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ine the effect of soil de )thwas designed to
. properties and source of I:i’rri‘ ast'Oll e ito:
12 .population under peri-urg st
» Minna, Niger State. The ean _agnculmre
T 4 by 3 factorial combinatio b
l.zed design (CRD) i.e So-;‘s macompl_ete
different land uses (Ketérenl S frqm 4 sites
. Chanchaga Bridge. Chanchagwan' i
Fertilizer) sampledA at 3 soil cgia T}:lbutary e
10-15 cm. Regression anal seipt g e
late the physico-chemical y rZ ot st
B aion and. the epx ge.mes with
ed to two-way analysis porfl_ment i i
OVA). The microbi i s e
: robial population was estimated
18 numel_’lt agar for bacteria. potato dextrose
: "i:)rce?:nglpland caseine-asparagin agar for
gle S,
ateythe colona;efocr?rl:irrlxtg r::]tth (()d e il
C cfu) in g-1 soil.
. z.nean of microbial population across the four
s indicated t}wat bacteria have the highest count
| ..ed by a«::tmomycetes and fungi in that order.
:hlghest_ microbial counts for the three groups of
organisms were recorded at 0 to 5 cm depth
‘the lowest at 10 to 15 cm depth. The highest
ial count (cfu. 4.4 x 108g-1 soil) was obtained
rris Fertilizer while the highest fungi (cfu. 2.2 X
5-1 soil) and actinomycetes (cfu 3.0 x 108g-1
counts were recorded at Keteren-gwari. This
indicated that Keteren-gwari and Morris
ilizer recorded the highest microbial count, the
: 1 soil) and fungi

nt (cfu. 2.2 X 104g-1 soil) were statistically
iificant (pe0.05) at 0-5 cm soil depth while the
vest microbial count was obtained at Chanchaga
ge and Chanchaga Tributary in which fungi
22 x 104g-1 soil) was significant

Soil microbes. Fungi. Sewage. Guinea
NTRODUCTION

ol is a living system that contains 2 rich and
e array of microbial species- Olson et al.
00) described soil as a complex ecosystem:
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2:‘(;::}:1(:;1% by phystcochcm?ca\ parameters that holds
e :n amount of : d\_vcrsc living organisms.
microgk):: y.d normal fertile soils teem with soil
Sk O?n Athcrc may bc. hundreds of millions to
ey m\crobcs: in a single gram (Ranjard and
ichaume, 2001). Thus. each soil has an indigenous
m\cropra\ popu\ation that is selected by thé
t)]r\leevli;::\r?g‘g:;]t)\.c and abiotic factor unique to that soil

Quantitatively. the most numerous microbes in soil
are the bacteria followed in decreasing numerical
order by actinomycetes. the fungi. soil algae.
cyan.obacteria and soil protozoa (Sylvia et al., 1997).
Ac.id\liona\ly. hundreds of thousands and millions of
mlicrob'\al cells were initially counted in one gram of
§Oll. at present, with improved methods of
investigation. hundreds of millions and billions were
determined (Baath et al., 1993). Along with bacterial,
a large number of actinomycetes. fungi. algae.
protozoa. ultra-microbes. phages, insects. worms and
other living creatures, inhabit the soil (Schimel ef al.,
2004).

Functionally, these organisms are essential for
globally important ecosystem Pprocesses such as
decomposition and nutrient recycling and usually
they make up 2% of the soil organic matter. Hence.
the principal property of soil fertility 1s determined
by biological factors. mainly by microorganisms
(Sparks. 2003). \

According to Nelson (1997). an understanding of
what it takes to support growth and activity of soil
microbes enables one to, make logical decision about
soil ~management. The health of microbial
communities is very important for proper growth and
propagation. Soil microbes. like every other living
organism, have their basic needs for their survival.
The use of wastewater for irrigation over a long

period may cause imbalance in soil microbial
population and thereby affect the Dbiological
properties of soil leading 10 soil degradation

(Manickam and Ventataraman, 1992).

In most peri-urban areas of Nigeria, municipal
wastewater is widely used as a low- cost alternative
to conventional irrigation. Specifically. in Minna.
Niger State of Nigeria. the demand for all season
production of vegetables and other arable Crops in
peri-urban areas makes irrigation  necessary.
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consequently, farmers in search of irrigation v\\'m:‘r)
often rely on municipal wastewater. The ul‘tlm:; e
recipient of waste and effluents prmiuccq in "1418
residences, industries, commercial and farm

establishments is the "soil" (Agboola. 1978).

