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Abstract 
Background: Sorghum is the staple food crop in Assosa area and most important cereal crop next to teff 
and maize in Ethiopia. However, sorghum productivity is constrained by lack of improved agronomic 
practices, low soil fertility and associated low soil nutrient availability especially Nitrogen and 
Phosphorous deficiency and lack of integrated use of nutrient management practices.  
Objective: The objective of this study was to increase sorghum production and productivity by 
optimizing integrated use of blended NPS +N and FYM fertilizers in Assosa district, Western Ethiopia. 
Materials and Methods: The treatments consisted of four rates of FYM (0, 5, 10, and 15 t ha–1) and 
four rates of NPS (having 19N:38P:7S nutrient ratios) applied at the levels of 0, 50, 100 and 150% ha–1 
along with N 46 kg ha–1. The experiment was laid out as a completely randomized block design in a 
factorial arrangement and replicated three times. The experiment was conducted for a period of two 
years, from 2020 to 2022. Data were collected on soil chemical properties and crop yield and yield 
attributes. 
Results: The results showed that the main effect of FYM and NPS significantly (P < 0.01) affected leaf 
area index, thousand seed weight and grain yield of sorghum. The integrated use of FYM and NPS 
significantly (P < 0.05) affected leaf area index, thousand seed weight, grain, and biomass and harvest 
index of sorghum. The soil pH (5.52 to 5.63), organic carbon (1.57 to 1.93%) and CEC (25 to 31.08 
cmol(+) kg–1) were improved in response to the application of 15 t FYM ha–1, whereas some 
improvement of total nitrogen (0.15 to 0.18%) and available phosphorous (3.32 to 9.64 mg P kg–1) in 
response to the application of 150% NPS ha–1 + 46 kg N ha–1. The integrated use of 15 t FYM ha–1 and 
150% NPS ha–1+ N 46 kg ha–1 resulted in the best improvement of soil organic carbon (0.85% to 2.95%, 
total nitrogen (0.15 % to 0.20%), available P (3.26 to 10.03 mg P kg–1) and CEC (18.2 to 36.92 cmol(+) 
kg–1). However, the highest soil pH (5.88) value was recorded in response to the integrated use of 10 t 
FYM ha–1and 150% NPS ha–1+ N 46 kg ha–1. The highest grain yield (3.98 t ha–1) was obtained from the 
integrated use of 10 t FYM ha–1 and 150% NPS ha–1 + N 46 kg ha–1. The highest biological yield (5.09 t 
ha–1) obtained from the integrated use of 15 t FYM ha–1and 150% NPS ha–1 + N 46 kg ha–1. However, 
the lowest grain yield (0.63 t ha–1) and biological yield (1.07 t ha–1) recorded from the non-treated plots 
respectively. This implies that the grain yield was increased over by 84.2% and biological yield by 78.9% 
respectively when compared to the control. Economic analysis also indicated that the application of 10 t 
farmyard manure ha–1and 150% NPS ha–1 + N 46 kg ha–1 was provided the highest gross and net benefit.  
Conclusion: It is concluded that the application of 10 t FYM ha–1and 150% NPS ha–1 + N 46 kg ha–1 

resulted in the most economical yield and improved soil chemical properties, particularly soil organic 
carbon and available phosphorous. The highest mean net benefit (24, 640.14 ETB ha–1) was obtained 
from the application of 10 t FYM ha–1 and 150% NPS ha–1 + N 46 kg ha–1. This implies that combined 
applying of farmyard manure and mineral fertilizers at the above mentioned rates enhances the grain yield 
of sorghum accompanied enhanced contents of soil organic carbon and total nitrogen for sustainable 
production of the crop. 
 
Keywords: Available P; Grain yield; Mineral fertilizer; Organic fertilizer; Soil organic carbon; Total N. 

 

1. Introduction 

Globally, sorghum [Sorghum bicolor L. Moench] is 

regarded as the fifth most significant cereal after wheat, 

corn, and rice and barely in case of its role for human 

consumption, the crops stands fourth after  wheat, corn, 

and rice (FAO, 2022). With a 12% contribution to 

annual output, Ethiopia ranks third in Africa behind 



Tefera et al.     East African Journal of Sciences Volume 17(2): 185-198 

186 

Sudan and Nigeria as a producer of sorghum. After teff 

and maize, it is the third-most significant crop in 

Ethiopia in terms of production area and total 

productivity (CSA, 2020). Being native to Africa, 

sorghum is still a basic staple grain for many rural 

cultures, especially in lower mid-continental sub-humid 

and semiarid regions (Robe Elmawako and Sisay 

Negash, 2021). In Ethiopia, sorghum is cultivated in all 

regions between 400 m and 2500 m altitude, mostly at 

lower altitudes where its productivity has been 

significantly lower than the region's potential yields (4 to 

6 t ha–1) in research stations and farm verification 

experiments (Bodena Guddisa et al., 2021).  

   According to Gebremeskel Gebrekorkos et al. (2017), 

the maximum grain yield (5.11 t ha–1) was recorded from 

the blended fertilizer NPSZn application amended with 

N and P in eastern Ethiopia. However, according to 

Getahun Dereje et al. (2016) report, the highest grain 

yield (4.64 t ha–1) was obtained from the integrated 

application of compost, farmyard manure and NP 

fertilizer in western Ethiopia. This could show that the 

yield recorded from different countries and regions were 

variable due to various yield limiting factors and cultural 

practices. For instance, Nebyou Masebo and Muluneh 

Menamo (2016) reported that the increasing rates of NP 

fertilizers from 0/0 to 92/30 kg ha–1 has increased the 

yield of sorghum from 0.81 to 3.89 t ha–1 at Derashe 

district. In contrast, Kinfe Hailegebriel and Tesfaye 

Adane (2018) reported that global sorghum average yield 

during 2016 was 3.2 t ha–1 and national productivity in 

Ethiopia was only 2.1 t ha–1. Recent study indicated that 

yield differences were observed on different sites. For 

example the yield gap between farmers‟ (4.18, 2.69 and 

1.97 t ha–1) and released cultivars potential yield were 

(6.11, 3.69 and 3.29 t ha–1) for maize, sorghum, and oats 

respectively recoded in 2021. In this study the average 

cereal yield level is very low (2.1 t ha–1) at farmers field 

as compared to that of the estimated average potential 

(3.2 t ha–1) in Ethiopia for the studied crops (Daniel 

Hailu and Rozina Gidey, 2022). This implies that, 

inorganic nitrogenous and phosphate fertilizers are 

generally used to improve nitrogen and P deficiencies 

but their high cost makes smallholder farmers 

unaffordable to purchase. In other condition, the reason 

why farmers have stayed with the traditional cultivation 

of long-cycle sorghum was the fact that people use the 

plant not only as a food source but use the stems as 

animal feed, construction material for house roofs and 

as cooking fuel and not practicing the integrated nutrient 

managements. Under such circumstances and 

continuous decreases in organic matter and nutrient 

content of the soils, the importance of integrated use of 

organic and inorganic nutrient sources has been 

imperative (Sher et al., 2022). Other study reported that 

low soil fertility and shortage of moisture is the major 

constraints in the reduction of growth and productivity 

of sorghum (Gebreyesus Berhane, 2012).  

