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EFFECT OF DIFFERENT RA@ OF PHOSPHORUSFERTILIZER ON
SOYBEAN {GLYCINE MAX (L.) MERRIL} INOCULATED
WITH RHIZOBIUM

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

Development Studies, Nyankpala in the Northern &egf Ghana. The objective of the
study was to determine the influence of rhizobimmculants and phosphorus (P) at different
application rates on yield and yield componentssaybean. Two levels of inoculation
regimes (un-inoculated (-In) and inoculated (+M@re combined with four application rates
of phosphorus (0 kg P/ha, 15 kg P/ha, 30 kg P/dadarkg P/ha). The experiment was laid in
a Randomized Complete Block design with three cagibns. Parameters measured were
crop emergence, plant height, leaf area, canopgasprnumber and weight of nodules,
number of pods and total grain yield. The resultsamed indicated significance differences
in all the parameters measured. Phosphorus apphcat 45 kg P/ha plus Rhizobium
inoculants recorded significantly higher growth ayidld parameters than the rest of the
treatments. The economic analysis of the treatmaatsshowed that inoculation of soybean
seeds or a combination of inoculation with 45 kdnaPAvas more profitable than the
application of 45 kg P/ha without inoculation. T$tady recommends inoculation of soybean
seeds with Rhizobium inoculants in association &jtplication of phosphorus fertilizer at 45
kg P/ha.

Keywords: Inoculation, phosphorus rates, Yaralegume, Gyeiul

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 foogulaes [2] and [3]. Besides, its rich

nutrition source for human and animals, it fixem@spheric nitrogen which is a major boost
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to African farmers where the soils are low in riggga and commercial fertilizers are

expensive to afford. It is also an important sowt@gmcome to farmers [4].

In spite of its great potential, its productionstfll limited by low yields resulting in a wide
gap between current production levels and the srgmtential. In order to improve
production levels, areas to address include dewatop of high yielding varieties, disease
and pest control and development of improved caltpractices [5]. In northern Ghana,
where the largest production occurs in the couritrg,average yield is about 2.5 tonnes/ha
[6] as compared to that of USA which is 4.6 tonhad/7]. The low yields can be attributed to
soils which are inherently poor and deficient igamic matter and other vital nutrients such
as phosphorus and nitrogen. Studies in parts othdor, Upper West and Upper East
Regions showed that available phosphorus is vew &b about 6.0 mg/kg soil [8].
Phosphorus deficiency can limit nodulation by legsmnand phosphorus fertilizer application
can overcome the deficiency [9]. Availability of gdphorus in the soil influences the
efficiency of Rhizobium that fixes atmospheric nitrogen in associationhwitodulating
legumes as it is directly involved in biologicaltrogen fixation via legum&hizobium
symbiosis. This is attracting considerable reseatténtion world-wide due to it economic
viability for resource poor farmers and environnagrtiendliness [10], [11] and [12]. The
objective of this study was to assess the impaghaolsphorus at different application rates
and Rhizobium inoculants on the growth and yieléwbear@

2.0 M ethodology

2.1 Sitedescription

The experiment W@onducted on the experimerdhl &f the Faculty of Agriculture of the
University for Development Studies, Nyankpala ie thiorthern Guinea savannah ecological
zone during the 2012 cropping season. The arearierpes a unimodal annual rainfall of
1000 mm-1200 mm from April to November. The tempane distribution is uniform with
mean monthly minimum and maximum values of@land 34.9C, respectively and a
relative humidity of 53%-80% [13].

2.2 Experimental design

A 2 x 4 factorial experiment consisting of two imt&tion regimes and four application rates

of phosphorus fertilizer were laid out in a Randosdi Complete Block design with four
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replications. The P treatments were 0 kg P/ha,glB/ka, 30 kg P/ha and 45 kg P/ha from

Yaralegume fertilizer with or without inoculaptshd plot size was 2.5 m x 2.5 m.

t
Yaralegume fertilizer is composed of O%N-l?E’
13%K,0+31%Ca+4%S+2%Mg+0.6% This was applied two \sedter sowing by

burying it in a trench dug about 5 cm va> y from phant hiII.@

2.3 Planting materials and sowing

The improved soybean variety, Jenguma which wasl wess obtained from the CSIR-
Savanna Agricultural Research Institute (SARI) tedaat Nyankpj@For the inoculated
I

treatments, the seeds of Jenguma were inoculatédcommercial zobium inoculants,
Legumefix-“=pntaining 1 x 19 cells/g) at the rate of 1 kg seed per 5 g of itentis [14]
before S;Eg. The sowing was done early in theningrto avoid exposing the inoculantslg|
the direct rays of the sun which might affect thelgy of the inoculants. Sowing was done at
three seeds per hill at a distance of 50 cm betwidgres 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.
The plants were allowed to grow to matyritv unden+fed conditions while the necessary
management practices like weeding wereu@erved.

