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INTRODUCTION
y
Nitrogen is & major, essentisl mucrocloment reguired
by £11 plants and snimales It often limits blologloal
productivity in the blosphere. Though, elementsl nitrogen
is abundant, representing sbout two third of the atmosphere,
it can not be utiliced byfmt of the ﬁfi-ving systems os
they could use it only when aveilable in the “fixed® form,
1,845 combined with other elements such as oarbon, hydrogen
end oxygen. In nature, elementsl nitrogen s £4xod by
ablotic processes: such as slectric discharge and lighten~
ing and by diotie processes through nitrogen fixing orgenionms
1iving freely or in symbiotic sccociations with higher plents.
Recently, man has acquired the capability of augmntiﬁg the
au;ppw of fized nitrogen through Industrial nitrogen fization
to meet the agricultural requirements, With growing humen
populeotion; dwindling supply of fomsil fuels m rapidly
escalating coste of ohemical nitrogen fertillisery, increasing
attention 4o bdelng paid to blologloal nitrogen flxation which
is independent of ‘thé constraints imposed by tho enorgy
erisis syndrome. A recently discovered nitrogen fizing
system involving loose assooiation of bacteria with grass
roote; (Dobereiner, 1979) ha-é opened up & new averms of
rosearch in this area,

| m}.e thesis ie concerned with this newly discoversd
nlﬁmgm fixing asgoefation s In Chapter I, on attempt has



boen made to collate snd systematically present the

railable information on assoeiative symblosis,
Chapter II describes the methodology used for studying
the nitrogen fixing potential of tocal grasses using
avetylene reduction ploassey test of the undisturbed
e0il root cores. Chaptor II1 gives the results of the
survey of the nitrogen fixzation @Q%ﬂﬁﬁiﬁi of loonl |
grasses and sedgos: The soil root cores of sixteen
plant specios wore found to possess positive acetilene
reduction asetivity, Of these fourteén species have
boch reported to possess acotylens reduction ability
for the firet time, sotarding to the information
svailable in the litersture,

The results of this survey c¢learly indioate the
widespread peourance of sseoclative aymt fosis in the
locol ceotyatems, The information gathered during the
course of these imvestigations would help in exploring
the peseivility of exploiting the potentisl of this
nowly discovered loove symblotic sssoclation,




CHAPTER I A 3
ASSOOIATIVE SYMBIOSIS « A REVIEW

Living woéid is éz:peseﬂ to on atmosphore contoining
_over 70 per cent nitrogen but oné of the grentest anomalles
of nature $8 that with the exception of only o fmw nicroe
organiens, most of the living organisss ave incapable of
using this vest, reservolir of nitrogen which is ecsential
for growth and development, In general, most of the plents
snd animals sre incepable of using the atmospheric nitrogen,
Therefore, availability of sufficient quantities of fixed

nitrogen ie & crucisl factor limiting biological productivity

imlm:as primary and secondary production and human health,
Nitrogen needs of modern agroecosystoms which are largely
met by chemical fortilizersare growing rapldly over the
years, Nitrogen fixation 46 an energy intensive process,
and raquima» aﬁaat 104 k jJoules per mole of n&‘baégen- tixed,
Rodomn agmemamtems require heavy energy subsidy in the
form af fartiuzar nitrogen. The energy orunth has greatly
campnaateé the problen and has led to an unprotedented
eauamtiﬁn in the coot of nitrogen fertiligers. Thesge
ﬂa%iopmema have hmgm blological nitrogen fization
im ahm :fwua for mﬂemtina the orippling offect of
ﬁéiminm energy costs on agriculwra. particularly in
%he dwelcping world. '

| avauabnity of sufficient supply of dietery nitrogen
_mqaires that ways must be found to enhance biologichl nitrogen



,,,,,

it carries a great promise as a cheap source of fized

Studies on biological nitrogen fixation until

- recently, have remained largely ¢confined to the
agronomically important legume-bacterial associations,
However, the discovery of nitrogen fixation by associa-
tive symblosis in the pisitaris decumbens and Easpalum
potatun (Dpheréinem; 1972) has triggered consideradle
interest iﬁ,tbe'pateﬁ¢;31 of non leguminous nitrogen
fixers which form loose symblotic associations (Bilver
and Jump, 1975; Eskew and Ting, 1978; and Ogan, 1979).
Thereafter, many laboratories fram.ﬁifzéréat parts of

~

' the world hsve reported nitrogen fixation by grasses and
sedges, So far; thirty eight genere ﬁfiﬁramineae have
-~ been shown to gcssass'ﬂitrogen fixing potential by
employing agetylene reduction (AR) bioassay test (Tableit),
Most of the/grasses' reported to fix ni#ragen belong to
subtribe Panicoidene of tribe Paniceae, However, it is
only after the thprnﬁgh'survey and systematic evaluation
of a large number of grasses that a proper distribution
of nitrogen fizing potentlal in different subtribes of
!amily»eramineaévcanvbe determined, In addition to
grasses seven genera of sedges belonging to family
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| 10
Typhacese and Cyperacese have slso been found to fix
substantial omounts of nitrogen (Table 1.%).

The loose symbiotic assccistion found im the
rhizosphere of grasses and sedges is becoming

inaréaainﬁly important on account of the following

faotors ¢

1+ Grain vcmpﬁ are me‘-tiy, members of the fenlily

- Graminese |
2. Nitrogen deficient ecosystems are generally in
- the tropical bhelt.

3+ In many cases grasses ore primary colonizers

 oppearing first in the newly created habitots, |

b, Tropicel grasses possess Cy type of photosynthetic

. pathway ond have obvious advantage Awer othor plante
with C4 type of photouynthesis, in view of the greater

- availability of photosynthates for supporting nitrogen
fizntion by associative ricrosynblont,

5. The asscciation betwsen grass roots and nitrogon fixing
niorosymbiont iz relatively eimple, (Berg g% ples 1980).The
asgoclintive a&mbieaiss faceilitaten much greoter sanoeyiire

' .abimy ag compared to nodule symbiosie, |

NATURE OF THE LOOSE SYMBIOTIC ASSOCIATION

The term ascgociative symblosis refers to & loose
sesoclation of a nitrogen fixing microorganism with the
plant perte of an anglocperm 1 No visible structures
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E@gskﬂnﬁnléag,ﬁﬁﬁﬁhééy eoralla&d.ohtgrsmths pte. are
produced to protect the microsymbiont Lrom competition
with other microbes. Sueh nitrogen fixing eys&ema are
‘termed as sssoclative symblotic syetems (Dobereiner
and Day, 1576) or nitrogen f£ixing associetions (Brill,
1979)« The cloughing off of the superfitial sortical
layers of roots (Dobersiner and Compelo, 1971) and their
decay appecrs to promote multiplication of the micro~
symbiont (Berg gt ales 1980). It may also be found in
deeper layers of cortex and in vascular bundle; endoe
- rhizosphere, {Fatriquin and Dobereliner; 1978). It has
been»ya%@iataﬁ that bacteria multiply in the 5mac1gai'
‘seareted by the la%erél roots {Umali-Garela gt alss 1.980) '.
These workers have shown the presence of sn unknown
proteinacecus faootor seoreted dy the host roots, which
binds mierecoymbiont cells to root surface,

The nssoclation of 5a¢tarium‘w£th‘angiﬁsparm Yoots
is highly fragile, and ie ?rbns to cxternal perturbations
such s p0,, injury and washing etc, This indicates that
the associative micresymblont is an intermodiate between
sompletely independent forme such as 2 ' RoEx
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HETHODOLOGY FOR DETECTIRG NITROGEN FIXATION ¢ ACETYLENE
REDUCTION BIOASSAY |

The discovery of acetylene of a serogate subsirate
of xx&%mgf&nasa helped in evolving an inexpensive and
rapld procedure of »aeeura‘-tjalar »aasayina the nitrogensse
activity. The technigue developed by Scholhorn and
‘Burrie (1967) and by Herdy gt al. (1973) is simple,
adeguately sensitive snd highly suitable for field
investigetions. Essentlelly the ascotylene reduction
{AR) bioussay involvee incubation of plant parte in a
chamber, followed by introduction of ten per cent (V)
soctylens and the gas chromategraphic analysis of
#thylens in the gomples drewn from invcubation chanmber,
&t regular intervels. '

The ebservetions made by different workers on the
potentlal of non legume flowering systens, entoring inte
loose sssoelative aymbiasigg vary amsidérab%im This ie
partly due to the differences in the detai;s of the
incubation procedure employed for assessing AR aotivity,
Therefore, the discrepency in estimation may result even
when the same pmm_ is studied using the variants of “the
aspay procedures, '

Varionts of Incubation Procedupe ¢+

| Variants of the assay procedure as descrided by
different workers oan be esotegorised as follows 1
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as Ino gilu sessy, - -

b. assay of green houss grown plants in special
incubation chambersy |

¢+ 60il root cores removed from field and assayed
under laboratory aanditiaﬁst and

ﬁ;. excised root assay.

b £ltu incubetion involves inverting a transe
porent incubation charber over the shoots, This procedure
entalls seversl difficulties such as long incubation perdod
required for the essay, the inhidition of scetylens reduction
by requisite pCU M, and the ¢hances of sthyClens leakage
from the incubation chamber. These problems have been
systomatically emmerated by Potriquin and Denike (1978).
The asogpy of green house grown plents incubated in special
chambers also iﬁVsivaé aimilar problems such ae the
requirement for s long incubation pericd ond a high pCH,
for maintaining stable levels of acetylens reduction |
activity, Under those conditions the reduction of
acetylens is limited because of the dilution of ethylenc
formod, which anﬂerm&ﬁeﬁ the senscitivity of the bloassay.

The seil root cores of nitrogen fixing plants have
been incubated for determining thels nitrogen tixing'
potentisl but the values obtained following this procedure
are low (Burris, 1977) as compared to the activity of cxcised
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washed roots in yiige (Dobereiner, 1978Y), It seens that
the exclsed woshed roots failed %o reduce acetylone |
immediately after thelr incubation in 10 per cent
acetylene, Since, the Azospirillup system is sonsitive
to molecular oxygen and when roots are esclsed, it tends
40 loose the ability to fiz nitrogon (Day, 1977}« The
period roquired for initiating nitrogen fization wy
harvested roocts mm; upon the stage of develapment

of the plent, lasting 8+18 h. Therefore, Dobersiner
{1972) introduced o preirscubation period of t&4 h prior
to the Linocubstion in the excised root assa_gr; Howover,
the rates of acotylene reduction by sell m‘b fores are
reportedly 3 to 30 times lese (Eskew and Ting, 1976y

van Berkun and Bohlool, 1980) tham those obtained by
oxolsed root sssay. The spparent variation ebacrved in
the bioassay of exoised washed roots and of soll root
cores has been %hé subject of active controversy. Burris
{1977), hypothesised that incubation of exoised roote in
0402 atnm oxygen results in depletion of oxygen andf a*

formentotive metabsliom of root eells sets in, The

avids produced in this process promete the proliferstion

of the nitrogen fixing microsymbiont (Gaskins and Csrter,
1975; Barber gt al., 1976), Based on MPN counts Okon g% gal.
(1977) am ven Berkum and Day (1980) huve shown an 8 to 665
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fold . gmi‘t&pimatﬁaﬁ in the mmbeé of becteria following
the proincubation poried, Dobereiner (1978) contended
thet mere counting of MPN of bacteria is mot a sufficlent
evidence to indicate the proliferation of the microsymbiont
 because other organisms then the nitrogen fizing beeteris

wore gamaant in the UPR countse.