   Generally soils of the study area was not benefited 

from the integrated use of organic matter, notably FYM 

and inorganic fertilizers, which increases crop yield, soil 

pH, organic carbon content, and the amount of 

accessible nitrogen and phosphorous (field 

observation).In accordance with (EthioSIS, 2014), the 

status of total nitrogen and available phosphors were 

found to be very low and organic carbon was also found 

to be low in western Ethiopia. In the western Ethiopia 

particularly in Assosa zone, not sufficient research has 

been done to investigate the effect of blended NPS and 

farmyard manure. As a result, there is no documented 

information on responses of yield and yield components 

of sorghum to integrated uses of blended NPS and 

farmyard manure rates. However, information on 

production practices to increase the sorghum grain yield 

and soil chemical improvement through applying the 

appropriate rates of NPS and farmyard manure was very 

important. Therefore; the general objective of this study 

was to increase sorghum production and productivity by 

optimizing integrated use of blended NPS and FYM 

fertilizers in Assosa district, Western Ethiopia. 

 

2. Materials and Methods 

2.1. Description of Experimental Site 

The study was conducted for two consecutive years 

during the 2020 and 2022 main cropping seasons on 

farmers‟ field at Assosa woreda, Benishagul Gumuz 

region, Western Ethiopia. The study site was selected 

purposively based on its high sorghum production 

potential. The experimental site is located at “09°58′41.7 

N latitude and 034°38′09.5 E longitude, and an altitude 

of 1580 meters above sea level, with the minimum and 

maximum temperature of 16.5 °C to 27.5 °C, 

respectively. The mean annual rainfall at Assosa was 

1275 mm to 1316 mm with mono-modal pattern lasts 

from April to October, and the hottest months observed 

in March and May. The dominant soil type in the study 

area is Nitosols (Ethio SIS, 2014). Major crops produced 

in the area includes; maize, sorghum, soybean, sesame, 
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finger millet, ground nut etc. Livestock productions like 

cattle‟s, goat, sheep, hen, and donkey were part of 

society‟s livelihood and different willed animals also 

found in larger natural forest and grasses. 

 

2.2. Experimental Materials 

A Sorghum variety named Assosa1, which was released 

in 2015 by Assosa Agricultural Research Center in 

Ethiopia was used as the test crop and selected as best 

performing variety in experimental area. It needs 1200 

mm of rainfall for high yield and grows at an altitude of 

1550 meters above sea level. The average grain yield of 

the variety at Assosa research center ranges from 3.8 t 

ha–1 under station and 3.45 t ha–1 under farmer‟s field 

respectively. The variety needs 180 days to reach 

physiological maturity (AARC, 2017). In addition 

inorganic fertilizers (NPS + Urea) and farmyard manure 

were used as basic experimental materials. 

 

2.3. Soil and Farmyard Manure Sampling and 

Analysis 

Composite soil samples were taken prior from the whole 

experimental site and after harvest from main plots at 

the depth of 0 to 20 cm in a zigzag pattern by soil auger. 

Soil samples was air-dried, ground and sieved to pass 

through a 2 mm sieve. Determination of soil chemical 

properties like, soil pH, OC%, total N, and available P 

and cation exchange capacity (CEC), was analyzed under 

Assosa soil laboratory. Soil pH was measured using soil 

to water ratio of 1:2.5 by pH meter (potentiometric 

analysis) (Jackson, 2003). The percent organic carbon 

content (% OC) was measured by using wet potassium 

dichromate oxidation method (Walkley, 2003). Total N 

was measured using Kjeldahl digestion method (Jackson, 

2003). Available P was measured by Olsen extraction 

method and cation exchange capacity (CEC) was 

determined using 1N ammonium acetate extraction at 

pH 7 and titration with ammonium counter ion (Amma, 

2003). Before the application of farmyard manure to the 

experimental plots, samples of 1 kg were collected from 

the source and stored in plastic bags. Then, it was air 

dried and ground to pass through a 2 mm sieve and 

packaged for laboratory analyses. Then after, pH, total 

N, available P, organic carbon, and available sulfur were 

determined according to methods described in 

(Okalebo, 2002). 

 

 

 

2.4. Treatments and Experimental Design 

The treatment consisted four rates of farmyard manure 

(0, 5, 10, and 15 t ha–1) and four rates of blended NPS + 

N (0, 50, 100, and 150% ha-1 of the recommended rates 

of NPS) with a total of 16 treatments. The experiment 

was laid out in randomized complete block design with 

three replications. The net plot size was 3 m x 2 m (6 

m2) for all experimental plots, with four rows at spacing 

of 75 cm between rows and 20 cm between plants. The 

gross size of experimental plot or replication was 3 m x 

40 m (120 m2) in which the two outer most rows of 

both ends were considered as border effects.  

 

2.5. Experimental Procedures  

The land was prepared in accordance with the standard 

of local practice at a depth of 20 to 30 cm with oxen. 

Plots were leveled and rows prepared using hand tools 

to provide a medium fine soil for the growth of the 

crop. The cattle manure was applied two weeks before 

sowing and incorporated into the soil at a depth 20 cm. 

The whole NPS blended and half of the urea fertilizers 

were applied at planting while half of the urea was 

applied after 45 days of sowing. The experiment was 

done under rain-fed condition and all agronomic 

practices were kept uniform for all treatments as 

recommended and adopted for the location. 

