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Abstract 

Nitrogen is the most important nutrient to improve crop yield, however huge application rate 

has negative impact on aggravating soil acidity and environmental pollution. This experiment 

was conducted in 2020 and 2021 years in Debre Elias district to select the most effective 

green manure crop and supplementary N rate for bread wheat yield. A split-plot design with 

main plots of N rate (0, 60, 80 and 100 kg/ha) and subplots of green manuring (control, 

lupine, vetch and fenugreek) treatments were replicated three times. Soil organic carbon and 

total nitrogen and green manure biomass yield were significant while soil pH and C:N ratio 

were not significantly influenced by green manure crop. The highest green manure biomass 

yield (13.073 t/ha), soil organic matter (2.04%) and, total N (0.131%) were recorded from 

lupine green manure. On the other hand, bread wheat yield and yield related parameters 

were significantly affected by green manuring and N rate; however spike length, the number 

of kernels per spike and, grain yield were significant to the interaction effect of N rate and 

green manure. The longest date of maturity (90 & 92days) and plant height (84 & 86 cm) 

were observed in lupine manure and maximum N (100 kg/ha) while the shortest date of 

maturity (87 & 83) and plant height (80.6 & 77.8 cm) from fenugreek manure and zero N 

fertilizer rate. Combined use of lupine manure and 80 kg/ha N fertilizer gave the highest 

grain yield (3.725 t/ha) and net profit (66,925 birr (1,620.85 USD) per ha) with acceptable 

marginal rate of return (MRR) of (66%). The farmers of the study area are advised to 

implement combined use of lupine green manure with supplementary 80 kg/ha N for 

sustainable wheat production. 

Keywords: Bread wheat, Green manure biomass yield, Fenugreek, Green manuring, Lupine, 

Vetch 

Introduction  

Sustainable development is the dominating 

paradigm in environmental, economic and 

ecological issue in the 20
th

 and 21
st
 century 

(Redcliff, 2005, Spiertz, 2010). 

Application of mineral N fertilizer is 
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important to increase crop yield; however 

huge fertilizer application had 

environmental pollution problem in soil, 

air and water sources. The excessive use of 

agrochemicals pollute the environmental 

conditions at a great extent particularly on 

the food produced under such farm system 

may not be safe or good quality (Arshad 

and Shah, 2010). On the other hand, green 

manure technology is environmental safe, 

low-cost method to restore soil organic 

matter and prevent rapid decline in soil 

fertility, a key cause of food insecurity of 

tropical smallholders (Becker and Johnson 

1998). 

According to Smil (2002) report, 

nitrogenous fertilizers have contributed 

much in world food production, about 40 

percent per-capita food production in the 

past 50 years increased through the 

application of N fertilizers but most 

agricultural soils in Ethiopia are deficient 

in N nutrient. Nutrient depletion is the 

fundamental biophysical factor for 

declining per capita food production for 

the small-scale farmers of Africa and 

Ethiopia (Drechsel et al., 2004; Amare et 

al., 2005). Arable crops required the large 

amount of nitrogen nutrient, unfortunately 

the price of fertilizers has been inflated 

and becoming unaffordable to resource 

poor farmers (Lemaire & Gastal 1997; 

Makokha et al., 2001; Kayeke et al., 

2007).  

The price of wheat has been increased 

from year to year; as a result it initiated the 

farmers to increment of wheat through 

intensive use of chemical fertilizers at the 

expense of deteriorating soil quality 

(Makokha et al., 2001, Alemayehu, 2011). 

The huge and repeated application of 

chemical fertilizers alter the 

physicochemical and biological properties 

of soils besides it has negative impact on 

the depletion of organic matter, macro and 

micronutrients and aggravating topsoil 

erosion and acidity (IFPRI, 2010). High 

application rate of chemical fertilizer 

causes environmental pollution and 

economically low profitable. Thus, 

chemical fertilizers should be applied 

under the right soil conditions and with 

adequate physical soil and water 

management. Sole application of chemical 

fertilizer can lower soil pH (increasing soil 

acidify), decreasing the organic matter 

content and microbial activity but 

developing soil crust, increasing the 

incidence of pest as a result plant growth 

stunted and emit greenhouse gases 

(Pahalvi et al., 2021) 

Wheat requires large amount of  

nitrogenous nutrient than other elements, 

for instance wheat required about 3.3 - 

4.1% N nutrient by the weight of grain but 

it requires 1 - 1.17% P2O5 to weight of 

grain (Kumar and Goh, 2002; IPNI, 2008). 

