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ABSTRACT 
 

Asian soybean rust diseases are the most limiting factors in soybean production and productivity in Ethiopia, especially 

in the southwestern parts. This research was aim to assess the economic feasibility of fungicides application and rates 

on three soybean variety in Jimma and Metu districts, Southwestern Ethiopia. The experiment was laid out in factorial 

randomized complete block design with three replications. Twelve treatment combinations and unsprayed control 

treatments were included in this study. Two released soybean varieties (Clarck 63k and AFGAT) and one pipe line 

soybean genotype SCS 1 were used for the experiment. And, three selected fungicides namely Luna sensation SC 500 

with two active ingredients, Nativo SC 300 with two active ingredients and Opera Max with active ingredients 

epoxiconazole and pyraclostrobin were used for the experiment. From the fungicide applications SCS-1+ Opera max 

0.75 L/ha gives the highest grain yield (3.10 t/ha) and in turn the highest net profit and marginal rate of return with the 

values of 1229.71$ and 347.15% obtained respectively. In addition to, for the variety Clarck 63K, with the treatment 

combination of Clarck 63k+Opera max 0.75 L/ha gives the grain yield of, net profit and marginal rate of return 2.80t/ha, 

1081.17$ and 309.36 respectively.  
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INTRODUCTION 

 

Asian soybean rust (ASR) is the most economically 

important diseases of soybean affecting soybean 

production globally. It was first reported in 1902 in Japan 

and has been an important disease in Asia and South 

America for many years (Wrather et al., 2010). High 

yields are critical to soybean producer profit margins, 

even during periods when soybean prices are high. 

Unfortunately, yields in major soybean producing 

countries have been suppressed by diseases in the past and 

income derived from this crop has been less than optimal. 

This financial loss is important to rural economies and to 

economies of allied industries (Wrather et al., 2010). 

Asian soybean rust is the most economically damaging 

disease affecting soybean-producing areas worldwide. It 

attacks the foliage of a soybean plant causing the leaves 

to drop early which then inhibits pod setting and 

ultimately reduces soybean yield.  The reduction of yield 

due to Asian soybean rust can reach up to 80% under 

conditions conducive to the disease (Yorinori et 

al., 2005). It has been reported that ASR can completely 

wipe out a crop under severe conditions. 

There are several fungicides that are effective against 

soybean rust. The effectiveness of the fungicide 

applications in reducing yield loss will depend on the 

soybean stage of development, time disease is detected, and 

the fungicide application method. The proper timing of 

fungicide sprays is critical to effective control (Mueller et 

al., 2009). According to latest repot Ethiopian ministry of 

agriculture and natural resource plant health regulatory 

directorate (2017), there are one hundred twelve fungicides 

registered in Ethiopia for the different crop productions in 

the country. 
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Partial budgeting is also appropriate for conducting an 

economic evaluation of new technologies which are not yet 

well developed (Amir et al., 1989). It is also known as a 

partial-profit budget, is the tabulation of expected gains and 

losses due to a relatively minor change in farming method, 

e.g., replacing one crop variety by a new one, the 

introduction of fertilizer, or the use of a fungicides. Profit 

is the single most important driver of soybean production 

in Ethiopia where, although combating soybean rust 

disease increases the costs of producing soybean, it remains 

more profitable than other crops (USDA, 2005). 

In partial budget analysis there are  at least four 

advantages: the technique is simple (it can be 

performed with a hand calculator) and easy to learn for no

n-economists, it examines only net changes in costs and b

enefits, therefore it is effective for assessing economic via

bility of single interventions technologies, it requires less 

data than whole farm budgeting since fixed costs are not 

examined, the data required for partial budget analysis are 

collected for almost all other economic analyses and it 

allows early conclusions about the adaptability of the new 

technology. Its analysis is therefore useful for the following 

types of trials: where a single component must be analysed, 

where inputs and outputs are measurable and easy to price, 

where profitability is the major concern rather than issues 

such as equity and income distribution, where fixed costs 

do not change. The partial budget has four categorical 

parts: additional income, reduced costs, reduced income 

and additional costs (Lessley et al., 1991).  

