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Three field inoculation experiments. two ill Florida and one in New Mexico. were conducted vith 
Azospirillun brasilens, Cd. Each ol the Florida experinens evaluated two crop pecies. One species in
each of :he Florida experiments responded to ilocultion with i significant dry matter yield increases of il 
to 24r, and nitrogen yield incteases of 9 to 39, ;. No inoculation response was noted in the New Mexico 
expelinlent. The responding species wet e .S'orhKmn hiolr (L.) Moench (sorghurm) and IIe iiterspecific
hybrid between Pii'tisct'um americtitom (L. K. SctIm. (pear millet) and P. pm'pttrvimn Schurmach. 
(napiergrass). Nonrespontding species were perII'I iillet (F lorida) and Sor'htumn sdanenste (Pipe)' Staph.
(New Mexico). A'\celene reduction aclivity I.' itnoculated plots iti Florida was low. shohviu,, no increase 
over tile nitlila unllnculaled background rates :(ld. in one case, was negatively correlated vvith yield.
Acetylene redutclion activity was not measLIrCd in New Mexico. It Florida. A. ,rasih.nsc populations were
f'ound to decline f'rom 5 x 101 to 5 X 102 bacteria, g of soil ii about 3 weeks lqttadratic regressions).
Conin!ed dcCline to less than I& by week 5 indicated thai the inoculated hacteria did not become 
established in the soil iti high numbers. The A. /'rasilnsc populatioti declined at aboII the satite rate in lhe
New Mexico experitlent. The ertactic inoculati n responses in these experitments are sinilar to those
ob,,erved in earlieu" work at the University of Florida. The lack of acet lene reduction activity i'esronse to
inoculation atid the rapid pollttion decline of lhe inoculated bcteria suggest that N, fixation is not the 
riatJOr imechaliSii Causing yield responses al'tCr illOculation. 

Reports (81 of very high N, fixation in tropical gtass- signifit'ant yield responses have been reported, conmercial
S'prillnn sp. (now Ao.pirilhti sp.I systetn in Brazil in use has belen discotrageLd by lack of depeidable responses.
1974 stiniulaled renewed interest in associative N, fixation. RepolIs froM Israel of' consistent yield respoinses due toIt becai:n. an iMpollrallt reselllh priorityV to determine inoculation with A. bi'asih'ns' (7, 12, 131 renewed hope of
whether associative N, fixatiott 'oLuld beneli grass crop conllti'ircial use. Although Israeli soil anLd climatic condi
pi'otLILcivi y :1nd redLuce nilrogenl fertli;cr requirements. lions ie Utiitie. thait success has beenti ttributed. at least iti

i 1975. increased dry matter yields of' 2 1§f for pearl nillet part, to tile use of a strain ol A. brasilhnse, strain Cd (9).
anild 18'8 ,6fog iileagtigtss were obtained b) inoculating with In this paper we report inoculation experiments Conducted
the N:-fixing bacterium., Si'ril!m lilzt'lront (18). now in Florida al New Mexico with A. lrasih'ise Cd as the
known as Az l.pirilht h,'il ih',nsc. \Vc estimated that an inoculhuI to ieterlmine whether it would produce consistent
addlitional 42 anLI 39 kg of nitrogen 'erlilizer per hectare (ha ield responses in :orida's slightly acid or New Mexico's
wU'ott lhave hcen necessalry to protce similar yields in highly calcareotts, high pH-I soils. Actylene treductioinrC
uninioculated plots. In various subsqtuent experiments, spouses to inoculation and A. hra.ih',tse persistence iti the
yield increases II to 32 ;) have hbeen obtailned by iocula- soil wel'e alSo sttdied. 
tion (5, 17. 20). In abc ut hIft of' lht lield trials, however.
 
yield increases were not obtaileod. We have been unable to MATFIRIALS AND NIETIOI)S
 
;mprove [lie repeatability of' the yield response through Gaine':ville experiment I. 
 In the first experiment conducted
manageMent, h.st plant. bacteria genovpes, or imiprovel near Gainesville. Flit.. Soi'gltun hicol IL.) Moench (sol
i iocu lalion techniques. ghuni) vat. Funk G522 alnd Pitiisetumt t ericaatllt (L.) K.

