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Abstract

Application of starter Nitrogenous fertilizer with rhizobial strains have been hypothesized to increase yield and
yield parameters. Hence, to exploit productivity potential of Faba bean(Vicia faba L) a field study was conducted
in Arsi zone 2015/16 and 2016/17.The test crop was uninoculated, inoculated with strain FB-1017,and supplied
with six rates of Nitrogen (T1 = -Ve control ( No input), T2 = 9 N kg/ha,T3 = 18 N (kg /ha),T4 =27 - N (kg
/ha), T5 =36 - N (kg /ha), T6 = 54 - N (kg /ha)).The treatments were laid out in randomized complete block design
with split plot arrangements with three replications. Application of inoculants and starter nitrogen at different
levels indicated that plant height (at three locations), grain yield (at one location) and number of seeds per pod
were improved significantly (p<0.05) otherwise did not improve none of yield and yield parameters in both years.
In that case, though inconsistent a grain yield of more than five quintals per hectare than the negative control
(uninoculated, unfertilized) was found by the highest fertilized treatment (54 kg ha-1). The results suggest that
application of starter nitrogen to small holder farmers is not economical and inoculation with trust worthy and
viable strains would suffice in compromise to environmental and profit margins and more studies in different
locations ought to be executed for a few locations as such might not give required result.
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Introduction

Enhancing agricultural productivity is one of the central challenges to achieving food security and poverty
reduction in Ethiopia. Considering the fact that soil fertility is one of the biggest challenges, an obvious strategy
is to increase fertilizer application and promote good agronomic practices to enhance productivity(Birhan
Abdulkadir et al., 2017). Among which Nitrogen is one of the most abundant elements on earth. However, it is
one of the most limiting factors of growth and production of crops. Which its requirements exceed any other and
rarely do soils in the tropics have enough of this nutrient to produce high sustainable yields(Otieno et al.,
2007).Currently inorganic fertilizer is an immediate supply but by far the most important source of fixed nitrogen
derives from the activity of certain soil bacteria that absorb atmospheric N2 gas and convert it into ammonium
which according to Zahran (1999) and Simon et al. (2014) approximately reduce 20 million tons of atmospheric
nitrogen to ammonia which is 50% - 70% of the world Biological Nitrogen Fixation.

Integration of multipurpose, N-fixing legumes into farming systems commonly improves soil fertility and
agricultural productivity through symbiotic associations between leguminous crops and Rhizobium. However, the
contribution of N fixation to soil fertility varies with the types of legumes grown, the characteristics of the soils,
and the availability of key micronutrients in the soil to facilitate fixation, and the frequency of growing legumes
in the cropping system(Birhan Abdulkadir et al., 2017).

It is widely acknowledged that inoculation of legumes with effective rhizobia can improve yields and provide
a substitute to inorganic fertilizers and different research works made in recent years revealed that inoculation of
Faba Bean with R.eguminosarum increase yield by 10-50%(Asfaw Hailemariam and Angaw Tsgie,
2003;Chemining’wa et al., 2007). The technology, therefore, is good for Ethiopian soils where 85% are reported
to have low levels of Nitrogen(EIAR, 2014) and several field demonstrations have confirmed that leguminous
crops show remarkable growth and yield response to rhizobia inoculations in different agroecologies in Ethiopia.
As a result, the use of rhizobia inoculants has shown spectacular growth in Ethiopia (EIAR, 2014).

Faba Bean is a crop of high economic value with its edible seed serving as an important protein complement
in the cereal based Ethiopian diet (Tamene Temesgen et al., 2015) and also contribute to smallholder income (FAO,
2014). Furthermore, it supplies an important added value to the crop by fixing atmospheric nitrogen in symbiosis,
with root nodule bacteria known as Rhizobium leguminosarum bv. Viciae (Mutch and Young, 2004).An estimate
of 240-235 amounts of N2 fixed (kilograms of N2 fixed per hectare) by Faba Bean with Faba Bean-rhizobial
symbioses(Somasegaran and Hoben, 1994) thus, reducing costs by less fertilizer use and minimizing impact on
the environment by natural soil maintenance (IFPRI, 2010;Alghamdi ef al., 2012).