Besides this, there are some appropriate situations for 

partial budget analysis in trials where: a single component 

must be analyzed, inputs and outputs are measurable and 

easy to price, grain yields vary little between farms, 

profitability is the major concern rather than issues such as 

equity and income distribution, fixed cost do not change 

and economic evaluation is needed for new technologies 

which are not yet well developed. 

Southwestern Ethiopia, is a region where it favors the 

survival of pathogens and developments of the 

diseases. Soybean is susceptible at any stage, but 

symptoms usually appear during the mid to late season 

because of the requirement for a prolonged wet, cool period 

for infection and sporulation. Rust is high in, late maturing 

variety than the early Soybean rust, is among one of the 

soybean production constraints in Jimma and Metu 

districts, where there are high productions of soybean in 

Southwestern Ethiopia. The disease may reduce yield up to 

90 yield in the field (Tesfaye et al., 2017). Due to this 

research must focus on management of diseases that cause 

extensive losses, especially when funds are limited. Since 

there are no tolerant or moderately resistance varieties in 

the country, growers need to be depended to the fungicides 

to manage the diseases. And also understanding the 

magnitude of the problems the soybean breeding objectives 

in Ethiopia is mainly focus in diseases resistance. This is 

due for two reasons viz., cost of production and 

environmental protection. 

The objectives of the study are:  

▪ To assess the economic feasibility of different fungicide 

rates application on three soybean variety and  

▪ To identify the new effective spray schedules that 

gives maximum benefit to the growers. 

MATERIALS AND METHODS 

 

Description of the study area 

The trials were conducted for two seasons (2015 and 

2016) at two different locations in south-western Ethiopia, 

viz., Jimma agricultural research center (7°46‘N, longitude

 of 36°47'E) and Metu (8°19‘N,36°35'E). Jimma has an of 

1753 m.a.s.l and has maximum of 26.3°C and minimum 

11.6 0C temperature and receives 1529.5mm average 

rainfall per annum. A major soil type of the center is 

chromic nitosol and combisol of upland and fluvisol of 

bottom land. Metu sub-research center (8°19‘N, 36°35'E) 

with an altitude of 1580 m.a.s.l. The sub-center is situated 

in sub-humid tepid to cool mid high land agro-ecology with 

total land holding of 60 hectares (JARC, 2013). These two 

locations are soybean rust disease hotspots, where the 

disease predominantly occur naturally, since 2011 (Tesfaye 

et al., 2017).  

 

Treatments and experimental design 

Two officially released soybean varieties (Clarck 63k

 and AFGAT) and one candidate promising genotype (SC

S-1) were used for the experiment. Moreover, three select

ed fungicides namely Luna sensation SC 500 with two act

ive ingredients (Flopyram trifloxystrobin “Bayer”), Nativ

o SC 300 with two active ingredients (Trifloxystrobin 

+ Tebuconazol “Bayer”) and Opera Max with active 

ingredients namely epoxiconazole and pyraclostrobin 

“BASF” were used for the experiment. 

The treatments were three recommended rust 

susceptible soybean varieties Clarck 63k, AFGAT and 

SCS-1, represented as V1, V2 andV3 respectively and five 

fungicide treatments namely Luna Sensation SC 

500 adjusted as 0.15 liter per hectare, Nativo SC 

300 adjusted as 0.5 liter per hectare, Opera Max 0.5 liter 

per hectare, Opera Max 0.75 liter per hectare and Opera 

Max 1 liter per hectare represented as F1, F2, F3, F4 and 

F5 respectively. In addition to unsprayed control. Seeds 

were sown in mid to late -June 2015 and 2016 at two 

locations. The spray treatment was started when more than 

5% incidence of soybean rust observed at the field and 

spray was carried out using manual knapsack sprayer with 

capacity of 16 liters (KS-16) by thoroughly wetting the 

underside of leaves. The intervals between spray treatments 

were 7-9 days totally three times (Table 1). 

