 Mean performance of plant height, ear length and width, stack diameter and grain yield of sorghum as 

influenced by different levels of brewery sludge and NP at Daker during 2013/2014 cropping season 

Sludge levels 

(ton ha
-1

) 

Plant height 

(cm) 

Ear length 

(cm) 

Ear width 

(cm) 

Total biomass 

(kg ha
-1

) 

Stalk 

diameter 

Grain Yield 

(kg ha
-1

) 

2.5 134.1
ab

 18.2 14.0
c
 2961.5

cd
 0.8

b
 2074.8

c
 

5 137.0
ab

 18.4 14.9
abc

 3596.2
bc

 0.9
ab

 2993.2
b
 

7.5 140.6
a
 19.3 15.6

abc
 4211.5

b
 0.8

b
 3078.2

b
 

10 138.0
ab

 17.8 15.5
abc

 4576.9
b
 0.8

ab
 3282.3

b
 

12.5 136.3
ab

 18.5 16.5
a
 4250.0

b
 0.7

b
 3129.3

b
 

15 138.4
ab

 18.1 16.4
ab

 6230.8
a
 1.0

a
 4081.6

a
 

NP 126.6
b
 17.9 14.7

bc
 2038.5

d
 0.8

b
 1768.7

d
 

0 110.8
c
 18.6 13.9

c
 942.3

e
 0.5

c
 858.8

e
 

LSD (0.05) 13.7 NS 1.7 1005.9 0.2 746.6 

CV (%) 7.0 9.2 7.7 19.0 16.7 19.1 
CV= Coefficient of Variation, LSD= Least Significant Difference, NS= Not Significant, Means in columns of same parameter followed by the same 

letter(s) are not significantly different from each other at 5% level of significance. 

 

Table 4 Accumulation of heavy metals in the soil after sorghum harvest 

Sludge levels 

(ton ha
-1

) 

Mean concentration of heavy metals in mg/kg soil 

Zn Fe Cd Ni Mn Co Cu Se Mo Cr 

Soil boundary Values* 100 5000 3.0 50 2000 20 80 2.0 - 150 

2.5 40.00 25.37 0.045 26.67 3.00 10.00 45.00 2.20 1.16 69.00 

5 45.00 25.82 0.17 26.77 3.19 13.00 45.50 2.52 1.25 76.00 

7.5 48.00 26.50 0.89 27.00 3.28 16.00 47.50 2.84 1.31 88.00 

10 51.00 26.93 1.07 27.33 3.37 17.00 50.50 3.25 1.45 93.00 

12.5 58.00 27.24 1.15 27.67 3.47 18.00 63.00 3.79 1.55 100.00 

15 58.00 29.24 1.24 27.90 3.54 33.00 72.50 3.85 1.65 110.00 

NP 14.50 25.50 0.05 19.33 2.28 9.00 42.50 2.15 1.08 25.00 

0 35.00 25.02 0.042 19.00 2.27 9.50 42.50 2.12 1.00 20.00 
* ECS (European Committee for Standardization, 2010), NP: NP-fertilizer (recommended) 

 

 

Grain Yield and Total Biomass  

Total grain yield of sorghum crop in the present study, 

was significantly affected (P<0.01) by the application of 

brewery sludge, where sludge at 15 t ha
-1

 treated plot gave 

the highest (4081.6 kg ha
-1

) mean grain yield followed by 

the application of 10 t ha
-1

 brewery sludge which was 

statistically at par with the application of brewery sludge 

at (12.5, 7.5, 5 t ha
-1

) (Table 3). When averaged across the 

application levels, sorghum grain yield showed a 

significant variation due to the brewery sludge 

application. In this regard, sludge treated plots produced 

261.7 and 75.6% more grain yield than that of  control 

and NP applied plots, respectively (Table 3). The low 

response to NP might have been due to the fact that part 

of the applied NP would not be available to the plants; 

rather it tends to be fixed by the soil and existing 

available nutrients reserve of the soil might be very low. 

