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Abstract: A field expeniment was conducted to examine the microbial populations and microbial biomass carbon
under organic and inorganic farming practices in paddy (variety TR-64) fields. The organic fertilizer used was
a mixture of farmyard manure, rock phosphate and neem cake, while on the other hand for inorganic fertilizer,
a mixture of urea, single super phosphate and mriate of potash was used. Microbial population counts were
analysed from samples collected from the surface (0-15 cm) and sub-surface (15-30 cm) soil depths of the treated
plots by soil plate and dilution plate methods for fungi and bacteria, respectively. Results obtained showed that
the organically treated plot recorded the maximum microbial population counts (fungal and bacterial) and
microbial biomass carbon, followed by the inorganically treated plot and control. A sigmficant variation in
fungal population was found between control and treated plots (orgamc and morganic) at the surface soil
depth, whereas at the sub-surface soil depth it was between all the plots (Tukey’s test at p<0.05). Organic plot
exhibited a significant variation in bacterial population (both the soil depths) with the inorganically treated plot
and control (Tukey’s test at p<0.05). Organic carbon showed significant positive correlation with fimgal and
bacterial populations (p<0.05). The application of organic fertilizers increased the organic carbon content of
the soil and thereby increasing the microbial counts and microbial biomass carbon. The use of inorganic
fertilizers resulted in low organic carbon content, microbial counts and microbial biomass carbon of the soil,
although 1t increased the soil’s NPK level which could be explained by the rates of fertilizers being applied.
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INTRODUCTION

Soil 18 the habitat of a diverse array of organisms
which include both micro flora and fauna. Soil micro
organisms play a very unportant 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 (Jenkinson and TLadd,
1981). Soil microbes, the living part of scil organic matter,
function as a transient nutrient sink and are responsible
for releasing nutrients from orgamc 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 orgamc mputs of
nutrients (Smith and Paul, 1990). The soil microbial
community is involved in numerous ecosystem functions,
such as cycling and organic
decomposition, and plays a crucial role mn the terrestrial
carbon cycle (Schimel, 1995). The microbial communities’
potential for rapid growth and turnover, means the

nutrient matter

microbial community is a more reactive component of a

terrestrial ecosystem to external stress than plants and
ammals (Pamkov, 1999). Changes
communities can be use to predict the effects of
ecosystem perturbations by organic and conventional
management practices (Bending et al, 2000
Bruggen-Van and Semenov, 2000, Poudel et af., 2002).
Agricultural activities such as tillage, intercropping,
rotations, drainage, use of pesticides and fertilizers have
significant implications for the microorganisms present in
the soil (Hengeveld, 1996). The soil microorganisms
are sensitive to changes m the swrounding soil
(Schinner and Sonnletner, 1996) and have been shown
that the microbial population changes after fertilization
(Hyman et al., 1990). Fertilizer can directly stimulate the
growth of microbial populations as a whole by supplying
nutrients and may affect the composition of individual
microbial communmities in the soil (Khonje et al., 1989). 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

in  microbial

Corresponding Author: Necilhousano Nakhro, Microbial Ecology Laboratory, Department of Botany,
North-Eastern Hill University, Shillong, Meghalaya-793022, India



J Agron., 9(3): 102-110, 2010

such systems (Mader et al., 2002). On the other hand, use
of organic materials (e.g., animal manures, crop residues,
green manures, etc.) as an altermative source holds
promise. Organic farming has been expanding at an annual
rate of ca. 20% in the last decade (Lotter, 2003) and has
become a mainstream practice crops
(Anonymous, 2004). Organic applications increased
nitrient 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 soill (Kang et al, 2005). In
comparison with conventional farming, organic farming
has potential benefits in promoting soil structure
formation (Reganold et al., 1987; Pulleman et al., 2003),
enhancing soil bilodiversity (Doles et af, 2001,
Mader et al, 2002, Oehl et al., 2004), alleviating
environmental stresses (Horrigan et al., 2002; Macilwain,
2004), and improving food quality and safety (Giles, 2004).
The use of chemical fertilizer alone was not effective in
unproving the nutrient status of soil (Kang et al., 2005).
Changes in soil properties due to cultivation and
management and their consequences for production

