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ABSTRACT 
 

The decision as to which method to apply in any disease situation would depend upon the economic feasibility of the 

management method. Therefore, this study was attempted to evaluate the economic feasibility of sorghum covered 

kernel smut management options at sheraro, Ethiopia. The highest net benefit (19109.90-birr ha-1) was obtained from 

Aron star treated plots followed by fermented cow urine treated plots (18655.80-birr ha-1), neem leaf crude extract 

treated plots (18269.45-birr ha-1) and papaya leaf crude extract treated plots (18239.75-birr ha-1), while the lowest net 

benefit, was obtained from the control plots. In terms of economics, the highest marginal rate of returns also was 

obtained from the cow urine, neem and papaya leaf crude extracts in this order. Therefore, use of Apron star, cow urine, 

neem and papaya leaf crude extracts as seed treatment against Sphacelotheca sorghi is economically feasible around 

sheraro, Ethiopia.  
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INTRODUCTION 

 

Sorghum [Sorghum bicolor (L.) Moench] is grown 

worldwide for food, beverage, fodder, fuel and animal feed. 

It is cultivated by small-scale farmers at subsistence level 

and supports the livelihoods of millions of people across 

the globe, particularly in parts of Africa and Asia (AATF, 

2011; Hassan et al., 2015).  

Sorghum is one of the most important cereal crops in 

many developing countries, including Ethiopia. In 

Ethiopia, it is the third cereal crop in area coverage and 

volume of production next to teff (Eragrostis tef) and maize 

(Zea mays) (CSA, 2015). 

Despite its importance, the yield of sorghum is 

hindered by many diseases, most predominantly smuts. 

Among the four major sorghum smuts, covered kernel smut 

[Sphacelotheca sorghi (Link) Clinton] (syn. Sporisorium 

sorghi), is the most common seedborne disease of sorghum 

where untreated seed is sown, in areas like Sheraro, 

Ethiopia (Girma et al., 2008). 

In Ethiopia, Merkuz (2001) reported that incidence of 

1.5 - 42%, severity ranged from 15.5 to 76.8% and yield 

loss ranged from 6.1 to 80.9% on farmers’ field of locally 

grown sorghum varieties in North Gondar zone. Similarly, 

Eshetu (2003) reported that incidence of 22%, severity of 

35% and yield loss ranged from 1.3 to 53.5% on farmers’ 

fields of locally grown sorghum varieties in northeast 

Ethiopia. In other studies, Girma et al. (2008) reported that 

covered kernel smut incidence of 7 to 14%, even it reached 

up to 80% in some isolated areas, of eastern Ethiopia, and 

grain yield loss of sorghum due to covered kernel smut 

ranged from 31 to 42% at Bako. Thus, to minimize losses 

due to this disease and to increase economic return, it is 

important to correctly identify the appropriate management 

methods to be taken.  

The decision as to which method to apply in any 

disease situation would depend upon whether the method 

met the criteria of agronomic and environmental 

effectiveness, economic feasibility, social acceptability, 

and its simplicity for the application (Mughogho, 1982). 

Therefore, this study was attempted to evaluate the 

economic feasibility of sorghum covered kernel smut 

management options at Sheraro, Ethiopia. 
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MATERIALS AND METHODS 

 

Treatments and Experimental Design 

In this experiment, six selected botanicals, including 

Eucalyptus (Eucalyptus globules), feto (Lepidium 

sativum), garlic (Allium sativum), ginger (Zingiber 

officinale), neem (Azadirachta indica), and papaya (Carica 

papaya) were used. In addition to the botanicals, seven 

days fermented cow-urine, water, one standard-check 

fungicide (Apron star) and one control check (untreated) 

were included to treat the smut-powder inoculated Gubye 

variety sorghum seeds.  

The experiment was arranged in a randomized 

complete block design (RCBD) with three replications. The 

plot size was 2.25 m x 5 m = 11.25 m2 that contained three 

rows. The spacing between replications, rows and plants 

was 1.5, 0.75 and 0.15 m, respectively. 

 

Data Collection and Analysis 

Partial Budget Analysis and Marginal Rate of Return 

The partial budget analysis and the marginal rate of 

return were calculated for the input costs that vary across 

the treatments, while the other common and constant input 

costs for all treatments were not included in the 

computation as described by CIMMYT (1988).  

 

Total variable input costs: the total variable input costs 

were calculated by adding only the costs that vary across 

the treatment by multiplying their unit cost by the total 

required amount in hectare base. Because the term "partial 

budget" is a reminder that not all production costs are 

included in the budget, only those are affected by the 

alternative treatments being considered (CIMMYT, 1988). 

