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Abstract: A field experiment was conducted in 2009-2011 rice growing season to determine water management and nitrogen rates
effect on soil microbial biomass on dystric gleysol located at Edozighi Southern Guinea Savanna of Nigeria. Treatments were a
combination of water management and nitrogen rates arranged in a split plot design with four replications. Soil samples were taken at
the 0-20 cm depth during the dough grain stage. Results showed that there were significant differences in fungi count due to water
management with values that ranged between 4.00x 10°cfu/g and 8.00x 10° cfu/mg. Similarly, significant differences were observed in
fungal count due to nitrogen rates with values that ranged between 3.25x 10° cfu/g and 9.00x10° cfu/mg. The same trend was recorded
in bacterial count with values that ranged between 2.50x10° cfu/g and 5.80x10° cfu/mg due water management practices. Additionally,
application of different rates of nitrogen also had significant differences in bacterial count with values that ranged between 2.40x10°
cfulg and 5.70x10° cfu/g. Microbial biomass carbon ranged from 300 mg/kg and 720 mg/ kg due to water management and was
significantly different. Application of nitrogen also had significant difference in microbial biomass carbon with values that ranged

between 300 mg/kg and 700 mg/kg. It also showed a trend to decrease with increase in nitrogen dosage.
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1. Introduction

Soil is the habitat of a diverse array of organisms which include
both micro flora and fauna. Soil microorganisms play a very
important role in soil fertility not only because of their ability
to carry out biochemical transformation but also due to their
importance as a source and sink of mineral nutrients [1]. Soil
microbes, the living part of soil organic matter, function as a
transient nutrient sink and are responsible for releasing
nutrients from organic matter for use by plants (e.g., N, P and
S). An understanding of microbial processes is important for
the management of farming systems, particularly those that rely
on organic inputs of nutrients [2]. The soil microbial
community is involved in numerous crucial roles in the
terrestrial carbon cycle [3]. Changes in microbial communities
can be use to predict the effects of ecosystem perturbations by
organic and conventional management practices [4].

Agricultural activities such as tillage, intercropping, rotations,
drainage, irrigation, use of pesticides and fertilizers have
significant implications for the microorganisms present in the
soil [5]. The soil microorganisms are sensitive to changes in the
surrounding soil [6] and have shown that the microbial
population changes after fertilization [7]. Fertilizer can directly
stimulate the growth of microbial populations as a whole by
supplying nutrients and may affect the composition of
individual microbial communities in the soil [8]. The
application of chemical fertilizer generally improves crop
production; however, concerns have been raised not only about
the severe environmental problems posed by such practices but
also about the long term sustainability of such systems [9]. On
the other hand, use of organic materials (e.g., animal manures,
crop residues, green manures, etc.) as an alternative source
holds promise. Organic farming has been expanding at an

annual rate of 20% in the last decade [10] and has become a
mainstream practice for some crops [11]. Organic applications
increased nutrient status, microbial activity and productive
potential of soil while the use of only chemical fertilizers in the
cropping system resulted in a poor microbial activity and
productive potential of soil [12]. In comparison with
conventional farming, organic farming has potential benefits in
promoting soil structure formation [13]; [14], enhancing soil
biodiversity [15]; [16], alleviating environmental stresses [17];
[18], and improving food quality and safety [19]. The use of
chemical fertilizer alone was not effective in improving the
nutrient status of soil [20].

Changes in soil properties due to cultivation and management
and their consequences for production capacity have been a
concern of research for many years. Recognition of the
importance of soil microorganisms has led to increased interest
in measuring the nutrients held in their biomass [21]. Besides
living plants roots and organisms, soil microbial biomass is a
living portion of soil organic matter. Soil microbial biomass is
considered to act both as the agent of biochemical changes in
soil and as a repository of plant nutrients such as nitrogen (N)
and phosphorus (P) in agricultural ecosystems [22]. The
changes in soil organic carbon contents are directly associated
with changes in microbial biomass carbon and biological
activity in the soil. The response to changes in inputs of organic
material is much quicker in soil microbial biomass than in soil
organic matter as a whole [23]. Microbial biomass contains
labile fraction of organic C and N, which are mineralized
rapidly after the death of microbial cells. Soil microbes are
typically C- limited [24]; lower microbial biomass in soils from
conventional agroecosystems is often caused by reduced
organic carbon content in the soil [25]. The quantity and
quality of organic inputs are the most important factors
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affecting microbial biomass and community structure [26].
Continuous cultivation with frequent tillage results in a rapid
loss of OM through increased microbial activity [27]. Recently,
microbial biomass and enzyme activities have been recognized
as early and indicators of soil stress or productivity changes.
Further, there is considerable evidence that they can be used to
evaluate the influence of management and land use on soils
[28]; [29].

