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Sutanarv-A niesquite Rhi:ohiton isolacd iroin the Sonot n Desi, (strain AZ-NIl) and a cemmt.rcial 
mesquite Rhi-obion obtained Irom the Nitrigin Co-ipaiwy (strain 3IA5) %sere choser as superioi strains
from among many evaluated in a screening st.tdv of the eldiciencv of mesquite 'hizobia. 13oth strains were
fast-growing and acid-producing in deiired media. he dcscrt straitr AZ-Nt I had the shortest mean
geacration time of 3.5 h. Strain 31A5 g:ew c~ter in broth aimended with <arious sugars and amino acids.
but generally produced less acid. The deser strain sho ed _,reater res~stnmce to various antibiotics than
did 31A5. In a greenhouse sti.dv N applied at high rates inhibited N. fixation when either strain was tisc 
as inoculant for nicsquit- seed. At low N rates, AZ-M I fixcd more N than 3lA5. Total N, nodute v .ieht,
C.Il. reduction. imsCquite shoot weight ;id root we. !itwere all significantly increased %khen AZ-\I I was 
the applied inocuiant. This study s~ovs tht the mesquite Rhi:obim ,.\Z-Nl !isolated from the Si)noran
Dcsert is ii'ective and effective oti-esite seedlitgs. Fast groth rate, acid production aru high
resist .nce to 'intibioics inlaboratory media may indicate the adaptation of this orgar.i.m to its nicrobI 
itiche in the Sonoran Desert. 

INTRODUCTION .IATER!AL.S AND ,METHODS 

Mesquite (Prosopis) is a tree legume which consti- Isolation0! idinenous strainsIrami the Sonoran Desert 
tutes a major component of the semi-arid ecosystems To isolate indigenous rhizobia that would
1"the world, yet litte inlormation is currently avail- effectively nodulate mesquite (Prsopis jtditlora var.

able regaruing its N, lixing capabilities. Even less is velautia) an experiment was conducted in a green
known of the orgati.ms responsible for this fixation. ho'se at the Universt of Arizona Fxperimental
Bailey (1976), reported nodulation of honey mesquite Fam inTucson, Ari7ona in November, 1980. Mes
(Prosopis ghandulosa tort. var. glandulosa) in tile quite seed was collected from the ground under treesgreenhouse in response to inoculation with field soil. located along washes in west Tucson. Seeds were
Nodulation of mesquite has also been reported by scariewd using sandpaper and were planted inpoly

• 
 [skew and Ting (1973) and Feker arid Clark (1980). vinyl chloride pipes (12 cm di, 75 cm long) contain-
However, nodulation has not been observed in a- in-crystal silica sand (grade 20). One g of air-dry soilnatural field situation, no doubt rt part because of taken from beneath a mesquite tree was used tothe depth of rooting of mesquite trees. Felker and inoculate eac seed. with 5 seed column' .Columns 
Clark (19 82 ) reported that th.-presence of nodules on were replicated to allow 2 c )lumns to be dismantled
mesquite grown in colmns was it part dependent on and sampled each week for the presence of nodules.
the depth at which the soil became moist. N-free macronutrients (Sloget, 1969) and micro-

The extent of N fixation has been estimated by nutrients (Vincent, 1970) were added at the time of
Kohl et al. (1981, Rundel et al. (1962) and Felker watering. Plants were w ttered every other day during(1979). Estimates have ranged from 2-30 kg N to the first 3 weeks of growth, and later twice a week 
150 kg N ha' yr-'. These inotits of fixed N would be %Nith 200ml of nutrient solution column'.
important in desert ecosystems, where N is often onAfter 8 weeks of grovsth nodules were observed
limnited. Tiedemann and Kl--mmedson (1973) showed a !ewplants. A Gram-negative organism was isolated
that soil beneath mesquite trees contained almost 3 fron a nodule, and maintained on a Yeast Extract

* times as much organic C and N as that 6utside of the Agar 'YEM) slant, for fuure studies (Vincent, 1970. 
mesquite's loliage cover. This organism indigenous to the ative soil was 