es in controlling most

Given the role of soil microb
ecosystem

biogeochemical processes and
productivity, it is important to know how long term

application of municipal wastewater affects t.he
microbes in such soil. The objective of this study is.
therefore, to examine population dynamics of three
microbial groups (bacteria, fungi and actinom_yce[es)
in soils under irrigation with municipal wastewater
relative to soils irrigated with water from natural
water bodies and to determine the relationship
between the physico-chemical properties of soil and
microbial population size and relative dominance of

various microbijal groups.
2. MATERIALS AND METHODS

2.1 Site Description

The study was conducted in Minna. the capital city
of Niger State. Nigeria with an estimated population
of 2million (NPC. 2000). The areas under study
include Chanchaga Tributary, Chanchaga Bridge,
Morris Fertilizer, and Keteren-gwari Mechanic
Village. Minna lies on latitude 9°41° North and
longitude 6°371- East of the €quator while the
elevation of the location is about 400m above the sea
level (FDALR. 1990). It has a total land area of
about 6764 sq. km (NMLH, 2002).

2.2 Study sites

Chanchaga Tributary

generally under
irrigated

The area Ccovered by thijs soil
cultivation with Sugar-cane/maize was

h Cassava (Manihoy
esculentus, jute malo (Corchorys olitorus). Sweet
pepper (Capsicum SPP). banana (AMysq Spp), orange
(Citrus spp) and mango (Mangiferq spp). oil palm
(Elaesis SpPp). while the dominant weeds on the
fallow field Were spear grass (Impererq cvlindrical
Cyperus rotundys interspersed with pioneered Mmaize
plant (Zeg mays).

Chanchaga Bridge
The deep, well-drained ang steep soj] Covering this

SAAT FUTO

the cropping pattern was mixed  eropog
dominant crops were maize (Zeag Z
vegetables such as amaranthus (Amarantpy,
egg plant (Solarnum melongena)
( Lyc'().s'/)m Sicum esculentum), sweet ;
(Capsicum annum). okra (.-lbelmgschus
and bitter leaf (Vernonia amygdalina). The dg T
species of trees and shrubs include Mang
Mangifera indica).cashew (Anacarg
occidentale)and shea butter ( Butyrospermum py
while the common weeds include Sida
interspersed with spear grass (/mpereta cylindy;

Morris Fertilizer 3
This site was located at the south-eastern part

Minna metropolis. The soils are deep well draine
and steep and easily prone to runoff. There are
Sugar-cane plantations and they were demarcatedrv
a stream characterized with greenish colour wt c
runs across the farm. The farming system g
cropping pattern under this land use was sh'i
cultivation and mono-cropping system respective
The dominant Crop was sugar-cane (Saccha /7
officinarum) while the tree plants include cashew
(Anacardium occidentale), mango (Mangifera Spp).
banana (Musa Spp). pawpaw (Carica pPapaya). neem
(Azadirachia indica). and guava (Psidium Suajava).
The common weeds on the fallow field include

Tridax procumbens. elephant grass (Pennisetum

purpureum) and spear grass (Impereta cylindrica).

Keteren-Gwari Mechanic Village
This is the central area of Minna

market). The soils in this site are black, very _deep_
well drained with gentle slope. The source
irrigation water is a canal

from the central market dumping ground. Mech
workshop. General hospital and the residen
located within the area. The Cropping pattern undg
this land-use was the monocropping system. Tk
only cultivated Crop on the field was maize (2

2.3 Experimental
Analysis

from foyur

area was galso Irrigated mainly from a4 perennia]
Stream whijch derived ijts source from Chanchagga
River. The field was already under cultivation ar?d

Mechanijc village.
Trxbutarx and Morris Fertilizer) sampled at lsw-.:
depths °10-55-10and 10_ 15 cm in the me
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June 2009. In each location. so .5 T
Collected with the aid of sterilized :llll]gt‘\l‘:nl::::;:n \L\:Llr\ (')l phuc' Vv ,nc'thOd bt e o g e
plot. soil samples were collected from 15 P()i;ns colony forming units (CFUs) g ' soil (Pandey. 2004),
CE‘I.:uIIL; JmlI n;mpo\'utc I\\.l\ thoroughly mixed anJ 2.4 Statistical Analysis

€d Into four equal parts ¢ a fracti S ¥ . '
prepared soil \.nﬂhl(]‘ r‘uxIl:'lilcl‘nll'\]i((i)lzl\ ,t‘l‘l,]ﬁ“»un . th“ ki (‘iam (f("“CCl.Cd eyl gl —
Stored in well labeled bolvthe s;:.d ﬂslud-_\ g e My B o AL s
refrigeration. The rcmninir‘m -9()i;llim[;}§: \Ser;graitr() ll’Trfﬁt?;Tm elfTeCl o 5 ek
R Seratior '™ remmetiing o) le: ! f : e est was used to se arate
g d;\:‘rt”}:ri:]::;gngll(l)mru ;).3 mm sieves for OC (orrglation-regression analysis was uzed to COT;EI!;\;
determination of other phviihcofrc]}r1n ?‘e\’e e t'hc phySlCO'-Chemical 1 ' i v
P f e ]99_33 emical properties population. The statistical analysis package used was

g A \ SAS 2002 (window version 8.1 copy right).

