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The successful nodnlation of legutnes by a Rhizobiun: strain is determined by the competitive ability of thatstrain against the mixture of other native and inoculant rhizohia. Competition among six Leucaena rhizohialstrains in single and multistrain inoculants were studied. Field inoculation trials were condinctcd inan oxisol
and a mollisol soil, both of which contained indigenous Leucaena-nodulating rhizohia. Strain-specificfluorescent antibodies were used for the identificaion of'tie strains in I.cecttena nodules. Mixtures of threerecommended inoculumn strains for Leuca.aa spp. (TAI.82, TAI,582, and "I'AIA145) were used in peal-hased
inocu!a either alone or with one of the three other strains isolated from the sites, 11213, 11214, and 11215. Each of'these latter three strains was also used as single-strain inocula to study their competition with tilenativerhizohia in lhe two soil systems. In the oxisol scil, strains 11213 and 11215. when itsed as single-strain inocula,outcompeted the native rhizubia and formed 92 and 62%7 ot the nodules, respectively. Strain 11214 ;vas tile leastcompetitive in oxisol soil, where it formed 30% 
70% 

of the nodules, and the best in mollisol soil, %shere it formed
of the nodules. The most successful competitor for nodulation inmultistrain inocula was strain TAI! 145,which outcompeted native and other inoculuni Leucaena rhizobia in hotlh soils. None of the strains insingle ormultistrain inoculants was capable of completely overcoming the resident rhizobia, which formed 4 to 70% ofthe total nodules in oxisol soil and 12 to 72c' in mollisol soil. No strong relationship was detected between thesize of tilerhizosphere population of a strain and its successfti occupation of nodules. 

Numerous studies on conmpet ition among Rh/iobhou
strains for nodulation of their Icgunmc hosts have cmphasized 
that it is a major practical limitation to the establishmen of
superior nitrogen-fixing inoculant strains in the nodules (1.5. 
6. 10, 19. 24). In the past, the nitrogen fixation capacity of 
Rhiz.obium spp. has been used as the most important critcri-
on in selection of strmins for inoclum prodtLCion. For the 
desired inocul im str..in to lh:.ic :inimpact on crop yield.
however, it must he able to survive in the soil and compete
with resilent strains for nodulation of the ho;t. InoCulul 
strains superior innitrogen fixation have been shown to ftil 
to compete successfully with indigenous rhizobia (5. 6. I0. 
24). Poor competitiveress can sometimes be overcome hy
applying high nunibers of theinocuhui strain(5.24, btthe 
high number:s that are needed to overcome the resident 
strains are dillicntt to achieve lfr practical legume inocula-
tion. It is therefore important to identify highly effective 
strains that are also competitive in situ. 
The nitrogen-fixing tree legume l.eucaena leu'ocephal

has been identified as one of the most promising of all 
tropical trees (7. 14). This legume can grow successfully in a 
wide range of environments with large diffecrnccs in "alinity.

rainfall, sunlight, and land terrain. It offers a 
wide assort-

ment of uses, including high-quality forage, firewood, tin-

ber. and green manure (14). The main traits that nmake this 

plant attractive from a practica! point of' view are its ability

to grow rapidly tinder a variety of environmentid extremes 
and its highly elicient N2-fixing capaciiv when the appropri-

ate rhizobia are present. Although many studies have ad-

dressed the botanical. agronomical. and economical aspects 
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ot this inportant tree legunie, only a few studies have dealt 
with its N_-tixing microsymbionts. the Rlhizobin spp. (9. 
5,
22, 23). 
The objective of this investigation was to evaluate the 

competitive ability of difkrent strains of Leuceana rhizobia 
as single and multistrain inoculants in two different tropical 
soils. 

