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ABSTRACT

Management practices under various cropping system have a significant influence on the
population size and activity of microbial organisms in the soil. Little is, however, known of the
impact of such effect in soil of the Nigerian savanna. A study was conducted to examine changes
in soil microbial population, microbial biomass and phosphatase activity in four cropping
systems (fallow, cassava, cassava/cowpea and rice) and at three soil depths (0-15cm, 15-30cm
and 30-45cm) at a site in the southern guinea savannah zone of Nigeria. Soil moisture content
and pH. Increased with depth, while soil organic carbon (SOC), total N and exchangeable base
content decreased with depth. There was also a demonstrable effect of cropping system on soil
properties, with fallow showing relatively higher pH and greater soil moisture, organic carbon
and total N contents than the cultivated treatments. Among the cultivated system, rice had the
most favorable effect on soil properties. Soil microbial populations, microbial biomass C
(SMBC) biomass C:N ratio, as well as acid and alkaline phosphatase activities were responsive
to cropping system, and were largely greater in the fallow and rice fields than in the other two
systems. The soil microbial community and microbial biomass were largely dominated by fungal
flora and this was probably as a result of relatively poor quality (high lignin and /or C:N ratio) of
the organic matter input. Changes in microbial biomass N (SMBN) and phosphodiesterase
activity, either due to cropping system or soil depth, were not significant indicating that these
parameters are less useful as indicators of soil quality.

INTRODUCTION

Contemporary concerns for sustainable agricultural
production underpin the need to develop appropriate
crop management practice that are able to improve
soil quality (Harris and bezdicek, 1994). Change in
soil organic matter stock occur very slowly and it
may take many years before any demonstrable
changes due to disturbance or restoration become
discernable (Garcia and Hernandez, 1996). There is
however growing evidence that soil biological
properties could serve as early and sensitive indicators
of soil ecological stress or restoration (Dick and
Tabatabai, 1993). Indeed, soil microbial population
and biomass have been used
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in conjunction with enzyme activities as indicators of
soil quality under various cropping systems (Ndiaye et
al., 2007; Monkiedje et al., 2006; Franchini et al.,
2007). These microbiological parameter respond to
management practices such as fertilizer application,
crop residue management and crop rotation. Soil
microbial biomass represents the active fraction of the
soil organic matter pool, which is responsible for
organic matter decomposition and, thus, soil nutrient
content (Gregory et al 2000,Haney et al 2001).
Microbial enzymes on the other hand play key
biochemical functions in the overall process of
organic matter decomposition and nutrient cycling



Soil Microbial and Biochemical Changes

(Dick et al 1994). For example phosphatases are
group of enzymes that catalyze the hydrolysis of
esters and anhydrides of phosphoric acid, thus
playing key roles in P cycles in the soil (Eivazi and
Tabatabai, 1997; Molla et al., 1984; Tate, 1984).

In the southern Guinea savanna zone of Nigeria,
the dominant cropping system is cereal-based with
cowpea (Vigna unguiculata) being the major
legume. crop. However, there has been a gradual
increase in the area cultivated to cassava and
upland rice. The likely impact of these crops on
soil microbiological parameters is little know in
this region. In addition, the Guinea savanna zone
of Nigeria experience annual dry season periods of
about 6 months during which daytime temperatures
could reach as high as 45°C. The resulting
moisture deficits and high soil temperatures could
adversely affect the population and activities of
microbial organism in top soils. The nature of crop
management practices and soil depth could thus
have a significant influence on soil microbial
parameters. This study was, therefore conducted to
examine the impact of cropping systems on soil
microbial populations, microbial biomass and
phosphatase activities particularly with respect to
how these parameters change with soil depth.

MATERIALS AND METHODS

Site description

The study was conducted at the experimental farm
of the Federal University of Technology, Minna.
The site lies within the southern Guinea savanna of
Nigeria at latitude 9° 14' N and longitude 6° 30’ E
and has minimum temperature of 36 °C in April
and 22°C in December, respectively. Mean annual
rainfall is 1200mm which occurs between May and
November, with July and August being the wettest
months. The soil in the area is a Typic Haplustalf
with a sandy loam texture. Details of soil
characteristics at the site at the beginning of the
experiment are presented in Table 1.

Soil subject to four different cropping systems
were used in this study. The cropping system were
upland rice sole, cassava sole, cassava/cowpea
intercrop and fallow. All four cropping systems
were located within the same soil mapping units
and were arranged in a randomised complete
design with three replications. The total area for
each plot was 0.85 ha. The current crropping
systems have been imposed for three years before
the initiation of the experiment. Prior to that, the
land had been under fallow for at least five years.