Wastewater samples were also collected from the
streams used for irrigating the earlier-mentioned crop
fields and they were stored in plastic bottles. well
labeled and kept in refrigerator for the determination
of heavy metals. All the analyses were carried out in
replicates.

e 3.1 | Physico-chemical and Microbiological
Properties Determination

Standard laboratory procedures described by 11T A
(1979) were used to determine the physico-chemical
properties of soil samples as highlighted below. Soil
m01§ture _ content  was determined by using
gravimetric method. Soil pH was determined in both
soil : distilled water (1:1) and soil : 0.01 M CaCl,
(i1:2) suspensions.-using a glass electrode pH meter.
Particle size was determined by applying Bouyocous
hydrometer method and the textural class was
determined with the aid of the USDA textural
triangle. Organic carbon was determined using
Walkley-Black method (Nelson and Sommer 1996).
The organic carbon data were converted to organic
matter by multiplying organic carbon by a factor of
1.729. Determination of exchangeable bases was
done by wusing ammonium acetate (NH40ACc)
displacement method. Na® and K~ by a flame
photometric method while Ca®>” and Mg>" by EDTA
Titrimetric method. The soil samples were treated :
with IN KCI to extract the exchangeable H and Al.
The KCI extract was subsequently titrated with
0.05N NaOH. cation exchange capacity (CEC) was
measured by neutral IN potassium acetate (KOAc)
saturation and neutral IN ammonium acetate
(NHs0OAc) displacement and the displaced potassium
was determined by flame photometer method.
Available phosphorus was extracted with the Bray P
1 method and measured calorimetrically. Total
nitrogen was measured by using the modified Micrq-
Kjeldhal method. Heavy metal fractions in the soil
and wastewater samples were sequentially extracted
and analyzed by using the Atomic Absorption
Spectrophotometer (AAS) according to the method
of Emmerich er al. (1982) and Chang et al. (1984).

Microbial counts were carried out using the
procedure described by (Curl and Truelove. 1986.as
follows: Bacteria. fungi and actinom_vce{es colonies
developed on petridishes were counted with the help
1596
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Table 2 Chemical properties of soil under different landuse systems

nd use/depth pH EX.AC oC N Na K Mg Ca CEC
(cm) (H;0)  Cmo kg ‘gkg' gk’ Mg kg’ Cmol kg’

0-5 5.00' 0.55% Y370 21307 0.53% 015 - bas 2.62° 3.66°
5-10 5021 ; 039 1.45°  0.68' 22.07¢ 0.39° [ b RO R 2 DB 3
10-15 5.03' 0.45°% 1.45° . (0,66 21.43% 0.4S" 545 0.30% o Ul K. |
0-5 5.47" D555 )68 098" 1997 0.55° o AR g 265" . < %5906
§16 550 - 04TT 1.64°  0.95% 20.20% VAT 1.54¢ -~ p2s’ 2.64" - A97"
10-15 5328 U0 66" 188" 093, L3 0,66° 1554 028> 2.64% T8N0
0-5 552, 00T §.26%°1.24° 18.00" 0.55¢ 021 . 025" 1308 L A80
5-10 5.64° 1.04° 122t 1 12.10" 0.47°% 0.21% 5250 38" 8. 23"
10-15 S0 0.97° 117" 0.958 16.87" 0.66° 021% . 020 1385 Ay
0-5 6.57° 2.00° T RsRY L 26.50" 2.00° 0307 T 021 ISE O 408"
5-10 G668’ 201 R e b 25.77° bl 036°  0.20° 3y o
10-15 7.00° 2.18° 218 S 130" 25.00° 2.19° 0.36° 0.21° 1.81% - 4.56"

Means followed by the same letter within the same column are statistically the same at P < 0.05

CT chanchaga tributary.CB chanchaga bridge, MF morris fertilizer.KG keteren gwari

Table 3. Heavy metals in soil under different landuse systems.

