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. generally higher respo
reported that there 1S geness. i a N limiting
to inoculation and N application1 " f higher
soil or because of large N deman -
ik i hti et al. 1998). More

yielding cultivars (Das al., herefore
soybean is a high N consuming crop; e e
could not meet its N demand thl‘?“ 2
application of fertilizer N only, nor mnoct o
only, hence its positive response to the
combination of INOFNEIESNOEES other
reatments and control. The trend was also
transformed into biomass accupmlatmn,
whereby the application of NPK to inoculated
soybean gave the highest biomass at the two
locations, where 93 and 144% increase In
biomass dry weight over the control was
recorded at Akukayili and Ghulahgu
respectively. This appreciable increase 1n
biomass dry weight can be attributed to the
ability of starter N in averting the N hunger stage
and therefore inducing effective photosynthesis
especially at the early stage of the vegetative
growth similar to Abdel-Fattah (2011) findings.
The recorded enhancement of total dry weight
of shoot and pods of soybean plant due to
inoculation with B. japonicum could be
attributed to its promotive effect on stem
growth, number of branches and leaves, and leaf
area/plant.

Likewise, response of soybean to
INO+NPK also posmw?ly correlated with the
1t:»od trlxlumber and pod weight produced compare
© other treatments applied and especially the
control, which is an indicati

: ion that the source
and the sink of the plant were influenced by th
treatment combination (INO+N y the
stimulation of photosynth _PK). Hence the

ynthesis which wag
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putrients for the plant devel,

riately, resulting in more than tw.
?lfgrgfain yield recorded from the yp
plots.Thcrefore, the soil of the stgdy area is
in a suitable state for. efﬁc.lem S“yb%r;
nodulation, growth and y“?ld without nyge
ammendment. Mrkovacki et al. (2008) g,
reported maximum results for number of pog,
seed and dry matter yield with the use of 30 kg
ha to inoculated soybean. While Tien et 5
(2002) and Diep et al. (2000) concluded fhy
application of about ?5 kg N ha” together wit,
rhizobial inoculation seemed fo be g
appropriate cultivation ‘pr:flctice. as was
confirmed in this study. Similar results were
observed by Ahmed (2013), who reported thatN
application and B. japonicum inoculation
significantly (level of significance) increased
seed yield and its components compared fo
uninoculated treatments. Therefore, the study
suggested that for successful enhancement of
inoculated soybean production in the study area,
the use of 25 kg N will serve as a boost for
successful soybean cultivation.
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CONCLUSION

The use of Bradyrhizobium japonicun
inoculation supplemented with as low as 25 N
30 P,0, 30 K,O kg ha" on soybean cultivatior
resulted insignificant (P < 0.05) increasein
nodulation, biomass, pod and grain yield.
Therefore, the result of this study suggested that
the combination of inoculum (Bradyrhizobii”
Japonicum) and inorganic fertilizer especiall)’
with Nitrogen (25 kg N ha") is required for
enhancement of soybean growth and yield.
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The success of inoculatio
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nitrogen on inoculated soybean seed. The t
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INTRODUCTION
Soybean_is well - known as an important source
of protein in human diet and animal ration;
containing substantial amounts of all th;
essential amino acids, oil, minerals and vitamins
g‘efere}, 2010). It_is an economically important
di%firrr:nnto:s crop in Gl}ana, widely cultivated in
o behirfiro - ecologies, yet its production still
P annual consumption (Plahar, 2006)
' soit]y status of most of the cultjvat d
factor caushfg}}iiubeen identified a5 majir
crop Yl?ld. (Byerlee, 2007;

Shiferaw er /. 2
; > 2004).
Inappropriate croppingThls 18 aggravated by

nutrif.:nt stocks are therefore required for
lsllilts;tsmabtl‘e S:Oybean production. Biological
attrai?:,le lxat(lion (BNF) offers an economically
improvin o eCO!ogu;a]]y S(?und means o{
inputs aﬁdcrorﬁl ylffld, reducing external I\
resources wﬁ' ancing the quality of soil
dependence ICh- consquently reduce the
costly and u0n mineral fertilizers that could be
Leguminousnavallable to smallholder farmers:
Promise in th'cr()ps such as soybean hold
reported that lls S _SOlOmon et al. (2012)
obtain betwe egumes including soybean ¢’
concentratio g 50_ and 80% of their nitrog®”
B ments though Biolty,
OWeVel-, reportle(:inth(BNF). Sangmga (200{
SOybean gepg at the current promiscu®"”
demand for types cannot meet all ¢

