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ABSTRACT 

Ethiopian soils are recently reported to exhibit multi-nutrient deficiency. Legume crops can 

satisfy their nitrogen (N) demand through biological N fixation. However, other nutrients should be 

supplied in optimal amount in the form of fertilizers. Thus, this study was conducted to evaluate the 

response of faba bean to different levels of phosphorus (P) and potassium (K) fertilizers. The study was 

conducted in Sekela district of West Gojam Zone of Amhara region from 2014 to 2015. Four levels of 

K (0, 12, 24 and 36 K2O kg ha-1) and five levels of P (0, 23, 46, 69 and 92 kg P2O5 ha-1) in the first year 

and four levels of P (0, 23, 46 and 69 kg P2O5 ha-1) in the second and third years were combined in 

incomplete factorial arrangement with a satellite treatment comprising S, Zn, Mg and B. Except the 

control treatment (non-fertilized), all the rest treatments were inoculated with FB-4 in the first year and 

EAL-110 rhizobia bacteria in the second and third experimental years. The treatments were laid in a 

randomized complete block design with three replications. P, K, S and Mg fertilizers were applied as 

basal application, while, the micronutrients Zn and B were applied as foliar application 45 days after 

planting. Significant (P<0.05) yield response to the addition of P and K fertilizers was recorded in two 

experimental years. In the first experimental year, the highest grain of 3.2 t ha-1 was obtained from 

application of 92/24 P2O5/K2O kg ha-1 statistically at par with 46/0 P2O5/K2O kg ha-1. While, in the 

second experimental year, the maximum grain yield of 4.3 t ha-1 was obtained from application of 46/0 

P2O5/K2O kg ha-1. The partial budget analysis result showed that the maximum marginal rates of return 

of 611 and 463.5% and maximum net economic returns of 1768.1$ and 2975.2$ were obtained from 

application of 46 kg P2O5 ha-1 in the first and second experimental years, respectively. Thus, the 

combined use of the rhizobia strains FB-4 and EAL-110 with 46 kg P2O5 ha-1 is recommended to 

improve productivity and economic return of faba bean production in Sekela district and similar agro-

ecologies.   
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1.  INTRODUCTION 

 

Ethiopia is one of the largest faba bean producing countries in the world only second to 

China. The country is considered as the secondary center of diversity and also one of the nine 

major agro-geographical production regions of faba bean. Faba bean is grown as field crop 

throughout the highlands and is most common between the altitudes of 1800 and 2400 metres 

above sea level (masl) in Ethiopia. Occupying about 39.31% of the area coverage of individual 

grain legumes, faba bean is one of the major food legumes grown and it serves as an important 

source of protein in the diet of most of the population in the country. However, the national 

average productivity of faba bean in the country is limited to 20.5 t ha-1. 

Endalkachew reported soil N deficiency to be common in the tropics and subtropics. 

Thus, N supply and N management will continue to be significant factors in crop production in 

the region. Inoculation of faba bean cultivars was significant for total biological yield, seed 

yield and total nitrogen. Therefore, symbiotically effective rhizobia increase nodulation, N-

fixation, growth and yields of their host plant. 

Nitrogen and phosphorus were considered as the only major nutrients that largely limit 

plant growth in smallholder farms in Africa. However, nutrient mining due to sub optimal 

fertilizer use in one hand and unbalanced fertilizer uses on the other have favored the emergence 

of multi nutrient deficiency in Ethiopian soils that in part may contributed to fertilizer factor 

productivity decline experienced over recent past. Different research reports indicate that 

nutrients like K, S, Ca, Mg and all micro-nutrients except Fe are becoming depleted and 

deficiency symptoms are being observed on major crops in different areas of the country. 

Recently acquired detail soil survey data from EthioSIS (Ethiopian Soil Information 

System) revealed that in addition to nitrogen and phosphorus, K is reported to be deficient in 

most of the cultivated land in the country. Legume crops including faba bean can satisfy their 

N demand through biological N fixation if there is effective indigenous rhizobia strain or 

artificially inoculated with effective rhizbium. However, P and K nutrients should be supplied 

optimal in the form of fertilizer to meet the crop demand. This research was therefore initiated 

with the objective of optimizing P and K fertilizer recommendations for faba bean. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Experimental Site Description 

 

Table 1. Some physico-chemical characteristics of surface soil of the study district. 