Land Fe Zn Cu Pb Mn
use/depth(cm)

Mg kg’ .
CT 0-5 1.60g 2.20e 0.27g 2.23f 0.19f
5-10 2.00ef 2.40de 0.28f 2.57ef 0.84a
10-15 2.33cd 2:33¢ 0.26g 227F i 0.16d
CB 0-5 1.77fg 2:20e 0.31ef 2.67e 0.23ed
5-10 177 2.20e 0.35d 2.87e 0.19d
10-15 1.73fg 2.50d 0.32e 3.30d 0.19d
MF 0-5 2.27ede 5.63a 0i32e 3.30d 0.19d
5-10 2.47cde 5.63a 0.43¢ 3.87¢ 0.52b
10-15 2:.31e 5.57a 0.45¢ 3.43d 0.48bc
KG 0-5 3.80a 3.67b 0.68b 4.63b 0.92a
5-10 3.70ab 3:37e 0.71a 4.63a 0.90a
10-15 3.47b 3.20c 0.74a 4.33ab 0.85a

Means having the same letter within the same column are significantly the same at P<0.05

CT chanchaga tributary.CB chanchaga bridge.MF morris fertilizer. KG keteren gwari
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Table 4 Correlations of 5o parameters and microbial populations insoi under different land yse systems (n=

Bact  Fungi  Actiy P Mot oc N v

IWWMMMWMWM

) R MO B Clay
W T e ;
fungi 0746+
At 0677 (797
1]
PH 0389 0364 0049
%
Moist
0C 006 000 0165 03 g
NI 08 0269 os o
£ ¥ TN () fd5Hs
P 00040175 0118 056 011 0gme 036
N 0293 0304 0006, 0- 029 088 079 (7650
Q}Qﬂ ¥
Koo 00 009 030 0139 000 0005 9109
0469 0,093 :
Mg QARG DRI 3 L
0203 0095 0.79¢ * 0.758* 0,679+
ST ; 0352 0645 0006 - 0B 03T 0S15¢ 76
2 ¥ () h74* ¥
CEC ONM*P@?PM7oﬂ2 0322 0664 008 0606* 0321 074 0189 0G0
0546% 0026 0.8 THTPRIRCRS kb o
- HOOITE 0135 0963 06t 07" 082* 03B 095 30 - Qe o
Fxac 0489 ?n ! e, o
Snd 0196 - 060 069 M8 089 040 - 0w 0de 0Mr 08 om0 g5y
sana -, Wi ' ‘ . " 0818 AL " i
hE ' 0480 - S0 R 048 0368 0250 - 048 :
St 0325 0046 019 0525 e i e it
ey i gl 7L R O 1 N TR 1 W
iy S

P>-0.05 Not significant; * P < 0,05 Significant; **P<0.001 Highly Significant
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1able S R(‘lu(l(\nﬁhl‘ ctween heavy metals 1 microb 3l S r r 3 use
: : » b S anc j

1 A ems ‘A" 10" in bact, I“"gl and Act = loﬂ ‘[,, 8 ial PC pu‘ﬂ‘\()n in soil under different land
syst AL Mo b A ..‘._‘,[,) -

%
i
%.
o (cfu. X10" g~ soil)
Mgkg ' i

L et Fungi Act Fe SPRESLE u
N Cu Pb Mn

Bact

Fungi  0.746**
;\ct 8.377" 0.794%*

e 474* i
Zn 0.748** i 0163

0.303 0.163
Cu 0.477* 0.369* 0. T
Pb 0.618** 0.50* 0'11‘194 Sdose. - g
Po os18-" 0350° 0.9 080207, 0.547** 0.887%*
: 0717%* 0277 0.704**  0.645%*

P~ 0.05 not significant; *P< 0.05 si i
3 ! nificant; ** i igni
B e ndact 5 1%" lnosn 3 P<0.01 highly significant.

Table 6 Microbial i i : :
B o ia populatlonB;(:\::::aln soil under different land us.e systems
e Fungi Actinomycetes
(cfu. X 10"g " soil)
e Chanchaga Tributary
. %i.gOfg 10.33d 22.67bc
i . 5 Oh 7.00e 16.00d
.61 3.33% 433g
3 Chanchaga Bridge
- 18.66g. 15.33¢ 17.33cd
s 10.09h1 11.63d : 9.00efg
7.331 11.00d 4.67¢
e Morris Fertilizer
5-10 44.00a 18.33b 28.33ab
= 36.33bc 14.00c 12.67def
10-15 28.00de 7.67¢ 4.00g
Keteren Gwari g
0-5 38.00b . 22.00a 30.00a
5-10 32.00cd 16.33bc 15.00dc
10-15 24.00ef 11.50d 8.50fg
thin the same column are significantly the same at P<0.05. 10" in bact, fungi

