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'AIISTRACT 

I 

Inoculntion of a soil '''ith rhizobia puto thC'm \lnd~ t vnrJ"'U5 onvi­

rOM(',ntlll strcSR('R chnt lcndu to fl olcction of subpopulotiol18 that may 

not be OR c((oc tivc m; the or:lsinnl populnt'lon. Tho hypothosis WIlS 

ton ted hy incubnt.lng different Gtrail1D of rhizobia in It sandy pH 5 . 7 

Boil ohtained from "hnJlnnd. Thruo scrn:ins of cowpea rh.1zobln wc'[c 

ulilized; t ... ·o nodul ;:l t cd peanut", Tl1n-201 and T-l; nnd one nodulnt l.1d 

CO\"PCD , TA1.-309 . Thco rhizobia we r c tncubntcd' under dry and moist (-0.3;') 

bnr) s oU condi.ttol1s at I,OoC 1n s t e rili.zed solI nnd at. I,SoC .in 000-

sterilized flo il. t-: IChly 51111;10 colony isolates of ollch strnin \o'e rc oh­

t:ti.ne d fran nfldul (' i s ol n t1 oll s of cowpea and peanut ""h1oh ""e r c inoeuinltJd 

wlth s oli HnMr I OR Imrr.cdi tltcl), r n 11ow111& s oil inoeul n t ion lUlIl 15 day!'; 

Intor (or nOIl- lJ lur111 zcd s o11. SingJ,' colony i s olat es won' nlso nb ... 

tuLn ('ct from pour pl n t os of s oU dilutions oC Rt c rUized 60.tl i nvn\,d1ntc Jy 

foUowJnr. InC"l cullltlrlll nnd "&111.11 Rr t nl' 1,5 days of incubntl on . HU Rult' 5 

intllcnt,c l\ th nt ther e' ",c r o Chtll1 ~\ llS in of[ cc t.lvonoll tl of snr.lc "trninb dU ll 

to trontmo nt s. Itcl.1tivo ly .lllc er nct lva 1801nt'08 «60% of 5l lnnt dry mn l­

t o r rrodu ccd 118 cOlll pnr Cld to pnront c ui turc) ... ·ore (ound In r u lnrJvc ly 

high f roquctncy (30% o( (so i nt oR ) 1n tho pO!1II1nt I.on of nodulll 1 1~o J4 t:o n 

o( otl n ln ·fAI.-30!)' TI1 (' vnrlntloll \0,'(111 not nn n rcnl' ... 'hen nt r n ln TAI.- JOt) 

i s o Jnt (.lu ~U l" (, oLtn ln t d dl.ract! y (ro.n Holl. Strnil1tl 11111-201 nud 1 -1 """ro 

corapllfnLiWlly uLnbi CI 1n u(f onLlvoneuu . 8u l ccLJ on or Dtrn ln t' til It hnvo 

o tnhl 0 t'f( cot' llvc nNul cllnr nauw l nrl ell 18 tmllortnnt. (('Ir tnoclIl nnt pr oduc­

tl.on. 

r;;;-;~crObJa1t'l~, . l . ntlc t tH' lu l ony nod 80 11 HJe r nh !olunv uec tl nn, 
OL\' Ir, t U1I nf I' l ullt- l'I1 Llln l ,II1:,o . 11w l1 m1l1 D Iln r lDcnL rJ( Anrltu lLur tt . nnnl1-
kilen, lI:Hll\ltuk 1UUnO . 'rh1111 1111\1 111111 II1'U(l' lJtWr ~('I t 1 nnd en.!' t;r l (l lll rn 
Ilfl l't., T(1 )1; " " A&:t IJlllvt\r tf ll :l . Oo ll ".ll' Ht nll UII, Teu,"" . U. S.A. 10 bf' 
ItilldI 1lh,· ,1 In J.It.n . '; lqll!i1I1t, (cd . ) IlrnC t l' ,III1I~lj (.If 111,. VI IJ ':nrtlt 
Atik'l I elll1 lUll w I.' 01. (',tnt I ~ 111 1' 



IN'fHOllUCTlOS 

fipOl1tnnCloliS IVIJA o( rho fl)'lubioc.lc chnrac tcristtcs illf t1ct ivity li nd 

cf{ ccr.ivOnCtHl o( rh izobia have heon Tl~portod (Kounhley, 1976, 

SchwinchunlO T, 196/., and 1.abnndcl"R nnd Vincent , 1975). l~requency of 
-7 -8 mutati on In n Rin810 cenc. 'Ln bactorin in ubout 10 and 10 por cell 

per gcncrutiol1 ( S l cnt a nd ClIl("mdol', 1978). Ther e: nre ft number of CC1\Ofl 

involved in c(fcCt.iVCIlCR& in nitrogen ftxntion in JUdzobiu.!!!. includlllS 

17 (or n.1 l:ror. (lnusc \lIr Lll, 1980), n hyd t'Dcon ulltnkc syntcm (Schubert 

nnd Evans, 1976), and flymbionlA be tw(.~on logumo and rhizohia (Cnldwcll 

Rnd Ven t, 1977, and Vincent. 1980). Chancl!- for loss oC o((Q;~tiV('I\(' SB 

hy HpontllncOUN mutation _tR cons idernblo since many fienCB aro involved. 