 

Experimental procedures 

Two officially released soybean varieties (Clarck 63K 

and AFGAT) and one candidate promising genotypes (SCS 

1) were used for the experiments. Moreover, three selected 

fungicides namely Luna sensation SC 500 with two active 

ingredients (Flopyram trifloxystrobin “Bayer”), Nativo SC 

300 with two active ingredients (Trifloxystrobin + 

Tebuconazol “Bayer”) and Opera Max with active 

ingredients namely epoxiconazole “BASF” were used for 

the experiment. 

The treatments were three recommended rust 

susceptible soybean varieties Clarck 63k, AFGAT and 

SCS-1, represented as V1, V2 and V3 respectively and five 

fungicide treatments namely Luna Sensation SC 

500 adjusted as 0.15 liter per hectare, Nativo SC 

300 adjusted as 0.5 liter per hectare, Opera Max 0.5 liter 

per  hectare,  Opera  Max  0.75  liter  per  hectare  and Opera
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Table 1: Treatment designations and its active ingredients used for the experiments 

No. Designation   Treatments Active Ingredients 

1 V1F0 Clarck 63k+ Control - 

2 V1F1 Clarck 63k+ Luna sensation 0.15 L/ha Flopyram trifloxystrobin “Bayer”  

3 V1F2 Clarck 63k+ Nativo 0.5 L/ha Trifloxystrobin + Tebuconazol “Bayer” 

4. V1F3 Clarck 63k+Opera max 0.5 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

5 V1F4 Clarck 63k+Opera max 0.75 L/ha Epoxiconazole + Pyraclostrobin “Basf” 

6 V1F5 Clarck 63k+ opera max 1 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

7 V2F0 AFGAT+ Control - 

8 V2F1 AFGAT+ Luna sensation 0.15 L/ha Flopyram trifloxystrobin “Bayer”  

9 V2F2 AFGAT+ Nativo 0.5 L/ha Trifloxystrobin + Tebuconazol “Bayer” 

10 V2F3 AFGAT+ Opera max 0.5 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

11 V2F4 AFGAT+ Opera max 0.75 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

12 V2F5 AFGAT+ Opera max 1 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

13 V3F0 SCS-1+Control - 

14 V3F1 SCS-1+ Luna sensation 0.15 L/ha Flopyram trifloxystrobin “Bayer”  

15 V3F2 SCS-1+ Nativo 0.5 L/ha Trifloxystrobin + Tebuconazol “Bayer” 

16 V3F3 SCS-1+ Opera max 0.5 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

17 V3F4 SCS-1+ Opera max 0.75 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

18 V3F5 SCS-1+ Opera max 1 L/ha Epoxiconazole + Pyraclostrobin“Basf” 

 

Max 1 liter per hectare represented as F1, F2, F3, F4 and 

F5 respectively .The spray treatment was started during 

flowering where more than 5% incidence of soybean rust 

observed at the field and spray was carried out using 

manual knapsack sprayer with capacity of 16 liters (KS-16) 

by thoroughly wetting the underside of leaves. The 

intervals between spray treatments were 7-9 days totally 

three times. 

 

Methods of partial budget analysis 

Three analytical tools were used to identify the 

technological packages that are not only profitable but also 

exhibit good margin and remain profitable in different 

situations of input and output prices, respectively. Partial 

budget analysis was first carried out and generated the net 

benefits of the alternatives under study. It was then 

followed by marginal analysis which compares net benefits 

with partial budget by considering the magnitude of 

corresponding variable costs. 

 

Data collection 

To estimate the economic parameters, the grain yield 

was valued at average open market price of $0.51/kg, 

Nativo $27.37/ liter, Opera $18.98 /liter and 27.37/liter and 

water 0.18 $/ liter. Data were collected for the following 

parameters: 

Gross average grain yield (t/ha) (AVY): An average 

yield of each treatment converted in hectare base. 

