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Soil samples of both aluvial and acid sulfate saline were analyzed for their
physico-chemical properties, microbial biomass and populations in the
present study. Higher organic matter content with 1.88mg/ml wasnoticed in
saline (pokkali) than aluvial soil. The soil pH wasdight variation from 5.47
t05.15. The contents of total nitrogen and sulfate are 0.09% and 0.0086% in
aluvia where as0.25% and 0.0072% in pokkali respectively. The microbial
populationslike heteotrophic, oligotrophic, aerobic and anerobic were enu-
merated on various media. The aluvia soil had considerable population of
aerobic heterotrophic bacteriaand the diluted nutrient agar supported least
number of the total aerobic heterotrophic bacteria whereas the soil extract
agar had the highest populations. The population of diluted nutrient broth
bacteriain alluvial soils was considerable whereas the population of nutri-
ent broth bacteriain flooded alluvial soils was more than that of the DNB
bacteriaunder aerobic conditions. On the contrarily, DNB were dominated
under anaerobic conditions. In this study, flooded conditions are favorable
for the build of oligotrophic bacteria especially those capable of growing
under anaerobic conditions. The populations of anaerobic oligotrophic
bacteriaare also more than the popul ation of aerobic oligotrophic bacteria.
Hence the study explains the role of microorganism on the dynamic and
mechanisms of nutrient mineralization and sustainability of this flooded
agro ecosystems greater significance now the even before.
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INTRODUCTION

Fooded rice soilsarethe best sourcefor the study
of diversty of microbid community inanimportant agro-
ecosystem. Microbia biomassof soil representsthetota
mass of microorganismsthat havevaluesof lessthan
5000 Um- and constitutes up to 50 casedry weight /
hectarewith diverse popul ations of bacteriafungi and

microfaund¥. Thesemicroorganisms’ acts as biocata-
lyst innutrient cycle and ecosystemn functioning. About
200-2000Ug microbia biomasscarbon g-1 soil isof-
tenfoundinagriculturd soils. Thismicrobia community
ismade up by thousands of different species of which
only 1% can only be cultivated and thus characterized.
Thediversity of microorganismsisimmenseandisre-
quired for thefunctioning of thedestruction process of
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dead organic matter™™. Theredation between soil func-
tion and soil microbial diversity hasbeenexplainedin
severa experimentd studies*®, but sofar, aclear pic-
ture hasnot been obtai ned, asthe complex interrelation
between the different soil organismswhich may create
uniquenichesfor each other®®. Another problemisthat
only asmall portion of soil micro biotaisactively gov-
erning theenergy flux of the soil systemwhile most of
thesoil microorganismsare presumably dormaent(”®. This
microbid cell biomassisinvolvedinfixation of 100—
600 kg nitrogen and 50-300 kg p/h in the upper 30
cmsof s0il®. Theselevelsof nutrients exceed thean-
nua applicationthroughfertilizers.
Microflorainricesoilsatersin particular sequence
that aerobic bacteria (in few days after the sail is
flooded) to facultative anaerobesto anaerobes®. The
highest agricultural priority inAsiaisriceproduction
and about 90% total world riceareaisinAsian coun-
tries, with 75 million hectors harvested annual ly2.
Thesehigh inputs provide staplefood grainsfor one
billion people productivity. Riceispreferablegrown
under flooded conditionssincericeyieldsbetter under
these conditions. But the mineralization of carbonin
anaerobic flooded rice soilshaslead to the production
of methanewhichleadschangesinglobal climate. Rice
soilsare considered as an important sources of meth-
anecontributingabout 60 TG 'Y -1 witharangeof 25—
100 TG -1, Therearemicrobesin flooded rice soils
which harbored oligotrophic or diluted nutrient broth
(DNB) bacteriawnhich areculturableonly in 100 folds
diluted nutrient broth medium. The studiesonthe oc-
currenceof oligotrophic bacteriain anaerobic flooded
rice soilsareunderstand their rolesin carbon mineral-
ization. Themicrobial biomassisknown to determine
theratesof minerdization*¥. Theestimated of soilsbio-
massiscons dered to beagood indicator of microbia
gatusand of soilshedth. Thereforeexperienmentswere
conducted in the present study to compare different
culturemediafor enumeration of bacteriaandtoisolate
and enumerate DNB or oligotrophic bacteria popula
tioninsoilsandinrootsof rice.