for some

capacity have been a concern of research for many years.
Recogmtion of the importance of soil microorgamsms has
led to increased interest in measuring the nutrients held in
their biomass (Jenkinson and Powlson, 1976). Besides
living plants roots and orgamsms, soil microbial biomass
15 a living portion of soil orgamic 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 mitrogen (N) and phosphorus (P) in
agricultural ecosystems (Jenkinson and Ladd, 1981). The
changes in soil organic carbon contents are directly
assoclated with changes in microbial biomass carbon and
biological activity in the soil. The response to changes in
mputs of organic material 18 much quicker in soil microbial
biomass than in soil organic matter as a whole
(Powlson and Jenkinson, 1981). 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 (Smith and Paul, 1990);
lower microbial biomass in soils from conventional
agroecosystems 1s often caused by reduced organic
carbon content in the soil (Fliebach and Mader, 2000). The
quantity and quality of organic inputs are the most
important  factors affecting microbial biomass and
commumnty structure (Peacock et af., 2001). Continuous
cultivation with frequent tillage results m a rapid loss of
OM through increased microbial activity (Shepherd et al.,
2001). Recently, microbial biomass and enzyme activities
have been recognized as early and indicators of soil stress
or productivity changes. Further, there 1s considerable
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evidence that they can be used to evaluate the influence
of management and land use on soils (Caravaca et al.,
2002; Saggar et al., 1999).

The present investigation was conducted with an aim
to assess the impact of organic and inorganic farming
practices on the physico-chemical properties of soil and
the impact of these practices on the dynamics of soil
microbial populations and their activities in paddy fields.

MATERIALS AND METHODS

Study site: The mnvestigation was carried out at lowland
experimental fields of Agronomy Division, Indian Council
of Agricultural Research (ICAR) for North Eastern Hill
(NEH) region complex at Umiam, Ri-Bhoi District,
Meghalaya, India for a peried of two years (2007-08)
starting from pretransplanting period (Tune) till post
harvest period (December). The geographical position of
the study site is at 25"38"N latitude and 91°52°E longitude
and 1s situated at an altitude of 850 m.s.1.

Experimental design: The field experiment was a
randomized split-plot design, consisting of organic and
mnorganic fertilizer treatments. According to the type of
fertilizer treatments, each of the experimental plots was
designated as C, O and IN for control, organically treated
and morgamcally treated plots respectively. Replicates
were maintained for each treatment. The experimental
plots were set up at lowland field with each plot
consisting of size 7x2 m® with good drainage systems.
Fertilizers were applied according to the dosage
recommended by ICAR. The organically treated plot
was amended with a mixture of farmyard manure
{928 kg plot™"), rock phosphate (262 g plot™) and neem
cake (350 g plot™), while the inorganically treated plot
was amended with a mixture of urea (250 g plot™"), single
super phosphate (525 g plot™) and muriate of potash
(100 g plot™). Control was also set up without the
addition of any fertilizers. The seedlings of high yielding
variety of paddy IR-64 were transplanted after ploughing
properly and addition of fertilizers in 25%25 cm row
spacing.

Soil sampling: Scil samples were collected aseptically
from the surface (0-15 em) and the sub-surface (15-30 ¢cm)
soil depths in each experimental plot at monthly intervals
starting from pretransplanting peried (June) till post
harvest period (December) for two years (2007 and 2008).
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 and the remaming
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were air dried and sieved for the determinations of
physico-chemical properties of the soil. The data of two
years (2007 and 2008) were used to assess the impact of
organic and morganic farming practices on the dynamaics
of soil microbial populations and their activities in paddy
fields.

