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S l The coltpetitl%.e c, o a ie.quile ni:itu,, (AL-NIl) and is ability {o nirse i doset sojls 

v.a compared to a sClectcId CiuIIrFC1al strain (31. 5). In a iiud. the native rsoilae
 
otli-c2)m cted ;,iit 31A5 in nodule ;ccupancy, fen applicd iasa n1iux:d ino:,ilanl to yc,'d tn ti ll ,d
 
an( , i llnsad cultire, and nigatcd wkith N-tce i tri nt.,. A hlitwiuc):,ncC I nodule doublc
 
eccupan, Wia; 1".Ktind sll, double strainllti iCocuLFts .'ere used. The survival late of the to -,trin, was,
 

:edtese il 0110L 011S controllcd laboralorv "le desert strait AZ-I ! !jcw and urvived
oils in a study. 
as the soiis for I month. 11hwcommc-cial sti am 3A5, d..l not grow. and the population dcrCascd 

i:: ! ; d: s I'rm to' cellsg try soil to bc:to 10' cells g '. Both straiws ,urivcd to a !esser cxtcr I Il a 
,alinc-sojdc soil. A signiticant unrpholosical ohtist h' m a rod to a cOCCIs k; oerCet[ 2 ijQs alter 
strain 31A5 ia bci ititroduccd inu, the descl ytnIl. 

IN I ItI()tIC7I0N titeslquite rhli/ohji: the iatlvc afiul .A-M I and a 
Nicsqaite /'roonrst isa tree leinuute proiiitetnit commurcial ,t,ain 31 5 (chiic*s' N'Urain Con
souit.,ectrii tart of thez Unitcd States:, :,nd oqhcr pty, Milwautkec)were shown to bc ligthly eilicient 
.,e:ii-arid retotls of the r. e nitroirn lix it1:0 a, txtng N, (Shoushtari and Pepper. t985i). These 

ahiht' this legutuie has been confirmed in con. ind iduai strains atd tnixtutes olf the strains were 
trotled con' itins (lailcv, 1976; Eskcw :itd 7in use' as inoculmtri for ntesquite seed. A cotnnletel, 
1978: Fciker utd Clark, 19'0; PLndel el i., 1982 I'a(ndoiized design was used with ca,:h inoculation 
Shomthtan :,nJ Pepper. t9, . treatment repiicated 4 times. The total volume ofih g fixattion ee ctiven:,s is att it potant inocitflnt was I ml. Inocult were made by growing 
criterioontlti of, s-ivs Of iizobia .hizbia ., log phase in yeast extr ct inannitol broth 

for iioculants. Studies ott tlte con-,etitivettes.s; ('M broth and the inoculation tie-ttnettts used are 
str;iins and their persister -e in soil have introducud showt in Tab!e 2. 
additional crteria for the se-ectioti ofgood inocula:nts Eleven liter plas.ic buckets filled wifh crystal silica(Ainarger, cit1: May at d Bohlool 1i983). liecm- sand (pal le size 0.5-. mir), were each planted 
p litiveness ()Ca strain is a rerof its ability for with I' -. _rified mesquite seeds (Shoushtari and 

noduile occapanticy, it the presence of other strains of Pepper, ' .S), and seedlings were lat- thinned to 10 
,he s:lne .pecies. IHighly competitive strains will be per buc t. Plants were waered twice weekly with 
found in most nodules on a legume, whereas uncom- ml free macronutrients (SIoger, 1969) and mi
petitive strains will become ,elirninated during the cronutr;,nts (Vaicent, 1970). Plants were harveste:d 

after 7 weeks and evaluated for "' fixtion. Dataarot fixin . col ected included shoot weight, root wei;.ht, nodule 