Thero i8 nlso Qvid ence t hnt s encs required (or noduilit ion and 

nitron!'n fJ xn tion lIro pl llsm id-borno in rhhobJa (Nut! .£l!!l , 1979. 

nrowln or a 1, 1980, Uuchanan-\~ollnA ton at n 1, 1980, nnd Cns ndcsuR at nl , -- -- --
1980) . "ChoroCol o , lORn of ploRmldH (rom uffc c t l vo rhizobin mny n l Ao 

r Oflult in inc r!cctiva or nOIl-nodulnt tl1Q Mutants no was dcmonHtrhtcd by 

Cn tlndtlSU8 El !Il, (1 980) . 

VarJn t.ion in dymbiotic cHcct IvCII 088 o( cO'oo"pon rhhohia hA il bClnn 

rcported by lI. rr ,ldg. and lIollHhloy (l97~) , Thoy f ound Ih • • 17 .ub­

a trnint! of CU7S6 varied 1n symbIot i c a tr uctlvanolls ; 9 \lora fully 

affect Lv" , ~ \Je r e moderato l y offcc: t:1vc , 2 wore rulnllvoly inl'rrOClIvr 

And 1 wns COMfi t l o ly ino(("c tJ v • 

Tho m.Jorlty of rhhob lnl 100 1. , •• ob,a lned frO<! nodu l e. on 

llcnnu t tl tn pcnnut n r Mo· tns nrcn8 '.Ier(l o llhur on ly ClodurD l ~ l y ((ue tlvc 

or rclft lJvul y Jneffec tive U: liver, 1971. ) . Slntl nr ro.u l U vor a obtntntfd 

vJ t h holaro. rrna l1O\Ju l C!. or c)ovurl1 (Barr,G racn, 1970 . lIura raun !!.l ~.!. 
Inl, nnd IIrockvo.11 !!!.!!l. 1968), lIoldtnn Mol Kino (1 963) .nol Su, ,,,,,, 

(1 91.6) r ported tho • • 0 11 f nCl oro to vo nn Influ n •• on vArlntl .. , In 

ufr{lct IV"'lhl"" o( r hhoh t ft . 

PrUQ "" oC'n"m tC1 . "nntJlloll1 t hhlrhct fvtt vnrlnn t rs In II rl ' 4" envl­

romlcnl CMIIN" \lhh f~ rr,..t'tJy rhl l!nhtA rnr ( ora",_Jon or nCKIulou ItO 

lanu:I,-'a gild duer ""0 I II,-t )'1 11 \1 ItUI ,'lie , I. TlIQ f'MlUuo 'I ~( H\t ltv" 
en I t, 
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suil llllVll'unmcnC llllu not hu(' n ndf.!CILIntul.y (~ :<1\1:1 1I\ ccl , Th e: plIl"rnSI1 of Lho 

m~pcTlnh.lnt r eport' l!d h~' rc \-Ino t o dutC'!L'",jlll' th" r o i n t t\'o s)1uhtot1.c fltnhU­

tty of vndous fHi l'ldn6 o f rhlzobia to tJl'tl t l"rnpC':rn tura and moltltul' (I , 

HAmil I AloS AflO m : I'IIODS 

Symbiol!ic tltnbl1!.ty or COWPQII r h.hohin i n stul"iltzod nnd non­

stcl'il1zod tlo!} contlit:f onH 'WitS (nvoatinated. The noH Wtul n Korat: Anndy 

lOliln (URtoxl.c DYBlO pcpts ) from Thntlnnd huvtns n pH of 5.7. ThrClQ 

Atrn.lns (.If cn\.· I'~·n rhJzohill wor o Roloctcd. Tuo strains were iRolntoLl 

frol1l r onnut . Thn-20) (ThnUlll1d ) nnd 1-1 (TCXIIH AMI Unlvorn:lty), end 

were cHuct lv ,! nn cowpoa und fl f'rm ur. Tho third "tra ill. TAI.-309 waH ob­

t nined from Lit o :~JrTj\t eultu r,o CO~ ltlCll"l1 , nil'l , nnwnii but the orJRinnl. 

culture d(>H 1Rna t f on t il Cll7 S6 Rnd balonced to thu Sydnoy Un tvorK I,ty 

colloction, New South HnLoR, AU Il rrnlin nnd J8 oCCoctlvo on CQ".1POIl . Tvo 

mOlsturll r{·s tmeR, nir dry nnd r:lo'lin (-0. 33 bnr) nnd h'o tMnllO rnturoH , 
a . 0 

40 C (or HtcrLJ l y.tJd Doll Rnl! 45 C for non-8tortllzcd QOU , W(Jrn 118 J 

for incubnr tonR. All trl' nt aontn VCl'O r ep li cnted tllico. son .. ..,UI 

ot'orUJzod by "ul oc l Rvlnr. 10 & "nmpl oR tn toot tubu li (or I hour on an~h 

o( 2 fl uccuuo lv(> dRY.I. 

