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ABSTRACT KEYWORDS
The rhizosphere microbiological and physicochemical properties of Hi- Rhizosphere;
biscus esculentus (okro) and Arachis hypogeae (groundnut) were exam- Microbiological;
ined for eight weeks. Samples from rhizosphere and non-rhizosphere soil Physicochemical;
(control) were collected and analyzed using standard microbiological and Hibiscus esculentus;
physicochemical methods. The mean total aerobic bacterial count (cfu/g) Arachis hypogeae.

of rhizosphere and non-rhizosphere soil for weeks 4, 6 and 8 ranged from
8x10°- 2x10% and 4x10°- 3x10% inrhizosphere of okro and groundnut re-
spectively while non-rhizosphere soil had count of 3x108 cfu/g. The mean
total anaerobic bacteria count (cfu/g) of rhizosphere and non-rhizosphere
soil for weeks 4, 6 and 8 ranged from 1x10°-1x10% and 4x10%- 2x10%¥ in
rhizosphere of okro and groundnut respectively while non-rhizosphere
soil had a count of 2x108 cfu/g. The mean total fungal count (cfu/g) of
rhizosphere and non-rhizosphere soil for weeks 4, 6 and 8 ranges from
1x107 and 2x107- 3x10” in rhizosphere of okro and groundnut respectively
while the non-rhizosphere soil had a count 4x10° cfu/g and the mean total
actinomycetes count (cfu/g) of rhizosphere and non-rhizosphere soil for
weeks 4, 6 and 8 ranged from 6x10°- 8x10° and 1x10°- 7x10* inrhizosphere
of okro and groundnut respectively while the non-rhizosphere soil a count
of had 2x108 cfu/g. Microorganismsisolated from rhizosphere soilswere
species of Bacillus, Micrococcus, Streptococcus, Alternaria, Aspergil-
lus, Mucor, Penicillium, Fusarium, Actinomyces, Sreptomyces and
Norcardia while the microorganisms isolated from the non-rhizosphere
soil were species of Bacillus, Micrococcus, Aspergillus, Mucor and Acti-
nomyces. The results of the physicochemical analysisrevealed that there
were significant differences (P<0.05) in the mean electrical conductivity,
potassium, phosphorus, nitrogen, organic carbon (%), organic matter (%),
moisture (%) and sulphur between weeks 4, 6 and 8 but there was no
significant difference (P>0.05) in their mean pH and sodium. There was
also a significant difference (P<0.05) between the microbiological and
physicochemical properties of rhizosphere compared with non-rhizosphere
soil. The result of thisstudy revealed the presence of several microorgan-
isms in the rhizosphere of okro and groundnut that can serve economic
importance. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Rhizosphereistheportion of soil that isinfluenced
by theroot of plant wherethereisinteraction between
themicrobiologica and physicochemical propertiesof
the soil®9, Exudates, from the plant arereleased into
thesoil viatheroot which servesasnutrient to different
microorganismsthereby controlling the populations,
types and associ ation of microorganismsfoundinthe
root of different plantg?.
Themicrobiologica and physicochemica proper-
ties vary for different plants. Arachis hypogeae
(groundnut) isaleguminousplant widely grownin Ni-
geriaandisused in production of oil and also serveas
food (en.wikipediaorg/wiki/groundnut). Okroisaveg-
etable plant. Its pods contain agummy substance that
thickensanditismucilaginous. Itisvauedforitsedible
green seed pod. Itiscommonin Nigeriaand usedin
making soup.
Theaimsand objectivesof thisresearch are;
1.To enumerate, isolate and identify microorganisms
present in the rhizospheres of groundnut, okro and
thenon-rhizosphere.

2.Todeterminethephysicochemicd propertiesof rhizo-
sphere soil of groundnut, okro and non-rhizosphere
s0il.

MATERIALAND METHODS

Sitelocation and land preparation

Thesitefor cultivation of the groundnut, spinach
and okro waslocated at 15m behind Chapel of Grace
building in Federal University of Technology Minna,
Bosso Campus, Niger State, Minnaislocated inthe
northern Guineasavannah zone with wet season from
May to October and dry season from November to
April. Thefield was ploughed, ridged at 50cm apart
and irrigated. The seedswere planted in the month of
March at 2.5cm depth, 3.0cm apart and wereirrigated
dally.