Currently rhizobial inoculants are widely used in various parts of the world. They are the solution to dwindling
soil fertility, inexpensive, environment friendly, and easy to use with no side effects in most cases(Wondwosen
Tena et al., 2016).In response to this, promising Faba Bean Rhizobia screening activities were carried out during
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the past ten years in the country and revealed that there is diversity in different agroecologies (Abere Mnalku et
al.,2009;Alemayehu Workalemahu, 2009;Zerihun Belay and Fassil Assefa, 2011;Antench Argaw, 2012;Solomon
Legesse and Fassil Assefa, 2014;Dereje Tsegaye ef al., 2015;Getahun Negash 2015;Wendesen Melak ez al., 2018).
Indeed,he symbiotic interaction is initiated after an initial exchange of signals: when nitrogen present in the soil is
scarce, legumes exude a series of phenolic compounds into the rhizosphere, mainly flavonoids and isoflavonoid
(Clua et al., 2018),however, Crop yield increases of 51-158% were reported in nitisols at Holleta due to the
combined application of 20 kg ha-1P with strain over non-inoculated ones ,none of the above studies reported on
the agronomic efficiency, profitability and the level of risk associated with applying starter N fertilizer on Faba
bean.

However crucial is the use of organic inputs as external nutrient sources and has been advocated as a logical
alternative to expensive fertilizers in Africa, application of starter Nitrogen with biological nitrogen fixing bacteria
has been hypothesized to ameliorate yield and yield related parameters, but not explored.This paper reports results
from a study on the effects of starter N fertilizer application and to evaluate the symbiotic potential of popular faba
bean against nitrogen fixing rhizobial isolates, the essence of starter N application and to determine the starter N
dose that the farmer should use and its effects on yield, agronomic efficiency, profitability, the risk associated
with faba bean, in selected districts of Arsi Zone.

Material and Methods

Study sites

The study was undertaken for two years in seven districts of two potential Faba bean production weredas namely
Tiyo &Limu-Bilbilo(

Figure) The soils are classified as follows: at Bekoji a haplic Nitisol, and at Kulumsa an intergrade between a
haplic Nitisol and a luvic Phacozem(Amanuel Gorfu et al., 2000) where Wheat is dominantly produced with mean
annual rain fall 823 mm and 1020mm respectively of Kulumsa and Bekoji.

Experimental Design,

The Field trial were designed in split plot fashion with three replication for which two main plot factors two levels
of'inoculation(FB-1017 strain inoculated & uninoculated) and six levels of factorially combined inorganic N rates
as sub plot factors (T1 = -Ve control ( No input),T2 =9 N kg/ha, T3 = 18 N (kg /ha), T4 =27 - N (kg /ha),T5 =36
- N (kg /ha),T6 = 54 - N (kg /ha)) were arranged in two way randomization.
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Figure 1 Map of Study area
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Figure 2 Rainfall and temperature patterns of districts during 2015/16 and 2016/17 growing seasons (Source
kulumsa Agricultural Research Center meteorological stations)

Sources of seeds and Rhizobium strain

Faba bean variety Dosha was supplied by Highland pulse research of Kulumsa Agricultural Research Center,
Ethiopia.Variety was selected based on their yield, their maturity time and recentness of year of release. Strain of
Rhizbium spp. (FB-1017) was obtained from Holeta Agricultural Research Center.

Planting and Agronomic Practices

Field experiments were carried out in the two successive years of growing seasons, 2015/2016 and 2016/2017at
seven locations in Arsi zones where Faba bean production is at potential and monoculture production system is
dominant. Faba bean seeds were sown in the rate of 100 kg seeds ha—1 and were cultivated in strips. Each block
(4mx 37.2 m) consisted of twelve plots. Each plot area was 10.4m? and consisted of 10 rows, spaced 0.4m apart.
An additional eleventh row was placed in each plot and served as a border, and was not involved in calculations.
Each strip was spaced apart by 1m apart to prevent bacterial migrations. Weeds, insects, and fungal pathogens
were controlled by chemical spray applications, as required, at rates according to manufacturers’ recommendations.
At harvest, yield was determined by the manual mechanical harvesting of the entire plot.