growth and seed development only

by N :
» fixation. Okogun and Sanginga (2003
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4150 reported that B_radyrhizobimn_ Japonicum
pardly exist 1n Ghana soils because
coybean is an exotic , crop. Moreover,
opulations of Bradyrhizobia are seldom
available in soils where soybean crop has not
been previously grown; therefqre, nodulation of
soybean may require speqlﬁc species of
Bmdyrhizobium for effective N, fixation
(Abaidoo et al., 2007). Inoculation is a
significant teclmology for the manipulation of
thizobial for improving crop productivity and
oil fertility (Keyser and Li, 1992). Therefore,
the success of inoculation depends not only on
high quality inoculants and good inoculation
practices but also on the establishment of
effective and efficient BNF through
optimization of the factors that affect its
performance such as legume genotype,
climatic, edaphic and management factors
(Giller, 2001; Giller and Wilson, 1991;
Sanginga ef al., 1995). The efforts to decrease
chemical fertilizers by using bio-fertilizers
might reduce the high costs and environmental
pollution. Hence, biological N, fixation has
great attention to cover N-requirements and
improve the soil fertility (Okon and Lanabdera,
1994) However, Legume-rhizobium symbiosis
may not produce enough nitrogen during early
stages of growth to meet the N demand of the
legume, hence small application of chemical
Nittogen might be required to promote early
gt’wth (Keyser and Li, 1992). Although.
eVeral contradictory reports on the response of
regllmes fo nitrogen application have been
Ported. Mineral N fertilization according
o duzt?t al. (2005) is a crucial factor in legums
that N r°n.‘However, Harper (1974) reporte
boy mi:‘-lqmrement_of soybean can be met by
Wiva ira] N assimilation and symblotlc_Nz
crop, ;n ut soybean is a high N demanding
inorganic °t?’ the need to ascertain the effect of
S0 ertilizer (Nitrogen) on inoculated
Y evaluating the benefit of nitrogen

fel't' .
il
'Zer on soybean response t°

Bradyrhizobi : j '
lyrhizobium japonicum inoculum in the
study area.

MATERIALS AND METHODS
The experiment was conducted at the
experimental field of Savanna Agricultural
RCSearch Institute, Nyankpala, and at Ghulahgu
in the Northern region of Ghana. Akukayili lies
on latitude 09° 23'22.4" N and longitude 01°
00'12.1" W while Ghulahgu lies on latitude 07°
24'14.3" N and longitude 00° 37' 20.0" W at an
elevation of 195 and 167 m respectively. Annual
rainfall during the cropping season was
1,200mm with mean minimum and maximum
temperature of 26 °C and 39 °C. The soils of
Akukayili and Ghulahgu are classified by FAO,
(1988) as Ferric Luvisoil (Tingolis series) and
Gleyic Luvisoil (Chagnalili series). The
treatments used include NPK, PK, and
Bradyrhizobium japonicum inoculum (INO),
their combinations (NPK+INO, PK+INO) and
Control. The experimental design was
Randomized Complete Block Design (RCDB),
the treatments were replicated four times. The
land was ploughed, harrowed and ridge. Plots
es were 3 m long and 4.5 m wide. Two seeds
hole and thinned to one, two
weeks later (5 cm within rows and 75cm
between TOWS). Un-inoculated plots were
planted followed by inoculated plots to avoid
contamination, at the rate of 5 g per onc
kilogram of seeds accorc.ling to Woomer et al.
(1994). [norganic fertilizer was apphed by
drilling beside each row al planting. NPK
(ammonium sulphate, triple Super phosphate
and muriate of potash) was applied at the rate of
25:30:30kg ha. Weeding was done qlanua(l)ly as
at when necessary: At 50% flowering 10 tag
efully uprooted, nodules
Jants were carefully. - ted
[ly detached after SIEVE washing, coun

carefully dried at 70 °C for 48 hours. The

and oven € .+ dried and later oven drie
rity, pods were
replicate, threshed
yield was then

siz
were Sown per

; treatment Per
. The graif
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RESULTS ‘ _ 4
The soil of the experimental site were san y

loam and silty loam in texture at Akukayili and
Ghulahgu respectively. Both locations ha
slightly acidic soil reaction and low organic
carbon, total nitrogen, available phosppoms.apd
exchangeable cations according to soil fertility
ratings by FPDD (2002)(Table 1).