The succsslul introduction of any new rhizobial weight, total shoot N and the ,CH-, reduction assay 
strain into soil depends or'ti',ironmcr.tal factors, as (I-Iandy et al., 1968). 
Well as ir teractioriS between2 indigenous tmiero- To determine the competitiveness of each strain, 
organisms present in the oil ani the introduced the sciological method of the fluorescent antibody 
strain. Survival and multiplication in the ioil and technique (FA) was employed ,Schmidt et a/., 1968) 
rhizospltcre of a legune pant are necessary for a to determine proportional nodulation due to each 
successful symbi )si; to be initiated (Smith and Miller, strain. Twenty nodules were randomly selected from 
1974: Pugashetti and Wagner, 1979, 1980). Currently, each replicate for FA identification again:;t the 2 
little is known of the iatral populations of m'esquite antisera. Roots and attached nodules were washed in 
rhizobia in Sonoran desert soils. We have evaluated distilled waer containing 0.l}4 Tween 80 on the day 
the competitiveness and survival of a native strain of harvest, and then dried in an oven at 60'C for 24 h. 
AZ-il isolated from the Sonoran Desert against a Each indiid,ial nodule was crushed in I ml of sterile 
best selected commercial strain, 31 A5. water and a loop_ul of tbe homogenate was smeared 

on a cleaned microscore slide. One drop rhodamine 
,,IATERIAI- AND METHIODS gelatin isothiocyanae (RHITC) was applied onto

I IAIeach slide and dried in an oven at 60"C, followed by 

Competitiveness of strains addition of I drop of specific FA. Slides were then 
A greenhouse experiment was con lucted to evalu- held in a humid chamber (a Petri dish dth a moist 

ate the competitiv.:ness of the 2 selected strains of filter paper) in the dark for 30 min at room tern
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peratUre. Physiological concenrition ol ;al'n, water 
was later used to rinse the excess F., oI the slide. 
Slides wore thlhr, Fked in salr ilnwaler inl the dark 'o;
15 rin. and fina!!, iinscd in distilled water and air 
dried. Later, tile, Acre exallrlleLr urrdor a Zeiss 
ultra-violet inicroscopc for a poitise or i!e:rti e 
response :qIli ;t the ppsioprraie artirertti:'. 

Survival of the t %o strains of rilesqutl: rhrioia 
was conrp:aied in three different SoronDr;il)escrt sosls 
These sur'ice soils I S-1I representcm) sorie of the 
common soils of the Sonoran Desert (Table I) anid 
include a wide 1lrner i4, physical and chcinica, prop-
eries. All si-; were 'ilht textured with hi,.:i p1l,
typical of Sonoran Desert soils. Electrical conduc-
tivitv (ECQ) varie.s from 1.9dSn I (rron-saline) to 
11.2 dSm I(saine). Exchanreable sodium .;, varies 
from 4.3 to 26.6, with tl.e latter soil being classified 
as sodic. Organic C values were low, except for the 
V%) value of the Gothard, which would be fairly hih 
for a desert Soil. Fr':sh soil samples collected from tGie 
field were stored in plastic bags at 4'C. Later, the 
samples were air dried at roo-r temperature and 
sieved < 2 rvn). Ten g alr-dried soil sarnples were 
transferred into ISOtill milk dilution botties, followed 
by addition of ! nil of log phase culture of either 
strain, and encoi,h sterile water to bring each di 
sample to near field capacity (33 kPa tcnsiorr). Soils 
were thoroughly mixed, aid the semele bottles were 
completr ly randomized and held in the dark at 25 'C. 
Treatments included three soils "naintatned for 0, 2. 
7, 14 or 28 days with either strain, and replicated 4 
times. Before this experiment all 3 soils were tested 
for indigenous cross-reacting bacteria. None were 
found for either strail in any soil. 

d in (ihSc SuIl II 

'iolarr si,.O il . tec:ll 

'195 3S .s 
34 2 23,0 
4ts 1.h 38.2

Sill' clay . loai Sani Clay Ixiarn III 
8 2 ' 5 7 
72 it 2 

2S 9 873 8.2 
7.5 2frn 4.3 
1.0 0,3 0.6 

IbefTnIC lypic Nairagids: ailinc 
:l llo,, Ty'pVliiDurortid rinic Siiil -aviali. 

