
PA - -AKM v 

Reprtnted am the ,3, ed COOP ,kictcSO€*y of flori,. Pmwidlp. Volume 41. IM". 

isewM e Ssd- fw Highly Active 
Ausdeilave Nbistmt Systems' 

Rzx L Sum,. S.C. ScaiA. J. IL.M,., Am 

X.C Iiinz±I 

ABSTRACT 
A suarie was coduactd n Fioridass7 o 67 

cani fnr hlbsTcwr. mociavegraasmeU
N34aaqsn. wo hs~an~e IIlt74i yVt 

Wei wC m M by theaMa hd 
ainlet 1eIy1O ). the== lld %atW 
coUlected by Etewums 8.via pui shipped to 
GainesUitdand a f " iuanadls mdos in the 

i bF e riVv- ildar to coe that ure 
ak amfraldysve 

Aelanw'ktbad - ts ewolve over 100 am 
em-- alrr4, hich Is ver # $ V 

ell cor Nime slue 1sr" and 24 nm 
DuMPmhhesm 1IW, 

= p c~ in ek hild 
(L) hm 

nm Arboma I
Mree 

had am th m 8O0 am.bed ovar 90 aN am 1bh 
Was tbe a rvaasm

O ee ea d e m ak , uwd 

Ow nt it 

m 9-oa Jeemd 4ewh No. 

mn K 

ft1M M d Mmbu ftUy4d imow G.mes 

Soil moisture and zinc content i me positively co. 
related and calcium content was negtively corelatedwith AR activity. VJevated roil moiture wa required 
fua) h Alk but not all core "Iu with elevated 
moisture were active. 

Acetylene reduction was podtvely correlated with 
(.0. concentration and qativwly correlat d with 0. 
co, centnion in the wom at taw end of incubation. 
Tree active sim, -* being evaluated furher to deter
min the nemy reqttfrent and bet ar.nIisa 

active gua . 
Addhiosuli Index Wrds: Acetylen reduction,

Nitqenamf tctmly. Soil msletuse. Soi.ass corm 
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INTRODUCTION 

Aocitive NrUSation has atracted considerable 
attentin in m.nt yumsu much of which has 

been reviewed by van Dlrtum and hloo (20). This 
resarch has led to the amduon that thme syem 
ix low. but ofhm pmemkay as amoumt impu 
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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 lightly with nitrogen 
and inoculated with Azospirillum brasilense Krieg (4. 
12. 13. 14). Other studies in various parts of the world 
have corroborated these results (10. 11. 16, 17). Yield 
responses to inoculation have been consisent in Israel 
(10. 11) while ours have been variable (12, 13, 14). 

Although inoculation has increased dry matter 
yields, we have been unable to establish the inoculated 
Azospirilialm in our soils or rhizospheres. Our data (un-
published) indicate that the inoculated strains do not 
become established in field plots, and we have not 
found a correlation between inoculation and subse-
l itent acetylene reduction (AR) rates (I, 17). Other 

ata from natural field cores have shown relatively 
high backgrotnd levels of AR activity (our un-
published results). This indicates that more effective, 
better-adapted strains of N,-fixing bacteria may be 
present in Florida soils. If these better-adapted strains 
catn be identified and isolated, they then can be used 
;1%imoculum. 

The results fron a systematic search for natural. 
highly active N,-fixing sites in Florida are reported 
here. lit .dditioii to serving as a source for adapted 
N,-fixing bacteria, the highly active site! were com-

dared those of low activity for the purpose ofwith 
!(rttifyinenvironmental or other conditions neces-
sary for high activity. 

METHODOLOGY 

W,. were mainly interested in measuring nitro-
gen-,e activity of sites where plants (especially grasses) 
were growing better than expected based on past nitro-

naplication. We wanted to avoid sites that had 
bnertilized 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 
specie. 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 assinbled a sampling kit and distributcd it to 
'ach county to facilitate sampling. It consisted of: 1) 
instructions for identifying the desired sites and for 
taking soil.plant cores. 2) plastic soil core tubes made 
by cutting !Aan plastic pipe (PVC) into 15 an lengths 
and sharpening one end for easier soil penetration, 3) 
data sheets for describing site and plant speaes in. 
formation, and 4) packing materials for shipping the 
cores back to Gainesville. 

