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MARLIN \L.EXANI)ER,,ILIANG CiAO AND 

ABSTRACT gen ic fii ugi, Ihey usually are toxic to other members o, th i ~icl ii,liiclicig JHhizchicni (I).c a,lh;. 
oIi ll Il;t cI oloi iivllicing hicail iieu

The population of a strain oit Rlhzolirst phaseli r(isfaiit 

ml ih'ximidt fm lm I ll, of ilm',lig'llim l, 1 lil l it'cto srt.ploin win, tri hromii, cin, , ihir fill I t 

markdliv ;tfl r its additio n to, Soil, an ( il tIll i 1iiiivr of i Ill;I lilt'th lioi ll i lol, 111.1N ll Im l 1(1ltli-. it soil i/i., lit, ;I (il 
.grmuils pr,,tozoa+rose. lin stc~rihc soil in,,ulaled %,illha prl-owl,,- ill fielllpidl tti ca ill loftt)'l. ill l bi a~~ illtl'() 

fret lixtliri of sil mh roirga isits, fti th-t linte n It phacrli ii c <i l i tl Soil (c ). ,). 1t e ] i tIc .,lii was thesitici d 
was lt .s miklll .ild \l'as lit affeet,d I fhilt primiii. if ti) tllltill 1 tllh t isc ltlcm v of tlit (;itlq, of tilte 'hio­

i ittrih. ,sotil ilt il Ithi i . h1iti.it ili 0t idd t Ii iiiitii i I l h hi i aIIi I ) I 1if) lIdc( I im.I I I tic l I I ill t ( m t ill I ) I o ilt 
or ,,lolivmid , Ilic It. jhAeoli sItriin sli oit-d in largir nil- Hc) Is htsi i; ill t o Iant fti ,li iAl gcitlls oil itl­
tiet%than ill soil mot retlcisng it h,",hinitals, dlan lit- bltald.,l(ti lo/ a ll .1( ii, i ' 141 ilu csthe ihiv of Ihirch iuollm. 
vi proioa rose aitcr al initial dr'dio. Ol till(- morphologi­

ilti lp' of pr',tooz : wa.s fo ntd ill th(" ttohh ic i'tri'itcl soil. 
II is sizggistiid t lit- rihi of croolizoa is "wcIt as whiti \I.IFRI. \IS ANI)ihi ME17ITHO)S 
Ptol lod ar tmikr (hItetirm ine tit, piopulati n of soic ing hi. Jii0t bi m ;cha,',c 127K17, lw list ,ii ,inl , is i'sicist;i t ill 
liobia. I dl 'l lug I- 'llf'pli,,lm "1,111.11t.' V, lll -.0I lll 0 " .1 ,(( jig(tl 

,, l i f,, . ,I S,)qlll iii tcfi ,I Itl .i1*i..A dlilional Inidex l 'ard.: |irtt.ation, thirain, Rhi.obiu ll silt- icI t'. -dc ' li 

i.cihc1 tc iu -I th ila'n ll, 'thih hi u,41c llifil till "'. T he 
vi al. chI 

1. id l iel I' ill.11 fciil Iii'i h t ,l ccIi l i i3 cng 0 
C~fill \Vf I.,I~ lm 1118'1ii~ r\1.14 ('l -ll 1hhetIt'll w'\hNI,~,'

C'i. c . 1_ 'i c c .ii icll,( i l 2 t.\N, it ; i ,pc'llin .pl.11(m itll and IU0r. ld m i n i hll m .ll ji lv ld,', sl , I Selil I S( i 121) i . IIi . (-]tll, \%.civ w,,lh rw l h% (,+lll lh | llimn -it I" 
. 