ils: rion-sa ine, nlonl-

To recover the bacteria fron tie soil a. each 
sanpliag, the density centri fugation irethod of Wol
hun anrd Miller (1980) modified by MI S..Miller 
tunpublished Ph.D Dissertation. University of Art-
Zona, 1(985) wa., eciployed. The recoveted bacteria 
weie erllnirat-d 1)v ilealns of the FA iechnique
.Schlidt ,, 1, r19,0)usingi the Zeiss ultra-violet 
i lcroscope t',r;cd on an;.s:erage of 20 fields slidearter :pplying the appropriate aitiserll. 

SULI 

(':ti('r'n'.s of suais 
"ihc iative strain AZ-M 1ut-2onltpeted the corn

mrcial strain 31A5 in nodule occupancy (Table 2).
Een Vhen0 cells of AZ-M I had been combined 
with 0' cells of 31AS, the nodules contained 47'/
!stainAZ-II compared to "5 I 31A5 with 26.3, of 
the nod,i!es being double infected. The proporilonal 
recovery of AZ-MI in the nodules increased as the 
number of cells of AZ-M I increased in the mixed 
irocirlum. Mrc uninoculaled plants were without 
nodules but o'-casional large nodules were found on 
a lew plant, Overall contamination was mirimal. 
Nodules fro the uninocuiated trearrent 950,wvce 

( mtaminate, with AZ-M I and 5/; unk nown 
 whcre 
ijur of the strains were detected. This cc ntarrrintation 
w s probably caused by airborne transfer of AZ-MI 
in the greenhouse. Contamination is also the likely 
cause of AZ-MI in nodules, when 31 A5 was the sole 
inoc¢.iarit. The fact that airborne contaminant cells (Af
AZ-NI could cause nodulation when 31A5 was the 
sole li,oculant is a further indication of the con
petitiveaess of AZ-NII. Where both strains were 
applied a: a mixed iioculant, they were found as 
double occupants of nodules. The highest proportion 

Table 2' Pcrceitage of noduleis fer.icd cin mesquite by inoculurn sirains 
nocultun Strains recovered in nodules 

(cll. ptant - ') " of total) 
AZ-MI- 31A AZ-II 31,55 AZ-M I + 3AS Unknown 
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iContamination by the native Strain AZ M I. 
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IIll" ',)Ile ilCupll.ittcy ill tt dulcs w50, ohservcl s hen TL'e vt.:ltteI~cil t survived poorly in all Sol,. 

filt at lc,,st The ntimiI 

10 cells ol 3 1 A . I)o ble occup:icv, decreased as the w11S 

Iratio of A./ Ni to 31 A5 incieased. 

llcctiv ets I N, ix!ation) of tmesquite rhizohii :1s I',.d 
in the ll':! 

hoth strails Cc a;, plied l,; irciUlants %% 

itlh11clic ell h, ttixtrli<s (d the two 'raits 
loCLIl-ta Is pitscitttd il Table 3. C, itL reduction wa ; it ci:lnc 

lot ,IilntIicanItl. dillerent (P =0.05) hetweeln the A/-M I ,m %i%.! v in:lall ells, but stlrval was also 
'lv ' :!i SiII'' Sie:. The lUi/Le1ei of 

treatments except Ir tie i:iocului hitMchcotineld 
" 	 cells of 31A5. Nodule. ,5 , i' , ,'0 increased in tie (othard10 cells of AZ-NI :and 10) 

l itCatli lv blie I I .'tn it 2*i' days'. and then graduallynfeld in thi tic:letTl t hnoWed 
I. .1. rll. AZ-N1 I .howed