The result of analysis indicated a highly significant 

(P<0.01) total biomass yield variation among treatments 

(Table 7). Increasing waste sludge from 0 to 15 t ha
-1

 

showed a consistent total biomass yield increment. The 

average total biomass yield for different levels of brewery 

sludge ranged from 6230.8 to 942.3 kg ha
-1

 (Table 3). 

With this line, increasing sludge from 2.5 to 15 t ha
-1

 

showed a consistent total biomass yield increment ranging 

from 214 to 561% and 45 to 205% over control and NP 

fertilized plots, respectively. 

 

The mean of separation for the treatments showed that 

a significant total biomass yield difference was observed 

between 2.5 and 15 t ha
-1

 brewery sludge application 

indicating that application of brewery sludge beyond 15 t 

ha
-1

 may significantly increase sorghum total biomass 

yield. Though a highly significant (P<0.01) total biomass 

yield difference was observed due to the application of 

brewery sludge, however no significant total biomass 

yield difference was observed between 5 and 12.5 t ha
-1

 

brewery sludge application indicating that application of 

brewery sludge from 5 to 12.5 t ha
-1

 did not significantly 

increase sorghum total biomass yield (Table 3). In 

agreement with this study, Oudeh (2002) and AlZoubi et 

al. (2008) reported that increasing BS applications, 

increased crop productivity. Alike some studies have 

shown a high yield after BS application, because it’s 

content of macro/ micro nutrients (Barriquelo et al., 2003; 

Arslan et al., 2007). Also, (Berti and Jacobs, 1996) 

reported sludge may be used in agriculture for increasing 

crops yield. 

 

Accumulation of Heavy metals in the Soil after 

Sorghum Harvest  

There was no effect of brewery sludge application on 

heavy metals (Zn, Fe, Cd, Ni, Mn, Co, Cu, Se, Mo and 

Cr) concentrations in soil after sorghum harvest in Daker 

site, compared to international standard tolerable limits 

(ECS, 2010) except for Co under 15 t ha
-1

 (33.00 mg kg
-1

) 
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treated soil and Se under all treatments. Zn level was 

found to be higher in sorghum plots after harvest where 

sludge was applied at 15 t ha
-1

 (58 mg kg
-1

) which was 

equivalent with Zn in the plots treated with 12.5 t ha
-1

 (58 

mg kg
-1

) whereas the lowest (14.5 mg kg
-1

) concentration 

was observed in NP fertilizer plots (Alloway, 2008). The 

concentrations of other metal ions in the soil also 

increased after the harvest of sorghum with each brewery 

sludge applied (Table 4). It is well documented that 

sewage sludge application to soils substantially increases 

nutrient content and crop growth (Smith, 1996) as well as 

improves soil physical properties. John et al. (2009) 

noticed accumulation of heavy metals in the treated crops 

were under allowable limits. On the contrary, 

Korboulewsky et al. (2002) noticed that heavy metals 

were increased above allowable limits in soil and plant by 

increasing sludge applications. 

 

Nitrogen Concentration in Grain and Straw of 

Sorghum 

Analysis of variance showed significant differences 

(P<0.01) among brewery sludge levels for grain and straw 

N contents (Table 7). The mean values for grain and straw 

N content due to brewery sludge levels were reported in 

Table 5. Increased brewery sludge level progressively 

from 2.5 to 10 t ha
-1

, increased sorghum grain N content 

from 1.39 to 1.61%. Hence, application of 10 t ha
-1

 

brewery sludge resulted in significantly higher grain N 

content, and gave 10.84 % higher grain N content than the 

control treatment and 164.59% than the application of 

maximum brewery sludge (15 t ha
-1

) level.  