MATERIAI.S ANI METIlODS 
Rhizobia. Rhizobitn strains used in these experiments 

werc recommended by the Nitrogen Fixation 1y Tropical
Agricultural leguncs (NiFAI,) project for tielti trials 
t'I'AL82, TAL582. TAI .1145), and0four other strains, B?13,
B214, B215. and B217. were isolated from tie sites. All 
strains were effective oi L. 1'iuocephll, and their nitroge­
nase activities (C>H. reduction) on their hosts \%crc not 
signiticantItly different (data not shown). Sit in 13213 was 
isolated from L.h'leocephau nodules growit g in Hawaiian 
oxisol soil from the site uIsed iii the field plots fPoamroho 
Exp.riment Station. Univcrsity of' Hawaii, Honolul).
Strains B214. B215. and B217 were isolated from L. lanceo­
late, L. collitisii,and L. leto('CCl1tah nodules, respeclively,
growing in Hlaw,iian mollisol soil {Waimanalo Experiment
Station. Univer.ity of Hawaii. H-onolulll). All strains vere
maintained on yeast-extract mannitol agar containing the 
followving (Concentrations iii grais per liter): mannitol (10),
yeast extract tl)ifco Laboratories) (1.01, K2 HP0 4 (0.5),
MgSO 4 •7H- (0.2). NaCI (0. 1). and agar (15) with the pH
adjusted to 7.0 to 7.2 with 0.1 N NaOH. 

Seeds. . lecocephat, var. KS was obtained from the 
Lcucaena germ plasn through the courtesy of J. Brcvbaker, 
Nitrogen Fixing Tree Association. University of Hawaii,

1onol. 
Inoclunlipreparation. Ilnocula were prepared from 1- to 2­

day-old cultures olfLeucena rhizobia growti inyeast ex­
tract-niannitol. Each strain was grown scparateiy. The den­
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TABLE 1. Competition between single-strain inocula and 
indigenous rhizobia for nodulation of L. etcwephla planted in 

oxisol and niollisol soils 
Nodule occupancy( ol 


Soil type

and ________ _ strain Indigenous_strainstrain in B213 ti214 21 

inoculum 

n 1) S -1) __ 1 1- 7 Other (lh) 

Oxisol 

B213 58 4 0 
 38 
B3214 26 4 01 70 
B215 90 2 0 8 

Mollisol 
B213 36 0 32 42 
B214 70 0 10 20 
B3215 54 1 16 29 
Nodule occupancy is expressed as percent:ge of' the nunbertotal of 

nodules tested. S,Nodules containing only the designated strain: 1). nodules 
containing the designated strain phi, either one or the other inoculurn strains or an indigenous strain: T.S -+1).Figures include doubly inict ed nodules.
which accounts forsitns greater than 10,;. 

sity of the cells was determined with a Petroff-l-lausser 
counting chamber. Equaltnumbers of cells were used in the 
suspensions to fo;'mulate the mixtures of inoculut n strains,
Forty-milliliter arnoinits of the suspensions were injected
into polyethylene bags each containing 50 g of ganna-
irradiated, dry-milled, neutralized peat. The bags were kept
for" 2 days befor: they were used for inoclalt:on of sccLs 
Membrane filter count with fluorescent ntllibody (FA)its 
dotc for all the strains to ensure the presence of all the 
strains in the peat inhigh numbers (10"' cells per g). 

To 50 g of seeds (ca. 15 seeds per g) inpolyethylene bags 
was added 2.0 nil of 40 gumnt arabic solution (\wtivol in 

water). The bags were swirled to coat all the seeds thorough-

ly with tile gum. The peat-based itocuIlUM (10 g)with the 

dc:.;ircd strain mixture was adldld seeds. seedsto the :i'he 
wete swirled until they became coated with la.'r of thea 

peat and appeared tnfrifol'lly black. Precipitnttld calcitnl 

carbonate (5 g) Wits adlcd to ch bag. a1id seeds wverc 

shaken gently Lo coat the inoctOfatcd sccls with CaC() ,. 'I lie 

seeds w\'ere placcd on :ibsorbent paper to dry and planted oi 

the same day.


Field experiments. The experimnrts wc- carried ott ill 
two locations. One experiment was done in n oxisOil soil 
(Troleptic Eutrustox) at ihe Poariioho Experinient Station. 
University of Hlawai. Wahiawa, Oahu. the site of a previous
study 1i2). and the other experiment was done in a mollisoi 
soil (Vertic Haplustol) at the Wai1inalo Experinient Sta-
tion. Waimanalo, Oahun, Hawaii. Ten rows spitcCI Cqtially 
apart were arranged in each of two adjacent plots (7 liy 7 il).
Precoat d seeds of L. leucouel/tda vr.K8 were planted in 
the rows 3(1cm apart. Unir.oculatcd seeds wetc planted as 
controls. The three strains used for single-strain iriocula 
vcre B213. 13214. aind 1,215. The following live multiS1rain 

inoculuni trcatmcnts 'ere used: (i)Nil'A'.-reconiended 
Leuc't-tna rhizobia strains TAL82. TAL582. and TAL1145: 
(ii) a riiixture of the TAL strains plus 13213: (iii) a mixturre of 
the TAL strains plus 13214: (iv) it mixture of thc TAL sttratins 
plus B215; and v) 13213, 13214, and 13215. A randoriizcd 
complete block design Wits used aid each treatment \\as 
replicated once. The experinent in the oxisol soil was 
irrigated several times owing to th(:scarcity of rain, but tile 
other experiment received water only from rain. 