Collection of sample

Rhizosphere soil sampleswere collected by care-

fully uprooting each plant and shaking the soil adhering

totherootsinto acorresponding sterilelabelled poly-
ethylene bags, thenon-rhizosphere soil (without roots)
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wasa so collected into sterile polythene bag from the
same site at 4th, 6thand 8th weeks age of the plants
and weretransported to the microbiol ogy |aboratory
of Federd University of Technology, Minnafor micro-
biologica anaysisfollowing the method described by

Oyeyiold?.
Mediaand sterilization

The media used were Nutrient Agar (NA) and
Sabauroud DextroseAgar (SDA) for isolation of bac-
teriaand fungi respectively. Toisolate actinomycetes, a
formulated medium containing: 1L water, 15gagar, 10g
glycerin, 1g sodium asparaginate, 1g glucose, 1.59
NH,H,PO,, 0.2g MgS04, 0.1g CaCl, 0.1gKCl, 0.1g
nystatin and trace FeCl wasused. Themediawere ster-
ilized using autoclaveat 121°C for 15 minutesfollow-
ing the method described by Ogbulie et al .19,

Enumer ation and isolation of microor ganismsfrom
r hizospher eand non-rhizospher e soll

Tenfold serial dilutionswere carried out on one
gram of each soil samples. Onemillilitre(1ml) of 108
diluent was used for theisol ation of bacteriaand acti-
nomycetewhile 1ml of the 10° serid dilutionwasused
for isolation of fungi. Onemillilitre (1ml) of each sus-
pens onwasinoculated aseptically by pour plate method
intwo replicates following the method described by
Ogbulieet al.l*8, SDA plateswerethen incubated at
28+ 1°C for 48-72hoursfor fungi growth, NA plates
wasincubated in the incubator at 37°C for 24 hours
both aerobically and anaerobically using anaerobic jar
and actinomyceteswasincubated at 30°C for 3-5 days.
After incubation, colonies which developed were
counted usingacol ony counter and expressed ascolony
forming unit per gram (cfu/g). Coloniesdifferingingze,
shape and colorswere sub cultured using streak plate
method to obtain apureisolate. Pureculturewasmain-
tainedin agar dant for further characterization andiden-
tification®.

Char acterization and identification of bacterial iso-
|ates

Bacteriaisolateswere characterized using colonia
morphology, cultural characteristicsand biochemical
testswhichinclude Gram staining reactions, production
of catalase, coagulase, indole, utilization of citrate, fer-
mentation of sugars, ureasetest, starch hydrolysisand
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vogesproskauer test as described by Ogbulie et a8,
Theisolateswereidentified by comparingtheir charac-
teristicswith those of known taxa.

Characterization and identification of fungal iso-
lates

Themould isolateswere characterized based on
the color of aerial and substrate hyphae, type of hy-
phae, shape and kind of asexual spores, sporangio-
phore and conidiophores, and the characteristics of
spore head.

A smdl portion of themycdliagrowth wascarefully
pickedwiththead of apair of sterileinocul ating needles
and placed inadrop of lactophenol cotton blueon a
microscope slide and covered with acover slip. The
slide was examined under the microscope, first with
(x10) and then with (x40) objectivelensfor morpho-
logical examination as described by Ogbulieet a8,
Theisolateswereidentified by comparingtheir charac-
teristicswith those of known taxaus ng the schemes of
Domsch and Gamg“.

Characterization and identification of actino-
mycetes

Identification of actinomyceteswasdone carried
out using Gram’s staining reaction, catalase test, urease
test and culturd characteristics¥. Theisolateswereiden-
tified by comparing their characteristicswith those of
known taxausi ng the schemes of Ochei and Kohalka,
(2007).

Physicochemical analysisof soil samples

The soil sampleswereanalysed for their pH, con-
ductivity, moisture, organic carbon, organic matter,
phosphorous, total nitrogen, sulphide, sodium (Na) and
potassium (K) using the methods described by Inter-
nationd Institutefor Tropica Agriculture, [ITA (1979).

Satistical analysisof data

Thedataobtained from this study was subjected to
statistical anaysisusing oneway analysisof variance
(ANOVA) and Pearson corrdationwithMINITAB 14
package.

RESULT

Totd Aerobic Bacteria Count (cfuw/g) of rhizosphere

Natural Products

and non rhizosphere soilsfor weeks4, 6 and 8.

