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ABSTRACT

Management practices and vegetation exert a profound influence on micr:
nitrogen. This study was carried out to estimate microbial biomass carbon

obial biomass carbon and
and nitrogen at three soil

depths (0-5cm. 5-10¢m and 10-15¢cm) and in relation to physico-chemical properties of the soils under
four land uses ( Teak. gmelina , cashew and fallow soil) in Minna, Niger State. The experiment was a 4
% 3 factorial in Randomized Complete Block Design (RCBD). Soils under Teak had thfl: highest
microbial biomass carbon (1347.3 mg kg ) followed by soils under gmelina (1281.1 mg kg, fallgw
(1032 mg kg .) and cashew (678.2 mg kg") in that order. On the other hand, soils under gmelma
(13.569 mg N kg ') and cashew (9.647 mg N kg') had the highest microbial biomass nitrogen,
followed by those of fallow (8.9873 mg N kg') and teak (6.778 mg N kg"). Both microbial biomass C
and N were significantly affected by soil depth with the 0-5cm depth having the largest amount. This
study showed that land-use has a significant effect on microbial biomass C and N in soil by altering

natural soil characteristics.

INTRODUCTION

The soil microbial biomass is fundamental to
maintaining soil function because it represents
the main source of soil enzymes that regulate
transformation processes in soils (Bohme, 2006).
Soil microbial biomass has been suggested as
possible indicator of soil environmental quality
and is employed in national and international
MONILOring programmes/space (Spedding et al.,
2004). Microbial biomass is an active component
of soil ecosystem and is primarily composed of
bacterial and fungal mycelia and spores. This
component is usually influenced by seasonal
moisture and temperature fluctuations in
addition te organic matter and tillage
management.Soil microbial biomass helps in
transformation of all organic materials that enter
the soil and act as a dynamic pool containing
appreciable reserves of carbon, nitrogen,
phosphorus, and sulphur (Jenkinson and Ladd,
1981). It is also frequently used as an carly
indicator of changes in soil chemical and
physical properties resulting from soil
management and environmental stresses in
agricultural ecosystems (Brookes, 1995; Jordan
etal., 1995; Trasa-cepeda et al., 1998). Although

the soil microbial biomass constitutes only 1-3%
of total soil carbon and the microbial biomass N
up to 5% of the total soil N, they are the most
labile C and N pools in the soil. Therefore,
nutrient availability and productivity of agro-
ccosystems mainly depends on the size and the
activities of microbial biomass.

Increasing concern for enhancing long term
sustainable productivity for crops and cropping
system has emphasized the need to develop
suitable management strategies which are able to
improve the quality and health of the soil (Liu et
al., 2001). Long-term influences of cropping
practices affect the turn-over and quality of
organic matter availability to microbial organism
in soil, thus significantly influencing the amount
and quality of microbial biomass (Bauhus et al.,
1989; Liu et al., 2001). Agroforestry, which is the
cultivation of food and tree crops on the piece of
land, is gaining increasing popularity in the
Guinea Savanna of Nigeria. The nature ot the tree
crop growing in an area will largely affect the type
and amount of carbon input in the soil as well as
the extent to which the micro environment is

" modified. This will in turn affect the productivity

of the soil land performance of the component
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MATERIALSAND METHODS
Studyareaand locatt o July 2009 from
Soil samples were collutcg n | tl - and
the farm of School of AgllLll].llllL' ) ¢
Agricultural Technology FederallUnlycmty 0
'Tclhno]oﬂ\' Minna permanent site s'ltua.tcdl at
kilometer sixteen (16 km) along ana-Blda
road. Minna lies within the Southern Guinea
Savanna zone of Nigeria, (9° 41 N and
Longitude 6° 30 E) and has sub-humid tropical
climate with a mean annual rainfall of 1200 mm
of which 90% of falls in June to August. The
temperature rarely falls below 22°C with a peak
at 40°C in February to March and 36'C in
Novemberto December. (Tuo, 1998).