Physico-chemical properties: Soil temperature was noted
using soil thermometer at the time of sample collection. pH
of the samples was taken using an electronic digital pH
meter in 1:5 soil- water suspension. The moisture content
of the soil samples were determined gravimetrically by
weighing, drying in hot air oven at 105°C for 24 h and then
reweighing. Organic carbon (C) was determined by the
method given by Anderson and Ingram (1993). Total
nitrogen (N), available phosphorus (P) and exchangeable
potassium (K) were determined by kjeldahl distillation
(Tackson, 1973), molybdenum blue method (Allen et al.,
1974) and flame photometer method (Jackson, 1973),
respectively.

Enumeration of microbial populations: Isolation and
estimation of microbial populations, 1.e., fungi using soil
plate method (Warcup, 1950) and bacteria using dilution
plate method (Johnson and Curl, 1972), were carried out
using rose Bengal agar media (Martin, 1950) and nutrient
agar media for fingi and bacteria, respectively. Media
were prepared according to the composition and sterilized
inautoclave. Microorgamsms were enum erated using soil
plate and serial dilution methods on specified media plates
and the moculated 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 wnits were counted and
expressed as CFU g™ of soil on a moisture free basis.

Microbial biomass carbon. Scil microbial biomass
carbon (MBC) was determined using the chloroform-
fumigation- extraction method given by Anderson and
Ingram (1993).

Statistical analysis. Analysis of Variance (ANOVA)
for soil microbial population, microbial biomass carbon
and physico chemical properties were analysed using
Statistica version 6. As a post hoc analysis Tukey’s test
was performed for comparison of treatment means. Simple
correlation was performed to test the relationships
between the variables.

RESULTS AND DISCUSSION

Physico-chemical properties of soil: The highest organic
carbon content was recorded m organically treated plot
and the least in control plot at both the surface and
sub-surface soil depths. Orgamc carbon in control plot
showed significant variation with organically and
mnorgamcally treated plots at the surface soil depth,
whereas, at the sub-swface soil depth, significant
variation was observed between all the plots according to
Tukey’s test (ANOVA) at p<0.05 (Table 1). Inorganically
treated plot amended with a mixture of urea (250 g plot™),
single super phosphate (525 g plot™) and muriate of
potash (100 g plot™) showed highest content of total
nitrogern, phosphorus  and  exchangeable
potassium followed by the orgamcally treated plot
amended with a mixtwre of farmyard manuwe
{928 kg plot™), rock phosphate (262 g plot™) and neem
cake (350 g plot™") and least in control at both the surface
and sub-surface soil depths. Total nmitrogen in control plot
showed significant variation with the orgamcally and the
inorganically treated plot according to Tukey’s test
(ANOVA) at p<0.05 at both the soil depths whereas,
available phosphorus and exchangeable potassium
showed significant variation between all the plots viz.,
control, orgamc and morganic according to Tukey’s test

(ANOVA) at p<0.05 at both the soil depths (Table 1).

available

Microbial populations: Fungal population was maximum
in the orgamically treated plot and minimum in control plot
at both surface and sub-surface soil depths. A significant

Table 1: Physico-chemical properties of paddy field soil under organic and inorganic fertilizer treatments at surface (0-15 cm) and sub-surface (15-30 cm) soil

depths

Soil depth Soil properties Control Organic field Inorganic field

0-15cm Soil pH 5.310+0.17 5.120+0.14* 5.350+0.13°
Moisture content (%) 47.8304+0.93* 44.360+1.33" 43.35041.43°
Organic carbon (%) 2.160+0.04° 2.310+0.03" 2.280+0.03°
Total nitrogen (%) 0.42040.04* 0.480+0.04° 0.510+0.04°
Available phosphorus (ug g7* dry soil) 13.350+0.52¢ 15.960+0.58" 17.220+0.74°
Exchangeable potassium (mg g~! dry soil) 0.01740.002¢ 0.02140.002° 0.026+0.003°