TABLE 1 showsthe mean tota aerobic bacterid
count (cfu/g) of rhizosphere and non rhizosphere soil
for weeks 4, 6 and 8. In week 4, the highest aerobic
bacterid count (8x10°cfu/g) wasobtainedinrhizogohere
soil of okro. In week 6 the highest aerobic bacterial
count (2x10%cfu/g) was obtainedin rhizosphere soil of
okro and inweek 8 the highest aerobic bacteria count
(3x10%°cfu/g) was obtained in rhizosphere soil of
groundnut. The highest mean total aerobic bacterial
count (1x10%*cfu/g) was obtained in weeks 6 and 8
whilethe mean total aerobic bacterid countinweek 4
was 2x10°cfu/g.

TABLE 1: Total aerobicbacteriacount (cfu/g) of rhizosphere
and non rhizospher e soil for week4, 6 and 8.

Samples Week 4 Week 6 Week 8

8x10%36x107 2x101%%3x10% 3x10%%:6x107

1003410

Rhizosphere of Okro (cfu/g)
Rhizosphere of Groundnut (cfu/g) 4x109|0:f:3x108 lxlolob:t3x108 3x10
Non Rhizosphere (cfu/g) ax10%%£3x10” 3x10%%3x107 3x10%%3x10”

Mean (cfulg) 2x10%%:1x10° 1x10'%+6x10° 1x10'%P6x10°

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ
significantly (P<0.05) from each other, means with the same
superscript does not differ significantly (P>0.05) from each
other while means with two superscripts do no differ
significantly (P>0.05) from the two values.

TABLE 2: Total anaerobic bacteria count (cfu/g) of rhizo-
spher eand non rhizospher e soil for week4, 6 and 8.

Samples Week 4 Week 6 Week 8

2x10%36x10” 1x101%%3x10°® 1x10%36x10”

193, 6x107 2x10MP+6x10”

Rhizosphere of Okro (cfu/g)
Rhizosphere of Groundnut (cfu/g) 4x10%46x10° 1x10
Non Rhizosphere (cfu/g) 2x10%%6x10° 2x10%+6x10° 2x10%+6x10°

Mean (cfu/g) 7x10%3:6x10° 8x10%+6x10° 5x10%+6x10°

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ sig-
nificantly (P<0.05) from each other, means with the same su-
perscript does not differ significantly (P>0.05) from each other
while means with two superscripts do no differ significantly
(P>0.05) from the two values.

Total anaerobic bacterial count (cfu/g) of rhizo-
sphere and non rhizosphere soilsfor weeks4, 6 and 8.

TABLE 2 showsthetota anaerobicbacterial count
(cfu/g) of rhizosphere and non rhizosphere soil for
weeks 4, 6 and 8. In week 4, the highest anaerobic
bacterid count (2x10°cfu/g) wasobtainedinrhizogohere
soil of okro. In week 6 the anaerobic bacteria count
(1x10*cfu/g) obtained wasthe sameinrhizosphere of
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okro and groundnut whileinweek 8 the highest anaero-
bicbacterid count (2x10"°cfu/g) was obtainedinrhizo-
spheresoil of groundnut. Therewassignificant differ-
ence (P<0.05) between the mean total anaerobic bac-
terial count obtained inweeks4, 6 and 8.

Total fungal count (cfu/g) of rhizosphereand non
rhizospheresoilsfor week 4, 6 and 8

TABLE 3 showsthetotal fungal count (cfu/g) of
rhizosphere and non rhizosphere soil for weeks 4, 6
and 8. Thehighest fungd count (2x10°cfu/g), (2x10°cfu/
g) and (3x10’cfu/g) in week 4, 6 and 8 respectively
wereobtained inrhizosphereof groundnut.

TABLE 3: Total fungal count (cfu/g) of rhizosphereand non
rhizospher e soil for week4, 6 and 8.

Samples Week 4 Week 6 Week 8
Rhizosphere Okro (cfu/g) 1x102:3x10° 1x10"%:4x10° 1x10"33x10°
Rhizosphere of Groundnut (cfulg) 2x10™°£6x10° 2x10"°+3x10° 3x10"P+3x10°

4x10%6x10% 4x10%%+6x10% 4x10%°+6x10%

Non-Rhizosphere (cfu/g)

Mean(cfu/g) 1x10"2:6x10% 1x10726x10% 1x10"%6x10°

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ sig-
nificantly (P<0.05) from each other, means with the same su-
perscript does not differ significantly (P>0.05) from each other
while means with two superscripts do no differ significantly
(P>0.05) from the two values.