Mesquites are useful for cattle forage, firewood designat mgdAZ-Mt

and for enriching desert soils. Mesquite also has
 
potential as a source of wood fuel. Nilson et al. (1982)

recently estimated that plantation productivity could Screening of straits
 
be 15,000 kg ha- yr-. A second experiment in March, 1981, involved

Sincescant information is available on the mcs- testing the native isolate from Lhe first greenhouse
quite N, fixing organisms. we have evaluated the study against some commercial strains of rhizobia
characteristics of mesquite rhizotia. In this paper (Nitragin Company, Milwaukee) known to form we report o;ithe physiology and effectiveness of a nodules on mesquite. A walk-in growth chamber 
superior strain isolated trom the Sonoran Desert. (Percival, model PGW-9675) with day and night 
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temperatures of 28'C and 22'C respecn, cly was used 
with a photo-period of 12 h. Inocula were made by 
growing the following rhizobia to log phase in YEM 
broth (YEMB): Prosopis spp (host), 133Z1 (strain); 

Coroniia raia,3188: Coronilla cretica, 31A5: Baptisia 
alba, 15A l and Prosopis juliflora, AZ-At 1. 

Mesquite seeds were scarified using sandpaper, 
surface sterilized (rinsed with 95% ethanol, soaked 
for 3 min in 0.2% acidii.,d HgCi:, and rins,.d with 5 
changes of sterile water). They were then soaked on 
wet filter papers for 24 h. and planted into 2000 il 
plastic pots containing crystal silica sand. One ml of 
late log phase inoculum was pipetted directly onto 
each seed. Il0' cell ;eed S seeds pot '). They were 
watered with 15O ml N-free nutrient ,ot1ti,n twice a" 
week. Plants were examine:d afte, 70 days for nodules. 
Differences in the extent of nodulation among the 
different inocula ld to the selection of two superior 
strains for f'urther studies. 

Pkyvsiology o scb.'cred strains 
The two selected rhizobia were examined ciituirallv 

in different media. I he ,rowth rates of the two strains 
in YEM13 were determined itt nephlometer flasks 
aerated on a rotary shaker (Labline Orbit Shaker 
3590) at 100 rev mmi . Turbidity of the cultures was 
monitored by use o a spectrophotomietcr (Bausch 
and Lomb Spec. 20) ai a wavelength of420 pm (data 
not reported). Concurrently, samples wee taken 
aseptically. diluted and plate counted on YEM agar. 
Growth of the two strains and subsequent p-I 
changes in a defined medium (Tan and Brougltton. 
1981) was also monitored. Five hundred ml of the 
medium was used for the growth of each strain and 
shaken at 25'>C. Samples were periodically removed 
from the flasks and tie viable cell number estimated 
by plate coutnts on YEM agar medium. Tile pH of the 
medium was measured on a Leeds and Northrup pt-I 
meter (Model 7415). 

Growth of ,he two strains was also tested on 
different combinations of amio acids, (asparagmne and 
glutamine) and saig-jrs (fructose, galactose and glu-
cose). Mannitol and )east extract were eliniinated 
from normal YEMB medium when testing other 
amino acid-sugar combinationms, Sugars were added 
at a conLentration of 60 m:,i and the amino acids at 
6 ms final concentration (Tan ai,' Broughton, 1981) 
Growth was determined by measuring the tu,-bidity 
of the culture on a spectrophotetieter at 650 nm. 

The antibiotic disk susceptibility test (Antoon, 
1982) was used to measure the intrinsic resistance of 
the two strains of Rhi:obium to known antibiotics. 
Antibiotics werc. penicillin 10 units; ampicillin 10 pi ; 
cephalothili 30 jg; sulfadiazime 0.25 mg; carbenicilin 
100/,ug; chioramphenicol 30 jig; methicillin 5 ig neo-
mcin 30,ug; streptomycin 10zig; tetracycline 30It g; 
kanamycin 30jig; erythromycin 15 pg. The two 
strains were cultured in YEM broth and grown for 4 
days at room temperature on a rotary shaker. Log 
phase cultuVres of 10' ceiis ml- were diluted 20-fold. 
YEM agar plates were then surface inoculated in 
duplicate by addition of 0.5 ml diluted culture of 
either strai-t, and spread on the plates to ensure a 
confluent growth. Antibiotic discs (BBL Sensi-disc, 
Becton Dickinson and Co.) were applied on the 

plates, and spaced at least 3 cm apart. After 4 days ' 
at room temperature, plates v\ere examined and 
strains classified according to their resistance to V% 
anfibiotics (I)ifco Manual, 1953) by measuring the 
diameter of the zone of inhibition around each 
Sensi-disc. 