The present investigation was conducted with the aim to assess
the impact of inorganic farming practices of lowland rice on the
dynamics of soil microbial populations and their activities in
paddy fields.

2. Materials and methods,
Experimental design

The experiment consisted of eight treatments comprising of
four levels of water management (irrigation regimes) as one
factor and four levels of nitrogen rates as another factor. The
four irrigation regimes include:

(i) Continuous ponding with 5 cm of standing water from
transplanting to hard dough stage (CF).

(ii) Alternate 30 days ponding with — 7 days drainage — 30
days ponding — 7 days drainage and pond up to hard
dough stage (AF30-7-30-7-30-7).

(iii)  Alternate 60 days ponding — 7 days drainage — 30 days
ponding — 7 days drainage and pond.up to hard dough
stage (AF60-7-30-7).

(iv) Alternate 90 days ponding — 7 days drainage and pond
up to hard dough stage (AF90-7).

The four levels of nitrogen rates include 40 kg N ha®
(control), 60 kg N ha™, 80 kg N ha*, and 100 kg N ha™.

The experiment was laid out in a split plot design with
randomized complete block arrangement. Water management
was assigned to the main plots and nitrogen rates to the
subplots. Each treatment combination was replicated four
times. Field observations and measurements were made for the
three consecutive seasons using the same experimental design
and field layout.

Soil samples were collected from the surface (0-20cm) soil
depth in each experimental plot starting from pre-transplanting
period and at dough stage period for three years. From each
plot, soil samples were collected randomly and mixed
thoroughly to get a homogenous mixture. About 250 g of the
soil samples collected were stored at 4°C and was used for
microbiological analysis.

Isolation and estimation of microbial populations, i.e., fungi

using soil plate method [30] and bacteria using dilution plate
method [31][32], were carried out using rose Bengal agar
media and nutrient agar media for fungi and bacteria,
respectively. Media were prepared according to the
composition and sterilized in autoclave. Microorganisms were
enumerated using soil plate and serial dilution methods on
specified media plates and the inoculated plates were incubated
at temperatures of 25 and 30°C at duration of 5-7 days and 1-2
days for fungi and bacteria, respectively. After the incubation
period, the colony forming units were counted and expressed as
cfu/g of soil on a moisture free basis.

Soil microbial biomass carbon (MBC) was determined using
the chloroform- fumigation- extraction method given by
Anderson and Ingram [33].

3. Results and Discussions

Table 1. shows the effect and interaction of water management
and nitrogen rates on fungal count. Statistical analysis has
shown that there was significant difference in fungal count due
to water management practices. Continuous ponding had the
highest fungal count and the lowest was recorded in the
alternate ponding treatment (AF30-7-30-7-30-7) with values
ranging from 8x10° to 4x10° cfu/g respectively. This is in
agreement with the study conducted by Santos [34] who
reported higher fungal and bacterial count in rice for
continuous irrigation when compared with the alternate
flooding.

Table 1.Main effects and interaction of water management and
nitrogen rates on fungal count in the lowland soil.

Factor levels/Interactions cf/gx10°
2009 2010 2011
Water management (WH)
CF g00a 7792 1302
AF30-7-30-7-30-7 400¢ 430¢ 400¢
AF60-7-30-7 300¢ 3l5c 5.73
AF90.7 723b 7000 1100
SEM 043 047 033
Nitrogen rates (NE)
40kgNha'l 700B 630D 670D
60 kgNha'! 300 AT 540¢
80kgNha' 0002 B87a 8002
100 kgNha'l EWAY. 400¢ 520¢
SEM 0.40 0.43 0.33
Interaction (WMxNE) Nz Ng Ng

Similarly, with respect to nitrogen rates there were
also significant differences in fungal count. Application of 80
kg N ha™ had the highest fungal count while application of 100
kg N ha™ had the lowest with values ranging between 9x10° to
3.25x10° cfu/g respectively. There was no interaction between
water management and nitrogen rates. Fertilizer can directly
stimulate the growth of microbial populations as a whole by
supplying nutrients and may affect the composition of
individual microbial communities in the soil [35]. The
application of chemical fertilizer generally improves crop
production; however, concerns have been raised not only about
the severe environmental problems posed by such practices but
also about the long term sustainability of such systems.

There was no significant difference in the interaction
between water management and nitrogen rates.