TABLE 4: Total actinomycetescount (cfu/g) of rhizosphere
and non r hizospher e soil for week4, 6 and 8.

Week 6

Samples Week 4 Week 8
Rhizosphere Okro (cfu/g) 6x10%2:6X10° 8x10%2+6X107 6x10°%3X10”
Rhizosphere of Groundnut (cfufg)  2x 10°°+3%10° 1x10%°:3x10° 7x10%:6x10”
Non-Rhizosphere (cfu/g) 2x10%%46x10*  2x10%s6x10* 2x10%6x10%
Mean (cfu/g) ax10%6x10*  5x10%6x10° 7x10%:6x10°

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ
significantly (P<0.05) from each other, means with the same
superscript does not differ significantly (P>0.05) from each
other while means with two superscripts do no differ
significantly (P>0.05) from the two values.

Total actinomycetes count (cfu/g) of rhizosphere

and non rhizospheresoilsfor week 4,6 and 8

TABLE 4 showsthetotd actinomycetescount (cfu/
g) of rhizosphereand non rhizosphere soil for weeks4,
6 and 8. The highest total actinomycetes count
(6x10°cfu/g) and (8x10°cfu/g) was obtained in rhizo-
spheresoil of okroinweek 4 and 6 respectively andin
week 8thehighest totad actinomycetescount (7x10°cfu/
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g) wasobtained in rhizosphere soil of groundnut. The
highest mean total actinomycetes count (cfu/Q)
(7x10°cfu/g) wasobtained in weeks 8.

Microor ganismsisolated fromrhizosphereand non
rhizospheresoilsfor week 4

TABLE 5 showsthemicroorganismsisolated from
rhizosphere and non rhizosphere soil for week 4. Bac-
teriaisolated from rhizosphere of okro and groundnut
were species of Bacillus, Micrococcus, Sreptococ-
cussp. (not found in rhizosphere of okro) and Saphy-
lococcus sp. Fungi isolated from rhizosphere soils of
okro and groundnut were species of Alternaria, As-
pergillus, Mucor, Penicilliumand Fusariumwith ex-
ception of Alternariain groundnut. Speciesof Actino-
myces, Nocardia and Sreptomyceswerea soisolated
from rhizosphere of okro and groundnut but Bacillus
megaterium, Micrococcus luteus, Alternaria sp.,
Aspergillusflavus, Penicillium sp., Actinomyces sp.
and Nocardia sp. werenot isolated fromthenonrhizo-
spheresoil.

Microorganismsisolated fromrhizosphereand non
rhizosphere soil for week 6

TABLE 6 showsthemicroorganismsisolated from
rhizosphere and non rhizosphere soil for week 6. Bac-
teriaisolated from rhizosphere of okro and groundnut
were species of Bacillus, Micrococcus, and Saphy-
lococcuswith addition of Sreptococcusin rhizosphere
soil of groundnut. Fungi isol ated from rhizosphere of
okro and groundnut were species of Aspergillus, Mu-
cor, Penicillium and Fusarium. Species of Actino-
myces, Nocardia and Sreptomyceswere a so isolated
from rhizosphere soils of okro and groundnut but Ba-
cillus megaterium, Bacillus mycoides, Micrococcus
luteus, Sreptococcus sp., Aspergillus flavus, Peni-
cillium sp., Actinomyces sp. and Nocardia sp. were
not isolated from the non rhizosphere soil.

Microorganismsisolated fromrhizosphereand non
rhizosphere soil for week 8

TABLE 7 showsthemicroorganismsisolated from
rhizosphereand non rhizosphere soil for week 8. Bacte-
riaisolated from rhizosphereof okro and groundnut were
speciesof Bacillus, Micrococcusand Saphyl ococcus.
with addition of Sreptococcus sp. in rhizosphere of
groundnut. Fungi isolated from rhizosphere of okroand
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groundnut were species of Aspergillus, Mucor, Peni-
cilliumand Fusariumwith addition of Alternariain
okro. Speciesof Actinomyces, Nocardia and Srepto-
myceswereal soisolated from rhizosphere soilsof okro

and groundnut but Bacillus megaterium, Micrococcus
luteus, Alternaria sp., Aspergillusflavus, Penicillium
sp. Actinomyces sp. and Nocardia sp. werenot found
inthenon rhizospheresoil.

