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PROJECT EVALUATICN REPORT - NARRATIVE

Project: Nitrogen Fixation by Associative Grass~Bacteria Systems

l.

with
‘the University of Florida

SUMMARY

The Florida group has made a systematic attack on the problem of grass/
bacteria associative symbiosis for biological nitrogen fixation., They
have established that the bacteria are attracted to grass root hairs

and can invade by way of root hairs, points of damage on the roots, and
at the juncture of lateral roots. Field tests have demonstrated a 15-
20% increase in dry matter and total nitrogen for two growing seasons
with pearl millet and Panicum maximum. Other associations have not
given this great an increase, Increases are obtained only when sandy
soils low in nitrogen are supplemented with 40-60 kilograms of available
nitrogen per hectare. Unfortunately, there is some inconsistency in the
results, and field tests in the summer of 1977 showed very low increases,
apparently because of a drought. The bacteriologists have succeeded in
developing a doubly-marked mutant for field studies to establish that
the specific Azospirillum added to the soil is the one recovered in
association with the plant., Using a fluorescent antibody labeling tech-
nique, the group has visualized the bacteria associated with plant
tissues, This labeled antibody has been helpful in understanding how
invasion occurs, where organisms reside on the plant, and in beginning
to study the possible association of several bacteria during nitrogen
fixationo

Tests of 15y dilution to measure the biological nitrogen-fixation are
incomplete, but it is hoped this will give a reliable index of the con=-
tribution of biological nitrogen fixation to the growth of grasses.
Tests with soil cores demonstrated a linear acetylene reduction, where-
as tests with excised roots which had been washed and preincubated at

a low p02 gave non-linear rates of acetylene reducticn with time. This
suggests that the soil cores are a more reliable index of fixation in
the field., Of particular interest is the observation that 6% 0, over
the soil cores supports a substantially higher rate of acetylene re-
duction than does 21% 0. It is apparent that the research project
embraces a complex biological problem and that a continuing effort will
be necessary to bring the system to a point where its application can
be properly evaluated, We suggest a 3 year extension and a review of
progress in three years.

EVALUATTCN METHODOLOGY .

A special evaluaticn was conducted in Gainesville, Florida by a five-
member review team consisting of Dr. R.H. Burris, University of
Wisconsin, Biochemistry; Dr. T.J. Cunha, Dean, California State Poly-
technic University, Pomona, Nutritionist/Animal Scientist; Dr. W.L
Fuglie, AFR/RA/AID Washington and Agricultural Economics; and

pr. Dr. C. C. Rlack, of the University of Georgia, Biochemistry,
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who served as chairman of the group. Dr. L. Frederick, AID/DS/AGR Project
Officer, assisted. Oral reports were Presented for a day by Florida
research personnel including:

Dr. S.H. West

Assigtant Dean for Research, IFAS

Dr. Rex L. Smith
Agronomy Department

Dr. Stanley C. Schank
Agronomy Department

Dr. Ken H. Quesenberry
Agronomy Department

Dr. Murray H. Gaskins
USDA, SEA/FR

Ms. Chad Garcia
Soil Science Department

My, James R, Milam
Microbiology & Cell Science Department

Dr. David A. Zuberer
Microbiclogy & Cell Science Department

Dr. Dennis E. Duggan
Microbiology & Cell Science Department

Drs. Hubbell and Tyler, project investigators, were absent and Chad
Garcia and Jim Milam gave the results of their work. Drs. Vasil and
Gamble, co-operators, did not give a report. Dr. Paul Smith, Chairman
of the Microbiology and Cell Science Department, also gave a hrief re-
port about the interests of his department in cell recognition for a
specific binding site.

A copy of the Annual Report and the contract was furnished to the re-
view team prior to the site visit. Copies of reprints or pre-prints
were furnished to the committee. The review committee considered the
scope of work as given in the April 3, 1978 AID memorandum of Hesser
to Simpson and to the additional considerations raised.in the RAC
minutes of the March 22-23, 1976 meeting.

On the second day the raview team prepared their evaluation. Then
they met with the Florida record group for about ®wo hours to discuss
the avaluation of research accomplishments and also to make suggestions
about futura rasearch.
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3. Documents to be revised. This evaluation may result in an ex-
tansion research project proposal from the University of Florida.

4. Evaluation findings about EXTERNAL FACTORS. The University of
Florida and the USDA support this work.. The University of Florida
administration provides a large input in faculty, staff, and other
resources in this project. USDA Support apparently continues at
about the same level as previously (about $100,000 per year),

International research interest in grass/nitrogen-fixation associa-
tiona has lessened somewhat because of the complexity of the pro-
blem and the difficulty in consistently obtaining pesitive experi-
mental results. However, the basic assumptions in the project
design are still valid.

5. _Evaluation findings about GOAL/SUBGOAL,

Program Goal: To increase yield and protein of grass cxops through
biological nitrogen fixation.

Plant yield, dry mattar and protein, increases (15 to 20%) have been
obtained in field experiments. However, these have not been obtained
consistently in year-to-year experiments. These yield results, how-
ever, are still the most encouraging field data in the literature
(Science 193, 1003-5, 1976). It is now apparent that achievement of
the goals specified in the project within two years is unrealistic
and it will take much longer for Florida scientists and others to re-
solve this complex biological problem. At least 3 additional years
are required to determine whether this system has real oromise in
agricultural crop production. Then 5 to 10 years will be needed to
implement this system in LDC agricultural systems.