MATERIALSAND METHODS

Collection of soil samples
Andluvid soil fromtheexperimenta farm of Cen-
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tral Rice Research Ingtitute, Cuttack and an acid sul-
fate (Pokkali) soil collected from Ernakulum, Kerala
were used in various experiments of thisstudy. The
collected sampleswereair dried under shade and big
soil clodswere pounded with awooden mallet. They
were passed through a2 mm sieve and stored at room
temperature. The physico-chemical propertiesof the
soil aremeasured by the standard procedures of Jack-
son (1967)[1,

Microbial analysesin soil samples

Enumer ation of microbial population

Onegram of soil samplewasdiluted by tenfold
using sterilewater (10 mL). After athorough mixing,
diluted sample (1 mL) was transferred to another
sterilewater blank (9 mL), which conformed to 10?
dilutions. Similar procedure wasfollowed upto 108
dilution.

Nutrient agar medium which consisted of (g/L):
3.0 beef extract, 5.0 tryptone and 20.0g agar and pH
7.0),a100 X diluted nutrient medium, plate count-
and soil extract agar for bacteria, and Rose Bengal
and Czapek-Dox agar mediasfor fungi were auto-
claved at 15 Ib pressure and 121°C for 20 minutes
and used for enumeration of microbia populationsin-
cluding bacteriaand fungi. For thisan aiquot (0.5mL)
of the diluted soil samplers(10°, 10°and 107) was
transferred to each sterile plate. After pouring 15 mL
of themedium onto sterilized Petri-plateand swirling
gently to mix the contentsand the agar wasalowed to
solidify. Then, the plateswereinverted and placed in
a BOD incubator for aerobic conditions while an
anaerobicjar wasused for anaerobic conditions. Enu-
meration for bacteriaof fungi was done after 4to 7
days and after 30 days, for anaerobic oligotrophic
bacterial population.

Extraction and estimation of microbial biomass

All thesamplesin the conical flask were shaken
for 30 minutesin ashaker. Thesampleswerealowed
to settle down and the supernatant wasfiltered. A 5
mL of portion of filtrate of each sample wastrans-
ferred to a500 mL conical flask. To each of theflask
10 mL of 1IN potassium dichromate and 10 mL of
concentrated sul phuric acid were added. Instead of
thefiltrate 5 mL potass um sul phate solution wastaken
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intheblank samples. Two blank samplesweretaken.
All thesamplesin 500 mL flasksweredigested on a
hot platefor 30-40 minutes. To al the samples, after
cooling, 200 mL of ditilled water was added. Diphe-
nylamine indicator was added to each flask and
samplesweretitrated against 0.25N ferrous sulphate
solution. The biomass C by means of an extraction
with 0.5 m K_SO, was cal cul ated according to Vance
et at. (1987)19,

Enumeration of aerobicbacteriaand fungi

Populationsof total aerobic bacteria(heterotrophic)
andfungi intheair-dried dluvia soil samplewereesti-
mated by the standard dilution platetechnique using
different media. The culture plateswereincubated at
28+ 29C for aerobic growthin aBOD incubator.

Enumeration of diluted nutrient bacteria(DNB)

For theisolation and enumeration of oligotrophs, a
100X diluted nutrient broth™ was used. Flooded soil
samplesafter 10 daysflooding werediluted using this
medium. Plate techniquewasfollowed to enumerate
theoligotrophic bacteriafrom soil. The cultureplates
wereincubated at 28 + 2 °C for aerobic growthina
BOD incubator.

Enumer ation of total aerobicbacteriaand diluted
nutrient (DNB) or oligotrophicbacteriafromrice
roots

For sampling of roots, rice plantswere uprooted
gently from the experimental pots. After thoroughly
washing under running tap water, rootswerecut into 1
cmlength. They were surface sterilized by immersing
them in 0.1% HgCl, solution for 30 min and then,
washed free of mercuric chloride using sterile water.
Extractsfrom these sterile root-pieceswere used for
serid dilution. Platetechniquewasfollowed to enumer-
ate the oligotrophic bacteriafrom roots of rice. The
culture plateswereincubated at 28 + 2 °C for aerobic
growthinaBOD incubator.

Populations of total anaerobic, oligotrophic bacte-
riafromsoil and ricerootsintheair-dried aluvia soil
samplewere estimated by the standard dilution plate
technique. For enumeration of all theseanagrobic bac-
teria, theculture plateswereimmediately transferred to
a‘GasPak’ anaerobic jar following the standard pro-
cedure of BBL Microbiology Systems (Becton

Microbial diversity in flooded rice soil

ESAIJ, 7(5) 2012

Dickinson and Co, Cockeysville, Maryland, USA).
After 30 daysof incubation, the col onieswere counted
for oligotrophic bacteria.

