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Nitrogen 1e a ma3or, essents.a·l macroe1&!1'1M't requt.re.4 

by all plants and en1mals. It otten llml.ts b1ologloal 

pnduot1vlt7 ln the 'bl.ospbeH, though,. -e1emonttt1 n1 trogtm 

le e.bun4ant., representing about two third. c,f tbe atmoe,PhGl!"e, 
~ 

J.t can uot be ut111 ~ed br most ot tbe 1'1vlng systems oe 

theJ' ooul4 use 1 t onlr t'lhen BYat.leble ln •he •tJ.;sede' ton. 

l,e., comb1ne4 ldth other elements nch as OSr'bcm:t hJ'(lrogen 

end OXJ&fm• IJI. nature, elemental nitrogen le ft.xect bY 

ablotlc procesets: such as electric d1tobarse· end. 11ghttn-

lna ,am. bJ blotto procesaes . throUgh rd. trogeft. t.t.dng orgwams 

11vl.rti · tr&etr ol' ln spbtotio asooc1aUona witb blgbo _piants • 

.Reotnt1J, •an has acquired the oapab1Utr ot a~'tlng the 

supp1N of tlae4 nt.twosen throUgh lndustdal n1~gfm flxa-t1on 

to meet the egd.cul tural rttQ.Ulre.mentth WJ:th SI'Owlng human 

population• 4wtn411ng supply of tocsll fuels aftl! npl41J 

eso-alat1na aoets ot ohomloal nltrosen teri111a...a, £ncreaelna 

•"entlon le betng pa£4 to blolosloal til trogen fbatlon whl.oh 

lo independent ot tko oonstnS.nts lmpo$84 bJ' the enoru 
crt.$1s e)'n4rome~ .:A rec-ently dlecovored nitrogen- tlxlfti 

vstem lnvollfina loose aseoolatlol'l ot baCteria With graaa 

roots, (Dobere.tner; 19'79) has opened Up ,a new avenue of 

research tn thle area, 

fhle tbesf.s la conceme<l with thle newlr 41DtaVored 

n1 trogen t1dftl asaoolation • In Chapter J, an attempt has 



been •«e to oo11ate al\4 systematl~e11J p~Mettt ttte 

available lntormatlon on esooc1et1ve OJmblo&5.$• 

·Ohlpte:r SI ttesoribes the methodC>lO!W ueetl tor ettld~ 

the rd. trogen tAxln&:.l»tentlal ot local gl'a$ees ucing 
Nfi1<11p~ . . ·. <I .... .... 'i..t ..... a . t st . "" t"'- Ul'd1 _....-\;..,..,ac QQ'"'._'il ... ~ t8 1l0•"""Jl ~G .. SO, ··e.· f!h, ·.nv . -· .. U.V\1&;'~ 

eoll ~ co"a• OtulJto~ liJ: gtvta tbo ft!md.te of the. 

curvor of the n!:trogw tbat1on p.otel\tlel o.f lood 

ara.sses .amt sedg9;• fte soS.l ro,ot cora11 t:~t ~J.d$M 

plant ·species wore foun4 to possess posl tJ.ve acet.$flene 

~uctlon scUvltN" ot ·.these fo~tm SP«1les. lutVO 

bOa ~reporteJS to possess ~oemen re4uot1ori ablUt.v 
fol' th& tam time, aooordt11g to· the ll'ltomat!.on 

avellt~ble lft. tbe 1lt:oratun. 

fhe "rntl ts ot thl·p. &'tltVOJ cleatlv !ndioaw the 
w14espttea.t oc~oe ot essoo.lat1ve ~osls 1n the 

tocat "oersttma... ~· intorJDat10ft satbew4 4~!ns th~ 

course ot ·t~w• lnvosUcetion$ .woUld help m ez:plofitlg 

the posdb11i tv ·ot eKplo1 tina 'the pot.entlsl of tftiS. 

mwllt. 4lscovend looee eymbhtlo eenoc1atlon, 

2 



CKAPfBR I 3 
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ASSOC:tA'l'IVE SYMBIOSIS t A RBVIEW 

Llvlng world. is exposed to an atmospheft.J eontalld.ft8 

over ?O per cent nltrocen but one of the areatetra enomalles 

of' nature 1a that wt tb the acep,lon of onlJ' a tetl ,mlon

_.,rgoftlmrm, most ot the l1ving -orcenltm~J ere lnoapab1t ot 

uslng thls vaat, nsewolr: of nitrogen tfhlob 1• eseest1a1 

tor atOWbh an4 4tWelopment. In general, most of the plants. 

emt anlmate are t'noepable ot ustng the stlloQJJheric rd:troaen. 

ftu~r-~ore. eval.labl.lltJ' ot suftlolent quentltles ot fl.xed 
-:, 

n1 troae 1s a. cruc1a1 taotor lW t1ns blol.oolcal productlvlt7 

l.no1ud1ng prbarr aNI secon4arr pi'OdDctlon and: Iauman health. 

Nl trogen needs ot ln(tdem egroecoa,atema Whlc'h an largeb' 

met b¥ ohem1ca1 fert111sen ~ growing r,.S..d1J' ewer the 

rears. Nitrogen tlatlon le an ett&J:U' lntrm.elve process, 

and requ$.re e.bout t.04 k 40Ulea per mol• ot nltzogen- flsed. 

llocte:m a,p.woecoav~a require heavy energ eubddi' ln the 

l6ttt ol fert11$.zor nttroaett. ibe energ oZ"UttCh hu sreatlr 
compl1cate4 the problem end baa led to en unprecedented 

escalatlon in ~be toot ot nl.tro6en tel"tlllsem. then 

ttovelopm~nta have 'bmght b1o1og1ca1 n1 tngen tJ.utlon 
t ' •. - ( -' 

to~ __ : :Sh&q, locus tor moderatlng the crlpplltV~ effect of 

A~~~un's en•& costs on agrioulture, pertJ.oulerb' ln 
' "'"?. 

1he 4eve1op1ns wot-14. 
I ' ; -

AYe11ab111tv o-f suttlolent supplr ot 41ete.ey rd.trogen 

requlree thst wa¥s must be found to eaooe b1o1oglca1 rd. tl"'gen 



:t1xat1on. 11hie natural process of biological n1 trogen 
_...-lfft. -~-"""' 

t1ltat1on. has g&n~~tecr"considerable excitemen-t because 

1t oarrles a great prom1se as a cheap source of flxed 

nttrogen11 

S'tud1Ge on 'b1oioglca1 N. trogen tlxat1on untll 

· recentlt, have remained largely confined to the 

agron.omloallu llftPortant 1egume .. ba'ner1at assoolatlons. 

However, the d1 acoveey of n1 trogen tS.xatton by .assocla .. 
' . ' 

tlv.e sJ~nbiosis ln ~ lrl'«Ui.aEilt dPQYm'biDI and f:aspal.urn 

DQS/:!l»ll (Doberelner., 1912) hes triggered Cojlsid.era.ble 

interest t.n the potentlal ot non legwnlnous n1 trogeft 

fixers whioh to ria loose symblo"tic assoc1at1ons ( S11ver 

and Jump. 197St Eskew and. Ting, 19?8t and Ogan. 1979). 

Thereafter, lnf!J'lY le.borataries from 41fferent parts of 

· 'the woJ;014 have: repo~ed nitrogen t1xatlon by gnsses end 
-· 

sedges. So far., thir.ty eight genera ot Gram1neae have 

4 

• 
0 

_: b&efl: shown to possess ·nitrogen tlxlng pcitential by 

emp1o)1.ng at)etylene reduction (AR) bloassa7 test (Table1:1) • 
/" 

Most ot the g:rasses reported to tlle. nitrogen belong to 

subtribe Panicoideao ot tribe Pantceae. HoweV&;r., lt is 

oJllv after the thorough surv$!V .and iYsternat1c evaluation 

ot a lat-ge rrumber of grasses that a proper· distribution 

of nitrogen tixlng potential in diftere~t. subtr!bes ot· 

taldly Gra,n1neae can be determined, ln additt.on to 

grasses seven. genera of sedges belonging to tamilJ' 
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fJphaoeae an4 cweraceae have also been touncl to t!.x 

eubsten"tlal amounts of :nltrog:en (table s..~). 

ne t:oo.ee qrziblotS.c aeeoo1~t1on toun<l 1ft the 
rhlaosphen ot graaaee aJl4 sedges ts becold.na · 

1ncrees1.na1¥ tfnpol.'tant on accoun:'t ot <the to11ow1ng 

taoton t 

·t.. GN!r.v CJ'Ops ore mostlJ, memDn ot the tall»' 

Gram1M$8 

2 •. N1t~gtn 4etlc1en:t ·M08flttJrS al't a.-.:raU, kl 

the tnp1oal belt. 

'• !n IDBl'lY u.~Jes anesea an prlmat'l colon.latn 

appeal"lng fl~ ln ·the newb CJI"eated habt.tata., 

4. Troptoal intseee posseae c,_ type of photo8Jfttll:&t1o 

10 

. pat~war ~nd have obvloue adVantage over otheJr plants 

with c, me ot pbotoS~Mbesle., in ?lew of the ereater 
aYa1leblllt7 of photo~ba.tn f.or supporting nltrogea 

tlxatlon bV eueoole.tlve mlcroG)'mbiont. 

5• file asaoclatlon between grass J'OOte and. Jlltroaen tld.ng 

mlorospblont ls re1etlve1¥ simple. (B&ra a .... t980htbe 
' 

essocf.$UVe ~bloats ta:ei11tatee much ereat. mano~•. 

ab111tr as compared to nodule aymb1os1a, 

NATURE OF THE LOOSB SYMBIOTIC ASSOCIATION 

The 'term assoclatlve symbiosis reters to a loose 

aeaoo1at1on of e n1 trogen tixlng m.lcroorgaftiem. w.l.'tb the 

plant perto ot an englosperm t No v1e1 ble st~uree. 



lUI!A&I61i' 
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«hlh~ noduleih: ,pouches, eorallold outarowths eto •. an 

proncett to protect the td.croepb1ont tram eompetltlon 

\d.th other microbes. such nt·trosen t1xlng svstems an 

· ter.ed as essoclatJ.ve symbiotic eyetema ( Do'bel'e1Mr 

12 

and Dar. 1976) or nJ.trogen flalns aasootatlons (Brlll. 

19?9) ., The slougl\l.ftg ott ot the euper.ficlal oorUcal 

larore ot note (Dobenlner and Campe1o. 19?1) a114 theU. 

4__,, appeen to promote 1Mlltlp11oat1on ot th-e cnloro

aymblontt ( Btq S .11• t 1980) • lt ear also be fOund An 

4oeper laren ot cortex and 1n vaectiler bundlet encto ... 

rhleoaphen, (PetdqUln. and Doberelner, 1.9?8), It 'haa 

been po~ated that bacteria mul t11)1V in tht • muc1go1• 

Set:t'ete4 bY the lateral wots ( VmaU•Oarcla A al• • 1980,) , 

these workers have ehown tho presence .of en ~

pl"'telnaceoue taotor eecret.ed by ihe boat ~ota.. which 

blnde l'DI.eroeymblont cella to root surface. 

fhe aesoc1a11on ot bacteria w1 th angt.ospem fOOts 

le bitlh11 trag11e. and 1e prone 'to ox.temel perturbat1one 

such es pe2, lnJUI'V and weeh!ng etc,, rue t1l41oates that 

the a8$0c1et1ve mlcmsHablont ls an 1n.termed1ste between 

completel.J lntlependent .toms such as AIISUI9:AIIt.·ll'II:5D• 

II,~S&MltiA e'toX an4 "th• nodUle symt;lont& such as . 

81\l.aJli.Dm and l.Qr$il• 
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ETHODOLOGY FOR D:ETECT:INO NlTROGBft PlXAfiON • .AO~ ... 
lliiDUCilON. BlOASSAl' 

fhe 41scovery ot ecet)'lene ee a se.roaate substrate 

of nitrogenase helped S.n evolving an .$aexptns$.V$ rm4 

npl4 pnc•curo ot accura~Olv aaeartna tht rd. troaenaee 

act1v1tr. fte tec'bn1que develope<! bJ SOho1hom and 

BunJ.e (1.96?l end br Her«J at al• (19?3) 1a s1~1e, 

ad~ua~elr eG1'lS1t1ve and hS.GblY suitable tor tleld. 
J.nvestlgatiomh Bssent1a11V the aoetrlene .. eduction 

(AR) bloassar lnvotvea U.ubatlon of plant parts ln a 

chamber, to11owecl l'l1 lntro4uotloa <~f ten per cent (Y/V) 

ao~ene ant the gae chromatogmphlo ana17als· ot 
eti\Jlene lo tht' aeJlples ~ t.~ incubation ohambear, 

at regula• 1nterveas. 

the ob&erY$tJ.ona made bN different work.ert on the · 

poten~J.al ot non legume ftowed.n.s SJ'&tetDs, entorlna lftto 

loose aeeooiat1'Ve artnbloe1s, ft.J!'¥ o-onsttterablr-.. fhl• 1a 

partlJ' due to t-be ditf:erences in the details of the 

incubation procedure employed tor aseees1ft8 -'8. eotlv1~r. 

tlhenfcre, the d1screpaftCN' ln estimation .mQ" reault GYen 

When the- aara. plant le etu41ed uablg· the ·Yadants of .tht 

oeav pnoedure,, 

Vadenta ot lnoubat1on ProcedtUN! t 

V•dants ot the esu)' prooetture ee 4esor1bed bJ" 

cU.tte!:'ent workers oan 'be categorised aa tollOWP t 
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•• JD 1LS1 aasq, · 
b. a~nv ot green house gown. plants ln epeolal 

lncubatl.on cbebent 

o. -u .roe>t ·corea removed trom ft.eld end assayed 

tmte~ lf.lbontory conditlonat M4 
/ 

4, eac1aed root assar • 

~be Ja a&sa lncubstlon 1ravolves 1nvert1ns a tret'la

pa.rent lnoubatJ.on chamber ewer the shoots. · fbla procedure 

tntal1s several 41fttcu1t1ee such e~e lone ~ncubatlon porio4 

n.qull"a4 for the aesa.r, the 1nhlb1tlon ot acetrtena ftduct1on 

by nqu1ulte pCa'fa and the ohancea ol et~tJclene leakage 

~ tho 1mntbat1on ohamber-, fteae ~blema. have betm 

S)'atomat1oa11r enumerated blt Patri.quln anct Dtmik& ( 19?8). 

The assar of ~n houao gl'Own plan-ts !Mcubat$4 !ra speo1a1 

chambers aleo ltwolvee eim.llal" problema 'lucb ee the 

~q~nt fo• a long l.noubatl-en period end a high ,Caft2 
tor Nintalrd.NJ. stabl.e 1evo1e of acetJlfm(t Nduotion 

aeU•1tz., Under those condltlono the nduotlon or 
acetrleu is llmlted because of the dllutlon of •thrlene 

tono4, Which un4ermt.nes the se1'ulltlv1tr ot the btoanav. 

!h-G eoll root cores ot n1 t.roaen fixing plants, have 

been lnoubated. tor 4derminJ.ng 'thei.r nitrogen tl:dng 

poterrtS.a1 but the values obtained f-o11owlng tftla · prooedure 

ue low (BuiT1e. 19?1) as oomp.are4 to the eo'tlvltr ot exc1ae4 
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washed 10oti AD fUll (I>Oberelner, 19?8b), It seems that 

the exot..aed waoht4 J'C)Ote ta11e4 to reduce acetBlone 

~tetr after 'tbelr.J.noubatlon .lft 10' per Otn't 

ao&t)'lene., SJ.nce. the Aztaldi&IUD SJStem to aonaltlve 

to molecular O~ty&en end when toots an exeJ.aGd, l t ten«e 

to loosa the eb111tr to tls Jd.tl'Os;en (Dart 1977).. The 

period J:teqalrect fo.r lnl t1at1na rd:trogeft tlut1on "»' 
barvctate4 ~ta 4eptnd.e upon the stage ol 4eV810p11'1ent 

of tb.e plant •. la•tlng &.18 b. !hertfc·H•· Dob0re1ner 

( t9?2) introduced o pre1rJcubai1on p4rlo4 ot t.IJ h prior 

to tho 1ncubat1on ln the •ulse4 not aeeav. BoW«nr, 

the· rates ot aoetrJ.t\nG nductl.on bJ eol1 not corea ere 

l'fporiedlr 3 to ,_, Umea leas ·(Eskew end !inch 19?6t 

•an Berkual ami loblool, 1980) than those ol)taln.ed bJ 
uoleetl .root aesar. the sppart.mt •arl.a:tlon obso'"'od. la 
the bioassay ot excleoct washed roote and of eoll not 

OOI"e& haa been the aub~ect ot· ao1lve controvaa¥• •urn• 
C 19??) • hJpotheelse4 that 1noubatton of eaoleod ftJ•~e 1n 

o.oa etm oqgen resu1te ln 4ep1e-tt.on ot oqgen ancl a 

fermentative meta'bollam ot root: oell& nte 1n. tbe 

aolde prod:uced ln thle process pJ!Oao·te the pro1l.ten.tloft 

of tlte nitrogen ftalns aloroermblont (OaSkS.M aM. oarter, 

t91St Da.-l»r U. il• • 1976). Based on JtPN coats Okon Jllll• 
'. 

(19?1) and van Serkum an4 Day (S98o) have shown an 8 to 6'5 
1 ' 
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fo14 . mul tlplloatJ.on ln the number of bacteria fo11ow1ft8 . 

the prelnoubet&on perio4. Doberelner (19f8) Q&ntended 

that mel'e cOWltlna of MPI' of bacteria la not a autfloltmt 

f.T\1ldence to S.nd.cate the p&-OlJ.feratlon ot the td.oroaymblont 

bocau• othe'" orsan&eme then the rd. troge!l t1x1ft8 bsoterie 

won pnaent ltt the IIJPft oounte,. 

Howeve .. , e.vS.4tnce le accumulat-lt~g that mul:tlplloetlon 

S.n~popUlatlon of td.orosreibtonts takes place during the 

prelntllbstlon: • tor e.aernple; then lo no ooac1us1ve 

ev!d,ence to show that prelncubatlon ahou14 · contlmte to~ 

t.4 "• ·to restore th.o natu1:1al .abllltf to flx nltrogen br 
roots, because lt prelncubatlon Ia prolonged bOJomt tbls 

perlo4, hl@'her rates o~ aoetrtone reauctl.on &.re· obse.-ve4. 