15-30 cm Soil pH 5.140+0.13 5.180+0.14 5.070+0.16
Moisture content (%) 54.860+0.64* 53.180£0.98° 51.9604+0.79°
Organic carbon (%) 2.02040.05° 2.260+0.03" 2.21040.03¢
Total nitrogen (%) 0.34040.03* 0.450+0.02° 0.470+0.04°
Available phosphorus (ug g7* dry soil) 13.060+0.47¢ 14.310+0.49" 15.280+0.56°
Exchangeable potassium (mg g! dry soil) 0.01040.001* 0.01240.001° 0.017+0.002°

MeantSE in columns followed by the same letter do not differ significantly according to Tukey’s test at p<0.05
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Fig. 1: Effect of organic and inorganic fertilizer treatments on fungal population at surface (0-15 c¢m) and sub-surface
(15-30 cm) soil depths in paddy field. Mean+SE with the same letter on top of the bars within treatments do not
differ significantly according to Tukey’s test (p<0.05)
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Fig. 2: Effect of organic and inorganic fertilizer treatments on bacterial population at surface (0-15 cm) and sub-surface
(15-30 c¢m) so1l depths in paddy field. Mean+SE with the same letter on top of the bars within treatments do not
differ significantly according to Tukey’s test (p<0.03)

variation in fungal population was found between control
plot and treated plots (organic and inorgarnic) according
to Tukey’s test (ANOVA) at p<0.05 in the surface soil
depth, whereas, in the sub-surface so1l depth a significant
variation was exhibited between all the plots (Fig. 1). The
bacterial population mn paddy field under different
treatments also exhibited similar trend with the maximum
and minimum value recorded in the organic and control
plots, respectively at both the surface and sub-surface
301l depths. Organic plot exhibited a significant variation
in bacterial population with the inorganically treated plot
and control plot according to Tukey’s test (ANOVA) at
p<0.05 at both the soil depths (Fig. 2).

Microbial biomass carbon: Microbial biomass carbon
differed among soils amended with different treatments as
well as at different soil depth. The highest microbial
biomass carbon was observed in the orgamcally treated
plot aniended with a mixtue of farmyard manmure
(928 kg plot™), rock phosphate (262 g plot™) and neem
cake (350 g plot™) followed by the inorganically treated
plot amended with a mixture of urea (250 g plot™'), single
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super phosphate (525 g plot™) and muriate of potash
(100 g plot™) and the least in control plot. With respect to
the soil depth, the increase was more in the sub-surface
(15-30 cm) so1l depth than m the swface (0-15 cm) soil
depth. Organically treated plot exhibited a significant
variation in microbial biomass carbon with control and
inorganically treated plot according to Tukey’s test
(ANOVA) at p<0.05 at both the soil depths (Fig. 3).

Physico-chemical properties of soil: Agricultural use of
soil affected its chemical properties. The changes in these
properties were associated with the organic and inorganic
fertiliser management practices at each plot. Soil from the
organic plot showed an increase in organic carbon
content (Table 1) compared to other plots, this might be
due to the addition of organic amendments as they are the
sources of mitrogen and carbon to soils. This agrees with
finding from several other researchers, Kumar et al. (2000)
found that the organic materials, applied alone or in
combination with inorganic fertilizer gave greater residual
soil fertility in terms of mcrease in organic carbon content
from 0.36 to as high as 0.61% and the available N, P and K
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Effect of organic and morganic fertilizer treatments on microbial biomass carbon at surface (0-15 cm) and

sub-surface (15-30 cm) soil depths in paddy field MeantSE with the same letter on top of the bars within
treatments do not differ significantly according to Tukey’s test (p<0.05)

n the 2-years cropping cycle. The application of organic
manwes sighificantly increased the soil organic carbon
chemical fertilizers had no effect
(Kang et al., 2005). The mcrease 1n soil organic carbon
contenit can depend on both organic inputs as well as
higher crop residue fall to soil.