The grain N content of control treatment (1.45%) and 

NP mineral fertilizer (1.36 %) had statistically in parity 

with a grain N content of 2.5 t ha
-1

 BS (1.39%) and 5 t ha
-

1
 brewery sludge. The highest level of brewery sludge (15 

t ha
-1

) produced  the minimum level of grain N (0.61%) 

while the l0 t ha
-1

 brewery sludge application gave the 

maximum grain N content (1.61%), implying a negative 

response to brewery sludge application with the further 

increase of sludge level to 15 t ha
-1

. Plots, which received 

higher brewery sludge application, resulted in decreased 

or less percentage of grain nitrogen content, which might 

be due to the independence of grain protein content on 

lower brewery sludge level (Table 5). 

In contract with this, the studies by (Syrian 

Standardization Commission, 2002; AlZoubi et al., 2008) 

shown an increase in grain and straw N content by 

increasing sludge addition over control, because of the 

high content of N in the sludge. 

 

 

Table 5 Nitrogen concentration (%) of sorghum in grain and straw as influenced by brewery sludge levels and NP 

application at Daker during 2013/2014 cropping season. 

Sludge levels 

(ton ha
-1

) 

Mean concentration (%) of Nitrogen in Sorghum 

Grain Straw 

2.5 1.39
d
 0.589

a
 

5 1.46
bcd

 0.56
ab

 

7.5 1.55
ab

 0.54
ab

 

10 1.61
a
 0.54

ab
 

12.5 1.54
abc

 0.52
ab

 

15 0.61
e
 0.58

a
 

NP-fertilizer  1.36
d
 0.54

ab
 

Control 1.45
cd

 0.43
b
 

LSD (0.05) 0.099 0.141 

CV (%) 4.11 15.04 
CV= coefficient of variation, LSD= least significant difference, Means in columns of same parameter followed by the same letter(s) are not 
significantly different from each other at 5% level of significance. 

 

Table 6 Nitrogen uptake (kg ha
-1

) of sorghum grain and straw as influenced by brewery sludge levels and NP 

application at Daker during 2013/2014 cropping season. 

Sludge levels 

(kg ha
-1

) 

Mean Nitrogen uptake (kg ha
-1

) by Sorghum 

Grain Straw Total 

2.5  28.84
b
 17.01

bc
 45.85

b
 

5 43.58
a
 22.29

bc
 65.87

ab
 

7.5 47.68
a
 24.47

bc
 72.15

a
 

10 52.68
a
 26.35

bc
 79.03

a
 

12.5 48.19
a
 28.00

b
 76.19

a
 

15 24.76
b
 44.25

a
 69.01

a
 

NP-fertilizer  24.10
bc

 15.17
c
 39.27

c
 

Control 12.42
c
 4.80

d
 17.22

c
 

LSD (0.05) 13.14 9.05 22.21 

CV (%) 5.38 12.06 8.32 
CV= coefficient of variation, LSD= least significant difference, Means in columns of same parameter followed by the same letter(s) are not 

significantly different from each other at 5% level of significance. 
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Table 7 Mean square values of plant height, ear length, stack diameter,  total biomass, grain yield, nitrogen content (%) 

of grain and straw, nitrogen uptake (kg ha
-1

) by grain, straw and total of sorghum as influenced by brewery sludge and 

NP fertilizers at Daker 

SV: Source of Variation, R: Rep, T: Treatment, E: Error, C: CV(%), pH: Plant height (cm), EL: Ear length (cm), SD: Stalk diameter, EW: Ear width 

(cm), TB: Total biomass, GY: Grain yield (kg ha-1), ** = significant at P<0.01, *= significant at P<0.05, ns= not significant, CV = coefficient of 
variation, df= degree of freedom.,  

 