 

2.6. Data Collection  

Data of the yield attributes were recorded after 

harvesting except for the stand count, which was 

recorded after thinning and the number of panicles 

during physiological maturity. Heading occurs when the 

panicle becomes visible as it emerges from the flag leaf 

sheath. Thousand seed weight (TSW) was recorded from 

the composite samples of kernels of each plot; then 

counted and weighed with digital balance after dried 

under optimum temperature. Leaf area index (LAI) was 

calculated as the ratio of total LA of the ten selected 

plants (cm2) to the area of land (cm2) occupied by those 

plants (Valentinuz and Tollenaar, 2006). Biological and 

the grain yield (t ha–1) were measured 30 days after 

harvesting of sorghum to facilitate drying until the dry 

biomass yield attains approximately constant moisture 

content. The biological yield was measured by harvesting 

the whole above ground plant part of each plot. Then 

the kernels were threshed and weighed for the total grain 

yield from each plot. The grain moisture content was 

tested with seed moisture test and adjusted to 12% and 

the yield per plot was converted in to hectare in order to 
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determine average yield of sorghum. The harvest index 

(%) was calculated as the percentage of the grain yield to 

above ground dry biomass yield per plot. 

 

2.7. Data Analysis  

Data was subjected to analysis of variance using the 

General Linear Model (GLM) procedure of SAS 9.4 

(SAS Institute, 2016). A combined analysis of the two-

year data was performed after testing homogeneity of 

variances using F-test (Fisher, 1935). Since the F-test 

results of most agronomic parameters of the two-season 

data depicted homogeneity of variances, a combined 

analysis was done. Whenever the ANOVA detected 

significant differences between treatments, mean 

separation was conducted using Tukey‟s mean 

separation test at 5% level of significance. 

 

2.8. Economic Feasibility Analysis 

Partial budget and economic analysis were performed to 

investigate the economic feasibility of the treatments 

using agronomic manual of (CIMMYT, 1988). The 

economic yield or the actual grain yield was converted 

into adjusted yield after harvesting and then used to 

calculate total revenue. Production of sorghum was 

determined by considering the various variable costs, 

such as the cost of purchasing materials and inputs, site 

preparation, labor for all cultivation and site guard was 

calculated. Generally, costs of all agronomic practices 

were properly calculated and the cost benefit ratio was 

determined for each treatment.  

 

3. Results and Discussion 

3.1. Soil and Farmyard Manure Analysis before 

Sowing 

The initial average soil pH of the study area was 5.52, 

which is in a low range for crop production and 6.8 for 

fresh cow dung, which is an optimum rage. The 

percentage of organic carbon in the soil and farmyard 

manure was 1.57 and 4.2, respectively. The organic 

carbon content in both sources was low to moderate 

range for crop production. However, total nitrogen 

content of the soil (0.15%) is lower than that found in 

the FYM (1.83%). Available phosphorous and sulfur 

contents in the soil and FYM were 3.32 mg kg–1 and 

3.81mg kg-1, 0.42 mg kg–1 and 0.05 mg kg–1, respectively. 

Cation exchange capacity of the initial soil was 25 cmol 

(+) kg–1 and not tested in farmyard manure (Table 1 and 

2). Generally, the experimental soil apparently contains 

low to very high levels of soil quality parameters initially 

to support plant growth (Table 1). This is in agreement 

with standardizations of Hazelton and Murphy (2007) 

who categorized a soil with pH (5.41) as strongly acidic. 

About 3.05% organic carbon and 0.34% nitrogen were 

considered as high in standards. Based on the values 

recorded, the pH of farmyard manure was moderately 

alkaline. In addition, the recorded values of total 

nitrogen, available phosphorus, organic carbon, and the 

available sulfur of farmyard manure were very high and 

best option for crop growth and yield when integrated 

with inorganic fertilizers (Table 2).  

 

3.2. Soil Chemical Properties 

3.2.1. Soil pH 

The soil pH varied significantly (P < 0.05) in response to 

the main and interaction effects of year, farmyard 

manure, and inorganic fertilizer (Table 3). The pH of the 

soil in different treatments was ranged from 5.07 for 

main effect to 5.88 for interaction effect in surface soil 

(0 to 20 cm). The highest pH was recorded from the 

integrated use of 150% NPS + N 46 kg ha–1 and 10 ton 

FYM ha–1. Similarly, the integrated application of 100% 

NPS + N 46 kg ha–1and 5 ton FYM ha–1, as well as 

whereas, 100% NPS + N 46 kg ha–1 and 10 t FYM ha–1 

were produced the highest pH of the soil. The lowest 

pH of the soil was recorded from the integrated 

application of 150% NPS + N 46 kg ha–1and 15 t FYM 

ha–1 (Table 4). 

 
Table 1. Initial soil chemical properties of the experimental site before sorghum planting. 

Chemical properties Soil Rating References 

pH(H2O) 5.52  Strongly acidic Jones (2003) 
Organic carbon (%) 1.57  Low Tekalign (1991) 
Total Nitrogen (%) 0.15  Low Murphy (1968) 
Available Phosphorous (mg kg–1) 3.32  Very high Cottenie (1980) 
Available Sulfur (mg kg–1) 3.81 Below critical Havlin et al. (1999) 
Cation exchange capacity (cmol (+) kg–1) 25.0 Critical Booker (1991) 
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Table 2 Chemical composition of farmyard manure (FYM) before sorghum planting. 

Chemical properties FYM Rating 

pH(H2O) 6.8 Alkaline 
Organic carbon (%) 4.2 Very high 
Total Nitrogen (%) 1.83 Very high 
Available Phosphorous (mg kg–1) 0.42 Very high 
Available Sulfur (mg kg–1) 0.05 Low 
Cation exchange capacity (cmol (+) kg–1) 18.0 Very high 

Note: Rating was made according to Hazelton and Murphy (2007). 
 

The integrated application of 150% NPS + N 46 kg ha–1 

and 10 t FYM ha–1 was improved pH of the soil nearly 

by 13.8% over the highest combined fertilizer 

application of 150% NPS + N 46 kg ha–1 and 15 t FYM 

ha–1. The result is in line with the findings of Kisinyo et 

al. (2019) reported that soil pH increased due to 

application of organic materials and decrease due to sole 

application of inorganic fertilizer. The decrease in the 

soil pH from increased level of inorganic fertilized 

treatment might be due to nitrification of ammonium 

(NH4+) to nitrate (NO3–) and release of phosphoric acid 

by P2O5 during its dissolution into the soil solution. The 

result is in agreement with Roobroeck et al. (2015), who 

reported soil pH was increased due to the application of 

organic materials and decrease due to inorganic fertilizer 

application.  

