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Three ficld inoculation experiments. two in Florida and one in New Mexico, were conducted with
Azospirillum brasilense Cd. Each of the Florida experiments evaluated two crop “necies. One species in
sach of the Florida experiments responded to inoculation with a significant dry matter yield increases of il
to 24% and nitrogen yield increases of 9 to 399, No inoculation response was noted in the New Mexico
experiment. The responding snecies were Sorehum bicolor (L..) Moench (sorghum) and the interspecific
hybrid between Pennisetnm americanum (L. K. Schim., (peart millet) and P. purpurernm Schumach.
(napicrgrass). Nonresponding species were peir] millet (Florida) and Sorghum sudanense (Piper) Staph.,
(New Mexico). Acetylene reduction activity ! inoculated plots in Florida was low, showine no increase
over the natwal uninoculated background rates and. in one case, was negatively correlated with yield.
Acetylene reduction activity was not measured in New Mexico. In Florida, A, brasilense populations were
found to decline from 5 % 10° 10 5 x 107 bacteriy g of soil ' in about 3 weeks (quadratic regressions).
Continted decline to fess than 107 by week S indicated that the inoculated bacteria did not beconie
established in the soil in high numbers. The A. brasilense population declined at about the same rate in the
New: Mexico experiment. The erractic inoculation responses in these experiments are similar to those
observed in carlier work at the University of Florida. The lack of acetviene reduction activity resronse to
inoculation and the rapid population decline of the inoculated bocteria suggest that N» fixation is not the
major mechanism causing vield responses after inoculation.

Reports (8) of very high N» fixation in tropical grass-
Spirillum sp. (now Azospirilhon sp.) systems in Brazil in
1974 stimulated renewed interest in associative Na fixation.
It becume an important rescarch priority to determine
whether associative Ny fixation would benefit grass crop
productivity and reduce nitrogen fertilizer requirements.

In 1975, increased dey matter vields of 219 for pearl millet
and 18% for ghineagrass were obtained by inoculating with
the Na-fixing bacterium,  Spirillmn Alipofermm (18). now
known as Azospirillum brasilense. W estimated that an
additional 42 and 39 kg of nitrogen fertilizer per hectare (ha)
wou'd have been necessary (o produce similar yields in
uninoculated plots. In various subsequent experiments.
yield increases (11 1o 32%) have been obtained by inocula-
tion (5. 17. 20). In abcut Ludf of the field trials, however.
vield increases were not obtained. We have been unable to
improve the repeatability of the yiekl response through
management. host plant, bacteria genotypes, or improved
inoculation techniques.

Other warkers in various parts of the world have reported
favorable responses to inoculation with Azospirilliom sp. and
other Ny-fixing bacteria. As in Florida., however. not all
experiments have been successtul. In Oregon and Belisville,
yields were not stimulated by inoculation (3. 16). Wisconsin
data were mixed; some maize genotypes responded, where-
as uthers did not (1). Reports from the Bahamas (23), India
{22), Egypt (11), and Belgium (15) showed yicld responses in
various grass crops and forages, but they have not demon-
strated that the bacteria-root associations could be relied
upon to improve yields. In most arcas where commercially
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significant yield responses have been reported. commercial
use has been discouraged by lack of dependable responses.

Reports from Israel of consistent yield responses due to
inoculation with A, brasilense (7. 12, 13) renewed hope of
commercial use. Although Isracli soil and climatic condi-
tions are unique, that success has been attributed, at least in
part, to the use of a strain of A. brasilense, strain Cd (9).

In this paper we report inoculation experiments conducted
in Florida apd New Mexico with A. brasilense Cd as the
inoculum to determine whether it would produce consistent
vield responses in Florida's slightly acid or New Mevico's
highly calcarcous. high pH soils. Acctylene reduction re-
sponses o inoculation and A. brasilense persistence in the
soil were also studied.