Table 1.Initial soil physical and chemical properties at the beginning of the study

Soil variable

Sand (%) 76
Slit (%) 10
Clay (%) 14
Textural class Sandy Loam
pH (H20) 5.74
Organic Carbon (%) 0.49
Total N (%) 0.07
Auvailable P (mg Kg?) 3.89
Exchangeable Ca (C mol Kg?) 2.96
Exchangeable Mg (C mol Kg?) 0.67
Exchangeable K (C mol Kg?) 0.20

The cropped plot underwent ploughing and ridging
operations annually and each received basal
application of 30kg P and 30kg K.O every season.
Nitrogen was applied in two split doses annually at
the rate of 90kg ha™! to each of the cropped plots. For
the cassava/cowpea intercrop, the N was applied
primarily to the cassava component. Weed control
was by using herbicides. In rice, "Crop Star"
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was used as pre-emergence herbicide at the rate of 3L
200 L water ha* and Fitsonel’ as post emergence at
the rate of 4L 200 L' water ha'l. Weed was
controlled in the cassava and cassava/cowpea plots
by spraying with ‘Cutlass’ at the rate of 5L 300 L*
Water ha’. Pest control in cowpea was done using
two sprays of karate and cyperdichlor at 2L 250 L™
water ha*. The crop-
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ping period lasted from May to November of each
year. At harvest, crop residues were left in the field
to be foraged by cattle. The left over at the
beginning of the season was ploughed into the soil.

Soil sampling and analysis

Soil samples were collected from treatment plots
using bucket augers. Sampling took place in June
2008 just after the second rain of the season.
Samples from each plot consisted of composite of
soil randomly collected from 20 points within each
plot. Sampling was done at 0-15 cm and 30-45 cm.
Augers were sterilized by flaming before and after
sampling at each point to avoid cross-
contamination. Moist soil samples were bagged
under aseptic conditions and taken to the
laboratory where sub-samples for microbial and
biochemical assays were stored at 4°C until when
needed for analysis. Soil samples for phsico-
chemical analysis were air-dried and subjected to
routine analysis using the methods of 1ITA(1989).
Microbial populations were determine by soil
dilution plating techniques using agar media. For
each of the six sub-samples from each composite
soil samples, 10g of soil was weighed and added to
90ml sterile deionized water thoroughly stirred and
serially diluted and plated on 1% nutrient agar for
total bacterial counts and potato dextrose ager
(PDA) with 1 mg ml? of streptomycin for total
fungal counts (Harrigan and McCance, 1990).
Serial dilution was 10-fold up to 107 dilution and
aliquots (0.5 ml) of 105, 10 and 107 dilution 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.
Microbial biomass carbon (MBC) was determined
by chloroform fumigation-incubator (jenkison and
powlson, 1976) as modified by Anderson and
Ingram (1993). Approximately 10g of moist soil
(adjusted to oven-dry weight) was placed into 50
ml glass beaker, fumigated evacuated and
incubated at 25 °C for 5 d, following which the soil
was extracted with 50 ml 0.5 M K3SO4. Non-
fumgated soil (10g) taken prior to incubation was
also extracted with KjSOs. Soil MBC was
calculated by method of Vance et al. (1987) and
soil microbial biomass N (MBN) by the method of
Brookes et al. (1985).

Phosphatase activity was determined by the
method of Tabatabai (1982). Field-moist soils were
sieved
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with 0.5 mm screen and, using | g of soil sample,
the activities of acid and alkaline phosphatases
were determined using the subtrates p-nitrophenyl
phosphate and those of phosphodiesterase with bis
(p-nitrophenyl) phosphate in modified universal
buffer (MUB: 121 g Tris-hydroxymethyl
aminomethane, 11.6g maleic acid, 14g citric acid,
63g boric acid in 488 ml NaOH and diluted to 1L
with water) adjusted to pH 6.5, pH 11, and pH 8,
respectively. Enzymes analyses were done in
triplicate on each of the sample, with a
corresponding control. In the controls, the
substrates were added after incubation and
immediately prior to analysis.

Statistical analysis

Analysis of variance (ANOVA) was determined
based on randomized complete block statistical
design, with means separated using Least
Significant Difference (LSD). Correlation analysis
and measures of significance were determined
using the GLM Proc. of SAS (SAS Inst., 1999)
statistical analysis package

Results

Soil chemical and physical properties

Cropping system had a significant effect on soil
moisture content, pH, organic C(OC), total N and
exchangeable cations (Table 2). The soil under
fallow had the highest moisture content, pH, OC
and total N, which were significantly (p<0.05)
different from those of other cropping systems
except for pH in cassava, OC in rice and total N in
cassava/cowpea. The soil under cassava had the
lowest moisture contents and OC and was also
among the soils with the lowest total N content.
The soil under rice had the highest exchangeable
base content, while the cassava/ cowpea soil had
the lowest exchangeable base content as well as the
lowest pH. Top soil (0-15cm) had the highest OC
and exchangeable base contents and the lowest soil
moisture content. It also had one of the highest soil
total N content and lowest pH. Neither cropping
system, nor soil depth had a significant effect on
soil available P.