An application of organic materials helps 
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for the proper maintenance of soil fertility 

(Sameem et al., 2002). Mineral N fertilizer 

application has eliminated a major 

elemental constraint with respect to 

enriching the soil stock of organic C and N 

originally managed by organic manure 

amendments and leguminous cultures 

(Hirel et al., 2011). However, organic 

farming can eliminate many of the 

environmental problems of conventional 

agriculture (Arshad and Shah, 2010). 

Green manure crops enrich soil fertility 

through incorporating the non-decomposed 

plant materials into soils. Green manure 

can either be grown in situ and 

incorporated in the field or grown 

elsewhere and brought in for incorporation 

in the field. Not all plants can be used as a 

green manure in practical farming. Green 

manures may be: plants of grain legumes 

such as pigeon pea, green gram, lupine, 

vetch, cowpea, etc while perennial woody 

legume plants, such as Leucaena 

leucocephala, Gliricidia sepium, Cassia 

siamea; and non-grain legumes, such as 

Crotalaria, Sesbania, Centrosema, 

Stylosanthes and Desmodium can be used 

for green manure. Because green manures 

add whatever they have absorbed from the 

soil, they in fact recycle soil nutrients from 

lower depths to the topsoil besides 

contributing to soil N through N fixation 

(FAO, 2006).  

Green manuring increase the availability 

of soil nitrogen and more profitable 

practice for the resource-poor farmers for 

who could not able to afford the required 

mineral N fertilizer. Green manures can 

potentially accumulate up to 250 kg N ha
-1

 

yr
-1

 and resulting 600-4100 kg ha
-1

 yield 

increment of subsequent crop and improve 

soil structure (Peoples and Herridge 1990; 

Giller and Wilson 1991). This scenario 

leads to rethinking about the benefit of 

integrating green manure crop with 

mineral fertilizer for sustainable 

improvement of crop yield. The green 

manure practice has been initiated in 

recent years due to the inflated price of 

chemical fertilizers and the occurrence 

more environmental pollution risk for 

sustainable crop production. Green 

manuring is not only improve soil 

nutrients but also helps to reduce the cost 

of fertilizer (Irin et al., 2019).  

The selection of green manure crop is 

crucial for high N fixing capacity, the fast-

growing and high-yielding legume crop 

showed two to five times great in N 

fixation than slow-growing and low-

yielding legume crop (Allison, 1973). The 

legume crop with more biomass yield is 

more preferable for green manuring 

(Werner and Newton, 2005). Legumes 

have different capacities to accumulate 

biomass and fix nitrogen but for effective 

green manure crop with high biomass 
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yield preferable (Tolessa et al., 2001). The 

plant materials used as green manure differ 

in their chemical composition, rate of 

decomposition and nutrient elements 

released to the soil, thus various green 

manures have significant differences on 

soil chemical properties and crop yield 

responses (Adekiya et al., 2019). 

Sustainable agriculture aims to minimize 

or avoid the use of non-renewable 

production inputs (Lazányi, 2001) 

meanwhile the studies conducted by 

Ethiopian Institute of Agricultural 

Research (EIAR) have been focused on 

crop response to the mineral N and P 

fertilizers only (IFPRI, 2010). Thus, 

meager information available on integrated 

use of green manure and mineral N 

fertilizer to improve productivity of bread 

wheat in Ethiopia in general and in the 

study area in particular. Therefore, this 

study was designed to determine the effect 

of green manuring and supplementary N 

rate to increase wheat yield. The specific 

objectives of this study were to: 

 Evaluate the green manure crop 

biomass yield and its impact on soil 

chemical  properties 

 Investigate the effects of green 

manuring and fertilizer rates on wheat 

growth and yield  

2. Materials and Methods  

2.1. Description of the study area 

This study was conducted at Yemezeghn 

kebele in Debre Elias district it located 342 

km north-western of Addis Ababa in 

consecutive two years (2020 and 2021) 

through using identical design (Figure 1). 

Geographically, the site is lies between 

10
o
36’72”N of latitude and 37

o
49’02” E of 

longitude and at 2189 masl altitude. The 

district has a mean annual rainfall of 1266 

mm and its mean annual temperature 

ranges from 18-27°C and located on 

altitude ranging from 800 to 2200 m above 

sea level. Regarding to the distribution of 

agro-ecological condition 98% coverage of 

the district categorized under mid-highland 

(Woyina Dega) while the rest 2% under 

lowland (Kola) agro-ecological zone. The 

district is dominantly covered by Nitisols, 

Leptosols, Camobisols and Acrisols soils 

but the experiment was carried out on 

Nitisol. 
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Figure 1. Shcmatic map of the study area 

2.2. Treatments and Experimental 

Design  

Three green manure crops (vetch, lupine 

and fenugreek) were collected from local 

market; urea and TSP (triple 

superphosphate) mineral fertilizers were 

used as a source of N and P, respectively. 