 

3.2.2. Soil organic carbon 

Soil organic carbon was significantly (P < 0.01) 

influenced by the main and interaction effect of year, 

farmyard manure, and inorganic fertilizer (Table 3). 

Application of FYM either alone or with inorganic 

fertilizer resulted in considerable changes on SOC in the 

surface (0 to 20 cm) of soil layer than control. The 

highest SOC was recorded from the integrated use of 15 

t FYM ha–1 and 150% NPS + N 46 kg ha–1, followed by 

the integrated application of 15 t FYM ha–1 and 50% 

NPS + 46 N ha–1, as well as the sole application of 15 t 

FYM ha–1. The minimum soil organic carbon was 

produced from control and sole application of 15 t FYM 

ha–1 (Table 4). The result is in consistent with the 

findings of Shiferaw Nesgea et al. (2012) who reported 

that the combined application of FYM with inorganic 

NP has increased the soil carbon content after harvest 

by 65% as compared to the application of 100% 

recommended NP alone (N 46 kg ha–1 and 65 kg P ha–1). 

Likewise, Hui et al. (2017) reported that annual 

application of compost at rate of 20 t ha–1 significantly 

improved the residual organic matter of the soil 

compared to the control.  

 

 

Table 3. Mean squares of ANOVA for effects of year, farmyard manure and inorganic fertilizer on selected soil chemical 

properties in Assosa district during 2022 and 2022. 

Source of variation df Mean squares 

Soil pH  SOC  TN  Av. P Av. S CEC  

Year(Y) 1 6.31** 0.66** 0.08** 28.06* 15.83** 1372.84** 
Farm yard manure(FYM) 3 0.15* 0.05* 0.02* 30.12* 1.68* 58.42* 
Inorganic fertilizer (IF) 3 0.32* 0.04ns 0.003* 26.46* 1.26* 8.42ns 

Y x FYM 3 0.37* 0.54** 0.006* 16.08* 1.82* 18.44* 
Y x IF 3 0.42* 0.03ns 0.03* 63.40ns 1.39* 10.62ns 
FYM x IF 9 0.48* 0.25* 0.003* 18.42* 0.89** 0.42* 
Y x FYM x IF 9 0.14* 0.08* 0.009* 1.18** 1.11** 4.61* 

Error 18  0.62 0.07 0.006 2.73  0.09  3.87  
CV (%)  5.43  8.49  31.23  10.12  38.26 24.16  

Note: pH = Power of hydrogen, OC = Organic carbon of the soil, TN = Total nitrogen, Av. P = Available phosphorous, Av. S = 
Available sulfur, and CEC = Cation exchange capacity. ns = non-significant difference, and *, ** and *** refer significant difference at 
probability level of 5, 1, and 0.1%, respectively. df = Degree of freedom. 
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The integrated application of 150% NPS + N ha–1 and 

15 t FYM ha–1 was increased soil organic carbon nearly 

by 71.2% over the control. The presence of moderate 

organic carbon might be due to the synergetic effect of 

combined resources which improves the soil structure 

and proliferation of soil microorganisms that could also 

improve the clay organic carbon bond and increase the 

net soil organic carbon. On the other hand the low soil 

carbon level was observed due to inadequate use of 

organic inputs in soil fertility management as reported by 

(Cui et al., 2022). As others stated that when a soil 

organic matter has increased, the acidity of the soil 

decreases, because the carboxyl groups on the humus 

develop negative charge and suppress the positively 

charged hydrogen (H+) that reacts with the hydroxyl 

(OH-) to form water (Tellen and Yerima, 2018). 

 

3.2.3. Total nitrogen 

Mean square of ANOVA showed that the total nitrogen 

of the soil was highly significantly (P < 0.01) influenced 

by the main and interaction effect of year, farmyard 

manure, and inorganic fertilizer (Table 3). Total nitrogen 

of the soil was improved more due the main effect of 

inorganic fertilizers than farmyard manure (Table 3). 

The integrated use of 150% NPS + N 46 kg ha–1 and 10 

t FYM ha–1 was produced the highest total nitrogen, as 

well as 150 kg NPS fertilizer ha–1 with all the farmyard 

manure rates, as well as 50 kg NPS fertilizer ha–1 with 15 

t FYM ha–1 rates produced the highest total nitrogen. 

The integrated application of 150% NPS + N 46 kg ha–1 

and 10 t FYM ha–1 was improved soil total nitrogen 

nearly by 6% over the sole application of 50 and 100 kg 

NPS ha–1 (Table 4). The result is in line with 

Weldegebriel Redai et al. (2018) reported significant 

amount of total nitrogen, NH4+ nitrogen and NO3– 

nitrogen increased when fresh cow dung was applied to 

the soil. The application of FYM and inorganic fertilizers 

might be resulted in interactive enhancement of soil 

microbial activity, which increases the soil organic 

matter and in turn increase total N of the soil. In 

support to this result, Zerssa et al. (2021) reported, the 

existence of interaction between P and N in the soil as 

well as in plant tissues such that treatment of P in N 

fertilized soils increased the total N of the soil. In 

contrast, maximum application of fertilizers were 

negatively influenced soil chemical properties like the 

decline of TN (0.16%) due to the interaction effect of 

150% NPS + 46 N ha–1 and 15 t FYM ha–1 (Table 4). 

The possible reason for total nitrogen reduction from 

the application of higher rate of inorganic fertilizer 

might be due to high loss of nitrogen through leaching 

by high rainfall, excess and inadequate application to 

replenish the removed nitrogen through crop harvests 

and high rate of organic matter decomposition. 

 

3.2.4. Available phosphorous  

Mean square of ANOVA showed that the available 

phosphorous of the soil was highly significantly (P < 

0.01) influenced by the main and interaction effect of 

year, farmyard manure, and inorganic fertilizer (Table 3). 

