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1. INTRODUCTION

Microorganisms are ubiquitous in nature and form vital
camponents of all known ecosystems on earth. Their ubiquity is
attributedmainly to the srall size, easy dispersal, aoility to survivead
multiply in diverse habitats, including anaerdoic and other extrare
aaditians, theirmetaoolic versatility and flexibility toutilizewide
Substrates as nutrient source. One of the fascinating aspects of
microorgenisys is that sare have evolved to thrive under conditions
that are too harsh for the animals as well as plants. Extramnes of
taperatire, g, addatiarredcticnpotantials, salinityadhnidity,
and various carbinatians of these, foud in diverse terrestrial and
aguatic habitats are colanized anly by the microorgenians. During the
nejar clinetic and geological evants, the least affected 1ife fomms are
microorgenisns. It has eenwidely recognized, perticularly in the last
two decades, that majority of such environments are inhabited by
surprisingly diverse micrahial cammnities. The microorgenias that
thrive under extrame ewviramets, franpolar deserts to geothermal
sorings, are referred as extrangchiles. The rumber of extramgchiles
known to exist, and even thrive, in biotopes with environmental
extrares has rapidly groan in recent years. This increase in the knon
nmicrdoial bicdiversity is ased loth an laboratary adltiures of isolated
microorganisms and on the basis of characterization of 16S rINA
sequences recovered directly fram the enviromment (Stolp, 1988;
Seckioach, 2000; Budhirajaet al., 2002; Satyerarayera et al., 2005) .
With advances in our understanding in this area, the importance of
documentation of biodiversity of world’s resources and conservation
of the biological gene pool has been receiving increasing attention

(Slyetal., 1990).



2. BACTERIAL, ACTINOMYCETES AND FUNGAL DIVERSITY IN
RHIZOSPHERE AND NON RHIZOSPHERE SOILS

Bacteria, actinowcetes and fungi are three major groues of
soil inhali ting microorgenians. Diverse vegetation, including trees,
hartoour a variety of specific rhizospheres allowing colonization by
selectad graues of soil microorganians. While edgchic aswaell as clinatic
coditians affect the nundoer andratiure of micrdaial diversity ingaeral,
factars 1like root exudhtes ard age of the host plants affect themicroflara
associatedwith a given rhizogdhere, inaddition. Soil sanples collected
frandifferent altitides in Sikkim and Uttarmadal Hinelaya have been
Irvesticated for gereral aswell as rhizogdheric soil micrdaial diversity.
The rhizosthere effect exerted oy ecological Iy inportant tree species
of Himalaya has also lbeen worked aut.

a. Micrdhial populations alang an altitudes

Tn a case study, micradoial amalyses of soil sanples collected
fram three altitudes, viz. Kanrang, 1200 m; Chamgaon, 1600 mand
Jaukari, 1900 m amsl in Mamlay watershed, Sikkim Himalaya were
aoducted (Pandey and Palni, 1998a) . The watershed is situated in the
southerm part of the state of Sikkim, extending fram27°°13’ to 27 16/
15" Nand 88° 19’ 2’ to 88° 23" 30’ 'E. The watershed has a great
altitudinal variation, fran300mto 2650 mamsl. The climate of the
watershed is mainly subtropical up to an elevation of about 1100 m
and temperate conditions prevail above this altitude. Kanrang
experiences climate more representative of the subtrogpical region
whereas conditions at Chamgaon and Jaubari are typically
temperate. The mean monthly temperature was recorded
15 (mex) and 12° (min) at subtropical and 10° (mex) and 4°C (min) at
temperate sites. The ammual rainfall (mm) was 1826 and 2227 at
subtragpical and tarperate sites, regpectively. The soil tHwas 6.27 at
Kanrang, 6.41 at Chamgaon and 6.46 at Jaudoari (Sharma et al., 1992)
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Dralyses of three groges of microorganiays, viz. actinanyostes,
fungl and bacteria (including Bacillus, Pseudamnias and pigmented
Iacterdia as a sgoarate gragp) were taken into aoansideration. Tngeneral,,
micraoial population of the three groues, kacterdia, actinonyoetes and
fungi decreasad alag the increasing altitiude. In case of kacteria and
actinaonyoetes, a sharp and statistical ly significant decline (B< 0.05)
above 1600 mwas recorded. Fungal population appeared to e more
sensitive to the altitudinal changes. The fungal counts decreased
significantly (P<0.05) at Chamgaon (1600 m) . On the other hand,
Interesting results were dotained in case of three specific groges of
lacteria. The population of pigmented bacteria at 1600 and 1900 m
altitudes were alnost two times higher then their respective pgoalation
at 1200 m. However, another group of ane of the daminant kacterial
species belaging to the gerus Baci 11us did not showrmuch vardation in
tems of counts, rdoebly an account of its endosgpore forming aoility.
The kacteria under this category were aerdoic to facultative aneerdaic,
nmeking slimy to irregular to rhizoidal colonies onrutrient agar.
Microsaopically, thesewere grampositive rods, coourring singly, in
clusters or in chains and biochemically positive and capable of
hydrolyzing starch and Tween 80. In the third group of kacteria, slimy
and mucoid colonies (initially cream turning brown on prolonged
Inodation at loner tarperatire) were dotained on anitrogen freenmedia.
This group of bacteria, like the pigmented ones, also showed an
Increasing trad in the pooulation with increasing altitude. These
Tacteria were aerdoic inratire, grannecative oval rods, catalase ad
axidase positive, anduable to hydrolyze starch and ferment lactose. A
rumboer of kacterial isolates fram this group were able to grow at
4°C. These bacteria were placed under the genus Pseudanras. The
pooulatians of varicus micrdaial camunities recorded at three altitudes
arepresented inFig. 1.
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Fig. 1. Micrdhial populations alang an altitudinel gradient in
Mamlay Watershed, Sikkim

Arogst fungd, in the soil sanples collected franloth Sikkim
and Uttaranchal Himalaya, species of Penicillium, namely,
P. aurantio-grisaun, P. chrysogawum, P. citrirum, P. janthinellunm,
P. javanicum, P. oxalicum, P. pinochillum, P. purpurogernum and
P. raistridkiiwerenost frequently coarring soecies insoil at higher
altitdes. Seecies of Agoargi1lus, Clachgoarium, Foicoooun, Fusarium,
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Gangronella, Myrothecium, Paecilamyces and Trichoderma also
antriluted to the fungal flora. Daninence of Renicilliunsgp. has
Ieen reported from various enviromental niches. Baath (1981)
reported the daninence of Ranici 11iunsggp. inpine farest soil inCGantral
Sweeden, and Widden (1987) reported the daninance of Penicillium
sop. along an elevational gradient ranged fram 350 m to 880 m in
Northem Fngland. Various actinamnycetes, mainly those that produce
diffusible pigrentedmetalolites, were also isolated fran these soils
(Pandey and Palni, 1998a) . Representative exanples of selected and
frequently ococourring species of kacterdia, actinowoetes ard fungi are
shonn inFig. 2 A&-F).

Fig.2. Micrdoial diversity-Bacillus sp. (AsB), Streptamyoes sp. (CD),
Penrici1lium& Aspergillus spp. (BE5F)

b. Rhizosphere effect eserted by Himalayen trees:

The influence of a partiadlar plant species an the rhizogdheric
micrdaial population is referred as rhizogdhere effect and caveniently
11 ustrated by carparing the values for rhizogdere and non rhizosthere
(R:Sratio) poulatians. The rhizogthere effect exrtad oan themicraaial
camunities by ten representative and important tree species of the
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Indian Himalayan region which covered a wide altitudinal range
(1200 to 3610 m above mean sea level) representing sub tropical to
sdbalpine clinmaetic caxditions was studied. Based on the altitidke, the
regians fall within the suotropical (1200 to 1800 marsl) ; tarperate
(1800 to 2800 mamsl) ; and sub alpine (2800 to 3800 mamsl) zanes.
Barring a favewosotians, the trees of sub trapical ad tanperate regias
eerted a slight stinmulatory effect an the rhizogdheric microorganisys.
Conifers of the sub tropical and tarperate locations, namely Gadrus,
Pirus ard Taxus sugported relatively higher micrdoial pooulation in
the rhizosdhere in corparism to non-coni ferous species. Abies pirdrow
(a amifer of subalpine region) exarted a distinct negative rhizogdere
effect. Similarly two other species of the subalpine region, Betulaand
Rhododardron, also exerted suporessive effect on the rhizospheric
camnities. Tn case of Betula utilis and Rhodbdaxdron canparulatum
(3040 mamsl) , the soil sanples were collected fram the mixed forest
sites where the two species were growing in close praximity, with their
roots intermingled (upublished doservatians) . The classical conospt
of rhizogdhere effect islased o the stimilation of micrdaial populatians,
at times fairly intense in the regicn adjacatt to the roots, as agginst the
bulk soil. This has been based an the results of research caducted
largely on short duration plants and only a few tree species (Haleand
Moore, 1979; Curl ard Truelove, 1985; Iynch, 1990; Rovira, 1991;
Weisel et al., 1991; Whiges, 2001; Pintanet al., 2001; Walkeretal.,
2003) . Tnauxr irvestigatians, it wes considered that the rhizoflora of
lag lived plant species experiencing hard clinetic caditians, suchas
low tarperatires, heavy rainfalls and sow falls (e.g., tagperate ad
sub-alpine clinetes) , going through various sucoessians due to vardous
biotic and abiotic pressures, may result in daninance of selected
micradoial camnities or pooulations upto an extent of exerting a
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3. THERMOPHILIC MICROORGANISMS FROM HOT SPRINGS