TABLE5: Microorganismsisolated from rhizosphereand non r hizospher e soil for week 4.

I solate Week 4 Rhizosphere of okro Rhizospher e of Groundnut Non Rhizosphere
Bacillus cereus Bacillus cereus B. megaterium Bacillus subtilis Micrococcus
Bacteria B. subtilis Micrococcus luteus Micrococcus sp. Staphylococcus -
. Staphylococcus aureus
Micrococcus sp. Staphylococcus aureus  aureus Streptococcus sp.
Funci Alternaria sp. Aspergillus niger Aspergillus niger Fusarium sp. Aspergillus fumigatus A. niger
9 Fusarium sp Mucor sp. Penicilliumsp.  Mucor sp. Penicillium sp. Mucor sp.
Actinomycetes Actinomyces sp. Nocardia sp. Actinomyces sp. Nocardia sp. Streptomyces p.

Streptomyces sp

Streptomyces sp.

TABLE 6: Microorganismsisolated from rhizospher eand non r hizospher e soil for week 6.

Isolate Week 6 Rhizosphere of okro Rhizospher e of Groundnut Non Rhizosphere
Bacillus cereus B. subtilis B. Bacillus subtilis B.megaterium B. -
) . . . B.subtilis
. megaterium B. mycoides mycoides Micrococcussp. M. luteus .

Bacteria . . Micrococcus sp.
Micrococcus luteus Micrococcus sp.  Staphylococcus aureus Saphvl 0COCCUS AUreUS
Staphylococcus aureus Streptococcus sp. pny
Aspergillus flavus Alternaria sp. A. Aspergillus flavus A. fumigatus A. . )

Fungi fumigatus A. niger Fusarium sp. niger Fusarium sp. Mucor sp. Aspergillus fumigatus

Mucor sp. Penicillium sp.
Actinomyces sp. Nocardia sp.

Actinomycetes Srreptomycessp.

Penicillium sp.
Actinomyces sp. Nocardia sp.
Streptomyces sp.

A. niger Mucor sp.
Streptomyces sp

TABLE 7: Microorganismsisolated from rhizosphereand non r hizospher e soil for week 8.

Isolate Week 8 Rhizosphere of okro Rhizospher e of Groundnut Non Rhizosphere
Bacillus cereus B. subtilis Bacillus subtilis B. mycoides B. subtilis Micrococcus
Bacteria Micrococcus luteus Micrococcus Micrococcus luteus Staphylococcus  sp. Staphylococcus
sp. Staphylococcus aureus aureus Streptococcus sp. aureus aci
Alternaria sp. Aspergillus flavus A. . . . : .
Fungi riger Fusariumsp. Mucor p.  operdliusmiger Fusariumsp. - Aspergillusfumigatus A
Penicillium sp. - - 9 -
Actinomycetes Actinomyces sp. Norcardia.sp. Actinomyces sp. Norcardia sp. Streptomyces sp.

Streptomyces sp.

Streptomyces sp.

Physicochemical propertiesof therhizosphereand
non rhizospher e soilsfor week 4

TABLE 8 showsthe physicochemical properties
of rhizosphere and non rhizospherefor week 4. There
wassgnificant difference(P< 0.05) in pH, sodium, po-
tassium, phosphorus, nitrogen, organic carbon (%), or-
ganic matter (%) and sul phur between rhizosphere of
okro, groundnut and the non rhizosphere soil. There
wasno significant difference (P>0.05) inelectrica con-
ductivity between rhizogpheresoil of groundnut and the
non rhizosphere soil. Thenonrhizosphere soil hasthe
highest moisture content of 0.9%.

Physicochemical propertiesof therhizosphereand
non-rhizospher e soilsfor week 6

Natural Products

TABLE 9 showsthe physicochemical properties
of rhizosphere and non rhizospherefor week 6. There
wass gnificant difference (P< 0.05) in Conductivity, so-
dium, phosphorus, organic carbon (%) and sul phur
between rhizosphere of okro, groundnut and the non
rhizosphere soil. Therewasno significant difference
(P>0.05) in pH and potassium between rhizosphere
soilsof spinach, okro, and groundnut. Thenon rhizo-
spheresoil hasthe highest moistureand sul phur content
of 0.9% and 69mg/l whiletherhizosphere soil of okro
hasthe highest organic matter of 4.3%.