~ However, evidence is acounulating that mniitipz.&eaﬁim
m Apoyulaticm 8% mlerosymbionts takes place during the
proincubation , for oxampleé, there is mo @amiue;mu
evidence to show that 'préimn’batiw ghould contimue for
14 h, to restore the natwral ability to fix nitrogen by
Poots, boonuse if pz*éimubatim is prolonged boyond this
peried, higher _rté;taa of acetylene reduction are ebsﬂﬂéd.
*Ven Berkum (1980) has shown thet (a) prefncudated roots
which were not washed developed ﬁtﬂ‘.st 411 per ¢ent of the.
nitrogonese activity as compared with replicato washed
samples; (b) control bottles conteining soil only falled
to rﬁd‘@e acetylene; {o) after an overnight preincubstion
the roots wers separated from the water washings colleoted
at the bottom of the serur visls where the former gave only
50 per cent of the original smetivity. aefs*i 50 per gent wan
found to be sssoclated with the water washings of the roots;
(a) & 50 to 1000 fold increase in the number of nitrogen
fixing becteria during 14 h preincubation at 30 ¢ was
observed, and () the addition of increasing amounts of
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combined ¥ to the roots prior to the incubstion resulted

in a progrossive increase in the lag phasé. mg show§

thet although repid ineresse in the population of nitrogen

fixing baeteria oceurs, nitrogenase is not synthesloed

‘until the avajleble amount of comdined N drops beyond
rtoin eritical level.

In view of the sbove discussion, there is 2 need
for reassessment of nitrogen fixetion raotes reported
for grass-bacterial system, It has aloe been recommended
thot asseye should ve made on oxciged roote without washing
and only such samples whisch chow immediate acotylens
reduction should %5@ consldered to possese natural nitrogen
fixing ability (van Berkum ond Bohlool, 1989),

The use of soll mt cores hag alse been recommended
by several workers, if the criticicm on excised root sesay
hae to be overcome (Barber g% files 1976; Eskew and Ting,
1976y Burris, 1977)s The acssy of soll root cores is
most vellsble because it involves minimum choek injury
to the nitrogen fixing grass root bscterial system, it
requires minkmum log period to achieve linesr rates of
nitrogen fization and 1t does not invelve the use of coatly
gas mixtures, Hence, this procedure of incubation appesrs
%6 eliminote the drawbacks of ip pity se well e excisced
roct assays ond provides nesrest naturel rates of nitrogen
fixation in terms of acetylene reduction {Table 1.3).
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ENVIRORMENTAL FACTORS AFFECTING NITROGENASE acTaviry 19
ASSOCIATED WITH RHIZOSPHERE

Assoclative symblosis 48 found to be affected by
various physico-chenioal facters, any one of which could
be 1imiting under & given set of environmental cenditions.

Temperatureé « "ifem;}aratam plays a koy role in
governing the nitrogenase activity, Effect of temperaturs
on nitrogenase activity was shown by Dobereiner (1978s) on
roots of Zeg pmays. She correlated rhs,saapneria ritrogenase
sotivity with thot of two straine of Azopirilliuc '
& maxime at 35 C. The only drowback of %hie aﬂxﬁy iz that
rhicospheric nitrogonase activity was estinmated using the
axe&séﬁ roots fw AR pegay. The Wigher incidaﬁ@ of

apdrilivm :m'eim in tropionl areas hes been sttributed
to *!;?ze Mgh temperature muirement of these bactoria
(Neyrs and Dobderciners 1977).

1ight « Rhizospheric nitrogenase activity is mainly
 1imited by the supply of energy substrates from the plants
 as sxudates or dead matorial, The quantum of éxudation

i species specific and depends on rate of photosynihesis,
Balandreau {1979) has domonstrated the determining role of
1ight on nitrogenase sctivity of meise plants grown in
growth cobinets ae well as in field, Promotory offects of
incressing 1ight intensity on nitrogenase are precoded by

a time lag of 1=2 h (Belendresu % al.. 1978). The cboerved
tine lag hops been pscribed to the tims reguired for
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"trﬁﬂspaéétian of photosynthates down the roots and their
sab#aqaent exudation mam roots finally to be used by the
nitr@gen fixing microsymblont,

In view of the above, it esn ﬁa-éﬁviaage§ thé§ Cy
plantérggkebetter associations with ni%r@geéﬁggeraa
aymbié%& as compared to Qg-plaﬁzsg However, ﬂo'éiréct
evidence to this effect has been tumie«hedls

%

fsbi:. moiscture - 30;1 molature seems ¢ play a
vital role in determining the nitrogenase aﬂtivi%y of
rhizosphere by influencing the in ity partial pressure (0,)
of oxygen (Balandreau, 1979). Tjepkeme and Evans (1976)
h&pathesised that wetland habitata show higcher rates of
nitrogen fixation betause of depletion of molecular oxygen
resulting fmm water logging, During the vege%étﬁ?é ,pers;nd"
of maize, Balandreau ot al. (1976)>xbuhd a significant
positive correlation between rainfall, soil moisture,
temperature and thaj;u,g;;g,ﬂitrogenasa aaf;vi%y of the

 rhizosphere. The high rates of nitrogen fization with
'5%1§w4lanﬁ rice and the much lower retes in the rhizosphere
¢ upland rice, found by Yoshids and Ancjas (1977) also
c\e:iérgs’&rate ‘ the strong offects of soil mmm and

e

'oxyﬂgﬁgeeessibility%nnf%hizdﬁpheriﬁ‘nitrbgenasa-acffﬁity,,

Vanous warkers have noticed high nitrogenase aetivit:
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with soil mat Loroes iﬁ» waﬁamﬂa and miat hébmm.

{Day st aan 19?5: Kanna and Tjerkemn, 1978). The

ava&labiuwkaﬁu;ua% ammate of water may also mma
nitrogenase -aativity by washing the soll of its oxbossive
fixed n!ﬁmé;aﬂ gontent, If this is trus, dry coil species
aon bo used to sdventage by preper irrigation end drainage
of enticlpated hebitate (ven Berkum and Bohlool, 1980).

- pUp « Exposure o oxygen causss irreversidle damage

o the Ho-Pe protein of the nitrogenase complex. Therefore,
the proceas of nitrogen fixation is highly dependent on

POy of the nitrogen fixing altess The majority of odligate
asrobic diagotrophs behave ns obligate sicrossrophiles

{Bel jerinck, ;‘aam; alry phﬁmsg I love; nsading dut

1ittle free oxygen), when they grow on Nefree medium

(Yates and Eady, 1979). These organiens, apparently,

hove very feeble oxygen protection mhanimf Ss8at

By
Be
Cs

-

L1

Protection by cenrerizaﬂmai ehang&a in aﬁaﬁm structure,
Seoretion of gummy eubstances sround the colony:

Consumption of excessive oxygen by hydrogen evelusion,
“Protection of the sentral cells of aalow by
| saariﬁcing the pariphm}. cella,

Protection by development of association with a non
dia@%mph which ¢on pz‘b&m& gumny ﬁﬁ%a%meﬁ s+ such

 en eseociation pight help the diazotroph in meintaining

requicite concentrations of oxygsns:
| Een

K- 648
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Siiup uana \maer froe nv&ng gmi’cim
&8 mm a8 m aaacc&atim with grass rhizosphere

'muiraé an optimum PO, of 0,015 to 0,02 stm for optinsl

m%mg;mse activities. Oxygen is needed for nitrogen
fixetion to provide ATP but it also a6ts as an inhiditor
of nitrogensse activity at naturs) concentration of 0.2
atm, Thege two opposite requirements of nitrogenaso,

orente a paradozical situntion (Postgate, 1978). In

semiuolid agar cultures jgospirilium develops a pellicle
& few mm below the surface (Doboreiner and Day, 1976).
As :the oxysen demand of the culture increases the whole
colony migrates upwarde (Day, 1977): It may be possible
that under rhisospheric nssoeiation the niergsymblont
oulls migrate in the endorhizodphere to an optimsl »0,
site for nitrogen fization, However, no specific
oxygen protection mechaniom, in this case hee Been
fdentified, It i85 likely that outer cells in s muse
protect the cells at the core of the colony.

Redox potential (Eh) « Pronounced eoffect of soll
redox potential on Azospiriliur nitragenaae activity
asmiateﬁ to rhizosphere has been shown recently.
lecroasing Fh was reloted to on increace in nitrogonase

~ sotlvity (+ 100 av) but further fell in Eh wap inhiditory

{Trodldenier, 1977). The amondment of flooded goil with
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rioe styaw favoursbly reduced the Eh and imraa el
mi‘kmgemaa petivity as well as MPN counts of
Azoniriling {Charyulu and Koo, 1980). 1t may be
passih&a to resiize much higher ylelds w nordtoring

through addition of regulated amounts of crgenic
matter (standardized for 8 particular soil) %o maintain
persistent high rates of nitrogensse ectivity of the
mieronynbiont populations, |

‘pH »  The nitrogenase mﬁvﬁy is specific %o the
pil of the medi”um, Dobereiner (1978.)observed significant
coryolation between soll pH and nitrogenase activity of the
enrichmont oulturce of A« lipoferum qrown in Nefree semisolid
palats nodium after 40 h imbaﬂm at 33 C. Most aotively
acetylenoc raaucing sultures wers obtained fron thooe roots
of Eondsun poxious which had a soll pH of rhisvephere
mnaiﬁé i’m 648 to 7.8, Even in acld solls with pH 4,6,
the enrichment ocultures of AzospRrillunm hsve been raported
to roduse ssetylens {Doberainer, maa). Probadly, the nitrogen
fixation by bae‘kerie geours in the rhigosphere st a oite
where the specific pﬁ muimem ¢an be met mﬁbez‘a&mr, 19?8%.

Combined ﬁ&twgm « Aveilability of amim “"%9 is
known to frhibdit and repress nitrogenase of Agogofirdlium
Ipoferun, (Okon ot al.s 19762) and 4% also euppmam the
ﬁimgp&eﬁu AR sotivity of cersal roots (Balandresu and
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Dommerguos, 1973) and grasses (Vaughn and Jones, 1976)
under the field conditions. Application of low initinsl
level of conbined nitrogen (N‘H’;} in lorze sonivolid
cultures fwproves arowth end nitrogen fixation by
\zgapirilium (Wetanabe and Bamqnzm 1979). Siniler

| ﬁﬁ’ﬁﬁ‘tﬁ of application of mu on pasooiative symblosis

have beon observed by Abrentes ot gl (1975) under field

mmmwm

Low level of nitrate (N0,) application to sofl
promotes whils the presence of high lovel of !36; inhidits
nitrogen fizetion in rhizospheric systems. That m‘g was
active only via nitrite (NO7) formation under ansercbic
conditione, was chown by Meghelses p% al. (1978) who
found the presence ﬁf dissirdlatory nitrate reductass
eyeten in Azospirdiiun ocultures s N0, eupplied to the
R ﬁ%ﬂ:&!’i’izﬂ d&d mﬁ mm nitrogenase activity, %ﬁm
fore, thic speclies of combined nitmgm {fi@ ') 48 not en
inhibitor but it is the m which is inhibi%ry to
‘nitrogenase activity. In 3.&@!1@ of this study, the .
knowledge of nitrogen eontent,pH, poronity and aexéﬁ}im
level of sollis are important determinante for aﬁh!ﬂ‘rﬁm\
significant ylelds through srtificlal inoculstion with




™ - 25

——"  Holybéonum - Among the micronutriente molybdenum
‘playe a key role in nitrogen fixation becauss it iz
required for activation of component I epoprotein of
nitrogenose, It has been shown that eath atom of Mo
togethor with elght atoms of Fe and six labdile sulphides,
‘forms sctive site of component I protein of nitrogenase |
(Brill, 1980). Mo also acts ae cofactor for ancther
enzyme nitrate reductese but the cofactors for nitroe
genase and nitrate reductase are difforent fyom sach
other, Probably they shere a common molybdoensyme
perméase for processing NoO,s Plants growing in
molybdenun deficient soils show nll symptoms of nitrogen
stervetion. Addition of molybdenum in such soils could
even improve rhizospheric nitrogenace sotivity {(Diem
and Dopmergues, 1979). %ﬁiyb&annm is active in reguletion
of nitrogenase synthesia (Nagatani end Haselkorn, 1578)
in algal eystems but similar sttempts to relate Mo with
rogulation of engyme synthesis in associntive mblﬁtie
systems have not been nade.

