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Application of Phosphorus Fertilizer on Soybean {(Glycinemax L. (Merril)}
Inoculated with Rhizobium and

Abstract

[The experiment was conducted during the 2012 fagngeason at the University for

Development Studies, Nyankpala in the Northemn oThe - { comment [DO1]: Whatis the problem this study
. ) ) . ) attempted to tacle? The rationale for conducting

objective of the study was to determine the infaeerof inoculants and the special study is lacking.

phosphorus (P) at different application rates aidyand yield components of soybean and

also

.“Two|levels of inoculation regimes (un-inoculated - [Comment [DO2]: You had inoculated }
(-In) and inoculated (+In)) were combined with fapplication rates of phosphorus (0 kg { ::r:::ta;;;:trih: lt:;:::::a p———— }
P/ha, 15 kg P/ha, 30 kg P/ha and 45 kg P/ha). Xperenent was laid in a 2 x 4 factorial - {Z’;‘:n:::ttm[::;ie;r’ fs nota treatment. ]
arranged in Randomized Complete Block design withee replications. Parameters
measured were crop emergence, plant height, casmmend, number and weight of nodules,
number of pods and total grain yield. The resultsimed indicated significant differences in
all the parameters measured. Phosphorus applicatiés kg P/ha plus inoculants
recorded significantly higher grain yield than thest of the treatments. The economic
analysis of the treatments also showed that cortibmaf inoculation of soybean seeds with
45 kg P/ha was more profitable than the applicatibA5 kg P/ha without inoculation. The
study recommends inoculation of soybean seeds Wlin inoculants and the
application of phosphorus fertilizer at 45 kg P/ha.
Keywords: Inoculation, phosphorus rates, Yaralegume, Gyl ~_{ Comment [DOS]: Ovral, this abstract sill lacks

the essential of a very good summary of the work
presented. The language needs edition. | am afraid
that the conclusion isn’t correct since in some cases

1.0 Introduction there is no significant differences between 30 and
45 P kg/ha.

Soybean Glycine max L. (Merrill)} is one of the important oil grain ¢eime crops in the
world. In the international world trade market, Begn is ranked number one in the world

among the major oil crops such as rapeseed, grotndotton seed, sunflower, linseed,

sesame and safflower [1]. Soybean is the cheapestip source as compared to other- | Comment [DO6]: An important food crop but

777777777 what'’s the problem to solve? What are the

protein sources such as egg, fish and meat. Withvarage protein content of 20% on dry | hypotheses thatstill need to be tested in terms of

science?

matter basis, soybean has the highest protein matell field crops and is second only to

groundnut in terms of oil content among the foagulees [2] and [3].
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Phosphorus deficiency can limit nodulation by legsrhowever,

phosphorus fertilizer application can overcomedbgciency [9]. Availability of phosphorus

in the soil influences the efficiency dRhizobium that fixes atmospheric nitrogen in

association with nodulating legumes as it is diyertvolved in biological nitrogen fixation

via legumeRhizobium symbiosis. This is attracting considerable redeattention world-

wide due to its economic viability for resource péarmers and environmental friendliness

[10], [11] and [12].

In Northern Ghana, where the largest productiosoybean occurs in the country, the
average yield is about 2.5 tonnes/ha [18] as coetptr that of USA which is 4.6 tonnes/ha

[19]. The low yields can be attributed to soils @hiare inherently poor and deficient in

organic matter and other vital nutrients such a®sphorus and nitrogen:

2.1 Sitedescription

The objective of this study was

The experiment was conducted on the experimerehl &f

zone during the 2012 cropping season:

_ - [ Comment [DO7]: Inappropriate term... J

-| Comment [DO8]: | will strongly recommend, the
authors leave aside the economical aspect for many
reasons. There are several other production factors
that were not assessed like labor and land...

