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ABSTRACT 

Growth responses of pearl millet [Pennisetum amer-
grats bacterial associations. The objectives of thistlv wvere: (I) to decvelop) an in vitro screening tech­
(INIir'whic woult predict fiel results; (2) to study 

icanumirii (L.) K. Schum.] seedlings inoculated ihsAzospirilhtm brasilcnse were studied in test tubes andi changes iii root growth caused by inociflation; and (3)
1(3 Imonitor ,.lo(/)filIU lnplj~ulatioins (luring tihe ex­

sm a ll p la stic b ags. Co m p ariso ns w ere mad e betwee n a 
pearl millet gei-otype, '(;ahi-3'. which previously had 

t 
p 
c li ton . tlzo rcsce n an ti o tech n (FA). 
inent Iw florescent antibody tecnique (FA). 

given increased yields after inoculation it field tests, MATERIALS A0D METHODS 
and aniother genotype, 'Tilt 186', which did itot re­
spoiid. 

inotiulktioi wi th live bacterial cells redued top 
growth and gave a lower total iitrogeln tontelit in both 

) 
Iwo genotypes of pea! millet, 'Gahi-' and an in­

bred parent. liift 186' were zested in two inoculation 
experiments. Previotisly, Galai-3 had responded to in­

getiotvies. Acetylene reduction was positive htut low in ocuilation and 186 did not 'j). In one experiment, the 
live intilatioi treatilients and /Cro ill the controls. scedllings weru grown iii 15 ::?.00 niDw test tubes widi 
hn kiiuolfluortscent assa~s indiated .1 i igh bacteria fiftv grams of a tioclavedl soil placed in each test tube 
plpMlation 0! A Z1/:,irill 
whereas tile Lontrols were 

i in i-iotilated treatmieits, 
na,,::::'. Neither the small 

prior to planting. Ill the other, 6 o. (170 gin) "Whirl­
P'a" plastic bags were used as containers. The soil was 

test tulbes nor the phlatic bags provided a 
vironient for screcliiig bacteril-plaiit 

suitable en-
associations 

.\rredondo fine sand (Grosaren ic Paluakdult; loamy, 
siliceous, hIe. herlic), pit 6.1, low in NI, and NO,, 

and prectl.ting their responses in the fiMid. 
Additional Index IWUords: N..-fixation, Acetylene 

tiwith iaoe.g lii nia ttiercoitelit of 1.51;'. 
Seeds wire surface sterilized by consecutive 7-minute 

reduction, N content, 
lure lipoferum. 

Plant yield, Root growth, Siril. (lips in 70' , ethanol, 501% Chlorox, and 3% hydrogen 
eroxide. After tlorough washing ill sterile water, they 

were then germinated on tryptic soy agar (Difco) to 
test for bacterial contamination. Seeds free of contzmi-

Ample evidence exists that N,-fixing bactecria-grass 
root associations AIo occtir (7, 8. 9, 12. IHt. 19, 23). Three 

natiol wt, liaiisjlaite ill) the iest tubes or Whirl­
lIac' plastic bags. 

Three inoctilation treatnteilt. were isedl: (1)a live 
years of data from Florida (20) have indicated that 
yield increases are )ossible after inoculating new stands 

iiot'ulinl 
MlI5A\ 

ctlture of ,A:ofApirillirn brailense strain 
(a Floril isolate) at the high =ate of . x 10' 

of forage grasses with A:ospirilltin brasilense. 
Similar 'ield increases after inoculation have been 

tells per tube: 
culture..1 x I' 

(2) a low -ate of the sane live bacterial 
per tube; anti (3) a control, autoclaved 

observed it the Bahamas (21) and in India (15). A .1125.X'. cituire at the .1x 10, rate. The experimental 
lack of significant response after inoculation has been desigii was a split.plot with varieties as main plots and 
reported in Oregon (3)and Wiscoisin (!). In Australia the three inoculation treatments as sub-plots. There 
(18). a 23'-', yield increase intops andit 20%.yield iii- wcre either iotr or five replications of each millet 
crease in root mass were obtained after inoculating variety at each bacterial inoculation treatment. 
digitgrass with A. brasilrnsein a growth room experi- Plants in btth experinients were grown adjacent to 
ment. Balteiisperger et al. (2) and lBnzion and Quesen- a window in dhe laboratory, where light at mid-day 
berry (4) have al.o noted posiiive growth responses wa.. :10/ Eir- sec -1,and ave-rage ambient temperature 

growth substances hy uiicroorga~nisms (6, 10, 11, 22) as and Whi.l-Pac bag wcre removed later for fluorescent 
well as N.-fixation may cause the yield responses. In- antibody staining (17). Plants in the test tubes were 
cr..,ed yield and nitrogen fixation responses have been allowed to grow for .111days before harvest. Those in 
reported when different grass genotypes are exposed to plastic bags were set up in sufflicieni numbers so that 
different bacterial strains (2..4, 5, 13, 16). fotr harvests could be made at 10 day intecvals, still 