I'rera Lh\.l dLncke of unch s tra in s tx \Jork inl; cul.turoD v r pl'Qpnt.(.J 

on yOUR t OX LrnCl annllttol annr s l anlO (Vlncont', 1970) . Sl ll1 l1t a. 'ler f' 

"tored In II ro[rJA~ rn to r nr fjOe nft,,, li lltl1'ox ln 4tl, l y 7 day" of tncubnt-Jon 

nt roonl LelU l'OrfHur\! , Th \lork l n» culLur". v 1'0 ufled n. " t nndr- rd .. 0 '(\1' 

., p"1'iod of I y eA r ,,!thou t Arldt U on 1 t rAna r Yr" , 

Inoelll"" Cor 00 11 " • • prol •• rcd hy tron. r~rrlnB • loop(u l o( cIII.Lur. 

frOD A \lorkJn" cuhurL' to 20 " I Y "" r (IX Lfb Cl " "nito! broth (V(nr nt , 

1970) . Th broth culLllr." \I r~ ClihurI.d 111 . n I n uh. Lor _hok r .t 19"C 

( or 7 dAYA OL "Ill oh I I Q .h. cuhllr •• "~r@ In Ih. InLo lor. pI .. " or 
Drw lh. Th. c~1l d,·n. ltl I .. r troln Th.-aOI And TAI.-309 110' ror 
I nllclll . Lln~ n o-o.,.r ll .. I ~nll ... r rU I'QC llv Iy . ' .(0 X l Oa . lId 

?n • 10
8 

• II . " I - I. Th. " " don- Ill ... r u rnlr •• 11."-201. T" ... 311'1 . 

ond T- I u •• d (or :110<1110111111 ~ l nrl ll l ,. 1 00 11 "0'0 r ol ... Lln l y , ',7. 
1,,8 ~ 3 - I 
v • l . ~ X 10 M.I (, . 7 X 10 0 II. II I • Soli " •• Inlltu l o,vd I'y 114dlnft 

O. I o ( brll i h o"lL " r . t o 10 .1 oft"!.1 • o( 0011 CCllll al" I In U X Inn 

t l' l- t tllu'l \I:.h If I " "~I" 11 ... "1.~trHlifJ t,· 'Iurun 'IY ,,' t. rll.· 41 

1 



tl11 0d ,,"'tHuf WIi N fuhh'd t o ,ltlj ll f: tl tll o flu ll to -0.13 tmr Inu.i!1lurll. For 

tho dry t r('ntmunl, COpG ",.oro rt'tnov(:d rr(l11 th t tuben Dnd ttto ord1 waH 

H,lr drlt'd 111 n l om lnnr fl QU 11\.)(1<1 n t' roolU tQnlIlO fllt'lIt'C' fur 2 haura ho­

f ol" ', r opJ netnc tHi llti nntl Ilind lin tlllJ tub(, tJ J n nil I m .. ubutor. 1'uh~d crlll­

tnin1nr, Mo t tl t no ll \/c r u k\l pl In n 1oiOl ti i. chl1mhor to r udu cD mois tu ro 

l Oflu . Non-otol°J. U l'.rd 0011 unR 1nr,uh nl'cd lit' It ~Qc (or 15 daYB hut 

ot:(wil1 u d 60 11 Wilt' tncul lnu'd El t 'IOOC f or ',5 dnyn . 

1\10 r oplf cn ll'" of nOIl -rttr. r!l lzod 8011 worc ufled tur i eolntlon ot 

rhizobi a JJUUlC'dlnl 111y nft e r Inocnl :uion "nd nuutn 1.5 daytl nrr(lr 1l1oQulll ­

tlon. Tho cntt.r(' 10 n nn"'lI l un VOl'e ndd~d to 90 ml of 6 t,~ r! 10 dJ tl tt.llod 

""nl'or cnntu lu"d In tlc r(!w-('n l' hottloll nnd moehnll t c:n ll y s hnkOI1 I'o r .5 

m1nuU.s . l'ennut (A.r "~hl n !!..Yj"K'z;acft 1...) :3uorln voro slIrfRCI.. ... a tl", rl1 ( ~Qd 

with n l OX DoJut1an of c on.ttQr(111 ) II nusohohJ lIlanch to r 5 l"jnutoH M el 

r t noad ' CWO I 0 1 t h:uw \lJ til t il l' v,ltt., r (60oC) t o r {'1lnVQ a ll crftCQP or thQ 

bl ench. Four 8t:tlr lll :wd tlo, d. \lor 1I0\ln In QodJrled I,yon rd J ors con­

tn!ntslR v~ rel l clil fl O. Tlh"l "C1" l1 u u r o tllDcu l nl' d \I,l.th a 6011 fUUI ,l nnlon 

of Th.-201 by drlbbllnl: ,ho onrlro 0""'1' 1 on ' o tho ••• 45 . M , cr 

luocu!nt ton II d vftr~ en\' red "'lIh voralcu U l Q. $ Qdltna vuru 

thl llnrd to t VO II l nn t. a per pOL. Por TIIL.-309 , thft tlMO procldurb Vl\~ 

""pl oY"d X'''pt th t .ovr •• (~:.l.s!!! ""Bule"' ",,! (I,,) W.,p) IIQa th~ h •• , 

plnnt... Unln cu lnl(~ IOU all " f'pd for 1nocl'llu lM of r ~nut And 

covpp In llrai:' rOll t o r f ovJd(, It h ck, rot t"dfnf'nCtulI rllhohhl . 