Means having the same¢ letter wi

and Act = 10%, 10, 10°

3.0 RESULTS AND DISCUSSION The soil pH result indicated that averagely. soils

3.1 Soil Properties across the land use systems were slightly acidic.

The results of the physical and chemical properties of tending towards neutrality (3.0 0 7.0) (Table 2). This
change may be due to variation in the concentration

the soil at 0-20cm ( Tables 1 to 3) revealed that these
ariation of soil of sodium with location. Lim and Pong. 1983 had
the presence of Na“ in effluent

properties varied with land use, the v
properties of Moris Fertilizer and Keteren gwari were earlier reported that
Landuse systems at the same materials caused slight increase in soil pH. The slight
oil Nitrogen recorded in Keteren-

significant (p=0.05) -

locations had the same texture averagely(Table 1) increase in total s
- That explains why the textural class of soil under gwari soil may ‘be due to contaminations from

- landuse systems in both Chanchaga tributary and effluent materials containing petroleum progucts that
~ Chanchaga bridge were sandy clay loam suggesting are  N-based.The automobile  activities and
that texture is @ fixed property of soil (Lim and Pong. maintenance often carried out in Keteren-gwan was
~ 1983).The decrease in moisture content in soil under most likely the source of such contaminations gnd
 Morris Fertilizer and K eteren-Gwari land use this also suggest that nitrification and mineralization

gystems may however pe attributed 10 lower clay were enhanced at Keteren.gwan(lohn et al..20006).

contents of their soil compared 10 landuse system This partly explams why soil p content was greater acx)
Jocated at Chanchaga (Table 1).This is consistent Ket.eren—gwa'n e:vemh\ough Brady .and Wret-mgh

~ with the report of Olaitan e7 al. 1984 who maintained attributed soil P increment to change "m _pH \\.1\1 in xd e
" that one of the twO principal factors determining the range of 6.0 10 7.0.Exchangeable Na ‘-r'\bsm s unV 1
- amount of water a soil can hold is soil texture. Chanchaga bridge and Chanchaga tributary we

e 17 (1):1594-1602, 2014
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biological preg s T
-esults from their tn\rut‘_\ to ) ' : eie
heir low resuils lized by soil microbes IH(‘Y‘.!')Y‘:-
» el s : se catalize€ 3 -
lowest most likely hLL.u‘; calcareous to an lh();‘“wd that the soil microbial communiy
pH(<5.5).Ironically. they "“'C:Jighll) acidic pH of postu ;,\ O e e R —-. -
extent(John er al..2006). The : f most arable serve Bt oy iy beahh :
reclaima four landuse understudied ig "o

their soil is ideal for the cultnst}roerlo(:y“em o
rops and posses no threat to t e ecosys sl
\L\h:‘r}: microorganisms th.at prohre:z?tc;or oy
condition compete with ‘hl.gh.cr plantz‘ri;1 emartion
nutrients (Kloke.1984).N|lr1fy1r}g bac] i
Ca and may compete with plan

uptake(Kloke.1984).

3.2 Heavy metal concentx:atior_r correlated with
microbial population and .dlversny A
Heavy metal concentration in the form of'Pe, " d
Pb and Mn were positively correlated with bacte:
(Table 5) indicating a high tolerancc, of ttael
predominant bacteria stain to heavy me ]
concentration. Microbial tolerance to heavy meta
contaminations have being reported by. s<_3ver'al
authors (Yamamoto er al.. 1981). Th'|s .lS in
agreement with our report that revealed a significant
pgsiti\'e correlation of fungi with Zn and Mn
concentrations.Our result have clearly demonstrated
that tolerance to heavy metals was in the order:
Bacteria>Fungi>Actinomycetes.

3.3 Microbial Population as affected by Land use
The mean of microbial population across the landuse
indicated that bacteria had the highest count followed
by actinomycetes and fungi in that arrangement. The
highest microbial counts recorded at 0 to Scm depth
and the lowest at 10 to I5cm depth may be a
response to organic carbon variation with depth. This
implied that the micro-organisms were averagely
heterotrophic and obligate aerobes. The highest
bacterial count (cfu 4.4 x 10 8 g" soil) obtained at
Morris Fertilizer and the highest fungi count (cfu 22
;x 10° g"' soil) and actinomycetes count (cfu 3.0 x lOsg'
soil) recorded at Keteren-gwari (Table 6) may also
be a response to higher accumulation of organic
carbon. total nitrogen and moderate moisture content
recorded in soils under these locations( Tiedje er al..
2001). Conversely, a reduction in microbial size in

4. CONCLUS]ONS:

The pr /

mai present slgd) has demonstrated that waste water

Hea\ggemem IS crucial for irrigation agriculture
y Contamination can  impact soil

i ' 5 . gnificant losse
n soil quality. The negative impact of heavy metals

Volume 17 (1):1594-1602, 2014

.0il under the E sk .
t;):iler‘ Keteren gwari, Morris Fertilizer, (han“h&%
( .