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 esti-
mate the nitrogenase activity of the cores were con-
ducted two ways. The greenhouse standardized cores 
were incubated overnight in plexiglass chambers. 16 
cm dia x 51 cm tall, in the light (280 IEm-tsec-l) at 
300C. Before incubation, oxygen content w-as reduced 
to 5% by flushing with argon or helium and 10% 
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 II cm dia by 17.7 an long that were scaled by 
rIbber caps and s-pttm stopper%. (Dat.a weic adjusted 
to a standard I I cm dia core siie). The cores were incu
bated overnight after adding 10% acetylene. Ga 
samprlvs were removed after incubation for immediate 
GC an.lysis or were stored in VacutainersO for later 
analysis 

Soil samples were taken from the core at the end 
of the AR assay and oven-dried to determine moisture 
content. Soil analyses for P. K. Ca, Fec. Mg. Mn. Mo. 
Zn, and pH were conducted by the IFAS Soil Science 
laboratories. 

Estimates of core respiratioti were prrsunted by 
analyzing CO, and 0: after core incubation. This was 
done by GC (thermal conductivity dctector) using a 
Poiop;k N colnItim to sep.rate CO. and a Molecular 
Sieve 5A for 0, and N,. Nitrogen served as an internal 
standard. 

Statistical analyses were conductcd 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 analyzetc 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 ethylene evolved 
,core-,hr -1 which is very active ior grass-soil cores, were 

obtained from four of the sites sam pled. These sites 
were in Clay (1501 n). iladison (1227 i.. Putnam 
(1094 n.l) and Union (1159 nM) counties. Extrapola
tions made solely to 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-' season '. These extrapolations were based on 
a iatio of 4 moles of ethylene to I mole of nitrogen 
and a 133.day season. S~nce the AR assay is a short 
term assay and several of the necessary asjumptions 
have no' been verified we do not imply this ainli 
nitrogen was actually fixed. 

Table I summarizes t.te counties producing highly 
to moderately active cores (above 500 nM ethylene 
core-'hr). Acetylene reduction activities of over 50( 
nM were measured in 7.2% 4.f the sites, over 400 nM 
in 9.1% of the sites, and over 300 nMi in 12.9% of the 
sites. The proportion of highly active cores was about 
the same whether the cores were sent in and standard 
izd in the greenhouse or measured directly. 

Figure I shows the counties that were sam pled 
and those with AR a "ivities over 500 nM core-'lir- ' 
These most active coies came primarily from the 
northern portion of the state. More intensive 
sampling was done there, bitt we believe thi%may noi 
fully account for the greater number of highly activt 
cores assayed there. 

Table 2 summarizes the grass species with AR ac 
tivities over 300 nM core'hr - 1. Of the four cores over 
1000 nt core-'fir'. three were Paspalum notalum 
Fltogge. Forty-seven percent of cores over 500 nM anc 
41% of those over 300 nM core-'hr were P. notalmim 
This species was found in 37% 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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TAILE I.-&u4,v sOWi10 oMPT1n SUBMiTTING G84IL 
30 PM couL-'-, os NKfMS 

COKU war" AR. AC79,m5 0 

No. of Lam with AR activity sabove: 

at7t T Total no. core$ ,O nM core-bhr-t 400 nU orrt-hr- 3W nm core-shr-1 

Alathss61 
sBraftid 	 6 1 

Crloe 	 4 
CA4 	

0 
$ 

0 
I I 

DL7 0 2 
I 

2 
IDik I I 319 	 0 1 

4 	 IGlades 
HemMdo 0 	 0 

term4 	 I
 
I


Mad!son 4Manatee 4Mislon 
Miaftln 4 	 0 
Ukalcom0 
Putnam 0 	 0St Luc ¢ 

Sulatrf 06 I

Union 
Unliasedi I 

iF 	 24Tout 
72 	 9.1 Il,

' of Tuutl 

whose AR actvitlat t below 300 nM cowrt-hr-'.0i&weity-cothl counties produad to v 