Tenperature is considered as one of the most important
awvirarental factors controlling the activities and evolution of
organisms (Pace, 1991) . Microorganisms which grow between
temperature range of 45-113°C are defined as thermophilic
microorgenisms (Seckiach, 2000) . The high tarperature ewviraments
are associatedwith volcanic activity, suchas hot sorings, since these
natural habi tats have praeebly existed throughout the time inwhich
organigns have been evolving an earth (Reyseriach et al., 2002) . Hot
Sarirgs aremani festatians of geological activity that raoresant extrare
aewiramants that sugport a variety of microcorgenians, filamentous
orgenigns inparticular. Ocourrence of a pink filamentous cammnity
in the Octoous Soring and a black filarentous camunity in association
with the thermal springs at Calcite in Yellow Stone Natianal Park,
U=A, has been reported (Reyserkach et al., 1994; 2000) . Recently,
s0i1 sanples collected fran two hot springs, Soldmar (latitude 39°°29¢
25", longitude 79°°39’ 29, altitude 1900 mansl), and Ringigad
(latitide 30° 337 14’7, lagitude 799407 0.06" 7, altitude 1850mansl)
Joth located in the Ganoli distrdct of the Gartmal region of Uttarandel
Himalaya, were aralysed in our laboratory for their physical, danical
and micrabial canoonents (Kumar et al., 2004) . The apgoroximate
area of both these sites was about 451, while the hot water cutlet
(90°C) wass present in the middle of themourd at Soldhar, the mouth
of the hot soringwas located alang slope towards a cliff at Ringigad
creating a tenperatire gradient alang the slope. At this site the soil
tarperature arourd the water cutlet was 78°C. The soil franlboth
siteswas slightly alkaline, light lronn in coloarwith the sareparticle
size of >60 m. The water holding capacity of the soil fram Soldhar
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was almost three times that of Ringiged; cartom, nitrogen and potassium
were not detected in these soil sanples. The soil fram Soldhar had
higher amounts of Cu, Fe andMn; Cuwas absent fram the Ringigad
sample. Soil samples fram the Ringigad site were found to possess
higher pghosdhorus content.

Micrabial analyses of soil sanples exhibited daninance of
kacteria, inaddition to filamentous forms. While the microoroganisms
were isolated fram the soil samples on various media across a loroad
tenperature range (21°to 80°C) , the optimum tarperature for isolation
of micrabial population was 50°C. Moderate rurbers were 1solated an
diluted tryptone yeast extract agar plates, which also helped to
anmerate a few colonies that were morpghologically different fram
those that developed on full strength medium. A total of 59
nmordological Iy distinct isolates (58 aerdoic and ae anaerdoic) were
1solated and developed as pure cultures. The isolates were grogped in
various categories, such as themotolerants, thermophiles and
hyperthermochiles (Table 1, Fig. 2 G-H, Kurar et al., 2004) . High
tenperature, alkalinerature adpoor nutrient status of the soi 1 prevai Ling
at the hot spring sites seam to provide a inique ewvirarent for the
develgarent of specializedmicraoial cammnities.

Thernmophillic filamentous organiams (Fig. 2 GsH)
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Table 1. Grouping of the total aerdoic organisns isolated franhot
Soring sites kased on dhysiological parareters

GROUP RANGE NUMBER OF STRAINS
Thermotolerants 30-55 °C 46
Thermophiles 45-65 °C 9
Hyperthernmochiles 55-85 °C 3
Helahiles 0.5-2.0% 3

2.0-5.0% 16
10% 38
Alkalihiles 89 31
10 12
11 15
Aatigdhiles 6 29
5 17
4 12

(Kurer et al., 2004)

The extrarophiles, thermoohiles inparticular, havelbeen a
suoject of extensive investigation, with a view to the production of
Industrdial Iy useful enzyies, such as anylase, protease, callulase, and
celluleose free xylamase, ad for their imdustrial goplications inthe
detergat, lesther, pulp adpgeer ad other indisstries, etc., (Ramisi,
1997; Srinivasan and Ingale, 1999; Budhiraja et al., 2002) . For
eaple, Themus aquaticuswes the first such organism to e used for
the production of Tegpolymerase, followedly Brocoacus firdosis, for
the production of Pfu (Meni and Sakker, 2001) . Kinetics of amylase
activity of Sadmaranogasis fituligera isolated fram the hot soring site
in Gartmwal Himalaya has recently been reported fram this laboratory
(Kurer et al., 2005) . S. fikuligerawas the only eukaryote that was

dotained fran the soil sanples of the hot soring sites. The yeast was
9



fournd to produce extracel lular anylase on soluble starch, having 73
units ml™ activity and temperatire and pH tolerance frand to 60 C
(optimm 40 Q) ard 4-11 (optimm 6 pH) , respectively. S. fituligera
has leen reported to be a weak fermentative organism with known
ability to improve the quality of fementation products whenusedas a
blend (Verachtert andMot, 1990) . Knowledoe of the ratural habitat of
a given micradoe does indicate the potential uses that the organisms
can be put to, as it defines the growth parameters likely to e
encountered. Occurrence of another species of yeast, Debaryamnyoas
vanriji, inassociationwith thermoohilic kacteria has been reported
fram a hot spring in Russia (Rikhwvanov et al., 1999) . The anylase
family of enzymes produced by the microorganisms is of great
significance due towicde ggplications (Pardsy et al., 2000) .

4. MYCORRHIZAL ASSOCIATIONS IN HIMALAYAN TREES

Mycorrhizae are beneficial associates of plants that influence
plant growth in terns of increased nutrient andwater alsorption fran
the soil, protection franpathooens, increased tolerance to soil taxdns,
and root elangation (Trofymow and van den Driessche, 1991; Podila
and Varma, 2005) . Seven types of mycorrhizal associations namely-
ectanycorrhizae, arfbuscular mycorrhizae, ecto-endo nmycorrhiza,
artutoid mycorrhiza, monotragooid, ericoid and orchidoidmycorrhizae
are knonn (Smith andRead, 1997; Mikerji et al., 2002) . The status of
ectanycorrhizae and their importance in plant growth in the context
of Himalayen trees has been described by Takharpal and Sagar (1994) .

The belongraund diversity of vesicular artbusoular mycorrhizal
fungi is amajor factor in the maintenance of plant diversity and
ecosystam functioning (van der Heijden et al., 1998) . Detailed
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investigations conducted on the arluscular mycorrhizal (2M) fungi
associated with Taxus baccata and five species of rhododendrons fourd
in Uttaranchal Himalaya were recently reported fran our laboratory
(Chaurasia et al., 2005a &b) . In case of Taxus baccata, root and
hizogdhere soil sanples were collected fram three sites in the Hinalayen
regia, reoresanting st tanperate to tarpearate, aswell as the transition
zane etwaen the tarperate ard alpine caditions. At site A (Jageswar
Forest- 29 35/-29 39’ Nand 79 53/-79 59’ E, 1800 mamsl, Dist.

Almora) T. kaccata trees were found under the cangoy of decder (Cadrus
deodara) growing along a water chamnel . Quercus floribunda,

Q. leucotrichoohora, Aesculus indica, and Rhododandron arboreun
were other tree associates. At site B (Viraysk farest- 29 27'-29 29/

Nand 79 23'-79 25’ E, 2200mansl, Dist. Almora) T. baccata trees
were found under the thick canopy of Abies pindrow and Pinus
wallichiama. SiteC (Khaljuni Forest- 30 6/-30 8’ Nard 79 57'-79
59" E, 2450 mamsl, Dist. Bageswar) represented a transition zone
Tetween the tarperate and alpine caditians. The ugoer forest canooy
was dominated by T. baccata, A. pindrow and broad-leaved
Q. semecarpifolia. The second story mainly consisted of
Q. laucotrichgdora, R. arboraun, Alnus nepalansisand A. indica. At
this site T. baccata fonms goen canopy with other tree species.