 

Soil property Value  

pH (H2O) 5.57 

Organic carbon (%) 1.10 

Cation exchange capacity (meq 100 gm-1) 24.28 

Texture Clay 
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This study was conducted in Sekela district of West Gojam Zone of Amhara region in 

Ethiopia for two years (2014-2015). The study district is located at coordinates of 11°10′N 

latitude and 37°00′E longitude. It receives a mean annual rainfall of 1804.9 mm with mean 

minimum and maximum temperatures of 8.2 and 23.4 ºC, respectively. Some physico-chemical 

characteristics of the study district is given in the table below (Table 1). 

 

2. 2. Experimental Procedures and Treatments 

The field was ploughed and prepared with an oxen-drawn traditional tool called Maresha. 

The experimental field was then divided in to experimental plots which had an area of 4 m × 3 

m. The space between each plot and block was 1 m. An improved variety of faba bean Wolki 

was planted in a row with 40 cm and 10 cm spacings between rows and plants, respectively.  

Faba bean seeds were moistened with water and inoculated with the strain under a shade 

immediately before planting. Composite surface (0-20 cm) soil samples were collected at 

planting for the determination of pH, texture, OC, TN and available P analysis.  

Five levels of phosphorus (0, 23, 46, 69 and 92 P2O5 kg ha-1) and four levels of K (0, 12, 

24 and 36 K2O kg ha-1) in the first year and four levels of phosphorus (0, 23, 46 and 69 P2O5 

kg ha-1) and four levels of K (0, 12, 24 and 36 K2O kg ha-1) in the second experimental year 

were combined in incomplete factorial arrangement. There was an additional diagnostic 

satellite treatment comprised of extra macro and micronutrients such as S, Mg, Zn and B (23N, 

46P2O5, 24K2O, 5S 5Mg, 1Zn and 0.5B) in all experimental years. Except the control treatment 

(non-fertilized), all the rest treatments were inoculated with FB-4 and EAL-110 in the first year 

and second experimental years, respectively. The treatments were laid in randomized complete 

block design with three replications.  

Phosphorus, K, S and Mg fertilizers were all applied as basal application in the form of 

triple superphosphate (TSP), muriate of potash (KCl), CaSO4 and MgO, respectively. While, 

Zn and B were applied as foliar application 45 days after planting in the form of ZnSO4 and 

Borax, respectively.  

 

2. 3. Data Collection and Analysis 

The inner rows excluding the boarder were harvested at maturity and yield and yield 

related parameters were measured. The grain yield measured was adjusted to 14% moisture 

content. Composite surface soil (0-20 cm) samples were collected from each site at planting for 

the determination of pH, organic carbon, total N, cation exchange capacity (CEC) and texture. 

The agronomic data collected were subjected to analysis of variance (ANOVA) using SAS 

statistical software version 9.0, and mean separation was done using Duncan’s Multiple Ranges 

Test (DMRT) method at 5% level of significance. The partial budget analysis was done 

following the CIMMYT procedure. 

 

 

3.  RESULTS AND DISCUSSION 

First Year I (2014) 

Yield and Yield Components 

The first year result indicated that there was a significant yield response to the application 

of P and K fertilizers. The highest grain yield of 3.2 t ha-1 was obtained from application of 
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92/24 P2O5/K2O kg ha-1 fertilizers followed with insignificant difference by the grain yield (2.6 

t ha-1) obtained from application of 46 kg P2O5 ha-1 without K (Table 2).  

 

Table 2. Effect of application of P and K fertilizer on the yield of inoculated faba  

bean in 2014 

 

Treatment* 
Plant height 

(cm) 

No of pod per 

plant 

100 seed 

wt. (g) 

Grain yield 

(kg ha-1) 