Other workers in various parts of the world have reported Schun. Ipearl millet) vat. Gahi-3 were intculated with A.favorable responses to inoculatio'ti with ,4zospirilflil sp. and lras"h',we Cd. The soil in this field was a Sparr line sand (a
other N_-fixing bacteria. As ini Flot'ida, ho\'evCr. not all loamy, si.iceouts, hyperlheric Gross:trenic Paleudult) with
experiments have been successftll. In Oregon and Beltsville, an initial p1H of 5.9. fIydrated lime was applied at the rate oif
yields were notLstimulated b.s inoclation (3. 16). Visconsin 2.0(10 kg ha tto raise the pH-I to 6.0. Fertilizer was applied

lata werc mixed; sonic rnai:,c genottypes responded. where- before planting at the :ate of 2(1kg of Pai1d 70 kg of K ha 
-
is others did not (1). Repol f'roml [lie B.alilarias (23). India ''race elenuents were applied as glass f'rils (TE 501) at the
(22), Egypt (11), anLId Belgium (15) showed yield responses in following ra'es (grais per hectarc): 13,14(1: Cut. 141: Fe, 81,
variouLs grass crops and forages, but they have not demon- Mn, 340: Mo. 10: and Zn, 315. Nitrogen (as atinuoniin
strated that the bacleria-i'oot associations could lie relied nitrate) was broadcast I week after planting at tile rate of 30 
upon to improve yields. In most areas where: commercially kg ht i. Weeds were controlled by hatuLd an1d tractor culliva

(ions. Methouyl was UsedL as necessary to control insects. 
Plots consisted of' single 0.9-m-wide rows, 9 m long. A 

randomized complete block design was used with 12 replica
- Coresponiding author. (ions. 'he two plant species were arranged systenatically in 
I Journal series no. 5190. pairs within the blocks and analyzed separately. To prevent 
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shading. the taller species, pearl millet, was always planted 
on the north with sorghiuni on the south, and these pairs 
received either the live or killed inoculum. Inoculum treat-
ments were seprated by sorghtm border rows. Seed was 
planted by drilling seeds 3 cm deep at aIrate to give 50 to 60 
plants per ni of row. 

The inocultim. A. hra.sihonI 'd I (AT'CC' 29729). was 
cultured in i New Blrunswick Micferrn fernientor (New 
Brurnswick Scieritilic Co., Inc.. Edison, N.J.) in 10-liter 
batches. The ilocIlini \was gro\n in an leltCd Iminel'al salts 
stICCir.iate mediuini containing 1.0 g of''r.\pticase (1311. 
Microl,iology Systems. Cockeysville. Md.) per liter nd (.5 g 
of (N-l.100S per liter. The killed inictIltnl i used as control 
irr'clluin w atltocl\Cd at 121IC.1s fOr 60 Mill 

hnocllatiol was aCCOllplished b rIetCilg live Or iillio-
claved culture directly behind tie plauter shoe olito the 
seed ill the furrow with a peristaltic pimup lounted oilthe 
planter frame. The Seed furrow \\;is closed immlrrediately to 
prevent iiloculull dessication. The inoculation raLe wasapproxitely 1.5 .., It)7 cells per c of r\. \ Two weeks 
alter planting and initial inoculation. tle nursery was reinoc-
rllted by leterile similar illocirlhrin into th1e soil 5 cm deep 
about 15 cm oin both Sides of the ',eeLliig rows. 

Acetylene reduction activity (AR\, was measured three 
ti:,'.(s on soil-itt cores U8.5 cni in diameter by 17 cim long)
taken in 37-cm-long steel coriil tubes. Tlubes were rile gas 
tight \\ith rubber caps over tilt' open ends aid septum 
stoppers ill tile sselded lid of tile other end. The cores were 
IhUshed with either argOll or helium to anl oxygei conceitra-
tion of Ibiout 6' , . aid then 1' ; ol the core atmiiosphere was 
replaced by acetylene. Incubation was al 3Ti'fOr 16 to 2(0 Ii. 
arid then the evolved eihylene w\as iieasured by gas chronla-
tographly. 