Grain, Straw and Total N Uptake by Sorghum  

The data in (Table 6) revealed that the effects of 

brewery sludge levels on grain, straw and total N uptakes 

were significant. The N uptake of sorghum exhibited an 

increasing trend with the increase in brewery sludge 

levels up to 10 t ha
-1 

but with the further increases of 

brewery sludge level to 15 t ha
-1

, N uptake of sorghum 

showed a decreasing trend (Table 6). The nitrogen uptake 

by sorghum grain, straw and the total was maximum 

(52.68, 44.25 and 79.03 kg ha
-1

, respectively) with the 

application of BS at 10 and 15 t ha
-1

 which were 

significantly higher than the other brewery sludge and NP 

mineral fertilizer applications. The results also showed 

that the highest (52.68 kg ha
-1

) nitrogen uptake by the 

grain in 10 t ha
-1

 brewery sludge was followed by 12.5 t 

ha
-1

, which did not differ significantly with the 

application of 7.5 t ha
-1

. At recommended rate of NP 

mineral fertilizer, the nitrogen uptake by grains was 

statistically at par with the application of BS at 15 and 2.5 

t ha
-1

. However, statistically lowest nitrogen uptake by the 

grain was recorded with the control treatment (Table 6).  

On the other hand, the result also showed that the 

maximum (44.25 kg ha
-1

) nitrogen uptake by straw at 15 t 

ha
-1

 brewery sludge as in case of grain, which was 

significantly higher than the other brewery sludge 

application effect. Further, no significant difference 

existed between 5 and 7.5 t ha
-1

 brewery sludge 

applications (Table 6). In the absence of brewery sludge 

and NP mineral fertilizer application, nitrogen uptake by 

straw showed a significant reduction over all other 

treatments, which had statistically in parity with each 

other’s. Analogous to nitrogen uptake by sorghum grain 

and straw (Tables 6), the total nitrogen uptake by 

sorghum was also significantly high (79.03 kg ha
-1

) at 

application of brewery sludge at 10 t ha
-1

 compared to 

other treatments. This was followed by the brewery 

sludge application at 12.5 t ha
-1

, which did not differ 

significantly with the application of 7.5 t ha
-1

 brewery 

sludge. It has been reported sludge content from total N 

can be directly used by plant after mixing sludge with soil 

(Oudeh, 2002; K€ut€uk et al., 2003). 

 

Conclusions 

 

Yield components and yield of sorghum improved 

significantly with the application of brewery waste sludge 

at 15 ton ha
-1

 over control as well as BS and NP fertilizer. 

Therefore, amending the soil properties and 

improvements of sorghum production with application of 

brewery waste sludge at 15 ton ha
-1

 proved to be the 

optimum BS level. However, under the condition of 

sludge constraint, application of brewery sludge at 12.5 

ton ha
-1

 should be used to improve soil fertility and 

preclude the yield loss and ensure maximum benefits. In 

future, there is a need to explore the effectiveness of these 

and various levels of brewery waste sludge for cost 

effective and improve soil fertility and yield productivity 

in major crops production across different areas. 

 

Acknowledgments 

 

The authors sincerely acknowledge the Harar Beer 

Factory for financing the study that involves field and 

laboratory evaluation of the waste sludge of its Beer 

Manufacturing Plant. The authors would also like to 

express their gratitude to the farming community as well 

as researchers and technical staff members of Haramaya 

University who in one way or another assisted and/or 

collaborated with them. 

 

References 

Abdousalam G. 2010. Effect of heavy metals on soil microbial 

processes and population, Egypt. Acad. J. biolog. Sci., 2: 9- 14. 

Agustina Branzini and Marta Susana Zubillaga, 2012. Comparative 

Use of Soil Organic and Inorganic Amendments in Heavy 

Metals Stabilization. Applied and Environmental Soil Science., 

2012.1-7. http://dx.doi.org/10.1155/2012/721032; 

Alloway BJ. 2008. Zinc in soils and crop nutrition (2nd ed.). 

Brussels: International Zinc Association; Paris: International 

Fertilizer Industry Association. 

AlZoubi MM, Arslan A, Abdelgawad G, Tabbaa M,  Jouzdan O. 