The maximum soil available P was recorded from the 

integrated use of 150% NPS + N 46 kg ha–1 and 15 t 

FYM ha–1. Similarly, the integrated application of 150% 

NPS +46% N ha–1 with all farmyard manure rates were 

produced the highest available P of the soil. The lowest 

available P was recorded from control and sole 

application of 5 t and 10 t FYM ha–1 (Table 4). The 

increase in soil N and P after FYM application might be 

due to the direct addition of N and P through 

decomposition of the FYM added to the soil and/or 

residual effect of inorganic fertilizers. The result is in 

agreement with the findings of Tunya et al. (2014) who 

reported significant increase in residual available P2O5 as 

a result of combined application of manure (5 t ha–1), 

lime (3 t ha–1) and P2O5 (60 kg ha–1).  
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Table 4. Interaction effects of inorganic fertilizer and farmyard manure on available P, available S and soil CEC after 

crop harvesting. 

Treatments pH(H2O) %OC Total  
N% 

Av. P  
(mg kg–1) 

Av. S  
(mg kg–1) 

CEC 

IF (% ha–1) FYM (t ha–1) 

0 0 5.52f 0.85g 0.15cd 3.26f 19.94g 18.2h 
 5 5.53ef 0.88g 0.15cd 3.25f 19.95g 18.48gh 
 10 5.53ef 1.06fg 0.15cd 3.26f 19.87g 18.96gh 
 15 5.56e 2.62c 0.16c 4.75ef 20.02fg 19.75g 
50 0 5.68c 2.84b 0.14d 4.82ef 23.54de 23.85fg 

 5 5.54de 0.98fg 0.15c 4.94ef 22.86ef 24.32fg 
 10 5.63cd 1.24f 0.16c 5.03e 23.47de 24.86f 
 15 5.59d 2.04d 0.17bc 6.05d 23.85d 26.67ef 
100 0 5.48ef 1.54ef 0.14d 5.89de 24.28cd 28.43e 
 5 5.55de 1.86de 0.15cd 5.78de 22.98e 29.45de 
 10 5.76cb 1.96ed 0.16c 6.25cd 25.08c 28.74e 
 15 5.78b 2.46cd 0.16c 6.74cd 21.45f 34.02c 
150 0 5.25fg 1.65e 0.17bc 9.64b 24.35cd 34.65cb 
 5 5.64cd 1.78de 0.18b 7.82c 24.56cd 30.52d 
 10 5.88a 2.03d 0.20a 9.42cb 29.38b 35.09b 
 15 5.07g 2.95a 0.16c 10.03a 32.02a 36.92a 

CV (%)  7.03 10.86 13.32 18.74 8.06 10.63 

Note: Means in columns followed by different letters are significantly different at P < 0.05 probability level. 

 
In fact, none of the treatments had available P levels 

greater than the critical 10.03 mg kg–1 that is considered 

as adequate for most cereals in the region. The result is 

in contrary with Kisinyo et al. (2019), in that the increase 

in soil P2O5 due to the applications of organic materials 

and inorganic fertilizers on acid phosphorous deficient 

soils. Almost all the P2O5 in NPS is soluble and readily 

available while some of the P2O5 in the FYM is in 

organic forms and must first be mineralized before it 

becomes available. Soils were sampled after harvest, by 

which time most of the P2O5 could also have been fixed 

in these high P-fixing soils (Roobroeck et al., 2015). 

Above all, P application in combination with organic 

manures may not only improve fertility status but are 

also potential for restoring and maintaining productivity 

of a soil which could otherwise be impossible even with 

balanced application of  inorganic fertilizers alone. 

Similarly, Tilahun Tadesse et al. (2013) reported 

phosphorus deficiency is likely in such an acidic soil due 

to its fixation by aluminum and iron ions, which is 

compounded by parent materials with low phosphorous 

and inadequate phosphorus fertilizer replenishment by 

users. 

 

 

3.2.5. Available sulfur 

The available sulfur (S) was significantly (P < 0.05) 

influenced by main and interaction effect of year, 

farmyard manure and inorganic fertilizers (Table 3). The 

highest value of available soil sulfur was recorded from 

the integrated use of 15 t FYM ha–1 and 150% NPS + N 

46 kg ha–1, as well as the integrated use of 10 t FYM ha–1 

and 150% NPS + N 46 kg ha–1 was produced the 

maximum available sulfur. The lowest available sulfur 

was recorded from control and sole application of 

farmyard manure (Table 4). The result is in line with the 

findings of Deekshitha et al. (2017) reported that 

application of P2O5 fertilizer results in increased anion 

adsorption sites, which releases sulfate ions in to the 

solution. However, its deficiency might be higher in 

savanna area than in the forest zone due to very long 

period of plant burning during which sulfur in the grass 

and other plant goes up in smoke as sulfur dioxide. 

Several studies reported both synergistic and 

antagonistic relationship between P2O5 and sulfur 

depending on their rate of application and crop species 

(Muhammad et al., 2015). This is might be the capacity 

of applied sulfur to reduce soil pH and increase 

availability of other nutrients to plant has enhanced the 

synergy between phosphorous and sulfur. 
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3.2.6. Cation exchange capacity 

Mean square of analysis showed that CEC was highly 

significantly influenced by the main effect of year, 

significantly influenced by the main effect of FYM, 

interaction effect of (Y x FYM, IF x FYM and Y x FYM 

x IF); whilst it did not significantly influenced by the 

main effect of IF and interaction effect of Y x IF (Table 

3). The highest CEC (36.92 cmol (+) kg–1) was observed 

from the integrated use of 15 t FYM ha–1 and 150% 

NPS + N 46 kg ha–1 and the lowest 18.2 cmol (+) kg–1 

for control (Table 4). The CEC of the soil was increased 

by 49.29% (18.2-36.92cmol (+) kg–1) with increase in 

rate of farmyard manure and inorganic fertilizer. The 

reason for high CEC might be due to the residual effects 

of farmyard manure and initial CEC in experimental site. 

In conformity with this result Kumar et al. (2019) 

reported that CEC significantly increased with increased 

organic manure (15 t FYM ha–1) in conjunction with 

inorganic fertilizer than the application of only inorganic 

NPK fertilizers. Cation exchange capacity (CEC) is an 

imperative soil property influencing structure stability of 

soil, nutrient accessibility, soil pH and soil‟s reaction to 

fertilizers and other ameliorants (Hazelton et al., 1991). 

The lowest CEC values observed in the control plots 

and sole application of 50% IF and 15 t FYM ha–1 might 

be attributed to the leaching of bases from the soil due 

to the high rainfall which were not replenished since 

there was less fertilizer provided or late decomposition 

of manure to these plots.  