Microbial population

Bacterial populations in top soil (0-15cm) ranged
from 14x10° to 4.9 x 10°cfu g* soil (Figure 1). At
this depth, total soil populations or culturable
bacteria were most numerous in  the
cassava/cowpea and rice fields and least numerous
in the fallow
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plots. At 15-30 cm depth, the population range of
bacteria was 2.0 x 10° to 5.3 x 10°cfu g* soil with
the soil under cassava having the largest bacterial
population, while the population in the fallow and
cassava/cowpea plots were the smallest. The
population at 30-45¢cm depth ranged from 1.0X10°
to 6.0X10°cfu g soil. The rice plot had the highest

population at this depth and the fallow plot the
lowest. The highest bacterial populations in the
fallow and cassava plots were sampled at 15-30 cm,
while populations in the cassava/cowpea and rice
plots were most numerous at the 0-15 cm and 30-45
cm depths respectively.

Table 3. Analysis of cropping system effect on soil properties at various soil depth

TollN  Awall. P(mg  I'xch hases

& Treatment Moisture pll Organic C
content %) (H:0) %) (%) ke') emolhgp™)

Cropping system (CS)
Falkow ' 823a 566a 06la 0:10a 4.17 4.15h
Cassva 493d 563 - 035 003b 453 417h
Cassavaoowpea 6.80c 54lc  05lb 009 439 38%
Rice 76 54T  0.59%b 0nsb 431 448
Mean 693 553 052 007 43¢ 417
SE+ 023 0.02 0.()5‘ 001 0.19 0.11
Significance " . * * NS *
Depth (cim) (D) oo
015 s8lc S4%  06da 007b 434 4854
15-30 6.93b 546b  (044b 0.08 44) 407
3045 812 569a 047 005 435 350
SE: 0.18 002 003 0.01 013 0w
Significance Fokok ok ok * NS j LA
Inferaction ~.‘ ?
CSxD #he " Laa. o

¥ . NS ' '

Means bearing the same letter (s) under the same treatment are not statistically different at p>0.05. NS =
Not significant *** Significant at P<0.001; **Significant at P< 0.01; * Significant at P<0.05.

Culturable fungal population ranged from 4.0X105 to
8.0X105cfu g* soil at 15-30 cm depth and from 2.3 x
10° - 6.0 x 10° cfu g soil at 15-30cm depth (Figure
1). The populations of fungi at these two depths were
highest in soil under fallow and rice and low
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est under cassava/cowpea. Fungal populations at 30-
45c¢m depth had a range of 3.3x 10° to 5.6x 10°cfu g*
soil with the populations in the cassava/cowpea and
rice plots being the most numerous. Fungal
populations were generally greater than those of
bacteria across the various cropping systems
especially in soils under fallow.
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Figure 1.Bacterial and fungal populations at three soil depth and under different cropping systems in a
soil of the southern Guinea savanna of Nigeria. Bars with the same letter (s) at each soil depth are not

statistically different at p<0.05.

Microbial Biomass

fallow than in other cropping systems, The
cassava/cowpea plots had the lowest MBC at
that depth. Rice and fallow had highest MBC
and cassava and cassava/cowpea the lowest at
15-30cm and 30-45cm depths.

Microbial biomass carbon (MBC) in top soils
under the various cropping systems ranged from
170 mg kg* to 300 mg kg* (Figure 2) MBC
generally declined with depth in each of the
cropping systems. At 0-15 cm depth, MBC was
higher in soil under
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Microbial Biomass nitrogen (MBN) at 0-15cm
depth ranged from 4to 12 mgkg-1 (data not shown)
Neither cropping system, nor soil depth had a
significant effect on changes in microbial biomass
(MBN). However, the MBC/MBN ratio differed
with cropping system and depth (Figure 2). The
ratios ranged from 11 to 19 in top soil and from 3
to 11 at 15 — 45 cm depth. MBC/MBN ratios
generally declined with depth except in the rice
cropping system. Fallow had the highest
MBC/MBN ratio at 0-15cn depth and rice at 15-30
cm. both fallow and rice had the largest ratio at 30-
45 cm depth. There were no differences in
MBC/MBN ratio between cassava and the
cassava/cowpea plots of any of the depths.

C:N ratios of bulk soil ranged from 7 to 12 at 0-
15cm depth and from 3 to 13 at lower depths
(Figure 2). The ratios at 0-15cm were similar in the
various cropping system except the rice plot which
had a higher ratio (Figure 2). Similarly, rice had
the highest soil C:N ratio at 15-30 cm depth, while
the fallow and cassava/cowpea plots had the lowest
ratio. Rice and cassava/cowpea had the highest
ratio at 30-45cm depth, followed by fallow and
cassava in that order.