Estimation of microbial biomasscontent

For estimation of microbia biomassinflooded a-
luvid or acid sulfate soil, 50gm of air-dried soil sample
was placed in containers of 120 mL capacity and
flooded with steriledistilled water (1:1 soil and water
ratio). Air bubbles devel oped during theinitial peri-
odsof incubation were carefully removed. Theflooded
s0il samples, after closed with auminumfoil, werein-
cubated for 10 daysat 28 + 2 °C. Microbial biomass
C content was analyzed by thechloroform fumigation
extraction method™.,

RESULTSAND DISCUSSION

Soil samplesof bothaluvid and acid sulfatesaine
(Pokkali) were analyzed for their physico-chemical
propertiesand resultswererepresented inthe TABLE
1. Therewasdlight variationin pH of soil from5.47in
dluvid to5.15in acid-sulfate soil. Higher organic mat-
ter content of 1.88mg/ml wasobserved in pokkali than
dluvid soil. The contents of total nitrogen and sulfate
are 0.09% and 0.0086% in alluvial where as 0.25%
and 0.0072% in pokkali respectively.

TABLE 1: Physical characteristicsof theflooded rice sail.

Properties Alluvial saﬁﬁle?(ls?lglzit;i)
pH? 5.47 5.15
Organic carbon 1.33 1.88
Sulfate (SO, — 9)° (%) 0.0086 0.0072
Total nitrogen (%) 0.09 0.25

aMeasured by taking 1:1.25 soil-water slurry; "Estimated by
Walkely-Black method; °Estimated by M assoumi-cornfields
method; ‘Estimated by Kjeldahl method.

Microorganismsof diversenatureand functionsin-
habit soil and they areresponsiblefor nutrient cycling
and ecosystem functioning. Sincethe popul ationsof the
microorganismsare heterogeneousand diverseintheir
physiologicd activities, quditatativeor quantitativemeth-
odsto enumerate or identify al of them areinadequate.
Thedluvid s0il had considerable population of aerobic
heterotrophic bacteria (TABLE 2). A 100 X diluted
nutrient agar supported least number of thetotal aero-
bic heterotrophic bacteriawhereasthe soil extract agar
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had thehighest. Thesoil extract agar had nutrientswhose
concentrationsaresmilar tothosefoundinnormd, soils
thusthisnature of medium compositionwas good for
the development of cultural bacteriafromthesoil inthis
study. Flooding of soil creates aerobic anaerobic and
diluted nutrient environment with diverse naturefor
bacteria. There are reportsof occurrence of bacteria
which areobligateto the oligotrophic nature of flooded
s0ilg%9. Hencethebacterid populationin diluted nutri-
ent agar would be different from that of full strength
nutrient agar (TABLE 2). Smilarly, theestimatesof to-
tal fungi differed with theuse of two media(TABLE 3).

Theseresultsindicatethedifferenceinthe abilities of
diverse physiologica groupsof microorganismsto ap-
pear inthestandard media. Soilscan bevery different
inthediversity of organisms present; Types, numbers,

and biomass of organismsvary not only from soil to
soil, but dsowithin thesame soil type. Generdly fungi

dominate the soil biomasswith 10° to 10° colony-form-
ing units’ g-1 soil, while bacteria are most abundant in
numbers. Thediversity in microbial communitiesin
flooded rice soilswithin afew days of flooding was
also observed in other studies®!Y, |n the studies of
Yoshida (1975)*%, generally bacteriawere predomi-
natein ricesoilswhereasfungi and actinomyceteswere
morein upland soils. In some other studiesalso, the
microbia biomassisinfluenced by many factorsinclud-
ing soil type, temperature, moisture and other biologi-
cal factorg?*?2, Flooded rice soils are predominantly
with anaerobi c environment with many micro sites of
nutrient poor or rich conditionsdepending on thedilu-
tion by flood water and the diffusion of dissolved oxy-
gen. Thepopulation of DNB bacteriainaluvia soils
was considerable (TABLE 2) whereasthe population
of NB bacteriain flooded aluvia soilswasmorethan
that of the DNB bacteria under aerobic conditions
(TABLE 4). Onthe contrarily, DNB were dominated
under anaerobic conditions. Flooded conditionsarefa-
vorablefor thebuild of oligotrophic bacteriaespecialy
those capable of growing under anaerobic conditions.

