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Abstract— A field experiment was conducted for two 

successive seasons 2012/2013 and 2013/2014 with four 

replicates at the experimental farm, Faculty of 

Agriculture, Omdurman Islamic University to determine 

the effect of inoculation and co-inoculation of symbiotic 

nitrogen fixing and phosphate solubilizing bacteria on 

fenugreek (Trigonella foenum-graecum L.) growth and 

yield. Fenugreek plant variety Kodab was used. Two 

bacterial strains Sinorhizobium meliloti strain TAL380 

and Bacillus megatherium var. phosphaticum strain 

(BMP), each alone or in combination. Control plants were 

kept for comparison. The following measurements were 

taken per plant: number of nodules, dry weight of nodules, 

shoots and roots, plant height, pod length, number of 

pods/plant, number of seeds/pod, 1000 seed weight and 

yield. Results showed that inoculation with TAL380 and 

BMP each alone significantly increased nodulation and 

nodule dry weight compared to the control. Inoculation 

with BMP significantly increased root dry weight, when 

inoculation with TAL380 significantly increased shoot dry 

weight and plant height, co-inoculation significantly 

increased root and shoot dry weight compared to the 

control. The two bacterial inoculations each alone or in 

combination significantly increased number of pods and 

insignificantly increased number of seeds per pod and 

1000 seed weight at both seasons. There was no effect of 

inoculation with bacteria on pod length. Co-inoculation 

significantly increased fenugreek seed yield at both 

seasons compared to the control. 

Keywords— Biofertilizers, nitrogen fixation, phosphorus 

solubilization. 

 

I. INTRODUCTION 

Fenugreek (Trigonella foenum-graecum L.) is a 

dicotyledonous plant belongs to family Leguminoseae 

(Fabaceae). It is native of Mediterranean region and 

grown as a spice (seeds and leaves) in most part of the 

world, it is also used to treat a variety of health problems 

[1, 2]. Fenugreek is symbiotically associated with the 

rhizobia and this requires active nitrogen fixation and the 

interaction plays a key role in the agricultural crop 

production. It can fix atmospheric nitrogen symbiotically 

in the range of 40-138Kg/ha [3]. 

Nitrogen is the critical limiting element for growth of most 

plants due to its unavailability [4]. Plants need nitrogen 

more than any other nutrient since it is an important 

constituent of proteins, enzymes, chlorophyll, and growth 

regulators [5]. Phosphorus is one of the most limiting 

nutrients for plant growth and phosphorus fertilization is a 

major input in crop production [6]. Phosphorus deficiency 

has a detrimental effect on legumes nodulation [7]. 

Successful production systems based on legumes 

therefore, requires P inputs [8] either from soil reserves or 

from added fertilizer [9].  

Biofertilizers naturally activate the soil borne 

microorganisms to restore soil natural and protect it 

against drought and soil disease and therefore stimulate 

plant growth [10]. Biofertilizers include nitrogen fixing, 

phosphate solubilizing and plant growth promoting 

microorganism [11]. Using of biofertilizers that certain 

different microbial strain led to decrease the use of agro 

chemicals for human safety [12]. Number of soil borne 

bacteria had been used as a biofertilizers to promote plant 

growth such as: Pseudomonas, Bacillus, Enterobacter, 

Azospirillum and Rhizobium etc. they called rhizobacteria 

because they are related to rhizosphere of the 

plant. Rhizobacteria are bacteria that aggressively colonize 

the plant roots [13].  