 

 

3.3. Yield Attributes of Sorghum  

3.3.1. Number of tillers  

Sorghum number tillers (NT) were significantly (P < 

0.05) influced by the main effect of year, inorganic 

fertilizers (IF), interaction effect of Y x IF, FYM IF and 

Y IF FYM. However, it was not significantly (P > 0.05) 

influnced by the main effect of FYM and the interaction 

effect of Y x FYM (Table 5). The maximum number of 

tillers (47) per plot were recorded from the integrated 

use of 150% NPS + N 46 kg ha–1 and 10 t FYM ha–1; 

whereas, the lowest (30) was observed for control (Table 

6). The result is in agreement with the findings of 

Shamme et al. (2016), reported that stimulation of tillers 

with high application rate of nitrogen might be due to its 

positive effect on cytokinin synthesis. The reason for the 

tiller increment might be noted due to the application of 

optimum rate of  fertilizer which improves the survival 

of plants at emergence. The result is in contrast with 

Nikus et al. (2004) findings, who reported residual effect 

of farmyard manure can change soil environment and 

fertility status to germinate all number of seeds planted, 

initiate tillers and yields. This might be resulted based on 

the term used for cultivation, farmyard manure requires 

long time to decompose and easly available for plant 

growth and yield than commercial fertilizers. The result 

is also consisted with the findings of Onyari et al. (2015) 

showed that increase in rate of N (60 to 105 kg N ha–1) 

significantly improved the stand count of maize at  the 

optimum rate of  N (90 kg N ha–1), while the higher and 

lower rate of N decreased the stand count.  

 

Table 5. Mean squares of ANOVA for effect of year, FYM and IF on yield attributes and yields of sorghum. 

Source of variation df Mean squares 

NT NH LAI TSW GY BY HI 

Year 1 13.13* 76.33* 2.13** 164.22** 75.84* 354.76ns 0.2ns 
Farmyard manure  3 17.51ns 191.19* 1.4* 35.53** 1266.34** 1184.28* 0.3* 
Inorganic fertilizer 3 13.56* 257.25* 10.13** 105.54** 14159.39** 12501.62* 1.49* 
Y x IF 3 64.56* 68.83* 0.15** 3.49* 26.39* 77.2ns 0.12ns 
Y x FYM  3 5.96ns 5.31* 0.45* 2.23* 8.57** 138.75* 0.16* 
FYM x IF 9 0.56* 5.31* 0.45** 2.23* 0.13*** 0.39** 0.09** 
Y x FYM x IF 9 3.97* 27.47* 0.22* 55.33** 335.23*** 420.52** 0.05** 
Error 18 3.13 7.3 0.21 4.9 17.2 15.2 0.08 
CV(%)  16.04 17.24 21.91 9.48 8.1 19.93 12 

Note: NT = Number of tillage, NH = Number of heads, LAI = Leaf area index, TSW = Thousand seed weight; GY = Grain yield, 
BY = Biological yield, and HI = Harvest index. ns = non-significant difference, and *, ** and *** refer to significant difference at 
probability level of 5, 1, and 0.1%, respectively. df = Degree of freedom. 
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3.3.2. Number of heads 

The number of heads (NH) of sorghum per plot 

significantly (P < 0.05) influenced by all sources of 

variations (Table 5). Number of heads per plant is an 

important yield attributes of sorghum that contributes to 

grain yield. Crops with higher number of heads/panicle 

number could have higher grain yield. The maximum 

number of heads (48) was recorded from the integrated 

use of 150% NPS + N 46 kg ha–1 and 10 t FYM ha–1, 

whereas the lowest (34) was recorded for non-treated 

plots (Table 6). The result is in line with the findings of 

Shuaibu et al. (2018), who found that the grain sorghum 

yield and yield attributes positively responds to organic 

and inorganic fertilizer combination. The lowest and 

highest level of integrated nutrient application was 

reduced the number of heads as compared to number of 

tillers observed in the field (Table 6). This is might be 

indicated that all the emerged tillers did not attain the 

matured heads due to nutrient deficiency or excess 

nutrient. The significant difference observed was also 

indicated that number of heads might more influenced 

by inorganic fertilizer than farmyard manure.  

 

3.3.3. Leaf area index 

The Leaf area index of sorghum was highly significantly 

(P < 0.01) influenced by main and interaction effects of 

all sources of variations (Table 5). The highest LAI was 

recorded from the integrated use of 150% NPS + N 46 

kg ha–1 and 10 t FYM ha–1. Similarly, the combination of 

150% NPS + N 46 kg ha–1 with all farmyard manure 

rates were produced the highest leaf area index of 

sorghum. However, the lowest LAI was recorded from 

control (Table 6). The highest LAI produced was might 

be happen due to more light interception and enhanced 

photosynthetic rate, which ultimately resulted in higher 

dry matter production. The result is in accordance with 

the findings of Elamin and Madhavi (2015), reported the 

highest leaf area index (4.8) was recorded for 100% 

inorganic fertilizer and 2.5 t vermicompost per hectare. 

Similarly, Shamme et al. (2016) reported that the highest 

LAI for Lalo sorghum (3.28) was recorded with the 

application of 138 kg N ha–1, while the lowest (2.15) was 

recorded from variety Chemada with no nitrogen 

application. Therefore, the increase in LAI was possibly 

due to the improved leaf expansion in plants through 

application of optimum nitrogenous fertilizers. 

 

 

3.3.4. Thousand seed weight (TSW) 

Mean square of ANOVA showed that thousand seed 

weight was highly significantly (P < 0.01) influenced by 

the main and interaction effect of year, farmyard 

manure, and inorganic fertilizer (Table 5). The highest 

thousand seed weight was recorded from the integrated 

application of 10 t FYM ha–1 and 150% NPS + N 46 kg 

ha–1, followed by interaction effect of 15 t FYM ha–1 and 

50% NPS + N 46 kg ha–1 , and 5 t FYM ha–1 with 150% 

NPS + N 46 kg ha–1. Similarly, the integrated use of 

100% NPS + N 46 kg ha–1 and all farmyard manure 

rates were produced the maximum thousand seed weight 

of sorghum. The lowest TSW was recorded from the 

highest interaction level of inorganic and farmyard 

manure (150% NPS + N 46 kg ha–1 and 15 t FYM ha–1) 

and sole application of 5 t, 10 t and 15 t FYM ha–1 

(Table 6). The lowest thousand seed weight recorded 

from the integrated use of 150% NPS + N 46 kg ha–1 

and 15 t FYM ha–1 was 53.4% less than the highest 

thousand seed weight. This could be due to the presence 

of good monthly rainfall distribution throughout the 

cropping season that may extend the grain-filling period 

and optimum nutrient supplied for plant growth and 

yield. The result is in line with the findings of Biya 

Muhidin (2018), who reported that the highest thousand 

grain weight (2.49 g) produced from (0 N kg ha–1), while 

the minimum was (2.25 g) recorded from the highest 

nitrogen rate (69 kg N ha–1). The result is in contrary to 

the finding of Yalemtesfa Firew and Asfaw Adugna 

(2017), reported that no significant effect of the 

application of different rates of nitrogen fertilizer on 

1000 kernel weight of bread wheat.  