2008. The Effect of Sewage Sludge on Productivity of a Crop 

Rotation of Wheat, Maize and Vetch and Heavy Metals 

Accumulation in Soil and Plant in Aleppo Governorate. 

American-Eurasian J. Agric. & Environ. Sci., 3 (4): 618-625, 

2008. 

Arslan A, Alzoubi MM, Nasralla H, Bijon N, Abdul Gawad J, 

Jusadan O. 2007. The effect of mixing sludge with surface soil 

layer on the physical properties and cotton yield. Proceedings of 

the Workshop on sustainable management of wastewater for 

agricultural production in water scarce countries. ICARDA, 

Aleppo, Syria, pp: 33-40. 

Barriquelo M, Marines J, Silva M, Lenzi E. 2003. Lead behavior in 

soil treated with contaminated sewage sludge and cultivated 

with Maize. Brazilian J. Archives of Biology and Technology 

Journal., 46: 499-505. 

 

SV Df pH EL SD EW TB GY 

Nitrogen content of 

sorghum 
Nitrogen uptake of sorghum 

Grain Straw Grain Straw Total 

R 3 1174.5378 10.890 0.0713 5.398 1.351 1322883.89 0.0005 0.0056 187.32 44.076 231.40 

T 7 385.763* 0.896ns 0.091** 3.752* 17.944** 4168810.08** 0.3055** 0.00679ns 1672.50** 393.53** 2066.03** 

E 21 86.293 2.865 0.0169 1.392 0.7907 257741.28 0.0031 0.0065 113.43 26.69 140.12 

C  6.99 9.22 16.70 7.77 18.99 19.09 4.11 15.04 5.38 12.06 8.32 



Alemu et al., / Turkish Journal of Agriculture - Food Science and Technology, 5(4): 366-372, 2017 

372 

 

Basta T, Ryan A, Chaney L. 2005. Trace element chemistry in 

residual-treated soil: key concepts and metal bioavailability. 

Journal of Environmental Quality., 34: 49–63. 

Berti WR, Jacobs LW. 1996. Chemistry and phytotoxicity of soil 

trace elements from repeated sewage sludge applications. J. 

Environ Qual., 25: 1025-1032. 

Bjuhr J. 2007. Trace Metals in Soils Irrigated with Waste Water in a 

Periurban Area Downstream Hanoi City, Vietnam, Seminar 

Paper, Institutionen for markvetenskap, Sveriges 

lantbruksuniversitet (SLU), Uppsala, Sweden.  

Blake GR. 1965. Methods of soil analysis. In: Black, C.A. 

(ed.).Agronomy part I, No. 9. American Society of Agronomy. 

Madison Wisconsin, USA: pp: 374-399. 

Chapman H D. 1965. Cation exchange capacity. In: Black CA, 

Ensminger LE, Clark FE. (Eds). Methods of soil analysis. 

Agronomy. 9: 891-901. Am. Soc. Agro., Inc., Madison, USA. 

Day PR. 1965. Hydrometer method of particle size analysis. In: 

Black C A. (Ed.). Methods of Soil Analysis. Agronomy. Part II, 

No. 9. American Society of Agronomy. (2nd ed.) Madison, 

Wisconsin, USA: pp: 562-563 

ECS (European Committee for Standardization), 2010. European 

standard. Sludge, treated biowaste and soil digestion of aqua 

regia soluble fractions of elements. Draft prEN 16174, CEN/TC 

400. 

Ferreira A, Camargo F, Tedesco M, Bissani C. 2003. Amendments 

on chemical and biological soil and yield of corn and soybeans 

for the use of tannery waste and coal. R. Bras. Ci. Solo., 27: 

755-763. 

Gomez KA, Gomez AA. 1984. Statistical procedures for 

agricultural research. second edition, John Wiley and Sons. 

New York: 207-215. 