1. Control 93 12.8 52.6 1465.0 

2. Inoculant alone 102 10.1 59.4 1955.9 

3. 23/0 P2O5/K2O 116 15.7 60.7 2361.6 

4. 46/0 P2O5/K2O 113 18.3 59.9 2611.9 

5. 69/0 P2O5/K2O 121 18.7 56.7 2136.9 

6. 92/0 P2O5/K2O 115 18.3 54.8 2437.4 

7. 46/12 P2O5/K2O 109 15.7 57.5 1852.6 

8. 69/12 P2O5/K2O 122 18.5 59.5 2665.6 

9. 92/12 P2O5 /K2O 128 18.1 61.9 3161.7 

10. 46/24 P2O5/K2O 122 16.9 56.9 2358.4 

11. 69/24 P2O5/K2O 117 15.3 59.2 2553.7 

12. 92/24 P2O5/K2O 126 15.1 62.3 3222.2 

13. 46/36 P2O5/K2O 119 16.8 60.3 2881.6 

14. 69/36 P2O5/K2O 120 17.2 62.1 2432.3 

15. 92/36 P2O5/K2O 124 15.8 62.9 2552.7 

16. Diagnostic: 23N, 46P2O5, 

24K2O, 5S, 5Mg, 1Zn, 0.5B 
103 17.2 51.5 1806.3 

GM 116 16.3 58.6 2403.5 

CV (%) 12.4 24.4 9.0 22.6 

LSD (5%) NS NS NS 905.9 

*All the treatments except the control treatment were inoculated with rhizobia strain FB-4. Means without a letter 

or followed by the same letter within a column are not statistically significantly (p>0.05) different.   

 

 

The yield response curve to the addition of P fertilizer at different levels of K fertilizer 

showed that there was an increasing and predictable trend of yield response to the addition of 
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P fertilizer with 12 and 24 kg ha-1 K2O levels (Graph 1). While, at 0 kg ha-1 K2O level, there 

was no predictable trend of yield response to the application of P (Graph 1). 

 

 
 

Graph 1. Grain yield response curve to P fertilizer at 0, 12 and 24 kg K2O ha-1 

 

 

Partial Budget Analysis 

The partial budget analysis result of the variable cost data collected in the first 

experimental year shows that the maximum marginal rate of return (MRR) of 668% was 

obtained from application of 23 kg P2O5 ha-1 followed by a MRR of 611% from application of 

46 kg P2O5 ha-1 (Table 3). However, the maximum net economic return of 1768.1$ was obtained 

from application of 46 kg P2O5 ha-1.   

 

Table 3. Partial budget analysis for the use of P fertilizer on faba bean in 2014 

 

P2O5 (kg 

ha-1) 

Yield 

(kg ha-1) 

Unit 

Yield 

cost/kg 

Total 

revenue 

Fertiliz

er cost 

Labor 

cost 

Total 

prod 

cost 

Net 

Return 

Marginal 

product 

Margi

nal 

cost 

MRR 

(%) 

0 1956 0.70 1377.7 0 0 0 1377.6   - 

23 2362 0.70 1663.4 28.8 13.9 42.7 1620.6 285.7 42.7 668 

46 2612 0.70 1839.7 57.7 13.9 71.6 1768.1 176.3 28.8 611 

69 2137 0.70 1505.1 86.5 17.4 103.9 1401.2 -334.6 32.3 -1035 

Note: All costs are expressed in the United States dollar currency ($).  
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Second Year (2015)  

The second year data analysis result indicated that there was a significant effect of 

treatments on the yield and yield traits of faba bean (Table 4). The maximum grain yield of 4.3 

t ha-1 was obtained from application of 46 kg P2O5 ha-1 with the rhizobia strain EAL-110. While, 

the lowest grain yield of 3.4 t ha-1 was measured from the control treatment. A grain yield 

advantage of 26% over the control treatment was found by the combined use of the rhizbia 

strain EAL-110 with 46 kg P2O5 ha-1. Though the maximum dry matter yield was recorded from 

the use of 46/12 P2O5/K2O, a statistically similar yield was also measured from the use of 46 

kg P2O5 ha-1.  

 

Table 4. Effect of P and K fertilizer application on the yield and yield traits 

of faba bean in 2015 

 

Treatment* 

Plant 

height 

(cm) 

No of 

pod per 

plant 

No of 

seed 

per pod 

100 

seed wt. 