 

3.4. Yields of Sorghum 

3.4.1. Biological yield  

Mean square of ANOVA showed that biological yield 

was highly significantly (P < 0.01) influenced by the 

main and interaction effect of year, farmyard manure, 

and inorganic fertilizer (Table 5). The maximum 

biological yield was recorded from the integrated use of 

150% NPS + N 46 kg ha–1 and 15 t FYM ha–1, which 

was followed by the interaction effect of 150% NPS + 

N 46 kg ha–1 and 10 t FYM ha–1. The sole application of 

150% NPS + N 46 kg ha–1, integrated use of 100% NPS 

+ N 46 kg ha–1  and 10 t FYM ha–1 and 100% NPS + 

46% N ha–1 and 15 t FYM ha–1 were produced the 

highest biological yield consecutively. However, the 

minimum weight of biological yield was obtained from 

plots treated without fertilizers (Table 6). Increasing in 
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biological yield might be from the application of 

inorganic fertilizer in combination with farmyard 

manure that increased the growth rate of sorghum, 

which ultimately produced more biological yield. The 

result is in line with the findings of Weldegebriel Redai et 

al. (2018), ascertained the increasing application of 

fertilizer nutrients such as N P and K increases the grain 

yield and biomass weight of sorghum significantly. 

Biological yield is a function of photosynthetic rate and 

proportion of the assimilatory surface area. As observed 

from field experiment, sorghum biological yield 

produced from integrated nutrients were relatively 

greater by 79% over sole application of treatments 

(Table 6). Related to this finding, Gebremeskel 

Gebrekorkos et al. (2017) had reported the highest 

biomass yield (12672 kg ha–1) from the application of 

blended fertilizer amended with N and P. The increase 

in biological yield with increase in rate of fertilizers 

might be due to better crop growth rate, LAI and 

accumulation of photo assimilate, which ultimately 

produced more biological yield. Similarly, Berhane 

Shibabaw et al. (2015) found that application of high N 

level results in high amount of biomass yield in 

sorghum. 

 

 
Table 6. Interaction effects of inorganic fertilizer and farmyard manure on yield attributes and yields of sorghum at 

Assosa district in 2020 and 2022. 

Treatments Yield attributes Yields 

IF (%) FYM  
(t ha–1) 

NT NH LAI TSW  
(g) 

GY  
(t ha–1) 

BY  
(t ha–1) 

HI  
(%) 

0 0 33.67igh 34h 0.77g 27.99g 0.63j 1.07g 46.28d 
 5 32.67i 34.33h 1.24gfe 21.19j 0.79i 1.21hg 65.84bc 
 10 33.67igh 34.33h 1.45gdf 21.80j 0.83i 1.26hg 66.19bc 
 15 33ih 35.33hg 1.79dfc 22.32ji 0.87i 1.25hg 69.55bc 
50 0 35.33feg 35.67hgf 1.18gf 23.65i 0.74j 1.16hg 63.74dc 
 5 34.67fig 35.67hgf 1.67gdf 25.87h 0.83i 1.20hg 69.72bc 
 10 36.67fec 37.67edf 1.52gdf 28g 0.95ih 1.29hgf 74.1bac 
 15 36feg 37egf 1.67gdf 36.14b  1.15gh 1.54gf 74.93bac 
100 0 38bcd 39.67bdc 1.89dfc 29.01fg 1.37gf 1.76egf 77.52bac 
 5 38bcd 39.33bdc 2.09dfc 29.33fg 1.47f 1.92edf 76.89bac 
 10 39bc 40bac 2.20dce 30.39fe 1.80e 2.23ed 80.74bac 
 15 39.33ba 40bc 2.26dc 31.17de 1.83e 2.22ed 82.53ba 
150 0 37.67bec 38.33edc 2.49bc 32.74dc 2.12d 2.54cb 83.36ba 
 5 39.67ba 42.7ba 3.35ba 34.21c 2.97c 3.34c 88.74a 
 10 46.67a 48a 4.08a 44.64a 3.98a 4.49b 89.53a 
 15 40ba 40.7bc 3.50a 20.79j 3.43b 5.09a 89.71a 

LSD   4.8 4.56 0.38 1.87 1.53 1.93 1.63 
CV (%)  13.27 10.96 28.45 16.8 23.28 22.68 14.11 

Note: Means in columns followed by different letters are significantly different at P < 0.05 probability level. 
 
3.4.2. Grain yield 

The grain yield highly significantly (P < 0.001) 

influenced by the two factor interaction of farmyard 

manure x inorganic fertilizer and the three factor 

interaction of year x farmyard manure and inorganic 

fertilizers. The main effect of year, farmyard manure, 

inorganic fertilizer and their interaction effect of year x 

inorganic fertilizer significantly (P < 0.01) influenced the 

grain yield of sorghum. Whereas, grain yield significantly 

(P < 0.05) influenced by the main effect of year and the 

interaction effect of year x inorganic fertilizer (Table 5). 

   The maximum grain yield was gained from the 

integrated use of 150% NPS + N 46 kg ha–1 and 10 t 

FYM ha–1, which is followed by the integrated use of 

150% NPS + N 46 kg ha–1 and 15 t FYM ha N 46 kg 

ha–1. The integrated use of 150% NPS + N 46 kg ha–1 

and 5 t FYM ha–1 and the sole application of 150% NPS 

+ N 46 kg ha–1 also gave the highest grain yield of 

sorghum. However, the sole application 5 t FYM ha–1, 

50% NPS + N 46 kg ha–1 and control were produced 

the lowest grain yield of sorghum (Table 6). This might 

be due to optimum contents in inorganic fertilizers and 

high nutrient contents in farmyard manure released and 

available for plants then contributed to yield and yield 

attributes of sorghum. This result is in line with Tilahun 

Tadesse et al. (2013), reported as the highest grain yield 

of 4535 kg ha-1was obtained from the plots received the 
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highest fertility level (15 t FYM ha−1 plus 100% of the 

recommended inorganic fertilizer rate) and the lowest 

yield of 3340 kg ha−1 was obtained from the control 

plots. Similarly, Dagne Chimdessa (2016) reported that 

the application of blended fertilizers and NP fertilizers 

significantly increased grain yield of sorghum as 

compared to N fertilizers and the control. 