Kakaba (Picaflor) bread wheat was used as 

a test crop. This experiment was conducted 

by split plot arrangement based on a 

randomized complete block design with 3 

replications. The design allowed for more 

precision chance to investigate the effect 

of subplot through sacrificed precision 

chance of main plot. The main plots were 

N rates (0, 60, 80 and 100 kg/ha) and 

subplots were different sources of green 

manures including control (plant cover), 

white lupine (Lupinus albus), vetch (Vicia 

dasycarpa) and fenugreek (Trigonella 

foenum-graecum).  

2.3. Field preparation and crop sowing  

The experimental field was primarily tilled 

by tractor and then by oxen-drawn 

Maresha. Finally, fine seed beds were 

prepared, manually. The gross size of the 

main plot was 3 m width x 9.5 m length 

(28.5 m
2
) which consisted of four subplots 

while the size of each subplot was 3 m 

width x 2 m length (6 m
2
). The space 

between blocks and main plots was 1 m 

while the space between subplots was 0.5 

m. The fenugreek, vetch and lupine were 

sown with broadcast (scattering evenly) on 

each main plot at 67, 170 and 102 kg/ha 

rate, respectively while the control plots 

were allowed to grow cover plants as 

green mulch. Lupine seed was soaked in 

water for three days to hasten its 

germination, since its germination is 

slower than other green manures. A 

uniform rate of TSP (46 kg/ha P2O5) was 

applied for the whole plots. Green manure 

crops were allowed to grow for 53 days 

and then harvested at 3 cm height from 

ground, its above ground fresh biomass 

measured. The foliage was chopped into 

smaller pieces and thoroughly mixed with 

soil using hoe in to each plot   
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Bread wheat was sown after ten days of 

incorporation of green manure at 150 

kg/ha rate with 20 cm inter-row spacing 

.The net plot size was determined by 

excluding two most outer rows and 0.25 m 

length from both sides of each plot as 

border effects, thus the net plot size was 

2.4 m x 1.5 m (3.6 m
2
). The predetermined 

2/3 dose of urea fertilizer was applied 

during crop sowing while the remaining 

1/3 dose applied at tillering stage of the 

crop. Uniform TSP (46kg/ha P2O5) was 

applied for the whole plots during sowing. 

Weeding was carried out, manually after 

20 and 40 days of crop planting while the 

other agronomic practices uniformly 

practiced for the plots. 

2.4. Soil sampling and analysis  

Prior to starting the experiment soil 

samples were collected from 0-25 cm 

depth through zigzag fashion and then 

form a composite sample. Before bread 

wheat sowing soil samples were collected 

from each green manure applied subplots 

for determination of selected soil 

properties.  

The collected soil samples were air dried 

and ground to pass through 0.5 mm sieve 

for the analysis of organic carbon and total 

N. while for pH and texture it was passed 

through 2 mm sieve size for analysis. Soil 

pH was determined from the filtered 

suspension of 1:2.5 soils to water ratio 

using a digital pH meter (potentiometer) 

while its texture identified by the 

hydrometer method (Day, 1965). Organic 

carbon content was measured by following 

the wet digestion method as outlined by 

Walkley and Black (1934) but its total N 

was estimated through titration (Jackson, 

1958). Accordingly, the soil was clay in 

texture, strongly acidic, low in organic 

matter and total N content in both fields 

(Table 1). 

Table 1. The physicochemical properties of soil  

Soil test  Unit 2020 2021 Mean 

Soil texture  Clay Clay Clay 

Clay % 67 71 69 

Sand % 12 11 11.5 

Silt % 21 18 19.5 

pH  5.03 4.86 4.95 

Organic carbon % 1.01 0.96  0.99 

Total nitrogen % 0.109 0.105 0.107 

Organic matter % 1.74 1.66 1.7 
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2.5. Data collection  

The above ground fresh biomass weights 

of each green manure were measured from 

each plot and then the average weight was 

taken from each block. Days to 50% 

emergence and heading and 90% maturity 

of bread wheat were recorded at specific 

phenological stages. The number of tillers 

was collected from five randomly selected 

plants from net plot area at late tillering 

stage. Plant height, spike length and 

number of kernels per spike were 

determined from five randomly selected 

plants from a net-plot area of 3.6 m
2
 at 

physiological maturity. Plant height was 

measured from the ground level to the tip 

of the crop while the spike length 

measured from base of spike to the tip of 

spike. The percentage of lodged plant 

(deviated more than 45
o
 from its vertical 

axis) was computed from randomly 

sampled 0.5 m row length at physiological 

maturity. Grain, straw and biomass yields 

were measured through adjusting moisture 

content then converted into hectare base.  