C.11 redulctin ',lUCs ;1d were 47",', AZ-N I,I ,5i 

25 31A5 \ Wit; 26.3",, showing double o.' ipatcv 

(Tahle 2). With tie pretsenice of both strains in inn 
Wttile tildliles of the plaints. little diTference in C , 

redutCtLoI Was) expected hetwcen the tmirtmrents. N) 

mass observedsi.tlitcIlit ditlettiucs in io lile v -re 

etween ayiv treatllelts, XcXt ! when 10' cell,; of 

.\Z-NI! and IIi ceils of 31A ,,,:re applied as Ill-

iUlan'. A:.atiii note 'tial when AZ-NI! doiniiiated 

lccipuiI:cx. nodil,. mass tended to iricmieiodAie 1 . S wt,;sai dom inant. Shoot ,.cii,Jhtc 

elatied -;mlv . 3 .r l o wegs diat ho weit 
1llow'cd ,;riilar tliends 

iclati-. to 

hut root weihit data .bowed 

no) discernible trehil,. 

Surriial o f tned,'lllt'T rhiohia 

ti. t ree'ie s'urvial rate of mesquite rhizobia in 
to the str; intro-,Ar 	 ,:a soils was directly related 

duCed inlto th ils)I. l-ijure I shows the stir- vcd rate 
il oth "t'ram iil the g soils. 
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Fig. I. Suivival of strains in three soils. 
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'I '.\ i, tiioliuccd into All deselt soils. 

lrn a iod lo a coccit;. The desert strain 

,;i. t 110l the (;'thal d soil. Thelii l 

ppi , I ' ,,trath was in neral, fairly
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ItS(-t'-SSION 

V ,'; ' t . -Ni was more competitive 

hn :;in II:5', iiapplied as a mixed inoculant. 
o~a i d p n e to ef c i

C(m'.eIlt,:ncs.')_! i,t!I/clblAii indcpemdent ofeflective

n teos eIporc ,d by may and Bohlool (1983), 
o~ W 

i;rs. 
A rir Ii iiiu' Jl.SephSon and Pepper (1984). 

0 ih1011!1'.Hlo''cvr%v ' AZ-Nil was cotpetitive and 

etf c .i ( iitie ce., was independent of celltilte higli proportional recovery 

.i\Z-r i ii' i the (Tigi-1 e 2)reven ecovry
 
f A/-M il , n,odules (Table 2) even when Strain
 

luniLers- ,l byo.'I 

ZN s' tsotnmee nteionat 
S<hlnt it (1983) and Josephs, n and Pep-Robert !ml 

inding when evaluatingper (19 -( r:p,,tci the same 
the cotpetitiveess of R. (leu'ninosaruimh biovar 

also reporte noSphzas'li. Robert and Schmidt (1983) 

correlation bectweenr the competitiveness of a strain 

and the numbers Of that strain in the rhizosphere. A 
high incidenLce of double-strain occupancy was found 

were applied together 
ult,. MlacV and 11011100 11983) found a close re

latiotiship betwccn the contpctitiveness of a strain 

and its ivocicit itn the formation of doubly 
re

both %trais as the inoc

inf,cild nodules. Josephson and FPepper (1984) 
ported that a highly competitive strain of R. leguni

nosaruln, biovar phaseoli tended to form doubly 
highlyinfected nodules. In our study AZ-MI was 

both strains were'presentcompetitive, so that when
in the inoculant, but with AZ-MI outnumbered, 

AZ-NI still managed to infect the plant root, and be 

present in most nodules. The reverse was not true 

whin 31'A5 was outnumbered. Note also that con
tamination only of AZ-NI was found. Plants inocu
lated with 10' cells of AZ-MI and 10' cells of 31 A5 
gave greater biomass, with nost nodules being oc

cupied by the native isolate, and a large number of 

double infections. These data are fron plants liar-

I ii 2it---l
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vested a 'ter .41) , ct p; Ieteh i hisev, I pict 
after 0(0 day. iII : plce iotis I"-,[ ldV hotshtio ii l itl 
Pcuppcr, 19,XS51 1 ,m ever, hi oI t laia anld N 
fixation data irOill both studies corrcLittc Well. ll[ti 
and Allen (1949) and I )orosiskii and Niakrova 
(1977) have also shoin that p , iliia;m ,12) 