The colonization by the 2M fungi was characterized by the
presence of artuscules, inter/intra cellular hypdhae, vesicles ard
extraradical chlamydospores. The degree of colmization doserved at
the three sites was In the arder: site G site &> site B, ard the averace
ninber of intraradical vesiclesware >20 at siteCand<at site B, these
vesicles were not found in the root samples collected fran site A.
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Fometion of ellipsoidal and scherical vesicles indicated the presence
of gerus Glams and irregular or rectangular shaped vesicles were
indicative of the presence of genus Acaulogpora in the roots of T.

baccata. The ccaurrence of di fferent shaped vesicles in the sare root
segment indicated 2M colonization by more than one species. The
aosace of vesicles at site Awas daracterdistic of root colanizatiaonly
Gigagoora ard Scutel lisoora. The extraradical chlanydogoores (garus-
Glams) were also associatedwith fine feader roots of T. kacaata; such
roots were covered with a sheath or mantle of fungal mycelium,

anfimming the presence of ectanyoorrhizae in T. baccata roots. Such
doservations have been reported in other studies as well (Tamerup,

1988; Morton, 1990; Onguene and Kuyper, 2001) .

Five genera of the order-Glamles, namely Acaulospora,
htrgdosoora, Glaws, Gigasoora ard Sautel 1igoorawere isolated fran
the rhizogdhere soil of T. baccata. Gaus Soleragystiswas not doserved
inany of the soil sarples. Soecies ridmess of 2AM furngl was highest at
siteC (9 species), folloedby siteA (6 goecies) ad B (5 species) . The
major camponent of AMF camposition at site C was on account of
gerus Glams (44 %) , while the same at site Awas equally shared by
gerus Glamis and Gigaspora (33.33 % each) . Glamwis fasciculatum
and G. aggregatumwere doninant in the rhizosphere soil sanples
fram sites Band C, respectively. Several workers (Ragupathy and
Mahadevan, 1993; Dalpe and Aiken, 1998) have reported
predaminance of G. fasciculatum, under various climatic conditions,
rargirng frantrapical tohicharctic. Thedistriburiael pattem is kown
to vary with the prevailed climetic caditions ina particular region

(Vestiuarg, 1995) .
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MM associations in rhododendrans were irvesticated inall the
five species of rhododendrons (Rhododendron anthopogon,
R. arboreum, R. canmparulatum, R. barbatumand R. Ilepidotum) of
tamperate, sub-alpine to alpine zones of Pindari Glacier region
(33 5/-30’ 10’ Nto 79 4879 52’ E) of Uttaranchal Himalaya
(darasia et al., 2009b) . A total of five gpecies of rhododendrans
(family Fricacese) , distriluted in the altitudinal range fran 1500 to
4500mamsl (up to timber line), are fourd in this region. R. artoraum
ismost widely distriluted and starts ggosaring aroad 1500 melevatian;
it Increases in inportance with elevation especial 1y in cak daninated
forests. Beyond 2800 m it is replaced by R. barkatum in the birch
farest. Brentiglly, vegetatio is ragresented by scruos arheaths (aoove
3400 m amsl) , where R. campanulatum and R. anthopogon are the
sole representatives of woody vegetatian, ard R. Igoicbtun fonms sparse
Tushy agoearance in the alpine meadows. The 1H in these soils ranged
fran4.60 to 5.32. In the cited study, the distrilution of AM fungi
alagwithdetails of exteral Iy associated functiag]l stnuctures (extra
radical mycelium, vesicles and chlamydospores) as well as intermal
associations (Intraradical hydal coiling, intraradical vesicles ard
hlanydogoores) 1is described. Extraradical soores andvesicles aswell
as intraradical vesicles and spores were doserved. Extraradical aswell
as intraradical spares and vesicles varied frangdherical to el lipsoical
in shape. Colonization of AM fungi was almost similar in all the
rhododendron species. Maxinmum arbuscular mycorrhizal percent
colonization was cbserved in R. arboreum (42 %) followed by
R. harbatum (40 %), R. anthgoogon (37 %), R. canparulatum (33 %)
adR. Iepidbtun (28 %) . Intraradical vesicles were not doserved in

13



R. legpidotum samples. Arlbuscules were not detected in the root
segrents of all the species, however, thehydal coiling ad aastrdction
in hyphae were doserved. The results indicated that there was no
aorrelation betwem the arlousaular mycorrhizal colanization and spore
pooulation. The rumber of species of arluscular mycorrhizal fungi
associated with the rhizogphere soil sanples of all the rhododandrons
showed a 1imited correlatian with artbusaular mycorrhizal colanization.

Soore populations were fourd to kelang to five genera, narely-
Acaulogoora, Glaws, Gigaspora, Sclerocystis and Scutellispora. A
total of 16 soore forming arlauscular mycorrhizal fungl were doserved.
2mong these seven species belonged to the gaus Glawss, three each
to Gigaspora and Scutellispora, two to Sclerocystis and one to
Acaulospora. The rhizosphere soil of all the five species of
rhododendrans appeared to e daninated by the species of Glanus.
G. fasciculatumwas foud to ke the most aloundant and camon species
except in R. harbatunwhere it was not doservad. Genus Gigaspora
was foud to occur frequently associated with R. canmparulatunalag
with the garus Glams. Acaulospora foveatawas alosent fram the soil
samples of R. anthopogon and R. lepidotum. Acaulospora sp.,
Gigagoora ., ad Solerocystis sp. were not detectad in the rhizogchere
soil saples of R. Igpichtum. The stidy also reflected a trard irdicating
decrease in the ridmess ard diversity of arbusaular mycarrhizal fungd
with the increasing altitiude. Tt coincidedwith decreased ridmess ad
diversity in the vegetatiarl flara alagan increase in the altitide.

Smith and Smith (1997) reviewed structural diversity of

arusaular mycorrhi zal and recognized two types of colanizing pattem,
viz., Arun-type ard Rards-type. Tn the Arun-toype, extansive intercel Tular
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hyphee ard arbusaules develqp, while in the Raris-type these structires
are aosent ard hydal coils coour cammmly. The Raris-type colanization
of artuscular mycorrhizal fungd was found to e praninent inall the
five species of rhododendrons. These structures may have a role in
hidirectiael transfer of nutrients in the aosance of arousadles. T two
of the rhododendron species, namely R. campanulatum and
R. anthgoogon, presance of dark septate (08) fungd was also doserved.
Functiasl role of IS fungd. in rhododadrans is anatter of irvesticatio.
The cocurrance of IB fungd. inhigh stress ewiraments such as alpine
ard arctic hehitats suogests amutualistic role of these frgd. (Jurgooren,
2001) . DS fungal structures have also been reported fran antarctic
ard sib-arctic sites ((ristieandNicolsm, 1983; Trauetal., 19%) .

Artuscular mycorrhizal fungi are widely distriluted caamon
soil fungi being albundant in phosphorus and other mineral deficient
soils and also doligate syniants which affect host plant positively.
Around 70-80 % of plants ranging franlryodhytes to flovering plants
inclhuding aguatic plants have the doligate synbiotic association of AM
fungd . 2M fungi. are unigue as they are present partly inside the host
ard partly cutside the root. The vesicles, artuscules and hydhee are
formed inside the root and do not encounter competition and
antagonism fran other soil caommnities. Artuscules are the key sites
for mutrient exchange. There is a great potential for 2M fungi as
biofertilizer subjected to their miltiplication, mass production of
inoculum and camercialization (Mencharachary, 2000, 2004) . Sare
of the frequently coaurring soores of 2M fungl. isolated franvhizogdhere
of tanperate trees are hown inFig. 2 I-L.
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Spares of arhuscular nyoarrhizae (I-L) . Bar=2um (A-H) ; Bar=20um (Fig. 2 I-L).