Sm t ki11.. . I',:I W . 'Ind %\.asl., I%%]((. %%lith%wlci . dIs, illd 1,att 

Iiit;I IIciiiii silt Ilacc, (till 71, 1 -*: ci c m tirlt fclooiiti i 
\lii ac,. N V.. %%is ciiih'iit- Itccli l I I' t in .. ilcw'l it) i\ 

lit iii.ainit icictw d lhici igli a 2 cinii ciii ll'mv citsc, lit sldiis 

A NINI hER O1. IL OGi)CI:AL. ;in11 ;Illioti( fattots1I:1iicI If ;tlc, t l. I( ic c isislhi't ittIscl ,'cciciil ic.is addif too I0 
tleh suirvival c rfIhim bia ill soil ' le pi sil v , ,, ;i ,i,d oIl ,,taic it IL", fil milk dil ic b, tnics 

lHi l ichciciti cllli .1 i\ill thiic hia %%.cIi ,j cliI l i ct' platrl ic%lhu 
illp rt;ill l oiitii [;llfs iii (Iide prulttiicin (6i). miali i, Iuc 'ilhu,, iic1 Yi X ;,c,, Sitppl, .lccii %%liti 1 I ng 41 'f i riv­
sitiism (9), ani,'nsalisn 17), m i (11I), I, ,\ i,, ,oll,1 . '+ /,I; of c,,,,, . -c , .,iiI ic,cm .pn(liiim*ctinicn-i ic i ,',ci mi 
flce al itli( sticci (1l), c i gth lI ;m thiiim stil iii iue iii lemli'ati ( "5)c,, l 7 i cllhc bi ,( m %%,,, 

lOisttile ( 13, II), cud Al Icxic :Iv (Ill). Icc .tliliiil , ttiSicIcs cil ct, 
time wiopl c usc c l lilgi(i(Ics icotIceat 'cccds I' r tlci II., \ i 0cliiis i-VIlcci I"..lill , i 1i4,i11.c I .,; %%'Mr] 
(oitiol I soilici c . cir c , lc)c [;lcf cc~tic iclci .c .iI., cccl l,\c gll,, i g . ,M l 20ci, i, +,, ,ciii ti 111c1iillic l ;cid 
;lll ll(l stic'c cililhc ccccllilc dtcici lI; ic liti i, (a(;ccl l . \%,I ,. Ii ll( .c.ic I l cwc\ti ill ic ngl s,llh 'i-il il 1 I i,. h li 

thihicighithe illgi(lc, j ilts (:cic iglic toc (cilrc! patho- /,n,. c , 7KI .17siipccicimc thi' ppi,icii.iiiihl',ck . x 

Ill Iiills cii I0 l i , I sold lcictllcll i 1iiit i,,oo ( a of%cw. cti 

it ciiiliiulit filii p 4, .gc iorII,iI Cc, t i ic.,. iiliact. IJ\c' lii , IIi,-' lii c i ill( ich.itd cpi ghi lii tI 1is at 

1tNY1853 [Ilcc.' sildis %%Ic'v s ppi cicl ,i lit I'S \gicc N i"( llii ,ii li i l lh,ituitil 4',m ,,' l'. c I, 
for lilte iiiaiiiiii l),ciiccpcini t .\Ill) (S Ii,. lcc c, i, .iiiii ucci tics li(gi till ) 2S1i) cm .,ih %%i ,t 1ic. ,,i I,,\\i , C 

lon ' . im I, I to Iigci\ccd 28 11180. \p ,,\c I .Sc l. 01 ilig i ili, . iiii u i. I iiolf i cII' iini" cIciicc i st a 
( adltiacIcc'll idc ' ll lcl ccciut il (i ic. I"c 1 ,ci %icciV. 1i c41 ,lIccdi iccllcbt1l (NIiI'N, l.bhli 1il.c 1111clIII '(,i SI t rcic c 12+) with lillgs 
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CHIAO & AIEXANDER: INTERACTION 

tion as tle basis for Ihe NI' N cooit. Thlle total number of bac. 
teria was coited b I le pout-plale metlhod, with nutrient agar 
as the medinTI.licite eplicate soil samples were counlied in 
cec lest, andii pl care plates were prepa ted for each diltion. 
The slandald de;,iazion in these counts was usually less thanl 
20% of the mean, 