Rhizobium belongs to a well known group of bacteria that 

act as primary fixer of nitrogen in symbiotic relationship 

with legume plants [14]. A previous study showed that 

simultaneous infection with rhizobia and rhizosphere 

bacteria increases nodulation and growth in a wide variety 

of legumes [15]. It is possible to increase agricultural 

productivity and, eliminate or decrease the use of chemical 

fertilizers and pesticides even in marginal soils when the 

formulation contains different PGPB [16]. However, 

inoculation with a compatible strain of rhizobia was found 

to enhance nodulation, dry weight of nodules, nitrogen 

fixation and yield of alfalfa (Medicago sativa), Fenugreek 

https://dx.doi.org/10.22161/ijhaf.1.3.8
http://www.aipublications.com/ijhaf


International journal of Horticulture, Agriculture and Food science(IJHAF)                                 [Vol-1, Issue-3, Sep-Oct, 2017] 

https://dx.doi.org/10.22161/ijhaf.1.3.8                                                                                                                        ISSN: 2456-8635 

www.aipublications.com/ijhaf                                                                                                                                                     Page | 43  

 

(Trigonella foenum-graecum), cluster bean (Cyamopsis 

tetragonoloba), field pea (Pisum sativum) and common 

bean (Phaseolus vulgaris) grown in dry land. It was 

concluded that, the productivity of leguminous crops in 

dry land could be improved by Rhizobium inoculation 

[17]. 

Phosphorus solubilizing bacteria mainly Bacillus, 

Pseudomonas and Enterobacter are very effective for 

increasing the plant available P in soil as well as the 

growth and yield of crops. So, exploitation of phosphate 

solubilizing bacteria through biofertilization has enormous 

potential for making use of ever increasing fixed P in the 

soil [18]. 

Co-inoculation with Rhizobium and Bacillus megatherium 

var. phosphatcum PSB increased pigeon pea nodulation, 

nodule dry weight, shoot dry weight and shoot nitrogen 

and phosphorus content, compared to un-inoculated 

control [19]. The co-inoculation with Rhizobium and PSB 

increased faba bean yield [20], chickpea yield [21] 

compared to single-inoculation with Rhizobium. Generally, 

co-inoculation can increase nodulation and improve grain 

yield, phosphorus and nitrogen uptake by the plants. The 

objective of the study was to determine the effect of 

inoculation and co-inoculation of symbiotic nitrogen fixing 

and phosphate solubilizing bacteria on fenugreek growth 

and yield. 

 

II. MATERIAL AND METHODS 

A field experiment was conducted at the experimental 

farm, Faculty of Agriculture, Omdurman Islamic 

University, Sudan, (Latitude 15° 34´ N and longitude 32° 

34´ E), for two successive seasons 2012/2013 and 

2013/2014 with four replicates. In this experiment, 

fenugreek plant variety Kodab was used. Two bacterial 

strains were obtained from Bio-pesticides and Bio-

fertilizers Department, Environment, Natural Resources 

and Desertification Research Institute (ENDRI), National 

Center for Research (NCR), Khartoum, Sudan. 

Sinorhizobium meliloti strain TAL380 and Bacillus 

megatherium var. phosphaticum strain (BMP), each alone 

or in combination. Control plants were kept for 

comparison. 

The land was prepared by deep ploughing, harrowing then 

leveling and ridging. The land was then divided into plots 

5 x 4m each. Three to four seeds were placed in a hole on 

the top of the ridge with 15cm spacing (between holes) and 

70cm (between ridges). Plots were immediately irrigated 

after sowing and then subsequently irrigated at 7-10 days 

intervals. 

The first sampling was carried out after 6 weeks after 

sowing (WAS), and then sampling was done every two 

weeks, for 10 weeks. During each sampling, four plants 

from each plot were carefully dug out of the soil with their 

roots. Plants representing each treatment in each plot were 

placed in a paper bag and immediately taken to the 

laboratory for the following measurements per plant: 

number of nodules, dry weight of nodules, shoots and 

roots (after oven drying at 80°C for 48 hours). Plant height 

(cm) was measured at 10 WAS. Each plot was harvested 

separately by cutting the plants just above soil level. Five 

pods were taken randomly from each plot to measure pod 

length (cm). Pods of 5 plants from each plot were counted 

for number of pods/plant. Seeds of 5 pods from each plot 

were counted to measure number of seeds/pod. Plants were 

then threshed on a large mat, then collected and weighed 

to determine yield of each plot, 1000 seeds were counted 

and weighed for 1000 seed weight. 