f..'ctih'renss ofstrains 
lhe two selected strains of mesquite Rhizohiwa,-

Coronillt cretica 31A5 from Coromila cretica,and the C: 
nitive isolate AZ-NI 1, were used in a study to corn
prte tlitir N. iixation elicienc under different rates 

f1'N fe-tilization. This study' vas p-rformed in a 
greenhouse at the University of Arizona Experi
mental Farn in Tucson. Arizona in Jilv 191. Plastic 
buct:ets (II litr)' were filled %%itl crystal silica sand. 
.Mcsquitc seeds were treated as previously, before Fig. I. 
planting. Fifteen seeds bucket ' were platted and 
later thinped to 10 bucket '. Seeds were inoculated 
with 1ml of lag phase culture of either strain gr'own AZ-NI 
in YEMB and watered with 
(250ml twice a veek) or 

N-fce nutrient solution 
nutrient solution with 

Mean 
4.1 h fi 

different levils of N fertilizer. These were 0, 10, 20. mediui 
40, 81 or 160 :iig N kgL as KNO,. Treatments were mean t 
conplcly randori..ed with 4 replicates treatment . and 3 

Plants wore hiar\ested alter 60 days when they \,ere 
at least 300 nn tall. Roots vvere :eparated froni ,. 

decrea 
decren 

shoots at life cotyledon scars;. The C,1-1, assay (-lardy 
et o., 196S v.'as performed on the intact root systems 
with nodules to cvaiuate bioloical N, fixation. 

decrea 
(Norri 
BrouL 

Shoot, root and nodule weiilit were determined, and 
their N co.tent by use of' icroKjcldahl techniques 

by fas 
utiliza 

(tEremner. 1965). secreti 
sugge 

RESULTS AND DISCUSSION marke 
influei 

Io,'a,ion o/ itdl etwiis .traits media 
Among the N-tree nutrient treated columns in the 

greenhouse with soil as the inoculant, some plants 
gener: 
diferi 

had a few small nodules (2--3 mm dia) enabling us to also 
isolate a mesquite Rhi-o;ium indigenous to the native relati' 
SoilUof Tucson. Use of ,he [ttlorcscent antibody 
technlique (Schmidt et al., 1968) contined the pres-

The 
statio 

ence o! AZ-M I in all nodules tested. Coor 

S,'relifing ofstraiis 
assign 
labor 

The comparison study of nodulation in the growth
chamber restlied in the selection of' the native isolate 

prodi 
deser 

designated AZ-NI I and a commercial strain isolated 
trom nodules of Coronilla cretica inoculated with 
strain 3IA SNitragin Companv, Milwaukee). Selec
tion om' the Rhizohiin was based oi the relative 
number and mass of effective nodules on the roots of 
mesquite seedlings. The biomass of the plants and 
height data were also considered in selecting the two 
inoculants. Nodules formed by the native-isolate were 
found mostly on small roots and ranged from I to 
10m in length and l-6 mm dia. Nodules formed by
the best selected commercial strain 31A5 were dis
tinctly smaller in size than those from strain AZ-I 1. 
Nodules from both strains were multi-lobed, a char
acteristic resulting from continuous rneristematic 
growth (Bergersen, 1978). 

Physiology oJ'.elected strains 
Growth of eiher strain in YEMB indicated that 

(J 
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TimeV(Iy Iicde Fl,1.irkiofaTme (doys il ieili 
re FiC. . (irowtht of nati.c strai AZ-MI in defined medium. Fig. 2. Growth of strain (oronilla cretica 31A5 in defined 

td bean ceneration time, 3.5 h. inediun,. Mean generation tine, 3. h. 

in AZ-NI I and 31A5 were both fast-growing strains, the result of adaptations to the desert environment. 