'Vaft Bt·rkum .(1980) hae shown thttt (a) pre1ft011l;atett roota 

Whlcb were. no1 washed developed OnlJ 4.11· pe• tent ot the · 

·nt. ti."'&imaee aotlvS. tv as oompai'G4 w1 th replloa- n«med 

aernplest (b) OOl'lti'Ql·f»tt1ea oonteini.ng tsoll onlJ ftd.le4 

to re.ttuce acety1enet (o) atte:' an ovemlabt, p:~:elnoubat.S.on 

the note were separaW .trom the water waShtnae co11·eote4 

at the bottom ot the serum v.t.ale Wh.fn 'the tomer gave on1v 

50 pel' eent ot the original eo't1v1 tr• Rest 50 per· clmt was 

to'Und to be assoo1ete4 wlth the water washlngQ' of the l'Oetat 

(d) a SO 1» 1.000 told 1noreese S.ft the number of .n!trogen 

tl..S.ng baoter1a during 1.4 h prelncubatS.on a't 30 c wee 

observed, en4 (e) tlle a44lt1on ot lnoreaslna uounta ot 
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combined ff to tho roote prlozt to the 1ncubatlon rowlte4 · 

la a prosree-Ye lncl"ease s.n the lag phase. tid$ sbo1fil 

tba.t although re.p14 1noreaee ln the population ot· nlt"sen 

fblt~~ betteria oocurs. n.·ltrogenaoe la aot GJfttl\eal.gtKI 

· un._l1 the ava11at4e aDOtmt of coan'blM4 fi ~· bONOM 

e>~n f.n:itlnl level. 

Sn 1f&ew of the alxtfe dleouselorh tl\en lo a. Meet 
tor reees&as.me-n't of n1tngen tlutlon "'tea 't.'eperte4 

tor GftlBS-bacteJ'lal $Jete. z·t hat 81·00' been l'eeoael\4ed 

-ut aseara shoUld 'be made ow eu1et4 I'Oote wlthout wehlng 

end ontr wch eamp1ea Whlob allow lrnmedlste aoetr1ene 
nduot1on &Muld be conaS.ctered to possess na:turel ftltrogen 

tld.na ab111t7 (van Bertum and Bohlool. 1980). 

the ·use ot ao11 roo• cores has 8110 beert ncommeft4ed: 

'bN Nt1era1 worken. it ~he orltloiea on uo·lae« root asaar 

hae to be overcome (Barber Jfjj• .. , ·. 19a6 Bska ·an4 t•ii'ta .. . . · .. ~~t . T f . ··~· 

t9?6t BurJ.a, 19??). the asGQ' o.f aoll root oores le 

most n1ieb1e because lt 1nvotvu mln.l.trlum shook tnJUJN' 
to tbe nitrogen tt.xtng sraae · not bactmal sratem,, 1t 

rotUlre$ rd.nlmum 1eg period to acb1eYe UntJQ' ~~- ot 

n1 trogen tlution elld lt doet ftOt lnvolve 'the ust ot ooet1J' 

gat~ td.x~.. Hence, <Utla procedure of lnoubatlon appears 

to ell.dnate the 4ftwba.ota ot JA a&lu aa wen ae txclsed 

root aatara and provides. nearest natural rates ot nitrogen 

tlxat1on ln tenns of acetrlene reduction (Table 1,3) 'It 



18 

To:&te t.-)t Mattia Gbowtns·<Adventasee an4 DisatWantngn of the 

. 1 ~ Vad.oll$ lilcmtlOI'I Pl'Olle4lll'U te Bot1matt<m ot ~ 
~{ ____. Acotrlen. aettuct1oll t;y Vndersroumt Parte ot Plant 

Matedal«J 

* I. a ' 4 5 ' ' l_fl.!tfttt»r tr : .. WL •. tr:ll!~····n·tL!i~- _·prt·il_fi J( r_·_·; "1} __ ·;_.;_1·-. fiUJ-~t-JI·--~fj- ... _ •• ,-_ •• ~)'1F(1j~rtt·;i1:_'._?1)"1f·.·tq l1 til ¢1·_ 

OJ'efmbouae 
srown 
pl&nt$ 

sou. r«tt 
corea 

Et:cldtl · mot·esetlf 

+ 

+ 

+ 

·• 
•the ft\UJ)'ben ln.d!cete -t-. tfatunt of the ~tlOfl ptoeed:ures atu 

1• t.eD«tb ot thCJ lil.CubatiOJl pori.ocl, 

a. !>rel~'Uon pe:~:J.od. reqW..ret, 

.$. ktg peft.od. nqul~ed to aoblttVt ·otable lsvoJe of •cttvltJ• 

4. %nvo1Vea _, G1lock t(). the nt.•aet'lnse qa- of ralorobee, 
5• .Ctuaneoe of 41f:tuat<>n .or et,hJlena out of the ·dumber., 

6, Makes use of· coat17 ees :mlstttn. 

't ~· V&11lab111 v observ~ wl tb1rt mt'b11ar91ett 

a. c. k~. e. • of.; l.h ... 'ro4U9tl.:. on ot. artetact.a like rMlt. lpUcnlon 
o-t sOZODJmW.ontt: 1ee.4lna to tale~ entlutAcn. 

+ lidl·ct~tee e4Wlntage!f· • ln41ost•$ dl'Saftantag&. 



BlWIIONMENTAL PACfORS AfFECTING NHROGENASB ACflVlTY 19 
ASSOGIAfED WITH RHJ:ZOSPHIRi · 

Aesoolat1 ve ayebloels .te found to be· affected b7 

various pl\Jsloo -obemlee1 taotors, any one ot wbloh could 

be 11mlt1ng 'Under e given set of env~tal condlt1ona. 

temperature • tempen'tve plars a koy role In 

governlng the ftltMaenaae actlvlty. Bttect ot t-enture 

on td.tnaenase a#Uvltr wee shown tty Oo'berolner (t9?8a) on 

nota of 1M 1!111• · She correlated rbleoepher1c nltrosenan 
s . 

ect1v1 tr wl th tbat ot - strains ot AIP,idill&\1 '*P• ehowl.na 

a mad,ta. at ;s c, ThJJ o1'11r drawback of thJ.a etu4r le that 

m1r.osphedo n1t~Gilase aettvl"' was ut1mate4 UlrJ& the 

exc1ee4 roota tor AR est!JeJ• the higher 11'd.4tnce of 

AUD,d31\IA strel:ns 1ft tropical areas hae been attribUted 

to the hlf!h t-empe.mture requlresnent of these- bactorla 

(Neyn and Doberelner, 19??) •. 

Ught • Rhllospkedo nitrogenase actlvttr I.e maWr 

llmlted bJ tho mapplJ of enetQ auhatratee mm the plants 

as .oxu.cta·tes or d•4 mo~al. he qwm.tum of ezu4ation 

is speo1ea. apeo1t1c a!ld ttepen4J5 on nte ot PhotoSJ:I\tb.eals. 

Da181\4reau (19?9) hae 4e=onatnte4 'the 4etendnlns tOle ot 

11gbt on nl'lntgentse actlvltN ot mdse plan1:a s;rowm in 

·~wth osblnete ae well ea J.n t1elct, PromotoJJ effects of 

1ncreadng llght S.fttenaJ;tr 01'i m tt"Ogtmaee are precoctecl bJ 

a time 1a& ot 1•2 h (Belamtreau .I$ .ill•, 1978),. fte observed.. 

'time lag bae been. escrlbe4 to tbe t1tne requl•ed fol' 
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' t ' ' ' 
tran&poz:.at!on of photosynthates clown the roots and their 

Gubsequent eadat1on trorn.roots tlna11J to be used. :bJ the 

nitrogen f1ld.na mlcroaymblont, 

Jn v1ew of tbe above. t t can be .envisaged that 04 
' ·'fl'l.~. ' '' ' rillma ' 

plants~l11¥dte better associatlons with nt.trogen~tt».tero-
'1 ' 

S¥tnb1ont as compared to c3 plants. HQwev.,.-. tiO <U.rect 

ev1d$ltCG to this ette•t ha.s been tbr.rd.shed., 

Soll .moJ.s~ture .,. So11 molet\U"e seems to play a 

v1·1a1 rote .l.n determtnlns the rd. troaenase actt•l tr of 

rh1at$!>h&:re )y S.ntluenolng ·the Ja ~db pat'tlal pr.es&ee (po2) 

of oqgen (llalsndreau, 19?9) • Tjepkema i!md Evans (19?6.) 

bypo'th$$lse4 that wet1an4 ba'bttets show h1g~her rat~s of 

nt.trogen fixation because of aepletlon ot aolecular ·Oxygen 

re$ultlng from watet logging, Durtng the vegetative .perioct 

of malzt, Balandreau At il• (19?6) found a slgnltl~ant 

poa:J.t1v.e 90rt'&1a't1on 'between ra1nta11, so11 in01sture •. 

tempera·t.ure and the J.n .f1a nJ:trogenaae actS.vltN ot the 

rhleospbe~e~ 1he !'llgh rates of nitrogen tJ.xatlon ·with 

*1ow~lan4 rice and the much 1ower rates 1n the .thleosphere 
~ ' ' . . . 
of. Uplan4 rice,. to\Uld b1 Yoshida, and Anc~~as (l9??) al·sc 

' ' \ 

cle~strete ·the stnrc ett~ccts ot so11 ae~a-tlon ·and 

o.:)'trn:.~eeseib1lity.· · on.-rbito .. sp. tler!.c .nitrogel'UUle. ac;t.;tfity, 
Va.r•ous w~kets have noticed hlgh .nitrogenJse .aetl~r 

' ' 



with eon t:Oot ocree in we,1en4e an4 tnOI.d habltd$ 

(.Dar d Jl•• t9?5t Kenna and T~tPkema, 19?8). the 
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. ~ . . 
eva11abllt'IJAa4equa.te a~Uilta ot water .auq altsO tmhanqe 

ld:tng<mase .actl/f'ltr by waablnC tho eo11 ot 1ts eaoese1ve 

flxeti :nitrogen J)Ontcmt, If this ls true,. ·417 soll Species 

ean be used to e4Vantege by proper· 1msat1on entl 4n!rtace 

of afttltbated habi tate (Van Berkum tmd Dohl.,.,l, 1980) • 

· ,o2 ·• Expooure to oJC¥c• oaues irrever$lb1e 4amaet 

'tO the ~Pe pro-telft ot the nl'Rogmltlat COQ1mt. fh~ore,. 

the process ot nitrogen fixatt.on·le Jd.Shl~ doteM8nt on 

,o2· ot tbe nitrogen t.l11"1 aJ.teth the ma4odt1 of obligate . 

aerobio 41aaotnpbts behave as o·btlt;ate mlctrotte.pNl~s 
•• ' .> • 

(Del-erJ.i'lctt, ee~V; elr.t hblloue; J 1ont nee41ns but ~ . y , ~ . 

1ltt1e fne oqgeft), when the.r .arow on N-tree ••• 

(Yates and Baq, 19?9). th~se oraanlsms, eppa~11't 

have -••i"Y. foeble oqtteh protootlon. oaeobald8$8t ••·8•'' 

a, Protection bJ contorme'tlenal ohaneu ln •srme ertruoture,. 

•• Secretion of gtldDJ' ·subatancea around the oolcmrt 
o. Consumption o-f eaceealvtt oQJen 'DJ hJdrogtm evolution, 

4,_ · Pnteetlon ot the central oel1e of oo1onr t1r 

saorltic1ns' tho periphenl oe11at 

e, Proteotl.on by. developmen-t ot aseoolatlon With 8 liOn 

41acotropb whleb oan produce gvmmv subs-tanooa t -sucl\ 

a as60o1et1on td.gbt help the 4laso'boph 1ft Mlntalftlltll 

rtqulelte conoentntioNJ of oqMIIii~ 
/!! ~' 

. r 
• 
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,./ .. 

AMDid~llll celle un4e_. ft'Ge 11vlne oomti:tlone 

aa we11 es 1n aaaoolntl.on with are-. rhl~etsphero 
· requln~ an optbum pe2 ot o.,ots to o.oa stJa tor optimal 

I 
nltroaenase actlYltS.ee. Oqsen 11 needed tor nS:trosen 

t1xat1cm to J)RVl4• At'P bU't lt also aote as an l..,.b!tor 

or nitrogenase activit,. a<t natural oonoentratlon ot 0.2 

atm. these two opposl te requll"emen't8 ot nl:trogen&sch 

· onate a paradozJ.ce1 s1 tuatJ.on (Postgate, tf78) • In 

semluo1l4 aaat oulturee Aatm&GI&ua ·develops a pe11lo1e 

a few • below the surface (Doberdner aft4 De¥. iP?6). 

Aa :~'the OX¥3tn 4eNn4 ot the cuJ.tun 1noroaeee the trllole 

e<tlonr mlSNtt& Upar4a (Oa$'• 19?7)• Jt .mar b• posslble 

that umte~ rblaospheric aeeooietSon the mle.a,abloftt 

otlla dilate ltt the el'l4oJtlieoGpheM ·to 81'l op'tlmd po
2 

stte to¥" nitrogen fl.aetlQn. However •. no apeoltle 

oQgel'l proteotl<m meo.hanl•• ln thte case bee ~ 

lcten'tJ.tt.ed, It J.s 11ke1N that outer oelle t.• a aas.e 

pnteot the oens at the core ot the oolonr. 

Redox poterrtlal (Bh) • P:ronouneeA et,eet, of aoll 

redox potential oft· AaoiiLI:&llUI ft1 troseeee aotlvltr 

aseoo1a'te4 to tblaoaphere has been shoe noent1r, 
~sJ.ns Itt was re.leted 1o aa in.oreaoo ln nitftaea.se 

sotl'9lt¥ (+ too ll'Y) but turthel' te111n Bb was J.fthibltort' 

(tt-oU4eniar, if??). fbe ameJUlment ot ftoo4e4 :"'ll with 



de nnw tavot.mJblJ .-ettuoe4 the Bh .and· tnoJre-a,_, 

nl.t~Gsonast ar:tlvltr as we11 &f MPN counts of 

•asft.r&U·lll (Ohal'fUl\t and Reo, 1980). J·t •· be. . 

possible to re~1l•e lDUOh hlgher ,S.e14e br monltorins 

the Bh ~· e44l11on of ~ated a~ts of o~o 

ma-tter ( etanttal'd11«t toJJ a panloular eo1l) to matntun 

persistent !\ill rates ot nltrogena.o;e aetlv1 tr of -. 

talcroerablont J»>,pu1atlone-
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pH. f!M· ftltrose~ aotlvlty la s;peottAo to t'he 

pH of the udi:•• Dobel'&lner (t9?8a.) obaervtd Glan11lccmt 

oorrelaUon b&tweer~ eo.11 pH an4 nltftlgeMse acrtl9ltJ ot tbe 

enrlohaent ·014 turee of A• ~bal'tDII g..,. Ia .-~rGe eeat.eoll.d 

malate aedlum tftft' flO h tftCU•t1on a-t 3) c. &!Ott aotlYelJ' 

aeeUlel'lt rocluClbS oultuH.a wero obta!Mt\ from 11lost 10o•e 

f# i;&I.D, ad• wbloh ltd ·a eoll pH ot ~to&.PheN· 

rond.ft& from 6.& to ?.&., Even in aoto u&1a with pH '•'• 

'the .-1ChtMmt oul<~ures ot A81Rid31JD ~· betft nporttd 

to ~- aoetrlene ·(Dobereinert t918a>. ,rob$bl1ttho td:troaera 
ft.xatlcm bJ bactrmla oeoura J.n the miaosphen eta ei'tt '·· 

. _\ 
\'4\&rt tM apet'tftc pH requirement Otm bf! met (Dobet'elrtt.\r, 1918). 

Comb1tte4 nitt:Oa•n • Avallab11J.tr of eaoJd.ua (tat:) t.e 
tmown to lftbf.blt. an4 repress rd:ti"Oien&" of AHAI&d&AII 
liiPiaaa ,(oton At ll•·• 19?6a) aft4 't aleo wppRsaee the 

1'1\f..uapherio Ml aotlv.tt, of oenal nots (B~au tm4 
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Do:amnerptu'J, 19?3) ami graEJsGe (Va\IS)m tmd. Jones, 1916) 

um.leX' the t1014 condlt1oNh Applloatlon ot low lftl 1ie1 

levt1 of 0011blne4 nlti"Ogtn um;) in larse nmtsoll4 

cttltures 1ownves f!fti\Vth end nitrogen fS.u·tlon _., 

•••dllll (Wetanebft ant Bflnaquio. 19?9,). Slmlld" 

etteota ot appl1oatton of •: ttl aesoolaUve ~otd.e 
have been observed bJ AWal\tee .at a1t (.1975) unC~er ittl4 

con4lt1oftG. 

•" . " 

14• 1evre1 or ftltnte CR03) epp11oatlon to aolt 
pro•tee ·while tM presence ot hkh level ot tm; 1tihS.blte 

m~sen tJ.ut~n in rb1eoephe1o systems. Blat NO; wa• 
active onlv vJ.a lllt..lt• (No;) lomatioll un<ter anaeroblo 

oondl•tona, was ·ahoWl 1>1 .MaehdaH Ji Ill- ( 19?8)· who 

to1Jtd the . ·preaenoe ot 4J.aBI.tdlato!7 nitrate re4uctose 
" •· 

eetem ln ttaa&AdlAYI oul'turtt • ~m3 nppUed to the 

mt• atantl 41• not IMJ,b1t ftltngenase aotlVAtJ, !ft;e1'1-

fot"et thla $J)eolea otr•mblned nltn>g~ <•;> te not u .. 
IMlbltor \nat lt. 1e tbe rw

2 
tfh1ch le tnh1bttow to 

nttrogeuee .aot1v1tr. In 1S.ght ot -tbls etuctv. tt\e: . ·. 

tmowtease ot nltftllett eon.tent_,pH, porooltr' end aentloft 
.----~ level ot eo11s, ii.re important ctetere4nante for eohlev~ 

81gn1f.lcant. rle14e throush &J11tlo1a1 1nocu1at1on with 
baotorla, 
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I . 
---· Mo1Jbdonum - Among the m1cronutr1ents •lvtttenum 

· plera a key role 1n nitrOgen t1at1on because lt ie 

.requir-ed tor eetlvatlon of component I apoprote$n fit 

ftltt'Ogcma&ch It ba8 bee shown that each atom of Me 

toseth&r wlth elgtti atoal ot Fe amt sJ.x 1cbl1e tJu1Pld.des, 

·toms ectlvt site ot compon&nt l p~tetn ot nitrogenase 

(Brill. 1980). mo also acts aa ~f•ctor tor ~ttter 
.G'ftQJrlt nitrate I'Oduotase 'bUt the cotecton tor nJ:tft

&enaee an« mtnte nd.uotaee ere 4ltferent boa ••• 

other. PJObab1ar they *" a oommora tmltbttoen~ 

perm,aee. tort pnoessina 11o0;.. Plante powlftl 1ft 

mo1rWeum 4etlc1ettt soils ehow ell ~--of nl.tro&fm 

starvation. Ad41 tion ot mol.rbdeft\UI ln G\1Ch l10l!a C(>Uld 

even J.J~Prove mlso.apherlc nltrosenase actlvlt·J (Dlma 

am Do#Ul\fJrguea, 1979). Mo11bdtnUJn 1e actlv·o in ~rulatton 

of nttrogaruu.Je synthesis Crtaaatant a!d Ha~atkom, 19?8) 
. ' 

1a algal ersteas hut aJ.mllal' attempt• to relate Me \d. th 

naulation of -~· srathes1$ l~t a;eoctatlvt GJJ~blo'tlc 

,ere't•a have not been macto. 