2.6. Statistical analysis  

The collected data were subjected to 

analysis of variance by using Statistical 

Analysis Software (SAS) version 9.1. 

Significant differences among treatments 

means were delineated by least significant 

differences among treatments at 

probability level of 5%.  

2.7. The economic analysis 

The economic analysis to identifying the 

most profitable option was carried out 

according to CIMMYIT partial budget 

analysis method (CIMMYIT, 1988). The 

costs of green manure seed, N fertilizer 

and labor were collected during the 

application season from local market and 

computed in a hectare base. The average 

market prices of bread wheat grain and 

straw were collected from local market 

during harvesting season. Accordingly, the 

average price of bread wheat grain was 21 

birr (0.51 USD) per kg while its straw 25 

birr (0.61 USD) per 100 kg weight. Seeds 

of fenugreek, vetch and lupine were sown 

at 67, 170 and 102 kg/ha rate for green 

manuring and their costs were 100 birr 

(2.42 USD), 35 birr (0.85 USD) and 15 

birr (0.36 USD) per kg weight, 

respectively. While costs of labor for 

green manuring equated based on their 

type of crop, thus for green manuring of 

plant cover, lupine, vetch and fenugreek 

required about 2, 10, 12 and 14 

person/day, respectively. The price of urea 

was 16 birr (0.39 USD) per kg weight 

while the cost for labor was estimated at 

150 birr (3.63 USD) per person per day.  

Following CIMMYIT partial budget 

method, total variable cost, gross benefit 

and net benefit was calculated. The 

treatment was arranged in increasing order 

in terms of TVC and then the dominance 
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analysis was performed to exclude 

dominated treatments from the marginal 

rate of return analysis in order to 

recommend economically profitable 

treatments (CIMMYIT, 1988)

.

3. Results and Discussions 

3.1.Green manure crop  

3.1.1. The biomass yield of green manure  

The above ground fresh weight was highly 

significantly (p<0.01) influenced by the 

type of green manure. The highest biomass 

yield (13.1 t/ha) was recorded from lupine 

and followed from vetch (8.3 t/ha),which 

might be due to the performance of lupine 

in acid soils (pH 4.5) but less in neutral or 

alkaline soils (Danute et al., 2018). 

Meanwhile, the lowest fresh biomass yield 

(5.395t/ha) from fenugreek but it had 

statistical parity result with control plot 

(Table 2). In line with this finding Talgre 

(2013) disclosed that various legume crop 

had significant difference in fresh biomass 

yield. Generally, the higher fresh biomass 

yields of lupine and vetch, the lower fresh 

biomass yields of fenugreek and control 

plots were recorded in 2020 than 2021 

(Table 2). 

Table 2 Fresh biomass yield of green manure from the experimental sites 

Green manure  2020 2021 Mean 

Lupine  14.57
a
 11.58

A
 13.08

a
 

Vetch 8.47
b
 8.12

B
 8.30

b
 

Fenugreek  5.17
c
 5.62

C
 5.40

c
 

Plant cover (Control) 5.31
c
 5.67

C
 5.49

c
 

SE+ 0.502 0.805 0.65 

LSD (5%) 1.33 1.69 1.51 

Means with the same letter within a column are not significantly different at p<0.05 

3.2.Selected soil chemical properties 

after incorporation of green manure  

The analysis results of soil test values 

before sowing of bread wheat indicated 

that the organic carbon and total nitrogen 

were significantly affected by application 

of green manure but soil pH and, C:N ratio 

were not significantly influenced with 

green manuring. Effects of green manure 

on properties of soil depend on the quality 

of green manure crop since it has various 

chemical compositions. In line with this 

finding Adekiya et al. (2019) disclosed 

that application of green manure 

significantly increased organic matter and 

total N content of soil as compared to the 

control but no significant differences in the 

values of pH between the control due to its 

chemical composition of the plants. Green 

manure application increases the organic 
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carbon and N contents of soil, as a result 

improve the productivity of crops. Besides, 

green manure application enhances the 

recycling of soil nutrients as a result the 

availability of soil N and P increased 

(Tahsina and Rafiqul, 2016, Sharma et al., 

2017). 

Soil pH  

Even though, soil pH was not significant 

to green manuring, the highest pH value 

(5.01) obtained from plots with fenugreek 

manure but the lowest pH (4.79) from the 

control treatment. However, among green 

manure, vetch had the lowest pH value 

(4.93) (Table 3). It agrees with Danute et 

al. (2018) who reported that the 

application of green manure slightly 

increased the pH of soils. 

