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Summar, -­fa.terta assciated With roots ef -asses from Ftand their ida. Ecuador and Ve.nezuela were isolatedN.-flng ab,htv %%as demrnstrated b%CJl2 r.ductonbeen clas ified a. A:nptridlwnbrasilense (formerly Spirii:m 

asa. The bacterial iiolate, have 
li f ruynr Thse N-fiutinny solaites havebeen compired vilh sceeral Brazilian strains Fluor.sL ne antibc'as tF%) techn.qtL. were used to aiistidenif) ing isola,es of N_-.fixing bacteria rrom grass rootssir: ins of Test, with antiera prepared against fourtA:oi:r,:.m %%ere u.cd to define serological group..,strated using both A'igen-antibod. specificit) syademon­4:n,racrer and A:'opirilis.n antjiera a.ainrst t .o-,,n spe.i: of other Njil micro.organisms and -:mero-,-s umd2en:=id soil bacteria Seseral appi cationrs of theFA technique are sug­gested to iceniify NI-filin-g bacteria asociated with grass roots 

INIRCirI CflO% 2allempted S it h ,5-tri;pen)Itctralohum5 
 chlorideRecent work has sho'sn t,:.tariou-, cra~es R,hhiczproduc.dt, br:ht-redhase a cortilal celU (Dobereir:r andformazan cr)st., in theloose association betv.een Da' 1976) Later c)to­th-ir roots and cer'ant Jorical e\a-ninalionN-fixing bacteria (Dobereiner of field ro'n tropical maizeet o. 1972. Dober-
bicer aiid Day, .76. D en er 

roots n Brzil reported ibe establiment of bacteria, 197SoThesee ,ss- sithtin roows (Pa:riquin arJ Dobereiner, 197S)bachna!s..tmsbateri tdtiiih hse ben :rre .i.;ocl,tilse sym.-c rom e tSero!ozic.nodude-forming, Ilegu I test, tere esam:,-,d for posibleboL- to dstim me
gi h tlm from the better kno.n thesymbio ,s (E~ansa and ue inlpfrt. Dic ndeteei:,n ard sp.eetfic identir'ationBarber, -ia,17)n% of Sptrillomn1977) Apart from tF: stud, of h nnatijermc,4i Ihrofrrti- (D.rzo, and 19761eliam.noM knownon rice roots asb. Di,.m et ,, (19TSi few of0"-') the T ,Ji lpL. h ,d.organibns T)ler,fixing N2 in the rhizopheresr" of"le unpu.":lL h-d1of graes At thehanc been Lnise.,n of lorid.i,identied by inimunoifuorecent tich- roots of tropical
niques grasses hae been inoculaed with liquid cultures of 

Pioneer work (Cootrs 
nti A br,~den,e and )elt increa-ses of grain and forageer,a, 1942) on the fluorescent grasses hateantibody (FA) techntque htowed that 

been obtained in the inociti.ited plotspossibleit %%at (Smith 
tomicrobial ecolory 

er al- 197S) Bo'h specific and non-sp..cificidentify wore attemptedi lllob..on staturen_
inditidual bacterial coIN. Applicationsrand techniques farto sanm ehiusfr4opr1u~ .4:i.p:rdlthnrr hase bee.n tested.micro3i lttloegten%%ere aticrripted acb~ etd
Mann. 197) w extensie work by Schmidt(f andcollectgue (Schmidt attd Bankole, and his We &sp.ctc-:sribe the prep-Ition of anti,er,i, tests for anti­1962. SchmidI t scas u knon acrml cuture and un-'"cfc~ -~i~konbceilc'ue 
a-tn.Schmdt 1973 , 

n n 
d, chmd. 1962.SchmidtR ad1963 Schmidt, 1973, Schmid enn1974. Rcnnie and known soil bacteria, pl.int-bacterial colonization sitesseen in root cros sections and %hole rootSchmidt, 1977) Work on 