The popul ations of anaerobic oligotrophic bacteriaare
also morethan the popul ation of aerobic oligotrophic
bacteriain therootsof rice (TABLES5). However, the
numbersof NB bacteriaboth aerobicand anaerobicwere
amogt identica. Endorhyzosphereof ricerootsisknown
to harbor many nitrogen fixing bacterid®.
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TABLE 2: Bacterial population (total aerobic heter otrophic)
inalluvial soil enumer ated on variousnutrient media

M edium (cfu’s) g sail (X 10")
Nutrient 445+ 35
Diluted nutrient agar 3.65+4.9
Plate count agar 3.80+0.0
Soil extract agar 840+12

*values represented in the table are mean of duplicates
Microbial populations measured in terms of colony forming
unityg (CFU) of sail

TABLE 3: Fungal populationsin alluvial soil on two different
medium

Fungal populations

Medium (cfu’s) g™ soil (X 10%)
Rose-Bengal agar 5.20+5.6
Czapek-Dox agar 320+14

*values represented in the table are mean of duplicates
Microbial populations measured in terms of colony forming
unitsg (CFU) of sail

TABLE 4: Bacterial populationsin nutrient-broth (NB) and
diluted nutrient-broth bacteria (DNB) in an alluvial soil un-
der aer obicand anaer obic conditions.

Bacterial populations

Group (C FU X 10° g* sail)
Aerobic Anaerobic

NB bacteria 15.60 5.17

DNB bacteria 5.94 6.72

TABLES5: Bacterial populationinriceplant rootson nutri-
ent and diluted nutrient-broth

Population

Group (colony forming units X 10* g* soil)
Aerobic Anaerobic
NB bacteria 27.00 27.30
DNB bacteria 5.05 6.75

*values represented in the table are mean of duplicates
Microbial populations measured in terms of colony forming
unityg (CFU) of sail

Thebiomassof microfloraisknownto determine
therate of minerdization*¥. Themicrobial biomassis
influenced by soil temperature, moistureand other bio-
logical factors*#, Accumulation of CO, isalsoindi-
cator of microbid activity especialy soil respiration?®!,
Inthisexperiment the effects of different levelsof soil
microbid biomass content onthe mineration ratewere
examined used full strength nutrient medium. Net accu-
mulation of CO, was highest after 10 daysof incuba-
tion amended with soil microbia biomassat 2-10 ng
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mi-* soil (TABLE 6). Withthedecreaseinthelevelsof
soil microbia biomass content, therewasreductionin
the net accumulation of CO, Anaerobic microorgan-
ismsareknown to have slower metabolic rates com-
pared to aerobic microorganisms?). However, net
methane accumul ation was comparabl eto that of aero-
bic conditions. Under both aerobic and anaerobic con-
ditions, therates of mineralization werelowered with
decreasing levels of soil microbial biomass content
(TABLE7). Similarly, theelevated CH, productionin
flooded soils during the reproductivegrowth stages of
lowland rice (Oryza sativa L.) was believedto result
from decompoasition of root exudatesand autolysi sroot
tissueinthestudiesof triggering of methane production
in rice soils by root exudates®!. In the studies of
Sahrawat, gpplication of or in-gtuavailability of termind
€l ectron acceptors (oxidants) such asferriciron or sul-
fatedlowsiron or sulfatereducersto successfully com-
pete for substrates, hydrogen or acetate, with

TABLE 6: Net accumulated carbon dioxide(mgmL-1) and
methane (ug mL-1) in full-strength nutrient liquid medium
amended with different levelsof soil microbial biomassunder
aerobic conditions.

Sail
microbial Days of incubation
Biomass
10 20
(mg mL-1)
CO, CH, CO, CH,
No addition 7.92 341 6.60 3.68
210.00 35.20(4.4) 29.09(8.5) 13.20(2.0) 21.33(5.8)
21.00 14.98(1.9) 20.10(5.9) 11.00(1.7) 9.28(2.5)
2.10 1144(14) 5.35(1.6) 880(13) 527(14
0.02 1056 (1.3) 6.43(1.9) 9.24(14) 9.22(25)

Values in the parentheses represent the number of folds of
increase over the unamended control.

TABLE 7: Net accumulation of car bon dioxide(mgmL %) and
methane (ug mLY) in full-strength nutrient liquid medium
amended with different levelsof soil microbial biomassunder
anaer obic conditions (10 after incubation)

Soil microbial Net CO, Net CH,4
biomass(MgmL™)  accumulation  accumulation
No addition 7.92 2.90
210.00 13.64 (4.4) 22.04 (7.6)
21.00 7.04 (1.9 3.22(11)
2.10 4.40 (1.4) 2.29 (0.8
0.02 1.76 (1.3) 1.90(0.7)

Values in the parentheses represent the number of folds of
increase over the unamended control.
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methanogens. Thisstopsmethane production. Electron
acceptorsa so oxidizemethaneand reduceitsemission.
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