(L) Perts. The list of the season (after Selpember). With the exception
activity was Cynodon dactylen 

of the Union county Coastal bermudagrass site which 
includes IS species of both improved and native tv 

of clote grazing thcwas severely streusd because
Occassionally a core would have many times hgner 

hiphly .active cores remained active. (range 2101057 
activity than the mean of the experiment. To check the 

the active sitescore."hr") indicating a trend for 
consistency of the AR data, we resampled 11 of the nM 

sites. Six high activity (three above 1000 nM core'hr' to remain active. 

.and three above 500 nt core-'hr-'). one moderate A comparison of soil factors of active and inactive 
sites is shown in Table 4. Stepwise multiple regression

activity (above 300 nht) and four 	 inactive sites (be. 
values indicate sig

50 nM) were selected for replicated resampling. analyses of these factors and AR
low (p - 0.001). Ca con,,ifcanteffects for oil moistureThese AR data are presented in Table 3. The inactive 

centration (p - 0.009) and Zn concentration (p 
sites r.mained inactive. The activities of the highly 

0.039). Soil moisture appeared to be an important
active sites were generally lower 	 in the resamped 

data, at least partly due to drier soil and the lateness factor (r - 0.70, p - 0.0001). with high soil moisture 

being necessary for high activity (also see Figure 2). 

High Ca was associated with low AR in these data. but 

in other studies where Ca content was much lower 

1- * the reverse was true. Here. the Ca data was biased by 

I O Some high Ca roadside sam pkl. Both Zn and Mn 

* .. * ,* appear 	to be below plant deciency levels in the low 
activity ies. Bot Mn and Fe were significandy cor. 

. ... related with AR (r - 0.35. P - 0.0013 and r - 034. 

1~~~ -::.0.0015. respectively), but this was not indicated 

shows the eftect of soil moisture on - Figure 2 
increased, ARacetylene rduction. As soil moisture 

generally increascu. In all cases high AR was associated 

with high soil moisture. 
Mean CO, and 0, concentrations in the cores were 

measured at the end of AR incubation periodi for 

hoth high and low activity sites (Table 5). During 

incubation. carbon dioxide accumulation was hiher 
tan(14.%) in the containers ron the active Sites 

in those from in the inact;ve sites (10.0%). Oxygen 

was meduced fom ambient to 2.5%/, in the a: ive sitC 

c,oo and to 5 l 7 in the inactive site cores. The in. 
cresse In CO, anJ decrease in 0. may be a piresump.,., .. 
tio of diferent respiratory activities in the rpecuw 

Iam corem Simple correlations with AR were positively sig.
of . I.-t sbmA d IIus haded ou in 	 for 0,CO, (r - 0.49) and negatively

wwote ISfh... t n(At) dt 	 g holy -.acther nificant forkw1e 
(r - -0.47).

(above NO3 sym w-ir-i) 
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TABLE I.-Ssmwav Or CLAS WffJu AND t,MU Or Wn WInM AR Acnvmn om 300 SoM 
hITLJ.a fvOLV&D OZ-

t Kl-I . 

AR AcU,,Idt 

Over 3001 IM Over 500 nM 	 Over 300 nM 

No. Core Speces 	 No. Core% Species No. Corn, Speciet 

$ pshplum no-u0m 9 P. ,aoiatupr 14 P. notalut" 
I Co10do d"I)cimn C.deoyllon 4 r. datty/on 

T 2 Helflopoonfsp. 2 Helfropolgo qp.
I ,Inochloi 0ohouro0des 2 Peaps1um urmAiles 
I Imperas yl sndrete 2 Pnokum sp. 
I PanIcumnrepeos 2 Sttnosphrum secunduturn 
I Pemnim Ip. I E. ophiv,,fides 
I Unknown 1 I. ylnd .ca 

IT To60poSob pofelt 
hem~tonu'Sanacum 

Panaeun repwnt 
I Hemerthris elgasitna
I Pennasetuin arnleln~au'a 
I Unknown 

-94 Tou 

TABLE S.-Ar vm. ,t M.€'CTnoN WoNSLETrtC OF AC'nvt AIP IkACnvE &TO UPON S.SUi4 n
 
ANALVVS.
 