(g) 

Grain 

yield 

(kg ha-1) 

Dry matter 

yield 

(kg ha-1) 

1. Control 124.6 17.2b 2.9 57.0 3433.0c 4607.4d 

2. Inoculant (FB-4) 129.6 18.0b 3.1 60.3 3912.6ab 5484.0abc 

3. 23/0 P2O5/K2O 131.7 17.9b 2.8 60.7 4095.0ab 5274.1abc 

4. 46/0 P2O5/K2O 134.0 17.5b 3.3 59.7 4325.6a 5466.7abc 

5. 69/0 P2O5/K2O 136.5 18.7b 3.3 61.0 4192.1ab 5666.7ab 

6. 0/24 P2O5/K2O 129.3 16.7b 3.1 57.3 4156.1ab 5651.9.0ab 

7. 23/24 P2O5/K2O 125.0 15.9b 3.2 59.3 3433.9c 4533.3d 

8. 46/24 P2O5/K2O 132.7 20.0b 3.1 59.7 4063.2ab 5284.0abc 

9. 69/24 P2O5/K2O 140.8 23.7a 3.3 59.3 3737.5bc 5466.7abc 

10. 46/12 P2O5/K2O 133.7 19.4b 3.1 60.7 4295.3a 5792.6a 

11. 46/24/5/5/1/0.5 

P2O5/K2O/S/Mg/Zn/B 
133.1 18.1b 2.8 58.7 3727.5bc 4960.5cd 

12. 46/36 P2O5/K2O 127.5 16.7b 3.5 56.3 4157.4ab 5200.0bc 

GM 131.5 18.3 3.1 59.2 3960.8 5282.3 

CV (%) 6.1 11.8 9.3 4.6 6.4 5.2 

SED 8.06 2.16 0.29 2.73 254.87 276.72 

*All the treatments except the control treatment were inoculated with rhizobia strain EAL-110. Means without a 

letter or followed by the same letter within a column are not statistically significantly (p>0.05) different.  
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Graph 2. Yield response of faba bean to application of P fertilizer at 0 kg ha-1 K2O 

 

 

 
Graph 3. Yield response of faba bean to application of P fertilizer at different levels  

of K2O (kg ha-1) 

 

 

Partial Budget Analysis 

The partial budget analysis of the second year grain yield data, as shown in the table 

below, indicated that the maximum MRR 454% of was found from application of  20P kg ha-1 

followed by MRR of 304% obtained from application of 30P kg ha-1 (Table 5). The maximum 
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net economic return was also found from application of 20P kg ha-1 exceeded by the net 

economic return calculated for application of 30P kg ha-1 with very small difference.  

 

Table 5. Partial budget analysis for the use of P fertilizer on faba bean yield in 2015 

Note: All costs are expressed in the United States dollar currency ($).  

 

 

4.  CONCLUSIONS 

 

The result obtained in this study revealed that there was a significant yield response to 

the application of P fertilizer in the two experimental years. The highest yield with maximum 

net economic return was obtained from application of 46 kg ha-1 P2O5 fertilizer. Thus, the 

combined use of the rhizobia strains FB-4 and EAL-110 with 46 kg P2O5 ha-1 is recommended 

to improve productivity and economic return of faba bean production in Sekela district and 

similar agro-ecologies.   
 

 

References 

 

[1] Kiros, H.G. and B.R. Singh, (2006).Wheat responses insemiarid northern Ethiopia to N 

-fixation by Pisum 2sativum treated with phosphorus fertilizers and inoculants. Nutrient 

Cycling in Agroecosystems, 75: 247-255 

[2] Abiye Astatke, Tekalign Mamo, Peden, D. and M. Diedhiou. (2003). Participatory On-

farm conservation tillage trial in Ethiopian highland vertisols: The impact of potassium 

application on crop yield. Experimental Agriculture 40: 369-379 

[3] Endalkachew, W.M. (2011). Genetic and symbiotic diversity of rhizobia isolated from 

Ethiopian soils and their potential to enhance soil fertility. Food Security Center. FSC 

Brief No. 6. Universität Hohenheim, Wollgrasweg 43, 70599 Stuttgart, Germany, pp: 4. 

[4] Wassie Haile and Shiferaw Boke (2011). Response of Irish Potato (Solanum tuberosum) 

to the Application of Potassium at Acidic Soils of Chencha, Southern Ethiopia. 

