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YIELD INCREASES OF TROPICAL GRASSES AFTER INOCULATION 
WITHt SPIRILLUM LIPOFERUM 

R.L Smith. S C. Schank, J H Bouton & K.H Quesenbenry 

Abstract 
For lhrece ,r. higher dry matter yields i'ae been obtained from gr,,es inoculated with tropical straim in 

the bacterium 'pirllum lpufrum than uninoculated counterparts Dunng the fint year, 1974. inoculated 
Paintuum mivrmurn (guineagras,) and Ditigaria decur'iwn (digntgr'ass) po'duced 80% and 61% more protein 
than uninoculaled controli In 1975, inoculation produced significantly higner protein and dry matter yield%in 
Penniserum ameriianum 1peaji millet) and P vtnimum Projected yields using regression analvsis of boith 
,"arlnull i and guingasqms indicated that about 40 kg N ha 1 yr-

1 
were replaed by inoi.ulation Althourh 

,rall prndu.tion was lower dunng 19"6, yield resprinsq due to inoculation were ,'iilar to those of 1975 
in Lvuiieagras 

Niirogn tcrilizer was r.quired to enhance response to inoculation and higher rates of nitrr2_en fmrilizer 
repressed rrsponse Acetyl:re reduction venfied that nitrogen Fixauon occurred. but did not correlate well 
with yieid increases 

Immunofluorescent techniques were used to specifically identify and monior Spirillum lyiferum popual 
lions 'n the %oil These data am being used to evaluate inoculation procedures 

Ino .ulation with ipirilum liporium has given ucld increases for three consecutive ven in Florida This 
indicates 

I response to inoculation can be repeated 

2 economically important amounts of nitrgen can ne replaced by inoculation 

I a high potential exists for developing grasm-bactena sytems 

Introduction 

New research has shown that some grasses have nitrogen fixing potential when as
sociated with Spiritllum ipoferum Betjcnnck or other bacteria This represents an 
important breakthrough in thts area of agnculturai research since Ine grass family 
includes most of the world's suple food crops (maize. Zea mavs L . wheat, Trttucum 
aestivum L ; nee, Ors-a satva L ; sorghum, Sorqhum bicolor (L) Moench, millet, 
Pennisetum americanum IL.) K Schum ) and forages In a world now operating on 
costly and dwindling supplies, savings in energy needed to produce chemical nitrogen 
fertilizers would be very significant 

In Brazil, Dobereiner & Day (976), isolated Spiritlum tipoferum from the surfacc of 
aisinfected roots of the tropical grass Digitaria decumbens cultivar "Transvala' whicn 
was released and introduced into Brzil by the Flonda Expenment Station (Boyd et al., 
1973). Since then strains have been isolated from maize, wheat and other grasses 
(personal communication). We have isolated Spirdnlum hpoferum in Florida from millet 
and from roots of maize and guinea grass (Panicum maximum. Jacq.) in Ecuador and 
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although the h. .iteria are widely distri-
Venezuela. Thce isolations have shown that 

buled, only certain sites have vieldt.d Spirillum (unpuhlhcd dila) 

projections of gras,-ha.ucna a,,%OLItiMIStl h Iocehaed tinn
Nitrog:n Fixation' rate 

acetylene reduction activitieS ol roots and soil cores Rate% as high as,2 kg (it fixed N 
and X)kg N tlixedin maize. 17 In elephant grass (Pernrwftf,, litpuret),r.ha - day' 

ha I yr' in bahagrass were projected lVon Bulow ,'.Dobcrcincr, 1975, Day ,,ir, 
meaure

1975. and Dobereiner el at , 1973) Essentially all of the acetylene rCdcLtion 

ments showing high activity have been associated with a lag penod and have undergone 

This technique has been criticizcd ,&%anaerobic conditionsa oreincubat~ion in near 
producing unnaturally high rates which needs verification with other types of data such 

increased yield, higher N content, or "N incorporation TI'e detached root assay with 
as 

grass root - Sprilhun associaltionshowever, in detectingpreincubatton is valuable. 
conduct-d in Flonda to de'termine

Inocula/:on studies with Spirillum hipofevim were 
ield or decreasing

whether grass-bactena associations have the potential of Increasing 


nitrogen fertilizer requirements
 

Materials and methods 
dune the past di',eyears The firs, sear 

%ere established for inoculation studiesReplicated grass plots 	 st
.mLpan il witn one %)Iwere 

Inrculuin %as produi ed by hrtrioigcnling ba .tinil
1q74. 40 tropical forige grass genotypes ifie general studied in paired pl-.tt 

each pair being inoculated and theother left asa control 
ith tGseparts o 

cultures OiS Iipoferum IBrazilian strain) grown on semi solid media without iistd nitri ven 

of earn pair An equivalcnt iiount of 
hundred ml of this suspension was applied toone plant 

fertilimer was ivpi,-dwater One 
meodm. without bacteria, used the uninoculited .onrois Sa nitwr'cenwas on 

tested in larger 13 2 mi1 plots replicated ight times These sper.ts .cr.pciil 
In 1975. four species were 