ENViRON.Api,it. MrcroBroL. 

Imnunolluorescence. Strain-specific antibodies were made 
against the somatic antigens of ie L ucaenw rhizobia by the 
method of Schmidt et al. (20). Globulin separation and FA 
preparations were prepared as described previously by
Belser aind Schmidt (2). FAs wecC diluted in glycerol (1:1)
Hiardstored at - 20TC. Before use. the FAs were diluted instline(.85,; N C I) to the igh st dilution that stillgave 

s es17maximuni brightness with their homologous st rains.i) All the 

strains were highly specific, as indicated by the lack of cross­
reactions with each other or with any of the 78 isolates of 
Lct enra rhizobi;i in otutr collection (data not shown).

Nodule samipling was done 10 weeks after seeding. Five 
plants were removed from each treatment in each plot. Care 
was tak ti to harvest the roots without losing nodules. The 
roots were shaken to rniove soil. Five nodules fron each 
plant from each replicate plot were selected at random.Each 
treatment w\as represented by 5(0 nodttles. NodLtics xSwere 
cleaned by sh aking for 10 mt1in ill10 tll of vatcr containing
0.1 nil of Tween 81 ald then rinsed with itater inf i idivid­

tally crusied ii 1 nl of water. I)tip1icat slll~irs froorr each
nodtle were stained (20) w\ith the approriate As, aind
gelatin-rhodamin isothiocyanate contjugLc Was used to
 
str:,'nrcss nonspecific adsorption of FA (4). Severd sets of
 
1':sanc nodtle snlears were prepared for staining with the
 

ferert FAs.
 
hizosphere populatotins of thle inoctrlun strains were
 

estimated by a inodilicat ion of the procedure of Kingsley and
 
1Iohlool (11): at designated tites, roots wcre carefully

rernioved front the soil and the loosely adhering soil was
 
gently shaken off' the rools. Two plants fronr each replicate
 
werc aialyzed scparately. All nodules were rciiovcdl. arid
 
each root Wats placcu in a screw-capped bottle containing 101
 
nil of partially Iy\drolyzcd gelatiri (11) arid shaken for 30 min
 
on a wrist-action shaker. The soil suispension was centri­
fuged gently (700 x g. 5 rmin), and 1-ml aliquols were filtered
 
through Irgalan black-ireated membrane filters (Ntrclepore

Corp.). lnunifltorcscence cCounts wcrc deteriined as
 
described previously (11). The rest of th soil suspension
 
was dried down to dctcrrlinc the dry \\eight of rhizosphcre

soil. The 11cant a111OtrtS of soil ( _ stridard deviation)
 
adhering to the roots frol harvests I tlrou 4 were 196 ±
 
32, 221 ± 75. 337 -,67, and 302 _!44 mg ofdry soil per root,
respectively. The mean recovery I ± stanidrd deviation) of 
strains I'rol the soil ( 111 was 67 11Y4. 