Physicochemical propertiesof therhizosphereand
non rhizospheresoil for Week 8

TABLE 10 showsthe physicochemical properties
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of rhizosphere and non rhizospherefor week 8. There
wassgnificant difference(P< 0.05) inpH, dectrica con-
ductivity, sodium, potassium, phosphorus, organic car-
bon (%) and sul phur between rhizosphere soilsof spin-
ach, groundnut and the non rhizospheresoil. Therewas
no sgnificant difference (P>0.05) in moisture between
rhizogpheresoil of spinach and thenonrhizosphere soil.
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TABLE 10: Physicochemical propertiesof therhizosphere
and non rhizosphere soil for week 8.

TABLE 8: Physicochemical propertiesof therhizosphere
and non-rhizospher e soil for Week 4.

Week4 Rhizosphere Non-
Parameter Rhizosphere of Rhizosphere
of Okro  Groundnut
pH 7.680%£0.017 7.620°£0.006 7.520°+0.049
Condugctivity (mS/m) 191.30%4.372 97.00°+0.577 102.00%+1.155
Sodium (mg/1) 12.00%0.057 10.70°£0.115 10.20°C+0.057
Potassium (mg/l) 12.40°40.115 10.20%+0.115 9.50°0.115
Phosphorus (mg/l) ~ 5.067°+0.088 3.300°+£0.115 6.100%:0.173
Nitrogen (%) 0.210°+0.006 0.180°+0.012 0.260°C+0.006
Organic carbon (%)  2.530%+0.006 1.950°+0.006 1.590%0.006
Organic matter (%)  4.400%+0.115 3.400°+0.058 2.800%:0.058
Moisture (%) 0.400%+0.115 0.200° £0.012 0.900° £0.058
Sulphur (mg/l) 49.600%£0.115 67.700°£0.115 69.800°:0.058

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ sig-
nificantly (P<0.05) from each other, means with the same su-
perscript does not differ significantly (P>0.05) from each other
while means with two or three superscripts do no differ sig-
nificantly (P>0.05) from the two or three values.

TABLE 9: Physicochemical propertiesof therhizosphere
and non-r hizospher e sail for week 6.

Week6 Rhizosphere Non
Parameter Rhizosphere of Rhizosphere
of Okro Groundnut
pH 7.620%:0.006 7.580%+0.026 7.370%0.006
Conductivity (mS/m) 174.0%0577 108.0°1.732 102.0™+1.154
Sodium (mg/l) 12.00%+0.115 11.50°£0.580 10.20%:0.580
Potassium (mg/l) 12.00£0.058 11.70P+0.058 9.50°£0.115
Phosphorus (mg/l) 14.20°%£0.058 7.700°+0.058 6.100°0.173
Nitrogen (%) 0.240%+0.012 0.350°+0.006 0.260°°+0.006
Organic carbon (%)  2490%0.012 1.820°:0.017 1.590%:0.006
Organic matter (%)  4.300%0.058 3.100°£0.115 2.800%:0.058
Moisture (%) 0500%+0.058 0.300°:0.058 0.900%0.058
Sulphur (mg/l) 54.200%:0.058 65.800%:0.058 69.800°£0.058

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ
significantly (P<0.05) from each other, means with the same
superscript does not differ significantly (P>0.05) from each
other while means with two or three superscripts do no differ
significantly (P>0.05) from the two or three values.