Transala dicigras Four rates of nitr+ lr.n Itti1 
millet. guineagrass. buffelgr+ss lCenchru-s ciltarir L )and 

Icrhilci,
rates,t nitrrvcn
Tatles I - I or
lizer were supenrmposed over inoculated and control plot%(See 

of 40 and .Wi'kg ha ' re,,vcti'c'is PA) and Kt 
Phosphatc and potassium were applied at the rate-

hpoirum strain IIt Itniwuspensins. ot ipirillum
Inoculation was accomplished by spnnkling aqueous 

10' cells per meter v' row his culture was washed into i, -mi hi 
Brazil). over the plots at arateof about 

mediumn ith Mif.1kt. 
spinkler irnga2im Te S ipoterum culture was 	grown ii' nitrogen-fre , mincral salts 

Cultues were ,ontinuousls sparrd .iilh a mixtre if 5,'1 
asthe energ) surce (Dobereiner & Day. 1976) 

N, and were harvested new the end of '.ne logartinic growth phase (itunlil plots e .ctoed 
0, - 95% plots1 of malate was applied to the ontrol

thename rateAbout 7 kg hamedium, without bacrna. ai 
Peati millet and guntagrass were it established with minimal 

In 1976. itesame four species were tested 
Inoculation was atcomplishcd h- nIc.tine [IL

cultivation Fertilization rates were similar tothose in 1975 

into the -.oil at the rate of about 3 x 104 elS per m- Cuitur ,crc +r .r. ,i 
bacteria aboui 7 cm deep 

Crntrol Ilot receised autoclaved medium at the suine rate and
medium containing nitrogen with aeration 
the same ne_,h'das -he inoculated plots 

ws measured by a Tethnicon auiOana lyer 3nt
taken and for-age. nitrogen contentDry matter yields were 

.Lreanal,,ed ,,atiiLall. 
was converted to crude protein by mulirpiying by 625 Yield and protein data 

& Day 1974) Wa,,hed roots wir. 
At.etylcne reduction was accomplished by a modificaton of Dohereinct 

O,-95% N, Alter pcincuba
scaled in a plastic bag, then preincubaled o,,emight in an atmosphere of 54% 

a fresh 0,- N, mixture as above then 10% meicnc iudca G is 
tion, the atmosphere was replaced wi.h 

day,
collected arter a 3 n in,.utiaon and placed in evac'iatco tube-, Thes were stored %',crai

samples were 
nefore ocing analyzed forethylene tin a gas cnromatograph 

An alternative acetylene reduction technique was aevelopeo to avoid preincuoaion Cores were cut %'iththe 

sharp end of steel soft dnnk cans that had both ends removed The cans. containing inc cores with relatively 

mason jar The atmosphcre was replaced with gas
indisturbed mns. were sealed in pint. wide mouth 

02 and 0 091 aim acetylene After a4 h incuoatrinN2, 1045 amcontaining pzia pressures of 0 864 atm 

penod. a gas sample was removed, stoied, and assayed as descnoed above
 

by Schmit (0974) were used to specificahly
indirect fluoresc nt antibody (FA) tamhnquca as acoced 

These .ecnques were used to study oKxena populations tollowing
Identify and cout S lipoferm inthe soao. 

inoculation
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Results and discussion 
Higher dry matter and protein yields hav: becncompared to unanoculated counterparts 

obtained from inoculated gr.l,.,,s
in cact

In 'he 
of the three years of cspeirmcnationfirst year. inoculated "Transvala' digitgrass and F ma.xmum produced 61 1;80% more indp oten than the unmoculared controls Dry matter yields for the othergenotype% were not statistically different Buffelgrasvalues up to 200 n moles produced acetylene reductiing dry roor'• h'.The data of this first year's work provided .basis for selecting grass genotyp.s for the second year's expenmentsIn 1975. higher protein and dry matter yields we, obtained from inoculated versuscontrol plots of pearl millet, guireagrass and butfel-raLs (Tables I. 2 and 3, respective.ly) 'Transvala' digitgrass did not respond

over treatments results are given 
Protein contcnt was not st.Limsically differentso as dry matter yieldsnitrogen was In each case, some fertilizerrequired to stimulate moculation response Both inocula ed and uninocu.lated regressions of yield upon nitrogen rate in pearl millet were linear but in the guineagrass and buffelgrass the inoculated plots were curvilinear and the, control linearficantly higher yields were Signiobained due to inoculation

nitrogen rates for pearl millet ..nd in the 
at the 40 and 80 kg fetilizcr 

iumeagrass at the 30 and 60 kg nitrogen ratesUsing the regression equations, we calculated that up to 40 kg N ha--38 kg N ha iin the millet and' in the gumeagrass were replaced by inoculation Table 2 summarizes twocuts of guineagrass See also Smith e al , 1976 

Table i. Pearl millet dry mater forage yields nocuialed with Spirillum hipoferum compa-eu
fated (1975) to nincu 

Femthzer N 
Rae Dry Maner Yield kg haInoculated Un t lnCrea.W (1Mnocuilation 

0 
20 
40 
80 

4.750 
5,820 
7,350 
9.,40 

5.300 
6.070 
6.040 
7.880 

-550 
- 250 
a.3.0" 
1.60"