Statistical Analysis
The ANOV A model was used according to Jones and Nachtssheim (2009) which is given by

Yige = p.. T oi +f, + (af); + v, T €

Where p..is constant; a whole-plot treatment effects, are constants subject to Y ai =0; Bj, the b split-plot
treatment effects, are constants subject to Y j =0; (af);;, the ab interaction effects, are constants subject to Y i(of});j
=0 for all j and Yj(aB);; =0 for all i; yk(i),the nw = ac whole-plot errors, are independent N(0,6?); &k independent
are N(0, 6%);i=1,...,a,j =1,...,.b, k=1,...,c. and Tukey Honest Significant Difference (HSD) test was used to separate
treatment means at a probability level of 0.05 (SAS, 2009;R, 2018)

Yield and Yield Components

yield and yield attributes of faba bean were recorded. Plant height (PH),Pods per plant(PPP),seeds per
pod(SPP) ,Total grain yield(GY) per hectare adjusted to 10% moisture content, biological yield(BY) per hectare
and harvest index(HI) content were determined.
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Results and Discussions

Rhizobial inoculation with starter-N treatments had no significant effect on all of parameters studied(Table and
Table ) the two years growing seasons but plant height at Bekoji where unfertilized plots performed significantly
(p<0.05) less than other treatments during the first year. This result did not agree to previous studies, that goes in
line with the general notion that biological nitrogen fixation is affected by inorganic nitrogen. Starter nitrogen
caused decline in grain yield that was explained could suppress nodulation and hence yield related parameters, but
it was also noted that a moderate dose of starter-N demonstrated to stimulate seedling growth and subsequent
nitrogen fixation(Chemining’wa et al., 2007).Inorganic Nitrogen is required by legume plants during the ‘nitrogen
hunger period’ for their nodule development, shoot and root growth before the onset of No-fixation. The success
of legume grain crops is dependent on their capacity to form effective nitrogen-fixing symbioses with root-nodule
bacteria(Youseif et al., 2017). However, many soils may do not have adequate amounts of native rhizobia in terms
of number, quality, or effectiveness to enhance biological nitrogen fixation.

The increments in seed yields in most of the N-fertilized plots and/or inoculated plots, in relation to the
uninoculated non-N fertilized plots controls indicate that, in these soils, nitrogen is not a limiting factor, and that
crop yields could be strongly improved by means of competitive and viable strains inoculation but fertilization
might not help. However, we found that response to inoculation with the best rhizobia strains was greater
comparably better than the full N fertilization even though statistically not different. Our results showed that faba
bean inoculation could effectively reduce the need of applied inorganic N-fertilizers while achieving higher grain
yield, but in this particular case even the main plot factor ,that inoculating did not have improved difference than
un inoculated control while a study reported in Youseif ez al. (2017) from which effective inoculation improved
grain yield by 35%-48% and faba bean yield and yield components could be significantly improved through the
combined use of Rhizobium/Agrobacterium inoculations and starter N application (48kg N-ha—1) under low
fertility sandy soil conditions but according to Chemining’wa et al. (2007) even Rhizobia inoculation failed to
improve yield .The mean grain yield in the two years varied 3.69 to 4.34 ton ha' in 2015/16 and 2.80 to 5.40 ton
ha! in 2016/17 which actually is far better than the national average 1.91 and 2.05 ton ha™! (CSA, 2016;CSA,
2017),that can be ascribed to the relatively low precipitation and higher temperature (Figure ) during floral
initiation when nodule initiation Is maximum

Table 1 Effects of Starter nitrogen dose on yield and yield traits of faba bean (2015/16)