RESUHIS 
The results of coripctitior of a single strain w\'ith the native 

Lei'aena rhizobia in two soil types are showr in Table 1. 
The results show that the cormpetitive abilities of the inocu­
lumnstrains varied in the two soils. Strain i13215 was tie best 
compeitor in oxisol soil, where it tolconipetCL nost of the 
native rh izobiai 1dfOrniCd 9 21( of tile noiltles. The sanmc 
straiii ocCtpictl 601 of' il todulcS ol plants growing in 
rnollisol soil. The lIst conripCtilivC strain in oxisol soil,
1214. proved Itmbe the most competitive against the native 
.hizobia of rlollisol soil 170%; of the nodules). Strain 13213, 
\ was isolated frorn oxisol soil. perfornedwhich originally 
better in oxisol than in niollisol soil, giving 62 arid 36, (if lithe 
nodules in the two soils. respectively. None of the three 
Stlains Coutld conpletely oervihel-m the indigenous Le1­
tCm00'l rlizoluia, which fornlcd 8 to 70:i of the nodules, 
depending otl tile strain used inthe iniocuiti. Ii nnollisol 
soil, one of the native strain 'was isolated fron nodules of" 
i:ontrol plots. The serological charnacterization proved that 
this strain, 13217, represents a distinct serogroup offLett­
C(Yette
rhizohia. This resident strain B217 playcd n irlpor­
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TABLE 2. Competition among beucaena rhizobiaa serogroups of niultistrain inoculants in oxisol soil 

Strain in odulc ('rI,
 
Strains in inoculum TAL82 TA1.582 TA. 1145 11213 
 11214 11215 Indigenous 

S 1) S 1) S I) S I) S ) S [) (T)

Three TAL strains" 2 0 0 0 
 64 I 34Thiee TAL strains + 13213 24 8 0 ( 46 2 8 () 12Three TAL strains + B214 4 0 2 2 66 0 2 0 24
Three TAL strains + B215 
 44 4 2 0 28 6 10 2 4B213 + B214 + B215 12 12 2 2 50 6 16 

See Taible 1, footnote a. 
NilTAL-recommended L'ei',ena rhizobial strains It,.'.82. TAI.582. and TAI.1145). 

tant role in the competition against the inoculum strains in ria that were cross-reactive with the six FAs used. In allmollisol soil, where it occupied 33 to 41'7 ot'the total nodules cases, however, inoculation caused an increase in the rhizo­formed by native rhizobia. Nodules containing more 
than sphere numbers of the strains used in the inoculum (Table 4).one strain occurred in both soils bt did not make ip m, e ISCUSSION
 
than 5% of the total nodules.
 

Results of the competition studies in which multistrain Immunofluorescence with strain-specific FAs was appliedinoculum treatments were used in oxisol and mollisol soils to study competition among Leucaenl rhizobia in two soilsare shown in Tables 2 and 3. hnoculum strain TAL1145 was and their population dynamics in tihe rhizosphere of plants
the most successflul competitor in both soils. The only growing in the field.

exception was the inoculun mixture containing the three Strains isolated from the 
sanc or nearby fi'-ds vere UsedTAL strains ('l'ALX2, TAI.582. and TAL1145) plts strain in single-strain inocula to determine whether their noduleB215 in oxisol soil, where TALl 145 was second in nodule occupancy could be enhanced by applying them to the sc;eedsoccupancy next to TAL82. Strain TAL582 was the least at sowing. They were also Used ill 'ixtures with recoin­successful competi'.,i. being recovered in not more thaii 4%. mended inoculum strains to establish their r,:ative competi­of the nodules in any of the inoculum treatnells. Although

the 

tiveness. The advantages and disadvantages of* multistrainthree other strains used. B213, 8214. and 13215, were inocula have not been experimentally established (for dis­isolated from Hawaiian oxisol or mollisol soil, they did not cussion, see reference 21). In this study we used the three­compete successfully with the Nif'lAL-recomniended strain mixture recommended by the NifTAL. p."ojczt for
strains. The inoculum mixture of the three Hawai' an srainus 
 inoculation of L. leutcocephala in tropical soils.
resulted in equal strain recovery in mollisol soil Table 3), The six strains of Rhizonhitmt used in this study differed in
whereas in ,.xisol soil, strain B215 was 14 times more their competitive abilities for nodulation of1.. I'ucocephala.competitive than B214 and 2.5 times more competitive than Strain TIAL 1145 was the most succeslul competitor againstB213 (Table 2). Under uninoculated conditions, most of tle other strains in different inoculant mixt itres as well as againstnodules were due to indigenous strains that did not react indigenous rhizohia in both the oxisol and the mollisol fields.
with any of the FAs used. In multistrain inoctluim treat-
 Strain TAL 1145 has been reported to form highly effective
• .- nts, the itnidenitied indigenous Leauani rhizobia occu- nitrogen-fixing nodules on l.eucaena spp. (8). The coinci­pied 4 to 34; of the nodules in oxisol soil (Table 2) and 6 to dence in efficient N2-fixing capacity and the competitive20% of the nodules inl mollisol soil (Table 3). Strain 1217 was ability of' this strain makes it an ideal choice for use indominant among the native rhizobia nodulating the plants in inoculum preparations. Contrary to the stable competitivemollis,; soil. Relatively sminl percentages ofdoibly infected ability of' strain TALI 145. the other five strains showednodules (nodules having two strains) were found on plaits variable perlormances in diflerent inoculant mixtures. Fur­grown in both soils (Tables 2 and 3). thermore, the soil type was found to influence the competi-The population of ach inoculni strain in the rhizosnhere tion patterns of some strains. For example. slrain TAL82ol the oxisol-grown plants were measured at 10, 20. 30. and was the best competitor in one oi the inoculant mixtures in48 days by membrane filter immunoluorescence il'able 4). oxisol soil (Table 2) but performed poorly in tile sameThe rhizospheres of uninoculated plants all harbored bacte- mixture in mollisol soil (Table 3). Roughlley Itall. (19) have 