Sixty-filr days after planting. plan\ts \crc\li harvestcd from 
the cenler 6 Ill olf the inocIilted arid contlrol ro\s by using .1 
Cart-i'er Ilail har'ester. FIreh-\cvighit alnd overi-d ry yields. 
PcCent dry lerlll, aid initrogen content I111lSirellients 
were iiLade. Pint nitrogen \was deteriined by Kieldahll 
diugesriori followed b' l'ecriLIl \ill Oifaialyl.'r analy'sis (llt. 
Stialisticil 1iilk'Ses of' v:ii'iirlcc iild correllion \ erc rli. 

(aiiwssille exprinieint 2. 'kw crop species were also 
inloculated ill thle condkliines\'ille Cxperiniiieit. Those 
species vL'e 1'. OMIriC11Oflh) Vil. 'lilleflrid all initrspecilic
hybrid of'. nMnrioa 1 ilLbied 231),A, aild P. PuoTurcumo 
Sclinirach (sirain N, niapirgrass). "lhiIexpirillleir w's 
conducted on N Well-chhilied. AT'redmnrdO fhie sid i sili-
ceours, h\Iipertlierruic. (h'ossaririic Paletldiiltl) \witl) an iniial 
Soil pt of 6.5 making liriing unllnecessar y. Fertili/er -was 
applied as' in the first (haincsville experienit, exceplt nitro-
geili \was ipplied ai four dilrerit ri tes ofO, 3(0. 61. anid 120t kg 
of N ha 1ilapplicd is anirininiuni nitrate). tker the first 
harvest, 16 June 19,1,2. N feriili/,r \\its reapplied. Weed aid 
insect Control were sinillrr to those ill the first experiment, 
arid tlie pls ir sprinkle-irrigated weekly. A sccond 
haivest was mailide Ol I Septetiber 1982. 

The plo(s conliskiled Of single (.)-ni-\%ide rows. 4.6 iil long. 
Plols were laid out in a split plot design replicated 1) tillis, 
Plal~ species 'ere svstNyinllic;llvy :il rige d i pi ii!'s, Consist-
ing of one row each 0f pearl riillet aiL the hybrid, ltl ere\Van 
arnalyzid separately. Thire pairs were located iil each N 
fertiliZCr t'c;tii ,nlI itilad received the Cd. C(dSR, or killed 
iiOCtilull. Strl'in C'dSR is iidouble-inarked niatilal Inlilaill of' 
straill Cd with resistance to strepltonlycn arid rilinpini that 
ficilitates its recovery fr'om soil. Nitrogen 'ertilizer rates 
were the mlin plots, aid iniocIuii Iretnt.nls were tlhe 
surbplots. Fertilizer N tret minrits were separated b\ bo'der 
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rows that received no inocutlunl treatment. (These border 
rows were also harvested as ai nol.nlended control.) 

The pearl millet was planted 30 March 1982 and inocularted 
as in the first experinient. except that just bef'ore application
the inoclum ctltuires wel'e mixed With 10' (volI/wt) peat 
calrrier (Nitragin Co.. Milwaukee, Wis.) which had been 
neutralized by adding 3010 g of CaC(_ to each kg of peat. 
Approximately 1.3 x 10 cells, grown as described lbowe, 
were applied per cn of' row. The cont0rol ihiocirlhnm \is a 
lixturtl' ;itrtocla\Ved straius (Cd and CdSR. 

A limited quantitv Of' hybrid seed prevented direct seed
ing. so seeds were Cerrmi nated and established inl plastic cells 
ill tile greenhoIse. Seedlings were inoculated by applying 
approxiniately 4.5 x 10" cells of' the appropriate inoculun 
(Lontainiig 10i peat as above) into tile oil surrounding 
each seedling. InIoculaLed seedlings Were transplanted into 
lit field 31 March 1982, 0.5 in apart in the row, arid sprinkle 
irrigation \\as tlsel as ilecessary. 