Analysis of variance (ANOVA) was used to determine the 

effect of treatments on the measured parameters. Least 

significance difference was used to compare between 

means, significance was accepted at P≤0.05 [22]. 

 

III. RESULTS 

1, Nodule formation 

Table 1 show the effect of inoculation by Sinorhizobium 

meliloti strain (TAL380) and Bacillus megatherium var. 

phosphaticum strain (BMP) each alone and in combination 

on fenugreek nodule formation in first and second season. 

There was poor nodulation on the control plants. 

Inoculation with TAL380 significantly (P≤0.05) increased 

nodulation compared to the control at both seasons except 

at 6 and 10 WAS in the first season where the increment 

was insignificant. Inoculation with BMP significantly 

(P≤0.05) increased nodulation at 6 and 8 WAS in the 

second season compared to the control. 

 

2, Nodule dry weight 

From results, at the first season, inoculation with TAL380 

significantly (P≤0.05) increased nodule dry weight at 8 

WAS compared to the control (Table 2). Inoculation with 

BMP significantly (P≤0.05) increased nodule dry weight at 

10 WAS compared to control and other treatments. At the 

second season, inoculation with TAL380 gave the highest 

significant (P≤0.05) nodule dry weight at 10 WAS, 

followed by BMP. 

 

3, Root dry weight 

Results in table 3 shows that at the first season inoculation 

with BMP significantly (P≤0.05) increased root dry weight 

at 8 and 10 WAS compared to the control. At the second 

season, the highest root dry weight significant (P≤0.05) 

increment was obtained by co-inoculation at 8 WAS, 

followed by TAL380 and BMP, respectively. 
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4, Shoot dry weight 

At the first season, inoculation with BMP alone or in 

combination with TAL380 insignificantly increased 

fenugreek shoot dry weight (Table 4). At the second 

season, inoculation with TAL380 significantly (P≤0.05) 

increased shoot dry weight at all observation times, 

followed by co-inoculation at 8 and 10 WAS, when 

inoculation with BMP was superior at 8 WAS. 

 

5, Plant height 

Inoculation with TAL380 significantly (P≤0.05) increased 

plant height at the second season (Table 5). At both 

seasons, BMP increased plant height insignificantly. 

 

6, Pod number 

Bacterial inoculations significantly (P≤0.05) increased 

number of pods at both seasons (Table 5). Inoculation 

BMP gave the highest pod number followed by co-

inoculation and TAL380, respectively. 

 

7, Pod length 

There was no effect of inoculation with bacteria on pod 

length (Table 5). 

 

8, Number of seeds per pod 

From results in table 6, both bacterial strains alone or in 

combination increased number of seeds per pod 

insignificantly at the two seasons compared to un-

inoculated control. Overall mean of both seasons indicate 

that inoculation with BMP gave the highest number of 

seeds per pod, followed by co-inoculation. 

 

9, 1000 seeds weight 

Inoculation with both bacterial strains alone or in 

combination increased the weight of 1000 insignificantly 

at the two seasons compared to the control (Table 6). 

Overall mean of both seasons indicate that co-inoculation 

with TAL380+BMP gave the highest 1000 seeds weight, 

followed by inoculation with BMP. 

 

10, Yield 

All treatments significantly (P≤0.05) increased fenugreek 

seed yield at the first season compared to the control 

(Table 6). Co-inoculation significantly (P≤0.05) increased 

fenugreek seed yield at both seasons compared to the 

control. 