Heluf G. 2003. Grain yield response of sorghum (Sorghum bicolor) 

to tied ridges and planting methods on Entisols and Vertisols of 

Alemaya area, Eastern Ethiopian Highlands. Journal of 

Agriculture and Rural Development in the Tropics and 

Subtropics, 104(2): 113-128. 

Heluf G. 2005. Soil and water conservation practices (tied ridges 

and planting methods) on cultivated lands of the subhumid and 

semi-arid highlands of eastern Ethiopia. Soil Science Technical 

Bulletin No. 1. Soil and Water Research Program, Alemaya 

University, Ethiopia. p: 131. 

Heluf G. 2006. Natural resource base in agriculture and crop 

production in the Harari People National Regional State. A 

survey and literature review report submitted to the Harari 

People National Regional State (HPNRS) through the Adama 

Royal Agri-Business LPC. p: 134. 

 

 

Heluf G, Mishra BB. 2006. Specific features of soil and land 

resources of eastern Ethiopian Highlands and their management 

options for sustainable agricultural production: Synthesis of 

working papers. Soil Science Technical Bulletin No. 2. Soil and 

Water Research Program, Alemaya University, Ethiopia. p: 123. 

Heluf G, Yohannes U. 2011. Yield response of maize (Zea mays L.) 

to tied ridges and planting methods on Entisols and Vertisols of 

the Eastern Ethiopian highlands. Tropical Agriculture Journal, 

88(4): 165-174. 

John R, Ahmad P, Gadgil K, Sharma S. 2009. Heavy Metal 

Toxicity: Effect on Plant Growth, Biochemical Parameters and 

metals accumulation by Brssica junea L. International Journal 

of Plant Production. 3(3): 65-76 

Korboulewsky N, Dupouyet S, Bonin G. 2002. Environmental Risks 

of Applying Sewage Sludge Compost to Vineyards Carbon, 

Heavy Metals, Nitrogen and Phosphorus Accumulation. Journal 

of Environmental Quality., 31: 1522-1527. 

K€ut€uk C, Abdullah Baran, Oguz Baskan, Roger HartMann, 2003 . 

Effects of beer factory sludge on soil properties and growth of 

sugar beet (Beta vulgaris saccharifera L.). Bioresource 

Technology., 90:75–80. 

Lindsay WL, Norvell WA. 1978. Development of a DTPA soil test 

for zinc, iron, manganese and copper. Soil. Sci. Soc. Am. J., 42: 

421-428. 

Oudeh M. 2002. Effect of sewage sludge application on growth and 

mineral composition of maize plant. Congress of recent 

technologies in agriculture Cairo Univ. Egypt. 

Olsen SR, Cole CY, Watanabe FS, Dean LA. 1954. Estimation of 

available phosphorus in soils by extraction with sodium 

bicarbonate. USDA Circular Nr 939, US Gov. Print. Office, 

Washington, D.C. pp:1-19. 

SAS (Statistical Analysis System) Institute. 2003. SAS Version 9.1 

© 2002-2003. SAS Institute, Inc., Cary, North Carolina, USA. 

Silva J, Resck D, Sharma R. 2002. Alternative for agronomic 

biosolids produced in the federal District. In: Effect on corn 

production and the addition of heavy metals in an Oxisol in the 

Cerrado. R. Bras. Ci. Solo., 26: 487-495. 

Smith RS. 1996. Agricultural Recycling of Sewage Sludge and the 

Environment CAB Intern. UK: Wellington. pp: 382. 

Syrian Standardization Commission, 2002. allowable application of 

municipal biosolids products. S.N.S. 2665/2002. 

Yohannes G. 2011. Effects of textile biosolid and phosphorus 

applications on yield and yield components of maize (Zea mays 

L.) at Kombolcha, South Wollo. M.S. Thesis, Haramaya 

University, Ethiopia. 61p. 

Walkley A, Black IA. 1934. Method for determining soil organic 

matter and a proposed modification of the chromic acid titration 

method. Soil Science, 37: 29-38. 

 

 


