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Abstract
The experiment was conducted during the 2012 fagnsgeason at the University for

Development Studies, Nyankpala in the Northern @aisavannah ecological zone. The
objective of the study was to determine the infleenof Rhizobium inoculants and
phosphorus (P) at different application rates aidyand yield components of soybean and
also determine the economically optimal rate of gptwrus fertilization for soybean
production in the Guinea savanna ecolobyo levels of inoculation regimes (un-inoculated
(-In) and inoculated (+In)) were combined witiic - application rates of phosphortis

(O kg P/ha, 15 kg P/ha, 30 kg P/ha and 45 kg Pfiteg experiment was laid in a 2 x
4 factorial arranged in Randomized Complete Blodsigh with three replications.
Parameters measured were crop emergence, plaht,heagopy spread, number and weight
of nodules, number of pods and total grain yielde Tesults obtained indicated significant
differences in all the parameters measured. Phogphapplication at 45 kg P/ha plus
Rhizobium inoculants recorded significantly higher grainlgithan the rest of the treatments.
The economic analysis of the treatments also shadvatlcombination of inoculation of
soybean seeds with 45 kg P/ha was more profithble the application of 45 kg P/ha without
inoculation. The study recommends inoculation ofoe@n seeds witRhizobium inoculants

and the application of phosphorus fertilizer akg3/ha.

Keywords: Inoculation, phosphorus rates, Yaralegume, Gyeiul

1. Introduction
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Soybean Glycine max L. (Merrill)} is one of the important oil grain ¢gime crops in the

world. In the international world trade market, lsegn is ranked number one in the world
among the major oil crops such as rapeseed, grotindotton seed, sunflower, linseed,
sesame and safflower [1]. Soybean is the cheapestip source as compared to other
protein sources such as egg, fish and meat. Witavarage protein content of 20% on dry
matter basis, soybean has the highest protein mbotell field crops and is second only to

groundnut in terms of oil content among the fogulaes [2] and [3].

Phosphorus deficiency can limit nodulation by legsrhowever,
phosphorus fertilizer application can overcomedégciency [9]. Availability of phosphorus
in the soil influences the efficiency dRhizobium that fixes atmospheric nitrogen in
association with nodulating legumes as it is diyeictvolved 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]. Responses to inoculation irse@&rch experiments have shown that
inoculation is justified [13].
Inoculation of soybean with the appropriate rhizobacteria provides high numbers of viable
effective rhizobia to the rhizosphere to allow thpolonization and nodulation [14] and [15].
Inoculation of soybean bBradyrhizobium japonicum significantly increased nodulation and
yield [16]. Nodules are strong sink of phosphoreaching concentrations three fold higher
than in other organs [17]. Determining the feré@hutput relationship can provide a means
to proper fertilizer management by selecting ecanalty optimal rates of fertilization that
have direct implications on crop profitability. @pum fertilizer rate is determined by the
farmer’s preference of marginal net retuim.Northern Ghana, where the largest production
of soybean occurs in the country, the average yse#dbout 2.5 tonnes/ha [18] as compared to
that of USA which is 4.6 tonnes/ha [19]. The lowlgs can be attributed to soils which are
inherently poor and deficient in organic matter alder vital nutrients such as phosphorus
and nitrogen. Available phosphorus is found to kelaw as 6.0 mg/kg soil [20]. The
objective of this study was therefore to asseseffeet of phosphorus at different application

rates andrhizobium inoculants on the growth and yield of soybean ded determined the
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economically optimal rate of phosphorus fertilipatifor soybean production in the Guinea

savanna ecology.
2. Materialsand Methods

2.1 Sitedescription
The experiment was conducted on the experimergll &f the University for Development
Studies, Nyankpalg in the Northern Guinea savannah
ecological zone during the 2012 cropping seasoa.stindy area has an Alfisol soil under the
United State Development Agency system of clasgibho and a

The soil is moderately drained sandy loam and brdinee
from concretions, very shallow with a hard pan undath the top few centimetres,
developed from the Voltaian sandstone and clads#g&Nyankpala Series (Plinthic Acrisol
The area experiences a unimodal annual rainfall@0 mm-1200 mm from April to
November. The temperature distribution is unifornthwmean monthly minimum and

maximum values of 2C and 34.1C, respectively and a relative humidity of 53%-8[24).
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2.2 Experimental design