- [ Comment [DO9]: The zero is to remove. J
_ — | Comment [DO10]: Concision suggests you
write: Nyankpala (09°24'15.9”N; 01°00°12.1""W)

_-| Comment [DO11]: (FAO system or savanna
= Ochrosol, Ghana soil system)
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The area experiences a unimodal annual rainfall060 mm-1200
mm from April to November. The temperature disttibo is uniform with mean monthly

minimum and maximum values of %1 and 34.9C, respectively and a relative humidity of

53%-80% \[Ztl.] __ - | Comment [DO12]: This is where rainfall data

2.2 Experimental [design

A 2 x 4 factorial experiment consisting of two intetion regimes and four application rates
of phosphorus fertilizer were laid out in a Randoedi Complete Block design with three

replications. The P treatments were 0 kg P/ha,d ®/ka, 30 kg P/ha and 45 kg P/ha from
Yaralegume fertilizer with or without inoculantshd@ complete treatment combination were
F1Vo: un-inoculated soybean seeds at OkgP/h¥;:Fnoculated soybean seeds at OkgP/ha,
F.Vo: un-inoculated soybean seeds at 15kgP/k¥;: Fnoculated soybean seeds at 15kgP/ha,
FsVo: un-inoculated soybean seeds at 30kgH#h4: inoculated soybean seeds at 30kgP/ha,
FsVo: un-inoculated soybean seeds at 45kgP/ha ai: Fnoculated soybean seeds at

5 cm away from the plant. The plot size was 2.5 Zn5m.

2.3 Seed Acquisition and Sowing

For the inoculated treatments, the seeds of Jengwera inoculated with commercial
Rhizobium inoculants,Legumefix at the rate of 1 kg seed per 5 g of inoculant§ [#fore
sowing.

The sowing was done early in the morning to awigosing the inoculants to the
direct rays of the sun which might affect the dadif the inoculants. Sowing was done at
three seeds per hill at a distance of 50 cm betwidges and 10 cm within ridges. In order to
avoid contamination of the un-inoculated treatmevith the inoculants that might get stuck
to the hand during sowing, the un-inoculated seeel® sown before the inoculated ones.

should place. Not in the results section.

| Comment [DO13]: In general, after reading this

section, it will be difficult to other workers to repeat
what was done for comparability of results. The
authors should make an effort to present the M&M
sequentially as they carried out the activities. In
particular, the harvesting units and number of
plants should not be confusing...

My suggestion is: Selection of field site; layout out
of experimental plots (surface area; number of
rows), inoculation of seeds, sowing inoculated or
non inoculated seeds, application of P fertilizer
rates, collection of growth parameters with time; at
harvest, separation of plants below- and above-
ground parts;...statistical analyses...

Comment [DO14]: Note necessary. Please,
remove it because information not relevant for a
publication.
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The plants were allowed to grow to maturity undein#fed conditions while the necessary
management practices like weeding were observed.

2.4 Data collection

Data were measured on the following Crop Variables

_ - -| Comment [DO15]: This parameter is confusing

and | wonder how relevant it is?
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145 ‘ ‘ L - | Comment [DO16]: For how long, many days of
77777777777 sun-drying?
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149

150 2.5 Data \analysts{ __ | Comment [DO17]: This the major weakness of
7777777777777777777777777777777777777777777777777777 this manuscript. If data do not comply with ANOVA

. . . assumptions, then they are meaningless. It is
151  Data were subjected to a two-way analyses of vegiafANOVA) using the computer necessary to check for the homogeneity of variance

of your data before running parametric analyses of

152  statistical package Genstat (2008 Edition) andtrreat means compared using the least SNOV‘\'W”'a'sosuggesf‘hatwm'aﬁon analyses

e run between various variables.

153  significance difference (LSD) at 5% probability é&v

154
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156 3.0 Resultsand Discussion

157 3.1
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160

161
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164
165 3.2 Percent crop establishment

166  Crop establishment was seen to be significantlitebeén inoculated plots than in un-
167  inoculated plots and this was observed irrespedfv@oculation regime though the effects
168  due to higher P application rates were more prooedrin inoculated treatments (Table 2).
169  There was therefore an interaction effect betweéertifizer application rate and Rhizobium
170  inoculation resulting in the highest percent crepablishment being observed in treatments
171 with joint applications of 45 kg P/ha arhizobium inoculants. This observation confirms
172 findings by [23] who intimated that increased plastablishment from seeds appears to be a
173 result of improved soil productivity due to bac#&rctivity and available nutrients. Increases
174  in whole plant growth in response to phosphorugplupave been reported in soybean [24],
175 cowpea [25] and groundnut [26]. WitRhizobium inoculation showing a better crop
176  establishment than without inoculation in the 0 Rjha treatment, the improved
177  establishment could be attributed to rhizobial \digti and perhaps also to a vigorous

178  germination and growth of the seeds used.