on sei­-rsaerobtc habitats%hoksnan r i-%dwadditiona: "pnl-catton of direct counts 
hais nt.:n epi-illuminalion.of meats stewed when usigFA-i 'acting bacteria to tl-e .coloy of lake sedimen,
(Straser and Tiedje, 19-S) The FA 
 techniquebe %cr c:itefully mt ttsed, employing appropriate

trols to ,t-sure that 
con- 't.TERtstS .Nt '"tTtOD',fal,e readins are not ma.e aid The ndi--erfluor.-cn .intthcd%Kawarnura (1977), (FA) techniqueand Schmidt (19731 hit the con- ssas usedtrol, ThL- :chqpte insolse,, t'.o bindim,needed for applict ion of F \ technique; to au e- ions' reac.in the fir'" r.bb,t ant'cologcal satdie bacteria inimlnoolobu.of m.roorganbm, Diern e I" lim (0c1 re to(197X enLountered some dificulzies tth 

bound the bacteria: in the seord,,utluor.s- .cenec of gra.,s root, g

an:t-rarb:t uee.e..congi.ated
Cstoloj~il sttudies to a..certain -oit 1 .re boundthe sie of infection permit, 

, in 
to the r.,bh:t proteins Thi, t"o-stage sstem -enerallyof %sPtridhuini -Tr i an. sli g ir ai~ root, 

a brt,,;or il-orer,-nt label to be%\re'to tiltc .l:,' att.ichedt n ti6,,dire t metho d IKa %amu r., 1977)
Pre,,:nt ,tldre.,s D.p.r:mnit of Soil .ind ('rop Sczoni.erc\,.A & \I( llge S,.i:ion T\ 77441t U NA 

The got: or.'ce.n-conj::cd aitii-rabbit It (Cap­
t PeeviI .Jdr.,% D.p itnment of \n'rom, Urns ersiit 

pcl LCibor.,,'r,. Irc. Cochr,,nsv . :'\) ,upphd inIsophiliZed
irfG .r.:.Athen,, (;,\ 

form u,ed FITC tiluorescin bo'lhiloc)-1in­3U612. [ SA ate) a, the l.tbae 

http:produc.dt
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S C. ScII%,4,k tra 

Ig was prepared aga:nt A hraticnie wr.ins lt, Con:ro'. -. aitbt non-specific reactions %ere run by
51r. 84 and JM125iA2 and A:otohacttr p.a[ph in Ne\ tecting b .':- on roots and boil uing the secondary
Zealand rabbits b%multiple Injections of a hoe bac- goat an'i-.. bai antisera, the normal bera collect,.ed
tcrial cell suspenion (Fruends incomplete adlusant bcfore im-aoizinu the rabbits. the concurrent addi­
and washed cells I I. %,%)s.uspended in phosphate- tion of the secondary sera and the normal sera Non­
buffered ph.siological saline (pH 7 2) and containing sp.cztic reacior:s in bacteria %%ere not obered. but-about 10 cells ml ' The 4:ospiri.'loi cells %%ere funzal spores occasionally re..Lted n n-specifically
gro%%n for 24h in \-rich tryptuc soy broth (Dif.o) lith a I or 2 rati 12 
%ith sodium malate added an a-ddtion.J C sour.e Control tcts a.aint anwicfluoreseence were made
A':tobuater rcccised sucrose as the C source Injee- b) ob.-r'ing bacteria, roots and soil th distilled 
tion. wcre adminstered, mtradermally !nd in foot- water replaInM each antibera Autolluore .nce of the 
pads Normal serum "as take. b%cardiac puncture gr.ss roots %as particularly prominent in the stele,
from each rabbit before injec~ions %%erebegun Anti- but since mot of the bacteria were obersed in the 
sera w,ere harestel at 90--10 dass %%henthe rabbit, tucia! area, this autofluo,escence w%,asiot a serious 
were bled b) cardiac puncture Blood %,aspermitcd prblem wth the gra :N studied 
to clot. and the antisera %as then separated fron the rhe F % technique was also used on fiehl-grown
clot. Purification cf antisera .,a; accon.plihhed b) oots mu v:namnw breeding line 199,of P.izicwn Jacq

precipititing three ttm ith amrnonium sulfate and Penn,serui' -rrern-crum (L) 
 K Shum cs "Gahi-3.
 