6. Zvaluation findings about PURFPOSE.
Project Purpose: To develop a dependable associative grass-~bactaria

system that fixes significant amounts of the nitrogen used by the
plant.

Two grass/bacterial systems (pearl millet and guinea grass/Azospirillum)
have been shown to increase dry matter and total protein (I5 to 20%)

in two years of trials. This was not reproducible in a third year,
possibly due to a drastic drought. Several other associations have
been obtained but again they wers not reproducible in year-to-year
studies. Although 20% yield increases have been obtained, evidence

of increased nitrogen-fixtation as the sole contributing factor has

not been aestablished.
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7. Evaluation findings about CUTPUTS AND INPUTS.

a. Appropriats grass plant genotypes. Successful grass associations
with appropriate bacteria have been demonstrated with two grass
plant genotypes; but with many other genotypes that have been
examined, the increase in nitrogen and total biomass yield in
response to bacterial inoculation has been less than 20% and
rather inconsistent. .

b. Adapted nitrogen-fixing associative bacteria that can be
inoculated successfully.

By demonstrating the association of Azospirillum with the root
hairs of specific grasses, it has been possible to show that
there is a specificity in the process. The bactaria appear in
high concentration on the root hairs, but in much lower con-
centration on the adjacent root, indicating a specific attract-
ing or binding substance. '

c. Environmental conditions required for functioning of the nitro-
gen-fixing system.

Tt has been demonstrated with Azospirillum in soil that fixation
is very slight at tsmperatures above 429C, The experiments
also show that the organisms do not survive at -20°C. Experi-
ments during drought years suggest that the organisms do not
tolerata dry conditions well. The organism reduced very little
acetylene at _a pH helow 5.5. They also become inactivated
rapidly at pLﬁabove 7.8. One of the more interesting obsér-
vations is that soil cores, taken to include the root system of
grasses, reduce acetylene much more rapidly in the presence

of 6% 0, than in the presence of air. The soil cores showed

a linear reduction of acetylene in contrast to an increasing
rate of riduction -by excised and washed root systems.

d. Tests of functioning systems for a few seasons at several sites.

It has not been possible, with the reduced funding for the
project,to investigate the fixation at a number of sites. All
tests have been made in the vicinity of Gainesville on sandy
soils. Success with increased yield has been verified at a

few other stations, although their responses have been quanti-
tatively less than those observed in Gainesville. There nave
been reports of positive responses. in 3Srazil, the Bahamas,
Nebraska and Wisconsin. There has been linkage with other
investigators through workshops held during the past two Yyears
at Gainesville. A substantial percentage of other persons work-
ing in field nitxogen fixation in the United States have attended
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these workshops. The Florida scientists have made Lt a point

to attend international meetings in which associative symbiotic
Systems have been discussed at length, and they have contributed
to these symposia. The State of Florida has contributed to the
Program to a greater extent than was suggested in the project
design summary,

Evaluation findings about UNPLANNED EFFECTS.

aitrogen. The loconsistency of the fixation from year to year has also been
somewhat surprising. Although an increase in dry matter and total nitrogen

has been achieved with inoculated plants, it has been particularly diffi-
cult to establish that this response can be attributed solely to nitro-
gen fixation, rather than to secondary plant growth responses. These
responses have been taken into consideration by the research group in
their projected experimental design. Present data indicate that one

can depend upon associative symbiosis for only a part of the nitrogen
requirements for grasses grawn on low nitrogen soils, —This ‘limited
response suggests the necessity for re-examining environmental factors

The unexpected effects will increase the time base for achieving success
in the application of associative symbiotic nitrogen-fixing systems in
grasses to practical agricultural systams,

CHANGE in DESIGN or EXECUTION

The major change that emerges from the site visit ig the necessity

for extending the period of the contract. An extension for 3 years.
Seems reasomable in order to achieve the purpose outlined. Although a
3 year extension is reasonable, there should be no illusion that a

than those characteristic of the Gainesville area. Lf possible, plots
should be set up in tropical areas, either by this group or by collab-
orators. It may be feasible. to establish cooperation with one of the
igternatioaél:agzichlturalgresearch.centera:toitest associative sym-
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bicsis under tropical conditions. Cooperation with one of the CRsp
Programs, Particularly the one involving sorghums and millets, is
another posibility for testing in the tropics. The site visit group
Suggests that the tests of nitrogen-£fixation by 13y dilution be con-

The site evaluation committee recommends that the funding for this
Project be inc:gased to at least $200,000 pPer vear. This amount should
be further increased to $300,000 per Year if substantial collaboration
occurs with LDCs, Thisg recommendation is made with the assumption

that there will be a continuation of the Present contribution from the
USDA and the University of Florida,

LESSONS LEARNED.

A search should be continued for grass/nitrogen fixation associations
and broadened to include a variety of plants and bacteria in addition
to the Azospirillum associations. Similar research is underway in
other countries ang continued research contact should be encouraged,
AID, when investing in research, must provide some high-risk opror-
tunities »hich, if Successful, would give a high payors,

SPECIAL COMMENTS or REMARKS.

Due to variability in total yields and to an apparent need to supple-
ment the soil nitxogen level, research results to date are not ready

for utilization in LDCs. However, if the above can be rectified,
especially on food grains,. the probability of farmer adoption might

be greatly increased. Farmers who may first utilize the technology
would be those already having a suitable soil nitrogen condition, i.e,
the first years of preduction in a bush-fallow farming system, aftar
legqume plough down, or after a commercial nitrogen broadcast application.