Adjusted grain yield (AGY): Average yield adjusted 

downward by 10% to reflect the difference between the 

experimental yield and yield of farmers thus: jY (t/ha) = 

AvY × (1-0.1). 

Gross field benefit (GFB) ($/ha): was computed by 

multiplying field/farm gate price (ton /ha) by adjusted yield 

thus: GFB = AjY× field/farm gate price for the crop 

Total variable cost: cost of fungicides, labor for rising 

and labor for spray used for the experiment. The costs of  

other inputs and production practices such as labor cost 

for land preparation, planting, weeding, crop protection, 

and harvesting was considered to remain the same or will 

be insignificant among treatments. 

Net benefit (NB) ($/ha): for each treatment is the 

difference between the gross benefit and the total variable 

costs thus: NB = GFB – total cost 

Marginal rate of return (MRR %): calculated by 

dividing change in net benefit by change in cost 

(CIMMYT, 1988) thus: 

 

MRR =
ΔNB

TVC
 

 

or MRR(%) =
Marginal benefit x100

Marginal cost
 

 

RESULTS AND DISCUSSION 

 

Secondary data such as fungicides costs, wage for 

fungicide applications, labor costs for agronomic practices 

as well as other costs used per hectare were obtained (Table 

2): Ministry of agriculture and natural resource science 

plant health regulatory directorate website, input supply 

companies like Makobu Enterprises Plc, Chemtex plc. 

Mekamba Plc., product markets and market gate price. 

Additionally, library-based research was conducted. 

Sources of such information include journals, books, 

Internet and ministry of agriculture government 

documents. Adjusted yield of the crop is considered for 

partial budget related things as indicated by CIMMYT 

(1988) that adjustments between 5 and 30% are appropriate 

for partial budget analysis. The grain of soybean was 

reduced to 10% for agronomic recommendation for 

farmers. 

 

Yield loss and efficacy of fungicide treatment on 

soybean rust 

Yield loss was calculated for spray treatment and the 

highest yield loss was observed on unsprayed control 

treatment. The highest yield loss (56.34%) was observed 

on unsprayed control treatment at Jimma site in 2016 and 

the following high yield loss 48.80% was observed on the 

same treatment at Metu site in 2016 (Table 2). Yield loss  

was saved significantly with fungicide spray treatment. The 

most effective fungicide for rust treatment was fungicide 

treatment 5 (Opera max 1 l/ha) whose efficacy reach up to 

68.97 % at Metu site in 2015, 66.55 % at Metu site in 2016 

and 37.11% at Jimma site in 2016 (Table 2). Therefore, the 

fungicide treatment was highly effective and save the yield 

>50% loses due to the rust disease.
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Table 2: Yield Loss and Efficacy of Fungicide Treatment on Soybean Rust (2015 and 2016) 

  
Treatment 

  

Metu 2015 Metu 2016 Jimma 2016 

Yield  
(t/ha) 

Yield  
Loss 

Severity Efficacy 
Yield 
(t/ha) 

Yield  
Loss 

Severity Efficacy Yield t/h 
Yield  
Loss 

Severity Efficacy 

Fungicide 1 2.42 22.53 12.96 53.59 2.72 18.34 12.54 55.11 2.27 33.37 16.53 5.47 
Fungicide 2 2.71 13.27 9.52 65.92 2.88 13.44 11.62 58.38 3.03 11.05 16.2 7.38 
Fungicide 3 2.75 12.04 11.67 58.22 2.92 12.19 11.46 58.98 2.8 18.02 11.13 36.34 
Fungicide 4 2.93 6.29 10.59 62.08 3.1 6.77 10.45 62.6 3.08 9.53 10.89 37.74 
Fungicide 5 3.13 0 8.67 68.97 3.33 0 9.34 66.55 3.41 0 11 37.11 
Control 2.09 33.25 27.93 0 1.7 48.8 27.93 0 1.49 56.34 17.49 0 

Mean 2.67   13.56   2.78   13.56   2.68   13.87   

Sig Lev **   **   **   **   **   **   
CV (%) 3.01   10.99   8.34   13.48   5.94   1.56   
LSD (0.05) 0.15   2.71   0.42   3.33   0.29   0.39   

NB: Fungicide 1= Luna sensation 0.3 L/ha; Fungicide 2= Nativo 0.5 L/ha; Fungicide 3 = Opera max 0.5 L/ha; Fungicide 4 = Opera max 
0.75 L/ha; Fungicide 5 = Opera max 1 L/ha V*F = variety versus fungicide interaction; ns = not significant at P < 0.05; all others 
significant at P < 0.05. 