2.4 Data collection @

Data were collected on percent crop establishnm@ant height, leaf area, canopy spread,
shoot biomass, number of nodules, nodule biomassibar and dry weight of pods at

maturity and grain yield. Partial budget analysisthe treatments was also carried out.

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)mlultiplied by 100. Plant height, leaf area
and canopy spread were measured in the third, andhninth weeks after sowing (3 WAP, 6
WAP and 9 WAP). A meter rule was used to take teght of each of the eight plants
randomly selected from each of the four inner red@evo plants per ridge), respectively and
tagged by measuring from the base of the plantugidevel) to the top of the main stem.
For leaf area, one leaf each was selected frortother, middle and upper parts of each plant
and the breadth and length were measured with &rmmete. The product of these two

parameters constitutes the area of the leaf. Tremmef the areas of the three leaves on each
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plant were taken as the leaf area of that plantenthe mean leaf area of the eight sampled

plants on each plot (treatment) was calcul; recdrded as the leaf area of that plot.

Canopy spread was measured from the last ersiole of each of the eight plants to the

last leaf on the other side of the same plant usingasuring tape.

For the assessment of shoot biomass and nodul#éhiergight plants which had been tagged
for plant height measurements were sampled apéullstage (R4 stagby gently pulling them
out of the ground after carefully loosening thel soound the plants with a cutlabgfore pulling
them out gently with the hand making sure to colthe few nodules that got detached from
the roots in the process. The shoots from eachwdoe then severed from the root system,
bulked and weighed on a digital scale after whigkytwere air-dried for one day followed by oven-
drying at 86C for 48 hours (to a constant weight) and the wisigiecorded. The nodules were
detached from the roots, counted, weighed and dken-dried at 7 for 48 hours and the weights

recorded.

At harvest, all the pods from the plants of the timoermost ridges of each plot were
harvested manually and counted after which theyevgerfficiently sun-dried (to about 11-

13% moisture content) on a concrete platform aniglvesl on a digital scale. The dried pods
were threshed and winnowed to separate the gnains the husk and the former weighed to

obtain the grain yield.

2.5 Data analysis

Data collected were subjected to a one-way analgéegariance (ANOVA) using the
computer statistical package Genstat (2008 Edithoml) treatment means compared using the

least significance difference (LSD) at 5% probaypilevel.

3.0 Results and Discussion
3.1 Percent crop establishm

Crop establishment was seen to be significantliteben inoculated plots than in un-
inoculated plots and this was observed irrespeafv@oculation regime though the effects
due to higher P application rates were more procedrn inoculated treatments (Figure 1).
There was therefore an interaction effect betweéartitizer application rate and Rhizobium
inoculation resulting in the highest percent crspablishment being observed in treatments
with joint applications of 45 kg P/ha and Rhizobiumoculants. This observation confirms

findings by [15] who intimated that increased plastablishment from seeds appears to be a
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result of improved soil productivity due to bacstctivity and available nutrients. Increases
in whole plant growth in response to phosphoruplupave been reported in soybean [16],
cowpea [17] and groundnut [18]. With Rhizobium intation showing a better crop
establishment than without inoculation in the 0 Rjha treatment, the improved
establishment could be attributed to rhizobial \afgti and perhaps also to a vigorous

germination and growth of the seeds used.

M [noculation M Uninoculation
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Percentage crop establishment
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Figure 1: Influence of Rhizobium inoculation andopphorus fertilizer application rates on

establishment of soybe@

3.2 Plant height

The application of phosphorus fertilizer and Rhimobinoculants impacted on the growth of
soybean when compared to the non-phosphorus an&hniaobium treatments (Figure 2). As
expected, the plants grew taller with time withiriegtilizer application regime, especially
when inoculated (Figure 2). Irrespective of growthge, plants fertilized with 45 kg P/ha and
inoculated grew tallest (51.8 cm). The currentigtoonfirms other research findings by [19]
and [20] that increased levels of phosphorus siamtly increased plant height. Also, [21]
observed that Rhizobium inoculation increased plagight. [22] reported incidences of

increased plant height due to interactions betwelkasphorus fertilizer application and
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152  Rhizobium inoculants whereas [23] observed thatr-supply of phosphorus resulted in

153  decreases in plant growth, nodulation and acetyledection in soybean.
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156  Figure 2: Influence of Rhizobium inoculation andopphorus fertilizer application rate on

157  plant height of soybean at different growth sta@

158 3.3 Leaf area

159  The response of leaf area of soybean to Rhizobnaoulation and rate of P fertilizer (Figure
160  3) showed a similar trend as that of plant heiffigyre 2). Inoculation increased leaf area at
161  all the three stages of sampling irrespective efrtte of P applied (Figure 3) and whether
162  plants were inoculated or not, leaf area increagtdplant age becoming more significant at
163 9 WAP in uninoculated plants. However, leaf areas vgghest in all inoculated plants
164  fertilized with 45 kg P/ha compared with other treants. The results of the current study
165  confirm results of a similar study conducted by][#40 reported that primary whole plant
166  response to phosphorus addition was an enhancemsimbot growth caused by increases in
167 leaf area expansion. In a similar study on commeanb the observed increase in cell
168  division due to phosphorus application resultednicreasing amounts of ATP at growth
169  centers [25] which affected many plant charactesstuch as leaf area.