To deterflii i he srival of R. plhiroli in a protomo; -free 
soil .- ( y- of-air-tlii -lsoil5 il1.waS.. mistemiec..with. 
tilled water and inctenaled at 22 to 25C. After 3 days, 200 
ml of disiiled water was added to the soil, and tle! suspension 
was mixed for 30 iit on a rotary shaker operating at 120 
rpm. 'The soil. .iispeiisioii was then filtered through Wha I 
no. 3 filhec palpet, and tle filliale was passed th rough a 5.0- in 
sterilited p !)cat botiale intnhrane (17 amni diarn, Nuclepore 
Colip. Pleasanton, Calif.), Thl lesnlling filliate was passed 
Ithough a 3.i- an and finally a 1.0-, on .:re filter. I'Oitions 
(10.0 g) of soil ini 120 tl dilution hottles were sieiililed by 
atoclailg for 2-holit ptlots on eaoh of :1collnectlise dlays, and 
hen [tie sterile soil sail:pIs weei iinot ilated witIh 2.0 till of 

thel plOtO/Oa.fiee Soil silspension. The sterility of tie sail was 
shown by plating samples oil nutrient agar, and the absence 
of piiItioa ili the l ntopnan-free soil was verified by tile itodi-
fied Singh's method. The tottles were incubated at 309C for 
7 da's. atill t I ,tt(Iml tions of a washed cell stispetsion of 
fl. phaieoli wete adtlhd to each hottle, Plate counls were tnade 
at regular inietsals of both R. phuteo!i antI total hacteria using 
antihiotic- and thia a-suppleinented agar and nutcielt aga , 
respectively. 

it 	studies of the effuct of thirata on tile survival of I. phainoli 
in natural ot porttlnafrtt soil, glass heads (3.mmun diati, C,ata-
phote Corp., Jacksot, Mich.) weie mixc'i with 20% (wl/vol) 
gum arabic. The gout was allowed I clh)y for abit It) min till--)
til the h:ads weie slitky, aind thet Iilinttt was mixed withl 
coated heads :ti -ill application rate of 1.2 g/100 g of beads. 
Portionis (0t0 g) of soil weie weighed itto 120-ml diltionlot-
les, and otte thiain-tt-ated glass bead, 1.0 tl of R, pliaseoli 

suspension couittailiingiplroxinattely IR cells, anti 2.0 ml of 
sterile distilledlwate weie added to eacti bottle. The bead was 
placed in the middle of the soil. Attother set o Uiil salples 
receivecd the same atneicinietts but no thiaat-atcd bead. 
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III In perimenii which Cyclol exiunide was sed, it waseix i 
mixed with tile soil Ili :a linal it'iiralion of 0.5 atrigg (if aii 
(hied soil. ald 1201ml milk dilu ton ottle contaned 10( g 
of soil, and eacli was inoculate I.01 til of a H. phi.neolI 
suspension containing appi oxitiaiely 5 x 10' cells antd 2.0 al 
of sieiilited distilled walel, 

I'nless oiihelwise slated, the Ilx I les wei e hac uhied at 300CU 

... .. .. .... . ... ..... ............ .... . . . .. 	 . 

RESU LTS
 
Whl) 1n // oli was i lTrohi cc ilto sil, i s po pt


l ation tlecl"e" li a intrdcedn a itspon­. 
lailO dlelLd and then reached . co1.realSOliy 
statit level; for exat tin)le, in I soil receiving aIolttl I0" 
cells/g, the nutlnl ier reached allow !0-1/g at I days and 
did not change greatly thelrailer. AI the little of lilt' 

(cli, InC protooa tumbets roseto 10 b utill 1/ 
of soil. T hese (ala are in agreement with previous 
findlings (6, 7), except foi the somewhat lower iinni­
hers of strvivitg bacteria. 