TABLE 3. Competition artong l.eucavia rhizobia, serogroups ofl multistrain inoci tiils in niol lisol soil 

Stiains in nodules V I'" orn inoculuni
 
Strains in inocuum TA L82 ''AL582 TA L 1t45 112123 214 1125 indigenus
 

S D S I) S 1) S t) S t) S 1) 13217 (ther 

Three TAL strains" 18 6 t1 ti 40 4 26 6Three TAL strains 4 13213 22 10 t1 t1 44 6Three TAL strains + B214 12 2 ) 0 
tO 0 6

34 6 l0 4 20 12Three TAL strains + B215 16 4 2 tI 44 ItW 2 14 6B213 + B214 + B215 12 t 14 2 14 2 36 20 
See Tahte 1, footnote a.
 

, Nif'AL-recominended l.eucaout rhizohial strains (TA 1.82, 
 TA l582. and TA 1.1145). 

,!)
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TABLE 4. Ininiunolluorescence counts of inoculhm strains of Rhizohium spp. (Leucoena spp.) in [he rhizosphere of .. :eucocephal,grown in Hawaiian oxisol soil 

No, of days after Need ing and I llfinlLInoiltiIrescence counts (no. per g [dry wilof rhi/osphce s.,oil)
inoculuni strain TAI82 "[AL582 TA .1145 -__ LSD"1213 11214 11215 

10 
5
4.8 x 1(0 3.1 x 10"n 1.9 X 10oNone 

7 
2.5 x 10' 2.9 X 10 4.3 x 105 3.7 x 105TAL82. 107TAL582, TALI145 2.7 x 3.2 x 107 6.8 x"1) 3.3 x 10"13213, 1214, 13215 3.5 x 10 1.0 X 10 3.2 x 107 6.2 x 10I7 

20 
None I11.5 x l0 3.9 X lo, 1.2 x 10' c.2 x 2.2 x 107 7.7 X 1014 5.2 X 1011TAL82, TAL.582, TAI. 1145 ].1 X lox >6 1.9 X 1W" 75.6 x07 6.8 x 1(0B213, 13214, 13215 7 7:,.1 X 10 2.8x 10 I._, 1.3 107X 1(0 x 

30 
None 1.4 x 10' 8.8 X " 1.7 x 10' 3.2 x 10 8.4 x 1te 3.4 x 1(4 3.5 x 105TAL82, TAL582, TALl, 45 6.4 x 1(07 2.8 x 10. 1.3 x 10" 8.1 X 101.13213. 13214. 13215 3.1 x 107 3j, x 107 1.9 x 107 1.5 x 10) 

4(1
None 6.5 x 10 3.3 x 10" 1.1 X 10 2.8 x 10" 5.8 X 10" 4.3 x ltl) 4.6 x 10'TAL82. TAl582, TA 1145 1.4 x 1)7 '8.3 x 10" 9.2 x 10' 1.8 x 1()78213, 13214, B215 71.2 x 11) 1.8 x 1()7 4.5 < 10" 4.2 x 10) 

LSD,Least significant ditl c nce I' = 0.015). 