Blocides « Verious workers have shown popitive
offects of low levele of peatieidea and horbvicides on
nitrogenase activity in Azogpixdlium. Dobersiner (19789)
showed that a herbdicide aeaa»r&n uged in camantra@im
applied commonly to maize orops (3.5 kg ha i) 4id not




26

T

only incresse numbers of A, poferun in goil but also
stimulated its grovth in somicolid malate medium,
Charyulu and Ras (1978) mmrieﬂ benefioial offects
of 10, 20 and 1060 ppn &Semmyl application to ﬁmﬂeﬁ
rice soils in torms of population of Azgspiyiliun
and their nitrogen fixing efficiency which was h&mst |
whm 100 ppn benomyl was applied but they conld not
detect any apprecleble increass in nitrogenass activity
when the blocide was applied to pure cultures (Charyuiu
and Rao, 1976). Verious iﬁseatiaﬁdasﬂakﬁaimaé fron
natural sources {e.gs Exxe pocka) namely,
pyrethrum, neem oil, and aumin giwed veneficial

whon eppiicd at 0.005 per cent, 1 per cent and 0.5 per
¢ent levels respectively, with the incressing vegotative
perdod. Detuiled Information is nceded to formulete o
relationship between warious biocides and nitrogenase
activity of Agpmpdridlum (Neysk gt ale, 1980), |

Root exudates - The amount and msmsiﬂm of
exudotes moy affect microdlel growth ard intiuence the
rhizespherie nitrogenase activity., Fer iﬁmn@&, i% hae

- been shown thet rate of rhirodepesition is 300 per cent
of the root weight of pature vheot plants {Ssusrbeck
£8 gles 1976), Berber and Martin (1976) found that
sterile plonts velcensed 5 to 10 per cent of thelr photos |

- gynthates through their roots vhereas _unéer unsterile
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| wﬁ@i@ians roots excreted doudle the amount, The
observed differences in nitrogensse sctivity of the
roots between different maize cultivsrs may be due to
%jh# differences in apounts end compoesition of thelr
root exudstes (von Bulow ond Dobersinar, 1975).
Howsver, this hypothoste needs to be checked through
fxmher ﬁ@ﬁt@:ﬁﬁﬁiﬁl’h I% appeors that physienl
factors cuch ag light end temperaturs exdercise thelr
influence ot secondery level, through regulation of
root exudation on 'ni%mgemﬁg aotivity.

Biotip factors - Weler (1980) has ghown that soi)
root tores detopped prior to the incubation leads to
incressed retes of nimg@a fization. Bmgmim dsta
on this aspect ie needed to rolate the effect of
grasing with nitrogenase activity of grasses,

THE ASSOCIATIVE MICROSYMBIONT

Studies on amviﬁtiva symbloses have regently
begun, but interesting information has been gathercd as
an outcome of past ten years of work. The proper unders
standing and epprecistion of the noture of amseeclative
symblosis calls for a cloar comprehension of the
aseoelative pierosymbient entering into losse symbioseis
rosponsible for tho observed rhizospheric nitrogen fiming
petivity of grasses and sedges
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Soveral bacterisl systems entering inte loose
pymbiotic associsction with grasses have besn recorded.
Larson and Nesl (1978) have described the ocourance of
Allug ep. in ono wheat ine specific to this bacterium,
ﬁiah (19?9) meﬂed an Azotobagter sp. assocleted with

ginga. Wullstein gt al. (1979)
polymyxa « like organicms from
rhizocheaths of aeertazn xoeric grasses, Bhide and Purandare (1979)

gnd Tikhe gt als (1980) reported the occurcance of
Azotobagtor spe on roots of about 30 non-leguminous
angiua;: Yerma,. MeClung and Patriquin (1980) have déperided
the ocourance of a bacterium Compylohastar op. in the
rhigosphore of an aguatic maewphyts Spartinia alternifiors
Studien on ieclatlon, purification and ahmétaﬁzaﬁm
of assocliative microsymbiont have shown that a microe
aerophilic bacterium Azogpirilium is most fregizenm
involved in loose symblotie nztragen fixing syatm*
Dobereiner and Day (1973) and Tyler gt al.,(1979) have
doseribed Azoe llum a5 the only major organiom aaaaﬁated
with tho zﬂzaapham of grasses and sodges thot ﬁm |
sfficient associstion with a large numbor of hosts emd
i distriduted over a wide range of geographic ;mgi;c@nm

roote of Erasrostiis fer

Higtory of discovery - This organism wos ﬂ‘réi
isolated in 1925 from soils by Beljerinck in mm ‘ﬁtﬂ_tuma
of nitrogen fixing baoteria and he naomed 4t as Soirillu
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. Jdxeloruns &hmﬂsr {1932) wos sble to demonotrate low
tevels of nitrogen fization by pure culture of A.

noferun from German and Austrien soile. Besking
(&9&3} used 15?@2 as g tracer to produce évidence of
its ability to fix nitrogen under reduced the- oxygen
conventrations When Schroder incubsted pure cultures
st normel congentration of oxygen, apparently fi.:t:a‘
nﬁmgﬂn fixing aotivity was cuppressed, However,
thig mgmim did not atiract much attontion until
Day and Dobereiner {3:9?6) fcolated this dacterium

n Bleitar tns roots, Thereafter, ni*&mgeﬂ
ﬁxing 's@a&iw ﬁ:ﬁ‘ mum heve been reported from
pver mxr‘ty plant species which are now included
under the gensric name Azospiriliun {(Kreig &b ale, 1977).

Taxonomy « At present more than 150 nitrogen fixing
ieolates of thic genus have been icolated (Dobereiner
&% glee 1977) The diversity shown by theso organicns
mokes 4t difficuit to contain all these straing within
one gpoclon. Based on colony feoturss, ability to
utilize sugare and other physlologicsal eonsiderations
| wame 1.4} the isclotes of Azempirilium have doen
| divided into three groups {Oken @& ﬁﬁ 1976

Somplo 8% ales 1976 mnd Neyre et gl.s 1977). Kreig
8t gl (1977a4b) studied the DNA homology of the three
groups, They confirmed the observations of earlier




e

Teolate ammn ot enrieﬁmem mma - mrx on aem Growth on
. fﬁe%ﬁ; %ﬁﬂ et mﬁ«&m rmtriam agar

ﬂwmﬁhw actone.
| g m gmm or mﬁ%&m mducﬁon

m M@m to ‘mimaam

GROUP IX1s 1«7 Ao troup 1, maﬁ. 1% ia unoble o
to reduc furthey and chows As Gyoup 1 Ag Group I
Sp107, 107at hiacher sml%iﬁty 0 totra- : _
106,109 fyom wheat munm |
GROUP IXs Azompiriil . i &
iw-? At Qm I hﬁm mnr 1. zznltmlw
‘2&3@ (Kﬁs a7y 4.Crowth m ascotylone roduction on 2. g?;a og
C £yom % m& 1@ adéed only five
wheat {(Brazil)  G.Reed tur yeast oxtraet as storter in the nodium, . wesk after
spmg from 6,.Catalaoe nogative incubation,
?ra | 7.8cneitive to sntidlotios .
ﬁaﬁﬂn&t&ﬁ ,

L» 19763 Sampio gt al. 1976).

(Adaptod from Okon gi.al.

Qo
o



31

workers end found that based on DNA homelogy experiments,
map II strains wum be separated from grouwps I end IIX
streins, Both the latter hod DNA homologous with vepremento~
tive stmin Sp7 and DRA of group II strains wasn homologous
 with ropresentotive otrain Sp59B.

| ‘The nitrogen fixing species of Suiplllyn are morpholoe
gleally distinet from mon nitrogen fixing epirilis, they
have a sickle shaped body with single flagellum end only
holf to one turn por gell. Bul after a coreful smiyg
Terrond and Kz'a&g {1978} concluded that nitrogen fiuing
atwim form a doherent group within thmemegg and ave
distim from nenbers of Pssudomonadacese in torns of
their DNA homelogy values which are less than ca. 20 per
gont, It has been suggented to retain nitrogen fixing
spirilla in fonily Spirsllacese because like opirilla, the
nitrogen fizing a‘srarim 3 4 ;gﬁ pinolerun possess poly -
Pohydroxy gramles, ehow respiratory type of metabolionm,
and grow well on ealts of ovgenlc acidas However, it would
te dosirable %o place them ot a generic ;s@siﬂm at por with
other spirille. Accordingly, a new genus Azgeoirillum wi
orented for the nitrogen ﬂxing group of spirim Nmsented
by type streins S5p7 end Sp59B (Krelg &% 8las 2977).

FOs® ‘izly;"%he. gerus Azospdrilius consistsof tuwo
species namelys A« Adpoferup (Ba&jeﬂnckb comb, novs and
braplisnne op. mov.. The species 4. 1l A:mw
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Table 1.5 saarmeﬁams of o Bacterium of the Gerus
Lrillun from Gellulelytic Nitrogen Fix&m

Catalase

Ei@ﬁimilatx&cn of uitr‘aw
ta nitri

ﬁﬁ.aaianaﬁan @f nitroate
to gae

mixaﬂ Gui‘&urea ma-.»zz}
Gharadtaristiﬁs HeeZs A, lipoferum A, brasilense
Dl base &bmpoalti@n 7.6 70 70
{mol% G+ C) |
Biotin roquirement yes yes ne
Glucoss ugsed g cole
tarbon foy ﬁ«-u&fﬁ.ﬁm 0 + ©
somieolid pediun
c:ma es in esll mo »m ny yap no
in ggd&tieimt ﬁmrgglidggeﬁiug ¥
‘Acidificotion of glutsse
media 4 0 + 0
Yesst |
- Growth in glutanate
mediun + +{weak)

Anperodble growth in +(wonk) *
nityate -
Growth in prusmea '
of bile , +{wenk)
Gmm in 3% NaCl & 0 *

. Oxidasc, esculin

- hydrolysie * ¥ +
Storeh hydrolysis o 0 6

+{strong) +(noderate) . <+{moderate)

#

0

*

L 4

+

mt&. P /59
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Table 1.5 (Contd,)

%mé%eﬁ‘mam

A A A A it ————— S ARt

Sole corbon souree s
Cellvlone
Nannitol
Sortitol
Ribose
Glucope
‘Fruetose
«<koboglutarate *{weak)

+ o 0 4 + o
E

$ 2 2+ +

<o o+ O O

h 3

Buhydroxybutyrate o . &
T « Bot tested,
Atopted from Weng st al. (1979).
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apeu&a& &2‘ the garme with type strain Sp5oB named so
&+ Mnofezun on reprmmteti% of strains grouped wlor
- group n ﬂt Samplo g% als (1976) and type strain 5p?
" named a8 As hrasilense as reprogentative of group I and
" group zz’ vreanions,

Thera are ozceptions to this syotematic indentificne
tion as & srtain strains heve been iscloted whioch carmot
be mta&mﬁ by aithor of thoe twd apemwa for m&a@
Wong a&ab (1979) isclated on Azospizilinm from '
1ytic N2 fizing mixed oultures, whiah mx‘ea cbaracﬁwia%m
of both %6 species namely, 4+ linofon ilenae
The features of this new strain, maﬁ a5 Bow26 are g&vm
in m:ia 156« Similerly, Nur gf al. (1980a) have reported
riidn ieﬁiata which utiliszes glucoss an Cetource
wmhwt mquir&ng blotin, The colony cheracteristics and
pigmamatim of thia new strain ave difxemm from Doth
the specloes, Detalled work on DRA homology and base composie
tion will determino whether this now strain fron Israel 1o

2 now spoclies af

Gaographical dletribution »  After fts flrst discovery
in 1925 from Germsny, Azoppirilium has been reported from
peny parts of the world im&:mm its wide geogrophical range.
The mwta of thie dacterium from Austrie, Germany and Europe
by Baiseﬁm 11925) and Schroder (1932) vepresent the snly
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B | Inasa Lekehnikonars st al.(1976)
SA29, SA 91 5. Afriea Tyler gt sl. (1979)

sas32 Tyler st al. (1979)

symgﬁa . S. Afriea Doboreiner of &2@ {1977}

mw;tuf&

oo
op)



Pooldeas
Triticens

s

()

Wis 3&*? |

+SpBErLY,

%m.
@6152.395?333%

m
gglm@e@* SpRiYe
}, SpLéz,

£

Braxil

Emﬁazi&

Indis

Indie
S Africo

Bewador

©{R) |

Wartanabe of ?93
3@'&3 4k §
reax &t %

m;m:m &k i‘iﬁ??l

Meyra gt al. (1977)
Kovizanden g8 al. (1976)

Tyler gt 2). (1979

Nayrs of als (1977)
Reyre of gl (1977)

Rk X R (U

- Contdasss/o

Le



Table 1.6 (Contd.)