To swCss (ie imilpact of roto/oal, a Stu(dy was 'on­

ducted of rhi/obial survival in a sterile soil that IV'as 
inoculated with a prolc/ole-fe IliL(tll'e of tllico­
organi smins. Appr)loximi lately I109 cells of R. Idiaseoli 

wt-te added to 10 g of (his protozoa-free soil. The 
t • ofttltlcd l.jphaf olt dlcreased from abotl 9 x I0", 
to 5 X 10I cellsg of soil in a II -day period (Fig. I,'. 

Si+ as 
t-'-. ,lnch data ailel iitaikeci ctrast with thi ip­
pieciabhle decline in rhi/ohial ablndlance in normtal 
soil; eg., I. pha.eoli declined from 5.2 X 107 to 
7.3 	 x 101 cells/g of soil in only 3 days (Fig. 2, top). 

It has been reportted that legumes inoculIa ted with 

ftingicide-resistant rhizobia give greater yields if the 

B_HIZ. OBNO "% ANTIMICROBIAL 

RHZIUM 

" - PROTOZOA
 

4 ::
 

.4 PLUS THIRAM 

I-' -- - --- _.. OO
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!J 

o2 

O 	 PLUS CYCLOHE XIMIDE 

_ 

4- HtOOOA 
/
 

5 I 15
 
DAYS
 

Fig. I-Survival of R. phaseoli 127K17 in sterile soil inoculated Fig. 2-Stirvival of i. phavoli 127K17 atd protoyoati nutllnbrS 
with a protozoa.Irce mixtutre tf soil microorganisms and R il onsterile soil tIhat did not receive aiimjcrtdiial chttcmhal, 
phaseoli in the absence antd presen( of thiram. 	 thiram, or cycloheximide. 

7.84 
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seeds ar1e Ireated with tihe fiingiides than if the, are 
not so treated (12). 1, protoo ; arc imepol iaut in the 
decline of the rii/obia, it is possile the ltuntgicide, 
which often aIcts o i ill a.a variely ol Itlicroorgallistlns ad-
ditioll to fungi (I), may inhibit the protlooa and 
thins favor cloni/ationl by thei rhi/obia. This possi. 

---hi titiy--was -tsted by ahi/g--/dut9i" cell-sitifen 
Sion1 to ]ro.1ooa-i-ce soil witih thii ltr' at 11t2i, It 
is evident froi the resilts in Fig. I that the, poptl . 
tio cl was the Salle whethtl o. tiotdecline essential ly 
the soil receied the flungicide. 

, H. ptwwoli ouniber%were quite dif-The changes in 
ferent if l)protoz/oa were Ptsett. Tthus, it is evident 
from tie 'estills ittFig. 2 (centerj that the ;3utnbers of 
surviving rhiiobia were i'arkedly affected by the futin-
gicide. At the end of 2t1days, atbotut I x IW,cells/g
of soil were pi-esent if the sot received thirall, btit 

,only I x 10 cells :g of soil werte present if the soil 
tetc(ived no fungicide. ,Moreover, although the initial, 
1ittnlI)er ol ,r-oloa in tie thiran-treateI soil was 
much lowe,,h'tlat in the umtreated soil, a (lffereice 
probably attribulltable to the killing of sensitive pro-
to/oa by thi an dolting the 2-iotr period that elapsetd 
as all theobotlies irceivect the 1inet(ldillet s, the p'oll-
lo*a 1t11tlits if) I)0th soil salples r',chied 1 level of 

fi x 10) cull.s/g ati(l 

also sinilar at ltb:i t 2 x 101 tellsig of soil. 


ce5(1 of soil, tile fiial cclills w1ete 

To detettiniie wlether the great dlifference in 
atbulndance of survivors betweenthe tiillallende(i anld 
thiranllaitneided Sgil containiing )totooa was illfact 
an effect of thiraill oil protoloaIn activilies, a sititilar 

expel-iincut was pelfotlld tlising cvciohexiliide (acti. 
dionle) in iplace cf the flingicide. This aniit)i(lic was 
ciosen bc' .tttse it is toxic to pi0t/ l~l~atlittgh it also 

