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Organic Amendment Effects on Microbial
Population and Microbial Biomass Carbon
in the Rhizosphere Soil of Soybean

BIBHUTI B. DAS AND M. S. DKHAR

Microbial Ecology Laboratory, Department of Botany, NorthEastern Hill
University, Shillong, India

The aim of the study was to determine microbial populations and microbial biomass
carbon in the rhizosphere soil of soybean cultivated under different organic treatments:
plant compost (PC), vermicompost (VER), farmyard manure (FYM), and integrated
plant compost (IPC). The serial dilution plate method was employed to enumerate
the rhizosphere soil fungi and bacteria. Results showed that microbial populations
and biomass carbon were affected by the application of organic amendments. Fungal
population was the greatest in the VER plot for two crop cycles, whereas bacterial pop-
ulation was the greatest in the VER in the first crop cycle and FYM for the second crop
cycle. Tukey’s test at P < 0.05 showed that change in microbial biomass carbon in the
sites studied over time was significant, with the greatest in FYM. In our study, addition
of organic amendments affected the soil physicochemical properties, which in return
affected the rhizosphere microbial characteristics.

Keywords Microbial biomass carbon, microbial population, organic amendments,
rhizosphere

Introduction

It is well established that microbial life only occupies a minor volume of soil localized in
the hot spots such as the rhizosphere soil (Nannipieri et al. 2003) where microflora has con-
tinuous access to a flow of low- and high-molecular-weight organic substrates derived from
roots. The rhizosphere is the soil volume surrounding the rhizoplane, and the term was first
coined by Hiltner in 1904 (Brimecombe, Lelj, and Lynch 2001). The soil is the habitat
of both fungi and bacteria, which have positive and negative effects on the growth and
development of plants (Kurek and Kobus 1990; Pieta 1987). Both biotic and abotic factors
affect the quantitative and qualitative compositions of the population of microorganisms.
Plants secrete various organic compounds to the soil through roots, and after the harvest
leaves crop residues with the proper chemical composition. Root exudates, the main source
of amino acids, sugars, vitamins, phenols, organic acids, and metal ions, affect the com-
position of the microorganism population in the soil, especially in the rhizosphere (Curl
1982; Darcy 1982; Funck-Jensen and Hockenhull 1984; Pieta 1985; Rovira 1965). The
use of organic amendments to increase the fertility of the soil also enhances the growth of
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micrflora in the rhizosphere region. Microflora benefit the plants through different mecha-
nisms of action, including (i) the production of secondary metabolites such as antibiotics,
cyanide, and hormone-like substances; (ii) the production of siderophores; (iii) antagonism
to soil-borne root pathogens; (iv) phosphate solubilization; and (v) dinitrogen fixation. The
establishment of rhizosphere microflora possessing any of these characteristics is inter-
esting because they may influence plant growth. Organic amendments, depending on the
degree of maturity, provide a rich medium supporting a greater microbial activity (Chen
et al. 1988) and may also contain a diverse microbial population (McKinley and Vestal
1984).

Applications of organic amendments can cause changes in the physical, chemical, and
biological properties of soils. Applying organic amendments has been shown to increase
soil microbial activity (Liu and Ristaino 2003), microbial diversity (Girvan et al. 2004;
Grayston et al. 2004), and bacterial densities (van Bruggen and Semenov 2000). Gelsomino
et al. (2004) compared organic and conventional agricultural systems by examining their
effects on soil microbial biomass, microbial activity, and substrate utilization and docu-
mented an enhancement of microbial biomass in the plots with organic amendments. The
soil microbial biomass is fundamental to maintaining soil functions because it represents
the main source of soil enzymes that regulate transformation processes of elements in soils
(Bohme and Bohme 2006). It has been suggested as a possible indicator of soil environ-
ment quality and is employed in national and international monitoring programs. Microbial
biomass carbon (C) is often closely related to organic matter, and soil organic material is
also altered with floristic composition, plant phenology, and soil fertility (Quideau et al.
2001; Warembourg and Estelrich 2001). The objective of the study was to compare the
effect of four types of organic amendments on the microbial composition and microbial
biomass C of soybean rhizosphere.