Counts of .I. brasl.vin were illide by the imost probableruniber method. Sireciiate N-free niedia with and without 

those antibiotics were sed ill counting. Soil f6r counting 
vas taken by coring 2-cm-diameter. 9-cm-long soil cores 
from11the center of the ros' (\w\here the iioculunl was placed)
nld thoirgh plant root systCls ITWo rCplicate soil samples 

of'eachi inoctliInl treatment from the plots with ((and 60 kg of 
N li I were counted. Each soil stimple was rmade lip of' 
pooled soil from five plots. So all 10I) replicate plots were 
repesented. ('oiuits were made weekly for tlie first 12 weeks 
and then al longer intervals during f'all,. w\inter, aind spring. 

The center 3.7 in of' tile \owswIs haiVested 76 days affter 
pluritirig (first harvest) aild 76 diys later (second harvest) 
wilh the salie equipment as inl the first experiieni. Plant 
palramruet er ineasireients aind aialses were aiIso made is 
stated a1b)ve-. In iddition 1t tIle statistical analyses men
tioned above, the slatisti '-rl analysis systerii (SAS Institute. 
SAS C'ircle. Car'. NC.) general linear Model procCdLres 
were used. 

NNs Mexico experimnent. The tlird experinieit was con
duictld Oil tite New Mexico State .\grictilllural l-xperiinenit 
Stiltion farm neair Ilas Crlces. 'hat site was selecled be-
CaIse its calcaieOurs. finle-leXtLurCd soil ilrifCred froli the 
S;Ulidy. slightly acidic soils of Florida. The Newv Mexico Soil 
i., a (ilendale clay ]Ollill (chissifiCd as nixed cialcareOLS 
thermic I'i liily Af typic Torrilluent with a pih of' 7.95. A 
uniiform applicition of 73 kg ilf P hi 1 was incorporated 
bei'Ore plilng. PotasSiUrir Was not ipplied beca-lSe ade
qilile iiMOtlniS existed ill the soil. :our nitrnogcii f'Crtili/er 
(alnnioniuri nitrate) rates of'0, 30, 60. and 12(0 kg ha I were 
applied bebIre phlllting lnid tgnii rf'tclr the fi'st harvest. 
1:lod iriigilion was Used the sallle day thait 'er'tiliZIer was 
applied aid at weekly intcrv:ils aferiaid. irs is convention
illy pNcticed ill the area, til atllil naxiiilltlln veectative 
grxt\\lIl. 

A split plot expi riilenital design was used with nitrogen 
f'ertilier rates comprising tile rniin plots aid inIOCul;ition 
treatments as Suibplots. Plots Consisted of fllr ros, spicedl 
at 2.6-n intervals, and were i.1 i ini length. Nine replicates 
were IIsed. Seed o1 Sn'g/u,E11111daS'I#VIINC PiipelI Sta1p h. 
tsudangriss) var. AC'C() Sweet Sioux IV was planted by 
drilling at the rate of 28 kg hi i 

Inioculation was dole at planting is was described above 
for the second (ainesville experiniment, except only live id 
killed Stl'aill Cd were used. The iioculilnl was prepared by 
washing the cells l'a 10-liter culture, suspending tlieii in 400 
nil ofrfresh culture medium, and then Mixing the conceitllrlt
ed cell Slspension wi ih I kg of peat neutral ized with 30) g of' 
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TABLE 1. Mean yields and other plant parameters lor tilefirst Gainesville experiment 

try ilatr Fresh )ry Nitrogen R\" Soiltreeties v'iett %kTr"eament t1kg numtter Content AR "IllttOItrL"(k 't- tl(nolt 

Sorghum (Funk G552) Live 5,95 P 30.2' 24.1 1.33' 55.3' 5.6' 
Killed 5.385' 28.3' 23.11' 1.35' 64.7' 5.6 

Mean 5.668 29.3 23.6 '.34 60.11 5.6 

Pearl millet tCiahi-3) Live 11.733' 61.7' 21.3' 1.18, 410.0' 5.0' 
Killed 10,848' 63.1' 2(.9' 1.26' 36.0' 4.8' 

Mean 10.791 62.4 21.1 1.22 38.11 4.9 
ARA in natnotnoles per core per hour. Each ARA %ti'le is the itcatil l'three san,ping dates. Augmst 4. 18.and 24. 