Soil description and vegetation
Soils of Minna are derived from Basement
Complex material. They range from shallow to
very deep soils over-lying deeply weathered
gneisses and magmatites. Some are underlain
by iron pan to varying depth. They are strong
brown to red sandy clay or clay with often
gravely loamy sand or sandy surface layer
(FDALRI. 1990),

The cropping pattern of the area is that of
Agroforestry consisting of crops cultivated
hereen ves o) el Gl
occidentalis). In between the fi '” " {{ .
grasses, shrubs, grasg clippin rsoi:if)t “'e‘e' -
and organic wastes. The fallo“%l d lp ILS}dUQ
yam heaps. and had some

Soil sampling and experimenta] design

The experiment was a 4 x 3 factoria] |
Randomised Complete Block Design (RCBDIH
with four land uses (Teak, gmelina, Cashew an)ci
fallow land) at three soil depths (0-5 em, 5.10
cm,10-15 cm). Soil samples were collecieq on
16" June, 2009 to, from 20 different points each
using a sterilized Auger. The soil samples were
bulked into composites for laboratory analysjs
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The soil samples were taken .into the lab oratq
and sieved through (2 mm sieve) for micrﬂbial
studies and (.2 mm zmd Q.S mm) sieve o
physict"chcm'C“I sludt{:s.l rfzach soil sampleg g
different depth were d.IVIdCd o four one op
which was each Htm-'cd in the refrigerator at 4 c
for microbial anal_yb‘ls and thg rest of the air dried
physico-chemlcal analysis.

r

Determination of Physico—chemical

Properties of soil ' _

Physical and chemical propert@s WEIC carrigg

out by standard mcth(_)ds. Soil particle siz0

distribution was determined by the hydromete,

method (Bouyoucos. 1962). pH was measureq

using pH-meter in both water and 0.01M CaCl,

solution (soil solution ratio 1:2:5) (Rowell.
1994) and total nitrogen by the Kjeldahl methog
(Bremner and Mulvaney, 1982). Organic carbon
in the soil was analyzed by dichromate oxidation
and titration with ferrous ammonium sulphate
(Walkley, 1947) while phosphorus was
determined using Bray-1 method. Exchangeable
bases were extracted using 1IN Ammonium
acetate (pH=7.0). Sodium and potassium in the
extract were measured using flame photometer
(Systronic-moditlame 127), while calcium and
magnesium were determined using atomic
absorption spectrophotometer (Perkin Elmer
373 AAS).

Extraction of microbial biomass
Soil microbial biomass was estimated by
¢xtracting 10g of moist soil sample in 2 M KCl
process known as chloroform fumigation
extraction method described by Brookes ef ¢,
(1982) and Vance er al., (1987a). Triplicate sub-
samples from each soil type at different depth
were placed in 50 ml glass beakers. Samples
designated for fumigation were placed I
incubator. Ethanol free CHCI, was placed in @
S0ml beaker in the centre of the incubator
Beakers containing distilled water were also
placed in the incubator to help maintain the watef
content of the sopil during fumigation. Samples
were fumigated for days at 25 °C after which
the soil samples were removed and transferre
::;Q 250 mls bottle to which 50 mls of 2 M KC
Sanslg?e? added. At the same time un—ﬁlmig"ftff
tre _Were placed in the bottles and W€
ated in the same w here they serve
controls. g ay \Vll?rc they :
Ottles were shaken for 30 minutes O"

‘___”,/




Pi-oc(‘edings of the

mechanical shaker and wepe tiltered (1
whatsman number 42 fjjiq, l"'ilpc'r l]f}nugh a
werekeptin therefrigerator ag goc+ orates

Determination of micr
(Cmic)

Microbial biomass carbon wys Measured
mls aliquots of 2 M KC1I extract after (;I\(L_d 1_1‘1 4
with Iml K,Cr,0,, Smls of cone, H~S()t41 '311101;
and 3 drops of indicator _‘(Bq;.u-]( -
diphenylamine) and back titration with }‘e[“ u m
sulphate to get a green colour  end - g(.)uls
Microbial biomass carbon was Calculatgd 1{;
measuring the difference in CXtractable org%ni}j
Ca.r]b onbetween the fumigated and un-fumig;te;
soils.

obial biomass carbon

Dete_rmination of microbial biomass nitrogen
(Nmic)

Microbial biomass N was determined by
distillating 10 mls of the 2 M KCL extract to
which 0.2 g MgO was added .The distillate was
collected in a boric acid mixed indicator solution
and titrated with 0.005M H,SO, to a pink end
point Ammonium- nitrate was then calculated
(Anderson and Ingram, 1993). To determine
NO, Nitrogen, 0.2g of devarda alloy was placed

inthe distillation inlet in place of MgO.