The nodule number was significantly (P <
0.05) influenced with regards to the treatments
applied, whereby the use of INO+NPK recorded
the highest nodule number (2.6 mg plant’)
which had 30% and 24% increase than NPK and
control respectively at Akukayili. Likewise, at
Ghulahgu the sole application of
Bradyrhizobium japonicum inoculum, and its
combination with inorganic fertilizer (INO,
INO+NPK and INO+PK) lead to the highest

he Soil
7 dulsimatin

- £ P !
Science Society of N -’_éf_{ e k

podule number (2.3 mg plant’) y,

signiﬁcamly (P <0.05) different from, _\ “"‘
recorded from plots treated wit, ol
fertilizer only and control resulting ’1
increase in number of nodule(Table2) ™%

Soybean nodule w;1ght also eSponge

ositively to the combination of i?\'?J-?\‘I)L}L’l
whereby, the combination of INO+Npy lea 1:
27% increase OVer the treatment were IMUUL'UJ
was missing (INO+PK) and 72% increage .
that of the control plot. INO+NPK also regy;,,
in 35% increase over NPK and 41% incre,,
over the sole use of Bradyrfu‘zobium_,fapmn'm_“;I
inoculum at Akukayili. Also at Ghulﬂhgu the
combination of INO+NPK still recorded g
highest nodule weight (1,275 mg plant’) in 4,
which was 42% more than the plot withoy
nitrogen (INO+PK) and significantly more thyy
the other used treatments except inoculatiop
only.

Furthermore, the highest biomass weighta
50% flowering stage was recorded on the plot
with INO+NPK (2,622 kg ha™) which had 72%
increase over the treatment where nitrogen was
missing (INO+PK), 45% and 115% increast
over the sole use of NPK, INO and 93% increase

Al

Table 1: Physical and chemical properties and MPN counts of the experimental site

e e .

Value
Sand ('%) Ak"‘gaylh Ghulahgu
Silt (%) p 46
Elay (%) 25';4 50
exture -4
pH (12,5 1,0) Sandy loam Silty Loam
Organic carbon (%) 55 '4.7
lotal N (g k") 07 0.6
i;xtraclabh * (mg kg") 0.5 0'2
E::Ch.‘mgmmc cations (cmgl kg™ & 2'3
Mg 2
K s 2.56
Na 0‘83 0.50
MPN (ell ¢ s 0 e
—2 8 %ol s 036
R = & W 6.3 x 10! '
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wver the control at Akukayili. At Ghulahgy
‘ecof ded soybean t'nomass weight were at par
ivith one another in response to the applied
reatments, however, the control recorded {he
Jeast biomass Wl?lght in all_ which was 1449,
Jower than the b.lomass weight recorded from
he plot treated with INO+NPK.

Soybean pod number was significantly (p <
0.05) affected with respect to the treatments
applied, the combination of INO+NPK sti]]
recorded the highest pod number at the two
locations, however, the increase was more at
Ghulahgu than Akukayili (40 and 21%)
respectively compare to the control plots (Table
4). The observed trend transformed into pod
weight, whereby, the combination of
INO+NPK had the highest weight (8,290 and
10,166kg ha") at Akukayili and Ghulahgu
respectively. The combination of INO+NPK
resulted in 49% increase in pod weight over the
combination without nitrogen (INO+PK) at
Akukayili. The use of INO+PK, NPK,
Inoculation and control recorded lower pod
weights which were 50% and above lesser than