I"on" III d f.r 1."I .. lnr. rIIla.bl v~r, •• uppllcd vlth I. At. n;tl. 

pI n' nutr"nt oohn IDO (Hun .. , 1~68) X. pt rnr IIA "hlch "U "~td At 

" . ' r."~ th nnd ".r. ,.1 •• -.1 In • IIJhl . 1IOft provldlnn. pholon ttux dfll­

. lIv or 650 "I: n-l,-I ftI ,I .. Itll' o( ,h. plan,.. Th~ ' r r"ur~ "r 
Ih~.. 11.1'. Int.ln , 1911 ~urln_. . hour IInht porii'll •• ~ n 

21°C durlnr, 10 h"",, 01 d .. " " •• h dny. At 5 .... ~. a( ,.Inll l 11."",11 till 

1I000u ' ~1 vor .011 ~~d 110'. th'" '0 lIad" I ~~ r."" pl •• ". In fo.h 
''''' Ialno, r~ u .. ..! Ipf I~al ,Ion ar .h .. "bln. II000ul.. '8 .ur(DCO 

lI~rlll 'l4 by firM rlll.lnt III .~ •• Ihnno •• 'Id III<n .... ~Inp In lOt 
blt·.,h (tlr J 10' .. Inuc.... n, ....... "1 •• r rlllo.4 r ""I, • .tly In 

a" ',11 ., r I" _w~ r Mu I \II ". IIIlh~M r .. 1001.1. J hy 

pi rtln, I n 1111. villi flo .. I . 1& lAlI~ • • II' I ~",t >tf ~"In~ .... ~IA 
(,.' • f ",. , .. ,II 1., ,) '.~l h., tl ., h i •• \thr 7 r,. 10 

... 1 ... 1. rllu. "., I 11< ,·f r"""l01l ""0 ...... f<rt<J In df I", 



A L(l Ln l or 110 i !101nlOfl \.,1 0 I' U olJt:l lnud (rol:1 one il of tho t\m r Qlll i cu t ou . 

A(t r culturinG on Hl n lll' l l ror lIPll fC,x llTlUto]y 1 wonk t ha CU) CU l' Cfl woro 
o ntnred .In n r ofri nurnto,' nt ~I G. 

JnM[l'rlilll~Jy (o Jl oo,.'lnft JnoclIl nliol\ oC t> l e l'il1r. t:!d ~uil lind 'I!,) J ll yn 

nfto r Jnocul ntloll YHA oJl roml pl o t eD woro utili7.cd to ohtn111 R,tnf,: l o 

colol1), i s oln t of' . ~\ft(~ r Jn~uhntt on o f! plntoR (or 10 dn)'R , 30 tal ont,os 

o f l'D ch nHIt!.n Wll r\ ' ll'un .. r e: rrrd t o 8)l1l1tO. S l nntR wor e 8 tor('d in !I 

r ofr!J;l\ r ntor nt 4c·C H(t~r culturln p, . I no lfttcu obtn1nf'tI (rom nodu l es 

And ntorilhrd 1'1011 \" c ro confJ,nnNI n9 the 1Rola t,oR of \'ho inoculum 

nrrn1 n fl h)' lIfling t:ho (Juor~Rc(':"t nntibody t t1chnlquo (Sr,)m1dt ~ El.. 
1968). 

"~or of((':ctlVC'IlDIUI n NIIo',yn a 10011(ul of rhizobJa wno nuopt,1c.nl1y 

t:rnnaCnrr d (ram \'UA Hl nnLli to 6 ", I of Ytl l) ( YN lal: cx trnct mannito l. 

broth) In I S X 100 n.." culturo tubo .. hrlvl nr. pl asti c c l o~urcB . Tub,.o 

W(t rft I,l ll("(,'d III t"'" ' tube rnckft nnd "',, ru ahnken on nn Jncuhntor II hnher 

nt 29C)C for 5 dft >'II . 'rho llnl'ulnltonn ur rhl z:otlf n In th r.r hroth arU\r S 
7 8 - I doyft ro nA.~ bO lw on op~r •• lmo t . ly I • 10 10 10 00 110"1 . SIx 

1i 1 r ft l r Q (tI..Q! .• I:n rt Ill!! :!.t'.!.!!l!!!!:!t~I~ (pc. ) Urp) .oed linun In ICllnra r " 

COCtIUlri a "\II of pl"a'l pouch I w..t r u Jn tlCulnt d . Jna l), \lJ th fl'\eh '"0-
IAL "1. " rAl C' a I ft l broth f' r plant . Tho rlnnt" "'''ro nrovn In tho 

."1If4.l U nhL r CKW1 CUI tho~U' WI d ror noduh' ho l ft , 101l1l . U CAUIIO of 1 bor 

nnd " pac" r .. trJ c tl unll n il U't'lI fnf'n l:a ('ou ld nnl' bft L~"h: d il t. th ,Mn t.... Tn. p.nlolu rn. ,h I. proc.dll r 

a ,'Orl<l,," "lIlIr. lIoru I nc lud~d In ftDch 

.ond II "'''0 "" r II • enuld It c I'lind. 