"Variables Kulumsa Dawa Bursa Bekoji
FH PP Eig GY BT it PH 223 PP GY BT it PH 223 PP GY BT it
(cm) (ton/ha) (ton'h) ] (cm) (tonha) (ton'hi) ] (cm) (tonha) Cton'ha) 2]
Tuoculztion
Tnoculated 137,062 13212 274 365 10652 3558 130602 218 2872 36 705 S4dda 113842 1417 2742 438 8042 355212
Uninoculated 13378 jEXTN 281a 3362 10302 3337 130722 2120 2802 33 723 5168 11372 1403 281a  ddla [N 5452
5D JEED) 703 (30 5T Y EE 53 Th (3] 03 [ 39T 77 B3 759 183 0 TIT
oV 69 12 35 2 26 63 44 89 48 63 64 78 78 149 143 101 152 ¢
Thghs
o 136832 11902 2672 365 10252 37.502 12933 20672 2832 348 72a 5177 10587 1373 2802 432 8982 537
s 13683 12702 2832 378 10362 38002 13217 20832 2802 386 754 5338 108.17:b 14602 282 42 825 5728
18 135172 12802 270a 300 10.86a 3638 12097 21.00a 283 3% 7262 5200a 116.83ab 1427 2802 435m §77 3620a
2 135502 13.702 2902 338 883 3393 1304002 217 300 375 6702 5354 114832h 1423 277 420 .58 50282
36 140502 1223 273 330 1048 3655 1304002 033 28 34 7.062 53302 116.172b 1533 283 438 8792 36012
54 133672 1273 283 3562 1107 344% 132502 N 2972 363 7.082 5395 11983 1513 297 48 9512 5573
LSD 10.63 3.00 025 0.89 285 1034 931 6.90 033 0.59 123 926 1181 244 033 087 277 743
5
Uninoeulated:0 134672 12472 2802 3302 10042 38672 12733 20872 280 343 717 109.672 13.602 273 436 918 3143
Uninoculated:9 13633 13872 287 37 8562 40832 13233 2073 287 301 7692 110672 15.202 287 44 8332 38472
Uninoculated: 13 13467 12.602 2802 335 11312 33822 13067 21602 293 368 69% 116:00a 15072 2932 440 847 57403
Uninoculated 27 136,002 1487 2802 401a 10002 4015 130672 2047 28 419 677 11L67%a 14132 2802 403 8§97 50422
Uninoculated:36 139,002 1247 2802 370 10522 3785 126672 20472 2872 36 751a 114672 1520 283 438 9195 5342
Uninoculated: 54 1340022 13.002 2802 384 10342 3802 133672 2307 193 367 720 116672 16402 3072 48 8362 3639
Tnoculated:0 139,002 1133 2532 3802 10462 36322 13133 2047 2872 35 725 102072 1387 2872 42 §78 55902
Inoculated:9 13733 1153 2802 384a 11162 35162 132002 213 293 40 739 107672 14,002 2808 410 817 36092
Inoculated:18 135672 13.002 2602 4002 10412 3894 129272 2040a 28 3 753 117672 13472 2872 43l 8072 55372
Tnoculated:2] 135,002 12.5% 3002 355 5662 3171 12933 2187 3072 33 6642 118002 1547 273z 437 1019 50.14a
Tnoculated:36 142.00a 12002 2672 339 1043 35262 13033 2420a 3002 372 660 11767 1433 283 438 839 58612
Tnoculated 54 13353 1247 287 328 11812 30.08 13133 287 300z 35% 65872 12000 13872 2872 48a 9.66 35.07a
SO 39 S [Z) e £Yi) 710 AT T4 (5] 037 708 3T 370 035 T T3 230
& 43 132 5 1 15 154 3 177 62 83 EX] 57 1 62 109 3 75
Mean 13641 12.67 278 ER) 1047 3697 13066 2151 293 389 714 113,78 1453 287 434 598 5487

Means followed by the same letter within a column are not significantly different at the P=0.05 level using LSD
test(PH=plant height, PPP=number of pods per plant,SPP=number of seeds per pod,GY=grain yield,BY=Biomass
yield,HI=harvest index)

Table 2 Effects of Starter nitrogen dose on yield and yield traits of faba bean (2016/17)