A 2 x 4 factorial experiment consisting of two indetion regimes and four application rates
of phosphorus fertilizer were laid out in a Randomli 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
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FiVo: un-inoculated soybean seeds at OkgP/h¥ :Fnoculated soybean seeds at OkgP/ha,
F.Vo: un-inoculated soybean seeds at 15kgP/k¥d;:Fnoculated soybean seeds at 15kgP/ha,
FsVo: un-inoculated soybean seeds at 30kg#\&: inoculated soybean seeds at 30kgP/ha,
FsVo: un-inoculated soybean seeds at 45kgP/ha aMd: Rnoculated soybean seeds at
45kgP/haPhosphorus was applied two weeks after sowingubpyitg it in a trench dug about

5 cm away from the plant. The plot size was 2.5 2n5«m.

2.3 Seed Acquisition and Sowing

Improved soybean variety, Jenguma which was oldaiftem Savannah Agricultural
Research Centre, was used for the execution oéxperiment. It is an improved soybean
variety with a very high shattering resistance anthaturity period of 115 days. It has a
potential yield of 2.0 t/ha and is very rich in fim and oil with a ratio of 2: 1. Jenguma has
a protein content of 0.57% (dry weight basis) aattbfl content of 0.39% (dry weight basis).
For the inoculated treatments, the seeds of Jengwara inoculated with commercial
Rhizobium inoculants,Legumefix at the rate of 1 kg seed per 5 g of inoculant§ f&ore
sowing. The soybean seeds were put in a plasticapdi moistened with ordinary tap water
and then stirred uniformly with a wooden spatulde Tinoculants were added to the
moistened seed in the container and again stireetlygand uniformly until the seeds were
evenly coated. The seeds were then spread on adflevas material under a shade to air-
dry for at least one hour to allow the inoculadsatiequately adhere to the surface of the
seeds. The sowing was done early in the morningvtid exposing the inoculants to the
direct rays of the sun which might affect the quatif the inoculants. Sowing was done at
three seeds per hill at a distance of 50 cm betwidgas and 10 cm within ridges. In order to
avoid contamination of the un-inoculated treatmewith the inoculants that might get stuck
to the hand during sowing, the un-inoculated seeel® sown before the inoculated ones.
The plants were allowed to grow to maturity unden+fed conditions while the necessary

management practices like weeding were observed.

2.4 Data collection
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Data were measured on the following Crop Variables

2.4.1 Crop Establishment

Percent crop establishment was determined threekswaéier sowing by counting the
emerged plants in the four inner ridges and digdime number by the expected number of

plants (i.e. number of seeds sown per the fous)hifiultiplied by 100.

2.4.2 Plant Height
Plant heights were measured in the third, sixth minth weeks after planting (3 WAP, 6

WAP and 9 WAP). A meter rule was used to take teght of each of the eight plants
randomly selected and tagged from each of the iooer ridges (two plants per ridge),
respectively. Measurement of the selected plantse vd®ne from the base of the plant
(ground level) to the top of the main stem. Thedimegs from each plot were averaged and

recorded.

2.4.3 Canopy Spread
Canopy spread of the eight plants that were setdgtiagged for height measurements were

also measured from the last leaf on one side oplhet to the last leaf on the other side of
the same plant using a measuring tape. This measatewas done at the same times and

intervals as plant heights were measured and aagrag

2.4.4 Shoot biomass and Nodulation

For the assessment of shoot biomass and nodulaiigint, plants which had been tagged for
plant height measurements were sampled at fullspage (R4 stage) by gently pulling them
out of the ground after carefully loosening thel smound the plants with a cutlass before
pulling them out gently with the hand making suececbllect the few nodules that got

detached from the roots in the process. The sHomts each plot were then separated from
the root system, bulked and weighed on a digitalesafter which they were air-dried for one

day followed by oven-drying at 80 for 48 hours (to a constant weight) and the wisigh

recorded. The nodules were detached from the rootsited, weighed and then oven-dried at

70°C for 48 hours and the weights recorded.

2.4.5 Number of Podsand Grain Yield
At harvest, all the pods from the plants of the timaermost ridges of each plot were
harvested manually and counted after which theyewsem-driedin the glass house for

24hours followed by oven- drying at ®Dfor 48hours and weighed on a digital scale. The
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dried pods were threshed and winnowed to sepdratgrains from the husk and the former

weighed to obtain the grain yield.