MBC constituted 2-5% of the soil organic C (SOC)
fraction at 0-15 cm, 3-5% at 15-30 cm and 1-4 %
at 30-45 cm depths (Table 3). The cassava plot had
the highest proportion of SOC as MBC at 0-15 cm
and 15-30 cm, while the highest proportion at 30-
45 cm depth was in the rice plot. The
cassava/cowpea plots had the lowest proportion of
MBC as SOC at all depths. MBC as percentage of
SOC decreased with depth in fallow, cassava and
cassava/cowpea, and increased with depth in rice.

Acid phosphatase (AcP) activities in the top soils
of the various cropping systems ranged from 3 to
41 Ug g-1 (Figure 3). At 0-15 cm, soil under rice
rice had the highest AcP activity, while those
under cassava and cassava/cowpea had the lowest.
At 15-30 cm, rice and cassava/cowpea cropping
systems had the highest activity and cassava the
lowest. The rice cropping system also had the
highest Acp activity while the other cropping
systems had similar activities at 30-45 cm depth.
Alkalne phosphate (Alp) activities in top soils
under the various cropping systems ranged from
7ug g to 31 ug g* (Figure 3). Irrespective of soil
depth, the soil under fallow had the highest AIP
activities. Cassava and cassava/cowpea Systems
had the lowest AIP activities at the 0-15cm and 15-
30cm depths respectively. AIP activities in soils
under fallow and rice did not differ significantly
with depth in contrast with activities in the cassava
and cassava/cowpea plots.  Activities of
phosphodiesterases in top soils under the various
cropping systems ranged from 14 ug g to 24 ug g°
! (Figure 3). Phosphodiesterase activity in top soil
was highest in the rice plot. There were no
significant differences in activity between the
cropping systems at other soil depths

“Tabile 3. The propartion of soil organic carbon (OC) and total nitogen as biomass at tree depths and wxier

different aopping Systems ;
Soil depth Tallow Cassava Cassava/cowpea  Rice
MBC as a propastion of s0il OC (%) o S
O-15an 426 s.16 2.41 3.01
15-30cm 3.81 5.04 332 3.66
3045 an 3.06 128 1.11 393
MIBN as a propostion of total soil N (%)
O-15am 1.34 291 1.04 2.54
15-30am 1.77 3.74 127 2.72
1.99 1.01 3.53 ) 311

3045 cm
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Relationships between soil parameters

Correlation analysis of some soil parameters
revealed significant relationships existing among
some of the parameters assayed (Table 4).
Bacteria population correlated negatively with
MBN, and soil N and positively with extractable
P and percent clay content. Fungal population
was  positively  correlated with  MBC,
Phosphomonoesterase activities, soil organic
carbon (SOC) and whole soil C:N ratio, and
negatively correlated with phosphodiesterase
(Dip) activity, soil pH, soil N and extractable P.
MBC also correlated positively  with
phosphomonesterase activities, SOC and total N,
and negatively with Dip activity and Bray- P.
There was a positive correlation between MBN
and each of ALP and DiP activities, SOC and
total soil N, while MBN correlated
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negatively with soil pH, soil C:N ratio and Bray-
P. In addition to its relationships with the other
biological parameters, AcP activity correlated
positively with soil pH, SOC and C:N ratio and
clay, and negatively with extractable P. AIP
activity also had positive relationship with Dip
activity and SOC and negative relationship with
extractable P. DiP activity was positively
affected by soil pH, soil C:N ratio and clay.
There also existed significant relationship
among the selected soil chemical and physical
properties to varying degrees or instance, soil
pH was significantly correlated with SOC, soil
C:N ratio and clay. SOC was also correlated
with C:N ratio and Bray-P, while total N in soil
was correlated with C:N ratio and clay content.
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DISCUSSION

The results of this study showed significant
differences in soil physical and chemical properties
due to the cropping systems imposed, which
resulted in distinct changes in microbial
populations directly associated with the various
cropping systems. The regenerative effect of
fallow led to higher soil pH and greater organic
matter and total N accumulation in the fallow plot
than the cultivated treatments. Plants significantly
influence microbial population due primarily to the
variation in the quality and quantity of organic and
chemical compounds they secrete into the
rhizosphere (Grayston et al 1998; Miethling et al
2000). Given the more favorable soil properties in
the fallow soil, microbial population and activity
were expected to be greater in the fallow than the
cultivated soils (Dick et al 1988; Larkin, 2000).
However, bacteria population in the cultivated
plots were generally greater than or similar to the
populations in the fallow plots irrespective of the
soil depth, suggesting a favorable effect of
cultivation on this group of organisms. Fungal
populations on the other hand, did not exhibit such
favorable effects of cultivation and were generally
greater in the fallow and rice fields, especially at
upper soil depths. Both fungal and bacteria
population were consistently most numerous in the
rice plots irrespective of depth, while the
cassava/cowpea plots had greater bacteria and
lower fungal populations in top soils than sole
cassava plots, suggesting a causal relationship
between organic matter quality and the dominance
of specific microbial groups. The fallowed field
was dominated by shrubby species such as
Isoberlina Doka and Piliostigma Spp thus resulting
in large inputs of woody substrate that would have
favored the growth of fungi. Inputs of rice bran,
which are less easily degradable, would have had
similar effect in the rice field.