 

Table.1: Effect of treatments on nodulation 

Bacterial inoculation First season Second season 

6 WAS 8 WAS 10 WAS 6 WAS 8 WAS 10 WAS 

Control 0.10 0.01 1.56 0.94 1.53 1.17 

TAL 380 0.45 3.76 2.51 2.30 2.24 3.24 

BMP 0.21 1.19 0.67 2.46 2.35 1.38 

TAL 380 + BMP 0.11 0.31 1.20 2.23 1.65 0.63 

LSD 0.79 3.37 1.37 0.51 0.21 0.35 

 

Table.2: Effect of treatments on nodule dry weight (mg/plant) 

Bacterial inoculation First season Second season 

6 WAS 8 WAS 10 WAS 6 WAS 8 WAS 10 WAS 

Control 0.10 0.01 1.56 0.008 0.057 0.183 

TAL 380 0.06 0.09 0.81 0.003 0.045 0.528 

BMP 0.06 0.07 3.97 0.003 0.006 0.375 

TAL 380 + BMP 0.04 0.01 1.20 0.002 0.007 0.150 

LSD 0.14 0.07 1.68 0.005 0.015 0.084 

 

Table.3: Effect of treatments on root dry weight (g/plant) 

Bacterial inoculation First season Second season 

6 WAS 8 WAS 10 WAS 6 WAS 8 WAS 10 WAS 

Control 0.17 0.33 0.17 0.051 0.080 0.019 

TAL 380 0.18 0.29 0.20 0.070 0.116 0.004 

BMP 0.15 0.73 0.48 0.035 0.096 0.004 

TAL 380 + BMP 0.07 0.20 0.27 0.040 0.130 0.003 

LSD 0.42 0.35 0.26 0.015 0.007 0.015 
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Table.4: Effect of treatments on shoot dry weight (g/plant) 

Bacterial inoculation First season Second season 

6 WAS 8 WAS 10 WAS 6 WAS 8 WAS 10 WAS 

Control 1.15 2.25 2.97 0.384 0.871 0.131 

TAL 380 0.54 2.53 2.22 0.658 1.299 0.253 

BMP 1.83 4.13 6.17 0.361 1.524 0.139 

TAL 380 + BMP 0.52 4.54 4.03 0.413 1.204 0.150 

LSD 1.18 2.48 6.12 0.119 0.109 0.015 

 

Table.5: Effect of treatments on plant height (cm), pod number and length (ml) 

Bacterial inoculation Plant height Pod number Pod length 

 Season 1 Season 2  Season 1 Season 2  Season 1 Season 2 

Control 45.19 33.67 23.00 32.33 10.77 9.85 

TAL 380 40.75 41.67 25.27 44.92 9.87 10.14 

BMP 50.69 36.75 44.70 45.08 10.40 10.22 

TAL 380+BMP 43.13 35.25 33.90 42.92 11.10 9.56 

LSD 11.06 6.93 7.58 5.07 2.22 1.16 

 

Table.6: Effect of treatments on seed/pod, 1000 seed weight (g) and yield (Kg/fedan*) 

Bacterial 

inoculation 

Seed/pod 1000 seed weight Yield 

 Season 1 Season 2  Season 1 Season 2  Season 1 Season 2 

Control 12.7 10.33 8.10 11.75 112.18 302.0 

TAL 380 13.4 10.92 8.70 11.75 122.82 323.5 

BMP 16.3 10.64 8.60 12.00 136.20 268.5 

TAL 380+BMP 15.7 10.67 8.30 12.50 171.00 364.5 

LSD 5.5 1.30 1.54 1.69 10.53 50.07 

*Fedan = 4200 m2 

IV. DISCUSSION 

The poor nodulation on the control plants indicate that 

there are indigenous rhizobia in the experiment soil. 

Inoculation with TAL380 and BMP each alone 

significantly increased nodule formation compared to the 

control. On the other hand, inoculation with TAL380 and 

BMP each alone or in combination significantly increased 

nodule dry weight at both seasons. This result is ongoing 

with a previous study, phosphorus solubilizing bacteria 

(PSB) inoculation significantly enhanced nodulation [23]. 

This could be due to the fact that phosphorus enhanced 

nodulation and nodule weight and it has direct positive 

effects on the indigenous rhizobia found in the 

rhizosphere itself [24]. 