Materials and Methods

Study Site and Rhizosphere Soil Sampling

Field experiments were conducted on a soybean plot for two crop cycles, from May to
September 2007 and 2008, at the Agronomy Experimental Farm of the Indian Council of
Agricultural Research, Barapani, Shillong, Meghalaya, India. The soil of the experimental
site is sandy loamy and is situated in the geographic location of 25° 38’ N and 91° 52" E
at an altitude of 830 m above sea level. A high-yielding variety of soybean (JS80-21) was
sown for investigation. The experimental field was divided into five plots with each hav-
ing three replicates. Each triplicate plot had a size of 6.5 m? with spacing of 30 x 15 cm
R x P (row by row and plot by plot). Among the five plots, four were treated with organic
amendments. One plot had no treatment and was considered as the control (CON) plot. The
optimum doses of fertilizer applied in the field were farmyard manure (FYM) 15 t ha™!,
vermicompost (VER) 7.5 t ha™!, integrated plant compost (IPC) 5 t ha~!, and plant com-
post (PC) 15 t ha~!. According to the type of treatment, each of the plots were considered
as PC, VER, IPC, FYM, and CON without fertilizers.

Soybean roots and rhizosphere soil were collected directly beneath the plant crown
from experimental plots. At each plot, three plants located in the middle were randomly
selected for sampling. The soil samples containing the soybean crown and root material, as
collected from the field, were stored at 4 °C until they were processed. Inoculum from each
collection was prepared by compositing subsamples from the three plants sampled at each
plots and sieving the rhizosphere soil through a 2-mm sieve to remove rocks and large litter
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fragments. Additional root material was clipped free from the primary root, cut into 2-cm
pieces, and combined with the soil sieving for isolation of microorganisms. About 300 g
of each rhizosphere soil sample was air dried and stored at 4 °C for chemical analysis.
The mean data of 2007 and 2008 were used to interpret the effects of different organic
amendments on microbial and chemical characteristics.

Isolation and Counting of Microorganisms

The serial dilution plate technique (Johnson and Curl 1972) was employed to enumerate
the rhizosphere soil fungi and bacteria. Martin’s rose bengal agar medium (Martin 1950)
and nutrient agar medium were used for isolation of fungi and bacteria respectively. The
inoculated Petri plates were incubated at 25 4= 1 °C for 5 days and 30 £ 1 °C for 24 h 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

Microbial biomass carbon (C) was determined by the chloroform fumigation incubation
method (Anderson and Ingram 1993).

Soil Physicochemical Properties

Soil temperature was noted using a soil thermometer at the time of sample collection. pH
of the samples was read using an electronic digital pH meter. The moisture content was
determined by drying the samples in a hot-air oven at 105 °C for 24 h. Organic carbon
(Corg) was measured by the method given by Anderson and Ingram (1993). Total nitrogen
(N), available phosphorus (P), and exchangeable potassium (K) were determined by the
Kjeldahl method (Jackson 1973), molybdenum blue method (Allen et al. 1974), and flame
photometer method (Jackson 1973), respectively. Soil respiration was determined by the
absorption and titration method (MacFadyen 1970).

Statistical Analysis

Statistical analysis was done by using Origin 7.0 SRO v 7.0220 (B220) (Origin Lab
Corporation, Northampton, Mass.) and Statistica v 6.0 (StatSoft, Tulsa, Okla.). Data col-
lected were subjected to analysis of variance (ANOVA). Significant means were detected
using Tukey’s test at the 5% probability level. Diversity of fungi was calculated using the
Shannon—Wiener index (H) (Shannon and Wiener 1963).

Results and Discussion

Fungal Population

The mean fungal population for the first year reached the greatest value of 25.23 x 103
CFU g~! dry soil for the VER plot, and the lowest value of 11.37 x 10° CFU g~! dry soil
was observed in the CON plot. Fungal population for the first year exhibited significant
variation between organically treated plots and the CON plot according to Tukey’s test at
P < 0.05 (Figure 1). Similarly, the second year also showed the greatest fungal value of
23.65 x 103 CFU g~! dry soil in the VER plot, and the lowest value of 16.66 x 10° CFU
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Figure 1. Fungal population of the rhizosphere soil under different organic treatments during the
two growing seasons of soybean. Means & SE with the same letter on top do not differ significantly,
whereas means with different letters on top differ significantly according to Tukey’s test (ANOVA)
(P <0.05). Note: pc, plant compost, ver, verimcompost; ipc, integrated plant compost; fym, farmyard
manure; and con, control.
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Figure 2. Shannon Wiener index (H) of the rhizosphere soil fungi under different organic treat-
ments during the two growing seasons of soybean. Means + SE. Note: pc, plant compost; ver,
verimcompost; ipc, integrated plant compost; fym, farmyard manure; and con, control.

g~ ! dry soil was recorded from the CON plot. No significant variation in fungal population
was exhibited in the second year (Figure 1). The Shannon—Wiener index (H) of fungal
diversity showed the greatest value in the IPC treatment (2.31) and the least value in the
CON plot (1.35) for the first year. During the second year, the PC treatment (2.33) showed
the greatest H of fungal diversity, and the least was exhibited by the CON plot (2.13)
(Figure 2). In the first year, the greater fungal population in VER was further evidenced
from the correlation among fungal population, available P, and microbial biomass C and
in the second year among fungal population, exchangeable K, and bacterial population
(Figure 3).