Tt was found that nitrogen content was higher in the
morganic plot compared to organic and control plot. This
may be due to the addition of urea (250 g plot™") which is
destined for use as nitrogen release fertiliser. Urea has the
highest nitrogen content of all solid nitrogen fertilisers.
Also the result 18 in accordance to the study done by
Parham et al. (2002) where manure treated soil was
compared with inorganic fertiliser treated soil in which

content whereas,

inorganic fertiliser treated soil showed higher nitrogen
content. Harlier conclusions were derived from short-term
experiments (Suri and Puri, 1997) or from studies with a
much higher manure application rate (Agbenin and Goladi,
1997). The lower value of total mtrogen m organic plots
could be as a result of crop uptake, immobilisation by
microorganmisms and nmitrogen loss through volatilisation
(Defoer et al, 2000). Available P is higher in the
inorganically treated plot compared to organic. The
mcrease of available P in the inorgamc plot could be due
to the additien of single super phosphate (525 g plot™)
compared to rock phosphate (262 g plot™) added in
organic plot. Available P declined in cultivated soil where
minimal P application was done. However, higher P was
observed with soil that received P fertiliser. Moreover,
similar conclusion was drawn by Dobermann and
Fairhurst (2000) stating that in most cultivated soils, the
soil P is higher than the critical limits (5 pg g~ in acid
soils and 25 pg g ' in calcareous soils) and the
differences could be explained by the rates of fertilizer
being applied at each site. Exchangeable K was also found
to be higher in inorganic fertiliser treated soi1l. Application
of muriate of potash (100 g plot™) could have increased
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the K content in inorganic plot. Also K mn cultivated plot
decreased where there was no K application and was
maintained in soil that received K fertiliser. For soils that
did not receive any K fertiliser, the mherent K supply was
being depleted due to continuous K outflow extracted
from the soil by the crops.

Microbial populations: Result from the present experiment
demonstrated that soil microbial population increased n
organically aniended plots compared to inorganic and
control plots which may be due to the addition of organic
amendments that might have large impact on the size and
activity of microbial population. Bolton ef al. (1985) and
Ramsey et al. (1986) reported increases in microbial
counts in response to fertilization. Long term stubble
retention, reduced tillage systems and mamuring have
been shown to increase microbial biomass carbon and
microbial activity in seil (Haines and Ureen, 1990).
Mader et al. (2002) reported enhanced soil fertility and
higher biediversity in organic than conventional plots and
concluded this may render orgamic systems less
dependent on external inputs. In general, the bacterial
population was higher than the fungal population at both
the surface as well as the sub- surface soil depths.
Patham et al. (2003) reported that cattle manure
application promoted the growth of bacteria, but not fungi
when compared with the control soil. This was partially
attributed to limitations of pH values in the manure treated
soils, which were around 5.6, the highest among the
treatments evaluated (Parham et al., 2002). Other studies
also showed that increased soil pH in the acidic range
cause a shift towards dominance of the bactenial
commumnty, while fungal communities were unaffected
(Frostegard et al., 1993, Pennanen, 2001). The addition of
animal or green manures on organic farms provided a
significantly greater mput of orgamc carbon, which
increased bacterial populations (Fraser et afl, 1994).
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Table 2: Comrelation coefficient values of microbial populations (fungi and bacteria CFU) with physico-chemical properties and microbial biomass carbon of
paddy field soils under organic and inorganic fertilizer treatments at the surface (0-15 cm) and sub-surface (15-30 cm) soil depths

Treatments ST MC pH oC N P K Cric
Fungi (0-15 cm)

Control - 0.3693 -0.4276° - - -0.5247°
Organic 0.4683" 0.4021° -0.4200° - - -0.3344¢
Inorganic 0.4721* 0.3798 -0.3566 - - -