170

171


Dr ONGUENE
Note
A table will be more descriptive than a graph.


UNDER PEER REVI EW

172

173

174

175

176
177
178
179
180
181

182

H3WAP EOEWAP =I9WAP

45 4
40 -
— 35 -
E 30 -
(=]
® 25
1]
5 20 -
" 15 -
-]
— 10 -
5 -
0 -
& ro‘ x\(\o . ro» x\°° ooo x\(\o {\o(’
& NN NOREEN D AN S NC RN
o \l_%’ '\'(o (.-)\k'% ”JQ 6“95 b(‘o o}ﬁé
N ~ ) ™
Treatment

Figure 3: Influence of Rhizobium inoculation andpphorus fertilizer application rate on

leaf area of soybean at different growth stages.

3.4 Canopy spread

Phosphorus application rate, Rhizobium inoculatemd their interaction significantly
affected canopy spread of soybean plants (FiguréHdgsphorus application rate of 45 kg
P/ha with Rhizobium inoculation recorded the highesnopy spread at 3, 6 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 [26] that application of phdspus significantly increased most of the
soybean growth parameters.
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Figure 4: Influence of Rhizobium inoculation andopphorus fertilizer application rate on

canopy spread in soybean at different growth stages

3.5 Shoot biomass

Shoot biomass per plot was significantly influenckg Rhizobium inoculations and
increasing fertilizer rates (Figure 5). 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 biomassoggthe P application rates, inoculation
increased soybean shoot dry weight by a signifieaserage of 30% over the uninoculated
plants varied phosphorus rates and their intenagt{bigure 5). Shoot biomass increased with
increasing application of phosphorus + Rhizobiumcuiants. Phosphorus at 45 kg P/ha +
Rhizobium inoculant recorded the highest shoot lhissrper plot as compared to 15 kg P/ha
+ Rhizobium inoculants which recorded the leashwégards to phosphorus and Rhizobium
inoculants. With the sole fertilizer treatmentspasth biomass increased with increasing
phosphorus rates with 45 kg P/ha recording thedsghAt low phosphorus application, the
straws yield was lower than treatments that recethe highest amount. In an earlier work,
the authors reported of similar increases in shaohass of soybean as a result of increased
rates of P from different fertilizer sources [2The significant increase in shoot biomass due
to increased P application rates in the currerdystlso agrees with [28] who reported of a

20.7% increase in biomass yield due to phosphgypkcation.
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Figure 5: Influence of Rhizobium inoculation andopphorus fertilizer application rate 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 (Figi)reNodule formation in inoculated plants
increased by 28%, 39% and 56% by applying 15, 3D4fnkg P/ha, respectively compared
to nodulation in the unfertilized plants whereagculation effect was greatest (80%) in the
unfertilized treatments compared to 64%, 32% arf 3fcreases in the 15, 30 and 45 kg
P/ha treatments, respectively (Figure 6). This satgthat Rhizobium inoculation influenced
nodulation more positively than P fertilizer. [28femonstrated from pot studies that
nodulation and B fixation of promiscuous soybean may be increasedhbculation with

effective Bradyrhizobia. [30] also attributed the increase in nodulationttie competitive

ability of Bradyrhizobium used, a result which was confirmed by [31].
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Figure 6: Influence of Rhizobium inoculation andopphorus fertilizer application rate 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 fertdizath phosphorus or not (Figure 7). 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 effeEtRhizobium inoculation on nodulation
has been confirmed by [32] who recorded a signitigacrease 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 ofnied nodules [33] and [34]. Several
researches have reported that the supply of phosphplays important roles in the
establishment, growth and function of nodules [28%] and [36]. Both figures 6 and 7 show
that the interactive application of phosphorus Rhizobium inoculants had a greater impact

on nodulation than either treatment alone.
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Figure 7: Influence of Rhizobium inoculation andopphorus fertilizer application rate on

nodule biomass of soybean at full pod stage.

