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ABSTRACT

Changes in biovolume inocula of Azospirillum bacteria were studied in
soil under winter wheat, oat and maize crops. The cereal seedsweretreated
with fungicides and inoculated with Azospirillum brasilense actively fix-
ing dinitrogen. Plants were grown without nitrogen fertiliser and with ni-
trogen application in the amount of 60 and 120 kg N ha-1 for wheat, 50 and
100 kg N ha-1for oatsand 100 and 200 kg N ha-1 for maize. The population
number of bacteria was estimated at different developmental stages of
plants. Inoculation of cereals with Azospirillum brasilense bacteria con-
tributed to theincrease of their numbersin soil. No significant influence of
fungicidal seed dressings on the numbers of Azospirillum bacteria has
been noted. The application of mineral nitrogen to the cropswasfavourable
to multiplication of Azospirillum bacteria under plants.
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INTRODUCTION

In connection with numerous manifestations of a
beneficial action of Azospirillum bacteriaon plants,
sincethebeginning of studieson bacterial speciesof
thisgenus attempts have been madeto use them prac-
ticaly inagriculturethrough inocul ation of cropswith
these bacteria. The effect of inoculation with
Azospirillumstrainson theyield of cultivated plants
was demonstrated many times, particularly under con-
ditionsof tropica climate. Theeffect of inoculationtoa
large degree dependent on the ability of microorgan-
ismstosurviveinthesoil. Their surviva isdetermined

by such factors, aschemical and granulometric com-
position of soil, temperature, pH, presence of pesti-
cides, plantsand other microorganisms.

The two species — Azospirillum brasilense and
Azospirillumlipoferumarefound in soils of thetem-
perate zone® and eveninthezoneof thecold climate
of Finland™. Azospirillumbrasilenseisattributed to
have affiliation with plantswith photosynthesi sof type
C3 (wheat), while Azospirillumlipoferumisconsid-
ered to haveaffiliation with plants of type C4 (maize).

Theam of the present paper wasto study the effect
of inoculation of winter wheet, oats and maize with
Azospirillumstrain onthe numbersof bacteriafrom the
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genus Azospirillumat different devel opmentd stagesof
plantsonthebackground of varyingnitrogen application
and plant protectionwith fungicida seed dressings.

MATERIALSAND METHODS

Sudy areaand sail

Two study areaswere selected in Patan District of
Gujarat; (d) Dharmoda in Chanasama taluka, (b)
Sabadal purain Santalpur taluka. Nature of soilsis
mainly semi-arid to dry; which was characterized by
lack of moisture.

Bacterial cultures

Azotobacter brasiliense and Azospirillum
lipoferum was isolated from soil of same district,
Vanasan in Sidhdhapur taluka. Themixed culture pre-
pared by rhizosphere soil of field grown foragegrass,
in 500 ml Nitrogen-free sugar media. Sucrose media
was incubated for 24 h at room temperature (28° +
2°C) on arotary shaker with speed of 150 rpm.

Prepar ation of inocula

The cultures of Aztobacter brasiliense and
Azospirillumlipoferumweremultiplied in Nitrogen-
freemaateand sucrose broth mediarespectively, con-
taining 100 mg yeast extract per liter. After inocula-
tion, the mediaincubated at 33°C for the three days
on an incubator-cum-rotary shaker. Liquid inoculum
was prepared by thoroughly mixingin unchlorinated
tap water and using with every 2™ wateringinfield
with showing and after thinning the plant 20-25 days
after sowing per meter 100-105 ml culture suspen-
sion wasadded at raw length.

Soil analysis

Soil physico-chemical analysisincluding (Misra,
1986) pH by Orion pH meter, Organic Carbon (Wakey
Black method) and Tota Nitrogen (By Micro-Kjeldahdl
method).

I noculation was per formed just befor e sowing

Treated and untreated seeds of cereal sweremixed
with amixture of bacteriaand sprayed over thefield
(soil inrowswas mixed with coultersof agraindrill).
Additionally, thefield was sprayed with the suspenson
of Azospirillum brasilense bacteria after the

emergences, whereasin the case of maize the suspen-
sonwasgppliedindividualy under each plant asastrong
streaminthevicinity of rootsat the stage of 2-3leaves.
The number of Azospirillum cellsin the suspension
amounted to 108 - 109 (c.f.u.). per 1 ml. Such meth-
ods were used many times by other authorsin their
field experimentgt11:2428.2932,

Theappliedlevesof nitrogenfertlizer are NI —no
fertilization (control), N2 - haf thefull dose, N3 full
dose, whichintermsof apureingredient was 120 kg
N ha-1for wheat, 100 kg N ha-1 for oatsand 200 kg
N ha-1 Nitrogen was applied in theform of ammo-
nium nitrate.