CYPERTS SP.
ECLIPCTA ALBA
EUPHOREZA HIRCTA
PICUS SP. ‘ |
EXCHHORNIA CRASSIPES
IPONORA BATATA..
1.REPTANS

Ryotoginacens

Vorbonacons

Avacese
Syparacone
Horgpceae
Pontedoriacens
Convolvulacens

»

Indis |

India
India

kehmiku ﬁaﬁa&ucm’?i
HNayak gﬁ,a‘h £1979)
Baysk st al. (1978)

Rayok a al. (1979}

- Rayak 28 ad« (1979)

Raysk gt.al. (2979)

Rayek st ke (1979)

Maysk at g). (1979)
Lakckaikumars gt pl. (1976)
Rayak =% ai. (1979)
Doboreiner (1978)

Itn:zak ;5 al. {1979}
Lakoheikumard g% al. (197€)
HW &% ak. (1978)-

Contiees /v co
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Table 1.6 {Contd)}

Referonce

MAMIHOT ESCULENTA - Comvoluvlacsso Brastl Doberelner gk gle (1977)
‘MARDAMIA SPIRATA - Gommelinaceas india Rayek g% sl. (1979)
MARSILEA GQUADRIFOLIA Rarsfllaceae India Nayok gt al. (1979)

RINOSA PUDICA ¥imoseas India Rayak g% al. (1979)
FHYLLARTHUS NIRURIL Buphorblecess India | Lakchmikuparl g% al.{(1976)
PISTIA STAATIATES Avacess ©  India Nayok at al. (1979)
T e e , vastaretradisy (1976)
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reports af\i%eiaacurﬁhee in temperate reglons. Tyler
£t als (1979) reported. it-g,l,.ogcurénea from various stations
in Gubtemparﬁta and tropicel regions. Various workers ’
repcrting thia orgenism from tropiaal regions include
Eobereinar-anﬂ Day (1976), R ,} Lakghmi-
xumart g% gls (1976), Lakshed gt a.la (397?). Nayek gt al.
(1977)s Reynders and Viaesak, (1977), Sylvester-Bradley
(1977), Dovereiner {1978), Kavimandan gt al. (1978),
Tyler gt al. (1979), Watanabe gt al. (1979) and Nur g% al.
{1980). The securance of this-arganiémuhas haén»repbrted
‘from Austria, Belgium, Columbia, Germeny, India, Nigeria,
Pakistan, Phillipines, S, America and S, Africa,

4

n has been shown to pnosgess

Host range - Az xllun
& wida host range 1nciuding meny species of grasses, ﬁadgas,
~grain and forage grops, economically importent plants and
various dicotyledonsus weeds, (Table 1.6 )« It has been
isclated from roots of 40 plant species representing
16 familiea‘ﬁf anglosperms namely, Amaranthaceae, Aracess,
Eémmeiinacaaag Compositaa, Convolvulaceae, Cyperaceae |,
Eupkarbiaeege; Gramineae, Labiatae, Leguminoscae, MQraceae@-
Musaceae, Nyctaginaceae, Potamogetonaceae, Potenderiaceae,
| Verbenscese., Seventeen of the~ab@ngmentiénaﬁ'piant
speclies are mémbers of family Gramineze cf‘thaéé'iz-pbasesa
41 1up has been also ’

Cy ph&tnsynthetia pathway. : L
isaiated from soilg under frae ltving conditions, The
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wide host range of AzORD: dilup has been %Mﬁ:s%rat% by
Child and Kure (1977), Vam &t gl (1979) and Berz gt pls

- {1988) on the basis of the colonization of callus tispue
from the large number of anglosperme by the bacterial

. cells, some of vhich are not included in the ubove montioned

4 plant speclos,

Locelizotion « %'-met seafe' of occurance of the

bacterium Azapplirillup in the host rhisosphere is not
eertain, mhereimr and Day (1976) and Lokehmikumard
{1977) have shown tho existence of this becterium within
the roots of vorious grosses using vital staining with
tetrazolium chloride, spirilium differs fron gost
other rhigosphere microbes in its ability to colenize
the intercellular and intracellular spaces of root cortiesl
gelle. Partiquin and mmamér {1978) found that the
suacteria colonized the innér cortex end stsle of maige
roots *m‘.thaut' significant colonisation or decay of the

* outer cortex tissues The bacterium remained viadle incide
© the roots after a 6 hour treatment with sterilising sgents
iﬁﬁi‘aaﬁz@g that .the md@ﬁermia was intact,. According %o
th » AZpERirillum infection initlelly takes plsce in the
- eortex of lateral roots, and then spresd into main roote
vhers it occuples steole and inner cortex. Berg A% al.
{1980) explained the intracellular wmanefa of the bacteriun
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to be due to the ruptured cell. wans rather than %o

the cell wall degrading properties of the battorial
cells. Recently, the studies of Umali«Garels gt gd.
(1980) have furnished evidence for pectolytic encyme
setivity in celle of Agospirilium. suggesting thereby the
dotinite ¢ell well aeg:mﬁm aﬂﬂty of this baotorium.
They have also proved the oxlstonte of a low molocular
weight protein factor which helps in establishment of
the associstion thmugh binding Azospirilla to the root
eortical cells, |

Morphology = This orgeniem forms flagellate, cwrved
cells of 1»5 um length when grown in 1iquid media along
with a source of combined nitrogon under normal oxygen
pressure. During Nelinited growth, however, nitrogenasce
is mrasmﬁs only urder 0,4 to 0.035 atm of oxygen. This
typivel microasrophillic growth is expressed in senmisolid
Nefree ager medis by a pollicle formed a fow mm below
the surface whﬁm,; iow PO, ic pointained due to pooy
diffucion of oxygen through the medivm lying above the
pollicle. In forpentex cultures, optimal nitrogensse
activity is obtained by seration with m«iﬁmg@ aafaf
containing 0,005 to 0,007 atm of oxygen (Okon g% gl., 1977).
On the solid media with combined nitrogem the typlesl
colonies grow slowly and are composed of celle that hove
atypicel morphology., Therefore, they are normslly detected
on agar plates inoculated with suspension without previous
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enrichmont in Nefree comieolid medic, The p¥
incresses B8 the colony mges, Thim is evident from the
tolour reoutions of Azpspizilins with vital otrein 1
 (Lekehnikumard b ales mm, On mutriont ager the mging
colonien of A. hrasilense tend o develop pink plgment,
 This pink ploanent 4s not due to logheemoglobin and ite
sxact roture $& mot known, ‘Bekew &% a1, (1977) have
reported the presence of @ yellew pigment Sn 3 week
014 ﬁuitnx?em The nature of this pigment sleo s ot
known, Azospdrillup shows negative rengtion to gran
staining, Under the phagd contrast sierosoope the cells
show preaence. of poly P- droxybutyrats amrmiem wau
morphic forms of Azsspiriilum have bsen preported by
Dobereiner and Day “9?6}& Eokew ot gl. {197’7311& Tarrand
£ ale {1978) and Berg 3 al. fz’?&o}. y old m:zma
grown on nutrient Broth,

*asiru; phase gontragt snd elestron miamae@m |
preporations, fsolates of Azxopofrilium have Zeon claspi-
fied into two groups by Bmaﬁ and Vlaasak {1980}

1« Thick ourved rods (afzed 2,0-3.0 % 1,5+3,0 un)

with ene M&iﬂw, forming » pelilele &n senisolid modium,
‘2, Spirelly twisted colls (oized 3,5-%5,0 % 1ef,5 un)

with single sinous flagellum end moving bock and forth
slong o central axis in cork serew fashion, also forms
wniaiasc
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Physiology » It can be grown on o gimple
mediup desoribed by Mberemw ‘and Day (1976) ot a
ot of 6,8 uping melate as @ source of carbor, The
melste 15 utilized fact and with it the pH of the mediunm
riges, The orgenisme becomes inactive at & pX of about
7+8: Okon g& al. (1976b) modified this medium by addition
of 10 g phosphate salts to incrcsse the buffering saapaaiw
of the mediup, without ony toxic effects on Agzoapirillum
Tlhe pH requirements for growth of this wganiam are
,mmifestaﬁwa of its enpyme ﬂi‘&mgmﬂm Z0 L ad.un.
ig a ai@maer&phii Cie orgonism requiring an ap%izml pﬁz
of 0,005 to 04007 ats for nitrogen fixhtion. It s
‘also eapable of whinming ammonia, requiring a P0, of
042 atme The rate of gmw‘zh is vary fast under mmh
conditions,

Azcecirillun uses organ.ic aside derived from
sremiom maiatn is readily utilirved and theorefore, it
45 most) - commonly used for isolation of this dactarium,
Succinate, lactate, pyruvate and cltrate osn also be
ueed a8 source of sarbon with equsl éi?ﬂatmm .The
‘efficlensy of the Cesource utilisation is expressed

in terms of ng of N fixed por grain of Cesource, The

- efficlencios of six nitrogon flxing baoteric oecuring
in humid tropics have been compared in Tadle 1,7. The
speoific activity of ln lios in the ronge of
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Tabls 1.7 Comparison of Nitregen Pixing Bffeclency of Some

Basteria found in Hunmid &‘m&w

Conus E¢fiodenoy '

Lariaion
AZOTOBACTERTACEAD .
AZOTOBACTER 8F . 10025 o N g"} Comource

BETJERINCEIA 8P 1020 ng § &1 Gepource

DERXIA SP, 25,50 mg N ¢*! Cesoures

BACILLIACEAR

CLOSTRIDIUM SP. 227 g N & Cesource

RHIZOBIUN b0m60 11 moleC My
LEGUKINOSARUR o o= G/ W
Pasudomonadales
SPIRILLAGEARE

AZOSPIRILLUN %2&6&5&(&9 n mié CaH NV
- LIPOFERUN ng protel 2

64146 ;g;,vm?a vg ¥ g} Cogoure
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12001500 n moles of ethylene por minig,am protein
per hour which is as high as the rates reported fﬂz"
‘res 1iving rhizobla under in ¥itre condition (Kurs
and LaRus, 1975 HoComb gt ples 1975 Pagen ﬁﬁ 8k
1%?5)@

The nitrogenase from A, lipoferm wae first icoleted
by Okon gt ale (1977a) valng eell free extracts, Nitro.
genase requires ﬁgﬁ' and ﬁnﬁ fone and has an optimal
 pH renge of 7.1 to 7.4, Like ‘othor diagotrophs the
‘nitrogensse ie highly sensitive to molecular oxygen «
requiring pO, of 0,005 to 0,007 atm, TThe epparcnt kn
of its z:s&'smgmaa for aéwyaém Lo about 0,0036 atm.
. Nitrogenase extracts of 4. 4 loose their activity
on storage at «18 C. However, the sctivity can bs restoved
by séding sctive Feeprotein obtained from other nitrogen
fixing bactersa whith varying degrees of euceess (Okon

