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INTRODUCTION

Amociative N fxation has sttracted comsiderable
research attention in recent years, much of which has
been reviewed by van Berhum and Bohlool (20). This
rescarch has led (o the conclusion that these systems

fx low, but often agromomically impertant, amouats
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of nitrogen (2, 3,5,6,7,8,9,19). In field inoculation
studies we were able to increase yields 20 to 40% for
grasses that had been fertilized llihtly with nitrogen
and inoculated with Azospirillum brasilense Krieg (4,
12, 18, 14). Other studies 1n various parts of the world
have corroborated these results (10, 11, 16, 17). Yield
responses to inoculation have been consistent in Isracl
(10. 11) while ours have been variable (12, 18, 14).

Although inoculation has increased dry matter
yiclds, we have been unable to establish the inoculated
Azospirillum in our soils or rhizospheres. Our data (un-
sublished) indicate that the inoculated strains do not

come established in field plots, and we have not
found a correlation between inoculation and subse-
gucm acetylene reduction (AR) rates (1, 17). Other
ata from natural field cores have shown relatively
hi%\ backgrovnd levels of AR activity (our un-
ublished results). This indicates that more effective,

tter-adapted strains of Ny-fixing bacteria may be
present in Florida soils. 1f these better-adapted strains
can be identified and isolated, they then can be used
as inoculum.

The results from a systematic scarch for natural,
highly active N,-fixing sites in Florida are reported
here. In addition to serving as a source for adapted
N,-fixing bLacteria, the highly active sites were com-
sred with those of low activity for the purpose of
identifying environmental or other conditions neces-
sary for high activity.

METHODOLOGY

We. were mainly interested in measuring nitro-
gene < activity of sites where plants (especially grasses)
were growing better than expected based on past nitro-
E:: arplicauon. We wanted to avoid sites that had

n fertilized recently or regularly with nitrogen and
also nitrogen enriched areas such as old corral sites
or animal bed grounds. We wanted to sample a broad
geographic area including diverse soil types and plant
specic:. To provide the needed local expertise in
locating and sampling the desired sites over this large
area, we requested assistance from personnel of the
Florida Extension Service.

We assainbled a sampling kit and distributcd it to
rach county to facilitate sampling. 1t consisted of: 1)
instructions for identifying t?nc gﬂil’td sites and for
taking soil-plant cores, 2) plastic soil core tubes made
by cutting 11 am plastic pipe (PVC) into 15 am lengths
and sharpening one end for easier soil penctration, 3)
data sheets for describing site and plant spedes in-
formation, and 4) packing materials for shipping the
cores back to Gainewville.

Soil-plant cores were returned to Gainesville where
they were standardized in the greenhouse for growth
and soil moisture. River gravel was placed on the
surface of the cores to control blue-green algae growth.

The acetylene reduction (AR) assays used to esui-
mate the nitrogenase activity of the cores were con-
ducted two ways. The nhouse standardized cores
were incubated overnight in plexiglas chambers, 16
on dia x 51 cm tall, in the light (280 uEm-'sec’) at
30°C. Before incubation, oxygen content vas reduced
to 5% by flushing with argon or helium and 107,
acetylene was added. Ethylene evolution was measured
by gas chromatography (GC). The cores where AR
was measured directly were taken in steel tubes 8.5

or 11 cm dia by 17.7 an long that were scaled by
rubber caps and szptum stoppers. (Data were adjusted
to a standard 11 cm dia core size). The cores were incu-
bated overnight after adding 109, acetylenc. Gas
samples were removed after incubation for immediate
GC analysis or were stored in Vacutainers® for later
analysis

Soil samples were taken from the core at thc end
of the AR assay and oven-dried to deterinine moisture
content. Soil analyses for P, K, Ca, Fc, Mg, Mn, Mo,
Zn, and pH were conducted by the 1FAS Soil Science
Laboratories.

Estimates of core respiration were presumed by
analyzing CO, and O. after core incubation. This was
done by GC i(llcrmul conductivity detector) using a
Poiopak N column to separate CO; and a Molecular
Sicve 5A for O, and N,. Nitrogen served as an internal
standard.

Statistical analyses were conducted using SAS (Sta-
tistical Analysis System). AR values were transformed
using log transformation to stabilize the variances in
the statistical analyses.

RESULTS AND DISCUSSION

Two hundred sixty-four cores were analyzeC .or
AR from 57 of Florida's 67 counties, giving us data
from a broad area of diverse soils and plant species.
Only 2 to 10 cores were taken per county in this initial
study.

