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YIELD INCREASES OF TROPICAL GRASSES AFTER INOCULATION
WITH SPIRILLUM LIPOFERUM

R.L Smuth, S C. Schank, J] H Bouton & K.H Quesenberry

Abstract

For three year: higher dry matter yields have been obtained from grasses inoculated with tropical steains o
the bactenum Speerllum lipofrrum than unmoculated counterparts Dunng the first year, 1974, inoculated
Panicum mavimum (guineagrass) and Digitaria decumbens (digitgrass) pioduced 80% and 61 more protein
than uninoculated controis [n 1975, inoculation produced significantly higher protein and dry matter yieids in
Pennisetum americanum (pearl millet) and P maximum  Projected yields using regression analvsis of both
near) il  and guineagrass indicated that about 0 kg N ha ' yr™! were replaced by inoculation Although
overall production was Jower dunng 1976, yield responses due to moculation were < ~ular to those of 1975
IN LUINCAETSS

Nitrogen fertilizer was required to enhance response to inoculation and higher rates of nitrogen fertihizer
repressed response  Acetylene reduction venfied that mirogen fixauon occurred, but did not correlate weil
with yieid increases .

Immunofluorescent techniques were used to specifically Wdentify and monstor Spiridium lipoferum popula
tions *n the soil These data are being used to evaluate tnoculation procedures

Inoculation with “puridlum lipoferum has given vield increases for three consecutive vears in Flonda This
indicates

| response to inoculation can be repeated

2 economically unponant amounts of mtrogen can oe replaced by inoculation

Y a high potenual exists for developing grass-bactena syttems

Introduction

New research has shown that some grasses have nitrogen fixing potential when as-
soctated with Spirillum lipoferum Beyennck or other bactena This represents an
important breakthrough in this area of agncuitural research since tne grass famuly
includes most of the world’s staple food crops (maize. Zea mavs L . wheat, Tritcum
aestvum L nce, Onza satva L sorghum, Sorghum bicolor (L) Moench, mullet,
Pennisetum americanum (L.) K Schum ) and forages In a world now operating on
costly and dwindling supplies, savings in energy needed to produce chemical nitrogen
ferihzers would be very significant

In Brazil, Dobereiner & Day (1976), 1soiated Spiritlum tipoferum from the surface of
aisinfected roots ot the tropical grass Digitaria decumbens cultivar "Transvala™ whicn
was released and inrroduced into Brazil by the Flonda Expenment Station (Boyd er al..
1973). Since then strains have been isolated from maize, wheat and other grasscs
(personal communication). We have isolated Spirillun lipoferum in Florida from millet
and from roots of maize and guinca grass (Panicum maximum, Jacq.) n Ecuador and
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Venezuela. These isolations have shown that although the hactena are widely distn-
buted, only certan sites have yielded Spirillum (unpublished data)

Nitrog=n fixation rate projections of grass-hactend assoctations have been based on
acetylene reduction activities ol roots and soul cores Rates as high as 2 kg ot fixed N
ha ' - day ™' in maize, | 7 clephant grass (Perntsetum nuzpureum), and K kg N bved
ha ' - yr' in bahiagrass were projected (Von Bulow & Doberciner, 1975, Nay et al |
1975. and Dobereiner e al , 1973} Essentally all of the acetylene redyction measure-
ments showing high activity have been associated with a lag penod and have undergone
a preincubation in near anaerobic conditions This technique has been criicized as
producing unnaturaily high rates which needs venfication with other types of data such
as increased yield. ugher N content, or YN incorporation The detached root assay with
preincubation 1s valuable. however, 1n detecting grass root ~ Sprrrllim assocations

Inoculation studies with Spirillum lipoferum were conducted 1n Flonda to determine
whether grass-bactena associations have the potenuial of increasing yield or decreasing
nitrogen fertilizer requirements

Materials and methods

Rephicated grass plots were established for nccuiation studies duning the past thrce years The firss vear
1974, 40 tropical forage grass genotypes Hfive genera) were studied in parred pieat compansons with one ot
each pair being inoculated and the other left as a contral Inoculumn was produced by hamogenizing bactenal
cultures ot § lipoferum (Brazhan strain) grown on semi solid media without rixed mtrogen with tive pans of
water One hundred ml of this suspension was applied to one plant of cacn pair An equivadient amoust of
megwm, without bactena, was used on the uminoculated controls No mtrogen fertthzer was apphied

In 1975, four species were tested in larger (3 2 m*1 piots replicated - ight imes These species were pe ul
millet, guineagrass. buffeigrass (Cenchrus ciharis L) and Transvala aigigrass Four rates of nitropen fert
hzer were supenmposed over wnoculated and control plots (See Tables | = 3 tor rates of aureven teribizens
Phosphate and potassium were applied at the ratee of 40 and A kg ha Corespectivery as PO and Kb
Inoculation was accomphished by spnnkling aqueous suspensiuns of Spresllum hpoferum  strmn 130 oo,
Brazil), over the plots at a rate of about 10" cells per metes o) row  [his culture was washed o Loc <ot by
spankler wmngatin The S lipoterum culture was grown in nitrogen-free, mineral saits medwm with Mute
as the energy source (Dobereiner & Dav. 1976) Cultures were continuoushy spareed with a minture of S
O, - 95% N, and were harvested near the end of ‘ne loganthume growth phase  Cuatrol plots receised
medium, without bactena, at the same raie Abour 7 kg ha ' of malate was apphied 1o the control plots