Week8 Rhizosphere Non
Parameter Rhizosphere of Rhizosphere
of Okro  Groundnut
pH 6.720%0.006 7.060°0.017 7.370°£0.006
Conductivity (mS/m) 12500°*"1%  108.0>11%°  g0,0°*!!%
Sodium (mg/1) 7.50%0.580 11.50°+0.580 6.80%£0.580
Potassium (mg/l) 10.80%+0.115 9.90°+0.058 9.50%+0.115
Phosphorus (mg/l) ~ 14.20%+0.058 7.700°+0.058 6.100%0.173
Nitrogen 0.900%+0.006 0.800%+£0.012 0.260%:0.006

Organic carbon (%)  2.790% +0.006 1.390%+0.006 1.590°:0.006

Organic matter (%)  4.800%+0.115 2.400°+0.058 2.800°+0.058
Moisture (%) 0.700°+0.058 0.400°:0.058 0.900°£0.058
Sulphur 64.200%£0.115 69.000°£0.115 69.800°%£0.058

NB: Values are means of three replicates; + = standard error
of the mean; Means with the different superscript differ sig-
nificantly (P<0.05) from each other, means with the same su-
perscript does not differ significantly (P>0.05) from each other
while means with two or three superscripts do no differ sig-
nificantly (P>0.05) from the two or three values.

DISCUSSION

Therhizospheremicrobia countsfor bacteria(aero-
bic and anaerobic), actinomycetesand fungi, areeach
significantly higher (P< 0.05) than thenon rhizosphere
microbia countsinweeks4, 6and 8; thisisinlinewith
thereports of Aliyu and Oyeyiol&® and may beattrib-
uted to the presence of organi ¢ substancefromtheroot
exudates and dead root cell; for rhizospherewas de-
fined by Hiltner in 1904 asthe portion of soil influenced
by theroot, where micro-organismsinteract with plant
rootsand soil constituents.

Therewassignificant difference (P<0.05) in total
aerobi c bacteriacount between the rhizosphere of okro,
groundnut and thenon rhizospheresoil inweek 4 and 6
(TABLE 1); the count ishigher in the rhizosphere soil
of okro than groundnut whichisinturnhigher thanthe
non rhizosphere soil and may be dueto the fact that
okroisavegetableswhilegroundnut isalegume. There
wasincreasein count indl therhizosphere soil sat week
6, withfurther increasein therhizosphere of groundnut
but no increasein rhizosphere of okro at week 8; this
increaseinmicrobid count of rhizosphereof groundnut
may be dueto longer maturity period of the crop plant
compareto okro; thisisinlinewith thereport of Aliyu
and Oyeyiold® who showed that asthe crop gpproaches
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harvest themicrobial load decline. Thiscould aso be
thereason for the similar resultsin anaerobic bacteria
count and actinomycetes countsin TABLES 2 and 4
respectively.

Therewassgnificant difference (P< 0.05) between
bacteria count and fungi count for both rhizosphereand
non rhizosphere; that is, the bacteriacount issignifi-
cantly higher (P< 0.05) thanthefungi count at each of
theweeks and this may be due the shorter generation
time of bacteriacompareto fungi. Therewasnoin-
creaseinfungd count of therhizosphereof okro at week
6 and 8 but that of groundnut decrease at week 6 and
increaseagainat week 8, al of thesemay bedueto the
dow growth rateof fungi and effect of the exudates.

Therhizosphereof groundnut and okro haveawider
range of isolatesthan the non rhizosphere soil that of
TABLESS, 6, and 8; thismay be dueto larger amount
of exudates. Bacillusmegaterium, Bacillusmycoides,
Micrococcus luteus, Alternaria sp., Aspergillus
flavus, Penicillium sp. Actinomyces sp. and Nocar -
dia sp. were not found in the non rhizosphere soil but
werefound in the rhizosphere soil in agreement with
thoseisolated by Aliyu and Oyeyiola® in rhizosphere
soil of groundnut; thismay aso be dueto theroot exu-
dates secreted into therhizosphere soil. Sreptococcus
sp. wasisolated from therhizosphere of groundnut but
not found in therhizosphere of okro and spinach; this
may be due to the fact that Streptococcus is a
proteobacteriathat isinvolvedin nitrogenfixation. Al-
ternariawasonly isolated from rhizospheresoil of okro
and thismay be due the high organic matter obtained
from it when compared to that of groundnut asthe plant
ages. Alternaria aso serves as a biocontrol agent
aganginvasveplants.