Bacterial Population

Bacterial population in both the sampling years showed significantly greater values in the
organically treated plots than the CON plot. The mean bacterial population for the first
year was greatest in VER, 55.19 x 10° CFU g~! dry soil and the least in the CON plot,
30.89 x 10° CFU g~! dry soil. The VER and FYM plots exhibited significant variation
in bacterial population according to Tukey’s test at P < 0.05 (Figure 4) whereas in the
second year organically treated plots exhibited significant variation in bacterial population
with the CON plot according to Tukey’s test at P < 0.05, with the greatest value recorded
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Figure 3. Correlation coefficient of fungal population with available phosphorus for the first year
(a) and fungal population with exchangeable potassium for the second year (b). Note: fp, fungal
population; bp, bacterial population: and mbc, microbial biomass carbon.
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Figure 4. Bacterial population of the rhizosphere soil under different organic treatments during the
two growing seasons of soybean. Means £ SE with the same letter on top do not differ significantly,
whereas means with different letters on top differ significantly according to Tukey’s test (ANOVA)
(P < 0.05). Note: pc, plant compost; ver, verimcompost; ipc, integrated plant compost; fym, farmyard
manure; and con, control.

in FYM, 65.33 x 10° CFU g~! dry soil and the least recorded in CON, 22.68 x 10° CFU
¢~ ! dry soil (Figure 4).

Microbial Biomass Carbon

Microbial biomass C in the rhizosphere soil samples collected under different organic treat-
ments and the CON plot exhibited a significant treatment effect, where the mean value for
the first year under FYM treatment reached the maximum value of 320.27 ug Cg~! dry
soil and in the CON plot with a minimum value of 163.03 ug Cg~! dry soil. The FYM and
IPC plots exhibited significant variation with the PC and CON plots according to Tukey’s
test at P < 0.05 (Figure 5). A similar trend in biomass C was exhibited in the second year
with the greatest value recorded in FYM (451.04 ug Cg~' dry soil) and the least value
recorded in the CON plot (186.6 g Cg~! dry soil). Organic treatments exhibited signifi-
cant variation in microbial biomass C with the CON plot according to Tukey’s test at P <
0.05 (Figure 5).
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Figure 5. Microbial biomass carbon of the rhizosphere soil under different organic treatments during
the two growing seasons of soybean. Means = SE with the same letters on top do not differ signif-
icantly, whereas means with different letters on top differ significantly according to Tukey’s test
(ANOVA) (P < 0.05). Note: pc, plant compost; ver, verimcompost; ipc, integrated plant compost;
fym, farmyard manure; and con, control.

Physicochemical Properties

Rhizosphere soil exhibited different physicochemical properties according to the different
organic amendments. The pH and moisture content were greatest in the PC plot and least
in the CON plot. Organically treated plots exhibited significant differences in pH with the
CON plot, whereas significant variation in moisture content was observed only between
the PC and CON plots (Table 1). Soil organic C was significantly greater in the IPC plots
and exhibited significant variation with the CON plot. A similar trend with significant
increase was obtained for total N values in organic treatments compared to the CON plot.
Exchangeable K was found to be greater in FYM and lower in IPC plots and, no significant
variation was observed between the treatments and CON plots. Also, P was greatest in the
VER plot and lowest in the IPC plot. The VER plot exhibited significant differences in P
values with other organic treatments and CON plots (Table 1).