Socldea • Various 1t0rkere have shown poslt£\te 

etfectt:t ot low 1we1e of pestlcl.dea '&n4 heJM.oitlQe on 

nltrogcmace a,ct1vtty ln AIUJl,dJium. Doborelne~r (19?&;a) 

sho"' that e. he1folc14G Oesapl\ln used in conc~tntlons 

applied coan0f4r to Mld CJ:Op8 (3.,5 q ba*1.) 414 not 



,• 

,~onJ.r lnoreatte numbeN ot A• ~ liDAtl£91 ln eol1 'bUt also 
:lt1aulato4 1ta pottth lra setd.eol14 malate medlua •. 

ChU7Ula encl Rao, ( 19?8) reported 'blnetlo1al. effect$ 
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ot lOt 2C an« tOO PJ»Yl h'e~IIJl eppllcaUon to ftoodod 

w1oe eoJ.le 1ft terms ot pop14etlon ot ~r.Q&Ul&dl.IJ&I BP• 

•ll4 t!\e$r nitrogen ftxlna eti10left01 tlhlcb was hl&heat 

when 100 ppm benomr1 was appUetl bUt theJ' oou14 110't 

4~• ,f1n¥ ap~,able lncroaet 111 nl.trogenaee .actlvltr 

aen •b:e bt.oo14e waa app1le4 to pun cultures (Gbal7Q1u 

an4 Rao, 19?8). Vatr!out 1neect1c14ee obtained tr.om 

naturtJl eouroes (e,g., • Aadl&scla)raametr, 
prretbnJm,, neem oil. eJ\4 ~w -csn pi'O\'ed bene.fJ.oial 

When eP»11ett. at 0.005 per cent, 1 per cent ·ard 0,5 per 

cent 1.we1s reopeotivel.J., with the lnc~.easlng vt~gQ'tat1ve 

pertod.~ Detdlect lntorma<tSon J.a neede4 to temu1ete a 

relatto·nsblp 'bftvleen. •at-1ous bloc14tf and nttrogenan 

act1v1tJ ot Aaald~J»a ('-''*a .tl•• l980l• 

Root eltQ.t\atee • the amount afttt ooapoeitlon of 

oxwtete• maJ etfeet di#"Qblet IJ,IOWth end lnf1U&nee~ th,e 

dlleoepber1c rdtrogelU1tJO actlvltJ;. For lnstan~. it has 

·been ~Shown that ra.te of l"h1tode,o&.lt1on ie '300 per oent 

ot ·tbt fttOt weleht of matut'f.t' wheat plants (f.iauerbeok 

4 Ill•• 19?6).,. Debe!:' .al'ld Rartln (19?4) found that 

atortle plants retoaoed 5 to 10 pel:' cent of ~e1r p:hoto-

- SVI\'tha.te.e tl\J!!Ough their roo·ta whereas under tme'ted1e 
' . 



-oondl 'tlotlt ~ta excreted double the .oa:ount. ftia 

obeewed 41ffennoee S:n fl&ti:'Og ... se acttv1tr ot the 

mote between dlfteront .tee oul:tt•••e mDlt be due. to 
the ei1tlet-ttncea 1ft amounts end oomposl t:loft of ~he1r 

toot exu4atee (vcm Bulow aftd DoMreS.ner, 19?5). 

Howe..,., tbls hJ:potbesla needS tt be ehecked throQ~ 

turthet' tU~.P~ta'tlon. It flPp$&rS tut s;hmoa1 
. . II 

factors euth ae .tish't: end te,.eratwe ea6treiae thel.~ 

&nft:uertee at secOJ\OQry 1•ve1. 'through NIJ\Ilat!on tJ·t 

not e.utta.tlon on n1 tro.aon.ase QOt-1v1tJ' * 
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BlotlQ leeton • We1er C l9BO) baa 81\owtl that so11 
l'OO"t · eona detoppetl prlor to· the l~t1oft leads to 

lnoreased ,.etu of n.ltngen fl:ntlon. lmp1:ie.i~ data 
( 

on this aapeo1: I.e needed: to rela~ the efteot. ot 

sta.etng with ftitrogeJ'lQflt ectlvity of gnesos.,. 

Stwtlea Oft aseoclatlve eymbloaes ttav• rcotntl$ 

beiJIIft-t but 1ntereat1~ 1ntormat1on baa beet\ sathered 8$ 

an o~oom.a of past ten Jearl of work. the prope%'· Uftder

etanUns and apprec1at1ort ot the m"ture ot aaeoclettvf 

tBJ~~btoa,J.G calls tc>l' e, ole~ eomprehene1on ,ef the 

aeaoclat1ve mltnarmbS.cmt antorJ.ng into toou ~)}losie 

:~eponelble tor tho obeewed mt.f.Oaphe,lo nitJN>&eri ftd.q 

aetlvtt; ot gr:aaata al\4 eet~gea~ 
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s.veral haoted.a1 svstoms enterlns into ioose 

ONm'blotlc aosoclstion with &rauee t.ove ~- recorded. 

tarson anti Nod (19?8) have ctosorlbo4 the oeounnee of 

IU.&ltba 8P• S.a one wheat line apeottJ.o to th1a bactorlum. 

Nloh (19?9) nt>orted en AaotAUibJ: ap., assoolate<t wS.th 

nota ot illa»ddl t=IUI&Dta• WU11steJ.n Gil• ( t9t~)) 
have tao1ato4 IM&3:bl saa&ma • J.lte oruaftlmne trom 
miiOsh-.ths of corta1n ae.rlQ gnnea. Bhlde 'and p\}\'Qndare (\979) 

fD'ld Tl.khe ,aa il• ( 1980) reporte4 the oce\ll'.oance ot 

AadtllldS GJ• on nota of about 30 rtOn-ltguml.nove 

anaiospJ-onna, McClung aft4 Patrlquln (1980) baVe d$torlb14 

the oeouranoe ot e baoterl• &aurlG-.SAr sp~ 1tl the 

rhl!Oapbere of en 8flU8,1C maorophfte badlll&i Q;StDL\tJ,Q£1• 

Stt.tdt.ea on lao1at1on,, pur-1t1catlon and ehareotu1atton 
ot assoo1atlve mlCIOSJm'blont haVe showrt that a mlcro• 

aaropbl.1:.1o baOt$r1um A1Dair113111 la most tnque»tlr 

lnvolvGd ln loOM apb1ot10 nitrogen tldfl& evsttmGt 

Dobaz-elnor and Da:r (19?3) ard Tyler d. &Jl.,(t9?9) hiVe 

4esorlbe4 AIGDidiiD ae the only ma~ott' orsam.sm .. assooJ.ated 

w1th the :rhizoephere of gr:raoses .aM aadgee that toa 
ett1clent aseoc1atlon wlth a 1arae number e.t hosta ~ 

' 

t.s dletl'lbuted over • wide rertee ot £GOSI'8Ph1o regt.4ne. 
' 

lUtttorr ot 41aco•eJ11 • fbla omenLsm was tl~ 

leo1ate4 tn. 1925 hom soUa 1>'1 !el~Giinck ln lm)UJ!ie \cul tune 

ot nltrega ~dng baCteria end he namod. 1t ae lald~bm 
l 
; 
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, .Jl.li(IR• khi'O'der (1932) •~e .ablt to 4emonstratt low 

le\'ele ot nl.trogon tl:xetlon b7 pure culture ot A• 

&batlmm t&'Ofl German and Austft.• eol1s. a.1ns 
( t96') u.ued 

15n1 aa a ~ to pi'04uce evl<acmoe ot 

lte ab111t:J to tia ftltros• \D'd•~ nduce4 -.oggen 

conoem'tftltlon., When SOhroier !Mubatett pUH cultureo 

at normal coaoentraUo.n of O#QrPDt appai"GG'ltlN !ts 

r~$. t~s•n tisll'lg aotl•1tr •• euppHssect, Howev.e~, 

thls o~aenlom 414 JWt a~ot mmm atterltion ttn'Ul 

DD3' a11d Dobe!'eln&r ( 19?6) lsoleted tttls bacterium 

~ ili&&Saru dllllllmQI mots. thereettett', nltJ'!Oeen 

tl.tnc speoles of bidllu have been re,orte4 troa 

ovet- tovtr plant epeoles Wblch an now lftc1Ude4 

tmder.tbe g~o mune .A.a•id13• (Kreig &l .ilt" !9??). 

fa.o!\Omr • At pJ~eaent more than tSO nl;;t;;rogen :flxl.tW 

ieolotea ot tbls senus have bte~t 1so1a:ted (Dobe~er 

.a.aJ,.., tt??l !he .U.v&nltr abo• \lJ ~a or~W•• 

eakee lt ot.ttlcolt to· oonta1n all thee• stJalrre Within 

one epoo.J.otJ. Baaed on colemY fee'turas, ab111tr to 
utl11• augers an<t other phiolologl.oal eorud.4$Wlt1~N 

· (faMJ t.,fi) the lsclotos ot ·AatllidlJIJI tutfe •• 

d1VI4e4 lrtto thne groupa (Oken a 11•.• t91Gba 

Sef4P10 d 11.•• '19?6 ec.t Nevre •·•4!•· S.9?7). ~~ 
d al• (197?ct,.b) Gtu4.le4 tha DtfA. homology of the thMe 

anups. they cont1rme4 'the obsel'Yat1ons of eu1ler 
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woners anti ~·oumt, that baaed on UNA hOmOlog tXperlmenta, 

poup II strains could be separated from groupe I end lXl 

rrtftl••· Beth tho 1aler had DNA bomologous wlttl repreecmta• 
. - ' 

t1 ve s•ral.n Sp? mt4 DNA ot SfOup II utnJ.'ns was ttomotogoua 

wlth npreeerrte~l'Ve etrat.n SpM)B. 

he ·ftlt~'HG'ft tl~ ~~~~ ot 1Jill,,1Um •• morPhOlc.
ateauv dlatlnot mm •n 1\ltrogoa .flld.ft& ep1ri1la• ttter 
haVe a elot1~ ._,ett ·b04J with eS.t11le 11asellte eftd trd.N 

half 1lO etne tun p&l' oe11. aut after a carefUl IWdrt· 

~ an4 Kreig (19?8) eoMlu4ect tl\nt nttrosen flslfta 
'tnS.ns form a •berent group w1th1e ttaeuel\'e'lt· Gftd. en 

ctlotS.not tna lllbm11fta of PUUdoaonatlacen 1ft teiWJ of' 
the11' DNA hoaologr 'V-alues witob •r• lese thai' ca., aG per 
cen.t. Jt hee Heft euueetf1d to retei.n nlti'Os• l&dnl 

c,lr111tt in· temtlr spin11acsae --use .1lkt epld.Ua, ttte 

ntt•sert tldftl straJu of I• URRZRWI ,_eeee ROlJ -

JJ-hrdl:'oJCJ Sft'm4fl8t eow respl.ratoJtN t~ ot atabol!Grr!~, 

and CJOW well oft ealte of oraanto aolda. JtowtVGrt 1t 1¥D1l14 

tJe Clellireblt to :place tllem ut a smter1o poe1tlon l;lt par w1 th 

otber eph'illa. Acoordlnalf• a· ftew gtmus, ••aldliSa.:•e 
~ . . 

oreetecl tot'._ the nitrogen tldna stoup of etbt.UI. tttJ"eented 

• tyga stmlns Spf en4 Sp59B (Kftta a' 14:• • ltf?) • 

~tli't ·the genus ~IQarArJ.Illfl·, cortd~ot two 

&pedes 11a&elVt /I.• I&ROtBII (BelJerinot) comb* J\011\t ott 
' 

._ tililllat fiP• _. •• the epecJ.ea A• al&attt• te ~ 
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fable l•J• Charaoteaistlcp ot .o. DaeteriUlll of the Gems 

AI&V.Pidlt.a from ·CoU14flbt1o N;t. tl"osen f1x!na- . 

••e4 Cultures (Mo .. b) 

ChsraotQ'let1oe 
·• _...... · - , 1 .n __ r_ __ • __ t _· ~ - 11 r tU .. _ '.: . 1 _ • 1 tt . ' t_ n ·ria 1tH · _ .. T r1 · • ~ . r -, ·c . 1 n · r' ·: . . ¥ • " . '11.11 i · 

DNA baae cornpoe1tlon. 
(mol$ o • O) 

B1ot1ft reta~l~ 

G1ucost used. ae i.KtlG 
cal"l.lOft tor U.4etltd.ent 
eeml~lld me41w 

Chat~~es .ln ·oe11 mon;ftolo&~ reo 
tn N-4aflelent nemleolS.4 medlu.n 

Ac14J;.t1ca~lon of ,a.uooee 
mefta, 1 

Yentt 
Growth .ln &1\ttafnate 
~~etU.ua 

Armeroble growth 1ft 
td.tr!trte 

Growth ln presence 
ot 'bUG 

crowth ln ,_ naet 
Ox14aatJ • esoullft 
hNdrolyele 

starch 1\Nc!rol:tsla 

Catalase: 

D1se1tnl1at1on ot nltreto 
to nitrite · 

Dlseld.latl.on ot rd.tftlte. 
to 448-. 

+(Weak) 

+ 
0 

+ 

0 

70 

+ 

• 
+ 

+ 

+ 

0 

+ 

0 

+(weak•) 

+ 

• 

oi 
+(aoderate) 

+. 



SOle Carbon MUJiCfJ I 

C$llttloae 

Mamlto1 
. Sorbitol 

Blboae 
Glucose~. 

Pr\totose 

ct-JtotoGiutBr"ate 

c addo It .. . 

~~Jdro.~t~u 

Jqf! • ~t tested, • 

0 .. 
• 
0 

c 
+ 
+(weak) 

+ 

0 

. Adtptett tnm wona ald.~~ ( 19?9.). 

33 

.. L l , •• I 

• 
+ 
+ 

• 
·• 
+ + 

+ 

+ 

·+ 
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epedte of tho &erNe w1 ~h ·tJPtt' ·titftln Sp$98 mtmed ea 

... lUQIJ?J:»>. ea ropreseatett.ve of utr.S.ne Af'OUJ>ed tmd.V 

.go.qp ll~ Of Samplo A al• (19?6) M4 tJPO etraift Spf 

· ~ as 4• tcatd.J aq ae repntJtntfl,tlv• of group X. aD4 

- II'OU» XI .or&&ftlsms* 

liter• en mtcepthna to thie $N8'tomatlo ln4entltloa

Uon ae Oeftdn strains have beell ieo1a1tld Whlob oanno.' 
be oontalaod b1 •lth.- ot tho two QeOica tw ... 1e, 

wons ••· (19?9) 1ao1ated an Aallldlirlm from c•llUlo. 
lvtlo ~-. fltdrta elxet oulturu, WI\Ub ftn# 4hai'«<torletS.ot 

o~ bt\1h •• •••• MCiletJr, ;,. uao:.,., .. At aGJJ,..,. 
the featuna of th1a· new atftlln.,. named as Me-at s" d,.tm 

l.n tcb1t t.!> •· I Slldlarlj, Nur a ll• Ct980a) baVe Hl)O:rted 

11ft A&&11tdlli1D 1•1ett which utl11aes .ilUOOG& e,a e.soune 
·wl thout roqulrlna biotin. fhe c:otcmr cheranerJ.stlcs and 

pigmentatten of thle new nra.tn are cUfterent t~m bot!\ 

ttte apecles, Detal1ott wort on 1mA hoaolosv and. tJaSQ col!lPod• 

tlon t411 det~ whtthe:r ~io new strain teoa l$!"ae1 h . 
e ·rar eeuee O'f Aau:air,laSII o:' net •. 

Gaographloill dletr1tmtto'* • .After tte tim di$CtC'NK7 

ln 1925 tnm ae,...,.. A~t~~»idllai baa btfin· nponect tro.12 
-~ paJ!rta of the WOI"1d lftrl1catlng iw t44e c~N.oal range-. 

ft4 ·~.rte o,,, thla bact:edum ffta Jtutrtria; 0$~ eM EUtope 

1)J 8$14er1ncJt ( t92J) 8D4 SCbrodor ( 1932) represen-t the oatr 
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table t,.6, ~ &mp; ·oat Geognplilaal Dldd.b\ltlon .of ·Oetw:ts 6111Didlla 

' •• ~ I Hl I_ (d jn _{ f cy; Jf. - ! . .. - t rb nr if .u •••. fl •• ,, M. i. - ' t ~ ··n·firiL r • _··'a niart _·; , - 1 ng Lit- M;_4;t' " H-, 1 --• J iii .~- • d. 1': ·' ·_-·r _ J ( uu_t:_ ·· u 1 b _ r tLL .tr 1t1 W•c• .-,. 

1'-"*··-··-~,~ 

~~o.. 
(C) 

·Couatrar 

(lll 

Bttf~e 

·(B) 
Lll i6f I ii' .. UJJ '[" \M4Wt!UJJ~L-sA tUtCt'UtlliLJ JJ_QWf1p-f"_J!if .. , 11"fll. i 1 _l( F' ... , W _ .---~ "t! iLIMclM ___ · '.n-~t i'h&_J-L9!¢1Wf ra· iJ;_ir!E'_If,.Jf. .--_,- ·_g - t _I ir1 

~- ........ 

BRACHURlA Palco14ue S&)l.* .s_p Col l 
Jt.enlceae 

CBBCH!ll8 
CILIARIS 

DIGlf.PIA 
DBCOilmffS 

liDARIHBlllA 
RVl'A 

PABICUM 
Mil .. 

SftAUA 
AlCBPS 

SORGHUll 
YILtWIB 

~ .. SJfl. -~- ~'' ~Glta,., Spt31'. apt' 
Panlcol~eae &pRfO:, speo~s 
Aftci:O,pOg ... 

=~-- ert:aa•· 

• 

att9Ail. &am 
ataSAa. Aft2 
lla&J,. 3()2&6 

SA4,8&1Ml 

BAllfft 

I. :-.AI'..--'-:1 ...... 

Souttt 
AmeJ-18 

soah 
Afdca 

s . .a:frla 
a,.~
lflpda 

Fl01'1da 
liSA 

s ··~... .-r ... _ 

llDbeftS..r 
.... (l9??) 

tattshlatllQad 
.• Al· ( 1.9?6) 

Tt;;9tt~· 

''f};,f' .•. 
1'1'1.-. Jtl. . AI• (19?9l'". 
DobOMI.ner AS. ill• C 1971) 

1JJ1W Jd, al• (t979) 

4frlerd4• (19?9) 

'7101" • al• (1919) 



(A) 

Paolaa• 
Ghloddfte 

C'IRODO-l't • 
D~B 

IRA~ Poo14oae.-, 
SP ~O$U. 