desalting on Sephadex column 
 eluted with phosphate- and D'-.iriw le, u',htns Stent c, "Transvala', as 
buffered ph)siolozcal saline (pH72) Titer ,,a well as ieri!e root% from tlhe first two specirs Root 
measured using the FA s,stem and the Ig diluted to piec- fro-n pi nii that had been inoculated in the 
the next lower dilution than that giing an obser-able find with either lie or autoclasea A:ust,,rd!ioi l"t 
-eduction in fluore-,cence %witnhomologous cells. %sere cole::ed and placed in Karnosk) s fixative 

Cross sections of inoculated rootb (in axenic sys- lKarno 'A.. l'b5) In order to facilitate IVAstaining
tems and from grecn',ouse and field experiments) of %l-ol: root srements, Incubation step, and rinses 
%%eremade using a micro'onie-cryostat Sections were were acco-nplh cd in small test tube. befor. mount­
treated with toluidin- bue sta:n or F-A S,:ctions for In! th- .,.' root peIC-, Under a coserslip The root 
FA analyis %%ere at'ached to lides using a thin laer surfa- %%asscannz-d and bscteria sere coutcd .ith­

-of white glue Fiation in an.hdrou, a etore for tO out sz,, n: Portion, of the root ho-:n, ahun­
mm %\a.sfollowed by a 20 mi z,ubaton (37 C) %%ith dant :'-z .zMibactein.-t: sec-N then C\ci,ed and 
the primary rabbit Ig and witi. it seCLondarv anti- tionel ui-.! the fr- -,7ir rtiCrotome Ph:morricro. 
serum Concurrent with the second stage ircubatiou:, f.raphb .ere made w.ith . dak High Speed rUtach­
rhodamine-conjul-n:.-d I-or.e -anti-human LgG w'as rome j-S-' '601 or '.h An.cochrome (AS \ 641)film 
also used Prep-iration, ere rinsed betw~een sti.es 3la,'k .nd hita plulte.s were prepared from the col­
and at the end of incibation in phophate-buflercd or d s 1: ­
saline (PBS), pH 7 2. A drop of buffered gl)cerol ca., 
used as a mounting medium and the coser slip was RLSLi T' 
gently lowered o~er the section Sectin tkere stewed 
with a Leitz fluoebcent rIIMroscope %'.II;cpi-ilumina- '111t1ir'i 
tion, at 250 and lflWAx magnficatton Il lmination All A:oa:rhtimn anti.era FITC conjugaeic exlibited 
was provOed by a 10OW hith pre',sure Hig lamp, fluorescence endpoint titers oser 1 1000 The corre­
using a 500rm BG 12 primar' (exciter) filter and a sponding tirer of the -t:othbicter anicrum w,,as e,­
522 nm secondary (barrier) filter mounted in a Ploem tremek lo (I 10) For thi, reason, A:orobacter 
illuminator (Leitz Corp ) Reactions of the fluorecing cro~s-rcac:i.ttv ktudies ,er, Each of thew%%ere I'mited 
bacleria were visually rated 0 (nore). I (dim). 2 A:ospirilln antisera, although prLpared at different 
(medium bright), 3 (ser. bright) Control slide- in- tir -s in di"-er,.nt rabbi's, hi.id srnllar cruss-re.titsity.
c!uded the normal serum from eaLh rabbit ".hich %%,b ar ihrefz..- the data for ,e.eral of the antticra Aere 
used in antigen testimg Non-related bacteria were pooicd
used in testing the FITC labeled antibod) Contact lsting of ti: stamning reaction was a.coinpl,hed 
or soil-buried slides .ere pr-stained (Bohlool and b) not usir- the primary antibudy, but ,,pplyin,, the 
Schmidt, 196S) w-ith gelazin-rhodamine hothiocyanatc FITC .e.orJ-r,%antibod, in a seri., of ,.,t:, with 
conjugate to minimize non specific binding and soil relicet' and non-related org',inms (Tible I) In iddi­
particle autofluorecence Both asec and held grown lion to ch.Aing for atoFltiorescence, this permittsd
roots were tested the %crificaiithat th- sec.ondary an ibodis was not 