MATERIALS AND METHODS

Gaine«ville experiment 1. In the first experiment conducted
near Gainesville, Fla.. Sorglunn bicolor (L.) Moench (sor-
ghum) var. Funk G522 and Pennisetum americanum (L.) K.
Schum. (pear] millet) var. Gahi-3 were inoculated with A.
brasilense Cd. The soil in this ficld was a Sparr fine sand (a
loamy., si.icecous, hyperthermic Grossarenic Paleudult) with
an initial pH of 5.9. Hydrated lime was applied at the rate of
2,000 kg ha ' 1o raise the pH to 6.0. Fertilizer was applied
before planting at the tate of 20 kg of Pand 70 kg of K ha ',
Trace elements were applied as glass frits (FTE S01) at the
following rates (grams per hectare): B, 140: Cu, 140: I%e, 810,
Mn, 340: Mo. 10: and Zn, 315, Nitrogen (as ammonium
nitrate) was broadcast 1 week after planting at the rate of 30
ke ha ' Weeds were controlled by hand and tractor cultiva-
tions. Mcthomyl was used 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-
tions. The two plant species were arranged systematically in
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 sorghum on the south. and these pairs
received cither the live or killed inoculum. Inoculum treat-
ments were separited by sorghum border rows. Seed was
planted by drilling seeds 3 em deep at a rate 1o give 50 to 60
plants per m of row,

The inoculum, A. brasilense Cd (ATCC 29729). was
cultured in a New Brunswick Miceoferm fermentor (New
Brunswick Scientific Co., Inc.. Edison. N.L) in 10-liter
batches. The inoculum was grown inan aeraied mineral salts
succirate medium containing 1.0 g of ‘T'rypticase (BBL
Microbiology Systems. Cockeysville, Md.) perliter and 0.5 ¢
of (NH )80, per liter. The Killed inoculum used as control
inoculum was autoclaved for 60 min at 121°C.

Inoculation was accomplished by metering live or auto-
claved culture directly behind the pianter shoe onto the
seed in the furrow with a peristaltic pump mounted on the
planter frame. The seed furrow was closed immediately 1o
prevent inoculum  dessication. The inoculation rate was
approximately 1.5 107 cells per em ol row. Two weeks
alter plunting and initiat inoculation, the nursery was reinoc-
ulated by metering similar inoculum into the soil 5 ¢m deep
about 15 ¢m on both sides of the scedling rows.

Acetyvlene reduction activity (ARA) was measured three
tizies on soil-root cores (8.5 ¢min diameter by 17 ¢m long)
taken in 37-cm-long steel coring tubes. Tubes were made gas
tight with rubber cups over the open ends and septum
stoppers in the welded lid of the other end. The cores were
flushed with either argon or helium to an oxygen concentri-
tion of about 67 and then 1077 o7 the core atmosphere wis
replaced by acetvlene. Incubation was at 30°C for 16 to 20 h,
and then the evolved ethylene was measured by gas chroma-
tography.

Sixty-tour days atter ptanting. plants were harvested from
the center 6 m of the inoculated and control rows by using
Carter flail harvester. Fresh-weight and oven-dry vields,
pereent dry matter. and nitrogen content measurements
were made. Plant nitrogen was determined by Kjelduhl
digestion tollowed by Technicon Autoanaly zer analysis (10).
Statistical analvses of variance and correlation were run.

Gainesville experiment 2. Two crop species were also
inoculuted in the second Gainesville experiment. Those
species ware o americanu var, Tilleal and an interspecific
hyvbrid of 2. americanon Gnbred 23DA) and . purpuren
Schumach (strain N75 napiergrass). This experiment was
conducted on wowell-drained. Arredondo fine sand (a sili-
ceous. hyperthermic. Grossarenic Paleudult) with un initial
satl pHoof 6.5 making liming unnceessary. Fertilizer was
applied as in the first Gainesville experiment, except nitro-
gen was applicd at four different rates of 0. 30, 60, and 120 kg
of N ha ' applied as ammonium nitrate). After the first
harvest, 16 June 19820 N fertitizor was reapplied. Weed and
insect control were simbar to those in the first experiment,
and the plets were sprinkle-irrigated weekly, A sceond
harvest wos made on 1 September 1982,