ils. Although Keteren gwari soils had the hlgne'.'.
soils. etal contaminations. they probably had More
h?av'\or:ganisms with high tolerance to heavy metg
micro

contaminations.
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ABSTRACT : ;
A study was carried out at the Soil Science

Laboratory of the School of Agriculture a"c:,
Agricultural Technology. Federal ‘UmVCTSll.Vh of
Technology. Minna situated at Bosso in the mont 1 0
June. 2009. The aim was to evaluate the population
of bacteria. fungi and actinomycetes alopg_ &
toposequence under four different land use positions
(Teak. Gmelina, Cashew and Fallow) at three soil
depths (0 - 5 cm. :

5 -10 ecm. 10 - 15 cm) representing a 4 x 3 factorial
experiment in a complete randomized design (CRD).
Soil samples were collected with auger and sterilized
after each collection. Soil samples from the same
position and depth were bulked. mixed and labeled.
One part was air dried for physico-chemical
properties while the other part was refrigerated for
microbial counts using the plate count methods.
Results revealed that the interactive effect of land use
and depth significantly affected microbial counts (cfu
x 10"g soil) at P = 0.05. Bacterial count (cfu x ]Os/g
soil) and fungi count (cfu 104/g soil) decreased with
depth in all the land uses. Fallow soils recorded the
highest bacterial count. followed by Teak. Cashew
and Gmelina in that sequence. Similarly, Fallow soils
recorded the highest fungi count, followed by Teak,
Gmelina and Cashew in that order. The trend
observed for actinomycetes count (cfu x 107 / g soil)
was same as those for bacteria and fungi counts.
except that Gmelina soil was higher in actinomycetes
count than Cashew soil. Present study clearly shows
that land uses have significant effect on microbial
population. Further studies should be carried out to
include other forms of land uses in order to detect
c}etrimental €cosystem changes and possibly prevent
further degradation.

kgywords: Land use systems. Guinea savanna. Soil
microbes.

¢ ncultured
Independent from
and phenotype of
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composition of microbial communities. Neverthelesg
the conventional methods of :

culturing microbial organisms h‘?ve
relevant in elucidating our understanding of changes
in microbial diversity due to variation in land-yge

rémaineq

and management  practices. Some  studies
demonstrated clear effect of changes in famy,
of a site on the total microbia]

management . . i
community structures. They found a higher diversity

in soil which was under organic farming
management.

The number of bacteria in soil is influenced primarily
by the amount and quality of food available. Other
factors affecting their numbers include physical
factors (moisture and temperature). biotic factors
(predation and competition). chemical characteristics
of the soil (acidity. dissolved nutrients and salinity).
A similar range of fixed factors (like climate,
stoniness. mineralogy. texture. cultivation) has been
identified controlling the maximum potential of soil
organic matter content (Siwana and Lucas. 2002).
The number of microbial organisms varies with the
habitat in which they are found. Despite these
variations, there are a few generalization that can be
made. for example, cultivated fields are generally
lower than undisturbed native lands in numbers of
soil organisms (Zelles ez al.. 1996).

The current trend in global agric‘ulture Is to search for
highl) productive. sustainable and environmentally-
friendly Cropping systems (Crew arid Peoples. 2004)
thz_u do not only increase crop yield but also maintain
soil health. For €Xxample, monocultures or even
common crop rotations greatly reduce the number of

i}:leioples.ZO('M). The main tropical cropping system is
€r-cropping, where Inter-specific competition or

facilitation between plants may occur (Vandermer.
1989: Zhang et qf.. 2003). ]

yielc_i increases are noy only
nutrition. but ajsg to other
g(r)é)cle)s.sels\/lag_\’ 9f. unknown. and less
(Zhang ¢/ arCC;(l)owm the rhizosphere of mixtures
has been paig 3)- So far, hf’}\‘e»er. little attention

paid to rhizosphere effect on crops grown i

researched
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mixtures. where interaction between different
organisms is maximal (Connolly er a/., 2001).

The data on soil microorganism in several tropical
soils are very limited and grossly underestimated
(Ayanaba and Sanders, 1981). Most of the available
reports did not consider the effect of some soil
properties, cropping history. cropping system and
waste disposal on microbial population (Isirimah er
al., 2006). In view of this. a study was conducted to
estimate the microbial population in different
cropping systems and to determine which cropping

system has the highest microbial population
distribution.
2.0 Materials and Methods

The research was carried out in the Soil Science
Laboratory of the School of Agriculture and
Agricultural Technology. Federal University of
Technology. Minna in the month of June. 2009. The
experimental area is underlain by undifferentiated
Basement Complex rocks (FDALR. 1990). Physico-
chemical properties of the soils were determined
using the methods of IITA (1989). The exchangeable
Ca®". Mg® and K" were low. The experiment was a 4