Table I Aultotlaorncerce and iion-spre. 
co nj' I. 

iJb 
C' 

rn-1! of _oit in:* raboit -11 C 

Autiurr'.'.. binding 

2ii Strai of l.:.,PirliI/ii 

35 Gi-) %oil I,,l)'-tr 
4 Gi -i spire f.-rner, 
2 A-iniozii~wtl| ,\e 

N 
N 
\s 

" 

, 
c'_' 

. 

http:di"-er,.nt
http:collect,.ed


n .icroorgaiilme,
 

35 Gjran' 2, soil oiro , 
4 Grim-po,Itze spore former
2 Aoinom.citc, ° 

1"eud'ifil 1%aeriwiw~a 

*ndir.a ncih.J 
Lolat , from Arredando finesand 

attachin non-spe.ifical! "Theeet tstine (no luorescencel. 
'roat.reac , ,i t,,sta 

FA chnique to idenif) bacteria c :-.L roots j 
TAIbe 2 Crt',, reactis ityof 1:mpirdhium hrildeni IhStv131) Table 3. Crc',, react iit)of .-:npirdhonhrasilense (Sir 131)antihod,, frahbitl %i.h hsterologuii., non-nitro.,en fixing anti". ..ibblt) jzainst sclec.d diazolroph%* 

Ne--
Nei 

Neg 
Neg 

%erce
all ncga-

The specilicilt o,".:- --. ry antiera sia. tt-.ted
against 'arious il oran~im, tTable 2) These results 
vere all necattne. Similar t.-,tsdone on knoin diazo-
troph, nere also rz..ii' e(Table 3) Both I- and 7-d.iold cellsof pure cul.ures of A:ornbttr cl'rooc,cu,., 
,iWI"iLS, cereus e
and ' +-ittno:,. "criy.J otsa te-,t d 
aga t JM 25A2 antiserut-,.4j negatine 
as di co!olie- of 0 I! enti:id bacten piLkCd from
soil or root cultur.: plat.-

1%hen specificty of the sera iias tc-,tedusing
",arious siriil, .ithin the specics A bruedlense, there 
%iastariaole cross-rea,!isty among strains (Table 4)
Both I- and 7-day old bacterial Lelh, of strainm
A. brasilene reacted strongz 

of 
with 13tantierum Wetherefore de.ignated the-e strains a, the 131 soro-

group liosnener, bacterias strains 51c. 75, 84 and 76,
also from Brazid, did not gise a 3 pos~tme ImmUno. 
fluorescence) resporbe, v hen t,'ed nith 13tantisera 

result-,,
'train. 13tand JM 125 %_'and obsertng under fluor-

Organism Onmin 1 

IN 
SP. 
Sic 
Sick 
SPL-I 
ATCC7 
T60K 
4K 

Brazil 
Brazil 
Brazil 
Brazil 
Brazil 
Brazil 
Brazii 
Brazil 

3 
2 
1 
3 
2 
3 
2 
1 

75K Brazil 0 
SP34 
SP76 
119A4 
125A2 
82? ' 

Brazil 
Brazil 
Florida 
Florida 
Venezuela 

0 
0 
0 
0 
0 

52b, Venezuela 0 
75A 1 Venezuela 0 
73C3 
73C2B 
2404 

Venezuela 
Venezuela 
E.uador 

0 
0 
0 

28A2 
6A2 
6B2 

Ecuador 
Ecuador 
EcLiador 

0 
0 
0 

Vi,ual tating 0 Ino tluior.cenc) 
poiltit fliore-,cnc)" 
nd - not determin-d 

Oeintfm. Immunofluorccence 
A:o,,huL,e.r,'j:h
Kleh'iL, prew.nn:ae None 

None 
Enterob itercfiatae 
,4:Tosiptri1;jmr o None

tfemtn!
 