The plots consisted of single 0.9-m-wide rows, 4.6 m long.
Plots were Taid out in a split plot design replicated 10 tintes.
Plant species were systematically arranged in pairs. consist-
ing of ane row cach of pearl millet and the hybrid. and were
analyzed separately. Three pairs were located in cach N
fertiizer treatment and received the Cd. CASR. or killed

inoculum. Strain CASR is a double-marked natural mutant of

strain Cd with resistance to streptomycin and ritampin that
facilitates its recovery from soil. Nitrogen fertilizer rates
were the main plots, and inoculum treatments were the
subplots. Fertilizer N treatments were separated by border
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rows that received no inoculum treatment. (These border
rows were also harvested as a nonamended control.)

The pear] millet was planted 30 March 1982 and inoculated
as in the first experiment. except that just betore application
the inoculum cultures were mixed with 10% (vol/wt) peat
carrier (Nitragin Co.. Milwaukee, Wis.) which had been
neutralized by adding 300 g of CaCO; to each kg of peat.
Approximately 1.3 x 107 cells, grown as described above,
were applied per em of row. The control inoculum was a
mixture of antoclaved strains Cd and CJdSR.

A limited quantity of hybrid seed prevented direcet seed-
INg. so seeds were germinated and established in plastic cells
in the greenhouse. Seedlings were inoculated by applying
approximately 4.5 = 10% cells of the appropriate inoculum
{(containing 105 peat as above) into the s0il surrounding
sach seedling. Inoculated seedlings were transplanted into
the field 31 March 1982, 0.5 m apart in the row, and sprinkle
irrigation was used as necessary.

Counts of A, brasilense were made by the most probable
number method. Succinate N-free media with and without
those antibiotics were wsed in counting. Soil for counting
was taken by coring 2-em-diameter. 9-cm-long soil cores
Irom the center of the row (where the inoculum was placed)
and through plant root systems T'wo replicate soil samples
of cach inoculum treatment from the plots with 0 and 60 kg of
N ha " were counted. Each soil sumple was made up of
pooled sail tfrom five plots, so all 10 replicate plots were
represented. Counts were made weekly for the first 12 weeks
and then at longer intervals during fall, winter. and spring.

The center 3.7 m ol the rows was harvested 76 days after
planting (first harvest) and 76 days later (second harvest)
with the same equipment as in the first experiment. Plant
parameter measurements and analy ses were also made as
stated above. In addition to the statistical analyses men-
tioned above, the statisti-al analysis system (SAS Institute,
SAS Circle. Cary. N.C.) general linear model procedures
were used.

New Mexico experiment. The third experiment was con-
ducted on the New Mexico State Agricultural Experiment
Station farm near Las Cruees, That site was selected be-
cause its calcarcous, fine-textured sotl diflered from the
sandy. shightly acidie soils of Florida, The New Mexico soil
i> w Glendale clay loam (classitfied as mixed calearcous
thermic family of typic Torrifluent) with a pH of 7.95. A
uniform application of 73 kg of P ha ' was incorporated
before planting. Potassium was not applied because ade-
quite amounts existed in the soil. Four nitrogen lertilizer
fammonium nitrate) rates of ¢, 30, 60, and 120 kg ha " were
applicd before planting and again after the first harvest.
Flood irrigation was used the same day that fertilizer was
applied and at weekly intervals afterward. as is convention-
ally practiced in the area, to attain maximum vegetative
growth,

A split plot experimental design was used with nitrogen
fertilizer rates comprising the main plots and inoculation
treatments as subplots, Plots consisted of four rows, spaced
at 2.6-mintervals, and were 6.1 min length, Nine replicates
were used. Sced of Sorgluon sudanense (Piper) Staph.
(sudangrass) var. ACCO Sweet Sioux 1V was planted by
drilling at the rate of 28 kg ha .