179 L __ — | Comment [DO18]: Table 1 should presents
7777777777777777777777777777777777777777777777777777777777777777 ANOVA table with three factors:
180 Inoculation df F P
P levels
181 Interaction

182
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188

189

190
191
192
193
194
195
196
197
198
199
200

P levels Control 15 30 45
Inoculation

- 48,0b 53,2b 61,2b 67,8b

+ 58,0b 70,2b 80,2ab 97,0ab

3.3 Plant height

The application of phosphorus fertilizer aRlizobium inoculants impacted on the growth of
soybean when compared to the non-phosphorus an@maobium treatments (Table 2). As
expected, the plants grew taller with time withirfegtilizer application regime, especially
when inoculated (Table 2). Irrespective of growtdge, plants fertilized with 45 kg P/ha and
inoculated grew tallest (51.8 cm). The currentigtconfirms other research findings by [27]
and [28] that increased levels of phosphorus sigaritly increased plant height. Also, [29]
observed thaRhizobium inoculation increased plant height. [30] reporiadidences of
increased plant height due to interactions betwgleosphorus fertilizer application and
Rhizobium inoculants whereas [31] observed that over-sugflyphosphorus resulted in

decreases in plant growth, nodulation and acetyledection in soybean.

-| Comment [DO19]: The title is not precise. For

example, data refer to number or percentage?
Verify the title of other tables and figures.

-| Comment [DO20]: Example of table readily

exploitable. Note that letter of significance means
that a proper ANOVA test was carried out. | suggest
the authors try to design such an easy table. Here
and in subsequent tables, it appears that results at
30 and 45 kg P/ha are not statistically different.
Hence, it will be difficult to conclude on the 45 P
level as the optimum.
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3.4 Canopy spread

Phosphorus application ratdhizobium inoculation and their interaction significantly
affected canopy spread of soybean plants (Tablé3sphorus application rate of 45 kg
P/ha with Rhizobium inoculation recorded the highest canopy spread, & and 9 WAP

compared to the spreads at 15 kg P/ha and 30 legP¥HAP. The above results are in line
with the findings of [32] that application of phdspus significantly increased most of the

soybean growth parameters.

-| Comment [DO21]: In the previous revised

manuscript, | recommended not to use the LSD
since you claimed having four treatments. You
should use the DUNCAN multiple comparisons or
another appropriate test.
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3.5 Shoot biomass

Shoot biomass per plot was significantly influencbg Rhizobium inoculations and
increasing fertilizer rates (Figure 2). The highgisbot biomass was obtained in inoculated
plants fertilized with 45 kg P/ha whilst plants tthaceived no P application with or without
inoculation produced the lowest shoots biomassogsithe P application rates, inoculation
increased soybean shoot dry weight by a signifieaetrage of 30% over the uninoculated
plants (Figure 2). Shoot biomass increased witheeming application of phosphorus +
Rhizobium inoculants. Phosphorus at 45 kg P/ha + Rhizobnuulant recorded the highest
shoot biomass per plot as compared to 15 kg PRigizebium inoculants which recorded the
least with regards to phosphorus aRflizobium inoculants. With the sole fertilizer
treatments, shoot biomass increased with increaphmpgphorus rates with 45 kg P/ha
recording the highest. At low phosphorus applaratithe straws yield was lower than
treatments that received the highest amount. Ireadier work, the authors reported of
similar increases in shoot biomass of soybeanrasut of increased rates of P from different
fertilizer sources [33]. The significant increase $hoot biomass due to increased P
application rates in the current study also agve#s [34] who reported of a 20.7% increase

in biomass yield due to phosphorus application.
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Figure 2: Influence oRhizobium inoculation and phosphorus fertilizer applicati@te on

shoot dry biomass of soybean at full pod stage. | ‘{Comment [DO22]: Incomplete description.

777777777777777777777777777777777 What does mean the lines added to the histograms?

3.6 Nodulation

Nodule number was significantly higher in inocuthfgants and increased with P application
rate whether plants were inoculated or not (Fi@)rteNodule formation in inoculated plants
increased by 28%, 39% and 56% by applying 15, 2D4inkg P/ha, respectively compared
to nodulation in the unfertilized plants. Inocuteti effect was greatest (80%) in the
unfertilized treatments compared to 64%, 32% arfb 3fcreases in the 15, 30 and 45 kg
P/ha treatments, respectively (Figure 3). This satgythaRhizobium inoculation influenced
nodulation more positively than P fertilizer. [38lemonstrated from pot studies that
nodulation and B fixation of promiscuous soybean may be increasednbculation with
effective Bradyrhizobia. [36] attributed the increase in nodulation to tleenpetitive ability

of Bradyrhizobium used, a result which was confirmed by [37].
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Figure 3: Influence oRhizobium inoculation and phosphorus fertilizer applicati@te on

number of nodules per plant at full pod stage ghsan.