IZ ' 0 26 pl nnl . InoclI l A .-.I "llh 

t II 00 hnt pI on , orO'., h 

n.~ ~un""IY Itr dry .,Ll r l.raduN'" III pl on l§ t OI' .rl.r' " . ~. 

or n ..... llt II. .1,,,, t o 11'''''1' "I4Or. Into 11 • I<nor lal . C. I IIn.S. r 

In 10 "<I In ........ " hd lnnlnr. "hit 20-10 ".. I'lont dry "01111" . nr 

pftrr"t ru h vr .. " 11Iuf un(npf'tll tHJ tM t ralv " f" nft t. Iq" ludOti In t li" 

InnlYAlti f v.rf lnc", n,.1 y.t,Jl'ln",il!S of tmbrttltU l ltOll. vltll'n flath dnl(" 

of "'" 11.. ,r ... nllly •• a u.ln~ Ih, ~M (RI.H lie. ) A,,~l y.lw ~y I "") 

t,yt'" fir" ,I II tr1,,,hy ,.r y ri 4nn' It ' ''(~n t.t it " , . VA" 

1 .1 It, II·.· I" • r.ll" " •• IIIN 11111.11 I. III ri ll .. or I h~ I 11\ ... 1 I" 

l it •• 11~ I It. 11 ... • .. 1 ".,,1 ., " (~ I ' I 'Aa Tnrrl~. 1~60). 



lU!SlIl,1'S ANU III SCUSS to:~ 

fit' liM lJ t.)' of uffoctf.\' C'lH"!Ui of cowpen r ld.zohJII 1n non-ulc.rilhod 

6011 \'Iu n invP fl tt,:lIlC'lJ mdnr, p l lllll: dry \loi.nht IHi ch(> of[oc tL\,en('Hs 

chnrnct,('Irifl l tC. S Lllcc N fr oo pl ant nutrhHlt "ol li tlol1 'UU.I Ut.J1.1z(HI til t' 

qunntl ty of N f ixod ,>'auld hr OX II OC\tcd tn h" h11\1I1)' cor roln trd u,lt:h 

Illnnt dry wiJiCill- (l:rdmn n aml ~Ionn f\ . 19 .~2, W>' "n~ .!U.!!l •. 198tl, tlnd 

II nydoch .!l.£. !Lt... , 1980). }'lnntH uned (or effect lven fiS nsun)'tI of 

r hlzohln l itlO l ntcfl from dHforont tr l'n t~ antp woro not erO","1l nt t.h~ tH\lQO 

tJmc but I n l-hu slime ccmtro)lcd onvironment . tnoQulntton oC uome 

rI nntR , 1n onch neulny , \l l t h I,nront otock culturen Ilrovidcd controls far 

cOOIIlZlTJnr, nrO',lth condtt1onp bctu(\on tl'ontraonta . Crwtli condit I tutU (ur 

ll'(:ntm(lnl tl unlun nonootlturllilcd Roil uoro not e Jcntrl cII;Ht l y d'lrr ront 

(Tnbl. I). 

tncuhnLton of ThL-J09 In non-nrerJl1lod .on for 15 dayn nrench' 
Jnaron tlQd tho \tnr.lnhlll.t.)' of trl.!c t jy IICRlJ In Lho flurvlvJnU ,'OllUht,lon 

( ... 1n. 1). S'lunro ront nr l Od,td tlUll l c trlll1,(onlUltlon. of dnrn did nOf 

rnsu h : In hmonon,,-1ty or vnrlnnco. Tho m(,1I1l ntfllctlv no •• or l ha (l0llU-

I ttlloms rollowlnn lnouhntl on w r lotil of{"ceJ\'o than tho I,aront cul­

'''ro ."d 'h ""on .rr •• ,lvM ••• 01 Ih 0 dny populotlon (PIn . I). 

"I'loroxl" ... I)· 37% .1 Ih. l oo lnt • rr '." 1,1 •• I"c"bolod lor I) day. 

p.Nlucod pl.II," IIILh dry "o'»h .. I .11 Ihnn 60 .r tho pMont ." lI l1r •• 

"h ren ,. 11000 of 'h f~ 'hmlu,ou (r~ Lho 0 dllY lre' "ue: "ore .. 0 

tl\'. or lho lMolol" rr Iha .nlol •• 11 Ir •• I .... 1 n v ro 

InQrroc­

Io .. ltlcd 

"" Inorr ollv (1' 11\ . I) . Inco U", pI 1110 ~.r y 1I ... loh III colllr nnd 

dry volahll " ro ... II.r 10 unlno.ulnl"" pl.nu . 