Volume 17 (1): 1603-1612, 2014
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X 3 factorial experiment in a complete randomized
block (CRD) with four land use systems of Gmelina.
Teak. Fallow and Cashew and three soil depths of 0-
15, 5-10, 10-15 cm. Microbial populations were
determined by soil dilution plating technique using
agar media. For each of six sub-samples from each
composite soil sample, 10 g of soil was weighed and
added to 90ml sterile deionized water, thoroughly
stirred and serially diluted and plated on 1% nutrient
agar for total bacteria counts and potato dextrose
agar (PDA) with 1mg ml™' of streptomycin for total
fungal counts (Harrigan and Mc Cance, 1990). Serial
dilution was 10- fold up to 10”7 dilution and aliquots
(0.5 ml) of 10°, 10 and 107 dilutions were used for
plating. Inoculated plates were incubated at 28°C for
3 and 10 d prior to the enumeration of viable
colonies of bacteria and fungi. respectively.

Statistical Analysis

Analysis of variance (ANOVA) was used to assess
treatment difference. Least significant difference
(LSD) was used to separate means where significant
differences were observed at p=0.05 probability
level.
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Table 1: Chemical Properties of Soil and their Relationship wit
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h Different Land-Use Systems

HoAdy Clg) Kmlg) N (omolkg) Callg

i) Caloralg)  Nokg)

Deg
@ m GGl (omeikg) (andlg)
Teak
0-5 593 640° 1380% 089 i par WA 14T 320°
510 so3t 5e7 1250 33 03° 8¢ 05° SN 280"
10-15 G10° 4G 1380° 05 Tl AT 6l 3407
Gmelina
0-5 soft 337 15407 046 0P 267 1950 48T 300
5.10 agl GO0 1260 196 od nab ner™ 28 260°
1015 G0 o3P 1uF 08F 0% R LK il I R
Cashew
0-5 474 1000 1360° 048" gP HeP s T4 330°
510 s 45 13607 0% o 16800 283 T80 260"
10-15 spp g0 940 08 g A NKY 68 250"
! Fallow
05 caf o 1 037 04f g pAYe 52 340
510 622 900°  17.00° 046" 03 1458 pee 46T 250
10-15 st o3Pk 16500 03" 084 nyl o 28f 260

Mean with the same letter are not significantly different p

<0.06
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rable 2: Physical Properties of Soil and their Relationship with Different Land-Use Systems

e ———
——————————— ———————— e —
——————————

———— .._—-..._,__.._-—__.—-_.'4..._

Depth Sand1 Silt | Clay  Textural Class Moisture
om) oke) alg) (k]  ContentC
U e il

Teak
0-5 o 00* 100 Sandyloam 40
510 o g% 0¥ Sandyloanm 3,09
10-15 o e® et Sandy loam 449

Gmelina
0-5 T G Sandy loam 297"
540 g agh 1™ Sendyloan 288"
105 0 mr uE Say Joam 264"

Cashew
0-5 e 1" Sandy loam 32
540 O L Sandy loam 395
10-15 ) 140’ Sandy loam 446"

Fallow
0-5m 100" 100 Sandyloan 2.06°
sq0em 120 g 10 Sandyloan 1.25°
opm T 0 g Sandyloan 179 |

Wk Vi et R R
Mean with the same letter are not significanty different p <0.00
1606
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Table 3: Relltlonshlp between SO physico-chemlcal properties an
et = 101,101, 10)

—

Ract Fungl Actno

Bact 079" 08" 018 030 0% 025 012 0003 .06

03¢ 029 04 043 029 001 -

~ Ns = Notsignficant, ™ Significant atp<001; * Sign
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Fung! 060"

Al 0 010 021 A2 OB o0 403 0180

PHC 06 016 220 028 018 g A2 A2 007 03 028 0097

Acid o5 03 010 05104 035 016 032 017 0 01

0C o1 024 021 042 040 020 004 029 03 010
NO a0t 439 oor 043061 0B 045 037 018
X py 0 dn-at 00 08 027 005
T*;"N‘ oy w00 008 018 0 015
ool 073 05t 027 047 40t 031
§ o3 009 016 032 004
s 00005 010 047 082"

L 06ie 018 071
i 058" 029

i 01
N

ignificant at p < 0.05



\ QURI ©
4 RNAL OF AGRIC. AND RURAL DEV. SAAT FUTO 2014

|
:

15 1

10 {

Mean Bacterial count (Cfu x 10° g” of soil)

Gmelina

Land use/Depth

Fig. 1: Bacterial Population Count (Cfu x 10° g" of soil) as affected by land use systems at different soil

depths.
Bars of the same depths with different letters are significantly different.
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Fig. 2: Fungal Population Count (Cfu x 10" g of soil) as affected by land use systems at different

depths.