5. BIOTECHNOLOGICAL APPLICATIONS
The extraordinary activity of microorganians is kased on their
rarerkablemetaoolic diversity and gmetic adgotability. This resulted
in the develoorent of tedmolaogies for the production of antibiotics
and other thergpeutic agents, menagament of pests and pathogens,
bicleaching of metals, increasing soil fertility, generatingbiofuels,
moni taring air pol lution, destroying persistent pol lutants, wastewater
treatment, bioramediation, and serving tools inbianedical research
(Atlas and Bartha, 1998) . While major efforts have focused on
generating the kasic informmation on the occurrence, isolation and
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The use of biological fertilizers, inrecent times, is gaining
attention mainly due to (1) the enviromment friendly nature of
biocinoailants, (2) the lag termhazerds associated with the continoed
use of danical fertilizers, axd (3) increased acogptalbi lity of ratural
“aroenic” prodcts gldaally. Tnpractice, theuseof hiological fertilizers
is limiteddee to the uavailability of suitable climate basad inoaulants.
TIn view of the knowledge of ecological specificity associated with
ratural Iy cocurring microorgenians, axnsistent efforts fran research
laboratories are required for selecting and developing micraoial
Inoaulants suited to a specific set of climatic caditians. Significant
initiatives have been taken in aur lalboratory for develgoing acterial
inoculants for colder regians in the mountains. Natural ly ccourring
rative soecies of Bacillus ad Peachmrasdee to their positive effects
mavariety of agricultiral and forest species have been rated as most
inoaulants for use under tarpearate caditians. Tnviewof the
‘i craoracecation tedrology”’ the kacterial inoculants
tissue aulture raised plants with encoaraging results.
in the famof agorgoriate fomulatians provide
ion of this tedrology.
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of colder regians in themountains is essential fram the point of viewof
both asic and goolied mature.

Identification of areas with extreme enviromments and
Investigations on associated micrdoial wealth for biotedmnological
apolications are of great inportance. Trvestigations an thermochiles
Thave reoenttly got much attention due to the biotedological potential
associated with these microorganisms and their cellular products
(Rakshit, 2005) . Thermostable proteins fram thermoohiles have awide
rarge of gpolications as they are nmore raoust than other proteins and
are active in extrare conditions. The study sites for isolation for
thermgchilic orcpnians are often fragile e to variaus reasans including
ratural distireances. The hot sorings of Gardwal Hinelaye got distiroed
due to the blasting process goplied for read canstruction work. Use of
thesehot soriros far dovestic activities, e.g., boiling of foodmeterials
suchas rice, potatoes, etc., alsodistrb themicrdaial diversity. D1l
holes andwells, aastructed for providing hot water to nearioy villages
have also reduced the geothenmal activity and discharge of hot water.
Isolation, dearacterization ardpresarvation of themicrdoial diversity
of themicrdbial diversity associatedwith the two hot sorings, which
seam to e in grave danger. These investigations are important for
uderstading (1) themicrdaial diversity associatedwith thehot soriros,
(2) thehiotedrolagical gplicatians of themicrdaial isolates, ad (3)
the strategies adgoted by themicraaial camnity for the survivel uder
extrare avirament (Trivedi et al., 2006) .
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characterization of varicus micrdoial camumnities indifferent nide
areas soread across the Himalayen regian, selected pure cultures have
een investigated for same of the important biotechnological
aplicatias. Screanirg for the desirable traits ad selection of efficient
strains has been carried aut aontinuously in the laooratory. For exanple,
davelgarent of micrdaial inoaulants for improving the plant prodactivity,
ard investigations related to the production of secandary metalbolites
ard inportant enzyes have resulted inuseful findings of gooliedvalue.
a. Micrdhial inoculants fior colder regians:

The use of biclagical fertilizers, inrecent times, is receiving
attentionmainly an account of increasad gldaal preference for natiral
“aropnic” products. Isolation of nmicrooropnians, screening for desirable
daracters, selection of efficient strains, production of inoadlum, ad
recaration of carrier based formulations are inportant steps in the
use of this microbetased enviroment friendly and sustainable
tedrology. With a view of develgoingmicrdaial inoculants suitable for
field ggolicatians in the colder mountainous regians, a systaretic lag
term investicgation was caducted. At the very autset, field inoaulation
trials were carried adt at hicgher elevatians using available kacterdial
using three strains of Azotadbactar droococamard two of Azagoird 11un
brasilensewere carried out on farmers fields at two elevations,
representing subtropical (1200 maltitude) and temperate (1900 m
altitude) climates, inawatershed in SikkimHinelaya. Maize, amajor
cereall crop in Sikkim, which is aultivated at altitudes varying franthe
foothills to 2000 marsl uder rainfed coditians, was used as a test
crap. Qe of the dojectives of this studywaes to fird aut if the above
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mentioned and well known growth pramting acterial inoculants were
effective at higher locatians, daracterized by low tenperatire and hich
rainfall. Statistically significant incrarent ingrainyield, growth
prawtion, and yield attriluting characters was dboserved, at the
suotrpical site, in this study. Alnost 1.5 fold yield erancarent over
control was recorded with one of the strains of Azotobacter
droocoocaum. Contrary to this, acterdal incadlatians were ford to ke
ireffectiveat the tanperate site. This prdably resulted franthe ireli ity
of introdaced kecteria to establish and/ar survive at lower tarperatires.

Thelacterial incailants used in this studywere addginal Ty soil isolates
fram tropical aress, ardwere dotainaed fram the Division of Micrdaiolagy,

Trdian 2griaultiral Resesrch Tnstitute, NewDelhi .

This field based study clearly indicated the need for fresh
isolatians of retive beneficial rhizdeecteria, far selectionand firther
develaarent as inoculants for use at the higher elevations (Pandey et
al., 1998) . The study aonfimed effectiveness of becterial inoadlants at
the sibtragpical site, no effect was, however, doserved at the tanperate
site. Soil sarpleswere, therefore, collected franvaricus tarperate
ard alpine locations soread across the Tndian Hinelayen region in order
to isolate as well as screen potential plant growth pramting native
kacteria. A aulture collection of mative “high altitude kecteria” was
develaoed, and the selected isolates were draracterd zed far plant growth
prarmtio adbicomtrol with special reference to their adgotability to
low tarperatires. Systamtic screening exoariments ased anpetridish
assays, bicassays, greatousead field trals have resulted in the selection
of four bacterial species, narely Bacillus megaterium, B. subtilis,
Psaudanmas corrugata and P. putida. Efficient bacterial species of
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terms of particular coditions for inadcation, modified gronthmedia
ad high incuation will e required. For maintenance of thermmogchiles
agar flakes (containing the organiam) were developed by prolonged
incubation at the optimum temperature in agar plates (agar
aaxatratian 2 %) . The aultures cauld e revived easi 1y by introducing
arell piece of dried agar on freshmedium (Kumer et al., 2004) . The
pure isolates of mesoohiles and psychroohi les are being maintained
by regular subaul turing and degp-freezing in 10% glycerol at 20C.

7. CONCLUSION

The docurentation and aonservation of biocdiversity including
micrdaial diversity is inmportant as it provides the potential source of
hiclogical resourcss. Micrdaial aulture collectians arewel 1 recognized
as germplasm banks which contribute resource pools for
biotedmological resesrch and develoarent (Srinivasan, 1992) . The
tedmiques used to preserve the micrdoial strains are of critical
Inportace. Tt isessatial thet the fulll potatial of the strains areratained

(Kurthoke and Swings, 2004) . Through application of molecular
methods, suchas direct extraction of ncleic acids fran the ewiramatt,
application of ICR (Polymerase chain reaction) technologies and
sequence aalysis, the assesarent of the biocdiversity of prokaryotes
Including aulturable and mon-aulturable as wel 1 is being taken up. The
identity of amicrdaial species canle assessedby aalysis of its ganetic
material, preferably by 165 ribosarel A (Stackdarandt and Liesack,
1993) . Initiatives an exploration, docurentation and preservatian of
micradoial diversity of Himalayan region have been taken up by this
laboratarywith special referance to their hiotedhological ggolicatians.
Tt canloe concluded that, the explaration of kelow grord bicdiversity
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acid sequences, and gene kanks, therdoy ensuring the maintenance of
all species aswell as the edangered aes. Tt nust e understood that
large arounts of biological materials neednot ke stared gdysically, in
fubure. Tt may e adeguate anly to store tissues, small saxples of soil,
etc., as frozen “olugorints” ar “micro-ecosystams” (Slyetal., 1990) .