   The enhanced in grain yield with increase in nitrogen 

levels application might be also due to the increase up of 

yield attributing characters and nutrient uptake of the 

crop under these levels, while the reduced yield might be 

due to yield limiting factors at low and maximum 

application levels. The highest integrated use of 150% 

NPS + N 46 kg ha–1 and 10 t FYM ha–1 was increased 

the yield by 84.2% over control (Table 6). The result is 

again in line with Shuaibu et al. (2018), they reported the 

application of 45 kg ha–1 NPK + 2 tons of cow dung per 

hectare produced the best result in both growth and 

yield of sorghum. The results of the present study 

substantiates that lack of adequate nutrient supply and 

poor soil structure are the principal constraints to crop 

production under low input agriculture systems(Azrag 

and Dagash, 2015).  

 

3.4.3. Harvest index 

Harvest index of sorghum was significantly (P < 0.01) 

influenced by the two factor interaction effect of FYM x 

inorganic fertilizer (IF) and the three factors interaction 

of Y x IF x FYM; whilst, significantly (P < 0.05) 

influenced by all sources of variation; however, it did not 

significantly (P > 0.05) influenced by main effect of year 

and interaction effect of Y x IF (Table 5). The highest 

HI was recorded from the integrated use of 150% NPS 

+ N 46 kg ha–1 and all rates of farmyard manure. The 

integrated use of 150% NPS + N 46 kg ha–1 and all rates 

of farmyard manure also produced the highest 

percentage of harvest index. However, the lowest 

harvest index was obtained from control (Table 6). The 

variation found for HI dynamics might be largely 

explained by difference in assimilation during grain 

filling and remobilization of pre-heading assimilates and 

this variation could be due to genetic variation for the 

trait has been reported by Weldegebriel Redai et al. 

(2018), thus, the harvest index increased significantly up 

to 92 kg N ha–1. The result was in agreement with the 

findings of Shamme et al. (2016), who reported that, 

harvest index in maize increases when nitrogen rates 

increased. 

 

3.5. Partial Budget Analysis  

The adjusted grain yield and biological yield of sorghum 

were used to calculate the gross field benefits (total 

revenue) for the partial budget analysis (economic 

analysis). Therefore, farmyard manure (10 t ha–1) and 

150% NPS + N 46 kg ha–1 produced the highest net 

benefit (24,640.14 ETB), followed by farmyard manure 

(15 t ha–1) applied with 50% of NPS + N 46 (12,993.73 

ETB), while fresh cow dung applied at 5 t ha–1 and 

inorganic fertilizers at 50% produced the net benefit of 

6,056.99 ETB (Table 7). These three treatments 

maintained for the least cost, as farmers prefer high net 

benefit with the least cost than high benefit with high 

cost (CIMMYT, 1988). The value of economic efficiency 

indicated that sorghum production has an index of 3.18. 

This means that for every birr 1.00 spent in the 

production of sorghum integrated fertilizers, birr 3.18 

was realized as a net revenue. Therefore, the combined 

effect of farmyard manure (10 t ha–1) and inorganic 

fertilizer (150% NPS + N 46 kg ha–1) recommended for 

the farmers, as this treatment were with high net benefit 

and lower cost of production. 

 

 

Table 7. Partial budget analysis of sorghum by the effect of farmyard manure and inorganic fertilizers in Assosa district 
during 2020 and 2022. 

Treatments UGY AGY  ADBY  TR TVC NB Economic  

 (t ha–1) (t ha–1) 
(12%) 

(t ha–1) 
(12%) 

(ETB ha–1)  (ETB ha–1) (ETB ha–1) Efficiency 

IF0FYM0 0.63 0.60 1.07  3012.09 1796.15 1215.94 1.68 
IF1FYM1 0.81 0.77 1.20  9658.5 3601.51 6056.99 2.68 
IF2FYM3 1.79 1.65 2.14  20184.2 7190.44 12993.73 2.81 
IF4FYM3 3.98 3.80 4.28  35962.7 11322.5 24640.14 3.18 
IF4FYM4 3.43 3.41 3.84 23685.5 12973.2 10712.3 1.82 
CV (%)   32.74      
LSD   0.82**      

Note: UGY= Unadjusted grain yield; AGY = Adjusted grain yield; ADBY = Adjusted dry biomass yield; TR = Total revenue; TVC 
= Total variable costs; NB = Net benefit; ETB ha–1 = Ethiopian Birr per hectare.  
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4. Conclusion 

The results of this study have showed that the integrated 

use of 150 % NPS +46% N ha–1 with 10 t FYM ha-1 

produced the highest grain yield. The highest net benefit 

(24,640.14 Birr) was obtained from the same treatment 

interaction during two cropping seasons. In addition, 

application of 15 t FYM ha–1 and 50% of NPS + N 46 

kg ha–1 was produced the next highest (12,993.73 ETB) 

net benefit, which is also economically feasible. 

Therefore, it is concluded that applying 150 % NPS + N 

46 kg ha–1 with 10 t FYM ha–1 to Assosa1 sorghum 

variety is the optimum fertilizer rate to get economical 

grain yield in the study area and other similar agro-

ecology in both years. The results imply that the 

productivity of sorghum is determined by the availability 

of sufficient N, P, S in the soil supplied as fertilizer in 

the study area. The results also indicate that the 

availability of OC, N, P, S and CEC in the soil during 

the growing period is also a vital prerequisite for 

enhanced production of the crop. Thus, the integration 

of organic and inorganic fertilizer is the best for 

producing the crop in the study area with the 

aforementioned rates of the fertilizers. Farmers in the 

study area should, therefore, be advised to use Assosa1 

sorghum variety and the aforementioned fertilizer rates 

to produce the best yield. Further research should be 

conducted to investigate long term effects of integrated 

fertilizers on sorghum productivity across various 

locations and growing years. 
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