3.7 Nodule biomass

Nodule biomass production was enhanced signifigaily inoculating soybean with
Rhizobium inoculants whether the crop was fertilized wittogphorus or not (Figure 4). The
effect of inoculation was, however, greater in phesence of P and also when higher rates of
P were applied but the highest percent increas&%)0in biomass due to inoculation
occurred with P rate of 30 kg/ha. The other inceeasere 43%, 78% and 88% for 0 kg P, 15
kg P and 45 kg P per hectare, respectively. Figureveals that in un-inoculated plants the
highest biomass of 1.6 g/plant was obtained at ¢5Pkha application rate but a co-
application of inoculants and only 15 kg P/ha wale & produce the same nodulation effect.
This means that with respect to nodule biomassowis an index of biological N fixation if
all nodules are active), application of 250 g afdalants (inoculation rate used in this study
was equivalent to 250 g inoculants/ha) could makengs equivalent to 30 kg P (i. e. 381.7
kg Yaralegume) in this study. The positive effefcRhizobium inoculation on nodulation has
been confirmed by [38] who recorded a significamtréase in nodulation by native soil
Rhizobium population in single inoculations conducted onegume. Phosphorus is also
known to initiate nodules formation, increase thember of nodule primordial and is
essential for the development and functioning ofnied nodules [39] and [40]. Several
researches have reported that the supply of phasphplays important roles in the
establishment, growth and function of nodules [82]] and [42]. Both figures 3 and 4 show
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that the interactive application of phosphorus Bhizobium inoculants had a greater impact

on nodulation than either treatment alone.

B inoculation  ® Uninoculation
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Figure 4: Influence oRhizobium inoculation and phosphorus fertilizer applicati@te on

nodule biomass of soybean at full pod stage. | comment [DO23]: These cylindrical histograms
77777777777777777777777777777777777 are not inappropriate since they are recommended
when you compare compiled percentages.

3.8 Pod production

The number and weight of pods produced by soybeamsponse to applications with P
fertilizer andRhizobium inoculants are shown in Table 4&hizobium inoculation remarkably
increased both pod number and pod weight but wheheaincreases due to inoculation were
observed at all the P application rates in the &rrfTable 4), there was no effect of
inoculation on pod weight at 15 kg P/ha rate. Alsbgether plants were inoculated or not,
pod production generally increased with increasatgs of P application which agrees with
[43] and [28] who reported high numbers of pods plant in response to high doses of
phosphorus. [44] reported that a mixed inoculatimproved the productivity of soybean
when compared to the control treatment. Increaswabers of pods per plant in response to
inoculation were also reported by [45] and [29]eTihcreases in pod weight at the different
increasing rates of P plughizobium inoculation may have been due to enhanced stifonlat
of pod filling in such treatments as confirmed B®] when they reported of significant high
numbers of seeds per pod when 100 kg P was appliedntrast to minimum numbers of

seeds where no P was applied
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3.9 Pod weight

There were significant difference (p<0.05) amongiedh phosphorus rateRhizobium
inoculants and the interaction between phosphaates randrhizobium inoculants on pod
weight (Table 5). Different rates of phosphorusilieer plus Rhizobium inoculant stimulated
pod filling and thereby improved the pod weight tae phosphorus level progressively
increased. Phosphorus at 45 kg P+hRhizobium inoculant recorded the highest pod weight
as compared to phosphorus at 15 kg P/ha whichdeddhe least. The current study agrees
with the findings of [46] and [29] who also sigadintly recorded the highest number of
seeds per pod produced when 100 KggRvas applied and minimum number was recorded
where no phosphorus was applied. Similar resultse vebtained by [47] who reported of

significant effects of phosphorus rates on harireix of soybeans.
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3.10 Total grain yield