Inoculation with BMP and co-inoculation significantly 

increased root dry weight. Moreover, inoculation with 

TAL380 and co-inoculation enhanced fenugreek shoot 

dry weight insignificantly at the first season and 

significantly at the second season. These results are in 

conformity with the findings of Bhunia et al. [25]. 

BMP increased plant height insignificantly at both 

seasons; inoculation with TAL380 significantly increased 

plant height at the second season. Similarly, El-Azouni 

[26] stated that phosphate solubilizing fungi inoculated 

soybean plants scored a significantly higher plant height. 

The two bacterial inoculations each alone or in 

combination significantly increased number of pods at 

both seasons. Inoculation BMP gave the highest pod 

number followed by co-inoculation and TAL380, 

respectively. A similar result were obtained by Sharma et 

al. [23] who stated phosphorus solubilizing bacteria 

(PSB) inoculation significantly enhanced the pods per 

plant. This result can be ascribed to increasing of soluble 

phosphorus in the soil and this is ongoing with the 

findings of Ramesh et al. [27] who reported that 

increasing phosphorus rate led to increase pods per plant. 

There was no effect of inoculation with bacteria on pod 

length. Both bacterial strains alone or in combination 

increased number of seeds per pod insignificantly at the 

two seasons. From overall mean of both seasons indicate 

that inoculation with BMP gave the highest number of 

seeds per pod, followed by co-inoculation. This result is 

ongoing with Kumawat et al. [28] who reported that seed 

pods were significantly higher with Rhizobium 

inoculation and with Sharma et al. [23] who reported that 

phosphorus solubilizing bacteria inoculation significantly 

enhanced fenugreek seeds per pod. 

Inoculation with both bacterial strains alone or in 

combination increased 1000 seed weight insignificantly at 

the two seasons. In a previous study, an increment of 100 
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faba bean seed weight was resulted from Rhizobium 

inoculation was observed by Osman et al. [29]. This 

increment may be taken as evidence on the effect of BMP 

on increasing nitrogen fixation, which was reported 

before by Barea et al. [30]. 

From overall mean co-inoculation with TAL380+BMP 

gave the highest number of seeds per pod, followed by 

inoculation with BMP. Argaw [31] reported that dual 

inoculation with TAL-378 and PSB significantly 

increased number of seeds per pod of soybean plant 

compared to the other treatments. 

Co-inoculation significantly increased fenugreek seed 

yield at both seasons. Inoculation with TAL380 and BMP 

each alone significantly seed yield at the first season. This 

result may be ascribed to the release of soluble 

phosphorus by BMP, Sharma et al. [23] and Ramesh et 

al. [27] assessed that inoculation with phosphorus 

solubilizing bacteria or increasing of phosphorus rate led 

to increase seed yield of fenugreek. Nitrogen and 

phosphorus are major plant nutrients and combined 

inoculation of Rhizobium sp. and PSB benefit plants more 

than either group of organisms alone and may have an 

added advantage [32].  

 

REFERENCES 

[1] S.N. Acharya, J.E. Thomas and S.K. Basu (2008). 

Fenugreek, an alternative crop for semiarid regions 

of North America. Crop Science, 48: 841-853. 

[2] K. Srinivasan (2006). Fenugreek (Trigonella 

foenum-graecum): A review of health beneficial 

physiological effects. Food Rev. Internat., 22 (2) : 

203–224. 

[3] Y.A. Hamdi (1982). Legume inoculants, legume 

inoculation and improving soil fertility. FAO Soils 

Bull., 5: 193-202. 

[4] P. Graham and C. Vance (2000). Nitrogen fixation 

in perspective: An overview of research and 

extension needs. Field Crops Research, 65: 93-106. 

[5] C. Wortman, R. Kirkby, C. Eledu and D. Allen 

(1998). Atlas of Common Bean (Phaseolus  vulgaris 

L.) Production in Africa. CIAT Publication No. 297. 

International Center for Tropical Agriculture, Cali.  

[6] R.E. Blackshaw, R.N. Brandt, H.H. Janzen and T. 