International Journal of Agricultural Biology 13: 595-598 

P
2
O

5
 (

k
g

 h
a-1

) 

Y
ie

ld
 

U
n

it
 Y

ie
ld

 

co
st

/k
g
 

T
o

ta
l 

re
v

en
u
e 

F
er

ti
li

ze
r 

co
st

 

L
ab

o
r 

co
st

 

T
o

ta
l 

P
ro

d
 c

o
st

 

N
et

 R
et

u
rn

 

M
ar

g
in

al
 p

ro
d

u
ct

 

M
ar

g
in

al
 C

o
st

 

M
R

R
 (

%
) 

0 3912 0.7 2755.8 0.0 0.0 0.0 2755.8    

23 4095 0.7 2884.3 28.8 13.9 42.7 2841.6 85.7 42.7 200.6 

46 4325 0.7 3046.7 57.7 13.9 71.6 2975.2 133.6 28.8 463.5 

69 4192 0.7 2952.7 86.5 17.4 103.9 2848.8 -126.3 32.3 -391.1 



World Scientific News 142 (2020) 169-179 

 

 

-177- 

[5] D.A. Bond, D.A. Laws, G.C. Hawtin, M.C. Saxena, J.S. Stephens Faba bean (Vicia faba 

L.) R.J. Summerfield, E.H. Roberts (Eds.), Grain Legume Crops, William Collins Sons 

Co. Ltd., London, UK (1985), pp. 199-265 

[6] S. Samuel, M.M. Abang, C. Fininsa, S. Ahmed, P.K. Sakhuja, M. BaumPathogenic and 

genetic diversity of Botrytis fabae Sand. isolates from faba bean fields in different agro-

ecological zones of Northern Ethiopia. Arch. Phytopathol. Plant Protect. 45 (2012), pp. 

1218-1236 

[7] T. Abebe, T. Birhane, Y. Nega, A. WorkinehThe prevalence and importance of faba 

bean diseases with special consideration to the newly emerging “faba bean gall” in 

Tigray, Ethiopia. Discourse J. Agric. Food 2 (2014), pp. 33-38 

[8] E. Hailu, G. Getaneh, T. Sefera, N. Tadesse, B. Bitew, B. Anteneh, K. Daniel, T. 

TameneFaba bean gall: a new threat for faba bean (Vicia faba) production in Ethiopia. 

Adv. Crop Sci. Tech. 2 (2014), p. 144 

[9] Amanuel, G., Kühne, R., Tanner, D. et al. Biological nitrogen fixation in faba bean 

(Vicia faba L.) in the Ethiopian highlands as affected by P fertilization and inoculation. 

Biol Fertil Soils 32, 353-359 (2000). https://doi.org/10.1007/s003740000258 

[10] Samuel Sahile, Chemeda Fininsa, P.K. Sakhuja, Seid Ahmed. Effect of mixed cropping 

and fungicides on chocolate spot (Botrytis fabae) of faba bean (Vicia faba) in Ethiopia. 

Crop Protection Volume 27, Issue 2, February 2008, Pages 275-282. 

https://doi.org/10.1016/j.cropro.2007.06.003 

[11] Samuel Sahile, Seid Ahmed, Chemeda Fininsa, Mathew M. Abang, Parshotam K. 

Sakhuja. Survey of chocolate spot (Botrytis fabae) disease of faba bean (Vicia faba L.) 

and assessment of factors influencing disease epidemics in northern Ethiopia. Crop 

Protection Volume 27, Issue 11, November 2008, Pages 1457-1463. 

https://doi.org/10.1016/j.cropro.2008.07.011 

[12] Frank Pötzsch, Guido Lux, Sylwia Lewandowska and Knut Schmidtke, Sulphur 

demand, accumulation and fertilization of Pisum sativum L. in pure and mixed stands 

with Hordeum vulgare L. under field conditions. Field Crops Research, 

10.1016/j.fcr.2019.05.005, 239, (47-55), (2019). 

[13] Przemysław Barłóg, Witold Grzebisz and Remigiusz Łukowiak, Faba bean yield and 

growth dynamics in response to soil potassium availability and sulfur application. Field 

Crops Research, 10.1016/j.fcr.2018.01.027, 219, (87-97), (2018). 

[14] Frank Pötzsch, Guido Lux and Knut Schmidtke, Sulphur demand, uptake and 

fertilization of Vicia faba L. under field conditions, Field Crops Research, 

10.1016/j.fcr.2018.08.013, 228, (76-83), (2018). 