Similar to pod production, grain yield of soybeaaswsignificantly influenced by varied
phosphorus rate&hizobium inoculation (Figure 4). The grain yield increaséghificantly at
every higher rate of P application from 0 to 45Hegivith or without inoculation. Phosphorus
application at 45 kg P/ha plihizobium inoculant recorded the highest grain yield of 1955
kg/ha compared to 897 kg grain per hectare inutifertilized inoculated treatment which
constitutes a yield increase of 118% (Figure 4)weler, though inoculation enhanced grain
yield at every P application rate, within the P laggtion regimesRhizobium inoculation
caused the highest percent grain yield increas#)26 15 kg P/ha. Also, these results are in

agreement with [48] who concluded that phosphongiaoculation induced a pronounced
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effect on grain yield. [45] reported significantcirases in grain yield wittiRhizobium

inoculation.
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Figure 5: Influence oRhizobium inoculation and phosphorus fertilizer application rates on

grain yield of soybean.

3.11 Economic analysis

Information on costs and benefits of treatmenta isrerequisite for adoption of technical
innovation by farmers [49]. The studies assesgtimomic benefits of the treatments to help
develop recommendation from the agronomic datas Hmhances selection of the right
combination of resources by farmers in the stuéaafhe results in this study indicated that
the inoculated treatments resulted in higher netfits than the uninoculated treatments for
all P fertilizer treatments (Table 6). The implicats are that farmers will be better off
inoculating soybeans seeds before planting aslitimprove incomes of farmers through
increased grain yields. The partial budget analgsmved that the application of 45 kg P/ha
for both inoculated and uninoculated treatmentddgi® higher net benefits than all the
treatments. The control (no fertilizer) treatmelsbgproduced the lowest net benefit for both
the inoculated and un-inoculated treatments. Timiglies that farmers would be better off
inoculating their soybean in combination with apation of 45 kg P/ha as these increase

soybean yields and thus increase farmers’ income.



350

351
352 Table 6: Partial budget for inoculated and un-inoculatedbsayn seeds under four different
353  treatments { Comment [D024]: In line 153, partial budget
was not precisely presented, suggesting that the
ITEM TREATMENT authors do not have the competence for this.
Hence, they should leave it and treat it in another
manuscript.
Inoculated Un-inoculated
15 kg P/ha] 30 kg P/ha 45kg | 0 kg P/ha| 15kgP/ha 30kg P/hp  45kg| O kg P/ha
P/ha P/ha
Average yield (kg/ha) 1230 1640 1955 897 984 1350 5801 738
Adjusted yield (kg/haﬂ - |1107 @ | 1476 | 1759 | 807 | 885 | 1215 | 1422 | 664 comment [DO25]: This should be presented in
the M&M section.
Gross field benefit()? 2656 3542 4222 1937 2125 2916 3412 1594
Cost of Yaralegume({ha) | 16 33 48 0 16 33 48 0
Cost of inoculation@/ha) | 15 15 15 15 0 0 0 0
Total cost that vary() 31 48 63 15 16 33 48 0
Net benefit €) 2625 3494 4159 1922 2109 2883 3364 1594
354 ! Average yield adjusted 10% downwards; Farm gaigemf soybean as at December 2012H
355 (2.4 per kg; Price of 50 kg of Yaralegume as at Déagy, 2012 = GH'50.00 and price of inoculants
356 = GH(15.00/ha.
357  Conclusion and Recommendation
358  Growth and development parameters of the soybeassuned increased with increasing rates
359  of phosphorus fertilizer coupled witRhizobium inoculation. Generally, plants that received
360 phosphorus fertilizer performed better than plahist were not fertilized as well as than
361 plants that received inoculation only. However, plositive effects of P fertilizer application
362 on growth and grain yield of soybean in this studyre significantly boosted in the presence
363 of Rhizobium inoculants. The growth and grain yield enhancemeritserved in this
364 investigation may be attributed to an increasedtsgtic relationship of rhizobia (bacteria)
365 with the roots of leguminous crops. This reflectedncreased nodulation resulting in the
366 fixation of atmospheric nitrogen into the rootssofybean which was favored by increased P




367 nutrition. From the results of the economic analysonducted, this study therefore
368 recommends that farmers inoculate their soybeardsseeith Rhizobium and apply
369  phosphorus fertilizer at 45 kg P/ha to maximizertgeain yield and their farm income.