Therefore, in this experiment, the costs that vary were only 

those associated with input purchase and input preparation 

(Table 2). 

 

Net benefit: this was calculated by subtracting the total 

costs that vary from the gross field benefits (Table 3).  

 

The marginal rate of return: this was computed by 

dividing the difference in net benefit between the control 

and other treatments by the difference in total input cost 

between the control and each other treatment, finally the 

result was expressed in percentage.  

 

MRR (%) = 
(NBT−NBC)

(TVICT−TVICC)
x 100 

 

Where: MRR (%) = percentage of marginal rate of return  

NBT = net benefit of other treatments  

NBC = net benefit of the control (untreated) 

TVICT = total variable input costs of other treatments 

TVICC = total variable input costs of the control 

(untreated) 

 

RESULTS AND DISCUSSION 

 

Efficacy of Different Seed Treatment Methods  

The analysis of variance showed that there were 

significant (p ≤ 0.05) differences among treatments in grain 

yield, yield loss percentage, yield loss reduction percentage 

and thousand grain weight (Table 1). On average, 3902 kg 

ha-1 grain yield and 35.05 g thousand grain weight were 

obtained from plots sown seeds treated with Apron Star®, 

without any yield loss. Similarly, higher grain yield and 

insignificance yield loss was recorded in plots sown seeds 

treated with aqueous extract of neem, papaya and cow urine 

as compared to the control. Cow urine also showed higher 

thousand grain weight as equal as Apron Star® than other 

treatments. Whereas other botanical extracts, though better 

than the control but showed relatively low yield, higher 

yield loss and relatively less thousand grain weight. In 

contrast, the lowest grain yield (2005 kg ha-1), low 

thousand grain weight (29.56 g) and high yield loss 

(48.56%) were recorded in the control plot. 

This result is in agreement with the observation by 

Mathad et al. (2013) who reported that seed treatment with 

babchi (Psorolea corylifolia L.) showed low infection level 

and disease severity index. Similarly, Bdliya et al. (2010) 

reported that Seed treatment with Apron star 42WS 

supplemented with the foliar application of emulsified 

neem seed oil significantly reduced the incidence and 

severity of covered kernel smut and increased both 1000 

grain weight and grain yield as compared to the untreated 

plots. Samuel et al. (2014) also reported that plants in the 

control plots were highly affected by the disease and all the 

florets were changed into smut sori ending with limited 

normal seeds or low yield. 

The plots sown with Apron star-treated seeds were 

superior in all parameters; as a result, it was considered as 

the most effective method because there was no yield loss 

scored from this treatment. The plots sown with untreated 

seeds were inferior in all parameters as compared with the 

other treatments. Based on these results, the yield loss and 

yield loss reduction percentages on each treatment were 

calculated or evaluated in reference with the two checks, 

i.e. Apron star and untreated control plots. 

This current finding is in confirmation with the 

investigation of Patil et al. (2011) who reported that the 

yield parameters differed significantly in incidence of 

smut, and the control plots resulted in lower yields and 

1000 grain weight than the plots sown with treated seeds. 

Whereas the maximum yields were recorded from plots 

sown with seeds-treated with vitavax power (carboxin + 

thiram).  

 

Partial Budget Analysis and Marginal Rate of Return  

Production inputs and outputs are measured in 

different units; such as per hectares, person-days, 

kilograms, and so on. Aggregation of the components is 

possible by using a common unit of measurement. The unit 

of measurement is usually monetary (currency unit). Thus, 

the values (quality and quantity) of inputs and output are 

expressed in monetary terms in a budget. The monetary 

symbol used in this study is the Ethiopian birr (ETB) 

(Tables 2 and 3). 

The economic advantage of plant disease management 

is clearly affected by the difference between the economic 

return if the disease is controlled and the return if it is not, 

which is determined by the crop loss caused by the disease 

(Brown and Keane, ND). According to Brown and Keane 

(ND), the economic advantage of any disease management 

strategy can be estimated by applying the following 

formula:  
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Table 1: Mean values of grain yields (kg ha-1), yield loss (%), yield loss reduction (%) and thousand grain weight (g) in Gobye sorghum 

variety using different seed treatment methods 

 

S. No.      Treatments Grain yield (kg ha-1) 

Yield loss (%) as 

compared to standard 

check 

Yield  loss reduction 

(%) as compared to 

control check 

Thousand grain 

weight (g) 