AR activities over 1000 nM cthylene evolved
core-*hr?, which is very active ior grass-soil corcs, were
obtained from four of the sites sampled. These sites
were in Clay (1501 nM), Madison (1227 naf), Putnam
(1094 nM) and Union (1159 nM) counties. Extrapola-
tions made solely 1o help the reader better under:
stand the magnitude of these AR activities, gave
quantities of fixed nitrogen in the range of 20 to 30
kg ha' scason-'. These extrapolations were based on
a 1atio of 4 moles of ethylene to 1 mole of nitrogen
and a 133-day scason. Since the AR assay is a short
term assay and several of the necessary assumptions
have not been verificd we do not imply this much
nitrogen was actually fixed.

Table 1 summarizes the counties producing highly
to moderately active cores (above 500 nM ethylene
core-*hr?). Acetylene reduction activities of over 50(
nM were measured in 7.29, «f the sites, over 400 nM
in Y.19, of the sites, and over 300 nM in 12.9%, of the
sites. The proportion of highly active cores was about
the same whether the cores were sent in and standard:
ized in the greenhouse or measured directly.

Figure 1 shows the countics that were sampled
and those with AR & “ivities over 500 nM core-'hr!
These most active coies camc primarily from the
northern portion of the statc. Morc intensive
sampling was done there, but we belicve this may not
fully account for the greater number of highly active
corcs assayed there.

Table 2 summarizes the grass species with AR ac
tivities over 300 nM core-*hr*. Of the four cores over
1000 nM core-'hrt, threc were Paspalum notatum
Flugge. Forty-scven percent of cores over 500 nM anc
419, of those over 300 nM core-*hr! were P. notatum
This species was found in 379%, of all cores sampled anc
was widely distributed in all rounties and over all soi.
types. The second most prevalent species with higt
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TABLE |.—SUMMARY SOWINC COUNTIES SUBMITTING CRASSSOIL CORES WiTH AR ACThMIES Ob
SO0 MM CORE-'1KHR-! OR MICHER

No. of wores with AR activity above:

County Total no. cores

%00 nM core-thr-t

400 nM core-1hr-? $00 nM core-thr-t

Alachas
Bradford

&b‘l
Dade
Dixie
Gadsden

Clades
Hemando

=

Mad!son
Manatee
Marton
Martin
Okalcoss
Putnam
St. Lucie
Sumter
Union
Unlisted®

Total
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* Dwenty ¢ight counties produced cores whose AR acuvitics were below 300 nM core-thr-!.

activity was Cynodon dactylon (L) Pers. The list
includes 18 species of both improved and native tv
Ocaassionally a core would have many times higher
activity than the mean of the experiment. To check the
consistency of the AR data, we resampled 11 of the
sites. Six high activity (three above 1000 nM core-'hr!
and three above 500 nM core'hr'), one muderate
activity (above 300 nM) and four inactive sites (be-
low 50 nM) were selected for replicated resampling.
These AR daua are presented in Table 3. The inactive
sites remained inactive. The activities of the highly
active sites were generally lower in the resampled
Jata, at least partly due to drier soil and the lateness

couaties ampled and county locat'ums
sded countles weve oot
ing highly acthe cores

big. V- show

-3

the 19 h y-nl-:(n)du
stars loiicate comaliss
500 oM .dryleme eare-iAr-d).

?I

of the season (after September). With the exception
of the Union county Coastal bermudagrass site which
was severely stressd because of close grazing. the
highly active cores remaincd active, (range 2101057
nM core"'hr’) indicating 2 trend for the active sites
10 remain active.

A comparison of 30il factors of active and inactive
sites is shown in Table 4. Stepwise multiple regression
analyses of these factors and AR values indicate sug-
nificant eflects for <0il moisture (p = 0.001), Ca con-
centration (p = 0.009) and Zn concentration (p =
0.039). Soil moisture ap to be an important
factor (r = 0.70, p = 0.0001), with high soil moisture
being necessary for l:tiPh acuvity (alwo see Figure 2).
High Ca was associated with low AR in these data, but
in other studies where Ca content was ruch lower
the reverse was true. Here, the Ca data was biased by
some high Ca roadside samplke< Both Zn and Mn
appear to be below plant deficiency levels in the low
aamg sites. Both Mn and Fe were significantly cos-
related with AR (r = 0.35, p = 00018 and r = 0.34,
P= 0.0015, respectively), but this was not indicated
in the regression analyss.

Figure 2 shows the cfect of soil moisture on
acetylene reduction. As soil moisture increased, AR
generally increascu. In all cases high AR was associated
with high soil moisture.

Mean CO, and O, concentrations in the cores were
measured at the end of AR incubation periods for
hoth high and low activity sites (Table 5). During
incubation, carbon dioxide accumulation was higher
(14.3%,) in the conwiners from the active sites than
in those from in the inactive sites (10.0%). Oxygen
was reduced from ambient to 2.5% in the active site
cores and to 5.19, ir the inactive sitc cores. The in-
mmlnco.mtgdcauneino.mybeaptuump
tion of different respiratory activities in the respective
cores. Simple correlations with AR were positively sig-
niant (o; CO, (r = 049) and negatively for (g,
(r = —047).
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TABLE 2 -SumMARY OF CRASN SPEFILS AND NUMBER OF COREY WITH AR aACTivimies ovea 300 mM

ETHYLANE EVOLYED COMR-1MR-1.