370

371 References

372 1. Chung G, Singh RJ. Broadening the Genetic Baseogb&n: A Multidisciplinary

373 Approach Critical Rev. in PIl. Sci. 2008; 27: 295183g.

374 2. Frankel FN. Soybean oil flavour stability. In: Eson, d.r., pryd, E. H., Brekke, O.
375 L., Mont, T. L., Falk, R. A. (Eds), Handbook of sojl processing and Utilization
376 American Soybean Association, St. Louis. 1980; 229pp.

377 3. Singh RR, Rachie KO. Introduction to soybeans. $oybean for the tropics:
378 Research, production and Utilization. Sing, S. Rachie, K. O. and Dashiell, K.
379 (eds), Chichester, John wiley and sons publishiag (1987). 15-20pp.

380

381

382

383

384

385

386

387

388

389

390
391



392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

9. Langyintuo AS, Lowenberg-D Boer JK, Faye M, LamtastibroMoussa B. Cowpea
supply and demand in West and Central Africa |d-@tops Research. 1996; 82: 215-
231pp.

10. Mahamood J., Abayomi YA., Aduloju MO. Comparativeogth and grain yield
responses of soybean genotypes to phosphorouszérapplication. Department of
Agronomy, University of llorin, P. M. B. 1515, llior, Nigeria. African Journal of
Biotechnology. 2008;8(6):1030-1036pp.

11.Awuku KA. Agriculture and Environmental Studies. BReEvans Brothers Ltd.

London. 1991; 344pp.

12.Richard JD, Gerub LJ, Anlgren HCrop protection, 8end. Prentice-Hall Inc. Engle

wood cliffs New Jersey. 1984; pp.252-279



417 18. Awuku KA. Agriculture and Environmental Studies.dReEvans Brothers Ltd.

418 London. 1991; 344pp.

419 19.Richard JD, Gerub LJ, Anigren H. Crop protectiofiefd. Prentice-Hall Inc. Engle
420 wood cliffs New Jersey. 1984; 252-279pp.

421 20.Issaka RN, Senayah JK, Adjei EO. Soil ResourceSatoba- Cheriponi District. An
422 assessment for Agricultural production West Africaurnal of Applied Ecology.
423 2004, 5: 114pp.

424 21. Savannah Agricultural Research Institute. Annupbre2008

425 22. LampteyS, Ahiabor BDK, Yeboah S and Osei’ Bffect of Rhizobium Inoculants
426 and Reproductive Growth Stages on Shoot BiomassGuaih Yield of Soybean
427 (Glycine max (L.) Merril). Journal of Agricultural Science. 2018 (5): 44-54pp.

428 23.Gunarto L. Rhizosphere microbes: their roles and potential. Benelitian Dan
429 Pengembangan Pertanian. 2000;19: 39-48pp.

430 24.Kwari JD. Saoil fertility status in some communitieEsouthern BornoFinal report to
431 Prosab Project, Maiduguri, Nigeria. 2005; 21pp.

432 25.Uzoma AO, Osunde AO, Bala A Effect of phosphorud Bhizobium inoculation on
433 the yield and yield components of cowpea breedingsl in Minna. 2006; In
434 Proceedings of 31st Annual Conference of Soil SEeBociety of Nigeria Zaria.

435 26.Rebafka FP, Ndunguru BJ, Marchner Feingle superphosphate depresses
436 molybdenum uptake and limits yield response to phogus in groundnutAfachis

437 hypogaeal) grown on an acid. 2003;4: 55p.



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

27.Tomar SS, Singh R, Singh PS. Response of phosphsulshur andRhizobium
inoculation on growth, yield and quality of soybedrog. Agric. 2004;4 (1): 72-
73pp.

28.Rani BP. Response of soybean to nitrogen and pbosptapplication in the black
soils of Krishna-Godavari zone of Andhra Pradeshnuals Agric. Res. 1999;20(3):
367-368pp

29.Hernandez M, Cuevas Fhe effect of inoculating wittrbuscular mycorrhiza and
Radyrhizobium strains on soybeanGlycine max (I.) Merrill) crop development
cultivos-tropicales. 2003; 24 (2): 19-21pp.

30.Menaria BL, Singh RK, Nagar P, Singh P. Effect aftrients and microbial
inoculants on growth and yield of soybedalycine max L.) .J. Soils and Crops.
2003;13(1): 14-17pp.

31.Tsveitkova GE, Georgiev Gl. Effect of phosphorudrition on the nodulation,
nitrogen fixation and nutrient use efficiency Bifadyrhizobuim japonicum soybean
(Glycine max L. merrill) symbiosis. Bulgarian Journal of PlantyBiology. 2003;331-
335pp.