Variables Tulumsz Shala Chebett Dawa Bursa Chiba Michael

i FFF 5P GT BY H FH FFF SFF 9 BY T i FFF SFF G BY H PH FF SPP GT EY i
(em) (onhz)  (owha) (%) (em) (tomha)  (owhs) (6 (em) Gonha)  (onhd) (%) (em) (tonha)  (towha) (%)
Inoculation
Tnoculafed 164332 17142 2862 50%a 15462 3660 116722 12422 2362 3.00a 5842 51642 11950a 14162 288 54 1126 31762 10378 1438 2842 309 6002 53702
Uninoculated 161172 19432 281 4% 1393 3873 11639 13302 2572 33% 6572 49492 11584b 14162 268 538 12 5322 9856 1489 2772 304 575 55252
15D 2788 366 021 147 % 335 118 337 030 I3 1% 30 06 137 030 04l 068 3% 195 174 06l 15 130 %
v fe) A6 51 204 146 § 7.0 1183 4 5 178 04 76 75 103 43 7 133 33 152 554 353 57
Tkgha)
0 16633 18572 280 1493 3755 11350e 1247 2302 327 43622 120332 137 280z 557 Hila 5388z 103672 1507 2772 326 617 55.202
9 163008 19072 277a 128% 3975 1300a 12132 253 3l 50302 11550a 13433 2772 527ab 10952 32282 102332 1463 2902 318 618 5383
18 161672 15732 290a 1409 3877 10672 13132 2502 3302 48302 11633 13572 2772 556 11492 52622 100672 1483 263 30 577 5423
7 165508 18472 283 1586 3413 11747 12132 25k 280 49472 18672 15202 280z 5562 1792 51372 95672 1310 293  idée 3912 56052
36 160172 20072 273 13842 3990 11883 13832 263 316 50182 114674 15272 2772 486b 1015 5203 101002 1547 2702 291a 558 54052
34 15083 1780 207 1662 350 11647 13372 267a  33la 5653 120832 1373 277 550 Hdla 5273 10367 1530 290 285 5612 52082
15D ©10 63 032 601 846 1121 302038 064 1536 1613 30703400 85 604 936 402 040 092 7 332
N
Uninoculated:0 160332 1993 273 48k 13272 3883 1l3%ke 13802 233 332 6342 51032 11533 13332 2672 556 1312 320z 10000 1433 280 3002 363
Uninoculated:9 166672 19672 280a 47l 7% 4043  1103%kc 12472 2472 322 60la 52402 11200 12802 2672 .46 110 54302 9833 1613 307 323 612
Uninoculated:18 160002 16272 287a 541z 15112 3867  11833bc 13472 247 358 12a 47872 112672 13272 180 52a 1075 3343 9833 1633 253 300k 5872
Uninoculated:27 161332 20332 2872 40 14202 3743 11900sh 11832 2602 280 3662 50102 12672 14732 2602 55k 1742 31902 9000z 1367 260b 326 6012
Uninoculated:36 159002 20032 2672 48la 13202 30353 11500sbe 13802 2672 322 6382 9402 11432 16132 2672 480 1009 32902 100672 1447 280 306a 380
Uninoculated:34 159672 19402 2932 520a 1485 3730 12433 14332 2672 367 781a 46132 125332 14472 267 336 11242 33572 104002 1420 280 2572 4962
Incculated:0 17233 17202 2872 Sl 1658 3627 11567%bc 11132 2472 322 6772 46202 119002 1393 293 55% 10912 54572 10733 1560 273k 343 66%
Incculated:d 15033 18472 2732 473 1292 3007 11567k 11802 2602 3002 6002 4820a  12000a 14072 2%7a  5.08a 1082 30272 10633 1313 273b 313 6352
Inoculated:13 163332 1520 2932 46% 13072 3887 12300a 12808 253 302 6092 4873 114672 13872 273 385 1223 51802 10300 1333 273k 304a 367
Inoculated27 169672 16602 280 495 17482 3083 11333be 12332 2472 271 549 48832 15002 15672 3002 338 1083 308 10133 123 3272 306 5802
Incculated:36 161332 19202 280 56a 18438 4027 12672 14072 2602 3l 591a 50972 12300a 14402 2872 484 10212 51172 10133 1647 260b 277 528
Tnoculated:54 160002 16202 3.00a 565 18392 3430 10800c 12402 2672 294 1762 66932 118672 13002 187 562a 1139 51802 10333 1640 300 31da 6312
15D 3139 1040 033 248 o83 [EE ) 8 062 107 25 AT 2660 508 036 13 306 000 1581 666 066 5] 250
cv 65 189 63 164 26 14 53 12s 81 113 118 16776 12 65 16 o1 63 52 151 78 166 163
Means 16250 1838 283 503 1469 3767 11656 128 256 316 630 5057 11772 1415 278 540 1115 49 WL 17 280 3.06 587

Means followed by the same letter within a column are not significantly different at the P=0.05 level using LSD
test
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Conclusions and recommendations