8% alee 15770)e The Po protein ftself required an
‘aotiveting factor, This sctiveting factor can be
substituted by that obteined from the extracts of
Bhedoppirillve yubrups These are the mﬁy two active.
ting gmtws mm to replace esch other fm:- Fe@wm
of nitrogenase,, These property of Fesprotein can be
pmade use of In represeing and deyepressing rximg&mme
sotivity ot will, under natura)l conditions,
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Nitrate reduction » -Studies on astual camﬂ%ﬂﬁ:ﬁn
of the nitragen fixed hy rhigosphere microorganisns
{painly Agompirilium) revealed that only 25-50 per cent
of the nﬁ:ragm fized by the symbiont could be incorporas
ted in the host (DewPolll af gl., 1976)s The cause of
leskage of rest of the 50 to 75 per cent of the fixed
nitrogen led to the diecsvery of the éisaimﬁa%ry mitrate
reduotion by Neyra and van Bexkum (1977). Thus, Azcspird
not only fizes atmospherie ritrogen byt also ea‘taiaraﬁs
ammmaﬁm under oxyeen 1initing conditions, Seott .
and Seott (1978) obsorved simultaneous nitregen fization
and reduction in anaeroble cultures. They observed thet -
those mutants wh;ch did¢ not have nitrate re&mtasa ieyétem
alse did net: #ix sufficlent nitregen in precence of N0,
 gonfirming thot NOT reduction is necessary for the m‘wg
~ enhanesd nitrogenase activity. I% has been suggented that
nitrate respiration provides the ATP mwa'sax?r for nitroe
-gﬁmm' aeti.vitm The observation -.that, at slightly
f higﬁer then primer levels {10 mi Nﬁ}';) m; ‘besomoes iﬁhihi»
t@w to nitrogenose potivity in nir”™ mutants lacking
nitrite mdm&ase systemy led to the reslizetion ﬁ!mt
digﬁimi&stbry nitrote reductase can redues nitrate to
nitrite, and nitrite if unreduced inactivates the encyme
&trogemsw Moot of the mutants which ‘-a’m iaakinﬁ
é&s&@miia%ary nitrate reductass (nr") are sleo lacking
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nitrite reductace (nir”). The occurante of nr” mutents
18 not @ froch cbservation (Motohers gt ales 1976), )8y
using chlorate resistance mothod (Plecheud gf gles 1967),
 Magalhees 4t gl. (1978) descrided the ccourance of m
'mutents which were nir™ and vice.versa, According)
types of mutants the nrnir’, n¥ *nir', nlr"ne snd nir™nr”
sutents ocour in the matursl populations of Az eoiridiue

In light of this knowledge, the basio sioilavdty
be%een organiems of amnp I and IIX {Sempiov gt a}m
1978) was established confirming thet the grouwp I’X}E straina,
now under &« 33 , pilenng do not denitrify but accumulate
nitrite formed m reduction of nitrate, which lack
aiseinilatory n&mw reduotcoe am otherwise i&entiea:l
with group I in al} eharaeteriﬁﬁm 1m1ad§.ng Dl
homology {Kreigs 1977).

| Host specificity « DewPolli gf al. (1980) hove

furthor divided the group III organisms $nto twd
categories, one isolated from well steriifsed rooty of .
erain crops {(such os Sp107, 1075, 106 and 109at) and
gecond fron waﬁ surfoce and rhisosphere soils (such as
Sp28),  Category one forms precipitate with fiusrescent
m’zib#dy obtained from roforence atrain Spild? bhut net
with that from snother group. Organicms of the sodond
tategory resct with flouresent antibedics from Sp28 and
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fiot with thet from group one orgeniems.s This represents
 some kind of serologlesl differences between host plant
 specific groups within the populetions of this nitrogen
fizing sssoclative eymbiont, Whether the sorologicsl
differonce onsble the organiom to establish zemosiction
with spocific host or conversely it is the asssmimion |
of the organicnm with hoot thet induced the oboerved
serological differencesy is s question which could only
be answored thmugh further atudien.

Hydrogén ewmﬁan - A ehmﬂerisﬁc pmsm of
Giagotrophe is their abilitmm&w hydrogen slong with
nitrogon flxotion. Hydrogen evolution in disgotrophs
eon gocur.. through two indepondent pathways. The first -
pathway is hydrogencse oatalysed, reversibvle, ATP in-
dopendent and CO inhibited (Kleiner ond Burris, 1570y
Nakos and HMortenToon, 1977) as s |

. "3 Emgmaﬁ”

€o

The pecond pathway in nitrogenasse-catalysed, imers&bla,
ATP dependent an 4 nmmws by €O {win‘&er and Buy 18, 1968),
ag ¢

Perredoxin p.qy* 2* 'rﬁmgmw_ Perredoxin

. (m:)
ATP, Mg |
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The eharacteristics that distingulsh the nitrogenase.
from hydrogenase - catelysed H, evolution have been listed
in Teble 1.8 , |

Table1/8+ Charcoteristics of Nitrogenase and Hydrogenase
Cutnlysed Hydrogen Evolution

Hitrogenase~dependent

- Bydrogenasawdependent

Do not require ATP ATP dependent
Unaffected by Ny Inhibited by N, and CH,
Sonsitive to CO Uninhibited by CO

Reveraible hydrogen Irreversible hydrogen
evolution, svolution,

The evidence for multiplicity of the types of
resctions ¢atalysed by engyme nitrogensse existed prior
to itp discovery., It is known %o 'a‘;quim various oxida~
tion reduction levels ranging from 1 to »3 depending
‘upen the clustering of the 4FelS ferredoxin prutedn,

The enzyme nitrogenase sise exists at two other levels
ely 0 and «& in addition %o these three redox levels,
On %he basle of knowledge golned fyom EPR snd NHosgebour
spectrostopie studien, Thorneley g% gl. (1978) suggested
that 2 proton is converted Iinto hydrogen atom ot the site




of hydrogen evelution in Kleb nepmonds

redox potentlal of nitrogenase ;am‘tain m;m fron

«2 to «3: The reastion takes place in prosente of |
peductant and s ATP depondent, The aﬁgimi stote
of the ﬂmmm f8 thon restored by srnother protein
(Kp,) coupled with a further investmont of ATP,
Evolution of hydrogen can aleo occur through hydride
formation (Thorneley st al., 1978). |

It is known that CO inhibits the nitropenooe
dependent substrate redustion exeept hydrogen evolution,
© 4% was; merefare, suggected that nitmgemea postesges
two binding sites namely (a) a high affinity CO sits and
() a site with comparatively low GO affinity, When CO
is bound at its high affinity eite, the elestron flow
to the Ny reduction site is interrupted in such a way
that an FeS centre becomes oxidized $6 -1 lsvel, vheresas
vhen second GO molecule binds to low affinity site, the
centre is reduced to -3 level. Thia @iylaimﬁim' ie in
- iins with the changes observed in the EPR s;péefm- ot
the FeS pré%‘ei‘n gt charscteristic ig' Vaiuam Lowe
gt gl (1978) explained the some phenomenon dn terms of
difforential CO bifding %o the 4Pelis ferrgdoxin spocies,
affeeting the overall distribution of the churge on the
active sitea; enazmg the chawﬁteristia changen in the
FeS protein, ' |
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~ The ensymes which oatalyas tho reversidle renction
B, wea 24" + 267 ore present in a wide variety of
nicroorgantens, in autotrophic and heterotrophie,
| acrobie end anserobic ﬁaﬁterim in pmﬁazwﬂ;@ o8 vell
suonryotie slgae. Smith g3 ale\(1976) ehowed uptake
of the hydrogen evolved in the nitrogenacs oetivity bty
a specialived system of hydrogensses, which later came to
bo known as hydrogen uptske (Hup) mechanien which
mta!ywé the reverse rasction, as

ﬁa N — ﬂz@ * ATP

Thh possible role of this hydrogenasce catslyssd
Hy reutilisation in varlous ritrogen fixers (Hyndman
ot Bl., 1943 Dison, 1972, 19761 Sohubert and Evans,
1976y Srdth g2t al.e 1976 Bothe g% gl.s 1977 Petorson
and Duswls, 1978; Tele0r gt gl.s 1978 Fay, 1979},
appenrs. (a) to vestore ATP and ths raductant that would
otherwing do 1&5’% in hydrogen svolution ty n&%mgmsm
{b} to romeve 0, from site of aotivity and sllow normsl
‘funetioning of nitrogenase and () to prevent X, accunulee
tion near nitrogenase whioh is known o inhibit nitrogen
fixstion (Bothe st ale, 1977, 1978; Petorson and Sm-ﬂm
19781 Tel-Or gt al.s 1678y Pay, 1979). o

Thie process oceurs st substentisl retes renging
from 0,001 t0 7.18 n moles per b per g of nodule, in



various streins of Rhlzoblup ASEundnoBarifi
etfickency of 0:20 to a.% iamw 2.1 t6 17.37 M mole per
h por g noduio)s The hydrogen evelution in A polly ranges
babwoan 0409 0 0,5 1 molen per h per g frovh woleght at
a relative eftiﬁimay‘af 046 (ARA~ 0.9 to 0.9 n mole
par h per g fresh weight). The hy&rbgm evolution rate

K+ pnovponias varies betwson 1.0 1o 3.3 1 mole per h
per mg ﬁan protein and ARA botwsen 1.5 to 5.5 i mwle per h
por mg 6ell protein st e relative efficlonty of 0,25 to
0499, The hydrogen evolution, neétylene redustion and
their relative efficiensies have been tabulated in Table 1.9,

Table 1.9¢ Hydrogen Evolution, ARA and Relative Efficiencles
in Yarious mtwgan ?ixﬁ.ng mnmﬁtgmﬁm |

D PR i SRPT RS RN TS B

1-’!2 me«wkim S.E. Eéfermes ,

A AN oS s aﬂﬁﬁ e

: ¢ aawy 16 2@4‘? 3? 0. 56- S@hﬂ%ﬂtﬁ and
s mmole/g/h 0le/h/g 0,69  Evens (1979)

mm; 084  Schubort and
xnole 0499 EBvans {1976)

Fay ’("?;1;9?9)

PNEUZONIAE
ANABAENA

‘ Petorson and
- - ﬂurriﬂ {1976)

L el AR

S yoition

* RaBy = 1




o4
Using sontinuous nassegpeetrometric detectors,

Perlier and Lespinat (1980) have shown thot A. hrasilense
possesees an acroble uptake hydrogensse activity which
recycles 211 the hydrogen produced by the nitmgm@
and  that under snexodic conditions it oxhibits a bie
direotional agtivity.. In miem‘a'empw.iic fixers 1ike
A« braallisnce which have obligate ‘dependence on oxygen
for '&haw mtabcliam tut thelr nitrogenase gets ingotivae
ted by foirly low partisl prossure of oxygen; tho uptoke
hydregenase ¢ould be expected to provide the necessory
protoction for nitrogenase complexs; and aleo an incressed
ATF yield through encrgy gain rosulting from thic process.

At emphasised by Mortenson (1978) the hydrogenase

soncentration always inercases with dereprocsion of the
nitrogencee, Is the cocxistence of the thene eﬁm‘
somplexes & more coincidence or the two are a:&%amzleany
complenentary « remains to be miveda

Inoculation studles » As compared with Bhisobium
not enough 16 known about the invalsion and propagation of
A+ Jinoforup ih root systems, both in sterile and insterile
soils, Inooulation with tho organian did not always
inorease plant ylelds, While a very successful field
inoculation experiment with high microdbial fixetion retes
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corresponding to 40 kg N he"! in the presente of

4o=80 kg N ha"! of fortilizer N with clephant grase

EAVERT cpln) and Guinae grase (Ranicown maxioug) s

Mﬁ%rs aeﬁ.eﬂ%ed after extéensive screening haﬁ boen

roported from élerida by Spith st al. {1976a, -m o)

hisospheric nitrogen fixetion of 120 sorghun and

25 indbred paise cultivers inctuleted with A. livoferup

in the field conditions in Oregon was negligibdle ( Barber |

ﬁ& a}.,; 1976)s Also, incculation exporiments with
duoforun and malze under groen house conditions

narﬂ.ad out by Albrecht gt al. (1977) did not show any

posktive effects at verious combinations of

11lonination and anbient temperature.

An Intensive sercening is required for cultabdle

| host plent cultivars, As not all verietios show slmllar
response to incoulotion with Agospirilium. 7The work of
Smith gt al, (1976) hes shown that only 2 out of &
verieties recponded favourably to incculation under
experimentsl conditions. Work of Baldani and Dobereiner
{1980) also shows that Agospirilius

exclucively associated ww’z maism were A« Looferun
while A. braeilens nir” is specific to the roots of
rice plants.,
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The ngeative reports of extensive field studles %ﬁ)
Barber gt gl. (1976) and Albrecht gt al. {(1976) in pot
experiments sight have been the rosult of ingufficient
establishment of A. lipoferum due to microbial compotition
and/or insufficient adaption of the iroculum streing the
proaspective hoot plants. Recently significent increoase
in dry weight and total Negontent hove been shown by
Nur et g3.(1980) and Subba Ree gt al. (1980) in
fnooulated plants. |

The apoeifie differences of ﬁ&%mgénasa activity
of mniee cultivare reported by von Bulow and Dobereiner
(1975) Cohen gt pl. (1980) and Nur gt al. (1580) clearly
{ndicated the possibility of establiching effective
endorhivosphere oosodiations through careful screening
of coreal cultivars. There 45 o need to study the inherent
meghenisn of corpatibility botween the plerosymbiont and
the routs of hoot plants for exploiting the nitrogen
Tizing potentiol of the endorhigospheric assoeistions.