Microbial population are affected by soil properties
such as pH, organic carbon and soil N (Larkin,
2000). In the current study, bacteria population
was only correlated with soil N, P and clay, while
the fungi were significantly affected by soil pH,
organic C soil N and P and C:N ratio, again
suggesting the prominence of fungi in the soils
studied, especially given the high positive
correlation with soil C:N ratio, indicating large
population of fungi in the presence of poor-quality
organic substrates.

Top soil population of bacteria ranged from 1.4x
105to 4.9% 10> cfu g* soil and those of fungi were
4.0 x 10° to 8.0 x 10° cfu g* soil. These ranges
are below the 1.37x 107 to 1.68 x 108cfu g* soil
and 7.49x 10° to 5.26x 107 cfu g* soil reported
for bacteria an fungi respectively, in arable soils of
humid forest zone of Nigeria (Isirimah et al 2006).
This is to be expected given the higher
precipitation and organic matter input in the soils
of the humid forest compared to the Guinea
savanna zone. Consistent with the result of these
authors, microbial population varied with soil
depth, although there was no single trend observed.
Unfortunately, there is no available data for the
savanna region that could form the basis of
comparison with the result observed in the current
study.

Expectedly, soil moisture content increased with
depth, while SOC, total N and exchangeable base
contents decreased with depth (Table 2). The
results of this study also clearly show significant
population of bacteria and fungi at soil depth
below the root zone. Given the high soil
temperatures and low moisture levels in the soil at
the time of soil sampling, our initial hypothesis
was that microbial populations would significantly
be greater at deeper soil layers than the top soil.
This was only apparent in the bacterial populations
under fallow and cassava; otherwise, both fungal
and bacterial populations in top soil were as high
as or higher than those in deeper layers.

Soil microbial biomass C (SMBC) in top sol
ranged from 170 mg kg * to 300 mg kg. This
compares well with the values of 187-383 mg kg
reported for soils in Northern Guinea savanna zone
of Nigeria (Adeboye et al., 2006) but is slightly
lower than the range of 250-445 mg kg observed
by Yusuf (2007) in the same agro-ecological zone.
The two studies both reported higher SMBC in
soils under legume rotation than in fallow soils. In
the current study, however SMBC in fallow soil
was greater than in cropped soils expect in the rice
plot. Given the significantly smaller bacteria and
larger fungi populations in the fallow plots and, to
some extent, the rice plots, it would appear that
these plots had larger input of less degradable
materials and thus higher fungal activity than the
cassava and cassava/cowpea plots.
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The relatively higher MBC/MBN ratio in the
fallow and rice plots also suggest a greater fungal
activity than in the cassava and cassava/cowpea
plots. Biomass C:N ratio of fungi ranged from 7 to
12, while those of bacteria are in the range of 3-6
(Jenkinson,1976; Anderson and Domsch, 1980).
Thus a high MBC/MBN ratio is indicative of
fungal dominance of a microbial community while
a low ratio suggest the prevalence of bacteria
(Campbell et al., 1991). The biomass C:N ratios of
the current study ranged from 11 to 19 in top soils
and 3 to 12 at lower depths. These values are
comparable with the 9-21 reported for soils under
legume rotation in the Northern Guinea savannah
of Nigeria (Adeboye et al., 2006; Yusuf 2007.

The top soil (0-15 cm) biomass C:N ratio in the
fallowed soil was significantly greater than those
of the cultivated soils (Figure 2). This may be due
to a number of oil factors, which include the
degree of N incorporation in fungi, substrate
quality and quantity, pH, moisture content and the
ratio of active to dormant microorganisms
(Anderson and Domsch, 1980; Campbell et al
1991 Adeboye et al 2006). Cultivation may have
also played a role by enhancing the rate of organic
matter mineralization in cultivated soils and thus
resulting in relatively lower biomass C:N ratios in
cultivated than fallow soils especially in top soils,
were generally greater than the respective bulk soil
C:N ratios except in the rice plots which had
greater soil C:N ratio than biomass C:N ratio
(Figure 2 ) .The convergence of the biomass C:N
ratio with that of the bulk soil represent a microbial
biomass in stable state following the mineralization
of labile component during decomposition (Dalal
and Mayer, 1987). The huge differences between
both ratios in the fallow, cassava and
cassava/cowpea plots suggest an active stage of
biomass C and N turnover as opposed to a
relatively stable state in the rice plot.