Tre aultures held in the World’ s micrdoial aultire collectians
ragresant the knonn culturablemicrdoial diversity. Almost aemillion
cultures are known to e preserved and maintained in the major
collections, and considerably more are likely to ke held by research
scientists and the industry in private or persanl collectians. These
cultures represent a valuable genetic resource (Sly, 1994) .
Microorgenisns often require special preservation methods in order
to ensure gotinel viahility, storage, purity and stability of individal
strains. Aailture collection of micrdaial isolates isolated framvarious
locations in the ITndian Himalayan region has been developed in this
lalboratory. Following preliminary characterization, ‘themicraoial
isolates’ are regularly being accessianed in theNetiarl ar Tnterretianl
repositories. Bacterdal, actinanyoetes and yeast cultures are being
accessianed by the Micrdoial Type Qulture Collection and Gene Bark,
Tnstitute of Micradbial Tedrology, Gandigerh, and funcgl acultires by
the Indian Type Culture Collection, Indian Agricultural Resesrch
Institute, NewDelhi. Two of the plant growth praroting rhzdcecteria,
Bacillus subtilis and Psaudanras corrugata, have been accessioned
at the Agriaultiral Reseerch Qulture Gollection, Tnteratiaal Deoositary
Authority, T1linois, USA. With contimued explorations on extrane
awviraments, e.g., for the isolation andmaintenance of thermgchilic
microorognigrs under laboratory conditions, special reguiraments in
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Baci11us ard Psauctmaas have also been evaluated in form of carrier
Iased formulatians, for goolication inrelatively colder regians.

b. Bacillus and Psaudbmaas sgp. : Novel inoaulants far aolder regians::

Since Hiltner’s (1904) pioneering work, there have been
aotinuous effarts to gain an in-dgpth uderstarding of the “rhizogdere
micrdaiology” fooused towerds the isolation and selection of rhizogdere
microorganisms for use in plant growth pramtion and biocontrol
(Fravel, 1988; Weller, 1988; Klogyper et al., 1989; Pandey and Kurer,
1989; Pandey and Palni, 1998b; Whipps, 2001) . As every plant
rovides a samenat species specific site for the stimilated micradoial
activity in formof a “hizogdere”, every rhizogdere, intum, also
rovides an ggoortunity for the isolation of micrdoial isolates that can
e used for biotechnological applications. The rhizosphere
microorgenisms which are closely associated with plant roots have
Jeen tenmed as plant growth praroting rhizdoacteria (FGER) (Glick,
1995) . The rhizosgphere and rhizoplane often provide better potential
sites for the isolation of bereficial arganists then thehulk soil (Eller,
1983; Pardey et al., 1998) . Netural rhizogdheres are often inimical to
athogens since they hartoour antagonists as part of the rhizoschere
camunity (Lynch, 1990) . Four major groups of plant-microbe
associations on record are: (1) Rhizobiun-legures, (2) free living
microorogenigms-plant species, (3) Frankia-actinorhizal plant species,
and (4) mycorrhizae-host plants. The best known exanples of the
plant growth promoting or biocontrol agents are species of
Agrabacterium, Azotabactear, Azogoirillum, Bacillus, and Psaudhnmias
(kecteria) , Frankiaand Streptances (actinaycetes) , and Tridodaema,
Gliocladiumand Glawss (fungl), (Kerr andTate, 1984; Papavizes, 1985;
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Fravel, 1988; Weller, 1988; Pandey and Kumar, 1989; Whipps, 2001) .

hile codicting the irvestigatians an soil micrdaial diversity
of Hirelayan regian, a adltire collectionwas established consisting of
microorgenians isolated fran the soil samples collected franvarious
tamperate / alpine locations (upto 3600 mamsl) including higher
altitudes of Himedhal Pradesh, Sikkim, Uttaranchal andWest Bengal .
The micrabial analyses established the daninance of Bacillus and
Psaxrhmaas species in these soils. Tnview of the importance of these
kacteria in plant growth pramwtion and disease aontrol, the isolates
were subjected to biochamical and physiological characterization,
Inclhuding “desirable traits” such as dhogdate solubi lization, nitrogen
fixation, antagonismagainst disease causing fungl and survival at low
tanperatires. For detailed irvesticatians, two soecies of Bacillus (B.
subtilis and B. megaterium) and two of Pseudamonas (P. corrugata
ard P. putich) were selected.

The selectad strains of Baci 11us spacies isolated franrhizogdhere
soil sanples exthibited strong antifuncgl activity against a rarnge of
saoradytic aswell as pathogenic furngl.. Bacillus subtilis gave thelbest
results (Pardey ad Balni, 1997, Pardeyetal., 1997) . Bacillus species
including B. subtilis are known for their antifinggl properties, hace
their importance in the biological control of a runoer of plant and
animel diseases (Broachent et al., 1977; Fravel, 1988; Weller, 1988;
Milrneretal., 199; Pandeyet al., 1997; Ryderet al., 1999; Whigps,
2001) . Three mecdtenists of bicomtrol irvolve carpetitian, parasitisn
/ predetion, adantibicsis (Beker, 1968) . M efficient antagmistic strain
of Bilhisaitilis, adgirelly isolated franthe vhizogdere of established
tea, and selected through screening was found to cause structural
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dry alginate micraoeads and gun-arabic preparations of acterial
inoaulants like Azogoiri 1 lunkrasi lensed, Bsaudamras fluoresoans,
and Rhizabiun sp. have been evaluated (Bashan, 1998; Forestier et
al., 2001; Beshenetal., 2002) . Far camercialization, vigkhility of the
bioinoaulant (s) ina prescribed formulation for a defined period, with
preservation of strain characteristics is of utmost importance
(Fages, 1992; Quith, 1992) . Alginate beads have also been reported
to preserve the beneficial properties of BGPRs during storage (Russo
etal., 2001) . Lewis and Paoavizas (1985) suggested starage of algirate
pellets carrying the strains of Tridodema virideard Gliccladiunviras
at SOC. Lower tamperatures (4 —lOOC) are known to slow down the
process of division and retardmetalbolic activities of kacterial cells,
resulting in concanitant reduction in the consunption of mutrdents ard
reduced moisture loss fram the carriers, thus inproving the kesping
aquality of incaulants (ven Sweven, 1970) .

6. CULTURE COLLECTIONS AND THE CONSERVATION OF
MICROBIAL DIVERSITY

The idea of establishing aultire collectians was conceived durdng
the period 1880-1890, at a time when solid culture media such as
those lased on potato, gelatin, and agar were being devised. This led
to the isolatio of pure aultures of microorganians, andat this stacge,
ned for the “preservation” of such pure cultures for future work was
also felt. This is inportant fran thepoint of viewof the reedy aveilability
of kasicmicradoial resource for carrying out fundamental studies, as
well as for providing the rawnaterial for develgoing novel products.
Culture collections have responded to this dhallenge by providing
repositaries for the safe “live” starage of gemplagy, includingricleic
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tumefacians 60 to 97 % root formation (1-3 roots per explant) within 8
to 10 weeks of infection was doserved against only 13 % in control
seedlings Miheljevicet al., 1996) . Tn laucaan laxocgdnrla, over 80
% survival of invitro raised plants could ke dotained when co-aultured
for two weeks with Rhizobiun (NGR 8) in screw cap bottles on quartz
with inorganic nutrient salts (Dhewen and Brojweni, 1987) . Similarly
ectanycarrhizae as well as vesicular-arousaular nycorrhi zae have also
e tried for the hardening of microorooagated plants (Weng et al.,
1993; Varma and Schuepp, 1996; Reddy and Satyanarayan, 1997;
Hermendez-Sebastia et al., 1999; Sahay and Vara, 2000) .

d. Starage, viahility amd carrier based faomilations:

Iooraoriate formulatians of identified inoadlants ineasy touse
fomare required far the field goolicatio. Maintainingviaaility of the
Inoculum during storage arnd transport is an important consideration
towards camercialization of this micrdoetased tedrology (Whipps,
1997; Baghen, 1998) . Two of the selectedbacterial isolates (Bacillus
subtilis and Psachmras corruata) were tested using five fommuilatians
(three algirate basad, ae acal ased ard aelrothlasad) for inoaulant
livery inanaizelasadbicassay. Theviaai lity of kacterial fomilatias
was evaluated fol lowing storage either at 40C ar at roam tarperatire,
Upto sixmonths. Rhizosphere canpetence of the inoculated kacteria
was highest after 6 wasks of growth in the plants treated with alginate
Tased formulations. Mexdmum viability of bacterial inoculants was
recorded in alginate bead kased formuilatians, even after 180 days of
starageat 4C (Trivedt et al., 2005) . Die to the limitatians of direct
Inoaulation and in the use of vardious solididese ecterdal inoadlants,
several polymer based formulations, such as alginate beads, wet and
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defarmi ties inghytacathogenic fungl, uder invitroadlture caditians;
thiswes attrihited to theprodctian of di ffusibleadwolatile antifircal
carpournds (Table 2) .