Table 3. Soil chemical property values due to green manure application 

Green manure  pH Organic carbon Total N C:N ratio 

Lupine 4.99 1.182
a
 0.131

a
 9.12 

Vetch- 4.93 1.107
ab

 0.119
ab

 9.88 

Fenugreek 5.01 1.082
ab

 0.113
b
 9.22 

Control 4.79 0.985
b
 0.107

b
 9.32 

SE 0.09 0.011 0.0002 1.443 

CV 2.09 9.76 2.086  

LSD (5%) 0.362 0.128 0.015  

Means with the same letter within a column are not significantly different at p<0.05 

Soil organic carbon or matter  

Organic matter has a significant role to 

improve soil properties (Fenton et al., 

2008; Roman et al., 2015). The highest 

organic carbon (1.182%) was recorded 

from lupine green manuring and then 

followed by vetch green manuring but the 

lowest organic carbon (0.985 %) from 

control plots (Table 3). Since the amount 

of organic matter add to soil depends up 

on climatic conditions, soil and vegetation 

types, Soil organic matter accumulation 

depends largely on the quantity of organic 

matter input. However, the analysis results 

of soil organic matter were categorized 

under low level. 

Total nitrogen content  

The highest N (0.131%) was recorded 

from lupine green manure plots and then 

followed by 0.119% N fenugreek green 

manure but the lowest N (0.107%) from 

the control treatment (Table 4). 

Leguminous green manures have the 

ability to fix nitrogen from the air and add 

it into the soil, however lupine fix 25% 

more free nitrogen than clovers and 28% 

more than peas and beans. 



  Dmujids Volume 7 Issue I 2023 DOI: 10.20372/dmujids 1000 

 

681 

 

Table 4. Mean separation test results of phenological and growth parameters   

Effects DH DM TNT PH  

Sub plot (green manure crop)     

Lupine  53.92
A
 90.17

a
 3.6

A
 84.83

a
 

Vetch  51.88
B
 88.04

b
 3.03

B
 80.46

b
 

Fenugreek 51.42
B
 87.46

b
 2.53

C
 80.79

b
 

Plant cover 51.83
B
 87.04

b
 2.02

D
 81.79

ab
 

LSD 1.77 1.05 0.3 3.47 

Main plot (N rate in kg/ha)     

0 48.79
c
 83.79

D
 2.45

c
 77.83

C
 

60 51.00
b
 87.04

C
 2.53

c
 81.42

B
 

80 54.00
a
 89.75

B
 2.92

b
 82.21

B
 

100 55.25
a
 92.13

A
 3.29

a
 86.42

A
 

LSD 1.77 1.05 0.3 3.47 

SE+ 9.5 3.35 0.27 36.36 

R
2
 49.57 80.8 68.73 41.12 

DH= Days to heading, DM= Days to maturity, TNT= Total number of tiller, PH= Plant 

height Means with the same letter within a column are not significantly different at p<0.05 
 

C:N ratio  

The ratio was not significantly affected by 

green manuring but the highest C:N ratio 

(9.88) was observed from vetch green 

manure while the lowest (9.12) from 

lupine green manure (Table 3). 

Applications of green manure gave low 

C:N ratios which favored decomposition 

and a short-term increase labile N pool.  

Mineralization rates depend on the quality 

of organic matter (Tejada & Gonzalez, 

2006). In this experiment C:N ratio values 

were grouped in to low categories, thus 

soil has no problem of N immobilization. 

A high C:N ratio (> 25) generally leads to 

immobilization: nitrogen is either 

immobilised by microorganisms during the 

decomposition of organic matter. 

However, the higher soil values were 

recorded in 2020 season than 2021 season. 

Maximum soil organic carbon and total N 

values were recorded from lupine applied 
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plots whereas maximum pH value 

observed from fenugreek and vetch green 

manuring (Figure 2). 

 
Figure 2. Soil properties due to green manuring in 2020 and 2021 harvesting season  

3.3.Phenological and growth parameters 

of bread wheat 

Days to emergence and heading 

Crop emergence was not significantly 

affected by green manure and N fertilizer 

rate. According to Elfinesh et al. (2011) 

and Biruk and Demelash (2016) reports 

the emergence of crop is affected by 

ability of utilization reserve food 

materials, moisture and temperature.  

However, days to heading was highly 

significantly (p<0.01) affected by N rate 

but significantly influenced by green 

manuring while insignificant to their 

interaction effect. Similarly, the days to 

heading of teff was highly significantly 

(p<0.01) affected by the main effects of 

chemical fertilizer (Alemu et al., 2016). 

The longest date of heading was observed 

on plots that received lupine manuring and 

high N rate. Meanwhile, early heading 

crop observed on the plots received 

fenugreek manuring and low N rate (Table 

4) 

Days to maturity  

The maturity of the crop was highly 

significantly (p<0.01) affected by 

individual effects of green manure and N 

rates. Delayed matured crop was recorded 

from lupine green manuring while early 

matured crop from crop covered (no 

manure crop). On the other hand, delayed 

maturity crop was observed on the main 

plot that received higher urea but early 

matured crop from low N rate (Table 4). 