\'.rl nll'.' 10. Ir... • .. "r "' III Th.-20' In n/lll-n rU I. d 00 I 
wro nOI ~ I~nlrl •• nlly dHr r lit (1'18 . I) . IncubaH .... or Lhl~ . HAIt, 

In n .... -.lorIU'.>d •• 11 did nql Ine . ... o , h. vulablHIY nr rr cll vtn ••• 

III .he PI'I'III~11 , (VI • • I). 

nil' 1101"'IGll .... or ' Ir41". TA!.-)O~ .nd n.,-201 Intuh", d In dry 
0.,1 I I .nll rar IS d y_ ~ I ,~"c OIt'f d· cr .~ d by a\lll.all 'II I, 1000 

I I •• Indle.,lnd pr ... qr~ oft In l ."rvlv.1 v • April d. nl h,o",· Old 

vorl •• I... In "IC.'llv,,," 1" Ill~ T"!.-)09 IHlPuln, I .. , Indl . I 4 I II l 

'tt It Ih , PII If' '-i 'I .• , II III ...... tl. ",.'_",1",''''4 I, h. 



Ccm ( (III IldI Il r. . 1111111.1 (IroL ... ·l<!lf'r IIH· nt· . Illu' to Lh t· !,onu tbtlll.), of ,,1.111 1 

std UC I Jvl.t:y dudll~~ Iwuul fet l un IlcCllfr C'd ulncu luolHL<·g WO I'O (Jlll~n tIHJll 

Crnn nud!.lul Ud l'oottl fi llel nu l d 'lr~c tJ,! (rulII !'Jo11 . In n llccond i.·Xll c r!-

111£'11 1 til I'll h:l.ltl Mnll w:w !Hllld uo lhflll rhl r.ob .1n cO II .ld ha 1so1n tcd dll'uct11)' 

fl' 11I no 'll hy pi n t {1Ir. . Ilr,cullliO of rCliuc ('d Inhor r~!(lu.lrc ·m Ol1t tl nn Ild-

d'lt lonn l Atl'ltl ll 1'-1 WUfl included. The lnculHltion t11110 !JaH lnc r cQr::od 

t·o 1.5 dayn " ('C'lIUM II 1' C'\IIlCO.l 01:1"06" from r Olnovn l of biotic fnctor li llllt! 

l"wurJn1\ ln ub ntlc'lll l (!r.\ I' ruturo fn(n I,SC'lC to 40°C lnc ronGud tho ti me 

llCluded fnr H~ lt'cthlU prOflO Ur Oti a ll tJur\,l,vnl (lloonkurd nnet \v(,nvcr , 1982), 

l·ollUl n t.l oll tl of ntTnl"n In mu l rlt 110 ll dId not dCCfCIOHO in 45 dayo l!l1t In 

thu dr)' flo l) llw rOlml ll t Ion", dec r on ud by n fn ctor ur 10, 1000 nod 100 

fnr 6 L--rninn 'ftll1",201, 1-1 nml 1',\1.-309 renf1acti.vo1.y ( Uoonkord nnd W<'l1vo.a' , 

1~8l) , 

f'lnnt nrnw th (':ondfll on a worn not COntfilltcntly ttl(> snr"o durinG tho 

UfCOCl 1v IWlltt " ,uJnyn nf (no ll1t":08 ol.tnlnrd { r en tho Roil (Tnblet 1) nnd 

"fit b'1 conB l derl'd \lh It ~nltlnu tr"nt~f"" ' cCXlI'nrisonn . Till: meQn "rroc­

t lv,"ulJ -,d or Ihe POIHl l ti tlona tM~ l n t."'ty f,, 11 0wJ on Inocu l nt t on nnd nf l o r 

tncubnllon (or 'tS dn)'G tn mo l nt Hui 1 wr<ro HI"I 1ftr t o tlw t r r" ' llocl tvo 

con i rCl l ~ (1"1 &. 2) . TIll' "nrlftnecp of IlOlllllot tonH ror thf\ a,\ """ t.r 1. ­

lIon ta wur on1)' dftrof{'n t (ar TAII-109 in which cn&lCt tlH.t vnrllmco U",' 

rf'rluc. ,«J • 

1:"1\().lIfO to dry ",, ( 1 non,lltJ onft ror t.llo liS till)' I,orlod reRu) t~d In 

Ir.""'''rolll "t(,tel_".l Ill ! . troSn,. (rtll. 2) . Vnrlnnco tor IIt r"l" nlli-201 

viullncr~Juu·d t1ll1. t lll.t 1't'lJHllnUQfl nitAn VAri li tn ll l\r to lh" I'tlf nt CU 1C"f\': 

• "It. VHrJnne,·. rnr lhu nrh r l tt I tfl't'na ""r~ . S .. 'lor t o th t'll rc •• p,,",c­

"'v,-' l'rrh' tlJh.sllon tr-': Iu"~.t. . Thp liNin orrdctlvenPltl or rh Itfl l)ul,.· 

I ..... ItAO l'fQb3hly .'Ill1er . ,,,,<ly Invor Ih •• Iho r.or 01 h' r r<1l 1 <111-

l ur~. eon •• ,tor •• ft I II .. II. IIhud of Ih. dlffM n 0 And Ih. ICIOI u,nnd.fd 

.rrlln Dr I ',~ 1.1 "nn' (~ 2) nnd Ih. "'.nd..... fr",. or til •• portAl 

c .. llur.' n".11I (T h!,- I), r~ .. lAI ... lll9 , h .. dry trt'hI'MII rl'.ullod '" A 

lI011011<411y IClllrI'." 1 (.0) 1 •••• 1) r Jo, .d ..... II rt .lIwn.,.. • 

C''''r"rrll I" .tii 0 .tl\)t t r-f/ t Lltl. 