Application of starter nitrogen with faba bean had not had any apparent effect on yield and yield components. The
reason could be attributed to poor inoculant viability, adequate soil mineral, or highly competitive indigenous
strains, besides to that Legumes have a high internal phosphorous requirement for their symbiotic nitrogen fixation,
in addition to the nodule formation, deficiency of phosphorous in legumes also markedly affects the development
of effective nodules and the nodule leghaemoglobin content which directly affect productivity. It is therefore
suggested that the status of available phosphorous in soils ought to be taken through as in the soils of the
experimental field may be beneficial to nodule nitrogen fixation through the prevention of the decrease of the
phosphorous concentration in the plants at the later growth stage. Hence For better verification of this investigation
it is also suggested to repeat the study in other carefully evaluated in prevalent N depleted in small holder farmers
with other cultivars and bio-fertilizers and even the inoculants of different strains of rhizobia that was formed from
indigenous soils of Arsi.

Acknowledgments
We Would like to Thank EIAR for funding this research and Kulumsa Agricultural Research Center Technical
assistants whom their precious years were always valuable.

References

Abere Mnalku, Heluf Gebrekidan and Fassil Assefa (2009). Simbiotic effectivness and characterization of
rhizobium strains of faba bean (Vicia faba L.) collected from Eastern and Wstern Hararghe highlands of
Ethiopia. Ethiopian Journal of Natural Resources, 11(2):223-244.

Alemayehu Workalemahu (2009). The Effect of Indigenous Root-Nodulating Bacteria on Nodulation and
Growth of Faba Bean (Vicia faba l.) in the Low-Input Agricultural Systems of Tigray Highlands, Northern
Ethiopia. Momona Ethopian Journal Of Science, 1(2):30-43.

Alghamdi, S. S., Ammar, M. H., Siddique, K. H. M., Migdadi, H. M. and Paull, J. G. (2012). Faba bean
genomics: current status and future prospects: A Review. Euphytica 186::609-624.

Amanuel Gorfu, Kiihne, R. F., Tanner, D. G. and Vlek, P. L. G. (2000). Biological nitrogen fixation in faba
bean (Vicia faba L.) in the Ethiopian highlands as affected by P fertilization and inoculation. Biology and
Fertility of Soils, 32(5):353-359.

Anteneh Argaw (2012). Characterization of symbiotic effectivness of rhizobia nodulating faba bean(Vicia faba
L.) isolted from central Ethiopia. Research Journal of microbiology:1-17.

Asfaw Hailemariam and Angaw Tsgie (2003). BNF Research on food legumes in Ethiopia. In: Ali, K.,
Gemechu Keneni, Seid, A., Malhotra, R., Beniwal, S., Makkouk, K. andHalia, M. H. (eds.) Food and forage
legumes of Ethiopia:Progress and prospects,proceedings of the workshop on food and forage legumes,22-26
September 2003,Addis Ababa ,Ethiopia.: Ethiopian Institute of Agricultural Research(EIAR) and
Internationational Center for Agricultural Research in Dry land Areas (ICARDA),Aleppo,Syria.

Birhan Abdulkadir, Sofiya Kassa, Temesgen Desalegn, Kassu Tadesse, Mihreteab Haileselassie, Girma
Fana, Tolera Abera, Tilahun Amede and Tibebe, D. (2017). Crop response to fertilizer application in
Ethiopia: a review.1-28.

Chemining’wa, G. N., Theuri, S. W. M. and Muthomi, J. W. (2007). Effect of Rhizobia Inoculation and
Starter-N on Nodulation, Shoot Biomass and Yield of Grain Legumes. Asian Journal of Plant Sciences,
10.3923/ajps.2007.1113.1118.

Claa, J., Roda, C., Zanetti, M. E. and Blanco, F. A. (2018). Compatibility between Legumes and Rhizobia for
the Establishment of a Successful Nitrogen-Fixing Symbiosis. 10.3390/genes9030125.

CSA (2016). Report on area and production of major crops. The Federal Democratic Republic Of Ethiopia Central
Statistical Agency(CSA).

CSA (2017). Report on area and production of major crops. Statistical bulletin ed.: The Federal Democratic
Republic Of Ethiopia Central Statistical Agency(CSA).