[15] Georgia Ntatsi, Anestis Karkanis, Dionisios Yfantopoulos, Margit Olle, Ilias Travlos, 

Ricos Thanopoulos, Dimitrios Bilalis, Penelope Bebeli and Dimitrios Savvas, Impact of 

variety and farming practices on growth, yield, weed flora and symbiotic nitrogen 

fixation in faba bean cultivated for fresh seed production, Acta Agriculturae 

Scandinavica, Section B - Soil & Plant Science, 10.1080/09064710.2018.1452286, 68, 

7, (619-630), (2018). 

https://doi.org/10.1007/s003740000258
https://www.sciencedirect.com/science/article/pii/S0261219407001640#!
https://www.sciencedirect.com/science/journal/02612194
https://www.sciencedirect.com/science/journal/02612194/27/2
https://doi.org/10.1016/j.cropro.2007.06.003
https://www.sciencedirect.com/science/journal/02612194
https://www.sciencedirect.com/science/journal/02612194
https://www.sciencedirect.com/science/journal/02612194/27/11
https://doi.org/10.1016/j.cropro.2008.07.011


World Scientific News 142 (2020) 169-179 

 

 

-178- 

[16] Thomas Robson, Jason Stevens, Kingsley Dixon and Nathan Reid, Sulfur accumulation 

in gypsum-forming thiophores has its roots firmly in calcium, Environmental and 

Experimental Botany, 10.1016/j.envexpbot.2017.02.014, 137, (208-219), (2017). 

[17] Thaïs Génard, Philippe Etienne, Sylvain Diquélou, Jean-Claude Yvin, Cécile Revellin 

and Philippe Laîné, Rapeseed-legume intercrops: plant growth and nitrogen balance in 

early stages of growth and development, Heliyon, 10.1016/j.heliyon.2017.e00261, 3, 3, 

(e00261), (2017). 

[18] Anteneh Argaw and Abere Mnalku, Effectiveness of native Rhizobium on nodulation 

and yield of faba bean ( Vicia faba L.) in Eastern Ethiopia, Archives of Agronomy and 

Soil Science, 10.1080/03650340.2017.1287353, 63, 10, (1390-1403), (2017). 

[19] Richard G. Kraaijvanger and Tom Veldkamp, Four years of farmer experimentation on 

soil fertility in Tigray, northern Ethiopia: trends in research strategies, The Journal of 

Agricultural Education and Extension, 10.1080/1389224X.2017.1289962, 23, 4, (373-

391), (2017). 

[20] Job Kihara, Gudeta Weldesemayat Sileshi, Generose Nziguheba, Michael Kinyua, 

Shamie Zingore and Rolf Sommer, Application of secondary nutrients and 

micronutrients increases crop yields in sub-Saharan Africa, Agronomy for Sustainable 

Development, 10.1007/s13593-017-0431-0, 37, 4, (2017). 

[21] Amsalu Nebiyu, Jan Diels and Pascal Boeckx, Phosphorus use efficiency of improved 

faba bean (Vicia faba) varieties in low‐input agro‐ecosystems, Journal of Plant 

Nutrition and Soil Science, 179, 3, (347-354), (2016). 

[22] R. Kraaijvanger and A. Veldkamp, The importance of local factors and management in 

determining wheat yield variability in on-farm experimentation in Tigray, northern 

Ethiopia, Agriculture, Ecosystems & Environment, 10.1016/j.agee.2015.08.003, 214, (1-

9), (2015). 

[23] Amsalu Nebiyu, Dries Huygens, Hari Ram Upadhayay, Jan Diels and Pascal Boeckx, 

Importance of correct B value determination to quantify biological N2 fixation and N 

balances of faba beans (Vicia faba L.) via 15N natural abundance, Biology and Fertility 

of Soils, 10.1007/s00374-013-0874-7, 50, 3, (517-525), (2013). 

[24] Amsalu Nebiyu, Adeline Vandorpe, Jan Diels and Pascal Boeckx, Nitrogen and 

phosphorus benefits from faba bean (Vicia faba L.) residues to subsequent wheat crop in 

the humid highlands of Ethiopia, Nutrient Cycling in Agroecosystems, 10.1007/s10705-

014-9609-x, 98, 3, (253-266), (2014). 

[25] Muhammad Islam, Safdar Ali, Saleem Mohsan, Rizwan Khalid, Fayyaz-ul-Hassan, 

Abid Mahmood and Sher Afzal, Relative Efficiency of Two Sulfur Sources Regarding 

Nitrogen Fixation and Yield of Chickpea, Communications in Soil Science and Plant 

Analysis, 10.1080/00103624.2012.648358, 43, 5, (811-820), (2012). 