A ma:twtw assessment of the relstive contribution
of aosoclative symbiotis systems €6 overall nitrozon
oyeling of bloophera is aifficult on acesunt of pausity of
quantitative data snd a lack of oystematie survey for identify.
ing the vardous grasses, sedgos and other non logumi
plents possessing loose symbiiole associations (Table 1.10),
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Wgﬁatim

be Fodulatod nonlegumes {Forests)
Berlin , 6&3&

ensrortm

San Dlepo 041
eanfamia

Alrus Alaska €2

| | _ ”b/% .t sy {1966)
ﬁw“'i

Almis Nn:m 2§ , Mmm s "%&;

5s 531%’ Norohs |

Genyanthes Bovassotia 1B Patriquin end Keddy
s A e | togn)" o Kedd
Corex ' Revascotls 1,35 .
magkenziol . 1e33

6, Harine Boogystems:

Tholaosia Tomperaty Capons ond Toylow
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The importance of sssovistive sysbiotic systems in the
nitrogen economy of the blesphers isiEvident from the
resulits of iﬁ&éﬁiaﬁah experiments which show » 8060 kg
of § galn: under wﬂwﬂ eeopystens {Subbe Rao gt al.

- 19795 Doborein er, 1979). The ability of grassos and
sedgon xnown to enter into ni%mm fixing aossogiotion
with bacteria to partislly replsce the need for chemical
nitrogen fortiiivers has boen proved beyond doubt in
extensive trinls mude in India m olaewhors {Subbs Rae,
1960}, Inprovement &n afﬂniamy of such sssoolations
through ﬁmﬁé aaglném:xgo breeding progyommes snd
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" MATERIALS AND METHODS

DESCRIPTION OF THE STUDY SITE
The study sitee were located in the Union *i’&gﬁ%ry

of Delhi, partioulerly around the JNU campus and the

ikl Ridge which compriges of an uncven hilly area
with ramuying ravines and shoulderding ribs of rocks.
The soil texture veries from gravel sand to sandy loam.
':»%em‘ moisture, oxcept during the winter months is low
for wost part of the year, The soil pH veries froi
6,547 and orgenic carbon fron 0.05«0.5 per cent w/w,.

In addition to the above sites marsh plants cccuring
on the margine of temporary end ;mmamnt wetlands in the |
mi;gﬁwnﬁ&ead of the JNU ocompus, across river Jamuns, neer
Hindsn river, Badarpur Thermasl Power Station and the
Indroprastha Thermal Fower Station were also studled,
Populations of mersh plants grow in half to one moter
desp water on %m wet morgins of aguotic Mbit;a:taﬁ The
soils of these hobitets are siity or sandy losnm. In general
the surface woll has e pH of 7 though in the sudbmuorface
dayers it approaches 8.9+9. The orgenic carbon varies
between 3.4e5.7 per cent w/w, |

The climsote of the Unlon Territery of Doihi isg
sharacterised by oxtremes of temperature %rawing batwoen
6 C to 6 C, during the winter (Detomber, Jonuery and
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Pebruary) and the summer (May @sd June) peasons. The
‘average annusl rainfoll of the ares is 716 mm, 80 per
gent of which is restricted to the ponsoon peﬁaﬂ |
(August and September).

A total of 16 non leguminous flowering plant epocles
12 belonging to fembly Cramincne, 3 te Cyperagene and
1 "lifs: Typhacons were aﬁam&mﬁ. for svaluating their nitrogen
fixing ebility, Of these ¥ giant species mmaxm Alopesurus

10 were pammiah The  mersh piants ampied fron aquaﬁa
habitats include Cyperus rotundus, Elabristviis bim :

o wleﬁ fer auaamus &n AR aﬁtiviﬁm

! E BREDUCTION BI@&W?

Nitrogonnse sctivity was evaluated usina awtyime
- reduction bioescey (Burris snd Scholhorm, $973). The
blosssay comprisos of the following main four stopos
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1., Sampling of soll-rovt cores

2. Acetylene generation

3« Incubation of soileroot cores in 10 per
gent acotylone. | '

4. Gas chromstographic analyeis of sthylene
preduction,

Seppiing of coil root cores - A soll coring device
wos deslaned and fobricated indigonously for the sxtraction
of intzet undisturdbed soll cores of uniform sive for the
evaluation of thelr acetylené redustion aetivity. The
device consists of an intornally threaded metallic plece
of pipe of sise 5.8 on dismeter and 12 om length, whioh
hes been designated on socket (A) in Flgure 2.1. The
socket wae welded to & poir of angled frens of equal
longth, Tho sngled iron bars supported a horisontel
bar welded in such a way that the margins of horigontsl
" Bay served ae h&n&im for tho corer. The cocket seocomodated
an externally thrended, 20 om long pipe which was spiit
into two cqual halves, The unthronded end of the split
pipe was seprated to act ne cutting edge of the soll corer.

The coror was driven manually into the soil to o
depth of 20 om and the corer was uma along vith the
soll corer. The socket wae unccrowed o remove the soll
root core lying between tws halves of the split iron pipe.
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A

i Y o

8

The soil corer.

A - socket; Bi and B
split iron pipe; €4
Dz - BCYeWS.

« two halves of the
fnd Cp - nuts; D, and:
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The two hulves of the pipe werc seporsted to obtain
uncompressed cors of stondard size (20 x 5.8 em),

Mcetylene goneration « Acetylens wap genorated by
reacting commerical grade calelunm earbide with water in
a spevisl reaction chamber doscrited by Burris (1972).

Ineubation of soil root cores « MNature gnd healthy
plants of groeses and sedges wore selected and soll root
vores were sompled in the late ofternoen and brought to
. the laborstory without deley. Each soll root core woe
placed in a tesl incubstion chamber with o throded steel
¢op heving & subbasesl vent port. The 1id was scturely
tightened over the chamber and sealed, The charber was
checked for lenksge dy evacusting upto 0.2 atm, The
chamber was thon refilled with alr, The soil rool cores
wore incubated felluwing the method aemm by Mépkéﬁua
end Burrie (1976), The head space of each chamber gontaine
ing intsct ookl root eore was replaced with 10 per cont
acetylone using an air tight syringe. Soll cores without
Yoot gyotem weve sleo incuboted in the similar marmer, to
sorve no controls, The incubstion chambers were mointeined
5% ambient temperaturs.

Gao ohromatographic anslysis of sthylens produ=ction =
Subseguent 4o the inoudstion of soll root core in h&tﬂ%a
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~

3 nl o7 the hoad gpate of the incubation chacher vag
samplet at 'r&g&iar intorvals and the gus vomples wore
snalysed in n gos chromatograph equipped with Poropak

'R* column of 32 om length and £ ms dlameter tzavirag posh
olee 80700 ot o corrier gos flow of 40 nl/min and fuel
at 3@- ml/min, using a hydvogen flame lonization dotector.
The peal helghts of ethylene wers compared with n standerd
curve obtained using dilutions of pure ethylene gas obtained
from /o Natheson Ltd, USA {Fig. 2.2). Tho ethylene poaks
were recorded on & 10 pv Toshniwal recordsr st 2 chord
tspeed 10 pm/min, |

ESTIMATION OF ROOT BIOMASS *
Following the suspension of pesay the soll mt gores

wore wached frec of soll. Tho plont roots were dried in

an elootric oven at 80 C for 24 h for estimating dry

. weight, Head apam was detormined geporately in ench case,

after torminating the bloassay, '

CALCULATION OF RESULTS

Results were oaloulated following the procedure given
by Dart st agl. (1972).

~ The value o2CpH, produced, in ult CMy/h wne coloulated
using the following procedurs s
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CH,, produced, in ul eiza“/u -

@2}(@ sanple C.U. x =

ninus Ggm; blonk Cols x dolepnll oca A0 DIANE . -
- Wia af mjaﬁteﬁ mw GLQ

vheray C.U, » Chnrt Units {numbey éf divisions) vsed far
ms@ﬂm peak helght,

K= Convorsion factor obtained using o ctandard |
mizture to calibrete the ohrosmatogroph.
The volue of K was celeulated using the provedure ghven by
—=Rart ot al. (1972).

1 ol of 100 ppn oFf CJ, containing 100 x 10°0 m = X €.U,

22,4 1 CoHy ot STP = 1 mole %Hk

1 ml 300 ppm CHy, = 100 x 306
2244 & 107

mole Gaﬂ#
& 0,00006 u mole GZH& ® £ 030,

\oris K or 1 C.U, | ﬂﬁﬁ%& ,
Thens K or 1 C.U, ® W.‘?g = u moles Colly

1 ml of 100 ppm of g, contalning 100 x 10°6 &1 = &b C.U.

Then, - = 0.1 nmole Ezn}.)

The dlank ic a shomber contsining 10 por cent acotylens.
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CALCULATION OF ACTIVITY |

 The rate of acotylene reduction was determined using
straigh% part of the ourve, ubing the forsule ¢
o

T2 = ™) . e
assotaees % ), p5le wthylene h ©
(Y2 - t)e ‘ _

where, n, and n, ere the nunbor of n soles of sthylene
ot time ¥ and ¥, (in hours) and & is the urea of the
ol reot core in sguers metres, In oases, whare 1%
wes not possible to plot curve because of lack of
fraquency of ﬁssawatiom,- the rotes was caloulated

at follows 3

Sotel L moles produced. . u mote K e

total h after sero time X area

3 mean of at lopst threo such esleulations waw used
to vepresent the activity of a particular core, '



CHAPTER III - 69
RESULTS AND DISCUSSION

A survey of common grasses and sedges wag undertaken
%o identify the nitrogen fixing spocles in the losal
ecosystems, About 26 species of grasses snd sedges wore
gereened for da%ﬁmining their nitrogen fixing potentinl.
Preliminary observations have revealed thet the !éuawim
16 specios of grasses snd sedges poseess positive acetylens
reduction (AR) sbllity.(Table 3.1). |

GRASSES

‘Fﬁrﬂfm) Bﬂhn; . Zubi 35T
A brief aceount of exch a;:wma slong with tholr
acetylens reduction activity 1o glven below t({Tanvie 5,4)
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Table 3.11  Acotyleno Reﬁuym Ability of Grosses and Sodges

 ptudied in e Prosomt Inventisetion

Yo, __ B oole ot N n m@leg“im

NEPALENSIS
2, BOTHRIOCHDA o100 ' 301.74%

FERRUSA

) L
5, CENGHRUS  450e200
% CILTARIs 1 -
b, CHLORIS 20023 188
BARBATA . |

5. gmepell 388459 52,7

6, DACTYLOCTAERIUN s (2

9. DIGITARIA . g
" ADSCENDERS -

9 500191 2,952

10« Bre11h KD

12, SPOROBOLUS e
' BARGIRATUS - B0~127 2h9.302%

ﬂmﬂm g/"‘
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Table 3,1 (Contd.) '

No. n mole w e wi n m;&e ﬁxzr

mﬂ éﬁ?’g‘

13, - TYPHA ‘ - 15.;52@ 615_,?92

t%. CYPERUS 390 | 1, 4aB6,4

5t CICUNERLIATA 36317 50

™" QUBEROSUS s 55

™ Graama have beon Mpar%ﬁdf £+ gilieris by Doy gnd Daxd
19? } m’iﬁ. gﬁ ggeeylon Enkow and ¥ ng 3,W5)g Root
fourtoen ._f;,asaa are m«m rspcrts of geotylens reduction

. BD & not dederminoed,
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| pepalensis Trin, ex Steud - It m a winter
goason annual grass with small donmely tufted leaves and
laterally compressed grains, growing in ditches ond
shallow depression, It flowers and frults in the months
of July to September. The acamém raduction ra*t:e of
this plant (sampled only ome) waa 10:5 pu mole n 2 -h“i or
52,6 n mole @' dry root day