Analysis of microbial biomass
Microbial biomass carbon was calculated

Microbial biomass carbon = 2.64 x Ec

etal.,1987a). . )
Where Ec refers to the difference in extractable

organic carbon between the fumigat;:fi akrlld
unfumigated treatment, '2.64 1%, lt) z
proportionality factor for biomass cal 0]

released by fumigation extraction. e
Microbial biomass N = (Extracted N, - Extrac

N, X 146) (Brooks et al., 1985) Where
extracted N, is the fumigated value, extrac?ed 1}\11,0
is the unfumigated value, and 146 is the
proportionality factor for biomass ™ itrogen.

(Vance
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Stat istical o

Statistical Analysis wac i

i TS Was carried out usin
An:l(ll;):\i/S u;‘mun. 8.1 (SAS Institute, %OSO%)S
dcwm\]il\i]() .vurluncc (ANOVA) was used t(;
Si(r]]iﬁcaL ‘tmulmcnt cffect at 5% Jevel of
q; 1n_cc.,_[Juncan multiple test was used to
Separate significantly different (P<0.05) means

nalysig

RESULTS

PthS'CO-Chcmical properties of the soil and
their relationship with different land use
system

The_ result of the physical properties of the soil at
VaI'IOLlS. depths and under different land uses are
shown in Table 1, Soil texture did not differ with
depth in any of the land uses. They all had soils
that were classified as sandy loam. Soil moisture
appears to increase with depth in Teak and
Cashew soils while decreasing with depth in
fallow and remaining unchanged in gmelina. The
result in Table 2 indicates that pH for all the land
usc type were slightly acidic, with increase in
depth, organic carbon content remain unchanged
under teak, declined under gmelina and cashew
and increased in fallow soil. Nitrogen content did
not change with depth under teak and cashew but
declined in gmelina and fallow soil. Phosphorus
content did not change with depth in cashew and
fallow soils but increase in gmelina and declined
in teak. With increase in depth the value of
potassium increase in teak and gmelina but
decreases in cashew and remain unchanged in
fallow. Calcium decreases with depth in teak,
gmelina, and fallow but remain unchanged 'in
cashew. The value of sodium decreases with
depth in the three land uses except in cashew
which increase with depth. Magnesium content
declined with depth in teak, gmelina, c::.Lshew? apd
remain unchanged in fallow. Soil ac1d1‘Fy
increases with depth for the tbree land uses but in
teak the value ofacidity remain unchanged.
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Table 1: Soil physical propertics of d

Silt

Variables’ Depth Sand

(cm)

N-5¢

Teak 700" 200"
emelina 700™ 2 l{)“hC
Cashew 710™ 170 .
Fallow 700" 200"
5-10cm N
Teak 720° 170°
gmelina 680" 200“‘bc
Cashew 700" 170"
Fallow 720° 170"
10-15¢cm
Teak 680" 180"
gmelina 710° 170%°
Cashew 720" 140°
Fallow 700" 170

Annual Conference of

P
es in the study area

ifferent land US

Soil microbial biomass carbon and nitrogen
under different land use system

The interaction between land use and depth was
significantly affected by soil microbial biomass
carbon (Fig. 1). Soils under gmelina at 0-5cm
and under teak at 5-10 cm had the highest
amount of microbial biomass carbon (Cmic).
The Cmic content at 10-15 cm under teak was
similar as that at 5-10 cm under gmelina. The
smallest amount of Cmic was observed under
cashew especially at 10-15 em depth. The
interaction of land use and depth also
significantly affected microbial biomass N
(Nmic)  (Fig. 2).The Nmic content under
gmelina at 0-5 cm was not different from that at
5.10 cm.These were also similar to the Nmic
under cashew at 0-5 c¢m.The Nmic at 0-5 cm
under fallow and Teak were similar but
significantly lower than those of gmelina and
cashew with the same depth. The smallest
amount of Nmic was observed under teak at 10-

15 cm depth.

ociety O SNBEE T A= 00

;1 Science S !
the Soil University of Uye, Uyo

Moisture content

clay
(%)
T —
100 4.02°
90" 2.92
120" 3.20°
100" 3.20°
110° 3.09°
120 2.88¢
130%™ 3.95°
o™ 1.25¢
140° 4.49°
120 2.64%
140° 4.46°
130" 1.79f

e —

DISCUSSIONAND CONCLUSION

Ttis generally accepted that organic carbon readily
increase with greater fallow time (Landgraf e al.,
2002) but there can be different result for total
nitrogen during succession of fallow. In this study,
it was found that there was an increase in total
Nitrogen as a result of fallow, these was in
agreement with the observation by Havinet et al.,
(1990) that organic carbon and total nitrogen
content increased after agricultural land had been
set aside especially under semi-natural condition.
The pH of the soil under Teak. gmelina, Cashew,
and Fallow land ranged between slightly acidic to

near neutral (pH 4.73 - 6.83) respectively. Soil pH

is one of the mitigating factors that can suppress
the growth and activitics of native micro flora
especially those with low pH catio smith and Paul,
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Table 2: gq:
2: S0il chemical pramem: o -« 1o
emical propertics of different land uses in the study area