also found that the soil type can modify ;he competition IITIE'RArURF CITE!)
pattern of dilferent Rhi.cohjonu strains. Although two of the 
Hawaiian isolates insingle-strain inocula were good conipet- 1.A narger, N. 1974. Cornipctiior: pol r Ia loratllion ies nodosiles
itors agat inst indigenous 1ieaca rhizobia 
 in both soils, stirlI Ceverole entre soitche ie Rhi,,obitmhtgiininosarimnthey la ile to CompelCe5CCCs sfull y with te ixtuitre o!TlAL apportees par inoculation elsouche indigenes. C.R.Acad. Sci.

strains in the same soils. Nevertheless, tihe persistence of the 279:527-530.
 
siraini in the soil and their adaptability to the prevailing 
 iil 2. Belser, !L.W.. and E. ,. Schnidt. 1978. Serological diversityconditions nL st play ac itica I rle in the sitcc ss f I es ab- w ihi n a tC rest non ia-o g popula ion. A vi­i I am tig popiiidizi Dlroti. Microhiol. 36:589-593.
 
lishmn 
 t ol' inoculm strains for ntLdulation of' perennial 3. Iohlool, It. IB., I. MI. Kosslak, and I. \V'ooffenden. 1984. Theleguies. The residenl Ltcueocna rhizobia inboth soils were ecology of Rhi-ohil/illt in file rh i/osphere: su;vival. growth and
able to conpete against the high densilies of the strains in the compeliion. p. 287-293. In C. Veeger .id W. H,.Newton (Cd.).
iioculim (Tables 1. 2. and 3). The diflitulty of replacing the 
 Advances in nitrogen livation research. North-Ilhlland Publish­indigeious soil rhizobia wilh inoculant strains. even at high ing Co., Amsterdam. 
rates of seed inoculation, has b,:en documentel ill nodLia- 4. lthh)fl, It.It.. auntd E. I. Schmidt. 19)68. Nonspecific staining: itstion sltudies ofl" soybeans and clover (5.6. 10. 19. 241. Ctntrol illimnullnoliiorescence examiination of soil. Science 

All the strains in the inziculim were able t becolne 162:1012-1011.dn5.ohiol, It. It., and E. I.est a IishIieilln the rhi/Lisp lie and atlinl P~ppoI itils 1igihg 
Schmidt. 1973. IPcrsistence andcorn petl ion aspects of Irhi-ohium .japl in Soilnicu observediromca. 1 x 0" toI 2 x 10/g Li LIdrysoil. Although tihe by ininlinolluirescnce microscopy. Soil Sci. Soc. Am. J.

rhizosphcre Soil L)I Utinoculited phait s Contained bacleria 73:561-564.
that were cross-reactive with the six FAs used. these bacte- 61. Ih)on-Kerd, N., t). F. WVtber, antd 1). F. Btuzdict k. 1978. Influ­

e,on uninoctlItCLIria did 1ot FLrm any niotlI plants. In all Cnce of Rii:bio,,ial.tihiou strains and inoculation melhodscases. inoculation caused an increase in rhizospihere po puila- on soybean gros n in rhiibia-popilated soils. Agron . ,I.70:54"­tions of the strains used in the inoculun. Although the 549.
rhizosplberc numbers of the most competitive strain, 7. I r,whakr. .1.L..J. Italliday, and ,I,.nan. 1983. Eiiconomical-TALl 145. were generally higher than those of the other Iv important nitrogen lixil g tree speces. Nitrogen Fixing Treestrains from the inoculIni there did not seem Res. 1:35-40.to he a strong 8. Ilalliday, .1. 1978. Soil iiiicrobiology. p. 71-80. ClAT beefrelationship. in general, between numbers of a strain in the pigia ii. ain Lial repori . vol. i. Celto iternaciinal Lie Agri­rhizosphere and itssiiccessfiil occupation of nou les. Sinii- cultilLraTropical. Cali. Colombia.
lar conclsions about the lack of relationship between rhizo- 9. .hrvls, It. 1). W. 1983. (lndC LIisC'irsitV o" Rhij:ohuimi strainssphere numbers and nodule (CClpaI.Cy of strains have been which itiulleC . 'in c I th. Ci'tr.uo i Microbiol.
reached in experiments with soybeans (3,13. 16, 171, peas 8.153-158. 
(31, and beans (18). 10. 'Johnson, i. W., U. MI.Means, and C. I. Weber. 1965. Conipel­