IOBDIIA SP. Pool«_. 
.A~ 

t.oLJtJI .,... ·Poo14eee 
h~ 

. ....-.·-;.. - . . ' -

(C) . :: .• ,. (D) 

8nd1 

BtJuadoJr 

··~· 
t~S«ma 
'Ide ·eoiumt.la 
.lJar.d1la 

. 
lrldla 

s.AMa 

fE .It 4 

Jlol)Qrel.tter .dal• (197?} 

~~-···· (t979) 
tr:t• .. •• (1979) 

~uaaii[ • · · Jll.,Ct9f6) .Dobe.-e····· .. mer ................ ·.a· .....•. 1 .... ··"'.· ... · · .. ).:., 
llobe'ftlrleJt .d · .. · ' •. \197?) . 

. ~ .. A\• ·(197?) 

ttuler sl4•: (1979) 

~8llltlkUtl.8~i .d. &1-(1976) 

~w·,d .ll· (19'19) 

~R&\4• t'IW9) 

Dobe~r a. (19??) 

eo.u ••• ,. 
c,.:, 
en 



(B) (C,) 
- '- .- ,.. 

r Ji J lti*H' .Lil~ __ O_ IL UHI _I . _ .i'WH • -~ __ 

a GRASS 

• 'J.Jmi.JIB. 

•aus& u. 

Ofttnlmta• 
-~ 

~ 

8ARt9 

SpA)J' 

.Spa9 ... .... 
r.JU8A2 

El t-. 

(B}. 
J·_- • ·a -~ __ 1 ?JUJ . · _ 11na r a:__t;s •• crt,.,,. ... '?r .. ·_·rn s 

P!tSlll~ 
Bl&etil -
ID!tla . 

1 Dndl 

~
'InOla 

lndla a. AMoa 

s~ 

t.tbu'lo 

Jlcua4or 
llredl 

wateabe_, ---_·_14 __ --_·_· h-~' =I :t:-cl~ms · 
.. ' . . 

'Rega- 11 al· (1917) 

:Knl .... &114· (1976) 