Our results show that biomass C accounted for 1-
5% of soil organic C. This range is consistent with
the 2-5 % reported by Smith and Paul (1990) and
also compares well with the 4-6% observed by
Adeboye et al.(2006) in soil under legume rotation
in the Northern Guinea savanna zone of Nigeria.
Adeboye et al. (2006) observed higher proportion
under legume rotation than fallow and alluded this
to high quality (low C:N ratio) organic matter input
In the legume rotation. In the current

study, however, the proportion was lowest in the
cassava/cowpea mixture, which supposedly should
have had higher quality organic matter input than
the other three systems. Although high quality
organic substrate supports greater microbial
growth and survival, and hence higher
incorporation of carbon by microbial cells
(Anderson and Domsch, 1980), it may in the long
run lead to more rapid SOC turnover and therefore
higher in diminition of biomass C. The fact that
the proportion of SOC as biomass C declined with
depth seems to support this suggestion, given that
SOC also declined with depth.

Previous studies have estimated biomass N to be 1-
5% of total soil N (Smith and Paul, 1990;
Adeboye et al.,, 2006). In the present study,
biomass N accounted for 1-4% of total N, which
compares well with the above range of 1-5%. The
proportion was affected by cropping system, with
higher values in the cassava, rice and fallow soils
than in the cassava/cowpea. The proportion also
increased with depth, suggesting lower biomass N
retention in soil with high quality organic C input
due to high organic matter turn-over mineralization
and greater plant uptake within the root zone.
Consistent with the report of Eivazi and Tabatabali
(1997), acid phosphatase activity was correlated
with pH. However, contrary to their observation,
alkaline phosphatase activity had no significant
correlation with pH and in spite of the relatively
low pH values of soils under various cropping
systems, alkaline phosphatase activity was greater
than that of acid phosphatase in all cropping
system, except rice, and at most depths. A study by
Monkiedje et al. (2006) showed that the
dominance of acid- or alkaline
phosphomonesterases in acid soils depended on the
cropping system and management practice.
Phosphatase enzyme activities are also known to
vary with soil chemical and physical properties as
well as vegetation types (Dick, 1993; Colvan et al.,
2001; lzaguirre-Mayoral et al., 2002). This
relationship was also evident in the present study,
thus suggesting that the effect of pH on
phosphatase activity might in some cases be
masked by other environmental variables.

Fallow and rice plots had as high as, or relatively
higher, acid and alkaline phosphatase activities
than the other cropping systems across the various
depths. This may probably be due to a number of
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reasons. The higher moisture content in the fallow
and rice plots might have favored greater microbial
activity and hence higher enzyme activity. This
would be consistent with the observed differences
in enzyme activity between soils subjected to
different cropping systems with greater activity
linked to a more favorable water status for
microbial activity (Fraser et al., 1998; Dick, 1993).
Secondly, both the fallow and rice soils had
relatively higher SOC contents than the other
treatments. The activities of acid and alkaline
phosphatases have been found to correlate with
organic matter in various studies, with increasing
SOC enhancing biological activity and increasing
the capacity to immobilize available P and increase
phosphatase activity (Dick et al., 1988; Colvan et
al., 2021). This is consistent with the result of the
present study showing negative correlation
between SOC and extractable P and positive
correlations between SOC and phosphatase
activities. The relatively higher SOC contents in
the fallow and rice plots may also have engendered
the stabilization, and hence activity, of extra-
cellular enzymes through complexation, with
humic substances (Nannipieri et al. 1996; Rao et
al., 1998). Fourthly, the amount of acid
phosphatase secreted by plant is genetically
controlled and differs with crop species and
varieties  (lzaguirre-Mayoral et al., 2002).
Additionally, Tarafdar and Claassen (1988)
demonstrated an increase in acid and alkaline
phosphatase activities in the presence of living
plants. Such an effect could have been responsible
for the observed differences especially with respect
to the fallow plots.

CONCLUSION

The study has shown demonstrable effect of
cropping system on soil properties, with fallow
showing relatively higher pH and greater soil
moisture, organic carbon and total N contents than
the cultivated treatments. Among the cultivated
systems, rice had the most favorable effect on soil
properties. Microbial populations were generally
most numerous in rice and fallow systems; with
fungi being the most dominant microbial groups,
perhaps due to the low substrate quality in the
fallow and rice fields. In spite of clear evidence of
changes in soil properties due to soil depth,
bacterial and fungal populations were generally of
the same order of magnitude in both the top soil
and subsoil. Soil microbial bio-

mass N was not sensitive to cropping systems, but
biomass C was greater in fallow and rice plots than
in the other plots. Acid and alkaline phosphatase
activities, but not phosphodiesterase, were
responsive to cropping system showing greater
activity in the fallow and rice plots.