Inoculation was done at planting as was described above
for the second Gainesville experiment, except only live and
killed strain Cd were used. The inocutum was prepared by
washing the cells ¢ Fa 10-liter culture, suspending them in 400
ml of fresh culture medium, and then mixing the concentrat-
ed cell suspension with 1 kg of peat neutralized with 300 g of
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TABLE 1. Mean yields and other plant parameters for the first Gainesville experiment
Frest , L
Snecics Inoculation Dr)’,.""m" o Dry Nitrogen ARAY !-\,ml n
Species treatment vield matter content (nmah) moisture
‘ (ke ha Bt ! ) ) nme )
i)
Sorghum (Funk G552) Live 59510 30.2 24,1 1.3% 55.3¢ 5.6
Killed 5.385¢ 8.3 230 1.3% 64,7 5.6
Mecun 5.668 29,3 216 PRE] 60.0 5.6
Pearl millet (Gahi-3) Live 10,733 61.7 2L¥ 1.18 .4 5.0°
Killed 10,848 631 20.9 1.26 36.0 4.8
Mean 10,791 62.4 21.1 1.22 38.0 4.9

" ARA in nanomoles per core per hour. Each ARA value is the mean of three samn'ing dates, August 4, 18, and 24,

b Q. f - . . . . - ‘ l‘.

" Soil moisture as i pereept of dry soil, Each moisture value is the mean of three sampline Cates, August 4, 18, and 24,
! Means followed by the same letter (within o pecies) are not significantly ditfferent at ihe £ — 0,05 level.

CaCO;. This peat inoculum had a moist consistency, but was
not sticky and was easily handled and transported. Just
before moculation, a peat-bacteria suspension, similar 1o
that used in the second Gainesville experiment, was made by
adding 10 liters of distilled water to the peat inoculum,

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 m of row was harvested. but only 4.3 m was
harvested the second time. Vigor notes were taken 30 days
from planting, Fresh weight, dry matter content, and dry
matter yield were measured at hurvest time. Bueterial counts
were made five times at 3-week intervals with the most
probable number method. Soil samples consisted of three
pooled cores, 2-cm diameter by Y ¢m long. Sumples were
taken 2 em from the center of the row (where the inoculum
had been placed) through the plant root systems. Duplicate
samples from two replications in both five and killed inocu-
lum plots were counted. Counting was done as described
above for strain Cd. Statistical analyses were conducted as
described above.

RESULTS

Gainesville experiment . Inoculation significantly in-
creased fresh weight and dry matter yields of the Funk (G322
sorghum, but not of the Gahi-3 pearl millet. Yields of the

inoculated and control plots on a hectare basis were 5,951
and 5,385 kg, respectively, lor an increase of 566 kg ha™!' or
11% due to inoculation (Table 1). Inoculation did not affect
the plant moisture or nitrogen pereentages in either species.
Nine percent more nitrogen was incorporated into the shoot
tissue of inoculated so.ghum plots than control plots, but
those amounts were statisically significant only at the P =
0.07 level. ARA was not significantly affected by either
inoculation or species, but varied consi zrably from sam-
pling date to sampling date and was correlated with soil
moisture. Correlation between ARA and soil nioisture is in
agreement with our other results (19-21) where correlation
coeflicients () were obtained between 0.22 and 0.7¢. On the
second sampling date, 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 low ARA. Irrigation was not available at this site. and
rainfall was barely adequate. Other significant corrslations
with ARA are listed in Table 2. Those were all associated
with sorgham, not with peart millet.

The two species differed in most measured attributes. The
sorghum yielded only 33% as much dry matter and 58% as
much protein as did the pearl millet. The sorghum hybrid had
restricted growth hecause of genetic dwarfing. Seventy-six
kg of N ha ' was incorporated into the above-ground

TABLE 2. Signilicant correlation coefficients among moculation trestments, ARA. and plant parameters in the first Gainesville
experiment”

Correlation coeflicient

Parameter Specics ARA Dry matter l;"c.‘h Wi r:l::lll‘l't!‘::l" Dry :1};1!:- r m(::‘llllll‘c
vield vield o () )
d () )
Inoculation Sorghum 0.31” 0.34
Millet
ARA Sorghum 0.30" 0.37* 0.29" 0.60°
Millet .48
Dry matter yield Sorghum .94 0.29"
Millet 0.89' 0.26"
Fresh wt yield Sorghum 0.32
Millet
Nitrogen content (%7) Sorghum 0.26"
Millet
Dry matter (%) Sorghum
Millet