;1'gler ,d ~&. (t919l 

~~~:&ta1- (1977) 

.Rtpe ·-· (197?) 

ilL~tlit~l'·> 



·~·- ~tha-.. 
IOBBKAAVIA rt.APBRS M:totq,l~e 

CDltom.mDllflh ·~- .. 
YliCOStlll 

COLGCASIA AIUSCOlllJB Al'acae 
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report$ of l.ts occur~nce ln temperate re&lona. fyl;er 
~ 

IS~· (19?9) reported·i~fl_,o~cur~oe trom various stations· 

in aubtemperate and. tropical regions. Vari.Qus worker~ 

nportlng tbls orgaN.• from tropical regions i~lude 

Doberelner and Dau ( 1976) • ._ ,~) taksbld.• 

kumarJ, ,f1.al• (1976):, takshmi(.l$. al• (19??) • NaNSk d .11.• 
(19?7), ReJflders a.n4 Vlassak. (19?1')• SyJ.vester..Bra41eJ 

' 

·(19'17), lkiterelner (t9?8)t Kavimand.an Jl1 Jil• (i9?·8), 

'-'Jler A\~· (t979), Watanabe S al·• (S979) _and N\U" Sal• 
. (1980). the occurance of tbls organlsm h.as been repo~ecl 

from Austria, Belgium, Columb1.a, Ge:X"irlan)', Xndla, Nlgtrl.a, 

Pakistan. PhllUplnes;. s. ~e,rloa and s. Alrlca • 

. . .I. 

Host ~:e • AIJ.Um~J.IID. has been shown to po:eeess_ 

.- wide ho.c;t range tnolu41ng mtmY' species of grasses. $Gdges; 

gra1n and torase oropa. economicallY .important plant& and 

varlous 41oot1].t4onou$ weeds. (fable 1. h ) • .tt ha·s been 

lEJo1ate4 troa ·roots of 4o :pl.•nt species representing 

16 families of anglospema namely • AmaranthacE!ae, A:receae. 

Oomme11nactae, CompQs$.tae, Convol vu!.aceae. Cn>eracee ~ , 

E\lphorblaceae, Gratdneae. Labiatae, LegUminosae:, Moraceaa, 

MUsaceae. N,-ctag1naceae, P(Jtemogetonaoeae, Potentier.ta.ceae. 

Ve.rbenaceae. Seventeen of the eboV$ men:t1on-ed plant 

epeolea are m•rnbera ot tam11Y Gramineae ot the-se ·12 possess 

04 photosynthetic ~~thway~ .A.,s:R.lfl.lll:!m has been also 

isolated trorn aolls under tne 11v.tng conditions. The 
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wl4e boat rang9 of AUB1DUum baa beon demonstrate4 b¥ 

Ch114 -.4 Klll'e ti9?7), Vasu d al• ( 19?9) an:t Berg d Ill• 
Ctf80) Of1 the bat1t ot th• colont~at1on of oeUus titlfJUe 

from the 1arae mimber of eatospems by the bac<todal 

cells• aome ot whloh en N>t 1nc1Udecl ln the aboVe montlo:ned 

·40 plen't apectot. 

Loea11·BGtlo-n • fhe exact seat of ocow:ance ot the 

buterl• Aau»k&UUI ln the host IM.aoapheft l$ flOt· 

.eenela, Do'berelner and Day (1.9?6) am !fllkBbJdlnunarl 

(.1971) have shown the eJd.stence of tble ba.ctedum tilthtn 

the toOts ot ve¥"£oue gaosee using vltal stelrd.ng WlOa 

tevasoUum ch1odde. AaospirJ.llta dlffen ma aoet 
othel' dli'ataphcM mt.e"bes U\ ite abiUt,. to oolonlee 

the iftterce11uJ.ar • S.ntftlc•UulaJ> specoa of root cort1081 

tt11e, Panlquln aM Dobereinar (t978) tqund that th& 

bacteria oo1onl•e4 ·th• 1nnv oortex end etal• ot ma&ee 

roota ·wl thout slAftltloant oolonlsatlon or deoaJ of the 

· outet- cortex tleeu«J. The bacteriUm nmalnecl Viable l.ns1.4e 

tbe xocts atter a. 6 hour treat.IDGift wlth eterl1S.dns agenta 

ln4lca•J.ng that :tile eft404emla wae~flfttact. .Aectrdt.flS to 

them, tiAfmA~i~~l,u. lnfeotlon ·tns.ts.anr t!)kea 'Place .ln the 

. cortes of 1eteal t:"OOts, and the~t spread lnto main roots 

wheft lt oeoupl~ s·tele ancl 1m• oertex. Berg .OS Ill• 
(1,980) expttd.n$4 the 1ntraoe1luler ooouranoe Of' the baotmum 

::~., 
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to be· d.ue to 'he ruptured cell.. Mills rather than to 
. the o•:t.l we12. 4ea.n4lns properties of the beatorial 

oe11a. Reoent1Jt the atudlea of Uma-ll•Genla AS a1j 
(1980) Jmve tumleb• trv1dWtOe tor pectol.Jtlo en.

aotltt1tr ln. o•lls ot AaiRA.dllJD• eugeatlna therebr the 

4tJtlrllte- 0.11 wall ttearadlftl .ab111 tr ot th1·s bacterium. 

nter have also pJOVect the ext.stonce ot a low molecular 

welght protein factol' which helps_ ln establlshment ot 

the as:soolatlott through 'bln41ftS . .eaaidl&• to ihe root 

eortlcal oelle. 

Morpholog • Tbl.a oJ:~sanlsm torms .ftege11att. cuwe4 

cells of 1~5 um 1~ tdt$l'l grown J.n 1lqu14 metU.a &lor.« 

wl ft a soui-Qe of combined rd. trogen under.- noftt1011 osraen 
prtJSWlNh Dl.trln& H-llm.l ted. g~h,. ho•ever.. nltt.*OMftaet 

is eapresae4 tnlN un4er o,s. to o •. oJ atm ot o.,-atn. fh1e 

~l.oal mle.-oauophlUt.o arowth 1• eapret,lsCHt &n sttr4fJ0114 

N.me agar ae«la bJ a poUlole toftlect a tew mm below 

'ho surface when, In po2 le aatntainett due to poor 

«Sittualon of oargn through the me41UIIl 1Ylra4 above the 

pe11J.cle •. In fermenter OUltures, optlma1 nlt.-ogena!le 

actlvl'tf la obtaine4 t.y aeration with nS.trogtn 84ilil 

oontalnlng o.oos to o.oO? atm ot OxY£en (·Okon at il•, 197?). 

on the so114 medla wlth OOI1lbinecl nltmgea the tDleal 

colonies grow elowlJ an4 are OO!JlpOsod ot oe11s. that have 

atJPioal m.oJpholog, Therefore,. they m-e noma11r detected. 

on agar plates lnoeul.atecl wlth suspension w1<th0ut pnvicue 
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. _,.,.. 

ellti.Chmeftt S.n ti-t$~8md.acU4 .a.ta. the ,a 
11\oreaaee as the, .coloftr eaea. ftls le Wlclent t.ro•. "• 

·OOlour l!'oaotiono of ANDirJ.i;&P 'Wltb vt.ut atn1n ) 

(tdahmik'W!'!nrl a A•·• lfiO). on Jtutrl.ent asetr tho aaiftA 

OolOlllGB Of A• JwaliltUI tent to 4eYe1op plnlt plpent, 

this plnlt plgraem le aot 4u~ to lesba,.taobl.ft ad 1te 

·IDOl nature ls Mt kftOWft• !sllW ,d al• (1tf1)· haft 

·npo~J1ed tho preaonoa 0~ a p1low nsment ·~.n ·s. week 

old CtdtVeth fte nature ot th!a p~ eleo I.e ftOt 

tmoa. . Aa.o.S.dliU Dhows nogatSve naot.J,cm to 11'411 . 
atalftlna, Under <tn~ »ha~t· IO'ntnet ld.croeoopt ·the ot11a 

ettow prea~nce. of ,olr p-~natt sftftll1••• Pl•o-
. . 

moJ'Phlo to~ ot Araflli,dJJ~JII have bam\ re,ol'tfe4 bJ 
Doben!Mr amt Dar (1.9?6), Betew a Al• (19?7J, tanen4 

At a1t (1978) aM. Ber& d A• (1980), in old ~eul~s 

II'OWD· on nutrient brOth,. 

Volns pbaae contrast &N eleotn'ft! d.cnecople 

prapantlon&t Uoletn ot AMaJr11JRf lusvtt bed olanl• 

t1e4 late· tw &NUJ>S bJ Hepd aM neaealt (St80) t 

t• ftlek ~ed. rod• (ot.- e.o-,.o a· t..J-,,.o a) 

w1 th one f'lall&llum, toftd,ng a pt1U.cle Sl\ aUJJ.eolld eedlum • 

. a. -.sm1~t twlate4 oet1e (e1H4 '·5·:es.o x ,_.t.-.5 umJ 

with e~.ttsle ei.Mua f1aaet1um en4 aovlft& bao1t cmd toflh 

alfm& a Offt\tnl ula .la ·oodt eorw ~albte, alao tome 
pe111o1u. 
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PhJdolosr .. Jt can be grown. on a td.mp1t 

.,-· . ~ 

l*tlUI'.!l 4eser£ba4 tw Doberelne:r and Dar (19?6) at a 

pH of 6.8 u$1.ng mal.ett aa e source ot oat'bori~.. The 

.tate ia utlllae4 taet and wlth lt the pH of the medium 

rleN,. the o~~nl·ams be0\11'4$8 4:naotl:ve a't • plf of abOut 

7•8• Okon ,& &• (t9?6b) rno4S.tled thie medium bJ ad4ltlon 

ot tO s phosphate alte to lncrea.ee the bUtt&l'1na oapeol tr 

o·t the mediUJat wi:tbout eft¥ to.xlc etf~e on AIAOdd''Bm• 
t:he pH req.rem+:mt:s to• gn\-tth of tble oraantsm ere 

mwtestatloras of 1ts ••rme .·nl,rogenaee. Aao.ISI&d1&• . 
ta e •oroeenJphl.l~~· oraa:niam nqulrt.na an opttmat p02 
of o.oo.s to o.oo? au for N.trosa tldtt.oa. It •s 

also oapable of utllt.~lns e,_nla, reqtd.rit~g a ,o2 ot 
o.a atm. the rete ot sm\Yth 1s voey' tt1st \li'J.dtr suCh 

oon41 t1one-. 

A•airW. uea oronio eolcte 4er1¥ed tram 

ft~rmentlon. Mal:ate l& .nect11r ut111ee4 and therefore• l t 

la -~~" : commoftlr uaed tor t.eolatlon ot thle bdtertum. 
suoolnate,. J.ac:t:ate. pJwvate and citrate can also be 

us-ed as $0URe ot carbon with equal ettlolencJ'• . Dtet . 

ettloltmOY ot ttto c .. aourae ut1Uutloa le Up"NSSG« 

S.n teftla ot ma ot ft tlx:ed per tn.tn ot C...aotu~c.Hh file 

· eftlctenclea ot alx nlttoaon tJ.alng bacteria o~ 

ln hwnl<l tHpl.ol h.ave been compared ltl. fablo 1,.7 • fhe 

speQlt!c aot1v1 tv o~ AIMIIdiJIIa .tt.~oa ln the :mttge ot 
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ra1l1e t.7• CC~DJmrlton ot lttrogen ,...,._ Btteoleft01 of ·Some 

laetet'l.t~ fount 111 Humltt f"PiH 

Bu~:atea 

AIUOMGIBJWOBAI 

F81t.Jdocsona4des 

IPIRJLl;.AO!Wm 

.AIO!OIACfla & .. , 

oii'.A-1!lliA . - M .... ~ ft-.-. ... .._. 
aVOW:'W AI· p a· u.IHJI,Q;"J 

1$,)0 ••••• G-80\IJW 

1200..5000 ll Mlt Ctlfl/b/ 
• pJI!O'ida a 
'•'' t o.;,, as. It a•1 C.so~ 



tZOO.tSOO n moles of etbJ1ene po~r mllllcam p:rotelft 

pe hour which ls aa Mlh ae the ~atee reporttd tor 

flf#e 11Ylft8. nJ;;ot.J.,a .-nder Jdlli!m condJ.tlort (Kuru 

an4 Laltle, S9?.$t liOOoml> .cl al•• 19?$t PQM- A• 
19?5). 
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' . ~ . 
the nitrogenase mm • llat- was tint leoletect 

1lf Okoft Al &• ( 19?7a) af!llns ctt11 ft"ee extracts. N1~· 
. " . * . gtmasa "<t~#d M& and mn J.ona aftil ha$ an optltnal 

pH nnae of ftt.l to ?.4. Llkt 1ptber 4laeotrophs the 

111. W.gemuse 1e 1\ighlr eens1 tt,ve to moleoul.al" o-qga\ • 
. . 

nqu&ri.na J02 ot o,,oos to o.oo? atfli. . Tfhe apparent tua 

ot lte nlti'OiflMM lor eootNlen• le abOut o.oo;f atan~ 
I 

ttlt~genaae extracts of .. l&llltllll loose the1J:! aotlvltr 

on mnge #.lt •18 c. However. tho eetlvi tf oaft. be "aton4 

bJ ..Una aettve Fe.prot•ln oltdMtt !Wm other· N.troatm 

tlana.lfaotelte, wlth Ya~7.\n& ..... ~~ ••••• COkoa 
a·&.·• ltf?a). the Po protein ltaelt ~equl.Hd
acU.YatAflft factor* lhls aotlftUD(t factor taft, be 

auttatttutn br that ebtalned mm the extracts ot 
lllt._&dU. IJIFMI; Wboee are the onlv two, aoUva-

tlns factors lmovm to replace eaOh othti" t61' Fe•pro~ 

ot al.troccmacer:• these propertr ot Pe.proiet..n can bt. 

•4• uue ot ln repnadng end denpn$8l,ne nltlogtlla·se 

aotlv1t7 at w111t unter natvel oondit1tnth 
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Ml-...ate reduction ·!"' _.StuttJ..ee on aotual contri'b11~1on 

of tbe nitrogen tisetl b1 rhlaospbere rdcroorganlmns 

(ma.lr4r j&DidUJI) l'eVealett that onl.v 2~50 per c.ent 

.ot tbe nt.troaen tixet.t bJ the ~blont oo\114 be 1ncorpo.,;.. 

ted ln the host (O.-.PolU I! al•, 1976), the oaun of 

leaka&e o~ rest ot tbt 50 to ?S pu cen\ ot the ftxett 

nitrogen 164 to the 41-•17 ot 'the dlst1mllator;v mtrate 

reduc.tt.ora b1 ReJn and van Berktlrn ( ·tf?7). thua, 6~tuid• 
&Ia mt or4r a.ua atJnoepherlo nttrogen bUt atao O$talren 
dritrif1cat1on uM.er oqgen 1itd.tl.ftg comlttona, saott . 
am scott ( 19?8) observed at®ltan..,Q N.trogen fJ,zatlon 

. . 
am reductlh 1ft anaerobic C\dturee. they obaarved -that 

those mut~nte Whi-ch did ne·t have nJ:trate re«=tese eyste 
I 

. •· 
also 414 ·not· tlx euttlolent nltme• ln preoeMe ot N03 • 

tonllbing the~ NOJ ~e4uct1on I.e neoeaaaq to~ the No; 
efthenoe-4 nlti'IO&enaae act1vltr. Jt hae been eugseste4 that 

Jd.trate l'tap!ftt!on ·provides the Aft tteceaea"' for nltro• 

gonaee eettvlt.ft lh• obse1'\fat1on ·tt!mt, at el.J.&h'Olr 

. b4her ttulrt prime~' J.evela (to 1111 flO;) •; beco.aos ~nblbl· 

torr to QltroseJUJGe aotJ.v1t,v ln ft1•• mutan'ta laetclrc 

ftltnte rtductes• eJ'etemt led to the rJallutt.on 'that 

dteslmUatorr nttn.te reductase ·can re4uoe ft!trate to 

nitrite• and rd.tdte it tml'e4uce4 S.naotlvates 'tbe Gft8Pte 

nltrogenase. Most of the mutants wi\leh aft lackS.ng 

4lGS~atorJ ,N. VaW redU<;taa& (ftti'•) are alGO 1aeld.ftS 
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nl trite .-eauctese --'(alr•), fhe oocurano• ot nr• mutants 

la l'lOt a tneb observation (f40tohen At ii•• 19t6lt~)Dr 
uet.ng chlorate reelstanoe method (Pl~ .d ,fll• • 196?), 

Megalhaea Jllll• (19?8) «escd.bed the occurance ot· ,.• 
· mutante which were n&r- and vlo-e-~. Aee~. foul" 

tnea ot mutants the ~r• • u•nt~+, mr•r:e+ end n!,.nr* 

mutants occur t.n ·"the natural poputaUons ot AiaiJ!d3Jg. 

Jn llaht of tlds tmowJ.eqe, the baslo slmUai'ttr 

between organiaa of Gwoup I end 111 (S81l\PiO At al•• 
19?8) was establl.shecl oontUml.ng that tile SlOta) 1%' atntna, 

NW untter A• Uld1Dit 4o not 4tnltr1fJ' btat a~~ate 
/ 

Ntrl.tt tonne<l tnm ndtlOtlon of n1 trate, which 1aclt 

4leelml1atory ftltrlte reductase •• othei'Wlst ldelltloel 
\ 

wlth eaUp l tn a11 obaraoter1stlos lne1u41!)8 DNA 

Mltl01og (Kreig, 19??)• 

Host epeoltl.oltr • De-Petlll at al• ( t.980) haVe 

further 41V14etl tbe lt:'OUp Ill Ol"AWnB f.ato two 
oategorlea. Ofte j sola'tml tat'Om well aterUI:Jed t:oota ot . 
Cftlin crops (tuOh aa SptO?, tO?st;,, to6 end 109st) afl4 

aecon4 11om root ma*face .tm(l rhlto~JJh .... soU.e (aueb aa 

Sp28) • .; ca-.oi'J' one tone pnclpl tato wltb ftuonn'lllt 
entlb04J' ol>tdned mm ntorenc• strdn SptO? but •t 
"'"''- tha-t '-m another lt»'Q• OraanlDJlt ot tbe second 
oatqb1')' naet wlth ftowes)nt antlbocUC!s ti\Oa Spd end 
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not w1"h that from group one organlems. !hJ.a Npr&stftta 

some Jd.nd. ot serological dlfterence-e betweon boai· plant 

specltle groupa· witb1n th~ ;pepulettona of thle nltt1Men 

tblna asua,latlve srmblol'd. Whether the aeroloctoal 

dlttft"GltCCe enable the Ollaftlsm to eetab1leb asaoolatlon 

wlth apecltle> ho-st or OOI\'V'eree1J' lt ls the assoolatlfn 

of the Ol'Aanlem t4 th boot that lh4\leed tbe ebeer¥ecl 

~lo&1ea1 dlttewnoee, Je a ques't101l 1dll.ch OOU14 oftl.r 

b.e ~- through iurtber studies, 

HJ4rogea tY01ut1on • A Ollantrteri.stlo tfOP•rtv ot 

4la$>mpi\ele tb·tlr •bllltr~evolvt ~- e10ftl wl·tb 

ftl'boge f134tlon. Hfdroatn evolutloll In Clla.otJ:optt• 

oan oceur., tlu'Ol$1\ two 1!1depel\dtmt pathw~Jts. fhe 11nt -

pathay S.a hJdroaenaae· oatelJHdt ""•"1b1e, lllt iYl

deperulent and CO lbh.lbltd (1Q.ft1Mr aM BUTle• tJ?O·t 
I . 

ftakos P4 Rorttn':).JOft, 197?) as t 

. . + H,UO~GMfl• . 
_ Perrt4oxtncre4) +a ~· li'i'"~~·;c •• · ~- PetT&ttodncox) • H2 

I'M eeoon4 pathWAl' la nltrogena-.catab'e.S. lt:NYerslble. 

A'fP 4ependent • .d -~Ar~ ~ • blt«t 'b7 CO (Win~w w ~.. 1968), ,, . 

ea • 
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the oharaot•d.atloe that dlatlneulab the nltrosenase• 

troa brd~t~t&nast .. oetetrse4 s2 evo1ut1on ttatte be$ft 11ttetl 

ln fable 1.a , 

table 1 J.B •· Chereotor1stlos ot Nlt.-ogenaee am HJdrOsena.H· 

Cata1,-ee4 RJdrogen. Bvclutton 

Do 110t roqutn Af'l 

'Unaf'tec'tlll • ~'2 

Scmslt1ve to 00 

R<Weralble hJ4rogen 
&Vol:UtlOl"h 

J.'fP dependent 

lnhlblte4 bJ N2 and CtJ2 
VnS.tihi'bl:tod tw CO 

lfte'Veratble hJdnsen 
evolution. 

the evldenoe to .. mul t1p11cl't7 of the tues of 

.reoctlona cate1vee4 bf en~ nltrogensso edSted prior 

to l te <llecov.e:ry, Jt !e Jmotm to apulr$ ·vadous oJtlda

'ion rot~uotlol'l levels nnalns hom •1 to •3 4-epencalns 
•n tbe clustering of the 4Pe4S ted'e40x1n prote1~, 

the tn~ nltrosen&Be also extsta at twc) othe~r lev&te 

-~. aft4 -4 1n .a441tlon to tbe·se 'tbrte reooa lft"ele. 

en tho baeJ.a of lmet•ledge gained from BPR and moeeebaur 
s,ectJtO..oop1o atucllee, !homele¥ at Jll, (19?8) .ltl@ieltte4 

tha.t a p1»ton 1e converted bto 1\Jdrogen atom at tbe ette 



ot b)'droaen evolution 1ft URlJikiUI aBf)lliAD.Ifll when 

re4ox potential ot nttrogenaee p11>te!n dnpe. fro!ll 

•2 to •:3•. fbe reectloa teket place .ln prosenct ot 
re4uct$nt and is Aft! ·4oement. the o-.Mt state 

ot the en.,.. lt· th.en l1tstorod v another prott4ft 

(Kp2) coUplet •ltb a t~er lnve:strnont ot Aff. 

Bvo1u"t1on ot 1\Jdntsen ·Can aleo occur throush t.rdii«e 
tormat·lon (ftomel•r a Al•· •· S9?8). 
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It ls tnown that co l.fthlbits the rdtrogenaee 

4tpendeat suttstrne redllot1on except b~aen evclutloft, 

&t was, thereto~, tNMested that nltroset~aae posaeseea 

wo bln41nl dtea net1181N (a) a blah etf1nltr co eitt em 
(b) a et.te wlth ct~t1YelV low 00 afflftltJ,. When co 
le boW\4 at lt«t blah atllnltJ e1te. 'the eteot•n flew 

to the. N2 JtettucUon slte lo lnternptecl 1a .aue)l a war 
that an r.e. .. s centre beoomea oxl4lzod to •I 1tv&1, Whe~aa. 

when seoond co molecule b~e to 1011 attlnltr d.te., ·the 

centre le rtdtteed to •3 level. ftts e2tplalftatloa h ln 

liM with the ehafl8ee observed ln the BP.R apectrwn ot 

the PeS protel:n. e.t Oht!recte1st1o ~~ • Values. · Lowe 

&I -" ( 19?8) tmplainett the eame J)heftomtm.Otl 1ft terme of 

4ltforetatla1 co ld.tJalrta to the 4Pe4S fef"l!doalrt apoclee• 

arteot1n& tb~ ovca11 d1atd b\ltlon of ttte charge on the 

actl vo s1 tea, enaulng the OharaoteJ:i1etlo chana to t.n •• 

Pes pnteJon. 
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the GOIJMa tlhlch aatll1Jce ·'the "veftJ&ble 1-'eactJ.on 

HI -.••• 28+ '+' t.e• an pretM,mt 1ft a t44e Yel'tt'tf of 

mtcrooraant.... 1ft autotft>Phio ana hetOH.,hle, 
t\ot'Oblo end a~1>1o- teotert.e. in prooarrotlc aa well 

aa ~t1e elaatt s.lth At 11•\(1976) ._e4 uptake 

ot 'the ~- eYdlveA ln the nl:tnaenaoe utivity bJ' 
• epeolaU.ncl ay·st• ot hJdnscmaeu, wblob 1•ter oue to 

u tmown aa brdJYJitm Uptake (Hap) uohanlam wblch 

catelrees tbe I'GV'erat nect1on, aa • 

!btl posattJ1o ·nlo ot tble hJ'drogeaee cata1Jat4· 

Ha reut£1laatkft ln vartou.• ril-aen tlxen (ttrn4urt 

. •~ ei., 1953a Dlxott• 1972• 19?6• SObUJJert fiM evans, 
l976t SIJ'!:th 1t1 alt·f '"'' Bothe &'\ &•• 19?7t :t:~n 
D'l Buftls. 1t18J fel.OZ. d. ala• t918t Par" tt?t), 
appears (a) to roatore AD and the ~ant that would 

otbewlae bet 1oet 1n hJ4roscm evo1utlcm - nltl'Oimta88t 

(b) to ~· O,a Ina elte ot afitl~ltJ eftd ·auow Jt0rtl1al 

· flll'Jet!oftlna ot nltro.e.mase entl (o) to· pmtmt ·x2 accumula

tion Mar nltrogtmaee Whioh le kftoe, to 1ftbl.bt.t ·ftltrota 

flutl•n ('Bothe a ~·• 19??• J.9?8t teteteon and. ~e, 

19'181 Tel·Gr &l a.. 1918t ,.,. 1919) •. 

,~·tnle prccen ·Occu:-a, at: eu'be'tent1e1 .ntea ·•nel.na 
_tnm o.oot ·t.o ?.16 p aolee poi! h per g of ftOdt.do, in 
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·>/ 

var1~ua etrelne ot BblalldMI ~llin.llh •t e ~tGlatlve 
.etflol.., ot o.2o to fh99 (AM- 2.1 to !?·11 Jt mol• pel' 

b per a fl04ttlo)t the b1dte&er. wolvtS:.on ln Aad.;f.l ~anges 
htween 0.09 to o.s )l mol.tJCJ p$2:' h pet> s h'ortn welaht at 

. 
,n "lattva etf141eno:r ot Ot,OS (AHA.- o.)4 to· o.9 P tiiOle 

pet.!' h per g tnsh wslght),. the hJartgen ·evolllti~ ra.tt;l 

ot.J.-~- vanes betwm t..o ~o '•' .u ~n~1e pa- 1\ 
'1'\fit,;, Md Aftu· . . . 'A-t"""h"' A-A II lU.. ... .... .._.Aft...., 1· :5· ·- 4 ( n _.. •. 6 ~. J\ F· • ~· "'q . ,_....,. ~n tuN "'""" UVYW9~U I . ~ . It~ I"" ,..,ji;;'iO' If""... . 
"' - . --- . 

pet ms oe11 proteln at a :r•J.~tlve etflclenc, ot o,as to· 
a ftt\ f""e t,.ii0.-A-llt.ft1ft ..,..*01"'" .,.,. -ft+•r"f. -""' -""'"*-'""'•tAM ""·'""'A ¥~;77!J . U.. 4'9"~~'"!1-'' V'f.'. · ¥ ·~vftt, ·~!~iii ~·~.1~ li~'Ailf .. y.-~ WN 

table 1•:9• H.rdtoion !Vo1ut1on .• · ABA a11t1 RelatAVI Bttlo1encleq 

SJ\ Various fil.;t:n>sa Fl~ng tllcJIOottgalmas 

BH1ZOBJW 
LBGtJMJJro~ · 
SAftlll 

A~RA 
AZOLtAS 

=~= 
.ANABAENA 

2.t•t7t17 
)lm01YJV« 
fred\ Wt,. 

o •. ~.9 
»mole 

~'1\tolutlon. 
,Itt.~-_ lift· •• i • ,-_·lrr~n.~ 

A& 

Oi.2&. Pq ·Ct9?9) 
0~99 

PtJtet"So~ ancl 
..... Burtis · ('19?6) 
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Valng Ootltlnuouo mass-epeotro•tric 4e'tectore, 

lerlt.er en4 L:eeptna-t (t980) hevo· silo~ thn' A• IDIJ31DII 

possessee en aeroble uptake hJdresenaae ac11V1tr whlch 

recrcl•e au the 'h$tdrogf.m produced b1 the n1 trosenaee 
and. ttmt \lftder .enoroblc con<ttttono 1t : oxhl.bi-.e .a 111 ... 

Ureottonal aotlv1tr.. In mlo.roaeropb111o tlxea 1Slta 

4• Jalai&IAU:~~~Atoh btW& ob1A.~ate 4ep6ftdenoa Oft ex,vgen . 
t'o~ thol_. aetabollam bUt. thelt- rd.V4senase gets lnactl'Va• 
ted bN tal»tr low partial pressun ot ozvgoa. the ·uptake, 

hJdrogMaH coutrl be expected to pro'ttl4e thG neceaaarv · 
proteQtJ;on fo• nl trQgenate complex. eftd oleo a J.ftcneaed 

ATP rte14 through .oncrgJ galn resuttlne trom tttlo p:rooesa. 

As emphaet.s·ed b1 llOrtenson (19?8) the hydrogenase 

oonoentratlon elwars 1ntreas&s \dth derep~eeet.on ot the 

t'd:trostnnmh Is "'"' ooods'tenoe ot the- these envme 
oomp1eae.s e more colncl4enoe ot' th& t\WO an aetebo11oal.17 

coaplementa.-r • _.eu&ns to be solved. 

1nooulat1on studies • As CJOmpand ·with Rhleobl.um 

rtot enouah J.e ~~~- abOu't the ini1t(vlon en4 pnpap:tlon ot 
' 

•• , l•l.altlllll ln ~oo't eratema, botb 1ft etor11e aM lasterll.e 

eotls. Xnot\llatJ.on \d. tit tht o.rganlom 4lct m-e, al_. / 

lno:rase plfmt ~iold·$• Wh11e a: \'01')1' su.ocesstul tleld 

inoou1.at1on uper1meli1 wl th 1\Agh fd.crotJlal tlaetlon rates 
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Q•rreepoftdl.ns to· lfo its it b~•t 1n the pl.'Gstnet of· 

,.0.80 q I h;J•1 of totrtUlnl' N WJ.th elephant lt'a'SS 

(Eal.aam »JlDilall) cmd ¥nee grass .(&DQIIA ua•) • 
oultlvere eel~te4 attar ·eatenelve eol'$rmlng hat b«Jen 

reported. from ·~orita bJ Sld.th At al• ( 1976a, b.· c), 
rhlt10.sphel'$.c rd.ttl'Oaen flxetlon of 120 aoraha am 
25 lnbrecl aalae oultlven lnowlate4 wttb A• UlliCP' 
ln the 11·814 ocnttltlons in onton was fted.lllblt (Barber 

•llt• 19?6), At$0, lllOCUla'd.on •21Per.f.ments wltb 

4-· &Utlora end .S. eo \~Mer ~een houtt eol'KU.t1ons 

oa~J.ed out tty A1bl'eeht ,as. l4,. (1971) 414 DOt show tm1 

posttlve efteota. at Yarlouu oomblnatt.ons of 

1UumJ.nat1on tm4 ambient tGmpetreture. 

An tnteulve screening le ftllUlred tor suttab1t 

lloe't ,p1ent out tlvartt. As not all vat-1e-t1es ehow 11t41ar 

response to lnot\llat1on with 61UPJ.c&UJD• fbe woa .of 

Smltb d .a.. C1976) has sbown 'the" ofti.J a ou~ ot 4 

var1ett.ea ~ncted ie~urabl.f to lnoculetJ.cm r.maear 

experlaefttal oomltt1one. Work of Bald.eld. and OOberelner 

'( 1980) also 'Dhows the• ;lllll£d,IJM stJtaS.ns Wbt.oh 

aaclus1ve1J aasooS.ate4 with aiM werE! 4• a&MCt.CIIIt 
wh11e 4• _.31UI nt.r• ls epeoitle to the note of 

rice plants~ 
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fbo neaattve rtpOr'Cf ·tit ea.tensJ.vt field. ~~·• bJ 

h$lf At Al• (1976) Ql'lct A1,breeh1i IS &• (19?6) in »at 
eaptr;tmento mlgh' btr9e beon thl! ne\ll t ot lnsu.ttlolent 

eft8tt118luttont ot .A• lbrlttrvm dUG to ..tcrob1e1 •ont>etlt1on 

erd/or ineuft1c1ent adeptlon ot the inoculum nnl1Ul the 

pN"SpQCt.tve boat plents. ft~ctmt1y $lsnltlctmt lnorease 

ln. 4W W$1gbt aNt total N•content have bi!tm show bJ 

Kv· a 11·(1980) and #ub)a aao .. al· (1980) in 

lnooulat«Jd p1tttttt. 

The epeoltie cU.ftet'(mOti ot nJ:trogtJU1'B& aotlv! ty 

of malee oul:tlvan ~Jrt•4 w von Bulow and DO"ber-elner 

(1·9.?5), Ooh«m ,d. 4.t (1980) and NU:r· J$ 11• (t98t) ~atlrlr 

tnd!qatt4 the ,ossl\1.\1$. t,J' ot estabUeb$.2\4 etteot1\fe 

cm4o~1eoepheH aaeoo1et1f.l'nlt through oaretul. a~td.ftl 

ot ee"al cu1tlva..,. !heJte .is e nee4 to etu- th• lrth9J1"etlt 

methaM.Qm ot tJOtnpatlbUltt l>etween 1be mici'OSJ'ftlbloftt an4 

the rO()ts ol host plante tqr GQ1Qi:t1q the nJ:troaen 

ftxt;M JO'tent:1ol o,t the eftdoltti$oepherio tt$soelat1o1ls~ 

A na11et1c east.sament of tho re1st1ve contr1bt1\lon 
of aoso~latlve spblotto eystmne to overa11 ntt~et1 

o:vaJ.lnt ot b!.lilQphere te d!ttlcldt on aceount ot paueltr of 

qunnUtatlve 4ata an4 a laCk o,f SJ'Gt~tie surve1 tor ldentl.tJ•, 

1nl the vadoua snsses. eeqee .tm4 ottu~r non legutd.noue. 

plt!tnto ,osseeelng ,iooee SJ'mbl toll' .aoaoc1c~!ons (ftb1i11 1,.10). 
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Table t..-tO~• Betlmatee ot til trosm Plxa~on RatetJ Auoo1att4 
,...a·;tto. a-., ... • _ .... ·· .· l'fl~st• ,. ..... - ... ~~ #{~ Lt~. ··MA ·. 8 · ..... IJ ,..~-~JIIIillt~JII'Sf . . 6'9 . •• ""'"'~ -,r.v o-w ' 

181 t. -Ch G1'l4 JiU'lfl$ IOOSN-'.., 

1+ htab11shed GN~drKII·t 

h'drte Old.Po• 

8a¥11U11: 

.a, c~ o-.'*• 
·~ 

COla SO•Ah•~ 
Com 

SorghUm 

3• Lesmaea• 
Gral,"~ 

Gftln~ 

,.,~,---
Ff'l,._,...ilii ·t . Mfi'HIIIA·• -Q~ ·G0 -t011 

Oftgon 

Bndl 

;r.,erate 

~0-
ta,pemte 

~-at 

'••• n BemUJ '•• 
Altalta. ami f.llov. '••· 

' a.,.,,, 

.o •. a.o., 
0~:4 

,~128 

t?•:af(t 

23-,2&· 

J0-?00 

Jo-dO 
t.a~:;oo 

Beterenoe 

~-UCI (19?8) .. 

ht4 a a1.Ctt?tJ 
Vlasaa At &<191') 

f~~---DiJ:il·e (19?6) 

·-~-lOMB (1976) 

9d~u (19.f6) 

lahn4reau 
•• (t9?6) 

lar'bel!' d 4tt976) 

~~~ etl4.van 
Bedt• ( 19??) 

helt~ al4•(197S 

•• 
• 



'• rtodltlatod nonaeauaea ·(Po~.) 
9~..,. lftllft 
'led.follta --$. 
M.mte 

et•e'ftli• 
Aln'lm 
t:'UtWM 

s. ~ali: tfai'Ght 

.. ant!t. tfO'WtltO'tl V~rotlotis ·· · · ·.· ·· · · •· 

ca..iliillo&.· .. ·.·•. . R""--~·· UM'W.. .·Y~-~· Mektmdel 

-11. llaliM Boo.qetlll8l 
tk-.. • ··ust.· ···• a Tili · ·· ·· ..... ~ . ·.v~n~• 
t~um 

. 1.50 .,, 
1.·~>~~ .• ,..,.. 