(Teble 2) Inhihition in the radial growth of pathogenic fungi caused by
diffusible arvolatile canpound(s) produced by Baci11us subtilis

Per oot irhibition in radial growth
Pathogen 24h 72h 120h
T s T s Yo s

Altarariaaltarate 39.10 | 20.00 49.50 [ 60.00 | 71.70 65.20

Cladosgporium
oxysporum 27.70 | 15.90 46.00 | 41.00 | 53.30 52.10

Fusarium oxysporum | 17.50 | 34.40 45.30 [ 40.90 66.10 60.00

Peecilanyoes Iilacirus | 35.00 | 20.00 50.00 | 42.10 | 67.00 52.10

Pradadi 26.50 | 33.30 48.10 | 46.80 | 59.20 62.80

Bthiunafertile 29.20 | 30.00 35.10 | 84.00 | 67.90 84.00

(Gauwresiaetal., 2005)

Qut of six test fugl, for (Altemaria alterata, Clachsooriun
oxysporum, Fusarium oxysporum and Pythium afertile) were
pytocathogenic, while the ramaining two (Rascilanoss 1ilacinus and
P. variotii) were of clinical importance. The pathooens were isolated
fram the soil samples collected fran tenperate and alpine forests of
Himalayan region and have een reported to cause diseases (Fusarium
axygoorun- Fusariunwilt and rots, Pythiunafertile- damping off of
seedlings ard Bthiunblight, Altemaria altamata-leaf goot and leaf
blight, Cladosporium oxysporum fruit and crop rots, Paccilanyoes
1ilacirus and P. variotii- causal agents of various huren diseases
(Bilgrami et al., 1991; Thindsa et al., 1995; Fletderetal., 1998).
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Thekecterial strain successful ly restricted the granth of all the
test fungi in dual cultures, and induced several morphological
aoonmalities such asmycelial and anidial defamities. For exanple,
deformation inmycelial, Iydal or aonidial structures was canmon in
all tested firgl.. The transverse aswel l as lagitudiral seota carpletely
disappeared in A. altermata and the canidia becanre thick walled and
scherical ar irregular in shape. Tnvarious instances anidia fomation
was arrested, and only the vegetative myceliumwas doserved. In
C. oxysporun the conidiophores became vegetative and stunted;
formation of nonmal conidia was also hampered. Praminent lysis of
fungal hyphae, and vacuolation as well as grarmulation inmycelial
structures was doserved in F. axysporum. In this case, the conidia
Tecare swollen ard thickwalled. Similarly in P. afertilealso lysis of
fungal hydee, and vacuolation and granulation of mycelial structures
were doserved. Formation of normal sporangium and ocogonium was
ford tolegrestly sugoressad in P. afertile. Magdological daomelities
were also recorded in both the species of Raecilanyoas; swollen and
Jroad conidioghores due to vacuolation of myceliumwere camon to
both, P. Iilacinusand P. variotii. The irhibitory effect was mxch greater
on account of volatile than that caused by diffusible canpounds
(Chaurasia et al., 2005) . Antimicrobial canpounds may act on the
pytooathogenic fungl by inducing fungistasis, inhibition of spore
gemiration, lysis of fungal mycelia, orby exerting fungicidal effects

(Gloud, 1990) . Antagonism is known to be mediated by a variety of
canpourds of microbial origin, e.g., kacteriocing, enzymes, taxic
sdostances, volatile cagpords, ete. The effect of volatile campouds
has received only 1imited attention in carparison to the antagonism
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‘tissue aulture’ or ‘microorgoacatian’ is perfomed under ‘assotic’ and
‘antrolled’ ewviramental coditians. Therefare the tissue cultured
plants lack the reguired resistance towards major andminor pathogens
in the absence of any previous exposure to various microbial
commumnities present in the gpen environment. When such aseptic
plants are transferred to soil they exonter soil micrdoial comunities
for the first time. Bacterial inoculations (Bacillus subtilisand
Psaudhmas corrugata) were used for the hardening of tissue culture
raisedplants of tea (CGarellia sinasis) ad Piaarhiza koo (analpine
nmediciral herb) . The aalyses of rhizogdhere and rhizaolane soil sarples
suggested funggl attack (mainly Fusardiunsp.) to ke themajor cause of
mortality dirding lab to land transfer. Tnoadlationwith selectedkecteria
at the time of transplantationprovided the first 1ine of deferse to tisse
aulture raised plants, and resulted innear 100 $ survival against
45-55 % survival of aontrol plants in tea. In case of micrgorocagated
plants of P. kurroca, incadlationswith B. subtilisor P. corrucata, at
the tine of 1ab to lard transfer, resulted in 2.5 % ar 85.0 % survivel of
treatedplants, regoectively, agpinst 37.5% survival inutrested aotrols.
The overall growth of inoculated plants was also superior inboth the
cases (Pandey et al., 2000; 2002) .

Riological hardening refers to theuse of ‘biological agents’ at
the time of field trarsfer of tissealltire raisadplantts forbetter srvivel
ard establishment . Agolication of selected microorganisms for this
purpose is gaining attention (Bhojwani and Dhewan, 1989; Kozai,
1991; Ziv, 1995; Pardey et al., 2002) . For exanple, when in vitro
raised Pirus nigra seedlings, cut fram the hypocotyl end, were co-
aultivated with the wild strains of Agrabacteriun rhizogenes and A.
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selectiveantibiotics (Jossyetal., 1979; Klugpfel, 1993) . The individel
pooulatians of introduced acteria were foud to differ significantly
during the carplete period of growth. P. corrugatanaintained hicher
population during winter in canparison to B. subtilis, and exhilbited
greater tolerance to low tanperature. The bacterial inoculants were
fourd to ke efficient rhizogdhere colanizers and positively influenced
various gronth parareters, e.g., shoot lagth ad stamgirth inall for
claes of tea (Trivedi et al., 2005) . Sinilar pattem of root colanization
in the rhizosphere of wheat by Bacillus sp. 1L324-92R  and
Pseudamnas sp. 2-79RN has been reported (Kimet al., 1997) . In
several experiments conducted at the subtropical locations in the
mountains, Azotabacter chroococcumnwas used for canparison, and
inmost cases it gavepositive results (Padey et al., 1998; 1999; Bicht
etal., 2003) . The significance of nitrogen fixation codoined with root
colanization in dazotroohic pseudanonads has been recognized while
developing kacterdial inoculants for tanperate regians in the Caredian
HichArctic (Lifshitzetal., 1986).

Plant tissue aulture tedrology has gained inportance not anly
for itsuse in ‘micraooroeecatian’ per selut also as an effective tool far
the *conservation’ of rare and endangered species. The technology
has so far received 1imi ted acosgptance and success at the cammercial
scale. Major efforts have been on in-depth research for developing
rotocols under aseptic and aontrol led ewviranent.. The plants raised
inthe ‘antxolled’ aviramat are ‘delicate’ witha ‘fragile’ root systam
and exparience heavy mortality during lab to land transfer. Besides
nmeny ‘physiological’ and ‘arnatanical ’ deficiencies that are often
associated with tissue culture raised plants, aemajor cause of high
mortality thet needs serious axsideration is ‘hiolagical’ inrature. The
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The available literature suggests that anly a fewlkecterda, the
aerdhickacilli ard anserdoic clostridia, inparticular, are cacelle of
faming soores thet are resistant to eviramental stresses (Stolp, 1988) .
Soecies of Baci11us can survive under adverse conditions due to their
spore forming nature that can e activated by a vardety of treatments,
rotably exposure toheat (Sneath, 1984; Slepecky and Hanphi 11, 1992) .
The present study confinmed the importance of established natural
rhizoscheres for the isolation, screaning and selection of efficient
ioomtrol agents. Such agants exhilil ting antagmistic effect ma rance
of pathogenic fungl should e preferred in the disease menagarent

programmes .

Tna detailed investigation canducted an young to established
(4 to 123 years old) teabushes of chineryaswell as assamica types
growing inwell maintained to akandoned gardens, and representing
nmonsoaal, subtropical to tarperate locatians in the Tndian Hinelayen
regin, several deracteristic features have e idantified. Coaurrance
of anegative rhizogdhere effect, exertad by the established tea bushes
in antrast to the nomel stimilatory effect exhibited by the yourg tea
Tushes wes the first ad forarost feature associatedwith the teaplants.
Prepaderance of greater antagmistic pooulations casisting of soecies
of Bacillus, Streotamoas, Trichoderma and Renici1lum, and lowering
of the soil Hwere other important draracteristic features of the tea
rhizogdhere (Pardey ard Palni, 2004) . Avargst the species of Baci1lus,
B. subtilis and B. mycoides were the most daminant ones. The two
Soecies canprised amajor ert of thelacterdial population, even dardrg
unfavourable periods. Thelacterial species were isolated dring extrare
winters when the soil tenperature was recorded sub zero. However,
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under laboratory conditions, the pure isolates did not grow below
14OC. These species of Bacillus also exhibited their tolerance fora
wide rarge of H (4.0-12.5) . Survival of these bacterial species under
unfavourable climatic conditions was cansidered on account of the
soore forming procerty of the gaus Baci 1lus (Pandey ard Palni, 1997) .