High N rate of application delayed the 

Fenugreek Lupine Vetch Control Fenugreek Lupine Vetch Control

2020 2021

OC 1.08 1.20 1.16 0.91 1.09 1.16 1.05 1.06

TN 0.12 0.14 0.11 0.11 0.12 0.12 0.11 0.11

pH 5.17 5.10 5.17 5.08 4.85 4.88 4.69 4.49
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physiological maturity of bread wheat 

(Getachew, 2004). Maturity of the crop 

was delayed in 2020 season by 2-5 days as 

compared with 2021 season.  

Total number of tillers per plant   

Total tiller number was highly 

significantly (p<0.01) affected by 

individual effects of manure and N rate 

application. The highest tiller number was 

recorded from lupine manure while the 

lowest from cover crop. Besides, the 

number tillers increased with N rate (Table 

4). The analysis results in seasons 

indicated that the higher tiller numbers per 

plant (4.17) was recorded in 2020 than 

2021 (3.93). 

Plant height  

Plant height was highly significantly (p 

<0.01) affected by main effect of N 

fertilizer rate but insignificant to green 

manure and their interaction effects. The 

longest plant height was recorded from 

high N rate but the shortest height from the 

control (zero N) (Table 4) it might be due 

to N fertilizer application enhance the 

growth and development of plants 

(Haftamu et al., 2009). However, the 

longest crop height by 5-7 cm was 

recorded in 2021 than in 2020  

3.4.Yield and yield components of bread 

wheat 

Spike length  

Spike length was highly significantly (p 

<0.01) affected by main effects but 

significantly (p<0.05) to their interaction 

effect of green manure and N rate. 

Maximum spike length was observed from 

the individual effects of 80 kg/ha N, lupine 

and vetch green manuring. However, the 

minimum spike length was recorded from 

their control (Figure 3). In line with this 

finding, spike length of wheat was 

increased by 12–36% over control due to 

various parthenium green manure 

amendments while spike length of the crop 

was increased by 31% due to NPK 

fertilizer over control treatment (Arshad 

and Shah, 2010). Similarly, Mitiku and 

Asnakech (2016) found that maize ear 

length increased with N rate.  

 

Figure 3. Effects of N rates on bread wheat straw yield 

7237 

6222 
5716 

3291 

2000

3000

4000

5000

6000

7000

8000

100 80 60 0

St
ra

w
 y

ie
ld

 (
kg

/h
a)

 

N rate (kg/ha)  

LSD= 652  

A 

B B 

C 



  Dmujids Volume 7 Issue I 2023 DOI: 10.20372/dmujids 1000 

 

684 

 

On the other hand, the maximum spike 

length of the crop (10.33cm) was recorded 

from combined use of 100 kg/ha N and 

lupine green manure but it had statistical 

parity with the treatment that received 80 

kg/ha N and lupine manure. However, the 

minimum spike length was obtained from 

the control (0 N and plant cover) (Table 5). 

In line with this finding, Melkamu (2018) 

reported that maximum and minimum 

spike length obtained from plot treated 

with 100 % inorganic fertilizer and 

control, respectively. On the other hand, 

combed use of lupine manure and 100 

kg/ha N gave the maximum spike length 

(10.33 cm) but statistical parity with the 

treatment that received lupine manure and 

80 kg/ha N. The minimum spike length 

(7.97 cm) observed from their control 

treatment since an application of green 

manure and N fertilizer helps to release 

nutrient elements slowly during the period 

of crop growth (Singh et al., 1990). 

Table 5. Spike length (cm) due to combined application of N fertilizer and green manure 

N fertilizer 

(kg/ha) 

Green manure 

Lupine Vetch Fenugreek  Control (plant 

cover) 

0 7.97f 8.1def 6.02g 6.83g 

60 8.15def 8.4cdef 8ef 7.97f 

80 10ab 9.25bc 8.85cdef 8.67cdef 

100 10.33a 8.97cde 9cd 8.3cdef 

LSD 0.97 

Means with the same letter (s) are not significantly different at 5% level 

Number of kernels per spike 

Similarly, N rate and green manuring had 

highly significant (p<0.01) influence on 

number of kernels and significantly 

(p<0.05) affected by their interaction 

effect. Numbers of kernels were increased 

linearly with N rate. This finding agree 

with Usman et al. (2020) who reported 

that the highest number of kernels per 

spike (48.3) was obtained from the highest 

NPSB fertilizer rate (150 kg/ha). However, 

the maximum number of kernels per spike 

was obtained from lupine manure but the 

minimum kernels recorded from their 

control treatment. On the other hand, the 

maximum number of kernels (57.83) per 

spike was recorded from combined use of 

lupine manure and 100 kg/ha N rate while 

the minimum number of kernels obtained 

from the treatment that received sole 

fenugreek green manure (Table 6).  
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Table 6. Number of kernels per spike by interaction of N rate and green manure 