 
Table 3: Variable cost and gross income of soybean production as influenced by fungicide applications at different rates 

Designatio
ns 

Unadju
sted 

Yield  
(t/ha) 

 

AGY 
(t/ha) 

Fungici
des 

Cost 
($/l) 

Wage for 
fungicide 
applicatio

ns 
($/ha) 

Labor 
Cost 

($/ha) 

Gross 
Income 
($/ha) 

Total 
Variable 

Cost 
($/ha) 

Net  
Benefit 
($/ha) 

MRR 
(%) 

Sensitivity analysis 

Net 
Benefit 
(+15) 

Net 
Benefit  
(-15) 

MRR (%) 
Net Benefit 

(+15) 

MRR (%) 
Net Benefit 

(-15) 

V2F0 1.84 1.66 0.00 0.00 0.00 843.07 0.00 843.07  969.53 716.61   
V3F0 1.42 1.28 0.00 0.00 0.00 648.91 0.00 648.91  746.24 551.57   
V1F0 1.57 1.41 0.00 0.00 0.00 720.44 0.00 720.44  828.50 612.37   
V1F1 2.24 2.02 4.11 16.42 318.83 1027.01 339.36 687.65 202.63 790.79 584.50 233.02 172.24 
V2F1 2.78 2.50 4.11 16.42 318.83 1277.37 339.36 938.01 276.4 1078.71 797.31 317.87 234.95 
V3F1 2.48 2.23 4.11 16.42 318.83 1139.42 339.36 800.05 235.75 920.06 680.05 271.12 200.39 
V1F3 2.93 2.64 9.49 16.42 318.83 1348.91 344.74 1004.16 291.28 1154.78 853.54 334.97 247.59 
V2F3 2.95 2.66 9.49 16.42 318.83 1354.01 344.74 1009.27 292.76 1160.66 857.88 336.68 248.85 
V3F3 2.71 2.43 9.49 16.42 318.83 1241.61 344.74 896.86 260.15 1031.39 762.33 299.18 221.13 
V1F2 2.93 2.63 13.69 16.42 318.83 1343.80 348.94 994.85 285.11 1144.08 845.63 327.87 242.34 
V2F2 2.97 2.67 13.69 16.42 318.83 1364.23 348.94 1015.29 290.96 1167.59 863.00 334.61 262.95 
V3F2 2.93 2.63 13.69 16.42 318.83 1343.80 348.94 994.85 285.11 1144.08 845.63 327.87 265.44 
V1F4 3.12 2.8 14.23 16.42 318.83 1430.66 349.49 1081.17 309.36 1243.34 918.99 355.76 254.25 
V2F4 3.13 2.82 14.23 16.42 318.83 1440.88 349.49 1091.39 312.28 1255.09 927.68 359.12 295.08 
V3F4 3.04 2.73 14.23 16.42 318.83 1394.89 349.49 1045.40 299.12 1202.21 888.59 343.99 254.25 
V1F5 3.45 3.11 18.98 16.42 318.83 1583.94 354.23 1229.71 347.15 1414.16 1045.25 399.22 295.08 
V2F5 3.42 3.08 18.98 16.42 318.83 1568.61 354.23 1214.38 342.82 1396.54 1032.22 394.25 291.40 
V3F5 3.24 2.91 18.98 16.42 318.83 1486.86 354.23 1132.63 319.74 1302.52 962.73 367.70 271.78 