Species of Pseudamonas, both fluorescent as well as non
fluorescent were frequently isolated fram the soil sanples collected
fram colder regians. Non fluorescent strains of Psaudomaas corrugata
were initially isolated fram themaize fields of SikkimHimalaya and
Sulsacpantly franother sites, inchuding the rhizogdere of tress growing
at the higher elevations. Two strains of Pseudamonas corrugata,
P. corrugata 1, a rhizospchere associate isolated fran subtropical
awviramemt, and P. corrugata 7, a rhizoplane associate isolated fran
tenmperate envirament were investigated for nitrogenase, phosphate
solubilization and antifingel properties (Pandey and Palni, 19980) .
Both the strains of P. corrugata were fournd to possess nitrogenase
activity ranging fran 0.344 to 0.743 ol of C H,. Production of
diffusible antifungal metalbolites against a range of saprodytic and
prathogenic fungi, namely Altermaria altamata, Aseerglllus niger,
Cladosporium oxysporum, Fusariummoniliforme, Macrophomina
phaseolina, Paecilamyces variotii, Penicillium fumiculosum,
P. janthinellum, P. javanicum, P. purpuroganm, P. raistrickii,
Rhizoctania solani and Tridhodema viridewas doserved invitro. Tna
plant based bicassay sugoression of three major phytopathogens,
namely Pythium ultimum, P. arrhenaranes and Fusarium graminearum
was investigated. While the two strains were sensitive for gentanmycin
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ad sugaress the funoal flara; colanization of roots by the mycorrhizal
furgl inproved inall trestments. Bacterial trestments also resulted in
higher thoschorus values in shoots and grains in the inoculated rice
plants (Trivedi etal., 2006) .

Using a rumboer of micrabial inoculants (Laccaria laccata,
Trichoderma viride, Bacillus subtilis, Pseudanras corrugata and
Azotabacter chroococcun) trials were also caxducted to study their
Influence an seed germination, seedling survival, nutrient uptake and
plant growth in Cedrus deodara (Roxb.) Loud, an economically
Important spacies of the Indian Hinalayen regian (Bisht et al., 2003) .
The inocculations positively affected the above mentioned arareters
in treated plants over antrol, in the following arder: A. droocooaun
> P. cormugata> B. subtilis> T. virice> L. laccata. Tnviewof thehigh
darerd of this species for plantation progranmes, raising healthy
seedling nurseries is an important prerequisite. Themajor praolans
associated with this species are poor seed germination and fungal
attack at the seedling stage, resulting inhichmortality. One of the
kacterial inoculants, B. subtilis, resulted in 76 % seed germination
aarpared to 54 % in control . ITncreased biarss and growth pramotion
dee tolacterial inoaulatians have leen reported inneny other coni fers
(Charmay et al., 1991; Holl and Charmay, 1992) .

Net house trials were caoxucted using four clanes of seedling
aswell as artting raised tea. The presence of “introduoad” acteria in
the rhizosgdhere was confinmed using a set of antibiotic markers. The
use of genetticarkers such as intrinsic levels of resistance tovaricus
antibictics is aeof the sinple ard rapidmethods of strain idantificatian,
ard eumeration of the introduced kacteria that exhibit resistance to

33



Introduced bacteria to colanize roots, rhizogdhere or rhizoplane, or
both, is an important and desirable attribute of the inocculant (s) .
Psarbmras cormuata inoculations were fourd to positively influence
growth and yield of two crops (Araranthus paniculatus and Eleusine
aracarr) groan in themountains. The incadlatians resulted in greater
colonization of the rhizosphere in Amaranthus, and moderate
colanization of the rhizosphere and the rhizoplane in Eleusine (Pandsy
etal., 1999) . In this pot kased and in earlier field based experiments
(Pardey et al., 1998), itwas doserved that the inoculants, which are
usally taken as higher titres, seamtoact as stimilants resulting inthe
pramwtion of mative rhizoflora, subsequently contriluting towards
improved plant growth.

Anrder of landraces of riceare ailtivated in the rainfed uplard
farming systars of Uttaranchal Hinelaya (Agnilotrd et al., 2000) . The
use of blue green algee, general ly recamended for the rice fields in
lowland areas, is not feasible in the rainfed mountain regions.
B. megaterium, B. subtilisand P. corrugata, the pranising becterial
inoaulants, were tested for their influence ana local lard race of rice
(yza satival..; ladrace: ddil ) throxghpot axd fieldkased assays.
Qoservations were recorded in regpect of the rhizogdhere microflora,
mycarrhizal infection, ghosdorus aattent (inplant ad soil), adgronth
ardyield. The kacterial treatments (arothlased in pots and chercoal
Tasad in field expariments) resulted in inproved plant performence.
Qut of the three treatments, B. subtilis gave the best performance
resulting in1.66 and 1.55 fold increase in the grainyield inpot and
field trials, respectively. Tnoauilatias were also fourd to stimilate the
rhizogdhere associated native kacterdal and actinanyoetes populatians,
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adpenicillin (Pandey et al., 2001) . The species was also found to
produce sideradores and volatilemetabolite(s) causing inhibition of
funcggal growth. Various dhamnicals and enzyires of ioomitrol importance
produced by B. mecaterdiun, B. subtilisand P. corrugata are presented
inTable 3 ard various activities are shown in Fig. 3.

Fig.3. Antaganistic activities of bacteria: Antifingal activity of (A) B, subtilisagainst
A. altermata; (B) B. megateriumagainst F. axysparoun. Antagonism through volatile
capourds (C and E) Fungal growth of A. alternata and F. axysparoum; (D and F)
Trhikition in growth of respective fungus; (G) Sidercphare production by P. carrugata;
fungi (I) Gmidia of A. altermrata (ncamal) ; (J) Defoumed oonddia of A. altemrata;

(K) Hyphae with macrooonidia of F. axysporun (nommal) ;

(L) swelling of hyphal tip and conidia defammation in F. axysparum.
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Table 3. Production of antifungal substances and enzymatic activity

Bcteria HCN |2Ammonia| Sideroghore | Rectinese | Gelhilase | Lipase | Amylase | Protease
B. megaterium| - + - - - + + +
B ahilis - + + - - + + +
P. carueta - + + - - + - +
P. putich + + + - - + - +

Mnother antagonistic and phogphate solubilizing bacterial
Species of Psaudamaas, P. putich strain B0, was isolated frana sub-
alpine Hinelayen farest site (Fardey et al., 2006) . Theleacterial strain
exhibited several properties associatedwith bicomtrol andplant growth
prawtion. Inpetridish assays, the bacterium tested positive for
inhibition of the growth of two ghytocathogenic fungi, Altermaria
altermata ard Fusariun axyseorun. In quantitative estimations, the
Tacteriumwas fourd to produce chitinase, 31, 3-glucanase, salicylic
acid, siderophore and hydrogen cyanide. The production of these
canpounds by 14 strains of Pseudanonas fluorescance has recently
Jeen reported. Ghitinase and sidergchore production oy P. putica BO
is at parwith themost effective strain, i.e., P. fluorescaxrePIMILR,
while salicylic acid and HN production was higher then 12 strains in
the study reported oy Nagarajkumar and his comorkers (2004) . The
effect of P. putida in the control of major pathogens, such as,
Bytagohthora parasitica and Fusariun sp. has been reported oy other
workers aswell (Scher and Baker, 1982; Yarg et al., 1994) . Several
species of Bsadhmaas, including P. putich, have been known for the
production of secadary metalbolites, diffusible aswell as volatile
antimicrdoial capords Byeretal., 1990; Ellisetal., 2000; Meyer,
2000; Molina et al., 2000; Bano and Musarrat, 2003) . Upadhyay and
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2006) . Both the species appeared to ke psychrotrochic in view of
their in vitro growth. While the range of tarperature tolerance was
4C to 35C for P. corrugata, P. putida could grow fram 0C to 35 C;
optimum tamperature for growth for both the species was 250C.