“ Nonvignificant correlations are not listed.
" Significant at the 7 = 0.0 fevel,
* Significant at the P = 0,01 level.
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FIG. 1. Sccond harvest mean dry matter vields at four N fertiliz-
er levels for Tifleaf pearl millet and the Pennisetm sp. hybrid are
shown (Gainesville experiment 2). Two inoculation treatments, live
AL brasilense strains Cd and CASR, were compared w the auto-
claved control. With the Fennisetum sp. hybrid, statisticolly signifi-
cant inGeulation responses were noted with strain Cd at the plots
receiving 30 and 60 kg of N oha ' (P = 0.006 and P = 0.02,
respectively). Inoculation responses to strain CdSR were only
statistically significant 2t 2 = 0.11 in the plots receiving 30 kg of N
hi ', The Tifleaf pear] millet did not respond to inoculation. High
nematode populations were present in the soil of the ratoon re-
growth. Siatistical analysis was by regression analysis (statistical
analysis system general lincar model procedures). First harvest dry
matter yields are not plotted because no statistically significant
responses were noted in either crop species.

o4

sorghum tissue. whercas 132 kg of N ha ' was incorporated
into the pearl millet shoots. Only 30 kg of N ha ™! had been
applied as fertilizer, so considerably more N was taken up
than was applied.

The percent dry matter content was higher in the sorghum,
but nitrogen content did not differ significantly between the
two species. Soil moisture was reduced to a lower level in
the pearl millet at the 18 and 24 August sampling dates,
Apparently. the greater plant growth of the pearl millet
required mare water, and the root systems were able to
absorb the additional moisture from the relatively dry soil.

Gainesville experiment 2. No significant inoculation re-
sponses were noted in the first harvest, The pearl millet
yielded more than the hybrid, even though the hybrid
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 annual,
yields werc expectedly lawer in the second harvest (Fig. 1),
whercas yields of the perennial hybrid were higher.

In the second harvest. the hybrid imaculated with both
strains Cd and CdSR responded to inoculation with signifi-
cantly increased dry matter yields (Fig. 1). In plots receiving
30 kg of supplemental N ha ' the strain Cd inoculation
yielded 24% more dry farage than the control, and at the 60
kg of N ha ™! rate, the increase was 18% (increases signifi-
cant at 7 = 0.006 and P = 0.02, respectively). The strain
CdSR-inoculated plots fertilized with 30 kg of N ha ! yielded
16% more dry matter than did the controls, but was signifi-
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FIG. 2. Mean nitrogen yields in Kilograms per hectare of the
second harvest of the Pesmisetion sp. hybrid are shown. (Gainesville
experiment 2). The nitrogen yield values were calculated by multi-
plying the dry matter vield times the percent N. Statistically
significant responses to inoculation with strain Cd were observed in
the plots receiving 3 aad 60 kg of N ha (2 = 0,003 and 2 = 0.002,
respectively). Inoculation with sirain CASR produced significantly
increased nitrogen vields in the plots receiving 30 kg of hu ' (P =
0.06), Statistical analysis was by regression.

cant onl; at £ = 0.11. The hybrid also produced significant
yicld responses for seasonal dry matter yield (both harvests
combined) for the plots receiving 30 and 60 kg of N ha™!
inoculated with strain Cd (significant at 2 = 0.02 and P =
(0L0S. respectively). Plant fresh weight yields followed these
same trends. Neither the nitrogen nor moisture content of
the plant tissue was changed significantly by inocuiation.
The nonamended border rows of pearl millet were slightly
lower in yicld, but this was due to reduced pltant populations
and was not an inoculation effect.