·.~·(19?1) 

K~dA• tlt?8) ' -

Clock- .... hloJt , .. ' . (1955) . 

»ale~ (t966) 
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tho .lltpo!"tanct of, aiJIOolfjtlve S¥Sblotlc f?N•t• lh t~t• -

nl'-sen eomtt~W of ttte bloe»be~e leiid4tnt tiOJll the 

naults of 1MOtllet1oJt espert.menta ·wfllctt d1oW a ~- ltS 

Of B gail\~· ttft4er ftftOUI eooe,at&mJ (SDbba 110 IJI .i1t 
- ( 

l9?9t Dober.~ or, t9v9)• lbe abtUtr ot ~IIOD lm4 

.... knOWn to Gnttr J.nto Jd:t~ tlxbta asnool.atlOft 

·f4ttt badeda to pmleUN J:Olao the need tor; ohetd.ee1 
nltl'OSfn fertUlnr!i hae bt.n proved lteYomt 4oUbt ln 

exttm#lve tt:t1at• made. in lndle 8J'ld t11f11thore (Subbe Rao, 
' 

t980). ll~P"Y_. t.. t"fflolenog or .auoh a1'JI001atlou 

iftrough ... uo -'ts6ed"St bnedln& s>~~ tnd 

e&JOm>mlc prattlcee oft:e· au~ve O»»>rtunitloe tor 

~-·· 



. ~CJJAHER XI 

, taTIRlALS AND remons 

lliSORIPnON OF THE' ST{ll)t ·SlU 

the stuq G1 tee wen located. S.n tb(t Union fe.nltorr 

ot Delhi., partl.oula.J.'lV around tnt; .JRV campua Gild the, 
. 

No DeW Rif1Be which «>mpd.see ot an 11JU)ven l'llll:t area 

wlth ~trlflQ ravtnea el\4 ahou14er1ft4 rlba or roette~~ 
fbe ao11 texture VU161 hom S~fi 8aft4 to tandJ' ltJamj! 

SoU ,mo1a1Jtll"e, ·O•ept during th~ winter months J.e low 
. . ' tor 40et pert ot the feR, fte 8()11 :pH VP"les float 

6.s.-? ·and orpl'do ~bon trom o,.os-o.s .p•r oat w/w. 
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Xn a44t.t1on to 'the abOVe eites mam plant; occurin& 

en the margl.ne of t..,nrr an<S pe-manent wet1e:n4e' ton the 

rte111\boumoo4 of \he JNU· campua, eOJ'Oes d.wr J.eauna.,. near 

H1n<tsn river., Dall~.JPur fhemal Pt~wer Statlon aftd. the 

lndrapnetha Thermal Power Stat.l.on, were also etud1e4. 

fo,utati.ons ot 1!\Breh pl.ents srow ln ball w one meter 

deep watt!r on tho wet illtl~&lnl of aql)atlc hab1tata. tfhe 

colla ot theae ha't4tate at'fl slit,- or eatdr 1oan1. In ceneH1 

the surteoe eoll baa e pft ot ? thou-Sh 1ft the aub.eurtoco 

1,&¥~ lt appro·a•bes 8.,9•9• fhe organlc <Jarbon var.tes 

between ),lf-5.•7 pe.r ·eat w/9 •. 

. 
otn~rae't•d.aat by .e~s of -t-.eratnte va;ey:~ be~ 

' c to, 1J6 o. ctv1ag 'the· t4nter (Dechlb&J-, Jall\tUJ:N atul 



Pe'bwarr) aftd th•_-~or (Mar'~ June) seasons. fht 
. .--- ·- . . ... , -~ 

avenge ermllal. ftbf-$11 Of the 8:ref'l is ?16 U; 80 per 

oe11t ot \¥bleb is nst~l~cted. to tbo I\OnSOOft pe1od 

(August and September). 
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A total ot 16, non legUldftoue t1c;wer1ng plant epeelest 

11 biionslfta to temtlr' -mlnea•, ·' ~o ~J'Peracreae 84 

t te. TJPh.aceae were· eaeml.Mt'l tor .valua~iDI tb.ell' nitrogen 

d.a1ng abtlt:ty. Ot these I plant species nGW(tlV • A&I:PIQII:U 

llliiJ.I!UAI• SIAiGI .I!Qtw:i41Ji t lllllrlttbiDJan UBD$i'!BJ• 

Qisbada .altUD'II&~t &&u;s.asd.ie Mamltl11dl• ~•u'U• 
G,aJldllb an4 §~UIU UrsltmSDI ~ artnWll and otheJW 

10 wen p~al. fhe · .. :marsh plants eampled from aquatic 

habitats 1M1t14t ID&Dii rdVDJJMt. lf.ari*ILI »i•lttl~J ·· asa 

IQ·IWLl&dill Aa.¥&4PIIli ~-~ SJJMmll&l - ZIR.ha·•. IMJJIIGD• 

seven plant $J;)l)Cles nae1J.• idltr&ta»AI Udllll 

liiDtllDII ui~&arJa. Gat.maatatlbah Amkr-&.nn.&a lli•bAlaasa. 
J;liStDIIiiD II~• i11N»IalUI, M~:allll:lll -" fi»J:tl 
AJ&U.d&M~wen 811\Pled foJ: euGOMlltr la .M ltttl'flt.J. 

ACBmBN! BSDUC2%0N BIOASS!f 

flltroaomse actJ.vitJ wao 9'\"81uet- ualna acetNlone 
l!"aductlon btoaaee" (Burris an4 Scho,lhom-. 19?,), •• 

btoadtt}t oo,.,risea ot tho to11()'W1ng main. four- Gt$p8l 



t. hmp11ns ot eo11-..root co-res 

a, Ac&tUl&rle generat1ofl .-

,. lMuba:tlon of eo1l-.roat Ot'fre-s 1ft 10 pol." 

cent acetztlene .. 

4. Gee Ohi'Omatosnphlo aUl$e1a o:f etbrl&no 

prottuctlon. 
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Saap1tng ot soil RJot cores • A ao11 c..,·dng d..V1c• 

was 4edgne4 and faldeate4 4ndliono·ut4N fer the extrectlon 

ot intaot undlctunod eol1 coree of unifOftl eime fol' the 

evaluat1oft of their eoet}'le• ~uotlon acttvl'tV•· the 

Oevlce cone1ete ct en lntoma11J threaded Mta1Uc piece 

·Of pipe of elee .s.a em 41e.meter 8ft4 12 em ler.etlh Which 

Ilea "e• 4eelgmted aa socket (A) -ln Plgu~, a.,t, the 
...... lit. . .. ,. ... _ ...... & . ·- .. , _...,1 ed t·-.-..'11!1 _.. ... 1 •~-. . was ••"'~ ~ e pe.u~ c. I;V~ .· . . • ..,..-Kll: Y"' equa 

1eftllth. !he ant4ett ban ban wppone« a. ~duntel 

bat" welded ln euoh a war th$t ·the marat• of kodcontal 

• tfal:'· GeJ!\fe4 a• handles t<tr tb~ conr. thee. eoote11 aocomo4atod 

f.\1\ ·e•tema117 throni.ed. 20 om lone pJ.pe lfhleh was ep11:t 

into tt10 equal helves. fh~ Urtt~ade<l etd ot tbo ep11t 

plpe tvas· se.ftate4 to act as cuttiris «t&e ot th(f e:oil ~:;orer.-

the corer wae cirlven manuallY 1nto the eoU to ·I'; 

depth ot 20 oa end tho corer •• Uttott olong 'ltb tbe 

eoll ocrel!'. the socket was ~screwed to ~• 'the soll 

~o't eon 17lns bdwe;a two hal••• o'f th$ split .iron p1pe. 
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A 

Fig •. 2.1• The soil corer. 

A - socket; Bt and B - two halves of the 
split iron pipei c1 ind c2 - nllts, D1 andt 
D2 - screws. . 



tho two h•tv·ea ot tlte pip& were soparated to obtain 

unooapresaed core ot aten4ar4 el.str (20 a .s.s em). 

AOetrlene gcmeretlcn • .\oevlene wa~ genented bJ 
rtaotlns ooued.cal &mde calcium oubl4e wl th water .S.n 

a speolal ~at'tlon •hamber doo~bft b1 Bums (19?2) ~ 

lftOUbatlon ot nl1 zooot ,.,,.. • Matve tU\d heatth7 

plants ot grasste a-l'\4 et4tes were etdecte4 abt soil I'OOt 

coree ~e aainJld lD the late attemot» an4 brousht to 
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the laton torr w1 thou-. de1.BJ• Eaoh ioll :root core wsu 

plncett ·1n a st$e1 intubatlon chamber tJltb • thrG4~4 steel 

tap havln& a at~bbaaeal vet port. fbt: 114 waa aecurelr 

tlsh~ o\'er the ebambe't an4 eea1ed, the ottambw ttes 

cheeketl for leak&go bJ waouauns upto o.a at~n, ao 
oham'ber •o tben ret111M with d·r-, at• 8011 :root to.tea 

wore tn<tubate4 to11iaw1na the setbo« desoribed bl W$tp.kemtt 

and. Duuls ( 1976) * fhe head apace ot each chamber cotltaln

lnB lntaot eol1 ron ton ne ~laced with !,O pot' o~nt 

acetylene uslna an alr tight. evd.nge,. So11 corea ·wt thovt 

t:OOt GNGtem : were also lncubot,o4 1n th& eWlot ~~ to 

serve ea controle. !h.$ lftCUbatlon chambers ~o aabte1ne4 

e1J a'btent t-.a~. 

Gao ohromatograp~c analyeia of ~hrtene pi'04u~c'tlon

SUbsequent to the inoubatton of ,eoll root core ln aodJl~e 



t .tr4 ot th-o hea4·~ space Q~ the 1neubat1on cha•~· wae 

sampletl at raautar lntot'Vals aM the gas saaples "" 

fU'lalyt.te4 la e, gu Ohtomatograph equipped with Po~a,pak 

65 

•a• columtl of 31 Om length onct a a ·uemete~r ha'Vf.nc •• 
alee ~too at a cerrter &ea now of lH> td/mln art4· iue1 
at·:. ;d/m!.n, ualna a 1\JdZ'OSO tlame 1onS.;atJ.on 4&'tector. 

the prntk 'hQ.ghta of ethJl<me wen .coupared with a o~rd 
ourve obta1tunt uatng dllutlo~UJ ~~pun. etil~lene (itm obtained. 

mm &/s JlathtliiOi\ ttct •. V&A· (Plg •. a.a). the eth,1tnfl peaks 

we-re t'tconted P. a 10 mv toshnlwal teoorder et e chm 

~.-• •o·. -"-·· -. _..,,,,101U II . ~ . ..,,J. 
JST.t~!lON OF ROOf BltlMSS 

FoUowJ.ng the. G\1Qtnsl•n of CU1$l¥ the •11 ~t eares 
w~ wtUlb•d fNe t~l ell. the plant :teote wen tk'led tn 

aJt eleetrio oven at 80 o ~or 24 h tor: .eatlaat!~C *" 
· wetght. lead $.PS:Cf •• detemtned separate1J\. ln eeeb ·o:uJe, 

e.tter tomlrmtlq ·tbe 'btoe88aJ. 

lesuJ:ts wen oaloUleted fo11ow1ns the P.roiedure glvtm 

bY Dart #l ... (1912)• 

fbe value otCJ}l4 produced, in uf4 0;111/b wa oa1ettla.Wd 

ualng the tol1o\dna prooedUH • 
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10 30 
n MOLE OF ETHYLENE tNJECTEO--_.. 

F lG.2.'l SlANDA~O CUP. Vi: FOR CALIBEP.ATtOH Of AIMIL NUCON GAS CH"OMATOGAAPH 
(SERIES SSOO)ATTACHEO TO A IOmv RECORDER 
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Cif.4 product«• ln uJ4 Osfl,/b a 

C-K. ettmple c.u. s !OI·t.&t.l\tld,DU&w~$lGLiblltll z K 
H-4 · · · · · · Vol.- in.3ect84 J.rtto G£C 

ldmaa CrJI4 blank e.u. a .tt)l.,. :Clt ltU.d·Weoe .• &o lt1U •i·~. a K 
· Vol,.. of ln~octe4 lntc OLO 

wh~re, c.n. • Chart tmlta (f!Umb&J:" ot tU.v.talcns) us04 tor 
aensurtna petdt ~liJht. 

K • ~ol181ocn feo• obttd.M4 using a otendai'Cl 
mlttiuh to oa1lbnte the cmroema'tepaph* · 

·fte value of K waa ftlou1ated ualna the prco«turo g'ven by 

-7 Dan et et. t 1972). · 

t m1 of too ppa of Cjt4 ocmtelnlna 100 a to•6 a1 •· l c.v. 

ae.t~ 1 caa4 ·a.t stf • 1 •lo 0~4 
t m1 soo ~~~ c...H.k_ , • .too. ..· _z ~.~-6 

'' ~..,. -•• m·,· !!'f•·.r.w. _, t"at· 

aa-.4 :a to' 
• o,oo~ .u 1101e o~4 • ' c.,u., 

• o.~ 
w· e ·r J _ t ,.. . t:t. tMli4K1&ft #\·....If:· .... X . JIIA 11J.iY' lijl'..,. '"-'~4 

t m1 ot soo ppm ot Cif4 contalmns .too ~. so•6 m1 • %4 c. '"• 



.-/' 

1'1\e rate of QCU.lt;l.ene rettuct1ttn WS$ detetnnlnetl USlflS. 

atralebt pert of tho OUJllllt, itelng tho toJfAUla • 

tihere. n1 and "a &H 'the fl\U1}00l" of rt moles ot etb~tlene 

at tlm6 t .ard t . Cln hours) tm4 a la the ID1ea ot 'the .. ~. . 2 . . . .· . · .. • .. .· .... · ... • ... 

aU ~ot core 1ft aquan fJJO_..,,. Ia ~sea, wha~ lt 

wee JtOt poa$lble to plo\ curv• because of lack ot 
trequen~y of obee11'at1onth ·the J'a\e~· was cslou1ttte4 

as tollowe t 

iotN .u moles prodUced . _ 1 ••'* . ~ e 
o)f(\lifi'.Xifllill-1. iFCUila.IIIUPC·.t·•#.U.DtO e JJ<lf, fJi<iliWA 

total b att•r ~ time • •rea 

.A ~~~ of at leaat \Uee GUOh oalct4atlorm waa: usotl 

to .-.,resent ·tate ecttv1 17· ot a partloulor oore., 
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A etltVf!J of oommon graaaea an4 eettgetJ was undertaken 

. to lctentlt; the N.troa•n tidftS apeclea lit tltt local. 

ecosretemfh About 26 epeclu of grasses amt sedge weN 

acreenea for 4etermlnlftg •he1r nl trogen ftdq potmtld. 

Pre1lmln817 obsert'atlons .1\ave rlWea1ed 'tbe't the :tollowlrtg 

t6 epeolos of lftl8sea an4 settees, poasest post. tlve ttC$'tf1ene 

n4uotloa (Aft) ablllt)t,(TalJle , •. 1) • 

GBASSIS 

•:AIIIIlU!t&l JMmii..SI frln. ex GtGUdtt .ldbd&IDI\J.PI 

lllhll (LiM.) A. Camus., QID$1llJ:UI&3~lldl Llm., · 

ibltda IIIDaSI (Llr&ntl. sw .. , GJ»QdQD diR:a&RD cum.> 
Pen,, ilallld,. 0Nifld81 (HtBit 6 it.) IfOftl<•t 

l)atD.ltdUDium asv.D&fa {L1rm.) ·lea••• lti~mPDUD 

.,..... (LiM•)• Roem en4 Sohutt •• - i:IDOJ-Idll 

Oaltldum tane.) A•·. bQt1l\11Dm msm~1 Ll.M., 

IAUUD21P IMDIAURik. Llm, .and iiPaJliJID. lliU&aaSUa 

Hoobat. u "• 

SEDGES 

a»u IIIUJI$1 Boll' et, Chaub. • 

QDIDI ,J:18Dlla LI.Mtt ····IDJ,Illl-J.Att 
(·ror8k.) llub., IDlDJil->Dost. 

A bJtlef· acoout ot each species along with theltt. 

acetgleM I'Muott.on act1v1tr .le glven below •(fable ).4)1 
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c, 

fabl~J , .• , • AoetJt.ane .Rett~Lon Ablll'Q' of Gftlea~ tlfl4· Sodaes 

Sr.~: 
:No. 

.I'll WIA .. -~' 

-.alect in/~ freutmt ll'IVes-tJ.MtloJ\ 

t. · MAPEOURUS 
MIPAXriN$18 

L 
2• BOUIRIOCK_!)A 

J'miUSA 
),. CBNCHRUs• 

OXLXARI$ 
• t;, ClttORIS 

IJAitBAtA 

J, CYftoDON* 
DAOftl.Ofi 

6, DAGWLOO!AUIUA: 
SOJf!SVB. . 

g, F.MPAJ:,UliiH 
,f'LAVJD~tm 

~· 

~-· 



~ 

'1'· fmrA . .ANGU$flitA 

Qlfii6SIAI 
t4. . otPIRlJ$ 

aot~mrms 

Pa&lBBlSftLXS. 
lUS~A~A 

SOXRPUS 
lrul3EIOSUS 

71 

5$ 

• .. fr~$J:f1. ~~-g_~t.~~ ~nm 
lo~en ~~~&fJ rJ!'e first ~rte ttl eGtllGM r~4Uction 
lnlJ.ttJn~ • 

. B ,. 'Mt 4et~ne4'* 



72 

ORASSBS 

AliJli.IU.GII DtlilfAtiiJ. Tdn. ex Steud • It le a wintel' 

o•aaon annual pasa Vllth euU denaelJ tufte4 leaves ·ttft4 

latenllN comprsseed p-aine,. snwlftS 1ft dJ.toboa eu 
ahdlow depruJJSon, Jt .tlowers and fl'tllte la tbt 1'110tlthe 

of Jutv to SeptombU\• !1\e aoetrJ.tne nctuctlon nte of 

thS.a plant h~ampled onlr oaoe) wa:a· 10.5 p mole m•1 h*1 or 

52 •. 6 n mole ,,·t <In not 4q •t,. · 

IJQSbliGAbloa.·UdJa· (tlm.) At Cemuo. • It lea 
d 

altmde~" erect pe~al ansa Wlth bta~ 1\0d.ta ard 

11neol" leaves, common in &ndng lar.uts and waste p-1acn, 

paeturee, etorw cr«v.lcea md on •eJ!'I 4rJ ao2:ls. ~le 
' . . . 