REFERENCES

Adeboye, M.K.A., Iwaufor, E.N.O. and
Agbenin, J.O. 2006. The effects of crop
rotation and nitrogen fertilization on soil
chemical and microbial properties in a
Guinea savanna Alfisol of Nigeria. Plant
and Soil 281, 97-107

Anderson, T.H. and Domsch, K.H. 1980.
Quantities of plant nutrients in the
microbial biomass of selected soils, Soil
Science 130, 211-216.

Anderson, T.H. and Domsch, K.H. 1989. Ratios
of microbial biomass carbon to total
organic carbon in arable soils. Soil
Biochemistry 21, 471-479.

Anderson, JM. and Ingram, J.S.L 1993.
Tropical Soil Biology and Fertility. A
Handbook of Methods. 2™ Edition, CAB
Intenational, Wallingford.

Brookes, P.C., Landman, A., Pruden, G. and
Jenkinson, D.S. 1985. Chloroform
fumigation and the release of soil nitrogen:
a rapid direct extraction method to
measure microbial biomass nitrogen in
soil. Soil Biology and Biochemistry 17,
837-842.

Campbell, C.A., Biederbeck, V.O., Zentner,
R.P. and Lafond, G.P. 1991.Effect of
crop rotations and cultural practices on soil
organic matter, microbial biomass and
respiration in a thin black chemozem.
Canadian Journal of Soil Science 71,363-
376.

Colvan, S.R., Syers, J.K. and O’ Donnell, A.G.
2001. Effect of long-term fertilizer use on
acid and alkaline phosphomonoesterase
and phosphodiesterase  activities in
managed grassland. Biology and Fertility
of Soils 34,258-263.

57



Soil Microbial and Biochemical Changes

Dalal, R.C. and. Layer, R.L 1987. Long-term
trends in the fertility of soils under
continuous cultivation and cereal cropping
in Southern Queensland. Viii. Dynamics of
nitrogen mineralization potentials and
microbial biomass. Australian Journal of
Soil Research 25,461-472.

R.P. 1993. Soil enzyme activities as
indicator of soil quality. In Wimpenny,
JW.T (Ed.), Defining Soil Quality for
Sustainable Environment, pp. 436-511,
Soil Science Society of American
Madison. WL

R.P. Rasmussen. P.E. and Kerle.E.A.
1988. Influence of long-term residue
management on soil enzyme activities in
relation to soil chemical properties of a
wheat-fallow system. Biology and Fertility
of Soil 6, 159-164.

R.P., Sandor, J.A. and Eash. N.S. 1994.

enzyme activities after 1500 years of
terrace agriculture in the Calea Valley,
Peru  .Agriculture.  Ecosystem and
Environment 50,123-131.

Dick,

Dick,

Dick,
Soil

Dick, W.A. and Tabatabai, M.A. 1993.
Significance and potential uses of soil
enzymes. In: Metting F.B. (Ed.). Soil
Microbial Ecology: Applications in
Agricultural and Environmental
Management. PP. 95-127, Marcel Dekker,

New York.

Eivazi, J. and Tabatabai, M.A. 1977.
Phosphatases in soil. Soil Biology and
Biochemistry 27, 1011-1016.

Franchini, J.C., Crispino, C.C., Souza. R.A,,
Torres, E. and Hungria, M. 2007.
Microbiological parameters as indicators
of soil quality wunder various soil
management and crop rotation systems in
southern Brazil. Soil and Tillage
Research 92, 18-29.

Fraser, O.G Doran, J.W., Sahs W.W and
lesoing, G.W. 1998. Soil microbial
populations  and  activities  under

conventional and organic management.

Journal of Environment Quality 17,585-
590.

Garcia, C. and Hemandez, T. 1996 Biological and
biochemical indicators in derelict soils

subject to erosion. Soil Biology and
Biochemistry 28,171-177.
Grayston, S.J., Wang S., Campbell, C.D,

Edwards, A.C 1998.. Selecting influence of
plant species on microbial diversity in the
rhizosphere. Soil Biology and Biochemistry
30,369-378.

Gregorich, E.G., Laing, B.C., Drury, C.F.,,
Mackenzie, AF. and McGill, W.B.2000.
Elucidation of the source and turnover of
water soluble and microbial biomass carbon
in agricultural soils. Soil Biology and
Biochemistry 32,581-587.