Inoculation with both strains Cd and CdSR also increased
the total amount of nitrogen harvested (Fig. 2). The plots
receiving 30 kg of supplemental N ha ', inoculated with
strain Cd. yicelded 39% more N (also crude protein) in the
plant tissue than did the contrel, and in the plots receiving 60
kg of N ha ! the increase was 279 over the control
(increases significant at £ = 0.003 and 7 = 0.002, respective-
ly). Inoculation with strain CdSR increased the harvested N
by 32% in the plots fertilized with 30 kg of N ha™', and this
increase was significant at the £ = 0.06 level.

There appears to be a net loss of N input at the fertilizer
rate of 120 kg N ha ', Since there was not an appreciable
amount of N left in the soil at the end of the experiment, we
believe the extra N had leached through the sandy soil. The
amount of N in the soil did not inhibit ARA. The low yields
and the lack of response of pearl millet to fertilizer in the
second harvest was primarily due to the reduced vigor of the
ratoon regrowth. In addition, excessive nematode popula-
tions were found in the plots of pearl millet that had received
the higher rates of N fertilizer.

Accetylene reduction assays conducted on difterent, but
similar, plots in the same area showed no response 1o
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FIG. 3. Quadratic regressions of MPN counts of strain Cd. strain
CdSR, and the controls from Gainesville experiment 2 and from the
New Mexico 2xperiment. In Gainesville, weekly sampling was done
for the first 12 weeks after inoculation. The New Mexico samples
were collected on o 3-week bisis and were mailed to Florida for
most-probable-nimber counung.

inoculation in cither species. Mean ARA values were very
fow, ranging between 25 and 63 nM core ' h

Streptomycin- and rifampin-containing medium was used
to facilitate recovery and detection of the double-marked
mutant strain CdSR. In addition. we found that strain Cd
could be identified by its distinctive pigmentation, which
could be visually identified in the culture tubes. Strain CASR
would develop similar pigmentation when plated on rich.
nonantibiotic-containing medium, and that characteristic
wis used to check whether the CdSR strain had undergone
significant back mutation toward susceptibility to streptomy-
cin and rifampin. Comparison of the different counting
methods showed no real differences between strains Cd and
CdSR or evidence for back mutation. Figure 3 shows the
decline of those two strains over the course of the experi-
ment. Samples from the fertilizer rates of 0 and 60 kg of N
ha ™' were counted. but since no dilferences in A. brasilense
populations were noied between these rates, the count data
were combined. Quadratic regressions are shown in Fig, 3 of
strains Cd. CdSR. and the control.

Populations of both strains of A. braxilense had fallen to
less than 107 bacteria per g of soil by the week 6 after
inoculation. Indigencous No-fixing bacteria (not A, hrasi-
lense) were present in about 10-fold greater concentration.
Neither strain Cd nor CdSR bacteria were found in the
control plots in Florida. Sampling to determine inoculum
movement through the soil 6 weeks after inoculation re-
vealed that little movement had occurred. In only a few
instances lateral movement of 15 em was observed, with
none observed as far as 30 cm. By the week 17 after
inoculation strains Cd and CASR were barely detectable, and
by spring 1983 they could not be recovered in the most
probable number tubes.

New Mexico experiment, No significant piant vigor or yield
responzes to inoculiation were noted in the New Mexico
experiment. However, there was a trend toward higher
yiclds in the inoculated plots receiving low amounts of
supplemental N in the first harvest. A. brasilense counts
declined in New Mexico (Fig. 3) at about the same rate as in
Florida and arc plotted on the same graph. The control
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became contaminated with A, brasilense by the week 3,
indicating much greater movement of bacteria there than in
Florida. This may have been a result of the flood irrigation
method that is conventionally used in the west, which results
in a temporary but complete saturation of the soil surface.

DISCUSSION

Yield increases of 11 ta 249 dry matter and 27 to 39% total
nitrogen, due to inoculation with A. brasilense, are consid-
ered great enough to be important to commercial agriculture
if they could be obtained consistently. However, nitrogen
content was not significantly changed by inoculation. The
reduction in the sorghum N and increase in the Pennisetim
sp. hybrid N content. even though not significant, affected
the significance of the total N yield accordingly. Repeatabili-
ty of response was low in these experiments, even though we
used the Cd strain. This emphasizes that the Cd strain is not
universally successful. Yield response to inoculation with A.
brasilense strain Cd was no more consistent than with
strains 13t and JM125a2 used previously. Gahi-3 pearl millet
wis selected as a responding millet cultivar (5) because it has
produced significant yield responses to inoculation in several
experiments: however, it did not respoand in these tests even
when Funk G322, grown in adjoining rows, did respond.
Tilleal pearl millet and the sudangrass continued to be
nonresponders.