CJ'aSS n.owere and ~tall\ the mol'lths ·of JulJ to octobe1'._ 

lt ts a pdmarr ooloalter 1n ~ -mett habl-te~-. 
Aoe1Nlene -.tion by eoll I'Cbt contt Yaded l)etween 

?•tOO ~ ~Jtle rt•2 tt•1 or 30!•744 n mole g•t axy root _,. .. ,. 

A 20 h t1me leg waa observ:ed in some ao11 t:Oot oorea ot 

tb.la plant (Pte-. '•'), 

Qlnellnl l&rl&adl Linn, • It 1a a tufted ... ct or 

t.lecum'bent o4 gt'asa oeourlna ln a wide nnae ot hebltata. 

fhls plat\t tOl'IUJ a. ctenst ~~at on the rJ.qe amof1·g the butd\ea •. 

ln open f1e14a and alm1laJl hab.S. tete aa an ettlJ cc1onlae •. 

Onot c~ab11ehe4 lt la no't eaallv kl11ed out. It ta 

consl~ecl to be a .good pa$tU.t-e pass.-_ the aoG't-Jl.tmt 

ft4V.ct1on ot the so11 root cores of tht.e _,eo:J.GG nrase4 
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FiG.J.4 TJM£ COURSE OF ACETYLENE REDUCTION BY ·SOli .• ROOT CORES OF 
BOTHRIOCHLOA PERTOSA (l.INN.) A.CAMUS. iN OIFFERE:'.NT SEASONS 
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ib.J.Idt -ar:Jtaa (tim.) sw. • lt le a tufto4 

ptt~ &"St3 w1th ereeplftl baae. pr'OIUa&lV GJOwlft& 

•n paeture arcuntts At1d ln wlttvate4 lltl4e eapec!.aU.v 
' 

on eaftdJ eolle-. the soli roo't ooree ot tills eeolea 

reduce« acetrlene at 'the rate ot 20-23 ~ aolo m•2 ~t•l 
equlvatent w 188 1\ 1n0te; g•l 4r1 wot 4a,*'• 

IDGdAD Ull¥111 (Llm.) rer~. • lt ltt a common 
peNM.J.al ·ansa with at\ exteneivetv CrN»ln& base. It 

74 

t.e uet • lan &f'tlea aftd. aa cattle teed, Ac:e't5'1ene 

~tl.on ratea of thle ga.a,e wen toun« to VID7 bet\veen 

,a.e.-s.9" .mote. m•2 ~t•1 OJf $~.? n mole,.,-*" ftOt «ar•1• 

Ga.0Zi;t¥~tal lt.ml'J&SID (tltm,) · Baaw~. ~· lt le 

en annual gaaa \thloh app~ 4.urlng tho llOftlOOfl p$do4 

ort the Dtlbl ft.4ge 1ft oul tlvatoti fields 8ftC l:n: .op•n 

plaoee ottcm becWns a~t to to• • thick toft of 

plants matted \d.th the eo11.. tills plant llowen dWlna 

JfW to Oo•b'f!r.. Xts a.oet¥tene ~ductlon Ntt;t was 5 p mole 
m•2 ,.•1• an equivalent ot ·1..20 n mol• a•' 4111 l'Oot ~~ •. 

~ ,8ftee .tiloh appeat<e dudns .moneoon from Jdr 

ttmousta octobert; thlu C4 graea GrOt'fil ,Oft soi1e vllth a 
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56 

FiG.lS GAAPH SHOWING CUMULATIVE AMOUNTS OF ETHYLENE PRODUCED IN SOIL 
CORES OF CENCHRUS CILIARIS LINN. IN DIFFERENT SEASONS 



wlde ~enge ot •tcture contQnt end Ia eaeUr 

noo~Jh1aable br 1tu consp1ououe1J' bear4e4 uplke1Gta. 

~~ ,\a en S.ndloa'ht- ot 4ls-banc~ and oommonlJ occure 
.tn arOils wbloh euffet" froa varittuG. tJpaa of bumtm 

.aot.tvJ.t,les. file acetl"lent reduct1on ln eol1 r'OOt 

oo"a wae 32 1J •le rrl""2 h•l, f#ltd:vaJ.ent to 694 n mole 

s•t 4r, mot 4eN•1• 
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'ldmJAIQD GODSII$11 ·(Lim,) Rca, ami SChult, • 

·xt le er. erect tQfte4 e1en4er pe~a1 gftas e.ttalftln& 

a helsht of 1 m, oommoftlY fOund on the ridge and a43acon' -
hi.UY tracts Mar .ttehnU1.l and ·the JNV Caapus. ftlle c4 

plant $el:'tos ae a good tod4er lt ue-ect 'before tlowedillh 

fhe ecetyJ.·ene nttuotlo~ ·tw the .so11 1:'001 CON$ of 
~ . . ·-

111 ..... •• l'otordett upto 288 p mol• •• a tt•l• On 

*7 welcnt ~f!ie, 1t wedls out be~n 864 to 1100 n mole -

e•l drl _,0~ ug•t, A tlme .lag of C:.6 h lapsed b$fore 

maalmum stable 1·evt1e ot aoetvlen$ reduction -could be 

8flh1Wed (Fl&~t lt6) • 

Clllll..AiJI.M Qllidlm (Reis.,) A• Camus, • It te a 

'tufte4. annual srase wh1ch grows along caft81 ban!ta an4 

pomla on wet atmdr soils. ftd.a plant ttowm dud.ns Mar 

to October and te easily 14eniJ1fted IJ:Iom J. ts dletlDOt 

tnttoreeoence. .lte acetrtene re4uctton ab11ltr •s lourut -

to -~terJG& between SO.i9! J1 oole m•2 1\•1.• 1ft tema ot ttrr 
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root welght lt ls estlmatetl to b4t .219.52 n mole g-l 

·.42.7 root aev•t, 1. Ume las ot 14 h wae recorded bator• 

aoetrtene reductio~ . aoh1we4 stable 1eve1a. 

latchaJWJII tlm. • It ts a pondclouG 

ptaaa GoMOll ln unu.sect grotdtde, talJA)w tleltte,.. 4d.·e4 

ponds· and dOn& both aldea ot re11WQ' Unee. It lo a. 

penm!d plant that ttowera an4 h'ulte ln Septebol' 

1bt:'Oql\ Deoembet"• ft1e speotea ts a primer, oo1oni.·!R 

ot t~y ~xpoeed habltete., the eeetJlene rectue't!on 

~"ate rm.s found: to r8ftge ~Jetween 87•ttlt Jt l!Dle •*' h•t. 

A t1me lea of 12 h wae obserte4. 

deneel1 tutted gnaa whloh ·OOmMOn11 ~ on .tr, . 
e.a Wl1 eo wet Ju:.tbl~t_., Thl• plant .l~J use4 for maktns 

b'IOOrnth) fbt aeetrten• ~uet.lon rate was 20 ~ s16 m•R 

h*l (Fig, l?)• then was • las phase of 12 lh 

·a;gllQlmiJ.ut IIBHillt.Ui Hoeh•t• ex A. Bloh:w • Th£8 

epoolee 1s f.lftt ot tbo do~ elemoms Sn the vqetetloft 

of c}W hebf.tats end ocoure along I'OaUldes en4 Ul8l" or 

saline $011a. It ls ottM e'IMcietM with pl~Utt Uke 

!Riedl ep. and .&lJIIQl.l sp. ootmnora· to fJalt att~te4 .solte. 

Ita aoetylono re<lUCt,f.on Varied ma ~12? p t;t01G e*2 tt*l• 

w 209-3024 n tnOl~ g•l dey ft\Ot dat•t • A .leg po~od ot 

16 •10 h waa obsewed (.Plg. 3•8). 
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IN DIFFERENT SEASONS 
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·I).;Jlo :uuwsa aoey •t cba•b· .. .~. wt 
peftrlf~Sa1• rtarsb:v ampblbJ.oua Edli'Ub ocourJ.ng at 
pOnd mal'(d.na upto one meter cl•pth of water. .It 

perpeteat&IJ b¥ means ot 1 ta \U'ldG:l.'fli"'Uld ml eotftfh 

lt torma tht st4ge grass stage 1ft '1\rdJO.oen:t fte 

tUftt. coors• ot aeetrlent n<~uotlon in eoll mot 

cores sampled boa "to"tY·J dltferont looalttlu 

naaelJ, JNUJ HlM.an rt.ve~ aoroes Jemtma, le~u 

anc.t tndrOpnetha fhamal Power Statlona. follow 

tl\ .. tNP1'a1 B1&m014 cun"e wl th e lq pbaoa ot ·abOut 

4.8 l\ (Plitt 3•1) • the nte ot eoetylene J:'8dllei1on 

was lounf to ·VU7 between t~.520 JJ mole m •I tt•i wl~h 
1 mean at t28 p mole m•2 h •t,. 
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b.JIDII DlltDIB tton, • l't le an erect dsbroue 

h~n .tth a tdan&Ular at•• A •enable weod growing 

ln dlt~ennt : twes ot babltats euoh u 11m1sed sroundo. 
asrlcultuftll t1t14a,, lawns en4 padte~,~ Jt I.e otteb 

abundant ·and. le a. domlrutnt element ol the sns~ 

Ve&$tatlcm,p&rtleulartv during the ralny seaGQn, In 

comparison to lllllJtddl2&a "'*t11411Jltllb thh seq. 

ooouplea GOftlParatlvelJ: 4rle~: httbl,ats. fblG .$.Pe.oloa 
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o~~~---~r---~~--~--~--~----r---,---~--
4 s 12 16 20 24 28 32 36 

HOURS 

FiG.l,J, TlME COUR ";E OF ACETYLENE REDUCTION BY SOIL ROO'l' CORES OF 
TYPHA ANGUSTATA BORY.Ot. CHAUB. SAMPLED FROM FOUR DIFFERENT 

POPULATIONS 
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le an tl'ltti.ea<tor tJf huan. antivlt1e8 oaw.t1ng aoil d.ist\Ut

tmnces~ th., .acetultme rettuctJ.on nt1v11W tb1s ~ltHJ 

va~le4 b~$M 3-90 » mole·· f1t'*2 tt•1 • the ~ cotn'so of 

.ae.etrac.m~ ~<iuo.,.ou (lFlg •. s .•. e) aholls ·a. 1aa· phase. ·of 

~6 h. l'be actlvlv ke$1>tJ on lnc~aslfttl tU.l ?2 h when 

the e1tJ)~nt was sWJ.,pttn4edi .• 

llmbdaalrl-a ,,.ha~lata (Fora •. ) Bub. •· It 

l.s a tutte4 tl1>l"Ous rooted. sectae., with ecautoua 1t~e$, 

found 1n mots't silt, en« ~' sol1e alOJ\s -ravl:n$s,. 
maHhea al1d pa:ntt marslntJ~ tt tlotY:ers and trul tli io 

U\e GOntha o·f .s~tember im4 oct.obor"r lt f.s a p~ru 

colonlee~ of the •retn of actuatlo Q:etta'l~~h ft(t 'rcota 
~·;,. 

ot thte plant ~4UO$ ac•tNiene .at rntoa \'a~ns between 

1),.:.>1?8 »mole r#•t. h*t.., the eotlvlty co\114 be "oosnlsed 

oftl:r ~10 h after 1ncubQ.t1on 1n dtnOst eU cftft$ Cflg~ '•3), 

tJttt lndtcation$ ot a.etb'lent re<luotion w•n o'bsu~tod GVWl 

$QJ.lerf; fhe fttee or aot1Vlene reduct1on con.tlnue4 to 

tno"ace tf.l1 ebQut 14 h • 

.. ilb:llll -~,Pest, • Jt le M 011\Pblbl~U_$ 

plaftt wlth o~tplns rhi••s and stovt; attm¥. It ls 

en ~oct variable sedg~ 'Wbtcb ftowei!'S ond. tru1t$ 

during -Sh -through luli'. Jt is oomaon in ~

near HlM.an river ln th" 4~~ be4o ot J>On<ll1 srll 

canal\'J~t Tho noet;tee l'$duet1on by· tho plant was 
, 

found te van between 21.7 • 29 JJ molt m_•f h*t, 
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60 68 6 

FiG.3.2 TIME COURSE OF ACETYLENE REDUCTION fN SOIL ROOT CORES OF CYPERUS 
AOTUNOUS LINN. IN DIFFERENT SEASONS 
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fhe •-retf.ot acetylene retiuotl(m In thQ aboV-e, 

mentioned plant apeoles ranged be~ 1•288 il cole 

a•l ~t•l lb PlUJ8&$;t 1~1·4? ~ fftOlU a•2 1\*1 In ~oe
OUS aoqea and at•J20 p mole m•2 11•1, l.n IZRIII• fh:Gre 

wae sreat V$irlatlon lft the. acult¥lene r.eauctlon abUi tr 

•' <U.ftel"ant Sft&ees Mild se\ig.e~J.. fhe ecetfleft.e 

reduction potential ot Bl~f.lmt.tSQD QAUlSB$\ll. l\M 

Qll9hla Ql~&ldl was hJ.gher ernong peNJ'lDlel gn.saes 

u oomparad with .11-u'VIKWD lllllSI .. fUWI il00ha1131.1 
. / 

• .In tmnual araaeea ilat3.Ui.l&m .AI!l4llu 
gave the blglu!at va1ut while thoue of ~~~ 

JltRIJIDIIa •ftd DM'thCStuJ.Jaa fll.fmltba ·wen lowest. 
In th-e case ot $edges aoetrlene rt!4uct1on was h1sbaat 

. in l'a.bl f~Diif~SIIa and lowest ln IDIDUII. JlaemU• 

Oft tho baula of tholr aoet,-l$nt ~Uon eblll

tho p,lar.t fllPMleo etud&ett ootid be 4lrv1de4 :lnto two 

s;i.toupa • those posaee&1N hll!h ( > 3o,. l!101t m•t t1•1) 

aoetJ·teae redueti6tt ac-tl vl tv ·tU\4 those pOeeent.l'lS low 

( < )Jp, mole a•2 ·tt-1) acetrlene reductl.on aotlvltr. 
Hlsb aotlvttv epeole• are those sraues lourd ll$81' 

marshes or other weUelld habltate vlatp ;mu 1'8!dlt.&h 

.II&Dllfl SUemJma·, .nmbddrJJ.a lt&amM1&ua •. ; ... 

. &TQ~ all4'&81D&tliaQI .IJIYidllat fipeelee occurlng 1n 
, I . 
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flxers vie., AIA.II- DIIIJI.aAA end QI.Ui~CiilUD 
lfti¥DiiUIJ• ~he high 84-'tlvltr epeoles oxhlbl tmt a ft.orter 

:tea pbaee •arrJ.n& 'be'b'een ~ h Whereas trt the oa•e ot 
low act1Vlty epeclos a lag pheae &.24 h long was 

,obeewetl,. Certain epecle!f dl4 not· elhlbJ.t a las phase. 

lt tlJ>JUtf49 th&t thel.r lag pbeQ aerge4 into 101 pi'ulae,. 

thou Obatrvatt.ona are comparable wlth. ·tbos• ot Karma 

8ft4 T~e,kema ($.9 '?8)., 

Aoet,-lenfll Hduotlon ~tee varied grea'UJ ·wJ. thlft 

epeo1ea. The to11owlng two- factors. appear to contribUte 

to the observed variation • ( l) V.xiati:oo ttom one 
t.iallp:Uftl stte to another and the (2) Genetic" ne.lal 
or e®t,plo ditte~;-~es wlthln pl.anta ot s•• $peCli&s~ 

14$r+e work ia needed to· understand ·the oauaes of rmoh 

·varlattone. Various 1f~Q'ken have ~~ade stmtlu 
obaewat1onra (Boraersen, t910t B&kew end l'1n&t 1976# 

Wlttrt 19?9)• 

the· l'ti&h ra'e o.t aoetJletle re4uotlon upto 90 k4 
N ha•t veer •t baa been z-epor~d. by manr workers in the 

••• of tropS.ce1 gnln and forage grasses (Abramee d ~· 
19?5• Jatd.quln end Kedq, .t.9?St SmS.th ftd. Petr.lqu11h l9?8t 

~loh, t979t oaan.. t919r Rur,. 1980). fbe aee'tfleno reduction 

n't$a ot eoll root coree ot lf· RWMIA• .Q.:• s;U.Ja;1g, ll• CIRJJI.rnsu 
t.• .Af#.&d!ND tmd .i• uciJ.allsl an ooJOPanble W!tk· tbe 

va1uoo reported tor ao11 root oores of other s.rassea (Table 3.2). 
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fable '• 2t A Corapu1son ot A"Oetrlene- Reduction b1 Soil 

Root Cone ot Graeaee . ·. , .. __ , __ -~--~ ' 

f_'.f _;: _ _ ·tg_ .• ·. EL~ -'-1)1' .· J t ll ··-- I • iF ( _ .. f fi'·" ·a .a 1-. H•rnr 11 · ••"J lfil . 1 _ !Elf I r ) ·- · _ n:· · · r . t 

Rate 
JQnJ __ • J _ ... ·- ··_ r -- tri . ,. 1-'- r · ·_ i ____ -, r- _, .. · u ·a_ en · - · r __ Jf.-1 fJ;. ,-,-r a::~·lfli!E..X."k u___ -·r.tnll' 

AXONOPUS 
COJJPRESSUS 

DlGlfARIA 
DBetJMDEN&t 
PASPALUM 
NQfA1'tml 

PASPAtVM 
NOTA fUM 

WCHXARl~ 
MUUCA 

ll%Gl~ARlA 
DEC1Bm£NS 

SORGHUM 
VtJLGARB 

BEuaJD.A OftASS .. 