NB: AGY=Adjusted grain yield, MRR=Marginal rate of return, Net benefitV2F0=Clarck 63k+ Control, V3F0= Clarck 63k+ Luna 
sensation 0.15 L/ha, V1F0= Clarck 63k+ Nativo 0.5 L/ha, V1F1= Clarck 63k+Opera max 0.5 L/ha, V2F1= AFGAT+ Luna sensation 
0.15 L/ha  ,V3F1= SCS-1+ Luna sensation 0.15 L/ha, V1F3=Clarck 63k+Opera max 0.5 L/ha , V2F3= AFGAT+ Opera max 0.5 L/ha , 
V3F3= SCS-1+ Opera  max 0.5 L/ha,V1F2=Clarck 63k+ Nativo 0.5 L/ha ,V2F2= AFGAT+  Nativo 0.5 L/ha, V3F2= SCS-1+ Nativo 
0.5 L/ha, V1F4=Clarck 63k+Opera max 0.75 L/ha, V2F4=AFGAT+ Opera max 0.75 L/ha, V3F4=, V1F5= Clarck 63k+ opera max 1 

L/ha, V2F5= AFGAT+ Opera max  1 L/ha, V3F5= SCS-1+  Opera max  1 L/ha. 
 

Table 4: Dominance analysis (What if analysis ….) of different fungicides rates in during 2015/2016. 

Designations Treatments 
Adjusted 

Yield(t/ha) 
Total Variable 
Costs ($/ha) 

Net Benefit($/ha) B:C 

V2F0 AFGAT+ Control 1.65  843.07  
V3F0 SCS-1+Control 1.27  648.91D  
V1F0 Clack 63k+ Control 1.41  720.44D  
V1F1 Clack 63k+ Luna sensation 0.15 L/ha 2.01 339.36 687.65D 2 
V2F1 AFGAT+ Luna sensation 0.15 L/ha 2.5 339.36 938.01 2.8 
V3F1 SCS-1+ Luna sensation 0.15 L/ha 2.23 339.36 800.05D 2.4 
V1F3 Clarck 63k+Opera max 0.5 L/ha 2.64 344.74 1004.16 2.9 
V2F3 AFGAT+ Opera max 0.5 L/ha 2.65 344.74 1009.27 2.9 
V3F3 SCS-1+ Opera max 0.5 L/ha 2.43 344.74 896.86D 2.6 
V1F2 Clack 63k+ Nativo 0.5 L/ha 2.63 348.94 994.85D 2.9 
V2F2 AFGAT+ Nativo 0.5 L/ha 2.67 348.94 1015.29 2.9 
V3F2 SCS-1+ Nativo 0.5 L/ha 2.63 348.94 994.85D 2.9 
V1F4 Clarck 63k+Opera max 0.75 L/ha 2.8 349.49 1081.17 3.1 
V2F4 AFGAT+ Opera max 0.75 L/ha 2.82 349.49 1091.39 3.1 
V3F4 SCS-1+ Opera max 0.75 L/ha 2.73 349.49 1045.4D 3 
V3F5 SCS-1+ Opera max 0.75 L/ha 3.1 354.23 1229.71 3.5 
V2F5 AFGAT+ Opera max 1 L/ha 3.07 354.23 1214.38D 3.4 
V3F5 SCS-1+ Opera max 1 L/ha 2.91 354.23 1132.63D 3.2 

NB: D=Dominated treatments; B:C=Benefit cost ratio. 



Inter J Agri Biosci, 2019, 8(5): 251-256. 
 

 255 

Partial budget analysis 

This economic analysis is based on the average grain 

yield of each treatment across all repetitions (Duncan et al., 

1990). The grain yield adjusted down by 10% to minimize 

plot management effect by the research or to reflect the 

actual farm level performance as described by Haile and 

Boke (2011) and Akinpelu et al. (2011). Beside these, the 

sensitivity analysis was done by varying the net profit in 

different circumstances.  Therefore, the net benefit estimate 

for 18 treatments is presented in Table 2. The application 

of Clarck 63k+ opera max 1 liter/hectare had a total net 

benefit of 1229.71 $ followed by AFGAT+ Opera max 1 

L/ha and SCS-1+ Opera max 1 l/ha which also had a total 

of 1214.38$ and 1132.63 $ net benefit, respectively. Clarck 

63k+ Luna sensation 0.15 l/ha with a total of 687.65$ 

followed by the net benefit obtained from production of 

soybean with the three controls. The low net benefit 

obtained might be due to low yield coupled with high cost 

prevailing treatment combinations. 