The pH obtained from the rhizosphere and non
rhizosphere soil rangesfrom 6.7 — 7.8 which is an op-
timum pH for bacteriagrowth whilefungi thrivemorein
acidic pH. ThepH of 7.3 obtained for the non rhizo-
sphere soil is the same with that determined by
Oyeyiold*¥ for non rhizosphere soil intheresearch on
Rhizosphere Bacterial Floraof Amaranthus hybridus.
The pH of each rhizosphere soil for week 4and 6 is
higher than that of the non rhizosphere soil but lower at
week 8; thismay bedueto themicrobial activitiesas
the plant ages. The pH of soil affectsspecificaly plant
nutrient availability by controlling the chemical forms,

Natural Products

for instancein dightly to moderately alkaline soil, ma-
cronutrient avail ability isincreased except phosphorus
whichisreduced and may adversdly affect the growth
of plant whilein acidic soil most micronutrientisin-
creased. Theconcentration of Nitrogenislesssengitive
to pH than concentration of available Phosphoruswhich
requires6.0—7.5 to be available!??.

TheElectricd Conductivity of soilsvariesdepend-
ing on the amount of moisture held by soil particles.
Consequently, EC correlates strongly to soil particle
sizeand texturé?®, Thereissignificant difference (P<
0.05) inthe conductivity of rhizoshere of spinach asthe
plant ages, the decreasein conductivity wasexplained
by Kg afu and Parsazadeh, (2011) that it may be due
toincreasein the nitrogen content of the soil asthe plant
ageswhich agreeswith thisresearch; in hisresearch
therewasa so significant increase (P< 0.05) in pH due
to theeffect of thenitrogen but therewas no significant
difference (P>0.05) inpH inthisresearch and thismay
be so because nutrient solution (nitrate - ammonium)
was added to soil beforethe cultivation of the spinach
by Kg afu and Parsazadeh, (2011).

Nitrogen, Phosphorus, Potass umand Sul phur that
was determined, constitute part of the macronutrient
required by plant fromthesoil tosurvive, whilesodium
isoneof themicronutrient needed by plantsfor growth;
thesenutrientsavailability affectssoil pH makingita-
kalineor acidici?”. Thesodium level obtainedinthe
research for rhizosphere and non rhizosphere soil rang-
ing from 6— 12 ppm is optimum due to the optimum
pH obtainedintheresults, for pH level over 8.4isusu-
dlyindicativeof high sodium leve inthesoil withhigh
leve of clay and organic matter which canlead to poor
drainage and al so impedetheroot fromtaking inim-
portant minera such ascacium, potassum and magne-
sumfromthesoil®®".

Nitrogen, phosphorus and potassium are primary
macronutrientswhich are consumed by plantinlarge
quantity. Potassiumisvery essential in soil for plant
growth, itisknown to activate sixteen enzyme needed
for plant growth. Thereissignificantincrease (P< 0.05)
inphosphorusintherhizosphereof al theplantsasthe
plant agesand thismay be duetheminerdization activi-
tiesof theincreasing microbiad community. Organic and
atmospheric Nitrogen can only beavailablefor use by
plant when they are converted to nitrate and this pro-
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cessof minerdizationiscarried out by microorganisms.
Thenitrogen content of rhizosphere soil of groundnut
increased significantly (P< 0.05) asthe plant agesthis
may beduetheactivity of the nitrogen fixing bacteria
(Rnizobium) found inthenoodlesandinthesoil (Srep-
tococcus) of leguminous plant.
Phosphorusisanimmobilized nutrient and requires
6.0 — 7.5 to be available. Actinomycetes, Bacillus,
Aspergillus and Penicllium present in all the tested
rhizogphere hastheability to solubilize Phosphorus.
Thereissignificant difference (P< 0.05) between
themoisture (%) of the non rhizosphereand each of the
rhizosphere; the moisture of content of the non-rhizo-
sphereissignificantly higher dueto loss of water by
transpiration through theleavesand drainage of water
by roots penetrating and loosening the soil thereby cre-
ating poresinthe soil which encouragedrainageinthe
rhizosphere soil asexplained by Kelechi et al., (2012).
Themoisture (%) a so increased asthe plant agesand
this may be dueto transition from dry to wet season
withtheevidenceof steady rainfall.

CONCLUSION

Thereisasggnificant difference (P<0.05) between
themicrobiological propertiesof rhizosphere of Ara-
chis hypogeae (groundnut) and Spinacia oleracea
(spinach) when compared with non-rhizosphere soil.
Therewasdso asgnificant difference(P<0.05) inthelr
physicochemica properties. Thedifferencemay bedue
totheinfluence of exudatesfromtherootsof thediffer-
ent plant and absence of these exudates in the non-
rhizospheresoil.
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