The experimental site in New Mexico was included be-
cause its calcarcous, fine-textured soil and a warra, dry
climate similar to that of Isracl, where more dependable
inoculation responses were obtained (7, 12, 13). However,
those factors apparently do not assure inoculation respons-
s,

Inoculation response appeared to be affected by the rate of
nitrogen fertilizer applied. Responses were noted only in the
intermediate rates of nitrogen fertilizer. In an carlier report
(18). we showed that response to bacterial inoculation may
oceur only if supplemented nitrogen fertilizer is supplied.
This observation has been confirmed by others (13, 19) and
in our subsequent experiments (R, L. Smith and S. C.
Schank. Plant Soil, in press).

The rapid decline in A, brasilense populations in both the
Florida and New Mexico experiments demonstrates that
those organisms are not competitive in either environment,
In the second Gainesville experiment, indigencous Na-fixing
bacteria (measured by most probable number to an ARA
extinction) remained at populations over 10%. From these
data and that of ARA. we concluded that A, brasilense is not
very important in the total N fixation in these experiments.

The ARA in these experiments was low. Previous ARA
measurements in the Gainesville second experiment site
have always been low. We have located high ARA sites in
Florida where we measured rates of over 1,000 nM cthylene
evolved core 'h T 21). In this study we found ARA to be
site dependent and correlated with soil moisture. The soil
moisture in the first Gainesville experiment was fow, which
precluded high ARA rates (21).

Data reported here suggesting that N, fixation is not an
important mechanism in producing growth responses include
the following: (i) ARA measured in both Florida experiments
was low and variable and was not aflected by inoculation,
yet yield responses were obtained: (if) significant negative
correlations of ARA with yield and N content were obtained
in the first Gainesville experiment (Table 2): tii) an extrapo-
lation of amounts ol nitrogen fixed from ARA data indicates
that less than 3 kg of N was fixed per ha during the scason,
which was not believed to be significant to crop growth: (iv)
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the decline of the inoculated A, brasilense population rapidly
reduced its importance relitive 1o indigencous No-fixing
bacteria in N» fixation. Those duta indicate that N, fixation
is neither @ necessary nor an important mechanism for
stimulating vield responses to inoculation,

Other mechanisms have been proposed. Barea and Brown
(4) reported that Azotobacter paspali produced plant growth
hormones, gibberellic acid. indole 3-acetic acid, and eytoki-
nin, which promoted plant growth. Tien and co-workers (24)
demonstrated that A, brasilense also produced growth tac-
tors that can stimulate plant growth, and they proposed that
those hormones are responsible Tor inoculation responses.,

In o previous experiment with eight bermudagrass geno-
types (21, inoculation with AL brasilense produced higher top
growth and total nitrogen accumulation. No leat color difter-
ences were observed among inoculated and control plants.,
However. leal greenness tan important turf” characteristic’
was greatly increased by nitrogen fertilization. This observi-
tion also supports indications of growth hormone involve-
ment.

A recent report by Lin et al. (3 indicates that plant
nutrient uptake can be stimulated by inoculation with A,
Drasilense. They propose that this may be responsible for
inoculation responses. Discase suppression has also been
proposed as o mechanism for growth enhancement due o
bacterial inoculation (6,

Our resalts indicate that the lack of consistent inoculation
response is the mijor obstacle 1o practical use of bacterial
inoculation of grass crops. These data Turther suggest that
N fixation is probably not the mechanism producing the
increased vields, and that the ase of N dixation rescarch
methodology per se will not give the most appropriate
rescarch approach to this problem. Greater efforts should be
made to determine the mechanisms responsible for the
growth responses after inoculation.
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