" Soil moisture as a peCelt of dry soil. Each Inoistlre value is the mneanor three samplin, t'tes. Autjust 4. 18.aintl 24. 
",Means foltowed by the same letter (within itpecie ) renot ignilicantl 

CaCOl. This peat inoculum had a1moist consistency, but wa; 
not sticky and was easily handled and transported. Just 
before inoculation, a peat-bacteria suspension. similar to 
that used in the second Gaine,villc experiment. was made by
adding 10 liters of distilled water to the peat inocuilm. 

The two center rows of each plot were harvested at 51 
days from planting and then again 46 days later. At the first 
harvest. 6 ml of row was hairvested, but only 4.3 m was 
harvested the second tinie. Vigor notes wer'e taken 31) days
from planting. Fresh weight. dry matter content, and dry 
matter yield were iiieaSlred at harvCst time. Bacterial counts 
were made live times at 3-week intervals with the most 
probable number method. Soil samples consisted of three 
pooled cores. 2-cm diameter by 9 cm long. Samples were 
taken 2 cm fron the center of the row (where tle inoculunm 
had been placed) throLgh the plant root systems. l)tplicatC
samples from two replications ill both live and killed inocu-
ltni plots were counted. Counting was done as dCscribed 

above for strain Cd. Statistical analyses wcre conducted as 
described above. 

RESULTS 
Gainesville experiment 1. Inoculation significantly in-

creased fresh weight and dry matter yields of the Funk G522 
sorghtl. but not of the Gahi-3 pearl millet. Yields of the 

diterest at il I' - ((.0(5 level. 

inoculated and control plots on a hectare basis were 5,951 
and 5,385 kg, respectively, for an increase of 566 kg ha-I or 
I lC due to inocul:ation (Table ii. Inoculation did not affect 
the plant moisture or nitrogen percentages in either species.
Nine percent more nitrogen was incorporated into the shoot 
tissue of inoculated so, ghum plots than control plots, but 
those amounts 'ere statisically significant only at the P = 
0.07 level. ARA was not signilicarily affected by either 
inoculation or species. but varied cOnsi_: rably from sai
pling date to sampling date and was correlated with soil 
moisture. Correlation between ARA and soil mhoistulre is in 
agreement With our other results (19-21) where correlation 
coellicients (r)were obtained between ).22 a1d 0.710. On the 
second sampling dale, soil moisture was very low (1.9 to 
2.4',:). near the plant wilting point. and ARA was also very 
low. The third ARA sampling date also had low soil moisture 
and to'ARA. Irrigation \as not available at this site, and 
rainfall was barely adequate. Other significant cornlait ions 
with ARA are listed in Table 2. Those were all associated 
with sorghtim. not with pearl millet. 

The two species diflercd in most mcasured attributes. The 
sorghum yielded only 531,( as dry asultlcl matter and 5811t 
much protein as did the pearl millet. The sorghun hybrid had 
restricted growth because of genetic dwarfing. Seventy-six 
kg of N Iia I was incorporated into tle abnovc-gro undI 

TAB1L.E 2. Signilicamt correlation coellicienis ammottg inoculation lrealmelns.. ARA. and plant parmelcs inthe fit,1 Gainesville 
experimenl" 

'orrlciiom coeliticn~t 

Pal'ltmeter Species t)rv Ittater Iresh , Nitto DIt%inhll.I Soil 
yield yield Iteltt t ; t 

Inoculation Sorghum 0.31" 11.34' 

ARA 

l)ry matter yield 

Millet 
Sorghum 
Millet 
Sorghtml 

(0.3110 " (.37' 

11.94' 

0.29" 

11.29" 

0.611' 
11.48' 

Fresh wt yield 
Millet 
Sorghum 

11.89' 
(.32' 

0.26" 