Bothricchion pertusa (Linm) Ao ﬁamu&ﬁ Itis a
ﬂm‘w ersct gemiai gracs with baaqed nodes and
linear losvens common in gracing lends and waste places,
pastures, stony crevices and on very dry soils, This
gross flowers and frulte in the monthe of July to Ootober.
It is 8 primary coloniger in newly forned ha‘bi*ﬁatgg
Acetylens rodustion by eoll root cores varied betweon
2100 p mole 1”2 h*1 or 301754 n mole g7 dry voot dmy™i,
A 20 h time log was observed in come soll root cores of
this plent (Fig. 3:4),

snchrue : It 18 & tufted ercet or
aeeum’bam G“ grasa aeﬁuﬁm in o wide range of hadblitats,
Thie plant forms a dense mat on the ridge among the btushes,
in open ficlds and similer hadbitets ac on early coloniszer.
Once cotablished it is not essily killed out. It is
considared to be a good pasture grass, The scotylens
reduction of the soil m% cores of this spooclen ranged
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28.279 X
4.380 O
14.3.80 B
8.4.80 &
26.6.80 Y
4.7.80 @
194080 A

L]

AL MOLE OF ETHYLENE PER CORE e

v ¥ [

A 24 40 56 72

o

HOURS >

FiG.3.4 TIME COURSE OF ACETYLENE REDUCTION BY 'SOIL ROOT CORES OF
BOTHRIOCHLOA PERTUSA (LINN.} A.CAMUS.IN DIFFERENT SEASONS
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,'_,n.,

between 150+200 i mole w2 h‘“‘"t 8 equivalent to

ase \6—30k was o bserv

7504776 1 pole 6™ ary root dayL|(Fles 345)s

ghiorig barhats (Linn.) Sw, « It i8 & ﬁuﬁe&
perennial Qrasa with creeping base, profusely growing
on pasture grounds and in cultivated fields sspecielly
on aamiy gofls; The soil root mm of this species
‘yeduced acetylene at the rata of 2023 g molo m "2 pet
equivelent to 188 n mzﬁz &t ary m‘b &ay‘-‘,"’v |

ynoden dogtvion (L8nn.) Pors, « 1t is a common
pammigi gracs with an extensively emepzn&; base. It
ie used as lavn grass and as cottle feod, Acetylone
reduction yates of this grass were found "ta vary betw&éﬁ |
38,8455,9 1 mole n°2 K™t or 52,7 n mole £”) dry root dey”

Dagityviont a apevotiun (Lirm,) Boauw, « It i
an enmual gress Wh@ah appesrs furing the monsssn period
on the Dolhl ridge in cultivated flelde and in open
plates often becBming sdundant to form a thick tuft of
plents matted with the eoll, This plant flowers during
May "&fa @c%bﬁri Its acetylene mduzm!.m rate was 5 p mole
o~ h " an aqxsivaimt of 120 n mole a dry root day™?,

Dizitiris adseendeng (HeBs & K} Henp, » It iﬁ an
nntal grons wﬁiﬁh appears during monsoon from July
through Ootobers This ¢ gress grows on aoiia vith a
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wide ,ﬁanga of misétws contont end ie easily
recognigebls by its consploucusly besrded spikelete.
It iz an indicotor of disturbance and commonly occure
in arcss which suffer from various types of human
notivities, Tho acetylene reduction in soil voot
sores was 32 p mole n”2 #*1, eguivelent to 684 n pole

L dry root doy™d,

k)

g

steroposon gontoptus tm:m»} Room, and Sthult, -
It is an eroct tufted uﬁ.eader permiai grass sttaining
o helght of { my commonly found on the ridge and adjscent =
hilly tracts near Nehraull and the JNU Campus, This G
plant serves ns & good fodder Af used bofore flowering,
The acotylene reduction by the sofl root cores of
* Hetsropozon wos rocorded upto 288 m mole 2 p*1, on
m migm baels, 4t works w& bamn B64 to 1200 n mole -
¢! azy root day™l, A time Jag of <6 h lapsed before
maxfmun steble levels of scetylene reduction could be  —
achleved (Fig. 3.6).

Pasral, ’ Havidun {Reﬂtm) Ay Comus, « It $85 n
tufted annu 1 grace which grows along cansl banks and
ponds on we‘e sordy soile, This plant flowers during May
. 20 Cotober and i easily Sdentified from its distinot
inflorescences Its scetylene reduction obility was found -
to renge botween 50-191 u mole n”2 K™%, 1In terms of dry
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root weight it is estimated to be 2,952 n mole g*}
dry voot day™>, A time lag of 16 h was recorded befors

a&etyiam reduction achieved otable levels.

Sescharrun spentancum Linn, « It is & pornicious
£rass dommon iﬂ munsﬁ mmﬁe; fallow fields, dried
ponds and slong both sides of rellway iines, It is s
porormiol plant that flowers and frults in Septombor
through December, This species is o primsry colonizer
of freshly oxposed hablitats, The acetylene reduction
rate vas found to ronge between 87.1th p mole o2 K*l,
A time log of 12 h was oboerved.

SRscharTun U A variadle tall Memial
aamaiy tun:ad gross which commonly grows on dvy

as woll as wot hebitnts, This plont is used :!‘ﬁt making
broome: The asetylene reduction rate was 20 i mole n" -2
w*L (Fig, 3?). There was a lag phese of 12 K,

‘ bol fitug Hochst, ex A, ﬂi@h. -~ This
ape&ies is one ﬁ#‘ the &m&mm slemonts in the vegotetion
" of dry hebitets ond cocurs along roadsides end usar or
soifne soilas. It is often sesnciated with plant 1ike

18 : sple sp. common to salt affected s&izm
I‘iza aeazyim reduction varied from 80-127 u mole o 2 w1,
or 249-3025 n mole g°! dry root day"l, A lag penied of
16 +20 h wan observed (Fig. 3.8). |
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Typhe ancuatats Bory et Chauby « A tall
pem&al; mamhv amphibloues shrub oceuring at
pond marging upto one meter depth of water. 1t
porpetustes by means of ite underground rhicome.

It forms the sedge grass stoge in hydrosere. The
ins course of acetylens reduction in soil root
cores sampled mm four: different lovalitien
namely, JNU, Hindon river serves Jemuna, Badarpur
and Indraprostha Thermal Power Stations, follow
the typiaai sigmeld eurve with s lag phasce of aboud
beBl n {(Plgs 341)s The rate of svetylene reduction
was found to vary betm w—sae i pole o " 3‘ with
# mesh at 128 u mole m" n 14

| Cvperys yotundug Linn, = It is on erect globrous
herd ui%h 8 ’tmiangﬁlaz* otem, A vardable weod growing
in different - typos of habitate such as unuced grounds,
agricultural fields, lewns and parke. It is often
abundent and is a dopinant slemont of the grasdlend
| vagaia‘emfpamﬁ,wlaﬂy anzing the m&ny soagon. In
eompardsen to Fink ! unbellata
m&&s mﬁg:amﬁiwzy &ﬁw habﬁa‘te&f - Thip gpoties
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FiG.31 TIME CCURBE OF ACETYLENE REDUCTION BY SO!L ROOT CORES OF
TYPHA ANGUSTATA BORY.G! CHAUB. SAMPLED FROM FOUR DIFFERENT
POPUL ATIONS
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&a an indicator of hunnn setivities cuusing soll distur-
bances. The acetylone vedustion sctivity this spacles
waried botwoen 390 y mole n™? K*Y, Tho time course of
ﬁ%ﬁ:ﬁm& roduation (Fig. 3.2) shows @ mg phuce of |
Lo B The a&ttvi%y koeps on increoaeing €311 72 h wh&n

mbrdatyils wsbellatn (Forsk.) Bub, « I%
is o tufted fibrous mated Bedge. . with atsulous lsauves,
found in moist giity and sandy oolls a}.ﬁng ravines,
marches and pdind marging, It flowors and frulte in
the oonths of sep-aém:» and vﬂc‘%@t‘iﬁ?g it {e a sprimaw -
| eolenizer pf the mavein of aguatin syste 8 The reots
of this plant reduee scetylene 6% rates vazwing hetweon
13,3178 1 mole n”Y 1", The aotivity could be recognized
only 10 h after incubation in aimost oll cores ‘(‘F‘@‘igu_"asﬁ)g
but indications of nsetylene roduction were ohoerved oven
eniller, The rates of acetylens reduction continued o
incvesse ti1l about 26 h, |
L . .  Dihopusus Desf, = It is an amphiblous
| @zam: with amam rhizomes and stout ctems. 1t is
en erect varieble sedge which flowers and frulis
during March through July. It is common in marshes
near Hinden viver in the drying bods of ponds and
ranals. The agetylene reduction by the plont was
£%nnﬁ ta*vary betwean 2847 » 20 p mﬁie d*ﬁ nt,
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The rates of acetylone reduction in the above .
mentioned plant speties x-?angeﬁ botween 7«265 §i mole
o*2 1% in gragses, 1heth? 1 mole n ~2 p*1 g CYPEYEO0w
ous sodgas and 21«520 p oole m"‘ﬁ h" 1 in Zyoha. Thore
was great verlstion in the acetylens reduction abiiity
of different gracses snd sedges, The scetylene
vm&i@n pbtanﬂal of Hot ' sptor

'-x‘n the cece of aeégea a@ﬂylem rédu@!ziaﬁ wag highost
4n Tyohs ansuststs ond lowest in Sgireus fuborvsus

on tho basle of thelr scetylere redustion adiiity

- i;ha plant @ﬁ@l&a gtudied gould be divided iﬂ% o
grovps @ those mssemiag high (> 30n mole n h"&)
acetylene reéxmtiau activity and those possessing low
{<30m mole " 2 nly acetylene reduction sotivity.
High aetiv&%y spe&iea are those grasses found neny

} : , . 3;:9@1@3 m:zwing in
ﬁenmpamﬁvely drier habr%ate were less vigorous nitrogen
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fixers viz,, Alguecurus b na, Pastyiect
seeyutiug. The hs.gh aet&vi‘@y ayeaieu

lag phese varying between 4«8 h vhereae in the vesd of
low activity species a leg phase 8424 h long mﬁ:_
vbucrved: Certain species did not exhibit g lag phose,
1t oppears that their lag phawe merged into log phases
Theso dbservatione arsc comparadle with thoss of Kanna
and Tjepkema {19 78).

Acetylene reduction rates varied greatly within
ﬁg&i}iﬁﬁa The following two factors appear to contribute
to the observed varietion ¢+ (1) Variaotion from one
sompTiing site to enother and the (2} &mﬁﬁ@ mc&ﬁl
or ocotypic differences within plents of come species,
 More work is nceded %o understand the csuses of guch
veriations. Various workors have made simflay
obsorvatione (Bergorsen, 1970; Eckew gnd fl‘iﬂg@ 19‘?6;:
wWhtty, 1979).

The high rate of nostylene reduction uptoe 0 ke
N ha™l y‘ear*g fhios beon reported by meny workers in the
case of tropicsl grain and forege grasses (Abrantes gi al.
1975; Patriquin and Keddy, 1978; Spith and Potriquin, 19678;
Wioh, 1979; Ogan, 1979; Nur, 1980)., The acetyleme reduction
- rates of gofl mot eores of B, W; £« slidozds. He gontortug
Bs Llavidy nakeinalyg sre compsrable with the
vazma mpertw for soll root cores ﬁf othor grovses (Table 3,2).




Table 3.2 A Qamgariwn of Aeetylene Reduetion by seii
Rom %ma bf Gransm
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Spocles 'Iwe:e:ft&gaﬁar( S) | |

Rate

TR SR = R e M

AXONOPUS

DIGITARIA
DECUMBENST

PASPALUR
NOTATUR

van am
Day 619833

BRACHIARTA | "
MUTICA o

DIGITARIA ' "
DECUMBENS

SORGHUN .
VULGARE .

BERMUDA Sohank and
GRASS Bay (1977)

BOTHRIOCHLOA Frogent
PERTUSA _ study

CENCHRUS »
GILIARIS

RETEROPOGON "
CORTORTUS

PASPALIDIUM w

SPGROBOLUS .=
HMARGINATUS

weier (1980)

welor (1986)
weter (1980)

640 1 mole core ® day™?

he2b 1 mole cors™t day“!
312 p mole cors™l daoy*!