AR 
Activity Sit County G.ran spec in Initial Asay Subsequent AsayO 

(nM ethylene (nM ethylene 
ore- thr- ) core-thr-1) 

High 	 Madison Penscola bahiagals 1226 1057 (1")
 
Puau Penacola bahiegrgis 1094 210
 
Unio Brad-lraf bahlagpra 619 73 i
 

Coastal be tudagras IQ" 7400 (It) 
Manatee Cogan , EU 629 465 (12) 
Bradford Centipede grew 322 $11 ) 

Mrdwte 	 IA" St. Augustine psrsm 993;;8) 
Low 	 Madison Penucola behigrasa 33 33 (12) 

Taylor Centpede gra,, 6 12) 
LaKe PImpas gass 7 59 
Baker Bermudagras 25 52 

The number of coon ampled Is bow. in pmurthame
 
*The Co sLi bermuda4tras had been cut and was being closly gratd at second umpling date.
 

CONCLUSIONS 	 the exception of Awfobacter sp.. associative N,.fixing 
oranisms have no effective 0, protection mechanisms.

Highly active. ausociative N fixingr system%, as 
can reduce N,-fixing activity.found at various locations in Excesive soil 0,measured by AR, were 

Florida. All of the highly active core* came from moist 
sates. We believe that highi moisture enhancts AR ac- "n. Dow o 
tivity by reducing 0, in addition to the moisture effect -__ 

a m. , 
per s. Oxygen can 	 inactivate nitrogenase. and with 

TABU3. 4.-MuM. StL rACM VLUES Pi6 Ac'nfv AND tACTIvI low -	 S -. IS%SI ASCII,. .Arvo. Sivirin ,.mni.IFG ,o AR ev~ ~ 	 eo tUrn~~~~~y t~ns ~ait	 70A 8i' ely
am 	 a 

Acerylese Reduction AcUvity Group 	 ;i a Fract or (U nit) Hi bL A W , 	 v 

AR (sM Core-lbr-,) 3 . t &I Low Ac*3 wnu 
PH (pH aaits) &1 -Ca~l)I 	 Isle ,,' l 

Mg 	 37 7t *5 

Fo (Ppm) 	 46 15 

Ma "af) &2 	 £ VV

Z (ppo) 	 4 01 
eMohu1r (peslt)n 14.0 7.3 

*Sd1Jgnlnt 0.00 ead cost Lbe @01 P level ca uated by SAS 11g. 2.-Acetylent reluction activity In nM hr-3cote-1 (95 
SMPlSe MutPlk RUesi on IS W'e. cat soil surfar amea) plotted scnus perce t soU Moisture. 
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wi 	CO, ANDO0, VALU o O WSUlONn ACTIV2 ANDTABLE 3 
OUlULATIONDCSING ICAAs WATI0, 0. 4L"CTIB 1 TM U 

IAl $ I~AT
O OIi 

Low Activity High Activity 

site$ siteVariable 

35 59.7 
%Co, 100 13

Acetylene Reductlon* 

S.1 23%09 


Acetllene reduction in nM ethylene etuhed core-thr-. 

to 	be highlyNo particular grass speies appeated 
superior in supporting AR (N,.fixataon). ta pslum 

ac-
uiolafturn was the most prevalent bpeaes with high 

v.At locations showing mcderate to high activity. 

P. tiotatum was more Ir€quent than expected, indicat-


possible species ,.ect. However. we believe that
ing a 
activity. Species

site is more important than species in 
on wet sites generally were more actave than on dry 

Sites. 

We are studying the 19 highly active sites further 

to determine necessary soil andmicrobiological factors 
ncesary for high AR (Nrixing) activity. 
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