Theapplied seed dressngswere: Baytan Universa
19.5 DS(activeingredients. 2% fuberidazole, 2.5%
imazdlil, 15%triadimenal) for wheat, Oxafun T (active
ingredients: 37.5% carboxine, 37.5% thiuram) for oats,
Vitavax 200FS (activeingredients: 20.0% carboxine,
20.0%thiuram) for corn. The cered cropsweregrown
onthesoilsdevel oped fromloamy sand glacid materid
with amedium content of potassium, phosphorusand
magnesum.

Thenumbersof Azospirillumbacteriaunder whest
and oat cropsin the vegetati on season were estimated
fivetimesat thetillering, shooting, heading, flowering
and milk-dough stage. In soil under corntheseanayses
werecarried out four times- at the stagesof: 3-4 |eaves,
7-9leaves, tassdling and flowering. Theobtained mean
number of bacteriawas counted per 1 g of dry weight
of soil. To estimatethe popul ation of Azospirillumthe
method of subsequent dilutions, with fivereplications
was used. In each soil sample bacterial countswere
estimated as index for bacteria growth by MPN
method using tubes containing 5 cm3 semisolid nitro-
gen-freemedium® Themoast probable number of mi-
croorganismswas obtained from McCrady’s tables.

RESULTSAND DISCUSSION

Thenumber of Azospirillumbeacteriawasanaysed
from the point of view of the action of seed dressing,
nitrogen fertilizer and devel opmentd plant sageonthese
bacteriain cropsinoculated and non-inocul ated with
Azospirillumbrasilense. Results of the studies con-
cerning thisquestion are presented in TABLE 1 and
Figures1-3.
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TABLE 1: The numbers of Azospirillum bacteria under
cerealsin inoculated and non-inoculated combinations.

Azosprilliumin 1 gdry wt

Asfollowsfrom our studies, inoculation of crops
with Azospirillumcontributed to soil enrichmentinthese
bacteria. The number of Azospirillumwas nearly a-

Plant Inoculated  Noninoculated  Difference  wayshigherincered cropsinoculated with these bacte-
YEAR-I ria(TABLE 1). Speciesand developmental stageof a
Wheat 63 75 12 cultivated plant had their influence on multiplication of
Oats 189 106 83 becteria A factor determining Azospirillumnumbersmay
Maize 186 52 134 aso bewesather conditions, whichisindicated by vary-
YEAR-II ing numbersof bacteriaunder the samecropsindiffer-
Wheat 485 190 295 ent yearsof theexperiment. Second year wasconsider-
Oats 340 210 130 ably morefavourableto the deve opment of Azospirillum
Maize 90 61 29 under wheat and oats. The mean number of these bacte-
TABLE 2: Soil analysisof cultivarsof uninoculated sites
Site Plot size Year pH Total N (%gm) Organic C (% gm)
(hector) 0-10 20-30 0-10 20-30
| 0.601 | 7.6 0.00181:+0.00014 0.00265+0.00035 0.490+0.0007  0.500+0.0000
I 7.0  0.00134+0.00000 0.00257+0.00000 0.630::0.0001 0.870+0.0021
. 138 | 7.7 0.00232+0.00002 0.00229+0.00000 0.530+0.0077  0.370:0.0007
I 7.2 0.00131+0.00019 0.00142+0.00001 0.140+0.0014  0.210+0.0001
TABLE 3: Soil analysisof cultivarsof inoculated sites
Site Plot size Season  pH Total N (%gm) Organic C (%gm)
(hector) 0-10 20-30 0-10 20-30
| ocor PV 7.9  0.00274+0.00001 0.00397+0.00001  0.540+0.0007  0.800::0.0000
Rainy 7.1 0.00173+0.00015  0.00221:+0.00000  0.640+0.0000  0.800+0.0000
| 138 Dry 7.8  0.00274+0.00002  0.00291:+0.00000  0.560+0.0070  0.450+0.0010
Rainy 7.2 0.00246+0.00001 0.00274+0.00001  1.360+0.0014  1.140+0.0014
TABLE 4: Grainyield tones/ hector nificantly higher inbothyearsof thestudies(TABLE 1).
gte Plotsize . Uni noculat_?d I noculate_oll Under maizeamark_edly Iarger_(over threefolgl) cdl
(hector) Tonesha” _ Tonesha”  nymber per 1 g dry weight of soil was found in the
| 0.691 ' 1.80 2.02 inoculated plots. However, astatistical analysisproved
I 2.08 3.61 thesignificanceof these differences.
I 138 ||| 2;23 ;g; Thenumbersof Azospirillumbacteriafoundinthe

riawasseverad timeshigher thaninfirs yesr.