Haney, R.L., franzlubbars, A.J., Hons, F.M.,
Hossner, L.R. and Zuberer, D.A., 2001.
Molar concentration of K,SO4 and soil pH
effect estimation of extractable C with
chloroform fumigation extraction. Soil
Biology and Biochemistry 33,1501- 1507

Harrigan, W.F. and McCance, M.E.
1990.Laboratory Methods in Food and Diary
Microbiology. Academic Press, London.

Harris, R.F. and Bezdicek, D.F 1994. Descriptive
aspect of soil quality/health. In: Doran, J.W.,
Coleman, D.C. and Stewart, B.A (Eds.),
Defining Soil Quality for Sustainable
Environment. pp. 23-35, SSSA special
publication No. 35, Madison, WI.

1989. Automated and semi-automated
methods for soil and plant analysis. Manual
series No. 7, IITA Ibadan

Isirimah, N.O., Igwe, C. and Ogbonna, D.N. 2006.
Soil microbial population as ecological
indicator of changes resulting from different
land use and management in Rivers State of
Nigeria. Nigerian Journal of Soil Science
16,164-169.

HTA.

58



Bala Erukilede, Ogundare Abdulkadir, Uzoma Osunde

Izaguirre-Mayoral, M.L., Flores, S. and Carballo,
0. 2002. Determination of acid phosphatase
and dehydrogenase activities in the
rhizosphere of nodulated legume species
native to two contrasting savanna sites in
Venezuela. Biology and Fertility of Soils
35,470-472.

Jenkinson, D.S. 1976. The effect of biocidel
treatments on metabolism in soil V. The
decomposition of fumigated organisms in
soil. Soil Biology and Biochemistry 8, 203-
208.

Jenkinson, D.S. and Powlson, D.S. 1976. The
effects of biocidal treatments on metabolism
in soil. A method for measuring soil
biomass. Soil Biology and Biochemistry 8,

209-213
Larkin, R.P. 2000. Characterization of soil
microbial communities under different

potato cropping systems by microbial
population dynamics, substrate utilization,
and fatty acid profiles. Soil Biology and
Biochemistry 35, 1451-1466.

Miethling, R., Wieland, G., Backhaus, H. and
Tebbe, C.C. 2000.Variation of microbial
rhizosphere communities in response to crop
species, soil origin, and inoculation with
Sinorhizobium meliloti 133. Microbial
Ecology 41,43-56.

Molla, M.A.Z., Chowdhury, A.A. Islam, A. and
Hoque, S. 1984. Microbial mineralization of
organic phosphate in soil. Plant and Soil 78,
393-399

Monkiedje, A, Spitoller , M Fotio, D and Sukul, P
2006. The effet of land use on soil health
indicators in peri-urban agriculture in the
humid forest zone of southern Cameroon.
Journal of Environmental Quality 35, 2402-
2409.

Nannipieri, P Sequi, P and Fusi, P. 1996. Humus
and enzyme activity in: Piccolo, A (Ed),

Humus Substances in Terrestrial
Ecosystem, pp.  293-328, Elsevier,
Amsterdam.

Ndiaye, E.L, Sandeno, J.M, McGrath, D. and
Dick, R.P. 2002. Integrative biological
indicators for detecting change in soil
quality. American Journal of alternative
agriculture 15, 1-10

Rao, M.A, Violante A and Gianfreda, L. 1998.
Interactions between tannic acid and acid
phosphatase. Soil Biology and
Biochemistry 30, 111-112

Institute. 1989. SAS Users’ Guide .SAS
institute, Cary, NC

Smith, J.L, and Paul, EA. 1990. The significance
of soil microbial biomass estimations In
Bollag J.M, and Stotzky, G (Eds), Soil
Biochemistry, Vol. 6 pp. 357-396 Larcel
and Decker. New York

SAS

Tabatabai, M.A. 1982. Soil enzymes In: Page,
A.L Miller, R.H and Keeney, D.R. (Eds),
Methods of soil Analysis, Part 2. Chemical
and Microbiological Properties, pp. 903-
948, American Society of Agronomy,
Madison

Tarafder, J.C. and Classen. N. 1988. Organic
phosphorous compounds as a phosphorous
source for higher plants through the
activity of phosphatases produced by plant
roots and microorganisms. Biology and
Fertility of Soils 5 308-312.

Tate, K.R. 1984. The biological transformations of
P in soil. Plant and Soil 76,245-256

Vance, E.D. Brookes, P.C. and Jenkinson, D.S
1987. An extraction method for measuring
soil microbial biomass C. Soil Biology and
Biochemistry 19, 703-707

Yusuf, A.A. 2007. Rotation effects and fixed-N
contributions of grain legumes to maize-
based cropping system in the northern
Guinea savanna of Nigeria. PhD thesis.
Ahmadu Bello University Zaria, Nigeria.

59