3.1 Effect of water management and nitrogen rates on
bacterial count

Significant differences in bacterial count were
observed due to water management practices (Table 2).
Bacterial count ranged between 2.5x10° and 5.80x10° cfu/g.
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Continuous flooding had the highest number of bacteria with a
value of 5.80x10° cfu/g while the lowest number of bacteria
was recorded by alternate flooding AF30-7-30-7-30-7 with a
value of 2.50x10° cfu/g. This is also in agreement with the
study conducted by Santos [37] who reported higher fungi and
bacteria count in rice for continuous irrigation when compared
with the alternate flooding.

Table 2. Main effects and interactions of water management
and nitrogen rates on bacterial count in lowland soil.

Factor levels/ Interactions cf'gx 108

2009 2010 2011

Water management (WM)
¢ 5802 5752 5702
AF30-7-30-7-30-7  250¢ 245¢ 130¢
AF 60-7-30-7 345¢c 300¢ LAY,
AF90-7 4000 413b 430D
SEM 023 040 043

Nitrogen rate (NR)
40kgNha'! 330a 543 330a
60kg N ha'l 570a 567a j63a
80kgNha' 4200 430b 4230b
100kgNha' 140¢ 230¢ 130¢
SEM 033 040 023
Interactions (WMzNR)  Ns Ng Ns

Similarly, significant differences were also recorded in
bacterial count due to nitrogen rates. Statistical analysis
showed that bacterial count ranged between 2.40x10° and
5.70x10° cfu/g. The highest number of bacteria was recorded
when 60 kg N ha™ was applied while the lowest number was
obtained when 100 kg N ha™ was applied. The result showed a
downward trend when more than 60 kg N ha™ was applied.
There was no interaction between water management and
nitrogen rates. Agricultural activities such as, drainage,
irrigation, uses of pesticides and fertilizers have significant
implications for the microorganisms present in the soil [38].
The soil microorganisms are sensitive to changes in the
surrounding soil [39], and have shown that microbial
population changes after fertilization [40].

3.2 Effect of water management and nitrogen rates on
microbial biomass carbon

Table 3 shows the effect of water management and
nitrogen rates on microbial biomass carbon in the lowland soil.
Statistical analysis indicated that there were significant
differences in microbial biomass carbon due to water
management practices. Continuous ponding of irrigation water
had the highest microbial biomass carbon with a value of 720
mg/kg while the lowest was recorded by alternate ponding
(AF30-7-30-7-30-7) with a value of 300 mg/kg..

Table 3. Main effects and interactions of water management
and nitrogen rates on microbial biomass carbon.

Factors/mteractions mgksg
CF 2009 2010 2011
Water management (W)
T20a 700 a T10a
" AF30-7-30-7-30-7 300 ¢ 300 ¢ 3l0¢
AF60-7-30-7 300b 510b 320b
AF00-7 610D 600 b G600 b
SEM 023 033 0.40
Mitrogen rates (INE)
40 kg N ha'l 620b 600 b 610b
60 kg N ha! 600 b 610b 620b
80 kgNha'l T00 a 720a T00b
100 kgNha'l 300¢c 300 ¢ 310¢
SEM 0.03 003 013
Interactions(WhM=xNE) Nz Nz Nz

Similarly, significant differences were observed in
microbial biomass carbon with the application of different rates
of nitrogen fertilizer. Application of 80 kg N ha™ had the
highest microbial biomass carbon with a value of 720 mg/kg
while the lowest was obtained by application of 100 kg N ha™.
There was no interaction between water management and
nitrogen rates. Recognition of the importance of soil
microorganisms has led to increased interest in measuring the
nutrients held in their biomass [41]. Besides living plants roots
and organisms, soil microbial biomass is a living portion of soil
organic matter. Soil microbial biomass is considered to act both
as the agent of biochemical changes in soil and as a repository
of plant nutrients such as nitrogen (N) and phosphorus (P) in
agricultural ecosystems [42].

4. Conclusion

Lowland rice fields often have a lot of organic matter left on
the soil surface after harvest. This is incorporated into the soil
during land preparation. Application of irrigation water and
chemical fertilizer stimulated the activity of microorganisms in
the soil as seen in the trial. Continuous ponding had the highest
microbial biomass carbon from the water management
strategies. Application of 80 kg N ha™ had the highest
microbial biomass carbon after which there was a decline.
Chemical fertilizer in the cropping system resulted in poor
microbial activity and productive potential of the soil beyond
80 kg N ha'. Thus, raising the question of sustainable
production of lowland rice with chemical fertilizer alone.
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