In 1976. the same four species were tested Peatd mullet and gunicagrass were re established with mingmal
culuvation Ferulization rates were similar to those 10 1975 [noculation was accomplished by imecting tre
bactena about 7 cm deep into the soil at the rate of about 3 x 10° celts per m= Cultures were fown a
medium contaimng mtrogen with acration Centrol {lots recerved autoclaved medium at the same rale and o
the same methnd as the innculated plots

Dry matter ytelds were taken and foragr. nitrogen content was measured by a Technicon unanalyzer and
was converted to crude protein by multrying by 6 25 Yield and protes data were analvzed statisticall.

Acetylene reduction was accomplisher by a modification of Dobereiner & Day (1974) Washed roots wire
sealed 1 a plastic bag, then preincubated overmight in an atmosphere of 5% 0, -95% N, After preincuba
tion, the atmosphere was repiaced wih a fresh 0,~- N, mitture as above then 10t acetyiene agdeas €n
samples were collected ater a 3 b in.uoauon and placed 1n evacratea tubes These were siored severan duys
ocfore peing analvzed for ethyiene un a gas chromatograph

An alternative acetylene reauction techmique was aeveloped 10 avoid preincudation Cores were cut with the
sharp end of steel soft dnnk cans that had both ends removed The cans, containing tne cores with relatively
andisturbed roots. were sealed 1n pint, wide mouth mason jars The aimosphere was replaced with gas
comaining partial pressures of 0 B64 atm Ny, ) 043 atm O, and 0 091 atm acetykne After a 4 h incuoation
penod, a gas sample was removed, stored, and assayed as descnoed above

indirect fluorescent antibody (FA) techniques as aescrioed by Schimat (1974) were used 1o specificaliy
idenufy and count S lipoferum 1a the soi. These iecrmGues were usead to study oactena populanons toliowing
wnoculation
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Results and discussion

Higher dry matter and protem yields have becn obtatned from inoculated prasses
compared to uninoculated counterparts in cach of the three years of experimentation
In the first year, noculaced “Transvala’ digitgrass and F maximum produced 6177 ang
80% mowe protein than the uninoculared controls Dry matter yeelds for the other 18
genotypes were not statistically different Buffelgrass produced acetylene reductinn
values up to 200 n moles - g dry root™ - h ' The data of this first year's work provided 4
basis for selecing prass genotypes for the second year's expenments

In 1975, higher protein and dry matter yields we, obtained from tnoculated versus
control plots of pearl myllet, guineagrass and butfelara.s (Tables 1, 2 and 3, respective-
ly) 'Transvala’ digugrass did not respond Protein content was not statrstically differen
over treatments so results are given as dry matter yields In each case, some fertilizer

ficantly higher yields were obtained due to inoculation at the 40 and 80 kg ferulizer
nitrogen rates for pearl millet and 1n the Auincagrass at the 30 and 60 kg nirogen rates
Using the regression equations, we calculated that up 1o 40 kg N ha™' 11 the mullet and
38 kg N ha™' in the guineagrass were replaced by inoculation Table 2 summanzes two
cuts of guineagrass See also Smith e al, 1976

Table 1. Pearl millet dry marter forage yields nocutaied with Spirifum lipoferum comparey (0 uninocy
lated (1975)

Fertilizer N Dry Marter Yield kg hz ! Increase from
Rate Inoculated Uninoculated {noculation
Y 4.750 5.300 ~ 550
0 5.820 6.070 " _2%0
. 0 7.350 6040 1.3i0
80 9.140 7,880 1,260

Repression equations from inoculated and uninocuiated plots were ¥, = 4,820 + 56X and Yo =5240.- X,
respectively
Astensks indscate significance at 0 05 level

* Table 2. Guineagrass dry matter forsge yields inoculated witn Spirillum upaferum compared with uninocu-
lated (1975)

Fertthizer N Dry Marter Yield kg ha"' Increase from
Rate Inoculated Uninoculateg snoculaion
0 9,960 10,750 -7%
30 15,550 13,460 2,090+
60 17,610 13,560 2,050
120 20,020 19,470 550

Regression equations from Inoculatea and uninocuisseq plois were "(. = 9970 + 189X - 0 9X? una "(c -
10700 + 80X, respectively
Astensks indicate significance s §.05 evel.
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lable 3 shows the yield responses of inoculated and control buffelgrass over four
mtroven tertihzer rates These responses are stmular to those of guineagrass, that s,
reression analysis gave curvilirear inoculation and In.ear control responses  Agam
wine tertlizer was required for inoculation response which decreased at the higher rates
ot watrogen fertihzation

1 ahle 4 shows the 1976 first cut guineagrass responses. These data resemble the '975
plots except the yields were lower (Table 3 reports two cuts, Table 4 only the first cut)
Only the intermediate fertlizer rates (20 and 40 kg N ha™') shuwed significantly (P =
O U9) higher yields for the inoculated plots.