Niirogen cotent 1%) 
Millet 
Sorghum 0.26" 
Millet 

t)ry nialter ( ) Sorghum 
Millet 

NonsignilicanI correltions are notlisted. 
Signilicant at IheI'P 0.115 level. 
Significant at ite P (.il level. 
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FIG. 1.Second harvest mean dry matter yields at foul N fertiliz-
er levels for Tillcaf pearl millet and the l','oji.enlo sp. hybrid are 
shown (Gainesville experiment 2). bvo inocition I e t . ieA brsjl'rieri s iainsCd paredto li athi-CdSR.wer co 
A.experiment
claved control. With the h'itsi'Itim sp. hybrid, slalislicoly signill
cant in,ctiation responses were noled with Slali Cd at r.e plots 
receiving 30 aind (l0 kg of N'ha 1 ' (W 0.(6( and ' = 0.12. 
respecclively). Inrculoation strfain were orlyres.poni se s to CdSR 
statistically significant P : 0. 11 ii tile plots receiving 31 kg of N 
ht I.The 'illcaf did not reSpoiid to inroculation. 

't 


pearl nmillet IIligh 
neiilode populations were present inthe soil of tile ratoon re
griowth. S;,itistical wva,,analysis by regression analysis (statistical 
analysis svsleiJi general li Model procedires). First halrves drylinear 
inatter yields are not plotted because rio statistically significant 
responses were noted in either crop species. 

sorghum tissue, whereas 132 kg of N ha I was incorporated 
into the p arl millet shoots. Only 30 kg of N ha - had been 
applied as fertilizer, so considerably more N was taken up 
Ithan applied.was 

The percent dry matter content w.as higher in the sorghum, 
but nitrogen content did not dill'r significantly between the 
two species. Soil moisture w.s reduced to a lower level in 
the pearl millet artthe 18 and 2-1August sampling (tites. 
Apparently. tilegreater planrt growth of the pearl millet 
required more water, and the root systems wcre able to 
absorb the additional moisture from the relatively dry soil. 

Gainesville experiment 2. No significant inoculation "e-
sponses were noted in tie first harvest. The pearl millet 
yielded more than tilehybrid, even though tilehylirid 
seedlings were preestablished and transplanted when the 
pearl millet was seeded. Both species responded well to the 
fertilizer nitrogen. However, since pearl millet is an annttal, 
yields werc expectedly lower ill th, second harvest (Fig. 1), 
whe'eas y iclds of'the perenniol hybrid were higher, 

In the second harvest, the hybrid inoculated with both 
strains Cd and CdLSR responded to inoculation with signifi-
cantly increased dry matter yields (Fig. 1). In plots receiving 
30 kg of supplemental N ha I the strain Cd inoculation 
yielded 249,1more dry forage than the control, and at the 60 
kg of N ha - rate, tile increase was 18% (increases signifi-
cant at P = 0.006 and P = 0.02, respectively). The strain 
CdSR-inoculted plots hertilized with 30 kg of N ha Iyielded 
16% more dry matter than did the controls, but was signifi-

Api'r.. ENVIRON. MnCROBtoI.. 
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s o i 2 Mean niltrogen yields is kiyograns perh ie tare of thesecond halVe s olt'lie Peon.rx'lum sp. hiybrid are shlown . (Gainesville 
2). 'he nitrogen yield values were calculated hy neoti

plying the dry mailer yield times Ihe percelt N. Statistically 
significant rcspor, es toinoctilation wilh strain Cd tci eobserved in 
tihe plots receiving 30 anad 60} /' 0.003 and 0.002,kg of N haI ' = 
respectively). Inoculhation with sirain CdSR produced significantly 
increased nitrogen yields in the plols receiving 30 kg of'h:a (P 
0.06). Statistical analyssis by regression. 

cant onil.at ' = (. 11. The hybrid also produced significant
yield responses for seasonal dry matter yield (both harvests 
combined) for the plots receiving 3( and 60 kg of' N ha - l 
inocuIhlted with strriin Cd (significant at 1) = 0.02 and P = 
0.05. respectively). Plant fresh weight yields hollowed these 
same trends. Neither tile nitrogen nor moistture content of 
the plant tissue was changed significatlIy by inoculation. 
The niorlalleided border rows of pearl millet wsere slightly 
lower in yield, bit this wIas ie to reduced plant populations 
and was riot an iniocitlation effect. 