,U,f the Soj) Scienc

ociery of Nigeria

I 'rly. soybean grain yield was
Positively influenced by the combination of

:lll\lg(l)l:gp ,liaf:mp’c}:jed to other treatments. The
Iocati()n: yie ° Was recorded at the two
¢ (Akukayili and Ghulahgu) on plots
With the combine application of INO+NPK
(1,932 and 2,813 kg ha') respectively, which
confirms with Tahir et al. (2009) findings. At
Akukayili the combination of INO+NPK
resulted in significantly (P < 0.0) 36% increase
in grain yield over the combination without
nitrogen (INO+PK) and 96, 49 and 107%
increase over sole inoculation, NPK and control
respectively. Ghulahgu soil also recorded the
highest grain yield from the plot with
INO+NPK and was 6, 74, 28 and 114% higher
than the yield recorded from PK+INO, sole
inoculation, NPK, and control respectively.
Therefore, the lowest grain yield was recorded
from the control plots (934 and 1,350 kg ha™) at
Akukayili and Ghulahgu, respectively.

Table2: Effect of Bradyrhizobium japo nicum inoculum and inorganic fertilizer on

soybean nodulation

3 = B Nodule weight (mg plant™)
Trsatmenys Nodule number (per plant Akukayili Ghulahgu
Akukayili Ghul 45 325
CONTROL 2 17 58 =
Nk 20 1.7 38 42
PK 22 1.8 1,100
No 2 ;
i 24 23 78 b
INO*NPK 26 23 61 0y
LSOH)K - o o 724.7
el e : 263

Cvoe ¥ 24.2
= 0 103 12.9 iz obium japonicun inoculum

009; Least significant difference at 5 % probability, INO: Brady

165

rh




image5.png
Treatments
CONTROL





image6.png
R

Table 5: Effect of Bradyrhizobium japonicum inoc

fertilizer on soybean seed yield
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ulum and inorganic

Treatment Akukayili
CONTROL 934

NPK 1,296

PK 1,481

INO 986
INONPK 1,932
INO+PK 1,418
LSDy.0s) 481.3
CV% 23.8

Ghulahgu
1,350
2,253
2,101
1,664
2,893
2737

1060.6
22.5

LSD,q05); Least significant difference at 5 % probability; INO: Bradyihizobium japonicum inoculum

DISCUSSION
Deficiencies of mineral nutrients are the
major limitations of legume N-fixation and
yields (O'Hara et al., 1988). In leguminous
crops, this can be overcome by inoculation with
B. japonicum strains and providing the soil with
essential nutrients. The analytical result from the
two locations indicated that the soils had low
fertility status which is the characteristic of most
soils in the savanna. It was reported by Ezekiel-
Adewoyin (2014) that Ghana soils have low
fertility with certain range of nutrients which are
responsible for low food production. Hence, the
need for supplementing soil fertility for efficient
crop production enhancement in the study area.
The high nodule number ascribed to the use of
Bradyrhizobium japonicum in the two locations
feveals that there is better combining and
symbiotic association between the introduced
strain and the soybean variety used as suggested
by Thair et al,, (2009). Which is also buttressed
Y Revellin et al. (2000) and Abbasi et al. (2008)
®port, that a field without soybean cropping
t(:StPry has the tendency to substantially respond
3 INoculation leading to higher number of
| ules per plant compared to an uninoculate_d
Plant, these is in line with the findings in this

trial. Therefore, cultivation of soybean should
be accompanied with appropriate seed
inoculation. Supporting evidence was reported
by Agha et al. (2004), who attributed the
significant stimulation of nodule number per
plant and nodule dry weight by B. japonicum
inoculation to the increase in acetylene
reduction activity. The combination of
inoculant and inorganic fertilizer (INO+NPK
and INO+PK) also enhanced number of nodules
compared to the control. It has long been
recognized that Phosphorus in coincidence with
the plant demand for Nitrogen controls the
nodule growth and modulate the symbiotic
processes of the legume and rhizobium (Wall et
al., 2000; Hellsten and Huss-Danell, 2000). The
fact that the use of INO+NPK resulted in 28, 42
and 73% increase in nodule weight at Akukayili
and 42, 16 and 292% increase at Ghulahgu over
INO+PK, INO and Control respectively (Table
2) suggested that the Nitrogen applied to the soil
decreased the BNF activity (Senaratne et al.,
1987) and thus becomes the major source of N
to satisfy the plant development at the early
stage because of the low soilNitrogen level in
the zone (Ezekiet.-Ad'e\{vOy;n, 2014) which is
similar to Emma and Raddy (2014) report;
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