In Mean generation times were 3.4 h for AZ-MI and Fast-growing acid producing strains of the normally 

4.1 I for 31A5.Growth of the rhiobia in the defined slow-,,:owing alkali-producing R. !upini have alsoth 
0, medium of Tan and Broughton 1981) resulted in beci :,und to prevail in the Sonoran Desert. 

re mean generation times of 3.5 li and 3.8 h for AZ-NI I Growth of either strain in the modified YEMB 
(ntiannitol and yeast extractelirminated) suplemented

and 31.Ai, respectively (Figs I and 2). Strain 31A5 
acids and sugars w:ts not goodre decreased the pl of the meditin from 6.9 to 4.9. A with various atiiino 

Normal (YEM3) medittm was used as am - decrease in I to 6.3 was noted with AZ-M 1.The pH (Table I). 


Jy decrea.ses are characteristic of fast-growing rhizobia control to compare growth in the modified media.
 

ns (Norris, 1965; 'ail and 1Broughton, 1981). Tan ud Strain 31N5 grew relatively well in the combination
 

n. Brouton (1981) found the acidic p11 change caused of asparagine with galactose mannitol or glucose. 

id by f;tst growing rhizobia to be the result of Selective Some growth was also observed in the comibination 

es 	 uttilization of substratc, which is also coupled to the of gh,tamine with mannitol or glucose. Tan and 
found their 6 strains of thizobiasecretion of various organic acids. Cooper (1982) Broughton (1981) 

suggested that acid or alkali production was a to grow well on all the first 4 	 combinations of 

markedly variable strain characteristic, which is Table 1.They also noticed an acid reaction produced 

influenced by changes in the composition of growth by fast growing strains in these media. The pll of the 

medium, lie also reported that acid or alkali can be combinations in which growth was observed with 
medium at strain 31A5 tended to drop only slightly, except forhe generated by one strain in a single 

Its different phases of the growth cycle. Cooper (1982) he combination of asparagine and glucose where the 

to also found the p1ichanges to be associated with p1-I decreased from 7.1 to 6.5. Strain AZ-M I grew 

ve relatively high cell densities even in unbuffered media slightly inmost combinations except when fructose 

dy The decrease in pH caused by strain 31A5 at th, was tilesugar. AZ-M I also grew in the presence of 

with the work o, yeast and galactose whereas 31A5 did not. In severalstationary phase, is in agreement 
Cooper (9"2). Although care must ty-taken 'n instances the pi of the medium decreased dra

assigning ecological significance to acid production it matically with strain AZ-M 1,even though growth 
labor:tor' media, we feel that the potential for acid was slight. It is worth noting that none of the 

'th production via metabolism, may be an advantage to combinations of amino acids or yeast w~th tihe sugar 

lte desert organisms existing in high p1I soils and may be fructose provided growth for either strain. 

ed 
ithit-	 Table I Growth of AZ-M I and 3IA5 on combinations of sugars and aitno acids in modified YI-MIi 

StrainVe 

AZ-AZ-MI 31A5 

nd Substrate j4 

combiiatin Initial pli Absorbance Final pH Absorbance Final pHNO 
,re Glutanine + fructose 6.1 0.01 6.1 0.02 6.1 

tO 	 Glutarnitie + galactose 7.2 0.04 5.7 0.01 7.1
 

Glutrmine + inannitol 7.4 0.06 7.2 0.12 7.1
by 
7.1 0.06 6.2 0.08 7.0 

is-	 Glutamine + glucose 

[I. 	 Asparagine + fructose 6.4 0.01 6.4 0.01 6.3 

Asparagine + galactose 7.0 0.01 7.0 0.34 6.8 

tic Asparapinc + mannitoi 7.5 0.06 6.0 0.45 7.1
 
tic Asparagine + glucose 7.1 0.08 5.7 0.30 6.5
 

Yeast t-fructose 5.8 0.01 5.8 0.01 5.7 

Yeast + galactose 6.9 0.36 6.6 0.02 6.3 

Yeast + inannitol (control) 7.5 0.82 6.7 0.96 6.8 

6.7 0.54 6.4 0.27 6.5
Yeast + glucoseiat 

r 
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Table 2. Effect of atittbiolcson thc growthof strainm Fable 3 Eflect otn N fisation by'of NON 
AZ-MI aod 31A5 AZ-MI and 31A5 