Inoculation with both strains Cd and CdSR :lso increased 
the total amount of nitrogen harvested (Fig. 2). The plots 
receiving 30 kg of supplemental N ha , inoculated with 
strain Cd, yielded 399; more N (also crude protein) in the 
plant tissue than did tie control, and in the plots receiving 60 
kg oh' N ha I the increase was 27X over the control 
(increases significant at P = 0.003 and P = 0.002, respective
ly). Inoculation with strain CdSR increased the harvested N 
by 321 in the plots fertilized with 30 kg of N ha ,and this 
increase was significant at the P = 0.06 level. 

There appears to be a net loss oh' N input at the f'ertilizer 
rate of 120 kg N hi 1. Since there was not an appreciable 
anount of N left in the soil at the end of the experiment, we 
believe the extra N had leached through the sandy soil. The 
ainotit of' N in the soil did not inhibit ARA. The low yields 
and the la,:k of' response of pearl millet to f'ertilizer in the 
second harvest was primarily dtie to the reduced vigor of the 
ratoon regrowtlh. In addition, excessive nematode poptla
tions were 'ound in the plots of pearl millet that had received 
the higher rates of' N fertilizer. 

Acetylene reduction assays conducted on different, but 
similar, plots in the same area showed no response to 
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10000 became contaminated with A. brasihnse by the week 3. 
control -FL indicating much greater movement of' bacteria there than in 

......--
Cd- FL Florida. This may have been a 
NM 

result of' the flood irrigation
-NMCdSR -.... FL method that is conventionally used inthe west, which results 

1000 in a temporary but complete saturation of' the soil surface. 

z DISCUSSION
 
o 
 Yield increases of 11 to 24%; dry matter and 27 to 39% total 
.j 100. nitrogen, due to inoculation with A. hrasilnse, are consid

ered great eiough to be important to coelll1el'eiiIagriculture
" 
o FL if they could be obtained consistently. However, nitrogen 
< -
 N content was not significantly changed by inoculation. Them 10-
Z 
 - FL reduction inthe sorghum N and increase inthe l'einisett,,t 
C- sp. hybrid N content, even though not significant, affected 

---------------- tilesiglificaice f the total N yield accordingly. Repeatabili
oM. ty of response was low in these experiments, even though we0-..----- -- used tile--- FL Cd strain. This emphasizes that the Cd strain is not0 2 4 6 8 10 12 Universally successful. Yield response to inoculation with A. 

iraxih'n'se strain Cd uowas more consistent than withFI. 3. Quadratic regressions of NPN countlls of strii Cd,strain
 
CdSR,and tihe controls trom Gainesville eperiment 2and fri-o
ihe strains 13t an JMl 25a2 used previously. Gahi-3 pearl millet
New Mexico *2xperinlent. IiGainesville. w\eeklv sampling was done was selected as a responding millet cultivar (51 because it hasfor the first 12 weeks after inocul:ttion. The New Nexico saniple,; produced significant yield responses to inoculation in several 
were collected on a 3-week ha-is ad were mailed to Florida fur experiments: however, it did not resr:nid in these tests evenniost-prohahle-nutiuber cominmng. when Funk (522. grown inadjoining rows, did respond. 

Tifleaf, pearl millet and tihe staLlingra ss contillued Ito be 
nonresponders.

inoculation ineither species. Mean ARA values were very TIlL experimental site inNew Mexico was iincluded be
low, ranging between 25 and 63 niM core 1i 1. cause its calcareous. line-textured soil and a war'miIA, dry