29’%66 n mole eore™! i1

P
330£h5 n wolo core  h
61210 n pols core™  h
86 #11 n mole awa“‘" pt
500 gh ﬁm h y
0.3-47 11 mote cors™! aoy™?
7.9.4 1 mole core™d dnyt

0e12 p mole core™! day™?

235940 ynele cove ~1 aay*i |

: #a&

3.7 =640 1 mole core™! day™!
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In addition to grosses, certein sedges have been also
shewn to fix atmospheric nitrogen (Bristow, 1074 Patriquin
and Denike, 1978; Varshney and Mandhan, 1961), A comparison
of acetylens reduction by various sedges ie glven in Table 3.3.

Table 3.3 Comporiscon of Acotylene Reduction of Sedgos
Shown to Fix Atmospherie Ritrogen

Bpoecies Investigator Procodurs ﬁeﬁyim
* ' raéuaﬂm

TYPHA eteiquin and Abrantes Mw? - 226 1
LATIFOLIA Kad@y 1978) ?975) 1 mole g~ K™

TYPHA. Brietow Abrantes 3529 n mme |
ANGUSTIPOLIA {1974) 8% ale (1975) w root day*!

SPARTINIA  Patrlquin end  Balandreny 29:6 1 mole o *2 p~2
ALTERNIFTORA Denike (1977) and stands) el
Ponnoyguos B mole 2 n"

o (1973) (ihnde ctande)

nne and :
LATIFOLIA &"jepkema {1978) Tﬁapﬁﬁk?w?& 180 g W m*% day~?

SCIRPUS * . 0,66 e ha™} day™?
APROVIRENS > eV ha™* day

PIMBRISIYLIS Varshney and . 19,3 & 1798 p mole
BISUMBELLATA Mendhan (1981) Bz gy

S O L A Aol gl i

The acetylenc reduction rotes of Indisn spocies, of
family €yperacese and Typhaceas Ldentified during tho scourse
of present investigations ore comparable with the valuos reported
in 1iteraturc for corresponding members of these two fanilles.



Table 3.43

Sedgen Studiad in the Prosent Imeaﬁgatim

Tadle showing féraw%h Porm, habitat and Flowering Period of Grasses and

Habitst

() B : PR (5)

i A A O e A S A O

Fourd in dirty February Cq

water ditchos

- Stony @mﬂ&em in
launs and pastures,
on very dry habitats

On almost a1l kaditats July «

during and gfteyr rolnog Ootodbor %
gYous aven o Yory drxy . '
habitatn

< - C,
é%%w &

CENCHRUS
CILIARIS

uring %ﬁgnmamrg
L3 X7 sa:my
”?m, pastuore grounds

Common and abundant,
forming carpet in
lowms

Angust - C,
october 4

Buring major €
part of tga b
year

CYRODON
DACTYLON

DIGITARIA

A compon Hrasc July = Cy
ADSCERDERS on ot b

eecouring on all typag October
of sofls.

DACTYLOCTABNE.
Un

ARGEETIUM

July « ¢,

Comeon during mmwn ¥ 3
Ootober '

p@ﬂﬁd on sandy solls.

Very long
10h
8h

Yory long

Armaal

Ferenrdal

Perernisl
Perermial
Anmual

Annual

Contdaee nﬁ

06"



Table 7314 {Contd.)

| tﬂ | {B) o (© . @‘ {8) {(n

HETEROPOGON  Common on ridge and  Qotober - gy 8n Perernial
CONTORTUS hilly tracte | Bmemm ‘ ] :

msamm;m Conmonalong conal | Hay - 223 16n Armual
FLAVIDUR b@a and mnﬁ on aawwr *

BUNSA sidon of rallway mmm
tracto, W ﬁmi m@

SACCHARRUM A pornieious gross . Sepetembor- €, 12k Porermial
SPONTANEUR gompon  in urmsed aamr A .
groundn fallow fields

SPOROBOLUS Common on ridge in Hay - : % 16+20 & Anmual
BARGIRATUS grevelloyy solils Gotoher | ;

SACCHARRUE  Qucurs on both ’ August - ¢, 12 h Perenninl

Common during monscon  July = FA  bego b Areusl
peried on the ridge, eemmr :
agaggmt 8ility or aandy

PIMBRISTYLIS Common in marshes of  Februsry Ra H.10 R Annusl
BISUEBULLATA canals olong solat edges .  June :
- of follow fleldm
hygrophilous,

sﬁﬁt& [ X ¥ 3 Qjﬁ«

16



" Sfaiﬂa 3&‘3‘5 .‘f*’ﬁﬁﬂmc}'
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A : LR

{B) B 1 B {3

(B}

Common in marshes. Septenbere 173

TUBBROSYS in beds of drying  November

ponds, in canols au
- well ;a pond mgim

ing dame ::at&he% at
some placss. '

St

Lo )

Porermind

Aennl i

A = The information on the photosynthetic pathwoy is mot available.

S

Information on w&h form habﬁat and fiomg&&m parm has wm

obtalnad from ‘?lam of Doihit, J.K. MHahe

26
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SEASONAL VARIATION IN NITROGEN FIXATION BY GRASSES
AND SEDGES

Tho scasonal variotion in nitrogen fixing sbility.
of the following seven grasses ond sedges was studied,

part af the year renging from June 113 sa@tembar seems
favourable for scotylene reduction by roots and rhizomes
‘of this species, The rates gradually decline during |
' Decenber, Janvary and Fa‘bruary; ut they nwar &o bolow
16 p mole u*2 n°t, | |
Figure 3.10. shows the scosonal wariaﬂbn 1::
‘nitrogen fizing ability of the following six grasses and
Bedges, | | -

. ug - There was o grudusl incresse

in acétyiﬁm redmtim rotes in January through Merch
411 & peak in April. This was followed by a Steep
decline in May end Jume. Another small pesk was observed
in July vhich wos followed by periods of gradunl deciine
111 November, |




-.; FIG 3.9 SEASOMAL (CHAMCES N ACETYLENE REDUCTION ACTIVITY OF TYPHA NQGUSTATA BORY. et CRAUB,
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Flobristyils Mauibollate « Starting from 133 u mole .
o &“i in Jannaz‘y %he aetivity rose to & peak in Aprile
Bay, at 178 u nole m™ 2 3", The rates declined gradually .
%111 Docemders | ‘

jothrisehlos peptugn « Thic grass species fa
chama%rima ‘by 'khm ;;mm of astive secotylone

roduction in a yesr; firet in April, socond in July

" and the third in OctobereNovember at 100 . mole &> K™%,
slternathd by three lesn pericds in May, Augmzs% snd Rgsvmmm
Doasenbor yespeotively. T

Cs ug ellisris - The retes of goetylene reduction
in the saia; w@t sores of thig plant remained gonelotently
‘high in elmost all parts of tho year, varving betwes
150200 3 mole o 5L,

Hetepovoran gontortug « them woe o pesk aaé‘%ylem
m&ueta.m rate of 2@8 u mole h"’i in %ha poriod Aprileday,
another shotlder of peak &t 99 2 mole o2 K™ was observed
- in Septenmber. Tz“his wae followed by a sharp aauiﬁm o
50 » mole 2 N in Octobor, Then, there was & gradusl
&emaaﬁ to gero by the month of Decemder,

‘ s parginatus - The mcotylene Mﬂatim varied

wrrow range of 80 to 127 j mole n"Z K°Y, There was
a pos st 127 1 oole 62 b Ln the month of March,
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| Semsonel profile of the various nitrogen flxing
plent system hoo been studied by various workers.
Sloger g% al. (1977) studied seasonal variation in
Ry(CH,) fhxing activity in field soybdesns, Ruegs ond
Alaton (1978) mmm sessonsl variation of nitrogenase
activity in } ta vatanabe (1978) worked
| out aeaﬂﬁml Ghangeg 0? the nitrogen sccumulation in
- Azolla gmmz in the paddy fielda, But seasonality in
ritrogen fixation in membera of family Typhooeoe and
éypam%ae hes mt been studied, Carpenter gt ﬂlt
(1978) worked out scasonal changes in Spar-is
altsxndflors erowing in marsh hebditate of ma&aaemamtea
('71 02'W :longitude, 52°22' N letitude). Maximum
nitrogen ‘flaation was observed during mid eummer i.e.
Juns-July with 1ittle nitrogen fixzation during winter

- BEBEON,

In the present investigation, the ehanges in

acetylene reduction retes corresponded with changes

in the amblent temperature, 1ight intensity, soil

moisture and the soason, Moxioum acetylene reduction

was found in the period between SeptemboreOctober, which
smained only zacuza por cent in the following months,

Thie shows thet mtmgen fixation by Zyohg ard other

sedges varies seasenally, This difference Lo because

the ambient temporature: rises to 46 € in Junoc and bovomes

harsh for plant growth, High rates of Befizotion wes—
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were é*aswa& in posteponsoon _pez*igaag

8&‘88&5&&11% of nitrogen fixation in 30 %mpiﬁal
i%wage gresses wae studied by Schenk and Bay {1977}
at Brogil, Scuth Ameries (1{9 s lotitude, 58% longitude),
The geﬁadﬁ of lowest setivity were the dry winter
monithe, Seasonal profile of nitrogensse activity of
gravses gtudied in tho present irnvestigations algo
followed the similar pa*htem‘ November, December and
January were the lcen pericds, The sctivity started
rieing slovly. Harch to May i6 a favourable period
for Ny fixation which atteing a peak in ﬁfﬂig however,
June was characteristically severe, Another yéria&.
of amsme&abiﬁ acetylene redustion vorded Mtwm
July ond awabem This indieates a clear seasonality
in the nitmgeri fizing aﬁiutsr of the tropiea) gracses
end sedges,



SUMMARY 99

Evorsince the diwwaw of nitrogennse geﬁvity in

tropicel progees nepely Pag potatun -
docuphonse, by the Ewﬁilian workors ﬁﬁiﬁg the ﬁwﬁﬁm
reduction teshnique, the phenomenon of rhigospheric nitrogen
fization by associative symblosis e recelving immmins
attontion. In most of the coses Asgapixiilus !

shown to bé tho assedinted miorooymblont respamibl& fw
nitrogen fixotlon in the rhlcgosphore of grosses snd sedgos.
The thesis presents z comprehonsive roview on the msscclative
mbiaam mmzding ﬁﬁbsz’aghié distribution, mmﬁipagm

mwm dipcovered mt@agm f&x&m systern, Rosults of
»im@uiaﬁbm of grass roots with Azosplriliug varried out
in mﬂia snd elsewhere, have boen &immsmﬁ,

The review clearly shows on &ﬁram«t&an gop shout
the nitrogen fixing potential of Indien wild gresses, In
viow of thin, twenty six spocion of locsl grasoes andsedges
were surveyed with the help of acetylens reduction (AR)
btioonsay to determins thelr nitrogen fixing copacity.
Intact soil root coras were used to determine the AR activity.
For this purposes & eplit metallic seil corory designed and
falsﬁ-éafeé o obtain intect and undisturbed soll roct coves
of uniform gize, A8 a result of the survay, twelve grags




100 °

mﬂvmﬁ?@ ﬁ?h&ﬁf irnclodes fourte
daon roported to possoss AR sutiv
peeerding to Informmtion svail

Pisld studles wers undortsken o detorpine septonal
variation in the AR activity of soven »gzaaaé& and soges «
for o poriod of one yoor,  The yemults show two penk poriods
in Morchellay and Jmaﬁﬁ%bam

The resulls of this investication suggest thatd
rhizosphorie nitrosen fixing mmm of tho loesl grosees
and sedges rancgen from 7-520 u mole o0 KF and o complre
able vith tho aotivity of other grasess and godges showm
te poosous yhisosphordo nitrogen fixing potentiel. Studies
on isplation, chargoterisation and iﬂmﬁiﬁmﬁiﬁﬁ of the
. plerosymblont end incoulationn  ex sl whld
grasses oro urgently neaded to gequive a better underotondis

of the nitrogon fizing grascerooteinotorial associations
4n the lvcal oconyolemt.
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