It"",'<I' I 0' I'. dOl. In ,'Inllr,·' I .1IJ 1 flf dAY 0 If~~ 1t1l of 

both f".III ..... r. I~" I ... ,. 'r<ll~ Ch4t I"" Iti'lPf'tl' tlltl (rt''1uutr, ,lIl1ltr"~. hton" 

' ur f t t. ., Vf Il ,. I" •• " h' It Ij n I' v. I ,,,'1 .t • • J ,t 



ll h.l t'(· " 'oW 110 thH I.!C Llh 1(' d .(fi~1 1·1 ' Il C v Chh.' t f) su"'pl lnn ~lr I'h!! HOJ] plJ l'1I1 u­

Li on rm' " r r uet h'~'I\L'!W by jnocul1ll1nr. p1.1nll.; alld i!Hl l n tlnli rh!::chlu 

fro:n tho 1I00iul ctJ o r by ( H\l lnl.lug rhb:oh ln dJr(JcLl>' fr"m tled J by plnLlnr., 

Thu 1'( 'tI U1r; :1 of tld ~ l'l,'!H.Hl l'ch elc/fl r' l), Lndl r. ul(' till' import ance of 

d ovc ) op t lln f urtlt lJ l' l ll lll\·n: l,lOdlll.~ 011 t' llt' oco!oUY 0 1 rh jv.o\t(u In s oil co 

illc lud(1 1H'1l1.Uity of :l)'I!lh1oei.c "hnl'llct (': r fur nHrocC'1l C1.y.tltion, An Ln­

outlOt Ion t ('~ l'Inrllt:uru Incrc'lIl'w [ror.l !,OOe to 45°C r OR lll ted in u UhllllGf.! lIr 
5X to 2ft:! of the t l101ll l NI of 'f"1.··309 hcc ~~i1 I1 (\ on ly 60% 118 orC~ctivo li n 

lho pll r ont eulLuro . Oth~r !It!''Qtn~ \.J c rc Llnrc slnblo bUL HOtllO IfiolnrcHl 

of 10\/ Urr,1ct LVCII(!UfI (ll' no "IHlIl 60% nf' orfcc tivc n8 t he pnrt.mL culLun') 

\le rc obtntnc'cI for 11 11 RLr n tnn . AddJlionnl r URcltrch Rh ould lt~ dLri:c tcd 

t.oHtfrdtl dut·N"l'1{n.ll1i: tho 1'0101 iva nht J t cJ nn ot cho lna rrcctivo I.tio lllt (J~ 

LO (lurvh'ft In HoJl. /\Iso it ,"'Quid be h e ll Dfle.tal to dot(' r m1nc JC tlte 

r fl)nltv(J 1tuanb lllt·y or TAI. .. 309 i ii du o to plns:nldu thot con trol oCC('lC­

tivc n('sil . Cortnll1ly Jt III 1ruportnnt Cnt inocul ant: I)roduca r ll Co uttlJ ~" 

ntrn~nfj of rld ::ubtn knol.i. n LO hnv" Hymhlottc c:llllrnc torl ll t tcs thn t will 

bQ ul ltb)\! tn tho cllvlron"ent D whor e tlht Inocul um \1111 be ul-Ilb r.d. 

ACIrnOWI.I.ly'; I. I ~NrS 

flu- !Inane t n l n •• hutncc of Aran t I'A~A M/TAl1 6 10-9 .. 76 fr m tlln 

U.R. Anflnc), ror l"t ornn t Innn . U \ll,lopnul1 t IUld r ('n l nnn i IInt eh IlrnJec l 

S- 11 2 r1ndl' Lhltl r, 'tt ('ltrch l'o ll"lblct , hl l'() th{* Roueroa il)' or th T11l,II.lmt 

iltIpnrU'trnt ftC Ar,rJcu lt uro nnd luU· t I ClI l nr l y Ir •• Y,lnchaJ VONnv,,, In p ro­

v1dl "ll I II 0l'rnr lulllly.' IIr . N. n.onll rd LO "nrLlefI'M" III ,I", rroJ • • 1 

I,. Urllt,-,rull)' IHk"tNJ",111 1 ~t . T,lclll'1(cnl "I" l a tnneo or 1.1"0 !Ia l hlu . 'IWX 

H •• lk nod IL.lllk. IIIIJ,.ku l,·ndr.n I" CIIl l urina pi""," I. 0111''''.1., .-.1 . 