Streptomycin- aind rifampin-containing iediunli was usIed climate similar to that of Israel. where more dependable
to facilitate recovery and detection of tileLouble-marked inoculation responses were ob'ttaincd (7,12. 13). However, 
nmutant straii L'dSR. III adition, we found that strain ('LI those factors apparently do iot lasslre inoctllation respons
could be identified by its distinctive pigmentation, which es. 
could be visually identified in the culture tubes. Strain 'dSR Inoculation response appeared to be afflected by tie rate of
would develop similar pigmentation when plated on rich. nitrogen fertilizer appliCd. Responses were noted only in the 
Inonaniltiliotic-contaiiirng mediun,in LId Ih at cha ra ICeristic intel-Crnediate rates of nitrogen fertilizer. Itl an earlier report 
was useL to check whether the C'LIS R Striin had undergone (18), we showed that response to bacterial inoculation may
significant ba,:k mutation toward susceptibility to streptonly- occur only if* suppletiietited nitrogen f'ertilizer is supplied.
cin and rilminpin. Comparison of tiledill'erent counting This observation has been confiried by others (13. 1)) and
methols showeL noireal diflerences between strains Cd anLI in our subsequent experilents (R. L. Smith and S. C. 
CdISR or evidence Ir back nltuiation. Figure 3 shows the Schiank. Plant Soil. in press).
decline of thnme two strains over tilecourse oLfthe experi- The rapid decline in A. brasih'nws poLIpilitiins inboth the 
ment. Samples from the fertilizer rates of ( and 6(tkg of N Florida anLI New Mexico experiments de nllstrates that
ha Iwere counted, hut since no dill'crences in A. hra.silnx, those organisms are not competitive illeither environment.
populations were noied between these rates, tileCount Lta In tile second Gainesville experiment. indigeneous N--fixing 
were combined. Quadratic regressions are shown iilFig. 3of* hcteria (Imeasuretl by most probable runiber to an ARA 
straiis Cd,CISR. anLId the control. extinction) remained itpopulations over 10 '. From these 

Populations orlboth strains oLfA. brasiln.c hadl fldlen to dala and that oLARA. we concluded that A. hrasiense is not
less tlian 102 bacteria per g of soil by the week 6 after very important in tiletotal N 2 fixation in these experinients.
inoculation. Indligeleotlis N2-Iixing bacteria (not A. , in these experiments was low. ARAhrasi- '[he ARA Irevious 
lense) were present ill abouit 10-fold greater concenlrattion. IImeIsuIreCIIts ill the Gainesville secodLI experiment site
Neither strain Cd nor- CLISR bacteria were fouind in the have always been Ilow. We have located high ARA sites in 
control plots in Flrida. Sampling to determine inioctIluil Florida \%here we neasured rates ofnLver 1,000 nM ethylene
movemenlt through the soil 6 weeks after inoculatiol re- evolved core I i (21). Ill this study we f'ound ARA to be
vealed thalt little movement had octrred. In nily a f' v site Lependient jiliLd coIrrelateL with Soil IlioisttIle. The soil 
instances lateral mLovenmenlt of 15 cm wis lbservel, with illoistulre in tlie first Gainesville experiment was low. which 
none observed as lar as 30 cm. By the week 17 after precluded high ARA rates (21).
ii oCila tion strains Cd an d Cd SR were harely deteclalle, and )ll Ihere suggesting N2 fixation is noLt anItcui't that 
by spring 1983 they Could n lie recovered in tie most imporlant mechanism in prodtcing growth respoisls include 
probable iiuiiber tuies. the following: i)ARA measuired in both Floridh experinlents

New Mexico exper;nient. No significant piaiit vigor ir yield was low and variable ani was not aftcoted by inoculation,
respon::es to inoculation were noted in the New Mexico yet yield responses were obtained: (ii) significant negative
experiment. However, there was a trend toward higher correlatins olARA with yiCILI and N content were obtained 
yields in the intoculated plots receiving low aniOunts of in the first Gainesville experiment (Table 2): (iii) an extrapo
supplemental N in the first harvest. A. brasilnse counts lation oLnounts Lflitrogen fixed fiom ARA Lital indicates 
declined in New Mexico (Fig. 3) at about the same rate as itt that less than 3 kg of N was fixed per ha uring the season,
Florida and are plotted on the same graph. The control which was not believed to be significant to cl'op growth: (iv) 
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