2.4.6 Economic Analysis
Partial budget analyses for all the treatments \&ks@ carried out.

2.5 Data analysis

Data were subjected to a two-way analyses of vegiafANOVA) using the computer
statistical package Genstat (2008 Edition) andtriteat means compared using the least

significance difference (LSD) at 5% probability év

3. Results and Discussion
3.1 Percent crop establishment

Crop establishment was seen to be significantliteben inoculated plots than in un-
inoculated plots and this was observed irrespedivaoculation regime though the effects
due to higher P application rates were more prooednn inoculated treatments (Table 2).
There was therefore an interaction effect betweéartitizer application rate and Rhizobium
inoculation resulting in the highest percent crgfmblishment being observed in treatments
with joint applications of 45 kg P/ha amthizobium inoculants. This observation confirms
findings by [23] who intimated that increased plastablishment from seeds appears to be a
result of improved soil productivity due to bacstctivity and available nutrients. Increases
in whole plant growth in response to phosphoruplupave been reported in soybean [24],
cowpea [25] and groundnut [26]. WitRhizobium inoculation showing a better crop
establishment than without inoculation in the 0 Kjgha treatment, the improved
establishment could be attributed to rhizobial \atgti and perhaps also to a vigorous

germination and growth of the seeds used.
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3.2 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 growtthge, plants fertilized with 45 kg P/ha and
inoculated grew tallest (51.8 cm). The currentlgtconfirms other research findings by [27]
and [28] that increased levels of phosphorus siamtly increased plant height. Also, [29]
observed thaRhizobium inoculation increased plant height. [30] reporiadidences of

increased plant height due to interactions betwelkosphorus fertilizer application and
Rhizobium inoculants whereas [31] observed that over-sumflyhosphorus resulted in

decreases in plant growth, nodulation and acetyledection in soybean.
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3.3 Canopy spread

Phosphorus application ratd&hizobium inoculation and their interaction significantly
affected canopy spread of soybean plants (Tablé’l3sphorus 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 kgyPIWWAP. The above results are in line
with the findings of [32] that application of phdgpus significantly increased most of the

soybean growth parameters.
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3.4 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 plantstthaceived no P application with or without
inoculation produced the lowest shoots biomassoggthe P application rates, inoculation
increased soybean shoot dry weight by a signifiesetrage of 30% over the uninoculated
plants (Figure 2). Shoot biomass increased withreaing application of phosphorus +
Rhizobium inoculants. Phosphorus at 45 kg P/ha + Rhizobnuwsulant recorded the highest
shoot biomass per plot as compared to 15 kg PR& zebium inoculants which recorded the
least with regards to phosphorus aRHizobium inoculants. With the sole fertilizer
treatments, shoot biomass increased with increapmusphorus rates with 45 kg P/ha
recording the highest. At low phosphorus applagtithe straws yield was lower than
treatments that received the highest amount. Ireaier work, the authors reported of
similar increases in shoot biomass of soybeanrasuit of increased rates of P from different
fertilizer sources [33]. The significant increase s$hoot biomass due to increased P
application rates in the current study also agveids [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:

3.5 Nodulation

Nodule number was significantly higher in inocuthfgants and increased P application rates
(Figure 3). Nodule formation in inoculated plantereased by 28%, 39% and 56% by
applying 15, 30 and 45 kg P/ha, respectively coegbao nodulation in the unfertilized
plants. Inoculation effect was greatest (80%) m dinfertilized treatments compared to 64%,
32% and 30% increases in the 15, 30 and 45 kgtR¥aaments, respectively (Figure 3). This
suggests thaRhizobium inoculation influenced nodulation more positivéihan P fertilizer.
[35] demonstrated from pot studies that noduladod N fixation of promiscuous soybean
may be increased by inoculation with effectBmadyrhizobia. [36] attributed the increase in
nodulation to the competitive ability &radyrhizobium 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 gbsan.