1. Apron star  3902 a 0.00 a 100.00a 35.05 a 

2. Control 2005 e 48.56 e 0.00 f 29.56 f 

3. Eucalyptus globules 2877 b 26.26 b 45.69 c 32.80 c 

4. Feto         2414 cd 38.12 cd 21.49 de 30.46 e 

5. Garlic    2998 b 23.15 b 52.21 c 32.80 c 

6. Ginger  2503 c 35.83 c 26.12 d 31.96 d 

7. Neem 3711 a 4.75 a 90.31 ab 34.13 b 

8. Papaya  3705 a 4.75 a 85.41 b 34.25 b 

9. Cow urine 3784 a 2.96 a 93.53 ab 34.91 a 

10. Water treatment 2228 d 42.88 d 11.61 e 30.39 e 

Mean  3013 22.75 52.60 32.56 

CV (%) 4.00 14.20 11.80 1.00 

Mean Values followed by the same letter (s) within a column are not significantly different from each other at 5% probability level of 

significance. 

 
Table 2: Production input types per hectare and their costs in 

Ethiopian birr (ETB) for seed treatment with botanicals against 

Sphacelotheca sorghi  

Input types ha-1 

Input cost (ETB ha-1) in seed 

treatment with botanicals 

Purchase 

cost 

Preparation 

cost 

Total 

cost 

1. Apron star  105 100 205 

2. Control 0 0 0 

3. Eucalyptus globules 0 100 100 

4. Feto         37.5 100 137.5 

5. Garlic    75 100 175 

6. Ginger  45 100 145 

7. Neem 0 100 100 

8. Papaya  0 100 100 

9. Cow urine 0 100 100 

10. Water treatment 0 50 50 
 

Economic advantage of disease management = 

Expected return if the disease is controlled – (expected 

result if the disease is left uncontrolled + cost of control 

treatment) (Table 3). 

In this experiment, the total variable input costs for 

each treatment varied from zero (control) to 205-birr ha-1 

(Apron star) (Table 2). Similarly, the adjusted grain yield 

was also varied from 1804.50 kg ha-1 (control) to 3511.80 

kg ha-l (Apron star), while both the total input cost and the 

adjusted grain yield of other treatments were in between the 

control and the Apron star treated plots, and the field price 

for all treatments was similar (5.50 birr for one kg sorghum 

grain) (Table 3).  

Therefore, the total farm benefit was obtained by 

multiplying the adjusted grain yield of each treatment by 

its corresponding field price. Based on this calculation, the 

highest gross farm benefit (19314.90-birr ha-1) was 

obtained from the Apron star treated plots, on the other 

hand, the lowest gross farm benefit (9924.75-birr ha-1) was 

obtained from the untreated (control) plots (Table 3). 

However, it does not mean that the highest gross farm 

benefit is always advantageous, because it may take high 

production input costs. Therefore, it is important to 

calculate the net benefit of each treatment. 

The net benefit for each treatment was calculated by 

subtracting the total variable input costs from their 

corresponding gross farm benefit. As a result, the highest net 

benefit (19109.90-birr ha-1) was obtained from Aron star 

treated plots followed by fermented cow urine treated plots 

(18655.80-birr ha-1), neem leaf crude extract treated plots 

(18269.45-birr ha-1) and papaya leaf crude extract treated 

plots (18239.75-birr ha-1), while the lowest net benefit, 

although there was no any production variable input cost, was 

obtained from the control plots (Table 3 and 4). 

The net benefits obtained across all seed treatment 

methods were higher than the untreated plots. But there 

were extra or marginal costs associated with the extra or 

marginal net benefits. CIMMYT (1988) explained that 

sometimes higher net benefits may not be attractive if they 

require very much higher costs. One way of assessing this 

change is to divide the difference in net benefit by the 

difference in costs that vary, marginal analysis. Therefore, 

based on the marginal analysis, the marginal rate of return 

values obtained across each seed treatment methods are 

presented in (Table 4).  

The objective of a partial budget analysis in plant 

disease management is to recommend management 

methods that are effective, economically superior and 

socially acceptable to farmers. In the current study, the 

marginal rate of return showed that for each l birr ha-1 on 

average invested in seed treatment methods, there was a 

recovery of 1birr plus an extra 87.31 birr ha-1 from 

fermented cow urine, 83.45 birr ha-1 from neem leaf crude 

extract, 83.15 birr ha-1 from papaya leaf crude extract, 

44.81 birr ha-1 from Apron star, 42.16 birr ha-1 from 

Eucalyptus leaf crude extract, 27.09 birr ha-1 from garlic 

bulb crude extract, 21.08 birr ha-1 from water, 16.00 birr ha-

1 from ginger rhizome crude extract and 13.72 birr ha-1 from 

feto seed crude extract treated plots (Table 4). 