Variables | pH pH

Depth (¢m) H.O OC (ekeg-)  Nigkg' T
. e )or ; i - -
0-5cm : ekl ik(‘mul Ii;:'? SE e 4 Ms 5 oty
Teak 6500 < ’
. . S59% he
£m ol ; s S |1R() 3.2(]J|\ 0 . ‘
("'»‘:h:: :\;;h 5.94 15,40 3.00% :;g& 0.51° 7,47'“ 16.0F 0.89° 6.40°
Fallow (‘.4 a L 13.60" 3.30% ”'Soubc ?'RTH 4‘873,, ”-“dhh 0.48% 3.337
S-10em Eaa 6.44" 1440 3.50° 26 300k et 7'40( 14477 0.48% 10.00*
Teak 6.43 — <0. 0.41 527 B.81° 0.38¢" 8.00°
smeling o 03 12.50¢ 5 goab
& I it a - 2.80 2 de [ .
Cashew 08 I e 260 e 35200 3sr 33 s
F. “ ) <. 9A 544{! 1360hc ".60% ’_"" cde 0. 19 2.80 ]96'J Igﬁb 6.00“1
oo 6.23° 622 y70p s BE 030° 760" 9.20% 033" 450¢
jrﬂ-:[qcm " 2.50¢ 32 g7 035%  467% 9ge* 0.48% 9.00%
caxK 6.07‘1 6 IOL X 4 A
1 - - 13.80° a " ,
gmelina 673 gor oY 3.10 36.17 063" 660° 1560 055 4675
Cashew 5611 12.90 1.70°¢ 28 37°bud d B o i .
Fallow ”6]3 sS4 9.40° 2.50% 538 i 0‘39cd ]'27313 12'73h 0.83, 9.33*
0C= C 670" 526 (6500 260 o LdoT 687 1533F 028! 6.00°
C= Organic Carbon, K = potassium, Na= sodium e 054 280 19.55¢ 0.35% 5.33%
- m, Na= sodium, Mg = Magnesium N =Nitrogen
2500 -
2000
=z - a
=2
= b
= 1500 - b
S z
< &
3]
| c
(&) | <
2 d 0-5cm
£ 1000 1
8 , 5-10cm
= £ 10-15¢m
= f _
| i e
'§ 500 | f g
g i &h
g g
.5 ] h
z 0 - ; :
TEAK GMELINA CASHEW FALLOW
landuse
Fig: 1  Microbial Biomass Carbon (MBC) Accumulation (mg kg -!) as affected
by Land use at different depths.
(1990) .fallow had highest organic carbon. Thisis Hernotand Robertsoq, 1994). Geperally, tealti and
‘ gmelina had the highest Cmic, most likely

in consistent with the findings of Landgraf,

(2002) that Fallow can increase organic carbpn
o microbial

and recover soil fertility by increasing
s C values

biomass carbon. Soil microbial biomas :
in this study

of 150-1960 mg kg' obtained y
compares well with a range of 60-2070 r?ggkﬁ) |
reported from other studies (Vance et al., ,

because of better improvement in constraining
factors (Smith and Paul, 1990).Suggesting
nutrient under teak and gmelina may be more
limiting. The soil Nmic of 6-13 mg kg observed
in the present study is consistent with the range of
10-68 mg kg reported previously for tropical
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soils (Smith and Paul, 1992).the relative greater
Nmic in soils under gmelina and cashew than 1n
teak and fallow suggests a tendency towarc.ls
relatively lower C;N ratio in the former than in
the latter. Given that a high Cmic/Nmic ratio
indicates fungal dominance of a microbial
community, while a low ratio suggest the

(mg kg
s B é‘g;

8

bed

mass Niﬂ‘()gen

prevalence of bacteria (Jenkinson, 197
Anderson and Don.qsch,. 1980), it would 1
expected that the microbial community i, tea
and fallow would be dominated by fun(t
suggesting the performance of |gw CIUa]if

organic materials.

0-5cm

o 5-10cm

abc

cd

Soil Microbial Bio

GMELINA

R
esults from pregent Study demonstrate that th
e

certain type
_ : of
a profound Influence on
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