Discussion

Microbial Populations

It is known that organic matter introduced to soil stimulates soil microbial populations
and soil biological activity (Brady and Weil 1999), which is in accordance with the present
study where organically treated plots showed an increase in fungal and bacterial population
compared to the control plot, where no fertilizer was applied. Among all the organic treat-
ments, the greatest fungal and bacterial populations were observed in VER and FYM plots.
Dar (1996) and Marinari et al. (2000) reported an increased soil biological activity and
microbiological growth when vermicompost of sewage sludge was added, which enhanced
soil microbial biomass by 8-28%. The number of CFU of fungi and bacteria increased
when pig manure compost was added to the soil (Weon et al. 1999) and addition of compost
to soil increased the incidence of bacteria in the tomato rhizosphere (Alvarez, Gagne, and
Anton 1995). It has been reported that addition of organic manure would have resulted in
increased secondary and micronutrients in the soil, which might have helped to increase the
microbial population (Krishnakumar et al. 2005). The addition of organic materials to agri-
cultural soil (with or without chemical fertilizers) is important for replenishing the annual
C losses and for improving both the biological and chemical properties of the soil (Goyal
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et al. 1999). Furthermore, increased microbial population recorded in organically treated
plots might be due to application of different types of organic manures, which provide ade-
quate biomass as a feed for the microbes and help in increasing microbial population in the
soil, as evident in the present study. The microorganisms play an important role in degrad-
ing complex organic compounds such as cellulose, lignin, and protein. Similar results were
also obtained earlier by Prabhuraj et al. (2005), who observed that combination of farmyard
manure, sericulture waste compost, green manure, and biofertilizers with NPK recorded
significantly greater populations of inoculated phosphate-solubilizing microorganisms and
N-fixing bacteria. Also the greater bacterial population in VER and FYM treatments may
be due to the ratios of Gram-positive to Gram-negative bacteria and of bacteria to fungi as
determined by signature phospholipids fatty acids, which were greater in the organic treat-
ment (Kirchner, Wollum, and King 1993). They also concluded that organic amendment
increased the C, of the soil, whereas C,, and C/N ratio significantly affect bacteria and
eukaryotic community structure. The manure soils also supplied large amounts of read-
ily available C, resulting in a more diverse and dynamic microbial system (Kandeler and
Marschner 2003).

Microbial Biomass Carbon

The soil microbial biomass is involved in the decomposition of organic materials and, thus,
the cycling of nutrients in soils. It is also frequently used as an early indicator of changes in
soil chemical and physical properties resulting from soil management and environmental
stresses in agricultural ecosystems (Brookes 1995; Jordan et al. 1995; Trasar-Cepeda et al.
1998). Enhancement of microbial biomass after organic amendment has been reported in
long-term (Garcia-Gil et al. 2000) as well as in short-term microcosm experiments (Saison
et al. 2006). Our results showed that the addition of organic residues sharply increased
the soil microbial biomass C compared to control. This might be attributed to stimu-
lated suitable condition for microbial growth where organic residues have acted as a good
substratum for microbial activity. Also, Inubushi et al. (1997) and Leita et al. (1999) indi-
cated that soil treated with FYM, compost, and other organic manure showed a significant
increase in total C,,, and biomass C in response to the increasing amount of organic C
added. Application of organic amendments increased the microbial biomass C. There is
evidence that increasing inputs of crop residues increase soil organic matter and micro-
bial biomass C (Mahmood et al. 1997; Graham, Haynes, and Meyers 2002), which is in
accordance to the present study where the soil organic matter and microbial biomass C was
greatest in IPC and FYM.

Physicochemical Properties

Soil pH was found to be an important factor affecting all microbial activities. There were
significant changes in soil pH following the addition of different organic treatments com-
pared to the control in the present study. The soil pH was found to be greater in the
organic plots than in the control plot as also reported by Gelsomino and Cacco (2004),
suggesting that addition of organic amendments induced a significant increase in soil
pH. Tang and Yu (1999) reported that the concentration of organic anions in residues
and the degree of decompositions of plant residues were important parameters influenc-
ing the direction (decrease or increase) and magnitude of changes in the pH of amended
soils. The decomposition of organic wastes release calcium (Ca) and magnesium (Mg)
nutrients, which could slightly increase the soil pH (Ramaswami and Son 1996). The
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use of farm-derived sources such as plant residues, compost, manures, and household
wastes has commonly been used in the management of soil fertility (Kimani et al. 1998).
Plant compost and animal manure are beneficial in soil because they can increase the
water-holding capacity (Nandwa 1995), which is in accordance with the present study,
where organic treatments showed an increase in moisture content (Table 1). Zak, Tilman,
and Parmenter (1994) elucidated the importance of soil organic C, total N, and Olsen
P, which were found to be greater in manure amendments, with a significant effect on
the composition and quantity of the soil microbial community, a trend that was also
observed in the present study of soybean rhizosphere. The greater value of soil Cyg, N,
P, and K in organically treated plots might be due to their greater content in organic
amendments.
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