Tnb lc I, Er f oc t i\' l1IHWtl of lilc POT U11 t culllll'\.U! Ufi{'tl RS cont roh; f C'lT cnC'h 

t r llu tmcn t: for the Jlll1"\HI!lC oC cl c LL~ rm lnJ II~ Ii {m Unr It y of ~:ro ... 'th 

1'ron tmclll TAL-309 

--------~----------------

Struin 

Tha-20l 

--
T-l 

-1 .. -------- ---- ---dry ... ·oJght Plg Jllnnt --------.. ------

Su t 1 

nnn Rt(11'il u 

Soil 

li t ortll r.cll 

con trol 

dry 

moIn t 

con trol 

dry 

1I0 t fl t 

110 (;t3 . I,) 
t 

111 (:!:',. 3) 

118 (;t5 .1) 

N.S. 

Il l, (;tIl. 6) n 

11 6 (+ 5.1) n -
92 (;t 1,.7) b 

114 (;t6 . 2) 

100 <:!:6 . 3) 

112 (:!:7 . 2) 

lI.fi. 

• 11 0 <:!,6.9) n 98 <:!:3 . 3) h 

110 (+5.1) • - 11 3 <;:',.8) • 

82 (±3. 2) h 86 <;:3.8) 11 

-
t 'hmh r {II Iinrontht·,.h r .. rho runndnrd rrar or rho "(HU1. I'ar nonJl t ,,,, fJ o tio ll 
t.r NlIQ~11Lf ftv'~r':I~)N' ru o( 21 I n 2' rlnllLM nnd (or OIQrtlh:pd 80U ' rtl. IC ~~n" 
ftV rarUHI "r~ ot J I I'l ftnta • 

• Av rn nCR 'Ill"'" 1.It rnln l (or IIQRIII f'r Iitt (lnl l \I Tn IIO t. Mlnn l( t canrJ ), d Itr~r. nl 
At 0 .051)l't"'I'II,I1I,), 1 v~ l h)' th l' r. 1.,'.1. for . t{trlll 'J,-· ~ IIOU frOtl r"""1 1 
ftv«r" 'HH h vlntl n I.H l f'r In c C'tl r~ III" .tnnlfll!onL ly d'tt'~rt'" " II)' lJullc.an ' tj 
11 ('"\1 IIN hfJlJu r.ma,· ,,·a L. 



NODUL E ISOLATES 

30 

20 sZ . Z'~. 
' rJ) 

!!!,o .. 
..J 
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rJ) 

... 
0 30 TA~ 300 
III 

20 - 52. , 00. 

. 0 

o 50 • 00 I!'IO 0 60 100 I liD 0 
o dOf I Ii d.y. dry 

DRY 1'I£IGllT or PLAIn TOPS C .. ,) 

liO '00 150 
I II d. Y' IIIoili 

III1UI'. I. rrr ,,'Vo'''''' •• , ,1011,.10 •• 1 . ... I .. lv. '.b l fth'<'oI ,,"" "Nul •• or 
., . . .. 1. '"n Ul41 J ,, 11 10 "'0101 ... 11 .... 11 • ,,'.IIAI .. l y ( plI ""'fI.\ 
h""·II I.I'" (0 doy) "' 11, I .... ,,,.,'n. IIr rh', •• Io." Pfl4 4f l r 
I' do y. '"r.b Un" •• ' , 01.,. ." 'I ...... 0111 ''''". r·,d, ll'I"f~ 
•• I' ••• •• "" '0 ... .,)ul 'd'~h . 1h, V4r1 nr .. ( I) .. r •• rh 
'",,'111 1100" ".J' 4Ir.'. l1O' vAr'a .. ,o'. fQ. 'r. 41 "·110 " r ".lIvlo'"... I,·.'hh .. ,. ,"Of ,,' .'f! .... lly dllt hili (. s n.D~) 
If I lit.?' ','-V. f1 h &I r In 'I -n. nt .. ltnl (lift ' t ... h6d a!.it 
hlill., II ,,,1 ':'ltt ,1'" , 1'1."" nr.h I' hili ,.,I'IIf. 
(1"1,1 •• , I, II II Ih. t 'v, I, , .,. l hU. 
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Ttn ?OI 
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DRY WCIOlll OF "L AlIT 10rt! ("9) 

VJ ,jun· 'J. crhN, tv""t'JI~ or thl ~ub l ~d hnhu ,."t Oh l tt lnrd r ~ ft l ltrfJha"d 
Holl Jr."i.-il"l!tt ly rnllt f\llt.I' fflHCul'lll on (0 ti llY) wlr" ' hr 
.Hrntll" ClI Ih'lInbln .11111 lit "" 1.5 dn~1I f"cWhllt-lnn ulllh~ r dry 
or "Ira t:f'utllt 'un, . i!4te li frnur.' til 1",",\1 Itt l ItO t"U l i1f ,.tt 
oh t 111\.,,1 Ity rlnl hll: tot" . M )'",,·. 1 ,'Xlrnet D""IIIIOI IInnr. 
~CI r llJHlttU 10 ""nllrl' I tor tI1JdJ l lul1,I ' JntcH.tll"n , 
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