lion (or noulte sites between sit'ainsof Rhitizi Phimiit .iaponicinl,KNOWLEI)GMENTS applied as itnoctiliit and strains inthe soil.Agon. J. 57:179­
185.
This stLdy was supported in parl by grant AlI)/I)SAN-G-010 11.Kingsle.y, MI.T., '-i, It. I. Bhool. 1981. Release oflRhizolhiu[211-d) from the Agency for Inlernational I)evelopment. spp. l'llitropical soils and recoverv for i itiluiotl rescenceWe thank Frances KLo for tehlical assistance. P. Somasegaran. Cnumration. Appl. Fiviron. NIicrobiol. 42:241-.48. NiF[AIL project. for cultures. and .1.!L.Irewbaker br seCLIs and tile 12. May, S. N., in( It. I. Itohlol. 1983. Competition aniliguse of his ticldplots atthe Waimanolo SatiLon. R/hi.ohiui h,gumiiovarui strains fot notlulaliol of lentils 

http:42:241-.48
http:CClpaI.Cy


9 VOL. 48, 1984 	 RHIZOBIAI. 

(Lens escihenta). Appl. Environ. Microbiol. 45:960-965. 
13. 	 Nloawad, H. A., W. R. Ellis, and E. L.Schmidt. 1984. Rhizo-

sphere response as a factor in competition among three sero-
groups of indigenous RIhi:ohitmn joponicouo for nodulation of 
field-grown soybeans. Appl. Environ. Microbiol. 47:607-612. 

14. 	 National Academy of Sciences. 1977. l.etcaena promising forage
and tree crop for tropics. Library of ongress. 77-80271. 

15. 	 Norris, 1). 0. 1973. Seed pelleting to improve nodulation of 
tropical and subtropical legumes. 5. The contrasting response to 
lime pelleting of two Rhzohitotr strains on Lt((aena I'acm c-
phahit. Aust. J.Exp. Agric. Anirn. Husb. 60:98-11. 

16. 	 Reves, V. G., and E. L.Schmidt. 1979. Population densities of 
Rhizohiun japonicnr strain 123 estimated directly in oil and 
rhizospheres. Appl. Environ. Microbiol. 37:854-858. 

17. 	 Reyes, V. G., and E. L. Sclmidt. 1981. flopilrations of Rhizob i-
oir ./apohilol associated with surhtices of soil grown roots. 
Plant Soil 61:71-801. 

18. 	 Roller(. F Nt., and F. I. Schmidt. 983. Popiriation chngeS and 
pCrsiterIc of R/hizaobiot pha.iili ilr soil mcl rhiospheres. 
Appl. L-.nvirnn. Microbiol. 45:550-556. 

19. 	 Roughley, R. .J., W. M. Illowes, and I). F. tlerridge. 1976. 

COMPETITION FOR L. LEUCOCEPIIA LA NODU LATION 

Nodulalion o f 'Tri/Witt subterarnvi by introduced rhizobia in 
competition with naturalized strains. Soil iot. liochem. 8:403­
407. 

20. 	 Schmidt, E. L., R. 0. Ilankole, and It. 1B.11ohool. 1968. 
Fluorescent-antibody approach to Study of' rhizohia in soil. J. 
Bacteriol. 95:1987-1992. 

21. 	 Thompson, J1.A. 1980. Prodtic r n and quality control of legume 
inoculants, p. 489-533. In I. .. Bergsenul (ed.), Methods for 
evaluating biological nitrogen fixation. John Wiley & Sons. Inc.. 
New York. 

22. 	 Trinick, NI. J.1968. Nodutlatio of tropical leguies. 1. Specific­
it,, ios is ofl.ieacacnah'01 n eplu. 'xl,.in the RI izohium symb 

Agric. 4:243-253.
 

23. 	 Trinick, NI. J. 1980. Relationship anongst the I'ast-growing 
r Ilii'e a /(-(l 

ios0 spp., Acacnaune.ui ad .'c.hmrio .udil~wa aind their 
rhiobia of ,onldnh ila 'r.i. n(i o('lehal, A.ilr­

affinities with other rhi/obial tiroips. J.Appl. Bacteriol. 49:39­
35. 

24. 	 Weaver, R. W., and .. It. Frederick. 1974. 1:Ifect of inoculIni 
rate on competitive nodulation of (ilvcih' max I.. Merrill. II. 
Field studies. Agron. J.66:233- 230. 

/
 

http:Acacnaune.ui