Strain RG6\\
Strain 5YbK 

Sndira rn:o.Uhod 

Simil.rly. reactiors 

None
None 

xithA:o~pirtlwm L,elates from 
FmRonda, Venezuela and Ecuador sncre g nerally nilSith the I-t antiierum Anterum prepared againsta Florida Lsoi.re JNI 125A2, %a3 hwhh strain specific
(Table 4) %hileantisera to strains'Sic and 84 gane
some cioss-reactzon5 %ith iolate.-s from Florida. 
Venezuela and Ecuador 

Additional 'eritlfaton of strain specificity %ias
done by mixing equal -reportions of A bra mdense, 

ccent and pha~e contrast microscopy The fluor­
escin b'cer:al cellreacted onl) %,iththeir homolo­
gous ant. erum 

R='ot etrur
 
In thee tz. toluidine blue s.rsnd as a good gen­eral stain for bacteria a-ssociated %ih roots. Figure 2 

sho,,,s
the p-'snce of a rumb,.r of largte rod-shaped 
bacteria in a cortical ceal (refer to Fig I) Ho%%eer, 
svice ioluidine blue staining is not specific, further 

Table 4 CharaclertatOri and cres revctinit) ,f four t.pesof 4-:us,-,irjiu anr:.eraon A:opri, fin strains from Florij, \ rn+zuela and -azd 

Antisera ies,:ed* and ate of culture 
(dj.
13t 51c SP$4 125A2 

7 1 7 1 7 1 7 

3 1 2 0 I I I3 0 0 0 0 0 0 
2 3 3 0 0 0 2
3 3 3 0 0 2 3
3 0 10 1 0 0
3 ind I nd 0 n d. I
3 1 0 0 0 I 1
3 i 3 0 0 I 2
0 1 3 0 0 0 2

0 0 1 3 
 3 0 3
0 0 0 0 0 0 0
0 0 0 0 I 0 1
0 I 0 1 33 3
0 0 1 I 3 I 2
0 0 2 0 0 0 1 
0 0 0 0 0 0 1 
0 2 3 0 00 0
I 0 3 0 0 0 2
0 2 3 0 2 0 2 
0 0 0 0 0 0 00 0 2 0 0 0 02 0 02 2 0 0 

I dtim).2 iried:u- brieht brizt.3 (%,or) 
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rig. I. Transiec e s'oion of a sorr'hum root inocuared i:h .4:aipiridltombrasilene (13t) in axenic
 
s)stem.
 

Fig. 2. Portion of Fit% I athigher magnification. Note large rod-shaped bacteria v.hi:h appear to
1 19 b.in the cortial ccl (3rro%%s). Toluidin: blue-O stained section. 

, investigation wa.n.cessary to locai,: and identify cells Uniterilized field soils were also tested using con.,
 
of ,l:ospirilln. tact slides treated with FA. A few fungal spores were'
 

The application of the FA technique to roots of observed to P..ormece, but morphological character­
buffel-grass (Cenclhrus ciliaris) which had been inocu. istics such a.their size. round shape and thicker cell
 
lated with A. bruiten.e (strain 13t) are shown in walls pree.nt.:d confutsing± them with A. bratileme.
 