AR Activites
Over 1000 aM Over 500 nM Over 300 nM
No. Cores  Species No. Cores  Species No. Cores  Species
s Papelum notatum 9 P. notatum 1¢ P. notatum
L} Cynodon dectylon S C. dectylon 4 . dectylon
Iy ol 2 Heteropogon sp. 2 Hetevopogon wp.
| Erinochios iurordes 2 Paspalum urvillei
| Impeveata cylindrica 2 Panicum sp.
1 Penicum repens 2 Stenotaphrum secundeium
| Panicum sp. ! E. ophiuraides
1 Unknown ! 1. ecylind ca
a9 Tortal | \/ovobolu poiretls
! amicum Aemitomun
1 Panicuin repems
1 Hemerthria altssirne
1 Pennisetun amevicenum
| Unknown
L] Toul
TABLE $. —ACXTYLINEZ RIDUCTION CONSISTINCY OPF ACTIVE AND INACTIVE SITES UPON SUBMAQUENT
ANALYMS.
AR
Activity Site County Crass species Initial Auay Subsequent Asay®
(nM ethylene (nM ethylene
core-)hrY) core-1hr-4)
High Madison Pensacola bahiagras 1226 1087 (12
Putnam Pensacola dahicgram 109¢ 210 (4
Union Broad-lesf bahiagrass 69 %y (
Coastal bermudagrnam 1088 74°° (ID)
Manatee Cogan's 29 463 (1
Bradford Centipede gnem LY st §6
Mrdenate 1‘3 St. Augustine f“" 308 39 (9
Low Madison Pensacola bahlagrasms b} ] 38 (12
Taylor Centipede gram 1 36 (1
Lake Pampas grass 7 39 3 O;
Baker Bermudagrass 3 $2(8
*The number of cores mupled is shown in theses.

**The Coastal bermudagrass had bren cut and was being closely grazed at ercond uampling date.

CONCLUSIONS

Highly active, associative N,-fixing systems, as
measured by AR, were found at various locations in

the exception of Awlobacter sp., associative Ny-fxing
organisms have no eflective O, protection mechanisms.
Excessive s0il O, can reduce N,-fixing activity.

Florida. All of the highly active cores came fron moist ;a
sites. We belicve that high moisture enhances AR ac. “ee]  veme acrwmy ares
tivity by reducing O, in addition to thc moisture effect 8 Setws
per se. Oxygen can inactivate nitrogenase, and with mJ T v— . ,
TABLE ¢.—MEAN $0IL PACTOR VALUDS POR ACTIVE AND INACTIVR ::' X - e ] e '

UTES AND THEI ALLATION YO AR BY MULTIFLZ AECALZIMON. 1 ')

- 000 4 v a l‘ H .'l w s
Acetylene Reduction Actvity Croup w o, et
Facwor (Unlu) Higa Low "y . . .. ) '
804 o’ N L
AR (9M Core-1br1) 97 38 $0ea" Y
M (oH uale) a1 63 o > ) T e
Ea )® .2 1518 e - Lane
Mg m) ” 72 %4 3 - Lowy
K (ppm) ] ” N w- toyw
r (ppm) 88 38 L) 0 - Mndien (8y)
Fe (ppm) L] 1 ]
Ma (ppm) ar 37 . wve
s (ppm)® 24 09 AAS RARLT Yoo 2anas Yo an
Mobtare (percent)®® 140 13 ! !
WMt o

*Siguibicant 005 and *°at the 001 P level alkculated by SAS
Supwise Multiple Regression Procedure.

Fig. 2—Acetylene reduction activity in nM hricore-t (95
um? soil surface 21e2) plotied versus percent soll molsture.
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TABLE 3 —Mzav CO, an0 0, vaLues or COALS YROM ACTIVE AND

INACTIVE STES AS LS/1MATES O) CORL RESPIRATION DUBING INCL
RATION.

Low Activity High Activity

Variable sites sites
Acetylene Reduction® 35 9.7
% CO, 100 143

% O, 5.1 23

* Acetylene reduction in nM ethylene erulved core-thr-1.

No particular grass species appeared to de highly
superior in supporting AR (N,-fixation). Paspalum
nolatum was the most prevalent species with high ac-
tiv v. At locations showing mcderate to high activity,
P. notatum was more {raquent than expected, indicat-
ing a possible species :flect. However, we believe that
site is more important than spedes in activity. Speaes
on wet sites generally were more active than on dry
sites.

We are studying the 19 hijhly active sites further
to determine necessary soil and microbiological factors
nccessary for high AR (N,-fixing) activity.
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