BDfHIUOCHLOA 
PBRTUS.A 

CBNCHRUS. 
CILURXS 
K8DROPOOON 
CONIORftJS 

PASPAUDt-UM 
P'LAVXDtlM 

SPORODOLUS 
MAROittATUS 

wotea:- (1980) · 

wetor ( !981) 

Weier ·C t.980·) 

SChank am 
Day (1917) 

J?reeent 
atUdJ' 

• 

• 

,._,atJ ,a •1• core'*1 cta,•l 

3-12 ,a mole eora•l flq•l 

29.)£.66 n l!IOlo core•! a-t 

86 #t n mole core"'1 h•t 

~ . . .wtl -~~ .. -A -~ · •1 "'oo a-' ··~ na dar 
o.,..,., p. moie oore•l da:t•1 

7-9.4 ,. reole eo.rt""1 ~~ 

0.12 ~.mole CO~&•l ~·I 

2,3S.t.o nmote ~-~ ear•t 
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In 8441tion to g:neses,. oe..-taln eecttca hwe been alflO 

Shown 'to a. etmosphvlo ftltrosea (Bristow, t.914r Patn.quln 

and Denlko, t9?8r VaftlhHJ eh4 Man.dhen, tf61).. A OOJnParleon 

ot ecetrlene reductJ.on by varl.ous sedges le gt.ven 1ft Table '''' 

fa'bte '•'• Compaft.11on ot Aaotrlene Wuotlon ot Sedaes 
Sl\OWil to Flx A'tmo$pherlo Rltroga 

'· 

Abmntes 

ff9fil 
Abrantee 
J$14.. (l91J) 

Daleadnau -Dommerguee 
(19?3) 

~~eps!- and 
SUri'le (1.9?6) 

Mir!ir( .rtu q_·_·o ··-r..at_'tt:ur•-••r·_ t.• •. 1 t_J _ ·. ·rwnwz,._nt ~.rrr a .tau · 1.at1~ _·;-•'• u __ ,, .• g s 

the eo&tulene J:~MUotlon rates ot ln41an &p~dea., o:t 

tamtl.v ~~Peraoeae alK\ Twhaoeae 'dont1tle4 · «urins tl\o GOunt 

·Of present lnvestlgatione an COJDPeNble w1 tb the values reported, 

1ft 11 tGnturo tor oorrespond!ng metttben of these, 'tWo· families. 



'fable :3·4• Table obow1»11. 01'0\ltth Fom, habitat and Plcwerlng. Ped.oo o'f ~sseo and 

Sedges StUdiea. 1n ·the Presen:t InvetJtlga'tton 
. - ' . ·- ,.. 21.1 -~! 

Spe«lee 
(A) 

Jllblta' 
(B) 

u we ·; _t t l' t.z.. .n a· · : ~, ?ni; -•~' .... t _ n · P- _a · n cn.t r · 1 . u· 

wuaa~· 

:!:=lna c,tc4 
{C) (D) 

·_ - r -·ill FL - 10 •!l ~r,JIIIIIW rr. 

ALOPBClllmS Folm4 ln 4irt1' Febfta1'71. 
DP~S ~!!" 41tcbea: 

BODm.ICCILOA st~ onVS.oee., $ft J~ • 
RmfUSA l«Wne and pa:aturo.tt. Oet6'bor. 

·Olt '¥U7 - habitat'S 

A common grasa JU17 • 
eccud.ng on :aU 'tJ'poa October 
of sella-. · . 

DACftLOCT'JSRI.. eo.u.on dud.na. llOMoon .rutr • 
1DI period on ~· soSla., Oc~obe~r 
ARO!EfltJm 

~·.· .•. : __ -," : 

Growth Porm· 

'{:1?) 
. '-

I 

c.o 
0 



(t) (C) (11) 
I 1 l - ' ·!MII_'I.>iil. l ., "h ... ri_qr f ' t ··~ I ··--. L f I_ J . ,J_'·;ji;· . §t _ ·:- . 11 

HE&ROPOGON· 
COlf.tOUTm 

.P.ASiAUOltiA 
F.L.\'flDUJt 

~ 'Oft rttts• atld: 
ll11!3 tracts 

Co~lo'ftB caal 
banb aft4 pon~s an 

"'·~-u 
eACCltABBUM Oc~ on 'bCrih August -. 
MVNA aSd'8. d nU.war Oci~belr' 

t:mcts• ,._. ·oaind eto. 

·a,,_ 

c, 

·Ct.. 

;• a/V.'f.'t~ '"·OtJ& .UIS~~ --~P.J 

.SPOtf!ANBUJI 
A »~«l..- ~·• • ~e-... c4 ._n ill umJae4 hCem'bor· 
AI'O!:ltldo f&Uow flelds 

SPOROBOLVS 
JtARGtbfliS 

C~n on %idle 1ft Mar· • e._. 
anvel18!:7 soua ocriobflr .,. 

GRIMSIAI• 
Common during monliOOft .JtJlJ' • 
period en the rtqe., Oo"tObel" 

on mo1st a-ll~ 01: ~ 
eolle 

l'lltilUSUL!S Co~ 1n aan'hes ·of Fe'brua~ 
~tA!IA canals eloq ml:st cedgee · Juae· 

ot' follow t'l&lU:t 
ht'c=Phil.oa.-

0 

MA 



· CA) 

· 1.! r t u , t __ ... If_ 1 - .J - 1 • 'qqft.!'!tt iL ) 'il & _ ML 1'-. ( ----~ .. :· 'tl I •. l "! : i_11·•"J'_;~_Aij! '@I ,_. J -c ....... r·_. w n . • .. r ·ur ~ 

,··· l I • ·--~~-_, 

(C) (B) -
_·t_ 1tJ!l c __ . it ._. 'f~ L ;oo;_t·n._.~nu · _ ta : t 1 J' ._ JilllilitiOif!R ··· ,r_· a _ y; · fl_ ... , t)ili'OUfb"l- ._., Piii1 .t w '-a --•• of 'atm·. · _ _1 t 
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tho see.8Qftal verietlon .ln rd. tNgea f1d.ng abllltJ' . 

of tho to11owlft& eevera, graeQ ard eedgea waa studied, 

~au ~~UJ.Uataa,, , • .,. ---~· .. ra.ur•mua Ill,...... 
Udat llliu:MGJaiM UdMII• ~~ A'liadlt Ba-taalfAUD 
IIDM.dl1h entl btr.da&U lilGIJIDrb· 

IJRbl •Y~Mb • Seasonallti' ln nlt~ flxat1Qft 

_. l• -~~ .ls depleted An Plg. '•9· A lnl'*&tantlal 

pal"t ot the Jtar nn&lna f:om. June tlU Septembe• ~s 

tavounbie to!' aoetrlene rod.ucttoD bJ JOots an<~ rh!;omee 

· ot thla apeolee.,. 11\e rates ~4ua11N .tecUft\1 4urlng 

Dec.telf.iber, Jamaew tmct PebfUUY, bui the, nwel' go below 

16 p mol~ 'ttJ•2 tt .. 1• 

Jlgu" ),to. ehows tho aoaeonal varlatlon t.n 

ntt•acm tlx&na att111t7 ot the following eb graasea and 

.. tte.GsetJ •. 

' 

G~lllll&l .IJi~lllldVI • then wae a ~at increase 

An fiJCetrlerae rectuctlon ntee in Jt~nuarr through r4Urelt 

tUl a peak in April. thle was followed. tw a steep 
"'*eo• ,_.,. 'n M•v m1 J•- ... ,...._..h. · e .. .,,~lf,_ii: .... ,....,,. ....,.. · .. ·""' .·· - · • ~ ... ~- •. · ....... a. . ~-· irl\UWfl ~r UWQ ...... P~ ,;ruG ovse ... e\1 
il'l JUl,J wlioh _,. tolto.a. bJ por1ods of gradual- decline 

t111 Novem~, 
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FIG 3.10 SEASONAL CHAt .. JES IN ACETYLENE REDUCTION ACTIVITY OF GRASSES 

AND SEDGES StUDIED IN THE PRESENT INVESTIGATION 
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Um-muo. -~~- ~- Starting freta t,., fJ mol• . 

... e tt~1 ln JMtuaq •e act1v1t¥ rose to a peak ln Apd1.,. 

"•J 11'>• ~-..,6 h _._.a .•2 '--*1 mi.. ... _.._..,.~'~ da"'"'l"""',....t. ~t!''"""""""' (I'~ • ll;ill;f •. ro,... ~A~ ~' .. JJ • _ .. ,,. ;IOQ,.;~~- ·_ Y'!oJ <4;nW e,:... ~., " 
• 

oharacteri"t w thl"Ge peri04S ot a-ot4vo aooV~rme· 
.-oduotloa tn a r~art tiNt t.n April, eeoon4 In-~ 
am. the. third .lrl Oo'tobt't~eber'' at 100 .. p;, 1:4010 .~~ h•:l, 

.f4t~ttd bJ throe lean perto4s ln aa,·. ausut. flft4 Novoaber-' 
i'lUio. ....... """'. ..CPIJcAft··-··., itt -~WVWit'9~ 4!'V~,rlii'!t*~·y-."*4'jj 

QQDOhal IAJ.i&ll£1 • the :rate$ ot #QG"tJ1tflo nf.tutt~n 

1rt the soil 100t -~es ot thl$ plant remdned "Oontlstltttlr 

·hf.gh ifl almOst G11 parts Ot tb$ Jtll-t Yal7in& b~ 
-· . -·. . ~~ 1flll1 150•200 ,.. mole m b • 

UI$M9R.tmlD GD!Aalll ~ there wat~ e. ptak aaet)t1eno 
Hduttlon nte -of 2~88 u ~tO!«J ... a Jt•l in ihe p.01'1o4 Apd1.rtQ, 

.U.Othor ehct44cfl.' o.f peat at 99 »mole ttt•2 ~t•l was- obfmrvet~ 
·in Soptember~ fh1o"was fcl1owe4 tw a abarp 4eo1itm 'to 

50~ !tO!• m*2 h •i !.n October~,, fhe, 'theN •• a Sftdual 

fl*l~aae to tel"O b7 the -mtm.th of Deoombe~r; 

.§Ramtldll ~- • fh-e acotrl0fi8 "'ucUo• varietl - - _,- ) - . .. . . . - - ~ . -. - . ' -. . . . - .. 

wlthln a ~· ~e o,t 80- to 121 )'. mo1e m•1 b~1 ~ · fl\en wa-a 
a -~ ~t 12'1 .JJ .molt m•a h•l b 1;na ~tb.. o'l ~.: 
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See~l prol!.1e of the various n$.trogen tJ.dr;g 

pleftt qstem hae be&ll &tu41ed b:l ¥al'iou worker~. 

S1oser d &..· (1971) studied seasonal ¥ariatlon la 

R8(0tf2> tlang aottvlty in t.t•l« so~ns• Ruegg and 

A1oton (19?8) stutU.ecl seasonal var1at1en ot ...S.tro~enaae 

aotl.S.ty in IM&op• !#JADQaSI watanabe (19?8) worked. 

cut -eea-eono1 changes of the n1 trogen accumu1atloJ\ In 

·.UOJ.lt grown in the paddf t1e14e, But eaottalltr in 

r4 tt"'gen .:tlut.ton ln meuib&.rs of tamllr i'SPbeoeae and 

CJ',P8noeae hat .ftOt been stuclle4. Carpenter d ll• 
.(1978) wo$e4 out seasonal obnngee 1ft §UD:~-SJ.Dia 

d.brliCOEI growl.ftg &a mal'Gb hebltats of Ma8$8Chuf!Jettea 

(?1°02'W :·to,.,ltud.e, 02°0' N 1at1tv4e). Madf1l'U!l 

ftlta>gell) 't1utlon wae obaervett dudng t:d.d ~a:r t •. &. 

J~UlJ \vith little nitrogen t.t:xatJ.On_ durlng -,~lnteJ!' 

!n the presant J.nvest1gat1on,. the changes in 

ecttrtenEl n4uott.on rates COI'ftsponded wJ.th ~es 

Sn the amblen,, t.empera~, light lntensltr.. eo11 

moisture tmd ttte seatKJn.- Ntutlmum aoe-trJ.f!ne l'eduotton 

wa.s found 1» the period between Septembe......Octobera Vihlcb 

r~ed o.~ :10.20 po~ cent 1n the tQ1towlns months •. 

ftlJ..a Shoe thet N.trosen fl•tlon tw .lllbl. and other 

eed6es varl.ee eeaaonaUr. ·ftd.s 41fterenoe ts be.csuse 

th$ ambient ~~~r· nsee to 46 C to ~~ GJid beeomee 

~ for pltant ..,,ft'b. 
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seasonaJ.ltJ o,f ftltrogOft f1xat1on 1n 30 trop!oal 

tonge grasses wae ~d!eci b7 S_oluink ard DQ (t97'1) 

at BraclltSOuth Amerloa (to"s latitude• S$0
W l~tude). 

the »ed.ode of lowest ac,.l v1 ty wue th0 dr, wlt\ter 

mon•e"' SeasoJ\01 pro·rtte of n.l'tf04&naee actlvltr of 

.grat1se8 atudled in the pr~sent 1nvestl6f,lt&ons QlSO 

to11c.uvod tho slmlla:r pattem. November, December end 

JaftUBi';'J were the lean periods,. fh:t aotlvltv start04 . 

dtd.ng aloW1J. ffaroh to MQ' Sa a tavoutel:tl(;t. per1o4 

tor N,a t.\.Xativn wbl.Ch atte.lne ·a pea tn Apa1, ·bo\ve\fE!r, 

June was ObaracterlatlctU.y ':Ue'V'ere. Anothe:r period 

of t;tpprecleble ac.etJl•ne "duotlon ve.d,ed betvmen 

JUIV ant october+ fhle in41ontea a Olt&l' tJtaeolla:U.t7 

,f.ra the nt. tt\04en fldng eblUtJ of the tropl~a.l· grassee 

end aettgee,.~ 



BverebtM the 4t.eoov•rr of Dittoeetmeo acrt1v1tr 1ft, 

troptoal gauea nameJ.r· iiiBIIUI ldDISil n Rlailda . -. - - . . -
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4!!._ .. tmse, tw the il'at111an wttea ua1DB the acetlltme

~ectu,tlon t-.;bnl4ue1 tllt phenol!lenon ot ddeo-.pheri.e nltrogen 

t!atJ.on bJ ••eaoolatlve aJDbloale la noelviftl 1~cretuatns 

attontlo!k l~n .most ot ttl& Ctla&l 4MD1dl311 has be,art 

Shcnm to be tho atUJOtd.t~ted mtoro~blont reepencl'ble for 

nitrogen ft~Jtlon ln. the nlr,o.e,ph•n ot gns•c• and etdate. 

Wh• tbesJ.e pJcreeente a ootJl)Ahenfd.ve r~i.• on tbe aasoctt~11ve 

umbloate inttludlq aeo&rop!\lo dla>tri.butlon, IIO!'PhctlOQt, 

"""'- ·s•o• .... ,,. ., ....... ·•b"" ""*·-·--•-···• 'i'\b .............. tt.A""' tJ'E t•·•a·· r~<t'8 • ~vi!'.Jor l;l!:lfJ\l -~ "" ~~•nnQ4~4 ., ..... ~v•"" .. ~u . nJ; . 

•wtr 4lscoven4 ftltro.ae fldna o-tem. Roeultfl of 

tmcu1aUone ot arose t:"OOttt wltb AUIRI.d&bll oan:i.ttd out 

ln XUC~t# w el~Jewhtr•• have been 41tJcmsoe4 •. 

the nvlw eleatlr shows Oft 1nfortQtlt1on gap about 

the nt.tt:'Ogen1 , ... , JOtentla1 ot Xmllaa tf$14 &ft$.8&11• lb 

'Yl.n ot tblei-, twent1 eb• epeoloa ot 1ooa1 trat.m•a •• •ld'ge• 

~ $:Ul\teJed tilth t'Nihetp of acetr~ene teductlon. (AI) 

bloesaar to dot~• ttn~l• r4troge lld.ng 4l'~Peclt-,. 

Intact soil l'OOt CCJN:ta were ua«d to 4crtemtne the Ali actlvltr. 

Por thls PUI'l)OOG, fl, 8})111t metall!C 8011 ODH~4.al~e4 am. 
tnd-oa,tetl 1i0 Ob'ta-Sn l.ntactt aftd unctletul'botl sol1 riw>t 4DNa 

Of unlfom GtJ.ao. Aa ,a ftmllt, Of the I!JU"V'Gf, tn1Ye an.aa 
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tf.p~Ol~ Q,OJ.CIImJJJ lbiii%U71Jh .IQt~U ,1-·t 

SlllhDI;.US~D• s.- Mllr»D• iiblAIII j~Uh 
_.._, ..... a~tklllb·· Rlt~r.a . .AAaAllt•• ... I~»UIIh 
$$ltG .. Jt il.,rls&&va IJ:$411• biDI»llllt IIJS.ilm• 
iaQdla-AliD.Ja .and iAblrAiif ..S. fo.w: so41P . 
a.· · ·. .. ..... tA-t;;a lA ~ ~s ··. ». ·. J:aaJI a idl.. . -- ma ·~--f~ .... ft;+Ciki~dl znGZIU-vxldt----.~ •..•. · 

afl4 ~~~~ ~· tolmf to poaaoJ.Ui )Osltlve· aa 
aot!vltr• fhls· 11!01U4eo tourtecm plant egeclo 'Wb!·ft kirf• 

' 

Pltld atudlee t10M Wdtrtakm to d..tol!'m1n~ net.ree:NA 

vatteUon lll ·the .AR aott:v-1 tr t:t:f swen parJstte amt •esos • 
to~ a ,~ml'lod ot on~ r~j . ·~ t!OflUl tt;i ehOw two "* pea04e 

~ M~MW - ·lu.lJ;.OOtobcu:-* 

fte ~~tdt$ of ·w.e imrutJ.6tltlOJl $Ug80&t ~· . 
mltxu~phoric ~d.~g@ tldtll PO~la.l of tho 1~1. ~II$ 

Wid MdSoo ~,::gq fl'lom ?•5ft u mole m,..2 ·ta•l f.m4 J.e ·oc~ 
ab1rs with tho ecttv.ttu of· othw pass~ and se\\gt$ .sltcm 

to ~ese ~4L ~b~-*A -••- ...,... •-•· · 't_.,._.. a...,..Aj ·· ·. · . . .Jf~"'!,.,.. • . · .... ~,~ .. eo,.,...v .,...,:y .,..wo¥8~~ 4~~• po ·w!{;..-. ~~eo 

on l.o1atlon, Ohftftlote~leat~ .·ll\4 l4~1t1oa-tlo~ tf th9 

~·ere~ldont ~. ~fit$<mn ea»al .. '#C$ utns. 11«4; tll1d 

anseoa ~· ~~~lr Bto«od to oqube a l:t$tto., w.t~tm«J.ft& 

<~t 'tbo ·nt 'ti*o.gtm tldtta pa~$-mctmal assootau~ 

ln the l<tcal 'fflo~eme~ 



1Ul 
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Jlbldtt V t.'l>• at\4 fta'tmdflret A,G~ tf79• · OcouraftCG. of 
A_,tobacter wlthJ.ft the root cells ol· &lli!IAD 4US2~ 
eurr. Sc1-. !!Cao) • 9S.3-9t4., - ·· · · 

B:ti11,. w._J. 19?9 •. Nlt~_.s_·l en tlsatlon • baeJ.o to applled. 
Amedoan sctet1st a ' 4.SS.It66. 

.·-
\ 

van 
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' 

CtMttke~, R.L, ant! Ra4or, ~~ 1.9$5. 3011 d1We1o~nt 1ft 
nl~t,on to vq~tatS.oa ttnd. ~face eae d. Glacier 
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