Repression equations from inoculated and uninocuiated plot$s were Y = 4.820 + 56X and Ye-
respeclively 5.240..,- 31X,
 

Astensks indicate signifcance at 0 05 level 

Table 2. Guineagrass dry matter fom"ge yields inoculated wim Spirillum tipolerum compared with uninocu.lated (1975) 

Fetilizer N Dry Manr Yield kg ha'
Rate Increase (f mInoculaied Uninoculaea :nocuaiior, 

0 9,960 iO.7,0 - 79030 15.550 13.46060 2.09017.610 15,560 2,050*120 20.020 19.470 550
Regres.on equations from inoculate and uninoculawo plots were 9970 1i9X 9X2 j10700 + 80X. respectively

Asenks indicate signric at 0.05 bevel. 
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ahlc 1 shows the yield responses of inoculated and control buffelgrass oser four 
nitrro'ci tertilizer ratei These responses are similar to those of guineagrass. that i%. 

r.'",:iin analyst% gave curvilaear inoculation and hi.ear control responses Again 
mon'c Icritlizer was required for inoculation response which decreased at the higher rates 
ol ihlioeen feridhzation 

I jhlc 4 shows the 1976 first cut guineagrass responses. These data resemble the '975 
ploiis ccept the yields were lower (Table 3 reports two cuts. fable 4 only the first cut) 

Onlv ilte intermediate fertdizer rates (20 and 40 kg N ha') showed significantly (P = 

0 Oi) higher yields for the inoculated plots. 
5erilizcr nitrogen was required for inoculatiol response in every case we report. 

We bclieve that this nitrogen is necessary to produce a good level of plant growth and 

metabolism. especially photosynthesis. in our sandy, nitrogen deficient soil 

Acetylene reduction assays of nitrogenase activity using the washed root, preincuba

lion procedure gave good rntrogenase activities in 1975. These values, however, did not 

correlate well with the yield responses. Only two samples per plot, (akin one week 

apart. vere assayed in late summer. This may not be adequate sampling to get correla
tion In 1976, the core technique without preincubation was used. We don't believe that 

either of these acetylene reduction techniques adequately monitored the yield responses 

from inoculation 

Table 3. Bufteigrass dry mainer forage yields inoculated with Spirillum ipoferum compared to unmnocu
latd (1975) 

Fenilizer N Dry Matter Yield (kg hai1) Increase From
 
Rate Inoculated UnnoculaWd Inoculation
 

0 1640 2030 -390 
20 2938 2642 292 
40 3097 2549 548 
80 3625 2974 651 

Regresion equations from inoculated and uninoculated plots were Yj - 1700 + 55X - 04X 2 and Yc " 
220 ION. respectively 

In this test. sigiticant inoculation effects were based on a significant inoculation X nitrgen interaction at 
0 5 level 

Table 4. Gumeagrass dry matter forage yields inoculated with Spinlh.m hpoferum compared to uninocu-
Iied (cut I. 1976) 

Fertilizer N Dry Matte Yield (kg na"1) Increase From
 
Rate Inoculated Uniniculaiel Inoculation
 

0 29210 2440 480 

20 4007 2986 1021 
40 4848 3158 16900 
80 4901 4706 193 

Regression equatins Irnt mculated w' umnoclated pia we 91 - 2896 + 69 9X - 0.56XI and Ic = 

2348 + 27 8X.
 
Asterisks udllcaie signufhacee t 005 evei.
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We have conducted several experiments where yield responses due to inoculation 
were not obtained Thercfore, we queqtioncd the effectiveness of our inoculation ,ind 
Ined methods to ..nprove it In 1976, about 100 times more bacterial cells were .pplicd 
to. thc plots than in 1975 and they were placed into the root zone 

To monitor soil population changes of S poferum, fluorescent immunological 
stJdies were made. Table 5 gives bacterial counts at about 10 months after the 1975 
inoculation Inoculated plots gave significantly higher counts than the control plots hut 
the control plots had a considerable number of bacteria The bactcnal populations in 
unmnor-ilated plots were relatively consistent over the fertilizer treatments, whereas, in 
inoculated plcts higher counts were obtained as more nitrogen was applied These 
counts correlate well with the yield responses (see Table I). 

This research has shown that inoculation with S lipoferum. atropical nitrogcn-fixing 
bacterium, can increase )ields or reduce nitrogen fertilizer requirement of pearl millet. 
guineagrass and buffelgrass. We have also shown that these increased yield responses 
can be repeated and that some nitrogen fertilizer was required to enhance them. We 
have shown that up to 40 kg N ha-' can be replaced by inoculation This amount is 
economically important and indicates a high potential for grass-bactcna systems 

Table S. Bactenal populaions Nu'noer of biatena per grai of soil using the ioireci FA iechniqtc.e 

Treatment 	 Inoculated Uninoculaied 
kg N ha-i (x101) 	 (X 102) 

0 126 105
 
20 155 114
 
40 190 112 
80 212 105 

Mcin 171 .09 

Inocultied means ae significantly higher nan uninoculased at 0 05 level 
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