3.6 Nodule biomass

Nodule biomass production was enhanced signifigafly inoculating soybean with
Rhizobium inoculants whether the crop was fertilized wittogphorus or not (Figure 4). The

effect of inoculation was, however, greater in pinesence of P and also when higher rates of
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P were applied but the highest percent increas&%)0n biomass due to inoculation
occurred with P rate of 30 kg/ha. The other inazeasere 43%, 78% and 88% for O 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 wiale &0 produce the same nodulation effect.
This means that with respect to nodule biomassdfwis 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 th@mber of nodule primordial and is
essential for the development and functioning ofmked nodules [39] and [40]. Several
researches have reported that the supply of phosphplays important roles in the
establishment, growth and function of nodules [§2]] and [42]. Both figures 3 and 4 show
that the interactive application of phosphorus Rhizobium inoculants had a greater impact

on nodulation than either treatment alone.
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3.7 Pod production
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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 wkelreaincreases due to inoculation were
observed at all the P application rates in the &rrfrable 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 inoculaiimproved the productivity of soybean
when compared to the control treatment. Increasmabers 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 pldghizobium inoculation may have been due to enhanced stimnlat
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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3.8 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 phosphorusilieger plusRhizobium inoculant stimulated
pod filling and thereby improved the pod weight the 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 sigweiintly recorded the highest number of
seeds per pod produced when 100 KgaRvas applied and minimum number was recorded
where no phosphorus was applied. Similar resultse vabtained by [47] who reported of

significant effects of phosphorus rates on harirestx of soybeans.
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3.9 Total grainyield

Similar to pod production, grain yield of soybeaasasignificantly influenced by varied
phosphorus rate®hizobium inoculation (Figure 4). The grain yield increasgghificantly at
every higher rate of P application from 0 to 45hkegivith or without inoculation. Phosphorus
application at 45 kg P/ha pluhizobium 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)weheer, though inoculation enhanced grain
yield at every P application rate, within the P laggtion regimesRhizobium inoculation
caused the highest percent grain yield increas#)2f 15 kg P/ha. Also, these results are in
agreement with [48] who concluded that phosphong iaoculation induced a pronounced
effect on grain yield. [45] reported significantcirases in grain yield witfhizobium

inoculation.
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3.10 Economic analysis

Information on costs and benefits of treatmenta igrerequisite for adoption of technical
innovation by farmers [49]. The studies asses&tomomic benefits of the treatments to help
develop recommendation from the agronomic datas Hmhances selection of the right
combination of resources by farmers in the stuégaathe results in this study indicated that
the inoculated treatments resulted in higher naefis than the uninoculated treatments for
all P fertilizer treatments (Table 6). The implicais are that farmers will be better off
inoculating soybeans seeds before planting aslitinvprove incomes of farmers through
increased grain yields. The partial budget analyis@ved 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) treatmelsbgroduced the lowest net benefit for both
the inoculated and un-inoculated treatments. Tiniglies that farmers would be better off
inoculating their soybean in combination with apgation of 45 kg P/ha as these increase

soybean yields and thus increase farmers’ income.



351 Table 6: Partial

352 treatments

budget for inoculated and un-inoculated beayn seeds under four different

ITEM TREATMENT
Inoculated Un-inoculated
15 kg P/ha| 30 kg P/ha 45kg | 0 kg P/ha| 15 kg P/ha 30 kg P/ha  45kg| O kg P/ha
P/ha P/ha

Average vield (kg/ha) 1230 1640 1955 897 984 1350 5801 | 738
Adjusted vield (kg/hd) 1107 1476 1759 807 885 1215 1422 664
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 vai (C) 31 48 63 15 16 33 48 0
Net benefi (T) 262¢ 3494 415¢ 1922 210¢ 288¢ 336¢ 159¢

353 ' Average yield adjusted 10% downwards; Farm gaieepf soybean as at December 2012H

354 (2.4 per kg; Price of 50 kg of Yaralegume as at Déxsy, 2012 = GH'50.00 and price of inoculants

355 = GH(C15.00/ha.

356 4. Conclusion and Recommendation

357  Growth and development parameters of the soybeasumed increased with increasing rates

358 of phosphorus fertilizer coupled witRhizobium inoculation. Generally, plants that received

359  phosphorus fertilizer performed better than plahtst were not fertilized as well as than

360 plants that received inoculation only. However, piositive effects of P fertilizer application

361 on growth and grain yield of soybean in this stugyre significantly boosted in the presence

362 of Rhizobium inoculants. The growth and grain yield enhancementiserved in this

363 investigation may be attributed to an increasedsgtit relationship of rhizobia (bacteria)

364  with the roots of leguminous crops. This reflectedncreased nodulation resulting in the

365 fixation of atmospheric nitrogen into the rootssoffbean which was favored by increased P

366  nutrition. From the results of the economic analysonducted, this study therefore
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recommends that farmers inoculate their soybeardssegith Rhizobium and apply

phosphorus fertilizer at 45 kg P/ha to maximizertgeain yield and their farm income.
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