Bars of the same depths with different letters are significantly different.
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0" g" soil)
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—
(5}

Mean Actinomycetes count (Cfu x 1

-
o
L

Fallow

Fig. 3: Actinomycetes Population Count (Cfu x
107 g" of soil) as affected by land use systems at

different soil depths.

Bars of the same€ depths with different letters are
significantly different.

3.0 Result and Discussion
3.1 Soil Texture, Reaction and Exchangeable

Bases.

Differences in physical and chemical properties of
the soils of the land use systems were observed
across depths (Tables 1 and 2). The textural class of
soil did not however change because texture is a
fixed properly of soil (Lim and Pong.1983). Soil
physicochemical properties under the cropping
systems shows that the soil was sandy loam, with the
exception of rice field that was sandy clay loam. Soil
reaction was slightly acidic, the organic matter was
generally low and the available P was Very low. The
pH in Cacl, across vegetation type was in the range
of 4.73 0 6.85 suggesting that vegetation increased
the pH of soil probably as 2 result of the release of
root exudates. At the top soil. fallow (reatment had
the highest organic carbon followed DY Teak.

Volume 17 (1) 1603-1612, 2014
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ab

Teak Gmelina

Land use/Depth

Gmelina and cashew in that sequence"mdicat‘mg that

a period of fallow allows for carbon accumulation
and that depletion of carbon increases with use of
land. Averagely, the N content (gkg" of soil) was
highest under Teak vegetat'\on\followed by fallow
treatment suggesting that most vegetation types will
reduce soil N composed with that obtained under
fallow unless they have inherent abilities through
associations with root microorganisms 10 improve
the supply of N (N-mineralization). The Ca Mg
content (cmol Kg")of soil under vegetation Was
higher than that under fallow implying that leaf litter
fall supplied their soil with Ca and Mg otherwise the
root exudates must have improved the solubilization
of Ca and Mg that were complexes as CaHPO, or
MgHPO0s. Clay content increased with depth across
land use system resulting 10 sandy loam textural class
of soils which did not translate into higher moisture
content of the soils across various land use: although
soil under cashew vegetation Was an exception
(Table 1)

3.2 Soil physico chemical properties correlated
with microbial population

The significant correlation of clay con
bacteria. actinomycetes and fungal counts (Table 3)

tent with
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implied that clay probably served as a pclitc;)eer;t
medium or moisture absorbent for the. milf_ t],
Similarly organic carbon correlaled. signi ican 2
bacleria-and fungi suggesting that their strains Wer
hetrotrophic therefore the carbon was only an energy
source (Brady and Weil. 2002). In t.hc same manner.
total N correlated significantly with Bacteria and
Actinomycetes content indicating that self:ctlgn and
proliferation was Jargely dependent on soil nitrogen
content (Doran et al.. 1996).

NS Microbial population as affected by land
use

: Fig. 1to 3 shows the effect of land use on
microbial population. Regardless of lar.ld use
systems. at 0 — 5 cm depth, bacteria populatlo_n was
highest probably due to a higher accumulation of
carbon and nitrogen at the soil surface (Table 1).
This is consistent with the reports of Brady and Weil
(2002) and Doran er al: (1996) who maintained at
different times. the importance of carbon as energy
source and nitrogen as a medium for qualitative
selection of whole communities of micro organisms.
Averagely. irrespective of soil depth. fallow
treatment recorded the highest bacterial count
followed by teak. cashew and Gmelina in that order
probably due to higher organic carbon (OC) and total
nitrogen (TN) content of the soil (Table 1). This
probably explains why fallow treatments recorded
the highest fungi and actinomycetes count compared
with the rest treatments. Amongst the three
vegetation treatments, teak soils especially at the top
soil (0 — 5 cm) had always recorded a superior
microbial count most likely because of a higher
quality of its root exudates or a better association
with microbes that mediate C and N transformations.
Conversely, cashew soils, especially at the top soil
recorded lower microbial counts probably due to its
acid pH value of 4.73 (Table 1). Other vegetation
treatments recorded a near neutral soil pH ideal for
maximum microbial activities (Hutchinson and
Collins. 1978; Acosta-Martinez. 2000).

Conclusion

The results have demonstrated that the population of
bacteria was higher than that of actinomycetes and
fungi. Fallow and Teak land use system recorded the
highest soil microbial population, while cashew and
Gmelina gave the lowest. Fallow and Teak land use
systems are hereby considered healthier than cashew
and Gmelina treatment and therefore provide
ess_emial baseline information regarding soil health
maintenance reported previously in the tropics.
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