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Application of Phosphorus Fertilizer on Soybean (Glycinemax L. (Merril)
I noculated with Rhizobium and

Abstract

The experiment was conducted during the 2012 fagnseason at the University for
Development Studies, Nyankpala in the Northern 0The
objective of the study was to determine the infaeenof inoculants and

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

.‘Two levels of inoculation regimes (un-inoculated
(-In) and inoculated (+In)) were combined with faapplication rates of phosphorus (0 kg
P/ha, 15 kg P/ha, 30 kg P/ha and 45 kg P/ha). Xpergnent was laid in a 2 x 4 factorial
arranged in Randomized Complete Block design wihed replications. Parameters
measured were crop emergence, plant height, casymeyad, number and weight of nodules,
number of pods and total grain yield. The resuitsimed indicated significant differences in
all the parameters measured. Phosphorus applicatiéd kg P/ha plus inoculants
recorded significantly higher grain yield than thest of the treatments. The economic
analysis of the treatments also showed that coribmaf inoculation of soybean seeds with
45 kg P/ha was more profitable than the applicatibd5 kg P/ha without inoculation. The
study recommends inoculation of soybean seeds wiin inoculants and the

application of phosphorus fertilizer at 45 kg P/ha.

Keywords: Inoculation, phosphorus rates, Yaralegume, Gyeilul

1.0 Introduction

Soybean Glycine max L. (Merrill)} is one of the important oil grain ¢gime 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, 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 mootell field crops and is second only to

groundnut in terms of oil content among the fogulaes [2] and [3].
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Phosphorus deficiency can limit nodulation by legsrhowever,
phosphorus fertilizer application can overcomedbficiency [9]. Availability of phosphorus
in the soil influences the efficiency dRhizobium that fixes atmospheric nitrogen in
association with nodulating legumes as it is diyectvolved 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 coetp#r that of USA which is 4.6 tonnes/ha
[19]. The low yields can be attributed to soils ehiare inherently poor and deficient in
organic matter and other vital nutrients such assphorus and nitrogen.

The objective of this study was
therefore to assess the impact of phosphorus #relitt application rates arfehizobium

inoculants on the growth and yield i

2.0 M ethodology

2.1 Sitedescription
The experiment was conducted on the experimerahl &f

zone during the 2012 cropping season:
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The area experiences a unimodal annual rainfal060 mm-1200
mm from April to November. The temperature disttibn is uniform with mean monthly
minimum and maximum values of %1 and 34.iC, respectively and a relative humidity of
53%-80% [21].

2.2 Experimental design

A 2 x 4 factorial experiment consisting of two indation 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
FiVo: un-inoculated soybean seeds at OkgP/h¥:Fnoculated soybean seeds at OkgP/ha,
F2Vo: un-inoculated soybean seeds at 15kgP/ké;: knoculated soybean seeds at 15kgP/ha,
FsVo: un-inoculated soybean seeds at 30kg#\&: inoculated soybean seeds at 30kgP/ha,
F4Vo: un-inoculated soybean seeds at 45kgP/ha aMd: Rnoculated soybean seeds at
45kgP/haPhosphorus was applied two weeks after sowingupyitg 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

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 sowing was done early in the morning to awigosing 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.
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The plants were allowed to grow to maturity unden+fed conditions while the necessary
management practices like weeding were observed.

2.4 Data collection

Data were measured on the following Crop Variables
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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

3.0 Results and Discussion

3.1
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3.2 Percent crop establishment

Crop establishment was seen to be significantlifeben inoculated plots than in un-
inoculated plots and this was observed irrespeafvi@oculation regime though the effects
due to higher P application rates were more prooednn inoculated treatments (Table 2).
There was therefore an interaction effect betweéertitizer application rate and Rhizobium
inoculation resulting in the highest percent crspablishment 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 baca&tactivity 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 O Rjha treatment, the improved
establishment could be attributed to rhizobial \aigti and perhaps also to a vigorous

germination and growth of the seeds used.
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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 withirfeatilizer 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 dmamtly increased plant height. Also, [29]
observed thaRhizobium inoculation increased plant height. [30] reporiadidences of