32.Abbasi MK, Majeed A, Sadiq A, Khan SR. ApplicatiohBradyrhizobium japonicum
and phosphorus fertilization improved growth, yialtl nodulation of soybean in the
sub-humid hilly region of Azad Jammu and KashmakiBtan. Plant Prod. Sci. 2008;
58: 368-376pp.

33.Lamptey S, Ahiabor BDK, Yeboah S, Asamoah C. Respauf soybean (Glycine
max) to Rhizobial inoculation and phosphorus apion. Journal of Experimental
Biology and Agricultural Sciences. 2014;2(1):72-77.

34.Asia M, Safder A, Shahzad .SEffect of Phosphorus and potassium on yield and

nitrogen fixation by Mash bean. Sarhad J. AgriO2®1(4): 667-670pp



463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

35.Kumaga FK, Etu-Bonde KResponse of two promiscuous soybean genotypes to
Bradyrhizobial inoculation in two Ghanaian soils.Ghana Sci. Assoc. 2002;vol.2:

99-104pp

36.0kereke GU, Onochie CC, Onukwo, AU , Onyeagbd&kejindu, GO. Response of
introduced Bradyrhizobium strains infecting a preauious soybean Cultivar. World
J. Microbiol. Biotech. 2000;16: 43-8

37.Fening JO, Danso SKA.Variation in symbiotic effectiveness of cowpea
Bradyrhizobia indigenous to Ghanaian soils. Apgbil Ecol. 2002)21: 23-9pp.

38.Elkoca E, Turan M, Donmez MF. Effects of Singleadand triple Inoculations with
Bacillus subtilis, Bacillus megaterium aithizobium leguminosarum Bv. Phaseolus
nodulation, nutrient uptake, yield and yield partere of common bearPaseolus
wvulgarisL. cv. ‘Elkoca-05’). J. Plant Nutr. 2010; 33: 210449pp

39.Waluyo SH, Lie TA, Mannetje L. Effect of phosphate nodule primordia of soybean
(Glycine max) in acid soils in rhizotron experiments. Ind. J.riég Sci. 2004;5: 27-
44pp

40.Tagoe SO, Horiuchi T, Matsui T. Effects of carb@uznd dried chicken manures on
the growth, yield, and N content of soybean. P&uoit. 2008; 306: 211-220pp.

41.FAO. Legume inoculants and their use. 1984; A pbckanual jointly prepared by
NIFTAL project, USA.

42. Shu-Jie MS, Yun-Fa, Xiao-Zeng H, An M. Nodule Fotima and development in
soybeans Glycine max L.) in response to phosphorus supply in solution celtu
Pedosphere. 2007;17: 36-43pp

43.Mohan KK, Rao LM. Effect of phosphorus and molybgienon growth, nitrogen

fixation and yield of soybear{ycine max L.). Angrau. J. Research. 1997;25(4): 77-

80pp.



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

44.Konde, VB, Deshmukh RB. Response of chickpeaetias to Rhizobium and VAM
inoculation. J. Maharashtra Agri. Univ. 1996; 20436 (Field Crop Abstracts, 51(1):
426; 1999)

45.Sable S, Sontakey PY, Tagade R, Deotale RD, MarapiEffect of Rhizobium and
molybdenum on quality aspects, yield and yield gbating characters of soybean. J.
Soils Crops. 1998;8 (2): 157-159pp.

46.Patel RS, Patel ZG. Effect of farmyard manure pgign, phosphorus and Rhizobium
inoculation on the growth and yield of gra@iger arietinumL.). Ann. Agri. Res.
1991;12: 200-02.

47.Malik M F A, Qureshi AS, Ashraf M, Ghafoor A. Geetvariability of the main
yield related characters in soybean. Intl. J. Agrid Biol. 2006; 8(6): 815-819pp.

48. Stefanescu M, Palanciuc V. Efficiency of bactenmdculation and mineral nitrogen
and phosphorus fertilization in rainfed soybeanmBoAgric. Res. 2000; 13-14: 75-
83pp.

49.Das A, Biswas M, Mandal N. An economic analysisstévia (Stevia rebaudiana
Bert.) cultivation through stem cutting and tissudture propagule in Indidrends

Agric. Econ. 2010; 3: 216-222