N fertilizer 

(kg/ha) 

Green manure 

Lupine Vetch Fenugreek  Control 

0 30.67
ghi

 30.67
ghi

 25.67
i
 27.5

hi
 

60 43.83
bcdef

 42.5
bcdef

 35.5
efghi

 33.67
fghi

 

80 46.83
bcd

 47.67
abc

 39.33
cdefg

 36.5
efgh

 

100 57.83
a
 50

ab
 44.83

bcde
 39.33

cdefg
 

LSD 10.5 

Means with the same letter (s) are not significantly different at the 5% level 

Thousand seeds weight  

Seeds weight was highly significantly 

(p<0.01) affected by N rate but 

insignificant to the other effects. The 

highest weight (49.17g) of the seeds was 

recorded from the maximum N rate but it 

had statistical parity with the treatment 

that received 80 kg/ha N while the lowest 

seeds weight (41.69 g) was observed from 

zero N plots.  In contrary to this finding 

Pramanik et al. (2004) disclosed that levels 

of nitrogen had significant influence on 

yield and yield components of transplanted 

rice. 

Grain yield 

Grain yield was highly significantly 

(p<0.01) affected by the main effects and 

significantly (p<0.05) affected by the 

interaction effect of green manure and N 

rate. Similarly, Ehsan et al. (2014) found 

wheat grain yield was significantly 

increased by combined application of 

green manures and mineral fertilizers. 

Mean separation test for individual effects 

indicated that the highest green yield of 

3237 and 2894 kg/ha recorded from 100 

kg/ha N and lupine green manure, 

respectively. In line with this finding 

Talgre et al. (2009) disclosed that spring 

wheat gave the highest yield from the 

preceding crop by lucerne. Okubay (2019) 

reported that the highest grain yield of 

wheat from 69 kg N ha
−1

 rate with super 

granular urea (SGU) fertilizer. 

On the other hand, the highest grain yield 

(3794 kg/ha) was obtained from the 

combined use of  100 kg/ha N and lupine 

manure but it had statically parity with 

3725 kg/ha grain yield from the treatment 

that received lupine green manure and 80 

kg/ha N rate. However, the lowest grain 

yield of 1157 kg/ha was recorded from the 

sole use of fenugreek manure but it had 

statically parity with all treatments that 

received sole green manure (Table 7). 

Thus, the lupine green manure with 

supplementary 80 kg/ha N was found 

optimum to increase bread wheat yield in 

the study area and for the similar agro-

ecology. The analysis results in 
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experimental seasons revealed that more 

grain yield was recorded from the same 

treatment of 2020 cropping season than 

2021 season it might be due to the climatic 

conditions of the season. 

Table 7. Grain yield as influenced with interaction of N rate and green manure  

Means with the same letter (s) are not significantly different at the 5% level 

Straw yield  

Straw yield was highly significantly 

(p<0.01) affected by N rate but 

insignificant to green manure and to their 

interaction effect. It agrees with Okubay 

(2019) who reported that an application of 

N fertilizer led to significantly different in 

wheat straw yields. In contrary with this 

finding, Tahsina and Rafiqul (2016) 

revealed that residual effects of green 

manures with different levels of nitrogen 

showed a positive effect on grain and 

straw yields The highest straw yield (7237 

kg/ha) was recorded from maximum N 

rate (100 kg/ha) but the lowest straw yield 

(3291 kg/ha) was obtained from the 

control treatment. In line with this result 

Okubay (2019) found the highest straw 

yield was observed from maximum N rate.  

Biomass yield and harvest index  

Wheat biomass yield and harvest index 

were highly significantly (p<0.01) 

influenced by N rate and green manuring 

but insignificant to their interaction effect. 

The highest biomass yield of 10506 and 

8875 kg/ha were recorded from individual 

effects of 100 kg/ha N and lupine manure, 

respectively but the lowest biomass yield 

from their control plots. The maximum 

harvest index (HI) 33.6 and 32.3% were 

observed from 80 kg/ha N and lupine 

manure, respectively but the lowest HI 

value from their control and fenugreek 

treatment (Table 8).  