Strains Acetl i OttneItCn cl n 
AZ-Ntl 31A5 Added N (ntol plant It 

Antibiotic disks Zone of inhibition (innt) (mtg I .AZ-MI I1 5 

Penicillin 10 0 42 0 329.t -i4 --
10 227 9 9S9ot

Atnpicillin 10 22 40 
46 20 1M1.t 4) I

Cephalothtn 30 0 
440 35 "elSulfadiazitne 0.25 4t, 65 

Carbenicillin 10t 30 50 80  2, 


Chloramplenicol 30 31 31 160 27.t, 1 
5 0 27Strptomycin 10 0s 27 Each tio values which are ttttitlined do not 

Tretamyctt 0 40 75 differ stgnificantly (P = 001) 
Tercylts 75040 

Kanamycin A0 22 19 
Erythromycin 15 2(0 20 
Neomycitt 30 14 10 1lossain and Alexander (1984) have enhanced soy-

bean rhizosphere colonization hv using antibiotic 
resistant strains of R. japnijCum,1 

Differences inacid production in the defined tile- rrt 
I Jr i Wlenss ("strins1977).dium of Tan and Bronriton (1981), may be related V"/c'tr'ness troots" 

to utilization of sttlars by strain 31A5.This nediurn 1a the second greenhouse stttJ cveet ntCsqIilitt 
contained lysine and glucose. Substances causing the seedlings were inoculated with either strain AZ-NI I-edothithstra ns.tase. 
p-I change could be producetd as k-products of total or 31 A5,and nodulation occurred with botf strainNO 
or partial digestion of substiates or be secreted by All variables were analyzed according to the Statisti-
rhizobia during growth (Tan and Broughton, 1981). cal Package for Social Sciences (1977). A 2-way 
Acid production by either strain may be beneficial in aintalysis of variance was run to alnalvze the etcts of 
the high pl1 soils of the arid southwest. NO,-N treatments, strain differences and their inter-

The antibiotic disk susceptibility test lieasured the actions. Separation of the ticans was performed at 
variation in tie intrinsic resistance of the two strains the I% level ot significance using tile Least 
of mesquite rhlizobia to 12 different known antibiotics Significance )ifiference~dc'ea-(LSI)) test (Stel atnd Torrie, 
(Table 2). ;train 31 A5 was, in general, sensitive to all 1960). 
12 antibiotics. This strain proved to be the least There was a significant strain by N treatment 
sensitive to Ieott)cin 30 with a 10mit zone of interaction with respect to N, fixation as shown by 
inhibit{ ,and to be the most sensitive to tetracycline the C,11, assay (Table 3). dert stra fixedins 
30 sith a 75 mmni zone of inhibition. Strain AZ-M I significantly greater N than 31A5 at the 0 or 
showed hight intrinsic antibiotic resistance to penicil- 10 tng N1 ' rates. At higher rates, both strains 
lin 10, cephalothin 30, and methicillin. This strain reacted similarly. As N rates incteased, N fixation 
was very sensitive to sulfadiazine 0.25 and ttt- decreased. Thus, N fixation would be favored by the 
racycline 30 as was the strain 31A5 (Table 2). Using low N values usually associated with desert soils. 
this tes , these twso strains can be identified under The eftct of NO 3 as an inhibitor of N fixation is 
laboratory con tions using at least 3 of the 12 clearly shown in Table 4 where d:1 are averaged 
antibiotic,. Sl- 'ific intrinsic antibiotic resistance pat- over both strains. CH,reduction and nodule weight 
terns are now :termined for Rhiobiza inoculants to decreased with increased N. I-low er, N fixation at 
differentiate - e:m froni strains residing in the soil low applied N rates was able to pi note good shoot 
(Beynon and 'osev, 1980). It is of interest that desert growth. Total plant N was also si'ttilar for all treat-
soils are often of high p1i and at low moisture merits except the zero N rate. Generally root weights 
potentials. These are conditions which may promote decrease with increased applied N; although this 
growth of'actinomycetes relative to other organisms. trend does occur at high N rates, the effects are 
Actinomycetes often oroduce antibiotics under labo- confounded at low N rates by N fixation. 