Entz (2004). Weed species response to phosphorus 

fertilization. Weed Sci., 52 (3): 406-412. 

[7] N.A. Haque and S.R. Dave (2005). Ecology of 

phosphate solubilizers in semi-arid agriculture soils. 

Indian J. Microbiol., 45: 27-32. 

[8] V. Rubio, F. Linhares, R. Solano, A.C. Martín, J. 

Iglesias and A. Leyva (2001). A conserved MYB 

transcription factor involved in phosphate starvation 

signaling both in vascular plants and in unicellular 

Algae. Genes and Development, 15: 2122-2133.  

[9] P. Ndakidemi and J. Semoka (2006). Soil Fertility 

Survey in Western Usambara Mountains, Northern 

Tanzania. Pedosphere, 16: 237-244.  

[10] H. Han, S. Supanjani and K.D. Lee (2006). Effect of 

co-inoculation with phosphate and potassium 

solubilising bacteria on mineral uptake and growth 

of pepper cucumber. Plant Soil Environment. 

52(3):6-130. 

[11] A.K. Geol, R.D. Laura, D.V. Pathak, G. Anuradha 

and A. Geol (1999). Use of biofertilizers: Potential, 

constraint and future strategies review. 

International. J. Trop. Agric., 17: 1-18. 

[12] S.A. Mahfouz and M.A. Sharaf-Eldin (2007). Effect 

of mineral vs biofertilizer on growth, yield and 

essential oil content of fennel (Foeniculum vulgare 

Mill.). Int. Agrophysics, 21: 361-366. 

[13] H. Antoun (2003). Field and Greenhouse trials 

performed with phosphate solubilizing bacteria and 

fungi. Department of soil and agrifood Engineering, 

Faculty of Agriculture and Food science, Laval 

University Québec, Canada. 4: 67-69. 

[14] N.K. Singh (2013). Plant growth promoting 

rhizobacteria (PGPR) in agricultural sustainability. 

In: Advances in Agro-technology, (Eds: H.G. 

Rodriguez, A.V. Ramanjaneyulu, N.C. Sarkar and 

R. Maiti). Vol. 1 Puspa Publishing House, Kolkata. 

pp. 21-42. 

[15] E. Yaholom, Y. Okon and A. Dovrat (1988). Early 

nodulation in legumes inoculated with Azospirillum 

and Rhizobium. Symbiosis, 69–80. 

[16] E. Gamalero, G. Lingua, G. Berta and P. Lemanceau 

(2009). Methods for studying root colonization by 

introduced beneficial bacteria. A review. In: 

Sustainable Agriculture (Eds: Lichtfouse E., 

Navarrete M., Debaeke P., Souchere V., Alberola 

C.). Springer, 601-615.   

[17] M.E. Abdelgani, A.G. Osman and S.S. Mohamed 

(2003). Restoring soil fertility of desertified lands 

through biological nitrogen fixation In: 

Desertification in the Third Millennium (eds. A.S. 

Sharhan, W.W. Wood, A.S. Goudie, A. Fowler and 

E.M. Abdellatif). A.A. Balkima Publishers. Lisse, 

the Netherlands. pp. 335-338. 

[18] A.A. Khan, G. Jilani, M.S. Akhtar, S.M.S. Naqvi 

and M. Rasheed (2009). Phosphorus solubilizing 

bacteria: occurrence, mechanisms and their role in 

crop production.  J. Agric. Biol. Sci., 1(1): 48-58. 

[19] A.G. Osman, A.M.E. Rugheim and E.M. Elsoni 

(2011). Effects of biofertilization on nodulation, 

nitrogen and phosphorus content and yield of pigeon 

pea (Cajanus cajan). Advances in Environmental 

Biology, 5(9): 2742-2749. 

https://dx.doi.org/10.22161/ijhaf.1.3.8
http://www.aipublications.com/ijhaf


International journal of Horticulture, Agriculture and Food science(IJHAF)                                 [Vol-1, Issue-3, Sep-Oct, 2017] 

https://dx.doi.org/10.22161/ijhaf.1.3.8                                                                                                                        ISSN: 2456-8635 

www.aipublications.com/ijhaf                                                                                                                                                     Page | 47  

 

[20] A.M.E. Rugheim and M.E. Abdelgani (2011). 