The profitability study showed that application of 

Clarck 63k+ opera max 1 L/ha which provided the highest 

net benefit (1229.71 $), was the peak to apply fungicides. 

 

Sensitivity analysis 

It is used to test a proposed technology for ability to 

withstand yield or price changes.  Where there are no 

traditional insurance schemes for dealing future markets 

sensitivity analysis is a must take. According to Amir et al 

(1989) sensitivity analyses are used to calculate what 

happens to the net result if one input variable at a time is 

changed from the average situation. In other words, 

sensitivity analysis increases the predictive value of partial 

budget techniques (Lane, 1997). Values for input variables 

in the sensitivity analyses were based on information in the 

literature. Sensitivity analysis for each epidemic scenario 

was calculated and presented in the Table 3. 

 

Dominance analysis and net-benefit curve 

In most cases, farmers prefer the highest profit (low 

cost with high income). For this purpose, it is necessary to 

conduct dominated treatment analysis. A dominated 

treatment is any treatment that has net benefits that are less 

than those of a treatment with lower costs that vary 

(Stephen and Nicky, 2007). The dominance analysis 

procedure as detailed in CIMMYT (1988) was used to 

select potentially profitable treatments from the range that 

was tested and serve to eliminate some of the treatments 

from further consideration and thereby simplify the 

analysis. The dominant (undominated) treatments were 

ranked from lowest to highest costs that vary. The net 

benefit curve also clarifies the reasoning behind the 

calculation of marginal rates of return, which compare the 

increments in costs and benefits between such pairs of 

treatments. As indicated in the net benefit curve the net 

profit start from lowest 843.07$ and end up or reaches 

1229.71$ from the treatments AFGAT+ Control to SCS1+ 

Opera max 0.75 L/ha, respectively. Therefore, the net 

benefit reduced as the cost increased. 

 

Marginal rate of return 

The net benefit-cost ratio showed that as the cost is one 

dollar, the net benefit ranged from 2.8 to 3.5 dollar for the 

dominant treatments. For each pair of ranked treatments, a 

% marginal rate of return (MRR %) was calculated. The % 

MRR between any pair of dominant treatments denotes the 

return per unit of investment in fungicides expressed as a 

percentage. This analysis was conducted and presented in 

Table 5 and Figure 1. As shown in Table 5, the result of 

analysis of dominant treatments indicated that for each one 

dollar invested in purchase or production of fungicides, it 

was possible to recover one dollar plus an extra 2.76, 2.91, 

2.93, 2.91, 3.09, and 3.47 dollar per hectare respectively. 

From the time of the first treatment that had the lowest 

costs to the end of the treatment which had the highest cost, 

that varies, the marginal rate of return obtained was above 

the minimum acceptable marginal rate of return. 

Accordingly, the study revealed that application of SCS-1+ 

Opera max 0.75 L/ha was the best recommendation. The 

best recommendation for treatments subjected to marginal 

rate of return is not (necessarily) based on the highest 

marginal rate of return, rather, based on the minimum 

acceptable marginal rate of return, and the treatment with 

the highest net benefit together with an acceptable MRR 

becomes the tentative recommendation (CIMMYT, 1988). 