Inwheat, during the vegetation season of first year,
no significant differenceswerefound inthe numbers of
Azospirillumbacteriabetween inocul ated and non-in-
oculated combinations. However, in second year, inocu-
lation contributed to ahighly significant degreeto the
population increase of Azospirillum bacteria under
whesat. At dl datesof analysesahigher cell number of
thesemicroorganismswasfound ontheinoculated plots
(TABLE 1). In soil under oats the mean numbers of
Azospirillumintheinoculated combinationsweresig-

arid zoneof thestudied cropswerehigh compared with
literature data, beingontheleve of 104 - 105 cellsper
1 g dry weight of soil. Okon!?" reports that bacteria
from the genus Azospirillumconstitute 1-10% of the
population of al rhizosphere microorganisms, though
someauthorsconsider thisnumber too high, especidly
under conditions of atemperate climate?. A record
number of these bacteriawasfound intherhizosphere
of springwhest inBrazil (108 cdls/g of soil)®. Usudly,
however, thedetected numbersof bacteriaweresmaller
and inthe case of wheat they wereonthelevel of 103
- 106 cells/g of s0il25%1, Thelargest divergencescon-
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cern soilsof temperate or winter climate. Under these
conditionsfrom 0to 107 Azospirillumcelswerefound
per 1 gdry weight of soil(®151922:31],

The applied seed dressings (Baytan, Vitavax,
Oxafun) did not largerly effect Azospirillumbacte-
rium population under wheat, oat and maize crops
(Figurel). Thelack of significant differences between
treated and untreated combinationsisa so confirmed
by statistic analysis (a. = 0.05) (not attached herefor
that reason).

Only in 1997, in the case of both inoculated and
noninoculated whest cropsaswell asinoculated maize
amarkedly larger, but statistically also aninsignificant
number of Azospirillum bacteriawas observed under
treated plants(Figure 1).

In the case of wheat in second year, the cause of
declineinthenumber of Azospirillumin combinations
with full nitrogenfertilizer wasmost probably aheavy
plant infestationwith fungal diseases, and in thiscon-
nection - alower plant vigour and asaconsegquence- a
smaller amount of root exudates. Asknown from lit-
erature, dinitrogen fixing bacteriadevel op successfully
inthepresenceof minerd nitrogen, if they havean en-
sured source of carbon. Sawicka® obtained results
gmilar to oursfrom the present experiment concerning
Azotobacter bacteria, the number of which increased
with anincrease of mineral nitrogen concentrationin
thesoil. It followsfrom the studies of many authorg*®
1823 that application of high ratesof mineral nitrogen
decreasesthenumber of diazotrophsor eiminatesthem
from theradical zone of plants, but according to the
KaininskgaT.A.Kdininskgd' themost sensitiveap-
peared to be Azotobacter and Azospirillum bacteria
Theserelationshipsare not supported by resultsof the
experimenta works, inwhich cerea inoculaionwith
Azospirillumbacteriaand, therefore, their presence,
contributed to aggnificant increase of plant yield even
at theapplication of nitrogenfertilizer at 80 kg N ha
128 and at ahigher rate®.

Results of the conducted studies concerning the
influence of developmenta plant stages on the num-
bers of Azospirillumbacteriaare presented. Infirst
year, no relationshipswerefound between thedevel -
opmental stage of cereals and occurrence of
Azospirillumbacteriain soil under these plants. How-
ever, thenumber of Azospirillumin soil under whesat

and oats grown in second year increased with plant
growth and devel opment achieving itsmaximum value
at themoment of flowering, after which it decreased
with seed setting and maturation.

That isprobably related with the devel opment of
root system and photosynthetic activity. Thisrelation-
ship was supported by an earlier declinein the num-
bers of Azospirillumbacteriain untreated combina
tions, whichiscaused by their faster drying induced
by astronger infestation with fungal diseases. Thede-
pendence of bacterium number on plant devel opmen-
tal stagewas also recorded by Sawickad®). The num-
bers of Azospirillum bacteriaunder corn devel oped
inadifferent way.

Inthe caseof that plant no expectedincreaseinthe
numbers of Azospirillumbacteriawasrecorded asthey
passed to subsequent developmental stages, whereas
adeclinein Azospirillumnumberswasrecorded at the
flowering stage. A similar relationship with regard to
oats and spring barley was reported™®?l, Maizeisa
speciesfavourableto the occurrence and devel opment
of Azospirillumand other microorganismson account
of alargeamount of radical exudatives, characteristic
of plantswith aphotosynthesiscycle. These bacteria
numerously colonise root surfaces and intercellular
spaces, finding there very suitable association condi-
tiong™?. Inthe present experimental work the numbers
of Azospirillum bacteriawere estimated in soil near
plant roots, but not directly on roots, and may befor
that reason theinfluence of plant developmenta stage
on the number of studied bacteria has not been per-
ceived, particularly becausewith plant growth, themain
root massand rhizospheremi croorganismstogether with
it, moveinto the depth of soil profile.

CONCLUSIONS

Based ontheresultsof thiswork thefollowing con-
clusonscould begiven:

1. Inoculation of soil and cereal seed material with
Azospirillumbrasilense strain can contribute to
anincreaseinthenumbersof thesebacteriain soils
of temperateclimate.

2. Speciesand developmental stage of acultivated
plant arefactors, which determine, to asufficient
degree, the number of bacteria from the genus
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Azospirillumoccurringinacrop.

3. Thepresenceof mineral nitrogeninsoil canfavour
multiplication of Azospirillumbacteriaunder ce-
rea crops.
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