Generally, the Apron star gave the highest net benefit, 

and the cow urine, neem and papaya leaf crude extracts 

treated plots also gave marginal rate of return almost more 

than two folds of the other seed treatment methods. 

Therefore, to reduce yield loss that were caused by covered 

kernel smut, so as to increase return, farmers can use all of 

the effective and economically feasible (Apron star, 

fermented cow urine, neem and papaya leaf crude extracts) 

seed treatment methods. In addition, cow urine, neem and 

papaya are locally available, environmentally safe and 

economically superior as compared with other materials 

(Aschalew et al., 2012; Samuel et al., 2014). 
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Table 3: General description of variable input costs, average yield, gross and net benefits and marginal rate of return. 

Production 

activities/cost 

                                 Products price and input costs in Ethiopian Birr 

              

Apron 

star 
Control Eucalyptus Feto Garlic Ginger Neem Papaya 

Cow 

urine 

Water 

treatment 

1. Average 

grain yield 

kg/ha = a 

3902.00 2005.00 2877.00 2414.00 2998.00 2503.00 3711.00 3703.00 3784.00 2228.00 

2. Adjusted 

yield 

(kg/ha) = 

(a*0.9) = b 

3511.80 1804.50 2589.30 2172.60 2698.20 2252.70 3339.90 3334.50 3405.60 2005.20 

3. Price 

(birr/kg) = c 

5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 

4. Gross farms 

get benefit 

birr/ha = 

(b*c) 

19314.90 9924.75 14241.15 11949.30 14840.10 12389.85 18369.45 18339.75 18730.80 11028.60 

5. Total 

variable 

input 

cost/ha = d 

205.00 0.00 100.00 137.50 175.00 145.00 100.00 100.00 100.00 50.00 

6. Net benefit 

birr/ ha = 

[(b*c)-d] = e 

19109.90 9924.75 14141.15 11811.80 14665.10 12244.85 18269.45 18239.75 18655.80 10978.60 

7. Change in 

net benefit 

birr/ha  (e- 

control) = f 

9185.15 0.00 4216.40 1887.05 4740.35 2320.10 8344.70 8314.70 8731.05 1053.85 

8. Change in 

total 

variable 

input cost 

birr/ha(d-
control)=g 

205.00 0.00 100.00 137.50 175.00 145.00 100.00 100.00 100.00 50.00 

9. Marginal 

rate of 

return %  = 

(f/g)*100 

4481 - 4216 1372 2709 1600 8345 8315 8731 2108 

N.B: The partial budget analysis included only the costs that varied among treatments but it did not include fixed and common costs for 

all treatments (Table2). 

 

Table 4: Total variable input costs, change in total variable input costs, change in net benefit and marginal rate of return per hectare in 

Ethiopian birr (ETB) for seed treatments  

Input types ha-1 Change in net benefit 

birr/ha 

Change in total variable input cost 

birr/ha 

Marginal rate of return  

% 

1. Apron star  9185.15 205.00 4481 

2. Control 0.00 0.00 - 

3. Eucalyptus globules 4216.40 100.00 4216 

4. Feto         1887.05 137.50 1372 

5. Garlic    4740.35 175.00 2709 

6. Ginger  2320.10 145.00 1600 

7. Neem 8344.70 100.00 8345 

8. Papaya  8314.70 100.00 8315 

9. Cow urine 8731.05 100.00 8731 

10. Water treatment 1053.85 50.00 2108 

 

Conclusions and recommendations 

The result indicated that the fungicide, botanicals and 

cow urine showed a significant difference in controlling the 

diseases as compared to the control. Sorghum seeds treated 

with Apron star were completely free from smut incidence 

and produced significantly higher yield (3902 kg ha-1) 

compared to the untreated seeds, which showed the highest 

(48.56%) yield loss.  

In terms of economics, the highest net benefit was 

obtained from Apron star, while the highest marginal rate 

of return also was obtained from the cow urine, neem and 

papaya leaf crude extracts. Therefore, use of Apron star, 

cow urine, neem and papaya leaf crude extracts as seed 

treatment against Sphacelotheca sorghi is economically 

feasible.  

Generally, the Apron star avoids the risk of covered 

kernel smut infection, and the fermented cow urine and the 

effective botanicals (neem and papaya leaf crude extracts) 

will also substitute the expensive fungicides and avoid 

extra production costs as well as increase amount of farm 

return. Therefore, farmers of Sheraro can use the most 

effective (Apron star) or the effective, environmentally safe 
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and economically feasible seed treatment methods: such as 

fermented cow urine and botanicals (neem and papaya leaf 

crude extracts).  
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