The process of calculating the marginal rates of return 

of alternative treatments, proceeds in steps from the least 

costly treatment to the most   costly, and resolves if they  

are acceptable to farmers, which is called marginal analysis 

(CIMMYT, 1988). One way of assessing this change is to 

divide the difference in net benefits by the difference in 

costs that vary (CIMMYT, 1988). Marginal rate of return 

is marginal net benefit (Stephen and Nicky, 2007). In this 

study, 100% was considered as minimum acceptable rate 

of return for farmers’ recommendation. It is important to 

note that the acceptable minimum rate of return for 

farmers’ recommendation is 50 to 100% (CIMMYT, 

1988). In this experiment, nearly all fungicides levels have 

yielded MRRs above 100% which is acceptable and would 

seem safe to recommend it in most cases (CIMMYT, 

1988).

 
Table 5: Marginal rate of return of different fungicide applications for different soybean varieties for the year 2015 and 2016 

Designations 

Adjusted Yield 

(t/ha) TVC ($) NB ($) MRR (%) 

Rank 

V2F0 1.65 0.00 843.07 0.00 7 

V2F1 2.50 339.36 938.01 276.40 6 

V1F3 2.64 344.74 1004.16 291.28 4 

V2F3 2.65 344.74 1009.27 292.76 3 

V2F2 2.67 348.94 1015.29 290.96 5 

V1F4 2.80 349.49 1081.17 309.36 2 

V3F5 3.10 354.23 1229.71 347.15 1 

 NB: V2F0=AFGAT+ Control, V2F1=AFGAT+ Luna sensation 0.15 L/ha,V1F3= Clarck 63k+Opera max 0.5 L/ha, V2F3= AFGAT+ 

Opera max 0.5 L/ha, V2F2= AFGAT+ Nativo 0.5 L/ha ,V1F4= Clarck 63k+Opera max 0.75 L/ha, V3F5= SCS-1+ Opera max 0.75 L/ha, 

TVC ($) =Total variable cost; NB ($) =Net benefit; MRR =Marginal rate return ((%)) after CIMMYT   (1988). 



Inter J Agri Biosci, 2019, 8(5): 251-256. 
 

 256 

 
 

Fig. 1: Net benefit curve of dominated fungicides rates. NB: 

V2F0= AFGAT+ Control, V2F1= AFGAT+ Luna sensation 0.15 

L/ha, V1F3= Clarck 63k+Opera max 0.5 L/ha, V2F3= AFGAT+ 

Opera max 0.5 L/ha, V2F2= AFGAT+ Nativo 0.5 L/ha, V1F4= 

Clarck 63k+Opera max 0.75 L/ha, V1F5= SCS-1+ Opera max 

0.75 L/ha. 

 

Conclusions 

The risks pertaining to any new technology-rust be 

assessed before introducing that technology at the farm 

level. Soybean is the world’s most important oil crops. This 

study was conducted at Jimma and Metu of South western 

Ethiopia; specifically, two cropping seasons 2014/2015 

and 2015/2016. It was executed under rain feed conditions 

to assess the economic feasibility of different rate fungicide 

chemicals on three well adapted soybean varieties. The 

experiment was laid out as a factorial randomized complete 

block design with three replications and treatments 

consisting of the combined eighteen fungicides by variety 

combinations including the three unsprayed control checks.  

The highest total grain yield (3.10 t/ha) was obtained 

from plots that received SCS-1+ Opera max 0.75 L/ha 

fungicides combinations. Similarly, has the highest 

Marginal rate of return (347.15%). The application of this 

treatment also showed the highest net benefit of 

return(1229.71$/ha). Besides, the remaining treatments 

Clack 63k+Opera max 0.75 L/ha gave good yield (2.80) 

with reasonable economic returns(1081.17$/ha) 

From this study after performing the dominance analy

sis, except AFGAT+ Control treatment combinations, all 

are giving above countries soybean averages i.e., 2.2 tones 

/hectare. After the dominance analysis nearly, all 

treatments give the range of 276.40-347.15% marginal rate 

of return that is above the minimum acceptable marginal 

return. Hence, to obtain optimum economic return from the 

two soybean production areas, it is recommended that SCS-

1+ Opera max 0.75 L/ha be need to cultivated and spared 

the chemicals. This recommendation is made based on 

varying total costs and marginal rate of return for 

alternative treatments with tackling the sensitivity analysis. 
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