“erishzer mitrogen was required for inoculation response in every case we repor.
We believe that this mu"ogen 15 necessary to produce a good level of plant growth and °
metabolism, especiaily photosynthesis, 1n our sandy, nitrogen deficient soul

Acctylene reduction assays of nitrogenase activity using the washed root, preincuba-
uon procedure gave good nitrogenase activities 1n 1975. These values, however, did not
correlate well with the yield responses. Only two samples per plot, tak=n one week
apart, were assayed in late summer. This may not be adequate sampling to get correla-
ton In 1976, the core technique without preincubation was used. We dor't believe that
enher of these acetylene reduction techniques adequately momitored the yield responses
from 1noculation

Table 3. huﬂclgﬂss dry matter forage yields inoculated with Spirllum lipoferum compared 1o uninocu-
lated (1975)

Fernlizer N Dry Matter Yield (kg ha™") Increase From
Rate I lated Uninoculated Inoculation
0 1640 2030 - 190
20 . 2938 2642 292
40 3097 2549 548
80 3625 2974 651

Regression equations from noculated and uninoculated plots were ‘?, = 1700 + 35X - 04X? and ?c -
220 + 10N, respectively

fn this test, sigmificant moculation effects were based on a sigmificant inoculation X nitrogen interaction at
05 level

Table 4. Guincagrass dry matter forage yields inoculated with Spinllum lipoferum compared to uninocu-
lated (cut 1, 1976)

Ferilizer N Dry Matter Yeld (kg na™') Increase From
Rate Inoculated Untnoculated Inoculation
0 292G 2440 480
20 4007 2986 i021°
40 4348 3158 1690°¢
80 4901 4708 193

Regression equations from incuisted a2~ uninoculased plots were §; = 2896 + 65 9X — 0.56X? and ¥ =
2348 + 27 8X.
Astensks indicate sigmiiicance st 0 05 iever.
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We have conducted several experiments where yield responses due to inoculation
were not obtained Thercfore, we questioned the effectiveness of our inoculaton and
tned methods to ..nprove it In 1976, about 100 times more bactenal cells were applied
to. the plots than in 1975 and they were placed 1nto the root zone

To momitor soil population changes of § lipoferum, fluorescent immunological
studies were made. Table 5 gives bactenal counts at about 10 months after the 1975
inoculation Inoculated plots gave sigmficantly higher counts than the control plots but
the control plots had a considerable number of bactena The bactcnal populations in
uninorulated plots were relatively consistent over the ferthizer treatments, whereas, in
inoculated plcts higher counts were obtamed as more mitrogen was applied These
counts correlate well with the yield responses (see Table 1).

This research has shown that inoculation with § lipoferum, a tropical nitrogen-fixing
bacterium, can increase yields or reduce mitrogen fertilizer requirement of pearl mullet,
guineagrass and buflelgrass. We have also shown that these increased yreld responses
can be repeated and that some nitrogen fertilizer was required 1o enhance them. We
have shown that up to 40 kg N ha™' can be replaced by inoculation This amount is
economically imponant and indicates a high potenttal for grass-bactena systems

Table S. Bactenal populsnons Numoer of bz.tena per gram of soil using the inurect FA technicte

Treatment Inoculated Uniffoculated
kg N ha™! {x 10%) (x 10%)
3 126 105
i} 155 114
40 190 12
80 n 108
Mcan il 109

Inoculited means are sigmificantly higher :nan uninoculsted at 0 05 level
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DISCUSSION

E.A. Paul Your data was based on Jdrv weight Do you have nitrogen contents for this matenal?

R.L. Smuth {n 1974 nirogen contents were reported In 1975 no nitrogen differences were lound over
treatments so protein was proportional to drv matter yield In 1976 analvses are not completed at this time

E. A. Paul Did you analyse the root systems {or ditfererces 1n yield and nitrogen content’

R.L. Smith We Jdid not harvest roots Guineagrass and buflfeigrass ae prrennial therefore, we did not
want to desuoy the plots

R.L Todd 1| might cauton you about any conclusion comcermng celf penctration by etaminming the
‘cut-surtace  of a specunen Contamination 1s very possibie

R. L. Smuth We are aware of this problem and 2re going to use £ M with plasic embedding to avod
the problem

J.E. Beninger The control 1s not a controt as you are using killed bactena Theretore your imxuiym may
contnbute mitrogen or some metabolic by product such as cytokimns and auxiny Why not use non-fixing
1s0genic bactena as controi?

R.L. Smith Isogenic control bactena are not avalable at this time These will have to be made by
mutation which may siso disturb assocising or N,-fixing ability of the strain
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