Fig. 3. A high level of fluorescence associated with Fluorescent bacteria ,ere always obsercd on the
 
the mucigel layer aroundt the periphery of the root contact slidrs from the inoculated axenic snils, and
 
isevident. The bacteria give rise to a bright apple. none on the contatc slid-s from sterile stil. Contact 
green fluorescence. ;while the plant tissue is rcd-brown slides +Ierc obher'cd I. 7 and 21 da)s after iriocula­
due to the Rhodamine application. Cynolon. tion. Root segm-nts from thce inoculated plant sterile! 
ICeiclir,:. D iiaria. and Penitisetin show less autof- soil syst.,ms alko hd large numbers of fluorescing 
luorcscencc than Pa~ptdruis and Ptsicum speci., A. hrasilen,,%hcrcas the a.,eptic plant-soil systems ii .Roots from the sterile plants, when dipped into 13t had non.
 
.II 125A2 bacterial inki.tlum for I min shoted podi. Fluorsciing 1:ospirilhti cells were primarily,

tike bacterial stainin+, oil). iih their homoloous obsersed in the ntucigcl layer. but also occurred in= 

antiserum. Most of our %%ork has been done on the cortical cel.of the ficid-ero%n root:. IFigure 4 shows (
tropical ra'ic. Cm,-,.4":, if ua,'c. it iiri- root of Cyns:h,t ihwd 'in treateddei's- .ziinornt.at-'etk'ned vhi 
011#11 ;nl J'miiitI.'axi ', imo u.4inc cithur sterilicd with FA W:I aili.eirUm. ,atthe same tn:a.iniflation 
soil in ax'nic sv,:em- or field soil conditiuns, as the FA-tre,i:cd b.itcrij in pure- cultue ig. i5.1 

i!: '
 I 



F-AtechniqlUe to idcntfy baticri c,.n~ root, 

Crosi-sectionofahtfgairo ~ Oc 

incltdstran.Lro;.tol ofduai,huthea !!oat anti.h 

rabbit FITC conjuga.tc alone, did not react iftht! pri. 
mary aatihoelv %vas not applie-d. The spe, irii:v of the 
ts'O tgpe, of A1:mpiriluim antmm~ri %% dcrenitratedas 

hy. concurrentlk, or inJis idtl 
 testinq: the s rcn in 
tlte irxenic Iystcrns deicrihed albo.-e 

Dirt-it *b,erir f itol rookk s5'eow s ihll Ft
Ru i foin three d iff~rent u ;is ipe.Ces %Olhich h;ad 

beti mo,'wl~mte l sith A. !erii'.'I Strait.; I .".. J.'. 

ECUvedu -baterial COtng%towthods reported
(i~sgii.4. t7~? tudnee suSia (ri . 19,)76 itfd 

b~ other iecent irintieneft)o'cec sn. ll%,eme;e 
ard Slrr I ,t'71 coiiiit of I- yiri!h,''i ont Zh root 
stir,Ick\ oif P'. 1''i.u.pI ,xri,itwo an, 1 1. 

~~0.2 

a imiouaj1if ~~pri 

hadl been. i!.'culareuhs 4or !". r sg.-t are 

given in Fi ! 6 -,.,l 7. .1. hrasil'r~ bnrcteria er
cleary it.,n embe1:dded in the, m .witcu!"rlv in 
grome-. (if teroot. Ccrtain -areas. of the_root %W'1 
"lri--1V ir.,fceJ- kith A, brarijhr.2e as is hown I 
Fi., 6 at j 7. Fi::,ur S ,., ant :n~ert, shoSs .,n FA. 
Stained preneratiotI of theu pure cu!rL :it the .ir 

.o. a i 
Ta be 5 'urnmarii,, the FA clta antd sho .% tha: 

1'. ;1.1,1ha~cnc h :e nuinbar of A..i ni 

13t inoen,.in f. r 3 Loie %a.e.ir,The. Floridai 
%.:c..I.I>4hrin :trJjace n f'.M, iso;.Iid 
mnnrn!ii~. nat! I 

aition of h 1..:-.w :erid a:'cw 1). 
d 111u,it r'ren 11 po pI:­

'. 
,!,:'! 1,ep. %wrcin,1'etj int thIe Summer of 
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F;? 5. specific P; orecx..-cc or IN act erial M:%uiiri F. 