Table 8. Wheat biomass yield and harvest index as influenced by N rate and green manure 

Treatment  Biomass yield (kg/ha) Harvest index (%) 

N rate  

0 4559
D
 28.26

c
 

60 7930
C
 28.41

c
 

N fertilizer 

(kg/ha) 

Green manure 

Lupine Vetch Fenugreek  Control 

0 1433
h
 1277

h
 1157

h
 1205

h
 

60 2624
de

 2357
e
 1796

g
 2082

f
 

80 3725
a
 3079

bc
 2810

cd
 2954

c
 

100 3794
a
 3247

b
 2933

c
 2976

bc
 

LSD 278 
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80 9405
B
 33.6

a
 

100 10506
A
 31.16

b
 

LSD 718.9 2.17 

Green manure    

Control 7518
c
 31.16

AB
 

Fenugreek 7656
bc

 28.13
C
 

Vetch 8352
ab

 30.01
BC

 

Lupine 8875
a
 32.28

A
  

LSD 719 2.09 

CV 1.99 1.98 

Means with the same letter within a column are not significantly different at p<0.05 

3.5.Economic analysis results  

Partial economic analysis revealed that 

eleven treatments were categorized under 

dominated by another treatment. The 

combined use of lupine green manure and 

80 kg/ha N gave the maximum net profit 

of 66,925 birr (1,620.85 USD) per ha with 

acceptable MRR of 66% but the combined 

lupine green manure and 100 kg/ha N 

treatment dominated one (Table 9). Thus, 

the combined lupine manure and 80 kg/ha 

N give the marginal profitable wheat yield 

for the study area and also for similar 

agro-ecological conditions. 

Table 9. The economic analysis result 
Treatment (N 

(kg/ha)*GM) 

GY 

kg/ha 

AGY GYV SY  ASY SYV GFB 

(EthB) 

TVC NB 

(EthB/ha) 

MRR 

(%) 

0*C 1205 1085 22774.5 2827 2544 636 23411 300 23111   

0*L 1433 1290 27083.7 3566 3209 802 27886 2230 25656 132 

60*C 2082 1874 39349.8 5251 4726 1181 40531 2386 38145 806 

80*C 2954 2659 55830.6 5913 5322 1330 57161 3083 54078 228 

100*C 2976 2678 56246.4 6863 6177 1544 57791 3778 54013 D 

60*L 2624 2362 49593.6 6087 5478 1370 50963 4317 46647 D 

80*L 3725 3353 70402.5 6824 6142 1535 71938 5013 66925 66 

100*L 3794 3415 71706.6 7445 6701 1675 73382 6467 66915 D 

0*V 1277 1149 24135.3 3378 3040 760 24895 7630 17265 D 

0*F 1157 1041 21867.3 3393 3054 763 22631 8660 13971 D 

60*V 2357 2121 44547.3 6187 5568 1392 45939 9717 36222 D 

80*V 3079 2771 58193.1 6170 5553 1388 59581 10413 49168 D 
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60*F 1796 1616 33944.4 5338 4804 1201 35145 10747 24398 D 

100*V 3247 2922 61368.3 7750 6975 1744 63112 11108 52004 D 

80*F 2810 2529 53109 6142 5528 1382 54491 11443 43048 D 

100*F 2933 2640 55433.7 7055 6350 1587 57021 12128 44893 D 

Whereas GM= green manure, L= Lupine, V= Vetch, F= Fenugreek, C= Control GM= Green Manure, GY= 

grain yield, AGY= actual grain yield, GYV= grain yield value, SY= straw yield, GFB= Gross field benefit, 

EthB= Ethiopia Birr, TVC= total variable cost, NB= Net benefit, MRR= Marginal rate of return, D= dominated 

4. Conclusion and recommendation 

The analysis results of green manuring 

revealed that the highest fresh biomass 

yield was observed from lupine green 

manure which ultimately greatly increased 

soil organic matter and nitrogen contents 

of soils. On the other hand, the wheat 

agronomic parameters were highly 

significantly influenced by main effects of 

N rate and green manure except spike 

length and number of kernels per spike 

which were significantly affected by their 

interaction effect. The highest values of 

the parameters were observed from 

maximum N rate and lupine green manure 

in both main and interaction effects. 

Besides, the economic analysis disclosed 

that the maximum net profit of 66,925 birr 

(1,620.85 USD) per ha obtained from 

combined lupine green manure and 80 

kg/ha N fertilizer then followed by the 

treatment that received combined lupine 

green manure and 100 kg/ha N fertilizer 

use, which gave a net profit of 66,915 birr 

(1,620.61 USD) per ha but it was 

dominated by another treatment. Hence, 

wheat yield can be improved by combined 

use of lupine manure and supplementary 

80 kg/ha mineral N fertilizer. However, 

such type of studies should be repeated 

over various agro-ecological conditions to 

draw a comprehensive recommendation 

for different agro-ecological conditions.  
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