reported the inhibition ofratory conditions, and this may explain the higher Dazzo and Brill (1978) 


intrinsic resistance of the desert strain adapted to nodulation of clover iattile stage of infection, when
 
desert conditions, although it does not explain re- the soil contained significant amounts of N. They 
sistance to penicillin which is produced by a mold. found the degree of binding of R.triolii to roo'. hairs 
Again care in extrapolating laboratory responses to and the levels of lectin present decreased with in
field situations must be taken. However, Maqbul creasing NO1 and NI-4 concentration. Accumu-

Table 4. Effect of N03-N fixation ant plant biomass production 

Added N 
(mg [ - ) 

Acetylene reduction 
(nmol plant' h 

 ') 
Nodule weight 
(ragplant - ) 

Shoot weight 
(nrg pltat-') 

Root weight 
(ragplant') 

Total N 
(mtg plant' ) 

0 226.9a 14.95a 317.75a 189.75ab 7.16a 

10 161.9b 12.10b 416.g8b 225.75bc 8.80ab 
20 75.3c 7.34c "11.63b 234.63c 8.66ab 
40 28.9c 1.71d 403.38b 223.13bk 9.77b 
80 26.8c 0.70d 400.75b 212.38abc 9.36b 

160 27.3c 0.3 1d 361.25ab 171.50a 9.36b 

Values followed by similar letterdo not differ significantly (P = 0.01). 

P 

TotIai N n 
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. differences in N fixation and plant bioiass pro-Tble 5. Strain 
ductIon 

Vaiablel 
Toa "ti lnt-)9hierogcneity 
t oale ,eight ingplant 

t n.dction n olplant h 
: Shoot ,eight (a plu t 

ooto- might ing plant -

Strains 
AZ-\I 1 31A5 

,',.76a . 1) 

125.25a 57.11 b 
423 .Sa 34n.90h 

22-Sa 1 421b 
l.luo,.r, Iollh, diflerenteor doidi tier suni(Pared . 

Is in r.s1 tiati t 
1- 11Cooper 

lation of NO, ,isa result of nitrate reduCtasc Ictivityv 
S)azzo F. Ii.and Brill J.119781 Regulation by fixedW. 

by rhizobia anld Sulbsecutnt destrttction 1 indole 

acetic acid may be another possi ble mechanism re-
eting infection (..\rp and Z.utn ft. 1983). Indole 

acetic acid produced bv. rhizobia fron tr.ptophane 
tas been imiphica ted itt the in cc tiCn process IN u tman. 
1977). lowVevCr. Giibson and Pamti 11977) found 

retarded nodulation in the presence of NO; c\ ellwith 
the matants of R. tr liidfettiVC in nitrate reduIc-
tase. Although tile inhibitory e~lcct
rea son behind tile 


~thtersibh i h tiioyeet
of NO,-N is still a controversV. itis clear that the 

inhibition of NO,-N in this experiment must haxe 

occurred either at ite ste of intfection or nodule 
initiationt. Nitrogen ;to inhibited nitrogetase acti-

itV within nodular material and reduced the a iourit 
of N fixed. Examination of the data itt Table 4 shows 
that averaged over both straits, the specific activity 

decreased ftom (5.2 sien zero N was applied to 

(0.3 nmnol m nodule 'h \%hen 20 in I -' of N was 
added. 

The mean of the different variables for the two 
regardlCss of NO,-N treatments are shown in 

5. All 5 variables were significantlv different for 
the two strains (P = 0.01). Although the difference is 

only large for C4-. reduction and shoot weight, the 
desert isolate showed its significant superiority over 
3 A5 in every variable analzed in this experiment.
Interactions were only e'ident in the CN,. data. 

TisMaqbulAZ-NII tM. t1984)soils is infective,;train indic'nous to desert 
-


and effective, and capable of fixing N in the low N 
soils of the desert sotlthsvest. This strain exhibited 
physiological diflerences from other strains capable 
of nodulating mesquite. Because of its fast growth 

rate, potential acid production and high intrinsic-
resistance to antiotics in the laboratory it is possible 
that strain AZ-NI I has adapted to its -icrobial niche 
that stanocobafihin the Sonoran Desert. 
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