I wioi cq uai porooi' or st ra ins 131 -ind JM cal f[ict o., ec bjtcl ria ci iloi,, ijn. ror .1 are ito­
123A~hpwrtant a rd th - ern -'h and d;;%ckypn mc of %iriw 

Ill al cx,c ;. r ebaciA populJation, of AI. br. i- groupi an I -.p, of haaceriai 1ai c becri fou nd It, be 
Ivior ie td*itth-veroot urftce, durirmo ill% 24 h .. c IM t~ir. 1967). U'irve- a npc low-if 
if)cLlIIhJ!h0 iri t.indard (7211.. reducion &--i Ti c~cen: 4%I~ii~iur.iint. 0),. 111and JI 125AI *intiscra 

. iee 2/ to 3-, ;t J h-. rir;L.I iiflro- in .ir rooe! .%t 0I)C"%o M;erAi~i~decrmrincd on 

couwn, byth F A i. ho q u . *rhe plt. Iiwi ill p or. .rancflee ion. :opiiimm b:.iloCrvt tna je­
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of 13t or JM I25A2. There are some problems when 
the root is added to the system. Th. stellar portion
of the root exhibits autoflu r' cence of a iolor %hich 
closely matches FITC. Also there ii iome. non-speci-
fiebinding of the goat FITC conjugate to sterile 
roots. Ho%%ever, the muciel area is devoid of the 
strong autofluorescence.,and hence the bacteria in this 
region can be readily seen and counted. The non-
specific bindinp of goat FITC conjugate to root hairs
asd the autofluorescence of the root are easily. d3,-
tingui.,hed from fluorescing bacteria. Autofluores-
cence of the rice root %as described -s a problem
by Diem et IIa. (1978). lt their photographs clearly 
showed fluorescing bac.eria in the mucigel area 

Probably, the largett prob!.m encountered usin;
the FA procedure on field-g-ow.n roots %%rsthe non-
random distribution of A. braSilenue alonr, the root.
We followed the sampling suggestions of Rosirj et 
_ t1975) and counted bacteria within 15 microscopic

fields for each root sample in order to do the statistl-
cal analysis. The lim;tation imposed by this non-ran, 
dorn bacterial distribution is one of the time required
to accomplish the quantiication of bacterial popula.
tions. 

The FA system reported in this paper ha.,%crificl 
the presence of the specilc inoculated bacteria in the 
root zone of the grass plants. It is a workable system
despite the large number of controls necessary. In in-
oculation studies, it is useful to pro%e that the bac-
terial strain applied is able to persist in the nen en-
vironment. Although ,e showe--d that both the Brazi-
lian and Floridian strains of 4. brasilense persisted,
the numbers of fluorescins banceria in the mucigel
%,erelower than cxpected. The bacteria appeared to 
be embedded in the mucigel and possibly this gives 
an advantage in energy transfer between the plant
and bacterium, even in thib loose associatien No dis-
tinctite morphologucal structures were present on the 
grass root. even %%hen bacteria occurred in large
numberb, 


Additional studies on population dynamics 
 of A. 
braxilense and ether nitrogen-fixing bacteria are 

necessary to clarify their role in biological nitrogen

fixation associated with grasses. Use of a marked 

strain of 13t (bearing resistance to two antibiotics)

coupled ,ith FA tests iscurrently underway. Locali-zation of bacteria in plant cells using electron micro-

scopy %ithperoxidase.anti-peroxidase labelling of the 

bacteria may demonstrate the ultrastructural aspects

of these asssociations. 
 . 

Future studies %ill inolve the use of lipo-po)sac-
charide antisera or other techniques which are pur-
ported to exhibit greater specificity. We are encour-
aged with the FA technique and hae used itexten-
siely oser th- past 2yr to monitor and ertry that 
bacteria applied as inoculum do persist in the soil 
after inoculation. Use of bacteria collected on mem-
brane filters shou!d also be imestigated more 
throughly. but ue hate preferred the sisualization of 
the specific bacteria dirctly on the root surface. 
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