... 


affects oilier etikar-otic orgallniss, The resilist elliio, 
givel a ile bol01toi of Fig. 2. At day I, whiei the 
ilIlinbCt of ptrolo/oa was still low, the R. phaseoli p-Ot)U. 
lation did Iuot appreciably decline [roln that iniit;tillv 
added. However, wlet tilelitlliter of nololldO i Ii 
to about I x 101 cells/g of soil, the abtuidance of ?. 
phasoli was iItedt to htave falleii. Mictoscopic exaln-
ittation of the cycltexinide-tre'itei soil reve:aled Ihatsii~y (1"1~io(;ihd(1 , i it~i),;i(ilteI ~~~~ ' hr(ucl ,, ~9 

diveplly. tie aid
only one ilorphollogical tyvpe was a(l~C~ed,a ciliate. 

. I)ISCUSSION 

helie ehiavior of[ I?. /hawo/i itt iroeo/oi-~ee al iT fhe be . aviI inr oli in pr -to ci-fr e ndbelwi-v'll 

iaittiral soil was (llile different. lI Ihue foriner in-
Stan(:e, Ole iliiers (lid not (le( l(ine ahrttptly. In the 
ll1tlll-ll soil, ill '(lll-ari~ , aI dfr llialli( faill n ill ,,li.I(e 

was evident, and the dlecline was correlated with. 

r'ise ill num~ber's of iproto/oa. These resti 1111p5o1- Ihe 
view that proto/oa are responsi)le for the ra)ict dc. 
chine of a lhiizobim l)hq)tl;iltion shortly fler iIt is ill. 
tiroduceh iito soil. The finding tht the 
pop)tidalion5 did( nolcl(ine it tihe first d.. in nat iral 

:,l thte prolOzoall illllber increased ila)'I he ailtri-
;I: 10i of bacteriail giowth whien Ile soiltohe I)iist 

W;Is ilOisteiedl; in this itiitial period, the 'rol(ioli 

prol)ia)ly are Iecding oil the laige nitlillers ( i1i-
getoils )bacl(ria. I lowever, as thte si/c f Ithe ini1igelldi ts 
I)a(terial roii il ty as teduliced by predlation, [he 
preying oi the rhi/obia iiay have bec-onie h)rtOtr11c-e(. 

A 100.fol thillelence iii ihe finil rhiol/.ial Iitilbets 
between thiiaii-treaed and tintreated soil wIas oh-

served. l lowever, in pirot oioa-free soil, wheller it 
Was treated with thiraun or not, the curves of Strvival 
of U. fih.teoli 127 K 17 were t ie sa ine. 

Prol)/ua cotistltits 1lrge quantities of actleria per
(ell division (3), btt! he lital lituitber ( skirvivilig 
Pr1 vrie5 WithI the lltolo/oanl slecies ( . ). It is 
eviht fronrt- his st itdvt Ih:rcerii i -dltticls'Tedtttced­
plflol/o;ll 11i11iltt's itte1itijately ;ate' thle) welre :d. 
ed. Shotly tIhereafter, hit' no), apiipcciahle (lit'.
feltelue was evident I)etweel tite i1111tibe" ii IhIe (he­
ically treatcl and tt'erCalted soil' nevertlieless, the, pro.
tomoai (olil1inilies ItiaV be uile dissimilar as a re­
stilt of addition of the ctlentica; . I G!fce, different nttm­
bers of rhiiobia probably will survive accordiigito
how the to,;ic chetical alters tie conl)osit lot of the 
proltooati coinnu ittity. Nevertheless, flurtier reseacih 
is re(l ired to establish whether chianges itt proto/oal 
fatilai affect the (leisitv ol surviving rthiobia and 
wheItier these findings have )ractical iutility in pro­
itioting nodtulatioi. 
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