[26] E. Cazzato, V. Laudadio, A. M. Stellacci, E. Ceci and V. Tufarelli, Influence of sulphur 

application on protein quality, fatty acid composition and nitrogen fixation of white 

lupin (Lupinus albus L.), European Food Research and Technology, 10.1007/s00217-

012-1817-5, 235, 5, (963-969), (2012). 



World Scientific News 142 (2020) 169-179 

 

 

-179- 

[27] E. Cazzato, V. Tufarelli, E. Ceci, A.M. Stellacci and V. Laudadio, Quality, yield and 

nitrogen fixation of faba bean seeds as affected by sulphur fertilization, Acta 

Agriculturae Scandinavica, Section B — Soil & Plant Science, 

10.1080/09064710.2012.698642, 62, 8, (732-738), (2012). 

[28] Jean-François Soussana and Tiphaine Tallec, Can we understand and predict the 

regulation of biological N2 fixation in grassland ecosystems?, Nutrient Cycling in 

Agroecosystems, 10.1007/s10705-009-9335-y, 88, 2, (197-213), (2009). 

[29] Satyavir S. Sindhu, Seema Dua, M. K. Verma and Aakanksha Khandelwal, Growth 

Promotion of Legumes by Inoculation of Rhizosphere Bacteria, Microbes for Legume 

Improvement, 10.1007/978-3-211-99753-6_9, (195-235), (2010). 

[30] Tiphaine Tallec, Sylvain Diquélou, Jean-Christophe Avice, Fabien Lesuffleur, Servane 

Lemauviel-Lavenant, Jean-Bernard Cliquet and Alain Ourry, Availability of N and S 

affect nutrient acquisition efficiencies differently by Trifolium repens and Lolium 

perenne when grown in monoculture or in mixture, Environmental and Experimental 

Botany, 10.1016/j.envexpbot.2009.02.002, 66, 2, (309-316), (2009). 

[31] Sébastien Varin, Servane Lemauviel-Lavenant, Jean Bernard Cliquet, Sylvain Diquélou 

and Terence Padraic Thomas Michaelson-Yeates, Functional plasticity of Trifolium 

repens L. in response to sulphur and nitrogen availability, Plant and Soil, 

10.1007/s11104-008-9800-4, 317, 1-2, (189-200), (2008). 

[32] T. Tallec, S. Diquélou, C. Fauveau, M. P. Bataillé and A. Ourry, Effects of nitrogen and 

sulphur gradients on plant competition, N and S use efficiencies and species abundance 

in a grassland plant mixture, Plant and Soil, 10.1007/s11104-008-9699-9, 313, 1-2, 

(267-282), (2008). 

[33] Getachew Zerihun, Abera Girma and Beyene Sheleme, Rhizobium inoculation and 

sulphur fertilizer improved yield, nutrients uptake and protein quality of soybean 

(Glysine max L.) varieties on Nitisols of Assosa area, Western Ethiopia, African 

Journal of Plant Science, 10.5897/AJPS2017.1519, 11, 5, (123-132), (2017). 

[34] Desta Yohannes, Habtegebrial Kiros and Weldu Yirga, Inoculation, phosphorous and 

zinc fertilization effects on nodulation, yield and nutrient uptake of Faba bean (Vicia 

faba L.) grown on calcaric cambisol of semiarid Ethiopia, Journal of Soil Science and 

Environmental Management, 10.5897/JSSEM2013.0406, 6, 1, (9-15), (2015). 

[35] Przemysław Barłóg, Witold Grzebisz and Remigiusz Łukowiak, The Effect of 

Potassium and Sulfur Fertilization on Seed Quality of Faba Bean (Vicia faba L.), 

Agronomy, 10.3390/agronomy9040209, 9, 4, (209), (2019). 

[36] Kiros Habtegebrial Habtemichial, Bal Ram Singh, Jens Bernt Aune. Wheat response to 

N2 fixed by faba bean (Vicia faba L.) as affected by sulfur fertilization and rhizobial 

inoculation in semi‐arid Northern Ethiopia. Journal of Plant Nutrition and Soil Science 

Volume 170, Issue 3, June, 2007, Pages 412-418. 

https://doi.org/10.1002/jpln.200625006 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Habtegebrial+Habtemichial%2C+Kiros
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ram+Singh%2C+Bal
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Aune%2C+Jens+Bernt
https://onlinelibrary.wiley.com/toc/15222624/2007/170/3