Dereje Tsegaye, Fasil Assefa, Heluf Gebrekidan and Gemechu Keneni, W. (2015). Nutritional, eco-
physiological and symbiotic characteristics of rhizobia nodulating faba bean (Vicia faba L.) collected from
acidic soils of Ethiopia. Afiican Journal of Environmental Science and Technology, 9(7):646-654.

EIAR (2014). Rhizobia-based bio-fertilizer:Guidelines for smallholder farmers. EIAR.

FAO (2014). Country fact sheet on food and agriculture policy trends :Ethiopia, p.1.

Getahun Negash , T. (2015). Symbiotic and phenotypic characteristics of indigenous rhizobia nodulating faba
bean (Vicia faba L.) growing in some parts of Wello, Northern Ethiopia. MSc thesis Hawassa University.111
p-

IFPRI (2010). Pulses Value Chain in Ethiopia Constraints and Opportunities For Enhancing Exports, p.44.

Jones, B. and Nachtssheim, C. J. (2009). Split-Plot Designs:What, Why, and How. Journal of Quality
Technology, 10.1080/00224065.2009.11917790.

36



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) ~ DOI: 10.7176/JBAH l'Hi,l
Vol.9, No.5,2019 Ils E

Mutch, L. A. and Young, J. P. W. (2004). Diversity and specificity of Rhizobium leguminosarum biovar viciae
on wild and cultivated legumes. Molecular Ecology, 13:2435-2444.

Otieno, P. E., W.Muthomi, J., Chemining'wa, G. N. and H.Ndertu, J. (2007). Effect of rhizobia inoculation,
farmyard manure and nitrogen fertilizer on growth, nodulation and yield of selected food grain legumes.
Proceedings of African Crop Science 2007,Egypt. 305-312.

R (2018). R Core Team,R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/. 3.5.1 ed.

SAS (2009). SAS/STAT 9.2 ® User’s Guide, Cary, NC, USA, SAS Institute Inc., .7886.p.

Simon, Z., Mtei, K., Amare Gessesse and Ndakidemi, P. A. (2014). Isolation and Characterization of Nitrogen
Fixing Rhizobia from Cultivated and Uncultivated Soils of Northern Tanzania. American Journal of Plant
Sciences, 5:4050-4067.

Solomon Legesse and Fassil Assefa (2014). Symbiotic And Phenotypic Characteristics Of Rhizobia Nodulating
Faba Bean (Vicia Faba) From Tahtay Koraro, Northwestern Zone Of Tigray Regional State, Ethiopia I/TEEE.,
2(11):1-9.

Somasegaran, P. and Hoben, H. J. (1994). Handbook for Rhizobia:Methods in Legume-Rhizobium Technology,
USA, Springer-Verlag.455.p.

Tamene Temesgen, Gemechu Keneni, Tadese Seferaa and Mussa Jarso (2015). Yield stability and
relationships among stability parameters in faba bean (Vicia faba L.) genotypes. T he Crop Journal, 3:258 —
268.

Wendesen Melak, Tulu Degefu, Endalkachew Welde-Meskel and Solomon Yilma (2018).
Morphophysiological and Symbiotic Characteristics of Rhizobia Nodulating Faba Bean (Vicia faba L.) from
Bale, Ethiopia. Journal of Biology, Agriculture and Healthcare, 8(15):51-61.

Wondwosen Tena, EndalkachewWolde-Meskel and FranWalley (2016). Symbiotic Efficiency of Native and
Exotic Rhizobium Strains Nodulating Lentil (Lens culinaris Medik.) in Soils of Southern Ethiopia. Agronomy,
6(11):10.

Youseif, S. H., EI-Megeed, F. H. A. and Saleh, S. A. (2017). Improvement of Faba Bean Yield Using
Rhizobium/Agrobacterium Inoculant in Low-Fertility Sandy Soil. Agronomy, 7(2):1-12.

Zahran, H. H. (1999). Rhizobium-Legume Symbiosis and Nitrogen Fixation under Severe Conditions and in an
Arid Climate. Microbiology and molecular biology reviews, 63(4):968-989.

Zerihun Belay and Fassil Assefa (2011). Symbiotic and phenotypic diversity of Rhizobium leguminosarum bv.
viciae from Northern Gondar,Ethiopia. Afican Journal of Biotechnology, 10(21):4372-4379.

37