Thebeneficial effects of plant growth praroting rhizdcecteria,
particularly those belaging to the garus Baci 11us or PBsaucdhmaas, in
alancing gronth and overall health of theplants, aswell as aontrolling
a rarge of plant diseases have been reported (Weller 1988; Glick 1995;
Parndey et al., 1998; Whipps 2001; Sharme and Johrdi 2003; Tilak et
al. 2005) . The beneficial soil micrdoes influence plant growth in the
followingways: growth pramwtion by providing fixed nitrogen to the
host plant; production of phytchonmones; phosghate solubi lization;
production of metalolites, including antilbiotics that protect thehost
against ane or more pathogens; and siderochores (Pandey and Kuar:,
1989; 1990; O’Sullivan and O'Gara 1992; Budzikiewicz 1997; Reddy
etal., 1997; Duffy and Defago, 1999; Elliset al., 2000; Meyer, 2000) .
Inour investigatians, besides plant-micrdoe interactions, ecological
soeci ficitywas given axsiderable inpartance in the selection of Bxillus
subtilis, B. megateriumand Pseudamnonas corrugata as pramising
inoaulants for the nountains (Pardey et al., 1999; 2004) .

c. Bicassays for evahuation of efficient micrdhial inoculants:

The bacterial inoculants were evaluated for their root
colonization, growth pravwtion and biocontrol properties through
several greatouse, et house ad fieldlasad assays. Thitial eqoerdments
indicated that the inoadlants were effective in seed, auttingaswell as
tisse alltire raisedplants, in tems of imoroved field establidment,
augmentation of growth and overall plant performence. The ability of
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Udlizationof Resitive for Arabinose, Dextrose, Fructose, Galactose, Mamitol,

Carbon Marmose, Trehalose, Xylose

sources Negattive for 2dmital, Galldaicse, Dulcital, Trositol, Trulin,
Lactose, Maltose, Raffincse, Ramose, Salicin, Sarbitol

Tarperature, 0-35°C, optimum 25°C

PH and 3-12, optimum 8.0

salt toleraxe upto 4% (w/v)

Abicdc Anpicillin 1500, Carbenicillin 1500, Chlorcamchanicol 50,

srEitivity Gantanycin 5, Kananycin 5, Nelidixic acid 200, Pandcillin 1500,

(Ugml™) Rifanpicin 200, Streptanycin sulghate 10, Tetracycline 200

BPosdorus, an essential elanent for plant miutrition can anly
ke assimilated as soluble phosghate. A variety of kacteria and fungi.
have been known to solubilize rock ghogdrate. Selected microoroanians
ecofriedly altemative to danical fertilizers (Garr, 1990; Tilak, 1993).
Various mechenisms have been reported for phosdate solubilization,
the most recognized ane is through the production of orgenic acids
(Nehes, 1996) . Production of argenic acids, like citrdc, gluconic and
axalic acid, has been recognized for phogdrate solui lization by several
microorgeniams (Asea et al., 1988; Kucey et al., 1989; Cumingham
adKulack, 1992; Tlner et al., 1995; Bagyeraj et al., 2000; Rashidet
al., 2004) . Ocourrence of phogdhate soluli 11 zing microorgeniams has
Joeen reported fram different envirammental niches (Banik and Dey,
1982; Tllmer and Schitmer, 1992; Nautiyal et al., 2000; Vanquez et
al., 2000; Genetal., 2002) . Micrdoial phogdate solubilization is
often considered as one of the parameters related to plant growth

pramwtion.

Thile ccourrence of P. carrugatawes reported fram suoropical
and tamperate locations (Pandey and Palni, 1998b), P. putidawas
isolated franstill higheraltitices, i.e., sbalpiresite (Padeyetal.,
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Jayaswal (1992) had suggested the induction of morphological
abomelities ad inhibition of conidiation in phytocathogenic fungi
by an antagonistic bacterium (Pseudannas cgoacia) as a possible
mechenismof biological control .

Both the species of Psaudanaaas, P. corrugata ard P. putica
have Ieen examined for phosphate solubilizing activity along a
tanperature range (psychrochilic tomesoohilic) . The quantitative
estimatias inlroth following spectrodhotaretric methods were carried
out upto day 30 of incuation (3 days interval) . The mexdmmactivity
in case of P. corrugatawes recorded (155 pgml™) anday 18 at 21 C
that declined to 70 ugml™ after day 30 of imadcation. While, incaseof
P. putida, meximum solubilization (247 ugml™ of P) was seen an day
15 afterwhich it contimed to decline and reached 139 ugmil™ of Pan
Say 30 of imkatian. Thebacteria solubi lized TP at 28 Chut gererallly
with a lquer efficiency than recorded at 21 C. The pH of the broth
ial activity; lowering of
of thosdhate soluoi 1izing

increase in effici

pH

3 6 9 12 15 18 21 24 27 30

Incubation period (Days)

Fig. 4. P soluhilized and carrespanding lowering in pH of the lroth at 21 °C
due to pghosphate soluhilizing activity of P. putida.
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Table 4. General characteristics of plant growth pramwting species of

Bacillus and Pseudanonas

| Bilasatilis|

Colary Undulate, spreading, circular, rough, whitish, 2.0-3.0mm

morphology (dia.) colonies on Tryptane yesast extract agar at 25°C after
48 h incubation

Microsagpic Grampositive thick rods, 1.6 x 2.4 Imwith central oval

festires endospore

Extra ard Resitive for Gatalase, Cltrateutilization, Gessinhydrolysis, Gelatin

Tracslhilar liquefactio, Lysine decarboxylase, Nitrate redction, Qmithine
Necptive for Arginine dehydrolase, HS production, Indole
production, Methyl red

Udlizatdianof Rositive for Alldaicse, Celldniose, Dextrose, Fructose, Gluoose,

Carbon Trulin, Iactose, Maltose, Mamitol, Marrnose, Raffinose, Salicin,

sources Sarbitol, Sucrose, Trdalose, Xylose
Negative for Arahirnose, 2dmitol, Dulcitol, Galactose, Melihicse,
Rhamnose

Teperanre, | 14-45°C, optimum 25°C

PH and 4-11, optimm 6.0

st oleare Upto 5% (w/v)

Jigwielowls! Arpicillin 150, Carbenicillin 10, Chlorcanphanicol 5,

SrEitvity Gantamycin 10, Nelidixic acid 5, Penicillin 150, Rifarpicin b,

Streptanycin sulghate 10, Tetracycline 10

Colany Trregular, mettedwithdill to roxh surface, goreading, ciradlar,
morphology 2.0-3.0m (dia.) on Tryptone yeast extract agar at 25°C after
48 h incubation
Microsoooic Grampositive rods, sirgle or short dhains, 0.8x1.8 Imwith
Extra ard Resitive for Arginine dhydrolase, Catalase, Citrateutilizatian,
Tiracelhilar Casain hydrolysis, Galatin licuefactian, Methyl red, Nitrate
enzyme redctian, Qxidese, Starchhydrolysis
avity Negative for HS productian, Tndole productian, Tysine
Gecartooxylase, Omithine decarboxylase, Urea hydrolysis
Udlizationof Rositive for Arabinose, Galldaicse, Dextrose, Dulcital, Fructeose,
cartn Glactose, Glucose, Maltose, Mamitol, Marmose, Raffinose,
sources Rhamose, Salicin, Sorbitol, Sucrose, Trdalose, Xylose

Negative far 2dmital, Alldaicse, Tnulin, Meliliose
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Tenperature, 14-50°C, optimum 25°C

tHad salt 4-11, optimum 6.0

tolerane upto 10 % (w/v)

Arbictic Arpicillin 100, carbenicillin 10, chlorcanghenicol 5, gentanycin

SyEitivity 5, panicillin 100, rifanpicin 5, streptanycin sulphate 10

Colay Non fluorescent, entire, circular, yellowish colonies

morphology (2-3 mndia) on Pseudaronas isolation agar at 25°C after
48 h incudcation

Microsogoic Gram negative single oval rods, 0.4x 1.1 um

feshires

Extra ard Reitive farGatalase, Citrateutilization, Glatinhydrolysis, Ticble

Tnracelhilar production, Lysine decarboxylase, Cytochrare axidase, Urea

enzyme hydrolysis, Voges Progkauer

addvity Neggitive far Casein hydrolysis, Methyl red, Nitrate redactian,
Qmithine decarboxylase, Starch hydrolysis

Udlizationof Rositive far Alldaicse, Gelldniose, Dextrose, Fructose, Glucose,

Carbon Meltose, Marmitol, Marmnese, Melibicse, Raffinose, Salicin,

sources Soritol, Sucrose, Traalose, X/lose
Negative for Arabinose, 2Admital, Alldoicse, Dulcitol, Galactese,
Trulin, Iactose, Melibiose, Ramose

Tenperature, 4-35°C, optimum 25°C

PH and 4-9, optimum 7

salt toleraxe upto 4% (w/v)

Arbictic Arpicillin 1500, Carbenicillin 2000, Chlorocanmdhenicol 100,

SyEitivity Gentamycin 10, Kanamycin 100, Nalidixic acid 250,

(Ugmd™) Ra1cillin 2500, Rifampicin 10, Streptanycin sulpghate 100,
Tetracycline 100

Pseudamnas putida

Colay Fluorescent, vellowish colonies (2-3 nmdia) on Pseudanonas

morphology isolation agar at 25 °C after 48 h incdcation

Microsogoic Gramnegative, single, notile rods, 0.6-0.8X1.2-1.8 um

feshires

Extra ard Resitive for Gatalase, Citrateutilization, Gelatinhydrolysis,

Tracelhilar Cytochrare oxidase

enzyme Negative for Casein, Starch and Urea hydrolysis,
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