3.8 Pod production
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245  The number and weight of pods produced by soybeamsponse to applications with P
246  fertilizer and Rhizobium inoculants are shown igufies 8 and 9, respectively. Rhizobium
247  inoculation remarkably increased both pod number@od weight but whereas the increases
248  due to inoculation were observed at all the P appbin rates in the former (Figure 8), there
249  was no effect of inoculation on pod weight at 153¢ba rate (Figure 9). Also, whether plants
250 were inoculated or not, pod production generallgréased with increasing rates of P
251  application (Fig. 8 & 9) which agrees with [37] aj&D] who reported high numbers of pods
252  per plant in response to high doses of phosphf88%also reported that a mixed inoculation
253 improved the productivity of soybean when compat@dhe control treatment. Increased
254  numbers of pods per plant in response to inoculatiere also reported by [39] and [21]. The
255 increases in pod weight at the different increasatgs of P plus Rhizobium inoculation may
256 have been due to enhanced stimulation of poddilimsuch treatments as confirmed by [21]
257  when they reported of significant high numberse#ds per pod when 100 kg P was applied

258 in contrast to minimum numbers of seeds where na®applied
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261  Figure 8: Influence of Rhizobium inoculation andopphorus fertilizer application rate on

262  number of pods of soybean at full pod st.

263 3.9 Pod weight
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There were significant difference (p<0.05) amongiedh phosphorus rate, Rhizobium
inoculants and the interaction between phosphaates randRhizobium inoculants on pod
weight (figure 9). Different rates of phosphorusifizer 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 [40] and [21] who also sigeiintly recorded the highest number of
seeds per pod produced when 100 KtgRvas applied and minimum number was recorded
where no phosphorus was applied. Similar resultee vabtained by [41] who reported of

significant effects of phosphorus rates on harirei#x of soybeans.
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Figure 9: Influence of Rhizobium inoculation andopphorus fertilizer application rate on

pod weight of soybean at full pod stage.

3.10 Total grain yield

Similar to pod production, grain yield of soybeaasasignificantly influenced by varied

phosphorus rates, Rhizobium inoculation and thderaction (Figure 10). The grain yield
increased significantly at every higher rate of gpligation from 0 to 45 kg/ha with or

without inoculation. Phosphorus application at 43¢ha plus Rhizobium inoculant recorded
the highest grain yield of 1955 kg/ha compareda® By grain per hectare in the unfertilized
inoculated treatment which constitutes a yield éase of 118% (Figure 10). However,
though inoculation enhanced grain yield at evegpPplication rate, within the P application
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regimes Rhizobium inoculation caused the highestgm grain yield increase (25%) at 15
kg P/ha. Also, these results are in agreement MRhwho concluded that phosphorus and
inoculation induced a pronounced effect on graieldyi [39] also reported significant

increases in grain yield with Rhizobium inoculation
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Figure 10: Influence of Rhizobium inoculation arftbpphorus fertilizer application rates on

grain yield of soybean.

Economic analysis

Information on costs and benefits of treatmenta igrerequisite for adoption of technical
innovation by farmers [43]. 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 1). 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 analys@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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I would suggest to leave this aside. From one year observations and not sufficient economical parameters, it is not necessary to speculate on the economical impact. 
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309
310 Table 1: Partial

311 treatments

budget for inoculated and un-inoculatedbsay seeds under four different

ITEM TREATMENT
Inoculated Un-inoculated
15 k¢ P/he | 30 k¢ P/he | 45ke 0 kg P/lhe | 15 k¢ P/he | 30 kg P/h | 45k¢ 0 kg P/hi
P/ha P/ha

Average yield (kg/he 123( 164C 195¢ 897 984 135(C 158 73€
Adjusted yiel (kg/ha’* 1107 147¢€ 175¢ 807 88E 121¢ 1422 664
Gross field benef (C)? 265¢€ 354; 422z 1937 212¢ 291¢ 341z 159¢
Cost of YaralegumeC/ha | 16 33 48 0 16 33 48 0
Cost of inoculationC/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

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

313  (C2.4 per kg; Price of 50 kg of Yaralegume as at Dewr, 2012 = GH'50.00 and price of inoculants

314 =GH (ElS.OO/ha@

315 Conclusion and Recommendation

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

317  of phosphorus fertilizer coupled with Rhizobium éadation. Generally, plants that received

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

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

320 on growth and grain yield of soybean in this stuayre significantly boosted in the presence

321 of Rhizobium inoculants. The growth and grain yiedhancements observed in this

322 investigation may be attributed to an increasedhsgtit relationship of rhizobia (bacteria)
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From this table, the question arises whether the farmer really benefits with more than doubling his yield with P addition and inoculation under controlled conditions without accounting for labour and market in the absence of good road infrastructures?
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340

341

342

343

344

345
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347

with the roots of leguminous crops which reflectedncreased nodulation resulting in the

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

From the results of the economic analysis condudted study therefore recommends that
farmers inoculate their soybean seeds \Ritizobium and apply phosphorus fertilizer at 45

kg P/ha to maximize their grain yield and theinfancome.
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