mix'ure of cllcctivc strains, avc bcetter yil and a 
higher N colntc.t thall those vcith sidc t'lr ll iiinoc-
ui.. ('ompetitivencss of l sir'alll inay is; depend oil 
the host p! ,. SiuiiI hoNs ilteactiols we!. noticcd 
by May and IBolool (FOS3 s Ri. !t'.i'minosi'ai 
and R ussell Iul Joie) , (1i) w iIth R. ri/Oii. Rhi-
zohlieum sti/aici trail, tptpcmt to bK lie lim ntll, 
determinant f,r in eCl im t , oi efiiiId lC1fiCicn, ot1 

syflihioticpetiti\'eness N fixation, nuit( issJsy cr tilte co nif the_ ",oa(ili. 

Strain AZ-M I sillvived hb tecl iII Ill iIk hiI 
3, A5. Since strai A/-N i ntt i t ilois to tiheo ti e 
solthwest. and wals isolatcd 'Ie/Iu ai1111 p I soil, [hell 
this orainisr ii l have or.inate fromri a salie or 
sodic soil, acid it ippecui, iti hac stllic dclice of 
toleraice t salinit , al i i'kild i itk%.II we l u, k)tIiih 
the lack ell iut iioil i/l in icl ii S picsalcut in elte ll 
soils. The (Iulcceicee. Iii tie siut''is I i liv i/ theil dcselte 

isolate in tile hirc,; ' i ciis i" i/dst duc loih 
several lactois,. flue soils \ icu ,Itclc. in thcu 

clectric:al c nllUclivi" &J"). cc'h nic bilc seluiu 

percentage (F 1

)) fiiF F.Sl lmd i C" "lic 
 I:Ic tl.,
bot- rhiiu la kil t /khe til "IStc\t;llt ,oill. uis\ e rs 

tk ilI'1 LIILC i'( ll 
This soil conlaiils lie leaStu oti!,:inic (" lie icut_,hesi 1"('. 

w [l he (File the t(iV tiitiit/ii tli"i 'oe 

the ll/i)si sodiunnlla n tiet hin./hest p1t -. FPccI;-( ilbriales 

111Coiiileiic
tthei I1lant 

ah.t AlexandCr (I 983) l'olluld that autdi!iiln of ir,.li 
matter to soil promoted ti trosvli of uhiizohia.Ill h'c 

1 It)'' '-1Gothaed soil with P', oanif c C anv htv ltirn;.shed 

the natis e isolate with more nitrielcts than the other 

soils. The cocncn1lerciall strain 31.'\5 was not ihIe to 

withstand tile Co(ditionis oF' th, desct soils. Rhiaobia 

have no s cific nuFritionual requirenltcnts (Vinceit. 

1977) and silould he able to survive and to Cnptei 

with oth icth:llilaits of' tile soil for nicutriencts unles s 

the strai itself lacks the natural tolerance to over-

Co l iet th., in 'vo ralble conditions ill soil. A signilican 
morphol )gical change was observed 2 days after tile 
introductiocI of tile conmercial strain 31AS itito all 

soils. This was a niorpholoical change itt cell shape
from roi l to . c.)occ s and ha . been recorded bv 
13olo10 and SchImidt (1970) and Cizat et (l. 11982) 

i) worked wvith R. ja/o/icuico. The clanigc to spher-

catl shape, acd later the dricnalic decicne of this strau
spOItrain 

31A5 in the soils suggest tlat this chalnige I adefensive response to stless. 
Strain AZ-Ni F is an infective. elcctiv'e, highly 

competit. ve strain, capable of surviving in desert
soils. The presence of an indigenous strain of 
mesquite rhizohia in tle 'S;cnoran Desert imall 

important ecologicall, as a source of N. 
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