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

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

Phosphorus application ratd&hizobium inoculation and their interaction significantly
affected canopy spread of soybean plants (Tablél3sphorus application rate of 45 kg
P/ha with Rhizobium inoculation recorded the highest canopy sprea8, & and 9 WAP
compared to the spreads at 15 kg P/ha and 30 kgPWAP. 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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3.5 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 ttheceived no P application with or without
inoculation produced the lowest shoots biomassogsthe P application rates, inoculation
increased soybean shoot dry weight by a signifiesetrage of 30% over the uninoculated
plants (Figure 2). Shoot biomass increased withreeming application of phosphorus +
Rhizobium inoculants. Phosphorus at 45 kg P/ha + Rhizobnusulant 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 increapimusphorus rates with 45 kg P/ha
recording the highest. At low phosphorus applagtithe straws yield was lower than
treatments that received the highest amount. Ireatier work, the authors reported of
similar increases in shoot biomass of soybeanrasudt 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 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.

3.6 Nodulation

Nodule number was significantly higher in inocuthfdants and increased with P application
rate whether plants were inoculated or not (Figd)reNodule formation in inoculated plants
increased by 28%, 39% and 56% by applying 15, 3D4&nkg P/ha, respectively compared
to nodulation in the unfertilized plants. Inocuteti effect was greatest (80%) in the
unfertilized treatments compared to 64%, 32% arfh 3fcreases in the 15, 30 and 45 kg
P/ha treatments, respectively (Figure 3). This satgthaRhizobium inoculation influenced
nodulation more positively than P fertilizer. [3%lemonstrated from pot studies that
nodulation and M fixation of promiscuous soybean may be increasedhbculation 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 gbsan.

3.7 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
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 effeicRhizobium 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 ofried nodules [39] and [40]. Several
researches have reported that the supply of phosphplays important roles in the

establishment, growth and function of nodules [8£]] 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.
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Figure 4: Influence oRhizobium inoculation and phosphorus fertilizer applicati@te on

nodule biomass of soybean at full pod stage.

3.8 Pod production

The number and weight of pods produced by soybramsponse to applications with P
fertilizer andRhizobium inoculants are shown in Table 4&hizobium inoculation remarkably
increased both pod number and pod weight but wkereaincreases 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. Increaseabers 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 plihizobium inoculation may have been due to enhanced stimonlat
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 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 sigeidintly recorded the highest number of
seeds per pod produced when 100 KgaRvas applied and minimum number was recorded
where no phosphorus was applied. Similar resultee vabtained by [47] who reported of

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

Similar to pod production, grain yield of soybeaasasignificantly influenced by varied
phosphorus rate&hizobium inoculation (Figure 4). The grain yield increaséghificantly at
every higher rate of P application from O 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)weheer, though inoculation enhanced grain
yield at every P application rate, within the P laggtion regimesRhizobium inoculation
caused the highest percent grain yield increas#) 2 15 kg P/ha. Also, these results are in

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

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 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 stuéaaihe 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 asliitinvprove 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.
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350 Table 6: Partial

351 treatments

budget for inoculated and un-inoculatedbsay 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 yield (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 inoculationC/ha] | 15 15 15 15 0 0 0 0
Total cost that val (C) 31 48 63 15 16 33 48 0
Net benefit €) 2625 3494 4159 1922 2109 2883 3364 1594

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

353 (2.4 per kg; Price of 50 kg of Yaralegume as at Dew, 2012 = GH'50.00 and price of inoculants

354 = GH(15.00/ha.

355 Conclusion and Recommendation

356  Growth and development parameters of the soybeasuned increased with increasing rates

357 of phosphorus fertilizer coupled witkhizobium inoculation. Generally, plants that received

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

359 plants that received inoculation only. However, plositive effects of P fertilizer application

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

361 of Rhizobium inoculants. The growth and grain yield enhancemestiserved in this

362 investigation may be attributed to an increasedhsgtic relationship of rhizobia (bacteria)

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

364 fixation of atmospheric nitrogen into the rootssofybean which was favored by increased P




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

368
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