In order to further study the system, we have been naintaining four replications in each treatment. Tops 
searching for a simple, consistent, and repeatable and roots cre harvested, weighed, and subsanpled for 
method that would allow the rapid evaluation of microscope stttdies (17). Visual and microscopic ex­

aininations were made aiid photonicrographs were 

'Florida Agrit!ltural Experiment Stations Journal Series No. 
2Vrofeuors o agronomy and graduate student, Agronomy De-

taken to document root morphological changes due to 
inocnuation. Eimneration of bacteria, acetylene reduc­
tion, anid nitrogen assays were performed as described 

partment, University of Florida, Gainmville, FL, 32611. previously (5, 10, 17). 
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RESULTS AND DISCUSSION TAIBI.E I.- fAN .4:OSirilluI 'OPULATION SCORs iAD. ny FA 
II!;!.OI'E .NI) mAN.(:E'YLENE REI)!(IION SAILES IN N M(IFS PER 

:1oth top and root development in both experi- TUBE IER iloUR. 

ments were repressed by inoculation (P =.00- alld .001). 
Live inoctltnu reduced dry weight by about one-half FA VALUES* 
(Fig. 1). This finding was in direct conflict with previ- Contact Soil Re- AR 

otis field, greenhntuse, and growth room data which had Treatunenit Slides Roots Isolatcs AR Range 

shown an enhancement of dry weight after inoculation. 
However, plants in these experiments were grown ei l)ead Ioc 1.0 0.0 0.5 0.0 0 

under laboratory conditions in enclosed systems where (;ali-3 Dead h1m( 0.3 0.0 0.0 0.0 0 

both temperature and light (25 C and 30 ItEn'- sec -) 186 Low l.ie 2.6 0.6 3.0 12.1 0-29.3 
were far from field conditions. (;ahi-3 l.ow Live 3.0 3.0 3.0 5.2 0-26.1 

Acetylene reduction (AR)measured on the plants 18* Iligh Livc 2.8 :.0 3.0 0.0 0 
in the test tubes after 30 days of growth and again bfe- (;;lui-3 ligh l.ivc 3.0 3.0 3.0 8.2 0-16.3 
fore harvest was low. At -1 days tile mean AR value -----­
was 5 iI moles of ethylene produced per tube per hour *Each mean in the table is based on 5 replications. A score 
in the inoculated tuibes (range 0-.29), and zero in the bc.uctn 2-5 and 3.0 is consi(Icied IA positive. 

control tubes. The plants which showed the higher AR 
'alties did not have higher 1 N or to talN in tops or 

roots. Ethylene rodtction was lilvear )etween 0 and too 6REEN weIGHrs OF RAN.,. 
2-1 hours of incubation in the inoculated tubes. ITWO PEARL MILLErs .ROWN IN 

linnitnoluorescence studies from 91 coitact slides WHIRL - PAC 84GS 
and front reisolations at the end of both ex)eriments / 

verified that live bacteria )ersisted in tile soil of all 
I

-/ woc 
inoculated tubes and bags (Table 1). Fluorescent anti- TWZ / SAM] 

sobody labelled root (M) preparations showed A. 100 

brailenrs' more p)revalent on root stirfaces of Galli-3 ,­
pearl millet than Tift 186. At the low inoculation con-. / 

F:\ root tests showed root coloniza:ion 5- -centration, the 
)y A:,spiliII in only I otit of 5 test tubes with Tift -- -­
186, butt heav\ root coloni/ation occurred in all five --- -'" 

replications at the higher inoctilurn concelltratiol 0 , -0 - 0 

DAYS(Table 1). All lungal spores in the soil were not killed 
)\ dutoclaving, bu(ause conltact slides showed close as- Fig. 2.-(;reen harvest weights ol two pearl millets grown in 
sociatiOls between A. brasilense and [tligal ]ly)pliae as plastic bags in tile lal)-atory al.-r inoctilation with A. brasihnse. 

well. 
The total nitrog,,n (N) content of uniioculated 

plants averaged 5.9'.;. N in the tops and 1.5 ing total N, 40 DAY HARVEST 
while the inoculated treatments averaged 5.-1; N iD W 
tile tops and 0.82 ing total N. Uninocu'ated plant roots 
were likewise higher in , N (2.18 vs. 1.78) and in total rOPs a ROOMS 
N (0.35 mg vs. 0.32 mg). 

Harvest results from the Vhirl-Pac bags are shown 70 
graphically in Fig. 2. The liniear growth rate is prob­
ably due to the low light intensity, lower temperature, 60 
and the confinled system. Results from Experiment 2 at 
-10 days (Fig. 2) closely paralleled the ,10-day harvest 
from Experiment , (Fig. 1). 50TOS . 

Fig. 3 shows root and shoot weight relationships. OPToPs. ',
40OPS

The ratios differ from those reported by Gaskins and 40 - ."" 
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Fig. I.-I)ry harvest weights of two pearl millets grown in Fig. 3.-Dry harvest weights of tops and roots of two pearl 
vitro for 46 days in the laboratory. Inoculated ,ith a Florida inillets grown in vitro for .40days in the laboiatory after inocula­
isolate of A. bravilense. tion with A. brasilense. 
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