Effects of microbial and chemical fertilization on 

yield and seed quality of faba bean (Vicia faba). 

International Food Research Journal, 19 (2): 417-

422. 

[21] E. Elkoca, F. Kantar and F. Sahin (2008). Influence 

of nitrogen fixing and phosphorus solubilizing 

bacteria on the nodulation, plant growth, and yield 

of chickpea. Journal of Plant Nutrition, 31: 157-171. 

[22] K.A. Gomez and A.A. Gomez (1984). Statistical 

Procedures for Agricultural Research. John Wiley 

and Sons. New York. 

[23] S. Sharma, Y. Sharma and C.M. Balai (2014). Yield 

attributes and yield of fenugreek (Trigonella foenum 

graecum L.) under different levels of phosphorus, 

molybdenum and inoculation of PSB. Agric. 

Update, 9(3): 301-305. 

[24] M.S. Linu, J. Stephen and M.S. Jisha (2009). 

Phosphate solubilizing Gluconacetobacter sp., 

Burkholdia sp. and their potential interaction with 

cowpea (Vigna unguiculata L.). Intern. J. Agric. 

Res., 4(2): 79-87. 

[25] S.R. Bhunia, R.P.S. Chauhan, B.S. Yadav and A.S. 

Bhati (2006). Effect of phosphorus, irrigation and 

Rhizobium on productivity, water use and nutrient 

uptake in fenugreek (Trigonella foenum-graecum L). 

Indian  J. Agron., 51: 239-241. 

[26] I. El-Azouni (2008). Effect of phosphate solubilizing 

fungi on growth and nutrition uptake of soybean 

(Glycine max L.) plants. J. Appl. Sci. Res., 4(6): 592-

598. 

[27] V. Ramesh, A.R. Agarwal and P.C. Yadav (2002). 

Effect of P and weed management in fenugreek. 

Ann. Biol., 18: 97–8. 

[28] P.D. Kumawat, G.R. Chovadarg and R.G. Parteek 

(2003). Response of fenugreek to iron, molybdenum 

and Rhizobium inoculation. Advances in Plant 

Sciences, 19(1): 83-85. 

[29] A.G. Osman, F.I. Abd-Elaziz and G.A. Elhassan 

(2010). Effects of biological and mineral 

fertilization on yield, chemical composition and 

physical characteristics of faba bean (Vicia faba L.) 

cultivar seleim. Pak. J. Nutr., 9: 703-708. 

[30] J.M. Barea, D. Werner, C. Azco´n-Aguilar and R. 

Azco´n (2005). Interactions of Arbuscular 

Mycorrhiza and Nitrogen Fixing Symbiosis in 

Sustainable Agriculture. In: The Netherlands 

Agriculture, Forestry, Ecology and the Environment. 

(Eds: Werner, D. and Newton, W.E.). Kluwer 

Academic Publishers. 

[31] A. Argaw (2012). Evaluation of co-inoculation of 

Bradyrhizobium japonicum and phosphate 

solubilizing Pseudomonas spp. effect on soybean 

(Glycine max L. (Merr.)) in Assossa area. J. Agr. 

Sci. Tech., 14: 213-224. 

[32] R.S. Mehta, B.S. Patel, S.S Meena and R.S. Meena 

(2010). Influence of nitrogen, phosphorus and bio-

fertilizers on growth characters and yield of 

fenugreek (Trigonella foenum-graecum L.). Journal 

of Spices and Aromatic Crops, 19 (1 and 2): 23–28. 

 

https://dx.doi.org/10.22161/ijhaf.1.3.8
http://www.aipublications.com/ijhaf