Fungi (15-30 cm)

Control 0.3366 -0.4540P - - - -0.3791* -
Organic - - -0.332¢ - -0.3047¢ - -
Inorganic - - - - - -0.3542¢ - -
Bacteria (0-15 cm)

Control 0.550% -0.3749 - - -
Organic - 0.5257 - -0.3413¢ -0.3114¢ -
Inorganic -0.3121* 03167 - - - -0.5273¢
Bacteria (15-30 cm)

Control - 0.3510* - - - - 0.4130° -
Organic -0.458(F - - - - - -
Inorganic -0.3513 - - 0.4253" - - 0.4066° -

ST: Soil temperature, MC: Moisture content, OC: Organic carbon, N: Total nitrogen, P: Available phosphorus, K: Exchangeable potassium, C,;.. Microbial
biomass carbon. Values marked with ¢, ® and ° are significant at p<0.05, p<0.01 and p<0.001, respectively; insignificant values are marked with -’

other researchers have shown that
mcorporation of orgamc amendments mcreased soil
microbial activity (Elliott and Lynch, 1994), microbial
diversity (Girvan et al., 2004; Grayston et al., 2004) and

densities of bacteria (Bruggen-Van and Semenov, 2000).

Moreover,

Another possible reason 1s that manure promoted
biological and microbial activities, which accelerated the
breakdown of organic substances in the added manure.
The enhanced biclogical activities in the manure treated
soil are evidenced by relatively high C . content and
enzyme activities. As suggested by Jenkinson and Ladd
(1981), microbial biomass not only contains a labile pool
of nutrients but also drives the cycling of organic matter
and nutrients in soil. The fungal population showed
positive correlation with orgamc carbon in all the
treatments at the surface soil depth (Table 2) showing that
the addition of fertilizers mcreases the organic carbon
content of the soil and thereby, mcreases fungal
population. Diversity 1s directly correlated with system
stability (Odum and Barret, 2005) and diversity increases
soil quality by affecting soil agglomeration and increasing
fertility (Kirk et af., 2004). Kang et al. (2005) reported the
increase 1n bacterial number in response to chemical
fertilizers which may be attributed to a better nutrient
status of the soil. There was a decrease in fungal and
bacterial population with increase in soil depth which was
also reported by Tangjang et al. (2009). The vertical
distribution of these specific microbial groups can largely
be attributed to the decline in carbon availability with soil

depth.

Microbial biomass carbon: Increased microbial biomass
carbon content recorded in the organically treated plot
might be due to suitable conditions for microbial growth
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where, development had acted as a good substratum for
microbial activity. Fraser et al. (1994) reported a 10-26%
increase in microbial biomass under organic management.
Microbial biomass carbon in the organically treated soil
was significantly higher than other treatments. Leita et al.
(1999) mdicated that soils treated with FYM and composts
showed a sigmficant increase in total organic carbon and
biomass carbon in response to the increasing amounts of
organic carbon added. A positive effect of organic
fertilizers on the microbial biomass nitrogen and the
carbon content m the soil was also observed and reported
by Cerny et el (2008). Stimulation of microbial biomass
and activities by organic carbon inputs has been well
documented in various organic substrates (Goyal et al.,
1999; Chowdhary et al., 2000, Garcia-Gil et al., 2000,
Peacock et al., 2001; Tu et al., 2005). The present study
revealed that microbial biomass carbon increased with soil
depth which 18 also supported by other researchers.
Parham et al. (2002) reported that microbial biomass
carbon contents decreased with increasing soil depth in
all the soils tested with an exception of higher microbial
biomass carbon in the 20-30 c¢m manure treated soil than
in the 10-20 cm so1l. Sotomayor-Ramirez et af. (2009) also
observed that microbial biomass carbon significantly
decreased with depth in pasture and forested soils, but
this was not true under agriculture soil due to the soil
mixing during tillage.
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